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Correlation between in vitro release and in vivo bioavailability of
Propranolol - HCl from Poly(vinyl alcohol) Hydrogel Suppositories

Ho-Jeong Kim and Young-Soon Ku'

College of Pharmacy, Ewha Womans University, Seoul 120-750, Korea
(Received November 5, 1998)

In order to develop a desirable in vitro release which correlates well with in vivo bioavailability,
hollow type suppository containing Propranolol - HCI(PPH) powder in the cavity and
conventional type suppository with dispersed PPH in the base were prepared. Polyvinyl alcohol
(PVA) hydrogel as a base and PPH as a model drug were used for the preparation of
suppository. The rates of drug release from the suppositories were studied by Paddle method,
Muranish method, Dialysis tubing method and Rotating dialysis cell method. The release
profiles from suppositories using the four different release tests were compared. After a rectal
administration in rat, the mean C,.. of hollow type suppository was significantly lower than
that of conventional type, but T, AUC,-; and MRT of hollow type were significantly higher 1.6
times, 1.2 times and 1.9 times than those of conventional type, respectively. The computer
program was used to simulate plasma concentration from in vitro released amounts of drug and
in vivo pharmacokinetic parameters. Based on comparison of the simulated bioavailability from
computer program with experimental bioavailability in rat we have found out in vitro release
test which correlates well with in vivo bioavailability. Qur results have shown the best
correlation between in vitro release and in vivo bicavailability in PPH-PVA hydrogel hollow type
suppository for the paddle method and conventional type suppository for the rotating dialysis
cell method. In this work we propose that PPH-PVA hydrogel suppository shows in vitro-in vivo
correlation. This data should help to optimize the formulation of the drug and provide a basis
for quality control procedures.

Keywords— Hollow type suppository, Poly(vinyl alcohol) hydrogel, in vitro-in vivo correlation
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Figure 1—Diagram of the suppository release ap-
paratus of Muranish method apparatus. A:Stirrer,
B Metallic net, C:Plastic cylindrical cell, D:Sup-
pository, E: Glass vessie(beaker).
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D

Figure 2—Diagram of the suppository release apparatus
of Dialysis tubing method. A:Dialysis tube, B:
Suppository, C; Lead (Weight 10 g).
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Figure 3—Diagram of Rotating dialysis cell apparatus.
A; Suppository, B: Filter, C:Cell holder, D:Flask, E:

Sampling tube, F:Stirring wing, G:internal phase,
H: external phase.
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Figure 4—Release profiles of PPH from PPH-PVA hy-
drogel suppositories of the conventional(A) and hollow
type(B) using four different methods of pH 7.4 phos-
phate buffer, at 37+0.5°C. Key: ¢ :Paddle method, A
; Dialysis tubing method, ® : Muranish method, X :Ro-
tating dialysis cell method.
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Table I— Constants of Higuchi's and First-order of PPH from PPH-PVA Suppositories

Higuchi's diffusion model

First order release

The method of Suppository
release test type K’ (mg - min~"2) 2 K’ (min™) 2
Paddle Conventional 0.5257 0.9762 4.8363 - 1073 0.9768
Hollow 0.0508 0.9779 5.9878 - 10° 0.9842
Muranish Conventional 0.3150 0.9745 5.2969 - 1073 0.9657
Hollow 0.0297 0.9809 2.7636 - 1073 0.9949
Dialysis tubing Con{rentional 0.0705 0.9787 2.5333- 1072 0.9937
Hollow 0.0006 0.9939 1.8424-107% 0.9715
Rotating dialysis = Conventional 0.5334 0.9376 7.1393-107° 0.9793 -
cell Hollow 0.0203 - 0.9624 57575 - 107° 0.9511
Kt 500 [
log(A—Q')=logA————
g(A-Q)=logA-—— )
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Figure 5—Plasma concentration of PPH after a sin-
gle rectal administration of the conventional and
hollow type PPH-PVA hydrogel suppository con-
taining 4mg PPH in rat. Each bar represents meant
S.D.(n=4). Key: ¢ ; Conventional type suppository, ®
; Hollow type suppository.

Table II— Pharmacokinetic Parameters after a Single
Rectal Administration of the Conventional and Hollow
Type PPH-PVA Suppository in Rat (n=4)

Conventéional Hollow type
Crmax (ng - miI ) 456.25+58.85 263.0+17.09
tmax (min) 97.5+15.0  150.0+34.64

AUCqi2 (ng-h-mi) 159.08+18.48 188.07+28.78
MRT (min) 304.25+35.37 586.25+141.79

T 243 A9 A9 1623, 57 A9
A% 2507ke 2 3 A7) B4 viE < 3.6
QAT Cones B9Y A A9 45625+
58.85 ng - m1oll ¥13] 7 FAl2] B¢ 263.0£17.08
ng-mi"2 % 0.64 Witk MRTE $74% A9
734 304.25+35.37216] Bl& ZF A 7 586.25
+141.792 1.98) Ao, AUC)-.= 538 Ao 3
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Figure 6—Pharmacokinetic model used for in wvitro-
in vivo correlation.
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Figure 7—Real and simulated plasma concentration
curves based on Figure 6 for PPH-PVA hydrogel
suppository using Paddle method. (A) Conventional
type, Key: & .real curve, m K =0.5 A:Kz=1.0, X:
K.=2.0, *;K=3.0, (B) Hollow type, Key: # :real curve,
m KA0.3 AKA0.5 X:KF1.0 % K=2.0.
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K. the first-order absorption rate constant

