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Dissolution Behavior of Chlorpropamide Polymorphs!?

HARUHISA UEDA,* NAokl NAMBU and TSUNEJI NAGAI

Faculty of Pharmaceutical Sciences, Hoshi University,>
Ebara-2-4-41, Shinagawa-ku, Tokyo 142, Japan

(Received April 28, 1983)

The dissolution profiles of chlorpropamide (CPM) polymorphs, especially the metastable
form II reported by Al-Saieq et al., were investigated kinetically in detail by a dispersed amount
method and a stationary disk method in comparison with those of the stable form. Form II show-
ed a dissolution phenomenon involving simultaneous phase change from metastable form to stable
form during dissolution. The saturated concentrations of metastable form II and stable form A,
C,.. and C,,, the rate constant of the crystallization process K, and the dissolution rate constant,

sm s0%

K,, were calculated by the stationary disk method.
By analyzing the values of C,, and C,, obtained at various temperatures, the transition

s0

temperature and heat of transition were determined. Further, the activation energies of
crystallization and the dissolution process were also determined by Arrhenius plots of K, and K,
obtained at various temperatures.
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In a previous study,” twe polymorphic forms of tolbutamide were characterized, and
their dissolution rates were investigated in detail. The present work extends the investigation
to chlorpropamide (CPM), another member of the sulfonylureas. Simmons et al.> reported
that chlorpropamide had three polymorphic forms, which showed slight differences of dissolu-
tion rate but the same bioavailability in beagle dogs. On the other hand, Burger® suggested the
existence of five polymorphic forms and one crystalline benzene solvate by thermomicros-
copy, infrared (IR) spectroscopy and differential scanning calorimetry (DSC). Al-Saieq et al.”’
independently reported the preparation of five polymorphic forms of chlorpropamide. Two
of these forms had not been previously reported. Four metastable forms have faster
dissolution rates than the stable form as determined by the rotating basket method of U.S.P.
XIX.

However, little work has been done on the dissolution behavior of these polymorphs.
This paper deals with the dissolution behavior of these polymorphs as determined by the
dispersed amount method and the stationary disk method.

Experimental

Materials Chlorpropamide extracted from Diabinese® tablets was used after recrystallization from 80%
aqueous ethanol solution. The solvents used for crystallization were all of reagent grade.

Preparation of the Polymorphs——Chlorpropamide polymorphs A, B and C were obtained by the method
described by Simmons ez al.>> Chlorpropamide polymorphs I, I1, I1I, [V, and V were also obtained by the method
described by Al-Saieq et al.” The particles of chlorpropamide used for the dissolution study were those passing
through a 100 mesh sieve (less than 149 um).

Identification of Polymorphs Powder X-ray diffractometry and IR spectroscopy were employed in the
manner described in the previous paper.?

Solubility Measurement by the Dispersed Amount Method——Using a dissolution cell similar to that described by
Sekiguchi es al.,”) an excess of chlorpropamide was placed in 50 ml of HCI-KCI buffer solution (pH 2.0, p=0.1),
which was maintained at 10, 20, 30 or 40°C by circulating constant temperature water in the outer vessel.
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Immediately after the addition, 800 rpm agitation was applied by means of a magnetic stirrer. Aliquots of the solution
were taken at appropriate times, filtered through a membrane filter (pore size, 0.2 um), and diluted, then the
concentration of chlorpropamide was determined by the ultraviolet (UV) absorption method (233 nm).

Procedure for Determination of the Dissolution Rate The dissolution rate was determined by a stationary disk
method, using the apparatus described in a previous paper.!® A 250 mg sample was compressed in a cylindrical die
with a Shimadzu hydraulic press for KBr tablets for IR spectroscopy. It was confirmed by X-ray diffractometry that
no phase transition took place during the compression. The compressed disk was not ejected from the die, and the die
cavity was stoppered. The die carrying the compressed disk was set on the dissolution apparatus so as to make the
disk face the stirrer. Every experiment was done under the following conditions: deionized water as the dissolution
medium; at 10, 20, 30 or 40 °C; 50, 100 or 300 rpm stirrer velocity; 1.3cm diameter disk of sample compressed under
200 kg/cm?. Two ml of the solution was taken at appropriate time intervals and diluted, then the concentration was
determined from the UV absorption at 231 nm.

Results and Discussion

Dissolution Behavior Observed by the Dispersed Amount Method

Eight polymorphs could be prepared as described in the literature.>*” However, as
reported by Al-Saieq et al.,”’ form I of Al-Saieq corresponds to form C of Simmons, and form
IV of Al-Saieq corresponds to form A of Simmons. Therefore, dissolution rate studies of the
six distinct polymorphs were carried out.

