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Abstract

BACKGROUND

The potential therapeutic effects of Juglanin in
nonalcoholic fatty liver disease (NAFLD) have not been
clearly explored.

AlM
To evaluate the therapeutic effects of Juglanin in NAFLD
by using a mouse model fed a high-fat diet (HFD).

METHODS

C57BL/6 mice were divided into a standard diet group,
an HFD group, and low-, medium-, and high-dose
Juglanin treatment groups. After administration, blood
samples and tissues (liver and small intestine) were
collected for biochemical and histological measurements.

RESULTS

Juglanin attenuated the HFD-induced hepatic histo-
morphological changes and lipid deposition and reduced
the contents of serum aspartate aminotransferase, alanine
transaminase, and cholesterol, as well as the levels of
blood glucose, serum insulin, and homeostasis assessment
of insulin resistance. Juglanin significantly improved the
metabolic damage induced with an HFD, increased the
mRNA levels of liver peroxisome proliferator-activated
receptor a and its downstream regulatory gene fibroblast
growth factor 21, and increased the phosphorylation
level of acetyl CoA carboxylase and the mRNA level of
carnitine-palmitoyl transferase. In addition, Juglanin
also reduced liver inflammation and restored intestinal

2020-02-28 | Volume 28 | Issue 4 |
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barrier integrity and function with regard to decreasing
FITC-dextran permeability and increasing the expression
of tight junction protein zonula occludens-1 in small
intestinal tissues.

CONCLUSION

Juglanin can restore NAFLD-induced steatosis, reduce
liver inflammation, restore glucose homeostasis, and
improve intestinal integrity in mice.

© The Author(s) 2020. Published by Baishideng Publishing
Group Inc. All rights reserved.

Key Words: Nonalcoholic fatty liver disease; Juglanin; Lipid
metabolism; Insulin resistance; Intestinal integrity
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=

LA AT 50 3 4 Bk A2 3 08 MBS B PRI % (non-
alcoholic fatty liver disease, NAFLD) #9374 77 4£ A 5
ATE| Ay K

AH7
AR 8T & BE 4k (high fatty diet, HFD)/ s SR
PF4E T B ENAFLD 7 8978 57 20R.

Ti%E

CSTBL/6 B A AR feskAotn . HFD4 . #Ak3%
&, PARGH BB FE BB FELERE, REDNR
A Ao LB L (AT Fo )N )i AT AL R AL S 2

ZR

AT 4 THFDE ST ALH A PR LA
Re JiRAR, FFEART doif ¥ 5 F AR S RAER
By oo B BE & F VAR K A4 fif Mk B K Ao
W B E AR AL S AR A, A R E A E THFD3]
A AR B, Fhm T AT AR F AL B AR 3 74 R0
FXRAL T AT ARRT L mp A KA T2149
mRNAKF, 3 B3R5 T LB A BALEE 0 B ER AL
K For B AR AR AR BE S S B A9 mRNA K. 2Lob, 3
AR Y T AR K g2, AT Wil Bl e 7R
Fo g e (FITC-dextrani@ & b T Ao MR LR R F 1%
BR A 1RA I ).

2578
PP T M S NAFLD | A2 69 Bg By e 8V IR

S REF BBARESAREME T,
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F%OREE: B A7 xT3E B AT RS 5 AT (nonalcoholic fatty liver
disease, NAFLD)# By 76 ORI R+ 4248, A KL I,
PAMH TR ENAFLD A R AFRE b bk, 8. £
SRR BE AR E AL B BB, BT
H — AP M FUNAFLD 2 4.

BT, DLW, MiE. BREN BB MISn M/ ) \SOPA s
Fib. RN B HINEFR. BRENBERRE 2020;
28(4): 113-121
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0 315

PR 14: i 17 - (nonalcoholic fatty liver disease, NAFLD)
F2 LU i o S 1) i SRR B8R I 7 AR 1 DA R AAE T A
B AT 249 (0 M A S R R, R VR TT AN
MEEMEA L, SRA AT SUTED. ik
T, AEREAT30%)84E N 1T SENAFLD, [H 1, NAFLD
O — P A IR o 1) 7 B N S0 e ) AR 12
Ji. T B ATEILE N AFL DAY 5 FE AR IEA 0 10
FHAR.

