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[ Abstract | Objective To investigate the protective effects of dietary intervention with theaflavin-3,
3’ -digallate (TFDG) on liver injury induced by high-fat diet (HFD) in mice and its underlying mechanism.
Methods Forty C57BL/6 mice were randomly and equally divided into normal control (NC) , model control
(MC) and TFDG administration ( TF5 and TF10) groups. The mice of the NC group were fed with normal
diet, and those of the other 3 groups were given HFD. Then the TF5 and TF10 groups were intragastrically
given 5 mg/kg and 10 mg/kg TFDG respectively, while the NC and MC groups were treated with normal
saline. After 12 weeks of intervention, the liver index, serum ALT and AST levels were detected, and the
pathological changes of liver tissues were observed in the mice. The contents of inflammatory factors and the
expression levels of related proteins in liver tissue were determined by ELISA and Western blotting
respectively, and the mRNA level of miR-233 was measured by qRT-PCR. Results HFD significantly

increased the liver index as well as serum ALT and AST levels, while these changes were effectively reversed
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by TFDG administration ( P<0.05). Pathological observation displayed that TFDG intervention reduced the

formation of lipid droplets in liver tissue, and lipid content detection also suggested that TFDG remarkably
declined the levels of triglyceride ( TG) and total cholesterol ( TC) in liver tissue (P<0. 05). ELISA
indicated that the levels of IL-18, IL-6 and TNF-a were elevated notably in the liver of HFD-fed mice, and
Western blotting confirmed higher protein levels of NLRP3, caspase-1 and IL-13, whereas TFDG inhibited the
inflammatory response of liver (P <0.05) and the activation of NLRP3/IL-13 pathway (P <0.05). In
addition, TFDG intervention greatly up-regulated the expression of miR-223 in the hepatocytes under high-fat

condition. After oligonucleotide inhibitor blocked the effect of TFDG on miR-223 expression, its inhibitory

effect on inflammatory response was weakened as well ( P<0.05). Conclusion

TFDG can effectively

alleviate liver injury and inflammatory response induced by HFD, which may be through up-regulation of miR-

223 to inhibiting NLRP3 pathway.
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TNF-o ELISA #9113 5] & . — $ii NLRP3, caspase-1,
IL-18 #1 B-actin, —$ii . DAB & {43 7 & . RNAeasy™
4 miRNA 13227 & BeyoFast™ SYBR Green One-
Step qRT-PCR. Kit 5 UL ARG T |- 34 25 A
YIBARWESE R, miR-223 SEA%H BRI i 7 (inhibitor) &
BF 1 ok B 51 (anti-miR-NC) 1 B | i 75 324 A,
Lipofectamine 2000 %% 4 i 5| 24 Invitrogen 5= [,
RPMI1640 35353 G413 (FBS) & Gibeo 7= 5o
1.2 F84FmE
1L.2.1 JiFf8%c shsrdiab s 12 s A8 el ik,
PL20 o/L R ez ($2 B8 1 mL/kg) BRI, >R F A #E
JE AR A8 /N B, S BIV B/ BUTE I 2H 20 Bk A
WRE, 25— -80 C kAR T4, B —3R B
T 4% Z KW B EE o JHFHE%0= &/ 4 T
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TE R FLHE, K, £ 7 o Ay e oy, SR A W D0 R
BLUTR (5 wm) , 2SS, TR AN G4 AR 5 min,
ZE K VEH 1 min, 1% £ 82 K 53 16 30 s, 1%
Na,HPO, « 12H,0 kIR W 1 s, 19 41 4 6, 7 12 1
3 min, B EEPDRE K, TP PERE I i, T R T LS
JHHLIE 207 T ez
1.2.3  Ifil7E ALT Fl AST /KGN i 3 3l kR
I, B FHUMAA S, #5552 h J5,3 000 v/min, Z.0» 20 min,
BER M, % -80 CukAf& o U AL , 1% ik
RSBV R 4 B gl AR AR 3 A A 5 , A5 DN it 3
37 °C, Kl 4 340 nm , FERIF[E] 60 s, W] 120 s
1.2.4  JIF4HZ TG Fl TC 5 &=l BUIF210.1 g,
A 0.9 mL SpEE, 55, & iR5CE 24 h,3 000 r/min,
B0 10 min, 3 EIEW, 1% BRI SRR T 4
3l A Ak 23 B SO & , A6 I3 BE 37 °C, A i K
510 nm, Il G B EA(E D (510), TG 5f TC & & =
Dy /D X I il R BE AR A S A VR BB
1.2.5  JIFHZUIL-1B IL-6 I TNF-o ZKF-llE R
AL 200 mg, HCA A= BEER 7K BIF S il B 10% 2H 21
A14% .4 °CF 3 000 v/min, B0 10 min J5H 3G, ™
Fe4% ELISA 1250 & U B A5 20 BRARAE | SR Tt A {3 AG: )
450 nm AEHOEEEEEE D (450) , LUARHE bt 22 1l b v il
22, E RAE A F- TL-18 \1L-6 Jz TNF-o 1975 5
1.2.6 NLRP3 caspase-1 Fl IL-1B & 11323 K 46 )
IBUFAHER 2 50 mg BT EP 4, A 500 L fY
RIPA 2L (b 1% 4681 PMSF) |, 9K 1 5843 %
f# 10 min, T 4 °C,12 000 r/min, &.0>)5 B %, BCA
e g S 7 g e e T = L N AR S (N 5
20 wL,>RH] 12% SDS-PAGE JiE A7 HLIK , 2 T 5% [

