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Abstract: Objective The relationship between the in vivo absorption kinetics and the in vitro release kinetics of various components
(including flavonoids and terpenoids) contained in Ginkgo biloba extract (GBE) sustained-release pellets were evaluated using
multi-component integration kinetics which could provide a reference for more accurate assessment of in vitro and in vivo correlation.
Methods The release rates in vitro of main ingredients (quercetin, isorhamnetin, bilobalide, ginkgolide A, ginkgolide B and
ginkgolide C) were detected by HPLC-MS/MS. The integrated drug concentration was calculated, and the release rates in vitro of
integrated components were then depicted according to the results. Plasma was collected at different time points after oral
administration of GBE sustained-release pellets, multiple components contained in GBE sustained-release pellets were then
determined. A novel approach of self-defined weighting coefficient (7)) based on the area under the curve from zero to infinity
AUC,—,, had been created to obtain the holistic pharmacokinetic profiles of GBE sustained-release pellets. To evaluation the in vitro-in

vivo correlation of GBE sustained-release pellets, the percent of integrated in vivo absorption calculated by the Wagner-Nelson method
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was plotted versus the percent of integrated in vitro drug release at the same time. Results The components contained in sustained-

release pellets had a good release, the W of each component in GBE sustained-release pellets were as follows: quercetin, 0.248 1;
isorhamnetin, 0.009 2; bilobalide, 0.228 2; ginkgolide A, 0.296 4; ginkgolide B, 0.132 4; ginkgolide C, 0.090 3. The in vivo-in vitro

correlation equation was ¥ =0.930 8 X + 12.84, » = 0.962 9, indicated that the correlation between in vivo absorption kinetics and in

vitro release kinetics is good. Conclusion The efficacy of the herbal medicines depends on a variety of components combined effect,

using the integrated pharmacokinetic to analyze IVIVC could take the characteristic of each component into account, which is helpful

for the study of the correlation between in vivo absorption kinetics and in vitro release kinetics.

Key words: multi-component integrated absorption kinetics; in vitro release kinetics; GBE sustained-release pellets; HPLC-MS/MS;

self-defined weighting coefficient; in vitro-in vivo correlation

R AN M Cin vitro-in vivo correlation ,
IVIVC) & FIE 21 B3R 2 W) SR8 TRURe P 5 A
W EEE R e &, @ BIFR IVIVC I8
ARSI, T LA TR 24 W0 7E A4 Y OV P ARRAE
AR 254 B AR Ak AT v EdR Ak 7 5, DA
AT EAEAE A N 2B AT BRI B S LA
@RG24, B, ERAMG IVIVC — R
FEAT B — L B BUR A, xR 2 & i Bk
Fe Z I 1 IVIVC 1PN 7 R8I A 2 . SR
T2l R I s, B R A [
i, AR G EER SR, Bk
SR REAFAE L T TS e 1, B
B — 1 53 D BUR o AT IR N AR L H 245 2 B
SRR P SR Eh F1 2 2 T A DA, e L
SR 24 22 J O A ELAE 45 SR A7 AE — 2 IR
DRI, 5T H (2 24 A R A 1 JE ARG W 25 22 1
FIF IVIVC BHATE VAR, LAY T Hh 25 11750 i ik
FLEA AR HE R L

RAENG (GBE) WGTER > BHEHE, TSR
i Kt PTG 2 RS>, LB ARG P A
TEFALPE T AR R SRR N AMT NI —
% 5. Rk, AHRFFE L GBE ZER AL AR 254
HIF), FERFFE SN B B OB RECE A S H Ak
MR 2R SN 2B 15, AT R MR
PEWE ST o BT 3R &h e /E — e F2 % % & GBE M2 i
PN TAL B AR AT R, PO A RS 2
HIFIE) IVIVC B —E S % .

