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ZET R X S iESBE RS SAEES RS B 1T
FFRRRETHIFN

KXE HEW R4EF”
(LI FEEE R S Uy BH 24 B, ¥ FH 032200)

BE ZEREAEMRBREANSIESREEEFOIEBFEEFXRETHH R, Z
A SDR RIS A EF AR ARG AT AL, 308 5 fe B B2 49 R 4 5 3F B M A I8 T AT R AR
ALV B AR B9 2 T R0, FPRI16E) &, MR KRB £ 3h Bkt 3 A BT IR AT A, A8 fo R ALT
5 AST#) & M ; #60 AT Ji ¥ A2 ) B% (total cholesterol, TC)4 H b = E5 (triglyceride, TG)#9 4 = ; HEA=
Masson = &, % & L E T I 7% 22 & 44, Western blot5 qQRT-PCRAS M &2 AT AR LA 4R AT A X & & 5 AL
F IR R AR ERE 6 /KRB (Caspase-1). K 148 Z ik & D(gasdermin D, GSDMD)#= € 4@ L/~
% -1B(interleukin-1beta, IL-1B)#9 & ik, St RLLARLL, AR L0 AT 4m A0 fig I T B 2, if AT 4R IUAR,
M ALT. ASTARFIETC. TGAE R &, BT XEE 5K E CCaspase-1. GSDMDA=IL-1p4~
F U R I 5(P<0.05); HARA LAAR b, B2 07 A2 tm I BE Br B M B R AR, B K B4 4EIAR, s ALT.
ASTAATIETC. TGAEW RHEAK, B4 X% & 5 I E Caspase-1. GSDMDA=IL-1B4~F 8 2 41K
(P<0.05). ¥k PR, 82 Wi R 7T 4818 it 49 4| Caspase-1. GSDMDAeIL-1pA~F 84 40 it .= i 7 &-4F
AR R T AT K

3 | N ol = e | ST o =9 R i = | i

Effect of Intermittent Fasting on Pyroptosis with Non-Alcoholic
Steatohepatitis Induced by High Fat and High Cholesterol in Rats

ZHANG Wenhui, HU Xinli, SONG Weifang*
(Fenyang College of Shanxi Medical University, Fenyang 032200, China)

Abstract The aim of this study was to investigate the effect of intermittent fasting on pyroptosis in rats
with non-alcoholic steatohepatitis. SD rats were randomly divided into the control group, high-fat and high-cho-
lesterol-fed NASH model group and intermittent fasting group. Plasma and liver samples were collected to detect
the activities of ALT, AST, TC and TG after 16 weeks. The pathological changes of liver were observed by HE and
Masson staining. The expression of pyroptosis-related proteins and genes such as Caspase-1, GSDMD and IL-1B
in liver tissues were detected by Western blot and qRT-PCR. Compared with the control group, hepatocyte steato-
sis and fiber deposition were observed in the NASH model group. Compared with the control group, the contents

of ALT, AST, TC and TG in NASH model group were significantly increased, and the contents of proteins and
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genes of Caspase-1, GSDMD and IL-1B were significantly increased (P<0.05). By contrast with NASH model group,

hepatocytes steatosis and fibrous deposition were visibly reduced in the intermittent fasting group. Different from the

NASH model group, the contents of ALT, AST in plasma and TC and TG in liver of rats were significantly reduced, and

the contents of proteins and genes of Caspase-1, GSDMD and IL-1p were decreased in the intermittent fasting group

(P<0.05). Experimental investigation showed that intermittent fasting might alleviate the occurrence and development

of nonalcoholic steatohepatitis by inhibiting hepatocyte pyroptosis mediated by Caspase-1, GSDMD and IL-1§.

