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[fEE] a« WU A, BIRGY (GKAB) Xk AMKETohkiEsE (pMCAO) KL ITH -y 1
FBHRRTHLN . ek BulfEr: SD R 60 H, FEHL MR TARLL. pMCAO HHIZHH GKAB ALFRIE, . w5l
. BRIBETFARL (B sk ARHWT ) 25, oy 4 23R AR WA IR rh s ik i s v il 45K B pMCAO A28
GKAB ZbHEIK, . AR FAS 10 min /3 H4H FEikiEd GKAB 125, 25, 50 mg/kg, FAR41. pMCAO £
R 5 T A Y 0 B K . 2 12 h J5, 2RA TUNEL SR 4520 K RURZH L e i i TR,
JEH LU BRI A 2 A AR L INK (p-ONK) K3k, 8 BEE AR ZH 40 p-INK, Bel-2, Bax. 4l (%
% C (CytC) . caspase-9. caspase-3 DAJ% cleaved caspase-9. cleaved caspase-3 tE ML, £ % SEFARLAMLL,
PMCAO HEFIL] K FR AT ZR NI T p-INK kK444 in (P<0.01) , JET-AHCE M Bax. cleaved caspase-9.,
cleaved caspase-3 HIZiAI T (P<<0.01) , Bcl-2. caspase-9. caspase-3 HIFEIAHIEE (P<<0.01) ; 47T GKAB Ab
J&. 5 pMCAO LA AR, GKAB AHME, . sl 4R U 2RI T2 A p-INK /KPR (P<0.01) , A
T8 Bax. cleaved caspase-9. cleaved caspase-3 FY7&ik 2 A # (P<<0.01) , T Bel-2. caspase-9. caspase-3
MFRIs 2T S B (P<0.01) , FHRIME —E MR EAHM . SEFRAME, pMCAO I bt 25 241 it Jf 7
Cyt C FikFhm, Zebifhk Cyt C FkFEfIL (P<0.01) ; 5 pMCAO HERILILLAL, GKABK, ", il gl 4t ity i
Cyt C FABRMWIRRAR, Lokifk Cyt C FkZ#WiTH (P<0.05, P<<0.01) . #+# GKAB A[{iifil pMCAO K EURi#HZ 40
MEPRT, HALH AT RS A INK BFERTL . H] INK {5 5@ 1 30E . BT Zehi AT s 27 06,
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Mixture of ginkgolide A and ginkgolide B inhibits JNK apoptosis pathway in neurons of rats with permanent
middle cerebral artery occlusion
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[Abstract] Objective To investigate the protective effect of ginkgolide A and ginkgolide B (GKAB) mixture on
neurons of rats with permanent middle cerebral artery occlusion (|MCAO) and related molecular mechanisms. Methods ~ Sixty
male Sprague-Dawley rats were randomly divided into sham group, pMCAQO permanent focal cerebral ischemia group and
GKAB-treated low-, medium- and high-dose groups. In addition to the sham group (only isolated without interruption
of the arteries), the rats in the remaining four groups were induced pMCAO by blocking the right middle cerebral artery.
Rats in the GKAB-treated low-, medium- and high-dose groups were injected with GKAB 12.5, 25, and 50 mg/kg through
sublingual vein at 10 min after pMCAO, while the sham and pMCAO groups were injected with saline of the same volume
as the medium-dose group. After 12 h of treatment, the neuronal apoptosis was determined by TUNEL method, the level of
phosphorylated c-Jun N-terminal kinase (p-JNK) was determined by immunohistochemistry, the expressions of p-JNK, Bcl-2,
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Bax, cytochrome C (Cyt C), caspase-9, caspase-3, cleaved caspase-9, and cleaved caspase-3 in brain tissues were detected by
Western blotting. Results Compared with the sham group, the apoptosis rate and p-JNK expression of neurons in the pMCAO
group were significantly increased (P<<0.01), and the expressions of apoptosis-related proteins Bax, cleaved caspase-9
and cleaved caspase-3 in brain tissues were significantly increased (P<<0.01), while the expressions of Bcl-2, caspase-9
and caspase-3 in brain tissues were significantly decreased (P<<0.01). Compared with the pMCAO group, the apoptosis
rate and p-JNK expression of neurons in GKAB-treated low-, medium- and high-dose groups were significantly decreased
(P<<0.01), the expressions of Bax, cleaved caspase-9 and cleaved caspase-3 protein were significantly decreased (P<<0.01),
and the expressions of Bcl-2, caspase-9 and caspase-3 were significantly increased (P<<0.01) in a dose-dependent manner.
Compared with the sham group, the expression of Cyt C in cytoplasm in the pMCAO group was significantly increased,
and the expression of mitochondrial Cyt C was significantly decreased (P<<0.01). Compared with the pMCAO group, the
expressions of Cyt C in cytoplasm in the GKAB-treated low-, medium- and high-dose groups were significantly decreased
in a dose-dependent manner, and the expressions of mitochondrial Cyt C were significantly increased (P<<0.05, P<<0.01).

