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Abstract

In recent years, changes in people's dietary, along with many metabolic-related chronic
diseases. This study aimed to explore the hepatic manifestations of the metabolic syndrome
(HMMS) including obesity, type Il diabetes and non-alcoholic fatty liver disease. In this study, we
want to evaluate of grape skin extract against the onset of HMMS induced by 60% high-fat diet and
drinking with 30% high-fructose corn syrup solution. Mice administered with grape skin extract
(120, 360 and 600 mg/kg/day) for 10 weeks. Serum aspartate aminotransferase (SAST) alanine
aminotransferase (SALT), triglyceride (sTG) and total cholesterol (sTC) and inflammatory
cytokines were determined. Lipid accumulation in liver tissue sections were determinate by Oil-Red
O staining, H&E staining and immunohistochemical staining for toll-like receptor 4 (TLR-4),
4-hydroxy-trans-2-nonenal, 4-hydroxynonenal (4-HNE). Our result indicated grape skin extract
could reduce SALT, sTG and sTC. Furthermore, grape skin extract could regutate hepatic
interleukin-1p (IL-1pB), IL-6, tumor necrosis factor o (TNF-a), monocyte chemotactic protein-1
(MCP-1) and thymic stromal lymphopoietin (TSLP). In addition, the histology stained by Oil-Red
O and H&E revealed grape skin extract decreased lipid accumulation. According to these results, it
is suggested that grape skin extract could improve lipid accumulation in and inflammatory in
HMMS.

(Keywords: Cytokine, Inflammation, Hepatic manifestations of the metabolic syndrome, Grape skin

extract)
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Ve RB A e A BT T A O R B R BB ARl
B F oL s A R 0 TR B PR 1R R F iR -
AL A PR g AR T S ) B 10-24% 0 H P IR EEG s T Y 27-185% 0 ¥t &

7 Bl—‘kmébfﬁ% Mg R AR (T R B i 58-T4% 0 B ¢ F IR AT 20-25% 0 A A
SABRREEE Y 9T T5%f AR A o E K HATZ & K J MRS
Ap G aneg o WA R RIS REF® (Linetal, 1992) o Bt bt @ R 5GP
MoORAIR L FEER e HOOFRFTIRAAN G X D SLFP L R R S T G 8
3%$ﬁﬁ¥°”%%%?ﬂ%ﬁiﬁﬁ$?i—’%iﬂi@ﬁﬁﬁﬁﬁéﬁﬁﬁﬁi{

FHAT Al B PR 2 B R AFHY AR TITRENE SR o TR
RE| PR g S T G o A FIROTRE T H 3 o AT UERE R
W2 a Vi 67 R E30% (VIV) B % F R Ak 2 60%2 F T Sl 0 3 BT

RHFERAZ - T RYPHFAZFPFFHE I RIT R E o F AT T LR P -



% @%M}qéﬁ

P AN ERPEHET > AT RIEIRT 2l o TR s Gz E e
TE A CERZES 0§ 2IOTEE0% L o R IFRE R AR F bR RE o BT R
AHEsE o A0 G A KB PR TRRA & G A B A 8] 50T % (hepatic artery)

Feiefm 5% (hepatic portal vein) » "F@: Pi@ fis K p oo BRE PR O R o REIFRE § 0 R ER

<

SRR kP R R B A
(=) "2 B

SRS & d R e (parenchymal cell) -2t % %2 (nonparenchymal cell) 2= > F 5
fne G inre (hepatocyte) » @ 2HR Finre fAsEH 5 o 4ot B X wfe (Kupffer cell) ~ % & n¥e
(stellate cell) ~ »+& p & fm?2 (sinusoidal endothelium cell) % + & ‘m#z (epithelial cell)
1. *xmrz (hepatocyte)

Bt RE ﬁ_ﬂ%‘—ﬂ;ﬁﬂ L T e BB A ) o E LS & A543 41:# s ¥

Fé&”ﬁ 42 9% 3T i ﬁ‘;‘“ P FENR o AFimie 1 ¢ L EEAR S P s Rtk ) W B en S

JS A T FR R s 8FEs k% 2 5% (bile ductule) ]’”—‘m”é%} WS ERE I R pL BL L TR o
2. B =X wmre (Kupffer cell)
B L09FE M B eiime o d R RLA 4 S P £ i&@ﬁi@li;ﬁ/\ FE BT AR R

fmr o BN Ime Y RFRRUE R R E R ek o PR TR S ey § Bk
(lipopolysaccharide, LPS) i&#gp & % (endotoxin) §]cp* > E X 'w® chiwm? %+ TRL4 % 48 &2
CD14 £ H € 475 1 » F8 2 5 Wies Lent WA 4 » 4ot e ek (Cytokines) fragit 3
(chemokines) % > i&a 3l { s hLRlmie 22 LRpF & o

3. "#+F p A e (sinusoidal endothelium cell)

POA fnee A e e 2 B0 B FIEET S EE 0 SRR foaR e st A L

VE ARG e b L wre SRR B REEE S T R e
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(perisinusoidal) ¢ < % (space of Dissue) - p* & w g fciFimbe o B L4k ehd & 97 o p A

AL LRF AR FUPRLIEG §ERE FREEF S ARE (A,
2003)

4. "k Kk Pz (hepatic stellate cell, HSC)

ABENFEREFM ARG A AR T;Hi—g’”— wie o FE N L mre > F 0 BB R R
T RBAITE K Bl o RAFRE FRT o Eklmr aat#E LD > 3 s HiEE M A
B34 3 A (Al-Rasheed et al., 2015) o # %% FI3F 5 PF > & K dmfe € 75 1 ) &
e wre (myofibroblast-like cells) » gt prae » 75 1k i > & B 4o it 39 (desmin) fr a-
T poitds f-v (a-smooth muscle actin, a-SMA) (Al-Rasheed et al., 2015; Friedman, 2008) - &
Lenk sk lmrz ¢ 2 HaEF L el B ahdore g 0 i = ez ob LF (extracellular matrix,
EMC) 7 & ¥ 34 » B2 5% #H8 & wie > EI3FART I & 2 Flz - o
5. & w (epithelial cell)

d A e R b b wie 2 ) 4w e B IR (epithelial/endothelial
barrier) cdg i frimre k= € R W F B ¥ E i Toll-like receptor (TLR) ezt 4 @
oo X sk d facimie oz o 4o Interleukin 33 (IL-33) f- Thymic stromal lymphopoietin
(TSLP) > £ :&- # 7%= it Kupffer cell & x5 & m?2 g% (pro-inflammation) > 4-:I1L-6~Tumor
necrosis factor a (TNF-0) - i = #F53F 3% X (Wigg etal., 2011) -

(=) 5L 7w itk

EESE AT A B 3R B 2 LEPETEHN R F IRy o HY AP
hiefis 4 viefis (aspartate aminotransferase, AST) {3 »<pk # '<f= (alanine aminotransferase, ALT)
ArE BB B o R e d TGl Woen B R > AST e ALT 7 €8x 8 R 0 F IR T
W aFmre 24§19 wie Wl 120 4o & LA 15 0 AST frALTr § im e BT
Yoo B XETFwR T S G 0 ALT Apat AST St dh g » AP wiRA Lt J i * dudg ik o
1. % P % scph g 'xfs (aspartate aminotransferase, AST)

AST R 05 Bs s B 90 B o 2 8P o B A Y ¥ B 46 B & 40~50 U/L 2
FREXIEG > AST 32 ¢ 7
Pl ® oA g? AST kAR A AST dp#t ALT #i2§ & — 42 7 (s 2 ST

Bom ) B g? b ¥ EFFE60~-100U/L 2 F - Figttle

“E&*.i
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i ehgf B4 F] 3 o
2. 5 'eph g veps (alanine aminotransferase, ALT)

ALT 4 & 33 235 wmie @ > & 4 % ¢ & F B4 5 & 30~40 U/L 2 FF o 5 "9 T3 i 5o
ALTfiﬁg Facplep? >ga e R? ALTER Y2 > @ ALT 82 % - 4 AW FRY ALT e»
BB G & et B BRI G F R KA 0 T R LETTRAR G dg R 55 o
() FFERZ g o e

R E A kGRS L E M E R R A ko S BRSPS R

w1 - BERE SN 406 (endocring) fo% A e (paracring) BE o AR R e EEE R
mre A 2 A L TS o U AL S e ik (adipokines) s H ¢ j ot & d pisimte &

= > 4ofp B2 (adiponectin) ~ % (leptin) 5 ¥ ¢b— R p H s KR o dodkdnE  (resistin)

g X mre jpE  (pro-inflammatory cytokines) o P53k iRz ke E 582 S fE 4 IR T 5 & 3R
TERBI AR L F2F > M2 p Lwie oz GG 2 g Fr &
(Lietal., 2011) -

1. 39 % (Adiponectin)

PR G RSO ki ek 0 21 type VI~ type X R v 2 4F A8 F]5F Clg

(complement factor C1q) * I ik o %3 %% 445 2% & ' & (peripheral blood) #7 %% ¢

s

S

\'.I_

2 ¥ 5 A STmd B iRl (Ohetal, 2007) "B chiz 3L 6 565 B X AY
AdipoR1 (& #2svf i % ) frAdipoR2 (&% ® 4 ) @E > § "9 8 % &% . AdipoR1{r
AdipoR2} {& » ¢ fljkiE ( AMPK{rPPARy 2 # # » 5 (Kadowaki et al., 2008) - & iF3%g? -

TR G A ta RN NI 2 U FAEDE = BB R A TIPS (knockout) o] KR %
oo %S - ] B R B g o e S B A BRI

Beg eh fy FIFforep @ g in g o ST et F Y B 7 R A R E R
UGS B R A H L G R M de 5§ & AT# (thiazolidinediones) o W € i@ n

F¢ A 7 £4% (Oh et al, 2007, Kadowaki and Yamauchi, 2005) - "3 %% oo s § A

B R AMBRRE CHE SRS FER DL (Swellam et al,, 2009) o TR FE f 4p i it
G FAE S BORA T2 R AR o T B AR AR B AR Y AR

g

SR PR e i G F AT MBS ~ e LR F B Z fRdefe = (Turer and
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Scherer, 2012) ° "3 B4 & 4] B vt e ch% i 1 (phagocytic) frlL-6 ~ TNFA 24 » B 7 fa_
@ ARE Pk R e 2 Beiinie 2 4 U LA F > 4o 0 IL-10 - IL-IRA (Wolf et al,
2004) o B3 Fum LeniTH o fp pETFmie L 5 RE gtk o
2. J&% (Leptin)

ok & - Akl A _41994& (Zhangetal., 1994) - E x LwlE R > £ d swal i H
(ob gene) #fG i B o H FaiRkmiE A 0 Fin A & RREG o bl 4 P AT B &
TALE FA IR (T k] S8 o ¥ 0b o R T R S B A G aE i 0 Fads g vk e Wb en e
FRAXWH AR R HR L RO A RFILE FEAEEY R RE R
SV F Rereim i o R P RERF v o JEL R D g ke E o 5 4 frobgenedt & o & AFPLEE -
BE R4 B %:iu?asww Lo ol g B T3 5d & X 48 (leptin receptor, ObR) #:f -
v 3 &3 5 B3] (isoforms) (Villanueva and Myers, 2008) - o 4 & & Se € & 38 & o

& 4 5 (ob/ob) 2 EE &% 18 (db/db) 4 Femer ] BLH 59 sng % 4gie = LA 4 [ (Howard et

<k

al., 1999) - % Atin i & - A RAEH L ey 35 Mm% F]5  (pro-inflammatory adipokine) » %] %
TR E KAF S amre P > 2 3ZH 3R (monocytes) ~ E eiim®e (macrophages) ~ R fwmre
(dendritic cell) ~ V* ¢ 3k (neutrophils) Vﬂé}ﬁlﬂi (eosinophils) - V‘g f&t+3k (basophils) ~ p 28
B+ e (natural Killer cells) % #% = % *2 (Ahima, 2006; Moraes-Vieira et al., 2014,
Andrade-Oliveira et al., 2015) o & 4 8¢ > BZ HF € 8¢ Fih & IRCDA2 Tiw2 57 Thld Bt fm
P it o TP P PiIRE oA o R s L RE B rErgimre ¢ R e BEEEN

—

T2 g2 9 =% (leukotriene) ~ % % f¥ (cyclooxygenases) ~ - %

L F 2 GEY L Pwte
(Zarkesh-Esfahani et al., 2001) -
(T) "2 UREF B

EEE A Y Jp A B EH S B ¥ 34T (hepatitis) 0~ A B B iEfr A BAFUA

oo bk Lenh FIEBA R F@ 3 0 4o 3 4 e B AT e C 39« 75 L § RO

fre R AE 0 B TR A N AL TR R o 2RI IR T L P R AR s o
7P B NP AR R R G B R 0 A AT S SEA 8 0 S e B
SRR g pib f iR B ed et R e s T AR B R F BT B e g o

1. ¢ &34 2% 1(Interleukin 1, IL-1)



IL-1 &% - Bagrgs o w3k A2 0 IL-1 BT e v EF > L2 A
Fo~ B I % Wit M E T % (Dinarello et al., 2010; Dinarello et al., 2012; Garland et al., 2013) -
IL-1 5 - @& Alehp it R ER > ¢ 51428 % %”gt%ftr"s BRE KK Ave mIReEd o T b
BePlpTARE -PgLR-F ’hjwdv (hypothalamus-pituitary-adrenal axis, HPA axis) = #¥h4 &
f% (cortisol) - k@A & AL A& Ao g F B o IL-la fr IL-1B &340 Fp enX 8 (IL-1R1) » e d
P e ik F RS 0 £ AR A TLEER o IL-lo 0 SRdr T R PR TORE 58 i
RE Nz d o g IL-lo w0 Sfde 4 s ts § 513 mie 5 o IL-la wBfdr 2 & B 5 E 10 B3F
Poid fads 3 W dw e e ik v ]+ (Chen et al., 2007; Rider et al., 2011) » % 513 & #p e g &
& (Berda-Haddad et al., 2011) - 4p & ¥+ - IL-1p 2_d % = ‘w? (hematopoietic cells) ~ E ¥ m?e ~
AR e fopc™ e (microglia) 5 TLR ~ 47 %8 (complement) % H is ‘m¥e ik 1]5c(8 954 i
(Dinarello, 2011) - @ IL-1p # Sgd» # it it IL-lo % Spdr — A 5 B F 72 A& e IL-1P
TR 5l ok F-0 pF 1 (caspase 1) R AE L F o R RS L G B enime gk
(Garland et al., 2013) < IL-1B d %5 %5 S A1 & Mfriju » ¥ 8 LGRS W ehlw2 g o &%
= AR P AR B e ik ¥ E R iEr o
2. v =34 % 4 (Interleukin 4, IL-4)

IL-4 7 =t 4k 8 d Th2 e A e enime % (Chomarat and Banchereau, 1997) » 2_ 5 &
FEmp AL T we (NKT cells) » *h w123k (basophil) ~ rg 422k (eosinophils) 5% %
2 (mast cells) & € » s IL-4 - d >t [L-4 22 CD40 2 F= (5% §1jj B dmie & (“ fodf 78 > 42305

4_B Mtz 2 £ F|5 (ldzerdaetal., 1990) o # IL-4 §lj™ » — B LA IG » €5 F A2 >

>

4 119G ~ IgE (Paul, 1987) » ¢ A% = i B F REFE o IL-4 & Bwmies € H % - 4
ik esipFAF £ (MHC class 1) & R 54 o IL-4 £d B it o CDA+ Th2 w2 £ 2 >
TR A A b2 T e it = Th2 fm?z (Thieu et al,, 2007) o IL-4 s A & LA F B2 &
Foos g RRBH B Lz pd A2 fodrd ORF R o
3. v x %k 4 % 6 (Interleukin 6, IL-6)

IL-6 &4 184 @i A GHFE B4 )3 4 B3I pd el T pEdy v 5
- fEae 4 AR kS BUE Mg F eeniw e % (Hammacher et al., 1994) - IL-6 % E'J:%i
& % (Paludan, 2001) =« LPS #1l;% (Eggesbo et al., 1996; Beurel and Jope, 2009) = @ 4 & > f
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FAF e o L6 A A ¥4 B IL-IBfe TNFrahg 2 > i & d fih mi - & F o
P2 s B dmie & Fginimie &k (Guerneetal., 1990) o AzA» o IL-6 d T3 4e B dn¥e LB IR Fv
A2 4o 1gG -~ IgM v A Ak é & 5 B fme 1] ]+ 2 (B cell stimulation factor 2) (Hirano et al.,
1985) o IL-6 tra a4t B im%e ¢ 22 LB 7 K F Bicp MAER G AF ¥ > £8 4 IL6
EERLEL > bl4r IL-6 412 | HH B 7 ¢ 4ot T e fait & Thi7» & 17 ¢ 5
A2 BB W F oA ¢ ¥ (Baoand Cao, 2014) - A A g8 ¢ > & > £ pad Uk (Systemic
lupus erythematosus) f= Castleman’s f;zrn%,—*ﬁj T B3] IL-6 222 3 (Bao and Cao, 2014;
Yoshizaki et al., 1989) - frit o Blimre A2 4 IL-6 iRE LpF R "@irf%‘%#mﬂ)ﬁ 72 4R T
2% T Mm% X7 (Vazquez et al., 2015) -

4. v = 3k 4 % 10 (Interleukin 10, I1L-10)

