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Preformulation as an

Aid to Product Design in
Early Drug Development

Gerry Steele

Astrazeneca R&D Charnwoocl

Loughborough. United Kingdom

ulation is usually defined as the science of the physicochemical characterization of
e drugs. However. any studies carried out to define the conditions under which the

e drug should be formulated can also be termed preformulation. This is a broader

than was used in Chapter 3, and, as such, it can include studies on preliminary
ns under a variety of conditions. These studies may influence the Product Design

_d be conducted at the earliest opportunity at the start of development. In the in-
..75' ter drug development and reduced drug usage, preformulation studies should not
-3.4.-.a taken on a “check-list” basis. Rather, they should be conducted on a need—to-know

there are many traditional approaches to dosage form design, newer approaches
-ert systems are now becoming available. Expert systems are discussed further in

Product Optimisation.
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for example. the same chemical compound can have different crystal structures (poly-
niurphs), external shapes (habits) and hence different flow and compression properties.

Cartensen et al. (1993) have usefully, although briefly, reviewed the physicochemical

properties of particulate matter, dealing with the topics of cohesion, powder flow, mi-
cromeretics. crystallization, yield strengths and effects of moisture and hygroscopicity. Buck-
ton (1995) has reviewed the surface characterization of pliarmaceuticals with regard to

understanding sources ofvariability. A general overview of the methods available for the phys-
ical characterization of pharmaceutical solids has been presented by Brittain er al. (1991). York
( 1994) has also dealt with these issues and produced a hierarchy of testing techniques for pow-

dered raw materials. Finally, there is a book dealing with the physical characterization of

pharmaceutical solids. edited by Brittain (1995).
A number of other studies can be performed on a candidate drug to determine other im-

portant solid-state properties, for example, particle size, powder flow and compression and
polymorphism. Therefore, when a sample undergoes initial preformulation testing the fol-

lowing parameters should be noted: particle size, true. bulk and tapped density, surface area,
compression properties and, powder flow properties. Some of these factors will be discussed
in this chapter; others, however, are dealt with in more detail in Chapter 11 on Solid Oral"
Dosage Forms.

Favourable Lessthanaverage Favourable Favourable Favourable Favourable

Lessthanaverage Favourable Favourable Veryfavourable Veryfavourable veryfavourable Favourable

Particle Size Reduction

The particle size of pharmaceuticals is important since it can afiect the formulation charac-

teristics and bioavailability of a compound (Chaumefl 1998). For example, sedimentation .
flocculation rates in suspensions are, in part, governed by particle size, and inhalation ther
of pulmonary diseases demands that asmall particle size (2-5 turn} is delivered to the lung
the best therapeutic effect. Particle size is also important in the tableting field, since it can

very important for good homogeneity in the final tablet. In this respect, Zhang and Iolui
(1997) showed that a blended jet—milled compound exhibited a smaller range of poten

when compared to those blends where the compound had a larger particle size. It is theref
important that the particle size be consistent throughout the development studies of a ',a:'-'

uct to satisfy formulation and regulatory demands (Turner 1987).
Thus. to reduce the risk of dissolution rate-limited hioavailability, and if there is su

compound, grinding in a mortar and pestle should be done to reduce the particle size
compound. lflarger quantities are available, then ball milling or micronization can be u

reduce the particle size. The main methods of particle size reduction have been revi-
Spencer and Dalder (1997), who devised the mill selection matrix shown in Table 6.1.

Table6.1 Millselectionmatrix.
FluidEnergy VeryfavourableVeryfavourable VeryfavourableVeryfavourable unfavourableunfavourable LessthanaverageLessthanaverage FavourableLessthanaverage

Verylavourable

Ball Milling Lessthanaverage Average Lessthanaverage Favourable Verylevourable VerylavourableIn a review ofmilling, it was stated that ball milling was “the most commonly used if '
bling mill in pharmacy" (Parrot 1974). Indeed, it is probably used most often at the p , '
lation stage to reduce the particle size of small arnounts of a compound. esDeciall3' '--"'-

'3..Sizingupgrindingmills.G".'8l'T?fCaiEl1gll'.l&E.l'li|'lQ,Vol.ll]-ll.No.4.pp.8ll—B?099?].Withpannission.
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milling process and these include rotation speed, mill size, wet or dry milling and amount o
material to be milled. _

Although ball milling can effectively reduce the particle size of compounds. prolonged
milling may be detrimental in terms of compound crystaliinity and stability. This has been. - . ' ‘ ' ' "h cl
illustrated in a study that examined the effect of ball mill grmding on cefixime in y rate
(Kitamura et al 1989) Using a variety of techniques, It was shown that the crystalline solid
was converted to an amorphous solid after 4 h in a ball mill. The stabilitl' 0f the ‘“_'“°"F'h°“5
solid was found to be less than that of the crystalline solid, and the samples were d1SC0101-11‘ECl

due to grinding. _ g , d
It is important to check this aspect of the milling process, since amorphous compoun s

can Show increased bioavailability and possible pharmacological activity compared to the cor-. . - - - ‘ - f —
responding crystalline form. Ball milling may also change the polymorphic. form o a com
pound. as shown by the work of Leung ‘it 3]‘ U999) V'“tl_'l 35P3_”am“3- f

Figure 5_1, for example, shows the X-ray powder diffraction (){R£_’D) patterns 0 a sam-
ple of 3, com pound “as received” and after ball milling. After ball milling for l h. the sample.-
was rendered amorphous, and hence a shorter milling period was used.

Micronizatfon
. . - ‘ ' ' t‘ to cl‘ '

If instrumeiitatton and sufficient compound are available, {hen m1f<fr:It1_l::glint: 1:: I. I - ' I . 9

taken. This technique is routinely used to red!-IE6‘ the Panic f-:51“ 0 3 y ‘ _g _
the maximum surface area is exposed to enhance the solubility and dissolution properties
Poorl)’ soluble compounds. Because of the enhanced surface area, the bioavailability

Figure 6.1 XRPD patterns showing the effect of ball milling on a compound.
t

Before ball milling (cryslallinei

/
§

After ball milling laiiiorphollfil

Lin{Counts}
.liMllllllll.i. cl
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compounds is often improved, e.g., rnicroiiization enhanced the bioavailability of felodipine
when administered as an extended release tablet (lo-hansson and Abrahamsson 1997).

The process involves feeding the drug substance into a confined circular chamber where

the powder is suspended in a high velocity stream of air. Interparticulate collisions result in a

size reduction. Smaller particles are removed from the chamber by the escaping air stream to-
wards the centre ofthe mill where they are discharged and collected. Larger particles recircu-
iate until their particle size is reduced. Micronized particles are typically less than 10 pm in
diameter [Midoux et al. 1999).

Effect of Mftifng and Micronfzation

Although micronization of the drug offers the advantage of a small particle size and a larger
surface area, it can result in processing problems due to high dust, low density and poor flow
properties. Indeed, micronization may be counterproductive, since the micronized particles
may aggregate, which may decrease the sttrface area. in addition, changes in crystallinity of the

drug can also occur, which can be detected by techniques such as microcalorimetry (Briggner
et al. i994), dynamic vapour sorption (Ward and Schultz 1995} and inverse gas chromatogra-
phy (Feeley et al. 1998).

Ward and Schultz (1995) reported subtle differences in the crystallinity of salbutamol sul-
phate after micronization by air jet milling. They found that amorphous to crystalline con-

"versions occurred that were dependent on temperature and relative humidity (RH). It was
suggested that particle size reduction of the powder produced defects on the surface that, if

-- nough energy was imparted, led to amorphous regions on the surface. In turn, these regions

are found to have a greater propensity to sorb water. On exposure to moisture, these regions
..u stallized and expelled excess moisture. This is illustrated in Figure 6.2, which shows the

-" lire 6.2 DVS isotherm showing crystallization effects due to moisture.

Ls

| -*.I\i.lm|nd|m"""I.'uur{(inI| lI
it
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oisture, as measured by dynamic vapour sorption (DVS), of a rnicronized Figure 5_4 Crystallization e kdevelopment compound. Note how the percent mass change increases and then decreases as p 3 energy Versus 3m9"Ph0U'-3 Cflment U5i"Q "'|lCl'0C3l0Tl""9T‘Y-
the RH is increased between 40 and 60 percent during the sorption phase. This corresponds
to crystallization of the compound and subsequent ejection of excess moisture. The com-
pound also exhibits some hysteresis.This effect can be important in some formulations, such as dry powder inhaler devices,
since it can cause agglomeration of the powders and variable flow properties. In many cases,
this low level of amorphous character cannot be detected by techniques such as XRPD. Since
microcalorimetry can detect < 10 percent amorphous content (the limit of detection is 1 per-
cent or less}. it has the advantage over other techniques such as XRPD or DSC. Using the am‘-
poule technique with an internal hygrostat. as described by Briggner et al. 1994. and shown
in Figure 6.3, the amorphous content of a micronizecl drug can be determined by measur-
ing the heat output caused by the water vapour inducing crystallization of the amorphous.
regions.Figure 6.4 shows the calibration curve of heat output versus amorphous content of a de-
velopment compound. In this case, the technique is used to crystallize, or condition. th _ -3
amorphous regions by exposure to elevated R1-Is. Thus. if authentic 100 percent amorpho .-;-
and crystalline phases exist, it is possible to construct a calibration graph of heat output v r‘-
sus percentage crystallinity, so that the amount of amorphous character introduced by .12;

40-0" 50.00 min , _ mm

milling process can be quantified.
Amulphous Content {‘.‘ii)

uptake of m

CrystallizationPeal:Energy(Hg)

Figure 6.3 Internal hygrostat and heat output due to crystallization of an amorphous I Verse Gas Chromatography
phase measured by isothermal mierocalorimetry. Wddition to the DVS d _ I-- 4 an microca orirnet ‘ ' ‘ - -

w _ n S of pawders a recently introduced ttéicchtechnlqlzles for characterizing the surface PTUP»P to ) ha ' nique nown as inverse as ]-1n also be used This techni ' r - g ' C mmamgmphy
_ - que differs from traditional h I ‘tationary Phase is the . _ _ 335 C Fflmdtograpliy insofar asP°WElEr under investigation In thi f

and polar adsorbates ( . 5 type 0 study, a range of non-Probes) are used c alkane f h
lethal. Dr ah _ - -8-» S. roni exane to decane acetoneyl acetate. The retenti ‘ . ’ _ ’
qu-“ed to 1 ‘ 0" V0l|-lme, 1.8., the net volume of carrier gas (mum-
lbetwfien E ute the prob:, is then measured. The surface partition coefficient (K ) ofthearrier gas an surfaces of test ‘ - s_ powder particles can then be cal l cl' 5 energy can be calculated which ca C“ are ' From
when C°mP31‘€d to another im 1 in n 5:19; that ope batch may faV°u’ab]Y *1d501‘b the
£._expel_imenta1 parameter I:neaEuY dear I (13érence in the surface energetics.re ‘ - .

Parameter is related to the Surfai: P [F:fPerime1i:Fts_is the net retention volume,
.the concentration ar 1 ion coe icient, K, which is the ratioof the robe ' - 5 .P molecule in the stationary and mobile phases

V

Ks =-jxA$P
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Have a suitable absorbancy

Not swell the particles

Disperse a wide range of particles

Slow sedimentation of particles

Allow homogeneous dispersion of the particles

Be safe and easy to use

‘I81’!
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In terms of sample preparation, it is necessary to deaggregate the samples so that the pri-
mary particles are measured. To achieve this, the sample may be sonicated, although there is a
potential problem of the sample being disrupted by the ultrasonic vibration. To check for this,
it is recommended that the particle dispersion be examined by optical microscopy.

Although laser light diffraction is :1 rapid and highly repeatable method in determining
the particle size distributions of pharmaceutical powders, the results obtained can be affected.
by particle shape. In this respect, Kanerva et al. (1993) examined narrow sieve fractions of
spherical pellets. cubic sodium chloride and acicular anhydrous theophylline. Size distribu-
tions were made using laser light diffraction and compared to results using image analysis.
The results showed that all determinations using the laser light scattering resulted in a broad"-
ened size distribution compared to image analysis. In addition, it has been pointed out that‘
the refractive index of the particles can introduce an error of 10 percent under most circum--
stances if it is not taken into account (Zhang and Xu 1992).

Another laser-based instrument. relying on light scattering, is the Aerosizer. This inst
ment is for a particle sizing and is based on a time-of-flight principle as described by Niv_j-1
(1993). The Aerosizer with aero-disperser is specifically designed to carry deaggregated pa
cles in an air stream for particle sizing. This instrumentation has been evaluated using a sail)"
tamol base. terbutaline sulphate and lactose (Hindle and Byron 1995).

For submicron materials, particularly colloidal particles, quasi-elastic light scattering‘ "it
the preferred technique. This has been usefully reviewed by Phillies (1990). The particle
distribution of ofloxacinfprednisolone acetate for ophthalmic use has been investiga
image analysis photon correlation spectroscopy (PCS) and single particle optical
(SPOS) (Hacche et al. 1992). Using these techniques, it was shown that ball milling yield
particle size of -~ 1 um and that increasing the ball-milling time increased the reprodu
ity of diameter of particles. PCS was then used to show that extended ball milling reduc-' n}""_-
particle size to a constant value.

Surface Area Measurements

The surface areas of drug particles are important because dissolution is a function of u
rameter (as predicted by the Noyes-Whitney equation). Surface area can also be quot '
particle size is difficult to measure (Curzons et al. 1993). _

Surface areas are usually determined by gas adsorption (nitrogen or krypton) -=‘
though there are a number of theories describing this phenomenon, the most W
method is the Brunauer, Emmet and Teller, or BET, method. Adsorption methods. .
area determination have been reviewed in detail by Sing (1992). Two methods are ‘L’:
multipoint and single— point. ._

Without going into too much theoretical detail, the BET isotherm for Type 1I- -'-'5'-‘ii '-
processes (typical for pharmaceutical powders) is given by:

P _ 1 J c-1 Hlrfh n\_¢-Ir’ + p-U"

‘I87

(6)

where N is the Arogad ro's number, ACS is the cross—sectional area of the adsorbate and M is the
moleular weight of the adsorbate. it follows that the specific surface area is given by Slim.
where m is the mass of the sample. According to the U. S. Pharmacopeia (USP), the data are
considered to be acceptable if. on linear regression, the correlation coefficient is not less than
0.9975, i.e., r3 is not less than 0.995.

