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F-a(TNF-a) 4% ; TUNEL % &, #7022 7, /8 = ; Western blot #3145 & F 3 BE & B2 & & 8 3 ( Caspase-3) \Bel-2 48 % X &
& (Bax) .SIRT1  Ace-FoxO1 \Ace-PGC-la & &G %35, Z5F 5 Con 2B1b4%, Model 20/ R 5 X B 402 R B 45 = &, ks B4k
Bk FHF S RER Y, B4 X P IL-6 TNF-a 4% AP 2 T8 = % Caspase-3 ,Bax, Ace-FoxOl , Ace-PGC-1a & & % ix 7
#,SIRT1 & & & K AL (P <0.05) ;5 Model 20 rb 3, SAT 400> R BB 4L R IR 3L S 4545 i 22, L R I 5 42, F AT & 0k
¥ % Bt &R IL-6 TNF-o &% AP 2 A T % | Caspase-3 . Bax, Ace-FoxO1 . Ace-PGC-1o & & & ik 54&,SIRTI & & & ik
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Effect of Total Saponin of Aralia taibaiensis on Cognitive Dysfunction in Mice with Traumatic Brain Injury
by Mediating SIRT1/ FoxO1/PGC-1« Pathway

TAN Wei, WU Lianzhen, YANG Chenxi( Department of Pediatrics, The First Affiliated Hospital of Guizhou University of tradi-
tional Chinese medicine, Guiyang 550001, China)

ABSTRACT: OBJECTIVE To investigate the effect of total saponin of Aralia taibaiensis (SAT) on cognitive dysfunction of mice
with traumatic brain injury (TBI) by mediating silent information regulator 1 (SIRT1)/ forkhead transcription factor 1 (FoxOl)/per-
oxisome proliferator-activated receptor y coactivator-la (PGC-lac) pathway. METHODS C57BL/6 mice were divided into Con
group, model group, SAT group (135 mg - kg™'), EX-527 group (10 mg - kg™' SIRTI inhibitor EX-527), and SAT + EX-527
group, 12 per group. Mice in the Con group received all surgical operations except cortical shock, and the controllable cortical shock
method was used to construct the TBI model for the other groups. After the modeling was successful, the corresponding administration
was performed, once a day for 7 d. Morris water maze test was performed to measure the learning and spatial memory abilities of mice;
HE staining was performed to measure the pathological changes of damaged cortex; ELISA method was performed to measure the con-
tents of interleukin 6 (TL-6) and tumor necrosis factor-oa ( TNF-a) in damaged cortex; TUNEL staining was performed to measure neu-
ronal apoptosis; and Western blot was performed to measure the expressions of Caspase-3, Bel-2 related X protein (Bax), SIRTI,
Ace-FoxO1, and Ace-PGC-1a proteins in damaged cortex. RESULTS  Compared with the Con group, the mice in the model group
had severe pathological damage to the cerebral cortex, the escape latency was extended and the number of crossing platforms was re-
duced, the levels of 11.-6 and TNF-o, neuronal apoptosis rate, and the expressions of Caspase-3, Bax, Ace-FoxOl, and Ace-PGC-1a
proteins in damaged cortex were increased, the expression of SIRT1 proteins was decreased (P <0.05). Compared with the model
group, the pathological damage of the cerebral cortex of the mice in the SAT group was reduced, the escape latency was shortened and
the number of crossing platforms was increased, the levels of IL-6 and TNF-a, neuronal apoptosis rate, and the expressions of Caspase-

3, Bax, Ace-FoxOl, and Ace-PGC-1a proteins in damaged cortex were decreased, the expression of SIRT1 proteins was increased
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(P <0.05), the changes in the corresponding indicators of the EX-527 group showed an opposite trend. EX-527 reversed the improve-

ment effect of SAT on cognitive dysfunction in TBI mice. CONCLUSION SAT may improve the cognitive dysfunction of TBI mice by

activating the SIRT1/FoxO1/PGC-1a pathway.