IL-10 & & d Th2 fwm¥e ~ Eefim®e At B — 45 L ehime g > € drdlH i lae s X
chim?e frE A 4 o 4o o IL-1 2 TNF-a (De Waal Malefyt et al., 1991) o IL-10 ¥ 14 £ 3% & 4.4 ‘m
?z + MHC class Il % 3. (De Waal Malefyt et al., 1991) » B it #r#4] p A ¥+ w2 (Naturalkiller
cell, NK cell) /=4 > + 3 NK cell frEsiime 2 4 B Liwe ek 5 ¥ - = o B I Rse B
g s i A4 M o T R EET 0 IL-10 ) Bd CD4+Th2 fmPe 2 4 > T ¥ e E v fm P
A4 H s fmve e (Fiorentino et al., 1989) - IL-10 % 4 %R 835 £ 2 & MHC class Il % "% i<
FoR B aRehii 4 o S| T e s o blde 0 B P2 5] LPS fli A 4w ek o e L
A EIREG KRG TR E R R L LR PP IL-10 F 4] IL-1o~IL-1B~1L-6 2 TNF-a
M g F B (De Waal Malefyt et al., 1991) -

5. v x %k 4 % 13 (Interleukin 13, IL-13)

13 & 14 cnfk Fliz ¥ 4piT > 230 A 8F % 5 iE A 482 | &% 11iE4 ¢ 48 - IL-13 f- IL-4
L AR R § A 5 3P AACE S T A g e ek o CDA+ Th2 dme i e
pF & IL-13 4 IL-4 > 5 ex L sBaciin J5 (allergic disease) hip 1% (Catley et al., 2011) -

6. v n zk 4 % 33 (Interleukin 33, IL-33)

IL-33 5 - 1 30 kDa = -] en3-v B » &2/F= F-v fs 1 (caspase 1) =47 £ 48 ¢ £ 2 &1L
(Cayrol and Girard, 2009) ° IL-33 %2 1 Th2 fm®e chd - K i % oz B & 8 F a3
4 0 IL-33 i ¢ AiE i &0 (Lefrancais et al., 2012) - & Ewiim®e ¢ » IL-33 5 J13 % 5 pEik
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if 14 (LPS-dependent) ¢im®e ek frdkit ]+ & 4 » ¥ § 77 3 45 1 IL-33 fr receptor ST2 % £
(e BT PFenimrel L € f w3 & TLR 3 4e LPS 2% 4% (MD2/CD14 and TLR-4) 4~ MyD88
@ % (adaptor) 4 7 (Espinassous et al., 2009) -

7. "3k 7 F]+  (Tumor necrosis factor, TNF)

TNF 5 &1F oo ¢ €& chimmejirk 2 - 0B 837 5 R F B2 39 5 fon pohp il
Pod) o dolp > T e > #ER RIS & L M AR 2 L% R (Wong et al., 2008; Bassi et al.,
2012; Castoldi et al., 2012) - F]5 TNF i i) Blr A ¢ £ d Faiple Bomjd > “T IR 5
4 - fdrq % mb gk (adipokine) (Hotamisligil et al., 1995; Uysal et al., 1997) - & 4 %8¢ TNF
7 3 a5 0 &~ W 5 TNF-a o TNF-B » % T ARBEE L L §ERPFE SRS R
HH G E g o TNF-o L& (8% A S LA wehs i 0 5 - AR RERAR - U f e
FAE G ldrme k= o ¢ 2k~ ko fF (caspases) -~ 1% #E 4% ¥+ «xB (Nuclear factor
kappa-light-chain-enhancer of activated B cells, NF-kB) ~ #_4 % & & i 39 j fs
(mitogen-activated protein kinases, MAP kinase) > izt 7 L@ 2 Fenfp s (£% > & @
TNF » e & 2 g F & (Janesetal., 2006) - TNF =0 Uil € of i@ mae g Liwre ek 4

LB Y IL-6 0 @ it EGEH K wie rk § FFh { B - W E R o BT B R
v o ¥ TNF 0@ {oi® % (neutralization) ¢ 3% $9% § % ¥ % B § § 4523 4o (Spiegelman
and Hotamisligil, 1993) & %A & TNF A Fl4x 2 chF % ¢ » 4 % E_A H £ 7] (monogenetic) &
A 8 ek T, Ho £ F AR 1 (insulin sensitivity) 5 &g #F:c £ (Uysal et al.,
1997) > g RS EE T IEETTNF 7 o ¢ se L % f AR Mird ApM e s 3 0 &7 7h 2
) B4R TNF st en@ 3 ® 0 B0 0 WopF o Tk 1 Ak G5 Fad & i oL § £ e
Fv (Lietal., 2003; Liang et al., 2008) -

8. H 34kt F-v -1 (Monocyte chemotactic protein-1, MCP-1)

MCP-1 * £ % 4% 1 j5r% e 48 (Chemokine ligand 2, CCL2) » H 4 & # 50 5 % it fodk i H %
o Evgwie 2 Tk (Taubetal, 1995) » i@ Erflwie B ER T A2 LpF -1 H
g Hppr b gAad MCP-1 2 n e ™ P FAE LERY SR VHFRIKE
# Pz i e 2 (fibroblasts tumor cells) ~ L jf3wim®z (smooth muscle cells) % p A w2
(Endothelial cells) % ¢ 2 2 MCP-1° @ p & % frBi8 % L w2 % > 4o 1 IL-1 > TNF-0> B §
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Tl MCP-1 2 2 (Colottaetal., 1994) -
WAL Fp T w2 & % (Thymic stromal lymphopoietin, TSLP)

TSLP& & 443 R ¥ B A [im®e > TSLPAL & d 2hag o e e i chlm e jfe g > 4ol

_ﬂ

Bz g b g dmre o TSLP rll-75 = 1 & A 47 KBwre 2 v chiw®2 g% (Vosshenrich et
al., 2004) » » s & Y #FR % (Watanabe et al., 2005) - 748 *t:#% (invitro) # - TSLP ¢ 3%
®o) B2 en® BT R B e (pro-Bcells) # 5 - Bz g v iEARY > € F B AR
Ik v k2 £ %8 (Ig antigen receptors) (Stocker et al., 1974) - ppr B R Bime £ 37£ 5] f A&
3 3-v £4& (Ig heavy chain) 3-v ¥ e (Hardy et al,, 1991) » & ® &7 4 5 7k 30 dz4a (Ig
light chain) fet » d y5{-Vpre-B#ri& » 3= 7 m Bin*z X 4% (pre-B cell receptor, pBCR) -

Mot BE g Bimiz 4k £ y5 0 1 3 Biw e i Bpde 2t @ £ 25X pBCR - A7 § H IR 0 o EBim
i~ 3 T L pF 0 BTS2 Z 2 pBCR > TSLP» ¢ s e g hBimree w7 » @ % keh
Bz p| Z & TSLP2 % Biw®e (pre-B cells) shxX #8 &+ ji 4 iv 2718 §% & (Vosshenrich et al.,
2004; Levin et al., 1999)

10. # 3] 4 £ F]+ -B1 (Transforming growth factor f1 ,TGF-f1)

TGF-B % — #& % # i ehlm?e jjrF (Cytokine) -~ FBiEHF7Rimie X 8 k3 & 4F Lwre a0l
Eam itz = o FTCF-Bp fmre A w g ? pF> ¥ 2 25 4 $= %1 (biological activity)
5 ARA] (latent form) - ¥ 22365 3¢ (carrier protein, a2-macroglobulin) 4p % & (- S £
(Massague et al, 1990) - % :F]%ﬂ% (plasmin) g 24T > KGR Ay ITGR-PE2 e 50 F &2 24
EFF X MEEadRiElt s THEEF-BP MG ELAREH - TGF-B 5 f1HSCsinie
Rt eETF S o RaitEaY EFTCR-PEMEE 2 > HSCsHi7a ® ¥ F-v iff > % F 7}
Fiodr L o Flpt s TCR-PB/ e « E A M EERFRATCIR G A2 - TGF-fF = 47 b R
A TGF-BL ~ B2 B3 » B w bk f 447 § L TGF-Bl » &HSCs? - TGF-Bl ¢ mie 3 %4 &
sugat w2 A g & 4 e LR ok (Gressner and Weiskirchen, 2006) -

11. * 3 % v (Interferon gamma, IFN-y)

IFN-y 3 - ffHinpm+ fore p wAR $ hm gk » & 2 i EC Eviim®? o IFN-y 4 R
TRAA AN EORF Bfrh RAPM AR M o5 7L F R IFN-y &g F fofy 5 hm e ih
WA ¢35 Fgrraniv* (Rocha et al., 2008; Wellen and Hotamisligil, 2003) - ¥ ¢t 5 &4 7
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;fﬂ Do IFN-y £ 5 dgh it 2 »c% > Bor IFN-y ¢ #rd] HSCs 7% it I §1 % NK e T E L h
HSCs (Jeong et al., 2006; Baroni et al., 1996) - & B A]5+ & v C 3|5+ % & F @ IFNy
e ot E g R ol g (Muiretal, 2006) 0 e AR I B TRA &Y BT A
F g 8 (Pockros et al., 2007) - & wti@s%  IFN-y P it 3 Z 3N p R S P avFgia
v A B PEEL AR LR S A TR o
12. % #& 4+ F]+ «B (nuclear factor kappa-light-chain-enhancer of activated B cells, NF-«xB)

NF-kB #_d % f e=x B ~ (subunits) k= = A48 (dimers) > & ¥ §"T > NF-xB fo# #
#] %9 (inhibitor of NF-xB, IkB) 4t =3tk 5 e » L AF ik ff o § P24 oF kgt
A flgets o 40t g % pE (lipopolysaccharide, LPS) » IkB € 4 # jcfis (IkB kinase, IKK) #-H
Aeit > & IkB ' jdm 4 2 gl ivr o g NF-kB &~ mie P 7 > 82 823 30 2 F g s
+ (promoter) 2 & > iEm EHMZAFNEAR (5L 538 UEF B 7)) (Zhang and Frei,
2001) - P AT 3 7EM > NF-xB # 1233 & 'w¥z gr% (cytokines) ~ 4% it ;% (chemokines) % %k
't 4 + (adhesion molecules) % 3. (Zhang and Frei, 2001) o § Jm® % 3| {1 j5cpF - B ot j5ck €
Lk X2 P miehd £ B S F U ARG 2 ERBRH I AN Bl AT

% PR o H i det Nl A S 3t e 2 B e L NF-kB FE 2 5

AN

-
F

B 2 - % mre b TNF-o 22 %638 7~ 515 X 88 (TNF receptor) i & {8 € 3 %7684
7 FSF X Rz 4phd 7= F=v (TNF receptor-associated death domain protein ; TRADD) ~ < %8 3
# 3-v (receptor-interacting protein, RIP) % #f 7 3% 7~ %]+ <X %8 4p B %]+ -2 (TNF receptor-
associated factor 2, TRAF 2) % ej& i o ¥ > Mgk~ 5]+ L #Aph 715 -2 € i 14 IKK &
it e IKK ,fﬁd Frd] kB 27 it @ NF-«xB 8 > NF-xB 7 i& » mie %5 ¢ & 2 @473 & 4
Fralmee B R o
() PR g 1k itk

PgdApki & 56 B F 1 (B-oxidation) kA 4 E o M EAAL ARRMATY 27§
? 3 acyl-CoA dehydrogenase ~ enoyl-CoA hydratase - 3-hydroxyacyl-CoA dehydrogenase and
3-ketoacyl- CoA thiolase izw B f%% 47 it it (Eaton et al., 1996) - p &tz ¥ i # o
(Carnitine palmitoyltransferase, CPT) & #4483 & B-oxidation s 42f% % » v ¢ B0t 7 fiedy
fi= A (fatty acyl-CoAs) #& % = fatty acyl-carnitine » X {5 & » 48 A 27 5 & (Kerner
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and Hoppel, 2000) - ¥ *t > fefk o fis A ¥ i fis (Acyl-CoA oxidase, ACO) 7 iE ¥ i* | %3
(peroxisomal) 4 s enfig % » % *g9sfpiang i & & (Duplus and Forest, 2002) - #33#fk i 7 B
FOEReT (HE-) T e
Fatty acyl-CoA
Jra cyl-CoA dehydrogenase
Enoyl-CoA
~J,; enoyl-Cod hydratase
Hydroxyacyl-CoA
J 3-hydroxyacyl-Coa dehydrogenase
Ketoacyl-CoA
Jr 3-ketoacyl- CoA thiolase
Acetyl-CoA+ Acyl-CoA
TR -~ FgiRRE T P 3 I iEAR
BEN O pph Y AR A AN G Pl AP FRE A Red gAI N E K
AT b BEIIEAR AT HIAN  FERIIH R B R B SRR
Tl it enfe® ¢ @ AR e > do DR AOR ~ R RIEM & K BRRAT T 2 FpE L R0E R o
Flobt o B B LV AR B G TR TS LS P d ARt ) A
7 4F {v Py 95 & (polyunsaturated fatty acid) & 7 p 2% it i@ 4% & J& (autocatlytic chain
reaction) > L 18 * A 4 ¥ 5 Pq FiEF 1 o e L} 07 4p{rfp 5 (unsaturated lipid) £ p d
F s 4 fiEF i 4 (lipid hydroperoxides) = % p o A €% 2% 5 < 2 defergipph > fv HTi%
a5k rgiep 4 2k (lipid alkyl radical) » &% ~ % teforfg iR At A2 R iR EH S X P
% (conjugated diene) - 4 ¥ > L@ - e F B F R, A FEF pJ A (lipid peroxyl
radical) o "o i p o R HE® 258 2 22 7 B F 4 0 Bois € A 3 A pEag ~ =
e o 29 [ - pg (Malondialdehyde, MDA) & FEag it e 4 o
P gAZ2Ad Ao dFwed ol a2 P Dy F oo TR

?J‘z—iﬁ,/]zé Firpd APA 2 > T B pd ARG FAdp G oY 2 3 - Bimg bk A



VA A fEE Alde Az F L1 fF (superoxide dismutase, SOD) frdk k4 *xiE § i ¥ (glutathione

peroxidase, GPx) ; #tfi% % |4 ¢ 4524 *x (glutathione, GSH) % (Jacob et al., 1995) - SOD 4~

GPxX it % 414~ (HF=) #F7 -

Fel CAT

o/ N\
H>0;
O,°~ 2H,0 + GSSG

2GSH
+ - GR NADPH

NO*

G‘

ONOO- NADP®

G-6-P

RS >~ ARF L IC PR o s PRiEF T pR TR 454

1. = g (Malondialdehyde, MDA)

MDA % " [TiEF it A $ 2 — > d 3t w2 5ghPy (phospholipids) % fi# » MDA 4% f§ < 3|

fmP b T g o AR (FASMEF CH T A LS & RES 2351 (Dalle-Donne
et al., 2006) - MDA & 7 & {ciq iafk Mgl A 4 S8 F 23 A 2 > i 5 MDA 2 =
R ERNG L gEMBRIRAREE S E LY LRGN B AR S
% (Stocker and Keaney, 2004) - f&/ + - % 5] MDA £ & "% 55 jk 5 i*  (atherosclerosis) 3
K ApB (Berliner and Heinecke, 1996) » id fim & ¢ &+ 4 T 5 Jf: MDA k& P B 3 4c

(Slatter et al., 2000) - 7= 3 + B i£ ¢ * Fn it = 1L X f4 (thiobarbituric acid, TBA) #2 MDA # # &

BEd AP FHEEALid A TBARS» TBARS fid %P &~ Fizd 7+ MDA £ 4%
g o
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2. 423 s it pr (superoxide dismutase, SOD)

1938 & Marn % + F &2t fon 3R P AR EIALE Pl pER AR E A2 4 4 SOD ih
Fre i -+ iEagfe 21969 # McCord F £ Xm# Miefdy » L ¥ BT U Pl Fo 55
. (McCord and Fridovich, 1969) - SOD i i ¥ &4+ (Superoxide anion) Gut it & i 4
%+ Hy0, 40 07 (0" —>H202+02) » st 58 & & 5423 Mol iv s > Hih s BdF 3 s 48 o
SOD % - #& 4% hps (metalloenzyme) > RpA & F g BE F1F+ o 3 2 B # % > 4o 1 4F
(copper) ~ 4% (zinc) ~4% (manganese) -~4# (iron) % 4% (nickel) - & % %7 M3 = & SOD
By bl Y Bdpdrfc st (SODL) - AR MM E4ER £ (SOD2) - hlwiz o frdpér
# £ (SOD3) (Romao, 2015) -2004 & — j{ # % 45 41> %5 | & SOD #%% F~¢ (gliadin) ¢
B IL-10 24 » # ¥ 2 13 TNF-a % e~ & (Vouldoukis et al., 2004)

3. k4 "< (glutathione, GSH)
GSH B i huvf 78 8s - 2 B sk B 7 ¢ » ol £ APF% - GSH 5 %4 m% fif 1+ ch
£ 39 £ifz (non-protein thiol) - d L Beiicpt (cysteine) -~ #<7«<f& (glutamic acid) % H "=p&
(glycine) = enz=rx» Lok g AL b erpnd & (SH) ZHEMHABM-GSH % 5 &4~ A - %
EERKEEL AH pi e ) GSH 2 iTH 2 - T{ﬁ** CHRREN G T R TP
‘ho fimre? > GSH 3 & R3] (G-SH) fr¥ 4] (G-S-S-G) & &7 > 54 GSH - 4%
AGEET BRI E A S £PF RS TR S A TSGR R
f#= (glutathione reductase) % @ w48 =B R A| o dmPe g iR RK B3R R A ey 1 A
st & (GSH/GSSG) » i ¥ g™ > B RAfrg Algnt b <30 100 & A R4 UL
flgefs > vt b § % iK1 10~1 2 & (Chai et al., 1994) - GSH ¥ 1 ik 'me %2 £ 5 V4 5§ >
LTRSS S T cF 2 s kmis ke GSH £ wmie s 3 b s

3% (Pastore et al., 2003) « GSH i * #4]4c " B = #77 o
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R(" HCOOH

