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This review of the literature represents a comprehen-
sive cross section of the research and development
efforts in various selected disciplines of the pharmaceu-
tical sciences. It is the ninth annual survey in the series
(1-8). To compile it, numerous periodicals and selected
sections of Chemical Abstracts were abstracted.

The review was prepared to provide an opportunity
for reviewing the research of the past year in specific
areas of pharmaceutical sciences and to supply a
convenient source of references to articles of preferred
interest. The format of last year’s review was retained
because of its generally wide acceptance.

GENERAL PHARMACY

A comprehensive review of medicinal, chemical,
and physical properties of the prostaglandins was
presented. Possible pharmaceutical products of this
group of potent hormones were also noted (9). The
current status of drug compounds from marine sources
was intensively reviewed (10). Marine organisms
that showed different pharmacological effects and

Vol. 60, No. 7, July 1971 [] 959



Table I—Additional References on General Pharmacy

Refer-
ence Topic

17  Method of organoleptic testing

18  Factors influencing preparation of stock tinctures

19  Review of cyclamates

20 Uses and importance of glycerol and glycerol substitutes

21  Function and composition of hormones, enzymes, and
their interrelation with pharmaceuticals

potential as drugs were stressed. The potential of
antimicrobial substances from the sea was also explored
(11). Specifications in control of product uniformity
were considered by several authors (12-14). Deficiencies
in the control procedures set forth in various pharma-
copeias were described, and suggestions aimed at
improving the procedures were made. The neutralizing
capacity of antacid drugs was evaluated by several
authors (15, 16).

Other papers of interest in general pharmacy are
listed in Table I.

Preservatives—A potentiating effect of phenylmer-
curic acetate on hexachlorophene or dichlorophene
was observed in both in vitro and in vivo experiments
(22). The results of a number of scientific investigations
on boric acid were reported as ample evidence for
eliminating this substance as a pharmaceutical agent.
The risk of boric acid poisoning far outweighed its
weak bactericidal power (23). Corticosteroids, such as
cortisol and methylprednisolone hemisuccinate, were
shown to reduce significantly the antibacterial activity
of dodecyldi(3-hydroxyethyl)benzylammonium chlo-
ride and dodecyitriphenylphosphonium bromide against
“Staphylococcus aureus and, to a lesser degree, Bacillus
pyocyaneus (24). Polyethylene glycol stearates de-
creased the antibacterial effects of phenols against
S. aureus, but polyethylene glycols had little or no
influence on the antibacterial activity (25, 26).

Equilibrium dialysis studies indicated a rather
generalized binding of antimicrobial agents by ceto-
macrogol 1000 and polysorbate 80. The degree of
interaction appeared to be dependent upon the type
of functional group in the interacting molecule (27).
The preservative activity of parabens in the presence
of a polysorbate 80-water system was found to be
related to the concentration of the free or unbound

Table TI—Additional References on Preservatives

Refer-
ence Topic

35 Review of factors influencing stability and activity of
antimicrobial preservatives for single-phase parenteral
preparations

36 Review of antimicrobial agents in pharmaceutical
products

37  Discussion of available preservatives and current practices
in preservation of ophthalmic, nasal, and otic products

38  Stability and efficacy of combinations of preservatives for
eye drops

39  Adsorption of preservatives on particulate solids in
aqueous suspensions

40 Adsorption of various preservatives on membrane filters

41  Antimicrobial activity of some g-nitrostyrenes

42  Thermodynamic activities of monocomponent and multi-
component solutions of quaternary ammonium anti-
bacterial agents
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paraben (28). Prediction was made of the required
preservative concentration for an emulsified system
from a knowledge of oil-water partition coefficients,
and preservative-macromolecule binding data were
illustrated. In emulsions, the addition of a preservative
to each phase was suggested as the best way to prevent
excessive concentration of the agent in one of the
phases (29). Thus, an ionizable preservative, such as a
tertiary amine, is suitable for the aqueous phase;
a nonionizable substance, such as benzyl alcohol,
is most adequate in the oil phase. In an aqueous
parenteral vehicle containing polysorbate 80 and benzyl
alcohol, turbidity was found to be a function of con-
centration and temperature (30). The presence of
electrolyte depressed the cloud point and brought
the turbidity close to room temperature.

A study of the influence of dimethyl sulfoxide
on the hemolytic activity of antimicrobial preservatives
concluded that dimethyl sulfoxide affects the rate of
preservative-induced hemolysis, probably due to a
cellular mechanism rather than to an extracellular
preservative-dimethyl sulfoxide chemical interaction
(31). The release effect of benzalkonium chloride and
hexachlorophene from various oil vehicles for the
treatment of children’s skin was studied (32). The
best diffusion was obtained with a silicone solution
and a 9:1 mixture of liquid paraffin—butyl stearate.

Different thresholds of cetyltrimethylammonium
bromide uptake by Escherichia coli exist below which
no effect on cell growth or viability could be detected
(33). There was a distinct separation of the two effects.
The antibacterial activity of various preservatives in
several ointment bases was investigated (34). In general,
the preservatives were more effective in paraffin and
ophthalmic ointments. The most active preservatives
were dodecyldimethylbenzylammonium chloride at
1:10,000 dilution and 0.2 97 sorbic acid.

Other papers of interest on preservatives are listed
in Table II.

Flavor, Aroma, and Color—An encyclopedic evalua-
tion of the literature in the perfumery materials field
was continued by Bedoukian (43) in his 26th annual
review. In a series of reports on odor measurement and
its factors, additional evidence was presented on olfac-
tory equilibrium and other aspects of odor theory (44).
A primary odor, represented by isovaleric acid and its
homologs and isomers, was correlated with molecular
shape by a scanning computer method (45). The produc-
tion of this primary odor required the carboxylic acid
functional group in conjunction with a limited range
of molecular shapes and sizes. A scientific evaluation
of flavors was made (46), and a survey was conducted
on the usefulness of fatty aliphatic compounds as
components in the creation of natural flavors and
fragrances (47). The effect of antioxidants on the
oxidation of nine essential oils was investigated (48).
a-Tocopherol citric acid was observed to be a remark-
able antioxidant in lemon oil.

Stability—A set of computer programs and the
system that automatically schedules all the assays neces-
sary for a drug stability program was described (49).
The effect of antioxidants on the hydrolytic and oxida-
tive degradation of sulfacetamide in aqueous solutions



was investigated (50). Sodium metabisulfite accelerated
the hydrolytic degradation of sulfacetamide to sul-
fanilamide, whereas sodium edetate had no effect on
the rate. The sulfanilamide present in a heat-degraded
solution had a major role in color formation under
photolytic conditions. y-Radiation-induced oxidation
of aqueous pharmaceuticals can often be eliminated
by customary antioxidants (51). Potassium - bisulfite
proved to be most effective in cyanocobalamin solutions
and afforded suitable protective action in solutions
of atropine sulfate, ephedrine HCI, hydrocodeine
bitartrate, and ascorbic acid. Oxidative degradation
of other drugs was presented in a series of papers
(52-54).

In a study of the stability of drug solutions subjected
to hydrolysis by ultrasonic irradiation, it was found
that aromatic esters suffered structural changes.
Aliphatic esters were resistant to such changes (55, 56).
An investigation of the thermal dissociation of tolbut-
amide in a series of aliphatic alcohols and in poly-
ethylene glycol 400 showed that the compound disso-
ciates in only one fashion to give butylamine and p-
toluenesulfonyl isocyanate (57). The thermal and
radiation stability of labeled chlormerodrin and
labeled diiodofluorescein also received attention (58,
59). The influence of sterilization, pH, and storage
on the stability of aqueous injectable solutions of
atropine (60), chlorhexidine (61), levarterenol (62),
and scopolamine hydrobromide (63) was noted. The
best stabilizer found for a sterile, concentrated, Ringer
solution with glucose was calcium disodium ethylene-
diaminetetraacetate in the presence of HCI (64).
The proposed acetylation of acetaminophen by acetyl-
salicylic acid was not evident in experimental pharma-
ceutical dosage forms (65).

A study of the incompatibility of 32 different amines
with lactose alone or with magnesium stearate or
stearic acid failed to show a dependence of the dis-
coloration on the kind of amine (primary, secondary,
tertiary, or quaternary) or on the change of pH (66).
The stability of isoniazid and its derivatives was
affected by blending with antacid preparations (67).
Compounding aminophylline with acetylsalicylate, sul-
pyrin, hydralazine (Apresoline), sulfamethoxazole (Sin-
omin), ascorbic acid, and Panvitan should be avoided
because of degradation (68). Similar compounding
studies showed that when preparations of digestive
enzymes are compounded with other drugs, the mate-
rials shouid be kept dry to preserve their activities (69).

An interesting article by Nogami ef al. (70) was
concerned with the hydrolysis stabilization of acyl-
cholinesters by sodium lauryl sulfate at pH 7.7. Solu-
bilization of acetylcholine-lauryl sulfate ion pairs
in the micellar phase was proposed as the stabilization
mechanism. A comprehensive review on the decom-
position of aspirin included a complete survey of the
hydrolysis studies to which this important compound
has been subjected (71). The conditions for the highest
stability of Purpurea glycosides A and B in tablet
formulations were: neutral pH of the granulation
mixture with a short drying time, low compression
pressure of the tablets, and low temperature for storage
of the tablets (72). v

Table IIT—Additional References on Stability

Refer-
ence Topic

73  Review of oxidative degradation of various drugs

74  Stability of a benzoyl peroxide acne cream product

75  Stability of three model suppository combinations, includ-
ing appropriate excipients and additives

76  Stability study of chloramphenicol in British Pharmaceu-
tical Codex topical formulations

77 Stability of dexamethasone ointments prepared with
aquasorb or cetanol ocintment

78  Thermal stability of antazoline chloride and naphazoline
chloride in aqueous solution

79  Conversion of cotarnine in aqueous solutions

80 Review of stabilization of phenothiazine solutions

81  Effect of temperature and organic solvents on stability of

ketazon

82 Influence of moisture, light, and air on stability of
ketazon

83 Stability of benzothiadiazine derivatives in alkaline
solution

84  Review of stability of morphine in opium

85  Preparation of more stable infusion solutions of sodium
p-aminosalicylate

86  Stabilized aqueous suspensions of acetylsalicylic acid

87 Discussion of a comprehensive stability testing program
for parenteral products

88  Stabilities of hexobarbital sodium and phenobarbital
sodium in frozen aqueous solutions

89  Principles and techniques of accelerated storage testing
and methods used for accelerating chemical and physi-
cal degradation processes

90 Stability of a prolonged-action aqueous suspension

91  Thermal stability of oxytocin in aqueous solutions and in
the presence of glucose, sucrose, glycine, and sodium
chloride

92  Compatibility of ointment bases with a 5% aqueous solu-
tion of methylcellulose

93  Stability of immune serum globulin during storage

94  Effect of excipients and storage conditions on stability of
acetylsalicylic acid-based gels

95 Effect of chemical compounds, light, temperature, and
humidity on pure gelatin capsules

96  Stability of glyceryl trinitrate tablets

97  Aminophenazone tablet decomposition during accelerated
aging

Other interesting papers related to the topic of
stability are listed in Table III.

Stability Kinetics—Evidence was presented toshow how
the salt effect in kinetic investigations may be extended
to higher concentration ranges than expected by theory
(not more than 0.01 M), Deviations from the Debye-
Hiickel expressions by the charged reactants and by the
transition complex may be of the same magnitude and
sign; this, it was claimed, may be the cause for the
concentration range extension (98). The rationale of
predicting the stability of pharmaceutical preparations
using chemical kinetics was presented, using hydro-
cortisone sodium succinate as an example (99). Sim-
ilarly, another author showed that in developing
formulations of new compounds, kinetic studies were
of great advantage (100).

A system of using computer tables and printouts
for interpreting and predicting drug stability data
was presented by Lintner et al. (101). This approach
was developed to select the best prototype preparation,
by giving an inkling of its chemical stability at an
early date, and to estimate the shelflife of the finished
dosage form. A flexible nonisothermal stability method
was described, which permits the use of data from a
single experiment to calculate activation energy,
reaction rates, and stability predictions at any desired
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temperature (102). The validity of the theory and the
advantages of the method were demonstrated by a
study of the inversion of sucrose and the hydrolysis
of ethyl acetate. Bentley (103) presented a statistical
technique for predicting thermal stability based on
weighted least-squares analysis, which can easily be
adapted for computer analysis.

Pawelczyk and his coworkers (104-111) investigated
the kinetics of drug decomposition for a number of
compounds. Investigation of the effect of 10 metal
ions on the autooxidation of aqueous solutions of
papaverine HCl showed that the most prominent
effect was exerted by copper (Cut?) (104). The degrada-
tion was an apparent second-order reaction, and the
catalytic activity was independent of the pH over the
range studied (pH 2.3-4.15). The autooxidation of
eupaverin in aqueous solutions was a second-order
reaction and was relatively slow in the absence of
traces of heavy metals. A comparison of their activation
energies and 109 decomposition times indicated that
eupaverin was approximately 2.5 times less stable
than papaverine HCI (105).

The decomposition of antazoline in aqueous solution
was first order and was independent of ionic strength
and the kind and concentration of buffer (106). This
drug was stable in acid solutions; the time of 107}
decomposition of a pH 5.9 solution at 20° was 8.9
years. The decomposition of isonicotinic acid hydrazide
in aqueous buffers between pH 3 and 7 was first order
under anaerobic conditions (107). The greatest stability
from solvolysis was observed at pH 6. Hydrolytic
decomposition of phenylbutazone sodium was pre-
dominant in injectable preparations, and oxidative
decomposition was predominant in suppositories (108).
Phenylbutazone decomposition in various suppository
bases followed a fractional-order reaction (109).
In general, stability decreased with an increasing
hydroxyl number of the suppository base. However,
in aqueous buffer under nitrogen, the hydrolysis
rate for sodium phenylbutazone was first order (110)
and was independent of the kind and concentration
of buffer, ionic strength, and hydroxyl-ion activity.
The kinetics of quinidine sulfate decomposition in
aqueous solutions were studied under the influence
of light and heat (111). The decomposition at 353-
363°K. was a first-order reaction; the light-induced
decomposition was a zero-order reaction.

The stability of aminophenazone in aqueous solu-
tions was examined in a series of papers. The decom-
position of aminophenazone followed first-order
kinetics, with maximum decomposition occurring at
pH 6 (112). The decomposition activation energy
was 9.280 kcal./mole. The characteristics of the degrada-
tion products in aqueous solutions were also examined
(113). The stability of an aqueous formulation of
aminophenazone stabilized with various oxidants was
determined (114). The rate constants for the given
stabilizers compared with a control indicated some
improvement. A classical kinetic study employing the
Arrhenius equation was used to predict the stability
of taurinophenetidine at 25° in various pH solutions
(115). The degradation kinetics were pseudo-first-
order. In a similar study, 4-(aminoethanesulfonyl-
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aminojantipyrine in solution was examined at different
pH’s (116). By means of these kinetic studies, it was
observed that the chemical in aqueous solution was
practically stable at room temperature.

Kinetic examination of the stability of 2-diethyl-
aminoethyl-3-methyl-2-phenylvalerate  methobromide
and its tertiary amine, 2-diethylaminoethyl-3-methyl-2-
phenylvalerate hydrochloride, in aqueous solution
showed that both undergo hydrolysis and follow
a pseudo-first-order reaction (117). Stability of the
quaternary ammonium salt and tertiary amine did
not differ greatly, based on a comparison of their
acid rate constants. However, comparison of their
alkaline rate constants indicated that the tertiary
amine was considerably less stable than the metho-
bromide. Additional studies by Nogami er al. (118),
with respect to the stability of some aminoethyl esters
of phenylacetic acid, revealed that there was a linear
relationship between N (polar substituent constant)
of R in CsH;CHRCOOCH.CH,N(C,H;) and ky
or kom, and that the Taft formula could be applied
to it. In addition, there was a linear relationship
between the pKa and hydrolysis rate of the substituted
esters. Additional studies of phenylacetic acid deriva-
tives having a quaternary carbon at the 2-position
indicated that the presence of steric hindrance in the
position close to the ester linkage was very effective
in stabilizing aminoalkyl esters (119). Rate constants
were determined by Washkuhn ef al. (120) for the
alkaline hydrolysis of 36 p-substituted alkyl benzoates,
and it was shown that these esters can be characterized
on the basis of their rates of alkaline hydrolysis.
Application of linear free energy relationships allowed
a calculation of alkaline hydrolysis rate constants for
alkyl or aromatic p-substituted benzoate esters not
included in this study.

Murthy and Rippie (121) studied the effect of solvent
anisotropicity on ester hydrolysis in lyotropic liquid
crystalline phases. The reactions, as they occurred
within the smectic phase, were characterized by rela-
tively low apparent activation energies and by large
negative entropies of activation. The hydrolysis of
four carbonate and five carboxylic acid ester prodrugs
of acetaminophen was determined in aqueous buffers
at various pH’s (122). The results suggested that it
should be possible to formulate pharmaceutically
stable suspensions of this type of drug. Mixtures of
two amorphous alumina gels of different acid reactivity
changed physically and chemically upon aging until
a constant state was reached. The rate of conversion
was found to be first order, temperature dependent,
and directly dependent on the initial concentration
of the less reactive gel (123).

The kinetics and mechanism of degradation of an
allylic phosphate were studied as a function of pH
and temperature by Oesterling and Gustafson (124).
The activation energy for phosphate ester hydrolysis
was 21.5 = 0.9 kcal./mole. In the case of the solvolysis
of methylprednisolone-21-phosphate, Flynn and Lamb
(125) observed that there was an acceleration of
reaction velocities and marked deviation from the
expected pH dependency in more concentrated solu-
tions (>0.02 M). This behavior was attributed to



association colloid formation. The rates of deamination
of cytarabine, cytidine, and cytosine were compared
in the presence and absence of catalytic buffers (126).
Cytarabine exhibited only general acid catalysis, while
cytidine and cytosine exhibited both general acid
and general base catalyses. The hydrolysis of pilo-
carpine in aqueous solution was catalyzed by both
hydrogen ion and hydroxide ion (127). Based on appro-
priate kinetic calculations, an optimum condition for
the preparation of pilocarpine ophthalmic solution
was suggested.

Other stability kinetic papers are listed in Table IV.

Antibiotic Stability—The kinetics and mechanism of
degradation of clindamycin in buffered aqueous solu-
tions were investigated by Oesterling (140). The anti-
biotic showed maximum stability at pH 3-5; however,
high temperature studies indicated that not more than
1097 degradation occurs in the pH range of 1-6.5 after
2 years at 25°. In a similar manner, the aqueous stabili-
ties of lincomycin-2-phosphate and clindamycin-2-
phosphate were studied at a variety of temperatures
and pH values (141). Apparent first-order rate constants
of phosphate ester hydrolysis, as well as activation
energies (32.1 kcal./mole for lincomycin-2-phosphate
and 32.9 kcal./mole for clindamycin-2-phosphate),
agreed favorably. Stability studies of an antifungal
antibiotic in selected ointment bases indicated glycerin
monostearate was the most suitable (142). Ampicillin
and carbenicillin stability in commonly used infusion
solutions were investigated (143). Ampicillin showed
wide variations of stability in the different vehicles,
with least stability in solutions containing lactate ion;
carbenicillin gave less than 109, decomposition over
24 hr. in all vehicles except 0.99] sodium chloride,
in which 309 activity was lost. The degradation of a
new synthetic broad-spectrum penicillin, 6-(1-amino-
cyclohexanecarboxamido)penicillanic acid, in aqueous
solution at 37° was elucidated by the pseudo-first-order
kinetics. This antibiotic was acid stable and was
considered suitable for oral administration (144).

Systematic studies were carried out to prepare
stable solutions of tetracycline HCI for intramuscular
injection (145). A formulation containing 50-60%
propylene glycol and filled under anaerobic conditions
gave the most improved stability. The effects of pH,
aliphatic oxyacids, vehicle type, sodium pyrosulfite,
sodium bisulfite, and inert gases on the stability of
tetracycline and its complexes with urea, calcium
chloride, and sodium hexametaphosphate were studied
(146). All showed maximum stability in weak acid
media (pH 4-5), and their stability was influenced
variably by lactic, citric, tartaric, and ascorbic acids:
lactate gave maximum stability and ascorbic ion gave
minimum stability. During microbiological deter-
minations of chlortetracycline in riboflavin-containing
solutions, the photolytic decomposition of riboflavin
deactivated the antibiotic (147). Ascorbic acid or
sodium thiosulfate was added to prevent this deactiva-
tion.

A study of streptomycin stability in aqueous solu-
tions as a function of pH and temperature showed
maximum stability at pH 4.0-5.0 (148). The effect of
some B vitamins on the stability of dihydrostrepto-

Table IV—Additional References on Stability Kinetics

Refer-
ence Topic

128  Stability of khellin

129  Effect of some hydrotropic salts on base-catalyzed degra-
dation of khellin

130  Scheme for evaluating all new drugs by means of pre-
formulation kinetic studies

131  Application of variable temperature kinetics with absolute
reaction rate theory

132 Kinetics of hydrolysis of dimethylaminoethyl p-chloro-
phenoxyacetate hydrochloride

133 Salt effects on rates of alkaline hydrolysis of acetylsalicy-
late and acetylmandelate ions

134 Kinetic parameters necessary for evaluating stability of
heat-sterilized pharmaceutical solutions

135  Hydrolysis of diamorphine in aqueous solutions

136  Comparison of stability programs for injectable pheno-
barbital solutions

137  Stability of phenylephrine hydrochloride in intravenous
solutions

138  Kinetic study of aqueous solutions of sodium sulfacet-
amide

139  Oxidation of aqueous sulfite solutions

mycin sulfate in syrupy solutions was studied by accel-
erated stability methods (149). Both riboflavin and
nicotinamide had a destructive effect on the antibiotic;
thiamine hydrochloride had a slight destructive effect,
while pyridoxine hydrochloride and pantothenate had a
stabilizing effect. Dry oleandomycin phosphate, stored
in evacuated containers, maintained activity within
permissible limits for 1 year (150). Thermal sterilization
of formulations of this antibiotic was not advised.

Additional references on antibiotic stability are
presented in Table V.

Vitamin Stability—The sterically hindered vitamin A
a,a-dimethyl palmitate was considered more resistant
to autooxidation and more stable in the presence of the
acidic emulsifier, diacetyl tartaric acid monoglycerides
and diglycerides, than commercial vitamin A palmitate
(159). Corn oil appeared to retard the loss of vitamin
A ester potency due to acid-catalyzed degradation
and isomerization. As part of a study of the stability
of vitamin A, the results of a study on the stability of
retrovitamin A acetate, an intermediate product of
vitamin A acetate in aqueous ethanolic solution, was
described (160). In a series of papers, the stability of
vitamin A palmitate in selected ointments was discussed
(161, 162). Generally, the vitamin was more stable in
white than in yellow petrolatum; its stability in lanolin,
freed of peroxides, depended on the acidity of the
ointment base. Fairly stable ointments were prepared
in eucerine and petroleum jelly. The stability of prepara-

Table V—Additional References on Antibiotic Stability

Refer-
ence Topic

151 Aqueous stability of triacetyloleandomycin and pro-
pionylerythromycin laurylsulfate; preparation of dry
granules for reconstitution

152 Stability to heat and subsequent storage of chlorampheni-
col eye drops

153 Stability of mycetin D-17 during storage

154  Stability of chlortetracycline

155 Kinetics of degradation of tetracycline and 5-oxytetra-
cycline and their initial degradation products

156  Stability of benzylpenicillin in aqueous solutions

157 Review of sodium methicillin in parenteral solutions

158  Review of factors influencing stability of penicillins
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Table VI—Additional References on Vitamin Stability

Refer-
ence Topic

178  Review of injectable solutions of water-soluble vitamins

179  Product acceptance factors in formulating a chewable
multivitamin tablet

180  Stability of a vitamin A suntanning aerosol formulation

181 Improved stability of a vitamin B complex injectable by
lyophilization

182  Review of kinetic studies on interactions and degradation
reactions of ascorbic acid and thiamine

183  Physical stability of a tablet containing thiamine, pyri-
doxine, and cyanocobalamin

184  Degradation of thiamine in alkaline solution

185  Stability of vitamin C in various pharmaceutical prepara-
tions

186  Stability and mechanism of degradation of nicotinamido-
methylaminopyrazolone

187  Stability of nikethamide solutions

188  Effect of copper ions on shelflife of vitamin C preparation

tions of vitamin A in a dry powdered form was studied
(163). The combination of gelatin and dextrin plus
4.49 antioxidant was the most stable. In a series of
papers, Bhattacharya (164-166) described the stability
of various pharmaceutical vitamin A palmitate com-
plexes in aqueous media. In general, the stability of
vitamin A in an aqueous medium was much greater
than in a dry state. The formation of anhydrovitamin
A in these vitamin A complexes, which was dependent
on the nature of the complex, was also elucidated.

The stability of thiamine hydrochloride in the
presence of some antibiotics in capsules was determined
by the use of accelerated stability methods (167).
Tetracycline  hydrochloride and  chlortetracycline
hydrochloride had some stabilizing action on the
vitamin, but oxytetracycline hydrochloride and
chloramphenicol had a destructive effect. A discussion
of the mechanisms of stabilization of aqueous thiamine
solutions by L-histidine indicated that the histidine
complexes with metallic ions which cause the catalytic
degradation (168). A kinetic study of pyridoxine
hydrochloride in the presence of some antibiotics
indicated that tetracycline and chlortetracycline hydro-
chlorides have a stabilizing effect on the vitamin,
while oxytetracycline hydrochloride and chioram-
phenicol have a deleterious effect (169). The best
container found for preserving aqueous solutions of
cobamide (vitamin B, coenzyme) against photolytic
degradation was an amber borosilicate glass vial
reheated to 650° (170). In other studies, cobamide
in a lipoprotic vehicle remained more stable than
when it was in an aqueous vehicle (171).

The effect of certain additives on the photochemistry
of riboflavin was discussed in a paper by Shin et al. (172).
It appeared from the compounds tested that an effective
photochemical stabilizer should have a hydroxyl
group, either attached to a benzene ring or in conjunc-
tion with the benzene ring. Light, pH, and heat affect
the decomposition of folic acid injectable solutions
(173, 174). Optimum stability was achieved at a pH
value of 7.6. Vitamin K, in aqueous pharmaceutical
preparations was relatively stable at pH 4.0-7.0 but
unstable at higher pH (175). The degradation product
in solution at the higher pH was isolated and identified.
In addition, photolytic products of vitamin K, in the

964 (] Journal of Pharmaceutical Sciences

absence of oxygen were elucidated (176). An investiga-
tion of the influence of nonionic surfactants on the
rate of degradation of menadione concluded that
polysorbates (Tweens) stabilize the vitamin composi-
tion at neutral pH (177).

Other references pertaining to vitamin stability
are listed in Table VI.

PHARMACEUTICAL TECHNOLOGY

The science and technology of microencapsulation,
with applications in pharmaceutical and cosmetic
fields, were reviewed by Luzzi (189) and Nack (190).
In a series of review articles on aspects of pharma-
ceutical technology, a wide range of topics was dis-
cussed, including fluidization applications, pulveriza-
tion with ball mills, polymeric film coating, and freeze-
drying processes (191-195). Other articles outlined
some effects of moisture, glidant addition, and mixing
equipment on the flowability and mixing performance
of bulk particle solids (196-198).

Parenterals—The effect of rubber closures on injec-
tion solutions was a topic of several interesting papers.
The turbidity produced in aqueous solutions of vio-
mycin, stored in glass vials and closed with rubber
stoppers, was found by TLC and GLC to be caused
by di-tert-butyl-p-cresol, tetramethylthiocarbamoyl di-
sulfide, and mercaptobenzothiazole (199). In another
similar study, stopper formulations containing zinc
dithiocarbamates and thiurams caused much clouding;
thosecontaining 2-mercaptobenzothiazole, sulfenamides,
or guanidines caused much less (200). Only very small
amounts of turbidity were observed in solutions in
contact with peroxide or phenol-formaldehyde resin-
cured samples. Yanchick and Sperandio (201) studied
the relative loss of benzyl alcohol-7-'*C when exposed
to natural rubber, neoprene, and butyl rubber closures.
In 197 solutions, the rate of loss depended on tempera-
ture and on the position in which the vials were stored;
natural rubber gave the greatest loss and butyl rubber
the least as temperature increased.

