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presumably because these changes are inconse-
quential in rclation to the high concentration of
serum cholesterol.

It should be noted that the above assay procedure
is unsuitable for the screcning of compounds that
lower scrum cholesterol by interfering with cho-
lesterol biosyuthesis, since this process is markedly
reduced in rats fed high cholesterol diets (28, 29).
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Interaction of Substituted Benzoic Acids

with Cationic Surfactants
By LUCY S. C. WAN

The interaction of benzoic acid and a series of hydroxy, amino, chloro, and nitro-
benzoic acids with surfactants of the quaternary ammonium type was studied by
means of viscosity measurements. Only salicylic acid was found to interact with
the surfactants leading to an increase in viscosity which reached a maximum at ap-
proximately the concentration at which the surfactant solution became saturated
with salicylic acid. Apparently the interaction is specific and is limited to the orzho
hydroxy substitution of benzoic acid, as no viscosity effect was observed with the
ortho, metaz, and para isomers of amino, chloro, and nitro substituted benzoic acids.
In addition, sodium lauryl sulfate and cetomacrogol 1000 did not exhibit viscosity

changes in the presence of salicylic acid.

BENZOIC AcIp and its substituted isomers have
been found 1o interact with a varied number
of pharntaceutical compounds.  Salicylic acid,
mele, and pura hydroxybenzoic acids have been
shown to complex with polyethylene glycols
(1) and with polyvinylpyrrolidone (2). In
addition, the hydroxybenzoic acids have been
found to interact with caffeine (3) and with
theophylline and theobromine (4). Goodhart
and Martin (5) reported that the solubilities of
benzoic acid and its substituted isomers were
greatest in the least hydrophilic of the poly-
ethylene stearates. The solubilities of benzoic
acid, salicylic acid, and p-hydroxybenzoic acid
have also been found to increase in the presence

Received May 23, 1966, from the School of Pharmacy,
University of Singapore, Singapore. .
Accepted for publication September 13, 1866.

‘The viscosity effect was not related to pH.

of their sodium salts and the addition of a hy-
droxy group to the acid led 1o the formation of
complexes (6).

Chelation of ferric and aluminum ions with
sulicylic acid and its amino, chloro, and nitro
derivalives have been demonstrated by FFoye and
Turcotte (7). Results from the mvestigalion
of the action of Schardinger dextrins on henzoic
acid and hydroxybenzoic acids did not seem to
indicate a clear cut mechanism of the complexa-
tion involved. Apparently hydrogen bonding
is an important factor in the cyclodextrin-hy-
droxybenzoic acid interaction (8). Schlenk and
Sand (9) showed that the molecular ratio of
cyclodextrin to certain benzoic acid derivatives
was a function of the physical state of the com-

plex. Monohalogenated benzoic acids and
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aminobenzoic acids have been reported to inter-
act with cyclodextrins. The resultant complexes
were considered to be due to inclusion formation
and other attractive forces existing between host
and guest molecules (10).

Higuchi and Drubulis (11) have attributed the
interaction of hydroxyaromatic acids and their
salts to a donor-acceptor type of mechanism.
Urea has been shown to form complexes of low
stability with benzoic acid while with salicylic
acid it forms insoluble interaction products (12).
Goudah and Guth (13) demonstrated that ben-
zoic acid and its substituted compounds com-
plexed with potato and arrowroot starch and
postulated that attractive forces and inclusion
formation were responsible for the interaction
observed. Salicylic acid has been reported to
exhibit the greatest binding tendency for poly-
sorbate 80, followed by the meta and para isomers
(14). This was identical with the findings of
Blaug and Ebersman (13) for the behavior of
hydroxybenzoic acids toward hyprose ester.
Chakravarty, Lach, and Blaug (16) studied the
interaction of hydroxybenzoic acids with poly-
oxyl 40 stearates based on solubility meastire-
ments.

It is the purpose of this investigation to study
the interaction of hydroxybenzoic acids and the
amino, chloro, and nitro derivatives of benzoic
actd with cationic surfactants of the quaternary
ammonium type as previous work has dealt
with the interaction of pharmaceutical drugs
with nonionic surfactants.

