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(pH=6.8), n=5)

- vii -



Preparation and Release Characterization of

Osmotic Granule Drug Delivery System for Nifedipine

Soo Young Lee

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 a water swellable seed layer, drug layer, and
membrane controlling drug release and manufactured by fluidized bed coaing
method. The osmotic multi-layered granules composed of sugar, various
excipients, such as hydroxypropyl cellulose (HPC), lactose, fructose, cellulose
acetate (CA), and Eudragit® have been successfuly developed for purpose
delivering Nifedipine(ND). ND tablet dosage forms of Adalat® (Bayer) are
commercialized systems.

Hydrophilc swelling agnet, Granule size, solubilizer, membrane composition,
and hydrophilic channeling agent had an effect on drug release from osmotic
granule system. Drug release increased as granule size. Also, drug release
increased as channeling agent, drug solubility. Drug release increased as
hydrophilic composition in membrane increased. 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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shel, BEIA W Fepalrielsl WASE ojeese Fuatud

* Higuchi-Theeuwes X
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o webr of=o] WEFe Wsk= Aol wEl dAsHA WEA
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FAsh 1Y G2 BAN BAAES o &3k HA ALg

* Elementary Osmotic Pump (EOP)

AAR AFEZS o8t GEWNE HS FY9HeE &5 d
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2+ Table 2220 Y A= AAdE YAHAP =l A= Procardia
XL®, %, olrle}, duoaEe Adalat™)< HIE3}e], Minipress XL
(prazosin) 2} Acutrim® (phenylprophanolamine), Volmax™
(salbutamol), L %ol glipizide, diltiazem, verapamil, gemfibrozil,
methylphenidate HClZ} isradipine & &3S SFEE9 MG AH O

2 89T Ao
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U EOP 7|2 AdiAog 7H874d &g, = 2-5 wth °]’de] &3
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Ho}.(Figure 1-8)
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Table 1. 542 o] &8 F=dr2d 9 HAAS

Higuchi-Th
Rose-Nelson Higuchi-Leeper 1guciu-Lheeuw

] ] es Theeuwes
osmotic pump osmotic pump .
osmotic pump EOP
system system
system
Volume
80 35 3 <1
(cr)
fixed backing fixed backing
water
it 1t it
Component repost o.ry satt repostiory salt repository
salt repository drug ) drug
] ] drug repository ]
drug repository  repository X repository
diaphra diaphra, diaphragm
phragi RYL membrane
membrane membrane membrane
No.
6 5 4 2
component
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Table 2. 48 3l¥ OROS® system ¢ Z%&

Naming Drug the Sales
Alpress® LP prazosin
Cardura® XL doxazosin mesylate $ 552mil. / 2001US
Concerta” methylphenidate HC1
Covera-HS® verapamil
Ditropan XL" oxybutynin chloride
DynaCirc CR"® isradipine
Efidac 24" chlorpheniramine
Glucotrol XL® glipizide $ 283mil./ 2001US
Sudafed” 24 Hour pseudoephedrine
Procardia XL°® nifedipine $ 383mil./ 2000US
Volmax” albuterol)
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I I I |
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I e
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c=0 c=0 I I I c=0 C=0
| | OCH, OC,H, c|> or | |
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E RL NE - 30D

Figure 1-1. ©}% 3% Eudragit® ¢ 5.
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Figure 1-2. Z® 7|9 F5{F. (a) FAY Z"H AlL&EH= A=Z”HY] (b)
HHo AYH vEZe S&HE FFFABI
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A8k3k JjedS2] 9ko]l2 Na*, H*, K-

/" Resin Resin
: ] + Na I . + Drug’
g o + -
' S0, Drug 504"Na
b
S, o] 213 2] beads
/ """"""""""""" Drug”
hyl cellulose®} e T
3 7 e = Tz
ethyl cellulose= bz gl ok

