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Exploration on Mechenism of Sevoflurane-Induced Cognitive Dysfunction in Rats by
Ginsenoside Rg1 Based on the tau Protein Hyperphosphorylation Mediated by the
GSK-3p3 /CDK5 Signaling Pathway
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Abstract: Objective: To investigate whether ginsenoside Rgl improves sevoflurane—induced cognitive
dysfunction in rats by inhibiting tau protein phosphorylation through the regulation of the glycogen synthase kinase—
3B (GSK-3B)/cyclin—dependent kinase 5 (CDK5) signaling pathway. Methods: Forty SD rats were randomly divided
into four groups: Control group, Sevoflurane (Sevo) group, Rgl intervention (Sevo+Rgl) group, and GSK-38
inhibitor intervention (Sevo+Rgl1+SB) group, 10 rats in each group. Cognitive function was assessed using the Morris

water maze test. Hippocampal neuronal pathology and apoptosis were detected by hematoxylin—eosin (HE) staining and
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terminal deoxynucleotidyl transferase—mediated dUTP nick—end labeling (TUNEL) assay. Levels of neuronal injury
markers neuron—specific enolase (NSE) and S—100 calcium—binding protein B (S—100B8) were measured by enzyme—
linked immunosorbent assay (ELISA). The expression of proteins related to the GSK-3B/CDKS5 pathway was detected by
Western blot and immunohistochemistry. Results: Compared with the Control group, the Sevo group exhibited
significantly prolonged escape latency, decreased number of platform crossings, shortened time spent in the target
quadrant, disordered hippocampal neuron arrangement, increased apoptosis rate, elevated levels of NSE/S-1003,
and upregulated expression of B-—cell lymphoma—2 (Bcl-2) —associated X protein (Bax)/Bcl-2 ratio, p—GSK-
38 (Tyr216), P25, and p—tau (Ser396) (P <0.05). Compared with the Sevo group, the Sevo+Rgl group showed
significantly shortened escape latency, increased number of platform crossings, prolonged time spent in the target
quadrant, improved hippocampal neuron arrangement, decreased apoptosis rate, reduced levels of NSE/S-1003, and
downregulated expression of Bax/Bcl-2 ratio, p—GSK-3B (Tyr216), P25, and p—tau (Ser396) (P <0.05). Compared
with the Sevo+Rgl group, the Sevo+Rgl+SB group reversed the regulatory effects of Rgl on the above indicators, with
statistically significant differences (P <0.05). Conclusion: Ginsenoside Rgl can improve sevoflurane—induced
neuronal apoptosis and cognitive dysfunction by inhibiting tau protein phosphorylation via the GSK-3B/CDKS5 signaling
pathway.

Keywords: Cognitive dysfunction; Sevoflurane; Ginsenoside Rgl; GSK-3B/CDKS5; tau protein; Mechanism

of action; Rats

LR E M AR 5 A BRI, PRE
ORISR AT N TSR T
A, HEE R AR JE N DI RERE S (POCD) &
RN AN ZARA IR PR [a) 8, 9 s, B9
It 2 % 5 % 4F B POCD & A ] 35 20% ~
40%, FERIICNZ IR | FE AL F
KMAATUIRE TR, TeE R B AR B AR I I
w7, HHEIPOCD [ & W AL i & ¢ 2 WA i
T BRI 24 075 i B P 28 B L 2 i mT YR M 451 43
R 2 GAE RIS R AIE R, H tau 2R
i BEBER AL S B M LT T RE S IS 5 A
AT RER 7% DI OCS, tau 85 R 4ERF R 400
MERCEEM B E R, HEm kK2
PR S B R B S AT o 2 tau 85 H T BEBE
FRALET, S RX M EsARe)), MK
MY gisl, BRI IOlE BAZ S, B
A BT L T -3 8 (GSK—=3B) M1 41 Jifd J& 48 7 1 4
M S (CDKS) J2& 4 tau 25 B R AL 1M %
VR, R O ] R S EAEAL tau BE

Ser396. Thr205 %5 mi i FEWEIR L, X — i 2
TE BT R 2% U6 BR G K POCD % U v £ gl i ¢
BN SR, L RUbE S 7S O TS GSK-3pB/
CDKS5 {55538 %15 T tau 25 (Lt EERERR 1L, JE 1
51 % POCD, A AL