NAFLD RPN E 2%, F ZAHE IS =t
(insulin resistance, IR)5| & FIFTHEA G Z AL IEE— D
R R SLOR PN Joit [ S, e 26 51 S 44 i ) I Tt
RRESNE . AR AT T, G0 PR 28 RE IR L R AR
FEIA-F-a(tumor necrosis factor-o, TNF-a). FH4HES 25
6(interleukin 6, IL-6)%5 AJ 18 it #141l J & 2 A5 5 AL A
SRR T AL, ETRFA 20 M 98 i 1 K i HR o ok
BAEAD. JFH, BRI, AR SR LR A
AR R T 7 A2 8 ) D B 8 0 R, i EL A2 A
A5 RN B T R T, R e 1 A g AR 4 B
A0S 52 AR ou(peroxisome proliferators-activated receptors,
PPAR-a), 3 ERIA T, i 4 i g o1 & it A
HIZRIE S 5 R 3 I 06 A A0 MG o A . AL, &
SRR K AERUR R DIRSG, B A E = 1 I
TBITEE AL AEAER, SARKE A WAk SR e R e
BABE | T A 2 A B R U R RS, Xt
I SRR A K AT I Y. ZhouS M IE BRI
T 2K SRS RS A S R I, A T 4 SRR
SRR AT 9. H DA BT S, SABKE AT RE 2kt
NAFLD/7 A& ey /EM. 2T, BRjCT ke
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XINAFLDHE 050 ok WARTE. PR, AR S2a R
FHE AR B (high fat diet, HED)K) 5L AR Sl /N R
NAFLD, W& B TEXTHE D S 0 T i 128 14 A 45
i SOREFIAR ARG 3L LA B/ N i 8 5 PRS2 4 ) R T,
For e L.

1 $RR0T5E

1.1 ##4+

111 834 30 A8 SPFHC5TBL/6/)
B VL 4Rl R e ST S W BOR AR A F
[SCXK(#7)2019-0001], 177 T &5 M BEEERIT H 0 (4R H)
IS H O SPRL AN [S Y XK (#)2014-0020], 4]
FEARBCABAUER 12 h/12 Wi &, Zi22-25 T 50%-
60%IE 5, /NSRRI H FITIOK.

1.1.2 S5 A SRR T BRI A=Y A |5 JRoK
¥4 (hematoxylin-eosin, HE)J4iA7) &, WZLO%
Wi /N EUBE S Z (insulin) ELISAIRF & MFITC-Dextran
M T B HEE B A E NRA I E M (alanine
transaminase, ALT) ELIS ARG &A1/ FR A Bk I
(aspartate aminotransferase, AST) ELISA 7 & T 7 X
BN AEY A T BHE R (cholesterol, CHOL )R & T
2 [E Biovision s 7 ; TRIzolR I T3 E Invitrogen /A &];
Prime Script RT Master Mixi® 7| &4 T K% TaKaRa/A 7l;
L IRAHEE A AL B (Acetyl CoA carboxylase, ACC). filfifig
.ACC(phospho-ACC, p-ACC). IL-61 IL-1B. TNF-a
FIB-Actinfi & H 2 E Cell Signaling Technology /2 7l;
B8 M 1 (tight junction protein zonula occludens-1,
ZO-1)HiAANE H 56 E Abcame A 7).

1.2 7k

1.2.1 DR 55432 30 AC57BL/6/M R, BEHL 7k
FRUETK &4 (standard diet, STD). ElEK &4 (high fat
diet, HFD). #ABK I EGITHMHFD+Low dose,
HFD+L). Ak F 78697 4(HFD+Middle dose,
HFD+M). #ABkH =5 & 67 4L(HFD+High dose,
HFD+H), 416 H /N, STDHRFSH 15%/81i « 22%
WA FA63% KA &), TTHF DRSS A 58% 5 i -
18%H 1 M124%H /K AL 5 4). STDALR FHS TD K}
478 wk; HFDZLR FHHFDAEHE SR FES wk; #Hk
TR . mfERTT 4R FHHF DI ERE SRR RS wk,
HAESE SR ML T5. 10120 mg/kg dFIBkIFHE S,
L3 wk.

1.2.2 s A ALten: NRIEG AT REN )G, 2%k
K12 b, F A S SRR PR BRI /N B, 4 R IR R
i, By, MiHALT. AST. CHOL. 7 i FI= i
insulinf 457G U F5 P BREATAG . Jd i A AR
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F AR 2 7 (homeostasis assessment of insulin resistance,
HOMA-IR) = [ L H#(mmol/L) X %% fiinsulin (nU/
mL)]/22. 511 HIRFEE.

