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viene oxide or radintion sterilization may bo employed for
Lhe emply container with subsequent aseplio lilling, How-
aver, careful evaluation of the residues from ethylene oxide
and Lheir potential loxic effect musl he indertplan.

Because of the relatively new use of plastic materials tor
packoging sterile preparations, eonsiderable investigation la
still required concerning potentinl interactions and other
problems that may be encountered.  For further details soe
Chapter B0,

Glass

(ilaps is employed as the container material of choice for
most injections. 6 s composed prineipally of silicon diox-
ide with varying smounts of other oxides such as sodium,
potossivm, calciwm, magnesivm, sluminum, boron and iron,
The haaie structural network of glass is formed by the silicon
oxide tatrahedron, Borie oxide will enter into this stie.
tare, but most of the other oxides donot, The lalter are only
lonacly hound, are present in the network interstices und aro
relatively fiee 1o migrate, These migratory oxides may be
loached into a solution in contacl with the glass, particularty
during the increased reactivity of thermal sterilization, The
oxides Lhus dissolved may hydrolyze to raise the pI of the
solution, catalyse reactions or onter inte veactions. In a
manner 4s yel uncerlain, some glass compounds will bo at.
tacked by solutions and, in time, dislodge glass Nakes into
the golution,  Disturbing reactions sach as theso, howover,
can be minimived by the proper sslection of the glass compo-
gition,!”

Typet-The USP Las rided in this selection by providing
o classification of glass, namely,

Type 1, v boroaiticato gloss.

Type 1L, 0 soda-lime treated plass,

Tyepse TEY, o sonclan- L gl psn,

N2, 4 sodn-lima glows nol suitablo for contoiners For pareniers s,

Type 1 glogs is composed principally of silicon dioxide and
borie oxide, with low levels of the nonnetwork-forming ox-
ides. It is o chemically resistant glass (low leachability) aleo
having a law thermal eoefficient of expansion,

Typea If and 11T glass compounds are composed of rela-
tivedy high proportions of sodium oxide and caleiurn oxide.
Thia rmeltes thoe glage chemieally less reaiatant. Both types
mell 1t & lower lemperatire, are sagier to mold inte various
shapes ad bave a higher thermal coefficiont of expansion
than Typel. Winle there 1 no one standard formulgtion for
glass among manufactirers of these USE type ealegorios,
Type I glass usually has 8 lower concentration of the migra-
tory oxides than Type T In addition, Type T1 has beon
treated under controlled temperature and homidity condi-
tions with sulfur dioxide to deallalize the internal surface of
the container. While it remainy intnel, this surface will
inerease substantinlly the chemical resistonce of the glasa,
However, repenled exposures to sterilization and slkaline
deterpents will break down this dealkalized surface and ex-
pose the soda-lime compound. Thoretore, Type II glass
containers may be considered o be of relatively yood ehemi.
cal reststance for only one tee.

The glaes types are determined from the resalty of two
USP tests: the Powdered Glass Tesl and the Water Attack
Teat, The latter 8 used only for Type I1 glass and is per-
formed on the whole container, hecause of the dealkalized
gurface; the former iy performaed on powdered glass, which
oxposcs inlernal surfaces of the glags compound, The re-
sults are based upon the amount of alkali titrated by 0.02 V
sulfuric acid after an autoclaving eyelo with the glass sample
in contact with a high-purity distilled water.

Care must be uged in selecting tho gloss typo o be used for
a particular injectable product,  In genoral, Typo L ghiws will

be suitahle for all products, although sulfur dioxide treat-
ment is sometimes vsed for & further inerease n resistancs,
Beeanse cost must be conmidered, ong of the other less expen-
sive typos may be acceptable, Type 11 glass may be suitable,
fur cxample, for a solution which is buffered, hae a pli below
7 ar ig not reactive with the glags. "Type 131 glass qsunlly will
he auitable principally for anhydrous liguids or dry sub-
plances,

Physicnl Characteristios. -Examples of the physical
shape of glass mnpuls and vials are illusteated in Fig 84-3,
Commercially available containers vary in size from 0.5 to
1000 mL,  Sizes up to 100 ml may be obfained ag ampuls
ancl vials, and larger sizes aq Dottles, The latler are used
mostly for intravenous and irdgating solutions.  Smallor
sizes are also available as carbridges,  Ampuls and enrtridges
are deawn (eam glass tubing, The smuller vials may be made
by molding or from tubing, Larger vials and bottles are
mada only by molding,  Containers made by drawing tubing
ara generally opticelly cloarer nnd have a thinner wall than
molded containers (see Mg 84-3), Maolded containers are
unifarm in external dimensions, stronger and hoavier,

Linsy-opening ampuls that permit the wser Lo break off the
tip al the neck constriction without the use of a file are
matketed under the namos Color-Break (Kimble) and
Beore-Break (Wheeton), An example of o modification of
container doaign Lo moot a particular need is Lhe double.
chambered vial, undoer the name Univial {Unlviad), designod
to contain a freeze-tried produst in the lower and selvent in
the upper chamber, Other examples are wide-moulh am-
puls with flat or rounded bottoms do fecilitate filling with
dry materials or suspensions, and varions madifications of
the carlridge for upe with disposnble dosage units,

Glags contatners must be slrong enough to withstand the
physica) shocke of handling and shipping wid the pressuare
differentials that develop, particularly during the autoclave
stevilization cyele.  They must he able to withstand the
thermal shock resulting [rom large temperature changes
during processing, for example, when the hot bottle and
contents are axposed Lo room air at the end of the steriliza-
tion ¢vele. Therefore, a glass hiaving a low coefficient of
thormal expansion i necessary. The container also must be
Lramgparent 1o permil inspeetion of the contents.

Preparations which are light-sensitive must be protected
by placing them in amber glass containers or by enclosing
it glass containers in opague eartons Inbeled Lo remain on
the container during the period of use, Silicons coatings are
sometimes applisd to containers to produce a hydrophobic
gurface as a means of veducing adherence of o boavy, costly

Flg 04-3, Various types of ampuls and multiple-dose vials for
paranterals (courtesy, Kimile),
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suspongion or the friction of a rabhee-tip of s syringe phang-
ur.

The size of single-dose containers is limiled to 1000 mL by
the USP and muoltiplo-dose contaivers o 30 mL, unless
sinted olherwise in o particwlar monograpl,. Muliiple-dose
vials are limited in size to reduce Lhe number of punctuies
for withdrawing doses and the accompanying rigk of con-
taminabion of the eontents,  As the name implivs, singls-
dose containers are opened with aseptic eare and the con-
tents used at one time, These may rauge in size from 1000-
ml. botlley 1o 1-mI, or lens ampuls, vials or syringes, The
integrity of the contniner is destroyed when opened so thal
the container cannol be cloged again.

A mulliple-dose container is designed so thot more than
one dose can be withdrawn at diffevent times, the container
maintaining a seal betweon uses. It should he evident that
with full nseptic precautions, inoluding sterile syringe and
needle for withdrawing the dose snd diginfection of the ex-
posed surface of the ¢losure, there is still o substantial rigk of
introducing contaninating microarganismes and viroses inlo
tho contents of the vinl, Tecnuse of this visk, the USP
requires that all multiple-tdose vinls must contain an anti.
hacterint ngent,  TFlowever, theee & no effective antiviral
agent available for such wse.  Therofore, in apite of the
advantage of Clexibility of dosage provided the physician by
o multiple-dose vinl, the greater snfely of gingle-dose, dis-
posable administration units his enused their use Lo increase
rapidly during recent year,

Rubber Closures

In order 1o permit introduction of a needle from a hypo.
dermic syringe inte & multiplesdose vial and provide fov
resealing as soon us the needle is withdrawn, each vial is
sended with a rubber clasure held in place by an aluminum
band, Pigure 84-4 ilustrates how this is done, 'This prinei.
ple also is followed for singlo-dose containers of the cartridge
type, except that there i only o single introduction of the
needle Lo make possible the withdrawal or expulsion of the
contents,

Rubiber clostras pre eomporsd of several ingredients, tho
primary ones beiny natural rubber (Iatex), o synthotic poly-
mer ar 1 combination of these. Other ingrediants include o
vuleanizing agent, usually salfur; a1 acceloratoy, one of dev.
eral aclive arganic compounds such oy 2-mereaptobenzo-
thiszole; an activator, usually wine oxide; fillors, sueh ns
earhon black or limestone and variows other imgredienls sueh
s antioxidonts and lubrieants,  'Fhese are compoundod to.
gether and then valennized in the desired shape, maling use
of molds under high pressure and temperatute.

Rubber closures must have sufficient elasticity Lo provide
a snug fit between them and the ip and neck of the viad and
must spring back to elose the hole made by the needie imma-
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Fig 24-4,  Exlonded view of sealing compemonts for 2 multiple-doge
vinl {Gourtpsy, Wast).

diately on withdrawa), ‘They must not be so hard that they
ave highly resistant. to the ingertion of the needle, and they
must not fragment, as the hollow needio passes through
them. Ideally, thuy should be completely nonreactive with
the sobution and ity ingrecients and should provide o com-
plete barrier to vapor transfur. 'These qualitios are not per-
foelly met by any rubber compound sow available, I is,
therefore, exsentind to determine the compatibility and per-
formance characteristics of each rubber compound to be
uged,

In addition o the physical tests of elasticity, hardness,
fragmentation and vapor transfer, closures should be ex-
pased to the produat for preseribed periads of U at desig-
nated temperature and humidity conditions.  The effect on
the product of extractives from the rabber compound or loss
ol ingredients from the produet 1o the closure should be
determined analytically,  Physicochomical and toxicologi-
cat tests for evaluating rubber closures are described in the
USP.

The physical shapo of some typics] closares may be sew in
g §4-4. Most of them have o lip and a protrudiog (lango
that oxtends into the neck of the vial or hotile. Many disk
closures are heing used now, particularly in the high-spoed
poacknging of aptibiotics.  Slotted closures are used on
freeze-dried products lo make (L possible 1o insert the elo-
sure part way into the neclo of the vial during the drying
phase of the cyele.  Fartial insertion provides some protee-
tion from contamination while permitting water vapor 1o
cucape from the drying product, The plunger type is used to
senl one end of o cartridge. At the time of use, the plunger
expels the product by 1 noodle ingerted through the dosure
at the distal end of the eartridge. Intravenous solution
closures often have permanent holes for ndapters of admine
intration sets, ireigating solution closures usually are de-
signed for pouring,

Production Facilities

A product having components of the best quality guickly
may become totlly unacceptable if the enviramment n
which it is processed is contuminnted or if the manufactur-
ing procedure is not carried vul properly, Thaerelore, the
production facilitios and the procedure used in processing
the product must meet standards adequate Tor the tosk,
The noater these standards approach perfection, the better
and safer ahould be the product.

Arrangement of Area

The praduction aved ean he considered in ferms of live
funetional areas:  the eleanup area, the compounding area,

the aseptic aron, the quarantine wren mud the finishing or
paelaging aren. Al of these shonld be designed and con-
structed for cleaning case, uppropriate enviconmontal con-
wrol, efficient operation and personnel comford. The extra
requirements for the aseptic ares are desighed to provide an
environment where, lor exmmple, an injection may be ex-
posed to the environment for a brief period during subdivi-
sion from a bulk contaiser to the individunl-duse containers
without. becoming contwmninaled,  Contaminants such as
dusd, lint and microoranisnis narmatly are found oating in
the wir, lying on countoers sid other surfneos, on clothing and
hody surfnces of personnel, in the exbaled breaih of person-
nel and deposited on the floor, 'The design and control of an

FRESENIUS EXHIBIT 1013
Page 362 of 408




1654 GHAPTER B4

Quinlity
Contrel
Aroo

\\ Guwnlng Roam

Storkin Fllllng Roam
(A1l Parpons D ntar and Leave Filting
Aran Thiough Thia Hagn} \
Disposutiy u / Saryico Arga
_ Cartridgn Fiting ki
Fliling Howm (Sterile Area) \
Dopnrtivinnt -
Otficy / =
Arvipul Filling
Rewin (S10rilo Ao} | Styrlle Filling Room
-~ - o~
Alr Lack
Starilo Gupplios Entgr Hatao L /M
Fig 84-6,  Floor pian of an gseptic filling area with Its service arsa (courtesy, Wyeth).

aseptic nren s diveeted Loward so reducing the presence of
1hese contaminants thai they are no longer o hazard to asep-
tic filling.  Although the aseptic area soust by adjncent to
support areas so that an efficient flow of components may be
achieved, barriera must be provided to minimize ingross of
contaminants to the aseptic aren. Such & barrier may be a
sealed partition, ofton glase paneled for greater visibilivy
and light.  Apother (ype of barrier is a1 entranceway
through secuwrity doora that requires possage Lhrough un
airlock so designed that both dears cannot be opened at the
samo time, Figure 84-6 shows an arrangement of aseptic
filling rooms with adjacent support arcas,

Flow Plan --In general, the eomponants [or a parentersl
product. flow from the stockroom, oither to the campounding
aren, as for ingredients of the fermula, or to the cleanug area,
as for conlainers and equipment.  Heo Pig 8446 lor a process-
flow dingram.  After proper processing in these arens, the
compenents flow into the seeurity of the aseplic aren for
filling of the product in appropriate containers. From there
the produet passes into the guarnnting area where it is held
until all necessary tests have been porformed.  If the prod-
aet s to be sterilized in its {inal container, the passage
normaily is interrupted after it Jeaves the nseplic area for
subjection to the sterilization provess. After the results
from afl tests are known and the produet has been found
effactive and eafe, il passes to the finishing avea for final
labeling and packaging. There are sometimes variations
from Lhia flow plan to meet the specific neads of an individ-
ual product ar to conforin to available Tacilities, Automated
operations convey the components {rom one area to onother
with little or no handling by operators,
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Fig 04.6, Procossflow diagram.

Cleanup Aren-—"1ha cleanup area is constructed Lo with.
altand maisture, steam and delergents. The ceiling, walls,
and floor should be consteucted of impervious materials 5o
that moisture will run off and net be held. One of the
“spray-onstile” linishes with a vinyl or epoxy sealing coat
provides a continuous surlace [ree from all holes or erevices,
All such surfaces can be washed at regular intervals (o keop
them thoroughly clean. *hese arces should he exhatsted
adeguately so that the heat and humidity will be removerd
far the comfort of personnel,  Precsutions must be taken 1o
prevent the accumulation of dirt and the growth of mieroor-
wanismg, espociolly in the presence of high humidity and
beat, Inthis area preparation for the filling aperation, such
ps sssembling equipment, i undertaken,  Adequale sink
and counter space must be provided, While this area does
not nead 10 bo asoptic, it must be cleanable and kept clean
and the microbial load must be menitered and controlled,
Precautions also must be taken to prevent, deposit of parti-
clog or ather contaminants on clenwn containers and equip-
ment.

Clompounding AreaIn this area the formula iy com-
podnded,  Although it i# not essential that this arca be
aseplic, control over it should be more stringent than in the
cleanup area.  For example, menns may need to be provided
to control dust generated from weighing and compounding
aperations, Cabineta and counters should, praforably, be
constructed of stainless sleel. They should fit snugly to
walls and other furniture so thet there ave no cateh avess oy
dirt Lo acewmulate, ‘Fhe colling, walla and floor should be
constracted similar to those for the cleanup area,  Figurs 84-
7 illustraies such an aren located adjacent Lo an aseptic
{illing aron,

Aseptic Area

This area requires consiruction fealures designed for
maximum security, ‘I'he coiling, walls and floor must be
seatod so that they may be washed and sanitized with a
disinfectant, as noeded. All counters should be constructed
of stainless steel and hung from the wall ao thal there are no
loga Lo accumulate dirt where they test on the Moor, Al lght
fixtures, utility service lines and ventilation lixtures should
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Iy 84-7,  View from e sorvice area with pipeting machina and
stock-tioltls relained oulslda of the aseptle fllling area (Courtasy,
Wieath},

b rocessed in the walls or ceiling to elimingte ledges, joints
and other locations for the necumulation of dugt and dirt.
As much as posaible, tanks contnining the compoundod
produet should remain outside Lhe sssplic filling avon and
the product led into the aren through haose lines.  Figure 84.
8 ghows sayely an artagement,  Mechanisal sguipment that
must be located in the aseptic wrea should e housed ay
completely as possible within a stalnless-gteel cabinet in
arder to seal the oporating parts and their dirt-producing
and accwmulating tendoneics Mom the aneplic environment,
Mechaniesl parts that will contact the parentora] product
ghould be demountable so that they ean be steritized.

Personnel ontering the aseplic area should enter only
through an airdeck, They should be attired in sterile cover-
alle with aterile hals, wnsks ond fool covers, Movoment
within the room should he mininal and in-and-out maove-
ment rigidly restricled during a filing provedure. The re-
guirements for room preparation and the personnel may be
relnned somewhal i the produet is to be slerilized in asealed
eontriner, Some are convineed, however, Lhat il i betior to
lave ome stundnrd procedore meeting the most vigid require -
merts,

Flg 04-8.  Praduct filtration from the aseptls gtaging room through a
port into the asgptic filling room {courlesy, The University of
Tonneasos Gollage of Phartacy),
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Alr Claaning

The air in these areas can be one of the greatest sources of
contmmination. M need not be, bowever, hecsuse several
mulhods are available for providing clean uiy thad is essen-
tially free from dirt particles pnd migroorganisms.

"I'o provide such air, it must be eloaned theroughly of all
contatninants. ‘This may be done by n series of treatments.
Air from the ontside Lt in pasged thyough a prefilter, usual-
by of ylass wool, eloth or shredded plastic, to remove large
parliclus, ‘'hen it s teeated by passage through an electros
stutic precipitator (Suppliors: Am Alr, Eleotro-Alr, Sturtes
vant). Such s unit induces an elactrical eharge on particles
in the air and removes them by attraction Lo oppositely
charged plates, The air then passes through the most effi-
cient cleaning device, a HEPA (high efficiency partioniate
air) filter having an efficiency of at loasl 99.97% in removing
particles of 0.3 pm and larger, bosed on the DAP (Diocty)
phibalate) test (Suppliers: Am Air, Cambridge, Envireo,
Flanders),

Tor personnel comfort, air conditioning and humidity
cemtrol should be incorporated into the system,  Anoller
syaten, the Kathabar system (Surface Combustion), clenns
the air of divt and mievoorganisma by washing it in an anti-
septic solution and, at the same time, contrels the humidity.
I"he elenn, nseptie air is introduced into the aseptic ares and
myitained under pagitive pressure, which prevents outgide
wir Crotn rishing inlo the ageptic area Chrough eracis, Lempao-
rarily apen doors or other openings,

Laminar-Flow Environments- - The required environ-
montal gontrol of apaptic arens hag been made possible by
the use of lamingr-flow enclosures. Laminar airflow pro-
vides n Lotnl swaep of n conlined aren beeause the entire body
of air moves with uniform velocity atong parallel fines, origi-
nating through s HEPA filter oecupying one entire side of
the confined area.  Thereforve, it bathes Lhe total areq with
very clean air, sweoping away contiminants,

The arrangement, lor the divection of airfllow can be hori-
ol (see Iig 84-9) or vertical (see Fig 84.10), and may
invelve a limited wren such as o workbeneh or an entire room,
e affootive air veloelly is considered Lo be 90 + 20 [/min,

1t muat be borne in mind that uny contiministion intro-
dueced upstrean by equipmaont, sxme of the operator or leuks
in the Mlter wil) be blown downetrenm,  Tn the inglance of
horizonta) flow Lhis may be o the eritical working site, the
faee of the operstor or aeross the reom.  Should the contmm-
inant be, for example, peniciilin powdur o viable microor.

MEPA FILTER

. PRE FILTER

BLOWER

Fig 84-%.  Horlzontal laminar-flow workbench {courlugy, adaptation,
Sandin)
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Flg 04-10, Vertical laminar-iow portabie room wilh equipment and
operators (Gourtesy, adaptation, Sandia),

ginisms, the dangor ia apparent.  For operationy involving
gueh contuminants s vortical system ia much more desirable,
with the air fowing through perforations in the countertop
or through return louvers at floor level, where it can be
dirvected for decontmmination. Vertical flow hus been ree-
ommended for sterility-testing procadures,

Laminar-flow environments provide well-controlled work
nreas only if proper precautions are observed,  Any air cur.
rents or movenents excoading the velocity of the HIEPA.
filtered airflow may introduce contamination, as may cough-
ing, reaching or other manipulations of operators.

Therefore, laminar-flow work arens should be proiected
by being located within controlled environments. Feraon-
nel prefernbly should be attired for aseptic procesiing as
deaeribed balow,  All movoments and processes should he
plamed esrefully Lo avoid the introduction of contomina.
tion upstream of the eritical work area.  Checks of the air-
atresm should be performed initially and at regular intervaly
{0 be sure no Ieaks have developod through or around the
HEPA filters. 'This can be done most effectively with oloe-
trenic particle counters (Suppliers:  Alr Technigques, Cl-
mel, Met One, Particle Meayuring, Royea).

In the manufaeture of parenterals, conventionul clean-
room facilities frequently are yupplemented by vertical lan-
inar-nirflow modules suspended above critical sites, such as
filling lines. These eritical operations thereby are hathed
with HEPA-filtered air to provide oxtra protection for the
})1‘“(’0(:1..

Laminar flow of HEPA-liltored air should meet the stan-
dard for a Class 100 ¢lean room as defined by Federal Stan-
durd 209C,% whieh statos that such an environmenl containg
no more than 100 particles per ou It of 0.5 pm and larger size.

Sonventional clean rooms would be of a lesser degroe of
cloanliness, such as Class 10,000, defined on the sane lasis,
This atondard haw brought order into definig clean rooms
and provided s common basis for their deseription.

Workthenches and other types of laminar-flow enclosures
are available from several conunercial sources (Suppliers:

Air Controd, Atmos-Tech, Baher, Controlled Entironment,
Envireo, Fanders, Germfree, Laminaire, Liberty, Veos,
Weber),

Uitraviolet Radtation

Ultraviolet (U} Hght raya have an antibacterial action,
thereby producing a disinfectant action on directly ireadi-
ated suifaces. Since these rays eaonof penelrnie most ma-
terials, only a swriace effect is produced, with the principal
exception being limited posetration through air and pure
water. UV light rays travel in straight lines only; therefore,
obyjeets in the path of the light beam will cast shadows with o
resultant lack of irvaciation in the shadow area.

UV rays are ieritating to the skin and, particolnrty, the
eyes of himan heings. Therefore, personnel in the ares of
irradintion must be protected from direct oxposura,

UV Jumps may be instalied so s Lo provide oither direet ot
indirect. radintion.  Direct irrgdiation of o room when pey-
sonuel are not present is a valusbla mems of reducing the
baelerial count on working surfuces and floors, Lamps in-
statled above hand level, so that pesoinel present are not
irradiated, can iveadinte cireulating air Lo reduce the micro-
bial leve! continuoualy during processing.

Local irradintion may be usetul in hood-type fixtures, over
filling and other proeess operations, within large storage
tanks oy in any place where additional protection fram con-
tamination is neaded, provided any product prosent i not
affected adversely by UV rays, UV Jamps usually are nob
employed in conjunction with laningr-flow facilities be-
coure the HEPA-Tillured air sweeps exposed surfnces clean
and the air itself flows oo Fast for adequate lethal iveadintion
of microorganismy being carvied in the air stream.

‘Tho best; practical source of UV light rays is the cold-
eathode wercury vapor lamp. ‘This lamp emits & high pro-
portien of radintion at the 261.7 nm wavelength, A spocinl
glngs is wsed for the tube so that the rays will pass o the
outside, 'This gloss gradunlly will change in erystat strue.
Lure with use go thut pussage of Lhe rays is graduatly reduced.
Soch lamps, Uherefore, rarely burn aub ar do visibile-lght
lamps but gradually rench an mniasion kevel which is ineffec-
tive. These lTamps aleg muast be Lept elean, for dust and
wrease will lower the sfective omission drastically, Tl gonoer-
ally is stated that an irradiation intensity of 20 pw/em? ia
roquired for effective antibactarial activity.

Mainenanca of the Aseptic Aroa

Tmportant, aspeels in the control of environmental eon-
tamination in Lhe aseplic wren are hounakeeping and mainte-
nance. Pheso should not e done in a baphazard manner by
the general maintenance crews, but ather by crows given
apecial instruction and under the supervision of persoinel
trained in the care of such areas, In general, cleaning and
maintenance should be done after the completion of the
day’s work with an interval of quietude bofore the heginning
of another aseptic operation. With the advent of laminay
flow of MBI A-filtered air the vigors of cleaning have been
reduced since the clean airllow continuously “sweeps” the
area clean. All mpintenance cquipment should be selected
for its effectiveness and freedom from lint-producing ten-
doncies and should be reacrved for uso in aseptic areas only,

Personnel

Passonnel selectod Lo work on the prepuration of a paren-
teral product. must be neat, orderly and relinble, They
ghould be in good ealtls and free from dermatologicnl condi-
tione that wight inerease the microbial load, I thoy show
symptoms of o head cold or similar illuess, they should not
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{lting roem {courtesy, Abbotl),

be permitted in the aseptic nren until their recovery is com-
plete, Thay mugl receive inlensive insteuction in the pring-
ples of aseptic procassos, 'They also must be made 10 appre-
ciate the vital part Lhat overy movement they maeke has in
determining the reliability and safety of the final product.
Supervisors should be sclected with particular care, 'They
must be individuals who underastand the unigue require-
ments of aseptic procedures and who are able to obtain the
ful) pardicipation of other employees in falfilling these exact-
Ing requirementy,

The attire prescribed for personnel varies from one manu-
facturing facility to anothor. However, uniforms should bo
freshly laundered for ench day. o uae in the aseptiec area,
uniformg should be sterile,  Usually fresh, slerile uniforme
ghould he wsed afler every hreak period, or whenevoer the
individual returns Lo the aseplic aren.  Tn some plants this is
not reguired if the product is to be sterilized in ila final
container. The uniform usunlly consists of coveralls for
both men and women, hoods to completely cover the haiy,
face maghs aud Dacron or plastic boots (B 84-11), Storile
rubbor gloves also may bie required for most nseptic opera-
tions, preceded by thorough serubbing of the hands with a
divinfectant soap. In addifion, goggles may be requirad te
complole the coverage of all skin arens, The uniform iy
designed to confine the contaminants discharged from the
body of the operator, thereby preventing their entey into the
product onvironment.

Dacron or Tyvek uniforms sre used usually, are offective
barriers to discharged hody particles (vinble and nonviable),
nre easentially lint«free and nre reasonably comfovtable, Afr
showers wre sometimes diroeted an personnel entaring the
processing area to blow loose lint fzom the uniforms.

Environmental Control Tests

In spite of the elaborate procautions tnkon by pharmacen-
tica) manufactarers to provide satisfactory conditions for
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the proper processing of parenterals, the air may become
laden with bacterin or other particles with subsequent con-
tamination of the product. 'Fo monitor this condition, sait-
able environmental control tests should be performed at
regular intervals,

Such tests generally ure designed to measure either the
particles in o volume of sampled air or the particles thal are
sottling or have sotbled onto surlaces. A volume of air mea-
sured by an electronic particlo counter will dotect afl parti-
cles and not differentinte betweon viable and nonviablo
ones. However, because of the need to control the level of
microorganisms in the environment in which sterile prod-
ueta are processecd, it also is nocessary to detect vinhie parti-
cles, which usunlly are less i number than nonviahle ones,

Loeations for snmpling should be planned to reveal potens
tial contamination levels which may be eritical in the control
of the environment, For example, the most critical provess
atep i usunlly the filling of dispensing containers, n aite
obviously vequiring menitoring, Other examples include
the gowning room, high-traffic sites inand out of Lhe fil)ing
aren, the penetration of conveyor lines throngh walls and
sites near the inlet and exit of the air system,

The size of the sample should be lnrge enough o oblain a
meaningful pavticle count. At sites whers the count, is ex-
pected 1o be low the size of the sample may need 19 bhe
mcruased; for example, in Class 100 arens, Whyte and Ni-
ven, " suggest that the sample should be at loaal 3¢-¢u [t and,
probahly, much more. 'T'bey also suggest that saliling plates
should be exposed in Clags 100 areas (or an entive fill (up to 7
to 8 hr) rather than the more common 1 e, However,
excansive dehydration of the medium musit be avoiced, pare
ticularly in the path of loninsr-flow air.

To monsure the total particle content in an air sample,
elecironic particle counters are availnbia, operating on the
pringiple of the moeasurement of light sealterod from parti-
clen g Loy pags through the cel] of the optical system (Sup-
plierst AT, Climet, Met One, Particle Meusuring, Ruyeo).
These imatrumants not only count particles hut also provide
a nize digtribution based on the magnitude of the light scat-
terad from the particle,

Savaral nir-sampling devices are used w obtain a count of
migroorgadisms in a measured volume of atr, A slil-lto-agar
(5'TA) sampler (Mattson-Garvin, New Branswicl) dvaws by
vaeutn a meassured volume of air through a narrow opening
causing the air to impact on (he surface of o slowly rotaling
nutrient agar plate,  Microorgunistms adhere 1o the surlace
of the agur and grow inte visible solenics which are counted
s colony forming units (CTPUs), sinee itis not known wheth-
er tha colonics arise from a single microorganism or a cluster
A centrifugal sampler (Bintext) pulls nir into the smnpler by
means of 4 rotating propeller and alings the aiv by centrifuga
action agninst a peripheral muteiont agar strip, The advan-
tages ol this unit are that it can be disinfocted ensily and is
portable so that it can be hand-carvied wherever needed.
These twe methods are vsed quite widely.

Another volumetric air samplor in an open-faced Miller
holdar (Gelman, Millipare, Nuelepore, Sartorius). Tho air
sumple is drawn throngh the (iller moembrane in the holder
by means of a vacvum, the volume being controlled by
means of & limiting orifice.  This doviee can be used for
obtaining either a totud particle count or a count of CFUs,
depending on whether the membrane is subsequently placed
on a microscope slide and expmined under the microseope
for particles or placed on nutrient agar mediom and incubat.
ed for the growth of CIMUs.

It showld be noted that most vepotative forms of microor-
ganismy will be dehydruted und killed by the dehydrating
effect of the airstropm; therefore, the CPUs would arike
principally from the growth of spores.  Another devies is the
liguid impinger. A air smmple is drawn into the orifice of
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vhe sampler by vacuwuam through a limiling orifice and bub-
Bled thyough a dilute nutrient medium or saline, The oljee-
tive ix Lo wagh microorganismsa out of the air bubbles and
inta the liguid medium whigh then is filtered through a
membrane filter, the membrane placed on the nutrient agar
medium and incubated, This method is somewhat more
complex, hut it i used in aerobiology as a reference methed,
Vegetabive microorganisms are likely 1o survive hecause of
the relativoly soft impingement in the liguid,

A widely used method for microbiologienl sompling con-
sists of the exposure of nutrient agar cultura plates to the
settling of microorganisms from the air. This method is
very simple sod inexpensive to perform bul witl detoct only
those organisms which have sottled on the plate; therefore, it
doos not measure o number of microorganivmyg in 8 mea-
sared volume of gir. Novertholesy, if the conditions of ¢xpo-
gure ave repented copsislently, & comparison of CHFUs at one
sampling site from one time Lo anothor can he meaningdul.

