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Role of Chinese Medicine in Regulation of Epilepsy-related Signaling Pathways: A Review
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[Abstract] Epilepsy is a common nervous system disorder characterized by repeated attacks and a
protracted course, which can cause great harms to the physical and mental health of patients. Antiepileptic drugs
have been proved effective, but the resulting toxic and side effects cannot be ignored. Traditional Chinese
medicine (TCM) has a long history of dealing with epilepsy. At present, in addition to enriching the cognitive
theory of epilepsy treatment with TCM, we have also focused on the role of TCM in regulating the epilepsy-
related signaling pathways from the perspective of molecular biology. The review of literature in China and
abroad has uncovered that epilepsy is closely related to such pathophysiological processes as cell proliferation,
apoptosis, autophagy, inflammatory response, and immune response. At the same time, the modern research of

Chinese and western medicines shows that the efficacy of Chinese herbal monomers, single Chinese herbs or
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Chinese herbal compounds in treating epilepsy is directly or indirectly related to their regulation of signaling
pathways. To be specific, they control epileptic seizures and alleviate epileptic brain injury by regulating the
expression of key molecules in corresponding signaling pathways. This paper summarized the research progress
in China and abroad as follows: (I Tangeretin and ginkgolide B inhibit apoptosis and oxidative stress by
activating the phosphatidylinositol 3-kinase ( PI3K )/protein kinase B (Akt) signaling pathway. @ Baicalin and
osthol suppress autophagy by inhibiting the mammalian target of rapamycin (mTOR) signaling pathway.
(3 Ganoderan and astragaloside reduce apoptosis by inhibiting the mitogen-activated protein kinase (MAPK)
signaling pathway. 4 Salidroside and resveratrol reverse oxidative stress and apoptosis by activating the nuclear
factor E2-related factor 2/antioxidant reaction element/heme oxygenase 1 (Nrf2/ARE/HO-1) signaling pathway.
(3 Curcumin and baicalin diminish inflammatory response and apoptosis by inhibiting the nuclear transcriptional

factor- kB (NF-«B) signaling pathway. The above summary is expected to provide reference for the in-depth

study and clinical application of TCM for the treatment of epilepsy.
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(ATP Citrate Lyase) fll 4 fz % — 4 fb & & i (eNOS)
HE T A2 E A 05 2 A I A N OF- A, PISK/AKLfH
S B M2 R VR AL ORI E R 2 oT K
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Fig. 1 Epileptic-related signaling pathways



5527 B4 18 ) RELEFFFEHRE Vol. 27,No. 18
20214E9 H Chinese Journal of Experimental Traditional Medical Formulae Sept. ,2021
xR 1 PR ERREXESEREEEER
Table 1 Regulation effect of monomer of Chinese traditional herbs on epileptic-related signaling pathways
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Table 2 Regulation effect of Chinese herbal compound on epileptic-related signaling pathway
s Tr 45 5T HE AL
A H PTG Nrf2/ ARE/HO- 1 1553 i Nrf2,HO-1,Nrf2 mRNA ,HO-1 mRNA,SOD,GSH-Px, MDA

B 1
AR 5 TR

46 NF-«B {55 538
i NF-«B {5 5 3 %

NF-«B,P-gp, TNF-a,IL-18,COX-2

1«B,p-1kB,NF-«kB

(&% k]

[1]

ST, A7 75 &, AR I i

WU I 97 (9 AL 1 AF 5 8 a2t

[6]

[2]

[4]

[5]

JELT]. i ZE B 2 Bi %4k ,2020,41(12) : 1240-1246.
BART V,MARIA A,ROBERTO P, et al. Molecules in
medicine mini-review: isoforms of PI3K in biology
and disease[J]. J Mol Med,2016,94(1):5-11.
TIEMIN P, FANZHENG M, PENG X, et al. MUC13
promotes intrahepatic cholangiocarcinoma progression
via EGFR/PI3K/AKT pathways[ J]. J Hepatol,2020,72
(4):761-773.