Figure 6.6 shows the full adsorption-desorption isotherm of two batches of the mi-
cronized powder shown earlier in Figure 6.4.
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Bonding resulting from mechanical tangling

Bonding resulting from steric effects

Bonds via static electricity

Bonds due to free liquid

Bonds due to solid bridges

The caking tendency of a development compound was investigated when it was discov-
ered to be lumpy after storage. An experiment was performed on the compound whereby it
was stored at different RHs [from saturated salt solutions) for 4 weeks in a desiccator. Results

revealed that caking was evident at 75 percent R1-l with the compound forming loosely massed
porous cakes (Table 6.6). TGA of the samples showed that caked samples lost only a small
amount of weight on heating (0.62 percent wiw), which indicated that only low levels of mois-
ture were required to produce caking for this compound.

It is known that micronization of compounds can lead to the formation of regions with
a degree of disorder which, because of their amorphous character, are more reactive compared
to the pure crystalline substance. This is particularly true on exposure to moisture and can

lead to problems with caking, which is detrimental to the performance of the product. It has
been argued that these amorphous regions transform during moisture sorption, due to sur-
face sintering and recrystallization at R1-Is well below the critical RH.

Polymorphism Issues

Because polymorphism can have an effect on so many aspects of drug development, it is im-
portant to fix the polymorph (usually the stable form) as early as possible in the development
cycle.

A US. Food and Drug Administration (FDA) reviewer’s perspective of regulatory con-
siderations in crystallization processes for bulk pharmaceutical chemicals has been presented
by DeCamp (1996). In this paper, he stated that

j_j_. 

Table 6.6

Effect of moisture on the caking of a development compound.

Moisture Content Appearance and Flow Properties

[)3] Free—flovving powder. passed easily through sieve
0.2-it Ditto

I12? Less free-flowing powder

0.32 Base of powder bed adhered to petri dish;
however. material above this flowed

0.34 Less Free flowing
0.62 Material cakerl

0.25 Base of powder adhered to petri dish
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process validation should include at least one, if not more, checks to verify

that the process yields the desired polyrnorph. At the time of a New Drug
Application (NDA) submission, it would be expected that occurrences of
polymorphism would be established and whether these affect the dissolu-

tion rate or the bioavailibility.

He continued that

It is not necessary to create additional solid state forms by techniques or

conditions unrelated to the synthetic process for the purpose of clinical tri-
als. l-lowever, submission of a thorough study ofthe effects of solvent, tem-
perature and possibly pressure on the stability of the solid state forms

should be considered.A conclusion that polymorphism does not occur with

a compound must be substantiated by crystallization experiments from a

range of solvents. This should also include solvents that may be involved in
the manufacture of the drug product, e.g.. during granulation.

Whilst it is hoped that the issue of polymorphism is resolved during prenomination and
early development, it can remain a concern when the synthesis of the drug is sca|ed—up into a
larger reactor or transferred to another production site. In extreme cases, and despite inten-
sive research, work may have only produced a metastable form, and the first production batch
produces the stable form. Dunitz and Bernstein (1995) have reviewed the appearance of, and

subsequent disappearance of, polymorphs. Essentially, this describes the scenario whereby,
after nucleation of a more stable form, the previously prepared metastable form could no
longer be made.

The role of related substances in the case of the disappearing polymorphs of sulphathia—
role has been explored {Blagden et al. I998}. These studies showed that a reaction by—product
from the final hydrolysis stage could stabilize different polymorphic forms of the compound,
depending on the concentration of the by-product. Using molecular modelling techniques,
they were able to show that ethamidosulphthiazole, the by-product, influenced the hydrogen
bond network, and hence form and crystal morphology.

in the development of a reliable commercial recrystallizatioti process for dirithromycin,
Wirth and Stephenson (1997) proposed that the following scheme should be followed in the
production of candidate drugs:

Selection of solvent system

Characterization of the polymorphic forms

Optimisation of process times. temperature, solvent compositions, etc.

Examination of the chemical stability of the drug during processing

Manipulation of the polymorphic form, if necessary

Whilst examples of disappearing polymorphs exist, perhaps more common is the
C1‘ystalli'r.ation of mixtures of polymorphs. Many analytical techniques have been used to
quantitate mixtures of polymorphs, e.g., XRPD has been used to quantitate the amount of
ccfepime ‘ 2HCl dihydrate in cefepime - 2l"ICl rnonohydrate (Bugay et al. 1996). As noted
by these workers, a crucial factor in developing an assay based on a solid—state technique is
the production of pure calibration and validation samples. Moreover, whilst the production
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increased as the pKa was passed, to reach a maximum between pH 2 and 4 and then decreased
due to the common ion effect. As the second pKa was passed in the alkaline region, the solu-
bility again increased.

When the solubility experiments were performed in 0.2 M citrate-phosphate buffer, the
compound solubility decreased, and this illustrates the effect that ionic strength may have on
drug solubility. Clearly, the region between pH 2 and 5 represents the area to achieve the best
solubility. However, caution should be exercised if the solution needs to be buffered, since this
can decrease the solubilty. Myrdal et al. (1995) found that a buffered forrriulation ofa coin-
pound did not precipitate on dilution and did not cause phlebitis. In contrast, the unbuffered
drug formulation showed the opposite effects. These results reinforce the importance of
buffering parenteral formulations instead of simply adjusting the pH.

C0-solvents

The use of co—solvenls has been utilized quite effectively for some poorly soluble drug sub-
stances. It is probable that the mechanism of enhanced solubility is the result of the polarity
of the co-solvent mixture being closer to the drug than it is in water. This was illustrated in a
series of papers by Rubino and Yalkowsky (1984, 1985a, b, 198721, b) who found that the solu~
bilities of plienytoin. beiizocaiiie and diazepam in co-solvent and water mixtures were ap-
proximated by the log—linear equation

logSm:flogSL_+(1—fllogSw (8)

where Sm = the solubility of the compound in the solvent mix, 5“, = solubility in water, SC is
the solubility of the compound in pure cosolvent,f= the volume fraction of co—solvent and
o 2 the slope of the plot of log (Sm/SW} versus)‘. Furthermore, they related s to indexes of co-
solvent polarity such as the dielectric constant, solubility parameter, surface tension. interfa-
cial tension and octanol-water partition coefficient.

It was found that the aprotic co—solvents gave a much higher degree of solubility than the
amphiprotic co-solvents. This means that if a co—solvent can donate a hydrogen bond, it may
be an important factor in determining whether it is a good co—so|vent. Deviations from log-
linear solubility were dealt with in a subsequent paper (Rubino and Yalkowsky 1987). Figure
6.11 shows how the solubility of a development drug increases in a number of water-solvent
systems. Care must be taken when attempting to increase the solubility of a compound; a
polar drug might actually show a decrease in solubility with increasing co—solvent composi-
tion (GouId et al. 1984).

it is often necessary to administer a drug parenterally at a concentration that exceeds its
aqueous solubility. Co—solvents offer one way of increasing drug solubility, but the amount of
co-solvent that can be used in a parenteral IV formulation is often constrained by toxicity cori-
siderations. The formulation may cause haemolysis (Fu et al. 1987), or the drug may precipi-
tate when diliited or injected, causing plilebitis (e.g., Ward and Yalkowsky 1993). Yalkowslcy
and co-workers (1983) have developed a useful in wire technique, based on ultraviolet (UV)
spectrophotometry, for predicting the precipitation of parenteral formulations in viva follow-
ing injection. Figure 6.1;’ shows the effect of injection rate on the transmittance at 600 nm of
a PEG 400 formulation of a compound being introduced into flowing saline. As shown, the
faster the injection rate. the more precipitation was detected by the spectrophotometer. This
simple technique can be used to assess whether preciptation of a compound might occur on
dilution or injection.

Preformiiiaiion as an Aid. _ . in Early Drug Development 1 99

 

. . - :1.Figure 6.11 Solubility as a function of co-solvent volume for a development CDWDOUN
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Figure 6.12 Effect of flow rate on the precipitation oi a PEG4UU solution of a drug
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Whilst co—solvents can increase the solubili
detrimental effect on their stabilit

tumour agent carzelsin (_U80,244)

etlianolfpolysorbate 80 (PET) formulation (ratio 6:3: I, vi'vi'v).
De Vries et al. 1995}. \/Vliilst this formulation effect
pound, this work showed that

drug through pH effects.

One point that is often overlooked when considering co-
buffers or salts. Since these are conjugate acid-base systems, it
ducing solvents into the solution, a shift in the pKa of the buffer or salt can result. These ef-
fects are important in formulation terms, since many inject-able formulations that contain
co-solvents also contain a buffer to control the pH (Rubino 1987}.

ty ofcompounds, on occasion they can have a
. For exam le, a arenteral formulation of the novel anti-)’ P P

, using a polyethylene glygol 400 (PEG 400)i'absolute
has been reported (loi1kinan-

ively increased the solubility of the con1~
interbatch variation of PEG 400 could affect the stability ofthe

solvents is their influence on

is not surprising that by intro-

Ernulsfon Formulations

Oil-in—water (olw) emulsions have been successfully employed to deliver drugs with poor
water solubility, e.g. diazepam (Collins—Gold et al. 1990). In preforrnulation terms, the solu-
bility of the compound in the oil phase (often soybean oil) is the main consideration in using
this approach. However, the particle size ofthe emulsion and its stability (physical and chem-
ical} also need to be assessed. Ideally. the particle size of the emulsion droplets should be in the
colloidal range to avoid problems with phlebitis. To achieve this size, a microfluidizer should
be used. since other techniques may produce droplets of a larger size, as shown in Table 6.7

The particle size of emulsions can be measured using PCS (e.g.. Whateley et al. 1984),
whilst the surface charge or zeta potential can be measured using electrophoretic mobility
measurements (Levy and Benita 1989). Physical instability ofernulsions can take a number of
forms. e.g.. creaming, flocculation. coalescence or breaking, whilst chemical instability can be
due to hydrolysis of the stabilizing moieties. In order to assess the stability of the emulsion,
heating and freezing cycles can be employed, as well as centrifugation (Yalabilc-Kas 1985}.
Chansiri et al. (1999) have investigated the efifect ofstearn sterilization (l2]°C for 15 min) on

 
Table 6.7

Size of emulsion droplets produced by various methods.

Method of Manutacture Particle Size (urn)
Vortex t}.i}3—2-‘i
Blade rniiter -" M "
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, , . - I th a bi h negative zeta potenlld
the stability or oiwhemulsliorgz. 'l‘hE;:’rEJCl.ll;1E(:li$Il-I:ll1i;lu5tliit:Il‘tlSaVf~;ier autoicgiaving Emulsions with a
did not show any i: ange in eir p 1 _ bases during auto_' hand were found to separate into two P
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Figure 6.13 First-order hydrolysis decomposition of a compound [25°C).
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Stability to Aurocfavfng

For parenteral [V formulations, a sterile solution of the compound is required. A terminal
sterilization method is preferred. rather than aseptic filtration, because there is a greater as-
surance of achieving sterility. As noted by Moldenhauer (1993), the FDA requires a written

justification to explain why :1 product is not terminally sterilized. Therefore, it is mandatory-
to assess whether the candidate drug is stable to autoclaving as part of any preformulation se--

lection process. Autoclaving [usually 15 min at 121°C) at various pHs is undertaken, after-
which the solutions should be evaluated for impurities, colour, pH and degradation products_..

Clearly, if one compound shows superior stability after autoclaving, then this will be the one
to choose.

The effect of the autoclave cycle, i.e., fill, heat—up. peak dwell and cool down, on the thee
oretical chemical stability of com pounds intended for IV injection has been investigated _
Parasrampuria et al. (1993). Assuming first—order degradation kinetics, i.e., hydrolysis, tit"
amount of degradation was calculated for any point during the above process. Although
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Carbonate buffering loss

Container closure problems

Drug or excipient degradation

Effect of Metal Ions and Oxygen on Srabiiiry

In formulation terms. the removal of oxygen and trace metal ions. and the exclusion oflight,

may be necessary to improve the stability of oxygen sensitive compounds. Formulation aids to
this end inciude antioxidants and chelating agents and. of course. the exclusion oflight where
necessary. Antioxidants are substances that should preferentially react with oxygen and hence
protect the compound of interest towards oxidation. A list of water and oil soluble antioxi-
dants is given in Table 6.8 (Akers 1982).

Preformulation screening of the antioxidant efficiency in parenteral solutions containing
epinephrine has been reported by Akers ( 1979), who concluded that screening was difficult on
the basis of the redox potential, and was complicated by a complex formulation of many com-
ponents. Indeed, the most recent study on the preformulation screening of antioxidants found
that the ability of an antioxidant to consume the oxygen in the formulation was a superior in-
dicator of suitability when compared to redox methods (Ugwu and Apte 1999}.

To illustrate the effect of oxygen on a compound that was sensitive to its presence, and
its effect on the antioxidant {sodium metabisulphite), we performed the following experi-

 
Table 6.8

list of water and oil soluble antioxidants.

Water Soluble Dil Soluble

Sodium bisuiphite Propyl gallate
Butylatecl Iiydrcxyanisole

Butylaled hydroxytoluene

Ascorbyl palrnitate

Nordihydroguaiaretic acid

Sodium sulphite

Sodium rnetabisulphite

Sodium thiosulphate

Sodium formaldehyde sulphoxylate

I and d Ascorbic acid u-Tocopherol

Acetylcysteine

Cysteine

Thioglycerol

Thioglyooltic acid
Thiolactic acid
'n-.'..-.. ....a
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ments. The formulation (which had been degassed by flushing with nitrogen) was dispensed
into arnpoules (using a modified Autopak machine) and the headspace was flushed with
nitrogen or nitrogen-oxygen mixtures, which are normally used to calibrate gas—liquid ch ro-
matographs. The gases used to fill the headspace were oxygen free nitrogen, 1, 3.1 and 5.2 per— 7
cent vfv oxygen in nitrogen: however, when analyzed by gas-liquid chromatography (GLC).
the initial values were higher, giving 1. 1.7, 3.4 and 6.4 percent viv oxygen in nitrogen, re-
spectively. The amount of oxygen in the headspace was determined using GLC: decomposi-
tion of the compound was monitored by UV spectroscopy at 340 nm, because it gave a
coloured decomposition product: and rnetabisulphite was assessed using Ellmans reagent
5,5 dethiobis—(2-nitrohenzoic acid). Figure 6.14 shows the increase in absorbance with time;
Figure 6.15a shows the level of oxygen in the headspace; and Figure 6.'15b shows the decrease
in rnetabisulphite with time.

