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Abstract

The increase in fructose consumption is paralleled by a higher incidence of
obesity and associate to metabolic syndrome including hypertriglyceridemia, fatty
liver, hypertension, insulin resistance and diabetes mellitus. In recent years, several
studies had been published that implicate subclinical chronic inflammation as an
important pathogenic factor in the development of fatty liver. The most important
reasons will be the hyperglycemia, high blood glucose, causes oxidative stress and
leading inflammation. High fructose diet modulated the distribution of gut microbes
and increased Gram negative bacteria proliferation further increased
lipopolysaccharide (LPS) releasing. Lactoferrin, an iron-binding glycoprotein,
regulated several physiological functions such as antimicrobial activity, especially in
Gram negative bacteria. Previous studies indicated lactoferrin reduced serum
triglyceride and down-regulated inflammation in rat. The purpose of this study was
to investigate that lactoferrin protects against the onset of non-alcoholic fatty liver
disease via anti-inflammation in high-fructose administered murine model. Our
results indicated high-fructose diet stimulated intestinal bacterial overgrowth and
increased intestinal permeability, subsequently leading to endotoxin in blood
circulation and liver. Immunohistochemical staining of Toll-like receptor-4 (TLR-4)
indicated lactoferrin could modulate LPS mediated inflammatory cascade. These
inflammatory response in adipokines include interleukin-1p (IL-1B), IL-6, IL-33,
tumor necrosis factor-o (TNF-a), monocyte chemotactic protein-1 (MCP-1), thymic
stromal lymphopoietin (TSLP) and adiponectin. Furthermore, lactoferrin could
reduce serum and hepatic triglycerides, and lipid accumulation in liver, finally reduced
hepatic damage and decreased serum alanine aminotransferase (ALT) release. These

beneficial effects of lactoferrin were related to the decreased LPS induced



inflammatory cascade in liver and also significantly lowered liver weight that
ameliorated fatty liver by decrease of triglyceride and cholesterol syntheses in
activating hepatic steatosis. These findings suggest that lactoferrin had the potential
to improve nonalcoholic fatty liver disease in murine model.

Keywords: Adipokines, Endotoxin, High-fructose diet, Inflammation, Lactoferrin,

Nonalcoholic fatty liver disease
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RS Z L @RS Y s R R i % G F RS IV IRRT R M
g T R SRR R e 0§ )R B e R R R L e e B
WS F|mE L FAR YT REE AR OB L o T FIR ik

R A R a2 B4 E RS K w e jfr R (pro-inflammatory
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cytokines) » #|4- TNF-a % IL-6 (Interleukin-6)¥ — i 4% i+ % % (Fabiola, et al.,
2010) » 2 ¢ IL-6 ¢ ¥rd|fq B4k chs i > Fpt Py ik lmbe gk A ehd §7o RN G
A Aw ALy g R ik ch— A6 AR M B % 2 £ R (Xirouchakis et al., 2009; Kern et al.,

2001)

1. &4 & ‘m?e % (Pro-inflammation cytokines)

A ERT a:r—s,%fa Po bR g g ik gﬁ,j—g afF- T Aa CALLAE
Wk & R ehi g A g VTR e i e & F ARk en
& = PEFi = P 8L B-oxidation X FE (Saito etal., 2007) > H-3k < £ FiRpL L =
Fat b fig () 3N AR IIFERY o gL ob > X g sk s €34 % cytochrome P450
family % 3L > #F % & CYP2El (cytochrome P450 2E1) » 22 i § i & fis
(hydrogen peroxidase)s75 it B2 5 4% 4 =5 B2 M hod o B L4 € AR
I SR

(maloialdehyde, MDA)# 4-hydroxynoneal % fiF#g 2 = (Robertson et al., 2001) - i&

3‘55"
PR T G AR ke foigiapg 0 T FiEE Y A

fos Y AFRRE ke o JLpE s & R e W %%'E’ it NF-xkB - B388 LK BB 4
(Letteron, et al., 1996; James and Dat, 1998; Browning and Horton, 2004) - @ &%
WEARY o e rE (cytokines)diF F @il L end F 0 H A B # G BF W wme o
B4~ 4 EFrd 3 e k= (apoptosis)E? C BABM K § M o § MFiwie X IFPE
£ TIHCART T3 2 & & G5 1L R e A i e i d o iE S e v S B IR AR
Ao @ g KT el & R F s Bk T 0 s 0 A2 doll rin
"2 4% 1 3-v -1 (monocyte chemoattractant protein-1, MCP-1), IL-1 ~ IL-6 ~ TNF-a %
g L3 M k-9 F(Maheretal., 2008) -
(1) IL-1p

IL-1 4355 2 penim®e > & ZHF O o RE B imie T X 54— B 547K
e gk 0 F S AR et o o wE AR A wmre i o IL-1 alpha (IL-1a)

Z A sdden IL-1 beta (IL-1B) > 3 A58 EAp e # iy > A E 7 3o T2 2

13



1 (Bessler,etal., 1999) & & 5 it # &35 % C-F x v (C-reactive protein, CRP)
et L~ s T e 22 B wfe 2 jF 0 » 113 34 % Thl ‘¢ (T-helper 1 cell)~

it o

(2) IL-6

IL-6 5 W L ek 2 — > Beikirglie il § Z1e4ng B o TRk g 3
oo verk g K ¢ IL-6 B F14 S(MRNA)E IL-6 Jk A& &2 9 ik~ 7 g ad X B 2
b Bt ARR o IL-6 AT LM ¢ R E RE FE o o5 IL-6
w ¥R A TER R = AR o e 2 o R R o IL-6 & IR Gt e e ety
e B F A Pt TNF-a0 IL-6 B ® 5 B RA > 9F 13 hp L4rgmesho
Flet o daip) IL-6 e Jo i 4e ¥ oA ALid = 38w a Fs R F]2 - (Esposito et al.,

2003; Fried et al., 1998; Pradhan et al., 2001; Ziccardi et al., 2002) -

(3) TNF-a

TNF-o - faRg Loz 12 3d EPwe B Erfimie it T8
18 é’uaﬁt-‘)}%’ﬁ R Bl o APy ﬂﬁﬂﬁk i TNF-a o #q 35 5n%e o L B f o%2 B i$ - TNF-a
WL B Rgeit ) R e Fuin IR g Moo AU TNF-a 4l § § 4%z
el Py Ay TR ol S PERRR B P ARG S 0 T E RS IR e
LE S M ﬂ]fﬁ‘ﬁ\fﬁaki’ TNF-a 7 B o o ** TNF-0 % F% § & {ljpvep &5, ”FP_]%‘«

vk % X f827 IRS-1 (insulin receptor substrate-1)ef defs pips i » & m 1§ =

Wk B FLIR G o T o ARG T T F R BB & TNF-o e3EE 5 %

VH
%

TR B g e Bk ) F AR M eh & B (Hotamisligil et al., 1993;

