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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

SLE R G

Experimental subject

SLYRLER
Experimental result

il g
Inhibition of autophagy

i3ty g2

Autophagy promotion

il gesie

Suppression of inflammation

i e

Suppression of inflammation

i ges

Suppression of inflammation

e

Suppression of inflammation

RNy S

Anti-oxidative stress

IRGRIANE S

Anti-oxidative stress

PRI
Anti-oxidative stress

feam

Antiapoptosis

HEPE SD KR
Male Sprague-
Dawley rats

It SD KB
Male Sprague-
Dawley rats

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

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

SD KR

Sprague-Dawley rats

M C57BL/6 /MR

Male C57BL/6J mice

N2a 1 PC12 4A/iEg
N2a and PCI12 cells

PCI12 4uff
PC12 cells

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

SD kKRl

Sprague-Dawley rats

FH/INBER TG T IS R UL A AR S B 7 13- T /1C3- T HAi Beclin-1 5 23K
AKFRRAR, Fmit] 8 i, T A48 22 DR 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.

/INEERRT LA/ HMGB 23 908 A1 NF-wB. ) 4% 5 {37, 45 s I 422 4 370 3 ik /0 22
RAL
Berberine can reduce HMGBI secretion and nuclear translocation of NF-kB, directly or

indirectly by reducing neuroinflammation.

/NBEGR AT AT 1] Malatl Fll HMGB1 2k , 9 S5 U855 S E S0, P47 4 22 T0 240 i 6 52
CIRL i1 .

Berberine can down-regulate the expression of Malatl and HMGBI1, then attenuate the
inflammatory response and protect neuronal cells from CIRI injury.

N T LA S 0 ) 22 2 U B9 5 R AR R AMPK AEHOBE D7 U T4t
SN IR T A0 SAE , AT 412 56 200 M0 PR - 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.

ANEERSF] A5 miR-182-5p B 5245 Pl 22T , MU0 o5 B 28 4 A I 402 e P i
A R R

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

/NG LA 3o B0 SR AL AL 43 SRR 5 5 ) N2a Al PC12 AU AR 22 Dr 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 P o7 ORI RO AR 1 W 17 <252 3 ) S A,
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 TE R ROS, Il i AL 15 493 ST, 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.

/NEERALITIS , GRP78 Fil CNPY2 R IR /K P 52 3% WEAIE BEJS ERS 20 A 4 1 i 42 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

M AR

Inhibition of excitotoxicity

AP L

Protect the blood-brain barrier

A4 it f e s

Protect the blood-brain barrier

PCI12 4
PCI12 cells

b CS7BL/6 /MR
H/INBE 5 240 L

Male C57BL/6 mice
and microglia

SD KB

Sprague-Dawley rats

OLN-93 /b %€ JI§ Ji
2 fif
OLN-93

oligodendrocytes

K BRI P
Rat brain
microvascular

endothelial cells

NG RN R
SH-SY5Y 4ifd
Human neuroblastoma

SH-SY5Y cells

/NEERAT LI ERS k4250455 PC12 40 H OGD/R i S HY A0 T, 2 i OGD
JE B AR
Berberine can inhibit ERS pathway to reverse OGD/R-induced apoptosis in PC12 cells

and promote neurological recovery after OGD.

ANBERSFT LASE S AMPK {5538 B0 A2 325 /0N B BT 40 M2 AR AR IR M1 AR Ak ok
P i AR AE A8 /D CIRT A EI M2 /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 I HIF- 1o/ VEGF {5554 S A2, vl At 2 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 A5 Je S5t 40 il 66 32 e L5 R X4 A PE RE PR 497 , HCL ) T i 2
AP Ca™ S AR AU TEWME OLN-93 24 av st Bt

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.

