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1 E. By WIS RIS BEH BRI RS RS AT (AFLD) Bt f B (0 R AT Sh k. 7555 N BB (o A i S A e A
7 (albino) MR M, SHKIES TIERTABEH KA 5000 1000, 2000, 4 000, 8 000 pumol/L, [F]Hf 15 & i B 20 Al
R, B IRALAh, I 2% oK CBEiE S B D 32 h 57 AFLD KBRS, W8T B o B0 T 15 0 Je B2 8, 1 g iR A
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#PCR (qRT-PCR) il H4Hfa 3R (L) -6 ML EBEE M 1b (HMGB-1b) FIRIRSEE T (TNF) -0 mRNA Kik.
FER R JEALA BEH K X AFLD # 8 BE T 41 ) MTC 24 2 000 umol/L. 5% BE 4L Eb 5 , A 40 S 8 35 19 i1 (P<<0.001) ; S5 Y
A1 H AT, 8 JR T 45 BEH BE A 100042 000 pmol/L 4 A1t RU-21 41 S & 2 B& {% (P<<0.01.0.001) ; if8 J& 74 25 Bt H BK A 500
1 0002 000 pmol/L 1 RU-21 100 pg/mL 20 A% HTF TR 70 BN 14%32% - 71% 11 48%. i JEH 25 e H K 2 000 pmol/L 41 AT 41
MgE R IE R, A SIS R ALk b o SR A AR TL-6 . HMGB- 1b fI TNF-0 mRNA 334 B 2 4 i (P<<0.05.0.01) ; 5
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Abstract: Objective To investigate the effect and mechanism of glutathione tablets against alcoholic fatty liver disease (AFLD) by
constructing a zebrafish model of AFLD. Methods Zebrafish with albino allele mutation were treated with Glutathione Tablets (500,
1 000, 2 000, 4 000 and 8 000 pmol/L) in water solution respectively. Meanwhile, the control group and model group were set up.
Except for control group, zebrafish were induced with 2% absolute ethanol for 32 h to establish AFLD model. The mortality and
phenotype of zebrafish were observed and recorded. The maximum tolerable concentration (MTC) of Glutathione Tablets was
determined. Albino zebrafish were treated with reduced Glutathione Tablets 500, 1 000 and 2 000 pmol/L and positive control drug
RU-21 100 pg/mL respectively. The control group and model group were set up at the same time. Except the control group, the
AFLD model was established. The liver fat staining intensity (S) of zebrafish was observed by oil red O staining, and the liver

protective effect of Glutathione Tablets was calculated; The pathological changes of zebrafish liver were observed by HE staining;
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Real time fluorescent quantitative PCR (qRT-PCR) was used to detect IL-6, HMGB-1b and TNF-a mRNA expression. Results The
MTC of Glutathione Tablets to zebrafish was 2 000 pmol/L. Compared with the control group, S in the model group increased
significantly (P < 0.001); Compared with the model group, S of Glutathione Tablets 1 000, 2 000 pmol/L group and RU-21 group
were significantly lower (P < 0.01, 0.001); The hepatoprotective effects of Glutathione Tablets 500, 1 000, 2 000 umol/L and RU-21
100 pg/mL were 14%, 32%, 71% and 48%, respectively. Compared with model group, Glutathione Tablets 2 000 pmol/L group had

normal hepatocyte structure and less fat vacuoles. Compared with control group, IL-6, HMGB-1b and TNF-o mRNA expression in
model group were significantly higher (P < 0.05, 0.01). Compared with model group, the levels of IL-6, HMGB-1b and TNF-a in
Glutathione Tablets 500, 1 000, 2 000 umol/L group were significantly decreased (P < 0.01, 0.001). Conclusion Glutathione Tablets

had obvious protective effect on AFLD, and the mechanism was related to the obvious down-regulation of inflammatory genes such

as IL-6, HMGB-1b and TNF-a.
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¥ 14 i 10 i Calcoholic fatty liver disease, AFLD) . iH
K VERT 28, B 0] R JE R IE AR 4R Ak A, 2
ThaexEus™ . AFLD ¥ SR N K ERNEE, 5l
72 JFT 4 6 P I ot 2 AR B e I o R 1Y) 5%, B 1/3
DA b2 23 B3 B A T AR R AR R 10T A2 M J8 T ALD (1)
AR B W AR B, 90% H AT # ] R RN
e 1T 5 e 30% AT R JE DA BT £ 4k AL, 8% ~20% FT
& AL, ALD s 5 AH OC 88055 28 S FE T2 2 (1)
FEJERAS,