Uysal et al., 1997) -

(4) MCP-1
MCP-1 E_ />t B (C-C) chemokine %% = f » 3F 5wz X p & 3

14



2

(lipopolysaccharide) & TNF-o ~ IL-1 % 3§ jcp¥ ¢ 4 & MCP-1 » MCP-1 eni®# §_

B2 AR B fr3p  Eeiimte e T # % 3% (Taub, etal, 1995) » i & F i im s 4

F‘%“ cnziEa A48 LK & (Leonard, et al., 1990) - 7 3 3 ] > f 7 AL 5] ] &

(0b/ob) 22 % 4t krcme AL Bl H MCP-1 &8 6 ¢ ymnin b § & 4 E -

ifﬂﬁEﬁ@%&ﬁi%%£$ﬂﬁéi%ﬁﬁ@,uaﬁﬁ§§%M£ﬁ?
5 2 FE i ) %8 4 (Kanda, et al., 2006; Sartipy et al., 2003) o

b LPS B - AT AR A e Fme Baop £ £ (endotoxin) > H

R R ERH AT AL I R R R 0 P X B rgine §

% i e & 5 5742 X %8 Toll-like receptor (TLR) #2%*¢ chTLR-4 X §8% & > Fit
A

B A% g 4 4o TNF-a ~ IL-6 & IL-1 & i Liwre gcd chg 4 » 738

>

2

Iy

NASH - 4 5|eh% £ 2 4.8 F o (Wigg, et al., 2001) » % @924

o v B

+ R fmve B 9% o 7% % (epithelial relative cytokines)

(1) IL-33
IL-33 % &0 IL-1 725 himbe g% > %22 Th2 ‘w* (T-helper 2 cell)shd & &

Jis o gt th o B g dp 0 IL-33 722 receptor ST2 & 16 » B T Fehmiesn L7 11§

w @ 47 TLR &2 4, @ 1E (Espinassous, et al., 2009)

(2) TSLP
TSLP % # 4 %42 p Th2 ¥ (T-helper 2 cell)# L & e Spde B 7 75 1Y AR

fnrz > {1 T tmP2 o TSLP ;{gé A4 e Th2 2% L F &> & m & % TNF-a & IL-6

£ L gcd o

3. 38 % (adiponectin)

CRCEF S R AR L

|k
;.‘u‘
3

4 7 Bﬁg_%k Ak Ke- AR 7

15



A v e A2 ¢ o adiponectin 73U & 4% B 1% ik (messenger RNA, mRNA)iz £ > €
M EL AL H 100 2+ o adiponectin A F £ 4 9 F_ 30 kDa =+ 0 A E X
#g e 3f(u%)§i £ % 2-20 ug/mL (Berg et al., 2002) - 25 v §_d #3 ’JFE_T%‘« BT
EEL U nEEg S P ERREAR LR R o &

Se Akt 2 A B8\ g0 adiponectin Jk B 0 iR 2R ok % i (Arita et al., 1999) - &)

“'.‘_"\

NP ATy 3 IR o adiponectin B2 N BbRE F E LB FIET L BT ZHBIER
(pre-prandial plasma glucose) ~ = 7% § & ~=Z fH W g ¥ > 5 F 22 Ol I (Arita
et al., 1999; Yang et al., 2002; Hotta et al., 2000; Huang et al., 2003; Matsuawa et al.,
2003) - #7 % 4p & 0 #-£ = 0E e adiponectin #¢  (recombinant adiponectin) F+ »
RN 3TV R R F R R B L L g F il AR ang ’J\gj 5
W2 g apL )k B '8 X (Fruebis et al., 2001) o g i&— 5 & 2l F B # 4 g A AF

BE 2 (Xuetal, 2003) -

= ) N BF-34 ;;a\;}%f%.
R AAMIFEE R ORE R Z RN TRERY 7 0230 8
L mﬁ*u{% % dicph i vicfie (aspartate aminotransferase, AST)£? 3 bicfik & i<

f* (alanine aminotransferase, ALT) o F]* » & "F5X 4FpF > & I fbe ]\mﬁq |

4o ALT ~ AST g%§ﬂ T Mﬂ./p el ﬁ’k \/rr}fﬁrﬁ °

1. % F* % ¥ichl §& "icfis  (aspartate aminotransferase, AST)

Y s;&ﬁ;&g&ﬁg BT ? < F 7% FEAFER S S BR S %";ﬁ S e mmﬁi*‘ o pL
Fr s B B ® 0 H = LT ASFHY AST 4+ 04 5 AN Fmie Y o
T F B A 40~50 U/L o d AATRR S BPBE o A WG T o A
Himie § 3 ETEE 2 UK o TR e S4TPE S Y o AST ¢ ARk
ko j? HAST B B2 % od ASTX 2 B & - |4 Fpt ASTHiE™ iT5

WA i el B S Tk 45 (Sorbi, et al., 1999; Williams, et al., 1988) -
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2. {3 ¥Rft#&9&f% (alanine aminotransferase, ALT)

ootk A NI R D O R 3 Fmie N 2 fi5E o7 Y AST A F%P ALT
G4 g a0 0 R AR o w F Y B K - 48420 30~40 U/L -
¥ LAEPE 0 @ ALT 0505 2 ? » @ Wi ? ALTER 2 o5 ALT &
Fofko P RAERENRES St e Rt o R R 1% e SR
pF g w P ALT EP A 3 > §9FG chF ik i R AT F] ¥ 0% L 3REUTRR

% enik %:}Fl £ (Sorbi, et al., 1999; Williams, et al., 1988) -

17



= ~ FY48 39 (Lactoferrin)z_ %+
() F4BF9 2H A
548 39 (lactoferrin, LF) % — #8755 -9 (glycoprotein) » F]ii & & ¢ # # Fe''
3 > 5 84S 39 (transferrin)e— B (Metz-Boutique et al., 1984) o 5“4% 39 & %
B 1939 & 3t 24 5L ¢ 423 3. (Sorensen and Sorensen, 1939) - A 1960 & U485 3
vod P g g it ik (Groves, 1960., Johansson, 1960) » FF B3 R4 v BT &2
ehg bty Mo~ FIE SR L F M E G G EH k9 (serum transferrin)

7 60%4p 02 > w-H 6 %5 FU48 39 (Blanc and Isliker, 1961) -

(=) F4hFv 2 RKRALTF
FU vy T s it ;éj%/,},bﬂ$m/,} iade ¥ o Fru|E_ L fLde b e 5L R
B2z EE5(E D - Ao o BN EH R ROE

