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CHAPTER 80

Pharmaceutical Necessities

William J Reilly, Jr
Manager, Technical Services
Pharmaceuticol Division
FMC Corp

Princeton, NJ 06540

Significant changes are underway which could alter the
rights of pharmacy practitioners. Extemporaneous com-
pounding is being reviewed carefully by the FDA to ensure
that manufacturing operations are not being conducted under
the guise of pharmacy-practice rights. Additionally, some
serious accidents have resulted from the improper compound-
ing and handling of extemporaneously prepared prescriptions.

This chapter does not address the legalities of compound-
ing by a practitioner, but rather is intended as a reference
source which highlights substances of little or no therapeutic

Antioxidants and Preservatives n

An antioxidant is a substance capable of inhibiting oxida-
tion and that may be added for this purpose to pharmaceutical
products subject to deterioration by oxidative processes as,
for example, the development of rancidity in oils and fats or
the inactivation of some medicinals in the environment of
their dosage forms. A preservative is, in the common phar-
maceutical sense, a substance that prevents or inhibits micro-
bial growth and may be added to pharmaceutical preparations
for this purpose to avoid consequent spoilage of the prepara-
tions by microorganisms. Both antioxidants and preserva-
tives have many applications in making medicinal products.
Alcohol—page 1404.

Ascorbyl Palmitate—see RPS-18, page 1286.
Anoxomer—see RPS-18, page 1288.
Benzoic Acid—see RPS-18, page 1235.
Benzalkonium Chloride—page 1264.
Benzethonium Chloride—page 1265.
Benzyl Alcohol—page 1151.

Butylated Hydroxyanisole
Phenol, (1,1-dimethylethyl)-4-methoxy-, Tenox BHA (Eastman)

OH
CiCH;)y

OCH,

tert-Butyl-4-methoxyphenol [25013-16-5] C Hy602 (180.25).

Preparation—By an addition interaction of p-methoxyphenol and
2-methylpropene. US Pat 2,428,745.

Description—White or slightly yellow, waxy solid having a faint, char-
acteristic odor.

Solubility—Insoluble in water; 1 gin 4 mLalcohol, 2 mL chloroformor
1.2 mL ether.

Uses—An antioxvidant in cosmetics and pharmaceuticals containing
fats and oils.

Butylparaben—see RPS-18 page 1170.

1380

value which are useful in the compounding of pharmaceuticals. - ]
These substances, referred to as excipients, also are used for
the bulk manufacture of pharmaceutical products, but usually. f
for different purposes. The excipients described include an-
tioxidants and preservatives; coloring and flavoring agents; g
diluents and binders; emulsifying and suspending agents, oint-
ment bases, solvents and miscellaneous agents. A more de-
tailed review of these excipients and their industrial applica-
tions can be found in the various chapters of Part 8 of this
text. y

Butylated Hydroxytoluene s

Phenol, 2,6-bis(1, 1-dimethylethyl)-4-methyl-, Butylated |
Hydroxytoluene Crystalline (Diamond-Shamrock); Tenox BHT (8
(Eastman) el

OH

il

L(CHIC CiCH,ly i
v

@ vislf '

CHy

2,6-Di-tert-butyl-p-cresol [128-37-0] C15Hz40 (2 20.35). )
Preparation—By an addition interaction of p-cresol and |
2.methylpropene. US Pat 2,428,745. i
Description—White, tasteless crystals with a mild odor; stable in light
or air; melts at 70°. B
Solubility—Insoluble in water; 1 g in 4 mLalcohol, 1.1 mL chloroform
or 1.1 mL ether. 1
Uses—An antioxidant employed to retard oxidative degradation of i
oils and fats in various cosmetics and pharmaceuticals. 4

Cetylpyridinium Chloride—see RPS-18, page 1171,

Chiorobutanol RN
9-Propanol, 1,1,1-trichloro-2-methyl, Chlorbutol; Chlorbutanol;

Acetone chloroform; Chloretone (Stauffer) v/
(CCHIC(OHy):0H s

1,1,1-Trichloro-2-methyl-2-propanol [57-15-8] C JH;Cl0 (177.46)3
hemihydrate [6001-64-5] (186.46).

Preparation—Chloroform undergoes chemical addition to aceto
under the catalytic influence of powdered potassium hydroxide.

Description—Colorless to white crystals, of a characteristic, 0
what camphoraceous odor and taste; anhydrous melts about 957 hyal i
melts about 76°; boils with some decomposition between 165 and 168%

Solubility—1 gin 125 mL water, 1 mL alcohol orabout 10 mL glycerith &
freely soluble in chloroform, ether or volatile oils.
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Incompatibilities—The anhydrous form must be used in order to
prepare a clear solution in liquid petrolatum. It is decomposed by alka-
lies; ephedrine is sufficiently alkaline to cause its breakdown with the
formation of ephedrine hydrochloride which will separate from a liquid
petrolatum solution. It is only slightly soluble in water, hence alcohol
must be used to dissolve the required amount in certain vehicles. A soft
mass is produced by trituration with antipyrine, menthol, phenol and
other substances.

Uses—Topically, as a solution in clove oil as a dental analgesic. It
has local anesthetic potency th a mild degree and has been employed as an
anesthetic dusting powder (1 to 5%) or ointment (10%). It has antibacte-
rial and germicidal properties. It is used chiefly as a preservative in
solutions of epinephrine, posterior pituitary, etc. When administered
orally, it has much the same therapeutic use as chloral hydrate. Hence, it
has been employed as a sedative and hypnotic. It has been taken orally to
allay vomiting due to gastritis.

Dose—Topical, asa 25% solution in clove oil.

Other Dose Information—The oral dose is 300 mg to 1 g, given in
tablets or capsules.

Dehydroacetic Acid
Keto form: 2H-Pyran-2,4(3H )-dione, 3-acetyl-6-methyl-,

H,c@fo HC. Io 0
T 'COCHy \E";COCH,
0 OH

(keto form) (enol form)

Enol form: 3-Acetyl-4-hydroxy-6-methyl-2H-pyran-2-one [520-45-6
(Keto)], [771-03-9 (enol)] CsHzO, (168.15).

Preparation—By fractional distillation of a mixture of ethyl acetoac-
etate and sodium bicarbonate, maintaining almost total reflux conditions,
allowing only ethanol to be removed. The residue is distilled under
vacuum. Org Syn Coll III; 231, 1955.

Description—White to creamy-white crystalline powder melting about
110° with sublimation.

Solubility—1 g dissolves in 25 g acetone, 18 g benzene, 5 g methanol
or 3 g alcohol.

Uses—Preservative.

Ethylenediamine
1,2-Ethanediamine
H,NCH,CH,NH,

Ethylenediamine [107-15-3] C;HgNg (60.10).

Caution—Ise care in handling because of its caustic nature and the
irritating properties of its vapor.

Note—It is strongly alkaline and may readily absorb carbon diox-
ide from the air to form a nonvolatile carbonate. Protect it against
undue exposure to the atmosphere.

Preparation—By reacting ethylene dichloride with ammonia, then
adding NaOH and distilling.

Description—Clear, colorless or only slightly yellow liquid, having an
ammonia-like odor and strong alkaline reaction; miscible with water and
aleohol; anhydrous boils 116 to 117° and solidifies at about 8°; volatile
with steam; a strong base and readily combines with acids to form salts
with the evolution of much heat.

Uses—A pharmaceutical necessity for Aminophylline Injection.
It is irritating to skin and mucous membranes. It also may cause sensiti-
zation characterized by asthma and allergic dermatitis.

Ethylparaben—see RPS-18, page 1171.
Ethyl Vanillin—page 1386.
Glycerin—pages 1041 and 1405.
Hypophosphorus Acid—page 1410.

Malic Acid BP—see RPS-18, page 1288.
Methylparaben—see RPS-18, page 1171.
Menothioglycerol—see RPS-18, page 1287.
Phenol—page 1412.

Phenylethyl Alcohol—page 1389.
Phenylmercuric Nitrate—page 1270.

PHARMACEUTICAL NECESSITIES 1381

Potassium Benzoate

Benzoic acid, potassium salt

@—uoox . 30

|582-25-2] C;HzKO: (160.21) (anhydrous).
Description—Crystalline powder.
Solubility—Soluble in water or alcohol.
Uses—Preservative.

Potassium Metabisulfite
Dipotassium pyrosulfite

[16731-55-8] K25,05 (222.31).

Description—White crystals or crystalline powder with an odor of SO5.
Oxidizes in air to the sulfate. May ignite on powdering in a mortar if too
much heat develops.

Solubility—Freely soluble in water; insoluble in alcohol.

Uses—Antioxidant.

Potassium Sorbate

2,4-Hexadienoic acid, (E,E)-, potassium salt; 2,4-Hexadienoic acid,
pot 1 salt; Potassium 2,4-Hexadienoate

Potassium (E, E)-sorbate; potassium sorbate [590-00-1][24634- 61-5]
CsH-KO; (150.22).

Preparation—Sorbic Acid is reacted with an equimolar portion of
KOH. The resulting potassium sorbate may be crystallized from agueous
ethanol. US Pat 3,173,948.

Deacrlptlon—Wl'ute crystals or powder with a characteristic odor;
melts about 270° with decomposition.

Solubility—1 gin 4.5 mL water, 35 mL ah:ohui > 1000 mL chloroform
or > 1000 mL ether.

Uses—A water-soluble salt of sorbic acid used in pharmaceuticals to
inhibit the growth of molds and yeasts. Its toxicity is low, but it may
irritate the skin,

Propyl Gallate BP—see RPS-18, page 1288.
Propylparaben—see RPS-18, page 1171.
Sassafras Oil—page 1392,

Sodium Benzoate—page 1271.

Sodium Bisulfite

Sulfurous acid, monosodium salt; Sodium Hydrogen Sulfite; Sodium
Acid Sulfite; Leucogen

Monosodium sulfite [7631-90-5] NaHSO4 and sodium metabisulfite
(NayS;05) in varying proportions; yields 58.5-67.4% of SO,.

Description—White or yellowish white crystals or granular powder
having the odor of sulfur dioxide; unstable in air.

Solubility—1 g in 4 mL water; slightly soluble in alcohol.

Uses—An antioridant and stabilizing agent. Epinephrine hydro-
chloride solutions may be stabilized by the addition of small quantities of
the salt. Tt also is used to help solubilize kidney stones. It is useful for
removing permanganate stains and for solubilizing certain dyes and other
chemicals (see Menadione Sodiwm Bisulfite, RPS-17, page 1011).
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Sodium Metabisulfite
Disulfurous acid, disodium salt

Disodium pyrosulfite [ 7681-57-4]Na;S,0; (190.10).

Preparation—Formed when sodium bisulfite undergoes thermal
dehydration, It also may be prepared by passing sulfur dioxide over
sodium carbonate.

Description—White crystals or white to yellowish crystalline powder
having an odor of sulfur dioxide; on exposure to air and moisture, it is
slowly oxidized to sulfate.

Solubility—1 g in 2 mL water; slightly soluble in alcohol; freely soluble
in glycerin,

Uses—A reducing agent. It is used in easily oxidized pharmaceuti-
cals, such as epinephrine hydrochloride and phenylephrine hydrochloride
injections, to retard oxidation.

Sodium Propionate—see RPS-18, page 1236.

Sorbic Acid
2,4-Hexadienoic acid, (E,E)-, 2,4-Hexadienoic acid

H H
I

i
HLC. G C,
% “LI“" “¢# cooH
H o H

(E,E)-Sorhic acid; Sorbic acid [22500-92-1] [1 10-44-1] CgHgO, (112.13).

Preparation—By various processes. Referto USPat 2,921,090,

Description—Free-flowing, white, crystalline powder, having a charac-
teristic odor; melts about 133°.

Solubility—1 g in 1000 mL water, 10 mL alcohol, 15 mL chloroform,
30 mL ether or 19 mL propylene glycol.

Uses—A mold and yeast inhibitor.
agent for foods, especially cheeses.

Sulfur Dioxide—see RPS-18, page 1288.
Thimerosal—page 1271.

It also is used as a fungistatic

Coloring, Flavoring and Diluting Agents

The use of properly colored and flavored medicinal sub-
stances, although offering no particular therapeutic advan-
tage, is of considerable importance psychologically. Awater-
clear medicine is not particularly acceptable to most patients,
and, in general, is thought to be inert. Many very active
medicinal substances are quite unpalatable, and the patient
may fail to take the medicine simply because the taste or

appearance is objectionable. Disagreeable medication can
be made both pleasing to the taste and attractive by careful
selection of the appropriate coloring, flavoring and diluting
agents. Therefore, judicious use of these substances is impor-
tant in securing patient cooperation in taking or using the
prescribed medication and continued compliance with the
prescriber’s intent.

Coloring Agents or Colorants

Coloring agents may be defined as compounds employed in
pharmacy solely for the purpose of imparting color. They
may be classified in various ways, eg, inorganie or organic.
For the purpose of this discussion two subdivisions are used:
Natural Coloring Principles and Synthetic Coloring
Principles. The members of these groups are used as colors
for pharmaceutical preparations, cosmetics, foods and as bac-
teriological stains and diagnostic agents.

Natural Coloring Principles

Natural coloring principles are obtained from mineral, plant
and animal sources. They are used primarily for artistic
purposes, as symbolic adornments of natives, as colors for
foods, drugs and cosmetics and for other psychological ef-
fects.

Mineral colors frequently are termed pigments and are
used to color lotions, cosmetics and other preparations, usu-
ally for external application. Examples are Red Ferric Ozx-
ide (page 1416) and Yellow Ferric Oxide (page 1416),
titanium dioxide (page 884) and carbon black.

The term pigment also is applied generically to plant colors
by phytochemists. Many plants contain coloring principles
that may be extracted and used as colorants, eg, chlorophyll.
Anattenes are obtained from annatto seeds and give yellow to
orange water-soluble dyes. Natural beta-carotene isa yellow
color extracted from carrots and used to color margarine.
Alizarin is a reddish-yellow dye obtained from the madder
plant. The indigo plant is the source of a blue pigment called
indigo. Flavones, such as riboflavin, rutin, hesperidin and
quercetin, are yellow pigments. Saffron is a glycoside that
gives a yellow color to drugs and foods. Cudbear and red
saunders are two other dyes obtained from plants. Most
plant colors now have been characterized and synthesized,
however, and those with the desirable qualities of stability,
fastness and pleasing hue are available commercially as syn-
thetic products.

Animals have been a source of coloring principles from the
earliest periods of recorded history. For example, Tyrian

purple, once a sign of royalty, was prepared by air oxidation
of a colorless secretion obtained from the glands of a snail
(Murex brandaris). This dye now is known to be 6,6'-
dibromoindigo, and has been synthesized, but cheaper dyes of
the same color are available. Cochineal from the insect Coc-
cus cacti contains the bright-red coloring principle carminic
acid, a derivative of anthraquinone. This dye is no longer
used in foods and pharmaceuticals due to Salmonella contami-
nation.

Synthetic Coloring Principles

Synthetic coloring principles date from 1856 when WH
Perkin accidentally discovered mauveine, also known as a
Perkin’s purple, while engaged in unsuccessful attempts to
synthesize quinine. He obtained the dye by oxidizing aniline
containing - and p-toluidines as impurities. Other discover-
ies of this kind followed soon after, and a major industry grew
up in the field of coal-tar chemistry.

The earliest colors were prepared from aniline and for many
years all coal-tar dyes were called aniline colors, irrespective
of their origin. The coal-tar dyes include more than a dozen
well-defined groups among which are nitroso-dyes, nitro-
dyes, azo-dyes, oxazines, thiazines, pyrazolones, xan-
thenes, indigoids, anthraguinones, acridines, rosanilines,
phthaleins, quinolines and others. These in turn are classi-
fied, according to their method of use, as acid dyes and basic
dyes, or direct dyes and mordani dyes.

Certain structural elements in organic molecules, called
chromophore groups, give color to the molecules, eg, azo
(—N=N—), nitroso (—N=0), nitro (—NOy), azoxy
(—N=N—0—), carbonyl (>C=0) and ethylene
(>C=C<). Othersuchcombinations augment the chromo-
phore groups, eg, methoxy, hydroxy and amino groups and
are known as auxochromes.

Stability—Most dyes are relatively unstable chemicals due
to their unsaturated structures. They are subject to fading
due to light, metals, heat, microorganisms, oxidizing and re-
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ducing agents plus strong acids and bases. In tablets, fading
may appear as spotting and specking.

Uses—Most synthetic coloring principles are used in color-
ing fabrics and for various artistic purposes. They also find
application as indicators, bacteriological stains, diagnostic
aids, reagents in microscopy, etc.

Many coal-tar dyes originally were used in foodstuffs and
beverages without cageful selection or discrimination be-
tween those that were harmless and those that were toxic and
without any supervision as to purity or freedom from poison-
ous constituents derived from their manufacture. l

After the passage of the Food and Drugs Act in 1906, the US
Department of Agriculture established regulations by which a
few colors came to be known as permiited colors. Certain
of these colors may be used in foods, drugs and cosmetics, but
only after certification by the FDA that they meet certain
specifications. From this list of permitted colors may be
produced, by skillful blending and mixing, other colors that
may be used in foods, beverages and pharmaceutical
preparations. Blends of certified dyes must be recertified.

The word “permitted’ is used in arestricted sense. It does
not carry with it the right to use colors for purposes of decep-
tion, even though they are “permitted” colors, for all food
laws have clauses prohibiting the coloring of foods and bever-
ages in a manner so as to conceal inferiority or to give a false
appearance of value.

The certified colors are classified into three groups: FD&C
dyes which legally may be used in foods, drugs and cosmetics,
D&C dyes which legally may be used in drugs and cosmetics
and External D&C dyes which legally may be used only in
externally applied drugs and cosmetics. There are specific
limits for the pure dye, sulfated ash, ether extractives, soluble
and insoluble matter, uncombined intermediates, oxides, chlo-
rides and sulfates. As the use status of these colors is subject
to change, the latest regulations of the FDA should be con-
sulted to determine how they may be used—especially since
several FD&C dyes formerly widely used have been found to
be carcinogenic even when "pure” and, therefore, have been
banned from use.

The Coal-Tar Color Regulations specify that the term "'exter-
nally applied drugs and cosmetics’ means drugs and cosmet-
ics which are applied only to external parts of the body and not
to the lips or any body surface covered by mucous membrane.
No certified dye, regardless of its category, legally may be
used in any article which is to be applied to the area of the eye.

Lakes are calcium or aluminum salts of certified dyes ex-
tended on a substrate of alumina. They are insoluble in water
and organic solvents, hence are used to color powders, phar-
maceuticals, foods, hard candies and food packaging.

Flavoring Agents

Flavor

The word flavor refers to a mixed sensation of taste, touch,
smell, sight and sound, all of which combine to produce an
infinite number of gradations in the perception of a substance.
The four primary tastes—sweet, bitter, sour and saline—
appear to be the result partly of physicochemical and partly of
psychological action. Taste buds (Fig 1), located mainly on
the tongue, contain very sensitive nerve endings that react, in
the presence of moisture, with the flavors in the mouth and as
a result of physicochemical activity electrical impulses are
produced and transmitted via the seventh, ninth and tenth
cranial nerves to the areas of the brain which are devoted to
the perception of taste. Some of the taste buds are special-
ized in their function, giving rise to areas on the tongue which
are sensitive to only one type of taste. The brain, however,
usually perceives taste as a composite sensation, and accord-
ingly the components of any flavor are not readily discernible.
Children have more taste buds than adults, hence are more
sensitive to tastes.
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The application of dyes to pharmaceutical preparations is
an art that can be acquired only after an understanding of the
characteristics of dyes and knowledge of the composition of
the products to be colored has been obtained. Specifie rules
for the choice or application of dyes to pharmaceutical prepa-
rations are difficult to formulate. Each preparation may pre-
sent unique problems.

Preparations which may be colored include most liquid
pharmaceuticals, powders, ointments and emulsions. Some
general hints may be offered in connection with solutions and
powders, but desired results usually can be obtained only by a

series of trials.

In general, an inexperienced operator tends

to use a much higher concentration of the dye than is neces-
sary, resulting in a dull color. The amount of dye present in
any pharmaceutical preparation should be of a concentration
high enough to give the desired color and low enough to
prevent toxic reactions and permanent staining of fabrics and

tissues.

Liquids (Solutions)—The dye concentration in liquid preparations
and solutions usually should come within a range of 0.0005% (1 in 200,000)
and 0.001% (1 in 100,000), depending upon the depth of color wanted and
the thickness of column to be viewed in the container. With some dyes,
concentrations as low as 0.0001% (1 in 1,000,000) may have a distinct

tinting effect.
solutions.

Dyes are used most conveniently in the form of stock

Powders—White powders usually require the incorporation of 0.1% (1
in 1000) of a dye to impart a pastel color. The dyes may be incorporated
into the powder by dry-blending in a ball mill or, on a small scale, with a
mortar and pestle. The dye is incorporated by trituration and geometric

dilution.

Powders also may be colored evenly by adding a solution of the

dye in alcohol or some other volatile solvent having only a slight solvent
action on the powder being colored. When this procedure is employed,
the solution is added in portions, with thorough mixing after each addition,
after which the solvent is allowed to evaporate from the mixture,

Many of the syrups and elixirs used as flavoring and diluting
agents are colored. When such agents are used no further
coloring matter is necessary. The use of colored flavoring
agents is discussed in a subsequent section. However, when
it is desired to add color to an otherwise colorless mixture, one
of the agents described in the first section may be used.

Incompatibilities—FD&C dyes are mainly anionic (so-
dium salts), hénce are incompatible with cationic substances.
Since the concentrations of these substances are generally
very low, no precipitate is evident. Polyvalent ions such as
calcium, magnesium and aluminum also may form insoluble
compounds with dyes. A pH change may cause the color to

change.

dye.

Acids may release the insoluble acid form of the

Caramel —see RPS-18, page 1290.

Taste partly depends on the ions which are produced in the
mouth, but psychologists have demonstrated that sight (color)
and sound also play a definite role when certain reflexes

Fig 1. Upper Surface of the tongue. a: Taste receptors for all
tastes; b: sweet, salty and sour; ¢: salty and sour; d:  sour only;
e notaste sensation; f: sweet and sour; g: bitter, sweet and sour
(adapted from Crocker EC: Flavor, McGraw-Hill, New York, 22,

1945).
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become conditioned through custom and association of sense
perceptions. Thus, in the classic experiments of Pavlov dem-
onstrating ‘‘conditioned reflexes,” the ringing of a bell or the
showing of a circle of light caused the gastric juices of a dog to
flow although no food was placed before it, and much of the
enjoyment derived from eating celery is due to its erunchy
crispness as the fibrovascular bundles are crushed. The ef-
fect of color is just as pronounced; oleomargarine is unpalat-
able to most people when it is uncolored, but once the dye has
been incorporated gourmets frequently cannot distinguish it
frombutter. Color and taste must coincide, eg, cherry flavor
is associated with a red color.

A person suffering from a head cold finds his food much less
palatable than usual because his sense of smell is impaired,
and, if the nostrils are held closed, raw onions taste sweet and
it is much easier to ingest castor oil and other nauseating
medicines. The volatility of a substance is an important fac-
tor that is influenced by the warmth and moisture of the mouth
since the more volatile a compound, the more pronounced its
odor. The sense of smell detects very minute amounts of
material and is usually much more sensitive in detecting the
presence of volatile chemicals, but the tongue is able to detect
infinitesimal amounts of some vapors if it is protruded from
the mouth so that solution of the gases in the saliva may take
place. In this manner traces of sulfur dioxide can be de-
tected in the air since it dissolves in the saliva and creates a
sour taste.

Flavors described as hot are those that exert a mild counter-
irritant effect on the mucosa of the mouth, those that are
astringent and pucker the mouth contain tannins and acids
that produce this effect by reacting with the lining of the
mouth and wines possess a bouquet due to the odor of the
volatile constituents. Indianturnip (Jack-in-the-pulpit) owes
its flavor largely to the stinging sensation caused by the minute
acicular crystals of calcium oxalate which penetrate the mu-
cous membrane.

Other physiological and physical factors that also may af-
fect taste are coarseness or grittiness due to small particles,
eg, ion-exchange resins. Antidiarrheal preparations have a
chalky taste. Menthol imparts a cool taste because it affects
the coldnessreceptors. Mannitol gives a cool sensation when
it dissolves because its negative of heat of solution will cause
the temperature to drop. For this reason, mannitol often is
used as the base for chewable tablets.

There is a definite threshold of taste for every substance,
which varies somewhat with the individual and with the
environment. The experienced chef tastes his delicacies at
the temperature at which they will be served since heat and
cold alter the flavor of many preparations. Thus, lemon loses
its sour taste entirely at an elevated temperature and other
flavors become almost nonvolatile, tasteless and odorless when
cooled sufficiently. In addition to the influence of tempera-
ture, the sensitivity of each individual must be considered.
For example, it has been determined by experiment that the
amount of sugar that can just be detected by the average
individual is about 7 mg. However, this amount cannot be
tasted by some and it is definitely sweet to others.

People are more sensitive to odor than to taste. There are
about 10,000 to 30,000 identifiable scents, of which the aver-
age person can identify about 4000. 'Women are more sensi-
tive to odors than men. Additional insights can be obtained
by reading Cagan RH, Kare MR: Biochemisiry of Taste and
Olfaction, Academic, NY 1981, and Beidler LM, ed: Hand-
book of Sensory Physiology, vol IV, pts 1 and 2, Springer-
Verlag, Berlin 1971.

Preservation of Flavors—Most monographs of official
products contain specific directions for storage. Proper
methods of storage are essential to prevent deterioration which
in many instances results in destruction of odor and taste.
Under adverse conditions undesirable changes occur due to
one or a combination of the following: enzymatic activity,
oxidation, change in moisture content, absorption of odors,
activity of microorganisms and effects of heat and light. In
certain products some of the changes wrought by these fac-

tors are desirable, as when esters are formed due to the
activity of enzymes and when blending and mellowing results
from the interchange of the radicals of esters ({rans-
esterification).

One method for protecting readily oxidizable substances,
such as lemon oil, from deteriorating, and thus preserving
their original delicate flavor, is to microencapsulate them by
spray-drying. The capsules containing the flavors then are
enclosed in various packaged products (eg, powdered gela-
tins) or tablets which are flavored deliciously when the cap-
sule is disintegrated by mixing and warming with water or
saliva.

Correlation of Chemical Structure with Flavor and
Odor—The compounds employed as flavors in vehicles vary
considerably in their chemical structure, ranging from simple
esters (methyl salicylate), alcohols (glycerin) and aldehydes
(vanillin) to carbohydrates (honey) and the complex volatile
oils (anise oil). Synthetic flavors of almost any desired type
are now available. These frequently possess the delicate
flavor and aroma of the natural products and also the desirable
characteristics of stability, reproducibility and comparatively
low cost. Synthetic products such as cinnamaldehyde and
benzaldehyde, first officially recognized when several of the
essential oils became scarce during World War II, have been
used widely.

There is a close relationship between chemical structure
and taste. Solubility, the degree of ionization and the type of
ions produced in the saliva definitely influence the sensation
interpreted by the brain.

Sour taste is caused by hydrogen ions and it is proportional
to the hydrogen-ion concentration and the lipid solubility of
the compound. It is characteristic of acids, tannins, alum,
phenols and lactones. Saltiness is due to simultaneous pres-
ence of anions and cations, eg, KBr, NH,Cl and sodium
salicylate. High-molecular-weight salts may have a bitter
taste. Sweet taste is due to polyhydroxy compounds, polyha-
logenated aliphatic compounds and a-amino acids. Amino
and amide groups, especially if the positive effect is balanced
by the proximity of a negative group, may produce a sweet
taste. Sweetness increases with the number of hydroxy
groups, possibly due to increase in solubility. Imidessuchas
saccharin and sulfamates such as cyclamates are intensely
sweet. Cyclamates have been removed from the market be-
cause they reportedly cause bladder tumors in rats. Free
bases such as alkaloids and amides such as amphetamines
give bitter tastes. Polyhydroxy compounds with a molecular
weight greater than 300, halogenated substances and ali-
phatic thio compounds also may have bitter tastes.
Unsaturation frequently bestows a sharp, biting odor and taste
upon compounds. .

No precise relationship between chemical structure and
odor has been found. There are no primary odors, and odors
blend into each other. Polymerization reduces or destroys
odor; high valency gives odor and unsaturation enhances
odor. A tertiary carbon atom often will give a camphora-
ceous odor, esters and lactones have a fruity odor and ketones
have a pleasant odor. Strong odors often are accompanied
by volatility and chemical reactivity.

Selection of Flavors

The proper selection of flavors for disguising nauseating
medicines aids in their ingestion. Occasionally, sensitive pa-
tients have become nauseated sufficiently to vomit at the
thought of having to take disagreeable medication, and it is
particularly difficult to persuade children to continue to use
and retain distasteful preparations. There is a need to know
the allergies and idiosyncrasies of the patient; thus, it is fool-
ish to use a chocolate-flavored vehicle for the patient who
dislikes the flavor or who is allergic to it, notwithstanding the
fact that this flavor is generally acceptable.
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Flavoring Methodology

Each flavoring problem is unique and requires an individual
solution. The problem of flavoring is further complicated
because flavor and taste depend on individual preferences.
In solving flavoring problems the following techniques have
been used:

Blending—Fruit flavors lL‘tleni.‘! with sour taste; bitter tastes can be
blended with salty, sweet and sour tastes; salt reduces sourness and
increases sweetness; chemicals such as vanillin, monosodium glutamate
and benzaldehyde are used for blending.

Overshadow—Addition of a flavor whose intensity is longer and stron-
ger than the obvious taste, eg, methyl salicylate, glveyrrhiza and oleores-
ins.

Physical—Formation of insoluble compounds of the offending drug,

eg, sulfonamides; emulsification of oils; effervescence, eg, magnesium

citrate solution; high viscosity of fluids to limit contact of drug with the
tongue, and mechanical procedures such as coating tablets, are physical
methods to reduce flavoring problems,
Chemical—Adsorption of the drug on a substrate, or formation of a
complex of the drug with ion-exchange resins or complexing agents.
Physiological —The taste buds may be anesthetized by menthol or mint
flavors.

Flavors, as used by the pharmacist in compounding prescrip-
tions, may be divided into four main categories according to
the type of taste which is to be masked, as follows:

Salty Taste—Cinnamon syrup has been found to be the best vehicle for
ammonium chloride, and other salty drugs such as sodium salicylate and
ferric ammonium citrate. In a study of the comparative efficiency of
flavoring agents for disguising salty taste, the following additional vehicles
were arranged in descending order of usefulness: orange syrup, citric acid
syrup, cherry syrup, cocoa syrup, wild cherry syrup, raspberry syrup,
glycyrrhiza elixir, aromatic elixir and glycyrrhiza syrup. The last-named
is particularly useful as a vehicle for the salines by virtue of its colloidal
properties and the sweetness of both glycyrrhizin and sucrose.

Bitter Taste—Cocoa syrup was found to be the best vehicle for disguis-
ing the bitter taste of quinine bisulfate, followed, in descending order of
usefulness, by raspberry syrup, cocoa syrup, cherry syrup, cinnamon
syrup, compound sarsaparilla syrup, citric acid syrup, licorice syrup,
aromatic elixir, orange syrup and wild cherry syrup.

Acrid or Sour Taste—Raspberry syrup and other fruit Syrups are
especially efficient in masking the taste of sour substances such as hydro-
chloric acid. Acacia syrup and other mucilaginous vehicles are best for
disguising the acrid taste of substances, such as capsicum, since they tend
to form a colloidal protective coating over the taste buds of the tongue.
Tragacanth, unlike acacia, may be used in an alcoholic vehicle,

Oily Taste—Castor oil may be made palatable by emulsifying with an
equal volume of aromatic rhubarb syrup or with compound sarsaparilla
syrup.  Cod liver oil is disguised effectively by adding wintergreen oil or
peppermint oil. Lemon, orange and anise or combinations of these are
also useful. It is better to mix most of the flavor with the oil before
emulsifying it, and then the small remaining quantity can be added after
the primary emulsion is formed.

Those flavors that are most pleasing to the majority of
people are associated with some stimulant of a physical or
physiological nature. This may be a central nervous stimu-
lant such as caffeine, which is the reason so many enjoy tea
and coffee as a beverage, or it may be a counterirritant such as
one of the spices that produce a ‘biting"’ sensation or an agent
which “tickles” the throat such as soda water. Sherry owes
its sharp flavor to its acetaldehyde content, and some of the
volatile oils contain terpenes that are stimulating to the mu-
cous surfaces.

Selection of Vehicles

Too few pharmacists realize the unique opportunity they
have in acquainting physicians with a knowledge of how to
increase both the palatability and efficacy of their prescribed
medicines through the judicious selection of vehicles.
Because of the training a pharmacist receives, his knowledge
of the characteristics of various pharmaceuticals and therapeu-
tic agents and his technique and skill in preparing elegant
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preparations are well-developed, so that he is qualified admi-
rably to advise concerning the proper use of vehicles.

Alarge selection of flavors is available as well as a choice of
colors, so that one may prescribe a basic drug for a prolonged
period, but by changing the vehicle from time to time, the taste
and appearance are so altered that the patient does not tire of
the prescription or show other psychological reactions to it.

The statement of the late Dr Bernard Fantus that “the best
solvent is the best vehicle” helps to explain the proper use of a
flavoring vehicle. For example, a substance that is soluble in
alcohol, eg, phenobarbital, will not leave an alcoholic vehicle
readily to dissolve in the aqueous saliva.

Waters—These are the simplest of the vehicles and are
available with several flavors. They contain no sucrose, a
fact to be considered at times, since sucrose under certain
circumstances may be undesirable. They are likewise nonal-
coholic, another fact which frequently influences vehicle selec-
tion.

Elixirs—These have added sweetness that waters lack,
and they usually contain alcohol, which imparts an added
sharpness to the flavor of certain preparations, making the
latter more pleasing to the taste. Elixirs are suitable for
alcohol-soluble drugs. _

Syrups—These vehicles, like elixirs, offer a wide selection
of flavors and colors from which to choose, Their specific
value, however, lies particularly in the fact that they are in-
tensely sweet and contain little or no alcohol, a combination
which makes them of singular value as masking agents for
water-soluble drugs.

Vehicles consisting of a solution of pleasantly flavored vola-
tile oils in syrup or glycerin (1:500) have been employed
successfully in producing uniform and stable preparations.
These vehicles are prepared by adding 2 mL of the volatile oil,
diluted with 6 mL of alcohol, to 500 mL of glycerin or syrup,
which has been warmed gently. The solution is added a little
at a time with continuous shaking, and then sufficient glycerin
or syrup is added to make 1000 mL, and mixed well.

Alcohol solutions of volatile oils are sometimes used as
“stock solutions” for flavoring pharmaceuticals.

A listing of substances, most of them official, used as fla-
vors, flavored vehicles or as sweeteners, is given in Table 1.
Additional information on flavoring ingredients may be ob-
tained in Furia TE, Bellanca A: Fenaroli’s Handbook of
Flavor Ingredients, Chemical Rubber, Cleveland, 1971.

Acacia Syrup—page 1393.
Anethole—see RPS-18, page 1292.

Anise Ol
Aniseed Oil; Star Anise Oil

The volatile oil distilled with steam from the dried, ripe fruit of Pim-
pinella anisum Linné (Fam Umbelliferae) or from the dried, ripe fruit of
Tiliciwm verum Hooker filius (Fam Magnoliaceae). -

Note—If solid material has separated, carefully warm the oil until
il is completely liquefied, and mixz it before using.

Constituents—The official oil varies somewhat in composition, depend-
ing upon whether it was obtained from Pimpinella anisum or the star
anise, {llicium verum. Anethole is the chief constituent of both oils,
occurring to the extent of 80 to 90%. Methyl chavicol, an isomer of
anethole, and anisic ketone |C,H;,0;] also are found in both oils, as are
small amounts of many other constituents.

Description—Colorless or pale yellow, strongly refractive liquid, hav-
ing the characteristic odor and taste of anise; specific gravity 0.978 to
0.988; congeals not below 15°.

Solubility—Soluble in 3 volumes of 90% alcohol.

Uses—Extensively as a flavoring agent, particularly for licorice
candies. It has been given as a carminative in a dose of about 0.1 mL.

Aromatic Elixir—page 1394.
Aromatic Elixir, Red—see RPS-15, page 1240,
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Table 1—Flavoring Agents
Acacia syrup Lavender oil
Anethole Lemon oil
Anise oil Lemon tincture
Aromatic elixir Mannitol
Benzaldehyde Methyl salicylate

Benzaldehyde elixir, compound
Caraway

Nutmeg oil
Orange, bitter, elixir

Caraway oil Orange, bitter, oil
Cardamom oil Orange flower oil
Cardamom seed Orange flower water
Cardamom spirit, compound Orange oil

Cardamom tincture, compound

Orange peel, bitter

Cherry juice Orange peel, sweet, tincture
Cherry syrup Orange spirit, compound
Cinnamon Orange syrup
Cinnamon oil Peppermint
Cinnamon water Peppermint oil
Citric acid Peppermint spirit
Citric acid syrup Peppermint water
Clove oil Phenylethyl alcohol
Cocoa Raspberry juice
Cocoa syrup Raspberry syrup
Coriander oil Rosemary oil
Dextrose Rose oil
Eriodictyon Rose water
Eriodictyon fluidextract Rose water, stronger
Eriodictyon syrup, aromatic Saccharin
Ethyl acetate Saccharin calcium
Ethyl vanillin Saccharin sodium
Fennel oil Sarsaparilla syrup, compound
Ginger Sorbitol solution
Ginger fluidextract Spearmint
Ginger oleoresin Spearmint oil
Glucose Sucrose
Glycerin Syrup
Glyeyrrhiza Thyme oil
Glyeyrrhiza elixir Tolu balsam
Glyeyrrhiza extract Tolu balsam syrup
Glyceyrrhiza extract, pure Vanilla
Glycyrrhiza fluidextract Vanilla tincture
Glyeyrrhiza syrup Vanillin
Honey Wild cherry syrup
Iso-Alcoholic elixir
Benzaldehyde
Artificial Essential Almond Oil

Oy

Benzaldehyde [100-52-7] CrHy0 (106.12).

Caraway—see RPS-18, page 1293.
Caraway Oil—see RPS-18, page 1293.

Cardamom Seed
Cardamom Fruit; Cardamom; Ceylon or Malabar Cardamom

The dried ripe seed of Elettaria cardamomum (Linné) Maton (Fam.
Zingiberaceae).

It should be removed recently from the capsule.

Constituents—A volatile oil, the yield of which is 1.3% from Malabar
Ceylon Seeds and 2.6% from Mysore-Ceylon Seeds. Fizved vil is present
to the extent of 10%, also starch, mucilage, etc.

Uses—A flavor. For many years it was employed empirically as a
carminative.

Cardamom Oil—The volatile oil distilled from the seed of Elettaria
cardamomum (Linné) Maton (Fam Zingiberaceae). Varieties of the oil
contain d-a-terpineol [C,oH;7O0H] both free and as the acetate, 5 to 10%
cineol [CoH,50] and timonene [CigH;s].  The Ceylon Oil, however, con-
tains the alcohol 4-terpineol (4-carbomenthenol) |CH7OH], the ter-
penes terpinene and sabinene, and acetic and formic acids, probably
combined as esters. Description and Solubility:  Colorless or very
pale yellow liquid possessing the aromatic, penetrating and somewhat
camphoraceous odor of cardamom, and a persistently pungent, strongly
aromatic taste: affected by light; specific gravity 0.917 to 0.947. Miscible
with aleohol; dissolves in 5 volumes of 70% alcohol. Uses: A flavor.

Cardamom Tincture, Compound—see RPS-18, page 1302.
Cherry Juice—see RPS-18, page 1320.
Cherry Syrup—page 1393.

Cinnamon
Saigon Cinnamon; True Cinnamon; Saigon Cassia

The dried bark of Cinnamomum loureirii Nees (Fam. Lauraceae).
It contains, in each 100 g, not less than 2.5 mL of volatile oil.
Uses—A flavoring agent. Formerly, it was used as a carminative.

Cinnamon 0il [Cassia 0il; Oil of Chinese Cinnamon]—The volatile oil
distilled with steam from the leaves and twigs of Cinnamomwm cassia
(Nees) Nees ex Blume (Fam Lauraceae), rectified by distillation; contains
not less than 80%, by volume, of the total aldehydes of cinnamon oil.
Cinnamaldehyde is the chief constituent. Description and Solubility:
Yellowish or brownish liguid, becoming darker and thicker on aging or
exposure to the air, and having the characteristic odor and taste of cassia
cinnamon; specific gravity 1.045 to 1.063. Soluble in an equal volume of
alcohol, 2 volumes of 70% alcohol or an equal volume of glacial acetic
acid. Uses: A flavor. It formerly was used in a dose of 0.1 mL for
flatulent colic.

Cocoa —see RPS-18, page 1293.
Cocoa Syrup—page 1393.
Coriander—page 1391.

Coriander Oil—see RPS-18 page 1294.

Preparation—By the interaction of benzal chloride with lime in the
resence of water. Benzal chloride is obtained by treating boiling toluene
with chlorine.

Description—Colorless, strongly refractive liquid, having an odor re-
sembling that of bitter almond oil, and a burning aromatic taste; affected
by light; specific gravity 1.041 to 1.046; boils about 18(°, solidifies about
—56.5° and on exposure to air it gradually oxidizes to benzoic acid.

Solubility—Dissolves in about 350 volumes of water; miscible with
alcohol, ether, chloroform or fixed and volatile oils.

Uses—In place of bitter almond oil for flavoring purposes; it is much
safer than the latter because it contains no hydrocyanic acid. It also is
used extensively in perfumery and in the manufacture of dyestuffs and
many other organic compounds, such as aniline, acetanilid or mandelic
acid.

d B Idehyde Elixir—Preparation: Dissolve benzalde-
hyde (0 5 mL) and vanillin (1 g) in alcohol (50 mL); add syrup (400 mL),
orange flower water (150 mL) and sufficient purified water, in several
portions, shaking the mixture thoroughly after each addition, to make the
product measure 1000 mL; then filter, if necessary, until the product is
clear. Alcohol Content: 3to5%. Uses: A useful vehicle for adminis-
tering bromides and other salts, especially when a low alcoholic content is
desired.

Camphor Water—see RPS-13, page 436.

