Drug Release from a Lipophilic Ointment Base as
Influenced by Chain Length of Added Surfactant
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Abstractd The release of sulfathiazole and salicylic acid from
white petrolatum containing ethoxylated surfactants of varying
ethylene oxide chain length was evaluated by the dialysis method.
The rate of release of the drugs increased with the ethylene oxide
number of the added surfactant.
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The rate of release of drugs from ointment bases
has received considerable attention during the last
10-15 years and interesting reviews are now available
on the subject (1-13). Looking closely into the litera-
ture, however, one notes that if some aspects of this
phenomenon have been extensively studied and are
now well understood, others have been only partially
explored. One such area is the effect of surfactants on
lipophilic ointment bases.

This paper reports an attempt to verify how the
variation of the length of the ethylene oxide chain of
an added nonionic surfactant could influence the rate
of release of water-soluble drugs from a typical lipo-
philic base such as white petrolatum. It was also
thought that such simple systems would provide a
good model to verify the possibility that a correlation
exists between the rheological parameters of the oint-
ments and the rate of liberation of drugs incorporat-
ed in them (14).

EXPERIMENTAL

The dialysis method (7) is a simple and convenient way to study
the rate of diffusion of drugs in ointment bases. The significance of
the information provided by that method has also been critically
examined (15). In the present investigation, the setup suggested by
Billups and Patel (9) was used with some modifications: (a) the re-
ceiving compartment of the dialysis cell was a double-walled bea-
ker through which water could be circulated, permitting tempera-
ture maintenance of the aqueous solution (100 ml) of the receiving
compartment at 25 + 0.1°; (b) a small cavity was formed in the
bottom of the beaker for a stirring bar with the beaker resting on a
magnetic stirrer; and (c) the size of the jars was such that a rela-
tively large area (~25 cm?) of ointment (covered with cellulose
paper) could be in contact with the aqueous phase. By proceeding
in this way, the aliquots removed for analysis could be read direct-
ly on a spectrophotometer and then returned to the cell, thus elim-
inating the necessity of making volume corrections.

The absorbance of sulfathiazole was determined at 283 nm, and
that of salicylic acid was determined at 302 nm. (In the acidic
form, salicylic acid shows two peaks of absorbance at 237.5 and 302
nm; in both cases, Beer’s law is obeyed.) As expected (16), spectro-
photometric analysis failed to reveal any trace of surfactant which
might have diffused along with the drugs.

The first drug, sulfathiazole! (mp 200-201°), was dialyzed into a

1 Matheson, Coleman & Bell.

phosphate buffer solution of pH 6.0 and ionic strength (z) = 0.1.
The second drug, salicylic acid?, was dialyzed into a buffer solution
of pH 1.85 (hydrochloric acid plus sodium chloride to u = 0.1). In
this second case, the conditions were, of course, far from being
physiological but they permitted comparison of both drugs in the
same conditions with respect to the proportion of nonionized drug
in the aqueous solution (~93%). Since these drugs are weak acids,
the buffer systems seemed mandatory so that the conditions in the
receiving compartment would not change during an experiment.
The aqueous solubilities of the nonionized portion of sulfathiazole
and salicylic acid were evaluated at 25° (at pH’s where less than
1% of the drugs was ionized). .

The nonionic surfactants studied were some alkylaryl polyether
alcohols®. They were completely dehydrated before incorporation
into the melted bases* at a concentration of 1.592 X 10~3 mole/100
g of base (this value corresponds to 1 g/100 g in the case of the sur-
factant containing 9-10 ethylene oxide units’). The drugs were
passed through a screen (BP 100) and were also dehydrated; this
step was essential with sulfathiazole. Then they were dispersed
into the bases, with a mortar and a pestle, at room temperature.
Great care was exerted always to proceed in the same way (with re-
spect to the agitation brought by the magnetic stirrer, the position
of the inverted cup, etc.) so that the results could be compared.

For the rheological studies, a cone-plate rotational viscometer®
was used. The experimental conditions adopted were similar to
those used by Boylan (17) in his rheological study of white petrola-
tum.
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Figure 1—Absorbance of sulfathiazole in the receiving com-
partment of the dialysis cell as a function of time (0.2 absorb-
ance = 0.275 mg sulfathiazole/100 ml). Key: EO, ethylene
oxide units of the added surfactant; and control, no surfactant
added.

2 Analar, BDH Chemical Ltd.

3 Tritons of the X-series, supplied by Rohm and Haas, West Hill, Ontario,
Canada. The ethylene oxide units referred to in this investigation corre-
spond to those given by the manufacturer.

4 They were left overnight in an oven at 70° and then stored in a vacuum
desiccator until their weight was found to be constant.