(transferrin family) = B (Conneely, 2001) o p* ¢k > 7 2 R - = Logp x B2 - 5

459 H

Biho € %%'r_’ F‘F‘]’ Poe o IRIEF RIS AL i » & /& 0 (Iyer and Lonnerdal,
1993) - @ “ﬁi Feob b o doeki S PR S R R R SR FEARRED B

¥ LI kY % & ("t 4 2) (Levay and Viljoen, 1995) -

RN T R TRy

Amounts reported

Colostral breast milk > 7 mg/mL
Mature breast milk > 1-2 mg/mL
Cow’s colostral milk > 2-5 mg/mL
Cow’s milk >20-200 pg/mL
Swine’s colostral milk >100-200 pg/mL
Swine’s milk >30 pg/mL

(Steijns and Hooijdonk, 2000)
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A2 P RS A AR 3B

Biological fluids Amounts reported
Tear fluids > 2.2 mg/mL
Seminal fluid > 0.4-1.9 mg/mL
Synovial fluid > 10-80 ug/mL
Saliva >7-10 pg/mL

(Levay and Viljoen, 1995)

(2) 4F9 L pipa el
AFL AL R SRS AT R L 7680 KD > g4 700 R A e &
P 4BRE v o FU4 Y B &4 5 C o E (Clobe)x N ] £ (N-lobe)s +
MECHRZ) = EL 2p L2 2Cl~C2 & NI-N2FJE-ClEEN | E
VAR RLE - BHEESF A ETBREIFT R NS B ERF
(Drago-Serrano et al., 2012) o 5“4 F-v 2433 o

ﬂh—

LWL RS AKE
48+ (iron-free » * fL apo-lactoferrin) 4+ (one ferric ion » * L
monoferric form) % = > % & 44+ (diferric form> * #L holo-form) (Jameson et al.,

1998) - @ st 4 v 0 R BBRT ST RT B A B AR G P Bl

% 70322 DNA %> 12 AP, Ga’",Mn’", Co™",Cu®", Zn*" 5 2 & & a5 &

-

£od ¢ B S i 4 GBSk (Harrington, 1992)0 48 39 ' 1 & CO5™
‘—é‘—g 7 ﬂbt’ﬂ 15 ]‘A‘#B:—;- ’ 41‘—"—"1-%‘ E%?}{ﬂ' é\'#:ﬁié‘é\' ’ kr_ﬁ B %‘S Léﬁ}n

3k BARAE e A F (Baker, 1994)  f 0 54K Fov S IEA By SR BRAD F
Api o e A R APRERIEIRET 0 FU Y S e R B T E L Y
(Naidu and Arnold, 1997) - % %8 pH &/ 3t 4 B> SU48 kv DB gHEF 2 L >
Ray pH E-l> 6 PFo iFB Y i € i & ohd+ (Mazurier and Spik,

1980 ; Peterson et al., 2000) -
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Lactoferrin - \ C1

lactoferricin
domain 2 2%

B = > FY4i B9 2 i (Drago-Serrano et al., 2012)

(=) 48 3% X (Lactoferrin receptor, LfR)

S RD h s A s R T iR foin e A B T i 4l e

Wa
s@
lﬂlﬂ

v X M B X AT A e o oAt L e s me B R e

#
e s Bt T e s m o BB e B - L B
Staphylococcus aureus = Pseudomonas hydrophila %+ 4% % Ji.(Levay and Viljoen,
1995; Suzuki and Lonnerdal, 2004; Suzuki et al., 2005)> 1979 & Cox % 3 % I 4
55w ¥ 5 & LIR (Cox, et al., 1979) » @ o #eav A 0] %5 o g 2 g2 A FU48 B
v (human lactoferrin, hLf) ~ s j # 48 ¢ (transferrin, Tf){r 3¢ “r 48 F-o
(OVO-TH- 4235 % » FRM WG hLE ¥ R4BAF HH 2 - - g F 4wtz ? > @ i
FTE~OVO-Tf Rl s # iy o @ PR ¢ FRAZF o av | SR Y5

2 Lf % & enX %8 (small intestinal lactoferrin receptor, SI-LfR) °
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(T )5 48 39 2 38

P B AR R - B F e (B P
gy N gk Senime) o ’T}“g‘;d F R G e AL TR A H PR
o Bl D E e Ao £ H ke 3 e LH B SE i ap LRk e

5 TR {6 M AR N g Fooo¥ - BN BT P B d R ah Kupffer cell & 85+

o

B 3oz -H g 88 ¢h (Hutchens, et al., 1991)

.
fm?

) 483y 2#n(dRlrz)
R4 ez T

FBRY TRBG AL m B B F B R B
Tie A G i Ry SRS BFI MY 2 me > B Fe*" o tmve 4
Wersolcd f A S § e e LG LR W 5 o B4 Lf R H XA
GRS 0 AE o dek e pMien s BECS PE 0 B RS dmes & G A LIR BIR S 0 AL
7 'E LT AR P Ak B~ o (Talukder et al., 2003)
2. FU4B Fv TP A

FoMB Fv A EEMBAR T S L o - L R4 £ g 4o E. coli &%
2 & Fla i 5 LR 2t (Brock, 2002). o A ApF 0 FU4liden ¥ LI
AR R EREG FFA L Do EE F 2 BB F (Petschow etal.,
1999; Sherman et al., 2004) o f ¥ & 3R L B > B eiiim e F| X {1 B4e8 =
T g E o e E R ) LR Y R ErEme ARSI
) IL-1 & & TNF-a > Fp fedp g @ PR T ¢ 3 2 3 U F 5o ot b st
Rwme i EREE BB R FL R z’v’ﬂv‘l’gt‘ Mod R A TR R B
e o BB ALY Pl AR § R 2 Rt i R eE Y e
B HNE o ¥ 3 7 LPS g Loh- £ & F]F > d 254850 ¢ AR
WA ES R ERmre b LPS chff2c o & B R A3%d LPS % & F-v
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(lipopolysaccharide-binding protein, LBP) #-LPS # % E p%’ e & FH ok e
I chCD14 A F > FIFUB G0 5§ 2 LPS &8 v chi & v LR T 0 S
M ' M LPS #73lA= v L& & (Valenti and Antonini, 2005) o ¢+ #F » F7 3 # 2 5

B -0 5% F-0 fRoR R TE DA f Ak FEIFFY -9 % (lactoferricin) - H

FFFEIE ARFEDF BT {8 o P 0 e wERFFEIRZ ISR 27 5 A

2558 1§ 45 3-v % H (lactoferricin H, % p 2 $' 4% 3-v )% L 486 kv % B
(lactoferricin B, % p = 5“4 ¥-v ) - (Bellamy et al., 1992).

