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Abstract: Objective To investigate the preventive effect and mechanism of polysaccharide from aerial parts of Bupleurum chinense
(ABP) on pentylenetetrazole-induced epilepsy in mice. Methods C57BL/6 mice were randomly divided into control group, model
group, sodium valproate (125 mg/kg) group, epileptic tablets (1200 mg/kg) group and ABP high-, low-dose (100, 25 mg/kg) groups,
with 10 mice in each group. Each administration group was ig corresponding drug, control group and model group were ig equal
volume 0.5% sodium carboxymethyl cellulose solution, once a day for 7 d. 60 min after the last administration, except for control

group, other groups were ip pentylenetetrazole (60 mg/kg). The effect of ABP on preventing epilepsy was evaluated by behavior; The
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pathomorphological changes of hippocampal neurons were detected by hematoxylin eosin (HE) staining and immunohistochemistry;
The levels of cystein-asparate protease-3 (Caspase-3), glial fibrillary acidic protein (GFAP), glutamic acid decarboxylase 65 (GAD65),
GADG67, G protein gated inwardly rectifying K channels 1 (GIRK1), N-methyl-D-aspartate acid receptor 1 (NMDAR1) and v-
aminobutyric acid type A receptor (GABA AR) in hippocampus were detected by ELISA; Western blotting was used to detect DJ-1,
specific protein 1 (SP1), p-SP1, nuclear factor E2 related factor 2 (Nrf2) and heme oxygenase-1 (HO-1) protein expression in
hippocampus. The oxidative stress model of PCI2 cells induced by hydrogen peroxide (H202) was used to verified. Results
Compared with model group, ABP significantly improved the epileptic symptoms of mice, which showed a decrease in rate of body
stiffness and mortality (P < 0.01); Hippocampal pyramidal cells were regularly arranged with clear structure, and GFAP positive
expression area was reduced; The levels of Caspase-3, GFAP, GAD65, GAD67, GIRK1 and NMDARI in hippocampus were
significantly decreased (P < 0.01); DJ-1, p-SP1, Nrf2 and HO-1 protein expressions in hippocampus of epileptic mice and H202-
induced PC12 cells were significantly decreased (P < 0.01). Conclusion ABP can reduce DJ-1/Nrf2/HO-1 mediated oxidative stress

during epileptic seizures, thus playing a role in preventing epilepsy.
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o HE A [Sp:Aicss] TR T ABP 100 mg kg™ ABP 25 mg-kg!
AFk: RAERNE; ROk DRERMRESRS, FRIGRA, DR, HmEiim

red arrow: Inflammatory infiltration; Black arrow: A small number of pyramidal cells were constricted and deeply stained, cell shape was irregular, a small

number of pyramidal cells were edema, and cytoplasm was loose

B2 ABP XXMM/ NRIE DELAREBE TN HE, X200)
Fig. 2 Effect of ABP on pathological changes of hippocampus in epileptic mice induced by pentylenetetrazole (HE, x 200)
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Fig. 3 Effect of ABP on GFAP protein expression in hippocampus of epileptic mice induced by pentylenetetrazole (x 200)
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Fig. 4 Effect of ABP on levels of apoptotic factors and neurotransmitters in hippocampus of epileptic mice induced by

pentylenetetrazole (X £ s, n =10)
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Fig. 5 Effect of ABP on oxidative stress-related proteins expressions in hippocampus of epileptic mice induced by

pentylenetetrazole (X £ s, n =10)
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Fig. 6 Effect of ABP on PC12 cells (A) and H20:2-induced PC12 cells (B) viability (X + s, n=15)



- 148 - PED 2023418 B54% B 1Y Chinese Traditional and Herbal Drugs 2023 January Vol. 54 No. 1

DJ-] SssSIESE=20X100 g
p-SP1 T == == s 8.0X104 ﬁ
SP] W s s e 9.0X104 =
Nrf2 ISSSS————— 6.6 < 10* =z
HO-1 = o o 32X10 gﬂlq
GAPDH [ 3 6 < 107 =
()]

xR BRI ABP

TR X MR YK ABP

Ju—
W

—_
(=]

14

o
n

SP1 & FAHR ik &
Nrf2 2 [N Rk

0
YR A AR ABP
[izgi]

E7 ABP 3 H20:i558) PC12 AP S RLEHEEERFIA

X B NI ABP

iy 4 #t
)
31
=
E 24 "ok ek
&
& 0-
X BEA Nk ABP
izl izl

HO-1 & AN Rk &

04
X MR K ABP

[irgl! [izg:]

