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[ Abstract] Objective To investigate the effect of PPAR-y activation on cerebral ischemia-reperfu-
sion injury (CIRI) and lipopolysaccharide (LPS) induced cell inflammation. Methods Forty male SD
rats, weighing 250-270 g, were randomly divided into 4 groups: sham group (group S), ischemia-reperfu-
sion group (group IR), DMSO+ischemia-reperfusion group ( group DIR) and pioglitazone+ischemia-reper-
fusion group ( group PIR). BV2 cells transfected with lentivirus that overexpressed PPAR-y were randomly
divided into 3 groups: blank group ( group B), negative-control group (group L1), and overexpression
group ( group 1.2). BV2 cells were then randomly divided into 4 groups: control group (group C), BV2+
LPS group (group L), LV™+LPS group (group LL1) and LV +LPS group (group LL2). Neurological defi-
cit scores were recorded in each group by using Zea Longa standard, and cerebral infarct volume percentage
was measured by TTC staining. The expression of PPAR-y, active caspase-1 and NLRP3 were detected by
western blot, and the content of IL-13 and 1L-18 were detected by ELISA in rats and BV2 cells. Results
Compared with the group IR, the behavioral score of the group PIR was significantly reduced, the level of
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PPAR-y in group PIR was significantly increased. Moreover, pioglitazone notably decreased infarct volume

percentage and inhibited the level of NLRP3 and caspase-3 activation, as well as the content of IL-1B and

IL-18 (P < 0.05). Compared with group B, the relative level of PPAR-y protein in group L2 was signifi-

cantly increased. Compared with group C, the levels of active caspase-1, NLRP3, IL-1B and IL-18 in group

LL2 were significantly increased (P < 0.05). Conclusion Pioglitazone relieved cerebral ischemia-reperfu-

sion injury by the mechanisms involving in inhibiting NLRP3 activation, reduce inflammation, and subse-

quently reducing thepossible caspase-1-dependent pyroptosis through activating PPAR-vy.

[ Key words ]
Pyroptosis ; Caspase-1

LA S0 P e . i i AR 1 A3 40 B, 32 T 3 ol
VPRI 22 ) B B A 4 i 000 S 1, O ST R
AFLIG RIS 7 RCRAS AR o i dol o — 770 3 468 45
( cerebral ischemia reperfusion injury, CIRI) A 7 REi#t
— IR B ETAFSE CIRT H AR AE S Y AL
HIFEBRRA B A R AR 2 BT
WONAIRART - 5 RAEAC 2 A it Pk 1
YIB% 2 (PPAR ) v & PPARs Z %I — b, ] B
WEMEAE i (TZDs ) SR i RAE RV, AR S
B B AEIR RIS PPAR-y Ji A 75 04 Y /0 S 5
M4z CIRI,

M ETE

SEFhh S 5| LR IYIE SR T R
SEYS SRS, 3 R/ %8, B8 7 JAE SPF Gt SD K
B, R 250~270 g, H HEEIROK R K BGE B 1A
FRIEE 3 d Jo AT SR, R BRAT A A I A XL
BN, SEE0 AR RS ) SE S e B 3R S AT
BV2 4l it ARk GE L v 20 B A 1 A — Ak A TE
TS SRR h i 9%, e HE 40 HAKEE 250~270 ¢
¥ SD HEPE R FUBEHLY N 4 4. TR (S ) , Bk
M ~FFEEE (IR 2H) , DMSO -+ ifit — F5-#E 75 4H ( DIR
41 ) FINHAS 510 -+ R0 - PR 2 (PIR 1) o FEAH
Maszas 18 R R Y BV2 AL PPAR-y i
FEIR K A M 5 SR ALBEAL 2k 3 4 IE R X IRAL (B
1) BHHEXTIR AL (L1 41) Fd SRk dl (12 41) ., it
PRAERORGL R AF 09 BV2 4 FpAR , BEAIL 23 A P4 .
EHRTARZL(C 4) LPS AbFRE (L 4H) | BAH:XT iR+
LPS Ab3ZH (LL1 ) Fiad Fik+LPS 4b#4H (LL2
H),

SR S ARk E A B Xia &0 AL AR
2%, IR B9 76 200 sl bk L 5 2 508 sh k4 X 4 mm
AR BYFF—AS/NEI T, YT 4 A £ I i e, 4
AKHE 18~19 mm ( Bk 73 AL FF 558 ) A2 47,
JEGEAT BT R 1k, DA A I sk 2 A 3k 3 508 1)K R
KMk v B Bk ( middle cerebral artery, MCA ) iz &f Ab .