Denatonium Benzoate—page 1409.

Eriodictyon—see RPS-18, page 1294.

Eriodictyon Fluidextract—see RPS-18, page 1294.
Eriodictyon Syrup, Aromatic—see RPS-18, page 1301.
Ethyl Acetate—see RPS-18, page 1294.

Ethyl Vanillin

Benzaldehyde, 3-ethoxy-4-hydroxy-, Bourbanal; Ethovan; Vanillal; |

Vanirome

CiHyO

3-Ethoxy-4-hydroxybenzaldehyde [121-32-4] CgH o054 (166.18).

Preparation—By reacting c-ethoxyphenol with formaldehyde and
p- nitrosodimethylaniline in the presence of aluminum and water.

Deseription—Fine, white or slightly yellowish crystals; odor and taste
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similar to vanillin; affected by light; solutions are acid to litmus; melis
about 77°.
Solubility—1 g in about 100 mL water at 50°; freely soluble in aleohol,
chloroform, ether or solutions of fixed alkali hydroxides.
Uses—A flavor, like vanillin, but stronger.

Eucalyptus Oil

The volatile oil distilled with steam from the fresh leaf of Eucalyptus
globulus Labillardiére or df some other species of Eucalyptus L' Heritier
(Fam Myrtaceae). It contains not less than 70% of C,oH,;x0 (eucalyptol).

Constituents—The most important constituent is eucalyptol (cineol).
Other compounds include d-a-pinene, globulol, pinocarveol, pinocar-
vone and several aldehydes.

Deseription—Colorless or pale yellow liquid, having a characteristic,
aromatic, somewhat camphoraceous odor, and a pungent, spicy, cooling
taste; specific gravity 0.905 to 0.925 at 25°.

Solubility—Soluble in 5 volumes of 70% alcohol.

Uses—A flavoring agent and an expectorant in chronic bronchitis.

It also has bacteriostatic properties. This oil may be toxic.

Fennel Oil

The volatile oil distilled with steam from the dried ripe fruit of Foenicu-
lum vulgare Miller (Fam Umbelliferae).

Note—If solid material has separvated, carefully warm the oil until
it.is completely liquefied, and mix it before using.

Constituents—Anethole [CioH,,0] is the chief constituent, oceurring
to the extent of 50 to 60%. Some of the other constituents are d-pinene,
phellandrene, dipentene, fenchone, methylehavicol, anisaldehyde and
anisic acid.

Description—Colorless or pale yellow liquid, having the characteristic
odor and taste of fennel; specific gravity 0.953 to 0.973; congealing
temperature is not below 3°.

Solubility—Soluble in 8 volumes of 80% alcohol or in 1 volume of 90%
alcohol.

Uses—A flavoring agent.
asacarminative.

It formerly was employed ina dose of 0.1 mL

Glycyrrhiza

Licorice Root; Liquorice Root; Sweetwood; Italian Juice Root:
Spanish Juice Root

The dried rhizome and roots of Glycyrrhiza glabra Linné, known in
commerce as Spanish Licorice, or of Glyeiyrrhiza glabra Linné var glan-
dulifera Waldstein et Kitaibel, known in commerce as Russian Licorice, or
of other varieties of Glycyrrhiza glabra Linné, yielding a yellow and
sweet wood (Fam. Lequminosae).

Constituents—This well-known root contains 5 to 7% of the sweet
principle glycyrrhizin, or glycyrrhizic acid which is 50 times as sweet as
cane sugar. There also is present an oleoresinous substance to which its
slight acridity is due, If alcohol or an alkali is used as a menstruum for the
root and the preparation not treated to deprive it of acridity, it will have a
disagreeable aftertaste. For this reason boiling water is used for its
extraction in both the extract and the fluidextract.

Description—The USP/NF provides descriptions of Unground Span-
ish and Russian Glycyrrhizas, Histology and Powdered Glycyrrhiza.

Uses—Valuable in pharmacy chiefly for its sweet flavor. It is one of
the most efficient substances known for masking the taste of bitter sub-
stances, like quinine, Acids precipitate the glycyrrhizin and should not
be added to mixtures in which glycyrrhiza is intended to mask disagreeable
taste. Most of the imported licorice is used by tobacco manufacturers to
flavertobacco. It also is used in making candy.

Pure Glyeyrrhiza Extract [ Pure Licorice Root Extract|—Preparation:
Moisten 1000 g of glycyrrhiza, in granular powder, with boiling water,
transfer it to a percolator, and percolate with boiling water until the
glycyrrhiza is exhausted. Add enough diluted ammonia solution to the
percolate to impart a distinctly ammoniacal odor, then boil the liquid
under normal atmospheric pressure until it is reduced to a volume of about
1500 mL. Filter the liquid, and immediately evaporate the filtrate until
the residue has a pilular consistency. Pure extract of glycyrrhiza differs
from the commercial extract in that it is almost completely soluble in
aqueous mixtures. The large amount of filler used in the commercial
extract to give it firmness renders it unfit to use as a substitute for the pure
extract. Description: Black, pilular mass having a characteristic, sweet
taste. Uses: A flavoring agent. One of the ingredients in Aromatic
Cascara Sagrada Fluidextract,

Glycyrrhiza Fluidextraet [Licorice Root Fluidextract; Liquid Extract
of Liquorice}—Preparation: To 1000 g of coarsely ground glycyrrhiza
add about 3000 mL of boiling water, mix and allow to macerate in a
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suitable, covered percolator for 2 hr. Then allow the percolation to
proceed at a rate of 1 to 3 mL/min, gradually adding boiling water until the
glyeyrrhiza is exhausted. Add enough diluted ammonia solution to the
percolate to impart a distinctly ammoniacal odor, then boil the liquid
actively under normal atmospheric pressure until it is reduced to a volume
ofabout 1500 mL.  Filter the liquid, evaporate the filtrate on a steam bath
until the residue measures 750 mL, cool, gradually add 250 mL of alecohol
and enough water to make the produet measure 1000 mL and mix.
Aleohol Content: 20 1o 24%, by volume.  Uses: A pleasant _flavor for
use in syrups and elixirs to be employed as vehicles and correctives.

Glycyrrhiza Elixir—page 1394.
Glycyrrhiza Syrup—page 1393.
Honey—page 1416.

Hydriodic Acid Syrup—page 1393.
Iso-Alcoholic Elixir—page 1416.

Lavender Oil
Lavender Flowers Oil

The volatile oil distilled with steam from the fresh flowering tops of
Lavandula officinalis Chaix ex Villars (Lavandula vera DeCandolle)
(Fam Labiatae) or produced synthetically. It contains not less than 35%
of esters caleulated as C,,H,,0, (linalyl acetate).

Constituents—Itisa product of considerable importance in perfumery.
Linalyl acetate is the chief constituent. Cineol appears to be a normal
constituent of English oils. Other constituents include amyl alcohol,
d-borneol (small amount); geraniol, lavandulol (CioH,50); tinalodl;
nerol; acetic, butyric, valeric, and caproic acids (as esters); traces of
d-pinene, limonene (in English oils only) and the sesquiterpene caryo-
phyllene; ethyl n-amyl ketone; an aldehyde (probably valeric aldehyde)
and eowmarin.

Description—Colorless or yellow liquid, having the characteristic odor
and taste of lavender flowers; specific gravity 0.875 to 0.888.

Solubility—1 volume in 4 volumes of 70% alcohol.

Uses—Primarily as a perfume. It formerly was used in doses of 0.1
mLas acarminative.

Lemon Oil

The volatile oil obtained by expression, without the aid of heat, from the
fresh peel of the fruit of Citrus limon (Linné) Burmann filius (Fam Ruta-
ceae), with or without the previous separation of the pulp and the peel.
The total aldehyde content, calculated as citral (C,,H,40), is 2.2-3.8% for
California-type oil, and 3.0-5.5% for Italian-type oil.

Note—Do not use oil that has a tevebinthine odor.

Constituents—From the standpoint of odor and flavor, the most note-
worthy constituent is the aldehyde citral, which is present to the extent of
about 4%. About 90% of d-limonene is present; small amounts of [-c-
pinene, B-pinene, camphene, B-phellandrene and y-lerpinene also oceur.
About 2% of a solid, nonvolatile substance called citroptene, limettin or
lemon-camphor, which is dissolved out of the peel, also is present. In
addition, there are traces of several other compounds: a-lerpineol; the
acetates of linalool and geraniol; citromellal, octyl and nonyl alde-
hydes; the sesquiterpenes bisabolene and cadinene and the ketone meth-
ylheptenone.

When fresh, the oil has the fragrant odor of lemons. Because of the
instability of the terpenes present, the oil readily undergoes deterioration
by oxidation, acquiring a terebinthinate odor.

Description—Pale yellow to deep yellow or greenish yellow liquid,
withthe characteristic odor and taste of the outer part of fresh lemon peel;
specific gravity 0.849 to 0.855.

Solubility—In 3 volumes of alcohol; miscible in all proportions with
dehydrated alcohol, carbon disulfide or glacial acetic acid.

Uses—A flavor in pharmaceutical preparations and in certain candies
and foods.

Methyl Salicylate

Benzoic acid, 2-hydroxy-, methyl ester; Gaultheria Oil; Wintergreen
Oil; Betula Oil; Sweet Birch Oil; Teaberry Oil; Artificial Wintergreen
0il; Synthetic Wintergreen Oil

@Imm
OH

Methyl salicylate [119-36-8] CzH,(OH)COOCH; (152.15); produced

*synthetically or obtained by maceration and subsequent distillation with
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steam from the leaves of Gaultheria procumbens Linné (Fam Ericaceae)
or from the bark of Betula lenta Linné (Fam Betulaceae).

Nate—It must be labeled to indicate whether it was made synthetically
or distilled from either of the plants mentioned above.

Preparation—Found naturally in gaultheria and betula oils and in
many other plants but the commercial product is usually synthetic, made
by esterifying salieylic acid with methyl alcohol in the presence of sulfuric
acid and distilling.

Description—Colorless, yellowish or reddish liquid, having the charac-
teristic odor and taste of wintergreen; specific gravity (synthetic), 1.180 to
1.185, (from gaultheria or betula), 1.176 to 1.182; boils between 219 and
224" with some decomposition.

Solubility—Slightly soluble in water; soluble in alcohol or glacial ace-
tic acid.

Uses—A pharmaceutical necessity and counterivritant (local
analgesic). As a pharmaceutical necessity, it is used to flavor the official
Aromatic Cascara Sagrada Fluidextract, and it is equal in every respect.
to wintergreen oil or sweet birch oil,  As a counterirritant, it is applied to
the skin in the form of a liniment, ointment or cream; care should be
exercised since salicylate is absorbed through the skin.

Caution—Because it smells like wintergreen candy, it is ingested fre-
quently by children and has caused many fatalities. Keep owt of the
reach of childven.

Dose—Topical, in lotions and solutions in 10 to 25% concentration.

Monosodium Glutamate
Glutamie acid, monosodium salt, monohydrate

[142-47-2] C;HyNNaO,-H,0 (187.13)

Preparation—From the fermentation of beet sugar or molasses or by
hydraolysis of vegetable proteins.

Description—White, crystalline powder.
resces in air to form the monohydrate.

Solubility—Very soluble in water; sparingly soluble in alcohol.

Uses—Flavoring agent and perfume.

The pentahydrate efflo-

Nutmeg Oil

Myristica Oil NF XIII; East Indian Nutmeg Oil;
West Indian Nutmeg Oil

The volatile oil distilled with steam from the dried kernels of the ripe
seeds of Myristica fragrans Houttuyn (Fam Myristicaceae).

Constituents—It contains about 80% of d-pinene and d-camphene,
8% of dipentene, about 6% of the alcohols d-borneol, geraniol, d-
linalodl and terpineol, 4% of myristicin, 0.6% of safrol, 0.3% of myris-
tic acid free and as esters, 0.2% of eugenol and isoeugenol and traces of
the alcohol terpineol-4, a citral-like aldehyde and several acids, all present
as esters.

Description—Colorless or pale yellow liquid having the characteristic
odor and taste of nutmeg; specific gravity (East Indian Oil) 0.880t0 0.910,
(West Indian Oil) 0.854 to 0.880.

Solubility—In an equal amount of alcohol; 1 volume of East Indian Oil
in 3 volumes of 90% alcohol; 1 volume of West Indian Oil in 4 volumes of
90% alcohol.

Uses—Primarily as a flavoring agent. It is used for this purpose in
Aromatic Ammonia Spirit (page 873). The oil also is employed as a
Mavor in foods, certain alcoholic beverages, dentifrices and tobacco; to
some extent, it also is used in perfumery. It formerly was used as a
carminative and local stimulant to the gastrointestinal tract in a dose of
0.03 mL. In overdoses, it acts as a narcotic poison. This oil is very
difficult to keep and even if slightly terebinthinate is unfit for flavor-
ing purposes,

Orange Oil
Sweet Orange Oil

The volatile oil obtained by expression from the fresh peel of the ripe
fruit of Citrus sinensis (Linné) Osbeck (Fam Rutaceae). The total alde-
hyde content, calculated as decanal (CygHag0), is 1.2 to 2.5%.

Note—Do not use oil that has a tevebinthine odor.

Constituents—Consists of d-limonene to the extent of at least 90%,; in
the remaining 5 to 10% are the odorous constituents, among which, in
samples of American origin, are n-decylic aldehyde, citral, d-linaloil,
n-nonyl alcohol and traces of esters of formic, acetic, caprylic and
capric acids.

In addition to most of these compounds, Italian-produced oil contains
d-terpineol, terpinolene, a-terpinene and methyl anthranilate.

Kept under the usual conditions it is very prone to decompose, and
rapidly acquires a terebinthine odor,

Description—Intensely yellow orange or deep orange liquid, which
possesses the characteristic odor and taste of the outer part of fresh sweet
orange peel; specific gravity 0.842 to 0.846.

Solubility—Miscible with dehydrated alcohol or carbon disulfide; dis-
solves in an equal volume of glacial acetic acid.

Uses—A flavoring agent in elixirs and other preparations,

Orange Flower Oil—see RPS-18, page 1296.
Orange Flower Water—page 1392.

Sweet Orange Peel Tincture

Preparation—From sweet orange peel, which is the outer rind of the
nonartificially colored, fresh, ripe fruit of Citrus sinensis (Linné) Osbeck
(Fam Rutaceae), by Process M (page 1522). Macerate 500 g of the
sweet orange peel (Note—Exclucde the inner, white portion of the rind)
in 900 mL of alcohol, and complete the preparation with alcohol to make
the product measure 1000 mL. Use tale as the filtering medium.

The white portion of the rind must not be used, as the proportion of oil,
which is only in the yellow rind, is reduced, and the bitter principle
hesperidin is introduced.

Alcohol Content—62 to 72%.

Uses—A flavor, used in syrups, elixirs and emulsions. This tincture
was introduced to provide a delicate orange flavor direct from the fruit
instead of depending upon orange oil which so frequently is terebinthinate
and unfit for use. The tincture keeps well.

Compound Orange Spirit

Contains, in each 100 mL, 25 to 30 mL of the mixed oils.
OCEDRE UL ... iinsnsnins Phrarmaaag s anmnnssmmsmss e 200 mL
Eemon Ol ..o coivviiiniimivesinsisas i sannioss 50 mL
Cortander O} ..o i cmvratanvssminms i g 20 mL
AR, - 5 mL
Alcohol, a sufficient quantity,

. 1000 mL

Mix the oils with sufficient alcohol to make the product measure 1000 mL.

Alcohol Content—65 to 75%.

Uses—A flavor for elixirs.  An alcoholic solution of this kind permits
the uniform introduction of small proportions of oils and also preserves
orange and lemon oils from rapid oxidation. These two oils should be
bought in small quantities by the pharmacist, since the spirit is made most
satisfactorily from oils taken from bottles not previously opened. This
will insure that delicacy of flavor which should always be characteristic of
elixirs.

Orange Syrup
Syrup of Orange Peel

Contains, in each 100 mL, 450 to 550 mg of citric acid (CsHgO-).
Sweet Orange Peel Tincture.............oocovviiiininins . 50mL
Citric Acid (anhydrous) ... 5g
Tale s oo s dnaaduiny 15¢
Sucrose. .1 et onnaiin i TR s dil 820 g
Purified Water, a sufficient quantity,

eimake. . o n et b I b A L L 1000 mL

Triturate the tale with the tincture and citric acid, and gradually add 400
mL of purified water. Then filter, returning the first portions of the filtrate
until it becomes clear, and wash the mortar and filter with enough purified
water to make the filtrate measure 450 mL. Dissolve the sucrose in this
filtrate by agitation, without heating, and add enough purified water to
make the product measure 1000 mL.  Mix and strain.

Note—Do not use syrup that has a tevebinthine odor or taste or
shows other indications of deterioralion.

Alcohol Content—2 to 5%.

Uses—A pleasant, acidic vehicle.

Peppermint
American Mint; Lamb Mint; Brandy Mint

Consists of the dried leaf and flowering top of Mentha piperita Linné
(Fam Labiatae).

Uses—The source of green color for Peppermint Spirit (page 902).

The odor of fresh peppermint is due to the presence of about 2% of a

volatile oil, much of which is lost on drying the leaves in air. It is
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cultivated widely both in the US and France.
carminative.

Peppermint Oil—The volatile oil distilled with steam from the fresh
overground parts of the flowering plant of Mentha piperita Linné (Fam
Labiatae), rectified by distillation and neither partially nor wholly
dementholized. It yields not less than 5% of esters, caleulated as menthyl
acetate [C,3H0,), and not less than 50% of total menthol [C1oH200], free
and as esters. Constit : This is one of the most important of the
group of volatile oils. The'chief constituent is Menthol (page 875) which
occurs in the levorotatory form; its ester, menthyl acetate, is present in a
much smaller amount. Other compounds which are present include the
ketone menthone, piperitone, a-pinene, l-limonene, phellandrene, cadi-
nene, menthyl isovalerate, isovaleric aldehyde, acetaldehyde, mentho-
Juran, cineol, an unidentified lactone [C\oH,¢0,] and probably amyl
acetate.

Description and Solubility—Colorless or pale yellow liquid, having a
strong, penetrating odor of peppermint and a pungent taste, followed bya
sensation of cold when air is drawn into the mouth; specific gravity 0.896
to 0.908. 1 volume dissolves in 3 volumes of 70% alcohol. Uses: A
favoring agent, carminative, antiseptic and local anesthetic. It also
is used extensively asa flavor in candy, chewing gum, etc.

Peppermint Spirit—page 902.
Peppermint Water—page 1392.

It formerly was used as a

Phenylethyl Alcohol
Benzeneethanol; 2-Phenylethanol

Ororven

Phenethyl alcohol [60-12-8] CgH,,0 (122.1 7); occurs in a number of
essential oils such as those of rose, neroli, hyacinth, carnation and others.

Description—Colorless liquid with a rose-like odor and a sharp, burn-
ing taste; solidifies at —27°; specific gravity 1.017 to 1.020.

Solubility—1 g in 60 mL water or < 1 mL aleohol, chloroform or ether;
very soluble in fixed oils, glycerin or propylene glycol; slightly soluble in
mineral oil.

Uses—Introduced for use as an antibacterial agent in ophthalmic solu-
tions, but it is of limited effectiveness.

It is used in flavors, as a soup perfume and in the preparation of
synthetic oils of rose and similar flower oils, It is also a valuable perfume
fixative.

Pine Needle Oil—see RPS-18, page 1297.
Raspberry Syrup—see RPS-18, page 1302.

Rose Oil
Otto of Rose; Attar of Rose

The volatile oil distilled with steam from the fresh flowers of Rosa
gallica Linné, Rosa damascena Miller, Rosa alba Linné, Rosa centifolia
Linné and varieties of these species (Fam Rosaceae).

Constituents—From the quantitative standpoint the chief compo-
nents are the alcohols geraniol [CioH,30] and l-citronellol [C1oH200].
The sesquiterpene aleohols farnesol and nerol oceur to the extent of 1%
and 5 to 10%, respectively. Together, the four alcohols constitute 70 to
75% of the oil. Phenylethyl aleohol, which comprises 1% of the oil, isan
important odoriferous constituent. Other compounds present are
linaloil, eugenol, nowy! aldehyde, traces of citral and two solid hydro-
carbons of the paraffin series.

Description and Solubility—A colorless or yellow liquid, which has
the characteristic odor and taste of rose; at 25°, a viscous liquid; on gradual
cooling it changes to a translucent, crystalline mass, which may be lique-
fied easily by warming; specific gravity 0.848 to 0.863 at 30° compared
with water at 15° 1 mL mixes with 1 mL of chloroform without turbidity;
on the addition of 20 mL of 90% alcohol to this solution, the resulting
liquid is neutral or acid to moistened litmus paper and deposits a crystal-
line residue within 5 min on standing at 20°,

Uses—Principally as a perfume. Itis recognized officially for its use
as an ingredient in Rose Water Ointment and cosmetics.

Stronger Rose Water
Triple Rose Water

A saturated solution of the odoriferous principles of the flowers of Rosa
centifolia Linné (Fam Rosaceae), prepared by distilling the fresh flowers
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with water and separating the excess volatile oil from the clear, water
portion of the distillate,

Note—When diluted with an equal volume of purified water, it may be
supplied when Rose Water is required.

Description—Nearly colorless and clear liquid which possesses the
pleasant odor and taste of fresh rose blossoms; must be free from empy-
reuma, mustiness and fungal growths.

Uses—An ingredient in Rose Water Ointment. It sometimes is pre-
pared extemporaneously from concentrates or from rose oil, but such
water is not official and rarely compares favorably with the fresh distillate
from rose petals.

Saccharin

1,2-Benzisothiazol-3(2H)-one, 1,1-dioxide; Gluside;
o-Benzosulfimide (Boots; Reisman) (Various Mfrs)

i
o

1,2-Benzisothiazolin-3-one 1,1-dioxide [81-07-2] C;HsNO,S (183.18).

Preparation—Toluene is reacted with chlorosulfonic acid to form
o-toluenesulfonyl chloride, which is converted to the sulfonamide with
ammonia. The methyl group then is oxidized with dichromate yielding
o-sulfamoylbenzoic acid which, when heated, forms the cyclic imide.

Description—White crystals or a white erystalline powder; odorless or
has a faint aromatic odor; in dilute solution it is intensely sweet; solutions
are acid to litmus; melts between 226 and 230°,

Solubility—1 g in 200 mL water, 31 mL alcohol or 25 mL boiling water;
slightly soluble in chloroform or ether; readily dissolved by dilute solution
of ammonia, solutions of alkali hydroxides or solutions of alkali carbon-
ates with the evolution of CQ,.

Uses—A sweetening agent in Aromatic Cascara Sagrada Fluidex-
tract and highly alcoholic preparations.  [tis anintensely sweet substance.
A 60-mg portion is equivalent in sweetening power to approximately 30 g
of sucrose. It is used as a tening agent in vehicles, canned foods,
beverages and in diets for diabetics to replace the sucrose. The relative
sweetening power of saccharin is increased by dilution.

Saccharin Calcium

1,2-Benzisothiazol-3(2H )-one, 1,1-dioxide, calcium salt, hydrate
(2:7) Calcium o-Benzosulfimide

1,2-Benzisothiazolin-3-one 1,1-dioxide calcium salt hydrate (2:7) [6381-
91-5] C14HgCaN20,S,.314H,0 (467.48); anhydrous [6485-34-3) (404.43).

Preparation—Saccharin is reacted with a semimolar quantity of cal-
cium hydroxide in aqueous medium and the resulting solution is concen-
trated to crystallization.

Description—White crystals or a white, erystalline powder: odorless
or has a faint aromatic odor; and an intensely sweet taste even in dilute
solutions; in dilute solution it is about 300 times as sweet as sucrose.

Solubility—1 g in 2.6 mL water or 4.7 mL alcohol.

Uses and Dose—See Saccharin.

Saccharin Sodium

1,2-Benzisothiazol-3(2H)-one, 1,1-dioxide, sodium salt, dihydrate:
Soluble Saccharin; Soluble Gluside; Sodium o-Benzosulfimide

1,2-Benzisothiazolin-3-one 1,1-dioxide sodium salt dihydrate [6155-
57-3] C;H,;NNa0,8.2H,0 (241.19); anhydrous [ 128-44-9] (205.16).
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Preparation—Saccharin is dissolved in an equimolar quantity of aque-
ous sodium hydroxide and the solution is concentrated to crystallization.

Description—White crystals or a white crystalline powder; odorless or
has a faint aromatic odor and an intensely sweet taste even in dilute
solutions; in dilute solution it is about 300 times as sweel as sucrose; when
in powdered form it usually contains about 14 the theoretical amount of
water of hydration due to efflorescence.

Solubility—1 g in 1.5 mL water or 50 mL alcohol.

Uses—Same as Saccharin but has the advantage of being more soluble
in neutral aqueous solutions.

Application—15 to 60 mg as necessary.

Dosage Form—Tablets: 15, 30 and 60 mg.

Sarsaparilla Syrup, Compound—see RPS-13, page 445.
Sherry Wine—see page RPS-15, page 1240.

Sorbitol
Sionin; Sorbit; p-Sorbitol; p-Glucitel Sorbo (EM Labs)

p-Glucitol [50-70-4] CgH ;405 (182.17); it may contain small amounts of
other polyhydric alcohols.

Preparation—Commercially by reduction (hydrogenation) of certain
sugars, such as glucose,

Description—White, hygroscopic powder, granules or flakes, having a
sweet taste; the usual form melts about 96°,

Solubility—1 g in about 0.45 mL of water; slightly soluble in alcohol,
methanol or acetic acid,

Uses—An osmotic diuretic given intravenously in 50% (w/v) solution
to diminish edema, lower cerebrospinal pressure or reduce intraocular
pressure in glaucoma. It also is used as a laxative, sweetener, humectant,
plasticizer and, in 70% (w /w) solution, as a vehicle.

Dose—50 to 100 mL of a 50% solution; laxative, oral, 30 1o 50 g.

Sorbitol Solution is a water solution containing, in each 100 g, 69-71
g of total solids consisting essentially of n-sorbitol and a small amount of
mannitol and other isomeric polyhydric alcohols. The content of
p-sorbitol [CyHg(OH);) in each 100 g is not less than 64 g.  Deseription:
Clear, colorless, syrupy liquid, having a sweel taste and no characteristic
odor; neutral to litmus; specific gravity not less than 1.285; refractive
index at 20° 1.455 to 1.465. Uses: Itis notto be injected. [t has been
used as a replacement for propylene glycol and glycerin.

Spearmint
Spearmint Leaves; Spearmint Herb; Mint

The dried leaf and flowering top of Mentha spicata Linné (Mentha
viridis Linné) (Common Spearmint) or of Mentha cardinca Gerard ex
Baker (Scotch Spearmint) (Fam Labiatae),

Fresh spearmint is used in preparing mint sauce and also the well-known
mint julep. The volatile oil is the only constituent of importance in this
plant; the yield is from 1% to 1%.

Uses—A [lavoring agent.

Spearmint Oil is the volatile oil distilled with steam from the fresh
over-ground parts of the flowering plant of Mentha spicata or of Mentha
cardiaca; contains not less than 55%, by volume, of CigH,,0 (carvone =
150.22). The chief odoriferous constituent is the ketone [l-carvone.
American oil also contains dihydrocarveol acetate |CH;CO0C 0H, 7],
I-limonene [CgH 3], a small amount of phellandrene [CoH 5] and traces
of esters of valeric and caproic acids.

Description and Solubility: Colorless, yellow or greenish yellow
liquid, having the characteristic odor and taste of spearmint; specific
gravity 0.917 to 0.934. Soluble in 1 volume of 80% alcohol, but upon
further dilution may becometurbid. [/ses: Primarily asaflavoringagent.
It also has been used as a carminative in doses of 0.1 mL.

Sucrose
a-p-Glucopyranoside, g-p-fructofuranosyl-, Sugar; Cane Sugar; Beet
Sugar

Sucrose |57-50-1) C,:Hz50,, (342.30); a sugar obtained from Saccha-
rum officinarum Linné (Fam Gramineae), Beta vulgaris Linné (Fam
Chenopodiaceae), and other sources. [t contains no added substances.

For the structural formula, see page 384.

Preparation—Commercially from the sugar cane, beet root and
sorghum. Originally, sugar cane was the only source, but at present the
root of Beta vulgaris is used largely in Europe, and to an increasing
degree in this country, for making sucrose.

The sugar cane is crushed and the juice amounting to about 80% is
expressed with roller mills. The juice after “'defecation’ with lime and
removal of excess of lime by carbonic acid gas, is run into vacuum pans for
concentration and the saccharine juice is evaporated in this until it begins
to crystallize. After the erystallization is complete, the warm mixture of
crystals and syrup is run into centrifuges, in which the crystals of raw sugar
are drained and dried. The syrup resulting as a by-product from raw
sugar is known as molasses. Raw beet sugar is made by a similar process,
but is more troublesome to purify than that made from sugar cane.

The refined sugar from either raw cane or beet sugar is prepared by
dissolving the raw sugar in water, clarifying, filtering and, finally, decolor-
izing the solution by passing it through bone-black filters. The water-
white solution finally is evaporated under reduced pressure to the crystal-
lizing point and then forced to erystallize in small granules which are
collected and drained in a centrifuge.

Description—Colorless or white crystals, crystalline masses or blocks,
orawhite, crystalline powder; odorless; sweet taste; stable in air; solutions
neutral to litmus; melts with decompesition from 160 to 185% specific
gravity of about 1.57; specific rotation at 20° not less than +65.9°; unlike
the other official sugars (dextrose, fructose and lactose), it does not reduce
Fehling's solution even in hot solutions; also differs from these sugars in
that it is darkened and charred by sulfuric acid in the cold; fermentable
and, in dilute aqueous solutions, it ferments into alcohol and eventually
acetic acid.

Sucrose is hydrolyzed by dilute mineral acids, slowly in the cold, and
rapidly on heating into one molecule each of dextrose or levulose. This
process is known technically as “inversion” and the product is referred to
as “invert sugar’; the term inversion being derived from the change,
through the hydrolysis, in the optical rotation from dextro of the sucrose to
levo of the hydrolyzed product. The enzyme invertase also hydrolyzes
sucrose.

Solubility—1 g in 0.5 mL water, 170 mL aleohol or in slightly more
than 0.2 mL boiling water; insoluble in chloroform or ether.

Uses—Principally as a pharmaceutical necessity for making syrups and
lozenges. It gives viscosity and consistency to fluids.

Intravenous administration of hypertonic solutions has been employed
chiefly to initiate osmotic diuresis. Such a procedure is not completely
safe and renal tubular damage may result, particularly in patients with
existing renal pathology. Safer and more effective diuretics are available.

Sugar, Compressible—see RPS-18, page 1298.

Confectioner's Sugar

Sucrose ground together with corn starch to a fine powder; contains
95.0 to 97.0% of sucrose.

Description—Fine, white, odorless powder; sweet taste; stable in air;
specific rotation not less than +62.6°.

Solubility—The sucrose portion is soluble in cold water; this is entirely
soluble in boiling water.

Uses—A pharmaceulic aid as a tableting excipient and sweetening
agent. See also Sucrose.

Syrup—page 1393.

Tolu Balsam
Tolu

A balsam obtained from Myroaylon balsamum (Linné) Harms (Fam
Leguminosae).

Constituents—Up to 80% resin, about 7% velatile oil, 12 to 15% free
cinnamic acid, 2 to 8% benzoic acid and 0.05% vanillin. The volatile
oil is composed chiefly of benzyl benzoate and benzyl cinnamate, ethyl
benzoate, ethyl cinnamate, a terpene called (olene (possibly identical
with phellandrene) and the sesquiterpene aleohol farnesol also have
been reported to be present.

Description—Brown or yellowish brown, plastic solid; transparent in
thin layers and brittle when old, dried or exposed to cold temperatures;
pleasant, aromatic odor resembling that of vanilla and a mild, aromatic
taste.

Solubility—Nearly insoluble in water or solvent hexane; soluble in
aleohol, chloroform or ether, sometimes with slight residue or turbidity.

Uses—A vehicle, flavoring agent and stimulating expectorant as a
syrup. It is also an ingredient of Compound Benzoin Tincture (page
869).
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Tolu Balsam Syrup [Syrup of Tolu; Tolu Syrup}—Preparation: Add
tolu balsam tincture (50 mL, all at once) to magnesium carbonate (10 g)
and sucrose (60 g) in a mortar, and mix intimately. Gradually add puri-
fied water (4:30 mL) with trituration, and filter. Dissolve the remainder of
sucrose (760 g) in the clear filtrate with gentle heating, strain the syrup
while warm and add purified water (qs) through the strainer to make the
product measure 1000 mL. Mix thoroughly. Note: May be made also
in the following manner: Place the remaining sucrose (760 g) in a suit-
able percolator, the neck of which nearly is filled with loosely packed
cotton, moistened after padking with a few drops of water. Pour the
filtrate, obtained as directed in the formula above, upon the sucrose, and
regulate the outflow to a steady drip of percolate. When all of the liquid
has run through, return portions of the percolate, if necessary, to dissolve
allof the sucrose. Then pass enough purified water through the cotton to
make the product measure 1000mL. Mix thoroughly. Alcohol Content;
3tob%. Uses: Chiefly forits agreeable flavorin coughsyrups. Dose:
10 mL.

Tolu Balsam Tincture | Tolu Tincture|—Preparation:  With tolu bal-
sam (200 g), prepare a tincture by Process M (page 1522), using
alcohol as the menstruum. Alcohol Content: 77 to 83%. Uses: A
balsamic preparation employed as an addition to expectorant mixtures;
also used in the preparation of Tolu Balsam Syrup. Dose: 2 mL.

Vanilla
Vanilla Bean

The cured, full-grown, unripe fruit of Vanilla planifolia Andrews, often
known in commerce as Mexican or Bourbon Vanilla, or of Vanilla takiten-
sis J W Moore, known in commerce as Tahiti Vanilla (Fam Orchidaceae);
yields not less than 12% of anhydrous extractive soluble in diluted alcohol.

Constituents—Contains a trace of a volatile oil, fixed oil, 4% resin,
sugar, vanillic acid and about 2.5% vanillin (see below). This highest
grade of vanilla comes from Madagascar; considerable quantities of the
drug also are produced in Mexico.

Uses—A flavor.

Note—Do not use if it has become britile.

Vanilla Tineture [ Extract of Vanillal—Preparation: Add water (200
mL) to comminuted vanilla (cut into small pieces, 100 g) in a suitable
covered container, and macerate during 12 hr, preferably in a warm place.
Add alcohol (200 mL) to the mixture of vanilla and water, mix well and
macerate about 3 days. Transfer the mixture to a percolator containing
sucrose (in coarse granules, 200 g), and drain; then pack the drug firmly,
and percolate slowly, using diluted alcohol (gs) as the menstruum.  [f the
percolator is packed with an evenly distributed mixture of the comminuted
vanilla, sucrose and clean, dry sand, the increased surface area permits
more efficient percolation. This tincture is unusual in that it is the only
official one in which sucrose is specified as an ingredient. Alcohol
Content: 38 to 42%. Uses: A flavoring agent. See Flavors, page
1384.

Vanillin
Benzaldehyde, 4-hydroxy-3-methoxy-

HO

OCH,

4-Hydroxy-3-methoxybenzaldehyde [121-33-5] CgHgO4 (152.15).

Preparation—From vanilla, which contains 2 to 3%. It also is found
in many other substances, including tissues of certain plants, crude beet
sugar, asparagus and even asafetida. Commercially, it is made
synthetically. While chemically identical with the product obtained from
the “vanilla bean,” “flavoring preparations’’ made from it never equal in
flavor the preparation in which vanilla alone is used because vanilla con-
tains other odorous products. It is synthesized by oxidation processes
from either coniferin or eugenol, by treating guaiacol with chloroform in
the presence of an alkali, and by other methods.

Description—Fine, white to slightly yellow crystals, usually needle-
like having an odor and taste suggestive of vanilla; affected by light;
solutions are acid to litmus; melts 81 to 83°.

Solubility—1 g in about 100 mL water, about 20 mL glycerin or 20 mL
waterat 80°; freely soluble in alcohol, chloroform, ether or solutions of the
fixed alkali hydroxides.

Incompatibilities—Combines with glycerin, forming a compound
which is almost insoluble in aleohol. It is decompaosed by alkalies and is
oxidized slowly by the air.
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Uses—Only as a flavor. Solutions of it sometimes are sold as a
synthetic substitute for vanilla for flavoring foods but it is inferior in flavor
to the real vanilla extract.

Water—page 1392.
Water Purified—page 1392.
Wild Cherry Syrup—page 1393.

Other Flavoring Agents

Anise NF IX |Anise Seed; European Aniseed; Sweet Cumin]—The
dried ripe fruit of Pimpinella aniswm Linné. It contains about 1.75% of
volatile oil. Uses: A flavor and carminative.

Ceylon Cinnamon—The dried inner bark of the shoots of coppiced
trees of Cinnamomum zeylanicum Nees (Fam Lauraceae); contains, in
each 100 g, not less than 0.5 mL volatile oil. Uses: A carminative and

Slavor.

Clove—The dried flower-bud of Eugenia caryophyllus (Sprengel)
Bullock et Harrison (Fam Myrtaceae). It contains, in each 100 g, not
less than 16 mL of clove oil. Uses: An aromatic in doses of 0.25 g and
as a condiment in foods.

Coriander—The dried ripe fruit of Coriandrum sativum Linné (Fam
Umbelliferae); yields not less than 0.25 mL volatile coriander oil/ 100 g
Uses: Seldom used alone, but sometimes is combined with other agents,
chieflyasa flavor. It also is used as a condiment and flavor in cooking.

Eucalyptol [Cineol; Cajeputol; C;gH;50 (154.25)]— Obtained from
eucalyptus oil and from other sources. Colorless liguid, having a charac-
teristic, aromatic, distinctly camphoraceous odor and a pungent, cooling,
spicy taste. 1 volume is soluble in 5 volumes of 60% alcohol; miscible
with alcohol, chloroform, ether, glacial acetic acid or fixed or volatile oils;
insolubleinwater. Uses: Primarilyasa flavoring agent. Locallyit is
employed for its antiseptic effect in inflamunations of the nose and throat
and in certain skin diseases. [t sometimes is used by inhalation in bronchi-
tis.

Fennel [Fennel Seed]—The dried ripe fruit of cultivated varieties of
Foeniculum vulgare Miller (Fam Umbelliferae); contains 4 to 6% of an
oxygenated volatile oil and 10% of a fixed oil. Uses: A flavor and
carminative.

Ginger NF (Zingiber | —The dried rhizome of Zingiber officinale Roscoe
(Fam Zingiberaceae), known in commerce as Jamaica Ginger, African
Ginger and Cochin Ginger. The outer cortical layers often are removed
either partially or completely. Constituents: A pungent substance, gin-
gerol; volatile oil (Jamaica Ginger, about 1%; African Ginger, 2 to 3%),
containing the terpenes d-camphene and B-phellandrene and the sesqui-
terpene zingiberene; citral cineol and borneol. Uses: A flavoring
agent. It formerly was employed in a dose of 600 mg as an intestinal
stimulant and carminative in colic and in diarrhea.

Ginger Oleoresin—7Yields 18 to 35 mL of volatile ginger o0il/100 g of
oleoresin. Preparation: Extract the oleoresin from ginger, in moder-
ately coarse powder, by percolation, using either acetone, alcohol or ether
as the menstruum.

Glycyrrhiza Extract [Licorice Root Extract; Licorice]—An extract
prepared from the rhizome and roots of species of Glycyrrhiza Tourne-
fort ex Linné (Fam Leguminosae). Description: Brown powder or in
flattened, cylindrical rolls or in masses; the rolls or masses have a glossy
black color externally, and a brittle, sharp, smooth, conchoidal fracture;
the extract has a characteristic and sweet taste which is not more than very
slightly acrid. Uses: A flavoring agent.

Lavender [Lavendula]—The flowers of Lavandula spica (Lavandula
officinalis or Lavandula vera); contains a volatile oil with the principal
constituent (-linalyl acetate. Uses: A perfume.

Lemon Peel USP XV, BP |Fresh Lemon Peel}—The outer yellow rind
of the fresh ripe fruit of Citrus limon (Linné) Burmann filius (Fam Ruta-
ceae), contains a volatile oil and hesperidin.  Uses: A flavor.

Lemon Tincture USP XVIII [Lemon Peel Tincturel—Preparation:
From lemon peel, which is the outer yellow rind of the fresh, ripe fruit of
Citrus limon (Linné) Burmann filius (Fam Rutaceae), by Process M (page
1522), 500 g of the peel being macerated in 900 mL alcohol and the
preparation being completed with alcohol to make the product measure
1000 mL. Use talc as the filtering medium. The white portion of the
rind must not be used, as the proportion of oil, which is found only in the
yellow rind, is reduced and the bitter principle, hesperidin, introduced.
Alcohol Content: 62 to 72%. Uses: A flavor, its fineness of flavor
being assured as it comes from the fresh fruit, and being an alcoholic
solution it is more stable than the oil.

Myrcia Oil [Bay Oil; Oil of Bay |—The volatile'oil distilled from leaves of
Pimenta racemosa (Miller) ] W Moore (Fam Myrtaceae); contains the
phenolic compounds eugenol and chavicol. Uses: Inthe preparation of
bay rum as a perfime.

Orange Oil, Bitter—The volatile oil obtained by expression from the
fresh peel of the fruit of Citrus aurantivm Linné (Fam Rutaceae); con-
tains primarily d-limonene. Pale yellow liquid with a characteristic: aro-
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matic odor of the Seville orange; if it has a terebinthinate odor, it should
not be dispensed; refractive index 1.472510 1.47565at20°, It differs little
from Orange Oil (page 1388) except for the botanical source.
Miscible with anhydrous aleohol and with about 4 volumes alcohol.  Uses:
A flavor.

Orange Peel, Bitter [Bitter Orange; Curacao Orange Peel; Bigarade
Orange]—The dried rind of the unripe but fully grown fruit of Citrus
aurantium Linné (Fam Rutaceae). Constituents: The inner part of
the peel from the bitter orange contains a volatile oil and the glycoside
hesperidin (CysHy40,5).  This, upon hydrolysis in the presence of H,80,,
vields hesperetin (CigH,405), rhamnose (CgHy;0;), and p-glucose
(CyH505). Uses: A flavoring agent. It has been used as a bitter,

Orange Peel, Sweet USP XV—The fresh, outer rind of the non-
artificially colored, ripe fruit of Citrus sinensis (Linné) Osbeck (Fam
Rutaceae); the white, inner portion of the rind is to be excluded.
Contains a volatile oil but no hesperidin, since the glycoside occurs in the
white portionofthe rind.  Uses: A _flavor.