980 (X+s,n=>5)

Fig.7 Effect of ABP on oxidative stress-related proteins expressions in H20z-induced PC12 cells (X + s, n=15)

4 g

SR 19 2 998 LA e 28 76 3o OF 5 B30 1
RAEVERNRT R T [ AR PR 2R RS B 2R 9 RFE
Y T AP 28 TR AN A R 1) 2 R A A 2 —, B
Z 500 BB EZE DR R, Haps
JOHRT L B BO TR 5 i g A sE B E R0, ]
P RACKZ RS US10, R KA CAIE B L2 Fh o5 5(
2 5l D YRR IR R ST, 28 0 0 Ay PEAN
)V PR AS ST e A R AR R i A R R 2 —

TAESR, SRR 2 AT TR BN R AE S5 Ak
N TBAFAE BN R 081, AR SR s 3 i B
FHSAT BB I S el R ke et ik, H A5
AECHNAAET -0, BRARIGIR A AE A BIME, AT 5 B0
TR R AR R ERO, 534k, R RIES T A KR
H3E, XU RGURIE £ 5 L AT
RN, FEGASIEARG, TE 2 PR R A
HHORIG £ A 2H Zb A R L RbR AR, 38 A A
B EACSIEAR LY, s SR —EH AR AR, &
o SR P 8 A LRI 9 R 3k — 25 W BRI L
Hilfeft 7 EET . WA RIS AR 2 T 2
FHIEM, R, L T RS B R R A L
TR, TR R AT S 2 D BN K e
(170 SR [ H 24 1) 22 9 DR O URE (R b S A R 70 32 3
72 TR 24, AR T ABP TR 191 A & 3L
MU TR ZR

SR R AE HA TR A 22 2 G0 B3 M LTS
o TR BEFERPLRARIhRERERS T e S8 2
2 PERME VI RGBT, B0 FE B AN 61477 1 i

Bl o ELRIAS S A A B R T, S 305
PR & B RIS Bl 22 e I e R A A e 21231,
IR KA, DRI T I8 T AR B K e
REEEM. A, PR YRe 25 K248
WO U5 1) B B AR R SN LL TR &
W, AANEAGIEIR KA, A E HFEE R, Aok
R 241005, 51— R 540 ThREREES,
BETT 2 5 0008 B BEAS A . % TN ) A Y (¥
T, ZRiAR N A KT 45 05 A A AR LR
R IEHIARIBT B 20, ABEFEAI R T, 80 mg/kg i
ABP ] 535 AR A A ™ AR SE, SEAIR A AT
AR, Hik, L 80 mg/kg 1 ABP #EAT S ALHLH
WHTT . BEAh, W A e i R b A A i B A AR A
U SR RS, RIPLRRFI AL 5t FE A
PRI R AN R 7 T B A AR AR T B FE R,
M CAT X AEVA PRI #4228 0 B AR {0 ) 32 2
FRAZE8 ., FE G PR A BB 7T IR ) A
PEAR JE SN i 2 e i) ZRAFE R R Y. &
MLV B2 R A, D i 3 A /S BT
CA1 M CA3 X 45 R S A7 W] (4 S 4 015328 5 200,
Bb b, AHF 5T 25 SRR B ABP S 28 70 16 2 2 A4 it
JH T A 2 R R

SFAL RN 2R R D) e B AG 7E N\ S 23 FH S5
RRRL IR ) AT AL A DA DG A IS0, DJ-1 2
— MR R BURER, R IC RS2 AR
AZAMISE TN . R0 T K1 b, 22 AN
BRI, DJ-1 8 i AR A B % R B
(Kelch-like ECH-associated protein 1, Keapl) /Nrf2



FED 2023F1 8 $54% B1  Chinese Traditional and Herbal Drugs 2023 January Vol. 54 No. 1

* 149 -

SEYRIIE Nrf2 5 Keapl BIAHEAEH, 7824 Nrf2
AR E IB32). Nrf2 2 40 A0 I8 SR A AR ) 2 23
R, X YERP R R S8 B AT 1k B = A 3 3

ARThRERERT 2R E BB, FEREEZMET, N2 5

Keapl 45 &, f2# Nef2 2 RN E A FUARM, S

FHEA Nrf2 35 T AR B IR A N B2 E T, Keapl

WAL, FEOLXS Nrf2 BISEA )RR, L Nrf2

SR . Nrf2 2 Z AR FUEALAIHT

REBAAH AP RBEFE AR B Nrf2 KL RS

5 HO-1 784 AL RIS, e S AL R

WA — ML B 5 5. AP REG R ER, TR

U S /) BRI 41 2R Ho 0, 15 51 PC12 4

N2 EERIARE & T IEH/KFY, /£ ABP TAbHE

b, Nrf2 #1 HO-1 &R IA R E K.

