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Preparation and Release Characterization of
Osmotic Granule Drug Delivery System for Nifedipine

Sung Chan Jeong

Department of Polymer Engineering, The Graduate School,
Pukyong National University

Abstract

Osmotic granule system which is one of the drug delivery systems has been
developed to improve manufacturing process and- other problems of tablet
osmotic systems. It consists of water swellable seed layer, drug layer, and
drug release controlled membrane layer and manufactured by fluidized bed
coater. Granule  size, membrane thickness, membrane composition, osmotic
agent amount, channeling .agent type and amount, drug solubility and
dissolution test condition have an effect on drug release from osmotic granule
system. Drug release increased as granule size and membrane thickness
decreased. Also, drug release increased as channeling agent, osmotic agent,
drug solubility and ' dissolution test paddle speed increased. Drug release
increased as hydrophilic compeosition in membrane increased. And porosity for
drug release was differed by the type of channeling agent. From these
results, we assured. that-osmotic granule can be fabricated by fluidized bed
coating methods, and the appropriate release profile: could be controlled by

these factors.
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3-2-3. Higuchi-Theeuwes Pump
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Higuchi-Leeper Pump

Rose-Nelson Pump

Theeuwes Elementary

Higuchi-Theeuwes--Pump

Osmotic Pump

Fig. 1. Development of osmotic drug delivery system.
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Table 1. Comparison

of osmotic drug delivery system

Rose-Nelson  Higuchi-Leeper Higuchi-Theeuwes
. . . Theeuwes
osmotic pump osmotic pump  osmotic pump EoP
system system system
Volume
80 35 3 <1
(c)
fixed backing fixed backing
water repository
salt reposito salt reposito alt reposito
Components P . i P I_ i S P SI_ i .
drug repository  drug repository  drug repository  drug repository
diaphragm diaphragm diaphragm
membrane membrane membrane membrane
No.
6 5 4 2
component
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Table 2. The commercialized OROS® system

Naming Drug the Sales

Alpress® LP prazosin

Cardura® XL doxazosin mesylate $ 552mil. / 2001US
Concerta’ methylphenidate HCI

Covera-HS® verapamil

Ditropan XL © oxybutynin chloride

DynaCirc CR® isradipine

Efidac 24° chlompheniramine

Glucotrol XL ® glipizide $ 283mil./ 2001US

Sudafed® 24 Hour pseudoephedrine

Procardia XL® nifedipine $ 383mil./ 2000US

Volmax® albuterol)
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(a) membrane
(b) drug layer
(c) swellable layer

(d) sugar sphere

Fig. 2. Structure of osmotic granule system.
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Semipermeable drug core Delivery
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Push compartment push compartment

Fig. 3. The mechanism of drug release from the Oros®.
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Drug

\{ release
)

Water imbibing

Semi-permeable membrane

Porous membrane
compartment

before dissolution after dissolution

Fig. 4. The mechanism of drug release from the osmotic granule.
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<—1— Filter Housing
Expansion
Charmber
Product
Container
Lower A+ Coating Cherrber
Plenum 8 : Partition
C : Air Distribution
D : Spray Nozzle
E : Expansion

Fig. 5. Schematic diagram of the fluidized-bed spray coater.
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Table 3. Formulation of swellable polimer layer in osmotic

granule system

Ingredients Ratio (%)
Sugar sphere 19.01
Lactose 12.67
Fructose 3.16
HPMC E5 1.26
KCI 1.53
SiO, 0.28
PEG6000 0.25
Water 17.42
Ethanol 12.73
Acetone 31.67
Total 100.00
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Table 4. Formulation of drug layer in osmotic granule system

_ Ratio (%)
Ingredients
Drug 1 Drug I Drug Il Drug IV
Seed 16.98 9.28 17.05 16.97
Lactose 10.61 11.59 10.65 10.60
Fructose 3.71 4.06 3.73 3.70
HPMC Es 1.27 1.39 1.28 1.27
KCI 0.42 0.46 0.0 0.50
SiO, 0.37 0.41 0.37 0.37
PEG 6000 0.32 0.35 0.32 0.32
Nifedipine 3.71 4.06 3.73 3.70
Tween 80 0.21 0.23 0.21 0.21
Water 12.73 13.91 12.78 12.72
Ethanol 17.83 19.48 17.91 17.82
Acetone 31.83 34.78 31.97 31.81
Total 100.00 100.00 100.00 100.00
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Table 5. Formulation of porous semi-permeable membrane in
osmotic granule system

