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7 OE: BR WRITLSEHRTE A XM R RIRE R LE A (AMPK) - EHEZREEALZSY 1 (mTORCDL) 55
S Rt DA T HENRER . F57E 60 X SD RIRBENL AR T ARA . HAH KSR E A IGHE (5 mokg). Hifl&E
(10 mg/kg)~ mirflE (20 mg/kg) 4H, FABHPEXTHE CEWEHDHIFR) 3-F B IRERS, 15 mg/kg) 4, &40 10 R BREFARLAS,
HR B K BRIBR A R et vE A B A MG K AR, GG, SEH12t A S5RIEA . BIYEXTIRA ip N2, BF
AREAFIERA ip FEAFEIK, F5214d. KA Morris /KRB e KRN MTIEE, LLIRA RG-S40 K RigES
LHAUFELARA, SR IEE G 2 R PR T B DK SRV S L SR IR P A 2 A4 KR 7 (BDNF) L FI4HMfLA32-6 (IL-6). JiRIIAFE
HF (TNF-0) 7KF. 35 BB gifs S AH S E R O, SR A B 1 e s B sk i e S 40 2 U A G B 1 1 845 3 (LC3),
Beclin-1 J2 AMPK-mTORC1 M RIEg E FKE. R HRTARAMHEL, BRARRPBRYEELEK, FEXRBEER
5, W HHLAEMMBIR ™ E, SIARRER. M E S EIRES, B 52H2 BDNF & & B35 K, 1L-6. TNF-o Rk
EIE, wBOHALEM/NE, LC3II/LC3 T\ Beclin-1. p-AMPK/AMPK & AR iA/K T EEF#, p-mTORCL/MTORCL Fik
KFRE TR, SHEBAM, S8 RE A SFIEAH MR 2 I0EH 4 s, 76 R E A =&, BDNF
HEEETE, IL-6. TNF-o Fik 55K, WHSHL EE/NE. LC3II/LC3 T . Beclin-1. p-AMPK/AMPK & A #i& /KT &
ZI#C, p-mTORCUMTORCL KAV BZE T m, HBRI—EMAEMCHE. 4 St A rTEA s K RIE S
P IEEMERE DL, T BB H] AMPK, {23 mTORC1 FIASH .
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Abstract: Objective To investigate the effects of saikosaponin A on the signal pathway of AMPK-mTORCL1, and autophagy of
hippocampal neurons in rats with traumatic brain injury. Methods A total of 60 SD rats were randomly divided into sham operation
group, model group, saikosaponin A low-dose group (5 mg/kg), medium-dose group (10 mg/kg), and high-dose group (20 mg/kg),
positive control group (autophagy inhibitor 3-methyladenine, 15 mg/kg), with 10 rats in each group. Except for the sham operation
group, the rats in other groups were established with cortical impact method, and after successful modeling, saikosaponin A groups and
positive control group were intraperitoneally injected with corresponding drugs, while the sham operation group and model group were
injected with the same amount of normal saline for 14 d. Morris water maze was used to measure the cognitive function of rats,
hematoxylin-eosin staining was used to detect the pathological changes of hippocampus, enzyme-linked immunosorbent assay was
used to detect the levels of BDNF, IL-6,and TNF-a. Observation of autophagy of hippocampus by transmission electron microscopy,
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and LC3, Beclin-1, and AMPK-mTORCL1 related pathway proteins in hippocampus were detected by Western blotting. Results
Compared with sham operation group, the latency of rats in the model group was significantly extended, the times of crossing the
platform was significantly lower, hippocampal neurons were seriously damaged, showing cell rupture and nuclear pyknosis, the content
of BDNF in hippocampus was significantly decreased, the expression of IL-6 and TNF-o was significantly increased, autophagic
vesicles and the protein expression levels of LC31I/LC3 I, Beclin-1, and p-AMPK/AMPK in hippocampus were significantly
increased, but the expression level of p-mTORC1/mTORC1 was significantly decreased. Compared with those in the model group, the
latency of rats in saikosaponin A groups decreased gradually, the times of crossing the platform gradually increased, the content of
BDNF in hippocampus increased gradually, the expression of IL-6 and TNF-a decreased gradually, autophagic vesicles and the protein
expression levels of LC311/LC3 I, Beclin-1 and p-AMPK/AMPK in hippocampus decreased gradually, the expression level of p-
MTORC1/mTORC1 increased gradually, and there was a dose-dependent manner. Conclusion Saikosaponin A can regulate the
autophagy of hippocampal neurons in rats with traumatic brain injury, which may be achieved by inhibiting AMPK and promoting the

expression of mMTORC1.
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£ 1 BAARKEZMRAELE ( x+s, n=10)
Table 1 Comparison of water maze test rats in each group ( x s, n =10 )