Precipitates found in admixtures of potassium
chloride and 5% dextrose in water were identified as
silica and alumina (202). Another study of particulate
matter in intravenous solutions revealed that consid-
erable variation existed in the same product from
different manufacturers and in different solutions or
different lots of the same solutions from the same
manufacturer (203). The addition of devices or additives
increased the number of particulates, but a final filter
set was very effective. Particulate contamination in
vials of sterile dry solids upon reconstitution was
examined, using a membrane filtration technique
and subsequent microscopic examination and counting
of particles (204). Significant differences were found in
particle counts, but not size distribution, in the products
of different manufacturers. No significant fall in
activity with time was observed in solutions of nor-
adrenaline containing 5% dextrose, 5%, dextrose in
physiological saline, and acidified physiological saline
(pH 3.6), but there was a significant loss of activity
in physiological saline and 4.2% sodium bicarbonate
solution (205). Parenteral admixtures of metaraminol



bitartrate and hydrocortisone sodium succinate with
5% dextrose in normal saline remained stable for at
least 48 hr. (206). The buffer capacity and pH of a
number of commercial infusion solutions were deter-
mined (207). For purposes of calculating pH after
drug admixture, the buffer capacity of pure electrolyte
solutions and dextrose or dextran fluids of pH 4.5
need not be considered.

A simple technique to control aseptically the required
pH of solutions for the preparation of !!)In™-labeled
ferric hydroxide particles was described (208). The
advantage of the procedure was the elimination of
autoclaving time, a critical factor when the nuclide
has a short half-life. Residual biological activity of
injectable solutions of cyano- and hydroxocobalamins
after ®Co «y-irradiation was higher than expected from
photometric determinations (209). Solutions of high
vitamin content were more resistant than low ones,
hydroxocobalamin being more resistant than cyano-
cobalamin. A number of drugs sterilized by <y-irradia-
tion showed little or no breakdown (210). However,
in solutions of low concentration (mostly <0.5%),
these compounds underwent extensive change.

Intravenous injection of 7,12-dimethylbenz[g]anthra-
cene in dimethyl sulfoxide was judged to be at least as
active as fatty emulsions now in use (211). Intra-
venously administered soybean emulsions of pento-
barbital and thiopental prolonged the sleep time in
mice compared with the corresponding aqueous
solution (212). In another experiment, a similar effect
was observed when helianthic and linseed oils, dimethyl
sulfoxide, polysorbates 60 and 80 (Tweens 60 and 80),
or propylene glycol was administered prior to hexo-
barbital treatment (213). The use of additives to
enhance the stability of injectable solutions of a diethyl-
amine salt of phenobarbital (214), reserpine (215), and
esters of diphenylacetic acid derivatives (216) was
reported. The effects of pH, solvent, light, metal ions,
container, and oxygen content of solvent water on the
stability of injectable L-ascorbic acid solutions were
elucidated (217, 218). Maximum stability of the aqueous
solution was found at a pH value of 6.5. Cysteine
hydrochloride was used to stabilize dexamethasone-
21-phosphate injectable solution sterilized by bacterial
filtration (219). The best stabilizer of an injectable
calcium gluconoascorbate was a mixture of 0.1%
thiourea and 0.19 cysteine (220). The behavior of
castor oil under conditions of thermal sterilization
gave no indication that it required a more careful
sterilization procedure than that used for peanut oil
(221). Sterilization at 180° for 25 min. was recom-
mended.

Other papers of interest in the category of parenterals
are listed in Table VII.

Sterility—The various sterilization processes em-
ployed in the pharmaceutical industry were reviewed
and discussed (235). Methods of preparing sterile eye
drops and ointments according to prescription were
also described (236). The pattern of temperature rise in
articles undergoing sterilization in an oven under
normal working conditions was investigated by Peacock
and Ridgway (237). Mathematical models, each ex-
pressed in terms of a set of differential equations, were

Table VII—Additional References on Parenterals

Refer-
ence Topic

222 Compilation of stability and compatibility problems of
drugs in injections or intravenous infusions

223  Review of contamination of injectable solutions by per-
fusion and transfusion kits and other associated
equipment

224  Critical discussion of particulate matter in solutions for
injection and methods of determination

225 Description of apparatus for determining particulate
matter originating in intravenous infusion sets

226  Effect of contact with metal equipment on stability of
papaverine solutions for injection

227 Review of pharmaceutical uses of polyvinylpyrrolidone in
parenterals

228 Incompatibility of drug mixtures for parenteral adminis-
tration

229 Parenteral formulation procedures for investigational
drugs in cancer chemotherapy

230 Compilation for preparation of solutions for injection
using a weight~volume ratio

231 Incompatibility of commercnal injections (298 combina-
tions) as examined by T

232 ‘Treatment of activated carbon used for purifying 407,
glucose solution for injection

233  Demonstration of thermostability concept in preparation
of sterilized aqueous solutions

234  Production of infusion fluids of low particle content

fitted to the data obtained. Knowledge of the heating
rate in a bottle of known volume permitted calculation
of the rate in different size bottles containing the same
liquid and undergoing the same heat treatment (238).

Various techniques for ethylene oxide sterilization
were described and evaluated by Gunther (239).
In another article, factors influencing the degassing
of ethylene oxide-sterilized rubber and plastic articles
and the toxicity of reaction products in these polymers
were described (240). Ethylene oxide as a propellant
and sterilizing agent was proposed as one method of
assuring sterility in filled aerosol containers (241).
An interesting paper by Chen (242) demonstrated
the ability of 10097 ethylene oxide to penetrate the
silicone coating used on disposable hypodermic needles
and syringe rubber plunger tips. Spores of Bacillus
subtilis var. niger, introduced underneath the silicone
coating, were killed by the ethylene oxide treatment.
B-Propiolactone was put to a unique use in a method
of sterilizing pig heart valves (243). An apparatus
designed for sterilization with formaldehyde was
described for use in pharmacy (244), and the param-
eters for effective formaldehyde sterilization were
established.

Methods of radiation sterilization in the pharmaceu-
tical industry were reviewed (245, 246). The effect of
v-radiation, as used in the radiosterilization of glass
ampuls, on the resistance of glass containers was
investigated. This radiation gave no lowering in
classification of glasses in the hydrolytic resistant
groups (247).

A membrane filtration procedure for testing the
sterility of insulin zinc suspensions solubilized in
ascorbic acid diluting fluid was a significant improve-
ment over the direct method of sterility testing (248).
The removal of abnormally large' amounts of added
pyrogens in 15 different standard infusion solutions
by filtrations through an asbestos filter layer was
investigated (249). The filtered solutions were pyrogen
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Table VIII—Additional References on Sterility

Refer-
ence Topic

250 = Review of filtration methods for injection solutions

251  Review of use of gaseous sterilizing agents

252  Review of microbiological aspects of drug production

253  Discussion of factors to assure sterile water conditions

254  Significance of primary contamination testing in routine
studies for rejection of ampul preparations

free, with the single exception of a high sugar content
infusion.

Other papers relative to the subject of sterility are
listed in Table VIII.

Tablets and Capsules—The factors affecting the com-
pression of tablets were reviewed by Livingstone (255).
Special emphasis was given to the operational steps
necessary in direct compressions. In an excellent article
by Fonner ef al. (256), optimization techniques in drug
product design and process analysis were presented.
This method was applied to generate optimal formula-
tions in typical tablet design problems and to locate
optimizing variables in a typical encapsulation design
problem.

The effect of several grinding variables on the flow
characteristics of liquids and solids through a small con-
tinuous wet ball mill was investigated (257). It was found
that none of the major grinding variables caused
major changes in the form of the distribution (logarith-
mic normal) of residence time function. In one labora-
tory-scale fluid energy mill, a reduction in particle
size to subsieve size was attained. The product particle-
size distribution was very sensitive to feed rate (258).
In exploratory experiments on kinetics of comminution,
sodium chloride was milled in a ball mill at relative
humidities of 0.5 and 4% for various periods (259).
The particle size, as determined by sieve analysis, was
reduced until the load no longer sufficed to break the
particles. Thereafter, they agglomerated, particularly
in drier air, and the agglomerate size increased with
increased milling time. Some statistical methods for
evaluating particle-size distribution were studied and
compared (260).

The origins, nature, measurement, and effects of
particle residual stresses were critically reviewed by
Hirschhorn (261). The possible primary causes of
residual stresses were listed as uniform and nonuni-
form plastic deformation, temperature and thermal
strain differentials, and phase transformation in
individual particles. The radiological techniques neces-
sary to obtain quantitative geometric descriptions of
particle packings (particles of any shape and a large
range of sizes) were developed (262). A mathematical
expression was given to the relationship between the
number of equally sized spherical particles and the
porosity of a unit cross section of a sedimentation
bed resulting from the packing of powder (263).

Several interesting papers appeared on the mixing
and blending of bulk pharmaceutical powders. The
factors that contribute to the kinetic angle of repose
of powders in the flights of rotary drums were shown
to be particle size, drum speed, and the type of material
(264). Measurements of the static angle of repose
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were statistically correlated with particle size. The
mixing of components of similar size and density in a
horizontal drum mixer were characterized by a param-
eter, the migration coefficient, which was used in
developing a scale-up procedure (265). Segregation
occurring when different particle sizes were present
was investigated for a number of different drum mixers.
An apparently randomized mixture was obtained
when the drum was rotated at the speed at which the
porosity of each component was maximum. An
equation was derived for the variance of the composi-
tion of samples drawn from nonrandom binary mix-
tures (266). The index of mixing was equal to zero for no
mixing and one for random mixing.

The present state of knowledge of continuous
mixing was reviewed by Williams and Rahman (267).
After considering available experimental techniques,
a simple method suitable for solid mixers was described.
It was shown that the performance of an inclined
rotating drum mixer, investigated by the &-input
response technique, could be assessed for establishing
the best operating conditions of a given system. In
studies on the mixing of pharmaceutical powders,
cohesive powders charged to the bottom of a V-type
mixer behaved like “diffusion” from the charging
position of the active ingredient (268). In an experiment
to elucidate the mechanism of lubricant action in the
operation of mixing and lubricating pharmaceutical
powders with calcium stearate in a V-type mixer,
a relationship was observed between the changing rate of
apparent density of the powder and the cumulative
revolution number of the mixer (269).

A good correlation was shown to exist between
the flow properties of clomacran phosphate powder
blend and capsule fill-weight variation when an auto-
matic capsule-filling machine was used (270). Most
of the weight variation of the finished capsules, also
affected by lot-to-lot variability and concentration
of the drug, was overcome by a granulation procedure.
The apparent specific volume and the breaking strength
of mixed systems found in granulating processes were
investigated in relation to the filling properties of the
systems (271). The changes in extrusion weight and
other properties of the systems with the lapse of time
in the process of granulation were discussed in relation
to changes in particle compactness and breaking
strength. The effect of properties of binder solutions
was also investigated in the same mixed systems (272):
the higher the viscosity of binder solution, the greater
the tensile strength. In addition, it was found that the
extrusion weight of granules through an extrusion-type
granulator was inversely proportional to the breaking
strength of the mixed system.

An investigation of the effect of particle shape on the
variation of the fill in a tableting die found that the
mean contained weight was greater for regular than
for irregular particles (273). A maximum die fill occurred
when the ratio of die diameter to particle diameter
was about 20 for all particle shapes. The influence of
glidants on the technical properties of tablet granulation
was studied by comparing the weight variations of
tablets with flow properties of the granulations,
as measured by the angle of repose, the flow rate, and



the internal angle of friction (274). No correlation
was observed between flow properties and weight
variations of the tablets. In evaluating a glidant and
in selecting its concentration in a tablet formulation,
the homogeneity of the powder mixture and the
possibility of segregation during preparation were
considered (275).

Evaluation of a tablet-lubricating agent by electronic
pressure measurements from an instrumented press
was demonstrated for magnesium stearate (276).
For every lubricant, a concentration could be estab-
lished above which the friction conditions in the
machine were not changed even with high compression
numbers. Examination of a mixture of sodium bicar-
bonate and magnesium stearate, using an optical and
a scanning electron microscope, showed that magnesium
stearate formed a replicalike film over the surface of
the bicarbonate particles (277). Flow regulation of
powders of various particle size, form, and surface
structure was studied with a preparation of alumi-
num hydrosilicate (278). This glidant exerted either a
positive or negative flow regulation; thus, the optimum
concentration must be determined for each powdered
substance individually.

The effect of surface-active agents as lubricants for
tablets on the release of active substances from com-
pressed tablets was studied by comparing dissolution
rates of some steroid formulations (279, 280). The
concentration of the surface-active agents was not
high enough to lower the surface tension of the solution
significantly or to increase the solubility of the steroid,
but their use as lubricants increased the release of the
active ingredient. Similar effects were observed on
sulfanilamide pellets and tablets (281). The differences
in the minimum amount of polysorbate 80 (Tween 80)
and poly(oxystearate)-40 required for the complete
hydrophilization of powders for tablet manufacture
were interpreted in terms of the various hydrophilic-
lipophilic balance (HLB) values of the surface-active
agents, different hydrophobicities of powders, and
the different grain sizes of powder particles (282).

The influence of tableting pressure on the surface
texture of tablets consisting of corn starch, lactose
crystals, and cyproterone acetate microcrystals was
examined by the scanning electron microscopic tech-
nique (283). Deformations of the starch grains in
formation of solid bridges through the lactate and
cyproterone crystals were observed. Tablets of
magnesium carbonate placed in water disintegrated
rapidly into their components, presumably due to
breakdown of interparticulate bonds (284). Particles
of known size were compressed and allowed to disin-
tegrate to give evidence of fragmentation or interpar-
ticulate bonding. Moisture in tablets (2.5-6.6%)
reduced the surface area. This was due to improved
lubrication and, for more soluble substances, to
recrystalfization, which permitted the formation of
interparticulate bonds (285). Similar effects of moisture
on the compression of tablets were observed as a
function of their apparent density (286).

The use of compression modulus to describe the
effect of moisture on compression behavior was
discussed by Rees (287). He presented data to show

that, at higher pressures, it is insufficient to quote
values of the pressing modulus unless the actual
relations between pressure and relative volume are
considered. Measurements of the temperature rise
occurring on compression, recompression, and relaxa-
tion of tablets were investigated by means of thermo-
couples inserted in the compressed materials (288).
With all tablets, a rise in temperature was observed
on initial compression and a fall on relaxation. The
temperature rise was further separated into two com-
ponents: that due to compaction and a further rise
due to elastic compression. In another investigation,
the rise of temperature on the upper and lateral sur-
faces of tablets during compression was examined.
The rise of temperature was linearly related to the
logarithm of compression time or the logarithm of
ejection force (289).

Tableting behavior of crystalline and spray-dried
lactose as a function of particle size, shape, and storage
of powders was examined under direct compression
(290). The results indicated that particle size had littie
effect, but particle shape and storage influenced the
strength of the tablets. Henderson and Bruno (291)
found that lactose USP (beadlets) and dextrose (PAF
2011), two new agents for direct compression, were
generally superior to the other materials they tested
(spray-dried lactose USP and anhydrous lactose USP)
for use as fillers for direct compression. Direct com-
pression tablet formulations of phenobarbital, sodium
phenobarbital, phenacetin, butyl scopolammonium
bromide, and rutoside with tableting agents were
described by several authors (292-294).

The rate of moisture uptake by loosely packed and
tapped beds of six pharmaceutical materials was
found to be independent of bulk density but dependent
upon bed depth (295). The tensile strengths of the
bulk solids changed when subjected to high relative
humidities. The use of a microindentation apparatus
to determine the hardness of tablets at various points
on their diameter was described (296). This apparatus
measured the total deformation at the loaded point
on the tablet and also elastic recovery when the load
was removed. The diametrical crushing strength of an
ideal system of compressed particulate material and
the relation between strength and mean compression
pressure were found by Rees and Shotton (297) to
depend on the time at which the strength was deter-
mined. Increases in strength of over 1009 during
the Ist hr. after compression were attributed to stress
relief of the crystals and interparticulate bonds.

An investigation of the breaking strength of tablets
containing lactose and microcrystalline cellulose showed
that for tablets of 2-30-kg. nominal strength, an
increase in the loading rate produced a significant
increase in the breaking strength (298). These results,
obtained using an Instron universal testing instrument
and compared with those obtained using other instru-
ments, indicated that discrepancies in the strength
values may be partially attributed to differences in the
rates of loading. The tensile strength of lactose tablets,
as contrasted to crushing strength, was measured by
applying the diametral compression test described
by Fell and Newton (299). To obtain reproducible
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results for the strength of tablets prepared at a given
compression force, it was shown that the tablet must
break in such a manner that the tensile strength is the
major stress. Usually, there appears to be no way
of quantitatively predicting the properties of tablets
by considering the properties of the individual compo-
nents. However, for a single material such as lactose
which exists in three forms (a-anhydrous, 3-anhydrous,
and a-monohydrate), it was possible to predict the
strength of tablets prepared from mixtures of the three
forms from measurements of the strength of tablets
prepared from the individual components (300).

The influence of a number of tableting parameters
on the pore structure and disintegration character-
istics of model tablet formulations was reported in
a series of interesting papers. The addition of starch
to the various tableting materials produced no signifi-
cant effect on the pore structure of the dry tablet but
caused disintegration of this structure when the tablet
was penetrated by water (301). This effect was a func-
tion of the compressibility of the constituent materials
and the pressure used to compress the tablet. In studying
the effect of granule properties on the pore structure of
tablets of sucrose and lactose, it was found that low
pressure, high density, high strength, and large granule
size promoted a more open but less uniform structure
(302-304). Such conditions produced a bimodal
pore-size distribution. Although conditions of wet
granulation influenced the pore structure of lactose
tablets prepared over a wide range of compression
pressures, dry granulation only influenced pore struc-
ture when slugging pressures were high, the granules
were coarse, and tableting pressures were low. The
effectiveness of the disintegrating ability of starch
was dependent on the solubility of the tableted drug;
disintegration rates decreased with increasing water
solubility of the drug (305). The beneficial influence
of some crosslinked polyelectrolytes and crosslinked
gum arabic in some difficult to disintegrate tablet
formulations was reported by Hirata (306, 307),
along with a discussion of the disintegration mechanism.

The adhesion of film coatings to surfaces of com-
pressed tablets was examined by Wood and Harder
(308) for the effect of the critical surface tension of a tablet
surface and the surface tension of a coating solution and
its components on the strength of the adhesive bond be-
tween the film coating and tablet surfaces. Tablets with
higher critical surface-tension values had increased
bond strength, but the hypothesis that decreasing
the surface tension of the coating solution and balancing
the surface tensions of the components to yield a
positive system should result in increased bond strength
was not clearly established by experimental evidence.
Other experiments, conducted to characterize tablet
surfaces by their critical surface-tension values, indi-
cated that increased critical surface tension results
in increased wetting by the coating solution and in an
increased bonding force between the tablet surface
and the polymer film coating after the solvent has
evaporated (309).

A statistical analysis was made of the variation from
tablet to tablet in the amount of drug in the coat of
sugar-coated tablets. Although the standard deviation
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in a series of batches was linearly related to the square
root of the number of coats, the plot failed to intersect
at the origin and did not have the required slope (310).
Apparently, other factors such as viscosity and surface
activity of the syrup suspension, core shape, and pan
build-up contribute to the variation. An improved
self-programming automated tablet-coating system,
based on the rate of moisture loss in the tablet mass,
was designed and evaluated by Heyd and Kanig (311).
A high degree of sensitivity of drying cycles to changes
in environmental humidity in the coating pan was
demonstrated. Methods and equipment found useful
for recording temperature patterns resulting from the
evaporation of volatile coating solutions applied to
pellets in a rotating pan were discussed (312). These
characteristic patterns were interpreted in regard to
run-to-run replication, effect of application and drying
rate, and coating-solution distribution.. The manu-
facturing technique for titanium dioxide lakes, prepared
from certified water-soluble dyes, and the pharma-
ceutical application in color-coating tablets were
described and discussed in conjunction with automatic
spray coating (313). Substances evalnated for enteric
coating of tablets included polyglycerol stearate,
poly(vinyl acid phthalate), gluten, gliadin, and glutenin
(314-316). The feasibility of large-scale production
of cellulose acetate phthalate enteric-coated capsules,
based on the use of a fluidized-bed spray film coater,
was discussed by Jones (317).

Further references of interest in the general area of
tablets and capsules are listed in Table IX.

Suspensions—A model for rheological behavior of
thixotropic systems was advanced for suspensions of
rigid, solid particles in liquids (353), but it was not ex-
pected to be valid for materials of a polymeric nature
or for suspensions of elastic, deformable particles in
liquids. Some applications of rigidity and yield values
in a study of gelatin and laponite gels were described
(354). An important property of thixotropic hectorite
gels was found to be the relatively rapid sol-gel trans-
formation.

Depending on the concentration of a suspension,
it will exhibit one of three sedimentation patterns
pertaining to low, intermediate, and high concen-
trations of solids. The sedimentation kinetics of floc-
culated suspensions in the initial sedimentation region
and the following intermediate region were investigated
from both a theoretical and experimental standpoint
by Carstensen and Su (355, 356). In the initial phase,
it was shown that sedimentation data were consistent
with theory. Empirically, these data can be evaluated by
plotting the square root of height as a function of time;
the slope of these lines appears to be proportional
to the ratio of density difference to viscosity. Sedimen-
tation of the intermediate phase presented as a theo-
retical equation was also supported by experimental
data. A method of comparative analysis of sedimenta-
tion and Brownian motion was described for deter-
mining the maximum diameter of particles that will
not sediment in an aqueous suspension (357). These
calculations by a computer yielded valuable informa-
tion as a guide to suspension formulation, but the
presence of suspending agents nullified the method.



Table IX-—Additional References on Tablets and Capsules

Refer-
ence Topic

318 Discussion of a thixotropic agent (Aerosil) for the im-
provement of the flow characteristics of powders

319  Study of packing of irregular particles

320 Method for dielectric study of solid powders

321  Statistical analysis of uniformity of distribution of cyano-
cobalamin in tablet formulations

322  Fluidized-bed particle coating

323  Survey of research on powders done in the School of
Pharmacy, University of London

324 Use of cordia myxia mucilage as a binder in tablet
manufacture

325  Effect of various drying conditions on rates of drying of
pharmaceutical preparations

326 Changes in physicochemical properties of a synthetic
magnesium aluminum silicate due to hydrothermal
treatment

327  Sampling approach to ensure tablet uniformity throughout
a tableting run, and assessment of powder mixtures for
cosmetics and pharmaceuticals

328  Preparation of fat-based pills using a Piluterm apparatus

329  Unique device for external lubrication of die in prepara-
tion of effervescent tablets containing nicotinic acid and
sodium bicarbonate

330 Review of uses of mannitol in production of lozenges and
chewable tablets

331  Preparation of sterile implants by compression

332  Formulation with microcrystalline cellulose of a morphine
implantation peliet

333 Fusion for preparation of two-component tablets con-
taining sodium salts of organic acids

334  Quality control method for determining tablet and capsule
defects by visual inspection

335  Effects of cooling and granulation mixing time on amido-
pyrine tablets

336 Influence of humidity on granules in the compression of
sodium salicylate and p-aminosalicylate

337  Effect of temperature and compression on tensile strength
of compressed particles

338 Introduction of working bulk density as a concept in

powder technology . .

339 Effect of methylene casein on the physical properties of
tablets

340 Discussion of a disintegration apparatus for evaluation of
drug availability

341 Comparative evaluation of seven dizsolution apparatus
for capsule dosage forms

342 Release of isoprenaline sulfate from certain sublingual
tablet bases by disintegration time measurement

343  Effect of compression pressure on the disintegration of
some sulfonamide tablets

344  Effect of powdered celluloses on the strength and disinte-
gration rate of compressed tablets

345 Tabulation and discussion of tablet hardness and disinte-
gration time measurements on 105 products

346  Principles, method, and apparatus for automatic coating
of tablets

347 Review of enteric coatings

348 Inﬂixence of various additives on softening point of shellac
films

349  All-glass laboratory apparatus for fluidized-bed coating
of tablets or pills

350 Review of film coating of pharmaceuticals

351 Review of film moisture protective coatings for orally
administered drugs

352  Manufacturing procedures of hollow gelatin capsules

Investigation of highly flocculated suspensions of
clay in batch tests showed that the rate of formation
of sediment of a given concentration decays exponen-
tially with time from the start of a test (358), but estab-
lished theory predicts that it should remain constant.

The influence of electrolyte, type and concentration
of surfactant, and nature of vehicle upon the physical
properties of sulfaguanidine suspensions was investi-
gated (359). It was reported that acceptable suspen-
sions of this drug were produced by controlled floccula-

tion in the sulfaguanidine—polysorbate 80-aluminum
chloride system. In a point of controversy, other authors
presented data showing that flocculation cannot
take place in this system (360). The effect of adding a
wetting agent on the physical properties of sulfamera-
zine suspensions was described (361). When all the
components were mixed totally and simultaneously,
a more flocculated and more stable suspension was
produced than when the wetting agent was added
first, followed by the hydrophilic suspending agent.
The effect of alcohols, surfactants, lipophilic materials,
and temperature on the rate of sedimentation of
aqueous talc and zinc oxide suspensions was reported
(362-365).

In studies of the coagulation kinetics of mixed
suspensions, Matthews and Rhodes (366) used a com-
puter to predict the particle-size profile during the
coagulation of a mixture of two normally distributed
particulate suspensions; they tested the Miiller equation
for the coagulation of a mixture of large and small
particles using the Coulter counter. A critical evalua-
tion of the use of the Coulter counter model B in
coagulation studies was made, and the implications
of the effect of coarsening the suspension on the detec-
tion of small particles was discussed (367). Particle-
size analyses of some pharmaceutical suspensions
were made by the Andreasen pipet method, sedimenta-
tion balance, and the Coulter counter (368). As long
as the particle-scattering coefficient was constant,
controlled by the volume and surface area distribution
functions, values from the pipet method yielded
accurate results. The Derjaguin, Landau, Verwey,
and Overbeek (DLVO) theory was used by Matthews
and Rhodes (369) to interpret pharmaceutical suspen-
sion stability. Practical guidelines for formulation
of suspensions by a coagulation technique were pre-
sented. The dispersibility of sulfisoxazole, sulfadi-
methoxine, and N;-acetylsulfisoxazole in aqueous
sucrose solutions containing polyoxyethylene nonyl
phenyl ether or sodium lauryl sulfate were examined
(370, 371). From these results, it was concluded that
the dispersive sedimentation of sulfonamides began
at the polyoxyethylene nonyl phenyl ether concen-

Table X-—Additional References on Suspensions

Refer-
ence Topic

372 ¢-Potential and its use in pharmaceutical technology

373  Review of pharmaceutical suspensions

374 Effect of carboxymethylcellulose on dehydration of
kaolin suspensions in the filter press

375  Properties of Spanish agar

376 Interpretation of Beer’s law curves for concentrated dye
suspensions

377 Review of action of dispersing agents in pigmented
aqueous dispersions

378  Stabilization of calamine lotion and milk of magnesia
with carboxymethylcellulose or guar gum

379 Effect of nonionic surface-active agents sorbed onto
orlganoclays on rheological properties of oleopseudo-
gels

380 Criteria for estimating amounts of pectins of different
viscosities in the manufacture of suspensions

381 Layering phenomena in colloidal suspensions

382  Settling characteristics of precipitated magnesium hydrox-
ide suspensions
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Table XI—Additional References on Emulsions

Refer-
ence Topic
412  Influence of some emulsifiers on stability of cosmetic
emulsions
413  Effect of emulsifiers on distribution of medicinals in emul-
sion systems
414  Emulsion-forming characteristics of complex emulsifier
systems
415  Aging processes of model emulsions with complex emul-
sifier systems
416  Method involving ternary phase diagrams for developing
stable emulsions
417  Demonstration of a ternary system in an aerosol emulsion
preparation
418  Effects of solid additives on formation and separation of
emulsions

419  Factors affecting stability of concentrated emulsions

420 Influence of nonionic surface-active agents on quality of
o/w emulsions

421  Stability of emulsions using sodium dodecylbenzene-
sulfonate

422 Emulsion and aerosol formulation

423  Formulation of castor oil emulsion

424  Mechanism of emulsification in bidisperse systems

tration of about 1 X 10-3 mole/l.,, and the dispersi-
bility was decreased by the addition of sucrose. In
the case of sodium lauryl sulfate, the dispersive sedi-
mentation began at 4 X 10-% mole/l. and was not
affected by the addition of sucrose.

