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ABSTRACT Objective: To explore the possible role of ginkgolide K (GK) in the treatment of traumatic brain injury (TBI) and
analyze its effect on AMP-activated protein kinase (AMPK) activity. Methods: Rats were divided into Sham group, TBI group, L-GK
group, M-GK group, H-GK group, and H-GK+CC group (n=11). Rats in Sham group was sham-operated rats, and rats in other groups
were TBI model rats which made by craniocerebral injury instrument. Rats in Sham group and TBI group were administered 0.5%
CMC-Na by intragastric administration. Rats in L-GK group, M-GK group, and H-GK group were administered 2, 4, and 8 mg/kg/d
ginkgolide K respectively. Rats in H-GK+CC group were given with 8 mg/kg/d Ginkgolide K and intraperitoneally injected with 20
mg/kg/d of AMPK inhibitor Compound C (CC). Rats were all dosed for 14 days. Neurological function was assessed by the modified
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Neurological Severity Score (mNSS). The Morris water maze test was used to evaluate cognitive function, and the escape latency (EL)
and the number of platform crossings within 1 min (NPC) were recorded. Brain tissue sections were subjected to HE, Nissl and
TUNEL staining as well as Bax and Bcl-2 immunohistochemical staining. The levels of SOD, CAT, GSH-Px, MDA, IL-1B, IL-6 and
TNF-a, the activities of Na*-K*-ATPase and Ca*-Mg*-ATPase and the content of ATP in brain tissue were detected according to the
kit instructions. The serum levels of NO and T-NOS were detected by colorimetry. The protein expression levels of p-AMPKa
(Thr172), p62 and Beclin-1 in brain tissue were detected by Western blot. Results: Compared with Sham group, the mNSS score and
EL of TBI group increased (P<0.05), the NPC decreased (P<0.05), the HE staining score increased (P<0.05), the TUNEL positivity
rate and Bax staining score increased (P<0.05), the Bcl-2 staining score decreased (P<0.05), the levels of MDA, IL-1B, IL-6, TNF-q,
NO and T-NOS increased (P<0.05), the levels of SOD, CAT and GSH-Px decreased (P<0.05), the activities of Na*-K*-ATPase and
Ca*-Mg*-ATPase and ATP content decreased (P<0.05), the relative expression levels of p-AMPKa (Thr172) and Beclin-1 protein
decreased (P<0.05), and the relative expression levels of p62 protein increased (P<0.05). Compared with TBI group, the mNSS score
and EL of L-GK, M-GK and H-GK groups decreased (P<0.05), the NPC increased (P<0.05), the HE staining score decreased (P<O0.
05), the TUNEL positive rate and Bax staining score decreased (P<0.05), the Bcl-2 staining score increased (P<0.05), the levels of
MDA, IL-1B8, IL-6, TNF-a, NO and T-NOS decreased(P<0.05), the levels of SOD, CAT and GSH-Px increase(P<0.05), the activities
of Na*-K*-ATPase and Ca*-Mg*-ATPase and ATP content increased(P<0.05), the relative expression level of p-AMPKa(Thr172) and
Beclin-1 protein increased (P<0.05), and the relative expression level of p62 protein decreased(P<0.05). Compared with H-GK group,
the mNSS score and EL of H-GK+CC group increased (P<0.05), the NPC decreased (P<0.05), the HE staining score increased (P<O0.
05), the TUNEL positivity rate and Bax staining score increased (P<0.05), the Bcl-2 staining score decreased (P<0.05), the levels of
SOD, CAT and GSH-Px decreased(P<0.05), the levels of MDA, IL-13, IL-6, TNF-a, NO and T-NOS increased(P<0.05), the activities
of Na™-K*-ATPase and Ca*-Mg*-ATPase and ATP content decreased(P<0.05), the relative expression levels of p-AMPKa(Thr172) and
Beclin-1 protein decreased (P<0.05), and the relative expression levels of p62 protein increased (P<0.05). Conclusion: Ginkgolide K
could alleviate brain damage in TBI rats by improving AMPK-mediated energy metabolism and autophagy.
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5 3E A S ORI M A R AU ) 2R (Oxygen-glucose depri-
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21 (HE )4 (G4520) | J& [ (Nissl ) 4% (G1430) ,TUNEL 3%
(T2195) Na*-K*-ATP i (BC0065) FI Ca*-Mg*-ATP [if
(BC0960) & LA I £ ATP & fA i 551 £ (BC0300),
B ERHA R A . B YIEALEE (Superoxide dis-
mutase, SOD) (A001-3-2). i & ik & (Catalase, CAT)
(A007-1-1). & BEH BT HE ALY (Glutathione peroxidase,
GSH-Px) (A005-1-2), TN — B (Malondialdehyde, MDA )
(A003-12), 14+ % -1p (Interleukin-1B, IL-18) (H002-1-2) ,
IL-6 (HO07-1-1) 1 i 928 34 %F [l F -« ( Tumor necrosis factor-a,
TNF-a ) (H052-1-2) . — 44k % (Nitric oxide, NO) (A012-1-2)
B—E LA S EE (Nitric oxide synthase, T-NOS) (A014-2-2)
WA, FE Rt Y TREFSET . B bk E 4R -2 A6 X 2R
F (Bcl2-associated X, Bax )(AF0120) B j#k E 4 fifis57 -2 (B-cell
lymphoma-2, Bcl-2) (AF6139 ) .p-AMPKa (Thr172)(AF3423) .
MR T FR 415G 25 11 4 i ( Adenosine-activated protein kinase o,
AMPKa ) (AF6423) p62(AF5384) | [ 15300 B 1 -1(Beclin-1)
(AF5128)Fl1 B-actin( AF7018)—#i .IgG (H+L) HRP(S0001) —
L, K[ Affinity 23],

