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The dissolution rate of a drug might have a marked effect upon the absorption of
the drug from a soild dosage form. This has led to an increasing interest to enhance
the in vitro dissolution rate.

Several inrestigators!~® demonstrated that the formation of coprecipitates of relativ-

ely water insoblule druge with varicus water soluble carriers can increase the dissolution
rates and the extent of absorption of hydrophobic drugs.
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In the recently published reports from this laboratory, it was shown that many
pharmaceuticals %! were increased in dissolution rate by forming coprecipitates with
pharmacologically inert, water soluble carriers.

On the basis of these finding, it was decided to investigate the dissolution chracter-
istics of phenobarbital, a poorly water soluble hypnotics, and its coprecipitates with
PVP, under the constant surface area. The dissolution rate of non-disintegrating
disks of pure allobarbital and of allobarbital-PVP coprecipitate were measured by
rotating disk method in 200ml of 0.005M acstic acid medium(pH 3.05) under the
constant surface area at 150r.p.m. and the various temperatures (25,37, and 50°C).

X-ray diffraction study was carried out for allobarbital test systems in an attempt

to clucidate this physicochemical modification.

EXPERIMENTAL

Materials—The phenobarbital, polyvihyvinylpyrrolidone of pharmaceutical grade were
empolyed in this study. Ths polyvinylpyrrolidone (PVP) used had an average molecu-
ar weight of about 40, 000.

Apparatus-Dissolution rate tester. Hitachi double beam spectrophotometer, RPM
meter. X-ray diffractometer.

Test Preparation of the Non-Disintegrating Disks Containing Constant Surface
Area-The 1.5cm diamstsr, flat-faced, non-disintegrating disks of pure allobarbital,
and of phenobarbital-PVP coprecipitate containing constant surface area were prepared
by the method describsd in the previous paper.'®

Particulate Dissolution Rate Studies-The dissolution rates for the powder test
prep arations, and the disk preparations were carrisd out by the method in previous
paperi®, ;

Equilibrium Solubility D2termination-Thz eduilibrium solubility of phenobarbital,
1:2 phenobarbital-PVP coprecipitate, and the same ratio physical mixture were also
determined by the msthod describsd in the previous paper'®.

X-Ray Diffraction Study-X-ray diffraction study was carried out using Shimadzu
GX-2B X-ray diffractomster. The target was Cu-tube (Ni-filtered), 35KV, 15mA: and the
detector was proportional counter, 1.7KV for detector voltage.

RESULTS AND DISCUSSION

Studies on the Powder State-The dissolved amounts of phenobarbital, for the 1:2
phenobarbital-PVP coprecipitate and the same ratio physical mixture are shown in Fig.
1 as microgram per milliliter against tims while pure phenobarbital is included as
reference. The dissolved rate of phenobarbital in the physical mixture was slightly
increased comparing with pure phenobarbital and that in the coprecipitate system was
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increased as compared with physical mixture (Fig. 1).
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Figure 1 -Dissolution rates of phenobarbital Figure 2- Dissolution rates of phenobarbital

in powder state. in non-disintegrating disk state at 37°C, 150
Key: -+, pure phenobarbital; 1. p. m.
X, 1:2 ratio phencbarbital-PVP co- Key: -+, pure phenobarbital;
precipitate; . X, 1:2 ratio phenobarbital-PVP co-
A, 1:2 ratio phenobarbital-PVP ph- precipitate.

ysical mixture;

------ , equilibrium solubility of phenob-
arbital,

~~——, equilibrium solubility of 1:2 ph-
enobarbital-PVP physical mixt-
ure,

—-—, equilibrium solubility of 1 :2 ph-
enobarbital-PVP coprecipitate, -

This result indicates that the mere presence of PVP in the coprecipitate as compared
to the physical mixture is not responsible for the enhanced dissolution rate of pheno-
barbital. Accordingly, it may be proposed that a high energy form of phenobarbital
most proably amorphous in nature is formed as a result of coprecipitate system.

Studies on the Non-Disintegrating Disk State-The "dissolving particles could be
changed in the powder state and the surface area might be changed as the time passes,
and thus the comparison of the dissolution behavior was evaluated from the flat-faced,
non-disintegrating disks of drug alone, and of coprecipitate with PVP under the
constant surface area. The dissolved amounts of phenobarbital under the constant
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surface area only for the first 40 minutes are depicted in Fig.2 as mole concentration
against time. The rate constant of dissolution, k, at 37°, 150r.p.m. are 8.75x107¢
M/min in the pure phenobarbital disk and 5.35x10-*M/min in the 1 : 2 phenobarbital-
PVP coprecipitate respectively. The rate constant of dissolution of phenobarbital was
increased about 6-fold from 1 : 2 phenobarbital-PVP copreczpltate disk by comparing
that from pure phenobarbital disk.