EXPERIMENTAL

Materials.—Recrystallized benzoic acid, m.p. 122-
122.5° (Monsanto Chemicals Ltd.); recrystallized
salicylic acid, m.p. 158-159°, recrystallized m-hy-
droxybenzoic acid, m.p. 205-205.5°, recrystallized
p-hydroxybenzoic acid, m.p. 215-216°, recrystal-
lized acetylsalicylic acid, m.p. 137-138°, recrystal-
lized e-aminobenzoic acid, m.p. 145.5-146° (British
Drug Houses Ltd.); recrystallized m-aminobenzoic
acid, m.p. 174-175°, recrystallized p-aminobenzoic
acid 1a.p. 187-188°, recrystallized o-chlorobenzoic
acid, m.p. 140-141°, recrystallized m-chlorobenzoic
acid, m.p. 155-156°, recrystallized p-chilorobenzoic
acid, m.p. 240-241°, recrystallized o¢-nitrobenzoic
acid, m.p. 146-147°, recrystallized m-nitrobenzoic
acid, m.p. 140-141°, recrystallized p-nitrobenzoic
acid, m.p. 241-242° (IHopkin and Williams Ltd.).
The cationic surfactants were dodecyltrimethyl-
ammonium  bromide,! tetradecyltrimethylammo-
nium bromide,! and cetyltrimethylammonium bro-
mide.2 The anionic surfactant was sodium lautyl
sulfate (Sipon Products Ltd.) and the nonionic sur-
factant was cetomacrogol 1000 B.P.C.3 The melting

1 Marketed as Morphan D and Morphan T, respectively,
by Glovers Chemicals Ltd.

2 Marketed as Cetrimide by Imperial Chemical Industries,
2 Marketed as Texofor AIP by Glovers Chemicals Ltd.
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TABLE I.—PuvysicaL CONSTANTS OF SURFACTANTS

CMC 2590
Surfactant M.p.¢ Gow/v

Dodecyltrimethylammo-

nium bromide 244-9245 0.041
Tetradecyltrimethylammo-

nium bromide 246-247 0,082
Cetyltrimethylammoniun

hromide 262-263 0.051
Sodium lauryl sulfate 204-206 0,014
Cetomacrogol 1000 37-38 0.0021

% Micro melting apparatus. ° From surface tension meas-

urements using the Du Nouy tensiometer.

points and the critical micelle concentrations of the
surfactants are listed in Table I.
Apparatus.—Portable Ferranti viscometer, model
VL; Pye Tropical universal pH meter,
Measurement of the Solubilities of the Isomers of
Hydroxy, Amino, Chloro, and Nitrobenzoic Acids in
Surfactant Solutions.—Varying amounts of the
organic acid were weighed into a series of 25-ml.
graduated glass-stoppered cylinders containing the
required concentration of surfactant. The cylinders
were rotated in a thermostatically controlled water
bath at 25 = 0.1° for 24 hr. The end point was
taken as the mean between a clear solution and one
in which a slight excess of acid was present.
Measurement of Viscosity.—The required
amounts of the organic acid were weighed into a
series of 100-ml. volumetric flasks containing the re-
quired concentration of the surfactant. The flasks
were rotated in a thermostatically controlled water
bath at 25 & 0.1° for 24 hr. The viscosities of the
dispersions were meastired using the portable Fer-
ranti viscometer placed in a thermostatically con-
trolled water bath at 25 &+ (0.5°, The shear rates
cmployed ranged from 483.0 to 78.56 sec. An inter-
val of 30 sec. was allowed between any two readings.
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Fig. 1.—Solubilities of hydroxybenzoic acids in
aqueous solutions of alkyltrimethylammonium brom-
ide surfactants of varying chain length at 25°.
Key: X, dodecyltrimethylammonium bromide;
O, tetradecyltrimethylammonium bromnide; A, cetyl-
trimethylammonium bromide; 1, m-hydroxybenzoic
acid; 2, salicylic acid; 3, p-hydroxybenzoic acid.
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Fig. 2.—Solubilitics of substituted benzoic acids
in aqueous solutions of alkyltrimethylammonium
bromide surfactants of varying chain length at 25°.
Key: x, dodecyltrimethylammonium bromide;
O, tetradecyltrimethylammonium bromide; A,
cetyltrimethylammonium bromide; 1, o-nitrobenzoic