Other articles relating to suspensions are listed in
Table X.

Emulsions—Numerous review articles were published
on the theory and practice of emulsions and micro-
emulsions and the critical factors associated with emul-
sion systems (383-394). Characteristics of inclusions
in the dispersed phase of liquid-liquid suspensions, a
structure known as a double-multiple emulsion, were
determined by an investigation of the hydrodynamic
formation of these structures (395). A simplified model,
based on the use of spray nozzle parameters, satisfac-
torily correlated percent included area and volume as a
function of the Reynolds number and Weber number.
An investigation of the phase equilibria on properties
of an emulsion showed the presence of liquid crystalline
phases and also explained the sudden changes in
stability, viscosity, and even inversion that can take
place with small changes in emulsifier concentration
(396, 397). The influence of micelles in the system was
also pointed out.

An interesting paper was presented by Garrett
(398) on the prediction and evaluation of emulsion
stability with ultracentrifugal stress. Nonstratified
creams demonstrated an initially apparent first-order
process of large particle drainage from the cream
simultaneously with continuous drainage of the heavier
surfactant. The final rate of oil separation was con-
stant, reflecting the rate-determining coalescence at
the cream—oil interface. Use of statistical experimental
design studies on emulsification with various emulsi-
fiers indicated that the stability was affected more by
the volume ratio of the water phase than by the amount
of emulsifier or method of mixing (399). The stability
was also influenced by temperature. The stability of
w/o emulsions as a function of temperature and of the
hydrophilic chain length of the emulsifier was examined
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(400). Relatively stable w/o emulsions were obtained
when the phase-inversion temperature of the emulsions
was about 10-40° lower than the storage temperature.
Differential thermal analysis procedures were described
for determining the phase-inversion temperature of
o/w emulsions stabilized by polyoxyethylene surfactants
(401). With a given oil phase, the phase-inversion
temperature increased linearly as the HLB of the
surfactant increased. Different methods of determining
emulsion stability and HLB of surfactants were the
subjects of several papers (402—404). These procedures
were based on measuring the intensity of reflected
B-radiation, electronic counting with a Coulter counter,
and measuring a characteristic change of viscosity
at the stage of phase inversion.

The autooxidation of o/w emulsions was found to
depend on the hydrogen-ion concentration (405).
Oxygen uptake measurements and peroxide number
determinations increased with rising pH up to a
maximum at about pH 10 and then fell again at a
still higher pH. Hydroxycarboxylic acid antioxidants
suppressed the metal-catalyzed autooxidation of o/w
emulsions (406). The chelating agents, citric and tartaric
acids, were shown to inhibit oxidation of oil with
low peroxide numbers, but this effect was not observed
for ferrous ions in samples of high peroxide number.

Liquid paraffin emulsions, stabilized by cetrimide
or sodium dodecyl sulfate with long-chain alcohols,
were examined by microscopy, particle-size analysis,
continuous shear rheometry, and creep (407, 408).
The rheological properties of each emulsion were not
directly related to particle-size distribution but to
the nature of a gel network present in the continuous
phase. Using very similar mixed emulsifier systems,
Talman and Rowan (409-411) investigated the increase
in consistency of o/w emulsions. The results indicated
that for a fatty alcohol or acid in conjunction with the
surfactant to have any self-bodying action in an
emulsion, two conditions must be met: (a) a portion
of the alcohol or acid must migrate from the oil to
the aqueous phase, and (b) the surfactant molecules
must be of such size and shape or be present in sufficient
concentration to permit penetration of the amphiphile
crystal lattice, thus forming a ternary liquid crystalline
phase.

Other articles related to emulsions are presented in
Table XI.

Ointments and Creams—New representations of the
theoretical molecular concept of ointment structure was
discussed by Huettenrauch (425). The concept included
molecular order, molecular geometry, supermolecular
structure, and total gel structure. The release, uptake,
and permeation behavior of salicylic acid in ointment
bases were investigated by Nakano and Patel (426).
Release of salicylic acid from five ointment bases
indicated that emulsion-type ointment bases are superior
to oleaginous and polyethylene glycol ointment bases.
The relative importance of the factors involved in the
permeation of the drug from aqueous solution through
ointment bases to another aqueous solution was
studied with a three-compartment diffusion cell.
The effect of adding aqueous solutions of methyl-
cellulose to hydrophobic ointment bases on the diffu-



sion of salicylic acid was studied using an agar diffu-
sion procedure (427). Enhanced diffusion of the
acid from various ointment bases was observed. A
study of the effect of polyhydric alcohols in ointment
bases showed that the polyols had no effect on the
release of sulfathiazole and salicylic acid (428).
For long-term storage of the ointment bases, glycerol
and sorbitol were the best humectants, and propylene
glycol tended to reverse the emulsion type. The use of
polyethylene glycols as an ointment base, combined
with hydroxypropylmethylcellulose and water, was
tested in model preparations (429). The viscosity,
flow point, and cloud point of the compositions
decreased and the medication release rate increased
as the proportion of the hydroxypropylmethylcellulose—
water hydrogel in the compositions increased. Tertiary
phosphoric acid esters of poly(ethylene oxide) fatty
acid alcohol esters, as used in washable dermatological
ointments, were investigated (430). The lauryl deriva-
tive, in liquid petrolatum solutions, took up water
in almost equal proportions to the ester concentration
without becoming turbid.

The addition of hydrogenated lanolin or propyiene
glycol to a mineral oil base containing (3-methasone-
17-valerate or 21-deoxy-B-methasone-17-propionate
markedly increased the vasoconstrictor potency of the
valerate but not of the propionate (431). Two in vitro
model systems for the study of the release of valerate
from various vehicles were described. It was found
that prednisolone in creams undergoes undesirable
crystal growth to form the stable crystalline predniso-
lone hydrate (432). When the hydrate was used in the
cream, no crystal growth occurred. Ointments con-
taining promethazine hydrochloride, pheniramine
p-aminosalicylate, and chloropyramine all showed
some degree of photolytic and oxidative degradation
(433, 434). The least change was noted in a water-free
simple ointment. The use of some antioxidants was
also shown to be of value. The effects of radiosteriliza-
tion on the physical, chemical, and biological proper-
ties of ophthalmic ointments containing hydrocortisone
acetate or chloramphenicol were reported in a series
of articles (435-437). The use of «y-rays for the steriliza-
tion of these ointments appeared satisfactory. Degra-
dation of liquid petrolatum by Mycobacterium rhodo-
chrous was reported by Myers and Leslie (438). These
findings were discussed with respect to drug and
cosmetic preparations containing liquid petrolatum.

Other articles of interest relating to ointments and
creams are listed in Table XII.

Suppositories—The value of rheological measure-
ments for the characterization of suppository vehicles
was comprehensively investigated (448). Such measure-
ments were found useful as criteria for evaluation of
lipophilic suppository vehicles, The results obtained
confirmed the colloidal character of lipophilic vehicles
used in the production of suppositories. Medicament
release from fatty suppository bases was related in-
versely to the consistency of mixtures of cocoa butter
with different fats in terms of the viscosity index (449).
Comparative in vitro investigations on the release of
sodium chloride from water-in-oil suppository bases
showed that surface-active agents with increasing

Table XII—Additional References on Qintments and Creams

Refer-
ence Topic

439  Study of suspending agents used in calamine lotion

440  Evaluation of new emulsifiers for ointments

441  Evaluation of stickiness as a sensory test of rheological
properties of w/o type cosmetic creams

442  Characterization and evaluation of bone fat as an ingredi-

ent of ointment bases

443  Apparatus useful in surveying drug release from oint-
ments

444  Rheological and spectroscopic investigation of ointment
bases

445  Review of preparation of cream emulsions .

446  Observations on suspension stability of boric acid oint-
ments

447  Observations of particle-size change in yellow mercuric
oxide eye ointments with aging

HLB values result in increasing release of the sodium
chloride (450). The in vitro release of active ingredients
from triglyceride base suppositories was investigated.
The release of materials such as codeine base, carbo-
styrylsulfonic acid, and aminophenazone, soluble both
in fat and water, occurred according to their distribu-
tion coefficients in the different phases (451).

Hardness of suppositories based on various lipo-
philic substances was examined as a measure of the
mechanical stability of the suppositories (452). Gen-
erally, the hardness of suppositories prepared and
stored at 24° decreased with time. Those containing
glyceride-type bases had the greatest hardness imme-
diately after preparation. A spreading test was de-
scribed for estimating the change in physical-chemical
characteristics of suppository bases due to aging
(453). This spreading effect was decreased by aging.
From the biopharmaceutical viewpoint, it was pointed
out that as high as possible a spreading effect is desired
to obtain optimum drug liberation. The relation
between artificial aging of lyophilic suppositorial
vehicles and the time of full deformation of the supposi-
tory was investigated (454). The most pronounced
changes were observed in suppositories prepared
from aged cocoa butter; these underwent full deforma-
tion in 4097 less time than those prepared from nonaged
vehicles.

Xerogel dosage forms, prepared by Iyophilizing
frozen hydrogels of various shapes, were tested for
their suitability for rectal administration (455). In
addition to their chemical and physical stability, these
new classes of xerogel dosage forms showed advan-
tageous properties for application in body orifices
with poor liquid supply. Polytetrafluoroethylene coating

Table XIII—Additional References on Suppositories

Refer-
ence Topic

457 Release of diazepam from suppositories
458 Sotl)ubilization of drugs in suppositories of hydrosoluble
ases

459  Two-layer suppository with a gelatin—glycerol base

460 Biological efficacy of camphor and strophanthin in two-
layer suppositories

461 Stability of aminophylline suppositories designed for
warm climates

462 Characterization of colored degradation products from
aminopyrine suppositories
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as a suppository mold-releasing agent was examined
(456). It was found most effective on the release of
fatty base suppositories, particularly from damaged
molds, but had little effect on polyethylene glycol
suppositories.

Further articles of interest on suppositories are
presented in Table XIII.

Aerosols—Many papers were published during the
past year reviewing the theoretical principles and tech-
nological development of aerosol systems (463-473).
These papers discussed the operating parameters of
aerosol systems, typical aerosol formulations and
methods for evaluating them, and the numerous uses
of aerosol products. The stabilization of aerosol emul-
sions and foams was considered by Sanders (474). The
hypothesis was advanced that the interfacial region
around propellant droplets in aerosol emulsions
stabilized with molecular complexes is polymolecular
and that the molecular complex has a liquid-crystal
structure, almost insoluble in either the propellant or
aqueous phase, which concentrates at the interface
and stabilizes the emulsion by forming essentially
a solid interfacial film. The evidence that molecular
complexes have liquid-crystal structures in aqueous
systems and that almost all aerosol emulsions and foam
stabilizers are practically insoluble in both aqueous and
propellant phases was the basis given for this hypothesis.

The release of ingredients from aerosols containing
selected film-forming agents was examined, using
gentian violet as a model substance (475). As the polarity
of the film decreased, the rate of release increased;
this release from the films studied followed first-order
kinetics. Hardness and tackiness of various film formers
of hair sprays were studied with the aid of a pendulum
hardness tester (476). The results suggested that not
only moisture but also sebum, plasticizer, and fra-
grance can exert important effects on the hardness
of hair spray film formers. The effect of the size and
ratio of valve body orifice to vapor tap orifice on frac-
tionation of propellant and concentrate in cosmetic
aerosol formulations was examined (477). On the basis
of the results, it was recommended that the discharge
rate for cosmetic aerosols be reduced by restricting
the actuator orifice rather than the valve body orifice.

A method of evaluating the amount of corrosive
acidity released by a given lot of anhydrous ethanol
in admixture with a hydrolizable chlorofluorocarbon
aerosol propellant was developed (478). Application
of the test to undenatured alcohol samples from various
sources showed that they differ in the degree of chem-
ical stability as applied to aerosol formulations.

Sustained Release—Several articles were published
dealing with the theory and practice of preparing
sustained-release dosage forms (479-481). Equations
were presented by Robinson and Eriksen (482) to allow
calculation of doses and dosing interval for multiple-
dose therapy of sustained-release dosage forms. Use of
the appropriate equations yielded relatively uniform
blood levels of drug. A stable sustained-action sus-
pension of dextromethorphan as a hydrate was pre-
pared by coating crystals of a poorly water-soluble
salt of dextromethorphan in a solid particle-coating
device with a triglyceride fatty acid mixture and
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dispersing the coated crystals in an aqueous vehicle
(483). Great differences in physical and release-rate
stability were observed with the same salt when it was
coated by different methods or crystallized from
different solvent systems.

The method of bead polymerization in the aqueous
phase was intensively investigated to show the applica-
bility for embedding drugs in polymers as a sustained-
release dosage form (484). The presence of drug, either
soluble or insoluble in the outer aqueous phase, de-
creased the bead size and yield of the products; the
amount of drug which could be embedded in the beads
depended on the affinity and solubility of the drug for
the monomers. Nylon-encapsulated sodium pento-
barbital, prepared by emulsion polymerization, was
shown to exhibit a considerable reduction in dissolution
rates compared with the instantaneously soluble forms
(485). The release rate of sodium pentobarbital from
the tableted microcapsular material was observed
to be inversely proportional to tablet hardness. In vitro
release tests indicated the sustained-release properties
of a number of drug formulations (486-489), many
of which exhibited in vivo effects as well, The diffusion
of various progestational steroids through capsules or
chambers of silastic rubber was investigated by several
authors (490, 491). Both in vitro and in vivo release
rates from this type of a sustained-action dosage
form were determined. In in vitro experiments with
human plasma as the incubation medium, less steroids
were resorbed in a 24-hr. period than under in vivo
conditions. Diffusion of the steroids through the
siloxane rubber depended on the solubility of the
steroid in the surrounding medium. The release rate of
steroid implanted in the uteri of human volunteers
was found to be proportional to the capsule length
and was related, but not proportional, to capsule
thickness. Permeation of steroids through dimethyl-
polysiloxane rubber film of various thicknesses and
arecas was shown to follow Fick’s law (492). From
these data, permeability constants were calculated
and used to estimate the amounts of steroids diffusing
from cylindrical implants. In another study, the permea-
bility of three types of silicone rubber to steroids was
examined (493). Permeation of the steroids through
the polysiloxane membranes was inversely propor-
tional to the number of hydroxyl groups present.
Dissolution of steroids from lipid pellets of various
compositions was determined as a measure of sus-
tained release (494). Values obtained in these in vitro
studies indicated that, after an initial period, the dissolu-
tion was constant.

Other articles related to sustained release are listed
in Table XIV.

Cosmetics—Many problems in cosmetic chemistry
during the 1960’s received much clarification by the
application of conformational analysis (505). General
areas reviewed were proteins, enzymes, hormones,
allergy, permeability, aging, the skin and its appendages,
pigmentation, antimicrobials, olfaction, and taste. Fac-
tors influencing the design and formulation of derma-
tological preparations were ably reviewed by Wurster
(506). Justification of the use of vitamins in cosmetic
preparations for external application was presented,



along with a number of recipes for such preparations
(507). The magnesium salt of ascorbic acid 3-phosphate
was found to be suitable in various dermatological
and cosmetic uses (508). In topical therapy, the phos-
phate was hydrolyzed by a phosphatase of the skin to
release the vitamin C activity.

The use of esters of branched-chain aliphatic fatty
acids and fatty alcohols, which tend to make a cosmetic
film more porous and thus allowing carbon dioxide to
escape, was proposed for cosmetic formulations as a
necessary improvement for skin respiration and
vitality (509). A review of recent studies emphasized
the need for careful design and complete testing of
suntan preparations (510). Use of a solar simulator
to produce erythema was described for the evaluation
of various sunscreen preparations on guinea pigs,
both with and without washing after application (511).
In most cases, rinsing the sunscreen sites with water
destroyed most of the protection. The physiological
mechanism of perspiration and the effect of aluminum
compounds as active compounds in antiperspirants
were discussed (512). Recipes for use in various cos-
metic preparations were also described. A study of
aminothio ethers, such as S-benzylcysteamine malate,
leading to interesting antiseborrheic formulations and
cosmetic applications was described as a possible
future development in the field of acne (513). The
adherence of two vegetable oils and mineral oil to
keratin was studied in a bath oil preparation at a 0.025]
concentration. Results indicated that not only does
more vegatable oil than mineral oil adhere to keratin,
but a substantial amount of oil also appears to bind
more tightly to the keratin (514). The use of pigments
in cosmetic preparations and their coloring and toxi-
cological properties were also reviewed (515). Modern
perfume oil dosing in various cosmetic formulations
ranged in quantities from 12-159; in aerosol perfumes
to 0.3-0.5% in vanishing, face, and cleansing creams
(516). Isopropyl myristate was recommended as a
useful adjunct in most fluid formulations.

The use of a surface-active powder, developed from
methylolurea, as a highly acceptable fabric-free cover
for wounds was reported (517). Besides its use in
medicine, this powder can be used in the cosmetic
industry as a face, body, shaving, and foot powder
or as a powder to stop bleeding. The properties and
characteristics of a new cosmetic material were described
(518). The advantages of this cosmetic ingredient were
shown in typical formulations. A practical guide to
gums and thickeners available for use in cosmetic
formulations was presented by Young (519). Factors
involved in producing stable products were also con-
sidered.

In a discussion of sanitation in cosmetic manufac-
turing, it was emphasized that a cosmetic producer
must do everything he can to maintain the most
stringent conditions in all aspects of manufacturing,
packaging, and distribution (520). An investigation
of ethylene oxide treatment of large volumes of various
cosmetic ingredients demonstrated a great reduction
of microorganisms in the dry ingredients (521). Dry
organic materials as well as inorganic materials were
favorably affected by this treatment. Various aspects

Table XIV—Additional References on Sustained Release

Refer-
ence Topic

495  Use of glycerol palmitostearate for preparing sustained-
release tablets according to embedding principle

496  Delayed-action dosage forms of chlorpromazine

497  Medicinal preparations of prolonged action

498  Preparation of sustained-release capsules by coating small
tablets made by compression

499  Sustained-release tablets of cycloserine

500 Investigations of a new timed-release dosage form of
propoxyphene hydrochloride

501  Sustained-release tablets with stearic acid

502 Hydrophilic gels in preparation of sustained-release tablets
of ammonium chloride

503 Long-acting form of methacycline

504 Timed-release ascorbic acid capsule

of preservative failures in cosmetics resulting in micro-
biological spoilage were ably reviewed in several
articles (522-524). The necessity for adequate preserva-
tive systems was emphasized. During the year, Gucklhorn
(525-534) continued the comprehensive survey of the
advantages and disadvantages of the various preserva-
tives used in cosmetic preparations, including the
updating of information on materials previously
reviewed. Allergic skin reactions from cosmetic pre-
servatives were surveyed (535). False negative allergy
tests to parabens, sorbic acid, and other preservatives
were reported to be prevalent when patch tests were
made using the cosmetic cream or lotion supplied
by the manufacturer.

In other reviews, the use of ethyl and isopropyl
alcohols and other compounds that slowly release
formaldehyde were considered as preservatives in
cosmetic formulations (536, 537). Although the pre-
servative action of phenylmercuric salts at 0.005-0.01 %
concentration was almost completely neutralized by
compounds containing sulfhydryl groups, Eckardt
(538) demonstrated that 297 solutions of keratin can be
preserved with phenylmercuric acetate, and that the
preservative activity can be improved by the addition of
sodium lauryl sulfate. For the stabilization of hydro-
philic bases used in cosmetic preparations, a binary
preservative system composed of 0.01% hexachloro-
phene and one other preservative, such as 0.2 % methyl-
paraben or 0.1 benzyl alcohol, was recommended
(539). Although products containing protein hydroly-
sates are relatively difficult to preserve, tests with
2-bromo-2-nitro-1,3-propanediol indicated it was a
powerful, nontoxic preservative which was not affected
by the large amounts of protein found in shampoos,
rinses, conditioners, and creams (540). A new family
of antimicrobial preservatives for cosmetics was
described based on the development of a series of
substituted imidazolidinyl urea compounds (541).

Packaging—The current status of single-unit pack-
aging of medications was discussed in regard to the
need for the availability of this package for many
commonly used drugs in hospitals (542). Lists of
currently available medications in single-unit packages
were also presented. Drug-plastic considerations for
use of plastics in packaging parenterals were reviewed
by Autian (543) and included permeation, leaching,
sorption, chemical reactions, and stability of the
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Table XV—Additional References on Packaging

Refer-
ence Topic

552  Packaging of compositions containing acetylsalicylic acid

553  Comparative analytical study of pharmaceutical glass con-
tainers in the establishment of Columbian National
Standards

554  Release of additives from pharmaceutical containers made
from polyvinyl chloride

555  Performance tests for plastic containers

556  Evaluation of extraction tests for plastics

557 Chemical resistance of carbamide plastic used for oint-
ment containers

558  Stability of aluminum foil-sealed cycloserine capsules

materials, The sorption of p-hydroxybenzoic acid
esters, phenols, and other preservatives by plastic
materials such as poly(methyl methacrylate), poly-
ethylene, and polyvinyl chloride were investigated
by several authors (544-546). The degree of sorption
apparently depended on the structure of the compound.
A study of the sorption of p-hydroxybenzoic acid
esters by capran polyamide showed that the in vitro
biological activity of the parabens in the presence of the
nylon was related to the concentration of drug in
equilibrium with the plastic (547).

A procedure was proposed by which it is possible
to predict, with reasonable accuracy, the change in
concentration that occurs during the autoclaving of
solutions in polyethylene containers (548). The pre-
diction was based on the assumption that permeation
is related to partitioning of the solute between the
water and the polyethylene. Polyethylene and poly-
propylene containers were found to be satisfactorily
inert and did not affect the stability of a 5% aqueous
glucose solution; the polyvinyl chloride container was
satisfactory due to the effect of an extracted plasticizer
(549). Storage tests with an alcoholic camomile extract
in different plastic containers indicated that high and low
pressure polyethylene containers exhibited loss of cham-
azulene and etheric oil due to absorption into the con-
tainer walls (550). No absorption was detected in the
rigid polyvinyl chloride or polypropylene containers. In
similar studies, the stability of eight plasma-substitute
solutions in various plastic containers was investigated
(551). After storage for 1 year under normal conditions,
the solutions changed little in physicochemical properties
aside from changes in pH.

Other articles related to packaging are described in
Table XV.

Equipment-—Progress in pharmaceutical engineering
was reviewed by Fowler (559). The engineering aspects
of size reduction, particle-size measurement or char-
acterization, drum mixer, solids handling, and granula-
tion were discussed. Another review discussed the
advantages and applications of different systems of
laminar flow and clean rooms (560). The use of Torit
dust collectors on tablet compressors and mixers and
in granulating areas was described (561). The main use
was in product and personnel protection, but an occa-
sional advantage was the recovery of an expensive
drug. Engineering aspects of the flow of particulate
materials from hoppers were presented by Miles (562).
Some methods and devices for overcoming practical
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problems that arise from mass flow hopper design
were considered, together with problems involved in
designing accurate feeding systems. A description of the
Marumerizer and the associated extruder, together
with operating experience in the manufacture of small
solid pharmaceutical spheres, was presented (563,
564). The spherical particles produced were shown to
have advantages of regularity and shape, consistency
of size, and definite surface characteristics in comparison
with spherical or granular particles produced by other
means. A general study of the technology for using
a solids processer (a vacuum tumble dryer) was made
to evaluate the overall applicability to the processing
of pharmaceutical granulations (565). Experiments
on mixing, drying, formulation factors, and processing
factors were recorded.

PHYSICAL PHARMACY

The existence of six different polymorphic forms of
aspirin (two of which were known) was determined by
differential scanning calorimetry, hot-stage microscopy,
and true density measurements (566). The thermal
behaviors of four crystalline forms of sulfanilamide
and of sulfanilamide-d; were examined, and heats of
transition and fusion were determined. The deuterated
modifications exhibited smaller heats of transition and
heats of fusion than the corresponding undeuterated
forms (567). Through a systematic investigation of
the crystallization of cephaloglycin and cephalexin,
a better understanding was obtained of the part that
pseudopolymorphic crystal transitions play in the
analysis, processing, and formulation of these com-
pounds. A convenient and sensitive method for detecting
new crystalline phases was reported which employed
solubility versus solvent composition diagrams to
detect various crystal forms of compounds. This method
should find application whenever crystallizations are
performed with more than one solvent and, particu-
larly, when the instability of the compound at elevated
temperatures prevents the use of conventional thermal
methods or when poor crystal development limits the
use of microscopic methods (568). Two polymorphic
forms and a hydrate of an investigational compound
were reported in which no appreciable difference in the
dissolution rate was detected for the various forms in
artificial gastric fluid. Dissolution studies in water
indicated the formation of a hydrate, and protective
colloids were shown to have an effect on the hydrate
formation. In particular, methylcellulose slowed down
the rate of crystal growth of Form I significantly (569).
Shenouda (570) described a crystallized sulfathiazole
form which consisted of varying proportions of a
melting species and another species that underwent
solid—solid transition. Grinding appeared to destroy
the melting species and to have a significant effect
on the transition temperature but not on the heat
of transition. Three crystal modifications of chlordi-
azepoxide hydrochloride were described: a stable form,
a hygroscopic form, and a monohydrate (571).

It was noted that permeability of most doublelayer
films has a directional property and they can be made
thinner than single films, suggesting their potential



usefulness in the manufacturing process of pharmaceu-
ticals that are water unstable and require rapid disinte-
gration (572). Most combinations of coating films
showed “two-sided” permeability; this property was
not previously reported for films composed of hydro-
phobic layers only. It was found that in double-layer
films with “two sidedness,”” there is a characteristic
relationship between the specificity of permeability
and the humidity range (573). Since the moisture
permeability of most double-layer films has a direc-
tional property, this two sidedness may be brought
about mainly by a change in the permeability coefficient
as a result of a change in vapor pressure (574).

Herzog and Swarbrick (575) described the develop-
ment of a polymeric nonporous model membrane
containing natural membrane components and its
use in a two-compartment transport cell. A standard
model biomembrane was designed containing 449
ethylcellulose, 4497 biological materials, and 1277
mineral oil. From the lack of solvent flux under experi-
mental conditions and the first-order disappearance
of salicylic acid, it appeared that the polymer membrane
mimicked the functionality of natural membranes
insofar as passive diffusion was concerned. A theoretical
equation was developed justifying the graphical repre-
sentation of vapor permeation data by l/rate versus
film thickness plots. The permeability coefficient for
the film could be determined from the slope of the
plot and had units in square centimeters per second,
while the intercept at zero film thickness was dependent
upon the geometry of the experimental design and the
diffusion coefficient for the vapor within the diffusion
cell (576). Films composed of poly(methylvinylether)-
maleic anhydride copolymer, crosslinked with poly-
sorbate 20, appeared as the most promising of the
systems studied for film-controlled drug-release applica-
tion. The permeability of the films could be controlled
by adjusting their polysorbate 20 content and the
molecular weight of the polymer and by humidity
pretreatment. The permeability of the films was affected
also by the pH of the diffusion medium (577). A system
of molecular scale drug entrapment was developed,
which provided a physicochemical and highly repro-
ducible method of effecting drug entrapment and sub-
sequent controlled drug release from polymeric
matrixes. The flocculation of highly concentrated
colloidal polymeric dispersions (latexes), in the presence
of the drug in solution which is to be occluded, provides
the entrapment mechanism. A significant increased
duration of action and a reduction of the acute toxicity
of methapyrilene in the entrapped form were established
by in vivo effectiveness studies. The broad application
of the entrapment process to acid salts of 11 widely
used cationic nitrogen-containing drugs was demon-
strated (578). It was shown that a suitable organic acid
greatly increased the degree of interaction between the
drug and the polymer and provided a mechanism
in controlling both interaction and subsequent drug-
release properties. In vitro tests indicated that the
products obtained by this technique could be used in
either solid or liquid dosage forms (579).