I PR P Bz T 26 [ i L O R AT ] B 5 R T
AFLD, 5 RE Jk 48 5 40 i R E AR, 5 55 & A FH B
J7 R 2 e R R B R 7 H 2 A
A Meta 73 H7 . 7~ , Bl B2 00ICER WT o0 B R W RS e T
REH R AR R E X A5 ] G B8 2K
RE BRBEH B R A A UK U Pt
BN BK S FERE AL A FE o 25 I H IR 1 2 Jok =
BEHA — NS VESEL , AT DUORSP R N R Il )
AW E AR . 2T R 0% B e X &P At i 2% AN
Tty P 225 A6 AN T e 7= A 0 0 [ B R R ) 28 o
A e 7 R 1 B AAA, , 5 BUIR ot o Ak S B, 34 T 47 i)
T AR IEH R B AR B s, AR T A B A AL Dy e vk
55, VORG24 PN AR T 5]k AU B ORT R o i 284k
S, PR B 2 T SO 4 B P 0 23 A A 8 1) 45 4
A AR T 5 R A e h e e 2R ELD

I JE AR B R AR Im R b S TR
JE s AR BRI, LA B L 2 R LR
PRSI AR 40 . (HR A AFLD B 5 i B A B 5
W R A DEH IR A R 9T AR AR LAk E . 5 e A
KWL, B8 5 G R FRA T T8, 5 5 31k 45
WA, G E T s T WE I,
A T E & 2 0 0 AR R R 5]

I, B L #0044 P 4 A ARG B 75 6 DG BRI, IR iR
KB4 RIFWEAETF U6 ek, AR B OB N 54 5% 4
JE AT 5 3 B R () 2 B T S R AR A i B
AL DR R IE R AT 50 R B B 5 A Y PR )
I JEE A D H KO X AFLD FR AR T h 2%, 4 B 45
FIGRKHZ RS .
1 #
1.1 APS5FZER

MR RS B H R R, i 5 19040870, K 245 K
il 256 IR 97 4F A A, AFRAERREKELH 520 mmol/L
BEVR . PHMEXTRR :RU-21, 45 25780, 35 E G # Rl 27
APRA A BB LR AT, FIRBZAEKBCH A 100 mg/mL B
W, —20 °CLRAF . H 25 4 3 (Hit 5 079K0054V,
Sigma, USA) ; J&7K & BE (45 20200825, [ 2] £E 4]
b 2 R A T 5 4% 25 23 40 i T 5 T (kS
20190923, Solarbio) ; — H 2K (4it'5 C10631736, i
o AR A IR A A s PBS % ph il (Hik 5
10C16B30, By 1 L4849 TR A PR 2 7)) s Mayer
TR Z G0 (5 YHO0170326) AF 21 4% ¢4 3 (it
5 OYHI180124) . ME B OE H A A CHiE 5
YHO170419) , 35 F AR R AE P RH A R A A
Bl (I 15 54~56 °C, it 5 20180108 il i (I 557
62~64 °C, It 5 20190628) , | iff H7k 7 it A5 PR 24
7] ; iTaq Universal SYBR Green Supermix ( 1% 5
1725124, Bio-rad , USA) ; FastQuant RT Kit ( With
gDNase) il ] & ( & 5 KR106, TIANGEN,
China) ; RNA-Quick Purification Kit(RNA & # $i X
R 77 &) (£5 5 RN0OO1, YiShan Biotech, China)
1.2 FEMUE

fil ¥ 2 3 BE (SZX7, OLYMPUS, Japan) ; CCD
FAIML(VertAl, bifg LR RHE A R A F]D s K5 %
F K (CP214, OHAUS, USA) ; 8 4h-1] WLk 4 ok
¢ ¥ i (Nanodrop2000, Thermo, USA) ; PCR
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X (T100, BIO-RAD, USA) ; 52 i} %% J¢ & & PCR
1% (CFX Connect, BIO-RAD, USA) ; 1 3 ¥ V4 B 1L
HL(PIC017/21, Thermo,USA) .
1.3 KGN

