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Abstract; Objective To investigate the regulatory effect of Modified Chaihu Shugan Decoction ( JIMSEFH B %) on epilep-
tic mice through the protein kinases 1 ( RIP1)/protein kinases 3 ( RIP3)/mixed lineage kinase domain — like protein ( MLKL)
pathway. Method Sixty KM mice were randomly divided into normal group,model group,low dose group of Modified Chaihu Shu-
gan Decoction[ 19.52 g/ (kg + d) ] ,medium dose group of Modified Chaihu Shugan Decoction[39. 04 ¢/ (kg « d) ], high dose
group of Modified Chaihu Shugan Decoction[ 78.08 g/ (kg + d) ] and carbamazepine group[ 30 mg/ (kg - d) ]. Epilepsy models
were prepared using pilocarpine hydrochloride. After continuous gavage for two weeks, the general condition and electroencephalo-
gram( EEG) of the mice were observed. Hematoxylin — eosin (HE) staining was used to observe pathological and morphological
changes. TdT — mediated dUTP Nick — End Labeling (TUNEL) method was used to detect the apoptosis rate of neural cells.
Quantitative real time polymerase chain reaction( qRT — PCR) and Western Blot( WB) measured the mRNA and protein expres-
sion levels of RIP1 ,RIP3 ,MLKL, tumor necrosis factor — « (TNF — ) , interleukin — 1 (IL — 18) and interleukin —6(IL - 6) in
the hippocampus of the mice. Result Compared with the normal group,the body weight of the model group mice was decreased
significantly ; EEG can clearly observe continuous epileptic waves ; HE staining showed that many neurons were pyknotic, with re-
duced cell volume and irregular morphology. The boundaries between the nucleus and cytoplasm were unclear, and the staining
deepened ; The positive rate of apoptotic cells significantly increased ; The relative expression levels of RIP1,RIP3 , MLKL, TNF -
o,IL - 1B and IL -6 were significantly increased. After drug treatment,the weight of mice in each group increased slightly com-

pared to that of the model group. The frequency and intensity of epileptic discharges in EEG waves were significantly reduced.
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The positive rates of apoptotic cells in the medium dose and high dose groups of Modified Chaihu Shugan Decoction and carbam-

azepine group were significantly lower than those in the model group, with statistical significance. The relative expression levels of
mRNA and protein of RIP1,RIP3 ,MLKL ,TNF — o, IL — 1B and IL — 6 in the high dose group of Modified Chaihu Shugan Decoc-
tion and the carbamazepine group were significantly lower than those of the model group,indicating statistical significance. Con-
clusion Modified Chaihu Shugan Decoction may exert its anti epileptic effect through the RIP1/RIP3/MLKL signaling pathway.
Keywords : Modified Chaihu Shugan Decoction ( il £EE1 i 1177 ) ; epilepsy ; RIP1/RIP3/MLKL pathway ; necroptosis
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L1 s=3ahd  (f@RMEME KM /N 70 B (b 10 J oy ph g
#H) .6 ~8 JA#Y,25 ~30 g, I P E A RF LR b
Pt fRFETF SPF PG R 2GR IR IR 2F o AR W E A SR
FEYHL IRE 22 ~25 C KR 45% ~65% ,12 h/12 h
H R ERR & T 3%

1.2 =3 ?hdy  SCRerp T TR 2t B P P B 2 RS B TR A
— BB 24 5 R AR, I A SR B A A S6 W 15 g, (1T 15
g ARFE (BRI )10 g, KB 6 g, JIIE 10 o, T 10 g, PR (B
K59 g, Wi LB 15 g, A= 4t 05 (SERT) 30 g, BB (J5 ) 10 g,
K B ShRLZIHLELE , 259k M 46 2 500 mg/mL, R I
R (BN FEHE ARSI 2456 BRA 7)) HI/E B 30 mg/ (kg - d) IR
W