NS BAF Rel 1 NS 10 206 M 47
CORIESE AT M4 E R, wl s il ik
L AR 2R S A R A T T REY ., X
U AL, NS AT Rgl Al i 8 5 p 28
BIRHE T B8 IR R R A2 R -1
AU (TrkA) 12 B9 (TrkB) & 11, BEAR AL,
M /N IR B0 B Dy se i i . U AEAR
EUHFRAREI, AS AT Rel REMS B0 N
I KRR 228 98 K G 5 e 475 . 5L Rg 1 J&: 15
AE 4 GSK-3B/CDKS 15 5l #5413 tau 25 1 7%
MR Ak K-, M 22 £ e 152 19 POCD, 1%
K ULIIHGE . AR B ERITT A S BAT Rel
XL FUGE 5 & N R A 1 B AR T Sy L
il , i POCD BB 6 B AT 119 5 35 A 4 FH Ve A



HHE 202656 HE58E% 11H
NEW CHINESE MEDICINE June 2026 Vol.58 No.11 - 177 -

B

1 #RtERE

11 Lz % H SPF 2 4 SD K
40 H, IKFH280~320 g, 8~ 10JH#4, W H
30 R AR S G S E AR A BRA T, A=V vl e
5. SCXK (#)2022-0063, 135 T i B (23+
2) ‘C. MRE(55+5) RMItRUERE T, 12h/12h
JEREEER, A B UOK, ERERTE R E
PEATSEG . AL 200 T T FPuO BE B sh e
PR 51 23t (LLSC2023091501) , ™ 4% 124 1f
S S e BRI

1.2 FEKFRMNE LHEECEEAESL
FHIRAH); NSRRI Rl (4iEF>98%, WH S
BRI R A RA D) ; P GSK-38. Wiz
6 (p)GSK-3B (Tyr216) Fi i PEHUIAR (CST A H] ) 5
BT p—tau(Ser396) Z wiEPTLIA . et CDKS H
o BE PR . S Bt P25 B 5w [ B K (Abeam 2y
Al ) B-WLBh&E I (B-actin) FA g FEHLIAR . BUR
i E ALY B (HRP) FRic il 225 — bt (R 24
BEANHED) 5 —Mmk F R VL (BCA ) 25 A2 i il 71
AR REMHARGIRAT) . %A X3Pk
AR (T IO RE R S AN AS ) ) s SRR EE I
MAY (£ E Datex—Ohmeda 23 7)) 3 8] B 26 0
B (H A Olympus 22 A ) 5 4= H BhEFPR{L .
VKA. B RRAN . BERE AR5 7248 (32 E Bio—Rad
INFED s B R EOHL(FEE Eppendorf 23 F] ) o
1.3 TP ABESKIEFE F 40 HSD KR
BLAr R add, 410 2, %I (Control ) ZH K B
W A 2.5 Limin+ A< 6 Limin JB 51K 2 h,
BRI, EZ5 K [AIIE 5 SRR
FRER K, BRI, EESET K ONBREERT 3 KIT
IR ERIELE G 3 K)o B (Sevo) 41K BN
A3%-EHEBE2h, BRIK, ELESK; @
G AL B[R] Control 4 . AN Z B 1 Rgl T
i (Sevo+Rgl) 21 K B -E FUE e A Ab B[R] 455 Y
H; MBS AS A Rel 10 mg/kg, R 1K,

HELT R, GSK-3B il 5+ (Sevo+Rg1+SB)
ZH K BUTE Sevo+Rgl AL BE Y SEAl I, B8 S
5} GSK-3B #1157 (SB216763)0.5 mg/kg, %K
LIk, EET K,

14 EEEBEMNTFEAZE A CHRN2]TE
BRIt FHE T AR SR A . R %
P SRR IR TR AT BRI, R AR AR 10 Lo,
Sevo 2 | Sevo+Rgl 4 J& Sevo+Rg1+SB 2 K R ik
AREFE S, Sl AU 2.5 L/min+ &<, 6 L/min,
B S A U, AR e bR vk B (3%)
AR BE (40% ) FF 2258 85 2 h, 2 il
FE B R AR R, 225 K. Control 41
IGE ATRASAR, AbFRE R AR, R 7
W) A IR R AT R R PR L, o R AR R (37
0.5) C,

1.5 Morris/KEE LW Ti)a — KRS
WG 24 WHFGR, FEZES RiFATSCE, WHEE
AT S I RN 28 AR R S0 . AL AA T L5 (5
1~4K): B N4NER, FEETH
PRRR (S 4 2R KT 1 emkib . 5 R
G PR K 0K R BT [ b BE A K R, e R
90 s N 2°F 15 1 BT AR 15 45 90 s KRR E]
FH, SIREEEEER10s, BRI
90 s, BEREHKEBINMG 4R, BOFHE, =
MIRRLICESK): BTG, WA
FRRATKETHA KR, 105760 s N HFF- &
7 B A URE S AE B ARG B 457 B8 s ]