However, the physical mixture disk was disintegrated after short time during the
experiment and the surface area of the dissolving particles were not held constant, the
dissolution rate experiments could not be carried on. The disintegration of the disk
was brought about in the physical mixture, in contrast, was not in the coprecipit-
ate. In other to say, the phenobarbital and PVP act respectively in the physical
mixture, while, the two components act in a unit in the coprecipitate.

Therefore, it is suggested that there may be binding forces between phenobarbital

and PVP.

8 ar
~ Y
e e L
x x
3t
- > o
9 &
> >
= g 21|
8 4 17}
& @
a a
2 I
5 2
% 9 g '
a
o e4]
5 g
Y [ i
. 10 20 30 40
MINUTES MINUTES
Figure 3 -Dissolution rates of phenobarbital Figure 4 - Dissolution rates of phenobarbital
from phenobarbital disks at 150 r.p.m. from phenobarbital-PVP coprecipitate disks
Key: x, at 25; at 37°, at 50°. at 150 r.p.m. Key: x, at 25°,; -, at 37°,
at 50°.

Effect of Temperature on the Dissolution Rate-The dissolved amount of phenob-
arbital at various temperatures (15°, 37°, and 50°C) is shown in Fig. 3 and that of 1:
2 phenobarbital-PVP coprecipitate is in Fig. 4. The rate constant of dissolution, k, at
25° was about 4.38x107*M/min from the phenobarbital, 3.65X107%/min from the 1:2
phenobarbital-PVP coprecipitate, and that at 50° was 1.75x107°M/min from the pheno-
barbital, 7.80%10M/mn from the 1:2 phenobarbital-PVP copreccipitate. The rate
constant of dissolution was increased about 1.9-fold at 25°, about 1.7-fold at.37°, and



June, 1978 : : %A & FH zx 0 - 15

about 1.5-fold at 50°. The rate constant of dissolution was increased about 1.9-fold at
25°, 1.7-fold at 37° and 1.5-fold at 50°. ‘The rate constant of dissolution, k, was
high at low temperature. The dependence of rate constant of dissolution of phenobar-
bital, k, on the temperature at 150r.p. m. is denoted in Fig. 5. The activation energy
calculated from the Arrhenius plot (Fig.5) was about 10,600 tal/mol for pure phenob-
arbital and 5,800cal/mol for the 1 :2 phenobarbital-PVP coprecipitate. The activation
energy of dissolution decreased following the formation of the coprecipitates.
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Figure 5 - Dependence of rate constant, k, of phenobarbital
on the temperature at 150 r.p.m. Key:X, pure phenoba-
rbital; 1 : 2 ratio phenobarbital-PVP coprecipitate.

X-Ray Diffraction Studies-Even though the same combination ratio of drug to PVP,
the dissolution rates between the coprecipitate and the physical mixture were differen-
tiated. X-ray diffraction studies were undertaken for the phenobarbital test systems
in an attempt to elucidate this physicochemical midification. The 1 :2 phenobarbital-
PVP coprecipitate and same ratio physical mixture were quite differentiated. The pure
phenobarbital and the physical mixture also showed crystallinity supposedly due to the
presence of crystalline phenobarbital (Fig.6), however, the 1.2 phenobarbital-PVP
coprecipitate did not show any crystallinity, likewise pure PVP (Fig.7). The mere
presence of PVP should not interfere the characterization of phenobarbital present in
the physical mixture by comparing the coprecipitate system.

This result reveals that phenobarbital may be present as the amorphous form in the
1 : 2 phenobarbital-PVP coprecipitate system.
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Figure 6 — Comparison of X-ray spectra
Key: A, pure phenobarbital: B, 1:2 ratio phenobarbital-PVP physical mixture,
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Figure 7 - Comparison of X-ray spectra
Key: A, 1:2 ratio phenobarbital-PVP coprecipitate; B, pure PVP,
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CONCLUSIONS

The present study showed that the coprecipitate with PVP was increased in dissolution
rates and could be summarized ‘as following;

1. The dissolution rates of phenobafbital disk and 1:2 phenobarbital-PVP copreci-
pitate disk are in accordance witl_itheNoyes-Nernst equation.

2. The rate constant of dissolufion, k, of pure phenobarbital and 1:2 (w/w) phen-
-obarbital-PVP coprecipitate under the above conditions are 8.75x107°M/min., and 5.35
X 107*M/min, respectively.

3. The activation energy of dissolution, Ea, is about 10, 600cal/mole, for pure phen-
obarbital, and about 5,800cal/mole, for 1:2 phenobarbital-PVP coprecipitate.

4. X-ray diffraction study revealed that the pure phenobarbital and the phenobarb-
ital in the PVP physical mixture are crystalline, in contrast, there is no crystallinity
in the 1: 2 phenobarbital-PVP coprecipitate.
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