Keywords

ARG PE AR 7 AT (non-alcoholic fatty liver disease,
NAFLD)# H i & i W, 2R ERE RN
25.2%, Fe = HIE AR (32%) F1FE 38 (31%), FLUG= M
(27%)~ FEHEH(24%) WIHER3%)FEHEM(14%) . AT RS
4 i 95 P4 i %8 (non-alcoholic steatohepatitis, NASH)
s& NAFLDHV ™ 8 1) — Fp S 2 DU T 1D 22 1 |
JHF I 8 7 0 JH 200 A% 45 9 Rk, A AN m B Tk A
]I R F A I A B 2 JH 4 i (hepatocellular
carcinoma, HCC)®., /R& NASH¥F £ iff 70 1E7E 3F
17h, AEG T NASHI A RZ5 YR ek = 1. H i)
T NASHEAE KIS M A T RIER . RAERIE
FNASHAF R 5 I S HE A 2R e iE e B, NASHI
KRR RS st T3 hnf 550,

FE T — PB4 LI 98 RE AH G 1) 40 MO BB T
7730, FEEE KRR MEN FEE AR KA A
% 25 1 K fift i 1(Caspase-1)7E P [ % il Caspase f)i
I, 18 AL VH A0 TE B ik 2 D(gasdermin D, GSDMD)
1E N I 2 P Gasdermin Z % il 3 K A B V), 3 £ iy
AL, sl Eg At T, GSDMDJ2 Caspase-1F)
TR, AT AT T 7. GSDMDH
AT DL Jo 4 1] 1 48 A 2 -1 B(interleukin-1beta, IL-
1B) Rk R H AT AT Dhae 1% AR
R, GSDMDIK A 1 £ T 7E NASH [ & AL Hh it
KEEEH, NIRTTNASHER 4L T Hr Bk,

B2 W A FR N (A B 2E & (intermittent fast-
ing, IF), #&— MR FH A AAE G R &, LB &
g A AR e i B 7 U0 E R AR
Wr e, B H AR R WK e —, HE S
36 WA AR, SRS IR 12 hiE Sk, X FhiR
AR AE/IN BRI R B b TR i P 25 it 9 b e i FH )
Fo XM AT LUk S8 AL SR, B0 E R, AT AT
PASE W6 05 S0 ) 75 i, FRAIG5 AR 8 A OR (R 90 1)
RIFFUE BRI, FEMGA s, ASETE U
LEAL = 8 DA [ 0 7L Tl N S =N & T I 17

intermittent fasting; non-alcoholic steatohepatitis; pyroptosis; cholesterol

JE, 0 2R ML SR B A o I 57 R IR L) e 4
N R R, XA A B T A AT AT B e A
S BRE EART S FTHEAR AL, B i 5 &
LR HRE Mo BRI T B s BT O I A A2 1 R L
] P AT 2, A S 6 3o e ) s v M v I P O 3
NASHHEEAY | WfF 5 42 e £ 0F e AR e E I 7 175 - 10 9
WA VE G T 2 K R TR T, il R NASHE
BB R it — e M EIR HRE -

1 MRS

1.1 #

L1.1 %¥%shdh IEELHETESDKR, 65 #, 745
& 180~220 g, T L PHERLR - SLIR sty 5K
IS ENIVF PTE S« SCXK(T)2019-0005, A< SLEGZE A
RAG EL 23 o A% T8 (2019-075), FFH1E 3R JE I
SN IPR 7

112 224 BN (aspartate transami-
nase, ALT) 5% #.4% Z [ (alanine transaminase, AST)i%
PEMR S S AH[E EE (total cholesterol, TC)-5 Hil =
fig (triglyceride, TG) & & MA &8 T /e s B A
PRA T Ba Qe il & T I L R ERHEA R
/N7 ; Caspase-1. GSDMD. IL-1BA GAPDH#//A
TR E 2w AR A BR 4 7] 5 Caspase-1. GS-
DMD. IL-1pFIGAPDH5| ¥ T B LY TREHAR
A% A FRA Al ; BeyoRT™ I1 cDNA S —55 A il ik 7
BT BB REDH ARG A F; SuperReal PreMix
Plus(SYBR Green)TRIzol Universal/st RNA$EHA ]
T RIRAEARHHC A R A A] .

