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Preparation and formulation optimization for double-layer osmotic pump con-
trolled release tablets of rhynchophylline

ZHAO Xing-ye',  WANG Ying-hui',  CUI Xiao-ge',  HAO Hai-jun"
(1. Zhengzhou Shuging Medical College, Zhengzhou 450064, China; 2. Technique Center, Shanghai Leiyunshang Pharmaceutical Co., Lid., Shanghai
201401, China)

ABSTRACT: AIM To prepare the double-layer osmotic pump controlled release tablets of rhynchophylline and
to perform formulation optimization. METHODS  With drug release linearity and accumulative release rate as
evaluation indices, single factor test was applied to investigating the effects of PEO N750 consumption, PEO
Coagulant consumption, PEG 4000 consumption and coating weight gain on in vitro drug release, orthogonal test
was used for formulation optimization, and model fitting was adopted in the in wvitro drug release process.
RESULTS  The optimal formulation was determined to be 165 mg for PEO N750 consumption, 55 mg for PEO
Coagulant consumption, 8% for PEG 4000 consumption and 7% for coating weight gain, the accumulative release
rate was 93.36% within 12 h. The in wvitro drug release accorded with zero-order model (r =0.989 5).
CONCLUSION Double-layer osmotic pump controlled release tablets can effectively control the in vitro slow-re-
lease of rhynchophylline.
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ARk, R R il AR R A R A BRRSE
Ft, PEEE A R AR SRR P R
#J 1B Uncaria rhynchophylla (Miq.) Jackson ZEZRL4)
Z—, HABEMRME P AhE s | R
BT 8 LA M 5 B v L 4 O LR R S R
RO, (AR 5638 i 57 £ 18 75 22 2 R 4 25 7 T 4
Fef R 259 B, T B shig R, A5 XA
BEAE . GO0 ESE RS B A LR, BORE R LA T K
B B0, e 4 1 g R ) R0 2L A A R I R 1
(AN

A A S R R R (L) A
ZGREE AT THF9E, KB4 2y 30 min 5 A & M
EMEIFIR FRE, 4525 1 h S FREMERI I B, {E%
HIE N BT 32 B i pH 3158 NAEYEN R
i, TR EEEZ Y WEBSRE AT EEE
a2 P B R il 4%, MK Bhif 312 13t
7, A )E W RBEAE FH AT 245 4 224 50 s R ik
2, HERFESEBRASEAZ E B pH 555
PRI S RER e 45 i B A ™, &
G RERENIN, AT, SRS
XHBUZ B BRI AL T T AT, LAk
I RARE A —FP R | gL AL e il Hh 24 55
1 W8
1.1 % BP2IOD ®HEF R [T HAHZ—,
LRI R AU (dbal) ABRAH]; Agilent
1200 &Y = W AH € 1% AL (& Agilent 24 H] ) 5
ZRC-6FT BU AR 0 A (R A 4 T 4%
A BRAT ) ; TDP-6 BB ML (HFHE
WHIZGHL) ) ; BYC-400 BRI/ A HL (72 T HL
WA R/ ] ) ; BPZ-6120-2B B EL2s T 440 (i
—fERFEER A BR A .

L2 &AM E5%Hy HWEMERZSG (It
PH170210, 4if 98.3% , EXHIRIEADEEA
PR 5 ot B, (HIE5 20161025, 4fifE =
98.8% , IR AEYRHEABRA ) ; PEG 4000
(#it= 113091013, #hE R RER); AL (80
H, fit'5 161110, KEMElL THRAF); RKE
M (PEO, LHgRRBEOAAKEARGRAR); B
FREFHER (CA, HEAERMLAARARAF); 4B
FOHER T THEE (DBP, #tS 201511158, Kl
RIERHTARA R 5 AR (%, L
WAL IR ), EIREREE (LS5 201508T,
WET A T TRARTEAR), OHE, HEE
R taggal; Ha R B el

1120

2 HEE4R

2.1 Shikss A Em e

2.1.1 it Agilent Extend C, (034 (SN 5
2105180, 4.6 mmx250 mm, 5 pum); Vs 2 G-
0.05% — B (10% vKBSTRIE pH 22 7.5 (55 :45);
AR = 1.0 mL/min; F IR 35 C; & 3% K
254 nm; FFEE 20 pL,

