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Optimized formulation of diammonium glycyrrhizinate sustained-release tablet
by Box-Behnken design
MA Wei, YIN Li-fang, ZHOU Jian-ping, ZHAO Cun-jie
(College of Pharmacy, China Pharmaceutical University, Nanjing 210009, China)

Abstract; Objective To investigate the preparation technique and optimal formulation of diammoni-
um glycyrrhizinate sustained-release tablets and study the release mechanism of diammonium glycyrrhizi-
nate release from the tablet. Methods Using HPMCk4m, Compritol 888 as skeleton material to prepare
the diammonium glycyrrhizinate sustained-release tablet. To optimize the formulations by Box-Behnken
design, and use Design Expert program for statistical analysis of experimental results. Release mechanism
of diammonium glycyrrhizinate from sustained release tablets was established by equation fitting. Results
The average accumulate release rates of diammonium glycyrrhizinate sustained-release tablets in 2, 4, 8,
and 12 h were 32.55%, 49.94%, 73.88%, and 97.89%. And the release of diammonium glycyrrhizinate
could be controlled by diffusion associated with erosion. Conclusion Box-Behnken design could be suc-
cessfully used to optimize the sustained-release tablet of diammonium glycyrrhizinate.

Key words: diammonium glycyrrhizinate; sustained-release tablets; Box-Behnken design
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2.1 HERZEGEBRAME L  RAREGR, K
BAKFBREAMEE, B, 8% ZERNEEN,
20 EIEHIBI,60 CTHR,18 HiF R, MA ISR
SRS, R 12 mm Bk EH R E .
2.2 MEFE
2.2.1 X HR 5 U MR T 4R < N R O B A X B
%20 mg, B F 100 mL B+, MAKER FMEHR
EHFER 1oL BEF1oml BED . MABREE
ZIfE, 0048,
2.2.2 HARERANHS BRHER_EEBR
105,90 BERRARERUHESTHER -
g 40mg), BF 100 mL BIEP,IKER EEH
BRHAEMABRREZE B, BERREEHR
ImL EF 10mL BHP . MARBEZZE,BF.
2.2.3 MERWHE: B(PEA #2005 R
MRV A EH-TT A IENE S, F 261 nm P K4k
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MRGHEFRKER/ HER _&ER AR RME
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B (P I 24 3202005 SR R PR SR RS B OB IR IR O B
FE-BEBEERNE, BHAHN 1000 mL S E
K BER37.510.5) C,8## K 100 r/min. FH§
SE Bt fE] A BURE 10 mL, [R] B 37 %1 %6 5 R 1R R & LAy
BL¥ER)E BEER 3 mL BF 10 mL EMi, in
ABBZEZE, F 252 nm &5 %2 R OCHE ; AL &) 8%
P xt AW, H T 261 nm MW EREEEHE
ARNEMBABRR( AEBRRE=BHBENR
FE 5 / 0 ok Pl ko B 2 VR O TR D BB X (MR R B X B R
HELRKRER/EBRRORAE)].
2.4 ZBMHNHAEREE . RABEELELN
EHENNERENHTER, SHNEAESH
HPMC k4m ,HPMC k15m ,HPMC k100m 3N &
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BRERME, L H L 100 At . HEBR % 22.5
g BEMB 15 g L 6 g EIEME 0.5 g, &t
BER_EBRA.2TF 1.2.4.6,8.12 h BLE, @
EHERUTBREERAERL. TUELIAH
Ew HPMC MBI BB R, MR RBE,
BRAEESHERR L MILEREME RFE
AERPANEREMANERENEEH E5RE
4h W BEHYTZLRBE.
%1 SERARER (n=6)
Fig. 1 Result of monofactorial test (n=6)

REBEE/ %

1h  2h 4h 6h 8h 12h
HPMC kd4m 10.19 18.09 30.84 43.78 56.79 81.04
HPMC k15m 9.92 16.82 29.12 40.54 52.52 75.17
HPMC k100m  8.04 13.03 22.68 31.61 39.31 55.58
WM E M  50.65 73.32 97.19 100.84 100.58 100.03
REEABEH 33.65 62.37 95.43 100.02 99.97 99.63
b 1L 41.98 73.57 101.22 101.05 100.78 100.26
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60%~80%,12h HKF 85% . BERRBF .U
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BHESEPEER BHEREBEHNHTES
# HPMC kdm KB R B, A —E BB LHR
HME RPEAE RN EBERAR YRR A
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REBERAZAAMOHABRIATE A5 ABH
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A—1.0.1, % 2. KFHLBESRBEMRRENR:
A= (HMPC kam & —80)/40;B= (L # 8 H M
B AR —150)/50;C= (LM A& —60)/40,

