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Abstract

Coevaporates of prochlorperazine maleate were prepared using different polymers by solvent evaporation tech-
nique. Ethyl cellulose, hydroxypropyl cellulose, hydroxypropyl methyl cellulose phthalate were used in preparation of
coevaporates. The coevaporates were characterized by X-ray diffraction studies, IR spectrophotometry and Differen-
tial scanning calorimetry. Dissolution behavior of coevaporates was studied using buffer solution with pH 1.2 and 6.8
by half change method. A two level, two factor factorial design was used to quantitate effect of polymers on
dissolution profile of PCPM. Dissolution of drug in pH 6.8 buffer improved with increasing content of hydroxypropyl
methyl cellulose phthalate in coevaporates. © 1998 Elsevier Science B.V.
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Prochlorperazine maleate, a weak base, has
good solubility in acidic pH but in alkaline pH its
solubility is significantly reduced. When a conven-
tional formulation containing weak base is given
orally precipitation of poorly soluble free base
occurs within formulation in intestinal fluid. Pre-
cipitated drug is no longer capable of release from
formulation (Thomma and Zimmer, 1990;

* Corresponding author.

Naonori et al.,, 1991) A possible approach for
ensuring maximum bioavailability with controlled
release dosage form of a weak base is preparation
of ‘coevaporate system’ incorporating a carrier
with solubilizing effect in intestinal fluid which
may operate in the microenvironment, immedi-
ately surrounding the drug particle. This study
was planned to prepare coevaporates of prochlor-
perazine maleate (PCPM) with the objective of
controlling release of PCPM in gastrointestinal
tract. The carrier used for solubilization of drug
in alkaline medium was Hydroxypropyl methyl
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Table 1

Composition of the coevaporates: a two factor, two level factorial design

Experiment PCPM (mg) EC (X)) (mg) PMCP (X,) (mg) HPC (mg)
1 10 10 (28.57%) 10 (28.57%) 5
a 10 30 (54.54%) 10 (18.18%) 5
b 10 10 (18.18%) 30 (54.54%) 5
ab 10 30 (40.00%) 30 (40.00%) 5

cellulose phthalate and the polymers used for
controlling the dissolution rates were ethyl cellu-
lose and hydroxypropyl cellulose.

Coevaporates containing PCPM, (Rhone Pou-
lenc, India) EC, (Colorcon, India) HPMCP and
HPC (Shin-Etsu Chemicals, Japan) were prepared
using alcohol as solvent by solvent evaporation
method (Chiou and Riegelman, 1971) at tempera-
ture not exceeding 55°C. A two level, two factor
experimental design (Davis, 1978), as shown in
Table 1, describes the proportion in which the
polymers were used in preparation of coevapo-
rates. For e.g. coevaporate-1/physical mixture-1
had composition described for experiment (1) in
Table 1. Physical mixtures were prepared by spat-
ulation.

Ratio of quantity of EC to that of drug was
varied at two levels, 1 and 3. Ratio of quantity of
HPMCEP to that of drug was also studied at the
same level of 1 and 3. Percent content of polymers
in coevaporates are indicated in bracket. Coevap-
orates were passed through sieve no. 30 mesh and
used for further investigation.

Powder X-ray diffraction patterns of coevapo-
rates were recorded using Phillips X-ray diffrac-
tometer with a copper target, voltage 40 kV,
current 20 mA, at a scanning speed of 2° per min.
Powdered samples of PCPM and physical mix-
tures were also studied by diffractometry for com-
parison.

The X-ray diffraction patterns of PCPM, physi-
cal mixtures, and coevaporates are illustrated in
Fig. 1. The diffraction spectra of pure PCPM
revealed that the drug was highly crystalline in
nature as indicated by numerous distinctive peaks
in the X-ray diffractogram. The spectra of physi-
cal mixtures showed sharp distinct peaks for
PCPM whereas in spectra of coevaporates the

number and intensity of peaks was reduced indi-
cating partial amorphization of the drug.

Jasco Fourier transform spectrophotometer was
used to obtain IR spectra of the pure drug, poly-
mers, physical mixtures and coevaporates (KBr
disc). The IR spectra of PCPM, physical mixtures
and coevaporates showed all characteristic bands
of prochlorperazine, excluding possibility of any
interaction of polymers with prochlorperazine.

The differential scanning calorimetry (DSC)
thermogram of PCPM, physical mixtures, and
coevaporates were obtained by heating up to
290°C on Shimadzu thermal analyzer DT-40.
Weighed samples were sealed in aluminum pans
and scanned at a rate of 10°C/min. The ther-
mogram of PCPM, physical mixture and coevapo-
rates, showed the melting endotherm for PCPM
(Fig. 2) at 207.6°C. The DSC thermogram of the
coevaporates exhibited broadened endotherm due
to amorphization.