3. S 4B B FuRp S 0T

FBFd BFA PN SRR R R AP F L EY R H
DNA % RNA f)?afr £ #‘Fu‘)?si z_Eh(Yietal, 1997) » 5448 F-v ﬁ?:}‘@)ﬁai 4 ¥ A
AEFE/HE & G wre & Flhwre Wi § #E9% 5 4 (glycosaminoglycans) » j&
ARSI A e L e il £ o @ etk il PHH B g2 s+ (Herpes

simplex virus) ~ fm?s E it :f}%i (Cytomegaloviruses) % A #g ¢ & 4 F?—«f/ﬁs% (Human

immunodeficiency virus)&_j % (Andersen et al., 2001) -
4. F4EFY RALRF BT RIS

FRe €W me doG A FRLE S FNT A S E S me B ok
M e enged FE A GG B LR XA e d T f R
+ im*e (natural killer cells, NK -cells)2 7# 12 (Brock, 1995) « @ fod i 2% ¥ foe ¥
Mo w3k R0 Sk S chine o JAETERAE T R RIIR AR F Y
s 5 %ﬁé BT Y BBt B & 0 Frld Haber-Wesis F ¥4 2
& § p o A (hydroxyl free radical) » Fl@m & 3 #4148 L o# & (Naidu, 2000) °
et FeB ed B E G RGETE Y MY s IRim e R N o R B e

BAE A E AT Ry A E o F BT A S Ry HPAS 22 T v
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XHBHT P A e et G B B E
5. 4B 30 B £

B3F 5 8k (invitro) BN (in vivo) AT R UM RY SRR i 2 B
4 5 Frdl 2 R0 2 2% (Bezault et al., 1994; Wang et al., 2000; Wolf et al.,
2003) c FEF A L) BF %A TR R R mE R TR E AL B L &
1$%w%m%éﬁ%Tﬁkﬁﬁﬁﬁ}ﬁﬁéﬂwﬂ@%iaiﬁ%(mmw,
etal, 1994) < g+ # > ¥ F By dp 2 gl o i Y BT A E L E P 2
P (THR-1 w2 )i {7 P2 k= (apoptosis) > 42| F se Blmfe f 2 4 F K%

(reactive oxygen species) % /& it 4F /4 ik dg {2 *# i % 5 B (Yoo, etal., 1997)

6. F-4hiFo & F R

FraER > Bk LB w2 E0F3 o SR 7 St e
v i E ~ $2 % 99 sﬁipg:,p;ﬁﬁz H&r=F iz ~ T F L 50-70% = F twie iy e
AP R enF At e ke g w2 @ g3 (Cornish et al., 2004) o gt ¢k > FU48 F-0 823K
¥ imie 2 F1E 7 i Fa588F % E 0 do TNF-a o IL-1B > & U F P 5 48
v ARE A o FI o FUi e ¥ ORAEF M ehE ¥ (Comish et al., 2004) -
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Immunomodulator

Antitumour

Anti-inﬂammatory

Hypoferraemla

A

Antiparasitic

Antifungal

Antiviral

Iron Antibacterial
Absorption ¢ - Activity

Transcription
factor

Granulopmesns

Autoantibodies

Protease

Protease Inhibitor

Ribonuclease

v Procoagulant

Cationic Peptides

Rl o~ FU4B v 20 4 32 a0 (Brock, 2002)
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B FLIEraARS
TE RS ;‘P‘%%B’&i mj% S R L N S ,}%}—’ﬁ;ﬁ,—, % %5 Ly RS AN ;p,j-;—:@ T
IR p Moo @ BUEE K RIARIL G A AR B ohE & o2 (Xirouchakis, et al,
2009) o d A F4 GG FRE M R g Y B gehz £ 00 F B FUB L2 9t
(Guillen, et al., 2000; Morishita et al., 2013) o F]}* » f gt BT 7 > 20 B35 34 548
0 AR EBEGOEFSFHNY Ao TR B LA S BY W 2

Ay gﬁp]t ’ ﬁ@;;_@f_ BJ—F;%‘%’@;% %&ﬁ&q » B ;,:_Pt ;L;Wg’—,]isgl sjgs:u-gﬁqj:,u o
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A AL

BELH el
Lactoferrin ( >94%) New Bellus Enterprise Co.,LTD., Tainan, Taiwan

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

Oil-Red-O

Fonen fructose corn syrup

ALT (ALAT/GPT) 11876805

Cholesterol
Triglycerides

Total protein kit

Hydrogen peroside, H,O,

10% formalin
Xylene

Ethanol (99%)

LifeSpan Biosciences Inc., Seattle, WA, USA
LifeSpan Biosciences Inc., Seattle, WA, USA
LifeSpan Biosciences Inc., Seattle, WA, USA
Sigma-Aldrich Co. LLC., St. Louis, MO, USA
Fonen and FonHer Ent. Co.,LTD., Tainan, Taiwan
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
Sigma-Aldrich Co. LLC., St. Louis, MO, USA
Hold Trade Co. LTD., New-Taipei, Taiwan
Union Chenical Works LTD., Hsin-Chu, Taiwan

Merck & Co., Inc., Darmstadt, Germany
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ELISA Kit
TNF-a, IL-1B, IL-6, 1L-33, eBiosciences Inc., San Diego, CA,USA
MCP-1, TSLP, IL-4, IL-13

ELISA Kit
adiponectin

IHC kit

Chloroform

Ethyl ether

Isopropanol

Endotoxin kit

Insulin kit

Coliform-Agar

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

LifeSpan Biosciences Inc., Seattle, WA, USA

Amresco LLC., Solon, OH, USA

Union Chenical Works LTD., Hsin-Chu, Taiwan

Merck & Co., Inc., Darmstadt, Germany

GenScript USA Inc., Piscataway, NJ, USA

Mercodia Inc., Uppsala, Sweden

Merck & Co., Inc., Darmstadt, Germany

(=) ~KA% -~ FH

Wl FH A1

Rt~ IR

1.5 ml eppendorf

ELISA reader
(Multiskan specerum)

Iml~5ml & F

s B

Axygen, Union City, CA, USA

Thermo Labsystem, Waltham, MA, USA

FRRGG AP, fp,
Top Surgical Taiwan Co. LTD., Kaohsiung, Taiwan
BHEAFERFG R, 505, o8
FHEPHELF AP, & I

- 3 & IAL A , = 2, Y L
E«‘]ZLF;?%B;IF\}:KQQ;, r'ﬁb-ﬁ, r'/?
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Nikon TS-100/DS-U2

