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W OE: BW RTRAAHEERAEAMEF 1 (receptor interacting protein kinase 1, RIP1) /RIP3/1R & itk RISEFLE IR A
(mixed lineage kinase domain-like protein, MLKL) 18 B%HR I 5 i 2 0 R 14 fixi 25 (ischemic stroke, 1S) K AHE TR IEIE
FTIR . 757 RAMR Zea-Longa VAL IS KERMBRY, KGRI Ih IR RBENL A BB H R R ARG SifE (15,
30 mg/kg) HAUKIER 2 (1.35mL/kg) 4. REE (30mgkg) +EAHE A RIP1 (recombinant protein RIP1, rRIP1, 8 ug/kg)
4, A 10 R, A0 RIEWKEMEABRFEARA. S THWTI LA, X REREATHEIhRe G oy, e i SET AR
b R 35 A JORE IR POk R AR R4 (hematoxylin eosin, HE) Fll Nissl Fe k60 i 20 2005 HAS Ak S AR 2 S B0 H
K Ge e B ARSI I 23 /N e R AR B i SR % o SRR M I A 4 2 A% PR (neuronal nucleoprotein, NeuN)
i%; SR TUNEL Yt I 22 40 M8 11800 SR qRT-PCR A& IR ZHZR B 40tk E298-2 (B-cell lymphoma-2, Bel-2).
Bel-2 #H% X 85 (Bcl-2 associated X protein, Bax). LI IR R A AR E EIM-3 (cleaved cystein-asparate protease-3,
cleaved Caspase-3) mRNA FKik; K H| Western blotting #2412} RIP1/RIP3/MLKL Ml ESFHR R ARIE. R SHEAHW
B, ZORHAMLTRERGITES K MTE B RIER F-a (tumor necrosis factor-o, TNF-a). FH U/ 2-1 C(interleukin-1p,
IL-1B) AP A AEZET AN 4 b ISV NI R4S . #E e T R B E K (P<<0.05), MiEH IL-10 KT &
JCHU NeuN FiB BE T (P<0.05), MiZAZR Bax mRNA K1k, #EL RIP1 (phosphorylated RIP1, p-RIP1) /RIP1. RIP3.
MLKL B FiA/KFEETIH (P<0.05), cleaved Caspase-3 Bcl-2 mRNA FikE3 il (P<0.05). rRIP1 7] LAE ks
FOFN IS KEIIRIER (P<0.05). 4518 Szl i) RIP1/RIP3/MLKL B #2503 1S K A& s FE I .
XA BumbEmE P FEEK; RIPURIPI/MLKL 5588 M4 WIEMEET:
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Abstract: Objective To explore the effect of morin on neuronal necrotic apoptosis in rats with ischemic stroke (IS) based on receptor

interacting protein kinase 1 (RIP1)/RIP3/mixed lineage kinase domain like protein (MLKL) pathway. Methods An improved Zea-
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Longa method was used to establish an IS rat model. The successfully modeled rats were randomly divided into model group, morin
low-, high-dose (15, 30 mg/kg) groups, edaravone (1.35 mL/kg) group and morin (30 mg/kg) + recombinant protein RIP1 (rRIP1, 8
ng/kg) group, with 10 rats in each group. Additionally, 10 normal rats were selected as sham group. After one week of drug intervention,
rats were evaluated for neurological damage and the infarct area ratio was measured; The levels of inflammatory factors in serum was
detected; Hematoxylin-eosin (HE) and Nissl staining were used to detect pathological changes and neuronal numbers in brain tissue;
Immunohistochemistry was used to detect the number of microglia in brain tissue; Immunofluorescence method was used to detect the
expression of neuronal nuclear protein (NeuN) in brain tissue; TUNEL staining was used to detect neuronal cell apoptosis; qRT-PCR
was used to detect the mRNA expressions of B-cell lymphoma 2 (Bc/-2), Bcel-2 associated X protein (Bax) and activated cysteine
aspartate protease-3 (cleaved Caspase-3) in brain tissue; Western blotting was used to detect the expressions of RIP1/RIP3/MLKL
pathway related proteins in brain tissue. Results Compared with model group, the neurological function damage score, levels of tumor
necrosis factor-a (TNF-a), interleukin-1p (IL-1p) in serum, percentage of cerebral infarction area, number of microglia in brain tissue
and neuronal apoptosis rate were significantly reduced of rats in morin group (P < 0.05), the level of IL-10 in serum, number of neurons
and NeuN expression were significantly increased (P < 0.05), expression levels of Bax mRNA, phosphorylated RIP1(p-RIP1)/ RIP1,
RIP3 and MLKL proteins in brain tissue were significantly down-regulated (P < 0.05), and expressions of cleaved Caspase-3 and Bcl-