JANSEN L A,MIRZAA G M,ISHAK G E, et al. PI3K/
AKT pathway mutations cause a spectrum of brain
malformations from megalencephaly to focal cortical
dysplasia[ J]. Brain,2015,138(6): 1613-1628.
ZHANG H, BAI L, HE J, et al. Recent advances in
discovery and development of natural products as

source for anti-Parkinson's disease lead compounds

[7]

[9]

[J]. EurJ Med Chem,2017,141:257-272.

LIU AH,CHU M, WANG Y P. Up-regulation of trem2
inhibits hippocampal neuronal apoptosis and alleviates
oxidative stress in epilepsy via the PI3K/Akt pathway
in mice[ J]. Neurosci Bull,2019,035(3):471-485.
QIANG W, YI X W. Down-regulation of long
noncoding RNA MALAT1 protects hippocampal
neurons against excessive autophagy and apoptosis via
the PI3K/Akt signaling pathway in rats with epilepsy
[J].J Mol Neurosci,2018,65(2) :234-245.
LEE Y Y, LEE E J, PARK J S, et al. Anti-
inflammatory and antioxidant mechanism of tangeretin
in activated microglia[ J]. J Neuroimmune Pharmacol,
2016,11(2):294-305.

GUO X Q,CAO Y L,HAO F, et al. Tangeretin alters
neuronal apoptosis and ameliorates the severity of
seizures by

in experimental epilepsy-induced rats

- 213 -



27 B 184
20214E9 H

[ 5238 75

Chinese Journal of Experimental Traditional Medical Formulae

"
FAE

Vol. 27,No. 18
Sept. ,2021

[10]

[11]

[12]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

modulating apoptotic protein expressions, regulating
matrix metalloproteinases, and activating the PI3K/Akt
cell survival pathway[J]. Adv Med Sci, 2017,62(2) :
246-253.

W BN A A 2 0 gy R 2 B JH F O 3 e
[T, B Be 3k ,2017,38(8) :96-99.

TG, W S0 S, AR, A BRI o A IR 2 R Y T
FIERELT]. P 257455,2018,43(7) : 1384-1391.
PINERAR, & 5200, X6, 45 . LAY IN TR B X & & 00
KR P AR S 5 K T -1a M PI3K/AKt {5 5 38 1
MsZm (1], thAEAT R R 5 R 28K, 2015, 24
(3):208-211.

WEI H T, DUAN G H, HE J X, et al. Geniposide
attenuates epilepsy in a mouse model
through the PI3K/Akt/GSK-38 signaling pathway [J].
Exp Ther Med,2018,15:1136-1142.

HOU JY, LIU Y, LIU L, et al. Protective effect of

symptoms

hyperoside on cardiac ischemia reperfusion injury
through inhibition of ER stress and activation of Nrf2
signaling [J]. Asian Pac J Trop Med, 2016, 9 (1) :
76-80.

LIU B H,TU Y,HE W M, et al. Hyperoside attenuates
renal aging and injury induced by D-galactose via
inhibiting AMPK-ULK1 signaling-mediated autophagy
[J]. Aging,2018,10(12):4197-4212.

SHI Y, QIU X, DAI M, et al. Hyperoside attenuates
hepatic ischemia-reperfusion injury by suppressing
oxidative stress and inhibiting apoptosis in rats [J].
Transplant Proc,2019,51(6):2051-2059.

CAO J, TANG C,GAO M, et al. Hyperoside alleviates
epilepsy-induced neuronal damage by enhancing
antioxidant levels and reducing autophagy [J]. J.
Ethnopharmacol,2020,257(1):112884.

ZHANG H Y, TAO J Y,ZHANG S X, et al. LncRNA
MEG3 reduces hippocampal neuron apoptosis via the
PI3K/AKT/mTOR pathway in a rat model of temporal
lobe epilepsy[J]. Neuropsychiatr Dis Treat, 2020, 16:
2519-2528.

SAXTON R A, SABATINI D M. mTOR signaling in
growth, metabolism, and disease [J]. Cell, 2017, 168
(6):960-976.

