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Analysis on Release Characteristics of Sustained Release Traditional Chinese Medicine Preparation of
Leigongteng Bilayer Tablets Based on Drug Simulating System GU Sheng-pan, FAN Yao-wen,
WANG Li-feng, FENG Guo, LIU Sha-sha, SHENG Yong, HE Xin" ( School of Traditional Chinese Medicine
(TCM) , Tianjin University of TCM , Tianjin 300193, China)

[ Abstract ] Objective: Taking drug dissolution and absorption simulating system ( DDASS) to evaluate
in vitro release and trans-membrane characteristics of Leigongteng bilayer tablets, and study in vivo and in wvitro
correlation between DDASS and the preparation in Beagle dogs. Method: With wilfordine as the index component,
release characteristics of Leigongteng tablets and Leigongteng bilayer tablets were evaluated by the rotating basket
method, in order to study in vitro continuous, dynamic, real-time release and trans-membrane characteristics in
DDASS model as well as pharmacokinetic characteristics of these two preparations in Beagle dogs and their
corresponding in vivo and in vitro correlation. Result: Release processes of wilfordine in Leigongteng bilayer tablets
in the rotating basket method and DDASS conformed to the first-order kinetic equation and the skeleton corrosion
mechanism. Compared with Leigongteng tablets, Leigongteng bilayer tablets showed obvious sustained release of
wilfordine in Beagle dogs with the relative bioavailability of 174.88% . In DDASS, release/trans-membrane
characteristics was significantly correlated to dog absorption characteristics, which was superior to the correlation
between dissolution of the rotating basket method and Beagle dog absorption characteristics. Conclusion;: DDASS
model can effectively evaluate in vitro release kinetics and in vivo absorption kinetics of wilfordine in Leigongteng

bilayer tablets.
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WRE A SR . WA, =
[T RS S o B I SN0 el R 6 9 Y [E B S
BE R A RN B s T A T R R
ke BN R S 07 A ¢ N AW I BU R Y S YrE
BT AR N TR S T XUZ e AE R AR R
B 3 AR T T ) AR TS A
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TN TR TR R D B L 7B TR N e i SR R
£ 2010 4 i € o [ 26 3) i R 9k TP R R 24 0
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B 1 2F AR KR AR N SRR AR AE .
1 #a

APT 4000 Qtrap % 57 Bk FH £ 4t ( 26 [= 1 1 2B
WA G A, B35 B LC20AD #9 — j5 %, SIL-
20AC #UfER A B EFE 2R, CTO-20A UM 46 , CBM-
20A Byl %%, Analyst Software {43 T fEuf ) ,220R
S/N 0000346-01-00 #4553 25 .0 #L (£ [E Hettich 2
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£ H) ), AT-Tsmart 25 ¥y 7% H X (B £ Sotax 24
Al ) o BN THEE B T MBI A X B (b R 2
¥ 52 WF 75 Be , it 5 43 4l & 100281-200602 , 100250-
200503) ,E e B (B A =Ll A BR 2 W it =
1009137, FLA% T 25 e 2R 33 g/ f) , B A HEAUZ

e 2.

(AL 2B 25 A BR A A, 45 080101, AL A% T 24
HEW 2 50 e/ ), R W R g H R Sk gk 4l , K
A B Ak a0 24 8 43 Hr 4l . DDASS 2% 8
ULSCHR (6], AZ 0B FR 24 9 135 fifk 25 RN 80T 20 A,
YR EE R, R
BEAT AN AW I 5 B b R 4y, b 4 S R4 A )
AR BB RIS (145 I 1 SR A (it 45 =, I 1
B RN Ay Pz 2 5 36 4 3 R WS TP A 4 R
25 (pH 6.8 ) FEZ W (pH 7.4)