Peroxisome proliferator-activated receptor-y; Cerebral ischemia-reperfusion injury;

F%€ 90 min J5 , K 2k, dREEM SR, 24 h R AT
N, Hoh S i TR F AR, RO A
A MCA GEIRAL , A H:FE MCA, IR 4L uEfT i 3h
Jik B 1M1, ( MCAO) ZAE AL 3, DIR £H45 T DMSO, 7]+
2 ml/kg, #EH 3 d, 5K 1K, BEE 4T MCAO 5
AbF, PIR ZH45 T MLAS 51 i 1) DMSO ¥ , HkA% 51)
M £ 24 10 me/kg, IR SR 2 ml/kg, HEH
3d, 8K 1K, BT MCAO &AL,
AT AT SRR, X R R
ZUREATIESY , REREE 3 d [5G 24 h,
WHEFT R TIREVE 4, HERR 2459 55 VR AR B % KRR
MANRERI N, KYE Zea Longa W rARifE: 0 4),
EH, 2T e BB ; 1 4, Jo3k 58 4 22 0 iy
JI, P2 D) REFR I el 52 43, KRR B g X ( S5
e ) e Bl i e b BERRAG ;3 43, K BRUE s B
A ] XA E AN ) A0 £53], ot 25 Ty i B B3 B 5 4 4,
ANBEH EATE, B, 47 Zea Longa PF4r 1~3
53, R Ay e 1 — P08 3 A TR S 7 D, Wl g A 2 5
TR, A5 Zea Longa P43 24 0 43, W]
INAA G KR K AR S il — PR 3, ARSI, R iE
PASLIHIAT T — K 45 Zea Longa W-53N0
4 43 VUV I — PR T 45 R ™ R, HERR R S A
FARFFET- ARG AE] 24 h BIZET-M1E L, ¥R
GANSZE, I #h 70 90 5 KBRS AT TR 3 B, #h 5%
TTC % & RS S /N0 B KRR, i
A=5C UKFEA R 20 min 2247, o 0 5 453 B ] 0847
DI R BOREARA X R BRI AT U0 |, 2 R 2 mm,
I TR 5 A8 3% e v s A FE BRI — T, MR 1)
Je, V1S R R HAE Y [ S iR R, L Med-
brain2. 0/Image-Pro Plus v 6.0 AR AR T A

ST T AR AR AR EH 4
Western Blot 55 ELISA #m B SD kK B 2F 5%

XK i )2 2 BUR B H . SDS-PAGE J5 K H
HENF| PVDF i I SR 5K PVDF JRiZ 0 1E 5% G
ik rh, B AE R S PR B A 45 A 7 5, TBST I Uk



I R R B4 2235 2020 4F 7 H %6 36 556 7 8] J Clin Anesthesiol , July 2020, Vol.36,No.7 - 687 -

J& , B AR B 250, B R M TE T B S 1 — B
W 4 CB RS T, FRIEBE, B # PVDF
JEE R Y AR AR N ) PR, B T E 2 he 4%
PVDF BSR 38 4% W )5 8 1 1 w1 b0, T im 200
wl &G, #EG 1 min, 3817 Image Lab 27, 7-4A 1R
IIMTEE I RAE A Th PPAR-y 3G ALHY caspase-1 Fll
NLRP3 (8 FHAHX & &, K% SD KA OE S
I, 5 B0 Ji WA 1, AR s ELISA 2070 & 09 AH ¢
VERHAS I REAS tP iy TL-1B AT TL-18 ¥R JE, UitdE BV2
WMILUTTE , FH Western blot E G M AL A H PPAR-y .
15 ALY caspase-1 Fll NLRP3 185 FH A0 X & &, I 4
BV2 4035 35, FH ELISA B i BEAS th i) IL-1B8
HIL-18 He B,