1.2 5%

121 sthombEtd 72 HiEESD R R BEHL
SR, B 12, S RhE MR TR A 5,
G3 RIEHE VR REZH (CONZL ) =3 g v M [
TRV SNASHAE R ) ETHFC2(20% 8 H+2%H & %)
4. HFC5(20%/I /17 +5%0JlH &85 )2H LK H AR S
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Wrer2H, RIIF CON(IE XM 12 h, 25636 h, DL
TEHAMEED)Z. IF HFC2(HFC2MEEr12 h, 256536 h, LA
AR FIIF HFCS(HFCSMEAT 12 h, 254536 h,
PLILTE IR )4, Hidh CON4L. HFC241F1 HFC5
PN R H . SEIERERN25 °CHA, EN
50%/Ac A7, B Hid s =, AR &,

122 #MAXRE  MI16M )G, F4 KR E24 h,
HHOK, FRE, BRI S T 18£SR, 4 °CHA4
T, 4 000 r/mins 0> 10 min, B EIEEA M .. A
SARRER , B AT KA [RS8 2 2L FH 4% 11 22 28 T i
[, A IR, — AR E T80 °C
UKFEIRAE o

123 A4kdgArteml  NASHARALER 16/ )5, K
KRR S ATAELZN, M ALT. ASTSATHETC.
TGRS 4% 50 G i B PR A, A 4 1) e I Ui P
IR R], P B ASCS ERR P (D) -

1.2.4 HE# & 5Masson# & HY [ 5 G e 21
(]2 I 1] 2929 24 0) & TFridir fas g, JokoK
M1 h, FBKHUB K. B, R, SR Y)
Ao HEZeth: MU B T4t 48, FH = H2RL TRk
5 min, 3% M E B IBE T RE 2 2s R, HRK
1 min, 73 AR ZE G A4 S min, HRK/KMHPE 1~2 min,
1%ER R KE 73465 s, H KK [E1 10 min, 80% &
EE K, VI BT AR 30 s, FREIT 95% L
I, MR EA10 s, B A B, 5ER YRR
ANTKAEEL. MR BK2 min, —HZEL, [T %%
AH1~2 min, FPERCE B, BikS . Massondett: 1) F
LS 2K (S BHEG M) G, AT AR &
PBATSA2HZ L H) B4 410 min, BRI 285010
WAL EFD, 7K, Masson s A0k [ W53 min, 7Kk, 72818
K1 min, FNARLL GGG T min, 558R TAERPE] min,
PR EHRR DR L min, P S9R TAEWBE] min, T2
i W L e .2 min, FH 558 TAEPEL min, 95%
PR K, 4 TK 2 B K3k, FFR10 s,
Ja T HZREM3IK, BIR2 min, FHEMRE F
o E =

125 gRTPCR  SH4IEHI30 mghFHidZ T EPE
JT mL TRNzol, &8 A ¥y 1 5 5 LS min, 4 °Co& A
12 000 r/minE 0> 10 min, J10.2 mLE& A, 1R, =
IR E 3 min, 12 000 r/min/Z5-Cr 15 min, BEES {50070
39302, W BRI MKICAZKAH(ERNA) A A A
fiAH. HL 600 mL/KAHE T4 EPE H, f11600 mL

SEPIEE, JRA), IR E 10 min, 12 000 v/mingSC»15 min,
HETIERNNRNA. N1 mL 75% 2 B, W% % ULIE,
10 000 r/min{ 05 minfi5, B % B G IFRNAT £,
JIIDEPC/K % fERNA, EALIRNAKE, MDEPC/K
T RNAWKEE N1 000 ng/ul. i HiliER S
% cDNA. #fLI12 uL ¢cDNA. 10 uL SYBR Green
RERA RS TG4 0.6 pL. 6.8 uL
DEPC/K, fF2HH & 31K, i#4T qRT-PCR, 41 H 1)
LR R LE R 2 5. 51WF 5 : Caspase-1 L
7 5'-AAG GTC CTG AGG GCA AAG AG-3', R
5'-GTG TTG CAG ATA ATG AGG GC-3'; GSDMD
3% 5'-CCA ACA TCT CAG GGC CCC AT-3', Niif
5'-TGG CAA GTT TCT GCC CTG GA-3"; IL-1f |
I 5'-CAC CTC TCA AGC AGA GCA CAG-3', Filf
5'-GGG TTC CAT GGT GAA GTC AAC-3'; GAPDH
FI#5'-GAC ATG CCG CCT GGA GAA AC-3', Fiif
5-AGC CCA GGA TGC CCT TTA GT-3',
1.2.6 Westernblot  HUHIFZHZZ150 mg, /I AS500 pL
RIPAZLRE (100 umol/L PMSF), FHHE 7 W e ARy R
Jei, B UEL I RABCATEMEE HRE, KA EA
VR BR — BRI B, R R B TR e — 3, TR I RE
HOIMNAREARFR IS x EREZEMR, 100 °C4x & i 2
10 minff HARE, 732%¢ J5 OR A7 T-20 °CUKAE . B30 pg
H H 1T SDS-PAGEHLIK, K H 4412 L300 mATE IR
HLH90 min, H4 8 H & BINCIE |, %R F H5%
JE B Ry A2 b, B S M R ok 7 IR B AC .
A 1:1 00055 BE ) — P14 °Cit i, FITBSTHEE3 X,
%10 min, 1:6 0004 B/ —Hi = iR HF 2 h, TBSTL:
3¢k, FHECLVZE 5. B FH Imagel 3K 14 73 A1 2% 5 K
FEAE, @i 5GAPDHNT B, 5 H 5 A AT R
K,
1.3 FitERE