NH,
amino acid
®
R Y-glutamyl-cysteinyl-glycine
: (glutathione)
CO-NHCHCOOH &
c"nxu. CH,SH ADP+P,
COOH H, NCHCO-NHCH ,COOH @
Y-glwtamyl-amino acid u\tuml glycine
® 0) H,NCHCOOH > cH;si
#lycine CO-NHCHCOOH
RCHCOOH CH,SH
! (CH,)y v
NH, H NCH,(OOH e Y-glutamyl-cysteine
{ vtlemr 2

amino acid

COOH
\, ADP+P,
L oo AG

N 233 ATP
N coon @ CHNH,
COOH
S-oxoproline glusamic acid
+ P

G o L 8 1
4. e+ ki3 it f= (glutathione peroxidase, GPx)

GPx 3 3>t 1957 # » §I ot o b BRI IEF VI G o (S A 8D 83467 k82 GPX > &
sf P e cnim Y o YRR A A 4 R > B¢ 4 R w48 GPX e & § ik
7 12 (selenium dependent) - % - A4k 4 *xiEF 1 f=(classical GPx, GPx1) &I F3g ~ " %K%
TR L ¥ Al4rky PRiE § i pF (gastrointestinal GPx, GPx2) s %5 % i F A & %=
Al gk PiEF it pr (plasma GPx, GPx3) fr% w A4k 4 *XiE ¥ * = (phospholipid GPXx,
GPx4) R iZ/s @37 s » GPx1~2 2 3 5 iRz B4 (homotetramers) » GPx4 & H #f
(monomer) (Brown et al., 2000) - ¥ ¢ & & GPx &% it = R4k 2 selenocysteine » GPx5 & #
" CGPX6 3 e E A o GPX I * B R A GSH ¥ s i 4 &5 8FF & iR Rk
(H,0, + 2GSH — GSSG + 2H,0)  (Margis et al., 2008)

(=) ¥ e B

1. # %224 (Oil-Red-O stain)
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Wi A AR LA - > - FEEF AR o AN st il B R Red h T
Wer P4 s BFFIRT A B AR e ARERMET > Rt A4 i FEN g4
s Rz ¢ (Kinkel et al., 2005)

2. #AEB 224 (hematoxylin & eosin stain, H&E stain)

FHRFEAET LR RGP R A S FRS A T IR SE RS AR

g o Pﬁﬁé&éﬁi’# AEE P PIEINA o e D PO s e P 7 PETIEE (RNA) 0

T B E o v—,é.,‘ Rl SR F fme N 2 mre B ehded F o 4ot B3 4 (Lewy body) -~ iFpF ) 48

(Mallory body) ~im® Fren 64 % ot i & RIZE " 2R BT b AR AL LA A
BRI diEsk o
3. AAZ&wmi-FZ 42 (immunohistochemistry, IHC)

LR MR EREY LAF Y 0 #Lk (antigen, Ag) {-+idt (antibody, Ab) FF &

LoRbH o DR IR ARRm A e S AT PR A LA
ERUCFRIFERIREFEFLL > AMFH T I ER D T AL PAFOE
2 [ (specificity) fe& sc & (sensitivity) > » { 5 i3 i i
(1.) #g4® < %2-4 (Toll-like receptor 4, TLR-4)

TLRs 7 #i-3% ##a8 < 48 (pattern recognition receptors, PRRs) #2&= R 2. — > & ¢f L agd 4
P kasl L g Toll bRz i@k > TLRs A s+ e gz iy 114 & &
B FERT 1348 TLRs § FRap RMATA 4 3 o de D B 3 SRR
P22 Pl Lo ot E A~ o TLRS & MIFROB Y R FLR b 4
TP TFmie IR 2 B Y TLRs Rild > § ¢ TLR-4 LA ZEvimiefrl & mfe

FZ R BENE e H XM F IESE B RS P (lipopolysaccharide, LPS) -
Cluster of differentiation 14 (CD14) & L x & & %i¥ - fadv ~ F > CD14 ¢ &2 LPS 4t
6 & W% TLR-4 » 54 myeloid differentiation factor 88 (MyD 88) {ljgcim®z p 12 5@ 1E » H &R
NF-kB /& v » REEH & fm¥e ik 04 % (Kawaratani et al., 2013)
(2) 4-5= 3 F 8 2-2 f (4-hydroxy-trans-2-nonenal, 4-hydroxynonenal, 4-HNE)

A-HNEZ* Fif§ B2 BB AP 2 - o b pmEE Y S nif - TSNS
it & 4 (Poli and Schaur, 2000) - 4-HNE# 1R L2 F 5 > ¢ 3 FIRNAf-DNAG &
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=~ ,;rv;; ® t3k (neutrophil) 18 %5 (migration) (Luckey et al., 2002) ~ F#r|fs% iT*
(Uchida et al., 1993) -~ i i #& 4 7]+ 1A 4 5 55 (stress-signaling) @ # (Camandola et al.,
1997; Parola et al., 1998) % o 7= 7 &7 > #-lwm?z * 4-HNE3: % > § & 1 lwrz p g4 " e
GSH/GSSGk & "% i< » £ @ 1Lk~ 5 5L 1 f 448 > /& it caspase 3 ~ caspase 8% caspase 9 * ¢
W3k wre # i s {e = (Dubininaand Dadali, 2010) - 4-HNE~ #zEF £ 5% Y 4 > it &
Fv FASS R Bakg A L% & 4 (protein adduct) o AL EEG 2w > ERme - o
(3.) "3%sps & = f= (Fatty acid synthase, FASN)

hof agde s ¢ 0 FASN 5 P ipph £ R 0re B anBAtpE R o of R A fag a0 B
- 4] % f% B FASN (type | cytosolic FASN) » % = 4] % 44 #%8 FASN (type Il mitochondrial
FASN) > 7 & & it #_i# 75 7 & = - FASN ¥ #-4 » chp R it & P i 5 £ dachér foied it (Wu
etal., 2014) -
(4) § % ##:8 39 2 (Glucose transporter type 2, GLUT2)

F S e F R AR L A2LE LI kA ATP . § F#E#E 3%  (glucose transporter

GLUT) #- b= chiv £ 5 4> GLUT2 5 A ol 8 b 0 5ot 5im e 1 & chi § 4%

#:8 3¢ (Fukumoto etal., 1988) » #7 3 &7 » GLUT2 i o B ¢ R & & > TR B ehix
e B GLUT2 A 37w § F e § S P § 5 B Tkisd 2433 i (potassium
ion channel) B B > @ 445 3 3§ (calcium ion channel) B kz » BEEIL § 2 200 > 7 s 383X
TP BRI N A R IR EENL R e R R Rl A BERE S 2
GLUT2 23 ¢ + = > 3 4o m%s ¥ § § #5<3% » (Narasimhan et al., 2015) -

(5.) ¥ ¥ ##E 3 4 (Glucose transporter type 4, GLUT4)

1980 & § A7 g 4R 2 4p 1 > & R p e LI § (1S 0 B TIRE O e B OPEAT
38 B 45 7] w2 wo b (Suzuki and Kono, 1980; Cushman et al., 1980) - 4 GLUT4 4 rx = & _'m
¢ 4B P B HEE 30 (4 0 A = (translocation) iR B E o GLUTA % 2 A
Vup frrg inimre ¢ o B B e pool B fo ke chif & M %403 T (Bryantetal., 2002) > 5 ¥ 4%
el 3 B ehy F 4R E 39 (Henriksen et al.,, 1990) o % = R ¥ FAB{Ipcis - % b & ¢ B2 F

3 GLUT4 ra p | e 45 5| oo 5 1 14—;‘@% Bl e A R Y 0 T U



Mo E TS LTE M Ik o U S BET % AR ERE RS R F oo
Uk OB ¥ ' M (Kampmann et al., 2011; Gaster et al., 2001) -
(6.) ¥ % ##:F 3o 5 (Glucose transporter type 5, GLUT5)

w4 F kg or GLUTS .4 & 444 5 48 (718 ﬁs?] i 3E F-v > @ GLUT2 #5007 ¥ Bag{es]
¥4 4 (Douard and Ferraris, 2008; Jones et al., 2011) - GLUTS %37 % @ A3 > ¢ 350)
o FORO e sk fgda A & Ry (Schurmann, 2008) ¢ i R ¢ s R R 1T IR MR AT
(facilitated diffusion) 38 % % i mPe p > AR LA IE - 3F - LESHEHH» GLUTS A&
F171*% (knockout) #5% ¢ o~ S AR A2 Bt ? U FERRDOR G SRR A R
ﬁ ehufs i (Barone etal., 2009) - ¥ #F » #4 B2 25 s2fp GLUTS £ B ™ » SRt 24 %
+ # % (Douard and Ferraris, 2013) ° % = 7] ﬁ%f}}ﬁ%dﬁ g ¢ o gD GLUTS v GLUT2
FRERF REFTE S B AER S G B (Dyeretal., 2002)
ERN 1F

A F I RS EY B e - TRkEZ G T el wE It EEA
F RS RAS EITEAL s KPP LS ERE K o d EFEBAEEN Fc A
PESEAL - Ra RS APFRFI DB B 8 $ 3075 SPppad o FEL A
HOBERARNTEF S 3] T AR L R AT AMEE - B mAL N - W
AfFfriisE A A2 7 F R 40 SRR F (Lactobacillus) f- 1% 7 (Bifidobacterium) -

&ﬁﬁﬁﬁﬁ%%ﬁﬁﬁi#iwﬂ%&ﬁié’iiﬁy%bﬁﬂﬁgﬁﬁiéiﬁﬁ

(Gibson and Roberfroid, 1995) - ¥ — TwAR EAARE AT FEF T LT RBLER
BEAEH R AR uq,ijg BEEAMA S FRFLALAS > b d RS E (Gram-negative
bacteria) # # %5 % & (Lipopolysaccharides, LPS) > % - #&p 4 % (endotoxin) > % v i& » 24

FREGER LA LA BRI Wt g ik REBIREITREA R L LK
(Nalon et al., 2010) -
(-)

FREAZTERZAATE PP i AAFRTY SR NI R DR
T AT 0GR g E s FTes i o ¥t g - iR AL EL A R i By R HpERE 0 A 2 50%
P FUEE2 0 Ao UpEYE ] 4Tk F (Streptococcus) -~ A7k ] (Leuconostoc) # o 5 pk
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AevRrE I AL N F o ¥ LSRR EY A2 IR R AT A T

55

50% @ Brte k2 7 AL SR F c IR ERBRER G BPREFAFRL G X 2 - RS

pize

F e
1. F'pet% 7 (Lactobacillus)

FREFR AR PEFABERER ShFa A MPZE2F €1 RURKTEESR
BHAZIR A RFIIFREER T UL RRT PR -OFFISEEHAS A
ATBEFRDLADE RS BXML c FPREFRAEL D PR ERGYE pH &> w2 i 4
FlEsmL RO H R GG EER -

2. Hs 1 (Bifidobacterium)
1899 & o jx FF & Tissier i @enk i @ A 4 0 LR 0 B HE FIZ RS
h AR RS R AL ER BREFE T BETE FHET G X2 FEREL L5
A4 R R e HR AR A R

ERRR N 0 G B B o B \:ui%‘;ﬁ:;fﬁsgj—@fi .

ST e TG g A d 0 SR AT P R
(=) = %+ F# (Coliform group)
SHRFELAFTAR O AR - FHAL WY EP AR LR ORE B R Y

TR R S B 4 0 AR B BT ok R R B ARIE g

%m
$
A=
=)
T
|
—:L.\o
[_
A

¢ 3% Citrobacter, Enterobacter, Escherichia 2 Klebsiella = & #F/f @ iz A/ = £ fF £ 5F7

i 35T 48 PP FEEIBL AL FH T AT F AR BETAL > A RFFELW
APl B8 LE QT Roe 2 o F A5 REaEY T s RXTET %24
# -

1.+~ %+ ) (Escherichia coli)

R R RIEE R PG SR B L T MR FER c R FAFRET LY I
B IR . HiE A kG R R MTAMRA . AR B SER fibhE e
SHERT A Eilde A0 REEAL R B AR B R § i S R
Bk R BRI o B A E A SEFEET R E > 4o E coli O157:HT -
=~ L HiE & e (Hepatic Manifestations of the Metabolic Syndrome, HMMYS)

RS G 07 B R A 2R G A B R R R LER G AN o A A



B RAR R T P R E R B A A S 0 § PR PR AR A A R R A IEdRIE R
SlA R Y > B EFF M FER B R A AEPTRA L PR HT P
OFRBE EE O ¥ RAEF O & AR R b BRI LR A 10 R
3 ZEIFPE 1455 9297 (non-alcoholic steatohepatitis, NASH) (Li et al., 2014) o 2L iFp 1475 755+ 4
BA LEFRR G AL 2R YRR R R R ERAF RO F L g
R E R AZE TR E 5% 0 S el Hop B 0 TR R 5 4 F i 70~90% (Castro et al,
2011)

PN sz 3L (Obesity)

RIS ALE Y RPN A - AR FHPN BRI EHRZEAL [ G D
BBt F b § G IAET LR AR DR R LR SR o Bt R 1}% ’
v F Fgikle (Whlte adipose tissue, WAT) & 5 572 & &5 5 737> & B B iR ¥
Renhiste R R LR EF e AR 0 B EETLF o S ERH R Lwie
R R > g N ER Y ok § F acg 2T % (Johnson and Olefsky, 2013; Olefsky and
Glass, 2010) o — & ff H % * A #p| R 445 > 4o LT E 48 (BMI) ~ "EF & LR
He BMI e R 5 B b dp i * chie idpdh o 0 F 4 w2 (World Health Organization,
WHO) »* 1997 £ 3% 412 BMI kgl r (i -) BMIE = A58 E (kg) 3 17
% (M) ehT o R A 25-30 kgim? N RE S ALE 0 @ Az 30 kgim? L& R S MR A
1 BMI G G s st dhdgth > 1 & F] G FREHE fé_l’/%i&? ¥k 2 BMI fri 4
B RRE A SR F ARG B AP -

A - 2 R FEL e BMI 2 T

Classification BMI(kg/ m?) Risk of co-morbidities
Normal range 18.5-24.9 Average
Overweight =25

Pre-obese 25.0-29.9 Increased

Obese class | 30.0-34.9 Moderate

Obese class 11 35.0-39.9 Severe

Obese class 111 =40 Very severe
BMI= Weight (kg) /Height (m?) WHO,1998
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%)

. # Fiops (Diabetes mellitus)

R Gt gk 2011 £ chendR L g 2w R 346 4 R ERR 0 ACE 80% kA
P g A BT~ fod 2o B R (WHO web, 2013) © 4 Ao 5 — M SR R 0 B i
A R RN AR AR o h Y RF g MR F b S RS HET R G -
Pk BESIFEFIEF AR oL FARE TR CBRETRE > LATWE AR

]ﬁ@z o MR ENE 2 T e A fEAEA] % - AR oR (type 1 diabetes) o &4 AT EEp

W

A2 KRB LR F (nsulin) > ERLRY O FHELE T RE G o B F R
He % 94 (glycogen) 755\ ¥ o s FLITWL § F i dF Al B T (insulin dependent diabetes
mellitus, IDDM) > Z & g L st insulin Sedpdle 48 o ¥ #F > 2 B 4 RO READE - AR
5 (type 2 diabetes) - & 3 2013 # 23k £ § 382 & MRHBLF % ¢ § 90%LE - AR
i & fn%z b oinsulin receptor 7 4% Fnet AL B 3 &0 & F e it insulin B3 & AT AT
E24i% & ik i ) ¥ P T (non-insulin dependent diabetes mellitus, NIDDM)
2 ZLIFHE 427 75 5% (Nonalcoholic fatty liver disease, NAFLD)
(- ) 2HEp i a2 2 A

*a 0 (fatty liver) SPF5Eim e fif B 7q 7 m o o WP DR B AZIE X MR AR DR iR
VIR ¢ b R P VA R o BTy B R SRR AR D% PE o I fL2 5 Fg PRAE o Fg iR
A ST H B p g R AR LEH R s 0 @ B S R 3§ R
FR DI PeE G o g P o LR R B E B p 2 - 0 - fRinE TR
P o BR s RE LB RAFPTER O OFR- LRLG R RF P myIg e
PR iE E Y HRIFERE L o T R T2 8 ¢ FER L K H g s (steatosis) I
EPE P59 9% 1 (nonalcoholic steatohepatitis, NASH) » % irii 5 = &gk s it (fibrosis) ~ "+
it (cirrhosis) # I 3£ 4 & 2 *H (hepatocellular carcinoma) o & ‘e 2 5 gL » 2LiFpE ({eiF)
Mg pirhn R g3 a5 E o TRk FRIZR T L r R R ie e G AL 1L
(Saito et al., 2007)
(=) 2R AL g i S F

ZLIFPHE 170 75 % 1257 X (Nonalcoholic steatohepatitis, NASH) & # & fp £ & 1980 # 3%

do wd B & K NASH s GE B 4 0 IR 5 8- B AfRA AR o FREATE D
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TR . (Two-hit hypothesis) - ot B3R 5 % — = ang= B § 05587 7 vm e ff > i 2 5%
bR puforFmie i 0 AN RE BB R o F o L F VRS o BN g TS
B slde iR Fmie F L S o A SV ;}% B BB m e A% I o B

fL 5 g imie ek (adipocytokine) - H ¢ v dmre 4 % (interleukin) - R M F1F a

(TNF-a) ~ #3%% (adiponectin) % ## (leptin) % > & "y 9simie kB R A i € 3 2 Hp &
FASE AR o P P BRI S R B BRI > gk R g i Ty

Ve /;r% PR A 4 LpF o ©0 0% LS TRE A S AN BU AL DA Bﬁg%\(ig v 0
¢ A4+ BiREH Nehimie ik @ B olimz 2 -
Z) PR AL ) R 1 dR