T gy LPS A2 7E 96 fLAR T A BV2
YhiffL,5 000 ~/FL, TR, 5 2 K, 30 AN ]
WREE M 5 2 e 96 FLAR T At ifL . o e ARG
Yt B MOI =100, %1% MOI=100 7£ 6 FLA 431
FHXTBE (1418 055 75 R PPAR-y 558 [ (1418 55 75 56 e
BV2 4, FRfE e iy, 5688 B85 3 b b A7 4%
R, H B R Y988, L1 40 5% 0% PPAR-y B
PEGEE , 12 20 N6 PPAR-y FIVERGTE . B i e
RS LPS XF bR L1 ZH A1 12 25 40 i #E 17 Ak
PR R VUAE  Hor C 2R 38 L 20 LPS b3
LL1 41 % e BF M08 75 9 10 2 5% e % 0 il LPS 4b
PR LL2 21 7 Y BH 95 B I8 7 44 % 05 AT LPS 4b
B, L4 LLL 1A 112 444390 100 pg/ml B9 LPS
AbFE 12 h, LPS A B UEE I A T Western blot
RO AR B FR W H T ELISA A6

it oA SR SPSS 10. 0 84 dE 4T 4 o
BT, IS A T R A B AR i 22 (ao2s) Rom,
] LR LR 2R 5 225081, P<0.05 N2ZERA
GiitE X,

# =X

S WK ZAT A 23404 (0.0£0.0) 53, IR
1K (2.6+0.5) 43, DIR 414 (2.5+0.5) 4, PIR 4
H(1.5+0.5) 4%, IR #H DIR ZH A1 PIR 41 K RATH
VP B TS 4 (P<0.05) , PIR 4H K BUAT M2F
P4 AR T IR ZHA1( P<0.05) ,DIR ZHF1 IR 41K
FAPHZAT 2P RG22 L

IR 41, DIR Z1A1 PIR 4117 i il 625 B A 40 Lt B
HLET S 4 (P<0.05) ,PIR ZH A 23 A1 A 43 Fb
BAKTF IR 411 DIR 41( P<0.05) ,IR Z0 A1 DIR 41K
FEFEAFUE 4 22 R e ge i (B 1—2)

2B O €0 G & €.
O G D D Gh €D
lEc» DD D @ R
e > (B (D D y;j @D

B1 MAXRMELER

60

IS
o
T

FEFEZS T 43 L (%)
S
+

0
S IR4H  DIR#H  PIRAH

.5 S HIL#,*P<0.05; 5 PIR £ L4, P<0. 05
B2 MAXKRBERIRE LR

IR 41 .DIR 41F1 PIR 4| PPAR-y & FAHXt & &
BBAEF S 4 (P<0.05), i L f caspase-1 Fl
NLRP3 A X S &M B & F S 4 (P<0.05),
PIR 41 PPAR~y & 1A XS & & B &8 & F IR # DIR
20 (P<0.05) , 151k caspase-1 Fl NLRP3 & A A1 %
SHEUBALT IR 4081 DIR 41 (P<0.05) . DIR ZH A
IR 41 PPAR-y  i% 1LY caspase-1 Fl1 NLRP3 % 4 4
e EER TSI FE L (E 3—S5),

sS4 IR4]  DIR4l  PIR4l

PPAR-) (s s c— m—

GAPDH e s cam —

15
i
Rl
Z Lof T
=
{1 a
LS ab T
0.5 ab -
ot
-
(=
Ay

S IRZ41  DIRZ]l PIR#
.5 S HIL#,*P<0. 05; 5 PIR 4 1L #, " P<0. 05
B3 MAKXRRER PPAR-y EHENSEHLER

IR 4 . DIR 41 PIR 41 TL-1p F IL-18 ¥ ¥ 1
WET S4H(P<0.05),PIR 4H IL-1B FI IL-18 F¥Hk



- 688 - IIfi A PR B2 22 i 2020 4F 7 56 36 4558 7 4] ] Clin Anesthesiol , July 2020, Vol.36,No.7

