Chapter 84
enteral Preparations

* Memphis, TN 38163

parenteral (Gk, para enteron = beside the in-
ers to the route of administration of drugs by in-
or or through one or more layers of skin or mucous
Since this route circumvents the highly efficient
« barriers of the human body, the skin and mucous
w, exceptional purity of the dosage form must be
. The processes utilized in preparing the dosage form
hody good manufacturing practices that will produce

{ain the required quality of the product. New de-
mments in process technology and quality control should

ted as soon as their value and reliability have been
d as a means for further improving the quality of the

g0 of the most significant events in the beginnings of
pteral Lherapy was the first recorded injection of drugs
veoins of living animals, in about the year 1657, by the
toet Bir Christopher Wren. From stich a very erude

ng, the (echpique for intravenous injection and
s of the implications thereof developed slowly during
century and a half. During the first half of the 19th
the subcutaneous route of administration was being
d. In 1865 Dr. Alexander Wood of Edinburgh de-
what was probably the first subcutaneous injection

for therapeutie purposes using a true hypodermic

latter half of the 19th century brought increasing
for safety in the administration of parenteral solu-

oly because of the work of Robert. Koch and Louis
While Charles Chamberland was developing both
hd steam sterilization techniques and the first bac-
aining filter (made of unglazed porcelain), H.
eyer was developing a filter made of kieselguhr (the
ohd filter), and Stanislaus Limousin was developing a
container, the all-glass ampul. Shortly after the
% of the 20th century, attention focused on the dis-
ills and fever which often followed the intravenous
of drugs. 1n the middle 1920s Dy, Florence Selhert
proof that this reaction was caused by potent
of microbinl growth, pyrogens, which could be
M fram water by distillation and from glassware by
levated temperatures. These developments were
Lamong Lhose that provided the foundation for in-
Use of parenteral routes for the administeation of

linistration

1015 may be classified in five general categories: (1)

" teady for injection, (2) dry, soluble products ready
hined with a solvent just prior to use, (3) suspensions
+ 'O injection, (4) dry, insoluble products ready to be
00 with a vehicle just prior o use, and (5) emulsions.

" Kenneth E. Avls, DSc  Professor and Chief, Division of Parenteral Medications,
_Collage of Pharmacy, University of Tennessoe Center for the Health Sciences,

These injections may be administered by such routes as in-
travenous, subeutaneous, inteadermal, intenmuscular, intra-
spinal, intracisternal, and intrathecal. The nature of the
product will determine the purticular route of administetion
that mny be employed. Conversely, the desired route of ad-
minigtration will place requirements on the formualation.  For
example, suspensions would not be adininistered directly into
the blood stream beeause of the danger of insoluble particles
blocking eapilluries, Solutions to be administered subeuta-
neously would require stricl stlention Lo tonicity adjustment,
otherwise irritation of the plentiful supply of nerve endings
in this anatomical area would give rise to proneunced pain,
Injectione intended for intraocular, intraspinal, intracisternal,
and intrathecal adminisiration require the highest purity
standards because of the sensitivity of nerve Lissue Lo irritant
and loxic substances.

When compared with other dosage forms, injections possess
seloct advantages. If immediate physiological action is
neocled from a drug, it ususlly can be provided by intravenous
injection of an aqueous solution. Modification of the for-
mulatiom or anolher route of injection can be vsed to slow the
onsel and prolong the action of the drug. The therapeutic
response of a drug is more readily controlled by parenteral
administration since the irregularities of intestinal ahsorption
are ci rcumvented,  Also, since the drug normally is adminis-
tered by a professionally trained persan, il may be confidently
expected that the dose was sctually and accurately adminis
tered. Drugs ean be administered parenterally when they
cannot be given orally because of the unconscions or uneo-
operative state of the patient, ur because of innctivation or lack
of absorplion in the intestinal track. Among the disadvan-
tages of this dosage form are the requirement of asepsis at
administeation, the risk of tissue taxicity from local irritation,
the real or psychologieal pain factor, and the difficulty in
correcbing an error, should one be made.  In the latter sitivo-
tion, unless a direct pharmucological antagonist is immedi-
ately available, correction of an error may b impossible. One
other disadvantage is that daily or frequent administration
poses difficultios, vither for the patient Lo visil a professionally
trained person or to learn to inject onesell.

