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ARBTG5 SR A IR | SRR i 20 AR 03 06 (TUNEL ) A6 0 45 20 oG B2 B X A I g8 T O 5 R
FEVt 166 Ho 0% T B3 (ELISA) R U A5 B 7 AN -1 (TL-18) K. R H1EH X IRl s, il
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IR A A HGE R B B T NBP RS T AT IR T AL T A RIS 7 d RS 2E 25 5 (e R/IMAEL
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[Abstract] Objective To investigate the therapeutic effect and molecular mechanism of Zhuli decoction on
brain injury induced by acute carbon monoxide poisoning (COP) based on the phosphatidylinositol 3 kinase/protein
kinase B/glycogen synthase kinase-3( (PI3K/Akt/GSK-3f) signaling pathway. Methods A total of 225 healthy
adult male Sprague-Dawley (SD) rats were randomly divided into five groups by a random number table: normal control
group, COP model group, butylphthalide (NBP) treatment group, Zhuli decoction treatment group, and NBP+Zhuli
decoction treatment group, with 45 rats in each group. The COP rat model was established using the hyperbaric oxygen
chamber double-inhalation method. Brain tissue water content was measured using the wet weight/dry weight method.
Hematoxylin-eosin (HE) staining was used to observe the structural and morphological changes in the cerebral cortex.
Immunohistochemistry and Western blotting were employed to detect the protein expression levels of phosphorylated
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PI3K (P-PI3K), phosphorylated Akt (P-Akt), and phosphorylated GSK-3B (P-GSK-3B) in the cerebral cortex. Nissl
staining and terminal-deoxynucleotidyl transferase mediated dUTP nick end labeling (TUNEL) were used to assess
neuronal apoptosis in the cerebral cortex. The level of the inflammatory factor interleukin-13 (IL-1B) was detected
by enzyme-linked immunosorbent assay (ELISA). Results Compared with the normal control group, at 1 day after
modeling, rats in the COP model group showed significant brain edema, with a marked increase in brain water content
[(90.44 + 1.36)% vs. (75.49 + 1.00)%]. Nuclear pyknosis was observed in the cerebral cortex, a significant reduction in the
number of Nissl bodies (number: 322.00 + 14.92 vs. 418.00 - 25.17), an increase in the number of apoptotic cells (number:
38.01+1.60 vs. 6.20=0.80), and elevated serum IL-18 levels (ng/L: 221.50 =9.67 vs. 49.23 +4.50), the differences
were statistically significant (all P < 0.05). With prolonged poisoning time, all three treatment groups showed decreased
brain water content compared to the COP model group. The cortical cell structure was relatively intact, the number of
Nissl bodies increased, a significant reduction in apoptotic cells, and IL-1B level was decreased. The protein expression
levels of P-PI3K, P-Akt, and P-GSK-3 were significantly elevated. There were no statistically significant differences
between the Zhuli decoction treatment group and the NBP treatment group at each time point. However, the degree of
improvement in the NBP+Zhuli decoction treatment group was significantly better than that in either the NBP treatment
group or the Zhuli decoction treatment group alone. Notably, statistically significant differences emerged as early as
7 days post-modeling [Nissl bodies (number): 347.80 £ 14.11 vs. 310.00 £ 13.77, 308.60 & 11.52; P-PI3K protein level
(A value): 0.82 4 0.05 vs. 0.70 £0.05, 0.70 = 0.04; P-Akt protein level (4 value): 0.87 = 0.05 vs. 0.72 £0.05, 0.74 £0.04;
P-GSK-3( protein level (A value): 0.824+0.06 vs. 0.71+0.03, 0.69+0.02; number of apoptotic cells in cortex
(number): 32.19 +£1.31 vs. 39.514+1.23, 40.20+1.50; IL-1B (ng/L): 71.60+2.98 vs. 86.01 +3.82, 90.10 +4.47;
all P < 0.05]. Conclusions Zhuli decoction can activate the PI3K/Akt/GSK-38 signaling pathway, ameliorate
cerebral edema induced by COP, reduce neuronal apoptosis, and inhibit the inflammatory response, thereby exerting a
neuroprotective effect. The combination of Zhuli decoction with NBP yields a more significant therapeutic effect.
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protein kinase B/glycogen synthase kinase-3 @ signaling pathway; Apoptosis; Neuroprotective effect
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NBP+ A7 #1697 405 H R0 3 5% B NBP FIA7T
Wi, 425 1A1 % 2 ho IER XS BREE RN COP iR 2 7
[Fi] — s ()78 1 A AR BB K o