SeH IR41L DIR4l PIR4]
Witk caspase-1

GAPDH s s s S

glﬂﬂ 25-

= 20 ab ab

== L T

{10 a
g 1SF T
210 —L

7

g o5k

S0

=

W 0

’ Sel IR41  DIR4l PIR4H

.5 S HH#, " P<0. 05; 5 PIR 41 [L#,"P<0. 05
4 MAKFRERENL caspase-1 EAHEM S EHILLE

S IRZH DIRA  PIRA

NLRP3 o i S Smm——

GAPDH < S S S

3.0
ab ab

i T -
&
E 20f a
= h— —
I
%QH 10 ——
=
—
=

SZH IRZH DIRZ1  PIR#

.5 S 4, P<0.05;5 PIR 414, " P<0. 05
5 MAKXBRER NLRP3 EEHEMNSEMIER

JEI AR T IR 4H(P<0.05) . IR 411 DIR 41 IL-1B
FIL-18 W22 R G E L (R 1),

£1 WAKXRIME IL-18 70 IL-18 iR EAI L8 (xs)

205 H IL-1B( pg/ml) IL-18(ng/ml)
s 10 3.10. 4 0.1%0.0
IR 41 10 10.4+1.0" 0.3+0.0"
DIR £ 10 11.2+0.9* 0.30.0"
PIR 41 10 7.5+0. 7" 0.2+0. 0"

.5 S A #,*P<0. 05; 5 PIR 41 b4, " P<0. 05

L1 4181 B 4 PPAR-y FE FIMIXT S EE R LK
2R X, 12 4 PPAR-y AN S &R & T B
ZHAT L1 4H(P<0.05) (K 6),

B4 L14H 1274

ACTIN  (— . S

20
i)
Qs
< o1st T
o P
= . 4
I 1.0F -
B
>
= 05F
(=W
(=W

B4 Ligl 1241

.5 12 dIbE,*P<0. 05
6 =ZH BV2 #fl PPAR-y ZAEXN QB LLER

L 241, LL1 40 A LL2 20 % 1B (Y caspase-1 Fl
NLRP3 & AN S A e T C 4, LLL Fl L 44
151EHY caspase-1 Fll NLRP3 & HAHX & & L4 1127
#5 . LL2 4H351EAY caspase-1 A1 NLRP3 25 AR &
HHA AR T L 420 LL1 44(P<0.05) (18 7—8) .,

C4l L4 LL14 LL24H

Tk caspase-] co—m— G S —
AT o — — — m—
i
&
=
4k

3F ab

2+

1_ T

0

?ﬂ"ftﬁ/:]caspase—l E X
o

C#H L LLIZH  Li2gH
.5 C A, P<0.05; 5 LL2 41 1%, P<0. 05
7 [WU4E BV2 HREFE L H caspase-1 EAMBAN S EMLLLE

L4 LL1 40F0 LL2 41 TL-18 A1 TL-18 ¥ B HH i
T C4(P<0.05), LL2 £ IL-1B FI IL-18 ¥ 1
BAKT LL1 4480 L 4H(P<0.05) ., LL1 4HF01 L 4 1L-
1B ANIL-18 Wk EE T A= L (R 2) .

W
ARG T A R B, R U 2 2Lk 1M — -
e, WAL caspase-1, NLRP3, IL-18 Fil IL-18 %4
PRI & BN, PPAR-y B A & f s> ; LPS
AbFR BV2 1AL, BB 5 PEAR W) e R AR RS
PPAR-y FO3E AT 2403 R B, CIRT AR ok 2 K B A



I BRI 7 2 2020 4E 7 J145 36 555 71 J Clin Anesthesiol , July 2020, Vol.36,No.7 - 689 -

o4 L4 L4l LL24]
D T —
ACTIN o S A A

5 -

NLRP3

) ab
i a ab
G 4T L T
+—
>
B :
— —
o2t
o
Ay
E‘ 1+ —1—
z
0

CH L4 LL1ZH  LL2#4H
.5 C b, *P<0.05; 5 LL2 14, P<0. 05
E8 M4 BV2 0 NLRP3 & GHEx S ERItLE

F2 M BV2 HAELESFE D IL-18 F1 IL-18 iR EH

L35 (xs)
24 53] H¥ IL-1B8(pg/ml) IL-18( ng/ml)
cH 6 1.320.3 0.1£0.0
L2 6 9.4+0.9" 0.8+0. 1™
LL1 41 6 8.7+0.7" 0.8+0. 1™
L2 44 6 4.8=0. 5" 0.5+0. 1*