2.1.2 MMl e E AR R gl 15
A, R FRE R, BRAN, RS2 AR BUE &R
(29T 1 i &ghism) T 250 mL &I, fImA
25200 mL CJEBHHEEL, WM ER R ZIE, 1%
A)5 0. 45 pm FEALUEMEE U, B 2.5 mL Z2UEW T
10 mL i, WmEhMER R 218, IS,

2.1.3 ZAEXRFRFEE FEEWHL10. 00 mg 54 kb
XA T 50 mL &R, WEHESZRZIE, 15
#] 200.0 pg/mL 78 W, K% &I 2.5 mL T
10mL & i, o M oA E 2B, 18R
50. 0 pg/mLXf MRS, K% EEBGE &, JshAH
Rk 0.5, 5.0, 10.0, 25.0, 40.0, 50.0 wg/mL,
TE “2.1. 17 BEGEFIFT 20 pLlE , DA
Fri i B AR (X)), WETIBUNAARR(Y) AT
M, 45 J5 & 5 Y = 1.100 4X + 0.0214 7
(r=1.0000), 7£0.5~50.0 wg/mL & Bl N L ¢
AR,

2.1.4 k¥ ESE BK (0.5 pg/mL), H
(25.0 wg/mL) . B (50.0 pg/mL) i & ¥k J&
“2.1.37 TURXFRGIA IR, 7E <2.1.17 Wik
PERHEREM E 6 K, AS H RS2 B RSD 4351k
0.16% . 0.09% , 0.09% , WAL %K % B W 4f,
Bt W W, T 0. 2, 4, 6, 12, 24 h TE
“201.17 AR R HEREIE 6 Yk, 1S5k
WS A E RSD 0. 64% , KUIEWAE 24 h WEEE
PERSF, FeE “2.1.37 Wi R AT 4 6 (it
WA, 78 “2. 117 TaGE &0 F dEAm 2,
A B A & RSD M 1.75% , RKMiZ T iLE
HYERL, WAEHBERR 20 &, WMEKETE,
Whan, B & oK, fin A 0.8, 1.0, 1.2 mL
25 pg/ml MRS, P47 3 0y, #F “2.1.17
T i S5 T HERR DU S, DA P B AE [l 3 oy
99.15% , RSD ¥I/NTF 1.63% .

2.2 BFEME  BF 2015 FRT (HE )
PUFRRM 5% 0931 55— (fERL), BB AGRE
K (37+0.5)°C, N 75 o/min, BT A
900 mL pH 6. 8 BERERZZ '™, F0, 1, 2, 4,
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6. 8. 10, 12 h & HUFE 3 mL, HREBURE G Sz BI &N
JEAHRFEARFR pH 6. 8 MR Eh 2% vhil, A dh i it
0.45 wm MHFLIEREAS B2 08, F “2.1.17 Tk
AT HFENE , THE RS A, ShliRIM R
2y,

2.3 HER RS E R R R &

2.3.1 A E N A HAb R e
25.0 mg/ i, PEO N750, NaCl 30.0 mg/F . 1%
FYEE (A EZE 250.0 mg) &, ZEEEE IR
G115, BUE R 90% LB A b, i 18 H i il
b, B TSRS TS 18 Bk, nA
0. 6% iEigMREE (M), R, RS, %200 K
AT,

2.3.2 WiHEE W A Uy = FRBCE AR AL
0.2 mg/ F . PEO Coagulant, NaCl 25.0 mg/F .
A ER (AR EE 150 mg) 45, SEBINRS
Bi5y, WGE R 90% BRI p, o 18 B kL,
HE PR TR 18 Bk, finA 0. 6%
WERRIREE (WM, IREHE), BIfE, X2
ENWES, IMABZBER R PHEZE, 4k
fil, MBENZBE LR RS, AR 6I7E
40~55 N Z[a], $% 200 F&## 7 A,