1.6 HARERZHERQNT

1.6.1 HARE 1TH¥ELELE NG 24 h,
22 R UK I T 5 109% /K A S (3 mL/kg) JBE
B, Wik U, B S48, s E
T 4% 22 B W v [ 2 24 h (T )5 22 0% B
W), o5 — 5 5r R A R A R A7, S 5%
8 2 -80 “CHKAR DA CFH T8 s B vR A I )
162 HAZ-FL(HE)LEMNBZAXR
BDALKREER IO S AR U



HHE 20268E£6 BESSEE 11
- 178 - NEW CHINESE MEDICINE June 2026 Vol.58 No.11

A, HE Y (R4 pm), B ZEK(Z
2R T . 14510 min, B SEERK), ThAR
RY Y5 min, FARIKMPUEIS 1% 5L/ L B2
34630 so PRELL YL YL 4 2 min, BREE LRI
K, ZHZEW, PR CE A 6 B
TSRS CA1, CA3FIDG XM ICEE,
1.6.3 TUNELXZEHRMEIMHMATTEAT I
A7 M T A% 2R LA, ) A (R
4 pm)., WilEZIK, 3% H.0.%E IR H 10 min
RELBT PP 2ok S AL I, PR AE S 5% 4 1
15 145 1 (BSA) EFH] 30 min, %011 TUNEL #6301
W, 37 CHREEHFR 1 h, WEmREhZE i (PBS)
VeI, 4,6- kI -2 2K e ns| e (DAPT) Y
¥ 5 min, 2% W REE T OES, THECUE T4
i (4 5 ERRIC) 5 R ANIE G5 e 6hrid) ,
HEHTR, 4 EDMWES ME

1.6.4 BEEERGEZ A (ELISA) NG S HEA
WZ TR 4EELEE(NSE). S-100554 A&
EAPRTE(S-100B) 7k F HuifF hHL, %
1:9 H il A ¥ PBS (& 1% & 11 il 41
F1), vk BSR4 °CL 3000 r/min, B0
%8 cem, BO10min, B EW. K BCA B
R I B B O R B g — K TR R
NSE. S-1008 ELISA i & 16 I 15 8 4F . &
FLIN 100 pLEEARSARIES, 37 CHFE 2 h; 7
WEM 3 U, hn 100 pLAG BTk, 37 CHERE
1 h; PEAJEIN100 WLEEYAR, #HEIEE 15 min;
N2k, FHBEARGN 450 nm BOGRE

1.6.56 HEHANLWHNEDHLRP25, p-
GSK-3p(Tyr216) F&ix 1 4% £ 5 W [ &
(PG SH Ll 8, R K . A s A (5
B4 pm), Wil EKE, 3% RO, ZRFHE
10 min FH W NI VE o SR DI PLlR B S
5% BSA Ef 4] 30 min, % 1—HL[P25. p-GSK-
3B(Tyr216)], 4 CHEF A& ; PBSPE3 U, fil
THUEIRIFE 30 min; EEEBES I (DAB)
o, BRARREY, BKEHEHRF. BHEET

WEE, Tmage—Pro Plus #1425 43 A1 FH 1 24 fifg
IO AR

1.6.6 Western Blot L3546l /8 T A LA #H 3%
FEARIE BUEDHL, ¥ 100 mg 4 2Ln
1 mlL 25 25 Hfff 1 60 (PMISF) B4 5 56 6 8 UL 43
M1 (RIPA) Z4FR L, vK 2132 10 min, 4 °C.
12000 r/min, B.0¥4E8 em, B0 15 min, B
FIEW . R BCA M & & AWk, R4
HEAWE 85, IMASX SN,
95 CHlAZ % 5 min, il £ 10% + = bt J& il 2
B — 5 TN M Tk Mg 5 JiE HL Uk (SDS-PAGE) ¢ Jit
Rl EAE30 e R, THRHEIK(RAE 80V,
SR 120 V) o TR IEFE ZE B iw W &
5 (PVDF) B, 5% i g W5k 2 a3 01 2 he T
Jn—¥HL[GSK-3B. p—GSK-3B(Tyr216) . CDKS,
P25. tau. p—tau(Ser396)\ B A 82 (Bel=2)
Bel-2 #1 % 8 H (Bax) . B-actin], 4 CHF & i
&, TBST ¥ M 3 ¥ (5K 10 min) o Sl A
HRPHRiC = H0(1:5000), =WIHEHF 1 h, &
Ji 5 ECL . £% . Image Lab #4453 # H 09 2E
R BEAE

1.7 Sit=ZE A& R SPSS26.0 Gi it 2=
AT EE AT, R TORIT A R A AT LU
B EL (o +5) Fm, A HBCR FRNE
J7 225 M (ANOVA ), 18] W PR LE AR LSD—¢
K, P<0.05FREFAGRIIFENL,

2 HR

21 HAXRBRIANAMINEELER WK1, 5
Control ZH %%, Sevo 2H K Bl 3k VR AR 42 K,
SEEOT- 5 BB D, FE B ARG R 452 B4 5[]
4598 ; 5 SevodH L, Sevo+Rgl 2 K R 12k
W RN R, SEEOT S R BCE N, 7E AR
Z IR = BB I ;5 Sevo+Rgl 41 L AL,
Sevo+Rg1+SB 2H K [k skt v R I, 28 F
BB, FE B bR S BRI 45 78 B 18] 45 4
DL EZSEAE G (P <0.05).

