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Controlled Release of Propranolol Hydrochloride(PPH) from
PPH-Solid Dispersion System-Polyvinyl Alcohol Hydrogel
Hollow Type Suppository

Jeen Hoon Chung, Jeong Yeon Rhie and Young Seon Ku'

College of Pharmacy, Ewha Womans University, 11-1 Daehyundong,
Seodaemungu, Seoul 120-750, Korea

(Received September 30, 1996)

In order to develop the controlled release of a drug from the suppsitories, in vitro drug
release and in vivo absorption in rabbits were investigated. Various suppository forms with
hollow cavities, into which drugs in the form of fine powder or solid dispersion system(SDS)
could be placed, were utilized. The polyvinyl alcohol(PVA) hydrogel as a base, and propranolol
-HCI(PPH) as a model drug were employed. In vitro drug dissolution studies showed that
the dissolved amounts(%) of PPH from PPH-methylcellulose(MC)-SDS and PPH-
ethylcellulose(EC)-SDS reached 100% and 63% in 4.5-hours, respectively. In the relative
strength test for PVA hydrogel, PVA hydrogel became harder and more rigid when the
number of freezing-thawing cycles and the ratio of PVA 2000 were increased. In vitro drug
release profile revealed that the release rate(%) of PPH from PPH-EC-SDS and PPH-MC-
SDS hollow type suppositories were sustained. The release amount(%) of PPH from PPH-EC-
SDS hollow type suppositories was not affected by storage time, but since the use of
hydrophilic MC made PPH diffuse into the hydrogel after it absorbed the water of base, the
various release patterns were appeared as the storage time went by. In vivo absorption
experiments with rabbits showed that PPH-EC-SDS(PPH : EC=1:3) hollow type suppository
delayed the absorption of PPH, significantly. The Cp.. AUCos and MRT of PPH powder
hollow type suppository were 196.37+5.63ng/ml, 1105.26 ng/ml/min and 8.66 min,
respectively. The Cp., AUCyss and MRT of PPH-EC-SDS(PPH : EC=1:3) were 91.30+14.14
ng/ml, 554.69 ng/mi/min, 235.99 min, respectively.

Keywords—Hollow type suppository, Solid dispersion system, Release control, Hydrogel.
Polyvinyl alcohol, Propranolol - HCL, Rectal absorption
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Table I— Three Types of PPHFPVA Hydrogel Sup-
positories”

Type Ratio of PVA Form of
1500:PVA 2000 added PPH
Type 1% 0:1 PPH powder
dispersed in bases
Type 2° 0:1 PPH powder
1:1 in cavity
1:2
1:5
Type 3¥ 0:1 PPH-SDS
in cavity

¥ The suppositories were prepared after 1, 2, 3and 4
times of freezing-thawing cycles, respectively.

P Conventional suppositories

“ Hollow type suppositories

9 PPH-SDS were prepared with various ratios (1:1,
1:2, 1:3, 1:5) of PPH and EC or MC.

J. Kor. Pharm. Sci., Vol. 26, No. 4(1996)

20mgell ABste G ZeTadsswAdERe
2SDS 2 G4t ZeXglsEoAdER 9 ~-SDS
(G zeaal=Ey fANEZ o B JUAE
2ox9 HlEE 111, 1:2, 1:3, L6R 3l Axg
SDS)E B4 FAolct.

ANAel Aee 3249 gAY S ALY FeHdY
2 9000 slol=2A 71 AL 7Fo2dle 13
AN 487R] FA-GHNE WHEsln FeH|deE
1500 : E=H|ELZ 2000 ®l&] 0:1, 1°1, 1:2, 1:
501 stol=g2A|A Zztel] diel AhE F=E 2%
319t} 2% 3-8 hardness durometer type AS
AR s A8 2 4718 10.0X60.0X8.0mme
2 3 o g I

ZIRIZREC] o2 YEAME

Paddle (K P. VI) & #8319t} Stainless steel
wire mesh(sinker)oll AZ3 HAAE ¥ F WE80)
9] g7lugel Ziaetge). HESREE pH74 A4t
g gEA 400 mIE ARSI 3720.5°CE FAI8HHA
50 rpm o2 m¥kskm 10, 20, 30, 458 R 1, 15,2, 3,
45, 6.9, 12, UNZ AR 2 miA PAL AT
& 9mie) )2 B33 w 289 nmolA] FREE &34
slsict.

E7) FEET AE

M Zgmafeg HUYS0{—2-2 Tk 278 &
AEZ7(BAF)E L35 A LA AR E
78 AAANZHeH, E718 AT sddle E7
7} Z19) HE B BIEE Bo olad #HE A
or} B& AHEA Hg 4 A st 2.0-2.5kge]
&7 AR 10mg/ml w=e] it ZRIdeE &
H 2mg/kgs TARIAT. FUFA F 2, 5, 15, 30%,
1, 2. 3, A7l Ao 2HE] oF 0.25mie] RS
AHsIet A F PAL 2000 rpmolA T2 A
B8 3 B4 AR -20°CellA s Ba@sigict.