HEME Wistar KR, 75 1E 9, IR EE (250 £20) g,
T [ BE A BE 2 Bl R ST BE SE 5 T, A RS IE S
SCXK ( #)2006-0001, Mtk Beagle K 4 H I,
PRHEE (8.5 £0.5) kg, W FAEFEAFHFEBE L 30
Ht, A IEE SCXK (5T)2009-0012,
2 FAEREER
2.1 LC-MS/MS ] 5 A b Jo 5 1k
2.1.1 a4 {f Agilent Zorbax XDB-C , 4 % f§
(2.1 mm x50 mm,3.5 pum), ¥ sh4H 0. 04 mol - L™
HH R B K W (A ) -0. 1% HI R W B35 W (B) 86 B
(0.1 ~0.6 min,98% ~5% A;3 ~4.5 min,5% ~
98% A ;4.5 ~6 min,98% A) , i 0.5 mL-min ", #f
FEAL 10 pL, BRSPS B P o KRR
HL B (APCL) , 1E 8 7 5 U, 4o Nk e 8
WEI ( MRM ), 2 i f HL 3 3 A, B 7 TR TR
550 C,EXES 4.1 x10° Pa, HAEEE m/z
884. 4, T IEIRE m/z 386. 3,
2.1.2  XFHRHESMECH] RS AR T A
SR o PRI A O 1 B 100 mg - L7k AR L B A
W, BT 4 °C VKA v ORA A FH PR 0 A o W
BRI v B o S B FRE N bR (T IR IR ) X R A
1.5 mg, fil 2 A 5F i 150 mg - L1 B 6% 4 T8,
B YA REL L] 150 e L7 NARTE T, B T 4 CUk
GIL A7
2.1.3 FEAAEER USRS YRR S 100 L, i
A 150 g L™ PIFRVE IR 10 L, iR EETR 2T, il A 0. 1
mol L™ FI RV 20 L, Jil A Z R Z T 600 wL, i
#E 10 min, &0 (17 000 r-min~',4 °C,10 min, T
[F]) , B E W 500 WL, BT 5 B K (1: 1)
100 pL 2%, 1€ 5 min, B0, BT SR .
2.2 IRNRES TR SR
2.2.1 LEME WA A MK N AR, B InEA
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B1 FXEESR LC-MS/MS
Fig.1 MRM chromatogram of wilfordine by LC-MS/MS

2.2.2 ZPEME B EH K 100 pL, i AEH A
i A BROXT R R G 10w, HoR R 2. 1.3 TR
TR ERAE A B S TR 2N T 8 B R R BE 40 1,2,
5,10,50,200,1 000 wg-L ™" 4% 2. 1.1 3 F £ 4
S, DA RV B R A AL b 1 I 245 49 5 o8 A g 06 T AR
FEAE AN AL b, 75 101 9 )7 /2 Y = 0. 004 8X - 1.371 2
(r=0.9909) ,&PEJERE 1 ~1 000 pg-L ™",

2.2.3  MERREERUDREE RS S K 100 pL, 43 )
T TR 7 T 2 BT 5 VA T (2,50,800 pg- L1 4%
2. L3 TR kb ¥, /5 QC B, A BT & Wk 6
YRR SN 3 d, TH 55k 1 M B RORS %5
WL 1o B 5L R0 7R v 2 RORS 2% B 45 5 8K .

#1 Beagle RMEHEAHERMNABENEEE(n=6)
Table 1 Accuracy and precision of wilfordine in plasma of Beagle

dogs(n=6)