%{,ﬁsmﬁéﬁ.ﬁi.?%‘i%’%%%é_iﬁéﬂﬁ’ RELE ZRERER L 2 A %‘« o e

‘;&.\

() 2HFp 1Py SR8 F e Py VAL g 1

SRR g B PR i HREARY T FR L LR A d o &R pFasEe (free
fatty acid > FFA) > ¢ & 3F5%7 & X = feH W fig T 6575 0 & UM B R #5 39 (Very low density
lipoprotein » VLDL) 37538 -2 FeH b g d8 38 1 0F00E » m e o« F AR TG 12 0 € ¥R
PR Fme R R N AT AHE AP RFI AR VUSRI T e
-~ M RBHERE I OF LT ERB L g AR E RS FFFAR ¥4 - VT
e &8 FFA & d BUKTE S 4 f it & = g W fasf 4 5 = ~ FFA A9 mse S BN 5 1L 2 {0
FEM s A BRI @M e ~d S VIDL AL SRt ERZBY S pRE
4 R o g 87‘%‘3,9_3%\2 2w B A R G R e RS R AR
FenT e 4 Bis o ARZBEH DRI Foe P ERSH o kS22 mgio

(T ) 2HEpE g 5072 55 B

a

FIRTARD O SHERAERIP A S A FRFL2ERPE S FRF N R BL
VR~ s SPpp b ot ap A 2 o GILFE L R0FA) S AR Y o PR
AR A FenE i for e X TR L ”%ﬁ.“ﬂﬁ‘]ﬁg‘."l RGN A A g e r#

2@ T EBE A LA o B PR RFDFEY  FE TR o Kuffer cell 47 B v
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fer > 32 ) IL-1B~ IL-6 > W 75K 4 e & & (Uesugietal., 2002) - A 2biFpd 147,

AP 0 LPS & ¢ e TNF-a fofl & iR Lmie ek 2 2 (Kudo etal,. 2009) -
= ¥ 5 A 324 (Grape skin extract)

AFTARY FHAZEFPFPFEAFREFZ TR ERAFIRESETIZA T H5HLT
o i "’,fﬂ’ — AR E X Ryt T 0 A Fﬁluﬂ_?)’*fﬁa "”’”ﬁﬁfﬁv B PR T
EpE Lt F Ay c B AR EGm A i s S RERTTRIEFF 08 F e
PR RF i 4 oSS F RS ApM D B A S o
() #alt=a
1. ¢ ¥ (Resveratrol)

PR ERE- S @A s pagt £ 4 (non-flavonoid polyphenol) - &3F % 454 ¢
o H R 5 = F o gk (stilbenes group) o B RehfE b4l F o0 G RF
(phytoalexin) - § {4 X FIHBEES ~ L FH2 wFR AP T €A 3 F kgt foeaa

)‘I

Zo @ ﬁ;{ﬁ%ijﬁiﬁ # 2 - (Leiherer et al., 2013) - B F M E Lo FEI2 ¢ o (44
el FR o FF -F 5 - f 5% %% (Bunsetal, 2002) - ¢ % jif
TS A F AN > gl F AR (cis-resveratrol) ek 3% w AR (trans-resveratrol) o @
F Ve p AR st dp it fE < (Borrielloetal.,, 2010) - 5 3 F 0 0 ¥R AR A Gl
d ARy PR AR Rl R AR AR oY FERAT R0
RF G R U R B T 0 v A E I EE® o silent information regulator 2 (Sir2) A %] @
FEFmSi2 5 & & %2~ (Tissenbaum and Guarente, 2001; Garsin et al., 2003)
(1) ¢ # e STRTL

frf FLEgd 4 ¢ o Sirtuin 1 (SIRTL) & % A7 7 sirtuin 22 - > & A 487 SIRT1 /& 438
WEREF E AR A T (Massudi et al., 2012) 5 v st #24- ¢ SIRT1 &2 A% F{eSir2 2 ik
7] » SIRT1 #_- #& NAD"-dependent class 11l protein deacetylase » ¢ ] * NAD"i& {74 ¢ fpf
(deacetylation) 2 # nicotinamide 4= acetyl-ADP-ribose (Haigis and Guarente, 2006) - SIRT1 5 %
KR~ VEER S ERRZ Pgipm R o d 4o fpit e ded (histones) ~ 8- F] S 2 Hdn & F) S
k34 A Flend L (Silvaetal., 2010)0 6 % ARAR S JRF 02§ s 4 SIRTL (Howitz et al.,
2003) > = R E e feimiz F % ¢ i 773 (Bauretal., 2006; Lagouge et al., 2006) - ¥ 3 3F
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L AR A AE S AR R U niE R T o SIRTL cha B feid i g H 4 > @ By
% @) hfieT €0 (Rodgers et al, 2005; Kanfi et al., 2008) %73 %% % ¢ - SIRTL i%i§
#r#$] PPARY fv NF-xB /% 14 % 33 #5770 W en & fedrd) (g & & (Picard et al., 2004; Yoshizaki
etal, 2009) - ¥ ¢t A E HFR » piknA Y H QTR iadE w2 Y SIRTL AR E
f4nH (Gillum et al., 2011) » Flgt > & ¢ SIRTL 7 r2 4§ fFee § 9 mfo S dip B s sh B R
(Park et al., 2012; Poulsen et al., 2013) -
(2) v & we k= (apoptosis)

fmie k- - e HEAER D BauEAE 0 bt FIRE G Pendwie 0 HE R it T
+ Ak “f 6 > W € Plgrimre fzdiz— €% (Thornberry et al., 1998; Aguirre et al., 2014) - ' ¥z
F G FLF e RIS R et (death ligands) %k 51
(Aguirre et al., 2014) - s~ iE4%2 5 caspases £ ¥ * (Thornberryetal., 1998) o furf st d 4= ¢
caspases @ LR T {ged 51t > N Ak L (intrinsic pathway) ##4F 0% = F-o E 1 F]
+ (caspases-activating factors) j& sk 4n 48 $#3< ) % (Adams and Cory, 1998) ; ¢F A2 &
(extrinsic pathway) &_#- death ligands if i ‘m ¥z %3& 1% 3 fm¥e ) > §|jgcim?e ) £ caspases ¥ % o
P FEMELR LT B R B 4E4p T i (Aguirreetal., 2014) -
(3) v ¥ as374 & (de novo Lipogenesis)

gl Y ARG A BER RIS 0 SR RATE Sk p Y W a2l
B ramaTA F 1T ¢ Rl B A (acetyl-CoA) k & 3 fia it i vk o S TR 4
NZfaH W fg o L &G ¢ W pF A Zitfs (acetyl-CoA carboxlase, ACC) fr?qisps & = fis
(fatty acid synthase, FASN) & fp% % %2 o @ dﬂz et acetyl-CoA # 2 p - ey ps A
(malonyl-CoA) > s le’_nL acetyl-CoA {= malonyl-CoA £ = *3%spfc (Vazquez-Velaet al., 2008) -
(4) ¢ % [E rq9ss 2 (Lipolysis)

Pa bk fE S Z A g in R im e ¢ A fE S g dnapifoy i (glycerol) o & xR R
Voo Pgipk fRiEAR & G o Benfiid 5 > = BeH W fa fq f2pF (adipose triglyceride lipase,
ATGL) Ffrigc2 AR *5 f2f= (hormone-sensitive lipase, HSL) (Aguirre et al., 2014)> ¢t #t > SIRT1

St BB A B 0 BB 0 WIE T SIRTL » ¥ g 5 w4 2 o
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- ESHE

R

il R A S

Resveratrol

High-fat-diet

Fonen fructose corn syrup
Hydrogen peroside, H,0,

10% formalin

Xylene

Ethyl ether

Ethanol (99%)

Chloroform

Isopropanol

Insulin kit

AST (GOT)

ALT (GPT)

Cholesterol

Triglycerides

Total protein kit

ELISA kit

IL-1pB, IL-4, IL-6, IL-10, IL-13,
TNF-a, MCP-1, TSLP, TGF-B1,

IFNy

Sigma-Aldrich Co. LLC., St. Louis, Mo, USA
Bio-cando biotechnology Inc., Taoyuan, Taiwan
Fonen and FonHer Ent. Co. LTD., Tainan, Taiwan
Sigma-Aldrich Co. LLC., St. Louis. MO, USA
Union Chemical Works LTD.,Hsin-Chu, Taiwan
Union Chenical Works LTD., Hsin-Chu, Taiwan
Union Chenical Works LTD., Hsin-Chu, Taiwan
Merck & Co. Inc., Darmstadt, Germany

Amreso LLC., Solon, OH, USA

Merck & Co. Inc., Piscataway, NJ, USA
Mercodia Inc., Uppsala, Sweden

F. Hoffmann-La Roche LTD., Basel, Switzerland
F. Hoffmann-La Roche LTD., Basel, Switzerland
F. Hoffmann-La Roche LTD., Basel, Switzerland
F. Hoffmann-La Roche LTD., Basel, Switzerland
F. Hoffmann-La Roche LTD., Basel, Switzerland

eBiosciences Inc., San Diego, CA, USA
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ELISA kit

Adiponectin, Leptin

IHC kit

Anti-TSLP antibody, Anti-4-HNE
antibody, Anti-TLR-4 antibody

Oil-Red-O

R&D Systems Inc., Minneapolis, MN, USA

LifeSpan Biosciences Inc., Seattle, WA, USA

Sigma-Aldrich Co. LLC., St. Louis, Mo, USA

(=) K&~ FH

WH -~ B A

R~ ST

F P Alde 4
HERMLE ~ HSIANGTAI
B A
KUBOTA 6200

R NEA A i SR (N
CoBAS MIRA PLUS

B s

Nikon E-200/D70
Y g L ok

Nikon TS-100/DS-U2
ELISA reader
(Multiskan FC)

R TR R

Hermle Labortechnik GmbH Co. LTD., Gosheim,

Germany

Kubota Corporation, Tokyo, Japan

F. Hoffmann-La Roche LTD., Basel, Switzerland

Nikon Precision Taiwan LTD., Hsinchu, Taiwan

Nikon Precision Taiwan LTD., Hsinchu, Taiwan

Thermo Labsystem, Waltham, MA, USA

High performance liquid chromatography, HPLC

BT R
Pump HITACHI L-710

RUERTE:

Kabushiki Kaisha Hitachi Seisakusho, Tokyo, Japan

Kabushiki Kaisha Hitachi Seisakusho, Tokyo, Japan
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UV detectorHITACHI L-7400

A Chen Si Technology LTD., Taichung, Taiwan
CNW C18 LC Column

¥ TR 4
Shimadzu Corporation, Kyoto, Japan
Column oven

PR
Kabushiki Kaisha Hitachi Seisakusho, Tokyo, Japan
HITACHI L-7200

& 17 4
Scientific Information Service Corporation, Davis, U.S.A.
SISC™ software

g kiR
Delta New Instrument Co. LTD., Taipei Hsien, Taiwan
Ultrasonic cleaner DC400H
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0~ B E
(-) Fombb et ERdms e

AT R 2GRS LML) B AR il 2 C57BL/6JNarl & % » P %
AR EE A B RF %4 ¢ <~ (National Laboratory Animal Center, NLAC, Taipei, Taiwan) - i
AL Toof P TONEaRF AL > BB n ST 3P RER - E 8T
TR o BRI R A RT B
1. & %% (Nale %2 > n=6)
2. %P (Control & > n=6)
3. HFAZEPHE e (Grape skin extract 120 mg/kg » GSEL % > n = 6)

R E P-4 ¢ & E & (Grape skin extract 360 mg/kg » GSEM ‘& > n = 6)

SN
=
i

5. FEATBFAMEE

(Grape skin extract 600 mg/kg » GSEH % > n = 6)
T2 )RR EREPN > B SRR RAF 2522°C, KR 2 2y 2 12 ] PF oo EERY
LA R B RA R ook 0 Bkl RHE -
(2) "R BE 6 2 i AN

RS F ) R 10T 2 R AAEE LS 30% (VIv) B R KR ok 2%
- AR 60%2. B b FEIFABTFEREAL c ¥ 4ok BRIV IRY 545
it f:%5% (oral glucose tolerance test, OGTT) » 3= % § % [edig 4 2 1F9) - % % 81
TOGTT G e WHEFL R 8% > I ¥R%% 10 ¥ &FHE HE ) R2PiiR
B fs BB o i TAEPHER TR TRE L 0 THERRERE RS RE R
& E W 50-80°C kfh o FREHEFT AT o
) FEmdFfFHRiEE
1L s

el B B (isofluane) B (7R > Bk B2 p A FE (s R LR
BB PESRG2Z®% 2 ImL & Fied | 2o #E Fo R EFHoEE 5 14,000

rpm, 4°C, 10 min > #-+ K 5 58~ 4 i35 30-80°C ik 0 (R 18 kT AT o
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2. U

ol R E 2P R T UGG REE o ] BT el YRR
B BFRA )BTRS > BV B A ER AL B¢ — 2w 10% formalin
FlEo B RS A A B e BT FRAN R 2L (hematoxylin & eosin stain, H&E
stain) frd & sk i- § 4 ¢ (immunohistochemistry stain, IHC stain) 5 ¥ ¢ — 2 12 15%%) #&-k
Bt 240 PF o IR R L 48 0%EIHER B R RIE 24 [ B FRITRERB AR TA

B
s 4B

e

oy
\

.

24 B EH 24 ¢ (Oil-Red-O stain) - 4 d 2 %7 B¢ * kB R MABRRT
A e | BPRL B A FA U Ea L e d - 5010800290 h x 1mL o
7 (PBS) » i€ " TR BB MOTRE SIS I P A o s F e i 514,000 rpm,
4°C, 10 min » 3t K i WP 2 15 20-80°C Ak dh 0 FiE AR 7 AT o FIAITRE R ¥ R
HiB2 AF e % o 73 0-80°C ko BB M IE BT
3. TR

Bl R HE el o TR e 10% formalin B % > ok (5 B 2 i > ez o 8
VAR AN S E 2L (hematoxylin & eosin stain, H&E stain) -
4. gk

PPl By~ TR P 2 R A fRE ses o g~ TR P 2 s R 7 ikie 10% formalin
FlEo s RS A A ME B 2 BT ERANE R 2L (hematoxylin & eosin stain, H&E
stain)

5.

4
R

B BLp % ®E > o r L5 mLeppendorf %75 3+-80°C 7k 4 F15 H & 74 47 o
() F&d ik AR P
1. ¥ §wats s (oral glucose tolerance test, OGTT)

BESHEY 4%{r¥ 8RR TR F AR L R% 0 MY R ReEEr 0 R K
o MR AR T (HAERM 2 ARE > £ 8 12-16 [ PRI 0 v RES 29/kg F
Ak AHATIRG F TS 0~ or PR F 4SS 3026090120 2 150 ~ a4 & )
B $%a ke &g B4 iP5 (I-SENS, Inc. Korea) » ipl 5 "Hfr & $F o PF R Bhernd
FeE o JIF R FERE L BRI DT FEY PP RALEY VD BF L BRRY
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theniE gy YRR R-EF L AR F Fiok o @R RS §FRELBRFAY DRAEEE LR
A2 Ed > RS EMRE RFMFRE I ST > P E I 0 fEEE o
2. dFzFH AR

# % FA i > p B A4k (CoOBAS MIRAPLUS, Basel, Switzerland) i 772 > R %
L-= F® % sl &% L-f3 "%fefr o-fk © = B & AST &% ALT 8% & 4 S I fge fafe L-5 9% » ¥
fbe fradg kg feie* T 4 & L-5L 5 > e PP NADH A i 5 NAD+ > 2340 nm A & 7
ORI R T REARS > & AST & ALT FiEe ot Fpt ¥ R R W FF (nicotinamide
adenine dinucleotide dehydrogenase, NADH) =k & T "5 f2 & &3+ 5 AST & ALT k& -
3. mFZZEH N

i * n 'ini it > p ¥ 447 % (CoBAS MIRAPLUS, Basel, Switzerland) &7z > R 5
S W A B0 fRIT® o o f2H W (glycerol) fesaErg iaps (free fatty acid, FFA)

& ATP fo4 ¥ jgcfi= (glycerokinase) it #* T 4 = glycerol-3-phosphateoxidase » £ % d #if& 4
M F itpEiv* T oo 3 v 2435 iz (hydrogen peroxide, H,0;) > @ H,O, % peroxidase ~
4-aminoantipyrin %2 3,5-dimethoxy-N-ether-N-(2-hydroxy-3-sulfoproyl) -aniline (DAOS) i% *
ToFAARFIIE 500N EREH R RE > LAY AkR -
4. &z REFR

®*wgd it 2p 6445 & (CoBAS MIRAPLUS, Basel, Switzerland) & {777 %> R 5
i #% 7 Ae  (Total cholesterol, TC) (= & #F 4% ¥ g (free cholesterol, FC) 4r "% H % fy
(cholesteryl ester, CE) o s jf ¢ P2 B fRfig ¥ Ak Fy hev fig fis oK 2 = PEALPE B R o5 3 g Yk
yoob o ERIEE A MEFAE Y CARiT* T A2 4 Hy,Op0 @ HyO, % peroxdiase ~ 4-aminoantipyrin %
3,5-dimethoxy-N-ether-N-(2-hydroxy-3-sulfoproyl) -aniline (DAOS) it * = » ¥ it 2 2 ¥ 3 ¢ 4
%> &500nm kLRl e HekiE o L S REFAER o
5. FERZ R0 F

g * % 8 :&# 2 (BCA Protein Assay Reagent, Thermo Fisher Scientific Inc., USA) :& i7 |
T RILS B0 TR kgt ((CONH-) fdp 23 R h ™ o B4R HLF 17 223 ¥ o d 1
Efo - TPEFP SIS FEREII @%@ FZ L RS KA AR Z > 4 Albumin
Standard (BSA) - ¥ B~ 150 pL # & {3 533 ;% 40 » ELISA 96 well plate o & * 384 2.2 3%
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A A~B~C 2 25:24:1 % iR & fe fl & Working Reagent » & B~ 150 pL 4 ~ 96 well plate ¥ -
e 30FREEE > 3T CTEAE 2 FE BERZIE 0 1562mm k£ 2@ k@ &
B 3y FHRESERUTRETFRGIHRAZRR -

6. VR 2 mRe ,;r—,%

#-1% 15 30-80°C ;fk%éiﬂ”%i’n:ﬁ%,rwxﬂ, » & % B & ELISA 4 % (eBiosciences Inc., San
Diego, CA, USA) & 7|2 > #&B[%E P 4ot IL-1B ~ IL-4 ~ IL-6 ~ IL-10 ~ IL-13 ~» TNF-a ~ MCP-1 ~
TSLP ~ TGF-B1 %2 IFNy % - & * ;27| 22 4f $i 448 (capture antibody) fr coating buffer i& {7
1R o AR S cndal B~ 100 pl 4c ~ ELISA 96 well plate (NUNC, LabPlanet, a division of
OpticsPlanet, Inc., USA) - 33x3t 4°C ka3 % 12~16 /| pF - 2 % % = {5 » 12 wash buffer
(Dulbecco’s phosphate buffer saline with 0.05% Tween 20, PBST) /&5 =t » 4c » 200 uL blocking
buffer &% ®2 & 1] P - 33 & = = {& » 12 wash buffer & 5=t » 4 » 100 uL ifié}i‘aﬂjﬁi&
Fe IL-1B ~ IL-4 ~ IL-6 ~ 1L-10 ~ 1L-13 ~ TNF-a. ~ MCP-1 ~ TSLP ~ TGF-1 2 IFN-y % &3 5.3
o R ERRUREIFEL G MR AT ER % 2] PF o3& %= {& > 12 wash buffer
x5 =2 G A4z fifg > ¥4~ 100 ul 2 i jp|ikg (biotin conjugated detection
antibody) > =% E3 & 1] FFe3 & = = {512 wash buffer -7 5=t » 4 » 100 pL 2. avidin-HRP
mEETIE* 30 4 4% Biotin & 0 S EARF ¥k o F R R = {8 > 12 wash buffer e 7 =t -

3 2 A4t % 2 avidin-HRP » 4c » 100 uL substrate solution (TMB) 2 X & ¢ avidin-HRP & J& &

=5

v Bfsde » 50 uL 22 2N HoSO, %0k F s > 12 450 nm k& 23w k@ > T8 * & i fwo2

!
Q.