SEEI6 4 T K Fxts R R, K FSPSS 255 14
X B HEAT S84 A, 22 4 TR B ABCR B D R 22
3 AT, PR ELRCR FILSDAS 5. P<0.0S N ZE R A 4

TR .

2 HFHR
2.1 BEEIINASHA R IKRE/SEN

g (K1) B R 5 CON A L, HFC2 5 HFCS4.
KSR & TR (P<0.05); TIF CONZHL A B A% 5 B
T CON4 (P<0.001); 5 HFC24LAHEL , IF HFC24H K
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B A 5T 2 B R (P<0.001); 5 HFCS4LAH EL, IF HFCS
A K B i = B (P<0.001) -
22 BETREINASHARIMKALT. ASTHIATHR
TC. TGHIZZM

5 (F D)EIR, 5 CONAAMEL, HFC2 5 HFC5
HORFR MK ALT S ASTH &y, FAEZHZTC(total cho-
lesterol)5 TG(triglyceride) & & Ft = (P<0.000 1); IF
CONZ 5 CONA L] & 201 ; 5 HFC241AH Lt , TF
HFC22H ALT5 ASTF#{IK, FFIFHZITCE TG &%
i (P<0.000 1); 5 HFCSZHAH L, IF HFC54L ALT S
ASTREAK, HFIEHATCH TG #FEK(P<0.000 1).
2.3 BHFRIINASHA RATIEFIRF RS20

#i HE4: 5 5 Masson 44 & 46 I 52 W & %t
NASHK B IE 55 B2 22 [ 52 0 . HEGL €4 (K1 2A) 45
R &R, CONSIF CONH K BRI EZ IER, FF/h
2R, 5 CONZAR L, HFC2ZH T AE 45 7 &
L, I LA/NRE R = I AR A2 P, HECSZH I I 25

N

(=

S
i

400 +

200 A

Weight changes after 16 weeks /g

(=]

*P<0.05, **P<0.01, 5xIB4LAHLL; #P<0.001, 578 4L L.

FIZEFL, AT WK HEW A = WG 10748 M IF HFC2 5I1F
HFCSZH A H B IH & i HE B HEAY . Masson e th 45
(K2B) &R, CONSIF CONL K RATAE L A IEH ;
5 CONIAH L, HFC24L T A5 BUE 43 A 1 40 2201k
RIE L4, HFCSZ T WA A O M
JRE SR AT 4EUAR ;T IF HFC24H 5 IF HFCS4H IR R £F
24 BETRIINASHAFRATAE Caspase-1. GSDMD
FIL-1pEFEFRIERIE M

I8 T QRT-PCR S 58 o il 42 B £ 565 NASHEK B
[ Caspase-1. GSDMDAHI IL-1B3E R FiE KIS0 . T
K377, 5 CONZLATEL, HFC2 5 HFC54H Caspase-1+
GSDMDXj IL-18 mRNAZKT-BH & T+ 5 (P<0.001); TF
CONZH#CON# Caspase-1 mRNA %5/ (P<0.05),
M GSDMDY IL-1B7c P B Z 5] ; 5 HFC24H A/ L, IF
HFC24 Caspase-1. GSDMD5 IL-1 mRNAFIA A
(P<0.018P<0.000 1); SHFC541AHLL, IF HFC54H Cas-

5 S
ng Qso
N

*P<0.05, **P<0.01 compared with CON group; “P<0.001 compared with sufficient eating group.