IEEE N, 5% NG W Ry B 1] 2 b 23 5 i A —$t NLRP3 |
caspase-1 IL-1B8 I B-actin(#J 1 :1 000 #4 B ) ,4 °CHFF
FHaER, TBST S Ve R 3 ¢, A it (1:2 000) ,
FIEE 1 h, VB 3 5, DAB .4, % A VILBER
FUSION FX7 j§if%& ZGe4t i, FI ] Quantity One ik
Fr o o
1.2.7 qRT-PCR & {i ] RNAeasy™ Zh# miR-
NA Jifr $2 128 7] & 4 O JIE 20 24 5 miRNA, ffi ] Beyo-
Fast™ SYBR Green One-Step qRT-PCR Kit # 1T qRT-
PCR, L) U6 1 N2, s 4 BRUR G AR R UL R T
J 5557 .50 °C 20 min, FiAEPE 95 C 2 min, PCR .95 C
15 5,60 °C 30 s,40 Mg, 51875 H GenSeript A=
PIHeAR A F (R a0) BT IE G . SOV ES R, 0 4
ATk M 2o, BT 27 ik miR-223 A
ikt , A ANF : AACt= ACt 525640 — ACt X B 4H
ACt=Ct( HArH:H) -Ct(AZ) . 5197518 : miR-
223 IE [a] 5'-TGGTGGACCTGACCTGCCGT-3', Jz ] 5'-
CAATGCCAGCCCCAGCGTCA-3";U6 IFE [n] 5'-CTCGCT-
TCGGCAGCACA-3', Jz [n] 5'-AACGCTTCACGAATTT-
GCGT-3',
1.2.8 JfiFdiffisressise  CSTBL/6 /NS L 72
TCwE %A T VIIT I, O 85 0 % Fi] RPMI1640 £5
FEILANN 10% 16 25 I35 (FBS ), FH I Dt i 01 ik 26 14
(1 LIRS R ) AL A2 20 min, 2§, &0, 5%
FRMVETE 2 o AMETE IS el 2 24 £LH, 5% CO,,
37 CHEFR 4 h, FEEARNGEELAML, 5 Wy W5 A0 U 20 B A 7175
F>90% , o AL PR .
1.2.9  ZiffE e mabse gl 2x10°/FLaEF 5
24 FLEE IR AR, B R A T 0 PR A M Rl R
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2000) FEATHE Yy FEHE Y UL W] AS 4 T LV B SR I
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#% Lipo 2000 5 JE MG HEFR T /MR A (B W) A WS
B W 58/ 1R A1 )5 ZE it B 20 min, #7451 1 pg inhibi-
tor+2 L Lipo 2000 (¥ EL il hin 85 2R FL, 555« 6 h 3¢
VA IR, AR SRR SR 48 ho B REE g
2 i 0 2 % 240 B 34 3 Sy it BRAL (NC) | g R 58 Y 2
(MC) il TFDG + #i2H (TF10) , MC £H A 200 pwmol/L
FERE IR AL FEAN MY 24 h, TF10 24114 200 wmol/ L A iR +
10 wmol/L TFDG B4 LB 24 h,NC 2H DL )% IR
1.3 gt F 447