Figure 1-3. o] 2x&o] o3 8 W& B4
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Figure 14. Rose-Nelson &
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Figure 1-5. Higuchi-Leeper 3 3
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Osm otic .
Semipermeable drug core Delivery

mem brane orifice

b, o e —
\ ! T
N e

Polym eric Expended
Push compartment push compartment

Figure 1-8. Push-pull LayerS AYE Oros®7]&< o] &8 A9 #

E BAx
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g mRA) AT AA W} 7] BE Ao] W] BAstE F2
% 4

3, AA WA 7F835t | ekEo] AA o2 wEsiA "o

o
=

2.3. A8 2 A¢F

2. 31. &

o

B Aol ARE3 e oFES]

i)

H

°} U tAe 2474 zolol we &3
ol Holm=E, dokE (344, =), UNIQUE CHEMICALS (India,
Panoli), Sanyo Kagaku Kenkyusho (Japan)®] A< Zt7} #9135te, §al=
e A O 7HE F2 235 2 UNIQUE Ao A& AHE-3H
t}. (Figure 2-3)

o WA/ A EXHS

g W4 BEAOIY, AYAZ ALY 5
Ae BEA] EAH 10K g/mole & HPMC(hydroxy propylmethyl
celluose)= HPMC 606°]& #|#S FdokE (34, d=)ollA FYs+o
AHE3 A, HPMC E58k= Al5FS NISSO (Japan)Abell A FHste] A&
Stk T AEL 5D BADS AT 5Y EANE AR 2A0
b QA7 Asn Qe QA ol Do ARAZAY A8 A e
A3 & BHAo A 30K PVP(polyvinyl pyrrolidone)®} &X}=F
10K¢l HPC (hydroxy methyl cellulose)> Sigma Chemical Co. (St.
Louis, MO, USA)AFe] A& A}&-3F3Th

rr

2. 3-3. A5 A
AEQ fu Edo|WA AF FoldFS FYste Wi Abka}
(Seoul, Korea)®] A& AH&-3tATh 279 A7 o] WS ah Alo]=
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} % Aol 28 FHE QA W50 UF AAE A4 wges
Pharma Line(33)Ake] A& TAsh] AHS3Hh AR fushe o
21 KCl (potassium chloride) Junsei Chem. Co. (Tokyo, Japan)At&] A
< AHEsEA A, AFRESE il 2249 A9 S AEY i EdolwA Fo
FAE EIAZ AHEE F9S Sigma Chemical Co. (St. Louis, MO,
USAVALS) A ALS ST 7t 74 ARTe AgEe i AAF) 9
A AHEE AdAl= ¢4 AW HPMCS PVPS AME-341 a1, Sigma
Chemical Co. (St. Louis, MO, USA)ollA F+43tod AE-3FH T

o

2.

S

434 wE

O FHAA =Y BES Aost=d 424 = o
42 398 wt% o oME T&EE Ze EAE 30K g/mole ¢ CAE
Aldrich Chem. Co. (Milwakee, USA)} Eudragit® RL-2 Rhom GmbH &
Co. KG (Germany)Ate] A& ARESkAT wds ZEIHY =& &7
A CA9 7}AA R triethyl citrate (TEC)E Yakuri Pure Chem. Co.
(Osaka, Japan)Ale] 21 AM&3l413L, Eudragit” RLO 7FAAZ Bz}
200 g/mole %1 PEGE Showa Chem. Ind. (Tokyo, Japan)AFe] A& A&
SAT deEs -8 Asi v 348 =42 aw SEA 22 E
gZto] = (Sodium Starch Glycolide, SSG)E Showa Chem. Ind. (Tokyo,
Japan)Abe] A& ARESIAL, 9ty IHEHE AMRE SgAEH
AgAclHA ¥ FAJEZQJ HPCE samchun pure chemical Co., LTD.
(Korea)AFe] A Sigma Chemical Co. (St. Louis, MO, USA)AFY] A&
AH-&-SF AT