SRR, H &, AT 45 . mTOR i 50 7 WA 8 28 %
To i J5 I A5 O R e LRI F e (], SE R R A e i,
2020,36(22):3059-3064.

HHa AR, A be A . mTOR {5 5 1 % S o S 0w [T].
e R4 75,2020, 53(10) : 829-835.

O SC, A 55 6, AR . R IR T 19 AL 1 B 5 itk
JELT]. ff 72 B 2 BE 24 41, 2020, 41(12) : 1240-1246.

- 214 -

[23]

[25]

[27]

[28]

[31]

[32]

[33]

FENG H X, GUI Q, WU G H, et al. Long noncoding

RNA Nespas inhibits apoptosis of epileptiform
hippocampal neurons by inhibiting the PI3K/Akt/
mTOR pathway [J]. Exp Cell Res, 2021, 398 (1) :
112384.

NGUYEN H, MAHADEO T, BORDEY A. mTOR
hyperactivity levels influence the severity of epilepsy
and associated neuropathology in an experimental
model of tuberous sclerosis complex and focal cortical
dysplasia[ J]. J Neurosci,2019,39(14):2762-2773.
EL-SAYED S S,EL-YAMANY M F,SALEM H A, et
al. New insights into the effects of vinpocetine against
neurobehavioral comorbidities in a rat model of
temporal lobe epilepsy via the downregulation of the
hippocampal PI3K/mTOR signalling pathway [J]. J
Pharm Pharmacol,2021,73(5):626-640.

JA sk, H &L AT, % . mTOR il 57 75 1A 7 25 %
W S I A5 AR P AL WE S (0], S B 2 Ak,
2020,36(22):3059-3064.

Wyl . ¥ & 1138 13 PI3K/Akt/mTOR i #% | J8 50 K
BRSO 1 S KA 2 R E I RS (DL A
M <A R RL R 2, 2019.

DU M, SUN Z, LU Y, et al. Osthole inhibits
proliferation and induces apoptosis in BV-2 microglia
cells in kainic acid-induced epilepsy via modulating
PI3K/Akt/mTOR signalling way [J]. Pharm Biol,
2019,57(1):238-244.

WU D M, ZHANG Y T, LU J, et al. Effects of
microRNA-129 and its target gene c-Fos on
proliferation and apoptosis of hippocampal neurons in
rats with epilepsy via the MAPK signaling pathway
[J].J Cell Physiol,2018,233(9):6632-6643.
PERNICE H F, SCHIEWECK R, KIEBLER M A, et
al. mTOR and MAPK: from localized translation
control to BMC Neurosci, 2016,
17(1):73.

HUANG Q, LIU X, WU Y, et al. P38 MAPK pathway

epilepsy [J].

mediates cognitive damage in pentylenetetrazole-
induced epilepsy via apoptosis cascade [J]. Epilepsy
Res,2017,133:89-92.

WANG C, ZHEN H, CHEN Y. Involvement of p38
MAPK in the drug resistance of refractory epilepsy
through the regulation multidrug resistance-associated
protein 1 [J]. Neurochem Res, 2015, 40 (7) : 1546-
1553.

X2 S0 R MFT, H LS A5 L p38 2 RIS AL 1
Tt 30 36 A 410 ) 0 % e i e A A A O R 8 A T

PRAP AR T R AL BT 5T [T, [ 25 55, 2012, 23



27 B 184
20214E9 H

[ 5238 75

Chinese Journal of Experimental Traditional Medical Formulae

"
FAE

Vol. 27,No. 18
Sept. ,2021

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

(17):1553-1556.
WANG S Q, LI X J, QIU H B, et al. Anti-epileptic
effect of Ganoderma lucidum polysaccharides by
inhibition of intracellular calcium accumulation and
stimulation of expression of CaMK Il « in epileptic
hippocampal neurons [J]. PLoS One, 2014, 9(7) :
el02161.

eIV ISR RIS P a 2 PON R TN N1
JiFIlifE T MAPK 14, CaN Fl GSH-Px 35 (¥ & W [ 1].
¥ R 2 R AR AR AR, 2015,29(5) 1 65-68.