B0 2545 A L TR R AE Y (albino) i R BT A,
DA H SR Bont 22 e 5 AT S5, 35 1 020 2, Hild N
NG5 5 d(5 dpf), P55 T 28 °CHYFR i FH 7K i OK
Ji : B TF B IE K NN 200 mg 3 A, BLSR
4 450~550 uS/cm; pH fH 5 6.5~8.5; fif & K
50~ 100 mg/L CaCO,) , K Vi F1 17 75 T~ b )M PR 5 A
VIR B A IR A R SER S AE VR IE SN
SYXK (#7)2012-0171, {774 BLAF & E Fr AAALAC
INIEGAIESR 5 001458) 23K .
2 &
2.1 BEBEBHEKR&AZREMTC)NE

BT SCERE TSN, K 2% RS 5 5 32 h,
HPE D gl AFLD AL, BEE faghfa % ol
P OO Wi A Y A e ML B EL A, B0
LK G AT i, O K i DL K S e 46 (R
BHE WSR-S .

BE MLk HL 210 J2 5 dpf B €8 3K &5 A7 Jk A e 48
A (albino) i R BE L f TN FLARCH, BEFLIY 30 2, 43
KI5 T30 SR B4 B H K v 5001 1 000+ 2 000,
4 0008 000 pmol/L, [F] if 15 B % HR 2H A A 4, &F
FLAAF3 mL. B % B2 A1, B4 2 35 25 2 R i
2% LBE PP 32 h i3 57 AFLD #5420 5%
PE I (R T 0 S R, e 0 R R A e H R
X7 AFLD #5835 1 1 ) MTC .
2.2 BEBABEBK A RIFISOESN

BE ML % BX 180 & 5 dpf & o 2% 25 A i [ e AR
A (albino) fib RBE L TN FLAR A, BFL30 2. 4
A OK O g T30 R R A bR H IR 500 1 1000 |
2 000 wmol/L , BHEXS 24 RU-21 100 pg/mL, [F]H}
W B A AR, R AL AR AR 3 mL. Bt HEA
Gb, ARSI 3 F 2% oK OB 5 BT 5 @ T
AFLD #i %!, 28 °C4L3# 32 h 5 , Fl 40 O 347 e fa,
ety Ji5 AR AL BE ML L 10 J2 BT 5 4 7 fif 5] S 4es 1
IR I R A2 50 , £ FH NIS-Elements D 3.20 =5 2% €]
1% 4b B2 KA 5 T G U BE T fa T E RE T G 0 5
FECS  ARIF D A X -

PRI T 2= (S o — S st )/ (S o — S ap)
23 RERARHEHMRAXNHDS &FIEARES
EREA

BE 1 45 24 M 3 B[R] “2.27 30, FH 4% 2H 440 i

[ 5 V0 [ 5 BT £, 3R AT HE Yo Rl o - B K - f 3 -
IR -S ), e HEAT 99 38 2% 20 BT VR 38 TR B 5 Bk H
JK R R Zh 3
24 TEBARERAEXNBHAENREAL-6. 51T
# X ik & B 1b (HMGB-1b) 1 B & IF 3¢
F(TNF)-o £ ERIEHIF T

BE ML 3%k HX 450 & 5 dpf 2B 0 3 25 4 3 [ R A
A Calbino) it RBEL T NFLBR T, B30 ). 40K
TS TR JE R H KA 50041 000.2 000 pmol/L , [F]
I 5 BT HE AL AN Y A, F AL AR AR 3 mL, IR E 34
SPAT SIS o BRXTRRA AL, HR H I 2% TooK L
P3Pt 5 0 g ST AFLD 128, 28 °CAb ¥ 32 h /&, i
SR AP A FEA , i F RNA Pig 32 BOR 77 S 4 B
M RNA, ¥ % 3% Jy cDNA, i it 52 i % Ot & &
PCR (qRT-PCR) i 7] & 46 I B-actin . IL-6 \HMGB-1b
A TNF-o 2EF RIE. 51T HIIE.