Parenteral Combinations

Sinee there is n degree of diseomforl for the patient with
each injection, a physician will frequently seek to reduce this
discomlort by combining more than one droag in one injection.
This is most commonly encountered when therapeutic agenis
are added to large-volime solutions of electrolytes or nutri-
ents, commonly called “1V additives,” during inlravenous
administration. Since these proparations would he agqueous
solutions, there is o high potential for chemical and physieal
interactions to occur. ‘The ist is the professional best
qualified to cope with these incompatibilities. However, in
the past, these have been handled largely at the patient’s
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1464 CHAPTER B4

bedside by the nurse and physician.  Only recently has it been
recognized that this professional area is the proper function
of a pharmacist and has been so stated by the Joint Com-
mission on Accredilation of Hospitals?

As pharmaeists have assumed increasing responsibility in
this area, awareness has gradually developed of the wide-
spread oceurrence of visible, us well as invisible, physical,
chemical, and therapeutic incompatibilities when certain
drugs are comhined or added to intravenous fluids.

Development of a precipitate or a color change when
preparations are combined is an immediate warning that an
alteration has occurred. Such a combination should not be
administered to the patient because the solid particles may
occlude the blood vessels, the therapeulic agent may not be
available for absorption, or the drug may have been degraded
into toxic substances, Maoreover, in other instances changoes
not visually apparent may have occurred which could be
equally or more dangerous to the welfare of the patient.

The almost innumerable potential combinations present
a complex situation even for the pharmacist.  In an attempt
to organize the information available and to aid the pharma-
cigt in making rapid decigions concerning potential problems,
a number of charts have been compiled based on Lhe visible
changes that may be observed when two or more preparations
are combined. The value of such charts is limited by such
factors as frequent changes m commercial products, variations
in order of mixing or the proportions in the mixture, differ-
ences in concentration of each ingredient, or variations in the
period of time that the combination is held before use.

As studies have been undertaken and more information has
been gained, it has been shown that knowledge of variable
factors such as pH and the ionic character of the active con-
stituents aids substantially in understanding and predicting
potential incompatibilities. Winetic studies of reaction rates
may be utilized to describe or predict the extent of degrada-
tion. Ultimately, a thorough study should be undertaken of
each therapeutic agent in combination with other drugs and
intravenous [uids, not only of generic but of commercial
proparations, from the physical, chemical, and therapeutic
aspects. Such studies are being undertaken and some have
hean reported

Tdeally, no parenteral combination should be administered
unless it has been thoroughly studied to determine the effeet
of the combination on the therapeutic value and the safety of
each such combination. However, such an ideal situation does
not and may never exist. Therefore, it is the responsibility
of the pharmacist to be as familiar as possible with the phys-
ical, chemical, and therapeutic aspects of parenteral combi-
nations and to exercise the best possible judgment as o
whether or not the specific combination extemporaneously
prescribed is suitable for use in a patient. A service to phar-
macists has been provided through reviews of this subject
areq.”

General Requirements

An inherent requirement for parenteral preparations is that
they be of the very best quality and provide the maximum
saflety for the patient. Therefore, the pharmacist, being re-

Components and Containers

KEstablishing specifications to insure the quality of each of
the components of an injection is of vital importance. These
specifications will be coordinated with the requirements of
the spesific formulation and will not necessarily be identical
for a particular component if used in several different for-
mulations,

The most stringent requirements normally will be en-
countered with aqueous solutions, particularly if the product

spansible for their preparation, must utilize skijjg
sourcofulness at the highest level of efficiency to achj.o
entd. Among the areas requiring dedicated attentioy , -
following: :

1 P“m-dmphutmdh;hnﬂuﬂm
Emlhewlu(duldl':mrmmﬂ:
facturing procons must ol be countenanced hy the

attitude of the p ﬂpfwlhpwﬁn:w

isii-muduu ingredient.
ﬁm‘ suinsng reocived must be utidioed 1, g
thallenges to this knowledge lunk will l,.

