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ABSTRACT Objective: To investigate the effect of Suhexiang Pill on regulating the cyclic adenosine monophosphate (cAMP)/pro-
tein kinase A (PKA) signaling pathway on neuroinflammation and neuronal apoptosis in rats with acute cerebral infarction. Methods: SD
rats were divided into model group, sham surgery group, low-dose Suhexiang pill group (2.5 mL/kg), medium dose Suhexiang pill group
(5 mL/kg), high-dose Suhexiang pill group (10 mL/kg), nimodipine group (2 mg/kg), SQ22536 (cAMP inhibitor) group (2.13 mg/kg), and
high-dose Suhexiang pill+SQ22536 group (10 mL/kg+2.13 mg/kg), with 24 rats in each group. Except for the sham operated group where
only the arteries were isolated, all other groups of rats were required to construct acute cerebral infarction models. After successful mod-
eling, medication treatment was performed once a day for 2 weeks. Zea Longa scoring method was used to detect neural function; Dry
wet weight method was used to detect the water content of rat brain tissue; Measure the volume of cerebral infarction with 2,3,5-triph-
enyltetrazole chloride (TTC) staining; Enzyme-linked immunosorbent assay (ELISA) was used to detect tumor necrosis factor-a (TNF-a),
Interleukin(IL)-6, IL-18, CAMP level in rat brain tissue; Hematoxylin eosin (HE) staining was used to detect pathological changes in rat

neurons; TUNEL staining was used to detect neuronal apoptosis; Western blot was used to detect the expression of cleaved aspartate spe-
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cific cysteine protease-3 (Cleaved Caspase-3), Bcl-2 related X protein (Bax), and p-PKA protein in rat brain tissue. Results: Compared
with the sham surgery group, neurological function score, neuronal apoptosis rate, TNF-a, IL-1 8, IL-6 levels, cerebral infarction volume,
Bax, Cleaved Caspase-3 protein expression, and brain tissue water content increased in model group, the expression of cAMP and p-PKA
proteins was reduced (P<0.05), and the pathological damage to the CA1 region of the hippocampus in brain tissue was severe. Compared
with the model group, the low-dose Suhexiang pill group, medium dose Suhexiang pill group, high-dose Suhexiang pill group, nimodip-
ine group of rat neurological function score, TNF-a, IL-1 3, IL-6 level, brain tissue water content, neuronal apoptosis rate, cerebral in-
farction volume, Bax, Cleaved Caspase-3 protein expression decreased, CAMP and p-PKA protein expression increased (P<0.05), allevi-
ation of pathological damage in hippocampal CA1 region of brain tissue, the trend of changes in corresponding indicators in the SQ22536
group was opposite to the above (P<0.05); SQ22536 weakened the inhibitory effect of high-dose Suhexiang Pill on neuroinflammation

and neuronal apoptosis in rats with acute cerebral infarction. Conclusion: Suhexiang Pill may inhibit neuroinflammation and neuronal

apoptosis in rats with acute cerebral infarction by activating the cAMP/PKA pathway.
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Table 1 Neurological function score (x* s, n=24)

Neurological function score

Groups
(score)
Sham surgery group 0.00+ 0.00
Model group 2.92+ 0.34*
Low-dose Suhexiang pill group 231+ 0.25%
Medium dose Suhexiang pill
1.79+ 0.21%
group
High-dose Suhexiang pill group 1.05+ 0.12%@
Nimodipine group 1.03% 0.11%@
SQ22536 group 3.41% 0.15"
High-dose Suhexiang
2.09+ 0.12*
pill+SQ22536 group
F 824.1
P <<0.000

Note: Compare with high-dose Suhexiang pill group, * P<<0.05; Compare
with model group, “P<<0.05; Compare with Sham surgery group, *P<<0.05;
Compare with medium dose Suhexiang pill group, “P <<0.05; Compare
with low-dose Suhexiang pill group, “P<<0.05.