22 FHAKXREIALFEFRILE K2,



HHE 202686 AE58EE 118
NEW CHINESE MEDICINE June 2026 Vol.58 No.l1 - 179 -

Control 21 K FLIRF H 4141 CA1, CA3 FIDG X i
UM HER S L TR, 40 A I A
Sevo 2 K B Th 2H 2 n] UL 2] A2k 4 BT el AR
I HESN RS ZKEL, SRS SR, AR

A gp- B 10,
80 )
—~ g/
= @ £ o
=40 e
#z
X S 44
#)
% 20 7]
Y 3 b Y
oo g0 sew*“%\ 5ew*“‘!”“ o g

P
0)«?\%\
S

Yt N5 Sevot+Rgl ZHAH LE Sevo 2, 2H 2144
A T, A0MHEPI AR RS, AR A
YA RS A K &, 1M Sevo+Rg1+SB 41 HE !
H I Sevo+Rg 1 2 Y BCERUR .

BERRRERE ) O
o B 5 2 B

re™ "
.

eV

Z: DX Control RILER, P<0.05; @k SevoBIbik, P<0.05; @)% Sevo+Rgl ZL1E, P<0.05,
E1 SHEXRINIIEELLE

Control £ Sevo 41

Sevo+Rgl 41 Sevo+Rgl+SB 41

2 HAXREBDARREHERERE(x400)

23 BHABRAMEBSARBELHAMBBETE
SEE WK 3, 5 Control 4 H#E, Sevo 4l K
WU A s on R TR R S
Sevo H b #, Sevo+Rgl 4K i 4 4140 40T
SRR T TR B EREAIL; 5 Sevo+Rgl 41 Lh K,
Sevo+Rg1+SB 2 K FUifg S 4 2L ph 28 Ju A i A T

KRB EWmM,; UELZERHAERITHE
X(P<0.05),

24 BAAXREDHEALNSE, S-10087kFLL
B WK 4, 5 Control H H#E, Sevo 4 KL
L ZINSE, S-1008 /K F-TH i ; 5 Sevo 41 e
B, Sevo+Rgl 41 K Bl ifE 24U NSE, S-100B

AKOEREAR; 5 Sevo+Rel ZH 1K #K, Sevo+Rg1+SB
2R U 4L ZUNSE . S-1008 KT &5 LA
T ESWASITFEL(P<0.05),

25 BHKREDHLR P25, p-GSK-
3B(Tyr216) EAFTIELLHE WH 5. Hpedl
R 4t B g R, 5 Control 4H L%, Sevo 4H
KB D H L P25, p-GSK-3B (Tyr216) & 1
FIRKEFEE ;s 5 Sevo 4 L%, Sevot+Rgl 4H
KB S 4H 21 P25 . p-GSK-3B (Tyr216) %
22k KA 5 SevotRgl 4 L %5,
Sevo+Rg1+SB 2H K L1 5 20 41 P25, p-GSK-
3B(Tyr216) K BK - T s DL E2ERIH



HHE 202646 BB 585E 118
180 - NEW CHINESE MEDICINE June 2026 Vol.58 No.l1

Giit2FE L (P<0.05),

26 HAHKXKRIEDAHH Bax/Bel-2, p-
Tau(Ser396). P25, Total-CDK5, p—-GSK-
3B(Tyr216) EEFTIELLE K6, HHFED
R 25 B 8 78, 5 Control 4H L%, Sevo
2 KB D 41 4 Bax/Bel-2, p-Tau (Ser396) .
P25, p—GSK-3B (Tyr216) & [1 3 ik 7K F 15 FF
= (P<0.05); 5Sevodllbix, Sevo+Rgl HK