2 mRNA were significantly up-regulated (P < 0.05). rRIP1 could significantly reverse the protective effect of morin on IS rats (P <

0.05). Conclusion Morin improve neuronal necrotic apoptosis in IS rats by inhibiting RIP1/RIP3/MLKL pathway.
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1] 514 5>-GTGAGGACTCCAGCCACAAA-3’; ik
()2 bt 2 R R A 2 BR 85 E1 -3 (cleaved cystein-
asparate protease-3, cleaved Caspase-3) 1E[A 5|4 5°-
GAGCGATGAAGCAGACGACT-3’, 54 5°-
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3.1 REBEREXIS KRHEEERGBITES N

mE 1 Pn, SEFPARALE, HEAHKRM
KR ir o BE T E (P<0.05); HEAALL
B, ROFKEFIEHMRE R ZH KR 2T Rem
VES BB L (P<<0.05); 5 OFMLHELL
B, FROFEFIEHARE R ZH KR 2T Rem
Vo B E AL (P<0.05); 5RMFEEFIELL
B, ZOEETERIPL 40K RME DGR
SrFETHR (P<0.05). RPFZEERTEEE IS KR
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10 7K A9 FZ0a

k2 fin, SEFPARALE, BA4 KR
& TNF-a. IL-1p /K FEE I (P<0.05), IL-

E)

&1 REEI IS KRMHENRERG DS
(Xxs,n=10)
Table 1 Effect of morin on neurofunctional injury score of
ISrats (X s,n=10)

2053 Fl & AT REB T4
[EEZN — 0.00%0.00
Y — 2.2540.24*
REER 15 mg-kg™! 1.524+0.16*

30 mg-kg™! 0.75+0.09""
fRiEH 2 1.35 mL-kg™! 0.69+0.07""
ZMOE+RIP1 30 mgkg'+8 pg-kg™! 1.49+0.16"

HEFARMELE: P<0.05; SERALE: "P<0.05; H5RER
EAIRA R “P<0.05: HRGHEHARALE: "P<005,
KR

#P <0.05 vs sham group; *P < 0.05 vs model group; “P < 0.05 vs morin
low-dose group; " P <0.05 vs morin high-dose group, same as below
tables.

10 KB EL (P<0.05); SR LA, FM
AT EHAKIER FEH K TNF-a. IL-1p /KF
BEEIL (P<0.05), IL-10 KFEETE (P<
0.05); SRERMAEHLE, FOREFELM
WIEH 24 TNF-a. IL-1B /KT 838 PR (P<<0.05),
IL-10 KPR E T (P<0.05); 5RO EEHEY
Eb, FOREFE+HRIP1 4 TNF-a. IL-1p /K
BETHE (P<0.05), IL-10 /KFEZFFEL (P<
0.05). R EAZAHIHI IS K IRER .

FEEN IS ARMET TNF-0. IL-1p F1 IL-10 /KFHIE (X £ 5, n=10)

Table 2 Effect of morin on levels of TNF-0, IL-1§ and IL-10 in serum of IS rats (X £ s, n=10)

ZH51) H TNF-a/(pg-mL™) IL-1B/(pg-mL71) IL-10/(pg-mL ™)
TR — 43524495 21.66+2.84 92.64+9.91
ieic) — 134.62+14.05" 97.52+10.54* 21.34+2.74
REOEK 15 mg-kg™! 92.3749.94* 68.85+7.15" 43.51+4.86"

30 mg-kg™! 61.24+6.83" 39.75+4.51* 71.52+7.71*
Wik hi g 1.35 mL-kg™! 59.67+6.34"" 34.52+3.95* 72.53+7.84*
S0 % +rRIP1 30 mg-kg'+8 ug-kg™ 91.85+9.88" 70.18+7.85" 44.42+4.99"