Orris [Orris Root; Iris; Florentine Orris]—The peeled and dried rhi-
zome of [ris germanica Linné, including its variety florentina Dykes (Iris
Sorventina Linné), or of Iris pallida Lamarck (Fam Iridaceae); contains
about 0.1 to 0.2% of a volatile oil (orris butter), myristic acid and the
ketone irone; irone provides the fragrant odor of orris.  Uses: A per-
Sfume.

Pimenta Oil [Pimento 0il; Allspice Oil}—The volatile oil distilled from
the fruit of Pimenta officinalis Lindley (Fam Myrtaceae). Uses: A
carmineative and stirnulant and also as a condiment in foods.

Rosemary Oil—The volatile oi! distilled with steam from the fresh
flowering tops of Rosmarinus officinalis Linné (Fam Labiatae); yields
not less than 1.5% of esters caleulated as bornyl acetate (C,:H,,0.), and
not less than 8% of total borneol (CjgH;40), free and as
esters. Constituents: The amount of esters, calculated as bornyl ac-
etate, and of total borneol, respectively, varies somewhat with its geo-
graphic source. Cineolis present to the extent of about 19—-25%, depend-

ing on the source. The terpenes d- and [-a-pinene, dipentene and
camphene, and the ketone camphor also occur in this oil.  Description
and Solubility: Colorless or pale yellow liquid, having the characteristic
odor of rosemary, and a warm, camphoraceous taste; specific gravity
0.894t0 0.912. Soluble in 1 volume of 90% alcohol, by volume, but upon
further dilution may become turbid. Uses: A flavor and perfume,
chiefly, in rubefacient liniments such as Camphor and Soap Liniment.

Sassafras—The dried bark of the root of Sassafras albidum (Nuttall)
Nees (Fam Lauraceae). Uses: Principally because of its high content
of volatile oil which serves to disguise the taste of disagreeable substances.
An infusion (sassefiras tea) formerly was used extensively as a home
remedy, particularly in the southern states.

Sassafras Oil—The volatile oil distilled with steam from Sassafras.
Uses: A flavor by confectioners, particularly in hard candies. Either
the oil or safrol is used as a preservative in mucilage and library paste,
being far superior to methyl salicylate for this purpose. Since the oil is
antiseptic, it sometimes is employed in conjunction with other agents for
local application in diseases of the nose and throat; safrol also is used in
this way.

Wild Cherry |Wild Black Cherry Bark |—The carefully dried stem bark
of Prunus serotina Ehrhart (Fam Rosaceae), free of borke and preferably
having been collected in autumn. Constituents: A glucoside of
d-mandelonitrile (CgH;.CHOH.CN) known as prunasin (page 387),
the enzyme emaulsin, tannin, a bitter principle, starch, resin, ete, In the
BP and the English literature this drug has been termed “Virginian
Prune—a literal but incorrect translation of the older botanical name,
Prunus virginiana. Uses: A flavoring agent, especially in cough
preparations. [t is an ingredient in Wild Cherry Syrup. As with bitter
almond, contact with water, in the presence of emulsin, results in the
production of benzaldehyde and HON. All preparations of wild cherry
should be made without heat in order to avoid destruction of the enzyme
which is responsible for the production of the free active principles.

Diluting Agents

Diluting agents (vehicles or carriers) are indifferent sub-
stances which are used as solvents for active medicinals.
They are of primary importance for diluting and flavoring
drugs which are intended for oral administration, but a few
such agents are designed specifically for diluting parenteral
injections. The latter group is considered separately.

The expert selection of diluting agents has been an impor-
tant factor in popularizing the “specialties’ of manufacturing
pharmacists. Since a large selection of diluting agents is
available in a choice of colors and flavors, the prescriber has
an opportunity to make his own prescriptions more accept-
able to the patient. The best diluting agent is usually the best
solvent for the drug. Water-soluble substances, for ex-
ample, should be flavored and diluted with an aqueous agent
and alcohol-soluble drugs with an alcoholic vehicle. Thus,
the diluting agents presented herein are divided into three
groups on the basis of their physical properties: aqueous,
hydroalcoholie and alcoholic.

Aqueous Diluting Agents

Aqueous diluting agents include aromatic waters, syrups
and mucilages. Aromatic waters are used as diluting agents
for water-soluble substances and salts, but cannot mask the
taste of very disagreeable drugs. Some of the more common
flavored aqueous agents and the official forms of water are
listed below.

Orange Flower Water
Stronger Orange Flower Water; Triple Orange Flower Water

A saturated solution of the odoriferous principles of the flowers of
Cilrus awrantium Linné (Fam. Rutaceae), prepared by distilling the
fresh flowers with water and separating the excess volatile oil from the
clear, water portion of the distillate.

Description—Should be nearly colorless, clear or only faintly opales-
eent; the odor should be that of the orange blossoms; it must be free from
empyreuma, mustiness and fungoid growths.

Uses—A vehicle fiavor and perfume in syrups, elixirs and solutions.

Peppermint Water

A clear, saturated solution of peppermint oil in purified water, prepared
by one of the processes described under Aromatic Waters (page 1498).

Uses—A carminative and flavored vehicle.

Dose—15 mL.

Tolu Balsam Syrup—page 1391.
Water
Water [7732-18-5] H»0 (18.02).

Drinking water, which is subject to EPA regulations with respect to
drinking water, and which is delivered by the municipal or other local
public system or drawn from a private well or reservoir, is the starting
material for all forms of water covered by Pharmacopeial monographs,

Drinking water may be used in the preparation of USP drug substances
(eg, inthe extraction of certain vegetable drugs and in the manufacture of a
few preparations used externally) but not in the preparation of dosage
forms, or in the preparation of reagents or test solutions, It is no longer
the subject of a separate monograph (in the USP), inasmuch as the cited
standards vary from one community to another and generally are beyond
the control of private parties or corporations.

Purified Water

Water obtained by distillation, ion-exchange treatment, reverse 0smosis
or any other suitable process; contains no added substance,

Caution—Do not use this in preparations inlended for parventeral
administration. Forsuch purposes, use Water for Injection, Bacterio-
static Water for Injection, or Sterile Water, for Injection, page 1395.

Preparation—From water complying with EPA regulations with re-
spect to drinking water. A former official process for water, when pre-
pared by distillation, is given below. The pharmacist who is preparing
sterile solutions, and must have freshly distilled water of exceptionally
high grade, not only free from all bacterial or other microscopic growths
but also free from the products of metabolic processes resulting from the
growth of such organisms in the water, advantageously may follow this
plan. The metabolic products commonly are spoken of as pyrogens and
usually consist of complex organic compounds which cause febrile reac-
tions if present in the solvent for parenteral medicinal substances.

Distillation Process

VBB G s viwowm v s s p s B N ST ot e 8 e A3 oon wh 1000 Vol
Tomalis: o amsnigrmsme T 750 Vol
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Distil the water from a suitable apparatus provided with a block-tin or
glass condenser. Collect the first 100 volumes and reject this portion.
Then collect 750 volumes and keep the distilled water in glass-stoppered
bottles, which have been rinsed with steam or very hot distilled water
immediately before being filled. The first 100 volumes are discarded to
eliminate foreign volatile substances found in ordinary water and only 750
volumes are collected, since the residue in the still contains concentrated
dissolved solids.

!

Description—Colorless, clear liquid, without odor or taste,

Uses—A pharmaceutic aid (vehicle and solvent). It must be used in
compounding dosage forms for internal (oral) administration as well as
sterile pharmaceuticals applied externally, such as collyria and dermato-
logical preparations, but these must be sterilized before use.

Whenever water is called for in official tests and assays, this must be
used.

Syrups Used as Diluting Agents

Syrups are useful as diluting agents for water-soluble drugs
and act both as solvents and flavoring agents. The flavored
syrups usually consist of simple syrup (85% sucrose in water)
containing appropriate flavoring substances. Glycyrrhiza
Syrup is an excellent vehicle for saline substances because of
its colloidal properties, sweet flavor and lingering taste of
licorice. Acacia Syrup is valuable in disguising the taste of
urea. Fruit syrups are especially effective for masking sour
tastes. Aromatic Eviodictyon Syrup is the diluting agent of
choice for masking the bitter taste of alkaloids. Cocoa Syrup
and Cherry Syrup are good general flavoring agents.

Acacia Syrup
Acacia, granular or powdered ............................ 100 g
Sodium Benzoate ......................... o
Vanilla Tincture...
Sucrose.. . nd e Slatan o T
Purified Water, a sufficient quantity,
TOMBRE w2 uiinuiniiorweivs s ssis s b iins K ——— 1000 mL

Mix the acacia, sodium benzoate and sucrose; then add 425 mL of
purified water, and mix well. Heat the mixture on a steam bath until
solution is completed. When cool, remove the scum, add the vanilla
tincture and sufficient purified water to make the product measure 1000
mL and strain, if necessary.

Uses—A flavored vehicle and demulcent.

Cherry Syrup
Syrupus Cerasi
Cherry Juice
Sucrose
Alcohol
Purified Water, a sufficient quantity,

To make

Dissolve the sucrose in cherry juice by heating on a steam bath, cool and
remove the foam and floating solids. Add the aleohol and sufficient
purified water to make 1000 mL, and mix.

Alcohol Content—1 to 29%.
Uses—A pleasantly flavored vehicle which is particularly useful in
masking the taste of saline and sour drugs.

Citric Acid Syrup USP XVIll—see RPS-18, page 1302.

Cocoa Syrup
Cacao Syrup; Chocolate-flavored Syrup; Chocolate Syrup

Glycerin

Vanillin

POTRRKR. o v e P R s b o
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Mix the sucrose and the cocoa, and to this mixture gradually add a
solution of the liquid glucose, glycerin, sodium chloride, vanillin and
sodium benzoate in 325 mL of hot purified water. Bring the entire mix-
ture to a boil, and maintain at boiling temperature for 3 min. Allow to
cool to room temperature and add sufficient purified water to make the
product measure 1000 mL.

Note—Cocoa containing not more than 12% nonvolatile, ether-soluble
extractive (“fat") yields a syrup having a minimum tendency to separate.
“Breakfast cocoa’ contains over 22% “‘fat.”

Uses—A pleasantly flavored vehicle,
Aromatic Eriodictyon Syrup—see RPS-18, page 1301,
Raspberry Syrup USP XVIll—see RPS-18, page 1302.

Syrup
Simple Syrup
Sucrose -1 T LIS DT Ll et 850 g
Purified Water, a sufficient quantity,
Tomtake. ... oot IR D L o 1000 mL

May be prepared by using boiling water or, preferably, without heat, by
the following process:

Place the sucrose in a suitable percolator the neck of which is nearly
filled with loosely packed cotton moistened, after packing, with a few
drops of water. Pour carefully about 450 mL of purified water upon the
sucrose, and regulate the outflow to a steady drip of percolate. Return
the percolate, if necessary, until all of the sucrose has dissolved. Then
wash the inside of the percolator and the cotton with sufficient purified
water to bring the volume of the pereolate to 1000 mL, and mix.

Specific Gravity—Not less than 1.30,
Uses—A sweel vehicle, sweetening agent and as the basis for many
flavored and medicated syrups.

Other Syrups Used As Diluting Agents

Glycyrrhiza Syrup USP XVIII [Licorice Syrup]—Preparation: Add
fennel oil (0.05 mL) and anise oil (0.5 mL) to glyeyrrhiza fluidextract (250
mL) and agitate until mixed. Then add syrup (qs) to make the product
measure 1000 mL, and mix. Alcohol Content: 5 to 6%. Incom-
patibilities: The characteristic flavor is destroyed by acids due to a
precipitation of the glycyrrhizin.  Uses: A flavored vehicle, especially
adapted to the administration of bitter or nauseous substances.

Hydriodic Acid Syrup—Contains, in each 100 mL 1.3 to 1.5 g HI
(127.91). Preparation: Mix diluted hydriodic acid (140 mL) with puri-
fied water (550 mL), and dissolve dextrose (450 g) in this mixture by
agitation.  Add purified water (gs) to make the product measure 1000 mL,
and filter. Caution: It must not be dispensed if it contains free io-
dine, as evidenced by « red coloration. Description: Transparent,
colorless, or not more than pale straw-colored, syrupy liquid; odorless and
has a sweet, acidulous taste; specific gravity about 1.18; hydriodic acid is
decomposed easily in simple aqueous solution (unless protected by hypo-
phosphorous acid) free iodine being liberated, and if taken internally,
when in this condition, it is irritating to the alimentary tract. The dex-
trose used in this syrup should be of the highest grade obtainable.
Incompatibilities: The reactions of the acids (page 1499) as well as
those of the water-soluble iodide salts. Oxidizing agents liberate iodine;
alkaloids may be precipitated. Uses: Traditionally as a vehicle for ex-
pectorant drugs. Its therapeutic properties are those of the iodides.
Dose: Usual, 5 mL.

Wild Cherry Syrup USP XVIII—Preparation: Pack wild cherry (in
coarse powder, 150 g), previously moistened with water (100 mL), in a
cylindrical percolator, and add water (gs) to leave a layer of it above the
powder. Macerate for 1 hr, then proceed with rapid percolation, using
added water, until 400 mL of percolate is collected. Filter the percolate,
if necessary, add sucrose (675 g) and dissolve it by agitation, then add
glycerin (150 mL), aleohol (20 mL) and water (gs) to make the product
measure 1000 mL. Strain if necessary. Jt may be made also in the
JSollowing manner: The sucrose may be dissolved by placing it in a
second percolator as directed for preparing Syrup, and allowing the
percolate from the wild cherry to flow through it and into a graduated
vessel containing the glycerin and alcohol until the total volume measures
1000 mL. Note: Heatisavoided, lestthe enzyme emulsin be inactivated,
If this should happen, the preparation would contain no free HCN, upon
which its action as a sedative for coughs mainly depends. For a discus-
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sion of the chemistry involved, see Wild Cherry (page 1392).
Alcohol Content: 1 to 2%. Uses: Chiefly as a flavored vehicle for
cough syrups.

Mucilages Used as Diluting Agents

Mucilages are also suitable as diluting agents for water-
soluble substances, and are especially useful in stabilizing
suspensions and emulsions.

The following mucilage used for this purpose is described
under Emulsifying and Suspending Agents, page 1395.

Acacia Mucilage—page 1395.
Hydroalcoholic Diluting Agents

Hydroalcoholic diluting agents are suitable for drugs soluble
in either water or diluted alcohol. The most important agents
in this group are the elixirs. These solutions contain approxi-
mately 25% alcohol. Medicaled elixirs which have therapeu-
tic activity in their own right are not included in this section.
Listed below are the common, nonmedicated elixirs which are
used purely as diluting agents or solvents for drugs.

Aromatic Elixir

Simple Elixir

Orange Ol ... iovovineinrr e vbetessnassannsnnnisieraven 2.4 mL
Lemon Oil ... 0.6 mL
Coriander Ofl........cocooiiiviiiimnianiviaianininnees 0.24 mL
Antse O &6 iimimdamiiismsieisiys i 0.06 mL
Syrup ..... 3756 mL
"1 7 AR ) Y A R L 30g
Alcohol,
Purified Water, each, a sufficient quantity,

POIRAKE & waoroasivim e svvain o w5eis S5 SR AR S Ep TS ey et 1000 mL

Dissolve the oils in alcohol to make 250 mL. To this solution add the
syrup in several portions, agitating vigorously after each addition, and
afterwards add, in the same manner, the required quantity of purified
water. Mix the talc with the liquid, and filter through a filter wetted with
diluted alcohol, returning the filtrate until a clear liquid is obtained.

Alcohol Content—=21 to 23%.

Uses—A pleasantly flavored vehicle, employed in the preparation of
many other elixirs. The chief objection to its extensive use is the high
aleohol content (about 22%) which at times may counteract the effect of
other medicines.

Cardamom Spirit, Compound—see RPS-15, page 1236.

Other Hydroalcoholic Diluting Agents

Glyeyrrhiza Elixir [Elixir Adjuvans; Licorice Elixir|l—Preparation:
Mix glycyrrhiza fluidextract (125 mL) and aromatic elixir (875 mL) and
filter. Alcohol Content: 21to23%. Uses: A flavoredvehicle.

Flavored Alcoholic Solutions

Flavored alcoholic solutions, of high alcoholic concentra-
tion, are useful as flavors to be added in small quantities to
syrups or elixirs. The alcohol content of these solutions is
approximately 50%. There are two types of flavored alco-
holic solutions: tinctures and spirits. Only nonmedicated
tinctures and spirits are used as flavoring agents.

Compound Cardamom Tincture—see RPS-18, page 1302.
Lemon Tincture—page 1391.

Myrcia Spirit, Compound—see RPS-13, page 452.
Orange Spirit, Compound—page 1388.

Orange Peel, Sweet, Tincture—page 1388.

Peppermint Spirit—see RPS-18, page 798.

Diluting Agents for Injections
Injections are liquid preparations, usually solutions or sus-

pensions of drugs, intended to be injected through the skin
into the body. Diluting agents used for these preparations

may be aqueous or nonaqueous and must meet the require-
ments for sterility and also of the pyrogen test. Aqueous
diluting agents include such preparations as Sterile Water
_for Injection and various sterile, aqueous solutions of electro-
lytes and/or dextrose. Nonaqueous diluting agents are gen-
erally fatty oils of vegetable origin, fatty esters and polyols
such as propylene glycol and polyethylene glycol. These
agents are used to dissolve or dilute oil-soluble substances
and to suspend water-soluble substances when it is desired to
decrease the rate of absorption and, hence, prolong the dura-
tion of action of the drug substances. Preparations of this
type are given intramuscularly. See Parenteral Prepara-
tions, page 1524.

Corn Oil
Maize Oil

The refined fixed oil obtained from the embryo of Zea mays Linné (Fam
Gramineae).

Preparation—Expressed from the Indian corn embryos or germs sepa-
rated from the grain in starch manufacture.

Description—Clear, light yellow, oily liquid with a faint characteristic
odor and taste; specific gravity 0.914 to 0.921.

Solubility—Slightly soluble in alcohol; miscible with ether, chloro-
form, benzene or solvent hexane.

Uses—Main official use is as a solvent and vehicle for injections.  Itis
used as an edible oil substitute for solid fats in the management of
hypercholesterolemia. Other uses include making soaps and for burning.
It is a semidrying oil and therefore unsuitable for lubricating or mixing
paint.

Cottonseed Oil
Cotton Seed Oil; Cotton Oil

The refined fixed oil obtained from the seed of cultivated plants of
various varieties of Gossypium hirsutum Linné or of other species of
Gossypium (Fam Malvaceae).

Preparation—Cotton seeds contain about 15% oil. The testae of the
seeds are first separated, and the kernels are subjected to high pressure in
hydraulic presses. The crude oil thus has a bright red to blackish red
color. It requires purification before it is suitable for medicinal or food
purposes.

Description—Pale yellow, oily liquid with a bland taste; odorless or
nearly so; particles of solid fat may separate below 10°; solidifies at about
0° to —5°; specific gravity 0.915 to 0.921.

Solubility—Slightly soluble in alcohol; miscible with ether, chioro-
form, solvent hexane or carbon disulfide.

Uses—Oflicial as a sofvent and vehicle for injections.  Itis sometimes
taken orally as a mild cathartic in the dose of 30 mL or more. Taken
internally, digestible oils retard gastric secretion and motility and increase
the caloric intake. Ttalso is used in the manufacture of soaps, oleomarga-
rine, lard substitutes, glycerin, lubricants and cosmetics.

Ethyl Oleate
(Z)-9-Octadecenoic acid, ethyl ester

HC—CH;{CH,}CO0CH,
Hll":——mq‘:CH,jsCH:
Ethyl oleate [111-62-6] C.oH350, (310.52).
Preparation—Among other ways, by reacting ethanol with oleoyl chlo-
ride in the presence of a suitable dehydrochlorinating agent.
Description—DMobile, practically colorless liquid, having an agreeable
taste; specific gravity 0.866 to 0.874; acid value not greater than 0.5;
iodine value 75 to 85; sterilized by heating at 150° for 1 hr; properties
similar to those of almond and arachis oils, but is less viscous and more
rapidly absorbed by the tissues; boils about 207°.
Solubility—Does not dissolve in water; miscible with vegetable oils,
mineral oil, alcohol or most organic solvents.
Uses—A vehicle for certain intramuscular injectable preparations.

Peanut Oil
Arachis Oil; Groundnut Oil; Nut Qil; Earth-Nut Oil

The refined fixed oil obtained from the seed kernels of one or more of the
cultivated varieties of Arachis hypogaea Linné (Fam Leguminosae).
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Description—Colorless or pale yellow, oily liquid, with a characteristic
nutty odor and a bland taste; specific gravity 0.912 to 0.920.

Solubility—Very slightly soluble in alcohol; miscible with ether, chloro-
form or carbon disulfide.

Uses—A solvent in preparing oil solutions for injection (page 1549).
It also is used for making liniments, ointments, plasters and soaps, as a
substitute for olive oil.

; Sesame Oil

Teel Oil; Benne Oil; Gingili Oil

The refined fixed oil obtained from the seed of one or more cultivated
varieties of Sesamum indicum Linné (Fam Pedaliaceae).

Description—Pale yellow, almost odorless, oily liquid with a bland
taste; specific gravity 0.916 to 0.921.

Solubility—Slightly soluble in alcohol; miscible with ether, chloro-
form, solvent hexane or carbon disulfide.

Uses—A solvent and vehicle in official injections. It is used much like
olive oil both medicinally and for food. It does not readily turn rancid.
It also is used in the manufacture of cosmetics, iodized oil, liniments,
ointments and oleomargarine.

Water for Injection

Water purified by distillation or by reverse osmosis. It contains no
added substance.

Caution—It is intended for use as a solvent for the preparation of
parenteral solutions. For parenteral solutions that are prepared
under aseptic conditions and are not stevilized by appropriate filtra-
tion or in the final container, first render it sterile and thereafter
protect it from microbial contamination.
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Description—Clear, colorless, odorless liquid.
Uses—Pharmaceutic aid (vehicle and solvent).

Bacteriostatic Water for Injection

Sterile water for injection containing one or more suitable antimicrobial
agents.

Note—Use it with due regard for the compatibility of the antimicro-
bial agent or agents it conlains with the particular medicinal sub-
stance that is to be dissolved or diluted.

Uses—Sterile vehicle for parenteral preparations.

Sterile Water for Injection
Water for Parenterals

Water for injection sterilized and suitably packaged. It contains no
antimicrobial agent or other added substance.

Description—Clear, colorless, odorless, liquid.

Uses—For the preparation of all aqueous paventeral solutions, includ-
ing those used in animal assays. See page 1526 for a detailed discus-
sion.

Sterile Water for Irrigation

Water for injection that has been sterilized and suitably packaged. It
contains no antimicrobial agent or other added substance.

Description—Clear, colorless, odorless liquid.

Uses—An irrigating solution.

Emulsifying and Suspending Agents

An emulsion is a two-phase system in which one liquid is
dispersed in the form of small globules throughout another
liquid that is immiscible with the first liquid. Emulsions are
formed and stabilized with the help of emulsifying agents,
which are surfactants and/or viscosity-producing agents. A
suspension is defined as a preparation containing finely di-
vided insoluble material suspended in a liquid medium. The
presence of a suspending agent is required to overcome ag-
glomeration of the dispersed particles and to increase the
viscosity of the medium so that the particles settle more
slowly. Emulsifying and suspending agents are used exten-
sively in the formulation of elegant pharmaceutical prepara-
tions for oral, parenteral and external use. For the theoreti-
cal and practical aspects of emulsions the interested reader is
referred to pages 283 and 1395. More detailed information
on the use of suspending agents is given on page 1395.

Acacia
Gum Arabie

The dried gummy exudate from the stems and branches of Acacia
senegal (Linné) Willdenow or of other related African species of Acacia
(Fam Leguminosae).

Constituents—Principally calcium, magnesium and potassium salts of
the polysaccharide arabic acid, which on acid hydrolysis yields
L-arabinose, L-thamnose, p-galactose and an aldobionic acid containing
n-glucuronic acid and p-galactose.

Description—dAcacia: Spheroidal tears up to 32 mm in diameter or
angular fragments of white to yellowish white color; translucent or some-
what opaque; very brittle; almost odorless; producesa mucilaginous sensa-
tiononthetongue. Flake Acacia: White to yellowish white, thin flakes.
Powdered Acacia: White to yellowish white, angular microscopic
fragments. Granular Acacia: White to pale yellowish white, fine
granules, Spray-dried Acacia: White to off-white compacted micro-
scopic fragments or whole spheres.

Solubility—Insoluble in aleohol, but almost completely soluble in twice
its weight of water at room temperature; the resulting solution flows
readily and is acid to litmus.

Incompatibilities—Alcohol or alcoholic solutions precipitate acacia
as a stringy mass when the alcohol amounts to more than about 35% of the
total volume. Solution is effected by dilution with water. The mucilage
is destroyed through precipitation of the acacia by heavy metals. Borax

also causes a precipitation which is prevented by glycerin. It contains
calcium and, therefore, po the inc ibilities of this ion.

It contains a pernxidase which acts as an oxidizing agent and produces
colored derivatives of aminopyrine, antipyrine, cresol, guaiacol, phe-
nol, tannin, thymol, vanillin and other substances. Among the alka-
loids affected are atropine, apomorphine, cocaine, homatropine, hyo-
scyamine, morphine, physostigmine and scopolamine. A partial
destruction of the alkaloid occurs in the reaction. Heating the solution of
acacia for a few minutes at 100° destroys the peroxidase and the color
reactions are avoided.

Uses—Extensively as a suspending agent for insoluble substances in
water (page 1515), in the preparation of emulsions (pages 282 and 1509)
and for making pills and troches (page 1648).

It is used for its demulcent action in inflammations of the throat or
stomach.

Its solutions should not be used as a substitute for serum protein in the
treatment of shock and as a diuretic in hypoproteinemic edema, since it
produces serious syndromes that may result in death.

Acacia Mucilage [Mucilage of Gum Arabic]—Preparation: Place
acacia (in small fragments, 350 g) in a graduated bottle having a wide
mouth and a capacity not greatly exceeding 1000 mL, wash the drug with
cold purified water, allow it to drain and add enough warm purified water,
in which benzoic acid (2 g) has been dissolved, to make the product
measure 1000 mL. After stoppering, lay the bottle on its side, rotate it
occasionally, and when the acacia has dissolved strain the mucilage. Jt
also may be prepared as follows:  dissolve benzoic acid (2 g) in purified
water (400 mL) with the aid of heat, and add the solution to powdered or
granular acacia (350 g), in a mortar, triturating until the acacia is dissolved.
Then add sufficient purified water to make the product measure 1000 mL,
and strain if necessary. This second method is primarily for extempora-
neous preparation. Uses: A demulcent and a suspending agent. It
also has been employed as an excipient in making pills and troches, and as
an emulsifying agent for cod liver oil and other substances. Caution—
1t must be free from mold or any other indication of decomposition.

Agar
Agar-Agar; Vegetable Gelatin; Gelosa; Chinese or Japanese Gelatin

The dried, hydrophilic, colloidal substance extracted from Gelidium
cartilaginewm (Linné) Gaillon (Fam Gelidiaceae), Gracilaria confervoi-
des (Linné) Greville (Fam Sphaerococcaceae) and related red algae (Class
Rhodophyceae).
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Constituents—Chiefly of the caleium salt of a galactan mono- (acid
sulfate).

Description—Usually in bundles of thin, membranous, agglutinated
stripsorin cut, flaked, or granulated forms; may be weak yellowish orange,
yellowish gray to pale yellow or colorless; tough when damp, brittle when
dry; odorless or with a slight odor; produces a mucilaginous sensation on
the tongue. Also supplied as a white to yellowish white or pale-yellow
powder.

Solubility—Insoluble in cold water; soluble in boiling water.

Incompatibilities—Like other gums, it is dehydrated and precipitated
from solution by alcohol. Tannic acid causes precipitation; electro-
Iytes cause partial dehydration and decrease in viscosity of sols.

Uses—A relatively ineffective bulk-producing laxative used in a variety
of proprietary cathartics. In mineral oil emulsions it acts as a stabilizer.

Dose—4 to 16 g once or twice a day.

It also is used in culture media for bacteriological work and in the
manufacture of ice cream, confectionaries, ete.

Alginic Acid

Alginic acid [9005-32-7] (average equivalent weight 200); a hydrophilic
colloidal carbohydrate extracted with dilute alkali from various species of
brown seaweeds (Phaeophyceae).

Preparation—Precipitates when an aqueous solution of Sodinm Algi-
nate is treated with mineral acid.

Description—White to yellowish white, fibrous powder; odorless or
practically odorless, and tasteless; pH (3 in 100 dispersion in water) 1.5 to
3.5; pK, (0.1N NaCl, 207) 3.42.

Solubility—Insoluble in water or organic solvents; soluble in alkaline
solutions.

Uses—A pharmaceulic aid (tablet binder and emulsifying agent). It
is used as a sizing agent in the paper and textile industries.

Sodium Alginate
Alginic acid, sodium salt; Algin; Manucol; Norgine; Kelgin (Kelco)

Sodium alginate [ 9005-38-3] (average equivalent weight 220); the puri-
fied carbohydrate product extracted from brown seaweeds by the use of
dilute alkali. It consists chiefly of the sodium salt of alginic acid, a
polyuronie acid composed of beta-p-mannuronic acid residues linked so
that the carboxyl group of each unit is free while the aldehyde group is
shielded by a glycosidic linkage.

Description—Nearly odorless and tasteless, coarse or fine powder,
yellowish white in color.

Solubility—Dissolves in water, forming a viscous, colloidal solution;
insoluble in aleohol or in hydroalcoholic solutions in which the alcohol
content is greater than about 30% by weight; insoluble in chloroform,
ether or acids, when the pH of the solution becomes lower than about 3.

Uses—A thickening and emulsifying agent. This property makes it
useful in a variety of areas. For example, it is used to impart smoothness
and body to ice cream and to prevent formation of ice particles.

Bentonite
Wilhinite; Soap Clay; Mineral Soap

Bentonite [1302-78-9]; a native, colloidal, hydrated aluminum silicate.

Occurrence—Bentonite is found in the Midwest of the US and Canada.
Originally called Taylorite after its discoverer in Wyoming, its name was
changed to bentonite after its discovery in the Fort Benton formation of the
Upper Cretaceous of Wyoming.

Description—Very fine, odorless powder with a slightly earthy taste,
free from grit; the powder is nearly white, but may be a pale buff or
cream-colored.

The US Geological Survey has defined bentonite as "'a transported
stratified clay formed by the alteration of volcanic ash shortly after
deposition.” Chemically, it is Al,04.45i0,.H;0 plus other minerals as
impurities. It consists of colloidal crystalline plates, of less than micro-
scopic dimensions in thickness, and of colloidal dimensions in breadth.
This fact accounts for the extreme swelling that occurs when it is placed in
water, since the water penetrates between an infinite number of plates.
A good specimen swells 12 to 14 times its volume.

Solubility—Insoluble in water or acids, but it has the property of
adsorbing large quantities of water, swelling to approximately 12 times its
original volume, and forming highly viscous thixotropic suspensions or
gels. This property makes it highly useful in pharmacy. [ts gel-forming
property is augmented by the addition of small amounts of alkaline sub-
stances, such as magnesium oxide. It does not swell in organic solvents.

Incompatibilities—Acids and acid salts decrease its water-absorbing
power and thus cause a breakdown of the magma. Suspensions are most
stable at a pH above 7.

Uses—A protective colloid for the stabilization of suspensions. 1L
also has been used as an emulsifier for oil and as a base for plasters,
ointments and similar preparations.

Bentonite Magma—Preparation: Sprinkle bentonite (50 g), in por-
tions, on hot purified water (800 g), allowing each portion to become
thoroughly wetted without stirring. Allow it to stand with occasional
stirring for 24 hr.  Stir until a uniform magma is obtained, add purified
water to make 1000 g, and mix. The magma may be prepared also by
mechanical means such as by use of a blender, as follows: Place purified
water (about 500 g) in the blender, and while the machine is running, add
bentonite (50 g). Add purified water to make up to about 1000 g or up to
the operating capacity of the blender. Blend the mixture for 5 to 10 min,
add purified water to make 1000 g, and mix. Uses: Asuspending agent
for insoluble medicaments.

Carbomer
Carboxypolymethylene (Goodrich)

A synthetic high-molecular-weight cross-linked polymer of acrylic acid;
contains 56 to 68% of carboxylic acid (—COOH) groups. The viscosity
of a neutralized preparation (2.5 g/500 mL water) is 30,000 to 40,000
centipoises.

Description—White, fluffy powder with a slight characteristic odor;
hygroscopie; pH (1 in 100 dispersion) about 3; specific gravity about 1.41.

Solubility (neutralized with alkali hydroxides or amines}—Dissolves in
water, alcohol or glycerin.

Uses—A thickening, suspending, dispersing and emulsifyying agent
for pharmaceuticals, cosmetics, waxes, paints and other industrial prod-
ucts.

Carrageenan
(FMC)

Carrageenan [9000-07-1].

Preparation—The hydrocolloid extracted with water or aqueous alkali
from certain red seaweeds of the class Rhodophyceae, and separated from
the solution by precipitation with alcohol (methanol, ethanol or isopropa-
nol) or by drum-roll drying or freezing.

Constituents—It is a variable mixture of potassium, sodium, calcium,
magnesium and ammonium sulfate esters of galactose and 3,6-anhydroga-
lactose copolymers, the hexoses being alternately linked «-1,3 and g-1,4
in the polymer. The three main types of copolymers present are kappa-
carr , iota-carrag and lambda-carrageenan, which differ in
the eomposition and manner of linkage of monomeric units and the degree
of sulfation (the ester sulfate content for carrageenans varies from 18 to
40%). Kappa-carr and iota-carr 1 are the gelling frac-
tions; lambda-carrageenan is the nongelling fraction. The gelling frac-
tions may be separated from the nongelling fraction by addition of potas-
sium chloride to an, aqueous solution of carrageenan. Carrageenan
separated by drum-roll drying may contain mono- and di-glycerides or up
to 5% of polysorbate 80 used as roll-stripping agents.

Description—Yellow-brown to white, coarse to fine powder; odorless;
tasteless, producing a mucilaginous sensation on the tongue.

Solubility—All carrageenans hydrate rapidly in cold water, but only
lambda-carrageenan and sodium carrageenans dissolve completely.
Gelling carrageenans require heating to about 80° for complete solution
where potassium and calcium ions are present.

Uses—In the pharmaceutical and food industries as an emulsifying,
suspending and gelling agent.

Carboxymethylcellulose Sodium
Carbose D; Carboxymethocel §; CMC; Cellulose Gum (Aqualon)

Cellulose, carboxymethyl ether, sodium salt [9004-32-4]; contains 6.5—
9.5% of sodium (Na), calculated on the dried basis. It is available in
several viscosity types: low, medium, high and extra high.

Description—White to cream-colored powder or granules; the powder
is hygroscopic; pH (1 in 100 aqueous solution) about 7.5.

Solubility—Easily dispersed in water to form colloidal solutions; in-
soluble in alcohol, ether or most other organic solvents.

Uses—Pharmaceutic aid (suspending agent, tablet excipient or viscos-
ity-increasing agent). In tablet form it is used as a hydrophilic colloid
laxative.

Dose—Usual, adult, laxative, 1.5 g 3 or 4 times a day.

Dosage Form: Tablets: 500mg.
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Powdered Cellulose
(Degussa)

Cellulose [9004-34-6) (CgH 40s),; purified, mechanically disintegrated
cellulose prepared by processing alpha cellulose obtained as a pulp from
fibrous plant materials.

Description—White, odorless substance, consisting of fibrous par-
ticles, which may be compyessed into self-binding tablets which disinte-
grate rapidly in water; exists in various grades, exhibiting degrees of
fineness ranging from a free-flowing dense powder to a coarse, fluffy,
nonflowing material; pH (supernatant liquid of a 10 g/90 mL agueous
suspension after 1 hr) 510 7.5.

Solubility—Insoluble in water, dilute acids or nearly all organic sol-
vents; slightly soluble in NaOH solution (1 in 20).

Uses—Pharmaceutic aid (tablet diluent, adsorbent or suspending
agent).

Cetyl Alcohol—page 1401.

Cholesterol
Cholest-5-en-3-ol, (3B)-, Cholesterin; (Crod)

Cholest-5-en-3p-0l [57-88-5] C,7H,0 (386.66).

For the struetural formula, see page 391.

A steroid aleohol widely distributed in the animal organism. In addi-
tion to cholesterol and its esters, several closely related steroid alcohols
occurin the yolk of eggs, the brain, milk, fish oils, wool fat (10 to 20%), ete.
These closely resemble it in properties. One of the methods of commer-
cial production involves extraction of it from the unsaponifiable matter in
the spinal cord of cattle, using petroleum benzin. Wool fat also is used as
asource.

Description—White or faintly yellow, almost odorless pearly leaflets
or granules; usually acquires a yellow to pale tan color on prolonged
exposure to light or to elevated temperatures; melts 147 to 150°.

Solubility—Insoluble in water; 1 g slowly dissolves in 100 mL alcohol
or about 50 mL dehydrated alcohol; soluble in acetone, hot aleohol,
chloroform, dioxane, ether, ethyl acetate, solvent hexane orvegetable oils.

Uses—To enhance incorporation and emulsification of medicinal prod-
ucts in oils or fats. It is a pharmacewtical necessity for Hydrophilic
Petrolatwm, in which it enhances water-absorbing capacity. See Chap-
ter 20.

Docusate Sodium—page 900.

Gelatin
White Gelatin; (Fallek)

Aproduet obtained by the partial hydrolysis of collagen derived from the
skin, white connective tissues and bones of animals. Gelatin derived
froman acid-treated precursor is known as Type A and exhibits an isoelec-
tric point between pH 7 and 9, while gelatin derived from an alkali-treated
precursor is known as Type B and exhibits an isoelectric point between pH
4.7and5.2.

Gelatin for use in the manufacture of capsules in which to dispense
medicines, or for the coating of tablets, may be colored with a certified
color, may contain not more than 0.15% of sulfur dioxide, may contain a
suitable concentration of sodium lauryl sulfate and suitable antimicrobial
agents, and may have any suitable gel strength that is designated by Bloom
Gelometer number,

Regarding the special gelatin for use in the preparation of emulsions, see
Emulsions (page 1509).

Description—Sheets, flakes or shreds, or a coarse to fine powder;
faintly yellow or amber in color, the color varying in depth according to the
particle size; slight, characteristic bouillon-like odor; stable in air when
dry, but is subject to mierobial decomposition when moist or in solution.

Solubility—Insoluble in cold water, but swells and softens when im-
mersed in it, gradually absorbing from 5 to 10 times its own weight of
water; soluble in hot water, acetic acid or hot mixtures of glycerin or water;
insoluble in alcohol, chloroform, ether or fixed and volatile oils,

Uses—In pharmacy, to coat pills and form capsules, and as a vehicle for
suppositories. It also is recommended as an emulsifying agent. See
under Emuldsions in Chapters 19 and 86, also Suppositories (page 1591),
and Absorbable Gelatin Sponge (page 927). It also has been used as an
adjuvant protein food in malnutrition.

Glyceryl Monostearate—page 1402.
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Hydroxyethyl Cellulose

Cellulose, 2-hydroxyethyl ether; Cellosize (Union Carbide);
Natrosol (Aqualon)

Cellulose hydroxyethyl ether [9004-62-0].

Preparation—Cellulose is treated with NaOH and then reacted with
ethylene oxide.

Description—White, odorless, tasteless, free-flowing powder; softens
at about 137°; refractive index (2% solution) about 1.336; pH about T
solutions are nonionic.

Solubility—Dissolves readily in cold or hot water to give clear, smooth,
viscous solutions; partially soluble in acetic acid; insoluble in most organic
solvents.

Uses—Resembles carboxymethyleellulose sodium in that it is a cellu-
lose ether, but differs in being nonionic and, hence, its solutions are
unaffected by cations. It is used pharmaceutically as a thickener, protec-
tive colloid, binder, stabilizer and suspending agent in emulsions, jellies
and ointments, lotions, ophthalmic solutions, suppositories and tablets.

Hydroxypropyl Cellulose
Cellulose, 2-hydroxypropyl ether; Klucel (Aqualon)

Cellulose hydroxypropyl ether [9004-64-2).

Preparation—After treating with NaOH, cellulose is reacted with pro-
pylene oxide at elevated temperature and pressure.

Description—Of-white, odorless, tasteless powder; softens at 130°%;
burns out completely about 475°in N3 or Oy; refractive index (2% solution)
about 1.337; pH (aqueous solution) 5 to 8.5; solutions are nonionic.

Solubility—Soluble in water below 40° (insoluble above 45%); soluble
in many polar organic solvents,

Uses—A broad combination of properties useful in a variety of
industries. It is used pharmaceutically as a binder, granulation agent and
film-coater in the manufacture of tablets; an alcohol-soluble thickener and
suspending agent for elixirs and lotions and a stabilizer for emulsions.

Hydroxypropyl Methylcellulose
Cellulose, 2-hydroxypropyl methyl ether: (Dow)

Cellulose hydroxypropyl methyl ether [9004-65-3], available in grades
containing 16.5 to 30.0% of methoxy and 4.0 to 32.0% of hydroxypropoxy
groups, and thus in viscosity and thermal gelation temperatures of solu-
tions of specified concentration.

Preparation—The appropriate grade of methylcellulose (see below) is
treated with NaOH and reacted with propylene oxide at elevated tempera-
ture and pressure and for a reaction time sufficient to produce the desired
degree of attachment of methyl and hydroxypropyl groups by ether link-
ages to the anhydroglucose rings of cellulose.

Description—White to slightly off-white, fibrous or granular, free-
flowing powder.

Solubility—Swells in water and produces a clear to opalescent, viscous
colloidal mixture; undergoes reversible transformation from sol to gel on
heating and cooling, respectively. Insoluble in anhydrous aleohol, ether
or chloroform.