Foh SRR R AR AL R
7. PFERZ PR B %

g+ ® & ELISA :## %2 (Adiponectin, R&D System Inc., Minneapolis, MN, USA) :& {7 8]
Lo * AR 2 df il (capture antibody) = PBS i& 7 4 0 3R 12 fhdal B~ 100 pL
4e ~ ELISA 96 well plate (NUNC, LabPlanet, a division of OpticsPlanet, Inc., USA) » % %3t 4°C
ks % 12~16 | PF o 32 % = = {8 » 12 wash buffer (Dulbecco’s phosphate buffer saline + 0.05%
Tween 20, PBST) jix 3 = » 4c » 300 uL ##f# /% (woring reagent, 1% BSA in PBS) % % if 33
%L pFe &A1 PBS ik 3= > 4r » 100 pL 2 # & /.’Hr”q%%#ﬂﬁ/pu ’
BEERRUAEFFRL G NEFHFE AT ERE 2 P Fo A XA W PBS fik 3
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4e » 100 puL 2 1 ;p|#ukg (biotin conjugated detection antibody) » A 283 % 2 [ P - 2 & = &
t6 » 11 PBS % 3 = > 4v » 100 uL 2 Streptavidin-HRP A% (g ™ 17 % 20 & 48" @425 @k -
F == PBS i 3=x-2 % A 4% 2_ Streptavidin-HRP » 4¢ >~ 100 pL substrate solution
(TMB) 2 % 5 ¢ Streptavidin-HRP & 4 % ¢ > B i%4c » 50 pL 2 2 N H,SO, % 1t 5 s » 12
450 nm A £ HFexkE o X R ¥ AR SRR A TRETFRGERALZER -
8. FERZ E

g * 7 & ELISA :##&| % (Leptin, R&D System Inc., Minneapolis, MN, USA) & {7ip] T_o i
* A 2 df idnml (capture antibody) fv PBS & {7 - o I -] 18 codidl P 100 pL 4
ELISA 96 well plate (NUNC, LabPlanet, a division of OpticsPlanet, Inc., USA) » 5 3x3t 4°C 7k 44
¥ & 12~16 /] PF o 2 % % = {5 » 12 wash buffer (Dulbecco’s phosphate buffer saline with 0.05%
Tween 20, PBST) % 3 = » 4r » 300 pL ##f#i% (woring reagent, 0.05% Tween 20 in PBS) %
FERA L oA+ 2 PBS F%£ 3% 0 4 » 100 uL ifi&i’:ﬁﬁ;‘&frf}%ﬂ% s
FoFRRERRAEIFRL NEEFR BZERR 2R B A RS UPBS ik
3=t » 4~ 100 pL 2 7 jp|3=k8 (biotin conjugated detection antibody) » & F R % 2 ] PF o 13
A= > 0 1 PBS % 3=t 0 4e » 100 pL 2 Streptavidin-HRP 7% 8 T i£% 20 4 40t 42
REkF R AU PBS Fie3 K02 “,f A 42 2 Streptavidin-HRP > 4 »~ 100 pL substrate
solution (TMB) z < & ¢ Streptavidin-HRP & & fé & ¢ » &8 4e » 50 uL 2. 2 N HpSO4 ¢ ok ©
B> 2450 nm L £ FEe kB o TR RFRESER A TRE PR DERAZRR
0. FEEZ Z fEY 9Py

iz 30 -80°C ka2 MR P X) 0.1g 0 4e » 2 mL chloroform/methanol (2:1, v/v)** gt
BwE e o migfﬁﬁﬂﬁgﬁ”-%é&f%k PN RETEE LB R giak o eFHeIER
5 5,000 xg, 10 min» i&— HexBt k2 ik o ¥~ 2 BAEFE 0.9%4 LG Bk 305 R 4
SRR Mo ¢ > F 12 5000 xg, 5min if #F o > o s 2 Ft Rl JmEF R SRR T
F R B5°C 4efh > i@ % Ny B2 88 eRis 0 FH &%= 230 6 40 ~ 1 mL tert-butyl alcohol/triton
X-100/methanol (2:1:1, v/v) » T+ 35 223+-20°C 7k 4 o

M oFA it > p #4417k (CoBAS MIRAPLUS, Basel, Switzerland) & i@z RIZ 5 =
faH b fn g 3w friT* > o f2a 4 (glycerol) fo53ry 35pc (free fatty acid, FFA) > +
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% ATP 4r4 7 jsps (glycerokinase) i¥#* = 4 = glycerol-3-phosphateoxidase > £ 5 d Fipa4 ¥
§ ibpritr T > 3 2435 i1 (hydrogen peroxide, H,O,) - & H,0, % peroxidase -
4-aminoantipyrin % 3,5-dimethoxy-N-ether-N-(2-hydroxy-3-sulfoproyl) -aniline (DAQS) i *
ToFIAAEFII A AS00MmMAERTHBREE B E AR M AER -
10. # =% ¢ (Oil-Red-O stain)

Oil-Red-O # g™ 4 M2 - > 5 - AL E § 2% (Diazo) - £ 3 2H4&2 7975 5
B R ARG F A pmre L g R o R YA P g anid gk B A dee 07
MR DFFRT A kd AR

Oil-Red-O % #|pe %l : B~ Oil-Red-O (Sigma-Aldrich Co. LLC., St. Louis. Mo, USA) 0.015 g
# %% » 50 mL enisopropanol ;& £323 > 7 i * g A (ADVANTEC, Toyo Roshi Kaisha, Ltd.)
ETER o MpAd % AR RS 0 R ESmL & BlipisiaR 0 & 0.2 um 4
F 18" =< /g » working solution - 14riHiA e HEFR T @ * o

Oil-Red-O *» 7 % ¢ P»F & | BUFH OCT. Ao g2 wi > OCT 4up>?
BREHRAFAT AL PP > RF 810 pm 7 B EREFZ R BT ki A
coating i 2 L & s *f o £ gt B 12 50% isopropanol Bk 3 446 0 P i e e s b O.CT.
& a7 % i # 5 A isopropanol 8 12 Oil-Red-O working solution jF &2 % + > jEix 10

AABFE T G B FS (8 £ 11 50% isopropanol jE ik 3 4 48 0 #- % 44 Oil-Red-O working

~i

WWmi%’%ﬁ%&%g’uﬁ%%ﬁw&ﬁ%J?§ﬁ¥ﬁ¥%%$%$ﬁ%’iﬁﬂ

kB R B R fodp Bie s o

11, &A% 224 (hematoxylin & eosin stain, H&E stain)
%%ﬁ%%?u%ﬁ%ﬁ%ﬁ%&%ﬁ5’ﬁ&ﬁ?uﬁﬁﬁﬁéﬁ%ﬁﬁﬁéo&ﬁ

$¢ 2 EAJ BHEABERIFEAPL NG ERRTF o

=

H&E *» #* 4 ¢ : B~;%;2 10% formalin z. ¢ 5] & ””ﬁ,ﬁs&éﬁ‘z v EE 24 EELE 5 2T AR

f’,fsﬂ.?fa‘z i3 A s i&if‘« L7 g {8 £ ¢b (Bond Biotech., Inc., Taichung, Taiwan) & i@ = _Ejf.k
W T 9 7 82 HE&E #d 0 L i % k5 R LR {odp B ie s o

12, dF s i-§ Z 4 2 (immunohistochemistry, IHC)
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ARSI FRI 2LEY L4 F K 0 R (antigen, Ag) friud (antibody, Ab) R &

-3

ik

El FHEFM LRI AR A a Y LT PR

IHC *» ¥ 4 ¢ : B~% 2 10% formalin 2§ % -] EEU”%I@_.%‘% vEE 24 pEILE S 2 VAR
ARG AR o dle s B i B T ts 4 b (Bond Biotech., Inc., Taichung, Taiwan) @ 3 = s
e A HC B % gL 8 o gl ¥ = 7 % (xylene) foiFp¥ (ethanol, EtOH) jEix » p %
A MR T iﬁﬁ‘i;‘a%&,‘iﬁf;t}%» i¢ * xylene ~ 100% EtOH ~ 90% EtOH -~ 70% EtOH % # s 50%
EtOH o -3 8 {2 ehgh B %02 0 & % ;& (10 mM citrate buffer, pH 6.0) » 2z » i& £ # Ik 4o
BRGNS 121°Cl 3A @M P RAL TR ¥ Bat g -kiEg 4
g R LR P w G EEAk > R F R * S & NovoLink Max polymer detection
system kit (Leica biosystems Newcastle, Ltd., UK) i&{7% ¢ » 5 L/ I peroxidase blocking
solution5 4 45> p i K,érté WwF 4 4R £ * wash buffer (10 mM Tris-HCI, pH 7.4, 0.05%
Tween 20, 1xTTBS) Bk 2 445 =t R i jF + - =4ndl (anti-TRL-4, anti-4 HNE, anti-GLUT?2,
anti-GLUT4 %) F Jis 1| i > £4FE %= 3 F F = 54l (anti-IgG) » & 20 ~ a8 » £
A R F 0 3 ¥ 4o~ 3,3-diaminobenzidine (DAB) &4 # L. F BifizE ¢ - 5 R 1 4
34 B iSif + hematoxylin hd 7 48> P eng o md F R4 QR E > Fhicidty

TRAd FE 2 SERY RE AR R o Rk o

13 p R b2 g
Fo ] BRPEL PER S RE > B S A 2 LT FHD > LI 0120029 4 » RRF Ff
BrlmbRezy LA FRIGF R TEE T RAZBIALEER L

ez R FRERSRERAAREDS  FRAASIIRACHER £

Frpy:
(D). &3 i

F=2~ gelatin 0.2 g ~ salt solution 50 mL {= Resazurin solution (0.025%) 0.4 mL & &3
oA T A A Aris g 4o cystein 0.05 9 0 i R £ B 7 IRAGR 7 121°C 5 mins » #
REEHFRRBERAR S FEIRP I RNEATRMY 2555 0 FEATRH -

(2). SR FHEAS A
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#=B~ MRS broth 44 g~agar 12 g~ Tween-80 8 g-~cyctenine 0.4 g 2 4 g+ -k =& 3 700 mL>
%P 88 FIREGS [ 121°C 5 mins > @ FR & {8 %R 3 50°C > ¥ ¢t fe #ll maltose 4 g i3 ¢
100mL & g3 -k > © @& % 02 um o i g > #HF A FE T P 4o~ g 2 maltose -k
R LEIEE o EHr9cmBFr o
). FLEFHEAEMREAA

#=2~ MRS broth 44 g ~ agar 12 g ~ LiCl 0.4 g ~ cyctenine 0.4 g 2 3+ -k =& = 700 mL -
®* R F) £ TR ) 121°C 5 mins v = = & 16 E R 3 50°C > ke 9] raffinose 8 g i3 >t
100 mL & g3 -k > $ @ * 02 pm g iBijg > HF & F4% T4 ¢ 4o raffinose -ki3 kiR &
33 A Er»9cmEr o
(4). ~ P FER I A

F=p~ Coliform agar 10.6 g 2 2 &+ K L& 3 400 mL > & ¥ = F % & (7 /R# ) 121°C 5

mins» FF= > % E L 50°CwRAHFFLY Br»OecmB A o

BAEE:
Culture Condition Temperature (°C) Time (hr)
Lactobacillus 20% CO; 37 72
Bifidobacterium Anaerobic 45 48
Coliform group Anaerobic 37 72

R O R

(-) FF5AFPze FEms ERT

i * B scac 40 & 17 & (high-performance liquid chromatography, HPLC) & {7 B =_> & 47

*%’ % 648 (mobile phase) £7 7'z 4p (stationary phase) idt 4 15 % e it B 47 o #pr 4 15
PRFEES T E > TEFTAPRIIT EF e oo AP S RMAFL R EITZ > F

TARERAE N RS PPN R A e o I o rd A g iE
(adsorption) e~ e f®%* (partition) - 4= & 454 5 4 = { H ¥ 7 o

HPLC A &= @ 3 & L% E (solvent supply) ~ 3 B & (pump) ~ $k &2 » B
(injector) ~ ~ &t 41 (column) ~ W /R % (detector) % Fedp/edL i St o B R R P IH B 4003

B @B T LR R o RS0 - B RS - B ke
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7R A5 o
HPLC % s if it :
(1). A 456
Mobile phase : A0.1 M Sodium Acetate : Acetonitrile (97 : 3, v/v) ;B :>99.9% Acetonitrile
Flow rate : 1.0 mL/min
Injection volume : 20 pL
Detector : 254 nm
Temperature : 38C

(). *HRBE

Time (min) Flow (mL / min) A% B%
0 1 100 0
13 1 93 7
23 1 77 23
29 1 65 35
35 1 60 40
40 ! 0 100
45 1 0 100
50 1 100 0

(3). Atr= i :

FABEHPLC &84 & > & 0 R P R REF AR S A RRTE > 2 T B
r‘?rﬁ%”lé‘«/w\*fro;ﬁé HPLC 3 BER#-A BB HAA R RBFHREF-BER L » #i SR r 4
i RE TS Yok
T~ el g
(-) HEFFREEALAT

Wk %% 2 figg it ¥ One-way ANOVA — 2 ig {7 313t > 12 Duncan’s multiple-range test &

G BFAN RN P32 EAEY L BB (P<0.05) -
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- FEAZERPY 729 PR E
H%AcBl L 2 BT B o0 2120 molkg 2 §E F E P4 0o €455 2 HPLC A

KAr o SR BEE Y 9 PEMB LA AW E D 55 17624 pg/mL 2 20,645 pg/mL > B~

ot

HTioE 5 19134 po/mL £ 38 B =2 19.134mg/kg a5 5 5 A &

IR

TBdr 53 16%2
= FEAZPPREIFRAHEEREZAS
(-) FEH)PEHZHE B TERZ RE R

T )R WER 4Rl - 7 At FangR L el ] ML FT - 5 30% (V)
TR J\fﬁ k2 60% % ot AT A MF SR Al HREZHMES L ¥ | K
e EEER 5 (P<0.05) @ F5% e (§ § 4 %54 120 mg/kg ~ 360 mg/kg ~ 600 mg/kg) # -
%4 360 mg/kg fr 600 mg/kg 2. § Bk g PE S dp b A E 5 14 (P <0.05) o P %] 2 R
TEFRE R E ok - BT oMM E G G o HREHEFF LA 2 (P <005 - R %
e (¥ % 4 554 120 mg/kg ~ 360 mg/kg ~ 600 mg/kg) ® > %3 600 mglkg 2§ S w2 4R
At B EFE M (P <005) c Hi enplfReaEE LR o PR CEREE S 6 0 R
EEFFLEIF A (P<005) »afkefEHRealfFLR - 9% | H2»E £ick

ZET o EIVRRE S G o HREEFF LY e (P <005 A Rs%kE (FFAFEF 120

mg/kg ~ 360 mg/kg ~ 600 mg/kg) ¢ - %35 600 mg/kg 2 F e eip g EE L (P
<0.05) - TE G o HBEES L F e (P <005 > aFskE (FF5AFEy 120
mg/kg ~ 360 mg/kg ~ 600 mg/kg) ¥ - %5 360 mg/kg - 600 mg/kg 2. F S ke 2 PR e Ap it R
Frg (P<0.05) -'t&> o » {HReEFF L ¥ (P<005) 7 fske (545
B3 120 mg/kg ~ 360 mg/kg ~ 600 mg/kg) ® - %= 600 mg/kg 2. F Bk B2 PR e Ap v BE E R
< (P <0.05)
(Z)>  TRE FRAILER

ok | W2 v IRY F X 2% Bl - frBlZ 87 > KRBl 7 VERBRT 0 AT FF

=
=
i
-
W

Wi 30 A4t - BE B A SERERE R Bk Ra BERESTE B
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ERAPRE B aN T afRELFLEY REF e RkER T3 EFLE (P<0.05)- ¥
o Ak (§ % A 5324 120 mg/kg ~ 360 mg/kg ~ 600 mg/kg) * - %5 F A FEF 600
mo/kg 2. 9 e bR e dpst > A% 90 A 4B ts 2 Rk BREE ¥ 5 M (P <0.05) - Bl= i x4
WRT G I TR GRS REREE TP E B BT G R

