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solubility characterisiics a3 determined by the chemical
or phys.ce} iorm of the compound, and freedom from
gross dirt.

Added Substances—The USP
category sl zubsiances zdded to 2 ¢
prove or szlrzusrd e guably of 1 procduct. An
gdded subsierce mev efsct solubllizy, as dows sodium
benzoate in -ne z2nd Sodium Benzoate Injestion,
or provide pailimt eomiort. as do s.isianies zGded w
make 2 wolution 1soio They mayv entarnie the chem-
¥al stzbiinny of a solition, as ¢o antoxidants, inert
gasss, chelating azenws. and buffers. or they may pre-
serve a prezarzilon sgamst the growin of microorgan-
isms. The term “preservative” is sometimes applied
only to those substances which prevent ihe growih of

inzludes in this
2rztion to im-

microorgatiamsi
be so limited cut shoula witlude all
1o retard or prevent tne chemical, pas
degradation of a preporation.

While added subeiantes may prevent a ceriain reac-
tion from tazing pizce. 1nev may infuce others. Not
only may visioie meompatiblities occur, but hydrolysis,
complexation, oxidztian, and other invisible reactions
may decompse or otherwise inactivzle the therapeutic
agent. Therefore, zcded substances must pe selected
with due corsideration and investization of the effect
of the substance on the total formu.zuion.

Antimicrobial Agents—The USP states that anti-
microbial agents in bacteriostatic or fungistatic con-
centrations must be zodec to preparations contained in
multiple-dose containers. They must be present in
adequate concentration at the time of use! to prevent
the - multiplication of microorganisms inadvertently
introduced inio the preparation while withdrawing a
portion of the contents with a hypodermic needle and
syringe. Among the compounds most frequently
employved, with the concentration lmit prescribed by
the USP, are: phenvlmercuric nitrate and thimerosal
0.01<;, benzethonium chloride and benzalkonium chio-
ride 0.01 ;. phenol or cresol 9.5 . and chlorobutanol
0.5¢;. The above ilimit is rare:y used for phenyl-
" mercuaric nitrate, being most frequently employved in a
concentration of 0.02¢7. Methvi p-hydroxybenzoate
0.18¢; and propyl m-hydroxybenzoate 0.02¢

sabstances that act
sical, or biological

‘e in com-
bination, and benzyl alcohol 2¢ are also frequently
osed. In oleaginous preparations, no antibacterial
agent commonly employed appears to be effective.
However, it has been reported that hexyiresorcinol
0.5€.%" and phenyimercuric benzoste 0.17;!* are mod-
erately bacrtericidal.

Antimicrobial agents must be stedied with respect to
compatibility with all other comporents of the formula.
In addition. their activity must be evaluated in the
total formula. It is not uncommon to ind that a
particular agent wiil be effective in one formulation
but inefective in another. This may be due to the
effect of various components of the formula on the
biological activity or availability of the compound;
for exampie. the binding and inactivation of esters of
p-hydroxvbenzoic acid bf macromolecules such as
Polysorbste &0-* or the reduction of phenvimercuric
nitrate by sulide residues in rubb closures. A
physical reaction encountered is that bacteriostatic
agents are someatimes removed from solution by rubber
closures.® These facis establish the principle that
antimicrobial agents must be evatusted for their ac-
tivity in the total forrula to assure their activity when
peeded, normally at the time of use.

Buffers—Buifers are used prinuarily to stabilize a
solution against the chemical degradation that would
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a-o-parei.en.  Solstsrmshouldnot |

occur if the pH changed 2ppresishly. Bufer systemns
emnionved sowuid rormaly rave as o uler capacity
ibie in ordor not W Gaturh antly the el
buTer svstemns whan injerised.  In adcaltion, the b
ranze and toe €501 of the tuffer on e activity of the
product must be evzluated carefuliy.s* The acid sahs
most frequently emiaoyed 23 buflers are citrates, ace-
taies, and T.ooOsphales.

Antioxidants—Artioxidanis are frequently reguired
to preserve produrts because of the ease with wnich
many drugs are oxidized. Sodium bisulfite 0.1
is most frequently nsed. The use of sulfites as anti-

oxidants r:s been reviewed by Schroeter.’  Acetone
sodium blsaifite, svdium formaldehyde sulfoxylate,

and thiourza are z!so somelimes used. The sodium
salt of ethnionedia etevrazcetis 2¢id has been found
to enbance the aci.vily of antiox:dants in some cases,
apparently by chelziing metaudic ions that wouid other-
wise cataivze the oxidation reaction.