B s
Nicon E-200/D70

5 b Al 4
HERMLE - HSIANGTAI

E g
KUBOTA 6200

A 2B 4 R
CoBAS MIRA PLUS

F. Hoffmann-La Roche LTD., Basel, Switzerland
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-~ RET R
() BFpR RS R

AL 2R b LT D B R R R R 2 221 CSTBL/6 (B6) -k i
R B pAEE A R RSP % B4 ¢ . (National Laboratory Animal Center,
NLAC, Taipei, Taiwan) > Fif = ¥ 5 ~F 2K TR 77 % > WL
2225 o RMIERES A ReF TOMEARF LR o §- B ¥ &
A GA ke — o5tk e (Control k0 n=6) § ¥ - M5 F R AE R4S B (HFS &
n=10) > L & P SLFEERP ST SRR ELY LT §i2 55 FinL
B BB T R P % EE (coliform) s T o B Z SRR R E RS 2 T
w o BT EREF AR 1 79 e (Naive 2> n=10)> 3 % 5T @ AJL2
w20 P 2 (Control & 0 n=10) > % 30%#E-KF Flertka g v IRES 7R
ZAEk 10 mlkg/day 2z 2w 5 3. 2 SU4 b0 Eeke t ¢ 7 MAHE Lf 2 (LFL,
n=10)"30%#% k% % 2 & & 4 © JR%E S 50 mg/kg/day 2. Lf;4. ¢ #E Lf2(LFM
n=10)30%#% k% % % & & & r JR% 7 100 mg/kg/day 2 Lf;5. & 4 Lf = (LFH,
n=10) > 30%# K% # % 4 & ¥ v R T 200 mg/kg/day 2. Lf o 4ok & &l 1
Fhe > A FEGHMENB/IE L GOLE > B P RGERBBR G 12 ) FR 12
| o

(2 ) LG g 2] R

MR SRt P w2 30% (VIV) R AEOKIA R - AR R A A A H
P L A o BN PR 16 [ R 0 BAaie T o RE FAREL
1 3# 5% (oral glucose tolerance test, OGTT)% H =G ¥ § 2 IEfiA 4w > &3t %
AR TR o BT R TR L L R Y o B (S »l’z%:-;,% Pl ALT ~
YW R RERARZ ER KRR H G2 0 ¥ - aiRh SR AN

B R E (5 3 20-80°0C 0 B (T IS A AT e
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G)HrHE
1. &85 7 F A
;i‘%?@#%#iﬁ*u isofluene frf% > % 7 TH ] BURT 4L 2 T REIR

s Iml & F R o B R R 0 2 8,000 xg B 10 A 4 B

H3
“’m‘.

i Er Y -80°C 4 kAR R 0 FER AT

2. BJ‘—E;{{

’—‘”*‘?i*«‘f,?’vﬂ&\%‘r DE R RS 0 12 0.9%2 T8 & Bk d PR EE IR B T 1S TR
Bk B0 ATES Rk RIEE L TR ERR B0 10% 46
BRI SRR SME o LR Y URAR - TR
(Hematoxylin & eosinstain; H&E stain) ~ Oil-Red-O stain £ & 7 2 % % 4 j2
(immunohistochemistry stain) » ¥ *% & & st ™ BLE o "5 & k45 Kleiner ¥
(2005)e= j2 » (EG IFRER G 28 R o BFIRITRILEERA S G
R B 80°C, FHEP AT
Hi& =~ FpiaiTe }Fa %34 5% (Kleiner et al., 2005)

Item Definition Score Code

. Grade Low- to medium-power evaluation of
Steatosis , .
parenchymal involvement by steatosis

<5% 0 —
5%-33% 1 +
>33-66% 2  —
>66% 3 1+

FRE G B AT L B B2 AFER ‘E“fl% £ 0.1 g 4 > 2 ml chloroform/methanol
QLvVFPE> ZETEE 1> B0 RAEAE - 25000 xg 3s 10 4 48
- B R o S 0.2 BAE 09% 2 IS BRRE FRMERSY

MERT 15000 xg s 5 A& 0 B Eed o F Ny B leRge 0 TR
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oA B+ 55°C > 4c ~ 1 mL tert-butyl alcohol / Triton X-100 / methanol (2:1:1, v/v) »

fe gt ad > pET T 20°C -

()~ k&7 P
L & @ 2 i dp i R 2

Mg FA i 2 p #4447 &k (CoBAS MIRA PLUS, Basel, Switzerland) 4 47 » 4
17 R4 D L-p epifo o-fir N e e ALT 8% T 5 24 S5 AR LR
P prps 5 pe i & pv (lactic dehydrogenase, LDH) ¥ # = 4 =& L-5'f > IF pF
NADH # % * 3 NAD » ¥ £k 5 340 nm @ F TRk B T B - €0 &
ENALT Bk R -

2. & FREHMRER 2R T

oA i 2 p #4417 &k (CoBAS MIRA PLUS, Basel, Switzerland) 4 45 >
& 7 Ja AT 112 cholesterolesterase #-x ¥ cholesterolester 4 f# = £ Ffig {o iy
Rfe > M MEE R e R A G PR FR - 42 % cholesteroxidase iT* > A 4 H202 o
#* H202 % peroxidase 3 % fr 4-aminoantipyrin 2 DAOS (3.5- dimethoxy- N-
ether- N- (2-hydroxy-3-Sulfoproyl)-aniline) i# - § 358 22 % 4 4 7 > plH

ok B 500nm 1L 3 S PR AR E R o

3. = #3 e o fig kR 2B 2

M2 it 2 p 447k (CoBAS MIRA PLUS, Basel, Switzerland) 4 +7
AT RIEAeT 1 g free glycerol blanking method » ¥ = &4 Jd fig X lipoprotein
lipase i¥#* » & 4 glycerol {¢ v » glycerokinase £ glycerol-3- phosphateoxidase °

# 4 H,0, - Bl H,0O, ¥ peroxidase ~ 4-aminoantipyrin 2 DAOS it% » 5 it 4z &

‘-T—'H

A4 FEH I F o P H e kiE 500nm ¥t E XY P ER -
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4. 2 B RERZ

% % # & 2% ¥ (Mouse Insulin Mercodia, Uppsala, Sweden) » | * 3 $i_
insulin 448 (capture antibody) ! # f i 15 > A R & ELISAR £ & ¢ > 4°C 5
M te o Ig P ek PBST (0.05% Tween 20 in Dulbecco’s phosphate buffer
saline, DPBS)if-i% = =t » 2 18 £ U AF i3 e 33 - P4 x A Z insulin
Wi » A S FRBIRET '}Fi“f FEFH & e r BRIL G £ D

i (biotin labeled detection antibodies) » &% T & - /] FF o FH (s £ 2 ik

n>>

I

Lk T 4 ",érf AgEEFrE o A2 avidin-HRP 28 7 F B30 2450 2 {8 £ 12 ‘)?"