When the six polymorphs was dispersed, the concentrations of form II and form C rose
very quickly and then decreased gradually as shown in Fig. 1. In particular, form II showed a
characteristic convex dissolution curve. In the case of other polymorphs, normal dissolution
curves were observed. The dissolution curves of form II and form C in water obtained by the
dispersed amount method were similar to that of p-hydroxybenzoic acid (involving a
crystallization process together with a phase change from anhydrate to hydrate).!"

As shown in Fig. 2, it was determined by X-ray diffractometry that the transformation of
the dispersed form II and form C to form A was almost completed after a 6 h dissolution.
These results indicated that the dissolution rates of form Il and form C are extremely large
compared with those of other polymorphs, and also that these two metastable forms changed
rapidly to stable form A in water. Thus, it should be possible to determine the dissolution
parameters of these two polymorphs quantitatively by the stationary disk method.

Dissolution Behavior Observed by the Stationary Disk Method
As shown in Fig. 3, the dissolution rate of form II in water did not follow the Noyes—
Nernst equation. The slope of the dissolution curve of form II after transformation

X107
141
=13
=
A 12
©
e 11
=
.2
+~ i
=
g 9 ;-
=4
(=}
© 3 Fig. 1. Dissolution Curves of CPM Poly-
morphs in 50ml of pH 2.0 KCI-HC! Buffer
at 30°C by the Dispersed Amount Method
T _ (§ O, form A; @, form B; O, form C; @, form II; A,
0102030 60 120 6 (h) form III; A, form V. Each value is the mean of three
Time (min) experimental runs.

NII-Electronic Library Service



246 Vol. 32 (1984)

’ wwwj \/\/k J\W\M A |

" L) " WMAJ\‘

2

b, AV,

b W

M‘\&"‘WWM | J MJ\ 5
- b
| ’ 0 20 30
‘WWMAMWJW U Vere /KA‘ 200)
3

10 20 0
20 (%)

Fig. 2. X-Ray Diffraction Patterns of Form II and Form C before and after
Dissolution by the Dispersed Amount Method

1: form II before the dissolution experiment. 2: form C before the dissolution experiment.
3: form A (stable form). 4: form 11 at 6 h after the start of the dissolution experiment. 5: form
C at 6h after the start of the dissolution experiment. Rigaku Denki Geigerflex D-2
diffractometer; Ni-filtered Cu-K, radiation.

accompanying the crystallization was almost the same as that of form A. Therefore, this result
might be due to the transformation from form IT to form A in the initial dissolution stage.
Considering that the diffusion constant of form 1I is almost the same as that of form A, the
following equations for dissolution in the initial stage can be obtained in the same way as
described in the previous paper.'"

dC/dt=K{Cepnexp(— K, )+ C, [l —exp (=K, D]} (1)
C=K(Con— Cll —exp(— K DI/K + K- Cy 7t (2)

C., is the saturated concentration of form II, C,, the concentration at time / which
corresponds to the concentration of form A in the bulk liquid at equilibrium, K, the
dissolution rate constant, and K, the rate constant of the crystallization process.

On the other hand, the dissolution rate of form C in water was represented by the Noyes-
Nernst equation, and it was slightly larger than that of form A. As shown in Fig. 4, this result
seemed to be due to phase transformation when the sample was compressed to make a disk. In
this study form C was gradually transformed to form A when it was compressed under 2
ton/cm? pressure in a manner similar to that reported for barbital polymorphs.'? Therefore, it
was difficult to get a compressed disk of pure form C. Consequently, the dissolution
parameters of form II were determined quantitatively only by the stationary disk method.

a) Effect of Stirring Conditions on the Dissolution Behavior of Form II-———Figure 5
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Fig. 3. Initial Dissolution Curves of Form II,
Form A and Form C in 250 m! of Deionized
Water by the Stationary Disk Method (30 “C,
100 rpm)

@. form II; O, form C; @, form A. Each value is
the mean of five experimental runs.
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Fig. 4. X-Ray Diffraction Patterns of Form C
0102030 45 60 90 120 before and after Compression into a Disk

Time (min) I: form C before compression. 2: form C after
compression. 3: intact form A (stable form).

Fig. 5. [Initial Dissolution Curves of Form II in
250ml of Deionized Water under Various
Stirring Conditions at 30 °C by the Stationary
Disk Method

O, 300rpm; @, 100rpm; A, S0rpm. Each value is
the mean of five experimental runs.