Further studies on the facilitated molecular scale
entrapment technique for preparation of controlled-

release pharmaceuticals were reported, including in
vitro and in vivo tests of phenylephrine and phenyl-
propanolamine products obtained by the facilitated
molecular entrapment method. This testing indicated
that the process possesses considerable potential
for exploitation of the sustained-action or controlled-
release pharmaceutical dosage form (580).

The in vitro dissolution patterns of some spray-
congealed products of sulfaethylthiadiazole-wax made
into compressed tablets were reported. The mechanism
of release of sulfaethylthiadiazole appeared to be due
to erosion, solubilization, and leaching of the drug
from the tablet. The Higuchi model for drug release
from inert matrixes could describe the release pattern
for only the initial few hours when, apparently, variables
other than amount of drug released and time were
essentially constant (581). The in vitro release behavior
of chloramphenicol from four different bead polymers
containing methyl methacrylate and o-methacrylic
acid in various buffer solutions was studied. The con-
centration of a-methacrylic acid in the copolymer
beads and the pH and ionic strength of the buffer
solutions influenced the release rate of chloramphenicol
from these beads. The beads containing no a-meth-
acrylic acid did not release the drug in any buffer
solution, and the beads containing only a-methacrylic
acid released the drug at almost the same rate in all
buffer solutions (582).

McGee et al. (583) reported on some of the factors
affecting release and availability of aspirin, aspirin
and lactose, and aspirin and dibasic calcium phosphate
mixtures from hard gelatin capsules. Significantly
better plasma levels were obtained with the more
tightly compacted No. 4 capsules, as opposed to the
same formula administered in a No. 3 hard gelatin
capsule. This possibly was due to the diffusion of
gastric juice through the gelatin, which created higher
pressure within the capsules. A direct correlation of
in vitro dissolution data and in vivo plasma level data
could not be made. In a similar study, the effect of
particle size and packing on the in vitro release of a
water-insoluble hydrophobic drug from hard gelatin
capsules was related to the liquid permeability of powder
beds of similar porosities. Drug release and permea-
bility decrease with a decrease in particle size and
porosity of the powder bed. A moist granulation process
transforms a nonpermeable powder bed, which allows
low drug release, into one with high permeability
and high drug release (584).

The in vitro release of medroxyprogesterone acetate
from a silicone rubber matrix was studied, and a non-
linear dependence of release rate upon drug concen-
tration within the matrix was found. Based upon a
model system, equations were derived to explain this
behavior and to include other parameters that may
influence the release rate. The study suggested that the
partition coefficient, diffusion coefficients, the medroxy-
progesterone acetate concentration within the polymer,
and agitation conditions play important roles in the
release process (585).

The transport kinetics of salicylic acid was studied in
an in vitro model cell containing two aqueous phases
separated by a third liquid-lipid phase simulating
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Table XVI—Additional References on Physical Pharmacy

Refer- )
ence Topic

596 Distribution of tetracycline antibiotics in two-phase
systems

597  Characterization of the form of lactose in spray-dried
lactose to show existence of a-monohydrate and «- and
B-anhydrous forms

598 Review of pharmacogenetics with special emphasis on
polymorphism

599  Model of a membrane structure and the basic principles of
solute transport through dialysis membranes

600 Influence of some aliphatic and steroid alcohols on libera-
tion rate of citric acid from petrolatum

601  Acid dissociation constants and zwitterionic character of
2-aminoethaneselenol

602 Review of very fine particles, including properties in the
dry state and in liquids

the biomembrane. The rate constant for the transport
of salicylic acid from the aqueous phase to the lipid
phase always increased with increased polarity of the
lipid phase; however, the transport of the drug from
the lipid phase to the second aqueous phase increased
or decreased, depending on the stirring condition
employed in the two aqueous phases (586). The effect
of surfactants on the diffusion of testosterone through
cellulose acetate membranes was studied in an attempt
to determine the possible mechanisms by which sur-
factants may affect drug transport. In all cases exam-
ined, the surfactants reduced the diffusion coefficient
of testosterone (587).

By using NMR data, the hydrophobic bond-weakening
effect of urea on d-propoxyphene hydrochloride self-
association was demonstrated (588). In studying the
formation of mixed ligand chelates containing penicil-
lamine and sulfhydryl compounds, Sugiura and his
coworkers (589, 590) concluded that the formation
constants of mixed ligand chelates are linearly cor-
related with the dissociation constants of the sulfhydryl
group in secondary ligands. Among the mixed ligands
studied, the decrease in binding affinity of the carboxyl
group in penicillamine tended to increase the formation
of the mixed ligand chelate.

X-ray crystallographic procedures demonstrated that
the structures of erythro- and threo-a,S-dimethyl-
acetylcholine iodides were substantially different in
conformation in that the threo-compound appeared
to be dominated by coulombic attraction between
the carbonyl oxygen and the quaternary nitrogen
group. In the erythro-analog, the acyloxy oxygen
atom was involved in a similar intramolecular inter-
action (591).

The effect of pH of precipitation on the physical
and chemical properties of hydrous aluminum oxide
was studied. During aging, changes may occur in the
hydrous aluminum oxide structure which result in a
loss in antacid reactivity; this loss follows apparent
first-order kinetics. The rate of loss was directly depen-
dent on the pH of precipitation and continued until a
constant end-point was reached. The percentage of
theoretical reactivity remaining at the end-point
was inversely related to the pH of precipitation.
While no differences in form were detected by X-ray
diffraction, either initially or during aging, gel stability
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appeared to depend on the presence of anions in the gel
structure; the concentration of these anions was
related to the pH of precipitation. Data were presented
which demonstrated that a stable, completely acid-
reactive gel can be obtained if 1 mole of a monovalent
anion or 0.5 mole of a bivalent anion is incorporated
in the gel structure per mole of aluminum (592).

The effect of charge shielding by nonpolar groups
on the partitioning of quaternized amines was studied
by comparing a series of 2,6- versus 3,5-methyl-sub-
stituted AN-methylpiperidine methiodides. There was
little difference in their partition coefficients (593).
The apparent partition coefficients of chlorpromazine
and some other phenothiazine derivatives in dodecane-
water and n-octanol-water systems were measured
at 30°. Only the free base formed partitions in the
dodecane system at various pH values. Intrinsic
partition coefficients for all derivatives, except the very
polar chlorpromazine sulfoxide metabolite, ranged from
104 to 10, indicating the remarkable hydrophobicity of
these molecules. Partitioning measurements in »-
octanol indicated significant extraction of these drugs
as ion pairs, as well as higher intrinsic partition coeffi-
cients than in dodecane. From this work, it was shown
that quantitative studies involving the phenothiazines
in heterogeneous systems, such as membranes, must
consider the extreme hydrophobicity of these com-
pounds and the various factors that influence such
behavior (594). A mathematical model was derived
which permitted a quantitative evaluation of salt
effects in urea—drug solutions. The theoretical calcula-
tions, based on this model, were in good agreement with
the experimental values observed for neutral and pH 1
solutions of methylsalicylate and methylbenzoate in
urea. Significant error in interpretation of solubility in
urea may result if these salt effects are disregarded (595).

Additional references on physical pharmacy are
provided in Table XVI.

Dissolution—When a commercial tablet was converted
to a capsule dosage form for purposes of conducting a
double-blind clinical trial, the in vitro dissolution times
of the drugs from the capsule were strikingly prolonged.
Various capsule adjuncts were examined in an attempt
to decrease dissolution times of drugs from capsules.
Of the series tested, lyophilized glycine had the best
positive effect in shortening the dissolution times of all
drugs examined (603). In studying the in vitro dissolu-
tion behavior of several experimental capsule formula-
tions, it was demonstrated that the capsule lubricant
magnesium stearate and the filler lactose or dibasic
calcium phosphate dihydrate had the greatest influence
on the disintegrations of the capsules. It was noted
that drug dissolution was limited by the rate of erosion,
diffusion, and/or solution of the drug and/or filler
from the wet powder mass that was characteristic of
slow dissolving formulations. The data suggested
that the high viscosities of several of the powder packs
were due to their restricted water content arising from
the added hydrophobic lubricant (604). Relatively
insoluble drugs formulated in soft elastic capsules
were released faster than from commercially available
tablets due to the more rapid dispersion of the active
ingredients, which is enhanced by the use of solubilizers



and/or surfactants in the formulation. Soft elastic
capsules were recommended for the formulation of
low-dose medications of relatively insoluble drugs and
drugs for which an early high-blood level of the drug
is indicated (605).

The influence of a nonionic surface-active agent on the
dissolution rate of benzoic and salicylic acids was inves-
tigated, and the dissolution mechanisms were examined
as a function of the hydrodynamics of the system.
The dissolution rate of a solid in a micellar solution
was not proportional to the solubility of the compound
in the dissolution medium. Evaluation of dissolution-
rate data and theories led to the conclusion that,
depending upon hydrodynamic conditions, the dissolu-
tion rate of a solid will be proportional to the effective
diffusion coefficient raised to a power between 0.5
and 1.0 (606). At a very low concentration of FD&C
Blue No. 1, a remarkable inhibition of dissolution was
observed for single crystals of sulfathiazole, pheno-
barbital, thymol, and sulfaguanidine under controlled
conditions. Data presented agree with the current
theories concerning dissolution inhibition by small con-
centrations of impurities and suggest that the dye
molecules are preferentially absorbed at the primary
dissolution sources in the crystals investigated (607).

A three-compartment apparatus was developed for
dissolution studies of slightly soluble powders under
sink conditions. The apparatus could accommodate
a barrier in the dissolution medium which prevented
floating powders from entering and dissolving directly
in the sink phase. Dissolution studies were conducted
with several particle-size grades of salicylic acid under
nonsink as well as sink conditions. The data indicated
that with a diffusion-controlled rate of agitation, using
appropriately placed propellers, it was possible to
establish a rank order for in vitro dissolution times of
different particle-size salicylic acid powders (608).
An apparatus for the study of dissolution rate under
conditions of continuous flow was described. Typical
data were presented, demonstrating the major advan-
tages of this method over present methods to be the
following: (@) has greater flexibility, (b) produces
data in a differential form, (c) utilizes a small volume
system which assures greater homogeneity, and (d)
prevents excessive accumulation of solute in the system
and provides agitation and solvent flow in a controlled,
measurable, and physically meaningful manner (609).

In a study of the influence of pulsation on the dissolu-
tion-rate measurements in column-type apparatus,
it was recommended that for dissolution tests in flow-
through methods, momentum pumps should be used
instead of displacement pumps so that results found at
different times in different laboratories can be com-
pared (610). The dissolution of aspirin from different
commercial dosage forms was evaluated by the rotat-
ing-flask method and the data were correlated with pre-
viously recorded absorption data. The dissolution rates
in descending order were : buffered tablets >>plain tablets
>timed-release tablets. Aspirin dissolved from the
buffered tablet about twice as rapidly as from the plain
tablet and about eight times as rapidly as from the
timed-release tablet. However, once disintegration and

deaggregation took place, the dissolution of aspirin from
the capsule formulation proceeded as rapidly as from
the buffered tablet. Excellent single- and multiple-
quantitative correlations were observed between the
dissolution data and absorption data in man (611).

An investigation was conducted to analyze the
dissolution behavior of a poorly water-soluble drug.
Two specific methods of micronization were employed
which provided drug forms of different physical
characteristics, specific surface area, and particle-size
range. The drug was micronized by employing spray
drying and air attrition. The micron-sized drugs,
pelletized pure drugs, and tablets prepared from each
of these by direct compaction were subjected to dissolu-
tion-rate studies at pH 1.2 and 3. The in vitro dissolution
data obtained demonstrated a significant variation
for the pure spray-dried and air-attritioned drugs at
pH 1.2, although physical specifications had suggested
the contrary of that reported. When the pure drug
forms were pelletized, the difference observed in the
dissolution rates with the pure drug powders was
eliminated. Dilution of the pure drug with tablet
excipients and the subsequent direct compaction into
tablets improved dissolution behavior compared with
that obtained with the pure drug forms (612). The
dissolution rates of phenobarbital, sodium phenobar-
bital, phenacetin, and prednisolone in human gastric
Jjuice were investigated. The rate of dissolution of pheno-
barbital from tablets prepared with gelatin as a gran-
ulating agent increased with decreasing particle size
of the drug. Phenobarbital from the same tablets
dissolved much faster in human gastric juice than it did
from tablets prepared with sodium carboxymethyl-
cellulose or polyethylene glycol 6000. The rate of
dissolution of sodium phenobarbital in human gastric
juice and in 0.1 N HCI was lowered by granulating a
mixture of the drug and potato starch with gelatin.
Compressing these granules into tablets further reduced
the dissolution rate (613). Adding polysorbate 80
caused an increase in the dissolution rate of acetyl-
salicylic acid in 0.1 N HCl when the particle size of
the drug was relatively small. If the particle size was
larger (0.7-1.0 mm.), polysorbate 80 had no accelerating
influence on the dissolution rate. This difference in the
effect of the surfactant may be due to the fact that the
hydrophobic properties of aspirin are so insignificant
that a reduction of the surface tension between drug
and liquid is of importance only when the drug’s
specific surface is large, ie., when the particle size
is small (614).

Using a polyethylene maleic anhydride-phenylpro-
panolamine interaction system as a model, Heyd (615)
showed that the preparation temperature of the poly-
mer—-drug has a pronounced effect on some physical-
chemical properties of the polymer-drug system
relative to dissolution of the drug. Factors influencing
the dissolution of an ethylene-maleic acid copolymer
were studied. Swelling, hydrated layer thickness, and
solvent pH influenced the dissolution of the polymer.
Linear dissolution rates were observed following an
initial induction period, and hydrated layer thickness
was a controlling factor in the dissolution process
(616). Using the rotating-disk method, the dissolution
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Table XVII—Additional References on Dissolution

Refer-
ence Topic

619  Review including discussions of rates of disintegration and
dissolution processes, methods of determining disinte-
gration time in vivo and in vitro, and relations between
disintegration time and physiological availability

620 Chronological bibliography on rate of dissolution of
pharmaceuticals in vitro and in vivo

621  Review of historical highlights in development of rate of
dissolution of drugs i vitro and in vivo

622  Theoretical and descriptive review of methods of measur-
ing and interpreting rates of dissolution of pure com-
pounds

623  Correlations of percent drug released in vitro with in vivo
availability for various drugs

624  Differences in rate at which ferrous sulfate is released from
various tablet formulations attributed to chemical reac-
tions occurring between ferrous sulfate and other ingre-
dients in the tablet

625 Review of intradependency of factors affecting dissolution
rate, uniform dissolution-rate tests, and interpretation
of dissolution-rate data, including surface area and
kinetic studies

626 Influence of granulation method on the dissolution rate
from tablets and tablet granules, showing significance
when finely ground drug was used

627 Laboratory experiment in pharmaceutics, showing the in-
fluence of pH and agitation intensity on dissolution rate
of salicylic acid

628 Influence of particle size and other technological factors
on absorption and in vitro dissolution rate of phenytoin
from tablets

629  Effect of compression force and additives in tableting on
tablet dissolution in vitro and in vivo

of polyvinylpyrrolidone was investigated in an acetone-
water system. Three dissolution stages were observed:
the initial stage involved swelling, which induced
dissolution, and the final stage involved coacervation
of polyvinylpyrrolidone. When sodium chloride was
added in bulk solution, the initial stage seemed unessen-
tial, and the whole dissolution rate increased. This was
considered due to a suppression of the swelling of
polyvinylpyrrolidone on the surface of the disk by the
adsorption of sodium on polyvinylpyrrolidone (617).
Similar dissolution studies of fractionated polyvinyl-
pyrrolidone were conducted. Again, three stages of
dissolution were observed; the initial stage was short-
ened and there was a decrease in molecular weight.
The main stage was expressed as a function of the
molecular weight of polyvinylpyrrolidone and the
absolute temperature (618).

Additional studies on dissolution are listed in Table
XVIL

Solubility—Anhydrous and dihydrate forms of an
aminoalicyclic penicillin were compared for solubility
in distilled water at temperatures ranging from 7 to
60°. Below the transition temperature of 61°, the
anhydrous form was significantly more soluble than
the dihydrate. The solubility of the anhydrous crystal
was inversely related to temperature. Thermodynamic
properties for the two forms of the antibiotic were
experimentally evaluated (630). In a solubility study of
testosterone propionate, methyltestosterone, and 19-
nortestosterone, oxycholate was a better solubilizer
than the aqueous sodium cholate, and both bile salts
solubilized more 19-nortestosterone than the other
derivatives. A possible mode of solubilization was
presented (631). Using a radioactive technique, it was
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shown that the in vitro solubility of cholesterol was
greatly increased in the presence of acacia and pectin.
This finding is in contrast to previous reports that
acacia had no effect on feeding experiments (632).

Entropy considerations showed that solvent-solute
interactions occur in some solvent-testosterone pro-
pionate systems that increased solubility, resulting
in deviations from regular solution behavior. It was
noted that regular solutions are obtained only in sat-
urated hydrocarbon solvents, and that solubility can be
more accurately predicted as the temperature
approaches the melting point and as the molar volumes
of solvent approach that of the solute (633). Ostrenga
and Steinmetz (634) reported solubilities for two
steroids and indicated that the fractional molar attrac-
tion constant may be a useful parameter for solubility
estimations, since it relates the solubilizing capacity
of solvents for a given steroid.

The need for caution in interpreting solubility
phenomena involving cosolvent systems in general
and urea-water systems in particular was reported
(635). The solubility of dodecane increased as the
concentration of aqueous solutions of formamide,
N-methylformamide, and dimethylformamide increased.
Positive values of standard free energy and negative
values of enthalpy and entropy decreased numerically
as the concentrations of amides increased (636).

The solubilities of eight physiologically active
barbiturates were determined in binary mixtures of
alcohol and water. The dielectric requirement of the
barbiturates illustrated an approximate inverse relation-
ship with the number of carbon atoms in the molecule.
The onset of action after administration and the
duration of action of these barbiturates increased as
their relative polarities decreased. An approximate
correlation between activity and solubility ratios was
considered (637). The effect of the hydrophobic chain
fength of the polysorbates on the degree of solubiliza-
tion of a series of 5,5-disubstituted barbituric acid
derivatives was studied. The solubilities were increased
as the hydrophobic chain length increased. The number
of carbon atoms of the substituents on the 5-position,
as well as their inductive effects, determined the extent
of solubilization (638).

A similar study of the solubilities of barbituric acid
derivatives in aqueous solutions of polyoxyethylene
stearates of varying polyoxyethylene chain length
was conducted. Except for phenobarbital, which formed
an insoluble precipitate complex with all the solu-
bilizers, all the other barbiturates studied were micel-
larly solubilized. On a molar basis, solubility increased
with an increase in hydrophilic chain length but de-
creased if the solubility was expressed in terms of the
amount solubilized per ethylene oxide unit. The parti-
tion coefficient of the drug molecules between a micellar
pseudophase and an aqueous phase was dependent
on both the polar effect and the number of carbon
atoms of the substituents on the 5-position. The
formation of an insoluble precipitate complex by
phenobarbital was attributed to the presence of the
aromatic phenyl group in the molecule (639).

The applicability of a new technique in solubilization,
using a molecular sieve, was tested on a system consist-



ing of benzoic acid and cetromacrogol 1000 in aqueous
solution. The data obtained were in good agreement
with those found by other methods, and the advantages
of the new technique were outlined (640). The solubility
features of a homologous series of alkyl p-hydroxy-
benzoates with alkyl groups, in an ascending order
from methyl to n-butyl, were investigated together
with benzylparaben and methyl p-methoxybenzoate.
A phenomenon of mutual solubilizing potential was
observed to exist when the solubility of a mixture of an
alkylparaben and benzylparaben in 6097 polyethylene
glycol 400-water was examined. The scope of applica-
tion of these esters for their antimicrobial properties
was envisioned to be augmented by considering factors
influencing solubility (641).

Additional studies on solubility are listed in Table
XVIL.

Complexation—The many publications dealing with
complexation phenomena (interaction, binding, etc.)
have been divided into two categories: interactions
dealing with biological substances such as plasma pro-
teins, and interactions dealing with nonbiological
substances.

Interactions of Drugs with Biological Substances—
Mefanic acid, ethacrynic acid, nalidixic acid, and
diazoxide displaced significant amounts of warfarin
from human albumin in vitro by a noncompetitive
mechanism. If this occurred in vivo, the clinical use of
these drugs would cause an increase of 66-400%
in free active warfarin, and it would be necessary
to reduce the dosage of anticoagulant to prevent
excessive hypoprothrombinemia and hemorrhage (664).
The binding of a series of conjugated bile salts and
fatty acid salt anions to cholestyramine from aqueous
media was investigated; affinity constants increased
as the number of hydroxyl substitutents on the bile
salt ring structure decreased. An increase in the chain
length of the fatty acid salt caused a corresponding
increase in the affinity constant, whereas an increase
in the extent of unsaturation in the fatty acid chain
produced a reduction in the affinity constants for the
fatty acid—cholestyramine interaction. Based on these
results, it was suggested that the binding mechanism
involves a primary electrostatic component reinforced
by a secondary nonelectrostatic interaction, the strength
of the latter force being dependent on the degree of
hydrophobicity of the adsorbate molecule (665).

The in vitro rate of binding of several conjugated
bile salt anions to cholestyramine was studied at 27°,
along with and in the presence of varying concentra-
tions of sodium chloride. The temperature and agita-
tion studies suggested that the binding of bile salt
anions to cholestyramine apparently occurs by means
of a diffusion-controlled process (666). The role of
hydrophobic interactions in inhibiting the relatively
specific enzymatic reactions of five enzyme systems
by a series of congeneric drugs was illustrated by the
use of substituent constants and regression analysis.
The inhibition of certain enzymes by congeneric drugs
was linearly dependent on the lipohydrophilic char-
acter of the inhibitors (log P or w). The inhibition of
other enzymes by drugs was linearly dependent on the
log P and Hammett’s ¢ constant. For monoamine

Table XVIII—Additional References on Solubility

Refer-
ence Topic

642  Solubility of benzoic acid in aqueous solutions of mono-
dodecyl polyoxyalkanols

643  Effects of third component on hydrophobic and hydro-
philic moieties of tryptophan in aqueous solution; ap-
proach to understanding the denaturation of globular
protein

644  Effect of third component on water structure around
tryptophan in agqueous solution

645 Properties of mixtures of glycols and their derivatives
with water, indicating that association occurs in these
mixtures

646  Association in water-solubilizing agent systems in which
one substance possessed both hydrophobic and hydro-
philic groups; lack of association in systems having only
a hydrophilic group

647  Solubilization and emulsification of hexachlorophene
using nonionic emulsifiers

648  Solubility of menadione in nonionic surfactants suggested
by complexation

649  Relative pharmacologic activity of insulin-inducing sul-
fonylureas studied as a function of their water solubility

650 Solubility of testosterone in aqueous solutions of jonic
surfactants using interference refractometry

651  Solubilization of therapeutically used arylamines by #-
propylaminoacetylation

652  Solubilization of blasticidin S-benzylaminobenzenesulfo-
nate by guanidine hydrochloride-nonionic surfactant
solutions

653 Laboratory experiment showing characterization of a
poorly soluble complex by a solubility method

654  Solubilization of purine alkaloids by polyvinylalcohol and
suggested mechanisms

655  Solubilization of N,N-diethylaniline by trimethylcetyl-
ammonium bromide involving formation of a dimer
within the elliptical micelle; solubilization of «-naph-
thylamine involving an adsorption—penetration mecha-
nism followed by dimerization

656  Solubilization of reserpine by nonionic surfactants

657  Effect of polar substances on solubility behavior of anionic,
cationic, and nonionic surfactants in nonpolar solvents

658  Solubility and hydrolysis rate of 1-monolaurin in aqueous
solutions, including thermodynamic parameters

659 Temperature effect on solubility of tetracycline base-
water—ethylene glycol system

660 Mechanism of solubilization of khellin by sodium benzo-
ate and salicylate

661  Successive and simultaneous solubilizations of two differ-
ent water-soluble dyes by surfactants

662  Solubilization of benzene and styrene in solutions of
some ionic and nonionic surfactant mixtures

663  Effects of isomeric form and length of carbon chains on
solubilization of various hydrocarbons and polar
compounds

oxidase inhibition by substituted B-carbolines, a
parabolic equation of log P gave the most significant
correlation. The ideal lipohydrophilic character (log
Py) for maximum inhibition was 2.74 (667). The
binding of para-substituted acetanilides to bovine serum
albumin was examined at pH 7.2; an excellent correla-
tion was obtained between the binding enthalpy and
Hammett’s substituent constant, ¢. This was inter-
preted to mean that binding is nonspecific in nature.
A very good correlation was also obtained between
the entropy of binding and &, which suggests that the
extent of hydration of unbound drug is a function of
the charge separation within the drug molecule
(668).

