FF RIS D

¢ XXXX %
“TE X 75 & )38 oF Epacl/Rapl {5 538 3% 5 5
N EZ 20 M B 28 o HEE &2 I Ak 5 B

JFEAREL kBN REe ) I, mAEE Y
Cra R 2GR 2F 5 RS - FRAERE S, ®Mal210023; "Ml P E S KA 245G
HEWE LA E, M 210023)

(8 E] B EBREIT S 4R & Kb 2 ko £/ F# 2 (MCAO/R) X R K il & & B o ¥ 15 3
umﬁﬁﬁ@ﬁﬁﬁv%@%ﬁﬁm*ﬁﬁ%NEdekﬁmﬁﬁéﬁ%ﬁéNRmDﬁ i S5 Hm
Wt A R ik % 5 i B 152 (BBB) % 42 i 8k o B3 2 45 (CIRD #9 4 F i 42, ik % 84 R A H SD

X R AL ﬁﬂ&%#‘xéﬂ\#ﬁﬁéﬂﬁ‘]‘ﬁiﬂéﬂ\%ﬁﬂl+ESI-O9(Epacl’f¢P%’] M), A 21 R, BRIRF KA, L4
20k A % B Longa &k ik # 5 4 M MCAO/RABE AL o AF ] 2L B R 4 7 2 A “ ;) % 747 BE i T 35 741 ) ok
4 ]+ ESI-09 48 7 3 2 6 MLAE i2 4 ESI-09(10 mg/kg) 5 F sk 4T Rl o #E 5% # BE o 370 s AR AL 05 ) B o 37 (ks
W e 2h B 2hF#EEE); K R Bederson i 5 ik M Z b8 ME L (FBEZ24 0 2L =K A TR
W (TTC)FEENWARLKRG L, FTEREFMNELAMARKRE;FLEE(EB) &R T4 EREE
BBB i# i 1 ; Western blot & 5 B & & & & PCR 34 & i & & [P R Epacl \Rapl & & & mRNA &% ; &%
R FE FAANA K EIPRF-I3h&&a (F-actin) 5 d AR AR 28 e 25 5 (CD31, M R @ fle 4 & 40 )
RRAETALETREL  BHEFERENELELEIPR BBBRMAEMN . ER B BRF Ras, &us b
BEhhiiE FThEELAZNT0 /V}\T ChBBEEEMRAEZAZHTO A L AR, Bi#EEE24h, 518
FRAp A EAZ DTS RARRE S HEREZEBSEH I SH(P<0.01), R L EIPR
Epacl \Rapl %& & % mRNA /%UV I‘%‘ﬁ&(P<0.05,P<0.0l) ,F-actin 5 CD31 & & 45 @ A& & o F+ & (P<<0.01),
BBB AR BEAER B4 R F (T AFEMLEZH AL, SEA AL AR AR R ERBGRAFYKE
(P<<0.01), % i & & IP X Epacl ., RaplﬁéﬁimRNAfa I+ & (P<<0.01),F-actin 5 CD31 & 2 45 @ A & b

%1% (P<<0.01) ,BBB & J&k Bt % 4 EMEE, HSA R A, AR+ ESI-09 44 45 45 47 = 38 (P<C0.01),
% I B & TP K Epacl \Rapl Eél Z mRNA & & B 4&(P<O 01),F-actin ’7 CDh3l&kE ez dmMREibidg
(P<<0.01),BBB AR BEAB A, T R 3RE M. G5BT 5 "4k ik i@ it 4% K & & P R Epacl/Rapl

BIREF R IR R E %%LIRIFBBB»@@JO
[X5iR] 44l ;Epacl/Rapl 12 5 1@ %% ; o s Jr 6 ; i B o B i 2 45045 ; M R 0 0B 20