1.12 SLI6Eh#  SPF 4% 8 JAl#: SD KL (M FiH: 280~350 )ty
A WS LASE RIS s, £ 23+2°C,55+5% % ,12 h
112 h FEA BRI G P A 37K B

1.2 ik

1.2.1 TBI KEAEEMFIE S5 008 TBI KRR,
B 3% FERBER R, EBENST RSB DYEHF 1.5%~2%
ST HEIRRER Y K BRUE T~ A 1048 b o PR B e
2o TR SR 2 mm (8 1] 561 PST TBI-0310 /51 g6 £
LA S m/s (g EEST R B, 55 BRI [1) 400 ms, PR 4.5 mm, %
BERBA GG KR, R RS, 18 12 h 5 BT
FIR BREAT R 225000 . 60 KA F B KR 55 H B
D1, BNHR 91.67%. BTFARAKBEZAMFE N TFRET, H
AHATHT R

122 KBRS EKEFT KRS Sham 20 TBI 4 \L-GK
1 \M-GK # H-GK 41l H-GK+CC #(n=11)., Sham £1 H{&F
ARKE, HAHE BRI B NEE KT 0.5%1
CMC-Na ', Sham 41 il TBI Z1 K fl%E 5 0.5%/) CMC-Na,
L-GK 41 \M-GK 41l H-GK 21 K fl 73 51 9 B 7 &y 2 .4 A
8 mg/kg/d [EFIAFURA MR K7, H-GK+CC 41k FE B 5
8 mg/kg/d PERAT TR K, FEIENETEST 20 mg/ke/d i) CC,
HHKRRILZ 144,

123 KRMENEEITS @R ML Tae ™ =R T
(modified neurological severity scoring, mNSS) ¥4k B £5
fig 19, mNSS ML INREREAFIE X H)2h 0~18 43 ,1~6 43, %%
BE;T~12 43, P EE; 13~18 43 H