3
n}i

PRV PSES e = ké“ﬁ;#\_flﬁ'pﬁj,% ﬁ,\,é—ét)x ?TMB’h—ﬁT%F}%f;fﬁg’uzM
AL OEF fpts o 12 450 nm HRf ek o X e B AR FEE R A Y ek

FRAR

5. WHROL G R IRR LRI
PFRR R 0.1 g0 # % 5%k (3 mL 1.15% KCl~ 2 mL Tris-EDTA pH
8.9~ 1.5 mL acetic acid)#-*F 2 532 {8 > Fr.w 10 # 45> 4500 xg, 4°C> B~ ik o

U b R o

6. "FHER A F IR 2B T

B’»g*’?w‘f@_f’%\} £501g>@* i’:’lifrﬁ‘i,”é (3 mL 1.15% KCI ~ 2 mL Tris-EDTA pH
8.9 ~ 1.5 mL acetic acid)#-#+ 2 S35 {5 » 3. 10 4 48 > 4500 xg, 4°C > P~ H 1 5
e o @ % W 832K w2 LAL (Limulus amebocyte lysate)h # & #&ip| = /2 ¥ 1% 4
% 1 LAL-endotoxin & P& & AA#H > & pF et 4o » @ ¢ A 1 SRR
% ¥ < F p-nitroaniline (pNA) % % AR L3R5 ¢ - 405 nm & & T RT3 %
B BB RRZEELEHB A FMEFER -
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7. MFERRG R ek kR 2R 2

ik i B AR B8 01 g RS @ 7 %R (3 mL 115%
KCI~2 mL Tris-EDTA pH 8.9 ~ 1.5 mL acetic acid)#-** 2 2325 {8 > 3w 10 4 48
4500 xg, 4°C> B~ I i oA b i 575 0-80°C T #4470 * 3 & ELISA
## & (TNF-a, IL-1pB, IL-4, IL-6, IL-13, IL-33, MCP-1, TSLP £ adiponectin) > §| *
4 #%_TNF-q, IL-1B, IL-4, IL-6, IL-13, IL-33, MCP-1, TSLP £ adiponectin #48
(capture antibody)r A ik fF 1 > R & ELISA 53 £ £+ > 4°C I %18 o IR P
12 %% PBST (0.05% Tween 20 in Dulbecco’s phosphate buffer saline, DPBS)i7-i%
2o 2 R gFRB RS- PP £ b r A2 TNF-q, IL-1B, IL-4, IL-6,
IL-13, IL-33, MCP-1, TSLP ¥ adiponectin %% > 32 % = /| P¥ > 7 FiRA R IET
=X » 4c » 1P| TNF-a, IL-1p, IL-4, IL-6, IL-13, IL-33, MCP-1, TSLP ¥¢ adiponectin
er3uf8 (biotin conjugated detection antibodies) > . F T T % - ] BF o HH {8
4 ‘J%“}%Jiip eI X2 f%éﬁ ZFA o A2 avidin-HRP 28 7~ B30 448> 1 %
& biotin » 2 fs £ MjrRBRAES 2 f%i}f avidin-HRP - #& {3 7 TMB 3 %
B avidin-HRP ¥ Z F Bie 5 ¢ » M2 MARRY L F o ffRF R ¢ Bk
B2 450 nm X3 0 T U E R ﬁﬁ%ﬁ—n 14k & ¢ & TNF-a, IL-1B, IL-4, IL-6,
IL-13, IL-33, MCP-1, TSLP ¥ adiponectin jk & °

8. VIRY F A X MR
BAES -GG 16 F %S R IRY A (20gk)eFE%
hASHET B2 t5en% 0030060090 2 120 A 4Ed ) REFMEEY 0.5 UL
S o PR T S AR T L R B B 0 0 B B (I-SENS, Inc,
Korea) » 1% s i ¥ § FABL RN chy § 465 L5F NS A2 B L4 @
AP By CERE A fRLReATA § 0 A ATA R R WHE AR PR E
LR RS E R RS N PR PR o Y e BI g

LEm R Y L e B B E o
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9. HOMA-IR

195 1985 & Matthews & 4 & ' 2 HOMA-IR (Homeostasis model assessment
for insulin resistance):® s %% § & feduen™ 2 > W ML E & E(uWU/mL)k 2 7
i 4 . (mg/dL) > £ % 11 22.5 (mmol/L) (Matthews et al., 1985) HOMA-IR 483 -
REL G FIEFER < 2R o HOMA-IR 2 5% Gk fop &8 250 o m ¥y &
s § % ek 4p b (Bonora, et al., 2000; Katsuki, et al., 2003; Meigs, et al.,

2003)

10. Oil-Red-O % ¢

B L pe® Oil-Red-O % #/# ¢ » P~ Oil-Red-O (Sigma-Aldrich Co. LLC., St.
Louis, MO, USA) 0.015 g » 4c » 50 ml 77 isopropanol v 4 % fElg & > I 8 * g XA
@i = % > fie B = stock solution > 2_ {5 £ 4r » isopropanol fiz ¥ =t working solution
(stock Oil-Red-O : isopropanol = 3 :2) iig 5 =< {& 14 %“f working solution p *
7% 3 £ Oil-Red-O ¥ o #3320 384 = % § -80°C Be i {5 » 49 3
&7 5 wig > 2 50% isopropanol e s = o * e d kA et O.CT. 4
G FANKEERP RS2 O.CT. 4o £¥FL 0.18%
Oil-Red-O working solution > % 30 4 4&{$ » *x » 50% isopropanol jE# ;= =t » & 7
% 41 Oil-Red-O working solution ## #% “,ﬁi v Bt i * 60% glycerol 3 57 0 3t Ak
ETEZE i VA KT SRS > f1* ImagePro plus 8 A 47 4

M- B R s v F s fg A F i o

1. L& 2% FZ 4 (immunohistochemistry stain)

R T e e B I 20 FaEp e R TR B AR K 0 Bl
Max Polymer Detection System kit i& {7 % & » &% o engl * § 28 % (pH=6.0,
10mM Citrate buffer)® » &= 74 ¢ [F-k4e 1 121°C- 3 s ¥rf p A58 >

BEFEARE IS ARG BN YN FR T A B RS TR R
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peroxidase blocking solution > 3 & 5 4 453 “,f W3 it 4+ 3> % * wash buffer (10
mM Tris-HCI pH 7.4 ~ 0.05% Tween 20, IXTTBS)i#% % = = > j§ F - & FfY
(anti-TSLP ~ anti-4-HNE ~ anti-TLR-4) > ¥ J& 30 4 4& > ¢ * wash buffer ;2% = =& »
D ity (anti-IgG)F & 10 ~ 48 0 @ * wash buffer 2% = =X {8 jF F gRA %
AAA S 10 » 45 > B fs 14 3,3-diaminobenzidine (DAB)% ¢ » i & F B4 &
Torwed o UFEAK L HF R LEER o A 10x40 B sk B B ACALALTT T PR AR &