KEY WORDS: total saponin of Aralia taibaiensts; traumatic brain injury; apoptosis; SIRT1/FoxO1/PGC-1a pathway

B 5K 458455 ( traumatic brain injury, TBI) 2 {H:
FUEEN SEREME T EEREN " K
ZROPEREE TBL BETEZMHE 1 ~5 FNEA
FREE R B BRI R R S T
BRBE AT IIRE 012 GE S LRI DI RE RO HLE
ShOhfeRErG ) o I Lh g RS 2 W i TBI B
HR RS ol AR R KRS, Wik, &
BIISRNERIG T TBT WK T RE B A5 H A 21 3
X, K HMAK B (total saponin of Aralia
taibaiensis , SAT) J& I I FEAAR e v 4 B H R 1)
AT R AFAE R , SAT ] U036 # 22 Dy RE At 1T Xt
i/ FEHE /IS BUIG L0 80 % PR 4P 1 AR $27R SAT
ARG R iR SR SRR AP AR T T SAT X145
PERG A5 1570y BN D) BERE AT 0 5200 i ANTEAE . A B
5 GE , WS TR {5 B R Y R 1 (silent informa-
tion regulator 1,SIRT1 )/ X k%% % [ T 1 (forkhead
transcription factor 1, FoxO1) /1t & Ak ¥y B 14 13 %5
YOG AR v B0 T 1o peroxisome prolifera-
tor-activated receptor y coactivator-1 o, PGC-1 o) 38 [
AT TR B i A XU, T SAT HE 7S i JH % SIRTL/
FoxO1/PGC-1 o i % 2 35 81 5 M i 452 43 /)8 BLIA 01
ReRE 5 1 A B . PR, A B 5 3 AR SY SAT
Xof B 43 P il 453473 /0 BT 60 2 R I 14 5% i) R LA
FABLA

1 #E5FE
L1 ks

66 HIEME CSTBL/6 /N (75 MRANTCAE W) TR
Bt AT BR 2w ), A2 72 VF AT IE 5 SYXK (7)) 2021-
0005, A/ A H#FEFYOK . ABFFREARE)
Prip LS 520 2 5y At
1.2 FEKA

SAT (£l 75% , 0 B B 25 Ko f it ) ; EX-
527 (4% YDY-1121, B PINEA 0wl ) 5 FL4i i
41 % 6 (interleukin 6 ,1L-6 ) ELISA 17| & (585 : MM-
0163M1) | i85 PR HE Bl F-o ( tumor necrosis factor-o,
TNF-o) ELISA %7 & ($25: MM-0132M1 ) (b JH 41
FEA W2 w)) s TUNEL 20 i 9 1A ) i 50 & (5545
ACI21054, FHFZICEMRHEA IR A A ) 5 il —Ht
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2R 4 1 1 3 (Caspase-3) (Bel-2 #5¢ X HH
(Bcl-2 associated X protein, Bax ) | SIRT1 , FoxOl |
PGC-la,Ace-FoxOl | Ace-PGC-1a , B-actin 2 B 13
A ALY (HRP) FRiC A =F4T % — 40 ( Abcam 24 ] ) .
1.3 TBI#EA AR 4

Z:2 SCHR [T 14T TBI /)N BRUASE Y () 4 g2, FH G
EL LU ZZ AR/ N BR8] 2 A AR S HE SR o, 78 3k
FEAEH g L AN GARYI AT TR I R R R,
FRHEAEAT TR i E) B 4G AR 4 mm [ A5 5
B DX, PR S IR S E (3.0 mm AR ) B S
AT T M LA 4 mo+ s X R R EAT 200 ms
by, R 1 mm AR TEUR B, SR 48 5 05 1, 9F
TS EFRIBIEY ., Con 4/NRL(12 H) 3%
J R A A TR AR, A 54 HUNREER
AT B 2 oty A TBI /N 48 H Fpadt
B T (%) TBI /N BB AL 43 i Model 2H | SAT 2
EX-5274 SAT + EX-527 4|, &4 12 2, &% ik
[5,8 ] SR H5 Ay 401 70 2 56 25 2R, & 90 @5 T 135 mg -
kg ™' ) SAT #eEXT TBI /N RN FI T RE R Bl VR T S
135 mg « kg ™' fY) SAT ¥ i X+ TBL /NN HI T BE 24
EAEHZEF A S, BRI 135 mg - kg ™' SAT kb
HETBI /)N BRI e BE , B SAT 417 135 mg - kg™
SAT H & ST 10 mg - kg ™' A PR /K, EX-527 4H
JE 4T 10 mg - kg™ SIRT1 #p il 57) EX-527 Hj#
B 135 mg - kg ' AEFHER K, SAT + EX-527 4750 H
135 mg - kg ' SAT HJE & 1E 5 10 mg - kg™ EX-
527, Con £ Model ZH/N R 5501 135 mg - kg ™'
HHER K AN I 71 45 10 mg - kg ™' A FER K, K 1
W FFEET do
L4 FARkE

