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ABSTRACT Solid dispersions (SDs) of chlorpropamide were prepared by the
solvent deposition technique using two grades of microcrystalline cellulose as
carrier materials with different ratios of drug to carrier. The dissolution rate of
chlorpropmide from the SDs was carried out at two physiological pH values of
1.1 and 7.25 simulating gastric and intestinal environments. The dissolution
was dependent on the grade, the ratio of drug to carrier and pH. The higher
dissolution was observed for more hydrophilic grade of the carrier as well as
the higher ratio of carrier to drug. At the higher pH the drug dissolved much
faster than the lower pH. X-ray diffraction showed some reduced drug crystal-
linity in SDs whereas infrared spectroscopy revealed no drug interactions with
solvent and the carriers. The enhanced dissolution was attributed to the
reduced drug crystallinity, decreased particle size, increased wettability and
reduced aggregation of the hydrophobic drug particles. A novel model
denoted as reciprocal powered time model with its theoretical justification was
employed to analyze the dissolution data and proved to be superior to com-
monly used models for the analysis of the data. There was a quantitative rela-
tion between the model parameter and the ratio of carrier to drug which could
be of value in dissolution rate prediction.

KEYWORDS Chlorpropamide, Solvent deposition, Solid dispersion, Dissolution kinetics,
Reciprocal powered time model

INTRODUCTION

Chlorpropamide is a sulfonylurea antidiabetic drug which is given per
orally in the treatment of type two diabetes mellitus (Sweetman, 2005). The
drug is practically insoluble in water (Sweetman, 2005) that can lead to a poor
dissolution which in turn may cause a decrease in the rate of bioavailability.
In fact it has been shown that the drug has been absorbed with different rates
from various dosage forms (Evans et al., 1979; Batenhorst et al., 1982). Some
attempts have been made to increase dissolution rate of chlorpropamide via
solid dispersion (SD) technology. Among the various technologies, fusion,
and coprecipitation methods involving water soluble carriers have been
employed to increase chlorpropamide dissolution (Ford & Rubinstein, 1977;
Deshpande & Agrawal, 1983, 1984; Dubois & Ford, 1985). These techniques
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have resulted in increased drug bioavailability and
absorption (Deshpande & Agrawal, 1984, 1985). To
the best of our knowledge the dissolution of chlorpro-
pamide from SDs prepared by solvent deposition
technique involving water insoluble carriers has not
been reported previously. In the present work we used
two grades of microcrystalline cellulose in various
ratios of the drug to the water insoluble carriers to
enhance its dissolution at two different physiological
pH values of 1.1 and 7.25 simulating gastric and intes-
tinal environments. X-ray diffraction and infrared (IR)
spectroscopy methods were advocated to elucidate
possible crystal changes in the SDs and drug-carrier as
well as solvent interactions. A novel kinetic model
denoted as reciprocal powered time model was used to
analyze the drug dissolution data and the accuracy of
the proposed model was compared with that of avail-
able models (Wagner, 1969; Costa & Sousa Lobo,
2001). A theoretical justification for the proposed
model has also been provided using the classic
Noyes-Whitney dissolution equation (Noyes & Whitney,
1897).

MATERIALS AND METHODS
Materials

Chlorpropamide (Mehta, Mumbai, India), micro-
crystalline cellulose (either Avicel PH-102 or Avicel
RC-591, FMC, Brussels, Belgium), methylene chloride
(Merck, Darmstadt, Germany) were used as received.
All other materials were analytical grades.

TABLE 1
Phosphate Buffer (pH 7.25) Dissolution Media

Preparation of SD Systems and
Physical mixture

The solvent deposition systems was formulated by
dissolving chlorpropamide in methylene chloride to
produce a clear solution (Van der watt et al., 1996;
Yen et al., 1997; Barzegar-Jalali et al., 2002). The car-
rier was dispersed in the solution by stirring and the
solvent was evaporated at 37 £ 0.5°C. The resultant
mass was dried for 24 hr at 40°C, pulverized and
passed through a sieve with mesh number of 120. The
ratios of drug to carrier were 1:1, 1:2, and 1:5 in the
SD systems for both grades of microcrystalline cellu-
lose. A physical mixture containing one part of the
drug and five parts of Avicel PH-102 was prepared
using the bottle method. Details of the formulations
are given in Table 1. Three samples containing 20 mg
chlorpropamide were taken from the SDs as well as
the physical mixture, dissolved in appropriate volume
of phosphate buffer pH 7.25, an aliquot withdrawn,
acidified with 1 M HCI and analyzed by UV spectros-
copy at a wavelength of 232.6 nm (UV-160, Shimadzu,
Kyto, Japan) using a proper Beer’s plot. The drug con-
tents in the samples were between 96.5% and 102.9%
of the expected values.