5 Triton X-100.

8 Ferranti-Shirley.
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Figure 2— Absorbance of salicylic acid in the receiving com-
partment of the dialysis cell as a function of time (0.2 absorb-
ance = 0.80 mg salicylic acid/100 ml). Key: EO, ethylene
oxide units of the added surfactant; and control, no surfactant
added.

RESULTS AND DISCUSSION

Figure 1 shows some representative curves for the release of sul-
fathiazole from white petrolatum containing surfactants of varying
ethylene oxide chain lengths. As can be seen, the rate of release of
the drug kept increasing up to the most hydrophilic surfactant
studied (containing 40 ethylene oxide units). Since salicylic acid
had been shown to diffuse best with mixtures of surfactants (sorbi-
tan esters and polysorbates) having a low hydrophilic-lipophilic
balance (HLB) value (12), it was thought that that drug would pro-
vide a good point of comparison for sulfathiazole. Figure 2 shows
that the general pattern of diffusion obtained with salicylic acid
was very close to the one obtained for sulfathiazole.

In Fig. 3, the amount of either sulfathiazole or salicylic acid di-
alyzed after 120 min was plotted as a function of the logarithm of
the number of ethylene oxide units of the added surfactant. For
sulfathiazole, it was verified that the relation was linear at any
time in the dialysis runs so long as the curves had started to flat-
ten. For salicylic acid at dialysis times less than 120 min, the rela-
tion was not linear; it can be observed (Fig. 2), however, that some
diffusion curves had not then started to flatten.

The effect of surfactants on the release of drugs from hydrophil-
ic ointment bases has been extensively studied (1, 2, 5, 8). Since
those systems contained water (~30%), it is expected that oil-in-
water or water-in-oil emulsions were formed, depending on the
HLB of the mixture of surfactants studied, giving essentially dif-
ferent systems than those studied here. The diffusion behavior of
drugs in such emulsified systems has been well explained (11).

In dealing with lipophilic bases modified by nonionic surfac-
tants, it is believed that the comparisons should be made on a
“pseudomolar” basis (i.e., a given number of moles of surfactant
added to a given weight of base or a given volume of preparation).
The reason becomes apparent when one considers, for instance,
the case of the following pair: sorbitan monooleate (mol. wt. ~453)
and polysorbate 80 (mol. wt. ~1470). One notes then that, at any
given percentage (identical for both surfactants), the concentra-
tion of the ethoxylated surfactant is, on a molar basis, about four
times lower than that of the other. Since the concentration of the
added surfactant is also important [the rate of diffusion increases
with increasing concentration up to an optimum concentration and
then decreases (11)], comparison of the effect of a large molar con-
centration of a surfactant having, for example, a middle HLB
value to that of a low molar concentration of a surfactant having a
high HLB value might obscure the real phenomenon.

It is also possible that nonionic surfactants of different classes
(i.e., sorbitan esters and ethoxylated surfactants) do not work in
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Figure 3—Ethylene oxide number of the added surfactant (on a
logarithmic scale) versus absorbance of the drug in the receiving
compartment of the dialysis cell.

the same way (or to the same extent) when added to lipophilic
bases. Hence, it has been observed that the addition of sorbitan
monooleate to white petrolatum decreased the rate of diffusion of
sulfathiazole while the addition of polysorbate 80 increased it (11).
These explanations are given as suggestions to account for the fact
that the diffusion of some drugs was shown previously to decrease
above a certain HLB value of the added surfactants (3, 4, 12) while
this phenomenon was not observed here.

In the three figures, the absorbance of the drugs instead of their
concentration is presented to emphasize that the pattern of diffu-
sion of both drugs is quite similar. However, the concentration of
salicylic acid was evaluated using its peak of second maximum ab-
sorbance in the UV region (at 237.5 nm, the peak of maximum ab-
sorbance, volume corrections would have been necessary). Salicylic
acid diffused to a greater extent than sulfathiazole (~3 times more
on a molar basis) per unit of time. This observation may reflect
that salicylic acid is about three times more soluble than sulfa-
thiazole on a molar basis (87 mg versus 55 mg/100 ml with the
unionized portions being considered). In conclusion, it is suggested
that these solubility considerations and the relation shown in Fig.
3 (this relation will have, however, to be substantiated with other
drugs and other surfactant series) might give a clue as to the mode
of diffusion of water-soluble drugs in ocintment bases containing
ethoxylated nonionic surfactants.