25 LTIk, ABP S DYPREUIE /N B S H 2
DJ-1.Nrf2 1 HO-1 HJZRIE/K- R IEH , W] ABP
oAb BE AT DL o A A 18] DI-1/Nef2/HO-1 /2
Ao S A S S | R A5 0, AT A4 T 7 30 1)
YER o HIXFIE 2R 7 SR RCR ORI, 382
R M Z MR ER IR, e EH— PR
B -

HBHR  FAGLNENRAEA AT
B
[] XN, RIS, FH, %5 RIUM: S PR

W ELAH S AR (0], 2B A2 AR, 2015, 31(4):

514-518.

[21 TRMESC, AF5E, ABANHE. WA IT LB T e
[V FRTRCE 2 25 Bt 540, 2020, 41(12): 1240-1246.

[3] Yusuf M, Khan M, Robaian M A, et al. Biomechanistic
insights into the roles of oxidative stress in generating
complex neurological disorders [J]. Biol Chem, 2018,
399(4): 305-319.

[4] Boison D, Steinhduser C. Epilepsy and astrocyte energy
metabolism [J]. Glia, 2018, 66(6): 1235-1243.

[5] Wieser H G, ILAE Commission on Neurosurgery of
Epilepsy. ILAE commission report. Mesial temporal lobe
epilepsy with hippocampal sclerosis [J]. Epilepsia, 2004,
45(6): 695-714.

[6] ENGNI, /o 4r. SRR PP L2 o 35 M I 48 48 % i
BERRIER T S Dae S B NBHIFET (7],
S 224 35, 2019, 35(9): 1122-1125.

[7]1 Gao J, Yao H, Pan X D, et al. Alteration of mitochondrial
function and ultrastructure in the hippocampus of
pilocarpine-treated rat [J]. Epilepsy Res, 2014, 108(2):
162-170.

(8]

(9]

[10]

[11]

[12]

(13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

Pauletti A, Terrone G, Shekh-Ahmad T, et al. Targeting
oxidative stress improves disease outcomes in a rat model
of acquired epilepsy [J]. Brain, 2019, 142(7): ¢39.
Hansen S L, Sperling B B, Sanchez C. Anticonvulsant and
antiepileptogenic effects of GABAA receptor ligands in
pentylenetetrazole-kindled mice [J].
Psychopharmacol Biol Psychiatry, 2004, 28(1): 105-113.
FHGE, R, ENE. H ARSI BRI T
(1. HiR R4, 2018(1): 54-58.

FMY, mbeEE, mm, 55 BT RS AHE SR
AL PR AE FIBF A (7). L2y, 2021, 52(7): 2024-
2038.

Li XM, Liu Y, Wang S Y, ef al. The polysaccharides from

the aerial parts of Bupleurum chinense DC attenuate

Prog  Neuro

epilepsy-like behavior through oxidative stress signaling
pathways [J]. Oxid Med Cell Longev, 2022, 2022:
7907814.

Ravizza T, Terrone G, Salamone A, et al. High Mobility
Group Box 1 is anovel pathogenic factor and a mechanistic
biomarker for epilepsy [J]. Brain Behav Immun, 2018, 72:
14-21.

Kamasak T, Dilber B, Yaman S O, et al. HMGB-1, TLR4,
IL-1R1, TNF-a, and IL-1pB: Novel epilepsy markers? [J].
Epileptic Disord, 2020, 22(2): 183-193.

Maia G H, Quesado J L, Soares J I, et al. Loss of
hippocampal neurons after kainate treatment correlates
with behavioral deficits [J]. PLoS One, 2014, 9(1): e84722.
Jardim A P, Neves R S, Caboclo L O S F, et al. Temporal
lobe epilepsy with mesial temporal sclerosis: Hippocampal
neuronal loss as a predictor of surgical outcome [J]. Arg
Neuropsiquiatr, 2012, 70(5): 319-324.