12. geA % 2 =4 ¢ (hematoxylin & eosin stain, H&E stain)

| RS PFERE S 2 13 &e > 10%485 i ? B - et s
gL T ALY B ?%f%%ﬁ%?amkkhﬁ’\@%%&Em”¥’
I 2b%E o % 5 poly-L-lysine ehft gt 7 1 » il = 7 F & FpH R N0R 7 R e
RKBITT LA G R AR TR PR %%‘f&mﬂ;&ﬁﬁww

e PSR BT g W lm e B A2 R (Hsieh, et al., 2009) -

13.E.coli 2% &
#=8~ 10.6 g Chromocult Coliform Agar ™ 2 &+ -k T & 3] 400 mL > & #* {5 %
3 50C T x| Ak IF S )~ 32 & A % o Chromocult coliform agar # % A& ¢
P3O REERAEE R AT > B¢ - AT (salmon-gal) § & X % FHiEHE G hE
F ¥ p5 (galactosidase) % & e FiE 2 =~ 29 5 ¥ - AEFHAAF (x-glue)
g.ﬁ_ % = ¢ § A HPF (glucuronidase) ¥4 & B~ FEJ (&
) TR FR T B EREE R T A A B &
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I BPEAH

(- ) ¥ 7]3 % £ #5415 (One-way analysis of variance, One-Way ANOVA)

- RS o K~ g 2 5% By 3 GLM (general linear model)
AR LR ¥ UEHF 5 % ¥ (Duncan’s multiple-range test)ig (7 ¥
kR K TR § B 2R A F ML P (P<0.05, P<0.01, P<0.001) o 5 - =ik
¥ BBy 2 One-Way ANOVA = 2 4 4718 » & B 5 % 3 4& 2 (Duncan’s
multiple-range test):& (FE (6 T > BV RV A B B HIEF A EFL B EM

(P<0.05) (Duncan, 1955) -

(=)~ &% #4175 (Non-parametric statistics)

L 52 R g Em A os 7 B A3t £ R 0 ¥ 2 Mann-Whitney U
TR T AT e 2R S dp vt 1P <0.05, **P <0.01, **¥*P <0.001 &7 £ R &
Fito Hmed s wip pl P <0.05, FFP <0.01, P <0.001 57 £ B R ¥

lrio
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=~ FU4B By RPN R AT B i
(-) P RZHE -~ RREIFRER

dode—- VBT AN RDPEF L e R ES > 530%VNV)E *
WA KB EF TR AR e MES T Y e Kppr F EF AR
(P<0.05)> @ &7 5% % (50 mg/kg~ 100 mg/kg ~200 mg/kg)» 7 g F L R - ¥ % >
b ] B e i E R0 0 HR e RavFRE g £ N F 3
WE e SR g o R EFRE R EFOR N AHE e (P
<0.05)c e >3 5 N TR REEE L ] PR E ez B
BMEFag e g e (P<0.05) > #F & HHEP 7 30%% 4K € ) BUFRE =~
A IR N ARG AL F LR AR ARtk 30% % BA K AIET 0 &

LS U4 k9 (50 mg/kg ~ 100 mg/kg ~ 200 mg/kg)EJdR 15 0 F IR B Y

¢

BAE T IFEFLR AT ARFMHEE -

(S) KA BB £
Flo B1EE BT 30% (Viv) & % 454K o B2t rg v it 2] 15 SR e
SRR B AR AEEATPLE  BRHA 0 & 30% *AbK

) BB E? AFREAENI BRI NIV e P REHS F RN 2

LB

E) R tRr2p i35 8

NEE ARG LR N BBl BRI T 0 £30% (VIV) B R B4
KB ELFH e R A S R e ) BUTERY M F A M EE D uip

W EFEMEAR (P<0.05) @ pAkA) BLFY4E -9 (50 mg/kg ~ 100 mg/kg ~ 200

mg/kg) s M| BUFEHEPN 3 FE R e EFHFLE o
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(=) > s 8% A dg iRl

RO A e 5 SISO 6 SR & AR 30 30% (viv) B SRR S
PR N S 530 g 1 ALT I 505 8 B R - 4ol o
TSR] RALT PR LK 2k enF (P<0.05) i 0 ARk
BRI A Zp sk REA S FF LA (P<005) 0@ A H%S f
4 Fv (50 mg/kg ~ 100 mg/kg ~ 200 mg/kg)idB {8 > IR R AR F e
%00 (P <0.05) 0 %7 $ B EHF G ARE RE e W BE o ¥ T PR T4 3

R N REY EEC L B R U P

(I) ~ "R ZE R
@:é@%%ﬁ@’%Wﬁﬁm%iﬁ%ﬁﬁwﬁﬁﬁﬂﬂﬁoﬁ%%@:
ST 0t 30% (VIV) B R EACRH EALFH LT S R g R F
AR VFREP BED Y vsiE S R A > A MIFC R S IR o @ B FUB Y

(50 mg/kg ~ 100 mg/kg ~ 200 mg/kg) gL {6 » "o & PP BEde 5 b o g

(3 )~ PFRR LY 5 AT

Yo@B N BBl A B2 x 100xE 400515 o aq‘—s;ﬁgﬁﬁﬁ;gj_xy AT R BT YRR
AL EAMLBE AR B FRS R RAK S RS RRF w0 DY
I O 1ad =] Il b ;ﬁd Oil-Red-O % ¢ ;L;gj).m— ) /Wigﬁmiq
1. mAK B Q4

H&E % 4 7 M2 e Sonm i & 5 Ll R e a) o do B~ 9
FOBEI AT ¥ marFe s wie MK 1R e e R R o
BRI T UF RS A AGe s h  FE M e R IIRE S e
PrA s I mre BB T8 T B L e B4 T g

B f 439 (50 mg/kg ~ 100 mg/kg ~ 200 mg/kg)aJL ts o Bl % e B2 W e
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BORAR G A AR e o gttt o B B 2 e iy L B s TR
T drd 2 AT 0 FEAE R AR T+ FAR S & T AL
ARBLE o FRR BT ¥ mApt o MR B EF DR A (P <0.05) 0 8 &%
5 U4 3% (50 mg/kg ~ 100 mg/kg ~ 200 mg/kg)EJR {6 0 P vA T e AR R PG A

Fh el (P<0.05) e

2. Oil-Red-O % ¢

Yo Bl AT 0 B 30% (VIV) B R OBEACKGE EALIER IR TS L ] B
%02 Oil-Red-O % ¢ > = d Za%mpigadifi - 2 ¥ 27 EP N FHRARE
N om AERER RBRRI A RSB FRFIR G T R F R