B 1 TCC RN &H X RNET

Fig.l1 TCC staining detection of cerebral infarction in each group of rats

Note: A: Sham surgery group; B: Model group; C: Low-dose Suhexiang
pill group; D: Medium dose Suhexiang pill group; E: High-dose Suhexiang
pill group; F: Nimodipine group; G: SQ22536 group;

H: High-dose Suhexiang pill+SQ22536 group.
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Xif A A 20, IL-6 \ TNF-o IL-1B8 7KF-7E SQ22536 £H A Kl ki 25
LR T (P<0.05) 5 5 55045 7 L i 77 B 2 PR A, 9345 7 L e 77
H +8Q22536 41 K KUK 4141 TNF-o IL-18.IL-6 7K °F- Tt 5

(P<0.05), BERIZH K BRUKH L TNF-o IL-18 \IL-6 /K15 T
RFEARLH(P<0.05),

IJ_'L§3O

2 WERER AR S KELLE(xt 5,0=6)

Table 2 Comparison of cerebral infarction volume, brain tissue water content (x* s, n=6)

Groups Brain tissue water content( % ) Cerebral infarction volume( % )
Sham surgery group 72.23+ 3.21 0.00+ 0.00
Model group 87.54% 3.14* 35.52+ 1.25%
Low-dose Suhexiang pill group 83.34+ 2.34% 30.38+ 1.18"
Medium dose Suhexiang pill group 79.72+ 2.04% 24.46% 1.05%

High-dose Suhexiang pill group

Nimodipine group

7443+ 2.01%¢

74.55+ 1.98%«

16.88+ 0.82%@

16.72+ 0.79%«

SQ22536 group 92.25+ 3.32% 41.46% 2.31*
High-dose Suhexiang pill+SQ22536 group 80.88+ 2.78" 28.83%+ 1.34*
F 40.89 648.5
P <0.000 <0.000

Note: Compare with high-dose Suhexiang pill group, * P<<0.05; Compare with model group, “P<<0.05; Compare with Sham surgery group, *P<<0.05;

Compare with medium dose Suhexiang pill group, ®P<<0.05; Compare with low-dose Suhexiang pill group, 4P<<0.05.

% 3 TNF-o JIL-1B8.IL-6 7K ELL & (x+ 5,n=6)
Table 3 Comparison of TNF-q, IL-1 B, and IL-6 levels (xt s, n=6)

Groups TNF-a (pg/mL) IL-1B(pg/mL) IL-6 (pg/mL)

Sham surgery group 36.67+ 1.72 72.23+ 251 53.36% 2.13
Model group 87.72+ 3.79* 156.68+ 6.33* 182.29+ 6.58*
Low-dose Suhexiang pill group 75.58% 3.66* 121.24+ 5.27* 163.35+ 5.77*

Medium dose Suhexiang pill group 63.35+ 2.72%

High-dose Suhexiang pill group 47.72+¢ 2.19%@

Nimodipine group 46.93+ 2.08%@
SQ22536 group 98.86% 3.72%
High-dose Suhexiang
68.82+ 1.76
pill+SQ22536 group
F 343.6
P <0.000

101.66+ 3.83*% 133.43+ 4.19*%

85.56% 2.65™@ 79.92+ 2.89%@
86.71% 2.72%@ 80.81+ 2.97%@

204.45+ 7.87* 211.77+ 9.32*

113.35+ 4.29* 158.87+ 6.31*

500.3 625.1

<<0.000 <<0.000

Note: Compare with high-dose Suhexiang pill group, * P<<0.05; Compare with model group, “P<<0.05; Compare with Sham surgery group, *P<<0.05;

Compare with medium dose Suhexiang pill group, ®P<<0.05; Compare with low-dose Suhexiang pill group, “P<<0.05.

24 85 CAl RIFERG

TRFARAKFED CAL XAZICHEFI I, S5 775 M, Y
o BT, R TCAH SRR, SR F ARG L A AR
T CAL KAZ 4 TR HAf 2o HESI L. SRR,
JEBLH -4 ?ﬁéém&#ﬂmﬂ“:éﬂkfﬁﬂmfﬂ i CAL
XM 2T iz , SQ22536 41 K U4l 24U & CAl X fifi 4
T E; 5RAF ISR EA R, A F IR
+SQ22536 4K FUMZH LM T CAL X AZe e ik, W2 .
2.5 MZTTAT

MEHIZ R BUIR 2 SV o T3 3 T I AR 41 (P<0.05)

