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Research progress of berberine in the field of neuroprotection
in ischemic stroke
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[ Abstract]  Berberine is a natural isoquinoline alkaloid that was initially used as a broad-spectrum antibacterial
agent in clinical treatment of enteritis, peptic ulcers, chronic gastritis, pneumonia, and other diseases. In recent years, in-
depth study of the pharmacological effects of berberine has provided increasing evidence that berberine has neuroprotective
effects on ischemic stroke. In this review, we introduce the effect of berberine on risk factors of ischemic stroke and discuss
the neuroprotective effects of berberine on various mechanisms of ischemic stroke in detail to provide a reference for clinical
and basic research in this field.
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Figure 1 Chemical formula of berberine
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Table 1 Significance of berberine in neuroprotection of ischemic stroke

BL]

Mechanism

SLH R G

Experimental subject

SR LER
Experimental result

il g
Inhibition of autophagy

i3t g2

Autophagy promotion

il gesie

Suppression of inflammation

i e

Suppression of inflammation

i ges

Suppression of inflammation

e

Suppression of inflammation

IRy S

Anti-oxidative stress

RGRIANE S

Anti-oxidative stress

PRI
Anti-oxidative stress

Fean T

Antiapoptosis

HEPE SD KR
Male Sprague-
Dawley rats

It SD KB
Male Sprague-
Dawley rats

b C57TBL/6) /N
Male C57BL/6] mice

e CSTBL/6] /MR
Male C57BL/6J mice

SD KR

Sprague-Dawley rats

M C57BL/6 /N

Male C57BL/6J mice

N2a 1 PC12 4i/iEg
N2a and PCI12 cells

PCI12 4uff
PC12 cells

HEME CSTBL/6 /R
Male C57BL/6J mice

SD kKl

Sprague-Dawley rats

FH/INBEGRIAST IS K UM A 2L B AR O L7 LC3-T1/LC3- T LU fE  Beclin-1 25 13814
AR RRAR, Fit] 8 e, T A4 22 DA PR

Berberine treatment can reduce the ratio of autophagy-related factor LC3-1I /LC3- 1 and
the expression level of Beclin-1 protein in rat brain tissue, which inhibits autophagy and

plays a neuroprotective role.

ANBERRIR YT AT LA A R A £ TR AT

Berberine treatment can promote autophagy and benefit the recovery of neurons.

INEERAT LA /> HMGB 23 98 A1 NF-kB. ) 4% 5 {37, 45 s IV 422 4 380 3 ik /0 22
RAL
Berberine can reduce HMGBI secretion and nuclear translocation of NF-kB, directly or

indirectly by reducing neuroinflammation.

/NBEGR AT LT 1 Malatl Fl HMGB1 2k , 9K S5 VB9 S E S 07, P47 4 22 T0 240 i 6 52
CIRL i1 .

Berberine can down-regulate the expression of Malatl and HMGBI, then attenuate the
inflammatory response and protect neuronal cells from CIRI injury.

N T LA o 0 ) 22 2 U B9 5 R R AR R AMPK AEHOBE D7 U R4t
SN R T A0 AR , M T A 412 56 200 M0 PR - P ek

Berberine can also reduce inflammation by targeting the mitogen-activated protein kinase
pathway and down-regulating proinflammatory cytokines in an AMPK-independent

manner, thereby inhibiting the expression of proinflammatory cytokines.

ANEERSFT A5 miR-182-5p B 5243 Pl 22T , M0 o) B 28 4 A I 402 e a1 i
A R

Berberine can carry miR-182-5p to injured neurons, thereby inhibiting neuroinflammation
and improving brain damage after ischemic stroke.

/NG LA i BT R AL AL 43 SRR 5 5 A N2a Al PC12 AU AR 22 Dp g fE
Berberine can exert a neuroprotective effect on glutamate-induced N2a and PC12 cells

through an antioxidant mechanism.

ANBERRZA 2N 2o i ROS 55 i T o7 ORI RO AR 1 W 17 <252 3 ) S A o, I
WIS RS 2 R e R P2 T RE

After berberine administration, excessive ROS-induced oxidative stress and mitophagy can
be significantly inhibited, thereby restoring part of the neurological function of the central

nervous system.

/NBEGH AT LA PPARS K IE R ROS, Il i AL 15 493 SO L, DA T R 7 it 28 7 4
M,
Berberine can activate PPARS to scavenge ROS and reduce the oxidative damage response

in the brain, thus conferring neuroprotection.