acid; 2, m-nitrobenzoic acid; 3, c-aminobenzoic
acid; 4, o-chlorobenzoic acid; 5, m-chlorobenzoic
acid; 6, m-aminobenzoic acid; 7, p-aminobenzoic
acid; 8, p-nitrobenzoic acid; 9, o-chlorobenzoic
acid.

The shear rate was increased and then decreased
for all viscosity nmeasurements.

RESULTS AND DISCUSSION

Solubilities of Substituted Benzoic Acids in Sur-
factant Solutions.- - Figurcs 1 and 2 show the solu-
bilities of the isomers of hydroxy, amino, chloro,
and nitrabenzoic acids in surfactant solutions. In
all cases the solubilitics of the acids are proportional
to surfactant concentration. There is, however, 1o
appreciable difference in the solubilities of the acids
in the three surfactants,  These solubility graphs
seem Lo indicate that variation of the chain length
ol the lipophilie portion of the surfactant moleeule
Lias no effect on the solubilities of the acids suggest-
ing that the solubilities of the various substituted
benzoic acids studied are independent of the chain
length of the surfactant molecule. Except for the
hydroxy derivatives, the other acids show a decrease
in solubility in the order of ortho, meta, and para
isomers.

Viscosity Measurements.—Figures 3, 4, and 5
show the viscosities of dispersions containing vary-
ing amounts of salicylic acid. In general, there is an
increase in viscosity with increasing concentration
of salicylic acid in the surfactant solution up to ap-
proximately when the system becomnes saturated
with the acid, after which the viscosity remains
constant or decreases, This behavior is scen with
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all the concentrations of surfactants studied, 29,
3%, 4%, 5%, and 6% and in the range of shear
rates used, the viscosity being greater at low rates
of shear than at high rates of shear. These observa-
tions can be attributed to interaction of salicylic
acid with the surfactants, particularly the tetra-
deeyltrimethylammonium and  cetyltrimethylam-
monium bromides. In the case of dodecyltrimethyl-
amimonium bromide a lesser degree of interaction
with salicylic acid is apparent as no marked changes
in viscosity have been observed. Probably it is due
to the shorter chain length of the lipophilic portion
of the surfactant molecule which may tend to dis-
courage interaction, or it may be due to the resultant
complex being smaller in size and hence is unable to
produce the relatively higher viscosity seen with the
longer chain surfactants. When the system becomes
saturated with salicylic acid, the viscosity tends to
remain constant with further additions of the acid
and this is particularly noticeable at low surfactant
concentration. These observations suggest that
otce interaction is complete the excess salicylic acid
has no effect on the viscosity of the system. How-
ever, at high surfactant concentration the viscosity
decreases at about the concentration at which the
system becomes saturated with salicylic acid. This
may be due to the unstable nature of the complex
and which may manifest itself more predominantly
in the presence of a large number of complexes which
follows from an increased concentration of the sur-
factant.

When the concentration of salicylic acid in the
surfactant solution is low, the system behaves like a
Newtonian liquid. As the salicylic acid content is
increased the system changes to a non-Newtonian
liquid producing large differences in viscosities with
varying rates of shear (Figs. 3, 4, and 5). It would
appear that adequate salicylic acid must be present
for interaction to take place to produce the viscosity

effect. With a higher concentration of the surfac-
7
.
6l
b
6 5 I 2 &
o Y
o
%)
3
%) 31 PR
>
2
1
g e e W
g__géL{’l T