R 45 2545 R 5, 4T Morris 7K 34 B 55 55
Morris K 28 B S 55 58 B , >R FH S00HE B8 F 35 Ak FE /)N
B, W /I B 1 B2 B 43 R W 4, — R 43 i E T
4% ZRHES, 73— HAF T -80 CH,
1.5 Morris K3 5 L%

MEA2E T 687 /N BUE T — A K, e SR/ R
W BT 5 A s 1] Ay 206 36 VAR 0T, QSR AE 2 min YA
RElF R &, 8y | S/ N BRI & #2125 5 d,id
AR 6 R IW kv AR . 2 C A2 B8 T - 7656
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T R B I BT B Bt AL B AK R,
WEE/INEL 2 min A ZEROT BT
1.6 HE %64 0 /N B3 A5 5 5w 2

K /NG B BT TE 4% 22 58 W v [ 5 48 h,
MRS pm B AEEY) R RGO R
ORI AR RS TP K . IR ARG - 21 (HE)
XU F HEAT Y45, , FRTE 200 £55627 55 M0 T 16 25 v
B2 T2 4 4V BRAFALE o
1.7 ELISA %40 /N & $i145 & & 1L-6 ., TNF-o
TE

USRI ELISA 38050 & 0 B A3 45 1 25 SR Ao )

P Bz Jgiep IL-6 ' TNF-o &5
1.8 TUNEL % & A /N B4 4 768 ==

K167 s A s vl v FH Z W R B, B 2 &
FEsk Ak . #RJ5 I TUNEL 835 & i T #h 2200 , 78
D6 WA T ST IR, R A Az O iR €, T
BHPH: 290 i 52 B (2,50
1.9 Western blot 1| Caspase-3 ,Bax SIRT1 FoxOl ,
PGC-la & A &£

FH RIPA 26k 5 v S A5 495 B o G AR T, 0
50 pg HHEFEAT UK BRI B RS — P
Caspase-3 (1 :2 000), Bax (1:2 000). SIRT1
(1:1000) \FoxO1 (1:1 000) ,PGC-1a (1:2 000)
Ace-Fox01(1:2 000) Ace-PGC-1a(1:2 000) 7£ 4 °C
Tk, RG-S HRP ARG FEHTR T (1: 1 .000)
EE TWEE 1 he A ECL %35, DL B-actin
(1:2 000) FIAE_FFEXT IR, i 3 Tmage J #OFPEAS &
FUK AR
110 it o Ar

fili 1] SPSS19. 0 GE it A% Bt #E47 534t , I LA
IMH £ bRUERE (2 = 5) Fon, ZA B G 851
L BRI R 7 22 03 M R AT, i — A W 2H 22 ) Y LB
K SNK-q K545, P <0. 05 ik 22 5 HA G

2 & B
2.1 A4NRABBRIEFRTEAHE LR

5 Con 41 H %, Model 2H /)N SR SREVER AR BT 2B K
P 5 IR B (P <0.05) 5 5 Model 21 [ %L,
SAT ZH/)NER b BB VER AR A 46 0, 28 b7 & v B i, i
EX-527 2 AH % (P <0.05) ; 5 SAT 41 b4,
SAT + EX-527 ZH /)N il bt VS AR A 2 4, 28 P 5 9K
o/ (P <0.05) WK 1,
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80 " g 10 4 .
2 60 2 2
) 1y g
8 3) 5 69
= 401 E
- E
§. 2) % 4
m a [
20 5 24
8
E
0- = oA
N s o S N A
¢ (F ooy e & &F o 88
- & F W~ F &
© >
S B

A - BV IR VT HO G5 B - ST B UL AR 15 Con 411EER, D P <0.05: 5
Model Z1 b4, 2)P <0.05; 55 SAT 4 H4,3) P <0.05,

A — comparison of escape latency; B — comparison of the times of crossing the plat-
form; VP <0.05, vs Con group; 2 P <0. 05, vs Model group; 3P <0.05, vs SAT
group.