3 WWﬂlhw:Hfuﬂumﬂm‘
mmmp@mm%m&m
techniques must bo-bﬁtludtnwuulmo-mmtu
areissions, and improvements,

1. Ingredients of the highest quality obtainable muost be il
times | uudmuyuquiuqmmiwnﬁcdhn w&“ -
mlml‘y l’qllnﬂ-lﬂhq,n -

5, Thmhilﬂw and effoct| { the be
Iveness o st
with sntantiaing i, ithor fro e oo o,
take inlo areurt process variabions and

qitrﬂ'iuﬂm from Lo plant.
& A well-dolined and controlled

the quality of the product and the

dures, This involves evaluation of al

Mmm the production provedures, and mddmll.ﬂu-afm :

st be
sbition of valid product,

Injections or other sierile products are rarely pry
the community pharmacy because of the lack of j
facilities necessary to prepare a reliahle and safe p

In some hospital pharmacies injections or lmgal.ing
are munufadurnd but in an increasing number a
cessing s utilized prlnlrny in the addition of various
to inlravenous solutions for the individual patient. ’
majority of injectahie products used clinicolly are prepan
by the pharmaceutical industry, I

General Process

ponents, (2) production l'ac

prwvdures. (4) control of quality, and (4) paclnﬂlll'
beling. The components of the product lo be proc
clude vehicles, solutes, containers, and elosures.
constituting pmdumun include the maintenance of
and equipment, preparing and controlling the e
cleaning the containers and mmcni.mﬂ"
filtering the solution, filling containers with the prot
sealing the containers, and sterilizing the produd- Co
n‘qun]itymchldul.htmdwtm of the compon
dation of equipment and processes, dehﬂnmm
production has been exocuted within prescribod re

and performance of necessary evaluative tests on !h!
product. The final area of packaging and and labeling
it in such manner that it is safely and properly p
sale and delivery to the user. In the following sec
fnui areas and appropridte subtopics will be d
fai

is o be sterilized at an elevaled temperature Whewr
rates will be greatly accelerated. Modif' wal-m .
vehicles to include a glyenl, nnmhcumm
vehicle, will usually reduce reaction rates. Dl'!’
pase relatively few reaction problems but may r€3
itive physical specifications for ingredients thet
m.i:dn;;imhn or dispersion characteristics
=
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_ors and closures are herein considered eomponents

because Lhey are in prolonged, intimate contact
uct and may release substances or remove in-
m the product.  While not ususlly considered a
umlrr. administration devices are o part of a
2 .gam and their effect upon the product must be
4 even thotigh the contact period is usually brief.

ot liguid injections are quits dilute, the component
‘-' i Lhe highest proportion is the vehicle. A vehicle
g has no therapeutic activity and is nontoxic. How-
fsaf great importance in the formulation since it pre-
tissues the form of the active constituent for
Absorption normally oecurs most rapidly and
when a drug is presented as an squeous solution.
of the vehicle with witer-miscible liquids or
‘with water-immiscible liquids normally deereases
tate of absorption.  Absorption from a suspension may
sic] by such [nctors as the viscosity of the vehicle, its
sty for wetting the solid particles, the solubility equi-
i produced by the vehicle, and the distribution coeffi-
sen the vehicle and aquecus body svstems,
ehicle of greatest importance for parenteral products
Water of suitable quality for parentern! adminis-
i must be prepared either by distillation or by reverse
Only by these means is it possible to separate ade-
" various liquid, gas and solid contaminating substances
m water.