More than 907, of the plasma content of chlor-
promazine was bound to human plasma protein, the
binding being affected by the pH of the aqueous
medium. Variation in binding in plasma from different
humans was marked (669). Campbell and Todrick
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Table XIX—Additional References on Interactions of
Drugs with Biological Substances

Refer-
ence

Topic

675
676

677
678
679

680
681

682
683

684

685
686

687
688

689

690
691

692,
693

694

695
696

697

698
699

700
701
702

703
704

705
706
707

708

709

710
711

712

Binding of steroid conjugates to human corticosteroid-
binding globulin

Kinetics of dialysis for certain drugs in the presence and
absence of albumin, showing estimates of unbound and
bound forms of the compound

Physiological implications of interactions of drugs with
aspirin

Evaluation of in vitro enhancement of protein binding of
certain organic acids and bases

Studies of an in vitro binding reaction between thyroid
microsomes and long-acting thyroid stimulator globu-
lin; development of solid-state competitive binding
radioassay methods for measurement of antimicrosomal
and antithyroglobulin antibodies

Binding of penicillins and serum protein

Nature of drug interactions for use by the practicing
pharmacist

Ton binding of penicillins to proteins

Measurement of binding constants of phenylbutazone and
oxyphenbutazone to proteins using circular dichroism

Lack of enhancement by myocardial contraction on bind-
ing affinity of digitalis glycosides to myocardial recep-
tors

Hypothesis of a calcium chelating mechanism for caffeine
action in vivo

Binding of a diphenhydramine analog to bovine serum
albumin

NMR study of binding of aspirin to human serum albumin

Complexes of certain sulfa drugs with each other being
better absorbed intestinally than individual sulfa drugs

Induced changes in plasma protein binding of methotrex-
ate with salicylate or sulfisoxazole being useful in cancer
therapy

Mechanism of metachromasy of 2,4’-hydroxyphenylazo-
benzoic acid by serum albumin

Interactions of cations and local anesthetics with phos-
pholipids

Statistical-mechanical model for binding of flexible lig-
ands to protein with application to various ligand-
surface systems

Preferential binding of dipyridamole to g-globulin in
plasma rather than to albumins

Review of plasma protein binding of pharmaceuticals

Interaction of antibiotics with serum and its protein
fractions

In vitro effect of sodium phenobarbital and diethylnicotin-
amide on the protein binding of bilirubin

Binding of oxytetracycline to serum proteins

Simulation of thyroid hormone-binding protein interac-
tions in human plasma

Role of plasma protein binding in inhibitory effect of
nortriptyline on neuronal uptake of norepinephrine

Reevaluation of thyroxine binding and free thyroxine in
human serum; discussion of a new free thyroxine index

Drug-induced reduction of urate binding in vivo as related
to effect of some uricosuric and anti-inflammatory
drugs on binding of uric acid to human serum albumin
invitro

Effect of drugs on urate binding to plasma proteins

Flucloxacillin binding rate and capacity of binding to
horse serum protein

Protein binding of psychoactive drugs with a tricyclic ring
system in relation to their chemical constitution

Plasma protein binding of amphetamine, catechol, amines,
and related compounds

Erythrocytes infected with chloroquine-sensitive Plasmod-
ium falciparum binding chloroquine, with an apparent
intrinsic association constant of 1.5 X 107 1./mole

Small changes in protein binding of drugs in plasma and
tissues causing redistribution of highly bound drugs
between tissues and plasma, resulting in concentration
fluctuations of drug in plasma

Salicylate causing a release of long-chain fatty acids from
their binding sites on human plasma proteins and bovine
albumin

Review of protein binding of rifampicin

Interaction of warfarin and dicoumarol with human serum
albumin

Effects of sulfonamides on protein binding of bilirubin
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(670) concluded that the therapeutic differences in
potency among four tricyclic antidepressant drugs
known to inhibit the uptake of 5-hydroxytryptamine
by human blood platelets depended more on their
individual molecular structure than on the degree of
binding to circulating proteins. In a similar study, data
on the binding of imipramine, desipramine, and 3-
chlorodesmethylimipramine to plasma proteins were
obtained over a wide range of ligand concentrations,
using a modified equilibrium dialysis technique.
Plasma proteins other than albumin did not appreciably
bind to the drugs studied, and the association constants
of the complex were low. The authors concluded that
apparently atypical binding behavior was disclosed
for desipramine and 3-chlorodesmethylimipramine
(671). The binding to bovine albumin of the model
dyes and drugs bromcresol green, eosin, imipramine,
and desipramine was studied, using an improved
equilibrium dialysis technique. The dyes and drugs
interacted with two to four types of binding sites
through hydrogen bonding, electron donator—acceptor
forces, van der Waals’ forces, and hydrophobic forces.
In addition, the drugs and dyes interacted with up to
six binding sites through electrostatic forces. Desipra-
mine binding exhibited a more complicated mechanism,
probably involving exposure of additional binding
sites upon a drug-induced conformational change (672).

The effect on diphenylhydantoin binding of some
other drugs, including various antiepileptics, was
investigated. Of these, only salicylic acid, sulfafurazole,
and phenylbutazone (in clinical concentrations) de-
creased diphenylhydantoin binding. The clinical sig-
nificance of this effect was discussed (673). The per-
centage of bound testosterone was significantly in-
creased in hyperthyroidism and decreased in hypo-
thyroidism. The in vitro testosterone saturation curves
showed a remarkable increase in the testosterone-
binding capacity of plasma in hyperthyroidism and a
decrease in hypothyroidism. The study demonstrated
that the state of thyroid function has a significant
effect on the binding of testosterone and plasma,
and it provides an explanation for the changes in the
kinetics of testosterone metabolism observed in these
disorders (674).

Additional references on the interaction of drugs
with biological materials are provided in Table XIX.

Interactions of Drugs with Nonbiological Substances—
A 1:2 complex between borax and chloramphenicol
in aqueous solution was used to explain the relative
stabilities of simple aqueous solutions of chloram-
phenicol (713). The molecular interactions in water
of phenazine and tetramethylpyrimidopteridinetetrone
with alkylxanthines and benzene derivatives were
studied by means of the phase-solubility technique.
These results were discussed in terms of structural
similarity between interacting species. Studies con-
cerning the effects of solvent on the extent of complex
formation revealed that water plays a unique role in
these interactions. The observation that complexation
between two structurally dissimilar compounds is
favored over that between two similar compounds
suggested that some forces other than mere hydro-
phobic bonding should be considered. It was postulated



that the results are best rationalized by hydrophobic
bonding stabilized by a type of bonding similar to polari-
zation binding (714). On the basis of a simple model of
1:1 complex formation between planar molecules, the
observation was made that there is no significant differ-
ence between the average behavior of neutral and
charged complexes. The maximal overlap concept pro-
vides a general first-order description of molecular
complex formation in aqueous solution. Application of
the maximal overlap approach leads to average complex
structures without introducing arbitrary assumptions
about specific group interactions. The structures thus
generated are consistent with the chemical reactivity of
the complexes (715).

Maulding and Zoglio investigated the interaction
of dihydroergotoxine with certain xanthines (716),
dihydroergocrystine with xanthine analogs (717), and
methysergide maleate and caffeine (718), and, in
general, they discussed investigations into the nature
of ergot alkaloid—xanthine complexes (719). These
workers included solubility, dissolution, and parti-
tioning studies to evaluate the in vitro interaction along
with in vivo studies.

The quaternized vinylpyridine units of synthesized
alkyl copolymers constituted the binding sites for
para-toluene sulfonate ions. The stability of the com-
plex formed in the reaction increased with an increase
in temperature from 15 to 37° but decreased at 45°.
The binding process was endothermic and associated
with positive entropy effects, indicating that the poly-
meric model system described demonstrated properties
expected for hydrophobic bonding. The effect of urea
on the binding of suifonate ion by one of the alkyl
copolymers was studied and was found to be in keeping
with the claim that urea breaks hydrophobic bonds
(720).

Equilibrium and rate constants were calculated
for the reversible covalent addition of bisulfite ion
to 2-aminopyrimidinium ion and to its I-methyl
and 4-methyl derivatives. The 1:1 covalent adducts
had very low solubility in aqueous buffers around
pH 4. This was consistent with their being zwitterions.
Rate-determining steps in adduct formation appeared
to involve an attack of both the bisulfite ion and
sulfite ion on the pyrimidinium cation. In the reverse
reactions, the zwitterionic adducts appeared to decom-
pose by both nonbase-catalyzed and specific base-
catalyzed reactions (721).

Experimental data were obtained which appear
to show that the binding between organic species
dissolved in water apparently takes place most effec-
tively between members of two large, distinct classes
of structures, classified arbitrarily as A and B types.
Many drugs may be included in the present classifica-
tion; some examples for which data are available are:
caffeine, theophylline, and prednisolone in class A, and
phenacetin, promethazine, and menadione in class B.
The complexing tendencies of series of systems involving
pairs of interacting organic molecules in aqueous
solution were investigated by the phase-solubility
technique. Stability constants for some caffeine inter-
actions were evaluated by means of partitioning studies
(722). The effect of different organic solvents on the

extent of complex formation in binary aqueous organic
solvent mixtures was studied by various techniques.
In every instance, the stability constant of the complexes
decreased as the ratio of organic solvent to water
increased. The complexes were much less stable in
aqueous dioxane mixtures than in similar mixtures of
water and polyhydroxy compounds, such as glycerin
and sucrose. These studies strongly indicate the sig-
nificant contribution made by hydrophobic bonding
to these interactions and the major role of the water
structure (723).

The interaction between bentonite and microcrystal-
line cellulose was studied in suspension and in the
solid state. The rheological behavior of the mixed
suspensions and the mechanical properties of compos-
ite films prepared by drying thin layers of these suspen-.
sions were investigated as a function of composition.
Based on the volume percentage of the dry components,
bentonite was about five times more effective in in-
creasing the viscosity of aqueous suspensions than
cellulose. Bentonite formed strong films when its
aqueous suspensions were dried, while cellulose, either
pure or in a mixture, did not (724). Interactions of
isoniazid with magnesium oxide and with lactose were
investigated in the solid state. In the isoniazid-mag-
nesium oxide system, chemisorption, as well as physical
adsorption, of isoniazid molecules onto the magnesium
oxide surface was confirmed by diffuse reflectance
spectroscopic data. The mechanism of surface chem-
isorption was noted to be different from that of the
formation of the isoniazid—metal-ion complex in
solution. The browning reaction of the isoniazid-
lactose system in the solid state was also studied, and the
reaction products confirmed the presence of isonico-
tinoyl hydrazones of lactose and hydroxymethyl-
furfural (725).

The interaction of ascorbic acid with silicic acid
in the solid state was also studied using diffuse reflec-
tance techniques. Adsorption of ascorbic acid from
methanol solution by silicic acid did not occur ; however,
after evaporation of the methanol, ascorbic acid
did undergo strong interaction with silicic acid, probably
through hydrogen bonding. Thermal degradation of
ascorbic acid in the adsorbed state was found to be
different from that in solution. In acid solution, furfural
was a major degradation product; in the adsorbed
state, furfural could not be detected (726).

The kinetics of dialysis of a number of compounds
in the absence of protein were studied in some detail
to characterize the nature of the dialytic process and its
dependency on experimental variables. It was shown
that the rate of escape of a small molecule from a dialysis
cell was a first-order process, provided that sink
conditions were maintained (727).

Shima and coworkers studied the interaction of some
pharmaceuticals with synthetic macromolecules. Their
studies included the binding of pyrazolone and pheno-
thiazine derivatives (728); barbituric acid, hydroxy-
benzoic acid, and xanthine derivatives (729); and
other pharmaceutically important drugs (730) with
styrene-maleic anhydride copolymer. The binding
equilibria fitted a Langmuir-type equation, and molec-
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Table XX-—Additional References on Binding of Drugs to Nonbiological Substances

Refer-
ence Topic

Refer-
ence Topic

731 IR study of solute-solvent interactions of testosterone
propionate

732  Determination of stability constants of hydroxyindolo-
quinoxaline metal complexes

733 Swelling of crosslinked polyacrylic acid by adsorption of
water vapor

734  Gastrointestinal absorption of O-benzoylthiamine disul-
fide-polyacid complexes

735 Loss of ascorbic acid from tablets being directly propor-
tional to the amount of water not bound by silica gel

736 Interaction of bishydroxycoumarin and furosemide with
various adjuvants due to chemisorption proceeding by a
mechanism similar to that of chelation

737 Solid-solid interactions of tetracycline, bishydroxycou-
marin, and methantheline bromide significantly altering
availability and activity of medicinal agents in pharma-
ceutical dosage forms

738  Effect of molecular interaction on permeation of organic
molecules through dimethylpolysiloxane membrane

739 Riboflavin tetrabutyrate photodecomposed by methyl-
substituted benzene derivatives through a 1:1 molar
ratio complex

740 Inhibition of photodecomposition of riboflavin by 1:1
charge-transfer complexes of pyrazolone derivatives

741  Presence of polyacrilin potassium in formulation not
affecting total drug availability in gastrointestinal tract

742  Divalent metals complex with 5- and/or 6-alkyl-substituted
thiouracils

743  Interaction between sodium dehydroacetate and flavins

744  Effect of added salt on interaction between polymer and
detergent in aqueous solution

745  Depreciating interaction of disinfectants and preservatives
with nonionic surfactants

746  Effect of a polymeric complexing agent on liberation and
stability of chloramphenicol

747 Interaction of polysorbate 80 (Tween 80) and polyvinyl-
pyrrolidone with papaverine HC1

748 Interaction of sodium dodecyl sulfate with methylcellu-
lose and polyvinyl alcohol, showing the existence
of a critical concentration of sodium dodecyl sulfate
below which no interaction with the polymers occurs

749 NMR investigation of sodium-ion binding in solutions of
sodium caprylate and water in caprylic acid

750  Tryptazine reacted with methyl orange at pH 3.5 to forma
1:1 color complex

751  Silicone rubber and polyvinyl chloride strongly bind
lipophilic drugs, while hard plastics like Teflon do not

752  Investigation of interaction between metal ions and alkyl
phosphate monolayers at air-water interface

753 Sohlxtion confirmation of valinomycin—potassium-ion com-
plex

754  Hexachlorophene esters in pure and mixed monomolecu-
lar films interacting with fatty acids, fatty acid alcohols,
and fatty acid esters

755 Interaction of macromolecular and surfactant excipients
with insoluble drugs used in pharmaceutical suspensions

756  Temperature dependence of the formation constants of
alkaloid~methyl orange complexes

757  Stability of dispersed systems as affected by specific
chemical interaction

758  Metal complexes of selenocysteamine

759  Stability constants for some 1:1 metal-carboxylate com-
plexes, showing stabilities of complexes to be directly
related to basicities of anions

760 Preassociation and thermodynamics of hydrophobic hy-
dration in dilute solutions of surfactants

761  Kinetics of copper (II)-ethylenediamine complex forma-
tion

762 Interaction of nonionic macromolecular agents with
methylhydroxybenzoate, indicating preservative activity
due to permeability of microbial membrane

763  Chromatographic evidence for interaction of certain drugs
with nonionic macromolecular agents

764 Counterion binding in micellar solutions of 1-#-dodecyi-
pyridinium iodide

765  Aspirin interacting with paracetamol in tablets to produce
increased amounts of alicyclic acid and diacetyl-p-
aminophenol

766 Interaction between reserpine and desmethylimipramine

767  Effect of procaine hydrochloride concentration on forma-
tion of insoluble complex with sodium lauryl sulfate

768 Interaction between procaine or tetracaine and thiamine,
showing evidence of charge-transfer complex

769  Effect of varying concentrations of testosterone on CMC
value of lauryltrimethylammonium bromide, noting pos-
sible effect of steroid on enthalpy and entropy of micel-
lization and micellar structure

770  Pharmacological aspects of rauwolfia-reserpine complex

771  Effect on Donnan equilibrium, neutral salts, and varying
pH on degree of binding of some drugs to macromole-
cules, showing degree of binding increased when direc-
tion was from uncharged to negatively charged drug
molecules

ular orientation and structure were used to explain
the magnitude of binding,.

Additional studies involving the interaction of
drugs with nonbiological substances are found in
Table XX.

Surface Phenomena—The various publications dealing
with surface phenomena have been subdivided to aid
the reader in locating areas of specific interest. Because
of the obvious overlap in this subject matter, the reader
who needs a thorough review is advised to consider the
entire section.

Interface Studies—Cellulose acetate butyrate, cellu-
lose acetate stearate, and cellulose acetate phthalate
were studied as monolayers at the air-water interface.
Monolayers of the first two compounds were virtually
unaffected by changes in subphase pH, whereas cellulose
acetate phthalate exhibited large differences under the
same conditions. Certain monolayer properties of the
cellulose esters were used to interpret the behavior of
these polymers as free films and as enteric coatings
(772). At pH values of 2-4, cellulose acetate phthalate
monolayers were uncharged and were arranged in a
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compact, coherent form. An increase in pH brought
about partial ionization and marked changes in mono-
layer organization. The effects of charge repulsion
and increased solvation of charged groups caused
marked expansion and decreased the stability of
cellulose acetate phthalate monolayers. The greatest
effect of pH on monolayer properties appeared to
occur in the vicinity of pH 6 (773).

Using the Haydon-Taylor model, in which the sur-
factant head groups are situated at some distance from
the oil surface, the interaction energy of electrostatic
repulsion between oil droplets and dilute electrolyte
solutions was derived for the two cases: constant-
surface potential and constant-surface charge. For com-
parison, the repulsive energy was also derived for the
constant-surface charge case without the effect of this
adsorbed layer model. The model accounted for the
penetrability of the electrolyte and dielectric constant
in the adsorbed surfactant layer of varying thickness,
the degree of surface coverage, particle-size effect,
ionic strength, and the dielectric constant in the bulk
solution. In the constant-potential case, the resulting



equation is identical to the classical DLVO one. Com-
putations showed that as flat plates and spheres
approached each other, constant-surface charge with
impenetrable adsorbed layer was > constant-surface
charge with penetrable adsorbed layer > constant-
surface potential. It was noted that because of the
possible 50- to 100-fold difference in magnitude between
them, the choice of the proper model is important
when one considers applying the theory to the rigorous
kinetic treatment of the coalescence of o/w emulsions
and flocculation of suspensions (774).

The adsorption from solution onto griseofulvin
powder of a series of nonionic detergents of the poly-
oxyethylene glycol monoalkyl ether type was described.
Results were also given for polyethylene glycol 400
and a new detergent, pentaerythritol mono-n-octyl
ether, whose synthesis and purification were reported.
The effect of temperature on the adsorption was studied,
and possible explanations for variations in adsorption
with temperature were based on the orientation of the
molecules at the interface; this was deduced from
measured molecular areas (775).

The kinetics of transfer of cholesterol from an
aqueous polysorbate 80 solution into hexadecane and
vice versa were studied by means of the multipar-
ticulate dispersion technique. The experimental data
were quantitatively analyzed by the physical model
which accounts for the effects of bulk diffusion, inter-
facial resistance, interfacial area, and the lipid—-water
partition coefficient. For the 0.19] polysorbate 80,
a P value of around 1.7 to 2.2 X 10~7 cm. sec.”! was
found that was consistent with all data on water-to-oil
as well as oil-to-water transfer experiments. These
findings suggest that such large nonspecific interfacial
barriers are important in many biological and bio-
pharmaceutical situations (776).

Ghanem et al. (777) investigated the effects of an
interfacial barrier in interphase transport. These
procedures were applied to the study of the effects of an
adsorbed gelatin at the hexadecane-water interface
upon the transport of diethylphthalate between the
two phases. By employing diethylphthalate as the
solute, the transport data were analyzed by a physical
model. The two ionic surfactants, sodium lauryl
sulfate and dodecylpyridinium chloride, markedly
decreased the interfacial barrier, even at low concen-
tration. The analysis also showed that neither the
electrolyte type nor concentration influenced the per-
meability coefficients, although they significantly altered
the interface transport rates themselves by changing
the partition coefficients. These findings may represent
types of nonspecific situations that give rise to important
barriers in in vivo drug transport. Ghanem and co-
workers studied the quantitative transport behavior
of several organic solutes in matrix systems composed
of micron-size hexadecane droplets dispersed in an
aqueous gelatin gel in which the oil-water interfacial
barrier to transport was expected to play an important
role. The authors stated that the techniques developed
in the investigation should be useful in the quantitation
of interfacial barriers in the oil-water interface transport
of solutes and in the separation of various bulk diffu-

Table XXI—Additional References on Interface Phenomena

Refer-
ence Topic

779 Interaction of nitrogen dioxide with cholesterol mono-
molecular films and the possible biological relevance

780  Peculiarities of adsorption films of macromolecules and
their relation to stability of emulsions, showing their
tendency to form two-dimensional networks within long
periods

781  Behavior of surface-active agents and dyes at oil-water
interfaces, showing influence of binding between dye
and surface-active agents as influenced by the species
and concentration of electrolyte in aqueous phase

782  Iscelectric points of phospholipids at oil-water interface

783  Thickness and physical properties of interfacial films
stabilizing emulsions formed at oil-water interface

784  Relative adsorbability of counterions at charged interface

785  Review of solid-liquid interfaces

786 Interfacial pressures and viscoelasticity measurements of
monolayers of bovine serum albumin and its derivatives,
showing effect of chemic 1 structure of bovine serum
albumin

787  Surface pressure and specific water-evaporation resistance
of monolayers of aluminum stearates, demonstrating
effects of intermolecular interaction

788  Review of recent developments in interfacial phenomena

789  Estimation of film thickness from cohesive pressure at air—
water interface

790  Review of fundamentals of monomolecu ar films including
their importan :e in biological processes

sional resistances from interfacial resistances in complex
multiphase matrixes (778).

Additional references on interface studies are de-
scribed in Table XXI.

Adsorption Studies—In an approach to understanding
the membrane action of phenothiazines, the adsorption
from solution was investigated, using such adsorbents
as carbon black, graphite, silica gel, and polyethylene.
The results were related to other physicochemical
properties and biological activities of the drugs. The
adsorbed amount was influenced by the molecular
volume of R;¢’N at the 9-position, the sulfoxide group
at the 5-position, and the bulkiness of the substituent
at the 2-position. The adsorbed amount increased
with the pH of the buffer solution between 5 and §, and
it was considered that pH had an influence on the
hydrophobic and hydrophilic balance of the molecule.
The decrease in adsorption with addition of urea
demonstrated that the adsorption of phenothiazines
proceeded on the hydrophobic interaction (791). The
adsorption of sulfonamides by carbon black from
solution was considered to be a hydrophobic inter-
action, noting that the entropy change was positive
(792). The introduction of a methyl or methoxy group
into the sulfonamide molecule caused an increase in the
adsorption of the sulfonamide by carbon black, an
increase in the binding to bovine serum albumin, and an
increase in the absorption of the sulfonamide from the
rat small intestine. It was concluded that hydrophobic
interaction between the various sulfonamides and the
intestinal membrane formed an important factor in
absorption phenomena (793).

Methylene blue was adsorbed by potato starch from
aqueous solution as a monomer or dimer, depending
upon its concentration. Water-miscible additives such
as methanol, dioxane, sucrose, and urea shifted the
monomer—dimer equilibrium of the dye in the direction
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Table XXII—Additional References on Adsorption Phenomena

Refer-
ence Topic

Refer-
ence Topic

799  Surface chemical properties of disodium and dipotassium
monoacetyl phosphates; differences in these properties
being attributed to the lower water solubility of the
sodium salt, resulting in easier adsorption and micelle
formation

800 Influence of thixotropic agents (Aerosil and Aerosil R 972)
on adsorption of water by powders

801  Effect of hydrocarbon chain length on adsorption of sul-
fonates at solid-water interface

802 Influence of pH on adsorption of aromatic acids on acti-
vated carbon, showing marked increase in adsorption
from aqueous solutions at pH’s below 7

803  Adsorption of starch and oleate and interaction between
them on calcite in aqueous solutions

804 Differential heats and entropies of water adsorption on
calcium and potassium montmorillonite

805 Review of adsorption of cationic surfactants by cellulosic
substances

806 Adsorptive property of aluminum hydroxide for vaccine
being reduced, depending on method of preparation of
adsorbed vaccine, superficial structure, and crystalline
form of aluminum hydroxide

807 Phase relations involving deposition of cholesterol from
triglyceride solution, noting the hydrogen bonding of
cholesterol to the ester bond of the triglyceride being
unrelated to solubility of cholesterol in the triglyceride

808 Removal of long-chain, nonionic ethylene oxide adducts
from aqueous solutions by adsorption

809  Adsorption of sodium alkyl sulfates at air—water interface,
showing various stages of forces acting at interface

810 Review of theoretical approaches applied to studies of
adsorption from concentrated and diluted binary mix-
tures

811  Adsorption of s-triazines by montmorillonite as a function
of pH and molecular structure, showing that more basic
compounds were adsorbed in greater amounts

812  Adsorption of aerosol OT at solid-liquid interface

813  Adsorption of ionized surface-active agents in solution at
air-solution interface

814 Amylose-iodine-iodide complex as a model for competi-
tive cooperative linear adsorption

815  Adsorption of bovine serum albumin at air-water interface
shown to be reversible; measurement of equilibrium
adsorption isotherm

816 Adsorption of ionic surface-active agents influencing
stability of hydrophobic colloidal dispersions

817 Measurement of the amount of sorption water in various
kinds of starch samples in equilibrium with water at
25 and 40°

818  Kinetics of adsorption from solution in which rate expres-
sion yields rate constant for adsorption and desorption
simultaneously

819  Effect on adsorption of increasing the number of methyl
groups in an homologous series of surface-active agents
such as alcohols and alkanoic acids

820  Adsorption of polyvinyl alcohol on titanium dioxide

821 Influence of sodium dodecyl sulfate on the stability of iron
(III) hydroxide and aluminum hydroxide sols

822  Adsorption of anionic surfactants on montmorillonite, as
proven by X-ray diffraction data

823  Simple model for calculating heat curves for physical
adsorption

824  Adsorption of dyes and their surface spectra

825 Review of mathematically treatable quasithermodynamic
and statistical models in adsorption from solution

826 Review of adsorption of cationic surfactants on various
solid substrates, including certain biological substances

827 Maodel for the adsorption of weak electrolytes on solids as
a function of pH, using carboxylic acid-charcoal system

828  Adsorption equilibrium of ionic surfactants in the presence
of an inorganic salt in solution

829  Adsorption of surfactant molecules at a liquid-vapor in-
terface; variation in rates of adsorption and adsorption
energies with increasing concentration of the surfactant
solutions discussed in terms of detergent effectiveness of
surfactant

830 Alumina surface chemical properties determined with
colored indicators

831 Review of importance of physical adsorption and the in-
fornfnation that it can provide regarding nature of a solid
surface

of the monomer and reduced the extent of methylene
blue adsorption without significantly affecting the
maximum possible adsorption, indicating that additives
act primarily on the effective concentration of the
dye (794). In studying the effects of the adsorption
of benzoic acid on graphite, it was concluded that the
adsorbed acids were mostly oriented flat on the graphite
surface; plane-to-plane stacking between the acid
molecule and the fused benzene ring plane of graphite
seemed to be dominant among the possible adsorption
forces (795). The velocity and activation energies for
adsorption and desorption of cyanocobalamin on
talc from aqueous solutions were investigated. The
activation energies for the adsorption and desorption
were 1.16 and 3.98 kcal. mole~!, respectively, using the
Arrhenius equation. It was indicated that cyanoco-
balamin is energetically more stable in the adsorbed
state than it is free in solution, because the activated
states for the adsorption and the desorption were
considered to be identical (796).

Intravascular thrombosis was shown to be an
interfacial reaction dependent on the surface charge
characteristics of the blood vessel wall, blood cells,
and prosthetic materials. Positively charged prosthetic
materials were thrombogenic, whereas negatively
charged surfaces tended to be nonthrombogenic;
the higher and the more uniform the negative charge
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density, the better was the chance of the materials
being nonthrombogenic (797). An investigation of the
interactions of the cholesterol particle surface with
bile salts and alkyl surfactants was undertaken. Micro-
electrophoretic and adsorption techniques were used
to demonstrate, in contrast to the alkyl surfactants,
that the adsorption of bile salts on the cholesterol
particle surfaces was much less than expected in the
concentration ranges studied. While these results are
initially surprising, the data are consistent with the
idea that the relatively rigid bile salt molecules can
adsorb only onto specific sites on the cholesterol
surfaces, while the more flexible alkyl surfactants
can more readily interact (798).

Additional references on adsorption studies are
provided in Table XXII.

Studies on General Properties of Surface-Active
Agents—The effects of pH and hexachlorophene on the
net fixed-charge density of the colloids composing
the epidermal surface were studied in vivo, employing
human subjects. The results were shown to be analogous
to titration curves of amphoteric macromolecules.
Both the control and hexachlorophene titration curves
were nonhysteretic when initiated at either extreme
of the pH range, indicating reversibility of the observed
pH and hexachlorophene-induced changes. The pres-
ence of hexachlorophene decreased the net fixed-



charge density of the tissue surface below pH 5.6;
above this pH, a net increase was constantly observed.
It was hypothesized that hexachlorophene-induced
alterations in fixed-charge density result from allo-
sterically effected changes in the dissociation con-
stants of ionogenic protein side groups located vicinally
to hexachlorophene interaction sites (832).

To elucidate the interaction of surfactants with
biological membranes, the composition of epidermal
phospholipids and the rate of biosynthesis of major
phospholipid components were determined, using
various analytical techniques. The major lipid com-
ponents were cholesterol, lecithin, lysolecithin, phos-
phatidyl ethanolamine, and sphingomyelin. The bio-
synthetic and turnover rates of all identified phos-
pholipids were greatly increased in the surfactant-
treated skin. It was suggested that the tested surfactants
damaged the epidermal membranes. A role of sur-
factants in increasing the absorption of medical sub-
stances was also proposed, in view of these results
and other reports regarding the effect of surfactants
on biological membranes (833). Shinoda (834) stated
that, unlike ordinary solutions, an aqueous solution of
nonionic surfactant resembles, in principle, a fine
dispersion of two phases. One is the water phase,
containing a very small amount of nonionic surfactant,
and the other is the swollen surfactant phase. The
thermodynamic properties, as well as the mechanism
of dissolution, of biopolymers and polysoaps can be
explained by the proposed model.