B1 AA RRBBRIETFEFE R n=6xxs
Fig.1 Comparison of escape latency and times of crossing plat-

form of mice in each group. n=6,x £

2.2 B UNE WA R R

£ Con ZH FL#5, Model 417N FUBi K2 /2 2H 2R 45 F 21
L, tHBRLH SR , P28 TCHES O , A R R P4
1215 5 Model 21 HLA8E, SAT 21 /)N B B 1005 ok 2
1M EX-527 21/ s B 5 0 i) s 55 SAT 4 H AR,
SAT + EX-527 /N B4R P N e, DLIET 2.
2.3 BANRBGE R F IL-6 TNF-o 4 & 3%

45 Con 4 LA, Model Z1/) U4 475 K 5 Hh 116
TNF-o 5 .35 T 5 (P <0.05) 5 5 Model 4] F %5,
SAT ZH/INER 493 B Jo v TL-6 \TNF-o0 157 i i & FRAIK,
1 EX-527 21 A OB E (P <0.05) ;55 SAT 41t
5 SAT + EX-527 2 /NRA6As K i 10-6 \TNF-o &
HEFETE(P<0.05), &1,
2.4 4B R A TR TR

5 Con 4] L%, Model 41 /)N A 2 000 T2 K 1.
ZTtE (P <0.05) ;5 Model 41 %5, SAT 41/ B3
G T I 2 BRI, T EX-527 41 AH Rt H
(P <0.05) ;45 SAT 4 H AL, SAT + EX-527 41/ il At
LT R E TR (P <0.05) , WA 3,
2.5 &4/ RARME B F Caspase-3 Bax & B X
SIRT1/FoxO1/PGC-1 o 3 % #0 % & A K 1k b8

L5 Con 2 tt %, Model 4] Caspase-3 , Bax, Ace-
FoxO1 ,Ace-PGC-1a 5 H# AT 5, SIRT1 & H ik
B (P <0.05) ;5 Model 4 Fb#5, SAT 41 Caspase-
3. Bax, Ace-FoxO1 ., Ace-PGC-1a 5 [ 35 ik B 1%,
SIRT1 & H ik F+ &, 1 EX-527 41 5 AH &t
(P<0.05); 5 SAT 4 It %, SAT + EX-527 £
Caspase-3 ,Bax , Ace-FoxO1 | Ace-PGC-1a 25 H AT
i, SIRTL 45 1 RIAFEAIR(P <0.05) , W& 4,
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Con group

EX-527 group

Model group

SAT group

b

SAT+EX-527 group

2 HAM-FL(HE) e 40 0/ B A0 & FUR 2 & 1 ( x200)
Fig. 2 Pathological changes of damaged cortex of mice detected by HE staining( x200)

R1 EU/NEAGE T 16 TNF-oa 4 ELE. n=6xts
Tab.1 Comparison of IL-6 and TNF-a contents in damaged

cortex of mice in each group. n=6,x £

Group 1L-6/pg - mg’l TNF-a/pg * mg’l
Con 1.650.22 1.28 £0. 13
Model 7.24 £0.41Y 5.25+0.211)
SAT 3.66 £0.29%) 2.68 £0.322)
EX-527 9.87 +0. 632 6.85 +0. 462)
SAT + EX-527 5.68 +0.363) 4,05 £0.373)

45 Con AHAL, VP <0.05; 55 Model 41 H 42,2 P <0.05; 5 SAT 41 H4%,
3P <0.05,
Note: )P <0.05,vs Con group;2) P <0.05,vs Model group; )P <0.05,vs SAT

group.

30 i

TBL R ff 2 S B UL 1 S G AR, BA KW
OBk MR PR R BRI K L
PR 51 , TBI ik 230 T Sk A P45 4 19— &
5 LA BHBIL A, a0 A R L O 1 ) BE B i
RAEMM LTI 1255 o AW FE M Al 5 B2 J= o el
R TBL /N RS R, 25 R 875, 15 Con 21 LU AR,
Model £[1/]> B B J2= 21 2L 45 40 25 L, B 41 41
i, MR TTHES T R, A7 R SR 20 TR b
PRI I, 2980T 5 OB /D, 278 TBT /) A
Tk B, B TBL /N A7 FE N R D e e 5o B
FERM, AT SN TB & A A8 1) 5 22 AN 1L B
Sl TNF-o 116 1 5 42 35 AT W6 R 98 45 S92
TBI 2475 T KM KA 4 28 o0 0 T, 2R 42 i A
4, P20 IR T 2 R N 2 U 0 O 5 Bk 22 30
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BEBR 5 AT A R B T Bax il Caspase-3 741 4
JURE AT IR AL K R P st . A
MREER B R, 5 Con 4 EL#, Model 21 /)N B 5115
Fe g IL-6 \ TNF-a & & M1 & 0 I/ T % Bax J¢
Caspase-3 [ 1. & T+, 4878 TBI J5 & 1% 5 R AE
RIS 2P i