33 REEREXIS KEMEXERBE 7 LS

WE 1A 3 Fos, 5EFARAE, BAH
KRB AR E 4 LR E T (P<0.05); Sl
BRI LS, SRR SR ARIR FE 22 24K S i
FETHAR T 0 bL R RS (P<<0.05); 55 (0 2K
B, FEREFNELRRKIE 224K BT
SRR 4 HL R K (P<<0.05); S5 RE
B, FEREFIERIPL 41K R 5
MESEZETE (P<0.05). EHEORIHR
INPNTYL YA

34 REEI IS KRKALRERGRHETH
El:piA1

W 2 fitw, AR R RN ZH 2376 7 MR,
A K AR AR IR AL i 4
SR PEANMIZ B ., MR [ 4, fh 4t i HES
FALTE: A TROEFIKERREF R TS,
IS KBRS B 19 B i s SR 3K +-rRIP1
I H LUR BT R R B R m R AN .

WK 3 Mk 4 s, SERTPARALE, BMA
KEBMZITTHEF R (P<0.05); SHAILHE,
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RFAR il FFK 15mgkg”! FHMBE 30 mgke! [SrEvE= F %K +RIPI

El1 TCC RERNEHXRKIELELR
Fig. 1 Cerebral infarction of rats in each group detected by TCC staining

3 REENIS ARMERERE AR SO F A R A AR F 78 20 K R 22 T e 3
(X*s,n=3) B (P<<0.05); HROHRMFEHLE, ROR
Table 3 Effect of morin on percentage of cerebral EF R R R EHMA TR B ER N (P<
. . . < + = —= I = = 5 X =

- Jmfarctlon area 1;1JIS rats ( X _1;;;;@;) - 0.05); SRMEESAEMALE, BaEEHAE -

Z I7:']l III % /El /% > — iy =
U TR B> (P<0.05). 320 E
e — 0.00£0.00 RIP1 H A I;n‘ézﬁﬂ;ﬁ”)&/ (P<<0.05). RHIFRMOR

A — 28.3742.95% A I IS KRR ME T H
REOF 15 mg'kg! 16774175 35 BEEX IS AR AEA LN R 2
30 mg-kg! 8.824+0.93" s B,
ik 2 1.35 mL-kg™! 8.34+0.88"" NeuN AR B ‘ o
(0% +1RIP1 30 mg'kg ' +8 pgrkg!  15.27+1.62" WKl 4. 5 ML 5 fos, SEFARAIE, #%
oy 20 Vel 1 8 e ﬂ,_ C" : o 100 pm
TR A F{FK 15 mgkg ! FFK 30 mg-kg! [RLXvEs Z{F+RIPI
BOFERFR L, BOFTSLFRR R IR,
Black arrow indicates nuclear condensation, yellow arrow indicates inflammatory cell infiltration.
B2 FTHEARKALFEETL HE, X100)
Fig.2 Pathological changes of brain tissue of rats in each group (HE, x 100)
VR ; o 3 100 um
1?;?7'% reit) FEZE 15 mgkg! FME 30mgkg! ik hiZs ‘ F M ZE+RIP1

B3 HEREREALBETHE BREE, X100)
Fig.3 Number of neurons in brain tissue of rats in each group (Nissl staining, x 100)
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x4 BEARREAAHETHLER (X+s,n=7)
Table 4 Comparison of number of neurons in brain tissue

of rats in each group (X £s,n=7)

25 HlE g uE
RFAR — 215.324£22.35
Y — 89.65+9.06"
FtER 15 mg-kg™! 125.34+12.64"

30 mg-kg™! 189.62+19.11*"
ik b g 1.35 mL-kg™! 198.53+20.06"*
ZME+RIPI 30 mg-kg ' +8 pg-kg! 119.85+12.34"

A B R 15 mgkg

. 7 ; T 2 Py
—— PR TN o A ——

MK 30 mg-kg!