JNBEG AT DR 2 M B YE ZO-1 occludin ik, ] NF-kB 7= 4z | B AR 4 P H 7 B
Jilt , AT & 4551 BBB B4 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 B FEIM A5 FI PR FERE AR BBB IREE A , B4R BRI M FE T
BEIR P BIFER

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 REESRZE

g Ay W BRAF TR A2 HOR, FIRR
Z 5/ NBE AR 2 R AP T B IR R B A

INBERR T IZAFAE T 2 P AR e R 2 AR AR ZE
SR B, BT I A B A R S A 2 R
P07 WA AR TRACBIE 5T /N BE Bk 4 25 BELAE HT AL
i, ALK - | 23 7K P s PR K P SR 48 7 /) B
i PR 24 BT FAILARD , 5 D /N B RV S i 22 O 475 114
I M B B 2R Rk . E AR
B, /NBERRAE g FRAN 9 A% G2 259, il ad i 22 L il
XF R I 1 R 2 R AR R R, RS S A
W DA T PR PR A e 2 i B AR
Prar i fisi e e 55, AR, LLRT R A58 LA Ja R
PE, B, BUA G T/ INBERR I 75 P 2 DR AP BIL R 1 S
BT ST AT, S8 9 K ) WS b i % AT L
BH—, M HZ 5 A WA A A 2 5l
BEARAGATTE . BESb, /N BERIOOT X A P T 1 LT 3
ABETE, 9 T HR ML PG /N EEBRXT 1S A9, i
TEARRHIIEFE b N G P 21 2 B sk 2l (BB R

TS e, TR B8 08 /N S i K G A 1 75 4 i
SrEOETEALH A BRAR . B, /NBETRON TR YT SRl
PR AR L T, A R i 2 v ) e 22 R A
PERMERFRA T — SRR MBI, T — 220 U R
SRRSO T 1] 38 A S B I PR R R Al 5
5, PRAR /N BE BBRE 77 8 3 R I A A A v A 5
R

S 300k

[ 1] POUSTCHI F, AMANI H, AHMADIAN Z, et al. Combination
therapy of killing diseases by injectable hydrogels: from concept
1o medical applications [1]. Adv Healthe Mater, 2021, 10(3) ;
€2001571.

[2] BUITA, JICKLING G C, WINSHIP I R. Neutrophil dynamics
and inflammaging in acute ischemic stroke; a transcriptomic
review [ J]. Front Aging Neurosci, 2022, 14, 1041333.

[3] FAND, LIU L, WU Z, et al. Combating neurodegenerative



rp [ A BE 2 A s 2024 4F 2 H A 34 555 2 Chin J Comp Med, February 2024, Vol. 34, No. 2

135

[6]

[10]

[11]

[12]

[13]

[17]

diseases with the plant alkaloid berberine ; molecular mechanisms
and therapeutic potential [ J]. Curr Neuropharmacol, 2019, 17
(6): 563-579.

SONG K, SUN Y, LIU H, et al. Network pharmacology and
bioinformatics methods reveal the mechanism of berberine in the
treatment of ischaemic stroke [ J].
Alternat Med, 2022, 2022 5160329.
CAI'Y, XIN Q, LU J, et al. A new therapeutic candidate for

Evid Based Complement

cardiovascular diseases: berberine [ J]. Front Pharmacol, 2021,
12 631100.

ZHAO H, XING C, ZHANG ], et al. Comparative efficacy of
oral insulin sensitizers metformin, thiazolidinediones, inositol,
and berberine in improving endocrine and metabolic profiles in
women with PCOS; a network meta-analysis [ J]. Reprod
Health, 2021, 18(1): 171.

TAN W, WANG Y, WANG K,

endothelial dysfunction of berberine in atherosclerotic mice and

et al. Improvement of
mechanism exploring through TMT-based proteomics [ J]. Oxid
Med Cell Longev, 2020, 2020, 8683404.
WAN Q, LIU Z, YANG Y, et al. Suppressive effects of
berberine on atherosclerosis via downregulating visfatin expression
and attenuating visfatin-induced endothelial dysfunction [ J]. Int
J Mol Med, 2018, 41(4) : 1939-1948.