FHord ¥ e (P<0.05) > @ ke (§F 3% A 54 120 mg/kg ~ 360 mg/kg ~ 600 mg/kg) * -

s

S F F A F P-4 600 mo/kg 2o 7 B 2 4R degp vt BE ¥ E i (P <0.05) -

)
i

) 2 AFE R A R T
Rl B2 ke Bl 2 BT AT 0 A e AST & ALT 2 5% > kel
¥R rF e (P<005) @ FEkie (§F A 3P4 120 mg/kg~360 mg/kg ~600 mg/kg) ® -
BAST 2 %% » Fohor st aeipr BgE s (P <005)c ALT 2 2% ¥ » oot 4t
ot AE F K (P <0.05)
(z)y wFZ@EHdfE{EHE: £
W R F 2 2R R RIEER EA R AR BT P h Y e A E
gz 2% WHREEEFFII T e (P<005)a gk (55 4374 120 mg/kg ~ 360
mg/kg ~600mg/kg) ¥ c Az EEH W AR BE FEF OB e (P<0.05) AMEFRZ E%
A FFAFP4 360 2 600 mg/kg 2 F F E e ¥R Ap v B F E i< (P <0.05) -
()~ "ERZwElEZE
P | Vg2 mejpt 7 84 Bdcd = s 4w 2 27 K7 > &= Lplaag gt
IL-IB~1L-6 2 TNF-a 7 & » R FHFF w2 ¥ (P <005 a9l (54X
120 mg/kg ~ 360 mg/kg ~ 600 mg/kg) ¥ > &5 F & A X B4 600 mg/kg 2. F Sk e PR e p
AR E R M (P<0.05) o A w Zpladust LwmegE IL-4-1L-10 2 IL-13 3§ MR e F
F 0@ ¥ 2 (P<0.05)> & F s (§ % & 524 120 mg/kg ~ 360 mg/kg ~ 600 mg/kg) # - %
FASZP b2 9ot yRmeip PRES K (P<005)e 27 &7 R e EFZ 1
¥ (P<0.05) @ § %2 (§ % 4 %554 120 mg/kg ~ 360 mg/kg ~ 600 mg/kg) ¥ » 45 ¥ §
R EP4 600 mg/kg 2_ F Sk o ¥ PR e dp B M (P<0.05) od BT AT FF A F B
$» 600 mg/kg it § v d MEEH Kimte g AU REE Y ERTEY o o B E NREF R o
Fra HAE U e e d DA 4 o v Bl S RCE L2 A o
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() FRZUuTEE A E

FoR BOFRL T AZ R BArA T 0 AL RS HREEF R §

w (P <0.05)> @ # 5 ® (¥ % 4 554 120 mg/kg ~ 360 mg/kg ~ 600 mg/kg) £ 4P = dp st &
ENFLAR L3 EFTEFAIPPHLIARD L 248 - G2 0% HREHFS
i g e (P<005) @ F%e (§ % A 354 120 mg/kg ~ 360 mg/kg ~ 600 mg/kg) » » %+
¥ 5 A 5 P4 360mg/kg % 600 mg/kg z F Sk e vr ¥PR e dpot kg E E i< (P <0.05) -

(=) Pz A

R BUFRZ Sz 4B A7 HREFFI WL ¥ e (P<0.05) - » 7%
& (§ F A 524 120 mg/kg~360 mg/kg ~600 mg/kg) ® > &% % kg ¥ M3t = (P <0.05)-
(M)~ a:—sg;;%ﬂ_ﬂjgg]

F B BUFRCHRACE AL B or RS RITRE-T s Bl R ¢ T UBRAR TS 30%
(VV) & % 42 A IR 2 60%® "o 4fied %10 > HPR S F dgpt o SR ] BUEH
Bk o o SFERY s RGE S TR oA ¥ b A §F A X P4 120 mg/kg ~ 360 mg/kg -
600 mg/kg 2. F % & 0 H o) BUFEP LG R EAR o G BT KE o
e T3 ASPFEITRIE SR TRORIL B 2 AT
CORNES ST %

| B ER T Y L A WL 0 R e d A E e bl e
EPHDFRF HREMA - IR AEF2Z 0 > A H SR ERY L %2 L
By ke (§ 54354 120 mg/kg ~ 360 mg/kg ~ 600 mg/kg) # » ¥ MR I|NEF
WERE AT - a0 F RO g dmic
() FHERAE SRS

F ok BOFRES 7 R 2 mA K BB R d doRl - BT 0 ARRAET iﬁ—“%’ﬁéb‘_é

BASERT A pev UM RES LS P o T BRI ¥ Rt 2R
DA A BRI 30% (VV) B ORAEL L ABRACK S 60%F T erHrh E s A2 5

B E o M PEIIREBAT S FP o g R Ry T OUERIIE Llere BT 0 ¥ b F
(% F A F P55 120 mg/kg ~ 360 mg/kg ~ 600 mg/kg) ¥ > AFptEg e A A o Liwe
B A RAER L oA RS § A P4 600 molkg 2 F B 0 P bh g e RoeniEas e

41



B EAR § R R g o
(2) PRAA LB FLI
1. TLR-4

TLR-4 & % i e fed w3 F BELBEE s H X 4 > CD14 ¢ £ LPS
RS EMRETLRA B 4@ NF-kB it > Bagg Liwejird s b o 4¢ B 5 4ot

S KT BEHHY DAB A4 0 2 TLRAFME MBI F Bl 3 Fkd o 7 EFD D

Foeagmiar oo fdRe? &2 TLRAFMF BahwER s - ¥4 F%e (F5 455
F 120 mg/kg ~ 360 mg/kg ~ 600 mg/kg) * - £ TLR-4 & seh® 5 8 > 2 535 0 £ 7 %63
FHEAFPF R M TLRA 21 E » @ 2% Liwre e o & BiEY ¥ o
2. 4-HNE

Y AHNE PR 7 A T T F CAER 0 R Bl Z T S HS
DAB % ¢ > 2 4-HNE Fut B B F BiE 2% o ¥ UBRRI T ¥ a8 P ok o
MR e? 17 A-HNE Sl F RehR i s o Vb B (55 A 524 120 mg/kg ~ 360
mg/kg ~600mg/kg) ¢ > 22 4-HNE F R F 2 FARER S 2783 §FAFP s
Mg B R
L TEASPPFHYERZLAS

BEFAFAEY MRSEAALB L2 I BEABTTELEAL A2 2% EF 2 AN Y

F
BRHEAL BRI HT o AT EBERTTELABERIAT LS EE AR A% &5

W~

BREEAS, L FYANFLE ) ARRBRASARSS  HBEFHFEY ¥ K
¥k (P<0.05) @ %+ §§ 4 3P4 (120 mg/kg ~ 360 mg/kg ~ 600 mg/kg) 2 F % & 7
RHETREFRVHRE P<005) ;i 2 AN ASERAFE: AL AR R SERRIIHRE

FAEBEEFF L4 e (P<005):m %+ §F A 354 (120 mg/kg~360 mg/kg ~600 mg/kg)

2Pk FEETEF AR (P<0.05)-

42



L~ i@

AEIRENT PRI RS EAEERFL HREDHE (F-) PR %
FE (F-) ~HPE T ~Ead (o) Bo et b ERS P <
0.05) » F]pt > PR EF Fr g A A o ¥ ob s B FF A B4 (120 mg/kg ~ 360 mg/kg
600 mg/kg) 2z F m e ? > %3 600 mg/kg 2 F A e B R e 0 AHE ~ IV BE S §

B E ~HERET I EEFRS (P<005) A ik %5 F F A F B4 600 mg/kg 7
LAk FA) o BAFERGRAIG G 6 0 FUPRASFCMEE pERY A2 LpF B T

lia
IJ N

ﬁ\F

A HEM BRI BRERY §AL RRARR P T i AT e

\-‘-N

Sk

A Ry rapdnfiy § R PR E R JOTRBEI LR (RL4) 7 RS
WHReBEm § efptfi HREGER B 2L o

R F ¢ AST o ALT Rl 2% % (Fle 2 B1) 87 > $#E 26 30% (V) 3 42

A B4R 2 60%% "o A #15 0 ASTfmALT 2 2 ¥R %2 ¥ & (P < 0.05) » &7

el
-

7 % A X4 (120 mg/kg ~ 360 mg/kg ~ 600 mg/kg) 2§ Bk ie o YRR wAp st Y BT E R K G
* ASTH-ALT 2 & (P <005) > 7§ § A 3By id &5 REFwe 1 LF4G o

o HREZEFEIFFRIEHAROZE (A 2R ) THEFFAE P <
0.05) » @ %3 7§ A F3F (120 mg/kg ~ 360 mg/kg ~ 600 mg/kg) z 5§ ke - ¥3 ¥+ P8 s Ap
TREFE ML FERY DY Wz £ (P <005 o At WHEREE (F-) £ &
ehid k> HBEHEER NI e (P<005) o @ a%3 4 S E4 600 mokg 2 F 5% e
SRR ARt 3 R ¥ ' 1 (P<0.05) ¥ W RF mdo 4 ¢ o C57BL/GINarl = & 5k )
R A7 P 244 E> gt ¥ &5 12301 + 3522 mg/dL » B 2 Ha T ¥ & 5
117.54 + 7.86 mg/dL > $He e § & >0 ) H3E 0 JES sk I TR A 2 B LS

DA A RERZ T FAFER L R Y R W i ol FAERR YT

t

o BT R F A E B s LR, %ﬁrﬁq;xggj—;; 4
FEIELHT > BT ORRERE I T AN IR TR IR R T T
FLApd o %8 SRR F S R Z ] a8 o AR 1 30% (VIV) B R REE KRR

kE 60%® b g R R ) B E T AHB Y S BEFRA RS A M e
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FrE R AT SRk T (22) WREH IL-IBSIL-6 2 TNF-o F B4 EF 30 ¥
2 (P<0.05) » @ %5 § % A F5F (120 mg/kg ~ 360 mg/kg ~ 600 mg/kg) 2 7 2 e > &7 %

P wdpt o B F ' MOFY IL-1B~ IL-6 TNF-a 13 & (P<0.05) °d po % dush » %7 §
FAFP NP LS X5 MGey Lok jh it o

AEFT VRV L gE o RERT LT T EAIRS L RS Lk
T AT i e LR F eed MCP-1-TSLP 2 B2 2 2% %7 %7 ¥ § 4 554 600
mglkg it § erc HAEH Kwre ek BXEF BY R T 0 e BB RS o gl

B L g eng 3o NE PR EIFRE L) e ARTRYE LR B R T

~\\

A A0 R EGR (two-hit hypothesis) » b BGRIL S B - =X g B EOFREY r s et o
@G F R G EALNEF B R o S N F L LR oS R
5+ cfBac 0 514y e BILAPT % A L R o F AT BER . AL AR ES S P e
FIHC % ¢ > 4-HNE &r3 i F B2 b A2 - > Lww mEEY > i f - T
B i & § “&4 (Poliand Schaur, 2000) % % & (Bl- =) - %P 22 4-HNE #idf £ &

Bid %3 § A5 $ (120 mg/kg ~ 360 mg/kg -~ 600 mg/kg) 2 F = e 0 ¥ 4-HNE &

i % F A RARLARE D o FULRBET FHFAZTHF L E R TEF A2 0 LR .

A S TEAFF ML BB
Authors Experimental Design Effects
3T3-L1 preadipocytes | PPARS gene

Jeong et al., 2012 9 i
200 mg/mL grape skin extract | Lipid metabolism genes

3T3-L1 preadipocytes
| FASN activity
Liang et al., 2013 25, 50, 75, 100 uM air-dried grape skin
| lipid accumulation

48h
male C57BLK/6Jmice | body weight
Hogan et al., 2011 250 mg/kg body weight/day | blood glucose and insulin
12 week | CRP

it

FEHW e gAY (A )BT EEY R & 3T3L-1 i amie sk » 43
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B 0 N AR B AR T2 7 A 47 o PPARS g i dm e (b forn st 4 MAEITY o 2% B PPARS
AT LA ALI FEATPI ST TS > 5 422 PPAR G BENAT > SHBF 54 X5

P dR (s 4 s BEF T ' (Jeong et al., 2012) - ¥ ¢F§ 7 4% FASN i 74531 0 FASN 443
LRIkl > BT § 5 A 5B % FASN § #4102 5% (Liang etal., 2013) ; %
SOl RN TR o AR BRI R FAIESS  MEE g SR eV
FTRoa I %L A EREHRE S EF T 2 MDA{-GPx 2% ¥ £ £ (Hogan
et al,, 2011) - A7 3 S % A% pd S ApM A FIE 7 A 47 0 L GRS R s 2
(A2) % FFAZPP 2 HReOFHBEM T FRERFEN - Vb B F 2 240178

o BREET (27) G E30% (VIV) B RN RIEACR 2 60%F Fa Slied B KT

- -an\
1

FERED N B PR AR FEATEF L PR HR e DA R B a A

b2 ABE o AT IRF MRS R T A 2 Rk (B2 BZ) X7 FE A4 600

mo/kg/da 2 R Sk e B HRE > BFRL LR FHEMAIN - AT RS 26 ) B
2 ey P AHNE LA BRI TR 2% (B2 ) HREAL F BREP RS I
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Authors Experimental Design Effects
HepG2 cell | Lipid accumulation
Wang et al., 2009 0.1% resveratrol | SREBP1
24h 1 SIRT1, FOXO1

| Liver weight, Triglyceride

Male C57BL/6 J mice | Serim glucose and insulin
Yanga and Lim, 2014 8 mg/kg/day of resveratrol _ _
1 Serum adiponectine, SIRT1
4 week
| IL-1B, IL-6, TNF-o.
Patients

| AST, ALT

Faghihzadeh et al., 2014 500 mg trans-resveratrol
|} IL-6, TNF-a, NF-kB

12 week

v ¥ & ¢ SIRT1-FOXOL 2. ¢35 @ vf & #r4| SREBP-1 > @ SREBP-1 % 3 & "%
Borgip b A Bl AR TS 0 B 0 FEERAL R S k4 & (Wangetal., 2009) o ¥ 7§
LR 0 FEBE A S i T TR G A K n g AR K
feak i g B @ Pg B R S8 Pg s e SRR g F 0 @ 4%5:1L-6~TNF-a (Yanga and Lim,

2014) - fiefk %4 11 0 %4 NAFLD e ﬁdﬁ o % L f% A "% " AST~ALT~IL-6~ TNF-a f= NF-«xB

(Faghihzadeh et al., 2014) -
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Authors Experimental Design Effects

| Body weight, Kidney weight

Male C57BLKS/J db/m and db/db mice ) i
| Triglyceride
Kim et al., 2013 20 mg/kg/day of trans- resveratrol

TGF-B1
12 week ! p

1 SIRT1, PGC-1a

| End weight

| Fasting blood glucose
Male C57BL/KsJ db/db mice

| Plasma insulin

Guo et al., 2015 Chow-containing resveratrol (0.3%)
| Total cholesterol, Triglyceride
8 week
| MCP-1
! p-IKK, p-IxB, p-NF-xB
| Serim glucose and insulin
Male C57BL/6J mice 1 Serum adiponectine

Jeon et al., 2012 200 mg/kg/day of trans- resveratrol | Serum leptin

20 week | 4-HNE relative density

| Serum TNF-a

BB AR RN 0 FHEA R s e L F R o g
—%Jg(k) r’} o Fﬂmx’ Al hl—r}i 4 mﬂ 87:, :F“g %]1 |J lﬁ EQ? é’ ;}'—é'l‘f—]»%_ ESPINN F;%T\ B?F;%‘ffrﬂi\,?%o ,{;&:
R g W A foE & AR e £ T E i R 0 A4 KR F o LIUER
Loz ek chi & KR (Jeon et al., 2012) - v ﬁﬁ;ﬁ? i'* % %1 AMPK ~ SIRT1 -~ PPARy {r

PGC-lo> P By Mt &3 £ & cniv* (Kimetal, 2013) o & % & f% i 43 "% 110] &

fgr i $or% e g2 ICAM-1~ VCAM-1 4w MCP-1 6% £ = ¥ #F » gk it IKK ~ gk i 1kB fv
NF-kB p65 %7 6 HE RS » # M A% 3 0 FEMAIL e 2wl o ro FEMwLL DS

NF-xB % 3, (Guo et al., 2015) -
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Authors Experimental Design Effects

| Weight gain
| Hepatic cholesterol and

. triglyceride
male C57BL/6J mice

Kim et al., 2011 high-fat diet contained 0.4% resveratrol | Plasma glucose and insulin
10 week | NF-«B, IL-6, MCP-1,
TNF-a
ITLR2, TLR4
Male C57BL/6N mice | Fasting blood glucose
Kang et al., 2012 30 mg/kg/day of resveratrol | Serum insulin
20 weeks 1 p-Akt, p-AMPK
| Liver weight, Triglyceride
. | Serim glucose and insulin
Male C57BL/6 J mice
Yanga and Lim, 2014 8 mg/kg/day of resveratrol 1 Serum adiponectine
| IL-1B, IL-6, TNF-a
| Serim glucose and insulin
Male C57BL/6J mice
1 Serum adiponectine
Jeon et al., 2012 200 mg/kg/day of trans- resveratrol
| Serum leptin, TNF-a
20 week
| 4-HNE relative density
VR MA Y M k8 HTA 4 ehvy s me e % (PPARy, C/EBPa, SREBP-Ic,
LXR)12 2 22 58¢ i el e JL F)(FAS, LPL, AP2, Leptin) > TLR 22 L X £ £ F &> v P X ik