il

Preparation of Water

ral, a conventional sl coneists of a bailer (evapo-
eutnumg raw waler (distiland), a source of heat to
irire the water in the evaporator, o headspace above the
of distilland with condensing surfaces for refluxing the
and thereby returning ponvolatile impurities to the
nd, & menns for eliminating volatile impurities before
water vapor is condensed, and a condenser for re-
the heal of vaporiuation, thereby converting the wator
to o ligiad distillate.
#5hould be apparent that the specific construction features
BELH and the process specifiestions will markedly affect
ality of distillote obtained from astill. These requinsd
l-muln;h -purity water, such ag Water for Injection
ust e cansiderably more stringent than those required
el Water USP. Among the factors that must be
demd are:
! ’\-mydh_mﬂmmmywmm
L) that the raw water be fst desonmed, lronted by revorse
tovobitain o fiuel distillate of unte queality.

'lbduuﬂhwnr-il::u l-hal!’m:m!lrn-)r’| Mm
envtigh to provide a smpar velocity, thom reducing en
L ol clistilland either os a filin oo vapor bubiles of m seperate

y  The hafile hallles |condensing surfocs) determipe the elfortiveness of

URing. They wheuld be dhesigred v efficiently romove entrminment
! wlndty rollecting aved seturning the Swovier droplits

i d efTiciertty Frnum the bt
VBpor and eh--t-lbyqnum; b Whe demin or venting ko the

L‘lumhahwidmwaddbt Hlte Troms e poetal prorts oof
il g Present standards for hn.!l purity stills arp thar ali
Mhruuwwuduﬁlﬂ wild be comstiueted ol metal
With guire tin, of 500 or 316 stainess steel, «r of chemiraily resistant

RMH llfm Hlp\lul-n'h v it illote redduces pority.
valatile i

3 ‘Eﬂ features of a etill also influence its efficiency of op-

. relative freedom from maintenance or the
of autematic operation. Stills may be constructed of
' wize, rted according tothomhme of distillate that
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Vapor compression still

Fig. 84-1

ean be produced per hour of operation under optimum con-
ditions. Only stills Mpud to produce high-purity water
may be considered for use in the production of Water for In-
Jection USE.
Conventional commercial stills designed for the production
of high-purity water are availuble from several mpplim.'
Comp tion—The vapor compression still,
primarily designed fmlbenududhndhmmdhﬁh
purity distillate with low consumption of energy and water,
i illustrated diagrammatically in Fig. 84-1. To start, the foed
water is heated in the evaporator to boiling. The vapor pro-
duced in the tubes is separated from entrained distilland in
the separator and conveyed Lo 3 compressor which compresses
the vapor and raises its temperature to approximately 224°F,
It then flows to the steam chest where it condensas on the
outer surfaces of the tubes contaimng distilland; thereby the
vapor is condensed and drawn off ae distillate while giving up
its heat to bring the distilland ir the lubes to the boiling
point.
Vapor compression stills are available in capacities from 50
to 2800 gal/hour (Aqua-Chem, Barnstead, Meco). In addi-
tion Lo their use by the pharmaceutical industry, they are
utilized extensively by military and governmental installations
for the production of potable water from sea and brackish well

water.

Reverse Osmosis—Reverse csmosin has recently beon

added by the USP ns a mothod witable for preparation of
Waler for Injection. As the name suggests, the natural pro-
cess of selective permeation of melecules through n semiper.
meable membrane sepurating two agueous sohutions of dif-
ferent concentrations is Pressure, usually botween
200 und 400 puig, is applied Lo overcome csmotie pressure and
force pure water (o permeale through the membrane
Membranes, usually compesad of cellulose esters or polyam.
ides, are selected to provide an ei'l'n::lmt rejection of contam-
lmtnd.mhlmmm The molecules mest difficult
to remove are amall inorganic molecules such ps sodium
chioride. Passage through two mnbmu in series is
sometimes utilized to increase the of removal of
these small molecules and to decrease the risk of structural
failure of & membrane (o remove other contaminants, such as
bacteria and pyrogens (for additonal information concerning
reverse osmosis ses under this title in Chapler 77, and Fig,
T7-21, in that chapter; also the discussion under Water in
Chapter 81),

Currently, extensive validation is being undertaken to de-
termine whether, mhﬁ.&hmlwdhmh&dmm
producing high- pu:rity water of o quality squnl or superior to
that producibile by distillation.