1.2.4 REBINFRThEEIRMNAE  IARIhRETFA R H Morris 7K
E I A bR B2 5 DB001 Morris 7K 2K B A4 43
MRS, ZRGREA 30CHEAKMETE KM (EHAR: 150 cm;
5 : 60 em; KR 35 em) , B A AT R G AT (AR
12 em) BUE AR S — SRR L, & P HE KT 2 cm, 38
EUNEL DAL KBRS A TRe N = Reex i GRS RIS T IR Ta bl $ i 2t Ve
(EL), RJGHZSF & il 25 HRR L R0 5L 1 min %7
BB UEU(NPC)

125 KEMALRREZLE  JOR0 & KRN, PBS i
Uk, 4%Z2 R REEE 24 h, K BN AR IFIE 4 pm Y1 R,
Fe R Ul B EET T HE Nissl F1 TUNEL Jefn,, Ay fbAR 1 |
P2 ITCAS T A% B4R AR 1 A 3 i S5 P AR K S X HE G
TR AR T -0 43 TCH B B AR 5 1 43 %
SRFRE AR 32 43 TP BERR IR ;3 A3 F BRI AR , TUNEL 3
i 75 400xHRASECT B8t TUNEL PR 264 40 o I 71
FlFEHT
1.2.6 Bax #ll Bel-2 BB ALRLZEE KK ENAL A DY)
FE FUES 22K, 3% HL0, FiRALEE 5 min, YR A 0.01IM
FrAE R MR i (pH6.0) e i Ik 2 i s T3t A v L ==
AL HE 20 min, 454 5 1:100 i B (1) Bax 1 Bel-2 —Hi
ACTR N, REHYU RS 1:500 ZHAZRTHE L h,
3,3 TAFCRIE AT B A, TR IR A, B
TG o Bax 1 Bel-2 QL (a4 LN . <5% BNk 0
I 35%~20% AR 143 521%~40% A1 2 43 ;41%~60%
FEEE A 3 435 61%~80%BH: hy 4 43 >80%FHAE K 5 43
127 RERMALENEHFIREIEREN B0 BN
LUHWFEE 519 ,4°C (12000xg 5.0 5 min, B EE , #eial &k
BRI SOD . CAT ,GSH-Px MDA ,IL-1B IL-6 il TNF-o 7K,
1.2.8 KR IiE NO 1 T-NOS & E# M < FUARIE B i,
4°C [3000xg #5.0> 10 min, B _F 3, #6300 vl B AR A e ik
K 1M 3% NO Fll T-NOS 7K.
1.2.9 B #H 43 Na-K*-ATP B #1 Ca>-Mg*-ATP 5 iE 1% 7l &
FREX 0.1 g KEMZHZL, A 1 mL #5370k 5138 . 4°C |
8000xg #5.0> 10 min, B35, #eia @ vl B o)k H A 0Ot B
Wl Nat-K*-ATP [l Ca*-Mg”-ATP B .
1.2.10 44 ATP S2ME  FREL 0.1 g REMA L, mA
1 mL I TR 519K . 4°C (8000xg #.0> 10 min, X 35, #
R G UEH F R FIEE A O EEE R ATP &6 .
1.2.11 Western blot # M ARMAL[LELRIEKE  KEMK
HAREAR AT AT AL IR, A RIPA S i SR I H IR BUE 1,
M TR TR SR R EE . SR 10% SDS-PAGE /3
BAEN, BRI M IR, 5%BiHg R 5 2 h
&, 5 p-AMPKa (Thr172) (1:1000) , AMPKa (1:1000) .p62 (1:
1000) Beclin-1(1:1000) 1 B-actin(1:1000) —Fi 7 4C FIFH
A . B IXTBST W kfE , 5 Z40(1:1000) =M E 1 h, fH
FH ECL 5%, it Image J B X35 15 5 4507 IR BE(E #0478
H, B-actin fENINS
1.3 GitZah