Although an HLB value is assigned to a definite
surfactant, the real HLB of the surfactant at the oil-
water interface changes with the amount and kinds
of added salts in water as well as with the types of
oils. On the other hand, the phase-inversion tempera-
ture of emulsions accurately reflects that the real
HLB of a surfactant in a given system changes sensi-
tively with the amount and kinds of added salts.
It was found that the phase-inversion temperature
of the emulsions studied was depressed about 14°
in the presence of 69 sodium chloride solution,
indicating that the HLB value of the surfactant was
depressed about 0.8-1.0 unit in the solution (835).
Solubility parameters were calculated for a homologous
series of alkyl polyglycol monoethers with a variable
glycol chain, These parameters were compared with
the HLB values for the same surfactants, By considering
the contribution made to the overall solubility param-
eter of a surfactant molecule by the solubility parameter
of the hydrophobic portion of the molecule, a practical
relationship between solubility and HLB was obtained.
This relationship was valid, irrespective of the size
of the hydrophobic or hydrophilic group, for com-
pounds containing up to 20 carbon atoms or 20 ethylene
oxide units in the alkyl or glycol chain, respectively.
By making several assumptions, it was shown that
heats of hydration and CMC’s of surfactant, which
have been shown to be related to HLB values, may
also be related to solubility parameters of surfactant
molecules (836). In studying the importance of surfac-
tant location and required HLB in emulsification,
Lin (837) noted that, for an o/w emulsion, placing the
surfactants in the oil phase produced more stable

Table XXITI—Additional References on General Properties
of Surface-Active Agents

Refer-
ence Topic

838  Mutual relations among properties of cationic surfactants,
such as solubility, micelle formation, and solubilization
of water in nonpolar solvents, explained by hydration
and difference in the ionic character of polar groups in
surfactant molecules

839  Effect of ionic head of cationic surface-active agents on
their hemolytic activity, showing that the number of car-
bon atoms in the alkyl radical, when less than 8, is re-
lated to hemolytic activity of cationic agent )

840 Nonmicellar association of surfactant ions, noting con-
stant enthalpy of dimerization for each chain length

841  Structure of aqueous surfactant solutions .

842 New amphoteric surfactant having ether bonds in the
molecule

843 Review of ethoxy sulfate-type surfactants and their col-
loid~chemical properties

844  Review of chemistry and technology of surfactants

845 Effects of temperature and hydrophilic chain length of
nonionic surfactants on emulsion properties discussed in
connection with the phase-inversion temperature of re-
spective systems o

846  Electrolyte flocculation of macromolecular stabilized
emulsion in the framework of DLVO theory, with spe-
cial reference to sodium alginate and gum arabic as
emulsifiers .

847 Review of esters of pentaerythritol and higher fatty acids,
as well as their polyoxyethylene derivatives as surfac-
tants

848  Application of nonionic surface-active agents for disper-
sion of pigments in aqueous media, noting that each
surfactant had an optimal HLB value at which disper-
sion was maximum .

849 Incipient flocculation properties of aqueous polymer dis-
persion which are stabilized solely by polyethylene oxide
moieties

850 Dependency of detergency on HLB of nonionic surfactants
being small for hydrophilic fabrics but large for oleo-
philic fabrics .

851  Surfactant-ion activity of magnesium dodecyl sulfate in
aqueous solution

852 Mechanism of action of a surface-active stabilizer of clay
suspensions; stability of the suspension being adequate
in the presence of up to 10-15% of electrolyte; at higher
concentrations, addition of 1-1.5% algin being required

853  Review of classification of surfactants by HLB system

854 Review of ampholytes, their properties, and applications

855  Preparation and properties of sodium sulfoalkyl alkano-
ates surfactants

856 Langmuir film balance and surface-tension measurements
for determining HLB of surface-active agents

857 Review of surfactant structure and performance )

858 Review of application of surfactants in pharmaceuticals,
including a table of toxicity of surfactants .

859 Review of properties and uses in cosmetics of amphoteric
surfactant cycloimidium .

860 Review of effects of surface-active agents on absorption,
solubility, and therapeutic utility of various drugs, in-
cluding bacteriostatic agents .

861  Surface properties of cellulose acetate phthalate, including
claim that there is no evidence of stoichiometric com-
plex formation with plasticizers, and interaction ap-
pearing to be completely nonspecific

emulsions than the same system prepared by initially
placing the surfactants in the aqueous phase.

Additional studies on general properties of surface-
active agents are provided in Table XXI1I.

Micelle Studies—The effect of change in pH on the
CMC of a nonionic surfactant (polysorbate 80) was
investigated; a linear relationship existed between the
free energy of micellization and pH. The significance
of changes in the enthalpy and entropy of micellization
was discussed; both micellar molecular weight and the
hydration per unit mass of surfactant decreased with
an increase in pH value (862). The thermodynamics of
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Table XXIV—Additional References on Micelles

Refer-
ence Topic

868 NMR studies on micelle formation by promethazine
hydrochloride

869  Properties of aqueous solutions of surface-active agents
when their concentrations are below the CM

870  Fluorescence and differential UV studies of micellar solu-
tions of sodium phenylundecanoate

871 Biradical spin-labeled urea derivative used for studying the
dynamic structure of sodium dodecyl sulfate micelles,
showing the biradicals form aggregates in the rmcelles
when present in excess in solution

872  Phospholipid bilayer-micelle transformation

873  Shift of NMR signal caused by micelle formation

874  Review of salt effects on CMC’s of nonionic surfactants

875 Thermodynamics of micellar equilibrium for ionic deter-

gents

876  Effect of change of solvent on CMC of a nonionic sur-
factant

877 CMC of Manoxol OT and Nonidet P40, using silver-110m
as a tracer

878  Micelle size of barium dionyl naphthalene sulfonate in low
polarity solvents by vapor-pressure osmometry

879  Counterion binding to reversed micelles by nuclear mag-
netic quadrupole relaxation of bromine-81

880 Interaction of acidic dye molecule with positive charges on
micelle surface

881  Surface-active properties of ammonium salts of sulfated
esters of oleic acid

882  Aggregation of local anesthetics in solution, demonstrat-
ing that hydrophobic substitution on the tetracaine
para-amino group accounted for greater tendency to
aggregate

883  Effect of temperature on micellar properties of pure non-
ionic surfactants ; thermodynamic calculations

884  Effect of position of ester group on CMC of ester-linked
sulfonates, showing that for a given number of carbon
atoms in the alkyl chain, the log CMC value increases
regularly with a change in the ester group away from the
terminal position to more central positions in the hy-
drocarbon chain

885  Solubility and CMC’s of fluorinated surfactants in water

886  Ultrasonic absorption in aqueous solutions of ionic am-
phiphiles, with interpretation of results from weakly con-
centrated micelle solutions

887  Salt effects on the CMC'’s of nonionic amphiphiles

888  Kinetics of micelle dissociation by a light-scattering tem-
perature jump method

889  Prediction of the CMC of mixtures of alkyltrimethyl-
ammonium salts using Shinoda’s equation for CMC of
a multicomponent soap mixture

890 Thermodynamics of micellization and micellar molecular
weights of zwitterionic N-alkyl betaines by light scat-
tering and vapor-pressure osmometry

891  Potentiometric and calorimetric studies of the structure of
some soap solutions with short paraffin chains

892 Influence of charge on the micelle size of a zwitterionic
surface-active agent

893  Statistical treatment of micellar solutions

894  Effect of temperature and solubilization of hydrocarbons
on mean micellar weights in aqueous sodium oleate
solutions

895  Effects of counterion and temperature on micellar proper-
ties of dihydroxy and trihydroxy bile salts

896 Effect of temperature on CMC of tetradecylpyridinium

bromide, tetradecylbenzyldimethylammonium bromide,

and tetradecyltrlmethylammomum bromide

micellization of three nonionic surfactants in mixed
solvents were reported. The contribution of the alkyl
chains of the surfactant molecules to micellization
was estimated from solubility data (863). The optical
rotatory dispersion of a nonionic surfactant, $-D-octyl
glucoside, was investigated in aqueous solutions in the
UV region. The specific rotation at any wavelength
showed an increase at the CMC, which could be deter-
mined reliably from the change in specific rotation.
The rotatory dispersion curve for the surfactant in
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micellized form was derived and compared with that
of the nonmicellized surfactant below the CMC.
The change was small and was ascribed to a “medium”
effect, arising from the difference in the local refractive
index at the micelle surface as compared with the
bulk solvent. This interpretation is compatible with
currently accepted ideas on the fluid nature of the
micelle core, and it suggests a lack of any conforma-
tional restraint at the micellar interface (864). The
temperature dependence of the CMC of decyl-, dodecyl-,
and tetradecyl-a-picolinium bromides was determined
by measuring conductance. Constants for the equation
relating log CMC and alkyl chain length were calculated
for the temperature range 5-70°. An estimate of the
effect of temperature upon the degree of counterion
binding was recorded. Thermodynamic parameters
were calculated using the uncharged phase-separation
model, and a theoretical interpretation of the process
of micellization was given (865).

The weight-average aggregation numbers and micel-
lar molecular weights for homologous zwitterionic
N-alkyl betaines were determined by light scattering.
A linear relationship was found between the logarithm
of the weight-average aggregation number and the
alkyl chain length for Cyp, Cy, Cis, and Cys homologs.
As the temperature was raised, a trend was observed
in that the weight-average aggregation numbers and
the micellar molecular weights for the homologs
increased, reached a maximum, and then decreased.
This behavior was related to changes in the CMC
with temperature (866). The acid dissociation constants
of long-chain esters of carnitine above the CMC were
determined potentiometrically at several concentrations
of added KCI. As the degree of protonation increased,
the apparent pK values decreased, owing to the increased
positive charge on the micelle. The difference in pK
between the neutral (zwitterionic) micelle and the value
at any given protonation was used to determine the sur-
face potential of the micelle at that degree of protonation.
From the partial molal volume of each surfactant
in the micelle and the calculated surface charge density,
it was possible to calculate the aggregation number of
the micelle. Good agreement was noted between the
calculated values of the micelle and the values obtained
from light-scattering experiments at several ionic
strengths and degrees of protonation (867).

Table XXIV provides additional references on
micelle studies.

Additional studies of a general nature involving
surface phenomena are provided in Table XXV.

Crystallization—The results of crystal growth-rate
studies, using single crystals of sulfathiazole and
methylprednisolone, were presented. The growth rate
of sulfathiazole crystals growing in a supersaturated
aqueous solution showed stirring rate dependence from
10 to 400 r.p.m. for all three faces studied. In alcohol
solutions, the stirring rate dependence appeared_ to
disappear above 150 r.p.m., suggesting that at the
higher stirring rates the rate of crystal growth of sul-
fathiazole was surface controlled. A plot of the growth-
rate versus the supersaturation ratio appeared to be
linear for all studies, with intercepts exhibited on the
supersaturation ratio axis. The intercept appeared



Table XXV—Additional References on Surface Phenomena

Refer-
ence Topic

Refer-
ence Topic

General Studies on Colloids, Gels, and Sols

897 Interaction of two identical spherical colloidal particles at
great distances, using the Derjaquin equation

898  Electric conductivity of gels of natural macromolecular
substances, showing that three types of water structure
exist in various gels

899 Review of properties of association colloids, isolated thin
film, surface forces, and disperse systems

900 Review of stability and flocculation of typical lyophobic
and lyophilic colloids, solutions containing simple ions,
and nonionic surface-active agents

901  Adsorption of water vapor by gelatins being independent
of molecular weight of the gelatin but dependent on
ionization state of free carboxyl groups

902 Pulsed NMR study of temperature hysteresis in agar-
water system, indicating that the major portion of
water molecules in this system is not in an “icelike’ or
modified state

903  Review of methods for determining force of adhesion be-
tween colloidal particles and factors that influence ad-
hesion between a sphere and a plane and between a
plate and a plane

Foam Studies

904 TFoaming characteristics of anionic surfactants, volume of
foam increasing with concentration of surfactant up toa
certain value and then leveling

905 Action of electrolytes on foam stability of a nonionic sur-
face-active agent, showing the increasing stability as a
function of the concentration, as it relates to the surface
tension and the CMC

906  Surface hydrolysis enhancing the inevitable pH changes in
foam separation of anionic surfactants

907  Effects of surface-active agents on bubble formation

Surface Area Studies

908 Orientation of monolayers of half-esters of polymethyl-
vinyl ether maleic anhydride, showing effects of sub-
phase pH and certain water-soluble plasticizers on sur-
face pressure-area isotherms

909 Proposed methods for surface area determination based on
behavior of adsorption isotherms of completely miscible
liquid pairs

Wetting and Contact Angle Studies

910 Effect of ionic-type surfactant pretreatment in contact
angle studies on viable human skin

911 Adsorption and wetting phenomena associated with
Graphon in aqueous surfactant solutions

912  Wettability of chloramphenicol palmitate, demonstrating
lack of apparent relation between HLB values and wet-
ting efficiency

913  Spreading coefficients, wetting energies, and adsorption of
surfactants

914 Review of wetting phenomena of solid surfaces

Surface-Tension Studies

915  Effect on surface activity of some phenothiazine deriva-
tives due to changes in number of alkyl groups, degree
of branching, and number of dissociable groups on
alkylamino portion of the molecule

916 Surface activity of water—1,4-dioxane system

917  Electric surface potentials and surface tension of organic
bases in aqueous solutions

918 Dynamic surface tensions of surfactants in natural hard
waters

919  Comparative studies on interfacial tension of different oint-
ment bases with water—oil emulsifiers

920 Surface activity of aqueous solutions of chlorohydrins
depending mainly on the weight ratio of hydrophilic to
hydrophobic groups

Diffuse (Electrical) Double-Layer Studies

921  Approximate methods of determining double-layer free
energy of interaction between two charged colloidal
spheres

922 Review of Helmholtz free energy for electrochemical
double layers of charged colloidal particles in aqueous
medium

923 Interfacial instability due to electrical forces in double
layers—general considerations

924 Interfacial instability due to electrical forces in double
layers—stability of interfaces with diffuse layers

925  Electrical double layer at the graphite-surfactant interface

to be a function of its solvent, varying from 1.07 to
1.43, and to be a function of the polarity of the alcohol.
The crystal growth rate of methylprednisolone, on the
other hand, showed no stirring rate dependence in the
range from 20 to 400 r.p.m. and appeared to be surface
controlled even at low stirring rates (926).

The results of polyvinylpyrrolidone inhibition of
sulfathiazole single-crystal growth were reported. The
minimum concentration of polyvinylpyrrolidone re-
quired to inhibit crystal growth completely was a
linear function of the supersaturation ratio, with an
intercept of approximately 1.15 exhibited on the latter
axis. The minimum concentration of polyvinylpyr-
rolidone required for complete inhibition of crystal
growth was a function of the molecular weight of
polyvinylpyrrolidone. The results of using polyvinyl-
pyrrolidone molecular weights of 10,000, 40,000, and
360,000 are presented. The data suggest that the inhibi-
tion point depends on the relative rates of transport of
polyvinylpyrrolidone and sulfathiazole to the crystal
surface from the bulk of the solution. A model is
presented that appears consistent with the data (927).

The crystal structure of the 2:1 complex of barbital
with caffeine was determined by X-ray diffraction
methods. The block-diagonal least-squares refinement

of 496 atomic positional and thermal parameters,
based on 4665 X-ray intensity data, gave a final R
factor of 0.05. The structure consisted of ribbons of
barbital molecules linked by NH---O=C hydrogen
bonds. Caffeine molecules were bound to the ribbon
by an NH—-N(9) hydrogen bond and by an unusual
interaction involving C(8)H with two barbital oxygen
atoms. Weak interactions of mnonhydrogen-bonded
caffeine carbonyl groups with barbital carbonyl groups
may also be important in this crystal. There was minimal
overlap of the flat ring systems of the component
molecules (928).

Additional references on crystallization are found
in Table XXVI.

Rheology—A chemical balance provided a simple,
cheap, and readily available method of assessing the
consistency of biological fluids such as sputum. A scale
reading at an arbitrary time provided a useful empirical
parameter which could be employed in routine testing
of chemical samples and in the assessment of mucolytic
agents, This reading also correlated well with data
obtained using a conventional cone and plate viscome-
ter. The change of scale reading with time could be
analyzed in a fundamental rheological manner, using
the linear viscoelastic model. The method of measure-

Vol. 60, No. 7, July 1971 [] 987



Table XXVI—Additional References on Crystallization

Refer-
ence Topic

929  Macroscopic appearance of frozen and dried samples in
conmection with growth of eutectic crystals; an optimum
temperature range to promote the eutectic crystalliza-
tion for each solute

930 Change in the macroscopic appearance during freezing,
and the critical temperature necessary for freeze drying
of pharmaceuticals

931 Review of recent theories of growth and dissolution of
crystals, their importance in biological and physical
systems, and the role of foreign substances as inhibitors
of these processes

ment was nondestructive and allowed repeated measure-
ments to be made on the same sample (932).

The rheology of six grades of white soft paraffin
was investigated, using continuous shear viscometry
and a creep viscometer. Working the samples on a
triple roller mill decreased the apparent viscosity
and, initially, increased the yield stress. Five of the
grades were linear viscoelastic and one was nonlinear
viscoelastic. The nature of ductility and its relation
to measured rheological parameters were discussed
(933). The viscoelastic gel in the continuous phase of
a liquid paraffin—water emulsion stabilized by a mixed
emulsifier of cetrimide and cetostearyl alcohol was
similar to that formed by dispersing cetrimide and
cetostearyl alcohol in water. The effects of temperature
changes on the rheological properties of the emulsion
and the ternary system were examined in continuous
shear and in creep, and variations in the viscosities
and compliances were correlated with the thermal
phase transitions determined microscopically. The
emulsion and the ternary systems were of maximum
consistency at approximately 38 and 43°, respectively.
These temperatures represent the transition from the
frozen smectic to the liquid crystalline phase. At higher
temperatures, the compliances rose and the viscosities
fell as the network weakened and finally dissolved
to form an isotropic solution (934).

Additional studies on rheology are provided in
Table XXVII.

PHARMACEUTICAL ASPECTS: ANTIBIOTICS

Some studies of the oral absorption of dicloxa-
cillin from various pharmaceutical formulations in
beagle dogs suggest that the female of this species
shows consistently higher and more prolonged blood
serum levels of the antibiotic than the male. These
studies suggest that there are variations in the level of
monobasic penicillin molecules in blood serum after
oral administration that are related to the sex of the
animal, while a similar correlation does not appear to
exist for the amphoteric penicillins. Determination of
the biological half-life of the various penicillins in the
male and female after intravenous administration
indicated that there was no difference in the sexes with
respect to the disappearance of active drug from the
blood (956).

The absorption of tetracycline from the rat stomach
was investigated at acid pH values. The absorption
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was dependent upon the anion and the surface activity
of the buffer (957).

Spectinomycin slowly inhibited the steady-state
growth of E. coli to a new steady state with a new rate
constant that was linearly dependent, above a certain
minimum, on the concentration of spectinomycin.
This minimum concentration is a function of the con-
centration of the media and can be assigned to binding
or removal of microbiologically effective spectinomycin
as protonated material by the components of the media.
The logarithm of the inhibitory constant increases
linearly with the pH of the media to pH 7.6, which
implies that only uncharged material is biologically
active. The slow rate of achievement of a drug-equil-
ibrated, steady-state, microbial generation rate can be
reconciled with a relatively rapid reequilibrated rate
on dilution with fresh media by postulating depletion
of a cell-generated vital metabolite linked to the growth
rate of microorganism (958).

The closely related antibiotics diumycin A and B,
with monomeric molecular weights of approximately
1800 daltons in ethanol, aggregate in aqueous buffers
to form particles with a molecular weight of at least
32,000 daltons. The aggregate of diumycin was essen-
tially unaffected by esterification of the acid, acetylation

Table XXVII—Additional References on Rheology

Refer- )
ence Topic

935 Rheological measurements of semisolids, including evalu-
ation of relationship between shear stress and shear rate,
determination of product behavior during continuous
shear, and characterization of static structure of the
product

936 Shear-dependent interaction of plasma protein with
erythrocytes in blood

937 Review of inorganic thickening, suspending, and emul-
sion-stabilizing agents

938  Use of rheology in pharmaceutical technology

939  Measurement of properties of semisolids, with emphasis
on viscoelasticity, continuous shear, creep, and oscilla-
tion

940 Changes in rheological properties of vaselines connected
with their content of cycloparaffinic and low paraffinic
fraction

941  Viscosity of oxyethylated alcohols of wool fat

942  Rheological properties and composition of petrolatums

943  Importance of rheological parameters of bases for oint-
ments in determining rate of liberation and sorption of
drugs incorporated in them

944  Effect of pharmaceutical additives on rheological charac-
teristics of dispersions of methylhydroxyethylcellulose

945  General flow characteristics in rheological evaluation of
dispersions of methylhydroxyethylcellulose

946  Rheology of clay mineral suspensions

947 Review of rheology of disperse systems, dealing mainly
with pigments and paints

948  Influence of particle-size distribution on apparent viscosity
of non-Newtonian dispersed systems

949 Effefgt of glyceride distribution on rheological properties
of fats

950 pH dependence of rheological properties of agar-agar
hydrogels

951  Rheological properties of alginic acid gels

952  Rheological properties of hydrogels of agar-agar and
stress relaxation of concentrated agarose gels

953  Rheological properties of concentrated pectin gels made
through diffusion of alcohol at room temperature in
concentrated subacid pectin solution

954  Review of mixing of Newtonian and non-Newtonian fluids

955 Influence of production scale-up upon quality of a cream,
including changes occurring in hardness, particle-size
distribution, and rheological properties




of hydroxyl groups, high ionic strength buffer, or
variations in pH from 2.2 to 12.4. These results indicate
that salt linkages and hydrogen bonds contiribute only
slightly to stabilize the aggregate. The aggregate may
be disrupted by: (a) the addition of such hydrophobic
bond-breaking agents as buffered aqueous solutions
of guanidinium chloride, urea, or formamide; (b)
the hydrolytic loss of a lipid side chain (molecular
weight about 400 daltons); or (¢) the addition of
alcohols. The ability of an alcohol to disrupt the
aggregate increases with its hydrocarbon content. From
these data, it was concluded that lipid-lipid hydrophobic
interactions are responsible for the self-association
of diumycin. The aggregate is spherical with a mantle
of hydrophilic sugars, including glucose and glucos-
amine, surrounding a tangle of lipid side chains (959).

The deuterium isotope effect on the biological activity
of penicillin G was investigated by comparing the
biological activity of the deuteriopenicillin with that
of the protioanalog by a turbidimetric assay procedure
using S. aureus. The biological assay indicated that a
significant deuterium isotope effect operates in the
antistaphylococcal action of benzylpenicillin. With
the test organism chosen, the ratio of the antibiotic
potencies was 12597 H/D (960).

The pharmacokinetic profile of coumermycin A;
was determined in man following intravenous and
oral administration. The antibiotic was eliminated
slowly from the bloodsiream and appeared to be
highly biotransformed. The plasma level versus time
curve after intravenous injection was consistent with a
two-compartment open system, containing a primary
compartment with a volume equivalent to the volume
of plasma water. The design of a pharmacokinetic
model was discussed (961). As the free acid or simple
salt, coumermycin A, is poorly absorbed from, and
is not appreciably degraded in, the fluids of the gastro-
intestinal tract of animals and humans. A mixture of
coumermycin with certain additives, such as sugar
amines, can significantly enhance oral absorption
in dogs, as indicated by the higher blood levels. With
a mixture of antibiotic and N-methylglucamine in a
1:4 ratio, blood levels in both dogs and humans were
enhanced 5- to 15-fold over that obtained with the
antibiotic alone (962).

Additional references on antibiotics are found in
Table XXVIII.

BIOPHARMACEUTICS

The various publications dealing with biopharma-
ceutics have been subdivided to aid the reader in
locating areas of specific interest. Because of the
obvious overlap in subject matter, the reader who
needs a thorough review is advised to consider the
entire section.

Schneller (983) reviewed the developments in bio-
pharmaceutics with regard to the eflectiveness of
drug products. Included in his review is a table of
40 drug substances with proven, or definitely suspected,
intrinsic susceptibility to bioavailability problems.
The author noted that the subject of biological avail-
ability of a drug from its dosage form presents the

Table XXVIII—Additional References on Antibiotics

Refer-
ence Topic

963 Increased absorption in dogs and humans after oral ad-
ministration of coumermycin monosodium salt in a
1:4 w/w mixture with N-methylglucamine

964  Stabilities, modes of binding, and methods of disruption
of aggregates of saramycetin and prasinomycin .

965 Inhibitory effect of tetracyclines on rate of hydrolysis of
an olive oil emulsion by pancreatic lipase

966  Invitro antibiotic activity of aminodeoxykanamycin

967 St%bility of tetracycline hydrochloride in various ointment

ases

968  Absorption, elimination, and in vitro sensitivity of Pseu-
domonas pyocyanea strains to carbenicillin .

969 Hygroscopic and nonhygroscopic forms of oxytetracycline
hydrochloride .

970 Influence of storage conditions and pharmaceutical addi-
tives on stability of stamycin dragees .

971 Inﬂu];elnce of storage conditions on triacetyloleandomycin
tablets

972  Metabolism of various antibiotics in hepatic dysfunction

973  Effect of adding bovine serum to various antibiotics on
their in vitro bactericidal action L

974  Review of polyene antibiotics and macrocyclic antibiotics
and their effect on bilayer model membrane .

975 Employment of hydron polymer antibiotic vehicle in
otolaryngology

976  Biological activity of cephalexin in children

977  Pharmacokinetics of ampicillin and hetacillin

978  Stability of aqueous solutions of viomycin sulfate .

979  Antibacterial activity produced in animals by coadminis-
tration of two antibiotics, demonstrating that the com-
bination had significantly greater protective action than
did individual components .

980 Absorption, elimination, and metabolism of aminocyclo-

hexylpenicillin ) .
981 Review of structure-activity relationships of semisynthetic
penicillins
982 Preparation of oxytetracycline in a dry powder for recon-
stitution

pharmacist with challenges and opportunities which
he is uniquely qualified to meet.

Numerous articles were published dealing with
theoretical models as a means of correlating in vitro
data with the therapeutic activity of a drug. The
simultaneous chemical equilibria and mass transfer
of basic and acidic drugs through a two-phase com-
partment model were theoretically investigated. The
model consisted of a well-stirred bulk aqueous phase,
an aqueous diffusion layer, and a lipid barrier for
perfect and imperfect sink cases. The nonsteady-
and quasi-steady-state changes in the concentration—
distance distributions in the lipid phase were also
considered. The rate of change of the total drug con-
centration in the bulk aqueous phase was described
in the general form of a first-order equation useful
for evaluating experiments. A limiting steady-state
relationship involving the transport rate with the parti-
tion coefficient, pH at the aqueous-lipid interface,
dissociation constant of the drug, aqueous and lipid
diffusion coefficients, and thickness of the diffusion
layer was derived. Increasing the agitation rate in the
aqueous phase markedly affected the pH profiles
for the rate of transport. The pH-partition theory
was shown to be a limiting case of the more general
approach presented (984).

In a similar study, multicompartment diffusional
models for the absorption of neutral, acidic, basic,
and amphoteric drugs were investigated. The general
model consisted of a bulk aqueous phase, an aqueous
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diffusion layer, n-compartments of homogeneous and
heterogeneous phases, and a perfect sink. Equations
were derived in general terms for the nonsteady-
and steady-state periods. Utilizing the steady-state
diffusion efficiency function of the barrier systems,
the first-order rate constants for various examples of
two- and three-compartment models were obtained
from the general model, and some computations
were given. Various sets of in situ experimental rat
data were analyzed by means of the different models.
These included the intestinal, gastric, and rectal
absorption of sulfonamides and barbituric acid deriva-
tives. Self-consistent dimensional constants and diffu-
sion coefficients were arrived at, and the correlations
obtained with the models were found to be generally
satisfactory (985).