TaBLe 1. Saturated Concentrations, C,,, and C,,, and Rate Constants_
of Crystallization and Dissolution, K, and K|, under
Various Stirring Conditions at 30 °C

Stirring condition C.x 10° C,, x 10* K, x 10 K, x 10*
Sample oy .y
(rpm) (M) (M) (min~1) (min™!)
300 2.52 9.44 9.95 8.37
Form 11 100 2.54 9.44 4.56 4.38
50 2.53 9.44 2.12 3.02
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shows the results obtained for the dissolution of form II under various stirring conditions. All
the parameters in Eq.(1) and (2) for the dissolution process were calculated,'®>'* and are
summarized in Table I. The values of C,,, of form II were two or three times greater than that
of C,, of form A, indicating that form II showed a greatly enhanced dissolution rate in the
“initial dissolution stage. These K, values indicate that the transformation from form II to form
A took place in the initial dissolution stage. Thus, it seemed hardly possible to determine the
solubility of polymorphs by the usual equilibrium method. Therefore, the stationary disk
method employed in this study was used. However, the K, values were affected by the stirring
conditions. This result, therefore, is in conflict with the general concept that the crystallization
process takes place in the Volmer layer on the surface of the solid.!!'> It may be considered
that the crystallization process also took place in the diffusion layer; nevertheless, it seems
difficult to explain exactly the change of K, values with stirring conditions.

b) Effect of Temperature on the Dissolution Behavior of Form 11 Figure 6 shows the
results obtained for form II at various temperatures. The values of dissolution rate after the
phase change were in good agreement with those obtained for form A at all temperatures. The
dissolution parameters obtained are shown in Table II. These values increased more or less
with increase of the bulk liquid temperature.

By plotting the saturated concentration of each form according to the van’t Hoff’s
equation as shown in Fig. 7, the transition temperature was estimated from the intersection
point of the two straight lines, and the heat of transition was estimated from the difference in
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Fig. 6. Initial Dissolution Curves of Form IT in Fig. 7. The van’t Hoff Plots for CPM Poly-
250 ml of Deionized Water at 20, 30, 40 and morphs II and A in Deionized Water
50°C under Stirring (100rpm) by the S, solubility; @, form II; W, form A.

Stationary Disk Method

¢.50°C; ©,40°C; @, 30°C; A, 20°C. Each value
is the mean of five experimental runs.

TaBLE II. Saturated Concentrations, C,,, and C,, and Rate Constants
of Crystallization and Dissolution, K, and K|, at Various
Temperatures under Stirring at 100 rpm

Temperature

Sample ¢0) C,.x 10 C,, x 10¢ K, x 10? K, x 10*
20 1.79 6.69 2.36 3.49
Eorm II 30 2.54 9.44 4.56 4.38
orm 40 3.12 13.90 10.03 5.43
50 4.15 20.77 20.33 6.31
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TaBLE III. Thermodynamic Values Calculated for CPM
Polymorphs II and A

Transition Heat of Heat of AG
Sampl t ture solution transition 30
ample empera o (cal/mol)
0 (kcal/mol) (kcal/mol)
Form II 4.58
-2, —575
Form A 127 6.96 2.38 37
TABLE IV. Activation Energies, E,, of Crystallization
and Dissolution in Deionized Water (kcal/mol)
Sample Crystallization process Dissolution process

Form 11 13.73 3.89

slope between these two straight lines. The results are shown in Table I11.

The transition temperature was estimated to be 127°C and the heat of transition was
—2.38 kcal/mol. These values of transition temperature and heat of transition from form II to
form A were not confirmed by DSC because the transition temperature is close to the melting
point. 4G for the two polymorphs of chlorpropamide in the present study was about 600 cal/
mol. An enhancement of bioavailability by using form II can be expected on the basis of this
AG if it is possible to prevent the transformation of polymorphs by mean of addition of a
protective colloid such as gelatin or gum arabic.*'®!”) The temperature dependence of K, and
K, at 100rpm stirring gave the apparent activation energies, E,, of crystallization and
dissolution, as summarized in Table IV. The value of E, of crystallization is similar to the data
reported for a crystallization process involving a phase change from anhydrate to hydrate.!?
This result also supports the view that transformation of polymorphs took place in the initial
dissolution stage. The values of E, of the dissolution process obtained seem reasonable in
comparison with reported data on organic medicinals.'?

The above results show that the dissolution kinetics of these polymorphs could be
analyzed in the same way as described for the anhydrate-to-hydrate conversion reported in a
previous paper.'V
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