4 F SA e lgen e 0 5 48 d MyD88 £ i i TLR2 4= TLR4 & #@ NF-kB /& it
Bofsid N A Wwre i d Ao 4ot IL-6 ~ TNF-a (Kimetal., 2011) o & A #24 ¢ > 6 5L A%

3T3L-1 im# fo | B& 4 $o8 ¢ > 1 b kBa ' f24cdr4] iINOS ch 4 (Kang et al., 2012) « 4
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G 63 e RS ¢ 0 0 WA R A S B e § A AR L -
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ub

Vi@~ s At it am A4 » B3Pk T R W icd Foonle s fort i » X
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9T A 2 R R s (Uesugi et al, 2002) ot 2iEpE 425 595 ¢ 5 LPS 4 ¢ itie TNF-o fr
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Authors Experimental Design

Effects

Male Kunming mice

Qiao et al., 2014 200 mg/kg/day of resveratrol

| Final body weight
| Blood glucose and insulin

| Serum cholesterol

12 week | PPARY, FAS mRNA
1 Lactobacillus, Bifidobacterium
Wistar rats = Weight gain, Liver weight

Etxeberria et al., trans-resveratrol 15 mg/kg

| Serum Insulin

2015 body weight/day | TNF-a
6 week = Lactobacillaceae
| Blood glucose and AUC
male C57BI/6J and Glp1r-/- 1Plasma insulin
Dao et al., 2011 mice tGLP-1

5 mg/kg/day of resveratrol
5 week

11L-10, TGF-p mRNA

| TNF-a

7

~

RN

#Egm
At TR D G LR AL o IRE R R
4 (Millhouse et al., 2014) - ¥ 7 #= 3 %

e A2 prdiEF o 4ol AR E R
oo FEBAFPT K @A) R e

A FE R E T ok

;}pﬁ»,gmzﬂ;g e HE e @z\pﬂ;ﬂw@, 9 {ﬁ fig ¥ 12 aFF v mre iRk o %

2% (Qiao et al.,

FEAFsP§ ¢ o FEMEF e % st > 3 RaME S o
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B 5@k - A& e ek frdb L F]F chid
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2015) o = JgAviE g ficd 4 f R @.T,m,vgwn\%@%;wl?f% i A
PRGAHER S PERRE RS ST A E R AR IRERA T o ¥ d AR S F IR
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e
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%3 Fafrtm & (Daoetal., 2011) -

=9 WERRE Y R e 2 B

Authors Experimental Design Effects

| Final body weight

Male Kunming mice
| Blood glucose and insulin

200 mg/kg/day of
Qiao et al., 2014 | Serum cholesterol
resveratrol
| PPARY, FAS mRNA
12 week
1 Lactobacillus, Bifidobacterium
Wistar rats = Weight gain, Liver weight
trans-resveratrol 15 mg/kg | Serum Insulin
Etxeberria et al., 2015
body weight/day | TNF-a
6 week = Lactobacillaceae
FEIHER SRRRFEL N SE e e R s & 0 HE L w4 2

J—— [N & N~ 7

FIE* o e d g BGREOLIBTUBEIPAIFABLER L FABEAREL S
&4 { 5 (Qiao et al., 2014) o % 45 <n% if BRI S F LB L Jphl N BFE L2
% > TLRs 3287 # 9 £ TLR2 o TLRA » 75 B A4 2 W F st B B4 M » TLR2 5
KpEFABEATE2ZAS > @ TLRA ¢ X3k p & FAEEFA 2 2 LPS fijem &t o
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viPARAIRA RIS EMA A A 2 ap S (8 (Etxeberria et al., 2015) o @ i e
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Table 1. Effects of grape skin extract (GSE) on the weight gain, liver, spleen and kidney weight in
high fat diet and high fructose syrup induced murine HMMS

Groups Weight gain, g Liver weight,g  Spleen weight, mg Kidney weight, g
Natve 1.97 +0.39 2 1.01+0.032 39.12 + 2.58° 0.27 +0.01°
Control 13.08 + 0.79 ¢ 1.28+0.06° 67.87 + 3.74° 0.33+0.01°
GSEL 11.45+234°  1.11+0.08°" 63.00 + 7.71" 0.29 + 0.02°
GSEM 9.72+0.98° 1.06+0.06%®  62.13+3.83" 0.30 £ 0.01°
GSEH 7.40+2.11° 1.05+0.12%  59.03+3.16" 0.29 + 0.02°

bt ATES (S 0 5 30% (VIV) B R KERAKZE 60%% néﬁe‘%%”"* I & i Al
oL R RN R LR TRE FHED 2 F e (P <005)  #7
gt A F A X P-4 360 2 600 mg/kg/day 2- 7 B et B 3 é*‘ fgf % M (P <0.05) -
WFHE S WEE TRE S G 0 45 F § A 5 B4 360 2 600 mo/kg/day 2 F sk e gt 4R AR Lt ¥
BFE M (P<00S)c g TioE+i B L A7 > T W H F|5 B #4715 » £ # * Duncan’s
multiple-range test i& 7 £ {6t T > Nalve : I § %2> R ST P /ed22 24, Control DR E
2 30% (VIv) % % #2 K %%jg‘ff k2 60%% g fetieh AT HE £ opig A2 ew] S GSEL : §
FAEEFORIE 2o gp 0 w i @ % A 3P4 120 mg/kg/day ; GSEM : H F A B4 ¢ H £
oo gt A EPF 360 mg/kglday s GSEH : § 5 A 3B 3 A E 2> 5pt 85 7 F
A EP4 600mg/kglday ca-c tHEAEZ* A2 R E A B EFLE (P<0.05) -

(w,

In thel0 weeks administration of grape skin extract (120, 360, 600 mg/kg), control group was
significantly higher than nave group in weight gain, liver, spleen and kidney weight (P <0.05).
Grape skin extract treatment group were significantly lower than control group in weight gain, liver,
spleen and kidney weight (P <0.05). Data present as mean +SD (n=6) and was analyzed with
One-way ANOVA and tested with Duncan’s Multiple Range Test. Naive: untreated group; Control:
high-fat and high-fructose corn syrup induced murine HMMS and administratered distilled water;
GSEL 120 mg/kg: high-fat and high-fructose corn syrup induced murine HMMS and
administratered 120 mg/kg grape skin extract; GSEL 360 mg/kg: high-fat and high-fructose corn
syrup induced murine HMMS and administratered 360 mg/kg grape skin extract; GSEL 600 mg/kg:
high-fat and high-fructose corn syrup induced murine HMMS and administratered 600 mg/kg grape
skin extract. *“ :Different letters indicate significant difference (P <0.05).
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Table 2. Effects of grape skin extract (GSE) on the abdominal fat, perirenal fat and epidiymal fat
weight in high fat diet and high fructose syrup induced murine HMMS

Groups Abdominal fat, g Perirenal fat, mg Epidiymal fat, mg
Na've 0.17 £+ 0.022 19.63 + 6.47 2 25.30 + 5.08°

Control 1.70+0.12 ¢ 785.30 + 47.80 ¢ 279.60 + 20.41 ¢

GSEL 1.21+0.33°¢ 469.10 + 129.10 © 254,57 + 104.88°¢
GSEM 1.05+0.25°¢ 352.62 + 121.37° 131.97 + 60.50°

GSEH 0.59 +0.15° 249.80 + 79.87° 100.38 + 27.24°
&Ht'rﬁéfs%f; $ 5 30% (VIV) B R HEE A OBIEGCK 2 60%F 4 oA :.s;wmx S £ i )
2. BB R 41»‘“5@ PR IRFgARE ~ B R g iRE 2 x,_fis g g;]‘:gg SR S (p <0.05) ;

bb:f-agg,. ;;g»t V53 F F A ¥ P4 600 mg/kglday 2. B S e p IR AE %’““ RAE R R
s E SRR ARt 4 B E S (P <0.05) - Bh N TG E LA o £ E FS H R
B Aris o R Duncans multiple-range test i& 7 ¥ S & T o Nawe : & ¥ > K57 a2
z_ %] ; Control = %P8 = > 2 30% (Viv) & % #2 K %J*Jf:fﬁ k2 60% % Fa betErah N AT
L2 mw GSEL: ¥ 5 A X AR e 55085 § 5 A F5 4 120 mg/kg/day ;
GSEM : zg*»)”“;i.-,xﬁxiw‘ HE B g A A 3P4 360 mg/kg/day ; GSEH @ # F A &
BB AR L LS FHAEES 600mgkg/day c U EARBE F 2 AT AT
%3 (P<0.05)-

In thel0 weeks administration of grape skin extract (120, 360, 600 mg/kg), control group was
significantly higher than naive group in bdominal fat, perirenal fat and epidiymal fat weight (P
<0.05). Grape skin extract treatment group (360, 600 mg/kg) were significantly lower than control
group in bdominal fat, perirenal fat and epidiymal fat weight (P <0.05). Data present as mean +SD
(n=6) and was analyzed with One-way ANOVA and tested with Duncan’s Multiple Range Test.
Group description was shown as Table 1. * :Different letters indicate significant difference (P
<0.05).
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Table 3. Effects of grape skin extract (GSE) on the hepatic pro-inflammatory cytokine IL-1p, IL-6
and TNF-a in high fat diet and high fructose syrup induced murine HMMS

Groups IL-1B, ng/g IL-6, ng/g TNF-a, ng/g

Na've 113.96 + 51.65 ? 98 .30+ 38.10 55.57 + 17.87°

Control 205.36 + 42.21 ¢ 137.53 +30.31°¢ 82.01 + 25.12°

GSEL 189.80 + 30.51 " 114.04 + 31.90 60.92 + 6.63%°

GSEM 167.74 +51.10 83.23 + 23.42%® 56.20 + 21.04°2

GSEH 144,74 + 32.85 ® 73.24 + 3052 ? 50.39 + 15.67°
fot RS (S 0 1 30% (VV) & %I A B4R 2 60% % 4P B B £ R i )
2R ] B H R E’“‘T"’;ﬁ IL-1B~1L-6 2 TNF-o ¥ B ¥ % > & % 2= (P <0.05) ;25 % w4pit >
X5 § F A FP4 600 mog/kg/day 2 F B e TR IL-1p S Rieip 3 xR (P

JAY

0.05) - &+ § F & 3 P-4 360 ~ 600 mg/kg/day 2. F Z & & 3F5%K IL-6 2 TNF-o 22 ¥4 B e 4p 1t
“F BEE S (P <005) B THEHEREL A7 0 XU E T r]—ri%aﬁlﬁx/»\#frw s R
Duncan’s multiple-range test :£ 7 £ {6t o Nalve : & ¥ 2 > A Gz @ )i@‘l'? K] Control

¥R o 11 30% (VIV) B R AR GEERACKE 60%% aéﬁﬁipﬁ%‘r”r* WHIF S Al wE
GSEL : # § A 554 WAL > FF*h 567 § § 4 3P4 120 mg/kg/day GSEM FEALEP
f @ A?ljfé_.“_ I §F A5 P4 360 mg/kg/day s GSEH @ # 5 A 554 3 A& & o gp ot
#4FF A FP4 600mgkg/day o O iR 3 * AT AR F A B HFLE (P<0.05)-

In thel0 weeks administration of grape skin extract (120, 360, 600 mg/kg), control group was
significantly higher than naive group in hepatic IL-1B, IL-6,and TNF-a (P <0.05). Grape skin
extract treatment group ( 600 mg/kg) were significantly lower than control group in hepatic IL-1
(P <0.05). Grape skin extract treatment group (360, 600 mg/kg) were significantly lower than
control group in hepatic IL-6 and TNF-a (P <0.05). Data present as mean £SD (n=6) and was
analyzed with One-way ANOVA and tested with Duncan’s Multiple Range Test. Group description
was shown as Table 1. *°:Different letters indicate significant difference (P <0.05).
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Table 4. Effects of grape skin extract (GSE) on the hepatic anti-inflammatory IL-4, IL-10 and IL-13
in high fat diet and high fructose syrup induced murine HMMS

Groups IL-4, ng/g IL-10, ng/g IL-13, ng/g

Na've 20.01+1.25°2 167.51 + 103.152 48.37 + 34.60°2
Control 25.21+2.81° 352.94 + 73.53° 88.29 + 17.86°"
GSEL 21.16 + 0.76 ® 226.86 + 34.12° 63.47 + 20.51%
GSEM 19.00 + 2.752 158.46 + 52.80% 52.79 + 13.12 2
GSEH 18.28 +3.81°2 203.92 + 107.572 68.07 + 36.07 %

b ¢¢m;§%§,§, » i 30% (VIV) B R AT M ]\fx k% 60%3 q»saﬁygagﬂwaf,f £ ik A
2R HReE AR IL-4IL-10 2 IL-13 ¥ & F 300 ¥ &2 (P<0.05) ; &29 5% ®4p
SR %75’»49\# 120 ~ 360 % 600 mg/kg/day 2. ¥ % % % ’”‘"’ﬁi IL-4 2 IL-10 % % B %%
M (P <0.05)c g M ToEiREL A7 > T UEFF R AT L&A Duncan’s
multiple-range test :& {7 ¥ {5 & £_- Nalve : I+ ¥ %2 » A5 iz P &2 2 2% ; Control @ $tP8 & >
"130% (VIV) %2 KA AR S 60%F % 4rHiis BT B & ki A2 e GSEL:

FAZB AT L T 03 § 5 A 354 120 mg/kg/day ; GSEM : 5 5 & 5547 # &
feo FECN A FF AL 5 P4 360 mglkg/day s GSEH : T A S P F A E o RS F F
A E P4 600mglkglday - P L AR B 32 AT A R AT HEELE (P<0.05)-

In thel0 weeks administration of grape skin extract (120, 360, 600 mg/kg), control group was
significantly higher than naive group in hepatic IL-4, IL-10 and IL-13 (P <0.05). Grape skin extract
treatment group were significantly lower than control group in hepatic 1L-4 and 1L-10 (P <0.05).
Grape skin extract treatment group (360 mg/kg) were significantly lower than control group in
hepatic IL-13 (P <0.05). Data present as mean £SD (n=6) and was analyzed with One-way ANOVA
and tested with Duncan’s Multiple Range Test. Group description was shown as Table 1.
b Different letters indicate significant difference (P <0.05).
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Table 5. Effects of grape skin extract (GSE) on the hepatic others cytokine MCP-1, TSLP, and
TGF-B1 in high fat diet and high fructose syrup induced murine HMMS

Groups MCP-1, ng/g TSLP, ng/g TGF-B1, ng/g
Nave 43.57+7.38° 65.55 + 37.61° 52.44 + 18.68
Control 70.51 + 25.94° 124.46 + 50.73° 68.84 + 27.23
GSEL 64.42 + 20.07 ® 85.06 + 21.13 % 62.37 + 7.03
GSEM 51.66 + 22.22 ® 73.88 + 46.35° 50.63 + 32.10
GSEH 43.63 +11.24° 71.95+ 35.98 ¢ 47.86 + 6.73

ot EemEs s 0 5 30% (V) B RAEI K AERACK R 60%F fn oS B0 R £ ik
2 Bk o] B ¥R T MCP-1 2 TSLP 88 ¥ 301 ¥ & (P <0.05) %4 fB & 7% TGF-p1 £
D H e R EEF LR B IREi 0 B3 § 5 A 5 B4 600 mg/kg/day 2 F % e b
MCP-1 22 44 P8 s dpt ¢ BEE '8 i (P <0.05) » %3 ¥ % A ¥4 360 2 600 mg/kg/day 2. # %
s B %K TSLP _%i”fa‘ﬁé,.qa ww s B E R (P <0.05) o g TimEAR L Aoy > TN E
Fl+ R HAPTis  LR Y Duncan’s multiple-range test :& (7 ¥ f& & @ Nalve : & § %2> R 5§
= ia/@‘l’iﬁ.ﬂ_w ; Control : P 2 > 12 30% (ViV) % %42 X +ﬁ=:’rl%éﬁ k2 60% B o A tecah
MR £ i”'l’ 2% ;GSEL: §EAXE MR e S FHEAFES 120
mg/kg/day ; GSEM : § § £ 5 B4 ¢ ®E & 3p et %4 § § A 5 P4 360 mg/kg/day ; GSEH :
*ggﬁk%#awﬁ w oo FECN A FF A E B4 600mg/kglday - fP FEAR R F A LT A R
A4 EFLE (P<0.05)-

In thel0 weeks administration of grape skin extract (120, 360, 600 mg/kg), control group was
significantly higher than naive group in hepatic MCP-1 and TSLP (P <0.05). Grape skin extract
treatment group ( 600 mg/kg) were significantly lower than control group in hepatic MCP-1 (P
<0.05). Grape skin extract treatment group ( 360, 600 mg/kg) were significantly lower than control
group in hepatic TSLP (P <0.05). Data present as mean +SD (n=6) and was analyzed with One-way
ANOVA and tested with Duncan’s Multiple Range Test. Group description was shown as Table 1.
b Different letters indicate significant difference (P <0.05).
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Table 6. Effects of grape skin extract (GSE) on the hepatic adiponectine and leptin in high fat diet
and high fructose syrup induced murine HMMS

Groups Adiponectine, ng/g Leptin, ng/g
Natve 151.36 + 20.04 ° 44.05 + 9.41 2
Control 111.54 + 13.272 66.90 + 14.42°
GSEL 138.48 + 25.03 ® 57.61 + 14.38°
GSEM 136.92 + 28.49 ® 39.85 + 5.81°2
GSEH 140.16 + 34.40 ® 34.25 + 3.44 2

bt emER T 0 AT 30% (V) B R BB K AERACKZ 0% T totid B0 £ i A
2R R HE. Eﬂ;ﬂ*”q%%%ﬁ:ﬁ“ ¥ (P<0.05);: Hfskiip L BFAR =
FTREFLT FEAEPEHEAR AL LR Y HBEIIREAEFR e (P
<0.05) ; 2@ % eAprt » B3 § 5 A FP4 360 2 600 mglkg/day z F ey RgEE i (P
<0.05)c #icdy L2 ELHRE L L 7> £ H F]F ¥ B A 4715 0 £ 2 * Duncan’s multiple-range
testiE(FE st T o Nalve: & F %2> A5 E R gLz 2w ; Control : 56 % > 2 30% (VIV) 3
SAED KB CK 2 600 % ol BT A S8 U2 s nl 5 GSEL: i § A F P4 i
e %3 5§ 4 334 120 mg/kg/day ; GSEM : a*j“-’é’ﬁ’»-r Bded HE o RN F
% L3524 360 mg/kg/day ; GSEH : # 3 A 32 3 HE e » %3 § 5 A 5354 600
mokglday - P - EARR F* A7 A 32 EFLE (P<0.05) -