# 2 Box-Behnken @it AR K ER NS

Table 2 Level and code of variables chosen

for Box-Behnken design

x & e ® B
-1 0 1
HMPC k4m/g A 40 80 120
WM MR/g B 100 150 200
AR/ C 20 60 100
ZEREL RN _REUSBI KBRS

B.Y =cot Zaat To,za, Kb Y HEMWE
{1 B0 5 R 0 TR i A0 2j B
TRAFE co HH BT o HEERLG 6,8 K
FFEHn B AT ARE N 3. B Box-
Behnken MK MG % TR, b ML 3 4R
B3 B PETE AR HEE 15 HRR YT E A
A HERAE 3.
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n
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#£ 3 Box-Behnken it B AR MM
Table 3 Box-Behnken design matrix along

with test values

Rit B E/ %
H®S A B
2h 4h 8h 12h
1 120 100 60 24.71 42. 49 75.67 100,04
2 80 100 20 32.21 54.82 85.38 100. 68
3 80 150 60 30.99  49.32 69.29  87.74
4 120 150 100 21.69  36.49 60.77 71.35
5 120 150 20 19.54 33.22 54.05 65. 84
6 80 200 100 36.13 58.00 82.51 93.21
7 40 150 20 54.30 77.09 100.39  99.97
8 120 200 60 19.11 32.71 52.85  64.90
9 40 100 10 66.67 91.71 100.55 100.26

—
(=]

40 150 100  65.96 93.25 100.01 99. 25
80 200 20 39. 36 62.95 86. 83 94. 77
80 150 60 29. 26 46.91 71.27 87.72
80 150 60 30. 90 47,94 68. 00 84.62
80 100 100 31.56 54.97 84.81 97.55
15 40 200 60 51.79 83. 89 99.77 100.57
WEFE T RB:Y,,=36.95—19.21 A—1.10 B+
1.24 C(R=0.929 8; P<C0.000 1);Y,,=57.72—
25.13 A—0.81 B+1.83 C(R=10.943 3; P <
0.0001); Ye, = 69.52 — 19.67 A — 3.05 B +
0.18 C—5.51 AB+1.77 AC—0. 94 BC+3. 31 A*+
9. 38B?+5. 98 C2(R=0. 985 7;P=0. 002 3);Y 1=
86.69—12.24 A—5.63 B+0.013 C—8.86 AB+
1.56 AC+0.40 BC—3.85 A?+8. 60 B*+1. 26 C*
(R=0.960 3;P=0.025 5), Hn;thmELE 1,
B F R4 AEEERE P EH/MTF 0.05,
RHKF 0.9, ZAHABRBF A BHRE
PERC AT , B o 0 otb 90 SE PR AF 1L
2.6 HEM_EGERANLEHTRALRRIE . UER
FEBEBHEEHSME2h 20%~40%,4 h 40%~
60%,8 h 60%~80%,12h A KTF 85% MR &, 2
HERSAKRA BIEERNKE LRXGHX

o T
O T

A m e Hﬁ‘\

kay, 4(?‘/‘%}41

Ky, 120™ 100 B

B1 2bC(1).4h(1).8h(H) 12 h(N)RREHEHE R ER
Fig. 1 Response surface plot of accumulate release rate in 2 (1), 4 (1), 8 (M), and 12 (V) h
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A:HPMC k4m

B2 4FRENEBENEE
Fig.2 Overlay plot of formulation optimization

EEZREPH—R BARKEHERAN
7K 100 mg, BXK B /K FH 115 mg . R C #y
KA 90 mg, EMRALIE 40T & 3 #E AL oAk
ARTBRRERRER 4, BHER47H2,4.8,12h
B (R b R BURE R B (A0S W B, AR
ZRZHFHWER. TRAEFMELRS Box-
Behnken P.LABGRITHHMER 5HEHRET.
2.7 HERZEZEBABENH MR LR %
MERALTHEHER_GRBN HTER.2
Sk REBH M E, WE 3. HEIBERERAY
REBBHN%ERH#TUE, IRERAY R
MBEER, ERALERS. HXRROBEERTL R
RSB RBLT