SONG D, HAO J, FAN D. Biological properties and clinical
applications of berberine [ J]. Front Med, 2020, 14(5): 564
-582.

OPARIL S, ACELAJADO M C, BAKRIS G L,
Hypertension [ J]. Nat Rev Dis Primers, 2018, 4. 18014.
WANG Z, WU F, ZHOU Q, et al. Berberine improves vascular

et al.

dysfunction by inhibiting trimethylamine-N-oxide via regulating
the gut microbiota in angiotensin Il-induced hypertensive mice
[J]. Front Microbiol, 2022, 13 814855.

TIAN H, KANG Y M, GAO H L, et al. Chronic infusion of
berberine into the hypothalamic paraventricular nucleus attenuates
hypertension and sympathoexcitation via the ROS/Erk1/2/iNOS
pathway [J]. Phytomedicine, 2019, 52. 216-224.

SHAO Y J, TAO J, YU B B, et al. Berberine-promoted CXCR4
expression accelerates endothelial repair capacity of early
endothelial progenitor cells in persons with prehypertension [ J].
Chin J Integr Med, 2018, 24(12) : 897-904.
CASTILLA-GUERRA L, FERNANDEZ-MORENO M D C,
LEON-JIMENEZ D, et al. Antidiabetic drugs and stroke risk.
Current evidence [ J]. Eur J Intern Med, 2018, 48 1-5.
DING P F, ZHANG H S, WANG J, et al. Insulin resistance in
ischemic stroke: mechanisms and therapeutic approaches [ J].
Front Endocrinol, 2022, 13 1092431.
OCH A, OCH M, NOWAK R, et al. Berberine, a herbal
metabolite in the metabolic syndrome: the risk factors, course,
and consequences of the disease [ J]. Molecules, 2022, 27(4) .
1351.

GONG M, DUAN H, WU F, et al. Berberine alleviates insulin

resistance and inflammation via inhibiting the LTB4-BLT1 axis

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[J]. Front Pharmacol, 2021, 12: 722360.

LI'Y, CHEN X, CHEN Y, et al. Berberine improves TNF-a-
induced hepatic insulin resistance by targeting MEKK1/MEK
pathway [J]. Inflammation, 2022, 45(5) ; 2016-2026.

YIJ, WU S, TAN S, et al. Berberine alleviates liver fibrosis
through inducing ferrous redox to activate ROS-mediated hepatic
stellate cells ferroptosis [ J]. Cell Death Discov, 2021, 7
(1) 374.

LI C, GUAN X M, WANG R Y, et al. Berberine mitigates high
glucose-induced podocyte apoptosis by modulating autophagy via
the mTOR/P70S6K/4EBP1 pathway [J]. Life Sci, 2020, 243,
117277.
PARK H J, JUNG E, SHIM I. Berberine for appetite
suppressant and prevention of obesity [ J]. Biomed Res Int,
2020, 2020 3891806.

WANG M, XU R, LIU X, et al. A co-crystal berberine-
ibuprofen improves obesity by inhibiting the protein kinases TBK1
and IKK? [ J]. Commun Biol, 2022, 5(1): 807.

MIRHADI E, REZAEE M, MALAEKEH-NIKOUEI B. Nano
strategies for berberine delivery, a natural alkaloid of Berberis
[J]. Biomed Pharmacother, 2018, 104. 465-473.
ABDUL-RAHMAN T, BUKHARI S M A, HERRERA E C, et
al. Lipid lowering therapy: an era beyond statins [ J]. Curr
Probl Cardiol, 2022, 47(12) : 101342.

WU C, ZHAO Y, ZHANG Y, et al. Gut microbiota specifically
mediates the anti-hypercholesterolemic effect of berberine ( BBR)
and facilitates to predict BBR’ s cholesterol-decreasing efficacy in
patients [ J]. J Adv Res, 2022, 37 197-208.