1.3 FELIBRF KL  trizol (Life Technologies 23 H], 5%
5343903 ) ; I3 RNA JZ 5 55X 7 & (TAKARA A&, 185
RR047) ; qPCR & 7] A& ( TAKARA /4 ), %8 5 RR820); GAP-
DH: I i : ACCACAGTCCATGCCATCAC, Fiif: TCCACCACCCT-
GTTGCTGTA, Fr BLIKC FZ 432 bp [ A= TAY) TR ( 11t ) et A
MR ARSI Y H g THE e I 2k Bk 3 IR &) &
RIP1. | 5. AAGACCCAGATAGATGTCCCA, F J%: CTCACT-
TCTTTCTGCTTGTTGTC, B BF 227 bp; RIP3; [ i : CATCT-
TCTGACCCCCTCCCT, F ij# : GCCCTGTCATTGGATTCGGT, H Bk
)3 177 bp; MLKL: | 3% : ATACAGGCTACACCATTCGG, F iiif :
CTCTGCTTTAGTGCTCTTTGC, B K i 151 bp; TNF — «: | 1iif:
CCCACGTCGTAGCAAACCAC, F i : ACAAGGTACAACCCATCG-
GC, B B K JF 102 bp; IL — 1B | Ji#: GCCACCTTTTGACAGT-
GATG, T i : CACAGCCACAATGAGTGATACT, K Br K JF 178
bp;IL - 6: I if: CACTACAGGCTCCGAGATGA, F J#: CGTT-
GCTTGGTTCTCCTTGT, f Bt K. J& : 142 bp, Anti — GAPDH ( Ser-
vicebio 37 ,GB15004) ; Anti — RIP1 | Anti — RIP3  Anti — TNF -
o Anti —IL - 1B (F I =8, 17519 — 1 — AP 17563 — 1 — AP,
26405 — 1 — AP 26048 — 1 — AP) ; Anti - MLKL Anti — IL — 6 ( Af-
finit, DF7412 . DF6087 ) HRP — 111 3A-471 % — 7T ( Servicebio 2 H],

GB23303) , %t & PCR {¥ ( Roche 73 7], RocheLightCycler
480 1) ; ZTHEMEAN (GE /A 7], AT600)

2 Ak

2.1 MEAHE & R/ BRI R 4% S0k L 8 70 R KM
INRIE BB TE 40 2 U110 1) FBRI4] (60 H) 4%
I s 158 17 mg/kg (W BRERBTFE S, ,30 min J5 I8 5 135 180
mg/kg FERER VC B R 5 i A B AL, 14T 30 min 52 B L
Racine (1972) B SZI0 SR 1 & A AR WLEE /N R, %) K 3 4
GARUER /N RS 15 min 45 F 1570 1/3 FE A9V 2 K 5 s i
TS BN 2 YR ABE] 4 L E R P & R R A i A 2k
B, NGNS BEAT R SR AR o SRt R AVERFEE 1 h )5
U5 T HUPG L ARIRE S A o B BRI 1 /)N Bt B BRI
FFIRS B ek S B A AT AL ek S H T
TR MRS ST R R R A R D4, A 10
R A2l 53 1457245 19.52 .39. 04 .78. 08 o/ (kg - d) , PHZ}
HLET RGP 30 mg/ (kg - d) , ELLHEH 2 .

2.2 WENR—EBERL SRENEEMEL AEE R,
RS — W L

2.3 o BRI A 41N BB R E L B/ UK S [ 2
Ji, (58 R ST AR B LA RE AL, F-Hp A 78 /N BRZS AU P 8, K
/N2 mm x2 mm, FrFRAG LA, K E MR A A R I 4 3
[ 00 B EE M, R e R e A i e, P AR A O o i e AR 3
em/s, fURJE 100 wV/em, i NCERP 5. 01 R4k i
S/ 2 i L R

2.4 HHNRAXE WY 2 G IEN R, —H45
B, 2T 4% M2 R B, ELit i hARE - tha
(HE) Js 8 T A A it % A B AR 10 B0 R ( TUNEL ) W 585 B 24
WA, B BUNRIE S R T - 80 CukAl, Jagis AL
A RE B 5 B A B4 2 (gRT — PCR) L 2K A it B
(Western blot) F AR KM AH & mRNA [ 88 1 8357K