1.2.3 FITC-Dextrante | i ifl il i1 /NRAELS 2577 &
iR, B ARK12 h, Ja i S S R R I /)
i, ZHEE0.5 g/kg FITC-Dextran/i, 4 him, i@t [ 15
JUKEBLIIL, FH 2 6 Bl ARSI &8 D bk M 490 nmiBUR I
520 n AT SOVl i TEEE AR .
1.2.4 sAZOMCAR: SR 85, ST IR s TS S i JRR I
NG, BTSRRI AT+ e 2. R RPN
IIPER Y, — AR TRET, F TR AL g
o, —E8r 4% 2 S BE [ 224 ha T A e
AE TR,

1.2.5 AL HESR & BUEAIEAZR, V15 n LR
HIP A, FEME 2K 5, RIEHERGR & 0 3T 8
MHEGL (0, s M AL 2.

1.2.6 AFaagibrOf & BUFIEAIEH L, Y95 L&
FERIVI I, FFIaE 2K R, MREHERGH & B - 3R
THAOGet, TiftE TS HLUM O Bt L, LAV
fli LA o & ARG L.

1.2.7 %8 5 K E 2 R 6845 R (real-time quantitative
polymerase chain reaction, RT-qPCR): HHTRIzolix
FUMFH L FHERUERNA, H{EHPrime Script RT
Master Mixifi #3555 licDNA, HLAcDNAfE AR,
7E2XPower SYBR Green PCRIEZRF 43I IIA2 g
MRNA. PCR5|#, #47RT-qPCR% . AGAPDH
TERNW S, 27" TR I R AR X Rk K
P ARSI M I PCREIP P 5104 PPAR-a(IE[f):
5>-GTGCCTGTCCGTCGGGATGT-3’, PPAR-o(x [1]):
5-GTGAGCTCGGTGACGGTCTC-3%; AIB-A5Aifl i ik
72 W (carnitine palmitoyltransferase 1a, CPT1a)(1E[H):
5-CGCTCATGGTCAACAGCAACTACT-3’, CPTla(}x
H]): 5>-CTCACGGTCTAATGTGCGACGA-3’; l4f 44t
i 2E K [R-F-21 (fibroblast growth factor 21, FGF21)(1E[7)):
5-AGATCAGGGAGGATGGAACA-3’, FGF21(Jx[f):
5-ATCAAAGTGAGGCGATCCATA-3’; GAPDH(IE [/]):
5-GGCACAGTCAAGGCTGAGAATG-3’, GAPDH(x
M): 5-ATGGTGGTGAAGACGCCAGTA-3.

1.2.8 fsgzaetonl: BAEHLA, Y145 pLEERY)
Fr, I K, AR G AL R Ul T AT
e, Horb, P =R 5 TNF-o. IL-6FIIL-1p ik
(1:500)2 h, /MNHHLUE R F B ZO-15144(1:500)1.5 h, Jf
i B AR AL ARIC —H1(1:500)1 h, DAB.Z 10 min,
SIAKE S G4S5 min, LB WA LGS

1.2.9 & G ey v it 5 5 FFHZSIH S, IARIPAZE
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(150 mmol/L NaCl, 5 mmol/L 2. —fi%&lY 2., 50 mmol/
L Tris-HCI, 1%Nonidet P-40, 0.5%/lii EUHEZ4H, 0.1%SDS)
FEWUE . R ATE10% e S0 R - 58 TR 0 T e e e
FUK 25, B IR b R B RR AT
YEFRIE b 5% (wv)Bifla 3L 2T T E L h, A5 —H1
(ACC. p-ACC. TNF-af1B-Actinfitfk, 1:1000)4 CHEH
W, B = RGBS, FH BRI A bric —
PU(1:10000)7E =i FIFE2 h. PR 5 iEd ECL
KOG H 126711, LAB-ActinfE N2, i@ idImage J
A H ST AR AL &

GeitE A0 R 45 R F T 1 + PR iR (mean £ SE)
R, f# i Graphpad Prism 7.0%02E X S i3-4T 047, £
P 1) 2 5 LU T SR R FH 7 22 90 T JE Fisher'siie /i 3
7= 570 (least significant difference, LSD)#E47T EL#Z. P<0.05
INNE G ER.