The level of microorganisms on surfoces con be deter-
mined with nutrient agar plates having a convex surfuce
(Rodue Plutes), With these it is possible to rol] the raised
agar surlace over flat or irregular surfoces to be tested, Onx-

gunisms will he picked up on the agar and will grow during
subuequent incubation,

Hesults from the above tesls aroe very valuable to keep
cleaning, production and quality-coniral personnel apprised
of tho level of contamination ina given aren and, by compari-
gon witd bageline counts, will indiente when more extensive
clenning and sanitizing is needed.  The resulty also may
sarve Lo detect environmental eontrol defects sueh as Failure
in air-cloaning equipment or the presencoe of personnel who
may he dissominating Jarge numberd of bacteria without
uppurent physicad il effects,

Another tost which is much more stringent is Lhe [iling
and sealing of storilo trypticase oy broth it sterile contain.
exs under the samo conditions used Tor an peeplic Gl of a
procuct, a “media il The entire lot then is incubgtad and
exomined subsequently for the appearance of growlh ol mi.
croorganisms which s indicative of contaumination from the
environment, the process, the aperators or the equipment,
It also may be wsed ag w measure of the efficiency of &
particular operator, Since this o “tolal sterility test,” i ik
the best indiention of the efficiency of the sseptic Tilling
proness,

Production Procedures

Cleaning Containers and Equipmenl

Containers and eguipment coming in contaet witl paren-
toral preparations must e clommed meticwlowsly, 1L in obvis
ous that if this were not so, 8l olther precautions 1o prevent
contwmination of the product would bhe useless, Tt also
should L chvicus that even now, unuged containers and
equipment. will bo contaminated with such debris as dust,
fibers, chemical films and other materials ariging from such
sources ao the atnosphere, cardons, the manufactoring pro-
cess and buman hands. Mueh greater contamination must
Jye: removed [rom proviously used containers and equipment
before they will by soitable for reuse.  Fguipment should e
reserved rigidly for use only with purentersl preparations
and, where conditions dictate, only for one type of product in
arder to reduee the riak of contamination,

A variety ol machines are available for cleaning containers
for parenteral produets. These vary in complexity from »
gingle-jet tube for hand ringing one inverted contningr at
titne with distilled water, to complex, automatic washers
capable of processing several thousand containgrs an hour,
The seleation of the particular Lype will be determined large-
ly hy the physical type of containers, their condition with
respeet to contamination, and the number to be processed in
a given period of time,

Charactoristies of Muchinery—Rogurdloss of the type
of cleaning machine selected, cerfain Mindamentnl charac-
teristics usnalty ave vequired,

Lo Dhe liguid or air treatment mued e inbrodueed in suel o manier
that it will sirike the bottom of the ingide of the invoried cundainer,
spread in all diresticns and smanthly fow down the walls and oul Lthe
apening with noweeping aetion.  Tho pressure of the jet slroam shoulkl
T svieh Vhat, taeto is minind sploghing, and the tow shoutd be such Lat
it enn foave thy eontainer apaning without aceumututing und producing
turblenee isido,  Staobing muoy prevent cloaning all acons, and turlm
fence may rodeponit loosened deloris, Thoerefore, direet introduetion of
the ju, ateeam within the centainar with control of it Tow b6 requived.

20 Tl container must receive o gonoarrenl ontaide time,

A e epele of treatmonl shoald provido for o plamied sequanee
altersating wery hot and eool teentments,  Phe Mol treatmaont should b
an effective rimwe with watar of w guolity siuivalent (o W,

4, Al metal partn coming in cottaet with the containers and with the
trontanents should be constracied :)f::1.:| nlemn wlerl ar soone odhar noocor-
voding and noneontuminating materin.

Troatmmt Cyele—'The eyele of treatments to be em-
ployed will vary with the eondition of the containers to be

cleaned. In genoral, Joose dirt enn be removed by vigorous
rinaing with water, Detergents rarely ave veed For new con-
tainoes becavse of the rale of leaving detergent residucs,
However, n thermal-shock sequence in the eyele usally is
employed to aid, by expansion and contraction, loosening of
debris that may be adhering o the coniainer wall. Some-
times only an alr vinse is used for new containers, particulas-
By if vsed for o dry powder. In all instances the final vinae,
whether air or WEL muast be ultraciean so that no particulate
residues ara laft by the rinsing aygenl.

Contatiners previously used cannot be raliably cleaned and
the eost of attempiing to do so iz probibitive,  Therefore,
normally, enly new containers are used for parenterals, Tm-
provesients have heen made in mointaining their clesnliness
during shipment. from the manufacturer through tight, low-
shedding pacleaging, including plastic biisler packs,

Muachineey for Containers -The machinery available
for elenning lurge numbors of containers embodies the above
principles hut varies in the mechanics by which it is necom-
plished. Tnonaapproach, the jol tubes are arvanged on armes
like the spokes of a wheel, which rotate around o center poyl

Figg 84-12.  Rotary ringer (Cozzoli) in o claan environmont rovided
by wartical lamingr oirtiow within o curtatnud enclosure (Gourtegy,
Cibn-Grigy).
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through which the treatinents are introduced,  An operator
placey the unclean containers on the jet tubes as they pass
the loading point and removes the clean containers as they
complete one rotation. Such a maching is pictured in Fig
84.12. Another maching hay g row of jet tubes across a
conveyor helt, The belt moves the row ol containers past
the treatment stations and discharges the clean onex on the
oppasite end of the maching, proferahly through a wall inton
clean room. Two operatory are required for this machine
(Fig B4.13). A cabinet-type washer permits loading the
containors on a rack of jet tubes. The rack is pushed inside
the eabinet during the cleaning evele. 'This type of machine
(1M B84-14) permite hondling n varialy of sizes und bypes of
containers guite casily, bul Lhe number of contuiners han-
dled in a given poriad of time is relatively smadl,

The disadvaniage commaon Lo gl) of the above types of
machines iz that thay requive the individual handilng of each
container for londing und unloading. A typo which over.
comen thiz disadvantuge i the rack-loading washer, Racks
are prepaved to fit over the open ends of ampuls or viels ny

Flg 04-13.  Conveyor rinser (Corzal]) discharging cletn vials in a
praparatian aron (Courtogy, Scherlngh.

i 411 1 o

Fig 84-14.  Gabinat washor (Getter Built) baing loaced with amputs
{eourtesy, Tha Unlvarsity of Tennessoo Coliege of Fharmacy),
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they are found in shipping cartons, Inverting the carton
permits the containers to be transferred from the arton to
the washer without handling them individaally, A battery
of jet tubes is arenged (o enter each container positioned in
the rack. The cloan eontainers may be removed in the rack
and trunsferred to  hox for dry-heat sterilization and stor-
age (see Fig 84-15), More details of the industrial washing
of glasaware have boer piven by Anschel,

Handling after Cloaning.-The wel, clean conlainers
must be handled in such a way Lhat contawination will not
be reintroduced, A wet surface much more readily will
collact contaminants thaw will a dey surface. For this reasen
wel, rinsed containers should be protecied, such ag by a
laminar flow of clegn air until covered, ne within a stainless-
sleel Dox (ges WMps B4-12 and 84..16), In addition, microor-
ganisms are more likely to grow in the prosence of mojsture,
Therafore, it is proferable, it not required, thal containers be
dry-heat sterilized in a stainless-steel box that will protect
them from contamingtion during storage after sterilization.
Dioubling the heating peviod generally has boen considered
1o be adequate also to destroy pyrogens, bul Lthe actus] time-
temperature conditions requived must be vahidsted, 10 iy

i n it
H GO

fram & eontalner carton {courtasy, Motromatic),

Flp 04416, Continupuy autormatic llne oporation for vials from o
rotary dnser through a storllizing wanel with vartical mminarabr(low
protection of clean viats {courtesy, Abbott),
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proved that stoarilization is nol esaential, the containers pref-
erably should be filled fmmodintaly with product.

Increases in process reles have necessitated the develop-
ment of continuous-line progessing with ¢ minimuarn of indi-
vidual handling, still maintaining adeguate control of the
gleaning and handiing of the containers, Pig 84-16 shows a
continuous automatic-ling operation from feading the un.
washed container into the potery ringer (o passing it through
the drying and sterilizing tunnel. The clewn, wot eontainers
are protected by filtered Jaminar-flow air from the rinser
;,hmugh the tunnel and until they are delivered to the Llling
ne.

Closures-—Hubber ddosures are coated with Jubricant
from the molding operation. In addition, the rough surface
and eloslrostatic attraction tend to hold debris,  Also, the
surface “bloom™ from migrated inorganic constituents of the
campound must be eemnoved. The recommended procedure
calls For gentle agitation in a hot solution of a waler soltener
such as 0.5% sodium pyrophosphate, 'he closures ave ro-
moved {rom the selution and rinsed wevera! Lmes, or contin-
uously far n prolongoed period, with wator and finally with
filtered WEL The rinsing s to he done in o manner which
will flush away Joomened debris,  The wet elosurs then are
slerilized, usually by attoddaving, and atored in closed eon-
tainevs unti] ready {or use. At times this step is eurried out
in ¢ solution of the bacleriostatic agent to be usad in the
product, in order 1o equilibrate the rubber closure with the
agent.  Subsequent losa of the agent from the solution o the
closure is then less likely to oeccur. 1 the closures were
immersed during sutoclaving, the solution is drained off
hefore storege ta reduce hydratien of the rubber compound.
I the closures must he dry for use, they raay be subjected to
vacum drying ab a tempovature in the vieinity of 160°,

The oquipment used for washing large numihers of alo-
aares i usundly an agitater or horizontal hasket-type avto-
matic washing maching. Heeause of particulote generalion
from the abrading action of those machines, some heat the
closures in kettles in dotergent solution and follow with
profonged flush rinsing.  The final rinse always should be
ultraclean W',

Bauipment-—The dotails of cerinin preseribed lech-
nigues for clemming nad proparing equipment, as well as of!
containers and closures, have heen presented clsewhere,!®
Here, n few points will be amphasized,

All equipmaont should be disnssombled as much as pessible
to provide aceess bo internal structures,  For thorough
clesning, surfaces shoukl be serabbed thoroughly with 2 stiff
brush using an eifective dolergent, paying particular atten-
tion to joinis, cravices, serew thegads, and other stractares
where debris 15 apt to collect.  Bxposure 1o a stremn of clean
steam will aid in dislodging residues (vom the walls of sio-
tionary tanks, spigots, pipes and similar struectures, ‘Thos-
ough rinsing with distilled water should follow Lhe cleaning
wltapa,  Large stationary {anks, such ag those shown in Fig
#4-14, should be protected as much as possible from con-
tamination after cleaning but should Lo rinsed thoroughly
again with distilled water prior to reuse.

A rolatively new comeapt for cleaning tanks, piping and
associnted attachments s cadled cleaping i place (CIP)
Such an approach involves designing the wystam, normnlly of
phaindess steel, with stagobh, rounded internal surfaces and
without, crevices.  That is, for example, with weldod vathor
than throaded conpections, The clesning is accomplishod
with the scrubbing sction of high-pressure spray balls or
nowbes delivering hot delorgent solution from tanks caplive
to the system, Thorough rinsing with WET follows and is
accomplished within the same system, Such a process is
often automated and may be computer-controfled, '

Rubber tubing, rubber goskets and other rubber parts
wmay be washed in s manner such oy described for rublber

Flg 0417,

Large atalnleas-staal tniks for product preparation
showhng merzaning actess lovel (Courtogy, AboN),

clonures, Thoraugh vinsing of tubing must be done hy pass-
ing distilled water through iU, However, due to the relative-
ly porous nature of rubibor compounds and the diffieally in
removing all troces of chemicals from previous use, it iy
considered by some inndvisable Lo rouse rubber tubing.
Rubber tubing must be left wel when preparing for sterilizg-
tion by avtoclaving.

Product Preparation

The basic principles employed in the compounding of the
product do ot vary from those usad routinely by gualified
pharmacists, However, selyeted aspoets will be mentionaed
for emphasis.

All messurements should be made 2 acourately as possi-
ble and should be checkad by a second qualified person.
Altheugh moeset liguid preparations are mace by vohaome,
where poseible they should be made by weight, with the
woight experimentally determined from n preseribed vol-
ume This method i@ more asetirate gince no congideration
need bo given to the tempemiure of the components, In
nddition, measuremenis by weighl normally con be per-
formed more seeurabely Chan those by volune,

Clare must be taken that equipment is not wet enough o
sipnificantly dilute the product or, in the case of anhydrous
products, to cavse n physical incompatibility, The order of
mixing of ingredienta may affoet the product significantly,
particufarly those of large volume where attaining homoge-
neity requires considerable mixing Ume. Yot examngle, the
adjustment of pH by the addition of an aeid, even though
diluted, may couse excossive loeal roduetion in the pH of the
praduct so that adverse effects are produced before the aeid
can be diapersed throughout the entive volume of produet,

Paronteral dispersions, inctuding colloids, emulsions and
suspengions, provide patticular probloms, FParenteral
amulsions have been reviewed by Singh and Ravin'' In
addition to the problems of schioving and maintaining prop-
er roduction in particle size wndey nseplic conditions, the
dispursion must be kept in a aniform state of susponsion
throughoat the preparative, trangter and subdividing opera-
licny.

The formulation of & stable product iy of paraneunt tm-
portance. Cortain aspects of this have boon mentioned in
the discussion of components of the produet, Bxhavstive
aovorago of the topic is nol possible within the limits of thig
text, bt fther eoverage s provided in Chapler 76, 1t
gshould be mentioned horo, however, that thermal stariliza-
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tion of parenioral products inereasey the pomsibility of chom-
fenl reactions,  Such reactions masy progress Lo completion
during the period of elevated lomperature in the antockeve,
or be initiated af this tine but continue during subsequent
storage,  The sysarancn of silaing produet stahility re-
quives a high order of pharmmeeutical knowlodge mnd re-
apongibility,

Fillration

After a product hag hoen compoundad, it must be fillerod
if i is & solution. 'The primary objective of TMeation s to
clarify a solution. A high degree of clarificntion i termed
“polishing” n polution.  This ferm is used when partienbile
matter down to approxitalely 2 pm in size 19 removed, A
further step, removing particelate matter down bo 0.4 on in
size, would eliminate microorganisms and would accomplish
Yoold™ sterilization. A solution having 2 high degree of
elarity conveys the impression of high quality ad purity,
desiraliie characteviatios for s parontoral sohtion,

Fillers nre thoughl to function by one or, wsaally, a combi:
nntion of the following: (1) sieving or sereening, {2) entrap
ment or impuetion and (3) electrostatie atbaetion. When a
filtor reluing parbicles by sioving, they are retained on Lhe
swiace of the Fler, Bntrapment oceurs when s prrticle,
smaller than the dimensions of the passageway (porel, be-
eomes lodged in o turn or impacted on the swilace of Lhe
passageway, Sectrostatic attraction cavnses particles oppo-
site in charge to that of the surface of the filter pare ta be
held or adsorbed o the srlpee, It should he neted that
increaging, prolonging or varying the foree bebind the sola-
ion may entd Lo swoep particles iopitinlly held by entrap-
ment or electrostatic charge through the pores and into Lhe
filtrate,

Toduy, membrane filers are used almost exclusively for
parenteral solutions. Their particle refontion effectivenesy,
flow rate, nonreactivity mad disposable chormeteristics have
Justified their use 1o the exclusion of most other types, The
most common membranes are compesed of)

Clollalosy valee (Suppliees: v, Gelmen, Mifipere, Sarterii,
Seflefehery,

Myl (Supypriies Safl),

Potysalfone Sopplioes: Celnia, Milipure),

Pudycarhionnde (ouppliers Nuefepore].

but other materials sve boiog used, including 'Teflon and
othor plastic polymers.  They are available as flat wem.
Liranes or pleated inbo eylinders Lo increase surface nren nnd,
tha, flow rate. Bach (iliar in fs holder shonld be tested for
interrity before and aftor use, partionlarly i it is being used
1o eliminate microorganisns,  While wombeano filters are
disposnble, and thus disearded aller use, the holdom must bo
cleanad thoronghly between uses,  Increasingly, eloan, ster
ile, pretested, disposable pssomblics for amall as well os
reladively lurge volumes of solutions arve becoming availallbe
commereinlly, Other chaaactoristios of theao fllers, impor
tanl for o full understanding of thaelr use, are given in Chapy
Lor T8,

Filling

Touring bhe filling of containers with a product, the most
stungont reguiretnents must be exercised lo prevent con-
tamination, particalarly if the prodoct s heex sterilized by
(ilteation and will not he storilizod in the final contminer.
Under the latter conditions the process vanally s called an
“areplie fill"” During the filling operation, the product
munt. be translerred from a bulk container and subdivided
inte dose containera, This operation exposes the pradu. 1o
the enviramment, cquipment and manipulntive technigue of
the eperator until it can be sealod in the dose conlainer,
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Theralare, Uiis operation is carried oul in Lhe aseptic filling
Aten where maximum protection i provided,  Additional
protection may be provided by filling under a blanket of
P ASierad laminar-Tlow air within the aseptic nren.

Normally, the compounded product s in the forn of ¢
ther o liguicl or o golid. A liquid s more repdily subdivided
uniformly and nirotueed into & container having a naeraw
mouth than ig a solid. Mebile, nonsticking liguids are cons
siderbly easier Lo transfor nod subdivide than viscous,
stieky Hguids, which require henvy-duty machinery for rap-
id production filfing,

Although many deviees are availablo for filling containers
wilh liguida, cortain charncteristics are fundamental to them
WL A menns i provided for repetitively forcing a mensured
volume of the liguid theough the orifice of & delivery tube
which s introduced into the eontainer. ‘The size of the
delivery Lube wil) vaey (rom thal of ahout o 20-gauge hypo-
dermic noedle (o a tube Y in. or more in dinmeter, ‘The sise
roguiried s determined by the physiond cheacteristics of the
Lieguidl, the desired delivery spoed and the inside diameter of
the necl of the contaiver. The tube must enter the neck and
deliver the liquid well isto the neel 1o eliminate spilluge,
allovwing sufTicient clearanee to permit air Lo jeava Lhe con-
tiner ax Uhe lguid enters, b delivery tule should be ns
Toegge in dimmoter s possible in ovder o reduee the realstance
Lo Lo How of the liguid.  For smaller valumes of Bguids, $he
defivary wsualtly is obinined (rom tho stroke of the plunger of
wsyrings, foreing the liquid throwgh o two-way valve provid-
ing for alternate (iling of the syringe and delivery of mobile
liguids, A slidivg piston valve would be used for heavy,
viseous lguid,  Other mechanisms inchude the turn of an
sygrer in the neck of a funnel or the oscillation ol a rubbor
diaphragm, For lavge volumes the quantity delivered usunl-
[y 15 mersurad in the container by the level of {ill in (he
conlainer, Ue foree reguired lo transfer the liguid hring
provided by gravity, a progsure pump or o vacuuam pami.

‘Phe naurrow neck of an ampul limits the dearance passible
between tha delivary tabe and the inside of the neck, Smee
adrop of liguid novmally hnngs at the tip of the delivery tnbe
after o delivery, the neelt of an ampul will be wel as the
delivery tube s withdrawn, unless the drop is rolracted.
Pherelore, filling atachines shoulid have a mechanism hy
which this drop cun bo drawn back into e lunen of the
tube,

Binee the lguid will be i intimate contact with the parts
of the wachine through which il {lows, thess must be con.
strueted of nonresctive materinla sueh ny baresilicate glagi
or stainfess steel, In addition, they should easily be de.
mountable for cleaping and sterilizalion.

Hoenuse of the conearn for partictilate matter in injoctable
proparstions, a final filter often is inserted in tha syatem
betwean the filler and the delivery tube.  Most frequently
this v n membrane {ilter, having n peeosity of npproximately
1w and treated Lo have o hydrophobie edge. T'hin s
necensary Lo reduce the rigl of mpture of the membrane dug
to filling pulsations. Hshould be noted that the insertion of
the flter st this peint should collect all particulate multer
gonernatod during the process, Only that which may be
found in ndeguately claanoed containers or picked wp {rom
aRpOIIG 10 the environment after passago throwgh the final
filter potentially permaln ng contominants,  However, the
filter does cushion liquid flow and reduces the efficiency of
drop retzaction from the end of the delivery tube, sometimes
malcing it ditficult Lo control delivery volume ag precisely ny
would bu possble without: the filter.

Ligumids. - The filling of' a small number of continines miay
Lo aweomplished with o hypodesmic spyringe and peedle, the
ligguiel hoing drawn into e syringe sod foreod thyough the
needle inlo the comtainer. A doevies Tor providing preater
upeed of Mg is the Cornwall Dipoet (81 & Co}. This has n
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two-way valve between the syringe and the needle and a
means for setting the steoke of the syringe so thal the same
volume will be dolivered cach time,  Clean, sterile, dispos-
able assemblies (Suppliers; Burron, Pharmasead) operating
on the same principle have partioular usefulness in hospital
phannacy aparations.

Machanicalty operated instruments substitate a motor for
the operator’s band in the previouy deviees deseribed.
Pheraby, o much fastor filling rate can be achieved. By
caralul engineering, the stroke of the syringe con be repoated
precisely, and so, onge o particalar setting bas bean calibrat-
ed Lo the dalivary, high delivery precision is possible. How-
evar, the spoed of delivery, the expansion of the rubber
tubing eonnaecting tho valve with the delivery tube, and the
rapidity of acdion of the valves can alfect the pracision of
dulivery, A [iling machine employing a two-way valve as-
pembly is shown in operation in Fig 84-7,  One employing a
piston valve is shown in Fig 84-18, Stainless-steel syringes
are regquired with viscous liquids because glass syringes are
notstrong enough to withstand the high pressures developed
during delivery,

Whon highespeed filling rates are desired bul aceuracy
and precision must be maintained, multiple filling units are
often joined Logether in an eleetronically coordinated ma-
chine, such ns shown in Fig 84.19,

Mouont, high-speed fillers for large-volume solutions use the
bottle as the monsuring device, transferying the liquid either
by vacuum or positive prossure from the bulk reservoir to the
mdividual unit containers. Therefore, a high accurauy of fifl
is nol nehievablo,

The USP indicates that each container should be filled
with a slight excess of volume and gives n table of such
suggested uxcoss,

Solids--Starile solids, such as antibiotics, are more difli-
cull. to subdivide evenly into containers than are liquids,
T'hur vt af How of solid material s slow and irregular,  Hvep
though o container with o dwger diameter apesing s used 16
fucilitnto filling, it is difficult to introduce the solid particles,
and the rigk of spillage is ever-present.  The sceuracy of the
gunnlily delivered cannot be controlled as well as with hg-
wids.  Because of these factors, the Lolerances permitied lor
the aontent of such containers must. he relatively large
Bugreated tolernnces can be found in the USP,

Some sterile sollds are subdivided into containers by indi-
vidual weighing, A scoop usually is provided to aid in ap-

i 0470, Filling imaching amploying o pleton valve and a slintess.
steol ayringe (courtasy, Cozoll).

i i
Fig 84-19.  Faur-pump liguid filler, with & cenvayor ling for vinks
protected by a vertical laminas airflow and plastic corfain; note the
autematle sioppering machioa on the flghl within the  curtaln

(courtesy, Abbott),

proxhmating the guantity regquired, but the gquantity filled
into the container finally is weighed on o balanee, Thig isa
slow procoss, When the solid is oblginable in a granular
form no that it will flow more freely, other methods of filling
may e employed, 1o general, these involve the measure-
ment and delivery of & volume ol the granular materiat
which has been ealibrated in terms of Uie welght desired. In
the machine shown in Fig 84-20 an adjustable cavity in the
rim of a wheel is filled by vacuum and {Lhe contents held by
vaeuum wntil the cavidy is inverled over the contoiner, The
solid material then s discharged fnlo the conlainer by the
use of sterile air.  Another machine omploys an auger in the
stem of a funnal st the boliom of a hopper, The granular
waterial is placoed v the hoppor, By controlling the stae of
the auger and s rolation, a regulated volume of granular
material e be delivered from tho funnel stem into the
container. Juch o machine is shown in Fig 84-21,

Accofil vacwun powder fillar (courtesy, Porry),

Fig B4-20,
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Tig 04.24,  Augortype pewder tiller (Gourtesy, Uhaseslogeman),

Sealing

Ampuls - Fillad eonteiners should Be sealod as soon as
possihle (o preven b the contenty from being contaminated by
the envitement,  Ampuls aee sealed by melting s portion of
the glass nech, Two bypes of senls pro employed normally:
tipencals (hoadwgeals) or pull-seals,

Tipesealy are made by melting enough glass at the tip of
the neel of an ampul Lo form g bewd ond elose the openmyg.
These con be made rapidly 3 s bigh-temperatare gas-oxy-
gen flame, o produce o uniform bead, the ampul neck
must be heated evenly on all sides. This may be accom-
plished by means of burngrs on opposite sices of stationary
ampuls or by rotating the simpd inoo single Hame,  Cure
must be tulven to propely adingl the fame lemperatare und
the interval ol heating 40 obain complete closing of the
opening with n bead of gloss,  Baceusive heatbag will result in
the expanston of the proses within the ampd agiinst the soft
head seal ancd eavse o bubble to form. it bursts, the ampul
is o Jomgger sealed; 034 does not, the wall of the hubble will
be thin and Deagile,  Isufficent heating will leave an open
cnpillory through the center of the head, An iscomplotely
nenlod ampul s ealled o “leaker.”

Pullueals ave made by henting the neel of the ampul
helow the Lip, leaving anomgh of Lha tip for grosping with
fargeps or olher mechanicat devicen, The ampu! is retated
in the fwme from a single Burner, When the glass has
aoltenad, the tip is grreped fmly and pulled quickly away
from tha body of the nmpul, which conlinues Lo rotate. 'Phe
sadt capillary tabao thus formad is twisted closed. Pull-
nenling is slowsr, ot the seals are more suve than tip-sealing,
Fiig 84-22 shows n mochine combining the steps of filling and
pull-seating ampuls.

Powder ampulbs or other types baving o wide opening must
s wenled Ly pull-sealing, Wore these senled by tp-sealing,
the very large bead produced wauhd induee glass strain with
anlmacgient Meacture ot the junclurs of the hond and neek
wenlle 'vpeture of the neck of amptls during sealing alse may
acour i wotting of the necks ocewrred ot the time of £illing.
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o ! .
Flg B4-22.  Automatic filling and put-sealing of ampuls (courtesy,
Cozzaliy.

Alsg, wob techs increase the Frogquency of uhible formation.
If the produet in the ampul iy organie in nature, wob nocks
adsn will vesult in unsightly enrbon daposits (rom the haat of
genling.

I ordor to prevent decompasition of o produet, it 18 soma-
Limes neasssary o disptace the air in the spaee above 1o
product m the popul with an ineel gas, This s done By
introducing o stream of tho goa, such as nilrogen or earbon
dioxice, during or aller filling with the produel. Timmedi-
alely thoreafter the ampui is senlod hefore the gos ean difs
Mase Lo Lhe outside,

Viads o Totdbas-Thane are sonded by closing the apon.
ing with o rubber closure (lopper). This must he aeeom-
phished as rapi@y as possiblo after Glling and with roasoned
eare to prevant contaminalion of the contents. The lasge
apening makes the inlroduetivn of contamination much ease
ior than with ampuls,  Therefore, s covering should be pro-
vided for such containers except for the minininl time re
guired for filling and for Lhe actual introduction of the rul-
ber closure,  During the latter arvitical time the open
contniners should ba protacted from the ingress of contami-
nabion, preferably with a blunket of HICPA -filteved lnminar
airflow.  In Fig 84-19 the sutomatic conveyorized procedure
is heing porformed wnder vertionl luvinar aivfllow within
plastic side eurtaing,

The alosure must f the mouth of the contniner anugly
enoueh so thad, ita elasticity will permit adjustment 1o slight
irvegplaeitics i the lp and neclk of the conlainer. Howaver,
it must not fit so anugly that it s dilficult to introduee into
Lhe neel of the contaimer,  Closures mny be ingerted asepti-
andly with slovile foreeps o directly with hands sneased in
starile rubber gloves, Whon rabber closures are to be jnsert.
ad wechanically, their sarlaae s ofton halogonated or treat-
ed with silicome (o mgke them engier to insert, Thuy, it iy
pnul}ib]i,’. o convey Lhe elosure through a shute (o the place
where it is positioned aver u vial aud then ingerted by a
plunger or some other pressties doviee, Ao example of such
n mechamen] device is shown in Fig 84-28. Mechanien
ptoppering hag bean developed Lo maol the noed for high-
spead production.

Ruliber elosures are held in placo by moeans of shimingm
caps, The enps cover the closure and are erimped under the
lip of the vinl or bottle to hold tham in plaee (e Mg 84.4),
The elosure cannot be pemeved wilhout desteaying the ahu-
minum enp.  Pherefore, an infact aluminum o) g proof
that the closure hag not Heen removed intentionally or unin-
tentionally,  Such confirmalion i neeewsnry Lo asgure the
integrily of the contents an o storility and other aspeets of
guality,

The aluminm caps ace so designod that the outer Inyer of
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Fig 04-28,  Machanigal devico for Ingerting rubber ¢losyres in vials
{cowrtesy, Parry).

double-layored caps, or the conter of single-layered caps, can
be vemoved to exposae the center of the rubber clogure with-
out disturhing the band which holds the dosure in the ¢on-
tainor, Rubber closures Tor use with intravenous acdminis-
tration gets often have a permanent hole through the closura.
In such cases, a Whin rubber disk overleyed with & solid
aluminum disk is placed between an inner and outer alini-
num cap, thereby providing a seal of the bobe through the
closure, These are colled triple-tayayed aluminum cayps,

Single-layered wluminum eaps rany be applied by means
of & hand crimper known sy the Fermpress (Suppliors:
Werd, Wheaton), Double- or teiple-layeved caps roquire
preater Forge for orbapingg tharelore, hoavy-duty mechanical
erimpers (see Pig B4-24) are required (Suppliers:  Cozzoll,
Peery, Seidenader, West, Wheaton).

Fig 84-24.  Applying alunvinum caps to vials ot the ond of tho
recess lno (courksy, AbDoLE).

Storiilzation

Whenaver posgible, the porentoral product should bu stor-
ilized after heing sealed in its final container (Levininal wterils
ization) and within as short a time s possible after the Glling
snd sealing have been completed,  Shies this usaally in-
volves a thermal process, dug consideration must be given to
the effect of the slovated tampaoratare upon the stability of
the product, Many produets, hoth pharmaceutical and lio-
logical, will be affucied sdversely by the elevated tempera-
tures required for thermal sterilization. Such productly
muaat, therefors, be stovilived by & nonthernal method.
Moal thermolalile solutions may be sterilized by {iltration
through baeterinretnining (ilters.  Subsequently, all opera-
tions must be carvied out in on nseptic manner so that con-
tamyination will not be introducod inte the filirate. To per-
form sach an aseptic procedure is difficult, and the degree of
ite aecomplishment s always uneertain,  Colloids, oleagi-
nous golutions, suspensions and emulsions that are thexmno-
Jabile may requive 8 procesd in which each compoenont iy
slerilized and the product is formulated md processed un-
dor aseptic conditions,  Becnuse of ihe overspresent risloof n
momentary or prolonged [apee in nseptic control during an
aseptic process, and the dangorous condition that could re-
sult, sterilization of & product in its final container s pre-
farrad, il posaible.

Somao of the nower nonthermal methods of sierilization
are finding important application 10 components of injec-
tions and administration deviees, Certain dry solitls such as
penicillin, streptomyein, polyvitaming and certain hormones
are being sterilized effectively by ionized radiations without
adverse effeets,  Catgul sutures now are being steritived
routinoly in the fing] package by this method. Administra-
tion sote, disposable noedlos and syringes and other plasiic
md stainlesg.steel equipment and components are being
stuvilized by ionizing rediations and by gaseous ethylene
oxide aterilization. Generally spealing, however, neither of
these methods may be used for liquid preparations withoul
ndverse effects on the product, and gaseous sterilivation
cannat be used where a gluss container or other impervious
buarrier prevents the gas from permenting the material.

Dry-heat sterilization may be employed for a fow dry sol-
ids that are not. ulfecled adversely by the high temporatures
and lor the relatively long heating period required,  This
method 1 applicd most effectivaly o the slerilization of
glassware and metalware.  After sterilizgtion, the egquip:
ment will be sterile, dry and, if the staritization period is long
enough, pyrogen-ireo.

