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Correlation of in vitro release between total flavonoids and different ingredients
in sustained-release pellets of Ginkgo biloba extract by f, fit factor method
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Abstract: Objective To find a new method to evaluate the in vitro release of Ginkgo biloba extract (GBE) sustained-release pellets, f,
fit factor method was used to study the correlation of in vitro release between total flavonoids and different ingredients (including
flavonoids and terpenoids). Methods The release rates in vitro of total flavonoids and different ingredients (quercitrin, isorhamnetin,
lutin, quercetin, ginkgolide A, ginkgolide B, ginkgolide C, and bilobalide) were detected by UV and HPLC-MS respectively, and then
/> fit factor was calculated between total flavonoids and different ingredients. Also the micro-structures of pellets before and after drug
release were detected by scanning electron microscopy (SEM), which could explain the drug release mechanism combined with the
fitted equation. Results All f; values were greater than 50 between the total flavonoids and different ingredients of the in vitro release
from GBE pellets of optimized preparation, which indicated that there might be a good correlation between them. The drug release
mechanism further verified the reliability of the results. Conclusion The f; fit factor method could be applied in the evaluation of in
vitro release for multi-component sustained-release preparations of Chinese materica medicine.

Key words: f, fit factor method; ginkgo biloba extract sustained-release pellets; flavonoids; terpenoids; in vitro release; quercitrin;

isorhamnetin; lutin; quercetin; ginkgolide A; ginkgolide B; ginkgolide C; bilobalide

Yk HER: 2015-07-26
HEEWB: ERARFFILEN EIH (81473434, 81274090); HF AR AEEETFRELE (81202926, 81503206)
EZ RN PR (1992—), 2, WiL@FFA:, WiTli N, BFF5 i b 25080 SR A e 2 R 4.
Tel: (0571)86613524  E-mail: zlxzhulixin@126.com
*BIEEE A& P Tel: (0571)86613524  E-mail: xyxnb@126.com



23

Chinese Traditional and Herbal Drugs 3 46 % 3523 8] 2015412 B

* 3483 *

RN BRI T 25 G R 7 di SR B2 VAN 4R
bz —, T EZ M GAERSER, P
LT B A 5, LA I PR &2
I HBEABAG KT HvEH W51
s DL SRARSIT AR bR SRS Ty f
PR AT AR B 2 IR R IR KA 22
Ak S G R AR 5 e o B A LA SR A B 73 (ROBE
JBL, AELL S b 2 400 i AR AR SR ST e, B H
R ES 7 T2 (AT RO AN 28, DA, M iilde
PRSI IR 29 80 2 TR AEAT P ATV e K
KIS AEH G, ML S-S 3 R TBAT 4 22
5t AR Gy 2 AN IR 2 18] 5% By R T
S, IS R IE. N, ZEvPir 2410
T 2 SR A AR SR TR, A% 2l R 2R R
IIRETBCE KRS RETBCL TR R AR, R i 5 B IR
Ey ab

RO B & T2 AR 2R MR, (&
HEAS SR T R PP R OO BRI T R A, A
BEAE SR ARSI AN R AP S &, 2
0] L 8 T8 AT 0 S R o0 I 7 A T 1A R
B, XA SKRAE T, s SRR A
PRI F AR