Uses—A protective colloid that is useful as a dispersing and thick
agent, and in ophthalmic solutions to provide the demulcent action and
viscous properties essential for contact-lens use and in “‘artificial-tear”
formulations. See Hydroxypropyl Methylcellulose Ophthalmic Solu-
tion (page 869).

Lanolin, Anhydrous—page 1401.

Methylcellulose
Cellulose, methyl ether; Methocel (Dow)

Cellulose methyl ether [9004-67-5]; a methyl ether of cellulose contain-
ing 27.5to 31.5% of methoxy groups.

Preparation—By the reaction of methyl chloride or of dimethyl sulfate
on cellulose dissolved in sodium hydroxide. The cellulose methyl ether
so formed is coagulated by adding methanol or other suitable agent and
centrifuged. Since cellulose has 3 hydroxyl groups/glucose residue, sev-
eral methylcelluloses can be made varying, among other properties, in
solubility and viscosity. Types useful for pharmaceutical application
contain from 1 to 2 methoxy radicals/glucose residue.

Deseription—White, fibrous powder or granules; aqueous suspen-
sions neutral to litmus; stable to alkalies and dilute acids.

Solubility—Insoluble in ether, alcohol or chloroform; soluble in glacial
acetic acid or in a mixture of equal parts of alcohol and chloroform; swells
in water, producing a clear to opalescent, viscous colloidal solution;
insoluble in hot water and saturated salt solutions; salts of minerals acids
and particularly of polybasic acids, phenols and tannins coagulate its
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solutions, but this can be prevented by the addition of alcohol or of glycol
diacetate.

Uses—A synthetic substitute for natural gums that has both pharmaceu-
tic and therapeutic applications. Pharmaceutically, it is used as a dispers-
ing, thickening, emadsifying, sizing and coating agenl. It is an ingre-
dient of many nose drops, eye preparations, burn medications, cosmetics,
tooth pastes, liquid dentifrices, hair fixatives, creams and lotions, It
functions as a protective colloid for many types of dispersed substances
and is an effective stabilizer for oil-in-water emulsions.

Therapeutically, it is used as a bulk laxative in the treatment of chronic
constipation. Taken with 1 or 2 glassesful of water, it forms a colloidal
solution in the upper alimentary tract; this solution loses water in the
colon, forming a gel that increases the bulk and softness of the stool.  The
gel is bland, demulcent and nonirritating 1o the gastrointestinal tract.
Once a normal stool develops, the dose should be reduced to a level
adequate for maintenance of good function.  Although it takes up water
from the gastrointestinal tract quite readily, methylcellulose tablets have
caused fecal impaction and intestinal obstruction when taken with a lim-
ited amount of water. [talso isused as a topical ophthalmic protectant, in
the form of 0.5 to 1% solution serving as artificial tears or a contact-lens
solution applied to the conjunctiva, 0.05 te 0.1 mLat a time, 3 or4 times a
day as needed.

Dose—Usual, as laxative, 1 to 1.5 g, with water, 2 to 4 times a day.

Dosage Forms—Tablets: 500 mg; Ophthalmic Solution: 0.5 and
1%; Syrup: 591 g/30 mL.

Octoxynol 9—see RPS-18, page 1307.

Oleyl Alcohol
9-Octadecen-1-ol, (£)-, Aldol 85 (Sherex)

HC—CH, (CH,)70H
HC—CH g (CH)gCHy

(Z£)-9-Octadecen-1-0l [143-28-2] C,3H5,0 (268.48); a mixture of unsat-
urated and saturated high-molecular-weight fatty alcohels consisting chiefly
of oleyl alcohol.

Preparation—One method reacts ethyl oleate with absolute ethanol
and metallic sodium (Ovg Syn Coll 11I: 673, 1955).

Description—Clear, colorless to light yellow, oily liquid; faint charac-
teristic odor and bland taste; iodine value between 85 and 90; hydroxyl
value between 205 and 215. :

Solubility—Soluble in alcohol, ether, isopropyl alcohol or light mineral
oil; insoluble in water,

Uses—A pharmaceutic aid (emulsifying agent or emollient).

Polyvinyl Alcohol

Ethenol, homopolymer; (Du Pont)

{—Chr (I:Hi»
OHIn

Vinyl alcohol polymer [9002-89-5] (C,11,0),,.

Preparation—Polyvinyl acetate is approximately 88% hydrolyzed ina
methanol-methyl acetate solution using either mineral acid or alkali as a
catalyst.

Description—White to cream-colored powder or granules; odorless.

Solubility—Freely soluble in water; solution effected more rapidly at
somewhat elevated temperatures.

Uses—A suspending agent and enudsifier, either with or without the
aid of a surfactant. It commonly is employed as a lubricant and pro-
tectant in various ophthaimic preparations, such as decongestants, artifi-
cial tears and contact-lens products (see page 1574).

Povidone

2-Pyrrolidinone, 1-ethenyl-, homopolymer; Polyvinylpyrrolidone;
PVP (ISP; BASF)

~F— CHCH,——
|

| N0
Il |

= dn

1-Vinyl-2-pyrrolidinone polymer [9003-39-8] (C HyNO),,; a synthetic
polymer consisting of linear 1-vinyl-2-pyrrolidinone groups, the degree of

Uses—An emulsifying, detergent and wetting agent in ointments, tooth
powders and other pharmaceutical preparations, and in the metal, paper
and pigment industries.

polymerization of which results in polymers of various molecular weights.
Itis produced commercially as a series of products having mean molecular
weights ranging from about 10,000 to about 700,000. The viscosity of
solutions containing 10% or less is essentially the same as that of water;
solutions more conceéntrated than 10% become mare viscous, depending
upon the concentration and the molecular weight of the polymer used. It
contains 12 to 13% of nitrogen.

Preparation—1,4-Butanediol is dehydrogenated thermally with the
aid of copper to y-butyrolactone, which is then reacted with ammonia to
form 2-pyrrolidinone.  Addition of the latter to acetylene yields vinylpyr-
rolidinone (monomer) which is polymerized thermally in the presence of
hydrogen peroxide and ammonia.

Description—White to creamy white, odorless powder, hygroscopic;
pH (1 in 20 solution) 3 to 7.

Solubility—Soluble in water, alcohol or chloroform; insoluble in ether.

Uses—A dispersing and suspencding agent in pharmaceutical prepara-

Propylene Glycol Monostearate
Octadecanoic acid, monoester with 1,2-propanediol

1,2-Propanediol monostearate [ 1323-39-3]; a mixture of the propylene
glyeol mono- and diesters of stearie and palmitic acids. It contains not
less than 90% of monoesters of saturated fatty acids, chiefly propylene
glycol monostearate (CyHyu04) and propylene glycol monopalmitate

Preparation—DBy reacting propylene glycol with stearoyl chloride in a
suitable dehydrochlorinating environment.,

Description—White, wax-like solid or white, wax-like beads or flakes;
slight, agreeable, fatty odor and taste; congeals not lower than 45°; acid
value not more than 2; saponification value 155 to 165; hydroxyl value 150
to 170; iodine value not more than 3.

Solubility—Dissolves in organic solvents such as alcohol, mineral or
fixed oils, benzene, ether or acetone; insoluble in water but may be dis-
persed in hot water with the aid of a smail amount of soap or other suitable
surface-active agent.

Uses—A surfactant.  Itis particularly useful as a dispersing agent for
perfume oils or oil-soluble vitamins in water, and in cosmetic preparations.

Silicon Dioxide, Colloidal—page 1413.

Sodium Lauryl Sulfate

Sulfuric acid monododecyl ester sodium salt; Irium; Duponol C
(D Pont); Gardinol WA (Procter & Gamble)

Sodium monododecyl sulfate [151-21-3]; a mixture of sodium alkyl
sulfates consisting chiefly of sodium lauryl sulfate. The combined con-
tent of sodium chloride and sodium sulfate is not more than 8%.

Preparation—The fatty acids of coconut oil, consisting chiefly of lauric
acid, are catalytically hydrogenated to form the corresponding alcohols.
The latter are then esterified with sulfuric acid (sulfated) and the resulting
mixture of alkyl bisulfates (alkylsulfuric acids) is converted into a mixture
of sodium salts by reacting with alkali under controlled conditions of pH.

Description—Small, white or light yellow crystals having a slight,
characteristic odor.

Solubility—1 g in 10 mL water, forming an opalescent solution,

Incompatibilities—Reacts with cationic surface-active agents with i
loss of activity, even in concentrations too low to cause precipitation.
Unlike soaps, it is compatible with dilute acids, and caleium and magne-

e

Sorbitan Esters
Spans (Atlas)

HO, _OH
CIlx 3§
A
07 C~CH, OCR

OH i

Sorbitan esters (monolawrate [1338-39-2); monooleate [1338-43-8];
monapalmitate [26266-57-9]; monostearate |1338-41-8]; trioleate
[26266-58-01]; tristearate [26658-19-5]).
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Preparation—Sorbitol is dehydrated to form a hexitan which is then
esterified with the desired fatty acid. See Polysorbates, page 1403,
which are polyethylene glycol ethers of sorbitan fatty acid esters.

Description—Monolaurate: Amber, oily liquid; may become hazy or
form a precipitate; viscosity about 4250 ¢ps: HLB no 8.6; acid no 7.0 max;
saponification no 158 to 170; hydroxyl no 330 to 358. Monooleate:
Amber liquid; viscosity about 1000 cps; HLB no 4.3; acid no 8.0 max;
saponification no 145 to 160; hydroxyl no 193 to 210. Mo walmitate:
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to weak-yellow in color; translucent; horny in texture; odorless; insipid,
mucilaginous taste. When powdered, it is white to yellowish white.
Introduced into water, tragacanth absorbs a certain proportion of that
liquid, swells very much, and forms a soft adhesive paste, but does not
dissolve. If agitated with an excess of water, this paste forms a uniform
mixture; but in the course of 1 or 2 days the greater part separates, and is
deposited, leaving a portion dissolved in the supernatant fluid. The finest

Tan, granular waxy solid; EELB no 6.7; acid no 4 to 7.5; saponification no
140 to 150; hydroxyl no 275 to 305. Monostearate: Cream to tan
beads; HLB no 4.7; acid no 5 to 10; saponification no 147 to 157; hydroxyl
no 235 to 260. Trioleate: Amber, oily liquid; viscosity about 200 cps;
HLB no 1.8; acid no 15 max; saponification no 170 to 190; hydroxyl no 55
to 70. Tristearate: Tan, waxy beads; HLB no 2.1; acid no 12 to 15;
saponification no 176 to 188; hydroxyl no 66 to 80.

Solubility—Monolaurate: Soluble in methanol or aleohol; dispers-
ible in distilled water and hard water (200 ppm); insoluble in hard water
(20,000 ppm). Monoaleate:  Soluble in most mineral or vegetable oils;
slightly soluble in ether; dispersible in water; insoluble in acetone.
Monopalmitate: Dispersible (50°) in distilled water or hard water (200
ppm); soluble in ethyl acetate; insoluble in cold distilled water or hard
water (20,000 ppm). Monostearate: Soluble (above melting point) in
vegetable oils or mineral oil; insoluble in water, alcohol or propylene
glycol. Trioleaie: Soluble in mineral oil, vegetable oils, alcohol or
methanol; insoluble in water. Tristearate: Soluble in isopropyl alco-
hol; insoluble in water.

Uses—Nonionic surfactants used as emulsifying agents in the prepa-
ration of water-in-oil emulsions.

Stearic Acid—page 1402,

Stearyl Alcohol

1-Octadecanol [112-92-5] C,gH350 (270.50): contains not less than
90% of stearyl alcohol, the remainder consisting chiefly of cetyl alcohol
[Cy6H3,0 = 242.44].

Preparation—Through the reducing action of lithium aluminum hy-
dride on ethyl stearate.

Description—White, unctuous flakes or granules having a faint, char-
acteristic odor and a bland taste; melts 55 to 60°,

Solubility—Insoluble in water; soluble in alcohol, chloroform, ether or
vegetable oils.

Uses—A surface-active agent used to stabilize emulsions and increase
their ability to retain large quantities of water. See Hydrophilic Qini-
ment (page 1402).  Hydrophilic Petrolatum (page 1401).

Sterculia Gum—see RPS-18, page 788,

Tragacanth

Gum Tragacanth; Hog Gum; Goat's Thorn

The dried gummy exudation from Astragalus gummifer Labillardiére,
or other Asiatic species of Astragalus (Fam. Leguminosae).

Constituents—60 to 70% bassorin and 30 to 40% soluble gum
(tragacanthin). The bassorin swells in the presence of water to form a
gel and tragacanthin forms a colloidal solution. Bassorin, consisting of
complex methoxylated acids, resembles pectin. Tragacanthin yields glue-
uronic acid and arabinose when hydrolyzed.

Description—Flattened, lamellated, frequently curved fragments or
straight or spirally twisted linear pieces 0.5 to 2.5 mm in thickness; white

mucilage is obtained from the whole gum or flake form. Several days
should be allowed for obtaining a uniform mucilage of the maximum gel
strength. A common adulterant is Karaya Gum, and the USP/NF has
introduced tests to detect its presence.

Solubility—Insoluble in alcohol.

Uses—A suspending agent in lotions, mixtures and extemporaneous
preparations and preseriptions. It is used with emulsifying agents largely
to increase consistency and retard creaming. It is sometimes used as a
demaulcent in sore throat, and the jelly-like product formed when the gum
is allowed to swell in water serves as a basis for pharmaceutical jellies, eg,
Ephedrine Sulfate Jelly. It also is used in various confectionery
products.  Inthe form of a glycerite, it has been used as a pill excipient.

Tragacanth Mucilage—Preparation: Mix glyeerin (18 g) with puri-
fied water (75 mL) in a tared vessel, heat the mixture to boiling, discon-
tinue the application of heat, add tragacanth (6 g) and benzoic acid 02g)
and macerate the mixture during 24 hr, stirring occasionally. Then add
enough purified water to make the mixture weigh 100 g, stir actively until
of uniform consistency, and strain forcibly through muslin. Uses: A
suspending agent for insoluble substances in internal mixtures. [t is also
aprotective agent.

Xanthan Gum

Keltrol (Kelco)

A high-molecular-weight polysaccharide gum produced by a pure-
culture fermentation of a carbohydrate with Xanthomonas campestris,
then purified by recovery with isopropyl alcohol, dried and milled; con-
tains p-glucose and p-mannose as the dominant hexose units, along with
p-glucuronic acid, and is prepared as sodium, potassium or calcium salt;
yields 4.2 to 5% of carbon dioxide,

Preparation—See above and US Pats 3,433,708 and 3,557,016.

Description—White or cream-colored, tasteless powder with a slight
organic odor; powder and solutions stable at 25° or less; does not exhibit
polymorphism; aqueous solutions are neutral to litmus.

Solubility—1 g in about 3 mL alcohol; soluble in hot or cold water.

Uses—A hydrophilic colloid to thicken, suspend, emulsify and stabilize
water-based systems.

Other Emulsifying and Suspending Agents

Chondrus [Irish Moss; Carrageenan]—The dried sun-bleached plant of
Chondirus crispus (Linné) Stackhouse (Fam Gigartinaceae). Uses:
Principally, as an emulsifying agent for liquid petrolatum and for cod liver
oil. Itisalsoaprotective. Seealso page 1396.

Malt—The partially germinated grain of one or more varieties of Hor-
deum vulgare Linné (Fam Gramineae) and contains amylolytic enzymes,
Yellowish or amber-colored grains, having a characteristic odor and a
sweettaste. The evaporated aqueous extract constitutes malt extract.

Malt Extract—The product obtained by extracting malt, the partially
and artificially germinated grain of one or more varieties of Hordeum
vulgare Linné (Fam Gramineae). Uses: An infrequently used emulsi-
fying agent.

Ointment Bases

Ointments are semisolid preparations for external applica-
tion to the body. They should be of such composition that
they soften, but not necessarily melt, when applied to the skin.
Therapeutically, ointments function as protectives and emol-
lients for the skin, but are used primarily as vehicles or bases
for the topical application of medicinal substances,
Ointments also may be applied to the eye or eyelids.

Ideally, an ointment base should be compatible with the
skin, stable, permanent, smooth and pliable, nonirritating,
nonsensitizing, inert and readily able to release its incorpo-
rated medication. Since there is no single ointment base

which possesses all these characteristics, continued research
in this field has resulted in the development of numerous new
bases. Indeed, ointment bases have become so numerous as
to require classification. Although ointment bases may be
grouped in several ways, it is generally agreed that they can be
classified best according to composition. Hence, the follow-
ing four classes are recognized herein: oleaginous, emulsifi-
able, emulsion bases and water-soluble.

For completeness, substances are included that, although
not used alone as ointment bases, contribute some pharmaceu-
tical property to one or more of the various bases.
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Oleaginous Ointment Bases and Components

The oleaginous ointment bases include fixed oils of veg-
etable origin, fats obtained from animals and semisolid hydro-
carbons obtained from petroleum. The vegetable oils are
used chiefly in ointments to lower the melting point or to
soften bases. These oils can be used as a base in themselves
when a high percentage of powder is incorporated.

The vegetable oils and the animal fats have two marked
disadvantages as ointment bases: their water-ahsorbing ca-
pacity is low and they have a tendency to become rancid.
Insofar as vegetable oils are concerned, the second disadvan-
tage can be overcome by hydrogenation, a process which
converts many fixed oils into white, semisolid fats or into hard,
almost brittle, waxes.

The hydrocarbon bases comprise a group of substances
with a wide range of melting points so that any desired consis-
tency and melting point may be prepared with representatives
of this group. They are stable, bland, chemically inert and

will mix with virtually any chemical substance. Oleaginous
bases are excellent emollients.
White Ointment
Ointment USP XI; Simple Ointment
WA WAK ....venenrnisorscsnsansaiossnuivonsasmnsdedinanics 50g
White Petrolatum. 950 g
TORBEE o vnisgon nirneonomasssynuiams i ot e s essiomisasson 1000 g

Melt the white wax in a suitable dish on a water bath, add the white
petrolatum, warm until liquefied, then discontinue the heating, and stirthe
mixture until it begins to congeal. It is permissible to vary the proportion
of wax to obtain a suitable consistency of the ointment under different
climatie conditions.

Uses—An emollient and vehicle for other ointments.

Yellow Ointment
VellOW WA oot i s S R T Sebeis s wim e SV SRR 50g
Petrolattim, ... ... vocicesiiiisiavaniveiasasnnsaie S 950 g
Tormake ocimiiadivadaiianndinsaminz daes 1000 g

Melt the yellow wax in a suitable dish on a steam bath, add the petrola-
tum, warm until liquefied, then discontinue the heating, and stir the mix-
ture until it begins to congeal. It is permissible to vary the proportion of
wax to obtain a suitable consistency of the ointment under different
climatic conditions.

Uses—aAn emollient and vehicle for other ointments. Both white and
vellow ointment are known as “‘simple ointment.”  White ointment should
be used to prepare white ointments and yellow ointments should be usedto
prepare colored ointments when simple ointment is prescribed.

Cetyl Esters Wax

““Synthetic Spermaceti”

A mixture consisting primarily of esters of saturated fatty alcohols (Cy4
to Cy5) and saturated fatty acids (C;4 10 Cjg). It has a saponification value
of 109 to 120 and an acid value of not more than 5.

Description—White to off-white, somewhat translucent flakes; crystal-
line structure and pearly luster when caked; faint odor and a bland, mild
taste: free from rancidity; specific gravity 0.820 to 0.840 at 50°; iodine
value not more than 1; melts 43 to 47°,

Solubility—Insoluble in water; practically insoluble in cold alcohol;
soluble in boiling aleohol, ether, chloroform or fixed and volatile oils;
slightly soluble in cold solvent hexane,

Uses—A replacement for spermaceti used to give consistency and
texture to ointments, eg, Cold Cream and Rose Water Ointment.

Oleic Acid
(Z)-9-Octadecenoic acid; Oleinic Acid; Elaic Acid

HC—CH (CH,)g COOH
I
HE—CH (CHg)6CHy

Oleic acid [112-80-1] obtained from tallow and other fats, and consists
chiefly of (Z)-9-octadecenoic acid (282.47). Oleic acid used in prepara-
tions for internal administration is derived from edible sources.

It usually contains variable amounts of the other fatty acids present in
tallow such as linolenic and stearic acids.

Preparation—Obtained as a by-product in the manufacture of the solid
stearic and palmitic acids used in the manufacture of candles, stearates
and other products. The crude oleic acid is known as “red oil,” the
stearic and palmitic acids being separated by cooling.

Deseription—Colorless to pale yellow, oily liquid; lard-like odor and
taste; specific gravity 0.889 to 0.895; congeals at a temperature not above
107 pure acid solidifies at 4°; at atmospheric pressure it decomposeswhen
heated at 80 to 100° on exposure to air it gradually absorbs oxygen,
darkens and develops a rancid odor.

Solubility—Practically insoluble in water; miscible with alcohol, chlo-
roform, ether, benzene or fixed and volatile oils.

I patibiliti Reacts with alkalies to form soaps. Heavy met-
als and calcium salts form insoluble oleates.  Iodine solutions are decol-
orized by formation of the iodine addition compound of the acid. Itis
oxidized to various derivatives by nitric acid, potassium permanganate
and other agents.

Uses—Classified as an emulsion adjunct, which reacts with alkalis to
form soaps that function as emulsifying agents; it is used for this purpose
in such preparations as Benzyl Benzoate Lotion. and Green Soap. Tt also
is used to prepare oleate salts of bases.

Olive Oil—see RPS-18, page 1309.

Paratffin

Paraffin Wax, Hard Paraffin

A purified mixture of solid hydrocarbons obtained from petroleum.

Description—Colorless or white, more or less translucent mass with a
erystalline structure; slightly greasy to the touch; odorless and tasteless;
congeals 47 to 65°.

Solubility—Freely soluble in chloroform, ether, volatile oils or most
warm fixed oils; slightly soluble in dehydrated alcohol; insoluble in water
oralcohol.

Uses—Mainly, to increase the consistency of some ointments.

Petrolatum

Yellow Soft Paraffin; Amber Petrolatum; Yellow Petrolatum;
Petroleum Jelly; Paraffin Jelly

A purified mixture of semisolid hydrocarbons obtained from petroleum.
It may contain a suitable stabilizer.

Preparation—The “residuums,”” as they are termed technically, which
are obtained by the distillation of petroleum, are purified by melting,
usually treating with sulfuric acid and then percolating through recently
burned bone black or adsorptive clays; this removes the odor and modifies
the color. Selective solvents are also sometimes employed to extract
impurities.

It has been found that the extent of purification required to produce
Petrolatum and Light Mineral Oil of official quality removes antioxidants
that are naturally present, and the purified product subsequently has a
tendency to oxidize and develop an offensive odor. This is prevented by
the addition of a minute quantity of a-tocopherol, or other suitable antioxi-
dant, as is now permissible.

Deseription—Unctuous mass of yellowish to light amber color; not
more than a slight fluorescence after being melted; transparent in thin
layers; free or nearly free from odor and taste; specific gravity 0.815 1o
0.880 at 60° melts between 38 and 60°.

Solubility—Insoluble in water; almost insoluble in cold or hot aleohol
or in cold dehydrated alcohol; freely soluble in benzene, carbon disulfide,
chleroform or turpentine oil; soluble in ether, solvent hexane or in most
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fixed and volatile oils, the degree of solubility in these solvents varying
with the composition of the petrolatum.
Uses—A base for ocintments. It is highly occlusive and therefore a
good emollient but it may not release some drugs readily.

White Petrolatum
White Petroleum Jelly; White Soft Paraffin

A purified mixture of semigolid hydrocarbons obtained from petroleum,
and wholly or nearly decolorized. [t may contain a suitable stabilizer.

Preparation—In the same manner as petrolatum, the purification treat-
ment being continued until the product is practically free from yellow
color.
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Description—White or faintly yellowish, unctuous mass; transparent
in thin layers, even after cooling to 0°; specific gravity 0.815 to 0.880 at
60°; melts 38 to 60°,

Solubility—Similar to that described under Petrolatum.

Uses—Similar to yellow petrolatum but often is preferred because of its
freedom from color. It is employed as a protective, a base for ointments
and cerates and to form the basis for burn dressings. See Petrolaium
Gauze (page B67).

Spermaceti—see RPS-18, page 1310.
Starch Glycerite—see RPS-18, page 1310.
White Wax—see RPS-18, page 1310.
Yellow Wax—see RPS-18, page 1311.

Absorbent Ointment Bases

The term absorbent is used here to denote the water-
absorbing or emulsifying properties of these bases and not to
describe their action on the skin. These bases, sometimes
called emulsifiable ointiment bases, are generally anhydrous
substances which have the property of absorbing (emulsify
ing) considerable quantities of water and still retaining their
ointment-like consistency. Preparations of this type do not
contain water as a component of their basic formula, but if
water is incorporated, when and as desired, a W/O emulsion
results. The following official products fall into this cat-
egory.

Hydroxystearin Sulfate—see RPS-18, page 1311.

Anhydrous Lanolin
Wool Fat USP XVI; Refined Wool Fat

Lanolin that contains not more than 0.25% of water.

Constituents—Contains the sterols cholesterol [C,-HsOH] and oxy-
cholesterol, as well as triterpene and aliphatic alcohols.  About 7% of the
alcohols are found in the free state, the remainder occurring as esters of
the following fatty acids: ecarnaubie, cerotic, lanoceric, lanopalmitic,
myvristic and palmitic. Some of these are found free. The emulsifying
and emollient actions of lanolin are due to the alcohols that are found in the
unsaponifiable fraction when lanolin is treated with alkali. Constituting
approximately one-half of this fraction and known as lanolin aleohols, the
latter is comprised of cholesterol (30%), lanosterol (25%), cholestanol
(dihydrocholesterol) (3%), agnosterol (2%) and various other alcohols
(40%).

Preparation—By purifying the fatty matter (suini) obtained from the
wool of the sheep. This natural wool fat contains about 30% of free fatty
acids and fatty acid esters of cholesterol and other higher alcohols. The
cholesterol compounds are the important constituents and, to secure

these in a purified form, many processes have been devised. In one of
these the crude wool fat is treated with weak alkali, the saponified fats and
emulsions centrifuged to secure the aqueous soap solution, from which, on
standing, a layer of partially purified wool fat separates. This product is
further purified by treating it with caleium chloride and then dehydrated by
fusion with unslaked lime. It is finally extracted with acetone and the
solvent subsequently separated by distillation. This differs from lanolin
in that the former contains practically no water.

Description—TYellow, tenacious, unctuous mass; slight, characteristic
odor; melts between 36 and 42°.

Solubility—Insoluble in water, but mixes without separation with about
twice its weight of water; sparingly soluble in cold aleohol; more soluble in
hot alcohol; freely soluble in ether or chloroform.

Uses—An ingredient of ointments, especially when an aqueous liquid is
to be incorporated. It gives a distinctive quality to the ointment, increas-
ing absorption of active ingredients and maintaining a uniform consis-
tency for the ointment under most climatic conditions. However, it has
been omitted from many ointments on the recommendation of dermatolo-
gists who have found that many patients are allergic to this animal wax.

Hydrophilic Petrolatum

CIROIBEATOL . ..o s e e ey s 30g
Stearyl Alcohol. v 30g
White Wax ........... 80 g
‘White Petrolatum... 860 g

Toaalte) . (UL, UL Y B Jom |1 e Ly L 1000 g

Melt the stearyl alcohol, white wax, and white petrolatum together on a
steam bath, then add the cholesterol, and stir until it completely dissolves.
Remove from the bath, and stir until the mixture congeals.

Uses—A protective and water-absorbable ointment base. It will
absorb a large amount of water from aqueous solutions of medicating
substances, forming a W/O type of emulsion. See Ointments (page
1585).

Emulsion Ointment Bases and Components

Emulsion ointment bases are actually semisolid emulsions.
These preparations can be divided into two groups on the
basis of emulsion type: emulsion ointment base water- in-oil
(W/0) type and emulsion ointment base oil-in-water (O/W)
type. Bases of both types will permit the incorporation of
some additional amounts of water without reducing the consis-
tency of the base below that of a soft cream. However, only
0O/W emulsion ointment bases can be removed readily from
the skin and clothing with water. W/O emulsions are better
emollients and protectants than are O/W emulsions. W/0
emulsions can be diluted with oils.

Cetyl Alcohol
Cetostearyl Alcohol; *'Palmityl” Alcohol; Aldol 52 (Sherex)

= GHy(CH2)1.CH,0H

1-Hexadecanol [124-29-8] C,Hy,0 (242.44); a mixture of not less than
90% of cetyl alcohol, the remainder chiefly stearyl alcohol.

Preparation—By catalytic hydrogenation of palmitic acid, or saponifi-
cation of spermaceti, which contains cetyl palmitate.

Description—Unctuous, white flakes, granules, cubes or castings; faint
characteristic odor and a bland, mild taste; melts 45 to 50°; not less than
90% distils between 316 and 336°.

Solubility—Insoluble in water; soluble in aleohol, chloroform, ether or
vegetable oils.

Uses—Similar to Stearyl Alcohol (page 1399). It also imparts a
smooth texture to the skin and is used widely in cosmetic creams and
lotions.

Cold Cream
Petrolatum Rose Water Ointment USP XVI

Ot EtarmWEX . Sl s vararis oo hass s S o Ao ek
‘White Wax L

Reduce the cetyl esters wax and the white wax to small pieces, melt them
ona steam bath with the mineral oil and continue heating until the tempera-
ture of the mixture reaches 70°. Dissolve the sodium borate in the
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purified water, warmed to T0° and gradually add the warm solution to the
melted mixture, stirring rapidly and continuously until it has congealed.

If the ointment has been chilled, warm it slightly before attempting to
incorporate other ingredients (see USP for allowable variations).

Uses—~Useful as an emollient, cleansing cream and ointment base. It
resembles Rose Water Ointment, differing only in that mineral oil is used
in place of almond oil and omitting the fragrance. This change produces
an ointment base which is not subject to rancidity like one containing a
vegetable oil. Thisis a W/0 emulsion.

Glyceryl Monostearate
Octadecanoic acid, monoester with 1,2, 3-propanetriol

Monostearin [31566-31-1]; a mixture chiefly of variable proportions of
glyceryl monostearate [C;H;(OH),C,gHy50, = 358.56] and glyceryl mono-
palmitate [C;H5(OH).C\sH3, 0, = 330.51].

Preparation—Among other ways, by reacting glycerin with commer-
cial stearoyl chloride.

Description—White, wax-like solid or occurs in the form of white,
wax-like beads, or flakes; slight, agreeable, fatty odor and taste; does not
melt below 55° affected by light.

Solubility—Insoluble in water, but may be dispersed in hot water with
the aid of a small amount of soap or other suitable surface-active agent;
dissolves in hot organic solvents such as alcohol, mineral or fixed oils,
benzene, ether or acetone.

Uses—A thickening and emulsifying agent for ointments. See Qint-
ments (page 1585).

Hydrophilic Ointment

MethyIparabem .. .......ccoiiiiiiiiniaaisaias 0.25 g
Propylparaben........ 0.15 ¢
Sodium Lauryl Sulfate. 10g
Propylene Glycol..... 120 ¢
Stearyl Alcohol.. 250 g
‘White Petrolatum. . 250 g
Purified Water...... 370 g

Tomakeabout .....iciiiiiiiiiiiisiiias s 1000 g

Melt the stearyl alcohol and the white petrolatum on a steam bath, and
warm to about 75°.  Add the other ingredients, previously dissolved in the
water and warmed to 75°, and stir the mixture until it congeals.

Uses—A water-removable oimtment base for the so-called “wash-
able” ointments. Thisis an O/W emulsion.

Lanolin
Hydrous Wool Fat

The purified, fat-like substance from the wool of sheep, Ovis aries Linné
(Fam Bovidae); contains 25 to 30% water.

Description—Yellowish white, ointment-like mass, having a slight,
characteristic odor; when heated on a steam bath it separates into an upper
oily and a lower water layer; when the water is evaporated a residue of
Lanolin remains which is transparent when melted.

Solubility—Insoluble in water; soluble in chloroform or ether with
separation of its water of hydration.

Uses—Largely as a vehicle for ointments, for which it is admirably
adapted, on account of its compatibility with skin lipids. It emulsifies
aqueous liquids. Lanolin is a W/0 emulsion.

Rose Water Ointment

Cold Cream; Galen's Cerate

White Wax

Reduce the cetyl esters wax and the white wax to small pieces, melt them
on a steam bath, add the almond oil and continue heating until the tempera-
ture of the mixture reaches 70°. Dissolve the sodium borate in the
purifed water and stronger rose water, warmed to 70°, and gradually add
the warm solution to the melted mixture, stirring rapidly and continuously
until it has cooled to about 45°.  Incorporate the rose oil.

It must be free from rancidity. If the ointment has been chilled, warm it
slightly before attempting to incorporate other ingredients (see USP for
allowable variations).

History—Originated by Galen, the famous Roman physician-pharma-
cist of the 1st century AD, was known for many centuries by the name of
Unguentwin or Ceratum Refrigerans.  Ithas changed but little in propor-
tions or method of preparation throughout many centuries.

Uses—An emaollient and ointment base. Itisa W/0 emulsion.

Stearic Acid
Octadecanoic acid; Cetylacetic Acid; Stearophanic Acid

Stearic acid [57-11-4]; a mixture of stearic acid |CgH350, = 284.48]
and palmitic acid [CsH 3.0, = 256.43], which together constitute not less
than 90.0% of the total content. The content of each is not less than
40.0% of the total.

Purified Stearic Acid USP is a mixture of the same acids which to-
gether constitute not less than 96.0% of the total content, and the content
of CygHy60 is not less than $0.0% of the total.

Preparation—From edible fats and oils (see exception below) by
boiling them with soda lye, separating the glycerin and decomposing the:
resulting soap with sulfuric or hydrochloric acid. The stearic acid subse-
quently is separated from any oleic acid by cold expression. It also is’
prepared by the hydrogenation and subsequent saponification of olein.
It may be purified by recrystallization from alcohol.

Description—Hard, white or faintly yellowish somewhat glossy and
crystalline solid, ar a white or yellowish white powder; an odor and taste
suggestive of tallow; melts about 55.5° and should not congeal at a tempera-
ture below 54°; the purified acid melts at 69 to 70° and congeals between
66 and 69°; slowly volatilizes between 90 and 100°.

Solubility—Practically insoluble in water; 1 g in about 20 mL alcohol,
2 mL chloroform, 3 mL ether, 25 mL acetone or 6 mL carbon tetrachloride;
freely soluble in carbon disulfide; also soluble in amyl acetate, benzene or
toluene. e

Incompatibilities—Insoluble stearates are formed with many metals.
Ointment bases made with stearic acid may show evidence of drying out or
lumpiness due to such a reaction when zinc or calcium salts are com-
pounded therein.

Uses—In the preparation of sodium stearate which is the solidifying
agent for the official glycerin suppositories, in enteric tablet coating,
ointments and for many other commercial products, such as toilet creams,
vanishing creams, solidified alcohol, etc.  (When labeled solely for exter-
nal use, it is exempt from the requirement that it be prepared from edible
fats and oils.)

Wool Alcohols BP—see RPS-18, page 1312.

Water-Soluble Ointment Bases and Components

Included in this section are bases prepared from the higher
ethylene glycol polymers (PEG). These polymers are mar-
keted under the trademark of Carbowax. The polymers have
a wide range in molecular weight. Those with molecular
weights ranging from 200 to 700 are liquids; those above
1000 are wax-like solids. The polymers are water-soluble,
nonvolatile and unctuous agents. They do not hydrolyze or
deteriorate and will not support mold growth. These proper-
ties account for their wide use in washable ointments.
Mixtures of PEG are used to give bases of various consistency,
such as very soft to hard bases for suppositories.

Glycol Ethers and Derivatives

This special class of ethers is of considerable importance in
pharmaceutical technology. Both mono- and polyfunctional
compounds are represented in the group. The simplest mem-

ber is ethylene oxide [EEHQCHga], the internal or cyclic ether
of the simplest glycol, ethylene glycol [HOCH,CH,QH].
External mono- and diethers of ethylene glycol [ROCH,CH;O0H
and ROCH,;CH,0R'] are well-known due largely to research
done by Union Carbide.
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Preparation—In the presence of NaOH at temperatures
of the order of 120° to 135° and under a total pressure of
about 4 atmospheres, ethylene oxide reacts with ethylene
glycol to form compounds having the general formula
HOCH(CH;0CHy,),,CH,0H, commonly referred to as conden-
sation polymers and termed polyethylene (or polyoxyethyl-
ene) glycols. Other glycols besides ethylene glycol function
in similar capacity, and the commercial generic term adopted
for the entire group is polyalkylene (or polyoxyalkylene) gly-
cols.

Nomenclature—It is to be noted that these condensa-
tion polymers are bifunctional; ie, they contain both
ether and alcohol linkages. The compound wherein
n = 1 is the commercially important diethylene glycol
[HOCH,CH,O0CH,CH,0H], and its internal ether is the famil-

iar dioxane IEH20HQOCH2CHZD]. The mono- and diethers
derived from diethylene glycol have the formulas ROCH,-
CH,0CH:CH>0H and ROCH,CH,OCH,CH,;0R'. The former
commonly are termed ‘‘Carbitols” and the latter ‘‘Cel-
losolves,” registered trademarks belonging to Union Carbide.

Polyethylene glycols are differentiated in commercial no-
menclature by adding a number to the name which represents
the average molecular weight. Thus, polyethylene glycol 400
has an average molecular weight of about 400 (measured
values for commercial samples range between 380 and 420)
corresponding to a value of n for this particular polymer of
approximately 8. Polymers have been produced in which
the value of # runs into the hundreds. Up to n = approxi-
mately 15, the compounds are liquids at room temperature,
viscosity and boiling point increasing with increasing molecu-
lar weight. Higher polymers are waxy solids and are termed
commercially Carbowaxes (another Union Carbide trade-
mark).

It should be observed that the presence of the two terminal
hydroxyl groups in the polyalkylene glycols makes possible
the formation of both ether and ester derivatives, several of
which are marketed products.

Uses—Because of their vapor pressure, solubility, solvent
power, hygroscopicity, viscosity and lubricating characteris-
tics, the polyalkylene glycols or their derivatives function in
many applications as effective replacements for glycerin and
water-insoluble oils. They find considerable use as plasticiz-
ers, lubricants, conditioners and finishing agents for process-
ing textiles and rubber. They also are important as emulsify-
ing agents and as dispersants for such diverse substances as
dyes, oils, resins, insecticides and various types of phar-
maceuticals. In addition, they are employed frequently as
ingredients in ointment bases and in a variety of cosmetic
preparations.

Polyethyiene Glycols

Poly(oxy-1,2-ethanediyl), a-hydro-w-hydroxy-, Carbowaxes (Union
Carbide); Atpeg (Zeneca)

H—[OCHCH;—],0H

Polyethylene glycols [25322-68-3).

Preparation—Ethylene glycol is reacted with ethylene oxide in the
presence of NaOH at temperatures in the range of 120° to 135° under
pressure of about 4 atm.

Description—Polyethylene glycols 200, 300, 400 and 600 are clear,
viscous liquids at room temperature. Polyethylene glycols 900, 1000,
1450, 3350, 4500 and 8000 are white, waxy solids. The glycols do not
hydrolyze or deteriorate under typical conditions. As their molecular
weight increases, their water solubility, vapor pressure, hygroscopicity
and solubility in organic solvents decrease; at the same time, freezing or
melting range, specific gravity, flash point and viscosity increase. Ifthese
compounds ignite, small fires should be extinguished with carbon dioxide
or dry-chemical extinguishers and large fires with “aleohol"-type foam
extinguishers.

Solubility—All members of this class dissolve in water to form clear
solutions and are soluble in many organic solvents.

I_Ises——'l'hese possess a wide range of solubilities and compatibilities,
which make them useful in pharmaceutical and cosmetic preparations.
Their blandness renders them highly acceptable for hair dressings, hand
lotions, sun-tan creams, leg lotions, shaving creams and skin creams (eg, a
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peroxide ointment which is stable may be prepared using these com-
pounds, while oil-type bases inactivate the peroxide). Their use in wash-
able ointments is discussed under Ointments (page 1585). They also are
used in making suppositories, hormone creams, etc. See Polyethylene
Glycol Ointment (below) and Glycol Ethers (above). The liquid polyeth-
vlene glycol 400 and the solid polyethylene glyeol 3350, used in the
proportion specified (or a permissible variation thereof) in the official
Palyethylene Glycol Ointment, provide a water-soluble ointment base used
in the formulation of many dermatological preparations.  The solid, waxy,
water-soluble glycols often are used to increase the viscosity of liquid
polyethylene glycols and to stiffen ointment and suppository bases. In
addition, they are used to compensate for the melting point-lowering effect
of other agents, ie, chloral hydrate, ete, on such bases.

Polyethylene Glycol Ointment USP—Preparation: Heat polyeth-
ylene glycol 3350 (400 g) and polyethylene glycol 400 (600 g) on a water
bath to 65°.  Allow to cool, and stir until congealed. If a firmer prepara-
tion is desired, replace up to 100 g of polyethylene glycol 400 with an
equal amount of polyethylene glycol 3350. If 6 to 25% of an aqueous
solution is to be incorporated in this ointment, replace 50 g of polyethyl-
ene glycol 3350 by 50 g of stearyl alcohol. Uses: A water-soluble oint-
ment base.

Polyoxyl 40 Stearate

Poly(oxy-1,2-ethanediyl), a-hydro-w-hydroxy-, octadecanoate;
Mytj (Zeneca)

RCOO(CoHO)pH

{RCOO is the stearate molety;
n is oppraximately 40}

Polyethylene glycol monostearate [9004-99-3]; a mixture of mono-
stearate and distearate esters of mixed polyoxyethylene diols and corre-
sponding free glycols, the average polymer length being equivalent to
about 40 oxyethylene units, Polyoxyethylene 50 Stearate is a similar
mixture in which the average polymer length is equivalent to about 50
oxyethylene units.

Preparation—One method consists of heating the corresponding poly-
ethylene glycol with an equimolar portion of stearic acid.

Description—White to light-tan waxy solid; odorless or has a faint
fat-like odor; congeals between 37 and 47°.

Solubility—Soluble in water, alcohol, ether or acetone; insoluble in
mineral or vegetable oils.