1.5 AlHE bR & 51

1.5.1 B ZE KA - R / T Bk
W 43 3P RIS 1.7, 14 F130 d AREZ R AL
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(AR A 2% T ] 1 ) B 258 o
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deoxynucleotidyl transferase mediated dUTP nick end
labeling, TUNEL ) A6 45 41 A 52 J5% X AR AL 1A% 0 -
A1 45 Y) 28 TUNEL I BT ), fi & 47 6 —
JoK FE -2 2K FL 5| I (4'-6-diamidimo-2-phenylindole,
DAPI) HIHLZEC K B 7 M EAT B A, e Jm 7R 9t
A TSI R Image J 3RO T RS S3HT
1.5.7 Sk T Bl B A 92 W B el 55 (enzyme-linked
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1.5.8  AHOCHES T : 83T Pearson AHICH: 7 B i 4R
SEARMLIA T 5 REE + 1L-18 Z A A AH G,
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COP 14 5 90.44+1.36%  85.46+0.93%"
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Yo fe 55 WL 5 R 15 % B2 KRR Bz R P-PI3K
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P2 R AKOF- B, T COP A5 Y 26 vh 4428 1 BH I 36
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() #iE 14 S 7 d
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I (P<0.05). Z55EH], NBP FITI A REA 5K
Pl ACOP JIrifs S 4n M i T, FLIC & 253004
TH—24YIET

2.6 K BUNTE SAEH TR E (] 6) . 5
IEF XA L, COP BB g IL-18 =T
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RO 3 U AR RIS 1 d RISRIL PR IA]HE 2%
IWERT, ZEHIELS 14 d IEATRITAL IL-1 8 /KRR
2 5IEE XA 2RI 2 X (P>0.05).
2.7 MMM Pearson FHIEPESMT s, KB
B IL-1B &R ST 4R B B (r=
0.580, P<<0.001). % Z5 KK, 78 COP Jir 2 i
it B R A R AN 7 1L-18 KT E S
P2 IC I T ) P TR B 2 (AP VDAY OBk, 4%
BT AL OUHE NBP+ 1T iR 7 41) 1648 24040 il
IL-18 FRB MR, 0 BRI T A i oK, 32
AT R AT BRI AN M T, R R 2 AR
YER, M e st — i o 4Rt 1T S8 .

#wmm - - -+ o+
NBP - - + - + AR
COP — + 4 + +  flRaE
PI3K W— - — 85 000

P-PI3K (TyrdS8) PR S e S5 000

e S

P-AKL (Serd73) smmecG—e = sm— a— _—_—_ 60 000

GSK-3D |t S S S 46 000
P-GSK-3B (Ser9) - W e e — 46000

B 6 HARRHEE 14dBiERK BiREARANEL

% 4 Western blotting #:il & A KR HIHR/E 14 d

R R X BARE BRI RIZKFE LB (x +5)

a5 BIL/E i i 5 2K (ks (IR BEAED)

(R) P-PI3K/PI3K P-Akt/Akt
1EH R 5 1.00+0.04 1.00+0.04
COP fHRIZH 5 0.19+0.042 0.20+0.042
NBP J4774H 5 0.56+0.03% 0.57+0.05%
Pkl 5 0.55+0.05% 0.55+0.04%
NBP+ MIimitr L. 5 0.70 +0.05 2 0.82+0.05 2

a5 BIL/E i i 5 2K (ks (IR BEAE)

(H) GSK-3B/GAPDH P-GSK-3B/GAPDH
WX IRAL 5 1.00+0.04 1.00£0.06
COP HERIZH 5 740+0.112 0.25+0.04"
NBP J47741 5 4.00+0.34° 0.53+0.05°
Prma T4 5 410+0.23% 0.53+0.04%