Dissolution studies

The dissolution of chlorpropamide in powder form,
physical mixture, and SDs was investigated using the
Levy’s beaker and stirrer method (Levy, 1961). A sample
equivalent to 20 mg of the drug was added to 1000 mL

Dissolution Parameters of the Proposed Model for Different Formulations of Chlorpropamide in 0.1 M HCI (pH 1.1) and

Set number Formulation Code pH m b thO% (min)
1 Pure powder of chlorpropamide PPAC 1.1 937.125 1.556 81.3
2 Physical mixture chlopropamide PH102 (1:5)° PMA 1.1 55.534 1.080 41.2
3 SD chlopropamide Avicel PH102 (1:1) SD1A 1.1 121.115 1.206 53.4
4 SD chlopropamide Avicel PH102 (1:2) SD2A 1.1 183.874 1.936 14.8
5 SD chlopropamide Avicel PH102 (1:5) SD5A 1.1 5.173 1.172 4.1
6 SD chlopropamide Avicel RC591 (1:1) SDR1A 1.1 138.625 1.544 24.4
7 SD chlopropamide Avicel RC591 (1:2) SDR2A 1.1 90.628 1.678 14.2
8 SD chlopropamide Avicel RC591 (1:5) SDR5A 1.1 19.325 1.687 5.8
9 Pure powder of chlorpropamide ppB 7.25 2.893 0.581 6.2

10 SD chlopropamide Avicel PH102 (1:2) SD2B 7.25 1.429 0.896 1.5

11 SD chlopropamide Avicel PH102 (1:5) SD5B 7.25 0.136 1.517 0.3

aThe figures inside the parentheses represents the ratio of drug to carrier. ?According to the model the predicted time required for 50% dissolution is
calculated by tsgo, =m‘""®). Dissolution medium is 0.1 M HCI (pH 1.1) and “dissolution medium is phosphate buffer (pH 7.25).
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of dissolution medium (either 0.1 M hydrochloric
acid solution pH 1.1 or phosphate buffer solution pH
7.25). Table 1 shows the composition of each formula-
tion as well as the medium used for its dissolution
study. The mixture was stirred at 80 rpm with a two
bladed stirrer 7.5 cm in diameter positioned 4 ¢cm from
the bottom of beaker, at 37 + 0.3°C. Five milliliter
samples of dissolution mixture were withdrawn at dif-
ferent time intervals, filtered and assayed at 232.6 nm
for the acidic medium on the spectrophotometer. In
the case of the phosphate medium the samples were
acidified with 1 M HCI before the assay. The drug
concentration in each sample was corrected consider-
ing the concentrations in the previous samples. Each
dissolution test was carried out at least three times.

X-ray crystallography and
IR spectroscopy

An automated powder diffractometer (Siemens-80,
Munich, Germany) was employed to obtain X-ray dif-
fraction patterns of the samples using Cu Ka. radiation
at a scan rate of 2° min~! in terms of 20 angle. The KBr
disk sample preparation technique was used to prepare
the IR spectra of the formulations on an IR spectro-
photometer (FT-IR 3400, Shimadzu, Kyoto, Japan).