5 Fiilh=v} RIS 75 a8 B
(mgkg?)  BIfRT #4245 3d % Td LeRERil) “h?h)E 3d HPh)E 1d
(EER%N — 37844756 3091+7.18 30.1146.02 14.91+2.98 14.88+2.77 15.6841.90
T — 38.1347.62 81.344+12.26" 72.31+12.46°  14.76+1.95 6.63+1.21" 6.62+1.22"
SERH R A 5 38.01+£7.60 81.10+£10.02" 63.04410.60"*  15.06+2.01 5914+1.05" 8.284+1.65%
10 37.93+7.58 81.09+11.21" 52.1948.43"%&  1503+2.00 6.06+1.11° 10.84+1.71%&
20 38.20+7.64 80.34+11.06" 43.06+6.61%@ 14.97+1.99 6.42+1.13" 12.64+1.75%&@
3-FAELRREnS 15 38444771 80.27+11.15" 40.84+6.24*&@ 150841.91 6.35+1.14" 13.92+1.74"%&@

5BEFRAILE: "P<0.05; HGHAMALILE: *P<0.05; HUHART A5 mg kgt 41K : 4P<<0.05; H4L#HRT A10mg kgt 41LLE: @P<<0.05
*P < 0.05 vs sham-operated group; *P < 0.05 vs model group; &P < 0.05 vs saikosaponin A5 mg kg group; @P < 0.05 vs saikosaponin A 10 mg kg~ group

#*2 BEAAREDAL BDNF B RHEZKERTHE ( x+s, n=5)
Table 2 Comparison of BDNF content and related inflammatory factors in hippocampus of rats in each group ( X +s,n=5 )

2 il E/(mg kg™ BDNF/(ng mL™) IL-6/(pg g% TNF-a/(pg 974
BRFR — 0.729+0.09 44,06+2.34 55.91+2.81
T — 0.303+0.04" 83.93+6.98" 93.644-7.06"
SEEHEE A 5 0.41140.04™* 72.17+6.02** 82.38+8.72"*

10 0.5014-0.05"#& 65.0914.84"#& 71.3946.56™&
20 0.5904-0.06"#&@ 57.3142.71%%@ 63.061-5.01"&@
3-FEJL g 15 0.610+0.07*#&@ 54.66 +2.03"#&@ 61.8714.92"&@

SHPARYE: "P<0.05; SHAALE: *P<0.05; SYEHIEH ASmg kg4t &P<0.05; HLEHIETE A10mg kg tALELE: @P<0.05
"P < 0.05 vs sham-operated group; P < 0.05 vs model group; &P < 0.05 vs saikosaponin A 5 mg kg group; @P < 0.05 vs saikosaponin A 10 mg kg group
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Fig. 3 Comparison of autophagy related protein expression levels in hippocampus of rats in each group

®3 BEARESDALEEHELAEARIAKPELE ( x+s, n=3)

Table 3 Comparison of autophagy related protein expression levels in hippocampus of rats in each group ( X +s,n=3 )

15 FilE/(mg kg™ LC3II/LC3 ] Beclin-1/GAPDH
BFAR — 0.17+0.03 0.22+0.03
kit — 0.98+0.16" 1.03+0.10"
SR A 5 0.73+£0.14* 0.824+0.16™

10 0.524+0.10"& 0.63+0.07"#&
20 0.30+0.06"#&@ 0.40+0.06"#&@
3- FJE R s 15 0.27+0.05™&@ 0.36+0.04%&@