NBP+ YT#RTF 4l 5 1.90+0.11 bed 0.74 +0.05 *bed
5 OE R R A, TP<0.05; 5 COP KT 4 1 #R,
bP<0.05; 15 NBP i&IT 41 HLAE, ©P<0.05 3 S A7 4L LA,
d
P<0.05

x5 BAXRERREMBTHEESH (x+s)

a3 Pl T ()
(H) 5 1d G 7d HBLE 14 d
IEE IR 5 6.20+0.80 6.50+0.90 6.60+0.82
COP B4 5 3801+160°  57.99+230%  5051+1.90%
NBP JA74 5 36001197 395141237 3201+126%
i 5 3640+121%  4020+150%" 3200+ 149

NBP+ PHAAT A 5 27.99+129°% 32,19+ 131 9450+ 100

0 S IEE XA R, 'P<0.05; SAHAFIREG 1d L,
PP<0.05; 15 COP KA 41 L%, ©P<0.05; 5 NBP i4 97 41 b 4%,
1p<0.05 ; SHPIAAITHLEL, ©P<0.05

R3 RBANKRNEEKXRRER P-PI3K. P-Akt. P-GSK-3p ZEASEMLLE (x +5)

a5l BILEAe P-PI3K 2[5 (A H)
(R) s 1d HilE s 7 d B 14 d TS 30 d
1 T A 5 1.00+0.07 1.00+0.07 1.00+0.04 1.00+0.06
COP fHiAIZH 5 0.39+0.042 0.30+0.04 " 0.40+0.042 0.43+0.042
NBP 9740 5 0.48+0.04 0.70+0.05 0.71+0.03 ¢ 0.71+0.05 %
rigmiaTr 4 5 0.49+0.05 0.70+0.04 2" 0.74+0.05 " 0.73+0.05 2>
NBP+ P il 674l 5 0.52+0.04 0.82+0.05 *de 0.87+0.05 2de 0.86+0.05 2%
a5 BILEAe P-Akt & (A H)
(R) TS 1d il 7 d HIELE 14 d TS 30 d
TEH X HR AL 5 1.00+0.05 1.00+0.06 1.00+0.06 1.00+0.07
COP B2 5 0.39+0.04° 0.30+0.04 " 0.40+0.042 0.43+0.05%
NBP JA77 41 5 0.48+0.04 0.72+0.05 0.73+0.05 2 0.71+0.05 2
Yrifiimia T4 5 0.49+0.02 0.74+0.04 > 0.77+0.05 2 0.77+0.05 2
NBP+ Yriliias 4l 5 0.53+0.04 % 0.87 +0.05 2ede 0.92 +0.04 2°de 0.91+0.05 2
13 L7 58 P-GSK-3B & [ & (A H)
(R) Ml 1d Tl 7 d TS 14 d S 30 d
E % PR 5 1.00+0.04 1.00+0.03 1.00+0.03 1.00+0.04
COP FiRIZH 5 0.39+0.05 0.35+0.05° 0.41+0.042 0.44+0.052
NBP 49741 5 0.47+0.03% 0.71+0.03 0.71+0.04 " 0.71+0.05 2
G 4 5 0.47+0.04° 0.69+0.02 " 0.73+0.03 2 0.72+0.04 2"
NBP+ PRy A 5 0.54+0.04 " 0.82+0.06 " 0.87 £0.04 e 0.8640.04

T SIEH IR LA, 2P<0.05 ; SAGHIBG 1 d 1A, PP<0.05; 5 COP BRI [L4E, “P<0.05; 55 NBP JAY74LILE:, P<0.05; 5
gt P 4L LA , ©P<0.05
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IEH R IRAL
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il e
1d

il
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it NBP+1hiHiR T4

B7 SEARBEMEREXAMATHEML TUNEL fRAEFHCR

®6 BEAXBINAMBEPRERTF IL-18 EESW(x2s)