T e ) K 9 B RSD/ %
- e /%
/gL HM H ]
2 95.4 5.8 6.9
50 94.8 5.6 4.7
800 97.3 4.7 5.3
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i, 3 JBORH [R] Jo 8 4 58 1 2 Tk 7 R PN s ) 9
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17 A VR-TR B 3R K QC B (3 P IR 3 AN R i
VR ) FRACE R E M (n =3) 45 5 F U I3 R
hTE 23 3 A VR-IR AR BR , - 20 C A VRIRAE 10 d
Je %R CE 24 h A fF U TE ALY RSD 4 <4.4% ,
22 WY A 3 S5 P LR i 1 R S T B
2.2.6 FEFONW O BUZSHIMIE 100 wl, 3% 2.1.3 1
T EEARAE T 5% B A B A T A
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5% TR IO SR 5k B ) X B A VAL MR L 90 R 0
WA 25 B R 2 W T R B L 2 7E 85% ~
115% , ¢ W R A7 16 50 35 5 B0 o
2.3 Kby
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W e 35 R B S I 25 VR FEE 1) 10 A5 LA L iR RS B
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Higuchi 72 (F, = kt]/z) , Ritger-Peppas J5 2 (F, =
ki), S F, S BB, o ], kR R 0
RBIS R n R BEPLE R AT 9 2 80, 6 T 1
FEFE 150,24 n <0.45 WF, 254 L) Fick § 8k 32524
n>0. 89 [, 245403 b B 42 s ok 5 3B 24 0. 45 <
n <0.89 [, 25 B Mk Fick 4B, WD 254 A
B S i BB R
2.3.2 HRNAMHIEPES BT X T 1A Py I i 25 B B
SRR ZG ), 254 9 1 IR % i R P, fi Wagner-
Nelson J5 f i+ 8", TN F, = (C, + k,, x
AUC,,)/(k,, x AUC,, ) x100% , =X th C, 2y ¢ W} 6]
(1) 1 245 96 FEE K, A9 94 5% B 2R B, AUC,,, O ¢ I ] Py
25 2 R AR
2.4 (RANEILEIRE  HUE AN 6 4 (3t 12
Fr) B8 2010 AR R [ 25 80) 3SR X C
WG PR — 1, L 10% S 79 5 £k R ¥ W 900 mL Sy
BET A B, B 8 50 vemin T ARIEERAE, 23 BIAE 0. 08,
0.17,0.25,0.33,0.42,0.50 h Bt iAW 2 mL, &
0.45 wm {CFL 8 R U ik, I B 75 ¥t A op kb 72 1)
L 1) S AR BURE RO . BURR S HERUZ 6 3 (3t

- 3.



21 B 151
2015 4 8 H

RESSEAFZERE

Chinese Journal of Experimental Traditional Medical Formulae

Vol.21,No. 15
Aug. ,2015

12 ), BE% B ol 50 8 e B8 0 7 v 56 — 7% (2010 4%
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WA T, 55 7 50 remin ™' AR LR AR, 4000 1E O,
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Fig. 2
tablets( A) and bilayer tablets(B) (x +s,n=6)
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2.5.2 DDASS ¥ /85 B o [F B OE il s i
ISR R RVTE A HEXUZ R IR I 2 /R R
4.

Cumulative release curves of wilfordine in Leigongteng

FIRSEATI G 3 o B 25 9 i 0 38 245 W) s ik =
WS R 0 25 I BE 2 W R pH A T e
AL X B 2599 B0 o 25 25 W00 ff 1 O 8 e i
BEZNZE R AE 0.5 mL-min "' ¥ H 04 RE 5 R
i B Bk A% 054 AE N RE L BB 10 min IRCAR 1
W, 5 1 MR A5 FE 30 min W0 1 Wk, AL
PP R AE G2 R RO B4 37 C

2.5.3 PRI 1 E AR OB LR TH AR
U5 T R RN A TR WU e AR A (] B ] 6 A R i B RN R
FRURE T BE , 22 ) R Tt JRE - [ oty 2 0 58 RO kg B -f
Mg, WK 3, &Mk Rt (T, ) 70 h
(0.67 £0.29),(1.00 £0.00) h, T¢I 25 W
B XUZ H &4 30% 1) 1 B3 43 1 ol 5 24 WA ik
(C..0) % 5 K (938.67 + 207.32), (4960.00 +
932.58) peg L7 HA BEMER ATREENNEHEA
X2 & 25 A Y3, 34 . A
A5 2 2t ih £ T A (AUC,,) 43 51 R
(1570 £150),(9 180 +1160) pg-h-L™', 2% 7 i
o WA R AL, A XUZ A X R
FIBE 174.74% o F¢ 2. 3.1 TR J5 1 %0 87 20 1 XL
2R v R S T E SRR AT RO B AU S, W 2, &
SRR BT S T L B v i T S R AR A R T B
ARG 7 B — G s Jy 07 B BOZ R O R
HJE i I, Ritger-Peppas J5 B 7 45 % n h 1. 17
(n>0.89) , & WIZ 3 th 75 23 e 2 Bl A B 22 % b
J7 R o
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Fig.3 Release curves ( A) and cumulative release curves (B) of