XING L, ZHOU X, LI A H, et al. Atheroprotective effects and
molecular mechanism of berberine [ J]. Front Mol Biosci, 2021,
8. 762673.

ZHANG Q, FU X, WANG J, et al
ischemic stroke by berberine, baicalin, and jasminoidin from

( HLJDD )

Treatment effects of
Huang-Lian-Jie-du-decoction explored by an
integrated metabolomics approach [ J]. Oxid Med Cell Longev,
2017, 2017, 9848594.

ONORATI A V, DYCZYNSKI M, OJHA R, et al. Targeting
autophagy in cancer [ J]. Cancer, 2018, 124 ( 16):. 3307
-3318.

LEVINE B, KROEMER G. Biological functions of autophagy
genes: a disease perspective [ J]. Cell, 2019, 176(1/2); 11
-42.

KLIONSKY D J, PETRONI G, AMARAVADI R K, et al.
Autophagy in major human diseases [ J]. EMBO J, 2021, 40
(19): e108863.

T, MO, B, A5 BIEFE T B AN LR -2/ 1
AR CRE PR A2 A 0 0 e i ot sl P 0 5 A3 110 BOF R
[3]. hERRZGREE Ak, 2021, 37(9) : 1094-1097.
DING S, ZHAO X R, ZHAO L, et al. Study of berberine on
reducing cerebral ischemia reperfusion injury by inhibiting
autophagy through B cell lymphoma 2/Beclin-1 complex [J].
Chin J Clin Pharmacol, 2021, 37(9) . 1094-1097.



136

[ LA PR 2 24k 2024 4F 2 A4 34 555 2 1 Chin J Comp Med, February 2024, Vol. 34,No. 2

[32]

[33]

[35]

[36]

[38]

[39]

[41]

[42]

[43]

[44]

JURCAU A, SIMION A. Neuroinflammation in cerebral ischemia
and ischemia/reperfusion from pathophysiology to
therapeutic strategies [ J]. Int J Mol Sci, 2021, 23(1) . 14.

ZHU J R, LU H D, GUO C, et al

ischemia-reperfusion injury through inhibiting HMGBI1 release

injuries ;
Berberine attenuates
and NF-kB nuclear translocation [ J]. Acta Pharmacol Sin,
2018, 39(11) . 1706-1715.

CAO D W, LIU M M, DUAN R, et al. The IncRNA Malatl
functions as a ceRNA to contribute to berberine-mediated
inhibition of HMGB1 by sponging miR-181¢-5p in poststroke
inflammation [ J]. Acta Pharmacol Sin, 2020, 41(1) . 22-33.
DING W, GU Q, LIU M, et al. Astrocytes-derived exosomes
pre-treated by berberine inhibit neuroinflammation after stroke via
miR-182-5p/Racl pathway [ J].
118 110047.
JIANG W, LI S,

Int Immunopharmacol, 2023,
CHEN X, et al. Berberine protects
immortalized line of human melanocytes from H,O,-induced
oxidative stress via activation of Nrf2 and Mitf signaling pathway
[J]. J Dermatol Sci, 2019, 94(1) . 236-243.

SADEGHNIA H R, KOLANGIKHAH M, ASADPOUR E, et al.
Berberine protects against glutamate-induced oxidative stress and
apoptosis in PC12 and N2a cells [ J]. Iran J Basic Med Sci,
2017, 20(5) : 594-603.
LI Z, JIANG T, LU 0,
cytotoxicity induced by t-BHP via inhibiting oxidative stress and
mitochondria dysfunction in PC-12 cells [ J]. Cell Mol
Neurobiol, 2020, 40(4) . 587-602.
SHOU J W, LI X X, TANG Y S, et al.

et al. Berberine attenuated the

Novel mechanistic
insight on the neuroprotective effect of berberine: the role of
PPARS for antioxidant action [ J]. Free Radic Biol Med, 2022,
181: 62-71.