It is clear from these data that the metabisulphite consumed oxygen, reducing it in all
cases to a constant low value. Nonetheless, only the two lowest oxygen headspace levels were
deemed acceptable, illustrating the need to keep the presence of oxygen to an absolute mini-
mum. It should be noted that. if the concentration of rnetabisulphite is greater than 0.01 M,

it hydtolyses to give two molecules of bisulphite.
The reaction of bisulpbite with dissolved oxygen is given by

Figure 6.15 [a] Decrease in headspace oxygen with time: [b] decrease in

metabisulphite concentration with time for various headspace oxygen levels.
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Figure 6.14 Plot of absorbance versus time for a development undergoing degradation
via oxidation.
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Table 6.9

e noted that bisulphite has Metal ion—-EDTA stability constants-ydrolysis reactions (e.g., Munson et al. 1977).
L K

. . . log K L09 KH '09 K 09 Hct stability and can arise from the bulk drug,

also been known to catalyse h
Trace metal ions can affe

Z3 _4_2 16.3 4-3

2.3 -9.2 ' 18-6 6'6

17 -10.3 18.8 6-8

_3_3 16.7 4-7

—1.a 16.6 4-5

_3_4 21.9 9-9

_ _ , _ . _4_2 13.0 5-0

ated, illustrated by the potentiation of the auto— ' ' ' ' ' ' 1-8 163 (L3et al. 1985).
. 15.014.3 2-3 27'”

Ez‘hy/ened/am/netetraacetic Acid [EDTA) and Che/at/‘ng Agents  

commonly used chelating agent are the various salts of
EDTA. In addition, B-hydroxyethylenediaminetriacetic acid (HEDTA), dietl1ylenetriamine-
pentaacetic acid (DTPA) and nitrilotriacetate (NTA) have been assessed for their efficiency in
stabilizing, e.g., isoniazid solutions (Ammar et al. 1982).

Mn+ + Y4‘ -9 MY(+n>+ (9)

In practice, however, the disodium salt is used because of its greater solubility, hence

A/1“+ + H2Y—9 M1/in-4>+ + 2H+ (10)

(or equilibrium) will be sensitive to the
ns for the formulation.

metal ions is characterized by the stability
reaction equation and is given by

[(1141/)‘“““)+JK =

[Mh¥][Y4_] (119

of some metal ion~EDTA complexes are shown in
-EDTA complex is shown in Figure 6.16.

that the fully ionized form of EDTA4’ is present in solnfinn l1nur_

From equation 13, it is apparent that the dissociation
pH of the solution, therefore, this will have implicatio

The stability of the complex formed by EDTA-
or formation constant, K. This is derived from the

Stability constants (expressed as log K)
Table 6.9, and an example ofa metal ion

Equation 14 assumespvpr af 1m., ..LI /\‘>L W V
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Table 6.10

Ophthalmic response to various concentrations of sodium chloride.

% Nacl Ophthalmic Response

0.0 Very disagreeable

DB Perceptibly disagreeable after I min

0.8 Completely indifferent after long exposure
1.2 "

1.3 Perceptibly disagreeable alter I min

1.5 Somewhat disagreeable after 1 min

2.0 Disagreeable atter H2 rriin

Reprinted with permission. J. Parenteralsci. Tech. 33292-315 [1 W9).

 

Osniolality determinations are usually carried out using a cryoscopic osmometer, which
is calibrated with deionized water and solutions of sodium chloride of known concentration.

Using this technique, the sodium chloride equivalents and freezing point depressions for more
than 500 substances have been determined and reported in a series of papers by Harnmerlund
and coworkers (e.g., see I-lammerluncl 1981). Figure 6.18 shows the osmolality of manriitol-
water solutions.

FREEZE-DRIED FORM U LATIONS

Ifa drug in solution proves to be unstable to autoclaving, then an alternative formulation ap-
proach will be required. Freeze-drying such solutions is often attempted to produce the req~
uisite stability. Preformuiation studies can be performed to evaluate this approach and to aid
the development ofthe freeze-drying cycle. Briefly, freeze-drying consists ofthree main stages:
(a) freezing of the solution, (bl primary drying and (C) secondary drying (Williams and Polli
1984]. In many cases, the inclusion of excipients is necessary to act as bulking agents or stabi-
lizing agents. Thus, production conditions should be evaluated to ensure that the process is ef-
Hcient and that it produces a stable product. The first stage, therefore, is to characterize the
freezing and heating behaviour of solutions containing the candidate drug. In this respect
DSC can be used, as described by Harley et al. (1996).

To understand the processes taking place during freezing a solution containing a solute,
it is worth referring to the phase diagram described by Her and Nail (1994). If, on cooling a
solution of a compound, crystallization does not take place, the solution becomes super—
cooled and thus becomes more concentrated and viscous. Eventually, the viscosity is increased
to such an extent that a glass is formed. This point is known as the glass transition tempera-
ture (T3).

Measurement ofthe glass transition of frozen solution formulation of the candidate drug
is an important preformulation determination, since freeze—drying an amorphous system
above this temperature can lead to a decrease in viscous flow of the solute (due to a decrease
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Figure 6.18 Plot of tonicity versus concentration for rnannitol In Water.
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in viscosity) after the removal of the ice. This leads to what is commonly known as “collapse”,

and for successful freeze—drying, it should be performed below the Tg. Consequences of col~
lapse include high residual water content in the product and prolonged reconstitution times-
In addition, the increase in the mobility of molecules above the Tg may lead to in—proCes5
degradation (Pikal and Shah 1990). ‘ V

Figure 6.19 shows the glass transition, as determined by DSC, ofa trial formulation of a
candidate drug. The glass transition was measured by freezing a S0lLIlIl01'1 of the compound in
:1 DSC pan and then heating the frozen solution. It should be noted that T3 is usually a sub-
tle event compared to the ice—melt endotherm, and so the therrnogram should be examined
very carefully. In some cases, an endotherm due to stress relaxation may be superimposed 0T1
the glass transition. It is possible to resolve these events using the related technique, modu-

latecl use (MDSC) or dynamic DSC (DDSC). ’
If during freezing the solutes crystallize, the first thermal event detected using DSC

will be the endotherm that corresponds to melting of the eutectic formed between ice and
the solute. This is usually followed by an enclotheririic event corresponding to the melting
of ice. Figure 6.20 shows this behaviour for a 9% wfv saline solution. Normally, freeze-
clrying of these systems is carried out below the eutectic melting teniperaturfi (3% {-8--
Williams and Schwinke 1994). Another way of detecting whether a solute or formulation

crystallizes on freezing is to conduct subambient X—r-ay cliffractornetry 'lC3V3“11' and 5‘“'Y3‘

narayanan 1998).
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Figure 5.19 DSC thermogram showing a glass transition of heated frozen drug solution.
{I
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lfa lyophilizced drug is amorphous, then knowledge of the glass transition temperature is
important for stability reasons. Chemically, amorphous compounds are usually less stable
than their crystalline counterparts. This is illustrated in Table 6.11, which shows some stabil-
ity data for an amorphous compound (produced by lyophilization) and the crystalline hydrate
form of the compound.

Although the moisture content of the amorphous form was increased, it did not crystal-
lize. Other work showed that at RI-is greater than 70 percent, the sample crystallized. It is im-

portant to note that moisture has the effect of lowering the glass temperature, which in turn
increases the propensity for instability. This appears to be due to water acting as a plasticizer
such that molecular mobility is increased, thus facilitating reactivity (Shalaev and Zografi
1996).

Duddu and Weller (1996) have studied the importance of the glass transition tempera-

ture of an amorphous lyophilized aspirin-cyclodextrin complex. Using DSC, the glass transi-
tion was found to be 36°C, and was followed by an exothermic peak, believed to be due to

aspirin crystallization. The glass transition at this temperature was also observed using di-
electric relaxation spectroscopy. When the aspirinlhydroxypropybB-cyclodextrin {HPCDJ
lyophile was exposed to higher humiclities, the Tg was reduced to a temperature below room
temperature, and the product became a viscous gel. Craig et al. (1999) have reviewed the
physicochemical properties of the amorphous state with respect to drugs and freeze-dried
formulations.
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Figure 6.20 DSC thermograrn of a frozen 9% w/v saline solution.
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Table 6.1 1

Stability data for an amorphous {lyophilized]
and crystalline hydrate form of a compound.

Storage
conditions Time Moisture Total
[°cI%RH) [month] Content (%wIw) Impurities (%wIw]

Crystalline Initial 15.98 0-53
25316 I 538 0.55!

25/60 15.50 0.55

40/75 15.76 0.59

Amorphous ‘ ' “-33 I-"Al"
25116 8.31 0.5?

25x30 1 2.55 0.69

tit],-‘}'5 1232 1.41!
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SUSPENSIDNS
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ripening. This is the result of the difference in solubilit}}1]:€:r;a Phase fihandge, is by Osrwald93” Sma an large crystals as
predictedby

£ln{§iJ-ESL 1.M 5: D_r1 r. (15)
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_ frfiefore. as the temperature is increased. the small pame]eSPel:'a1tlt1re-solubility relationship.15 o owed by crystal growth as the temperature i‘ 0 E drug will d’55'3lVe- Which
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rtety of compounds. mm Wlllbli Crystal growth using .1 Va-

It is a pharmacopoeial re '_ Cllllfement that sus e ' . - . ,
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:knjerkm_l“(1999) have deviseda mechanical redistftldifllwili retlsmtedy and muan°“' De"3k'3 andctton of human shaking. The crystal habit may also affera 1: er,}\1vhich closelystmulates theE 0 \-"SlCal stabllirv of the Fm--
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studies have shown that it only useful in some cases. For example, Biro and Race (1998) found
that the zeta potential of albendazole suspensions was a good indicator of stability. whereas
Duro et a1. (1998) showed that the electrical charge of pyrantel pamoatc suspensions was not
important for its stabilization. in sus-

As noted above, the particle size of suspensions is another important parameter
red using a variety of tech-

pension formulations. The particle size distribution can be measu ‘on is the careful selection
niques. including laser diffraction. A point to note in laser diffractu
of the suspending agent. This was illustrated by Atkinson and White (1992) who used a
Malvern Mastersizer to determine the particle size of a 1 percent methylcellulose in the pres-
ence of seven surface active agents (Tween 80, Tween 20, Span Zfl, Piuronic L62, Pluronic F83,
Cetomacrogol 1000 and sodium lauryl sulphate). The particle size of the suspensions was
measured as a function of time and, surprisingly. Tween 80. which is widely used in this
respect. was found to be unsuitable for the hydrophobic drug under investigation. Other sur-
factants also gave poor particle size data, e.g., Tween 20. Cetomacrogol 1000, Pluronic F88 and
sodium lauryl sulphate. This arose from aggregation of the particles. and additionally. these
suspensions showed slower drug dissolution in water. Span 20 and Pluronic [.62 showed the
best results, and therefore the authors cautioned the use of a standard surface active agent in
preclinical studies.

Usually, suspensions are flocculated
easy to dispersE——norrn.ally this is achieve
1937}. However, for controlled floc
mine the size of the primary partic

Although high performance liquid chrom
for assessing the stability of formulations. spec
([988) used this technique for assessing the stability of an ample

so that the particles form large aggrega

les (Bommireddi et al. 1998).

TOPICALITRANSDERMAL FORMULATIONS

tes that are

d using potassium or sodium chloride (Al-zers et al.
culation suspensions, sonication may be required to deter-

atography (I-IPLCJ is the preferred technique
trophotometry can also be used. Girona et al.

illin-dicloxacillin suspension.

Samir (1997) has reviewed preformulation aspects of transderrnal drug delivery. This route of
delivery offers several potential advantages compared to the oral route. such as avoidance of
fluctuating blood levels, no first—pass metabolism and no degradation clue to stomach acid.
However, the transderrnal route is limited because of the very effective barrier function of the
skin. Large, polar molecules do not penetrate the stratum corneum well. The physicocherni-
cal properties of candidate drugs that are important in transdermal drug delivery include mo-
lecular weight and volume, aqueous solubility, melting point and log P. Clearly, these are
intrinsic properties of the molecule and, as such, will determine whether or not the com-
pounds will penetrate the skin. Furthermore. since many compounds are weak acids or bases.
pl-I will have an influence on their permeation.

One way in which the transport of zwitterionic drugs
his was demonstrated by Mazzenga et al. (1992) who showed that the rank

by salt formation.T
order of epidermal flux of the salts of phenylalanine across the epidermis was hydrobromide. . f‘! .. .. .1- __..:_1....:..s "I"l1I1t: tit.-.2 rnnst other delivery routes, it is

through skin has been enhanced is
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the vehicle needs to be determined. Problems can arise from crystal growth if the system is su-
persaturated; for example, phenylbutazone creams were observed to have a gritty appearance
due to crystal growth (Sallam et al. 1986). Indeed. in matrix patches, crystals of estradiol
hemihydrate or gestodene up to 800 um grew during 3 months of storage at room tempera-
ture {Lipp and Mtiller- Fahrnow 1999). As another example, needle-like crystals of the hydrate
of betamethasone-1 7-valerate were found by Folger and Mtiller-Goyrriann (1994) when
creams were placed on storage.

Chemical and physical stability also need to be considered. For example, Thoma and
I-iolzmann (I998) showed that dithranol showed a distinct instability in the paraffin base due
to light, but was stable when protected from light. In terms of kinetics, Kenley et al. (1987)
found that the degradation in a topical cream and in ethanol-water solutions were very simi-
lar in the pH range 2-6. This suggested that the degradation of this compound occurred in an
aqueous phase or compartment that was undisturbed by the oily crearn excipients. Ifthe com-
pound decomposes due to oxidation, then an antioxidant may have to be incorporated. Table
6.3 lists the water soluble and oil soluble antioxidants that can be considered for incorpora-
tion into a topical formulation.

In an attempt to reduce the photodegradation of a development compound, Merrifield et
al. (1996) compared the free acid ofcompound to a number of its salts. each of which they in-
corporated into a white soft paraffin base. Their results {Table 6.12} showed that after a
l h exposure in a SOL2 light simulation cabinet, the disodium salt showed significant degra-
dation.

Martei1s—Lobenhoffer et al. (1999) have studied the stability of 8-methoxypsoralen
(8-MOP) in various ointments. They found that after 12 weeks storage. the drug was stable in
Unguentum Cordes and Cold Cream Naturel: however, the Unguenturn Cordes emulsion
began to crack after 8 weeks. When formulated in a Carbopol gel, 8—MOP was unstable.

The physical structure of creams has been investigated by a variety of techniques, e.g.,
DSC. TGA, microscopy. reflectance measurement, rheology, Raman spectroscopy and dielec-
tric analysis (see references in Peramal et al. 1997). Focussing on TGA and theology, Peramal
et al. {I997} found that when aqueous British Pharmacopoeia (BF) creams were analyzed by

Table 6.12 '
Light stability of the salts of a candidate drug in a white soft parrafin base.-

“ih initial compound after 1 h exposure in SOL2

Salt!Form 0.1% conc. 0.5% conc. 2.0% curl;
Free acid tniicronized) 5l.fl 80.0 35.9
Free acid tunmicronizedj 69.4 nd rid
Disodium fiunrnicrnnized) 9.9 3.6 nd
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TGA, there were two peaks in the derivative curve. It was concluded that these were due to the
loss of free and lameilar water from the cream, and therefore TGA could be used as a QC tool.
The lamellar structure ofcreams can also be confirmed using small angle X-ray measurements

(Niemi and Laine 199] J. For example, the lamellar spacings ofsodium lauryl sulphate and ce-
tostearyl alcohol liquid paraffin creams were found to increase in size (from 8.5 to 17.6 rim)
as the water content of the cream increased until, at > 60 percent water, the lamellar structure
broke down. This was correlated with earlier work that showed that at this point, the release
of hydrocortisone was increased {Niemi et al. 1989).