Saturatod ateam under prossure {auioclaving) is the most
commaonty used and the most effective method for the steril-
imation of agueous liguidy or substances that can be reached
or penetrated by steam,

IMigure 84-26 shows liter containers of golution being load-
od inte an auteclave for sterilization, It is ineffective in
anhydrous conditions, such ay within a sealed ampul con-
taining & drey solid or an onhydrous oi],  Since the tempera-
tura emplayed in an nutoclave is lower than that for dry-heat
sterilization, equipment made of materials such as yubber
and polypropylene may be sterilized il the time pnd tem-
porature are controlled carefully. As mentioned previously,
some injections will be affected adversaly by the elevaled
temperature required for guloelaving.  For soime praducts,
such as Dextrose Injection, the use of an autuclave designed
1o permit a rapid vise to stevilizing tempecalure and vapid
cooding with waler spray after the sterilizing hold-period will
make it possibile Lo use thig mothod, Other products that
will not withetond autoclaving temperatures may withstand
marginal thermal methods such as tyndallization or inspis-
sation, These methods may e vendered more elfective for
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gomg injections by the inclusion of o baeteviostatic ngent in
the praduct,

It should be ohvious that all materinls subjected to ateril-
peation must he protected from subseguent contamination Lo
maintain thelt sterile state.  Thevelore, they must Le
wrapped or covered so that migroorganisms mway nol gain
aceess when vemoved from the suloclave, Bguipment and
supplion are wrapped most freguently with paper and tied or
senlod with special autoclave tapa,  The wrapping must per-
mit penetration of steam during autoclaving but soreen out
microoygeniams when diy. A double wreapping with lint-
free parchment paper designed for such use is probably best,
Synthetic fiber cloth such as nylon or Dacron also may be
ased for the imaer wrapping. The openings of sguipment
sabjeeted 1o dry-Dheat sterilination ave often covered with
silver-aluminum foik or with metal or ploss covers,  Cellu-
lose wrapping materials are affected adverscly by te bigh
temporatures of dry heal steritizabion,

The offectiveness of any sterilization lochnique must Lo
proved (validated) before it i employed; contrals then burivgy
established to show that subasgquent processes repeat the
conditions proven 1o bo effective. Since the gonl of steriliza-
tion is to kill microorgasnisms, Whe ideal indicator to prove the
effectiveneas of the process iy & bielogieal one; resistant
spores.  However, many {oel considerable hesitntion about
wsing biological indicators (Bls) during the processing of
products hecause of the inherent visk of inadvertent con-
tamination of the product or the envirpnment.  Also, it hay
Deen found that the resintance of apores may vary frem lot to
Jot, thoreby possibly giving tulse indications of reliability.
Fowever, today commercially prepared Bla ave established
as velighle for use in conjunction with physicial-parameter
meesurement for validating and monitoring sterilization
processes. Such physical-parameter monitors include re-
cording thermoeouples, color-change indicators and melting
indicators, This type of confirmatory evidence is an essen-
tinl part of the sterilization record for a produet.

Farther details coneerning methods of sterilization and
their applicotion will be found in Chaptor T8, In addition,
thae UST provides suggesiions concerning the sterilization of
injeations and refabed matorials,

Freeze-Drying

Ipeene-chying (Qyophilization) is a process of drying in
which water is sublimed from the product aflor it is frozen,'®
T particular advantnges of this process ore thatl biologicaly
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and pharmacouticals which are relatively unstable in ague-
oy salution can be processed and filled into dosage contain.
ery in the liquid stato, taking advantage ol the relalive ease
of processing a liquid.  They ean he dried without elevated
temporaiures, thereby eliminating adverso thermal effects,
and gtored in the dry state in which thoee are relutively few
stability problemns.

Further advantages ave that those products are often more
goluble and/or more rapidly seluble, dispersions are stali-
lizad throughout their shelf lifa mnd produets subject o
degradation by oxidation have enhunced stability because
the process {s carriad out in o vacuum,

Howover, the iveresged tine and handling required for
procossing and the eost of the equipment limit the use of Uhis
proeesg 1o those products whieh significantly have enbanced
gtahility if stored in the dry state,

The fact that ice will sublime at pressures below 3 torr has
boen a long-eatablished labaratory principle. The oxtensive
program for freexze-drying human plasma during World War
I provided the impetus for the rapid development of the
process,

Froeze-drying esaentinlly consista of (e following

o Vreodhtog i gl prordaet on o tompnemiaee ebosy i sotentic
l,ampm‘m.ura.

. Bvacwaling the chaniher, usually hudow 0.t o CHOD g Mg

4. Bubliming ico o o cold condenaing sarface ab o lepperaturo rolow
that of the praduet, the condenring mugfuee boing within the chamber or
it aconnoeting chumbor.

q. Introducing heat (o the preduct woder contrelled canditions,

therolsy providing enorgy for sublinention at o eate desigoed to keep the
produet tamperature holow il cutectic temperal ure,

Figure 84,26 shows such a system.  'The produet may be
(rozen on the shell i the chamber by circulating refrigerant
(usually Freon, amenonia or cthylene glycol) from the com-
pressor through pipey within the shelf,  After freesing is
complete, which may require several hours, the chamber and
condenser are evacuated hry the vacuun pump, the condens-
or surface having been chilled proviously by elreulating -
frigerant from the large compressor,

Heat then js introduced from the shelf to the product by
oloctric reslstance coils or by cireulating hot waler, silicone
ar glycol, The process conlinues until the produet is dry
{usunlly 1% or less mointure), leaving a sponge-like matrix of

~DRIED PRODUGCYT
BrYING BOUNDARY
=y FROZEN FRODUGT

S
REFRABE RATED 32
DR HEATED SHEL

CONDENSER

Dy

Flp 04-26.  Essontial componenis of & fregza-trying system.
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the solids originally prosent in the produet, the input of hoat
Teing controllad ao e ned Lo degrade the produet.

For mont pharmaceutients and hiologionls the liquid prod-
uot is aterilized by filtration and then filled into the dosage
eontaiper asepiieally, The containers mugl remain open
during the drying procoss; therelore, they must he protectod
from contamination during {rangfer from the filling aves 1o
1he freoze-drying chamber, while in the frecze-drying cham.
bor and at the end of the drying process unfil sealed.

The chambers may be equipped with hydraulic or rubbey
dinphragin internal-sioppering devices designed {o push
slotted rubber closures into the vials to be sealed while the
chamber is st} avacuated, the closuros having been partiaily
inserted bnmediately after Hlling so that the slots wore opon
10 the outside,

If internal steppering is not available ar containers such as
sanpls are wsed, filkered dry air or nitrogen musi. be mtro-
duced to the chambor at the end of the process to establigh
utmnospherie pressure. Then the containers must be re-
moved and sented under aseplic conditions. If the product
s very songilive to moisture, the environmental huwmidity
alsn muat, be controtled antil it s sealed.

Faetors Affecting the Process Rote—-The greater the
depth of the product in the contniner, the longer will be Lhe
drying process. Therefare, s praduet to be frozen by placing
the container on n refrigeratod shelf (plug freexing) shintld
bo filled to o planned, Bmitod depth, 1T a large volume of
solution must be procossed, the surfoce orea may be in.
eransed and the depth deerensed by freezing the solution ou
a slant or while rotating the eontainer on an angle (shell
freesing) in a logwd refvigerant bath, such as dry ice und
alenhol.

The netual driving foree for Lhe process is the vapor pres-
sure differential between the vapor at the surface whete
drying of the product is oceurring (Lha drying houndary) and
that &l the surface of the jee on the condenser, Tho latter iy
dalermined hy the temperative of the condenser os modified
by the insulating effect of the noeymulated ice. T'he fonmey
{s doterinined by & numbor of fuctors, including:

1o Phe satie of heat condustion tirougl Use container md the trowen
waterial, both vaiadly eolatively pooe thermal conduetors, (o Lhe drying
Toundary while mointainiog ol of the proguet below its vulectic Lam:
parslure,

2. Thoe mpeding effect of the ineveasing doptle of deiod, porow prod-
nel wliove the drying boundary.

3. Tho temperature and hent enpacity of tho shaelf ilsalf.

Fhin may he visualized by reforring o Big 84-26.

The passngewnys betweon the product surface and the
condenser surface must be wide open and divoct for effective
opergtion.  Therefore, the condensing surfaces in large
freevo-driers are usually in the same chamber ag the product.
Fvacuation of the ayetem is neeessary to reduce the imped-
ing effact that collisions with air molecules would have on
the puesage of water molecules, However, the residual pres-
sure in the syatem must be greater than the vapor pressure of
the iee on the condenser or tha ice will be vaporized and
pulled inio the pump, an event detrimental to most puimps,

The mnount of solids in the produci, their particle size und
their thermal eonductonee will affoct the rate of drying.
The more solids present, the more impediment will be pro-
vided Lo the escape of the water vapor. The smaller the
particle size, pavticularly the erystal size of the ice, the fastor
the drying generally will be, 'The poorer the theymal con-
ducting properties of the solids in the product, the slower
will ba the rate of heat transfer through the froven maderial
Lo the drying boundary.

Phe rate of drying i essentinlly slow, most often requiring
24 hr or longey for completion,  The actual time reguived,
the rate of heat input and the product temperatures that

may be used must he determined or each product and then
reproduced cavolully with successive procesos,

Factors Affecting Formulation —The nelive congtilue
ent of many pharmacoutival products is present in such a
gmall quantity that if (reezo-dried alona its presence would
he haret to dotect, visnally. Thorefore, excipients are often
added 1o increase the amount of selids.

Some consider it ideal for the diied product phag Lo ocea-
py easentinlly the same volume as that of the original solu-
tion. Mo achieve this, the solids comtont of the original
product must be between approximately 5 and 26%. Among
the substasess found most useful for this purpose, usually as
o combination, sre sodium or potissium phosphates, citric
acid, tartarie acid, gelatin snd curbobydrates nuch as dex-
trose, mannitol and dextran,

Fach of these substances contribules appearance eharae-
teristies Lo the plug, such as whethey dull and spongy or
sparlding and erydtalling, firm or friable, expanded or
ahrunken and uniform or strinted. Therefore, tho formula-
Lion of a product to ho freezesdriod must include consider-
stion not only of the nature and stability chavacloristics
required during the liguid stato, hoth freshly prepared and
whan reconstitufed before aso, but the characteristics de-
sired in the dried plug.

Modifications in the Procesy and ligquipment-—In some
ingtances 4 product may be frozen in g bulk eontaner or in
traye rather $han in the linal container and then hundled asn
dry solid, This may be desirable when Inrge volumos of o
produet are processod.

Heat may be introduced to all sider of the product by
radintion from infraved sources, rather than only {rom the
bottorm s with conductive heating. While this gencrally
incroases the vate of dryving, there are ut loast two major
disactvaniages to radinnt heating of pharmacouticals; these
are (1) multiple contniners produce shadowing with resul:
tant blockage of the radiations and (2) the dried material on
the outside of the frozen produet may he searched ensily iy
the et an deyisg progrossen,

When lavge quantities of materin) are processed il may be
desiralie Lo e cjection pumps in the argitipinent, system.,
These draw the vapor into the pump und cject it to the
outside, thurehy eliminating the netd for a condensing sur-
face. Sueh pumps are expensive and wsually practical only
m large inatallntions,

Available veaze-driers (Suppliers: Kdwards, F0S, el
NRC, Stohes, Virtis) vange in sise frora small laboratory
units 1o large industrial moedels such s the one shown in Iy
84-27, Their selection requires consideration of such fie-
fors an

Aseptic foading of Irasza-driar (Gourtesy, Upjohn),
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Th Leny areu regquired.

The verdeaene of water Lo be remeovod.

Whothar or not aseplie procesiog will be invelved.

B internal stapporing rogquired?

Wil ngpnen e feoerara e used for initin] freesing of the produet.
The degree of puatemutic operation dosired.
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Ovher factors involved in the selection and use of oguipment
atn considered in the literature?

Troexe-drying is now being usod for research in the preser-
vation of human tesue and i finding increasing application
in the food industry, Frogress on new develupments ia be-
g made i both the process sod the equipment, ™

Quality Assurance and Control

The importunce of undertaking every posaible menns to
sesure the quality of the finished product cantiod be everem-
phasiced, Hvery component and step of the manufacturing
process must besubjected o intense scrutiny Lo bo confident
that quality is aftained in the finished product. The respen-
aihility for achieving this quality is divided sppropriately in
concept and praclice into Quality Assurance (QA) and Qual-
ity Control (QC), QA relatos to the studies made and the
plana developed for assaring quality of a preduct prospoc-
tively, QO embodies the carrying out of these plans and
includes all of the tents and evaluations performed Lo bosure
that quality has been achieved in u specilic lob of praduct,

The principles for achieving quality are basically e same
for the manufacture of any pharmaceatical. These are dis-
cuased in Chapter 82, During the discusaion of tha prepara-
tion of injections, mention was made of numerous guality
roguiromaents for compononts and manufacluring procosacs,
Hure, only cortain tests charactoristically applicable to the
finishod parenteral praducts will be discussed.

Sterility Test

All lots of injections in their final conlainers must be
tostad for sterility. The USIE prescribes the reguiremonts
for this test Tor official injections, 'The FDA uses these
requirements ag a guide fur testing wnofficial sterile prod-
uets, The official teal hag acknowladged limitations in the
information that it ean provide. Therefore, it should be
noted that this test s not intended as o thoroughly evalug-
tive teat for a product subjected to a sterilization method of
anknown effectivencas, It is intended primarily s o cheek
tesl on the probability that a previeusly validated sleviliza.
fion procodure has been repented, or (o give assurance of its
continued offectivencss, A discussion of sterility tesling is
given in Chapter 74,

It should be noted that a “lot” with raspect to aterility
testing is that group of product containers which has been
subjocted to the snme slerilization procedure,  For contain.
org of a product which have been sterilized by autoclaving,
for oxample, a b would covstitute those procossad in a
particular sterilizer cycle. Foran aseptic filling operation, o
lot would constitute all of those product eontainers filled
during n period when there was no change in the filling
ansetnbly or equipment and which is no longer than one
working day or sluft,

Pyrogon Tesl

The presence of pyrogens in parenteral preparations is
evoluated by a gualitative fever rosponse test in rabbils,
The USI* tests are described in Chapter 27. Rabbits are
used mg test animals because they show a physiological re-
sponse Lo pyrogenic subatonees similar to that by man
While a minimuwm pyrogenic dose (MPD), the amount. just
nulficient Lo ¢anse n positive USP Pyrogen Tost response,
sometimes may prodoce uncertain lest results, o content
aqusl to a fow times the MPI} will leave no upcertainiy.
Therefore, the test is valid and has continued in e singe
introduced by Seibert in 1923, 1 should be understood that
not all injections may he subriecied to the rabbit tost siuce

the medicinal agent may have a physiological effect on the
test animal such that any fever response would be masked,

A new test for pyrogens recently hig been accepted, not
only for in-process control for phacmaceutical products but
also for relense testing of such producta and for devices. Wiy
an fn vitra test brsed on the gelling or eolor development of n
pyrogenic preparation in Use presence of the lysate of the
amehocyles of the borseshoe aral (Limwdus polyphemus).
The Limulus Test, as it is callod, is simplor, more rapid and
of preater senmitivity than the rabbit tost®  Although it
dotects only the endotoxic pyrogens of Gram-negative bac-
Lerfa, this probunbly will net limit ia ose sigoificantly gince
most environmendal contaninants guining enlrance to ster-
ile products are Gram-negative, The test hos goined in
stature to the poimt that autemated techniques have been
develaped.

Parliculate Evaluation

Particulnte matter in parentoral solutions long has heen
recognized as unacceptable since the vaer could be expected
Lo conclude that the prasence of visible “dirt® would suggest
that the product is of inferior quality. 'Taoday, iU is recog-
nizad that the presence of particles in solution, particularly
if injected intravenaualy, can e harmiul, While data dofin-
ing the extent of risk and the effects produced still are
limited, it has been shown that particles of lint, rubber,
ingoluble chamicals and other foreign motber enn produce
amboli in the vital organs of animals and man® Further, it
has been shown that the development of infusion-phlabitis
may ba related 1o the presence of particulate matler inintea-
venos (luids, ™

Thy parlicle size of particular concern has mol. been clearly
delinented, hut it hos been suggested thal since erythrocytes
huve o dinmeter of approximately 4.5 am, particlos of more
than & pm should be the basis for evaluation, This is a
considerably amaller particle than can be seen with the un-
aided eye: approximately 50 um is the lower limit unless the
Tyndall effect is vsed whereby particles as small ns 10 um
can be soon by the light scattered from them.

The USE specifios that good manufacturing practice re-
quires that anch final container of an injection be subjeciod
individually to a visual inspection and that containers in
which visible particles can he seen should he discnrded.
This 100% inmpection of a lot of product is designed to pre-
vent the distribution and use of parenterals which contain
purticulate matter that may he harmful psycholmgically or
orgenically Lo the participant. Therefore, all of the product
units from a production line currently are being inspecied
individually by human imspectors under a goad light, baffled
againet Teflection into the eye and against a blnck-and-white
backpround. Thia inspeciion is subject Lo the limitation of
the size ol particles that can be seen, the variation of visual
acuity from inspector Lo inspoctor, their emotional state, eye
sirain, fatigue and other personal faclors that will affect.
what is seen.  Howaever, it doos provide o ineans for elimingt-
ing the fow units which normally contain visible pavticles,

Sinee it is rocognized that visual inspection will not detect
the prosence of particles smallie than approximately 50 um
in aizo, the USP has established aomicroscopic test method
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for idontifying particles in large-volume intravenous soly-
Liona md has set limits of not more than 50 particles/ml of
L0 um and larger in gize and not more than 5 parlicles/mL of
265 e and larger insize. Thia method consists essentially of
[illering a messured sumple of solution through o menrane
filter under ultynelean conditions and then counting the
particles on the surtace of the filter using oblique light,
unclor o microgeope, at both 40X and 100X magnification.
Thene atandnrds are boing met readily by Whe large-volume
parenteral solutions currently being manufactured in the
185,

More vecently the UUST eatablished standards for somalls
volume parenterals Lo be given intravenously, using an olac.
tranie instrument that counts and mensires the size of part.-
cles by meons of a shadow cast by the particle as it passes
througlh a higheintensity light beam (Suppliers:  Climed,
HIAC). The limits preseribed ave pot more than 16,000
particles/mL of = 10 wm in size and nol more than 1000
particles/mL = 25 pm in sive. These spuecilications were
developed on the premise thatl as many as lve such producty
may be added to a 1-L bottle of 2 large-volume parenteral
and five produets should not contribule more than the over-
all limits of particles preseribed for a latge-volume purenter-
al. Whether or not these standards are realistic toxicologi-
cally bas not. heen establivhed; vather, the objective of the
compendium is to establish specification fimits that would
encourage the preparation of clean parenteral splutions, par-
tieudnely for those to be given intravenoualy,

1t nlso should he realized that administration sots and the
woehnigues used in the hospital for preparing and sdminis-
tering intravenous infusion fuid mey introduce substantiol
amounts of particulate matter into an otherwise elean solu-
tion. Therefore, the pharmucentical manufacturor, the ad-
minigtration set manufacturar, the hospital pharmncist, the
nurse and the physicisn must share responsibilities for mak-
ing sure that the palient receives a cloan intravenous injec-
tion,

The USEP methods for counting and sizing particulate
matter i intravenous solutions are not the only methods
avatlablo for such determinations. A namber of electromic
particle counters are available that use the Jight-acatlering
principle to count particles in o lgoid sample (Suppliers:
Climet, Met One, Rayeo). There lso s w instroment avails
able which couits particles and sizoy them by meusuring the
effect on the resistance belwooen two eloctrodes as the partic
cles pass between them (Suppher: Cowlter). 16 is obvious
that only the visual inspection can be usad for in-line evalua-
tion of every contuiner produced connercially, Al of theug
methods require very stringant, alfvachean preparation tech-
nigues o assure reasonable aeouracy o eounting and sizing
only (he pavticlas in the solation, rather than those that may
have been introduced inndvoartently during the sample prep-
aration or the tenting procedure.  Purlher, these test proce.
dures are desteaetive angd, Lherelore, g he performed only
oansamplas of the praduetion lot. Purther information may
Lo found in & review orticle,

Leaker Test

Ampuls that huve been sealed by fusion must be subjocted
to o Lest fo delermine whether or not a passigeway remaing
Lo the ontside; if 8o, atl or s paet of the conlents muy leak to
the ouside and apoil the package, or ml(rrmrum:mn'i or
other contaminanls may enter, Changes in temperature
dring storage eause expansion and contraction of the ampul
and contonts, and will accentuate interchange if a paseage-
way exists, oven if micrascopic in aige,

This Lest usually s performed by producing a nogative
pressure within an incompletety sealed gmpul while the am-
pul in entively submerged in a deeply colored dye solution.

Most often, approximately o 1% methylene blue sotution is
employed. The test may be performed by subjecting the
ampuls to n vacuwm in a vacuum chamber, the minpuls being
rubmerged in o dye bath throughout the process,  Another
procedure frequently employed is to zimply autoclove the
ampuls in a dye bath, A modification of this is to remuove
them from the autoclave while hot and guickly submerge
them in a coo) bath of dye solution,  After carefully rinsing
tho dyva solution from tho outside, color from the dye will be
vinible within o leaker,  Lenkers, of course, are discardad.

Vinls and bottlos are not suljected to a leaker test hecguse
the senling matorial (rubber stopper) is not rigid. There-
fore, results Mrom such a test would be meaningless, Howey-
cr, evacuated bottles containing a liguid may be choecked for
a sharp "“click™ sound produced when struch with an imple-
mant sueh as a robber mailed,

Satety Test

The National Institutes of Health roqui: i of most hiolog-
ical produets routine safoly testing in animals, Undor the
Kefuuver Harps Amendments bo the Fedoral Tood, Drag,
and Cosmetic Acl, mosl pharmaceutical preparations are
now required 1o bo tested for safoly.  Beoanse it is entirely
possible for a parentoral product Lo pass the routine sterility
L, pyrogen test nnd chemienl analyses and stil] cowse unfa-
vornhle reactions when injected, o salety test in animals is
ensantial to provide additional assurmnce that the product
dovs not, have ;muxpect.pd toxic properiies, Safety tesls in
animaly are discussed in detail in the TSP,

Packaging and Labeling

A full discussion of the packaging of parentoeral prepara-
tions iy bevond the scope of this text. 1t is vasential, of
course, thot the packaging should provide ample protection
for the product against physical damage from shipping, han-
tling and atorrge as well as protecting light- &enml‘wv matari-
als from ultraviolet radiation.  An extensive review of this
subject has been puiilishad 2

Packaging-The USP includen certain requirements for
the pnokaging and storage of injections, ss follows!

1o Fhe vebunse ol bageetion i singlesdosy gonlpinges i delinod as that
whieh isspecifiod for parenterat administration af one s ond i ilimit
il Lo g volume of 1,

2. Parenternli itended Tor intranpinnl, intracistorsal or poridura
adwinisration are puehumzed anly g singde dose contniners,

3. Unbews nn individual monograph specifies otherwise, to wultiple
o gomLa ok whall contain o volume of injeetion more dwn sulfieiont te
permid e withdrawal and ndmioistrstion af 3 omli.

A, Ingoelions paekagod (o e m |rru'ul.m|| kislulicns or e hemnfil-
Lrating ar diﬂlyma are eeempt feom the foregoing reguiramonly roluling
Iy provelagiang, Canknives for Tnjoctiann puelmged for nee ay Hemofiltra-
tion ar irrigation sedutions may he destimed o omply rapidly wad noy
combanin o volume i exeensof 1 1,

B, Injoctions imtended for velersinry wie nre nxampt vom the pack-
agitg and slorage roguiraments concorning tha limitation (o single-dos
aoptainory and Lo volumo of modUple dose containors.

Laboling—The lsheling of on injection must provide the
phyaicinn or other user with all of the information needed Lo
assure the safe and proper use of the therapeutic agent.
Sinco all of this information cannot be placed on the imme-
dinte container and be legible, iLmay be provided on ageom-
panying printed matter. General labeling requirements for
druga are discussed in Chapter 107,

A restatoment of the labeling delinitions and require.
ments of the USP for Injections i ns lollows:

The term “tabeling™ desiggsetes oit idels dad other weitlon, prioted or
wraphic matter \:pmlrlnlmnmtlmln contringr ar wpon, oy in, noy pecloge
ar winpper in which it iy enelosed, with the exeoption of the cnter

phippin ¢ coutaingr. Tha tortn sl deigniten thid. i of o Iabol-
oy wpan U dmedioda conloinee.
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Pho lnbob alatos Use vame of The preparalivn, the perconloge conteil
of drug of # liguid proparation, the smoupt of sctive ingrodient of o dey
preparation, the valume of Hauid 10 be adeded to prepnee an injection or
susponsion lrom o dry preeparation, e route of administestion, o stote-
ment af storage conditiom md an éxpiration date.  Also, the label must
indlicnte tho nae of thir manufaoturer or disliibitor and varey an identi,
tying lofnnber, Tha lot monber is enpable of providing aceess to the
complete mumnfactiuring history of the apecitie paekoge, including ench
sinyrhe manutacluriig slep. :

The conlainer Inbol i so arronped Lthat a nalTicion ! sren of the contain-
or remaing wncovered Toe its full ot o circomiorenee (o permit
tspection of the conlonts,

e dnbel weoat slate Che name of e velyicle aad e propoetiony of
cach constituent, oIt s o mixture; the names and proportions of all
submtanees added Lo ineregse stability oF geefulness and the wxpiration
date where requited by the individus] monograp),

Propucations libolad for use sq cdinlysin, Demofibtealion or irrigation
solulions must moecl the reguirements for Tnjections other than thoss
ralating to volume and 5o soust Bear on Uhe Jabal slntemonts Wl thay
arn nob intended for inlevoenous indoction,

Thjectinmg intonded for veterinury s ave so lnleled,
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CHAPTER 85

infravenous Admixtures

Salvatore ) Turco, PharmD

Piotessor of Pharmocy
Tomple Univessity $choot of Phomacy
Philadetphia. PA 19140

It has been estimated that 10% of all drugs administered in
hospitals are given in the form of injections and their use is
increasing. Pariof this inerease in parenteral therapy is due
to the wider use of intravenous fluide (IV Nuids), In the last
decade the use of IV fTuide has doubled, incrensing from 150
million units to 300 million units annually. Not only do IV
fluids continue Lo serve ns the means for (luid replacement,
electrolyte-balance restoration and supplementary nutri.
tion, but they alko are playing major roles s vehicles for
administration of other drag substances and in tetal paren-
teral nutrition (TPN). TPN fluids are finding greater use as
the means of administaring other drugs because of conve-
nience, the nmeans of reducing Lthe irvitation potential of the
drugs and the desirability for continuous and inlermittent
drug thernpy. The techaiques for providing TPN parenler
ally have improved steadily in the last decade, and such use
is increasing markedly. The use of 1V fluids for these pur-
poses requires the compounding of specifie intrnvenous ad-
mixtures {parenteral prescriptions) 1o meet Lhe clinical
needs of o given patient. However, the combination of drug
substances in an IV fluid can promote parentoral incompati-
hilities and give rise 1o conditions not favorable for drug
stability. A new area of spacialization has been created for
haspital pharmacisty who can develop the expertise to pre-
pare these solutions—recognizing Lheir compatibility and
stability problems and the potential for contamination—
and participate in the administration of the solutions. ‘The
complex compounding of an ordar for TPN requires know-
ledgeable personnel eapabla of making accurats caleula-
tions, compounding and having nseptic technigue, The par-
enteral prescription is hecoming incrensingly important in
houpitnls. Centralized admixture progeams are now found
in 70% of the nation’s hospitals having 300 beds or more.
Equipment available for administering 1V fuids has become
more sophisticated, and has made possibla increased accura-
ey ol desage and led to the davelopmeont of new concepts and
methods of nutrition and drag therapy.

Intravenous Fluids

Large-volume injections intended to be administered by
intravenous infusion commonly are called IV fluids and aro
included in the group of sterile products referred to as large-
volume parenterals. These consist of single-dose injestions
having a volume of 100 mL or more and ¢containing no ndded
aubstances. Intravenous fluids are packaged in containers
having a capacity of 100 to 1000 ml. Minitype infusion
containers of 260-mL capacity are available with BO- and
100-mL partial fills for sohution of drugs when used in the
“piggyback™ technique (ie, the administration of a second
solution through a Y-tube or gum-rubber connection in the
administration sel. of the fxst intravenous fluid, thus aveid-
ing the need for amother injeetion site). In addition to the
IV fluids, thia group alse includes ixrigation solutions and
golutions for dialysis,

Intravencus fuids are sterile solutions of simple chomi-

cals such as augars, amine acids or dectrolytes—materials
which easily cnn be carried by the circulatory system and
nasimilated, Prepared with Water for Injection USP, the
solutions are pyrogen-free. Because of the large volumos
adminisiered intravenously, the absence of particulate mot-
Ler assumes a significant role in view of possible hiological
hazards resulting from insoluble particles. Absence of par-
ticulale matter or clarity of IV fluids is as important at the
time of adminiatration following their manipulalion in the
hoapital as it fs at the time of manufacture of the injection.

Limits for particulate matter occurring in IV fluids, or
large-volume injections used for single-dose infusion, are
defined in the USP., This represonts the first regulatory
atlempt to define limits for particulate matter in paren-
terals, Limits also apply to multiple-dose injections, small-
velume injections or injections prepared by reconstitution
from sterile solids. The USP defines particulate maiter as
extraneous, mobile, undissolved substances, other than gas
bubbles, unintentionally present in parenteral solutions,
The total numbers of particles having effective linear di-
mensions equal Lo or larger Lthan 10 pm and larger than 25 on
are coumted, Tho IV fluid meets the requirement of the test
if it containg not more than 60 particles per ml which are
equal to or larger than 10 wm, and not more than 5 particles
per ml: which are equal to or larger than 26 gm in linear
dimension,

Intravenous fluids commonly are used for a number of
clinieal conditions. These include

Correetion of disturbaneos in electrolyte balanee,

Correction of (aturbanees in body Auide (Muid replacement).
The meana of providing basic nutrifion

T'he basia for the practics of providing TEN,

Use ar vehieles for other drug subsiances,

In both of the latter two cases it has become common prac-
tice to add other drugs to certain IV fluids Lo meet the
clinical necds of the patient. Using IV fluids as vehicles
offers the advantages of convenience, the means of reducing
the irritation potential of the drug and a methed for continu-
ous drug thernpy, However, the practice requires thal care-
ful consideration be given to the stability and compaltibility
of additives present in the 1V fluids serving a8 the vohicles,
This npproach also demands strict rdherence to aseptic
technigues in adding the drugs, as well sa in the administea-
tion of the IV fluids. These procedures are discussed lnter
in the chapter. The IV fluids coanmonly used for parenter-
als are shown in Table I,

Many disease states result in electrolyle depletion and
loss, Proper electrolyie concentration and balance in plas-
ma and tissues are critical for proper body function.  Ilac-
trolyte restoration and balance are achieved most rapidly
through administration of IV fluids. Reguired electrolytes
include sodiuin and chloride ions, which in normal saline
more closely approximate the composition of the extracellu-
lar fluid than selutions of any other single salt; potassium,
the principal intracellular cution of most body tissues and an
essential for the functioning of the nervous and muscular

%70
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Table 1-~Fiulde Used Commonly tor IV Use

Infoction Goncentratlon (%) pH Therapoullc Uso

Aleohal
with DY/We & 4.5 Sedative, analgesic, erdories
with DE/W in NSE! 5 Sodalive, nnalgosie, calories

Aming Acid (Synthetic) Tluid and nutrient replenisher
Aminasyn [T (Albolt) anT #.20
FreAmine TH (MeGaw) 85 6.6
Travasal (Buxfer} 356550, 85 5.0

Ammoniwm Chloride 2.14 1.5-6,0 Metabolic atkaloids

Dextran 40 Priming fluid for extrreor-
m NSS [§V] 5 poreal circulation
in DG/W 10 Priming fluid for extracor-

poroal circtdntion

Dextran T
in NSS 6 3 Plosma volume expander
in DG/W [ 1 Plagma volume expander

Dexirose (Glueose, TH/ W) 2.0-50 A5G0 Thaid and tuteient veplonislor

Dextrose and Sodium Virying conen of dextrose 4 h-6,5 Phaid, nutrient and olectrolyle
Chlaride from §-20 with varying replenisher

eonen of sodivm chls.
ride from Q.22-0.8

Invert Sugar 5, 10 LEY 1Muid and nuteient replenisher
(Fructose nnd Dextrose)

Laclated Ringer's G.0-7.0 Syatemic alkalizer; fluid nnd
{Hartmann's) electrolyte replenisher
NaCl 0.6
KCI .08
CalCly .02
Luctate 0.8

Mannital b 5.0.7.0 Osmotic diuresis
aluo in combination with 10
dextrose or sodivm 16
chloride a0

Multiple eleetrotyte A5 Muid and electralyle
solutiony roplocoment
varying combinations of
wecirolytes, dextrose,
fructose, invert sugar

Ringer's G075 Fluid and electrolyie
NaC] 0.865 repplenisher
Kol 0.03
CaCl, 0,053

Sodium Bicarbomate 5 8 Metabolie acidosis

Sodium Chlaride 0.45; (L4 4,570 Fluid and sleatrolvio

3 b replenisher

Sodium Liwtate 1/6 M God-T3 Fluid and electrolyte

replenisher

Sterile Water for Injection A4 Diluent

Y B [extrose in water.
f Noymal Saline Solution,

systema as well as the heart; magnesium, s o nufritional
supplement especially in TPN solutions and phosphate ion,
importont in 4 variety of hiochemical renctions.  In addition
to the number of standard electrolyte fMuids shown in Table
1, a large nugber of combinations of electrolytes in varying
soncentrationa are available commerciatly. Some of these
clectrolyte fluids also contain dextrose,

Dextrose Injection 5% (D5/W) is the most frequently used
IV fluid, either for nutrition or fluid replacement. 1t is
inotonic and administered intravenously into a peripherel
vein; 1 g of dextrose provides 5.4 enl and 1 L of DE/W
supplies 170 cal. The hody utilizes doxtrose at a rate of 0.5 g
per kg of body weight per hr. More rapid administration
can resull in glycosurin, Therofore, 1 1, of DA/W requires
1Y% hours for asgimiletion. The pH range of TIG/W can vary
Trom 8.5 to 8.5, Tho wide range permitted is due to the {ree
supnr acids present and formed during the sterilization and
storage of the injection. 'To avoid incompatibilities when
other drug substances are sdded to Dextrose Injection, the
possible Tow pH ahould he considered in using it as a vehicle.