ARk, f AR T (f fit factor) VEPWE &
A IR A A L AR P AR R AR T vk A Ay
TR FIETIE TSR, C4 e E FDA K
CDER (Center for Drug Evaluation and Research, %
i PP AT 0y ) AR ) EMEA (Europe, the
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1) =98%; Mt i (5 111538-201105, JiiE sy
$92.7%). T (LS 100080-200707, S EL
90.5%). FAFE (Ht'5 110860-201109, JFifEs)
#99.0%). ARATARE B (L5 110863-201209, Ji
40 99.9%). AW (k5 110865-200605,
JHE 5340 100.0%), H £ 25 i kS e iF SR s GBE
(Fr BTl =24.0% B4 WIE=6.0%, HPLC), #t
520130228, {3 RS 25RHEA R A A 4651
AWK, 5 100135-200404, i g5 $0>99%, HifE
2R E T Bt R IEIE R, HE SR
PEVER A B 2> ] s JURFAF RS 30 DL JUFFAF RL 30 D,
ME B WA T IR = RS, BRI TAT R
A RIALE-80, gk 2R AT B 2
2 FEEER
21 KEMH B EREINE S ERE
211 MR RGO RS ICTR R
JiUE ) GBE 19.0 mg T 100 mL =i, FHREE
R, W, EI7S GBE & RSN
GBE fifi ¥, INZSR/KMRE SR Tk i, 266
nm AEWE OGRS . DAY e 0] ot S v FE A T Ze
B, £ 7 ¥=9.505 X+0.008 5, ¥=0.999 9,
LRPEVE Y 15.2~76.0 pg/mL.

2.1.2 JRELEMERE RS PREUE T B AR,
HT 100 mL T, fEREs A, JE, X
SLYEWCT 200~600 nm F3, 45 RHRE T
2.1.3 KPR ORE# I GBE i % 3 mL,
INZEKFRE S 10 mL (FEIRFEAN 57.0 pg/mL),
HEALNE 6 YK, RSD H 0.53%, FWIREE KU
214  FoEERES  HURESETR IR “2.1.17 T
TOERIED 29T 0. 24 4. 6. 104 24h W52,



* 3484 tE%

Chinese Traditional and Herbal Drugs 3 46 % 3523 #] 2015412 B

L RSD h 2.12%, R HFEMLE 24 h WEE
215 BmEMRAE EEBDOF NS (R
“21.17 TR TR 6 4, Aok, 2L
RSD 4 0.84%, RKHJHEBIEFFEEK,

2.1.6  NFEEIRRE RS AR “2.1.17 BUR
GBE fifi ¥ 3 mL, MMAALT7 =R, $eith T
PAREE, yEI, EEHEROESINE 6 Ik, RSD K
0.57%, RUMFEREIER R

2.2 HPLC-MS [E A3 % B B ZE AN s A B B = 2
SMRIND #T AR AL

221 RIS B TR HIWE S & U ESI
(Turbo Spray); E¥WHif: N, 10 L/min; AlE4E
e Nps B0 2 OV Il (MRMD.

222 (S ikl Aglilent Eclipse XDB-
Cig¥F (50 mmXx2.1 mm, 1.85 um); ARIGE 0.4
mL/min; A 30 C; BEAER 4 ul: FAIAHN 0.1%
IR K- O s BEFEDEMCRESP: 0~2 min, 15%~
30%ZME; 2~4 min, 30%~50%Zfi§; 4~6 min,
50%~90%Z.JE; 6~6.1 min, 90%~85% L. Jf; 6.1~
8.0 min, 85%4JE.

223 EMETTRERGAMETEE 53 R BRI R
a0 RERC R AR A IR B 3 981.4 pg/mL.
Hit R 15 1.037.5 pg/mL FI A IER 4 125.0 pg/mL.
A PTG A3 789.0 pg/mL. /%] 4843.8 ug/mL. 4RA
PTiE C 3 851.5 pg/mL. 5 f 252 1 042.0 pg/mL. A}
Jé %5 5382.8 pg/mL XTSI, $%1:25:2:
2125020502 TR AT HE S VTR R A R TR
B0 SRR, DL RS ik 2R 1) o e A FEE TR )
A AR, DA RRUNS BT R R AT S
[, o 2t T R R Ze kYo Bl ) i e 2 Y=
0.002 363 C—0.045 367, r=0.998 2, £k
21.53~2 153 ng; #MAFZH Y=0.014 025 C+
0.037 368, r=0.997 3, ZPEVulH 4.168~1 042 ng;
it Kz Y=0.005 651 C+0.002 700, »=0.9970, £
PEEH 4.15~1 037 ng; ] Y=0.004 386 C—
0.009 801, r=0.997 8, Z&PEyul 19.375~1 937.5
ng; WANEE A Y=0.004 524 C+0.014 901, r=
0.997 3, ZMEIEHl 15.156~1 515.6 ng; RATAEE B
Y=0.010 068 C+0.023 561, r=0.998 3, £t
15.937 5~1593.75 ng; 4RAAlE C Y=0.005299 C+
0.029 427, r=0.9989, &I 15.406 0~1 540.6
ng; A AR Y=0.003 038 C+0.001 46, »=0.998 8,
L PEVE ] 16.5~1 650 ng.