“Xingnao Kaiqiao” acupuncture repairs the blood-brain barrier by regulating endothelial

cell cytoskeleton rearrangement through the Epacl/Rapl signaling pathway

XI Jin-ze"*, HUANG Zheng"?, DAN Xiao-yun'*, XU Wen-tao"*, NI Guang-xia"* ('College of Acupuncture-moxibustion and
Tuina, College of Health and Rehabilitation, Nanjing University of Chinese Medicine, Nanjing 210023, China; *Key
Laboratory of Acupuncture and Medicine of Ministry of Education, Nanjing University of Chinese Medicine, Nanjing 210023)
[ABSTRACT] Objective To observe the effect of the “Xingnao Kaigiao” (regaining consciousness and opening
orifice) acupuncture method on the exchange protein directly activated by exchange protein activated by cAMP 1
(Epac1)/Ras-associated protein 1 (Rap1) signaling pathway in the ischemic penumbra (IP) region of the cerebral

cortex in a middle cerebral artery occlusion/reperfusion (MCAQO/R) rat model, and to explore the molecular pathway by
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which this acupuncture method alleviates cerebral ischemia-reperfusion injury (CIRI) through repairing the blood-brain
barrier (BBB). Methods

group, an acupuncture group, and an acupuncture + ESI-09 (Epac1 inhibitor) group, with 21 rats in each group.

Eighty-four male SD rats were randomly divided into a sham operation group, a model

Except for the sham operation group, the other groups underwent a modified Longa thread embolization method to
establish a right MCAO/R model. The acupuncture group received “Xingnao Kaigiao” acupuncture at “Shuigou”
(GV26) and bilateral “Neiguan” (PC6) ; the acupuncture + ESI-09 group received intraperitoneal injection of ESI-09
(10 mg/kg) after reperfusion and underwent acupuncture in the same manner. Laser speckle flowmetry was used to
monitor cerebral blood flow (before ischemia, at 2 h of ischemia, and after 2 h of reperfusion) ; the modified Bederson
scale was used to assess neurological deficits (24 h after reperfusion) ; the percentage of cerebral infarction volume
was measured using the triphenyltetrazolium chloride (TTC) staining method; the water content of the right brain was
measured using the dry-wet weight method; Evans blue (EB) staining was used to assess the permeability of the BBB
in the right brain cortex; Western blot and real-time quantitative PCR were used to detect the expressions of Epac1 and
Rap1 proteins and mRNAs in the IP region of the right cerebral cortex; immunofluorescence staining was used to detect
the proportion of F-actin and platelet endothelial cell adhesion molecule (CD31) co-localization area in the IP region of
the right cerebral cortex; transmission electron microscopy was used to observe the ultrastructure of the BBB in the IP
region of the right cerebral cortex. Results Except for the sham operation group, cerebral blood flow decreased to less
than 70% of baseline after ischemia and recovered to more than 70% of baseline after 2 h of reperfusion in all groups,
indicating successful modeling. Twenty-four hours after reperfusion, compared with the sham operation group, the
model group exhibited increased neurological function scores, infarct volume percentage, brain water content, and EB
content (P<0.01), as well as decreased Epac1 and Rap1 protein and mRNA expression levels in the IP region of the
right cerebral cortex (P<0.05, P<0.01), while the proportion of F-actin and CD31 co-localization area increased (P<
0.01), and the BBB basement membrane became blurred and intermittent, with local dissolution or even loss of tight
junctions (TJs). Compared with the model group, the acupuncture group showed improvements in all of the above
indicators (P<0.01). Compared with the acupuncture group, the acupuncture + ESI-09 group showed reversal of
neurological function score, infarct volume percentage, brain water content, and EB content (P<0.01), with decreased
Epac1 and Rap1 protein and mRNA expression levels in the IP region of the right cerebral cortex (P<0.01) , an
increased proportion of F-actin and CD31 co-localization area (P<0.01), and a still blurred BBB basement membrane
with TJs area dissolution. Conclusion “Xingnao Kaigiao” acupuncture induces endothelial cytoskeleton
rearrangement by regulating the Epac1/Rap1 pathway in the cerebral cortex IP region, thereby alleviating BBB damage
after CIRI.

[KEYWORDS]
injury; Endothelial cytoskeleton rearrangement

Acupuncture; Epaci1/Rap1 signaling pathway; Blood-brain barrier; Cerebral ischemia-reperfusion
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