2 BR

2.1 $AMF AHFDH F T IR & F LM h
JHF 443 AHE S 1 T O e £ 43 A1 L 98 REF5 4% 71 A
AFPEFERE . HEQL 4t B (EI1A)BoR, STDAFFHSA
AR, FAHR S5 R, AR 0 28 VR4 AR IE I 4, HFD
YL PSS A ANTE I 2K SEI R, K&
TRA 1 28 PEGH BRI, T BB VR T 4E 5 R 2 s
BEWHHFDIE ST H LA . oy tas: 3
(EINB) 7w, STDZH LA WA B A0 44 4, HFD
HRFH L B E M OGE, Tt A A
PEF IR AN, TR VE T 20 2 70 B Ao 12 2 0
HFDE SR HLE R E . DL Eg PR, $pkET
DA HFD 5169/ BRUFALZR 98 14975 28 R HE i A2 12
2.2 ¥ABRIFHF D 549 1T 2 st 4545 Ao 4B A8 5 Z 4L
# % e (EATINAE 7 TH (KI2A-C), ML T-STD4, HFD4H
MiEAST. ALTAICHOL & &3 FFHP<0.01), BiHHFD
X /N BRI h R i T — s P2 B2 1414, AHEL THF DA,
AR R IR T ALMTEAS T(P<0.05) ALT(P<0.01)
FICHOL(P<0.001) & 55 B, s sApkHFiG )7 20 10
THEALTP<0.05)FCHOLP<0.01) 5 & N %, 77 &= ik
HIRIT XX =FIEHRAST. ALTHICHOL & &3 %
FRS. LEREACI S T (I2D-F), #HEL T-STDZH, HFD#H
4 HE(P<0.01). JiE 5 &R (P<0.001)FIIR /K F-(P<0.01)5
FRHOMA-IR)H Tt ML THFDA, . sl i
BRI T 4 DL A A DG i b B 2 BRI (P<0.05 88
P<0.01), &7 ESIBE VA7 A K Bon H R IR IT
ROR. DR IREUR, SR RESGEHF DI s BT I
REA 9 AN I BR R A 2K L.

2.3 FMFATHEFDH 69 B Big AR Z Lo Fa RT-
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qPCREEZL 45 R (KEIBA-C) iR, AL TSTDA, HFDA
JHZHZPPAR-o i mRNAZKF-LL X PPAR-a T ii¥FGF21
FILL K& CPTla FImRN A K3 B & FEAIK(P<0.01 8%
P<0.001); AHLLTHFDA, . &&= R4
L FEAR I BT (P<0.058P<0.01). A [ f s Epai gl S
(F3D. E)&n, ML TSTD4L, HFDATHZIACCH]
R AL 7K T B i PR (P<0.001); #HEL FHEDZAL, . &
FEBAMEE VR T 4T 4123 A C CIOBRRR AL 7K T~ B S5 18
(P<0.058P<0.01). LA 25 RAEIR, PR v &85> 101 %
HFD-3: 25/ Ui o AU B s DA S B AEG HEx g iy
R A AL IR 5.

2.4 A XHFDFE -F T AL P B R F 89 3a 7
G A AL g B (EI4A-C) R, STDA /N R AT TNE-
a(E4A). TL-1B(F4B)RIIL-6(4C) 13k EARKT
BRI H, HEDAL/N BT ZH 2R TNF-au(E4A). 1L-
1B(E4B)RITL-6(4C) KA 2 =K, msHBk R T 41
SO A T HF D75 5 0 2 23 b stk = 98 8 [R]
THIKF. B AR R (E4D) R, ML TSTD
41, HFDZH /)N ST 20 TNF-ou ) 88 11 2255 2 B S 1
(P<0.001); FHLLTHFDA, . w7k a7 4T
HLAHTNF-aff) 8 A RIA &8 B FE#K(P<0.01; P<0.001).
X et Bt — D IGHIE T HAR T e A SO HF Dy SR I
RAEMIFZM. DL g5 SRR, SRk nTHIHIHFD 3801
ZINBRUFE R 2E DX 1 R 45 .