224 JRELEMERRLS  424b Ty L 43 Bk SRR
AR N ZE RO, INZER K S 2 h, EA
2100 mL, i, 23180 S F R R O
B, FEMURRIE £ X S I S R 22 B AL
£ 50 pL KT, 3 IR GEFIAIIRD) ¥
100 WL 2%, TRATEL, B LIERERE, 4R
FHOY B A, R L. W 1.

A

B M 2% miz301.0~151.1
N R miz 315.0300.1

ARNEE miz325.0~163.0

HRAY NG B mlz 423.1-367.1

AR C miz 439.1-383.1

A miz 447.1-301.1

WA W A m/z 453.1—351.1

FEHIANE miz 492.0~367.0

T miz 609.2--300.1

C Wit e 2% miz301.0—151.1
SERAEE miz 315.0-300.1

EEIALE mlz 325.0~163.0

MU T B miz 423.1—367.1

A MR C miz 439.1-383.1
Mt miz 447.1~301.1

AT TR A miz 453.1-351.1

FESIANR 12 492.0-367.0

T miz 609.2-300.1
o 1 2 3 4 5 6 71 8

t/min
1 ZHBR A). BEXEMAAR B) IERBE (O

# HPLC-MS Elif
Fig. 1 HPLC-MS chromatograms of blank solution (A),

mixed standard solutions (B), and sample solution (C)

2.2.5 REEREREE  BURAS IR, IESLRE
6 K, MBI, TS MRS, 4R&
JA3 RS 55 5 RSD 58 45 H 40 il MMt 2 %% 4.8%.
FRAEE 3.6% MU 3.3%. /1 2.1%. WAN
fig A 1.6% HATANEE B 0.9%. HAANEE C 1.3%.
HAR AN 1.4%.

2.2.6 FaEMERE  HOREREWEL 0T 0. 24 4.
8. 12 hilllsE, ZREMFEM PR 12 h N
FEARRSE, I RSD 25 % 4.4%. mRAE
5.0%- MR 4.3% 7T 4.1% B WS A 4.3%.
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A IIE B 3.7%- AR NI C 3.9%- AR 15 3.5%.
227 EEMRAE FEBI GBE WMALBHM 6
By, H% “2.2.47 TJTEEAEFAES,, g I TRIAR T
A5 A3 T A ) RSD, 50 45 F 43 il g bt e 52
1.5% 5 ZEE 1.0%. #HEZT 1.3% AT 1.4%.
AN A 1.8% WA WA B 2.0%. WAWEE C
1.7% FRNEE 0.7%.
2.2.8  [FIfCRE  REEOE OIS 2RO
HE 6 43, 43 ARSI NTR A6 FESR, 0.45 pm
TUALIENR g, BE B 100 uL W+, fIA 167
ng/mL AR (REFUAIRD) FHBEAR 100 uL 5%,
AR, B EIEWIEAT HPLC/MS e 15
BT INRE [ e o 25 R ey IR RE [ 26 43
WA MR % (993741459 ) % B R A%
(100.34+3.21) %; Mt 1T (94.384+3.92) %: 5
1(91.56£4.70) %; BAT NS A (102.44£4.26) %;
HA NG B (97.11+£2.88) %; HATAMEE C (94.34+
5.74) %; FHRNEE (102.64+4.54) %. FHH
[ RSD M5E 25 5l A B 3 4.8% sl 4
3 43% M AT 3.3% 2T 1.2% A TG A 4.7%-
BT NIR B 2.9% HAY IR C 3.1% AR N EE 2.9% .
2.3 GBE ZRBEhH&
230 HEHROHEIS  CRHPTHREE, 2
ERAL, 2 R AL I 3EA A 75 GBE 40%,
T ETYE R 58%, & HILIER AN 2%; Wik %525t
WO VRIS . TR B (R e B TR % T2
JFFHESE K 50 Hz, ¥EHE N 40 Hz, ¥R [5 i [H]
i 5 min, HIFFEEBEALSEILMELS, 2 h PIEARE
JHE 4
232 ZERMOALIIEIS  SRAJURFA RS/RL 30 D
VER AL, AR BTN R AL T A A
(& TEEARRR, WILFERMRAE A T
ZONBIRHIE A 35 Hz, WK S0 20 kPa, i
BAREEEHHy 0.4~1.5 r/min, FLIFAE] 24 he 4007 T
2.4 Eudragit RS 30 D 4.5 g.Eudragit RL30 D 0.5 g.
FrEIR = W5 (TEC) 0.3 g gz H il (GMS)
0.075 g« ZE1L%4ME 80 0.06 g; 781#/K 10 mL.
2.3.3 SRR S AN A S R A3 R I