Uses—Contains ester and alcohol functions that impart both lyophilic
and hydrophilic characteristics to make it useful as a surfactant and
emulsifier. It is an ingredient of some water-soluble ointment and cream
bases.

Polysorbates
Sorbitan esters, poly(oxy-1,2-ethanediyl) derivs, Tweens (Zeneca)

HOICH O, AOCH ) OH
i
Q ?{OC,H.], OH
HiC(OC,H): R
[Sum of w,x,yand z is 20,
R i5 {CyyHasC00 |

Sorbitan esters, polyoxyethylene derivatives; fatty acid esters of sorbitol
and its anhydrides copolymerized with a varying number of moles of
ethylene oxide. The NF recognizes: Polysorbate 20 (structuve given
above), alaurate ester; Polysorbate 40, a palmitate ester; Polysorbate 60,
a mixture of stearate and palmitate esters; and Polysorbate 80, an oleate
ester,

Preparation—These important nonionic surfactants (page 239) are
prepared starting with sorbitol by (1) elimination of water- forming sorbi-
tan (a cyclic sorbitol anhydride); (2) partial esterification of the sorbitan
with a fatty acid such as oleic or stearic acid yielding a hexitan ester known
commercially as a Span and (3) chemical addition of ethylene oxide
vielding a Tween (the polyoxyethylene derivative).

Description—Polysorbate 80: Lemon- to amber-colored, oily liquid;
faint, characteristic odor; warm, somewhat bitter taste; specific gravity
1.07 to 1.09; pH (1:20 aqueous solution) 6 to 8.
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Solubility—Polysorbate 80: Very soluble in water, producing an
odorless and nearly colorless solution; soluble in alcohol, cottonseed oil,
corn oil, ethyl acetate, methanol or toluene; insoluble in mineral oil.

Uses—Because of their hydrophilic and lyophilic characteristics, these
nonionic surfactants are very useful as emulsifying agents forming O/W
emulsions in pharmaceuticals, cosmetics and other types of products.
Polysorbate 80 is an ingredient in Coal Tar Ointment and Solution. See
Glycol Ethers (page 1403).

Other Water-Soluble Ointment Base Component

Polyethylene Glycol 400 Monostearate USP XVI—An ether, alco-
hol and ester. Semitransparent, whitish, odorless or nearly odorless
mass: melts from 30 to 34°. Freely soluble in carbon tetrachloride,
chloroform, ether or petroleumi benzin; slightly soluble in alcohol; in-
soluble in water. Uses: A nonionie surface-active agent in the prepara-
tion of creams, lotions, ointments and similar pharmaceutical prepara-
tions, which are readily soluble in water.

Pharmaceutical Solvents

The remarkable growth of the solvent industry is attested by
the more than 300 solvents now being produced on an indus-
trial scale. Chemically, these include a great variety of or-
ganic compounds, ranging from hydrocarbons through alco-
hols, esters, ethers and acids to nitroparaffins. Their main
applications are in industry and the synthesis of organic
chemicals. Comparatively few, however, are used as sol-
vents in pharmacy, because of their toxicity, volatility, instabil-
ity and/or flammability. Those commonly used as pharma-
ceutical solvents are described in this section.

Acetone
2-Propanone; Dimethyl Ketone
CH;COCH,

Acetone [67-64-1] C4H,0 (58.08).

Caution—It is very flammable.
nited.

Preparation—Formerly obtained exclusively from the destructive dis-
tillation of wood. The distillate, consisting principally of methanol, ace-
tic acid and acetone was neutralized with lime and the acetone was sepa-
rated from the methyl aleohol by fractional distillation. Additional
quantities were obtained by pyrolysis of the calcium acetate formed in the
neutralization of the distillate.

It now is obtained largely as a by-product of the butyl alcohol industry.
This aleohol is formed in the fermentation of carbohydrates such as corn
starch, molasses, eic, by the action of the bacterium Clostridiwm acetobu-
tylicum (Weizmann fermentation) and it is always one of the products
formed in the process. [t also is obtained by the catalytic oxidation of
isopropyl alcohol, which is prepared from propylene resulting from the
“cracking” of crude petroleum.

Deseription—Transparent, colorless, mobile, volatile, flammable lig-
uid with a characteristic odor; specific gravity not more than 0.789; distils
between 55.5 and 57° congeals about —95% aqueous solution neutral to
litmus,

Solubility—Miscible with water, alcohol, ether, chloroform or most
volatile oils.

Uses—An antiseptic in concentrations above 80%.
with alcohel it is used as an antiseptic cleansing solution. It is employed
as a menstruum in the preparation of oleoresins in place of ether, It is
used as a solvent for dissolving fatty bodies, resins, pyroxylin, mercurials,
ete, and also in the manufacture of many organic compounds such as
chloroform, chlorobutanol and ascorbic acid.

Do nol use where it may be ig-

In combination

Alcohol

Ethanol; Spiritus Vini Rectificatus; 5. V. R.; Spirit of Wine;
Methylcarbinol

Ethyl alcohol [64-17-5]; contains 92.3 to 93.8%, by weight (94.9 1o
96.0%, by volume), at 15.56° (60°F) of C,H;OH (46.07).

Preparation—Has been made for centuries by fermentation of certain
carbohydrates in the presence of zymase, an enzyme present in yeast
cells. Usable carbohydrate-containing materials include molasses, sugar
cane, fruit juices, corn, barley, wheat, potato, wood and waste sulfite
liquors. As yeast is capable of fermenting only p-glucose, p-fructose,
p-mannose and p-galactose it is essential that more complex carbohy-
drates, such as starch, be converted to one or more of these simple sugars
before they can be fermented. This is accomplished variously, com-
monly by enzyme- or acid-catalyzed hydrolysis.

The net reaction that occurs when a hexose, glucose for example, is
fermented 1o alcohol may be represented as

CgH,505 — 2C,H;0H + 2C0,

but the mechanism of the process is very complex. The fermented liquid,
containing about 15% of alcohol, is distilled to obtain a distillate contain-
ing 94.9% of C;H;0H, by volume. To produce absolute alcohol, the 95%
product is dehydrated by various processes.

It may be produced also by hydration of ethylene, abundant supplies of
which are available from natural and coke oven gases, from waste gases of
the petroleum industry and other sources. Inanother synthesis acetylene
is hydrated catalytically to acetaldehyde, which then is hydrogenated
catalytically to ethyl alcohol.

Description—Transparent, colorless, mobile, volatile liquid; slight but
characteristic odor; burning taste; boils at 78° but volatilizes even at a low
temperature, and is flammable; when pure, it is neutral towards all indica-
tors; specific gravity at 15.56° (the US Government standard temperature
for Alcohol) not above 0.816, indicating not less than 92.3% of C;H;OH by
weight or 94.9% by volume,

Solubility—Miscible with water, acetone, chloroform, ether or many
other organic solvents,

Incompatibilities—This and preparations containing a high percent-
age of alcohol will precipitate many inorganic salts from an aqueous
solution. Acacia generally is precipitated from a hydroalcoholic medium
when the alcohol content is greater than about 35%.

Strong oxidizing agents such as chlorine, nitric acid, permanganale
or chromate in acid solution react, in some cases violently, with it to
produce oxidation products.

Alkalies ecause a darkening in color due to the small amount of aldehyde
usually present in it.

Uses—In pharmacy principally for its solvent powers (page 204). It
also is used as the starting point in the manufacture of many important
compounds, like ether, chloroform, ete. It also is used as a fuel, chiefly in
the denatured form.

It is a CNS depressant. Consequently, it occasionally has been admin-
istered intravenously for preoperative and postoperative sedation in pa-
tients in whom other measures are ineffective or contraindicated. The
dose employed is 1 to 1.5 mL/kg. Its intravenous use is a specialized
procedure and should be employed only by one experienced in the tech-
nique of such use.

It is used widely and abused by lay persons as a sedative. It has,
however, no medically approved use for this purpose.  Moreover, alcohol
potentiates the CNS effects of numerous sedative and depressant drugs.
Hence, it should not be used by patients taking certain prescription drugs
or OTC medications (see page 1822),

Externally, it has a number of medical uses. It is a solvent for the
toxicodendrol causing ivy poisoning, and should be used to wash the skin
thoroughly soon after contact. In a concentration of 25% it is employed
for bathing the skin for the purpose of cooling and reducing fevers. In
high concentrations it is a rubefacient and an ingredient of many liniments.
In a concentration of 50% it is used to prevent sweating in astringent and
anhidrotic lotions. It also is employed to eleanse and harden the skin
and is helpful in preventing bedsores in bedridden patients. In a concen-
tration of 60 to 90% it is germicidal. At optimum concentration (70% by
weight) it is a good antiseptic for the skin (local anti-infective) and also
for instruments. It also is used as a solvent to cleanse the skin splashed
with phenol. High concentrations of it often are injected into nerves and
ganglia for the relief af pain, accomplishing this by causing nerve degen-
eration.

Denatured Alcohol

An act of Congress June 7, 1906, authorizes the withdrawal of alcohol
from bond without the payment of internal revenue tax, for the purpose of
denaturation and use in the arts and industries. This is ethyl alcohol to
which have been added such denaturing materials as to render the alcohol
unfit for use as an intoxicating beverage. It is divided into two classes,
namely, completely denatured alcohol and specially denatured alco-
hol, prepared in accordance with approved formulas prescribed in Federal
Industrial Alcohol Regulations 3.

Information regarding the use of alcohol and permit requirements may
be obtained from the Regional Director, Bureau of Alcohol, Tobaceo and
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Firearms, in any of the following offices: Cincinnati, OH; Philadelphia,
PA; Chicago, IL; New York, NY; Atlanta, GA; Dallas, TX and San Francisco,
CA. Federal regulation provides that completely and specially denatured
alcohols may be purchased by properly qualified persons from duly estab-
lished denaturing plants or bonded dealers. No permit is required for the
purchase and use of completely denatured alcohol unless the purchaser
intends to recover the alcohol.

Completely Denatured Alcohol—This term applies to ethyl alcohol
to which has been added materials (methyl isobutyl ketone, pyronate,
gasoline, acetaldol, keroserfe, etc) of such nature that the products may be
sold and used within certain limitations without permit and bond.

Specially Denatured Alcohol—This alcohol is intended for use in a
greater number of specified arts and industries than completely denatured
alcohol and the character of the denaturant or denaturants used is such
that specially denatured alcohol may be sold, possessed and used only by
those persons or firms that hold basic permits and are covered by bond.

Formulas for products using specially denatured alcohol must be ap-
proved prior to use by the Regional Director, Bureau of Alcohol, Tobacco
and Firearms in any of the regional offices listed above.

Uses—Approximately 50 specially denatured alcohol formulas contain-
ing combinations of more than 90 different denaturants are available to fill
the needs of qualified users. Large amounts of specially denaturated
alcohols are used as raw materials in the production of acetaldehyde,
synthetic rubber, vinegar and ethyl chloride as well as in the manufacture
of proprietary solvents and cleaning solutions. Ether and chloroform can
be made from suitably denatured alcohols and formulas for the manufac-
ture of lodine Tincture, Green Soap Tineture and Rubbing Alcohol are set
forth in the regulations.

Specially denatured alcohols also are used as solvents for surface coat-
ings, plastics, inks, toilet preparations and external pharmaceuticals.
Large quantities are used in the processing of such food and drug products
as pectin, vitamins, hormones; antibiotics, alkaloids and blood products.
Other uses include supplemental motor fuel, rocket and jet fuel, antifreeze
solutions, refrigerants and cutting oils. Few products are manufactured
today that do not require the use of aicohol at some stage of production.
Specially denatured alcohol may not be used in the manufacture of foods
or internal medicines where any of the alcohol remains in the finished
product,

Diluted Alcohol
Diluted Ethanol

A mixture of alcohol and water containing 41.0 to 42.0%, by weight
(48.4 10 49.5%, by volume), at 15.56°, of C;H;0H (46.07).
Preparation—

500 mL
500 mL

Measure the alcohol and the purified water separately at the same
temperature, and mix. If the water and the alcohol and the resulting
mixture are measured at 25°, the volume of the mixture will be about 970
mL.

When equal volumes of alcohol and water are mixed together, a rise in
temperature and a contraction of about 3% in volume take place. Insmall
operations the contraction generally is disregarded; in larger operations it
is very important. If 50 gal of official alcohol are mixed with 50 gal of
walter, the product will not be 100 gal of diluted alcohol, but only 96/ gal,
acontraction of 3% gal. US Progf Spirit differs from this and is stronger;
it contains 50%, by volume, of absolute alcohol at 15.56° (60°F). This
corresponds to 42.5% by weight, and has a specific gravity of 0.9341 at the
same temperature. If spirits have a specific gravity lower than that of
“proof spirit” (0.9341), they are said to be “above proof"; if greater,
“below proof.”

It also may be prepared from the following:

Rules for Dilution—The following rules are applied when making an
alcohol of any required lower percentage from an aleohol of any given
higher percentage:

L. By Volume—Designate the volume percentage of the stronger
alcohol by V, and that of the weaker aleohol by v.

Rule—Mix v volumes of the stronger alcohol with purified water to
make Vvolumes of product. Allow the mixture to stand until full contrac-
tion has taken place, and until it has cooled, then make up the deficiency in
the V'volumes by adding more purified water,

Example—An alcohol of 30% by volume is to be made from an
aleohol of 94.9% by volume,—Take 30 volumes of the 94.9% alcohol, and
add enough purified water to produce 94.9 volumes at room temperature.

II. By Weight—Designate the weight-percentage of the stronger alco-
hol by W, and that of the weaker alcohol by w.

Rule—Mix w parts by weight of the stronger alcohol with purified
waler to make W parts by weight of product.
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Ezample—An alcohol of 50% by weight is to be made from an
alcohol of 92.3% by weight.—Take 50 parts by weight of the 92.3%
alcohol, and add enough purified water to produce 92.3 parts by weight.

Description—As for Alcohol, except its specific gravity is 0.935 to
0.937 at 15.56°% indicating that the strength of C;H;OH corresponds to
that given in the official definition.

Uses—A menstruum in making tinctures, fluidextracts, extracts, ete.
Its properties already have been described fully in connection with the
various preparations. Its value consists not only in its antiseptic proper-
ties, but also in its possessing the solvent powers of both water and
alcohol.  See Aleohol.

Nonbeverage Alcohol

This is tax-paid alcohol or distilled spirits used in the manu-
facture, by approved formula, of such medicines, medicinal
preparations, food products, flavors or flavoring extracts as
are unfit for beverage purposes. Internal Revenue Service
Regulations provide that qualified holders of Special Tax
Stamps who use tax paid alcohol or distilled spirits in the
types of products listed above, may file a claim for alcohol tax
drawback or refund of a considerable part of the tax paid.

Amylene Hydrate—see RPS-18, page 1316.
Chloroform—page 1409.

Coconut Oil—see RPS-18, page 1317.
Ether—see RPS-18, page 1041.

Ethyl Acetate—see RPS-18, page 1294.

Glycerin
1,2,3-Propanetriol; Glycerol

?H
HOCH,CHCH, OH

Glycerol [56-81-5] C;Hg04 (92.09).

Chemically, it is the simplest trihydric alcohol. It is worthy of special
note because the two terminal alcohol groups are primary, whereas the
middle one is secondary. Thus this becomes the first polyhydric alcohol
which can yield both an aldose (glyceraldehyde) and a ketose (dihydroxy-
acelone).

Preparation—

1. By saponification of fats and oils in the manufacture of soap.

2. By hydrolysis of fats and oils through pressure and superheated
steam.

3. By fermentation of beet sugar molasses in the presence of large
amounts of sodium sulfite.  Under these conditions a reaction takes place
expressed as

CgHy304 — C4Hg(OH)y + CHyCHO + CO,
Glucase Glycerin Acetaldehyde

4. Glycerin is now prepared in large quantities from propylene, a
petroleum product. This hydrocarbon is chlorinated at about 400° to
form allyl chloride, which is converted to allyl alcohol. Treatment of the
unsaturated alcohol with hypochlorous acid [HOCI| yields the chlorohy-
drin derivative. Extraction of HCl with soda lime yields 2,3-epoxypropa-
nol which undergoes hydration to glycerin.

Description—Clear, colorless, syrupy liquid with a sweet taste and not
more than a slight, eharacteristic odor, which is neither harsh nor disagree-
able; when exposed to moist air it absorbs water and also such gases as HoS
and S0,; solutions are neutral; specific gravity not below 1,249 (not less
than 95% C3H;(OH)3); boils at about 290° under 1 atm, with decomposi-
tion, but can be distilled intact in a vacuum, '

Solubility—Miscible with water, alcohol or methanol; 1 g in about 12
mL ethyl acetate or about 15 mL acetone; insoluble in chloroform, ether or
fixed and volatile oils.

Incompatibilities—An explosion may occur if it is triturated with
strong oxidizing agents such as chromium trioxide, potassium chlor-
ate or potassium permanganate.  In dilute solutions the reactions pro-
ceed at a slower rate forming several oxidation products. Iron is an
occasional contaminant of it and may be the cause of a darkening in color
in mixtures containing phenols, salicylates, tannin, etc.

With boric acid or sodinm borate, it forms a complex, generally spoken
of as glyceroboric acid, which is a much stronger acid than boric acid.

Uses—One of the most valuable produets known to pharmacy by virtue
ofits solvent property. It is useful as a humectant in keeping substances
moist, owing to its hygroscopicity. Its agreeable taste and high viscosity
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adapt it for many purposes. Some modern ice collars and ice bags
contain it and water hermetically sealed within vulcanized rubber bags.
The latter are sterilized by dipping in a germicidal solution and are stored
in the refrigerator until needed. It also has some therapeutic uses. In
pure anhydrous form, it is used in the eye to reduce corneal edema and to
facilitate ophthalmoscopic examination. It is used orally as an evacuant
and, in 50 to 75% solution, as a systemic osmotic agent.

Isopropyl Alcohol—page 1267.

Methyl Alcohol
Methanol; Wood Alcohol

CH,OH

Methanol [67-56-1] CH,0 (32.04).

Caution—It is poisonous.

Preparation—By the catalytic reduction of carbon monoxide or car-
bon dioxide with hydrogen. A zinc oxide-chromium oxide catalyst is
used commonly.

Description—Clear, colorless liquid; characteristic odor; flammable;
specific gravity not more than 0.790; distils within a range of 1° between
63.5 and 65.7°.

Solubility—Miscible with water, alcohol, ether, benzene or most other
organic solvents.

Uses—A pharmaceutic aid (solvent). It is toxic.
result in blindness; vapors also may cause toxic reactions.

Ingestion may

Methyl Isobutyl Ketone
2-Pentanone, 4-methyl-,
(CHa),CHCH,COCH,

[108-10-1]; contains not less than 99% of CgH,;,0 (100.16).

Description—Transparent, colorless, mobile, volatile liquid; faint, ke-
tonic and camphoraceous odor, distils between 114 and 117°,

Solubility—Slightly soluble in water; miscible with aleohol, ether or
benzene,

Uses—A denaturant for rubbing alcohol and also a solvent for gums,
resins, nitrocellulose, etc. It may be irritating to the eyes and mucous
membranes, and, in high concentrations, narcotic.

Monoethanolamine

Ethanol, 2-amino-, Ethanolamine; Ethylolamine
HOCH.CH,NH,

[141-43-5] C,H;NO (61.08).

Preparation—This alkanolamine is prepared conveniently by treating
ethylene oxide with ammonia.

Description—Clear, colorless, moderately viscous liquid; distinctly
ammoniacal odor; affected by light; specific gravity 1.013 to 1.016; distils
between 167 and 173°.

Solubility—Miscible in all proportions with water, acetone, alcohol,
glycerin or chloroform; immiscible with ether, solvent hexane or fixed oils;
dissolves many essential oils.

Uses—A solvent for fats, oils and many other substances, it is a pharma-
ceutical necessity for Thimerosal Solution (page 1271). 1t combines
with fatty acids to form soaps which find application in various types of
emulsions such as lotions, creams, ete.

Petroleum Benzin—see RPS-18, page 1317.

Propylene Glycol
CH,CH{OH)CH,0H

1,2-Propanediol [57-55-6] C3HgO2 (76.10).

Preparation—Propylene is converted successively to its chlorohydrin
(with HOCI), epoxide (with Na;,CO3) and glycol (with water in presence of
protons). !

Description—Clear, colorless, viscous and practically odorless liquid;
slightly acrid taste; specific gravity 1.035 to 1.037; completely distils
between 184 and 189°; absorbs moisture from moist air. '

Solubility—Miscible with water, alcohol, acetone or chloroform; soluble’
in ether: dissolves many volatile oils; immiscible with fixed oils. y

Uses—A solvent, preservative and humectant. See Hydrophilic
Ointment (page 1402).

Trolamine
Ethanol, 2,2’,2"nitrilotris-, Triethanolamine

2,2 2" Nitrilotriethanol [102-71-6] N(C;H,OH); (149.19); a mixture of
alkanolamines consisting largely of triethanolamine, containing some di-
ethanolamine [NH(C,H,0H); = 105.14] and monoethanolamine
[NH,C,H,OH = 61.08].

Preparation—Along with some mono- and diethanolamine, by the
action of ammonia on ethylene oxide. s

Description—Colorless to pale yellow, viscous, hygroscopic liquid;
slight odor of ammonia; aqueous solution is very alkaline; melts about 21%
specific gravity 1.120 to 1.128; a strong base and readily combines even
with weak acids to form salts.

Solubility—Miscible with water or alcohol; soluble in chloroform;
slightly soluble in ether or benzene.

Uses—In combination with a fatty acid, eg, oleic acid (see Benzyl
Benzoale Lotion, page 1519), as an emulsifier. See Monoethanol-
arntne.

Water—page 1392.

Other Pharmaceutical Solvents

Alcohol, Dehydrated, BP, Phl [ Dehydrated Ethanol; Absolute Alco-
hol]—Transparent, colorless, mobile, volatile liquid; characteristic odor;
burning taste; specific gravity not more than 0.798 at 15.56°% hygroscopic,
flammable and boils about 78°C.  Miscible with water, ether or chloroform.
[/ses: A pharmaceutical solvent; also used by injection for relief of pain
(see Alcohol, page 1404), :

Miscellaneous Pharmaceutical Necessities

The agents listed in this section comprise a heterogeneous
group of substances with both pharmaceutical and industrial
applications. Pharmaceutically, some of these agents are
used as diluents, enteric coatings, excipients, filtering agents
and as ingredients in products considered in other chapters.
Industrially, some of these agents are used in various chemical
processes, in the synthesis of other chemicals and in the
manufacture of fertilizers, explosives, etc.

Acetic Acid

Acetic acid: a solution containing 36 to 37%, by weight, of C.H,0,
(60.05).

Preparation—By diluting with distilled water anacid of higher concen-
tration, such as the 80% product, or more commonly glacial acetic acid,
using 350 mL of the latter for the preparation of each 1000 mL of acetic
acid.

Description—Clear, colorless liguid, having a strong characteristic
odor and a sharply acid taste; specific gravity about 1.045; congeals about
—14%; acid to litmus,

Solubility—Miscible with water, alcohol or glycerin. '

Uses—In pharmacy as a solvent and menstruum, and for making
diluted aceticacid. Italso is used as a starting point in the manufacture of
many other organic compounds, eg, acetates, acetanilid, sulfonamides,
ete. Itis official primarily as a pharmaceutic necessity for the prepara-
tion of Alwminum Subacetate Solution (RPS- 17, page 778).

Diluted Acetic Acid
* Dilute Acetic Acid

A solution containing, in each 100 mL, 5.7 to 6.3 g of C;H 0.
Preparation— )

Acatie Aeld o et il linisana st devanl s 158 mL
Purified Water, a sufficient quantity,
T IRK o s s aianisa g s S ae e st b & i 1000 mL

Mix the ingredients.
Note—This acid also may be prepared by diluting 58 mL of glacial acetic
acid with sufficient purified water to make 1000 mL.

Eyenovia Exhibit 1005, Page 35 of 59




Description—Essentially the same properties, solubility, purity and
identification reactions as Acetic Acid, but its specific gravity is about
1.008 and it congeals about —2°.

Uses—Bactericidal to many types of microorganisms and occasion-
ally is used in 1% solution for surgical dressings of the skin. A 1%
solution is spermatocidal. It also is used in vaginal douches for the
management of Trichomonas, Candida and Hemophilus infections.

Gla'cIaI Acetic Acid

Concentrated Acetic Acid; Crystallizable Acetic Acid; Ethanolic
Acid; Vinegar Acid

CH,COOH

Glacial acetic acid [64-19-7T] C,H,0. (60.058).

Preparation—This acid is termed “glacial” because of its solid, glassy
appearance when congealed.  In one process it is produced by distillation
of weaker acids to which has been added a water-entraining substance
such as ethylene dichloride. .In this method, referred to as "“azeotropic
distillation,”” the ethylene dichloride distils out with the water before the
acid distils over, thereby effecting concentration of the latter.

In another process the agueous acid is mixed with triethanol-amine and
heated. The acid combines with the triethanolamine to form a triethanol-
amine acetate. The water is driven off first; then, at a higher temperature,
the triethanolamine compound decomposes to yield this acid.

A greater part of the acid now available is made synthetically from
acetylene. When acetylene is passed into this acid containing a metallic
catalyst such as mercuric oxide, ethylidene diacetate is produced which
yields, upon heating, acetic anhydride and acetaldehyde. Hydration of
the former and air oxidation of the latter yield this acid.

Description—Clear, colorless liquid; pungent, characteristic odor;
when well-diluted with water, it has an acid taste; boils about 118°; con-
geals at a temperature not lower than 15.6°, corresponding to a minimum
of 99.4% of CH,COOH; specific gravity about 1.05.

Solubility—Miscible with water, alcohol, acetone, ether or glycerin;
insoluble in carbon tetrachloride or chloroform.

Uses—A caustic and vesicant when applied externally and is often sold
under various disguises as a corn solvent. It is an excellent solveni for
fixed and volatile oils and many other organic compounds. It is used
primarily as an acidifying agent.

Almond Oil—RPS-16, page 720.

Aluminum

Aluminim Al (26.98); the free metal in the form of finely divided powder.
It may contain oleic acid or stearic acid as a lubricant. [t contains not less
than 95% of Al, and not more than 5% of Acid-insoluble substances,
including any added fatty acid.

Description—Very fine, free-flowing, silvery powder free from gritty or
discolored particles.

Solubility—Insoluble in water or alcohol; soluble in hydrochloric and
sulfuric acids or in solutions of fixed alkali hydroxides.

Uses—Aprotective. Aningredientin Aluminum Paste (RPS-14, page
772).

Aluminum Monostearate
Aluminum, dihydroxy(octadecanoato-0-)-,

Dihydroxy(stearato)aluminum [7047-84-9]; a compound of aluminum
with a mixture of solid organic acids obtained from fats, and consists
chiefly of variable proportions of aluminum monostearate and aluminum
?mnnpa.lmital.e. It contains the equivalent of 14.5 to 16.5% of Al,O4

101.96).

Preparation—By interaction of a hydroalcoholic solution of potassium
stearate with an aqueous solution of potassium alum, the precipitate being
purified to remove free stearic acid and some aluminum distearate simulta-
neously produced.

Description—Fine, white to yellowish white, bulky powder; faint, char-
acteristic odor.

Solubility—Insoluble in water, alcohol or ether,

Uses—A pharmaceutical necessity used in the preparation of Sterile
Procaine Penicillin G with Al m Stearate Suspension (see RPS-
18, page 1289),

Strong Ammonia Solution

Stronger Ammonia Water; Stronger Ammonium Hydroxide Solution;
Spirit of Hartshorn

_ Ammonia [1336-21-6]; a solution of NH; (17.03), containing 27.0 to
31.0% (20 /20) of NHy.  Upon exposure to air it loses ammonia rapidly.
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Caution—Use care in handling it because of the caustic nature of
the Solution and the irritating properties of its vapor. Cool the con-
tainer well before opening, and cover the closure with a cloth or
similar material while opening. Do not taste i, and avoid inhala-
tion af its vapor.

Preparation—Ammonia is obtained commercially chiefly by synthesis
from its constituent elements, nitrogen and hydrogen, combined under
high pressure and at high temperature in the presence of a catalyst.

Description—Colorless, transparent liquid; exceedingly pungent, char-
acteristic odor; even when well-diluted it is strongly alkaline to litmus;
specific gravity about 0.90.

Solubility—Miscible with aleohol.

Uses—Only for chemical and pharmaceutical purposes. It is used
primarily in making ammonia water by dilution and as a chemical reagent.
It is too strong for internal administration.  Itisan ingredient in Aromatic
Ammonia Spirit (page 873).

Bismuth Subnitrate

Basic Bismuth Nitrate; Bismuth Oxynitrate; Spanish White; Bismuth
Paint; Bismuthyl Nitrate

Bismuth hydroxide nitrate oxide [1304-85-4] BizO(0H)y(NOg)y
(1461.99); a basic salt which, dried at 105° for 2 hr, yields upon ignition
not less than 79% of Bi,0y (165.96).

Preparation—A solution of bismuth nitrate is added to boiling water to
produce the subnitrate by hydrolysis.

Description—White, slightly hygroscopic powder; suspension in dis-
tilled water is faintly acid to litmus (pH about 5).

Solubility—Practically insoluble in water or organic solvents; dis-
solves readily in an excess of hydrochloric or nitric acid.

Incompatibilities—Slowly hydrolyzed in water with liberation of ni-
tric acid; thus, it possesses the incompatibilities of the acid. Reducing
agents darken it with the production of metallic bismuth.

Uses—A pharmaceutical necessity in the preparation of milk of
bismuth. It also is used as an astringent, adsorbent and protective;
however, its value as a protective is questionable. This agent, like other
insoluble bismuth salts, is used topically in lotions and ointments.

Barium Hydroxide Lime—see RPS-18, page 1318.

Boric Acid
Boric acid (HsBOj3); Boracie Acid; Orthoboric Acid

Boric acid [10043-35-3] HyBO, (61.83).

Preparation—Lagoons of the volcanic districts of Tuscany formerly
furnished the greater part of this acid and borax of commerce. Borax is
now found native in California and some of the other western states;
caleium and magnesium borates are found there also.  ILis produced from
native borax, or from the other borates, by reacting with hydrochloric or
sulfuric acid.

Description—Colorless scales of a somewhat pearly luster, or crystals,
but more commonly a white powder slightly unctuous to the touch; odor-
less and stable in the air; volatilizes with steam.

Solubility—1 g in 18 mL water, 18 mL alcohol, 4 mL glycerin, 4 mL
boiling water or 6 mL boiling alcohol.

Uses—A buffer, and it is this use that is recognized officially. Itisa
very weak germicide (local anti-infective). Its nonirritating properties
make its solutions suitable for application to such delicate structures as
the cornea of the eye. Aqueous solutions are employed as an eye wash,
mouth wash and for irrigation of the bladder. A 2.2% solution is isotonic
with lacrimal fluid. Solutions, even if they are made isotonic, will hemo-
lyze red blood cells. It also is employed as a dusting powder, when
diluted with some inert material. It can be absorbed through irritated
skin, eg, infants with diaper rash.

Although it is not absorbed significantly from intact skin, it is absorbed
from damaged skin and fatal poisoning, particularly in infants, has oc-
curred with topical application to burns, denuded areas, granulation tissue
and serous cavities. Serious poisoning can vesull from oral ingestion
ofaslittleas 5 g. Symptoms of poisoning are nausea, vomiting, abdomi-
nal pain, diarrhea, headache and visual disturbance. Toxic alopecia has
been reported from the chronic ingestion of a mouth wash containing it.
The kidney may be injured and death may result. Its use as a preservative
in beverages and foods is prohibited by national and state legislation.
There is always present the danger of confusing it with dextrose when
compounding milk formulas for infants. Fatal accidents have
occurred. For this reason boric acid in bulk is colored, so that it cannot
be confused with dextrose.

1t is used to prevent discoloration of physostigmine solutions.

Dose—Topically, as required.
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Calcium Hydroxide
Slaked Lime; Calcium Hydrate

Caleium hydroxide [ 1305-62-0] Ca(OH), (74.09).

Preparation—By reacting freshly prepared calcium oxide with water.

Description—White powder; alkaline, slightly bitter taste; absorbs
carbon dioxide from the air forming calcium carbonate; solutions exhibita
strong alkaline reaction.

Solubility—1 g in 630 mL water or 1300 mL boiling water; soluble in
glycerin or syrup; insoluble in alcohol; the solubility in water is decreased
by the presence of fixed alkali hydroxides.

Uses—In the preparation of Calcium Hydroxide Solwtion.

Calcium Hydroxide Topical Solution
Caleium Hydroxide Solution; Lime Water

A solution containing, in each 100 mL, not less than 140 mg of Ca(OH).
(74.09).

Note—The solubility of calcium hydroxide varies with the temperature
at which the solution is stored, being about 170 mg/100 mLat 15°, and less
at a higher temperature. The official concentration is based upon a
temperature of 25°.

Preparation—

Calcium Hydroxide ..

Add the calcium hydroxide to 1000 mL of cool, purified water, and
agitate the mixture vigorously and repeatedly during 1 hr. Allow the
excess of calcium hydroxide to settle. Dispense only the clear, superna-
tant liquid.

The undissolved portion of the mixture is not suitable for preparing
additional quantities of the solution.

The object of keeping lime water over undissolved calcium hydroxide is
to insure a saturated solution,

Description—Clear, colorless liquid; alkaline taste; strong alkaline
reaction; absorbs carbon dioxide from the air, a film of calcium carbonate
forming on the surface of the liquid; when heated, it becomes turbid, owing
to the separation of caleium hydroxide, which is less soluble in hot than in
cold water.

Uses—Too dilute to be effective as a gastric antacid. It is employed
topically as a protective in various types of lotions. In some lotion
formulations it is used with olive oil or oleic acid to form calcium oleate
that functions as an emulsifying agent. The USP classes it as an astrin-
gent.

Dose—Topically, in astringent solutions and lotions as required (see
Calamine Lotion, page 872).

Calcium Pantothenate, Racemic—page 1125.

Calcium Stearate
Octadecanoic acid, calcium salt

Calcium stearate [ 1592-23-0]; a compound of calcium with a mixture of
solid organic acids obtained from fats and consists chiefly of variable
proportions of stearic and palmitic acids |calcium stearate, C44H7,Ca0, =
607.03; calcium palmitate, CyzHgoCa0y = 550,92); contains the equiva-
lent of 9 to 10.5% of CaO (calcium oxide).

Preparation—By precipitation from interaction of solutions of cal-
cium chloride and the sodium salts of the mixed fatty acids (stearic and
palmitic).

Description—Fine, white to yellowish white, bulky powder; slight,
characteristic odor; unctuous and free from grittiness.

Solubility—Insoluble in water, aleohol or ether.

Uses—A [ubricant in the manufacture of compressed tablets, It also
is used as a conditioning agent in food and pharmaceutical products, Its
virtually nontoxic nature and unctuous properties makes it ideal for these
purposes.

Calcium Sulfate
Sulfuric aeid, ealcium salt (1:1); Gypsum; Terra Alba

Calcium sulfate (1:1) [7778-18-9] CaS0, (136.14); dihydrate [10101-
41-4](172.17).

Preparation—From natural sources or by precipitation from interac-
tion of solutions of calcium chloride and a soluble sulfate.

Description—Fine, white to slightly yellow-white, odorless powder.

Solubility—Dissolves in diluted HCI; slightly soluble in water.

Uses—A diluent in the manufacture of compressed tablets. It is suffi-
ciently inert that few undesirable reactions occur in tablets made with this
substance. It also is used for making plaster casts and supports.

Carnauba Wax

Obtained from the leaves of Copernicia cerifera Mart (Fam Palmae).

Preparation—Consists chiefly of myricyl cerotate with smaller quan-
tities of myricyl alcohol, ceryl alcohol and cerotic acid. It is obtained
by treating the leaf buds and leaves of Copernicia cerifera, the so-called
Brazilian Wax Palm, with hot water.

Description—Light-brown to pale-yellow, moderately coarse powder;
characteristic bland odor; free from rancidity; specific gravity about 0.99;
melts about 84°.

Solubility—Insoluble in water; freely soluble in warm benzene; soluble
in warm chloroform or toluene; slightly soluble in boiling alcohol.

Uses—A pharmaceutic aid used as a polishing agent in the manufae-
ture of coated tablets.

Microcrystalline Cellulose

Cellulose [9004-34-6]; purified, partially depolymerized cellulose pre-
pared by treating alpha cellulose, obtained as a pulp from fibrous plant
material, with mineral acids.

Preparation—Cellulose is suhjected to the hydrolytic action of 25 N'
HCI at the boiling temperature of about 105° for 15 min, whereby amor-
phous cellulosic material is removed and aggregates of crystalline cellu-
lose are formed. These are collected by filtration, washed with water and
aqueous ammonia and disintegrated into small fragments, often termed
cellulose crystallites, by vigorous mechanical means such as a blendor.
US Pat 3,141,875.

Description—Fine, white, odorless, crystalline powder; consists of
free-flowing, nonfibrous particles. "

Solubility—Insoluble in water, dilute acids or most organic solvents;
slightly soluble in NaOH solution (1 in 20).

Uses—A tablet diluent and disintegrant. It can be compressed into.
self-binding tablets which disintegrate rapidly when placed in water.

Microcrystalline Cellulose and Sodium Carboxymethylcellu-
lose—A colloid-forming, attrited mixture of microcrystalline cellulose
and sodium carboxymethylcellulose. Description and Solubility:
Tasteless, odorless, white to off-white, coarse to fine powder; pH (di
sion) 6 to 8; swells in water, producing, when dispersed, a white, opaque
dispersion or gel. Insoluble in organic solvents or dilute acids, Uses:
Pharmaceutic aid (suspending agent). Grades Available (amounts of
sodium carboxymethylcellulose producing viscosities in the concentra-
tions designated): 8.5%, 120 eps in 2.1% solution; 11%, 120 cpsin 1. 2%
solution; 11%, 65 eps in 1.2% solution.

Powdered Cellulose—page 1397.

Cellulose Acetate Phthalate
Cellulose, acetate, 1,2-benzenedicarboxylate
Cellulose acetate phthalate [9004-38-0]; a reaction product of the

phthalic anhydride and a partial acetate ester of cellulose. Whendriedat

105° for 2 hr, it contains 19 to 23.5% of acetyl (C;H40) groups and 30 to
36.0% of phthalyl (o-carboxybenzoyl, CgH;03) groups.

Preparation—Cellulose is esterified by treatment with acetic and
phthalie acid anhydrides.

Deseription—Free-flowing, white powder; may have a slight odor of
acetic acid.

Solubility—Insoluble in water or alcohol; soluble in acetone or diux—
ane.

Uses—An enteric tablet-coating material. Coatings of this s‘uh-a
stance disintegrate due to the hydrolytic effect of the intestinal esterases,
even when the intestinal contents are acid. In vilro studies indicate that
cellulose acetate phthalate will withstand the action of artificial gastric:
juices for long periods of time, but will disintegrate readily in artificial
intestinal juices.

Cherry Juice—see RPS-18, page 1320.

Carbon Tetrachloride
Methane, tetrachloro-, Tetrachloromethane

Carbon tetrachloride [56-23-5] CCl, (153.82).

Preparation—One method consists of catalytic chlorination of carbon
disulfide.

Description—Clear, colorless liquid; characteristic odor resembling
that of chloroform; specific gravity 1.588 to 1.590; boils about 77°.
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Solubility—Soluble in about 2000 volumes water; miscible with alco-
hol, acetone, ether, chloroform or benzene.
Uses—Officially recognized as a pharmacewtical necessity (solvent).
Formerly it was used as a cheap anthelmintic for the treatment of hook-
worm infections but it causes severe injury to the liver if absorbed.

Chloroform
Mqthane, trichloro-,

Trichloromethane [67-66-3] CHCI, (119.38); contains 99 to 99.5% of
CHCls, the remainder consisting of alcohol.

Caution—Care should be taken not to vaporize it in the presence of a
flame, because of the production of harmful gases (hydrogen chloride
and phosgene).

Preparation—Made by the reduction of carbon tetrachloride with
water and iron and by the controlled chlorination of methane.

The pure compound readily decomposes on keeping, particularly if
exposed to moisture and sunlight, resulting in formation of phosgene
(carbonyl chloride [COCI;]) and other products. The presence of a small
amount of alcohol greatly retards or prevents this decomposition; hence,
the requirement that it contain 0.5 to 1% of aleohol. The aleshol combines
with any phosgene forming ethyl carbonate, which is nontoxic.

Description—Clear, colorless, mobile liquid; characteristic, ethereal
odor; burning, sweet taste; not flammable but its heated vapors burn witha
green flame; affected by light and moisture; specific gravity 1.474 to
1.478, indicating 99 to 99.5% of CHClj; boils about 61°; not affected by
acids, but is decomposed by alkali hydroxide into alkali chloride and
sodium formate.

Solubility—Soluble in 210 volumes of water; miscible with alcohol,
ether, benzene, solvent hexane, acetone or fixed and volatile oils.

Uses—An obsolete inhalation anesthetic.  Although it possesses ad-
vantages of nonflammability and great potency, it rarely is used due to the
serious toxic effects it produces on the heart and liver. Internally, it has
been used, in small doses, as a carminative. Externally, it is an érritant
and when used in liniments it may produce blisters.

It is categorized as a pharmaceutic aid. It is used as a preservative
during the aqueous percolation of vegetable drugs to prevent bacterial
decomposition in the process of manufacture. In most instances it is
evaporated before the product is finished. It is an excellent solvent for
alkaloids and many other organic chemicals and is used in the manufacture
of these products and in chemical analyses.

Citric Acid
1,2,3-Propanetricarboxylic acid, 2-hydroxy-,

CH,COOH
HOEOOOH

|

CH,COOH

Citric acid [77-92-9] CgHzO; (192.12); monohydrate [5949-29-1)
(210.14),

Preparation—Found in many plants. It formerly was obtained solely
from the juice of limes and lemons and from pineapple wastes. Since
about 1925 the acid has been produced largely by fermentation of sucrose
solution, including molasses, by fungi belonging to the Aspergillus niger
group, theoretically according to the following reaction

CoHu0yy + 30, — 2H,CeH,0; | 3H,0
Sucrose Oxygen Citric Acid Water

but in practice there are deviations from this stoichiometric relationship.