In thel0 weeks administration of grape skin extract (120, 360, 600 mg/kg), control group was
significantly lower than nawe group in hepatic adiponectine (P <0.05). control group was
significantly higher than naiive group in hepatic leptin (P <0.05). Grape skin extract treatment group
(360, 600 mg/kg) were significantly lower than control group in hepatic leptin (P <0.05). Data
present as mean +SD (n=6) and was analyzed with One-way ANOVA and tested with Duncan’s
Multiple Range Test. Group description was shown as Table 1. *° :Different letters indicate
significant difference (P <0.05).
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Table7. Effects of grape skin extract (GSE) on intestinal flora in hlgh fat diet and high fructose
syrup induced murine HMMS

Groups Lactobacillus, Bifidobacterium , Coliform,
Log CFU/g Log CFU/g Log CFU/g
Na'wve 6.29 £ 0.03 517 +0.13° 3.49+0.13°
Control 5.99 £ 0.16 3.52+0.29° 4.20 +0.09°¢
GSEL 6.10 £ 0.14 553+0.12°" 3.92+ 0.09"
GSEM 6.14 £ 0.12 6.24 + 0.05°¢ 3.65+0.07°
GSEH 6.15 + 0.07 6.44 + 0.05°¢ 3.59+0.12°

T

a0 5 30% (ViV) B RHEE KR ]\éﬂ k2 60%% qéPF—JE EF BT & o ag A
TR A Lactobacnlus BAEZE Lunz PP alEE L8 Blfldobacterlum B
SRk HBEEETENLF e (P<005) R H%Eip BT FEAEB S P t Y
# 4 (P <0.05) ; t+_CoI|form BEE2% HpeEF3 I ¥ 2 (P<0.05): Lfi?’éi’ 56%.&7}5 s
BAFEFALEP 2 FokeFlFEM (P<0.05)- #icdp )t T35 +iE % X 4 7 > & L H 73
%2 @:/»\ {76 » £ ¢ * Duncan’s multiple-range test :& (7 ¥ sk T - Nalve : &t ¥ 2> A iz fe
3 L ESR R I Control #6012 30% (VIV) B R AEE A BSEGK R 60%F a4
Srer s mid Az wwuGSEL: § A B4 Mm R w50t 53 § § A E 84 120 mg/kg/day ;
GSEM : # 5 A 5547 #E w2 3p°t 83 § 5 AL 554 360 mg/kg/day ; GSEH : § § & 3
Bp B AR e S T A E 4 600mg/kg/day - P AR 32 L5 A TG A
¥4 3 (P<0.05) -

(w,

13\

\l

In thel0 weeks administration of grape skin extract (120, 360, 600 mg/kg), control group was
significantly lower than naive group in Bifidobacterium (P <0.05). Grape skin extract treatment
group were significantly higher than control group in Bifidobacterium (P <0.05). Control group was
significantly higher than naive group in Coliform (P <0.05). Grape skin extract treatment group
were significantly lower than control group in Coliform (P <0.05). Data present as mean +SD (n=6)
and was analyzed with One-way ANOVA and tested with Duncan’s Multiple Range Test. Group
description was shown as Table 1. :Different letters indicate significant difference (P <0.05).
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Figure 1. Effects of grape skin extract (GSE) on body weight in high fat diet and high fructose
syrup induced murine HMMS.

iRl 0 5 30% (VIV) B RAEL KR ]\fﬁ K2 60% R *g feieh FOF  HEE £ o i Al
ZE% IR {RelER > ¥ e (P<005); &#gzkeip » %83 §F5 4535 600
mg/kg/day 2 7 B = R e qp it 5 BEF 'E X (P<0.05) o g Lo E R L Aor 0 T H
FF % B #KA 515 0 £ # * Duncan’s multiple-range test ;£ (7 £ 5 T Nalve : & % 2 25
ix P g2 2 %] 5 Control @ ¥/ %2 > 12 30% (VIV) B %43 K 1‘%?}%@: 'k Z2 60% % Fo fedeh
ERSE A RSl 2N S GSEL: FEAZESABE e LS FHEAFES 12
mg/kg/day ; GSEM : § 5 A 5 B4 ¢ ’*?'J T e fph A § F A 3P4 360 mg/kg/day ; GSEH :
TEAEPFRA R @83 §§ A58 600mgkg/day - *' + A B 55 272 k5
A4 EEFLE (P<0.05)-

In the 10 weeks administration of grape skin extract (120, 360, 600 mg/kg), control group was
significantly higher than naive group in body weight (P <0.05). Grape skin extract treatment group
(360, 600 mg/kg) were significantly lower than control group in body weight (P <0.05). Data
present as mean +SD (n=6) and was analyzed with One-way ANOVA and tested with Duncan’s
Multiple Range Test. Group description was shown as Table 1. *“ :Different letters indicate
significant difference (P <0.05).
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Figure 2. Effects of grape skin extract (GSE) on the blood glucose during an oral glucose tolerance
test (OGTT) graph in high fat diet and high fructose syrup induced murine HMMS.

o

Bl iFanRskis 0 5 30% (VIV) B R BER ]\ 7ok 2 60% 8 75 &AL i )
Z {9 )R AR EFAALILEREREFETRE o BE o HREVHEF R LD ’#’ Ki:A
<0.05) ; &k > XS FF A Z P4 600 mokg/day 2 F Bk e H R e gpt ¥ G A
F'EM (P <005)c #edp i THoEsiE B L L7 > & U H TS5 R R A 47(5 > £ * Duncan’s
multiple-range testie FE e 2 o FastingBG : v JRH F A+ 2. 2 e dEE s Nalve : & § % »

AL TP Eg22 2wl ; Control @ ¥pe e > 12 30% (VIV) 3 %431 K 1‘#—3}%@: 'k 2 60% % Py bk

e H

~—
o

FETFAHFE LR AL 2N S GSEL: FEAFEFRAE e LS FHFAZEH 120
mg/kg/day ; GSEM : § 5§ & +B~#7» ¢ ORE o g8 F F A P-4 360 mg/kg/day ; GSEH :
FEAFPR BB 550003 5 L5524 600mg/kg/day - *° R4 R 32 4773 B &

A4 HELE (P<0.05)-

In the 10 weeks administration of grape skin extract (120, 360, 600 mg/kg), control group was
significantly higher than nave group in OGTT graph (P <0.05). Grape skin extract treatment group
(600 mg/kg) were significantly lower than control group in OGTT graph (P <0.05). Data present as
mean +SD (n=6) and was analyzed with One-way ANOVA and tested with Duncan’s Multiple
Range Test. Group description was shown as Table 1. *° :Different letters indicate significant
difference (P <0.05).
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Figure 3. Effects of grape skin extract (GSE) on the area under curve (AUC) of oral glucose
tolerance test (OGTT) graph in high fat diet and high fructose syrup induced murine HMMS.

AL FanRskis 0 5 30% (VIV) B AR KB f4x ok 2 60% & *5 A EF R B £ i )
ZF %R AT FR@*‘J G EEk oL BEd AT e HREEFF LV 2 P
<0.05) ; &F &k > XS FF A X4 600 mokglday 2 F Sk e 4R e dpt 5 B F
5 (P <0.05)c Hdp i TEsiR R L Aor 0 T H F]F R R BAP5(6 > £ @ * Duncan’s
multiple-range test i& (= £ {5 & T_o Nalve : & ¥ %2 » A G T P gd22 W] 5 Control : /& 2
v 30% (VAV) & % BB 3 BB SR Gk 2 60%F % ook ST R £ g A2 w5 GSEL ! i

FAZPPEAE e et 83 §F A 524 120 mg/kg/day ; GSEM @ 7 § A 554 ¢ & &
o gt FF AP 360 mg/kglday s GSEH @ § 5 A 3B 3 & 2> RS §F
A ¥ P4 600mglkglday « O AR B 32 A2 R E AT EELE (P<0.05) -

In the 10 weeks administration of grape skin extract (120, 360, 600 mg/kg), control group was
significantly higher than nawe group in AUC (P <0.05). Grape skin extract treatment group were
significantly lower than control group in AUC (P <0.05). Data present as mean +SD (n=6) and was
analyzed with One-way ANOVA and tested with Duncan’s Multiple Range Test. Group description
was shown as Table 1. *%:Different letters indicate significant difference (P <0.05).
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Figure 4. Effects of grape skin extract (GSE) on the serum AST (SAST) in high fat diet and high
fructose syrup induced murine HMMS.

RS SEE TET IR FRT 1 S L nt i P U LS SRS L

hE =

E*Li%ﬁﬂéé%%é » 2 30% (VIV) B 53 F R J‘ xok % 60%r5 P A AN R S i A
T B fREL AP AR E R F g ¥ e (P <005 s afmeit > &
4: ey P‘»—‘FB"# 120 ~ 360 ~ 600 mg/kg/day 2. 3 5% ‘2. ¢2 $4 P8 s dp vt %  AEE 5 i< (P <0.05) o
g T oEE L Ao > T E FS ¥R B 171 0 £ % % Duncan’s multiple-range test
wEFESE T oNave: & § 2 ARG ERIT2 25 ; Control @ 56 e > 12 30% (VIV) & %
2K ARGk 2 60% % P BT AR AR A2 B S GSEL: § F A Fp A2
oo 3pet S F F A 3 P~F 120 mg/kg/day ; GSEM : éj“.‘a?’ﬁ+ PP BEE o G FE
g E B4 360 mg/kg/day yGSEH : § 5 A3 3 #ME e 7783 55 A3+ 600
mo/kgiday - *P  EARBE F* A A A R A EFLE (P<0.05) -

“.

In the 10 weeks administration of grape skin extract (120, 360, 600 mg/kg), control group was
significantly higher than naive group in SAST (P <0.05). Grape skin extract treatment group were
significantly lower than control group in SAST (P <0.05). Data present as mean +SD (n=6) and was
analyzed with One-way ANOVA and tested with Duncan’s Multiple Range Test. Group description
was shown as Table 1. *® :Different letters indicate significant difference (P <0.05).
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Figure 5. Effects of grape skin extract (GSE) on the serum ALT (SALT) in high fat diet and high
fructose syrup induced murine HMMS.

o

%ﬂ@

bt aEkis 0 5 30% (VIV) B RHEEOF A ]\fﬁ k2 60%F *g feieh F O HEE £ o g Al
L) ,ﬁ%elqﬁumﬁumw¥$% ¥ (P <005) ; # R smiipr o L
§ % A 54 120 ~ 360 ~ 600 mg/kg/day 2. §F 5k ez 4P e Ap it F 4 B EE L (P <0.05) - #k

PR T IEE R L Aor > TV H T3 ¥R #ck 5(5 0 £ 8 * Duncan’s multiple-range test i& {7
Tistee oNave: I § > ASiTmegLz 25 ; Control @ ¥/ e > 12 30% (VIV) % %43

HERACR 2 60%% g defh TR HE S pd Al B SGSEL: § F A H b MAE ko
R A F F A F P4 120 mg/kg/day ; GSEM : *“*“1;1*?’»47» PHE R GRS A
P4 360 mg/kg/day ;s GSEH: 3 5 A 324 3 & £ gt &3 ¥ § £ 3 2% 600 mg/kg/day -

CIEREZA AT A RE AR FEELE (P<0.05) -

In the 10 weeks administration of grape skin extract (120, 360, 600 mg/kg), control group was
significantly higher than naive group in SALT (P <0.05). Grape skin extract treatment group were
significantly lower than control group in SALT (P <0.05). Data present as mean +SD (n=6) and was
analyzed with One-way ANOVA and tested with Duncan’s Multiple Range Test. Group description
was shown as Table 1. *¢:Different letters indicate significant difference (P <0.05)
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Figure 6. Effects of grape skin extract (GSE) on the serum triglyceride (sTG) in high fat diet and
high fructose syrup induced murine HMMS.

Bl iFanRskis 0 5 30% (VIV) B R BER 5k 2 60% B *n 4 rah - AF N S £ g
2R %R BB BB REFF LY 2 (P <005 EFskedt 0 B F
5 A 3P4 120 ~ 360 ~ 600 mg/kg/day 2- § B e 22 ¥ PR e qp et ¥ 5 A F *E i< (P <0.05) - #icdy
TSR L oor o #0LH F]3 % B ik 4718 0 £ @ * Duncan’s multiple-range test i& 7 ¥
feE_oNave: & § %2> AEEPJE2 25 ; Control : ¥/ 2 > 12 30% (VIV) % %82 K
PR AR 2 60%F fq oHrh FAF R BHF Eop g A2 % S GSEL: § F A Frf MAR 2o 3
b FH A EB P 120 mglkg/day s GSEM ¢ A E B BB e LT FE AL E B
¥ 360mg/kg/day ; GSEH : § 5 L 325 5 & & 2 > 3¢t &4 § § £ 5 B3 600 mg/kg/day -
CIEAEFA AT A RZARFHEFLE (P<0.05) -

In the 10 weeks administration of grape skin extract (120, 360, 600 mg/kg), control group was
significantly higher than naive group in STG (P <0.05). Grape skin extract treatment group were
significantly lower than control group in STG (P <0.05). Data present as mean +SD (n=6) and was
analyzed with One-way ANOVA and tested with Duncan’s Multiple Range Test. Group description
was shown as Table 1. *¢:Different letters indicate significant difference (P <0.05)
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Figure 7. Effects of grape skin extract (GSE) on the serum cholesterol (STC) in high fat diet and
high fructose syrup induced murine HMMS.
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In the 10 weeks administration of grape skin extract (120, 360, 600 mg/kg), control group was
significantly higher than nawe group in sTC (P <0.05). Grape skin extract treatment group were
significantly lower than control group in sTC (P <0.05). Data present as mean £SD (n=6) and was
analyzed with One-way ANOVA and tested with Duncan’s Multiple Range Test. Group description
was shown as Table 1. *“:Different letters indicate significant difference (P <0.05)
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Figure 8. Effects of grape skin extract (GSE) on the hepatic triglyceride (hTG) in high fat diet and
high fructose syrup induced murine HMMS.
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In the 10 weeks administration of grape skin extract (120, 360, 600 mg/kg), control group was
significantly higher than naive group in hTG (P <0.05). Grape skin extract treatment group were
significantly lower than control group in hTG (P <0.05). Data present as mean +SD (n=6) and was
analyzed with One-way ANOVA and tested with Duncan’s Multiple Range Test. Group description
was shown as Table 1. *“:Different letters indicate significant difference (P <0.05)
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Figure 9. Effects of grape skin extract (GSE) on the liver gross in high fat diet and high fructose
syrup induced murine HMMS.
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Figure 10. Effects of grape skin extract (GSE) on the hepatic lipid accumulation in high fat diet and
high fructose syrup induced murine HMMS. Representative photomicrograph of Qil-red O staining

in liver sections (400 x).
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Figure 11. Effects of grape skin extract (GSE) on the hepatic lipid accumulation in high fat diet and
high fructose syrup induced murine HMMS. Representative photomicrograph of hematoxylin and

eosin staining in liver sections (100 x).
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Figure 12. Effects of grape skin extract (GSE) on the hepatic lipid peroxidation in high fat diet and
high  fructose syrup induced murine HMMS. Representative photomicrograph of
immunohistochemical staining Toll-like receptor (TLR-4) in liver sections (400 x).
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Figure 13. Effects of grape skin extract (GSE) on the hepatic lipid peroxidation in high fat diet and
high  fructose syrup induced murine HMMS. Representative photomicrograph of
immunohistochemical staining 4-hydroxynonenal (4-HNE) in liver sections (400 x).
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Figure 14. HPLC chromatogram of resveratrol standard.
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Figure 15. HPLC chromatogram of grape skin extract.
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The Effect of Grape Skin Extract on Nonalcoholic Fatty Acid Liver Disease in Murine Model

HRTY WE !
Min-Ruei Hsu, Chang-Chi Hsieh'

' Department of Animal Science and Biotechnology, Tunghai University

Backgrounds: Nonalcoholic steatohepatitis (NASH) is the progression of nonalcoholic fatty liver
disease (NAFLD). It is characterized aberrant lipid storage in hepatocyte and inflammatory
progression to nonalcoholic steatohepatitis. Materials and Methods: In this study, we want to
evaluate grape skin extract against the onset of NASH induced by high-fat diet and drinking with
30% fructose solution. C57BL/6 mice administered with grape skin extract (120 and 600
mg/kg/day) for 12 weeks. Serum alanine aminotransferase (ALT), triglyceride and cholesterol
determination in serum or liver and oral glucose tolerance test (OGTT), interleukin-1B (IL-1B),
interleukin-6 (IL-6), and lipid accumulation in liver tissue sections by immunohistochemical
staining for thymic stromal lymphopoietin (TSLP), Oil-Red O staining were determinate. Results:
The results show that no significant differences on OGTT. Grape skin extract reduced ALT and
triglycerides levels in serum, and also decreased accumulation of triglycerides in liver. Our results
indicated that the treatment with grape skin extract can reduce NASH and insulin resistance by
high-fat diet induced steatohepatitis. Conclusion: Grape skin extract reduced high-fat diet induced
hepatic steatohepatitis in mice through involvement in down-regulated inflammation, including
IL-1B, IL-6, TSLP and lipid peroxidation further hepatoprevention to release ALT.
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