When dissolution of PCPM powder was studied
in medium of pH 1.2, PCPM dissolved to the
extent of 95.84% in 2 h but in pH 6.8 as much as
81.68% of PCPM dissolved in 2 h. No significant
increase was observed in amount dissolved there
after in pH 6.8.

Dissolution patterns of coevaporates were stud-
ied using samples equivalent to 10 mg of PCPM
in 900 ml buffer solution of pH 1.2 and buffer of
pH 6.8 by half change method using USP XXIII
dissolution test apparatus, type 1 at 100 rpm. The
drug content in the withdrawn aliquots was esti-
mated spectrophotometrically at 254 nm on Shi-
madzu UV spectrophotometer, with reference to a
suitably constructed standard curve.

Dissolution profiles of different coevaporates,
studied by half change method are shown in Fig.
3. Based on the dissolution studies two response
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Fig. 1. X-ray diffraction patterns of PCPM, physical mixtures and coevaporates.

parameters were selected for evaluation, (i) #sq,,
time required for 50% of PCPM to dissolve,
which indicated controlled dissolution of PCPM
in initial stages of study, (i) DE, dissolution
efficiency (Banakar et al., 1992) which indicated
extent of dissolution. DE was calculated as

area under dissolution curve

DE x 100

total area

Dissolution profile of coevaporate of experi-
ment (b) exhibited sustained release of 42.80% of
PCPM in 2 h and almost complete dissolution of
94.50% in 12 h. It was observed that lower per-

cent content of HPMCP in coevaporates of exper-
iment (1) and (a) resulted in a greater amount of
PCPM dissolved in the first 2 h, whereas higher
percent content of HPMCP improved dissolution
of PCPM in pH 6.8 buffer and at the same time
checked amount of PCPM dissolved in pH 1.2
buffer. Increasing percent content of EC from
18.18 to 54.54 in coevaporates of experiment (a)
and (ab) did not significantly sustain release of
PCPM in initial 2 h.

Values of ts50, (Y;) and DE (Y,) for these
coevaporates are given in Table 2. Relationship
between the response variables (z5,,/DE) and the
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Fig. 2. DSC thermograms of PCPM, physical mixtures and coevaporates.

independent variables X, (percent content of EC)
and X, (percent content of HPMCP) is described
by including an interaction term in the following
equation.

Y= Bo + Ble + BzXz + B]zXle

mathematical treatment and solving of simulta-
neous equations led to

100
90
80
70
60
50
40
30
20
10

0

Percent dissolved

0 4 8 12

Time in hours

Fig. 3. Cumulative amounts of PCPM released from coevapo-
rates of experiment 1, a, b, and ab.

Y, =0.32—-0.017X, + 0.0245X, + 0.000778 X, X,

(1
Y, =35.85+0.6142X, + 0.6725X, — 0.00889.X X,

2)
where Y, is the f5q, in h and Y, is dissolution
efficiency of the coevaporates. Egs. (1) and (2)
were made use of to construct contour plot which
are shown in Figs. 4 and 5, respectively. Each line
in the contour plot represents number of combi-
nation of percent content of EC and that of
HPMCP in the coevaporates which will have the
same value of 75, /dissolution efficiency.

Table 2
Values of 75, and dissolution efficiency of the coevaporates

Coevaporates of 15, (Y,) (h)  Dissolution efficiency

experiment (DE), (Y,)
1 1.15 65.33
a 0.57 72.74
b 2.11 74.86
ab 1.84 73.09
d 1.69 76.50
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Fig. 4. Contour plots of t, of coevaporates of PCPM.

To test the validity of the design and the equa-
tion derived from it, a combination of indepen-
dent variables X, and X, not studied in the design
was selected and coevaporate of PCPM contain-
ing EC (20%) and HPMCP (48.7%), experiment
(d), was prepared and evaluated for dissolution
behavior. The observed value and calculated value
of tsy, were 1.69 and 1.84 h, respectively, and
those for DE were 76.50 and 71.65%, respectively.

In conclusion dissolution of PCPM in pH 6.8
buffer improved with increased content of
HPMCP in coevaporates. Various combinations
of EC and HPMCP can be selected, from equa-
tions generated by factorial design, to optimize
values of 5y, and DE of coevaporates.
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Fig. 5. Contour plots of dissolution efficiency of coevaporates
of PCPM
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