More concentrated solutions of dextrose are available and
provide increased calorie intake with less fluid volume. Be-
ing hypertonic, the more concentrated solutions may be irri-
tating io peripheval veins, Highly concenlrated solutions
are administered in o larger ceniral vein, Other TV fluids
used for intravenous admixlures and providing calovies in-
clude solulions conteining invert sugnr. There Is some evi-
dence that fructose, unlike dextrose, may be used in diabelic
patients; tho 10% injecLion is hypertonic and provides 375 cal
por L. Invert sugar consists of equal parts of dextroae and
fructose; it is claimed that the presence of fruclose promotes
more rapid utilization of dextrose,

Intrevenous fluids containing crysiniline amine acids can
provide biologically usable amino acids Tor protein synthesis
{Chapter 51). Protein contributes to Lissue growth, wound
repair and resistance o infection. T'he protein requivement
for the normal adult is 1 g per kg per doy; children and
patients under siress require greater amounts. Attempls
sre made Lo maintain o positive nitrogen halance, indicating
that the protoin adminislored is being utilized properly and
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not broken down and eliminated through the urine as creati-
nine and uree, which are normal waste products. In a posi-
tive nitrogen balance patients are taking in more nitrogen
than they are climinating. In a negntive nitrogen balance
there is more nitrogen boing eliminated through the urine
regularly than ia being sdministored intravenously. This
means that Lissues are continuing to be torn down and repair
is not necessarily iaking place. Amino Acid Injection can
afford the total body requirements lor proteing by the proce-
dure known as TPN (discussed below) ar be uaed for supple-
mental nutrition by peripheral administration. In addition
to the amino acids, these nutritional injections nlso may
contain dextrose, electrolytes, vitamins and insulin.  Fat
smulsion (/ntralipid, Kabi Vitruin AB; Liposyn i], Abbott
ond Travamulsion; Travenol) sometithes is used concur-
rently but usually administered at another site,

Packaging Systems

Containers for intravenous fluids must be designed to
maintain solution sterility, clarity (freeciom [rom particulate
matter) and nonpyrogenicity from the time of preparation,
through stornpe and during clinical administration, Con-
tainer closures must be designed Lo facilitate insertion of
administration sets through which the injections are admin-
istered, at o regulated flow-rate, into suitable veins, 1V
fluida are svailable in glass and pinstie containers; the latier
may be made (rom either a flexible or semirigid plastic mate-
rigl. 1V fluids are supplied in 1000-mL, 500-mL and 250-
mL sizes in nddition to 250-mL capacity containers pack-
aged with 50 or 100 ml of D3/W or Sedium Chloride Injec-
tion for piggyback uae. [V fluids in glase containers are
packnged under vacuum, which must be dissipated prior to
use. Ior fluid to leave the IV glass container and fow
through the administration set, some mechanisin is neces-
gary (o parmit air o enter the container. Current flexible
plastic systems do not require air introduction in order to
function. Atmospheric pressure pressing on the container
forces the {luid to flow.

All glass and plastic containers nre single-dose and should
be discarded after opening even if nol used. Intravenous
fluids are packaged with approximately 3% excess fill to
allow for removal of air from the administration set and
permit the labeled voluine to be delivered from the contain-
er. The containers ore graduated at. 20-mL increments on
seales that permit the volume in container W be determined
either from an upright or inverled position. Glass contain-
org have aluminum snd plastic bands for hanging, while
plastic containers have eyelet openings or plastic straps for
abtachment to IV poles.

Table I—IV Fluid Sysloms

Sow'c) Caontalner Characterlstics

Boxler (ilasy Vacuum
Alr tube

Baxter (Viaflex) Plastic Polyvinyl ehloride
Flexilile
Nonvented

Melinw (ilass Vacuum
Air tube

MeCaw (A¢cumed) Plastic Polyolefin
Semirigid

Abbott Gliww Vaeuum
Air filtor"

Abbolt (Lifecare) Plastic Polyviny] chloride
Flexible
Nonvented

¢ Part of administendion sel,

Tlaids for IV use are available from three sources; all
provide both glags and plastic contuiners. The glass-con-
tainer systems of Baxter and McGaw are similar, The chay-
%cteirist-lics; of current packaging systoms are summarized in

‘able 1L

Administration Sets

Administration sets used to deliver fluids intravenously
are slerile, pyrogen-free and disposable.  Although these
sets are supplied by different monulacturers, each for ita
own system, they have coertain busic compononts, Thase
include a plastic spike to pierce the rubber closure or plastic
seal on the 1V container, a drip {sight) chamber to trap nir
and permit ndjustment of {low rate and a length (150 (o 460
cm) of polyvinyl chloride tubing terminating in a gum-rub-
ber injection port. At the tip of the port is & rigid needle or
catheter adapter. An adjustable clamp (serew or roller
type) on the tubing pinches the tubing Lo regulate {low.
Since the gum-rubber port is self-sealing, ndditional medien-
tion can be added to the 1V system at these ports of entry.
Glass containers that have no air tubes reguire air-inlet
filters designed ns part of the administration sul (Abbott),
See TMigs 86-1 to 85-5.

Administration Procedures

In the administration of TV fluids, Lhe primary IV contain-
er provides for {luid replacement, electrolyle replenishment,

| T

’ W
An | ™
verl | [ | ™ Needie
i| chamibes udapler
== Injeclion
sife
= Clusmp

Fig 85-1. Parts of basic administration sots.

— Target aren
SR {for IV splke)

Solid rubher

Stopper

{cannot be penowated
by noedie)

A

1000 mL

GO0 mi. 250 ml. capacity
{Plggyback)
Flg B8-2. Abbeott IV glass container  The air venting is providad

through tha alr filter located in tha spike of the adminigtration set.
Sae Fig 85-1
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Fig 85-3.  Baxter and McGaw glass containers,  Tho plastic air tubo
altows the alr te enter the boltln as the fluid is infuscd Mo the palient,
The spike of the administeation set is not vented.  See Fig 85-1

drug; therapy or nulrition; the Maid can be infused over a 4-
to 8-hr period.  In some cases an IV fluid is infused slowly
for the purpose of keeping the vein open (KV0), This will
allow additiomal drugs to be administered when required.
The primary IV fluid also can serve as a vehicle for other
drugs to be administered, thus heecoming an intravenous

admixture (JV drip) and resulis in continuous blood tevals of

added drugs once the steady atate has been reached.
In preparing an 1V {luid for admimistbration, Lhe following
procedure is uaed,

S gt A Bake
and ol wolee Sl fylen
™,
"
At Fiblge e it
(naeps il “Chavialydn

relentve b
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Hiel
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n e, &)

Additive
port

Lpike Adlolit vt

" : . Addilive
Spike jrort
Fig 854, (A} Albott (Lifacare) polyvinyl chlorida flexible container;
{3) Baxter (Viaflox) polyvingl ehlovide flesible container; MeGaw
{Accumed) polyolefin semicigid conlainar, front and side views.
Thesa containers leka nonventad administration sets.  See Fig 85-1,
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Fig OG-8, Setting ug o priveaey 1V Tiuid tor acministralion,
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1. The spike adapler of the administration set is inseried info the
stoppor or soul of the IV containgr. See Py, 85-5.

2.7 e IV fhuid is hung on a stand at bedside and aiv is purged (rom
the ndmintsteation sel by oponing the clamp until Auid cones oul of
needie. The tbing i then clamped off, See My 85-5.

3 The venipuneiure is made by member of the 1V tenm, floor nurse
or physicinn.

4, Phe infusien rate is adjusted by slowly opening and cloging the
clnmyp unlit the desired drop rate, viewsd in the drip chamber, is ob-
tained. The wsual runging time is 4 to 8 hr (usually 126 mi, aro deliversd
in 1 he), Drugs such os heparin, insulin, lidocaine or dopumine may be
prepent. in the 1V drip. When potend drogs are present, the fow rates
will vary depond on the clinical condition of the patient. Bels ure
enleulnted to deliver 10, 15, 20, B or 60 drops per sl dependivyg on the
manufneturer. Sea Pig 850,

Intermitient administration of an antibiotic and other
drugs can be achieved by any of three methods; (1) direct.
intravenous injection (IV bolus or push), (2) addition of the
drug 1o o predetermined volume of fluid in & volumne-control
device or {3) vse of o second container Oninibottle, minibag)
with an already hanging IV luid (piggybucking).

Dirccet Intravenous Injection—Small volumnes {1 Lo 50
mL} of drugs are injected into the vein over a shorl period of
time (1 to 5 min}. The injeclion also can be made through a
resealuble gum-rubber injection site of an already hanging
1V fluid. This method is suitable for q limited number of
drugs but too hazardous for most drugs.

Volume-Control Method——Volume-conirol sets provide
a menne for intermittent infusion of drug solutions in preeise
quantities, at controlled rites of flow, 'These units consist of
culibrated, plastic, fuid chambers placed in o direel line
undar an esteblished primary IV container or more often
attached to an independent fuid supply. In either case, the
drug Lo be adiministered is firat reconstituted if it 15 a sterile

_solid and injectod into the gum-rubber injection port of the
volume-control unit. 1t is then further diluted to 50 to 160
ml. with the primary (tuid or the separate fluid reservoir,
Administration of the total drug-containing solution re-
quires 30 Lo 60 min and produces a peak concentration in the
blood followed by availey if the dosage is discontinued. The
following volume-control sels sre available commercially:
Soluset, Abbott; Buretrol, Baxter and Metriset, MocGaw.

The procedure for setting up an intermitient IV infusion
with o volwme-control set is as follows:

Fig 85-6, Volume-controf sot.

1, Using aseplic technigque, the spilte of the volume-control set ix
ilgﬁe}rtmi inty the primary 1Y Muid or o separate Muid container. Soc g
460,

2. Alr s purged from tubing of the volume-eontrol set by opening the
ctmps wntil floid eones tirough,

3. The clamyp is opened above the colibrated chamber and it is filled
with 205 o 50 ml, Toid from the primary IV container or soparate {fgjd
conlainer,

4. ‘The clamy is closed above the chamber,

5. The medication i injecled through the gam- rubber port of the
volume-contrel ynit,

6. 'Tho clamp thove the ehambor is opened Lo complede the dilution
{0 the desired volume (50 16 150 mL}, then diosed.

7. Flow commonsos whon the elnmg Delow the volume.control unit iy
openet.

Piggyback Method—The pigzyback method (Figs 86-7
and 85-8) refers to the intermittent IV drip of a second
solution, the reconstituted drug, through the venipunciure
site of en established primary 1V system,  With thie setup

Stide
e glgumpy

F{) - Ao vend
Gurm rubiber Q‘E"
njechan podl ﬁwﬁ? e
e

| Volyme condiol
Tk chumbes

ey

Fiitur or o

valvg ... np

cliambes

{ig 85-7, Pigoyback metod: ihe inormittent administration of a
socond solution trough the venipuncture site of an astablishod
primary 1V system.

Flg 85-8,  Plggyback administration setup.
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the drug can be thougbt of as entering the vein on “lop” ol
the primary IV fluid, hence the desipnation “piggyback.®
The piggyback technique not only eliminates the need for
another venipuncture, but also achioves drag ditution and
peak blood levels within o relatively short time span, usaally
30 to 60 min,  Drug dilution helps Lo veduce Dritation, and
earty high serum levely wre an imperiant consideration in
serious infection requiring migressive drag thorapy, ‘FPheso
advantnges have popularized Lhe pigyback meihod of 1V
therapy, especially for the intermitlent administration of
antibiotics. In using the piggyback technique, the socon-
dary unit is purged of air and its needle inserted inlo 1 Y-
injection site of the primary set or into the injection site at
the end of the primary sef. 'The piggyback infusion is then
started.  Onee it is completed, the primary fluid infusion
will he reatarted. See Fig 85-8,

Primary IV administration sets are available that have a
built-in check valve for use in piggyback adminisiration.
When the piggyback is connectad to one of these sets and
started, the check valve avtomatically closes off the primary
infusion. When the piggyback runs out, the check valve
automatienlly opens, thereby restarting Lthe primary infu-
sion, The check valve works bacause of pressure differ-
ances. T'o nchieve this difference, the primary eontainer is
hung lower than the secondary bottle by means of an exten-
sion hanger, See FPip 85-9.

Manufacturers have introduced minibotules prefilled with
various antiblotic produsts; each conlainer is provided with
u plastic hanger for direet suspension rom an IV pole as the
pigeyback solution is administered through the rescalable
gum-rubber injection site or Y-type facility of an existing 1V
system,  Recomstitution of piggyback units reguires ondy the
addition of & small volume of compatible diluent. Since
recongtitution and administration proceed from the same
hotile, no drog transfer is involved, so transfer syringes and
additional IV containers are not necessary.  Prefilled drug
conlainers offer significant advantages Lo hospitals, Time-
saving, less potential for ervor and contamination and conve-
nience ave oulstanding qualities of this type of packaging.
The need exists in hospilals for these Lypes of innovative
packaging to help alleviate the eritical pursing shortage and
reduce the ervor potentinl. It is & sigailfeant evend that drug
manwfacturers and intravenous Muid manufacturers have

Piggybatk
{Mini-Botile}

E xtonsion
hanger

Chotk volve
{Closeup}

Flg #5-9. Piggyback administration satup with chock valva n
primary set.
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eomhbined efforis to achieve oplimal packaging for hospitai
[$ETCH

Partial-fill containers available for piggeylmeking are 250.
ml capacity infusion hoitles or hags underfilled with 50 or
100 mL DEAW or normal saline. The drug to be adminis-
tered fivgt is reconstituted in its oviginal parenteral vial and
then added by needle and syringe {0 the pavtial-{ill contain-
er. The needle of the piggyhack defivery system ig inserted
into the Y-site or gum-rubber injection port of » hanging
primary infusion sel. Flow of the primary intravenous Muid
is stupped while the drug solntion in the partial-fill contain-
er is administored (30 Lo 60 minutes). After the drug solu-
tion has been infused tatally, the primary fhaid flow is rees-
tablished. When the next dose of drug is requived, the
piggyback procedure is repented, replacing the prefitied par-
Lial-fill container,

Mechanienl-fllectronie Infusion Dovices-—Gravity 1V
administration gystems sre affected by many varinbles
which tend to alter the nccuracy of the system. These in-
clude variations in the size of the drip-chamber orifice, thy
viscosity of the solution being sdministered, plastic cald
How, clamp slippage, final 1ilters, vaviations in the patient’s
blood pressure and body movements, elot. formation, pres-
sure changoes in IV containers rate of {low, temperature of
the 1V fluid, changes in the noedie, and other factors such as
kinked tubing, extravesation and changes in the height of
the IV contaiver. Flow in traditional gravity 1V systems is
controlled by manual clumps (either serew or roller clamps)
which can provide congiderable discrepuncios in volume de-
livery. These factors have promoted the development and
use of mechanical-electronic infusion devices to control
more aceurately the administration of IV fluids, "This group
of devices includes infusion controtlers and infusion pumps,

Infusion controllers count dropa electronienlly or extrude
volumes of fluid mechanically and eloctronically. Having
no moving components, controliers nre less complex than
pumps, being auually less expensive and baving fewer main-
tenance problems.  Infusion controllers are gravily-type
systemsg, hut the control is regulniad automnatienlly rather
than manually, In addition to increasing the accuracy of
delivery, electronic equipment may be able to debeet infiltes-
tion of air, empty containers and excess or deficient flow.

hfusion pumps do not depend on gravity Lo provide the
pressure required to infuse the drug.  Pressure is provided
by an electric pump thai propels a syringe, a peristaltic or
rolter devico o a casuelio. Most pumps are volumetric in
that the delivery is measured in millilitors rather than drops.

The quality of patient eare has improved with the use of
infusion devices. Flow rates can he maintained, therefore
parenteral and enterad putrition can be condueted safely.
In addition, aceurate drug therapy ean be nccomphished with
adults and children and “runaways” of TV fluid administea-
tion ean be eliminated.

Final-Filter Dovices. - Particulate matler in IV fluids
and TV admixtures can originate from many sources. 1t can
result from the packaging components of the 1V fuid, from
admixture incompatibilities, from manipulation in prepar-
ing the admixture and even from the administration sel
itaelf, Concern for particulate matter lod Lo the design of
final-filler devices for attaching to the ond of the tubing of
the administration set. ‘I'hey afford & finnd filtration of the
IV fluid before it posses through the needle inte the vein.
‘The device consists of a plustic chamber containing a mem-
brane or staintesg-steet (ilter having porosities varying from
5 1 0.22 pm. Air lock ean be a problom with membrane
filters. When wet, membranes with a porosity of 0,92 um
andd Q.45 pin are impervious to air ot normal pressuros and air
in the system causes blockage. Yo order Lo prevent this, the
filter housing must be purged eompletely of nir prior Lo use.
Newer designs have wir eliminators.  Using final.filter de
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vices increases medication cost but reduces the biological
hinzards associated with particitlale matter,

Although considerable information is availahle concern-
ing the clinical use of membrane fillers in entrapping partie-
ulate matter and microorganisms, little information exists
describing drug absorption by the f(ilier, Literalure on a
limited number of drugs and filler materials indicates that,
drugs ndministered in fow doses might present a problem
with drug bonding to the filter.) Solutions containing min-
ite dosages of druga, 5 g or less, should not be filiered until
sufficient data are available to confivm insignificant absorp-
tion, Drugs not recommended to be filterad include all
parenteral suspensions, blood and blood products, ampho-
tericin B, digitoxin, insulin, intravenous fal emulsions, mith-
ramyein, nitroglycerin and vincristine.

New TV Delivery Systems-—

Frozen Premixes—Underway by Baxtor is the delivery to
hespilals of frozen drug products packaged in polyvinyl
chloride containers, ‘These nre stared in a freezer in the
hospital's pharmacy, thawed and used when needed,

FaspakfADS-100 System--Bli Lilly supplies a non-PVQ
plastic piggyback container, named Foapal, whieb containg
the dry, powdered form of certain drugs (IKeflin, Kefrol,
Mandol and ampicillin which, upon reconstitution with the
appropriate diluent, allows dizect administration of the di-
luted drug. This avoids a teansferring step that normaily
takes place when reconstituting a powdered drug. To help
in the reconstitution step, a specialized dilution pump
named the ADS-100 system is supplied. The package de-
sipn eliminates the need for transferring between containers
alter reconstifution, and the Faspak acts as a final delivery
container.

Abbatt /ADD-Vantage System-—Introduced in 1985, the
Abbott ADD-Vantage system has two parts: a plastic 1V
Lag sold by Abbolt thai is filled with solution and n separate
glass vial of powder or liguid drug sold by a pharmaceutical
manufacturer. The vial iy encased by a plastic cover that is
removed prior to use. The user locks the vial holding the
drug into a chamber at the top of the plastic bag and mixes
the drug and solution by externally removing the stopper on
the vial,

Nutrimiz—aA Dunl-Compartment container is available
from Abbott. This container allows for long-lorm packag-
ing of amine acids and dextrose mixtures,

TVAC-CRIS—The IVAC-Cria (Controlled-Rejease Infu-
sion System} is a disposable adapter designed to infuse re-
conntituted injectable drugs directly from the manufactur-
er's single-dose vial. ‘The CRIS odapter avoids the need to
transfer drug dosca to piggyback secondary containers and
also eliminates the need fora secondary IVeet. The adapter
has a primary spike that is inserted into the IV fluid contain-
er and a secondary spike that receives the drug vial. The
vin) spike has two fluid paths: one admits IV {loid from the
primary container into the vial; the other draing drog solu-
tion into the drip chamber of the I'V sel, A lwo-position
valve allows IV [luid to flow directly from the primary con-
tainer Lo the patient or pass through the vial to deliver the
drug. A 5 um in-line filter climinates particulates,

T'o oporate the CRIS adapter, the drug vinl firat is recon-
stituted with un appropriate diluent. With the valve dial in
the vertical {primary) position, the spike ghield is removed
and the vial is attached immediately to the CRIS apike. The
valve dial is (hen turned toward the vial, directing the flow of
primary Ouid into the vial of drug sclution. 'The incoming
fluid dilutos and displaces the drug solution into the drip
chamber, through the primary set and into the patient. Af-
ter the dose has been delivered, the vial remains on the spike
until the next dose is required. Flow rate can be adjusted
wying a roller clamp, electronic pump or controiler.

Mini-infuser Pumps for Intermitient IV Druy Deliv-

ery—A navel concept in intermittent drug delivery, intro-
duced several yenrs ngo, was Uhe Bard.Harvard Mini-Infuser
Syatem, This instrument was designed for the administra-
tion of antibiotics and other medications deliverad intermit-
tently in 40 min or less, his hattery-generated, lightweight
instrument uses standurd disposuble syringes and microbore
disposable extension sets, Different models are available,
depending on volume-to-he-delivered selection. This in-
etrument provides nceuracy, constant flow, convenience and
anfety for intermittent drug delivery.

Introduced and desigmed for intermittent IV drog deliv-
ary, Becton Dickingon’s 360 Infusor allows drug delivery
intermiltently over 60 min or less in a volume dilution of up
Lo 60 ml..

Impluntable Devices—The Infuse-A-Port. (Pharmacia
Deltec) was developed tosatisfy the need lor repented access
to the peripheral or central venots gystem or direct place-
ment into an arlery for regional therapy. This device may
be used to withdeaw blood, in addition to its use for bolus
injections and short-term infusions. The Infuse-A.Port re-
guires n speeinl nesdle to allow maximum life of the self-
sealing injection port.

The Infusaid Model 400 implantable drug delivery syatem
is designed for long-term iherapy in the ambulatory palient.
With a 47-ml. usable drug volume, it delivers a precise,
continuous flow to a selected organ or site via a solt, nontrag-
malie, nonthrombogenic silicone rubber catheter.

Intravenous Admixtures

When one or more sterile products are added toan IV fluid
{or administration, Lhe resulting combination is known as an
IV admixture. To maintain the characteristics of sterile
products, namaly sterility, freedom from porticalate malier
and pyrogens, it is imperative thut they be manipulated ina
suilable enviranment using aseptic technigues.

Environment—Proper conditions for aseptic handling
can bo providsd by Jaminar-flow hoods (see Chapters 78, 84).
Withit: & laminar-flow hood, air filtered through a HEPA
(high efficiency particulato air) filter moves in a parallel flow
configtiration at n velocity of 90 fpm. HEPA filters reinove
99,97% of all particles larger than 0.3 ym. Since microbial
contaminants present in air usually nve found on other par-
ticnlates, removal of the latter results in a flow of air free of
both microbial contaminants and particulate matter. The
movement of the filtered air in a laminar-tlow configuration
at a velocity of 90 fpm ean maintain the area frae of contnni-
nadion, 'The Mow of air may be in either a horizontal or
vertical pattern. In the former case the HEPA filter is
located at the back of the hood and the air Mows to Lhe front.
In vertical flow the air passes through the HEPA filter locat-
ed in the top of the cabinet and iy exhausted through a
grated area avound the working surfuce of the hood. Re-
gardless of the type of laminar air flow, the hood must be
operated and maintained properly in order to achieve n
satisfactory environment for the preparation of parenteral
atimixtured.

"The hood i@ situnted besl in a clean area in which there is
little traffic Mow past the frant. of the hood. The inside of
the hood is wiped down theroughly with a sultable disinfec-
tant and allowed to run for al lenst 30 min before starting
manipulations. It is important to remember that the lani-
nar-flow hood is not a means of sterilization, 1t only main-
taing an area free of microhinl contaminants and particulate
matler when it has been prepared, maintained and utilized
properly by aperators having proper aseptic technigues,

Before working in a laminar-flow hood the operator wash-
es his hands thoroughly and serubs them with a suitable
disinfectant. Some lnborstories may reguire gowning and
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uging sterile ploves.  Stertle gloves can be an assel but thore
is always the problem that they can give Lhe operator a false
senae of security. Gloved hands can become contaminated
as eadily as unpdoved hands, Additives and IV fluids (o he
usetl in the preparalion of the admixture, nlong with suitabla
syringes, are fived up in the hood in the order they are 1o be
used. The containers must be dean and dust.fres. They
are inspected for clarity and Creedom from eracks. Opera.
tors are encouraged Lo use a lighting device for inspecting 1V
fluids for particulate matter and cracks, The Huhting deviee
should permit the container to be viewed against both a light
and a dark baelground during inspection. T the IV (luid is
packaged in plastic conlainers, pressure is applied to assure
that they are sealed properly and do not leale. Some labora-
tories disinfeet the containers prior to placing them in the
hood.

In working within the hood the operator worls in the
center of (he hood, with the gpace between the poinl of
operation and the Mlier unobstructed. I the fow of gir is
blocked, the validity of the laminar flow is destroyed. Avii-
cles are arvanged within Lthe hood in a manner to prevent
clean air from washing over dirty objects andd contaminating
other objects that must remain sterile. The working nren
st bhe al least 6 inches from the frond edge of the hood. As
the operator stands in front of the hood, his body acts as a
bayrier 1o the laminar air flow cousing it to pass arownd hin
and ereate baclfliow patlerns which éan carry room air into
the front ol the hand.

Laminai-flow hoods must be maintained and evaluated
periodically Lo Insure that they ave functioning properly.
The veloeity of air flow can be determined routinely using a
velometer. A decredse in the air flow usually indicates a
clogged HEPA filter. Some laminar-flow hoods are
equipped with pressure pauges indicaling pressure in the
plenum behind the [Hier; in these hoods pressure increase
also can indicale & elogged filter.  Settding plates can he
oxposed within the hood for given poriods of Lime Lo deler-
mine the presence of microbial contaminanis.

The best way to determine the proper functioning of a
HEPA [lier is 1o use the divelyd phthalate (DOP) test using
the vapor at room temperature.  DOP vapor (particles of
~0.d pm) is allowed Lo be taleen up by the hood Lhrough ils
intake filter. If the MIZPA filler is intact and properly
installed, no DOP con be detected in the filtered air stream
uging o wmoke photometer.  Certification services are avail-
able through commercial laboratories; the HBEPA filters
within laminar-flow hoods should be evaluated every 6
months.

Additives-—The additives are infeclions packaged in am-
puls or vials, or sterile solids; the latler are reconstituled
with # suitable diluent before addition Lo the IV fluid, A
Tresh, sterile, disposable syringe is used for ench additive,
Before removing 2 measured volume from an ampul, the
container is wiped with a disinfectant solution. 1f (he ampul
ig seored, the top can be snapped off; if not scored, an ampud
file must be used. A sterile syringe is removed from its
protective wrapping.  The syringe needle with ils eover s
separated from the syringe aseptically and may be replaced
with n sterile aspirating needle.  Aspirating needlos usually
are mado from clear plastic and contain g stainless-steel or
nylon filter having a porosity of by The filier will remove
plass particles and other particulates vom the injection as it
is drawn up from the ampul into the syringe. The aspirating
needle is replaced with the regulay noedle. Tho exact vol-
ume 5 calibrated and the injection iy veady to be added to
the IV fluid (see Fig 85-10).  1n the case of addilives pacle-
aged in multiple-dose vials, the protective cover is removed
and the exposed tavget ares of the rubber clostiee disinfect-
ed. A volume of air, equal 1o the volume of solution to be
removed, i drawn up into the syringe and injected into the
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Fig 85-10.  Placing an addilive Infe an 1Y (uid with fikration through »
memirane filter {courtesy, Miliporal

air space ahove the injection within the vinl, ‘This faclilates
withdrawal of the injection.  The solution is drawn into the
syringe, the exact dose is mensured and the injection is ready
1o be added to the 1V flaid.

Certain injections ave light-sensilive and protected
againsl photolysis by the container packaging, The manu-
facturer may use amber glass, individuan] container wrapping
or an amber plastic cover, Muany hospital pharmacisis use
nluminim ol as a protective wrap lor light-sensitive drugs
during thely administration.

In the ense of drag substances having poor stability in
aqueous solution, the drug is pockaged as a slerile solid,
either dry-filled or lyophilized. The diluent. recommended
onthe lubeling is used (o reconstitute the powder; the proper
quantity of selution then is removed for addition 1o the IV
fhuid.  Wheu Large volunies of diluent are required [or recon-
stitation, as for Keflin 4 g, a storile needle is placed through
Lhe closure 1o venl the container and Macilitate addition of
e diluent. Tn order Lo inerease the efficiency of TV admix-
ture programs, a limited number of hospital pharmacisis
have found it eonveniont (o frevse reconstituted drugs, par
ticularly anlibiotics. "The stability of reconstiiuted drugs s
somewhnt limited,  In some cnses alahility is Limited to anly
afew hours; in many cases, however, reconstitutod solutions
can be froven and thawed at the time of vse. o (he frozen
form the stability of Lhe antibiotic solution can be increased,
In n number of inglances the stability in the frozen form iy
known and supplied by tho manufacturer, Reports have
been published on the frozen stabilily of certain drogs,
Howaver, it is unwise to {reere drug solutions without ade-
quale stability gindies for guidance. In those cases where
published information is available, close adherence must be
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ohaerved as Lo {Teezing temperature, slorage condilions and
packaging.

There is an increasing awareness of the polential hazard to
pharmacista handling antineoplastic drugs? Although the
evidence is not eonclusive, it appears that measures should
be taken Lo minimize unnecessary exposure’ These precau-
tions include the use of vertical lamiar-flow hoods {or the
preparation and reconstilution of these agents, the wearing
of gloves and magks by the personnel, special labeling of the
containers Lo insure their proper handling nnd disposal and
periodic blood aludies of porsonnel involved in preparing
adrmixtures of antineoplastic agents,

The procedure for placing an additive in an IV fluid will
vary depending on the type of IV fluid packaging system
being used by the hospital. The packaging systoms have
been described in Table L

Abhott Glass Containers (Fig H5-2)

. WRemeve the sluminum tear scal exposing Uee solid-rebbor closure
with a targel cirelo in the centg.