[o1 R
= =

12
ofr
rr
ot

2. 35. 3 A 2 HI}A

ofEo] 7hgsle] 7247 g ARE Hole F /A AW AV} FE
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Ao g ALEEJASH, AA Bl o] 24 AAEAGA 9
AEQ ZY A v Z=E# o] E (Tween 80)= Junsei Chemical
Co., Ltd. (Japan)AtS] A& Ao, & o] AHGAAAN &F 252
Ao °]E( Sodium Lauryl Sulfate, SLS)= Sigma Chemical Co. (St.
Louis, MO, USA)AFS] Z1& st AREstATh A=53 GEFY o
dst FHES Hdl 7FAAZ PEG 60005 Junsei Chem. Co. (Tokyo,
Japan)Ate] A& ARESIATE AR AEHS W FEFTH A=EFY
e FAE sl HIFE "olSAlol= (SiO)E Showa Chem. Ind.

(Tokyo, Japan)Ate] Z& ARE-3FATH

2.36. 71 E
Ao o] &H E2 Milli-Q Fs}AIZ:El (Millipore, Molsheim, France)<
o] &, AAstY A&, L 9 BE gsterEy {78l HPLC 5

2 AHgssich

g 53 I¥7] (Uniglatt”, Glatt Co., Germany)
of Ak Are] AL Elol M AgEE S §5F 287 (GPCG 1,
Glatt Co., Germany) (Figure 2-45)% ©o|&3to] A 2#H9 I® HAS
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= §E5ALS I F, AETH o8l AA IFFE vAER=R
HAe FEANE FaF AAolth P §EARL AAsE Bhe
ojefFel F84, S FHEY] AFelH in vito FEADL FE7
of $5% AA FUF §55E $E54L 2T HE Hesm
A 0]-&E o] A3 ‘5%% 7FeAdel e AAE vz wiAs=H 1 =
Aol 3t SEAIF2 FAAZRE FAL &€ AFs= W

3 o

HolH, Ald7]= a%ﬁ A A 7N AxE FHH

= A&sted AAgdd. & A1F7I
TDT-08L (elecrolab Inc., India)S A}&-3tal, &&Fd2 7183 AQ SDSE
1 wt%2 A7Fs 2 290(1 849, pH 6.8)S 900 ml ALg&atgon, A
ZHL &% 37+05 T, HE &% 50 rpmS LA FAI}IAG A=
2 ZF Algvlt 5708 FHIekS AL, 1, 4, 8, 12 2 24 A|Zte] Z+ 1 ml¥
A F 8k ATt (Figuer 2-7)

2. 5-3. HPLC 2444
£2 A% F 9e AT e HPLCE 245 W2 ASS sk

BEAd AM¢® HPLCE AEAZ<14E (A3, Dynamax®™, Houston,
USA)$} €13 3= (SD-200, Dynamax”, Houston, USA)S.2 FA4 = o] 9
1, "oleE Agsty] fg Al&Ee HEIZE2000 (V. 42)S AFHE-SHS
th. FES HZ387] Y8 UVHZ7] (UV-1, Dynamax”, Houston, USA)
E AFEEYa, UVHES 350 nmz A8t 2o Alsd Ade
ODS-3 CP (GROM-SIL, 10 ym x 250 mm x 4.6 mm, GROM Co.,
Germany)S AF&3IA T o542 &, oA EYUEHY 3 : 79 HZ A X3}
of AHESIAR, 2SHEHVIE ol&std 7% ¥, 045 um 27]9
PVDF(polyvinyldifluoride) 2 &#] Z¥ (Millipore, USA)Z of3}ste] F
vt on, 183 o5 #5452 05 ml/minS2 =43}t
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2.54. FF B4 2 ZEHZFAH A

ey xF4 1
g/mle] s=2 Ax F, HPLCE |83t #4353t ?éom E%Zﬂ

CERIEE A0

Y (012 A)=AxX (5%)+B 3)

o] oz AAsPon o] oy FEY FLE AYIAULS =,
Iy W7ol de =9 FES AA-s] fel JJr 0.1 g& 100 ml2] o
-

