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METHODS AND COMPOSITIONS OF STABLE PHENYLEPHRINE FORMULATIONS

BACKGROUND OF THE INVENTION

[0001] Phenylephrine is a selective o.l -adrenergic receptor agonist used primarily as a decongestant,

as an agent to dilate the pupil, and to increase blood pressure. Phenylephrine is marketed as a

substitute for the decongestant pseudoephedrine, though clinical studies d'iffe'r regarding

phenylephrine's efi'"ect-iveness in this role.

SUMMARY OF THE INVENTION

[0002] In accordance with the present invention, the present invention provide a composition

comprising at least 95% R-phenylephrine hydrochloride and an aqueous buf‘Fer, wherein the

composition su.bstantially maintains an initial chiral purity ofR-phenylephrine hydrochloride for at

least 6 months stored between -10 to 10 degree Celsius.

[0003] In another aspect, provided herein are methods of stabilizing a phenylephrine hydrochloride

composition comprising storing a solution of aqueous R-phenylephrine hydrochloride at less than 10

degree Celsius, wherein the composition substantially maintains the initial chiral purity of R-

phenylephrine hydrochloride for at least 6 months.

[0004] In one aspect, provided herein are methods of assaying chiral purity ofR-phenylephrine

hydrochloride, wherein the chiral purity is determined. by chiral column chromatography, optical

rotation, capillary electrophoresis, circular dichroism, or Nuclear Magnetic Resonance.

[0005] In another aspect provides compositions comprising R-phenylephrine hydrochloride, wherein

the composition substantially maintains the initial chiral purity ofR-phenylephrine hydrochloride for

at least 6 months.

[0006] In another aspect provides methods of dilating the pupil comprising administering a

composition comprising R-phenylephrine hydrochloride topically to a mammal, wherein the

composition substantially maintains the initial chiral purity of R-phenylephrine hydrochloride for at

least 6 "months.

[0007] In another aspect provides methods of treating Uveitis in a subject comprising administering

a composition comprising R-phenylephrine hydrochloride to said subject, wherein the composition

substantially maintains the initial chiral purity ofR-phenylephrine hydrochloride for at least 6

months

[0008] In another aspect provides methods of performing certain ocular testing such as

ultrasonography, provocative closed angle glaucoma test, Retinoscopy, compromised circulation

(i.e._. blanching test), Refraction, Fundus examination comprising administering a composition

'2' Exhibit 1002- Page 8 of 617
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comprising R-phenylephrine hydrochloride, wherein the composition substantially maintains the

initial chiral purity ofR-phenylephrine hydrochloride for at least 6 months.

[0009] In another aspect provides method.s of aiding surgical procedures requiring visualization of

the posterior chamber comprising administering a composition comprising R-phenylephrine

hydrochloride to a subject, wherein the composition substantially maintains the initial chiral purity

ofR-phenylephrine hydrochloride for at least 6 months.

INCORPORATION BY REFERENCE

[0010] All publications, patents, and patent applications mentioned. in this specification are herein

incorporated. by reference to the same extent as if each individual public-ation, patent, or patent

application was specifically and individually indicated. to be incorporated. by reference.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The novel features of the invention are set forth with particularity in the appended claims. A

better understanding of the features and advantages of the present invention will be obtained by

reference to the following detailed description that sets forth illustrative embodiments, in which the

principles of the invention are utilized, and the accompanying drawings of which:

[0012] Figure l shows a HPLC ehromatogram of rac-emic R-phenylephrine hydrochloride by a chiral

column purification (OJ-RH (l 50><4.6) mm). Two peaks at the retention time 5.225 minutes and

6.444 minutes are shown.

[0013] Figure 2 shows a HPL-C chromatogram of the exemplary R-Phenylephrine Hydrochloride

Opthalmic Solution (10%) before storage. The chiral purity was determined to be 99.3% ee based

on the peaks at 5.184 minutes (area: 993 l .84) and at 6.425 minutes (area: 32.5748).

[0014] Figure 3 shows a HPLC ehromatogram of the exemplary R-Phenylephrine Hydrochloride

Opthalmic Solution (10%) stored at 2 to 8 "C after 6 months. The chiral purity was determined. to be

99.3% ee based. on the peaks at 5.089 minu.tes (area: 8454.34) and at 6.363 minutes (area: 30.7874).

[0015] Figure 4 shows a HPLC ehromatogram of the purified. “impurity” which is a S-Phenylephrine

Hydrochloride. The chiral purity was determined to be 82.4% ee based on the peaks at 5.183

minutes (area: 255.971) and at 6.347 minutes (area: 2851.08).

DETAILED DESCRIPTION OF THE INVENTION

[0016] Phenylephrine differs chemically from epinephrine only in lacking one hydroxyl group (OH)

in the four position on the benzene ring. It is a bitter-tasting crystalline material solu.ble in water and

alcohols, with a melting point of 1408-145“ C. Chemically it is Benzenemethanol, 3- hydroxy-or
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[(methylamino)methyl]-, hydrochlorid.e or (R)- (-)-m-hydroxy-o.-[methylamino)methyl]benzyl

alcohol hydrochloride with the following chemical structure.

H OH

, H

Ho N__ - HCI
CH3

[0017] It is known in the art that a Phenylephrine Hydrochloride solution shou.ld. be stored. protected.

from light. The benzylic hydrogen is acid.ic and can be d.eprotonated easily. The hydroxyl grou.p

may be oxidized to form a carbonyl moiety conjugated with phenyl group, especially with help of

the adjacent basic amino group. Thus, it is known in the art that a Phenylephrine Hydrochloride

solution should be stored protected from light. For example, an insert from a commercially available

Phenylephrine Hydrochloride Ophthalmic Solution provides that the solution should be stored at 20°

to 25 "C (USP controlled. room temperature) and keep container tightly closed.. Do not use if

solution is brown or contains precipitate. (AKORN Package Insert)

[0018] However, a solution under such condition often turns brown over time despite of carefully

keeping container tightly closed. at 20" to 25 "C (USP controlled room temperature). Those packages

containing the brown solution cannot be used and thus create waste.

[0019] The present invention provides the improvement to overcome such instability problem.

[0020] In some embodiments, there are provided a composition comprising at least 95% R-

phenylephrine hydrochloride and. an aqueous buffer for substantially maintaining chiral purity ofR-

phenylephrine hydrochloride for at least 6 months, the improvement comprising storing the

composition between -10 to 10 degree Celsius. In certain embodiments, the composition is stored.

between 2 to 8 degree Celsius. In certain embodiments, the composition comprises at least 99% or

99.3%, R-phenylephrine hydrochloride. In certain embodiments, the chiral purity of R-

phenylephrine hydrochloride is at least 95%, 9?'%, 99%, or 99.5% of the initial chiral purity after 6

months. In certain embodiments, the composition comprises 2.5% W/v or "I 0% wfv R-phenylephrine

hydrochloride by weight. In Certain embodiments, the composition further comprises a preservative

such as benzalkonium chloride, stearalkonium chloride, polyaminopropyl biguanide, or the like. In

some embodiments, the composition is in a 1-15 ml plastic or glass bottle. In some embodiments,

the composition is in a glass or plastic bottle of about 2 ml, about 3 ml, about 5 ml, about 10 ml or

about "I 5 ml. In certain embodiments, the plastic or glass bottle is opaque.

'4' Exhibit 1002- Page 10 of 617
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[0021] In some embod.iments provide method.s of stabilizing a phenylephrine hydrochloride

composition su.ch as a solu.tion of aqueous R-phenylephrine hydrochloride at less than 10 degree

Celsiu.s wherein the composition su.bstantially maintains the initial chiral purity ofR-phenylephrine

hydrochlorid.e for at least 6 months.

[0022] In some embodiments provide herein compositions comprising R-phenylephrine

hydrochlorid.e, wherein the composition su.bstantially maintains the initial chiral purity ofR-

phenylephrine hydrochloride for at least 6 months.

[0023] In some embodiments, the composition is stored at -10 to 10 degree Celsius. In certain

embodiments, the composition is stored at -5 to 10 degree Celsius. In certain embodiments, the

composition is stored. at 0 to 10 degree Celsius. In certain embodiments, the composition is stored at

2 to 8 degree Celsius.

[0024] The term “substantial” or “substantially “maintains” described herein refers to not more than

15% deviation of the initial purity. In some embodiments, the chiral purity of the composition is at

least 85%, 90%, 95%, 9?%_. 99%, 99.1%, 99.2%, 99.3%, 99.4%, 99.5%, 99.6%, 993%, 99.8% or

99.9% of the initial chiral purity.

[0025] In some embodiments provide herein methods of assaying chiral purity of R-phenylephrine

hydrochloride, wherein the chiral purity is determined by chiral column chromatography, optical

rotation, capillary electrophoresis, circular dichroism, or Nuclear Magnetic Resonance.

[0026] In certain embodiments, the chiral purity is determined by chiral column chromatography.

Chiral Column Chromatography

[0027] Chiral column chromatography is a Variant of column chromatography in which the

stationary phase contains a single enantiomer of a chiral compound rather than being achiral. The

two enantiomers of the same analyte compound. differ in affinity to the single-enantiomer stationary

phase and. therefore they exit the column at different times.

[0028] The chiral stationary phase can be prepared by attaching a suitable chiral compound. to the

surface of an achiral support such as silica gel, which creates a Chiral Stationary Phase (CSP). Many

common chiral stationary phases are based on oligosac-c-harides such as cellulose or cyc-lodextrin (in

particular with [3-cyc-lodextrin, a seven sugar ring molecule). As with all chromatographic methods,

various stationary phases are particularly suited to specific types of analytes.

[0029] The packing material of the chiral column may be amylose tris(3,5-

dimethylphenylcarbamate), [3-c-yclodextrin, cellobiohydrolase, selector R-(-)—N-(3_,5-

dinitrobenzoyl)-phenylglycine, cellulose tris(3,5-dimethylphenylcarbamate), cellulose tris(3_,5-

dic-hlorophenylcarbamate), or combinations thereof. In some embodiments, the chiral column for
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analytical purpose is packed with amylose tris(3,5- d.ichlorophenylcarbamate). The column may

have a packing particle of a size of about 3 um to about 50 um. In some embodiments, the column

has a packing particle a size of about 3 um, 5 um, 10 um, 20 um, 30 um, 40 um, or 50 um. In

certain embodiments, the column has a packing particle a size of about 3 um. In some embod.iments,

when using a chiral column system, the first mobile phase is non-polar solvent such as n-hexane, n-

pentane, and. the like, and. the second. mobile phase is polar solvent such as isopropanol, ethanol,

methanol, or the like. In certainly embodiments, the mobile phase comprises small amount of amine

such as ethylened.iamine. The first mobile phase may be present in an amount of about ?'5% to about

95% by volume and the second. mobile phase is present in an amount of about 5% to about 25% by

volume. In some embodiments, the first mobile phase is present in an amount of about 85% by

volume and. the second mobile phase is present in an amount of about 15% by volume with or

Without ethylenediamine.

Other Chiral Compound Analysis Methods

[0030] There are several chiral compound purification and analysis methods available besides chiral

column chromatography. For example, it is known in the art chiral purity can be determined by

optical rotation. In some embodiments, the chiral purity of R-phenylephrine hydrochloride in the

stabilized compositions and methods thereof can be determined by comparison of optical rotation of

pure R-phenylephrine hydrochloride.

Optical Purity Measured by Optical Rotation

[0031] Molecules with chrial centers cause the rotation ofplane polarised light and are said to be

"optically active" (hence the term optical isomers). Enantiomeric molecules rotate the plane in

opposite directions but with the same magnitude. This provides a means ofmeasuring the "optical

purity" or "enantiomerie excess (ee)" of a sample of a mixture of enantiomers.

[0032] Specific rotation is a physical property like boiling point and. can be looked up in references.

It is defined. according to the following equation based. on the experimental measurements: Specific

rotation [u]D = rt,,b,fcl where "am" is the experimentally observed rotation, "c" is the concentration

in g/ml and "1" is the path length of the cell used expressed in dm (10 em).

[0033] A non-raeemic mixture of two enantiomers will have a net optical rotation. It is possible to

determine the specific rotation of the mixture and, with knowledge of the specific rotation of the

pure enantiomer, the optical purity can be d.etermined..

" 0 Optical purity of sample = 100 * (specific rotation of sample) I (specific rotation of a pure

enantiomer)
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[0034] In some embod.iments, there are provid.ed methods of assaying chiral purity ofR-

phenylephrine hydrochloride, wherein the chiral purity is determined by optical rotation. In certain

embodiments, the optical rotation is determined. by comparison of optical rotation of pure R-

phenylephrine hydrochloride.

Capillary electrophoresis

[0035] Capillary electrophoresis (CE), also known as capillary zone electrophoresis (CZE), can be

used to separate ionic species by their charge and frictional forces and hydrodynamic radius.

[0036] Capillary electrophoresis (CE) in general offers highly efficient separations. To achieve

chiral separation, the capillary is filled. with a separation buffer containing a chiral ad.ditive.

Although many chiral selectors have been used successfully, the most comprehensive separation

strategies have been achieved. with highly su.lfated. c-yc-lodextrins. In some embodiments, the chiral

purity of the compositions provided herein is determined by capillary electrophoresis. In certain

embodiments, the capillary electrophoresis uses cyclodextrin or its derivatives (such as sulfated

cyclodextrins).

Chiral Purity Measured by Circular Dichroism

[0037] Circular dichroism (CD) refers to the differential absorption of left and right circularly

polarized light. This phenomenon is exhibited in the absorption bands of optically active chiral

molecules. CD spectroscopy has a wide range of applications in many different fields. For example,

vibrational circular dichroism, which uses light from the infrared energy region, is used for structural

studies of small organic “molecules, and most recently proteins and DNA. In general, this

phenomenon will be exhibited in absorption bands of any optically active molecule. As a

consequence_. circular dichroism is exhibited by biological molecules, because of their dextrorotary

and. levorotary components. Even more important is that a secondary structure will also impart a

distinct CD to its respective molecules.

[0038] Optical rotation and circular dichroism stem from the same quantum mechanical phenomena

and one can be derived. mathematically from the other if all spectral information is provided. In

some embodiments, the chiral purity is determined. by circular dichroism. In certain embodiments,

the chiral purity is determined. by Fourier transform infrared vibrational circular dichroism (FTIR-

VCD). A skilled person in the art can readily apply the general knowledge and procedure to

determine chirality of the compositions provided herein.

NMR spectroscopy of stereoisomers

[0039] It is known in the art that NMR spectroscopy techniques can detennine the absolute

configuration of stereoisomers such as cis or trans alkenes, R or S enantiomers, and R,R or RS
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diastereomers. In a mixture of enantiomers, these method.s can help qu.antify the optical purity by

integrating the area under the NMR peak correspond.ing to each stereoisomer. Accuracy of

integration can be improved. by inserting a chiral derivatizing agent with a nucleus other than

hydrogen or carbon, then reading the heteronu.clear NMR spectrum: for example fluorine-19 NMR

or phosphorus-31 NMR. Mosher's acid contains a -CF3 group, so ifthe adduct has no other fluorine

atoms, the 19F NMR of a racemic mixture shows just two peaks, one for each stereoisomer. In some

embodiments, the chiral purity of the compositions provided. herein is determined. by Nuclear

Magnetic Resonance Spectroscopy (NMR). In certain embodiments, a chirally pure eomplexing

reagent (i.e., a chiral d.erivatizing agent) is used. in measuring NMR. A skilled. person in the art can

readily utilize NMR and any suitable chiral complexing agent to detennine the chirality of the

compositions provid.ed herein.

DOSAGE FORMS AND STRENGTHS

[0040] In some embodiments, the stabilized compositions provided herein comprise a solution of

2.5% wfv or 10% wfv R-phenylephrine hydrochloride by Weight. In certain embodiments, the

compositions further comprise sodium phosphate monobasic, sodium phosphate dibasic, boric acid

and benzall<onium chloride. The followings are non-limited exemplary compositions:

[0041] Phenylephrine Hydrochloride Ophthalmic Solution, 2.5% is a clear, colorless to yellowish,

sterile topical ophthalmic solution containing phenylephrine hydrochloride 2.5%.

[0042] Phenylephrine Hydrochloride Ophthalmic Solution, '1 0% is a clear, colorless to yellowish,

sterile topical ophthalmic solution containing phenylephrine hydrochloride 10%.

Application of the Stabilized Compositions Comprising R- Phenylephrine hydrochloride

[0043] It has been established that Phenylephrine Hydrochloride Ophthalmic Solution is

recommended as a vasoconstrictor, decongestant, and. mydriatic in a variety of ophthalmic

conditions and procedures. Some of its uses are for pu.pillary dilation in u.veitis (to prevent or aid. in

the disruption of posterior synechia formation), for many ophthalmic surgical procedures and. for

refraction without cycloplegia. Phenylephrine Hydrochloride Ophthalmic Solution may also be used.

for funduscopy and other diagnostic procedures.

[0044] For example, R-Phenylephrine is used to dilate the iris through (1-adrenergic stimulation of

the iris dilator "muscle. Sympathetic stimulation ofthe ciliary muscle is believed to be inhibitory,

decreasing accommodative amplitude. R-Phenylephrine is formulated in an eye drop to dilate the

pu.pil in order to facilitate visualization of the retina. It is often used. in combination with tropicamid.e

as a synergist when tropicamide alone is not sufficient. Surprisingly it was found that S-

Phenylephrine dilated the eye only slightly more than that was untreated. Thus it is important that an
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eye drop containing Phenylephrine Hydrochloride used for dilation of the pu.pil contains

pred.ominantly the R-isomer in order to maintain maximum efficacy of the ophthalmic solution.

[0045] Sympathetic innervation leads to pu.pillary dilation. It is innervated by the sympathetic

system, which acts by releasing noradrenaline, which acts on 0:1-receptors causing dilation.

[0046] The alpha-1 (0.1) adrenergic receptor is a G protein-coupled receptor (GPCR) associated with

the Gq heterotrimeric G-protein. It consists of three highly homologou.s su.btypes, including rim-

, (£113,-, and. um-adrenergic. Catecholamines like norepinephrine (noradrenaline)

and. epinephrine (adrenaline) signal through the 0..-adrenergic receptor in the central and peripheral

nervous systems.

[0047] Phenylephrine is a selective 0..-adrenergic receptor agonist used primarily as a d.econgestant,

as an agent to dilate the pupil, and to increase blood pressure. Dilation is controlled by the dilator

pupillae, a group of -muscles in the peripheral 2;-’3 of the iris. Sympathetic i'n'nervatio'n begins at the

cortex with the first synapse at the cilliospinal center (also known as Budge's center after German

physiologist Julius Ludwig Budge). Post synaptic "neurons travel down all the Way through the brain

stem and finally exit through the cervical sympathetic chain and the superior cervical ganglion. They

synapse at the superior c-ervic-al ganglion where third-ord.er neurons travel through the carotid plexus

and enter into the orbit through the first division of the trigeminal nerve.

[0048] In the anesthetized rats, infusion of large amount of (+)-epinephrine, (+)-"norepinephrine,

epinine, and (-)-or (+')—phenylephri-ne induces tachyphylaxis to vasopressor effect of (-)-epinephrine,

(-)-norepinephrine, and tetraethy1am'mo'niu'm. The tachyphylactic potency of the amines was (-)-

phenylephrine (R-phenylephrine) > epinine > (+')—norepi'nephri'ne = (+')-epinephrine > (+)-

phenylephrine.

[0049] Two ophthalmic formulations, formulated. 10% Phenylephrine hydrochloride (S-isomer) and.

the exemplary invention composition, 10% Phenylephrine hydrochloride (R-isomer) were tested. for

their ocular activity in NZW rabbits. It was observed that formulated. S-isomer showed

minimal d.ilation, responded. to light exposure and. c-onstric-ted. slightly more slowly than the untreated.

eye, where as the exemplary invention composition, 10% Phenylephrine hydrochloride showed

maximal dilation with in '15 min of dosing and the pupil did not respond to light and

remained dilated for 4 hrs.

[0050] According to the above stu.dy it could be postulated that, when an ophthalmic solution of

phenylephrine hydrochloride, (R-isomer) containing S-isomer as an impurity is u.sed for dilation of

pupil, the s-isomer may cau.se the saturation of the a-adrenergic rec-eptors res u.lting in the decrease in
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the response of the drug after its administration (tachyphylasis). Furthermore, the presence of S-

isomer in the ophthalmic solution may lead to poor,-*’ delayed. dilation of the pu.pil.

[0051] In some embod.iments provid.e methods of dilating the pupil comprising administering a

composition comprising R-phenylephrine hydrochloride topically to a mammal, wherein the

composition substantially maintains the initial chiral purity of R-phenylephrine hydrochloride for at

least 6 months. It is evident from the literature that the pharmacological evaluation of both R & S-

Phenylephrine hydrochloride is not same. R-Phenylephrine is referenced. as useful synthetic

adrenergic drug.

Uveitis

[0052] Uveitis is, broadly, inflammation of the u.vea. The u.vea consists of the midd.le, pigmented.,

vascular structures of the eye and. includes the iris, ciliary body, and. choroid. Uveitis requires an

urgent referral and thorough examination by an ophthalmologist or Optometrist and urgent treatment

to control the inflammation. Anterior uveitis (iritis) affects the front portion of the eye, intermediate

uveitis (cyelitis) affects the ciliary body, and posterior uveitis (ehoroidi ti s) affects the back portion

of the uvea. Diffuse uveitis affects all portions of the uvea. Anterior uveitis commonly occurs in

conjunction with juvenile rheumatoid arthritis, but does not manifest in all juvenile arthritis patients.

Uveitis is most likely to be present in juvenile arthritis patients with pauciarticular disease (fewer

than five joints involved), a positive anti-"nuclear antibody test, and a "negative rheumatoid factor test.

It has been demonstrated that after phenylephrine hydrochloride ophthalmic solution instillation,

flare intensity and pain were significantly decreased only in eyes with iridocyclitis and without

fibrinoid reaction (FR). The decreasing level of flare intensity, and paralysis of the pupil after

phenylephrine instillation seem to alleviate pain in those eyes. See e.g., Zaczek, et. al., Acta

Ophthalmol Scand. 2000 Oc-t,78(5):5l6-8.

[0053] In some embodiments provide methods of treating Uveitis in a subject comprising

administering a composition comprising R-phenylephrine hydrochloride to said. subject, wherein the

composition su.bstantially maintains the initial chiral purity ofR-phenylephrine hydrochloride for at

least 6 months.

[0054] In some embodiments provide methods of performing certain ocular testing such as

ultrasonography, provocative closed angle glaucoma test, Retinoseopy, compromised circulation

(i.e., blanching test), Refraction, fundus examination comprising administering a composition

comprising R-phenylephrine hydrochloride, wherein the composition substantially maintains the

initial chiral purity ofR-phenylephrine hydrochloride for at least 6 months.
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[0055] In some embod.iments provid.e method.s of aiding surgical proced.ures requ.iring visu.alization

of the posterior chamber comprising administering a composition comprising R-phenylephrine

hydrochlorid.e, wherein the composition su.bstantially maintains the initial chiral purity ofR-

phenylephrine hydrochloride for at least 6 months.

[0056] After presentation of R-phenylephrine hydrochloride ophthalmic solution 2.5% or 10% to the

ocular surface, a broad variation in the delay of onset of dilation is widely reported., varying between

20-to-30 minutes and as mu.ch as u.p to 60 minu.tes. While a number of contribu.tors to this delay of

onset have been theorized, the absence of phenylephrine hydrochloride’s pharmacologic activity in

the eye d.ue to the presence of S-phenylephrine may in fact be the explanation for su.ch delay.

Dropper Bottle or Storage Bottle

[0057] Conventional dropper bottles for administering ophthalmic fluid are well known in the prior

art. The basic commercial design of such dropper bottles has remained fairly unchanged over the last

several decades: a squeezable container is provided with a tapered dispenser that terminates in a

discharge aperture. To administer ophthalmic fluid, the discharge aperture is aligned above a target

eye and the bottle is squeezed to urge out a drop or dose of the fluid.

[0058] Alternatively, liquid dispensers have been developed in which the formulation is supplied

from a storage bottle through a dropper, for example (dropper bottles or EDO-Ophthiols). The

aqueous formulation usually flows out of the dropper opening as a result of manual pressure being

applied to the compressible storage bottle.

[0059] In some embodiments, the composition described herein is stored in a plastic or glass bottle.

In certain embodiments, the plastic bottle is a low-density polyethylene bottle. In certain

embodiments, the composition described herein is stored in a glass bottle with or Without a liquid

dispenser. In certain embodiments, the plastic or glass bottle is opaque.

[0060] Additionally, the compositions described herein are either packaged for single u.se or for

multiple uses with or without a preservative.

Certain Pharmaceutical and Medical Terminology

[0061] The term “acceptable” with respect to a formulation, composition or ingredient, as used

herein, "means having no persistent detrimental effect on the general health of the subject being

treated.

[0062] The tenn “carrier,” as used herein, refers to relatively nontoxic chemical compounds or

agents that facilitate the incorporation of a compound into cells or tissues.

[0063] The tenns “co-administration” or the like, as used herein, are meant to encompass

administration of the selected therapeutic agents to a single patient, and are intended to include
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treatment regimens in which the agents are administered by the same or d.ifferent route of

administration or at the same or d.ifferent time.

[0064] The term “diluent” refers to chemical compounds that are used to d.ilute the compound of

interest prior to delivery. Dilu.ents can also be used. to stabilize compounds becau.se they can provide

a more stable e'nvi'ronme'nt. Salts dissolved in buffered solutions (which also can provide pH control

or maintenance) are u.tilized as diluents in the art, including, bu.t not limited to a phosphate buffered.

saline solution.

[0065] The terms “effective amount” or “therapeutically effective amount,” as used. herein, refer to a

sufficient amount of an agent or a compound being administered which will relieve to some extent

one or more of the symptoms of the disease or condition being treated. The result can be red u.ction

andfor alleviation of the signs, symptoms, or causes of a disease, or any other d.esired alteration of a

biological system. For example, an “effective amount” for therapeutic uses is the amount of the

composition comprising a compound as disclosed herein required to provide a clinically significant

decrease in disease symptoms. An appropriate “effective” amount in any individual case may be

determined using techniques, such as a dose escalation study.

[0066] The terms “enhance” or ‘‘enhancing,‘‘ as used herein, means to increase or prolong either in

potency or duration a desired effect. Thus, in regard to enhancing the effect of therapeutic agents, the

term “enhanci'ng“ refers to the ability to increase or prolong, either in potency or duration, the effect

of other therapeutic agents on a system. An “enhancing-effective amount,” as used herein, refers to

an amount adequate to enhance the effect of another therapeutic agent in a desired system.

[0067] The term “subject” or “patient” encompasses mammals. Examples of mammals include, but

are not limited to, any member of the Mammalian class: humans, non-human primates such as

chimpanzees, and other apes and. monkey species; farm animals such as cattle, horses, sheep, goats,

swine; domestic animals such as rabbits, dogs, and cats; laboratory animals including rodents, such

as rats, mice and guinea pigs, and the like. In one embodiment, the mammal is a human.

[0068] The terms “treat,” “treating” or “treatment,” as used. herein, include alleviating, abating or

ameliorating at least one symptom of a disease or condition, preventing additional symptoms,

inhibiting the disease or condition, e.g., arresting the development of the disease or condition,

relieving the disease or condition, causing regression of the disease or condition, "relieving a

condition caused by the disease or condition, or stopping the symptoms of the disease or condition

either prophylactically andfor therapeutically.
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[0069] All of the various embodiments or options described herein can be combined. in any and all

variations. The following Examples serve only to illu.strate the invention and are not to be construed.

in anyway to limit the invention.

Examples

Example 1. Exemplary Phenylephrine HCl Ophthalmic Formulation

[0070] R-Phenylephrine Hydrochloride Ophthalmic Solution, USP 2.5% or 10%, is a sterile, clear,

colorless to light yellow, topic-al mydriatie agent for ophthalmic. u.se. The chemical name is (R)-3-

hydroxy-o.-[(methylamino)methyl]benzenemethanol hydrochloride. R-Phenylephrine hydrochloride

is represented. by the following structural formula:

H OH

, H

Ho N.__ - HCI
CH3

[0071] Phenylephrine hydrochloride has a molecular weight of 203.67 and an empirical formula of

C9H13NO2-HCl.

[0072] Each mL ofR-Phenylephrine Hydrochloride Ophthalmic Solution, 2.5% contains: ACTIVE:

phenylephrine hydrochloride 25 mg (2.5%); INACTIVES: sodium phosphate monobasic, sodium

phosphate dibasic; boric acid, water for injection. Hydrochloric acid andfor sodium hydroxide may

be added. to adjust pH (6.0 to 6.4). The solution has a tonicity of 500 mOsm7’l<g_; PRESERVATIVE:

benzalkonium chloride 0.01%.

[0073] Each mL ofR-Phenylephrine Hydrochloride Ophthalmic Solution, 10% contains: ACTIVE:

R-phenylephrine hydrochloride 100 mg (10%); INACTIVES: sodium phosphate monobasie, sodium

phosphate dibasic; Water for injection. Hydrochloric acid andfor sodium hydroxide may be added to

adjust pH (6.3 to 6.7). The solution has a tonicity of "l 000 mOsm;’l<g_; PRESERVATIVE:

benzalkonium chloride 0.01%.

[0074] The composition of Phenylephrine HCl Ophthalmic Solution, 2.5% and l 0% is listed in

Table 1.

[0075] Table 1:Phenylephrine HCl Ophthalmic Solution, 2.5% and 10% Quantitative Composition

Component 2.5% Formulation 10% Formulation Function Quamy
Quantity (%W/V) Quantity (%W/V) Standard

R-Phenylephrine HCl 2.5% l 0% USP

Sodium Phosphate 0.5% 0.5% Buffer USP
Monobasic,
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Sodium Phosphate Dibasic, 0.3% 0.3% Buffer USP

Anhydrou.s

Boric Acid 1.0% Buffer

Benzalkonium Chloride 0.01% Antimicrobial

preservative 
Sodium Hydroxid.e As needed As needed. pH adjustment

Hydrochloric Acid As needed As needed pH adjustment USP

Exam le 2. Stabilit im urit Test and Resu.lts

[0076] Stability studies of2.5% and l 0% Phenylephrine HCL solutions prepared as in Example 2

were conducted at 2 to 8 °C for '12 months.

[0077] While the testing performed during the historical stability analysis is limited, those parameters

evaluated show excellent results. For the 3 batches of 2.5% formulation evaluated, the initial assay

averaged l 0'] .2% of label claim (“range 99.8% - 102.9%), and after 12 months of storage at the labeled

storage condition (2-8°C) the average potency was 99.7” 0 of label claim (range 97.0%— 103.4%). All

other parameters evaluated (appearance, preservative effectiveness, sterility) conformed to

specifications.

[0078] For the 3 batches of l 0% formulation evaluated, the initial assay averaged 100.4% of label

claim (range 99.8% - 101.6%), and after 12 months of storage at the labeled storage condition (2-

8°C) the average potency was 99.8 % of label claim (range 98.8% — 101.0%). All other parameters

evaluated (appearance, preservative effectiveness, sterility) confonned to specifications.

Example 3. Chiral HPLC Analysis

[0079] The following are non-limited exemplary chiral columns and relevant mobile phases in the

methods for analyzing chiral purity of R-phenylephrine.

[0080] Column-OJ-RH (l50><4.6) mm, 5 pm, Flow: 1 mL min—l, Mobile Phase: Methanol, Column

Temp: 25° C., Detection wavelength: 270 nm.

[008]] Column-OJ-RH ('l50><4.6) mm, 5 pm, Flow: 0.8 mL min-l, Mobile Phase: 0.05%

Ethylened.iamine in Methanol, Column Temp: 25° C ._, Detection wavelength: 270 mn.

[0082] Column-OJ-RH (150><-4.6) mm, Flow: 1 ml min-1, Mobile Phase: 0.05% Ethylenediamine in

Methanol, Column Temp: Ambient, Detection wavelength: 270nm.

[0083] Column-OJ-RH (l50><4.6) mm, 5 pm, Flow: 1 ml min—l, Mobile Phase: 0.05%

Ethylenediamine in Methanol, Column Temp: 25° C., Detection wavelength: 270 nm.
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[0084] Column-OJ-RH (150><4.6) mm, 5 um, Flow: 1 ml min-1, Mobile Phase: 0.05

Ethylened.iamine in Methanol, Column Temp: 25° C ._, Detection wavelength: 270 nm.

[0085] Column-OJ-RH (150><4.6) mm, 5 um, Flow: 1 ml min-1, Mobile Phase: 0.05%

Ethylened.iamine in Water (05%):Methanol (95), Column Temp: 25° C., Detection wavelength: 270

nm.

[0086] Column-OJ-RH (150><4.6) mm, 5 um, Flow: 1 ml min-1, Mobile Phase: 0.05%

Ethylened.iamine in Methanol, Column Temp: 25° C ._, Detection wavelength: 270 nm.

[0087] Column-OJ-RH (150><4.6) mm, 5 um, Flow: 1 ml min-1, Mobile Phase: 0.05%

Ethylened.iamine in Methanol, Column Temp: 25° C ._, Detec-tion wavelength: 270 nm.

[0088] Column-OJ-RH (150><4.6) mm, 5 um, Flow: 0.5 ml min-1, Mobile Phase: Ac-etonitrile:

0.05% Ethylened.iamine in water (30:70) Column Temp.: 25°C, Detection wavelength: 270 nm.

[0089] Column-OJ-RH ('1 50><4.6) mm, 5 pm, Flow: 0.5 ml min-1; Mobile Phase: Aceton-itrile:

0.05% Ethylenediamine in Water (40:60) Column Temp.: 25, Detection wavelength: 270 "nm.

[0090] Column-Chiralpak IC-3 (l50><4.6) mm, 3 pm, Flow: 1.0 ml 'm'in—'l , Mobile Phase: 01%

Ethylenediamine in n-Hexane (85%):Ethanol (15%), Column Temp: 25° C., Detection wavelength:

270 nm; ref600 "nm.

[009]] Column-Chiralpak TC-3 (l50><4.6) mm, 3 pm, Flow: l.2 ml min-l, Mobile Phase: 01%

Ethylenediamine in n-Hexane (50%):|PA (50%), Column Temp: 25° C., Detection wavelength: 2710

nm.

[0092-] Column-OJ-RH (l 50><4.6) "mm, Flow: 0.6 ml 'm'in—l , Mobile Phase: 0.05% Ethylenediamine

in Methanol, Column Temp: 25° C._; Detection wavelength: 270 nm. 4.0 mg sample in '1 mL ethanol

was analyzed. The injection Volume to HPLC is 3.0 uL-. The HPLC chromatogram is shown in

Figure l.

[0093] The HPLC chromatogram clearly show separation of racemic sample. Chiral HPLC "method

was thus established. to analyze Phenylephrine.

Example 4. Determination of Chiral Purity after 6 Months Storage at Low Temperature

[0094] R-Phenylephrine Hydrochloride Opthalmic Solution, 2.5% and. 10% prepared. as in Example

1 were stored at 2 to 8 "C. The chiral purity of Sample 1 (10% solution) was assessed before low

temperature stability test. The HPLC chromatogram is shown in Figure 2.

[0095] The chiral purity of R-Phenylephrine Hydrochloride was determined by the method and

conditions as shown in Example 3. The result showed 99.3% ee.
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[0096] After 6 months of low temperature storage (i.e., 2 to 8 "C)_, the chiral purity ofR-

Phenylephrine Hydrochloride in the solu.tion was determined to be 99.3% ee. The HPLC

chromatogram is shown in Figure 3.

[0097] To confirm the “impurity” shown in the chromatogram, the “impurity” was purified and

determined. by the same method. The “impurity” (i.e._, S- Phenylephrine Hydrochloride) was

determined. to possess 82.4% ee of S-form. The HPLC chromatogram is shown in Figure 4.

[0098] Thus, it is clearly shown that the solution remain su.bstantially maintains the initial chiral

purity ofR-phenylephrine hydrochloride for at least 6 months.

Example 5. Dilation Assay OFS Form Phenylephrine Solution

[0099] Both R and S form solutions (10% solution prepared as in Example 1) were test for dilation

on rabbits. The first test rabbit received 3 drops of the S form formulation and the second test rabbit

received 3 drops of the R form solution.

[00100] The results were as follows:

[00l0l] Test Rabbit N0. 1: Minimal Dilation, Within '15 minutes of dilation the pupil was only

slightly more dilated than the untreated eye. The treated. eye responded. to light exposure and

constricted slowly. The control eye constricted. rapidly as was expected.

[00102] Test Rabbit No 2: Maximal dilation within 15 minutes of dosing. The pupil did not

respond to light exposure and remained fully dilated for 4 hours then regressed.

[00103] These results clearly show that an ophthalmic solution of phenylephrine containing S-

isomer does not dilate the rabbit pu.pil as it is achieved with an ophthalmic solution of phenylephrine

containing R isomer. Thus it is evident that maintaining the chiral purity of the ophthalmic solution

is crucial to keep drug potency.

[00104] While preferred embodiments of the present invention have been shown and

described herein, it will be obvious to those skilled in the art that such embodiments are provided by

way of example only. Numerous variations. changes, and substitutions will now occur to those

skilled in the art Without departing from the invention. It should be understood that various

alternatives to the embodiments of the invention described herein may be employed in practicing the

invention. It is intended that the following claims define the scope of the invention and that methods

and structures within the scope of these claims and their equivalents be covered thereby.
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WHAT IS CLAIMED IS:

1.

10.

11.

12.

'13.

14.

A composition comprising at least 95% R-phenylephrine hydrochloride and an aq u.eo u.s

buffer for substantially maintaining chiral purity ofR-phenylephrine hydrochloride for at

least 6 "months, the improvement comprising storing the composition between -10 to 10

degree Celsius.

The composition of claim 1, wherein the composition is stored. between 2 to 8 degree

Celsius.

The composition of claim 1, wherein the composition comprises at least 99% R-

phenylephrine hydrochloride.

The composition of claim 1, wherein the composition comprises at least 99.3% R-

phenylephrine hydrochloride

The composition of claim '1, wherein the chiral purity of R-phenylephrine hydrochloride is at

least 95% of the initial chiral purity after 6 "months.

The composition of claim '1, wherein the chiral purity of R-phenylephrine hydrochloride is at

least 97% of the initial chiral purity after 6 "months.

The composition of claim 1, wherein the chiral purity of R-phenylephrine hydrochloride is at

least 99% of the initial chiral purity after 6 "months.

The composition of claim '1, wherein the chiral purity of R-phenylephrine hydrochloride is at

least 99.5% of the initial chiral purity after 6 "months.

The composition of claim '1, wherein the composition comprises 2.5% w/‘V or 10% wfv R-

phenylephrine hydrochloride by weight.

A packaged composition comprising the composition of claim 1, in a 1-15 ml plastic or glass

bottle.

The packaged. composition of claim 10, wherein the package identifies storing the

composition at a temperature between -10 to 10 C.

The packaged. composition of claim 11, wherein the package identifies storing the

composition at a temperature between 2 to 8 C.

The packaged Composition of claim 10, wherein the composition is in a plastic or glass bottle

of about 2 ml, about 3 ml, about 5 ml, about 10 ml or about 15 ml.

The packaged. composition of claim 10, wherein the plastic or glass bottle is opaque.
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METHODS AND COMPOSITIONS OF STABLE PH ENYLEPHRINE

FORMULATIONS

ABSTRACT

The invention is directed. to methods and eompositions of stabilizing phenylephrine formations. The

composition has good ti-me-dependent stabil-ity at low 1:e'mpe‘ratu're and has no change in its outward

appearance even after having been stored at least 6 "months.
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In accordance with 37 CFR 1.14(h)(3), access will be provided to a copy of the above—identified patent application with respect

to: 1)the above—identified patent application-as-filed; 2) any foreign application to which the above—identified patent application
claims priority under 35 U.S.C. 11Q( )—(d) if a copy of the foreign application that satisfies the certified copy requirement of

37 CFR 1.55 has been filed in the above—identified patent application; and 3) any U.S. application-as-filed from which benefit is
sought in the above—identified patent application.

In accordance with 37 CFR 1.14(c), access may be provided to information concerning the date of filing the Authorization to

Permit Access to Application by Participating Offices.

[Page 1 of 2]
This collection of infomtation is required by 35 U.S.C. 115 and 3? CFR 1.63. The information is required to obtain or retain a benefit by the public which is to file (and by
the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 3? CFR 1.11 and 1.14. This collection is estimated to take 21 minutes to
complete, including gathering. preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form andfor suggestions for reducing this burden. should be sent to the Chief Information Officer, US.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the ‘IOl'lTl._ call 1—800—PTO-‘MEI a d s le op iX11 ibit ‘I 1362- Page 29 of 617
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PTOlAlAlD8 (06-12)
Approved for use through 01l31l2014. OMB 0651-0032

US. Patent and Trademark Office; US. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection ofinformalion unless it contains a valid OMB control number.

DECLARATION — Utility or Design Patent Application

Direct all The a‘?":":33 _th 21971 Correspondence
correspondence to: assoma e W' address belowCustomer Number:

Name

Telephone

WARNING:

Petitionerlapplicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
oontribute to identity theft. Personal information such as social security numbers. bank account numbers. or credit card numbers
(other than a check or credit card authorization form PTO—2038 submitted for payment purposes) is never required by the USPTO
to support a petition or an application. lfthis type of personal information is included in documents submitted to the USPTO.
petitionerslapplicants should consider redacting such personal information from the documents before submitting them to the
USPTO. Petitionerlapplicant is advised that the record of a patent application is available to the public after publication of the
application (unless a non—publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO—2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.
Petitionerlapplicant is advised that documents which form the record of a patent application (such as the PTOlSBl01) are placed
into the Privacy Act system of records DEPARTMENT OF COMMERCE, COMMERCE—PAT—7, System name: Patent Application
Flles . Documents not retained in an application file (such as the PTO-2038) are placed into the Privacy Act system of
COMMERCElPAT—TM—10, System name: Depos.-'fAccounfs and Electronic Funds Transfer Profiles .

LEGAL NAME OF SOLE OR FIRST INVENTOR:

(E.g., Given Name (first and middle (ifany)) and Family Name or Surname)

Patrick H. Witham

|nventor' " ."""'"'" Date (Optional)
« - H[b‘J|%_,,___ November14, 2013

Residence: City

Eugene

Mailing Address

5563 Jeffrey Way

City

itional inventors are being named on the supplemental sheetls) PTOIAIAHO attached hereto

[Page 2 of 2]
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PTOIAIN 10 (0B—12}
Approved for use through D1i31.n’2014. OMB 0551-0032

U.S. Patent and Trademark Office: U.5. DEPARTMENT OF COMMERCE

Under the Paerwork Reduion Act of 1995, no ersons are re uired t resend to a collection of information unless it contains a valid OMB control number.
" ADDITIONAL iNvENTOR(s)
SUPPLEMENTAL SHEET FOR DECLARATION

 

  Supplemental Sheet (for PT0lAiAiUS,09} 3 3Pae oi    

 

 
Legal Name of Additional Joint inventor, if any:
(E.g.. Given Name (first and middle (it any)) and Family Name or Surname)

Sailaja Machiraju

Inventor’s iv ,. "" "W ‘~‘\ ¢_x.._'i 'i_"_;_Sinature t (K Datg‘(Optional) “J‘ '. L3-

Beaverton OR US
Residence: Cit State Country _ _ _

18275 NW Schendel Avenue, #1613

Mailing Address

City State Zip Country

Legal Name of Additional Joint Inventor, if any:

(E.g., Given Name (flrst and middle (if any)) and Family Name or Surname)

Lauren Mackensie-Clark Biuett

inventors
Signature

lvlilwaukie

2585 SE Martha CT
Matting Address

Cit State Zip Country

Legal Name of Additional Joint inventor, if any:

(E_g.. Given Name (first and middle (if any)) and Family Name or Surname)

Inventor's

Signature _ __ __ _ _ Date (Optical)

Residence: City

Mailing Address

 
This collection of information is required by 35 U_S.C_ 115 and 3? CFR 1.53. The information is required to obtain or retain a benefit by the public which is to file
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 3}‘ CF R 1.11 and 1.14. This collection is estimated to take 21
minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individuat
case. Any comments on the amount of time you require to complete this form andior suggestions for reducing this burden, should be sent to the Chief information
Officer, LLS. Palentand Trademark Office, US. Department of Commerce, PO. Box 1450, Atexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS To Tt-1tS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box1450,Alexandrla, VA 22313-1450.

ifyou need assistance in compieting the form, ca-it 1-800-PTO-9199 { 1-800 786-91 99) and select option 2.

Exhibit 1002- Page 31 of617



f� � �� �� RQQSN q� � �  TS �� WRX

Doc Code: TRACK1.REQ

Document Description: Track0ne Request

PTOiSBi424 (12-11)

CERTIFICATION AND REQUEST FOR PRIORITIZED EXAMINATION

UNDER 37 CFR 1.102(e) (Page 1 of 1)

Patrick H- Witham ‘
METHODS AND COMPOSITIONS OF STABLE PHENYLEPHRINE FORMULATIONS

APPLICANT HEREBY CERTIFIES THE FOLLOWING AND REQUESTS PRIORITIZED EXAMINATION FOR
THE ABOVE-IDENTIFIED APPLICATION.

1. The processing fee set forth in 37 CFR 1.17(i), the prioritized examination fee set forth in 37

CFR1.17(c), and if not already paid, the publication fee set forth in 37 CFR 1.18(d) have been

filed with the request. The basic filing fee, search fee, examination fee, and any required

excess claims and application size fees are filed with the request or have been already been

paid.

2. The application contains or is amended to contain no more than four independent claims and

no more than thirty total claims, and no multiple dependent claims.

3. The applicable box is checked below:

Ori inal A lication Track One - Prioritized Examination under

i. (a) The application is an original nonprovisional utility application filed under 35 U.S.C. 111( ).

This certification and request is being filed with the utility application via EFS-Web.
___OR___

(b) The application is an original nonprovisional plant application filed under 35 U.S.C. 111( ).

This certification and request is being filed with the plant application in paper.

ii. An executed oath or declaration under 37 CFR 1.63 is filed with the application.

Re uest for Continued Examination - Prioritized Examination under

A request for continued examination has been filed with, or prior to, this form.

If the application is a utility application, this certification and request is being filed via EFS-Web.

The application is an original nonprovisional utility application filed under 35 U.S.C. 111(a), or is

a national stage entry under 35 U.S.C. 371.

' . This certification and request is being filed prior to the mailing of a first Office action responsive

to the request for continued examination.

No prior request for continued examination has been granted prioritized examination status

under 37 CFR1.102(e)( ).

/Michael HOstetler/ Date 2013-11-14

Michael Hostetler Petitioner 47664Reistration Number

Note: Signatures of aii the inventors or assignees of record of the entire interest or their representatiyetsj are reqtiired in accordance with
3? CFR 1.33 and 11.18. Piease see 3? CFR 1‘_4(d) for the form of the signature. if necessary, submit muitipie forms for more than one
signature, see beiow*_

*Total of 1 forms are submitted.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements of
the Act, please be advised that: (1)the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2)

furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the
U.S. Patent and Trademark Office is to process andfor examine your submission related to a patent application or
patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process andfor examine your submission, which may result in termination of proceedings or abandonment of the
application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1 .

Page 2

The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may

be disclosed to the Department ofJustice to determine whether disclosure of these records is required by the
Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the reoord pertains, when the individual has requested assistance from
the Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to oomply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).
A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property

Organization, pursuant to the Patent Cooperation Treaty.
A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or hisfher designee, during an inspection of reoords conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under authority of
44 U.S.C. 2904 and 2906. Such disclosure shall be made in acoordance with the GSA regulations governing

inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a

record may be disclosed, subject to the limitations of 3? CFR 1.14, as a routine use, to the public if the record
was filed in an application which became abandoned or in which the proceedings were terminated and which
application is referenced by either a published application, an application open to public inspection or an issued
patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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PTOIAJN14 {U3-13}
Approved for use through 01i'3‘li‘20’l-1. OMB D651-0032

U.S. Patent and Trademark Oflioe; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995; no persons are required to respond to a collection of information unless it contains a valid OMB control number.

_ _ Attorney Docket Number 44630-701.201
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention METHODS AND COMPOSITIONS OF STABLE PHENYLEPH RINE FORMULATIONS

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form oontains the
bibliographic data arranged in a fonnat specified by the United States Patent and Trademark Office as outlined in 3? CFR 1.?6.
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS} or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2

D Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

Inventor 1
Legal Name

Prefix Given Name Middle Name Family Name Suffix

Patrick H. Witham

Residence Information {Select One} @ US Residency 0 Non US Residency 0 Active US Military Service

City Eugene StatelProvince I OR I country of Residence i US

Mailing Address of Inventor:

 

 

Address 1

Address 2

 

 

 5563 Jeffrey Way

5t=**E=’F’r°Vi"'=e
Postal Code US

 

Inventor 2
Legal Name

Prefix Given Name Middle Name Family Name Suffix

Sailaja Machiraju

Residence Information (Select One) ® US Residency 0 Non US Residency 0 Active US Military Service

City Beaverton StatelProvince OR country of Residence i US

Mailing Address of Inventor:

Address 1 162T5 NW Schendel Avenue

Address 2 #16D

City Beaverton State!Province | OR
Postal code 97006 | Country i US
Inventor 3 W
Legal Name

Prefix Middle Name Family Name Suffix
Lauren Mackensie-Clark Bluett

Residence Information {Select One} @ US Residency Non US Residency 0 Active US Military Service
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PTOEAIAI14 {U3-13}
Approved for use through 01i'31i‘201-1. OMB D651-0032

U.S. Patent and Trademark Ofiioe; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995. no persons are required to respond to a collection of information unls it contains a valid OMB control number.

Attorney Docket Number 44630-701.201
Application Data Sheet 37 CFR 1.76
 

Application Number

Title of Invention METHODS AND COMPOSITIONS OF STABLE PHENYLEPH RINE FORMULATIONS

City Milwaukie StatelProvince | OR | Country Qf Regidencel US

Mailing Address of Inventor:

 

 

  

 

Address 1

Address 2

2585 SE Martha CT

5*a*==’Pr°'i"°e
Postal Code 97222 US
All Inventors Must Be Listed - Additional Inventor Information blocks may be
generated within this form by selecting the Add button.

 

  

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.

For further information see 37 CFR 1.33(al.

|: An Address is being provided for the correspondence Infonnation of this application.

Customer Number 21971

Em ail Ad dress patentdocket@wsgr.com I 

Application Information:

Title of the Invention METHODS AND COMPOSITIONS OF STABLE PHENYLEPHRINE FORMULATIONS

Attorney Docket Number 44630—?01.2D1 Small Entity Status Claimed

Application Type Nonprovisional

Subject Matter Utility I

Total Number of Drawing Sheets (if any) 4 | Suggested Figure for Publication (if any)
Publication lnfonnation:

I: Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. I hereby request that the attached application not be published under
35 U.S.C. 122(b} and certify that the invention disclosed in the attached application has not and will not be the

subject of an application filed in another country, or under a multilateral international agreement, that requires

publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing

this infonnation in the Application Data Sheet does not constitute a power of attorney in the application (see 3? CFR 1.32).
Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing. 
Please Select One: @ Customer Number Q US Patent Practi|U:on r. "T i ite|SRecog "t" n6}? CF$11.9)‘fiG§§— age SS 61EFS Web 2.2.8
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PTOIAJN14 {U3-13}
Approved for use through 01i'31i‘201-1. OMB D651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995. no persons are required to respond to a collection of information unls it contains a valid OMB control number.

Attorney Docket Number 44630-701.201 
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention METHODS AND COMPOSITIONS OF STABLE PHENYLEPH RINE FORMULATIONS

Customer Number 21971

Domestic Benefitmational Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119[e), 120. 121, or 365(c) or indicate

National Stage entry from a PCT application. Providing this information in the application data sheet constitutes the

specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

Prior Application Status 
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)

Additional Domestic BenefitfNationa| Stage Data may be generated within this form

by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet

constitutes the claim for priority as required by 35 U.S.C. 119{b) and 37 CFR 1.55{d]. When priority is claimed to a foreign application

that is eligible for retrieval under the priority document exchange program [PDX) lthe information will be used by the Office to

automatically attempt retrieval pursuant to 37 CFR 1.55{h){1) and [2]. Under the PDX program. applicant bears the ultimate

responsibility for ensuring that a copy ofthe foreign application is received by the Office from the participating foreign intellectual

property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

 

-

Application Number Country I Filing Date (YYYY-MM-DD) Access Codel {if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the
Add button.

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition

Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains. or contained at any time, a claim to a claimed invention that has an effective filing date on or after March

|:| 16. 2013.

NOTE: By providing this statement under 3?‘ CFR 1.55 or 1.78. this application. with a filing date on or after March

16. 2013, will be examined under the first inventor to file provisions of the AIA.
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PTOIAJN14 {U3-13}
Approved for use through 01r'31r‘20’l-1. OMB D651-0032

U.S. Patent and Trademark Ofiioe; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995. no persons are required to respond to a collection of information unls it contains a valid OMB control number.

Attorney Docket Number 44630-701.201 
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention METHODS AND COMPOSITIONS OF STABLE PHENYLEPH RINE FORMULATIONS

Authorization to Permit Access:

Authorization to Permit Access to the Instant Application by the Participating Offices

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office {EPO),
the Japan Patent Office (JPO}. the Korean Intellectual Property Office (KIPOJ. the World Intellectual Property Office {WlPO).
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application

is filed access to the instant patent application. See 37 CFR 1.14(c) and (h). This box should not be checked ifthe applicant
does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming priority
to the instant patent application is filed to have access to the instant patent application.

In accordance with 37 CFR 1.14{h){3), access will be provided to a copy of the instant patent application with respect
to: 1) the instant patent application-as-filed; 2] any foreign application to which the instant patent application

claims priority under 35 U.S.C. 119{a)-(d) if a copy of the foreign application that satisfies the certified copy requirement of
3? CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is

sought in the instant patent application.

In accordance with 37 CFR 1.14(c), access may be provided to information concerning the date of filing this Authorization.

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant 1

lfthe applicant is the inventor (or the remaining joint inventor or inventors under 3? CFR 1.45), this section should not be completed.

The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 3? CFR 1.46 {assignee._ person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be
identified in this section.

O Joint Inventor 
   

C) Legal Representative under 35 U.S.C. 117

OO Person to whom the inventor is obligated to assign. Person who shows sufficient proprietary interest 

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally incapacitated Inventor: 
If the Applicant is an Organization check here.

Organlzatlon Name Paragon BioTecl<, Inc.
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PTOEAJN14 {U3-13}
Approved for use through 01i'3‘li‘20’l-1. OMB D651-0032

U.S. Patent and Trademark Oflioe; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995. no persons are required to respond to a collection of information unls it contains a valid OMB control number.

Attorney Docket Number 44630-701.201 
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention METHODS AND COMPOSITIONS OF STABLE PHENYLEPH RINE FORMULATIONS

Mailing Address Information:

Address ‘I 4640 SW Macadam Avenue

Address 2 Suite 30

City Portland StatelProvince OR

Country I US Postal Code 97239

Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button. Add

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not subsitute for compliance with any requirement of part 3 of Title 37 of CFR to
have an assignment recorded by the Office.

Assignee 1

Complete this section if assignee information, including non—applicant assignee information, is desired to be included on the patent
applition publication . An assignee—applicant identified in the "Applicant Information" section will appear on the patent application
publication as an applicant. For an assignee-applicant. complete this section only if identification as an assignee is also desired on the
patent application publication.

  
 

If the Assignee is an Organization check here. |:|

Prefix Given Name Middle Name Family Name Suffix

Mailing Address Information:

Address 1 

Ad d ress 2

  

  
 
 

 

  
State!Pro\rince

—P0S*a'C°de

Phone Number

Additional Assignee Data may be generated within this form by selecting the Add button.

City

 Email Address

 
Add
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PTOEAJAI14 {U3-13}
Approved for use through 01i'31f201-1. OMB D651-0032

U.S. Patent and Trademark Oflice; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995. no persons are required to respond to a collection of information unls it contains a valid OMB control number.

Attorney Docket Number 44630-701.201 
Application Data Sheet 37 CFR 1.76 _ _

Application Number

Title of Invention METHODS AND COMPOSITIONS OF STABLE PHENYLEPH RINE FORMULATIONS

 

Signature:

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and
certifications

Signature lMichae| Hostetlerf Date (YYYY-MM-DD) 2013-11-14

First Name Michael Last Name Hostetler Registration Number 47664

Additional Signature may be generated within this form by selecting the Add button.

This collection of information is required by 3? CFR 1.76. The infonriation is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 3? CFR 1.14. This

collection is estimated to take 23 minutes to complete. including gathering, preparing, and submitting the completed application data

sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form andfor suggestions for reducing this burden, should be sent to the Chief lnforrnation Officer, U.S. Patent and
Trademark Office, US. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT STND FETS OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents. P.O. Box 1450. Alexandria, VA 22313-1450.
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The Privacy Act of 1974 (PL. 93-579) requires that you be given certain information in connection with your submission of the attached form related to
a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority forthe collection
of this information is 35 L.l.S.C. 2{b}(2j; {2} furnishing ofthe infomtation solicited is voluntary; and (3) the principal purpose for which the information is
used by the U.S. Patent and Trademark Dffice is to process andior examine your submission related to a patent application or patent. If you do not
furnish the requested infonnation, the U.5. Patent and Trademark Office may not be able to process andlor examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by YOU ll'| this f0l'Tl‘l Will be SUDIEC1 ID {FIE f0||GWll"Ig |'OL|tlf'|E USES:

1.

Privacy Act Statement

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act [5 U.S.C. 552}
and the Privacy Act [5 U.S.C. 552a). Records from this system of records may be disclosed to the Departmentof.Justice to detemtine
whether the Freedom of lnfon'nation Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or
administrative tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

A FEOOFCI ll"I this SySlfE|'l‘l Of records may be CHSCIOSEU, BS 3 routine USE, TO 3 Member Of Congress SUD|'l‘ll1lll"Ig 3 l'€'qUE'St l|'I\.|"0|Vil'Ig an
individual, to whom the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of
the record.

A record in this system of records may be disclosed, as a routine use, to a contractor ofthe Agency having need for the information in
order to perform a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of ‘IBM, as
amended, pursuant to 5 U.S.C. 552a(m).

A record related to an lntemational Application filed under the Patent Cooperation Treaty in this system of records may be disclosed,
as a routine use, to the lntemational Bureau of the World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed. as a routine use, to another federal agency for purposes of National Security
review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act [42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or hislher designee,
during an inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records
management practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the
GSA regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant
to 35 U.S.C. 122[b) or issuance ofa patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public ifthe record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to public inspections or an issued
patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, tithe
USPTC) becomes aware ofa violation or potential violation of law or regulation.

EF5 Web 2.2.8 Exhtbi11(1(12— Page40oJ°6‘l7
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Attorney Docket No. 44631}-701.201
PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE-

lnvcntor: Patrick H. Withan1 Group Art Unit: To Be Assigned

Serial Number: To Be Assigned Examiner: To Be Assigned

Filing Date: I-Ierewith CONFIRMATION NO: To Be Assigned

Title: Methods and Compositions of Stable

Phenylephrine Formulations

FILED E-LE-CTRONICALLY ON: November 14, 2013

Connnjssioncr for Patents

P.O. Box 1450

Alexandria VA 22313-1450

INFORMATION DISCLOSURE STATEMENT

UNDER 37 CFR §1.97

Madam:

An Information Disclosure Statement along with attached PTO;"'SB;"'()8 is hereby submitted. A

copy of each listed publication is subnn'tted_, if required, pursuant to 37 CFR §§l.97—l.98, as indicated

below.

The Examiner is requested to review the information provided and to make the information of

record in the abovc—identificd application. The Examiner is further requested to initial and return the

attached I’TO:"'SBfU8 in accordance with MPEI’ §6U9.

The right to establish the patentability of the claimed invention over any of the information

provided herewith, andfor to prove that this information may not be prior art, andfor to prove that this

inforn1ation may not be enabling for the teachings purportedly offered, is hereby reserved.

This statement is not intended to represent that a search has been made or that the information

cited in the state111cnt is, or is considered to be, prior art or material to patentability as defined in §l.56.

A. E 3 7 CFR §1.971%). This hrformation Disclosure Staten1cnt should be considered by the Office
because:

[I (1) [t is being filed within 3 months of the filing date ofa national application and is

other than a continued prosecution application under §l.53(d);

__ OR __

El (2) It is being filed within 3 months of entry of the national stage as set forth in

§l.49l in an international application;

Attorney DockelNo, 44630—'x'0l.20l — l — 5925343 l.do-ex
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_- OR _-

E (3) It is being filed before the mailing of a first Office action on the merits;

__ OR __

El (4) It is being filed before the mailing of a first Office action after the filing of a

request for continued examination under §1.l 14.

B. E] 37 CFR §I._97(r:). Although this Information Disclosure Statement is being filed after the period

specified in 37 CFR §1.97_(b), above, it is filed before the mailing date of the earlier of (l) a final

office action under §l.ll3_, (2) a notice of allowance under §l.3ll, or (3) an action that otherwise

closes prosecution on the merits, this Information Disclosure Statement should be considered because

it is accompanied by one of:

E] a statement as specified in §l.97(e) provided concurrently herewith;

_- OR _-

E] a fee of$l8U.U0 as set forth in §l.l7(_p) authorized below, enclosed, or included with the

payment of other papers filed together with this statement.

C. E] 3 7 CFR §I.97(ttD. Although this Information Disclosure Statement is being filed after the mailing
date of the earlier of(l) a final office action under §l.l 13 or (2) a notice of allowance under §l.3ll,

it is being filed before payment ofthe issue fee and should be considered because it is accompanied

by:

i. a statement as specified in §l .97(_e);

—— AND --

ii. a fee of Sl8U.U0 as set forth in §l.l7(_p) is authorized below, enclosed, or included

with the payment of other papers filed together with this Statement.

D. |:| 37 CFR §1_97_re)_ Statement.

E] A state111ent is provided herewith to satisfy the requirement under 37 CFR §§ l .97(c);

—— AND,-"OR --

I:I A statement is provided herewith to satisfy the requirement under 37 CFR §§l .97(d);

—— ANDIOR --

I:I A copy of a dated communication from a foreign patent office clearly showing that the

information disclosure statement is being submitted within 3 months of the filing date on

the conn11unicatio11 is provided in lieu of a state111ent under 37 C.F.R. § l.97(e)(l) as

provided for under l\/[PEP 609.U4(_b) V.

E. El Statesnent Under 37 C.F.R. §I.704(d). Each item of information contained in the information

disclosure statement was first cited in a communication from a foreign patent office in a counterpart

application that was received by an individual designated in § l.56(c) not 111ore than thirty [301 days

prior to the filing of this information disclosure statement. This statement is made pursuant to the

requirements of 3? C.F.R. §l.?U4(d) to avoid reduction of the period of adjustment ofthe patent term

for Applicant(s) delay.

F. E 37 CFR §1.98(.i:)(2). The content of the lnfor111ation Disclosure Statement is as follows:

E] Copies of each of the references listed on the attached Form PTO;-"SB,-"08 are enclosed
herewith.

Attorney Docket No, 44630-750 1.201 — 2 — 5925343 l.do'cx
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El

_- OR _-

Copies of U.S. Patent Documents (issued patents and patent publications) listed on the
attached Form PTOESBEOS are NOT enclosed.

—— AND,-"OR --

Copies of Foreign Patent Documents andfor Non Patent Literature Documents listed on

the attached Porm PTO;-"SB;’08 are enclosed in accordance with 37 CPR §l.98 (a)(2).

—— AND,-"OR --

Copies of pending unpublished U.S. patent applications are enclosed in accordance with

3? CFR §1.98(_a)(_2)(iii).

G. E] 37 CFR §I.98{a)(3)'. The Tnformation Disclosure Statement includes non-English patents andfor
references.

CI

CI

Pursuant to 37 CFR §l.98(a)(_3)(i)_, a concise explanation of the relevance of each patent,

publication or other inforn1ation provided that is not in English is provided herewith.

I:I Pursuant to MPET’ 6U9(B)_, an English language copy ofa foreign search report is

submitted herewith to satisfy the requirement for a concise explanation where

non-English language information is cited in the search report.

__ OR __

El A concise explanation of the relevance of each patent, publication or other

information provided that is not in English is as follows:

Pursuant to 37 CFR §l.98(a)(_3)(ii)_, a copy of a translation, or a portion thereof, of the

non—English language reference(s) is provided herewith.

H. E] 3 7 CFR _§'3I.98(d). Copies of patents, publications and pending U.S. patent applications, or other
information specified in 37 C.F.R. § 1.98(a) are not provided herewith because:

El

Attorney Docket No. 44630-750 1.201

Pursuant to 37 CPR §l.98(d)( 1) the information was previously submitted in an

Information Disclosure Statement, or cited by examiner, for another application under

which this application claims priority for an earlier effective filing date under 35 U.S.C.
120.

Application in which the information was submitted:

Information Disclosure Statement(s) filed on:

AND

The information disclosure statement submitted in the earlier application complied with

paragraphs (a) through (c) of 37 CPR §l.98.

5925343 l.docx
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I. I2 Fee ,4urI1or£zati0n. The Commissioner is hereby authorized to charge the above-referenced fees

of $0.00 and charge any additional fees or credit any oVcrpay111c11t associated with this

communication to Deposit Account No. 23-2415 [Docket No. 44630-701.201 1.

Respectfully submitted,

Vv’lLSOl\l SONSTNT GOODRTCH & ROSATI

Dated: November l4 2013 By: .«"'Michael l-lostetlerx’
Michael J. l-lostetler

Reg. No. 47,664

 

650 Page Mill Road

Palo Alto, CA 94304-1050
8585350-2306

Customer N0. tI2l97'l

Attorney Docket No, 44630-750 1.201 — 4 — 5925343 l.do'cx
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Substitute for form l4=l9iPTO

INFORNLATION DISCLOSURE

STATE-ME-NT BY APPLICANT

Filing Date

Application Number‘

First Named Inventor

PTO.-"S13.-"08a (U?-(19)
.-\pp'rn\-‘ed liir Lb-is Lhrnugh 117.-"31-"2012. 0.\,'1l-3 0651-01191

l.'.S. Patent and 'l'TudernaTk Oliiee; l.|.S. |)|".P.-\H'|'|\-1|il\"l' 01-" C0.\,'1.\,'1|".|{C|i
Under the Pa -iwork Reduction Act of 1995. no Jersens re uiied to IBSJOJJL1 to a collection cii'i.L11'om1atioi.1 unless it contains a valid OM13 coht.t'olhuJ.L1ber. 

Complete §f'Kn0n*::

To Be Assigned

H erewit h

Patrick II. Witharn

 

(Use as mm?)-' s'!t<4e:‘.s‘ as .’1c’(.‘(4.5‘.5‘(t?f}',i' Art Unit To Be Assigned

Examiner Name To Be Assigned

Sheet 1 of 1 Attorney Docket Number 44630-701.201

U.S. PATENT DOCUMENTS

|".xurnincr Cit" Publication Date .\lurne n|‘Patc'rttce nr Pa5L‘.\'_. C::|Lt1n1is_. |.i‘|'|C.*'~_. \’\«"|it:Tc
Initials“ No.‘ Dacumem Numb“ l\-13-I-DD-YYYY Applicant of Cited Document Relevant Passages 0i'R.ele\-'E'LJ.1‘l

1"'igui'es Appear

FOREIGN P.-’\TE.\lT DOCUM E-NTS

Examiner Cite 1"'c.t'eigu Patent Document Publication Date Kaine ci1'I’atei.1tee or Pages, (_‘ulum.us, Lines, T
|niLia|s’°‘ No.1 |\-’l.\,'1-|)|)-‘r"i’Y‘i’ Applicant oJ"(-fited |)n-cLrt1'tenL “"|lCl"‘3 RClC"'f1"l T’="553SC-"

Ctvt1rth'_v Cutie — \nmher — Kind mic ;gri'u=om«,: OI R=1=\"H11l1"1sU1“-3 r31JP==1I

NON PATENT LITERATURE DOCUMENTS

Include name ofthc author (in Cr\P|'|'r\| .. l.l -'.'l"l‘l {RS}, title ofthc article (when appropriate}, title ofthc
Emmjncr (gig item (book. inagaziiie. journal, serial, syinposiuin, catalog. ete.)_. date. pagets). \-'olu1ne—issue number(s)_.
Initials* _\'o.' nblishcr, cit and.-"or count: where ublished. T2

I . I-Brown, et aI._. "Activities oloetopamine and synephrine stereoisomers
on o.—adrenoce tors." Br. J. Pharmacol. l988)_. 93, 417-429

2. Jjl—Shibfhi, et al. "The Stability o1'Phe11yle1"ihi‘fiJe— Part 1: The Rate o1'Degradation of

the Aniino (iroup."Arzi:tei1nittelforsc-hung. 1969 Apr;19(4):6'i'6-8.

3. El-Shib' ii, et al. "The Stability of Phenylephr ie- Part 2: The discolouration reaction

and the influence of seine ions on the rate of cegradation of the drug."

Arzrteiniitteltbrsclitnztg. 1969 May;19(S):828-31.

4. El-Shib' ii, et al. "The Stability of Phenylephr ie- Part 3: The raceniisatiort reactiort. "

Arzrteiniitteltbrsclitnztg. 1969 Sep;19(9);1613 -—-.

S. Millard, et al., "The Stability of Aqueous Solutions of Phenylephrirte at Elevated

Temperatures; Identification of the Dec-oinpostion Products." J. Pharin. Pharniac-.,
I973, 25. Su 1., 24P—3lP

6. "Report ol‘ the international Workshop on in Vitro Methods For Assessing Aeitt

Systemic Toxicity."

Results ol‘an international Workshop Organized by the lnterageney Coordinating

Committee on the Validation ol'A|ternative Methods (lC.‘C'VAl\/I) and the National

Toxicology Program (NTP) [nteragency Center For the livalttatioti ol'A|ternative
Toxicolooical Methods NlC‘|l.ATl\«'I ; a res 1-370.

7. Zacxek, et. al., “The elTeet ol‘phenylephrine on pain and [hire intensity in eyes with
uveitis."Acta O hthalinol Seand. 2000 Oct;78(5):5l6—8

liitaniiitcr Date

Signature Considered
*t;'X.»t.w.-\-'t-.'R_- tit,-,-‘t,-‘ta ;t';-t;re.»ta,-t.-.«.- t.-om-:'a.«.-mi, w}5sr.fr‘:sr.>'<>i' mi! t.-,-'m,-'oi,- at 5'7: <.'rJ?5t"rJr'mr1?:<.'M it-II}: .tm-warty. fJr'm1-t'5'?:t<.'{fir'<):xé_’}5 t.-.-'m.r:'oa .;'r'i.-us,-"K (.'rJJaj.I'r'J.r'm.'1r:<.'sr.rm.'.I' 7:0! (.'rJ?':.\' it a,-t.-.tmi;«.- r.'()py
nl'this l'orni with next communication to applicant. 1.-'\pp|icant's unique citation rlesigtiatioti number I.'nptinnal1. E.‘-lee Kitids (.‘nrles nl'llSP‘|'0 Patetit Dnctimetits at ‘.':'w'.\   v or |\-1P|-LP

901 .04. u'E]]'l.'L'1' Otfice that issued the dot:in.tit'1it. L13; the two-lt'ttti' code t'\‘i-"El"O St".i.1ida.rd .‘$T.3‘t. ‘Fur Ja.pant'st' uateiit dueuihents, the 11'lLilUflJ.'lL‘]1 efthc year ufthe 1't'i,gri efthe EI.l]'DL'IU1' must
precede the serial rttntihcr ur'tltepanct't1'. tluetirnent. SK'l1‘l[l£lf[l.(\|_'1.11T|I_"|'|'i by the app1'op1'iai'.e ayttiliuls as ii'ttlicai'.etlni1 the dut:Li1rtt:t't1'. 1.1T|t'l.C|' WTPO .‘a'tai'tt1artlST.|-.6 ifpussililc. 'Ptpplieart1'. is to place a
e.ht't:k inark here i.t:'Emli.sh laiigiiage Traiislatieii is attat.-ht'<J.
'|'his collection at‘ iti|'orniatinn is required by .17 (Ll-'|( 1.97 and 1.98. '|'|ie itilhrmatinn is requirerl to obtain or retain a benefit by t.|ie public which is to tile rand by t.he l'.'-ll"|'() to process} ati
applicaxitin. Clunfideiitiality is gt.\\=C1'l'lCLi Liy 35 'LT.S.C. 122 arid 3?‘ CFR l.l-1-. This collection is estimated to take 2 hours to eeinplcte, including gaJ:he1'i.rig. ];ti'e|;Iariiig. and siiliiriittm the
completed application |'ot'ni in the llSP‘|'0. '|'itne will \-:'tr}- rlepenrling upon t.lie indivirltial case. .-'\n}- comments on t.he aniount nl'time you require to complete this lhrni anrl-"or suggest inns lhr
reducing t.his hurrlen. slintilrl be sent in t.lie (L|1ie|'ltil'nrtmt.ioti 0|'|'icet'. ll.S. l-‘atent atid'|'t'adeniark ()|'|'tce._ P.0. linx l=t-S[l._ .-‘\lexat1dt'ia._ \-'.-‘\ 22311‘:-l-'l5t]. I10 t\()'|' SI-'.t\|) |-'|'f|'fS OR ('.0\-1P|.|'.'|'|-'.|)
FURL-L‘$ TO TI-lI.‘$ ADDRESS. SEND TO: Cuimriissiouer fur Patents, PO. Box 1-150, Al€XAII1lil'i2t, VA 22313-1450.

.[t"_-.'rJ.-J ?:srt<.'rt'.rJ.s'.\'5'.s'.fm5<.'r-r:15 r.'rJmp.-'sr!:'J5g {}:sr_t"rJr'm, cert".-' .-‘-¢\'£'J‘I’J-i”}"t’.F'-‘).”J“) |’t'-t’$'I’JU- .786-9.-'99} m5.r)'.w.'t't<.'r.'.f Q-rL'o?: 3.

Attorney Docket l\'o. 44630-7-'0 1 .201
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PTO,r‘AlA;’15 (03-13)
Approved for use through D1,i'31,i'2014. OMB 0551-0032

U_S. Patent and Trademark Dffice; U_S. DEPARTMENT OF COMMERCE
Under the Paerwork Reduction Act of 1995 no ersons are reuired to resond to a collection of information unless it disla s a valid OMB control number

UTILITY 44530-701201
PATENT APPLICATION Patrick H Witham

M: -ir.\L\':= .-wL\r;r.\'-.-'i=r.\':= ir.I\:.r_:— ':¢|Al-_'_:|‘-i:l\YL:|‘-i i\li: i—-.: iMJ_A| -.:i\:.
{Oniyfor new nonorouisionai apoiications under 37 CFR 1.53{b,i,i  

App|_|cAT|oN ELEMENTS Commissioner for Patents

See MPEP chapter 6190 concerning utiiity patent appiication contents. P-0- BOX 1450
Alexandria, VA 22313-1450

ll: F°"T”‘"5"""t“'F°"" ACCOMPANYING APPLICATION PAPERS[PTD/SB,i'1? or equivalent)

2. Applicant asserts small entity status. ' :l Assignment Papers
599 3-,. CFR 127 {cover sheet 8: documentI[s]I]I

Name of Assignee
3.| Applicant certifies micro entity status. See 3? CFR 1.29.Applicant must attach form PTO;'SB;’15A or B or equivalent.

4. 2| Specification [Total Pages 13 ] . 3? CFR 3.'i'3[c] Statement E‘ Power ofAttorney
Both the claims and abstract must start on a new page. (when tnere is on assianee]

{See MPEP § SC-‘8.iJIi’a)for information on the preferred arrangen1ent,| I English Tra nslafion Document
5. Zl Drawing(s) (35 U.S.C. 113} [Total Sheets 4 (ifappiicabie)
6. |n\rentor’s Oath or Declaration [Totoi Pages 3 ] . Information Disclosure Statement

{inciuding substitute statements under 37 CFR 1. 54 and assignments I{PTO;'SB;’0S or PTO-1449)

serving as on oatn or deciarotion under 37 CFR 1. 63(2)) I: Copies of citations attached

a. Zl Newly executed (original or copy}

b. :| A copy from a prior application (3? CFR 1.53(d}} I Return Receipt Postcard
T". I: Application Data Sheet * See note beiow. (MPEP § 503) [Snouid be specificaiiy itemized]

See 37-‘ CFR 125 (PTD/A|A,i'14 orequivalent] :| Certified copy of Priority Document“)
8. CD-ROM or CD-R (ifforeign priority is ciaimea‘)

in duplicate, large table, or Computer Program [Appendix] :I Ncmpublicaticm Request
:| Landscape Table on CD Under 35 U.S.C. 122[b]I[2)[B]I{i}. Applicant must attach form PTO;’SB;’35

or equivalent.

_ Z‘ other: Request for Prioritized Examination

Preliminary Amendment

9. Nucleotide andlor Amino Acid Sequence Submission
(if applicable, items a. — c. are required}

a. |: Computer Readable Form {CRF}

bl: Specification Sequence Listing on:

I. :| CD—ROM or CD—R {2 copies}; or
ii.|: Paper

c. I: Statements verifying identity of above copies

*Note: {1} Benefit claims under 3?‘ CFR 1.15 and Foreign priority claims under 1.55 must be included in an Application Data Sheet (ADS).
(2) For applications filed under 35 U.S.C. 111, the application must contain an ADS specifying the applicant if the applicant is an

assignee, person to whom the inventor is under an obligation to assign, or person who otherwise shows sufficient proprietary
interest in the matter. See 3? CFR 1.46{b}.

