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ABSTRACT Objective: To investigate the effect of berberine on oxidative stress/inflammation and angiogenesis in rats with is-
chemic cerebral infarction. Methods: Sixty SPF SD rats were randomly divided into control group, model group and berberine group with
20 rats each. To establish cerebral ischemia-reperfusion injury model in rats.The neurological function of rats was evaluated by Longa
standard score after surgery and 7 d after administration. The levels of antioxidant activity and inflammatory factors in brain tissues of rats
in each group were detected.Cortical microvascular density (MVD) was detected by immunohistochemistry. The mRNA expression levels
of hypoxia-inducible factor-1 (HIF-1) and vascular endothelial growth factor (VEGF) were detected by real-time quantitative polymerase
chain reaction (QRT-PCR). The protein expression levels of VEGF and HIF-1 were detected by western blot assay. Results: The rats in
the model group and the berberine group had postoperative neurological deficit symptoms, and the Longa score was higher than that in
the control group (P<0.05). After 7 days of administration, the Longa scores of the rats in the model group and the berberine group were
higher than those in the control group (P<<0.05), and the Longa scores of the rats in the berberine group were lower than those in the
model group (P<<0.05). Compared with control group,malondialdehyde (MDA) level in model group was significantly increased,while
glutathioneperoxidase(GSH-Px) and superoxidedismutase(SOD) activities were significantly decreased (P<0.05). Compared with model
group, the level of MDA in berberine group was significantly decreased, while the activities of GSH-Px and SOD were significantly in-
creased(P<0.05). Compared with control group, the levels of interleukin-1@(IL-13) and tumor necrosis factor-a(TNF-a) in model group
were significantly increased (P<0.05). Compared with model group, the levels of IL-18 and TNF-« in berberine group were significantly
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decreased (P<0.05). After 7 days of administration, the expression levels of MVD, VEGF mRNA and HIF-1 mRNA in berberine group
and model group were higher than those in control group (P<0.05), and the expression levels of MVD, VEGF mRNA and HIF-1 mRNA

in berberine group were significantly higher than those in model group (P<0.05). After 7 days of administration, the expression levels of

VEGF and HIF-1 protein in berberine group and model group were higher than those in control group(P<0.05), and the expression levels

of VEGF and HIF-1 protein in berberine group were significantly higher than that in model group (P<0.05). Conclusion: Berberine in-

hibits oxidative stress/inflammation and promotes angiogenesis to achieve brain protection, which may be related to the activation of

HIF-1 /VEGF signaling pathway.
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Wb —, “RPUARLER IR F#ML 60 min, ¥4 I+ ECL &tk
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K H SPSS26.0 Fiit ot #HATIRE R AR / SAE
FI AR BR T FORER I B ARl 2 (ot 5)Fm Kt K5
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2.1 ZAKRRMETNEES

YRR RARSE X 4h 2y 7 d e & Ui g siae ik , 1
RIZHF/NBER 2 KRR J5 LA #h 2 D REBRE IR 2 BH, Longa
PR T X IEZH(P<<0.05), 2524 7 d J AR R 2H F /N BEpsi 2
K Longa P4 # FXHHALL (P<<0.05), H/NEEHHL KR
Longa P AL (P<0.05), W3 1.

£ 1 =Z#HKR Longa AL (2t )

Table 1 Comparison of Longa score of three groups of rats(xt s )

Groups n After operation After 7 days of administration
Control group 20 0.00+ 0.00 0.00+ 0.00
Model group 20 2.24+ 0.17* 3.10% 0.34%*
Berberine group 20 2.27+ 0.20%* 1.22+ 0.16%*
F value 2.064 83.149
P value 1.308 0.000

Note: *indicates comparison with the control group at the same time, P<<0.05; #indicates comparison with the model group after 7 days of administration,

P<<0.05.