Atkinson et al. ( 1992} have reported the use ofa laser diffraction method to measure the

particle size of drugs dispersed in ointments. In this study. they stressed the fact that a very
small particle size was required to ensure efficacy ofthe drug. In addition, the size of the par-
ticles was especially important if the ointment was for ophthalmic use where particles must
be less than 25 um. Whilst the particle size of the suspended particles can be assessed micro-
scopically, laser diffraction offers a more rapid analysis.

INHALATION DOSAGE FORMS

Metered Dose Inhalers

In pressurised metered dose inhaler (pMDl) technology, CFC propellants are being replaced
with the ozone-friendlyliydrofluoroalkanes(HF/\)—134a and -227. In pMlJI drug delivery sys-
lems, the drugs are formulated as a suspension or as a solution, depending on the solubility of

F3C—CF2H
H

F3c—|—ci=_,
F

227
13421

the drugin the propellant. Although suspensions offer the advantage of superior chemical sta-
bility (TIWZIFI Bl 511- 19935). they may have problematic physical stability in terms of crystal
growth or poor dispersion properties. In this respect, Tzou et al. (1997) examined whether the

free base or the sulphate salt of albuterol lsalbutamoll had the best chemical and physical sta-
bilitylfor a pMD[ formulation. In addition to the older CFC propellants, they examined the
stability of the base and sulphate 1n I-IFA-134a. Results showed that all of the sulphate formu-
iations were chemically stable for up to 12 months, however, the base was less stable. In terms
Elf physical stability, the base formulations showed crystal growth and agglomeration, illus-
-trating the need for undertaking a salt selection process.

One significant challenge in the transition from the CFC-5 to I-lFAs is that the surfactants
‘and polymers used as suspension stabilizers In CFC formulations are not soluble enough in

to be effective. For_exam1:Ile, sorbitanftrioleate (Span 85), commonly used in CFC
_ave b ions, 1S not soluble in I-II=A-134a or -2??:.however, other surfactants and polymerseen screened for their effectiveness in stabilizing propellant suspensions with some suc-=- <'—_.. ..i I-'l'a. _ ‘r“L- ""-—'7-'-‘-r-- ' l-- u u..-. . .' ' ' - «9 <-i + 1'! .-~. 0 lli--1 in q rsriai-.i=.r1It1cIl‘.¢= 5tt"Irl Wl'Illiif §l"IT‘l"lF .‘iIll‘l.-
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Table 6.13

Apparent solubilities of some surfactants in HFA-1 aria and |-||:n_227_

flpparesnt Solubility (quw/wj

Surfactant HFA_13;|a m;A_227

Uleio aflld _ .1 [102 C 0 D2

Sorbitan irioleate . 4 []_['_i2 <9 0]

Propoxylaied PEG . = 3.6 1 5-15 3
32.0-50.3

Sorbitan monooleate . < 0.0] < n in

Lecithin . < Iltii 4: n 31

Brij 30 _ ,__ 13 D 84 2
Tween 80 < I103 04 0 U

25.0-39.8

Tween 20 =- 0.1 1 4-35

PEG 300 -=- 4.0 1 54. 3

1fi.l—‘|l]l]

PVP. WA > M

Dligolactic acids .—= 3,7

Reprinted irom int ..{ Pi‘iarrri,. vol. 186. I2. Veniiaet and F‘. Ft. Byron, DI'Ltg~SurfE|Ctfll'1l-|J|'DpEll8l'iI interactions "in HFfi.-
l°"""'UlfilF0"'3- F‘fiQfi-S 13-3|l Copyright ‘I999. with permission lrnm Elsevier Science.

isothermal microcalorimetry. The system investigated was the model CFC Arcton 113 salbu

“T191 5U1Ph'<1l¢’: (C11/_st:1ll‘ine and partially-crystalline) and oleic acid or Span 85 as stabilizers.
Ualrlg a perfusioii-titration set-up. they titrated suspensions of the drug with solutions of the
surfactant and followed heat output as a function of time. it was shown that the heat output

and adsorption was different, depending _on the crystallinity of the sample. i.e.. there was [355
eat output for the more energetic. partially crystalline sample. From these data, it was hy-

pothesized that the orientation of the surfactant molecule during adsorption was different
depending on the surface energy of the particles in suspension_

_ Dmg_5 for _i“hf’I3ti°“ lh"3Pl' Via 3 PMDI (and dry powder inhalers, DPISJ are reduced in
size by microoization to particles of approximately 1 to 6 pm, which are capable of panel;-at-
mg the deep airways and impact at the site of action. As noted earlier, micronization can cause

problems due to I_he reduction in crystallinity and poor flow properties as a result of [ha
nnlhng FY0555? (Sell 5-3.. liiuckton 1997). The eFFect of micronization on samples can be as-
sessed by a variety of techniques, e.g., DVS, microcalorimetry and IGC. IGC, For example, has
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Table 6.14

Heat of solution of triamcinolone acetonide recovered from pMDIs after storage.
Heat of Solution (3.19)

Recovered TAR Recovered TAR

Raw Material (3 months. 25°C) (3 months, 40°C)

Unminronizr-rd 44.1 39.0 :11?

Ball milled 33.6 29.6 36.11

Micronized 43.? 36.13 35.2

Reprinted from inllueiice of inlcroiiizauon rnelhod on the perlorrnance at a suspension triarnciiiolone acetonide pressurized
metered-dose inhaler formulation. by R. 0. Williams at al.. in Pirarrn. Dev. Ti.=r:h.. Vol. ii. pp. 1e?—i‘r9, Counesy of Marcel
Dekker. Inc.

to condition the powder with moist air, which crystallizes the amorphous regions (Ahmed et
al. 1996).

Williams III et al. (199%) have reported the influence of ball milling and micronizzition
on the formulation of triamcinolone acetonide (TAA) for MDls. Both methods reduced the
particle size of the powder; however, as shown by solution calorimetry measurements ball
milling produced material with a greater amorphous content (Table 6.14). Although the ball-
milled material was less crystalline, it was found have the smallest particles and the highest
respirable fraction.

It is possible that a number of physical changes can occur due to suspension in the pro-
pellant. The first is due to Ostwald ripening, a phenomenon described earlier in this chapter.
This arises when the compound shows some solubility in the propellant. resulting in particle
growth and caking. In this process, the smallest micronized particles dissolve and then recrys-
tiillize on the larger particles. As shown by Phillips et al. (1993), optical microscopy can be
used to assess the crystal growth of micronized salicylic acid in CFC pMDls. In this study. the
increase in the axial ratio tlengthibrcadthj of the crystals was measured as a Function oftiine.
Although the crystals continued to grow after an initial increase in the axial ratio, after some
time it did not change. It was therefore concluded that axial ratios of crystals should always
by determined by microscopy to detect any physical instability in the early stages of MD]
formulation development. In another paper by this group. Phillips and Byron (1994) have
investigated the surfactant promoted crystal growth of micronized methylprednisolone in
irichloromonofluoromethane {CFC-11). The effect of drug concentration, surfactant type
and composition on the solubility of rnethylprcdnisolone was determined and related to the
observed crystal growth in suspension. in particular, high concentrations of Span 85 (sorbi—
tan trioleatel were found to increase the solubility of the compound with the consequence of
Crystal growth. Oleic acid and lower concentrations of Span 85, on the other hand, showed lit-
tle particle size change. In addition to an increase in particle size. the crystals may also solv-ateI I u" .l _I........... ....-..nm-n gn



Exh. 1014

220 Pharrnaceurtcai Preforrnutanon and Formufatfon

the ran b tw 4 0 ' . .
ge e een 0 and 100 C. This thermal event was also evident in the DSC, which

showed d h t

' * 9“ ea *3 "1 5' 150113 Di 3 a gas was evolved as the tem-

perature was raised. This is illustrated is Figure 6.21. Notice how the crystals broke a an as th
gas was released as the temperature was raised. P E

To fi h‘ I e ,

ance of a _ e e ween t e R spectra before and after storage was the appear-
rnedium-strong peak at 1289 cm“. By reference to standard tables of IR stret h’c mg

frequenc‘ , th' 1; v - .' . _
to the Coitejltlsijnntellztptelil db amgiied as a CF stretch that’ with the “her ‘"f°“‘fl'«“i0I1. led

e Lompoun had solvated the propellant gas (13-eta).

Figure 5.21 HSM photographs of an inhalation drug before and after suspension in
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A method for determining the solubility of drugs in aerosol propellants has been de-

scribed by Dalbyet al. (1991). At room temperatures, the propellants are gases. Special proce-
dures are therefore required in separating the excess solid from the solution in the aerosol can;
in this case, it is a simple filtration from one can to another. The propellent from the can con-

taining the filtrate is then allowed to evaporate, and the residue is assayed for the drug using,
e.g., HPLC. Appreciable drug solubility may lead to particle growth; this may be overcome,
however, by the appropriate choice of salt if the compound is a weak acid or base. Table 6.15
shows the data obtained by Williams et al. (199913) of some steroids i11 l-IPA-134a (+ 7.9 per-
cent wfw ethanol) at 5 and 25°C.

For pMDIs, the compatibility of the propellants with the valve elastomers also needs to
be evaluated. For example, Tiawari et al. (1998aJ investigated the effect of 134a on a number
of valve elastorners and found that it adversely affected the performance of the valve. Inhala-

tion dosage forms are discussed in more detail in Chapter 10.

Dry Powder Inhalers

Timsina et al. (1994) have reviewed the use of DPIs for drug delivery to the lungs. Although

pMDls remain the most popular device for the delivery of drugs to the lungs, Dl’l's have cer-
tain advantages over them. For example, DPls do not rely on the CFC or HFA propellant gases
and hence are more “environmentally friendly” than MDIs.

There are number of devices which can deliver drugs to the lungs as dry powders, e.g.,

Turbuhaler'”" or Diskhaler“. DPls rely on a larger carrier particle, such as u—lactose monohy-
drate, to which the drug is attached. (The lactose is usually fractionated such that it lies in the
size range 63-90 um.) On delivery, the drug detaches from the lactose and, because the drug
is micronized, it is delivered to the lung, whereas the lactose is eventually swallowed. Stani-
forth (1996) has reviewed the preforrnulation aspects of DPIs. In that article, he states that
measurements of the rnicromeretic, RH and electrostatic properties of the powder should be
the basis of the characterization carried out. It was also shown that the polymorphic form of

the lactose used could affect the aerosolization properties of the formulation. The results
showed that, as function of flow rate, the B—forn1s were easily entrained, but held onto the

 

Table 6.15

Solubility of some steroids in HFA-propellantlethanol mixtures. at 5 and 25°C. 

Solubility in HFA«13£ra! Ethanol Solubility in HFA-22?lElI1anol
(pg drug per g solvent) [pg drug per 9 solvent]

Compound 5°C 25°C 5°C 25"C

Htdruconisone 134.4 190.1
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Table 6.17

Known reactivities of some functional groups.

Functional Group lncompatihilities Type of Reaction

Primary amine Mono and disacclierides Amine-aldehyde and ainine—acetal

Ester. cyclic. lactone Basic components Ring opening ester—base hydrolysis

Carbonyl, Iiydroxyl Silanol Hydrogen bonding

Aldehyde Amine carboliydrates Aldehyde-amine Schitf base or glycosylamine

Carbonyl Bases Salt formation

Alcohol Oxygen Oxidation to aldehydes and ketones

Suiphfhydryl Oxygen Dimerizatlon
Phenol Metals Complexation

Gelatin capsule shell Cationic surlactant Denaturaiion. 

From Monklioose. D. (3.. Excipient compatibility possibilities and limitations in stability prediction. in Stability testing in the EC,
Japan and the USA. Scientific and regulatory requirements edited by W. Crim and K. Kmnimen U993]. Reprinted wiui pennis»
sion from Wisseiischaftlidie Vedassgellschalt rnbH.
 

1. Sample preparation

Statistical design2.

3. Storage conditions

4.
Method of analysis

Traditionally, a binary mixture of drug with the excipierit being investigated is intimately
mixed, and the ratio of drug to excipient is often 1:]; however, other mixtures may also be in-

vestigated. Powder samples, one set of which is moistened, are then sealed into ampoules to
prevent moisture loss. These are then stored at a suitable temperature and analyzed at various
time points using l-IPLC, DSC and TGA, as appropriate. Alternatively, the drug in suspension
with excipients may be investigated [Waltersson 1986). Table 6.18 shows data for 250 mg ofa

primary amine hydrochloride mixed with 250 mg of spray-dried lactose and dispensed into
clear. neutral glass ampoules. Half of the ampoules were sealed without further treatment, and
to the others, 25 i.LL of distilled water was added prior to sealing. The ampoules were then
stored at 25°C for l, 4 and 12 weeks.

As expected, there is clear evidence of incompatibility between the amine hydrochloride
and the spray—dried lactose. However, the results also showed that moisture was the catalyst
for decomposition, as no degradation was observed in the dry state even after 12 weeks stor-

age at 90°C. At the time of this writing, Serrajtiddin et al. (1999) have devised a protocol for
compatibility testing (Table 6.19).

Ahlneck and Lundgren (1985) and Ahlneck and Waltersson (1986) have described
methods for the evaluation of solid-state stability and compatibility between drugs and ex-

cipients. Three methods were studied and compared isotherrnally and non-isothermally: sus-
pension, storage of powders and compacts at specified hiimidities and elevated temperatures.
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Table 6.18

‘Compatibility study between a primary
amine hydrochloride and spray-dried lactose.

Water Storage Storage Mm-S1
Added (P-1-1 Temp. cc) rune [weeks] cm... b, “Elie
0 25 l White 35

4 White 2_a

I 2 White as

I White 25

4 White 2_s

I2 Off-white 2,5

1 White 25

4 White 25

I 2 Off-white 2,2

1 White 25

-ii white as

I 2 White 50'

I Brown 32

‘I Brownxfllack NI!‘

12 Browni’B|ack Nil

I Brown an

‘I Brown!Blat:k N/I

12 Black rm/|

.r~iII: Therrno-gram not interpretable due to extensive sample degradation.

 

lt ‘ - - v . . .