Bl RZETRIKRERENTMN
Fig.1 Effects of intermittent fasting on body weight of rats

*1 RZETAEITALT. AST. TCSTGHIS M
Table 1 Effects of intermittent fasting on ALT, AST, TC and TG

Ir4H BN ENG/U-L! BB ig/U-L! KL JH [ /mmol - gprot™! T =i/ mmol-gprot™
Group ALT /UL AST /U-L! TC /mmol-gprot™! TG /mmol-gprot™

CON 17.41+.041 25.18+0.86 0.054 7+0.009 64 0.054 9+£0.001 93

IF CON 16.42+0.37 24.25+0.32 0.056 2+0.004 03 0.057 5+0.002 75

HFC2 35.73+£0.43%%* 43.88+£2.14%** 0.102 0£0.006 O1*** 0.090 5+0.003 35%**

IF HFC2 18.71+£0.26™ 26.82+0.42" 0.068 5+0.002 85" 0.074 2+0.000 817
HFC5 45.58+1.24%** 59.87+1.82%** 0.146 2+0.007 24%*** 0.130 2+0.004 77%**

IF HFC5 25.56+0.60" 28.94+0.38" 0.064 7+0.001 46%# 0.077 1£0.001 24

#55P<0.001, 5% IRZLAILL; #P<0.001, 578 2R T 4LALE .
*#4P<(0.001 compared with CON group; “*P<0.001 compared with sufficient eating group.
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(A) __CON HFC2

IF HFC5

100 ym 100 pm

(B) CON HFC2 HFC5

Ar BFARKR-PHLGE; B: DA i ta.
A: HE staining; B: Masson staining.

E2 RETR AT AERIEE LRI

Fig.2 Effects of intermittent fasting on pathological changes of liver
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Relative Caspase-1 mRNA levels (fold change)

##P<().01, ***P<0.001, 55X EALAI EL; “P<0.05, #P<0.01, **P<0.000 1, 57¢ & 4M L .
*#P<(0.01,%**P<(.001 compared with CON group; "P<0.05, *P<0.01, **P<0.000 1 compared with sufficient eating group.
&3 ZEEXtCaspase-1. GSDMDSIL-1pHIFEFT mRNAZRIERI S0
Fig.3 Effects of intermittent fasting on relative mRNA expression of Caspase-1, GSDMD and IL-1f
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#P<0.05, ¥*P<0.01, ****P<0.000 1.5 %} HZLHLL; *P<0.05, #P<0.01, **P<0.0001, 575 & i &AM L.
*P<0.05, **P<0.01, ****P<0.000 1 compared with CON group; * P<0.05, “P<0.01, **P<0.0001 compared with sufficient eating group.
El4 RZETEXfCaspase-1. GSDMDSIL-1pE B RIEHIZN
Fig.4 Effects of Intermittent Fasting on relative protein levels of Caspase-1, GSDMD and IL-1B

pase-1. GSDMD5IL-18 mRNA 32 [£(%(P<0.01).
2.5 RHIRITNASHARATAECaspase-1. GSDMD
SIL-1pERFRIENF N
JH I Western blotSZ 56 #6 l 4 B1 £ S NASH K B&

JIF JIF 46 T AH 5% 2E [ Caspase-1. GSDMD 51L-18E
R R . anEl4fr R, 5CONALAH L, HFC2
5 HFC5 4 Caspase-1. p20. GSDMD. GSDMD-N
HIL-1p% [ 3R 1A B & 34 in(P<0.01); IF CON4 ¢
CON#Hp20. GSDMD-N5IL-1B5E ik ¥k /b (P<0.05),
MM Caspase-1. GSDMDJE ] & % 5l]; 5HFC24H A LL,
IF HFC2 4 Caspase-1. p20~ GSDMD. GSDMD-N
HIL-1B%& H # ik &K (P<0.05); 5HFCS4LAH EL, TF
HFC5 2l Caspase-1. p20. GSDMD. GSDMD-N 5
IL- 12K 1 K PR (P<0.001).

