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Study on pharmacokinetics and pharmacodynamics of ginkgolides in rat model
with cerebral ischemia injury
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Abstract: Objective To study the metabolic process of ginkgolides in rats with cerebral ischemic injury based on pharmacokinetic-
pharmacodynamics (PK-PD) binding model. Methods The middle cerebral artery occlusion (MCAQ) model was established by the
suture method. After reperfusion, rats were randomly assigned to nasal administration, ig administration, and iv administration
group.The orbital blood was taken at different time points of 0.25, 0.33, 0.5, 0.75, 1.0, 1.25, 1.5, 2.0, 4.0, 6.0, 9.0, and 12.0 h after the
administration of the ginkgolides solution. The drug-time curve of ginkgolide B in plasma were drawn according to the concentration
measured by LC-MS. The time-effect curve of superoxide dismutase (SOD) and malondialdehyde (MDA) were drawn based on the
value measured by the kit. The pharmacokinetic parameters were calculated by DAS 2.0 software to fit the PK-PD binding model.
Results The ty, of ginkgolide B of the rats in the administration group was smaller than that in the MCAO model group. The area
under the curve (AUC) of nasal administration was significantly higher than intragastric administration and intravenous
administration. Conclusion Ginkgolide B has a good protective and mitigating effect on ischemic stroke. The pharmacokinetics of
nasal administration is better than iv and ig administration, which can provide reference for the development of nasal administration of
ginkgolide B.
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Wil A, By C5, ERARMIM/MUEILE T (PAF)
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1.1 SEIEh)

SD KRR 40 K, A& 250~280 g, HFE
R R =4, WP IES SYKX
(#7) 2014-001. 22~24 C, H. BOLMHEK 12 h,
TR R, EMN SR 1A, LI 12
h 25 A AEK .

1.2 8B

¥k GEMT 250~280 g K, JbsPEikRHY
HIRATD; B H L2922k 5M K2k [ (6-0).
(4-0), FEHASHETHMROGARAA] F
ARBY. SHL. BH8E. b, &84 (REET S
WA PRA T F AR ;s N1k (e g
BEBRATD; 5427TR /INRLA VR E B 0oH L (fEE
AEEATF]D); VORTEX-S Jitimik Aoy IR I
IRASCES )3 A PR 7)) UVA800PC B4 A AT I 43
HEEE (R TTHT A A R A FD;s (RIRIKFE (—20,
—4 ‘C); FAL1204B Jisr 2z —HWFRF (Ligk%F
SATRATD: Agilent1260 HY i &5 AH 4 41X
Agilent B = H PUZAT X (Agilent A7]).

1.3 #Hm5R

WAL NERREZ GRENEE B FiE5E0N
30%, MR HEBAEDHSHARAA, #HS
20140123); XM MARA N BE B (fit5 110863-

201611, Jii & ¥ 95.6% ), &FIAMR (LS
100135-201105, Ji&E5r# 99.5%), HHEE MM
w7k ; SOD ikifl& (k5 20170428). MDA
W& (bS5 20170502) W+ 5 5 i A9 TRERT
FupT: HEE. KIS B RIXEK.
2 Rk
21 SR, EEE%RH

W KRB A 5 24, 2 st B4, Ay
B R v A, ig A, A% S
R P O B 2R R B 2 K B S R R TR . 3
it ip KA SRR KR, MWBEFYIFZ 2 cm 1)
C1, xS A SRS P Bk, R SI0E B ki N &
B 2N Bk, BE TR A 30 ikl S Feft
S A P I, S BOK BR R A S P i R I

RZH KR T IERET 1 BITE, 2 Bl DA
v flig HR&h%, SH 1k, 7&EN 14 mg/kg
T BEARA NS B 29 4 mg/kg, IR ERNEENEER
(f1 & A 20~40 mg™, 5 ¥ R AT & 60 kg, 1%
40 mo/ NHIARHETHE, BN HMZER 0.67
mo/kg, FEAERRMEBITE, 4T RRRANE B 1)
P EEEGE N 4 mglkg) . 5 7 R TG Bl 1.5
h, FH#EELOhE a2 1 IR, BAAH ., X
KR b 3R B [ sk AR B K RIS 5 R S s 45 24
2.2 [MHERE