2.5 REFNE BPRKNALE TR 4% 2R P EEH
[ , AW R,/ B S IR ZL 402 HE Ye 6, )5 B3 il
EIRBIEAS 0 .

2.6 TUNEL #0444 A% WEHSTmas, %
A PI R, T H IR K B K, B K AR
A TUNEL Jz NIE AW 50 pL Fhras b7 w5 & rp sOng 37
°C x30 min, AEAIZALNN 50 ~100 wL DAB JR¥SEFTAZ G, [ Wi
15 ~25 °C x 10 min, fARG IR KL YL, R Bk,

2.7 qRT - PCR # il & 41 /N & ¥ & 41 4 RIP1 ,RIP3  MLKL,
TNF - o IL - 1B IL -6 mRNA #y %k A F  BUNRIEDHL,
iz trizol L PEBUE RNA, 2 RNA kB J 2 B, bl % 5y
cDNA, Lk cDNA AR #EAT4 38 , 9 348 )57 4 :95 C/30 s;40
cycles:5 C/5 ;60 C/20 s;95 C/0 s;60 C/15 s;95 C/0 s,
L GAPDH NS R 2 -8 i a5 S b T 40

2.8 Western Blot # | & %1 /N B3 & 41 4 RIP1  RIP3 MLKL.
TNF - IL-1B.IL-6 & & & x AF BUNRIEG DA LSUHE
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B 12 BCA 30 8 U MRl H A9 28 71 R/ Al A
[RIR BE A9, LK IR, 5 % TR A Wt 1] 4 CWE R —BLad 1,
GAPDH RIP1 \RIP3 MLKL TNF - IL -18.IL -6(1 :1000),
TBST Jif ¥t 5 ¥, — (1 :5000) % i & 1 h, ECL B3l 2
#, UL GAPDH NN ZHT 7047

2.9 Gtk R SPSS 26. 0 B AT R AT, T A
TR v 25 FR, A58 IS0 DL 26 55 1E 1Y, Z 4110
BRI ZR 5 22087 . AR Z AR RS H0a % o
P <0.05 NZEFAGIE Lo

3 #R

3.1 AR—MERL AAAUNRUBKIER FEMREEE, KB
BOE LT IR YOKIE R o RGN BB AR/, (R BT
23 FLHIER , B T 22 IR ORI A1 ok
S P ARE . 252520107 2 A /NS MRS 4 4% 145
LI AH SRR A ALK BT ILR 1,

F1 HA/NIETRTER (v +5) Hfi:g

415 n ERETRSE EEERTE  AYERAE

=Kl 10 33.01 £+1.36 40.34+2.69  45.13 £3.95
PRI 10 33.36+1.31 37.57£1.59* 37.97+1.01*

JIRSETIB UYL 10 34.42£1.50 37.44+1.60* 38.84+1.96*
TIRSEAB A P REAL 10 33.87+1.34 36.21+2.18* 39.33:1.62*
HIESEMIF R4 10 34.11£1.36 36.62+1.49% 39.73 +1.62*
RHPETA 10 34.36+£0.87 35.87 £1.35* 40.25+1.44*
T+ 528 ALEEE, P <0.05; A 5REIA] ke, P <0. 05,
3.2 Z4NRRE EFEN 555 g/ R EAE H AR R
20 /) U P, PETAT L S SO0 380 32 282 K AR O IRAE IR, DA e R TS
AR Z R S0k F o FLAN A SRR 2 A L I F o
R FL AR B e B S /b, v R S VG A R B R, AR AR IR
R IR S 8 T30 o 700 B AL IR S5 T v R R Lk
Set BT IR A, WA L,