(%)
M-4
Membrane thickness (0.5%) (1% (2% (4% (1% (1% (1%
Weight of granules

Type of membrane M-1 M-1 M1 M1 M2 M3

(750-850um) 2.90 70.79 54.79 37.73 70.79 70.79 70.79
CA 012 020 031 043 025 030 0.20

Eudragit® RS 018 030 047 065 025 020 0.30
HPC 012 020 0.31 043 020 020
HPMC 0.20
PEG 200 0.12 020 031 043 020 020 0.20
Glycerol 012 020 031 043 020 020 0.20

Triethyl citate” ~ 0.02 0.03 0.05 0.06 0.03 0.03 - 0.03
Water 015 025 039 055 025 0251 0.25
Ethanol 148 254 392 539 254 254 254
Acetone 14.79 2529 39.14 53.90 2529 25.29 25.29
Total 100.00

Yield (%) 97
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Table 6. Coating condition for preparation of osmotic granule

system

Coating condition Swellable layer Drug layer Membrane

Spraying air (psi) 22 20 19
2.1 1.8 1.8

Outlet air flap (%)

Solution flow 10 - 20 10 - 26 10 - 24
Outlet temperature (C) 33 - 29 35 34
Inlet temperature (C) 43 -38 53-38 41-38
Nozzle size 10 10 10
Processing time (h) 7 2 0.7
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HO(H ,CH,CO)w JOCH2CH2)xOH

CH(OCH ,CH,)yOH (T

CH,0—(CH,CH,0)7.,—CH,CH,0—C—CH5(CH)sCH,CH=CHCH ,(CH5)¢CH3

Sum of W+X+Y+2=20

Scheme 2. Structure of polyoxyethylene sorbitan monooleate 80.
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(a) swellable layer

(c) 1.5% membrane (d) 4% membran
Fig. 6. SEM images of the osmotic granule at each step (original

magnification %80).
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80 4 "
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Release (%)

40 4
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0 5 10 15 20 25
Time (hr)

Fig. 7. The mechanism of drug release from the Oros® in 1 wt%
polyoxyethylene sorbitan monooleate 80 medium at 100

rpm.
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Fig. 8. The effect of different size of osmotic granule system on
the release profiles of nifedipine from osmotic granule
system in 1 wt% polyoxyethylene sorbitan monooleate 80
medium at 100 rpm.
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Fig. 9. The effect of porous semi-permeable membrane thickness
on the release profiles of nifedipine from osmotic granule
system in lwt% polyoxyethylene sorbitan monooleate 80
medium-at 100. rom; percentage is solid amount in
membrane coating _solution compared with amount of drug

layer.
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—a— CAEudragit ° RL=1.5:1 (1%)
—e— CA:Eudragit ° RL=1:1 (1%) /i

1—A— CA:Eudragit° RL=1:1.5 (1%) $ '
80+ / E/
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h | ]
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0 5 10 15 20 25
Time (hr)

Fig. 10. The effect of CA/Eudragit® RL 100 ratio in porous
semi-permeable membrane on the release profiles of
nifedipine from osmotic granule system in 1 wt%
polyoxyethylene sorbitan monooleate 80 medium at 100
rpom; percentage is solid amount in membrane coating
solution compared with amount of drug layer.