06 0.8 10 12 14 16 18
07 09 11 13 1.5 17 19
SALICYLIC ACID, % w/v

Fig. 3.—FEffect of salicylic acid on the viscosity
of alkyltrimethylammonium bromide solutions at
25°. Dodecyltrimethylammonium  bromide: @,
207 A, 49, tetradecyltrimethylammoninum bro-
mide: O, 29:; A, 4%; , below saturation;
- - - -, above saturation. Shear rate: 1,234.6 sec.™?;
2, 195.9 sec.”!; 3, 155.1 sec.”t; 4, 117.35 sec.™1;
5, 78.56 sec. ™1,
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Fig. 4 —Effcet of salicylic acid on the viscosity
of tetradecyltrimethylammonium bromide solhition
(69,) at 25°. Key: , below saturation; ----,
above saturation. Shear rate: 1, 234.6 sec.”l;
2, 1959 sec.”!; 3, 155.1 sec.™?; 4, 117.35 sec.”1;
5, 78.56 sce. 7L,

tant, more salicylic acid is required to initiate the
non-Newtonian flow and this amount increases pro-
portionately (Fig. 6). However, the ratio of sali-
cylic acid concentration to surfactant concentration
at which non-Newtonian flow cominences decreases
with the surfactant comncentration as shown in
Table TI. As the ratio is probably linked up with
the degree of interaction it may mean that a smaller
degree of interaction is necessary for the system to
exhibit non-Newtonian flow in the presence ol u
high concentration of the surfactant. At a low
concentration of surfactant where there are less
molecules of the surfactant a greater degree of inter-
action is required to initiate the non-Newtonian
flow. 1In the case of dodecyltrimethylanumonium
bromide the viscosity effect is less marked, and the
chunge to non-Newtonian flow is therefore less
obvious.

The amounts of salicylic acid that have to be
added to the tetradecyltrimethylarmimonium bro-
mide solutions to produce the non-Newtonian flow
initially are slightly lower than for the corresponding
cetyltrimethylammonium bromide solutions as seen
in Fig. 6. Furthermore, the viscosity of a tetradecyl-
trimethylammonium bromide solution containing
the same amount of salicylic acid as in a cetyltri-

Journal of Pharmaceutical Sciences

methylammonium bromide solution is much higher
(Figs. 3, 4, and 5) indicating that the chain length
of tetradecyltrimethylammonium bromide is proba-
bly optimally favored for interaction. The maxi-
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w
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SALICYLIC ACID, % w/v

Fig. 5, —ELffect of salicylic acid on the viscosity
of cetyltrimethylammonium bromide solutions at
25°. Key: O, 2%; V, 6%; , below saturation;
----, above saturation. Shear rate: 1, 2346
sec.”l; 2, 1959 sec.™!; 3, 155.1 sec.”!; 4, 117.35
sec.~1; 5, 78.56 sec. L.

n L ¢ -l L L

1 2 3 4 5 6
SURFACTANT, % w/v

IFig. 6. —Relatiouship of salicylic acid concentra-
tion required to initiate noun-Newtonian flow and
surfactant  concentration. Key: O, tetradecyl-
trimethylanmmonium  bromide; A, cctyltrimethyl-
ammoniam bromide.

TasLe 1L-—RATIOS OF SALICYLIC ACID CONCENTRA-
TION TO SURFACTANT CONCENTRATION AT WHICH
NoN-NEWTONIAN FLow 1s INITIATED

Salicylic Acid

Surfactant, Salicylic Acid

Tow/v TTAB® CTAB?Y
2.0 0.300 0.350
3.0 0.230 0.300
4.0 0.225 0.275
5.0 0.200 0.260
6.0 0.183 0.233

*TTAB, tetradecyltrimethylammonium bromide.

b CTAB, cetyltrimethylammonium bromide.
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TaABLE II1.-—pH OF SURFACTANT SoLUTIONS CONTAINING HYDROXYBENZOIC ACIDS

m-Hydroxy-

Salicylic Acid %, benzoie Acid %

in 29, DTAR? pH in 29, DTAB
0.6 1.9 0.6
0.7 1.85 .7
0.8 1.8 0.8
0.9 1.8 0.9
1.0 1.6 1.0
m-Hydroxy-