wilfordine in Leigongteng tablets and bilayer tablets by DDASS

(xxs,n=3)
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Table 2 Released model fitting of wilfordine in Leigongteng bilayer tablets
2010 45 Rz € v = 24 L) 9 7k DDASS
T A5 Y
i r Ji & r
LY ) F,=11.631 +5.51 0.960 1 F, =5.891 +40. 94 0.813 4
e In(1-F,) =-0.261-0.14 0.991 9 In(1-F) =-0.23t-0.35 0.981 8
Higuchi F,=42.59/"% -19. 11 0.983 1 F,=27.81:"% +12. 84 0.913 1
Ritger-Peppas InF, = 1. 14Int = 2. 50 0.980 8 InF, =1.17Int +3. 29 0.958 6
INTEEXUZ Fr v 7 2 R E B 7E DDASS rh R BE i - 201 A
I 26 L P 4,5 h BUBLE i % 5 B (0. 069 = T
0.009)% ,(0.096 +0.006)% , 555/ kR FfHH, é"
AN TEUUZ F BT T 8 36 0 2 B A e 3, 9T g 1
WU P 76 1R B A 350 18 B R X AR g R T 4k g 5]
2. 3.1 WU R rE s RE R & P, 0
ARk (12.43 £4.21) x107°,(13.73 £7.35) x 0 2 4 6 8
10 emes ™, H >1 x10 % em-s ' FHHE N 50 B
JE RIS AR )0, EWNIZ 20 R T A W 2550 2% 03 2K <. 40
FH(BCS) 1 K 1%, A
=
0.12 o
- WA )
- HEABIER iR
0.081 2 10
§
% 0 T L} L) 1
hra/ 0 6 12 18 24
\jﬂ 0.04 1 t/h
&
B 0.00 BS BEABRR(A)MBEABRNER(B) B EARKERE Beagle X
' 1 2 R 3 4 s R FHTE-RY B (x50 =4)
t

B4 BABRRMELAHENER P ELEEMRE DDASS th E#lj
- E (v £s,n=3)

Fig. 4
Leigongteng tablets and bilayer tablets by DDASS (x +5,n=3)

Cumulative transmittance-time curves of wilfordine in

2.6 Beagle RAKN M 51030 1200 Hr R Ml
FIAE S8 J7 58, 8 Beagle RBEHLIT g 2 24, B
M2 2, n 0 RE QB SUZ 2 7, Bk K 20
mL, (A7 18 558 L gn 2. SERai A& 12 h, A i
YooK RARE R FBUZE R 2 b Beagle K IBCIL BF [8]
S 0,0.5,1,1.5,2,2.5,3,4,5,6,8,10 h A
0,0.5,1,1.5,2,2.5,3,3.5,4,5,6,8,12,24,36 h,
T Beagle R B i # ik B ifi. 0. 5 mL,4 000 r-min '
> 10 min, 732545 2 1L 3K, & - 20 C vk48 R A7 %
o T2 Bl 50 b 20 e 2 BB AE Beagle KA
ML 25 BE , 25 i 25 -k fh 42, L&l 5, 28 WinNonlin 2}
B 12 B AR B AR BLG  SR A2 Eh J1 % 5
B3, 4R BR T HMEEI(T,,) , HERE AR
WH(K) LT, HARENESR . 5RO
L, 44 P i BRI ) (MIRT) B 2 424 (P < 0. 1), Ui 1]

Fig. 5 Mean plasma concentration-time curves of wilfordine in
Beagle dogs after oral administration of Leigongteng tablets (A) and

bilayer tablets (B) (x +s,n=4)