19. CORRESPONDENCE ADDRESS

The address associated with Customer Number: 2l971 OR |:| Correspondence address below
Name

Address

on ——zipcode
Country:Telephone:

signature iMichae| Hostetleri Date 2013-11-14

Name - Registration No.

[,.,,,,,,m,e, Michael Hostetler [,.,,,,,,,g,,,.g,,,,,, 47664
This collection of information is required by 3? CFR 1.53[b]. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTD
to process] an application. Confidentiality is governed by 35 U.S.C. 122 and 3? CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on
the amount oftime you require to complete this form and/orsuggestions for reducing this burden, should be sent to the Chief Information Officer, U_S. Patent and
Trademark Dffice, U_S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FDRM5 TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.0. Box 1450, Alexandria, VA 22313-1450.

ifyou need assistance in comoieting tneform, coii _‘£—800—PTO-9199 and seiect option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your

submission of the attached form related to a patent application or patent. Accordingly, pursuant to the

requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which

the information is used by the U.S. Patent and Trademark Office is to process andfor examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process andfor examine your submission, which may result in termination
of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1 . The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of
records may be disclosed to the Department of Justice to determine whether disclosure of these
records is required by the Freedom of Information Act.

A reoord from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in
the course of settlement negotiations.
A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has

requested assistance from the Member with respect to the subject matter of the record.
A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be

required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C.
552a(m).
A record related to an International Application filed under the Patent Cooperation Treaty in this
system of records may be disclosed, as a routine use, to the International Bureau of the World

Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.
A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act

(42 U.S.C. 218(c)).
A reoord from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or hisfher designee, during an inspection of records conducted by GSA as part of that
agency's responsibility to recommend improvements in records management practices and programs,

under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the
GSA regulations governing inspection of records for this purpose, and any other relevant (:'.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.
A record from this system of reoords may be disclosed, as a routine use, to the public after either

publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35
U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 3? CFR 1.14, as a routine
use, to the public if the record was filed in an application which became abandoned or in which the
proceedings were terminated and which application is referenced by either a published application, an
application open to public inspection or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention: METHODS AND COMPOSITIONS OF STABLE PHENYLEPHRINE FORMULATIONS

First Named lnventormpplicant Name: Patrick H. Witham

Filer: Michael J. Hostetlerflason Lia ng/Adria na Serrano

Attorney Docket Number: 44630-701.201

Filed as Small Entity

Track I Prioritized Examination - Non provisional Application under 35 USC 1 11 (a) Filing Fees

 Description Fee Code SUB:-3{l;}l in

Basic Filing:

Utility filing Fee{E|ectronicfi|ing) 4011 | 1 70 70
Utility Search Fee 2111 1 300 300

Utility Examination Fee 2311 l 1 360 360
Request for Prioritized Examination 2817 1 2000 2000

Pages:

Claims:

Miscellaneous-Filing:
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Publl Fee_ Early‘ Voluntary‘ or Norrnal  

130OTHER PUBLICATION PROCESSING FEE ‘I808 1 130

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:

Miscellaneous:

Total in USD (S) 3160
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Electronic Acknowledgement Receipt

Application Number: 14080771

International Application Number:

Confirmation Number: 6889

Title of Invention: METHODS AND COMPOSITIONS OF STABLE PHENYLEPHRINE FORMULATIONS

First Named |n\rentor..-‘Applicant Name: Patrick H.Witham

Customer Number: 21971

‘chael J. Hostetlerflason Liang/Adriana Serra no

 Filer Authorized By: ‘chael J. Hostetler

Attorney Docket Number: -630-701.201

Receipt Date: —-NOV-201 3

Time Stamp: 22:47:44

Application Type: Utility under 35 USC111(a)

Payment information:

Submitted with Payment yes

PaymentType Deposit Account

Payment was successfully received in RAM S3160

RAM confirmation Number 7416

Deposit Account 232415
 

Authorized User

File Listing:

D|:fi::::'t Document Description File Name _ F”5'25” _ Tum. ‘ Ixgesi}
.||H3ii"%o:."iUo iii pp‘
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_ 2138146
44-630_70i _20I_Tra r1smItta|_F

1 TransmittalofNewApp|ication Orm df no 2
Iciiififiiirxri fie“? 3311820-'|fr.e9'1-‘I 3a‘32rIrId-"I2FZIJJ

Warnings:

Information:

44630 701 201 T k 0 R 140995
2 TrackOr1e Request ‘ ‘ ‘ rac ‘ me‘ e no 2

quest-pdf 9'|013Iae|FHf"|iiaiiqh:}9Ta3l'I0‘3:}0TTa(‘3-‘Ia- <.31iJ

Warnings:

Information:

44630 701 201 A I‘ t‘ D 1505454. . _ _ _ pp Ica |on_

3 Application Data Sheet atajheetpdf D i } no 7U4JU '_s<.4J'm"bL28b1bUJbU4UUJ|2J24J.-'|
Jfifee?

Warnings:

Information:

44630 701 201 S‘ d D | 149406 |. I ne eca
4 Oath orDec|aratIon filed ‘ ‘. ‘ g ‘ no 3

ratlonipdf I';"8IJbU'UIJ2 .-'1' 48UJUUI6"'I3 U14
QLLI J d L .)J C. d

Warnings:

Information:

202628
44630_70i_20i_|DS_No\r_14_ |

5 yes 5
201 3.pdf 9UUiJ<.Ud(.‘."|.'920 J I<.d I'22UIJJL .-'42 I90’ I [:54 |'

Qhfl

Multipart DescriptionlPDF files in .zip description

 

 

Transmittal Letter 1 4

Information Disclosure Statement {IDS} Form (SB08} 5 5

Warnings:

Information:

829033

6 Non Patent Literature BRWON.pdf no 13'|0fl:'SIl'Il'Id3 I rlfi |:":fil1hcrIdaa5 a)IrrI Fih)a=<">95
SEMI

Warnings:

Information:

5823332

Non Patent Literature E|Shabini_Parti .pdf no 3
dUbJLs43b3<.2JiJ9IJI|2J|.:U2UbL<.24a"Ls9UU1

I2»-r3:

Warnings:

Information:

8026192

Non Patent Literature E|Shabini_Part2.pdf 4
inr.d4UI3 J u302|J U FHJZI I 94U863<.|.:r_LI‘)4u<.U 
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Warnings:

 

Information:

4085582

9 Non Patent Literature E|Shabini_Part3.pdf no 2-13 IERTRTR I1fr3‘|T((Je.=<">I'3))I(J I 31 fifiaaflfififri
Sufd

Warnings:

Information:

8985495

10 Non Patent Literature M|LLARD.pdf no 8r3) |':'ri Jaeel Tia-‘I3 96‘?-'|e‘3I50fi?11l1a':'Q:Jria
J3u'4cI

Warnings:

Information:

R tAtSt 'T"t 4502900 |. e or cu e semic oxici .

ii Non Patent Literature p ‘ 3:“, y no 370
p i |d8c23J2JJ I8.-'U9d2F|IJU2F|.:u4JUnLnLJuhfifi-‘I

Warnings:

Information:

44630_701_20i_App|icatior1_ 1010668
Methods_and_Compositions_o

12 yes 22
 

f_Stab|e_Pheny|ephrine_Form. U."39d<.i1'.\IdiJ2U3J|:|:2CL9UbUU5iJ<.i.)UiJ93L
u|atIor1s.pdf am:

Multipart DescriptionlPDF files in .zip description

Document Description Start  
Specification 16

Claims 17 

 

18

Drawings-only black and white line drawings 22

Warnings:

Information:

88913

13 Non Patent Literature ZACZEK.pdf no 3

3I'>'|99I'Il'I?TI(JT'J'I1f'ic‘3Fi I fi93'|‘3e'fh'| :}éI'I5(I|UJUUJ

Warnings:

Information:

40303 |
14 Fee Worksheet (SB06} fee—info.pdf no 2Ofiefltlicaflrlfi M90‘?-'|'i9I| fida'|3'|‘3.-'r ‘3l'Ifl-‘IT?

nnUUi

Warnings:

Information:

Total Files Size (in bytes) 35674052
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,

characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

lfa new application is being filed and the application includes the necessary components for a filing date {see 37 CFR

1.53(b)-{d} and MPEP 506}, a Filing Receipt {37 CFR 1.54} will be issued in due course and the date shown on this

Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCTlD0)'E0!'903 indicating acceptance of the application as a

national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

lfa new international application is being filed and the international application includes the necessary components for

an international filing date {see PCT Article 11 and MPEP1B10), a Notification of the International Application Number

and of the International Filing Date {Form PCTIROI1 05) will be issued in due course, subject to prescriptions concerning

national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of

the application.
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Doc_Code - SCORE

SCORE Placeholder Sheet for IFW Content

Application Number: 14080771 Document Date: 1 1/ 14/2013

The presence ofthis form in the IFW record indicates that the following document type was received in
electronic format on the date identified above. This content is stored in the SCORE database.

0 Drawings — Other than Black and White Line Drawings

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is recorded in

PALM, and no paper documents or physical media exist. The TIFF images in the IFW record were created

from the original documents that are stored in SCORE.

To access the documents in the SCORE database, refer to instructions below.

At the time of document entry (noted above):

0 Examiners may access SCORE content via the eDAN interface.

0 Other USPTO employees can bookmark the current SCORE URL

(httprffscore.usptogov:’ScoreAccessWebf).

0 External customers may access SCORE content via the Public and Private PAIR interfaces.

Form Revision Date: September 30, 20 I 3
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Document code: WFEE

United States Patent and Trademark Office

Sales Receipt for Accounting Date: 12;’O2f2013

VVAN11 SALE #0000000? Mailroom Dt: 11l14f2013 232415 14080771
01 FC : 2830 70.00 DA
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Document code: WFEE

United States Patent and Trademark Office

Sales Receipt for Accounting Date: 12;’O2f2013

VVAN11 ADJ #00000002 Mailroom Dt: 1111412013

Seq ND: 7416 Sales Acctg Dt: 1 1I15r'2U13 232415 14080771
06 FC : 1808 130.00 CR
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PATENT APPLICATION FEE DETERMINATION RECORD APPIICATIUH 0’ D°°I‘EI Number
Substitute for Form PTO-875 145030-771

APPLICATION AS FILED - PART I OTHER THAN

[Column 1; [Column 2; SMALL ENTITY SMALL ENTITY

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)

.E?§I%T.F$a. .;r,_r.,; “A W WA WI
NIASEARCH EEE NIA NIA NIA

NIA

‘-'°'-J0(ii
13? CFR I. Ifitki. [iJ. or U113]
EXAMINATION FEE

T3".-' CFFI 1.1510), nip}, or [qjr]

TOTAL CLAIMS 1 41'3? CFR1.15t'i3‘.|
INDEPENDENT CLAIMS
$37 CFR I. |E1‘Ijh}]

CD 0'‘! C‘

0 EUrninus 2D= 40

minus 3 =

It the specification and drawings exceed 100
APPLICATION SIZ sheets of paper, the application size tee due is
FEE $310 ($155 for small entity) for each additional
(3? CFR1.16(s)_l 50 sheets or traction thereot. See 35 U.S.C.

4 and 3? CFR 1.16(s}.Trams)

MULTIPLE DEPENDENT CLAIM PRESENT (3? CFR1.‘I8(j]]

' Ifthe difference in column 1 is less than zero, enter "0" in column 2. '--.l LID CD

APPLICATION AS AMENDED - PART II

OTHER THAN

(Column 21 [Column 3] SMALL ENTITY SMALL ENTITYCLAIMS HIGHEST
REMAINING NUMBER PRESENT

AFTER PREVIOUSLY EXTRA
AMENDMENT PAID FOR

ADDITIONAL
FEE[$}

ADDITIONAL

RATEWI FEE(S,'I
RATE(S‘.I

Total
[37 CFFI1.1Ei-_'i';';

Independent   [3.7CFR1.1B:h]]i

<£
I-
z
UJ
E
D
Z
UJ
E
-‘I Application Size Fee (3? CFR 1. 16(3)}

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM i3? CFR1.15{j‘i‘i

TOTAL TOTAL
ADD'L FEE ADD'L FEE

[Column 1] (Cp|ui'nn 2,‘: [Column 3]
CLAIMS HIGHEST

REMAINING NUMEIER PRESENT ADDITIONAL
AFTER PREVIOUSLY EXTRA FEE[$}

AMENDMENT PAID FOR

ADDITIONAL

PtATE(S‘i FEES}

Total
[37 CFR1.1Ei-jijiji

Independent   morn |.l5(I1JJAMENDMENTB
Application Size Fee (3? CFR 1. 16(9)}

TOTAL OR TOTAL

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM [37 CFR1.16(j}}

ADD'L FEE ADD'L FEE

' If the entry in column 1 is less than the entry in column 2. write "0" in column 3.
*' If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
”' Ifthe "Highest Number Previously Paid For" IN THIS SPACE is less than 3. enter

The "Highest Number Previously Paid For" [Total pr Independent) is the highest found in the appropriate box in column 1.
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UNI'l'I:lD S'lA'l‘I:‘S R»=;n::N'1‘ AND TRADEMARK OFFICIL‘ UN |'|'|'}|] S'|‘.-\'|'|'}S |]|'}P_-'\|i'|‘.\'l |'}.\l'|‘ OI" [5().\'I.\'I|'I|t(I|‘}
United ntcfi I-'.m.rmt nnd 'I'rm:Icmnrk (Jfficr:
.’ukI1rs:=.|. .',||\'I |\-" "" "\II'fH F'.'.'R PATENTSPJC‘-. Bu‘.

.-’\lr.~uJ.uI1'i;|,\-"iJ§:InI'.I 22313-I450\\'\\\\.I|x|I|u.g\J\'

r\]’]’] .[(.‘r\'l'[()N H] .[N(} or URI’ r\R'l'
_\'I_T_\'I3ER 3"i1u:\. DATE T..'NI'T FIT F ATTY.I)CJCK TOT CILALVIS I'_\TJ CLAIR-13

14 ll4i080.Til 11il4i2013 1629 1030 44630-?01.20l

 

   
 

CONFIRMATION N0. 6889

21971 FILING FIECEIPT

WILSON, SONSINI, GOODFIICH 8: FIOSATI

g1oL3AA<igg%n9g§03 IllllllllIlllIIIIIllllIllmillllllllillllllllllllllllllllIIIIIIIIIIIIIIIIIIIIIII
Date Mailed: 12i05i2013

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination

in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the

application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,

NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please

submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the

changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit

any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply

to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

lnventor(s)

Patrick H. Witham, Eugene, OR;

Sailaja Machiraju, Beaverton, OR;
Lauren Mackensie-Clark Bluett, Milwaukie, OR;

App|icant(s)

Paragon BioTech, Inc., Portland, OR

Assignment For Published Patent Application

Paragon BioTech, Inc., Portland, OR

Power of Attorney: None

Domestic Applications for which benefit is claimed - None.

A proper domestic benefit ciairn must be provided in an Appiication Data Sheet in order to constitute a ciairn for
domestic benefit. See 37 CFFI 1.76 and 1.78.

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution

Highway program at the USPTO. Please see http:iiwww.uspto.gov for more information.) - None.

Foreign application information must be provided in an Appiication Data Sheet in order to constitute a ciairn to

foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access — A proper Authorization to Permit Access to Application by Participating Offices

(PTOiSBi39 or its equivalent) has been received by the USPTO.

If Required, Foreign Filing License Granted: 12i02i2013

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,

is US 14/080,771
page 1 of 3
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Proiected Publication Date: 05f14f2015

Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **

Title

METHODS AND COM POSITIONS OF STABLE PH ENYLEPHRINE FORMULATIONS

Preliminary Class

514

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no

effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent

in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international

application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same

effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing

of patent applications on the same invention in member countries, but does not result in a grant of "an international

patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent

protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an

application for patent in that country in accordance with its particular laws. Since the laws of many countries differ

in various respects from the patent law of the United States, applicants are advised to seek guidance from specific

foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must

issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application

serves as a request for a foreign filing license. The application's filing receipt contains further information and

guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the

section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign

patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it

can be viewed on the USPTO website at http:ffwww.uspto.govfwebfofficesfpacfdocfgeneral-“index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish

to consult the U.S. Government website, http:#www.stopfakes.gov. Part of a Department of Commerce initiative,

this website includes se|f—he|p "too|kits" giving innovators guidance on how to protect intellectual property in specific

countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may

call the U.S. Government hotline at 1-86-6-999-HALT (1 -866-999-4258).

page 2 of 3
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LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 8: 5.15

GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "lF REQUIRED, FOREIGN FILING

LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where

the conditions for issuance of a license have been met, regardless of whether or not a license may be required as

set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier

license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The

date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless

it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter

as imposed by any Government contract or the provisions of existing laws relating to espionage and the national

security or the export of technical data. Licensees should apprise themselves of current regulations especially with

respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of

State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and

Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign Assetscontrol, Department of

Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "lF REQUIRED, FOREIGN FILING

LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,

if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed

from the filing date of this application and the licensee has not received any indication of a secrecy order under 35

U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SefectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for

business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources

and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to

promote and facilitate business investment. SelectUSA provides information assistance to the international investor

community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,

and regions competing for global investment; and counsels U.S. economic development organizations on investment

attraction best practices. To learn more about why the United States is the best country in the world to develop

technology, manufacture products, deliver services, and grow your business, visit http:flwww.SelectUSA.gov or call
+1-202-482-6800.

page 3 of 3
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' UNITED STATES PATENT AND TRADEMARK OFFICE
 

Commissioner for Patents
United States Patent and Trademark Office

P_O_ Box 1450

Alexandria, VA 22313-1450.w~wv.uspio.gov

 

fll//]i*3i|]LE®
DEC 1 3 2013

OFFICE OF PETITIONS

WILSON, SONSINI, GOODRICH & ROSATI
650 PAGE MILL ROAD

PALO ALTO CA 94304-1050

 
   

Doc Code: TRACK1.GRANT 1

Decision Granting Request for

Prioritized Examination Application No.: 14i080,771
Track I or After RCE '

THE REQUEST FILED November 14 2013 IS GRANTED.

The above-identified application has met the requirements for prioritized examination

A. El for an original nonprovisional‘application (Track I).
B. [:I for an application undergoing continued examination (RCE).

2. The above-identified application will undergo prioritized examination. The application will be
accorded special status throughout its entire course of prosecution until one of the following occurs:

A. filing a petition for extension of time to extend the time period for filing a reply;

B. filing an amendment to amend the application to contain more than four independent

claims, more than thirty total claims, or a multiple dependent claim;

filing a reguest for continued examination;

filing a notice of appeal;

filing a request for suspension of action;

mailing of a notice of allowance;

mailing of a final Office action;

completion of examination as defined in 37 CFR 41.102; or

I. abandonment of the application. I

Telephone inquiries with regard to this decision should be directed to Michelle R. Eason at (571) 272-4231.

In hisfher absence, calls may be directed to Brian W. Brown at (571) 272-5338.

(Michelle R. Easoni Paralegal Specialist, Office of Petitions

(Signature) (Title)

U.S. Patent and Trademark Office

PTO~2298 (Rev. 02-2012)
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PTOIAINSD (0112)
Approved for use through 1150:2014. OMB D651-E1035

LLS. Patent and Trademark Office: U.S DEPARTMENT OF COMMERCE
Under the Paperwork Rsduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

I hereby revoke all previous powers of attorney given in the application identified in the attached statement
under 37 CFR 3.73 c .

I hereby appoint:

   
  

  
  

  

  

  

 

El Eaiitioners associated with Customer Number: 2 1 1
E Practitionerisl named below {if more than ten patent practitioners are to be named, then a customer number must be used}:

N umber

  

  
 

  
  
 

  
 

 

 
Registration

Number

 
As attorneyts) or agent(a) to represent the undersigned before the United States Patent and Trademark Office tUSPTCt) in connection with
any and all patent applications assigned gnlg,-_ to the undersigned according to the USPTO assignment records or assignments documents
attached to this form in accordance with 3? CFR 3.T3(c).

Please change the correspondence address for the application identified in the attached statement under 3? CFR 3.}’3{c} to:

[E The address associated with Customer Number: 211
OR

individual NameI

or Zip

Telephone

Assignee Name and Address: Paragon BioTe(;k, |nc_
4640 SW Macadam Avenue. Suite 80

Portland, Oregon 9?239

  

 

 A copy of this form. together with a statement under 37 CFR 3.73[c} (Form PTOIAINQB or equivalent} is required to be
Filed in each apptlcation in which this form is used. The statement under 37 CFR 3.73(c) may be completed by one of
The practitioners appointed in this form, and must identify the application in which this Power of Attorney is to be filed.

SIGNATURE of Asslgnee of Record

Patrick H-‘Wham
CEO of Paragon BioTeck, Inc.

This collection of information is required by 3? CFR 1.31, 1.32 and 1.33. The inlormation is required to obtain or retain a benefit by the public which is to tile (and
by the USPTO to process} an application. Confidentiality is governed by 35 U.S.C. 122 and 3? CFR 1.11 and 1.14. This collection is estimated to take 3 minutes
to complete. including gathering. preparing. and submitting the completed apptication form to the USPTO. Time wili vary depending upon the individual case. Any
comments on the amount of time you require to compiete this form andior suggesiionstor reducing this burden. should he sent to the Chief Information Officar,
U.S. Patent and Trademark Office. U5. Department of Commerce. P.O. Box ‘I450. Alexandria. VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents. P.O. Box 1450, Alexandria, VA 22313-‘M50.

 
 

 
  

Signature

 
 

It you need assistance in completing the form. call 1-800-PTO-9199 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 {P.L. 93679} requires that you be given certain information in connection with
your submission of the attached form related to a patent application or patent. Accordingly, pursuant to
the requirements ofthe Act, please be advised that: (1) the general authority for the collection of this
information is 35 USC. 2(b)(2); (2) furnishing of the information solicited is voluntary‘, and (3) the
principal purpose for which the information is used by the 11.8. Patent and Trademark Offlce is to process
andlor examine your submission related to a patent application or patent. If you do not iumish the
requested information, the U.S. Patent and Trademark Office may not be able to process andlor examine
your submission, which may result in termination of proceedings or abandonment of the application or
expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the

Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 USE 552a). Records

from this system of records may be disciosed to the Department of Justice to determine
whether disclosure of these records is required by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disciosures

to opposing counsel in the course of settlement negotiations.
3. A record in this system of records may be disclosed, as a routine use, to a Member of

Congress submitting a request involving an individual, to whom the record pertains. when
the individuai has requested assistance from the Member with respect to the sub§ect matter
of the record.

4. A record in this system of records may be disclosed, as a routine use. to a contractor of the
Agency having need for the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(rn}.

5. A record related to an International Application flied under the Patent Cooperation Treaty in

this system of records may be disclosed, as a routine use. to the International Bureau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed. as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 2’iB{c)).

7. A record from this system of records may be disciosed, as a routine use. to the
Administrator, General Services, or hisiher designee, during an inspection of records

conducted by GSA as part of that agency's responsibility to recommend improvements in
records management practices and programs, under authority of 44 U.S.C. 2904 and 2906.
Such disclosure shall be made in accordance with the GSA regulations governing inspection

of records for this purpose, and any other retevant (i.e., GSA or Commerce)
directive. Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after

either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent

pursuant to 35 USC. 151. Further, a record may be disclosed, subject to the limitations of
37 CPR 1.14, as a routine use, to the public if the record was filed in an application which

became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an apptication open to public inspection or an
issued patent.

9. A record from this system of records may be disciosed. as a routine use, to a Federai,
State, or local law enforcement agency, if the USPTO becomes aware of a violation or

potential violation of law or regulation.
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PTO.-'A|A.-"96 (08-12)
Approved for use through D1."31;'2fJ13. OMB 0651-0031

US. Patent and Trademark Office:U.S. DEPARTMENT OF COMMERCE
Underthe Paerwork Reduction Act of1995. no ersons arereuired to resond to a collection of information unless it disla s avalid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c[

Appncamypatem Owner: Patrick H. Witham, et al.

Application No.tPatentNo.: 141089771 Filedtlssue Date: H'14'2013

med. METHODS AND COMPOSITIONS OF STABLE PHENYLEPHRINE FORMULATIONS

Paragon BioTeck, Inc. _ a Corporation

(Name of Assignee) [Type of Assignee. e.g., corporation, partnership. university. government agency. etc]

states that, for the patent applicationtpatent identified above, it is (choose one of options 1, 2, 3 or4 below):

1. :1 The assignee of the entire right, title, and interest.

2. :I An assignee of less than the entire right, title, and interest (check applicable box):

L The extent (by percentage) of its ownership interest is %. Additional Statementts) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

|: There are unspecified percentages of ownership. The other parties, including inventors. who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. D The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties. including inventors, who together own the entire right, title. and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. D The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1. 2 or 3 above (not option 4) is evidenced by either (choose 1 of options A or B below):

A. An assignment from the inventor(s) of the patent applicationtpatent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel . Frame , or for which a copy
thereof is attached.

B. E A chain of title from the inventorts), of the patent applicationtpatent identified above, to the current assignee as follows:

1. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel . Frame , or for which a copy thereof is attached.

2. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by37 CFR3.?3[b}. The information is required toobtain or retain a benefit by the public which isto file (and by the USPTO to
process] an application. Gonfidentialityis governed by35 U.S.C. 122and 3? CFR1.11 and1.14. Thiscollection is estimated to take 12 minutes to complete. including
gathering, preparing, and submittingthe completed application form to the USPTO.Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and.-"or suggestions for reducing this burden, should be sent tothe Chief information Officer, U.S. Patent and Trademark
Office. US. Department of Commerce. P.O. Box 1450. Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESSSEND
T0: Commissioner for Patents, P.0. Box 1450, Alexandria, VA 22313-1450

Ifyou .?L£’£’d a.s'.s'istarta:'e in c.'orr.=.pEeting fheforrrt, cull I-800-PT()-91' 99 and 5.54.5’:-I option 2.
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PTO.-'AlA-"96 (08-12)
Approved for use through D‘l;'31;'2D‘l3. OMB 0651-0031

US. Patent and Trademark Office: US. DEPARTMENT OF COMMERCE
Under the Paerwork Reduction Act of 1995. no ersons are reuired to resond to a collection of information unless it disla s ayalid OMB control number.

STATEMENT UNDER 37 CFR 3.73101

To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

To:

The document was recorded in the United States Patent and Trademark Office at

Reel . Frame . or for which a copy thereof is attached.

To:

The document was recorded in the United States Patent and Trademark Office at

Reel . Frame . or for which a copy thereof is attached.

To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

E Additional documents in the chain of title are listed on a supplemental sheet( ).

As required by 37 CFR 3.73(c)(l )(i), the documentary evidence of the chain of title from the original owner to the
assignee was. or concurrently is being. submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e.. a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3. to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

rlylichael Hostetlerr’ December 13, 2013

Signature Date

Michael Hostetler, Pi"l.D., ESC|. 47,554
Printed or Typed Name Title or Registration Number

[Page 2 of 2]

Exhibit 1002- Page 65 of 617



f� � �� �� RQQSN q� � �  WW �� WRX

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that yoube given certain informationin connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, pleasebe advised that: (1) the general authority forthe collection of thisinformation is 35
U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and(3) the principal purpose forwhich the
information isused by the U.S. Patent and Trademark Office is to process andfor examine your submission related
to a patent applicationor patent. If you do not furnish the requested information,the U.S. Patent and Trademark
Office may not be able to process andfor examineyour submission,which may result in termination of proceedings
or abandonment of the applicationor expiration of the patent.

The informationprovided by you in this form will be subject to the following routine uses:

1 . The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552} and the Privacy Act (5 U.S.C 552a). Records from this system of records

may be disclosed to the Department of Justice to determine whether disclosure of these records is
required by the Freedom of Information Act.
A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the
course of settlement negotiations.
A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.
A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the informationin order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).
A record related to an |nternationa|Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.
A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(c)).
A record from this system of records may be disclosed, as a routine use, to the Administrator, General

Services, or hisfher designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (.r'.e., GSA or
Commerce} directive. Such disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, arecord may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the
public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to
public inspection or an issued patent.
A record from thissystem of records may be disclosed, as a routine use, to a Federal, State, or local law

enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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PATENT ASSIGNMENT 7 Docket Number 4-1630-701 .201

 

 
 

 
 

 
 
 
 

 
 

 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 

WHEREAS, the undersigned‘.

l_. Patrick H. Witharn, 2. Sailaja Machiraju 3. Lauren Mackensie-Clark Bloett
Citizen of U.S.A., Residing at Citizen of India, Residing at Citizen ofU.S.A., Residing at
5563 Jeflicy Way 16275 NW Schendel Ave, #l6D 2585 SE Martha Ct
Eugene, OR 97402 Beaverton, OR 97006 Milwaukie, OR 9’l'222

(hereinafter "‘Inventor(s)),” have invented certain new and usefill improvements in

METHODS AND COMPOSITIONS OF STABLE PHENYLEPHRINE FORMULATIONS

El for which a United States patent application is executed on even date herewith;
for which Application No. 14/080,771 was filed on l l-I4-20l3 in the United States Patent Office;

E] for which Application No. __ was filed on ,_ in the [.13. Receiving Office of the Patent Cooperation Treaty;
C] for which Application No. __ was tiled on __ in the ___ Patent Office; andfor
[:|' for which an application was filed upon which a United States Patent issued on ___, as US. Patent No,

(hereinaficr “Application(s)”).

WI IEREAS, Paragon flioTeck, Inc., a corporation of the State of Nevada, having a place of business at 4640 SW Macadam
Avgnpg, finite 81!, Portland, Oregon 97239, (hereinafter “Assignee"), is desirous of acquiring the entire right, title and interest in
and to said Application[s) and the inventions disclosed therein, and in and to all embodiments of the inventions, heretofore
conceived, made or discovered, whetherjointly or severally, by said ln\«'cnt()1’(S) (hereinafter collectively referred to as
“Invenn‘ons"}, and in and to any and all patents, inventors certificates and other forms of protection (hereinafter "‘Patent(s}")
thereon granted in the United States, foreign countries, or under any international convention, agreement, protocol, or treaty.

NOW, THEREFORE, in consideration or" good and valuable consideration acknowledged by said Inventoi-(s) to have been
received in full from said Assign-3c:

l. Said Inventor{s) do hereby sell, assign, transfer and convey unto said Assignec the entire right, title and interest
(it) in and to said Inventions, including the right to claim priority to said Inventions; (b) in and to all rights to all United States and

corresponding non-United States patent applications and Paten1(s), including those filed under the Paris Convention for the
Protection of Industrial Property, The Patent Cooperation Treaty or otherwise; (c) in and to any and all applications filed and any

and all Patent(.s) granted on said Inventions in the United States, in any foreign country, or under any international convention,
agreement, protocol, or treaty, including each and every application filed and any and all Pstent(s) gmnted on any application which
is a divisional, substitution, continuation, or continuation-in—part of any of said Application(s); and (d) in and to each and every
Icissue, reexamination, or extensions of any of said Patentls).

2. Said lnventonls} hereby covenant and agree to cooperate with said Assignee to enable said Assignee to enjoy to
the fullest extent the right, title and interest herein conveyed in the United States, foreign countries, or under any international

convention, agreement, protocol, or treaty. Such cooperation by said lnventoi-(5) shall include prompt production of pertinent facts
and documents, giving of testimony, execution of petitions, oaths, specifications, declarations or other papers, and other assistance
all to the extent deemed necessary or desirable by said Assignee (a) for perfecting in said Assignee the right, title and interest herein
conveyed; (b) for prosecuting any applications covering said Inventions; (c) for filing and prnscctltitlg substitute, divisional,
continuing or additional applications covering said inventions; (d) for filing and prosecuting applications for reissuance of any said
Patentls); (e) for interference or other priority proceedings involving said inventions; and (B For legal proceedings involving said
Inventions and any applications therefore and any Pstent(s) granted thereon, including without limitation reissues and
recxaminations, opposition proceedings, cancellation proceedings, priority contests, public use proceedings, infringement actions

and court actions; provided, however, that. the expense incurred by said II1vet1tor(s) in providing such cooperation shall be paid for
by said Assignee.

3. The terms and covenants of this assignment shall in urc to the benefit ofsaid Assignec, its successors, assigns and

other legal representatives, and shall be binding upon said Inventor(s), their respective heirs, legal reprcsentati ves and assigns.

4. Said lnventor*(s) hereby warrant and represent that they have not entered and will not enter into any assignment,
contract, or understanding in conflict herewith.

5. Said Inventflffsl hereby request that any Patenlls] issuing in the United States, foreign countries, or under any international
convention, agreement, protocol. or treaty, be issued in the name of the Assignee, or its successors and assigns, for the sole use of said Assiyiee, its
successors, legal representatives and assigns.

6. Said lnventotlsl hereby authorize and request the attorneys appointed in said application to hereafier complete this assignment by
iriseniii above the filin date and serial number of said a lication when known-

5925452-'_1.docx
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 PATENT ,a.ss1GNMgNT Docket Number 44630-701.201

IN WITNESS WHEREOF, said Inventor(s) have executed and delivered this inscwxnenr £0 said Assignee as of the daies

  
 

written below:

I) -: £1/av afm;'Q, .:_/I
an 7 ) Patrigk H.

Sta1c’C0mmon\».-uafthof _ _ _ _ _ _ ]
County of_ I

On before me, (Nar1efl‘1tJc of
Nmary)pc1*sr.»nalI'y appeared Patrick H. Wilgm (Name ofsigner} who pruvea to me on the Basis 01‘ satisfactory
evidence to be flu: person whose narne is subscribed to the within instrument and acknowledged to me that sihe
cxocuvad the same in P2is.’?1cr authorized capacity, and that by hiS’hc:‘Signa1urc: on the instrument the person, or entity
upon be}2a!fof which the person acted, executed the instrument.

I certify under PENALTY OF PERJURY under the laws of we State./Commonwealth of‘
_ ____ v __ _ _ _ _ _ __Ii1-althe furcguiug pa.ragrapl'1 is true and correct‘

WTTf\'F..‘3S my band and official seai.

Signature: (N°ta‘7 5°31)

Date; L[+_1§,l_gJ}_3_.;,é3) ‘.‘ ~:J~ ‘m“  
  
  

 

 
Sailaja Machiraju PAME&f’}fi'*h"-§E,:LA NE

Stzttclcomnr an of £3 "mi ) NOW” '°*=J9U°'°9E NC,m,).,3,c en _ _ } cowwss.-oivno. 451 86
 ‘J J _ _ _ _ /‘L7 6 IEYGGMHISSFIIH EXPIRES SEPTEMBER 02.2914D11 66‘. IE3. GI" befflrezne, )3-'U.‘.’ * . £.L..C)i’l9—.~— (Name 1 e0 -

Notary] personal appeared§;i3 (Name 0 Igncr) who prove :0 me on the basis 0 satisfactory _
evidence to bc thc pcrsun whusn: name is subscribed to fits within instrument and acknowledged in me that sfhc ‘ :
execuwd the same in hisfhcr authorized capacity, and that by hisfhcr signature on me instrument {he person, or entity
upon bchalfof which the person acted, executed the insnumem.

flrfli oerfify under PENAI .'I'Y OF PERJURY under the farms ofthe Slatefcommorzwealth of
_____ that the foregoing paragraph is true and correct

TNESS my :1 and 0 Ida! seal. -’.- .

' } fly»;-:,n-u, ("NW-‘"1’ 3°31}Signature: H

  
  

  

  

 

  
  

Date? '_'.'.'il\_*‘5\/"3-131.25 ___ ---w PAMELAANNE MALC1 -
Lauren Mackensie-Clark Bluett NOTARY PUBLIC-OREGON

OOMMISSION NO-157986
 
 

state/Coumnonweai ' o.f__
Coumy uF_ '

On o-‘J - 3'3 before me, . {NNt:-tary) persona ly appeared L uren Msackensie. .} r ' (N - 9.1! p me on the basis of
Satisfactory evidence to be the person whose name is subscrf ed m the within instrument and acknowlcdg.-sd to me {hm
afha exccutcd the same in hislhcr authorized capacity, and that by his/her signutm on the in:5u1.1mor.'l'.' the person, or
entity upon bchatfofwhich the person acted, executed the instmment.

.. 1 certif under PENALTY OF FERJURY under me laws of the Statafcommonwcalth of

1 Efifi géss that the furcgoing paragraph is man: and correct.my-'11 dando ialaeai.

&q_uy1x, fN0==3=3'3ca1}

H? COMMISSION EXT-‘IRES SEPTEMBER 02.. '
 
 

 

Signallaret
 

44630—F0f,2UE__Pntant$*£»20Amign1n¢nt‘3<.2Gto‘3*.2GC|icn1_Ho«rernb¢¢‘}€v20£J.%202D mH(:>A1.1BI,s92s4s:;I )[z J -2-
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PATENT

Attorney Docket No. 44630-701.20]

_lN TI [E U,\T_1"ED STATES T’ATEN"l" /\N1)'1"RAD13MARK 0FliI('..'|E.

111 1'0 ./\p_pIicatio11: CIoiJfii‘inzi1ir>n No.: 638.‘)

Inventor: l’:Ju."icl( H. With.‘-:11], cl Ell.

Applittaiioii _\'0.: l4i'[}80.'T! I

Filed: I 1- |.4—20'| 3

Titic: Ml‘1TlI()I)S AND COMPOSITIONS OF

STA BL E PHENYIJEPIIRINE FORM l JLATIONS

FILED ELECTR()NI(.TALl.Y ON: December 18, 2013

FILING FORMALITY DOCUMENTS

(.‘u.<:10mL:r No. 02197 .1

 
Mail Stop Missiiig Parts
Cmniiiissioner for Patients:
P.O. Box 1450

Aiaxaildria, VA 22313-"I450

A})])liC£.‘1ifSlii?£I1ii.‘3 the foiia Wiiigr

El Copy of Nmice 1” Hle Mi':'Si"'9 l):'-m '5 Prmliled IO. Ntrcie-m‘id(' audful‘ Antino Acid Seq lIL"l'l1.'.(‘ Sui:-mission is
E] Filing I+‘i:e:i arr authorized ht!t‘c\\-'iflJ provided iifgigipiirolaic. :'n=.w2.r (J. -(.2 are z'a?q.:ar'r¢'d)

E Applicant claims siuall i:niit_y statlls. See 37 CFR 127- H’ U [_~_nmpm_.er Rt_._._1d3},ie i.-Orm {-(«R 11:}

E] Replacement. Specilicutioil is prm*idcd[3’ht:z! i’a_i.;e.s- J! b‘ D ,3}-in-j{j;,~;m:_>g; Se-quer1<.'eListit1g ml:
Both the claims and a-ibslwct must start on an new page. . .. . _ . fl ‘
()'-'o.r- 1'.-.f;'}>.-?#t\:!£s':?r°& r.=>'.r I’Jl‘|5'I/I-"E.:I|J&"i’"i'i:ZLJ(,{f'iT.A'tfgé.'I‘?'Bé.'?iI'i‘. .s'(.‘c‘ iTrfP{'.'.I" 1' D LID or {'D_R LUPEH)‘ or
(JU8.0i|’ajj ii. E] Paper

I:[ Replacement1Jrawi11g(s) [35 T_1.S.(_T. 113'] is provided
f'i'r;.rc;rl Pages I

D‘ Oat], or DE.c1am“Un is provided ll,1..”m3 Pug“ I . _xi5%ss(i1gnment1’api:rs Lwvcr sheet & dm:umcu1i_s) arepmvi: :3

c. E] SI:-ilisinuiitwrifylii.-3,idenlil),-o1‘ahm=e copies

a. E] Newly E.‘XE'i'."Ll[t'.'Ci (0.1-i ginai or cop},-'_J ‘ E Power U1.-‘._m.m.m_3_. is prov]-dud
[L E] (_‘_.-_,p‘\.« {mm a prior flpp]1ca[',-on (37 C17}; _| _53['(]__‘,) 37 (IFR 333(1)) Shah:-nicnt (wJm°.r ifzerra if: cm (z..s=.sr.'gm?e£}

E] Iuformafiml Dis(._]Dmu.e (1;I"|"(')J,Jgnmg or pTO_] 449:, is .. . B English 'l"ransIatjnn l)0f?l1Jlmflt a;2;2F£(.*abJe) is ].'Ir‘m-’ii_lu.':(‘i'
p1'0\-'ided -' . El (fortified Copy of Priority Dm‘.uinent('S_)

[3 (Topics of citations zitlac.-hcd (.§f_fl;i-g.»i'_i.;n _vi‘i.urit__r ix cieiimerij is provided

E] Prolinimary Amendment is provided . El Applicants request an lixtcn 91011 01' Time under
. . '3' _‘.._".R. ' . ,3" ".

U CD-Rom or C1)-R I11 dLI1.1l1c.'ule._ large table UT (_T0mpul::r 7 { 1 El l ll of _‘
Pmgram ‘C-1p;;mria'i‘1') IR pmt-‘idea l:l 1 [“T”ml‘ l:l 2 M0“lh-’- l:l -3 Mmlh-‘-‘

Ci L2II1d.St;‘:-1}JE iaiaietin CD El '1 M°“‘h'-‘ [3 5 M‘”'th5
' i D Other: REIPL.-\CJ":l\rIENT SHEET

FEE Al_J'J‘]‘l ORIZA TION

'l'Jic (.‘0intIij.9si0m:ris &U'fiIOI'iZCCi to C'i’IEl1'gt: enly additioiiai fees which may he required, including petition [cc-ts

and extelision of tiilie fees, to Deposit Acootmt No. 23-2415 (I )0cl-(ct N0. 4463i}-701 .201").

Rcspcctfiilly submitted,

 
Dale: Deceinbfisr 18 2013 By‘. ;'1VIii.'.hae.] |Io.<t::Ilerx'

Mi:.'hucl J. l..l05iI6[lL'_1', Ph.D., Esq.
Registration No. 47,664

\«\"]_L.SON SCJNS]N[ [i(30|.)R[(T.H & RUSA'J'I

650 Page Mill Road
Pain Alia. C.—\ 94304-1050
Dinm Dial: { i‘i_$£?)493—93(}I_P

:?EJ7"9|T?.‘J I .duv
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Electronic Acknowledgement Receipt

Application Number: 14080771

International Application Number:

Confirmation Number: 6889

Title of Invention: METHODS AND COMPOSITIONS OF STABLE PHENYLEPHRINE FORMULATIONS

First Named |n\rentor..-‘Applicant Name: Patrick H.Witham

Customer Number: 21971

Michael J. Hostet|er!Ash|ey Garcia

Filer Authorized By: Michael J. Hostetler

Attorney Docket Number: 44630-701.201

Receipt Date: 18-DEC-2013

Time Stamp: 18:53:38

Application Type: Utility under 35 USC i11{a)

Payment information:

  
  

 
      

 
 

  
 

 

Submitted with Payment no

File Listing:

Document . . . File Size(Bytes)..-‘ Multi Pages

Number Document Desmpuon me Name Message Digest Part ..-‘.zip (ifapp|.}
 

 
 

 
 

 

31456

C.-'4;"6bU J 33’ J |.2U3'J 2IJ nLIJ8I_'LIJ4UJ4IJ Dr I dUl
dchevi

EXh1'b1"t“rGfi2—PagE760f6‘l7

 
44630_70i _20i _Forma|ities_Tr

Transmittal Letter ansmittalpdf
H0

 
 Warnings:

 
 

Information:
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2502?6
44630_701_201_Forma|_Docu

 

2 yes 7
rne FITS. 5021.=8fi9HOR73hh5-'|l1a(Ie'l5rIe99a'|f('i Iae8cI<.i

Multipart Descriptiom‘PDF files in .zip description

Document Description Start End

Power of Attorney 1 2

Assignee showing of ownership per 37 CFR 3.73. 7

Warnings:

The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the

Image File Wrapper and may affect subsequent processing

Information:

Total Files Size (in bytes). 281732

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,

characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

lfa new application is being filed and the application includes the necessary components for a filing date {see 37 CFR

1.53(b)-{d} and MPEP 506}, a Filing Receipt {37 CFR 1.54} will be issued in due course and the date shown on this

Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCTlD0)'E0!'903 indicating acceptance of the application as a

national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

lfa new international application is being filed and the international application includes the necessary components for

an international filing date {see PCT Article 11 and MPEP1810), a Notification of the International Application Number

and of the International Filing Date {Form PCTIROI1 05) will be issued in due course, subject to prescriptions concerning

national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of

the application.
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UNI'l'l:lD S'1A'1‘J-_‘s R»=;n::N1‘ AND TRADEMARK OH-‘I01: UN l'l'l'}l] 5'1‘.-\'I'I-is ll|'}P_-'\li'l‘_\'l I-NI‘ 0|-' rim-1.1-II-:m:I«:
United ntcfi I-'.m.rmt nnd '|'rndcmnrk (Jfficr:

.”L|]1i|rs:=.|i).;:_‘I||\|;|\l-: "" "\H'CH FCR PATENTS.-’\lr.undria, V"iJ§:ini'.1 22.313 -1450urn \\.I|x|I|u.g\J\'
    

| .-\l’l’l.](I.-\'J']()N N1!)-‘II-T]-'.R l"[l.]N('r OR 371 ((3) |)r\'l']-'. | l"]RS'l' Nr\l-'1]-Ll) .-\l’l’l.](I.-\N'l' | .-\'J"J"r'. ])()(IK| !'J' N().;"'l']'J'l.|! |
l4fU8U,'77l 1131412013 Patrick H. W'ilham 44630-701 .20]

CONFIRMATION NO. 5889

21971 POA ACCEPTANCE LETTER

WILSON, SONSINI, GOODRICH & ROSATI

650 PAGE MILL ROAD llllllllllllllllllllllIllltllllllllllllllllllglllllllllllllllllllllllllllllllllll
PALO ALTO, CA 94304-1 050

Date Mailed: 1272712013

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power Of Attorney filed 1211812013.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the

above address as provided by 37 CFFI 1.33.

r'11]1assa.nil’

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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PATENT

Attomey Docket No. 44630-701.201

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventor: Patrick H. Witham, et al. CONFIRMATION NO: 6889

Serial Number: l4;’080,77"l Group Art Unit: 1629

Filing Date: '1 1:’14;’20l3 Examiner: Unassigned

Title: METHODS AND COMPOSITIONS or

STABLE PHENYLEPHRINE

FORMUI:_§_§t_TlQ1§JS

FILED ELECTRONICALLY ON JANUARY 14, 2014

Commissioner for Patents

PO. Box 1450

Alexandria, VA 22313-1450

RE! QUEST FOR CORRECTED FILING RECEIPT

Sir:

There are errors with respect to the Following, which are omitted, or misspelled:

Correct data

Paragon Bfoteck, Inc.

Error in

Applicant(s) names

Applicant(s) addresses

Priority Information

Entity Status

A copy of the Filing Receipt with corrections noted thereon is enclosed.

Issuance of a corrected Filing Receipt is respectfully requested.

Respectfully submitted,

Dated: Januafi 14, 2014 By: s’Sabrina Diane Poulosx’
Sabrina D. Poulos, Reg. No. 62,387

WILSON SON SINI GOODRICH & ROSATI

650 Page Mill Road '
Palo Alto, CA 943 04-1505

(650)493-9300

6032698_l DOC
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      UNI "- STA Es DEPARTM at .0 " '
United Stilton Pntom. and "l'I'Iu:len1ark Office
M-h— COMMIIEIONER FOR PATENTS

 

._ ‘ nomicso‘ Alzaruutt-is,‘-iiuina 11\IL1£3ourwIunrpn'l.mlV

APPLJ ATIO FILING GRPAR

l4i0iii0.Ir"2'i l lil4i2013 1629 1030 44630-701.201 14 I
CONFIRMATION NO. 6889

21971 _ FILING RECEIPT
WILSON. SONSINI. GOODRICH 8: ROSATI

paeemaoto linliiiutmmlgmrllilnlll
PALO ALTO, CA 94304-1050

Date Mailed: 12!05i20‘i3

Receipt is acknowledged of this non-provisional patent appiition. The application wiii be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence conceming the
application must include the following identification information: the U5. APPLICATION NUMBER. FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. if an error is noted on this Filing Receipt. please
submit a written request fora Filing Receipt Correction. Please provide a copy of this Filing Receipt with the

changes noted thereon. if you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt Incorporating the requested corrections

inventorisi

Patrick H. Witham. Eugene, OR;
Sailaia Machiraju, Bcaverton. OR:
Lauren Mackensie-Cleric Bluett. Milwaukie, OR;

Appficantm  .|nc.,Portland,0R Oi§QE.7Jl£7if \GiW\_‘CC"m' -‘:5:
Assignment For Published Patent _Application

Easagon-Bioiioolf. .. . - ~ ""‘
Inc Portland on ?a&%m gm; \fiC)¢C__.)Ti’"‘l(. .

Power of Attorney: None """'”"""—"""

Domestic Applications for which benefit is claimed - None.
A proper domestic benefit ciairn must be provided in an Application Data Sheet in order to constitute a ciaim for
domestic benefit. See 3? CFR 1.76 and 1.78.

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see for more infon'oetion.} — Mons.

Foreign application information must be provided in an Appiication Data Sheet to order to constitute a ciaim to
foreign priority. See 3/ CFR 1.55 and 1.?6.

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices

(F'TOiSl3i39 or its equivalent) has been received by the USPTO.

If Required, Foreign Filing License Granted: 1210212013

The country code and number of your priority application, to be used for filing abroad under the Paris Convention.

is US14i08tJ,?71 page 1 e13

BEC 092013
WlLSUN SONSINI.

GDOIJRICH S RDSATF
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Projected Publication Date: 05i'i4i'2t)‘i5

Non-Publication Request: No

Early Publication Request: No
"* SMALL ENTITY “*
Titie

METHODS AND COMPOSITIONS OF STABLE PHENYLEPHRINE FORMULATIONS

Preliminary Class

514

Statement under 37 ‘CPR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U3. patent extend only throughout the territory of the United States and have no

effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent ofiices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same

effect as a regular national patent appiication in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result at a grant of ‘an international
patent" and does not eliminate the need oi applicants to tile additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law. and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent iaw of the United States. appiioants are advised to seek guidance irorn specific

foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before appiioants can apply for a patent in a foreign country. The filing of a U.S. patent application

serves as a request for a foreign fliing license. The application's filing receipt contains further Information and
guidance as to the status oi applicants license for foreign filing.

Applicants may wish to consult the USFTO booklet, ‘General information Concerning Patents" (specifically, the
section entltied "Treaties and Foreign Patents‘) for more information on timefrsmes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199. or it
can be viewed on the USPTO website at i1tlp:iiwww.uspto.gov.'vveoioi'ficesipacidocrgeneraIi‘inde><.htrni.

For information on preventing theft of your intellectual properly (patents. trademarks and copyrights}. you may wish
to consult the U.S. Government website, httptilwv.-w.stopfakes.gov. Part of a Department of Commerce initiative,
this website Includes self-help "ioolkits" giving innovators guidance on now to protect ‘intellectual property in specific

countries such as China, Korea and Mexico. For questions regarding patent enforcement issues. applicants may
call the us. Government hocine at 1-866-999-HALT it-866-999-4258).

page 2 of}
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LICENSE FOR FOREIGN FILING UNDER

Title 35. United States Code. Section 184

Title 37. Code of Federal Regulations, 5.11 8. 5.15

SEEALIIED

The applicant has been granted a license under 35 U.S.G. 184. It the phrase "lF REQUIRED. FOREIGN FlLlNG

LICENSE GRANTED“ followed by a date appears on this form. Such licenses are issued in all applications where

the conditions for Issuance of a license have been met. regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and firnitations of this license are set forth in 3? CFR 5.15(a) unless an earlier
license has been issued under 3? CFR 5.1503). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related appIications(s_l filed under 3? CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way iessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with

respect to certain countries. of other agencies. particularly the Office oi Defense Trade Controls. Department of
State {with respect to Anna. Munitions and implements of War (22 CFR 121-123)): the Bureau of Industry and
Security. Department of Commerce { 15 CFR parts ?30—?'T-rt); the Critics of Foreign Assetscontroi. Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NQ 

No license under 35 U.S.C. 184 has been granted at this time. if the phrase "IF REQUIRED. FOREIGN FILING
LICENSE GRANTED" DOES NOT appeeron this form. Applicant may still petition for a license under 3? CFR 5.12.
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35_

U.S.C. 181. the licensee may foreign file the application pursuant to 3? CFR 5.15(b).

 _

SelectUSA

The United States represents the largest. most dynamic marketplace in the world and is an unparalleled location tor
business investment. innovation. and commercialization of new technologies. The US. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SeIectUSA, our nation works to
promote and lacilitate business investment. SeIectUSA provides information assistance to the international investor _
community; serves as an ombudsman tor existing and potential investors; advocates on bel1aliofU.S. cities. states,
and regions competing for global investment: and counsels US. economic development organizations on investment

attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products. deliver services. and grow your business. visit or call
+1-202-482-6800.

page 3 ol 3
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Electronic Acknowledgement Receipt

Application Number: 14080771

International Application Number:

Confirmation Number: 6889

Title of Invention: METHODS AND COMPOSITIONS OF STABLE PHENYLEPHRINE FORMULATIONS

 

First Named |n\rentor..-‘Applicant Name: Patrick H.Witham

Customer Number: 21971

 Sabrina D. Pou|osILinda Anders
Filer Authorized By: Sabrina D. Poulos

Attorney Docket Number: 4-630-701.201

Receipt Date: 1---JAN-2014

Time Stamp: 20:03:43

Application Type: Utility under 35 USC i11{a)

Payment information:

  
  

   
  

 

  
    

Submitted with Payment no

File Listing:

Document Document Description File Name File Size(Bytes)i‘ Multi PagesNumber Message Digest (ifapp|.}

 
 
 
 
    

 

212142

 
 

4463CI-701-2CI1-

RequestCorrectFR.pdf
 

 
Request for Corrected Filing Receipt

 23'_s63U llfibd L82b2r'b8|.>444f46FHL2’LuU {SH
ri 333

Warnings:

 
 

Information:
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Total Files Size (in bytesll 212142

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,

characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

lfa new application is being filed and the application includes the necessary components for a filing date {see 37 CFR

1.53(b)-{d} and MPEP 506}, a Filing Receipt (37 CFR 1 .54} will be issued in due course and the date shown on this

Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCT.+‘D0lE0l903 indicating acceptance of the application as a

national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

lfa new international application is being filed and the international application includes the necessary components for

an international filing date {see PCT Article 11 and MPEP1810), a Notification of the International Application Number

and of the International Filing Date {Form PCTIROI1 05) will be issued in clue course, subject to prescriptions concerning

national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of

the application.
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l4i080.Til 11il4i2U13 1611 1030 44630-"i01.20l

CONFIRMATION NO. 6889

21971 CORRECTED FILING RECEIPT

WILSON, SONSINI, GOODRICH 8: FIOSATI

eso PAGE rm new IIIIIIIIIIIIIIIIIIIIIIIIMIIIIIIIIIIIMIIIIIIIIIIIllljlIIIIIIIIIIIIIIIIIIIIIII
PALO ALTO, CA 94304-1050

Date Mailed: 01i24i2014

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination

in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the

application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,

NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please

submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the

changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit

any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply

to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

lnventor(s)

Patrick H. Witham, Eugene, OR;

Sailaja Machiraju, Beaverton, OR;
Lauren Mackensie-Clark Bluett, Milwaukie, OR;

App|icant(s)

Paragon BioTeck, Inc., Portland, OR

Assignment For Published Patent Application

Paragon BioTeck, Inc., Portland, OR

Power of Attorney: The patent practitioners associated with Customer Number 1971

Domestic Applications for which benefit is claimed - None.

A proper domestic benefit ciairn must be provided in an Appiication Data Sheet in order to constitute a ciairn for
domestic benefit. See 37 CFFI 1.76 and 1.78.

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution

Highway program at the USPTO. Please see http:iiwww.uspto.gov for more information.) - None.

Foreign application information must be provided in an Appiication Data Sheet in order to constitute a ciairn to

foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access — A proper Authorization to Permit Access to Application by Participating Offices

(PTOiSBi39 or its equivalent) has been received by the USPTO.

If Required, Foreign Filing License Granted: 12i02i2013

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,

is US 14/080,771
page 1 of 3
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Proiected Publication Date: 05f14f2015

Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **

Title

METHODS AND COM POSITIONS OF STABLE PH ENYLEPHRINE FORMULATIONS

Preliminary Class

514

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no

effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent

in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international

application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same

effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing

of patent applications on the same invention in member countries, but does not result in a grant of "an international

patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent

protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an

application for patent in that country in accordance with its particular laws. Since the laws of many countries differ

in various respects from the patent law of the United States, applicants are advised to seek guidance from specific

foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must

issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application

serves as a request for a foreign filing license. The application's filing receipt contains further information and

guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the

section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign

patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it

can be viewed on the USPTO website at http:ffwww.uspto.govfwebfofficesfpacfdocfgeneral-“index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish

to consult the U.S. Government website, http:#www.stopfakes.gov. Part of a Department of Commerce initiative,

this website includes se|f—he|p "too|kits" giving innovators guidance on how to protect intellectual property in specific

countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may

call the U.S. Government hotline at 1-86-6-999-HALT (1 -866-999-4258).

page 2 of 3
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LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 8: 5.15

GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "lF REQUIRED, FOREIGN FILING

LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where

the conditions for issuance of a license have been met, regardless of whether or not a license may be required as

set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier

license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The

date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless

it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter

as imposed by any Government contract or the provisions of existing laws relating to espionage and the national

security or the export of technical data. Licensees should apprise themselves of current regulations especially with

respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of

State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and

Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign Assetscontrol, Department of

Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "lF REQUIRED, FOREIGN FILING

LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,

if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed

from the filing date of this application and the licensee has not received any indication of a secrecy order under 35

U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SefectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for

business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources

and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to

promote and facilitate business investment. SelectUSA provides information assistance to the international investor

community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,

and regions competing for global investment; and counsels U.S. economic development organizations on investment

attraction best practices. To learn more about why the United States is the best country in the world to develop

technology, manufacture products, deliver services, and grow your business, visit http:flwww.SelectUSA.gov or call
+1-202-482-6800.
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Please find below andfor attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.
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Application No. Applicant(s)
14f080,'/'71 WITHAM ET AL.

Office Action Summary Examiner Art Unit A1A(FirstIm.-entorto File)

BARBARA FRAZER 1611 f’l}:f3”5
— The MAHJNG DA TE of this communication appears on the cover sheet‘ with the correspondence address —

Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE §MONTHS FROM THE MAILING DATE OF
THIS COMMUNICATION.

Extensions of time may be available under the provisions of 3? CFFl1.136(a}. In no event. however. may a reply betimely filed
after SIX (6) MONTHS from the mailing date of this communication.

— If NO period for reply is specified above. the maximum statutory period will apply and will expire SIX (I3) MONTHS from the mailing date of this communication.
— Failure to reply within the set or extended period for reply will, by statute. cause the application to become ABANDONED (35 U.S.C. § 133].

Any reply received by the Office later than three months after the mailing date of this communication. even if timely filed. may reduce any
earned patent term adjustment. See 37 CFR1.?U4[b].

Status

1)|Z Responsive to comm unication(s) filed on 14 November 2013.

I:I A declaration(s)iaffidavit(s) under 37 CFR 1.13D(b) wasiwere filed on

2a)|:I This action is FINAL. 2b)|Z This action is non-final.

3)I:I An election was made by the applicant in response to a restriction requirement set forth during the interview on

j; the restriction requirement and election have been incorporated into this action.

4)I:I Since this application is in condition for allowance except for formal matters, prosecution as to the merits is

closed in accordance with the practice under Ex parte Quayie, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*

5)|Z| C|aim(s) itisiare pending in the application.

5a) Of the above claim(s) isiare withdrawn from consideration.

s)|:| Claimis} isiare allowed.

7)E Claims} 1 isiare rejected.

8)|:I Claimis}j isiare objected to.

) are subject to restriction andior election requirement.

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a

participating intellectual property office for the corresponding application. For more information, please see

http:iiwww.usptogovipatentsiinit eventsipphiindex.is[;_) or send an inquiry to i-"F’I--li’eedl:1ac:l<&i3us :to.<1::v.

Application Papers

10)I:I The specification is objected to by the Examiner.

11)|:I The drawing(s) filed onj isiare: a)I:I accepted or b)I:I objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119

12)I:| Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

Certified copies:

a}|:I All b}|:I Some“ c}|:I None of the:

1.I:I Certified copies of the priority documents have been received.

2.I:I Certified copies of the priority documents have been received in Application No.

3.|:I Copies of the certified copies of the priority documents have been received in this National Stage

application from the International Bureau (PCT Fiule 17.2(a)).

““ See the attached detailed Office action for a list of the certified copies not received.

Attach ment{s)

'l) E Notice of References Cited (PTO-892) 3) E] jmemew summary .[pTo-413}
_ _ Paper No(s)iMai| Date.j .

2) IX lnfonnatlon Disclosure Statement(s) (PTO.-"SB.-"08a andior PTO.-"SB.-"08b) 4 D O h _
Paper No(s}iMai| Date W14/13. I I 9“ :-

U.S. Patent and Trademark Office
PTOL—32t3 i_Rev. 11-13) Office Action Summary Part of Paper No, ail Date 20140127

Exhibit 1002- Page 8%" f6



f� � �� �� RQQSN q� � �  YU �� WRX

Applicationfcontrol Number: 14r’080,771 Page 2

Art Unit: 1611

DETAILED ACTION

1. The present application, filed on or after March 16, 2013, is being examined

under the first inventor to file provisions of the AIA.

2. Claims 1-14 are pending in this application.

Claim Rejections - 35 USC § 103

3. The following is a quotation of 35 U.S.C. 103 which forms the basis for all

obviousness rejections set forth in this Office action:

A patent for a claimed invention may not be obtained, notwithstanding that the claimed
invention is not identically disclosed as set forth in section 102 of this title, if the differences

between the claimed invention and the prior art are such that the claimed invention as a whole
would have been obvious before the effective filing date of the claimed invention to a person
having ordinary skill in the art to which the claimed invention pertains. Patentability shall not
be negated by the manner in which the invention was made.

4. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148

USPQ 459 (1966), that are applied for establishing a background for determining

obviousness under 35 U.S.C. 103 are summarized as follows:

1. Determining the scope and contents of the prior art.

2. Ascertaining the differences between the prior art and the claims at issue.

3. Resolving the level of ordinary skill in the pertinent art.

4. Considering objective evidence present in the application indicating

obviousness or nonobviousness.
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Applicationrcontrol Number: 14r’080,771 Page 3

Art Unit: 1611

5. This application currently names joint inventors. In considering patentability of the

claims the examiner presumes that the subject matter of the various claims was

commonly owned as of the effective filing date of the claimed invention(s) absent any

evidence to the contrary. Applicant is advised of the obligation under 37 CFR 1.56 to

point out the inventor and effective filing dates of each claim that was not commonly

owned as of the effective filing date of the later invention in order for the examiner to

consider the applicability of 35 U.S.C. 102(b)(2)(C) for any potential 35 U.S.C. 102(a)(2)

prior art against the later invention.

6. Claims 1-14 are reiected under 35 U.S.C. 103 as being unpatentable over

Shibini et al. (“Shibini”, Arzneimettelforschung, 19(9), pp. 1613-1614, 1969, cited

by Applicants in IDS filed 14 November 2013) as evidenced by Valle (US Patent

4,260,600).

Shibini teaches an aqueous buffered composition of L—phenylephrine (eg,

see page 1614). While Shibini does not specifically teach the Ft-isomer, Valle

teaches that the therapeutic form of phenylephrine hydrochloride is (R)—3-

hydroxy—o-[(methylamino)methyl]benzenemethanol hydrochloride (col. 1, lines

27-30), and thus the skilled artisan would envisage R—phenylephrine from the

teachings of Shibini. Shibini teaches that racemization and oxidation of

phenylephrine is prevented through the use of an acidic medium (pH above 2

and below 7) and addition of EDTA (page 1614, column 2). The phenylephrine is

present in an aqueous buffer (page 1614, column 1). Regarding the chiral purity

at least 95% (claim ), 99% (claim3), or 99.3% (claim 4), since Shibini teaches
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Applicationi’Control Number: 14r’080,771

Art Unit: 1611

prevention of racemization, the skilled artisan would envisage a chiral purity of

100%, absent evidence to the contrary.

While Shibinia does not expressly teach storing the composition between

-10 to 10 degrees Celsius (claim 1) or 2 to 8 degrees Celsius (claim 2), it is noted

that said limitation is a process limitation, which may be interpreted either as 1) a

product—by-process limitation (in order to arrive at the claimed composition), or 2)

an intended use of the composition (i.e., the intended use of the composition is to

store it between -10 to 10 degrees Celsius). Regarding 1), it is noted that

product—by-process claims are not limited to the manipulations of the recited

steps, only the structure implied by the steps. See MPEP 2113. Since Shibini

already teaches a composition comprising phenylephrine and aqueous buffer,

the limitations of the claims are met. Regarding 2), it is noted that the

composition of Shibini is capable of the intended use of storing the composition

between -10 to 10 degrees Celsius, absent evidence to the contrary, and thus

the limitations of the claims are met.

Regarding claims 5-8, Shibini teaches prevention of racemization of

phenylephrine, and that the solution can be safely sterilized by autoclaving and

will not undergo appreciable decomposition during storage (page 1614).

Therefore, the skilled artisan would envisage a chiral purity of at least 95%, 97%,

99%, or 99.3% of the initial chiral purity after 6 months, absent evidence to the

contrary.

Page 4
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Art Unit: 1611

Regarding claim 9, Shibini teaches using 6.25 g in 200 ml, or

approximately 3.12% wfv (page 1614, column 1). This amount is comparable to

the amounts taught in claim 9, and/or the skilled artisan would be motivated to

manipulate the amounts to within comparable ranges by routine experimentation,

in order to optimize the therapeutic efficacy of the resultant composition.

Regarding the size and color of the bottle used (claims 10, 13, and 14),

said limitations would be within the purview of the skilled artisan and would be a

matter of design choice, absent evidence to the contrary.

Regarding the packaging identifying storage directions (claims 11 and 12),

it is noted that said limitation amounts to printed material, and does not affect the

structural limitations of the composition itself, and therefore does not impart

patentability to the claims, absent evidence to the contrary.

Conclusion

No claims are allowed at this time.

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to BARBARA FRAZIER whose telephone number is

(571)270-3496. The examiner can normally be reached on Monday—Friday 9am—2:30pm

EST.
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Applicationrcontrol Number: 14r’080,771 Page 6

Art Unit: 1611

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Daniel Sullivan can be reached on (571 )272-0779. The fax phone number

for the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system. Status information for

published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.

For more information about the PAIR system, see httpflpair-direct.uspto.gov. Should

you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a

USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1909.

BSF

/DANIEL SULLIVANI

Supervisory Patent Examiner, Art Unit 1611
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Applicationlcontrol No. App|icant(s)fPatent Under
Reexamination

i‘“030=77i WITHAM ET AL.

Examiner Art Unit

U.S. PATENT DOCUMENTS

* Document Number Date N , , ,

W20
Iflj—
Ij—
IItIj—
Ij—
Ij—
Ij—
Ij—
IIIj—
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Ij—
Ij—

FOREIGN PATENT DOCUMENTS

* Document Number Date . . .
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  Notice of References Cited

Page 1 of1
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NON-PATENT DOCUMENTS

Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)—
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Dates in l\-'ll\-'l—YYYY format are publication dates. Classifications may be US or foreign.
US. Patent and Trademark Office

PTO-892 (Ftev. 01-2001) Notice of References Cited Part of Paper No. 20140127
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Application No. Applicant{s)

_ _ _ _ 141'080,771 WITHAM ET AL.
Applicant-initiated interview Summary Examiner Art Unit

BARBARA FFIAZIEFI 1511

All participants (applicant, app|icant’s representative, PTO personnel):

(1) - (3)?-

(2) - (4)?-

Date of Interview: 27 February 2014.

Type: IZI Telephonic |:I Video Conference
|:| Personal [copy given to: |:I applicant |:| applicant's representative]

Exhibit shown or demonstration conducted: |:| Yes IZI No.

If Yes, brief description:

Issues Discussed |:|1o1 |:|112 |:|1o2 |:|1o3 IZOthers
(For each OI" the checked h0x(es'} above._ please describe below the issue and detailed description oi‘ the discussion)

Claim(s) discussed: 1-14.

Identification of prior art discussed: Snibini.

Substance of Interview
(For each issue discussed. prm-'ide a detailed description and indicate iI'ag1'ee1T1enl was reached. Some topics ntay include: identification or cla1'il‘icaLi0n OI" at
rcfcttcnoc or .1 portion thcrcot‘, (‘l.21lI]J intcmrctzttion, proposed amendments. arguments ofany appLicd 1i()fC1i()n(‘CS ctc...)

See Continuation Sneet.

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the interview. (See MPEP
section 713.04). If a reply to the last Office action has already been filed. applicant is given a non—extendable period of the longer of one month or
thirty days from this interview date. or the mailing date of this interview summary form. whichever is later. to file a statement of the substance of the
interview

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of
the substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised.

|:I Attachment

IBARBAFIA FFIAZIEFL’
Examiner. Art Unit 1611

U8. Patent and Trademark Office

PTOL-413 (Rev. 8.11 112010) Interview Summary Paper No. 2014022?

Exhibit 1002- Page 94 of 617



f� � �� �� RQQSN q� � �  ZV �� WRX

Summary of Record of lntcrvicw Requirements

Manual of Patent Examining Procedure (MPEP), Section ?13.04, Substance of Interview Must be Made of Record
A complete written statement as to the substance of any face—to—face, video conference. or telephone interview with regard to an application must be made of record in the
application whether or not an agreement with the examiner was reached at the interview.

Title 3? Code of Federal Flegulations (CFFI) § 1.133 Interviews
Paragraph [b]

In every instance where reconsideration is requested in view of an interview with an examiner. acomplete written statement of the reasons presented at the interview as
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1.11 1 , 1.135. (35 U.S.G. 132)

3? CFR §1.2 Business to be transacted in writing.
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants ortheir attorneys or agents at the Patent and
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to
any alleged oral promise. stipulation, or understanding in relation to which there is disagreement or doubt.

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself
incomplete through the failure to record the substance of interviews.

It is the responsibility of the applicant orthe attorney or agent to make the substance of an interview of record in the application file, unless
the examiner indicates he or she will do so. It is the examiner’s responsibility to see that such a record is made and to correct material inaccuracies
which bear directly on the question of patentability.

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters. directed solely to restriction
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing
out typographical errors or unreadable script in Office actions orthe like, are excluded from the interview recordation procedures below. Where the
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Ftecord is required.

The Interview Summary Form shall be given an appropriate Paper No, placed in the right hand portion of the file. and listed on the
"Contents" section of the file wrapper. In a personal interview. a duplicate of the Form is given to the applicant (or attorney or agent) at the
conclusion of the interview. In the case of a telephone or video—c0nferenoe interview, the copy is mailed to the applicants correspondence address
either with or priorto the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication.

The Form provides for recordation of the following information:
—Application Number (Series Code and Serial Number)
—Name of applicant
—Name of examiner
— Date of interview

—Type of interview (telephonic. video-conference, or personal)
—Name of participant(s) (applicant. attorney or agent. examiner. other PTO personnel. etc.)
—An indication whether or not an exhibit was shown or a demonstration conducted

—An identification of the specific prior art discussed
— An indication whether an agreement was reached and if so, a description ofthe general nature of the agreement (may be by

attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does
not restrict further action by the examiner to the contrary.

—The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action)

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It
should be noted. however. that the Interview Summary Form will not normally be considered a complete and proper recordation ofthe interview
unless it includes. or is supplemented by the applicant orthe examinerto include. all of the applicable items required below concerning the
substance ofthe interview.

A complete and proper recordation of the substance of any interview should include at least the following applicable items:
1) A brief description ofthe nature of any exhibit shown or any demonstration conducted,
2) an identification of the claims discussed.
3) an identification of the specific prior art discussed.
4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the

Interview Summary Form completed by the Examiner.
5) a brief identification of the general thrust ofthe principal arguments presented to the examiner.

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the
examiner can be understood in the context of the application file. Of course. the applicant may desire to emphasize and fully
describe those arguments which he or she feels were or might be persuasive to the examiner.)

5) a general indication of any other pertinent matters discussed. and
7) if appropriate. the general results or outcome of the interview unless already described in the Interview Summary Form completed by

the examiner.

Examiners are expected to carefully review the applicant's record of the substance of an interview. If the record is not complete and
accurate. the examiner will give the applicant an extendable one month time period to correct the record.

Examiner to Check for Accuracy

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiners version of the
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, "|nterview Record OK” on the
paper recording the substance ofthe interview along with the date and the examiner’s initials.
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Continuation Sheet (PTOL-413) Application No. 14f080,771

Continuation of Substance of Interview including description of the general nature of what was agreed to if an

agreement was reached, or any other corrments: Applicant's representative Mr. Yang ("Applicant") discussed

proposed limitations to the instant claims to include adding the ter'n "ophthalmic" to describe the claimed composition.

Applicant discussed the limitations of 1) starting with a composition with an initially high chiral purity, and 2) storing the

composition at -‘l 0 to 10 degrees C to mai ’1tain chiral purity. Appl'cant presented the position that the applied

reference Shibini is older art, and does no quantify the level of ch'ral purity ach'eved. Applicant also discussed

recognizing the importance of the Fi—isomer of phenylephrine, as well as negative effects of the S—isomer on pupil

dilating effect. Applicant also presented tl"e position that the current prior art teaches away from low—temperature

storage, citing an insert from a commercia ly available phenylephrne solution and Shibini's teachings regarding high

temperature treatment; Examiner suggesting submitting the insert as prior art. Examiner also suggested Applicants

present any data available demonstrating that the product obtained by storing the composition at -10 to 10 degrees C

exhibits unexpectedly improved (or unexpectedly maintains) chira purity compared to compositions stored at room

temperature; said data should be presented in the form of a Declaration. If appropriate, Applicants may also present

supporting data regarding importance of tre R—isomer vs. S—isomer (briefly discussed in specification) in the form of a

Declaration. An agreement was not reached with respect to the c aims.

I-
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WSGR Docket No.: 44630-70120]

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Application of:

Inventors: Patrick H. Witham et al.

Serial No.: 14f080,T"l

Filed: November '14, 2013

Title: Methods and Composition of Stable

Phenylephrine Formulations

Mail Stop Amendment
Commissioner For Patents

P.O. Box "1450

Alexandria, VA 22313-1450

Group Art Unit: 161']

Confirmation No.: 6889

Examiner: Barbara S. Frazier

Customer No. 219?]

Certificate ol" 1 Electronic Filin

] hereby certify that the attached Response and all marked
attachments are being deposited by Eleen‘on_ie Filing on March
19, 2014 by using the ]i.l~'S Web patent filing system and
addressed to: Cotninissioner for Patents, PO. Box 1450,
Alexandria, VA 223 I 3- I 450.

By: ILinda Anders.-"'
Linda Anders

RESPONSE TO NON-FINAL OFFICE ACTION DATED FEBRUARY 4, 2-014

Dear Madam:

This paper responds to the Ofiice Action dated February 4, 2014, setting an initial due date of

May 4, 2014. Accordingly, this response is timely filed. In the event any additional fee is due, the

Commissioner is authorized to charge it to Deposit Account No. 23-2415, referencing Docket No.

44630401 .20] .

Amendments to the Claims begin on page 2 of this paper

Remarks begin on page 4 of this paper.

Conclusion is on page 10 of this paper.
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WSGR Docket No: 44630-70120]

Amendments to the Claims

The following listing of claims will replace all prior versions, and listings, of claims in this

application.

1. (Currently Amended) An ophthalmic composition comprising at least 95% R-phenylephrine

hydrochloride and an aqueous buffer for substantially maintaining chiral purity of R-

phenylephrine hydrochloride for at least 6 months in the ophthalmic composition, the

improvement comprising storing the ophthalmic composition between -10 to 10 degree

Celsius.

2. (Currently Amended.) The ophthalmic composition of claim 1, wherein the ophthalmic

composition is stored between 2 to 8 degree Celsius.

3. (Currently Amended) The ophthalmic composition of claim 1, wherein the ophthalmic

composition comprises at least 99% R-phenylephrine hydrochloride.

4. (Currently Amended) The ophthalmic composition of claim 1, wherein the ophthalmic

composition comprises at least 99.3% R-phenylephrine hydrochloride.

5. (Currently Amended.) The ophthalmic composition of claim 1, wherein the chiral purity ofR-

phenylephrine hydrochloride is at least 95% of the initial chiral purity after 6 months.

6. (Currently Amended.) The ophthalmic composition of claim 1, wherein the chiral purity ofR-

phenylephrine hydrochloride is at least 9?% of the initial chiral purity after 6 months.

7''. (Currently Amended) The ophthalmic composition of claim 1, wherein the chiral purity of R-

phenylephrine hyd'rochlorid.e is at least 99% of the initial chiral purity after 6 months.
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10.

ll.

12.

13.

14.

WSGR Docket No.: 44630—70l.20l

(Currently Amended) The ophthalmic compos'it'io'n of claim 1, wherein the chiral purity of R-

phenylephrine hydrochloride is at least 99.5% of the "initial chiral purity after 6 months.