2. Wipe the doaure with suitable disinfectant.

% Insort the needle of the ndditive syringe through the farget area.
The vacuwn within the bottle draws in the solulion,

4. Ciently shake the bottle aftor vach addition.

5. When completed, cover the closre with o plaslic protective cap if
it i not to be uaed immediately,

Boxter and MoCGaw Bigid Glass Containers {(Fig 85-0)

1. Remove the aheminum tear seat and tee sluminum dise covering
Uhe lotex dinphragm,

. Upon exposing the lalex diapliragm, note that the latex cover i
drawn i over lfhl:‘- apenings in the rubber closure.

4, The larger of the twa holea receives the administration aot, the
other is the air vont.  The triangle-shaped indentation can serve ns the
site for injeeting the adeitives ns well ng the opening for the ndiministra-
tions net.

4. Wipa the diapbragm with o suitable disinfectand and pieree the
latex eover to place additive into bottie. The vaoaum within the botile
will draw rdditive from the syringe. Do not remove the dinphragm or
the vacuum will dissipato. 10 widl be romovoed al the time of administra.
tion prior to the insertion of the administretion set.

f. Gently shake the bottls alter cach additive.

6, When completod, cover the hottde with a plastic additive eap il the
administration set is not o be inserted inmedistely,

Daxter and Abbold Plastiv Container (P 85.4)

1. Remove the additive port proloctive sleeve snd rub the gum-
rubsbur plug with a suitable dislnfectant,

2, Addilives are placed in container by percing the gum-rubber
covar over the additive port.

A After pach addition, milk the container 1o insure adequate mising.
4. Cantaisera do not eontain o vacuwm, bal vacuum chambers are
available for use in conjunction with the Mexible plastic container,
5 Protective additive caps arve available if the administration sel. is
not inskerted immediately,

MeGaw Sendvigid Plustic Container (998 85-4)

1. Remove the sdditive port protective coevering and rul the gurm-
rubber plug with a suitalle disinfectant,

4, Additives are placod in conlniners by pieveing e gun.rubber
over the additive port.

2. After each nddition, shake the container gently Lo fnsure ndeyuate
mixing

4. Containoers do not centnin i vieum,

Parenteral Incompatibility—When one or more addi-
tives are combined with an IV fluid, their presence togother
may modily the inherent characteristics of the drug sub-
stances present, resulling in a parenteral incompatibility.
Parenteral incompatibilities bave heen divided arbitrarily
into throe groups: physical, chemical and therapeutic, The
latter is the moal difficull to observe because the ¢ombina-
tion results in undesirable antagonistic or synexgistic phar-
macologic aetivity. For example, the report that penicillin
or cortisone antagonizes the effect of heparin and produces a
misleading piclure of the anticongulant effect of heparin
represents a therapevtic ineompalibility. Phyeical incom-
patibitities are observed most enily and can be delected by

changes i the appeamance of the admixture, such as a
change in color, formation of & precipitate or evolution of »
gns.  Physical incompatibilities frequently can be predicted
by knowing the chemical characteristics of the drugs in-
volved. Forexample, tha sodium salts of wealk acidg, such s
phenytoin sodium or phenobarbital sodium, precipitate as
free acids when added Lo intravenous (luids having an acidic
pH.  Caleium salts precipitnte when added to an alkaline
mediwm. Injoctions that require a special diluent for solubi-
Tization, such as dinzepam, precipitate when added to ague-
ous solutions beeause of their low water solubility,

Decomposition of drug substances resulting from combi-
nation of parenteral dosage forma ia called a chemical incom-
patibility, an arbitrary cassification since physical incom-
patibilities also result from chemical changes. Most ¢chemi-
enl incompatibilities result from hydrolysis, xidation,
reduction or complaxation and can be detected only with a
suitable analytie method.

An important factor in causing a parenteral incampatibil-
ily is a change in the acid-hase environment.! The solubili-
Ly and atability of a drig ray vary as the pH of the solution
changes, A change in the pH of the solution may be an
indication in predieting an incompatibility, especinlly one
involving drug stability, since this is not necessarily appar-
enl physically. 'The effect of pH en stability is illustrated in
the cose of penicillin, The antibiotic remains active for 24
hr at pH 6.5, but at pI{ 3.5 it is destroved in a short time.
Potassium penicillin (3 containg u citrate huffer and is buft-
ered at pH 6.0 to 6.5 when reconstituted with Sterile Water
for Injection, Dextrose Injoction or Sodium Chloride Injec-
tion. When this reconstituted solution is added Lo an intra-
venous fluid such as Dextroge Injection or Sadium Chloride
Tnjection, the norma) acid pH of the selution is buifered at
pH 6.0 to 6.5, thus ossuring the activity of the antibiotic.

While it may bhe impossible to predict and prevent all
parzntern] incompatibilities, their occurrence can be mini-
mized. The IV admixture pharmacisi should be cognizant.
of the increasing body of literalure concerning parentoral
incompatibilities, This includes compatibility guides pub-
lished by large-volume parenteral manufacturers,™? com-
patibility studies on individual parenteral products by the
manufaclurer and published with the product ag parl of the
laheling, the stucty of the National Coordinating Committes
on Large-Volume Parenterals® reference books™1? and liter-
ature reports of studies wilh specific parenteral drupgy."
The pharmacist should encourage the use of as few ndditives
as possible in IV fluide sinee the number of potential prob-
Jems inerenses as the number of additives increnses, Physi-
cians should be made aware of possible incompatibilities and
the pharmncist can suggesL alternate approaches to avoid
the difficulties. In some instances, incormpatibilities can be
avoided by selecting another ronte of administration for one
or mors of the drugs involved.

Qunlity Control-—Fach hospital should have wrilten
pracadures covering the handling and storage, use in prepar-
ing edmixturoes, labeling and transporlation of IV fuids to
the floors.  In-uge clarity and sterility tosts should he de-
vised Lo agaure that YV admixtures ratain the characteristics
of sterility and froedom from particulate matter. ‘Praining
and menitoring personnol invelved i preparation of IV ad-
mixtures should be done an a regular basis.’? The efforts of
the hospital pharmacy should be no lews than those of the
industry in following Current Good Manufacturing Practice
1o susure the safety and officacy of these compounded medi-
cotions.

Total Parenteral Nulrition

Intravenous administration of calories, nitrogen and other
nutrients in sufficient guantilies Lo achieve tissue synthesis
and anabolism is called tolal parenteral nutrition (IPN)L'?
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Criginally, the term hyperalimentation was used Lo deseribe
the procedure, but it is being replaced by TPN, the Intier
being more descriptive for the techniguo,

The normal calorie requirement. for an adult is approxi-
mately 2500 per day. If these were to be provided totally by
DB/W, ppproximately 15 L would be required. Ench liter
coninins 50 g dextrose, equivalent, to 170 calories. However,
it is only possible to administer 3 or 4 1. per day without
causing fluid overloed. To reduce this fivid volume the
concentration of dexirose would have to be increased. By
increasing the dextrose to 26%, it ia possible to sdministor
five times the calories in one-fifth the volumne, D24/W ig
hypertonic and cannot be adwministered in large amounts
into a peripheral vein without sclerosing the vein,

Dudrick developed the Lechnitjue for administering fluids
for TPN by way of tho subelavian vein iisto the superior vena
cave whera the solution js rapidly diluted by the large vol-
ume of blood available, thus minimizing Lhe hypertonicity of
the solution. For administration of the TPN fluids, a catho-
ter is inseried and retainod in place in the subclavian vein.
TPN is indicated in patients who are unable to ingest food
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due to carcinoma or extensive burns; patients who refuse to
eat, ng in the case of deprassed goriatrics or young patients
sulfering from anorexia nervossa and surgicsl patients who
should not be fed orally.

The preferred source for calories in PPN fluids is the
carbohydrate dextrose. Both fat emulgions and aleoho) are
caloric sources, but they are not used in TPN fluids. In 1V
fluid kits commorcially availabie for the preparation of TPN
solutions, DS0/W is pravided. On dilution with gming acid
injection, the resulting dextrose concentration is approxi-
mately 20%. 1t is this enncentration that is administered,

The soures of nitrogen in TPN [luids is crystalline amino
acidys (Aménosyn, Abboly; FreAmine ITT, McGaw; Travasol,
Travenol). The crystalline amine acid injections contain all
the essentinl and nonessential amine acids in the L.form,
For optimum utilization of amine acide and for promoting
Lissue regeneration, the nitrogen-to.calovie vatio should be
1:150. Calories nre needod (o provide enevgy for the metab-
olism of nitrogen.

Blectrolyte requirements vary with (he individual patient.
The electrolytes present in Amino Acid Injection are given

Table ll—Typical IV Orders (Parenteral Prescriptions)

Prosoription Gommant Prescription Commant
T 7. R
NSS 1000 ml Suddivm Chloride Injection 1000 ¢e HMyperal One L of the basic TPN solution,
125 mEL/hr (Normal Saline Solution) {(FreAmine) + 40 Frosomine I, is 1o be proyvided
1000 ml., is to be milg NaHCO, + 80 with the addition of 40 mlg
adminiatered it a flow rate of mhig KCI 4 Vits + NaHC03, 30 miy potagsium
126 mE per b, 1Ewill 51 Reg Insulin to chlovide, the eontents of one
require approximately 8 he, ran B0 ecfhr contninor vitamin B complex with
2 K vitamin C plus 5 units of regular
1000 136 + NSS + Dextrose Injection 5%, 1000 mL, zine insulin, s to he
Vits 12 hr eontaining 0.9% sodivm administered at the low rate of
chloride and container of B0 ml por by (upproximaetely 12
vitamin B complex with br).
vitamin C i Lo be 4 K
administered over 2 12-hr 1000 ¥yperal + 40 One Lo of the hospital's hasic TPN
periaed. mlée NaCl -+ 10 KCH soludion is to be provided with
3 R S £ Tosuling -+ 10 the addition of 40 wBq rodinm
BOO 1M + BNES Doxtroas Injection 5%, 500 ml., Cal Gluconate chloride, 10 kg potassivm
Kv0 containing 0.46% sodivm chloride, 10 units regular sine
chloride in to bo adminintered ingubin and 10 ml, Caleium
Al o ow rate to keep Lhe vein Gluconate Injoetion,
open (KYO), The Mow rate 4 B
will bo approximately 10 ml. Wellin 2 g 4 100 ml. Cephalothin, 2 g, is reconstituted
per 1 . W g 6 hr with Sterile Water for Injection
400 and added to a minibottle
1000 ce 16 4- HNSS Dextrose Injection 54, 1000 mi,, containing 100 mL Dexirose
Add 1 amp Vits to containing 0.45% sodium Injection f%.  This dose is given
ench + 100 mg chloride, the contents of one every G hr using n piggyback
Thinmine ampul vitomin B epmplex technique with a flow rate
Fiaeh to yun 6 hy with vitimin C anel suifTiciont requiring 30 o GO tin for
volume of Thismine telivery,
Hydrochloride Injection 1o oy
give J00 mg thimmine, is Lo be Gentmnicin 80 mg Gantwmicin, 80 mg, is added to a
administered over a B-hr IVPR g 8 he minibofle containing 100 mi
puriod (approximately 170 Dextrose Injeetion 5%, This dose
ml, per hr).  Additional ik friven every B hy uging the
ordors of the same can be piggyback technigue (IVII3) with
anticipaied, i {low rale requiring ol Jeast 80
5 KB min (ot doss than oy por min),
1000 ee D6 + 1ENSS Prextrose Tnjection 5%, 1000 ml.,
+ 20 mEqg KC1 is Lo be provided containing
0.40% sodium ehilovide and 20
mliy potassivim chloride.
[CR |

One L of the haspital’s bagic
T'PN solution is to be
provided with the addition of
10 mlig sodiwne chloride, 10
mlly polassiom chlovide, &
milg mapgnesivin sulflute and
10 units regular zine insuling

1000 Hyporal 4 10
NuCl + 10 KCEH - 5
MESO-} EEn {F]
Tanulin
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on the Inbel pnd must be taken into consideration in deler-
mining the gquantities to be added.  Usual electrolyle con-
centrations are required to full within the Tollowing ranges:
godium, 100-120 mEq; potassium, 80-120 mEqg; magnesium,
B8--16 mItg; ealeium, 510 mlGq; ehlorvide, $00-120 mllg and
phosphate, 10-60 mity, It is better to keep n 1:1 ratio
between sodivm and chloride ions. Ty adding potassium,
the ncetole salt is preferred to the chloride. M the combina-
tion of caleium and phosphate ions exceeds 20 mItq, precipi-
tation oceurs.

In mddition 1o the eiectrolyies, the daily requirement for
hoth water-goluble and fat-soluble vitamins may be added,
usually in the form of n multivitamin infusion concentrate.
Iron, should be administered separately lrom the TPN flu-
idde. Trace elements soch ns zine, copper, manganese and
iodide are a concorn only in long-term cases and can ba
added when required.

The Parenteral Prescription

The physician wriles an admixture order or paventeral
preseription on a physician’s order-form Jocaled on the pa-
tieht’a charl. A copy of the order js sent Lo the pharmacy for
compounding. B includes the patient’s name, room num-
ber, the intravenous fluid wanted, additives and their con-
centrations, rate of Now, starting time and length of therapy.
The order is taken by the lechnician, nurse or pharmacist fo
the pharmaey, Orders may be Lelephoned to the pharmacy;
verifieation with the original order is made on delivery of the
admixture. 1V orders usually are written for n 24-hour ther-
apy period; the patient's chart is reviewed and new orders
are written on a daily basis. The order may be for multiple
containers, in which case the containers are numbered con-
secutively, Unlike the extemporaneously compounded pre-
geription, additives are added without regard to final volume
of IV fluid. 'The prescription ix checked for proper dose,
compatibility, drug allergies and stability.  Additives usual-
1y nre given an expitation peviod of 24 hours from the time of
preparation.  Drugs such as ampicillin may vequire shorter
expiration periods,

The clerical work for the admixiure ls prepared. This
includes typing of the label and the preparation of the pro-
iile worksheet, The profile sheet is filed so that the pharra-
cist will be alerted when subsequent containers are due for
preparation. Chorglng the patient’s account can be done
{rom the profile worksheet. The label includes the patient's
nanie, room Kumber, bottle number, preparation date, expi-
ration time and date, intravenous fluid and quantity, addi-
tives and guantities, tetal time for infusion, the milliliters
per hour or drops per minute and space for the name of the
nurse who hangs the container. The label will be affixed to
the container upside dow in order that it can be rend when
hung.

The adniixture is prepared by the pharmacist or a super-
vised technician. In handling sterile products, nseptic tech-
niques as discussed previously must be observed, When
complated, o plasticadditive cap Is affixed before delivery to
the floor. ‘The lnbel is npplied and checked with the original
order. "The empty additive containers are checked Lo con-
tirm the additives present. The admixture is inspected for
any color change or particulate matter.

The completed admixture is delivered to the floor, 106t is
not to be infused immediately (within 1 hour), it is stoved
under refrigeration; if refrigerated, it must be used within 24
hours. The nurse checks for accuracy of patient's name,
drug and concentration, 1V fuid, expiration date, (ime start-
ed and clarity. The infusion of admixtares may run chead
or behind schedule, necessitating that the pharmacist modi-
fy the preparation of continued orders. Fxamples of IAY
orders nre shown in Table 111,
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Medicated Applications

Lawrence H Dlock, PhD
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The application of mudicinal stbatancos Lo the skin or
various body orifices is a concept doubtlenn as old as humat.
ity. The papyrvs records of anciont Wgypl deseribe u variety
of such medications Tor externnl use, Galen deserilod the
wat iy Ronuan Uimes of a forerunngr 1o Ltoday's vanishing
Criama,

Maodientions are upplied in o varioty of forms rofleeting the
ingemtity and seientific imnginution of pharmacints throujh
the contyrios, Now modes of drug dedivery have beon dovel.
oped ta remedy the shorteomings of onrlier vehiclos or, more
reeently, to optimize drug delivery.  Convarsely, some exter-
ol medications hove fullen into disuse bocause of changas in
the proactice of modicing,

Madications are applied 1o the skin ar inserted into body
orifices in lguid, seminolid or solid form, Ophithalmic ein-
ments and topienl nerosal products will not be discissed in
this ehapter. Ophthalmic use impases anusual particle sive,
vincasity and storility specifications thal require separate,
detailed digcusmion (see Chapter B6L  The complexity of
pharmaceutical aoroag) systenm necessitates their incluaion
wlaewhore (soo Chaplor 92).

Epldermat and Tronsdermal Drug Delivery
The Skin

The akin often hus been reforrod Lo as the Targest, of the
body argans: an average ndult™s skin has o surface area of
about ¥ m* 1L is probably the heaviest organ of the body.
Yy aceessibility and the apporiunity # affords Lo maintain
applied preparations intact for o prolonged time have result-
wl in ity incronsing use as a roule of drug administration,
whether for loeal, vegional or nystomic offects,

Anstomicslly, biman skin mgy be doseribed ag a steatifiod
organ with three distinet tissue layern:  1he epidermiy, tho
dermis and the subentancous fat layer (Fig 87-1),

FEpidermia, the outermont skin layer, comprives stratifiod
sequsmouy epithelial cells. Keratindzed, finttenod resinnnts
of thore actively dividing epidermal cells accumulate at the
plin murface as o relatively thin region (about 10 pm thick)
tormed the stratum cornewmn, or horoy layer. The horny

[ ewnnan

WEIN = (L)

ANTL Y ==
SEAAGLUN i, AR
WA FOLLIGN, E som—

BUBCUTANCOUL TIBSUL

mﬂw; [N

Varlieal gaction of human akln,

Fig 67-1.

layer ix itkolf lnmellar with the keratinized colls overlnpping
one anothor sud compromsed into aboul 16 layera,  The
region hehnved as o tough but floxible coberenl membrinae,
The siratum cornoum also s markedly hygroscople——fur
more o than otler kernbinous nantoriala woch o bair of naili.
Tmomersed in water the iwolated stratum corpeun swolly Lo
about three timox s originnd Chickness, abrorbing aboul.
four Lo five times it weight in water in the process,  The
atrabuin corneum Manetions ns a protective plysieal and
chemical barrier and is only slightly permealsle to wator, It
retardy water lose from underlying tissoes, minimizes ultra-
violet light ponetration and Hmits the eniranee of microor
ganistmm, medications and foxie substanees from without,
The siratum cornoum is abraded continuously,  ‘Thus, it
tends to bo thicker in roglens more subject Lo shragion or the
hewring of weight.  1ts regencration is provided Ly rapid cell
division in the bnaal cell luyer of the epidermis,  Migration
ar displacement of dividing colls towards the slin aurface ia
neeompanied by differentiation of the epldormal colls inte
nyers of flat, Inmiaated plates, ss noted above.  An acidic
[t {pH ranging between 4.0 and 6.5, depending on the area
Lested) made up of emulsified lpids covers the surface of the
ALYREMI cOTBUIN,

The dermis apparently s o gel strugtire involving n {i-
lirous protoin madrix ombecddod in an amorphous, colleidal,
ground substance, Prolein, including eollngen wnd elastin
fibers, in orianted approximately paralle) to the epidormis,
The dormis supports and intaraats with the apidermis facili
tating ite conformation to andertying musclen and bonos,
Blood vessolr, lvmphutios and nerves are found within U
dermis, though only nerve fibers yench beyond the dermnl
ridgos or papillne it the germipativa region of the epider.
mis, Sweat glands and bair Tolliclos extending from the
dermis through the epidermis provide discontinaitios in an
othorwise uniform integument.

Thy gubeutassous Tat liyor sorves 95 6 cushion for the
dermin and epidormia. Collagenous fibers from the dormia
thrend hetween tho aceumulations of fat cells providing o
conpection betweon Lhe superficial skin layers and the sub-
cutaneous lnyer.

Hair Fotlicles and Swont Glands . Human skinigsprine
kled liborally with swfaco openings extending woll into {he
dermis,  Hair follicles, togathor with the sehaceous glands
that empty into the folliclos, make up the pilosohaceoud unit.
Apvering and ecorine swent glands ndd ta the toknl,

Pilosebaceous Unit—Human huir consists of compneted
keratinized cells formed by folliclen,  Sobacegus glands
ampty into the Follicle sitos to form the pilosobnesmu unit,
The bair follicles are surrounded by sengory nervos; thus, an
important function of human hoair i sonsory,  Human hair
vavies enormously within he same individual, even within
the same epecifiec hody aren. Individual hairy can vary in
microsoopic nppenrance, diamuter, cuticle appearanoes nd
oven presence or absence of medulla.

Sabucoous glands are similne anatomically and funetional -
ly but vary in gize and activily necotding to leention.  Popu-
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Tabte i—Composition of Sebum

Congilanty Parcent wiw
Triglyeoritlos 0.5
Wy 1l4lers 26.0
Sounlune [#H)]
Chlantornd Batars BR]
Cholestern] 1.6

lutlon in the sealp, face and anogonital nrens may vary from
400 1o B0D/em®. Fewoer than 100/cm® are found in other
sreor Sebacoous glande ave tichly suppliod with blood vos-
sely,

Sebacsous cells wynthosizo and sceumulate lipid drophels.
This acewnulation results in onlargod cells which fragment
ta forisa pedwam,  Sebum is made up of o mixture of lipids,
approximatoly as shown in Table 1.

The sehacecus gland, containing sehum, cell debris and
microorganisms such as Propivathacterium acnes, 18 cons
neeled Lo the pilosebnegous canal by a duet of sguamous
apithelium, When aceess Lo the aurface i3 blocked and haes
terin multiply, the resultt, is Lhy conwedao of acne.

Sebum presumably functionn as an emollient, although
Kigmun onca stated i was usoless. Montngua suggests that,
stbum fimetions aa g pheromone o provida tha uman wilth
a distinchive nromn,

Hwoent Glands--Swont glands are classified a8 apocrine
and ecerine, - Apocrine glands are socrotory but are not neg-
cganrily responaive Lu tharmal sbinraletion. Such glands de
not produce sweat in the normak sense of the word,  Apo-
ering glandy, howoevoer, often aro pssocialed with ecerine
swend glands particularly in the axilla,

Tiecrine swout glands arg coilod secretory glands, eoguipped
with a lood supply, extonding lrom the dermis Lo the epi-
dermal surface. Eccrine swoal gluds function w regulate
hent exchange in man.  As such, they are indispensublo Lo
aurvival,

About 3 million eccrine glands are thought 1o be distribul.
ed aver the human body, Distribution varies from less than
100 Lo more than 3007em®. Gland counts afler thermal stim-
wlation do not always agroe with anatomical eounts,

Drug Effects and the Extent of Percutaneous Drug
Daolivary

Dyogis are applied Lo tho wkin to elicit one or morg of four
penornl effects:  an offect on Lhe wkin surfaes, an offect
within the atratim cornoum, a more deep-angted pifost re-
quiring penetralion into the epidermis and dermis or n sys.
temic effect resadling from delivery of suflicient drog
through the epidormis and the dermis 1o the vaseulalra 1o
produee therapoutie systemic concentrations,

Surfnce Effects-—An uc'tivity on the skin sarfoce may Le
in the form of n film, an nclion againgt, surface microorjan-
isms or 1 clennsing offoct.  Filin formation oy the skin sur-
fnee may be protective, o, n zinc oxido eream or & sunscreen,
Fillms may be somewhat neclugive and provide o motsturiz-
ing offect by diminishing loss of moisture from the akin
surface, In such instancos the flin or (lm formation per se
fullils the objective of produel design, “Phe action of antimi-
crobiale ngninst surfnee floro requives move than simple de-
livery 16 1he site. ‘Fhe vehielo musl Caeilitate contact be-
twoon tha surlace organisma and the nctive ingrodient.  8kin
clonnsers eplay soaps or aurfactants Lo facilitnte the ro.
moval of ruperficinl soil,

Aueatum Corneum Blfects~-Drug eifocts within the
SLEATA GOTTICUM Ao aton with cortain sunacreens; parming-
hengoic ncid is an exampla of o sunsereoning agent which
both penetrates and is substantive Lo strafum corneum cells,

MEDIGATEQ APPLIGATIONS 1687

Skin moiaturivation takey place within the atratum gor-
neunm.  ‘T'he dry ouler cells are hydrated by surface filma.
The increaged moisture rosults 1 an apparent softening of
the skin,  Kerntolylic ngenls, such as salicylic ncid, act with-
i the slintum corneum Lo cause i bronkup or sloughing of
stratum cornoum cell aggregntes.  This is particularly -
partant in conditions of abnormal stratum corneum such as
paorinsis, a discase charactorized hy thickened sealy plagues.

The stratum corncum alse may vorve a8 g reserpoir phase
ar dopot wherein topically applied drug nccumulates due to
partitioning into or binding with skin components.  This
mteraction can limit the subsoguent migration of the pene-
trant unless the interaction enpueity of Lhe stratum corncum
i surpasgod by providing excess deug,  Bxamples of drugs
which oxhibit wignificant sldn interaction include honzo-
caine, seopolamine md corticnsteroids,

lipidexrmal, Dormal, Local and Systomic Bffects.-The
penetration of & deag inte the vinbie epidormis and dermis
may be difficult to achreve, a5 noted abova. But, ance trans-
epidermal permoation has ecourred, the continund diffusion
of drug inte tho dermis is Jikely to result in drug transfor inte
the wicrocirculation of the dermin e Lhen inte gencral
circulation, Nonetheless, it is possible Lo formulate drug
dolivery systetns which provide substantinl localized deliv-
ery without achieving correspondingly high systomic con-
centrations. TAmitod studies in man of topical tricthanola-
mine salicylate, minoxidil and retineids demaonsieate the
potential of thia approach.

Unwintoed sysiemic offocts stemming from e incdvor-
tent, transdormal penetration of drugs have been reported
for a wide variety of compounds (eg, hexachlorophene, lin-
dane, corticosteroids) over tho yoars, With the commercinl
introduction of transdermal deay dolivery uydatoms T'or gea-
polnming, nitroglycerin, clonidine and 173 estzadiol, trans-
dermal ponetration in heing regarded incroasinggly as an ope
portunity rather than o nuisancs.

Percutanenus Absorplish

Poreutnneous abuorption involves the wransfer of drug
from the skin aurfnce inko the atratim corneum, under the
nugin of a concentration gradient, and ity sulmequent diffu-
wion throwugh the stratum cornewm and underlying opider-
i, through the dermis and into the imicroeirenlntion, The
dlein hehaves on o prasive bavier 1o diffusing malocules,
Evidence for this includes the fact that the impermenhility
of the alin persists long after the alin las boen excised,
Turthermore, Fick's Law is obeved in the vast majority of
instamsos,

Moleculnr penotration throwgh the various rogions of the
pkin is limited by the diffasionsal vesistances encountered,
The total diffusional resistaneo (K)o permeation
through the skin has been deseribacl by Chieh as

thi‘lr ® Rm' & Rl? A Hp:.!l

whore It iy tha diffusional registnnes and the submeripls se, o
and pd rofer to the strotwh cormeam, epidermis and papil-
lary luyer ol the dermis, roupoctively, In sddition, resis.
tance to transfer into the microvasoulature Limity the sys-
tomie dolivery ol druy,

By nnd large, the groatest vesistance to ponotration is ol
in the stratum eornoum, ie, diffugion through the stratum
corheumn tends to be the rate-limiting step in parcutanaous
abuorplion.

Tha role of hair follicles aud sweat glands must b congid-
arod; hawevor, as o general ruje (heir offeet in minimized ly
the relntivoly small ractional areas oceupiod by these ap-
penddoges, 1o Lhe very oarly stages of whworplion, (4unsit
through the appendouges may be comparatively large, partic-
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warly for lipid-soluble molocules and those whose perme-
ation through the stretum corneum is relatively low.

The atratuimn comoun ean be regardod ss n passive diffu.
pion membrung but net an inevt systor; it often has an
affinity for the npplicd substanee.  T'he aduorption inotherm
is frequently linenr in dilule concentralion ranges. 'The
correlation hetween extornal and surfaen concentrationd is
given i torms of Lhe solvent membrana distribution coeffi-
cient Ko The intepraled form of Fick's Law is given an

4, w a2,
fi
and
K,
K,, 7
8

where K, Is the pormonbility coeffeiont, J, i tho steady
ghale Mux of golute, ¢, i the concentration difference of
solwte noroar nmombrane, b ia the membrane thickness,

polute worbed por e of Linsug

4

G
= and
b

Mo s b = s 3 2 7
solula in solution per cesolvent. G,

1 is the average menbrape diffugion cosfTicient for sulute.

Permenhility exporimonts have showi that, tho hydrated
gtrofum corneim hog an affinity for both lpophilie and
hydrophilic compounds,  The bifunetional solubility avine
from the filament-muatrix alirasteaciuroe of Lthe korlin,
which &llows ngueous and fipid regions to coexist. Thuy,
altempts to predict pormenbility constanty from oiliwater or
solvenfwater partition coofficients have had limited sue-
Coss.

The elfect of regional variation on skin permenbility can
be marked, Ilipnan saggests that (wo spocies of horny
Yayer he vocognized:  the palme and seles, adapted for
woighl-booving and frietion; and the budy hory layws,
adapted for Nexibility, imparmeability and vensory diserimi.
nation,

Owerall, datn suggest the fellowing order for diffusion of
simple moleeuies through the skin: plantar > palmar >
dorsum of hand > acrotal and postauricular 2 axillary >
sealp > arons, logs, trunk,  Flectrolytes in solution ponotrate
the skin poorly.  Tonization of @ weak eloetrolyte substan-
tinkly veduces #s permeability, e, sodiam saticylade perme-
ates poorly compnred with salicylic scid,  Nonetholass, the
development, of iontophorelic dovicos in recent yonts may
minimiza this problesn with ionic panolranty,

Iny Vitro and In Vieo Studies

Clossically, pereutancous alisorption has been viadied in
efea using radionctively labeled compounda or by in vitre
tochpiguon uning exciaed human skin, A diffusion ce)] (re-
quently vsed for (o pitro experiments fa shown in Wiy 87-2.
In this system the intact wkin or the epidermis is treated asa
semipermontile membrane siparating two Tuid media, The
trangport rato of n particular drag v evalusted by introdue-
ingg the drag in solution on the sliatim corneum side of the
“mombrana,” then mesauring ponotralion by puricdic sam-
pling and nnatysis of the fuid aeross the skin membrane,

More racently investigalors hove recognized thal trang.
porl neross an immarsed, fully hydeated stratum corneum
mnay not ropreaend, the absorplion system or rale ohsorved in
i ovivo stadios,  Percatancous ahkorption across o fally hy-
dented stralum corneuwm may boan exaggeration. [Lmay be
mare ropresentative of enhanced absorption that s seen
aftor in vive skin is hydrated by ocelusive wrapping.

Using separated epidermal shin mounted in diffusion
colls, Suheuploin and Roas® varied the ntimosphere abovs Ltho
addin ateip by nge of Drierite to simulate dry conditions and

P —

— Gaanplng

Port
L[ R e
"0" Ring
— Outtow
Tompariiure Water
JOEkat = Hoth
Lt = iy Hlow
------ Stirring Bar
Fig B7-2.  Schamntlo roprosontation of diffurlon cell.  Top Id open

to ambvlant laboratory anvironment.?

walted papor strips to simulate the effect of ocelusion mnd
ohsorvett murked raduction in penciration of cortisone un.
der drey conditions but. greatly enhaneed penetration on hu-
midifying the stratum eornown (see Mg 87.3).7

The studies of Schouplein and Rogs,® and of Frang,! dem-
enutrate that in pitro studies of perentaneous almorplion
wider controlled conditions are relovani to in wivo druy
ptaotration.  As statod by Franz, “whenever a guestion iy
pudeed reguiring only 1 gualitative or directional apswer, the
in vitre tochnique nppears perfoctly adeguate”

Relevance of Anivial Studien

Any evaluation of a study of percutanecis absorption in
pnimals must take eognizmce of species variation, dusl e
percutanecus abgorption in man will vary considerably with
skin site, wo will absorption in various animnl species, Bore
tek el alt investigatod percutancous absorption and found a
doerensing arder of permoability, thus, rabhit > rat > swing
= man. They studied the in pive absorption of imdioactively
luboled haloprogin, Neacetyleysteine, kestasterang, eafleine
and butter yallow, thedr results wilth tostostarono, shown in
Fig 874, iBastrate the penotration diforonees observod with
diffarent poima) sking.