3 g

A VPR 1 B 7 PEE 0 e 02 P O R R A 1
FE R H, HRAHCCH) 2 6 5 K R, NAFLDt
fi— RGN AR, 38 B A 5 W A v A 7 1

% FUEL AT AL 2509, NASH A —Ff LT 40 i
MRS EHERL . ARt AR RE 2 RE A 2F
YE AL N RRAE 108 M R I 25 5 . NASHZ AT (1, 7]
DLiE 38 3l 5 P B aF i, 58 S T, KA
AR RO AT AT SR PR AL TR, B
HAAE T2, e R v A R R — R IR R
BE R Th 75 5 S PINASH I R 2B, SOARHIE 50K F it 75
LA HINASHB B . AR 50 45 R, 5HFC2
Y AR B, HFCSZH K BRI R 5 A8 1 5 4 A0 B 7™
(E2), ALT. AST. TCHTGE EFH = (E1), LA L4
FABR I, RN SY% 1 JE [ i 5 B N 2% P AE ] e B
CEYIEN iR L

PORE L A M A £ DA B2 T 44 8 T R
JIFE 2975 1) B TR S G R R P i A M Bl g i A
AR g I 107 14 JE 9 1) B SRR, ] 5] RS 4 R A5
HAR k4T 41k, FENASHII KA R JEh K% T &
TR, BT — P JOREAH OC BRIt 40 i AE
T2, FURFAE A2 20 B o R SR A A, R TS0 4 L P 25 47
RIEN R FE T 0] 2P R, WA R
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L RAEALR, AT/ T TNASHH 1) %
i BE, T RESENASHYA YT 1 E ZEHE 2P0, 7EZ L)
TR 2, Caspase-175 1L J5 2 5] B2GSDMD % fi
KR IFEET AT IhAE, GSDMD E AT [E 44 A T2
SUE M, FEREHITIL- 1B R 5275, 3 4L ) Caspase-1
B8R HETL-1BAY Jl 2 ORTRE I, 5 R ™ B 1R 980 )
BLo AW TR I, = g e E A R R 15 5 INASH
K Caspase-1. GSDMD5IL-1 mRNA & 5 Cas-
pase-1. p20. GSDMD. GSDMD. IL-1B%E 43 ik 1]
BN, RPAMRAET S5 T @B EER TS0
NASH KA K FE

B2 — PR R AR Aok R B
Ji e BEIURIL, W nT DLk A4 o7 B A A A 7,
A fi AR Co LS RIONE , a BAR R 0L 7T 2 A 5 B0
B AR Lo 2R BRI R B b Ak, AR B B m] LARAR T i
APERT R ER . WK I, B TS, 5CONA
FHEE, IF CONZLK BUA i 2 98%, MK ALTSASTHE
PECAKAFIE TCS TG & &I, FAIMIEES 15,
LERFIIN, Caspase-1. GSDMD. IL-1B76i% FEAIL, it
BT REREARIT &, Bl & nT DLk &, B
RO E AR RN . 5 NASHEE A AT L, # b
AR R B R R B, R B RSB N = i v AR
R, R E ] DA AR AR & 5 NASHA
RAA L, B2Wr a2 K R 2 ALT S ASTE P LA
KHFETCE TG E4 5% T, R\ BEN & DA
Rk K R AR ZALIRES , AR ARG . 18
IIHE 5 Masson e 0 FRAT TR B, W& n] DL 2 /b
KEIFAEH R R AR e f . R Tl &
X NASHR RAET-HI/ER, AR 7 FE T AH 7
FIFIETE M, Western blot 5 qRT-PCRZE R E IR, 5
NASHI AR L, Wi & 2 Caspase-1. GSDMD.
IL-18 mRNAF; # EjCaspase-1. p20. GSDMD. GS-
DMD. IL-1B% H 3R 23 A%, 3B & ] feil
it 4141 Caspase-1. GSDMD. IL-1B/ 5 H£E T8
B NASH. HABFAEE—E 7 RYE, R8T B
£ 1 R v L[] 5 3 P VA 1 g 0 P T 8 KR
FETIE R R, KRR JT Caspase-1. GSDMD. IL-1PB
T I A0 A T B AR el 238 NASHIT, A f5 )5
SEsG ik — B IRiIE

gi bRr, BWre vl aeiE i i Caspase-1+
GSDMD. IL-1BA™ 5 fAE T~ 3t 1 43 v i v I I 12
SR NASH.
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