(Currently Amended.) The ophthalmic composition of claim 1, wherein the composition

comprises 2.5% wfv or '1 0% wntv R-phenylephrine hydrochloride by Weight.

(Currently Amended) A packaged ophthalmic composition comprising the ophthalmic

composition of claim '1, in a 1-15 ml plastic or glass bottle.

(Currently Amended.) The packaged. ophthalmic composition of claim 10, wherein the

package identifies storing the ophthalmic composition at a temperature between -10 to 10 C.

(Currently Amended) The packaged ophthalmic composit-ion of claim I 1, wherein the

package identifies storing the ophthalmic composition at a temperature between 2 to 8 C.

(Currently Amended.) The packaged. ophthalmic composition of claim 10, wherein the

ophthalmic composition is in a plastic or glass bottle of about 2 -ml, about 3 ml, about 5 ml,

about '10 ml or about '15 ml.

(Currently Amended) The packaged ophthalmic co'mpos'it'io'n of claim 10, wherein the plastic

or glass bottle is opaqu.e.
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WSGR Docket No: 44630-701201

REMARKS

This paper is filed in response to the Office Action dated February 4, 2014. In the Office

Action, claims 1-'14 are rejected as allegedly obvious over Shibini et al., Arzneimettelforschung,

19(9), pp. 1613-14, "1969 (“Sh'ibi'ni”) and USPN4,260_.600 (“Valle”). In light of an Examiner

Interview condu.cted on February 27, 2014, and for the sole purpose of expediting the prosecution of

the present application without acceding to the Office’s obviousness conclusion, Applicant has

amended. the claims to recite an ophthalmic composition, which is supported. by at least paragraphs

[0040]-[0042] of the present application. No new matter is add.ed. In ad.dition, Applicant submits an

Inventor Declaration under 3? C.F.R. l .l 32, as suggested by the Office. In View ofthe claim

amendments, Declaration, and remarks submitted herewith, reconsideration and withdrawal of the

obviousness rejections asserted in the Office action are respectfully requested.

To support an obviousness rejection, MPEP §2l-43.03 requires “all words of a claim to be

considered” and M PEP § 2'14"] .02 requires consideration of the "'[claimed] invention and prior art as

a whole." Further, the Board of Patent Appeal and Interferences recently confirmed that a proper,

post-KSR obviousness determination still requires the Office make “a searching comparison of the

claimed invention — including all its limitations — With the teaching of the prior art.” See, In re

Wada and l-'la’ur;;'ky, Appeal 2007-3733, Citing In re Ochoa", 71 F.3d 1565, 1572 (Fed. Cir. 1995)

(emphasis in original). In sum, it remains well-settled. law that an obviousness rej eetion requires at

least a suggestion of all of the claim elements.

Here, all amended. claims recite the features of (1) an ophthalmic composition comprising at

least 95% R-phenylephrine hydrochloride and an aqueous buffer; and (2) the ophthalmic

composition being stored at between -"I 0 to '10 degree Celsius for substantially maintaining chiral

purity of R-phenylephrine hydrochloride. Neither of those technical feature is taught or suggest in

the cited. references, whether taken alone or in combination, as discussed in greater detail below.

“Ophthalmic Composition” and “>95% R-Phenvlephrine Hydrochloride”

-4-
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WSGR Docket No: 44630-70120]

Applicant first notes that Shibini does not disclose any ophthalmic composition containing R-

phenylephrine hydrochloride of high chiral purity. Instead, Shibini starts with a brief summary the

previous two stability stu.dies of L-m-Hyclroxy-0.-(methylaminomethyl)-benzyl alcohol, and. states

that “[i]t now remained. to stu.dy the racemization of L-phenylephrin in order to obtain fu.ll
3

information about the stability of the drug.’ See, Sh-ibini’s "‘|-ntroduction“ Section. Following this

general statement, Shibini then discloses purported racemization studies of L-phenylephrin solutions

at pHs of close to zero (5% and "l 0% hydrochloric acid) and pHs of2 and 6.5. See, Shibini’s

“Experimental Part” and “Results and Discussion“ Sections. As such, Shibini is nothing more than a

mere academic or theoretical study of racemization of L-phenylephrin in general. In other words,

nothing in Shibini teaches or even remotely suggests any therapeutically negative effect of L-

phenylephrin’s enantiomer, or any therapeutically positive effect of the purported. racemization

prevention, mu.ch less in an ophthalmic composition. Thus, Shibini d.oes not teach or suggest an

ophthalmic composition comprising R-phenylephrin of high chiral purity, as recited in the pending

claims.

Applicant next notes that Shibini d.oes not disclose any c-omposition comprising 295% R-

phenylephrine hydrochloride. In making the rejection, the Office states that “since Shibini teaches

prevention of racemization, the skilled artisan wou.ld envisage a chiral purity of 100%, absent

evid.ence to the contrary.” See, the sentence bridging pages 3-4 of Office Action. It appears that the

Office has taken the position that the 295% chiral purity ofR-phenylephrine hyd.rochlorid.e is

inherently disclosed by Shibini’s disclosure of the purported “prevention of racemization.”

Applicant disagrees. Und.er MPEP 2112 IV,

The fact that a certain result or characteristic E occur or be present in the prior

art is not sufficient to establish the inherency of that result or characteristic. In re

Rificfcaerr, 9 F.3d "1531, "1534, 28 USPQ2d "1955, 1957 (Fed. Cir. 1993) (reversed

rejection because inherency was based on what would result d.ue to optimization

of conditions, not what was necessarily present in the prior art); In re 0elri'ch,

666 F.2d 5?8, 581-82, 212 USPQ 323, 326 (CCPA 1981'). "To establish

inherency, the extrinsic evidence "must make clear that the missing descriptive

matter is necessarily present in the thing d.escribed in the reference, and. that it

would be so recognized by persons of ordinary skill. lnherency, however, may

not be established by probabilities or possibilities. The mere fact that a certain

thing may result from a given set of circumstances is not su.fficien .' "

-5-

Exhibit 1002- Page 101 of617



f� � �� �� RQQSN q� � �  RQS �� WRX

WSGR Docket No: 44630-70120]

Thus, the proper standard for reliance on inherency is "not whether one of ordinary skill in the art

would “envisage” a claimed feature from the disclosure ofprior art, but rather, whether one of

ordinary skill in the art would. recognize that the claimed feature is “necessarily present” in the

things described. in the cited reference.

Here, Shibini does "not include any disclosure as to the chiral purity of the L.-m-HydroXy-o.-

(methylaminomethyl)-benzyl alcohol used in its studies. As such, one of ordinary skill in the art

would understand that Shibini ’s purported disclosure of “prevention of racemization“ at most

indicates that the chiral purity of L.-m-Hydroxy-U.-(methylaminomethyl)-benzyl alcohol could be

maintained., rather than indicating what the chiral purity of L-m-Hydroxy-u-(methylaminomethyl)-

benzyl alcohol is. In other words, one of ordinary skill in the art wou.ld not recognize that the 295%

chiral purity ofR-phenylephrine hydrochloride is necessarily present in Shibini’s alleged disclose of

“prevention of rac-emization.” Thu.s, Shibini does not disclose any composition comprising 295% R-

phenylephrine hydrochloride, as recited in the pending claims.

Finally, Applicant notes that the deficiencies of Shibini discussed above cannot be cured by

citing to the secondary reference Valle, which is merely cited for allegedly disclosing therapeutic use

of (R)-3-hydroxy-o.-[(methylamino)methyl]benzenemethanol hydrochlorid.e. See, Office Action on

page 3. Specifically, Valle allegedly teaches a “methodof by administering

several active compounds throughout the day to a patient in need of such treatment“ (Abstract of

Valle), in which the active compounds, including (R)-3-hydroxy-or

[(methylamino)methyl]benzenemethanol hydrochloride, are orally administered as tablets or

capsules (col. 1, lines 62-66 ofValle). Thus, like Shibani, Valle d.oes not teach or suggest an

ophthalmic composition containing 295% chiral purity ofR-phenylephrine hydrochloride.

“Storing at Between -10 to 10 Degree Celsius”

Turning to the feature of the ophthalmic composition being stored at between -10 to 10

degree Celsius for substantially maintaining chiral purity of R-phenylephrine hydrochloride,

Applicant "notes that it is "not disclosed or even remotely suggested in Shibani. In making the

obviousness rejection, the Office admits that Shibini does not teach “storing the composition

between -10 to 10 d.egree Celsius (claim 1') or 2 to 8 d.egree Celsius (claim 2),” bu.t appears to have

taken the position that the “structure implied by the steps“ are disclosed because “Shibini already
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WSGR Docket No: 44630-70120]

teaches a composition comprising phenylephrin and aqueous buffer.” See first full paragraph on

page 4 of Office Action.

Applicant disagrees. As recited in the pending claims, the ophthalmic composition

comprises 295% R-phenylephrine hydrochloride, and the storing step substantially maintains chiral

purity ofR-phenylephrine hydrochloride. See, d.ef1nition of “substantially maintains” in paragraph

[0024] of the present application. As d.iscu.ssed. above, Shibini d.oes not teach or su.ggest, either

expressly or inherently, any ophthalmic composition comprising 295% R-phenylephrine

hydrochloride. Therefore, the “structure implied by the steps,” 1'. e. the “substantially maintained.”

chiral purity of R-phenylephrine hydrochloride (based on the initial 295% R-phenylephrine

hydrochloride), is not expressly or inherently taught or suggest by Shibini.

Again, Applicant notes that the deficiencies of Shibini discussed above cannot be cured. by

citing to the secondary reference Valle. Specifically, Valle is completely irrelevant to the storage of

its composition and therefore does not teach or even remotely suggest the feature of an ophthalmic

composition being stored at between -'10 to '10 degree Celsius for substantiallymaintaining chiral

purity ofR-phenylephrine hydrochloride.

Technical Feature of the Present Application

While the aforementioned technical features and lack of their disclosure in the cited.

references shou.ld be sufficient to overcome the obviousness rejection, Applicant further su.bmits that

the missing technical features are not mere matters of design available to one of ordinary skill in the

art withou.t sufficient inventiveness because ( 1) prior art teaches away from low temperature storage,

(2) it is Applicant who identified the need to maintain high optical purity in ophthalmic

phenylephrine products; and (3) it is Applicant who discovered the unexpected results of the

technical features of the claimed invention, as discussed in greater detail below.

Teaching Away

Applicant first submits that Shibini in fact actively teaches away from the storing step recited

in the pend.ing claims. See MPEP 2145, stating that “familiar lines of argu.ment still apply, including

teaching away from the claimed invention by the prior art, lack of a reasonable expectation of

success, and unexpected results. Indeed, they may have even taken on added importance in view of

the recognition in KSR of a variety of possible rationales” (emphasis added by Applicant).

-7-
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WSGR Docket No.: 44630-70120]

Specifically, Sh-ibin-i’s “Results and Discussion” Section (first paragraph) states that "'[n]o

noticeable changes in the optical rotation of such solutions could be detected after heating at 9?°C

for several days.” Accordingly, in its “Conclusion” Section, Shibini states that “the following

conditions for the proper preparation and storage of phenylephrine solutions are deduced: . . . the

solution can be safely sterilized by autoclaving and will not undergo appreciable deco'mposit'ion

during storage.” Shibini’s observation and reco'm'mendation are consistent with existing

understanding and practice of the storage of phenylnephrine. See, e.g. paragraph [[0017] of the

present application, stating that “an insert from a commercially available Phenylephrine

Hydrochloride Ophthalmic Solution provides that the solution should be stored at 20" to 25 "C (USP

controlled. room temperature) and keep container tightly closed. Do not use if solution is brown or

contains precipitate. (AKORN Package Insert)”. To make it clearly, a copy of the insert is provided

in the l.l32 Declaration (Exhibit 2 and Paragraph 9), as suggested by the Office during the

Examiner Interview.

Identification ofNew Problem

Applicant next submits that one of ordinary skill in the art, in light of Shibini and knowledge

in the art, would not store phenylephrine solutions at the temperatures recited. in the pending claims

because doing so would amount to “extra work and greater expense for no apparent reason." See

MPEP 2143A (Example 3), where the Office discusses In re Omeprazole Parent Lt‘n‘gart‘0n, 536 F.3d

136'] (Fed. Cir. 2008), and states:

Office personnel should. note that in this case the modification of the prior art that had

been presented as an argument for obviousness was an extra process step that added

an additional component to a known, successfully marketed formulation. @

proposed modification thus amounted to extra work and greater expense for no

apparent reason. This is not the same as combining known prior art elements A and B

when each would have been expected to contribute its own known properties to the

final product. In the Omeprazoie case, in view of the expectations of those of ordinary

skill in the art, adding the subcoating would. not have been expected. to confer any

particular desirable property on the final product. Rather, the final product obtained.
accordin to the ro osedmodifications would merel have been ex" ected to have

the same functional properties as the prior art product.

Furthermore, under MPEP 2143A (Example 3'),

The Omeprazole case can also be analyzed in view of the discovery of a previously

unknown problem by the patentee. If the adverse interaction between active agent and

-3-
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coating had. been known, it might well have been obvious to u.se a subcoating. However
 

since the problem had not been previously known, there wo u.ld have been no reason to
incur additional time and ex" ense to add another la er even thou h the addition would

have been technologically possible.

Here, it is Applicant who d.iscovered that “[s]urprisingly it was found that S-Phenylephrine

dilated. the eye only slightly more than that was untreated. Thus it is important that an eye drop

containing Phenylephrine Hydrochloride used for dilation of the pupil contains predominantly the R-

isomer in order to “maintain -maxi-mum efficacy of the ophthalmic solution“ (paragraph [0044]), an

insight heretofore unknown. The negative effect of the S-enantiomer is further discussed in

paragraphs [0049]-[U050], stating that “When an ophthalmic solution of phenylephrine

hydrochloride, (R-isomer) containing S-isomer as an impurity is used. for dilation of pu.pil, the s-

isomer may cause the saturation of the a-adrenergic receptors resulting in the decrease in the

response of the drug after its administration (tachyphylasis). Furthermore, the presence of S-isomer

in the ophthalmic solution may lead. to poor! delayed. dilation of the pupil.” To make it clear, the

summary page of a final report regarding Applic-ant"s discovery is provided. in the 1.132 Declaration

(Exhibit 1 and. Paragraph 8), as su.ggestcd. by the Office d.uring the EX£11.’I1l'[1CIl[1lIC'l'VlCW.

As discussed above, neither Shibini nor Valle contemplates the negative effect of the optical

isomer in an ophthalmic composition. Therefore, one of ordinary skill in the art in view of Shibini

and. Valle would. not recognize the technical significance of (1) an ophthalmic composition

comprising at least 95% R-phenylephrine hydrochloride and an aqueous buffer; and (2) the

ophthalmic composition being stored at between -10 to 10 degree Celsius for substantially

maintaining chiral purity of R-phenylephrine hydrochloride, as provided in the pending claims.

Accordingly, there would have been no reason to incur additional time and expense to provide an

ophthalmic composition comprising 295% R-phenylephrine hydrochloride and. storing the

composition at between -10 to 10 degree Celsius, even if technologically possible.

Unexpected Result

Finally, it is Applicant who discovered. the unexpected. results of the technical features of the

claimed invention, a significantcontribution heretofore unknown. As shown in the 1.132

Declaration (Exhibit 3 and. Paragraph 10), while a commercial phenylephrine fonnu.lation (stored at

“room temperature”) and. a formulation of the present application (stored at “low temperature”) both

-9-
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exhibit no or little chemical degradation, the Chiral ehromatograms of the two formulations indicate

significant d'iffe'rence in term of chiral stability.

For -reasons stated above, the obviousness -rejections raised in the Office Action should be

Withdrawn.

.10.
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CONCLUSION

Applicants submit that this response Fully addresses the Office Action “mailed February 4,

2014 and respectfully requ.est consideration and allowance of the claims.

Should. the Examiner have any questions, the Examiner is encouraged to contact the

undersigned attorney at (858) 350-2306. If additional fees are believed to be required, the

Commissioner is authorized to charge any additional fees to Deposit Account No. 23-2415 (Attorney

Docket No. 44630401 .201).

Respectfully submitted,

WILSON SONSINI GOODRICH & ROSATI

Professional Corporation

Date: March 19 2014 .-‘Michael Hostetler.-*’

Michael J. Hostetler, Reg. No. 42.664

Attorney for Applicants

 

650 Page Mill Road

Palo Alto, CA 94304

Direct Dial: (858) 350-2306
Customer No. 021971

.11.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Application of: Group Art Unit: 161 ]

Inventors: Patrick H. Witham et al. Confirmation No.: 6889

Serial No.: 14r’08U,77l Examiner: Barbara S. Frazier

Filed: November 14, 2013 Customer No. 21921

Title: Methods and Composition of Stable
Phenylephrine Formulations 1 hereby Certify that the ettttehed Reepen-Se and 8“ marked

attachments are being deposited by Electronic Filing on February
, 2014 by using the EFS — Web patent filing system and
addressed to: Commissioner for Patents, PO. Box 1450,

Alexandria, 22313-I450.

B,,.‘,r—’&ii Wag. gfawc
Linda Anders 

Mail Stop Amendment
Commissioner For Patents

P.O. Box 1450

Alexandria, VA 22313-1450

DECLARATION PURSUANT TO 37 CFR §l .1 32

Madam:

I, Patrick H. Witham, do hereby declare as follows:

1. I am the inventor of U.S. Application No. 14f080,77l. I am currently the President

and CEO of Paragon BioTeck, Inc. (Assignee of U.S. Application No. 14/080,771). I own stock in

Paragon BioTecl-1, Inc.

2. Paragon BioTeck, Inc. has focused on development of ophthalmic products.

3. I am familiar with the pending claims in U.S. Application No. 14/080,771. I am

aware of the rejection of the pending claims under 35 U.S.C. §103 (a) as being allegedly

unpatentable on grounds of obviousncss. I have reviewed the references cited by the Examiner in

the Office Action dated February 4, 2014.

4. I am submitting this declaration and the attached Exhibits to comment on the

surprising results we obtained at Paragon BioTeck, Inc. (hereinafter “Paragon”).
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5. It is my understanding that the currently pending claims of U.S. Application No.

143080371 all recite the features of (1) an ophthalmic composition comprising at least 95% R-

phenylephrine hydrochloride and an aqueous buffer; and (2) the ophthalmic composition being

stored at between -10 to 10 degree Celsius for substantially maintaining chiral purity of R-

phenylephrine hydrochloride (hereinafter “low temperature storage”).

6. It is my understanding that Shibini et al., Arzneimettelforschung, 19(9), pp. 1613-14,

1969 (“Shibini”) is one of the references cited in the Office action dated February 4, 2014. It is my

understanding that Shibini does not disclose (1) an ophthalmic composition comprising at least 95%

R-phenylephrine hydrochloride and an aqueous buffer; and (2) the ophthalmic composition being

stored at between -10 to 10 degree Celsius for substantially maintaining chiral purity of R-

phenylephrine hydrochloride.

7. I am submitting this declaration to show (I) Paragon surprisingly discovered that S-

Phenyle-phrine dilated the eye only slightly more than that was untreated, and it is important that an

eye drop containing Phenylcphrine hydrochloride used for dilation of the pupil contains

predominantly the R-isomer in order to maintain maximum efficacy of the ophthalmic solution; (2)

current R—Phenyephrine hydrochloride eye products explicitly specify storage at 20 to 25 degree

Celsius (hereinafter “room temperature storage”); -and (3) chiral chromatogram of R—Phenylephrine

hydrochloride product of high chiral purity and subject to low temperature storagc shows

surprisingly better R-Phenylephrine preservation, when compared to chiral chromatogram of a

commercially available R-Phenylephrine hydrochloride product and subject to room temperature

storage.

8. Exhibit 1 below is a summary of an animal study, in which Paragon surprisingly

discovered that that S-Phenylcphrine dilated the eye only slightly more than that was untreated, and

it is important that an eye drop containing Phenylephrine hydrochloride used for dilation of the pupil

contains predominantly the R-isomer in order to maintain maximum efficacy of the ophthalmic-

solution.

9. Exhibit 2 below is an insert of a commercially available R-Phenylephrine

hydrochloride ophthalmic product (by Akorn Pharmaceuticals), which shows a revision date of July,

2011 and explicitly specifies storage at 20 to 25 degree Celsius.

10. Exhibit 3 below is a comparison between chiral chromatogram ofR-Phenylephrine

-2-
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Inydriichloridc product of high chiral purity {{'e.;:. ":*')9%} and subject to low iciiiperature storage. and

chiral chroniuiogram ofa C(‘irnI‘l"l6I"Ci‘clll}«' available R—Phenyl<':phrine product and subject 10 main

tcnmeraturc storage. There are scweral points I woulci like 10 make to place the data shown in

Ex.hibi1 3 in context.

(E). The figure at the top is a chiral HPLC.‘ cl1.ron1atng_rum czifci com1m:ri:ia§ly available

R~I’hen_vlcpl1rin:: hydrochloride product and stored at 20 in 25 “CT allcr 6 months.

{ii}. This figure at the boliom is 21 repmductiuli of l"’ig,. 3 in l4:’08U,7?l, whiatii

shows :1 chiral J--{f’l_C‘. chromatogram ofthc exemplar}-‘ R-l‘l1cn_vl<-:phrim=: hyLl.ruchl0ridr:

i‘L)nm:iat:'un with high chiral purity (egg. 1_‘:9")%) and stored at 2 to 8 "C after 6 months.

(iii). Nun«chiral 11:-'ve1'se phase column cl1r0maKograJ"ns {currently published LISP

I--lPi,ff_". Inczhoci) Show In) or little chemical clegradation of R-»§"hcny'lep11rinr: I13-'dr:Jci1li>ridn; in

both f(irmui21I'i0ri:'; ('i} and (ii).

1 1. I declare furtl1c:r1l“1éitali slazenmcms made herein 0l’m;~_-‘ own kiioxvledgc are {rue and

1l'!}.il.€:lll SI&1lt'.’.‘IT‘l(2nIS made on iilformation and bcliefare l)elie\=ed in be Hue: and funhcr that tlicsc

stateilzenlx were lmtde with the l\'n.uwir.:dg-'.: that making, ofw‘§lli’L:i false statements and the like are

punishable by fine or irnpriisomncnl. or bull}. lil"1L3f.?l' Section} liiltll 0fTitle l8 ofthc Llnivsd Suites

Cisdc and that such willful stateimams I113}-' _ie0parciize the vi-1lidi'l'y of the applicatmiis or any patent

issuing l'hcrr:(.m.

.Rr:spcctI’ully siabniiited.

{ii

; ‘ \
xx‘

Dated: March . 2014 .. ;'5.';' 1 ' \\
H Patriclc -ff. \«\.r"ithar1*1
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I Exhibit 1

SUMMARY

Paragon Bio Teclt inc. test substances identified as Ophthalmic Solutions Containing Phenyiephrine
Hydrochloride USP 10% R enantiomer (NDA 203510} and 8 enan1iomer{S=LP19) were both tested in
order to examine and evaluate their individual abiiities to elicit ocular responses. Both test articles were

administered, in separate studies conducted 7 days apart, to a test group of adult NZA rabbits (2 malesi3

females). The same animals were used for both trials, with a seven day interval between the studies, in
order to lessen any possibility of test animal variation. Measurements of Niydriasis (dilation) of the pupil
and response to light stimulus were made at 1530 minute intervals after treatment of the right eye
comparing responses to ophthalmic solution containing the R enantiomer with responses to ophthalmic
solution containing the S eriantiomer.

Both enantiorriers S and R exhibited a measurable physiological response when administered at a close
of 3 drops! ‘l50pL into the right eyes of male and fernaie NZA rabbits. Left eyes remained untreated.

A summary of the measured parameters, in a comparison format, is as foliows:

increase in pupil diameter {mm}:
R enantiomer elicited a mean dilation of 3.2 mm

S enantiomer (LP19) elicited a mean dilation of 2.6 mm

Time to maximal dilation in minutes:

R’ enantiorner elicited a mean time for maxirnai dilation of 36 minutes

8 enantiomer (U319) elicited a mean time for maximal dilation of 45 minutes

Duration of maximal dilation in minutes:

R enantiomer elicited a mean time for duration of maximal dilation of 156 minutes

8 enantiomer (U919) elicited a mean time for duration of rnaxirnai diiation of 93 minutes

Time required for first regression of dilation (post dosing}:
R enentiomer elicited a mean time required for first regression of dilation of 195 minutes
8 enantiomer (LP19) elicited a mean time required for first regression of dilation of H7 minutes

Complete reversal of diiation (post dosing):

R enantiomer required a mean time of 294 minutes from onset to complete reversal of dilation

S enantiomer (LP19) required a meantime of 210 minutes from onset to complete reversal of cliiation

R enantiorner did not elicit the level of constriction in test subjects when exposed to iight at 15-30 minute

intervals when compared with S enantiomer. Constriction during iight exposure in test subjects treated
with the R enantiomer was none to mild while subiects treated with S enantiomer exhibited moderate to
normal constriction.
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Exhibit 2
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Exhibit 3
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Please find below andfor attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated “Notification Date“ to the

following e—mail address(es):

pate11tdocket(t3.> wsg1‘.co111

PTOI-aw <R=~1-W Exhibit 1002- Page 1 17 of 617



f� � �� �� RQQSN q� � �  RRY �� WRX

Application No. Applicantis)
‘l4i’080,771 WITHAM ET AL.

Office ACHIOD Summary Examiner A“ Unit AIA (Firstlnventor to File)

BAFIBARA FRAZIER 1611 ?|,‘;;“5
— The MAii.iNG DATE of this communication appears on the cover sheet with the correspondence address --

Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE Q MONTHS FROM THE MAILING DATE OF
THIS COMMUNICATION.

Extensions oftime may be available under the provisions of 3? CFR1.136(a_‘i. In no event, however. may a reply betimely filed
after SIX {6} MONTHS from the mailing date ofthis communication.

— If NO period for reply is specified above. the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
— Failure to reply within the set or extended period for reply will, by statute. cause the application to become ABANDONED (35 U.S.C}.§133).

Any reply received by the Office later than three months after the mailing date ofthis communication. even ittimely filed. may reduce any
earned patent term adjustment. See 37 CFR1.?U4[b].

Status

1)jZ Flesponsive to communication(s) filed on 19 March 2014.

I:I A declaration(s}iaffidavit(s} under 37 CFR 1.130(b) wasiwere filed on

2a)|Z This action is FINAL. 2b)|:| This action is non-final.

3)I:I An election was made by the applicant in response to a restriction requirement set forth during the interview on

j; the restriction requirement and election have been incorporated into this action.

4):] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is

closed in accordance with the practice under Ex parte Ouayie, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*

5)lZ C|aim(s) 1 isiare pending in the application.

5a) Of the above claim(s)_ isiare withdrawn from consideration.

8 |:| Claim 3} isiare allowed.

' 1 isiare rejected.

isiare objected to.

are subject to restriction andior election requirement.

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a

participating intellectual property office for the corresponding application. For more information, please see

httpziiwww.usptogovipatentsiinit eventsip[;_)hiindex.'sQ or send an inquiry to

Application Papers

10)|:| The specification is objected to by the Examiner.

11}I:I The drawing(s) filed on isiare: a}I:I accepted or b)I:I objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d).

Priority under 35 U.S.C. § 119

12}|:I Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d} or (1).

Certified copies:

a}|:| All b}|:I Some“ c}|:I None of the:

1.I:I Certified copies of the priority documents have been received.

2.|:I Certified copies of the priority documents have been received in Application No.

3.|:I Copies of the certified copies of the priority documents have been received in this National Stage

application from the International Bureau (PCT Flu|e17.2(a)).

““ See the attached detailed Office action for a list of the certified copies not received.

 

Attachmentis)

1) El Notice of References Cited (PTO—892) 3) D |nter\;jeW summary (PTO.413)
_ _ Paper No(s).fMail Date.j

2) El Information Disclosure Statement(s) (PTOi‘SBi‘O8a andior PTOi‘SBi‘O8b)
Paper No(s)iMai| Date . 4) D Other: j‘

US. Patent and Trademark Office
PTOL—326 (Rev. 11-13} Office Action Summary _ _ P rt of Paper N .r' all D t 2 140603
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DETAILED ACTION

1. The present application, filed on or after March 16, 2013, is being examined

under the first inventor to file provisions of the AIA.

2. Claims 1-14 are pending in this application.

Claim Rejections - 35 USC § 103

3. The following is a quotation of 35 U.S.C. 103 which forms the basis for all

obviousness rejections set forth in this Office action:

A patent for a claimed invention may not be obtained, notwithstanding that the claimed
invention is not identically disclosed as set forth in section 102 of this title, if the ditferences

between the claimed invention and the prior art are such that the claimed invention as a whole
would have been obvious betore the effective filing date of the claimed invention to a person
having ordinary skill in the art to which the claimed invention pertains. Patentability shall not
be negated by the manner in which the invention was made.

4. Claims 1-14 are rejected under 35 U.S.C. 103 as being unpatentable over

Shibini et al. (“Shibini”, Arzneimettelforschung, 19(9), pp. 1613-1614, 1969, cited

by Applicants in IDS filed 14 November 2013) as evidenced by Valle (US Patent

4,260,600).

Shibini teaches an aqueous buffered composition of L-phenylephrine (e.g.,

see page 1614). While Shibini does not specifically teach the Ft-isomer, Valle

teaches that the therapeutic form of phenylephrine hydrochloride is (R)—3-

hydroxy—d—[(methylamino)methyl]benzenemethanol hydrochloride (col. 1, lines
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27-30), and thus the skilled artisan would envisage R-phenylephrine from the

teachings of Shibini, and would equate L-phenylephrine with R-phenylephrine

(i.e., a recitation of "phenylephrine" would be understood to mean R-

phenylephrine), absent evidence to the contrary. Shibini teaches that

racemization and oxidation of phenylephrine is prevented through the use of an

acidic medium (pH above 2 and below 7) and addition of EDTA (page 1614,

column 2). The phenylephrine is present in an aqueous buffer (page 1614,

column 1). Regarding the chiral purity at least 95% (claim), 99% (claim3), or

99.3% (claim 4), since Shibini teaches prevention of racemization, the skilled

artisan would envisage a chiral purity of 100%, absent evidence to the contrary.

While Shibini does not expressly teach storing the composition between

-10 to 10 degrees Celsius (claim 1) or 2 to 8 degrees Celsius (claim 2), it is noted

that said limitation is a process limitation, which may be interpreted either as 1) a

product-by-process limitation (in order to arrive at the claimed composition), or 2)

an intended use of the composition (ie, the intended use of the composition is to

store it between -10 to 10 degrees Celsius). Regarding 1), it is noted that

product-by-process claims are not limited to the manipulations of the recited

steps, only the structure implied by the steps. See MPEP 2113. Since Shibini

already teaches a composition comprising phenylephrine and aqueous buffer,

the limitations of the claims are met. Regarding 2), it is noted that the

composition of Shibini is capable of the intended use of storing the composition
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between -10 to 10 degrees Celsius, absent evidence to the contrary, and thus

the limitations of the claims are met.

Regarding the limitation that the composition is “ophthalmic”, said

limitation describes an intended use of the composition, and does not distinguish

the composition apart from what is already claimed. Since Shibini teaches a

composition comprising the same components as the claimed invention (i.e., Fi-

phenylephrine in an aqueous buffer), said composition would be capable of the

intended use, absent evidence to the contrary.

Regarding claims 5-8, Shibini teaches prevention of racemization of

phenylephrine, and that the solution can be safely sterilized by autoclaving and

will not undergo appreciable decomposition during storage (page 1614).

Therefore, the skilled artisan would envisage a chiral purity of at least 95%, 97%,

99%, or 99.3% of the initial chiral purity after 6 months, absent evidence to the

contrary.

Regarding claim 9, Shibini teaches using 6.25 g in 200 ml, or

approximately 3.12% w/v (page 1614, column 1). This amount is comparable to

the amounts taught in claim 9, andtor the skilled artisan would be motivated to

manipulate the amounts to within comparable ranges by routine experimentation,

in order to optimize the therapeutic efficacy of the resultant composition.

Regarding the size and color of the bottle used (claims 10, 13, and 14),

said limitations would be within the purview of the skilled artisan and would be a

matter of design choice, absent evidence to the contrary.
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Regarding the packaging identifying storage directions (claims 11 and 12),

it is noted that said limitation amounts to printed material, and does not affect the

structural limitations of the composition itself, and therefore does not impart

patentability to the claims, absent evidence to the contrary.

Response to Arguments and Declaration

5. Applicant's arguments filed 19 March 2014 have been fully considered but they

are not persuasive.

Applicants first argue that Shibini is nothing more than a mere academic or

theoretical study of racemization of L-phenylephrine in general, and the does not teach

or suggest an ophthalmic composition comprising R—phenylephrine of high chiral purity

as recited in the pending claims. This argument is not persuasive because Shibini

teaches a composition comprising the same components as that of the claimed

invention, i.e., chirally pure phenylephrine in an aqueous buffer (noting that one skilled

in the art would recognize L-phenylephrine to be equivalent to Ft-phenylephrine, i.e., a

recitation of "phenylephrine" would be understood to mean R—phenylephrine, as

evidenced by Valle), and therefore reads on the claimed invention.

Applicants then argue that Shibini does not include any disclosure as to the chiral

purity of L-phenylephrine used in its studies, and that one of ordinary skill in the art

would not recognize that the 295% chiral purity of R—phenylephrine is necessarily

present in Shibini's disclosure of "prevention of racemization". This argument is not

persuasive because “prevention of racemization” would indicate to one skilled in the art
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that no racemization takes place, and therefore the compound is chirally pure, absent

evidence to the contrary. Applicants have not presented objective evidence

demonstrating that the initial compound of Shibini is less than 95% chirally pure, and

therefore the rejection is maintained.

Applicants further argue that the deficiencies of Shibini cannot be cured by Valle,

which does not teach or suggest an ophthalmic composition containing 295% chiral

purity Ft-phenylephrine hydrochloride. This argument is not persuasive because the

teachings of Valle are relied upon merely as evidence to demonstrate that one skilled in

the art would equate L—phenylephrine with R—phenylephrine (i.e., a recitation of

"phenylephrine" would be understood to mean Fi—phenylephrine), absent evidence to

the contrary. That Valle teaches other methods or dosage forms of Ft-phenylephrine is

not persuasive because the claims are drawn to a composition, and Shibini, the

reference upon which the rejection is based, already teaches a composition comprising

the same components as the Composition of the clai med invention (i.e., phenylephrine

in an aqueous buffer).

Applicants then argue that the storage step substantially maintains chiral purity of

Ft-phenylephrine hydrochloride, and the “structure implied by the steps”, i.e., the

‘‘substantially maintained” chiral purity of R—phenylephrine hydrochloride is not expressly

or inherently taught or suggested by Shibini. This argument is not persuasive because

the composition having the “substantially maintained” chiral purity of R—phenylephrine

hydrochloride amounts to the same composition as that taught by Shibini, i.e., the

compositions still comprise the same components. Since the composition of the claimed
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invention after cold storage comprises the same components of the composition of

Shibini before storage, the composition of Shibini still reads on the composition of the

claimed invention. The Examiner points out that the claims as currently written are

drawn to a composition, not a method of preparing or storing. Applicants have not

presented objective evidence demonstrating how the composition of the claimed

invention itself or components within is distinguished from the composition of Shibini,

and therefore the rejection is maintained.

Applicants continue, arguing that the prior art teaches away from low

temperature storage; it is Applicant who identified the need to maintain high optical

purity in ophthalmic phenylephrine products; and it is Applicant who discovered the

unexpected results of the technical features of the claimed invention (pages 7 to 10 of

Remarks filed 19 March 2014 and Declaration filed 19 March 2014).

Applicant’s arguments and Declaration have been fully considered, but are not

persuasive for overcoming the rejection. While Applicants demonstrate a higher chiral

purity of Ft-phenylephrine after the step of cold storage vs. room temperature (or higher)

storage, it is noted that the Composition of the claimed invention after cold storage is the

same as the composition of Shibini before storage. Therefore, while it appears

Applicant’s inventive feature is the method of cold storing chirally pure R—phenylephrine,

this method does not distinguish the composition from known compositions of the prior

art, and thus the rejection is maintained. Additionally, while Applicants argue the

preferred use of the R—enantiomer is the identification of a new problem, it is noted that

Valle already generally teaches that the therapeutic form of phenylephrine hydrochloride
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is (Ft)-3—hydroxy-ct-[(methylamino)methyl]benzenemethanol hydrochloride (col. 1, lines

27-30), and thus this identification does not appear to be inventive.

Therefore, it is the Examiner's position that the claims are rendered obvious.

Conclusion

No claims are allowed at this time.

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time

policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE

MONTHS from the mailing date of this action. In the event a first reply is filed within

TWO MONTHS of the mailing date of this final action and the advisory action is not

mailed until after the end of the THREE-MONTH shortened statutory period, then the

shortened statutory period will expire on the date the advisory action is mailed, and any

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of

the advisory action. In no event, however, will the statutory period for reply expire later

than SIX MONTHS from the mailing date of this final action.
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Any inquiry concerning this communication or earlier communications from the

examiner should be directed to BARBARA FRAZIER whose telephone number is

(571)270-3496. The examiner can normally be reached on Monday—Friday 9am—2:30pm

EST.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Daniel Sullivan can be reached on (571)272-0779. The fax phone number

for the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system. Status information for

published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.

For more information about the PAIR system, see http://pair—direct.uspto.gov. Should

you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a

USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN usA OR CANADA) or 571-272-1000.

/B. F./

Examiner, Art Unit 1611

/DANIEL SULLIVANI

Supervisory Patent Examiner, Art Unit 1611
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Please find below andfor attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated “Notification Date“ to the

following e—mail address(es):

pate11tdocket(t3.> wsg1‘.co111
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Application No. App|icanl(s)

_ _ _ _ 14roeo,771 WITHAM ET AL.

Applicant-initiated interview Summary Examiner A“ Unit
BABBABA FFIAZIEFI 1611

All participants (applicant, app|icant’s representative, PTO personnel):

(1) BARBARA FF1’AZlEFi. (3) .

(2) - (4):-

Date of Interview: 25 June 2014.

Type: IZI Telephonic |:I Video Conference
|:| Personal [copy given to: |:| applicant |:| applicant's representative]

Exhibit shown or demonstration conducted: |:I Yes IZI No.

If Yes, brief description:

Issues Discussed |:|1o1 |:|112 |:|1o2 E103 ljoihers
(For each OI" the checked h0x(es'} ah-ove._ please describe below the issue and detailed description oi‘ the disctission)

Claim(s) discussed: i-14.

Identification of prior art discussed: Shibini.

Substance of Interview
(For each issue discu.ssed._ prm-'ide a detailed description and indicate il‘ agreement was reached. Some topics iriay include: identification or clariI'ication oi‘ a
rct‘c.11c.n1:c or a portion thereof. clztim llll.C-I‘p[‘ClI21lIl('m. proposc.d amcndmcnts. rtrgumcnts ofany applied 11c.t‘c.11c.ncc.s etc...)

The teachings of Shibini were discussed. Applicant discussed possible wa us to demonstrate their msition that the

composition of Shibini does not possess the reguired optical purity; as recited in the claims. Examiner noted any

evidence presented should include why; a person having ordinary skill in the art would not exfict the composition of

the prior art to have an optical purity of at least 95% F1’-phengiephrine hydrochloride as reguired big the claims as

currently written. Examiner also noted that, because the claims are directed to a composition, evidence demonstrating

optical puritz after 6 months of storage would not be persuasive for distinguishing over prior art commsitions having
the same puritg prior to storage. An agreement was not reached with respect to the claims.

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the interview. (See MPEP
section ?13.04). If a reply to the last Office action has already been filed, applicant is given a non—extendable period of the longer of one month or
thirty days from this interview date. or the mailing date of this interview summary form. whichever is later. to file a statement ofthe substance ofthe
interview

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of
the substance of an interview should include the items listed in l\llPEP 713.04 for complete and proper recordation including the identification ofthe
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the
general results or outcome of the interview. to include an indication as to whether or not agreement was reached on the issues raised.

|:| Attachment

lBAF{BAFlA FFlAZ|EFll

Examiner, Art Unit 1611

 
US. Patent and Trademark Office

PTOL-413 (Rev. 8l11.-’2010) Interview Summary Paper No. 2014062?
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Summary of Record of lntcrvicw Requirements

Manual of Patent Examining Procedure (MPEP), Section ?13.04, Substance of Interview Must be Made of Record
A complete written statement as to the substance of any face—to—face, video conference. or telephone interview with regard to an application must be made of record in the
application whether or not an agreement with the examiner was reached at the interview.

Title 3? Code of Federal Flegulations (CFFI) § 1.133 Interviews
Paragraph [b]

In every instance where reconsideration is requested in view of an interview with an examiner. acomplete written statement of the reasons presented at the interview as
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1.11 1 , 1.135. (35 U.S.G. 132)

3? CFR §1.2 Business to be transacted in writing.
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants ortheir attorneys or agents at the Patent and
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to
any alleged oral promise. stipulation, or understanding in relation to which there is disagreement or doubt.

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself
incomplete through the failure to record the substance of interviews.

It is the responsibility of the applicant orthe attorney or agent to make the substance of an interview of record in the application file, unless
the examiner indicates he or she will do so. It is the examiner’s responsibility to see that such a record is made and to correct material inaccuracies
which bear directly on the question of patentability.

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters. directed solely to restriction
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing
out typographical errors or unreadable script in Office actions orthe like, are excluded from the interview recordation procedures below. Where the
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Ftecord is required.

The Interview Summary Form shall be given an appropriate Paper No, placed in the right hand portion of the file. and listed on the
"Contents" section of the file wrapper. In a personal interview. a duplicate of the Form is given to the applicant (or attorney or agent) at the
conclusion of the interview. In the case of a telephone or video—c0nferenoe interview, the copy is mailed to the applicants correspondence address
either with or priorto the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication.

The Form provides for recordation of the following information:
—Application Number (Series Code and Serial Number)
—Name of applicant
—Name of examiner
— Date of interview

—Type of interview (telephonic. video-conference, or personal)
—Name of participant(s) (applicant. attorney or agent. examiner. other PTO personnel. etc.)
—An indication whether or not an exhibit was shown or a demonstration conducted

—An identification of the specific prior art discussed
— An indication whether an agreement was reached and if so, a description ofthe general nature of the agreement (may be by

attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does
not restrict further action by the examiner to the contrary.

—The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action)

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It
should be noted. however. that the Interview Summary Form will not normally be considered a complete and proper recordation ofthe interview
unless it includes. or is supplemented by the applicant orthe examinerto include. all of the applicable items required below concerning the
substance ofthe interview.

A complete and proper recordation of the substance of any interview should include at least the following applicable items:
1) A brief description ofthe nature of any exhibit shown or any demonstration conducted,
2) an identification of the claims discussed.
3) an identification of the specific prior art discussed.
4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the

Interview Summary Form completed by the Examiner.
5) a brief identification of the general thrust ofthe principal arguments presented to the examiner.

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the
examiner can be understood in the context of the application file. Of course. the applicant may desire to emphasize and fully
describe those arguments which he or she feels were or might be persuasive to the examiner.)

5) a general indication of any other pertinent matters discussed. and
7) if appropriate. the general results or outcome of the interview unless already described in the Interview Summary Form completed by

the examiner.

Examiners are expected to carefully review the applicant's record of the substance of an interview. If the record is not complete and
accurate. the examiner will give the applicant an extendable one month time period to correct the record.

Examiner to Check for Accuracy

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiners version of the
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, "|nterview Record OK” on the
paper recording the substance ofthe interview along with the date and the examiner’s initials.
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WSGR Docket No.: 44630-70120]

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Application of: Group Art Unit: l 6'] I

Inventors: Patrick H. W-itham et al. Confirmation No.: 6889

Serial No.: 14f080,T"1 Examiner: Barbara S. Frazier

Filed: November '14, 2013 Customer No. 219?]

Certificate ol" 1 Electronic Filin

Title: Methods and Composition of Stable

Phenymphrine Formulations I hereby certify that the allatelwd Response and all marked
attachments are being deposited by Electronic Filing on July 8,
2014 by using the I-".148 Web patent filing system and addressed
to: Connnissioner tor Patents, Pf). Box 1450, Alexandria, VA
32313-1450,

B y: IL-inda Andeis

Mail Stop AF
Commissioner For Patents

P.O. Box 1450

Alexandria, VA 22313-1450

RESPONSE TO FINAL OFFICE ACTION WITH REQ QUEST FOR CONSIDERATION

UNDER THE AFTER FINAL CONSIDERATION PILOT PROGRAM 2.0

Dear Madam:

This paper responds to the final Office Action dated. June 12, 2014, and is filed. with an After

Final Consideration Pilot 2.0 request. In the event any additional fee is due, the Commissioner is

authorized to charge it to Deposit Account No. 23-2415, referencing DoeketNo. 44630-701.201.

Amendments to the Claims begin on page 2- ofthis paper

Remarks begin on page 4 ofthis paper.

Conclusion is on page 9 of this paper.
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WSGR Docket No.: 44630-70120]

Amendments to the Claims

The following listing of claims will replace all prior versions, and listings, of claims in this

application.

EN.)

(Currently Amended) A[[-n]] method of using an ophthalmic composition for pupil dilation,

the composition comprising at least 95% R-phenylephrine hydrochloride and an aqueous

buffer for substantially maintaining chiral purity of R-phenylephrine hydrochloride for at

least 6 months, the i-mpreaaenaent method comprising;

star-i-Hg allowing the composition to be stored between -10 to 10 degree Celsius; and

administering the composition into an eye of an individual in need thereof, wherein

the com osition c-om rises at least 95% R- hen le hrine h droc-hloride when administered

after storage.

(Currently Amended) The method of claim '1, wherein the composition is

allowed. to be stored between 2 to 8 degree Celsiu.s.

(Currently Amended) The method of claim '1, wherein the composition

comprises at least 99% R-phenylephrine hydrochloride.

(Currently Amended) The method of claim 1, wherein the composition

comprises at least 99.3% R-phenylephrine hydrochloride.

(Currently Amended) The method of claim 1, wherein the chiral purity ofR-

phenylephrine hydrochloride is at least 95% of the initial chiral purity after 6 months.

(Currently Amended) The method of claim '1, wherein the chiral purity of R-

phenylephrine hydrochloride is at least 971% of the in'it'ial chiral purity after 6 months.
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10.

ll.

12.

13.

14.

WSGR Docket No: 44630-70120]

(Currently Amended) The method of claim l , wherein the chiral purity of R-

phenylephrine hydrochloride is at least 99% of the initial chiral purity after 6 months.

(Currently Amend.ed) The method of claim 1, wherein the chiral purity ofR-

phenylephrine hydrochloride is at least 99.5% of the initial chiral purity after 6 months.

(Currently Amended) The method of claim l , wherein the composition

comprises 2.5% wfv or '1 0% wfv R-phenylephrine hydrochloride by weight.

(Currently Amended) The method. of

claim 1, wherein the composition is packaged. in a 1-15 ml plastic or glass bottle.

(Currently Amended) The method of claim 10, wherein the package

identifies storing the composition at a temperature between -'10 to '10 C.

(Currently Amended) The method. of claim 1 1, wherein the package

identifies storing the composition at a temperature between 2 to 8 C.

(Currently Amended) The method of claim 10, wherein the

composition is in a plastic or glass bottle of about 2 ml, about 3 ml, about 5 ml, about 10 ml

or about 15 ml.

(Currently Amended) The method. of claim 10, wherein the plastic or

glass bottle is opaqu.e.
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WSGR Docket No: 44630-70120]

REMARKS

This paper is filed in response to the final Office Action dated June '12, 2014; and with a

Certification and Request for Consideration Under the After Final Consideration Pilot Program 2.0

(“AFCP”). Accordingly, Applicant is willing and available to participate in any interview initiated.

by the Examiner concerning the AFCP submission and response filed herewith.

In the final Office Action, claims 1-14 remain rejected. as allegedly obviou.s over Shibini et

al., Arzneimettelforschung, 19(9), pp. 1613-14, 1969 (“Shibini”) and USPN-4,260,600 (“Valle”). In

light of a telephonic discussion with the Examiner on July 3, 2014, and for the sole purpose of

expediting the prosecution of the present application, Applicant has amended claim I to recite a

method of using an ophthalmic composition for pupil dilation, wherein the method comprises

allowing the composition to be stored between -'10 to l 0 degree Celsius and administering the

composition into an eye of an individual in "need thereof, wherein the composition comprises at least

95% R-phenylephrine hydrochloride when administered. after storage. Those technical features are

properly supported by the specification (tag. paragraphs [0006], [0007], and [0020]). In view of the

claim amendments and remarks submitted herewith, reconsid.eration and withdrawal of the

obviousness rejections asserted in the Office action are respectfully requested.

To support an obviousness rejection, MPEP §21-43.03 requ.ires “all words of a claim to be

considered” and MPEP § 2141.02 requires consideration of the “[claimed] invention and prior art as

a whole.” Further, the Board of Patent Appeal and Interferences recently confinned that a proper,

post-KSR obviousness detennination still requires the Office make “a searching comparison of the

claimed invention — including all its limitations — with the teaching of the prior art.” See, In re

Wada and 11/ftsrplhy, Appeal 200?-3733, citing In re Ochiai‘, 71 F.3d 1565, l 5?2 (Fed. Cir. 1995)

(emphasis in original). In sum, it remains Well-settled law that an obviousness rejection requires at

least a suggestion of all of the claim elements.

Here, all amended. claims recite the features of (1) allowing an ophthalmic composition

comprising at least 95% R-phenylephrine hydrochloride to be stored at between -10 to 10 degree

Celsius for substantially maintaining chiral purity of R-phenylephrine hydrochloride, and (2)

administering the composition to an eye wherein the composition comprises at least 95% R-

phenylephrine hydrochloride when administered after storage. Neither of those technical feature is

-4-
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WSGR Docket No: 44630-701201

taught or suggest in the cited -references, whether taken alone or in combination, as discussed in

greater detail below.

I. “Stored at Between -10 to 10 Degree Celsius”

Regarding the feature of the ophthalmic composition being stored at between -'10 to '10

degree Celsius for su.bstantially maintaining chiral purity ofR-phenylephrine hydrochloride,

Applicant notes that it is not disclosed or even remotely suggested in Shibani. In making the

obviousness rejection, the Office admits, and. Applicant agrees, that Shibini d.oes not teach “storing

the composition between -10 to 10 degree Celsiu.s (claim 1) or 2 to 8 degree Celsius (claim 2)” (page

3, lines 1 1-12 of the Office Action). Applicant further submits that Shibini actively teaches away

from the storing step "recited in the pending claims. See MPEP 2145, stating that “familiar lines of

argument still apply, including teaching away from the claimed invention by the prior art, lack of a

reasonable expectation of success, and unexpected results. Indeed, theymay have even taken on

added importance in view of the recognition in KSR of a variety of possible rationales” (emphasis

added by Applicant).

Specific-ally, Shibini’s “Results and. Discussion” Section (first paragraph) states that “[n]o

noticeable changes in the optical rotation of su.ch solutions could be d.etected after heating at 97"C

for several days.” Accordingly, in its “Conclusion" Section, Shibini states that “the following

conditions for the proper preparation and storage ofphenylephrine solutions are deduced: . . . the

solution can be safely sterilized by autoclaving and will not under o a" "reciable decom osition

during storage.” Shibini ’s observation and "recommendation are consistent with existing

understanding and practice of the storage of phenylnephrine. See, e.g. paragraph [[0017] of the

present application, stating that “an insert from a commercially available Phenylephrine

Hydrochloride Ophthalmic Solution provides that the solution should be stored. at 20" to 25 "C (USP

controlled. room temperature) and keep container tightly closed. Do not use if solution is brown or

contains precipitate. (AKORN Package Insert)”. See also, a copy ofthe insert provided in the 1.132

Declaration (Exhibit 2 and Paragraph 9) submitted to the Patent Office on March '19, 2014.

Applicant next submits that one of ordinary skill in the art, in light of Shibini and knowledge

in the art, would not store phenylephrine solutions at the temperatures "recited in the pending claims

because doing so would. amount to “extra work and. greater expense for no apparent reason.” See

MPEP 2143A (Example 3), where the Office discusses In re Omepmzole Parent Lz'rz'g.:m'rm, 536 F.3d

-5-
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1361 (Fed. Cir. 2008), and states:

Office personnel should note that -in this case the modification of the prior art that had

been presented. as an argument for obvio u.sness was an extra process step that added.

an additional component to a known, successfully marketed formulation. 1

proposed modification thus amounted to extra work and greater expense for no

apparent reason. This is not the same as combining known prior art elements A and B

when each wo u.ld have been expected to contribute its own known properties to the

final product. In the Omeprazoie case, in ViCW of the expectations of those of ordinary

skill in the art, adding the subcoating would not have been expected to confer any

particular desirable property on the final product. Rather, the final product obtained.

according to the proposed modifications would. merely have been expected. to have

the same functional properties as the prior art product.

Furthermore, under MPEP 2143A (Example 3),

The Omeprazole case can also be analyzed in view of the discovery of a previously

unknown problem by the patentee. If the ad.v erse interaction between active agent and

coating had been known, it might well have been obvio u.s to use a su.bcoating.
However since the roblem had not been "reviousl known there would have been

no "reason to incur additional time and expense to add another layer, even though the

addition wo u.ld have been technologically possible.

Notwithstanding Shibini’s declaration that chiral purity of L-m-Hydroxy-or

(methylaminomethyl)-benzyl alcohol would. not be affected even after “ heating at 97“C for several

fig”, Applicant unexpectedly d.iscovered that chiral purity ofR-phenylephrine hydrochloride

cannot be maintained at storage temperatures known in the art. As shown in the 1.132 Declaration

(Exhibit 3 and Paragraph 10) submitted to the Patent office on March 19, 2014, While a commercial

phenylephrien formulation (stored at “room temperature“) and a formulation of the present

application (stored at “low temperature”) both exhibit no or little chemical degradation, the chiral

chromatograms of the two formulations "indicate significant difference in term of chiral stability.

Therefore, one of ordinary skill in the art in view of Shibini would. not recognize the technical

significance of allowing an ophthalmic composition comprising at least 95% R-phenylephrine

hydrochloride to be stored at between -10 to 10 degree Celsius for substantially maintaining chiral

purity ofR-phenylephrine hydrochloride, as provided. in the pending claims. Accordingly, there

wo u.ld have been no reason to incur extra work and additional expense to store the composition at

between -10 to 10 degree Celsius, even if technologically possible.
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Finally, Applicant notes that the deficiencies of Shibini discussed above cannot be cured by

citing to the secondary reference Valle. Specifically, Valle is completely irrelevant to the storage of

its composition and therefore does not teach or even remotely su.ggest the feature of an ophthalmic

composition being stored at between -10 to 10 degree Celsius for su.bstantially maintaining chiral

purity of R-phenylephrine hydrochloride.

II. Administration of Com osition with Substantial] -' Maintained Chiral Puri -' After

Storage

Turning to the feature of administration of the ophthalmic composition with su.bstantially

maintained chiral purity of R-phcnylephrine hydrochloride after storage, Applicant notes that it is not

disclosed or suggested in Shibini. Instead, Shibini starts with a brief summary the previous two

stability studies of L-m-Hydroxy-o.-(methylaminomethyl)-benzyl alcohol, and states that “[i]t now

remained to study the racemization of L.-phenylephrin in order to obtain full information about the

stability of the drug.”

As such, Shibini merely investigates racemization of L-phenylephrin as an academic study of

chiral chemistry. in other words, nothing in Shibini teaches or even remotely su.ggests that its

compositions, formu.lated for the sole purpose of chiral chemistry investigation, is suitable for

therapeutic application, much less for administration into an eye of a patient. To that end, Applicant

directs the Patent Off-ice’s attention to Shibin-i‘s “Experimental Part” and “Results and Discussion“

Sections, where Shibini discloses two L-phenylephrin solutions at pHs of close to zero (5% and 10%

hydrochloric acid) and pHs of2 and 6.5.

The secondary reference Valle also fails to teach or suggest administration of the ophthalmic

composition with substantially maintained chiral purity of R-phenylephrine hydrochloride after

storage, as recited in the amended claims. Instead, Valle purportedly teaches a “methodo 

depression by administering several active compounds throughout the day to a patient in need of

such treatment” (Abstract ofValle), in which the active compounds, including (R)-3-hydroxy-or

[(methylamino)methyl]benzenemethanol hydrochloride, are orally administered as tablets or

capsules (col. 1, lines 62-66 ofValle).

Furthermore, it is Applicant who discovered. the negative effect of the S-enantiomer on pupil

dilation, and thus the importance of maintaining the high chiral optical purity of R-phenylephrin

ophthalmic compositions after storage. See Section I above regarding the Omeprazole case and the

-7-
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discovery of a previously unknown problem. As discussed in paragraphs [0049]-[0050] of the

present application,

when an ophthalmic solution of phenylephrine hydrochlorid.e, (R-isomer) containing

S-isomer as an impurity is used for dilation ofpupil, the s-isomer may cause the

saturation of the a-adrenergic receptors res u.lting in the d.ecrease in the response of the

drug after its administration (tachyphylasis). Furthermore, the presence of S-isomer in

the ophthalmic solution may lead to poorr’ delayed dilation ofthe pupil.

See also, the summary page of a final report regarding Applica-nt’s discovery is provided in the 1.132

Declaration (Exhibit '1 and Paragraph 8), submitted to the Patent Office on March 19, 2014.

Neither Shibini nor Valle recognizes the importance of maintaining high chiral purity of R-

phenylephrin hydrochloride in ophthalmic composition for pupil dilation. The Office Action cites to

Valle for allegedly disclosing that “the therapeutic form ofphenylephrin hydrochloride is (R)-3-

hydroxy-U.-[(methylamino)methyl]benzenemetha'nol hydrochloride,” as Valle states that:

ii} P$1m§s.§ss=§iriaa §:1=§s:3Trs:eiis§ar§s°$a _-sxrlifieili.
E:§‘<:§r=:3:t,v«sawi{metztzssaasaims}matE§§i§§]E£saa.ssnsmsw
ttrxamxt h::..$_z‘:§..x°».*::sc:lé:z§«;'.-zasrisifhs. ’.}.‘§.z:§a a'§~;_j§g~_;_3 mg g

__ _i‘-§2a'sfa:33eu'£ia:< use as aa. sarassrgéa.

However, Valle"s disclosure above is silence with respect to the therapeutic effect of the (S)-isomer,

mu.ch less any negative effect of the (S)-isomer on pupil dilation as unexpectedly discovered by

Applicant. Therefore, one of ordinary skill in the art in view of Shibini would not recognize the

technical significance of administration of the ophthalmic composition with substantially maintained

chiral purity of R-phenylephri-ne hydrochloride after storage.

For reasons stated above, the obvio u.sness rejections raised. in the Off1ce Action sho u.ld be

withdrawn.
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CONCLUSION

Applicants submit that this response Fully addresses the Office Action dated June 12, 2014

and. respectfully request consideration and. allowance of the claims.

Should. the Examiner have any questions, the Examiner is encouraged to contact the

undersigned attorney at (858) 350-2306. If additional fees are believed to be required, the

Commissioner is authorized to charge any additional fees to Deposit Account No. 23-2415 (Attorney

Docket No. 44630301 .201).

Respectfully submitted,

WILSON SONSINI GOODRICH & ROSATI

Professional Corporation

Date: July 8: 2014 .-“Michael Hostetlerr’

Michael J. Hostetler, Reg. No. 42.664

Attorney for Applicants

650 Page Mill Road

Palo Alto, CA 94304

Direct Dial: (858) 350-2306
Customer No. 021971
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Doc Code: A.NE.AFCP

Document Description: After Final Consideration Pilot Program Request

I>ToisBi434 (as-13]

CERTIFICATION AND REQUEST FOR CONSIDERATION UNDER THE

AFTER FINAL CONSIDERATION PILOT PROGRAM 2.0

Practitioner Docket No.: Application No.: Filing Date:

44630-701 .201 14/080,771 November 14, 2013
First Named Inventor: Title:

Patrick H_ Wjtham METHODS AND COMPOSITIONS OF STABLE PHENYLEPHRINE FORMULATIONS

APPLICANT HEREBY CERTIFIES THE FOLLOWING AND REQUESTS CONSIDERATION UNDER TH E AFTER FINAL CONSIDERATION PILOT

PROGRAM 2.0 (AFCP 2.0} OF THE ACCOMPANYING RESPONSE UNDER 3? CFR 1.116.

1. "he above—identified application is {i} an original utility, plant, or design nonprovisional application filed under
35 U.S.C. 111(a} [a continuing application (e.g., a continuation or divisional application} is filed under 35 U.S.C. 111(a} and is
eligible under (ill, or (ii) an international application that has entered the national stage in compliance with 35 U.S.C. 3?1(cl.

"he above—identified application contains an outstanding final rejection.

Submitted herewith is a response under 3? CFR 1.116 to the outstanding final rejection. The response includes an
amendment to at least one independent claim, and the amendment does not broaden the scope of the independent claim in
any aspect.

This certification and request for consideration under AFCP 2.0 is the only AFCP 2.0 certification and request filed in
response to the outstanding final rejection.

Applicant is willing and available to participate in any interview requested by the examiner concerning the present response.

This certification and request is being filed electronically using the Office’s electronic filing system (EFS—Webl.

Any fees that would be necessary consistent with current practice concerning responses after final rejection under 3? CFR
1.116, e.g., extension of time fees, are being concurrently filed herewith. [There is no additional fee required to request
consideration under AFCP 2.0.]

By filing this certification and request, applicant acknowledges the following:

Reissue applications and reexamination proceedings are not eligible to participate in AFCP 2.0.
The examiner will verify that the AFCP 2.0 submission is compliant, ie, that the requirements of the program have been met
{see items 1 to 1' above]. For compliant submissions:

<2: The examiner will review the response under 3? CFR 1.116 to determine if additional search andior consideration
{i} is necessitated by the amendment and {ii} could be completed within the time allotted under AFCP 2.0. If
additional search andfor consideration is required but cannot be completed within the allotted time, the examiner
will process the submission consistent with current practice concerning responses after final rejection under
3? CFR 1.116, e.g., by mailing an advisory action.
If the examiner determines that the amendment does not necessitate additional search andior consideration, or if
the examiner determines that additional search andfor consideration is required and could be completed within
the allotted time, then the examiner will consider whether the amendment places the application in condition for
allowance (after completing the additional search and,-‘or consideration, if required}. If the examiner determines
that the amendment does not place the application in condition for allowance, then the examiner will contact the
applicant and request an interview.

- The interview will be conducted by the examiner, and if the examiner does not have negotiation
authority, a primary examiner andfor supervisory patent examiner will also participate.
If the applicant declines the interview, or if the interview cannot be scheduled within ten (10) calendar
days from the date that the examiner first contacts the applicant, then the exa miner will proceed
consistent with current practice concerning responses after final rejection under 3? CFR 1.116.

Signature Date

/Michael Hostellerl 2014-07-08
Name Practitioner

{Print/Typed} Registration No.

Michael J. Hostetler 47,664

Note: This form must be signed in accordance with 37 CFR 1.33. See 3? CFR I.4{a')f0r signature requirements and certifications. Submit multiple
forms if more than one signature is required, see beiow*.

Fl * Total of I forms are submitted.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the

requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is to process andfor examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process andfor examine your submission, which may result in termination

of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1 . The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of
records may be disclosed to the Department of Justice to determine whether disclosure of these

records is required by the Freedom of Information Act.
A reoord from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in
the course of settlement negotiations.
A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has

requested assistance from the Member with respect to the subject matter of the record.
A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be

required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C.
552a(m).
A record related to an International Application filed under the Patent Cooperation Treaty in this

system of records may be disclosed, as a routine use, to the International Bureau of the World
Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.
A record in this system of records may be disclosed, as a routine use, to another federal agency for

purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(c)).
A reoord from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or hisfher designee, during an inspection of records conducted by GSA as part of that

agency's responsibility to recommend improvements in records management practices and programs,
under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the
GSA regulations governing inspection of records for this purpose, and any other relevant (r'.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

A record from this system of reoords may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35
U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine
use, to the public if the record was filed in an application which became abandoned or in which the

proceedings were terminated and which application is referenced by either a published application, an
application open to public inspection or an issued patent.
A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local

law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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Electronic Acknowledgement Receipt

Application Number: 14080771

International Application Number:

Confirmation Number: 6889

Title of Invention: METHODS AND COMPOSITIONS OF STABLE PHENYLEPHRINE FORMULATIONS

First Named |n\rentor..-‘Applicant Name: Patrick H.Witham

Customer Number: 21971

Michael J. Hostet|er!Linda Anders

Filer Authorized By: Michael J. Hostetler

Attorney Docket Number: 44630-701.201

Receipt Date: 08-JUL-2014
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Application Type: Utility under 35 USC i11{a)
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Total Files Size (in bytes) 438635

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,

characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

lfa new application is being filed and the application includes the necessary components for a filing date {see 37 CFR

1.53(b)-{d} and MPEP 506}, a Filing Receipt (37 CFR 1 .54} will be issued in clue course and the date shown on this

Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCT.+‘D0lE0l903 indicating acceptance of the application as a

national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

lfa new international application is being filed and the international application includes the necessary components for

an international filing date {see PCT Article 11 and MPEP1B10), a Notification of the International Application Number

and of the International Filing Date {Form PCTIROI1 05) will be issued in due course, subject to prescriptions concerning

national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of

the application.
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PTO.-"SE1.-"06 (09-1 1]
Approved for use through 1.-'31.-‘"2014. OMS D551-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paerwork Reduction Act of 1995, no ersons are reuired to resond to :1 collection of information unless it disla s :1 valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD '°*PF'll°aIl°” °r D°°l‘ei Number Fl”“9 Dale
Subgfitutg for Fgrm PTO-8}"5 1 3 3 TD be Mailed

ENTITY: |:| LARGE E SMALL |:| MICRO

APPLICATION AS FILED — PART I

(Column 2}

El BASIC FEE “IA
I:I SEARCH FEE3TCFR1.16k. i.or rn

El EXAMINATION FEEIS? CFR 1.16I'o], ip]. or iqii

If the specification and drawings exceed 100 sheets
of paper, the application size fee due is $310 ($155
for small entity) for each additional 50 sheets or
fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 3?

DAPPLICATION SIZE FEE
(3? CFFI1.16(s]}

I:I MULTIPLE DEPENDENT CLAIM PRESENT Its? CFR1.16I_'j}]
* Ifthe difference in column 1 is less than zero, enter in column 2.

APPLICATION AS AMENDED — PART II

[Column 2] [Column 3]

CLAIMS HIGHEST

0710812014 EE§”EAF',N'N'3 ;‘g:fiEESL,‘, PRESENT EXTRA ADDITIONAL FEE (S)
AMENDMENT PAID FOR

Total '3' oFR ,. - ,.,.
Mm

J2;‘:r;:“,‘??,':t.. Minus

I:I Application Size Fee (3? CFFl1.1Ei(s_‘I_‘I

D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (3? CFR1.16[j}I}I

AMENDMENT
[Column 1}

CLAIMS HIGHEST
REMAINING NUMBER

AFTER PREVIOUSLY
AMENDMENT PAID FOR

PRESENT EXTRA

Independent-j3TCFFI‘1.16-jh_\]

I:I Application Size Fee (3? CFFl1.1Ei(s_‘I_‘I

D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (3? CFR1.16[j}I}I

AMENDMENT
"‘ If the entry in I::o|umn’l is less than the entry in column 2, write in column 3. ME
*" If the "Highest Number Previously Paid For“ IN THIS SPACE is less than 20, enter ''2[)‘‘. yMOL|K| MAVJ;
*"" If the "Highest Number Previously Paid For“ IN THIS SPACE is less than 3, enter ‘3“.
The ‘Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 3? CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file [and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 3? CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering.
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and.-'or suggestions for reducing this burden. should be sent to the Chief Information Officer. U.S. Patent and Trademark Office, U.S.
Department of Commerce, PO. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.0. Box 1450, Alexandria, VA 22313-1450.

Ifyou need assistance in completing the form, call 1—800—PTO—9199 and select o,otI'c.-n 2.
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PTOISBI30 (0?-D9)
Approved for use through 07I31I2012. OMB D651-D031

U.S. Patent and Trademark Ofllce: U.S. DEPARTMENT OF COMMERCE

Under the Paenvork Reduction Act of 1995 no ersons are reui ed to resend to a on action of information unless it contains a valid OMB control number.

Request A "cation Number 14roa0,r71

_ for. _ 11I14I2D13
Continued Examination (RCE)

Transmittal First Named Inventor

 
  

Patrick H. Witham

Address to:

Mail Stop ROE
Commissioner for Patents ' Examiner Name Barbara S. Frazier
F'.O. Box 1450

»°~'eendrla- VA 22313-1450 Attorney Docket Number
This is a Request for Continued Examination (ROE) under 37 CFR 1.114 of the above-identified application.
Request for Continued Examination (ROE) practice under 3? CFR 1.114 does not apply to any utility or plant application filed prior to June 3.
1995. or to any design application. See instruction Sheet for RCEs (not to be submitted to the USPTO) on page 2.

Submission re uired under 37 CFR 1.11‘ Note: lithe RCE is proper, any previously filed unentered amendments and
amendments enclosed with the RCE will be entered in the order in which they were filed unless applicant instructs otherwise. If
applicant does not wish to have any previously filed unentered amendmentts) entered. applicant must request non»entry of such
amendment(s).

a Previously submitted. If a final Office action is outstanding. any amendments filed after the final Office action may be‘ considered as a submission even if this box is not checked.

i‘ El Consider the arguments in the Appeal Brief or Reply Brief previously filed on

n_ other Response to Final Office Action filed 07IU8l2D14

b. El Enclosed

I. [:l Amendmenti'Reply iii_ E] InformationDisciosureStatement{|DS)

ii. El Afl"Idavit(s)I Declarationisi iv. D Other
Miscellaneous

Suspension of action on the above—identified application is requested under 3? CFR 1.103(c} for a
period of months. (Period of suspension shall not exceed 3 months: Fee under 3? CFR 1.17(i) required)
Other

The RCE fee under 3? CFR 1.1‘r{e) is required by 37 CFR1.114 when the RCE is tiled.

The Director is hereby authorized to charge the following fees. any underpayment of fees, or credit any overpayments, to
Depositritccount No. 232415 '

i. RCE fee required under 3? CFR1.1'r'(e)

ii. ]:j Extension oftime fee (3? can 1.136 and 1.17;

iii‘ Q -Other

b. [3 Checkinthe amountof$ enclosed

c. D Payment by credit card (Form PTO-2033 enclosed)
WARNING: Information on this form may become public. Credit card information should not be included on this form. Provide credit
card information and authorization on PTO-2033.

SIGNATURE OF APPLICANT, A TTCJRNEY, OR AGENT REQUIRED

Signature IMichaei Hostetlerl 07I25I2lJ14
N'=1melPrintlTrI=el Michael J. Hostetler Registration No- 47,664

CERTIFICATE OF MAILING OR TRANSMISSION

I hereby certify that this correspondence is being deposited with the United States Postal Service with suflicient postage as first class mail in an envelope
addressed to: Mail Stop RCE, Commissioner for Patents, P. O. Box 1450. Alexandria, VA 22313-1450 orfacsimlle transmitted to the US. Patent and TrademarkOffice on the date shown below.

ILinda Anders!
Linda Anders  

This collection of information is required by 3? CFR 1.114. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 USS. 122 and 3? CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete.
including gathering, preparing. and submitting the completed application form to the USPTD. Time will vary depending upon the individual case. Any comments on
the amount of time you require to cornpiete this form andfor suggestions for reducing this burden. should be sent to the Chief Information Officer. U.S. Patent and
Trademark Office. U.S. De-pa rtment of Commerce, F-‘.0. Box 1450, Alexandria, VA 22313-1450. DO NOT SE ND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Mail Stop ROE, Commissioner for Patents, P.0. Box145IJ, Alexandria, VA 22313-1450.

ifyou need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Doc Code: TRACK1.REQ

Document Description: Track0ne Request

PTOiSBi424 (12-11)

CERTIFICATION AND REQUEST FOR PRIORITIZED EXAMINATION

UNDER 37 CFR 1.102(e) (Page 1 of 1)

Patrick H- Witham 14/080771
METHODS AND COMPOSITIONS OF STABLE PHENYLEPHRINE FORMULATIONS

APPLICANT HEREBY CERTIFIES THE FOLLOWING AND REQUESTS PRIORITIZED EXAMINATION FOR
THE ABOVE-IDENTIFIED APPLICATION.

1. The processing fee set forth in 37 CFR 1.17(i), the prioritized examination fee set forth in 37

CFR1.17(c), and if not already paid, the publication fee set forth in 37 CFR 1.18(d) have been

filed with the request. The basic filing fee, search fee, examination fee, and any required

excess claims and application size fees are filed with the request or have been already been

paid.

2. The application contains or is amended to contain no more than four independent claims and

no more than thirty total claims, and no multiple dependent claims.

3. The applicable box is checked below:

Ori inal A lication Track One - Prioritized Examination under

i. (a) The application is an original nonprovisional utility application filed under 35 U.S.C. 111( ).

This certification and request is being filed with the utility application via EFS-Web.
___OR___

(b) The application is an original nonprovisional plant application filed under 35 U.S.C. 111( ).

This certification and request is being filed with the plant application in paper.

ii. An executed oath or declaration under 37 CFR 1.63 is filed with the application.

Re uest for Continued Examination - Prioritized Examination under

A request for continued examination has been filed with, or prior to, this form.

If the application is a utility application, this certification and request is being filed via EFS-Web.

The application is an original nonprovisional utility application filed under 35 U.S.C. 111(a), or is

a national stage entry under 35 U.S.C. 371.

' . This certification and request is being filed prior to the mailing of a first Office action responsive

to the request for continued examination.

No prior request for continued examination has been granted prioritized examination status

under 37 CFR1.102(e)( ).

/Michael HOstetler/ Dam 07/25/2014

Michael J. Hostetler Praclitionet 47,664Reistration Number

Note: Signatures of aii the inventors or assignees of record of the entire interest or their representatiyeisj are reqtiired in accordance with
3? CFR 1.33 and 11.18. Piease see 3? CFR 1‘_4(d) for the form of the signature. if necessary, submit muitipie forms for more than one
signature, see beiow*_

*Total of 1 forms are submitted.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements of
the Act, please be advised that: (1)the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2)

furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the
U.S. Patent and Trademark Office is to process andfor examine your submission related to a patent application or
patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process andfor examine your submission, which may result in termination of proceedings or abandonment of the
application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1 .

Page 2

The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may

be disclosed to the Department ofJustice to determine whether disclosure of these records is required by the
Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the reoord pertains, when the individual has requested assistance from
the Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to oomply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).
A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property

Organization, pursuant to the Patent Cooperation Treaty.
A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or hisfher designee, during an inspection of reoords conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under authority of
44 U.S.C. 2904 and 2906. Such disclosure shall be made in acoordance with the GSA regulations governing

inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a

record may be disclosed, subject to the limitations of 3? CFR 1.14, as a routine use, to the public if the record
was filed in an application which became abandoned or in which the proceedings were terminated and which
application is referenced by either a published application, an application open to public inspection or an issued
patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Electronic Patent Application Fee Transmittal

Application Number: 14080771

Filing Date: 14-Nov-2013

Title of Invention: METHODS AND COMPOSITIONS OF STABLE PHENYLEPHRINE FORMULATIONS

First Named lnventormpplicant Name: Patrick H.Witham

Filer: Michael J. HostetlerXLinda Anders

Attorney Docket Number: 44630-701.201

Filed as Small Entity

Utility under 35 USC 111(a) Filing Fees

 Description Fee Code SUB:-3{l;}l in

Basic Filing:

Request for Prioritized Examination 2817 1 2000 2000

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appea Is-and-lnterference:

Post-AIIowance-and-Post-Issuance:

Extension-of-Time:
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Sub-Total in

Quantity Amount Usms}Description Fee Code

Miscellaneous:
 

  
Request for Continued Examination 2801 | 1 600 600

Total in USD (S) 2600
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Electronic Acknowledgement Receipt

Application Number: 14080771

International Application Number:

Confirmation Number: 6889

Title of Invention: METHODS AND COMPOSITIONS OF STABLE PHENYLEPHRINE FORMULATIONS

 

First Named |n\rentor..-‘Applicant Name: Patrick H.Witham

Customer Number: 21971

 Michael J. Hostet|er!Linda Anders
Filer Authorized By: Michael J. Hostetler

Attorney Docket Number: 44630-701.201

Receipt Date: 25-JUL-2014

Time Stamp: 18:41 :38

Application Type: Utility under 35 USC111(a)

Payment information:

Submitted with Payment yes

PaymentType Deposit Account

Payment was successfully received in RAM S2600

RAM confirmation Number 5029

Deposit Account 232415
 

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 CFR. Section 121 (Miscellaneous fees and charges)

Exhibit 1002- Page 155 of6‘l7



f� � �� �� RQQSN q� � �  RVW �� WRX

File Listing:

 

 

Document . . . File Size(Bytes)..-‘ Multi Pages
Document Description File Name . . .

Number Message Digest Part i‘.zip (ifappl.}

44630 701 201 M1265
1 Trackone Request no 2

trackonerequestpdf 2 I |d<.<. |clJU'_sLbl.>46‘.’bJb IIJEJJ 680441 I43"
I18-'v13

Warnings:

Information:

R ‘tf C t‘ d E ‘ T‘ 551753E UES OF OI’! |l'lUe xamina |Ol'l

2 q (RCE) 44630-70'|-201-RCE.pClf no '|J'J4d86Ucl |‘.’fbc‘.’I.'r'J3 ISSFZIIIU J<.J'| 2')"; bd
b'|f

Warnings:

This is not a USPTO supplied RCE SB30 form.