®1 SIUFIIER
Table 1 Primer sequence information
# ElkZ ]
Forward 5”-TCGAGCAGGAGATGGGAACC-3’
Reverse 5 -CTCGTGGATACCGCAAGATTC-3’
IL-6  Forward 5'-GCAGTATGGGGGAACTATCCG-3’
Reverse 5'-CTGACCCCTTCAAATGCCGT-3’
HMGB-1b Forward 5’-CGCGCATCGGTGTTATTGTA-3’
Reverse 5’-TGCTCCTCACGACAGGTTTG-3’
Forward 5”-ATCTTCAAAGTCGGGTGTATG-3’
Reverse 5’-TGTGCCCAGTCTGTCTCC-3’

B-actin

TNF-a

2.5 GitFEHE

B FH ks SRR, 2 20 IR B3 LG R ) 7 22 4y
B, T4 308 15 B SPSS 20.0 G4 A 34T Ab
3 %R
3.1 ZRFEBABERKARIFMTC

W JE A2 B H K A AE 500~2 000 umol/L ¥ J&
i, B R B ER D AmAET, H SRR S A AL .
7E 4 000 pmol/L i} i & 76.7% (23/30 J&) B & 1. 3L
T2, 7E 8 000 umol/L B i75 & 100.0%(30/30 FE) B 1 1
FOTC . WU 8 R A A5 I H R 7 X AFLD 455 8 5t 1
I MTC N2 000 umol/L. L% 2.
32 EEBABHERRA X AFLD =235 & f {5k
RYIES

Bt R4 bb e, A 2 S I 35 14 i (P<<0.001) 5
SRR LA IR RIS H A 1000.2 000 pmol/L2H
FIRU-214H S & FFL(P<0.01.0.001) . B JFETIZ
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F2 FEESBERAEAFLDEERDERMTC(n=30)
Table 2 MTC of Glutathione Tablets to zebrafish with

alcoholic fatty liver disease (r = 30)

R T w1
(umol-'L™" %
ot i — 0 0 AR D0 BH L S
T — 0 0 A L . S
R A 500 0 0 SRR LR ZS A
B H 1 000 0 0 SRR LR ZS AR
KA 2000 0 0 LR UR S A
4000 23 76.7 —

8000 30 100 —

Bt H BE A 50041 0002 000 wmol/L 2H £ T Th 25043 1)
N 14%-32%-71%; RU-21 100 pg/mL ZH{#FF T RCH
48%. I JF AL B H K AP 7E 1000.2 000 wmol/L iR J&
HA R, SRNEIMEL.

®3 FRBEBEKE RIFHEOTEN (n=10)

Table 3 Liver protection efficacy evaluation of
Glutathione Tablets (n=10)

AR WE/(umol- LD s 1 FFZh 0%
X e — 9061 + 342 —
T — 15 954 + 441 —
RU-21 100 pg/mL 12618 + 680™ 48
i 500 15006 + 924 14
B H 1 000 13 716 + 806" 32
KA 2000 11034 +441°" 71

SRR #4P<<0.001; S AL LA P<0.01 ""P<<0.001
##P <0.001 vs control group; P <0.01 ""P <0.001 vs model group

hSES L M?ﬁﬁﬂk#‘ si pmol-L™!

-_,.-/

HEZ P9 A BE 1
analysis area in yellow frame line is zebrafish liver
1 BSEMFAMIOREHARIE
Fig.1 Typical pattern of zebrafish liver stained with oil
red O

3.3 RESERBABHE KR RITIHE

Xof R ZH B 1 £0 40 B 45 ) DR 30 2T I,
S i L 00 37 AT, 40 B o =F s EL G R s s Y
A1 JFF 230 o 0 A T, 2 A TRD B K, 48 R ot 9 AR
B2 1 M6 T 2 (g Sk B 8 O I 4 i 296D o FH
X I 25 RU-21 100 pg/mL A& J7 A 24 Bt H Bk A
2 000 pwmol/L 25 JH- 24 i 45 #4) 128, i 107 2% e e e Y
D, 5T R BN ARAL , B B 0 PR AT T 3k
I JE RIS o H K A 5001 000 wmol/L 4H FFF 4 it 1k %1)
Fas, HAA B2 N8I 2, 5 B8 A A S AR, ORI
I . 45 A 2.