IhE AL E R = R ST 4K RN S 28T PR T
FALTRAIA , HIR G F AL &R =4 e S T2 B
HARZ RIS FE L (P<0.05); SHaFALEAREALL
B, VA USRI +SQ22536 K RUMA LM & ITiHT- 27t
1= (P<0.05), SHA LLHL, SQ22536 2H K R ZH 4Up 2T 1
TR (P<0.05), WLIE 3 Fik 4,
2.6 Bax.Cleaved Caspase-3 A cAMP-PKA i@ HIEEXEHRIE
FERIZH KRR ZH 21 Cleaved Caspase-3 \Bax & [13iA5 L
BFARAHE S, cAMP p-PKA 2 [ RIBTEAL(P<0.05); Jh &7
U R i = e S 2R U ZH 20 h Bax  Cleaved
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Caspase-3 & [ 235 WU ZH T AR, cCAMP p-PKA 25 [ 3RIATE RIATEAR(P<0.05); H5IR G F AL m I =AM 1, 56 ALm 7
BB AEFAM P E AR =4 e B S R i +8Q22536 4k B4 4 b Bax  Cleaved Caspase-3 5 [
A Gt % 8 L (P<0.05);SQ22536 4 K R 2H 20 f Bax,  i5FHES, cAMP p-PKA % [ 3K (P<0.05), VLK 4 Fi1 5.,
Cleaved Caspase-3 i [ 335 AR B B &), cAMP .p-PKA # 1

E 2 HE £ E8H0NSHXRMARES CAl RfFEITL(x 200)
Fig.2 HE staining detection of pathological changes in hippocampal CA1 region of rat brain tissue in each group (X 200)
Note: A: Sham surgery group; B: Model group; C: Low-dose Suhexiang pill group; D: Medium dose Suhexiang pill group;
E: High-dose Suhexiang pill group; F: Nimodipine group; G: SQ22536 group; H: High-dose Suhexiang pill+SQ22536 group.

E F G H
[l 3 TUNEL $E#40&H K RMEAR/MZTTEAT(* 200)
Fig.3 TUNEL staining detection of neuronal apoptosis in brain tissue of rats in each group (x 200)

Note: A: Sham surgery group; B: Model group; C: Low-dose Suhexiang pill group; D: Medium dose Suhexiang pill group;
E: High-dose Suhexiang pill group; F: Nimodipine group; G: SQ22536 group; H: High-dose Suhexiang pill+SQ22536 group.

3 b AR A IR TR R TR M R, SR
ARG IR AE B A B S & L, TNF-o IL-1B \IL-6

PUEE AR A R T AR AR T BOAIT ISR R TR SRR AV AU A T, HOKE S ML e R L OE
P2 B RRCR , (B A TR BE R ROR— e GEAE H0S9, AR A LAtk i T 2k S AR 7T K AR
K HOREZ TS o T BRIy T st A P AR 2R EoR, ST R4 A, B4R RN 41805 K
FEFZIN 7 85 AR s, AN PR R0 T LA 2o 2l 32 v 2H 2 TNF-o IL-6 IL-1B 7K JRAEFEARTR T RETTAr T 1 5
PSR, Wl RAE S, AT R FEIRTT IR AEAE FH™ S FIAS R CATL KRB 10/ 1, WSR2 K FURh 22 S RE S0  TETE A
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x4 HETHATE(xt 5,n=6)

Table 4 Neuronal apoptosis rate (xt s, n=6)

Groups Neuronal apoptosis rate( % )
Sham surgery group 6.22+ 0.18
Model group 32.28+ 1.53*
Low-dose Suhexiang pill group 27.72+ 1.18*
Medium dose Suhexiang pill
21.14+ 1.05*
group
High-dose Suhexiang pill group 10.26x 0.58%@
Nimodipine group 11.06x 0.61%@
SQ22536 group 39.22+ 1.86"
High-dose Suhexiang
2445+ 137
pill+SQ22536 group
F 594.7
P <0.000

Note: Compare with high-dose Suhexiang pill group, * P<<0.05; Compare
with model group, “P<<0.05; Compare with Sham surgery group,
*P<<0.05; Compare with medium dose Suhexiang pill group, “P<<0.05;
Compare with low-dose Suhexiang pill group, “P<<0.05.

Bax

Cleaved Caspase-3 e () SN SN0 S e - .-

P-PKA SR S s e 4 4 ~ &

PKA TR SHD SIh &b & - o o

A B C D E F GH
[&] 4 westernblot f&IfxZHLA 1 Bax,Cleaved Caspase-3.p-PKA EAFRKIE

Fig.4 Western blot detection of Bax, Cleared Caspase-3, and p-PKA

GAPDH

protein expression in brain tissue
Note: A: Sham surgery group; B: Model group; C: Low-dose Suhexiang
pill group; D: Medium dose Suhexiang pill group; E: High-dose Suhexiang
pill group; F: Nimodipine group; G: SQ22536 group; H: High-dose
Suhexiang pill+SQ22536 group.