Conclusion GKAB can inhibit neuronal apoptosis after pMCAQO in rats, and its mechanism may be related to the inhibition

of JNK phosphorylation and JNK signaling pathway and the block of mitochondrial apoptosis pathway.

[Key words] bilobalides; c-Jun N-terminal protein kinase; cytochromes C; brain ischemia
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£, SEKAAEA 1690 I AERZY, 590 71 A
FET S A A S A Hp R — el L S i 1t A
B MR R IR O 3 I R R B, pFsE R
P S Jf A i 2 e 3 G 58 A o 25 200 i e A O
T2, HUAT SRR 240015 Sl AR N
g A, B iEA%Y (ginkgolide A and ginkgolide B,
GKAB ) J& IfiL/ MR T Ak R - A s Bt 2 AR BB 7]
AN BE 2GR A R OGRS . A FRE R GKAB
A2 PR, (H I ELAHL I ot o 58 4
B, iR T 0 R AR R R AR A c-dun
IR T (c-Jun N-terminal kinase, JNK) {5
SHEHCE RS S ARFssEE R INK (55
S FZ R ARG T, WSS INK (5538
BRI, BERE GKAB XM 40 B AT
PRAPE T o3 Bl

1 #M#FnTEE

11 FEBRAMEME  GKAB (HRATAES A IR
AR B LA 1 1 iR LIRS ) i EREERE L
5 TR, 4% KERAE . 4% 2R
[T A (i) TRARAF] Ryt p-INK —
br. WPtz C (cytochrome C, Cyt C)
—Pr. P caspase-9 —Pi . AL caspase-3 —
i (€[ Cell Signaling Technology 25 ) , ¥t
il p-actin —¥Hi ([ Sigma-Aldrich /A% ) ,
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Pl Bel-2 —4i. FhifemeskEn =y (£H
Santa Cruz Biotechnology A#] ) , Rt R FpEEk
HATPL (£132 Dako AH]) o ki 2idin &
( £ Pierce Aw]) , i ARubrid ( TUNEL)
& ([ Promega AW ) , Bradford 2 F1HkEE
WG (e RAEYHE AN ) , ECL
¥ (E[E Amersham Bioscience A ) o
LU IR & [GT Vision, FEFFHE ( i)
ABRAFE]. FAL1604S BRI T RF (LA %R
IS AR ), SDS-PAGE HELBKAN . i Hy 5
¢ (£ Bio-Rad /A7) , 5415R BE.LHL (12
Eppendorf /A #] ) , CX31 R4t A i i
Bi ( HAS Olympus A7) ) , H.SWX-600BS AU
WAKVEAE (VR i YT AR iRl s A PR A H] )
ZD9550 BIFEIR (IR VT AKS AR A PR A ) o
1.2 ZBad54m HERMEE SD KR, &
fiit (290420) g, Hi[EIPFERE sk o4
HE[EI4TIES . SYXK (J7) 2012-0031], ##K
FRBEHLAT S 5 A TR, KANERNG 3k
%€ ( permanent middle cerebral artery occlusion,
PMCAO ) #ifi4, GKAB AbHSRHIE 4 (GT1
20, GKAB 12.5 mg/kg) . HilwEdl (GT2 41,
GKAB 25 mg/kg ) . =iflfZl (GT3 41, GKAB 50
mgkg ) , B4 12 B, FHFERFAR 10 min J5
2 NS 2 .