= E

0

RAIZH
i S EH B AL 4
IS g B 17 th R
Ik S A B 7 5 7

TR

B 4N E
3.3 NEREDWHE el HE L6 50 SHAMEDLEE
HANRAM A ITTE AN, HE5) 55 % 42, WA i (&, o 66
D AT, R DB S AR 2 RN R S U A
P W] WA Z AT 4R, AR BRI, JE S 2 R RUIDR,
PR BEJST A AN S A iR S e 2 K g )
HAB LA ZTTE 4, 40 AR TR TS S A HLPR, B |
Jo TG, PR . AR 5T XXX A 2,
3.4 #4/F TUNEL € 2 % SEEAILTRLL, ik S5 i
JHZ 3R R S I v R A R S PSP AL T A
FRPER AR, 2 B St R . k2,
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3.5 &4 /NE D44+ RIPL RIP3 MLKL # mRNA % ik
ACE BRI IR S8 A e AR S A R S e S R
7 g4l i RIP1 RTP3 MLKL (1) mRNA [ 4H X} 2% 35 & 81 8 = T
M B GTEE S IR S B 3 R ) 2 0 vk 24
B R 2 AL R S P5 4189 RIPT, RIP3 \MLKL [ mRNA
P AFNS FRk i B AR AR R, A il 8 o IR S i
JFA %5 #4159 RIP3 MLKL (1) mRNA (140 X} 33 &= B 24K
TR, 2R BASIFE . k3,
2 HAUNRMT IR IR (v £ 5)

2151 n T4 BH R/ (% )
= 10 9.09 +4.50
(T RIVEE 10 39.03 £0.44
JnvRSEEH B RUIGR 4 10 29.59 £2.35*
SRS B R R 10 28.82+6.50*%
SRS BT Al 10 24.39 +£0.77*%
REPETAH 10 18.79 £1.70*»

e« 5 AL P <0.05; A GBI AL, P <0.05,
3 KUU/MIE 4184 RIPT RIP3 MLKL (Y

mRNA X ik (x £5)
ik n RIP1 RIP3 MLKL
ZSH4 10 0.14£0.03  0.35£0.02  0.05+0.02
HERIL 10 1.01£0.15* 1.01£0.16* 1.00+0.08*

TR TFERAESA 10 0.69 £0.13*  0.69 £0.05 2 0.55£0.17* 2
JIRSESIBA RS 10 0.52£0.22%20.63 £0.05* 2 0.35+0.04* 2
TR SERI R4l 10 0.41 £0.06%  0.47 £0.06%  0.27 £0.022
LRl 10 0.35+0.01° 0.40£0.05" 0.19£0.04%
T+ 54, P <0.05; A 5EAIL LEE, P <0.05,
3.6 A4/ #ED A5+ RIP1 RIP3 MLKL 8 & & 48 4 % &
B OB IR S5 T AR R e 2 R S5 T R
HE4H ) RIP1 RIP3 MLKL 25 [ A% =ik B & TS B4,
AAGI2EE X I SESAs 7 & E R4
RIP1 \RIP3 MLKL # H AT ik it B BAR FA R4, A 5
TR o IR SSRGS A Ik S8 g 3 vh 7l o
ZH 1Y) RIPL 25 H WA Rk i B B TR AL, 2 R B 50T
FREN, WE4 E 3,
#4 KNG DAL R RIPL RIP3 MLKL ({8 FAARNT R AR (2 £5)