(1) RAEE I 52 S0 : FREUE 21 GBE f AL (A
7% GBE 0.013 g), BT 100 mL &, 4T 3
¥y, RSB RS 2 h, {f GBE a0, HEE
ERBZIE, 759, 045 pm FALIEMED, sk
JEW 2 mL BT SmL =T, MEAEERRZE,

FE5], 266 nm NMEWOGHE . 45 F AT K O R
UL R I (132.76+2.99) mg.

(2) B3 e fill g : FREUE 5 GBE Tl
(247 GBE0.013 g), & T 100 mL s, “F
17340, INHFEEEFED 2h, FREEREZE, %
4], 3 000 r/min §.[» 15 min, 0.45 pum HALIENIE
i, BEL RIS 50 uL Wk, A 167.0 ng/mL
bR R FIAR D FE R 100 pL &%, AT B0,
P HL EVS W4T HPLC-MS Wll5E . 45 SR 43 oot
FREAT R A 2% (22.414£1.28) mg. 7
A% (4.5610.15) mg. #it 1 (1.7240.07) mg.
T (3.0540.24) mg. HATWEE A (10.6040.36)
mg. WANEE B (8.20+0.17) mg. MANAEE C
(4.90+0.24) mg. FRWES (11.60+0.51) mg.
2.4 {RIMRRENEFHE
24.1 UV L R#PREC € itE M GBE Tlhl, &
T HACTH, BL900 mL ZE1EAK s A i, ek
100 r/min, WiRE 37 C, A7 3 . & 1. 2. 4. 6,
8. 10. 12 h HUEE 10 mL F 0.45 um AL ERL,
FEAMIN 10 mL ZEM8/K, HXEEH 2 mL i Y e 2%
% 5mL, #8454, T 266 nm &b E HE G, 5L
BECR, A R

O0,=R+ VI/VZ-ZZ_IR,,

n=1

O, Jy t I IV BBURE IR, R, ¢ NI IISE RO, 1y
WOREAARR, 7 RO AR
2.42 HPLC-MS %k &[] SRS 100 ul, N
W, A 167.0 ng/mL Pkr R FIANR) FEE
W 100 uL B, B0 JE BIEHOEREN e 5 oy 1)
i, VFES O ) BRI .
2.5 f, HBINEFE#1T GBE ERMAIKIMNERE
BRI S 4R
2.5.1 GBE TN S B I3 FH 25 28 170 IR R T ith 2
DL HPLC-MS il 45 21 (1) 528 B o3 (AR SR T80 25
L5 UV ARSI (8 W PR A SR Tt Zeont EL 1 LI 2.
2.5.2 GBE ZZRMMMINREIR Gt 7077 f
FEABLEA 73 SAARUE O A T R -