TUNEL

DAPI

MERGE

Control 41 Sevo 21
60

P (%)

o

N PN \ B8
BNV . O
Ccow SeN N cex 0*"\% ex© e

R 5 20 41 Bax/Bel-2, p—Tau (Ser396) . P25,
p—-GSK-3B (Tyr216) & H #* ik /K F ¥ [F
fit (P<0.05) ; 5 Sevo+Rgl 4 I # , Sevo+
Rgl+SB 41 K Bl i & 41 41 Bax/Bel-2, p-
Tau(Ser396) . P25, p—GSK-3B(Tyr216)%E H#
ik K T (P<0.05) o 4% 2 Total CDKS,
Total-Tau, GSK-3@ £ FRAKFILE, =7
BTGt E X (P>0.05),

Sevo+Rgl 41 Sevo+Rg1+SB 41

o R
)rb\)”
R

E: D5 Control 283b35, P<0.05; @5 Sevozibiz, P<0.05; @k Sevo+Rgl 2B3b4%, P <0.05,
E3 HAKXREDALHIRTHEBDTER LR

NSE level (pg/mL.)

S
C 0\\\\‘ o PR 7

B 4n

3

2=

S-1008 level (pg/mlL.)

Y S
ot 5e,\'0% . \lok\\%\
o€ <

(¥

7E: D5 Control ZA3b4, P<0.05; @5 Sevo2iIbi, P<0.05; @% Sevo+Rgl 4L1b4t, P<0.05,
B4 BAAREBEIHELANSE, S-100p7kF i



HHE 202686 AE58EE 118
NEW CHINESE MEDICINE June 2026 Vol.58 No.11 - 181

P25

p-GSK-3B(Tyr216)

15, T PRSI ONE oy - SR B FLSEE S %
Control 4 4 Sevo+Rgl 4

B 200 C 200

150
@ T
100

I i [
- &P C““\(O\ ge\,o%

P25 average optical
density(I0D/Area)

w
(=}
1

GSK-3B average optical
density (I0D/Area)

[=]

S

[
C“\\\("\ cen© 2

i2: (D5 Control 4 1L4R, P<0.05; @X Sevo2IbEk, P<0.05; 3% Sevo+Rgl 114k, P<0.05,
E5 ®REANXZERNZAEAXRREDHLAP25, p-GSK-3EHRIELLE

- 4
BCI-2 a e D
34
q
Bax | v WS e 3
SIS
E
———
“\t“ \1\)/ \,\,‘53
P25 e e w*
37 @
Total-CDK5 | — ®

p-GSK-3B(Tyr216)

| S

| —
GSK-3p | “——
SR

GAPDH

p—Tau(ser396)/Total-Tau
T T i
=
'%3
A
S @
oy
o,

Control 41 Sevo 41 Sevo+Rgl 41 Sevo+Rg1+SB 4 C.o““o\ 7 SQ\IOI&S . R
e

31 @ 1.57

0- 0.0- .0"
e e s [
C“““o\ Qen® ® o o‘\‘Y‘%\ ,\—Y\%\ S o Qen® Es et o‘\'“ P

EON o€ SeN® Sev o¥

\i\’\

P25/GAPDH
= 52
©
{@
Total CDK5/GAPDH
(=) —
h <
p-GSK-3B(Tyr216)/GSK-3B
o =3 = - N
Yoo w <
>3
e
z ®
\\;-;
£ =

E: D5 Control ZL36%, P<0.05; @5 Sevolibi, P<0.05; @)% Sevo+Rgl ZA1L3%, P<0.05.
El6 FEAEERNEAKXRIEDHSABax/Bel-2, p-Tau(Ser396), P25, Total-CDK5, p—GSK-3B(Tyr216) & B RiA b



HHE 20268E£6 BESSEE 11
- 182 - NEW CHINESE MEDICINE June 2026 Vol.58 No.11

3 iTig

ERBENE A — Bz N W AR 2Y
PRl HL i 5 R o P L I O 3R N S
A, TERS TR A G P LA, SR,
bl N 2T AR TR, LLPOCD A
RRIE B I K H 25 32 31 56", AWFFE H Sevo
2H K BUTE Morris 7K 28 B 5206w 22 30 H 08 0B v R
WIEA | ZEEOT 5 B S T D) RER O R
fiE, SEEEMRR SR 8", s RM, L
VSN ECRURT: ST E20 0 Y8 AN S =K L VA5 08
T R it fig o s 4 2 Fh i 12 S B0 A D e A
TR ShAE R 2 2T A O il X, Hoph 280045
5 DRe i 52 XA A D R 2 OCEH E Y, A
W HE Qe a2 R R, ERbiBE FEAR
T CAL, CA3 DG X uHESI XL . B
S5, [ TUNEL K U278 # 28 o 72 3%
WETE, X 5-EREE SR D2 TR
ROV AR, AN, Sevo ZH K BT b 4 41
NSE F1 S-1008 7KV 5 & A5, i — kS L
FETT G R, X R RR Y o B AE
2T R TR B 0T 20 TG AL B R, K-
AT SR A R A R