B RR 0T RIRG )5 0.25. 0.33,
0.5. 0.75. 1.0, 1.25. 1.5, 2.0. 4.0, 6.0, 9.0, 12.0
h BRHEHER L 0.5 mL, BT 1.5 mL & AT R8I EP &
HORAE, b3S TR, 53 HEL 0.5 mL I,
4000 r/min &0 10 min, BB MK, 778 F-20 C
VKA, HF SOD. MDA Harill. 70 20 b5 o i 4
KR A AR IR AR M, 250 J5 B BB —20 C
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2.3 MFHIRAMNEE B REREHINE
231 WWRHIH &

(1) HRAT NG B X IR VAR ) % kG B FREL
AT IR B X HE 20 mg BT 100 mL =54, A
FH BV A AP LR FE Dl 200 pg/mL AR TS B
it AHFECHE 1 mL T 10 mL =5 i B R
BERZIELZ, WIS EIKREN 20.0 pg/mL i 274,
MR AR AR 23 ) % B R B2 0 0.1, 1.04 2.0, 5.0,
10.0 pg/mL Wi, T 4 COKFEHIRAE

(2) WIFRIBETIIE] S A2 R 71 2 IRkt it
ai 20 mg BT 100 mL &I, FH R AR G 5
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KN 200 pg/mL RS FIAIRGE &0 AR ELH
1mL, JIA 100 mL &, @IMFEEZIEL, R
Wi PR BTS2 pg/mL 4 4k b LY
1 mL T 10 mL EHHBERZIEL, HI1FHEK
FE24 0.2 pg/mL AR, BT 4 CUKFEHIRAT
232 BIEFMS S A

(1) fif2fF: KH Zorbax Eclipse XDB ffiif
FE (250 mmX 4.6 mm, 5um), JREIHNHEE-0.4%
H IR/ (70 @ 30D, ARFHIAE 0.300 mL/min, 4
130 C, #HFEEA 10 uL.

(2) Pl skft: MmIE S (ESD, EHE
TR ZRMENEL (MRMD, RHME
TR, TSR 250 C, TSR E
5.0 L/min, F A4k 3% 77 137.9 kPa, B4 HLJE 3 500
V, AN B RIS X m/z 423.0~367.0.

233 BRI B €227 WURPUELME RS 60
ul, AN 0.2 pg/mL #&FIANR AR 10 uL fK FHEE
60 uL JBEIS], HINRIERIES] 1 min, 12 700
r/min B5.0» 10 min, &M E O 780U, FEEETE
WORAYISIJE 10 uL #ERE, #E47 LC-MS Wl &Y,
234 LREMEHSR BCHRAKXRMT ALK, =
0025 0056 R B AR 4R 249 2K R I S A 4%
50 uL™M™, 4% “2.33” W FJ7VEALEE, BERE 10 pL.
gt PR HERE ST AR IR B AR FIA IR (A
YD) IETE KA Hid 2 (A fe Sl R U770 3, Tt
Wb, ARAT NG B 78 1.0 min HIg, NI FIA
JIR £ H W& B TA)LE 2.0 mine 25 & 1 .
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Fig. 1 LC-MS of blank plasma (A), blank plasma +
ginkgolide B + internal standard (B), and plasma with drug
sample + internal standard (C, D)

235 MR ARFLE B 5 AR R=AM
K, B4 50 pL, % “2.3.37 WiF A7k HEHT A4
L, AN “2.3.17 TUR HELAFRIRA N IE B
XTI R BIEWR 10 pL, 135 IR 2 50 1.0,
2.0, 5.0. 10.0. 20.0 pg/mL XF & &I, JRES)
JEHEFE 10 pL, DMRANEE B M AR (YD,
WA NEE B MIBTEIREE AR R (XD HEATZME: ]
I, £33 [E 572 Y =2.010 X—0.020 4, r=0.999 8%,
< HIARAY I TE B 7R B N 0.05~10 pg/mL 23
RIFMEHER R, BCEERA 0.05 pg/mL.