SPSS21.0 FR - 43-A A5t o SR IR 3y 2243 BTl LSD-t K
LA 25, B3 KifE: P<0.05,

2 &R

2.1 $RETMEE K 3T TBI KB HZ TN BEFIA R TN 2RI RN

5 Sham 41 4%, TBI £H (1) mNSS 1431 EL 75 (P<0.05),
NPC [&{% (P<0.05). 5 TBI 4 FL#,L-GK #1 M-GK 4 fl
H-GK 4 ) mNSS 3 4> 1 EL f&{§ (P<0.05),NPC F} &5
(P<0.05), 5 H-GK 4 [t# , H-GK+CC £H i mNSS $F-43F1 EL
F+85(P<0.05) ,NPC K (P<0.05), WL 1,
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Table 1 mNSS scores, EL and NPC of each group
Groups mNSS score EL (s) NPC
Sham 0.00+0.00 20.99+1.48 7.69+0.56
TBI 11.73+2.10%* 58.22+8.24 * 2.50+0.12 *
L-GK 8.27+1.56** 48.42+4.63*" 3.79+0.25*"
M-GK 6.18+1.60** 40.64+3.44** 5.13+£0.41*
H-GK 4.36+1.43%* 29.58+2.22%% 5.93+0.35*
H-GK+CC 8.09+1.64%* 48.69+3.22%4 3.95+0.30%%
F 74.551 104.807 287.377
P <0.001 <0.001 <0.001

Note: Compared with Sham group, *P<0.05; Compared with TBI group, *P<0.05; Compared with H-GK group, “P<0.05.

2.2 $RETAER K 33 TBI K BR F3 20 43 4547 0 20 AL T B 22 Pl

HE F1 Nissl 440, 5 7~ , Sham 20 K 5l 26 23 6 B $45 «
TBI 41 K SRUNZH S22 o0 B2 b2 s AR AR 1 | Bt pf 280728
TE AL 45 AR AR 4594 . 5 TBI 4 L, L-GK 4 |
M-GK il H-GK 21k R dh 2o fmsds. WA 1. 5 H-GK
21 Hed , H-GK+CC 4 K BlpY i 2 e 4% g . Sham 4 | TBI
2 \L-GK 41 M-GK # \H-GK 411 H-GK+CC #1 K {41 41
HE % & 3F 43 7 0.00+0.00.2.91+0.70 2.18 +0.60,1.73 +0.79 ,
1.27+0.47 1 2.00+0.63(F=30.652,P<0.001), ‘5 Sham 4 b4,

»

Sham group
e T

HE staining

Nissl staining

B

B 1

L-GK group

TBI 41 (/) HE 43743 7 (P<0.05) . 5 TBI 41 b4, L-GK 4 .
M-GK £H 1 H-GK 411 HE J& {0 3E 344K (P<0.05)., 5 H-GK
4t , H-GK+CC 4179 HE Y7507 (P<0.05)

5 Sham 4 He%¢, TBI 41/ TUNEL FH: %l Bax 4 4,1
A3 FHE (P<0.05),Bel-2 Yu 8343 4K (P<0.05), 5 TBI 41 [t
%5, L-GK 41 .M-GK 411 H-GK % (¥ TUNEL i 4%l Bax 4
A FEAF AR (P<0.05) , Bel-2 JL (5343 FH i (P<0.05) ., 5 H-GK
4 g ,H-GK+CC 411 TUNEL Bl 1 %1 Bax e A pFo0 74 5
(P<0.05),Bcl-2 LA/ (P<0.05), TLIE 2 Fk 2.

group

H-GK
S ST P T

H-GK+CC group

5%

pad¥ rivet LIRS,
O T
b ‘f"{:’ =y ’ e

£ AR RAZLZ HE #0 Nissl S (400x )

Fig.1 HE and Nissl staining images of brain tissue in each group rats (400x)