1 {XEEHH
1.1 &5

6460 Triple Quad Jiii{X . 1290 Infinity JAH 4
WAL, SEE Agilent A7]; ZRS-6 G ¥ RGN, K
BT RRKREEHEARAF .

1.2 MR
GBE ZERMOA, Sebas (™ xof it o %

(QCT, #it'5 MUST-12072505). 4R g A (GLA,
fit5 MUST-12120501). 4R#FAEE C (GLC, #it5
MUST-12032214), FESE ke EMRH AR A A,
R 35 =98%; XTHE L 23 (ISR, it
110860-201109, Jii&E 540 99.0%) A& HNEE B
(GLB, #it5 110863-201209, i &%k 99.9%).
R NEE (BLL, #it5 110865-200605, Jii & 4 %
100.0%), = E & 525 A e 7 bt GBE (F i
T =24.0% R W EE=6.0%, HPLC), fits
20130228, Fifgfq AR AR A TR A R] s R
A HE[R, S 100135-200404, J5i &5 5>99%,
rh B 2 S A E B AR
1.3

SPF 2% SD K 6 A, HEPE, & (2204+20)
g, VFAES SCXK (¥') 2013-0016, ki ot /K-
VLS SN PR 2 7] 6
2 FAEMER
2.1 HPLC-MS QE O/ GBE ERBRALE M+
R EAS AR ENL
211 (i &N i 4k Aglilent Eclipse
XDB Cig# (50 mmX2.1 mm, 1.85 pm); AR
& 0.4 mL/min; A3 30 C; FEMZNEE 6 C; iF
FEE 4 uL; BN 0.1% P RR/KIBR-2 1, BhE
Ve : 0~2min, 15%~30%ZfE; 2~4 min,
30%~50%ZME; 4~6 min, 50%~90%ZN5; 6~
6.1 min, 90%~85%Zfifi; 6.1~8.0 min, 85%Z NI,
HS AR PSS T AME T 2 500.
212 GRS BT IRONHRBIE B TR ESI
(Turbo Spray); ZEFIf: Ny, 10 L/min; filffi
S Ny FHT N2 BN (MRM). FRRERS
SRR I S LK 1,
2.1.3 RAXISIEEMECE] o Bk AR
QCT. ISR. BLL. GLA. GLB. GLC X} /& & & .
0 F EE AL 1 B QCT 24.0 pg/mL. ISR 22.3 pg/mL.



© 2852 ¢ ¢ES

Chinese Traditional and Herbal Drugs 2% 48 %% 3 143 201747 A

#&1 HPLC-MS/MS &R IKENESHIZE
Table 1 Parameter settings of detector of HPLC-MS/MS

% BT (mz)y RERE/NV  iERER/eV
GLA 453.1—351.1 100 18
GLB 423.1—367.1 120 14
GLC 439.1—383.1 130 13
QCT 301.0—~151.1 130 21
ISR 315.0—~300.1 140 20
BLL 325.0—~163.0 95 16
KIZER  492.0~367.0 150 17

BLL 20.0 pg/mL. GLA 20.5 pg/mL. GLB 21.0
pg/mL. GLC 20.8 pg/mL 7R &% B8 i i 2 9o
2.1.4  AFREREIECH] RS PREURS 51 2R IR 1 &
T EERCH R 167.0 pg/mL, 1E R P FRVE T i &
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3 167 ng/mL I AR -
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Fig. 1 HPLC-MS/MS chromatograms of blank plasma
sample (A), mixed reference substance (B), and in vivo

plasma sample of rat (C)
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Fig.2 Concentration-time curves of each component in plasma of rats oral administration of GBE sustained-release pellets
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D %x AUCy-/(ngh'L™") w;
QCT 849.19 0.248 1
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Fig. 3
concentration of each component in plasma of rats oral

Concentration-time curves of integrated

administration of GBE sustained-release pellets
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Fig. 4 Absorption percentage of each component in GBE
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Fig. 5 In vitro release profiles of each component in GBE
sustained-release pellets
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Fig. 6 Invivo absorption curve (A) and in vitro release curve
(B) of integrated components in GBE sustained-release

pellets
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&3 GBE ZEMANSERT RESHMERIMEXM
Table 3 In vitro-in vivo correlation of each component and

its integrated components in GBE sustained-release pellets

ity LAWY r
QCT Y=0.904 8 X+18.419 0.9236
ISR Y=3.5723 X+186.3 0.991 5
BLL Y=0.950 2 Xx+2.615 0.989 4
GLA Y=0.893 3 X+15.033 0.961 4
GLB Y=1.054 5 X+9.197 0.967 5
GLC Y=0.947 1 X+15.251 0.944 8
L) Y=0.930 8 X-+12.84 0.962 9
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