TR 2 R BRI 4 20/ e I 4 e 50, 2 35 im (P<<0.05),
NeuN Fik & FEK (P<0.05); SRR LLEg, %
0 5T R RV IR i 22 2H K SR ZHL 40N i R 4 e
BEZEEK (P<0.05), NeuN FikEETE (P<
0.05); HEROREFBHILE, ROEKETIEL4A
MR I iz 2 2 i 2EL 23 /0 o A B B I 2 BRI (P<
0.05), NeuN KXW ZEFmE (P<0.05); S5RMAK
TR LR, SR ST E - rRIPT A2 2R/

¥ ; AL
o RN e foadin

: & ‘« ‘ PR ¢ . %‘ .
2 hERD, B G o0y 500 pm

[SrEvE= F K +RIP1

B4 BAKRMALNRRAME (GREEHK, X100)

Fig. 4 Number of microglia in brain tissue of rats in each group (immunohistochemistry, x 100)

FEETR ZME 15 mgkg!

F K+ RIPI .

0% 30 mgkg! ik bz

5 HEKXRAKLELR NeuN Rk (RERE, X100)

Fig.5 Expression of NeuN in brain tissue of rats in each group (immunofluorescence, x 100)

#®5 FHEARKALNRFEMIBH N NeuN RIALLER (X£s,n=7)

Table 5 Comparison of microglia number and NeuN expression in brain tissue of rats in each group (X ts,n=7)

25 FiliE Tbal B P41 il 54 NeuNF L&
BFER — 3526+3.72 148.62+15.04
Y — 112.64+11.35% 55.3245.67*
MR 15 mg-kg™! 86.64+8.81* 79.5248.19*

30 mg-kg™! 52.06+5.33*" 118.64+12.18*"
WIE$r 2= 1.35 mL-kg™ 51.35+523* 121.05+12.35"
F K +1RIP1 30 mg-kg'+8 pg-kg™! 85.97+8.66" 80.53+8.26"

i R 4 5 S 2 ¥ i (P<<0.05), NeuN ik i 2% [%
fik (P<<0.05). KEFEZE ] IS KRAKHLH
/N TR AN, 190 NeuN Rk .
3.6 REBEREIIS KRMHETMATHIRM
w6 M3 6 fin, ST ARALE, BAA
KRMLTTMBHET- R EET R (P<0.05); S
R R, FRERSFIRERLAMMER ZRH KR
JCAPE TR B E K (P<0.05); 5FR AR
B, FAREHNEHAKER RHAMS M
MO TR B EEL (P<0.05); S5FROEEHEL

Feit, RS AE+HRIPL AARE o4 T %
BETE (P<0.05), FRFSEZFATHIH] 1S KRN
HAPZITCIET .
3.7 REBEXIS KRN Bax. Bcl-2 & cleaved
Caspase-3 mRNA FRiARIE M

Wk 7 R, SEFRALE, BRI KR
ML Bax mRNA FRiX /K RET R (P<0.05),
Bcl-2+ cleaved Caspase-3 mRNA A 7K1- 3 2 B
(P<<0.05); SHMALLE, FOREFEHMKE
Fir 2 20K S ZH 21 R Bax mRNA #6527k 1 82 25 FEAIK
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BFEAR (reit] FEER 15mgkg!

K 30 mgkg™!

Wik 72

F &K+ RIPI

6 FHARMALHETMAATIER (TUNEL &, X200)
Fig. 6 Apoptosis of neuronal cells in brain tissue of rats in each group (TUNEL staining, x 200)

*6 BEAXRMALRMETART R
(Xts,n=17)
Table 6 Comparison of neuronal apoptosis rate in brain

tissue of rats in each group (X £s,n=7)

51 i YA T2/ %
(EER%N — 4.53+0.48
Y — 25.74+2.71%
MR 15 mg-kg™! 1573 +1.61°

30 mg-kg™! 9.52+0.11"
ik hr A 1.35 mL-kg! 9.43+0.98™
Z{FKARIP1 30 mgkg'+8 ug-kg!  14.53+1.51"

(P<<0.05), Bcl-2+ cleaved Caspase-3 mRNA FKik7K
FERFTE (P<0.05); 5REOECHEM L,
S ORI EHMKIE R 722 Bax mRNA £k K-V
WE AL (P<0.05), Bcl-2+ cleaved Caspase-3
mRNA FiEAKFRZET S (P<0.05); 5REEHS
FIEHE, ROEREHE+RIPL 4l Bax mRNA
RIXKPEZEF S (P<0.05), Bcl-2. cleaved
Caspase-3 mRNA FIE7KF B E B (P<0.05). &
B B2 T IS KB ZH 2 dm i T