Smlgiilstcogtl:-ludecli that the suspension technique was good for fast screening of Chemtcal m-
11 y. e or ier solid state procedures were found to be better predictors of the solid

dosage form.

Depending on the number of excipients to be investigated, compatibility tests can be
5P‘3€d€Cl up by using factorial or reduced factorial design experiments. Preformulation com-
patibility experiments utilizing such designs have been reported by, e.g Dtirig and Fassihi
(l993.t-I ‘- - »- - "
resultl f Otigcyelf. 11 should be remembered that drug instability or incompatibility can be the

o mu tip e excipient interactions, Wl'l1Cl'l is more difficult to address in a practical man-
“eri FlfTth_91'1110Ft‘a the processing method used to formulate the drug can affect results, again
complicating the matter.

T] . . - - . . . . . ‘ , _
1e storage conditions used to examine compatibility can vary widely in terms of tem-

PET-WJTE and h“m1d1tY= but 3 temperature of 50°C for storage ofcornpatibility samples is con-s‘d r '- . - v .
1 “ed =lPP1'0PY|dt9- 50l‘fl€ Compounds may require higher temperatures to make reactions

Proceed at a rate that can be measured over ri convenient time period Methods of analysis also
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vary widely, ranging from thermal techniques {DSC) to chromatographic techniques (TLC,
HPLC) to microcalorimetry.

DSC has been used extensively for compatibility studies (for example, see Holgado et al.

1995}. Although only milligram quantities of drug are needed for a [JSC experiment, the in-
terpretation of the thermograms may be difficult, and conclusions may be misleading on the
basis of DSC experiments alone {van Dooren 1983, Charznowslci et al. 1986). Nonetheless, the
technique remains popular. and the protocol that has been adopted is that proposed by van
Dooren (1983), who suggested the following scheme:

1. Run the New Chemical Entity [NCEJ and excipients individually.

Run mixtures of the NCE and excipients immediately after mixing.

Run the NCE and excipients individually after 3 weeks at 55"C.

Run the NCE—excipient mix after 3 weeks at 55°C.

Run the single components and mixtures after 3 weeks at 55°C only if the curves of
the mixtures before and after storage at this temperature differ from each other.

An excipient that is particularly desired may be investigated further by examining differ-
ent weight ratios with the drug. This method of compatibility testing has been criticized by
Chrzanowski et al. (1986) who found that the DSC compatibility method was an unreliable

compatibility predictor for fenretinide and three mefenidil salts with various direct compres-
sion excipients. They concluded that an isothermal stress (IS) method {which requires a spe-
cific, quantitative assay method, e.g., HPLC, for either test substance or its degradation
products) was preferred for its accuracy over DSCI in compatibility testing. In addition. the 15
method gave quantitative information. Disadvantages of the [5 system compared to DSC are
that the tests tend to consume more compound than the DSC test and are conducted over

longer storage times. 1-2 months at 60 to 30°C. However, the whole point of DSC is speed of
prediction. So DSC may be of use if the amount of drug available is small and an idea of com-
patibility is required (Venlcataram et al. 1995). On the other hand. although DSC may be used
to predict that interactions may occur, it provides little insight into the nature of the interac-
tion [I-lartauer and Guillory 1991).

Microcalorimetry has also been used in excipient compatibility studies (Phipps et al.
1993}. in their study. 1:1 mixtures were prepared using a ball mill and examined for incompat-
ibility by sealing samples in glass crirnped vials using a microcalorimeter at 50°C at a set RH.
After an equilibration period of between 1 and 4 days. thermal data were collected over l5 h.
Generally, the data from the thermal activity monitor (TAM) was comparable to the corre-
sponding HPLC analysis. However. it was less successful in prediction when mixtures contained
.a hygroscopic component. Other work by Selzer et al. (1998) has shown that microcalorimetry
can be used to detect incompatibility. Microcalorimetry only detects heat flow, however, and
they made the point that physical events such as crystallinity changes would be superimposed
on the heat output signal. They also found that experimental temperatures close to ambient

- could not be employed because the enthalpy change was not large enough.In rnli-I 4...... rs... e...-t.m.I..m. hdnnlrlwnuwn iiornt he-c ':lra1IP(‘l that it rnnv he a better idea

:IdosageTomicompositionthroughdmg-exoipientcompatibilitytesting.Serrajudtlin.A.T.M.AB.Thakur.FtBhoshal.M.G.Fakes.S.A.Ranatlive.K.FtMorris.andTable6.19 Compatibilityprotocol.
Experiment «L88:B9B—?Di'u.Copyright1999JohnWileyandSons.inc.ReprintedbypermissionofW'itey—L‘rss.|nc..Joas.ey—Bess.Inc.asubsidiaryolJohnWiley8:Sons.Inc.
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any formulations that do not contain lactose and magnesium stearate should be successful!
Other investigators may have different experiences and may not have access to a compaction
simulator.
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PRODUCT OPTIMISATION PURPOSE AND SCOPE

The major objective of the product optimisation stage is to ensure that the product selected
for further development (the intended commercial product) is fully optimised and complies
with the design specification and critical quality parameters described in the Product Design
Report (refer to Chapter 5). The key outputs from this stage of development will be

° a quantitative formula defining the grades and quantities of each excipient and the
quantity of candidate drug;

defined pack;

defined drug, excipient and component specifications; and

defined product specifications.

The approach to product optimisation will depend on the nature of the product to be de-
veloped. It will always involve testing a range of options, for example: a variety of excipients
from different sources, with different grades and concentrations, and in different combina-
tions, or a range of pack sizes or different packaging materials. Additionally, it could involve
testing a range of particle size distributions of the candidate drug or of the excipients. Parti-
cle size may be critical for drug delivery or formulation processing. For example, material
with a mean particle size distribution of 2—5 um will be required for effective pulmonary de-
livery of aerosol suspensions and dry powders, whereas an even smaller particle size range
(nanoparticles) may be required for the dissolution of poorly water soluble drugs in par-
enteral formulations.
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Source

Table 8.2

Information

_ - - t ‘d l‘nes.Information technology (IT) sources of information and developmen gun e I
Comments

Food and Drug Administration
(FDA)

Guidance for industry notes on
various aspects of
pharmaceutical product
development. registration in the
USA and inspections

Web site: http://www.fda,gov/

Committee for Proprietary Medicinal
Products [CPM P) and European
Medicines Evaluation Agency
[EM EA]

Guidance for industry notes on
various aspects of product
development and registration in
Europe, e.g., “Excipients in the
dossier for application for
marketing authorisation of a me-
dicinal product (Ill/3196/91]"

Web sites: http://www.eudra.org/
emea/cpmp and http://www.eudra.
org/w3/emea.html

National Institute of Health

Sciences. Japan
Guidance notes on registration
of pharmaceutical products in
Japan

Web site:

http://www.nihs.go.jp/

International Conference on
Harmonisation OCH)

Guidelines and information on

harmonised requirements for
product development and
registration

Web sites:

http://www.ifpma.org and
http://www.chugai.co.uk

Web site for other regulatory
authorities

Local regulatory guidance http://www.ph armweb.net/

UK Medical Devices Agency (MDA) Medical device regulations and
guidance notes for industry on
European Directives for med-
ical devices

Web site: http://www.
medical-devices.g0v.uk/

International Medical Device

Registration
A compilation of all the
regulations affecting medical
device registration world-wide

Book edited by M. E. Donawa.
Published by lnterphafm

Parenteral Drug Association (PDA)
and British Parenteral Society (BPS)

Technical reports and guidelines

prepared by industry on variousparenteral topics. e.g., Sterile
Pharmaceutical Packaging.
compatibility and stability (PDA)

PDA Archive containing
research papers, technical
reports and conference
proceedings available on
CD-ROM: updated annually

International Federation of
Pharmaceutical Manufacturers
(IFPMA)

information on pharmaceutical
manufacturers

Web site: http://www.mcc.ac.uk/
pharmweb/ifpma.html
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Several different definitions for an expert system have been used (Partridge and Hussain
1994; Turban 1995). They all state that an

expert system is an advanced computer program that mimics the knowl-
edge and reasoning capabilities of an expert in a particular discipline.

In essence, the programmer will build a system based on the expertise of one or more experts
so that it can be used by the layperson to solve difficult or ambiguous problems. The intent of
an expert system is not to replace the human expert but to aid or assist that person.

An expert system consists of three main components:

1. The user interface, which is necessary for the expert system to interact with the user
and vice versa

The inference engine, the procedure which generates the consequences, conclusions,
or decisions from the existing knowledge extracted from the knowledge base

The knowledge base, the set of production rules that is supplied by the human expert
and encoded into rules so that the system can understand the information

Expert systems can be developed using a variety of techniques including conventional
computer languages (PASCAL and C), artificial intelligence languages (PROLOG, LISP and
SMALLTALK), and specialised tools known as shells or toolkits.

Expert systems shells are computer programs written in both conventional and spe-
cialised languages which are capable of forming an expert system when loaded with the rele-
vant knowledge. The development time of an expert system using a shell is much faster than
using conventional languages and has therefore proved to be the method of choice. Shells used
in product formulation vary from the relatively small and simple systems, such as Insight 2+
and Knowledge Pro, to the large and flexible Product Formulation Expert System (PFES)
Logica (UK). PFES was developed from research work conduc
search, Logica (UK)
(Turner 1991).

To build a pharmaceutical formulation expert system, the formulation process has to be
broken down into a number of discrete elements in order to provide distinct problem-solving
tasks, each of which can be reasoned about and manipulated. However, as the formulation
process is so complex, none of these tasks can be treated independently. A means of repre-
senting interactions and communicating information between tasks is therefore required. For
example, one task may result in certain preferences that must be taken into account by subse-
quent tasks. To achieve this level of communication between tasks, the information in an ex-
pert system has to be highly structured and is therefore often represented as a series of
production rules. An example of a production rule is as follows:

from

ted by a consortium of Shell Re-

and Schering Agrochemicals under the UK Alvey programme, 1985-1987

IF (condition)

THEN (action)

UNLESS (exception)

BECAUSE (reason)
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within the pharmaceutical sciences can perhaps be gauged by the number of relevant publi-
Figure 8.1 Flow diagram of the Zeneca tablet formulation. cations appearing in the pharmaceutical press; a search of International Pharmaceutical Ab-

’ stracts elicited 41 publications since 1990 in which design of experiments (DOE) techniques
were used for either formulation or process optimisation.

FORMULATE Pharmaceutical scientists are now almost universally aware of the disadvantages of tra-
ditional “one factor at a time” experimentation and recognise the advantages of a structured

INPUT DATABASE ON statistical approach to product development, as described below. Despite this, the routine use
STRATEGY EXCIPIENTS of experimental design in pharmaceutical development has only recently become wide-

GET spread. The slow uptake of DOE techniques may have been a consequence of the lack of suit-
INPUT DRUG SPECIFICATIONS . able user-friendly software packages. Until recently, scientists were forced to rely onSAS-literate statisticians, with the mechanics of data analysis being something of a “black-\PROPOSE TABLET KNOWLEDGE box”. This situation is changing with a number of easy to ‘use software packages, such as

PROPERTIES BASE Modde and Design Expert, being -available.‘ The impact of this development cannot be over-
stated; with relatively little statistical training, scientists are able to build their own experi-
mental designs and analyse their data. Good statistical support remains of paramount
importance, however, for all but the simplest of experimental designs, so that potential pit-
falls are not overlooked. The key message from experience of using experimental design in
pharmaceutical development is the importance of the pharmaceutical scientist and the stat-
istician working side by side.

CHOOSE FILLER

CHOOSE DISINTEGRANT

CHOOSE BINDER Benefits of Brperimental Design
. The potential benefits of using a structured statistically valid experimental design rather than

CHOOSE SURFACTANT ‘ using traditional “one factor at a time” experimentation are summarised below and are illus-
C trated by the examples given later in this section.

CHOOSE GLIDANT ‘ - Savings in time, money and drug substance. This is particularly important in early for-
mulation development when both time and drug substance are usually at a premium.
The use of a suitable screening design, such as a fractional factorial, can allow the main

CHOOSE LUBRICANT I effects of a number of variables to be evaluated in a minimal number of experiments.

Identification of interaction eflects. One of the most important benefits of experimen-
tal design is that interaction effects between variables can be identified and quanti-
fied, as well as the main effects of the individual variables. This is vitally important
in instances where the effect of one variable is dependent on the level of another.

EVALUATE FORMULATION ‘ Characterisation of response surface. By defining how a response variable responds to
changes in process variables, a process can be selected that is in a plateau region, thus
avoiding carrying out a process close to an optimisation precipice. In addition, a

COMPARE AGAINST SPECIFICATION knowledge of how a process responds to changes in one or more operating variables
is invaluable in instances where process deviations occur.

CHANGE EXCIPIENTS

fl 1 I The Practical Use of DOE Techniques
I A detailed discussion of the statistical principles underlying DOE techniques is beyond theN

OPTIMISED FORMULATI0 Scope of this book. Rather, some literature examples are presented which serve to illustrate the
potential utility of DOE in all stages of pharmaceutical development.

RECOMMEND FORMULATION

By permission of R. C. Rowe. . 
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Table 8.5

Process design considerations.

Requirement PUTP05e

- Organisation and layout GMP

. space Health and safety

- Environmental control Product sensitivity 103

- Temperature ' T3mD3|'3[U"3

. Humidity - Moisture

. Air quality - Particulates/micro~organisms

- Electrical zoned [flame proof) Allow solvents for cleaning

- Barrier protection 0Pe|'at0" Pmtectio”

- Type and design, e.g., bottom- or top— Suitability for process
mounted mixing elements, baffles. Mixing efficiency
heating/cooling jacket. etc.

- Materials of construction Compatibility. eXtr6CtiVeS

. Range of sizes Ease of scale-up

- Access to internal parts Ability to clean/maintenance

Material Transfer - Product protection Clean/sterile Pf0dU‘3t

Transfer -Operator protection Hazardous materials

Manufacturing variables - Order of addition of active and excipients Mixing effectiveness

. Temperature Stability/dissolution

. Speed Mixing effectiveness

. Time Mixing effectiveness

- Differences in excipient batches Robustness of process

Other process design factors to consider are the need for any in-process controls during
manufacture, with details of the tests and proposed limits. For example, the thickness, hard-

ness, friability and weight of tablets might be measured during the filling of a tablet product.
The tests and limits applied will be based on experience gained from product development,

optimisation and stability studies. Depending on the product being developed and type of

process, it may be necessary to conduct preliminary feasibility studies before the Process De~

sign Report can be written.

