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Protective effects of grape seed proanthocyanidins combined with mild hypothermia
on cerebral ischemia-reperfusion injury through ERK/Nrf2/HO-1 pathway in mice
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Abstract: Objective To explore the protective effect of grape seed proanthocyanidins (GSP) combined with mild hypothermia
(MHT)on cerebral ischemia-reperfusion injury in rats based on ERK/Nrf2/HO-1 pathway. Methods Mice were randomly divided into
sham operation group, model group, MHT group, GSP group, and MHT + GSP group. Mice with cerebral ischemia-reperfusion injury
were established by thread embolization. The neurological deficit score (NDS) of rats in each group were evaluated, and the cerebral
infarction area observed and calculated by TTC method. The brain histopathological changes were observed by Nissl staining, and
apoptotic index was calculated by TUNEL method. The MDA, SOD, and GSH-Px in brain tissues were detected by enzyme-linked
immunosorbent assay, and Bax, Bcl-2, p-ERK1/2, Nrf 2, and HO-1 protein expression were measured by Western blotting analysis.
Results Compared with sham-operated group, NDS, cerebral infarction area, Al, and MDA content in brain tissue, Bax, p-ERK1/2,
Nrf2, and HO-1 protein expression in cytoplasm and nucleus were significantly increased (P < 0.05), but SOD, GSH-Px activity, Bcl-2
protein expression were significantly decreased (P < 0.05). Compared with model group, NDS, cerebral infarction area, Al and MDA
content in brain tissue, Bax, and cytoplasmic Nrf2 protein were significantly decreased in MHT group, GSP group and MHT+GSP
group (P < 0.05), but Bcl-2, p-ERK1/2, Nrf2 and HO-1 protein expression in nucleus were significantly increased (P < 0.05). And the
therapeutic effect of MHT + GSP group was higher than that of MHT group and GSP group. Conclusion The combined effect of
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MHT and GSP may play a protective role in brain by activating ERK/Nrf2/HO-1 pathway, up-regulating the expression of p-ERK1/2,

Nrf2 and HO-1 protein in nucleus, inhibiting oxidative stress.

Key words: grape seed proanthocyanidins; mild hypothermia; cerebral ischemia-reperfusion; ERK/Nrf2/HO-1 pathway; brain protection
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F1 GSPEA MHT XTAR NDS JESEIENE( X +5,n=12)
Table 1 Effect of GSP combined with MHT on NDS score
inmice ( X +s,n=12)

o5 B/ NDS 53

BFAR — 0

it — 2.59+0.34"

MHT (33+1) C 1.78+0.29"

GSP 100 mg-kg™ 1.71+0.30"

GSP+MHT 100 mg-kg™ 0.9240.21"4*
(33+1) C

5EFARALE: 'P<0.05: SEALAKE: "P<0.05: 5 MHT 41k
. *p<0.05; 5 GsP HILE: “P<00s

#P < 0.05 vs control group; “P < 0.05 vs model group; *P < 0.05 vs MHT
group; “P < 0.05 vs GSP group

GSP GSP+MHT

El1l KEMELR TTC LBER
Fig. 1 TTC staining results of rats brain tissue

*2 GSPEA MHT 3t KRB EAAISM ( x +s, n=
12)
Table 2 Effect of GSP combined with MHT on cerebral

infarction area in mice ( x #s,n=12)

5] TR /7R i A ZETHI /%

BFAR — 0

iR — 26.29+0.67"

MHT (331 C 13.68+0.49"

GSP 100 mg-kg™ 8.97+0.42"

GSP+MHT 100 mg-kg™ 5.91+0.40™"
(33+1) C

L5EFARME: P<0.05: SHEMLIE: "P<0.05: 55 MHT
ek AP<005; 5csp ALLLEL: “p<0.05

*P < 0.05 vs control group; “P < 0.05 vs model group; “P < 0.05 vs
MHT group; “P < 0.05 vs GSP group
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Fig. 3 TUNEL staining results of brain tissue in mice (><400)

#3 GSPEtA MHT HARAXLALE Al B9S2 ( X &5, n=12)
Table 3 Effect of GSP combined with MHT on Al of brain
tissues in mice ( X #s,n =12)

2 531 W /7 Al/%

RFEAR — 257+0.12

Y — 34.06 +0.74"

MHT (33+1) C 21.89+0.56"

GSP 100 mg-kg™ 17.1240.45"