2.3 $REMER K 33 TBI K FR AN 40 S AL B2 A0 % R B9 220

55 Sham 41 F#¢ , TBI 4 £ SOD .CAT F1 GSH-Px 7K 3[4
fIR(P<0.05) ,MDA IL-1B .IL-6 I TNF-o 7K F-F+55 (P<0.05) ., 5
TBI 41 b4 ,L-GK 41 \M-GK 41 #1 H-GK 41y SOD CAT il
GSH-Px /K EF+# (P<0.05),MDA IL-1B.IL-6 1 TNF-o 7K
FEA(P<0.05)., 5 H-GK #H Hr4¢ ,H-GK+CC £y SOD ,CAT #il
GSH-Px 7K A (P<0.05),MDA IL-18IL-6 I TNF-o 7K -
TR (P<0.05), W3 3 FiIFk 4,
2.4 SRS MEE K Xt TBI AR IMiEF NO F1 T-NOS 250

Y5 Sham 4 [t 4, TBI 41 1fi 7 NO il T-NOS /K 3 Ft &
(P<0.05), 5 TBI 4 k4, L-GK 20 \M-GK £ 1 H-GK £ Il
NO F1 T-NOS K&K (P<0.05)., 5 H-GK 4 1%, H-GK+CC
ZH M3 NO 1 T-NOS /KF-THi(P<0.05), W3 5.
2.5 $RAMES K 3t TBI K RAGALR AMPK /r S92

B2

Lj Sham 20 k45, TBI 20 K BN 40 21 Na™-K*-ATP [ifj I
Ca*-Mg>-ATP BHE ML & ATP &8 FE(P<0.05), 5 TBI 4]
HeA , L-GK 20 .M-GK 2l H-GK £ & FUIKiZH2H T Na*-K-ATP
Jif§ 1 Ca®-Mg™-ATP W& L )2 ATP & &t (P<0.05), 5
H-GK 4 L3¢ ,H-GK+CC 2 K [ 20 21 rf Na'-K'~-ATP fiff il
Ca*-Mg”-ATP i1 LL & ATP & fEFEAIL(P<0.05). N3 6.

T AMST B b4 R /R, &5 Sham 41 HuAs, TBI 41
2R 4 p-AMPKa(Thr172) Fl Beclin-1 [#{f (P<0.05),p62 F
#(P<0.05), 5 TBI 4%, L-GK 4 M-GK £H 1 H-GK #H fixi
ZH 2 p-AMPKo( Thr172)F1 Beclin-1 F}5 (P<0.05) , p62 FAR
(P<0.05), 5 H-GK 41 .#¢ , H-GK+CC 4 ZH 41 p-AMPKa
(Thr172) 71 Beclin-1 F&{E(P<0.05), p62 F}55(P<0.05), WL 3,
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Sham group TBI group L-GK group M-GK group H-GK group H-GK+CC group

h e"z 9
o pe It . y:

TUNEL

Bcl-2
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Fig.2 TUNEL staining and Bax and Bcl-2 immunohistochemical staining of brain tissue in each group rats (400x)
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Table 2 The positive rate of TUNEL and the staining scores of Bax and Bcl-2 in each group rats

Groups TUNEL positive rate (%) Bax staining score Bcl-2 staining score
Sham 3.02+0.35 0.50+0.04 3.98+0.33
TBI 80.73+6.51* 3.95+0.32* 0.51+0.04*
L-GK 48.81+2.84** 3.01+0.21** 1.49+0.18**
M-GK 32.73+1.73% 2.33+0.12%* 2.32+0.19**
H-GK 19.94+0.88** 1.81+0.12%** 3.27+0.13**
H-GK+CC 49.22+4.53%% 3.00+0.17*% 1.48+0.13*%
F 642.446 456.921 511.236
P <0.001 <0.001 <0.001

Note: Compared with Sham group, *P<0.05; Compared with TBI group, “P<0.05; Compared with H-GK group, “P<0.05.