Process Optimisation

Process optimisation will define and investigate critical process parameters‘, varying these 7
within practical constraints to establish limits for the process parameters, within which EC‘. ~

ceptable product can be manufactured. Depending on the product being developed and type —
of process, it may be necessary to conduct preliminary feasibility studies before proceeding to‘

process optimisation.
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A useful approach to process optimisation is to identify all the critical process parameters
that could potentially affect product quality or performance and prepare a Process Optimisa-
tion Protocol. Typically, data used to identify critical process parameters will be derived from
laboratory or pilot~scale batches, and do not need to be confirmed on full-scale batches un-

less the control of the particular parameter can only be evaluated on a production scale. There

is good incentive to use the production facilities at the earliest opportunity, drug availability
permitting, to iron out any transfer difficulties. Manufacture of the stability batches to sup»
port Phase III studies, and also the Phase III clinical batches, at the final commercial site

should minimise any questions from the FDA during PAI about possible differences between
R&D and Production process used.

The Process Optimisation Protocol should outline the programme of work required to
evaluate the effect of changes in the critical variables on product quality. This is in order to es-
tablish the working limits within which the process consistently produces product which
meets specification. Critical parameters may include

defining the order of addition of the active and excipients;

defining the optimum equipment settings, e.g., mixing speed;

optimising time—dependent process parameters;

defining the optimum temperature range;

evaluating the effects of different excipientlactive batches (within specification);

setting in-process targets and controls; and

development of cleaning procedures for the process.

On completion of the work programme, a Process Optimisation Report should be writ-
ten. This will summarise the results of the activities specified in the protocol and provide a ra-
tionale to define the operating limits for the process and the critical parameters affecting
product quality or performance. The report should also conclude that the specifications for
the raw active, excipients, components, in-process and product can be met.

Process Capability and Robustness

Several pitfalls that are sometimes encountered with process development can hinder suc-
cessful technology transfer to production, i.e., if the process has not been designed or opti-
mised with production in mind or a representative scale of production has not been used for

the optimisation studies. For example, the sterilisation of a viscous ophthalmic gel by auto-
claving at R&D on a 2 kg scale did not require any mixing of the bulk product for efficient
heating and cooling. However, when transferred to production at a 100 kg scale, the heating
and cooling times were found to be extensive and the bulk contained hot spots because no
stirring mechanism had been specified in the vessel.

Another pitfall is to design a process where the operating limits for one or more critical

parameters are too narrow and cannot be consistently achieved. It is not acceptable if the

process can be performed only by “experts” in R&D. Many pharmaceutical companies apply
some measurement of process and equipment capability to demonstrate the reproducibility and
consistency of the process in meeting specification limits. The Process Capability Index (CpK)
is often used to measure the reproducibility as a function of the specification limits. It is nor-
mally, calculated from either of the two equations below, whichever gives the lowest number:
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The dictionary definition of parenteral is non-enteral or non-oral and, therefore, strictly
speaking, the term parenteral includes all products administered other than by the oral route.
The pharmaceutical convention, however, is to use the term parenteral to describe medicines
administered by means of an injection. The most common routes of parenteral administra-
tion are intravenous (IV), subcutaneous and intramuscular, but there are a variety of lesser
used routes, such as intra—arterial. In addition, products such as subcutaneous implants are
usually classed as parenterals.

There are, arguably, a greater variety of formulations administered by the parenteral route
than by any other. These include emulsions, suspensions, liposomes, particulate systems and
solid implants as well as the ubiquitous simple solution. What sets parenteral products apart
from most other dosage forms, (with the exception of ocular products), is the absolute re-
quirement for sterility, regardless of the formulation type. This requirement must be upper-
most in the pharmaceutical scientist’s mind from the first stages of formulation conception,
so that the formulation and manufacturing process can be developed in tandem to produce
an optimised sterile product.

This chapter aims to provide a practical guide to the development of parenteral products,
initially reviewing the basic principles of formulating a straightforward parenteral solution.
Subsequent sections will examine the formulation options available when a more sophisti-
cated formulation is warranted, for example when the candidate drug exhibits poor aqueous
solubility, is a macromolecule or requires a more sophisticated delivery system. In vitro and in
viva testing methods for parenteral products will be touched on and the chapter concludes
with at discussion of the manufacturing and regulatory issues unique to parenteral products.
While, of necessity, the individual topics will be covered only briefly, the objective is to
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Buffers used in approved parenteral products.

Acetate 33-5.3

Ammonium 325-1025
Ascorbate 33-5.0
Benzoate 5_[]_7_0

Bicarbonate 4_0_1 L0
Citrate 2_1_5_2

Diethanolamine 3_0_10_0
Glycine 8_3_10_3
Lactate 2.1..“

Phosphate 3_0_3‘0

Succinate 3,2_5_5
Tartrate 2.0-53

Tromethamine (TRIS, THAM) 7_1_9_1

Data 3'-75U«3Cl6d from Powell et al. (1998). Flynn (1980) and Strickley (1999).
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of administration and total daily dose should fall within the boundaries established by prece-
dent in existing marketed products. The (U.S. Food and Drug Administration) FDA Inactive
Ingredient Guide is a good place to start a search for information about a potential excipient,
as it consists of an alphabetical list of all excipients in approved or conditionally approved
drug products, and includes the route of administration of the products containing them. The
Physicians’ Desk Reference (PDR) provides an essential source of detailed information on
products available on the U.S. market and includes the quantitative formulation of each prod-
uct. This enables both the rate of administration and total daily dose of excipients in existing
products to be calculated. The PDR can be obtained in a CD-ROM format which has a word
search facility, thus providing a convenient means of searching for products containing a spe-
cific excipient. The PDR is also available in a web-based format, but unfortunately, this ver-
sion does not have the word search capability. In addition to these reference sources, two
excellent recent publications have specifically examined excipient usage in parenteral products
on the U.S. market. Powell et al. (1998) have developed a compendium which provides a com-
prehensive list of excipients present in commercial formulations, together with their concen-
trations and the routes of administration of products containing them. Nema et al. (1997)
carried out a similar review; their article presents the data as summary tables, enabling the fre-
quency of use and concentration range of a particular excipient to be obtained at a glance. As
this book goes to press, the first part of a review article entitled “Parenteral Formulations of
Small Molecule Therapeutics Marketed in the United States (1999)” has been published in the
PDA Ioumal of Pharmaceutical Science and Technology (Strickley 1999). This article provides
information similar to the publications of Powell et al. and Nema et al., but collates the infor-
mation in terms of formulation type and includes the structure of the active ingredients. It
also lists the concentration of excipients administered following dilution as well as the con-
centration in the supplied preparation, thus saving formulators the trouble of performing
these calculations themselves! Subsequent parts of this article are awaited with interest.

The information sources described above thus provide an invaluable resource to the par-
enteral formulator. The publications of Nema et al., (1997), Powell et al. (1998) and Strickley
(1999) provide an instant, comprehensive and up-to-date reference source on US. licensed

side the United States where manufacturers are not obliged to disclose the quantitative detailsof their formulations.

When considering the use of unusual excipients, or exceptionally high concentrations of
“standard” excipients, it is important to bear in mind the indication for which the product is
intended. An excipient which may be acceptable as a last resort in a treatment for a life-threat-
ening condition should not be considered for a product to be administered chronically or for
a less serious condition. A good example of this is the use of the solvent Cremophor EL in par-
enteral formulations of cyclosporin. This surfactant is associated with a range of toxic effects,
and its use would not be envisaged unless all other more acceptable formulation strategies had
been exhausted and the potential benefit of the treatment is such that the risk associated with
the excipient is outweighed.

Another important consideration for excipients to be used in parenteral products is their
quality, particularly in microbiological terms. Commonly used parenteral excipients can often
be obtained in an injectable grade which will meet strict bioburden and endotoxin limits.
Pharmacopoeia] grades of other excipients may be acceptable, but it is prudent to apply in-
house microbiological specification limits, where none are present in the pharmacopoeias. For
non-pharmacopoeial excipients, the best approach is always to purchase the highest grade
available and apply internal microbiological specification limits.
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STERILITY CONSIDERATIONS

The requirement for sterility in parenteral products is absolute and must be borne in mind at

all stages of formulation and process development. The regulatory environment now requires
that parenteral products be terminally sterilized unless this is precluded, usually by reason of
instability (see the section “Manufacturing of Parenteral Products”).

For a solution product, one of the earliest investigations carried out during formulation

development will be a study of the stability to moist heat sterilization. The results of this study
may impact the formulation selection; for example, the stability to autoclaving may be af-
fected by solution pH. Where stability is marginal, attempts should be made through the for-
mulation process to stabilize the product such that it can withstand the stresses of moist heat

sterilization. The regulatory authorities will expect to see good justification for new products
that are not terminally sterilized. In many cases, however, the product will simply not with-
stand the stresses associated with autoclaving, and in this case, the usual alternative is filtra-

tion through sterilizing grade filters followed by aseptic processing. For the formulation
scientist, it is important to select a suitable filter early on in development and ensure that the
product is compatible with it.

V/Vhilst the vast majority of parenteral products are rendered sterile either by moist heat
sterilization or by filtration through sterilizing grade filters, other methods of sterilization

should be considered, particularly in the development of non-aqueous formulations or novel

drug delivery systems. For implants, for example, gamma irradiation is an option that should
be explored early on in development.

Preservatives should not usually be included in parenteral formulations except where a
multidose product is being developed. The Committee for Proprietary Medicinal Products
(CPMP) “Notes for Guidance on Inclusion ofAntioxidants and Antimicrobial Preservatives in

Medicinal Products” states that the physical and chemical compatibility of the preservative (or
antioxidant) with the other constituents of the formulation, the container and closure must

be demonstrated during the development process. The minimum concentration of preserva-
tive should be used, which gives the required level of efficacy, as tested using pharmacopoeial
methods. Certain preservatives should be avoided under certain circumstances, and preserva-
tives should be avoided entirely for some specialised routes. The guidelines also require that
both the concentration and efficacy of the preservative are monitored over the shelf life of the

product. In multidose injectable products, the efficacy of the preservative must be established,
under simulated in-use conditions. Table 9.2 shows some of the most commonly encountered
preservatives in licensed products and their typical concentrations.

STRATEGIES FOR FORMULATING POORLY SOLUBLE DRUGS

gies which can be considered and highlights some of the issues associated with each. For
more detailed review of this area, the reader is referred to the recent review by Sweetana an
Akers (1996). ‘
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Table 9.2

Preservatives used in approved parenteral products.

Preservative Typical Concentration (%)

Benzyl alcohol 1-2

Chlorbutanol 0_5

Methylparaben 0.1—(]_18

Propylparaben 0_m—n_o2

Phenol o_2-o_5

Thiomersal 50.0]

Data abstracted from Nema et al. (1999) and Powell et al. (1999).

 

pH Manipulation

As discussed in the section “Guiding Principles for Simple Parenteral Solutions”, the accept-
able pH range for parenteral products is reasonably wide. Where the poorly soluble com-
pound is a salt, pH manipulation may be all that is necessary to achieve adequate solubility.
The potential for precipitation after administration should be considered when using this ap-
proach, however. When administration is via the intramuscular and subcutaneous routes,
consideration must be given to the possibility of pain on injection, particularly when the
product is intended for chronic use. This may preclude the use of pH extremes and favour al-
ternative formulation strategies. r

Co—solvents

C0-solvents are reportedly used in 10 percent of FDA approved parenteral products although
the range is limited to glycerin, ethanol, propylene glycol, polyethylene glycol and N,N—di-
methylacetamide (Sweetana and Akers 1996). Some marketed formulations containing co-
solvents are shown in Table 9.1. The use of co-solvents is often one of the earliest options con-
sidered by the formulator when solubility is an issue. Quite often, mixtures of co-solvents are

used so that the dose or concentration of individual solvents can be minimized, and any syn-
ergistic effects can be maximised. The concentration of co-solvent(s) which is acceptable will
Vary depending on the route, rate of administration and whether the product is to be given
chronically. Again, the formulator will do well to be guided by the established precedent in
marketed products and is once again referred to the publications of Powell et al. (1998) and
Strickley (1999).

Non-aqueous Vehicles

Poorly soluble drugs for intramuscular administration can be formulated in a non-aqueous
Vehicle; this can have the additional benefit of providing a slow release of the active moiety.
Oily vehicles have been used historically; the most commonly encountered is sesame oil, and
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decreased use. Formulations consisting entirely, or almost entirely,
also been developed, and examples are included in Table 9 3

Surfactants

Active Ingredient

Vehicle c0m|3osition Special Instructions
D‘az°P"='"‘ 40% Propylene glycol

10% Ethyl alcohol

5% Benzoate buffer

1.5% Benzyl alcohol

Co-trimoxazole iv
40% Pr°pYle“e Qlycol Must be diluted with

5% dextrose infusion.

0.3% Diethanolamine Discard if cloudy or if
there is evidence of

1% Benzyl alcohol crystallization.
0.1% Sodium metabisulphite

E‘°P°5“e IV 65% w/v PEG 300 I
Must be diluted. At
concentrations

>0.4 mg/mL.

precipitation may
3% w/v Benzyl alcohol occur.
0.2% w/v Citric acid

Loxapine WI 70% Propylene glycol I
5% Polysorbate B0

Lorazepam [V/W;
80% P’°PYl9“3 SW00’ Dilute twofold for IV
13% Ethanol injection.

2% Benzyl alcohol

Inject slowly [at least
i min/mLJ if giving l\/.
Do not use small veins.

10% Ethyl alcohol

30.5% w/v Alcohol

8% w/v Polysorbate 80

of organic solvents have
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is worth noting, however, that the polysorbate component of Cordarone IV has been impli-
cated in a few cases of acute hepatitis which have developed within hours of the start of ad-
ministration. Somewhat higher levels of surfactants can be tolerated in products intended for
the subcutaneous or intramuscular route. Aquasol A (vitamin A palmitate as retinol) for intra-
muscular administration, for example, contains polysorbate 80 at a level of l2 percent.

Complexing Agents

Complexing agents, in this context, are molecules that have the ability to form soluble com-
plexes with insoluble drugs. The most well-known examples are the cyclodextrins which have
been widely studied as agents for solubilization and stabilization. They are able to increase the
aqueous solubility of some poorly soluble drug molecules by orders of magnitude, as a result
of their ability to form inclusion complexes. Cyclodextrins are oligosaccharides obtained from
the enzymatic conversion of starch. Depending on the number of glucopyranose units, they
are named as or (six units), B (seven units) or y (eight units). These parent molecules can then
be further substituted at the hydroxyl groups to alter the properties of the molecule. The na-
ture of the substituents and the degree of substitution will influence the aqueous solubility,
complexing capacity and safety of the molecules. An excellent review of the characteristics of
cyclodextrins has recently been published (Thompson 1997). In addition, Stella and Rajewski
(1997) have reviewed the use of cyclodextrins in drug formulation and delivery, and this pro-
vides an excellent summary of the “status quo” in terms of their toxicology and use in phar-maceutical formulations.