SR x+s 78, >R SPSS 18, 0 Gt ot
BAFFEATAL B, Z2 20 1) HE AR T B PR R O 22 034 , 4.
(] LR LSD-2 450, K /K HE = 0. 05,
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2.1 TFDG 2Tt & fgik 2 ST 354709 %o
JHHa L Es R (B 1A) KW, MC 41 /) U8 B0
NC 41 W] 455 (P<0. 05) , [ A= A A 25 2K (&1 1B
C) B/~ , 5 NC 4 ek , MC 41/ FUlLyE ALT F1 AST 7K
PR TR (P<0.01) et s BR R & 5 A /N BRUH
Wit 5 MC 4140 Lk, TF10 20 JiF 45 5 B 3 P8I (P <
0.05), H TF5 401 TF10 41 AST il ALT /K F4 g %
A% ( P<0.05,P<0.01) , %0 TFDG & F Wil 54
VB v R KB 3 L I A% o
2.2 TFDG B&E& F it & Bg 4k 2 s ST 40 22 9% 22 0
ST
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a; P<0.05, b; P<0.01, 5 NC 4t% ;c. P<0.05, d;: P<0.01, 5 MC 2a}t4x
A: HE £ & MEMF AL RIELF EA;B: ARG REH B ZE(TC) 45,0 FARGRXEREAHE(TC)4E
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2.4 TFDG %} & fgik g RAF 442 NLRP3 % 2 i@ %
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Western blot #5120 /)N ERITF2H 41 vt NLRP3 R 4E
B IR IB RO, 45 R (& 4A (B) 7R, MC 41/)
FUFZH 2 NLRP3 [y %35 7K F- B &8 7 55 (P <0. 01)
H. caspase-1,IL-18 I 1L-6 [y %A ¥ i 2 14 5 (P<
0.01) , Jemeity NLRP3 4 E i #% b 5 MC ZHAH L,
TFDG T-Hi4H ( TF5 F1 TF10) NLRP3 [y 335 /K- 2 %
A (P<0.05,P<0.01) , [R]Hf caspase-1,1L-1B FiI IL-6
PIREIOK - 1 . 3% T B (P<0. 05, P<0.01), K
TFDG - AT A 500 il BRI B 75 5 i 4 20 NLRP3
PR I8 I o
2.5 miR-223 2} TFDG ¥4 & B # 7 AT 40 it K JE R

JsA SR

miR-223 J& 11 PEJE$ NLRP3 ik ) 8 % miRNA

qRT-PCRAG I 25 5 ([&14C) L B] , MCA /) U ZH A

miR-223 fyFR K KB T % (P<0.01) , TFDG T Fi
AT BRI U5 1 miR-223 3K T [ (P<0. 05,
P<0.01) , #5537/ BUI- 20, LA miR-223 ZE4%
T A4 (inhibitor ) A B4 X} B8 /741 ( anti-miR-NC)
LA, 5% miR-223 X} TFDG 414 = i 175 5 4
L AAE B VL 52 o qRT-PCR A I &5 2R (18] SA) 5%
B, mlg 45 (MC) JIF4i ig miR-223 3235 25 PR AIX
(P<0.01),TFDG F i (10 pwmol/L) AJ i 2& [ i miR-
223 F£ih(P<0.01) ; 4 fg %% YL inhibitor JiF , 4520 miR-
223 FRR B FEFFIR(P<0.01,P<0.05) , A] A5 R BH W
TFDG %f miR-223 &35 1 5L, 48 4E K 7K 1 A6 il
(B 5B.C) g5 R R, W T RS QL4 i, = IR 454 T
(MC) A H F /K- 3% EFH(P<0.01), TFDG T Fi
(TF10) W] & 2 FEAR 2 E K - 7K F- (P <0. 05 ) 5 4t i 5%
Yt miR-223 inhibitor 5, TFDG Xf 48 AE sz v B 401 614 F
BEREL(P<0.05) .