Description—Colorless, translucent erystals, or a white, granular to
fine erystalline powder; odorless; strongly acid taste; the hydrous form
eflloresces in moderately dry air, but is slightly deliquescent in moist air;
loses its water of erystallization at about 50°; dilute aqueous solutions are
subject to molding (fermentation), oxalic acid being one of the fermenta-
tion produets,

Solubility—1 g in 0.5 mL water, 2 mL aleohol or about 30 mL ether;
freely soluble in methanol.

Uses—In the preparation of Anticoagulant Citrate Dextrose Solu-
Lion, Anticoagulan! Citrate Phosphate Dextrose Solution, Citric Acid
Strup and effervescent salts. It also has been used to dissolve urinary
bladder caleuli, and as a mild astringent.

Cocoa Butter

Cacao Butter; Theobroma Oil; Oil of Theobroma

The fat obtained from the roasted seed of Theobroma cacao Linné (Fam
Sterculiaceqe).
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Preparation—By grinding the kernels of the “chocolate bean” and
expressing the oil in powerful, horizontal hydraulic presses. The yield is
about 40%. It also has been prepared by dissolving the oil from the
unroasted beans by the use of a volatile solvent.

Constituents—Chemically, it is a mixture of stearin, palmitin, olein,
laurin, linolein and traces of other glycerides.

Description—Yellowish, white solid; faint, agreeable odor; bland (if
obtained by extraction) or chocolate-like (if obtained by pressing) taste;
usually brittle below 25° specific gravity 0.858 to 0.864 at 100°/25°%
refractive index 1.454 to 1.458 at 40°.

Solubility—Slightly soluble in alcohol; soluble in boiling dehydrated
alcohol, freely soluble in ether or chloroform.

Uses—Valuable in pharmacy for making suppositories by virtue of its
low fusing point and its property of becoming solid at a temperature just
below the melting point.  See Suppositories (page 1591). Inadditionto
this use, it is an excellent emollient application to the skin when inflamed;
it also is used in various skin creams, especially the so-called “'skin foods."
It also is used in massage.

Titanium Dioxide—page 884.

Denatonium Benzoate

Benzenemethanaminium N-[2-[(2,6-dimethylphenyl)amino]-
2-oxoethyl]-N,N-diethyl-, benzoate;

e cH,
@—m.bf‘—cmcouu@ @-cm'
CaH,
2 CH!

Benzyldiethyl [(2,6-xylylcarbamoyl)methyl Jammonium benzoate [3734-
33-6] CogHyyN204 (446.59).

Preparation—2-(Diethylamino)-2',6"-xylidide is quaternized by reac-
tion with benzyl chloride. The quaternary chloride is then treated with
methanolic potassium hydroxide to form the quaternary base which, after
filtering off the KCI, is reacted with benzoic acid. The starting xylidide
may be prepared by condensing 2,6- xylidine with chloroacetyl chloride
and condensing the resulting chloroacetoxylidide with diethylamine. US
Pat 3,080,327

Description—White, odorless, crystalline powder; an intensely bitter
taste; melts about 168°.

Solubility—1 g in 20 mL water, 2.4 mL alcohol, 2.9 mL chloroform or
5000 mL ether.

Uses—A denaturant for ethyl alcohol.

Dextrin
British Gum; Starch Gum; Leiocom

Dextrin [9004-53-9] (CsH905)n

Preparation—By the incomplete hydrolysis of starch with dilute acid,
or by heating dry starch.

Description—White or yellow, amorphous powder (white:
practically odorless; yellow: characteristic odor); dextrorotatory; |a i
generally above 200° does not reduce Fehling's solution; gives a reddish
color with iodine.

Solubility—Soluble in 3 parts of boiling water, forming a gummy
solution; less soluble in cold water.

Uses—An excipient and emulsifier.

Dextrose

Anhydrous Dextrose; Dextrose Monohydrate; Glucose; n(+)-
Glucose; a-D(+)-Glucopyranose; Medicinal Glucose; Purified Glucose;
Grape Sugar; Bread Sugar; Cerelose; Starch Sugar; Corn Sugar

p-Glucose monohydrate [5996-10-1] CgH,;206.H:0 (198.17); anhy-
drous [50-99-7] (180.16). A sugar usually obtained by the hydrolysis of
starch. For the structure, see page 384,

Preparation—See Liquid Glucose (page 1410).

Description—Colorless crystals or a white, crystalline or granular
powder; odorless; sweet taste; specific rotation (anhydrous) +52.5 to
+53°% anhydrous dextrose melts at 146°; dextrose slowly reduces alkaline
cuprie tartrate TS in the cold and rapidly on heating, producing a red
precipitate of cuprous oxide (difference from sucrose).

Solubility—1 g in 1 mL of water or 100 mL of alcohol; more soluble in
boiling water or boiling alcohol.
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Uses—See Dextrose Injection (page 916). Tt also is used, instead of
lactose, as a supplement to milk for infant feeding.

Dichlorodifluoromethane

Methane, dichlorodifluoro-,
CCl:F;

Dichlorodifluoromethane [75-7T1-8] CCLF, (120.91).

Preparation—Carbon tetrachloride is reacted with antimeny trifluo-
ride in the presence of antimony pentafluoride.

Description—Clear, colorless gas; faint, ethereal odor; vapor pressure
at 25° about 4883 torr.

Uses—A propellant (No 12, see page 1678).

Dichlorotetrafluoroethane
Ethane, 1,2-dichloro-1,1,2,2-tetrafluoro-,

GCIF,CCIF;

1,2-Dichlorotetrafluoroethane | 76-14-2] C,CLF,; (170.92).

Preparation—By reacting 1,1,2-trichloro-1,2 2-trifluoroethane with an-
timony trifluorodichloride [SbF;Cl.], whereupon one of the 1-chlorine
atoms is replaced by fluorine. The starting trichlorofluoroethane may be
prepared from hexachloroethane by treatment with SbF;Cly (Henne AL:
Org Reactions Il; 65, 1944).

Description—Clear, colorless gas; faint, ethereal odor; vapor pressure
at 25° about 1620 torr; usually contains 6 to 10% of its isomer, CFCl,—
CF,.

Uses—A propellant (No 114 and 114a, see page 1678).

Edetic Acid
Glycine, N,N'-1,2-ethanediylbis[N-(carboxymethyl)-,
(HOOCCH;)NGHoGHoN(CH,GOOH) 2

(Ethylenedinitrilo)tetraacetic acid [60-00-4] C,oH, N0 (292.24).

Preparation—Ethylenediamine is condensed with sodium monochlo-
roacetate with the aid of sodium carbonate. An aqueous solution of the
reactants is heated to about 90° for 10 hr, then cooled and acidified with
HCl whereupon the acid precipitates. US Pat 2,130,505.

Description—White, crystalline powder; melts with decomposition
above 220°.

Solubility—Very slightly soluble in water; soluble in solutions of alkali
hydroxides.

Uses—A pharmaceutic aid (metal complexing agent). The aeid,
rather than any salt, is the form most potent in removing calcium from
solution. It may be added to shed blood to prevent clotting. It also is
used in pharmaceutical analysis and the removal or inactivation of un-
wanted ions in solution. Salts of the acid are known as edetates. See
Edetate Calcium Disodium (page 935) and Edetate Disodium (page
935).

Ethylcellulose

Cellulose ethyl ether [9004-57-3]; an ethyl ether of cellulose containing
44 to 51% of ethoxy groups. The medium-type viscosity grade contains
less than 46.5% ethoxy groups; the standard-type viscosity grade con-
tains 46.5% or more ethoxy groups.

Preparation—By the same general procedure described on page 1306
for Methyleellulose except that ethyl chloride or ethyl sulfate is employed
as the alkylating agent. The 45 to 50% of ethoxy groups in the official
ethylcellulose corresponds to from 2.25 to 2.61 ethoxy groups/CyH 005
unit, thus representing from 75 to 87% of the maximum theoretical ethox-
ylation, which is 3 ethoxy groups/CqH 0 unit.

Description—Free-flowing, white to light tan powder; forms films that
have a refractive index of about 1.47; agueous suspensions are neutral to
litmus.

Solubility—The medium-type is freely soluble in tetrahydrofuran,
methyl acetate, chloroform or mixtures of aromatic hydrocarbons with
aleohol; the standard-type is freely soluble in alcohol, methanol, toluene,
chloroform or ethyl acetate; both types are insoluble in water, glycerin or
propylene glycol.

Uses—A pharmaceutic aid as a tablet binder and for film-coating
tablets and drug particles.

Gelatin—page 1397.

Liquid Glucose
Glucose; Starch Syrup; Corn Syrup

A product obtained by the incomplete hydrolysis of starch, It consists
chiefly of dextrose [p(+)-glucose, CsH 05 = 180.16] dextrins, maltose
and water.

Preparation—Commercially by the action of very weak H.S0, or HCI
onstarch,

One of the processes for its manufacture is as follows: The starch,
usually from corn, is mixed with 5 times its weight of water containing less
than 1% of HC), the mixture is heated to about 45° and then transferred toa
suitable reaction vessel into which steam is passed under pressure until the
temperature reaches 120°. The temperature is maintained at this point,
for about 1 hr, or until tests show complete disappearance of starch. The
mass is then heated to volatilize most of the hydrochloric acid, sodium
carbonate or calcium carbonate is added to neutralize the remaining traces
of acid, the liquid is filiered, then decolorized in charcoal or bone-black
filters, as is done in sugar refining and finally concentrated in vacuum to.
the desired consistency.

When made by the above process, it contains about 30 to 40% of
dextrose mixed with about an equal proportion of dextrin, together with
small amounts of other carbohydrates, notably maltose. By varying the
conditions of hydrolysis, the relative proportions of the sugars also vary.

If the crystallizable dextrose is desired, the conversion temperature is
higher and the time of conversion longer.  The term “glucose, " as custom:
arily used in the chemical or pharmaceutical literature, usually refers to
dextrose, the crystalhznble product.

The name “grape sugar’ sometimes is applied to the solid commercial
form of dextrose because the prineipal sugar of the grape is dextrose,
although the fruit has never been used as a source of the commereial
supply.

Description—Colorless or yellowish, thick, syrupy liquid; odorless, or
nearly so; sweel taste; differs from sucrose in that it readily reduces hot
alkaline cupric tartrate TS, producing a red precipitate of cuprous oxide

Solubility—Miscible with water; sparingly soluble in alcohol.

Uses—As an ingredient of Cocoa Syrup (page 1393), as a tablet
binder and coating agent, and as a diluent in pilular extracts; it has
replaced glycerin in many pharmaceutical preparations. It is sometimes
given per rectum as a food in cases where feeding by stomach is
impossible. It should not be used in the place of dextrose for intravenous
injection. ’

Hydrochloric Acid
Chiorhydric Acid; Muriatic Acid; Spirit of Salt

Hydrochloric acid [ 7647-01-0] HCI (36.46); contains 36.5 to 38.0%, by
weight, of HCL

Preparation—By the interaction of NaCl and H,80, or by combining
chlorine with hydrogen. It is obtained as a byproduct in the manufacture
of sodium carbonate from NaCl by the Leblane process in which common
salt is decomposed with H,SO,. HClis also a byproduct in the electrolytic
production of NaOH from NaCl. !

Description—Colorless, fuming liquid; pungent odor; fumes and odor
disappear when it is diluted with 2 volumes of water; strongly acid to litmus.
even when highly diluted; specific gravity about 1.18.

Solubility—Miscible with water or alcohol.

Uses—Officially classified as a pharmaceutic aid that is used as an
acidifying agent. It is used in preparing Diluted Hydrochloric Acid
(see RPS-18, page 783).

Hypophosphorous Acid
Phosphinic acid

Hypophosphorous acid [6303-21-5] HPH,0. (66.00); contains 30 to
329% by weight, of H;PO,.

Preparation—RBy reacting barium or calcium hypophosphite with’ sul-
furic acid or by treating sodium hypophosphite with an ion-exchange
resin.

Description—Colorless or slightly yellow, odorless liquid; solution is
acid to litmus even when highly diluted; specific gravity about 1.13.

Solubility—Miscible with water or alcohol.

Incompatibilities—Oxidized on exposure to air and by nearly all o~
dizing agents. Mercury, silver and bismuth salts are reduced partially
to the metallic state as evidenced by a darkening in color. Ferric com-
pounds are changed to ferrous.

Uses—An antiovidant in pharmaceutical preparations.
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Isopropyl Myristate

Tetradecanoic acid, 1-methylethyl ester
CHy(CHy)1,COOCH(CH);

Isopropyl myristate [110-27-0] C,;H3,0, (270.45).

Preparation—By reacting myristoyl chloride with 2-propanol with the
aid of a suitable dehydrochlorinating agent.

Description—Liquid of low viscosity; practically colorless and odor-
less; congeals about 5° and décomposes at 208°%; withstands oxidation and
does not become rancid readily.

Solubility—Soluble in alcohol, acetone, chloroform, ethyl acetate,
toluene, mineral oil, castor oil or cottonseed oil; practically insoluble in
water, glycerin or propylene glycol; dissolves many waxes, cholesterol or
lanolin.

Uses—Pharmaceutic aid used in cosmetics and topical medicinal
preparations as an emollient, lubricant and to enhance absorption through
the skin.

Kaolin—page 907

Lactic Acid

Propanoic acid, 2-hydroxy-, 2-Hydroxypropionic Acid; Propanoloic
Acid; Milk Acid

CH3CH(OH)COOH

Lactic acid [50-21-5] C3HgO; (90.08); a mixture of lactic acid and lactic
acid lactate (CgH,005) equivalent to a total of 85'to 90%, by weight, of
C:IHGOHA

Discovered by Scheele in 1780, it is the acid formed in the souring of
milk, hence the name lactic, from the Latin name for milk. It results from
the decomposition of the lactose (milk sugar) in milk.

Preparation—A solution of glucose or of starch previously hydrolyzed
with diluted sulfuric acid is inoculated, after the addition of suitable
nitrogen compounds and mineral salts, with Bacillus lactis. Calcium
carbonate is added to neutralize the lactic acid as soon as it is formed,
otherwise the fermentation stops when the amount of acid exceeds 0.5%,
‘When fermentation is complete, as indicated by failure of the liquid to give
a test for glucose, the solution is filtered, concentrated and allowed to
stand. The calcium lactate that crystallizes is decomposed with dilute
sulfuric acid and filtered with charcoal. The lactic acid in the filtrate is
extracted with ethyl or isopropyl ether, the ether is distilled off and the
aqueous solution of the acid concentrated under reduced pressure,

Description—Colorless or yellowish, nearly odorless, syrupy liquid;
acid to litmus; absorbs water on exposure to moist air; when a dilute
solution is concentrated to above 50%, lactic acid lactate begins to form; in
the official acid the latter amounts to about 12 to 15%; specific gravity
about 1.20; decomposes when distilled under normal pressure but may be
distilled without decomposition under reduced pressure.

Solubility—Miscible with water, alcohol or ether; insoluble in chloro-
form.

Uses—In the preparation of Sodium Lactate Injection (page 933).

It also is used in babies' milk formulas, as an acidulant in food prepara-
tions, and in 1 to 2% concentration in some spermatocidal jellies. A 10%
solution is used as a bactericidal agent on the skin of neonates. It is
corrosive to tissues on prolonged contact. A 16.7% solution in flexible
collodion is used to remove warts and small cutaneous tumors.

Lactose
D-Glucose, 4-0-B-p-galactopyranosyl-, Milk Sugar

Lactose [63-42-3] Cy5H;,0y, (342.30); monohydrate [10039-26-6]
(360.31); a sugar obtained from milk.

For the structural formula, see page 385.

Preparation—From skim milk, to which is added diluted HCl to precipi-
late the casein. After removal of the casein by filtration, the reaction of
the whey is adjusted to 2 pH of about 6.2 by addition of lime and the
remaining albuminous matter is coagulated by heating; this is filtered out
and the liquid set aside to crystallize. Animal charcoal is used to decolor-
ize the solution in a manner similar to that used in purifying sucrose.

Another form of lactose, known as B-lactose, also is available on the
market. It differs in that the p-glucose moiety is B instead of o. It is
reported that this variety is sweeter and more soluble than ordinary lactose
and for that reason is preferable in pharmaceutical manufacturing where
lactose is used. Chemically, -lactose does not appear to diffef from
ordinary a-lactose. It is manufactured in the same way as a-lactose up to
the point of crystallization, then the solution is heated to a temperature
above 93.5° this being the temperature at which the « form is converted to
the B variety. The B form occurs only as an anhydrous sugar whereas the
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o variety may be obtained either in the anhydrous form or as a monohy-
drate.

Description—White or creamy white, hard, crystalline masses or pow-
der; odorless; faintly sweet taste; stable in air, but readily absorbs odors;
pH (1 in 10 solution) 4.0+to 6.5; specific rotation +54.8 to +55.5°..

Solubility—1 g in 5 mL water or 2.6 mL boiling water; very slightly
soluble in alcohol; insoluble in chloroform or ether.

Uses—A diluent largely used in medicine and pharmacy.
ally an ingredient of the medium used in penicillin production.
extensively as an addition to milk for infant feeding.

It is gener-
It is used

Magnesium Chloride

Magnesium chloride hexahydrate [7791-18-6] MgCly.6H,0 (203.30);
anhydrous [7T786-30-3] (95.21).

Preparation—By treating magnesite or other suitable magnesium min-
erals with HCL

Description—Colorless, odorless, deliquescent flakes or crystals, which
lose water when heated to 100° and loose HCl when heated to 110° pH (1
in 20 solution in carbon dioxide-free water)4.5t0 7.

Solubility—Very soluble in water; freely soluble in alcohol.

U Electrolyte replenisher; pharmaceutical necessity for hemo-
dialysis and peritoneal dialysis fluids.

Magnesium Stearate
Octadecanoic acid, magnesium salt

Magnesium stearate [557-04-0]. A compound of magnesium with a
mixture of solid organic acids obtained from fats, and consists chiefly of
variable proportions of magnesium stearate and magnesium palmitate.
It contains the equivalent of 6.8 to 8.0% of MgO (40.30).

Description—Fine, white, bulky powder; faint, characteristic odor;
unctuous, adheres readily to the skin and free from grittiness.

Solubility—Insoluble in water, alcohol or ether.

Uses—A pharmaceutical necessity (lubricant) in the manufacture of
compressed tablets.

Meglumine
p-Glucitol, 1-deoxy-1-(methylamino)-,

1-Deoxy-1-(methylamino)-p-glucitol [6284-40-8] C.;H,;NO; (195.21).

Preparation—By treating glucose with hydrogen and methylamine
under pressure and in the presence of Raney nickel.

Description—White to faintly yellowish white, odorless crystals or
powder; melts about 130°,

Solubility—Freely soluble in water; sparingly soluble in alcohol.

Uses—In forming salts of certain pharmaceuticals, surface-active agents
and dyes. See Diatrizoate Meglumine Injections (page 1375), lodip-
amide Meglumine Injection (page 1368) and Iothalamate Meglu-
mine Injection (page 1378).

Light Mineral Oil

Light Liquid Petrolatum NF XII; Light Liquid Paraffin; Light White
Mineral Oil

A mixture of liquid hydrocarbons obtained from petroleum.
contain a suitable stabilizer. .

Description—Colorless, transparent, oily liquid, free, or nearly free,
from fluorescence; odorless and tasteless when cold, and develops not
more than a faint odor of petroleum when heated; specific gravity 0.818 to
0.880; kinematic viscosity not more than 33.5 centistokes at 40°.

Solubility—Insoluble in water or alcohol; miscible with most fixed oils,
but not with castor oil; soluble in volatile oils,

Uses—Officially recognized as avehicle. Once it was used widely asa
vehicle for nose and throat medications; such uses are now considered
dangerous because of the possibility of lipoid pneumonia. It sometimes
is used to cleanse dry and inflamed skin areas and to facilitate removal of
dermatological preparations from the skin. It should never be used for
internal administration because of “leakage.” See Mineral Oil (page
889).

It may
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Nitric Acid

Nitric acid [T697-37-2] HNO; (63.01); contains about 70%, by weight,
of HNO,.

Preparation—May be prepared by treatment of sodium nitrate (Chile
saltpeter) with sulfuric acid, but usually produced by catalytic oxidation of
ammonia.

Description—Highly corrosive fuming liquid; characteristic, highly
irritating odor; stains animal tissues yellow; boils about 120°; specific
gravity about 1.41.

Solubility—Miscible with water.

Uses—Pharmaceutic aid (acidifying agent).

Nitrogen

Nitrogen [7727-37-9] N; (28.01); contains not less than 99%, by vol-
ume, of N.

Preparation—By the fractional distillation of liquified air.

Uses—A diluent for medicinal gases. Pharmaceutically, is employed
to replace air in the containers of substances which would be affected
adversely by air oxidation. Examples include its use with fixed oils,
certain vitamin preparations and a variety of injectable products, It also
is used as a propellant.

Persic Oil—see RPS-18, page 1323.

Phenol
Carbolic Acid

CyHsOH

Phenol [108-95-2 ] CgH0 (94.11).

Preparation—For many years made only by distilling crude carbolic
acid from coal tar and separating and purifying the distillate by repeated
crystallizations, it now is prepared synthetically.

A more recent process uses chlorobenzene as the starting point in the
manufacture, The chlorobenzene is produced in a vapor phase reaction,
with benzene, HCl and oxygen over a copper catalyst, followed by hydroly-
sis with steam to yield HCl and phenol (which is recovered).

Description—Colorless to light pink, interlaced, or separate, needle-
shaped crystals, or a white or light pink, crystalline mass; characteristic
odor; when undiluted, it whitens and cauterizes the skin and mucous
membranes; when gently heated, phenol melts, forming a highly refractive
liguid; liquefied by the addition of 10% of water; vapor is flammable;
gradually darkens on exposure to light and air; specific gravity 1.07; boils
at 182% congeals not lower than 39°,

Solubility—1 g in 15 mL water; very soluble in alcohol, glycerin,
chloroform, ether or fixed and volatile oils; sparingly soluble in mineral oil.

Incompatibilities—Produces a liquid or soft mass when triturated
with camphor, menthol, acetanilid, acetophenetidin, aminopyrine,
antipyrine, ethyl aminobenzoate, methenamine, phenyl salicylate,
resorcinol, terpin hydrate, thymol and several other substances includ-
ing some alkaloids. It also softens cocoa bulter in suppository mix-
tures,

It is soluble in about 15 parts of water; stronger solutions may be
obtained by using as much glycerin as phenol. Only the erystallized form
is soluble in fixed oils and liquid petroleum, the liquefied form is not all
soluble due to its content of water.,  Albumin and gelatin are precipitated
byit. Colledion is coagulated by the precipitation of pyroxylin, Traces
of iron in various chemicals such as alum, borax, ete, may produce a
green color.

Uses—A caustic, disinfectant, topical anesthetic and pharmaceutical
necessity as a preservative for injections, etc. At one time widely used
as a germicide and still the standard against which other antiseptics are
compared, it has few legitimate uses in modern medicine. Nevertheless,
it is still used in several proprietary antiseptic mouthwashes, hemorrhoidal
preparations and burn remedies. In full strength, a few drops of the
liguefied form may be used to cauterize small wounds, dog bites, snake
bites, et¢. It commonly is employed as an antipruritic, either in the form
of phenolated calamine lotion (1%), phenol ointment (2%) or a simple
aqueous solution (0.5 to 1%). It has been used for sclerosing hemor-
rhoids, but more effective and safer drugs are available. A 5% solution in
glycerin is used in simple earache. Crude earbolic acid is an effective,

not Liquefied Phenol. Preparation: Melt phenol (a convenient quan-
tity) by placing the unstoppered container in a steam bath and applying
heat gradually. Transfer the liquid to a tared vessel, weigh, add 1 g of
purified water for each 9 g of phenol, and mix thoroughly. Description:
Colorless liquid, which may develop a red tint upon exposure to air and
light; characteristic, somewhat aromatic odor; when undiluted it cauter-
izes and whitens the skin and mucous membranes; specific gravity about
1.065; when it is subjected to distillation, the boiling temperature does not
rise above 182°, which is the boiling temperature of phenol; partially
solidifies at about 15°.  Solubility: Miscible with alcohol, ether or glyc-
erin; a mixture of liquefied phenol and an equal volume of glycerin is
miscible with water. Uses: A formulation which facilitates the dispens-
ing of concentrated phenol. Its therapeutic uses are described above
under Phenol. It is a pharmaceutical necessily for Phenolated Cala-
‘mine Lotion (page 872).

Phenyl Salicylate—see RPS-15, page 1269.

. Phosphoric Acid

Orthophosphoric Acid; Syrupy Phosphoric Acid; Concentrated
Phosphoric Acid

Phosphoric acid |7664-38-2] H;PO4 (98.00); contains 85 to 88%, by
weight, of H;PO,.

Preparation—Phosphorus is converted to phosphorus pentoxide
[P30;] by exposing it to a current of warm air, then the P,0; is treated with
water to form phosphoric acid. The conversion of the phosphorus to the
pentoxide takes place while the phosphorus, distilling from the phospho-
rus manufacturing operation, is in the vapor state.

Description—Colorless, odorless liquid of a syrupy consistency; spe-
cific gravity about 1.71.

Solubility—Miscible with water or alcohol, with the evolution of heat.

Uses—To make the diluted acid and as a weak acid in various pharma-
ceutical preparations. Industrially, it is used in dental cements and in
beverages as an acidulant.

Diluted Phosphoric Acid [Dilute Phosphoric Acid] contains, in each
100 mL, 9.5 to 10.5 g of HyPO, (98.00). Preparation: Mix phosphoric
acid (69 mL) and purified water (gs) to make 1000 mL. Description and
Solubility: Clear, colorless, odorless liquid; specific gravity about 1.057.
Misecible with water or alcohol. Uses: A pharmaceutical necessity.
It also has been employed in lead poisoning and in other conditions in
which it is desired to administer large amounts of phosphate and at the
same time produce a mild acidosis. It has been given in the dose of 60 mL
a day (5 mL/hour) under carefully controlled conditions.

Potassium Metaphosphate
Metaphosphoric acid (HPO;), potassium salt

Potassium metaphosphate | 7790-53-6] KPOy (118.07); a straight- chain
polyphosphate, having a high degree of polymerization; conlains the
equivalent of 59 to 61% of P205.

Preparation—By thermal dehydration of monopotassium phosphate
(KHzPOy).

Desecription—White, odorless powder.

Solubility—Insoluble in water; soluble in dilute solutions of sodium
salts.

Uses—Pharmaceutic aid (buffering agent).

Monobasic Potassium Phosphate

Phosphoric acid, monopotassium salt; Potassium Biphosphate;
Potassium Acid Phosphate; Potassium Dihydrogen Phosphate;
Sgrensen’s Potassium Phosphate

economical agent for disinfecting excrement. It is of some therapeutic

M ium phosphate [7778-77-0] KH,PO, (136.09).

value as a fungicide, but more effective and less toxic agents are available.
If aceidentally spilled, it should be removed promptly from the skin by
swabbing with alcohol.

Liquefied Phenol [Liquefied Carbolic Acid is phenol maintained in a
liquid condition by the presence of 10.0% of water. It contains not less
than 89.0%, by weight, of CgHgO. Note—When it is to be mized with a
Sired oil, mineral oil or white petrolatum, use the crystalline Phenol,

Preparation—H;P0, is reacted with an equimolar quantity of KOH and
the solution is evaporated to crystallization.

Description—Colorless crystals or a white, granular or crystalline
powder; odorless and stable in air; pH (1 in 100 solution) about 4.5.

Solubility—Freely soluble in water; practically insoluble in alcohol.

Uses—A component of various buffer solutions. Medicinally, it has
been used as a urinary acidifier.
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Pumice
Pumex

A substance of volcanic origin, consisting chiefly of complex silicates of
aluminum, potassium and sodium.

Description—Very light, hard rough, porous, grayish masses or a
gritty, grayish powder of several grades of fineness; odorless, tasteless and
stable in the air. b

Three powders are available:

Pumice Flour or Superfine Pumice—Not less than 97% passes through
aNo 200 standard mesh sieve.

Fine Pumice—Not less than 95% passes through a No 150 standard
mesh sieve, and not more than 75% passes through a No 200 standard
mesh sieve,

Coarse Pumice—Not less than 95% passes through a No 60 standard
mesh sieve, and not more than 5% passes through a No 200 standard mesh
sieve.

Solubility—Insoluble in water and is not attacked by acids or alkali
hydroxide solutions.

Uses—A filtering and distributing mediwm for pharmaceutical
preparations. Because of its grittiness the powdered form is used in
certain types of soaps and cleaning powders and also as a dental abra-
sive.

Pyroxylin
Cellulose, nitrate; Soluble Guncotton

Pyroxylin [9004-70-0]; a product obtained by the action of a mixture of
nitric and sulfuric acids on cotton, and consists chiefly of cellulose tetrani-
trate [(C2H sN4Og)a].

Note—The commercially available form is moistened with about
30% of alcohol or other suitable solvent. The alcohol or solvent must
be allowed to evaporate to yield the dried substance described in the
Pharmacopeia.

Preparation—Shdnbein, in 1846, found that nitric acid acts on cotton
and produces a soluble compound. It subsequently was proved that this
substance belongs to a series of closely related nitrates in which the nitric
acid radical replaces the hydroxyl of the cellulose formula. This usually
is indicated by taking the double empirical formula for cellulose C,;Hy50
and indicating replacement of four of the OH groups thus

C12H500,0 + 4HNO; — C,3H,404(NO3), + 4H,0
Cellulose Cellulose

Tetranitrate

The compound used in preparing collodion is a varying mixture of the
di-, tri-, tetra- and pentanitrates, but is mainly tetranitrate. = The hexani-
trate is the true explosive guncotton, and is insoluble in ether, alcohol,
acetone or water.

Description—Light yellow, matted mass of filaments, resembling raw
cotton in appearance, but harsh to the touch; exceedingly flammable
burning, when unconfined, very rapidly and with a luminous flame; when
kept in well-closed bottles and exposed to light, it is decomposed with the
evolution of nitrous vapors, leaving a carbonaceous residue.,

Solubility—Insoluble in water; dissolves slowly but completely in 25
parts of a mixture of 3 vglumes of ether and 1 volume of alcohol; soluble in
ac;zone or glacial acetic acid and precipitated from these solutions by
W, T,

71%”9_‘4. pharmaceutical necessity for Collodion (RPS-16, page

Rosin
Resina; Colophony; Georgia Pine Rosin; Yellow Pine Rosin

A solid resin obtained from Pinus palustris Miller, and from other
species of Pinus Linné (Fam Pinaceae)

Constituents—American rosin contains sylvic acid [CaH3002], -, B-
and y-abietic acids [CyHz0:), y-pinic acid (from which o- and B-pinic
acids are gradually formed) and resene. Some authorities also include
pimaric acid [CyHzo0z] s a constituent. French rosin is called gali-
pot.

Description—Sharply angular, translucent, amber-colored fragn
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Uses—A pharmaceutical necessily for Zinc-Eugenol Cement (see RPS-
18, page 1328). Formerly, and to some extent still, used as a component
of plasters, cerates and ointments, to which it adds adhesive qualities.

Purified Siliceous Earth

Purified Kieselguhr; Purified Infusorial Earth; Diatomaceous Earth;
Diatomite

A form of silica [Si0;] [7631-86-9] consisting of the frustules and
fragments of diatoms, purified by boiling with acid, washing and calcining.

Occurrence and Preparation—Large deposits of this substance are
found in Virginia, Maryland, Nevada, Oregon and California, usually in'the
form of masses of rocks, hundreds of feet in thickness. Under the micro-
scope it is seen to consist largely of the minute siliceous frustules of
diatoms. [t must be purified carefully in a manner similar to that directed
for Tale (page 1415), and thoroughly calcined, The latter treatment
destroys the bacteria which are present in large quantities in the native
earth.,

Description—Very fine, white, light-gray or pale-buff mixture of amor-
phous powder and lesser amounts of crystalline polymorphs, including
quartz and cristobalite; gritty, readily absorbs moisture and retains about
four times its weight of water without becoming fluid.

Solubility—Insoluble in water, acids or dilute solutions of alkali hydrox-
ides.

Uses—Introduced into the USP as a distributing and filtering medium
for aromatic waters; also suitable for filtration of elixirs. Like talc, it does
not absorb active constituents.

Sarsparilla—see RPS-18, page 1329.

Colloidal Silicon Dioxide

Silica [7631-86-9] Si0; (60.08); a submicroscopie fumed silica pre-
pared by the vapor-phase hydrolysis of a silicon compound.

Description—Light, white, nongritty powder of extremely fine particle
size (about 15 nm).

Solubility—Insoluble in water or acids (except hydrofluoric); dis-
solved by hot solutions of alkali hydroxides.

Uses—A tablet moisture adsorber, glidant and as a suspending and
thickening agent in pharmaceutical preparations.

Soda Lime
A mixture of calcium hydroxide and sodium or potassium hydroxide or
th.

It may contain an indicator that is inert toward anesthetic gases such as
ether, cyclopropane and nitrous oxide, and that changes color when the
soda lime no longer can absorb carbon dioxide.

Description—White or grayish white granules; if an indicator is added,
it may have a color; absorbs carbon dioxide and water on exposure to air.

Uses—Neither a therapeutic nor a pharmaceutical agent. It is a re-
agenl for the absorption of carbon dioride in anesthesia machines,
oxygen therapy and metabolic tests. Because of the importance of the
proper quality for these purposes it has been made official and standard-
ized.

Sodium Borate
Sodium Tetraborate; Sodium Pyroborate; Sodium Biborate

Borax [1303-96-4] Na,B,0,.10H,0 (381.37); anhydrous [1330-43-4]
NayB,0; (201.22). '

Preparati Found in immense quantities in California as a crystal-
line deposit. The earth, which is strongly impregnated with borax, is
lixiviated; the solution is evaporated and crystallized.

Calcium borate, or cotton balls, also occurs in the borax deposits of
California, and sodium borate is obtained from it by double decomposition
with sodium carbonate.

Description—Colorless, transparent crystals, or a white, crystalline
powder; odorless; the crystals often are coated with white powder due to
efflorescence; solution alkaline to litmus and phenolphthalein; pH about
9.5.

Solubility—1 g in 16 mL water, 1 mL glycerin or 1 mL boiling water;
insoluble in alcohol.

I patibilities—Precipitates many metals as insoluble borates.

frequently covered with a yellow dust; fracture brittle at ordinary tempera-
tures, shiny and shallow-conchoidal; odor and taste are slightly terebinthi-
nate; easily fusible and burns with a dense, yellowish smoke, specific
gravity 1.07 to 1.09.

Solubility—Insoluble in water; soluble in alcohol, ether, benzene, gla-
cial acetic acid, chloroform, carbon disulfide, dilute solutions of sodium
hydroxide and potassium hydroxide or some volatile and fixed oils.

In aqueous solution it is alkaline and precipitates alwminum salts as
aluminum hydroxide, iron salts as a basic borate and ferric hydroxide and
2in¢ sulfate as zinc borate and a basic salt. Alkaloids are precipitated
from solutions of their salts. Approximately equal weights of glycerin
and boricacid react to produce a decidedly acid derivative generally called
glyceroboric acid. Thus, the addition of glycerin to a mixture containing
it overcomes incompatibilities arising from an alkaline reaction.
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Uses—As a pharmaceutical necessity, it is used as an alkalizing agent
and as a buffer for alkaline solutions. Its alkalizing properties provide the
basis for its use in denture adhesives and its buffering action for its use in
eyewash formulations.

Sodium Carbonate

Carbonic acid, disodium salt, monohydrate; Monohydrated Sodium
Carbonate USP XVII

Disodium carbonate monohydrate [5968-11-6] Na,CO4.H;0 (124.00);
anhydrous [497-19-8] (105.99).

Preparation—The initial process for its manufacture was devised by
Leblanc, a French apothecary, in 1784, and consists of two steps:  first,
the conversion of common salt [NaCl] into sodium sulfate by heating it
with sulfuric acid and, second, the decomposition of the sulfate by calcium
carbonate (limestone) and charcoal (coal) at a high temperature to yield
this salt and calcium sulfide. The carbonate then is leached out with
water.

It currently is prepared by the electrolysis of sodium chloride, whereby
sodium and chlorine are produced, the former reacting with water to
produce sodium hydroxide and this solution treated with carbon dioxide to
produce the salt. The process is used most extensively in localities where
electric power is very cheap.

The monohydrated form is made by crystallizing a concentrated solution
of this salt at a temperature above 35° (95°F), and stirring the liquid so as
to produce small erystals. [t contains about 15% of water of crystalliza-
tion.

Sora ash is a term designating a commercial quality of the anhydrous
salt. Its annual production is very large, and it has a wide variety of
applications, among which are the manufacture of glass, soap and sodium
salts; it also is used for washing fabrics.

Washing soda, or sal soda, is the salt with 10 molecules of water.
in the form of colorless erystals which rapidly effloresce in the air.

Description—Colorless crystals or a white, crystalline powder; stable
in air under ordinary conditions; when exposed to dry air above 50° it
effloresces, and at 100° becomes anhydrous; decomposed by weak acids
forming the salt of the acid and liberating carbon dioxide; aqueous solu-
tion alkaline to indicators (pH about 11.5).

Solubility—1 gin 3 mL water or 1.8 mL boiling water; insoluble in alcohol.

Incompatibilities—Acids, acid salts and acidic preparations cause
its decomposition. Most metals are precipitated as carbonates, hydrox-
ides orbasicsalts. Alkaloids are precipitated from solutions of their salts.

Uses—Occasionally, for dermatitides topically as a lotion; it has been
used as a mouthwash and a vaginal douche. It is used in the preparation
of the sodium salts of many acids. The USP recognizes it as a pharmaceu-
tic aid used as an alkalizing agent.

Itis

Sodium Hydroxide
Caustic Soda, Soda Lye

Sodium hydroxide [1310-73-2] NaOH (40.00); includes not more than
3% of NasCO,4 (105.99).

Cawtion—Erercise great care in handling it, as it rapidly destroys
tissues.

Preparation—By treating sodium carbonate with milk of lime, or by
the electrolysis of a solution of sodium chloride as explained under Potas-
sium Hydrozide (page 877). It now is produced largely by the latter
process, See also Sodium Carbonate, above,

Description—White, or nearly white, fused masses, small pellets, flakes,
sticks and other forms; hard and brittle and shows a crystalline fracture;
exposed to the air, it rapidly absorbs carbon dioxide and moisture; melts at
about 318°; specific gravity 2.13; when dissolved in water or alcohol, or
when its solution is treated with an acid, much heat is generated; aqueous
solutions, even when highly diluted, are strongly alkaline.

Solubility—1 gin 1 mL water; freely soluble in alcohol or glycerin.

Incompatibilities—Exposed to air, it absorbs carbon dioxide and is
converted to sodium carbonate. 'With fia¢s and falty acids it forms soluble
soaps; with resins it forms insoluble soaps. See Potassium Hydroxide
(page 877).

Uses—Too alkaline to be of medicinal value but occasionally used in
veterinary practice as a caustic. It is used extensively in pharmaceutical
processes as an alkalizing agent and is generally preferred to potassium
hydroxide because it is less deliquescent, and less expensive; in addition,
less of it is required since 40 parts of it are equivalent to 56 parts of KOH.
It is a pharmaceutical necessity in the preparation of Glycerin Supposito-
ries (see RPS-18, page 785).

Sodium Stearate
Octadecanoic acid, sodium salt

Sodium stearate [822-16-2] C,sH3sNaO; (306.47) consists chiefly of
sodium stearate and sodium palmitate [C,sHg,NaO, = 278.41).

Preparation—Stearic acid is reacted with an equimolar portion of
NaOH.

Description—Fine, white powder, soapy to the touch; usually has a
slight, tallow-like odor; affected by light; solutions are alkaline to phe-
nolphthalein TS.

Solubility—Slowly soluble in cold water or cold alcohol; readily soluble
in hot water or hot alcohol.

Uses—Officially, a pharmaceutic aid used as an emulsifying and stiffen-
ing agent. [t is an ingredient of glycerin suppositories. In dermatologi-
cal practice it has been used topically in sycosis and other skin diseases.

Starch
Corn Starch; Wheat Starch; Potato Starch

Starch [9005-25-8]; consists of the granules separated from the mature
grain of corn [Zea mays Linné (Fam Gramineae)] or of wheat [Triticum
aestivum Linné] (Fam Gramineae), or from tubers of the potato [Sola-
num tuberosum Linné (Fam Solanaceae)).

Preparation—In making starch from corn, the germ is separated me-
chanically and the cells softened to permit escape of the starch granules.
This generally is done by permitting it to become sour and decomposed,
stopping the fermentation before the starch is affected. On the small
scale, it may be made from wheat flour by making a stiff bail of dough and
kneading it while a small stream of water trickles uponit. Itis carried off
with the water, while the gluten remains as a soft, elastic mass; the latter
may be purified and used for various purposes to which gluten is applicable.
Commercially, its quality largely depends on the purity of the water used in
its manufacture. It may be made from potatoes by first grating them, and
then washing the soft mass upon a sieve, which separates the cellular
substances and permits the starch granules to be carried through. [t then
must be washed thoroughly by decantation, and the quality of this starch
also depends largely on the purity of the water that is used in washing it.

Description—Irregular, angular, white masses or fine powder; odor-
less; slight, characteristic taste. Corn starch: Polygonal, rounded or
spheroidal granules up to about 35 pm in diameter which usually have a
circular or several-rayed central cleft. Wheat starch: Simple lenticular
granules 20 to 50 pm in diameter and spherical granules 5 to 10 pm in
diameter; striations faintly marked and concentric. Potato starch:
Simple granules, irregularly ovoid or spherical, 30 to 100 wm in diameter,
and subspherical granules 10 to 35 pm in diameter; striations well-marked
and concentric.

Solubility—Insoluble in cold water or alcohol; when it is boiled with
about 20 times its weight of hot water for a few minutes and then cooled, a
translucent, whitish jelly results; aqueous suspension neutral to litmus.

Uses—Has absorbent and demuleent properties. It is used as a dust-

ing powder and in various dermatological preparations; also as a pharma-
ceutic aid (filler, binder and disintegrant). Note—Stnrches obtained
from different botanical sources may not have identical properties
with respect Lo their use for specific pharmaceutical purposes, eg, as a
tablet-disintegrating agent. Therefore, types should not be inter-
changed unless performance equivalency has been ascertained.