1.3 XA pMCAO #AwE T 4% KEEEENE
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Js VEST BRI R B (400 mg/kg ) BRI Y K B
PRMNE 2 T B, SEPIERYIE, B |
SRS RRITEE LIS SR . o0 LR B RO 45 L0
Uiy, TEICCNRSEESAN . Ak Ak F B ik JeH
Wriii . ez MEl, 45 C FEi—/hO, ¥ 4-0 &
T2k (—umfsemHaBEAR ) HA/NT, Linz)
[k, I 250 P8 I kR e 4 A 2 KT sl Dk ke 1h
vty (BESUR KA LAb2y 20 mm ), BHWT R
Sk ft, FELi, 2868k, BFEARH R
BB KAARIRZR

1.4 TUNEL 4 X R 28 42 F 05 Ab 22 40 i
B ¥R 12 h f5, B4 3 LR, el
0.9% YA FRERACONEEE: vk, FiAT 4% 2R
MES R, B A, DIECE R [l ek
FELEJE L o2 iy, A A, HIAL 10 pm JE
YR RO 3 58T R, (A TUNEL 75K
WA 2 M A PR T Ol o A B R RUBE S | vk
W AR K B EE 15 min, PBS #EEk.
4% ZRWPESARIE E , FHEN Buffer 22 Pk %=
BFE 7 min, RIS (TDT IRA WK 60 min,
BB R iR A 2X SSC IR YET P 15 min &
1B R, FREA 0.3% o AL S W, T Bk
R ek Sk ) il s 1 P i R 2 R 3R A TR TR
30 min, PBS Wt&JGH I DAB TAEW B,
Fo BV A T S5 HHEF ( X400) W
g, MR T AR A BB R M TR A T
(%) =T AR EE (PR T 20 A+ IR
YKL ) X 100%.

1.5 F AL n X R AP 2 e P 2% 5 AL
INK (p-INK) K-F  HCA Y] 7 s . 5K s H
MERRENEZ B, R A AL F i P AR R
PEBUE, PBS PRSI p-INK —HiEE 7K,
WH VRS E R INARR. T, FHRUER IS DAB #)
gu, IR OGP ANEE Gy, 9 I K
JE R E o AR R A T R 5 SR
RSP TT4L 100 N2, AR B ik R BH
PEANNE, T AN E o b

1.6 ZHORUPEEHMNKIIMALR p-INK,
Bcl-2. Cyt C. cleaved caspase-9. cleaved caspase-3
Fawkik SARRSHTER, HZj12h f5
W S BB , R ) Bt O > W Y X T —80 C
R4 . I 100 g 4HZUMA 1 mL RIPA

W Tk AR AR, fFFR M)A, 4 C
12 000X g B.0» 10 min, HU bW . L kL
BN & B gokiik . /4] Bradford &
WD R & e AW E, BEANELS
R PRI 5 0 1 WL HNE S,
5 min; AiHl 10%~15% [ SDS-PAGE 7 &K
5% HcHafe, A& 400 mg (20 pL)
PR . B, WA, KA RS A =
PP ILEILH B (TBS) Euplalfa ., H 5%
WiRg Wik g TBS HHl, & T#IK L 30 r/min
"% 1 h, HARMARPER p-INK —Ht
(1:1000) . FWikl Bel-2 —#% (1:5000) . i
PRl Cyt C —H1 (1:2000) . “difi caspase-9 —Pi
(1:1000) . fehib caspase-3 —47L (1:1000) F
FUBTEL B-actin —HT (1 :10000) , 4 °C 15 r/min
PRGWEE R TBST Yek—4t, MAFEDRERE
BREEFIZHT (1:2000) | febiiesEskin =it
(1:1000) , 15 r/min EiEIRHHEE 1 h, TBST
Yk PUETT ECL W%,

1.7 %t 4 R SPSS 20.0 HA TR S
Mro BHEPILL x+s Fon, PILL] HLBCR HIPAEAR
PR AR t RS, A BRI B R R y 25 53
Bro fagesKifE (a) 24 0.05,

2 & R

21 BAXFAMWALFEgirihZ2mpAcEl 5
RFAREMIL, R 12 h J§ pMCAO FERIZH K
PG A B TR i [ (31.89+£1.76) %
vs (0.64+0.16) %, P<0.01]; GKAB Ab¥ )5
. wh L R R R T P A R T R
MR (23.92+1.29) %, (20.16+1.11) %,
(13.09+0.68) %, 5 pMCAO AL LI T
% (P #7<0.01) . WK 1,

2.2 BARAMWALE P p-INK K-F Rl
fh2eghi R (B 2A~2E) W, SHEFR4AMLE,
PMCAO A4 K AL p-INK YR iA K
Py [ (64.3+2.80) % vs (0.31+0.11) %,
P<0.01]. GKAB 4# 5. . & F &
HRBRMALHME p-INK 15 K55 5
h (43.7+£2.31) %. (26.61+1.78) %,
(14.52+1.59) %, 5 pMCAO HAILAH H 14 %
fit (P #<0.01) , HEHEZERASIT2HE X
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(P<0.01) . EEREILEEE (K 2F) Wow,

KB HLP INK & A K FEAEXHEE, T
PMCAO HAIZH p-INK 25 /K AR T AR 43
(P<0.01) , GKAB #hbBHJ5 54 p-INK &

KT pMCAO #AIZ] (P<<0.01) , HBfi5
IR TR, SR ERA SR X
(P<0.01) .