Information:

Fee Worksheet [SB06} fee-info.pdf no 2
b'.iUJ 2‘.".’2lJblJI 22’ .-'3U6fIJ UI.'4lJ2U8‘.’blJ Ilslfii

S5091

Warnings:

Information:

Total Files Size (in bytes) 229109

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,

characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

lfa new application is being filed and the application includes the necessary components for a filing date {see 37 CFR

1.53(b)-{d} and MPEP 506}, a Filing Receipt {37 CFR 1.54} will be issued in due course and the date shown on this

Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCTlD0i'E0!'903 indicating acceptance of the application as a

national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

lfa new international application is being filed and the international application includes the necessary components for

an international filing date {see PCT Article 11 and MPEP1810), a Notification of the International Application Number

and of the International Filing Date {Form PCTIROI1 05) will be issued in due course, subject to prescriptions concerning

national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of

the application.
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Document code: WFEE

United States Patent and Trademark Office

Sales Receipt for Accounting Date: 0773132014

CKHLOK SALE #0000001? Mailroom Dt: 07i’25.’2014 232415 14080771
01 FC : 2830 70.00 DA
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PTO.-"SEI.-"06 {D9-1 1]
Approved for use through 1.-'31.-‘"2014. OMEI D551-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Parwork Reduction Act of 1995, no ersons are reuired to resond to a collection of information unless it disla S :1 valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD Application or Dockei Number Filing Dale
Substitute for Form ‘I ‘I 3 D TO be IVIBIIECI

ENTITY: I:I LARGE E SMALL I:I MIcRo

APPLICATION AS FILED — PART I

(Column 2}

NUMBER “LED NUMBER EXTRA
I:I SASIc FEE

I:I SEARCH FEE __ MIA3TCPR1.16k. i,or rn

El EXAMINATION FEEIS? CFR 1.16lo], lp], or lqii

If the specification and drawings exceed ‘I00 sheets
I‘ .th I' t' 5' I d ' 310 155

|I|t\3:PCL,'I;t;T,'g.N,,8'ZE :;r:.*::I..:.:I’I’.'::;::£?;
'‘ ' "3" fraction thereof. See 35 U.S.C. -‘-I-1(a)(1)(G) and 3?

I] MULTIPLE DEPENDENT CLAIM PRESENT [37 CPR 1.16I_'j}]
* lithe difference in column 1 is less than zero, enter in column 2.

APPLICATION AS AMENDED — PART II

(Column 1) [Column 2) [Column 3]

CLAIMS HIGHEST
REMAINING NUMBER

0712512014 AFTER PREVIOUSLY PRESENT EXTRA _ ADDITIONAL FEE ($1AMENDMENT PAID FOR

Total '37 cFR , - ,,
|.1Eu'ii'l Mmus
lndepende nt ,. - ,,.,,.,
rztc-FR I.Is'h'I Mmus 3

I:I Application Size Pee I737 cFR1.1etje))
AMENDMENT

I] FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM [37 CPR 1.16[j]}I

(Column 1}

CLAIMS HIGHEST
REMAINING NUMBER

AI-‘FER PREVIOUSLY
AMENDMENT PAID FOR

1 .1 . iii
independentto? CFR I .IsIhiI

El Application Size Fee (3? CFFt1.16(s}_iAMl:NDMl:Nl
3 FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM [37 CPR 1.16[j]}I

* If the entry in column 1 is less than the entry in column 2. write "0" in oolumn 3. ME
** If the “Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". ,IG|_OR|A ANTHONY;
*"" If the "Highest Number Previously Paid Fol" IN THIS SPACE is less than 3, enter
The “Highest Number Previously Paid For" (Total or Independent) is the highest numtnerfound in the appropriate box in column 1.

This collection of information is required by 3? CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
prooessi an application. Confidentiality is governed by 35 U.S.C. 122 and 3? CPR 1.14. This oollection is estimated to take 12 minutes to complete, including gathering.
preparing, and Submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount oftirne you
require to completethis form andior suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce. P.O. Box 1450. Alexandria. VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.0. Box 1450, Alexandria, VA 22313-1450.

ifyc.-L: need assistance In completing the form, caff 1-800-PTO—91QQ and sefect option 2.
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UN11eD S1/\1]:1S PALLN1 AND TRADJ-JMARK Ormte
UNITED ST‘.-\TF‘.S DEF.-\RTT\»'l'E_\'T OF t'.‘.0T\«'IT\«'l'ERI‘.'.‘.E
Uuil:c(l States Patent and '1‘1'a(lc.111a1'k Oflire
Atldrxsu-c: (.‘()|\"]|\-']]SS]()N|iR l-'()R l’x\'l']-LN'J'-S

P.0.|iox14-5[]
z'\iC..‘CflJ.1d.l'ifl. V"1'.rg1'.nia 2.2313-1450
Vr'Vr'W.U5[JID.£0\'

 
.-\l’l’[.](I.-\'J']()X N0. l-'[[.]N('r |)x\'l']-'. ]"[R-E-3'1‘ N.-‘\|\-’]|-L1") [N\-']-'.X'J'()R ;'\'l"l'()RN]-LY |)()(.'K]-'.'l' NO. (I()Nl-']RM.-‘\'J']()N N0.

l4J{J8U._77l ll1'l4J2fll3 Pat1‘i1:‘k I1. Witham 4463U—?"[Jl .301 6889

WTLSON, SONSTNL GOODRTCIT & ROS ATT
650 PAGE. MILL ROAD H011 ‘K BARB-*\R*\ 3

PAI .0 AI .-T0, CA 94304-1050
PAPER _\‘LT_\1Z3ER

1 6] 1

N()'l'[l-'[(Ia'\'l'[()N1).-\'J'|i |)|-.'].[\.-'|iRY M()|)|i
 

0'7"f_'% "J I20 I -1 FILF.('.‘.TRO_\lT('.‘.

Please find below andfor attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated “Notification Date“ to the

following e—mail address(es):

pate11tdocket(t3.> wsg1‘.co111
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Applicanttsl
WITHAIVI ET AL.

Art AIA {First IHVQHTOF E0 File] Status

Application No.
14r’080, 771 
 

 

Advisory Action

Before the Filing of an Appeal Brief  
   

Examiner
BARBARA FRAZIER

--The MAILING DATE of this communication appears on the cover sheet with the correspondence address —

THE REPLY FILED 08 July 2014 FAILS TO PLACE THIS APPLICATION IN CONDITION FOR ALLOWANCE.
NO NOTICE OF APPEAL FILED

1. The reply was filed after a final rejection. No Notice of Appeal has been filed. To avoid abandonment ofthis application, applicant must timely file
one of the following replies: (1) an amendment, affidavit, or other evidence, which places the application in condition for allowance;
(2) a Notice of Appeal (with appeal fee) in compliance with 3? CFR 41.31: or (3) a Request for Continued Examination (ROE) in compliance with
3? CFR 1.114 if this is a utility or plant application. Note that RCEs are not permitted in design applications. The reply must be filed within one of
the following time periods;

a) I:I The period for reply expires months from the mailing date of the final rejection.
b} E The period for reply expires on: (1) the mailing date of this Advisory Action; or (2) the date set forth in the final rejection, whichever is later.

In no event, however. will the statutory period for reply expire later than SIX MONTHS from the mailing date of the final rejection.

c) D A prior Advisory Action was mailed more than 3 months after the mailing date of the final rejection in response to afirst after-final reply filed
within 2 months of the mailing date of the final rejection. The current period for reply expires months from the mailing date of
the prior Advisonz Action or SIX MONTHS from the mailing date of the final rejection, whichever is earlier.

Examiner Note: If box 1 is checked, check either box (at, (b) or (c). ONLY CHECK BOX (b) WHEN THIS ADVISORY AC"ION IS THE
FIRST RESPONSE TO APPLICANTS FIRST AFTER-FINAL REPLY WHICH WAS FILED WITHIN TWO MONTHS OF T—lE FINAL

REJECTION, ONLY CHECK BOX (c) IN THE LIMITED SITUATION SET FORTH UNDER BOX (c). See MPEP ?06.0?(f).

Extensions of time may be obtained under 37 CFR 1.135{a). The date on which the petition under 3? CFR 1.t361'a) and the appropriate
extension fee have been filed is the date for purposes of determining the period of extension and the corresponding amount of the fee. The
appropriate extension fee under 37 CFR 1.1?[a) is calculated from: (1) the expiration date of the shortened statutory period for reply originally
set in the final Office action; or (2) as set forth in (b) or {c} above. it checked. Any reply received by the Office later than three months after the
mailing date of the final rejection. even if timely filed. may reduce any earned patent term adjustment. See 3? CFR 1.704(b].
NOTICE OF APPEAL

2. CI The Notice of Appeal was filed on . A brief in compliance with 3? CFR 41.3? must be filed within two months of the date of filing the
Notice of Appeal (3? CFR 41 .37(a)}, or any extension thereof (37 CFR 41 .3?(e)), to avoid dismissal of the appeal. Since a Notice of
Appeal has been filed. any reply must be filed within the time period set forth in 37 CFR 41 .37(a).

AMENDMENTS

3. E The proposed amendments filed after a final rejection, but prior to the date of filing a brief. will n_o’t be entered because
a) E They raise new issues that would require further consideration andror search (see NOTE below];
b) I___I They raise the issue of new matter [see NOTE below);
c) D They are not deemed to place the application in better form for appeal by materially reducing or simplifying the issues for

appeal; andfor

d) D They present additional claims without canceling a corresponding number of finally rejected claims.
NOTE: See Continuation Sheet. (See 37 CFR 1.116 and 41 .33(a}}I.

4. CI The amendments are not in compliance with 3? CFR 1.121. See attached Notice of Non—Compliant Amendment (PTOL-324).

5. El AppIicant’s reply has overcome the following rejectionis): .

6. El Newly proposed or amended claims] would be allowable it submitted in a separate, timely filed amendment canceling the non-
allowable claimnis).

7. E3 For purposes of appeal. the proposed amendmentjs}: (at B will not be entered, or (b) D will be entered, and an explanation of how the
new or amended claims would be rejected is provided below or appended.

AFFIDAVIT OR OTHER EVIDENCE

8. D A declaration {s).faffidavit(s) under 37 CFR 1.1 30(b) wasiwere filed on
9. [I The affidavit or other evidence filed after final action. but before or on the date of filing a Notice of Appeal will n_or be entered because

applicant failed to provide a showing of good and sufficient reasons why the affidavit or other evidence is necessary and was not earlier
presented. See 3? CFR 1.116(e}.

10. [I The affidavit or other evidence filed after the date of filing the Notice of Appeal. but prior to the date of filing a brief, will n_ot be entered
because the affidavit or other evidence failed to overcome a_H rejections under appeal and/or appellant fails to provide a showing of good
and sufficient reasons why it is necessary and was not earlier presented. See 3? CFR 41.33(d)(1).

11. [j The affidavit or other evidence is entered. An explanation of the status of the claims after entry is below or attached.
RE UEST FOR RECONSIDERATIONXOTHER

12. [:I The request for reconsideration has been considered but does NOT place the application in condition for allowance because:

13. CI Note the attached Information Disclosure Sfatementts). [PTOiSBi08) Paper No{s,I.
14. El Other: .

STATUS OF CLAIMS

15. The status of the claims) is [or will be} as follows:
Claimfs) allowed:
CIaim{s) objected to:
Claimtsj rejected: 1-14.
Claimjsj withdrawn from consideration:

(‘DAVID J BLANCHARD/ jB_ F_,i

Supervisory Patent Examiner, Art Unit 1619 Examiner, N1 U1-.11 151 1
U.S. Patent and Trademark Office

PTOL-303 (Rev. 08-2013} Advisory Action Before the Filing of an Appeal Briet Part of Paper No. 20140?25
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Continuation Sheet {PTOL-303) Application No. 14i080,771

Continuation of 3. NOTE: Applicant's request for entry into AFCP 2.0 is acknowledged, but is denied because the response cannot be
reviewed and a search conducted in the limited amount of time authorized for this pilot program. Therefore. the response is being reviewed
under pre-pilot practice. Applicant's amendments changing the claims from an ophthalmic composition to a method of using an ophthalmic
composition for pupil dilation includes new steps which have not previously been a part of the claim set, and require further consideration
andfor search.
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_ _A l+__ __ _ WSGR Docket No.: 44630—70l.20I
LEG to-T Ea‘t=a:::-=._: ..='is.F..r‘ u'7,'25;2u1a

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Application of: Group Art Unit: l 6'] l

Inventors: Patrick H. W-itham et al. Confirmation No.: 6889

Serial No.: 14f080,T"1 Examiner: Barbara S. Frazier

Filed: November '14, 2013 Customer No. 219?]

Cerlilicale cl" 1 Electronic Filin

Title: Methods and Composition of Stable

Phenymphrine Formulations I hereby cerlil} lhal [he allaclted Response and all marked
attachments are being deposited by Electronic Filing on July 8,
2014 by using the |-'.l~'S Web patent filing system and addressed
to: Conimissioner tor Patents, Pf). Box 1450, Alexandria, VA
32313-1450,

B y: IL-inda Andeis

Mail Stop AF
Commissioner For Patents

P.O. Box 1450

Alexandria, VA 22313-1450

RESPONSE TO FINAL OFFICE ACTION WITH REQ QUEST FOR CONSIDERATION

UNDER THE AFTER FINAL CONSIDERATION PILOT PROGRAM 2.0

Dear Madam:

This paper responds to the final Office Action dated. June 12, 2014, and is filed. with an After

Final Consideration Pilot 2.0 request. In the event any additional fee is due, the Commissioner is

authorized to charge it to Deposit Account No. 23-2415, referencing DoeketNo. 44630-701.201.

Amendments to the Claims begin on page 2- ofthis paper

Remarks begin on page 4 ofthis paper.

Conclusion is on page 9 of this paper.
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Commissioner for Patents
tates Patent and Trademark Otfice

P.0. Box 1450
Alexandria, VA 22313-1450

www.uspto.gov

WILSON SONSINICOODRICH & ROSATI _. .

OFFICE OF PETITIONS
650 PAGE MILL ROAD

PALO ALTO CA 94304-1050

Doc Code: TRACK1 GRANT

Decision Granting Request for

Prioritized Examination Application No.: 14/080,771
rack I or After HCE

THE REQUEST FILED July 25, 2014 IS GRANTED.

The above-identified application has met the requirements for prioritized examination

A. CI for an original nonprpvisional application (Track I).
B. for an application undergoing continued examination (FICE).

The above-identified application will undergo prioritized examination. The application will be
accorded special status throughout its entire course of prosecution until one of the following occurs:

A. filing a petition for extension of time to extend the time period for filing a reply;

B. filing an amendment to amend the applicplipn 1p cpntpin mprp than four independent

claims, more than thirty total claims. or a "multiple dependent claim;-

filing a reguest for continued examination;

filing a notice of appeal;

filing a request for suspension of action;

mailing of a notice of allowance;

mailing of a final Office action;

completion of examination as defined in 3? CFR 41.102: or

abandonment of the application.

Telephone inquiries with regard to this decision should be directed to Irvin Dingle at
(571)272-1521 0. Office of Petitions.

Irvin Dingle

[Irvin Dingleg Paralegal Specialist

[Signature] , (Title)

U.S. Patent and Trademark Office

PTO-2293 (Rev. 02-2012)
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Application No. App|icant(s)
14i080.771 WITHAM ET AL.

Notice of Aflowabflity §f'q"l;:‘§:\ FRAZI ER ‘1“(;‘1'1-'"" ‘,‘.‘,',“,§,‘§{,',,i{,',,“"‘*“‘°"°
Yes 

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address"
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this app ication. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and IVPEP 1308.

1. E This communication is responsive to RCE filed 25 July 2014.

D A declaration(s)iaffidavit(s) under 37 CFR 1.130(b) wasiwere filed on

2. D An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction

requirement and election have been incorporated into this action.

3. E The allowed c|aim(s) isiare 1-4 and 6-14. As a result of the allowed c|aim(s), you may be eligible to benefit from the Patent

Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information,

please see htt :Iiwww.us to. ovi atentsiinit eventsi hi’index.':§);:;_ or send an inquiry to _{-f_{-_‘_l_-_I_j35;g§_gg;_gg;;_Ig@g;§_ggg,_r;;g_g__.

4. El Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)—(d) or (f).

Certified copies:

a) I:I All b) I:I Some *c) I:I None of the:

1. I:I Certified copies of the priority documents have been received.

2. I:I Certified copies of the priority documents have been received in Application No.

3. |:I Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE “MAILING DATE“ of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. I:I CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

I:I including changes required by the attached Examiner’s Amendment I Comment or in the Office action of
Paper No.iMail Date

Identifying indicia such as the application number {see 37 CFR 1.B4(c)) should be written on the drawings in the front {not the back) of
each sheet. Replacement sheet{s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. I:I DEPOSIT OF andior INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner’s comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachmentts)

1. E Notice of References Cited (PTO—892) 5. IE Examiner's AmendmentIComment

2. El Information Disclosure Statements (PTOIISBIOB). 6. IE Examiner's Statement of Reasons for Allowance
Paper No.IMai| Date

3. |:| Examiner's Comment Regarding Requirement for Deposit 7. D Other
of Biological Material

4. E Interview Summary (PTO—413).
Paper No.IMai| Date 8/19/14 .

EB. FJ

Examiner, Art Unit 1811

.-“DAVID J BLANCHARDI

Supervisory Patent Examiner, Art Unit 1819

 
U.S. Patent and Trademark Office

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No...-"Mail Date 20140819

Exhibit 1002- Page ‘I64 of6‘I7



f� � �� �� RQQSN q� � �  RWV �� WRX

Applicationicontrol Number: 14i080,771 Page 2

Art Unit: 1611

DETAILED ACTION

The present application, filed on or after March 16, 2013, is being examined

under the first inventor to file provisions of the AIA.

Previous Rejection Withdrawn

The rejection of claims 1-14 under 35 U.S.C. 103 as being unpatentable over

Shibini as evidenced by Valle is withdrawn in view of Applicants amendment to claim 1.

Examiner’s Amendment

An examiner’s amendment to the record appears below. Should the changes

and/or additions be unacceptable to applicant, an amendment may be filed as provided

by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be

submitted no later than the payment of the issue fee.

Authorization for this examiner’s amendment was given in a telephone interview

with Mr. Xiaofan Yang on 19 August 2014.

The application has been amended as follows:

IN THE CLAIMS:

Please amend claim 1 as follows:

1. (Amended) A method of using an ophthalmic composition for pupil dilation, the

composition comprising at-least—95‘—°/s Fl-phenylephrine hydrochloride having an initial

chiral purity of at least 95% and an aqueousbuffer

wnwc hydrechieride fer at least 6 months, wherein the chiral purity
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Art Unit: 1611

of Fr-phenylephrine hydrochloride is at least 95% of the initial chiral purity after 6

months the method comprising:
 

 

administering the composition into an eye of an individual in need thereof, wherein the

composition is stored between -10 to 10 degree Celsius prior to administration, and

wherein the composition comprises at—least—959/o F:’—phenylephrine hydrochloride having

a chiral purity of at least 95% when administered after storage.

Claim 2, line 2, please delete “allowed to be”.

Please amend claims 3 and 4 as follows:

3. (Amended) The method of claim 1, wherein the composition comprises at—least

999/TH‘-phenylephrine hydrochloride having an initial chiral purity of at least 99%.

4. (Amended) The method of claim 1, wherein the composition comprises at—least

99:89/c—Fi-phenylephrine hydrochloride having an initial chiral purity of at least 99.3%.

Please cancel claim 5.

Reasons for Allowance

The following is an examiners statement of reasons for allowance: in light of

Applicant's amendments, the closest prior art is Akorn, Inc. (package insert for

phenylephrine hydrochloride solution/drops, at
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hti ::i«"daéivmed.nEm.néh.oov:’daii med/tool-«zu .cfm’?setid=c5c51d8b—b50b—4c??—£%d5S—   

f64c14b0d0e5, revised 091201 1, included with this Office action). Akorn teaches an

ophthalmic solution of

(-)phenylephrine hydrochloride, 2.5%, which may be used as a mydriatic (page 1),

wherein the composition is to be stored at 20 to 25 degree Celsius (page 3). Akorn

does not teach the composition is stored at -10 to 10 degree Celsius, and also does not

specify the chiral purity of the solution before or after storage. Applicant’s Declaration

filed 19 March 2014 provides evidence that the chiral purity of R-phenylephrine is

maintained after 6 months of storage at -10 to 10 degree Celsius, but is not maintained

when the composition is stored at room temperature (20 to 25 degree Celsius).

Therefore, Applicant's Declaration is sufficient for demonstrating nonobviousness of the

claimed invention.

Any comments considered necessary by applicant must be submitted no later

than the payment of the issue fee and, to avoid processing delays, should preferably

accompany the issue fee. Such submissions should be clearly labeled “Comments on

Statement of Reasons for Allowance.”

Correspondence

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to BARBARA FRAZIER whose telephone number is

Exhibit 1002- Page 167 of 617



f� � �� �� RQQSN q� � �  RWY �� WRX
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Art Unit: 1611

(571)270-3496. The examiner can normally be reached on Monday-Friday 9am-2:30pm

EST.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, John Mabry can be reached on (571)270-1967. The fax phone number for

the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system. Status information for

published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.

For more information about the PAIR system, see httpflpair-direct.uspto.gov. Should

you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a

USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1909.

B. FJ

Examiner, Art Unit 1611

/DAVID J BLANCHARDI

Supervisory Patent Examiner, Art Unit 1619
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Applicationlcontrol No. App|icant(s)fPatent Under
Reexamination

i‘“030=77i WITHAM ET AL.

Examiner Art Unit

U.S. PATENT DOCUMENTS

* Document Number Date N , , ,

IZ—
Iflj—
Ij—
IItIj—
Ij—
Ij—
Ij—
Ij—
IIIj—
Ij—
Ij—
Ij—
Ij—

FOREIGN PATENT DOCUMENTS

* Document Number Date . . .
Country Cocle—Nurnber-Kincl Code MM-YYYY Country Name C|a35'f'CaT'0”

  

  Notice of References Cited

Page 1 of1

-_2‘—
-_2‘—
-—2‘—
_2‘—

NON-PATENT DOCUMENTS

 
Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)H

IAkorn, lnc., package insert for pnenylephrine hydrochloride solutionfdrops, athttp:ffdailymed.nlm.nih.gow'dailymedflookup.ofm?setid=o5c51d8b—b50b—4o77—9d55—f64o14b0d0e5, revised 09l'2011.

l
l
l
*A copy of this reference is not being furnished with this Office action. (See MPEP § ?D7.E|5[a).)
Dates in l\-'ll\-'l—YYYY format are publication dates. Classifications may be US or foreign.
US. Patent and Trademark Office

PTO-892 (Ftev. 01-2001) Notice of References Cited Part of Paper No. 20140819
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Applicationfcontrol No. Applicantts)/Patent Under Reexamination

Issue Classification 14080771 WITHAIVI ET AL.

Hllllllll lllllllllllllllll ll llllllll l :::::’:;W
CFC

Svm*=°'
A51 K 3? 2013-01-01

 
'|'|

 
 

 
CPC Combination Sets

Version

.fBAFlBAFlA FRAZIERE
Examiner_Art Unit 1511 Total Claims Allowed:

18
(Assistant Examiner}
DAVID J BLANCHARDH

Supervisory Patent Examiner.Art Unit1619 os.--'2or2o14 O.G. Print Ciaim(s} O.G. Print Figure 
(Primary Examiner) (Date) 1 N009

LS. Patent and Trademark Dlfice Part of Paper N-'3. 20140819
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Applicationicontrol No. AppIicant(s)IPatenI Under Reexamination

Issue CIa55I-ficafion 14080771 WITHAM ET AL.

Hllilliiilillilliliiliilllliill lllliiil lli ::::Z‘:;W

US ORIGINAL CLASSIFICATION INTERNATIONAL CLASSIFICATION

653

CFIOSS FIEFEFIENCE(S)

SUBCLASS (ONE SUBCLASS PER BLOCK)

EBAFIBAFIA FRAZI EFIE
E><amir1er.Art Unit 1611 Total Claims Allowed:

13
(Assistant Examiner}
XDAVID J BLANCHAFID.-'

Supervisory Pate-r1tExaminer.Art Unit 1619 08,520.-’2014 (JG. Prin1Ciaim(s} O.G. Print Figure

(Date) 4| ND HQ(Primary Examiner]
 
U.S.PateH1ar1d Trademark Of"iL;e Part of F’ape.'Nu. 20140819
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Applicationfcontrol No. App|icanl(s)!Palent Under Reexamination

Issue Classification 14080771

HllllilllllIJIUIIJIHIWIII ll l|||Hil IN :::;:|:e:«FRAZlE

WITHAM ET AL.

[I Claims renumbered in the same order as presented by applicant I] T.D. El FI.1.4?

W original
1I

x"EiAFi BAR!-\ FRAZI EFi:"

Examiner.Ar1 Unit 1511 I. Total Claims Allowed:

13
(Assistant Examiner)
,-"DAVID J BLANCHARDE

Supervisory Patent Examir1er.Art Unit 1619 08.-"2Crf2014 O.G. Print Glaimisj O.G. Print Figure 
(Primary Examiner} {Date} 1 NW9

U.S.Pa1cn1and Tradc"nark Office Part of Pr.-1per.\lo. 20140819

Exhibit 1002- Page 172 of617



f� � �� �� RQQSN q� � �  RXT �� WRX

Page 1 of 1
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lfnitcd States Patent and 'l‘r:1dcmaI'k (lificc
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AlcxaJ.1d1'i. . -'irgiuia 2.2313-I-1-SIJ
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BIB DATA SHEET

CONFIRMATION N0. 6889

SERIAL NUMBER F|L|Ng:A_o|_E 371(6) GROUP ART UNIT ATTORNBIIEE DOCKET
145080.771 11f14f2013 44830-701.201

RULE

APPLICANTS

Paragon BioTeck, Inc., Portland, OR, Assignee (with 37 CFR 1.172 Interest);

INVENTORS
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Applicationiconlrol No. AppIicant(s)iPatent Under
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BARBARA FRAZIER 
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S mbol Date Examiner
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Application No. Applicant(s)

_ , , _ 14i080,771 WITHAM ET AL.
Examiner-initiated interview Summary _ _Examiner Art Unit

BABBABA FFIAZIEFI 1611 

All participants (applicant, applicant's representative, PTO personnel):

(1) BABBABA FFEAZ.-'EFt. (3) .

(2) - (4):-

Date of Interview: 19 August 2014.

Type: IZI Telephonic I:I Video Conference
|:| Personal [copy given to: I] applicant I:I applicant's representative]

Exhibit shown or demonstration conducted: I:I Yes IZI No.

If Yes, brief description:

Issues Discussed |:|101 I:I112 |:l102 |ZI103 I:IOthers
(l"o1‘ each of the checked box( es) above, please describe below the issue and detailed description of the discussion)

Claim(s) discussed: 1-1'4.

Identification of prior art discussed: Shibini.

Substance of Interview
(l"o1‘ each issue discussed, provide a detailed description and indicate ifagreement was reached. Some topics may include: identification or clarification ofa
nefenence or a portion thereof, claim interpnetation, proposed amendments, arguments of any applied references etc...)

Examiner contacted A iicani's re reseniative Mr. Yan "A iicant" to discuss aiiowabie sub eci matter. Examiner

suggested amending the ciaims to inciude iimiiations regarding chirai guritz and storing the comgosition between -10
and 10 degree Ceisius. Aggiicant agreed to amending the ciaims as outiined in the Examiners Amendment of this
Office action.

Applicant recordation instructions: It is not necessary for applicant to provide a separate record of the substance of interview.

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of
the substance of an interview should include the items listed in MPEP ?13.04 for complete and proper recordation including the identification of the
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised.

|:I Attachment

iBAFlBAFlA FFIAZIEFU

Examiner, Art Unit 1611

US. Patent and Trademark Office

PTOL-413B (Rev. 8i11..-"20'l0) Interview Summary Paper No. 20140819
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UNITED STATES PATENT AND TRADEMARK OFFICE
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NOTICE OF ALLOWANCE AND FEE(S) DUE

__ _ _ _ J.-1;.-\I's-I_11\' J.-IR2155']. .590 "J9-"fJ'3;"3Ul=l-

WILSON, SONSINI, GOODRICIl' & ROSATI t-I{A'7I-‘ {. B.=\12FlA_1A 3
(550 mom MILL ROAD

PALOALIO, c'A94304~mso  
161i

|)A'i'l-L NIAII _-l-1'-l): (I|_‘)."(}_’.-r'2()l-4

 zL’l’Li.(_'A'l.'1f_)_\' _\io_ 1-'Las'1' _\4.-Lv1J_-;L) J_\'vJ_-;\n'oI< .r\.'I"i'(_)}.«LN'J_-"_( D0(_‘.K_i_"'I' _\'r_a.
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TIIE APPLICATION IDENTIFIED ABOVE IIAS BEEN EXAMINED AND IS ALLOVVED FOR ISSUANCE AS A PATENT.
PR E , JTI TIIE MERIT I I. I'll). THIS NOTICE OI" AIIOWANCE IS NOT A GRANT OF PATENT I-IIGIITS.
THIS APPLICATION IS SIfB.IE(.".T TO W'ITIIDRAW'AL FROIM ISSUE AT THE INITIATIVE OF TIIE OFFICE OR UPON
PETITION BY THE AI’I’I.ICANT. SEE 37 CFR 1.313 AND MPEI’ 1308.

TIIE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID ‘WITHIN THREE MONTIIS FROM TIIE
MAILING I)/\’l”E OF THIS NOTICE OR THIS /\l'l'I.lCA'l‘ION SHALL BE REG/\RI)EI) AS ABANDONEI). THIS
STATl.‘TORY PERIOD CANNOT BE EXTENDED. SEE 35 [J.S.C. ISI. TIIE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS

l-'l{EVIOUSI.Y IIEEN PAID IN TIIIS APPl.ICA'l‘ION (AS SHOWN ABOVE), TIIE RETURN OI’ PART II OF THIS FOI{M
‘WILL BE CONSIDERED A REQUEST TO REAPPLY TIIE PREVIOUSLY PAID ISSUE FEE TOVVARD TIIE ISSUE FEE NOW’
DUE.

 

HOW’ TO REPLY TO THIS NOTICE:

I. Rcvicw Ihc ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MI(.‘R( ), verify wl1cll1c1' entitlement to that
entity stams still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE SIJOWII above.

If the HN'l'['l'Y S'i'A'l'LJS is changed from that shown above, on l-‘ART R — l~'Hl-i(_S) '|'l{_f\NSMl’|"l'/\l ., complete section number 5 titled
"Change i11 Entity Status (from status indicated above)".

For purposes of this notice, small entity ices are lI"2 the amount ofundiscounted fees, and micm entity toes are N2 the amount ofsnlall entity
fees.

ll. PART B — l-5|-El-f(S) 'l'RANSM['l"l'/\l.._ or its equivalent, must he completed and returned to the United States Patent and Trademark Office
(USI-”['O_) with your ISS U I-I l~'l-II-E and PUBI .lCA'l'[Oi\' I-5|-El-I (if required). lf yo11 are charging the fee(s) to your deposit account, section "413"
of Part B - l-’ee(s_) Transmittal should he completed and an extra copy of the iorm should be submitted. lf an equivalent of Part B is filed, a
request to reapply a previously paid issue tee must he cleariy made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

Hi. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUI E l 7] ill unless advised to the contrary.

lMPOl{'l‘AN'I‘ Rl£MINI)l£R: Utility patents issuing on applications filed on or after Dec. 12, 1930 may require payment of
niaintenanee tees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.
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PA RT B - FEE{S) TRA NS M lT'[‘A] .

(Tiimplcte and send this form, together with applicable [‘ce{s}, tn: Mail Stop ISSUE FEE
Cnnimissioncr for Patents
P.O. Box 1450

Alexandria, Virginia 22313-'l=l.5tl
nr [313 (571)-273-2885

l.N.‘-}'l‘R!.'[7'l'l[)i\'S: This Ftirin slmiild he used for lfE1]'|HI1'Il11lIig the [-35 .'I1'- l 'F and I’l.'l3].-ICA'J‘IOI\l l-"I-I3 [_if_i'eL1uircEl','I. l3l<:(‘l{s 1 throtigll 5 should be CCFI'l'|pl.("l'I:‘Cl when:
zip roprizite. All Further c.oi'nc..sp0iide.iic.c including the. 1-‘zitcnt. 21.(1\'.'].I’1t'.t‘. ortlcrs and nolificulimi of 1'l].'.llE|lt_‘lltI]‘lL‘..'_‘. lei:-3 will bi: mailed to the ctrrmni curi”espr_intieni:e ztddress ‘£15
il1(l('fllt‘d unless (50i.'l't'(.'lL'Ll below or dirmcto-1 othL‘rwis‘e in Block 1. by (211 s1:iCi'ii}-'ing El new -;‘0i'rc:=spondenCc eiddrcfifi; and.-"0I‘ (bl tndictitiiig EL separate "l"li-E A[ll)RI5-HS" fort'|'Ia.iTII.':‘.TIuT|Ct‘ lee ntitil‘ic:itimJs.

Nt'JlL'-I A certificate Lil" |TI.<‘1illI1fl can only be used for tlU‘1'l1t‘.SllE‘. .1Tl£I.illl‘lgS rat‘ the
Frets} ']'rzinsinittat|. This cei‘tiliL‘nte cannot be Ll.‘it"(l for any other uccmnpatnying

C1-'RR3V[' CORRE-3l’0NJ33‘lC'EADDRESS "NW0: U58 31"?-£1 "01" My Chfingc 0|'add.'=xs;- tapers. l'lar.'h ziddiliollal pztpel‘. such as an 2l.SSl$J'L]_'l'ICI1l m‘ l'orm:aJ i:lr2iWing. iiiiist
have its own cci'lil'iciItz: 01' mailing or |.l'£lIl.‘i1'l'l.l.‘i::i10Il.

Ct'l‘lifitfll1\ of Mailing or Transnlissinn 
1" 97' 39” {'L’”m'f:m '4 _ I 11:31":-lay ix,-itit‘ - that this l-":;ets,I ']‘i'£tii3rniitail is l‘It'.'lllg ilepnsiteil Willi the United

Vl’ll.SON. SONSlNl, G0Ol)RlCH & Rl )5/\Tl Sgares l’i:(rjsta.l -S:Jeli'vii\.-3: tilt-'i|g$1 ii§IstJ‘.igcct['tIi‘ first #3155 Hlttilblll 21l1tcl.lV"L‘.lO_‘IC- — it ress-e to e . eii . to: >.‘\‘ J 2' £3 at ( ees 3. VC. 0]‘ eing ‘acsirni e
630 P/\(—7F' Null‘ R0" D trzinsmjtted to the USPTO {£71 ) 211-2885. On the date indicated below.
P/-\T.O /\I.T(_), ("A 04304-l05(]  

 

  

 

 

 
(L)cpu¢sirn:'s i.i.':u.ii_-._)

 

 
.-5iPPT.'K"ATTfJN' NT}. FTI .T\'(F TJATF ‘F-'[R."-:'J' l\'.¢\|\-"'F.'l) |'\l'\-’l7.l\"J'('JR .¢\'J"|"|.")R\l'FY T)I{ )( IKI ['1' Ni ). (.'()N'| -'l RM.-\'|'T( )|\' V0.

633‘)l4;'tJti(l.'f'fi I I! "J =lf2I'.J'l 3 l’titri:;k H. Wirhatm 44IS3D-'r'U1.2U1
'i‘il‘i.J'i- Oi" l.\'\-"E-.'N"I'l0.\': .\«*lE."l'll()DS ANTI) C()|\-‘ll-‘()Sl'|‘IO|\'5-3 01-' S'l‘Ali~| .E Pl-ll E-|\'Y| .-l3P| IRIINE IURX-TL_l.-A']'|ONS

E|\"J'['_"i'S'J',-\'l"'l.|."s 1.'s'.~;i:Ei-isEnr._.‘J-; Pi.IisLii:.-xi'io_\Ii-'i=.Eum-; PR|EV.t’A[|)1r3ST_.t:t' 't'OT.-\LF]-;Eu:[S'iD1;I; ::.CEi:ai;n-;
I1Ull[Jl'U \-‘i siutuil 5 MA LL $4 80 $0 30 $4-tit} ’2.:'t}3.-’;-‘.(}l 4

EX_AM[l\'El( ART UNIT CJ .ASS-SIIJSCL.-\ >353

I-'l<AXll-1'-R. H.¢\l(l3A|{.¢\ S ifill El-—l~6.‘i3{JtJO

 

 

l. Chaiiige of cnirespoiicleiice aciclress or iiitlicalioii of ''Fee Ai:lcli.‘cs.s" (3.7
C1'R1.363}.

D (fliainge [)1-t_'tlt'I1‘I:‘.‘§pL‘I]'|t.lI:‘I1t.2C address t'_(ii' (Ihatnge of t.‘tit'resp0nLlenL'eAddmss torm P'l‘O.-‘SH.-‘l'2'7} attached.

D "Ike Address" indication (or "Fee ;\dtlrc:“~.s" lrid_iCatim1 lbrrn
l’_'ll(Ji".‘s‘l-EH7: Rev 03-02 01' more recent] uttziuhed. l.se1Il' ii f.‘.usI.0iIiI:r
hiimber is required.

2. Poi‘ printing on the patent lrriiit page. list

{1} The i.i:mii‘s-nfup lf.I3l.Ugi§it?[‘E.t1pfllCIl[ 21ttoi'iieyt-s 1 — — — — — — — — —
or agents UR. iilrenitltii-'cly.

(2) 'l'hi': name of a single firm ijhuving as ii mi':inti<:i' a 2registered attorney or agent) and the iianiiss 01' up to
2 irgistered 1‘.Ia.l.L‘IIl zittm'ni:ys or agents. If no name is 4
listed, no ll‘.-l]‘[]C will be printed. 

3. A-9s'S|L'i|\l-1'-l-. |\A|\1[-.A.\'|J Rt-.S[lJl-.N(‘.l-3 |)A'l'A TU J31-.|’RlN"l'l-1'-IIJUN l'l-lI1'- l‘.-’\'|'lEl\ |' l'p1'il.ll E)rl}'11t.‘,:l

l-’J'.|".'.-\Si-.' 51'0"] 'l 2': lfiiless an ztssi net is identified below. i’1_(_.) assigiice. data will (I[Jp{_‘_4'I].‘ on the patent. If an assignee. is identified below, the clot.-.Linit-.nt has been liled for
rewrdutioizi as set forth in 37" Cl‘ 3.11. Completion 01' this L01'.1'l] is NOT :1 SUl‘Jfilllt.lIt.' lor lilmg an as-5-igrrmeiit.
(A) NAME. OF AS-.‘.~iI(_"r_\_.]',I'L (B) Rl'$SI|)EN CE: tCI'|‘Y and .‘-}'l'A't‘E OR (I()U.'\'TR Y)

Pl.t‘tl3C clicek the appropriate eissigiiee caitcgtiry or ettlegories ( will not be printed on the patent) : 1.] Individuiil U COl‘p0|‘£lliOIi or other private group entity '3 C}r.n-‘Ir:-iimiznt

4a. "the following facts) are submitted: -—‘l|‘i. I-‘aiynieiit of l*'L-e|[s}.' [Please H1151 it-::ppl_v any pr'ievioii.<.ly paid issue lite shown above}
1:] Issue I''&;'.; j A client]; is enclosed.

D l’tll'Jllt.":ll.l01‘l Fee (No sin:tlJ entity disrutint perinitted) 3 l’aiyinenL by credit t'ttl'd. F()fIu l"l"()—203Ei is uttatched.
1] Advainee Order — #oi'(.‘upie.s _ _ _ _ _ jThe Dilteclol‘ is ht-rub}-' tlLlll'lt)l‘l£.CCl to charge. the l'L‘|.]_lJl.l'CCl feels). any Clelicit-iiC}’._ 0|‘ L'l‘€_Clil.‘- anytl\-'L"l‘pt1_§"l'I'|t‘I1l'. to ileposit Account _\'umher_ _ _ _ _ (eiirlus-c an extra mpg-' nt this form ,1.

5. Clitnnge in Enl.il._\' Slnlils {li‘oi1‘i F5ltI|.llS l]1Cllt'£tI.C.tl anhoirtfi

1:. Airrplicant trertil}-'ing 11'I.il'l't) eiitit)-' status. See 37" Cl"R 1.29 N0" E-L: Absent a vztlid coi'tifit'utlon of Micro lintity Status; [sec forms l-"l'OJ'5Bi'l5A and 15B). :l.s.‘J1.lL‘
i'e-L" paiyinent in the IlIlL'l'U entity ttnmunt will not be 2tu.;eptL't.1 at the ll.‘§lL vi a[.i[.:lit'2iliuii Ell.2|4‘tlJt.l(.J].li'I‘lC].ll.

J 1-'\[.'![.'!llCuJ.ll' asserting .‘tI].l{ll1L"nl.l[}-' status. See 3? CFR 1.2? N011-L: if the appiieiitityn tears pi-eirir-list}-' Linde_i' iiiici'o_entit_v stattus. rherlcing this bnx will be takenin be 21 ntittficutton of loss of entitlement to tT].lL'I'O L‘.nt'tt3-' status.

3 z'\[.)pl.it‘:'IiII'Ci'].«'ti1lgilIg to rrgulai‘ Iinclisrniintetl ten: status. \'tJ'|'|": (_".he(‘kjng this box will be taken to be it notiticattion of loss of en titleincnt to small or micro
en tity status, as zippl it'u|\le.

NO'J‘[-L: This liirin must he signed in iict‘iii'dz1nL'c with 37" C‘.Fl{ I51 and L33. Sec 3'? (.‘.FR 1 .4 for sisneiturc Tt‘.t LiirL‘rne.iJIs and (crLifii‘.iiti<)ii.s.  

.-'\Lll.ht‘Jl'lZ{_‘.El -Sign :ll.1.l].‘.'_‘. _ _ Ditto.

Regisi ration Na.T)-'[.KJtl or pJ'iutL'il I12L[Ilt' _

Page 2 of 3
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UNTTl:'.l) 5"l.'g\'1']1‘.‘3 UHF ARTD-'.LE.\"l." OF CIfJ_\1,\-'lL'RC]:'.
l.'nih:d St:11(-'8' Patent and 'I'rm‘IcII1:1l‘k Uffiitn‘
.-\ddI:.<:s.' C-."0l\a'l..\-'l’_'S.'?§l'U_\'l'_.l.{ l-UR l.:'A'l.'lEl\"l'S

_‘.U. JJ.'I.\' 1-'l.‘—3[.-
.‘\.'o.\':.rJ-iriii, Vilgixiln :23 I'5-1450'5'\\"‘§'.l‘:'P'a'5.8|JV

 
 APPLI(.‘AT]tIJ_\’ _\‘:::. Ems-I _‘~J_»1_\»1 :1rm;_\'-rok AT'J'('JR_|\|JEY uor.'icE-'1' N0. (IO_'\'|’]'.'l\’_\rIA't'tt'J_\i NO.

14;oso.7?1 1 If]-tilt] l 3 l’aIriel«: H. William +te3o—?tJ I .201 sites

219:1 ma oc.m~.~ol4
W] l .SON_. SONSINI, GOODRICH & ROSATI 1~'i¢.-\'.inzR_ s.-xins,-xiex -s
650 PAGE l\/IILL ROAD

PALO ALTO. (TA 94304-1050 - " 
I‘il_|

]).'—'L']'|'.l\.'|.’\ .]".D: l}9t'E}_3a'2(}l~l

Determination of Patent Term Adjustment under 35 U.S.C. 154 (1))

("Applications filed on or alter May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment. (PTA) calculation with the Notice of Allowance.

Section 1(_h_)(_2) of the ATA Technical Corrections Act amended 35 U.S.C. 'l54(b)(3)t:B)(i) to eliminate the

requirement that the Office provide a patent term adjustment determination with the notice of allowance. See

Revisions to Patent Term Adjustment, 78 Fed. Reg. 19416. 1.9417 (Apr. 1, 2013). Therefore, the Office is no longer

providing an initial patent term adjustment determination with the notice of allowance. The Office will continue to

provide a patent term adjustment determination with the Issue Notification Letter that is mailed to applicant

approximately three weeks prior to the issue date of the patent, and will include the patent term adjustment on the

patent. Any request for reconsideration of the patent term adjustment determination (or reinstatement of patent term

adjustment) should follow the process outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of

Patent Legal Administration at (571)-272—?7U2. Questions relating to issue and publication fee payments should be

directed to the Customer Service Center of the Office of Patent Publication at l-(888)—786-0 10] or (571)-27242.00.

Page 3 of 3
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and
Budget. approval before requesting most types of informatio11 from the public. When OMB approves an agency
request. to collect. informatio11 from the public, OMB ti) provides a valid OMB Control Number and expiration

date for the agency to display on the instrument that will be used to collect the information and (ii) requires the
agency to infor1n the public about the OMB Control Number‘s legal sig11ificance i11 accordtmce with 5 C1-"R
l32U.5(b).

Tl1e information collect.ed by PTOL-85 Part B is required by 37 CPR 1.311. Tl1e information is required to obtai11

or retain a benefit by the public which is to file (_and by the USPTO to process) an application. Confidentiality is
governed by 35 ll.S.C. 122 a11d 37' CPR 1.14. This collection is estimat.ed to take 12 minutes to complet.e,
i11cludi11g gatl1eri11g, prepari11g, and submitting the completed application form t.o the USPTO. Time will vary

depending upon the individual case. Any comments on the amount of time you require to complete this form

andfor suggestions for reduci11g this burde11, should be sent to the Chief 111formatio11 Officer, ll.S. l’atent a11d

Trademark Office, U.S. Department of Commerce, PO. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SFNI) FF.F.S OR COMPI.F,TF.I) FORMS TO TIIIS AI)I)RF.SS. SFNI) TO: Commissioner for Patents, P.O. Box

1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to

respond to a collection of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1.974 (P.li. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a pat.e11t. application or pat.e11t.. Accordingly, pursuant. to the

requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(_b)(2-)2 (_2) furnishing of the information solicited is voluntary‘, and (3) the principal purpose for which
the information is used by the U Patent and Trademark Office is t.o process andfor examine your submission

related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able t.o process andfor examine your submission, which may result i11 termination of
proceedings or abandonment. of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (_5 USC. 552) and the Privacy Act (_5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is required

by the Freedom of Information Act.
2. A record from this system of records may be disclosed, as a routine 11se, in the cot1rse of presenting evidence

to a court, magistrate, or administrative tribunal, including disclosures t.o opposing counsel i11 the course of

settlement negotiations.
3. A record i11 this system of records may be disclosed, as a routine use, t.o a Member of Congress submitting a

request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, t.o a contractor of the Agency having

need for the information in order to perform a contract. Recipients of information shall be required to
comply with the requirements of the Privacy Act. of 19714, as amended, pursuant. to 5 U.S.C‘.. 552a(m).

5. A record related to an International Application filed u11der the Patent Cooperation Treaty i11 this syst.em of

records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, p11rsuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review 35 U.S.C. 18]) and for review pursuant to the Atomic Tznergy Act (42 USC.
218(c)).

7’. A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or hisfher desig11ee, during a11 inspection of records conduct.ed by GSA as part of that. agency's
responsibility to recommend improvements in records management practices and programs, under authority

of 44 U.S.C. 2904 and 2.906. Such disclosure shall be made in accordance with the GSA regulations

governing inspection of records for this purpose, and any other relevant [i.c., GSA oi‘ Commerce) directive.
Such disclosure shall 11ot be used t.o make determinations about. individuals.

8. A record from this system of records may be disclosed, as a routine use, t.o the public after either publication

of the application pursuant to 35 U.S.C. l22(b) or issuance ofa patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject. t.o the limitatio11s of 37 CPR 1.14, as a routine use, t.o the public if the
record was filed i11 a11 application which became abandoned or in which the proceedings were t.erminat.ed

and which application is referenced by either a published application, an application open to public
inspection or an issued pate11t..

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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PATENT

Attorney Docket No. 44630-701.201

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Application of: Group Art Unit: 161 1

InVentor(s): Patrick H. Witham, et al. Examiner: Frazier, Barbara S.

Serial No.: '1 4,«’080,?'7l Co'nfirmat'io'n No.1 6889

Filed: November 14, 2013 Customer No.: 21971

Title: METHODS AND

COMPOSITIONS OF STABLE

PHENYLEPHRINE

FORMULATIONS

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

NOTIFICATION OF CHANGE IN ENTITY STATUS

Sir:

Please be advised that it was discovered. that the small entity status was established in error.

In accordance with the requirements of 37 C.F.R. §1.2?'(g)(2)_, Applicants hereby notify the U.S.

Patent and Trademark Office that the above-identified application is no longer entitled to small

entity status. Please change this application status from small entity to large entity status.

Applicants provide an itemization of fees and the deficiency payment as outlined on the

following page.
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U.S. Serial No. l4i"080,77l

Cliange in Iintily Status

Deficiency Payment

Attorney Docket No. 44630-701201

Description Date Paid Small Entity Fee Paid Large Entity F66 Deficiency Owed

Prioritizcd Exam 07f28;-"2014 $2,000 $4000 S2000

RCE 07028;-‘"2014 $600 $1200 S600

Utility Filing Fee ll;-"1 5,3201 3 $70 $280 8210

Utility Search Fee ll;-"l 5,3201 3 $300 $600 8300

Utility Exam Fee 1 1;-"l 5,3201 3 $360 $220 8360

T‘"‘‘°]‘ 0'“ 11;-"15f20l3 $2000 $4000 82000
Request Fcc

TOTAL ANIOUNT OWED: $5,470

The Commissioner is authorized. to charge the above fees, and. any additional fees which

may be required, including petition fees, or credit any overpayment to Deposit Account No.

23-2415 (Docket No. 44630-70'] .201).

Dated: September 9, 2014

650 Page Mill Road

Palo Alto, California 94304

(650) 493-9300
Customer No.: 21971

662?438 Ldocx

By:

Respectfully submitted,

WILSON SONSINI GOODRICH & ROSATI

HS/lichael Hostetlerr’

Michael J. Hostctlcr, Registration No.: 42.664
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Electronic Acknowledgement Receipt

Application Number: 14080771

International Application Number:

Confirmation Number: 6889

Title of Invention: METHODS AND COMPOSITIONS OF STABLE PHENYLEPHRINE FORMULATIONS

First Named |n\rentor..-‘Applicant Name: Patrick H.Witham

Customer Number: 21971

Michael J. Hostet|er!Linda Anders

Filer Authorized By: Michael J. Hostetler

Attorney Docket Number: 44630-701.201

Receipt Date: 09-SEP-2014

Time Stamp: 14:29:39

Application Type: Utility under 35 USC i11{a)

Payment information:

  
  

  
      

 
 
  

 
 

  
   

Submitted with Payment no

File Listing:

Document . . . File Size(Bytes)..-‘ Multi Pages

Number Document Desmpuon me Name Message Digest Part ..-‘.zip (ifapp|.}

44630 701 201 94632
Miscellaneous Incoming Letter _ - _ 2

  
 

entitystatuschangepdf 94r'd‘."}38lbUJ l:lU<.U .-'L‘.’r'2 .-'l.M.'UJUU ll"; 22lJtl
|dc9

Warnings:

 
 

Information:

EXh1'bTt“r€r02—PagE“r840f6‘17
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Total Files Size (in bytesll 94632

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,

characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

lfa new application is being filed and the application includes the necessary components for a filing date {see 37 CFR

1.53(b)-{d} and MPEP 506}, a Filing Receipt (37 CFR 1 .54} will be issued in due course and the date shown on this

Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCT.+‘D0lE0l903 indicating acceptance of the application as a

national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

lfa new international application is being filed and the international application includes the necessary components for

an international filing date {see PCT Article 11 and MPEP1810), a Notification of the International Application Number

and of the International Filing Date {Form PCTIROI1 05) will be issued in clue course, subject to prescriptions concerning

national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of

the application.
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Electronic Patent Application Fee Transmittal

Application Number: 14080771

Filing Date: 14-Nov-2013

Title of Invention: METHODS AND COMPOSITIONS OF STABLE PHENYLEPHRINE FORMULATIONS

First Named lnventormpplicant Name: Patrick H.W‘itham

Filer: Michael J. Hostetlerflennifer Vail

Attorney Docket Number: 44630-701.201

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Sub-Total in

Description Fee Code Usms} 
Basic Filing:

Pa ges:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-AIIowance-and-Post-Issuance:

Utility Appl Issue Fee 1501 - 960
Extension-of-Time:
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 MS"3'33§I""
Miscellaneous:

Total in USD (S) 960
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Electronic Acknowledgement Receipt

Application Number: 14080771

International Application Number:

Confirmation Number: 6889

Title of Invention: METHODS AND COMPOSITIONS OF STABLE PHENYLEPHRINE FORMULATIONS

 

First Named |n\rentor..-‘Applicant Name: Patrick H.Witham

Customer Number: 21971

 Michael J. Hostetlerflenriifer Vail
Filer Authorized By: Michael J. Hostetler

Attorney Docket Number: 44630-701.201

Receipt Date: 10-SEP-2014

Time Stamp: 13:24:27

Application Type: Utility under 35 USC111(a)

Payment information:

Submitted with Payment yes

PaymentType Deposit Account

Payment was successfully received in RAM 5960

RAM confirmation Number 7204

Deposit Account 232415
 

Authorized User

File Listing:

Document File Size(Bytes)l' Multi Pages
N b Document Description Fi|eName _ _ _ _ . _ _ . f I}um er .1 n W 3f""-’.'o- 390 iii ' app‘
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159485

1 Issue Fee Payment [PTO-85B) 44630-701-201_|ssueFee.pdf no 13:15aaenaeaa1‘.¢3‘faeha98fifi01edfcri 5 3':'feTe
3cl8F

Wa rn i ngs:

Information:

30??1

2 Fee Worksheet [SB06} fee-‘Info.pdf no 2fl'J'fiI.’)i':oi'>T*'-JI'IS' R-'|:":fidrI cl ’}l'I.=I'I955-‘I-1 3:175 99
‘.’r'lJ‘.’1 b

Wa rn i ngs:

Information:

Total Files Size (in bytes) 190255

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,

characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

lfa new application is being filed and the application includes the necessary components for a filing date {see 37 CFR

1.53(b)-{d} and MPEP 506}, a Filing Receipt {37 CFR 1.54} will be issued in due course and the date shown on this

Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCTlD0)'E0!'903 indicating acceptance of the application as a

national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

lfa new international application is being filed and the international application includes the necessary components for

an international filing date {see PCT Article 11 and MPEP1810), a Notification of the International Application Number

and of the International Filing Date {Form PCTIROI1 05) will be issued in due course, subject to prescriptions concerning

national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of

the application.
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PATENT

Attorney Docket No. 44631}-701.201

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Application of: Group Art Unit: 16] 1

|'nve'nto'r(s): Patrick H. Witham, et al. Examiner: Frazier, Barbara S.

Serial No.: l4f080_.7?'l Confirmation N0.: 6889

Filed: November 14,2013 Customer No.: 21971

Title: METHODS AND

COMPOSITIONS OF STABLE

PHENYLEPHRINE

FORIVIULATIONS

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

SUPPLEMENTAL NOTIFICATION OF CHANGE IN ENTITY STATUS

Applicants provide a supplemental itemization of fees in furtherance of the Notification of

Change of Entity Statu.s filed. September 9, 2014. The additional deficiency payments are outlined.

on the following page.
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U.S. Serial No. l4:"080,7?l Atlornc‘-y Docket No. 441-630-701 .201

Cliangc in Iintily Slalus

Deficiency Payment

Description Date Paid Small Entity Fee Paid Large Entity Fee Deficiency Owed

Processing Fee 11;’14;-"20 l 3 $70 $140 S70

Processing Fee 07;’25;-"2014 $70 $140 S70

TOTAL ANIOUNT OWED: $140 

The Commissioner is authorized. to charge the above fees, and. any additional fees which

may be -required, including petition fees, or Credit any overpayment to Deposit Account No.

23-2415 (Docket No. 44630-70'] .201).

Respectfully submitted,

WILSON SONSINI GOODRICH & ROSATI

Dated: September 10: 2014 By: :’Michael Hostctlcrf

Michael J. Hostetler, Registration No.: 47,664

650 Page Mill Road

Palo Alto, California 94304

(650) 493-9300
Customer No.: 219?"!

6632249 Ldocx 2
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Electronic Acknowledgement Receipt

Application Number: 14080771

International Application Number:

Confirmation Number: 6889

Title of Invention: METHODS AND COMPOSITIONS OF STABLE PHENYLEPHRINE FORMULATIONS

First Named |n\rentor..-‘Applicant Name: Patrick H.Witham

Customer Number: 21971

Michael J. Hostet|er!Linda Anders

Filer Authorized By: Michael J. Hostetler

Attorney Docket Number: 44630-701.201

Receipt Date: 10-SEP-2014

Time Stamp: 17:06:59

Application Type: Utility under 35 USC i11{a)

Payment information:

  
  

  
      

 
 
  

 
 

  
   

Submitted with Payment no

File Listing:

Document . . . File Size(Bytes)..-‘ Multi Pages

Number Document Desmpuon me Name Message Digest Part ..-‘.zip (ifapp|.}

44630 701 201 92??2
Miscellaneous Incoming Letter _ - _ 2

  
 

entitystatuschange2.pdf 2‘.’UuI bclhr;afl:l9(JUclnn5cLn"c.-'nLs2l:l I .-'4 I I L9
5 Tfide

Warnings:

 
 

Information:
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Total Files Size (in bytesll 92772

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,

characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

lfa new application is being filed and the application includes the necessary components for a filing date {see 37 CFR

1.53(b)-{d} and MPEP 506}, a Filing Receipt (37 CFR 1 .54} will be issued in due course and the date shown on this

Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCT.+‘D0lE0l903 indicating acceptance of the application as a

national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

lfa new international application is being filed and the international application includes the necessary components for

an international filing date {see PCT Article 11 and MPEP1810), a Notification of the International Application Number

and of the International Filing Date {Form PCTIROI1 05) will be issued in clue course, subject to prescriptions concerning

national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of

the application.
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UNl'l‘l;‘D S'1‘A'ms PATEN '1‘ AND TRADJ-;MARl§ Ol~‘141(‘.J;‘
U_\'l'l‘]1‘D S'l‘A'1‘]1‘S D]1‘PAR'l‘l\-1E_\'T UF (_7(_)M_\1_ER CE
lfnitcd States Patent and Trademark ()l‘t‘icc
Aclclmss: (.‘()|\-'lNI[SSl()Nl-LR l"()R l’x\'l'l-'.N'J'-S

PD. Box 145-3-
AlE.\'r]Y|(II'l'.l, '\-"irt-,ini'.I. 223l.'i-I-"150w w w . lls'[I|.< J. g: n-

APPLICATIEIJN NO. ISSUE DATE PATE_\"I NO. A'I‘I'lIJR\‘EY DOCK CO_\'E'lK\'T_ATIO_\_ NO.

 
 

I-1f080__7'7 "J "J 07'] 4f20'J 4 8859623 =l4f:30—'70 I .20 I 688.9

2l.97l 7590 [JSl:"24.C'i]l-1-

W'lT.SON, SONSTNI, GOODRICII & ROSATI
650 PAGF. Mll J. ROAD

PAIL) ALTO, CA 94304-1050

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)

(_application filed on or after May 29, 2000)

The Patent Term Adjustment "is 0 day(s). Any patent to issue from the above—'ident'ified application will include

a11 indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed iii the above-identified application, the filing date that

determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtai11 more detailed information by accessing the Patent Application Information

Retrieval (PAIR) WEB site (http:77pa'ir.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the

Office of Pate11t Legal Administration at (_57'l')-272-7702. Questions relating to issue and publication fee

payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management

(ODM) at (571)-272-4200.

APPl_.lCANT( S) (Please see PAIR WT-fl} silc hllp:i’i’pai1‘.11splo.g()\* for additional applicants):

Paragon Bioleck, lnc., Portland, OR. Assignee (with 37 Cl~‘l{ 1.172 lnterest);
Patrick H. W'ilham, l7.ugcnc, OR;
Sailaja Macliiraju, Bcav'erlon, OR;
l.aurcn lVlael<c11sic—Clarl< Blucll, l\/lilwziilkic, OR;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location

for business "investment, "innovation, and commercialization of new technologies. The USA offers tremendous

resources a11d advantages for those who invest a11d manufacture goods here. Through SelectUSA, our nation

works to encourage and facilitate business "investment. To learn more about Why the USA is the best country in

the world to develop technology, manufacture products, a11d grow your business, visit SelectUSA.gov.
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 DESCRIPTION:

Phenylephrina I-I)-dzochlmids Ophthalmic Solution, USP is u vu.s0uumLr.ic1or and mydriatic For use in nphflialmolc-gy.Phc:1yLcphrinc Lu:
synthelic sympathamimatic compound sirucmmlly simflfir to R'.pi1'|l’.]')|‘J!"lZIE and e.phedrLne.Ph:11ylep]'u'i.'1e llydmcltloridc Ophthalmic
Solution is supplied 5.9 a sterile topical ophtltalmir: .50l'LLIiD’:1.T|1l: ncive ingredient, phenylzphrine. hydrochloride is represented by thechcnijcal structure:

C31‘! | _\N-{)2-HC1 Molemziar welglilt 203 .67

 
ESTJKBLISHED .\'AM.I:.': 1-'l:enyIcph.ri.ne H3 drochloridc

CIHEMECAL NANIE: [—}.-n—Hyr:lro:ny-rL- [:[r.11:'Lhy]—¢r.:|'1i._:1o)n'*.c:1.l13.rl] bcnzyl alcohol ;1}'druc|:1:>riclc
Each ml. LII solution mnmjns:

Adlvc: Phenyleplirine Hydrochloride 2.5%. lnactlvcs: Sodium Phnsylnle Dibaflilli, Sodium Phosphate Monobasitz Sodium Hydmxide I
nndfur Phosghoric Amid Jnay he added to adjus‘. pH(4.I)1o 7.5], and P1u'ifin.-.d Water USP. ‘Presen'a.tl'Ve: Benznlkonium Chloride l.I.J mg
[U.Ul"/o).

CLINICAL PHARMACOLOGY:

Phcnylephrine Hydmchlaride Ophthalmic Solution is an alpha mceptot syrnpalllelic agonisl u.5¢d in local ocular disorders because of itt
vmocons1:rI.'c1m- and Hrydriaziu action. It erahibits rapid and moderately pmlungod action, and it produces Little rebound \'DSDdil.II‘.l.<}n.
Systemic side effects are unoomrr.rm_

Alzhcrugh rare, sysizrnic uhfiahrpliml of sufficient quantities ofphcuylu.-phriuc may lead to systemic u.—adrenc:-gic afcm, such as a rise in
blood pressLrv: which rnny he acmmpaniodbya reflex atropine-sensitive lzradyoardim

lNDlCAT|OP-IS AN D USAGE:

l’l'u::1y'.eph1'ini=. H3-Liruruliloride Dphlhal n'.ic Solution is runurrrrzlclzdod :2: a vasocnnslrictm, dccnngcsiant. and mydrial in in a. variety of
ophthalmic condizinns and procedures. Same uf its uses am for papillary dilation in Lwcifis (to prtwmt or min‘ in the disruption of posterior
synnchia f:r1'i-rlatimr), for mmy ophthalmic surgical fJI!!Cl'lZlLE|'l'4\i and I'm refraction without cyc1oplcgia_ Phtzrtylcphrine Hydrochloride
OF|hLl;a]1niL: Fiolulinn may also has used R.-7 funtiuscopy 1=_11I.l U'.l'.F.| disgnosfit: procedures.

OONTRAINDICATIONSI - I
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Oglhtlialznlc solutions ofphcnylcphrlne hydrochloride Em: contraindicated in puti.e;r.ts wild: unulomiwlly :1a:r-uw angles or narrow angle
glaucoma. Phenylephrine hyflrochhmde may bu.‘ contraindicated in low birth weigh‘. infants and in some elderly adults wi‘h severe
arteriosclarmic cmdiovascular or oerehrovascular disease. Pl1CD}'lEp.l1J'l.|1l!. hydrochloride am}: he {'.lZIl2|'l.'l'-E‘.lJ".l‘ll(!E‘.Cll during 'inr‘r:uI..'ulL1r
operative procedures when ‘U1: corneal epit.hclia.l ba.rri::r has boon I'.‘ll.‘itL1Il!l.‘d. 'l‘hLs preparation is also oontrgiiodicoled Ln persons with o_
known sensitivity to phcnzrlephrine hydrochloride or any ofits camponcnu

WARNINGS:

No‘. for l.Dl.1'-':l0C'd.l€l.l use. As wi.'l.l:1 other adrenergic drugs, when Fhenj-Ilephrine Hydmchlrrride Dplrfltalmic Solution is aclrninistnrod
sirnullunouualy wiU1, or up to 1!! days after. ndlriclstration of monnomitre oxiclase (M.i\O)it1hihitar.='., careful supervision and adjusunent
of domges nre required Sl.1]l'-I.‘ exnggentlocl Iidronurgin: I:t':"u:‘._°. my raiulL T113 prasonr re.spons.e of adrenergic agents may also he
potcntiated by trlcyclic antidsprcasarlts. Syatciniu aid: cffit-3L9 an‘. more common on patients tnlring beta adrerlergio hincking agents such
as p1'op1'Bnolol_ |.'_‘onco:|1:'u1nI use of pl:II:nyleph:'i.rII: and utrnpim: rnuy enhance Llae presnor ol'l'e|:r1.=l and induce tachycardia in some patients,
especially infan-.q.3 ‘

There have been run: rtepurls aswcia-.i.r1g the 1:53 0l'p-|b3I1ylep}11i|\.e11}-clrnclrlnricle. l(l‘1*lg opltthal mi 3 .ootuIio1'1.s with the cleveloprnem of
serious cardiovascular reactions. inducing vrxntzricular mhythrnius and myocardial :'nl'aroLion-.2. Thom episodes, some ending family. have
uually o-rcuncd in oIclr:rI)' patient! with preeacisting uurdiouaocular diseases.

PRECAUTIONS:

Goncrnj: Drdi.I‘.aJi]y._ my :nydrintic, including phenylephrino hydrochloride, is cont:-aindicatnd in patients with glaucon'ta,si.'1oc it may
occasionally raise irrI:ruocI;lar pressure. H owe-.'er, when Le.-mporary dilation oilhe pupil may free aclhesions, this advantage may
tI:n1p<:m.rily outweigh the danger Ermn coincident dilation of the pupil. Rebound miosis has been reported l:r1 older persons one day aficr
rccciving phtoiylephrine hydmuhhafide uphthcurnio rxlluliom, and reilrstillation of the drug may produce less :nyd.-iasis than prE\.rlI::lusly.
'l"l1is may he ofclinicul l1'J'IpCI]'lJJ.l'I|.‘B in diluting [rue gupi ls. «folder subjects prior ‘..o retinal detachment or cataract surgery.Th21acri.rneJ sac
arlould l:-L: couiproxuxi by digilal pressnute for two to three. rn'fn'ute.s aflct instillation no avoid excessiwa systemic absorption. Du: to a
strtmg wlilin of U1: dots on the dilator musttle. older iTII.'f-virlurfls may a] no do-vclop lrmsierrt pigment floaters in Lhc aqueous humor 40 to
-15 minutes following the uonaiizlstralion ofphenylephrim hydmchlfrride ophthalmic solution. The appearance may be 9Lrr.lle.r to anterior
uuuitis or to a. microscopic hyphumn. To p‘n:w:nt pain, u Lll'Il|'| IJr.\".ll lulrlr. lupiual a.l1a5I.ht:‘ic may be. appliod 'l:v=fu11: using I’hE1'l)'leph1'i.nE
Hydrochloride Ophihfio Sui ‘ion. ltrolooganl uxposuze Lo air or strong light may cause oxidation and discolormion. Monitor blood
preasrue in geriatric paficnts with lL‘1D1-6'11 cardiac disease. Use caution in infan.-_-r. with known cardiac E.'l'..01‘.'t3.llE$. Exceeding rccummcndud
-dosages or a.p}:-lying Phcnylcplnint Hydmt-luuride tlphlllnlm in Solution to the i:u.-trume-n‘.e:d, nauinatioed. diseased or posts-urgical cyc. or
adncxa. or to patients with stlpprcssed lucrimuttun. as durlng anesthesia, Inay result in the obsaorption ofsufficient quantifies of
pl-.e1-.3-‘lephrlne lo product: a Sysicmic vrtsopressor response.
Il'\'FORh‘IATIDl\' FDR l-'A'I'l.E_'\"l‘l:l: DD NUT "l."l‘]-'[l[?H IJROPPER TIP TO ANY SURFACE AS TIII5 MAY L'UNTAML"lATE
TH'_E SOLE."-'I'IO]\'. D0 N01‘ USE IF SDIJITION IS TIROIVN OR CONTAINS A PRECIPITATE.

Drug lrII.IEr'a.I:t.lon: A5 with nll other ndrenergic drugs, when Pherlyleplroitte Hy<.'.J'0$1o.'idL' Opl1t.hstlm'.':: Solution is '.'.d_-o.Lni3lered
silnultanomsly with, or on to “Al days after, a.dmiui5t.ra1io11 ofmtmoatnillc oxldase (MAO) i.I1l'lilJil.UIS. can-:‘u5. aupcrvisioia and ndjustinent
of dosages are roquirw.-d since uxaggeralod aclrcncrgic eFl'ac1.: may occur. The prcssor response ofadnzztcrgic agents may ulso be
polcntiatcd by tr;cg,rcl[-.- umluepra-_-suanls, pmnranolol, resai-pine, guane:l1idu:e.1:tethg.rldupa, and atopinc-ILRC drugs. Phenyleplrrirle
hydrochloride opl1'Ju1|rnio 5l)lll(l(I1'IH may pol:-.n1iate the oar:IEm.'a.sc".1la.r depressant efiect.-5 ofpotatnt i.rLhaln‘.l0n anostlielit: 11ge:1L~'.

Carcinogenesis. Mutaganesls. Irnoalrmant of Fertliity:

Curcinogranicily studies wiLl1 pheng-lephrine hydrochloride have been completed Ln mine at dost-e:: up In '.!Sflt".| ppm in feed and in rats at
doses up to 1250 ppm in feed. Phenylephrine hydroclfloridc dcmonsutted no curctroganic affect in male or female mice and rats.

l"rl.'.gr|llnl!_\,': Pregmncy Category C. Animal reproduction srudws haw not flu oonductecl with phenylophnlire hydrochloride ophthalrnlc
onlulion_ [I is also not known whetlter phenylephfim hydrochloride uplflhalmic solution can cause fetal l'.ar.o when administered to a
piegluml w0:1][‘.l] or can aft'oct rt-production capacity. Phcnylcplriine Hyairoclrloride 0glJ|i1aL*ni\.: Solution should be given 1.0 3 prcgnant
WL‘J'l'|JJ.l'] only it clearly not-dlecl.

Nursing Mothers: it is not known wh='Ll'Ler this drug 15 caccrctcd in human mil |:_ flecouso lTIE.Il}' drugs are exc:|'e1.eI=l in I‘.u.mzu“. milk.
caution should be exercised when Pl1cnylcph.rir.c Hydrochloride 0pl1L‘:xaJ_-nir.'. Solution is ad.-rliruhlerled to a nursing woman.

Pediatric LT.se:I‘he11ylcph.n'.nc Hydrochloride Uphtlzulznic Solr.-rinr: may he conttaizrdicated in low birth wuighr neonates and inI‘nr.Lc. For
use in older children SE3 l'.f-i.-'tv':\.(3l:3 A,-‘E E'J .f‘.I_.‘E‘vi.5.l‘-II-‘33Tiifi'E‘T{”}hi.

Exceeding rcconunended clIJ.5'.:|g€.~ or applying ?l'ter.}'lBpl'J]‘i.t‘.c llychochloridc Uphtlulmic Solution to the instrumented. taumatlzed.
diseased or post surgical eye or udrwaca. or to paticnls with suppressed ';ant':ri:rJe.tio1*...a1s du.n'.ng :'.nI:¢;thoui.a. may msult in 111:: absorption of
.i'.lfficieo: quantities ofphnnylepl-m'.n= to produce as systemic vasopressor response. I -

The by-perumsiuc cfl’|:ct§ of ph[::nylt-_'|1l‘.rinB 1118:,’ be treated wi1l1. an alpltzt-a.dmncrgjc blocking agent such as phentolanrine mes}-late. Srng
to 10 mg intavenmlsly. :epe.1lec' asitecessary.

The oral L135.) of pileuyleplzrllre in the rat: J50 mglkg. in the mouse: I20 Jrlgfkg.

Conromitnnt use of phanyleptn-inc and atropine may enhance the pressor effects z.ncl induce tachycardia in some patients. ea.-peuiallyinfants.

Use with caution in ihfnnts with ltnown crudinn ru1nmull2:i_

ADVERSE REACTIONS:

A marked Lncruu.-;e in blood pressure has been reported 1'.n'lnw—wcight premuturia neonates, infants md adult putiizntu with idiopathic
or.hosta1iu hypolcnsion. Carol ova-acular rea.c1:ions which haw: DL‘LFl.ll'l"dKl p1‘i.ma.lily in elderly patients include marked i:u::reusu in blood
pressure, syncope, mynca.rdial i.n.l'aIc1ion. ‘.a.chycaIt:lla.. airhythunlia, cud fnlal suhara:.]'.noid hemorrhage?
Olhar re-.au.-timm include hradycardia. headache. and excitability.

DOSAGE AND ADMINISTRATION:

Vasoconslricllun nml Pugnll Dl]atatlon:P]:e1::ylephIinc Hyldmohlorisle Opl1|.l‘.B.lmlC Solution is especially uacfill wlfie-JJ If‘-Dlfil fiiad
porwerfI.I1dila|at.ion of the pupil w1'tl'.o-ut. cycloplcgia and rcduclion of congestion in the capillary bed are dI:a1:cd.A drop n|'a surlahlr:

httptfldailyrned.r1lrn.nil1.govl’dailymcdflook up.cfm?setid=c5c5 9788174
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trJpiL=1l flTIF.Eit.l'Nlll: may be appiied, followed in a few minuLe.-1 ivy 1 drop oi'Pl1enylepluine Hydrochloride Oph‘I.l1a‘JIic Solution to the upper
limlzus. The anesllzellc prevents slinging mid consequent dilution of the solutirrr. by iacrimafion. It may occasionally be necessary to
repeal the instillation iifier nne hour. again prwedaul by Lin: u.-.3 nl‘1he lnpicai a.nes‘.heLir:.

Uwittl.-2: Postarlnr Syn:-rhlsan: Pl‘?EB1':yl e.phrine Hydrochloride Ophthalmic Solution may be used in patients with uveitis wher. sy-_Iec]1ia.e
are present or inay develop 'l'}1efu:rrrI:1tiun of '.‘u')'I'k.'.L‘.hlfl.E l2I":il}’ he prev:-.n1iI:dl11.' lhe was of [his solution and almpine or l]|l‘.Bl' cycloplegics lo
produce wide dilation of ihe pupil. For Iflcalllly formed posterior eymchiae one drop n:‘Phe11yle[:i1r1'r.e Hyclrochlm-ide E)pl1‘J1alr.1i::
Soluiion may be applied to the upper surface uftbc comics: and be repeatal (‘.5 l'lt'1.Dl‘.\€.H'lir§', not in exceed three ti nfies. 'J‘Ie.a1mentmny be
cc-n'.imu.'d the following day. ifncazcaismy. Auupinc sulfate and the upplicutiun of hul compxcasw aliuuld olso be used if indirraled.

Glaucoma: Phcaiyicphrinc Hydrochloridr: Ophthalmic Solution may be used with nfiollcs Ln pafieuis with upen angle glaucoma. ll
reduces the djfilicultics cxpcncnccd by die patient bwuusl: offlie small fluid pmduced by rniosm, and sli1lilpe:m.iL9 a.-Jd ofleu supports
1he effect of the miotic i:i1oweri:u_I t.i'.e ion-aocular pressure in open M1310 glaucoma. Hence. there may be marked icripnwcmcnt in visual
acuity after using Phenyiephrine Hydmciiloride Ophthalmic S_ol1.1tim'i in conjunction wiLii rn inzic drugs.
Surgery: When a shon-acung rriytSria.t:'c is needed 1°01‘ wide dilaliorl ol‘tJ1c pupil hcfon: intrnocuiur sugary, P'l1e1'_-ylephrine Hydrochloride
Ophtlinlmic Solution may be applied lopicaily from 30 to 60 minutes before mu.‘ operation. '

}li_-rru.L'l.lun: Piu-.ny1cphrLi;c Hydmchloridc 0pi:iLhalmic Soluiion IIIJ}-' be used effectively to incxase myclri_a_-.L: with homatmpine
l1yd.n:Jl!:'Dn".idc, cyclopcntolsw: l1ydIochloridc.i:ropi:.umide hydiuchloiide and u1II.1pLne eulfale.
I-U11‘. .-\DUL'l'S: One drop oflhnz preferred cycloplegic is _:1iaoedi.n each eye, followed in S 11‘.llT.lle5 by one drop ol'Pl1enyleph.rine
I-lydmchloridi: Ophtualrnic Solution. 5 Luce adequate cyclrlpi egiu is .'1L7l'lll'.'V|:ll ul i.iitTe.renl l.ime.- inlewals afler Llre instillation n F ilie
ncu:.i5e.r_I.r number ofdIL*p1.-diffc;'I.'.'1I cy".;lupLc:giu:.s will roquiro djl‘;"cn:ut waillug periods to unrhicvc adequate cyclnplegia.