RESULTS AND DISCUSSION

The dissolution profiles of the drug powder, its physi-
cal mixture with Avicel PH-102 in the ratio of 1:5 and
different SDs are given in Fig. 1. In order to obtain a
meaningful kinetic parameter, the data presented in
the figure was fitted to a novel model (see appendix
for its theoretical justification) and the goodness of fit
was compared with the different available dissolution
models (Wagner, 1969; Costa & Sousa Lobo, 2001)
including power law, first order, Weibull, cube root,
square root, two-thirds power, linear probability and
log-probability models. The proposed novel model
denoted as reciprocal powered time model is as follows:

1 m
i) "

where F, is fraction of drug dissolved up to time ¢, & is
a model parameter describing the shape of the dissolution

Fraction released
o
(<]

o
»

——PPA -8-PMA -4-SD1A
-~ SDR2A —— SDR5A -e—SD2A
——SD5A —+—SDR1A ---PPB
-2-SD2B -»-SD5B

0 20 40 60 80 100 120 140 160 180

Time (min)

FIGURE 1 The Dissolution Curves of Pure Chlorpropamide,
its Physical Mixture With Microcrystalline Cellulose (1:5) and
Various SD Formulations. Each Data Point is the Average of
Three Values. For the Meanings of the Codes see Table 1.

curve and m is another parameter of the model related
to the time required for 50% dissolution, fs,, which
in turn inversely related to the dissolution rate. The
value of #5,, 1s in fact a kinetic parameter derived from
the model. If in Eq. (1) F,;=0.5, t would be £, 5 or £54,
and m equals #. . Thus £y is calculated by Eq. (2).

Op @

sy, =7

Eq. (1) can be used in either log-linear or nonlinear
forms. The model parameters (7 and %) in the latter
form were obtained via a nonlinear iteration tech-
nique. Eq. (1) is valid for any F, values greater than
zero and less than unity and requires more than four
data points to produce an accurate result. Calculations
indicated that the accuracy of the nonlinear form was
greater than that of the log-linear form and only the
results of the nonlinear approach are given in Table 1
for different formulations. The values of #, for chlo-
rpropamide pure powder and its 1:5 physical mixture
with microcrystalline cellulose (Avicel PH-102) at pH 1.1
are 81.3 and 41.2 min, respectively, indicating a con-
siderable increase of drug dissolution from the physical
mixture. This is probably because of the adsorption of
hydrophilic colloidal particles of microcrystalline cel-
lulose onto the hydrophobic chlorpropamide particles
which in turn enhances the wettability and the deaggre-
gation of the latter particles (Leuner & Dressman, 2000;
Barzegar-Jalali et al., 2002; Dastmalchi et al., 2005). It
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can be seen from Fig. 1 and Table 1 that the drug dis-
solution rate depends on the type and amount of the
carrier as well as the pH of the dissolution medium. In
a given dissolution medium, the increase in the amount
of both types of the carriers in the SDs resulted in
enhanced dissolution rate. For example an increase in
the amount of Avicel PH-102 from one part to five
parts in the SD leads to a considerable increase in the
dissolution rate as it is evident from thirteen fold
decrease in the corresponding 5, values (Table 1).
The grade of the carrier also affected the dissolution
rate. The dissolution of the drug from the SDs with the
ratios of drug to carrier 1:1 and 1:2 containing Avicel
RC-591 is greater than that from the SDs prepared of
Avicel PH-102 with the same ratios (Table 1). This is
because the former grade contains 10% (w/w) water
soluble sodium carboxymethyl cellulose which improves
the hydrophilicity of the carrier in comparison to the
latter carrier. A slightly opposite effect was seen in the
SDs with the ratio of 1:5 (t5, values of 5.8 and 4.1
min for SDR5A and SD5A, respectively). This is prob-
ably because of the increased microenvironmental vis-
cosity brought about by the higher concentration of
sodium carboxymethyle cellulose around the chlor-
propamide particles which might slow down diffusion
of the drug molecules into dissolution medium.

Since chlorpropamide is a weakly acidic drug (pKa 5.0)
its dissolution rate is substantially higher at pH 7.25 as
compared with that of pH 1.1 (Fig. 1 and Table 1). This
is in line with a previous finding (Taylor et al., 1977).

The higher the ratio of both carriers to drug (num-
ber of parts of carriers per unit part of drug) in the SDs
the higher is the drug dissolution in both dissolution
media. A quantitative relationship between reciprocal
dissolution half-life (1/£5y,) calculated from the recip-
rocal powered time model and carrier to drug ratio
(CD) was established which could be of predictive
value in practice. The relationships for different situa-
tions and the corresponding plots are seen in Fig. 2.