- S IL-1B (ng/L)
(R) G 1d S 7d G 14.d
IR 5 49.23+450  4832+5.39 51.01+5.11
COP A1 5 2150+9.67° 18830+4.52%0  0388+4.07
NBP {574 5 17660+724% 86013827 53.60+3.50"
Prifimia A 5 18680+588% 90.10+447%  52.74+2.75%

NBP+ ATIRAIAITAL 5 152504685 71.60+2.98"  49.6343.60™"

T 5 IEH X AL A, *P<0.05; ARG MBS 1 d Lk,
PP<0.05; 5 COP BB 41 L 2, P<0.05; 5 NBP AT 41 L,
1P<0.05 3 SHTIBAIRITALILEE, ©P<0.05

3 it i

CO 7EH EEHLS g 10 “Boph #0878
SR SR | I AR IR 4% e, S IR ILZA
WERRF o i B A O ZE R L, IR FIH A 2
MELIIRL . BRSO R MR | SO 75 L R
T4 KT S COP BYRZCR AL, IG T L LUIE A IR |
FEE AL, TR AR A2 3 Ry
A AT R, PRSI R, BRI IR 8 4%
FE AR BT 55 2 2y AR AT PH AR R,
WL B DA £ Bl 2 L L FEAR A1, XRE AR T 2
PR AN, B T ; A ik A
BB IR Z 1, WAL BA M Z IR R 2 R = 2T
I, FZ2 WS IR B TT 55 L B A 4R IE Z 8%, AT
FMAIIE, A B TiE 55 b e i .
REGIL2EW ST W, VTS PE U v i 3 ) BT 28
22 WA B X 455 I 455 4 9 30104 A 3 3 A — i DR A
YEHT, AL AT g 55 4 5 il 2 23 R il v rh e A AL g
TG VE BG5S R AR ) I e T i A S
AT BRI A B LA A

HLAE 22 T 2 B A, v B AR 2R A A Ml ke
2R NN R Y ) N S (| =4 SR B e o
FRGAEER , T AT B T ) e s he 0 kR
22 N HE A Lo R I BT R | YA A S P T4 A
VEFS, %k i A8 D e AT AP &40, I m s b 2220
BEAR SRR 2 AR T4 R, COP KR
BRI K | i B BT 2 A ZE L L ol 25 A0 L 52 00 S A 4
20 0 B e A | A% AR AL A A T A B RRALE A 0 T
Bahne Arinizmiay T REEE COP Jo IR/ M, st fii 2
20 g L 2 401403 R B 000 Al 0 L O8] T R R RE S
W AT 30 9 76 1 DR 4 O T AT B RT3 A i YA
T2 COP 51 A Mk 5 i) e HL 2 — , P oc S p
22 W o 40 B i T RITIR AT ] S BUR K MR 24 2R GEE
PRAG L, PIBK/ Akt 5538 412 Oy 37145 40 i A7
TR AR — 2 AR A T A e R
e, I 25 2 i 2B AT BRI UERE L X
TR [ AR R PR A L PR A P M
FEEAZ A, T TL-1 B 45 98 AE PR B Rl b v
fEptIX —PoE i R . AT Gl S e 1l PI3K
1AL BENE WEALEE 4, 5- — 82 (phosphatidylinositol
4, 5-bisphosphate, PIP2) % 2 1k, A= A% #5 A5 1k AL
BE -3, 4, 5- = W% R (phosphatidylinositol-3, 4, 5-
trisphosphate, PIP3), PIP3 W] 5548 - I 17 W 11 UL B
WA -1 (phosphoinositide-dependent kinase-1,
PDK-1), J& # #t — L w1k Ak i H& 1. 1E N
Akt B G BE RN 4 F-, GSK-3B JB T4 H R
I AL 38 L ORE ZE05 , 2 5 R 4 A M A 0 5 AR
22 Chauhan %5 " 48 , GSK-3B 7£ K i U1 g
R AR A AT R e 22T Ak T 3
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GSK-3B BRI /K-, RIS R BN e i / P08 1 it
15, MOGE ML DR B . A R, COP AL
P-GSK-3B Fik i EEML, 44 T T 5, T
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