£=501g{[1+1/n Z W, (R—T)*1 "X 100}

i=1

R, 5 T, 53 AR N FR 1) 55 10 1) 770 10k ) R ¢ 1) SR ARRE 24
O, n IR ) S AL W, W RCER T

215, GBE AL &K 5 BT £
FEBLERL 7207 &5 SR 20l A s 2 - i 2% 69.92.1 S+
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Fig. 2 Comparison chart of release curves of total flavonoids with different kinds of flavonoids (A) and terpenoid lactone (B)

FLZE 2% 87.48. Millz 1 95.30. 14 70.68, WHEAR:
FARAEE 51.75. WA HNEE A 65.56. HATNEE B
64.75. AN C 81.03.

FDA #L5E £ 75 50~100 W\ NP4 g A7, £
KR AR AN TR T . Wit L A3 S 2
RS B A3 PR M RE T 2 (P AR AL IRl 738K F 50, Ui
XA T2 GBE $0AL, SR UVl e 15 21 (1) 2

AR ANBE 2k 5 HPLC-MS I 5 7531 1 % 1% oy
A AR I 2 FL AT B R AH DGk

2.6 GBE WUALIKIMNEZAN BT

2.6.1 S MRS SRR X S B
F B3 (PR 2 HLIEAT U, 45 SR K W] GBE 22
WOLBE BT & — 28 J1 %% F Higuchi 3l )% )7
e, WAk 1.

&1 GBE ZRHASEWMZTENSBRANNEFERBRRLY

Table 1 Drug release kinetics equation and correlation coefficients of total flavonoid and various ingredients in GBE

sustained-release pellets

FHl o gy BUEEA Tt Fal gy BRI Tt
e T RYF 1% 0=13.097—1.894 6, r=09124 |ANEERK (IRARE  ZHT1% 0=6.009 1 1+43.403, r=0.768 2
51712 In(100—0)=6.272 t—0.986, #1715 In(100—Q)=-0.347 2 t+4.050 6,
r=0.9818 r=0.9227
Higuchi  0=3.8151¢2—0.0778, r=0.9868 Higuchi  0=0.03157"2—03458, r=09151
WEIRE MR AN 0=7404 61118261, r=0.8880 BN A ZHE) % 0=6.999 3 +428.403, r=0.8774
EN 1% In(100—0)=-0.196 6 +4.435 3, HEN 1% In(100—0)=-0.258 7 1+4.369 5,
r=0.947 1 r=0.964 4
Higuchi  0=0.0307£?+0.2548, r=0.9517 Higuchi  0=0.03287"7—0.126 5, r=0.9716
FRER BHE % 0=5.733 1124877, r=0.8603 A NEE B BRI 0=6.547 8 t++31.478, r=0.863 1
HEN 1% In(100—0)=-0.127 1 1+4.306 2, HEN 1% In(100—0)=-0.2353 (+4.312 5,
r=0.9255 r=0.979 8
Higuchi  0=0.0389/2—0.126, r=0.962 1 Higuchi  0=0.0344”—02533, r=0.968 6
WY BEEI% 0=6532814+21.063, r=09114 AR C FHRE) 1% 0=735251+16.287, r=0.939 1
HEN N In(100—0)=-0.162 +4.422 8, ) 1% In(100—Q)=-0.198 6 t+4.543 3,
r=0.9752 r=0.983 9
Higuchi  0=0.037”+0.0378, r=0.9843 Higuchi  0=0.0339/?+0.1456, r=0.9865
BT RYE% 0=13.097 t—1.894 6, r=0.890 6