SAT J&—Fh A5 K AR =4, HA B 1 b L Bt 4R
16 SEIFRBT A AE R o A BESE RIS, SAT W] fiEE
T I B A L & A S 1 i A R DR A
JHUT S SAT AT 2 RO PR A /1N L U 40 o
T T SAT X TBI /) BUA 51 3 fE B B3 9 5 00 14
RIEHE . AWFFEE R ER, 45T SAT 197 )5, TBI /)
BRI B2 2 4 O B 3080, 2 > R ICRE Ty kg i
JORE SR KA 2GR T W S8 03, 3R SAT nf gl 3%
TBI /)N RN FI D RE AT

SIRT1 J& — P4 8 1 & S WEAL TG, T FoxO1 £
PGC-la J&: SIRTI [ EEIKY . PR ELEM,
24 SIRTI % #4036 B, & nl D o B 2 Bk Ak i
FoxOl 1 PGC-lae RIEFIH T FLRIEH" Wang
210 43 5% Piceatannol 3 11 3 1% SIRT1/FoxO1 {3 &
S8 At i e ot/ TV /DS BRI T IR T, FHS R B
YIRENES B S A2 HE Ao S M AR R BRI B 2606 SIRT1 3%
ik, 5 SIRTL 19 25 S MEAL TG P, 1E 17 815 SIRTI-
FoxO1 3l # % % 4 22 (R 37 4 0™ . 343% SIRT1/
PGC-1 o 38 % ] ol 4% TBI 75 S (1) £ A7 1% 1) R e Ak A1l
MR . RO R R, 5 Con 4 LA,

T2y 2024 4 1 TS5 59 B 10




Con group

Model group

SAT group

20
154
°
2
&
2 10
2
= 2
< 5
0
C§ eg‘ %\;S <°;:\ 4°;:\
EX-527 group SAT+EX-527 group QX
R
¥

5 Con 41 4%, P <0. 05 ;55 Model 41 H45,2) P <0.05 ;55 SAT 41 Fo#i, 3 P <0. 055 [ (0 5 S 15 7% FHPE 20

P <0.05, vs Con group;2) P <0. 05, vs Model group; 3P <0.05, vs SAT group; white arrows indicate positive cells.

B3 TUNEL &m0/ 20 H 1 ( x200). n=6,x*s

Fig. 3 TUNEL staining for detection of neuronal apoptosis in mice( x200). n=6,x s

Caspase-3
B - D - Gl e

grr D - D —— e

AcoForQ] | — S e S —

Foxo D D G G
Ace-PGC-1q ‘— S < D S
PGC-lo. D D IS D T

e G S - G

= Con

3 Model

Bl SAT

W EX-527

Ml SAT+EX-527

Relative protein expression

55 Con 41142, VP <0.05;5 Model £ A, 2 P <0.05; 5 SAT #Lt4s,» P <0.05,
NP <0.05, vs Con group; PP <0.05, vs Model group; 3P <0.05, vs SAT
group.

4 Western blot # Il Caspase-3 ., Bax,SIRTI , Ace-FoxOl ,
Ace-PGC-la E H K k. n=6,x £

Fig.4 Western blot detection of Caspase-3, Bax, SIRTI, Ace-

FoxO1, and Ace-PGC-1a protein expression. n=6,x £s
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Model 2H /)N R it 155 Jz i f SIRT1/FoxO1/PGC-1a
WG AE 6 9 SIRT1 38 15 P& AIG, Ace-FoxO1 | Ace-
PGC-la 8 R IETH &, M4 SAT 697 5, /N B
143 Jz J&i i SIRT1/FoxO1/PGC-1 o 38 B8 AH CTHE 1Y
FB 5 BB, R AR SAT n] G ok il SIRT1/
FoxO1/PGC-1 o 38 % K 2t 3% TBI /N BRI\ 0 T) E i
5o N T B UEIZ eI , A I 55 A FH STRTL 410 i 54
EX-527 ib47 T8, 45 R R , 5 Model 41 Hu%: , EX-
527 #H SIRT1 & [ F ik 1K, Ace-FoxO1 , Ace-PGC-
Lo 2B IR TR, /N2 2T 50 IS RE JT BRAR , i B2
JE A 0, & S S 2 e T, HL
EX-527 ]y SAT X TBT /)y BT\ Ji1 ) B F 65 19 24
HFEH

22 b Fr R, SAT ] BE i o 1% 3% SIRT1/Fox01/
PGC-1o il #6235 TBL /NN AT RERSE AT . SRTHT, 5C
T SAT 3% TBI /)N R IA R ) i J i 95 S 1) 3
Z A RSt — LRI
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