2.3.3 A FEBEDNEASK 92 ¢ 8 B EL I e i 4
K, FREUEEIRLT4E 2 6.0 g, AP W W T H
0.6 g, AbJrat (AHXT T W2 25 4 22 FH &t i Lo o))
PEG 4000, /%] 200 mL @A EH b, P PEz i n
BRI, KEEKEESECHRE 45 C, &
TR E 8 L/min, T3 45 r/min, BT 45 CHEFE
HRTHEE24 W5, TBERERRFSAZEM .
L EATRZG /ML

2.4 32RFXE GIMWMEELHR, THZEM
PEO N750 &, Bh#fE/Z PEO Coagulant FH &, LK
W PEG 4 000 H i, AKGE (FHXTT Hth B 1)
Fefsil) XHBdR R B A B, TR R
e, DIRRZGZert . BRBRUEZ N EMTahR, ¥
HE A R R FHEE L, 38k, T2l )
7 8 i - 4 B R — B 10~ 12 h, B
FAR R ZG I DU ZIYITE 12 h INFEAR R SE 4,
2.4.1 PEO N750 H & & & % Bk ok H &=
25 mg/ A, NaCl (% #5)2) = 30 mg/ . PEO
Coagulant FH & 60 mg/ /. NaCl (BI#EZ) H &
25.0 mg/ F . PEG 4000 & 8% . A 5.5% ,
#%L PEO N750 HiE 180, 160, 140 mg Xf B2 2k
PEFN BB 52 me, 25 R LI 1, BRI,

% PEO N750 FH ik THEG, SR T s
15 180, 160 mg IR T 140 mg F, {H 160 mg Hf
R LA TEAL,

100

90 -
° 80 +
i 70 7
B 60 4
gﬁé 50 A
Y
Bk ig ] ——180 mg
20 ——160 mg
10 A —— 140 mg
0 T T T T T ]
0 2 4 6 8 10 12

t/h

1 PEO N750 A2 B 252 150 R 5 B R 200
Fig.1 Effects of PEO N750 consumption on drug release

linearity and accumulative release rate

2.4.2 PEO Coagulant I &4 T #1 % PEO Co-
agulant /K5 MK, #ESh & 252 IR B AR L
ERE, WBERERR AR ST, [BE ik
B 25 mg/ A, NaCl (&24)2) i 30 mg/ A,
PEO N750 H#& 160 mg/F, NaCl (Bh#fE)Z) H&
25.0 mg/ F . PEG 4000 & 8% . A 5.5% ,
%% PEO Coagulant 1 #& 70, 60, 50 mg A X B 24
MR R e, 25 DL 2, Bk E]
%ﬂ, 6% PEO Coagulant HETE, BRBEREZ
T . 1 60 mg AR T 70 mg it

100 -

90 A
80

£ 70
60 -
& 50
o
K40 A
B 30 ——70 mg
20 - —=—60 mg
10 4 ——50 mg
0 T T T T T ]
0 2 4 6 8 10 12

t/h

E 2 PEO Coagulant i E X1 #2024 1 R A E R 2200
Fig. 2 Effects of PEO Coagulant consumption on drug re-

lease linearity and accumulative release rate

2.4.3 PEG 4000 & KB F A PEG 4000
AR AR IR BT R R T, IRUEH e R 1K
fiffo LAE R TR 25, BT B ERERA B
AR [ 8 46 e B = 25 mg/l . NaCl
(%2 )2) H&E 30 mg/H. PEO N750 H &
160 mg/ fi, PEO Coagulant H # 60 mg/f . NaCl
(BhEZ) FHE 25.0 mg/H, AR E 5.5% , %
£X PEG 4000 FHH 10% . 8% . 6% I X% B 25 £ v Al
SRR R, SR ILE 3, kT, R
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PEG 4000 F & TR, RIEBEUEZRHEM, 7F 8%
A B2 LRI T 10%