236 K. #EFEAEICE  BOTHRARR =
I 50 pl, % “2.3.37 Wi R 7R e AT MR
AEER, SRS E IMNARAS B B KR RV, A3
JREMRE S8 010 1.0 10.0 pg/mL, SEANFEHK
JEM 343, AT 1 d WARFEIR R E, THEAE
YIH WK% E RSD A 2.0%~3.5%, “F-XAFHX} E1i
%K 96.35%~99.57%M, RSD 4 2.9%~4.3%,
T 5 N 92.36%~103.60%.

2.4 Im;E9 SOD jEMFI MDA 7K E

241 SOD VEMERINE  ZHAF &N 3 545
NERIE, BERIRSIERIRS], BT 37 CIEIR/KIE 40
min, ZEHECE 10 min, T 532 nm &, 1cm g
B, MZEKEE, akilemoeE (A
B, HARAT: & SOD IEIT=(A A 2u)lA X 2X
1A ZFRREALHORE SR M B A5 4, THE H SOD
.

242 MDA /AKFERE % M Ei Al B s
BeAE, WERIRESIARIRS), WU O RS,
BFSKILA/NEL, 95 C/KIE 40 min, HUH EIKA
#1, 3500~4 000 r/min 25> 10 min. BL_EiEH, 532 nm
Ab, Lem AR, WAEKEZE, WEEAHE, BREL
e MDA E=(A ss—A am) (A b —A 1) X DT RE T
R EFFIAE A I RUEIRIE, MR MDA .
3 &

31 REMAE B AFLER

P23, 2700 ik K T A% 1, 8 LC-MS
W5E ig 4. R iv 4. Sies 254 K BRAS A [) 25
M HRT WS B IR R IE, xhil2g-iF 2k,
Kl 2 fion. FBEAHSHIE 1.

2 &3 1aT5, BRI iv A2 R AAAE G
FEAL, ig 5 & es 25 7 AR A e B 7 14 P9 IR
W, BIE Lh Fe ik, BseR 204 ig 4h 2T
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Fig. 2 Concentration-time curve of ginkgolide B in plasma
of rats in each group

JER IR Ay B s 4 25 Ji Mg v Mk AR AT PN TR B 48 8 3 I T
IR, S T AR ORI . S A 2 KR
I AR A IS B ST B i) (MRT) &K,
F B Bl 2 25 1) 7 2URE IS I K 250 K R A4 9 TR
FEIEL, 3 MAZAY, S22 4k T
B(AUC) fmr, RTINS B il i & s 25 250
W4T
3.2 RBR2AMEFTARMIEZ S SOD j&EM. MDA £
SppA1)

M2 2 AT, SxERA b, AR AR R
o MDA 825 (P<0.001). SR,

F1 REAEEB ENBMARAEANEEZANFESH (X+s,n=5)
Table 1 In vivo main PK parameters of ginkgolide B in cerebral ischemia rats (X +s, n =5)

S8 AL Bty Rivandy ig 4525
AUC, pghL™? 2864.784+550.91 2158.94+415.28 2504.27+481.99
AUC, - pghL™ 3018.44+461.54 2 257.03+345.64 2549.10+387.98
AUMC, -, pgh® L™ 11854.63+2171.17 7161.86+1263.11 8849.51+1544.41
MRTo-., h 3.9340.50 3.17+0.41 3.31+0.42
ty h 2.73+0.48 2.96+0.52 2.07+0.36
tmax h 1.00£0.16 0.25+0.04 1214021
CL Lht 1.39+0.25 1.86+0.33 1.65+0.27
v L 5.48+0.99 7.94+1.41 4.92+0.81
Crrax pgL™ 1065.75+208.82 1032.39+184.28 932.67+147.94

3 Py A Z R IR R M MDA [ &I A2
FEREAK (P<<0.05. 0.01. 0.001), HHEivashs
B en 2L ig h A PR, H B Ean 254
MDA A 3 Ak, RS2 LR
o MDA [EH IR, #e68 K IE H U107 3.