Mt m2malie 2 IFof Fof L HAFYFH—A
Z2ugd=g AU 0mg B G4 TR I g9
HAZZ o ~SDS(Y4F Z2ZEE  fALERR
2=1:3, gat T2IHEE 0mg THE T35
g = dee FFIAE By A st
FEg HolT2 B3 F 308 H 1,2 3,46, 8ML
of AR 2RE 0.25mIe) AL AU A
¥ & gole 2000 rpmelld 7TEIF RS F o
B9 3% 23 AR 200N ¥% HAsch
Cross over design®.2 EZ7|& Zol® 15U olit9]



_IS.

HAE 1314 T35t
Ro=E ST &

A Z223ge2 % E Drummer™
WS F83te] SRt

HPLCOY Sf5t B &
¥ ESEEE UG Y AT Fo
YA o] JAl T2 Tale o) oFRdw 2wt
e 2 Hleled wyor iyt g4t Zem
FEEe JuT @ ¥ AL ¥Y F 9N Zame

“;'E"g] :]:E_}\]7}- 3’—}\']_0&1?_]5] VuSS Vdarea» CL
AUC, AUMC, MRT % t,, 5 4E&EEF e

EE oldog RE FEeH, Cp.
244 v=8

tonacs AR

0|85} Figure 100114 T3}

0
AUC=| det+%
c*,
A2

AUMC:j(I Py

C
- Cpdt+T - —+
P ).'n

AUMC
AUC

X0
AUC
V. =Cl-

MRT =

Cl=

MRT

T vFA2 AE AR, e v AdA e ¥
& 22|31 A2 terminal phase®] 71€7]A 138t
Atk AUC 2 AUMCE 53 AR 9)atsle
trapezoidal rule® Al4Flch.

23} o
Pit T2 AEE-SDS HE U
o EE5M1 &Y
A4t (solid dispersion system, SDS)e} Az
A3 B2 S48 7R A A3l ok
o] SIS 7153l & ¢ QI 284 oFEQl
At Z2xglsEo] WEAO|E BoE o5 1
AR dAAdEZ s I A4y nEAR tlAAE
225 HAZ 3l Gt Z2ElEE-SDSE Ax
STk A2 F 484 IEQ G TeTass
7} A HAER @ AE T ofjehgol] 2 Zol L A

UM Zamaps

mllll

A
b

m{n rir

SN ZEENSE ST &

303

108 100

amount dissolved (%)
.
4

time (hr)

[} 5 10 15 20
time (hr) ¢

0.5 1

Figure 1— Dissolution profiles of the PPH-EC-SDS
with various ratios of PPH and EC containing 20
mg of PPH in pH 7.4 phosphate buffer solution at
37°C(left). Right curves represent dissolution pro-
file of PPH-EC-SDS in initial period. Each value
represents 3 experiments. Key: ¢: PPH-EC-SDS (1:
1), o: PPH-EC-SDS (1:2), A: PPH-EC-SDS (1:3),
0. PPH-EC-SDS (1:5)
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Figure 2 — Dissolution profiles of the PPH-MC-SDS
with various ratios of PPH and MC containing 20
mg of PPH in pH 7.4 phosphate buffer solution at
37°C(left). Right curves represent dissolution pro-
file of PPH-MC-SDS in initial period. Each value
represents 3 experiments. Key: ¢:. PPH-MC-SDS
(1:1), m: PPH-MC-SDS (1:2), a: PPH-MC-SDS (1:
3), ®; PPH-MC-SDS (1:5)
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Table I—Drug Contents in PPH-EC-SDS with Various
Ratios of PPH and EC

PPH-EC-SDS
Drug : Carrier (w/w) Content of PPH(%)
1:1 47.5
1:2 32.4
1:3 23.3
1:5 15.8

Each value represents the 3 experiments.