Under the title Pregelatinized Starch the NF recognizes starch that has
been processed chemically or mechanically to rupture all or part of the
granules in the presence of water, and subsequently dried. Some types
may be modified to render them compressible and flowable.

Storax
Liquid Storax; Styrax; Sweet Gum; Prepared Storax

A balsam obtained from the trunk of Liquidambar ovientalis Miller,
known in commerce as Levant Storax, or of Liquidambar styraciflua
Linné, known in commerce as American Storax (Fam Hamamelidaceae).

Constituents—The following occur in both varieties: styracin (cin-
namyl cinnamate), styrol (phenylethylene, CgHg), o- and B-storesin
(the cinnamic acid ester of an alcohol called storesinol), phenylpropyl
cinnamate, free cinnamic acid and vanillin. In addition to these,
Levant storax contains ethyl cinnamate, benzyl cinnamate, free stores-
inol, isocinnamic acid, ethylvanillin, styrogenin and styrocamphene.
This variety yields from 0.5 to 1% of volatile oil; from this have been
isolated styrocamphene, vaniilin, the cinnamic acid esters of ethyl,
phenylpropyl, benzyl and cinnamyl alcohols, naphthalene and styrol.

The American variety contains, in addition to the aforementioned sub-
stances commeon to both varieties, styaresin (the cinnamic acid ester of
the alcohol styresinol, an isomer of storesinol) and styresinolic acid. It
yields up to 7% of a dextrorotatory volatile oil, the composition of which
has not been investigated completely; styrol and traces of vanillin have
been isolated from it.

Description—Semiliquid, grayish to grayish brown, sticky, opague
mass, depositing on standing a heavy dark brown layer (Levant storax); or
a semisolid, sometimes a solid mass, softened by gently warming (Ameri-
can storax); transparent in thin layers; characteristic odor and taste; more
dense than water,
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Solubility—Insoluble in water, but soluble, usually incompletely, in an
equal weight of warm alcohol; soluble in acetone, carbon disulfide or ether,
some insoluble residue usually remaining.

Uses—An expectorant but is used chiefly as a local remedy, especially
in combination with benzoin; eg, it is an ingredient of Compound Benzoin
Tincture (page 869). It may be used, like benzoin, to protect fatty
substances from rancidity.

Spcrose Octaacetate

a-D-Glucopyranoside, 1,3,4,6-tetra-O-acetyl-B-p-fructofuranosyl-,
tetraacetate

CHaORc
0, AcOCH; O

Aci
AcD o CH 08¢
Oac Ode
0

(A & CHyC—)

Sucrose octaacetate [126-14-7] CagHggO1q (678.60).

Preparation—Sucrose is subjected to exhaustive acetylation by reac-
tion with acetic anhydride in the presence of a suitable condensing agent
such as pyridine.

Description—White, practically odorless powder; intensely bitter taste;
hygroscopic; melts not lower than 78°.

Solubility—1 g in 1100 mL water, 11 mL alcohol, 0.3 mL acetone or
0.6 mL benzene; very soluble in methanol or chloroform; soluble in ether.

Uses—A denaturant for alcohol.

Sulfurated Potash

Thiosulfuric acid, dipotassium salt, mixt. with potassium sulfide
(K2(S.)); Liver of Sulfur ;

Dipotassium thiosulfate mixture with potassium sulfide (K;S,) [39365-
88-3]; a mixture composed chiefly of potassium polysulfides and potas-
sium thiosulfate. It contains not less than 12.8% of S (sulfur) in combina-
tion as sulfide.

Preparation—By thoroughly mixing 1 part of sublimed sulfur with 2
parts of potassium carbonate and gradually heating the mixture in a
covered iron crucible until the mass ceases to swell and is melted
completely. It then is poured on a stone or glass slab and, when cold,
broken into pieces and preserved in tightly closed bottles. When the heat
is regulated properly during its production, the reaction is represented
approximately by

3K,CO; + 85 — 2K,S; + Ko8,0, + 3C0,

As this product rapidly deteriorates on exposure to moisture, oxygen
and carbon dioxide, it is important that it be prepared recently to produce
satisfactory preparations.

Description—Irregular pieces, liver-brown when freshly prepared,
changing to a greenish yellow; decomposes upon exposure to air; an odor
of hydrogen sulfide and a bitter, acrid, alkaline taste; even weak acids
cause the liberation of H,S from sulfurated potash; 1 in 10 solution light
brown in color and alkaline to litmus. 1

Solubility—1 ¢ in about 2 mL water, usually leaving a slight residue;
alcohol dissolves only the sulfides.

Uses—Extensively in dermatological practice, especially in the official
White Lotion or Lotio Alba (page 873). Itis used as an opacifier.

The equation for the reaction of the potassium trisulfide in preparing the
lotion is ;

ZnSOy + KyS; — ZnS + 25 + K,S0,

Talc
Talcum; Purified Talc; French Chalk: Soapstone; Steatite

A native, hydrous magnesium silicate, sometimes containing a small
proportion of aluminum silicate. 2

Occurrence and Preparation—The native form, called soapstone or
French chalk, is found in various parts of the world.  An excellent quality
is obtained from deposits in North Carolina. Deposits of a high grade,
conforming to the USP requirements, also are found in Manchuria. The
native form usually is accompanied by variable amounts of mineral
substances. These are separated from it by mechanical means, such as
flotation or elutriation. It then is powdered finely, treated with boiling
dilute HC, washed well and dried.

Description—Very fine, white, or grayish white crystalline powder;
unctuous to the touch, adhering readily to the skin, and free from gritti-
ness.

PHARMACEUTICAL NECESSITIES 1415

Uses—Officially, as a dusting powder and pharmaceutic aid; in both
categories it has many specific uses. Its medicinal use as a dusting
powder depends on its desiccant and lubricant effects. When perfumed,
and sometimes medicated, it is used extensively for toilet purposes under
the name talcum poteder; for such use it should be in the form of an
impalpable powder. When used as a filtration medium for clarifying
liquids a coarser powder is preferred to minimize passage through the
pores of the filter paper; for this purpose it may be used for all classes of
preparations with no danger of adsorption or retention of active principles.
It is used as a lubricant in the manufacture of tablets, and as a dusting
powder when making handmade suppositories. Although it is used as a
lubricant for putting on and removing rubber gloves, it should not be used
on surgical gloves because even small amounts deposited in organs or
healing wounds may cause granuloma formation.

Tartaric Acid
Butanedioic acid, [R-(R*.R*)] 2,3-dihydroxy-,

COOH
:
H—C—0H

H
HO—C—H
H
!

COOH

1-(+)-Tartaric acid (87-69-4] C,Hy04 (150.09).

Preparation—From argol, the crude cream of tartar (potassium bitar-
trate) deposited on the sides of wine casks during the fermentation of
grapes, by conversion to caleium tartrate which is hydrolyzed to tartaric
acid and calcium sulfate.

Description—Large, colorless or translucent crystals, or a white granu-
lar to fine crystalline powder; odorless; acid taste; stable in the air; solu-
tions acid to litmus; dextrorotatory.

Solubility—1 g in 0.8 mL water, 0.5 mL boiling water, 3 mL aleohol or
250 mL ether; freely soluble in methanol.

Uses—Chiefly, as the acid ingredient of preparations in which it is
neutralized by a bicarbonate, as in effervescent salts, and the free acid is
completely absent or present only in small amounts in the finished produet.
It also is used as a buffering agent.

Trichloromonofiuoromethane
Methane, trichlorofluoro-,
CFCly

Trichlorofluoromethane [75-69-4] CCLyF (137.37).

Preparation—Carbon tetrachloride is reacted with antimony trifluo-
ride in the presence of a small quantity of antimony pentachloride. The
reaction produces a mixture of CClyF and CCl;F; which is readily sepa-
rable by fractional distillation.

Description—Clear, colorless gas; faint, ethereal odor; vapor pressure
at 25° is about 796 torr; boils about 24°.

Solubility—Practically insoluble in water; soluble in aleohol, ether or
otheér brganic solvents.

Uses—A propellant (No 11, see page 1696).

Tyloxapol

Phenol, 4-(1,1,3,3-tetramethylbutyl)-, polymer with formaldehyde
and oxirane; (Various Mfrs)

oR OR OoR
ORIOKIC©
CaHiy CeHiz Fy CeHiy

[R is CHZCHZ0 (CHyCHZOM, CHZCHROH;
m is 616 B; n is not more than 5]

p-(1,1,3,3-Tetramethylbutyl)phenol polymer with ethylene oxide and
formaldehyde [25301-02-4].

Preparation—p-(1,1,3,3-Tetramethylbutyl)phenol and formaldehyde
are condensed by heating in the presence of an acidic catalyst and the
polymeric phenol thus obtained is reacted with ethylene oxide at elevated
temperature under pressure in the presence of NaOH. USPat. 2,454,541

Description—Amber, viscous liquid; may show a slight turbidity; slight
aromatic odor; specific gravity about 1.072; stable at sterilization tempera-
ture and in the presence of acids, bases and salts; oxidized by metals; pH
(5% aqueous solution) 4to 7.
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Fig1. Theeye:

more effective as a stabilizing factor is the intraocular pres-
sure, which is in excess of the pressure prevailing in the
surrounding tissues. This intraocular pressure is the result
of a steady production of specific fluid, the agueous humor,
which originates from the ciliary processes and leaves the eye
by an intricate system of outflow channels. The resistance
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Fig2. Nasolacrimal duct.!

encountered during this passage and the rate of aqueous
production are the principal factors determining the level of
the intraocular pressure. In addition to this hydromechani-
cal function, the aqueous humor acts as a carrier of nutrients,
substrates and metabolites for the avascular tissues of the eye.

The bones of the skull join to form an approximately pyra-
mid-shaped housing for the eyeball, called the orbit.

Conjunctiva—The conjunctival membrane covers the
outer surface of the white portion of the eye and the inner
aspect of the eyelids. In most places it is attached loosely
and thereby permits free movement of the eyeball. This
makes possible subconjunctival injections. Except for the
cornea the conjunctiva is the most exposed portion of the eye.

Lacrimal System—The conjunctival and corneal surfaces
are covered and lubricated by a film of fluid secreted by the
conjunctival and lacrimal glands. The secretion of the laeri-
mal gland, the tears, is delivered through a number of fine
ducts into the conjunctival fornix. The secretion is a clear,
watery fluid containing numerous salts, glucose, other organic
compounds, approximately 0.7% protein and the enzyme,
lysozyme. Small accessory lacrimal glands are situated in
the conjunctival fornices. Their secretion suffices for lubrica-
tion and cleansing under ordinary conditions and for maintain-
ing a thin fluid film covering the cornea and conjunctiva (the
precorneal film). The mucin-protein layer of the film is espe-
cially important in maintaining the stability of the film. The
main lacrimal gland is called into play only on special
occasions. The sebaceous glands of the eyelids secrete an
oily fluid which helps to prevent overflowing of tears at the lid
margin and reduces evaporation from the exposed surfaces of
the eye by spreading over the tear film.

Spontaneous blinking replenishes the fluid film by pushmg a
thin layer of fluid ahead of the lid margins as they come
together. The excess fluid is directed into the lacrimal
lake—a small triangular area lying in the angle bound by the
innermost portions of the lids. The skin of the eyelids is the
thinnest in the body and folds easily, thus permitting rapid
opening and closing of the palpebral fissures. The move-
ment of the eyelids includes a narrowing of the palpebral
fissures in a zipper-like action from the lateral canthus toward
the medial canthus (canthi: the corners where the eyelids
meet). This aids the transport or movement of fluid towa.td
the lacrimal lake.

Tears are drained from the lacrimal lake by two mnall
tubes—ithe lacrimal canaliculi—which lead into the upper
part of the nasolacrimal duct, the roomy beginning of which is
called the lacrimal sac. The drainage of tears into the nose
does not depend merely on gravity. Fluid enters and passes
along the lacrimal canaliculi by capillary attraction aided by
aspiration caused by contraction of muscle embedded in the
eyelids. 'When the lids close, as in blinking, contraction of
the muscle causes dilatation of the upper part of the lacrimal
sac and compression of its lower portion. Tears are thus
aspirated into the sac, and any which have collected in its
lower part are forced down the nasolacrimal duct toward its
opening into the nose.  As the lids open, the muscle relaxes.
The upper part of the sac then collapses and forces fluid into
the lower part, which at the same time is released from
compression. Thus, the act of blinking exerts a suction-force-
pump action in removing tears from the lacrimal lake and
emptying them into the nasal cavity. Lacrimation is induced
reflexly by stimulation of nerve endings of the cornea or
conjunctiva. The reflex is abolished by anesthetization of the
surface of the eye and by disorders affecting its nerve compo-
nents.

The normal cul-de-sac usually is free of pathogenic organ-
isms and often found sterile. The sterility may be due partly
to the action of lysozyme in the tears, which normally destroys
saprophytic organisms but has little action against pathogens.
More effective in producing sterility may be the fact that the
secretions, which are normally sterile as they leave the glands,
constantly wash the bacteria, dust, etc, down in the nose. | In
certain diseases the lacrimal g].and hke other glandular struc-
tures in the body, undergoes involution, with the result that
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the lacrimal fluid becomes scanty. Furthermore, changes in
the conjunctival glands may lead to alteration in the character
of the secretion so that quality as well as quantity of tears may
be abnormal. This may lead to symptoms of dryness, burn-
ing and general discomfort, and may interfere with visual
acuity.

Precorneal Film—The cornea must be wet to be an opti-
cally adequate surface; when dry, it loses both its regular gloss
and its transparency. The precorneal film, part of the tear
fluid, provides this important moist surface. Its character
depends on the condition of the corneal epithelium. The
film, compatible with both aqueous and lipid ophthalmic prepa-
rations, is composed of a thin outer lipid layer, a thicker
middle aqueous layer and a thin inner mucoid layer. It is
renewed during each blink and when blinking is suppressed,
either by drugs or by mechanical means, it dries in patches.
It seems to be unaffected by the addition of concentrations of
up to 2% sodium chloride to conjunctival fluid. A pH below 4
or above 9 causes derangement of the film. The film affects
the movement of contact lenses and forms more easily on
glass than on plastic prostheses.

Cornea—The cornea, from 0.5 to 1 mm thick, consists
mainly of the following structures (from the front backwards):

1. Corneal epithelium.
2. Substantia propria (stroma).
3. Corneal endothelium.

The cornea is transparent to ordinary diffuse light, largely
because of a special laminar arrangement of the cells and
fibers and because of the absence of blood vessels.
Cloudiness of the cornea may be due to any one of several
factors including excess pressure in the eyeball as in glau-
coma; scar tissue due to injury, infection or deficiency of
oxygen or excess hydration such as may occur during the
wearing of improperly fitted contact lenses. A wound of the
cornea usually heals as an opaque patch which can be a
permanent impairment of vision unless it is located in the
periphery of the cornea.

The chief refraction of light for the eye occurs at the outer
surface of the cornea where the index of refraction changes
from that of air (1.00) to that of precorneal substance (1.38).
Any alteration in its shape or transparency interferes with the
formation of a clear image; therefore, any pathological pro-
cess, however slight, may interfere seriously with the resolv-
ing power or visual acuity of the eye.

The normal cornea possesses no blood vessels except at the
corneoscleral junction. The cornea, therefore, must derive
its nutrition by diffusion and must have certain permeability
characteristics; it also receives nourishment from the fluid
circulating through the chambers of the eye and from the air.
The fact that the normal cornea is devoid of blood vessels is an
important feature in surgical grafting. The corneal nerves da
not supply all forms of sensation to the cornea. Pain and
coldarewell supplied. The pain fibers have a very low thresh-
old, which makes the cornea one of the most sensitive areas on
the surface of the body. It now is agreed generally that the
cornea possesses a true sense of touch; nerve endings supply-
ing the sensation of heat are lacking.

The corneal epithelium provides an efficient barrier against
bacterial invasion. Unless its continuity has been broken by
an abrasion (a traumatic opening or defect in the epithelium)
pathogenic bacteria, as a rule, cannot gain a foothold.
Trauma, therefore, plays an important part in most of the
infectious diseases of the cornea which occur exogenously.
Any foreign body that either scratches the cornea or lodges
and becomes imbedded in the cornea is of serious moment
because of the role it may play in permitting pathogenic
bacteria to gain a foothold.

A means of detecting abrasions on the corneal surface is
afforded by staining the cornea with sodium fluorescein. If
there is an abrasion on the epithelium, the underlying layer
stains a brilliant green, so that even pinpoint abrasions show
up quite clearly. Abrasion may occur during tonometry, that
s, during the measurement of ocular tension (pressure) witha
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tonometer. Care must be used in applying the device to the
cornea to avoid abrasion of the cornea. Corneal abrasions
sometimes result from wearing contact lenses. Every cor-
neal abrasion is subject to infection.

Bioavailability

Physical Consideration—Under normal conditions the
human tear volume averages about 7 pL.2 The estimated
maximum volume of the cul-de-sac is about 30 wL with drain-
age capacity far exceeding lacrimation rate. The outflow
capacity accommodates the sudden large volume resulting
from the instillation of an eyedrop. Most commercial eye-
drops range from 50 to 75 wL in volume, however, much in
excess of 50 wL probably is unable to enter the cul-de-sac.

Within the rabbit cul-de-sac, the drainage rate has been
shown to be proportional to the instilled drop volume.
Multiple drops administered at intervals produced higher drug
concentrations. Ideally, a high concentration of drug in a
minimum drop volume is desirable. Patton® has shown that
approximately equal tear-film concentrations result from the
instillation of 5 pL of 1.61 x 10~2 M pilocarpine nitrate or
from 25 pLof 1.0 X 1072 M solution. The 5 L contains only
38% as much pilocarpine, yet its bioavailability is greater due
to decreased drainage loss.’

There is a practical limit or limits to the concept of mini-
mum dosage volume. There is a difficulty in designing and
producing a dropper configuration which will deliver small
volumes reproducibly.  Also, the patient often cannot detect
the administration of such a small volume. This sensation or
lack of sensation is particularly apparent at the 5.0-7.5-uL
dose-volume range.

The concept of dosage-volume drainage and cul-de-sac ca-
pacity directly effects the prescribing and administering of
separate ophthalmic preparations. The first drug adminis-
tered may be diluted significantly by the administration of the
second. On this basis combination drug products for use in
ophthalmology have considerable merit.

Corneal Absorption: Drugs administered by instilla-
tion must penetrate the eye and do so primarily through the
cornea. Corneal absorption is much more effective than
scleral or conjunctival absorption where removal by blood
vessels into the general circulation ocecurs.

Many ophthalmic drugs are weak bases and are applied to
the eye as aqueous solutions of their salts. The free base and
the salt will be in an equilibrium which will depend on the pH
and on the individual characteristics of the drug molecule.
To aid in maintaining storage stability and solubility, the medi-
cation may be acidic at the moment of instillation but, usually,
the neutralizing action of the lacrimal fluid will convert it
rapidly to the physiological pH range (approximately pH 7.4),
at which there will be enough free base present to begin
penetration of the corneal epithelium. Once inside the epi-
thelium the undissociated free base dissociates immediately
to a degree. The dissociated moiety then will tend to pen-
etrate the stroma because it is water-soluble. At the junction
of the stroma and endothelium the same process that took
place at the outer surface of the epithelium must occur again.
Finally, the dissociated drug leaves the endothelium for the
aqueous humor. Here it can readily diffuse to the iris and the
ciliary body, the site of its pharmacological action.

The cornea can be penetrated by ions to a small, but measur-
able, degree. Under comparable conditions, the permeabili-
ties are similar for all ions of small molecular weight, which
suggests that the passage is through extracellular spaces.
The diameter of the largest particles which can pass across the
cellular layers seems to be in the range 10-25A.  Aninstilled
drug is subject to protein binding in the tear fluid and meta-
bolic degradation by enzymes such as lysozyme, in addition to
the losses by simple overflow and lacrimal drainage.

Since the cornea is a membrane including both hydrophilic
and lipophilic layers, most effective penetration is obtained
with drugs having both lipid and hydrophilic properties.
Highly water soluble drugs penetrate less readily. As an
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example highly water soluble steroid phosphate esters pen-
etrate the cornea poorly. Better penetration is achieved with
the poorly soluble but more lipophilic steroid alcohol; still
greater absorption is seen with the steroid acetate form.

In 1976 Lee and Robinson? and in 1990, Lee® presented a
summary of the factors controlling precorneal pilocarpine
disposition and pilocarpine bioavailability in the rabbit eye.
Combining experimental work and computer simulation the
investigators discussed the mechanisms competing with cor-
neal absorption of pilocarpine. Included were solution drain-
age, drug-induced vasodilation, nonconjunctival loss includ-
ing uptake by the nictitating membrane, conjunctival
absorption, induced lacrimation and normal tear turnover.
Subject to experimental conditions the relative effectiveness
of the factors involved in precorneal drug removal are drain-
age = vasodilation > nonconjunctival loss > induced lacri-
mation = conjunctival absorption > normal tear turnover.

The authors discuss the implications of the mechanisms of
precorneal drug loss in the design of ocular drug-delivery
systems including the effect of instilled drug volume on aque-
ous humor concentration and the amount of drug available for
systemic absorption. On an absolute basis a smaller volume
allows more drug to be absorbed. For a given instilled con-
centration the opposite is true; however, a smaller volume
instilled remains more efficient, ie, the fraction of dose ab-
sorbed is greater. Lang® discusses the transcorneal route of
absorption of a drug into the eye as that route most effective in
bringing a given drug to the anterior portion of the eye.
This route of absorption is enhanced by the water-lipid gradi-
ent found in the cornea. As previously mentioned, the cor-
neais composed of three general layers: the lipid-rich epithe-
lium, the lipid-poor stroma and the lipid-rich endothelium.
Differential studies on the relative lipid contents of these three
layers have shown that the corneal epithelium and the corneal
endothelium both contain approximately 100 times as much
lipid as the corneal stroma.  This, coupled with the physiologi-
cal pH of 7.2 + 0.2 and its effect on ionizable drug molecules
plays the most significant role in corneal penetration.

Ophthalmic ointments generally produce greater bioavail-
ability than the equivalent aqueous solution. Because of the
greater contact time drug levels are prolonged and total drug
absorption is increased.

Types of Ophthalmic Products

Administration—The instillation of eyedrops remains one
of the less precise, yet one of the more accepted means of
topical drug delivery. The method of administration is cum-
bersome at best, particularly for the elderly, patients with
poor vision who have difficulty seeing without eyeglasses and
patients with other physical handicaps. Perhaps, surpris-
ingly, the majority of patients become quite adept at routine
instillation.

The pharmacist should advise each patient to keep the
following points in mind to aid in the instillation of eyedrops
or ointments:

How to Use Eyedrops

1. Washhands.
2. With one hand, gently pull lower eyelid down.
3. [If dropper is separate, squeeze rubber bulb once while dropper is in
bottle to bring liquid into dropper.
4. Holding dropper above eye, drop medicine inside lower lid while
looking up; do not touch dropper to eye or fingers.
5. Releaselowerlid. Trytokeep eye openand not blink for at least 30
seconds.
6. [Ifdropper is separate, replace on bottle and tighten cap.
e [fdropper is separate, always hold it with tip down.
® Never touch dropper to any surface.
® Never rinse dropper.
® When dropper is at top of bottle, avoid contaminating cap when
removed.
® When dropper is a permanent fixture on the bottle, ie, when
supplied by a pharmaceutical manufacturer to the pharmacist, the same
rules apply to avoid contamination.

® Never use eye drops that have changed color.

e If you have more than one bottle of the same kind of drops, open
only one bottle at a time.

® If you are using more than one kind of drop at the same time, wait
several minutes before use of other drops.

® It may be helpful in use of the medicine to practice use by
positioning yourself in front of a mirror.

@ After instillation of drops, do not close eyes tightly and try not to
blink more often than usual, as this removes the medicine from the place
on the eye where it will be effective.

How to Use Ophthalmic Ointments

1. Wash hands.

2. Remove cap from tube.

3. With one hand, gently pull lower eyelid down.

4. While looking up, squeeze a small amount of ointment (about !; to
1% in) inside lower lid. Be careful not to touch tip of tube to eye, eyelid,

fingers, etc.
5. Close eye gently and roll eyeball in all directions while eye is closed.
Temporary blurring may occur.
6. The closed eyelid may be rubbed very gently by a finger to distribute
the drug throughout the fornix.
7. Replace cap on tube.
® Take care to avoid contaminating cap when removed.
® When opening ointment tube for the first time, squeeze out the
first 144" of ointment and discard as it may be too dry.
@ Never touch tip of tube to any surface.
@ If you have more than one tube of the same ointment, open only
one at a time.
@ If you are using more than one kind of ointment at the same time,
wait about 10 minutes before use of another ointment.
e Toimprove flow of ointment, hold tube in hand several minutesto
warm before use.
® [t may be helpful in use of the ointment to practice use by position-
ing yourself in front of a mirror.

Ophthalmic Selutions—This is by far the most common
means of administering a drug to the eye. The USP describes
59 ophthalmic solutions. By definition, all ingredients are
completely in solution, uniformity is not a problem and there
islittle physical interference with vision. The principal disad-
vantage of solutions is the relatively brief contact time be-
tween the medication and absorbing surfaces. Contact time
may be increased to some extent by the inclusion of a viscosity
increasing agent such as methylcellulose. Inclusions of this
sort are permitted by the USP. A viscosity in the range of 15
to 25 cpsis considered optimum for drug retention and visual
comfort.

Ophthalmic Suspensions—Suspensions are dispersions
of finely divided, relatively insoluble drug substances in an
aqueous vehicle containing suitable suspending and dispers-
ing agents. There are 29 listed in the USP. The vehicle is,
among other things, a saturated solution of the drug substance.
Because of a tendency of particles to be retained in‘the cul-de-
sae, the contact time and duration of action of a suspension
probably exceeds that of a solution. The drug is absorbed
from solution and the solution concentration is replenished
from retained particles. Each of these actions is a function
of particle size, with solubility rate being favored by smaller
size and retention favored by a larger size; thus, optimum
activity should result from an optimum particle size.

For aqueous suspensions the parameters of intrinsic solubil-
ity and dissolution rate must be considered. The intrinsic
solubility determines the amount of drug actually in solution
and available for immediate absorption upon instillation of the
dose. As the intrinsic solubility of the drug increases, the
concentration of the drug in the saturated solution surround-
ing the suspended drug particle also increases. For this rea-
son, any comparison of different drugs in suspension systems
should include their relative intrinsic solubilities. The ob-
served differences in their biological activities may be as-
cribed wholly or in part to the differences in this physical
parameter. As the drug penetrates the cornea and the initial
saturated solution becomes depleted, the particles must dis-
solve to provide a further supply of the drug. The require-
ment here is that the particles must undergo significant disso-
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lution within the residence time of the dose in the eye if any
benefit is to be gained from their presence in the dosing
system.

For a drug whose dissolution rate is rapid, the dissolution
requirement may present few problems, but for a slowly soluble
substance the dissolution rate becomes critical. If the disso-
lution rate is not sufficiently rapid to supply significant addi-
tional dissolved drug, there is the possibility that the slowly
soluble substance in suspension provides no more drug to the
aqueous humor than does a more dilute suspension or a
saturated solution of the substance in a similar vehicle.
Obviously, the particle size of the suspended drug affects the
surface area available for dissolution. ~Particle size also plays
an important part in the irritation potential of the dosing
system. This consideration is important, as irritation pro-
duces excessive tearing and rapid drainage of the instilled
dose. It has been recommended that particles be less than
10 pm in size to minimize irritation to the eye. It should be
kept in mind, however, that in any suspension system the
effects of prolonged storage and changes in storage tempera-
ture may cause the smallest particles to dissolve and the
largest particles to become larger. In summary, agqueous
suspensions should, in general, give a more extended effect
than aqueous solutions.

‘The pharmacist should be aware of two potential difficulties
inherent in suspension dosage forms. In the first instance
dosage uniformity nearly always requires brisk shaking to
distribute the suspended drug. Adequate shaking is a fune-
tion of the suitability of the suspension formulation but also,
and most importantly, patient compliance. Studies have dem-
onstrated that a significant number of patients may not shake
the container at all, others may contribute a few trivial shakes.
The pharmacist should stress the need of vigorous shaking
whenever an ophthalmic suspension is dispensed.

Asecond and infrequent characteristic of suspensions is the
phenomenon of polymorphism or the ability of a substance to
exist in several different crystalline forms. A change in crys-
tal structure may occur during storage resulting in an increase
(or decrease) in crystal size and alteration in the suspension
characteristics causing solubility changes reflected in in-
creased or decreased bioavailability.

The pharmacist should be aware of the procedures used by
pharmaceutical manufacturers in the preparation of commer-
cial sterile ophthalmic suspensions and ointments, when called
upon to compound such preprations extemporaneously.”

Ophthalmic Ointments—Despite disadvantages, ophthal-
mic ointments remain a popular and frequently prescribed
dosage form. There are 58 ophthalmic ointments listed in
the USP. Dosage variability probably is greater than with
solutions (although probably not with suspensions). Oint-
ments will interfere with vision unless use is limited to bedtime
instillation.

Ointments do offer the advantage of longer contact time and
greater total drug bioavailability, albeit with slower onset and
time to peak absorption. The relationship describing the
availability of finely divided solids dispersed in an ointment
base was given by Higuchi® where the amount of solid (drug)
released in unit time is a function of concentration, solubility
in the ointment base and diffusivity of the drug in the base.

Special precautions must be taken in the preparation of
ophthalmic ointments. They are manufactured from steril-
ized ingredients under rigidly aseptic conditions and meet the
requirements of the official sterility tests. Terminal steriliza-
tion of the finished ointment in tubes is accomplished occasion-
ally using a validated dose of gamma radiation. If the spe-
cificingredients used in the formulation do not lend themselves
to routine sterilization techniques, other ingredients that meet
the sterility requirements described under the official sterility
tests, along with aseptic manufacture, may be employed.
Ophthalmic ointments must contain a suitable substance or
mixture of substances to prevent growth of, or to destroy,
microorganisms introduced accidentally when the container
is opened during use. The antimicrobial agents currently
used are chlorobutanol, the parabens or one of the organic
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mercurials. The medicinal agent is added to the ointment
base either as a solution or as a micronized powder. The
finished ointment must be free from large particles. Most
ophthalmic ointments are prepared with a base of white petro-
latum and mineral oil, often with anhydrous lanolin. Some
contain a polyethylene-mineral oil gel. Whichever base is
selected, it must be nonirritating to the eye, permit diffusion of
the drug throughout the secretions bathing the eye and retain
the activity of the medicament for a reasonable period of time
under proper storage conditions.

It is obligatory that ophthalmic ointments not contain par-
ticulate matter that may be harmful to eye tissues. Hence, in
preparing such ointments special precautions must be taken
to exclude or to minimize contamination with foreign particu-
late matter, eg, metal particles fragmented from equipment
used in preparing ointments and also to reduce the particle
size of the active ingredient(s) to impalpability. The official
compendium provides tests designed to limit to a level consid-
ered to be unobjectionable the number and size of discrete
particles that may oceur in ophthalmic ointments. In these
tests the extruded contents of 10 tubes of ointment, previ-
ously melted in flat-bottom Petri dishes and then allowed to
solidify, are scanned under a low-power microscope fitted
with a micrometer eyepiece for metal particles 50 pm or
larger in any dimension. The requirements are met if the
total number of metal particles in all 10 tubes does not exceed
50 and if not more than one tube is found to contain eight such
particles.

Testing for sterility of products such as ophthalmic oint-
ments has been facilitated greatly by the use of sterile, bacteria-
retaining membranes (those having a nominal porosity of 0.45
or 0.22 pm are used commonly). For ointments soluble in
isopropyl myristate (the solvent used in the official test for
sterility) a sample of the ointment is dissolved in the sterile
test solvent. For ointments insoluble in isopropyl myristate
the sample is suspended in a suitable agueous vehicle that
may contain a dispersing agent and tested by the conventional
General Procedure (see the USP for details).

For along time the technology available for manufacture of
ophthalmic ointments was considered inadequate to produce
sterile products; indeed, it was believed by some to be impos-
sible to operate a tube-filling machine so as to maintain steril-
ity even in a sterile room. In recent years technological
advances have made it possible to manufacture sterile ophthal-
mic ointment units. Major improvements have been achieved
in the area of filtration technology. Membrane filters have
improved the reliability of both sterile filtration procedures
and sterility-testing methods. Use of laminar flow of HEPA-
filtered air in appropriately designed rooms and hoods has
been a major factor in the successful aseptic operation of the
roller mill and of devices for filling tubes with ointment.
While the ideal method of sterilization is one in which the
finished ointment is sterilized in its final container, at present
it does not appear feasible to do so by any method with the
possible exception of the use of ionizing radiation.

As previously noted, the official compendium directs that
ophthalmic ointments be prepared from previously sterilized
ingredients, under rigidly aseptic conditions. Thisisthe pro-
cedure followed in commercial manufacture as well as in
extemporaneous preparation of ophthalmic ointments. In
extemporaneous compounding the following information may
behelpful: petrolatum vehicles and many medicaments may
be sterilized by being heated in a hot air oven and utensils
required for compounding may be sterilized by autoclaving.
A sterile disposable syringe without a needle may be used to
transfer the finished ointment, if it is semifluid, to the prester-
ilized ointment tube, or sterile aluminum foil or powder paper
may be used for the same purpose. Probability of microbial
contamination may be reduced greatly by carrying out se-
lected steps of the procedure in a laminar-flow hood.

Ocular Inserts—The use of solid dosage forms in the eye
actually dates from the lamellae of the British Pharmacopeia
of the 1940s. These drug-impregnated wafers were de-
signed to dissolve on insertion beneath the eyelid. Other
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slowly soluble or erodible matrices were investigated from
time to time. Each is characterized by a form of enhanced-
pulse drug activity. That is, the bioavailability curve of the
drug instilled in aqueous solutions was greatly enhanced both
in peak absorption and in duration. - Drug side effects were
enhanced concomitantly as well.

More recently, ocular inserts have been developed in which
the drug is delivered based on diffusional mechanisms. Such
adevice delivers an ophthalmic drug at a constant known rate,
minimizing side effects by avoiding excessive absorption
peaks. The delivery of pilocarpine by such a device is a
well-known commercial product (Ocusert, Alza).

Ocular inserts are plagued with some of the same manipula-
tive disadvantages as conventional eyedrops. Theinsert must
be placed in the eye in a manner similar to the insertion of a
contact lens. Additionally, the insert, exhausted of its drug
content, must be removed from the eye. Such manipulations
can be difficult for the elderly patient. Nonetheless, such
therapeutic inserts represent a notable scientific contribution
to ophthalmic therapy.

Intraocular Solutions—Ophthalmic solutions intended
for intraocular use are relatively recent additions to the arma-
mentarium of the ophthalmologist-surgeon. Surgical proce-
dures such as cataract removal require two types of intraocu-
lar solutions. During surgery the operating site is rinsed
frequently with an irrigating solution. Late in the surgical
procedure the surgeon may choose to constrict the iris by the
use of a miotic solution such as carbachol or acetylcholine
chloride. Drugs such as the latter usually are used in a unit-
dose, minimum-volume form. Irrigating solutions, in con-
trast, may be used over a period of hours during surgery and
are available in volumes ranging from 15 to 500 mL.

The formulation of intraocular ophthalmic products presents
requirements that differ depending on the type of product.
Medicated solutions such as carbachol or acetylcholine are
formulated best in relatively simple isotonic vehicles.
Preservatives should not be used and buffers should be avoided
if possible. The product pH should be adjusted as close to
the physiological range as possible. Needless to say, the
product should be sterile and particle-free.

Intraocular irrigating solutions present a considerable for-
mulation challenge distinct from the active ingredient solu-
tions described above. Intraocular irrigating solutions are in
contact with the delicate internal structures of the eye through-
out the course of various surgeries, ie, for time periods mea-
sured in hours. The requirements of tonicity, pH, sterility
and clarity are obvious; additionally, however, such irrigating
solutions require a balanced ionic structure to prevent or
minimize deleterious effects on structures such as the corneal
endothelium. Edelhauser? has shown that isotonic sodium
chloride can be toxic to corneal epithelial, endothial, iris and
conjunctival cells. The same cells in contrast are unchanged
after exposure to Ringer's Solution containing glutathione,
bicarbonate and adenosine.

The question of particulate matter in intraocular irrigating
solutions is particularly important. In view of the volumes
used for irrigations in the surgically opened eye, any particu-
lates could physically block the trabecular meshwork and
canals of Schlemm. The latter are vital in the outflow of
aqueous humor and help maintain proper intraocular pres-
sure in the intact eye.

Other Modes of Administration

Packs—These sometimes are used to give prolonged con-
tact of the solution with the eye. A cotton pledget is satu-
rated with an ophthalmic solution and this pledget is inserted
into the superior or inferior fornix. Packs may be used to
produce maximal mydriasis. Inthis case the cotton pledgets
can be, for example, saturated with phenylephrine solution.

Intracameral Injections—Injections may be made di-
rectly into the anterior chamber (eg, acetylcholine chloride,
alpha-chymotrypsin, carbamylcholine chloride, certain antibi-
otics and steroids) or directly into the vitreous chamber (eg,

amphotericin B, gentamicin sulfate and certain steroids).
Injections are not made into the posterior chamber.
Iontophoresis—This procedure keeps the solution in con-
tact with the cornea by means of an eyecup bearing an
electrode. Diffusion of the drug (eg, fluorescein sodium, an
antibiotic, etc) is effected by difference of electrical potential.
Subconjunctival Injections—Subconjunctival injections
(Fig 319) are used frequently to introduce medications which,
if applied topically, either do not penetrate into the anterior
segment or penetrate too slowly to attain the concentration
required. The drug is injected underneath the conjunctiva
and probably passes through the sclera and into the eye by
simple diffusion. The most common use of subconjunctival

injection is for the administration of antibiotics in infections of -

the anterior segment of the eye. Subconjunctival injections
of mydriatrics and cycloplegics also are used to achieve maxi-
mal pupillary dilation or relaxation of the ciliary muscle. If
the drug is injected underneath the conjunctiva and the under-
lying Tenon'’s capsule in the more posterior portion of the eye,
effects on the ciliary body, choroid and retina can be obtained.

Retrobulbar Injections—Drugs administered by retrobul-
bar injection (Fig 1) may enter the globe in essentially the
same manner as the medications given subconjunctivally.
The orbit is not well-vascularized and the possibility of signifi-
cant via-blood stream effects from these injections is very
remote. In general, such injections are given for the purpose
of getting medications (eg, antibiotics, local anesthetics, en-
zymes with local anesthetics, steroids, vasodilators, etc) into
the posterior segment of the globe and to affect the nerves and
other structures in that space.

Preparation

The preparation of ophthalmic solutions, suspensions or
ointments by the community pharmacist, or even the hospital
pharmacist, is becoming less common. The pharmacist may
be called upon to prepare a special concentration, particularly
of an antibiotic, in the hospital setting. However, the extem-
poraneous compounding of ophthalmic prescriptions is be-
coming rare. In those cases where the pharmacist is called
upon to compound an ophthalmic preparation extemporane-
ously, careful documentation, along with physician consulta-
tion, is required. Meticulous attention to detail and the use
of a detailed, preapproved preparation plan must be in place
prior to compounding.!! - In the view of many, the advan-
tages of commercial preparations such as stability, uniformity
and sterility outweigh possible disadvantages such as standard-
ization of dosage. A general discussion concerning the prepa-
ration of ophthalmic solutions is found in the USP.

Vehicles—Sterile isotonic solutions, properly preserved,
are suitable for preparing ophthalmic solutions (see Chapter
36). Inmost cases, where the concentration of active ingre-

Fig 3. Modes of local therapy in ocular inflammation: Oint-
ment: 1-5. Drops: 3-5. Parenteral Injections— subconjuncti-
val: 4-6;deep subtenons: 6-8;retrobulbar: 8.1°
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dient is low, ie, less than 2.5 to 3.0%, the drug can be dissolved
directly in the isotonic vehicle. The finished solutions will be
hypertonic somewhat but well within the comfort tolerance of
the eye,

Typical stock solutions are as follows:

Isotonic Sodiuwm Chloride Solution
Sodium Chloride USP, ...
Benzalkonium Chloride. ,
Sterile DistilledWater .........c.ccoooiiiiiiessiiiniioe. S

Boric Acid Solution

Bobio AR USE Hob oot anainbandna
Benzalkonium Chloride «rr. 1:10,000
Sterile Distilled Water ............ T 1L I N L L qs 100 mL

1.9g

Boric acid solution at pH 5 is an appropriate vehicle for the
following:

Cocaine Tetracaine
Neostigmine Zinc salts
Phenacaine Piperocaine
Procaine

Boric acid solution with an antioxidant is useful for oxygen
sensitive drugs such as epinephrine, phenylephrine or
physostigmine. The following solutions are suggested.
Phenylmercuric nitrate replaces benzalkonium chloride as the
preservative in the first solution.

BOHC AR S o i R L i Do i foin s s e 1.9g
Sodium Sulfite Anhydrous .................. A 0.1g
Phenylmercuric nitrate . .. 1:50,000
Sterile Purified Water......coo.voiiviiivnie. s 100 mL
Sodium Acid Phosphate (NaH,PO,) anhydrous . \

Disodium Phosphate (NazHPO,) anhydrous ....
Sodium Chloride .........cooiciiiiciiinsiniiin
Disodium Edetate.......
Benzalkonium Chloride. ..

Sterile Purifled Water........coveeieiiiiiiiminnioiuianssossd qs 100 mL

These vehicles are suitable for salts of

Atropine
Ephedrine

Sterilization Procedures—Those procedures suited best
for the extemporaneous preparation of ophthalmic solutions
are:

Homatropine
Pilocarpine.