M 2 AT, SxERA b, AR R i %
i SOD 3 M2 R % (P<<0.001). SR ELE,
B R A AR RIS T SOD i 1HERE# % AR AT
WiE B RERENF S EARREF S (P<
0.05. 0.01. 0.001), H 15 JE45 2524 SODmax #5151 »
FeW) B 2577 o0 SOD VT E FH A2,
RS K U Y7 28
4 SREFEZDANBEERRARNL PK-PD I E1EE
41 PREBNEEEIRLAE MR E-FTE-SOD
BNIAE

S R 1S ) Bl A 25 KRR o SOD ik
Kol , ARAEARAT N AR B 25K E . SOD if A2
#7253 - 1A]-SOD AN () 3). s

SOD & M AR A ML 25K FE R (AR 2L, 452
4~12 h, HRAEWEE B 253K FE T B SOD vt
FEARLRFERSE o« HEM T BE A2 F TR A P B b oAt
BT AAR A IS AL BRI TS C St RIE T — &I
YEF .
4.2 RELRNBEEREAHRIIZARE-FTE-MDA &
=ENE

S A5 31 B s o 25 2L )R RS R MDA 7K
PR, IRIEERA NS B. MDA & IR 2
T 25 - [A]-MDA SR K, WK 4. B 40T
HI, %5¢5)5 MDA EARIERA N lE B I 259K FEAR L
AR, 4251 h kA, ARANE B 25K
FEILFIEAE, MDA &8k F|A1H.
5 g
51 ARSMMELMAREEE AL

I I R A o B N N 0 )
JKERAE, BT AR 20 Ja Jeb P Mg s of. s A7 A 25 DA K i
kI ZE (MCAO) HERU LR . 37 2 sk
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# 2 TEMESZEXRRMEF MDA BIEF1 SOD &4 12004 o B 2 L 2 e 200
(X+s,n=5) _ - S0D &M 600
Table 2 MDA amount and SOD activity in plasma at HEI 8001 -500%
different time points of rats in each group (X +s, n=05) g 400 g
415 th  MDA/(nmol'mL™Y) SOD/(U-mL™) 2 o] 30 2
7 200
it — 15.37+35.25 638.35+29.56 £ 100
it — 80.05+19.54™"  342.34+26.98"" 0 0
] 0.25 7368+ 3.26 350.38+15.31
033 5895+ 301 42093:+12.353° 3 BEATHRENE B MIRRE-HIE-SOD K
050 4737+ 432"  495.28+18.34" (X+s.n=5)
0.75 41.05+ 398" 5722841952 Fig. 3 Effect diagram of blood drug concentration-
1.00 2947+ 156™  606.54+22.61" time-SOD of ginkgolide B with nasal administration (X + s,
125  36.84% 287"  445.47+19.38" n=5)
1.50  41.05+ 3.01"  427.95+23.56"
200 4526+ 325"  42033+30.15" L2900 ~ BRI -
400 5053+ 358  43552+26.33" f TMPATE 60 2
6.00 5474+ 4.05%  422.61+24.31" § 8001 -50§
9.00 57.90+ 432  420.85+27.52" =1 gg 5
1200 6105+ 501  439.14+20.63" = 4007 L0 8
ig A% 025 83.16+ 5.03 342.55+15.32 = 10 %
033 6947+ 451  389.21+18.35 3 1 & § D L 1’
050  60.00+ 396"  448.35+19.21° - e s
075 4842+ 378"  500.684 21 53" js’;:)ilé)ﬁiﬁgﬁﬁmﬂa B M Z4iRE-AT[E-MDA B E