K : the first order elimination rate constant

F : bioavailability (i.e. the fraction of the dose
that reaches the circulation)

Dy : the administerd dose

V4 the volume of distribution

t : the time after administration
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Figure 8—Real and simulated plasma concentration
curves based on Figure 6 for PPH-PVA hydrogel sup-
pository using Muranish method. (A) Conventional
type, Key: @ .real curve, ®» .K=0.5 A:KF1.0, X:
K.=2.0, *:K.3.0, (B) Hollow type, Key: ® :real curve,
mKA0.3, AKA5 X KaL0, *:K2.0.
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Figure 9—Real and simulated plasma concentration
curves based on Figure 6 for PPH-PVA hydrogel sup-
pository using Dialysis tubing method. (A) Convention-
al type, Key: & real curve, ™ :K=0.5 & .KzF1.0, X:
K.=2.0, *:K=3.0, (B) Hollow type, Key: # :real curve,
®:K0.3 AK05 x:KsL0, *:KA2.0
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Figure 10—Real and simulated plasma concentration
curves based on Figure 6 for PPH-PVA hydrogel
suppository using Rotating Dialysis cell method. (A)
Conventional type, Key: # :real curve, m K =0.5, A
1K=1.0, X :K.=2.0, #:K73.0, (B) Hollow type, Key:
& real curve, m :K0.3, A:K.5 x . KsL0, *: K20
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Table Wl— Bioavailability Parameters Simulated from Four Different Release Tests for Conventional Type Suppository

Hypothetical K, (hr™)

The method of }
he method 0.5 1.0 2.0 3.0
Crax Tmax AUCo—12 Crax Tmax AUCo—12 Crmax Tmax AUCo-12 Cmax  Tmax AUCo-12
Paddle 293.9 3.50 157.1 330.9 2.8 145.2 349.14 2.0 139.0 346.5 1.5 1369
+9.7** +0.6" +4.1 +49.7** +0.5** 3.8 +14.1* +0.0 =+64.2 *13.8" +0.0 =£3.9
Muranish 288.1 3.8 147.6 309.1 2.75 136.9 3155 2.0 129.2 309.3 2.0 126.3
+39.6* +0.5** +21.2 +51.5* +0.5** +21.1 +66.8* £0.0 +22.7 £65.5* £0.0 +22.8
Dialysis 168.1 5.0 110.7 178.7 3.3 92.8 168.8 3.3 85.1 163.6 2.8 2.8
tubing +42.0% +1.2* £17.9** £55.1™ +£0.5" £18.9 +54.8** +0.5** +18.7** +£50.1** +0.5** +0.5"
RDC 369.8 3.7 189.9 441.2 2.3 178.9 469.7 1.8 17.7 468.2 1.8 169.1
+42.8"* +0.6 +21.4 =759 =+0.6 =+21.3 +786 +£0.3 =+20.6 =*79.6 *+0.3 +19.3

a) The unit of parameters was as follow. Cpax: ng - ml_l, Tmax : hr, AUCp-12:ng - hr - ml—1

b) ™represents significant differences P}0.05
¢) RDC; Rotating dialysis cell method

J. Kor. Pharm. Sci., Vol. 28, No. 4(1998)
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Table IV— Bjoavailability Pararmeters Simulated from Four Different Release Tests for Hollow Type Suppository
Hypothetical Ka (hr ™
The method of
rolease test 0.3 0.5 1.0 2.0
Cmax Tmax AUC()—-&Z Cmax Tmax AUCO—»12 Cmax Tmax AUCO—vlz Cmax Trmax AUCO—»IZ
Paddle 235.5 6.0 162.1 243.7 4.5 137.7 2429 3.8 1204 230.4 2.5 110.5
+5.3** +£0.0™ +21.0 *12.7 +1.0 =+87 =+£16.1 +0.50 =*6.7 =+26.0 =*0.6 =+6.7
Muranish 1691 6.0 117.1 180.3 5.0 106.1 1749 4.0 90.7 164.3 3.0 83.5
+31.1** £0.0™ +£9.9 +47.2" +1.4 +8.9 =555 +0.0 =*£13.3 +53.5" £0.0 =*13.1
Dialysis 112.9 7.3 103.9 105.7 6.0 74.4 72.3 6.0 60.3 77.9 4.67 54.2
tubing +26.0 £1.2" +14.9** £32.2** +0.0™ +14.2* +88.4* +5.3* £13.8"* +24. 7" +£1.15"* £11.6**
RDC 2184 5.0 181.1 2343 5.0 136.2 2295 4.0 1139 211.9 350 103.5
+29.0** +£1.4™ =+13.2 £6.1** =*1.41 =+0.38 +1.4* 0.0 1.6 =284 £0.7 =+£1.7

a) The unit of parameters was as follow. Crmax : ng - ml™Y, Ty : hr, AUCoo12:ng - hr - mi !

b) **represents significant differences P<0.05
¢) RDC ; Rotating dialysis cell method
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