Cho K O, Lybrand Z R, Ito N, et al. Aberrant hippocampal
neurogenesis contributes to epilepsy and associated
cognitive decline [J]. Nat Commun, 2015, 6: 6606.

Patel M N. Oxidative stress, mitochondrial dysfunction,
and epilepsy [J]. Free Radic Res,2002,36(11): 1139-1146.
Méndez-Armenta M, Nava-Ruiz C, Juarez-Rebollar D, et
al. Oxidative stress associated with neuronal apoptosis in
experimental models of epilepsy [J]. Oxid Med Cell
Longev, 2014, 2014: 293689.

Zhu X B, Liu J K, Huang S Y, ef al. Neuroprotective effects
of isoliquiritigenin against cognitive impairment via
suppression of synaptic dysfunction, neuronal injury, and
neuroinflammation in rats with kainic acid-induced
seizures [J]. Int Immunopharmacol, 2019, 72: 358-366.
FRAEE, By, sems, 55 M NN K RIE DA
SUEACN BN F B Caspase-9 HITEFT [J]. P EZHES
JkiE, 2021, 41(20): 4491-4494.



+150 ¢ ¢ER 2023F1H 5435 518 Chinese Traditional and Herbal Drugs 2023 January Vol. 54 No. 1

[22] TkFHE, XA, 98RE S W AN AR A0 B IRC0E o AR is required for pentylenetetrazole kindling-induced
Rt (7). W44 &, 2021, 7(2): 142-146. hippocampal autophagy [J]. Free Radic Biol Med, 2016,

[23] Zhao W, Li J J, Yue S Q, et al. Antioxidant activity and 94: 230-242.
hepatoprotective effect of a polysaccharide from Bei [30] Michel H E, Tadros M G, Esmat A, et al.
Chaihu (Bupleurum chinense DC) [J]. Carbohydr Polym, Tetramethylpyrazine = ameliorates  rotenone-induced
2012, 89(2): 448-452. Parkinson’s disease in rats: Involvement of its anti-

[24] Mirzadeh M, Arianejad M R, Khedmat L. Antioxidant, inflammatory and anti-apoptotic actions [J]. Mol
antiradical, and antimicrobial activities of polysaccharides Neurobiol, 2017, 54(7): 4866-4878.
obtained by microwave-assisted extraction method: A [31] Anusha C, Sumathi T, Joseph L D. Protective role of
review [J]. Carbohydr Polym, 2020, 229: 115421. apigenin on rotenone induced rat model of Parkinson’s

[25] Napolitano G, Fasciolo G, Venditti P. Mitochondrial disease: Suppression of neuroinflammation and oxidative
management of reactive oxygen species [J]. Antioxidants, stress mediated apoptosis [J]. Chem Biol Interact, 2017,
2021, 10(11): 1824. 269: 67-79.

[26] Ryan K, Backos D S, Reigan P, et al. Post-translational [32] Han B, LiSY, Lv Y, et al. Dietary melatonin attenuates
oxidative modification and inactivation of mitochondrial chromium-induced lung injury via activating the
complex I in epileptogenesis [J]. J Neurosci, 2012, 32(33): Sirt1/Pgc-1a/Nrf2 pathway [J]. Food Funct, 2019, 10(9):
11250-11258. 5555-5565.

[27] Yang HY, Lee T H. Antioxidant enzymes as redox-based [33] Dai X Z, Yan X Q, Wintergerst K A, et al. Nrf2: Redox and
biomarkers: A brief review [J]. BMB Rep, 2015, 48(4): metabolic regulator of stem cell state and function [J].
200-208. Trends Mol Med, 2020, 26(2): 185-200.

[28] Fung S J, Xi M C, Zhang J H, et al. Apnea produces [34] Suzuki T, Yamamoto M. Stress-sensing mechanisms and
excitotoxic hippocampal synapses and neuronal apoptosis the physiological roles of the Keap1-Nrf2 system during
[J]. Exp Neurol, 2012, 238(2): 107-113. cellular stress [J]. J Biol Chem, 2017, 292(41): 16817-

[29] Zhu X J, Shen K, Bai Y, et al. NADPH oxidase activation 16824.

[FrAEmit S 244]