Salicylic Acid ¢
in 26, TTAR"

benzoic Acid %
in 2% TTAB

0.6 1.85 0.6
0.7 1.8 0.7
0.8 1.8 0.8
0.9 1.756 0.9
1.0 1.65 1.0
m-Hydroxy-

benzoic Acid %
in 29, CTAB

Salicylic Acid ¥,
in 29, CTAR*

0.6 1.8 0.6
0.7 1.8 0.7
0.8 1.75 0.8
0.9 1.7 0.9
1.0 1.7 1.0

p-Hydroxy-
benzoie Acid %
pH in 29, DTAB pH
2.25 (.6 245
2.2 0.7 2.4
2.15 0.8 2.35
2.15 0.9 2.3
2.1 1.0 2.3

p-Hydroxy-
benzoic Acid %,
in 2% TTAB

2.2 0.6 2.4
2.15 0.7 2.4
2.1 0.8 2.35
2.1 0.9 2.35
2.056 1.0 2.3

p-Hydroxy-
benzoic Acid ¢
in 29, CTAB

2.25 0.6 2.35
2.2 0.7 2.3
2.15 0.8 2.25
2.1 0.9 2.2
2.1 1.0 2.2

¢ DTAB, dodecyltrimethylammonium bromide. ® TTAB, tetradecyltrimethylammonium bromide.

methylammonium bromide.

mum viscosity of salicylic acid in the tetradecyltri-
methyl and cctyltrimethylammoniurn bromide solu-
tions oceurs in about the same concentration due to
the fact that the solubility of the acid in both the
surfactants are practically identical. In dodecyl-
trimethylammonium bromide solutions containing
salicylic acid this is not clear as the viscosity effect
is not marked.

m-Hydroxybenzoic and p-hydroxybenzoic acids
were included in the investigation, but both failed
to show the viscosity elfect observed with salicylic
acid. The viscosities of both these acids remain
unchanged when compared with the corresponding
concentrations of surfactant in the absence of the
acid. Benzoic acid and acetylsalicylic acid also
failed to show any viscosity changes. The inter-
action of salicylic acid with the quaternary type of
surfactants is highly specific as further investiga-
tions with the orthe, meta, and pare substituted
aminobenzoic, chlorobenzoic, and nitrobenzoic acids
produced no viscosity change. In addition, sali-
cylic acid did not exhibit this viscosity effect when
dispersed with an anionic surfactant such as sodium
lauryl sulfate or with a nonionic surfactant such as
cetomacrogol 1000, The viscosities of dodecyltri-
methylammonium, tetradecyltrimethylammonium,
and cetyltrimethylammonium bromide solutions are
independent of the concentration of the surfactant
and practically independent of cach other.

The viscosity effect is not related to pH. Table
111 shows the pH of surfactant solutions containing
hydroxybenzoic acids. There is a small change in
pH with increasing concentration of the acid. The
viscosity of a surfactant solution whose pH is ad-
justed to that of a corresponding surfactant solution
containing salicylic acid remains unaffected. This is
true for all the three surfactants.

The mechanism of interaction is complicated and
perhaps not yet fully understood. Suggestions for
interactions of compounds with surfactants of the
polyether type have becen made by Higuchi and

¢ CTAB, cetyltri-

Lach (1) as due to the formation of molecular com-
plexes and by Goodhart and Martin (5), Blaug and
Ebersman (15), and Autian and Shaikh (17) as due
to micellar solubilization. The results from this in-
vestigation indicate that the interaction of salicylic
acid with surfactants of the quaternary typeinvolves
complex formation which leads to a marked change
in viscosity and is only possible with the ortho sub-
stituted hydroxybenzoic acid while the mefa and
para compounds possess structures which are un-
favaorable to interaction. Besides, other attractive
forces are likely to play a part as it is not only the
ortho substituent that effects a viscosity change;
a hydroxy group is essential, since the amino,
chloro, and nitrobenzoic acids do not exhibit this
viscosity effect.

The above-mentioned complexation is of impor-
tance to pharmaceutical formulation. It can be
made to stabilize emulsified preparations such as
creams, ointments containing the quaternary am-
monium type of surfactants, and salicylic acid due
to the high viscosity resulting from the interaction.
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