Ho] 23 9E47] (Sonics & Materials Inc.,, CT, USA)E ©] &3}
SIAZ ¥ 045 um 2719 AWA BE (Millipore, USA)Z o] 7}-3}
2] FH3ste] HPLC A48 =3l 1 48 AAs9Y. g

2o £t §34 A9 598 PHo= At

=
AR FRAESH Fe2F, WERY Hog IHEo Axd
AFAZE G2A AR EHO Axd TTA §ELS

Microscope(SEM, Model: S-2250N, Hitachi Co., Tokyo, Japan)S ©]-8-3}
o FHE #FsIAH SEMS S48t 98 dHS 5% ol A3

T, B g 7IAQ of22 TtAE 3

F75e 12 30% B9k gre Fooz
SAZRS e

Scanning Electron

FE WES Aclsttd /g 2 4TS st BEATe] UYe SHE
2 g%y Aste] TP AYA FIG 2YL AL GIPGE A
zaar. 27 B o APAE TeSE AT 84S 47 4
cmel BZE SEY AAY 8 mE AHYL, UM FAF AeoH &



2 A AR ShEAYe AF Fo] 60 TolA 7Fgste] 24 A1 7Hs9
ZELUE AASAY. a2 gF3AdTe] g FAHS A5 98l
THTE SO 37405 ToAA €& AFS A3, 85 & &
SHE AA] fJa] A2olA 24A12F Bt BT gAY o
TEE o FTEE ol&d Adein. dEE (o=

e = (Vr-Vm)/Vr 4)
o] Aoz AEE stRoH AV|AN Ve Ao BERY| B3, V2

8239 B4 F9E depin vy

Q = (We-Wp)/Ww ©)
9] Aoz FAHE Fi9 FFEE ol 85l AT & Atk A7 Q
T T8 FTE W &= A3 AT FA, W &2 ¥ A=
" g3 FA ot

2. 5-7. A AAF4Q AE

AzE FHBo AFIHAHL AP Yl AxE Ao 14Y =
G2l BAstanh hE 3 B AH2 flolA 71<d in vitro
Aot A3 o R ddSs FASAH

2

A

3. 49 ¢ 1%
3.1. U535 AHY Ax A7

A el Y 28 #A-S AX Y2 Figure
2-8 A B 4 e AXME o= 950 ~ 1000 um Z7]9] LS F3 9
e At Uadas x@ste FEIT= 474 A, U4
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Table 2-1. &3] H7}

B 254 LEA GE W=D

weight (g)
Ingredient
seed drug I drugll |membrane
Amounts of
800g 600g 600g 600g
each step
Lactose 640¢g 680g 680g
Fructose 174.9¢ 1749¢g
HPMC E5 180¢g 87.6g 6g
PEG 6000 20g 3g 3g
Nifedipine 174.9¢ 174.9¢
PVP K-30 87.6g
CA 9¢g
Eudragit® RL 6g
Glycerol 5¢g
PEG 200 5g
TEC 0.8¢g
Water 600g 300g 300g 11.76g
Ethanol 450g 900g 900g 117.6g
Acetone 1050g 2320g 2320g 1176g
Solid amounts | 1640g 1720.4 17204 621
Yields (%) 86 87 82 98.5
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Table 2-2. ¢ EF9 =Z7]|d WE v F=A.

weight (g)
Ingredient
seed drug I drugll druglll |membrane
Amounts of
800 400 600 800 600
each step
Lactose 640 680g 680 680
Fructose 60 174.9 174.9 174.9
Kl 47 20 20 20
HPMC E5 180 180 180 180 6
PEG 6000 20 3 3 3
Nifedipine 174.9 174.9 174.9
CA 9
Eudragit® RL 6
Glycerol 5
PEG 200 5
TEC 0.8
Water 600 300 300 300 11.76
Ethanol 450 900 900 900 117.6
Acetone 1050 2320 2320 2320 1176
Solid amounts| 1747 1632.8 1832.8 2032.8 621
Yields (%) 98 % 97.6 % 96 % 95.4 % 98.5 %
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Table 2-3. &5 A7E 718849 v & e WjFzA.