H 1% In(100—0)=6.272 1—0.986,
r=0.979 4

Higuchi ~ 0=3.815177—0.0778, r=09771
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2.6.2 FEHHLEIENT  BOLEACHT. BAS A H
JaFIHiHEE 1 (scanning electron microscopy, SEM)
WK 3. g1 3R], K 3-AL B WAL R
T AR, B DGR, DA A OLR TG,
AW, LERYR: HE 3-B. C WTLUGEHRHE
ORI AR, WA, 25 R BRI
IEREARUNRCR; i 3-D. E ATLLE A
R AAZ LIS HIE 3-E F AT LLA
JRBAZ 25 ] S b

D (x120)

Eudragit RS/RL & & A F LI E TR E
W), ZEREBE IR R OE AR ALK b R B2 E
Eudragit RS H I E UK, B@E RS IR
/I, LTV RS R AR T T A 23 B 245 R Jil; Eudragit RL
R BB, BEMEREKERR, S
Eudragit RS FC& I, 18k 3R & Lo v R g
O SR R, AT R S R A I 7R R R 2
249 2 B L AN 2 I IR 1 0% K FLIE AT
R,

E (x120) i

A\ By COMRlhAAHET 5 K B EMOALETT: Dy Ev F Al BAHT J5 2 E oLl
SEM of the surface of uncoated pellets (A), coated pellts (B), and pellets after dissolution (C); SEM of the cross-section

of uncoated pellets (D), coated pellts (E), and pellets after dissolution (F)

3 BKRE. B SEM
Fig.3 SEM of uncoated and coated pellets

ASEEGH %1 GBE SR AL 4t B iR A
P SRR LS, AT AR AT B R
A, VRSN ) AR . KPR TE R 2
%R ZE AL AR AL, Xt SEM g5 IR T, Kk
IURETRAT R AR S E 3, W e B RN, &
JE AR IR, N 2 2 BE 2 i e 4 R B
AR, B AR RA S, JF FLi GBE " A7AE
VFZ KBRSy, b= A v 2 KPR, T
L K PR FLIE B T3 HON R
3 i1ie

GBE IR 2H 73 4 32 200 S sl A 2R N B, S A
P H HT e J775 K 2 # K H HPLC J5 e %
P B2 B AR JE HEAT N RN, AT 3 1R A iR 11

W57k, T HPLC 847 M4Ed AR m, 75 KR
TAEAL AR, BT A P G % 0 AR O
PEIFANRE DD Jm B2 AR, DRI AR S Ak 1
BN A RS I B AR . WU DA 78
IIVRANRETBAR DL fo ABLIA 7~ S5 R AT A5 A 4%
Ry R B (FRE O BAT 2 AU, (HA
RIS BRI AY A IR C LLAR, JLAR -5 S S AT ALL
JE SRS MIG, X% T B R Ay
bt A RS B3 B0 0 R 1) A P 5 1
RUE GBE 288003 B i A A B i B g 1)
BACPEBNZZROR, (B MRS HLHIRE 25k
I3 ML B RDRE THLIRIEA — B, SRR AT
— R IRE) J12% A Higuehi 3125 5 fE. XTI g
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FH T A S v i A SR REAOML IR 7 O R FH B A A
P BRI S, &R IR IR B T
R, T R TR AR T, S R
P L 2 5 2 A1) K ) P R 5 e T 2 [ 2
BARUFABARE o AR I0) 1 A TR AR IR A
BN, RBURETBCRHIAARO,  HATHIR R,
Al RE 5 HAE GBE WA R DA G,

T 2 o A R e R iR v, H b 292%
BRI VPN Tk 20, W DURE IR S5 HR 4L KIS A
LEAVPY, DAY, BRI “ Gt AR R )
i “RERIE % S e, Bz
Al L A NV R SR 2, b 25 22 R 5 A R
JBVEA T REW) G rh B R 2 IR AR A, XY R
AABIGESER . HEASMAR BTN £ A
DRIV 22 1 4 v 2 R 1R K2 23 AL 2R
O AR SN TSR PRI 7. ARSI %5 1S 21 s 1
55k Py 5250 58— 7 1k LAEAT AR N A DG PR
58, KM T HPLC-MS X #sillse, PR, Kt
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