1. Solutions in Final Container
a. Place the filtered solution in containers that have been washed
and rinsed with distilled water.
b. Seal dropper bottles with regular screw caps.
sembly should be stapled into a paper envelope.
c. Sterilize 20 minutes at 15 psi (121°).
d. Do not assemble until ready to use.
2: Dmpper Bottles
Wash container thoroughly and rinse with distilled water.
Loosen caps and place bottles in autoclave.
Autoclave 15 minutes at 15 psi (121°).
Partially cool autoclave,
Remove bottles from autoclave and secure caps.
Store sterilized bottles in a clean, dustproof cabinet.
3. Glassware and Equipment
a. Wrap adapters (containing filter), syringes, glassware, spatulas,
eie, in autoclave paper and secure with masking tape.
b. Place articles in autoclave and sterilize in the manner deseribed in
Section 2 above.
c. Store in separate cabinet until ready to use.
4. Microbiological Filtration
a. All equipment and glassware as well as stock solutions should be
sterile. The prescription should be dispensed in a sterile container.
b.  Unwrap sterile syringe and draw prepared solution into syringe.
¢. Unwrap sterile adapter containing bacterial filter and attach to
syringe. These are available as single-filiration, presterilized disposable
units and should be utilized whenever possible.
d. Force solution through filter directly into sterile container (drop-
per or plastic Drop-Tainer (Alcon) type).
€. By employing an automatic filling outfit, more than one container
of the same prescription can be prepared.
f. Cap container immediately.

The dropper as-

meopoe
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The procedures outlined above should be carried out in a
clean area equipped with ultraviolet lighting and preferably in
a laminar-flow hood.

Laminar-Flow Principles—A laminar-flow work area is a
particularly convenient means of preparing sterile, particulate-
free solutions. Laminar flow is defined as air flow in which
the total body of air moves with uniform velocity along parallel
lines with a minimum of eddies. Laminar flow minimizes the
possibility of airborne microbial contamination by providing
air free of viable particles and free of practically all inert
particulates. Laminar-flow units are available in a variety of
shapes and sizes and in two broad categories, horizontal and
vertical laminar flow. It should be noted that laminar flow
per seiis not a guarantee of sterility. Correct procedures and
sterile techniques remain necessary. See Chapter 84.

General Considerations

A number of requirements must be considered in the prepa-
ration of ophthalmic solutions, suspensions or ointments.
These include sterility, clarity, buffer, buffer capacity and pH,
tonicity, viscosity, stability, comfort, additives, particle size,
packaging and preservatives. Many of these requirements
are interrelated and must be considered collectively in the
preparation of an ophthalmic product. The buffer system
must be considered with tonicity and comfort in'mind. Sta-
bility can be related to the pH, buffer system and packaging.
Sterilization must be considered in terms of stability and pack-

aging.

Ophthalmic solutions are formulated to be sterile, isotonic
and buffered for stability and comfort. A viscosity-imparting
agent may or may not be present. Solutions must be free
from foreign particles. Solution pH must be selected for
optimum drug stability. The pH then should be maintained
by the inclusion of a buffer system of sufficient capacity to
maintain pH throughout the extent of the shelf life of the
product.

The proper pH, buffer and buffer capacity often represent a
compromise between stability of the drug and comfort in the
eye, since optimum patient comfort usually is found at the pH
of the tear fluid, or about 7.4, while optimum stability for many
drugs is generally lower, perhaps as low as 4.0-5.0. Buffer
capacity should be sufficient to maintain pH, but minimized to
the point where tear fluid can overcome capacity and readjust
to pHto 7.4 immediately after instillation in the eye.

Sterilization represents the major requirement of eye prod-
ucts and the method, or methods, employed depend on the
active ingredient and product resistance to heat and to the
packaging used. More than one means of sterilization may
be used. The sterile solution or suspension usually will con-
tain an antimicrobial preservative to deal with inadvertent
contamination during use. The preservative should not be
relied upon to produce a sterile product and should not be
considered as a substitute for sterile techniques and procedures.

Sterilization

Common methods of sterilization include moist heat under
pressure (autoclave), dry heat, filtration, gas sterilization and
ionizing radiation.

Dangers of Nonsterile Medications—The possibility of
seriolis ocular infection resulting from the use of contami-
nated ophthalmic solutions has been documented amply in
the literature. Such solutions repeatedly have been the cause
of corneal ulcers and loss of eyesight. Contaminated solu-
tions have been found in use in physicians’ offices, eye clinics
and industrial infirmaries, and dispensed on prescription in
community and hospital pharmacies. The microbe most fre-
quently found as a contaminant is the Staphylococcus group.
Pseudomonas inosa is aless frequent contaminant and
the solution most often found contaminated is that of sodium
fluorescein.

Pseudomonas aeruginosa (B pyocyaneus; Pseudomonas
pyocyanea; Blue pus bacillus)—This is a very dangerous and
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opportunistic organism that grows well on most culture media
and produces both toxins and antibacterial products. The
latter tend to kill off other contaminants and allow the P
aeruginosa to grow in pure culture. This gram-negative
bacillus also grows readily in ophthalmic solutions, which may
become the source of extremely serious infections of the
cornea. It can cause complete loss of sight in 24—48 hours.
In concentrations tolerated by tissues of the eye, it seems that
all the antimicrobial agents discussed in the following sec-
tions may be ineffective against some strains of this organism.

A sterile ophthalmic solution in a multiple-dose container
can be contaminated in a number of ways unless precautions
are taken. For example, if a dropper bottle is used, the tip of
the dropper while out of the bottle can touch the surface of a
table or shelf if laid down, or it can touch the eyelid or eyelash
of the patient during administration. If the Drop-Tainer
(Alcon) type of bottle is used, the dropper tip can touch an
eyelash, or the cap while removed to permit administration, or
its edge may touch a table or finger and that edge can touch the
dropper tip as the cap is replaced.

The solution may contain an effective antimicrobial but the
next use of the contaminated solution may occur before
enough time has elapsed for all of the organisms to be killed,
and living organisms can find their way through an abrasion
into the corneal stroma. Once in the corneal stroma, any
residual traces of antimicrobial agents are neutralized by tis-
sue components and the organisms find an excellent culture
medium for rapid growth and dissemination through the cor-
nea and the anterior segment of the eye.

Other Organisms—Bacillus subtilis may produce a seri-
ous abscess when it infects the vitreous humor. The patho-
genic fungus considered of particular importance in eye solu-
tions is Aspergillus fumigatus. Other fungi or molds may
be harmful by accelerating deterioration of the active drugs.

With regard to viruses, as many as 42 cases of epidemic
keratoconjunctivitis were caused by one bottle of virus-
contaminated tetracaine solution. Virus contamination is par-
ticularly difficult to control because none of the preservatives
now available is virucidal. Moreover, viruses are not remov-
able by filtration. However, they are destroyed by
autoclaving. The pharmacist and physician have not been
made adequately aware of the dangers of transmitting virus
infection via contaminated solutions. Thisis particularly per-
tinent to the adenoviruses (Types III and VIII) which are now
believed to be the causative agents of viral conjunctivitis such
as epidemic keratoconjunctivitis.

Methods

Steam under Pressure—Terminal sterilization by auto-
claving is an acceptable, effective method of sterilization;
however, the solution or suspension components must be
sufficiently heat-resistant to survive the procedure. If steril-
ization is carried out in the final container, the container also
must be able to survive the heat and pressure. A recent
addition to this technique is the so-called air over steam
autoclave. This combination allows pressure adjustments to
be made during the autoclave cycle. Pressure manipulations
permit the autoclave sterilization of materials which, while
heat-resistant, tend to deform (ie, polypropylene containers).

Filtration—The USP states that sterile membrane filtra-
tion under aseptic conditions is the preferred method of
sterilization. Membrane filtration offers the substantial ad-
vantage of room temperature operation with none of the del-
eterious effects of exposure to heat or sterilizing gas.

Sterilization by filtration does involve the transfer of the
finished sterile product into previously sterilized containers
using aseptic techniques. The membrane filtration equip-
ment itself usually is sterilized as an assembly by autoclaving.

The application of filtration procedures to the extemporane-
ous preparation of sterile ophthalmic solutions has been pro-
posed by several workers. Several types of equipment are
available for small-scale work, as described in Chapter 37.
Particular interest has been shown in the Swinny adapter fitted

on a syringe and in the Millipore Swinnex disposable filter
units. Empty sterile plastic “squeeze’ containers and sterile
plastic filtration units can be purchased directly from the
manufacturers, eg, Wheaton (polyethylene containers) and
Millipore (Swinnex filter units). They permit extemporane-
ous preparation of ophthalmic solutions which have a high
probability of being sterile if the work is carried out under
aseptic conditions. A supplementary device can permit auto-
matic refilling of the syringe.  The filter unit must be replaced
after use.

Gas—QGas sterilization of heat-sensitive materials may be
carried out by exposure to ethylene oxide gas in the presence
of moisture. Ethylene oxide gas for sterilization use is avail-
able commercially diluted either with carbon dioxide or halo-
genated hydrocarbons.  Ethylene oxide sterilization requires
careful consideration of conditions required to effect sterility.
Temperature and pressure conditions are quite nominal in
contrast to wet or dry heat, however, careful control of expo-
sure time, ethylene oxide concentration and moisture is essen-

Gas sterilization requires the use of specialized but not
necessarily elaborate equipment. Gas autoclaves may range
from very large walk-in units to small laboratory bench-scale
units suitable for small hospitals, laboratories or pharmacies.

In using gas sterilization the possibility of human toxicity
must be kept inmind. Care should be taken to restrict expo-
sure to ethylene oxide during the loading, venting and unload-
ing of the sterilizer. Ethylene oxide sterilization produces
irritating byproducts which remain as residues in or on the
articles sterilized. Residues include ethylene glycol and eth-
ylene chlorohydrin (when in contact with chloride ions) in
addition to ethylene oxide itself. To minimize such residues
the sterilized articles should be aerated for at least 72 hours,
preferably at 40 to 50°.

Ambient aeration time for sterilized polyethylene bottles
should be about 48 hours. Ethylene oxide is recommended
for the sterilization of solid materials which will not withstand
heat sterilization. The FDA has recommended maximum resi-
dues in the parts per million range for ethylene oxide, ethylene
glycol and ethylene chlorohydrin.

Radiation—Sterilization by exposure to ionizing radiation
is an acceptable procedure for components of ophthalmic
preparations or indeed for the total product as in certain
ophthalmic ointments. Sources of radiation are twofold and
include linear electron accelerators and radioisotopes. The
linear accelerators produce high-energy electrons with very
little penetrating power. Radioisotopes, particularly ¢°Co,
are employed more widely for sterilization. Sterilization by
radiation may produce untoward effects such as chemical
changes in product components, as well as changes in color or
physical characteristics of package components.

Ophthalmic Preparation Characteristics

Clarity—Ophthalmic solutions are by definition free from
foreign particles and clarity normally is achieved by filtration.
It is, of course, essential that the filtration equipment be clean
and well-rinsed so that particulate matter is not contributed
to the solution by equipment designed to remove it.
Operations performed in clean surroundings, the use of lami-
nar-flow hoods and proper nonshedding garments will contrib-
ute collectively to the preparation of brilliantly clear solutions
free from foreign particles. In many instances clarity and
sterility may be achieved in the same filtration step. It is
essential to realize that solution clarity is equally a function of
the cleanliness of the intended container and closure. Both
container and closure must be thoroughly clean, sterile and
nonshedding. That is, the container or closure must not
contribute particles to the solution during prolonged contact
such as shelf-life storage. This normally is established by
thorough stability testing.

Stability—The stability of a drug in solution, ie, an ophthal-
mic product, depends on the chemical nature of the drug
substance, product pH, method of preparation (particularly

Eyenovia Exhibit 1005, Page 53 of 59



w

temperature exposure), solution additives and type of
packaging. Until two or three decades ago the stability of
ophthalmic solutions was an exceedingly short-term concept;
generally, it was the time required for a patient to complete
the use of 15 or 30 mL of solution. Now, of course, the
stability of ophthalmic products is expressed in terms of years.
However, 2- to 3-year stability often is achieved only by virtue
of compromise. p

Drugs such as pilocarpine and physostigmine are both ac-
tive and comfortable in the eye at a pH of 6.8; however, at this
pH chemical stability (or instability) can be measured in days
or months. With either drug, a substantial loss in chemical
stability will occur in less than 1 year. On the other hand, at
pH 5 both drugs are stable for a period of several years.

In addition to optimal pH, if oxygen sensitivity is a factor,
adequate stability may require the inclusion of an antioxidant.
Plastic packaging, ie, the low-density polyethylene Drop-
Tainer (Alcon) that represents a patient convenience, may
prove detrimental to stability by permitting oxygen perme-
ation resulting in oxidative decomposition of the drug sub-
stance.

The attainment of optimum stability most often imposes a
series of compromises on the formulator. The optimum pH
may be lower than preferable for product comfort, although
this effect may be minimized by adjusting pH with a buffer of
minimum capacity. Additives such as chelating agents and
antioxidants may be required and convenience packaging
may diminish shelf life of the product.

It should be stressed that stability refers to total product
stability not just the chemical stability of a single product
component. That is an oversimplification. A well-planned
stability program will consider and evaluate the chemical
stability of the active ingredient, chemical stability of the
preservative substance, continuing preservative efficacy
against selected test organisms and adequacy of the package
as a function of time (ie, does the package protect sterility in
addition to various physical measures such as pH, clarity,
resuspendability of suspensions and the like). One also must
support the thesis that the material on test is representative of
all lots of a given product.

Buffer and pH—Ideally, ophthalmic preparations should
be formulated at a pH equivalent to the tear fluid value of 7.4.
Practically, this seldom is achieved. The large majority of
active ingredients used in ophthalmology are salts of weak
bases and are most stable at an acid pH. This generally can
be extended to suspensions of insoluble corticosteroids.
Such suspensions usually are most stable at an acid pH.

Optimum pH adjustment generally requires a compromise
on the part of the formulator. The pH selected should be
optimum for stability. The buffer system selected should
have a capacity adequate to maintain pH within the stability
range for the duration of the product shelf life. Buffer capac-
ity is the key in this situation.

It generally is accepted that a low (acid) pH per se necessar-
ily will not cause stinging or discomfort on instillation. If the
overall pH of the tears, after instillation, reverts rapidly to pH
7.4, discomfort is minimal. On the other hand, if the buffer
capacity is sufficient to resist adjustment by tear fluid and the
overall eye pH remains acid for an appreciable period of time,
then stinging and discomfort may result. Consequently,
buffer capacity should be adequate for stability, but mini-
mized so far as possible, to allow the overall pH of the tear
fluid to be disrupted only momentarily.

Tonicity—Tonicity refers to the osmotic pressure exerted
by salts in aqueous solution. An ophthalmic solution is iso-
tonic with another solution when the magnitudes of the colli-
gative properties of the solutions are equal. An ophthalmic
solution is considered isotonic when its tonicity is equal to
that of an 0.9% sodium chloride solution,

The calculation of tonicity at one time was stressed rather
heavily. The fledging pharmacist was taught in great detail
the requirements of and means of achieving exact tonicity,
sometimes to the detriment of other factors such as sterility
and stability.
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In actuality the eye is much more tolerant of tonicity varia-
tions than was at one time suggested. The eye usually can
tolerate solutions equivalent to a range of 0.5% to 1.8% so-
dium chloride. Given a choice, isotonicity always is desir-
able and particularly is important in intraocular solutions. It
need not, however, be an overriding concern when total prod-
uct stability is to be considered.

The tonicity of ophthalmic (and parenteral) solutions has
been investigated intensively over the years. These studies
have resulted in the accumulation and publication of a large
number of sodium chloride equivalents which are useful in
calculating tonicity values. See Chapter 36.

Viscosity—The USP permits the use of viscosity-increas-
ing agents to prolong contact time in the eye and thus enhance
drug absorption and activity. Substances such as methylcel-
lulose, polyvinyl alcohol and hydroxypropylmethyl cellulose
are added frequently to increase viscosity.

Various investigators have studied the effect of increased
viscosity on contacttime inthe eye. Ingeneral terms, viscos-
ity increased up to the 15 to 50 cps range significantly im-
proves contact time in the eye. Results tend to plateau be-
yond the 50-centipose range; higher viscosity values offer no
significant advantage and have a tendency to leave a notice-
able residue on the lid margins.

Additives—The use of various additives in ophthalmic
solutions is permissible, however the choices are few in
number. An antioxidant, specifically sodium bisulfite or meta-
bisulfite, is permitted in concentrations up to 0.3%, particu-
larly in solutions containing epinephrine salts. Other antioxi-
dants such as ascorbic acid or acetylcysteine also may be
used. The antioxidant acts in this case as a stabilizer to
minimize oxidation of epinephrine.

The use of surfactants in ophthalmic preparations is re-
stricted similarly. Nonionic surfactants, that class of such
compounds which are least toxic to the ophthalmic tissues,
are used in low concentrations particularly in steroid suspen-
sions and as aids in achieving solution clarity. Surfactants
may be used rarely as cosolvents to increase solubility.

The use of surfactants, particularly in any significant concen-
tration, should be tempered by recognition of the sorption
characteristics of these compounds. Nonionic surfactants,
in particular, may react by binding with antimicrobial preser-
vative compounds and inactivate much of the preservative
system,

Cationic surfactants are used frequently in ophthalmic solu-
tions but almost invariably as antimicrobial preservatives.
Benzalkonium chloride is typical of this class of substances.
Concentrations are in the range of 0.005 to 0.02%, with toxic-
ity the limiting factor on the concentration used. Because of
its large molecular weight the benzalkonium cation is inacti-
vated easily by macromolecules of opposite charge or by
sorption. Despite such limitations, benzalkonium chloride is
the preservative used in the large majority of commercial
ophthalmie solutions and suspensions.

Packaging

The traditional ophthalmic glass container with accompany-
ing glass dropper has been supplanted almost completely by
the low-density polyethylene dropper unit called the Drop-
Tainer (Alcon). Inonly a very few instances are glass con-
tainers still in use, usually because of stability limitations.
Large-volume intraocular solutions of 250 and 500 mL have
been packaged in glass, but even these parenteral-type prod-
ucts are beginning to be packaged in specially fabricated
polyethylene/polypropylene containers.

One should be ever mindful that plastic packaging, usually
low-density polyethylene, is by no means interchangeable
with glass. Plastic packaging is permeable to a variety of
substances including light and air. The plastic package may
contain a variety of extraneous substances such as mold re-
lease agents, antioxidants, reaction quenchers and the like,
that readily may leach out of the plastic and into the contained
solution. Label glues, inks and dyes also may penetrate poly-

Eyenovia Exhibit 1005, Page 54 of 59



1572 CHAPTER 89

ethylene readily. In the opposite sense, volatile materials
may permeate from solution into or through plastic containers.

Glass containers remain a convenient package material for
extemporaneous preparation of ophthalmic solutions. Type
1 glass should be used. The container should be well-rinsed
with sterile distilled water and may be sterilized by autoclaving.
Droppers normally are available presterilized and packagedin
a convenient blister pack.

Ophthalmic ointments invariably are packaged in metal
tubes with an ophthalmic tip. Such tubes are sterilized con-
veniently by autoclaving or by ethylene oxide. In rare cases
of metal reactivity or incompatibility, tubes lined with epoxy
or vinyl plastic may be obtained.

Regardless of the form of packaging, some type of tamper-
evident feature must be used for consumer protection. The
common tamper-evident feature used on most ophthalmic
preparations is the moisture- or heat-sensitive shrink band.
The band should be identified in such a way that its disruption
or absence should constitute a warning that tampering, either
accidental or purposeful, has occurred.

The eyecup, an ancillary packaging device, fortunately
seems to have gone the way of the community drinking cup.
An eyecup should not be used. Its use inevitably will spread
or aggravate eye infections. The pharmacist should not fail
to discourage such use just as he or she should take the time to
instruct the patient in the proper use and care of eye
medications.  While ophthalmic administration may seem
simple enough, it may be a foreign and difficult task for many
people. The suggestions and precautions given on page
1566 may be useful in instructing patients.

Antimicrobial Preservatives

The USP states that'ophthalmic solutions may be packaged
in muiltiple-dose containers. Each solution must contain a
substance or mixture of substances to prevent the growth of,
or to destroy, microorganisms introduced accidentally when
the container is opened during use. The preservative is not
intended to be used as a means of preparing a sterile solution.
Appropriate techniques, discussed elsewhere, are to be em-
ployed to prepare a sterile solution.

Preservatives are not to be used in solutions intended for
intraocular use because of the risk of irritation. Ophthalmic
solutions prepared and packaged for a single application, ie, a
unit dose, need not contain a preservative because it is not
intended for reuse.

The need for proper control of ophthalmic solutions to
prevent serious contamination was recognized in the 1930s.
The first preservative recommended for use in ophthalmics
was chlorobutanol, as an alternative to daily boiling!

The selection of an ophthalmic preservative can be a rather
difficult task, in part, because of the relatively small number of
suitable candidates. There is, of course, no such thing as an
ideal preservative; however, the following criteria may be
useful in preservative selection.

1. The agent should have a broad spectrum, and be active against
gram-positive and gram-negative organisms as well as fungi. The agent
should exert a rapid baetericidal activity particularly against known viru-
lent organisms such as P aeruginosa strains.

2. Theagentshould be stable over a wide range of conditions including
autoclaving temperatures and pH range.

3. Compatibility should be established with other preparation compo-
nents and with package systems.

4. Lack of toxicity and irritation should be established with a reason-
able margin of safety.

Preservative substances must be evaluated as a part of the
total ophthalmic preparation in the proposed package. Only
in this way can the adequacy of the preservative be established.
The USP includes a test for preservative effectiveness; addi-
tionally, certain manufacturers have developed a panel of test
organisms to further challenge and verify preservative activ-
ity.

In addition to preservative effectiveness as an immediate
measure, its adequacy or stability as a function of time also
must be ascertained. This often is done by measuring both
chemical stability and preservative effectiveness over a given
period of time and under varying conditions.

Many of these test procedures are, of course, not com-
pletely pertinent to the preparation of an extemporaneous
ophthalmic solution. Insuch a situation the pharmacist must
make selections based upon known conditions and physical
and chemical characteristics. Insuch circumstances it would
be prudent to prepare minimum volumes for short-term pa-
tient use.

The choice of preservatives suitable for ophthalmic use is
surprisingly narrow. The classes of compounds available for
such use are described in Table 1.'2  In each case or category
there are specific limitations and shortcomings.

Quaternary Ammonium Compounds—Benzalkonium
chloride is a typical quaternary ammonium compound and is,
by far, the most common preservative used in ophthalmic
preparations. Over 65% of commercial ophthalmic prod-

Table 1—Ophthalmic Preservatives'?

Type Typical structure Concentration range Incompatibilities
Quaternary T 0.004%-0.02% Soaps
ammonium R—N—R, [Y~ 0.01% most Anionic materials
compounds common Salicylates
.\ Nitrates
SHeECH,
Organic mercurials 0.001%-0.01% Certain halides with
phenylmercuric acetate
000N
H,
Parahydroxy Maximum 0.1% Adsorption by macromolecules;
benzoates marginal activity
H
CH,
Chlorobutanol Gl 0.5% Stability is pH-dependent;
H activity concentration is near
ol solubility maximum
£
Aromatic alcohols 5 0.56%—0.9% Low solubility in water; marginal

activity
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ucts are preserved with benzalkonium chloride. Despite this
broad use the compound has definite limitations. As a cat-
ionic surface-active material of high molecular weight it is not
compatible with anionic compounds. It is incompatible with
salicylates and nitrates and may be inactivated by high molecu-
lar weight nonionic compounds. Conversely, benzalkonium
chloride has excellent chemical stability and very good antimi-
crobial characteristics. Given the alternative it would be
preferable to modify a formulation to remove the incompatibil-
ity, rather than include a compatible but less effective preser-
vative.

The literature on benzalkonium chloride is somewhat mixed;
however, this is not unexpected given the wide variation in
test methods and, indeed, the chemical variability of benzalko-
nium chloride itself. The official substance is defined as a
mixture of alkyl benzyldimethylammonium chlorides includ-
ing all or some of the group ranging from n-CgH,7 through
n-CygHzgs. The n-C;3Hs; homolog content is not less than
40% on an anhydrous basis.

Reviews!3 of benzalkonium chloride indicate that it is well-
suited for use as an ophthalmic preservative. Certain early
negative reports have been shown to be quite erroneous; in
some cases adverse tissue reactions were attributed to benzal-
konium chloride when, in fact, a totally different compound
was used as the test material. Although benzalkonium chlo-
ride is by far the most common quaternary preservative others
occasionally referred to include benzethonium chloride and
cetyl pyridinium chloride. All are official compounds.
More recently quaternary ammonium compounds have been
attached to soluble, reasonably high-molecular-weight
polymers. These agents possess good antimicrobial effec-
tiveness with fewer compatibility problems than the official
quaternary preservatives. Refer to RPS-14, page 1571 fora
summary of quaternary germicides in ophthalmic drugs.

Organic Mercurials—It generally is stated that phenylmer-
curic nitrate or phenylmercuric acetate, in 0.002% concentra-
tion, should be used instead of benzalkonium chloride as a
preservative for salicylates and nitrates, and in solutions of
salts of physostigmine and epinephrine that contain 0.1% of
sodium sulfite. The usual range of concentrations employed
is 0.002 to 0.004%. Phenylmercuric borate sometimes is
used in place of the nitrate or acetate.

Phenylmercuric nitrate has the advantage, over some other
organic mercurials, in not being precipitated at a slightly acid
pH. As with other mercurials, it is slow in its bactericidal
action, and it also produces sensitization reactions. Phen-
ylmercuric ion is incompatible with halides as it forms precipi-
tates.

The effectiveness of phenylmercuric nitrate against P aeru-
ginosa is questionable; it has been found that pseudomonal
organisms survive after exposure to a concentration of 0.004%
for longer than a week.

Development of iatrogenic mercury deposits in the crystal-
line lens resulting from use of miotic eye drops containing
0.004% phenylmercuric nitrate, 3 times daily, for periods of 3
to 6 years, has been reported. No impairment of vision was
found, but the yellowish brown discoloration of the lens cap-
sule is reported to be permanent.

Thimerosal (Merthiolate, Lilly) is an organomercurial with
bacteriostatic and antifungal activity and is used as an antimi-
crobial preservative in concentrations of 0.005 to 0.02%. Its
action, as with other mercurials, has been reported to be slow.

Parahydroxybenzoic Acid Esters—Mixtures of methyl-
paraben and propylparaben sometimes are used as ophthal-
mic antimicrobial preservatives; the concentration of methyl-
paraben is in the range of 0.1 to 0.2%, while that of
propylparaben approaches its solubility in water (approxi-
mately 0.04%). They are not considered efficient bacterio-
static agents and are slow in their antimicrobial action.
Ocular irritation and stinging have been attributed to their use
in ophthalmic preparations. Inareview of OTC drugs for use
in ophthalmology, the FDA expert panel found the parabens
unacceptable as ophthalmic solution preservatives.
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Substituted Alcohols and Phenols—Chlorobutanol is
stated to be effective against both gram-positive and gram-
negative organisms, including P aeruginosa and some fungi.
It broadly is compatible with other ingredients and normally
used in a concentration of 0.5%. One of the products of
hydrolysis is hydrochloric acid, which causes a decrease in the
pH of aqueous solutions. This decomposition oceurs rapidly
at high temperatures and slowly at room temperature, in
unbuffered solutions that were originally neutral or alkaline.
Therefore, ophthalmic solutions that contain chlorobutanol
should be buffered betweenpH5.0and5.5. Atroomtempera-
ture it dissolves slowly in water and, although it dissolves
more rapidly on heating, loss by vaporization and decomposi-
tion is accelerated.

A combination of chlorobutanol and phenylethyl alcohol
(0.5% of each) has been reported to be more effective against
P aeruginosa, S aureusandP vulgaristhaneither anti-
microbial singly. Also, preliminary solution of the chlorobu-
tanol in phenylethyl alcohol effects solution of the former in
water without the use of heat.

Ophthalmic Preparations for OTC Use

A comprehensive review of over-the-counter ophthalmic
preparations recently has been completed by an expert panel
approved by the FDA. The panel review extended over the
period 1973 through 1979. The finding of this panel, in the
form of a tentative final monograph, appeared in the Federal
Regisml 14

In a comprehensive assessment the panel considered the
following conditions amenable to OTC drug therapy.

Tear Insufficiency—Rational formulations used to treat tear insuffi-
ciency are aqueous solutions containing demulcent agents, tonicity agents
and pH and buffering agents. Tear insufficiency includes:

1. Keratoconjunctivitis sicca

2. Sjogren’s syndrome

3. Dryeye in the elderly

Corneal Edema—Increased water content in the cornea usually is
treated with hypertonic solutions of sodium chloride, either 2 or 5%.

Inflammation and Irritation of the Eye—

1. Presence ofloose foreign material inthe eye. Commonly treated
with an isotonic eyewash properly buffered and preserved.

2. Irritation from airborne pollutants and chlorinated water.
Management consists of avoiding the offending allergens and the use of
vasoconstrictors, astringents, demulcents and emollients for symptomatic
relief.

3. Allergic conjunctivitis, Treatment by topically applied vasocon-
strictors and astringents, demulcents, emollients and cold compresses.
Only in mild cases, where edema and congestion are slight, is OTC treat-
ment alone adequate.

In providing such OTC medications the pharmacist should
take the opportunity to point out that unsupervised use of
these products should be limited to 72 hours, when based on
self-diagnosis. If the condition persists or worsens at any
time, treatment should be discontinued and a physician con-
sulted at once.

Contact Lenses

Contact lenses are optical and/or therapeutic ophthalmic
devices divisible into four general categories. The rigid, hy-
drophobic, so-called hard contact lenses, principally PMMA
(polymethyl methacrylate); rigid, semihydrophobic; flexible
hydrophilic; flexible hydrophobic and rigid-gas-permeable.
Each lens class is accompanied by its support solution prod-
ucts and devices. Solutions used with hard contact lenses
are rather conventional compositions, usually regarded as
OTC products. Conversely, solutions ancillary to the hydro-
philic lenses may be classed as new drugs or devices from a
regulatory standpoint. Such preparations require great care
and considerable pharmaceutical skill to formulate. Lens
materials and support products are further classified and iden-
tified in Table 2.

Hard Contact Lens—Some evidence is available to show
that contact lenses were visualized by Leonardo da Vinei in
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Table 2—Contact Lens Classes, Characteristics and Support Products

Major characteristics Typical support products

Lens type Chemical classification
“*Hard," rigid, hydrophaobic PMMA
(polymethyl methacrylate)
"Soft," flexible, hydrophilic HEMA (hydroxyethyl
methylmethacrylate)
Flexible hydrophobic Silicone rubber
Silicone vinylpyrollidone
Rigid, hydrophilic CAB (cellulose acetate butyrate)

Negligible gas permeability, low Wetting solutions

water content, medium Soaking solutions
wettability Cleaning solutions
Combination
Artificial tears
High water content, low gas Cleaning solutions
permeability, good wettability Disinfection solutions
Good gas permeability Wetting solutions
Poor wettability Cleaning solutions
Soaking solutions
Good gas permeability
Good wettability
Good gas permeability Wetting solutions
Good wettability Cleaning solutions
Soaking solutions

Rewetting solutions

1508 and later, in 1637, by Rene Descartes. In 1827 the
British astronomer, Sir John Herschel, described the math-
ematics of these devices. He speculated on the possibility of
filling a glass contact lens with transparent gelatin to correct
for corneal irregularities. Not until 1888 was the original
concept executed by the artificial eye maker, Albert Muller.
He made a glass protective shell for the cornea of a lagoph-
thalmic patient who had carcinoma of the upper lid. The
patient wore the device for 20 years, and corneal clarity was
maintained. Other cases were reported in Europe of glass
shells placed on the eye as corneal protective devices.

Until the latter part of the 1940s almost all contact lenses
had a portion resting directly on, or arching over, the cornea
with a supporting flange resting beyond the limbus on the
sclera. Thus, they were scleral lenses. However, contact
lenses without scleral portions (corneal lenses) were in exis-
tence at least as early as 1912, when they were being manufac-
tured by Carl Zeiss.

The glass scleral contact lenses that were made from 1888
to 1938 were fitted by a tedious method of trial and error using
a fitting set that might contain more than 1000 lenses. The
lenses were heavy and adjustments on them by the fitter were
impossible. Their life in the eye was short, because the glass
was attacked vigorously by lacrimal fluid; in about 6 months
the lenses became too rough to wear or to see through.
However, they had the advantage that tears readily wet glass.
In 1922 Dallos, in Budapest, perfected a molding technigue by
which a glass shell could be fabricated to approximate closely
the curvature of the globe. With the introduction of the
methyl methacrylate plastic molded scleral contact lens in
1938 by Obrig and Muller, the feasibility of using plastic for
lens fabrication was demonstrated. Although the optical
properties of glass are superior to those of plastic, the relative
gain in ruggedness and the reduction in weight to one-third
that of glass far offset this disadvantage. Not until PMMA
became available was a flush-fitting shell possible. The con-
cept was developed by Ridley, in England, in 1954. The
protective effect is very useful in various conditions character-
ized by corneal epithelial fragility and for cosmetic effects.

The “hard” plastic corneal contact lens was introduced by
Tuohy in 1948. This was a major development. He speci-
fied a lens of smaller diameter that rested within the limbal
area of the cornea. The results were poor. Development of
a corneal lens was hindered by the fear of traumatizing the
cornea with an appliance that fitted directly onto it. The first
corneal lens to have any measure of success was developed in
the early 1950s by Dickinson, Sohnges and Neill. Its thick-
ness was about 0.2 mm and was considered to be a fairly thick
lens. Thinner lenses, about 0.1 mm, were introduced in the
early 1960s.

Scleral bifocal lenses were developed initially in 1936 and
the corneal type in 1958. Bifocal contact lenses are more

difficult to fit, more costly and, in many cases, more uncomfort-
able than single-vision lenses.

Lens-Care Products

Wetting Solutions—These are preparations designed to
furnish an hydrophilic coating over the characteristically hy-
drophobic surface of PMMA, silicon, acrylate and other rigid
lenssurfaces. Typically, wetting solutions include an accept-
able viscosity-imparting agent, a surfactant and a preservative.
The surface-activity and viscosity effect may be obtained from
a single compound. Agents commonly used include cellu-
lose derivatives, polyvinyl pyrollidone, polyvinyl alcohol and
polyethylene glycol derivatives. Preservatives include those
acceptable for ophthalmic use. Such solutions are sterile,

Cleaning Solutions—Cleaning solutions commonly are
used to remove surface contaminants—lipids, protein and the
like. Cleaning is accomplished by the use of surfactants
which preferably are nonionic or amphoteric. Solutions are
sterile and properly preserved. Viscosity-imparting agents
generally are not included. :

Adequate cleaning of hydrophilic lenses is a far more com-
plex and challenging problem than hard-lens cleaning.
Because of their permeability characteristics, contaminants
penetrate into the lens structure and easily may bind chemi-
cally or physically to the HEMA lens material. Contaminants
may be surface films or crystals, amorphous aggregates of
protein material, cellular debris or insoluble inorganic salts.

Cleaning products generally are specific to the lens material
and require FDA approval, with proof of cleaning efficacy and
safety. Cleaners are based on surface activity, enzyme ac-
tion or even abradant action, in which case the abradant
material is softer than the lens itself. Adequate cleaning of
hydrophilic lens material daily is a necessary prelude to
disinfection. Most recently the use of extended-wear lenses
has found wide acceptance. Successful use usually depends
on the use of an enzyme for cleaning, together with special
disinfectants.

Disinfecting Systems—Disinfection of the first hydro-
philic lens approved by the FDA was accomplished using a
heating device which generated steam from a saline solution.
The latter was prepared either by the user or available from
the manufacturer. Subsequent to the so-called thermal sys-
tems, disinfection solutions were developed which met the
requirements necessary for FDA approval. Because of the
sorption characteristics of hydrophilic lens materials, many of
the accepted ophthalmic preservatives are unsatisfactory for
use in soft-lens disinfecting systems, including the ubiquitous
benzalkonium chloride. Once again, however, the use of a
quaternary disinfectant covalently bonded to a soluble, rela-
tively high-molecular-weight polymer has met with some suc-
cess.
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In addition to possessing satisfactory disinfecting activity,
such a preparation must be isotonic, in an acceptable pH
range, nonreactive (nonbinding) with lens materials and, over
anormal use period, induce or bring about no physical, chemi-
cal or optical changes in the lens. It is of course sterile and
safe for use in the eye even though direct instillation into the
eye is not intended.

Soaking Solutions-—Soaking or storage solutions, as the
name suggests, are used to store and hydrate hard lenses but,
most importantly, to disinfect such lenses. Disinfection
should be rapid and as complete as possible making use, once
again, of acceptable ophthalmic preservative substances.
Soaking solutions typically contain chlorhexidine (gluconate),
benzalkonium or quaternary/polymer compounds enhanced
by sodium edetate.

Artificial Tears—Solutions intended to rewet hard lenses
in situ are referred to as rewetting solutions or artificial tears.
Such preparations are intended to reinforce the wetting capac-
ity of the normal tear film. Early products of this type tended
to be somewhat viscous wetting solutions acceptable for di-
rect installationinto the eye. More recent preparations mimic
tears more accurately and their viscosity is rather low, thus,
user acceptability is improved.

Guidelines for Safety and Efficacy Testing—The FDA
periodically issues or updates guidelines describing recom-
mended test procedures for contact lens-care products, other
than those used with PMMA lenses and, also, for typical OTC
products used with hard lenses. The reader is advised to
review the most recent guidelines for appropriate protocols
for non-PMMA products.

Tests for OTC (hard) lens products are divided into those
appropriate for products intended for direct instillation in the
eye and those not so intended. Products intended for direct
instillation require multiple-application safety tests in the rab-
bit eye, preservative efficacy tests and sterility testing, in
addition to adequate efficacy tests.

Products not intended for direct instillation require short
term evaluation in the rabbit eye and, of course, preservative
efficacy and sterility testing.

Soft Contact Lens—In 1960 Wichterle and Lim intro-
duced a new, soft, hydrophilic gel lens synthesized by copoly-
merization of HEMA with ethylene glycol dimethacrylate
(EGDM). Its hydrophilic nature was in marked contrast to
the hydrophobic properties of PMMA,; its increased permeabil-
ity to water, oxygen and other constituents of tears having low
molecular weight appears to offer metabolic advantages.

Hydrophilic (gel, hydrogel, soft or flexible) lenses are made
of polymerized or copolymerized hydrophilic monomers with
a cross-linking agent, such as EGDM. The cross-links add
stability to the gel lenses and act to decrease the water
saturation. The most widely used monomer is HEMA which
may be copolymerized with lesser amounts of polyvinylpyrrol-
idone (PVP), a more hydrophilic polymer. The copolymer
acts to increase the hydration level beyond the maximum 40%
potential of homogenous poly-HEMA. Gel lenses of even
higher water content can be formed by combining a hydro-
philic monomer or polymer (usually PVP) with a relatively
hydrophobic monomer (usually methyl methacrylate).
Lenses of this type are available with as much as 85% water at
equilibrium. In addition, these cross-linked polymers can-
not be formed by heat or pressure and thus usually are not
harmed by boiling in aqueous solution or by autoclaving.

Hydrophilic lenses are elastic and flexible when hydrated,
yet brittle when dry. They can absorb and concentrate tear-
film constituents as well as environmental pollutants, vapors,
cosmetic ingredients, water impurities and antimicrobial pre-
servatives, as well as active ingredients, in ophthalmic
preparations. The refractive index for HEMA is 1.43 when
hydrated in normal saline; hydrophilic lenses of greater hydra-
tion level have a correspondingly lower refractive index.
Depending on the amount of cross-linking and the amount and
type of additives, the dimensions can be influenced by such
factors as pH, tonicity and molecular or ionic species of dis-
solved substances.
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Advantages and Disadvantages of Soft Contact
Lenses—Soft contact lenses have the major advantage of
wearer comfort and easy adaptability, particularly for the
first-time lens wearer. = Soft lenses are misplaced or lost less
easily and allow an easier transition to eye glasses. The
typical vision blurring associated with a transition from hard
lenses to eye glasses is absent.

Because of the flexibility of soft contact lenses an accurate
fit to the eye is more difficult than is the case with hard lenses.
Visual clarity usually is less with soft lenses; indeed, the long-
time hard-lens wearer may find visual clarity or acuity of soft
lenses unacceptable at first wearing.

Soft lenses require far more care than their hard
counterparts. The soft polymers will allow penetration of
contaminants deep into the lens body where even simple
removal become difficult. Soft lenses may become more or
less permanently contaminated by sorption of drug product
components, in addition to protein fragments or various other
debris.

Even with reasonable care, soft lenses can be expected to
have a wearer life substantially shorter than hard lenses. Eye
corrective changes requiring refitting and lens replacement
may occur well before hard lenses require replacing because
of wear.

Despite the obvious practical disparities the popularity of
soft contact lenses is immense, and increasing as durability
and wearing time are increased. Wearer comfort, easy adapt-
ability and adequacy for most relatively minor visual correc-
tions contribute to soft-lens acceptability and popularity.

Therapeutic Uses

The majority of contact lenses are used for reasons of
optical acuity, convenience and/or cosmetic value. How-
ever, so far as is known, the first use of such a device, in 1888,
was to protect a cornea, and therapeutic usefulness has contin-
ued sinece that time. A major therapeutic advance was made
by Ridley, in 1954, using PMMA, at the time that it was
replacing glass as the principal material used in making lenses.
Currently, there is evidence of contact-lens development of
major therapeutic importance in the use of soft lenses in the
treatment of very serious pathological conditions. They are
of value in several ways, which are interrelated to the extent it
is difficult to give an example which illustrates only one point.
The several functions can be listed as:

1. As “bandages" (through which one can see) to protect the epithe-
lium of the cornea.

2. While in use as bandages, to permit movement of medicinal fluids
through the lens to the eye, as well as under the lens (see below).

3. When so0 used, to increase the duration of the effect from a given
quantity of drug.

4. When so used, to increase the degree of effect from a given amount
of drug (see below).

The first two functions have become rather well-established
in the past few years; the last two have been of less therapeutic
value.

Bullous keratopathy is the most severe form of corneal
edema. Its treatment is presented as an example of the first
two functions of soft contact lenses. The lens acts basically
as a simple bandage, but has the added valuable quality that
the ophthalmic solutions, used as drops, can pass through the
lenses and act on the eye. The pain of bullous keratopathy
usually is relieved dramatically by the use of the lens as a
protective shield, as similarly accomplished by the earlier
hard scleral lenses. Vision may be improved slightly. The
pain results mainly from the lids rubbing on the bullae, ruptur-
ing them and exposing corneal nerves. The lenses can be
worn fulltime, 24 hours a day for months, except for removal
forcleaning. They may need to be cleaned only when protein
deposits build up on them. They should be removed and
inserted only by a physician. New lenses will be needed as
the cornea changes in shape.
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