Tau & 13 BE B R AL 2 D\ ) RE B A 1Y
BURHELILRL , AT A B-E U AR R B L
KL 2 p—tau (Ser396) ) ik, %A
AT R AL IR S 5 TR0 A SR B b 22 21 2
I R VIR G, GSK-3B J& — M 22 B IR /)
SRV, LTS T A7 0 R AR A ™ A I 4
Tyr216 {37 55 B R AL T 3% GSK-3B, i Ser9 £if
ATl TR DO o0 ) FL 9 PR, CDKS & — A i
TS AR IO R, IE R AR RS T 5
WWEP3SLE G, S HMAITTTR . R
LRI R I P35S B AS A D) R O R R
P25 HF, CDKS 5 P25 454 - 5 0 ioih™,
GSK-3B F1 CDK5 AE 4 4% tau 8 H B R 1k (40

Ser396. Thr205 v &%) Y G, 7F L ke
PN 05 ] e R AR O AE P, AR
45 B R, Sevo 4 K R S p—GSK-
3B (Tyr216) Fl P25 19 F ik W & 3 hn, &R
GSK-3B B I% 1 CDK5 By S % 75 1k. GSK-3B
(1 Tyr216 o7 i 5 PR Ak A2 o30S MR AR e A
11 P25 /£ A CDKS 19 55 800 R 7, ] 3 a4k
K CDKS 30T B 8] 52 20 tau 25 H O E B 1L
31X — 3k P A B IR i B A5 A b 2 gk I iR
WEP BeAh, FEARREIR T i oy TR LS,
Bax/Bel-2 LA A 16 B 4% S B A48 o 0 1 1) 3% R
JEo Bel-2ERPTMT- 2, ]l e 4okn
UNNS R AN K 2 DR G O =i @ St O
i M BaxVE MR T A, BEH LR IRBEE,
GIFENALIA, R TN FRR, fEsht
bt R A i B B2 W™, AR 5T HT Sevo 4K FR
15 5 Bax/Bel-2 FW{E TH R, #2840 7 1= 3m
PRPEOE , X 5 TUNEL K I v 28 o i 177 %
Frm g R —2, Lo L, bt
753 1) GSK-3B/CDKS i [ 5 i , 175 tau
HEEAERRL, T3 Baxy/Bel-2 KM, X —
A IR TS F T RE, S2 M R Y
S i G A i, HETR AR RE

ANZBAT Regl fE A NS 1 T 206 47,
TERR 2 R GBI 5T S 4% 2 i . WFoT R
B, A% Rgl BAPIRARAE . B fbn
T Q118 e A B 2T S A Sl N N )
1, Sevo+Rgl 4 K BMIN I DI fgdebn . 18 5
PR TOIR MR | B s S K SR T
AR R R I8 Sevo 21 1 B 2%, [R B p-
GSK-3B (Tyr216) . P25 Fll p—tau (Ser396) i) &
KKV E REAR, $E 7R Rel W] fg 8 o 70 4l
GSK-3B/CDKS5 {55 73 [ I8 4% tau 25 11 10 BE BE TR
fbo X —KIE Rel 7EHAh s 40 i AL b iy
YEFIALHIAR R, A W98 & 3R Re ] 38 1 1



HHE 202656 HE58E% 11H
NEW CHINESE MEDICINE June 2026 Vol.58 No.11 - 183

P R IR LIS 3— 4 (PI3K) /2K 11 4 B (Akt)
1 A0 GSK-3B 7, M kst DA 1 B B e
SR8 5 WF9E 26 W Rgl ] FRAR B /R 2% T 2R
BT /N FUG P tau B8 P8R R AL KT, Ry itt—
A IE GSK-3B/CDKS il % 7F Rgl # 8 41 1
RO, ASBHFSE 51 A GSK-3B 57 1
P03 55 SB216763, 45 4 i 7 Sevo+Rgl1+SB 41
KEAAAITIRE . #4098 BE L tau 25 F B R
A 7K 455 Sevo+Rel 4 4 35 i e, 5% BH 414kl
GSK-3B A JHBR Rl MU0, X if— ik
SCT Rl B9FE AR S T GSK-3B/CDKS i i 1
TRV

ik, AMEgs R RN, EEbinl it
1% GSK-3B/CDKS 15 53 [ 175 7 tau 25 (43 FE %
iRk, HEWT 5] & i S oo T R T e R
15, MAZ 21 Rel Al S 906105 538 Bk
e AR X — R MAEER T LR
7 & POCD B ML, 14 Rel 7E I R b7 i
POCD g i FHER AL T 52 Ak 4