Subsequently, usibg o similar in oioo techningue, Wester

250 ¢
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Fig 073, Chango In cortizone pansiration by altornately drying (D)
and hunslelitying (W) the straturm cornaun,*
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and Maihach® mvertigntod the percatanaoun abaoeplion of
henzoic acid, hydrogoriisone and testoslerons iy the rhonis
monkey, Radionetively tapged compounds wora applied to
tha ventral surface of the forenrm, andd absorption was guan-
tified on Ui basis of redionctivity exereted in the uring for
five diys following applieation, The inveatigators sonelud-
ed that the percutangous penetration of thase ¢compounds in
the rhesus monkey in sivailur to that in man, and regnrdod
the data as encoursging because of Lho sloilprity.

Stotghtont performed [n vitra studiod using animal gleing
Using a varlety of compounds and a dilfusion-cell apparatug
he concluded that the skin of e hairless mouse or e baby
ral ig useful Tor sereening for absorplion or spidermnn) ro-
BONSE,

It whould be stressed agnin that percutancous absorption
stadies In animals, @ither in viva or in witro, only e be
useful upprogimations of activity in man,  The effect of
species varialion, xite variability (about which Iitte is known
in animals), skin condition, experimental variablos and, of
major impartance, the vebicle, musl be kopt in mind.

Dreagr Testing in Andmats

Dragy testing tn animals i a4 characteristic of new-drog
developmont, and the testing of dermatological produets or
drugs in spimals i no exeeption, Such (esting typieally may
takte three forme:  Animaly may bo used to ostimale tho
snlety of o deag produnt or substance; animal skin may be
substitated for human skin for a spoeilic meaguremoent, og,
percutancous nhaorption; animal skin may be waed ny a dis-
enge madel to simulnte an equivaient human condition,

Animuls have hoon usod to detest contael nensitization,
meoswre aatimitotio devg activity, measura phototoxicity
and evaluate the comedogenic and comedolytic polential of
substancen, To oach of tiese test procedures, bo it a aafoty
Lest or nrsay model, the aninal is considered o nubstitute for
w4 s, thereforn, important (o realivo that (ha animal is
nob man, even Lhough man s the althnate test animal, Ani-
wal-tesling preaents the mvestignlor with unigue advan-
inges; loek of pppreciation of the vivinblen Invobved an
dostroy these advantoges.

Mershon end Callahan® vecorded and Hlustrated Lhe con-
widerations involved in selecting an animal Lest modal, They
interproted the vahhit ieritaney data of several investigntors,
andl impressively visualized dilforent possible iterpreta-
tiony of the differhyg rosponse hotwoon xuhbit and man,
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Tabla ll--Aelative Potancy of Anti-inflammatory Agente”

Toplenl antliniammatery p':limlt)y

uman

Bat-oun vaneRonairitar
Conpound utlama BBy niEhy
Doxamathazone Ty {44110 PR ERY.4]
Duxnmethogong 21 neotate 1173 (858 100) 10--20
Prednlsolone Sd (15447405 12

Procluinalone 21-acetate Il (4.08-9.10) ki

Betamethaseone W (16.7-141) 44
Bolantothasons 21 acvlate 10720 (8%6-1170) 183
Fluorometholone {13 RN (P VRS HH Y] R (3]

Pluoremetholone aceinle 2100 (5 1R-6A6)
Fluprednizolong S1E {18.3.76,)) q.4h
Fluprednisolony seetiio 613 (26.6--147)

Hydrovortimone 1 1

L) o confideney imita

While the ultimate system for oatallishing therapeutic
oifieney in man, there are specific animnl bent models Lhat are
recognized to be valuable as prehuman-use seracny predie-
tive of drug activity in humans. Por examplo, the rateear
wsany and the granuloma-pouch procedure in rats aro yecog-
nized procodures for the satimation of steroid anti-inflam-
motory netivity,

Lorenzettl® lubaloted the potoney of varions topicol ste-
roids, comparing tho ratenr-cdemas assay with polency mea-
gared in humanas vsing Lhe vasoconstrickor procodure of
Stonghton and MoeKenzie; the results are given in Table 119
Animal augny models of this kind, porticularly the stercid
anfi-inflummplory assays, are most ugelul ap preliminary
netivity seraemas The simplicity, safoty and roproducibility
of the vasoconatyictor seany in humans reeommend i over
nuy caresponding animal procodure,

n Numero Madels

in rocant years, (r nemeaero modeling or computer simula-
(iom of peretitanesus abaorption has boon advocated as a link
botween invitro and b ofeo studies. A numbor of rolstively
aimplistic dermatopharnacokinetic models bave been de-
velopad that do provide the foraulstor with soame insight
into trangdormal drug delivery, In upite of the biological and
physicochemical complexity of drug Wansport, o and
through the akin, 13y ane large, those madels nre analogous
to the classionl pharmacokinetic modeln which have Leen
omploved to awoms (n pive drag uptake and disposition,
Some of the dermatopharmacokinatic models proposed difs
for fram maors clpgsically oriented models in that drug trank-
port in the vehiele and in the epidermia, porticnlarly the
slration corneum, 8 modeled in ascordmen with Fiekiun
diffusion. ‘Chus, the formulator can anticipate the offect of
varinblen such as the thicknoss of the applied (vehicle)
phase, alterations in drug partitioning belween the vehicle
and tha atratum cornewn and Bhoe freguoncy of reapptication
on the overall appoearance ol diug systemieally as o function
of time following Lopieal application,

Duosage-Form Peslyn

More than 35 years sgo Lane and Blank pointed out that
sufficient, thought ravaly in given (o the function which tho
vehicle performs and o the physicochemieal characioristis
of the base, ‘'hose investigators wore not discussing optimi-
zntion of deug aetivity in today's menning of the term,  ‘Thoy
emphasized that the Lypo of skin, application site, Jesion
type and physicochomical action of the baso are important
congiderations.

In wanny (if not most) clinical situntions the rato-limiting
slep i penotration of the drug neross te skin barrier, le,
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porcatancous punoteation threugh the skin alone, Ditfusion
of the druy from its vohicle, althaugh dependont on the same
diffugion parameters, should not be anfonowingly the rate-
limniting step in pereuteneous absorption, Sueh a rate fini-
ntion or contral may, of course, be an objective und e end
point of spocific drug optinzation, but inappropriate for
mulation can reduce substantinlly the of fctivones of o Lopis
el drug substance.

In the formulation of o vehicle for topical deag rpplication
many faelors must o considered,  Drag stability, specific
product uny st of application and product typs must bu
combined i n dorage Form which will readily rolopse the
drug when placed in contaet with the skin, Purther, the
rolense charaeleristics of the vehicle aro dependent on the
physical-chemicsl properties of the u])t.!('.iﬁ(! drug submtnnes
to bvo delivered Lo the skin. A vehicle optimized for delivery
of hydrocortisong may be quite inapproprists for delivary of
a dillorent staroid,

I* Higuchi discussed (1060 to 1961) equntions describing
tha vate of relense of solid druge saspended in ointment
braes, Ontronga et ad, in 1 sories of publications, disevssed
Uha significanee of volicle composition an the percutaneous
abworplion of fuscinolone acctanide and fleocinelons aeeige
nide 21 -acetalo (fuocinonide) (goe IPig 87-0019 These inveas
tigators used propylone glycol/isopropyl myristate partition
conflicients, in vitro (human) skin peneiration and finally in
wivn vasoconstirietor sludies to evaluate Tormulnation vari-
ables, Thoy conchuded that

i gunerph, an of i logiond gol preyatation i v i whicly (n)
Wit eonegnteatinn of diffusible droag b U veblcto Gron given loboled
stronggth o aptdmizud by ensurimg tat all of the drig in insolution, (h)
e freindanam amount of selvont iv used o dimalva tie deog completaly
anet yel mnintain w favorable purtition coufficient and {63 the vehicle
cotpannnts affoet e pormostdlity of the steabom ecarneant i fnvar:
able wannor,”

The oifect of propylens ghyeol coneontralion on in vivo
vasoconstrictor nctivity is illuatrated strikingly in iy 87-5,
taken from Oulronga ef wl.?

Txperimentnl work of tho kind desoribed by Onlrenga ¢
@l provides o moans of oplimiving drug release from
vehicle und penctration of the deug into the skin, Thizis o
hoginning, ‘The Termulstor must proceed to develop i total
componition in which the drag i stable sod couses no irvita-
tion 1o sensitive sldin avcas,  Safety, stability and offective
presorvativie elficacy must be combined with optinis drag
delivary in the totnt formulation,

Optimization of drugs other thin staroids way be op-
pronched by divect in vivo waays, Layoers of the slratim
corneun enn be removed or alrippod successivaly awny by

o Fivotinglons Atotonide
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Fig 07-5. v vivo rosponse i o funclion of vehicle composition (24-
hour vasoconatriction), '?

the repeated application and removil of celluluse ndhesive
tape atrips. The penetration into (he akin, us woll m the
alfuct of additives on p-uminebenvole acid, weve sludiod by
Lovenzetti through analysis of individual glin sirips. The
rasults provided a profile of skin penetration and visunlized
the effect of additives,  Similay oxperiments have been car-
yied out using henvayl peroxide.  Ponetration per se, aw well
as the offeel of ndditiver, cap be mensurad by chomical
analysiy of individus! tape sbrips following application of n
wpecific quantity of drag or drug produet,

Factors Affecting Drag Absorption.

Tn the Toragoingg it haw heen seen that dyug-reledse from ity
vehicte in a funetion of concentyation, solubility in the vehi.
ele and partition coelfivient botwoon the vehicle and tha
recoptor gite, Pereutaneous absorpiion of a drug atso ean bo
enhanced by the use of veclusive techniquos or by the use of
so-¢nHod penelralion enhancors.

Sin Hydration aond Tomperature.--Oveluding the skin
with wraps or impermuoable plastic £l such o Saran Wrap
prevants the losws of surfnee water from the slin, Sineo water
i absorbed readily by the prolein components of the wkin
the occlusive wrap eauses greatly incrensed levels of hyden.
tion in the stratum cormeum. The concomitant awelling of
Lhe horny layer oslonsilly decronses protein notswork denaity
and the diffusionsd path lengeh, Qcelusion of the skin aur-
fnee abso increnacs skin temperature (~2 o 3%} resulting in
ingreased molecular motion nnd skin pormention,

Hydracarhon basos which oeelude tha skin to a dogros will
bring about nn inerease in deag penetrntion,  Howevor, thiy
offect is trivial compnred with the affocty seon with 4 trae
oeelwsive skin wrap,  Ocolusive tochniguoes are useful in
somw alinical sitnationn roquiring anti-inBnminatory aetivi-
ty and oeelusive wrappings aro usod most commonly wilh
atoroids,  Since sleroid sctivity can he enhaneod wo enor-
mously by sltin ocelusion il is posgille Lo dopress adrenal
funetion unknowingly, Iarly in the 19608 MeKenzie don-
onstrated Lhat peneieation of sterotd could be increased 100
faled by use of ceclusion.  The FDA requires tho following
label statement:

1 oetonsdve arems aae teeated oe if Hinoeelosive techndgue is usid, e

pussililidy uxinta ol inerenmedaystomic abmorption of the corticost oroid
anaeh saitalsle prroeaudinns should by 1aken,

‘Pranndermal delivory ayatemy, with their occlusive back.
ing, can affoct incroascd peredioneous nhrarption as a resalt
of increased skin lamperature and hydration,

Penotration Knhancers-'Fhia torm bas heen ted Lo
describo substances that facilitate absorption Uireugh Uhe
wkin, Wihile moat matoriale huve a divect effoct on the per-
meability of the skin, other ao-callod enhaneers (e polyols,
wuch o glyeerin and propylene glyeol) appear to augmenl.
pereatanenys nbsorption by fncreasing the thermodynnmic
nclivity of the penetrant, thareby ineropsing the offective
encaping tendoney and concontration gradiont of the diffus.
ing specier, Poneteation enbancers with o direet effect on
whin permeahility inglude solvents, surlactants and miseelln-
e chernicnls such ns uron and N, N-diethyl-matolugimide
(Table T The machaniom of action of those onhmcors
is complex mince these substonces also may increase pono-
trant sdubility,  Nonetheless, the predominant offect of
there enharicers on the atralum corneun is cither o inerense
ity degres of hydrution or divrupt its lipoprotein matrix, in
oither anse, the not resull is o decronse in resislnnee W pone-
Lrant diffusion. {1ho formulator shoutd noto that W el
sion of n penetration enhaneer in a topical formulation man-
duten additional testing and evaluation 1o onsure the ol
sence of enlinticer-related advorse effecty,)

Forgmontnmong the solvonts which affeet skin permeahils
ity in wator, As noled nhove, waler is o factor even fur
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Taoblo ll—Papatration Enhancors®

Swdten s
Wigr
Aleoholy
Methano!l
Hthanal
E-propannl
Alky! methyb unttaxidos
Erimathyl nalfoxide
Procylrsobhyt sudfusida
'T'etrneloeylmet byl aulfogide
Pyrrolitlones
& Pyeralidone
N Methyl-2-pveralidena
N(2-Hxiroxyathst) pyreolidone
Latroenprin
Mincellaneoun solvonts
Acotonae
Linobthyl acelamide
Dimskhyl Faaide
Pekrabydroturfury] aleoinl
Amphipitites
Anionie worfnelonis
Endionie nurluctants
Ampholerie gurfietonis
Nonionie sorfnetunte
Fotty acichw s aleahuly
Miscellammis

Urea
NON-Diethivl e sluamide

o Addapieed frosw et 11,

anhydrous transdurimal delivery syatems due to their oeelu-
wive naturg, Due to ity safoly and efficacy, water has heen
deseribed na the ultimate penatention enhaneer, Other sl
vonts include the clussic enhancer, dimethyl pulfoxide
{IDMB0), which is of Hwited niility hecause of its potential
peular wnd dermal Loxicity, ity objectionable trste and odor
{a consaguonce of its absorption and sabsequent hiotran-
formation) and the need fir coneoentrations in oxcons of TO4%
Lo promote sbaorption.  Anloge of DMSO saeh oy decyl-
methyl sulfoxide nre wsed currontly in soma topica) formula-
tions.  In coplrast with othor solvents, lnuroenpram (1-
dodocylnzaoycloheptan-2-one; Awone) bas been shown 1o
funetion effectively ot low concentrationy (Z59%),  Wurther-
more, Azang's olfert onaldn permcability pergisty long allar
o wingle npplication due apparently 1 ita prolonged reton-
tion within the atyatum corneusi.

Surfactomts, long recognized for their nhility 1o alter mem.
beane struetire nhd function, con hove a subslantial elfect
onskin permonbility.'  However, given the rritation poten-
tin) of surfactants appliod chronicully, thair utility as pene-
tration enhancers 8 limited.  V'hefr affect on permenbility
may be complicated Harther by surlfactant-monomer gy re-
gotion La form micelles and Whe coneomitant solubilization of
the permennt.  As the impact of surfactants on skin porme-
ubilivy of a penetrant is problematic, the offect of their neha-
sion in a formulation should De evaluatod wsing appraprinte
in vitro and in vive sladies.

Stratum Cormoum Barrier Bificacy and Dexrmal
Clearance—iven though in vitro studies of percutaneoun
tranaport miy reflect the resintance of the akin 1o drag diffo-
gion, thero is 110 wiry sueh studien can characterizo adeguate.
Ty the tewisfer of dif fusing drug nto the microvasonlature of
the doermis and We subsequent Gansfor bile gonoral cizendn.
Lion,

Christophers and K)igonnn ! ovaluated the dermal "clear
ance' of #Na from Lhe midbaclk skin of voluntoers following
the intradermal injection of #Na ag normal sadine solution,
The dormal “clearsnces,” exprossed in torme of e hall-ife
for disappenranes of sudionetivity, are plotted in Fig, 87.6.%
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Intradormial Injewtion (dela frant Ref 13),

Similar results were objoined with disappenrance of sidn
fluorescance after intradermal injection of kodium Quoresco -
in. 'Tho data nre indicative of markaedly delsyed dermnt
clearonae in the aged.  Thiv may refloct, in parl, a decrense
in older subjects in dermat eapillnry loop density, a decrogae
in the rate snd/or extent of dermai blood perfusion or an
incrense in roalstance Lo transfior into the capliilaries.

G tho odher haad, Christophers and Kligman™ demon-
atrated inerensed tn pitro wkin permention by sodium fluo-
reseein in the steatum eoeneurn excised from yowng snd old
subiects (Mg, 87-71, Thuw, Lhe sbratam cormeum of oldar
rubicets may offer lens renintance lo the penstration of topi-
cally appliod drags.

Cliven the substontial intersubijoct variations that oceur in
diffusionn) vesistanee and in dermal cloarance, it s not sar
priving that in vivg studies of porcutangous absorplion often
dermonstrabe mnrhed ditTorences i systembe availability of
drugs,  Forthermore, the tendency to employ novimal,
henlthy, yeung adults in sugh studies may not provide data
that s indientive of drug permeation through the skin of
olilur subjects or pationts, 1 would seom that more compro-
hensive studios of pereutamenus absorption as  function of
pRe are warrailod,

Cutuneour Biotrnnsformation- Catabolic envymo se-
tivity in the viable epidermia in substantial,  In (bet, the
vinhle apidommin is metabolioally more active than the dor.
miz 3 Lhe topicatly applied deng in subject. to biotranafer.
mution during skin pormoation, local and systemic bioavail.
uhility can be affeeted markedly, lnzymntic activity in the
wlein, or for that mallor in systamic fuide nod tissues, can he
taken advantage of Lo lneilitate percatuneous absorption,
Slonn nnd Bodor," for oxample, synthosized 7-acyloxy.
molhyl derivadives ol theophytline which diffuse through
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Fly 07-8, Diftusion af thoophyliine () and Its dorivativoarns frgugh
hatrinss Mouko kin,'?

tho skin far move efficiently than Vtheophyiline itsoll (Fig B7-
A1) but which are biolransformaod rapidly w theophylline,
Thuy, theophyline delivery o systemic circnlation con bo
enhanced subutnntinlly,

Further Considerations for Transdermul Dhag Delivery

Ins arder Tor o deog to qualify as o candidate for systemic
delivery aftor topical application, it must undialy raquirg-
monty in addition to exhibiting good skin permention.  Suce-
copnful enndidates Tor teanadormal drug delivery should be
nawireitating and nonaennitizing Lo the skin,  Sincoe relotive-
Iy little dyug may rench systemic circulalion over arelutively
long time, drug candidaten should be relativaly potont degs.
In addition, the limitalion to relatively potent drigs con onse
problems of formulation winee the amount of drog thot can
be ingorporated in the formalation moy be limited by physi-
cochomical conaidorations such as solubility.

Tontophoretic Deug Dativory through the Skin!b! .
For nome poorly absorbed (ionic) compounds, parenteral
sdiministration appears to bo the only viable nption lor vo-
wlotal or ayatemic delivory as chemical ponctrotion en-
hancers (see Table DI often do not function woll for these
compounds,  Given the inereased risk of adverse reactions
aunovinted with the use of such onhancers, Uhe ineressad
evaluation of iontophoratic doviee: for the enhaneemind, of
topical drug delivery hou boen of great interest.  Tontophore-
tie drug delivery implies the delivery of ionie drugy into the
Body by maeans of un electric current. While the steatum
corneum forms the priscipal barrier to eloctricn} conductiv-
ity -ue, in part, o s lower water content--Lho skin abio
rels 8g o eupneitor, Thus, biological tissues such an the skin
provide for o reactive electrical aircuit.  Tonie transport
through the skin in the presonco of a uniform eleetrie fiek
can be deseriboed, in part, in decordance with the Nernst-
Planck aqualion

1 o2l
Jd(-‘ s :{.,_}_zek.f,

Ja = —]

iy il

whoere J; s Uhe Mix of iona acrisg the moembrane, ¢ s the
concontralion of ious with valence, z, ant electron charge, ¢,
dCfel% in the concentration gradiont, & b the cletric field, &
in Boltzmann's constant and 7 e the absolule tomperature.
Thus, the ionic fax is the sum of the fluxes that arise from
the concentration gradient nnd the electric field. Given the
comploxity of the skin's composition, the thicknows of the
ghentum cornoum and tho oceurrence of vlectrommotic efs
foety, the Nerst-Planck squation in only a firsl approxima-
tion of the overall transdormal fux of o solute,  Fornday's

Liaw
Q.
t !:jl-'

further charactorizon the iontophoretic flux G/ in wrms of
the current { (in antpores) and its duration ¢ {in sec), the
tranesforence numbor paramater £ and the Foraday conatant,
F. Additional Tnctors that influence the rate and extent of
jontophoretie dolivery Urouph the skin include pH and ionie
uiratygth of the drug solution.

Although iontophoyetio feahniquos have been shown to
inerense pereutancous absorption of ionivublo or lonic drugs
tineluding lidoeaine, salicylates and peplider and proteing
sach ax tnsuling markedly, the clinfeal safoty and efficacy of
drug delivery ayatems employing ientophoretic technology
hava yet to ho evaluated fally.

Ointments

Oinumunts nre seminolid preparalions intended for oxter-
na! application Lo the skin or mucous mombranes; usually,
but not always, they contain medicinal substances, The
types of vintment bases used as vohicles for draga are select.

ad o1 desigaed Lor optimum delivery of the drugs and nlso b
contribule emolliency or other guasi-medicinal qualitivs,
Qintment propertiss vary, since they are dosigned for speeif-
ic uses, ense of application or extont of apphcation.
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The official definition of oigtment in its present form was
intyoduced in tha USFE XV in 1986, The definition is broad
and encomprssens patrolatum, is, oleaginous bates, emuision
Dsaos-—cithor walerdn-oll (W/0) or oil-in-water (O/W)e.
rnd the so.called wateraolulle basos,

In unofficial tering, oleaginows bases ave dereribed as vint-
ments, but emubsion basos muy be termed ereams or lation,
frither of thene containing rge amounts of solids o turmod o
praate. Al of these subclasyos aro defined officially as vint-
Mentia,

Pharmaceutical nuthovs have a penchant for delining
“Sionl” propurations ey, the idenl base, the ideal vehiclo and
a0 on, In practice, of course, thore is no such thing. An
individua) cannot be all things to all people; neither can an
ointmant bano be idenl for ald drags, all situntions or all skins,
for thal matfer. An pintment base functioning as a drug
vehielo should be aptimized for a specific drag and, insolur
ag possible, for specific disenne statos or slein conditions,

Tt ds, of course, pomible to define certaln spedific reguire-
mants for an aintment bake 1o be wsod for extem prraneous
compoundiog. Buch a base should be nowirvitaling, easily
removeble, nonstaining, stable, non-pH-dependent and
widely compatible with a variety of medicaments, Whan
one adds the stipulation that the base munt reloase Lho smne
viriety of medicamenty, the implavsibility of such dellini:
tiond bucomes ovident,

Clussification and Properties of Ointment Buases

The USE recognizes four gencral classes of ointment,
hases, horeunder eatogorized inte five classes for the purpose
of inclicuting more definitively some differencos in the prin-
cipal proportios ol the hases,

Hydvoenrbon Bawew (Donginmie)
Exmmple: White Fetrolptnm

1 Emollimy

Z Oeeluive

B Nomwad o waslashlo

4. NMydrapholic

. Orunsy
Alwovpthon Busew (Anhydrovw)
Fanmplen:  Hydrophilic Petrodotim: Anbydrovs Lanndi

1, maolliunt

2, Uelauivg

4 Abworch water

4. Anhydrona

ho Grensy

Faubnion Bnwes (W0 Typo)
Fnpwples:  Laneding Cadd Cronryy
1 limodliend
& Oveluive
o Contain wider
A, Boane ntmorhy wdelitfonnl witer
B Lireasy

Emulnion Banos (/W Type)
Bypmpte: Hydrophilie Ol
1. Walar-washnhle
2 Mongroasy
B Can b diluted with water
4, Nonuceluniva

Waler-Boluhle Banes
Nxamplor Polyothylena Glyeol Cintmong
1. Unuptly anhydrous
2 Water-soiblo mil wanhabbe
A Ny roisy
4, Nonbniviy
B Ldpid Aroe

"he olection of the optimum vohicle from Lo clssilien:
fion above muy regitive compromizon o ofien opcounterod in
drug formulution. For exumple, stability or deug activity
mjght e suporior in o hydr()cnrhm\ Linge, however, necept-
ability is diminighed becauwe of the greasy natura of tho
baso, The witersolubility of the polyethylone glycol buses
may be atteaetive, but the glyeol(s) may be irvitnting to

MEDICATED ARPLICATIONS ta03

teatimatized Lvsue,  Drug activity and pereutancous abe
sorption may be superior when using o hydracarbon buse;
howevar, it may be prudent (o minbmize pereutangous ab-
sarplion by the use of o less ocelusive bose,

Ointment Bases
Hydracarben Bases

Hydrocarbon bases are usaally pelrolntum per se of potro-
tntum modilied by woxen or liguid petrolntum to change
viseosity chiaractoristion.  Liguid potrolatum gelled by the
wldition of o polyothylone rosin albo i considerad a hydro-
carbon pintment base, albeit one with whusunl vikcosity
charneteriation.

Hydrocarbon oinlment bases are classificd an oleaginous
hanes along with bases prepared Crom vogetablo fixed oils or
animal fuls. Bases of this lype include lard, bensoinated
furd, olive ail, cottonsoed ail and other oils. Such bases are
emalbiont but generally requive addition of antioxidants and
other preservatives, Thoey are now lurgoly of histovie bater-
Qi
Potroatum DS is o tostoless, adorkess, unctuous motarial
with n melling range of 38 1 B09; it codor rangoes from i ber
o white (when decolorized).  Pelrolatum ollen iy wied ex-
ternully, without modification or added medieation, for it
emvelliont qualition

Potrolatan wsed as nn cinbnoend hase has u high degree of
compatibility with o varioty of methicgments,  Tasen of thia
type are occlusive and nenrly anhydrous and thus provide
optimum siability for medicamonts such ag andibiotics,
The wide melting range permits some latiwude in vehicle
seleetion wnd the USP permits nddition of waxy materinls as
an aid in minimizing temporature effects,

Hydroearbon boses, being ocelusive, inerenso skin bydra:
tion by reducing the rate of lous of surfnce waler, Buses of
thin kind may bue used solely for such a sldn-moisturizing
ailool, e, white petroloum jelly as neted above, Skin hydra-
tiom on the ather haned mapy incrense drag activity, Studios
have indicatod thal steroids have increased nolivity, as mon-
sured hy visoconstriclur offects, when applied to the skin in
u hydrocurbon vehicle, Stoughton consistently fownd the
sume storoid more aetive whoen applied in a petrolatum vehi-
cle than when applied in a eream {ie, O/W emulsion) vehicle,

A golled minerul ofl vehicle ropresents n unique addifion
ta Uhis elass of buseys comprisot of velinod satural produets.
Liguid potiolatum may he gelled by addition of npolyethyl.
one. When appronimately 5% of low-density pelyelliylene iy
adelod, the mixture heated and then shockicooled, a soft
unetaous, vokerless mntorial resembling while petrolatum s
produced, The mass mainiaing unehanged congirlency aver
o wide temperaluro range, 1 neither hardena at low tem.
poratares nor melts at ronsenably high tomperaturon, Iis
uselul working range s between —15% and 60, Jxcosaive
heat, ie, above 90°, will destroy the gol structure.

On the bugin of {n eitrs stndios, dreags may be rolossed
fuster from the gellod minera) of] velicle than (rom conven-
tiona) potrolatum,  Thix quicker raloaso has Doon attributed
to sagior migration of drag particulntes rough n vehicle
which i1 osontially a Houid, compored with petrolatam,

Dospite tho advantagos hydrocarbon or oleaginous vehi-
cles provide in torms of stability and emolliency such bases
have the conwiderable disndvantuge of greasincss,  The
greasy or oiky matarial may stain ¢iothing and s difficult to
remoeve, bn lorms of patient necoptance, hydsosarhon basos,
ie, ointments, rank well elow emulsion Dases such ag crents
aned loliona,

Abyorpiion Bases

Absorption basos are hydrophilic, anhydrous materiale or
hydroun hasen that have the aldlity o absorh additional
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water, The tormer ive anhydrous hoses which absorb water
1o become W/O omulsions; the lotber are W/Q omulsions
which have the ability Lo absorh additional water, ‘'he word
absorplioy In Lhis conpodation referd only to the ability of
the base Lo absorb waier, Foth types of hase are oxemplified
by Anhydrous Lanelin sud Lanolin,d "The formar iy convert.
od to the latter by the addition of 30% water.  The Intter in
turn will abworh additional nmovnits of waler,

Hydrophilic Potyolntum USE is an anhydroun almorplion
base. The W/O emulei(ying properky is conferrod by the
inclunion of choleaterol. This composition in g muodification
of the sriginal furmulation which contained anhydrous lano-
lin, The lanolin was deleted heeause of reporis of allorgy:
cholenterod was ndded.  Inchasion of stearyt aleohol and wix
add o the physical ehavactorigtics, porticalarly firmnesg and
hoat, stability.

Mydrophiliv Petrolatum USP

Cholostorol oo iiie e Uy
Stanryl Aleohel = Hi
WhHite Wax oo e B0y
White Motrolutum o000 RUL

b i e R e B e e $001} g

Ml the atesesd sheehed and wliile was Sogethor o a steam lath, then
i Lhe eholoatoral urd stie untl it eompletely disnolven,  Adld Cho whbte
polpolatay and mixe Removo fram the bath, and alir watil che mistine
womonls,

Lanolin is o complex mistre of sabmtinees, Tt ability to
shaarh watar o probably o charactoristic of the muterin
rather than a single component. "Uhe chomistry of lanalin
hag hoon studied in detnil. Buch sladies hove resulted i the
introduction of a Inrge varioly of Innolin dovivatives omd
geparntod fractions.  Availablo now wee lanolin aleohols,
dewaxed lanoling, aeetylaled lanoling, ethoxylated lanolins,
bydragenated lanoling, lonolin estors und other producta
Most of Lhase derivativen have bhoan produced for specific
purpores, sach i inproved emolsifieation characteristios or
o reduee pliergie reactivily,

The speific compeunds respongible Tor lanolin allergy
ramain unknown; however, Uie grealor portian of enolin
nllergeny resicle in the wool wax nleohodn feaction.  1'hus,
fractional separation o obtain, for example, the goscadied
liquic danoling substantinlly reducos the incidenee of atlorgic
reaclions. Givon the plethors of lanobin fractions, deriva-
tivon, modifications and levels of purity, it is gquite possible,
aviny Jikaly, that Jonslin-sensitive individaals can tolerate
spocilic Innotin producs,

Absorption hases, purticnlarly the emulsion bases, impart
oxcellent emotliency and a degree of ceclusivenuess an appli-
antion, The anhydrows types enn De used whon the proesence
of water woukd canpe stability problems with specifie drag
substanees, og, antibiolics. Absorption baes also ato greasy
when applied and are difficuls to remove.  Both of these
properties are, however, less ohvious than with hydvocarhon
Lunes.

Commercinlly availabie ahrorption hases ineludo Agaa-
phar (Hefersdorf) and Polysorh (Forgera), Nivea Cream
(Beiersdorf) 15 o hydrated emollient base.  Absorption
hawag, ofthor hydrous or anbydrous, ave seldom vaed as vohi-
cles for commersial deug products, Tha WO emalaton ays.
Lem is more diffieult to doal with than the more conventional
O/W gyatome and there is, of courae, reduced pationt aceep-
e bocanse of grengines,

Water-Removable Huses

Water-washable Dases o omulsion bases, connonly re.
ferrod o o cvenms, reprosont the most commonly tsed type
of vintnant bave, By {ar the mujority of commarcinl deyma.
tologie dig producty see fornulated in an emulsion or

croam Dave,  Hawulwion hosos are washable and yémoved
cupily Mrom skin or elothing.  Byudsion bases cnn be diluted
withs water, although sueh additions nee uncammon.