Although the potential of cyclodextrins as solubilizing and stabilizing excipients has been
the subject of numerous research papers over the last decade, the FDA has only recently ap-
proved the first commercial parenteral products containing them. Edex (alprostadil) for in-
jection contains oi-cyclodextrin at a concentration of approximatelyl mg/mL. This product is
unusual, however, in that it contains an unsubstituted cyclodextrin. In general, the unsubsti-
tuted oi~ and B-cyclodextrins are not considered suitable for parenteral use because they can
cause severe nephrotoxicity. This has led to the development of modified cyclodextrins.
l-lydroxypropyl-B-cyclodextrin is the most popular of the cyclodextrin family for use as a sol-
ubilizer in parenteral solutions because of its low toxicity and high inherent solubility.
The first parenteral product containing this derivative (itraconazole) was approved in April
1999. This product contains 40 percent hydroxypropyl-B-cyclodextrin and is administered in-
travenously after a two-fold dilution with saline (Strickley 1999). Although IV grades of hy-
droxypropyl-[3-cyclodextrin are now commercially available, its widespread use has been
hampered not only because of the inherent difficulties associated with introducing a new ex-
cipient but also because it is the subject of a Ianssen/National Institutes of Health (NIH)
patent which does not expire in Europe for several years. Until this time, other companies
wishing to incorporate this derivative into a commercial IV formulation will need to obtain a
license from either NIH or Ianssen. The sulphabutyl ether derivative is also suitable for par-
enteral use and is present in at least one formulation in clinical development, but here again,
there are patent issues hampering its widespread application. Nevertheless, the use of
cyclodextrin derivatives is often the only method of achieving sufficiently high aqueous con-
Centrations of poorly soluble molecules, and they are now widely used within the pharma-
Ceutical industry in preclinical formulations. One could speculate that the upcoming expiry of
the Janssen/NIH patent, coupled with the recent approval of the itraconzole formulation, is
likely to lead to their routine consideration as a first-line approach in the formulation of
poorly soluble drugs.
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Emulsions

Parenteral emulsions were first introduced to provide an IV source of essential fatty acids and
calories. This has developed into the extensive and routine use of products such as Intraplipid,
Lipofundin and Liposyn in total parenteral nutrition. There are relatively few commercially
available emulsions containing active compounds; the only example on the U.S. market is
Diprivan® Injectable Emulsion, the formulation of which is shown in Table 9.4. Diazepam is
also available as an injectable emulsion on the UK market (Diazemuls®). For a more detailed
discussion of the issues involved in developing parenteral emulsions, the reader is referred to
Collins—Gold et al. (1990).

All parenteral emulsions are oil-in—water formulations, with the oil as the internal phase
dispersed as fine droplets in an aqueous continuous phase. An emulsifier, usually egg or soy
lecithin, is needed to lower the interfacial tension and prevent flocculation and coalescence of
the dispersed oil phase. Mechanical energy, usually in the form of homogenization, is required
to disperse the oil phase into droplets of a suitable size. For IV administration, the droplet size
should be below 1 um to avoid the potential for emboli formation.

Clearly, physical stability is of critical importance for emulsion formulations, and care
must be taken to ensure not only that the product itself is physically stable but that any infu-
sion solutions which may be prepared by dilution of the emulsion are also physically stable
over the required period of time. In addition, parenteral emulsions should be able to with
stand the stresses associated with moist heat sterilization. Alternatively, if this cannot be ,
achieved, it may be possible to prepare an emulsion aseptically from sterile components, pro-
vided the process can be suitably validated. For a good introduction to the formulation and I
preparation of IV emulsions, the reader is referred to Hansrani et al. (1983).

STRATEGIES FOR FORMULATING UNSTABLE MOLECULES
Water Removal

The most common mechanism of instability in parenteral formulations is hydrolysis. Regard-
less of whether the formulation is a true solution, co-solvent solution, emulsion or contains a
complexing agent, the largest component of the formulation is likely to be water. Frequently,
the only formulation strategy which will result in adequate stability is water removal. This is
usually (although not exclusively) achieved by means of lyophilization. Lyophilization has a
number of advantages over other potential drying methods, such as the ability to obtain an el-
egant end-product with a very low moisture content, and significantly, the fact that it is
amendable to being carried out in an aseptic environment.

Lyophilization is essentially a three—stage process. Following standard aseptic filling, par
tially stoppered vials are transferred to a steam sterilizable lyophilizer in which drying is car
ried out. Initially the product is frozen to a low temperature (typically, -30 to —40°C). Durin
primary drying, a high vacuum is applied, and ice is removed via sublimation. In the second
ary drying stage, the product is heated under vacuum to 20—40°C, and any remaining wateri
removed by desorption. Products with very low moisture contents (<2 percent) can easily b
achieved. The process also allows vials to be backfilled with nitrogen, usually to slightly les
than atmospheric pressure, prior to stoppering, thus creating an inert environment within th:
vials. At the end of the lyophilization cycle, the stoppers are fully inserted into the vials befoif
removal of the product from the chamber. I
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Table 9.4

Diprivan® injectable emulsion formulation.

Component Concentration

Propofol 10 mg/mL

Soybean oil 100 mg/mL

Glycerol 22.5 mg/mL

Egg lecithin 12 mg/mL

Disodium edetate 0.005%

Sodium hydroxide qs
Water for Injection to 100%

 

The development of lyophilized products is a specialized area and requires a detailed un-
derstanding of the thermal properties of the formulation. Subambient differential scanning
calorimetry studies are required to identify the eutectic melting temperature (Te) (in the case
of a crystalline solute) or the glass transition temperature of the maximally concentrated
solute (Tg’) (for an amorphous solute). The latter is closely related to the collapse tempera-
ture (Tc) which effectively represents the maximum allowable product temperature during
the primary drying or sublimation phase of the process. Both Tc and Te can be estimated
using freeze-drying microscopy, a technique in which the freeze-drying process is observed on
a microscale, and the collapse or melting temperature visually deterlmined. Lyophilized prod-
ucts usually contain excipients to act as bulking agents and/or improve the stability of the
product. When the requirement is principally for a bulking agent, mannitol tends to be the
favourite choice of formulators. Mannitol is a crystalline material with a Te of about —2°C and,
as such, is easily freeze—dried to give a self-supporting cake with good aesthetic properties. On
the other hand, where an increase in stability is desired, an amorphous excipient (such as
sucrose) is preferred since, once dry, the unstable compound will be “dispersed” in an amor-
phous glass with often greatly improved stability. The downside of formulating with amor-
phous excipients is that their low Tg' values (approximately —32°C for sucrose) result in long
lyophilization cycles. The formulator must also ensure that the product reconstitutes rapidly
and that reconstitution time as well as chemical integrity are not adversely affected by storage.

For a detailed discussion of lyophilization, the reader is referred to Jennings (1999). In ad-
dition, a thorough review of the manufacturing and regulatory aspects of lyophilization is
provided in Good Pharmaceutical Freeze-Drying Practice (Cameron 1997).

Use of Excipients

Excipients may be useful in preventing chemical and physical instability. Antioxidants are in-
cluded in parenteral formulations, although their use is now in decline, and EU guidelines dis-
courage their use unless no other alternative exists (see the section “Parenteral Products and

the Regulatory Environment”). A preferred method of preventing oxidation is simply to
exclude oxygen; this is usually achieved by purging the product with nitrogen and creating a
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Table 9.5

Excipients encountered in formulations of macromolecules.

Excipient Function

Polyhydric alcohols, e.g., mannitol Stabilisation, bulking agent
Stabilisation

Stabilisation, buffer, solubilisation

Prevention of adsorption

Carbohydrates, e.g., sucrose

Amino acids, eg, glycine, arginine
Serum albumin

Surfactants (e.g., Tween 80, Pluronic F68)
Metal ions Prevention of adsorption and aggregation

Stabilisation
Antioxidants

Chelating agents (e.g., EDTA]
Prevention of oxidation

Prevention of oxidation

________________________________

LIPOSOMAL DELIVERY SYSTEMS

Liposomes are single or multilayer phospholipid vesicles, typically less than 300 nm in size.
They are capable of entrapping both water-soluble and lipid-soluble compounds. Their use in
parenteral formulations has exploited their preferential distribution to the organs of the retic-
uloendothelial system (RES) and their ability to accumulate preferentially at the sites of in-
flammation and infection. Liposome encapsulated amphotericin B is considerably less toxic
than the free drug because of the altered pattern of biodistribution (Betageri and Habib 1994).
A sophisticated approach has been developed (commercialised as Stealthm liposomes), in
which polyethylene glycol is grafted to the surface of the lipsome, resulting in prolonged cir-
culation of the liposomes in the bloodstream. A doxorubicin product which uses this ap-
proach (DOXIL®) is now commercially available (Martin 1999).

SUSTAlNED—RELEASE PARENTERAL FORMULATIONS

The chronic administration of molecules, which have a short biological half-life and can-
not be given orally, presents a difficult challenge to formulators. One strategy which might
be considered is the development ofa sustained-release intramuscular or subcutaneous in-
jection. Other non—parenteral options could include the inhalation or intranasal route,
both of which have their own unique challenges. Sustained-release parenteral formulations
might also be required in circumstances where patient compliance is likely to be poor. This

' ed to the development of some antipsychotics and contraceptives as
sustained-release injections. Table 9.6 lists some of the sustained-release parenteral prod-
ucts which are available on the U.S. market and their respective formulations. The typical
approaches used in the formulation of sustained-release parenterals are summarised in thissection.



Exh. 1014

344 P/7armaceut/ca/ Preformu/at/on and Formu/at/on

 
Examples of sustained-release parenteral formulations.

Compound Route Formulation
Penicillin-G benzathine IM (aqueous suspension) 05% Lecithin

0.6% Carboxymethylceiluiose
0.6% Povidone

0.1% Methylparaben

0.01% Propylparaben

in sodium citrate buffer

Haioperldol ‘M (Oily Vehicle) 12% Benzyl alcohol
in sesame oil

Leuprofide acetate FM [microsphere suspension) After reconstitution:
0.13% Gelatin

6.6% dl-Lactic and glycolic acid
copolymer

13% Mannitoi

0.2% Poiysorbate 80

1% Carboxymethyiceiluiose

in WFI _

[aqueous suspension) 05% Creafinme
0.05% Disodium edetate
0.5% Sodium

carboxymethylceilulose

0.075% Polysorbate 80

0.9% Benzyl alcohol

0.1% Sodium suiphite

in WFI .
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Aqueous Suspensions

This approach can be used to prolong the release of compounds with limited aqueous solu-
ility. A suspension of a compound in its saturated solution can provide both immediate-

release and sustained-release components of a dose (Madan 1985). A number of water-
insoluble prodrugs are also formulated as suspensions, including hydrocortisone acetate and
medroxyprogesterone acetate. As with any other type of suspension, excipients will usually be
required to ensure the physical stability of the formulation. Stricl<ley’s (1999) article provides
a table of parenteral suspension formulations; the most popular excipient combinations are
clearly polyethylene glycol/Tween 80 and carboxymethylcellulose/Tween 80.

Perhaps the most well-known example of a parenteral suspension formulation is insulin.
Many insulin formulations also take advantage of the different physical forms which can be
produced when insulin is complexed with zinc. Suspensions of the amorphous form of insulin
zinc have a faster onset ofaction and shorter duration of action compared to those of the crys-
talline form. In order to provide both a rapid onset and a long duration of action, many for-
mulations are composed of a mixture of amorphous and crystalline zinc insulin.

Emulsions

For a molecule with a high aqueous solubility, the use of a water-in—oil two-phase emulsion
or a multiple phase water-in-oil-in-water emulsion may enable a measure of sustained-release
to be achieved. In either case, the nature of the sustained-release delivery profile will be a func-
tion of the partition coefficient of the molecule between the two phases, which will define the
rate at which the molecule is available for absorption.

Microspheres

ucts are presented as lyophilized polylactic
a suspension prior to administration.

> Implantable Drug Delivery Systems

The number of marketed implantable products is relatively limited, probably due in partt0 the limited market for this type of product. The most well-known example of an im-
e delivery system is the Norplant® contraceptive device which can deliver levonor-
or up to five years. The device is composed of a number of capsules fabricated from

i [9 (dimethylsiloxane/methylvinylsiloxane copolymer)
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The Norplanté’ device has been somewhat controversial, however, due to difficulties asso-
ciated with its removal. A second example of an implantable drug delivery system is Zoladexg,
which is an implantable biodegradable lactidefglycolide polymeric delivery system for the ad-
ministration of goserelin acetate. it is available in one-niont'h and three-month presentations
and can be injected through a wicle—bore needle

IN VITRO AND IN WI/O TESTING METHODS

ations for compounds with limited solubility or stability, where ex-
nts might be used. it is desirable to carry out screening studies to as-

sess their potential to cause pain or other adverse events following injection. Haemolysis and
phlebitis may occur as a consequence of IV therapy, whilst pain may occur on administration

. Several in vitro and in vivo models have been developed to evaluate
se effects following parenteral administration; these are discussed
e detailed discussion of this subject, the reader is referred to the ex-cellent review by Yalkowsky et al. (1998)

In Vitro Precipitation

Clearly, when a drug is formulated at a non—physiological pl-I, or using organic solvents be-
cause oflow solubility, there is a real risk of precipitation immediately following injection into
the bloodstream. Crude models have therefore been used in the past to assess formulations for
their potential to result in in vivo precipitation. These have generally involved performing di-
liitions in a medium resembling blood and monitoring the formation ofa precipitate by vi-
sual or other means. More recently, dynamic methods have been developed which more
realistically simulate the in vivo situation. Typically, these involve a continuously circulating
system of plasma or a medium representing plasma. After “injection" of the test formulation,

gh a tlow—tlirough cell within a spectrophotometer where
‘ ticle Formation is monitored.

addition, they can be used to

have shown that, perhaps counterin-
on is in fact inversely proportional to

assess the effect ofinjection rate. Yalkowsky et al. {I983}
tuitively. the degree of precipitation of diazepam injectiinjection rate.

cipients, such as surfactants

vitro models to evaluate haemolytic potential typically invol
blood, either in a static or a dynamic configiiration, and the
haemoglobin released. The contact time between blood and t

olysis, as may the drug itself. It‘-'
ve exposing the formulation to

n assessing the quantity of fr-9'3
he formulation is critical, as an
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unrealistic contact time can result in a substantial overestimation of the haemolylfiic potential. - '- 1 . -‘d in vivo t e meas-ofa given formulation (Wakerley I999). I-laemolysis can also be measuri. Y d ' Tie‘urement of free haemoglobin in blood or iirine. eltltl KFZYZ?|m'n1lC H997} has 1'eP°"‘°-' 4?» 5'
ment between a dynamic in iritro method and Hi vivo results.