X-ray diffraction pattern of chlorpropamide obtained
after evaporation of its solution in CL,CH, showed
that the drug must have been converted to slightly
reduced crystalline state as it was evident from low
intensity of the peaks compared to that of the untreated
drug powder. From characteristic peaks shown by
asterisks in the diffractograms (Fig. 3), two peaks on
the right hand side had the count values of 190 and
180 for the untreated drug powder. The count values
for the corresponding peaks for the treated powder
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# (1/ts0%)? = 0.080 CD + 0.090 q=0.50, R* = 0.982
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FIGURE 2 Relationships Between Dissolution Half-life and
Carrier to Drug Ratio (Parts of Carrier per Unit Part of Drug) for
Pure Chlorpropamide Powder as well as its SDs Containing
Avicel PH-102 in Phosphate Buffer Medium (O), Avicel PH-102 in
Acidic Medium (#) and Avicel RC-591 in Acidic Medium (CJ). The
Relevant Equations are Given Above.

were 155 and 170. On the other hand the IR spectra were
identical indicating no drug interactions with solvent.
In other words no crystal solvation or pseudopolymor-
phism was detected (Fig. 3). The IR spectra of SDs,
e.g., SD (1:5) and its corresponding physical mixture,
were also identical which meant no solvated crystal
and/or pseudopolymorphism has occurred. But some
appreciable reduced drug crystallinity was evident
from the X-ray diffraction pattern of the SDs, as repre-
sented by smaller peaks (Fig. 4). For example the
count values for the first three peaks from right hand
side indicated by asterisks were 55, 80, and 110 for the
physical mixture and 40, 55, and 80 for the corre-
sponding SD formulation, respectively. From these
findings, it is concluded that the enhanced drug disso-
lution for SDs is caused by the reduced crystallinity,
the probable increase in effective surface area of the
chlorpropamide as a result of the reduction of its par-
ticle size as well as its reduced tendency for aggrega-
tion and augmentation of its wettability by the carriers
in the dissolution media (Fredrich et al., 2005).

The accuracy and prediction ability of the proposed
model were compared with those of the commonly
used models employing the following criteria:

IOOi[ Foi = Eypi | Fops,i ]

MPD = —i=1 3)
n
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FIGURE 3 Infrared Spectra (Panel A) and X-ray Diffraction Pattern (Panel B) of the Pure Chlorpropamide (Top) and Chlorpropamide
Obtained Following Evaporation of its Solution in Methylene Chloride (Bottom). %T, v, C and 6 are Percent Transmittance, Wave Number,
Counts and the Incidence Angle, Respectively. The Asterisks Show the Corresponding Peaks Changed Upon the Evaporation.
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FIGURE 4 Infrared Spectra (Panel A) and X-ray Diffraction Pattern (Panel B) of Physical Mixture of Chlopropamide:Avicel PH102 (1:5)
(Top) and SD of Chlopropamide:Avicel PH102 (1:5) (Bottom). %T, v, C and 6 are Percent Transmittance, Wave Number, Counts and the
Incidence Angle, Respectively. The Asterisks Show the Corresponding Peaks Changed Upon the Evaporation.

" MPD is mean absolute percent deviation, 7 is the
z (MPD); number of data in each set, F, ;and F ,, denote cal-

OMPD = i=1 @) culated fractionh and observed fr.action of drug dis-
11 solved at the /" sample, respectively. OMPD is the
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overall mean percent deviation. In addition to these
criteria a third criterion namely the number of smaller
MPDs associated with the proposed model in compar-
ison with the other models expressed as the percentage
(PNSM) also was employed. The smaller the value of
MPD for a given model and particular set of data indi-
cates that the model predicts the fraction of drug dis-
solved closer to the experimental fractional drug
dissolution. In the same manner, the smaller OMPD
which is the average of MPDs of all of the eleven data
sets obtained for a given model implies the accuracy
of the model. For example the MPD values of the
reciprocal powered time and first order models for
pure drug powder (PPD in Table 2) are 10.85 and
45.33 percentages respectively. Also the corresponding
OMPD values of the same models for eleven data sets
are 6.73 and 19.71. Considering the OMPD values the
accuracy of the models in descending order are: Recip-
rocal powered time > log-probability > Weibull >
power law > cube root > first order > square root >
probability > two thirds power. The value of PNSM
higher than 50% indicates that the proposed model is
superior from this respect to the other models. The
higher the PNSM value from 50% the more accurate is
the proposed model relative to the model under con-
sideration. From this stand point the accuracy of the
classic models after the reciprocal powered time
model in descending order are: log-probability >
power law=Weibull > first order=cube root=square
root=probability models > two-thirds power models.
The analysis given above reveals that the proposed
model is superior to six commonly used models with
the exception of log-probability and Weibull models
from OMPD point of view. The corresponding values
of OMPD for the proposed and the latter two models
are 6.73, 7.50, and 7.52, respectively. But the superior-
ity of the model is evident from its higher percentage
of the number of smaller MPDs, i.e., PNSM as com-
pared to the two mentioned models with the PNSM
values of 63.60 and 72.73, which means the model in
seven and eight sets out of eleven sets produces
smaller MPDs in comparison to log-probability and
Weibull models, respectively.