In the rheological part of this study, only sulfathiazole prepara-
tions were considered. Rheograms were obtained with the modified
bases only (without the drug) and with the complete preparations
(with the drug). The study was also extended to white petrolatum
containing varying concentrations of polysorbate 80 (11), with and
without incorporated sulfathiazole. Various parameters [e.g., thix-
otropy, yield value, and spur value (18)] were examined and com-
pared to verify if a correlation could be found between the rate of
release of the drug and any of the parameters. So far, no correlation
has been found. It is possible that such correlations could be ob-
tained if the bases investigated are gels made with water-soluble
polymers. Further research in that direction is in progress.
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Substituted 5-Oxo-1-thiocarbamoyl-3-pyrazoline-4-alkanoic

Acid Derivatives

ARTHUR A. SANTILLI x, DONG H. KIM, and FRANCIS J. GREGORY

Abstract O Several novel pyrazolin-5-ones prepared by the cycli-
zation of variously substituted thiosemicarbazone derivatives of
ethyl formylsuccinate, ethyl acetylsuccinate, and ethyl acetylgluta-
rate were tested for antitubercular activity against Mycobacterium
tuberculosis, human type, strain H37Rv, by a tube dilution tech-
nigque. Minimum inhibitory concentrations (MIC) for these deriva-
tives ranged from 0.05 to 100 ug/ml. The most active compound
was ethyl 3-methyl-1-methylthiocarbamoyl-5-oxo-3-pyrazoline-4-
acetate (MIC = 0.05-0.1 ug/ml).

Keyphrases 0O 5-Oxo-1-thiocarbamoyl-3-pyrazoline-4-alkanoic ac-
id derivatives—synthesis, antitubercular activity O Pyrazolin-
5-one derivatives—synthesis, antitubercular activity O Antituber-
cular activity—synthesis and screening of substituted 5-oxo-1-
thiocarbamoyl-3-pyrazoline-4-alkanoic acid derivatives

Various classes of thiosemicarbazones have been of
interest to clinicians for their therapeutic value as
antitubercular, antiviral, antileprotic, and antifungal
agents (1-3). Recently, the synthesis of a group of
variously substituted 5-oxo-1-thiocarbamoyl-3-pyra-
zoline-4-alkanoic acid derivatives (IIa—IIl), which
were prepared by the cyclization of open-chain
thiosemicarbazones (I) of diethyl formylsuccinate, di-
ethyl acetylsuccinate, and diethyl acetylglutarate,
was described (4). Spectral evidence indicates that
these compounds also exist in their tautomeric 5-
hydroxypyrazole form (II’a-1I’l). Several of these de-
rivatives were tested for their overall therapeutic
value as anti-infective agents and were found to pos-
sess substantial antitubercular activity against Myco-
bacterium tuberculosis, human type. A summary of

the biological test results in relation to chemical
structure is reported here.

EXPERIMENTAL!

The open-chain thiosemicarbazones (I) were prepared by heat-
ing ethyl formylsuccinate, ethyl acetylsuccinate, or ethyl acetylglu-
tarate with 1 equivalent of a suitably substituted thiosemicarba-
zide (Scheme I). Ring closures of these derivatives were carried out
by warming the various thiosemicarbazones in ammonium hydrox-
ide solution followed by acidification; the title compounds were
obtained (Table I). The esters were readily converted to the corre-
sponding acids by hydrolysis using sodium hydroxide solution.

Synthesis—The following example typifies the method used to
prepare the title compounds. Further preparative details as well as
the chemistry and spectral analyses for other compounds were pre-
viously published (4).

Diethyl Acetylsuccinate Thiosemicarbazone (I)—A mixture of
10.8 g of diethyl acetylsuccinate and 4.56 g of thiosemicarbazide in
250 ml of ethanol was heated under reflux for 17 hr. The ethanol
solution was cooled in ice, and cyclohexane was added to precipi-
tate the product. The product amounted to 13.1 g, mp 98-102°,
The analytical sample (mp 98-100°) was obtained by recrystalliza-
tion from ethanol-cyclohexane; IR (KBr): 2.90, 3.00, 3.12 (NH),
5.72, and 5.79 (ester C=0) um.

Anal.—Calec. for C;1H1gN304S: C, 45.66; H, 6.62; N, 14.52; S,
11.08. Found: C, 45.64; H, 6.58; N, 14.65; S, 11.42.

Ethyl 3-Methyl-5-0x0-1-thiocarbamoyl-3-pyrazoline-4-acetate
(ITa)—A mixture of 10 g of diethyl acetylsuccinate thiosemicarba-
zone and 250 ml of concentrated ammonium hydroxide solution
was heated on a steam bath for approximately 30 min, at which

1 Melting points were determined with a Thomas-Hoover capillary melt-
ing-point apparatus and are uncorrected. The IR spectra were determined in
potassium bromide disks using a Perkin-Elmer model 21 spectrophotome-
ter.
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