Phlebitis

. . . . « ‘ -- - ' -l' ' (I s m toms such asPhlebitis reters to inflammation of the vein wall. It can result In L lt11C'| 1 Y P
' cl d na and can cause thrombus formation which may have serious consequences.painan oe ei . 1 ‘ _ _ .. H __ __Particulate matter is the most widely implicated cause of phlebitis. it is HOE Sl1l1'P“_51“3- ‘Er?

f G that 3 ]jn].; has been proposed between precipitation and phlehitis. The in vitro precipi-‘Or’ ’ cl 1 de cribed above may therefore be a good indicator of the pltlelilllfi l’°l9“tl5'l Oil1l'[1(}11 mo es -s . . -
. . - v - *- del in. ' . 1 ' lm vivo usually by means of a r£ll3l31l€<1I‘ ‘-011 1110a formulation. Phlebitis can be testet . ”

which the “tcst" ear is visually compared with the “control €81‘.

Pain

Pain on injection is usually of greatest concern with intramuscular injectiolris l})1€C£11.l‘3t of t ie, . ‘ ,- , ‘- -' ¥t_ in ,terearenoii-ilong residence time of the formulation at the injection site. i\.o |€I.I1trt_)rl:he§ei_’0r€ necessary [0, -. I , _ . s '
'l-'l'fl"t'J models to test the potential of :1 l"01'lT'tl1l..ttIOl'1 to _c"iuse §Elill’}G :1 H1 (199%) describev, . r . . . u 2 e ‘ .test for the potential to cause pain by means of an in viva mo e p I ‘ Hthe use of the rat “paw lick” model for the assessment of pain in response to formu ation p

_ - - ' — . v 1. ‘h Id 'l‘o be evaluated whenrind co-solvent concentration. The potential for muscle daniage s ou ‘cl s _ ‘I
developing an intramuscular formulation, and the iiidustry standard is the rabbit lesion vol-
ume model (Sutton et al. 1996}.

PACKAGING or PARENTERAL PRODUCTS

Pack Selection

The packaging of parenteral products presents unique challenges in terms ofthe reouireilrlittzifg:
for the packaging components to withstandsterilization prior to use and '[l1v.‘_‘]r(?(]l..l1l‘:.'II‘t'lt: Tm-
Tht, wmplgie primary pack to maintain sterility throughout the shelf—life 0ffl‘l‘l!t-3 proB Lie . ‘e of
clition-ally, SVPs have been packaged in ampoules which are heat sealed after i ing. ecaus b
the inherent variability in the sealing process, products packaged in "r1_I11P¢.JL1_lf'--°:”’]1‘”5‘: ‘ii’
It'll) percent integrity tested after sealing. usually by mean3 Ofa dY€ ‘”"1'”9l~“1°“ leiljd ‘E U‘ F: on
ainpoules for new products is now diminishing. partly because of the desire to t1V01‘ tI.'Kl7‘0-".ln1o
medical personnel to injury on opening. This has led to an increase in the use ot g ass s
sealed with rubber stoppers for the packaging of SVPs. Regardless of whether £iI‘t\r'-1l'I'IPC'1"‘—|01'
it vial is used, the glass quality must be type I neutral. An lt"1Cré'El5-lilg number of simple sptions are now being filled using blow-iill—seal technology, in which the (plastic) ‘ainpotl E Iii
moulded, aseptically filled and sealed in a continuous process. These manufacturing systetits
operate to high levels of asepsis and are validated by media fills in the same manner as con-

ventional tilting processes. I a
For products packaged in vials, a suitable rubber stopper must be selected. Tlhehsurilice

of a rubber stopper is inherently less inert than the glass of an ampoule. and it is t ere ofimportant that the forniulator ensures that the product and stopper aft? C0mP3“bl‘°" Y
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from a batch are well known, and attention is now well and truly focussed on process valida-
tion. The validation program must encompass facilities, instrumentation, sterilization of con-

ciation and the Parenteral Society (see the section “Parenteral Products and the Regulatory
Environment”). In a production environment, a simulation of each aseptic process will typi-
cally be carried out at six-month intervals. It is important that media fills include planned in-

uire some degree of Sip terventions, such as filter changes, so that such interventions can be permitted during alling lines, and they can be Pur_ manufacture if required. In addition, holding times after filtration should be validated. Where
' to-5teri1iZe bags. V a product is lyophilized, the media simulation must include loading into and removal from

S jedf t_ d by the Supplier ' the lyophilizer and should also include pulling and releasing partial vacuums. It is obviouslyIncreasingly Paremelral lca 10”‘ . i ‘ essential to ensure that all personnel participating in aseptic processes are adequately trained
Such as Pre_fi1 . _ . ' ' ) ’ and aseptic operators are required to participate in regular media fills. Another important el-' ' ' ement of aseptic process validation is environmental monitoring and particulate monitoring;

manufacturers are expected to know the organisms which may be present in their facility and
to establish acceptable limits.

With the majority of parenteral products sterilized by filtration, it is not surprising that the
validation of filtration processes is receiving increasing regulatory interest. The 1998 PDA Tech
nical Report No. 26 discusses this topic in detail (see the section “Parenteral Products and the
Regulatory Environment”). There is now a regulatory expectation that the bacterial retention
capability of sterilizing filters is demonstrated in the presence of product rather than simply
water. Fortunately, the major pharmaceutical filter companies now have specialised validation
laboratories which are able to provide filter validation services. All filters used in a process, in-
cluding vent filters, must also be integrity tested before and after use. Organisms have recently
been identified which are capable of passing through 0.22 um filters,’ and the filter companies
are now starting to launch 0.1 urn filters. One might imagine that the day will come when the
use of 0.1 urn filters becomes the industry “norm”, although a 1997 editorial in the Journal of
the Parenteral Drug Association advised those in the industry to resist this development. Man-
ufacturers are required to have a knowledge of the type of organisms which may be present in
the solution to be filtered; provided that these do not have the ability to pass through a 0.22 um
filter, there is no compelling scientific argument for the use of a 0.1 um filter.

For products which can withstand sterilization in their final container, the focus of the
validation exercise wil

is beyond the scope of this chapter (for this, the reader is referred to the recent text by Nord-
hauser and Olson [l998]) but the premise central to all methods of sterilization is the conceptof a log-reduction in via ’ ' '

ll 1994). Achieving the required sterility assurance level of l0‘6 is of
Course dependent on the initial microbiological loading of the material to be sterilized, and so
it is vital to have knowledge of the initial bioburden and to set limits for this. For terminally
sterilized products, the focus of the validation exercise will be in providing an assurance that
sterilizing conditions have been reached in all
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be carried out visually using suitable illumination, but
automated or automated system is usually used.

Clearly, the manufacture of sterile products is a specialized area, and the above discussion
simply serves to highlight some of the critical issues;
detailed discussion ofthe manufactu

in a production environment, a semi-

it is by no means comprehensive. Fora

Products and the Regulatory Environment". In
the “Orange Guide” provides a very readable annex covering the manufacture of

sterile medicinal products; this includes guidance on clean room classifications, gowning and
sanitisation, as well as the manufacture and sterilization of medicinal products fMCA 1997)

ADMINISTRATION OF PARENTERAL PRODUCTS

During product development, it is essential that the Formulator keeps in mind the manner in
which their product will ultimately be used. This is particularly true for products intended for
IV infusion, since these will require dilution with IV infusion fluids prior to administration. The
form ulator must ensure that the active compound is compa
be included in the product labelling and must provide st
sultant infusion solutions ar- "

tible with all diluents which are to
ability data to demonstrate that the re-

d stability must be assu

concentrations to be administered during the study;
authorities as part of an Investigational New Drug
consider other drugs which may be co-'

of mixing more than one dru and the labelling of
I consider, however,

strictions should be avoided, since they will
When compatibility or stability issues

formulator. The diluent cann

3.

do arise, there are limited options available to the
ot usually be controlled unless the manufacturer incurs the ad-

ditional cost associated with supplying a custom diluent. Leachables from infu
cause degradation, particularly oxidation. In addition, the low concentrations
may be diluted for continuous infusion can result in
therefore, specify a minimum concentration to whic
dress stability or adsorption issues. The infusion se

andlor adsorption. Some product labelling, for example, that of glyceryl trinitrate infusion.
specifies that PVC infusion lines should not be us ’d. In extreme cases, it may be necessary to
add an additional excipient to the product to prevent degradation on dilution, although this
approach should only be considered as a last resort.

sic-n bags can

to which drugs
adsorptive losses. A number of products,
h they can be diluted, presumably to ad-
I itself can also contribute to instability
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PARENTERAL PRODUCTS AND

THE REGULATORY ENVIRONMENT

TI 'ren1ent for sterility in parenteral products means that their manufacture is scruti-ie requi . ‘ ‘ .
. . . . . - - _ b ‘I re ulatorvmsecl perhaps more closely than that of any other product type IIZIE IE? 01“ bladed ill]

guidelines specifically pertain to parenteral products, and these are tste ‘ e ow. H 61. . ‘ -1‘ . - ;‘ - t s. ecnca r -these lists are also some more general gu1ClClII‘.lt.b where these clontnn sep 1l&:di€C}i3na1 Pmgucts
evant to parenteral products. European Agency for the ‘Eva nation o _ . _
[EM EA} publications provide useful guidance in formulation decision maktrig and ate.essen-
tial reading earlv on in the formulation development process. The “Decision Frees for the Se-] L‘ of Qtcrilisation Methods" document provides clear guidance on the selection of aec '!0I".l . ' . ‘ . .

.. . -. .. - 7 ' ‘cl,-I “NotesforGuid-sterilization strategy, this is discussed in detail In Chapter 1-. S_1I‘I‘1Il':ll' y tie _ ‘H _‘
-tnce on Inclusion of Antioxidants and Antimicrobial Preservatives In lVlECl|Ci|"l3l P|'0d'-1Cl-‘= '~‘-
‘ .. .” ' - - ~ - ' ..d re"rva—prescrlptlve tn tertns of defining the circumstances under Wl‘1£Cl1 aI'|lltJ‘{.It.‘l'\l‘1T.‘3 an - p sc

' ‘h uld be used The former for example. Slim-lid ht‘-‘ l|1Cl11d"-‘d 0"” Where the” use can’
misbb Ovrded and -where the manufacturing process has been optiniised to minimize theno e a (1 ‘ ‘

potential for oxidation. _
FDA guidelines are in general directed more towards the required components of a reg-

istr-ition dossier and do not offer much in the way of guidance to the formtilator. One excep-'_ ‘ . . .. V , . - ' ‘ - ' - . l:”; th‘ 0 ide.‘ a usefultion to this is the Guide. to inspection ofLyoph1liz.1tJon of Parentera s [S pr v 5 “indication of areas ofspecific interest to the FDA which the formulator would be well-advised
to address during the development programme.

I ddition to the regulatory guidelines more detailed advice on specific issues relat-EI I

' t "the development and manufacture of parenteral products can be obtained from the
me o _ . .itililicaticaiis of the Parenteral Drug Association. This is an American orgaiiisataonreprevL t" those involved in all aspects of parenteral product development and manutacturesen ing - _ .

. . . - - , - , I al, the PDA31”’-l '5 “WY flctwe '“ lobbying the FDA" rhl‘ PDA pr.Odu.('€S 1 bu-nloflthd-Y Jjfuflall those in~ ~ - . - - -- . n o -,lom'm:t.l ofPltarmuceuricalfmencc and Teclmology, which Is essentia rea l Ed’ H‘ H ‘ FDA
volved in the development and manufacture of parenteral plrtczlldctltcts. In a 1fl10:.ti]:m ig_ _ _ ._ . _ E . _ . , T _.regularly pLllJlI$l'I€S technical reports which provide a detu e tscussit no h d.sues within the parenteral field. Whilst these reports are not regulatory guidelines. t Cy U
' - _ _ _ _ _ _ . . . - I. 1. _—‘provide a good indication of the direction in which the iitdustry and indeed the regu‘ a or»
are heading and those working in the tield should take their recomniendations seriously.
. - - . . - ' K‘ d 3 ,smne of the recently published technical rcports are listed below. In tht;1Un|t_e|-d bincgvegrirln, . . , I v . - ' - . ' o 1the pm-emem| ggclety publishes a quarterly journal In conjunction wit '1s1ri;|1 :1 in the
France, Germany, Scandinavia and Spain. This }(:1l.1l'l1dl covers topics SlITll_«'Jl' oi pa 8 of
FDA journal. The I’arenteral Society also publishes a numbet Of 1“°Df38£5P 15v 30'“\vl1icl‘l are listed below. These monographs provide a good indication of in ustry norms
in the United Kingdom.

FDA Guidelines

inspection Gtaidelines

- Guide to Inspection of Lyophilization of Parenterals
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Guidance for Industry

Container Closure Systems for Packaging Human Drugs and Biologics

Submission of Documentation for Sterilization Process Validation in Applications
for Human and Veterinary Drug Products

Container Closure Integrity Testing in Lieu of Sterility Testing as a Component Of the
Stability Protocol for Sterile Products

Stability Testing of Drug Substances and Drug Products

EM EA Guidelines

- Note for Guidance on Maximum Shelf-Life for Sterile Products for Human Use after I
First Opening or Following Reconstitution

Notes for Guidance on Development Pharmaceutics

Development Pharmaceutics for Biotechnological and Biological Products

Decision Trees for the Selection of Sterilisation Methods

Notes for Guidance on Inclusion of Antioxidants and Antimicrobial Preservatives in
Medicinal Products

PDA Technical Reports

- Technical Report No. 22: Process Simulation Testing for Aseptically Filled Products,
50, S1, 1996

Technical Report No. 23: Industry Survey on Current Sterile Filtration Practices, 51,
S1, 1997

Technical Report No. 24: Current Practices in the Validation of Aseptic Processing ~
51,S2,1997

Technical Report No. 25: Blend Uniformity Analysis: Validation and In-Process Tes
ing, 51, S3, 1997

Technical Report No. 26: Sterilization Filtration of Liquids, 52, S1, 1998

Technical Report No. 27: Pharmaceutical Package Integrity, 52, S2, 1998

Technical Report No. 28: Process Simulation Testing for Sterile Bulk Pharrnaceutic
Chemicals, 52, S3, 1998

Technical Report No. 29: Points to Consider for Cleaning Validation, 52, 6, 1998

Technical Report No. 30: Parametric Release of Sterile Pharmaceuticals Terminal
Sterilized by Moist Heat, 1999

Technical Report No. 31: Validation and Qualification of Computerized Laboratog
Data Acquisition Systems, 53, 4, 1999
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