1 TUNEL #E#&EXRHMEMETER

Fig 1 Neuronal cell apoptosis of rats by TUNEL
A: Sham group; B: pMCAO model group; C: GT1 group (PMCAO+GKAB 12.5 mg/kg); D: GT2 group (PMCAO+GKAB
25 mg/kg); E: GT3 group (PMCAO-+GKAB 50 mg/kg). The arrows indicate positive cells. TUNEL: Terminal-deoxynucleoitidyl
transferase mediated nick end labeling; pMCAO: Permanent middle cerebral occlusion; GKAB: Ginkgolide A and ginkgolide B.
Original magnification: X400

2 FBHEKXRALR p-INK HRIKKFE
Fig2 Expression of p-JNK protein of rats in each group
A-E: Expression of p-JNK protein by immunohistochemistry (the arrows indicate positive cells). A: Sham group; B: pMCAO model
group; C: GT1 group (PMCAO-+GKAB 12.5 mg/kg); D: GT2 group (pMCAO+GKAB 25 mg/kg); E: GT3 group (pMCAO+GKAB 50
mg/kg). F, G: Detection of p-JNK and JNK by Western blotting. pMCAO: Permanent middle cerebral occlusion; GKAB: Ginkgolide A
and ginkgolide B; JNK: c-Jun N-terminal kinase; p-JNK: Phosphorylated c-Jun N-terminal kinase. Original magnification: X400 (A-
E). "P<<0.01 vs sham group; ““P<<0.01 vs pMCAO group; **P<<0.01 vs GT1 group; *~P<<0.01 vs GT2 group. n=9, X£s

2.3 BAXFAZEmMILNEAAZT T BRE G R
XA TR EE HEHBES LR (K
3) EH], pMCAO BRI K FLH LB A2 i T
1 Bax. cleaved caspase-9. cleaved caspase-3 #ll

BB ERAGIAE L (P<0.01) ; Bel-2 N&E
M A9 4E (P<<0.01) . Cyt C sr#rghi (A
4) W, SERFRAME, pMCAO B K
LRIRPN Cyt C RN Cyt C BIFRIE KA T

P-INK HRE KRB F AR AT (P<0.01)
M GKAB AbFRSME . . EflE4 KR ERE N
M FIKKTF-5 pMCAO MR AH HeZ bk, H.

® (P<0.01) , T GKAB AbFHIGKEZE X B n A
OFREI B i, (P<<0.05, P<<0.01) .



oM. o A, M. ANEEA. B IRGWHIHAK ARG TS ik ZE R UM 2R AN INK I T2 AR

* 637 -

B3 FERIFEENEAKRRMALS Bax. cleaved caspase-9. cleaved caspase-3 # Bcl-2 BRIE
Fig3 Expressions of Bax, cleaved caspase-9, cleaved caspase-3, and Bcl-2 in brain tissue of rats

in each group by Western blotting
Sham: Sham group; MOD: pMCAO model group; GT1: pMCAO+GKAB 12.5 mg/kg group; GT2: pMCAO+GKAB 25 mg/kg group;
GT3: pMCAO-+GKAB 50 mg/kg group. pMCAO: Permanent middle cerebral occlusion; GKAB: Ginkgolide A and ginkgolide B.
“P<0.01 vs sham group; ““P<<0.01 vs MOD group; **P<0.01 vs GT1 group; ' 'P<<0.01 vs GT2 group. =9, X+s

4  FARENEEQN A RBEMEMEREFIRRA Cyt C BRI
Fig4 Expression of mitochondrial and cytosolic Cyt C in brain neurons of rats in each group by Western blotting
Sham: Sham group; MOD: pMCAO model group; GT1: pMCAO+GKAB 12.5 mg/kg group; GT2: pMCAO+GKAB 25 mg/kg
group; GT3: pMCAO+GKAB 50 mg/kg group. Cyt C: Cytochrome C; pMCAO: Permanent middle cerebral occlusion; GKAB:
Ginkgolide A and ginkgolide B. “P<<0.01 vs sham group; “P<0.05, ““P<0.01 vs MOD group; “**P<C0.01 vs GT1 group;

YYP<0.01 vs GT2 group. n=9, X%
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