/NEERAE IS , GRP78 Fil CNPY2 IR /K P 52 3% AT BEJS ERS 20 A 4 1 i 12 4
BT

After berberine treatment, the expression levels of GRP78 and CNPY2 were significantly
decreased, followed by inhibition of the apoptotic pathway in ERS cells.
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Bl

Mechanism

FEXTR

Experimental subject

Experimental result

o)
Antiapoptosis

fetE i A g 7

Promote angiogenesis

R )

Promote angiogenesis

AR

Inhibition of excitotoxicity

AP L B

Protect the blood-brain barrier

A4 it fi e s

Protect the blood-brain barrier

PCI12 4
PCI12 cells

bt CS7BL/6 /R
H/INKE 5 240 L

Male C57BL/6 mice
and microglia

SD KB

Sprague-Dawley rats

OLN-93 /> %€ Ji§ Ji
2 fif
OLN-93

oligodendrocytes

K BRI P
Rat brain
microvascular

endothelial cells

UNEURZRE N g
SH-SY5Y 4jifd
Human neuroblastoma

SH-SY5Y cells

/NEERAT LI ERS kAR50 4% PC12 40 H OGD/R i S HY AR T, it i OGD
JE B2
Berberine can inhibit ERS pathway to reverse OGD/R-induced apoptosis in PC12 cells

and promote neurological recovery after OGD.

ANBER AT LASE S AMPK {5538 B0 A2 325 /0N B BT 40 M2 AR AR IR M1 AR Ak ok
P i AR AE A8 /0 CIRT A EI M2 A /R

Berberine can promote the M2 polarization of microglia and inhibit the M1 polarization
through the activation of AMPK signaling pathway to promote angiogenesis, thereby
reducing CIRI to achieve neuroprotection.

/NBERGE 1T HIF- 1o/ VEGF {5554 SR A2, vl At 1 ik ke i P 400 5 DK B i,
FE,
Berberine can promote angiogenesis in rats with cerebral ischemia-reperfusion injury by

activating HIF-1a/ VEGF signal transduction pathway.

/NBEGRARA OLN-93 e J5T 40 il 66 32 e L5 R X4 A PERE PR 497 , HCL ) vl 2
AP Ca™ St AR A TEWME OLN-93 T2 A s bbb

Berberine protects OLN-93 oligodendrocytes from ischemia-induced excitotoxic injury,
and the mechanism may be that the attenuation of intracellular Ca®* overload protects
OLN-93 from excitotoxic injury.

JNBERR AT DR 2 M B YE ZO-1 occludin ik, ] NF-kB 7= 4= | B AR 4 P R 7 B
Jiltat , AT & 4551 BBB OB TET

Berberine can significantly up-regulate the expression of ZO-1 and occludin, inhibit the
production of NF-kB, and reduce the release of inflammatory factors, so as to play a
protective role in BBB.

/NBEGR AT LTS Z0-1 F)FEIM A5 FI PR FERE AR BBB IREE A , B4R BRI M PR T B
BEIR P RIFER

Berberine can regulate the redistribution of ZO-1 and reduce the permeability of BBB after
occlusion, thus reducing ischemic reperfusion injury and achieving neuroprotection.

4 REHRE

g Ay W RAF TR AR HOR, FIRR
Z 5 /NBER AR 2 R AP T B TR R D A

INBERR T IZAFAE T 2 P AR LR 2 AR AR ZE
SR B, BT B A B A R S A 2 R
P07 AR TR, TRACBIE 5T /N BE Bk 14 25 BEAE T AL
i, ALK - | 23 7K P s PR K P SR 48 7 /) B
i PR 245 ERAE FAILARD , 5 D /N B sV S i 22 O 475 114
I M B B 2R Rk . E A TSR
B, /NBERKAE o FRAN O A% G2 259, nl 3 i 22 B L il
XFR L1 IR 2 R AR R A R, AR S S A
W UM T PR PR B e 2 i B 2R
PrAr i i 5 B 55, AR, LART R A58 LA Ja R
PE, B, BUA T/ INBERR I 75 P 2 DR AP BIL R 1 S
BT ST AT, S8 9 K ) WS B i % AT L
BE— T HZ 5 F WAL A iR A Sl
FEARAGATTE . BEAb, /N BERIOO A P T 1 LT 3
ABETE, 9 T HR A PG /N EEBRXT 1S Y, i
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