FOR CHILDREN: For I: "one uppliisution me:huIi."Phen3rlL:phl1'nc Hydrochloride Oplilhailm in Solution may be oomblnecl with one ofthc
prufcrrul rapid acting cyuloplcgics lo piod uoc adequate cycloplegin.

Upllmlmoscnplc Exnmlnnllurnr Due 1:’-mp of Plienylc-.-pi-iri ne Hydrochloride Ophllaalmic Solution is plued in each eye. Sufficient
m)'(.l1‘iu:4l.:: Lu pen11ile.IcuII1iI;aliuni.s piuduuad lJI I5 iii 30 Tl'Ill'|1|l.P.I-C. Di"-atinn la-.12; am: to three hours.

Diagnostic Procedures:

Prmmutive Test For Angie Cinsune Glaucoma:

Pheny]epl1|*lnelI3.rclro-chloride Ophthalmic Solution may be usnd caufiuusly as u provocative ‘.e.';t when int:-a-val nurmw angle uluxure
glaucoma is 31.-spec.1mi. lniraoculiir tension and gm-iioooopy are perfbnncd prior to IL‘1Cl afi:e:r -Cl.ll£ltl0Z] 0i't.h.e pupil with plleng-’_epl1:i.:1e
hydroclfloride. A "signifieaJ1t"iJ111‘aoc1Lla.t pnassux [IOP) rise combined with gonlnscaplc cvidcncc ofmiglc closure Llitiicules Lu". anlerim
segment .-Inatnmy mpulile uhmgie ulosuiu. A negative lesl. does not rule Lliis out. This phmmcologically incluced angle closure glaucoma
may mil simulate real life conditions and all-um‘ ca.u_1cs for transient elevations of IO? should bl: cxcludcd.

Rnztl uoscopy (Sharla-w Test): When diiaiim-1 of the pupil without cyeloplcgic action is desired for rctiliuscopy. Phenylcplnine
H3.-'drui;h]nride C|pl1‘.halm.ic Solution rriay be used.

' NOTE: Heavily pigmented iriden may require la:ger doses in all of the above pnoceduxcs.

Rlruicililng Test: One or lwu drofi ofPhenyIepl1n'.ne lIyI.’.J'D:hloride Ciphtliulmin: Solution should be applied to Ihe injected eye. .-‘ufler five
mi.r:uiB5;, examine for periiirnhal 'uianching_ lfhlanehing occurs, Llie congestion is superficial l111El pnoliubl y dr:n.=.-: not iruiimit: iriiincyuii1.is..

HOW SUPPLIED:

Phenyleph-rine llyclrochioi-lde Ophtlialmic Solution. USP is supplied as a sterile mIuLluT1 in plastic dropper bo'.1i-.:s in the following sizes:
2 rriL-3iDC l‘i‘4'Fll'-200-20

15 ml.-NIJC.‘ 1?-l-TS-2ULl—12

Storage: Store at 20° to 25°C (:5ft“‘ 2:: ??”F: [see USP Conuolied Room Tc1'.1pe1‘a1.1.I.i'e]. Keep container l1g',1|.iy closed.
Fwteol Emmi lighl and exoeative lma-L

Do not use il.=.o!u1.ion ishrowu or contains precipitate.

REFERENCES: ,

l. Fraimlbldcr. F.T.. and Mayer. S.M.: Possible Ca:tlio-a.°.5cu‘Js.I EHect.s 3¢O.')I'lCl&l'_‘.|‘ to Topical Dphthalrnic 2.5% Pbciiyrleirluiue, Am. J.
Opli. 99:3:3I5'.l. 1985.

2. llllli.

Allorn

Manufa.c'm.red by: AL-m'ri., inc.
Luke Furs:-1. ll, fiDDrlS
DLMIN
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Principal Display Panel Text for Container Label:
NDC l74'FR-200-20

Pizenylephrine
Ilydlvchloride

0pi:|1j1a.lrriiI:-
Solution. US]-'

2. 5%
2 ml,

Sterile

Rx only[.iLi:om1u3u]
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Br. J. Phamracol. (I988). 93. 4l7~-129

Activities of octopamine and synephrine stereoisomers
on at-adrenoceptors

'C.M. Brown, 210. McGrath, ’J.M. Midgley, 'A.G.B. Muir, ’.l.W. O'Brien,
_’C.M. Thonoor, "QM. Williams & 'V.G. Wilson

‘Department ot'Phan11aco|ogy. Syntex Research Centre, Rieearton, Edinburgh, Scotland, EI-I14 4A5;
‘Autonomic Physiology Unit, Institute of Physiology, University offilasgow, Glasgow, Scotland G1i9.8QQ;
‘Department ofPharrnacy, University ofStrathe1yd.e. Glasgow, Scotland G] IXW and ‘Department of
Radiology, University of Florida College of Medicine and Veterans Administration Medical Center. Gainesvillc
Florida. U.S.A. 32601 ' i

l The activities ofthe (—)- and {-0- )-forms of m- and p-octoparnine and m— and p-synephrine on or,-
adrenoeeplors from rat aorta and anocoocygeus and cg-ndrenoceptors from rabbit saphenous vein
were compared with those of noradrenaline (NA).

2 The rank order of potency of the (— }- forms on tr.-adrenoeeptors from rat aorta and tr,-
adrenoceptors was NA > m-octopamine -—¥ rn-synephrine >p-octopamine = p-synephri ne. The two
or-compounds were 6 fold less active than NA on at,-adrenooeptors from rat aorta and I50 fold less
active on at,-adrenoceplors. The two p- compounds were 1,000 fold less active than NA on both is,-
adrcnoceptors from rat aorta and I21-adrenoceptors. The rank order of potency ofthe{ — )- Forms on it,-
adrenoeeptors from rat anocoocygeus was NA = m-synephrine >m-octopamine > p-oetoparnine
=- pvsyneplirine. m-Octoparnine was 4 fold less active than NA and (—.)-m-synephrine. The two p-
eornpounds were 30 fold less active than NA.

3 The rank order of potency of the (+)— forms was NA >m—octoparnine>m—synephrine>p-
octoparnine >p-synephrine on bothir,— and erndrenoceptors. The potency nfeach (+ )- form was 1-2
orders of magnitude less than that of the (—) counterpart, the difierenocs being greater for the
stereoisomers of synephrine than for those of octopamine on both :1.‘ and ix,-adrenoceptors.

4 The yohirnbine diaslereoisorncr antagonists, rnuwolscine and eorynanthine, were tested against
{—)-NA and t’_—}-nt-octoparni_ne—induced contractions in both preparations. Based upon the known
seleetivities of these isomers for at-adrenooeptor subtypes, it is concluded that the rat aorta. contains

only ct,-adrenooeptors while the rabbit saphenous vein possesses predominantly u.,-adrenooeptors.

5 Ligand binding data for the octopamine and synephrine stereoisomers at un.- and cc,-binding sites
from rat cerebral cortex was also obtained. (——)-Forms were more active than (+ )-l'orrns. The rank

order of affinity of the (—]-forms for both u,- and at,-binding sites was NA>m—octoparnine = ni-
synephrinc > p-synephrine > p-octopamine. The relative afiinities of the members of the series against
or.-binding sites were very similar to their relative functional activities on rat aorta. However, the
alfinities of both in- and p-compounds relative to that ol'[ — }-NA were much greater at the rt,-binding
sites lhanvvere the relative activities in rabbit saphenous vein, possibly suggesting low intrinsic efficacy.

Functional antagonist responses to NA by the (we }-octopamine and synephrinee could not, however,
lac demonstrated on rat aorta or rabbit saphernous vein.

6 The activities of m-octopamine and m-synephrine were not significantly tiiflerent from each other
on either ni.-adrenoceptors from rat arms or er,-adrenoceptors; however, m-synephrine is more active
than m-octopamine on at,-adrenoceptors from rat snococcygeus. Both m-octopamine and m-
synephrine can be considered to be naturally occurring tr.-selective amines. However, if m- and p-
octopamine are co-released with NA in amounts proportional to their concentration. it is concluded
that their activities on st,- and ix,-adrenoceptors are too low to be physiologically significant.

Introduction

meta-Octoparnine together with its positional isomer are HOW kD0\f|'fl 10 000“? F19-1'-|T9~"}‘ in mammalian
para-octopantine and their two N-methyl derivatives, tissues tlhrahrrn er ai., 19185). However, m- and p-
meta-synephrine (pticnylcphrine) and para-sync-phrine synephrine are found only in adrenal gland, whilst ni-

© The Macmillan Press Ltd 1988
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and p-octopomine are found in several sympath-

etically innervated organs (heart, spleen, was defercns,
intestine, kidney, liver, lung, brain) and in adrenal
medulla. Treatments which increase (rnonarninc
oxidase inhibition) or decrease (6-hydroxydoparnine)
tissue noradrenaline (NA) levels also affect m- and p-
octopaminc concentrations in identical fashion.
Radioactive m- and p-octoparninc are both taken up in’
noradrencrgic nerve terminals. accumulated in storage
voles. and released togcther with NA [Kopin at at,
I964: Reimann. 1984). It is thcret'ore_ probable that
both m- and p-octopamine coexist with NA in mam-
malian sympathetic nerves and are released with NA
as co-transmitters by adrenergic nerve stimulation, in
the manner first proposed for p-octopamine by
Axelrod & Saavedra (1977). Although co—transrnis-
sion is now known to occur throughout the central and
peripheral nervous system and it is probable that all
nerves contain two or more co-transmitters (O'Dono-
hue at all, 1985), little is known about the mechanisms
of neuromodulation produced by the release of multi-
ple co-transmitters. The actions of structurally dis-
similar co-transmi tters such as adenosine triphosphate
(ATP) and NA are mediated by purinoceptors and
adrencceptors respectively -(Burnstoclr dc Sneddon,
1985). However, m- and p-octopamjne are structurally
so similar to NA that it is reasonable to suppose that
their actions might be mediated by one or more of the
well-characterized adrcnoceplors. The physiological
effects of p-octoparnine and nt-octoparninc were first
determined with raeemates (Lands dz Grant, 1952:
Lands, I952). Later investigations were pert‘orrned
with the (-—) enantiomers of p-octopamine (I-{orol er
at‘. (1968) and in-octoparninc (Della Bella & Galli,
£955) but they were carried out on selected in viva
responses before the different subtypes of adrenocep-
tors were recognized. As a result, the activities of the
pure (—)- and (-4- }-forms ot'n1- and p-octoparnine on
or,- and e.,«adrenoceptors have not been determined.

Here we describe the activities of the stcreoiscmers

of m- and p~octopaminc and m- and p-syncphrinc on
postjunctional u.,- and at,-adrcnoecptors. WI: used the
rat aorta and anocoeeygeus for postjunctional er.-
adrenoceptors and the rabbit saphenous vein for
postjunctional ct,-adrenoocptors. Rat aorta was
chosen because it is now generally accepted that only
rt,-adrcnoeeptors are located there (Downing et a!.,
1983; Digger 6.‘: Summers, 1983a; Hamcd at al'., 1983;
Rutiolo, 1985). Rat anoooccygeus is also believed to
contain only nr,—adrenoceptors (McGrath, 1984).
Smooth muscle contraction of the rabbit saphenous
vein is mediated mainly, ifnot entirely, by adrenoccp-
tors of the :1,-subtype (Alabaster er a!., 1985). This
conclusion is based on the evidence that phenylephrine
is 25!} fold less potent than NA and that the responses
to NA and phcnylephrine are insensitive to the
selective e.-antagonist prazosin, but sensitive to the

selective e.,-antagonist rauwolscinc. Availability of
these compounds also provided an opportunity for
further study of the structural rcquirerrtertts for ailin-
ity and activity of I-ildl'Bl't0CEpIOl' subtypes.

Methods

Male Wistar rats (2StJ—~3Dtlg) were stunned and killed
by cervical dislocation. The thoracic aorta were
removed and sectioned into 2 mm rings from which the
endothelium was removed by mechanical rubbing.
This procedure shifts the concentration-response
curves of NA and phenylcphrine to the toil "and
increases maximum attainable tension (Godfraind er
a!., 1985]. The rings were then suspended in a Krebs

bicarbonate solution at 37'C under 1.5 g tension for l
hour and allowed to equilibrate before examining the
contractile response. Functional disruption of the
endothelium—de-rived relaxant factor was demon-

strated on each tissue by raising its tone with NA
(]tJ"t(r) and showing that aoetylchoiine (3 X l0"‘M),
which always produced relaxation in um-ubbed con-
trols, was then ineffective.

The whole of each anococcygcus (excluding the
ventral bar) was suspended in Krebs solution at 3?'C
under 0.5 g tension for I hour. Then cocaine
(3 X ltl"n-I) was added to block neuronal uptake of
calecholamines It] min before each concentration-rev

ponse curve was determined.‘ -
Male rabbits were stunned and exsanguinated. Th

saphcncus vein was removed and sectioned into 2-
3 mm long rings. The rings were then mounted in an
organ bath containing Krebs solution at 37’C. given
an initial resting tension of 23 and allowed to
cquilibralc for 1 hour. Cocaine (3 x 10'” M} to block
neuronal uptake of cntecholamines was added to the
baths ltlrnin before each concentration-response
curve was determined: it shifted the concentration--

response curve to the left. Cocaine was not present in
the aorta experiments nor was a fl-blocker added with
either tissue since these treatments did not ailect
control concentration-response curves to NA. pl),
values were determined in the absence of tLadrenoccp-
tor antagonists because, as demonstrated by Jordan at
at. (I987), these compounds are not active at fi-adren-
oceptors. However, when pA, or — log K, values for
antagonism were determined propranclol (1 ttht) was
included to eliminate completely the possibility of
concomitant stimulation of B-adrenoceptors.

Krebs bicarbonate-saline composition in mmol l"
was: NaCt I19, KCI 4.7, MgSO. I .0, I(H,PD, 1.2.

CaCl,2.5, NaHCO, 25.0 and glucose ll.1. It was
gassed with 95% 0, plus 5% C0}. Contractile respon-
see were recorded by Grass isometric transducers by
means cfeithcr a Grass polygraph or Linseis recorder.
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Pretoeolfor concentration-response curves

Cumulative concentration-response curves to NA and
to the octopemine and synephrine stereoisomers were
constructed by adding them to the baths in steps of
0.5 log units. Curves to NA and to other test agonisls
were alternated. After obtaining initial concentration-
response curve to NA the preparations were washed 3
times with Krebs solution over a lsmin period. A
concentratiomresponse cone to NA was then
obtained before the subsequent addition of each test
substance. In each experiment four rings were cut from
one aorta and four different agouists were tested on
each ring. The concentration-response curves to NA
obtained after that of each test substance did not

change significantly; neither the EC» nor the maxi»
mum tension achieved were altered significantly. An
exception to this was the rat anococcygeus; the first
NA curve lay to the left of subsequent ones and was
discarded. Agonist potency was measured as the
concentration required to produce 50% of the maxi-
mum contraction to NA (EC, NA) because, for some
agonists, maxirua could not be obtained, due to an
insufiicient supply of test substances to complete thecurves.

Calculation of potency was made by graphical
interpolation of the curve for log (agonist concentra-
tions) versus response to find the pD;NA (—log
agonist concentration} which gave 50% of the maxi-
mum contraction to NA. For individual tissues

EC” = antilog [—pD1). The average potency for a
given compound is expressed as the mean of the
pD,NA values i s.e.mean. '

Following construction ofa concentration-response
curve to either NA or in-octopaminc. preparations of
the rat aorta or rabbit saphenous vein were exposed to
an antagonist for a minimum of 40 min and the
concentration-response curve repeated. The agonist
concentration-ratio [i.e.. EC” of the agonist in the

presence of the antagonist divided by the control EC”
value) produced by the antagonist was determined at
different concentrations spanning a range of 50 fold.
According to Arunlakshana & Schild (1959) if
antagonism is competitive. a plot of the 103 Of
{concentration-ratio — 1) against the log ofthe molar
concentration of the antagonist yields a straight line
whose slope is_l and the intercept along the abscissa
scale is the pelt, which is equal to the K. {equilibrium
conditions). In all experiments. one preparation was
run in parallel with the experimental tissue. but
received no antagonist, and was used to correct for
time-dependent changes in agonist sensitivity (Furch-
gott. 1912).

In addition. — log K. values for the antagonists
were also determined in each tissue at each concentra-

tion of the antagonist, by the concentration-ratio
method of Fureligott (1972) for those agents that did

to

not display competitive antagonism. .

Ligand binding assays

Male Sprague-Dawley rats (I 50-200 3) were killed by
cervical dislocation, the brains rapidly removed and
dissected on ice. Cerebral cortitxs were homogenized
in 20 volumes of Tris buffer [Sflmmol 1" Tris. HCI,

Smmoll" EDTA; pH 7.4 at 25°C) using a Polytron
PT [0 tissue disruptor {selling ll}: 2 x 10s bursts}. The
homogenate was filtered through a single layer of
cheesecloth and the filtrate centrifuged at 38.000 g.,,
for 15 min. The pellet obtained was washed 3 times by
resuspension and centrifugation in Tris assay buffer
[50 mmol l" Tris HCI. 0.5 mmol l" EDTA; pH 7.4 at -
25'C). The final pellet was resuspended in assay butler
for direct use in binding studies.

Competition tr,-adrenoceptor binding assays were
performed by incubating washed rat oerebrooortical
membranes (0.5 mg ml" membrane protein) with
[’H|—prazosin 1.0 nmol l" in the presence or absence of
a range of 13 concentrations of the competing ligands

. in a total volume of 0.25 ml of Tris assay bufier. Non-
specific binrling was defined as the concentration of
bound ligand in the presence of 1x ll'l"mmoll“
phentolarnine. Following equilibrium (30 min at 25"C)
bound ligand was separated from free by vacuum
filtration over Whatman GFIB glass fibre‘ filters,
which were then rinsed with 3 x 5 ml ice-cold buffer.

Radioactivity bound to the glass fibre filters was
deterrnined by liquid scintillation spectrophotometry.

er,-Adrenooeptor binding assays were performed in
a similar manner by incubation of washed rat
oerebroeortical membranes (1.0 mg ml" membrane
protein) with [3]-I]-yohimbine (2.0 nmoll"). Mem-
brane protein was determined by the method ofLowry
or at’. (l95l).

The inhibition of specific binding of the
radioligauds by competing ligands was analysed gra-

phically to estimate the 1C1, (concentration of com-
petitor displacing 50% of specifically bound
radioligand), using a non-linear least squares
programme which is specially designed for the inter-
pretation of sigrnoidal concentration-response curves
in terms of total and non-specific binding as well as
inhibition constants and curve steepness.

Drugs used

The following drugs were used: (—}-noradrenaline
bitarlrate; coryttanthintr HCI (Sigrna); (+}«nora-
clrenalinc bziturtrate; prazosin HCI (Pfizer); rauwol-
scine- HCI (Carl Roth); (—)-m-synephrine-HCI
{m.p. 141-]-12'C, [m],," —43'C, ctl.1 (I-130)). B.D.H.
Ltd; {+ ]-in-syncphrine - }{Cl {m.p. l-l»2'C.
[a.]L,”+50.3'C., ctl.l (Hp), Games Chemicals Inc.
Racctnic m- and p-octoparnine and p-synephrine wereu
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resolved with appropriate (+]- andfor (—}-organic
acids. followed by fractional crystallization of the
diastereoisomeric salts and ion-exchange to afford the
oorrespondingoptically active hydrochloride salt. Full
experimental details of these procedures and deter-
minations of the absolute configurations of these
compounds will be published elsewhere. (+}-m-
Ot:topamirte- HCI {Aldrich Chem. Co. Ltd; (+}- and
(—)-0,0-dibenzoyltartaric acid, Aldrich Chem. Co.
Ltd.) afforded (— )-m-octopamine-HCl (m.p. l27'C,
[u]D" -39'C. ctll (H301) and (+)-m-octopam-
ine-HCI (n1.p. l2S'C. [u],,”+ 37.5'C, ct].1(I-l,0)).
(i )-p-Octopamintr l-[Cl (Aldrich Chctn. Co. Ltd.; {+)-
ID-camphorsulphonie acid monohydrate, Aldrich

120"

E 100 u_§
Bu

3 if
z 5” y _ I
J, :10 "I §"5
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-10 -B -5 —-1 -2

Log agonist cone. (Ml
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Chem. Co. Ltd.) gave (-)-p-octopamine- HCI [rn.p. ‘
l?tifC, [ut],,” — S0'C, c 0.1 (I-I,O)} and (+1-p-octopamine

'- I-{Cl (mp. 177-178’, [:::]D_” +_ 46°, o t].1{H,O]).(+)-p-
Synephrine-HCI (Sigma; {+}- and {—)-bromocarn-
phorsulphonic acid, ammonium salt, Aldrich Chem.
Co. Ltd. and Chemical Dynamic Corp. respectively)

yielded (—}—p-synephn'ne_- HCI (rn.p. l76'C,
[at],-in - 39°C, cl}. l (1130)) and (+ )-p-synephrine - HCI
(mp. 178°C, [:t}.," +42'C. c0.2(H;D)}. Drugs were
dissolved in distilled water except for NA which was
diluted in distilled water containing 23 pk! EDTA.
.{‘H]—prazosin (specific activity B0.9Cimmol") and

. ['1-I]-yohimbirte (specific activity 30.9 Ci mmol' ') were
obtained from Dupont.

%ofI-]I—NAmaximum3'3ofI:-}—NAmaximum
Log agonist cone. {in}

Flgtlre l Concentration-response curves produced by i—}- and { +}—_rtI:-ntdrenaline the stereoisorncrs Of
octopamine and iyncph rim: and (—}-adrenaline In the rat. Isolated ll'lCI1'lj»¢lC 3033- (3) C'3mF_'i'“5°“ Ur “'13 l‘)‘15'3'm_3'5
nr noradrenaline (0). adrenaline (I). M-octopamirie (oi, p-octoparmnc (A). m-synetahnnc (I) and M-irnnphnm
(A ). (b) CI.TmparixDn of [ - )-noradrenaline (O) and (+ )-noradrenaline (I). {c} Comparison of the stcrcoisomen of
octopaminc: [—}-m-octopamine (O). (-1- )-m-octopamim: (O). (—)-p-oetopamine (A). (_+}-.0'D¢10i3fi1'11i1'I= (Ill id}
Comparison of the stcreoiaomers of synepl-trim-.2 (-1-m-syncphfim (O). {+ }'|'fl'53"'1=PhI1"= E. L (—)-P‘-5Y|'l§lJll1"1l'|~¢
(A). (+ )—p-synephriue [A]. All responses are expressed as a “at. ofthe maximum response to (—)-norzuirenalmc In a
ntinitnum of four preparations from difierent animals and the vertical liars indicate the s.e.meatt from these -
observations.
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Results

a,-Adrenocepror activity in re: aorta and rot
enecoceygeus

The at.-adrenooeptor. activities of the [—)- forms of
NA, adrenaline. m-octopatninc. in-synephrine (pheny-
lcphrine), p-octopamine and ,0-syncphrirtc in rat aorta
without endotlielitirn are shown in Figure la. The
concentration-response curves for NA and adrenaline
were superimposable as were the pairs ofcttrves for m-
octopamine and m-synephrine and for p-octopamine
and p-syncphrine. This resulted in a rank order of
potency of NA = adrenaline> m—octopan1ine = m-
synephrine > p—oclopamine = p-synephrine. The
activities of m-octopamine and H1‘-5)'J1Epi'Il'iI2lE were
about six fold less than for NA and the activities cip-
octopamine and p-synephrine about 1.000 fold less.
These values are in good agreement with an earlier
investigation on the rat aorta in which raccrnic m-

octopamine and (— )m-syncphrinc were 3 -4 Fold less
active than NA and raoernic p-oetopantirte was L000
fold less {Rcss at m’., 1980). In contrast to the (—}-
forms, the rank order ofpotency ofthc ( + )- forms was
NA > m-octopamine > m-synephrine > p-oetopami-
ne> p-synephrine. The pD, NA values for these com-
pounds for at,-adrenoceptors are presented in Table 1
together with isomeric activity ratios. The pD, value
for rat aorta with endothelium removed ot‘3.3ll forli-IA

is in excellent agreement with the value of 8.17
obtained by Godfraind at at‘. (1985). -

It is apparent that al-atlrenoceptor activity is
associated predominantly with the (—}-isomers
whereas the ( + }- isomers are from 1 to 3 orders of

«I11

magnitude weaker (Figure Il:I,c,d). The (+ }- isomers
ofthe m-oetopamine and m-synephrine pair and the p-
octopamine and p-syncphrine pair wen-..not cqui active
like their (- )-counterparts: the (+ )— isomers of m» and
p-octopamine were 8 and 5 fold less active than the
(— ]- isomers [Figure lc] while the [+ }- isomers oi'm-
and p-synephrine were 420 and 7 5 fold less active than
the (—)- forms. respectively (Figure 1d).

The properties of the at,-adrenoceplors in rat
anococcygeus were similar but not identical to those in
rat aorta. The concentration-response curves (Figure
2} ofNA and (— }-m-synephrine were superimposable
and (-11-m-octopamine was about 4 fold less active
than either. The two (— )-p- compounds gave concen-
tration-response curves which were not significantly

different. This resulted in a rank order, of potency
OFNA = (--) - m —synephrinc >( -— )- m-octopaminc )-
(—-)-p-octopamine -4 {— )~p-syneph 1-ine. In contrast
to the at,-adtenoceptors in rat aorta the two (— )-,12-
compounds were only 30 fold less active than NA. The
rank order of potency of the (+ )- forms was identical
to -that observed with the cs,-adrcnoceptors in rat
aorls. i.e. m—octopan1ine >m-synephrine>p-
octopamine >p-synephrine. The pD,NA values for
these compounds are presented in Table 2 together

I with isomeric activity ratios.

rx_.-Adrenoceptor activity in rabbit‘ saphenous vein

The oz-adrenooeptor effects oflhe (—}- forms cl‘ NA,
adrenaline. m- and p-oetopamine and m- and p-syne-
phtinc in rabbit saphenous vein are shown in Figure
3a. The rank order of potency was the same as for the

U,-atlrenoceptcrs in rat aorta, i.e. NA = adrenaline

Table 1 The activity of the stereo-isomers octopamirte and syoephrine on rat aorta with endmhelium removed 

11 PDJNA Relative
{ :i:.s.e.mearr,1 PEPIBPPFJJ

(—)-Adrenaline 3 3.43 1: 0.09; 1.51
(—)~Norarirenalinc 31 0.30 I'_i 0.0-1] L00
(—)-m-Ocloparnine 11 7.501: 0.03) 0.15
{— J-m-Synephrine B 7.50 (E: 0.09) 0. I6
[— )-p-Octorpamine 7' 5.34 (i 0.09} 0.001
[-)-p-Synephrine 7 5.33 (it 0.13) 0.001
[+ )-Noraelrenalinc 3 6.78 (i 0.0-4) 0.03
(+ )-m—Oc‘topamine [2 6.61 (2 0.15] 0.02
[-t- )-m-Syncphrinc I2 4.83 (t 0.07) 0.0004
1+ }-p-Octopantine s 4.55:: 0.25) 11.0002
(-I-)-p-Synephrine 8 _ 3.30 (i 0.3!) 0.00002

isomeric Potency
Fraction activity relative to
of NA ratio corresponding

maximum 1' — m’ +) - octopamine

0.95 —
1.00 —
0.93 —-
0.9? ——- 1.0
0.35 —
0.39 — 1.0
1.00 33
0.98 E
0.6-0 420 0.02
0.80‘ 5
0.49‘ 75 0.1

‘S'atisl'a.ctorjv maximum not attained (see Figure I). This is the mean of the responses to the highest concentration
tested.
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7°ofl_)'NAmaximum'95:ofI-—}-NAmaximum
Log agonist none. In}

‘it:ofI-I-NAmaximum 
Lug agonist cone. {in}

Figure 2 Concentration-response curves produced by (— )-noradrenaline (NA) anelthe stereoisomera of octopamine
and syncphrine in the rat isolated anoeoceygeus muscle. (a) Comparison of the (—) isomers of noradrenaline (0), I'll-
oclopamine (I J,p-octopaniine (I }, m-synephrine (El) and p-s)'ne'_ohrinc (A). (la) Comparison of the stereoisomers of
oclopaminet t— Ha-octuimmine {D}. (+ invoctupamins (0 I. (- J-.9-0-=t0pamin= {I J. (+ }-P-or-‘topnmine (ALL (0)
Comparison of the stereoisomers of syncphrine: (—}-m-synephrine {O}. (+ )—m-synephrine (O). ('—)-p—sy'nephrine
(D), (+ )-p-synephrine (I). All responses are expressed as a ‘Va of the maximum response to (4 ]-noradrenal.ine in a
minimum of four preparations from diiierent animals and the vertical bars indiwte the s.e.n1ean from these
observations.

> m-octopamine = m-synephrine > p-octoparnine
-= p-synephrine. Ilowever, the magnitudes ofthc shifts
in the tmnoentration-response curve were not consis-
tently similar to those found in rat aorta (shown in
parentheses): the m-octopamine-m-synephrine pair
were about 15!) fold [6 fold) less active than NA and
the p-octoparnine-p-synephrine pair were about 1,030
fold (1.000 i'o1d}less active than NA. The rank order of
potency of the (+)— compounds I was NA >
in-octopamine > m-synephrine > p-octopaminc >-
p-synephrine. i.e. the same sequence as for the u,-
adrenoecptors. The pD,Nn. values for these com-
pounds are presented in Table 3 together with the
isomeric activity ratios. The pD, for NA in the rabbit
saphenous vein of 7. 60 was in good agrcetnent with the
value of 7.1_?.0_obtained by Alabaster at at. (1985): their

‘value of 0.004 for the potency of (-)-phcnylcphrine
relative to (—)-NA was also in good agreement with
our value of 0.007.

As with the oz,-adrenooeptors, the activities of the
{- )- fonns were I -3 orders ofmagnitude gxeater than
for the(+)- forms and the shift to the right bythc (+ )-
forms of‘ the two octopalnines was less than the shift to
the right by the (+ )- forms of_ the two synephrines
[Figure 3h,e,d). .

Assessment ofiznregonisr egfecls ofocropamine and
synepbrine stereoisomers on ot,- andu,-adrenaeepror:

The effects of the (— ]~slereoisomers as u-aI:irenocep-
tor antagonists were determined by testing them as
antagonists to NA at concentrations known from the
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Tuble 2 The activity of the stereoisomets of oclopamine and synephrine on the rat B.I'lGO0G:)fgE|J.S

Jsonteric Potent-y
Fraction activity relative to

11 pD,h'A Relative of NA ratio corresponding
( t s.e.menn_) potency maximunl f — J J’ F + ‘,1 octopamine

E-)-Noratlrennline I‘! 6.95 (1 0.09) l.00 1.00 i -
(— )—nx~S_',-neplarine [II 5.75 [1 0.07} 0.53 9.95 — 2.7
(—)-m-Oetopamine 14 5.31 (1: 0.03) - 0.23 1.00 —
(— }-p-Synephrine I 5 5. 54 (1 011?) 0.04 0.74‘ —- I.3
(—)-p-Octopamine I5 5.35 it 0.06) 0.03 0.68‘ —
(+ }-moclopamine II 5.84 (1 0.04) 0.03 0.99 3
(+ }-m-Synephrim: II 5.08 (1: 0.19) 0.01 0.57‘ 45 0. I3
(+)-p-Octopamine -I 4.82“ — <0.00'? 0.39‘ 3
(+ )-p-Synephrine II -< _<5 — <14 0.005 — — —

' Satisfactory maximum not attained (see legend to Table I).
"‘E.sti.matcd by extrapolation.

earlier experiments to be at the threshold for contra.c~
tion. A shift of the NA concentration-response curves
ooulcl not be demonstrated (I) in rabbit saphenous
vein at levels up to 10"M for rn-octopamine and
m-synephrine and for levels as high as 10"M for
poctopamine and p-synephrine; not (2) in rat aorta
for levels as high as l0'°M for p-oclopamine and
p-synephrine.

Antagonism ofnoradrenallne and f w );m~ocrapam£ne
by corynanthiue and rauwolscirle

In the rat aorta both oorynanthine and rauwolscine
produced parallel shifts in the concentration-response
curve for (—)-NA and (-3-m-octopaminc and the
slope of the Sehildplots did not differ 3‘.l§'l'1ifi0-ll;'Il.ly
from unity. Based upon the values of pA4, oorynanlh-

Tlble 3 The activity of the slereoisomers of oclopatninc and synephrim-. on the rabbit saphenous vein 

Iaamerfc Potency

| Fraction ocm-a'a'y relative to
n pD‘.N,-I Relative of NA ratio corresponding

1’ :l:.r.e.m¢arr) ' PM-‘NC? M4-Wmflm I’ —HI'' '|‘} 0¢"0P'3""*""9

(— J-Noradrenaline 56 1.60 (1 0.04) 1.00 1.00 -
(— J-Adrenaline 3 1.33 (:l: 0.I0) 0.53 1.00 —
(— }-rn-Octopumine 12 5.39 (-_+ 0.07) 0.0045 0.85
[—}-msynehritte 12 5.45 (i 0.06) 0.007 1.00 — l.2
(-]-_p-Dclupamine ii 4.56 (i 0.03) {Lilli 11]} —
(—}-p-Synephrine 12 4.30 (i 0.03) 0.0006 033- ._ 5.9
(+)-Norndrcnaline 4 5.92 (1 0.09) 0.02 0.93‘ 4-8
(+)-m-Dcwpanfine 4 4.63 {i 0.06) 0.00! 0.39 6
(+}l~nI~S)"nep|u'it1e 4 3.05 (1 0.04} 0.0002 031* -to 0.00
(+ )-p-Octopornine 4 3.51 {i 0.00) 0.00000 0.6?‘ 14
(-+-}I-p—SyncpIItitte at <3.00 —- <0.00(I)2 0.13‘ > 20 <03

‘Satisfactory l'lI.|l.l:i‘l’l'I1.I.l|‘l not attained (see Figure 0]. This is the mean of the responses In the ltight concentration
tested.
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asofi-I-NAmaximum 03388E;E u.
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100
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u/ / F’40 /
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20
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9.;of{Jinnmaximum 8

Log agonist cone. {Mi

F20

100

1'6of1-}-NAmaximum 8 
‘Evaati—l-NAmaximum R

“X”‘‘N.
§\“'-or an0

Log agonist cone. {Ml

Figure 3 Conoentration—n:sponr.e curves produced by (-}- and (+)-noradrenaline (NA). the stcrcoisorners of
oetopamine and synephrinc and {—)-adrenaline in the rabbit isolated saphenous vein. (a) Comparison of the [-)
isomers of noradrenaline (Of-, adrenaline {O}. m-octoparnine (El). p-oclopamine (A). m-synephrin: (I) and p-

synephrinc (L). (b) Comparison of {—)-noradrenaline {O} and (+}—noradrenaline {O}. (c) Comparison of the
sterenisorners of oclopamine: (-}-m-octoparnine (O). (+_}-rn-octoparnine (I). [—)-p-octoparttinc {A}, (+}-p-
octoparninc (A). (d) Comparison of the stereoisorners ofsynephrine: {—}-m-synephrine (O). (+ )-rn-synophrine (OJ.
(-)-p-synephrine (A), {+}-p-synephrine (A). All responses are expressed as 3 ‘Erin of the maximum response to [ - )-
noradrenaline in a minimum of four preparations from diflerent animals and the vertical bars indicate the a.e.rnean
from these observations.

ine was significantly more potent than rauwolscine
against both agonists. In the rabbit saphenous vein
rauwoiscine. in contrast to ooryrianthine. produced
non-parallel rightward shifts of the concentration-
responsc curves to both agonists. Rauwulsoine was
more potent than corynanthinc. and the antagonism
effected was not competitive {slope of Schild plot
significantly less than unity). — log K, values for the
antagonists in the rabbit saphenous vein are shown in
Table 4.

Ligand binding data

The relative affinities of the stereoisomers of

oetopamine and synephrinc for the central ar,— and at,-

binding sites was dctenrtined by their potency to
compete for the binding ofthe uzpselectix-e radioligand
[’H]-prazosin or the 0.,-selective rnclioligand PH]-
yohirnbine. All the compounds acted in a concentra-
tion-depenclent manner although showing only weak
affinity. The alfinity of each of the (—- J-fonrts was
greater than that ofthe (+ )- counterpart. The data are
presented in Tables 5 and 6.

For the (—)-enantiomers the rank order of aflinity
for the ::,-binding site was NA > m"-octopamine >
m-synephrine > p-synephrine >p-octopamine. The
relative afiinitics of the four compounds correlated
well with the pharmacological data for nr,-receptors in
the rat aorta, with the two rn-compounds being about

l,.'ET.h as active as NA and the twop-compounds being
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Table 4 PA} values and slopes of Schild plots for corynaothiue and niuwolscine in rat aorta and rabbit saphenous vein 

Slope
of Schitd

Tissue Antagonist Agomlrr n pA_.. pig:

Rel aorta‘ Corynanthine [—J-NA . 5 1.74 [1 0113) [[94 [1 (L04)
[-)-m-Octopamine 5 7.49 (1 0.07) 0.95 {i 0.05]

Ratrwolscine [—)—NA 6 6.73 (1 0.05)” 1.01 it 0.13]
{~—)-m-Octoparnine S 6.90 (1 (H0) 0.93 ($0.1)

Rabbit sapheoous vein Corynartthine {—)-NA ' 5 6.56 [:l: 0.05)‘ -—
(—).m»oc1opamine . 5 5.02 (1 0. my :_

Rauwolsciae {— )-NA 5 8.19 (:l: 0.06)‘ -2----—
(-)-rrt-Ocltrparrtine 5 s.2u. (1 nos)‘ :

Data shown are means i s.e.mean.
' Endothelium removed.

" Value taken from Downing e! at‘. ([983).
' - log K, values determined in the presence of 50 nrnoll" rauwoiscine or 2500nrnoll" cozycanthine.

about l,v‘|D0[|lh as active. All the stereoisomcrs
produced Hill slopes close to unity (U.8l—l.03}.

The rank order ofailinities for the [- )-enantiontcrs
for the my-binding site was NA>m-synephrine>
or-octopantine >p~synep.hrine > p-octopartiine. How-
ever, in this case the relative potency did not correlate
well with the pharmacological potency. Analysis of the
nH values for the competitors of PI-I]-yohimbine
binding revealed that similar to the catecholamines
NA and adrenaline [—}-rn-ocloparnine and (—)-m-
S)‘II1Epi'lI'il'IE had nl-I values significantly less than 1.0
(range 0.5-0.8). possibly suggesting agonisl activity
for these compounds (m Discussion). The oil values
for the other compounds were not significantly dif-
ferent from unity. '

Discmion

The major finding of this study was that (—}-m-
octopantine and ( ~ }-poetopamine are less active than
NA by factors of 4-6 and 3tl—I,0Dl]. respectively, on
at-adrenoceptors and by factors of" 150 and Lilli],
respectively on at,-adrenoceptors. The potency of‘ the
two amines varied depending on the tissue {aorta or
anococcygeus) used. Since the concentration of NA is
approximately 100 times greater than either m-
octoparninc or p-octopamine in most sympathetically
innervated organs, it is apparent that if stimulation of
adrenergic nerves leads to the co-release of these three
amines in amounts proportional to their concc1jttra~
lion. it is unlikely that rnodulation OFNA neurotrans-
mission by m- or p-octopamine can be mediated by at,-
or rt,-adrenoceptors. Both m- and p-octopamine are
less active than (—}-NA. by more than 3 orders of
magnitude on fl,-adrenoceplors, and by more than 4'
orders of magnitude on B,-adrcttoocptors [Jordan at

a!., I987). It is concluded that, il‘m- andp-octopalninc
have a physiological function, then this function is not
mediated by any of the four adrenoccptor subtypes.

Another important finding oflhis study is that (— )-
rn-octopamine and [—)-m-synephrine do not sig-
nificantly differ in their selectivity for It-adrenoceptor
subtypes. Both are about lO—l0D times more potent
on u,- than on tr,-adrenoceptors: in-octoparnine may
therefore be regarded as equivalent to m-synephrine
{phenylephrine) as a selective at,-agonist. «

Based upon the reported selectivity of the yohim-
bine diastereoisomers co rynanthine and rauwolscine

"for up and cu-adrcnoceplors, respectively (Mcfiralh,
1982), our observations with these antagonists
appear to confirm the view that the rat aorta contains
only nt,—adrenooe-ptors (Digger. & Summers, l9B3b),
while the rabbit saphencus vein contains predominan-
tly rz,-adrenoceptors (Alabaster at £11.. I955). The

possible contribution ole,-adrcnoccptors to responses
in the rabbit saphenous vein. as evidenced by the non-
linearity of the Schild plots for rauwolscine, appears to
be minirnal since the selective at,-adrenoceptor agonist
(— J-phenylephrincfl -— }-m-synephrine (Ms:-Gratlt,
1982) was markedly less potent than NA. A detailed
study of the pharmacological characteristics of et-
adrenoceptors on the rabbit saphenous vein will be
published separately (McGrath & Wilson, unpubli-
shed observations).

In general, the isomeric ratios found in this study
were low compared with those published for other
tissues and were not greener for u,- than for at.-
adrenoceptors (Rufiolo et at, 1932). The outstanding
feature of the isomeric ratios was the large ratio for
each form of synephrinc at ct,-adrertoceptors par-
ticularly rn-synephrinc with a ratio of 420- This was
greater than that for NA or for the equivalent
octoparnirre. suggestingthat when the configuration of
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the molecule is unfavourable For reaction at the

receptor, the presence of the methyl substituent on the
nitrogen and the loss of the p-OH group further
diminish the interaction. Neither of these factors

applied to the same extent to activity at a,-adrenocep-
tors in rabbit saphenous vein, although the ratios were
still slightly larger for the stereoisomers of synephrines
than for those ofoctoparninc. This appears to confirm
that the position of the ring OH plays a less critical role
at at,- (indicated by the smaller difference in potency
between all pairs of p— and m-compounds) than at at,-
adrenoceptors.

Ligand binding studies provide an alternative more
direct means ofdclemtining the alfinily of compo Lll"ldS

for e,- and tr,-adrcnoceptors. The ligand binding data
from the cerebral cortex showed that all oetopamine
and synephrinc isomers wcrcwcalt displacers of [’H]'-
prazosin and [’H]-yohimbine binding.

There is considerable evidence that the cerebral and

peripheral subtypes of rr-adrenoceptors are similar
(Bylund & U'Prichard, 1983]. However, caution is
necessary in extrapolating too far, particularly as ct,-
adrenoceptor isotypes have been proposed to explain _
the pharmacological differences between rodent and
non-rodent species (Chcung as n!., -1982; Latifpour er
mt, l932;Fel1er&Bylund, l934;Alabastere-I uJ., I986]
and there is mounting evidence of a heterogeneity
within species {Byiund, 1935]. in addition the ligand

_ binding was carried out at a lower temperature (2 TC
cf‘3'l'C).

Nevertheless if a similarity between receptors is
assumed, and given that the ligand binding afiords a
measure of alfinity, some deductions concerning
intrinsic efficacy can be made by comparing the
relative activities on smooth muscle. A comparison of
the binding and functional activities is shown in Tables
5 and 6.

Considering the mem% of a series of compounds,
if the difierence between pD, and affinity remains
constant as the pD, falls. then loss of activity can be
attributed entirely to loss of affinity. This is essentially
the case for st,-adrenooeptors in rat aorta where, with
the exception oF(— )-NA and {— )—adrenaline, the nI-I
values are near unity and the pIC,,, determined at 1 nM
PH]-prazosin should correlate with the pl(,— (Table 5)
and is true also for u,-adrenooeptors in rat anococ—

cygcus [not shown). with the exception of the (+)-
synephrines whose activities are relatively poorer than
is indicated by their afiinities. Thus, within this series,
all ofthc compounds appear to be full agonists with
similar intrinsic efiicacies and their different activities
are attributable entirely to varying alfinity for the

receptor. This confirms a similar conclusion drawn
from experiments with adrenaline and synephrines on
ix,-adrenoceptors in the guinea-pig aorta (Ruffolo &
Waddgll, 1983). '_I'l-to (+)-synephrines, which deviate
from thisrule, are thus partial agonists relative to the

other compounds.
For the octopamines the isomeric activity ratio can

be accounted for solely by binding."I11e far larger ratio
for the synephrines can be explained by postulating
that the N-methyl group does not affect binding but

"dramatically reduces intrinsic efficacy in the [+)
isomers. Partial agonism of the (+)-syneplirines is
confirmed by the low maximum {Table 1,. Figure 3).

In contrast, for the ct;-adrenoceptors it is more
diflicult to draw comparisons between the binding
data and the functional response, not only because of
the heterogeneity of ct,-adrenoceptors mentioned.
above but also because the difierence between agonist
and antagonist binding must be considered (Hoffman
& Lefltowilz, I980). Analysis of the binding data
showed that (—)-rmoctopamjne and (—}-m-syne-
phrine had nH values <2 1.0, as had (- )-NA and ( - )-
adrenaline. One interpretation of this complex ligand,’
receptor interaction, particularly in view of the struc-
tural relationship between these two compounds and
the catecholarnincs, would be to predict that the
compounds have agonist activity. as indeed was seen
in the functional studies. Partial agonist activity could
be predicted for other compounds with all values of
0.8—l.t}t]. This might be verified in the binding studies
by introducing guani ne nucleotides such as GTP orthc
nonhydrolyzable analogue Gpp (NHJp which reduce
the aflinity of agonists at sites labelled by tritiatcd
antagonists. However, this was not carried out since
the partial agonist activity was clear in the rabbit
saphenous vein.

In general, the fall in pIC,,, (determined at 2 nu PH]-
yohirnbine) relative to that in pl), increased with
diminishing activity, except that for the synephrines

,the loss was relatively even greater. Thus, as the
compounds lose ailinity for at,-adrenoceptors, they
also lose intrinsic activity; in contrast to c.,-adrcnooep-
tors at which only aflinity changed. This leads to the
conclusion that all of the compounds are partial

agonists relative to NA at at,-adrenoceptors.
The isomeric ratio of the octopamines at a_r,-adren-

oeeptors could be accounted for solely by alllnity.
while the synephrines had an additional element from
intrinsic eflicacy. For a,-aclrcnoceptors the isomeric
ratios were consistently higher for activity than for
allinity, suggmting that, in this case, both intrinsic
eflicacy and affinity change in tandem. _

One of the objectives of the study was to assess the

potency of the series of compounds at u,-adrenocep-
tors. The rat aorta was selected for its high sensitivity

to agcnists since this is necessary for some of the less
potent compounds. However, it can be argued that rat
aorta or,-adrenooeptors are not ‘typical’. First, their
agonist potency series. particularly for non-pheny|eth-
anolaminc agonists, show several deviations not found
over the small group of other tissues where cr,-adrcn-
cceptors have been studied in equivalent detail [Ruf-
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folo. I935; Digges & Summers, 1983a,b). Secondly,
the potencies ofseveral antagonists lie at the end. of the
spectrum of values found for them, including key
compounds in ta,-adrenooeptor classification such as
yohimbine and prazosin, both‘ of which have relatively
high pA, values (Rartdriantsoa ea’ at, 1981; Decker er
a!.. I934)‘. In order to verify ‘at, potency’, we repeated
the assessment ofthe series on rat anococcygeus which

has more typical at.-ttdrenooeptors and at which
prazosin has its ‘normal’ pit, values of 8.2 to 9.3
(Docherty nit Starks. I9BI; McGrath. 1934; Drew.
1935]. Figure 4 shows that there is at good correlation
between‘ the potcncies of NA, octoparnine and syne-
phrine stereoisomcrs on rat aorta and anocoocygeus.

The pA, values for the selective ¢.-8.1'tlil30l'liSl|:0r')'nEtl1-
thine against NA of 7.14 or { — )-nt-ocloparnine of 7.49
are similar in separate studies of rat aorta (7.35 for
NA. Digges ti Summers, 1933b} and anococcygcus
(1.3 for NA, Mtxirath, 1984). This validates the use of
the aorta and confirms that for phenylethanolantines
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I3‘i%vi'f$S.-m_a;e;d._r;;:jackac§. into 3 2': §i_;fi_:'L"?ss{§‘- £33. 'c'<_;_i_u*:a1s:--. Giicratifig esoni'iifi3:e:)_s= weft
3"-°»;"i.“;<'>.?eh:M-3: \'.-'=i€'?¥.:=I!?1? ='f~“I§1.!¢er'z:'t1.z.'re' 1-90.1, .i:1'fi=tf'1e:r=;mrature 246$; cartier ga.s.fluw-.m'1_>nj.:3S5

'1}1i1::"-"‘ ..:ind §ii§.£fi§E3C£iQE_ voiumcf .'9e’i:-hih. [IE6 i'££ng¢.:2-5 pi. _ ' = -3

TM €1*3?§"Et.F3{€=Ci;%:1rr1_§3lr::-_(13i-I 5:3} was'fn3+;2:e~d'riaci -§'e:3ti"r¢:2r;'tea::'f with-_%‘{-.£§é'b§5_({zi;:§_'ejt£3531:
Si33*1}*-v3¢-13:-inzidc in_pyx_-idine. Some‘ at the 3‘.il‘l05i?iI‘_1'Z§_.‘Ef_: hagifet may Jiiaii-'¢"'-fiiieiéjn "iv:I:"n_é;_i
aiso uagier these mztciiiiosis,-'i3;:_:‘I wo1:_Ri§._!fa&v_e' ;merg%:'d:1>_s«_i_i{1 1hc'_:m}_'_ ' -,'-.A..:j "" '
the siiyisitged extras; was :’:h'rnznatsgia;;i;w_<5j (Fig; .1}, mi; 3.{;}33{_i?'§- "
mm as-‘a’ séifiama isampic of giizangiigpfizrine. ‘§a’_a.nc'i- page ;i-,__ __ '- '-

 
 

Ié. Gas ch _m::1e'g_mp'h§c _s¢;r_aa'a.t'1'on' :.¥i‘a-a:i:;:'gr;:;j:c:£es_::__§3::~}a;:§_n'1se"§?._::1 ‘of23?};njiifi;shr£_r;c?;$Etc£f.Siiylsiicq;
_i:3iEIih!'d '{}‘f?'-'-17 §'%,‘{cs;_1§‘:jv. £9‘?-"-.' _ <

cqurel area; i'za_<:l:i¥'.::zv2_in'g-3i.n1i_1§'1r quaniitics as§':3.:‘_i§;tis:‘£ii:_§:_1';a':‘.<'-:':*JE':3.";;9.; sevcra} ether siriail pcaks
WEN also visibie; "-5 --

_ Ga; ca’fif¢iN££i'?-£>g"r?d;!5‘I}’-f?iR.;?£ .§pec£r0merry-:;:,f5£¥!:£_ decampmirahn. prafiucrs

As: A.E.‘£.,’M.-S. —902..:nase.- -s;:e::_£rcmst:___r was .-used. ‘I-‘he mnimuiar. 'sep‘ara_'tés: has-
been desxribeéi ;i:r*a:vie:a.t:sl)r I_ii-§iIIard,.I?ria1i3x &- S:-'m:'2on_,. }9?.l_);.- §ia:_3ium"wa’s'.useci
'<-:£_l“1‘1'?';'~e‘r;g$..':; - -T115"-séurt:i:::-was--::!';;sc:'at¢:<33f'§3.E‘.=2:(:t§§i1§c1'a‘tua‘:'-of_j22.Q'“-331133» E75-?:3331§l;.éT?‘$1.T':l%3>":%l"
7'8 W}. msaifirgg géower was 1.9509 {,i€§‘K “ira'_E1ey‘ defi-riihosifi. zsceumic-mass
n;1_e:a_;v:_s.:§:z;__rr;r¢,njj:§_ a_2.r_c_rg ‘obtained at. 3 *r_exai-vita‘ 'm_~_*§§:'-:_'<3_f'.;z{);{_}E3<;) .,.§.:'_si_!r_1_-g;_ hcggacasafiuerck
?fi§=i3:§'!';&4I1inc--its ir.efs:<?=3<'>'t='«' fin-amaxint-"('5 GIEE5='fi‘¢§fii3¢'§§E¢PiiW£i;::i§§:>’3=~3i$d ssmsflc

 

_. 53$ t3ha'=!$aCom;i03=:d;:;<3I1§'é§§>;i _-wa_s_;-§fs3c§t$d3=i;1t§_,;ti3aj:_sys;::m-- -'-3:-:¥$_‘-f\5B_':§1'.'3"t:§§-i‘3'.'.‘§'.ii3‘i_3..I" nature of‘
2519. cofapgunids, jbimdénieag ;:&t}ei__;_ta.i_iing; <_:E_S_" major; ~_-3'c£_:_i.s::r9_d- anti 'rn§ii§v:3r

- . .pe:1i<s__-._.w::;-e_; mat dc__£ecteri=.--_-_ ‘Ilia’. ihreé: mass obiain;::i::;sgcrn::—5:<irr33£€e<i ‘fa: b3::_§t»
gmu ndtdue to column EJ'!£1td5-. The. mass spcatrgm afpeak :Sfi_'sfi¢é§v:::;i'§.§'g in he; thai ‘sf’
siiytlategi __p?1cnyicpf:r1ue.~. zTii$'- sp+;5:;1i+a! -ci‘-;pca}ts'-*Y"§fi;i 1?;"¥\3etj%==i31i‘i2§:1'y"id¢:1'tic:esi

' st_I§S€33§i.11_igj jifiaaz t.‘-“ii.-,'c'<:ins*..it1_1e;:zs ‘ma: iSc+'s7{zef*:§; ii‘$aR'Y-.sh¢$vcd.t‘§va‘iess-ai'-m,€»2 26?
:1£_1€!._i.1'1fig I268 w.i_1Ei_.e f}¢Ei}i' Z difi non.-this ‘was’ _pmbaZb33'- due ma :n<:n'1o:"y' eifez~c£3=%":om

Ififi-5§_i}{_I3}§{i -pi1cnyiaph_;i_nc_iu__'13eak T§‘_3'n;__3pe_e€:um 5:‘-f is showst is: Fig‘ 2

wi§e1'.'c"tE'1e: iim 'of'higha5't mfe .vai1se uccaxrsm--m,’e3323. __ __
Sinqe --this Iqw rcénintiiqn--sgtaacmrrn was-:;o§=-immediateffi-asthat -u§f._a:_13*

.'-dbvioizs oxisiatian, pzadiwé. cf 'p_}3-.:ny}e:;3h'rira=,- fiomrallsx-. ma5s"naééisur.fi3I1e:I1ts .W.£':.€."~:‘:
C&1'ri¢d.- 321:: c:1:.the--rchwant ‘peak em¢rging=f'm~:3:._1I}i: ci:ro'g:1atd,gra§r!;:. 'i‘i3§$ §v3s_;£1?3n_=f:
by star: wax-mfimhiag tzéhnique. '3‘l:1_s.-zi:;:Ec}i£.‘£t_,_t_.*=.: mas,-sees af;;fie-prgxninent _pie.-m, .m;.e
;:_£8_t},. 368.. 3.22 "and 323 are; igiveiz, sdong with ‘:1-‘.e_ comsgnnding akmiic composifitms,
i:i"i‘a!:iie 1.._ '
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Szgbifiiv;¢;§'.€a1‘:sx£w‘z.r.-;3j7g:>fix&i:j.iI«§j:5.‘1%i'g§.é.' -. —. . 37-gs"

 
sac. 2. Ti:o.'P-¥r;!§-'sp.‘ie;tru'g1i-of:€}!e=n1m§n i.5DC3't!*:!I§5ii$i*Ci'm‘1'_,?:'?:DfiI.!'L‘§'iI?E€-11 usiififiafiién;

‘-1"h~'I=s- -W _%1<%é°ni:i<vtiti<:n _::=:-;»a;-tum: :=niéjie%._=_=t: 'b¢_.' :_;L;3_ "tgtca-ii;2¢:é§%~;é~;iiI23*é“:6:s'a~;:§" _
meiizyiisugigingiirrc-1§l'a) and :3,_3,3;4,:tEi§5._fi};d¥‘0—;f§;3_r{;i§E drex 25m§:£i§ ..._'a{_i!{§'_'
{R3}. '°i"i1i5""§']"iéif:;.'5'iaT'.w3s 's}*nli1'esizsd ooriévfét'ii@r.§t!;_3_2"t7r§):t_1-3f;E_1er3}g1:1f;jt§fi1ri?13L‘§ ‘ii:-1§i1_;g-"'th_e"
Piste}-Speng'§ér'fea$£ién'.

 WK.’ I 573“? ' _- ' '
~%A§.v§_.wé __ . . .:‘

Ia? "fig-_: ‘

Synzfiesis--af-_-_J-,3;it4.»IetrZ¥«‘i&'¢i?a?$,6-,:£!.Fgg~drp.=:y«;?«a:¢erJz_vi}isaq:«fz:a!ine-and.-fr: «f_,_rii"-e"£:'.‘s.y:.:E-:33.-_y' I
a;ra;’&g2a':' I _ .— -

.}?§':e:1yI_e;j>_?iri::c h3isiFOI§hl_¢1'ide-{£50-rng} was siissaiwtd in -phgngphaga §}u_ff3:tf. adjustad
£0‘-;:I.~i 6-8'. Ffizffialin 3':-Ei:__ticr't AR ._(§}-'5' 221%} was ;:.d<_ix:<§_$1‘E3§:i 1_i1§:__,°,__n}1i_fi{'3E_1 made up Ig.
5' mi .- Th¢_so}u§i£>r: was. i';'1.a:x1_pé_)£1§e:s 'u"nde:"ae n_-aL?1i3S3§>hcr~?i::6.:"aiit£‘Lfagcn and *aie'red.
at '33? for 324,- h. 11; h2_zd_ be»:-n shown -ihat under 1h£:_r"é-_s'Lé3_13g.ge-coiscfiitibus -wi_t}1ouE_.’

-fon11_a1§ie§1y'z§e-an rxxitiaiion-'ofphe:':yEep:%1r§xie wouid occur. 'I7i3a:-s‘<ai:1$ion"x$'e,s-i§‘é:§:;t¢-

?Fa'¥JEc'.!-. z!£'c:&raJ‘:;- mm mea.mremen£.s' a5Iaf:1e-d_.f‘n2m £82" fijaécffflm a_9"'fa‘ae .*?:&¢’r§
s:'Ey!:;{m';1'_'Jgcxiygaoirifon-pméucrg ' -

‘ Etnpirimi Measured Ctiicfiiatusi ‘Comment
my‘: fnnnulac mass value‘ n$a:is’¥aiuE __

- _ _ 3 ' . . -¢.'.'.3=.-£1-6.2
-2'35} ‘€151-_?g5{lES;,. -280:1-3§$ 23fl~lS1"4-'23 ; + _

"EH3 §3._,,§-I,,{},,T~3$¥,, 338-1 502 303-‘! 5326}; EM‘? '--—'- 1531*
322 Cm?-{,,,O;N‘._Si, 3:22“?! 653 3:22-}_E-iB§§_ iM*' -— I)?
323 €g;¢H';,O,NS\i,. 333r}?§%_5 3}’;3-1_?36?6 -3«i"‘ 

M‘? , ._:.is ari-as;}_a'c:1fia%i't:;:
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38' E 33.. '1. HELL-&I<D.'-D:-‘1'.: -a=*;I«:f'i..&1!.'I_iI'.a'_L -awn "E. 's_Ho1'm'1'~.i‘

. -v-;!:‘.';:¢<i,=- =:s_EI)*.i'at_€~,d-=:a:1__c_i :ci1r_cam'._s:t_:2gra;>'E1a:i-,. no Siiylétjed..£phe:15-']{:[ih'fiiir2j.w%1&i':dcI-{:r:iud:, -Eu:

.two:p?caii3 =mre--aggfvareng. havihg E?:c.s::me-rszttnx-§<m.tim<:s as-pea-ks Y"and'_.Z_pred'm-ad
by the Emma! oi:?iéiaii'on. of p.%1'.v.-:1_v1c;3'!1rine. -'fh'e- ma.-as sgxaastta «if both peak"-.5 in the.-

- gca-ms--'-sy:at?em...we;-q -_§_('i5cIll__§:I.‘1.£i-i"-='$l'_l-iii .:.corr:$p:;éniiea1 to th;:"s;:s_5t;1ra;':r5f the-pegaks abtsincd
.. hyI.=£}2¢3: 'mela§QUiajr_'v_h_'kid_&tEm'3 ‘off phmyieghrsua. This ':cS_1i§_t: ‘M15 e'vi‘r,i_‘>.-'_s=;c_c-, :fm-3' =_;i:¢~;

presence ~:':if.es.113iV:!.'1!erit'a.'£‘nt-13:'1ts:df'1hej1*.3att}-.isogmcrs ,1',l,'3‘,4"£B.£§‘£!h.§Td§'0~3§,5% aim!" 4.15‘:-

'g2~n:c'th§;2igg;quin¢3i;:_¢___ ij1’_,1:.. saxitiiiaed Ecbiiitiénns. TI:£¢--:gc_—'.n1s- sysieiu 'i‘&ii::fi
_ 'the:sEédiiEf&?§"_.sié£g_aii3ci}§:§3=;§it~i-::ra- p.rcidi2ct=s<hnwn by Li.,c:; In be,.;5ro:iucc't¥ hy-

' 6931-Qfithe.1'etré!:}fd'roiscqui::u'i%i1c.. PL-.samp1e'o.i‘th'§S furiher 0)€i{'I3.i:.-it}?! mind-uct
was i$3§'_lEi_lfi2_€_i using a'caEinnic_t:jcc}.1:1__:1gc -rc8__iI_1-'c_0i_u:z1i1. '

 
 

-fialaifan faf-1&5 3??!-‘1‘—‘3_Ifl':§r3? Jecompqsstrarjg .;c:f3f;1:a’:{c: by .5:fe>;.';.jt.é9igt. c_;=‘g:rE;:fr:«k:j:"<§grci}:ré':',_5a=
’1“hg3-_'-x‘,4::35.lj1‘I"\'ii" consisted of =?Le=_o_.k_a1-'b "22? '(S(}-l_£}fl=¢}--inn msih ;{£’errn_u:EL

.CI_ ' <5‘I.}}{1__a iits ;h_§t:5,i"r<_:sg;»5:_s.1?’orrn_,'p_-¢1::§<::ai info.-a -Sflcm Qi15cEcfii:<J1:_oma!9gmphy ceiunln
" -giéiss {ESQ mid g3i.=.5:: i.a';3_. '3 g of'pheay‘:epi1r2i_E1c'i13rd:m:}i’1o_ri{?e ‘was

ad 3-_s -:icacr.ihu'a<ii earlier arid siowiy. passed. t?'ir&2:£1:_g.‘*1_'£-%‘:e"va;o_1,;::I_3n t‘€i¥¥'o_w§:Ci 113’-
' adsrqg-:tio'n saxfctrunx nf the‘:

_- é:~j_5'f:”r1é$'§i§i:§§E<i'-3.! int¢rvé§s§ji33id.g5§_fif" P4 réiiiiiréiing £;ri§11v:’.E.<3.!t1cii:r
' ‘mi-‘-ftii "a?'?bsgcsr_§$éa1:n>::-Eiii::rjj§?%s:§5ge.':&‘3t1L 302:. ’;;_3ezj:.a1'iiaé 's:i:j§-§Ej;§i:1e'}_‘E-Ii{}'S ...:,a raga‘:-o.

" .. "!Tsité"‘5E:3:1'i§§'13ia"~._ 2"n'i:’E ='t!ih'j::pE1é:nje.E'é_i;.1'Ii$i-iic'-was eTut'ec§

 
 

 
  

" = ':_'I*hc"'sve::<$n:ié£?§'-'-"Oxidation product was =n-cast eIu1¢d- using. E?"-in 1:3-ciisroe
-Chiuric 3-siiti. arléi finaliy ths.rctz1ainis1_g -n:>.xEf3a:.'i0'::. pmd_.;as:_!s. ig:a;_1'u.:'i'i::g 1:'n.:: i_t1<-.:nt-i_E'1::_:;i
ieirahydmisoquinolints cixxxeé with 35¢ 'hyd.ivoc!i§£=:§c'-a'c.itL The Iva {$0113 .1"raiitioné ‘«Y'i'rfe
identified by 1:1.-v:._ 'r2se_sa1:_:_;';::;;_a1ussa .uai::;..-{)y1:gz.ac;'a_.s,§-as nc'a:.:-;;:;;-m_.'w_j:2_«_ soéiuérs.
iiydronfisic and; cu-a;;e§;:ate:gi'_1;z_;.d.rr;g_1aL>ss at £0” unfi¢r'?_acu_1='m_. I11:-:o:gan_ic:'A1-action was
disfioivérd ‘in mctlianol, "be}_1_in_d._most offitt: sodiunt chiorizit-, "former! diaring
'ne!2t-ra11izat§:rn;.<:his-qpbra-tiann \vas"i*epeaic<'I.-'m:'remove that last traces er"? sait. I-‘inaiiy
t'}1e.n1a1Lr1al was'I¢1:*=Eed.'in= a- vaczuun av cn.;:.t.:;40“-for-(§ '31‘ M-a:ysi3 _i'3y' t.I.c.--showed aha 5''
mice gmaunt of-"'.cc>ar_1t:::;r_'si_a1a_;_r_:_%;_s were ._pr£_'.s.e'nt.-_._..__ 72".“E1t_: Imass-spgct-gum -ab__':2aL_-i'1r_1«.:«:_§ an "this
m:a£eri::*1'~'i'a %h¢'<5i=%‘¢*-'5fi'?~‘.«'..t7§1~i$'i.¢§‘ihfihc-=£fi%€séé3?b¢t:te':::.§§¢r'i.5 showii in ‘Fig. 3. The
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Szabfiffy.93‘.-.rafa;ii;;a3.s_sjg:figgfz_,é;2:3.-:‘§tgEig:§&;a. .. . 29'?

atomic -compasfzjons '0'’? the prominent. ions as gfi:#*e::¢_Ein Fig; 3. -w_e:e_--;::cnfirIned_.'by-
accu;aie“1'r:ass--I!l£53$_ur§‘:njtfs_§:$!g§ ' ' "" -'

The foii9wi=as- frhgrnésntizti-6.:-.;:a_:En<cary*s ¢sta§i_i$§i_%!.r‘;ari hr‘ the: iffisgfibfi, «mne-
e':p1_:arcipr.ia't_c .n1e'tasta%§ie icfn-5 {I'u"‘.‘}: 9 ' . ' '

. r=w>s.<'=-E" ..m_1.._,-"740 .€i:}“a“‘?*
_nM§._E:_ _ .. _: ._M_m____..__   

  
Since the-. com

quinciine-ané: 

  
 

 

an M‘1:3:-‘xi

A'rr:satnenm:i'ut;.pa:teé;;.ruI..2a::;§;.;;;;:Ji§2§§;51:ib3i%:;;5;;.'

  

 

UfhuViafet: speaszrum

I-‘in: Am.“ in, a<v:'cli;:.ss;>_lu£1‘s>r2 was at.'346 nnzand this wiufiun-.w&5 c'<1h_1__:Iri__cs:~‘._. éfxbmrc
1:83‘ the 3m, si1'i.f£¢;;_i:g:;'—26i2 n'i:_1='a}'Is§ the'soI'ai_u'§m -was:-b:§gfi_:'§»el!n' 'a§'.Ec$p_ect6d_for:a~.' - -
§u§n§*\nci5;str§iG.f7t.1l‘¢é" -' - I ' ' . -' "'7 "

Thtsi: rc:s'_i!}'_t;9I'-'=:$33;§;}tJir1:_iE1e si:'1ic1'i:rc=-o;‘;.'1.Ir:is.;ir:);<im:1 52$-“being”; 'meth§*1:5-Qxfiisqs-:
Qninclin: or-L‘*é‘t1e'iI’tj=‘i%_3:'uxoisoquinblincg. 5 I:-2.: -' .- -= .- .- _  

_ _ m__sc_uss§;o:~:‘ . _ _ _

Th; main «_:;.v';§§i_a_tir;n _pmr1.uc:s .:;»'f.3:1§1:1:_)'.icph1_+i.:f_r§ w_a_-er:igi_«_=_::':j.1ifi<;:?_ as-3 ,2.'3,¢i>~;'eir;£h;e'fi:;:= -
4', 1'54-§’1iE'1j'.r£i'r(}::§r-2-:1jx‘1<.:'£_Ii3j«[i_3's£}€';!,1_lint-{fl}: ,:;1:_:_:;i_._i§._+.—+1»,_8:i~sj<_;rr;::::-; '1‘he_:jz‘1ec}:_al3ism-s3:gg:.s1_¢_d'_i_$' - .
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353 3? -=-'-n;'i-.=1z_¢1'i2LARzj; :3;-.' ':.€m?i>§-e;i;L3:"-‘ -no"

 
" "~:1«‘.g parent.

-wifii El
"rad LlC€: 'i'l1e'

 ‘first ‘stage in the 433J;'id&'§_i§:'_-"(X '53- S§:_i_-fI'1_E}i_:; its t.}'.1,as':-:"'::§.a'r__1ec_3 i'bj_riifi§§ £§'c;;ra1L§;I'1iE+:1§If'{3't_7
-rr:'$ih_dic:3'.u1inc'{¥*.¥§.iI3arE'i, 1’i"i I_i.-'t.L'i_)i' $E'H'§:at§<:_n,:' EF?_?i_}, %'~;h1Te the seeififrgi stage; of t‘rtF3‘

- gegéjiofié has 'ta;I<$r£c€§.‘¢€:3;';c;:ifir' (iii;-i_g&f.a5iitiiIi;r§'rhii'dmind itiofigs-s:fs3f.'éi:='ii1cr-pfienyll»
;-:.'a;E§v;};_’s"ajr2i::{.ésa=;I§Buz:k-,_~-.-E-33!§e;- -(£333?-_'1§'nda;¢h;1r'§ -£2. Whalty, I-95-II}. Addition p:od_ur.fis-

§::':'ii‘aiI3!' famncad after me iwi_era'c"t'£un ..of 3 secasxfia-ry amiha and ara= a'l'd¢i3ydc am:
known :5 be very unstabi_e_ £_§__§_1_a_'.i__i:,&ni‘_mt Iisdiazeéi {01fg:.ini_§'c'ur1.:-_; 1964}. Synihe$Es-

from phenylpphfine and £».;,;‘-_,;-§_1_;;:'1_.;¢:_z'a._yc'§',=__, :_§_1y}'_ica‘:§53 that this:--$».;:'_c&t:gg'<'_|-:;;sj_t';,*}:s on-*.t:3.1fs'
ra{iid_13'-,~ so thai3.frw¢-'f0rm'a§d¢iif3:pd'é' xa?o'riI£i":i{£:-t3"E§1é "i*§pre§§_;3z-.-an ._a_£§f"'cx_x’§dié:-ii. s_;O!u_£iu:a-'
'oi‘=>'ph;:r_i'.V*l:p?:'r§'r;'e; ' '
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I-Iatano Research In stitutc

Kanagawa, Japan

Philip Sayre, Ph.D.
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in systems such as cell cultures and extrapolating the

results to human toxicity. He felt that one could break down toxicity in complex biological systems to
basic elements that could then be analyzed by using in vilro methods. To advance these ideas, he founded

a small non-profit research institute, the Cytotoxic-Ology Laboratory, Uppsala (CTLU) in 1983. He also
established the Scandinavian Society for Cell Toxicology whose mission-is to gather scientists for

meetings and show that chemical effects on cells should translate to in I.'ivo_ effects. These organizations

coordinated a large international evaluation study, the Multi center Evaluation of In Vitro Cytotosicity
Tests (MEIC), that began in 1989 to scrutinize the relevance of in vitro cytotoxicity tests for human acute
toxicity ofchcmicals, and to select batteries of in vttro assays for practical testing of chemicals as
alternatives to animal acute toxicity tests. Sixty-five different test methods were employed for testing 50
chemicals: Dr. Ekwall continued to work with the MEJC project until his untimely death on August 19,
2000.

Dr. Ekwall published 69 artielesfbook chapters on in vitro toxicology, plus 30 abstracts Published i“
journals and another 30 abstracts published in conference proceedings. He received many international
awards and was a member of many scientific societies and associations.
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Preface

Acute systemic toxicity testing is conducted to
determine the relative health hazard oi‘ chemicals

and various products. Substances found to cause

lethality in animals at or below prescribed doses

are labeled to identify their ha;-rard potential.

While acute toxicity testing is currently conducted '

using animals, studies published in recent years
have shown a correlation between in vitro and in

— viva acute toxicity. These studies suggest that in

vitro methods may be helpful in predicting in vfvri

acute toxicity.

An extensive evaluation of in virro methods for

acute toxicity, known as the Multicenter

Evaluation of In l/irro Toxicity. (MEIC) Program,

was initiated by the Scandinavian Society for Cell

Toxicology in 1989 under the direction of Dr.

Bjorn Ekwall, Director of the Cytotoxicity

Laboratory at the University of Uppsula. Fifty
reference chemicals were selected for which there

was acute oral toxicity data from animal testing
and blood concentrations from fatal human

poisnnings. Ninety-six laboratories evaluated 30
of the chemicals in 32 different in vr'rro

cytotoxicity assays, and all 50 chemicals were

evaluated in 61 assays. Detailed analysis of the

results identified :1 battery ofthree human cell line

basal eytotoxieity assays that were highly

correlative with peak human lethal blood
concentrations. '

In" 1998, Dr. Willi Halle from Gerrnany published

a Register of Cytotoxicity consisting of in viva
acute toxicity data and in vftro cytotoxicity data
for 34? Chemicals. These data were used to

construct a regression model that could be used to

predict estimated [D50 values based on

cytotoxicity data. Dr. I-Iorst Spieimann and his

colleagues at the German Centre for the
Documentation and Evaluation of Altemativcs to

Testing in Animals subsequently proposed that
cytotoxicity methods could be Useful for

predicting starting doses for in viva acute oral

toxicity studies, thereby reducing the number of
animals necessary for such determinations.

In 1999, amidst growing awareness of the MEIC
and other studies, the National Institute of

Environmental Health Sciences (NIEHSJ received

over 800 letters requesting that the MEIC program

results be evaluated by the Interagcney

Coordinating Committee on the Validation of

Alternative Methods (ICCVAM). Also in 1999,

the US. Environmental Protection Agency (EPA)

Office of Pesticides, Prevention, and Toxic
Substances asked ICCVAM to review the

validation status of the MEIC proposals.

LCCVAM discussed these requests at its August
1999 meeting and asked the National Toxicology

Program (NTP) lnteragency Center for the
Evaluation of Alternative Toxicological 'Mcthods

{NICEATM) to prepare :1 technical summary of

the extensive publications resulting from the
MEIC studies. ICCVAM reviewed the MELC

results at its October 1999 meeting and

recommended that an expert workshop should be
convened to: a) evaluate the current validation

status of the proposed MEIC test battery and other
available in vitro tests that might be useful for

predicting acute toxicity; and b) identify research,

development, and validation efforts that might
fitrther enhance the use of in vitro methods to

assess acute systemic toxicity.

Names of appropriate scientists to serve on an

TCCVAM Workshop Organizing Committee were

‘requested from participating [CCVAM Agencies.

The Committee was charged witli workitig with
NICEATM to develop the Workshop objectives

and program and to identify appropriate expert

scientists to participate. '1‘he Committee held its
first of several meetings in February 2000. "Dr.

Philip Sayre of the EPA and Dr. John Frazier of
the U.S. Air Force co-chaired the Organizing

Committee and guided the development of the

scope and breadth of the Workshop.

In June of 2000, the lntemational'Workshop on In

Virro Methods for Assessing‘ Acute Systemic

Toxicity was announced in a Fedora! Register
notice. Relevant data and tlominations of
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Preface

scientists that should be invited to participate in

the Workshop were also requested in the notice.

The Organizing Committee invited 33 expert

scientists from academia, industry, and Federal

agencies to participate in the Workshop.

NICEATM « assembled relevant background

materials for distribution to the invited expert

scientists, other workshop participants, and the

public. The Organizing Committee also identified

knowledgeable agency scientists to participate in

the workshop, and developed a series of questions

for four breakout groups to address during the

three and a half-day meeting. in September 2000,

a second Fedora! Register notice announced the

availability of the Worksliop agenda and

background materials, and requested public
comments.

Invited Scientific experts anti ICCVAM agency

scientists were assigned to one of the following

i‘our Breakout Groups:

' In Vitro Screening Methods for Assessing

Acute Toxicity;
' In Vitro Methods

Determinations;

- In Vitro Methods for Predicting Organ

Specific Toxicity; and
' Chemical Data Sets for Validation of In

Vftro Acute Toxicity Test Methods.

for Toxicokinetic

The Workshop was convened in Arlington, VA on

October 17-20, 2000. The NTP, the NIEIIS and

the EPA sponsored the Workshop, and

NICEATM provided logistical, technical, and
administrative support. The Workshop was open

on the public and was attended by 110 participants

from nine countries. tn the opening plenary

session, speakers provided an overview of in virro

acute toxicity methods and described the

regulatory use of acute toxicity data. Breakout

Groups were then charged with their assigned

objectives and asked to develop responses to

questions provided by the Organizing Cominittcc.

The Groups reported on their progress each

morning of the second and third days and gave a
final report on the last day of the meeting.