&5 C 4k, P<0.05; 5 LL2 41 tk#,"P<0. 05

BV2 #fififl NLRP3 {5 L 1Y caspase-1,IL-13 il IL-18
SR VEARDCH) ) 5 B, TR PPAR-y J&—Fi {4 [
F,PPAR-y IS A 40 PR 1ER

RIENAE CIRL 9 kA & e 5 A B2 A
CIRI b 2 Hp = A 1 ) pR 255 B 1 A M /MA NL-
RP3 M3IE , NI B Y caspase-1 ., 1L-18 Fl IL-18 HY
REPR BSR4 M A SE R T Y 3 22 R ]
RAE & CIRL Y AT, AW 7R, PPAR-y 1Y
O T LA B3 K B CIRI™ . ¥4I J5 (9 PPAR-y 7]
TIEERN o Ak B 45 8 PEAH DG IR -, # i 48
i IV, 1 Tk M A PR 3 DB A R
it 1At R ) AT T O R R A KB Y [ 2
A NI ARG S [ R RS MR — Rl
WX 2 G0 1) SR BE AL, /)N JE ot 4 A s i s P e Ak ok
A2 ML, 2 7 g AR 1) (] B R il 45 ol 4% A
R AR e A, B CIRT B SROAE I N % it
JEAH LA Y, AL LPS 4b 3
BV2 4 A A S 58 RE AR, i R 1 J5 L 438 /)N
JUE o 44 B 930G TRl B3 22 1 1L-18 55 TNF-ou A]

FEUNE AN Y i — 2T, AT R, T
T B /N B 4 A A T A, R )N R i 4 i 2R 4
FEBRILP T N, 48 h ik Rl 4 d J5 BT R R
X — R/ N TS CIRT F2 B IEAH S,

TEAIM P, REHE FHl G E 5 7S, &
ZRIEA AT A AT ( pyroptosis ) 42
caspase-1 I F I AEAT 2 M PR R s %) 7R 4 M 4 g
FET AR — R RPERBE 41 AL TR 40
MR 7 F 2R caspase-1.1L-1B Fl IL-18"1 . R4k
caspase-1 7EZ A I Wil 8 25 H , Ry IL-1B
H1IL-18 BB A0 AN , N EE 4 5 J I, {6 200 Ffd % A=
T AN AR T AT DA G A I A Rk ROk
B FEAR SR, K RN 414 R A i -
FEHEVE)S , WAL B caspase-1 5 NLRP3 AU X & &
FhiEs, IL-18 F1 IL-18 FY e B i 5 7E4d T LPS b3
BV2 4iiffl )5 , iR RFEAOCH) & R IR I, X Lk
HBULEH T4 CIRI 2 & v & A= T 4 0E I I ml e
HAMEAET MR A,

PPAR-y ANMH 520 I BESE R BT A AR AR OC
MHZ5 ZFRIEH BB EAE LR, AR
T ZFARBE PPAR-y o] 33 22 FhAH & 2 2 X
FIFRIR , W i R AE T, &34 CIRT A £ 3
YERIYT BIRFE A A AR i A 471 B 1 2 7RO DR
I3 £ R A i A R R Y TEAR SRR
PPAR-y HZFRIATAE CIRT Jii W /b ; 45 7 nk A% 471
P o AL 3L ) A BBl R 1 > 15 Al R PPAR-y 3R3A 1
&, B8 PPAR-y 1] fiJ& CIRT B4R 9 1 2% | kA%
BV A BT 98 9% KA A 28 40 B P ) PPAR-y, U
AN BRGARE AE 1 R, A i 28 Ty g [ A8 i e o
5 1 NLRP3 1546 Y caspase-1 ., 1L-18 Al 1L-18
ek TR, X B R mbas 51 B X CIRL K A
WS P 22 DR AP R T S o DR AP 4 FH 2 38 o 92 R
P£ NLRP3 [44SR R Ni ) &A=, BV2 4
Ml ik PPAR-y J&, & % B F NLRP3 . i L 119
caspase-1 IL-18 I IL-18 A9 2 35w B b WoR
312635 PPAR-y A[ V5% LPS 4 S0 458 v 5 ] fig
KA,

25 LT A 51 A 98 4R K B CIRT PR
ML o JE PPAR-y SR Al & 4E M NLRP3 fiY
PGV D BT AT REAEAE () caspase-1 43 41 Y
T, RHZ G — 20 5T AT DA B FRATT
IR e i~ P A R ML A 4 AL, DT B in A 3K
(4 1736 LA A 2 A 1 P 455



- 690 - I ARIR B2 A
Z % x W
(1] Rk, 2K, EEE N B_2 ZRTENN B L5545 T A BIF 5

[2]

[3]

[4]

[5]

(6]

[7]

[8]

2020 4FE 7 A% 36 555 7] J Clin Anesthesiol , July 2020, Vol.36,No.7

J AR B2, 2017, 33(4) : 405-407.