Pyrogens

Pirogens are not predetermined components of
parenterz! preparziions, but they may be present as
unwanted contarmminants. If they are present, the
product mzy have to be discarded since it is very diri-
cult to remove them without adversely affecting the
product. The orlv safe and proper way 1o manage
pyrogen contaminztion is to keep it out of the prod-
uci. Presence of pyrogens, therefore, is indicative
of an improperly prepared product.

Pvrogers cause a febr.le reaction in human beings.
Other syproms include chills, pains in back and legs,
ard malilse. While nyrogens are rarely fatal, they
produce s:nificant discormiort for the patient. On the
otker hand, pyrozzns have been shown to induce a gen-
erni Doneecific 1esistance 1o microorganismst® and,
on this basis, have been used therapeutically.

Pyrogens are products of the growth of microorgan-
isms. Thk2 mos: potent pyrogenic substances are
produced bv Gram-negative bacteria, but Gram-posi-
tive bacteria and fungi also produce pyrogenic sub-
stances. The potency varies with the species produc-
ing it. Chemicaly. pyrozenic material has been shown
to be lipid in nature, sometimes containing phosphorus.
and is atzached to a polvsaccharide or a protein or both.
When so complexed. it is a weak antigen.-> A tolerarce
to pyrogens wil develop in man and susceptible

Pyrogens can be destroved by heating at high tem-
peratures. The recommeénded procedure for depyro-
genation of glassware and equipment is hearting at a
temperature of 230°C for 45 min. It has been repon}-J
that 650-C for 1 min or 120°C for 4 hr will likewi~e
destrov pyrogens. The usual autoclaving cycle w ul
not do so. Although heating with suong alkail
solutions will destroy pyTogens. the usual washing
cvcles, inciuding detergent treatment, cannot be reiied
on to completely eliminzte pyrogens from glassware.
Heating “»ith oxidizing agents. such as hydrozen jvo
oxide, wi destrov parogens. It has been reported tatt
anion exchange resins wili ad=orb pyrogens from water-
However. the muost reliabie method for the eliminat.on
of these substar.ws from water is distillation. Fyn»
genic sunstances —re not volatile and thus will rema?
in the dist:lland. The only method available for v
sideration jor the removal of pyTogenic substuios
from soivtions i fltration through asbestos Dite™
This method is quite Lmited. however, since asbentes
fibers remove the pyrogen by adsorption and the san®
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phaysical phenomenon may act W remove chernical con-
gtiluents as well. In add:ition, ginze the mechanism of
action 18 adsurption, once tne fibers of as
szturated, the remaining pyrogenic material
trroagh the nliter.

in pharmaceutical preparziions may be accomp!
sometimes by carefcl hesting with dilute alxali,
diuute acid, or mild oxidizirg agents.

Sources of Pyrogens—Pyrogens may enter a prepz-
ration by any means that wil introduce Lving or dead
microorganisms or the products of their growth.
Perbiaps the greatest pmtential source of such contar
Ion is the water Lzed In products. However, proper

dlation wil provide pyrogen-free water. Another
- ')- - . -
potential source of contamination is equipment. Pyro-

cenic materiais adhere strongly to glass surfaces in
particular, but also to tke surface of other eguipment.
Reusing containers. as is often practiced in nospitais,
1sa dangerous and a significant source of pyrozenic con-
tamination. Residues of solutions in used boiiles often
bzcome bacterial cultures from septic patients or the en-
vironment. Such bottles will be heaviiy contaminated
with pyrogens. Even washed bottles left wet and ex-
posed to the atmosphere may contain suificient nutrients
for microorganisms to grow. Since drying does not
destroy pyrogens, they may remain in equirment for
dong periods of time. Adequate washing accompan:ed
by dry heat depyrogenation will render contaminated
equipment suitable for use.

The solute also may be a source of pyrogens. Solutes
may be crystallized or precipitated from aqueous
Liquids containing pyrogenic contamination. In the
process pyrogens may be trapped within the particie
ayers.  In such cases the solute must be purified by
recrystallization, precipitate washing, or otker means
to eliminate the pyrogens.