SiE W » Cleaved Caspase-3 .Bax {ERHT A 6brEY , A2
AN JA TR I, AR ST e & B, AR 4 K UG 20 20
Cleaved-Caspase-3 \Bax & [13%3i5 . W& T R ILRTFRA
15, 2 A FE R BRAF A R M e T

% 5 B ax.Cleaved Caspase-3,cAMP,p-PKA B[ EiA(xt s,n=6)
Table 5 Expression of Bax, Cleared Caspase-3, cAMP, and p-PKA proteins (vt s, n=6)

Cleaved
Groups cAMP(nmol/L) Bax/GAPDH p-PKA/PKA
Caspase-3/GAPDH
Sham surgery group 13.36% 0.57 0.29+ 0.02 0.35+ 0.03 0.95+ 0.05
Model group 5.78+ 0.23* 0.97+ 0.08* 1.26x 0.11* 0.31+ 0.03*
Low-dose Suhexiang pill group 7.38+ 0.37* 0.81+ 0.07* 1.04+ 0.08" 0.52+ 0.05*
Medium dose Suhexiang pill group 9.27+ 0.29% 0.64% 0.05% 0.85% 0.09* 0.73% 0.07*%
High-dose Suhexiang pill group 11.58+ 0.42%@ 0.39+ 0.03%@ 0.52+ 0.04%@ 0.91% 0.08%@
Nimodipine group 11.67+ 0.44%@ 0.37+ 0.04%@ 0.53+ 0.04%@ 0.92+ 0.08*@
SQ22536 group 3.57+ 0.16" 1.36+ 0.14" 1.83% 0.18" 0.13% 0.01%
High-dose Suhexiang pill+SQ22536
8.66% 0.32 0.73+ 0.06* 0.92+ 0.08" 0.68+ 0.05*
group
F 4714 1543 157.8 167.6
P <<0.000 <<0.000 <<0.000 <<0.000

Note: Compare with high-dose Suhexiang pill group, * P<<0.05; Compare with model group, *P<<0.05; Compare with Sham surgery group, *P<<0.05;

Compare with medium dose Suhexiang pill group, ®P<<0.05; Compare with low-dose Suhexiang pill group, “P<<0.05.

W EAAHATTE R, GUK I 2 TR JEHGE , &7
HLREA RO IR FEAE R , I AR I AE S ™ 955 A ALTR T
SVEMRBESE AR 2550 s S5 A AU IR S SRS A s Y 7
BRER DL LR VA B AU S A AL A AR Y
TR ABETEL S, F5 A AL ] e 50 O AT ) 2
P AN FE A B 28 S AE B P 220 1, R IR E L 2t
UG REZE 367 VR AT BE S5 00 ol 22 S E S 10 M M 22 T 1
(PSS

AL cAMP JKF-Fh 3 il 5250 PKA SR 0 M T BH B 41 i
PR SAE SN P, R4 IE , JE cAMP-PKA 54538 5 il XAl

AR B AR R 2RV TPY 30 cAMP/PKA T % ] U2
R SR AR L i S IV A S R R e RAE B O
CAMP/PKA il 41 1 e St L7 £ A Sl 2 A4 0 1 38k
1 cAMP/PKA {553 i AT 2 AR 26 rh s /N iz sl D BEI A 27
DL RS R WS cAMP/PKA 58 % AT i 0 22 900 . Mo
PR S RR AT R, SR LA, SQ22536 2K I
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DREYESSHE  biomed.cnjournals.com  Progress in Modern Biomedicine Vol24 NO.12 JUN.2024

- 2243 .

o cAMP p-PKA 1K ik, =N I8 & A L AT AE i i HOE
cAMP/PKA 3 41 il Il A AU R SR 2 RAE MM 2ot T2 T
BUEIZAREIN , AT R A A AU A SR LR L
cAMP 57 Q22536 i1, 45K, SQ22536 P55 T =il
IR AU S IR AE R BRI 22T T 2R S A
VERDAIESE T AT REIE A S cAMP/PKA 3 , 543 78 AL T ) il
AP FE R B 28 SEIE 2T T

Zi L, A LR REIE IS cAMP/PKA 58 B 410 il 21k
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