GSP+MHT 100 mg-kg™ 7.54+0.38™"
(33+1) C

SEFARALE: P<0.05; SHBLILE: "P<0.05: 5 MHT
flbe: AP<0.05: 5 s A LLHE: “P<0.05

P < 0.05 vs control group; “P < 0.05 vs model group; “P < 0.05 vs
MHT group; “P < 0.05 vs GSP group
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GSH-Px 7k E /Y52 M
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(P<<0.05), SOD A1 GSH-Px i& /1¥ & & T (P<
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U ZH 21 MDA 7K-F 2 ik (P<<0.05), SOD #
GSH-Px 1% /153 TFm (P<<0.05). GSP B4 MHT
Xt KRk 220 MDA, SOD #il GSH-Px 7K {52
W& 4.
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F4 GSPEEA MHT X ARMZEZ MDA, SOD 1 GSH-Px /KRS0 ( X +s, n=12)
Table 4 Effect of GSP combined with MHT on MDA, SOD, and GSH-Px levels of brain tissues in mice ( X s, n=12 )

215 /R MDA/(nmol g %) SOD/(U mg ™) GSH-Px//(U mg )
BFER — 2.5440.49 215.84+6.43 184.21+5.16
A — 6.89+0.73" 134.24+2.51% 93.46+2.11"
MHT (33+1) C 5.1440.68" 158.37+3.14" 123.51+2.39"
GSP 100 mgkg™? 4.86+0.62" 164.59+3.25" 135.46+2.46"
GSP+MHT 100 mg-kg™+ (33+1) C 3.34+0.53™" 192.484+5.734* 167.59+4.17"4*

SETFALIE: P<0.05 SHUNMLLE: P<0.05 1 MHT 41tk *P<0.05: 45 esp ZHIHLHL: “P<o.05
#P < 0.05 vs control group; ‘P < 0.05 vs model group; “P < 0.05 vs MHT group; “P < 0.05 vs GSP group

2.6 GSPEt& MHT 3 KR ANZEZE Bax # Bel-2 &
HAFRIERI R
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ﬁ-aCtin _
Bcl-2 @
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B4 KRB Bax 1 Bel-2 EAKIA
Fig. 4 Bax and Bcl-2 protein expression of brain tissue in mice

#*5 GSP A& MHT 3 KRAXLHLR Bax #1 Bel-2 HAKRIE
BISZME ( x s, n=12)
Table 5 Effect of GSP combined with MHT on Bax and Bcl-2
protein expression of brain tissue in mice ( X #s,n=12)

25 TRE /7= Bax Bcl-2

(EEN — 0244007  1.0340.18

TR — 0.654+0.14°  0.4940.10%

MHT (33+1) C 052+0.10° 0.71+0.13"

GSP 100 mg-kg™? 0.5040.11" 0.7140.15

GSP+MHT 100 mgkg® 0.31+0.084" 0.93+0.174*
(33+1) C

SEFARELE: P<0.05; SHMALE: P<005 5 MHT
L. *P<005; 5 csp HILE: “P<005

P < 0.05 vs control group; ‘P < 0.05 vs model group; “P < 0.05 vs
MHT group; “P < 0.05 vs GSP group
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% 6.
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Fig. 5 p-ERK1/2, Nrf2h, and HO-1 protein expression of
brain tissue in mice
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%6 GSPEA MHT 3t ARAKNEL p-ERKL/2, Nrf2h 1 HO-1 ZEEFIAHIEM ( x+s, n=12)
Table 6 Effect of GSP combined with MHT on p-ERK1/2, Nrf2h, and HO-1 proteins of brain tissues in mice ( x s, n=12)

2053 P /R p-ERK1/2 Jitd 57 Nrf2h Ha#Z Nrf2h HO-1
BFAR — 0.11+0.02 0.224+0.03 0.16+0.02 0.23+0.04
it — 0.22+0.06" 0.57+0.11" 0.52+0.07" 0.31+0.06"
MHT (33+1) C 0.4940.09 0.43+0.10 0.92+0.16" 0.4240.09
GSP 100 mg-kg™ 0.4940.10" 0.4340.09" 0.9140.18" 0.4340.09"
GSP+MHT 100 mg-kg*+ (33+1) ‘C 0.8040.17*" 0.26+0.07" 1.124+0.19**  056+0.10"*"

SETERALE: P<0.05; SHIMALE: "P<0.05; 5 MHT 4l *P<0.05; 56sp ZHELHE: “P<0.05
#P < 0.05 vs control group; P < 0.05 vs model group; “P < 0.05 vs MHT group; “P < 0.05 vs GSP group
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