SHBFARYE: "P<0.05; SHAIALE:: #P<0.05; SSEHIEH ASmg kg4t &P<0.05; HLEHIEH A10mg kg tALLLHE: @P<0.05
"P < 0.05 vs sham-operated group; P < 0.05 vs model group; &P < 0.05 vs saikosaponin A5 mg kg group; @P < 0.05 vs saikosaponin A 10 mg kg * group
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Fig. 4 Relative expression of AMPK/mTORC1 related protein in hippocampus of rats in each group

®4 REAKRRIEDEL AMPK/MTORCL HHEEAEMFRIZER ( x5, n=3)
Table 4 Relative expression of AMPK/mTORCL related protein in hippocampus of rats in each group ( X s, n=3 )

A5 FE/(mg kgt p-AMPK/AMPK p-mTORC1/mTORC1
BFAR — 0.1440.08 1.03+0.13
R — 1.12+0.15" 0.18+0.03"
SEHA BT A 5 0.8440.08"% 0.27+0.07"%
10 0.67+0.06"#& 0.49+0.10"%&
20 0.52+0.05"%&@ 0.7140.08"&@
3- P g > 15 0.46+0.03"%&@ 0.7740.09"&@

S5HEFARMALE: "P<0.05; SHAALLE: *P<<0.05; HLEM2H ASmg kg 1AL : &P<<0.05; HLEH21F A10mg kgt 4LEL#H:: @P<0.05
*P < 0.05 vs sham-operated group; *P < 0.05 vs model group; &P < 0.05 vs saikosaponin A5 mg kg group; @P < 0.05 vs saikosaponin A 10 mg kg~ group

KRR DB SN SZ A0 ™ H . AHE TR FH 7
VST AMG R BB, 45 SR EoR, 5T AL
b, Widids i o5 4R RN R B T =, F R IR
O EBRAG, RIRI AM 2 7 E RO R 2% 2] B
N RACIZRE ST SEFARMAMEL, HAH KRS
‘HZ! BDNF & &2 EME, 1L-6. TNF-a /KFEE
PANCIERR S E At iR K 77 N Nk A1) N N
Y% E 4 SRS, BDNF 2 —K 5% R4in
PEAHSCHI B, IL-6. TNF-a 2 i BV 40D
PR RN, FE— e R b AT SRR B A KN
K- () 407 5 A R 11200, B 7 Mo 7145 % K BR A 22 1)
AE NENThREME B — B, 5] R 4T e M.
FHARIR 0 S 2 2R

e R T W S N E L RS R A =
[IE 2R 1), 4T 15 VA 2 40 X 200 e P 470 o 3 A7
B — M AR RS S, R B AR TR R S SR
YRS, 5 R ARG A B AR A ) TR
RESFI, BTSSR A R TR 40 A AR

JE - AEFPAIR R S A s S, (HRAERN.. 4R
Ui A5 5 B E 2L S LR IE B
SRR, SRR A RLEIAM R EEER Sy, TR
BoRHBEA MY PURE. PR JREEN
WG 5K . S ThRERERT SN I Th RE Rt
AR, Cui RN R DISEH R A B —EM
VA B R VE R, T RES A S R AR B p
ZRGIE LG GE TR EA B R R
LC3II/LC3 I . Beclin-1 & [ 11l & vl 1h] fsz . 41
R FE RS, A e R BN, SIRFARUMLL,
A ZH KRR B B 2 TR R R AR5 . G e ]
i AW ZENER, BEHHA LC3T/LC3T
Beclin-1 & HRB/KTFEBEF &, RHEMIMIZT]
R C AV, A ReEH TRAMA G,
Zotor AR MO R . At K 55 e AR A, KR
oG 453173 J #0222 L | R AR AR R
%, SIRISEE AN, &SRR PR IR . K
B TOIET R, AR T SR A R B fix S M



HWITHBE LY 2022FE1H AR, 35 40 B e A Drugs & Clinic Vol. 37 No. 1 January 2022 <17«
BRI, RS REs, SEAAMEL, SeiHs [38] Yiriker V, Naziroglu M, Senol N. Reduction in traumatic

H A S EABRIE ZBURET NERBEA, F6IK
B LI HT Y, BDNF & &R KT, IL-
6+ TNF-o FI KR A, W5 20 2R B Wt 0 2 H
FRE A RIAKFBERE, HEI—ErRER
iR FR, HBAMEXTRRAMRAE Y, FREHET A
A — 8 1 BRI 280 PR 2 T 1K B 1 e
JCEWEVER, X T RisM 5] rA H D RS .
Z RGP EARMIER, nTRsdEd b . S
ZIet . DRI TR SERFAH AR Tk
RS ER K& m AR ER.