A general solution was presented for solving the
pharmacokinetic parameters that describe a drug
and its metabolite in a two-compartment open model.
The method was specifically applied to the treatment of
plasma data for acetylsalicylic acid and its metabolite,
salicylic acid, after intravenous administration of the
drug. The acetylsalicylic acid data were adequately
described by a model in which elimination occurred
solely from the central compartment (986). In the form-
ulation of compartment models for describing bio-
logical phenomena, two separate approaches usually
have been employed for isotope dilution systems and
systems for which no tracers are introduced. For
linear systems that can be described by first-order
kinetics, it was shown that the isotope dilution problem
can be cast into the more general approach by simul-
taneous linear differential equations, and the restriction
of steady state can be removed. Solutions to these
equations were shown to be easily obtainable, using
the state-space approach. For systems in which linearity
cannot be assumed, digital computer techniques were
presented which greatly facilitated numerical solutions.
These concepts were demonstrated with two examples,
and a third example showed how these concepts
and others could be employed with isotope dilution
to find the initial pool sizes and rate constants in a six-
compartment system (987). A six-compartment open-
system model was presented to elucidate the physio-
logical disposition of chlordiazepoxide and its two
pharmacologically active biotransformation products
by intravenous administration of the drug in dogs.
The pharmacokinetic parameters used in the model
were obtained by administering each of the three
compounds separately. Excellent agreement was ob-
tained between the levels of intact drug and the two
metabolites found in the plasma of the dogs and the
calculated levels of each generated from the model
(988). A pharmacokinetic model was presented to
describe the distribution of methotrexate in mice.
The model was used to simulate methotrexate concen-
trations in plasma, lean tissue, liver, kidneys, and
gastrointestinal tract following a single intravenous
injection (989).

Loo and Riegelman (990) noted that if it is not
feasible to administer a drug by a single bolus, it may
be possible to administer the drug intravenously
at a slower rate of infusion. A mathematical equation
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was presented which enabled one to determine the
parameters identical to an intravenous bolus injection
curve by utilizing the postinfusion blood curve. The
equation is applicable to all compartmental models
that may be described by linear first-order differential
equations with constant coefficients. The transfer
of salicylic acid and three sulfonamides from an
aqueous phase of pH 2 or 5 through an intervening
organic phase to an aqueous phase of pH 7.4 was
studied, using a rotating cell. The manner of operation
of the cell promoted rapid drug transfer without
vortexation or emulsification of the phases. The
rates of transfer of the drug showed the anticipated
pH dependence (991). A transport cell was devised
which consisted of three compartments, partitioned
with two semipermeable cellulose membranes; the
central compartment was thin and held a solution of
nonpermeable material which acted as the barrier
to drug transport. Transport of barbital and benzoic
acid through the central compartment of aqueous
polyvinylpyrrolidone was examined, and it was noted
that the interaction of polyvinylpyrrolidone-benzoic
acid was greater than that of polyvinylpyrrolidone-
barbital, which consequently affected the transfer
rates of these two drugs through the various compart-
ments (992). A three-compartment in vitro transport
model, consisting of two aqueous compartments
buffered at pH 1.2 and 7.4 and separated by a thin,
olive oil-impregnated Millipore membrane, was em-
ployed to study the transfer kinetics of four drugs in the
absence and presence of the complexing agent caffeine.
The apparent first-order transfer-rate constants obtained
for salicylic acid, acetylsalicylic acid, dehydroacetic
acid, and ethyl p-hydroxybenzoate correlated well
with reported in vivo apparent first-order absorption-
rate constants. In the presence of caffeine, the transfer
rate of all of the drugs was significantly reduced, and
calculated in vitro transport-rate constants were
found to correlate well with reported in vivo absorption-
rate constants for the drug—caffeine complexes (993).

For interpretation of blood concentration data to
be meaningful, careful evaluation of the basic aspects
of collection, description, and analysis of the data is
essential. The importance of these considerations was
illustrated by the magnitude of differences in rate
constants obtained when the data were interpreted
by different methods. The method of curve fitting
presented minimized squared logarithmic deviations
and offered a different approach by utilizing relative
error rather than absolute error. The authors claimed
that if truly equal weights are desired for data points,
this is the more appropriate definition of best fit.
In any case, however, no mathematical technique for
fitting a model to the data can compensate for an
inadequate description of drug activity (994). The
concentration of drug in plasma after continuous admin-
istration has been defined as the relationship between
dosage per unit time and the half-life of elimination
to the volume of distribution. The plateau concen-
tration determinants, elimination half-life, and volume
of distribution were determined using a single-dose-
continuous infusion technique. The data derived were
used to predict the plateau concentration for a series



of substances administered by continnous intravenous
infusion. Alterations in the volume of distribution
and the elimination half-life of a drug may occur
under clinical situations. This is reflected in changes
in the plateau concentration, despite a constant dosage
per unit time. An experimental example was described
in which deoxycholic acid decreased the volume of
distribution of bromsulfophthalein (995).

Additional references on biopharmaceutics are found
in Table XXIX.

Effects of Physicochemical Properties—In addition to
the effects of physical and chemical properties of a drug
on its absorption, this section also includes references
concerned with structure—activity relationships.

There is an often unrecognized distinction between
the use of multiple-regression analysis as a predictive
tool and as a means of investigating controlling phys-
ical characteristics in structure-activity studies. Three
examples of complications that can arise with either
of these applications were discussed. The first illus-
trates a “‘false” parabolic dependence of activity on
lipophilicity; the second deals with unrecognized
relationships between certain physical parameters;
the third illustrates a situation wherein a number of
statistically significant correlations can be presented,
each of which may be given a different physical inter-
pretation (1013). Using data previously reported,
Martin (1014) pointed out the necessity of testing
apparent structure-activity relationships with sta-
tistical methods. The inhibition potencies against
E. coli W. of 11 structurally related tetracyclines,
having a single substitution on the D ring, were cor-
related with substituent indexes, using three alternative
analytical approaches. The in vitro activity of a com-
pound not included in one of the analyses was predicted
satisfactorily. The three approaches produced equiv-
alent results, and correlations were applied to predict
activities for tetracyclines having multiple substitutions
on the D ring. Many of the predicted inhibition po-
tencies against E. coli W. were of the same relative order
of potencies as was observed when S. aureus was the
test organism (1015).

Higuchi and Davis (1016) presented a new guantita-
tive and comprehensive approach relating structures of
congeneric drugs to their relative biological activities.
The analysis was based on the assumption that changes
in structure affect a large number of time-dependent
processes, such as the absorption, transport, transforma-
tion, and excretion of a drug, and that it appears highly
unlikely that any single relationship accounts for all
structure—-activity relationships. Relationships under
equilibrium or quasiequilibrium conditions were con-
sidered, thus permitting rigorous thermodynamic treat-
ment. On the basis of the effect of structural changes on
the distributive tendencies of the drug in various body
tissues, including the receptor site, relationships were
derived which are, surprisingly, in good agreement with
available experimental data. The approach suggested a
rational way to predict the degree of lipophilicity that
would result in maximal activity. Based on experimental
observation that concentrations of ionized and un-
ionized molecules of sulfonamides at the bacteriostatis
are linearly related to the drug’s pKa, equations of the

Table XXIX—Additional References on Biopharmaceutics

Refer-
ence Topic

996 Comparison of in vivo and in vitro absorption from gastro-
intestinal tract
997 Rank-order correlations of in vive data with in vitro rate
of dissolution, showing the variety of in vivo parameters
employed in correlations and the many different types of
in vitro tests employed to obtain in vitro parameters
998 Influence of dissolution rate of sulfadimidine tablets on
absorption and excretion, using a urinary excretion
method
999 Biomedical model for absorption studies from various
gastrointestinal sites in dogs
1000 Correlation between in vitro disintegration tests and
therapeutic efficacy of compressed pharmaceutical
tablets
1001 Relation between drug solubility in lipids and their phar-
. macokinetic behavior
1002 Review of physicochemical parameters in drug design
1003 Generalized solution to linear two-compartment open
model for drug distribution
1004 Pharmacokinetic model of elimination of endogenous
substances such as bilirubin, iron, and glucose
1005 Pharmacokinetic studies in animals as model systems for
human therapy
1006 Biopharmaceutical and pharmacokinetic aspects of drug
safety and efficacy
1007 Transfer and transit as pharmacokinetic relations in a
multicompartment model
1008 Lipid models of drug resorption, permeation, and penetra-
tion
1009 Review of pharmaceutics, pharmacokinetics, and biophar-
maceutics
1010 Physicochemical parameters in drug design
1011 Gastrointestinal bleeding resulting from oral administra-
tion of aspirin not due to precipitation of a protective
glycoprotein component of gastric juice
1012 Evaluation of the dog as an experimental model for study
of insulin distribution and degradation in man

relation of pKa to bacteriostatic activity of sulfon-
amides against E. coli were proposed; the optimal pKa
of sulfonamides, which are active at a minimum con-
centration, was calculated (1017). In a similar article,
the Hansch—Fujita equation was applied to an analysis
of the natriuretic activity of sulfonamide carbonic
anhydrase inhibitors, using certain hydrophobic and
electronic parameters. Sixteen benzenesulfonamide de-
rivatives were satisfactorily applied to the structure-
activity analysis of heterocyclic sulfonamides. It was
concluded that a strong natriuretic activity was ob-
served for sulfonamides, which had an optimal hydro-
phobicity and low electronegativity at the sulfamoyl
groups or a strong inhibitory activity against carbonic
anhydrase (1018).

The apparent partition coefficients of 48 alkylsulfates
of substituted quinolinium compounds and 19 alkyl-
sulfates of substituted pyridinium derivatives were
correlated with Bondi’s group contribution to the sur-
face area, Hansch’s = constant, and Hammett’s ¢
constant., The surface area of the ring substituent and
the alkyl group appeared to be the most important
factors governing the apparent partition coefficient
(1019). Substitution of a methyl group at one or both
of the ortho-positions of the benzene ring in procaine
amide and procaine provided analogs that were more
active in prolonging the refractory period of isolated
rabbit atria than procaine amide itself. Reversal of the
amide in procaine amide significantly reduced the
activity by prolonging the refractory period of cardiac
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Table XXX~-Additional References on the Influence of
Physicochemical Properties on Drug Absorption

Refer-
ence Topic

1021 Benzoic acid being percutaneously absorbed at 200 times
the amount of its glycine conjugate, hippuric acid; nico-
tinic acid being insignificantly penetrated, with 105 of
its amide, nicotinamide, being absorbed ; suggesting that
molecules may be tailored to decrease or increase pene-
tration as needed for the most suitable biological
function

1022 Relationship between lipophilic character and biological
activity of cephalosporins and penicillins suggesting cer-
tain structure-activity correlations

1023 Relation of structure to the bacteriostatic activity of sul-
fonamides using Hansch’s hydrophobicity constant

1024 Soluble methylprednisolone sodium succinate being effec-
tive more rapidly in clinical conditions responsive to
steroids than the less soluble methylprednisolone acetate

1025 Potassium ampicillin being absorbed more rapidly and
?chieving higher peak blood levels than the trihydrate

orm

1026 Species differences in absorption, metabolism, and excre-
tion illustrated by psychoactive drugs from the dibenzo-
bicyclooctadiene series

1027 TImportance of cationic charge and steric factors on cho-
linergic properties of three noracetylcholine derivatives

1028 Pharmacodynamic evaluation of an acetylenic derivative
of gallamine

1029 Pamoates, a class of oral drugs with delayed and pro-
longed effects

1030 Steric models of drugs for prediction of psychedelic
activity

1031 Differences in human blood levels after administration of
two different L-asparaginases

1032 Importance of guanido group in position 4 and the influ-
ence of the isopropyl group in position 13 for antibac-
terial activity of dehydroabietylamine derivatives

1033 Review of structure-activity relationships of five tetra-
cycline antibiotics

1034 Review of problems of establishing structure-activity re-
lationships in drug research

1035 Molecular approach to modulation of pharmacokinetics
and modification of metabolic conversion by molecular
manipulation

1036 Molar attraction constants applied to structure-activity
relationships

1037 Correlation between activity and electronic state of hal-
lucinogenic amphetamines

tissue and did not seem to improve the antiarrhythmic
activity of the parent compounds (1020).

Additional studies describing the influence of physico-
chemical properties on drug absorption are provided
in Table XXX.

Effects of Formulation—The effects of different
vehicles on excretion and metabolism of serotonin and
imipramine were studied. Rats receiving labeled sero-
tonin in dimethyl sulfoxide or propylene glycol excreted
radioactive material in the urine slower and in lesser
amounts when water was the vehicle. Dimethyl sul-
foxide and propylene glycol not only caused an in-
crease in the amount of urinary 5-hydroxytryptophol
and N-acetylserotonin but also in the conjugated form
of these two metabolites as well as that of 5-hydroxy-
indoleacetic acid. The two nonaqueous vehicles also
caused a diminished demethylation of imipramine
compared with the water vehicle (1038).

The highest blood levels of both phenacetin and free
acetaminophen were observed after oral administration
of a fine particle-size suspension of phenacetin with
polysorbate 80 (Tween 80), followed, in decreasing
order, by a fine particle-size suspension without
polysorbate 80, medium particle-size suspension, and
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coarse particle-size suspension. This indicates that
particle size is an important factor in absorption of
phenacetin and that the absorption is apparently
enhanced by polysorbate 80 (1039). Sodium deoxy-
cholate markedly enhanced the absorption of phenol
red in the rat by altering the permeability of the in-
testinal membrane. While this was true for the iso-
lated everted rat intestine, in the intact rat these effects
appeared to be reversible (1040). Certain surface-active
agents placed in a Thomas canine fundic pouch in
buffered solutions influenced the absorption of soluble
antibiotic drugs. Such agents induced a rapidly re-
versible hyperabsorptive state of the organ, resulting
in blood levels of absorbed drug many times greater
than control values. The influence of the surface-active
agent, be it nonionic, anionic, or zwitterionic, is upon
the organ and not upon the drug, as evidenced by the
efficiency of the absorption promoter when it is
employed and removed before the drug is introduced
(1041). Low concentrations of polysorbate 80 and oleic
acid, which enhance drug absorption across the external
membranes of goldfish, have no apparent effect on the
absorption of salicylate, salicylamide, and 4-amino-
antipyrine from the in situ rat small intestine (1042).

Below the certain critical concentration of polysorbate
80, the activity of chlorpromazine hydrochloride in
solution in goldfish was enhanced in unbuffered drug
solutions. Above this concentration, the activity was
diminished, possibly due to some association between
surfactant micelles and drug molecules. The rate of
solution of chlorpromazine hydrochloride from coated
tablets was increased in 2%, aqueous polysorbate 80,
but the activity was decreased compared with that in a
simple aqueous dissolution medium, thus providing
direct evidence of the erroneous conclusions that can
be obtained if dissolution measurements alone are used
in assessing the effect of additives on drug performance
(1043).

The rectal absorption of aspirin, aluminum aspirin,
and calcium carbaspirin was studied in dogs using bases
of cocoa butter, polysorbate 61, polyethylene glycol
mixture, and a mixture of natural saturated vegetable
fatty acid glycerides. The absorption of aluminum
aspirin from cocoa butter and the polyethylene glycol
mixture was poor. Plasma salicylate levels from aspirin
and calcium carbaspirin in the polysorbate 61 base were
minimal. The greatest absorption was seen with calcium
carbaspirin in vegetable fatty acid glyceride base. The
authors could draw no conclusions regarding any differ-
ences in absorption of aspirin or calcium carbaspirin
in the various bases or the commercial aspirin product
(1044). Different oral dosage forms of griseofulvin were
administered to dogs; absorption was complete for
griseofulvin dissolved in polyoxyethylene glycol 400,
889 complete when dispersed in polyoxyethylene
glycol 6000 contained in a capsule, 45% complete
for the commercial capsule, and 339 complete for the
commercial tablet (1045).

An insoluble drug-polysalt compiex of chiorpro-
mazine hydrochloride, sodium carboxy methylcellulose,
and protamine sulfate was selected as a model to
evaluate the effects of these macromolecular constituents
on the in vitro and in vivo availability of the interacted



drug. The in vitro drug-release studies suggested that
the product possesses prolonged-release properties,
while the /in vivo studies with rats revealed a promoted
bioavailability of the drug in the presence of the polysalt
complex. Protamine sulfate, a known pinocytotic in-
ducer, was specifically implicated in this phenomenon
(1046). By using a prebuffer technique or by adding buffer
and/or viscolizer to certain dilute mydriatic solutions,
similar physiological effects were obtained as were by
using unbuffered solutions 10 times more concentrated.
The addition of 0.59 hydroxypropylmethylcellulose,
4000 cps., to buffered mydriatic solutions did not further
increase the pupil size of Caucasians, compared with
the effects from the same buffered solution without
viscolizer; a more marked dilating effect was produced
in the pupils of Orientals (1047).

Additional studies on the effects of formulation on
drug absorption are provided in Table XXXI.

Absorption Control and Alteration—This section of
biopharmaceutics considers articles dealing with absorp-
tion control and alteration as influenced by the co-
administration of drugs, disease, blood flow, fasting,
route of administration, and age.

The effects of six parameters on the physiological
availability of orally administered griseofulvin formula-
tions were studied by the use of urinary metabolite
excretion data from a single subject. The first parameter,
time of administration, had an effect on absorption in
the manner of a circadian rhythm, the absorption being
least in the morning and maximum at noon. The second
parameter, high-fat meal, appeared to be equivalent to a
delay in administration; consequently, its eflect de-
pended on the previous factor. The third parameter,
dosage, indicated that the percentage absorption of drug
was independent of the amount administered. The
fourth parameter, particle size, showed that twice as
much micronized griseofulvin was absorbed as non-
micronized griseofulvin. The fifth parameter, dissolution
rate, had little effect on absorption as long as the dis-
solution rate was above a given value. The sixth param-
eter, gastrointestinal transit time, could not be varied
enough by dietary means except in the cases of greasy
fried foods and nuts, to affect significantly the residence
time of griseofulvin at the absorption sites (1080).

The effect of probenecid on the renal clearance of
riboflavin was determined in three human subjects at
various serum concentrations of the vitamin. Renal
clearances of riboflavin exceeded the endogenous
creatinine clearances, which indicated that riboflavin
excretion involved renal tubular secretion. The clearance
of riboflavin was less at low than at high serum con-
centrations of the vitamin, which is characteristic of a
saturable tubular reabsorption process. Probene-
cid decreased the renal clearance of riboflavin,
and this effect was directly related to the serum con-
centration of the inhibitor, The serum protein binding
of the vitamin was essentially constant over the con-
centration range encountered and was unaffected by the
presence of probenecid (1081). Pretreatment with hep-
tabarbital had no effect on prothrombin complex ac-
tivity before warfarin administration and did not affect
the apparent first-order rate constant for prothrombin
complex activity degradation or the relationship be-

Table XXXI—Additional References on Effects of
Formulation on Drug Absorption

Refer-
ence Topic

1048 Blood levels of chlorphentermine in man after oral admin-
istration of the drug in solution, as a prolonged-release
formulation, and as an intravenous injection

1049 Review of mechanisms of surfactant effects on drug ab-
sorption

1050 Absorption of acetylsalicylic acid from unbuffered and
buffered gastric contents

1051 1Influence of dimethyl sulfoxide on percutaneous migration
of potassium dodecyl sulfate

1052 Review of the role of surface-active agents in drug absorp-
tion

1053 Extent of in vive absorption of insoluble streptomycin in
various suppository bases

1054 Release of sulfonamides from certain ointment bases

1055 Effect of syrup on the absorption of drugs from gastro-
intestinal tract

1056 Relation between percutaneous absorption and stratum
corneum retention of drugs

1057 Percutaneous absorption of certain corticosteroid hor-
mones

1058 Dimethyl sulfoxide markedly increased the diffusion rate
olf tritiated water through human abdominal autopsy
skin

1059 Effect of dimethyl sulfoxide on absorption of iron applied
to piglets

1060 Effect of excipients on appearance of xanthotoxin
erythemia in guinea pigs upon irradiation

1061 Effects of surfactants and solvents on permeability of
epidermal tissue

1062 Factors affecting drug concentration delivered from nasal
inhalers, noting the importance of studying vapor pres-
sure characteristics of the volatile drug

1063 Effect of tablet dosage form on absorption of aspirin

1064 Comparison of profiles of gastrointestinal absorption of
theophylline from various vehicles

1065 Salicylate blood levels in rabbits after oral administration
of aspirin in different dosage forms, showing phosphate
increasing the rate of absorption

1066 Comparison of blood levels after administration of theo-
phylline in tablet and liquid dosage forms

1067 Factors influencing release of active substances from sup-
positories, demonstrating advantageous effects of
surfactants

1068 Influence of tablet, suspension, and syrup dosage forms
on absorption of tetracycline

1069 Review of significance of particle size in relation to drug
absorption

1070 Urinary elimination of micronized and crystalline nitro-
furantoin, showing the micronized form is excreted
more rapidly .

1071 Difference in intestinal absorption of acetylsalicylic acid
in dogs due to particle size

1072 Review of influence of formulation on drug action

1073 Dependence of biological activity on the degree of disper-
sion, showing intensity and duration of drug action are
a function of particle size

1074 Review of formulation factors influencing therapeutic
effect of pharmaceuticals

1075 Review of effects of pharmaceutical formulations on
biological actions of drugs

1076 Effect of compression pressure on the activity of anti-
inflammatory enzyme tablets

1077 Effect of various suppository bases on rectal absorption
of choline salicylate in the rabbit

1078 Effect of eye drop adjuvants on the responses of human eye
to some autonomic drugs

1079 Diazepam blood levels after administration as solution
or syrup

tween plasma warfarin concentration and prothrombin
complex activity synthesis rate. The decreased response
to warfarin during barbiturate administration was,
therefore, due only to the inductive effect of the bar-
biturate on the warfarin-metabolizing enzyme system.
There was no evidence that the barbiturate affected the
distribution of warfarin in the body, the inherent ac-
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tivity of the blood coagulation process, or the response
of the appropriate receptor to warfarin (1082).

The absorption rate of taurine and glycine in the
presence and absence of aspirin was examined in the
rat digestive tract. Neither was absorbed in the stomach,
either alone or with aspirin. Alone, both were absorbed
to a certain extent from the small intestine, but glycine
behaved differently when aspirin was present; that is,
taurine was absorbed alone and in the presence of
aspirin, and the absorption of glycine was increased
in the presence of aspirin. These results indicate that
neither compound is absorbed in the stomach, but
both promote the absorption of aspirin from the
stomach and the small intestine as they themselves
are being absorbed. In the small intestine, absorption
of glycine seems to be accelerated by aspirin (1083).
In the presence of tetracycline, sulfanilic acid dis-
appeared faster from the small intestinal recirculating
solution at pH 8.0. At pH 6.0, however, this absorption
enhancement was not observed. In the presence of
tetracycline, the blood level of sulfanilic acid increased
at pH 8.0 but not at 6.0; this result agreed with that
obtained from the intestinal recirculation method. These
results suggest that the increased absorption of sul-
fanilic acid is not due to complex formation with tetra-
cycline in the gut lumen but to the direct effect of tetra-
cycline on the absorptive membrane (1084).

Walker (1085) studied the influence of protein binding
on the excretion of some sulfanilamidopyrimidines in
man, The plasma protein binding data included the
percentage bound at various concentrations of the
drugs, the number of binding sites, the binding capacity
of plasma albumin, and the dissociation constant of the
sulfonamide-albumin complex. It was noted that the
short-acting sulfasomidine was bound to a much lesser
extent, at the concentration obtained clinically, in the
plasma than the long-acting sulfa drugs. In addition,
sulfasomidine occupied only one binding site on plasma
albumin, while the other sulfonamides occupied two
sites. This may partly account for the rapid excretion
of sulfasomidine in man. Absorption rates of carbazo-
chrome and nicotinamide in the presence of caffeine
and hydroxyethyltheophylline were determined to
ascertain whether the increase or decrease of absorption
rate in the presence of the complexing agent was due to
the intraluminal complex formation. The results sug-
gested that the effect of caffeine and hydroxyethyl-
theophylline on the absorption rate of the drug was
apparently due to complex formation (1086). Complexa-
tion influence on the rate of absorption of actively
transported drug was investigated in the perfused small
intestine, employing L-tryptophan as a model drug and
caffeine, 8-chlorotheophylline, 8-methoxycaffeine, 7-
hydroxyethyltheophylline, and flavin mononucleotide
as complexing agents. Flavin mononucleotide reduced
the rate of absorption of L-tryptophan—not by directly
affecting the absorptive membrane or by impairing the
neutral amino acid transport system but by decreasing
the thermodynamic activity of L-tryptophan resulting
from molecular complexation with flavin mononucleo-
tide in solution (1087).

Nondissociable substances such as tritiated water,
methanol, ethanol, urea, ethylene glycol, glycerol, and
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erythritol showed increased absorption rates as the
intestinal blood flow in rats increased (1088). Similarly,
by using sulfaethylthiadiazole in dogs, it was confirmed
that the intestinal drug absorption process is hindered
by a decrease in vascular profusion (1089). Chung
et al. (1090) showed that cations play a definite role in
the transport of weak organic acids in the rabbit kidney
slice, although the mechanisms of action are entirely
unknown at present. Dose for dose, the concentration
in blood and the urinary excretion rate of pentazocine
are much lower after oral than after intravenous ad-
ministration (1091). Absorption of D-glucose and 3-O-
methylglucopyranoside was enhanced significantly in
both short-term and long-term alloxan diabetes, while
active transport of both monosaccharides was increased
by fasting for 24-72 hr. (1092).

To exclude the effect of probenecid on renal excretion,
the distribution and elimination of riboflavin with and
without probenecid were studied in two functionally
anephric patients during hemodialysis. Using a two-
compartment open model, a pharmacokinetic analysis
was made of the time course of the plasma levels of
the vitamin. Probenecid had no appreciable effect on
the distribution- and transfer-rate constants of ribo-
flavin. Riboflavin was eliminated more slowly by hemo-
dialysis of the patients than by renal excretion in normal
subjects (1093). The development of gastrointestinal
absorption function in humans was studied using ribo-
flavin, which is absorbed by a site-specific and saturable
transport process. The urinary recovery of the vitamin
ranged from 6 to 129 of the dose in subjects ranging
in age from 3 months to 40 years, respectively. The
kinetics of riboflavin elimination were independent of
age. These observations suggest that in the age range
studied, younger subjects retain the vitamin at intestinal
absorption sites for a shorter period than do older
subjects, due to a decreased intestinal transit rate with
increasing age. Therefore, prompt release of drugs from
pharmaceutical dosage forms seems even more im-
portant in children than in adults to assure adequate
absorption (1094).

After administration of 20 mg. of thiamine hydro-
chloride, a maximum of 4.77 mg. was absorbed in
normal subjects, whereas only 1.5 mg. was absorbed in
malnourished alcoholic patients with fatty liver or
cirrhosis. Ethanol, given either parenterally or orally,
caused a 5097 reduction in thiamine absorption in 4
of 12 alcoholic patients without liver disease (1095).

Additional studies on absorption control and altera-
tion are given in Table XXXII.