Ay a resull of advances in synthotic conmetic chemistry
tho formulator of an emulsion base can ba laeed with a
bewiltdaving varioly of snlsctions.  ortunately, the omalsion
bage con be subdivided into thres component parts, desiyg-
natod as Lhe oil phase, the omulsifior and the agueons phage,
The medicinal agent may bo includod in one of these plises
or addad Lo the formed emalsion,

Tho oil phase, sometimes called the intornal phase, is
typieally made up of petrolatum md/or liguid petrolatuim
topelher with vne or more of the highorsmeloeatar-woight
alcohols, such as cotyl or stenryl nleohol.  Stewric ncid may
beincluded i Eio emulsion is to be baved on a soap formed e
sit, of, Wriethanalnmine stoarate, A caloulated oxoom of
stearic acid in such o formulntion will produeo i pearloreent
appearaice in the finished product.

For drug-delivery vahicles, simplifiad systong are in ordor
to minimize component ivteractions, éithor physical or
chemicnl, and, of course, to minimize coat,  Hydrophilie
Olntment LS i o typieal emudsion lase,  The compogition
in an Follpwa:

Hydrophiilic Oinbment USI

Mothvhanealion o coeeio e TR f (X3
Propylpratin ooeinn (A1
Soehium Lanryl Sulfbae o K
Propyplene Glyanl o000 I
Stoaey| Alwohol ., ... ., e I3
Wihite Fotrodebum ooy 11
Turifid Waer o u e : "

Tomallanbont oo N L} 13 I

Mt {hertaaryladeohol and {he while pnh‘(rinlum una st eam Lt b, mnd
wars Lo ahoot 0% Add the atdior :'nu.ﬂetiiﬂtﬂll;‘ !')I'e\llullitly dinsotved in
Lo wenler ondd warmed fo 76" sl sl {he misdure wntll i codgunds,

Stearyl pleobol and petrolptum comprise an oil phase with
the proper smovthoess and comfort for the skin, Sleary]
ulechaol also serves a an adjuvant emulsifier. Petrolatum in
the mil phate also contribuloes o the water-holding abikity of
the ovorall formulation.

A pginnee al the cosmetic Uterature nnd such valumoes as
the Conmetic, Toiletyy and Pragrance Aswoctation's Cosmat-
fo Ingredient Dietionary impresses one with the enormous
numbor and variety of emulkion-hase components, particu-
larly wil-phake components. Many of these sublancos ine
et aubtle hut distinet chuaractoistios W caosmelic emuinion
avelomy,  While desirable, many of these charneteristics are
not really necessry in drug dosage forms nnd delivery sys-
tame,

The ngueous phave of an emuolsion base usanlly, but not
wlways, exceods the oil phase in volume, The aqueous phase
contning the proservaliva maderinds, tho emulsilier or a purt
of the emulsifior system and humectant, T Jast s vsually
¢lycorin, propylene glyeol or a polyethylene glycol. The
humectant novmally s inchuded to minimizo water logs in
the finished compomition.  Humootts also add (o overall
phyaical product noceplability,

The aguesus phase conlising the proservative(s) which ara
included to control microlinl growth, Proservatives in
amtilgion bisos ustnlly includo one or wmore of tho following:
metliylprrnbon apd propylparaben, honeyl sleabol, sorbic
neid or guaternary mmmonium compounds,  Propylong gly-
eol in suflicient coneentration nlse cun fTunetion sy a preser:
vative, The genoral swbivet of praseevatives aud prosorn-
tian ie diseussed elsowhoro in this chapter,

The agueous phase also conlaing the water-saluble com-
ponents of the emulkion systom, togother with nny eddition.
al winbiliners, amtioxidants, bulfers, ete that mny be neces-
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nary lor stability, pH contral or othey conmiderations assoei-
aled with ngueous systems,

The emulsilier or emulsifier system in n eroam Formula-
tion s o wmajor congideration, The pmulsifior may he non-
fonig, anionie, cationic or amphotoevic,

Anionic Emulsifiers..Sadium lnuryl sulfate, the emulei-
fier in Hydrophilic Gintment, V8P, i typical of this clasy,
The netive portion of the emulsifier is the auion (auryl
gullate ion). Similor anionic emultsifiors inchude soaps such
pa triethanelamine stearate,  Soaps, of course, are slkaline
mnd, honee, incompatible with acids,

Bodium luuryl sulfate and nther anionic surfaetonla of ity
type are more aeid-stublo and permit. adjustiment of the
amudsion pH to the desimibzle acid range of 4.6 to 6.6, As
anionic emulsifiers are incompatible with cations, the over.
all produgt compogition musk be kept in mind.

Dapending an the chamicn! Lype and concentration, an-

ionic surfactonts may be irvitaling to certain sibintions. 1.

has Leen reported that porentaneous absorplion of cortain
drugs, notably steroids, may bo enhsnced by the use of an-
wnie compounds such as sodiom lauryl sulfate.

Cotionie Bmalgifiers---Cationic compownds are highly
surfnce-aetive but are used infrequently as emulsifiers, Tho
cation portion of the moleculn iy generally o quatornary
wmmonium salt including (osuatly) a fatty acid derivative,
ag, dilauryldinethylammoniom chioride.  Cotionies oy be
irritating to the skin and eyos, and thay have o considerablo
range of incompntibilities, including anionie matoriolu,

Nonioniec Fmulsifiers--Nonjonie emulsifiers show no
Lendency to jonize in solulion, This advantage vesults in
oxcoflent pld and electrolyte compatibility in such amul-
sions, Nondonie emulsifiers vange from Lipophitic 1o hydro-
phitic. The usual cmulsifier system may include both n
lipophilic and hydrophilic mamber to produce n so-cullod
hydrophilic.ipophilic balanee (or HLIR).

Muny nanjonic surfactants are tha result. of condensation
of ethylong oxide groups with a long chain hydrophaobic
compound. ‘The hydrophilic characteristios of the conden-
gation product are controbled by the number of (usually)
oxyethylene groups (OCITLCHL). Yixamples of nobionic surs
factants are given in Table TV

Tmultons containing nonionic emulsifiers wsually are
prapared by dissedving or dispersing the hpophilie compes
nant in the otl phuse and the hydrophilic component in the
agueous phase, The Lwo phases then are heated separntoly
and comblned as deseribed on page 1634, The nonionio
smuluifier contont. of an emulsion may totul as much as 10%
of the total weight or volume.  Bmulsions Dased on nonionie
omulgifiors are gonornlly low in ivritation potential, stable
and hinve excellont compatibility eharactoristics,

Soaps and delergents, o, omulsifiors, have, overall, a dam.
nging effect on the akin, Both aniosie and cationie surfae-
tants ean couse damage 1o the stratum corneum in diroot
proporition to eoncontention and duration of contact, None
ionie sufactanta nppenr 1o have mueh loss offoct on the
siratum corneurn,

Altor the proper selection of ingrodionts the entulsion base
in formed by heat oud agitation, The oi] phase is melted and
heatad 1o 76 in 4 container equippod with a varishle-apeod
agitator,  The ncuoous phase with the emulsifier addod is
phaced in g second containgr, components are dissolved and
tha whole hoated 1o 75° or slightly in excess, The agueous
lanse Lhon s added slowly with continuous stirring to the ofl
phiage. The first nddition should be carvied out slowly bl
cotinuoualy with thorough but enreful agitation, ie, thae
omulaion should not be agitaled ot a rate that incorporntos
oxeony nir,  Progressively slowoer stirring should be contin
wed during addition of the agueous phase and until the
tompaorature ronches ahout 30°. Medicinal agents vaually
are ndded aftw tho emuleion has formed and mueh ol the
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Table IV~~Nonlonls Emulgiflera’’

Typi Extmplos

Polyoxyethylena fatty aleohol
athers

Polyoxypropylene fatly ateohol
wbhurn

Palyoryethyteno lutty aeid vators  Polyosyatiiylono stonrate

Polyoxyothylone sorhitan fatly Polyaxyothytene sorhitan mon-
acld eaters ostenrale

Sorhitan fatty peid onfors Sorhitan montalonruto

Patyoxyathylong glycol futly aeidt  Polyoxyelhylona plyeo) mong-
onters slenrate

Polya) Fully aeid eaters Glvooryl monoaiearate

Propylene glyeol monostoarate

Eihoxylated lanalins

Fithoxylalod cholestoral

Polyoxyuthylone lnaey! aleohwd

Prapoxylated oley] aleahal

Ethoxylatod Innolin derivativos

agueons phase hay been added,  Drog substances requently
are added an dispersed concentrates in agueous suspension.
Cotors and dyas are similarly odded as concontratan. Colors
wometimes are employed Lo distinguish different coneantra.
Liona of the game dryy product.  Pragrances, if any, are
added after the formed omulsion has cooled (o about 35°,

Weeter-Soluble Buses

Solublo eintment, bages, ng the name implics, are made up
of aaluble components, or may inehide gedlod ngueous solu.
tiona. The lattor oflen are referred to as gela, and in recont
years have heon formuloted specificatly to maximize druyg
uvailubility,

Mujar camponents, angd i sone instances the only eomjo-
nents, af witer-aoluble bases are the polyethylone glycols,
Theso are Houids or waxy solids identified by numbers which
are an approximate indiention of motecular weight,  Poly.
athylene glyeol 400 1a o liguid supeelicinlly similar (o propyl
ane lyool, while polyethylone glycol 4060 s n waxy solid.

Polyathylene glycols have the genernl chemival formula

HOCHCHLOCH ), CHL0H

They are nonvolatile, wator-neluble or water-miscible som.
pounds and chemically inert, varying in moloculwr weight
from pevaral hundred to several thousnnd,  Pateh tests bave
shown thad those compounds are innocious and conlinbous
use has confirmed their ack of iiritation,

Polyethylone glycols of inlerest as vehicles include tho
1500, 1600, 4000 and GOOD productys, ratghye from soft, waxy
nolidls (polyothylone glyeol 1500 is similar to patrofatum) to
hard waxes,  Polyethylene glycol 6000 s o hard wax-like
materinl melting al B8 to G2%: it is nonhygroseopic,

Palyethylono glyeols, particularky 1500, con bo used a8 a
vehicle per se; however, botier rosulls often nre obtainad by
uning blends of high- and low.moleenlursweight glyeols, ag in
Polyethviens Glyeol Ointment NF,

Polyethylong (iyee! Ointmant NB

olyethylong Glyeot dan0. 0000 SRR JSETH At
Palyathylone Glyeot A0, oo e A0

Haout e twe ingrodiontas s s wator hath 1 G5®. Allow ta conl e wliy
watilconganded, 1 a lemer preparstion bedosieed, veplace up Lo 100 g of
the palyvethylono glyeol 400 with an egual amount of palyethylene ghyiol
B0,

Mot 1 G-26% ol un aguonus aoltdion is te Do ineorporatod in paly.
wthylene dyvel vintient, replace B g of the polyetlivlene glycol 3360
weltdy ms erpin] mvenan kb of slenry] ideohal.

The watee-solubility of polyethylono glyool vehicles dous
nob insure availability of drugs contained in the vehicle. As
hydrated steatum corneum s an important factor in drog
penetration, the use of polyethylane glycol vehiclew which
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are anhydrous and nonocclusive actually may hindor pereu-
taneons absorption due 1o dohydration of the stratum ¢or-
naum,

Aqueous gel vebicles conloining water, propylene mid/or
polyethylene glyco), nod gelled with n carbomer or o ealluloss
derivative, also are olaseed as wator-soluble bases, Boases of
this kind, sometines referred to as gels, mny be formulated
Lo optimize delivery of a drug, particularly steroids, I such
o prepuration propylene glyeol is used as o pterold nolvant ou
wall as an andimicrobial or prosarvative,

Gelling agents used tn these proparationi may be nonionic
or anionie.  Nonionies include cellulose dorivatives, sueh us
methylcellulose or hydroxypeopyl mothyleellulose, These
derivatives form gels when dissolved in waler but also exhily
it the chinracteristic of reverse solubility, The celluloses are
watlad, io, disparsed in hot water, and then cooled Lo alfect
solution, Sedivm carboxymethyleellulose is an ionie form
of cetlulose golling agent. It is conventionally soluble, and
1ot hoat-insohuble.

Curbopol 984 is a white, fluffly, powdoered polymeric acid,
dinporsible but inseluble in water. When the acid disper-
siow is neutralived with a base a clear, stable gel is formaod,
Carbapol 934 i physiologically inert and is not a primary
irritant or sensitizer.,

Another gelling agent is colleidal magnesium aluminum
gilicnte (Veegum), 1L is an inorgenic emalsifior and aus-
pending agont, as woll as a gelling agent, Veegam dispor:
sions are compatible with aleohols (20 Lo 30%), acetone and
gycols, 1 frequoently is employed s o gol stabiliver, rather
than as the sole gelling agent,

Sodium alginate and the propylene glycol estor of alginic
acid (Keloolndd) sleo are satisfactory gelling agents,  Sati
um alginate Je o hydrophilic colloid that functions satisfneto
rily between pH 4.5 and 10; addition of caleium ions will el
fluld sohutions of sodium alginate.

Praparation

Qintmont proparation or manufactura depends on the
type of vohiclo and the guantity to be prepared, Tho abjee-
tive is the snme, io, to disperse uniformly throughout the
vehicle a linely subdivided or dissolved drug subslanceis).
Normally, the drug materisle arg in finely powdered form
bafore boing dispersed in the vehiele,

Ineorporation by Levigation

The proparation of amall guantities of ointmant by the
pharmacist, ie, one to sevoral ounces, can he accomplishod
by wsing a spatwin and an ointmont tile (either poreolain or
glass), ‘The finely powdered dreug matorinl in levigated thor-
oughly with a small guantity of the base to form a concen-
teate, 'Phe concentrate then is dilatod goometrieully with
the remainder of the base.  Such a procedure is useful par-
tiewlarly with petrolatum or olonginoud bancs.

If tho deug substance is water-seluble it ean be dissolved in
water and tho resalting solution meorporated into the vehi-
ele using n amall quantity of lanclin if Lhe bnge is olenginous,
Gionorally speaking, un amount of anhydrous lanolin agual
in volume to the amount of water used will suffice.

When ointments are made by incorporation in quantitios
oo large to be bandled with a (ko and spatula, mechanical
mixata nve used, Hobart mixors, pony ypiners and others of
thy type usually are used for this purpose.  The drag sub-
stonee in finely divided form usually is added slowly orsifted
into the vehicle contnined in the rotating mixer. When the
wintment §s uniform, the finished produet may be processed
thraugh a roller il to pssure complete dispereion and re-
duce nny nggrogaten.

This procedurs may be modified by preparing and milling

Pt P

#g 0710, Qintmont manufacture and paciaglng (covrlosy, Owen
Laboratortas),

a concentrade of the deag in s portion of the bwe. The
concantrale thon is dispoerted in the balance of the vehicle,
using @ mixer of approprinte size. Qeensionally, the base
may he melted for ensior headling and dispersing.  In such
cnaoy Lhe dray is dispersed and tie base slowly cooled using
aontinuous sgitntion to maintain disporaion,

Emulsion Products

Modicated erenng nnd lotions pre proparad by monns of a
tweosphiagoe hoat system, “The oil-phase bygredients are coms
hined ina jnckatod anke aind haatod to nbout 70%. AL thiy
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tomperntiure the oil-phase ingredionts ure Liguefied and uni-
form, I a separate tank the agqueous-phase ingredients,
including (he emnlsifior, are hoated (ogether to slightly
above 76%  The agueons phase thoh is added Lo the off
phasa, slowly and with constant agitation. When the emal-
sion is Formed the mixture is allowed to cool, maintaining
slow agitation.

AL this stage in the pracess the medieinal ingrodients
usttally aro acded ns o concenteated slurey, whioh usually has
hean milled to reduce any particle aggrogates.  Volalilo or
promatic materinle gonerally are added when the fipighed
emulsion bas cooled to nbout 36°, AL this point additional
water may be added to compensale for any evaporalive
losses oeeureing during exposure and tranafor at the higher
temparatiron of emulsion formation,

While the product remains in the tank in bulk, guality-
control procedures are performed, ie, for pH, active ingredi-
onts, ete, 1 control reanlis nre satisflactory the product. is
lillad into the appropriate containars,

Presereaifves tn Ointment Hases

Antimicrobial presorvative substances are included in
ointment formulations to maintain the potency and integri-
Ly of produet forms uml Lo protect the héalth and safety of
the consumer, The USE neclrosaen this subivet in ity mong-
frraph on Microbiologicud Attributes of Non-Sterile Phayma-
ceuticnl Products.  "The signilicance of microorganismes in
nonaterilo products should e evaluated in terms of the use
af the product, the nadure of the product and the potential
haaave to the user. ‘The USE suggosts 1hat products spplied
Lopically should he free Irom P aerieginosa and 8 awrcus,

The atbribules of a ideal preservative system have heon
defined by various authors as

1o ffactive ot roladively low vorcentridivng n“;iin_hi # ol npec
e o viriety of mieroorimiinms which could ense disoaso or produc
tleterioration,

2 Solublein the reguired concentration,

# Nontoxic and nonwennitizing at in-une concentratios.

4. Compalible sith ingeadients of the formulition and pavkage com-
poneniz,

B rew rom objectionalle ahors i colurs,

G Sty over wowiclo spectoam of vomditions,

T, Inexponiive.

No proservalive or progorvative systom rcets these ideal
criterin,  In fact, preservative substances once considered
mast aeeeptable, if not idesl, now have heen questioned.
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Mathylparahen and propy|puraben, sceond mud third only o
wator in froqueney of wee in coametic formulations, have
boeen aesonted wilh allergic ronctions.

Use of parabeng na prosorvatives in topical products bagan
nearly a half-century sgo.  Animal Lesting indieated that.
they virtually are nontoxic and the compounds, usually in
combination, bocamo nearly ubiguitous ap presorvatives i
dermatologic and commetie products, 1y 1968 Schor was
wmong the fivst in this country Lo exproms congon about
contact sensitization to parabens. Other investigators have
voiced similar concerns,

Topical parabeny do not appear Lo constitute a signifiennt
hazard to the public based on their low index of senaitization
and low overall Loxicity.

Allernative preservation substonees availablo for use in
pintmoent busos, Logether with comments on possible Jimite-
(iona, ara given in Table V.'* It is probably sonsible to note
that, with few exceptions, most of these compounds--in
eimirast to the parabens—-co nothave » hall-centary history
of wse ner have had oxtensive pateh-teating oxporiments
enyvied oul,

Following selaction of pressrvative candidates and prapn-
ration of product pratotypes, the efficacy ol the preservalive
systom must be evaluated, A varicty of methods Lo necom-
plish this hove heen proposed, The argnniam challenge
procudure s curventty the moat nccepinble,  In this proco-
dure the test-product formulntion is inoealated with specific
levels and types of mieroorgnnisma. Preservative efficacy in
evaJunted on the hasis of the nymber of organisms killod or
whose growth is inhibited an determined during o spocifie
samipling sehedule,  Critieal Lo tha organimn clainllenge pro-
cedure are the seleetion of challenge microorganisme, the
level of arganisme in tho inoculum, the stmpling schedule
and data interpretation,

Variations of the organism challenge progedure have usu
ally conterod around the seloclion of argunisme, the ¢hal-
longo schodule, use of a rechallonge and stundards of oflec-
tiveness, ie, cidal aclivity reguired rather than static or in.
hibitory aclivity,

Table VI gives the challenge arganiamy and other eriteria
used in several preservative challonge procoduros,

In addition to efficacy in termu of antimicrobial effocty,
the preservative syntem must be assessed in Lerms of chony.
col und physical stability as o Panetion of time, 'I'his often is
done using antimicrobial meassuremonty in addition to
chomical analysis,

Table V-—Toplcal Praservatives: Denofits and Risks'®

reuavallven

Limitatiena rolnlive to uae In conmalle/
darmatologleal 1ormuigion

Quaternary mmmonium componndy

Organic morcurial compounds

a) innctivated v umerous ingrodionts including neionies, nonioniew nnd protojoe

a) poiantinlly Loxie and may senkitie the skin

) limvitod use in formulations teod meie of in L eyoe

Pormalduhydo

a) volatile cnmpound with an eljectionable odor

1) drvitating Lo the nkin
o) high chomieal ranativity

Halogenated phenols
horachlorophant, p-chlore m-ereeal (POMO)
p-ehlovean-gylono] (PCMX)
dichkoro-m-xylonol (DEMX)

Sorbic acid
potasginm sorbnie

a) objectionable otdor
b) ofton inactivided by nonionics, anienie: or protaine
) limitend grovsagative antibreterial aetivily

a} pH-depondent (eun bo used only in formulalions boloew the pid of 6.5 (0 7.0)
b) highor coneentrations are oxidized by sunlight resulting in product discoloration

¢) limited mtibactorinl activily

Benzgic acid
godium bhonzonte

u} pHdopendent (mited bo ueo by Cormulationg with aH of 8.5 o o)
13} vepluced by nowar nntisierobialn becnase of ite lnited antimiorohisl netivity
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Table Vi—Pragorvative Effectiveness Test Procadures
) U XX cTEA FDA
Challonge o oreus N abereies 8 aierens
ntroorganinms I enl I8 eirli PR
I aeraginona 17 qerginuve I acrnginosa
{ wlijeans Calbicans i putida
A nigee A niger P multivnrans
P latem Klebsiella
B wuebtidin & nareayeens
' albicany
A niger
Inneulum leval 1 X080 X 108 % 10" Cells/mls 0812 % 109

Colls/ml, or o

Cells/mlL o g
rechallonje 130
X 10% vogotutive colln

OF FIn

Sampling schadule 0,7, 14,21, 28 days

0,1-2,17, 14, 24 days wockly intervaly

Bacterin < 0,1% survival by
14th day.

Y et & malde nt or holuw
initial concentration dur.
ing first A duya.

Naovinegrtmin in oeginbn
cotnba for romainder of
28-duy survival

Standnrds

Based on intencded Yogotative cells < 0.01%
e wurvival o 28 days
C albicans < 1% wyevival
A niger < )% survival

Tonhnlengo 0.1 % survival
in 28 days

Salety, Safety Testing and Toxielty

Safoly is delined as the condition of being gale from un-
dergoing (or causing) injury.  Safety is not absolute bud
niust he takon in the context of conditions of ke, Noxicity
rufers to o specific substance or produet md the advoerne

offect on o system cavsed by such a substance or product

acting for a given pariad of Lime at a specilic dose level,

Qintment basos muay cnune iritant or pllergic ronctions,
Allergic reagtions are usually Lo a spocific bane componont.
Lrrilant reactions are more frequont and more importang,
hence a number of test pracedures have been devised to Lost
for irvitaney levels, both in the animal and in man, The
conseguences of apecies difloronces and specificity must he
included in the evaluation of animal-teat resulia,

Probably the most common irvitancy measure is the
Diraize dormal irritation test in rabbits, In thiv procedure
the teal matorial is applied repeatodly Lo the olippod skin on
the rabhit'y back, Tho test material may be compared with
one or inere conlrol materialy,

lnd-points are dermal erythemna and/or edoma. By as-
signing numerical scores for erythoma and edema, mathe-
matical and statisticn] teeatmont of resulls i possible.

In the humaen, a voariety of tost procedures are wwed to
meanire irrtlaney, sensitizntion polential and phototoxicity,
Amonyg the most comman arve the following:

1-Duy Cutmuintive Irritetdon Sludy

Ton Ui bt 4 Lost eomgaund {s applicd dally 1o e same sito on e
baek or volar fﬂrmnm et matorinlare appliod undor srchsivo tape
e weoran are vead daily, "Ihe test npplication and acoring i ruprmmi
daily for 21 diays or wntil ivritation produces u predotor eninad maximim
nearn. 'Typien) ervthema scoros nee

0 = no visiblo renction

1 = mild erythema

¢ = intonse erythoma

1 = intopae orythep with odgog

A4 = inlense ovythoma with odemn and voniconlsr arodon,

Usually, 24 subjocts ure wwend T Ule Lost, Fewor subisetg and a shorter
appliontion lme by days ave varinnts of the Lol

Breaive-Bhalanski Mopoat-Tnualt Pareh Pogy

Thin 1est, i elewinied (o moasare th potentinl to cause sousitivalion,
Phe test also providey o mosaare of ieetaney polentinl. Ty B vl

prnmlm @ the oot mntorial ar o sultabde ditution is apeliod urder oeelas
wior e e st pibo, for 140 altornute-diy 24 he periods, Following o 7-
day rest porlyd the test matoeial n applived agnin (o s foal wite for 24 he,
The chalivnge wites ave read on rermuval of te pateh md miein 24 y
Inder, The 04 eyt Bema sendo inunecd, A tont paned of 100 individualy is
common,

Htigmnn Maxdmization Post

Thin test In uwod 10 detect Lho contact ronnitizing palontial of & produet
or materinl,  The tost material in appliod andor occlusion to the same
ity For 46-hr poriods. Prior to each expoeare the site may b protrentod
sibh o melundon of wesclivm Jnu eyl numu{rlmdur ovelusion, Followinga 10
duy interval the veat matoerinl agnin in applied oo diffuront sl for 48 hr
under occlusion.  The ehallonge site may be trentad Driofly wilh a wodi
aum Jusery] nustluto wolution,

Fhe Maximiantion test in of whortes daration anth makos wse of fower
Tost watjocts than the Braiee Sholanski toat, The tse of sudiugs Jauey!
aul¥nte s i pvotken ment ineroamon Ui abltity 1o detect woaker nlorjona.

Theae test methods are adeguate to detect oven wank
irritants and weale contuct sensitizers. Positive resulls,
however, sutomaticnlly do not disgualily the use of a sube-
gtinee as unsale. The neland risk of vue depends on congen-
teatdon, period of use and skin condition. Benzoyl peroxicde
in tesls such as the Draize Shelanski and Maximization ia o
potent sonsitizer, yet the incidence of sensitization among
nene patients is low,

Packaging and Labeling

Qintmanta usually are puckag&(l in ointment jars or in
metal or plastic tubon of a conveniont aize, Ointment jars
are available in one-hall to 16-0x sives; Labes from 3.0
cupacity (often ophthalmic) to 4-0z and on oceasion groater
onpaeitiens,

Ointmont Jars—Straighl-sided serow eap jars of glass or
plantio are availahlo, Clear, amber or opague glass containe
ers are used, as well o white, opague, plastic, usually high-
density polyethylene, jors, Metnl or composition plastic
tops are available, with a variety of innor liners Lo asaure o
cunt- and airtight closure,  Linery are nsaally puper or plan.
tic Inminatoy oy dises glued oy atherwise fitted to the closuro,

Ointment jors are filled mechanically to somewhat fess
than capncity to minimize contnct between tho ointinent and
the cap o cap-liner,  Qintment jurs bund-lilled by the phar-
macist also showuld be linished to pvoid contacl beiwoen 1w
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oinbmont and cug T hiv e e necomplinhod quite rend ity
by shittiud use of o flexible spatuln, The spatula is Toresd
aeross Uhe ointment jur while depressed slightly inta the
abtment. The renult-in o conieal dopremsion thal is estheld-
enlly meceptable, Much of Ui siooe resull qun be aceom-
plished by dopressing the spatula into tha confter of Uhe Tilkad
jm- il w'mluhll‘\' |’0Lulin|; 1l _im' u;gnil-mi. thie stodionaey
spabily,  Small peinty perlinpn, bul e woll spent o avaid
having purt of the ointment-jmr contenti removed adver-
benntly by tho enp when the paticast opens the jui

Odntmenl ' Tulos- Ointment tabos made of Lo ar ahami-
nuin, or of an incrensing variely of plastic watorinls, are
availnble.  Tho Jalter are normally polyethylene, polypro-

pylene or other Mexible, heat-apalnble plastics,  Ointmenst.

tulies have obwious advintnges ovor far; the use of fingers i
mininizad, an is dugt and sir eontaet, nud Hght espogure,

Dapending on the expeeied sholf-life, ¢ number of fetor
should bo considered in seleoting an ointment by, Motal
euttagt and e possilillity of motaldon eatilyzod innlability
mual o considerad,  Conversaly, plastic tubes may beeom
atnined or discoloved by migration of eolored materials inte
ihe plastic sidewalls of the tube; coal e i ointment foim
may eouse rueh disealoration. Tube interactions involving
either metal or plustic o e minimized by internal cont-
iner, Such contings wsnally are apoxy films thul become the
primery producl. conlact.

The wuitability of cinlment. containers, cither jors or
wubes, shonld he verilied by adeguate testing prior Lo use.
Conpatibility aned physical and ehemienl mability should he
oatublizhad by proper tests before final nelection of a jor or
tube.

Ointmamts prepared on preseription con be convonigntdy
filled into » metat ointment Labe using the following proce:
dure,

Moot sy ol it tulao of Ui preoger nizo ad annove any B ur dust,
Frawlar o ofntrent D pioc of pager of suiinbhosize (ke glassiso o
wtrangd pagrerd, Bolk twe pagper and cintmwnt oo e evlindor shupe of o
chiamebor alight Ly e Csnns €hnd of §ho gintment ube, Tt {he voll
popet sintmont eytingdee o Lhe gistment Wil The (egth ol the
pangset epinsder slimiiad exeewd the fube leegth, Renave fhe it e
Gl e ol undigg s wpatade, compres tha paper apiinded did Salw,
Chonninie comayrromian thn ginst i and talo ondi] e ol gbsent appmars
i the neelearifiea al the spua Labe. Weploet £l eags, Claimng e npailaln
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wieles e el dgie, eomipiit A abintamend daday aned ppes eshudey o
roaonnble dindunee from che end of the e, Mholding i spalidae
Fismiy i phaee, o ool Chs pugier epdineee, Joavingg (e sigtmmid within
Lhe ttabe,

Fho gintovent o sedoctod sheabd b of adegumte eapneityec Aller
comaprossing e aintmionl and popser ovdimber inos e adne, conmt el Lhe
gl for eydindlor romova o dintanwea rem Hha ened of i tube Urod will
allorwe sl Beantong oo ddie ol chosorr Dot ] ae boda. " lwe Cobed diens i ar
bl o, O nediviehinl folds o n 3 litaee approk e el Yo
o M in. Oindment fulao cealingg Polda wastby san e vace Ly faldingg tho
Lkl anvpr vy itaedl sasinng oo srmsCobes debmele San it g onn £ e yahe gand v e
Folcling puint. Ointament tua elips can bo fixed v e tad s s it
-,'Inmlmrll Al wsiigg e s s imndbvise. e sola s of Talding
undl :-.Jnmt]ainx; i For prrentenit Jendogge when vonntdie e e is agopliod
Lo Lhse Tuitme,

On o foger seaky, ointment-tabe g s secomplinled
uging automatic equipmond which aircleans the tubes, 1k,
folds mivd L!l‘im[)ﬁ the end i one continaous oporation.
Bama equipmand will stampr an expieadion date onto (he
erimped swfnee. I luper-senle manafaeluring opeeatisne
plastic thes ave wsed with inerenging lreguongy,  FMrem o
filling standpodnt plastic Wwhes nre bandiod mveh lik metal
tulnnt, The finnd step, however, s a heat seal witl o end
foldover,

Labheling Qintmont Pulber.  Aiaching Jobels Lo sint-
ment Lubes is 2 minor difficulty compounded by the inarens-
ingg wosightliness characberisbie of many gingotent tules dor-
ing wnn, The Inhel neremiingly can heaomo oblitorated,
dilficalt to vemd and, freguently, lost, Aga penersl rale the
fabel shanld be avtached Lo itsell, i, it should complolely
onelrele the tabne Woshoudd e atfaehed 1o the b, alfixed
cliaser fo the neelk end,

Civent the vsunl handling of vintment tuhos by Lho patiet,
it gontd practiee Lo dispenres the fabe DL g vial or Binged
pastebourd box ol conveniont wize, The ouler contiiner
serves Lo hold and protect e ointment tube as well as to
enrvy thoe nhel. The sirtownt Labe i marked with o eon:
tainer preseripbion number so that ot tule and contamer
aeer iclemtifiod,

O wanafacturing scade Gathes aee Inlelad i variety af
wiys,  Paper Jabels moy be wsed, tabeling way be ailke
seroniod onto plagtic siefaces; expiration dates nnd eods It
namburs moy bo staonped on s o part ol tee abecrimping
procedire,

Suppositories

Suppositorien nre wolid dosage forme of varlous weigh (s
and shapes, ustally modicated, Tor insertion into the reatum,
vaginn or the urethra, Abter insertion, supposilories solton,
melt op dissolve i the eavity Muids,

The uae of suppositorios dates rom the distont past, this
dosnge forn heiog referred to inowritings of the onrly Vrap-
tiang, Greeks and Ronann Suppositories are suifod pastic-
wlarly for adminislantion of deugs 1o the very young and Che
very old, o ngtion st recorded by Bippoorates,  Despite
the antiquity of this dosage form, Hbke was lnown o
drwy absorption o drag activity vin suppository sdininislia-
tion until recent yonrs

Typas

Roctu)l Supporitorios-The S deseribes reetnl sup-
posltories for adulis as lapered ol one or hoth ends and
waaally weighing about 2 g ench, Infunt reetal suppositorios
asnally weigh about one-halt hat of adull suppositoriee,
Dypugs baving systemic effaets, reeh assedntivos, teanguiliz-
org and anafperien, aro administered by racta] suppository;
hawaver, the liggest single-use entegory is probably that of
hemorrhoid vemedien dispensod over-the-countor, The 2
woipht for ndult reelad sugpogitories i bawed on aaig of coeon

Inttter ap the baso: when othor Lasos are used Lhe welihty
whiny b rrenter or loss thao 2 groms,

Vaginal Suppositories-The USSP deseriben yugingl
suppositories ne owally globuler or ovitorm and weighing
about I g coch, Viginal medieations are availahle i a vari.
ely of phyeien) Torms, g, orenme, pels or liguids, which do-
part from the classica) concept of suppositories. Vaginnl
tablets, howevor, do maot the definition, and represent con-
venionee both of adminutration and manufacioye,

Urethrn) Sappositorios. Urethral suppunitoris-
nemiatiman refurred Lo as bougivg---are ol deseribed specili.
enBy i the ST eithoer By woight or dimension, Tradition-
ul vaduow, based on use of coean butter ax base, are as Follows
for theae eylindrical donape fom diameter, & s lesgth,
50 mm female, 125 nunomale; weight, 2 ¢ Temale, 4 male.
Urothinl suppositories o an unusunl dosage Corm and sel-
dom nre encountored.