=7 BEKXFIKEL Bax Bcl-2 K cleaved Caspase-3 mRNA RiZHIELER (X+s,n=7)
Table 7 Comparison of Bax, Bcl-2 and cleaved Caspase-3 mRNA expressions in brain tissues of rats in each group
(X£ts,n=17)

o N mRNAMX RIE &

43 A& Bax Bcl-2 cleaved Caspase-3
BFAR — 1.061+0.11 0.9840.10 1.08+0.11
LAY — 2.56+0.27* 0.25+0.03% 0.1540.03%
Ft0E 15 mg-kg™! 1.85+0.19" 0.51+0.06" 0.424+0.06"

30 mg-kg™! 1.16+0.13* 0.78+0.08" 0.75+0.09""
RIEHr 2 1.35 mL-kg™! 1.114+0.12* 0.82+0.09™ 0.79+0.09*"
& +1RIP1 30 mg-kg'+8 pg-kg™! 1.79+0.18" 0.4940.05" 0.48+0.06"

3.8 REEXIS KREMEL p-RIP1.RIP1.RIP3,
MLKL EBFRIEHIF M

gl 7 f%k 8w, SRFARMALLE, BAA
KEMiZHZi% p-RIPI/RIP1. RIP3. MLKL EHFE
KKERET S (P<0.05); SHEAAE, 6
E &N E AR E ZE A4 Z% p-RIP1/RIPI .
RIP3. MLKL & AR K EE K (P<0.05);
HRERMANEHLE, FORSHEHMKIESR
Z24H p-RIP1/RIP1. RIP3. MLKL 2K RIEK T
FFIL (P<0.05); SREAEREFEALE, K6
FE 7 +RIP1 41 p-RIP1/RIP1. RIP3. MLKL &
HEIXKFEEE (P<0.05). RHFGERTM
#1 IS KR4 24 p-RIPI/RIP1. RIP3. MLKL &
FIRik.

P-RIP1T s S S s e SR 7.5 X 10*

RIPL G- - . . -
Rip3 s D D S - - 5.7 10
MLKL ------ 5.4%10%

pactin W WD S A S A <0

RFAR HBE 15 30 fKiBFi%E FHEFE+RIPL
FEFR/(mgkg")

7 AL p-RIP1, RIP1. RIP3 71 MLKL &
SESS7
Fig. 7 Protein expressions of p-RIP1, RIP1, RIP3 and

MLKL in brain tissues of rats in each group
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*8 HEARMKLEL p-RIP1/RIP1. RIP3. MLKL EQRIEMLLE (X+s5,n=7)
Table 8 Comparison of protein expressions of p-RIP1/RIP1, RIP3 and MLKL in brain tissues of rats in each group
(Xts,n=17)

51 i p-RIP1/RIP1 RIP3/B-actin MLKL/B-actin
BFER — 0.1540.02 0.3440.05 0.44+0.05
e — 0.78+£0.08" 1.254+0.13* 1.67+0.18*
RHOEK 15 mg-kg™! 0.49+0.06" 0.8740.09" 0.91+0.10"

30 mg-kg™! 0.25+0.03" 0.59+0.07"" 0.61+0.07""
ik b g 1.35 mL-kg™! 0.224+0.03* 0.52+0.06™ 0.55+0.06"
& +RIP1 30 mg-kg'+8 ug-kg! 0.51+0.06" 0.8240.09" 0.894+0.09"