QIU Y Y, ZHU J X, BIAN T, et al. Protective effects
of astragaloside IV against ovalbumin-induced lung
inflammation are regulated/mediated by T-bet/GATA-3
[J]. Pharmacology,2014,94(1/2):51-59.

ZHU X, CHEN Y, DU Y, et al. Astragaloside IV
attenuates penicillin-induced epilepsy via inhibiting
activation of the MAPK signaling pathway [J]. Mol
Med Rep,2018,17(1):643-647.
REFCHK 1B 7, £ 2 48 %% Keap1-Nrf2/ARE {5 538 %
P AL PR ST E AL R BT S SR (7], s B~ i
JE,2021,42(4):89-94.

MAZZUFERI M, KUMAR G, VAN E J, et al. Nrf2
defense pathway: experimental evidence for its
protective role in epilepsy [J]. Ann Neurol, 2013, 74
(4):560-568.

DAI H M, WANG P P, MAO H F, et al. Dynorphin
activation of kappa opioid receptor protects against
epilepsy and seizure-induced brain injury via PI3K/Akt/
Nrf2/HO-1 pathway [J]. Cell Cycle, 2019, 18 (2) :
226-237.

WANG W,WU Y F,ZHANG G L, et al. Activation of
Nrf2-ARE signal pathway protects the brain from
damage induced by epileptic seizure [J]. Brain Res,
2014,1544(1):54-61.

CARMONA-APARICIO L, PEREZ-CRUZ C,
ZAVALA-TECUAPETLA C, et al. Overview of Nrf2
as therapeutic target in epilepsy [J]. Int J Mol Sci,
2015,16(8):18348-18367.

JRBRIT, BUINAR B S KRB LT R AR 4 1
Fe[3]. w2y ,2020,42(12):3199-3203.
R SRR RS A L AT R R 2 B ) R A
FHHLER BT 5T 2 e LD ], Hh [ A 4k 25 9 2 3, 2015, 35
(1):171-175.

WU Y F,WANG Y, WU Y R, et al. Salidroside shows
anticonvulsant and neuroprotective
Nrf2-ARE

effects by
activating  the pathway  in a
pentylenetetrazol-kindling epileptic model [J]. Brain

Res Bull,2020,164(11):14-20.

[46]

[47]

[48]

[49]

[52]

[53]

[54]

[55]

[58]

[59]

[60]

BIETE AR T, B, S AR RER E ERELT]. Hh
B2 ,2016,47(14):2568-2578.
MG, B PRI T B 2 A T A B Yk
FELT]. MR 252 ,2014,4(4):242-246.
BRI RETE S /N BRI R AR e
MURIER T ID ], A % L BERE R A%, 2016.
ZEHS LYY, B, AF . R R AR Nef2 /5 51l
B AEWUR T BT R AE R LT]. M & d 24, 2018,
34(2):147-152.
MRk, 2= he 5=, X Rk . NS A7 Rb, 19 245 346 R oF
grk R[], thE 2244 ,2013,48(15):1233-1237.
SHI'Y B, WANG M, TENG ] F, et al. Ginsenoside Rb1
protects the brain from damage induced by epileptic
seizure via Nrf2/ARE signaling [J]. Cell Physiol
Biochem,2018,45(1):212-225.
4 E T Al o ad Nrf2/HO- 1 3 #3042 1k 35 497 &
G A R SR B A 2 AR R FEPLRIESE (D). TR
T BE R R 4, 2020.
EREIABRN TR L AR 2 R0 A G AR Sl O
FeHE R[], vh [ 24 B8 27 il 4, 2015, 31(9) - 1189-
1194.
GAO J,AN L, XU Y Y, et al. Catalpol exerts an anti-
epilepticus effect, possibly by regulating the Nrf2-
Keapl-ARE signaling pathway [J]. Med Sci Monit,
2018,24(12): 9436-9441.
ZHANG Y,ZHAO J,AFZAL O, et al. Neuroprotective
role of chrysin-loaded poly (lactic-co-glycolic acid)
nanoparticle against kindling-induced epilepsy through
Nrf2/ARE/HO-1 pathway[]] J Biochem Mol Toxicol,
2021,35(2):e22634.
FILER L RETE . A BT R RT]. i
TR ,2019,21(10) 1 13-17.
[EESTINIS 7R S L LENE A e S TR L
AW gE Bk R (1] o B 3R P 25, 2018,20(10) :
1312-1318.
VAL I ST Qo AR S UM AL SN T =
NN B2 Nef2 , HO-1 PR~ 52 i Y A58 L], v [ o
[ 2 4F ,2018,27(10) :1722-1725,1729.
MILLER J A, KIRKLEY K A, PADMANABHAN R,
et al. Repeated exposure to low doses of kainic acid
activates nuclear factor kappa B (NF- «B) prior to
seizure in transgenic NF-«B/EGFP reporter mice. [J].
Neurotoxicology,2014,44(9):39-47.
YU Q, ZHAO M W, YANG P. LncRNA UCAI
suppresses the inflammation via modulating miR-203-
mediated regulation of MEF2C/NF- «B signaling
pathway in epilepsy[ J]. Neurochem Res,2020,45(4):
783-795.