* Am_ Sterilizer, Baorasteed, Conmiidated, Corming, Finn-Agiia
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Water for Injection USP

This is a high-purity water intended to be used as a vehicle
for injectable preparations.  Sterile Water for Injection USP
is described in a separate monoegraph and differs in that it is
intended ns n packagod and sterilized product.

Storage—Water for Injection should be used immediately.
This is usually not possible since the quantity required in
production of a product must be accumulated over a period
of time. When storage of waler is necessary, the conditions
for storage and subsequent delivery to the point of use must
meet strict standards. Otherwise, recontamination may
occur.  To prevent such recontamination, Water for Injection
ghould be collected in a serupulously clean, closed system; in
its simplest form, the vutlet from the condenser should be
connected directly to a closed storage tank. Such a system
is shown in Fig. 84-2. To allow for changes in pressure during
filling and emptying of the tank, an nir vent should be pro-
vided through a filier so constructed that microorganisms and
chemical vapors will be prevented (rom entering the tank.
"I"he material of construction for the tank and connecting lines
should be of chemically resistant glags, of metal parts witha
heavy internal coating of pure tin, or of 304 or 316 stainless
steel.

Although water vapor should be sterile when condensed,
contamination of distillate can occur even with a closed col-
lection system. Therefore, if storage i Lo be al room tem-
perature, it should not exceed 24 hours.  For longer periods,
the water must be kept under conditions that will prevent
growth of microorganisms and ingress of other contami
nants.

If small quantities of Water for Injection are to be collected
and stored, cloan, sterile bottles made of chemieally resistant
glass may be used, After filling, the hottles are sealed, steri-
lized by autoclaving and kept until needed. Intermediate
quantities may be collected in closed tanks. In some instances

Fig- B4-2. High-purity still and senled-waler storage system. A
Evaporator; B:  high-purity batfie unit; C;  condenser; D:  storage tank
with ultraviolet lamp; E:  conirol panel (courtesy, Ciba-Geigy).
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storage is ol room lemperature with microhig) K.
trolled by use of an immersion ultraviolet lamy, Krowy)
Fig. 84-2. Most frequently, however, the wntu'i |
slevated temperature of about 80°C by n: helg
jacketed tanks, o temperature too high for micmh‘.
to voeur. Where large quantities of water ypy 1l
multiple locations in the plant, for example, in u.»'"
of lurge-volume parenterals, very sophisticated g
distribution systems have been developed. :
encompass large jacketed stainless steel storage
and insulated stainless steel pipes o cireulate tk
remote points of use, piping systems designed s
uows loop back to the tank with no “dead legs, " g -;(-, .
circulating pumps, and controls to he assured
perature of all water in the system remains within
limits. e
When the water cannot be used at 80°C, heag
must be inglalled to reduce the lemperature at
use. Bacterinl retentive filters should not be ingig
systems because of the risk of bacterial build-up on.
and the consequential releaso of pyrogenic subst
Purity The USE monographs provide standa
for Water for Injection and for Sterile Water for Iy
fow of these standards reguire comment.
Sterile Water for Injection must meet the reqﬁ'“
the USP Sterility Test, but Water for Injection need
it is to be used in a product which will be sto
must meet the requirements of the USP Pyroge
530). i
I'he limits for total solids varies in the two m
The larger the surface area of the glass contain
volume of water, the greater the amount of glass
that may be leached into the water, particularly d
elevated temporature of steam sterilization,
The Water for Injection monograph stipulates
of 10 ppi of 1otal solids. "This is generally con
much too high to assure a quality of waler that
siable formulation of many drugs. A relativel
jons present can often render a farmulal
‘Therefore, it is common practice to set a limitof
less of ionie contaminants expressed as sodium
lonie contaminant level is not the sanie as L
former heing a measurement of only the ionie
the latter is a measurement of undissocinted ¢
well, ‘The ionie content of water can be meastn
hy means of a conductivity meter, and is freqt
an indicalion of the purity. The results aré ex]
of three terms; namely, as sodium chloride jon
in ohms or megohns, or as conductance inm .
and mhos have a reciprocal relationship to each otk
are related to ppm sodium chloride by an 8X
determined curve. 'I'o give one point of o
sodium chloride is equal to approximately 1
0,99 micromhos. 1t should he mentionod
mensurements give no direct indication 0
of water since pyrogens are undissoCiti
pounds. ) :
Water for Injection may nol contain an i
Sterile Water for Injection may contan &
when in containers of 30-ml capacity 0F
striction is designed to prevent the adUITE
quantity of & bacteriostatic agent that Pros
in the accumulated amount. of a large
though the concentration was low.