100 4

90 A
80

£ 70 4

‘m 60 4

B

¥ 50

& 40

Bk 0
304 ——10%
20 4 —8%
10 ——6%
0 ; ; . , ; ,

0 2 4 6 8 10 12

t/h

3 PEG 4000 R EX B 22 40 R E R0
Fig. 3 Effects of PEG 4000 consumption on drug release

linearity and accumulative release rate

2.4.4 AUKHGHE [ SR B & 25 mg/h
NaCl (& 2§2) H& 30 mg/H . PEO N750 F &
160 mg/ . PEO Coagulant H i 60 mg/f . NaCl
(BhEZE) HHE 25.0 mg/F . PEG 4000 & 8% ,
ZFAIAKIG T 5% . 6% . T% Bif W R 245 2k A 2
BHOE RS, 5900 4, ka0, BEE ALK
WEE, BALMEY R, MH 12 h FEAKE
Bk Mm%, A SRR 2 TRt

100 q

90
80

& 704

B 60

=

B 50

& 40

B 30 59
20 ——6%
104 —7%
0

0 2 4 6 8 10 12

t/h

B4 SRGEXNRHLMENRRBRMENIE
Fig. 4 Effects of coating weight gain on drug release line-

arity and accumulative release rate

2.5 ERE fERRREFREEM F, %8 PEO
N750 i (A) . PEO Coagulant i (B). PEG
4000 & (C). HLAREE (D) fEHEmHER,
AT Lo(3*) IE3CIAE, HEAKFEWNE L,

PRERNZ B ERERATEL, 6, 12 h R
FUBEHOE 735 L 15% | 60% . 90% NS FHhnife, %
ZEHFITE 1 h RAAAAE LS (L, BUERECH
1), 766 h BB ARG A REALR (L, NERE
H1), TE 12 h BEBHCES (L, FEREHN
1), BEUERER (L, EREHR3), iHH
LA L, AR N L=1 L,-15% | x100x1+ | L,-
1122

60% | x100x1+ 1 L;=90% | x100x1+1 L,~11 x
100x3, L {E#/h, BEARPORBAE, 4R W% 2,

Jr 2T IR 3,

F1 EERERKE

Tab.1 Factors and levels

A PEO B PEO C PEG

(S N750/mg Coagulant/mg  4000/% D BACHT/%
165 65 7 5
160 60 8
155 55 9 7
2 RBHTELER
Tab.2 Design and results of tests
[ECiass A B c D L
1 1 1 1 1 14.6
2 1 2 2 2 16.8
3 1 3 3 3 17.2
4 2 1 2 3 21.3
5 2 2 3 1 19.8
6 2 3 1 2 20.0
7 3 1 3 2 22.8
8 3 2 1 3 23.9
9 3 3 2 1 18.4
Ky, 16. 200 19. 567 19. 500 17. 600 —
sz 20. 367 20. 167 18. 833 19. 867 —
K3j 21.700 18.533 19. 933 20. 800 —
R; 5.500 1. 634 1. 100 3.200 —
=3 HAESW

Tab.3 Analysis of variance

IS BT A F 18 Py

A 49.389 2 26. 813 <0.05

B 4. 096 2 2.224 >0. 05

D 16. 249 2 8. 821 >0. 05
C(1R%) 1. 842 2 1. 000 —

T Fy05(1,2)=19.0,

HI28 2 AT, 25 IR RS R AR A>D>B>
c, wthtJdr N AB,C,D,, Bl PEO N750 JH &
165 mg/ fi, PEO Coagulant H & 55 mg/f, PEG
40005 8% , FUACHIE 7% . g3 5, HEA
(PEO N750 FHE) X84 T B 02 18 385 I8 18 B8 1 14
SMNEZA I BRI (P<0.05)
2.6 MIMEEHHTRE i “2.57 WFLILAL
il e 3 e I A2 B B = B R, 4t 200
R, e BB, S5 R LI S, AT AN R AR
12 h N 1 °F 17 2 BRI y 93.36% o 43 il LA
Higuchi 7Y | SRGAIRY - — ZA Y Xof 4 e il XL )=
BERER R RSN AT RIS, RN E YR
RIIA R (r=0.9895), HFEN M/M, =
0.076 3t+0.081 1, Hr M, Jy ¢ W] 5 B Gik
FE, M, Foo W] S RFRRERLRE , ¢« SHSH]
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