GREW,RAULSHE, BRESHESH

24 RURARGFEEHANETRZNE
Table 4 Predicted values and test values

of formulation optimization

RitBHE/%

x 8 2h 4h 8h 12h
big 1i-4 29.79 48.05 73.84 92. 44
LTMHEL 32.05 49. 98 73.82 91.51
LME 2 31.13 47.18 72. 33 87. 60
MME 3 34.47 52. 67 75. 48 89. 54
LMEHE 32.55 49.94 73. 88 89.55
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¥ 60

Eaw

Z 0
0o 2 4 6 8 10

t/h
E3 HER-SARFRULANRRHE (1=6)
Fig.3 Release curve of optimal formulation of diammonium
glycyrrhizinate sustained release tablets (n=6)

25 ARLFPHARCERAATHUAIER 1=6)
Table § Model-fitting parameters for releasing
of diammonium glycyrrhizinate
from sustained-release tablets (n=6)

L B r
Zero-order Q=0.061 3¢+0.215 4 0.986 4
First-order In(100—Q) = —0.18 ¢t+0.006 0.994 7
Higuchi Q=0.2829¢/2—0.0707 , 0.999 5

InQ=0. 583 Int—1.526 9 0.999 3

B Xt . MR8 Ritger-Peppas H B, Y HIE
BUERFNBEOEREX. ¥TEEEHA,H
0. 45<n<<0. 89 B, 2 ¥ F B Bl ) 9 3k Fickian 3
#; X4 n<<0. 45 BF K Fickian ¥ #; 24 n>0. 89 &
FRam. AREREIHEVHSTE.nEN
0. 583, 1. B 2 25 Y7 i B 1 A 3k Fickian ¥ #(, B K
P AT HAERRm &N RER.
3 Wig

Box-Behnken #0041 A& # & Wi iz i 1 R 1L &
kP — Rk, BN T & 440 F B
S EBEEGENRAT. ABTAAGSTEFER
7 HPMC kdm. L& B HMERIABO AR W
HEM_GEBH &0 EARBBBEN _KEH
BEEN EMER BN D ARKERAA
G KB THER _GRBANRELT .S
R % Bl 3% F§ Box-Behnken L4 RIT KL ER
HEL M EEE REEK.

ETEARARERTA, RFEKN HPMC &
BV BEREHBR, Bt A L4 8H MWE
RAHEYHRE. BELHENBRRITNERS
7~ HPMC R I R 7E & B B B A Y I B B
FHMOER MUFRTHEONERREREDH
BREHHAM HPMC kdim B ¥, XFREREHTF
WHEBREWMENRKEEREERE REARR
% 7K 3 FE R A, M T £ B 38 A X HPMC kdm 98
BEMNEBRAEBEPHERBLVNERLLER
L RpmBHMTELAR T MEEREERF BB
PwEEHENEE,
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A EBN BRAVNEARBRACREESHAN AERETLEGRNARARRE T, Tk TESRER
ERAMBERKER, LR 60 C, pH 7~8.0.3~0.4 MPa E£RAKH T MR ZEBRE R, BHUK
REGHRTIZES 0%, AN TREABIFEEEAYHNEARREFAITFEIYRE. RA8 CHKS
1%NaOH BHRZHWBEH HHEK . EH R, TEROWKERKERLD 0%LIE, Sk EHMEME

RAECREHSRBERTZ MR 717,
XA LN 2R AR MR, BER
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Purification of rough cordyceps polysaccharides solution by inorganic ceramic
micro-filtration membrane
HAN Yong-ping''?, LIN Qiang®
(1. Bio-chemical Engineering College of Beijing Union University, Beijing 100023, China; 2. China University
of Mining and Technology, Beijing 100083, China)
Abstract; Objective To apply the membrane technology for purifying rough cordyceps polysaccha-
rides solution, the optimal operation condition and effective cleaning method were researched. Methods

To mainly analyze the flux of membrane and its recovery. Results

The optimal experiment operation con-

dition obtained is 60°C, pH value 7—8, and pressure 0. 3—0. 4 MPa, by which the polysaccharides recov-
ery was about 30%, more than by traditional ethanol extraction, and the most impurities as infusibility

substance and protein colloid etc. were taken out. Moreover, the flux of membrane recovery can be above

90% after 80°C water and 1% NaOH solution was alternately used to wash the fouling membrane under in-
termittent little back-pulsing. Conclusion The process of membrane technology purifying rough cordy-

ceps polysaccharides is simpl and feasible.

Key words: Cordyceps; polysaccharides; inorganic ceramic micro-filtration membrane ; membrane flux
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