415 n RIP1 RIP3 MIKL

24 10 0.430.01  0.38+0.08  0.38 +0.04

k| 10 0.94£0.11% 0.8920.04* 0.94+0.09*

PRI BARAEL 10 0.66 £0.06*2 0.750.02* 0.79 +0.18*

TR AR 10 0.70 £0.03*2 0.73£0.01* 0.78 £0.08 *

TRSEEIH AR A 10 0.57£0.04%  0.51£0.08% 0.48 £0.112

FEHPEFA 10 0.54+0.032 0.49+0.18% 0.44+0.11%
T+ 52 (AL, P <0.05; A GRIBIY] L, P <0.05,
RIP] == s S S— - =

RIP3 = S &S @R =5 &
MLKL S W W, . -
GAPDH s casamms cum cut cm

A B C D E F

Ve A K% (415 B OWBIRAL; C ik 56 5 B 1R
215D S I S0 0 o ) 40L5 B A S 0 ) B
415F R RBP4

B3 441N 214 RIPL RIS MLKL (92 (A% 3 ik
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3.7 A 4A/MERELHELH INF -, IL - 1B.IL -6 # mRNA
M RIEE  BRIYL IR S 57 R & 241 TNF - o,
IL-1B.IL -6 [y mRNA HiXI £XEHE & T HA, BA S
TEE S RS g AT A 4 TL - 18 . IL - 6 1 mR-
NA MXTRBEHE S T2 Ad, A S #E L RLEH
TGRSR g4 RSV FEA M INF - o IL - 18 IL -6 [
mRNA HX} ik 0 AR AR, B Gl o Jmikse
BBz R AL TL - 18 .11 - 6 (1) mRNA A3k i 8
(RFARRILE , BB G225 S Ik S8 8 g T 2 I 571 2 4 1
IL - 1B /9 mRNA AHXf 3Rk e B AR FRIBIA, R A git = 5
Mo WS,
%5 KNI DHLUR TNF - o IL - 1B,IL -6 f
mRNA FHXF Rk (v £5)

451 n TNF-a IL-1B IL-6
HA 10 0.13+0.06 0.15+0.12 0.16 +0.01
PRI 10 1.00£0.12* 1.00+0.11* 1.04+0.36*

0.71+£0.05* 0.61£0.09*% 0.76+0.10*
0.69+0.11% 0.54+0.13*% 0.72+0.16*

JRAH R R AL 10
IRSEHIGATA TDAlEA 10
v

RSB A R4 10 0.54£0.112 0.39£0.094  0.51 £0.10%
R PG 10 0.36+0.02% 0.17+0.05%  0.24+0.02%

Vo 575 AL, P <0.055 A GEIEAL I, P <0.05,
3.8 AU/NEEDLUL P INF - IL-1p.IL -6 th & & 4
DIE s K 1] R g 7K (35 B s R 1 X i
R TNF — o IL - 1811 — 6 [97E 1A N 2535 5 1 i
FasAd, HAEGF e Ik S5 iz H 7 4 TNF -
a lL-6 WEAMMNFARWE S TS A4, AARIHT¥#E
SLo RSBz SRR A R P4 TNF - o IL - 1B,
IL -6 PR A X 323k & I AR AL, B G5 3,
Tk SEEH B R R AL L - 18 B AR Rk i AR
R, HASI BN, WFE6 . H4,
F6 BU/PREDAL D TNF - o IL-18.IL-6 1

B AR Rk (2 2 5)
A3 n TNF - o IL-1B IL-6
ZA4l 10 0.31£0.07  0.23+0.18  0.320.12
RETIZH 10 0.82£0.21* 0.90+0.08* 0.83+0.14*

TIBRESETHFIFBUIRAIRZE 10 0.77£0.06°  0.63+0.16% 0.79£0.09 *

Y
RAEHIGEAT A AL 10
i

0.76 £0.15* 0.51£0.09% 0.78 +0.13*
RSB AR 10 0.47£0.112 0.33£0.202% 0.42£0.072
REPEFA 10 0.38+0.20% 0.20+0.09% 0.33%0.15%

o 52 AALHAR, P <0.05; A IR AR, P <0.05,
IL-1 | ———
TN ——
e ——

GAPDH = e

A B C D E F

T A S (AL B OB C AR S8 5B 3 1 0] i
25D S IR S BT 0 A2 5 E S R S 1 )

415F W4l

B4 &2/ NEU LS IL - 18 INF — o L -6 [ TRkt
4 g

S 2 — i i UL 22 R GE 0 , LA S S M R il e o

ZIUH A VM 28 0 22 6] ) ) A0 IR M e . Bk A
1% ~2% (i A T, 20 88 3F 70 T3, B T 300 B A

BUREER S B — R4 20 B K 4 5 )7 1 By )
PR RO RIAT LATE 25 o L B R A R A 20% ~
30% HY B KT ZEYIAYT IO, I H I S HUIRN 25 0 A — 2 i 3K
R SRR T T S 2R BRI 5 T KO , TR I L A T R AR
BB I 2 A A5 4 Hh s R 2 LR SR B LU TG R AOR