Opportunity for public comment was provided in
all plenary and breakout sessions. Following the

xx

 

Workshop, each of the Breakout Groups prepared
reports that represented the consensus of the

invited scientists assigned to that Group.

The NICEATM subsequently assembled the

Breakout Group reports and other relevant

information into this Workshop Report. A
separate Guidance Document on Using in Vitro

Data to E.-Mimate In Viva Starting D0.\'e.\‘ for/lento

.Toxi‘r:.-Hy, based on contributions from Drs. Rodger
Curren. Julia Fentern, and Manfred Liebsch, was

also prepared after the workshop. The Organizing

Committee and ICCVAM reviewed the report and

guidance document, and developed test
recommendations to forward with these

publications to Federal agencies for their
consideration in accordance with Public Law 106-
345. The ICCVAM recommendations are

included in this report as Appendix I. Both

publications are available on the Internet at the
ICCVAM/NICEATM website

hit :i‘i'iccvarn.niehs.nih. ov , and copies may be

requested from NICEATM through email at:

NICEATM@nichs.nih.gov.

  

On behalf of the ICCVAM, we gmtefiilly

acknowledge the unselfish contributions of all of

the Workshop participants. We extend a special
thanks to the Breakout Group oo—ehairs who

worked diligently to ensure the timely completion '
and accuracy of their Group reports. The efforts

of the Organizing Committee members and

especially the cdchairs, Drs. John Frazier and
Philip Sayre, were instrurnental in assuring a

productive and useful Workshop. The efforts of
the I‘-IICEATM staff in coordinating local

arrangements, providing timely distribution of

information, and preparing the final report are

acknowledged and appreciated. We especially

acknowledge Dr. Ray Tice for preparation of the

cornprehensive _background materials, Brad
Blackard for coordinating cornrnunications and‘

logistics throughout the entire proj col, and
Michael Paris and -Judy Strickland for their efforts

in compiling the final workshop report.

William S. Stokes, D.\’.M.

Co-Chair, ICCVAM, NTEHS

Richard N. Hill, M.D., Ph.D.
Co-Chair, ICCVAM, U. s. EPA

Exhibit 1002-‘Page 254 of 617



f� � �� �� RQQSN q� � �  SVV �� WRX

Executive Summary

Toxicity testing is conducted to detennine the
potential human health hazards of chemicals and

products. Acute systemic toxicity testing is used

to properly classify and appropriately label

materials with regard to their lethality potential in

accordance with established regulatory

requirements (49 CFR 173; I6 CFR 1500; 29 CFR

1910; 40 CFR 156). Non-lethal parameters may

also be evaluated in acute systemic toxicity

studies to identify‘ potential target organ toxicity,

toxicolcinetic parameters, and dose-response

relationships. While animals are currently used to

evaluate acute toxicity, recent studies suggest that

in vitro methods may also be helpful in predicting

acute toxicity. _

To evaluate the validation status and current

potential uses of in vitro methods as predictors of

acute in viva toxicity, the lnterageney

Coordinating Committee on -the Validation of

Alternative Methods (ICCVAM) and the National

Toxicology Program (NT?) lnteragency Center

for the Evaluation of Alternative Toxicological
Methods (NICEATM) held a four-day

worl:shop-—the lntcmational Workshop on In

Vitro Methods for Assessing Acute Systemic

Toxicity, October 17-20, 2000, in Arlington, VA,

U.S.A. The Workshop provided a public venue

for invited experts and ICCVAM agency

participants to review the validation status of

available in vitro methods for assessing acute

systemic toxicity and to develop

recommendations forvalidation efforts necessary
to further characterize the usefulness and

limitations of these methods. Workshop

participants also developed recommendations for
future -mechanism-based research and

development efforts to improve in vitrn

assessments of acute systemic lethal and non-
lethal toxicity.

- Specific obj cctivcs of the Workshop were to:

' Review the status of in vitro methods for

assessing acute systemic toxicity:

xxi

J

— Review the validation status of

available in vitro screening methods

for their usefulness in estimating in

Vivi) acute systemic toxicity;
'— Review in vitro methods for

predicting toxicokinetic parameters

r important to acute toxicity (i.c.,

absorption, distribution, metabolism,

and elimination);
-—' Review in vrtm methods For

predieti ng spcci fi c tatget org-an

toxicity;
' Recommend candidate methods for

further evaluation in prevalidation and
validation studies:

' Recommend validation study designs that

can be used to adequately characterize the

usefulness and limitations of proposed in
virro methods;

' Identify reference chemicals that can be

used to develop and validate in vitro

methods "for assessing in vivo acute

toxicity.

Four Breakout Groups were assigned specific

objectives and asked to develop responses to

questions grouped into general areas of (:1)

identifying needs, (b) current status, and (c) future

directions. Breakout Group 1 (D01) addressed

the use of‘ in vitro screening methods to estimate

acute in viva toxicity (i.e., median lethal dose

[LD50 va|ues]]. Breakout Group 2 (1362)
discussed the role of in vitro methods for

estimating toxicokinetic parameters needed to
assess acute in viva toxicity. Breakout Group 3

(RG3) examined in virro methods for assessing

target organ toxicity and mechanisms, and

Breakout Group 4 (B64) addressed chemical data

sets for validation ofacute in vttro toxicity tests.

In Viz:-0 Screening Methods for Assessing

Acute-Tcxicigy

BGl was asked to evaluate the validation status of

available in vitro methods for estimating in vivo

acute toxicity. The Group identified methods and
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appropriate validation studies that might be
completed within the next one to two years. The

potential uses of quantitative structure-activity

relationships [QSAR] as part of an in vio-is

strategy were also considered.

ln identifying needs, BGI noted that the ultimate

goal is to be able to predict acute toxicity i_n

humans. To that end, the long-term goal is to

develop a battery of in vitro tests employing

human cells and to integrate .the resulting
information with that derived from other sources

on key physico-chemical parameters (e.g.,

kinetics, metabolism, and dynamics) to predict

human acute toxicity. The Group also

recommended investigating ways to reduce and

replace animal use in acute oral toxicity tests as

detailed and described in the Organisation for

Economic Cooperation and Development
‘ioscoj tcst guidelines 401, 420, 423, iiiiii 425.
The Group recognized that the use of QSAR (e.g.,

Barratt er al., 1993) can provide key information

in a number of areas, including the selection of
test chemicals for validation studies, the

interpretation of outliers, and the grouping of"

chemicals by structure and biological mechanisms

of toxicity.

To characterize the current status of the use of in

virro cytotoaieity assays to predict acute in viva
lethality, BGI reviewed a number of approaches
but focused on the Multiocntre Evaluation of In

Vitm Cytotozticity (MEIC) and the German Center
for the Documentation and Validation of

Alternative Methods (ZEBET) approaches. ‘The

MEIC program investigated the relevance of in

virro test results for predicting acute toxicity in

humans by coordinating the generation of in virro
cytotozticity data for Si] chemicals by 96
laboratories using different in via-o methods. The

MEIC management team correlated the in vftro

findings with data compiled from human

poisoning reports. The ZEBET approach

involved using data from the RegislIy of

Cytotoxicity (RC), which contains a regression
analysis of in vftro cytotoxicity ICSU values and
rodent LD50 values for 347 chemicals, to

determine starting doses for LD50 tests. BGI
concluded that none of the available in vitro

methods or proposed testing strategies had been

xxii

 

evaluated adequately to replace the use of animals

for acute systemic toxicity testing.

In the future, to reduce the use of animals in acute

-lethality assays, BGI rceommentied using in virro

cytotoaicity data to predict starting doses for in

viva lethality studies as proposed by ZEBET

(Spielmann et all, 1999). Data were presented

indicating that this approach would reduce and

refine animal use for acute toxicity testing. BGI
recommended that test laboratories evaluate and

compare the performance of several in virro

eytotoxicity tests with the existing RC data. An
appropriate in vitro cytotoxic-ity assay for this

purpose would be a protocol employing the
BALB!c 3T3 mouse fibroblast cell line, a 24-hour

exposure time, and neutral red uptake as the
measurement endpoint (of cytotoxicity). Other

cell lines and cell viability assays could serve the

same purpose equally well.

The Group also recommended that to further the

goal of replacing the use of animals in acute

lethality assays a prcvalidation study should be

initiated as soon as possible to evaluate various

cell types, -csposure periods, and endpoint

measurements as predictors of acute toxicity. The

assay, or battery of assays, determined to be the

best predictor of in vivo lethality could be

optimized Further to identify, standardize, and

validate simple predictive systems for gut
absorption, blood-brain barrier (BBB) passage,

kinetics, and rnctabolism.- Such information has

been identified as necessary to improve the ability

of in vitm cytotoiiieity data to predict in viva

LD50 values (Currcn et al., 1998; Seibcrt at al.,

1996; Ekwall er al., 1999). Additionally, other

concepts such as ,TestSmart (CAAT, I999, 2001),

an approach to dctcrrninc whether "one lean

measure cellular changes that will predict acute
system failure" (A. Goldberg, personal
communication) could be incorporated into in

via-o strategies for predicting acute toxicity in
viva.

In the longer-term, preferably as a parallel
activity, BGl recommended focusing on the

development and validation of human in virro test

systems for predicting human acute toxicity,
integrating the approaches suggested by Breakout

Groups 2 and 3. B61 recommended that future
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studies identify and evaluate me-chanism-baserl

endpoints. . The Group a|.so recognized the

potential impact of genomics and proteomics in
many areas of toxicology, but noted that acute

toxicity testing is not currently an area of high

priority for the application of these new

technologies.

BGI made the following recommendations for the

prcvalidation, validation, and future development
of in virro assays for acute lethal toxicity:

To Further reduce the use of animals in

acute lethality assays, a guidance

document on the application of in vitro

cytotoxicity data for predicting in vivo

starting doses, including details of current

test protocols and their application should

be prepared.

To support a testing strategy that might

eventually replace the use of animals in

acute lethality assays, a worldng group of

scientific experts should be established to

identify antlfor define Specific in vitro

cytotoxieity test protocols for inclusion in

a prevalidation study of their use for

predicting LD50 values. The working

group should design and plan the study in
detail and take into account the

suggestions made by I3-G1 (Section 2.7’)
regarding cell type, exposure period, and

endpoint measurement.

It is anticipated that the use of simple

systems that predict gut absorption, B-B13
passage, key kinetic parameters, and

metabolism will improve the ability of in

vitro cytotoxicity assays to predict rodent

LD50 values, or any in vivo toxic effects.

Continued development and optimization

of such systems for this application is

encouraged and should receive regulatory

Support.

In principle, QSAR approaches, including

expert systems and neural networks, could

be developed and validated for predicting
acute systemic toxicity. Initially, an up-

to-date review of current QSAR systems

for predicting rodent oral LD50 values
should be undertaken. In addition,

QSARs for predicting gut absorption,

xxiii
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metabolism, and BBB passage should be

dcveloped and evaluated and initiatives to

increase data sharing should be
established.

The development of simple predictive

models for human acute toxicity should

be a major focus.

The evaluation and ultimate acceptance of

in vitro assays for human acute toxicity

will need a larger reference database than

is presently available for validation

purposes. The MEIC human database

should be peer-reviewed, modified if

needed, and expanded as soon as possible
so that data will be available for future

validation studies.

In Vitro Methods for Assessing Acute Toxicity;
Biokinetiebetcrminations

The second Breakout Group, BG2, was charged

with 1) evaluating the capabilities of in iritm

methods for providing toxic-oltinetic information

{i.e., absorption, distribution, metabolism, and

elimination) that can be used to estimate target

organ dosimetry for "acute toxicity testing, and 2)

providing recommendations for future research to

accomplish this goal. BG2 also explored the role

ot‘ QSAR in tox_icolcinetie determinations.

In identifying needs, BG2 focused on a short-term
goal of improving the prediction of acute lethal
effects in rodents and a long-term goal of using in

vitro techniques to evaluate chemical kinetics and

ultimately to predict sublethal acute toxic etfects

in humans. Needs include the ability to use in

vitro determinations of l11CiElb0liC- rate and pas sago
of a chemical across membrane barriers to

improve kinetic modeling. Such information may

be useful for estimating LDSD values from basal

cytotoxic-ity data. BG2 identified the following

techniques that need further development to
advance in virra determinations of bioltinctic

parameters:

In vitro determination of partition

eoefficients, metabolism, protein binding,

and "stability;
Characterization

cnzyrnology;

oi" biotransformation
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' Structural knowledge and its "translation

into “chemical l‘unctionalitics.” estimation

of partition coefficients, metabolism, etc.

(i.c.. “in sr'ir'r:o" methods such as

QSARfquantitative structure-property

relationships [QSPR]);

* Biokinetic modeling,

integration of ioxicodynamic and

biokinctic modeling in predicting

systemic toxicity.

including the

Evaluation of the current status of the use of in

rare methods to obtain bickinetic information

involved a survey of in vitro systems for

estimating metabolism and passage of membrane
barriers. Biotransformation information can

currently be obtained using human or animal liver

preparations; however, conditions for the

preparation and incubation need to be

standardized. Several in vitro systems for

measuring intestinal absorption are also available,

but some cell lines lack transporters that are

present in vivo. Glomerular filtration and
teabsorption in the proximal tubule determine the

renal excretion of most compounds and can be

predicted from a compour1d's physico-chemical

properties and plasma protein binding. Many of

the available renal cell lines or primary cultures

lack specific transporters implicated in’ the

accumulation‘ of‘ several nephrotoxic compounds.

Future directions for research outlined by BG2

include using a conceptual structure to integrate
kinetic information into the estimation of acute

oral toxicity. Available in vitro data on the

absorption, tissue partitioning, metabolism, and
excretion of a test material could be used to

paramelerize a chemical-specific biokinetie model

(Clewcll, 1993']. The model could then be used to
relate the concentration at which in virro toxicity

occurs to the equivalent dose that would be

expected to produce in vivo toxicity. Such mod cls

could also provide information on the temporal

profile for tissue exposure in viva, which can then
be used to design the most appropriate in vitro

experimental protocol {Blaaubocr et al., I999).

BG2 suggested two main testing strategies
appropriate for research and development

activities. One strategy was a simple method of

using chemical-specific partitioning infomtation

xxiv

 

and the other was a onc—compartment model to

estimate the oral dose equivalent to the in vrtro

cytotosicity value. Research and development

activities would involve collecting partitioning

information for a number of chemicals, making

such oral dose estimations. and then comparing

the estimations to empirical values to develop a

prcdicti on model.

The other testing strategy BG2 recommended for

research and development was a tiered approach

for using in virro cytotoxicity assays to evaluate

the role of metabolism in the production of acute

toxicity due to chemical exposure. The first step

would be to estimate hepatocyte metabolism at a

relatively low concentration (e.g., ll] uM).

If the rate of mctabolism.(Vm:»nc’l<m) is low, then

basal cytotoxicity information could be relied

upon to predict in vivo toxicity. If the metabolism

rate is high, then the responsible enzyme system
could be identified with in vitro studies. If the

primary enzyme system is oxidativc-' or reductive,

then metabolic activation may be producing

toxicity and a hepatocytc cytotoxicity assay

should be performed.

lf the [C50 value for hepatocytes is much lower

than that for basal cytotosicity, then the

concentration-response for metabolism should be

characterized to predict the in viva doses that

might be associated with toxicity. If the primary

metabolism is detoxification (conjugation,

suliiation, etc), then the basal cytc-toxicity results
could be used with some confidence to predict the
LD50 value.

BG2 also recommended identifying the
compounds that represent the outliers in the MEIC
correlations of in vitro basal cytotoxicity assays

with LD50 values. By determining the physica-

chemical properties of these compounds and their
target tissues, it may be possible to identify

factors that could improve the correlation between

predicted oral LDSU values in rodents and
empirical values. Such an exercise would help

define a “predictive range” for various chemical

properties over which in vim: basal cytoboxicity
assays might be expected to provide reasonable
LDSU estimates, as well as exclusion rules for
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identifying compounds for which in vitro assays
are not reliable. '

Other research recommendations made by BG2

include developing validated, stable human

hepatoeyte systems and in vitro systems for key

transporters (renal, biliary, etc). Such data would

provide a mechanistic description of ‘barrier

functions that could be incorporated into template

physiologically-based biokinctie (PBBK) models

for various classes of chemicals. Specific QSPR

applications need to be developed to provide other

infonnalion such as metabolic constants, binding,
ete., required by PBBK models.

The interaction between kinetics and dynamics

also needs to be explored. For example, the effect

of toxicity on the metabolism and excretion of a

chemical or, conversely, the effect of metabolism

or reabsorption on the toxicity ofa chemical must
be taken into account. The time dimension i'n the

conduct of these assays should be analyzed

rigorously to account for duration and frequency

of exposure. Other recommendations for research
include:

' Understand the relationship between

molecular structure, physical-chemical

properties, and kinetic behavior of

chemicals in biological systems;

° Develop algorithms to determine the

optimum kinetic model for a particular
chemical;

' Conduct research on modeling of
ftmdarnental kinetic mechanisms;

' Develop mathematical modeling'

techniques to describe complex kinetic
systems; _

' Develop mathematical modeling

techniques for tissue modeling

(anatomically correct models];

0 Develop an optimal battery of in vftro

assays to evaluate chemical-‘specific
kinetic parameters;

' Establish a database of chemical-

independent parameters (mouse, rat,

human); ‘
- Develop a library of generic models that

are acceptable for regulatory risk
assessments;

XXV‘

Executive .S'um_n-wry 

' Understand and model the mechanisms

regulating the expression of proteins

involved in kinetic processes

(metabolizing enzymes, _ transport

cnzymes, metal loth ionein, m embranc

channels, ctc.);

' Understand and model effects of changes

in physiological processes on kinetics of

chemicals;

* Develop mathematical modeling

techniques to describe complex dynamic
systems and genetic networks at the

cellular anti at the systemic level;

' Develop mathematical modeling

techniques to describe individual

van'ahi_1ity (genetic background);
° Develop in pore biological models that

are equivalent to in viva tissues (i.e.,

models that maintain specified

differentiated functions that are important

for "the toxicological phenomena under
Study);

* Establish lines of ditferentiated human

cells (e.g., derived from stem cells};
' Untlersrantl and model mechanisms of

multi-cellular interactions in development

of toxic responses (co-cultures);

° Understand and model relationships

between cellular responses and

biomarkers of systemic responses;

* Compare genomic differences or species-

specific expression "differences between

species and within species (e.g.,
polymorphisms in-- biotransformalion

' enzymes);

' Perform high dose to low dose

extrapolation.

In Vlrro Methods for Organ-Specific Toxleitv _

Breakout Group 3 reviewed in vrrro methods that

can be used to predict specific organ toxicity or

toxicity associated with alteration of specific
cellular or organ Functions and developed

recommendations for priority research efforts

necessary to support the development of methods
that can accurate-l_~,» wssess target organ toxicity.

Exhibit 1002- Page 259 of 617



f� � �� �� RQQSN q� � �  SWQ �� WRX

E.te't.'t£! five Sum mary

ln itle-ntifying needs, reviewing current status, and
suggesting future directions, BG3 focused on the

major organ systems most likely to be affected by

acute systemic toxicity: liver, central nervous

system, kidney, heart, hernatopoietic system, and

lung.

Currently it is possible to assess the

potential for hepatic metabolism in high

throughput screening assay systems when

identification of the specific metabolites
is not needed. Future work should

include. development of a system that will

be able to recognize the effect of products

of hepatic ‘metabolism on other organ

systems in a dose responsive manner. A
worldwide database is needed to compare

human in vitro and in viva data for hepatic

toxicity.

Some endpoints, assays, and cell models
for the more general endpoints for in wire

neurotoxieity have been studied and used

extensively and are ready for formal

validation, However, most assays and

cell models determining effects on special

fiinctions still need ‘significant basic

research before they can be used as
screening systems.
Several in vitro models to assess B313

function are currently being, evaluated in a

prevalidatien study sponsored by the

European Centre for the Validation of

Alternative Methods (ECVAM). Models

being studied include immortalized
cndotlielial cell lines of both human and

animal origin, primary bovine endothelial
cells co-cultured with glial cells, and

barrier—fonning continuous cell lines of

non-endothelial origin. Preliiiiinary
results from the Ilrevalidation study show

that the rate of penetration of compounds

that pass the B1313 by simple diifusion can

be estimated by the determination of log

P, or by the use of any cell system that

forms a barrier. To assess the impairment

of the transporter functions of the B1313,

an in vitro system with a high degree of

differentiation is required, including the’

significant expression of all transporter

proteins representing species-specific

properties. At present, this can only be

xsvi

 

achieved in primary cultures of brain
endothelial cells co-cultured with brain

glial cells. '

To assess kidney function, in vitro

systems will need to utilize metabolically

competent kidney tubular cells and be
able to evaluate the banicr function of the

kidney. A system to assess this parameter

is currently being studied in Europe with

support from ECVAM. In addition, in

virm systems will need to assess specific

transport functions. More research is

needed in this area to develop

mechanistically based test systems.

The Group's review of in vifro models for

cardiovascular toxicity concluded that

none have been validated. The likely

candidate in vitro systems for an acute

cardiotoxicity testing scheme could

include: (a) short term single-cell

suspensions of adult rat myocytes to

measure products of oxidation; (b)

primary cultures of-neonatal myocytes to

measure changes in beating rates and

plasma membrane potentials; (e) co-
culture of smooth muscle cells or

entlothelial cells with macrophages to

examine rate of wound healing, (DNA

synthesis);,and (cl) an immortalized cell

line lie-.g,., the liutaan fetal cardiac

myneyte line) to in-:asu.t'G Clas‘-3i¢3l

cytotoxic entlppints. it also may be
important to include the perfused heart

preparation for a comparison with other in
virro models since this system is more

representative of the in viva situation than

cell culture systems.

Regarding the status of in vitro methods

for assessing toxicity on the

hernatopoietic system, ECVAM is

supporting a validation study ofthe use of

colony-forming, assays to test for the

.development of neutropenia. Methods to .

assess effects on dtombocytopotesis and

erythmpniesis are also available and can
be considered for validation. ECVAM is

also supporting a new project to develop

and prevalidate in vitro assays for the

prediction of thrombocytopenia. A

preliminary study by ECVAM’s
laboratories confirmed the usefulness of
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the in vrtro test for screening drug toxicity

to megakaryoeyte progenitors. The study

also showed that cord blood cells (CBC)
can be used as it huinan source, are more

suitable for this purpose, and provide a
means of avoiding ethical problems
connected with the collection of human

bone marrow cells USMC).

° In vitro evaluation of acute respiratory
toxicity should consider several cell types
sinee- the tracheal-bronchial epithelial

lining consists of stratified epithelium and

diverse populations of other cell types,

including eiliated, secretory (e.g.,

mucous. Clara, serous), and non—secretory
cells. BG3 reviewed a number of models

that could be used to indicate chemical-

indueed cell damage or death. The cells

of the airways are relatively accessible to

brushing, biopsy, and lavage, and
therefore lend themselves for harvesting

and use as primary cells (Larivee et al.,

1990; Werlc et al., l99-1). The most
useful markers are those that relate to the

basic mechanisms by which airway

epithelia respond to toxic exposure.

However, most assays and cell models for

determining effects on special functions

still need significant basic research before

they can be used as screening systems.

BG3 indicated that specific organ toxicity data
would not be needed routinely to assess acute

systemic toxicity and reeornrnended a tiered

approach to assess the acute systemic toxicity
potential of xenobiotics. The first step involves

physio-o—ehemieal characterization and initial
bioltinetic ‘modeling for the chemical of interest.

Such information should be used to compare the
test material with chernicals that have asimilat

structure or properties and for which toxicity data

exist that may be useful for predicting organ
distribution. The second step is to conduct a basal

cytotoxieity assay. The third step is to dctennine
the potential for metabolisrmmediated toxicity.
The next two steps can be done in either order.

Step 4 involves assessing the effect of the test
substance‘ on energy metabolism by using a-

neuronal cell line that expresses good aerobic

energy metabolism. Results from this system will

Executive Summary 

help determine if the nervous or cardiovascular

systems are likely targets. If there is evidence of

metabolism (from Step 3), Step 4 must be done

with both the parent compound and the

rnetabolitets). The fifth step is to assess the

ability of the compuuntl to disrupt epithelial cell

barrier function using a transcpithclial resistance
assay across a membrane. The results from such a

system will help determine if organs (e.g., brain,
and kidney) that depend on barriers for defense

against toxic insult are likely to be targets. If the
compound causes disruption ofbarrier function at

a concentration lower than the basal cytotoxieity,
the endpoint used in determining the effect on the

organism might need to be lowered to take this
into consideration. If there is evidence of

metabolism in Step 3, Step 5 must be done with

both the parent compound and the mctabolitefsj.

Chemical Data Sets for Validation of In Virra
Toxieig Tests

Breakout Group 4 defined the chemical data sets

required for validation studies, identified existing
resources, and recommended approaches for using

existing data sets andtor compiling or developing
new data sets.

Rather than develop specific lists of chemicals,

BG4 developed criteria for establishing a database
of chemicals to use to validate individual tests or

prediction models." In identifying needs, B-G4
noted that chemicals chosen for use in a validation

study should be distributed unifonnly across a

broad range oftoxicity. Two sets ofchemicals are

needed: 1) training sets that can be used for
method development and 2) validation sets that

can be used to confirm the predictive capacity of

the tests. In selecting chemicals for use in

validation studies, needs of the user communities

must be met. The performance parameters of the
in viva tests must be clearly defined prior to

_ c-hemieal selection if the results of these tests are
to serve as a baseline for judging success.

'l‘o evaluate the current status of chemical data

sets for prevalidation and validation activities, a
number of databases were discussed. The NTP

database would be a useful component of any

primary database ofchemicals for validation. The

X)-(vii
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high production volume (HPV) database,
containing predominantly industrial chemicals,

might not meet the needs of all user communities.

The US. Erwironmental Protection Agency

pesticides database and the US. Food and Drug

Administration drugs and food additive databases

contain associated LD50 data of good quality, but

accessibility of the data may be impeded by

confidentiality claims by the sponsors.

For fiiture activities, BG4 recommended

convening an expert -committee to assemble a

reference set of test chemicals from existing

databases according to the following criteria:

- Chemicals selected must ‘be consistent

with the test protocol and its prediction

model, be physically and chemically
compatible with the test system, and
include the relevant chemical classes.

-— The definitionof chemical class is
context-specific.

-- The developers of the test must

specify the parameters that detine the
class.

— The chemicals must be chosen

independently.

° The toxicity must cover the range of

response with unifonn distribution.
° The number of chemicals used in the

subset will depend on the nature of the

test and the questions being asked, and
should be determined with statistical
advice. ' '

BG4 also recommended undertaking a study of

existing databases to determinethe variation in

rodent LD5l} results introduced by different

laboratories and by different protocols used by

various regulatory agencies.

To build upon the MEIC foundation, BG4

recommended that an cXflE'.IT'[}£lI1€l review the

MEIC approach for measuring acute toxicity

. parameters in humans. The Group agreed that a

standard approach for measuring acute to:-zicity

parameters is necessary and that existing sources
of information should be searched carefully to
ensure that all human data are obtained. .

xxviii
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1.0 INTRODUCTION

This report summarizes the proceedings and

outcome of the International Workshop on In

Vftro Methods for Assossing.Aeute Systemic

Toxicity, October I?-20, 2000, in Arlington, VA,

US. This Workshop, the first convened by
ICCVAl‘\'l and ‘NICEATM, evaluated the status of

available in euro methods -for assessing acttte

toxicity. These included screening methods such

as those that may be used to predict the starting
dose for in vivo animal studies, and in vitro

methods for generating infonnation on

toxieoltinctics, target organ toxicity, and

mechanisms of toxicity. The Workshop also

developed recommendations for validation efforts

necessary to further characterize the usefulness
and limitations of those methods and for research

and development efforts that might further

improve in vitro assessments of acute systemic

toxicity. Notice of the Workshop and requests for
nomination of scientific experts and submission of

information on relevant past, current, or fiature

studies were announced in two Federal Register

notices (See Appendix H).

This introduction briefly summarizes the purpose

and history of acute toxicity testing and the

purpose and conduct of the Workshop. The final

reports from the Breakout Groups are presented in

Sections 2 through 5. Section ti provides it

glossary, while Section 7 contains the Registry of

Cytotoxicity (RC) Data, :1 database of LD50
values and in vitro cytotoxicity TCSD values, and a

regression analysis between the two values.
Section 8 contains all references cited in the

Breakottt Group reports and appendices. The

Appendices provide supplementary materials,

including the Workshop agenda, a summary ‘of the
plenary sessions, guidance for the Breakout
Groups, the background document provided to

Workshop participants, the NICEATM summary
of the Multicenter Evaluation of In Htro

Cytotoxicity (MEIC), regulatory requirements for

acute toxicity information, a bibliography, the list

of Workshop participants, Federal Register

notices regarding the Workshop, and {CCVAM
test method recommendations forwarded to

Federal agencies.

1.1 History and Purpose of Acute 'l‘oxicit_v

Testing

Acute oral systemic toxicity testing is conducted

to determine the hazard potential of a single oral

exposure to various chemicals and products. Four

regulatory agencies in the United States, the
Department of Transportation (DOT), the

Consumer Product Safety Commission {CPSC),

the Occupational Safety and Health
Administration

Environmental Protection Agency {EPA} require

industry to label chemicals and products with
hazard information based on LDSU estimates.

DOT requires oral lethality data to detcnninc the

transportation requirements for hazardous

substances (49 CPR U3). CPSC requires such

information for labeling hazardous substances so

as to protect consumers when such products are
used in the home, the school, and recreational

facilities [16 CFR 1500). OSHA requires the use

of acute lethality data to implement labeling

requirements for the hazard communication

program to protect employees (29 CFR 1910).

Certain EPA regulatory programs also require the

submission or generation of acute toxicity data for

hazard classification purposes (40 CFR 156).

During acute toxicity resting. non-lethal endpoints

may also be evaluated to identify potential target

organ toxicity, toxicokinetic parameters, andrior

dose-—rcsponsc relationships.

As shown in Table 1, the international community

also uses acute oral toxicity dam as the basis for

hazard classification and the labeling of chemicals

for their manufacture, transport, and use (OEC-D,

l998a). Other potential uses for acute toxicity

testing data include:

- Establishing dosing levels for repeated-

tlose toxicity’ studies;

* Generating information on the specific

organs affectotl;

' Providing information related to the mode

of toxic action;

- Aiding in the diagnosis and treatment of
toxic reactions:

- Providing infornnttiontor comparison of

toxicity and dose response among
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‘ Substances in ii specific chemical or

product class;

° Aiding in the standardization of biological
products;

' Aiding in judging the consequences of

single, high accidental exposures in the

T:1blel_l

workplace, home, or from accidental
release;

° Serving as a standard for evaluating
‘alternatives to animal tests.

DF.CD Ilarmonized Integrated Hazard Classit'tcation System for Human Health and Enviromnental

Effects of Chemical Substat1ces—- Oral Toxicity (OECD, 1998a)

    ' Toxicity
Class I

 

 

  

Acute Toxicity
Route

Oral

LD50 Values (mg/kg)

[approximate]

 

Historically, lethality has been the primary

toxicological endpoint in acute toxicity tests.

Trevan (I927) was the first to attempt _ to

standardize a method for assessing the toxicity of

potent biological toxicants, the progenitor of the

"lethal dose, 50% (LD50) test". The classical

LEISU test procedure that evolved from this

innovation in the 19705 and early 1980s used from

100 to 200 animals per test substance (Galson,

2000). Althotigh other information, such as the

slope of the dose~response curve, confidence
interval for the LDSU, and toxic signs, could also

be obtained from this test, the procedure was

severely criticized for both scientific and animal

welfare reasons (Zbinden and Flory-Rove-rsi,

I981). These criticisms eventually resulted in the

proposal and adoption oft-1 new guideline {OECD

TG 40]; OECD, 1987) that reduced the required
number of animals to 20, This has become the

most widely used methodfor defining the acute

toxicity of a chemical and a mandatory-testing

requirement for new chemicals. More recently,

the acute toxicity test procedure _has been

modified in various ways to refine and further
rcrluee the number of animals used to a maximum

of 16 (OECD, 1992; 1996; 1998b). The Globally
Harmonized Scheme for Hazard Classification

prompted a reassessment of all of the OECD in

viva test guidelines for acute toxicity (i.e., fixed

Toxicity Toxicity Toxicity

Class 2-_ ' Class 3 Class 4

Toxicity
Class 5

 
 

dose, up and down procedure, acute toxic class

method) to ensure that regulatory needs are met
while minimizing animal usage and maximizing

data quality. K

Recent studies suggest that in wire methods may

be helpful in predicting acute toxicity and

reducing the number of animals necessary to

assess acute toxicity. Studies by Spielmann et al.

(I999) suggest that in vitro cytotoxicity data may

be useful in identifying an appropriate starting

dose for in vivo studies, and thus may potentially

reduce the number of animals necessary for such .

determinations. Other studies (e.g., Ekwall et al.,

2000} have indicated an association between
chemical concentrations leading to in vizro basal

cytotoxicity and human lethal blood
concentrations. A program to estimate

toxieol-tinetie parameters and target organ toxicity

utilizing in vitro methods has been proposed that

may provide enhanced predictions of toxicity, and

potentially reduce or replace animal use for some

tests (Ekwall et al., 1999). However, many of the

necessary in vitre methods for this program have
not yet been developed. Other methods have not
been evaluated in validation studies to determine

their reliability and relevance for generating

information to meet regulatory requirements for

acute toxicity testing. Development and
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validation of in vizm methods that can establish

accurate dose-response relationships will be
necessary before such methods can be considered

for the reduction or replacement of animal use for

acute to xicity deterininations.

L2 Purpose and

Workshop

Objectives of the

The International Workshop on In Virro Methods

for Assessing Acute Systemic Toxicity‘ examined
the status of available. in vitro methods for

predicting acute toxicity, including screening

methods for acute toxicity, and other methods that

might be suitable to predict the starting dose for in

vivo animal studies, and methods for generating

information on toxicokinetics, target metabolism

organ toxicity, and rriechanisrns of toxicity. The

Workshop developed recommendations for

validation efforts necessary to funher char-acteri re
the usefulness and limitations of thesernethods.

Recommendations were also developed for Future

lT|CCl1£.i.l‘llSl‘l‘l-bEl.SCd research and development

ettorts that might further improve in vifro

assessments of acute systemic lethal and non-

lethal toxicity.

Specific objectives ofthe Workshop were to:

0 Review the status of in vitro methods for

predicting acute systemic toxicity:
— Review the validation status of

available in isiiro screening methods

for their usefulness in estimating in -
vi'vo acute systemic toxicity;

-— Review in vitro methods for

predicting toxicokinetie parameters

relevant to acute toxicity (i.c..

absorption, distribution, metabolism,

elimination); ' .
— Review in vitro methods for

predicting specific target organ

toxicity;
- Recommend candidate methods for

further evaluation _in prevalidation and
validation studies;

0 Re-commend validation study designs to

adequately characterize the usefulness and
limitations ofproposed in 'l’.t!it'fl methods;

I#1 tmdui: ti’on 
--is

' Identify reference chemicals for

development and validation of or vftro

methods for assessing in viva acute

toxicity;

' Identify priority research efforts necessary '

to support. the development of in vftro

methods to assess acute systemic toxicity

adequately. Such efforts might include

incorporation and evaluation of new

‘ technologies such as gene microarrays,
and dev cloptnenl of methotls necessary to

generate dose response infonnation.

1.3 Conduct cfthe Workshop

The International Workshop on In Vitro Methods

for Assessing Acute Systemic Toxicity, which

was open to the public, was conducted over three

and a halftlays. The final agenda for the meeting

is provided in Appendix A. As the agenda

shows, the Workshop began with a plenary

session to frame the purpose and objectives of the .

Workshop and formulate the problem of using in

vitro tests to predict in viva acute toxicity. A

Summary of the opening plenary session is

provided in Appendix B. The opening plenary

session was followed by Breakout Group

discussions for two and a half days. Each of the

four Breakout Groups was comprised of 12 to 18

individuals who were invited scientific experts or

ICCVAM agency participants. Breakout Groups

addressed their assigned objectives for the

Workshop by developing responses to questions

provided in the backgrourid‘materials for the
Workshop (See Appendix C). Breakout Groups

reported on their progress each morning of the

' second and third days, and gave a final report on

the last day of the meeting. Written reports of

each Breakout Group's findings, conclusions and

recommendations are provided in Sections 2

through 5. Public observers were invited to

provide comments in both plenary and breakout
sessions of the Workshop. A summary of public

comments during plenary sessions is provided in

Appendix B. After the Workshop,‘ ICCVAM
reviewed the- Breakout Group reports and

developed test method recommendations for

Federal agencies (see Appendix I).
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2.0 IN V.i'2l'R0 SCREENING METHODS

FOR ASSESSING ACUTE TOXICITY

2.1 Introduction

Since t.hc early workcf Pomerat and Leake

(1954), Eagle and Foley (1956), and Smith and
colleagues (1963), research over the last 50

years has been conducted to evaluate the

potential use of in vttro cell systems for

predicting acute toxic effects in viva.
Significant correlations between cylotoxicity in

vtzro and animal lethality have been

demonstrated on numerous occasions (for

reviews see Phillips et al., 1990; Garle et al.,

1994), as have correlations between

cytotoxicity in wire and systemic and topical

effects from acute exposures to chemicals.
Several newer initiatives directed

reducing and replacing the use of laboratory

animals for acute toxicity testing have emerged
(Curren et al., 1998; Ohno et al.. 1998;

Spielrnann et al., l999; Ekwall et al., 2000);

these initiatives were reviewed as part of the

charge given to Breakout Group 1 (In W?!)
Screening Methods] at this Workshop.

2.1.1 Charge to the Breakout Group

Breakout Group 1 (RG1) was asked to evaluate
the validation status of available in vitro

methods for estimating in viva acutc_toxicity

and was requested to identify methods and
appropriate validation studies that might be
completed within the next one to two years. It
was also envisaged that the Breakout Group
would evaluate potential uses of QSAR as part
of an in virro strategy.

2.1.2 Objectives

The specific objectives of the Workshop

pertinent to the charge given to BGI were given
as follows:

(1) Review the validation status of available
in vitro screening methods for their
usefulness in estimating in viva acute

toxicity. .

(2) Recommend candidate methods for
futurc evaluation in prevalidation and
validation studies.

toward '

In Vitro Screening Merhad_r or A.rse.rsing Acute To.ri'city

(3) Recommend validation study designs
that can be used to adequately
characterize the usefulness and-

limitations of proposed in virro
methods.

(4) Identify priority research efforts

necessary to support the development
of mechanism-based in vitro methods to

assess acute systemic toxicity.

]n_it's opening deliberation on these objectives,
BGI members decided t.o limit. the review to

methods for reducing or replacing animal use for
determining acute lethality with the

understanding that Breakout Group 3 would
focus on methods for assessing acute systemic

toxicity.

2.2 Background

Cytotoxicity has been defined as the adverse.

effects resulting from interference with
structures andfor processes essential for cell

survival, proliferation, andfor function (_t:',l«:wall,

1933). These effects may involve the integrity
of membranes and the cytoskeleton, cellular
metabolism, the synthesis and degradation or.
release of cellular constituents or products, ion

regulation, and cell division. Ekwall (1933)
described the concept of"basal cell functions"

that virtually all cells possess (mitochondria,

plasma membrane integrity, etc.) and suggested
that, for most chemicals, toxicity is a

consequence of non-specific alterations in those
cellular functions which may then lead to

effects on organ-specific functions anrltor death

of the organism.

Ekwall drew two important inferences from his

early studies: that (a) cell cultures (notably cell
lines) can be used to detect basal cytotoxicity;
and (b) many chemicals exert cytotoxic effects
on these cultures at concentrations which would

be lethal in humans. Ekwall recognized that

thcr.e will be exceptions and ultimately
refinentents needed in the development of a test

battery for predicting human lethality, as, for
example, incorporating test strategies for
identifying chemicals that produce cell selective
[organ specific) toxicity at lower
concentrations than “basal" (or general)

cytotoxicity.
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Others likewise concluded that, since the actions

of chemicals t.hat produce injury and death are
ultimately exerted at the cellular level,

eytotoxicity assays may be useful for the

prediction ofacutc lethal potency (Grisham and

Smith, 1984). Based on that - premise, a
considerable amount of research has been

undertaken into the development and
evaluation of in vitro tests for use as screens and

as potential‘ replacements for in vivo LDSO
tests. Good agreement between cytotoxicity in

vitro and animal lethality have been reported by

numerous groups (see reviews by Phillips et al.,
1990; Garlc et al., 1994; Gnzzzic, .-1994).

However, none ofthc proposed in was models
have been evaluated in any formal studies for

reliability and relevance, and their usefuhiess
and limitations for generating information to

meet regulatory requirements for acute toxicity

testing have not been assessed.

More recently, Spielmann and colleagues have
conducted studies to indicate that, as a first. step

toward replacement of LDSU tests, in vitro

cytotoxicity data could be used new to identify
the appropriate starting dose for in vivo studies,
thereby reducing the number of animals

necessary for such determinations (Spielrnann et
al., 1999). Other studies have indicated an
association between chemical concentrations

inducing cytotoxic effects in vitro and human
lethal blood concentrations {Ekwall et al.,

2000). Several groups have proposed the use of
in vftro eytotoxicily tests in tiered testing
schemes. These tests include proposed

strategies for using in vftro test data as a basis
for classifying and labeling new chemicals,
thereby reducing (and possibly replacing) the
need for acute toxicity tests in animals (Seibert
et al., 1996) and for in vitro eytotoxicity data

and other information in a tiered approach to

replace oral LD50 tests (Curren et al., 1998).
Curran and colleagues recognized that the

application of their proposal was limited
because of insufficient information on the many
cellular mechanisms involved in chemical-

induced lethality and because the most reliable
in vitrc models for gastrointestinal uptake,
blood-brain barrier (BBB) passage, and

biotransformation for more precise quantitative
in viva toxic dosefexposures were not yet
identified.

To summarize, many investigations of the

relationship between in virro cytotoxicity and
acute toxicity in vivo have been reported. Since
it was not possible I.o critically review and

discuss all of the published literature in the

course ofthe Workshop, a selection of recent
key activities and reports that included the most

advanced and extensive efforts to develop

alternative methods for lethality was made for

consideration by Breakout Group 1 (Appendix

D). The most intensive discussions focused on

the ZEBET and MEIC approaches, which are
outlined below in detail for the reader's

reference (Sections 2.2.]-2.2.6 and 2.2.7,

respectively). I

2.2.] Prediction of In Vivo Starring Doses
(ZEBE T Approach)

Investigators (Ha|le et al., 1997; Halle I998;

Spiclmann el al._, 1999) have proposed a

strategy to reduce the number of animals
required for acute oral toxicity testing. The
strategy is referred to in this document as the

ZEBET approach where ZEBET is the acronym
for Zentralstelle Eur Erfassung und Bewertung

von l3rsatz— und Ergaenzungsrnelhodcn sum‘
Tierversuch (the National Center for
Documentation and Evaluation of Alternative

Methods to Animal Experiments). The

strategy involves using in vflro cytotoxicity
data to determine the starting dose for in vivo

testing. They report the findings of a_n initial

study conducted to assess the feasibility of

applying the standard regression between mean
ICSO values (i.e., IC5U.t, the mean

concentration estimated to affect the endpoint

in question by 50%) and acute oral LDSD data
included in the Register of Cytotoxieity (RC) to
estimate the LDSO value which can then be used

to determine the in vivo starting dose.

The RC is a database of acute oral LDSO data

from rats and mice. (taken from the NTOSI-I

Registry of‘ Toxic Effects _ of Chemical
Substances [R.'l‘EC5_l_l and IC5{]x values of
chemicals and drugs from in vitro eytotoxieity

assays (Halle and Goercs, I988; I-Ialle and
Spielmann, 1992). it currently contains data on
34‘? chemicals (Hallo, 1998; Spiclmann et al.,
i999). The main purpose of establishing the
RC was to evaluate, with a large amount of non-
selected data from various chemicals with

different systemic oral toxicities, whether basal
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cytotoxicily (averaged over various cells, cell

lines, andfor toxicity endpoints) is a sufficient

predictor for acute systemic toxicity.

Apart. from the fact that basal cytotorticity was
an acceptable predictor (i.e., LDSU values

localized in the dose range around the regression‘
line by the empirical factor PG 5 log 5) of thc

LDSU for 74% ofthe RC chemicals (I-lallc and

Spielmann, 1992), the predicted LD50 value

cart be used as a starting dose in acute oral

toxicity testing to reduce the number of

animals. This concept was first discussed at an

ECVAM workshop [Seibert et al., 1996) as it

related to refinements of in viva acute toxicity
tests by the use of new sequential dosing
methods such as the Acute Toxic Class method

([ATC; OECD TG 423] OECD, 1996) and the

Up-and-Down Procedure ([UDP; OF.CD T133
423] OECD, l998b). In these tests, the number

of animals needed depends upon the correct

choice of the starting dose, since the number of
consecutive dosing steps would be reduced as the

starting close more closely approximates t.hc

true toxicity class (ATC), or the true LD50

(UDP) (i.e., the more precisely the starting dose
is predicted, the fewer animals that need to be

used). .

2.2.2 Characrerizarrhn ofrhe RC

The first registry, RC—I (Ha11e'and_ Gticres,
1938), contained 1 1? chemicals and served as a

training data set to establish a linear regression
model for predicting oral LD50 values. A
second data set of 230 chemicals, RC-II,

verified the regression obtained with RC-l

(Hallo, i993). Currently, a third RC of 150
chemicals that will increase the number of

chemicals to almost 500 is in preparation. It is

important to note that, in order to keep the
registry unbiased, published data that were
complete and met the acceptance criteria
described below were included in the RC without

further restriction. Thus, the RC contains data

ofnonselected chemicals. l-lowevcr, it has to be
noted that selecting only published data may be

a slight bias in itself because it identifies
chemicals ofscientific interest, public concern, -

et.c., so that pharmaceuticals, pesticides,

consumer products (eg., - cosmetics, food
additives, etc), and biocides are over-

represented Ccmpared to industrial chemicals;

_ hr Virro Screening .Met'hod.t' for z‘l.r.re.t.r2'ng Acute Ta.técfIy

‘_ i

the majority of the latter are of’ low toxicity (1.
Gerner, BgVV, personal communication, as cited

in Spicltnann ct\al., [I999]).

The acceptance criteria for the in vftrc

cytotoxicity data were defined as follows:

' At least two different ICSO values were

available, either from different cell

types, or from different cell lines, or

from different cytotoxicity endpoints.

' Only cytotoxicity data obtained with

mammalian cells were accepted.

. - Cytotoxicity data obtained with

-I lrepatocytes were not acceptable.

~ The chemical exposure time in the

cylotcxicily tests was at least 16-hr.

Only the following cytotoxicity endpoints were

accepted:

0 Cell proliferation: cell number, cell
protein, DNA content, DNA synthesis,
colony formation;

' Cell viability, metabolic indicators:
MTT-24, MTT, MTS, XTTC;

' Cell viability, membrane indicators:

Neutral Red Uptake [NRU), Trypan blue
exclusion, cell attachment, cell

detachment;

- Differentiation indicators.

The acceptance criteria for t.he in vivo data
were defined as follows:

* Only LDSO values published in RTECS
were used.

- If different issues of RTECS reported
different LDSU values, then the first
LDSU value was used for the RC. This

value is also the highest value reported,

-since NIOSH replaces an LD50 value
whenever a smaller Value is available in

-the literature. A continuous change of
in viva data in the RC would 11ot have

been acceptable because the RC database
had to be ‘closed’ to form a training

_ data set (RC-1) and later a verification
data set (RC-II). “therefore, since the

beginning of data collection for R011,
all LD50 values were only taken from
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the I983 RTECS issue, and later issues
were not used.

The ICSO values from ROI and RC-ll, for a

total of 347 chemicals, were obtained from 15?

original publications in the literature. In the

regression analysis for 347 chemicals, 1,912

-single H350 values were averaged (geometric

means) per chemical to one lC50x value and

then paired with 347 in vivo acute oral LDSD
values. Whenever obtainable from RTFCS, oral

in viva LDSO data from the rat were used (282 -

values). As a second priority, LDSO data from

A the mouse were used (65 values). Before dalaof
rats and mice were merged in the RC, regression

analyses performed separately with rat and
mouse data justified this procedure (Hallo,

1998). Although, by pairing 347 in vilro ICSOX

data with 34'? in vivo LD50 data, an equal

weight is given to each chemical, it has been

criticized by reviewers that the ICSGJ: is the

geometric mean ofa few up to many single data
[minim11m: n = 2, maximum: n 32} per

chemical. However, if the RC regression is
recalculated with the means of only the smallest

and the largest IC50 values per chemical, there
are no differences in the regression function

(1-ialle, personal conimunication).

To obtain a prediction model, a linear

regression was derived from pairs of the log-
transfbrnicd TC5ll.t values and oral LDSO values

(in mmol./kg), where ‘a’ is the intercept and ‘b’

is the regression coefficient, to produce the

regression model [log (LD50) = b at log [lC50x)
-I- a.] shown graphically in Figure 2.]:

log (LDSD) = 0.435 at log (IC50x) + 0.625

10

 

To allow comparison of the predictive value of
the RC (or parts of the RC) with other similar

approaches (prediction ofthe LDSO from basal

cytotoxicity), an empirical linear-shaped

prediction interval ofa factor (E0) of J_r log 5

was defined [Figure 2.1). The linear-shaped
boundaries should not be confiised with the

curved bountlatics of a probability-based
confidence interval. Hallo defined this interval

empirically as an acceptability measure based on

information of the required and expected

precision of rodent oral LDSO data (I-Ialle and

Spiel1nann,l992).

To evaluate the validity of the regression

model, the key parameters of the regression for
RC—1, RC-II, and RC-l+1I (Table 2.1} were

compared with the regression parameters

obtained with single mammalian cell lines.

Table 2.1 shows that all regression lines have

essentially identical intercepts and regression
coefficients (slopes) regardless of whether single

parts ofthe RC or the whole RC were analyzed,
or whether data from single studies with only
one cell line were used. In addition, the

percentage of data within the defined prediction
interval (i log 5) is almost constant (73%-

T7%}. In summary, the regression function
derived from the RC, and from the RC subsets,

seems to be a reliable description ofthe general

relationship between basal cytotosicity and
rodent oral systemic LD50 values. This
relationship can consequently be used as a
mathematical model for prediction of rodent
oral LDSU values from basal cytotosieity.
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Regression between cytotoxity (iC5a,.] and ‘acute oral
LD50 values

  

3

75

E

E.
C3
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D
.J

0.0001 . . -

0.00001 0.001 0.1 10 1000

|C50x (mmo|:‘|)

Figure 2.]. Registry of C}-‘tlitmrieity regression between eytntoxieily []C5llx} and rodent acute oral LD50
values of 34? chemicals

The heavy line represents the fit of the data to a linear regression model (i={l,67); the two
additional lines represent the boundaries of -L log 5, an aeeepianee interval for this prediction
model {Halle and Spielmenn, 1992). This factor, Fa-= i log 5, was established based on
iI1fom1ation of the required and expected precision of [D50 values from rnrlent studies. The

equation ofthe regression line (prediction n1ndel)reecls: leg (LD50) = 0.435 it log {lC50x) +
0.625.

Table 2.1. Linear regression parameters of two RC issues and two single studies using one cell line and
one cytotoiricity endpoint

RC or Cell Number of Correlation Intercept Regression '34: Chemicals
line“ Chemlenls Coefflelent Ceeflleient In Prediction Reference”

11 r . (3 I1 Interval?

RC-I * l 1? ‘ 0.667 0.63? 04?? 74 1
RC-II * 230 0.666 0.634 0.414 73 2
RC~I+II "‘ 343' U.fi72 0.625 0.435 73 2 3 4
BCL-DI" 22 0.720 0,536 0.633. 77' 5
3T3-Ll ’”‘ 91 - 0.720 0.631 0.42’? 74 6 

“Prediction interval for regression line is =E Fg :3 log 5.
'’References: 1 = I-Ialle and Giieres. 1938; 2 = Halle, 1998; 3 = Helle Cl 20., 19975 4 = Spielmann e1 20., 1999; 5 =

Knox e1. al_, 1986; 6 = Cletliier et a1., 1983.

11
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2.2.3 Influence of the Srarrirtg Dose in the

Acute Toxic Class (A TE) Method.

Iirrrodttctory note: The current accepted version
ofthe ATC is the version adopted by the OECD

in 1996 (OECD TG 423; OECD, 1996).

Several updated drafts have been created since

the OECD endorsed a new Globally l-larmonized

System ((31-18) for the classification of chemicals

in November I998 (OECD, 1998a}. The most
recent draft of TG 423 was issued after the

ICCVAM Workshop was held (DEED, October,

2000; tt e 5 sit sir’ alth htrn).

Consequently, the following analysis focuses on
the 1996 OECD version 0fTG 423, but also

attempts to address recent developments.

Following a national and an international

experimental validation study of the ATC
Method [Sehlede et al., i992, i994; Diener et

al._. 1995), the ATC was accepted by the OECD
(OECD TG 423; OECD, 1996) as an alternative
to the classical LD50 test for acute oral

toxicity. in the TC: 423 procedure, a substance
is tested in a stepwise dosing procedure with

each step using three animals of a single sex at
the same time. The proportion of survivors
dosed at one step determines the next step,

which is: (a) no further testing, or (b) dose three
additional animals with the same dose, or (e)

dose three additional animals at the next higher

or the next lower dose. Originally, the method

was developed and experimentally validated
with two sexes and -three different. fixed starting

doses (25, 200, and 2000 mgikg body weight.
[b.w.]) reflecting the European Union (EU)
hazard classification system.. A thorough
biotnetrical analysis (Dicncr et al., 1995)

showed that the ATC. is applicable to all hazard
classifications currently in use.

Figure 2.2 shows, for example, that to classify a
chemical as “toxie" or “very toxic”, 1-2

consecutive steps could be saved if 25 mgikg

b.w_ was used as the starting dose instead of the
medium dose. With increasing distance between

the true toxicity class and the starting dose, the
number of dosing steps increases. This effect is
shown in more detail in Table 2.2, which shows

the expected number of animals used and the
number that died in relation to starting dose and

true LD50 for a dose-mcrt.aliiy'slope of B = 2.

Eliorrretrieal calculations with other slopes (from

12

[l= l to B = 6) revealed the dependency in Table

2.2 is only slightly affected by the dose-

mortality slope [for details see Diencr et al.,
1995).

In summary, one to three dosing steps can be
avoided if the optimum starting dose can‘ be '
predicted from a preceding . cytotoxicity test.
Taking into account. that approximately 75%

of the LD50 values predicted from basal

cytotoxicity tests are expected to fall within
the prediction interval of d: log 5 (see Table

2.l), and, moreover, that the space between the
three starting doses (25, 200, 2000 mgtkg, bay.)

is a factor of about l0,'it was anticipated that,

for most chemicals, the starting dose predicted

from cytotoxicity would have been the dose
requiring the fewest consecutive steps to reach a
classification.

In November 1993, the GIIS for the

classification of chemicals, which uses four

toxicity classes instead of the three used by the

current EU system, was endorsed by the OECD

(OECD, 1998a). A fifth toxicity class (> 2000
— S000 mgfkg h.w.] was additionally introduced
for special regulatory purposes. As a

consequence, the current updated Draft OECD

TG 423 - (OEC-D, October, 2000-,

htt :i’.-“ w - - I -tfh. alth him) . now 

uses four different starting doses (5, 50, 300,

and 2000 ntgfkg b.w.), but the upper boundary
ofthe fifth class of 5000 mgfkg b.w. is not used
as a starting dose. Figure 2.3 shows the
proposed revision of the ATC.

For the version of the revised ATC to be

consistent with the OECD GI-IS classification

system, biometrieal calculations ofthe expected
number of animals used and dead in relation to

starting dose, true LDSO, and dose-mortality
slope, have been published (Diencr and Schledc,
1999). While any increase in the number of

possible starting doses theoretically increases
the potential to save dosing stops when using
the optimal starting dose, only a small decrease
in animal numbers is expected compared to the
current ATC method because (a) the number of

starting doses has been increased at the toxic
end ofthe scale, where the prediction of the

[D50 by lC5{} is less accurate than at the non-
toxic end of the scale, and [b] the entire scale is
still about the same length.
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]N'l"EH_PRE.TATl0N 01*‘ RESULTS BASED ON OPTION I TESTING

FOR COMM ONLY USED CLASSIFICATION SYSTEMS

Starting dose.-10(lrr|g.'kg body weight

3 (Bl 2OClW1t|1 sun I) WIN

LOBWICI:
D.1.2.3: NurI'- her at monbunc or dead animals Di each sex-

Figure 2.2 Principle of the Ac1Ite'I'uxic Class _(A_TC) method: medium starting (lose. ‘
Source; OECD TG 423, Annex 3b (UIJCD, 1996). Example s1Iow§t1_1c ]30SSJblE-d0Slt1g steps when
200 mgjkg b.w. is used as the slaniilg dose. Depending on the mx1c1Ly of the test substancfi. _'-310
stcp.-s may be necessary to reach a classification at:L:01‘diI1g to hazard classification sysmrnaa currclnly 1n
use. '
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Table 2.2. Influence of the ATC starting dose on total number_ of animals {used and dust!) in re-Iatinn tn
the true LD50 for slope - 2‘
un' 

Starting dust: in nlgfkg hndy weight
25 200 2000

True LD50 Used Dead Used Dead Used Dead

1 3.0 3.0 6.0 6.0 9.0 9.0
2 3.0 3.0 6.0 6.0 9.0 9.0
5 3.1 2.8 6.1 5.13 9.1 8.8

10 3.4 2.? 6.4 5,6 9.4 8.6
20 4.6 2.8 7.2 5.3 10.2 8.3
50 7.5 3.3 8.6 4.2 11.6 7.2
100 9.3 3.2 9.3 3.3 12.2 6.2
200 11.2 3.2 ‘ 9.7 3.1 12.0 .53
500 - 14.0 3.3 9.3 3.3 10.0 3.9
1000 14.9 2.6 9.1 2.6 9.2 2,?
2000 15.4 1.8 9.4 1.8 9.3 1.8
5000 16.5 1.0 10.5 1.0 9.0 ' 1.0
10000 17.3 0.4 1 1.3 0.4 7.7 0.4

20000‘ 111.8 _. = 0.! 11.15 0.1 6.6 0.1
50000 18.0 0.0 12.0 0.0 6.1 0.0

100000 18.0 0.0 12.0 0.0 6.0 0.0ju—-: 

“Presented by W. T)icnt:r 0.111110 (ZIECD ad 110:: expert meeting on evaluation ofthu
ATC in Berlin, Germany, 1994. _ '

4-

0 EC D10 CUE

ANNEX 2:1: TEST PROCEDURE WITH A smnnua nose OF anon MGTKG BODY wens:-:1

 

 

  

3 animals

 

UH5

LDSUM oft ' "’" " 5' 'nghghw -...-. ‘..., mu - .. (... ... . .. .

 -pnr gsqnhm Iiilfli ofulnyu uni nunzllylu-nabs lxn-nlfl1 0.1.3.3: Nuulbi‘ of mullhnnd at and animal: il 03:1‘! EID
-G1-IS: G|ul:nl|[H|u(mon|udCI|ni'fie1tIm swam IJIIIIWH um.)

- ‘ '. urlclnlsillld
- fofilng 3 SDW lnflin II.ul.I EGO flnnnl 3

- ‘:Il I’-rn cup

Figure 2.3. Proposed revision ofthe ATC to meet requirements of the UECD GHS
Source: OECD, Draft TG 423 (OIECD, 2000). The number nfnew starting doses and spaces between
have been changed so that the rr:.su11s Ernm this test will allow a substance to be ranked and classified
according to the (3115 for the classification of chemicals which cause acute toxicity (OECD, 199821}.
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2.2.4 Influence ofttte Starting Base in the Up-
amt-Down—Procedure (UDP)

Introditctory note: The current accepted version
of the UDP is the version adopted by the OECD
in 1998 (OECD TC 425; OECD, 1998b).
Updated drafts ofTG 425 have been created to
allow for assessment of the confide-ncc interval

for the LD50 point estimate, and to include the
application of new stopping rules and a larger

rlosc progression factor, both of which tailor the
UDP to the most efficient use of animals and

improve the point estimate obtained. The most
recent draft of TG 425 was issued after the

lCCVAM Workshop was held (OECD, October
2000; htt :/}'vv\v\v.occd.oi'0_:'ehst'tcst,-'hc' ltlt.ht1n.).

The analysis ofthe possible number of animals

saved in a tiered approach is therefore based on

the currently adopted 1998 OECD version of

TC} 425, but the significance for both versions
can be assumed.

 

The concept of the up-and-down ' testing
approach was first described by Dixon and Mood

(Dixon and Mood, 1948; Dixon, 1965; 1991a,

1991b) and was'l:-ttcr proposed to be used for the
determination of acute toxicity of chemicals

(Bruce, 1985). Apart from many biomctrical

publications refining the method (not cited
here), a key review paper (Lipnick et al.,
1995a) compared the results obtained with the
UDP, the conventional LD50 test ([TG 4011

OECD, 1981) and the Fixed Dose Procedure

([FDP; TC} 4201 OECD, 1992').

In principle, all versions of the UDP are
stepwise procedures that use (as opposed to the

ATC) single animals with the first animal
receiving a dose at the best estimate of the
LD50 {adopted TC} 425, OECT) l‘)98b), or one

dosing step below the best estimate of the IDS!)
(most recent draft TO 425). Depending on the
outcome for the first animal, the dose for -the

next is increased or decreased, either by a factor

of 1.3 (adopted TO 425), or by a factor of 3.2
(recent draft TC 425). This sequence continues
until there is a reversal ofthe initial outcome

(i.c_, the point where an increasing dose results
in death rather than survival, or decreasing dose

results in survival rather than death). After

reaching the first reversal of the initial
outcome, four additional animals are dosed

following the up-down principle according to
.1

15

[the adopted TC} 425 (OECD, 1998b). In the

most recent draft, however, a combination of

stopping criteria is used to keep the number of

animals to a minimum, while adjusting the
dosing pattern to reduce the effect of a poor

starting value or low slope. When one ofthe

following criteria is satisfied, dosing is stopped
and estimates of the LDSU and confidence

interval are calculated ‘according to the
maximum likelihood method.

Three stopping criteria are defined in the draft

UDP test guideline as follows:

(1)

(2)

Three consecutive animals survive at the

upper bound;

Five reversals occur in any six

consecutive animals tested (not just the

first six);
At least four animals have followed the

first reversal and the specified
likelihood-ratios exceed the critical

value. (Calculations are made at each

dose following the fourth animal after
the first reversal.)

(3)

‘ Under certain circumstances, which are defined

. in the draft Guideline, statistical computation

will not be possible or will liltcly give erroneous
results. For most applications, testing will be

completed with only four to six animals after an
or the initial. reversal in animal outcome

[stopping rule (c)]

Since the UDP test guideline (['l‘(] 4225] OECD,

1998b) clearly states that the test performance
ofthc method is optimal if the invcstigator‘s
best estimate is used as a starting dose,

Spielmann et al. (1999) have investigated the
quality ot'LDSO estimates derived from the RC
{I-lalle, 1998) for several chemicals used to
validate the LDP (Lipnick et al., 1995a). Of
the 35 chemicals used in the UDP validation

study (Lipniek et al., 1995a}, nine chemicals
were also part of the" RC (acetonitrile, p-
arninophenol, caffeine, eoumarin, dimethy|-
formamide, mercury (II) chloride, nicotine,

phenylthiourea and resorcinol). For four
chemicals, the LD50 values predicted by the RC

were almost exactly the same as those
determined with the UDP in viva, (i.c., the
LDSO values determined in the UDP were on

the regression line of the RC) (see Figure 1 in
Spielmann et al., 1999). For three chemicals,

it
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the predicted LD50 values were within the

prediction interval of 1- log 5, and for two

chemicals (p-aminophenol and caffeine}, the
predicted LD50 values differed from the in vino

LD50 values ‘by one order of magnitude
(Spielmann et al., 1999). Thus, even in this

small set of data, the ‘basic rule‘ derived from
the RC that about 75% of the LD50 values

predicted from cytotoxieity (see Section 2.2.2,

Table 2.!) are acceptable, was confirmed. This

indicates that cytotoxicity assays could be

successfully used to determine starting doses,
and can reduce the number of animals For in

vivo studies, particularly the UDP.

To date, no computer simulations have been
performed to estimate the possible reduction in
animal numbers if the combined in vitrofin viva

approach is applied to the UDP. Thus, the
_ Workshop discussions were based on

computations taken from .t.he ICCVAM

background document for the peer review ofa
recent revision of the UDP (ICCVAM, 2000)

mean number tested
12-

11—

104

8_

T

6

5
‘l 3.02.0

19931;) for LD50 = 1,500 mg}!-cg aw.

which are shown in a slightly improved Way in

Figure 2.4a and Figure 2.-1b. Figure 2.43 applies

to the stopping rule defined in the adopted TC}

425 (OECD, 1998b}, and Figure 2.4-b shows 1.hc

effect when the likelihood-ratio (LR) stopping-

rule {current draft OECD TG 4215) applies.

Since the LR rule is only one out of three
stopping rules that. should be applied in an

adaptive way, additional computation will be
needed to assess the influence of the starting

dose on animal usage. The upper curves of both

figures depict the numbers of animals used if the
starting dose is two logs from the true LDSO

[N100 LDSO) while the lower curves show the
number of animals used if the true LDSO is used

as a st.artin|__; dose. The percentage of animals
saved when the starting dose equals the true

LD50 value is about 30% in Figure 2.43, and

independent of the dose mortality slope;

whereas in the _.ease of the LR stopping rule

[Figure 2.-tb), 25' t.o 40% fewer animals may be
used, depending on the slope.

Starting Dose = 15 mgikg

‘Q4

Starting Dose = 1500 mglkg

““’*|~o—o2—o——o

 
3.0 5.0 6.0

probit slope

pigm-3 2.:ta.Numlrer of animals_needet‘l In relation to the starting dose for UDI-‘ adopted '[‘-G 425 (OECD

The figure shows the number Dfanimals needed it‘ the LD50 is used as starting dose (lower curve). 01'
if 1.! 100 of the LD50 is used as starting dose {upper curve]. For details on the sto oping rule applied
see text.

16
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In Vftro Screening Merhn-d.¢ for A.r.9e::.s‘t'ng Acme Toxicity

Starting Dose = 15 mg/kg

Starting Dose = 1500 mgll-(g

5.0 _ 6.0

probit slope

Figure 2.-1h. Nunilicr of animals needed in relation to the starting dose for UDP draft TG 425 (UECI), 2000)
for LD50 = 1,500 mgfkg b.w.

Figure shows the number of‘ animals needed it‘ the LD50 is used as starting close {lower curve), or, if
U100 ofthc LD50 is used as starting dose (upper curve) ifthc LR stopping" rule singularly applies.
For details see text.

2.2-.5 Prediction. of :1 Limit Test Virtue flan:

Balsa! Cjyitozoxicftjv Data

According to a personal communication (Ingrid

Gcrner, Bg\-’V) published by Spiclmann et al.
(1999), the notification process of new
chemicals in the EU since 1982 revealed an

unbalanced frequency distribution of the

toxicity ofindustrial chemicals. No chemicals

were classified “very toxic" (LDSO 5 25

ing/kg]. Only 3% of the chemicals were
classified “toxic” (LD50 > 25-200 rug/kg),

while 2l% were classified “harmful” (L-D50

>200-2000 mg,/kg), and the vast majority
(T6?/9) remained unclassified (LD50 > Ztltltl

mgtkg). In other words, in the world ofncw
industrial chemicals a clear majority are

candidates for performing a ‘limit test’ where
only the defined highest dose (2000 nigtlcg most

. and no or marginal mortality occurs.

1?

often, and occasionally S0001ng»'kg)is applied
Limit

tests are defined in all OECD guidelines for

acute oral toxicity testing (TG 401, TG 420,
TG 423, and TG 425).

ll must be einphasized that, if the limit dose

defined in these guidelines is applied to all

chemicals without knowledge of their toxicity,
it would be correct for 76% oftlie chemicals,
while 24% of‘ the chemicals would cause

avoidable deaths. It is therefore recommended

to perform a limit test only if the prediction

from a preceding basal cytotoxicity test suggests
an LD50 value larger than the defined limit test
dose. Special notice should be given to the fact
that the precision of the prediction of‘ low

systemic toxicity from eytc-toxicity data is
much better than the precision of high systemic
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toxicity. This is empirically supported by data

from the RC (Halle, 1998) shown in Figure 2.].

The main factors affecting a strict log—lincar

relationship between basal cytotoxicity and

systemic toxicity, bioavailability, and in some
cases, biotransformation, play a minor role if a

chemical is of low basal cytotoxieity.

2.2.6 Evaluation of a Cytotcxt'er'ty Test

Intended to be Usedfor Prediction aft:

Starring Dose

This section describes howbasal cytotoxicity

data can be used to predict a starting dose for an

in viva lethality assay. Theoretically, any in
vitro test that is capable of determining basal
cytetosicity could be used for determining the
best estimate efa starting dose for acute testing
in the UDP and ATC method. In addition, if

the [D50 value predicted from cytotogticity is

high (2 2000 mgfkg b.w.}, any of the currently

used in viva test protocols, including the FDP

[OECD, 1992), would allow for performing an-
tn viva limit test without a proceeding sighting

study.

In order to apply predictions of LD50 values
obtaincd with experimental eytotoxicity data in
the proposed tiered testing strategy as starting
doses for the ATC or UDP methods, Spielmann

et at (1999) suggested a procedure shown in
Figure 2.5. The authors suggested selecting I0-
20 reference chemicals from the RC [_Hal|e,

1998] and testing them in a standardized
cytotoxicity test [Figure 2.5, Step 1}. A
promising candidate would be the l3ALBa’c 3T3
NRU test that has proved robust in several
validation studies, To allow comparison of the

regression obtained with the in-house test
(Figure 2.5, Step 2), reference chemicals should

 

be selected to cover the entire range of

cytotoxicity and to be as close as possible to the

RC regression line. '

Next, the in-house regression et1uat.ion should be

calculated by linear regression [least square

method) using the new in-house ICSU values for

the reference chemicals and the corresponding

LDSO values from the RC. The resulting

regression is then compared with the RC

regression (Figure 2.5, Step 3). lfthc regression
function obtained with the in-house

cytotoxicity test is parallel to the RC regression
and within the defined prediction interval, then
the test is regarded suitable to be used wit.hout

modification in applying the RC regression for
future predictions of starting doses (Figure 2.5,
Step 4). 1f the in-house regression shows a

significantly higher or lower slope, then it may
be possible to adjust the in—house test to a

higher or lower sensitivity. However, it is likely
that a more efficient approach would be to use a

cell line and protocol, which have produced
results that closely reproduce the RC data

(recommended ‘in the Guidance Document,
ICCVAM, 2001).

The procedure of evaluating the usability of an
in-house cytotoxicity test is explained in full
detail in a special Guidance Document from this
Workshop (ICCVAM, 2001). in which a set of
ll well-selected reference chemicals from the

RC is recommended, and new experimental data

' obtained by testing the chemicals are presented.

13

The data confirm that an in-house NRU

cytotoxicity test, performed either with normal
human kcratinocytes (NHK) or with BALBfc

3T3 mouse cells, produces a regression line
which matched the RC regression line {R1> 0.9).
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I Step 1: Cytotoxicity test

Test 10 - 20 reference chemicals (low — high cytotoxicity) taken
from the RC. eg. in the 3T3-Neutral Red Uptake test

Step 2:

tlr

Linear regression analysis

Use your ICSO values and RC LD50 values to calculate regression
log {LDW} = a I log (IC 50} +b

Step3:

it

Comparison of regressions

Compare resulting regression with RC regression

log [LD5o)= 0.435): log (IC 50) + 11525

Is regression parallel and within F ,3 range '?

YES

_ Step 4:

tune test sensitivity
better.‘

use recommended

cells and protocol

NO:

Use test for prediction of starting dose
for UDP or ATC

Figure 2.5. Procedure for evaluating Ii cytotoxicity test for tiered in vt'rro.’r'n viva testing for acute oral toxicity
testing (slightly modified version ofthe scheme presented by Spielmaon and colleagues}.

Note: based on the expectation that many valid cytntoxicity tests would match with the RC
regression, Spielrrtann et al. (1999) defined only the “yes"' option lztetwocn steps 3 and 4, A “no"
option has been added here for clarity.

2.2.‘? Muiticenter Evaluation of In I/irro

C_t-'tot0.\rtEcit_v (MEIC Approach}

The MEIC -program was estatttlishcd by the

Scandinavian Society for Cell Toxicology in
1989. The intention of thc prograrn was to

investigate the relevance of in vitro test results
for predicting the acute toxic action of
chemicals in humans directly rather than in

rodents. Batteries of existing in virm tests that

_ have the potential to serve as replacements for

acute toxicity tests were identified. The
program was designed as an open study with all
interested laboratories worldwide invited to

participate and tool 50 preselected reference
chemicals in their particular in vitro toxicity

assays (Bondesson st 211., 1989). Minlrnal

19

r

mcthodological directives were provided in

order to maximize protocol diversity among the
laboratories. Eventually, some 96 laboratories

participated in this voluntary undertaking.

The 50 reference chemicals were selected to

represent different classes of chemicals, with
the availability ofgooci data on acute toxicity

(lethal blood [or scrum] concentrations [LC] in
humans; oral L-D50 values in rats and mice)

being a key dctcrtninant. Since the LC data
available from clinical‘ toxicology handbooks

arc average values with a wide variation, they
were found to be sub-optimal for comparative

purposes. Therefore, during 1995-97, the
MEIC management team collected case reports

from human poisonings with the reference
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chemicals to provide LC data with known times

between ingestion and samplingfdeath. The aim
was to compile enough case reports to be able to
construct time-related LC curves for

Comparison with the ICSO values for different
incubation times in virro. The results were

presented and analyzed in a series of 50 MEIC

Monographs (referred to as the . MEMO

subproject by the organizers).

When the MELIC project finished in 1996, all 50
reference chemicals had been tested in til

different in vttro assays. Twenty ofthesc assays

The analysis showed that in virro assays that

~ were among the most predictive generally used

used human—derived cells, I8 of which were cell '

lines andtwo were primary cell cultures. in 21
of the assays, the cells were of animal origin (12
cell lines and 9 primary cell cultures). Eighteen

ofthe assays were ecotoxicological tests, and
two were cell-free test systems. The majority

of the assays were based on measurement of

effects on cell viability or cell growth (or a

cornbination of t.he two).

The test results submitted to MEIC were

analyzed statistically using analysis ofvariance
(ANOVA), principal component analysis

(PCA), and partial least square analysis (PLS)

techniques. The analyses conducted were based
on in i-titre cytotoxicity data presented as IC50
values. The predictability of in viva acute

toxicity from the in vitro [C50 data was assessed

against human lethal blood concentrations
compiled from three different data sets:

clinically measured acute lethal serum
concentrations, acute " lethal blood

concentrations measured post-ntortem, and

peak lethal concentrations derived from
approximate LC50 curves over time after
exposure (Ekwall et al., 1993a).

Statistical analysis of results front the til assays

using the PLS model predicted the three sets of
lethal blood concentrations well (R3 = 0.77,
are and 0.33, o2 = 034, 0.72, and 0.31,
respectively, where R2 is the determination
coefficient and Q: is the predicted variance
according to cross-validation in the PLS model
used) (E1-twall et al., 2000). A two-component
PLS model ofthe prediction of lethal doses in

humans from publisherl oral rodent LD50 values
for the SO ME-IC compounds was less effective

ta‘ = 0.65, Q‘ = 0.64)(Ekwal1ctat._ 1998a;
Ekwall et al., 2000).

20

human cell lines (6 of the 18 assays using them

gave the highest determination coefficients, vs.

I of 12 rat cell line assays that performed

comparably). Two of 9 non—human primary

cell assays analyzed also performed well. Assays
that did not perform well were primarily

ecotoxieological assays using bacteria or plant

cells and, in general, assays with very short
exposure times (up to a few hours). Two human

primary cell assays, both ofwhich utilized PMN

leukocytes and involved 3-hour exposure times,

also performed relatively poorly. These results
led the authors to note that human-derived cells

appeared to be the most predictive for human

acute toxicity.

The exposure time for the in ultra assays was

most often 24 hours, but ranged from 5 minutes
to 6 Weeks. For 22 of the 50 reference

chemicals, the toxicity in virro increased with
increasing exposure time. However, high
predietivity was generally observed in vertebrate

cell assays with 24 to 168 hours exposure. The

actual endpoint measurements (cell viability
assays) used with the in virro tests were not
crucial, Typically, different endpoint

measurements gave approximately the same

result, suggesting that basal (general)

cytotoxicity can be assessed using many
mammalian cell lines and almost. any

growthfviahility endpoint.

To select an optimal battery for predicting
acute toxicity in humans, the MEIC

management team further evaluated various
combinations of_assays using PLS models and 38
chemicals deemed to have the most reliable and

relevant lethal peak concentration data (see
Ekwall et al,, 2000, for the detailed procedure).
From their analysis, the most predictive and

cost-effective test battery consisted of four

endpointsftwo exposure times (protein
content;"24 hours‘, ATP contentr’24 hours;

inhibition of elongation of ce|ls.t24 hours; pH
change.-’'? days) in three human cell line tests.
The test battery (designated l,S,9i'l6) was found

to be highly predictive of the peak human let_hal
blood concentrations of all 50 chemicals (R‘ =

0.79, Q2 = 0.76) when incorporated into an
algorithm developed by the team. The R2 value
was further improved to 0.83 when information
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on BBB penetration was added to the battery
results. '

It was noted that passage across the BBB can be_
predicted from the chemical formula andfor

physico-chemical properties, or from in virro

tests in appropriate model" systems; however
those methods were not used in the MEIC

analysis. The MEIC team proposed that t.he

cell battery they identified could be used

immediately for many non-regulatory purposes

in a multistep testing strategy and urged its
formal validation (_and:'o_r that of other

promising cell assays also identified in the

MEIC program) as soon as possible (Ekwall et
al., 2000). 'l'est protocols for evaluating the

proposed assays in a validation exercise remain

to he developed and optimized.

