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Abstract Chlorpropamide ((4-chloro-N-(propylamino)-
carbonyl)-benzenesulfonamide) belongs to compounds
having sulfonylurea group and is widely used as an oral
antidiabetic agent. In this work differential scanning calo-
rimetry (DSC) was used during pre-formulation of chlor-
propamide tablets to determine the drug-excipients
compatibility. The DSC curves of chlorpropamide and
binary mixtures with excipients (sodium croscarmellose,
sodium lauryl sulfate, microcrystalline cellulose, magne-
sium stearate and calcium carbonate) showed that chlor-
propamide exhibited interaction with magnesium stearate
and sodium lauryl sulfate. The binary mixtures of chlor-
propamide-magnesium stearate presented a single endo-
thermic process at 96—108 °C and chlorpropamide—sodium
lauryl sulfate showed a wide endotherm at 99-120 °C.
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Introduction

Chlorpropamide is an oral hypoglycemic drug belonging
with a sulfonylurea group and is used for the treatment of
Type II diabetes mellitus in adults when not complicated,
stable, mild or moderately severe that can not always be
controlled with diet [1]. Chlorpropamide is a class II drug
considering the Biopharmaceutic Classification System
(BCS), where the rate and extent of dissolution is critical
for optimum bioavailability [2].

Successful formulation of a stable and effective solid
dosage form depends on careful selection of the excipients.
Interactions in the solid state between the active ingredi-
ent(s) and excipients in pharmaceutical dosage forms can
give rise to changes in the stability, solubility, dissolution
rate and bioavailability of drugs [3, 4]. When an excipient
affects negatively some of the factors above we can assume
it is incompatible with that drug.

Incompatibility study involves the evaluation of drug
stability and the possible physical and chemical interaction
with excipients used upon the preformulation.

In recent years, applications of thermal analytical tech-
niques at the preformulation stage of development of solid
dosage forms have increased immensely [4]. In particular
differential scanning calorimetry (DSC) has been proposed
as a rapid method to examine the possibility of physico-
chemical interactions between drug(s) and excipient(s).
Additional advantage is that just a few milligrams of sample
are needed for each run. In fact it provides fast and reliable
information about potential physical or chemical incompat-
ibilities between the components of formulation through the
appearance, shift, or disappearance of endotherms or exo-
therms and/or variations in the relevant enthalpy values [5].

The present study was undertaken to establish the com-
patibility of chlorpropamide with a number of commonly
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used excipients for tableting using differential scanning
calorimetry

Experimental
Materials

Chlorpropamide drug (CP/EXP-396) and excipients (mag-
nesium stearate, microcrystalline cellulose, sodium cro-
scarmellose, calcium carbonate, lauryl sulfate sodium) used
on this work were of pharmaceutical grade and were pur-
chased by the Nucleos of Research on Food and Pharma-
ceuticals (NUPLAM, Natal, Brazil).

Binary mixtures

DSC curves of the drug and excipients alone were com-
pared to those of each drug—excipient 1:1 (m/m) mixtures.

Differential scanning calorimetry (DSC)

DSC curves were obtained in a Shimadzu DSC-60 cell using
aluminum crucibles with about 2 mg of samples under
dynamic N, atmosphere (flow rate: 50 mL min~') and at
a heating rate of 10 °C min~' in the temperature range
from 25 to 200 °C. DSC cell was calibrated with indium
(m.p. 156.6 °C) and zinc (m.p. = 419.6 °C).

Results and discussion

The DSC curve of chlorpropamide presented three endo-
thermic events (Fig. 1, curve 1). The first and second, at
122.7°C (AH = —30.457 g™ ") and 127.7°C (AH =
—92.95 J g7 1), respectively, are endothermics correspond-
ing to the “double melting peak”, which fits to form A as
described in [6]. The third at 172.2 °C was the beginning of
thermal decomposition of chlorpropamide. The phase tran-
sition above 200 °C in the DSC curve is not presented.

The DSC curve of sodium lauryl sulphate (Fig. 1, curve 2)
presented two endothermic effects, between 95.1-102.8 °C
(AH = —17.44 J g~ ") and 182.5-188.3 °C (AH = —17,11
J g1, respectively, while in the DSC curve of calcium
carbonate (Fig. 1, curve 3) no any transition in the studied
temperature range.

The DSC curve of magnesium stearate (Fig. 1, curve 4)
has three endothermic events: the first at 84.3-97.4 °C
(AH = —-5.78 ] gfl) corresponds to dehydration [7]; sec-
ond at 112.6-121.9 °C (AH = —58.07 J gfl) and a third at
150.6-158.7 °C (AH = —26.98 J gfl) indicates the melt-
ing of palmitic- and stearic-acid compounds.
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Fig. 1 DSC curves of (1) chlorpropamide drug and excipients: (2)
Sodium lauryl sulfate, (3) calcium carbonate, (4) magnesium stearate,
(5) croscamellose sodium, (6) microcrystalline cellulose

The DSC curve of croscamellose sodium (Fig. 1, curve
5) shows one phase transitions: a broad endothermic peak
due to water loss between 56.5 and 117.4 °C (AH =
—214951 g_l) [8], while the DSC curve of microcrys-
talline cellulose (Fig. 1, curve 6) indicates three consecu-
tive endothermic events: at 57.5-74.1 °C (AH = —32.76
J g7 ") corresponding to loss of humidity and two others at
83.9-95.6 °C (AH = —4.33J g™ ") [9], 100.4-124.7 °C
(AH = —17.75 7 g™ h.

All these temperatures are in the good agreement with
the literature values.

DSC curves of the drug and the corresponding excipi-
ents were compared their 1:1 (m/m) mixture as it is used to
done (see e.g. [10]) and has the advantage of maximize the
likelihood of an interaction.

The DSC curves of the binary mixture of chlorprop-
amide:microcrystalline cellulose, chlorpropamide:crosca-
mellose sodium and chlorpropamide:calcium carbonate
(Fig. 2, curves 2, 3 and 4, respectively) show the double
melting peak of chlorpropamide with more than 2 °C
compared to that of chlorpropamide alone.

The DSC curve of chlorpropamide/sodium lauryl sulfate
(Fig. 2, curve 5) shows some sort of interaction with this
excipient evidenced by the disappearance of the double
melting peak of the drug.

The same was observed in the DSC curve of chlor-
propamide/magnesium stearate (Fig. 2, curve 6) that pre-
sented only one endothermic event at 96.3-108.6 °C
(AH = —106.63 J g~') suggesting a drug—excipient inter-
action upon heating.

These findings may be confirmed by other analytical
techniques able to elucidate the mature of drug—excipient
interaction. Despite the interactions could be seen above
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Fig. 2 DSC curves of chlorpropamide and chlorpropamide/excipient
1:1 (m/m) binary mixtures

120 °C and not at ambient temperature, an remarkable
decrease was observed in the dissolution rate of chlorprop-
amide from tablets containing those excipients after
6 months under controlled conditions (40 °C and 75% RH),
that is a strong evidence of drug—excipients incompatibility.

Conclusions

The results demonstrated the applicability of DSC as a fast
screening tool for drug—excipient interaction in a prefor-
mulation process. The results confirmed the usefulness of
DSC for for this purpose at the early stage of formulation
studies. The presence of solid—solid interaction does not
necessarily indicate pharmaceutical incompatibility, the
use of other analytical techniques, such as FTIR and EGA
can help in the interpretation of DSC results [11], in order

to confirm the changes observed in chlorpropamide—mag-
nesium stearate and sodium lauryl sulfate curves.
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