The manufacturing process also must be carried out
with great care and as rapidly as possible to minimize
the risk of microbial contamination. Preferzbly. no
more product should be prepared than can be cempleteiv
processed within one working day. includirg steriliza-
tion. By far the best procedure is to prevent the intro-
duction of pyrogens rather than to attempt o remove
them, a task which well may be virtuaily impassible.

Containers

Containers are an integral part of the formulation of
en injection and may be considered a component, for
there is no container that is totally insoluble or does not
in some way affect the liquid it contains, particulariy
i the Jiquid is aqueous. Therefore. the selection of a
container for a particular injection must be besed on a
vonsideration of the composition of the container, as
:’ﬂl 35 of the solution, and the treatment to which it will
® subjected.

Plastic

Thermoplastic polymers are being considered and
* few are being used as the container material for
==cted sterile products. particularly ophthalmic
Tations. However, it is generaliy conceded that

>moplastic compounds have not been studied sui-
>2tly to prove their nonreactivity. or to establish a
_“Tinite reactivity pattern to define their safety for the
~* kaging of injections.

\"ulhn has thoroughly reviewed the use of plastic
Merdals in pharmaceutical pracuce.®  He and others
“ve shown that extractives are obtained from thermo-
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plastic materials and, with certain polymers, sorp-
tion ‘absorption and or adsorption, of druz molecules
or wns may occur.’' The latter is observed in particu-
lar with polvamides such as nyvion.

The lack of suffigently hign standards in the man-
ufzcture of plastics and the fact that the lower-cost
polymers cannot be sterilized bv thermal mzthods are
also detertents to their use. These and oiher prob-

lems are receiving concentrated ziiention. It seems
reesonable to expect that eventually thermoplasti

materials will be used for containers of selected inject-
i At present. ho r. the uze of

is brief.

For ophthalmic preparations the flexibility of thke
low-density polyvethylene poivmer provides a signifi-
cant use characieristic, maxing it possible 1o squeeze
out and administer one or more drous of the prepara-

tion. Therefore, several ophthaimic formulations
have been zdapted to plastic containers.**

When thermoplastic containers are used for sterile
solutions, the empty container must be sterilized by
means of ethylene oxide or ionized radiations and
fiiled aseptically with a sterile solution. Considerable
attention is being given 1o the small amount of
ethvlene oxide residue in plastics after sterilization
and its potential toxic effects.?® See Chapter 91 on
Plastics.

Glass

Glass is empioyed as the container material of
ctoice for most injections. It is composed principallv
of silicon dioxide with varyving amounts of other oxides
such as those of sodium, potassium, calcium, mag-
nesium. aluminum, boron, and iron. The basic struc-
tural network of glass is formed by the silicon oxide
tetrahedron.®* Boric oxide will enter into this struc-
ture. but most of the other oxides do not. The latter
are only loosely bound. are present in tne network inter-
stices, and are relatively free to migrate. These
mizratory oxides may be leached into a soiution in
contact with the glass, particularly during the increased
reactivity of thermal sterilization. The oxides thus
dissolved may hydrolyze to raise the pH of the solution,
catalyze reactions, or enter into reactions. In a man-
ner as yet uncertain, some giass compounds will be
atiacked by solutions and. in time, dislodge giass fakes
into the -olution. Disturbing reactions sucn as these
can. however, be minimized by the proper selection
of the glass composition.

Types—The USP has aided in this selection by pro-
viding a classification of glass; nameiy, Tyvpe I, a
borosilicate giass: Type Il a soda-lime treated glass:
Type 111, a soda-lime glass; and NP. a soda-lime glass
not suitable for containers for parenterals. Type I
glass is composed principally of silicon dioxide and borie
oxide. with iow levels of the nonnetwork-forming oxides.
It is a chemically resistant glass 'low lzachabiiity) als»
having a low thermal coerficient of expansion.  Type I1
and Type I glass compounds are vomposed of rela-
tively high proportions of sodium oxide and calcium
oxide. This makes the glass chemically less resistant.
Bothr of these types melt at a lower temperature, are
easier 1o mo:d into various shapes, and have a h:cher
thermal cveslicient of expansion than Type I. While
there = no one standard formulation for gliss among
manuiacturers of these USP type categunes, Type 11
glass usually has a lJower concentration of the migratory
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