+ 215 -



§527 B 18 1 hESREHFFFERE Vol. 27,No. 18

202149 H Chinese Journal of Experimental Traditional Medical Formulae Sept. ,2021

[61] KIMJE,PARK H,LEE J E, et al. CDDO-Me inhibits NF«kB phosphorylation in the rat piriform cortex
microglial activation and monocyte infiltration by following status epilepticus| J]. Neurosci Res, 2014, 85
abrogating NF-«B- and p38 MAPK-mediated signaling (8):39-50.
pathways following status epilepticus[J]. Cells, 2020, [66] ARINDAM G M, PALLAVI S, VIKRAM P, et al.
9(5):1123. Crocin attenuates kindling development and associated

[62]  RIBEA, UG, SR . KRR X R EFHIF KM cognitive impairments in mice via inhibiting reactive
PR K B TLR4/NF-«B {5 5 B WA ok o5 (1], #r oxygen species-mediated NF-«B activation[J]. Basic
= ,2020,52(4): 1-6. Clin Pharmacol Toxicol,2017,120(5). 426-433.

[63] JH R, See2 , LIT5 , % . TLR4/NF-«B {5 5 i@ [67] =R, SR, M, A . B KULE S5 7 X 0 24 Bl
TE 22 08 R IR 0 /N U 2 e s b e R LT KAEAT Ay Ko NF-B 3l 52 [ 1], 307 v 2 2 K24 2%
A2 ,2018,40(9):2065-2068. #%,2019,21(10):47-51,225.

(641 Akl 3 . 8 2= 1 0P 900 A5 8 S SRAT S 27 X iR 2 41 [68] FFllk,Bi4 Aad i, 4 R T TORL X I N 5 12 B0
' HMGB1/NF-«kB 35 52 M [ D], o5 M« 3 JH B2 2 WK BT N 2R A S NF-«B {5 53l By i [ 7], o
[ ,2013. 25,2019,41(4):927-929.

[65] LEE S K, KIM J E, KIM Y I, et al. Hyperforin [EEHE Bikik]

attenuates microglia activation and inhibits p65-Ser276

- Hif-
CT 5 MRIF 112 Wi B8 3k Sl 158 58 i) 5245 27 50 i
FECERHE % 2)

S BB Sk e il PR BE R P L3 A R A7 BT S B0 B 4L S T R B I R AR L 22 5 AN NS L IR A 2 R e A
Ao B Sk R A5 W WL A SZ LB , IR DL T IR B 8590 MEURBRAR i A B R ST Ak, — o Bk R 2R 7 R R
JRE B Sk e il TR B A W PRAE TR b 22 A IR Gk, A R B 355 B0 (4 B8 350 50 O 3, 9 728 2 4 R AR 2 ) R e A, RN i 1 B S
SR —E AL | S SR AR A2 W R B S TR 9 12 W RE | 1A% g AR (MR BE A B3 SEHLETZ F 6 (CT) R
1B S B it PR AE S Wi — E ML