ZRHE R AMPK-mTOR & 4 /2 40 15 I 4
Mk —, mTORCL /& mTOR ME &Mk —,
MTORCL ()38 ] FELIKT I Wi AH SG 8 R K 30, kT
O E WIS 3, T AMPK F0GE 7474 mTORC1
TR, DRSS R A A2 T E R VR
A[fES AMPK-mTOR 38 B F7 76 HFh SR BER5-261, A
gt R, SERAMI, 2528 A ZFE
HARRIFEDHLR p-AMPKIAMPK ik /KT & # k%
&, p-mTORC1/mTORC1 & A £k /K &5,
HER—@&MFEMM, FREHEH A TRE
FEAK AMPK BIBER /K1 F:42 = mTORCL f1RiIA
AKF, BERHE R AMPK R 1L /K- BRAK H A i) H
WEbr &S LC3 T M LC3II 4k A fe# mTORC1
BOE AR, 0% 1) mTORCL ml 401 3 Wk 462> 1
ULKYL (%65, i) B NE IR AR, AT I 5 40
M B W KSR, RBHSEE R AE A AT AR E Y
AMPK-mTORCL i #%AH G 8 1 [ 3R IA kR R M &
TG W ATE A

gE LTI, SRR A B AME 51 S
INHITRERERT . JORER N W S H B %A E
BA—E WA iaEE S s oo A rERH, wrag
A AMPK. #4075 mTORCT 3 R & 45 1
YEH .

R - R 3

SE R

[1] Siig Hausted H, Nielsen J F, Odgaard L. Epilepsy after
severe traumatic brain injury: frequency and injury
severity [J]. Brain Inj, 2020, 34(7): 889-894.

[2] Gorgoraptis N, Zaw-Linn J, Feeney C, et al. Cognitive

PRV 3 B AR B A S0 R

impairment and health-related quality of life following
traumatic brain injury [J]. NeuroRehabilitation, 2019,
44(3): 321-331.

(4]

[5]

(6]

(7]

(8]

[°]

[10]

[11]

[12]

[13]

[14]

[18]

brain injury-induced oxidative stress, apoptosis, and
calcium entry in rat hippocampus by melatonin: Possible
involvement of TRPM2 channels [J]. Metab Brain Dis,
2015, 30(1): 223-231.

Zhang L, Ding K, Wang H, et al. Traumatic brain injury-
induced neuronal apoptosis is reduced through modulation
of PI3K and autophagy pathways in mouse by FTY720 [J].
Cell Mol Neurobiol, 2016, 36(1): 131-142.

Xu K, Wu F, Xu K, et al. NaHS restores mitochondrial
function and inhibits autophagy by activating the
PI3K/Akt/mTOR
functional recovery after traumatic brain injury [J]. Chem
Biol Interact, 2018, 286: 96-105.

Sun L, Zhao M, Wang Y, et al. Neuroprotective effects of
miR-27a against traumatic brain injury via suppressing
FoxO3a-mediated neuronal autophagy [J].
Biophys Res Commun, 2017, 482(4): 1141-1147.
PR, IR, 2N R ERIEN PIBKIAKT 55
e S VT 200 L AR X RS P 45 4% f A & AR 4 VR H
[3]. " EIEEZ M4, 2020, 25(9): 613-617.

Ma R D, Zhou G J, Qu M, et al. Corticosterone induces
neurotoxicity in PC12 cells via disrupting autophagy flux
mediated by AMPK/mTOR signaling [J]. CNS Neurosci
Ther, 2020, 26(2): 167-176.

TRAUSE, IR, AR, & SEEET A XAI0R
B RN T RE A 2508 A LML [3]. AR sRIR AN RLR S,
2018, 35(1): 107-110.