Table HI—Drug Contents in PPH-MC-SDS with Vari-
ous Ratios of PPH and MC ‘
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Table IV— Relative Strength of PVA Hydrogel

PPH-MC-SDS
Drug : Carrier (w/w) Content of PPH(%)
1:1 46.9
1:1 28.9
1:2 23.9
1:3 15.8

Each value represents the 3 experiments.
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No. of freezing- PVA 1500 : PVA 2000
thawing cycle 1:1 1:2 15 01

1 - 0.24 0.64 1.00
2 0.18 0.91 1.44 1.91
3 0.91 1.73 2.44 2.98
4 1.44 2.26 3.12 3.96

Each value represents 3 experiments.
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Figure 3 — Release profiles of PPH from the hollow
type suppositories containing 20 mg of PPH powd-
er in the cavity (Type 2) in pH 7.4 phosphate buff-
er solution at 37°C. Each value represents 3 ex-
periments. Key: No. of thawing cycles: <. once,
O twice, O: three times, A; four times

-
=)
T

60
50 -

amount released (%)

0 L . . .

0 )
xoum (hr) 15 20

Figure 4 — Release profiles of PPH from con-
ventional suppositories containing 20 mg of PPH
powder dispersed in the base (Type 1) in pH 7.4
phosphate buffer solution at 37°C. Each value
represents 3 experiments. Key: No. of thawing cy-
cles: ®: once, W twice, ®: three times, A four
times
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Figure 5— Release profiles of PPH from a con-
ventional suppository with 20mg PPH powder
dispersed in the base and hollow type sup-
positories with PPH powder, PPH-EC-SDS and
PPH-MC-SDS (20mg of PPH) in the cavity,
respectively, in pH 7.4 phosphate buffer solution
at 37°C (left). Right curves represent release pro-
files of PPH from a conventional suppository and
hollow type suppositories in initial period. Each
value represents 3 experiments. Key: con-
ventional suppository: +i PPH powder dispersed
in the base, hollow type suppository: x. PPH
powder, A: PPH-EC-SDS (1:3); A: PPH-MC-SDS
(1:3) in the cavity
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Figure 6 —Release profiles of PPH from the con-
ventional suppositories containing 20 mg of PPH
dispersed in the base in pH 7.4 phosphate buffer
solution at 37°C. Each value represents 3 ex-
periments. Key: storage time: O: 0 hr, o: 12 hrs,
A 24 hrs, *. 48 hrs, ©: 168 hrs
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Figure 7— Release profiles of PPH from the hollow
type suppositories containing 20 mg of PPH in the
cavity in pH 7.4 phosphate buffer solution at 37°C
(left). Right curves represent release profiles of
PPH from the hollow type suppositories in initial
period. Each value represents 3 experiments. Key:
storage time: ®: 0 hr, m: 12 hrs, &: 24 hrs, *: 48
hrs, ¢: 168 hrs
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Figure 8 — Release profiles of PPH from the hollow
type suppository containing 20 mg of PPH powder
or PPH-EC-SDS containing 20 mg of PPH in the
cavity in pH 7.4 phosphate buffer solution at 37°C
(left). Right curves represent release profiles of
PPH from the hollow type suppositories in initial
period. Each value represents 3 experiments. Key:
PPH powder: x: 0 hr, PPH-EC-8DS: 0: 0 hr, o;
12 hrs, A: 24 hrs, *: 48 hrs, <¢; 168 hrs
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Figure 9— Release profiles of PPH from the hollow
type suppository containing 20 mg of PPH powder
or PPH-MC-SDS containing 20 mg of PPH in cav-
ity in pH 7.4 phosphate buffer solution at 37°C.
Each value represents 3 experiments.. Key: PPH
powder: X: 0 hr, PPH-MC-SDS: @: 0 hr, = 12

hrs, &; 24 hrs, *: 48 hrs, ¢: 168 hrs
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Figure 10— Plasma concentration of PPH following
a single intravenous injection of (2 mg/kg of PPH)
to rabbits (n=3). Each plot represents mean + S.D.

Table V— Pharmacokinetic Parameters of PPH after a
Single Intravenous Injection (2 mg/kg of PPH) to Rabbits.
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Figure 11— Plasma concentration of PPH after a
single rectal administration of hollow type sup-
pository containing 20 mg of PPH powder (®) and
PPH-EC-SDS containing 20 mg PPH (A) in the cav-
ity (n=3). Each plot represents mean = S.D..

Parameters Mean+S.D. Table VI— Pharmacokinetic Parameters after a Single
Rectal Administration of PPH Powder and PPHEC-SDS

Vs (mi/kg) 19.6+6.3 (1:3) Hollow Type Suppositories (with 20 mg of PPH) in
Vd area (ml/kg) 21.6+8.5 Rabbits.
AUC (ug/ml/min) 872.7+53.9
AUMC (ug/mi) 3623.2+£1197.7 PPH _ PPHECSDS (1:3)
MRT (min) 4.2+1.5 Crmax (ng/m) 196.37+ 5.63 91.30£14.14
CL (mIXmin/kg) 4.6x0.3 fmax (min) 139.99+34.64  150.00+42.43
t1/2 ter (min), 3.2+1.2 AUCy-g (ng/ml/min)  1105.26 554.69
AUCp—4 (ug/ml/min) 560.8+150.7 MRT (min) 8.66 235.99

Each value represents 3 experiments.

Each value represents mean£S.D. (n=3).
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