_43_



100

—&— 2.5% amount of osmotic agent to drug
4—8— 3% amount of osmotic agent to drug
—A— Non osmotic agent
80—
g 60—
(]
[}
3
o 404
14
20—
0
0 5 10 15 20 25
Time (hr)

Fig. 11. The effect of different amount of osmotic agent in drug
layer on the release profiles of nifedipine from osmotic
granule system in lwt% polyoxyethylene sorbitan
monooleate. 80 medium at 100 rpm; percentage is amount
of osmotic-agent_compared w ith solid amount in drug
coating solution.
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Table 7. The solubilities of nifedipine in different dissolution

media
Dissolution medium Solubility qg/ml)
Stimulated gastric fluid (pH 1.2) 10.5
Stimulated intestinal fluid (pH 6.8) 9.7
Stimulated intestinal fluid + Tween80 (1wt%) 255.4
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—— stimulated gastric fluid

100 4—a— stimulated intestinal fluid

80 -

|—®— stimulated intestinal fluid + Tween80 1wt% E

/E

g 60 - /E
3
g A ]
¢ 40- /

b = . /

20 -
0- ‘l?‘ T v T i T b T q
0 5 10 15 20
Time(hr)

25

Fig. 12. The effect of different media on the release profiles of
nifedipine from osmotic granule system at 100 rpm; (a)
stimulated gastric fluid, (b) stimulated intestinal fluid,
and (c) stimulated intestinal fluid + polyoxyethylene
sorbitan monooleate 80 1wit%.
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(a) (b)
(c) (d)

Fig. 13. SEM photographs of the porous semi—-permeable
membrane having different types of porous
semi-permeable membrane channeling agent, (a)
membrane surface using HPC as porous semi-permeable
membrane-channeling agent before dissolution, (b)
porous semi-permeable membrane cross section using
HPC as porous semi-permeable membrane channeling
agent before dissolution, (c¢) porous semi-permeable
membrane surface using HPMC as porous
semi—-permeable membrane channeling agent before
dissolution, and (d) porous semi—-permeable membrane
cross section using HPMC as porous semi-permeable

membrane channeling agent before dissolution (original

magnification : x500).
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(b)

(c) (d)

Fig. 14. SEM photographs of the porous semi—-permeable
membrane having different types of porous
semi-permeable membrane channeling agent; (a) porous
semi-permeable membrane surface using HPC as porous
semi-permeable membrane channeling agent after
dissolution, (b) porous semi-permeable membrane cross
section using HPC as porous semi—-permeable membrane
channeling agent after dissolution, (c) porous
semi-permeable membrane surface using HPMC as
porous semi—permeable membrane channeling agent after
dissolution, and (d) porous semi—-permeable membrane
cross section using HPMC as porous semi—permeable
membrane channeling agent after dissolution, (original

magnification @ x500).
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_ CH,OR OR _

RO
OR

OR CH,OR

where R is H, CHs, or [CH3CH(OH)CH-].

Scheme 3. Structure of hydroxypropylmethylcellulose.
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_ CH,OR

OR

where R is H or [-CH,-CH(CHj3)-OJH.

Scheme 4. Structure of hydroxypropylcellulose.

OR
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100

80 -

~ 60+
S
2
8

5 40+
o

20 -

0-

HPC HPMC
as channeling agent (1%) as channeling agent (1%)

Fig. 15. Porosity of porous semi-permeable membranes w ith
different channeling agent; percentage is amount of
osmotic agent compared with solid amount in drug
coating solution.
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After dissolution

Before dissolution

. . ; . ; . .
0 50 100 150 200 250
Temperature {C )

(a)

After dissolution

Before dissolution

. , ; . . . ; .
0 50 100 150 200 250
Temperature {C)

(b)

Fig. 16. DSC of porous semi-permeable membrane with different
channeling agent; (a) porous semi—-permeable membrane
with HPC before dissolution, and after dissolution, and
(b) porous semi-permeable membrane with HPMC before

dissolution, and after dissolution.
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—&— HPMC as channeling agent (1%)
1004 —e— HPC as channeling agent (1%)

80 4

60 - ¢ P

0. v

Release (%)

Time (hr)

20 25

Fig. 17. The effect of different types of porous semi-permeable

membrane channeling agent in membrane on the release

profiles of nifedipine from osmotic granule system in 1

wt% polyoxyethylene sorbitan monooleate 80 medium at

100 rpm; percentage-is amount of osmotic agent

compared w ith solid amount in drug coating solution.
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