1200 b 600 - 1500 -
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: 7. 400 A ‘gﬁ
£ g £ 900 4 ac
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= 2 £ 600 1
= 200 A z
300
100 1 3009
(s 0 0 4
NC  MC TF5 TF10 NC  MC TF5 TF10 NC  MC TF5 TFI10
2151 A 215 B 2151 C

a; P<0.05, b: P<0.01, 5 NC 4133 ;c: P<0.05, d: P<0.01, 5 MC bz
A PR IL-18 K-F;B: P44 IL-6 K-F;C. AF4L4R TNF-a K-F

B3 TFDG BERFHx &R a /N RATAESRAE B F 7k FHIRm

157 BNC ©@MC OTF5 aTFIo 121
NC MC TF5 TF10 X
NLRP3(85x10°)— | = i 1.2 1 I b )
TLAB(17x107)— [ —— | ﬁé
11-6(24x10°)— B =] § 0.6 ad | 1
& ac
Bractin(42x107)— | S s s - 15 03 1
A 0 T T 1
NLRP3 caspase-1  IL-1 16 B NC  MC TF5 TFI0 C
HH ZH 51

a: P<0.05, b: P<0.01, 5 NC 20064 ;¢ P<0.05, d: P<0.01, 55 MC 2034

A Western blot M| AF 2047 % & & ik ;B: ¥ £ &

A

B 4 TFDG X 58

/A7 C:qRT-PCR #2025 £

IRE/NRAFA LR NLRP3 S ESE 2% K& miR-223 RiZ M0
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=06 & 0 1001
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2 100 e
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T T 1
EHYME anti-miR-NC  inhibitor A
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T | 1
EHYIM anti-miR-NC  inhibitor B
211l

EHME anti-miR-NC  inhibitor C
211l

a: P<0.05, b: P<0.01, 5 NC Z83kb4i ;c: P<0.05, d: P<0.01, 55 MC Z00t4 je: P<0.05, f: P<0.01, 5 anti-miR-NC %8

MLt AR 28 YL AR

A: qRT-PCR #:| miR-223 %k ;B: IL-1B /K ;C: 1L-6 /K-

B 5 miR-223 3%} TFDG 5 A5 15 5 BT 48 b 2 E I B2 ) 7 0

3 Wit

ARV K5 4 08 5 AT ( non-alcoholic fatty liver dis-
ease , NAFLD ) J&—Ff JG o 2 A7 s | B T G A0 H: A B
Bt I 5 R 2R DA A i R e 35 ) i 4 L PN i D HE AR
DR o & AR DR T8 I A M A 107 728 1 Ry B R R —
Pl R FRLE A AE - o NAFLD B 1 AT 3 5045 b I
PRFAN, 8 GG LR G AE .2 BUBE PRI | 3l Ik ok A il 4k
P LA LA S IR S5 900 119 8 & % VAR G, NAFLD
JEE R JE R {gERRE , X NAFLD B iAo 0 B2

AMRER BN, LU I TEDG A] A 2008k 5 =
NE R 175 S 03 A A E RN, A7 B T 4l il NAFLD
M RA R, PRSI AR BAZEE R X T
AN RARE S NAFLD 7] G8 B A By ry B 4F 1,
BCRAE A — 2 b E .

NAFLD (ki SR EFRH R KRN B, &
A =R o IO £ ey ) IR B AR AR iFE NAFLD iy
KA FHES) NAFLD iR Wi AL, 58038 i i 2 ik 12
Biifs NAFLD By +43 d B BU S 3 3L, AR 9 s
IR -3 2 N 10F R I R B G IR B SR T BN
NAFLD 835 B2 M 58 A B, -3 22 AN 7 R Bk
G E IR B8 IR RE G NAFLD (5EAR |
JHIRE MAR B8 2R AP SR o I AL 40 ARk . SC
HRL8 i, e b 7e4EE & E Al k3% NAFLD B4 1Y
D48 AR, 5 B fit FH AR 50 B AR L, 10660 P 4k AR 3R
E 2 R RAEERITROR BRI T 4 2 B4, 32 o fat B
Mo AWFRERY, AP IR B E X T RiG = iR ik
BRI ARAE SO BA — & 1E T, P8 45 1 R X
SR & 1 NAFLD A V3K,