531.73+19.56™
573.26+21.33"#

1.00  41.05+ 2.81%
1.25 3574+ 253"

150  43.16+ 3.16"*  496.25+18.45*
2.00  49.494+ 355"  423.81+17.86"
400 56.84+ 406  380.62+25.78"
6.00  63.16+ 4.68 382.21428.31"
9.00 69.47+ 512 375.44+27.54
1200 7474+ 459 359.23+26.86
Fivé?s 025  68.42+ 5.03 355.14+20.12
0.33 5579+ 456"  429.22+18.34"
050 4421+ 423"  496.39+23.57%
0.75  32.63+ 3.85"* 598.61+35.12"
1.00  40.00% 3.76"  546.344 25.49"
1.25 4526+ 2.86"  480.55130.34%
150 5055+ 3.41*  450.43+19.28%
2.00 55794 4.05"  418.15+26.35"
400 61.05+ 521 401.35+24.12*
6.00 6526+ 4.68 390.53427.31
9.00 6842+ 381 395.25+23.15
1200 7053+ 3.72 383.22+25.52

SaBALLLE: TTP<0.001; SRR "P<0.05 *P<0.01
#p<0.001
P < 0.001 vs control group; P < 0.05 P <001 *P<0.001vs
model group

Fig. 4 Diagram of blood drug concentration-time-MDA of
ginkgolide B with nasal administration (X +s,n=5)
MR RS B T7VE E SR Aol rukbE . =R AERIE.
Fetb 2 = Sk IEA S Sh KR )
T B A B, JF B K A S EAR AR AR S
B RU, AR R R R R H %, Isese
ENPIEERE SIS, LRI Z IS K BN P ZE AR
e hid B . AR S i P A R e R AR, 3L
R RUE BRI, T AESERE, &L
BEShK, BIFHE

BEAh, e 3G AR R K B A 5T B N 1% 3 ) A
250~300 g, 1A <240 g i, KE A H 30k
XEE, Mt EM, AN >3009 )5, ME
BEHH T A LRI A AN 25 5y BELIT I VA A
52 RELSAERERE. &T7 2R AYHH

Jivq Rk L5005 2 A G T ATRE . ATP MRS J5 45 fE
EACHRIUE, ARG, B O REME T
RERFM SRS . A NIRRT 1 PAF
SEARIFEUA], SEgEL S PAF 2 AALE G, RTLARE
ik MDA, FLER (LA) SRR, e 2R 5
AR SR =R, [ I ERAT P EEIE AT BT R SOD.
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XS P s S NS RS R RS
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W P45 5 i e L P 0 4 1) R AR R O Je A o
VIR R, FrLL, W fsifs Ko 29 otz
ok 1 i e e DA R k2 o i o e PR £ 6T T3 24 DA 2L
B R R T R ER
SR 28 (NDDS) JEHR7E & fis i T,
0 Ik S 0 PR VAT T i 47 4 By B S A FH 1 — 28
o AHEET HIR S I BRI 25T &5, S isen 24
TG e G2 3t I %) 7 2 280 R AT B 42 B3 0 AR Ao
IRKIRE B3 VAR, 2255505 bR ey
i b D RES Z5 TR R D, g 2 R ) BRI E
F o B s 24 f R R ROl et S5 280 PR Wi e
FNIREE VBRI TR, O XA RS
e 2R R RI T IO R, AR
1) P A R AR B A R IRRA 2 15P0, b s oy
iR Z R, iR RSN T
ARSI S A R L N R VA PR A DA K B R
2T AT T, IR EE AR AR B N BRI e 2
JEAER AR RO, TR E S H MRT K, AH
L ig K iv 45 24T RE S R R S IR ML . AR5
U528 BNt — D ST AR P T S s 45 28 T A
et —E MR AN, AlRIRIRIT IR A PR S
B 3Rk
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