®3 Beagle REFEABARHNFNEELABRERMNEANLGKE A
ZE5H(3+s,n=4)
Table 3 Pharmacokinetic parameters of wilfordine after oral

administration of Leigongteng tablets and bilayer tablets(x +s,n=4)

S8 Hqf TR TAMERRE R
K, h 0.90 =0. 39 0.21 £0.05"
T\, h 0.93 +0.53 3.41 0. 88%
T h 1.50 £0. 40 2.63 +0.25%
C s pg L7 12.70 £5.20 41.73 £3.05%
MRT h 2.88 £0.52 6.78 +3.78
AUC, . /D h-L~! 0.38 0. 14 0.42 £0. 14
AUC,,/D h-L~! 0.22 +0. 080 0.23 £0. 086

VS EABA AT P <0.05,2 P <0.01, D #m A2,

AU ELAT B . 5% A
INHERLUE F 7E Beagle S {14 10 B X/ 90 R0
174.88% , 3% 15 DDASS 18 %) i 41 x§ Rl Jil Jif 4% 3
(174.74% ) — %, % W] DDASS [ #1316 14 1y 19
MR
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2.7 {RWSMHMEEEE 2 Bl AT 2010 4R pR(H
FEl 2y ) 7 ih 0k BRI S Beagle R A N Wi,
DDASS it/ iZ it 5 Beagle AR P WA AR 5C 1 73
Bro &R 4.0 &AM A 18 2010 4F bt (v [ 25
) R s ORI P, 20 min BERCK 90% , To ik
HESL AN AMASENE . TR TE DDASS B/ i

R4 FBABRFRHFFERREWR B EIMNER/E - R Y8 K

i 5 Beagle R AR P I W 2 ) A7 75 ) 2 25 AH G 1R
(P<0.01) ;% 2 B XUZ v 75 DDASS 1 i 44 4 B¢
- A PR WA A A 3 e - A TR i 2 T Y R O
(P <0.01)flt T HAE 2010 4F i € b [ 25 ) % 1 5
W RBURE 5 Beagle KA P M iz i AH G 1k
(0.01 <P <0.05),

Table 4 In vitro dissolution/permeation-in vivo absorption correlation of wilfordine in Leigongteng tablets and bilayer tablets

P9I WA HATEZE
5] )3 75 r [EYEpR r
(vl 2 ) v e _ _ F,=1.53F, +1.88 0.944 8
DDASS Bk F,=1.96F, -24.18 0.978 4 F,=4.80F, -234.57 0.978 9
%t F,=1487.4F, -13.96 0.982 0 F,=1329.9F, -11.04 0.945 3

T F, b BBURRCECR P, o BB 3

3 itig
2 W) LE AR DA WA SRR 2 2 JHC I ik R B R ik

PE2 AR B E S, & 2 Mok i 25 YR ik

JEEDEAN D 2 0 DA Sz it JHG R s ek A ) 4 B il £ i

1ok By R A S 6 T S 245 ) A P W AT T R AR I L

J1 KT, ANE G T 25 1) e 3 S PR O e ST

[F] Fsf =% L 245 ) R st 0 025 35 ok e ) o 00 o A B

Xof i 2 i 00 Ak 7y A ) B i MG O B, DDASS

BT A] % 22 B A VEA 25 W) 15 1 R RS Ao R AR AR

0 5 A 1, DDASS B RIA L T T 2 3 A

RIH AL TE A 228 A AR AR A I 21 9 1) 2] 24

VIR RETRCEE | JT RE AR AT 25 W) (4 R 3l ) ° 2 BRI Tl

U285 4 E AR N 08 I SO 100, A VF M 245 ) e AR 9 Y it

FRPEAL T S . AR SN TR ABERUZ R Ak

RO TR R 37 ) R AT Y [) 25 SO PR AR &R S b 2

S T R0 B4 Ak T O 0 5 BE A B AR O O ik 4R

R 2 G A R A R B 2 A
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