(EAMFAAFE— R RIR . HoE, &
R A S B Rel UK & 10 mg/kg B—T 1
R, ATT R A IR SC S, Jovk I
HAE AR o R A 2 R E R RO R,
INABEHE— 0 e T 15 & . ok, i
BT UEAY 2R ] GSK—3 B 4 S k4 il 370 ik A 71
T, ARG CDKS il 77 FF Je o m5 5K 75 BH W
ST, ME DL 4T K IE GSK-3B 5 CDKS fE I8 45
tau 25 B AL B2 TP PR RE R, S 8GR S
AL ISR RS T . 5 S0
WAS A Rl FIEM R, L RS0 7 2 i
PEACI I L RO R S AR 2 % IRlAT
#b 75 CDKS #0451 i 1 9 55 5%, TR A A
GSK-3B 5 CDKS 1) I T Ui 8 4% S B 2 B[R] 4
ML, #E— ot Em gk R, MASRE
H Rl I R BT 34 POCD #4388 7™ 38 11 52 56 4K 5%
SIS

[&%30k]

[11 YANG N S, ZHONG W J, SHA H X, et al. mtDNA-cGAS-
STING axis—dependent NLRP3 inflammasome activation contributes
to postoperative cognitive dysfunction induced by sevoflurane in mice[J].
Int J Biol Sci, 2024, 20(5): 1927-1946.

[2] ZHOU Y, ZHANG Y, WANG H, et al. Microglial pyroptosis in
hippocampus mediates sevolfurane—induced cognitive impairment in
aged mice via ROS=NLRP3 inflammasome pathway[J]. Int Immuno-
pharmacol, 2023, 116: 109725.

[3] ZENG K, LONG]J, LI'Y, etal. Preventing postoperative cognitive
dysfunction using anesthetic drugs in elderly patients undergoing
noncardiac surgery: a systematic review and meta—analysis[J]. Int ]
Surg, 2023, 109(1): 21-31.

(4] FIRE, WMLH, W52 PIRBE SBR[ BCILRITX &4
FEAE 1 1 E R TARAR S DA BE K M AR R 2 e S AR
IR IR REAL NG . XA PEETERRKT B2l TRAR S
SMRHARAE, 2024, 41(8): 1827-1831.

[S] ZHENG S, TENG Y, LIU H, etal. Syringaresinol attenuates Tau
phosphorylation and ameliorates cognitive dysfunction induced by
sevoflurane in aged rats[J]. J Neuropathol Exp Neurol, 2024,
83(7): 596-605.

[6] ZHUY, ZHANGM, WANG]J, etal. Lin28A Reduced Sevoflurane—
Induced Nerve Injury and Cognitive Dysfunction by Inhibiting Tau
Acetylation and Phosphorylation via Activating SIRTI in Elderly
Rats[J]. Neurotox Res, 2022, 40(6): 1913-1923.

[71 YANG W, LIU Y, XU Q Q, et al. Sulforaphene Ameliorates
Neuroinflammation and  Hyperphosphorylated Tau Protein via
Regulating the PI3K/Akt/GSK-3beta Pathway in Experimental Models
of Alzheimer's Disease[J]. Oxid Med Cell Longev, 2020, 2020:
4754195.

[8] LIANG F, LI M, XU M, et al. Sevoflurane anaesthesia induces
cognitive impairment in young mice through sequential tau
phosphorylation[J]. BrJ Anaesth, 2023, 131(4): 726-738.

[9] HUANG Y, YANG D, LIAO S, et al. Ginsenoside Rgl protects

the blood-brain barrier and myelin sheath to prevent postoperative

cognitive dysfunction in aged mice[J]. Neuroreport, 2024, 35(14):

925-935.

XU, Wer &, BRRG SR AS AT Rel BUE /DN BURTR B0 2

REARI RO FE FIBLIIBETELD). @5 SUEHREE %, 2024, 12(5):

263-266.

HAEM, JrdiiE, TR, % AS AT Rgl #4715 miR-144-3p/

FPR2/p38 {5 3 it Xof 72 S0 A Mgt 1t K B o A 5 45 4% 70 28 56

FEMSEMAN]. PR eaE, 2023, 39(12): 2534-2539.

[12] ALEGR, XIERF, SRR, AW ALRSERT E4FE R EIARIE
WM. HAEIRRBESE 2L, 2009, 29(3): 233-235.

[13] %55, BRI, B9, 45 T Wnt/B-catenin {5 538 B 5T

—
—
(=]

=

[11

—



HHE 20268E£6 BESSEE 11

184

NEW CHINESE MEDICINE June 2026 Vol.58 No.l1

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

A7 FEF MR X L IBE 78 R I RES S B PRI PRI, SR 2
Zeii, 2024, 40(15): 2063-2068.