UZDENSKY A B. Apoptosis regulation in the penumbra after
ischemic stroke: expression of pro-and antiapoptotic proteins
[J]. Apoptosis, 2019, 24(9-10) . 687-702.

VAN OPDENBOSCH N, LAMKANFI M. Caspases in cell death,
inflammation, and disease [ J]. Immunity, 2019, 50(6) : 1352
-1364.

ZHU Q, ZHENG M, BALAKRISHNAN A, et al. Gasdermin D
promotes AIM2 inflammasome activation and is required for host
protection against Francisella novicida [ J]. J Immunol, 2018,
201(12) ;: 3662-3668.

VAN GORP H, VAN OPDENBOSCH N, LAMKANFI M.
Inflammasome-dependent cytokines at the crossroads of health and
autoinflammatory disease [ J]. Cold Spring Harb Perspect Biol,
2019, 11(1) : a028563.

ZHAO L, LI H, GAO Q, et al. Berberine attenuates cerebral

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

ischemia-reperfusion injury induced neuronal apoptosis by down-
regulating the CNPY2 signaling pathway [ J]. Front Pharmacol,
2021, 12: 609693.

XIE P, REN Z K, L V J, et al. Berberine ameliorates oxygen-
glucose deprivation/reperfusion-induced apoptosis by inhibiting
endoplasmic reticulum stress and autophagy in PC12 cells [J].
Curr Med Sci, 2020, 40(6) : 1047-1056.

YANG Y, TORBEY M T. Angiogenesis and blood-brain barrier
permeability in vascular remodeling after stroke [ J]. Curr
Neuropharmacol, 2020, 18(12) . 1250-1265.

ZHU J, CAO D, GUO C, et al

Berberine facilitates

ischemic  stroke through modulating

Cell Mol

angiogenesis  against
microglial polarization via AMPK signaling [ J].
Neurobiol, 2019, 39(6) : 751-768.

CHEN G, LIU S, PAN R, et al. Curcumin attenuates gp120-
induced microglial inflammation by inhibiting autophagy via the
PI3K pathway [ J]. Cell Mol Neurobiol, 2018, 38(8) . 1465
-1477.

LIU H, REN X, MA C. Effect of berberine on angiogenesis and
HIF-1a/VEGF signal transduction pathway in rats with cerebral
ischemia-reperfusion injury [ J]. J Coll Physicians Surg Pak,
2018, 28(10) . 753-757.

VERMA M, LIZAMA B N, CHU C T. Excitotoxicity, calcium
and mitochondria: a triad in synaptic neurodegeneration [ ] ].
Transl Neurodegener, 2022, 11(1): 3.

NADJAFI S, EBRAHIMI S A, RAHBAR-ROSHANDEL N.
Protective effects of berberine on oxygen-glucose deprivation/
reperfusion on oligodendrocyte cell line (OLN-93) [J]. Int J
Prev Med, 2014, 5(9) : 1153-1160.

XU L, NIRWANE A, YAO Y. Basement membrane and blood-
brain barrier [ J]. Stroke Vasc Neurol, 2019, 4(2) . 78-82.
PROFACI C P, MUNJI R N, PULIDO R S, et al. The blood-
brain barrier in health and disease: Important unanswered
questions [ J]. J Exp Med, 2020, 217(4) : €20190062.
JIANG X, ANDJELKOVIC A V, ZHU L, et al. Blood-brain
barrier dysfunction and recovery after ischemic stroke [ J]. Prog
Neurobiol, 2018, 163/164. 144-171.

ERAE, W, G, A /DEERT SRR LR A TR
FLPAHI ot f o B 00 B DR AP T [0 ]. P R BR 25 R 4R,
2020, 17(9) : 16-20.

WANG M H, WANG J, HAN D, et al. Protective effect of
berberine on in vitro blood-brain barrier injury induced by oxygen
elucose deprivation/reoxygenation in rats [ J]. China Med Her,

2020, 17(9) : 16-20.

(Y%= HH#3)2023-06-16