CONCLUSION

The dissolution rate of the water insoluble drug
chlorpropamide can be enhanced via solvent deposition
technique by the use of two grades of water insoluble

but highly hydrophilic microcrystalline cellulose carri-
ers. The carrier with higher hydrophilicity produced
faster dissolution. The higher the ratio of the carrier to
drug the greater is the dissolution rate and a quantita-
tive correlation exists between the ratio and the disso-
lution halflife. At higher pH the dissolution rate of
the drug from preparations is higher. X-ray diffraction
showed some reduced drug crystallinity in SDs, while
IR spectroscopy revealed no interactions between the
drug and solvent as well as the carriers. The observed
differences in the dissolution rates are because of the
reduced drug crystallinity, probable decreased particle
size, increased wettability and reduced aggregation of
the hydrophobic drug particles. Also the reciprocal
powered time model proposed in this study is an accu-
rate kinetic model for analyses of the dissolution data
as compared with commonly used models.
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APPENDIX

According to the Noyes-Whitney law (Noyes &
Whitney, 1897) the dissolution rate, dW , under
. D i dt
the sink conditions is given by:

aw,/ _
/0 =kC,S (Al)

in which £, C, and § are the dissolution rate constant,
solubility of solid drug in dissolution medium and the
effective surface area of the solid at any time, respec-
tively. The integration of Eq. (A1) between time zero
and ¢ as well as infinity, oo, results in:

t
W = kC, [ Sdt
{ (A2)
W. = kC, [ Sdt (A3)
0

W and W_, denote the amounts of solid dissolved up

t oo
to times ¢ and oo. The integrals det and JSdt are
0 0

M. Barzegar-Jalali and S. Dastmalchi

cumultive surface areas exposed for dissolution from
times 0 to 7 and 0 to o. Subtraction of Eq. (A2) from
Eq. (A3) yields:

W.,-W=M=kC, TSdt—_[[Sdt szdet (Ad)
0 0 t

where M 1s amount of undissolved solid at time ¢, and

JSdt is cumulative surface area remaining to be

t
exposed for dissolution from time ¢ to oo.

The fraction of the drug dissolved, F, is given by:

kadet
g w o
W WwWa+M L =
kC[Sdt+kC,[Sdt  (as)
0 t
det
— 0
I3 oo
J.Sdt+JSdt
0 t

The term on the far right hand side of Eq. (A5) in
fact equals fraction of cumulative surface area exposed
for dissolution up to time ¢, Fg. Therefore, the fraction

5
of the drug dissolved equals Fj. Since J.Sdt increases
0

with time and the opposite is true for '[Sdt, it is

t
assumed that the power equations in the forms of

t oo
JSdt =a-t* and ISdt = 4.t~ hold for the cumula-
0 t

tive surface areas in which a, B, 2 and 4’ are constants.
Thus substitution of the corresponding values of the
integrals from the power equations into Eq. (A5) yields:

a~ta a_tu+a'
Fd: n = n
a-t*+417%  a-t“"" 4+ (A6)
6
¢ I

:tl’+gé‘/a):tb+m

where & is the shape factor and equals 4 + 4. Also m
equals /0. Eq. (1) in the text can be readily obtained from
reciprocating Eq. (A6) and subsequent rearrangement.
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