2.5 PRI THFDF F69 /) K 8 18 15 M 2 89 %k
W FUEARKE R b s e, S A AR LS/
B/NAZO-1IZIETE L. A B 45 R (EISA. B)EIR,
FHEL T STDA, HFDA /MR /NMHH LA ZO-1 5= B
FEAK(P<0.01); AHELTHFDAH, . il &Rk E G740
FFH 2R ZO-1 30K 5B B3 i1 (P<0.05; P<0.01). b4k
SULEH SRR E — e R R T HF DX/ B/ i dds v
BI85, FITC-dextranZt SR (EISC)[FIFE ER, AHHLTSTD
2H, HFDZH /)N UL FRFITC 2 /K - B B 18 N P<0.01),
$eoR, IpiaimiE e 3G n; AHEE THEDA, . &=
FARE G YT A MR R FIT C2 67K P B B B K (P<0.05;
P<0.01), &R, IIEIEE U] R G DL ERgh RILFER
N, SR AT HIHIHED S35 /) BRIV dds M3 .

3 e

NAFLD/& R ICRER 1S M A9, 2 5 S0 Thag 2L
(32 R R 2 —1, NAFLDF S AR A AT 400t i i A
SR 5.5%, {HRFAEXT S E A G T80, NAFLD
7 I SIS 5 A T2 IR BRI, IR, A FE
i M R B i 1 . A RIE"Y, 8 wk HEDS
FNAFLD/IN U3 AT ) IS0 A i 4 11 57
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2 SAEFISBI I ESE RIS\ BB RIMAETR ST, A: 5 ALE ICY; B: BNFEENEK C: FEREEZ/K D: 1]
TR B BB ZKCE F FEHOMA-IR . 'P<0.05, "P<0.01, ‘P<0.001 vs HED group; ‘P<0.01, ‘P<0.001 vs STD group, n = 6. STD: AR
&28; HED: SEEL; ALT: SRR, AST: AEFEEN; CHOL: EERS; insulin: 2.

BBt ABE SR8 wk HFDESNAFLD/NR, F74 R 7n 1 HAESeE FFEAGS i 05 77 Th 1.
7R, BB T A 30 ORE T T (K DR AP R, 48 NAFLD-F- S BEA 3= 2R ML R TR B AR AR
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A 200 - B 200
5 _
3 150 - & 150
< <
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2 100 - b Z 100
1S [S
7 q by
% 50 - 2 50
g @
0 0
STD  HFD HFD+L HFD+M HFD+H
C 200 - )
o
150 -
s
Z 100 - c p-ACC
e b ACC
E 50 - .
© B-Actin
0 ,
STD  HFD HFD+L HFD+M HFD+H
E 200 -
[0}
(=)}
g 150
e
[E]
S 100 - b
3 a
S 50 - d
O
<
o 0 B
STD  HFD HFD+L HFD+M HFD+H

STD HFD  HFD+L HFD+M HFD+H

3 EAMEFISRBITEIEHSENEE SO\ BFERRREEL. A-C: RT—qPCRIIITHSIPPAR —o.. FGF21AICPT 12ty mRNAM &
& D, B EE G ERMIFHSA T p—ACCRIACCHIE I 1A, 'P<0.05, "P<0.01, “P<0.001 vs HFD group; ‘P<0.01, P<0.001 vs STD group,
1 = 6. STD: PREREH; HFD: SRR EZH; PPAR—o: i SEA VRIS RS Aoy FGF21: BET4EAA: )R -21; CPT1a: A —1EAH

BEFERS; ACC: CIEIEAH LEE; p—ACC: IR{LACC.

PHEEAE, ARSeIe g R EUR, SRR AR K B A AT hE R RS
FE S R BURE, RS IR S Rk FTHOMA
TR, FF AT HNHI A STHIA LTS FH5 b St i, %
B HFD 5| G I i A P S5 2 21 5 8.

FENAFLDH, CFSZPPAR-ofE 53845 K AL 1A,
HFDIPPAR-o /)N ST 4L 43 ) P40 B Fh A7 7 53 1) P
JRAR B, fEAR S o, HEDMEFR I/ BT - PPAR-o
FIB B, TSAREE T EPPAR-0 KL /K . JEH, 3K
& & B, HFDMEFE ] BR{RA CCHRIBEER 1L, A STkt
fEH: ACCRAMPKEZF I T AT EA, 25
FICPTIaiG . AMPKIE FACCHERR I, 3774 — IkihE
A(Malonyl-CoA)# Hg/b. Malonyl-CoA /b [ it
SRR T X AT CPT 1alfi i), MR A i B 8 7 2 idk
NERRRE AR, I B, AR BB E S I T ACC
(1% B8 AL AN FIFC P T Laff 4 3%, 173X 7 % #R M HF D 5
ZRK. CPT1aRik MK B 5 H T A+
PPAR-aIPKE —2. IFH, TATILUEE, Sk EIEST
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AL T PPAR-auffI 635 /KF, T B VK& 7 H R i
T EERIF GF2 LAE I )R8 FGF21 2 —FhaH Al
T, HESEZPPAR-a 5" FGF212 M AR i A AL A
Him =R ocEE A", 22k, BATREEE RV
B ET 3 e R A S B RN e Pt 2 2 U