IRFPEME I T R AR M SOE A AE T A — b, R S AR T
R ) R 8, FET TR S S RPEARRL ™, 2 2 5 i M o T 14
Ve a B 2K G 8 ( Caspase — 8) 32 M il B, RIP1 48 32w R
1k RIP3, JE AR A% /1A, 4% /NA 85 12 1k MLKL JE % 3K 8 14
MLKL B2 R AR RS B T I b & 25 5 B8 Bt LEE ( PIP) /) B b I,
TR KL, 3843 5 1 P9 7 40 A 8 Tl R 07 fie 5 S50 A0 R A 5
TN SIS, 2 5 S ) 1 A6 s B R SR BE R U T A
By Al e S0 A < 10 S AL A0 MY, 57 AN & T e S i
RACHIR, NS BIRSEVER T L BFFE W, SR FEE P T AT
AE SR RS2k 54 56, RIP3 il p — MLKL f) 338 7E 4h4E K B
SE J5 24 h J5 340,72 h ik F0EAE 7 d 5 TR, #8278 MLKL 7] g8
TERGMFr SR 25 T 51 i SR 50 4 o4 1 v k2 21 o A Y
NecroX —7 J&—F i RUSRSEIN I, X PSR FER A5 5 i KA )
W0 R, A 3 R 4ok A ROS, M T BH AR IR FET &
NecroX —7 B JE (R 5500 /> B 5 i 28 Jie S kg A 20, 9
H MLKL Fip - MLKL 23k B {8 0 55 , 2 B NecroX -7 3T
ikl B/ AT BB 2 R ZEME P Tox — &2 . AN, P EZh
AE 1 R AEPEIA T3 — A%, BRI I S S I 4 . kL
PRI LA SE K g S 2 (1% RIPL MLKL (/) 3%35 , /0 1%
LR T AT BR . EEEIRITE M SE KR
DAL o A, I B RIPT MLKL [ 5 3%
PP AHET W, WO /N B 5 4140 RIP1 RIP3  MLKL
R RIE R F ik, JR SRFEVE I T REAE MU 10 & A & e
EE—EEH.

TR, PRI R IR, P AR U ALK
KR RN 2 S EOESHLE L e o
(FEM - EERERISE) B HEXR, S8 T FRKT
B2 IR AR5 7= A KL 8 AR S P 2K, F B4R < M
IR BIE I . IFIEIE ™ BT LRI S ALY 7 1] 8 XL
A LR AT B A 00 140 %06 2 o vk S5 0 i T 37 1 5
BHBE I R 3k o0 LA DU R 2B 05 44 1 , B 2 A
BRI TR, ARG i AR 5T 22 B, Ik S 80 w3 3 16
FoE T REE S 0] IncRNA - UCAL (335K 375 miRNA -
187 T4k MAPKS/Wnt/B — catenin 4 [ J T3 B , %+ 50
(19 A 2 AR B AV T 72 0 93 A, ik S 3 7T LA
S T /N U S 4140 miRNA - 204 383K, M i AKT/
mTOR/P70S6K 3l BB IR 1k, FEAR B W AH 56 3£ [ ATG7 \LC3 1T
fR 3, WD TR /N LT T i 25 T B A O AR
YN, R S8R B RT3 B3R 9T 5, SO /D B S 4 4
RIP1 \RIP3 MLKL J% 4 i [ F ) e 2 a8 15 2 ], B2 7% T 4
W% AT BEE A 0 ) RIP1/RIP3/MLKL {5538 4 , X0 1)
BT RE—EEM.

ik S SR g B S AT R SE IS B
DUEE Az s BB S H B N, B 2 S8 mT DL R T
TREM2/NF — «B/IxBou 3 45 LA 1 22 48 E , M T 2l K B
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