XIG, EEAF I, R, AR M B R A e g SR BRI A
PR () B 1k SN FnbR g e [0). P ERE R
S2k, 2015, 21(10): 1124-1127.

signalling pathway to improve

Biochem

N
NI T RER T TR LA 56 [J]. o [l R 24 B 2 2%
&, 2018, 34(22): 2628-2630.
XUGRGR, B, E2E, 45 LRGN0 ) v KR
O UL B WEThRE 2 [J]. £TRURT 78, 2019, 44(L):
25-30.
Blose M, Pickens L. The effect of adolescent nicotine
exposure on Morris water maze spatial learning and
retention in the adult male Long-Evans rat: Apilot study
[J]. Neurotoxicol Teratol, 2015, 49: 134.
M, B, AR, SR BT RRE 20 i s if i
VEVE R AR AT R RO D X AR [J]. e
EE 24251, 2019, 37(6): 1345-1348.
Gardner R C, Dams-O'Connor K, Morrissey M R, et al.
Geriatric traumatic brain injury: Epidemiology, outcomes,
knowledge gaps, and future directions [J]. J Neurotrauma,
2018, 35(7): 889-906.



¢ 18 «

FIWHBE LY 202FE1H

AR b A

Drugs & Clinic \Vol. 37 No. 1 January 2022

[16]

[17]

(18]

[19]

[20]

[21]

[22]

Broussard J I, Redell J B, Zhao J, et al. Mild traumatic
brain injury decreases spatial information content and
reduces place field stability of hippocampal CA1 neurons
[J]. I Neurotrauma, 2020, 37(2): 227-235.

Prims e, £R, Bk, & WA R RiE S
CAL X4piE -igm [J]. & &Ik 2 &, 2019,
35(7): 61-64.

Gao Y'Y, LiJ,Wu LY, etal. Tetrahydrocurcumin provides
neuroprotection in rats after traumatic brain injury:
autophagy and the PI3SK/AKT pathways as a potential
mechanism [J]. J Surg Res, 2016, 206(1): 67-76.

IhETS, IRBEE, FMGRER. TSI M G M R A
MIIRERAG R[] b R IS 5 5L, 2015,
21(12): 1379-1384.

IR, 2, R, 4. BRI S TNF-a &
IL-6 7E S LULTIRERIF I EM [ EREEE,
2015, 44(6): 793-794.

Liu J, Zhu Z K, Wang L B, et al. Functional suppression of
Ripkl blocks the NF-kB signaling pathway and induces
neuron autophagy after traumatic brain injury [J]. Mol Cell
Biochem, 2020, 472(1/2): 105-114.

Cui L H, LiCX, Zhuo Y Z, et al. Saikosaponin A inhibits

[23]

[24]

[25]

[26]

[27]

the activation of pancreatic stellate cells by suppressing
autophagy and the NLRP3 inflammasome via the
AMPK/mTOR pathway [J]. Biomed Pharmacother, 2020,
128: 110216.

XRA, B, BT, 55 PIBK-mTOR 1% 5@ i
o g X JIEE I s L L R B VA S DX A 4 40 R 1 O 4
TR [3]. V%58 R4l BR2A R, 2017, 38(2):
188-192.

Zhang N, Zhi XY, Zhao J, et al. Mesoporous silica induces
hippocampal neurons cell autophagy through AMPK/
MTOR/P70S6K signaling pathway [J]. Environ Toxicol,
2020, 35(2): 176-187.

Wang G Y, Wang T Z, Zhang Y Y, et al. Schizandrin
protects against OGD/R-induced neuronal injury by
suppressing autophagy: involvement of the AMPK/mTOR
pathway [J]. Molecules, 2019, 24(19): E3624.

Sun B, Ou H, Ren F, et al. Propofol inhibited autophagy
through Ca?*/CaMKKpB/AMPK/mTOR pathway in OGD/
R-induced neuron injury [J]. Mol Med, 2018, 24(1): 58.
XUFR, J57A%, FARuE B WREAL IR REZH MR Y79 4
WGBTS 245 0 fR 4 P R L 9], R va IF 9, 2018,
45(8): 517-522.

[tiE%E & R]