%3 BRAMMARENHIERRKE

Table 3 Levels of oxidative stress indexes in brain tissues of each group

Groups SOD CAT GSH-Px MDA
(U/mg protein) (U/mg protein) (U/mg protein) (nmol/mg protein)
Sham 59.56+3.19 5.96+0.46 4.99+0.40 4.08+0.30
TBI 36.78+2.41* 3.19+0.21* 2.04+0.15* 9.39+0.53*
L-GK 43.88+2.28*" 3.85+0.22% 2.62+0.19** 8.19+0.50*#
M-GK 46.69+1.96%" 4.31+0.24*" 3.25+0.21* 7.34+0.52%*
H-GK 51.1742.61* 4.61+0.40% 3.68+0.25%* 6.21+0.38*
H-GK+CC 42.10+2.85%" 3.77+0.22%% 2.81+0.18*" 7.88+0.44*#
F 103.325 106.732 192.686 180.867
P <0.001 <0.001 <0.001 <0.001

Note: Compared with Sham group, *P<0.05; Compared with TBI group, “P<0.05; Compared with H-GK group, ¥P<0.05.
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Table 4 Levels of brain tissue inflammation indicators in each group

Groups IL-1B (pg/mg prot) IL-6 (pg/mg prot) TNF-a (pg/mg prot)
Sham 23.60+1.20 14.14+0.75 30.95+0.83
TBI 48.27+1.26* 41.05+3.61* 71.05+4.80*
L-GK 38.58+1.51* 32.51+2.14* 56.41+£2.98*"
M-GK 31.64+1.48*" 23.16+1.64* 48.41+3.09%*
H-GK 27.29+1.11*% 16.89+1.38* 39.06+2.29**
H-GK+CC 37.62£2.52%% 32.10+£2.23*% 56.44+2.75%%
F 345.519 255.034 242.359
P <0.001 <0.001 <0.001
Note: Compared with Sham group, *P<0.05; Compared with TBI group, “P<0.05; Compared with H-GK group, “P<0.05.
F 5 FEMIFE NO 1 T-NOS K F
Table 5 Serum levels of NO and T-NOS in each group
Groups NO (pmol/L) T-NOS (U/mL)
Sham 30.15+2.89 17.96+0.94
TBI 60.71£6.15* 37.05+2.35*
L-GK 50.04+5.08*" 32.26+2.06%
M-GK 42.74+3.30% 29.01£1.91%*
H-GK 36.96+3.77* 22.91+1.00%
H-GK+CC 48.97+4 41%% 32.23+1.89*%
F 65.518 170.258
P <0.001 <0.001

Note: Compared with Sham group, *P<0.05; Compared with TBI group, “P<0.05; Compared with H-GK group, “P<0.05.

F 6 FZHERMALR T Na'-K-ATP Egfl Ca™-Mg™-ATP EgiE LR ATP &8
Table 6 Na'-K'-ATPase and Ca*’-Mg*-ATPase activities and ATP content in brain tissue of each group

Groups Na'-K*-ATPase (U/mg prot) Ca*-Mg*-ATPase (U/mg prot) ATP (pumol/g prot)
Sham 71.09+4.82 59.22+6.07 24.03+£1.93
TBI 43.34+3.10* 37.29+2.28* 12.12+1.01*
L-GK 50.27+3.41% 43.70+2.31% 14.79+0.69*"
M-GK 55.75+3.44%* 49.87+3.25%* 17.84+1.98**
H-GK 64.04+3.27* 54.87+4.80*" 21.21+1.58%*
H-GK+CC 48.45+3.94%% 44.83+1.89%% 14.83+0.65**
F 61.054 39.216 109.203
P <0.001 <0.001 <0.001

Note: Compared with Sham group, *P<0.05; Compared with TBI group, “P<0.05; Compared with H-GK group, “P<0.05.
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Fig.3 Expression levels of autophagy related proteins mediated by AMPK in brain tissues of each group rats
Note: Compared with Sham group, *P<0.05; Compared with TBI group, “P<0.05; Compared with H-GK group, “P<0.05.
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