Types of Vehicles

Aqueous Vehicles— Certain -qt}m- '
nized officially because of theif val
mulations, Often they are used 28

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

added ot the time of administration. The ad-
= ie effect of the deug may not be enough to
H liscomiort when administered. These vehicles
a.dium Chloride Injection, Ringer's Injection,
= ction, Dextrose and Sodium Chloride Injection,
od Ringer's Injection.

giscible Vehicles—A number of solvents that are
ik waler have been used as a portion of the vehicla
= lation of parenterals. These solvents are used
i offect solubility of certain drugs and to reduce
The most important solvents in this group are
I, polyethylene glycol of the liquid geries, and
veal. Ethyl aleohol is used particolarly in the
o of solutions of eardine glycosides and the glyeols
Les of barbiturates, certain alkaloids, and certain
e Such preparations are usually given intromus-

slvents, ax well as nonaqueous vehicles, have beon
Spiegel and Noseworthy.*
pus Vehicles—The most important group of
vehicles are the fixed oils, The USP provides
s for such vehicles. A few of these requirements
jacussed. The fixed oils must be of vegetable
! or thal they may be metabolized, will he lguid at
perature, and will not become rancid rapidly, The
swcification eliminates oils of mineral vrigin and the
those of animal origin,  To be liquid at room tem-
o, 4 fixed oil must contain esters of unsaturated fatty
However, excessive unsaturation will produee tssue
Therefore, the USP stipulates upper and lower
the iodine value for the vil. "The development of
must be prevented by the inclusion of antioxidants
18 Locopherol, a natursl constituent of many fixed oils.
I8P also prescribes an upper limit for free fatty acids in
0 minimizo the degree of Lssue irritation. Other
lieations are included primarily o detect adulteration.
most commonly used are corn oil, cottonseed ovil,
and sesame oil.  Teshould be noted that the official
s for some of these oils provide for greater latitude
pecifications required for the use of the oil asa ve-
parenternl. Thersfore, purenteral vehicle oils must
uils or specially purified to meet the more stringent
iremonts, Fixed oils are used particularly as vehicles lor
it hormone preparations, These and other nonagueous
85, duch as ethyl oleate, isopropyl myristate and bonzyl
may be used provided they are sale in the volume
tered and do nol interfere with the therapeutic effi-
preparalion oF with its response to prescribed as-
d tests, The label also must state the name of the
80 Lhat the user may beware in case of known sensi-
other reactions to it