ZRBEH K 1000pmol- L 735k H Ik 2000 pmol-L !
B2 FRBABERKEIED &I EARREZN
mE (H&E , %X200)

Fig.2 Histopathology of zebrafish liver treated with Glu-
tathione Tablets (H&E, x200)

2 H Ik 500pmol-L!

34 TEB AR HRK R B IL-6. HMGB-1b 1
TNF-o0 mRNA FRiA

Bt R4 E g, A 4 IL-6.HMGB-1b #1 TNF-a.
mRNA ik & 2 1 i1 (P<<0.05.0.01) ; 5 R A 40 b
B, 0 JE A28 B H K A 5004 1 0002 000 wmol/L
41 IL-6. HMGB-1b 1 TNF-a mRNA % it & # [%
K(P<<0.01.0.001). 5% %4,
4 g

TR IF 25 K 2 BN B IR 259, HAR R BLEI 982>
JH P9 R R DU R, 00 ) B Ik S Ak S B S 5 22 BB
ZE AT AR, AT 8 DR I A B8 4 A T AR
W, n B TR E SRHE, 48 o B AR T B T T et
YU AT S- R BT 2R A0 S S5 5 AFLD #0 2
A — W7 R AR IIAFAEAS [RIFE B R E A o

TE NS B 23 B H K2 — A B AR & R =
JO 5 A5 — =l Bl A B B AR R I HLX Fh e S AL
7, 2 3 ok 4 A R I B R 2 bk Pkl
AEEENSRESARNNE B ZE AR R
WIS, I A PR R, AT 38 G 2R RS2 B B AT
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HMGB-1b #1 TNF-o. £ E F A B 08 ( x+s5,n=3)
Table4 Gene expression of IL-6, HMGB-1b, and TNF-a.in

AFLD zebrafish treated with Glutathione Tablets (;:lzs,n=3)

. we . HMGB-1b/ )
2053 ~_IL-6/B-actin ) TNF-o/B-actin
(umolL ™) B-actin
Xt HEd — 0.394+0.030 0.260+0.089 0.308+0.086
A —  1.000+0.178* 1.000£0.092% 1.000+0.179*
EJEA 500 0.37140.07770.291+0.016™ 0.094+0.019™
AHEH 1000 0.289+0.00670.271+0.018" 0.103+0.013""
KA 2000 0.43140.0297°0.314+0.035"" 0.046+0.005""

0 HRAL LA 7P <<0.05 #P<<0.01; AL LA - P<<0.001
#P < 0.05 *¥P < 0.01 vs control group; P < 0.01 ™P < 0.001 vs

model group

I JE B A5 e H KA R LS R T A i R R R IR
N7 5 AT I 380 G473 B 1 A2 B

W JFE RIS e H K s AFLD 5 78 B 1 T
JE W7 7K, 503 T 4H 2300 3 A2, BB 8 1 AR T
D, H = EHLHI v Be 5 B 2 K i IL-6 . HMGB-1b
A TNF-a % REFE K H K. TNF-o )8 T RMEANT,
AL JRE S B I A B B AR EAT TN S,
M5 SR 38 0 [ N s HMGB-1b J2& — i 51 22 (1 i
HHIIE A I s 1L-6 2 5 98 2 B 1) B F 5 oK
Fe AT R 5% S R T, 16 PR 3 TNF-a 25 R MR 7
(7= A= T o 2 98 MR A%

AW TG R 8 J5 B2 e H K v % AFLD
B i B B R ORI D, e R LR S B R
P IL-6 \HMGB-1b 1 TNF-o &5 48 it JE K A 5% .
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