PRIE SN AEAR 2250 A A T A R v 4 T B 22 £
o, X NAFLD (9 #E s F -+ % . 76 NAFLD i
ML e AT LS 31 BTS2 o A0 1) o 200 i v A R
UK L 20 L B A M AR I A IR SR 2 R
S 9E P70 TL-6 JL-8  TNF-o TGF-B 251 5 5J7E
AEFE B o NAFLD 535 i 17 28 PR B i, Pk bt
PR AR PR F KT it 4 IR 1K A% TL-18 116,
TNF-o 88 RAE T2 LR K 218 1 5 5E 1 . B s
Yy, 7E NAFLD J8& b R 4502 R A, B8 B0 AT 4,
HTHES NAFLD (1) &% Jig, 1L-18 & HA Z 8k Dihg
F A LR 7, 5 2R e 2 I SE R 1 2k, i
BN = e A B R AN 1 R A B G 5k, I T
BN S0 5 I 2 RN 27 4 AL R BE , e A1 A4 i i Ao 1
3t S A 0 A B 5 0 AT 2 R - FIIBE 5 TNF -, 55
SHFARIAET, I 7E NAFLD fi % & b & 45
TL-6 J2 FH A% A1 A L Ik 20 440 L 5 g 490 e 55 7= A 1) 40 i
A+, Z SRR S /15 A G, IL-6 /5 3R i8
3 55 B S AR B 2R AR UAH DG, AH LU OB A, TL-6 7
NAFLD % kF 5 Y B 0 2 /KT 42 1F
PG TNF-o HA 2R E Y2230, 2 598 15 MUK
B IZE N ARAE B N R ST A A i A, 2 SO 4t
Vit E AR T AR LS B R, TFDG g fr
FHIA] B BRAL IL-18 . 1L-6 F1 TNF-o [ 7K -, 5 BH
TEDG W] A7 R il w55 B Tk B35 & 1 I IIE 98 4E S i,
il NAFLD (&4 R

NLRP3 i/ MAiJE—F 2 H A EZ 44, th NLRP3
ZAREE TR OCEE S A 1 (ASC) AR A AR M
fiti-1( caspase-1) = #8432 "' . NLRP3 485 /MA
5 SRR RAEH -, 8 B 3L RAL, 5L caspase-1



http ://aammt. tmmu. edu. cn

il 25 %2 B R R, 2022,44(2) 153

H IR BT 36 AL, 2F 1 8Y D1 24 A% AR OB ARG TL-18
IL-18 , AT E — 25 i el 8 i S iz . NLRP3 48 ik /v
T BE VO, &5 3 30 IL-18  IL-18 4 i [+ K &= B
T, FT5 RS ) S AE P A7 2R N 2 R = A e i
PRI LX) NLRP3 58 5 /N AR 1A 3800 A 200 7 A 118 42 ol 01 37
o AWFFEFEB, NAFLD 3% NLRP3 J HiAH 4 5
FIR BRI, A 2540 ) NLRP3 33k J5 29l 2 T
R 07 75 P EF A0 A AT AL o I P9
B, 7E NAFLD /)NEUBERS A 26 B %% of  NLRP3 J% HoAH
KT 1L-18 Foak K F- 555, 8 o F A e B e 1 ) 245
Py NLRP3 84 /A ik, 7] ] &k NAFLD /)y
BUITET 4L g XU ' . AT AL, NLRP3/IL-18 48 4E i
ARG £ T3 NAFLD B 3-8 , TH400 s sb 46 S 18 5% T Ok
B NAFLD %5E W o

i RNA ( microRNA ,miRNA ) 245 B n—24E
s/ Ny RNA miRNA ]38 i 550 mRNA F5 55 PE25
G, TR N i 5 SR 5 3Rk . AT FSE 2RI, miR-
223 1 5 H 2Rk 5 IE 98 RE B4 495 L T A0 i o D0 AR
S e B BFSE %, miR-223 % NLRP3 ZE 14 %
KR IFEFREE AL LS, 7T 8 2T 8 NLRP3 3
IEFA I NLRP3/IL-18 4 il g . AHF 98 & B,
TFDG FERPY RSN 0] 8 2% TR & IR 410 40 iy
miR-223 [y 3R 3k, H- Pl & Ag 254 & NLRP3/IL-18 4
JiE T8 % T L DA miR-223 SEAZ AT RN 1 4 BT TFDG
X miR-223 FRIk 52 J5 , HOX 98 E g g 40 i 7
I RIS, 2R miR-223 7E TFDG 1) & 5 175 5 T
4 M S AE S g H & 4% EE ZAE AT, TFDG 7] i i 1 i
miR-223 i NLRP3/IL-13 P I8 %, 3X AT fE 2 HLAR
PR Y FE AR AL, A R — IR AT .
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