CHUREAR Y S g S, b [ EE 24 Rk 2016 4R i, AP NE  45 — 2290, B o PRt 4 T
PRk AR 2K A 7 1 SRR R B 5 AR A S 1 I S5 R 5 R SR AT DE OGS AR AR S R R AR AR
A A IR T AR 2 TPV 1S 45 G BT S T B R B B o B T E b DO A R UL R G S A A L R K L s
M XL CTHRI MRURI W55 512 W05+ A4 T 5 i BHBR 367 5 45 75 S A 4985 35 LA 22 40 B DU ik
KL BT B A 2 W, Horb 45 A\ 2 b £ A4 T MRIF CT X 01 BB 3k i 1, R 3E #4732 xh Lo A 0 o e 300 B 3k Bl i,
INBEAY CT R IR TT 2 g = FhEAT : ()W B PR 450 1 B Sk ohon ) JB) FAE M 5 (2) 5 05 i3k B 14 M 28 XGEAT5(3)
AT T IR B Sk B BT B e BHOh B R RS L BE IR R A AL X 22 5 B OE sl P P E R/ S 2 A BORY T T A
DEFERE AR Bl 22 A 4 0 Ak S A A A 10 2% . MIRUBUBEVE L T CT R 2, R A B T 380 63 B 18 A2 LA T S Il 1% 15 4 L ) 28
Ak, WEAE A IR A 2 W I B Sk RS0 A 2 B B, RO BN B Sk B BE K M, AT L TIWTR AR (S 5, T2W 1 AR STR
A REAE S o B Sk A, 67 6] B IE &, B3k 0 3 X 8 /R 5y BR R B A0k N s R R AR 5, T2W T B I BUER AF
B P hy 2ot 15 5, A3 R/ B A PR 2R ALY M RS 5 O ROV R R AR . REE SRR R N A L 6
WRBIE R, TIWL ARG S, T2W I RS A SRIR RS, W BRI AR FEIrERmAm, K55 rasn
AR X, IR W IR NI REME 5 B TIWL A B 155 T2W W (55 . WAHBURMERE S E S KON T RIBE B B IRIEIX
I B T IA SAy S i 1l 5 6 1 L300, SR 6 DX AT LI M i R T R K A T A A R A R R T R AN R . R A S R
MR RIRFE X S IEH AU 5 5. BB SRS I8 R 43  IEF 1 A 86, TIWIL K T2WI R mi {55 . RIEEWEE M
BEALL.TIWI L TW ¥ EE S, SIEH 5 LB 80 MR (5 5 08 57 35 22 5, Al BB 2 D Ok B 405 A9 Bl 48 i R o |2 86 9 K
T T T2 5t 34 15 [ By 1) S8 A A, B /N 2 ] 1 JE S A T B SR SE 40 IR o SRR 19 IR I 400 i i 28 I R i 38 B PR 040 s 07 43 14k
SRAFAE , S AL TR i AR TT R, BT LU 2 5 05 % B BE AL LAY MRS 5 o R A & 09 58 7 £ 3R 8 1 i (0 B 20 20 . TWI KL T2WI Ny
BG5S XM TAEHE NN IRICRE R &35 756, BT 8 s W 6 e & K e, BT L TWLL T2 WIS R (5 5 .
B4 X N A B I A A PR 7 5 R /N R AL A P [ 7 IR S TG R R AR ) SRR B A T2WIE N R (5 5, 3 i /N
TF 15 B4 1% 1 o

CHGIRHEARF)— B A & A8 — T A SR (AR B R A5 T, B A T4 0 P A R e s R e R A ) S8 0,
VI 22 A 05 A2 20 3 JOT 2 (0 PN 2%, 3 o 2 R A R 4

(FEHRAD, B, X &N, 2FR, TRFARER,H T 315800)

<216 -