A, MGE, (IR, 5. A7 S FRIR E AL BRI K 5k 100 - 7
T AR TS S AL B 0E. W PRABR 2 2%, 2018, 34(6) :
592-596.

Shi YW, Zhang XC, Chen C, et al. Schisantherin a attenuates
ischemia/reperfusion-induced neuronal injury in rats via
regulation of TLR4 and C5aR1 signaling pathways. Brain Behav
Immun, 2017, 66. 244-256.

Man SM, Karki R, Kanneganti TD. Molecular mechanisms and
functions of pyroptosis, inflammatory caspases and inflam-
masomes in infectious diseases. Immunol Rev, 2017, 277(1):
61-75.

Harinda R, Harpreet B, Kate W, et al.X-ray crystal structure of
rivoglitazone boundto PPAR7y and PPAR subtype selectivity of
TZDs. BiochimBiophys Acta Gen Subj, 2017, 1861 ( 8):
1981-1991.

Xia P, Pan Y, Zhang F, et al. Pioglitazone confers neuroprotec-
tion against ischemia-induced pyroptosis due to its inhibitory
effects on HMGB-1/RAGE and Racl/ROS pathway by activating
PPAR-y. Cell Physiol Biochem, 2018, 45(6) ; 2351-2368.

He Y, Hara H, Nufiez G. Mechanism and regulation of NLRP3
inflammasome activation. Trends Biochem Sci, 2016, 41(12):
1012-1021.

Wang Y, He Z, acid reduces the

Ursolic

Deng S.

metalloprotease/anti-metalloprotease  imbalance  in  cerebral
ischemia and reperfusion injury. Drug Des Devel Ther, 2016,

10: 1663-1674.

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Villapol S. Roles of peroxisome proliferator-activated receptor

Gamma on brain inflammation. Cell Mol

Neurobiol, 2018, 38(1) : 121-132.

and peripheral

Taetzsch T, Levesque S, McGraw C, et al. Redox regulation of
NF-kB p50 and M1 polarization in microglia. Glia, 2015, 63
(3): 423-440.
Wolf SA, Boddeke HW, Kettenmann H.Microglia in physiology
and disease.Annu Rev Physiol, 2017, 79 619-643
Zhao S, Yin J, Zhou L, et al. Hippo/MST1 signaling mediates
microglial activation following acute cerebral ischemia-reperfusion
injury. Brain Behav Immun, 2016, 55 236-248.
Gaidt MM, Hornung V. The NLRP3 inflammasome renders cell
death pro-inflammatory. J Mol Biol, 2018, 430(2) ; 133-141.
Fann DY, Lim YA, Cheng YL, et al. Evidence that NF-kB and
MAPK signaling promotes NLRP inflammasome activation in neu-
rons following ischemic stroke. Mol Neurobiol, 2018, 55(2):
1082-1096.
Liu X, Lieberman J. A mechanistic understanding of pyroptosis:
the fiery death triggered by invasive infection. Adv Immunol,
2017, 135. 81-117.
Man SM, Karki R, Kanneganti TD. Molecular mechanisms and
functions of pyroptosis, inflammatory caspases and inflam-
masomes in infectious diseases. Immunol Rev, 2017, 277 (1)
61-75.
Wu XJ, Sun XH, Wang SW, et al. Mifepristone alleviates cere-
bral ischemia-reperfusion injury in rats by stimulating PPAR .
Eur Rev Med Pharmacol Sci, 2018, 22(17) : 5688-5696.
Avgerinos K, Tziomalos K. Effects of glucose-lowering agents on
ischemic stroke. World J Diabetes, 2017, 8(6) : 270-277.
(ki H191:2019 - 05— 11)