Absorption Mechanism—Mechanisms of intestinal
salicylamide glucuronide formation and transport were
studied in the rabbit in vifro with cannulated everted
intestines and in vivo with perfused and closed intestinal
loops with complete mesenteric venous blood collection.
Both techniques indicated that glucuronide formation
is capacity limited when the lumen concentration
exceeds 10—% M. The appearance of glucuronide across
the basal barrier is limited by the transport step rather
than by the rate of glucuronide synthesis, leading to
accumulation of the compound in the tissue compart-
ment (1146). There are three likely mechanisms by which
bile salts can affect the absorption from the rat small



Table XXXII—Additional References on Absorption Control and Alteration

Refer-
ence Topic

Refer-
ence Topic

1096 Drug absorption as affected by interactions mediated by
binding displacement, changes in drug metabolism, in-
teractions at specific sites of drug action, and interac-
tions which affect drug excretion

1097 Effect of phenobarbital on disappearance of diphenyl-
hydantoin from serum of children

1098 Enhanced penetration of testosterone by dimethyl sulfox-
ide through the stratum corneum of human skin

1099 Absorption and topical distribution of oxytetracycline in
healthy and experimentally infected animals

1100 Increased absorption of prednisone from rat intestine us-
ing N,N-di-n-propylpropionamide

1101 Review of the effect of food on drug absorption

1102 Rate of absorption of oral thyroxine appearing to be as
rapid in hypothyroid patients as in normal patients

1103 Effect of dose and sodium and potassium concentration on
the absorption of digoxin from the perfused intestinal
loop of the rat

1104 Comparative studies on cephaloridine and cephalothin in
patients with renal insufficiency treated with or without
dialysis

1105 Sefium and liver levels of vitamin A after a single massive

ose

1106 Effect of chlorpromazine on disposition and excretion of
amphetamine in the rat, suggesting that chlorpromazine
impairs the hydroxylation of amphetamine supposedly
at the level of liver microsomes

1107 Mechanism of action of accelerants on skin penetration,
using urea and dimethyl sulfoxide

1108 Influence of drugs on tissue permeability

1109 Comparative elimination of glyceryl guaiacol administered
rectally and cutaneously as an ointment

1110 Review of reduced action of drugs in combination

1111 Effect of phenobarbitone pretreatment on the metabolism
of neostigmine in vivo and in vitro

1112 Paired comparisons of absorption between three topically
applied drugs

1113 Enzyme induction by drugs in humans, resulting in in-
creased metabolism and lower blood levels

1114 Physiological factors affecting intestinal drug absorption

1115 Serum concentration and urinary excretion of ouabain
and digitoxin in patients suffering from hyperthyroidism
or hypothyroidism

1116 Inhibition of subcutaneous absorption in rats by local
anesthetics

1117 Review of drug latentiation

1118 Review of enhanced action of drugs in combination

1119 Inhibition of activity of isoniazid in the presence of chloro-
quine diphosphate

1120 Evidence for significant nonperipheral effects of phen-
formin on glucose metabolism in normal subjects, sug-
gesting that phenformin inhibits intestinal absorption
of glucose

1121 Effect of phenobarbital on plasma disappearance and
biliary excretion of drugs in rats

1122 Pharmacokinetics of N-acetyl-p-aminophenol as affected
by phenylbutazone

1123 Review of interactions of drugs with other drugs or other
therapeutic devices

1124 Malabsorption due to effect of paromomycin on protein
synthesis in the small intestine

1125 Effect of 2-diethylaminoethyl-2,2-diphenylvalerate hydro-
chloride on drug concentration in the blood

1126 Effect of bile salts on calcium absorption

1127 Effect of antibiotics on hexobarbital sleeping time in rats

1128 Influence of magnesium and some other divalent cations
on hepatic microsomal drug metabolism in vitro

1129 Synergistic effect noted when sulfamethoxazole and tri-
methoprim are combined in treatment of gonorrhea

1130 Synergism of tetracycline and amphotericin B in vitro

1131 Increased ileal absorption of salicylic acid induced by
carbonic anhydrase inhibition

1132 Altered absorption of drugs from the rat small intestine by
carbonic anhydrase inhibition

1133 Inhibition of tolbutamide decomposition in man by sulfa-
phenazole

1134 Inhibition of binding of glycine to rat brain cortex mem-
brane by strychnine

1135 Increased urinary salicylate excretion in rats following
administration of acetylsalicylic acid in combination
with glucuronamide

1136 Drugs, toxins, and dietary amino acids affecting vitamin
B,; or folic acid absorption or utilization

1137 Ineffectiveness of succinic acid and ascorbic acid in
}ncreasing the absorption of iron from a tablet dosage
orm

1138 Influence of succinic acid on absorption of iron studied by
whole-body monitoring; iron utilization not being in-
creased by addition of free succinic acid

1139 Review of the pharmaceutical and absorption aspects of
drug interactions

1140 In virro changes of the serum binding capacity of insulin-
131] under influence of tolbutamide and glybenclamide
in normal subjects, young and old diabetics, and in in-
sulin resistance

1141 Alterations in deoxyribonucleic acid (DNA)-bound amino
acids after the administration of DNA-binding drugs

1142 Effect of administering other drugs during oral anticoagu-
lant therapy

1143 Review of substances that facilitate sorption of pharma-
ceuticals by the skin

1144 Effect of renal insufficiency on behavior of deoxycycline

1145 Interactions between sympathomimetic amines and a
monoamine oxidase inhibitor, showing marked potenti-
ation of certain physiological properties of the
amines

intestine: (a) the loss of thermodynamic activity of a
drug due to the formation of the micellar complex, (b)
the local concentration buildup effect such as an ac-
cumulation on the absorptive surface, and (c) the direct
effect on the permeability characteristics of the intestinal
mucosa (1147). Warfarin was eliminated more rapidly,
but its anticoagulant effect was increased by con-
comitant administration of phenylbutazone. Pharmaco-
kinetic analysis showed that the prewarfarin synthesis
rate and the normal degradation of prothrombin com-
plex activity are not affected by phenylbutazone, but
this drug has a pronounced effect on the relationship
between the synthesis rate of prothrombin complex
activity and plasma-warfarin concentration. These
observations are consistent with the assumption that
phenylbutazone competitively displaces warfarin from
nonspecific binding sites in the plasma and tissues and
thereby increases the interaction of the anticoagulant

with its pharmacologic receptor and metabolizing en-
zyme system (1148).

It was demonstrated that in the very early stage of
drug absorption, vitamins solubilized in micelles are
adsorbed onto the membrane, which are favored by the
surface-active agent; in the slow phase, absorption now
becomes rate limited by the partition or release of the
vitamins from adsorbed micelles to the mucosal layer
of the membrane (1149). The distribution and metabo-
lism of vitamin K and warfarin were studied in the
warfarin-resistant rat. The data obtained were consis-
tent with the hypothesis that warfarin resistance results
from a mutation that caused the synthesis of a protein
with a lowered binding affinity for both vitamin K and
its antagonist, warfarin (1150).

The demonstration that a capacity-limited system for
acetylation of sulfanilamide exists in the rat is important
for drug metabolism studies in this species but may not
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Table XXXIII--Additional References on
Mechanisms of Absorption

Refer-
ence Topic

1155 Metoclopramide-N*-glucuronide may beabsorbed from the
intestine not only in the parent compound, namely,
metoclopramide, resulting from hydrolysis but in the in-
tact form as well as the sulfonate

1156 FElucidation of mechanism of change of methanesulfonated
drug in vivo on derivatives of substituted anilines

1157 Mechanism of inhibition of in virro glucose transport by
oral administration of phenformin HCI

1158 Review of stimulation and inhibition of drug metabolism

1159 Mechanism of abnormal response to oral metyrapone
showing absorption and conjugation of metyrapone
during diphenylhydantoin therapy

1160 Inhibition of protein synthesis as a mechanism for inter-
fering with intestinal lipid transport

1161 Differences in the rate of biotransformation of glyceryl
guaiacolate to inactive products being responsible for
half-life differences of this drug in stallions and mares

1162 Degree of protection to the convulsant action of metrazole
being most closely related to the rate of disappearance
of the N-demethyl derivative

1163 Review of factors that permit availability of a drug to the
absorption site in a complex organism

1164 Demonstration of a nonsaturable transport process for
intestinal absorption of tritiated ouabain

be necessarily relevant to man. Based on experimental
data obtained, it was concluded that drug metabolism
studies must be carried out at multiple-dose levels and
that the linearity of the semilogarithmic plots of drug
elimination as a function of time is frequently insuffi-
cient to discriminate between dose-independent or
dose-dependent biotransformations (1151). It was
found that the cause of the poor absorbability of sul-
faguanidine could not be attributed to its dimer forma-
tion or to the iceberg formation in aqueous solution.
Since bile salts did not affect the physicochemical prop-
erties of sulfaguanidine, such as apparent partition
coefficient and diffusion constant, and did not form a
micellar complex with the drug, it was evident that the
absorption enhancement was not caused by their
intraluminal effect. On the absorptive surface, bile
salts did not increase the affinity of the sulfa drug for
the intestinal mucosal surface. An exsorption study
demonstrated that such enhancement was caused by
the direct action of bile salts on the structure of the
absorptive surface (1152).

A micropuncture study of the effects of urea infusion
on tubular reabsorption in the rat indicated that, at
the plasma levels achieved in the study, urea did not
significantly decrease water and solute reabsorption
in the proximal convolutions but did inhibit water, but
not sodium, reabsorption in the more distal portions
of the nephron (1153). In a study of the in vitro human
percutaneous penetration and epidermal-dermal reten-
tion of benzyl alcohol and testosterone, it was suggested
that the dermis may exhibit a role in the retention and
penetration of these chemicals (1154).

Additional references on the mechanism of absorption
are provided in Table XXXIII.

Drug Absorption—Two experimental methods for
use in kinetic studies on a compartment model for
intestinal metabolism and absorption were evaluated.
The in vitro cannulated everted intestinal sac and the
in vivo intestinal loop with complete mesenteric venous
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collection were compared in the same region of rabbit
intestine. These methods were used to study the effects
of blood flow on the transport of salicylamide across
the basal barrier and to provide experimental evidence
to support the cell compartment model. The rate of
transport of free drug across the basal barrier is blood
flow rate limited, while the transport of glucuronides is
essentially independent of blood flow. There was a lag
time of 4 min. in the appearance of free salicylamide into
mesenteric blood in vivo and a lag time of about 10
min. into serosal fluid in vitro. The steady-state rate
of appearance of free drug into the plasma, in vivo, was
5-10 times greater than the rate of appearance of free
drug into the serosal fluid at similar mucosal concentra-
tions. The in vivo intestinal loop with complete venous
collection provided many advantages in studying phys-
iological factors of intestinal drug absorption (1165).

Diffusion rates of fatty acid in bile salt solution and in
polyoxyethylene—~polyoxypropylene copolymer solution
depended on the amount of fatty acid solubilized and
also on any physical restrictions to flow. Micelles of the
two types of surfactant were significantly different in
size, Assuming a passive process for the uptake of fatty
acid, diffusion rates correlated with the observed uptake
of fatty acid into the everted intestinal sac of the rat
(1166).

Clindamycin, which is known to be absorbed from the
gastrointestinal tract, was absorbed extremely slow,
or possibly not at all, from the buccal cavity at various
pH values. This finding indicated that buccal absorption
alone cannot be used to predict the gastrointestinal
absorption of a compound (1167).

A comparison was made of the gastric absorption and
distribution of tritiated sodium acetylsalicylate with the
absorption and distribution of sodium salts of other
weakly acidic compounds. Each of the other compounds
has a characteristic absorption pattern. Only sodium
acetylsalicylate caused gastric lesions in the rat. These
observations do not rule out the possibility that the
absorption characteristics of acetylsalicylic acid and its
salts may be associated with their ability to cause gastric
ulcers (1168).

A simple method for the detection of chromonar and
its acid metabolite by fluorescence techniques was de-
scribed. Following oral or intravenous administration,
chromonar was rapidly hydrolyzed to its acid metabolite.
The metabolite distributes according to a single-compart-
ment model; the plasma half-life is 1 hr. in man and dog.
Excretion of the metabolite into the bile accounts for
approximately 259 of the dose, and excretion into the
urine accounts for the remainder (1169).

Blood concentrations of carbenoxolone generally
exhibit two maxima: at 1-2 and 3-6 hr. after dosage.
Because absorption of orally administered drug is so
rapid and does not occur when the gastric contents have
a pH greater than 2, it was inferred that the major site
of absorption is the stomach. The high blood concentra-
tions of carbenoxolone are probably due to a high
degree of binding of the drug to plasma proteins.
Gastric absorption of the drug may be necessary for
the increased production of gastric mucus and, hence,
for gastric ulcer-healing activity (1170).



Additional references on drug absorption are pro-
vided in Table XXXIV.

Pharmacokinetics—It was shown from apparent
first-order urinary excretion studies with D-(—)-man-
delic acid and certain of its homologs, DL-tropic acid,
D-(—)-4-hydroxy-4-phenylbutanoic acid, DL-phenyllac-
tic acid, and p-(—)-benzyllactic acid, that the biological
half-lives of the homologs are significantly shorter than
the half-life of D-(—)-mandelic acid in rats. Since these
compounds, which differ from each other in their con-
tent of methylene groups around the carboxyl group,
exhibit negligible metabolism and protein binding, low
pKa values (3.3-4.7), and low lipid solubility at the
physiological pH, and are recovered primarily in the
urine in the intact form, they were utilized to study
the effect of hydrophobic group(s) on the rate of
secretion. The compounds exerted a mutual inhibitory
effect on their renal tubular secretion, indicating a
common ‘“‘carrier” mechanism for their secretion. The
addition of methylene group(s) in the vicinity of the
carboxyl group of the mandelic acid molecule increased
its affinity for the carrier molecules of the renal tubular
secretion system in rats (1194). From the pseudo-first-
order urinary excretion studies of D-(—)-mandelic acid
and DL-tropic acid in rats, data regarding the apparent
initial secretion rate versus dose (intravenous) were
obtained and treated according to Michaelis—-Menton
kinetics. Although the maximum apparent initial secre-
tion rate determined for these compounds was similar,
the amount of substrate required to produce one-half
the maximum apparent initial secretion rate determined
for D-(—)-mandelic acid was found to be about twice
that determined for pL-tropic acid. Data were obtained
to demonstrate that these compounds competitively
inhibit the renal tubular secretion of each other, thereby
strongly indicating that these compounds share a com-
mon carrier transport system for their secretion. Data
obtained in these studies and those described earlier
were utilized to distinguish a certain structural char-
acteristic around the cationic site of the ‘“‘carrier”
molecules of the renal tubular secretion system in rats
(1195). The kinetics of metabolism and urinary excretion
of the optical isomers of mandelic acid were studied in
three human subjects. The rate constants were deter-
mined for a model consisting of parallel apparent first-
order processes for excretion of intact mandelic acid
and metabolism to benzoylformic acid. The kinetic
studies revealed no significant difference in the rate of
urinary excretion of L-(+)- and D-(—)-mandelic acid,
but there was a difference in the metabolic metabolism
of these two isomers in the subjects. The rate constant
for metabolism of L-(+)-mandelic acid was approxi-
mately twice that for the metabolism of b-(—)-mandelic
acid. The inhibitory effect of probenecid on the urinary
excretion of the optical isomers of mandelic acid sug-
gests that both isomers are involved in the active renal
tubular secretion (1196).

Pharmacokinetic relationships were developed to
characterize a multicompartment drug distribution and
elimination model, which included a saturable renal
tubular reabsorption process. The derived expressions
were applied to serum concentration and urinary excre-
tion data obtained after rapid intravenous administra-

Table XXXIV—Additional References on Drug Absorption

Refer-
ence Topic

1171 Absorption, distribution, excretion, and metabolism of
oxymethebanol

1172 Absorption of $¢Cu from the gastrointestinal tract of the
rat

1173 Effect of pH of solution on percutaneous absorption of
acidic and basic drugs

1174 Laboratory experiment
absorption

1175 Intestinal absorption of cardiac glycosides by measure-
ment of tritiated glycosides in the blood of the portal
vein and in the intestinal lymph

1176 Investigation of percutaneous absorption of antibacterial
agents

1177 Evaluation of drug absorption by measurement of urinary
excretion

1178 Laboratory experiment demonstrating in vitro release of
medicament from ointment bases and its application to
drug absorption

1179 Oral absorption and disposition kinetics of lidocaine
hydrochloride in dogs

1180 Percutaneous absorption of antibacterial substances

1181 Re(;/riew of factors affecting gastrointestinal absorption of

ugs

1182 Effect of various cations on the passive transfer of drugs
across everted rat intestine

1183 Intestinal absorption of tritiated chymotrypsin in dogs

1184 Local and systemic absorption, excretion, and tolerance of
clindamycin hydrochloride after intramuscular adminis-
tration

1185 Review of absorption after oral administration of drugs in
sustained-action dosage forms

1186 Relation between clinical effects of lithium and its absorp-
tion, distribution, and excretion

1187 Methods for measuring cutaneous permeability

1188 Absorption and excretion of tritiated dihydrostreptomycin
in cattle and swine

1189 Blood levels and urinary excretion of harmine and its
metabolites in man and rats

1190 Resorption of drugs from the gastrointestinal tract as pre-
dicted by an in vitro model

1191 Absorption, distribution, and metabolic fate of psycho-
tropic drugs

1192 Modern view of the absorption, distribution, and elimina-
tion of inhalatory anesthetics

1193 Absorption and blood level values for ethosuximide in
children and young adults having petit mal or mixed
seizure disorders

demonstrating percutaneous

tion of riboflavin to man and dog. The mathematical
relationships and experimental data demonstrate the
dependence of renal clearance on the serum concentra-
tion of the drug and on urine flow rate. The results of
this study indicate that the renal excretion of riboflavin,
like that of several other water-soluble vitamins, in-
volves saturable tubular reabsorption as well as tubular
secretion (1197).

The steady-state growth of E. coli in broth cultures
was inhibited by erythromycin with a new steady-state
growth-rate constant that was linearly related to drug
concentrations in the range 0-10.0 mcg. ml—!. The
growth-rate constant at drug concentrations greater
than 10 mcg. ml.—! adhered to a kinetic model, which
implies the saturation of a limited number of receptor
sites in accordance with an equation. The dependence
of E. coli growth rate on drug concentrations was
invariant with the organism population or broth con-
centrations. However, values of k, increased 10-fold
as the pH of broth was increased from 6.8 to 7.8, while
ko remained constant. This indicates that the unpro-
tonated fraction of the drug concentration contributes
to the activity. Lincomycin in Phase I-affected growth
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Table XXXV—Additional References on Pharmacokinetics

Refer- .
ence Topic

1204 Pharmacokinetic profile of trimethoprim in man and dog,
with the dog absorbing the drug completely

1205 Blood levels of guaiacol glycerol ether mononicotinate in
animals, showing a pseudo-first-order absorption by
passive transport

1206 Pharmacokinetic aspects of biliary excretion and dose de-
pendence of riboflavin in rat

1207 Pharmacokinetic methods for evaluation of intestinal
absorption

1208 Application of Laplace transform for solving differential
rate equations in pharmacokinetics

1209 Kinetics of anticoagulant effect of bishydroxycoumarin in
man

1210 Relation between drug-elimination kinetics in intact ani-
mals and isolated perfused liver systems, using phenyl-
butazone and bishydroxycoumarin

1211 Review of methods of determining biological half-lives of
drugs; comprehensive tabulation of half-lives for many
drug substances

1212 Rate of decline of diphenylhydantoin in human plasma

1213 Absorption, blood concentrations, and excretion of pent-
azocine after oral, intramuscular, and rectal administra-
tion in man

1214 Kinetics of glucose transport in isolated dog brain

1215 Absorption, distribution, and excretion of 3-trifluoro-
methyl-s-triazolo(3,4-a)isoquinoline

1216 Kinetics and drug metabolism of sympathomimetic
amines in man

1217 Importance of steric, stereochemical, and physicoorganic
features in drug metabolism and drug action

1218 Quasilinearization and fitting of nonlinear models of drug
metabolism to experimental kinetic data

1219 Pharmacokinetics of urinary excretion of chlorphenter-
mine in man

1220 Pharmacokinetics of dimethylaminophenazone, 4-amino-
phenazone, and phenazone in rats of various ages

1221 Apparent dose-dependent elimination kinetics as an exper-
imental artifact

1222 Pharmacokinetics of haloperidol, showing the maximum
blood level was reached within 15 min. with rapid elim-
ination after subcutaneous administration

1223 Blood and urinary clearance of exogenous serotonin in
relation to time and route of administration

1224 Pharmacokinetic and bacteriological properties of new
oral cephalosporin compounds

17225 Review of pharmacokinetics and therapeutic importance

1226 Pharmacokinetics of cephalexin

1227 Pharmacodynamics and metabolism of propranolol in
man

1228 Pharmacokinetics of trimethoprim in man and animals

1229 Review of pharmacokinetics of chemotherapeutic agents

1230 Kinetics of distribution and metabolism of ataractics of
the meprobamate group in mice

1231 Pharmacokinetics of pL-ethyl trans-2-dimethylamino-1-
phenyl-3-cyclohexene-trans-1-carboxylate  hydrochlo-
ride in man, including blood level and excretion in urine
and feces after a single oral dose of tritiated compound

1232 Kinetics of diphenylhydantoin disposition in man

1233 Kinetics of radiohippuran ’

1234 Kinetics of chloral hydrate metabolism in mice and the
effect of ethanol

1235 Kinetics of amylobarbital metabolism in healthy men
and women

1236 Kinetics of the anticoagulant effect of heparin

had the same formal dependency on concentration as
did erythromycin, with a potency ratio of 6.68:1, eryth-
romycin base to lincomycin base, on a weight basis.
The combined effect of erythromycin and lincomycin
in Phase I did not antagonize the growth rate of E. coli
in the subinhibitory range and could be predicted by
adding equivalent amounts in accordance with the
coincident response—dose curves of erythromycin and
lincomycin (Phase I) (1198).

998 [ Journal of Pharmaceutical Sciences

A simple model was proposed and used, in conjunc-
tion with an analog computer, to determine the rate
constants of buccal absorption of 10 carboxylic acids
from solutions of pH 4.0 using a single subject. The
rate constants gave a positive correlation with previously
determined logarithms of n-heptane-0.1 N hydrochloric
acid partition coefficients (1199).

Monoexponential and biexponential disappearance of
drug was observed both from the simulated gut phase
of a three-phase in vitro model for drug absorption and
from the lumen of an in situ rat gut. Monoexponential
disappearance occurred when accumulation of drug in
the membrane phase was low or absent, whereas bi-
exponential disappearance occurred when membrane
accumulation was appreciable. In all cases, overall
transfer of drug to blood was essentially irreversible.
Kinetic analysis of the biexponential lumen-phase data
was presented (1200).

Under multiple-dosing conditions at a subcutaneous
site, equations were derived which permitted one to
estimate the number of doses, n, required to approach
within 197 of the asymptotic minimum level. The
equations, with numerous term definitions, explained
that benzyl alcohol disappears from the subcutaneous
cell in an apparent monoexponential manner (1201).

The in vitro absorption kinetics for nine drugs were
followed, using a perfusion apparatus. Identical per-
fusion runs were made on everted and noneverted
segments of the same rat intestine so that the ratio of
directional permeability constants could be calculated.
Both negatively and positively charged drug ions ex-
hibited permeability coefficient ratios of around 1.3,
while completely unionized drugs showed the expected
ratio of 1.0. In light of the similarity in the ratio of
permeability constants for drug ions and sodium ions,
salicylate was tested in a sodium-free buffer, resulting
in a ratio of 1.08. It appeared that the difference in
directional permeability constants observed with ionized
drugs in the intestine may be explained in relation to
sodium transport. It was pointed out that in vitro in-
testinal transport studies could lead to erroneous con-
clusions concerning the degree of absorption of ion-
izable drugs in vivo (1202).

The urinary excretion rate was studied by administer-
ing sulfafurazole under normal physiological conditions
and after an alkali load (to eliminate diurnal fluctuations
in the urinary pH over a 48-hr. period). The controlled
alkaline condition had a marked effect on the urinary
excretion of sulfafurazole. The elimination half-life was
reduced from a mean 6.3 hr. under normal conditions
to a mean 4.4 hr. under alkaline conditions. Similarly,
under normal and alkaline conditions, the percentage of
drug acetylated was reduced from an average of 34.9 %
to 25.097, respectively, and the percentage of total drug
excreted increased from a mean 82.79; to 89.99, re-
spectively (1203).

Additional studies on pharmacokinetics are listed in
Table XXXV.
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Kinetics of Absorption and Excretion of Levodopa in Dogs

CLAUDE B. COUTINHO, HERBERT E. SPIEGEL, STANLEY A. KAPLAN,
MARGARET YU, RICHARD P. CHRISTIAN, JOHN J. CARBONE,
JULIA SYMINGTON, JOYCE A. CHERIPKO, MARGARET LEWIS,

ALICE TONCHEN, and THEODORE CREWS

Abstract { ] The rate and extent of levodopa absorption and excre-
tion following intravenous and oral administration of 2-14C-
levodopa to acute and chronically treated dogs were investigated.
Plasma levels of intact levodopa following the intravenous adminis-
tration declined rapidly during the first 4-6 hr. The elimination-rate
constant of intact levodopa from the plasma ranged between 0.73
and 0.99 hr.-1, which corresponds to a half-life of approximately
40-60 min. The elimination-rate constant of total plasma 4C
ranged between 0.007 and 0.085 hr.—1, which corresponds to a half-
life of 8-9 hr,, indicating that the total 1*C was eliminated at one-
tenth the rate of intact levodopa. Peak plasma levels of intact
levodopa and of total plasma '4C following oral administration
were attained 25-30 min. after dosing. Approximately 70-75% of
the intravenous and 57-70% of the oral radioactive doses were
excreted in urine over a 72-hr. period. Levodopa and dopamine
accounted for a very small percentage of the radioactivity in the
urine. Approximately 3.0-7.0% of the intravenous or oral radio-
active dose was excreted in the feces. The efficiency of absorption
of total radioactivity was calculated to range between 83.0 and
92,0%. Analysis of the ratio of intact levodopa levels to total 1C
levels indicated that only 22.0-30.0% of the administered dose
reached the general circulation as intact Jevodopa, suggesting that
the remainder of the absorbed dose, approximately 60.0%, is bio-
transformed in the gastrointestinal tract prior to absorption and/or
in the liver during its *““first passage” to the general circulation.

Keyphrases [} Levodopa, absorption and excretion, dogs—phar-
macokinetics {] Pharmacokinetics—labeled levodopa absorption
and excretion, dogs [[] Absorption kinetics, labeled levo-
dopa—oral, intravenous administration [] Excretion Kinetics,
labeled levodopa—oral, intravenous administration

Discovery of the presence of dopamine in the striatum
and substantia nigral areas of the brain (1, 2) and of its
depletion in patients with Parkinson’s disease (3, 4) and
in experimental animals following nigral lesions (5)
provided new therapeutic approaches to Parkinsonism.
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Among the several means considered for correcting
dopamine areas was the administration of the immediate
precursor of dopamine, levodopal.

Consideration of the need for large doses of levodopa
to attain therapeutic efficacy when given orally led to
this investigation of the absorption and excretion of
levodopa. The study was conducted under two experi-
mental conditions: after the administration of a single
dose and following chronic treatment of animals with
levodopa. It was expected that the data obtained
following the intravenous and oral administration of
2-14C-levodopa (I) to dogs would yield the following
information: (a) total plasma '4C and intact levodopa
levels and corresponding half-lives of elimination, (b)
rate and extent of absorption from the gastrointestinal
tract following oral administration of drug, (c) percent
recovery of drug in urine, and (d) rate and extent of
levodopa metabolism.

OH

HOA@CHZ—?HCOOH

NH,

2-14C-levodopa (*denotes position of radioactive label)
1

MATERIALS AND METHODS

Acute Single-Dose Study—Two beagle dogs, weighing 8-10
kg., were each given a single intravenous and oral 50-mg./kg. dose
of 2-14C-levodopa (Lot B-1, specific activity 0.19 uc./mg.). The dose
(50 mg./kg.) selected was within the average range of the therapeutic
dose administered to humans with Parkinson’s disease, and it was

1 1-3,4-Dihydroxyphenylalanine.