Rectal Ahsorpiion

oy alsorption fur systeimic activity genernliy is Hmited
Lo reetal administration, As noled proviously, Lhe bicavadl-
ability of reetally administered drugs is o relabively revend
concer, Rectally institled propaations, whether GLEIEEE
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fories, fonma or solutions (enepas), lond to o conlined to
the roctam and sigmoid colon if the volume is Jess than aboul,
60 ml. Foams tend Lo dissipate or spreed to a lesser extent
than solutions, purticularly large-volume solutions (~100 to
200 wh),  Though large-volume fluid formulations..solu-
tions or encmag-may allow drug Lo reach the ancending
colon, substantia) intra- and intersubject varialion ia evi
dont.'" Literabure information indicates that reclal drug
absorption fvam suppositories an be orvatic and may he
aubstantially different: from absorption following vl ad-
minigtration.  With only a few recent exceptions, supposi-
Lory studies nre bused on either i viwo or in vitro data with
few ultempts to correlato in vitro vesults with in vive stadies.

Maujor factors affecting the ahaorption of dragn from supe
positories administered roctally ave the following: anerectul
physiology, suppository vehicle, absorption site pH, drug
pK,, degree of ionization and lipid solubility.

Anorvectal Physiclogy--The rectiom is ubout 160 mm in
lengthy, terminativg in the anal opening,  In the absence off

focal matber Lhy rectum containg a simall amount of fluid of

low buffering capacity, Fluid pH is said (o boe aboul 7.%;
becouse of he low buffer capacity pId will vary with the ph
of the drug product or deag dissolved in i The veetnl
epithelium iy lipoidal in character. The lower, middle and
uppor homorrhoidal veiim surround the rectum. Only the
upper vein conveys blood into the portal systam, thus drugs
ahaorhed into the lowor pndd middle homorrhoidal veina will
bypase the liver. Absorption and distribation of a drug
thorefore is modified by its position in the rectum, in the
senae that st least a portion of the drug absorbed from the
rectam inay pass divectly into the inferior vena cuva, by pass-
ing the Jiver.

Spreading charnctoristios of rectnl formulativan may be
affoeted considarably by intraluminal rectal pressury---due,
in part, Lo the weight of abdominal ergans and to respiratory
aelivity-—and by periodic conbractile setivily of the raetal
wall®

Suppository Vehicle-T'he ideal suppository base
should moet the following general specilications:

1o 'Uhis bnse s Hodloxie mad nonirsitading Lo mucous monsbenog,

2. Phe Bane i compatitle with o variety of denga.

4 'Tho brso molts or dissolvon [ roctal Muids

4. 'Phe bnge shoukd be stable on storape; i1 should not Bind or ather
wine interfore with redonmy sl nbnoegation of dyug substnnees,

Abgorprion Knctors-—Prior to absorption the adniinis-.
tered drug must be in solutlon.  Solution, therefore, must be
preceded by dissolution or melting of the vehicle, Dissolu-
tion is followed by partitioning or diffusion of the druy into
the voctal (luid.

Rectal suppository bases ean be classifiod broadly into two
types. The traditional cocon butter vehicle is immiscible
with agqueous tissue fluids bul melts at body temperature.
Water-aoluble vohicles nlao hiwe beon used,  Typical of this
clagy s the polyethylene glyeol vehicle, Drug absorption
from wueh disgimilar buses ean differ wubstantially.
Lowenthal and Borzellecn® investigated the absorption of
salloylic oeid and sodium snlicylnte administered Lo dogs.
The drugs were formulntad in a cocon hutler base and in a
bnge comprisod of polyothylene glycol, synthotie glycerides
and a surfactant. Absorption of salicylic seid and sodium
anligylato was about equal from the cocon butter huse; how.
ovor, salicylie neid gove higher plasma levels than sodium
anlieylnto when the glyeol hano wag usod,

Parrolt® compnrod the absarption of walieylates ufter rec-
tal und oral administration,  Uring arinary excretion data
both nepirin and podium salicylato wore found (o bo aqually
bionvailuble orally or roctally. Aspivin was roloased more
rapiddly Ironn water-miscible suppositories thar from the oily

Lype.  Convorsely, sodivm sakieylate was reloased more rap-
idly from & vocon butter vehicle,

Based on available data the bionvailability of a drug Irom
o suppository dosage form is depoudent on the physico-
chemical properties of the drug as woll as Uhe comporition of
the base, ‘Ihedrug.dissolution rate and, whore approprinte,
the partition coefficiont between lipid and agueaus phase
should be known,

For suppository formulation the relative solubility of the
drug in the vohicle is o convenient. compnrinen meagure,
Lipid-soluble drugs present in low concentation in a cocon
butter base will huve little tendency to diffuse into rectal
fluids, Drugs that are only slightly soluble in the lipid base
will partition readily into the roelnl fluid, The partition
coolticient hetween suppogitory buse and roctal Muid thug
hogomes o usefu) mensure.  In water-solublo basea and as-
suming tapid dissclution, the rate-limiting step in absorp-
tion would he transport. of the drog threugh the rectal muco-
R,

A wiile variety of substances have heen investigated for
their ability to enhance rectal permesbility to drugs
Agents such as EDTA have boeen used 10 chelate Ca?* and
Mg** in tho vieinity of poracelular tight junctions and, thus,
wlter epitholial parmeability, Othoer promoters of roetal ab-
sorption (eg, bile salty und nonsteroidal anti-inflammatory
ngends, ineluding aspirin, salicylic acid and diclofenac) ap-
pear Lo axort their influence by affeeting water influx and
oiflux rates across Lho rectal mucosn.  Surfnetnnts bob only
muy modify membrano pormenbility bud alko enhoanee wols
ting or spreading of the base and dissolution of the dvug. In
any ovent, it should be evident Lhat, whatever the mocha-
nivm, enhancing the reetal absorptiom of drugs-—espocially
those which undergo presystemic oliminatione~coudd result
in substantially reduced dosage requiraments and decrennsd
risk of adverse regctions.

Clearly, the hioavailability of a drug administered reclully
depende on the nature of the druyg and the compaosition of (he
vihicle or bage, The physieal propertios of the drug can he
modified to a degree, as ean the charneterisiicy of the huse
sclected us the delivery system.  Proformulation evaluations
ol physicochemieal properties must then bo confirmod by in
wive atudies in animals md ubttimately in the primary pri-
mate, man.

I'n Viva Rectal Absorption S8tudies—Dogs are probably
tho animal of chotee in evaluating reetal drug availubilivy.
('I'he pig is u closer physiologicnl mateh, but size and man.
ngeabilily argue fn fuvor of the dog.) Blowd and urinoe sam-
ples ean bo ohtained from the dog and rectal retention can be
accomplished with facility.  Smalley animals have been
waedl; rabbits, rats and even mice have heon employed, but
dosing and sampling becore progronsively more diffieult,

Human subjects provide the ultimate meamne of druy
bionvailubility. Subjocts are selected on the basis of nge,
waight and medieal history.  Subjocts usaally are required
Lo Fast ovornight and evacunte the bowel prior Lo initintion of
the study,  Ploid volume and food intalie ususlly are slan-
dardized In atudies of this kind.

Given the difficulty of standardizing pharmacological
end-pointy the usual mensure of rectal deug hioavailebility is
the concentration of the drug in blood and or urine as o
function of time. A contrel grovp wing oval drug adminis-
tration provides & convenient meang of comparing oral and
roctal drog svailability, Such a comparison is moaningfui
purticuluely in view of uneortainties and confliets encoun-
tered in the literature,  While thevoe i general agreement
ubout drug absorption {rom e rectum there is less agroeo-
ment on dosage adequacy and the relationship betwoen vral
and roetal dosage, This state of offpirs argues Iy favor of
adequnte studies wo eatablish proper dosngo nnd verily hios
aviilability,
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Vigginad Alsarption

Pagnive drog absorption vin the vagtoal mucoss, w with
olhos mucounl tisnooes, is influeneed by abiscorption site physi-
alogry, alsorpticn sike pH and e sululility and parctitioning
eharnaleristion of e drg. The viygdna) epithelial surface
wrinlly iy covernd with an ngueous (Thne-omanating {rom
cervitn] secrelione-—whose volume, pH and atnpegition
vary with mee, stage of the menslranl eyels and locntion,
Poslinennrahe, o viyginal pHogradiont is evident with Lhe
Jowesl vialues (pll =<0} wonre Lhe anlervtor forix and the
highest (p31 6,03 near the corvis ™ Following indravagionl
adminiatration, some deayg absorption eamy the inbnet vagis
nal wmweosn in likoly, vven when the deag is employed for a
loen! effect.  Tn fact, exlendive drug absorplion can aeeur
from the vaginn, For exmnple, Patel ef al*treported thal,
plasma propranolo) soneentontions following veginal dosing
wrrn gignificantly highor (than thone after perarad adminis
iration of an equivalunt dose; o wdlection, m part, of de-
crensed frsb-pass oteauslormmtion Following vaginal ab-
sorplion,  Nonatheless, the potion porsiats that the vaginal
apithelium s relatdvely impermenhle to draga, Phe wide-
spread extemparaneous compounding of progosterane vagi-
nit sppositonds 2 as well gy the marketng of m intra
ulerine progesterone digg delivery systom | Progestasert,
Alza] bave Tooused Dilerest on syslomie deag absoytion
followimg intravigrinnd achminisleation,  However, saly limit
o roports of resourch on e giben and o oo aepeds of
viginal almorpidon hoave appanced in the Blaratove ta dato.

Bases

Phve VST linta the foblowing an axual suppository basew
cocon lutter, glyeotinated petating hydrogennted vegotable
oiln, mintures of polynthylane plyeots of variouds molecainy
wabgrlibs and ity peid esters of pulyethylone glyeol.

Coeon Butier-Theohromo oil, or cocon butler, iva nata.
rilly ocourring trighyeeride,  Aboni A0% of the Intly aeid
eottond in whanlormted,  As a batueal malerint Lhero i3 cone
siderablo ateh- (o hateh variubility. A major charoptorstic
of theohrama ofl i ils polymerphizn, ie, its abtlity (o exist in
more an one evystnd form, While cocon butter uells
quickly ot body texmperptore, it in bmmiseible with body
Tluidds; this iy inhilit the diffusion of fataolnble deoage Lo
Lhe nfToetod gites,

11, i bhe propueation of suppositores, the theolirmma oil
averheated, i, hented (o about 60Y, molded and chilted, the
SUPPORLOT oY formed wal ol hedow 204 The laslon Geat-
mant of thoeobromi oil raquires maxime Leimperaluces of
AQ 1 BO% o aoveried i el in erystael Torm and molting peind,
Theolroma oil, Dentud to uhout 6O and cooled rapidty will
aryatallize in an alpha configuration chavacterivedl by s mell-
ing poind helow 30%. The sipbn forn in metnstable and will
wlowly roverl Lo the betn Torm with (he charaetiorintic melting
point gppronching 86°. The travwition feam alphu to beld is
wlow, talting severn! doys. 'The uke of low heat and slow
vooding allows divec cryetnllization of the more stable bea
vryatal form,

Clertain drugs will dapress Hie melling poind of theobroma
wil, "This Invelves no polymarphic chioge altluogh the not
if Toet, s wimilay,  Chloral lydrote s tho wost inporiant of
Lhose sabiatanaes hocavse its veetnl hypnotie dose ol 0.5 Lo 1.0
powill etuse o substantial mellingpoint. dopression. 'hiy
effoct cin be gowntered by addition of o highae molting wax,
sueh oi white war or synthetic spormaeoid, The nmount
bo added must be determined Ly temperature memures
ments, The offpct. of wach additives on bivnvailability nlag
musd ho consiclered,

WitorSolahle op Disporsiblo Bases.. Waleromiseihle
HUppOsTory hases e of eompmentively recent origing e

'
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mnjorily ave comprised of polyethylone jdyeols or glycol
surfuctond combinations.  Watar-miscible suppository
haves have the substantind ndvantapgo of lnel of depondence
on a melting point approximating hody wmperature, Probe
tems of handling, aslorage und shipping aeo gipmplified eonsicd -
wrahly.

Folymars of othylene gheol are available as polyethylone
glyeod polymers (Curbawax, polyglycols) of gssorted meleew
lar weighis,  Suppositories of varying melting pointa and
solubility charncteristies can be propoaved by blending poly.
athylene glyends off 1000, 4000 or 6000 molvenliy woight.

I'olyethylene glycol suppositories aro prepared rethor o
ily Iy mokling. The drug-glycol mixture is prepared by
metting anel then v cooled Lo just above Whe malling point
hefore pouring into dry wnlubriestod molds,  Cooling 1o
nenr the mplting point provents figsuring causod by erystalli-
zation and contraction.  Polyothylene glyeol supposilores
cannot be preparod safinfactarily by band- rolling,

Water-miseible or water-dispersible supposttories also
con Be prepared naing selecled nonionie surfactant materi-
aln, Polyoxyl 40 stearate s a while, walersoluble solid
melting wightly above hudy temporature. A polyoxyothy.
lene derivative of sorbitan monostegrate s water-insolnble
Lut dispersible,  In using surfactand matorvinls the possibili-
ty of drug-base internctions must he berne iy mind,  Inter-
aetionag enused by macromolecular atduorption mny hoave n
signifionnt effact on bionvailability.

Baamples of watermiseible suppository hases, devined by
Zopt et al, are

Bugo !
Pty plyeol | ik
Pabyethideo gyl Hio o't
Rume 2
'atrothy e glveol 10 T
Detyet iyl glyed 1000 i

Fase i low-melling and may requive rolrigeration, Base
2 i more hondestable,  Woeh b prepared conveniently by
molding technigues,

Water-dispersiblo hosos may include polyoayethylene sor
bitun falty ncid esters, These oo either solulle (Tween,
Mivep) or wakersdispersible (Arlaeed), vsod nlane or in combl
nation with other woax or fatty materials, Surfactants in
guppouitorios khotld be used onky wilh reeognition of voports
that such materials may cithor incrosse or decrense drag
ahsorption,

Glyeovinated Gelatin. Glyeerinated golatin usually v
ueed on o vohicdlo for vaginad suppositores,  For rectal wse o
fiemer supposilory can be oblained by ineressing Lhe gelatin
ocontent.  Glyearinntod golatin suppositories are propared
Iy dissolving or dispersing the drug substanes in onough
waler to cquit 10% of the finad suppository weight.  Glycerin
{70%) in then addod and Pharmagel A or 13 (20%), dopending
on the drag compatibility requirements. Phaomagol A is
acicl in reaction, Pharmigol 13 is alkaling.  Glycerinated poi-
atin suppositorion must be formed by molding. The mass
enttiot be processed by hand-rolling.  "Thase suppositories,
i nol for immodinte use, should contain a preservative sueh
ag methylparabon and propylparaben.

Preparation

Suppunitories are prepared by rallivg {hond-shaping,
maolding (fonion) wund cold comprossion.

Rolled (Hland-Shaped) Suppositorios. . Fland-shaping
suppositorion in dhe oldest and the simplest wethod of pre.
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paring thik dosage form, Tho manipuladion reguires conyid-
erable akilt, yet nvoids the complications of hoat ad meold
preparation,

he genved process can b deseribod ox Tdlows:

Gatoral Prunom

Tk the greower o quastity ol the el sultanees od ol i
ot quanbity of geated Chooirenuoilc T mertine rodoee e medival -
it imgroclionts dooa B powdler or, 50 eompoatd of ex ek, woftan with
diluterd wleodsd nod cod vl sinaoth paste e Toemod. The correct
miveaind ol g nted theabromn o) hon ix adelod, and a mass cesombling o
Pill v iy by Doy daneorporating D ingredionts with o
yess L, sauetimnes with the aid of anmallamonnt of wont fa10 Whan the
ybnet e Bensine plaetie tndor the vt lseading of fha postle, it
iy i benanensond Tron the ot ity o tubs, pressed intos roughc
1y liagaerd s i i evadaer of Uhe mortar oo thon tragstgereed with thi
st e a phece of [eer gager which in lept hetsaen the s ane e
Pandds diring Uie Lnearding and voltng, proedora, el rodary
monemonnod Do Taendds, Ehe nras is vadled Lo Lal) which innaediatolty is
phawed o ] tile, A suppesdtory eylindoer ia tormod by volling e wae
nry e 1t with o Oad board, pardiadly pitded Ly the palm ol the athar
Tuatraed, o weenbles connditivnnn peeait, “Tho sapmonitocy ™ e Greguen by
will show o Gendoney to erack in U conter develoning o hollow core.
Wi v whet (o sk s ot Doy kaencled and softened wsalti
ehent e, wich U vensalt shid ghe pressare ol Uie roller Lo 3 varrid
wnitormdy daroug o] e poaasen e ik axoetod privvarily o the sorlper.
Vs leewgei by aof Gl edinder usundly corcespronddn fo nlonl four spueen ot
e pil dle For cach suppository, Wi waking e e, wien e,
Pt iy o Finmshed uppository oseapt for the sy of e aoiat,
Wihien 1he evlimder s Boen cut it e proper smmbor of tecos with
g, Uha wnieal slpie s given 1Dy allingg on il i the (ile with o
sty o i s et oven Dy alaping il b fogees to produea i
saniivded graint,

Compresgion-Molded (Fused) Suppositories--his
mathod of suppository preparation also aveids heat,  The
supponitory mass, sueh ns amisture of groted Mheobroma i)
andd dreug, i foreed into o mokd under pressurs, using a
whoesloporaded pross, The mass is foreed into mold open-
ingd, pressure is relepsed, the meld remoeved, opened and
replaced,  On o loege seale cold -comprosion machines ae
hydrautically aperated, water-jacketed for cooling and
sorew-fed,  Pressare i applied vinn piston Lo compress the
swusan Inte ol apenings.

Pusion or Maolt Molding-—In this method the drag i
dinpersed or disselved in the molted suppository buse. The
migture then s poured into o suppeditory mold, allowed 1o
voul il the finished suppositories removed by oponing the
mold,  Using this provedures, one Lo hundreeds of suppos)-
{orips cun bo made al one tine,

Suppository molds are nyailable for the proparation of
varioun Lypos nnd pizes ol sippositories. Moldy are madoe ol
aduminum alloy, brass or plastic and are pvailable with rom
wix {0 reveral hundved eavities,

Huppuuil:;rie:! wsunlly wree Mormulated oo a woighw, Isinsin wey
that the moadication replaces o portion ol the vebicle an o
funetion of apecific gravity, 11 the medicingl substanee bns
a densily approximately the name g theabroma oil, it will
replnge an ogual weight of oik. 1 the modication is heavior,
it will replace o proportioastly sinllor smount of theuhbroma
ail.

For inmtance, tonnie actd lias a density of 1.6 an compuresd
with cocon butber (ee Table VIR 10 a suppository s 1o
contain O p tannie actd, then 4.1 ¢ 5 L8 or 0.062 g cocon
bt should be roplacad by 0.0 ¢ of drug, 17 the blank
walght of tho wappository is 204, then 2,0 = 0,062 ar 1 838 ¢
eoncon butter ix required per suppository,  ‘Fhe suppository
will aetually weigh 1038 ¢ -+ 00 g oor 2008 g Table VY
inclicates the densily fossor, or thits clenmsity an compmied with
cocon huiter, of many substanecs wseed i sappositories,

b adwayes 3n possible to determine the densily of o medic-
nal substance relativo 1o aoeon batier, il the dannby faglor is
not senilalie, by mixing the mmount of drag for one o more
suppasitories with anmall quantity of cocon bhutdor, pouaring
the muixtare it o suppository mald and corefully filling the

Table Vik--Denglty Factars oy Conon Dulter

Bupposhories?’#
AodiGion
Aol DOl o viarvir i
A, bowrsie cooooo0ooo
Aty B s mrrnainin e
Akl mndleybes oo a i e

Adid, tannde oo
Alim ..
Aminaphylline ..ol
Aine e e
A oo
Barlital 0000000
Frodlnddotinig exd st . 2
Hinmarth eanlmmnte oo oo
Bawmuathenbiovldo. oo oo oo e
ot sulynitate .
Lsentl malmaitomde oo cuvivanannn GRS
Coslar il o,

Chlornl hydento oo oo oo
Clovnine hydrochloride | e
Diggitolin fend o oo oot e e
DINROVINT voaron vt 0 0 e 0 N
Tehthananid oo vie i T —
L L F & e [ TN
MO s 44
Muorpshing hydrochiovide . SR
(5 R e cr e et AR
L T A R A D R
Tgmavian Halgamt S o e el
Phenabnrbital oo R
TN RRORTIE, 1 xRttt A4 B v s
Putassiuan leomida oo e e
Potondum iedide .., oL L PN 4.0
Proenine oo [
Cnininn hydmehloride | [
Remrecininl, oo oo a 1.4
Biadtimbiithe s s oo s S s R
SpeEmmaeEl Lo N T R BT 1.0
sulfinthimeedye 00000000 AR ¥ 1.0
bl s U L e e SR R LR 1.3
White wix o0 oo 1.0
Witeh Dinzet Maicdex et . Il
Hine axide A4t
Audb

rnold with additiontd meled cocon batter. The cooled sup:
pewitories are weighed providing data trom which a worling
fornula eon be caleuluted ns well s the density fnetor iwedf,

Whoen osing suppusitory bases other than cocon Dubler,
waeh as o polyethyleme ool buse, it in necessiry Lo kiow
eithor the density of Lhe drag relntive (o the new base or both
the donsities of the deag and the pow hase relative fa cocon
hutder, ‘The densily laclor For o base othar Lhan coon but
fan in nimply the ratio of the hlank weight ol Lhe boso and
socoa hulbor.

For inatance, it o mippository is to contain 0. g tannic aeid
in o polyethylone glyeod buse, then 0] 3+ 16 30 135 or 0078
© pulysthylene glyeol bose should be replaced by 00 g diug
(the polyethylene glyeal base is asaamed 1o have a densily
factor of 120, 10 the Blank weight is 1,76 g for Whe palyeth-
ylene glyeol bang, hen 115 g — 0.078 5 or 1672 1 of how is
vaquired per suppository, ' The fingd wolght will be 1692 i
base -+ 0.0 g drvagg or 1702

When the dosnge and mold calibrntion are complete the
clrigg-bnan mapn should bo prepaved using minimum hoat, A
water bath or watey jacketing usanlly s tsed. Tho melled
s showdd be stiveed constuntly bud. slowly (o nvoid pig
ontrwpment,  Tho wass should be poured into Lhe mold
vpeningsalowly, Prelubrieation of the mold wilt depend on
the vohicle, Minersl oil in a goad Jlwicant for coean bulter

FRESENIUS EXHIBIT 1013
Page 406 of 408



Flg87-11.  Reinoving cocon bisttor suppositonies from motd (@owie-
sy, Wobgon v, Alcon).

guppositories.  Motds should be dry far pelyothylene glycol
AP Lo,

After pouring into tightly clamped molds the sapposi-
torios aad mokd are llowed Lo eoo) thoroughly using refrig:
orntion on o small genle o refrigernted air ona lavger seale.
Aliey thovough chilliiyg any excens supaeitory mnas whouid
bt veamoved from the mald by seeaping, the mold opened and
the suppositories vemoved, 14 s important to allow eonling
time adequate For suppository contraction.  'Phis aids
removal and minimises aplitting of the finiaberd suppository,

Pacikngimg and Sierage - Suppoasitories often are pack-
aped i pretitfoned boxes which hold the suppasitories ap-
vight, Glyeevin and glycerinated golatin sugpositories ofilen
are prckaged in tighlly closed seraw-eappod glass contiin-
srr. Though manmy conimercial suppogitorios are wrapped
individually in mluminum Toil, or PYCepolyethylene sirip-
packnging is commenplace,

Phe most recont innovakion in suppository niindaciaee i
the procodure for molding e suppesiiory directly into ity
primary pachaging, I Uhis aperation the form into which
the suppository sy Uows consists of a aeries of individunl
moldn formad from plastic o foile Afler Uhe suppository i
poured und cooled the excoss s brimmed off wiad the Wik e
wonlod and cud into & or Gy as desired. Cooling snd final
envtoning then ean bo carriod out,

Suppositorie with low-moliing ingrodients are hest
utorac n o coul place, Theobroma oil supposilories, b o
tieulnr, should be refrgerated,

Other Medlcated Applications

Clateplesms Poultices)

Poulticos represet one of the most aneient clusses of
pharmpgutilical preparations, A poullice, or cataploom, is o
gaft, moist mmss of mead, el socd, ele, usaally applied ot
imeloth, "I'he conalstonay tgeunl-liko, which i probahly the
erigin of the word pouitice:,

Calnplasmy were Intended (o localize infeetions material
in the body or 1o act ps counterinitants,  The material
temelod 1o o mhisorptive, which, Wogether with heat acemmts
for thoie popalar use, None is tow official in the 181 The
It otficind product was 1$aolin Poultice NE 1X,

Pastts

Pastes aen conoenbrales of whsorplive powders disperned
{usually) in polrolabum or hydrophilic petrolatum, Fhey

MEDICATIS APPLIGATION 1013

are 6T Lo the point of deyness and vensonubiy ahaorplive in
view of the petrolatom base,  Pastes oftan are wsed i Lhe
treatinent of oazing fosions whore they acl to absorh novous
seeretions,  Pastes abso are aoed (o restriet the aeon of Lreal-
ment by aeting as an absorbent s physicul duns

Pasten ndhore regmonaldy well t the skin, ad are poorly
oecluaive.  For thin renson they nre wuited for application on
and around moist eions, The heavy consistenoy of pastos
impierty o degree of prolection and may, 1 some instanees,
mnlie the use of bandages unnecenanry,  Vustes ave leas moe-
orating than aintments.

Bocnuse of their physical properties pastes enyily inny e
removed from the skin by Wie use of mineral oif ar a vegela-
Blo oit, “Ihis s particularly true when the underlying or
sirownding skin is Lraumatizad easily,

An offictn] paste fs the conventional Zine Oxide Pusle;
anether fa Prinmeinolone Acetonide Dentnl Paste, for the
appeial ied nue the naoe implios,

Powdurs

Trowdors for extorna) wne wmaally are described as dusting
poweors,  Such powders shoukd have o particle sise of nat
more Man 150 pam, de, Jems than 100-mesh, Lo nveid any
sensalion of grittiness whicl could ipritade Lasnnbized skin.
Rusting powders sually contnin wtareh, tale and zine sten-
pabe,  Absorbnblo Duwting Fowder USP in comprised of
ptareh Crenfod with epichiorohydrin, with not more than
2.0 magnesiunt oxide added (o maintain the ot ified
stareh in impalpalie powdar Torm; as it s intendod for use ax
i lubrieant for aurgion]l ploves i should be sterilized (hy
nuteelaving) and pachajed in sotled papor paelets,

The fineness of powders often s expressed in Lerms of
mesh size, with impalpable powders geanorally in the range of
100 1o 200 aenl (140125 mm),  Determinalion of ize by
mesh analysin beeonsos inercasingly diffieolt ns particte sizz
teerensen elow 200-mesh,

Lrossings

Eyvensinggs are external applieations resembling ainbmaents
natally uned a9 a covering ar pratection,  Petrolidum Gange
i n starile dressing propareed by adding steeile, moelten, white
petralatum Lo proeud storile grae inoovalio ol 604 of petro-
bt 40 290 ¢ of govwe, Topleal anlibactorials nre aviolnble
in the forn of drossings.

Clreqms

Crenms are viscous liguid or semisalid emulsions of either
tha o/w or w/o type,  Pharmaceutionl ereanm nee clissiliod
an water removable bases and are desevibed vnder Ol
ments, Inoaddition W ointment bases, creams inchide a
varlety of cosmotic-dype proprentions, Creamy of the of/w
type include shaving creams, hand oreams and foundation
erenmi w/o ceeams inedude cold gronmy and emollicnt.
PG

IMeatirs

Plasters are substances intended for externnl application
made of such material i of such gonaixtency os bo adhere
o the skin and attach to ndressing.  Plasters nro intended L
afford pralestion and suppert and/oe to furnish an ecclusive
and macernting action and 1o bying medicntion into close
aontach with the skin,  Medienled plastors, long used fop
Toenl or regional drug dotivery, are te prototypical irosdor-
mal delivery system,

Plasters wsually ndhere Go the sitin by means ol a9 adbe-
slve matorinl. Phe adhesive must, hond o the plastic baek-
ing and Lo Lo skin (or deessing) will propor balnnee of
cilisive nbrengths, Sueh s proper elavoe provides for re-
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moval, ie, adhesive broakage al the surfues of wpplieation
Uhus lenving a clean (akin) norfiaen when the phuster is ve-
movid.

Contraceptioes

In the contert of thit chaptor conteeeptives aro eonsid-
eved in the form of eventus, jellies or acrosol foams intoncded
loar vaginal ke Lo proleeh agalnsl pregoancy. Contruceptive
crenos and jelies ara dosigned Lo mell oy spresd, following
innstion, over tho vagina surfaces,  Thee agents ook o
inmubilise spermatozon,

Crenims and jollies Tor eonteacepbive s may contain sper.
micidad ngents such i nasoxynol G or they may fu netion hya
specific pH effect, A pH of 3.5 or lews b an npprecinle
wpermicidal effoct, 1t is important truate hal alinin sltn
PH of 4,5 o less Iy roguired; Lhos, the dilution effect and phl
chmnge hroughL alout. by vaginal flukds must be considered.
T nchinve the proper pH effect and cantyol, buller systems
compyed of neid and acid salts such as Inetates, neetaton and
citvintos nre vsed freguently. The user must, of courae, be
aemrad of the sufety, Jack of drritaney, accoptahility and
affsetivantmn of wuch products; nlsa, detailod and spueilie
informabion and instractions should Be availnbie to physi-
ciang,
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