Ratio (%)

Ingredients
Seed Drug I DrugII membrane
Sugar sphere 20.04
Seed 17.04 17.04
Lactose 11.19 9.82 9.82
Fructose 3.07 3.59 3.59
HPMC E5 1.44 1.52 1.52
KCl 1.51 0.35 0.35
SiO; 0.2 0.21 0.21
PEG 6000 0.31 0.35 0.35
SDS 0.2 1.18
Nifedipine B 5
Tween 80 0.25 0:25 1.12
CA 1.08
Eudragit RL 0.63
HPC 0.23
PEG 200 0.40
Glycerol 0.40
TEC 0.10
Water 16.86 12.99 12.99 0.90
Ethanol 12.79 15.64 15.64 8.96
Acetone 32.59 3429 | 3331 86.18
Total 100.00 100.00 100.00 100.00
yield(%) 95.2 96 95.7 98.1
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Table 2-4. T84 BHEHAN AF4 EIAH 229 o B#E W

z2.
Ratio (%)
Ingredients
Seed Drug mem. | mem. [ mem. ]Il
Sugar sphere 20.04
Seed 17.04
Lactose 11.19 9.82
Fructose 3.07 3.59
HPMC E5 1.44 1.52
KCl 151 0.35
Si0; 0.2 0.21
PEG 6000 0.31 0.35
SDS 0.2
Nifedipine 3575
Tween 80 0.25 i 2 1.12 1.12
CA 1.08 1.08 1.08
Eudragit RL 0.63 0.63 0.63
HPC 0.23 0.68 1.33
PEG 200 0.40 0.40 0.40
Glycerol 0.40 0.40 0.40
TEC ~010 | 010 | 010
Water 16.86 12.99 0.90 0.90 0.90
Ethanol 12.79 15.64 8.96 8.96 8.96
Acetone 32.59 34.29 86.18 85.73 85.08
Total 100.00 100.00 100.00 100.00 100.00
yield(%) 95.2 96 98.1 97.6 96.3
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Table 2-5. =¥ =7

Conditions
Outlet temperature 30 T~35 C
Inlet temperature 32 T~40 C
Inlet air pressure 2.0~2.1 Torr
Spray air 1.2~2.4 Torr
Flow 8~20 ml/min
Partition height 15~20 mm
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CHEMICALS (India).
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Figure 24. 5% I ® 7| (GPCG-1, Glatt, Germany).
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Figure 2-7. &% A -3¢ tF3 9 A2 (@ Ysidd #& A
€& 25, (b) HEHAE &5 F 24
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Figure 2-8.
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(a)

(d) (e) (f)

Figure 2-9. 92 H|&¢ HPC’} 7td f34 wFEHe &5 A
SEM ©|"|X|. (a),(d) HPC 6%, (b),(e) HPC 15%, (e),(f)
HPC 26%. (original magnification : x500).

_52_



(©)

()

Figure 2-10. ©& H| &9 HPC/l #7lE o34 WEZHY §& F
SEM ©]"|Z]. (a)(d) HPC 6%, (b),(e) HPC 15%, (e),(f)
HPC 26%. (original magnification : x500).
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Figure 2-12, &3 9 F7o & 59 WE 75, (H; 800g bead,
A; 600g bead, @; 400g bead ; dissolution media are
artificial intestinal solution. (pH=6.8), n=5)
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Figure 2-13. &4&Z0] % SDSE H|&o] wWE FE9 WE AF.
(l; 0.5% SDS, @; 3.0% ; dissolution media are artificial
intestinal solution. (pH=6.8), n=5)
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media are artificial intestinal solution. (pH=6.8), n=5)
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