1 i R R Al R D P 40 P 98 0 2 S BN AF LD i
JE Z AT A T i ot b IR — Y AERAT R T,
AR SE T SRR A PO AL 4% 1 I S I E . AR SE56:
S5 OR, SRR I PR T b 28 M At i R
(TNF-ou. IL-6F1IL-1B)IFRIE, UFsL T HAT R MIER, X
Al REE H B PPAR-a AR I B A O, Rl 3
il ZRRL A A3 R SR A SR A0 B 53405 U T A &
FHER, HIE 7 9ERINAFLDE !,

NAFLD& R Ak e i B () 5 — N R R = 2
EHNER. WiEr e 3 B EE g b 40 s i ek
B BEEERMPUE KGR 4R, BIEZO- 17N
SRR R R SR T 08 3 R 12 4
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4 SEMERI SRS EESIVNBIFERRFEM. A-C: GZEA I NFITHZ P TNF-o . IL—1pFIIL-6/KF; D: A
G AR ITZH 2P TNF—af & 1 360K, 'P<0.01, "P<0.001 vs HED group; P<0.01 vs STD group, 2 = 6. STD: SR £54H; HED: Slgiitr

2H; TNF—ou: FRBMSER F—a; IL: F4AEA 2.

FRORG PR IR 71, 24 e S8 3% PR N, P 25 2Tk
TAHTIE, 353 AT AR 51 R 44U, wBk
FAT LUK B il 52 B, IX— R M2 FITC-dextransK
SEREARAVNAHZO-1(— P EZL W R AR T, #EHFD
WSR3 BRI 2k B i ik .

B2, RIS RY, HRE e P HIHF DS S AT
R AR IR0« 980 2 RE IR 1 AR AR, B
J&, AW FARAE B T IR Re 68 i AR i PR 22 38
/N iEE VE S AR, ARSI 25 IR TR, WIRk AT e
NAFLDEERIRITT Z54).

NERR

Eoal =g
VR R 14 g J77 B (nonalcoholic fatty liver disease, NAFLD)
TS — Rt A A 3L TR 1)/, 1 H BTAINAFLDH)
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BRI A, R, 7 AR FINAFLDZ]
YT AR,

TEFHE G S0 9 K RSB i 50 B, SRk ol sk
S TR IRAT 28 HED, BBk T RE AT ke
NAFLDEH. 1, SR X NAFLD A F IR 55 i A
WARIE.

g =pn

P IE & (high fat diet, HFD)% S /N fUNAFLD, M &<
PEEXSTHFDE SR BF% . BEFARIRELLL K
NI IV SZ AT RIS, A H P L.

Eoaly
WA /N SRIILVBRE , F620 B8 135, ELTS ARG i i 45 52
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5 ARERISRBIEIIRISENRRIFESNNEERSBIHEN. A, B: 24N NMAHZO-15%E; C: I FITC—dextranfaiill/ N
M FITCHO HETE SIS @S A L. P<0.05, *P<0.01 vs HED group; ‘P<0.01 vs STD group, n = 6. STD: $RfETEZH; HED: mls ik EH;
zO-1: BEEEENL

PN, TR, IR, SRR NGEEE S, Xk RAUR, WK B E
%K. FITC-Dextranfa il iz i . IWAERFZHZY, HE ~ NAFLDZj¥).

Yt BT AL ST A5 A5 T LLOYL (M Z2 T4 SIS
R &R SN PO e R R Al R ST gg e 4 BB

AL AR B T AR B 52 A o, (peroxisome proliferators- 1 Sookoian‘ S, Pirola .C]. Systems biology eluc.idates common
pathogenic mechanisms between nonalcoholic and alcoholic-
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