In summarizing, the MEIC team conclu dcd that

their study yielded a limited battery of in tetra"

assays using human cell lines that showed very
good performance and were cost effective for
predicting acute lethality in humans (F,lcwall et
al., ZUDO}. However, to further improve the

predictive capability of this proposed battery,
and to take into account non—basal cytctoxicity '
factors as a full replacement for acute animal

tests, further, targeted development of in virro

methods for other particular endpoints is
needed. An evaluation-guided development of
new in vitro tests (EDlT) has been proposed to

address these requirements (Eltwall ct al., 1999),"

which includes, as most urgently needed, in vifrc

assays for:

° Assessing passage through the BBB;

- Predicting gut absorption;

- Distribution volume;
- Biolransformation.

The results of the" MEIC program have

appeared in a series of publications in the open
literature (Clemedson et al., 19963; Clemcdson
et al., ]996b; Clernedson et al., 1998a;

C-lemcdson et -al., 1998b; Ekwall 'et al., 1998a;

Ekwall et al., 1998b; Ekwall et al., 1999;

Clemedson etal., 2000; Ekwall et al., 2t}{t(})_.
Additional information about MEJC, MEMO

and EDIT, as well as the MEMO database, can

be found at the following Internet address:

htt :.".t’tvww.cetoxeonsultina.a.s inica htm  

21

2.3 Identifying Needs

In the area of human health effects, the overall

aim is to reliably and accurately predict the

potential for human acute toxicity. The

Breakout Group noted that there is extensive
documentation showing that human outcomes

from chemical exposure are not predicted well

by studies in rodent species (see, eg., Elcwall er

al. [2000] and the recent survey by Olson et al.
[2000] on target organ toxicity).

Consequently, it was agreed that the long-term

goal [the ideal approach) should be the use a

battery of in vitro tests employing human
(rather than rodent or other animal] cells and

tissues to provide data which when combined
with information derived from other sources

(e.g., on key physico—cl1crnica.l parameters,

kinetics, and dynamics) could more accurately
predict human acute toxic effects including
lethality. However, in the near term, the

Breakout Group considered it appropriate and
more pragmatic to concentrate on ways to

reduce and replace animal use in acute oral

toxicity tests as detailed in OECD TG40l,
TG-420, T6423, and TG-125."

The Breakout Group was fully aware that rather
more information than just an (approximate)
LD50 value can be obtained and used from a

properly conducted rodent acute toxicity test
[such as clinical signs, dose-response
relationships, possible target organs, etc);
however, it received reassurance from the U.S.

regulatory agencies represented at the
Workshop that ifthere was a validated in vitrc
cytotoxicity test which could accurately predict

the approximate rodent LDSO value in viva,

then its implementation would result in a
significant reduction in animal use. Thus, the
primary focus of Breakout Group I was t.o
identify and evaluate candidate in vitro

eytotoxicity tests that could possibly serve as
reduction and replacement alternatives for
current rodent acute oral toxicity tests for

determining LD50 values.

2.3.1 Near-term (.< 2 yeirrs) Goals amt’
Potentr'att'y Artcinabte Objectives

The Breakout Group participants started-._from
the premise that it is biologically plausibleithat
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cell death (cytotoxicity) in vitrc could be used

to predict acute lethality. The many studies
that show relatively good correlations between
in vitro ICSO values and in vivo LDSU data

support this view (e.g., Phillips et al., 1990;

Garlc ct. al., l994). Thus, the near-term focus

should be on conducting studies aimed at

reducing and replacing animal use for
determining LD50 values of chemical
substances. -

The Breakout Group agreed that standardized in

vitro test protocols were available but probably
not optimized, and that prediction models were

needed for predicting acute oral LDSU values.

Consequently, a prevalidation study, which
would include several promising candidate in

vizm cytotoxicity tests, would have to be
undertaken in‘ order to determine which tests

should go forward to the validation stage.

Partly because of this, the development of a
practical replacement test will take time. As a
parallel activity, the ZEBET method for

generating cytotoxieity data to help establish
the starting dose for in viva testing of new
chemical substances (Spielmann et al., 1999)

should be seriously considered as an interim

measure to potentially reduce the numbers of
animals used in the in vi'vo'tests.

2.3.2 In Vitro Endpoinrsfar Assessfttg In Wt-*0

Acute T0x:'ct'ty

‘There is considerable literature covering a large

variety of endpoints and endpoint
measurements that have been evaluated for in

vitro eytotoxicity testing (c.g., Phillips et al.,
1990; Balls and Fcntem, 1992; Garlc et a1.,

1994; Itagaki Ct al., 1998a; ]998b; Ohno et al.,
1998a; 1998b,’ l998c; Tanaka et al., 1998;

Clemedson and Eltwall, 1999; Ekwall, 1999).

Some ofthcse citations were provided to the

Breakout Group members for reference, but
time did not allow a systematic assessment of

the literature on this topic. it was noted
nevertheless that, in practice, basal function

endpoints (such as NRU or MTT reduction
andfor inhibition of cell proliferation), even
though they may measure different cellular
functions, have been commonly used with a

reasonable degree of success; where cell lines are
concerned, the endpoints typically assess a
combination of‘ both cell death and cell

growthfproliferation. Since the events are based

22

‘on cellular events that have circumstantial if

not direct relevance t.o cellular responses to

chemicals in vivo, model cell systems
incorporating these “nonspecific" endpoints

may satisfy requirements for fidelity and
discrimination for alternative methods that

have been set forth earlier (Blaauboer et al.,

1998). The need for cell-specific or functional

endpoints in acute toxicity assays was

considered to'bc on a case-by—case basis and

more relevant to studying target organ-specific
toxicities (Breakout Group 3’s charge).

2.3 .3 Other Issues for Selecting Protocols

The key components of‘ the protocols for in
vttro cytotoxicity tests were considered to be

the appropriate choice of: (a) cell type (human
or animal, cell line or primary cultures) and its

characteristics (stability, origin,

characterization, availability); (b) exposure

periodlfs) — (i.e., duration cells are exposed to
the test chemical); and (c) endpoint

mcasurcrncnt(s) — (i.c., cell viability assays such
as NRU, lactate dchydrogcnase [LDH] leakage,

ATP content) (Borenfreund and Puerner, 1986; .
Riddell et al., 198:3; Phillips et al., 1990; Balls

and Fenlem, 1992; Garlc et al., I994; Ekwall,

1999; Ohno et al., 199821; Eltwall, 1999; Ekwall

et al._._ 2000). In addition, the inclusion of a
prediction model, evidence of repeatability, and
facility of transfer between laboratories are

itnportattt considerations (Balls et al., 1995;
Bruner ct al., 1996; Archer et al., 1997;

JCCVAM, 1997). Base of atttornationfhigh

throughput where applicable should offer
attractive additionaleost benefits but is not a

requirement for validation purposes.

2.3.4 QSAR Ilforfets for Predfct‘t'rrg Acute

Toxicity

The Breakout Group was requested to assess the

role of QSAR, or related models such as

structure-activity relationships (SAR) in
predicting acute toxicity. While SAR methods
involve gualitativg assessment of chemical

features that confer biological properties. QSAR

approaches develop a quantitative relationship

between physico-chemical ' or structural
properties and biological activity (Albert, 1985;
Barrett et al., i995]. QSAR models are usually

developed for sets of chemically similar
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compounds on the assumption "that they will
have the same mechanism of action. Any
compounds that ‘do not act by ‘the same

mechanism are likely‘ to fit the correlation
poorly, and thus their effects would not be

predicted accurately. Although defining

chemical classes or commonality of
mechanisms of action are not trivial due to the

multidimensional nature of both characteristics,

a review of QSAR studies for predicting LDSO
values concluded that QSAR methods have

shown some success in relating LD50 values to

certain physico-chemical properties of a
compound, especially lipophilicity (Phillips ct

al., I990). ' .

In contrast, QSAR approaches appear to be less

successful in correlating electronic properties of

molecules (related to reactivity), or structural
variables, with LDSO values, and their use with

certain important chemical classes,

pesticides), is problematic. However, the
Breakout Group felt that _it lacked sufficient

expertise in the field to evaluate the potential
of QSAR as a replacement test for lethality and

suggested that the topic be reviewed more
thoroughly by a more appropriate scientific

body. The review should include coverage of
commercially available models (e.g., TOPKAT,
CASE).

The Breakout Group did recognize that these
methods might play key. roles as adjuncts to

improve LDSO predictions and to reduce animal

usage. As noted by others (c.g., Barratt et al.,
1993;T,ip:t1ick ct al., 1995b). QSAR can aid in a
number of areas, including the selection of test

chemicals for validation studies, the

interpretation of outliers, and the grouping of
chemicals by structure and- biological
mechanisms. In addition, looking to future

requirements to improve the predictive
capability of in vilro eytotoxicity data for in
viva LDSU values, the Breakout Group agrees

with Breakout Group 2 in recommending a more
thorough evaluation of QSARs for predicting

gut absorption and passage across the BBB.
These applications were discussed at length by
i3l'Cfil(CIl]I Group 2.

The Breakout Group noted that, in principle,

expert systems, neural networks, and classical
structure-activity approache-5' might be
developed and validated for predicting specific

tea,"

In Virro Screening Mc!fzod.r_f'Jr As.i'c.t's'ing Acute To.w'city 

systemic effects (Barrett, 2000; Deardcn et al.,

1997; Phillips ct al., 1990). Requirements for

the successful development and use of QSAR
methods have .bccn identified and include the

following:

- A well-defined mechanism of action for

the compoundts) used to derive the

QSAR model;

- Use of congeneric, pure compounds and
not mixtures;

- A common site of action for the

biological effect;

' For comparative purposes, expressing

concentrations or doses in molar (net

weight) units;

- Validation of each model by

investigating its predictive capability
using a different set of compounds from

its learning (i.c., training) set;

° Use of the same ranges of parameter

space as the original test chemicals; and

' The QSAR should not be applied outside

of its domain of_validity (Phillips et al.,
1990; Barratt et al., I995; Worth et al._,

1998). - -

The limitations or general applicability of each
model for different chemical classes will need to

be established. The application of QSAR

procedures for identifiying potential systemic
effects was considered by Breakout Group 2.

2.4 Current Status

Many investigations of the relationship between
in vitro -cytotoxicity and acute toxicity in vivo
have been reported. It was not possible to

critically review and discuss all of the literature
during the course of the Workshop. so the

Workshop organizers made a. selection of recent

key activities and reports for consideration by
Breakout Group 1. The Breakout Group made
note of the fact that. many of these recent

initiatives build upon the conclusions of studies
conducted, in particular, during the 19803 (e.g.,
Balls er al., 1992; Balls and Clothier, 1992;
Balls and Fentem, 1992; Borenfrcund and

Puerner, 1986; Clothier et. al., 1987; Dicrickx,
I939; Ekwall, 1983; Ekwall et al., 2000;

Fentem ct al., 1993; Fry et al., 1988; Fry et al.,
1990; Garlc et al., 1937; Garle et al., 1994;
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Gtilden et al., 1994; Gunzic, 1994; Hallo and

Spiclmann, 1992; Hopkinson et al., 1993;

Hulme et al., 1987; Ohno et al., 1998a; Phillips
ct al., 1990; Riddell et al., 1986; Seibert et al.,

1996; Spielmann et al., 1999; Wakuri et al..

1993; Zanetti et al., I992).

The studies and approaches considered were:

- Studies conducted by FRAME and

partners (e.g., Balls et al., 1992; Fry et

al., 1990; Hulme et al., l987r';1-liddellet

al., 1936);

- The MEIC scheme {e.g., Clemedson and
Ekwall, 1999; Bkwall et al., 2000);

- Japanese Society of Alternatives to

Animal Experiments (JSAAE) activities

[e.g., Ohno et al., 1993a]; '

- The ZEBET approach for predicting in

viva starting doses (Hallo et al., 2000;
Halle and Goercs, 1988; Spielmann et

al., l999);

- Testing strategy outlined in ECVAM

Workshop Report ' 16 (Seibert pt al.,

1996);

- Testing framework proposed under the
auspices of SGOMSEC (Curren et al.,
1998);

* TestSmart acute systemic toxicity
' initiative to determine whether cellular

changes can predict acute system failure
in viva (A. Goldberg, personal
communication). ‘

The MEIC and ZEBET approaches were

presented to the Breakout Group as specific
proposals for adoption as alternative
methodologies by regulatory authorities, and
therefore received the most attention. '

2.4.1‘ In Vitro Methods for Esrr'mali:rg Acute
In Viva Tm:r'ct't]»'

'I‘here are more than 80 variations of in 1-'r'(ro

basal cytotoxicity tests, employing a variety of
cell lines [e.g., HeLa, HL—6U, BALBa’e 3T3,
Chang cells) and endpoint measurements (e.g.,
MTT reduction, NRU, ATP content, L-Di-I

leakage). From the results of the MEIC alld
ZEBET programs it appears that - basal
cytotoxicity can be determined using almost
any cell line and almost any toxicity endpoint (2)

24

measurement that correlates well with cell death

andfor growth inhibition. Standard protocols
are available for some of these methods (e.g.,

via the Wt/ITTOX database run by ECVAM,
from the JSAAE validation study, and by slight

modification of test protocols used for other

purposes such as phototoxicity or eye irritation

testing), but these have not necessarily been

optimized for predicting rodent. oral LD50
values.

Typically, prediction m_otlels have not been

explicitly defined. although they are usually
based on the JCSO value derived in the in vitro

cytotoxicity assay. Some of these initiatives
made note of that andtried to define useful
testing strategies that incorporated in 1-itro

assays. An example was the ECVAM

Workshop report, which to some extent was
based on work from the University of Kiel,

recognizing the importance of including
biokinetie parameters alongside in vitro

cytotoxicity data to improve the predictions

(Seibert et al., 1996).

2.4.2 Strengrhsamf Limitations ofAvciIab!e
In I/ftro Cyt0toxict't§pAss'a_vs

Sufficient information was presented to the

Breakout Group for evaluating the merits ofthe

MEIC and ZE-BET proposals and the JSAAE

study in that the information could be adapted
and utilized" for evaluating assays designed to '

predict acute lethality.

The MEIC proposal was that a battery ofthree
human cell-based tests (T-lepG2, protein content,
24 hr exposure; HL-60, ATP content, 24—hr

exposure; Chang liver cell morphology, 24 and
168-hr exposure) could be used to predict

human lethal .hlcod concentrations and be a
surrogate for the LD50 test (Ekwall et al.,
Ztltltl). Although the MEIC program was not

set up as a validation study and assessing
reproducibility was not an objective, the
Breakout Group agreed with the following MEIC
conclusions: '

(1) There is a strong correlation between
concentrations of chemicals causing

eytotoxicity in virro and human lethal
serum concentrations.

Metabolism may not play a role in viva

as frequently as thought.
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(3) Specificity of action requiring, many

types of differentiated cells is not as

significant a problem as may initially
have been envisaged.

(4) Some simple corrections of the data,

such as for BBB passage, improve the
correlations observed.

The key strengths of the MEIC-approach are
the comparison of acute cytotoxic-ity data with

human exposure data and the database on

human lethal concentrations, kinetic profiles,

etc., which has been generated and is available as

MEMO monographs for others to evaluate and

use. The Breakout Group agreed that attempts
be made to extend this human database, and that

it should be subjected to independent peer

review. The outcome of the MEIC program in

general was considered to provide strong
support for tire concept of basal cytotoxicity

first proposed by El-zwall in 1983.

Several issues were raised concerning the M5113

proposal and the use of such an approach as an
alternative to animal tests. Various limitations

of the approach were cited, including the
following:

(1) Because the program was not intended
to be a validation study, it was not
conduc-ted under controlled conditions.

Replicate assays were generally not
pcrfornted, hence there is limited
information on intra-laboratory assay

repeatability and inter-laboratory
reproducibility, Nevertheless, there is a
large body of evidence from other
validation studies that in vttro

cytotoxicity assays are highly
reproducible and relatively easy to
transfer between laboratories.

The chemicals tested in the different

laboratories were probably from

different batches and sources (allowed by

MEIC for practical purposes, and
because the human case exposures likely
involved different materials and sources

also).

Statistical analyses were often

performed on groups of tests rather
than on individual assays.

in many of the assays, not all 50
chemicals were tested. This impacts on

(2)

(3)

(4)

(5)

the conclusions being made on the basis
of correlation coefficients;

(6) There is a tendency for the data to be
over—interpreted and some of the
conclusions have been over-stated in I.hc

publications.

(7) Prediction models were not defined for

any of‘ the in wire assays. This would be

a prc-requisite for a validation study.

There were also specific confounding factors in

relation to the l, 9, SE16 battery proposed by

Elrwall and colleagues (Ekwall et al., 2000).

The assay battery was selected using data from
38 of the 50 MEIC chemicals, and the

predictivity for all 50 chemicals reassessed by
PLS analysis. The values obtained were:

R2=0.84._ 38 chemicals; R2=l).T-'_, 50 Chemicals;
R2-—-0.88, 38 chemicals + BBB correction;
R2=U.83, 50 chemicals + BBB correction.
However, it was noted that: (a) results for test 1

were reported for only 45 chemicals, and 3 of

the missing 5 results were for chemicals included
in the first set of 38, thus n=35 and n=4S; in

addition, three other in vitro tests employing

HepG2 cells and a 24-hr exposure time were
evaluated in the MEIC program, and the data

vary considerably, particularly for some of the
reference chemicals; (b) results for rest 9 were

reported for only 46 chemicals, and all 4 of the
missing results are for chemicals included in the
first set of38, thus n=34 and n=46; and {_c) tests

SE16 used Chang liver celis, which are known to

possess several HeLa markers. In addition, only

. single data points for each combination of in

25

vitro test and chemical have been reported,

meaning that there is no way to evaluate the
variability in the assay results which would
necessarily impact upon the robustness of the

conclusions drawn by the MEIC management
team.

A major strength of the ZEBET RC approach is
t.hc extensive database underpinning the

strategy proposed (Spielmann et al., 1999).
The database includes ICSO values derived from

numerous in vftro cytotoxicity tests on more
than 300 chemicals. The actual data are used in

a very defined way in trying to predict starting
doses for in viva testing, and the simplicity of
the concept, flexibility in choice of potentially
useful cell systems, and ease of validating and
applying the cell systems in practice are
attractive features of the approach.
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One disadvantage of'the ZEBET approach at
the present time is t.l1e lack of information on

the variability in both the in vitro and in vivo
data. In addition, the use of'LDSO values from

RTECS is perhaps a problem because of this.
The Breakout Group suggested that several

follow-up actions be undertaken immediately

after the Workshop to update and improve the

understanding of the applicability of this

approach: (at) the examples shown for using in

I-ttro cytotoxieity data to identify the starting‘

dose for the ATC or UDP in viva study should
be updated to bring them in line with the new

"draft guidelines, which have now been modified
to incorporate the OECD harmonized hazard
classification system (OECD, 1998s); and (b)

additional simulation modeling should be
undertaken to demonstrate the actual reduction

in animal use which is expected to be achieved

by implementing the approach, and real-life
worked examples should be provided to serve as

guidance for those adopting and evaluating the

approach in the future (See Section 2.6).

2.4.3 Vafidartort Status ofA vaiiable In Vin-a

Screening Methods

The Breakout Group considered the validation

status of the in vttro cytotoxicity assays
evaluated in the MEIC program, and those used

to generate the data included in the RC, relative
to the ICCVAM Validation Criteria (ICCVAM,

1997] and the ICCVAM Evaluation Guidelines

(ICCVAM, 1999; Section-ll, Appendix E). It
was concluded that. no single in vttm

cytotoxicity test, or test battery, has yet. been

formally validated for the specific purpose of

replacing the rodent LDSO test. Upon
completion of the MEIC study, Ekwall
suggested that the battery of three tests

proposed should now undergo formal validation

(Ekwall et al., 2000). Typically, data on the
intra— and inter-laboratory reproducibility of the

in vitro assays, generated in a structured manner,
are lacking, and further work is still needed to

fully evaluate the predictive ability of in virro
eytotoxicity tests for acute toxicity in vivo.

-Since several in vttro eytotoxicity assays have

been included in formal validation studies on eye

irritat.i0t't and phototoxieity (e.g., various test

protocols using BALBi'c 3T3 mouse fibroblasts
or keratinocytes and NRU as the endpoint

26

 

measurement [Balls et al., 1995b; Brantom ct

al., 1997; Spielmann et al., 1996; Spiclrrtann et

al., 1998]), objective data on the intra-

laboratory and inter-laboratory reproducibility
of these tests are available For test materials

which were coded and tested in at least three

laboratories. The Breakout Group proposed
that a Working Group be established to evaluate

this information and to undertake a paper
exercise to determine the capability of these

particular in vifro cytotoxicity tests for

predicting rodent LD50 values rather than
Draize rabbit eye irritation scores. It was

envisaged that. LDSO data would be available for
most ofthe chemicals tested in the ECFHO and

BgV‘v’ eye irritation validation studies.

A validation study on five in vim: cytotoxicily

tests (endpoint measurements: colony

formation, crystal violet staining, LDH release,
tvlT'l‘, and NRUJ has been conducted under the _

auspices of the JSAAE (Ohno et al., 1998a).
Six chemicals (Tween 20, Tween 30, sucrose

fatty acid ester, propylene glycol,
eetylpyridiniuni chloride, and sodium lauryl
si.Ill'at.e) were tested. The LDH release endpoint
measurement was not reproducible, and the

crystal violet staining assay was deemed to be
the most reliable of the in vitro cytotoxicity

tests evaluated (Ohno et al.._ 199811}. The

colony lbrmation assay in I-ieLa S3 (SC) and
' l3ALB.r‘c 3T3 A31-l-] cell lines was reported to

be the most sensitive, but also showed the

largest variation ('l'anaka et al., ]998].

_Disadvantages of the colony formation assay
are that it is tin1e—consuming (? to 13 days

culture time, depending on the cell line) and
cannot be conducted in ‘)t'r—wc|l plates and,

hence, cannot be readily automated. Although

the focus of the study was on comparisons with

Draize eye irritation scores and not acute
lethality in vivo, the study does provide another

source of objective information on the general

reproducibility and transferability of in vttro
cytotoxieity tests (Chan et al., 1998a). In that
sense, t-he Working Group should also examine
the data from this study for how well they

predict rodent LD50 values for the test
chemicals.

Based on consideration of the studies referred to

in previous secI.ions, it was concluded that none
ofthe available in vitro methods or proposed
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testing strategies had been adequately evaluated

for implementation to reduce andfor replace
animal use for 'acute systemic toxicity testing.
However, it was suggested that the ZEBET

approach, using in virro cytotoxicity data to
predict in vivo starting doses, should be

implemented relatively quickly once a guidance
document had been prepared (see Section 2.6).

The rapid adoption of the ZBBET approach

into general practice would enable data t.o be

generated in a relatively short time to fully

establish its usefulness and accuracy with a large
number of test chemicals.

2.4.4 Selection ofrlze Most Appropriate Cell
Type

The selection ofthe most appropriate cell type

depends on the objective. Thus, for the

prediction of rodent LDSU values in a

replacement test, one would conceptually favor
a rodent cell line; For the human situation,

human cell lines would be more appropriate.

Although the MEIC results tend to support this

 .'S'r:reen.='rt Methndsfor A_r.<:c.t‘.t:'ng Acute Toxicity

studies, approximately 20% of the chemicals
assayed in HeLa cell cultures did not fit the basal

cytotoxieity concept (Ekwall, 1983). It is '
expected from the existing literature that

“biotransformation screens." will provide
valuable data to supplement in vitro

cytotoxieity results for improving predictions

of LD50 values for a significant fraction of
- those ch emicals.

view, the Breakout Group did not feel the data .
were strong enough (for the reasons given

above) to come to a definitive conclusion on

this point. Further evidence of this was
provided by an analysis of the ZEBET RC data
relative to ICSO data generated using a human

cell line evaluated in the MEIC program

[Clemedson et al., 1998a; Clemedson et al.,
tE)‘)8b}. The correlation between the IC50x
(RC) and lC5{]m (MEIC human cell line) values
for the 50 MEIC chemicals was extremely high

(Ri=O.9tJ; see Addendum to this report).
Cottseqtlently, where the objective is to reduce

animal numbers required for lethality tests, the
apparent difference is too small to rule out the
use ofa human cell line ifthat cell line offers

other particular advantages or performs

acceptably for that purpose.

The current in retro basal cytotoxicity tests do
not take into account metabolism-mediated

toxicity. It is widely accepted that simple
predictive systems (in vitrc or in _st’l'i'co) will
need to be developed for early identification of
these substances likely to be metabolized to
more toxic or less toxic species than the parent

chemical (e.g., Fentern et al., 1993; Seibert et
al., 1996; Curren ct al._. 1998; Elrwall _et al.,

1999). It should be noted that in El-:wall’s early

2?

2.5 Future Directions

The Breakout Group coneentrated its efforts
mainly on_sho rt-term approaches to reduce and
replace animal use in acute oral toxicity tests,

leaving the discussion of longer-term research

needs and priorities to Breakout Groups 2

(biokinetics) and 3 [specific organ toxicity and
mechanisms). However, it was agreed that the

long—term goal (i.e., the ideal approach) should

be to develop and use a battery of in vttro tests
_ employing human cells and tissues, and integrate
this information with that derived from other

sources (c.g., on key physieo-chemical
parameters, kinetics, and dynamics) to predict
human acute toxicity, including systemic target

organ effects.

2.5.1 Most 'Pro:rrr's'1’r:g In Virro Methods for
Further Evulurtziurr to flgdggg aria‘,-jar

flefrjne Animal Usefor Acme Toxicity

The Breakout Group considered that, in the
absence of other information which enables the

dose to be set with confidence (e.g., acute

toxicity data on structurally related chemicals,

physico-chemical or other information), in
vitro cytotoxicity data generated using the
proposed ZEBET approach should be useful for
predicting starting doses for in viva studies. The
proponents presented supporting data indicating
that this approach would result in a further
reduction and refinement in animal use for acute

toxicity testing. By judicious use oftime and
resources, initial cytotoxic-ity assays need not ‘

slow the overall developmental or evaluation

processes and in fact may actually expedite it
where several chemicals can be tested in vitm at

the same time. av

To use the approach, test laboratories should

evaluateand compare the performance of
several in virro cytotoxicity tests with the
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existing RC data (Figure 2.1). For example, a

protocol employing the BALE/c 31'3" mouse
fibroblast cell line, a 24-hour exposure time, and

NRU as the endpoint measurement is

appropriate. but other cell lines and cell
viability assays could serve the same purpose

equally well. The main considerations are:

' The selection of cell type for assessing

general cytotoxicity [e.g., rodent

fibroblast cell line, human epithelial cell

line‘, monolayer or suspension [e.g.,

HL6O human acute leukemia cell line]

cultures);

' Exposure period (a minimum of 24
hours, but consideration of longer

exposures [e.g., 72 hours] as well, if

appropriate);

- Endpoint (cell viability.t'growI.h)_:

* Endpoint. measurement (e.g., NRU,
MTT,ATP,p1‘0t.cin).

Since the choice of endpoint measurement does

"not appear to be critical to the correlative

power of the tests (Ciarle ct al., 1994; Ohno et
al., l998a; Spielmanu et al._, 1999; Ekwall et 31,.

2000), the simplest, cheapest, most

reproducible, with least interference by test

chemicals, and, especially where large numbers
of chemicals or materials are to be tested, most

easily automated endpoint. measurements would
he the most practical option.

An in wire cytotoxieity test could be

implemented in a tiered testing strategy (in the
context of predicting starting doses for a

subsequent in viva test) in the short-term,
without needing to await the outcome of formal

validation activities [Section 2.5.2; see below).

The main prerequisite would be the production

ofa guidance document, including details oftest
protocols considered to be appropriate, and
worked examples illustrating the practical
application ofthe strategy.

25.2 Most Pmm:'s:'ng In I/irro Methorfs' for
Further Evaluation to Regfaee In Vivo

Acute Toxicity Test Methods

The Breakout Group did not evaluate individual
test protocols or proposals as candidates for
replacement of in viva acute toxicity tests and
therefore could not address this question

directly. As noted earlier, in ttttm tests do not

currently provide all theinformation that can

be obtained from an in vivo study. However,

the accumulated results of many cytotoxicity
studies and the ZEBETIMEJC initiatives do

suggest that, in general, we may be able to
obtain reasonable estimates of LDSO values if

this parameter is the primary one required for

regulatory decisions. Certainly by applying one

or m_orc reasonably predictive assays of the
LD50 to test the considerable number of

chemicals on which such risk assessment data

are needed. (e.g., high production volume [HPV]
chemicals), it should be possible to make a truly

signifi cant reduction in animal usage.

The Breakout Group agreed that a prevalidation

study should be initiated at the earliest possible
date to identify the most promising in virro

cytotoxieity tests for further validation. The

study should include _a comparison ofdiffercnl

cell types (as a minimum, one rodent and one
human cell line), exposure periods, and -endpoint

measurements. Regarding exposure _times to
evaluate, it was evident fi'om the data available

that a minimum exposure of 24 hours should be
recommended {Garle et al., 1994; 1-lopkinson et

al., 1993; Riddell ct al., 1986), plus an
additional "expression" period during which the

previously treated cells are cultured in the
absence of test material. There may be a need

to evaluate several exposure times, as the most

appropriate will depend on the cell type chosen,
the kinetics of the test chemical, and the

sensitivity ofthe endpoint measured [e.g., Ohno
et al., l99éia). '

The Breakout Group urged that a Working

Group be established to follow up on its
conclusions and recommendations at this

Workshop (Section 2.6), and specifically, to
define the details of the test protocols to be

included in any prevalidalion study. The

selection of basal cytotoxic-ity tests to be
included should bejustified with reference to the
scientific literature. It was also suggested that

the statistical analyses of the MEIC program
results be reviewed, so that the basis for the

selection ofthe test battery is fully transparent.

The Breakout Group anticipates that the

general pcrformance' of the assay or
comhinationfbattery of cytotoxicity assays
determined from the validation study to be the
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best predictor of in vivo

enhanced further by supplementation with other
information or data. In this respect, immediate
research and development needs of particular

importance relate to identifying, standardizing,
and validating simple predictive systems for gut

lethality can be

absorption, BBB passage, 'kinctics, anti

metabolism. These are all important

parameters which have'been identified as

improving the predictive ability of in vt'tro
cytotoxicity data for in viva LD50 values

(Currcn ct al_, 1993; Scibcrt el. 211., i996; Ekwall

et al., 1999}. A new initiative on acute

systemic toxicity, being undertaken as part of
the TestSmart activities, has been established to

address the question "can one measure cellular

changes that will predict acute system failure?"
The successful development of this system

would complement basal cytotoxicity assays for
predicting acute toxicity In vivo (Goldberg,

personal communication).

In the longer-term, preferably undertaken as a

parallel activity, the focus should be on the

development and validation of human test

systems for predicting human acute _toxieity,
integrating the approaches suggested by

Breakout Groups 2 and 3. in this respect, there
are numerous mechanism-based endpoints that
need to be identified and evaluated in Future
studies.

The Breakout Group recognizes the potential
impact genomics anti proteomics technologies
may have in many areas of toxicology, but feels
these technologies could only lead to the

identification of new endpoints and screening
methods in the long-term, and that acute

toxicity testing is not currently an area of high
priority for the application of these new
technologies. Investigations of changes in gene
expression (c.g., using microarrays) are better

targeted to more specific toxicological effects

rather than general responses such as acute
lethality. '

2.5.3 Ways to Evaluulct.-'13 Uscfuh:e.ss' of In
Vitro Assays in on Ovcrafl Acute

Tnxi'ci'ry Testfrig Strategy

The evaluation of the usefulness of in vftro

cytotoxicity assays in the overall testing
strategy can be achieved in t.wo ways, as

 In Vftro Screening Me1‘.hm2'.r or A.rs'e.r5t'n Acute Toxi'cit_t:

indicated above. Firstly, a prospective

evaluation "in practice" (in this case by
implementing the use of an in vitro cytotoxicity

test in the strategy proposed by ZEBET
[spielmann el al., 1999]) can be made once the

necessary guidance document, including worked

examples, has been produced. Once a sufficient

body of data has been collected, the in vitro

cytotoxicity tests can be evaluated

retrospectively to determine the validity and
practical usefulness of the strategy and to assess
whether the predicted starting dose for an in

vivo study is accurate for a sufficiently large
enough percentage of test chemicals to continue
its use.

Secondly, a formal validation activity [of which
prevalidation would be an initial step; Curren et
al., 1995, ICCVAM, 1997) could be conducted

in which the test protocols and prediction
models are evaluated independently in a multi-

laboratory study involving testing of coded
chemicals for the reproducibility of their

29

responses, within and among laboratories, and
the ability to predict rodent LD50 values (Balls
et al., 1995a; ICCVAM, 199?).

2.6 Summary

2.6.1 ConcIusi'rm.\'

The Breakout Group agreed that its primary

objective was to identify and evaluate candidate
in vftm cytotoxicity tests that could possibly
serve as reduction and replacement alternatives
for rodent acute oral toxicity -tests for

determining LD50 values. Despitc the
co nsiderahle research efforts by a large number
of laboratories from different sectors, no

standardized in vitro eytotoxicity assays, with
optimized Plotocols and prediction models for
the determination of LD50 values, have yet

been validated. it appears from the number of

studies showing positive correlations between
cytotoxicity results in vitro and acute toxic
effects in vivo that the application of such in

vitro methods does have the potential to reduce

and refine, and, if properly developed,

ultimately replace the use of laboratory animals

in acute lethality tests.

A strategy was devised by the Breakout Group
that was considered to offer realistic short-term

and long-term solutions to address the need for
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prevalidation and validation of in virro

cytotoxicity tests (Figure 2.6). In the short-

term, the Breakout Group concluded that the

ZEBET approach (Section 2.2.1) had the

potential to produce modest reductions in

animal use in the ATC and UDP [OECD TG

423 and TG 425) in viva test.s (and in the FDP
[OECD TO 420] to obviate the need for any

initial sighting study). Thus, it is suggested that

an in vitro cytotoxicity test he used in a tiered

testing scheme as proposed by Spiclmann et al,
_ (1999).

The Breakout Group concluded that a guidance

document with test protocol details, supporting
information, and worked examples should be

produced and disseminated as quickly as possible.

The testing strategy should be implemented as
soon as this guidance was available, without the

need for a validation study. This conclusion is

based on the Breakout Group's‘ awareness ofthe

large database on in vitro cytotoxieity anti its

demonstrated correlative power with rat acute

oral LDSU values, particularly the MEIC and RC"

approaches. The validity of the in ' vitro
cytotoxic-ity data in establishing appropriate

starting doses for in vivo studies (and hence its
direct predictive capability for the LDSU)
should be assessed retrospectively by evaluating

the data generated on a sufficiently large
number ofsubstances according to pre-defined

criteria for judging the acceptability of the

approach. The implementation of such a
testing strategy was considered to be relatively
inexpensive and simple, and would not

compromise the actual outcome of the in viva
test. L

In vitro assays to replace animal tests for acute

lethality will require more time to implement.
The information and time available to the

Breakout Group was inadequate to recommend

specific cytotoxicity assays for prev-alidation

and Validation, although the major
considerations and suggestions for possible

assays (eg, a BALB;‘c 3T3 mouse fibroblast
NRU assay) have been documented (Section
2.5.1). An additional Working Group will need
to be convened for this purpose at the earliest

possible date to maintain momentum and to
make progress in the near term.

The scheme conceptualizing" the Breakout
Group's conclusions as to how eytotoxicity tests

can reduce/re-fine and ultimately replace animal
use for acute toxicity (LD50) testing (Figure
2.6) indicates what needs to be done and the

projected timings for reaching that point. Each

pathway involves a stepwise approach to
addressing the issue. Step 1 in any testing

scheme would be the collection and integration

of information ‘ on the physiealfchemieal
properties ofa compound, including literature

reviews and analysis of structure-activity

relationships whenever possible. Most
companies currently do this as a preliminary

step in their evaluation of new candidate

compounds for commercial development. In
addition, the likelihood that acute toxicity could
bemetabolism-mediated needs to be'cunside1'ed

at this early stage, -and here it would be useful to

integrate data derived from simple in vttro or in
st'e‘ico screens for_ biotrausformation

(bioaetivation or detoxification). Step 2 would
involve conducting an in vitro basal

cytotoxicity test to provide data, either for
correct selection of the in viva starting dose

(enabling an immediate reduction and
refinement of animal use in the interim) or in

lieu of animal testing for estimating rodent

LDSO values (once the battery of in vitro tests
required to do this had been validated for this

'- purpose).

30

In the left-hand pathway in Figure 2.6, in vivo

studies are still performed and provide

supplementary information on dose response,

clinical signs, and target organ effects from
acute exposure for those agencies or
organizations that need this additional
infdrrrration. However, it is anticipated that

conducting a preliminary cytotoxicity test for
starting dose selection would result in a modest,

but -cumulatively appreciable, reduction in

animal numbers at minimal cost and _with
negligible impact‘ on chemical or product
development time. It is further projected that
the ZEBET approach can be proved effective in

a straightforward exercise, and Guidance for

applying the approach prepared within a short
period oftime (i.e., 2 to 3 months).

in the right-hand pathway of Figure 2.6, the
steps required for validating one or more in vitro
eytotoxicity assays to replace animal testing for
acute lethality are shown (Balls et al., i995;
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ICCVAM, 1997). This goal will take longer to
achieve in light ofthe current state efthe art.

It will first be necessary in design and conduct a

[irevalidation study on those in wire assays that
are considered promising (Cunen ei al., 1995).

Then the in vttro test proiocol(s) and prediction
models would be subjected to full validation

studies to provide the necessary supporting data

for assay evaluation, and eventual regulatory
acceptance.

It was considered that, if the commitment to

conducting a formal validation study was strong
enough, the scientific resources could be

harnessed for this effort with facility and the in

vfzro tests studied proved good enough, a
replacement test battery might be achieved in as

short a time as 2-3 years. However, past
experience indicates that the formal acceptance

substantial

and
in

of this battery
additional time.

validation studies

might require

All prevalidation
should be conducted

 In Vitra Sr:re_enEng M'eti'mr.f.rfnr A.r.re.s.rfn Acute TrJxi'ct'i‘ '

compliance with the JCCVAM and ECVAM

guidelines (Balls et al., 1995; JCCVAM, 1997).

following the designs of similar validation
studies conducted on‘ in vilro tests for" eye

irritation (e.g., Brantom et a1., 1997), skin

corrosion (Fentem er al., 1998) phototoxieity

(Spielniann et al., 1998), and a prevalidation
study for skin irritation (Fenteru et a1., 2001}.

In summary, it was concluded that. initially a

prevalidation study should be undertaken for
se_veral promising candidate in vttro

cytotoxicity tests. Meanwhile, as a parallel

activity, the generation of in vttro cytotoxicity

data to help establish the starting dose for in

viva testing of new chemical substances

(Spielmann et al., 1999} should be strongly
encouraged as a means to potentially reduce the
numbers of animals used in LD50 tests (Figure

2.6).

 

  __..___--.l_----_—_u
— further ramiuate ZFBFT RC

approach
- eva!uate 3T3 HRU test data

from eye irritation vaiidetlm
studies

physlconheimicaldata F SAR
biotrs nsiornsation '3

Figure 2.6. Strategy for the reduction, refinement and replacement of animals in acute LD50 testing
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2.’? Recommendations

Breakout. Group 1 made the following

recommendations for the prevalidation,
validation, and future development of in vitru

assays for acute lethal toxicity.

2.7.1

2.7.2

Sh art"-term A cfivilies

A guidance document on the application

of in vitro cytotoxicity data for
predicting in viva starting doses, t.o

include details of current test protocols

considered appropriate and their

application, and worked examples,

should be prepared.

A Working Group of scientific experts .

should be established to identify andior

define specific test protocols for

inclusion in a prcvalidation study. The

Working Group should design and plan
the study in detail. This Group should

take into account the suggestions on cell

type, exposure period, and endpoint
measurement made by BGl in this

report. '

Intermediate-term Activities

it is anticipated that simple systems

that predict gut absorption, BBB
passage, key kinetic parameters, and
metabolism will be needed to improve

the capability of in vttro cytotoxicity
assays to predict rodent LD50 values, or
any in vim toxic effects. Continued
development and optirnizatiott of such

systems for this application is
encouraged and should receive

regulatorjr support.
QSAR approaches, including expert

systems and neural networks, could be
H

2.7.3

 

developed and validated as ggjgngt

systems for predicting acute systemic

toxicity. The development of

commercial QSAR packages should be

encouraged. As an initial step in the

development of these approaches, an

up-to-date review of current QSAR
systems for predicting rodent oral LD50
values should be undertaken. In

addition, QSARs for predicting gut

absorption, metabolism, and BBB

passage should be developed and

cva1uatcd._

Longer-term Actr'vities_

The ultimate objective is the prediction
of acute toxicity in humans. For this

purpose, the development of simple

predictive models for human acute

toxicity should be a major focus.

The evaluation and ultimate acceptance

of in vttro assays for human acute

toxicity will need a larger reference

database than is presently available for

validation purposes. The MElC human

database should be peer-reviewed,
modified if needed, and expanded as

soon as possible in order to have the
data available for future validation

studies.

Other mechanism-based tn vttm

methods or endpoints, in_ particular

resulting front the application of
genornicst’prot.eo mics, may provide data
that enhances the information that can

be derived from cytotoxieity tests. Such
research efforts should continue to be

encouraged and financially supported.
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ADDENDUM.

of Cytotoxieity (RC) and M_E[C data

The predielio n3 of‘-acute lethality} in viva from
the RC and MEIC cytojoxieity data have been

analyzed. The correlation for the 50 -MEIC
chemicals (ICSO in ultra" vs rodent oral LDSO in

viva), including the RC cyiotoxicity data for
various mammalian cell lines (darlc triangles,
dark linear regression line)‘ and the MEIC

program eytmoxieity data for Various human’
cell lines (circles, gray linear regression line;
taken from Clemedson et al.,'1998a; Clcmedson

et'al., 1998|:-), are shown in Figure A.l. Similar

_standarc_1 regression lines, with comparable data
fits, were obtained for the RC values (mean

IC‘.50x data) and the MEIC values (IC50m) for
the 50 chemicals (Table A.1).

0.1‘ -1

' lC5[lx , |C50m(mmo|lI) __ -

I Combined analyses of the ZEBE-T Register " A similar comparison of the correlations for the

S0 MEIC chemicals (RC mammalian In -vitra
= values and MEIC human" in ‘vino values from

' RC:

Clemedson or al. '[]998a; 1998b]) was also
undertaken for in vitro IC50 vs.human peak

lethal blood concentrations in viva (Ekwall el

al., 1998a).‘ Again, similar standard regression

lines, with comparable fits, ‘were obtained (Table
A.]): '

log (peak concentration) =

0.322 :1 log (1C50x) - 0.437; r=0._8'1; R2f0.66

MEIC: log (peak COI1CC1"1l‘1"3.l'i[IIl) — A

0.913 x log (]C5Um) - 0.702; r=0.86; R2=0.74

10 ' 100

figure A.1. Regression between‘ Cytotox'1eity [lC5fl) and rodent acute oral LDSI) for the SI) MEIC chemicals
RC:

41

log (Ll)5(_}j -= 0.539 alog {IC5Ux) - U.2'r‘__'6;'r=0.84; _n‘E=0.71
; MEIC: log (U350) = 0.690 :4 log (lCSOm) J5 0.03Q;*:=0.81; R =0,66 r

P
2 I
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Table A.l. Summary of linear regression analyses (RC vs MEIC)

EflflejfiitChemicals

347 non-selected RC
50 MEIC RC

50 MEIC human cell lines

ICSOI
lC50x

ICSOm

IC50:r

50 MEIC uman cell lines TC50m

50 MEIC .

To set these results i1t context, the predictivitf
of the rat LD50 for human peak lethal
concentration was assessed for the MEIC

chemicals (Figure A2; Table A.l). The

correlation was not as good as that found with
the ICSO values.

The 50 MEIC chemicals are a subset of the RC;

the overall predietivity ofthe entire RC (34?
chemicals) for rodent LD50 values is lower than

that of the 50 MEIC chemicals (Figure _A.3;
Table A.l). The relationship between in vitro
IC50 values and in viva LDSU values should be

investigated further by employing multiple
regression techniques rather than simple linear

...L D

0.1

ijpnfl-dfilafhll-liamfitttrfltlflhjlMall)

LDSO

LD50
LD50

human lethal

human lethal

human lethal
 

100

LD50 rat lmglkg)

0.31
use 0.74

0.84

0.81

0.}'1

0.66

regression. In addition, cluster analysis could
also be undertaken.

To investigate how basal eytotoxielty data

obtained from various human cell lines (.TC50m)

in the MEIC program (part III and IV)

compares with basal cytotoxicity data from
various mammalian cell lines (IC50.~c), the
correlation between lC50x and ICSOrn is shown

in Figure A.4. The correlation is judged very

high by R2 = 0.90, and suggests that basal
cytotoxicity data obtained with either human
"cells or other mammalian cells may be similar

and cquivalettt for the prediction of in viwa
lethality measures.

1000001000 . 10000

Figure A.2. Regression between rodent acute oral [D51] values and human peak lethal concentrations
for the S0 MEIC eh emicals.

Reg1‘ugsio11 equation; log (peak cone.) = 0.379 K log (LD50) — 0.559; I=[].7l; R2=n.50.

42
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'|!E6urtmn1m-Ifltg)
 0-“UT 0 RC chefnicals

0.0001 A MEIC cherr_i|'ca|5_
0.00001 0.001 0.1 '10 1000

- -- - " 1_c50x(n_1mpmj “ _ - I
1.

Figure 14.3. Regression betweerifiyfutoxicity (ICSO) and rodent acute oral LDSO values for the RC daiahasc
_slmwing the 50 MEIC chemicals as a subset of the 347 chemicals in the RC

 

   0.01 i'I€,'.5'm,[Jurn:o:'«:.I|‘II:=-:ii‘1'fi:-slFJl|'_
0.001 ._ .

0.001 0.01-_'_0.1 _ 1' 10 100 1000

010150.. ac (rnrnol/I)’ 0, W ’

Figure AA. Correlation between lC50x [averaged from vsirious mainmnliau cell lines) of the RC
and IC5l'In1 (from various human cell lines) is shown for the SI) M];3lC chemicals
The linear c0'I'1‘C—laT.10n coefficienl is high (I = 0.95} amt] judged by an R‘ ‘= 0.90.

-r
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3.0 ‘IN VITRO METHODS FOR
ASSESSING ACUTE TOXICITY:

BIOKIN ETJC DETERMINATIONS

3.1 Introduction

The biokinetics determinations Breakout Group

(Breakout Group 2) was given the task of

discussing and evaluating the capabilities of in

vitro methods for providing biokinetic

information (i.c.. on absorption, distribution,

metabolism, and excretion) that can be used to
estimate targeoorgan dositnetry for acute toxicity

testing. The Breakout Group was asked to

identify future research needs in the area of
biokinetics that will enable in vitro methods to

more accurately predict acute toxicity in vivo.

The role of q1|antitati\-'e_ SlI'1Jei.ure-activity

relationships (_QSA_R_} and quantitative slIucture—
property relationships (QSPR) in hiokinetic
deterrninations was also to be considered.

The Breakout Group was asked to answer a

number ofqucstions in three areas:

The identification ofthc need for specificl

( ) knowledge in the field of biokinctics;
(2) The current status of knowledge and

technology in the field;

(3) Future directions for research.

The group discussions followed general lectures

given in the Workshop’s opening plenary session.
A pres entation to the Breakout Group entitled “An
integrated approach for predicting systemic

toxicity” was particularly relevant to the Breakout

Group's responsibilities, demonstrating the central

role of biokinetic modeling in the prediction of

systemic toxicity using in vitro data [Blaauboer et

al., 2000). '

3.1.1 General‘ Discussion

The goals for the Workshop were presented and

the following specific questions were posed:

What or vttro systems are available and

how can these systems be applied andfor

improved‘? '

(I)

 

(2) What research requirements can be
formulated‘?

(3) Which priorities can be set for research?

The disc-ussions of the Breakout Group centered
on the role of the kinetics of a chemical in vivo in

its acute systemic toxicity. The following

summary was rlevelopisd as :—1 point of departure
for the Breakout Group’s deliberations:

Results obtained from in vitro studies in

general are often not directly applicable to
the in viva situation. One of the most

obvious differences between the situation in

vt'tm and in vivo is the absence of processes

' regarding absorption, distribution,

metabolism and excretion (Le, biokinetics)

that govt:-n the exposure ofthe target tissue

in the intact organism. The concentrations

to which in vitro systems are exposed may

not correspond to the actual situation at the

target tissue afiter in viva exposure. In
addition, the occurrence of tnetabolic

activation andfor saturation of specific

metabolic pathways or absorption and

elimination mechanisms may also become

relevant for the toxicity of a compound in

vivo. This may lead to misinterpretation of
in vitro data ifsuch information is not taken

into account. Therefore, predictive studies

on biological activity of compounds require

the integration of data on the mechanisms
of action with data on biokinelic behavior.

Over the last decade, the feasibility of using

mathematical models forintetpretation of in

viva biokinetics has grown substantially.

'1his development has been facilitated by

the increasing availability of computer-

based techniques for numerical solution of

differential equation sets that characterize

biokinetic processes (Dlaauboer er al.,

2000).

The Breakout Group also reached consensus on

some terminology: the word “toxicokinetics”

should be replaced by “kinetics” or “biokinetics".

Problem areas in predicting kinetics of chemicals

were noted in: (a) biotransformation {value of in

vfrro systems for determining biotransforrnatton,
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interpretation of in vim) data, scaling up to the in
vivo situation); and (b) the passage across special

barrier systems (e.g., in the gastrointestinal [GI]

tract, the blood-brain barrier [BBB], and the

kidney).

Short presentations on the following were

provided as a focal point for Breakout Group
discussions:

- Biokinctic modeling of acute exposure;

' QSARIQSPR;

' BBB;

' Kidney barrier systems;

° Intestinal barrier;

* Metabolic activation: including different

systems available for the liver (and

extrahepatic tissue);

' Skin as a barrier;

' M i croarray altematives;

- lnfonnation from NIEHS Microarray

Center;

' Expert systems for making predictions of‘

a cornpound‘s partitioning and toxicity.

After the presentation on the use

Physio|ogically—Based Biokinetic (PEEK)

models, the Breakout Group concluded that

kinetics play a crucial role in estimating a
cornpound’s acute systemic toxicity. The use of

these physiologically determined models has

proven to be very useful in many aspects. Over
the last ten years, the feasibility of this modeling

approach has been greatly enhanced due to the
availability of computer techniques that allow for

- the simultaneous numerical solution of dii‘l'crential

equations. While species-specific anatomical and

physiological data are generally available from the

literature {e.g., Arms and Travis. l988; Brown et

al., 1993'), cornpound-specific parameters for
PBBK models (e.g., tissue-blood partition
coefficients and the Michaelis—Menten constants

Vmax and Km) are often still obtained by fitting

these parameters to experimental data obtained in

viva. Proper use of PB-BK models in itself can
contribute to reduction and refinement of animal

studies by optimizzation of study design through

identification of critical parameters and time
names in kinetic behavior. In addition,

incorporation of in vr'tro—derived parameters will

of

43

lead to a further reduction of large—scale animal
studies for quantitative assessment of the

biological activity of xenobiotics.

The Breakout Group concluded that a distinction
can be made between the goals to be achieved:

‘ Short-tenn: improvement of the

interpretation of in vitro toxicity data for

estimating rodent LDSU values;

- Long—term: using in vitro data for

estimatingfpredictiiig sublethal acute toxic

effects caused by chemicals -in humans

(e.g., represented by a TDIO value, i.e.,
the dose at which mild toxicity could be

expected in no more than 10% of the

exposed humans).

it will be obvious that the latter goal is of greater
interest for the risk evaluation of chemicals,

where the protection of humans with regard to

toxic effects is the highest priority.

These different goals need different scientific

activities; different groups of chemicals will need

different approaches for modeling the kinetics. in

some cases, a great deal of information is

available (e.g., on low molecular weight; volatile

lipophilic compounds}. For these compounds,
reasonable estimates can be obtained for their

partitioning in the organism based on their

physico-chemical pgoperties. Many kinetic

parameters {_e.g., Vd and kc) are also determined

by the size of the dose (i.e., the amount of

compound available for systemic circulation)

because of capacity-limited processes in

metabolism and transport.

3. I .2 Subjects nfbiscrrssiort

The intestinal barriers, the role of the gut flora,
first pass metabolism, and (counter) transport

systems were discussed. A number of cell lines
are available to estimate absorption through the

gut barrier. BBB and skin absorption models
were also addressed. In vitro methods for these

systems exist, but none reflects the full metabolic
and transport capacity seen in viva. '

The current status of systems to estimate the

kidney epithelia as a barrier was discussed. These
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systems include the use of renal cell lines, such as

LLC—PK. cells and MDCK cells. The former cells

form low resistance epithelial monolayers when

grown on permeable supports; the latter form

extremely high resistance. However, these cell

lines do not express all the relevant transporters

found in viva. The lack. of the organic anion
transporter is particularly problematic and cell

lines transfected with these transporters may be

more appropriate. Currently, an ECVAM

prcvalitlation study is under way of trans-

epithclial resistance and inulin permeability as

endpoints in in 1-are nephrotoxicity testing.

The ability to estimate biotransforrnaiion reactions
of chemicals is of particular interest since acute

toxicity may be mediated through the
bioactivation or deactivation of chemicals. In

vizrn systems designed to address this possibility
inc.lude:

' Liver homogenates;

' Mictosomal preparations;

‘ Isolated cells;

' Primary monolayer cultures;

' More complicated cell cultures

cultures, 3D cultures);

° Transgenic cell lines.

(co-

QSAR systems have also been proposed for

modeling the metabolic biotransfonriation of

chemicals. The use of QSARIQSPR and the

development of . software systems to pretlict

“chemical functionalities” of. compounds which

may be used to estimate kinetic

[including protein binding) and

toxicodynamics were also discussed.

the

3.2 Identifying Needs

3.2.1 In Virrc Methods _ for Evaruazingr
Chemical Kinetics

As mentioned above, the Breakout Group

recognized a short-term and a ‘longer-term goal for

using in vitro or other non-animal techniques for
predicting acute systemic toxicity. First, one
focuses on the longer-tenn goal: how to use these

techniques for the evaluation of a chemical *5

kinetics and the ultimate prediction of sublcthal

behavior '

 

acute toxic eftcc-ts in humans. Section 3.4.4

concentrates on the short-term (interim) goal: how

to improve the prediction of acute lethal effects in

rodents. In vitro methods, in combination with

knowledge of a chcmi_cal‘s structural properties,
can be used to predictfdetermine the chemica1’s

absorption, distribution, metabolism, and

elimination in an intact organism. However, it

will be a major challenge for the field of in vttro

toxicology to identify the particular target

tissue:-(S) or cells and the time course of clinical

' toxicity in the absence of in viva observations.

In the short-term, physico-eheinical properties can

he used to prcdictfdctenninc partition. QSAR (or

QPPR) can be helpful for this determination

(Delongh et al., 1997). In vftro determinations of

rates of metabolism and of passage of a chemical

across membrane barriers (c.g., GI :5» blood;

blood => brain) will improve the kinetic modeling.

Taken together, these may be able to be used to

calculate an LD50 value (as administered to an

intact organism) from the LC50 value in a basal

cytotoxicity test. Presentation of any such
predicted LD50 value also requires concurrent

presentation of the quantitative uncertainties
attendant to that value. In the -long-term,

knowledge of a chemical’s kinetics will need to

-include a comparison of the kinetic and the

49

toxicodynamic time-profiles. Moreover,

knowledge of kinetics assists in determining the
mode of toxic action and vice versa (Ekwa|l et al.,

2000; Liebsch et 211., 2000). [see MEIC evaluation

of acute systemic toxicity, Appendix E].

3.2.2 B:'o.|'uTneri'cs in the Overall Il'o.'c£'col0gI'r:r:!
Evahranion

Biokinetics is essential for relating administered
dose of toxicant to concentration at the target

tissuelsl. Tissue-specific concentration of‘ the
toxicant is one of the mechanisms that can result

in organ-selective toxicity. in addition,
biolcinetic-s can establish whether metabolism

plays a role in modulating the toxicity. Such
modulation can either attenuate or enhance the

toxicity.
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3.2.3 Biafiinetic Techniques as In Vitro Assays

The following are techniques that need further

development:

In retro determination of partition

coefficients, metabolism, protein binding,

and stability;
Characteriyatioir

enzymology;

Structural knowledge and its translation
into “chemical Function:-ilitics"; estimation

of partition coefficients, metabolism, etc".
(“Era si'i’i’i:o", including QSARIQSPR);

Biokinctic moilcling, including

integration of toiiicodynamic

biokinetic modeling in

systemic toxicity.

(1)

of‘ liiouansfonnation(2)

(3)

(4) the

predicting

Current Status

3.3.1 Predictioit of Biblransfor-inoti'im

Eiiotrans formation can be carried out using human

or animal hepatic subeellular fractions, human or

animal primary hepatocytes, or human or animal

hepatic precision-cut slices. The use of primary

human hepatocytes in suspensions or culture

requires specific expertise and may not be

appropriate for use in all laboratories. Human or

animal hepatic subcellular fractions can be

cryopre-served and used at a later time to provide

qualitative kinetic data, but these fractions may
not reflect the integrated routes {activation and

detoxification) of metabolism of‘ a compound.

The selective use of cofactors can aid the

determination of routes of metabolism. There is a

need for standardization of the conditions [or die

preparation and incubation of rat hepatocytcs. Rat

hepatocyle incubations may overestimate the
metabolic clearance of a compound. It is essential

to quantify the late of disappearance of the parent

compound and desirable to quantify the rate of
metabolite formation.

3.3.2 S_v.rrems for Estimating Gasirai'nrestinat‘
Absorption

Apparent membrane permeability and aqueous
solubility are reasonably predictive of the fraction

and '

S0

of a dose that will be absorbed through the GI

tract. Several in vitro systems for measuring

intestinal absorption include measuring apparent
permeability constants in either intestinal iissuc

segments or cell monolayers that have been grown

on a porous support. Cell lines used for this

purpose include the human colon carcinoma cell

line Caco-2, the canine kidney cell line MDCK,

and the porcine kidney cell line LLC-PI(,, All

systems are widely used in the pharrnaceutical

industry in the oral drug discover)? process. Each

system has advantages and disadvantages which

may or may not be relevaiit depending on the

chemical under study.

Cell lines do not require the use of animals.

However, they often lack or have non-

physiological levels of uptake and cfflux

transporters that are present in t-ivo. These

transporters can dramatically affect the extent of

bioavailability at low doses. The nature and

extent of species differences in transporter

activityfaffinity is presently unknown. The

Breakout Group consensus was that in the absence

of data to the contrary, it would be appropriate to
assume that an administered dose would be

completely absorbed. This is a public health

conservative approacli. For those compounds
where such an assumption is not appropriate, the

above-mentioned in i«'t'£l"0- systems can be used to

provide experimental data on the fraction
absorbed.

3.3.3 - Prediction of Rena!
Clearance/A ecumnlatian

I

Glomcrular filtration and reabsorption in the

proximal tubule detenninethe renal excretion of
most compounds. These parameters can be

predicted from the physico-chemical properties of
the compound and its plasma protein (albumin)

binding. These parameters are less predictable
where active secretion or reabsorption and

Saturation kinetics are involved. Many of the

currently available renal cell lines or renal cell

primary cultures lack specific transporters (in

particular, the organic anion transporter) which
are implicated in the accumulation of-several

neplrrotoxic compounds. The substrate specificity

of other proximal tubular transpoitersis poorly
defined. '
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3.4 Future Directions

3.4.1 Proposed Approach for Consideration of

Kinetics in the Esrirnarion ofAt'm‘e Ora!

Toxicity '

The diagram presented in Figure 3.1 illustrates a

eonccpnml structure for the use of kinetic
informatioti in the estimation of acute oral

toxicity. Under this scheme, available in vttro

data on the absorption, tissue partitioning,

metabolism, and e":-ccretio 11 of a test material would

be used to paramctcrize -a chemical-specific

biokinetic model (Cl:-zwell, 1993). In many cases,

currently available QSPRJQSAR techniques could

be used to estimate chemical propeities and

 
 
 
 
  

 

Potential

Tasrgel Tissues

In Vim)

Dynamics

Nature of

Toxicity.

 
 

Target Tissue

Responses

 - In Vivo

Exposure Profile
 

 

 
  
  

 

In Vivo

Human

Tex icil 3;
Esti1na.I.c

kinetics when the specific data for that chemical is

lacking. For example, simple empirical

correlations have been developed for estimating

the tissue partitioning ofa chemical from its water

solubility, vapor pressure, and octanol/water‘
partitioning (Paterson and Macks}; I989;
Dellongh et al., 199?). Emerging QSAR

techniques (e.g., knowledge-based systems) may

eventually prove useful in predicting potential

target tissues For toxicity so that the appropriate

assays of in vitro dynamics (response) could be
selected. These target tissue assays would, in

turn, provide infonnation on the nature and

location of the toxicity produced by the _cl1e1'oica.l

[DeJongh_etal., 1999).

In Vin-0

Kin ctics  
Partitioning
Metabolism

Biokinetie

Model

In Vivo

Dose-Response

  

Figure 3.1. A recommended scheme for incorporation of QSAR [QSPR) data, in vitro data on kinetics and
dynamics, and kinetic modeling in the estimation of human (or animal) tositity

3.4.2 Cfossfficarion of Caiitpuzrnrfs Based on

Their P}z_psico-Chemical Properties

The complexity of the hiolcinetic model would
depend on the physieo-chemical and biocliemical

'51

characteristics of the ‘chemical. In the specific.
case of acute toxicity. 21 simple one-compartment

description of the administered chemical may
suffice for many chemicals. The volume of
distribution for such a model could be estimated
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from the volurne—weighted average of the

estimated partitioning into various tissues, and

estimates of fractional absorption and rate of

clearance could be based on data for stmcturally

similar compounds.

Each of these assumptions or predictions,
however, introduces its own associated

uncertainty into the result of the lethality risk

e-stimate. Even with such a simple model, it may

be possible to estimate the systemic

concentrations that could be expected to result

horn an in viva exposure to a given dose

[Delongh et al., 1999). Thus, the model could be

used to relate the concentrations at which toxicity

is observed in an in vitro toxicity assay to the

equivalent dose that would be expected to be

associated with toxicity for in viva exposure.

These models can also provide information on the

temporal profile for tissue exposure in viva, which
can then be used in the design of the most

appropriate in virro experimental protocol

(Blaaub-oer et al., 1999).

There are chemical classes for which E. one

compartment description would not be expected to

be adequate. However, the physiological

mammalian structure (tissue volumes, blood

flows, ventilation rate, glomerular filtration rate,

etc.) is well characterized, and there is no

difficulty in describing tissues separately. As

mentioned above, techniques exist for estimating

tissue—specific partitioning. Other data required

would depend on the class of chemical. For
volatile chemicals, ventilator); clearance can be

estimated from the blood-air partition. For water-

soluble chemicals, urinary clearance can be

estimated from the glomerular filtration rate or the

renal blood flow (for secreted compounds}. For

some classes of chemicals, it would also be
necessary to determine the fractional binding of

the chemical to plasma proteins or the partitioning
of the chemical into red blood cells.

total body metabolic clearance

 

The greatest challenge in paramcterizing the
biokinetic model remains the estimation of

metabolic clearance. The possibility is increasing

to use in vfrro~deter1'nincd metabolic parameters

(Vmax and Km) in order to accurately predict

(Houston and

Carlile, I997). Currently, it would be necessary

to perform in vitro assays of the dose-response

(capacity and affinity) for metabolic clearance

(lfiedderis, 199?; Keddcris and Held 1996;

Kedderis et al., 1993). These assays are generally

more ' expensive than the dynamic (toxicity)

assays, since they necessarily involve the

development of an analytical method for

quantifying the concentration of the parent

compound and its metabolitc(s) in each tissue of

interest over time. Quantification of the

concentration of compound in the dynamic assays

should also be preferred, but it is not absolutely

necessary in that case. Eventually, as data

accumulate For a large number of‘ structurally-

diverse materials, it might be possible to predict
metabolism and disposition using knowledge-

bascd systems.

An important underpinning of this process is that
the kind of information necessary for a particular

test material depends on its structure and physica-
chemical properties. It seems reasonable to

expect that chemicals could be categorized into

classes based on their properties, and that this

categorization would simplify the process of

determining the data needed for a particular

compound. This concept is illustrated in Figure
3.2. As noted above, the key physico-chemical

properties of a test material involves its volatility
[reflected in its blood-air partition, Hbfg), its

water solubility (SW), and its lipophiliciry
{reflected in its octanol-water partition, Kotw).

Compounds with similar properties can be

grouped, and data from similar compounds can be
used to fill gaps in the ltnowledge of a particular

compound.
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  Phvsico-Chemical Classification

Litiochilicitv

PFES KWW

Volatile

Solvents

1/I-Ierc

Volatility

Insol ubles 
Dioxins

ions

Acids

SW Bases

Solubility

Alcohols

Figure 3.2. Classification of com pounds based on their physieo-chemical properties

There are two advantages of this in v:'rror'modeling

approach over the traditional in viva LDSU test.

First, the in vitrofmotlcling approach can provide
more extensive information than a traditional oral

LD5il value provides. As information
accumulates across chemicals. QSAR techniques

could play a correspondingly greater role in the

prediction of both kinetic and dynamic

information. It -is likely that QSAR techniques
would be more succcssfill for these fundamental

processes and simple in 1.-irro assays than they

have been for the prediction of the in vivo assay.

Secondly, all of these assays should be performed

using human cell systems. The Breakout ‘Group
consensus was that in vitro testing should, when

possible, be perforrnetl with human cells rather
than rodent cells. This obviates the need, inherent

in the rodent LD50 test, to extrapolate from
rodents to humans. The uncertainties with the

current approach of extrapolating ziririirti rlerived
data employing human cell cultures to the
situation in the intact situation in humans will

generally be smaller than those uncertainties for

' closely related classes of chemicals.

extrapolating data from animal cell expcrimenm to
humans.

Classification of‘ chemicals according to their

physico—cl1ernical properties has been done

extensively in the past. This approach has proven

to be useful to predict effects, particularly within

this approach has limitations; it should not be used
outside the boundaries of the prediction model

used (i.e., the effects that can be predicted should

be within the scope of the model assumptions).

Tl‘ the focus is on the use of in vitroaierived data-,

then the importance of using specific cell systems

becomes more iinportant if oneis looking at more

specific forms of toxicity. Then the biological

properties ' of the cells used become more-

impurtant. Ultimately, there are two questions
that coexist all the time: What does the chemical

do to thc cell’-P; and what does the cell do to the .

chemical‘? From this conceptual point of

departure, the rate-determining step and more
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often-the rate—1imiting steps need to be identified
for mathematical modeling.

This problem and part of its solution can be
illustrated based on central nervous system (CNS)

vs. liver effects of solvents (limit it to small

molecular weight chlorinated aliphatics). It is

known from the Meyer-Overton rule (Meyer,

1937) that these anesthetic chemicals are very

predictive of one another's CNS effects in viva.

However, these predictions do not hold For
chronic liver effects and vice versa. This is

understandable since the two effects have nothing

in common, kinetics being the rate-detennining

step for anesthcs ia (wake-up driven by elimination

of the chemical) vs. dynamics being the rate-

determining step for liver cancer (slow

reversibility of preneoplastic foci after complete

elimination of the solvent). However, an acute

endpoint such as reduced flicker fusion reflex is a

much more sensitive endpoint of impairment than

is chronic liver cancer. Therefore, people will be

protected from cancer if regulation is based on the
acute effect without the need for elaborate PBBK

models based on metabolism in the liver.

The acute toxicity of‘ all these solvents consists of

CNS depression leading to respiratory failure

without regard to the route of administration.
These considerations will become more important

when one moves away frotn the prediction of

acute l_e;tfl toxicity towards predicting more

subtile sublethal (acute) effects. However, these

points are essential for modeling (sub)-chronic

toxicity.

3.4.3 Kinetic Support of bzrerfm Ra! LD50
Estimate

In developing the approach just described, the
focus ofthe Breakout Group was on the prediction
of human TD10 values (i.e., the dose at which

mild toxicity could be expected in no more than

10% ofcxposed hu mans). l-lowever, the Breakout

Group acknowledged that there will be a need in ‘
the short-term for the estnnation of rodent LDSU

values under the HPV chemical program. ‘The

following discussion describes the application of
the approach dcs cribcd above For this latter need.

szi

' at which cells die in vivo.

_ 1?! VI'H‘0 Methods For Assessing Acute Toxicity: Biokinetic Deterrninations . 

3.4.3.1 Research and Dgireilogmerrt Needs

In the first step, estimates of key kinetic

parameters can be obtained either front data
available on the chemical or from the use of

QSPR techniques (which are based on physico-

chemical properties of the compound). QSPR

techniques can be used as a first approximation of

key kinetic parameters such as absorption,

partition, etc. If one can use kinetic data that are

actually measured, then these data will prevail.

' Ocianolfwater partition coefficicnt;

° Water solubility; '

° Saturation vapor pressure or bloorl-air

partition;

' Plia;

° Molecular weightfvolunlo (for estimating

' gastrointestinal absorption);

‘ Hydrogen bond donorsfaccep-tors (for

estimating gastrointestinal absorption).

This prior knowledge on kinetic parameters or the

estimation on the basis of QSPR data can then be
used to evaluate the in vfrro LCSU values for a

chemical. The assumption is that this LCSO value

is equal to the concentration in the intact organism

Depending on the

chemic-al‘s physico—chemical properties, the
kinetic model to be used for this estimation may

be simple or more complex. For many [e.g.,

water-soluble cornpounrls) a simple one-

cornpartment model can be used to estimate the

oral dose that would result in an average systemic

exposure equivalent to the in vt'rro L-C50 value
over the lime period of interest. The key factors
needed for the model would be estimates of the

oral bioavailability, tissue partitioning {to obtain

the volume of distribution), and total clearance.

Depending on the properties of the compound, the
clearance could be dominated by metabolism,

urinary excretion, or pulmonary ventilation. ln

most cases, metabolic clearance will have to be

determined empirically.

A key problem for this near-term application is

that many HPV chemicals may not have adequate

analytical methods yet developed, Therefore,

metabolism assays may be too expensive and

time-consuming for high—throughput LD50
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estimation, However, a simple, conservative

estimate for the oral dose resulting in systemic

exposure equivalent to an in vitro LCSU value

could be obtained by assuming 10 “Va

bioavailability, ignoring metabolic clearance, and

simply estimating tissue partitioning to obtain the

volume of distribution (Vd). For example, a

commonly used default for the volume of
distribution for water-soluble chemicals as a

Function ofbody weight (b.w.) is:
Vd = 0.65 "' b.w.

[n this simple approximation, the relationship

between the in vivo and in vitro assays could be

described by the formula:
LDSD = LC50 * Vd 2’ b.w..

Other adjustments could be made to this approach

for chemicals where ventilatory or urinary

clearance would be important‘, as described in the

previous section. In addition, if data on

bioavailability are available, such information
could be factored in to obtain a more accurate

LDSU estimate. An additional benefit of this

approach is that similar calculations could be used
to convert the in vitro LCSU value to an in viva

LC50 value for acute inhalation. These

assumptions. however, introduce inherent

uncertainties into the resulting calculation of the

oral LDSO value and depending upon the material

of concern, may result in substantial inaccuracies.

It is not certain that the approach described here is

actually viable; in particular, it needs to be
determined whether sufficient information is

available on the compounds of interest to support

the necessary calculations. A first step would be
to characterize the HT"\»' chemicals in terms of

their physico-chemical properties and determining
the range and most frequent combinations of

physico-chemical properties. This would provide
a basis for the selection of “proof of concept"

chemicals (not necessarily HPV chemicals) that
could be used to evaluate the kinetic parameter

estimation paradigm LlL‘.1§C1'll]Ct'l hcrc.

Another useful exercise would be to identify the

compounds that represent the outliers in the RC
correlations of in virro basal cytotoxicity assays

with LD50 values. By determining the physioo-

chcmical properties of these compounds, and
knowing their target tissues, it might be possible

to identify factors that could improve the

55

 

correlation. [e.g.. consideration of BBB

penetration) between-predicted oral LDSO values

in rodents and empirical values. In this way it

might be possible to define a “predictive range”

for various chemical properties over which the in

‘.’ff3"0 assay might be expected to provide
reasonable LDSU estimates. Also. exclusion rules

For identifying compounds for which the results of

the in wire assay should not be relied upon might
be defined. -

3.4.3.2 Tiered

Toxicity

Hooch or Evaluutin Acute

A particular problem area in terms of the

predictive value of" the currently available in vitro
toxicity assays is where toxicity is secondary to

metabolic activation. In particular, it is possible

that rapid oxidative. or reductive metabolism could

result in acute liver toxicity from oral exposure.

Examples of such toxicity is the production of

phosgene by the oxidativc metabolism of
chloroform and the acute liver necrosis seen after

carbon tetrachloride exposure. Such toxicity

would not be observed in in vfrm assays using

basal cells with little or no metabolic competence.

One possible approach for dealing with this
problem is illustrated in Figure 3.3. The first step

would be to estimate hcpatocyte metabolism at a

relatively low concentration (e.g., 10 rnicromolar).

If the rate of metabolism (Vmaxi'Km) observed is

low, then the basal cell LCSD value could be

relied upon. If, however, the rate is high, then it

would be necessary to identify the responsible

enzyme system. This identification could be

performed, for example, by using a microsomal

(S9) fraction with selective addition of cofactors

or inhibitors. ll these stutlics indicate that the
primary enzyme system is oxidative or reductive,
then the possibility of toxicity associated with
metabolic activation exists. In this case it would

be necessary to perform a hepatocyle cytotoxicity

assay. If the LCSU value for me hepatocytes was
much lower than for the basal cells, it would be

necessary to characterize the concentration-

response for metabolism in order to predict the in
viva doses that might be associated with toxicity.
On the other hand, if the primary metabolism

represents detoxication (conjugation, sulfation,

etc), then the [acute] toxicity of the metabolites
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will generally be much lower and, therefore, the
basal cell assay results for the parent compound
could he used with some confidence to calculate

the LD50 value.

An alternative approach, suggested by Breakout

Group 3, would be to begin with a basal cell

cytotoxieity assay (to screen out highly toxic

compounds) and then perform a toxicity assay

with a hepatocyte primary culture. If similar
LCSO values were obtained in both assays, the

concern for toxicity secondary to metabolic

activation could be effectively ruled out. In such
cases, a much less extensive characterization of

metabolism would be needed to support an

estimate of clearance. On the other hand, if the

toxicity in the hcpatocyte assay was strikingly

greater than that for the basal cells, the more

complete characterization of metabolism

discussed above would be justifictl.
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Figure 3.3: Tiered approach for evaluating acute toxicity 2

3.5 Recommendations

Table 3.1 (Section 3.5.2) lists a number of specific
research areas in the area of biolcineties that the

Breakout Group felt would improve the ability to
use in vitro information in the prediction of acute

toxicity. The following discussion highlights
some of these research areas and illuminates some

concerns emphasized by the Breakout Group.

56

3.5.1 Long- Term Research Needs

3.5.1.1 Mambo {g_'res and Acute To.ri'c1'g;

In some cases, a circulating metabolite can be

responsible for acutetoxicity in a tissue remote
from its generation. Kidney toxicity from some
chlorinated alkenes has been shown to result from

the production of a CS1‘ conjugate (in the liver)
which is converted to the cysteine conjugate in the
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kidney, and then activated to a toxic mcrcaptan by

beta-lyasc. Another example: the CNS effects of

hydrate result from the metabolite

trichlorethanol, which is produced in the liver. In

cases such as these, rnetabolite—specif.ic kinetic

data are necessary to estimate target tissue

exposure. and in virro toxicity assays would have

to be conducted with the metabolite(s) responsible

for the observed toxicities. The latter, requires

structural identification and synthesis of the

metabolite(s) of concern in sufficient quantifies to
conduct these studies.

Other important research areas include the

development of validated, stable human

hepatocyte systems, as well as in vitro systems for

key transporters (renal, biliary, etc.). A long-

range goal should be the development of template
PB-BK models for the various classes of

chemicals. Target tissues evaluated by in vitro
assays would be included explicitly in the

physiological stmcture of these models. The

models would provide a mechanistic description

of barrier fullctions (gut, bile, kidney, blood-brain

barrier, skin), so that the data obtained from
transporter assays could be readily incorporated.

3.5.1.1 QSPR AQ2:'.it:m‘itin.s

At the same time, specific Q-SPR applications

need to be developed to provide the kind of

information required by PBBK models

(metabolism constants, binding, etc.].

Unfortunately, the principal limitation in the
development of useful QSPR applications appears

to be the dearth of suitable data available for.

training knowledge-based systems.