CHAI G, WU J, FANG R, et al. Sevoflurane inhibits histone
acetylation and contributes to cognitive dysfunction by enhancing the
expression of ANP32A in aging mice[J]. Behav Brain Res, 2022,
431: 113949.

NIUY, LIAO G, MIAOZ, etal. Role of Hippocampal Glutamatergic
Synaptic Alterations in Sevoflurane-Induced Cognitive Dysfunction in
Aged Mice[J]. CNS Neurosci Ther, 2024, 30(10): ¢70093.
WANG Y, WU D, LI D, etal. The role of PERK-elF2alpha—
ATF4-CHOP pathway in sevoflurane induced neuroapoptosis and
cognitive dysfunction in aged mice[J]. Cell Signal, 2023, 110:
110841.

HUANG Y, YANGY, YEC, etal. The m(6)A Reader YTHDF1
Improves Sevoflurane—Induced Neuronal Pyroptosis and Cognitive
Dysfunction Through Augmenting CREB-BDNF Signaling[J]. Neuro-
chem Res, 2023, 48(12): 3625-3638.

ZHU L, HOU X J, CHE X H, et al. Pseudoginsenoside-F11
attenuates cognitive dysfunction and tau phosphorylation in sporadic
Alzheimer’'s disease rat model[J]. Acta Pharmacol Sin, 2021,
42(9): 1401-1408.

HE S, PENG W B, FU X J, etal. Deep Sea Water Alleviates Tau
Phosphorylation and Cognitive Impairment via PI3K/Akt/GSK-3beta
Pathway[J]. Mar Biotechnol (NY), 2022, 24(1): 68-81.
TANAKA T, OHASHIS, TAKASHIMA A, etal. Dendritic distri-
bution of CDKS mRNA and p35 mRNA, and a glutamate-responsive
increase of CDK5/p25 complex contribute to tau hyperphosphoryla-
tion[J]. Biochim Biophys Acta Gen Subj, 2022, 1866(7): 130135.
LEIL, LUOY, KANGD, etal. Gypenoside IX restores Akt/GSK-
3beta pathway and alleviates Alzheimer’s disease-like neuropathology
and cognitive deficits[J]. Aging(Albany NY), 2023, 15(23): 14172-
14191.

REQUEJO-AGUILAR R. CdkS5 and aberrant cell cycle activation at

[23]

[24

=

[27]

[28]

the core of neurodegeneration[J]. Neural Regen Res, 2023, 18(6):
1186-1190.

YANG W, XU Q Q, YUAN Q, et al. Sulforaphene, a CDK5
Inhibitor, attenuates cognitive deficits in a transgenic mouse model of
Alzheimer's disease via reducing Abeta Deposition, tau hyperphos-
phorylation and synaptic dysfunction[J]. Int Immunopharmacol, 2023,
109504 .

EL-GANAINY S O,

114:

SOLIMAN O A, GHAZY A A, et al.
Intranasal Oxytocin Attenuates Cognitive Impairment, beta—Amyloid
Burden and Tau Deposition in Female Rats with Alzheimer’s Disease :
Interplay of ERK1/2/GSK3beta/Caspase—3[J]. Neurochem Res, 2022,
47(8): 2345-2356.

SRR, W, TR, S IREEE SRR R AR AN T
T 22 Y- T R I 75 5B A K e T A R D R R o A 4 T L.
FABRREESE AR, 2021, 41(10): 1212-1217.

WANG Y, WEI X, WANG H, et al. Ginsenoside Rgl alleviates
cognitive impairment in vascular dementia by modulating Adcy 1/Kdr—
mediated cholinergic synapse and PI3K-AKT pathway[J]. Phytomedi-
cine, 2025,

SHEN F, WANG J, GAOF, etal. Ginsenoside Rgl Prevents Cog-

143: 156882.

nitive Impairment and Hippocampal Neuronal Apoptosis in Experi-
mental Vascular Dementia Mice by Promoting GPR30 Expression[J].
Neural Plast, 2021, 2021: 2412220.
ZHANG Y, ZHANG Z, WANG H, et al. Neuroprotective effect of
ginsenoside Rgl prevents cognitive impairment induced by isoflurane
anesthesia in aged rats via antioxidant, anti—inflammatory and anti—
apoptotic effects mediated by the PI3K/AKT/GSK-3beta pathwaylJ].
Mol Med Rep, 2016, 14(3): 2778-2784.

ZHANG H, SU Y, SUN Z,
Abeta deposition by inhibiting NADPH oxidase 2 activation in APP/
PS1 mice[J]. J Ginseng Res, 2021, 45(6): 665-675.

(oAt 4. AP EH, HER(EL)]

et al. Ginsenoside Rgl alleviates