E requirements for purity of the medicinal compound
iin an injection often make it necessary to underiake
Purification of the usual chemical grade available, In
'i“lli'num. a special parenteral grade of a compound is
+ for example, ascorbic acid freed from all traces of
onlamination. As a general rule, the best chemical
obtainabile should be used. |t should be obvious that
e " PP of fonie contaminants in Water for Injection may
b Hability problems, a similar level of contamination in
" oluty iteell may, likewise, cause stability problems,
catalynis of chemical reactions is one of the most
int problems,
er fnetors Lo be considered with respect to the quality
ot 8 include: the level of microbial and pyrogenic con-
“Mition, solubility characteristics as determined by the
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chem!;al or physical form of the compound, and freedom from
gross dirt,

Added Substances—The USP includes in this category
all substances added to a preparation to improve or safeguard
the quality of the product, An added substance may effect
solubility, as does sodium benzoate in Caffeine and Sodium
Benzoate Injection, or provide patient comfort, as do sub-
stances added to make a solution isotonic.  They may enbunce
the chemical stabilily of u solution, as do antioxidants, inert
pases, chelating agents, and buffers, or they may preserve 4
preparation against the growth of microorganisms, The term
“preservative” is sometimes applied only to those substances
which prevent the growth of microorganisms in a preparation,
However, such limited use is innppropriate, being better used
for all substances that act to retard or prevent the chemical,
physical, or biological degradation of a preparation.

While acdded substances may prevent a certain reaction
from taking place, they may induce others. Not only may
visible incompatibilities occur, but hvdrolysis, complexation,
oxidation, and other invisible resctions may decompose or
otherwise inactivate the therapeutic agent,  Therefore, added
stbatances muit be selected with due consideration and in.
vestigation of the effeet of the substance on the total formu-

lation,

Antimicrobial Agents—The USP states that antimicro-
bLial agents in bacteriostatic or fungistatic concentrations must
be added to preparations contained in multiple-dose con-
tainers, ‘They must be present in adequate concentration at
the Lime of use Lo provent the multiplieation of microorgan.
inms inadvertently introduced into the preparation while
withdrawing a portion of the contents with a hypodermic
needle and syringe, Among the compounds most frequently
emploved, with the econcentration limil preseribed by the

USP, are: phenylmercuric nitrate and thimerosal 0.01%,
benzethonium chloride and benzalkonium chloride 0.01%,
phenal or eresol 0.5%, and chlorobutanol 0.5%. The above
limit is rarely used for phenylmercuric nitrate, being most
frequently employed in a concentration of 0.002%. Methyl
p-hydroxybenzoate 0.18% and propyl p-hydroxybenzoate
0,02% in combination, and benzyl alcohol 2% are also fre-
quently used. In oleaginous preparations, no antibacterinl
ngenl commonly employed appears to be effective. However,
it has been reported thal hexyiresorcinol 0.6% and phenyl-
mercuric benzonte ), 1% are moderately bacloricidal,
Antimicrobinl agents must be studied with respect to

compntibility with all other components of the formula, In
addition, their activity must be evaluated in the total formula,
It ig nol. uncommaon to find thal a particular agent will be el
fective in one formulation but ineffeetive in another, This
may be due to the effect of various components of the formula
on the hiological activity or availability of the compound; for
example, the hinding and inactivation of esters of p-hydroxy-
benzoie acid by macromolecules such as Polysorbate 80 or the
reduction of phenvimercuric nitrate by sulfide residues in
rubber closures. A physical reaction encountered is that
bacteriostatic agents are sometimes removed from solution
by rubber closures. These facls establish the principle that
antimicrobinl agents must be evaluated for their nctivity in
the total formula o assure their activity when needed, nor-
mally a1 the time of use,

Bullers —Buffers are used primarily to stabilize a splulion
against the chomical degradation that would occur if the pH
changed appreciably. Buffer systems emploved should
normally have as low a buffer capacity ns feasible in order not
to disturb significantly the body bufTer systems when injected.
In addition, the buffer range and the effect of the buffer on
the activity of the product must be evalualed carefully. The
acid salts most frequently employed as buffers are citrates,
acetates, and phosphates.

Amntioxidants—Antioxidants are frequently required to
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