3.5.1.3 It'r'nez:'cs and Dynamics

The interaction between kinetics and dynamics

needs to be explored. For example, the effect of

toxicity on the metabolism and -excretion of a

chemical or, conversely, the effect of metabolism

or reabsorption on the toxicity of a chemical must

' be taken into account. Rigorous analyses of the

57

time dimension in the conduct of these assays to

account for iittralion and frequency of" exposure is
also an area that needs to be addressed. Because

of cell viability issues, it may not be possible to
reproduce .the time frame of in viva tissue

exposure using in vitro systems. Also, the time

frame for the appearance of toxicity may be quite

different from the time frame for exposure to the
chemical (Soni et at, 1999).

it is important to recognize that the proposed

schemes (Figures. 3.1 and 3.2), and the discussion
above, concern only the approximation and

prediction of acute oral toxicity. It was neither the
intent nor the. purpose of the Breakout Group that
these conclusions could be extended in any way to

other types of toxicity that are relevant to public
health risk assessment [e.g., developmental

toxicity, sensitization, carcinogenesis, etc.). In the
final analysis, in viva exposure captures the

effects of many potentially complex interactions
that may be difficult to reproduce with in virro
systems.
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3.5.2 Research Ncccis for the Application of!» Vitrc Methods to the Prediction cfAcare Chemical
Toxicity

Table 3.1

Kinetics

Understand the

relationship between
o1uleI.:Ltlar structure,

pb};sical—c-he-ntical
properties, and kinetic
behavior of chemicals in

biological systems.

Develop mathematical

modeling techniques to
describe complex kinetic
systems.

Develop mathematical
modeling techniques for

tissue modeling
(anatomically correct
models).

Develop algorithms to
dctcnttitle the optiinum
kinetic model for a

pat'ticula1' chemical.

Conduct rcscarcli on

modeling o i‘ Fundamental
kinetic mechanisms,

Develop an optimal

battery ofin vitro assays to
evaluate cl1erriica]—specif'tc
kinetic parameters.

Develop QSA R models to
predict kinetic pamtnetets.

Develop a library of
generic models that are

acceptable For regulatory
risk assessments.

Establish a database of‘

chemicabindepentlent

paramolcts (mouse, rat,
human).

Biokiuetii: Rcscarcli Needs

Kin cries-Dynamics

Uncle-rsttlnd and model the

mechanisms regulating the
cntpres si on of proteins
involved in kinetic

processes — (metabolizing
enzyrnes, transport

onicymes, metallothionein,
tnen:1b1‘ane uhanntils, etc.)

Understand and model

ell‘-cc-ts of changes in

physiological processes on
kinetics of chctlliuals.

Dynamics

Develop in virro biological

models that are equivalent

to in viva tissues {i_e.,
models that maintain

specified difftzrtmtialcd
functions that are

important for the
toxicological phenomena
under study").

Develop mathematical

modeling teohniqu es to
describe indi vidufi]

variability (genetic
hackground}.

|)evelop mathematical
modeling techniques to

describe complex dynamic
systems and genetic
networks at the cellular

and at the systemic level.

Establish lines of

differentiated human oclls

((13,, derived from stem
cells).

Understand and model '
mechanisms ofmu|ti-
cellular itiletactions in

' development of toxic
rcspottses {Co-cultures).

Understand and Illutitil

relationships between

celltilar responses and
hiomarkcrs of systemic
responses.
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4.0 IN VITRO METHODS FOR ORGAN-

SPECIFIC TOXICITY -

4.1 Introduction

Breakout Group 3 reviewed to intro methods

that can be used to predict specific organ

toxicity and toxicity associated wit.h alteration

of specific cellular. or organ functions. The

Breakout Group then developed

recommendations for priority research efforts
necessary to support the development of

methods that can accurately assess acute target

organ toxicity.

Knowledge of the effects of acute exposure to

unknown materials is needed early in the

development of new products and chemicals.
Researchers who are using new chemicals in the

laboratory need to know what types of safety

precautions they need to take when handling
these materials. Manufacturers must. have some

idea of the safe levels of exposure before they

can develop the processes and build the facilities
to safely manufacture the materials. The toxic
doses also define precautions that must be taken

when shipping materials, and govern the

appropriate response of emergency personnel in
case ofaccidental spills. Planned or inadvertent

single—dose exposure of specific human or other

populations may also occur, such as from
accidental ingestion of common household

materials, application of single use pesticides,

and some pharmaceuticals. '

The Breakout Group was asked to review in
vr't‘ro' methods for predicting specific target

organ toxicity. Specifically the Breakout Group
was asked to do the following: (a) identify the

most important areas where in vttro methods
are needed; (b) review and comment on the
current status of in vitro methods to predict

target organ toxicity; and (C) prioritize the need
for future research in this area. ln addition, the

Breakout Group considered where it would be
necessary to include prediction of specific target

organ toxicity in developing an in vitro program
to replace the current acute oral toxicity assays
used in hazard classificat.ion systems.

The scope of the remit was very broad and the
Breakout Group proceeded by identifying the

63

organ -systems where failure could lead to

lethality after acute exposure. The Breakout

Group reviewed each system individually, and
then proposed a scheme for including the

important endpoints identified into a

replacement test battery for acute toxicity.

4.1.1 seguractan afradusrrrat CJ:e:nt'cm's and
Pesticides

A representative (Dr. Karen Hamernik) ofthe
US. EPA related the needs of an agency that

regulates industrialfcommodity chemicals and

pesticides. in addition to their use in assigning
an international httzard classilic'd.I.iun, the results

of acute toxicity tests are used to set doses for

in vivo cytogenetics assays, acute neurotoxicity
tests, and, occasionally, for other types of

rodent tests. Dose setting may utilize LDSO

information and dose response data over a range

of doses for a given test material. in addition,

information on the effect of single exposures is
gathered during acute neurotoxicity tests,
developmental toxicity tests, and metabolism
studies. In these tests, multiple endpoints may
be measured and the results can be used for

hazard and risk assessments for single-exposure
scenarios.‘

The U.S. EPA is concerned with organ-specific

effects -- including their severity, onset, and
durat.ion -- that become apparent from various
test material exposure _scenar_ios including acute,
sub-chronic, or chronic exposure. Some study

protocols provide reversibility—of-effects
information. Information on organ-specific

effects may-have an impact, at least in part, on
risk assessment methods depending on the

effect of concern, whether a mechanism for

toxicity can be proposed or identified, and on
the available dose-response information. For

instance, organ—specific effects may impact

decisions on whether to regulate based on cancer

or non-cancer endpoints, to use linear or non-
linear models, and whether to use dose—response

data or benchmark dose approaches.

l-low organ-specific effects impact risk
assessment depends to some extent on where
the effects occur on the dose-response curve,

-what types "of effects are seen and their
severity, and the Ptaturc of the exposure.
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Examples include the presence of clear toxic

effects such as necrosis and changes in enzyme
activities or elevations in hormone levels that

may be considered precursors to possible longer-
term toxic, or even carcinogenic, effects. The

impact of these effects may depend upon

whether they are seen only in adult animals,

young or adolescent animals, or during in were

exposure. Toxicity data are used for human risk

assessment and to provide clues for potential-
conecrns for effects in wildlife.

I In the_United States, organ-specific effects seen
in toxicity studies may trigger Food Quality
Protection Act-related issues such as the

possibility of grouping chemicals with common
modes of action or mechanisms for cumulative

risk assessment. Certain organ-specific effects

may serve as a starting point to look at

questions related to human relevance. The

presence of such findings may trigger the need
for additional studies to support the suspected

toxicological mechanisni.

4.1.2 Regulatiort ofPharmaceuticuis

A representative (Dr. David Lester) of
FDAICEDR related the needs of an agency that

regulates pharmaceutical materials. CEDR does
not ask for, nor regulate, non-clinical toxicity

testing, and does not use estimates of the [D50
value in its assessments. ln general, the agency

does not find identification of specific organ

toxicity after single-dose acute exposure useful
since most pharmaceuticals are given as
multiple doses.

The results of acuI.e toxicity tests are not useful
in establishing dosing reginles because most

pharmaceuticals are developed for multiple use.
Acute effects are more important for oncologic

drugs because the margins of safety may be
smaller. Single—dose studies may also be useful

for developing imaging agents where it is
important to understand tissue distribution after
a single exposure.

In vitro studies are often performed in drug

development as part of the effort to understand
the disease process or to understand the actions
of the drugs on specific cells. In drug
development, the risk assessments are based on
the total dose of the material given and not on
the tissue concentration. In vitro studies have

 

been used in setting doses for initial human
exposure to cancer therapeutics, but otherwise
are rarely used for dose setting because current

methods cannot extrapolate from the in virro

concentration to the dose that tnusl be given to
achieve similar effects in vivo. Animal studies

may be- used for initial dose setting for»-early
clinical studies, but these are usually not acute,

single-exposure studies.

4.1.3 -LZS. National Toxt'c.-flngy Program

(NTP)

The Breakout Group also heard a presentation

(from Dr. Rajendra Chliabra) on the use of acute
oral toxicity data by the National Toxicology

Program (NTP). The NTP does not find it

necessary to use acute studies to set doses for
subchronic studies; instead, researchers go

directly to 14- or 90-day studies. If there are
sufficient data on the chemical of interest, then

they are often able to avoid a 14-day study.
The results of 90-day studies in rodents are used
to set doses for chronic studies and also to

determine what specific types of additional
studies may be ‘ needed (i.c., reproductive,
cancer, neurotoxicology, etc.). To facilitate

decision making and reduction of animal use.
the NTP adds several endpoints to the 90-day

study including sperm morphology,
immunotoxicology, neurotoxicology, and a
micronucleos test.

The NTP is evaluating a battery of in vitro tests

that might reduce the need for 14-day dermal
toxicity studies. The tests include:

* The bovine corneal opacity test;

' The skin permeability assays;

0 The EpiDermT*"1 model for

i1_"rit.ationfeorrosivity;
° Aneutralred uptake (NRU) assay for

systemic toxicity;

' A primary rat hepatoeyte assay for

‘ hepatic toxicity.

dermal

Five chemicals have been tested in this battery.

The 14-day in I-‘Eva rodent sttldy costs about
$150,000, uses I20 animals, and takes. about six

months to perform. An accurate battery of in
vttro tests would be less expensive in both time
and cost.
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4.1.4 Irrtriat Cortsiderazions

The Breakout Group agreed for the purposes of

this exercise to defu_ie- acute toxicity as "toxicity
occurring within 14 days ofu singie exposure or
multtpie exposures tvithin 24 hours". For

evaluating chemicals for" acute toxicity, the
Breakout Group identified the following major

organ systems as the ones that need to be
considered;

' Liver;

* Central nervous system;

- Kidney;

° Heart;

° Hematopoietic system;

' Lung.

Damage significant enough to cause death c-an
occur to these systems after a single acute
exposure. The Breakout Group recognized that
local effects of xenobiotics on the skin,

gastrointestinal tract, and eye may also be
important, but agreed to focus on systemic
effects rather than local effects. The Breakout

Group also recognized that the developing
embryo may suffer serious, even lethal,

consequences after a single acute exposure to a
xenobiotic. However, the Breakout Group felt
these effects are adequately evaluated by the

standard battery of tests for reproductive and
developinentaleffeets and do not need to be
included as part ofan in vitro battery to replace

the acute toxicity tests.

The Breakout Group discussed the use ofrodent
cell cultures as the basis of in vitro tests to

predict acute toxicity. The work of Ekwall
(El-twall et al., 2000) indicates that for general
eytotuxicity cells of human origin correlate best
with human acute lethal blood concentrations.

There are well recognized species differences in

response to many classes of xenobiotics that
must be taken into account as systems are

developed to predict effects specific to
individual organ systems. Considering the
species differences currently recognized and
other differences that might not yet be

identified, the Breakout Group recommends that

every effort should be made to use ltu1_nan-
derived cells and tissues, preferably normal, as
the basis for in vtrro assays since data from the

in t-rrro sntdies will ultimately be used to predict
toxicity in humans.

4.2 Review of a Proposed Screen to

E-lueidate Mechanism of Injury

The Breakout Group I" examined specific

endpoints or organ systems. Both in vivo and in

vtrro systems are used extensively in industry
and academia to aid in the understanding and

prediction of mechanisms of toxicity. The
review attempted to highlight situations where

in vitro studies provide information at least as
useful and often more useful than in vivo studies

and to identify areas where further research is

needed before in virro techniques will be able to

replace whole animal studies.

The Breakout. Group first reviewed a program

using eight different normal, human epithelial
cell lines or primary cells for initial toxicity

screening to elucidate mechanisms ofinjury by
measuring comparative tissue-specific

cytotoxicity of cancer preventive agents
(Elmore, 2000; Elmore, in press). Tissue-

specific cytotoxieity was assessed using cell ,

proliferation at three days and five days,
mitochondrial function, and PCNA or albumin

synthesis (hepatoeytes only) as endpoints. The
cells used were early passage cell lines following

cryopreservation or were primary cultures
[hepatocytes) and included liver, skin, prostate,
renal, bronchial, oral mucosa, cervix, and

mammary tissu cs.

The results suggest that different e-he-roicals
induced unique tissue-specific patterns of

toxicity. Changes in toxicity following three
and five day exposures provide additional
information on both delayed toxicity and the ,

potential for recovery. Confirmation of the
predictive trends was confirmed with several
agents in 1-rcratinoeytes using 14-day cultures

with multiple exposures. Ongoing sI.udies will

compare the in vitro data with blood levels from
preclinical animal studies, and plasma levels and
observed side effects from clinical trials.

In Vitro Methods for Determination

of Acute Liver Toxicity

4.3

Adequate liver function is critical to the survival
of an organism, The liver is at high risk for
injury because it is actively involved in
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metabolizing xenobiotics, and because the liver
is exposed first to materials absorbed from the

gastrointestinal tract. The liver also excretes

many materials via the bile and this puts the

biliary system'at risk for toxicity as well. For
these reasons, one of the highest priority needs

is for a test system that can accurately evaluate
the effects of xcnobiotics on the liver. Test

systems need to be able to assess both the

potential for hepatic toxicity and whether the
liver will be able to metabolize the test chemical

either to a more or less toxic moiety.

Xenobiotics may also affect the biliary tract,

and an in vitro system to investigate these
effects will also be needed. ‘ -

4.3.] Available Nor:-Animal Mrtde!s'

Available non-animal models include

metabolically competent animal or human liver

cells. Such cells have been cryopreserved and

cryoprcscrved human cells are available
commercially. The cells of human origin have

a short life span, but they can be obtained with

certain well-characterized metabolic profiles

including specific active P450 systems.
Immortalized human cell lines, some of which

have been transfected to express specific

recombinant phase I or I] enzymes are also
available, but most cell lines are limited to

expressing only one enzyme.

Assessment of the potential for hepatic

metabolism is possible using isolated
hepatocytcs (Cross and Bayliss, 2000;
Guillouzo, 1 99?) and cell lines. Liver

microsemes are used in high throughput

screening assay systems to determine the extent

of metabolism of a parent compound. -Whole
liver homogenates, suhcellular fractions, and
liver slices are also commonly used in basic

research on hepatic function and toxicology

(Guillouzo, I998; Parrish, et al., 1995; Ulrich et
al., W95; Waring and Ulrich, 2000). A report
on the ECVAM Workshop on the Use ofTissue
Slices for Pharmacotoxicology Studies includes a

comprehensive review ofthc use of liver slices

in toxicology (Bach et al., 1996). These
systems can be robust, but the supply of human
liver tissue is limited and is decreasing as more

donor liver is being used for transplantation

Recently, more complex systems have been

developed in an attempt to better mimic

66

hepatic function. Cell culture techniques that
involve sandwiching liver cells between layers of

collagen can he used to study induction of
metabolic function, but it is difficult to examine v
the hepatocytes after treatment because of the
collagen in the system. Liver cells can also be

cultured as small compact spheres of cells. As
these spheroids grow, they lend to become
necrotic in the "center so their usefulness in

toxicology needs to be established.

There have been some attempts to develop in
vttro systems to study effects on biliary

function. A couplet system made up of two

hepatocytes with bile eanaliculi attached has
been‘ described. This system is very labor

"intensive and currently would not be viable as a

routine test system but is useful as -a way to

study mechanisms ofcholestasis. In addition,

liver fibroblasts can be cultured for the study of

mechanism of hepatic cirrhosis.

4.3.2 Specific Errdpofrrt Measurements

As in vt'n'o systems for hepatic function are

developed to replace animals in acute toxicity
studies, the specific endpoints which should be
considered are changes in enzyme systems,

-membrane damage, changes in mitochondrial

function, changes in albumin synthesis, and
possibly cell detachment. It will be important
to identify systems that express the most

important metabolic systems present in normal
human liver. The Breakout Group discussed the

need for multiple cell lines to represent the
known diversity of enzyme systems expressed

by the human population. While such systems
are very useful in drug development, the
Breakout Group recognized that this degree of

sophistication is not available with the current

in viva systems and should not be required for a
replacement system for acute toxicity.

4.3.3 Future .-'Vei2d.c

Future work in the area of hepatic toxicology

will depend upon the development of more
robust models that are as metabolically

competent as mature human hepatoeytes in
viva. Pharmaceutical companies are currently
using in vttro assays of hepatic function for
screening new drugs and as their methods
become more readily available, they may be-
useful in acute toxicity testing. An ILS] HES]
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Genomics Subcommittee is assessing changes in
gene expression that occur in response to

several prototypic chemicals, including

hepatntoxicants. and will be attempting to
correlate the gene expression changes with

changes in various biological and toxicological
parameters.

Two metho dological issues need to be addressed

as in vitro methods are developed and evaluated.

First, when -culturing liver cells, it is vital that
the cells are constantly monitored to ensure

they are still expressing the desired

characteristics and this monitoring must be built

into protocols. Second, there is considerable
variability i_n enzyme function between cells
from different individual donors, and for

toxicity testing it will be necessary to agree
upon the cell characteristics needed for an

appropriate test system that will best represent
the overall human population.

There _is a high-priority need to develop a

system for regulatory use that will be able to
recognize-which compounds the liver will
metabolize to another compound or
compounds. To replace whole animal, systems
must be -devised that can also determine the

effect of the product or products of hepatic

metabolism on other organ systems in a dose

responsive manner.

There is a need for a worldwide database

comparing human in vitro and in vivo data for

hepatic toxicity. Scientists attempting to
develop hepatic systems for toxicity testing are
encouraged to share methodology and cell lines.

Collaboration among laboratories would increase
the pace of research and avoid development of
multiple and competing test methods.

In Vitro Methods -for the

Determination of Acute Central

Nervous System (CNS) Toxicity

4.4

Neurotoxic effects after a single dose are often

expressed as either overall CNS depression
resulting in sedation, or excitation, generating
seizures or convulsions. The molecular

mechanisms for these states may be related to

very specific toxieant~target interaction, or the
targets may be general for all cell types but are
involved in critical functions in neurons.

Because CNS effects can lead to acute lethality,

6?

a ncurotoxicological screen should be performed

when certain criteria in the tiered test battery,
as described in Section 4.10.1, have been-

fullilled. Briefly, the steps are physica-

chemical or other information indicating that
the toxicant, can pass the BBB, low basal

eytotoxicity (high EC20 or EC5U_va|ues) in

non-neuronal cells, low hepatotexicity, and no

evidence nfimpaired energy metabolism at non-

cytotoxic conditions. If these initial criteria are

fulfilled, investigations of the neurotoxic

potential of the test material must be carried
out. The cellular targets can be either general

or very specific functions.

4.4.1 Important General‘ Cetiutar Ftmcatrms

for CNS Toxicity

Examples of important general cellular

functions that upon impairment may cause
severe brain damage after acute exposure are

decreases in resting cell membrane potential,

increases in intracellular free” calcium
concentration ([Ca2']i), and formation of free
radicals and reactive oxygen species (ROS).

Cytotoxicity may, eventually, occur as a result
of severe insult to these cellular functions. In

some- cases, astrocytcs are the immediate target
and the toxic reaction may appear as astrocytc
activation and formation of neurotoxic

cytoldnes. An early marker for acute astrocyte
activation is increased glial fibrillary acidic

protein (GFAP) expression.

4.4.1.1 Qg_I1erg£Ena‘got'nts

Endpoints that can be assessed include cell
membrane potential, increased [Ca2"]i, and free
radical formation that can easily be measured by
fluorescent probes or by simple

spectrophotometry. Cytokines and C-FAP
levels can be detennined by immurtochemical

techniques, such as ELISA, or by mRN/‘t
quantification (e.g., in arm hybridization, RT-
PCR, or gene array analysis). Most assays can
be performed on adherent cells in microtitre
plates, which make them useful for high
throughput screening.

4.4.1.2 CeI!.Mode{,§ for QgJt'.Et‘flfFIt'l1L't'f0fl.§

Several cell models are available. General cell

functions can be studied in cell types that
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possess a near normal cell membrane potential

and aerobic energy metabolism. Certain

differentiated human neuroblastoma cell lines,

such as SI-I-SYSY, fulfill these criteria and are

easy to obtain, culture, and differentiate.

Human brain neural progenitor cell lines (_e.g.,

Ni-INP and NT2) are now widely available. The

NHNP cell line has the advantage that in culture
it differentiates into a mixture of neurons and

glia. It can be passed through numerous

passages and forms spheroids in suspension
(Svendscn et 311., 199?). Glial cell lines are

generally poorly differentiated even though

there are reports of some GFAP-expressing
human cell lines (Izurni et al._, 1994; Matsurnura
and Kawamoto, 1994). Rat glioma 9L cells

have been reported to manifest astrogliosis
upon chemical exposure (Malhotra et al._,

1997). Nevertheless, primary rat astiecyte
cultures are used in most studies on astrocyte
activation. '

4.4.2 Important Specific Functions for CNS
Toxicity

Specific functions can be measured by assessing
neuronal targets that will cause acute CNS

depression or excitation if-their functions are

impaired. These functions are voltage operated
Na , K‘: and Ca” channels and the ionotropic
glutamate NMDA, GABA,.,_, and nicolincrgic
acctylcholine (nACh) receptors. Furthermore,
severe intoxication may occur after acute

exposure to cholinesterasc inhibitors. Besides
the acute effect on choline-sterase function,

delayed neuropathy may also he evident after a

single dose.

4.4.2.1 Spgg.ifrc Ertdggg'ru‘,§

lon fluxes over the cellular membrane can be

estimated by using VEIFIOUS ton-selective
" fluorescent probes. However, upon stimulation,

effects on ion channels or receptors change the

net membrane potential. Eventually, this will
result in altered Cazkfluxes and [Ca2+]i, which in

turn will affect transmitter release. Therefore,
effects of toxieants on receptor arfd ion channel

functions may be detected as increased or

decreased [Ca2+]i [Forsby et al., 1995) or
neurotransmitter release (Andres et al., 1997;

Nalcamura et al., 2900; Smith and Hainsworth,

I In Vitro Methodsfor Organ -Specgfic Toxicity

evident directly by the toxic-ant itself, but also

after applied stimuli such as -potassiumcvoked

cell membrane depolarization, possibly in the
presence of receptor agonists. Aeetylcholirie

esterasc (AChE) activity in -neuronal cells can
be measured in differentiated cells such as SI-I-

SYSY cells. Evaluating changes in the ratio

between.AChE and neuropathy target estcrase

(NTE) has been proposed as a method for

estimating the risk for delayed neuropathy
(Ehrich er al., 1997).

4.4.2.2 {gall Maggie for flggggffic Qgyfi Eurrggiggrs

Cell models for studies on specific CNS

functions should be of human origin, mainly

because certain enzyme structures and receptor
sub—unit expressions differ among different

spccies_. Furthermore, the level of cellular
differentiation is crucial. The cell lines must, in
most cases, be treated with differentiating

agents such as retinoic acid to express features
of normal, adult neurons. Cells that are

transfected with genes expressing specific

receptor and ion channel proteins can also be
useful for sludies on specific functions.

One example ofnon-primary neuronal cells is
the human neuronal progenitor NT2 cells
derived from a teratocarcinoma. The NT2 cells

can be terminally differentiated to NT2—N cells
" after treatment with retinoic acid and mitosis-

1998; Wade et 211., I998). The effects may be _

68

arresting agents after months in culture. .\lT2~

N cells express functional NMDA and GABAA
receptors [Younkin et al,, 1993; Munir et al._.
1996; Ncclands er al., 1998). The previously

cited NHNP neural human brain progenitor cell
line could also serve as an important model

system for neurotoxicitj-' screening (Svendsen et
al., 1997]. It is not as well characterized as the
NT2 line but deserves investigation.

Alternatives to NT2-N may be native or
differentiated human neuroblastoma cell lines

(e.g., SH-SYSY, IMR32 and
However, their receptor subvunit expression and
receptor function may vary from normal
receptors present in adult brain tissue.

Co-cultures of neuronal and glial cells may be
used for studies on interactions between neurons

and glia cells. For instance, NT2 cells
differentiate and establish functional synapses .
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when they are cultured on astrocytes (Hartely et
al., 1999). Upon differentiation, the Nl-TNP

cell line cultures contain a mixture of astrocytes

and neurons varying in ratio from l:9 to 2:3.
In suspension, the NHNP cells form spheroids

[see Clonetics web site). Reaggregated
embrypnic brain cultures have been

recommended for screening of neurotoxic

compounds (Attcrwill, 1994) but significant

further work on this promising model is needed
before it can be used as a standard test method.J

4.4.3 Future Needs

Some endpoints, assays, and cell models for the

more general endpoints have been studied and

used extensively, which make them ready for

formal validation. l.-lowever, most assays and

cell models determining effects on special

functions still need significant basic research
before they will be useful in screening systems.

4.5 In Virro Methods to Assess ,B1ood-
Brain Barrier (BBB) Function

The CNS.is dependent on a very stableintemal

environment. The BBB helps maintain this

stable environment by regulating all uptake into

and release from the brain of substances
involved in CNS metabolism. The barrier acts

as a functional interface between the blood and

the brain, rather than as a true barrier, and this

function is localized to the brain capillary
endothelial cells. These cells differ from

endothelial cells in other organs in that they

form tight junctions. They have a higher
turnover of energy and thus contain numerous
mitochondria; they have a low endocytotic

activity. Furthermore, they express specific

transport proteins and enzymes. Water, gases, _
and lipid-soluble substances may pass the BBB
by simple diffusion whereas glucose,
monocarboxylic acids, neutral and basic amino
acids, and choline are taken up from the blood

by active processes. lons pass the BBB very
slowly and Ptoteins generally not at all. Weak
organic acids, halides, and potassium ions are
actively transported out of the CNS.

Fromatcxicological viewpoint, three aspects

of the BBB are of interest: (a) -t_he BBB
regulates uptake and release of endogenous
substances and also xenobiotics, (b) toxic

substances may interfere with the structural and

69
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functional properties of the BBB, and (e)
certain parts of the CNS (e.g., areas in the

hypothalamus and the choroid plexa], have

poorly developed BBB functions. The latter is

also true for all parts of the embryonic and
juvenile brains.

Several authors and working parties have
identified the need for a reliable in vitro model

of BBB functions as being essential for the

development of alternative methods for use in

tests of acute systemic toxicity, neurotoxic-ity,

and in drug development (Balls and Walnut,

1999; Ekwall et al., 199‘); Janigro et al., 1999;
the ECVAM workshop on In Virro

Neurotoxicity [Atterwill et al., 1994], the

BCVAM Neurotoxicity Task Force, [1996,

unpublished], and the BTS Working Party

Report on In Vitro Toxicology, [Combos and
Earl, 1999]). ECVAM is currently supporting a

preva-lidation study of in vitro models for the
BBB. The study largely follows the

recommendations published by Garberg (1998).

4.5.1 Emipnrnrsfor Acme Toxic Effects

For acute toxic effects, there are two endpoints

for toxic insult to the blood brain barrier: (a)

partial or complete breakdown of the barrier
function (_i.e., effects on _the ability of the BBB
I.o exclude endogenous and exogenous
substances) and (b) changes in the specific
transport capacity of the BBB. There is a need

to measure the ability of the normal BBB to _
transport. toxicants into or out ofthe brain.

4.5.2 Models

Models currently being assessed in the ECVAM-

sponsored prevalidatiort study include:

° lmmortalized endothclial cell lines of

both human and animal origin;

' Primary bovine endothclial cells co-
cultured with glial cells;

v Barri er-forming continuous cell lines of
non-endothclial origin. '

Preliminary results from the ECVAHM
prevalidatlon study, as well as previously
published results, show that the rate of
penetration of compounds that pass the BBB by
simple diffusion can be estimated by the
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determination of log P, or by the use of any cell
system that forms a barrier (_e.g., MDCK. or

CaCo2 cells). This means that the distribution

of lipophilic compounds over the BBB can be

determined Simply, and that the first aspect of
acute toxic effects (i.e., impairment of the

barrier function [see above]) can be studied in

continuous cell lines, provided they are able to

form tight junctions.

With respect to the second endpoint,
impairment of the transporter functions and the

transport-mediated brain uptake, the situation is

different. The modeling ofthese features ofthe
BBB ideally requires an in virro system with a

high degree of differentiation, including the

significant expression of all transporter proteins
representing species—specif'1e properties. At

present, this can only be achieved in primary

cultures of brain cndothelial cells co-cultured
with brain glial cells. ‘

A model presented by Sranncss et al. (1997)
shows development of a dynamic, tri-
dimensional in vizm culture system {DlV—BBB)
that mimics the in vivo BBB phenotype more

closely than other models in use. ' In this
system, cerebral endothclial cells are cultured in
the presence of astrocytes using a hollow fiber
technique. The fiber cartridge, representing
artificial capillaries, is exposed to a luminal

pulsatile flow of medium. Although a very good
model for the in viva situation, tl1e DIV-BBB

model may be too resource intensive to be of
practical use in a screening situation.

4.6 In Vitro Systems to Study Kidney

Toxicity

The major effect seen in the kidney after acute
exposure to a nephrotoxin is acute tubular
necrosis. In approximately 90% ofthe eases,
the changes are seen in the proximal "tubular

cells (proximal to the convoluted ~._tubules).
These cells have high metabolic activity and a

significant concentrating function, both of
which putthein at increased risk for damage.
There are a much smaller number of substances
that are toxic to the distal tubular cells. While

acute toxicity in tubular cells is highly
significant and can be fatal, it is important to
recognize that these cells have great
regenerative capacity and with adequate
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treatment and time will rcpopulale and replace

the destroyed cells.

There are a few substances that cause direct

glomerular damage which is more serious

because glomerular damage is permanent

resultingin the loss of the affected nephron.

Although the kidney has a considerable reserve

capacity of nephrons, it is important to
understand the effects of a reduction of this

reserve capacity particularly in individuals, such
as the elderly, who may already have a reduced
number of ncphrons.

A comprehensive review of the use of in vitro

systems to assess nephrotoxieity has been

completed by ECVAM and was used as the basis

for the discussion (l-lawksworth et al., 1995}. In
vitro systems will need l.o utilize metabolically

competent kidney tubular cells. This should not
be as difficult as liver systems since much is
known about the metabolic function of renal

tubular cells, and there does not appear to be

significant. variability between individuals. In
addition to direct eytoloxicity, in vizro systems
must be able to evaluate the barrier function cl‘

the kidney. A system to assess this parameter is
currently being studied in Europe, with support
from ECVAM. in addition, in vitro systems

may need lu assess transport functions. At this
time it is not clear how important these

functions are in acute toxicity. It is also not

known how much variability exists in these
functions from one individual to another. The

specific transport functions are not completely
characterized and more basic research is needed

before test" systems can be developed.

It is possible to measure kidney function in a
non—invasivc fashion in humans who are

exposed to low levels of xcnobioties, for
instance, in occupational exposures. It would be
valuable to evaluate the correlation of the

results from in vitro toxicity l.esl.s with
information from humans.

4.7 In Vitro Methods to Assess
Cardiotoxieity

Cardiovascular toxicity can result from
excessive accumulation of toxic chemicals

within the tissue, cardiovascular-specific

bioaetivation of protoxicants, andfor chemical
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interference with specialized cellular furtctions.
Because a cardiotoxic insult interferes with the

ability of the heart to pump blood through the
vasculature, blood flow to major organs is oflen
compromised. Vascular toxicities are often

characterized by slow onsets and long latency

periods and are not usually important in acute
toxicity; however, changes in arterial pressure

and blood flow control may be significant in
acute effects.

The pathogenesis of cardiovascular injury often
involves the elucidation of oxidative

mechanisms and many cardiovascular disorders

are characterized by loss of redox homeostasis.
The central role for oxidant mechanisms is

consistent with studies which show evidence of

beneficial effects of antioxidants provided to

patients with coronary heart disease (Napoli,
199?). The vascular production of reactive

oxygen metabolites increases substantially in
disease states (Harrison, 1997). Links between
cardiovascular and cerebro-vascular disorders

have also been established. During periods of

emotional stress, adrenaline toxicity to vascular

endothelial cells may involve its deamination by
monoamine oxidase A to form methylamine, a

product further deaminated by semicarbazide-
sensitive amine oxidase to formaldehyde,

hydrogen peroxide, and ammonia (Yu et al.,
1997).

4.7.1 Per-fused Organ Preparations

Pcrfused organ preparations are currently the

most representative of the in vivo situation.

Aortic preparations are most preferred; they
can be readily excised, perfused, and super-
perfused with appropriatc_bufi"crs, (Crass et al.,
1988). Perfused preparations are advantageous

because they retain the level of structural
organization found in vt'v0. Toxin-induced
changes in pbysiologicflilianrtacologic
sensitivity and changes in excitability andfor

eontractility can be readily evaluated. The

biological actionsof nitric oxide, a soluble gas
synthesized by the endothelium, was first
discovered using pertiused preparations. Because
perfused organ preparations require harvesting
fresh tissue, better methods are still needed. ln

addition, significant limitations of perfused

preparations in toxicity testing include the
small number of replicates that can_ be
processed, the time required for isolation, and
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the provision that the system can only be used

for sl1ort_-periods of time because of rapid loss of
viability. Parameters measured include: (a) time
to peak tension, (_b) maximal rate of tension

development, and (c) tension development.

Oxygen co neentration oftlie perfusate provides
an index of rnyocardial oxygen consumption.
Pin electrodes can be used to obtain

eteetrocardiographic readings. Measurements of

contractility and stress development can be used
to evaluate effects of drugs and chemicals.

4.7.2 Isofared Muscfe Preparario as

isolated muscle preparations consisting of strips
of atrial, ventricular or papillary muscles (Foex,

i988], or segments from vascular beds (Hester
and Ramos, 1991) can be superperfuscd with

oxygenated physiologic solutions for
measurements of tension development. The

pre-load and after-load placed on the tissue can
be controlled accurately to evaluate isometric

force development, isotonic force development,

and quick-release contractions. Oxygenation of
the tissue -is a function of diffusion, and the

thickness of the strips and oxygen
concentration in the solution bath must be

carefully monitored. The stability of these
muscle strips is limited to short time periods.
Because many preparations can be made from

each animal, these systems use less numbers of

animals than perfused organ preparations.

Isolated preparations have been used to examine
the angiotoxic effects of ethanol (Rhee et al.,

i995), acetaldehyde (Brown and Savage, l99t’a},

palytoxin (Taylor et al., 1995), and cadmium
(Ozdern and Ogutman, 1997). Regional
differences in physiologic and pharrnaeologie

responsiveness must be considered in developing
strategies that examine vasculotoxic responses.
Aortic rings exhibit higher sensitivity to
norepinephrinc than mesenteric artery rings,
while the reverse effects are found with

serotonin. However, no differences in

sensitivity to l".Cl and CaCl3 were observed
(Adegunolye and Sofola, 1997). Differences
between I.hc two vessels appear dependent on

agonist. ability to mobilize calcium from
intracellular stores.

Exhibit 1002- Page 333 of 617



f� � �� �� RQQSN q� � �  TTU �� WRX

In Vitm iifetficdsjbr Orgcn—Speca]'ic To.rict't}-' 

4.7.3 Organ Culture Preparatiorrs

Organ culture preparations offer long-tenn
stability as compared lo other in vit'ro

preparations. Whole fetal hearts from mice and

chicks have allowed the study of processes

associated with myocardial cell injury (lngwall
et al., 19795; Spcralakis and Shige-noubu, 1974).

Organ-cultured blood vessels have led to

elucidation of structuraltfurictional relationships
of the vessel wall matrix (Koo and Gottlicb,

1992). However, organ culture of rat aortic

rings results in significant loss of contractile-

responsiveness to different agonists within 24
hour (Wang ct al., 1997).

4.7.4 Tissue Slice I’:-epara11'orz.r

_Tissue slice preparations of cardiac tissue have
been characterized as models to evaluate

toxicity of xenobiotics [Gandolfi et al., 1995}

and could be useful in toxicity testing

applications (Parrish et al., 1995].

4.‘? . S Single-Cell Suspensions

Single—cell suspensions of "embryonic or
neonatal cells that are derived from ventricular,

atrial, or whole heart tissue can be easily

prepared by enzymatic andror mechanical
dissociation ofthe tissues. Adult hearts can also

be dissociated by a modified recirculating

Langerdorff perfusion that yields a large

proportion of cells which remain rod shaped and
are quiescent in medium containing physiologic
calcium levels (Piper er al., 1982). The
anatomic distribution of cells within the walls of

large and mcdium—sized mammalian vessels
facilitates the isolation of relatively pure

suspensions of fibrnblastic, endothelial, or
smooth muscle cells. in contrast to cardiac

preparations, vascular cells from embryonic,
neonatal, and adult vessels can be efficiently

isolated in ca|eium- and 1nagnesium—containing
solutions.

Myocardial cell suspensions represent a
heterogeneous population of muscle and non-
muscle cells. Neonatal myocytes are

remarkably resistant to injury and exhibit
variable degrees of beating shortly after
isolation, in contrast, spontaneous beating of
adult cardiac myocytcs is thought to be due to
uncontrolled leakage of calcium through a

permeable plasma membrane. Adult cardiac
myocytes are mechanically at rest when

properly isolated suggesting that functional
differences in regulation exist between adult and
neonatal cells. isolated cells can be

microinjccted with fluorescent dyes for the
assessment of multiple cellular functions

following exposure to toxic chemicals. The

viability ofcells .in suspension decreases rapidly

as a function of‘ time. investigators rarely use

these cell suspensions for more than four hours.

' Changes in cell function or contractility can be
assessed using these models. Because heart

failure, in some instances, is characterized by

contractile dysfunction ofthe myocardium and

elevated sympathetic activity, cell function or

contractility is ofconce_rn{Satol1eta|.,2000).
It has been demonstrated that adult rat

ventricular myocytes in culture show signs of

decreased contractility when exposed to

adrenergic stimulation by norepinepltrine 4-

propanoiol for 48 hours. This result seemed to
be due to decreased Ca (2+)-ATPasc.

Consequently, sympathomimetic agents or
other chemicals that decrease Ca (_2+)—ATPase

would have similar activity.

A number of anthracycline antineoplastic

agents are known to cause cardiac cytotoxicity

that can be severe and often irreversible.
Doxorubicin and 4’-epiiubicin significantly

depress imyocyte eontractility in isolated
neonatal and adult rat ventricular myocytes

(Chan et al., 1996) but the etiology of the
toxicity ‘has not been determined definitively

(Sawyer et. al., 1999). The effect can be
assessed by visualizing the beating of the

myocytes (Jahangiri et a1., 2000) or by
measuring calcium flux using fluorescent dyes
[Trollingcr et al., 2000). Cultured fetal chick
cardiac myocytcs have also been used to study
the toxicity of hydrogen peroxide and certain

agents which can protect against such toxicity
[Horwitz et al., i996).

4.7.6 Mr.-a‘els' Using Cell Lines

Cardiac cell lines are generally preferred for the
evaluation of chemical toxicity following

prolonged exposures or following multiple
challenges in vitro. Primary cultures can be
established with relative case from cell
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suspensions of cardiac and vascular' tissue.

However, they must be characterized at the

morphologic, ultrastruetural, biochernieai, and

functional levels before being used in

cytotoxicity testing applications because they

undergo variable degrees of deditfereiitiatioii,

including loss of defined features and cell-

speeific functions. Vascular endothelial and
smooth muscle cultures can also be established

using explant methods, but the explant method
selects cells with a growth advantage. Neonatal

and embryonic cells of cardiac origin proliferate

readily under appropriate in mm conditions.

Although adult cardiac myocytes do not divide
in culture, the ability of cardiac myoeytes to
divide is only repressed and not completely lost

(Barnes, 1988). A human fetal cardiac myoeyte

cell line was developed by transfection with the

SV40 large T antigen to stimulate myocardial
cell division, and many ofthe morphologic and
functional features of human fetal cardiac

myocytes were preserved [Wang et al., I991).

4.7.7 Emfpoints Thct_Con Be Assessed In
Virro

Flow eytometry and computerized evaluation of
cell images have added to toxicity evaluations
of cardiac myocylcs. Toxicity can also be
evaluated based on the arrhythmogenic

potential ofchemicals (Aszalos et al., 1984}.
Ionic homeostasis can be used as an index of

disturbances in the structural and functional

integrity ofthe plasma membrane. Use of co-

cultures of myocytes and endothelial cells or
smooth muscle cells in the progression of the

toxic response emphasizes the importance of
e-ell-cell interactions (Saunders and D’An1ore,

l992).

4.1.8 Future Research Needs

Vasculitis may need to be assessed by in vtrro
methods. It. can be present in numerous forms

such as lyrnphocytic vaseulitis and
leukocytoclastie vasculitis, the latter usually
affecting the skin (Gupta et al., 2000). The
most common type of vasculitis is Giant cell
arleritis (Gonzalez-Gay ct al, 2000), which
generally involves large and medium-sized blood
vessels. Further work will be needed to identify

in i-ttrc systems to assess this endpoint.

7'3

Certain drugs have the potential to alter the QT

interval in the heart, producing ventricular

arrhythmias and it will be necessary to develop
systems to detect this effect. Halofantrine, an

antimalarial drug, has been reported to produce
such effects, and some drugs have been

implicated in the sudden death ofpaticnts from

ventricular arrhythmias (Champeroux et al.,
2000). In a review by Champ:-roux (2000),

different methodologies have been investigated
as possible ways of examining this potential --
in vttm as well as oi vivo. These include isolated

cardiac tissues, Purkinje fibers, or papillary
muscles. Wesche (2000) also used an isolated

perfused heart model and isolated ventricular

myocytes to determine potential eardiotoxicity
associated with antimalarial drugs [Weschc et

al._,.2000).

A fl1tal'imp0rtant effect of acute exposure to

xenobiotics is aseptic shock, which is associated
with a fall in blood pressure." This is a systemic

effect and no method of measuring or modeling
this effect in vitro could be identified at this
time. Further work to elucidate the exact causes

of this effect may allow modeling ofthe change
in vitro. '

To the Breakout Group's knowledge, none of
the cardiovascular toxicity models have been

validated. After reviewing the lit.erature, the

likely candidate in vttro systems for an acute
cardiotoxicity-testing scheme after chemical
exposure could include the following:

' Short-term single-cell' suspensions of

adult rat tnyocytes to measure products
of oxidation;

v Primary cultures of neonatal rnyocytes
to measure changes in heating rates and

plasma membrane potentials;
' Co-culture of smooth muscle cells or

- endothelial cells with macrophages, for

example, to examine rate of wound
healing {DNA synthesis);

- An immortalized cell line (eg., the

human fetal cardiac myocyte line) to

measure classical cytotoxic endpoints.

it also may be important to include the perfused

heart preparation, in spite ofits limitations, for
a comparison with the other in vitro models,
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because this system is the most representative
of the in viva situation.

4.8 In Vitro Methods

Hematopoietic Toxicity

to Study

Hernatopoictic toxicity issues were recently

reviewed by Gribaldo. [Progress in the

Reduction, lieflneinent and Replacement of

Animal Experitnents, ed. M. Balls, A—M. van

Zcllcr& M.E,. I-laldcr, pp. E-Tl-677. E-lscvier,

Amsterdam, The Netherlands, 2000.]

xenobiotics can affect both the production and

function of the various circulating cell

populations, as well as the circulatory system

that supports and helps maintain these cells.

Acute effects on blood itself can also include the
binding ofmaterials to hemoglobin resulting in a

loss of oxygen carrying capacity and cell lysis.
Both of these latter endpoints should be easily

modeled by In vitro systems if exposure
conditions can be modeled.

During preclinical drug development it is often
important to determine the following:

° Whether a new agent will_ be clinically

toxic to the bone marro_w cells;

° Whether the toxicity will be specific to

one cell lineage (lymphocytes,
neutrophils, megakaryocytes or

erythrocytes);

- At what dose or plasma level the drug
will be toxic;

o which model best predicts the clinical
situation, and

~ when the onset and nadir of cytopcnia
and recovery will be likely to occur.

Validated in vitro tests using human cell systems

are particularly important in this area as the

prediction of human effects from animal
systems are unreliable and necessitate the use of
larger safety factors in human studies. In vitro

colony—forrning assays to stutlythe growth and
differentiation of various hematopoietic cell

populations have been developed and perfected
over the last twenty years, -but none have yet
been validated for use in regulatory toxicology

testing. A validation study of the use of
colony-forming assays to test for the possible
development of neutropenia is being supported
by ECVAM. Methods to assess effects on

74

 

r .

thrombocytopoiesis and erythropoiesis are also
available and can be considered for validation,

Associated projects have been also been carried

out, such as the optimization of a protocol for

detecting apoptosis using FACS analysis with
fluorescent antibodies against Anncxin V

(Verrnes et al., 1995). Using this assay, the

induction of apoptosis in established stromal

cells (SR-4897) (Pessina et al., 199?) and in
murine and human leukemia cells (WEHI-3B;

HL-60), following exposure to anti-neoplastic

agents, has been investigated in relation to the
cell cycle. The relationship between these
observations and chromosome damage during

mit.osis is under evaluation. The drug

sensitivities of rnycloid progenitors from fresh
rnurinc bone marrow and from long-term
cultures have been investigated by many authors

including (Gribaldo et al., 1998a) as well as the
role of the microenvironment in the

modulation of anti-cancer drug activity (Pcssina

el al., 1999; Grlbaldo et al., 1999).

in the session on hematotoxicity at the 3rd

World Congress on Alternatives and Ammo! Use
in the Life Sciences, results were described for
possible new endpoints (Balls et al., 2000). For
example, the toxic effcctsef drugs on the

proliferation of erythroblastic progenitors were
evaluated using human and murine progenitors

from long-term bone marrow cultures. Two
kinds of tests were employed: (a) continuous
exposure of human cord blood cells (CBC) and
murinc bone marrow cells (BMC) during the
assay, and (b) pretreatment of long-term marine
bone marrowculturcs (for 24 hours and 96

hours), with subsequent testing of the
clonogcnic capacity of progenitor cells
collected in the absence ofthe drug. The classes
of drugs ofinterest in the study were: antivirals
(3’-azido-3’-deoxythymidine), aritidiabetics
(chlorpropamide), and heme-analogous
compounds (protophorphirin lxfzine [ll]]. The
results indicate that all these drugs interfere with

the normal hernatopoietic process, causing a
selective toxicity to the erythroid progenitors
via different mechanisms,and that human and

murinc progenitors have similar drug
sensitivities. Moreover, the drugs exerted
different toxicities based on the time of

exposure. ‘
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Another aspect of hcmatotoxicology is in

relation to the use of in vilm colony assays to
support the risk assessment of industrial and

food chemicals and pesticides. Some of these

chemicals and formulations may interfere with
the proliferative activity of the hcmatopoictic
tissue and cause rnyelosuppression (G1-ibaldo et

al., 1998b). One of the major difficulties in

food toxicology is to establish the relationship

between the consumption of a food

contaminated by a toxin and the occurrence of

a particular pathology. Clonogenic assays are a

useful tool for establishing this relationship and
for elucidating the mechanisms involved.

Three different clonogenic assays, with BFU-E

(Burst-forming unit » erythrocytes), CFU-GM

(Colony-forming unit granulocytefmacrophage),

and CFU—MK (Colony—forming unit --

mcgakaryocytes) cultures, have been used in

toxicological investigations to detect or to

confirm food-related hernatotoxicity (Parent-

Massin, 2{}l}(}). By using these clonogenic

assays, it has been possible to determine:

- The origin of neutropenia and

hemorrhage induced by the consumption

of trichothccenc mycotoxin;

- The safety of a new process for

manufacturing food additives;
- The mechanism of lead-induced

hernatotoxicity;

- The myelotoxicity of phyeotoxins

present in shellfish; and

- The risk to consumers and agricultural

workers of hematological problems

caused by pest.icides (Parent~Massin and
Thouvcnot, 1995, 1993).

is providing financial and

organizational support to a new project on the
development and prcvalidation of in vttro assays

for the prediction of thromboeytopenia. The
continuous maintenance of an adequate supply

of’ circulating platelets is essential for sustaining
life. Since neither platelets nor rnegakaryocytes

are capable of’ regeneration, their production is
dependent on a continuous generative process
from selfireplicating precursors. The CFl..7—MK

is the progenitor cell thought to be immediately
responsible for the production of
mcgakaryoeytes and is therefore being eva.luat.c(_i
for its ability to predict thromboeytopenia.

Drug effects" are by far the most common cause
of platelet suppression in the bone marrow

(Mieschcr, 1980). 111 many instances,

thromhocytopenia is the first evidence ofdrug-
induced toxicity, and continue-d administration

of the drug produces total aplasia. Cytotoxic

agents, such as 5-fluorouracil, vincristinc, and

cytosine arahinoside, cause perturbation of the

bone marrow, with changes Within the

proliferating compartments, as well as effects

on the maturing cell pool. In contrast, the

thiazide diuretics, estrogens, and alcohol appear
to have specific effects on platelet production.

In addition, solvents, including benzene,

insecticides (DDT, chlordane, lindane), spot

removers, and model airplane glue, have all been
associated with marrow-related

thmmbocytopenia (Amess, 1993).

Following bone marrow transplantation, the
restoration of a normal platelet count occurs as

a result of a compensatory adjustment in

megalcaryocytopoiesis (Vainchenker, I995).
For_ these reasons, appropriate in vitro

endpoints for megakaryocytopoiesis that
correlate 'well with platelet levels in viva should
be identified. A preliminary study carried out in
ECVAM’s laboratoricsto optimize an in vitro

-CFU—Ml<'. permitted a comparison of the

75

suitability and drug-sensitivities of human BMC
and CBC. The percentage of enrichment in
CD34+:’CD38'cclls from both populations was

measured by using a negative selection system,
and their clonogenicity was evaluated.
Furthermore, the effects on megakaryocytc

colony formation of busulphan, a cytotoxic
drug, and the non-cytotoxic drugs, quinirline~
sulphate, D-penicillamine, sodium valproalc,
and indomethaein were investigated by using

both the whole cell populations and selected
cells from the two sources. The data analyses
confirmed the usefitlness ofthe in virro test as a

potential tool for screening drug toxicity to
mcgalcaryocyte progenitors. The in vitro test
showed that human CBC can be used as a human

target source, was more suitable for this

purpose, and provided a means of‘ avoiding
ethical problems that exist in some countries
connected with the collection of human BMC.

Up until now, primary cells have been more-
reliablc and more-relevant targets for

clonogenic assays than the immortalized cell
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lines, but in the future, attempts should be made

to establish standardized cell populations for in

vitro tests, and in particular, for screening

purposes. This may help to avoid the technical

problems related to the absence of primary cell
repositories, and to avoid the problem of inter-

intlividual variability ofthe donors, in terms of

drug sensitivity. ' A future topic will be the

automated scoring of colonies in the clonogenic

assays, which will provide the opportunity to

refine the performance ol‘t.he assays in terms of

accuracy and repeatability, and to reduce
personnel costs. '

4.9 In Vitro Methods to Study

Respiratory System Toxicity

The lungs fillfill the vital function of

exchanging oxygen and carbon dioxide and a
secondary function of protecting the organism

from noxious or irritating inhaled stimuli, As

such, the nasal and pulmonary airways represent

a crucial organ-system that is likely to debilitate
the organism ifinjurcd or irritated. The airways

are particularly difficult 1.0 evaluate in in t-ttro

because oftheir complexity. The following is a
discussion of relevant airway cells and target-

specific endpoints that should be considered in

an in t»'ti‘l‘0 battery For target-specific acute
toxicity.

4.9.1 Ce}! Types

The tracheal-bronchial epithelial lining consists

ofstratified epithelium and diverse populations
of other cell types including ciliatcd, secretory

. (mucous, Clara, serous), and non-secretory cells.

The cells lining the airways may be represented
by various human cell lines such as CCL-30
(nasal septum) (Poliquin et al., 1985) and
BEAS—213 (bronchial-tracheal

epithelia!transforrr1ed_) (Noah et al., 199];
Reddcl el al., i988). More distally, alveolar

Type ll epithelia (A549) function in

conjunction with capillary endothelial cells for
O;_:CCk exchange in the lower alveolar regions.
This cell line can be used to show induction of

"P450 enzymes such as 1A], 1131, and 3A5
(Hukkanen et al., 2001]), and to assess mucin

production (Rose-et al., 2000). The H441 cell
line has been used in studies to evaluate toxicant

effects on surfactant production in vitro.
Various scavenger cells (alveolar macrophages)
are present to engulf microbiological or foreign

debris and destroy it. Several human alveolar

macrophage cell lines exist which display the

oxidative burst in response to irritants and

biological debris (Marom et al., l98I-’t»).
Neutropltils and eosinophils function as cellular
seutincls ofinflammation.

4.9.2 Ettdpafnt Markers

A variety of endpoint markers valid for

pulmonary cytotoxicity and irritation are
available. ELISA-based assays can be used to

quantitate many of these In‘d.1'l(tJl'S (c.g.,

cytol-tine, LDH), thus reducing the technical
investment. The most useful markers will relate

to the basic mechanisms by which airway

epithelia respond to toxic exposure. LDH, a
cytoplasmic enzyme released from damaged or
lysed cells, is useful as a general marker of

cytotoxicity. Mucous glycoprotein stain is a
marker for alteration of mucous cells. Other

possible endpoints include:

- Ciliary beat frequency (_epithelial

viability and function);

- Attachment (viability);

- Electrical resistance (to measure the
integrity oftlte epithelial layer);

' Evans blue (to measure endothelial

leakage); -

' IL-3,. IL-5, and TNFa

endpoints ofinflarnmation).

(eytokine

As in vizro systems are developed and evaluated,
biochemical markers of damage can be assayed

in the lav-aged fluid and directly compared to
changes in similar markers in in vitro systems.

Like the kidney, utilization of these
comparisons will facilitate the development of

predictive in vitru systems.

In vttro systems are available that can be used to
. indicate chemical-induced cell darnagefldeath.

1'6

The cells of the airways from animals or

humans are relatively accessible to brushing,
biopsy, and lavage, and therefore lend
themselves for harvesting and use as primary
cells (Larivee et al., 1990; Wcrle et al.. 1994).
Lung slices have been investigated for use in
tuxicolugy'(Parrisl1, et al., 1995). The most
useful markers are those that relate to the basic

mechanisms by which airway epithelia respond
to toxic exposure. However, most assays and
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cell models determining effects on special
functions still need significant basic research

before they will be useful as screening systems.

The use of in tritro systems in respiratory

toxicology was a subject of an EC\-‘AM
_ Workshop 18 (Lambre, et al. 1996).

4.10 Conclusions on the Use of In Vitro

Systems for Assessing Organ-

Specifie Effects of Acute Exposure

There are significant ongoing advances in both

technology and our understanding of biology
that will have major effects on our ability to

predict whole-animal (or human) toxic effects

from non-whole animal model systems. For

instance, toxicogenomics and proteonomics

provide rapid idcntificatiort of early changes in
cells in virro or from individual animals and

humans. However, these systems are very early

in development and significant work will be

needed to understand how the changes seen

relate to whole animal toxicity, and particularly

which changes are the direct result of exposure

and which are due to secondary effects as the

-cells and tissues react to the primary injury.

Because these systems appear to be very
sensitive, it will also be important I.o determine

how the assays can be used in the prediction of

dose-response information for toxicology.

In recognition of the possible ‘importance of
advances in toxicogcnomics to toxicology, the '

Breakout Group recommends that some effort

be put toward preserving samples from animal
studies for fiimre evaluation so as to avoid

having to repeat these studies at a future time.

It is very important that the proper quality

control procedures be built into any in vttro test
system developed for use in screening such as:

- Stability of the test material;

' Reactions of the test ‘material with

plastic in culture dishes and laboratory
ware;

- Mcasurernent(s) of test material
concentration in the test vehicle,‘

-' Nonspecific binding to proteins in the
culture medium;

- Reactive compounds;

' Ensuring that the cells reliably express
the necessary metabolic systems.

‘J’?

In Vfrro .M-t3Ihod5fE:rr 0r‘gan—Spect';'lc T0.rfc_t'I_v 

Each individual test system will need to have a

complete, standardized protocol developed,
evaluated, and validated, All test schemes that

are deve1cp'«:d will then build on these validated

tests. The prediction -model ‘for the entire

scheme may also need to be evaluated and
validated.

4.10.1 Proposed Scheme for Assessing Acute

?‘0xt’cr‘ty Using Non-Whale Artimat
rlfetftods

For the assessment of acute systemic toxicity

for the purposes of setting hazard and risk levels
for chemicals and products, data on specific
organ toxicity are usually not needed. The need

is for a system to appropriately classify the

hazard of materials that may cause death after

acute exposure irrespective of the specific organ
damage. For such a system, the routine use of
in vitro models to evaluate all possible organ

effects would be impractica.l from both a time

and money standpoint and evaluation of the
effects of xenobiotics on specific organ

function is not included in the current assays for
acute toxicity. Current acut.c toxicity assay

systems utilize young adult animals, often of

only one sex, and only recognize observable
effects within 14 days. Currently standard

assays do not evaluate effects in different sub-
populations or the long-term effects of single
acutc exposures.

Acute toxicity assays are primarily used to

predict the toxicity of materials to humans.
For this reason, where species differences are

known, the Breakout Group recommends that

screening systems be developed that. will predict
' effects i11 humans.

Breakout Group 3 discussed what additional
assay systems would be required, in addition to
the basic cytotoxicity assay discussed by

Breakout Group 1, in order to replace the
current acute oral toxicity assays for regulatory

purposes. Breakout Group 3 developed a
stepwise approach to address those effects
identified in the discussions of the specific organ

systems that" were highly relevant to the
prediction of acute toxicity and would not be
elucidated byasimple basal cytotoxicity test.
This scheme is shown in Figure 4.1. The
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scheme includes a process for determining when
additional specific eff'ects- need be evaluated, and
gives some guidance on how to do so. The

scheme includes steps proposed earlier by :3.

expert workshop hosted by ECVAM and by
Bjorn Ekwall in his series of papers.

 
  

  

  
  

 

  

 
  
 

Smp4

Assess Effects '-

on .

Energy Metabolism

 
 

Physico—chemical

Toxicity

 

 

Characterization 8: Step 1

initial Biokinetie Modeling

Basal Cytotoxicity Ste 2
Assay D

Determine

Metabolism-mediated Step -3

Smpfi

Assess Disruption of

Epithelial Cells

Barrier Function

 

 

Figure 4.1 Proposed scheme for assessing acute toxicity using normnimai methods

(1) grep] may be possible to accurately
predict the toxicity effects ofsome

' Perforrn pliyaico-chemical chemicals from this step alone. ‘
characterization and . initial

biokinetic modeling (oo2 output}. (2) §E.I'_1.'
This information will be used for

comparison with chemicals with ° Conduct a basal.cyI0|OXiciIy assay
similar structures or properties that (BGI output).

have existing toxicity data. The

information may also be useful in

predicting organ distribution. It

(3) Step 3 ' _ ;
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Determine the potential that
metabolism will mediate the effect seen

in Step 2:

' Use HEPG2 cells transfected with

major metabolizing enzymes — at
this time at least four different cell

lines, each containing one of the

four major metabolic enzymes will

he needed. A secondary, and

perhaps more relevant, possibility

would be to use metabolically

competent. primary human

hepatocytes. but cell hues would
allow a more standardized approach

for regulatory purposes.

I Both cytotoxicity and, ideally, some
measure of metabolisrn of the test

substance, must be determined,

either by detecting a decrease in the

parent compound or by some
method that directly detects
metabolites.

A. It‘ the material is more

cytotoxic in the hepatocyte test

system compared to that
measured in Step 2, then assume

the compound is metabolized to
a toxic substance. In this case,

the measure of eytotoxicity
would use the value obtained

from the metabolically active

system instead of the_ value
obtained in Step 2.

B. if the material is less cytotoxic

than seen in Step 2, then it is
assumed there is detoxification,

and in those exposure scenarios
where it can be shown the

materials will pass through the

liver before the rest of the body

is exposed (first pass effect) it
may be possible to reduce the
prediction of‘ toxicity
accordingly.

C. lfthe cytotoxicity is similar to
the basic cytotoxicity measured
in Step 2, then the possibility of
metabolite Formation still must

79

(4)

be assessed to assure the

metabolite will not have an.

effect on some other cells that

do not have the metabolic‘

capabilities of hepatocytes.

1. H‘ there is no evidence of’

metabolism then the value

used in Step 2 can be used.

2. If there is evidence of

metabolism, Step 2 must be
repeated after exposure to
the n1etabolite(s) either by

directly identifying the
metabolites and using them

in the system, or by some

other undetermined systems
such as co-cultures or

conditioned media; exact

protocols will need to be

deterrnined. The system

that is developed must be

able guanfitativgly asses the
effects of the initial

toxicant. For instance,

according to Breakout. Group
2, co-cultures will not enable
the biokinetic modelers to

predict sysI.cmie toxicity in
a quantitative manner.

fiteg 4 (note: Steps 4 and 5 can be done

in either order)

Assess the test substance effect on

energy metabolism by using a
neuronal cell line that expresses

good aerobic energy metabolism
function. This system will help
determine if the nervous or

cardiovascular systems, both of
which require high-energy

metabolism, are likely target organs.

The endpoints would be
measurement of energy metabolism

using a variety of specific probes of
energy change, or oxygen

consumption, or possibly
mitochondrial function. The exact

endpoint needs to be determined.
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(5)

lfthere is evidence of metabolism in

Step 3, these tests must be done with

both the parent compound and the

meta‘oolite[s).

§£LS (note: Steps 4 and 5 can be done

in either order]

Assess theabili-ty ofthe compound

to disrupt epithelial cell barrier
function using a transepithelial

resistance assay across a membrane,

such as MDCK cells. The endpoint
used could be dye leakage. This

system will help in determining if

organs dependent on epithelial

barrier function for defense against

to:-tie insult (e.g., brain, kidney) are

likely target. organs.

If the compound causes disruption

_ of barrier function at a value lower
than the basal cytotoxicity, the

endpoint used in determining the

effect-on the organism might need
to‘be lowered to take this into

consideration. [l‘~lote: Barrier

disruption values will likely be lower
than those that cause basal

eytotoxicity.]

lfthere is evidence of metabolism in

Step 3, this test must be done with
both the parent compound and the
metabolile(s).

80
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Before this system can be evaluated for
implementation there is a need to:

identify the best cell culture systems

to use . based on accuracy,

reproducibility, cost, and

availability;

Develop complete protocols for all

the five steps and validate each
assay;

Develop prediction models for the

prediction of relevant human toxic

levels as required by regulatory
agencies. Prediction of No
Observed Adverse - Effect Levels

(N OAELS) would be addressed at this

step; '

Evaluate the scheme with a number

of test _ compounds covering all
endpoints and then with enough
cornpounds to develop a prediction
model;

andValidate the entire scheme

prediction model.

The Breakout Group recommends that this
work be done with the input and cooperation of

the regulatory agencies and industries who have
a need to use acute toxicity data .in order to

ensure the final result will meet everyone’s
needs.
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f� � �� �� RQQSN q� � �  TZY �� WRX



f� � �� �� RQQSN q� � �  TZZ �� WRX



f� � �� �� RQQSN q� � �  UQQ �� WRX



f� � �� �� RQQSN q� � �  UQR �� WRX



f� � �� �� RQQSN q� � �  UQS �� WRX



f� � �� �� RQQSN q� � �  UQT �� WRX



f� � �� �� RQQSN q� � �  UQU �� WRX



f� � �� �� RQQSN q� � �  UQV �� WRX



f� � �� �� RQQSN q� � �  UQW �� WRX



f� � �� �� RQQSN q� � �  UQX �� WRX



f� � �� �� RQQSN q� � �  UQY �� WRX



f� � �� �� RQQSN q� � �  UQZ �� WRX



f� � �� �� RQQSN q� � �  URQ �� WRX



f� � �� �� RQQSN q� � �  URR �� WRX



f� � �� �� RQQSN q� � �  URS �� WRX



f� � �� �� RQQSN q� � �  URT �� WRX



f� � �� �� RQQSN q� � �  URU �� WRX



f� � �� �� RQQSN q� � �  URV �� WRX



f� � �� �� RQQSN q� � �  URW �� WRX



f� � �� �� RQQSN q� � �  URX �� WRX



f� � �� �� RQQSN q� � �  URY �� WRX



f� � �� �� RQQSN q� � �  URZ �� WRX



f� � �� �� RQQSN q� � �  USQ �� WRX



f� � �� �� RQQSN q� � �  USR �� WRX



f� � �� �� RQQSN q� � �  USS �� WRX



f� � �� �� RQQSN q� � �  UST �� WRX



f� � �� �� RQQSN q� � �  USU �� WRX



f� � �� �� RQQSN q� � �  USV �� WRX



f� � �� �� RQQSN q� � �  USW �� WRX



f� � �� �� RQQSN q� � �  USX �� WRX



f� � �� �� RQQSN q� � �  USY �� WRX



f� � �� �� RQQSN q� � �  USZ �� WRX



f� � �� �� RQQSN q� � �  UTQ �� WRX



f� � �� �� RQQSN q� � �  UTR �� WRX



f� � �� �� RQQSN q� � �  UTS �� WRX



f� � �� �� RQQSN q� � �  UTT �� WRX



f� � �� �� RQQSN q� � �  UTU �� WRX



f� � �� �� RQQSN q� � �  UTV �� WRX



f� � �� �� RQQSN q� � �  UTW �� WRX



f� � �� �� RQQSN q� � �  UTX �� WRX



f� � �� �� RQQSN q� � �  UTY �� WRX



f� � �� �� RQQSN q� � �  UTZ �� WRX



f� � �� �� RQQSN q� � �  UUQ �� WRX



f� � �� �� RQQSN q� � �  UUR �� WRX



f� � �� �� RQQSN q� � �  UUS �� WRX



f� � �� �� RQQSN q� � �  UUT �� WRX



f� � �� �� RQQSN q� � �  UUU �� WRX



f� � �� �� RQQSN q� � �  UUV �� WRX



f� � �� �� RQQSN q� � �  UUW �� WRX



f� � �� �� RQQSN q� � �  UUX �� WRX



f� � �� �� RQQSN q� � �  UUY �� WRX



f� � �� �� RQQSN q� � �  UUZ �� WRX



f� � �� �� RQQSN q� � �  UVQ �� WRX



f� � �� �� RQQSN q� � �  UVR �� WRX



f� � �� �� RQQSN q� � �  UVS �� WRX



f� � �� �� RQQSN q� � �  UVT �� WRX



f� � �� �� RQQSN q� � �  UVU �� WRX



f� � �� �� RQQSN q� � �  UVV �� WRX



f� � �� �� RQQSN q� � �  UVW �� WRX



f� � �� �� RQQSN q� � �  UVX �� WRX



f� � �� �� RQQSN q� � �  UVY �� WRX



f� � �� �� RQQSN q� � �  UVZ �� WRX



f� � �� �� RQQSN q� � �  UWQ �� WRX



f� � �� �� RQQSN q� � �  UWR �� WRX



f� � �� �� RQQSN q� � �  UWS �� WRX



f� � �� �� RQQSN q� � �  UWT �� WRX



f� � �� �� RQQSN q� � �  UWU �� WRX



f� � �� �� RQQSN q� � �  UWV �� WRX



f� � �� �� RQQSN q� � �  UWW �� WRX



f� � �� �� RQQSN q� � �  UWX �� WRX



f� � �� �� RQQSN q� � �  UWY �� WRX



f� � �� �� RQQSN q� � �  UWZ �� WRX



f� � �� �� RQQSN q� � �  UXQ �� WRX



f� � �� �� RQQSN q� � �  UXR �� WRX



f� � �� �� RQQSN q� � �  UXS �� WRX



f� � �� �� RQQSN q� � �  UXT �� WRX



f� � �� �� RQQSN q� � �  UXU �� WRX



f� � �� �� RQQSN q� � �  UXV �� WRX



f� � �� �� RQQSN q� � �  UXW �� WRX



f� � �� �� RQQSN q� � �  UXX �� WRX



f� � �� �� RQQSN q� � �  UXY �� WRX



f� � �� �� RQQSN q� � �  UXZ �� WRX



f� � �� �� RQQSN q� � �  UYQ �� WRX



f� � �� �� RQQSN q� � �  UYR �� WRX



f� � �� �� RQQSN q� � �  UYS �� WRX



f� � �� �� RQQSN q� � �  UYT �� WRX



f� � �� �� RQQSN q� � �  UYU �� WRX



f� � �� �� RQQSN q� � �  UYV �� WRX



f� � �� �� RQQSN q� � �  UYW �� WRX



f� � �� �� RQQSN q� � �  UYX �� WRX



f� � �� �� RQQSN q� � �  UYY �� WRX



f� � �� �� RQQSN q� � �  UYZ �� WRX



f� � �� �� RQQSN q� � �  UZQ �� WRX



f� � �� �� RQQSN q� � �  UZR �� WRX



f� � �� �� RQQSN q� � �  UZS �� WRX



f� � �� �� RQQSN q� � �  UZT �� WRX



f� � �� �� RQQSN q� � �  UZU �� WRX



f� � �� �� RQQSN q� � �  UZV �� WRX



f� � �� �� RQQSN q� � �  UZW �� WRX



f� � �� �� RQQSN q� � �  UZX �� WRX



f� � �� �� RQQSN q� � �  UZY �� WRX



f� � �� �� RQQSN q� � �  UZZ �� WRX



f� � �� �� RQQSN q� � �  VQQ �� WRX



f� � �� �� RQQSN q� � �  VQR �� WRX



f� � �� �� RQQSN q� � �  VQS �� WRX



f� � �� �� RQQSN q� � �  VQT �� WRX



f� � �� �� RQQSN q� � �  VQU �� WRX



f� � �� �� RQQSN q� � �  VQV �� WRX



f� � �� �� RQQSN q� � �  VQW �� WRX



f� � �� �� RQQSN q� � �  VQX �� WRX



f� � �� �� RQQSN q� � �  VQY �� WRX



f� � �� �� RQQSN q� � �  VQZ �� WRX



f� � �� �� RQQSN q� � �  VRQ �� WRX



f� � �� �� RQQSN q� � �  VRR �� WRX



f� � �� �� RQQSN q� � �  VRS �� WRX



f� � �� �� RQQSN q� � �  VRT �� WRX



f� � �� �� RQQSN q� � �  VRU �� WRX



f� � �� �� RQQSN q� � �  VRV �� WRX



f� � �� �� RQQSN q� � �  VRW �� WRX



f� � �� �� RQQSN q� � �  VRX �� WRX



f� � �� �� RQQSN q� � �  VRY �� WRX



f� � �� �� RQQSN q� � �  VRZ �� WRX



f� � �� �� RQQSN q� � �  VSQ �� WRX



f� � �� �� RQQSN q� � �  VSR �� WRX



f� � �� �� RQQSN q� � �  VSS �� WRX



f� � �� �� RQQSN q� � �  VST �� WRX



f� � �� �� RQQSN q� � �  VSU �� WRX



f� � �� �� RQQSN q� � �  VSV �� WRX



f� � �� �� RQQSN q� � �  VSW �� WRX



f� � �� �� RQQSN q� � �  VSX �� WRX



f� � �� �� RQQSN q� � �  VSY �� WRX



f� � �� �� RQQSN q� � �  VSZ �� WRX



f� � �� �� RQQSN q� � �  VTQ �� WRX



f� � �� �� RQQSN q� � �  VTR �� WRX



f� � �� �� RQQSN q� � �  VTS �� WRX



f� � �� �� RQQSN q� � �  VTT �� WRX



f� � �� �� RQQSN q� � �  VTU �� WRX



f� � �� �� RQQSN q� � �  VTV �� WRX



f� � �� �� RQQSN q� � �  VTW �� WRX



f� � �� �� RQQSN q� � �  VTX �� WRX



f� � �� �� RQQSN q� � �  VTY �� WRX



f� � �� �� RQQSN q� � �  VTZ �� WRX



f� � �� �� RQQSN q� � �  VUQ �� WRX



f� � �� �� RQQSN q� � �  VUR �� WRX



f� � �� �� RQQSN q� � �  VUS �� WRX



f� � �� �� RQQSN q� � �  VUT �� WRX



f� � �� �� RQQSN q� � �  VUU �� WRX



f� � �� �� RQQSN q� � �  VUV �� WRX



f� � �� �� RQQSN q� � �  VUW �� WRX



f� � �� �� RQQSN q� � �  VUX �� WRX



f� � �� �� RQQSN q� � �  VUY �� WRX



f� � �� �� RQQSN q� � �  VUZ �� WRX



f� � �� �� RQQSN q� � �  VVQ �� WRX



f� � �� �� RQQSN q� � �  VVR �� WRX



f� � �� �� RQQSN q� � �  VVS �� WRX



f� � �� �� RQQSN q� � �  VVT �� WRX



f� � �� �� RQQSN q� � �  VVU �� WRX



f� � �� �� RQQSN q� � �  VVV �� WRX



f� � �� �� RQQSN q� � �  VVW �� WRX



f� � �� �� RQQSN q� � �  VVX �� WRX



f� � �� �� RQQSN q� � �  VVY �� WRX



f� � �� �� RQQSN q� � �  VVZ �� WRX



f� � �� �� RQQSN q� � �  VWQ �� WRX



f� � �� �� RQQSN q� � �  VWR �� WRX



f� � �� �� RQQSN q� � �  VWS �� WRX



f� � �� �� RQQSN q� � �  VWT �� WRX



f� � �� �� RQQSN q� � �  VWU �� WRX



f� � �� �� RQQSN q� � �  VWV �� WRX



f� � �� �� RQQSN q� � �  VWW �� WRX



f� � �� �� RQQSN q� � �  VWX �� WRX



f� � �� �� RQQSN q� � �  VWY �� WRX



f� � �� �� RQQSN q� � �  VWZ �� WRX



f� � �� �� RQQSN q� � �  VXQ �� WRX



f� � �� �� RQQSN q� � �  VXR �� WRX



f� � �� �� RQQSN q� � �  VXS �� WRX



f� � �� �� RQQSN q� � �  VXT �� WRX



f� � �� �� RQQSN q� � �  VXU �� WRX



f� � �� �� RQQSN q� � �  VXV �� WRX



f� � �� �� RQQSN q� � �  VXW �� WRX



f� � �� �� RQQSN q� � �  VXX �� WRX



f� � �� �� RQQSN q� � �  VXY �� WRX



f� � �� �� RQQSN q� � �  VXZ �� WRX



f� � �� �� RQQSN q� � �  VYQ �� WRX



f� � �� �� RQQSN q� � �  VYR �� WRX



f� � �� �� RQQSN q� � �  VYS �� WRX



f� � �� �� RQQSN q� � �  VYT �� WRX



f� � �� �� RQQSN q� � �  VYU �� WRX



f� � �� �� RQQSN q� � �  VYV �� WRX



f� � �� �� RQQSN q� � �  VYW �� WRX



f� � �� �� RQQSN q� � �  VYX �� WRX



f� � �� �� RQQSN q� � �  VYY �� WRX



f� � �� �� RQQSN q� � �  VYZ �� WRX



f� � �� �� RQQSN q� � �  VZQ �� WRX



f� � �� �� RQQSN q� � �  VZR �� WRX



f� � �� �� RQQSN q� � �  VZS �� WRX



f� � �� �� RQQSN q� � �  VZT �� WRX



f� � �� �� RQQSN q� � �  VZU �� WRX



f� � �� �� RQQSN q� � �  VZV �� WRX



f� � �� �� RQQSN q� � �  VZW �� WRX



f� � �� �� RQQSN q� � �  VZX �� WRX



f� � �� �� RQQSN q� � �  VZY �� WRX



f� � �� �� RQQSN q� � �  VZZ �� WRX



f� � �� �� RQQSN q� � �  WQQ �� WRX



f� � �� �� RQQSN q� � �  WQR �� WRX



f� � �� �� RQQSN q� � �  WQS �� WRX



f� � �� �� RQQSN q� � �  WQT �� WRX



f� � �� �� RQQSN q� � �  WQU �� WRX



f� � �� �� RQQSN q� � �  WQV �� WRX



f� � �� �� RQQSN q� � �  WQW �� WRX



f� � �� �� RQQSN q� � �  WQX �� WRX



f� � �� �� RQQSN q� � �  WQY �� WRX



f� � �� �� RQQSN q� � �  WQZ �� WRX



f� � �� �� RQQSN q� � �  WRQ �� WRX



f� � �� �� RQQSN q� � �  WRR �� WRX



f� � �� �� RQQSN q� � �  WRS �� WRX



f� � �� �� RQQSN q� � �  WRT �� WRX



f� � �� �� RQQSN q� � �  WRU �� WRX



f� � �� �� RQQSN q� � �  WRV �� WRX



f� � �� �� RQQSN q� � �  WRW �� WRX



f� � �� �� RQQSN q� � �  WRX �� WRX