4 Wig

IS KA IR, sk rl SE T, 51K
PR, P B AT BRI, AR B AT
IS B F IR %, ABH A FHUHIRNR T IE A )
ZIRE METCR TR IZ A N2 IS i B AR
KRR, FEREEAT, i ge i ] 2o
CEARAT PRI B I A3 45103 o O T ) R A
RS 2 PR NP4, cleaved Caspase-3 AT
E=E, ISR R, Bel-2 A H S0 A ot 2 il it
WIRPE ISR IEAT MR T T L FRIEH, Bel2 5
Bax JL [FAME IR GRAAR I B AR E P, Rk i
&), PUiHT-EE Bel-2 #fl, (2T H Bax #
WG IR B Zobiik, PR R A @ E SN,
NIRRT ~F D 2R 2 1 il o i el 1 ik 112140,
ENTIEThIBORE VA NN Lt QCPIN it DN
MADIREI IR EEAEIE AR B 70 b Moo
O TR 35 B G N, 50 B 1 A 42 e 2 T K R O
b PRI T2 5 1S it #2 . qQRT-PCR £ il 45
REoR, IS KEMAZH Bel-2 mRNA FRiE T,
cleaved Caspase-3 Bax mRNA ik Fiffl, d#t—PiE
SEIS R AR U T /N R A AR R
RGN —REZLM, EHERFNKE. 2]
HidiZ A foag et R ERBER, Higth = 28R
RAHMIPR 5 R, 1 — P I E JTAE TS, 1 Iba-
1 2/ 40 B )4 S bR B4 05), NeuN S B
FHETTII AR EYUO, s S R IR, B
AR BRI ZH /N S5 4 i 2 0, NeuN Ri&
BEAG o IS T A0 1 R DR 5 /0N Je o 2 5 RO A 48 98
REAER, IS J5, Hlidh B e /I i o 40 2 R T80
KFH RGO T (Il TNF-a. IL-1B), #1137
RAFKF Cn IL-100, 0 EE ERE i S 1 -5 250
BT, 2 JERE LB 90 5 45 & 2 4E BEFE AR
i I BR8N ZUR AR RAE (A 2%
PREIBAT PR I, I o Fed s P 1 i, i

ZUHR IR JORE DR ¥ AT aek 52 45 14 0f i B B gk N 4
ML I H PR S DR BRI B A 1S HLA B
XU, AT T A R EAE R I IS K RUILE H TNF-
o~ IL-18 7K FFH i, TL-10 /KT B, $RRmg R IE
25 IS kIE. 2 RIHRRZ RS
ZHL A T RHERA R RO 2 B0, R
TR AR, RO L MR, 715
THZagAKRY, ZHMAERRERIEMNE
9o L2 R R AR ORI OY, HEM L AT REAE 1S
RIFEER . 8RR, RERPEME T 1S KR
ST RN R AT, A SO, B
I T)RE, R K RN, RAFEORE IS BT
R IEM R ER .

FHE JUIET R — N R AR PRI R, ¥
YA T-MLE], AR IO AR A — P AR P AR
W, TE IS M AT s A (L. RIP1/
RIP3/MLKL 18 B4 AN 2R ARV T () L 85 5
WK, Mz B REE AR AL AN S
AT, dHMIBE T2 RS 0E RIPL Y, 5 RIP3 4
HAER, TR SR FEAA 7, B8 J5 AT 0E MLKL, MLKL
HAT LS SRR o222, KW S EoR, 1S
KR Z% p-RIP1/RIP1. RIP3. MLKL &A%
& B IEB AR G T ISR T2 5 1S R
J& . RAEYER TR e R G AR,
RIP1/RIP3/MLKL 8 6 F4 il o 75 20 Hh R PR LR 3
PEFR, KRBT RRG T RORX T, M T p-
RIP1/RIP1. RIP3. MLKL % 3Rk, #If| T 408K
TEHET T R, Bife Enis, HNREERTEIS
A2 AR B ##1 RTP1/RTP3/MLKL & i
N SR ZTCIRBEMER TS0 . WIS R 1S
I VE L2 75 5 RIP1I/RIP3/MLKL 15 5@ # A
K, KAV tRIP1 AE [R5, 45 3R IR, rRIP1
A GE RIP1/RIP3/MLKL JE %, HNAWH: 756
FOOF IS RE B E R ER , UESE S b 3R i@
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RIP1/RIP3/MLKL & #4RAHL Tu IR SEE - 0R

1S KR 45477 «
gk b, REFREWEEE IS KRMEIIR, iR

4%, HALHI AT RE 55 10 RIP1/RIP3/MLKL 38 #%

R E TR EIE R T 5. e g I AR

SEPER TR, RN R RAE TR bR, B2

TEIEHIFL 4
ABAHAR FIAAEEERATRALH HFR
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