22 ZHBKREN KT R
5%t A i, EIZH MDA ZKSF- 5 22 T8, i GSH-Px Fl
SOD i i E AR (P<0.05), SRR Ha, /NBERS ZH MDA

IS8 2B RAIG, T GSH-Px H1 SOD & M5 25 7+ 55 (P<<0.05), IiL
i‘% 20

R 2 ZHAXBREURHKFE LR (2t 5)

Table 2 Comparison of oxidative stress levels in three groups of rats( x* s )

Groups n MDA ( nmol-mg prot™) GSH-Px(U-mg prot™) SOD(U-+mg prot')
Control group 5 10.56+ 1.30 96.24+ 10.77 234.56% 27.49
Model group 5 19.64+ 2.71%* 38.49+ 5.39* 114.68+ 13.05%*

Berberine group 5 1522+ 1.58*" 73.46% 8.19** 187.35+ 18.54**

F value 26.824 59.835 43.082

P value <<0.001 <<0.001 <<0.001

Note: *indicates model group and berberine group compared with the control group, P<<0.05; #indicates berberine group compared with the model group,

P<<0.05.

2.3 ZHARKIERMNKTF L

X IR LR, KR IL-18  TNF-a KT BET i (P<
0.05), SR LhE, /INEERRAL IL-18  TNF-o /K- i 25 RFAIR
(P<0.05), W53,
2.4 =48 K MVD,VEGF mRNA #1 HIF-1 mRNA Fj%xKE

25 7d 5, =K BN S0 A 44U MVD \VEGF
mRNA 1 HIF-1 mRNA FiRK P2 RAG5AE L (P<0.05),
KSR ZH F/NEEGR 20 MVD , VEGF mRNA F1 HIF-1 mRNA %3k
IR X R (P<<0.05) , T /NEE g2 MVD . VEGF mRNA
FHIF-1 mRNA Rik/K T TRIRZ (P<0.05), L3 4.
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Table 3 Comparison of inflammatory response levels in three groups of rats(xt s )

Groups n IL-13(pg-mg prot™*) TNF-o( mg-mg prot™)
Control group 5 23.57+ 3.11 131.47+ 15.68
Model group 5 55.68+ 7.14%* 226.38%+ 26.97*

Berberine group 5 3527+ 5.44% 167.85+ 20.15*

F value 43.895 24.936

P value <0.001 <<0.001

Note: *indicates model group and berberine group compared with the control group, P<<0.05; “indicates berberine group compared with the model group,
P<0.05.

%* 4 =#HAFR MVD,VEGF mRNA #1 HIF-1 mRNA FikKFELE(xx s)
Table 4 Comparison of the expression levels of MVD, VEGF mRNA and HIF-1 mRNA of three groups of rats(x+ s )

Groups n MVD( strips/mm?) VEGF mRNA HIF-1oe mRNA
Control group 5 6.82+ 0.53 0.251% 0.040 0.174% 0.040
Model group 5 12.30+ 1.47* 0.408+ 0.090* 0.325+ 0.080*

Berberine group 5 17.06+ 1.92** 0.685+ 0.100** 0.512% 0.090**

F value 92.183 88.064 77.346

P value 0.000 0.000 0.000

Note: *indicates model group and berberine group compared with the control group, P<<0.05; “indicates berberine group compared with the model group,
P<0.05.

2.5 =#AKFR VEGF #1 HIF-1 & A&RIEKFE
ey 7 dJE, = g R RN B i P v 41 21 b VEGF Al
HIF-1 & H R A K EZ A F IR X (P<0.05), /NEEGRZL AN

BiFI 40 VEGF Al HIF-1 85 F R B /K EW & TR A (P<
0.05), hi/NEERSZH VEGF il HIF-1 25 1 Rk K5 TR R 21
(P<0.05), WEs5.K 1,

% 5 =4AKR VEGF #0 HIF-1 EARIKKFELLE (ot 5)
Table 5 Comparison of VEGF and HIF-1 protein expression levels of three groups of rats(xt s )

Groups n VEGEF protein HIF-1 protein
Control group 5 0.384+ 0.060 0.126x 0.020
Model group 5 0.593+ 0.080* 0.307+ 0.050*

Berberine group 5 0.812+ 0.100** 0.731% 0.090**

F value 70.184 81.642

P value 0.000 0.000

Note: *indicates model group and berberine group compared with the control group, P<<0.05; “indicates berberine group compared with the model group,
P<0.05.
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Fig.1 Western Blot of VEGF and HIF-1 protein expression of three groups

of rats
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