P o FF0% (central vein) & i F R fE P w0 @ iR BrEP A% 7% (portal vein)

°F
B

%

Fl oM LA FUa F-v (50 mg/kg ~ 100 mg/kg ~ 200 mg/kg)aJE S o
FRELR IR S b AR P B 0 o B3 d B % @ % Image-pro Plus
FHELBLDRERRAEZEF 2R 2o 3Y (50 mg/kg~ 100 mg/kg -
200 mg/kg) A B 5 9.41% ~ 62.47% ~ 36.86% ~ 42.54%2 38.23% > i % B A » “3

B PR s Ap ot B rg inid R dafF )30 B E T M o) (P<0.05) -

) FHLZBEH ST
;&ﬂﬁ%@saﬁaaﬂﬁﬁw’ﬁ@?ﬁiﬁﬁﬁﬁmgﬂﬁﬁww
MR AL o 4o - AT 0 B3 30% B RBACKFEART o MR EITRC R

s BEFE L F e (P < 005 f 4 3¢ AJ2 (50 mgkg ~ 100

LN N BV - o FIMLPIIIFHR B H B E BT RITR Ay %‘rm

-

mg/kg ~ 200 mg/kg) 2. " FER-faH W fq 7 =R F MOTHR E (P<0.05)-

A

w«

(M)~ T IRE F R
Bl - 2@+

lH
‘F_k

B8 16 P %A ) Rr IR § 4 2 gkg/mouse i& {7
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WO T AT IRY 3B 8 1500,30,60,90 2 120 A 4 d | B E IR E B 0.5 uL
Rt REFR FRAIERRE  VEZRHBESH B BN AT FRES TR
w3044 - ME O BRFLBERYERFTH AR G T EARS (B ) KA o
HREeETFrERAKR: TE ot HRE L He BEihn B B A4 BLF4E 3-
BOEJT e keng o TEP A g B (P <0.05) 0+ f}hiﬁuﬁ’%f‘_T& gy
FHEE Bt i RN A R A FRBLBE LT E
pEa i o Bl 2 At B2 W T e fF (AUC of OGTT) > ¢ 3 %5 /] Blr Y
B #% 2 g/lkg/mouse & (T A REREK S 0 BRTEE N AT g ff o BEAoR L = A7
TS 30% BEBACKAEATT OHBER IR B UE BT AT
%(50 mg/kg ~ 100 mg/kg ~ 200 mg/kg) » FE st enE B (P <0.05) °

(L) %5 2o lE

LA RS L FHY ST RAHS B RE RS REL S
(HOMA-IR) » & § §#5% § Z4pth > § 5095 5 231483 > L4 79% 5 2o &
AL o Bl BRET BT 30% B EBEKAET o T U ENRE
R RT RO ZARM A SRR L, RIS % DR o AR &)

R0 SR TR LG RATR R a E KA AR

S BEPRRF R A
(- ) ~ 4-hydroxynonenal adducts (4-HNE)2 4 % e 3 %4 4

511 4-HNE (4-hydroxynonenal adducts) % #4428 ¥ % & "F5giE § - 1§ 2
LR o BT 5 30%F SRR F D L ) BT 4-HNE L2 A
%G DAB LS BFMEIBHEF BL FHEE MRS o GHEET R
23 4HNE R+ Echd B> a ad ¥ 2PlEEZP AR K485 (50
mg/kg ~ 100 mg/kg ~ 200 mg/kg) @ (s > ¥ % I 4-HNE #q FiE ¥ “ 428 57 P AR

1
72 o
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() HRBFHT w2 SR AR BPARS
@4ﬁ;:wm%%%%«%%Aﬁ@é@+QW%1%ﬁ%?#W@*i

= % (thymic stromal lymphopoietin, TSLP)#. % % ¢ thi % » S DAB & ¢ (s &4
WERBEF B2 BH g T Renetd o 4R ET BET| TSLP 7 < £ chd 3R>

moAlF EpEEe 4

LI S VAR - (50 mg/kg ~ 100 mg/kg ~ 200 mg/kg)
¥ % L TSLP 7 P &g pt > o

%
’19’

(Z) HBLHAZ LR EHRDS

Bl-+- 5 30%% 5:;}%%}:7]\;}5;@\%@?’

| BBFEE TLR-4) LK % i
% > = DAB % ¢

ER-E A X R A g B ke d o B

G ¥R T BET
TLR-4 § fo~ 2 end > & Al ¥ BRI E T &R S48 3

(50 mg/kg ~ 100
mg/kg ~ 200 mg/kg) /&2 i o

¥ 3 7 TLR-4 § P/ B8 5 o

(=)~ m®% % (IL-1p ~ IL-4 ~ TL-6 ~ IL-13 ~ IL-33 ~ TNF-0 ~ MCP-1 ~ TSLP

2 adiponectin)2_ B Z_
%25 30%F FMBGCKE W L ] BURRY AL e A B T e i

5 30%% RMEACRFE L L B TR B Al
T 5 30%® RMEACRF E N R ] BUREY s L
fo% ek TNF-q, IL-1B, IL-6 &2 MCP-1 2. %% » b pe e ¥4 ] 8075

% IL-33 2 TSLP: 4w

v igc% IL-4 22 IL-135 4

b4 imve 4p B K e ek 0 & 35 IL-33, TSLP> 2 3%58 % = 4)dw#e ek (IL-4, IL-13)
NG RS S S

¢ 32 TNF-q, IL-1B, IL-6, MCP-1 2_ % .8 @ & % *

*yeeP
<0.05) » 4p & &7 adiponectin 3

m P ,;g:—% B%nﬁ ik B R BE (4 hat
“““ S5 48 F-9 (50 mg/kg ~ 100 mg/kg ~ 200 mg/kg) /a2 s o /|

CEDFHEY O fme 4p B
5w 7e ek (IL-33, TSLP)Z 395 % = A)imee jirk (IL-4, IL-13)8 8 o im w2 i

% (TNF-o, IL-1B, IL-6, MCP-1)2 % & P[P & "% 1< (P < 0.05) » @ adiponectin $¢

# Nk AR EREAB N HBEP<0.05) -

41



£ 3t

d 3 a Ty A 6L 15%~54% (Blakely et al., 1981; Beck-Nielsen et al.,
1980) % & K2R E PR LA X6 Bl 7 BLED 7 M dEk R B 4 T LR
bRRRACE BT RO G0 B ARG ] BV e AR 2 R
v 30% (Viv) % BEAR R 0 FR E ARG F v PRI E SV 4 F-9 (0, 50, 100, 200
mg/kg/day) » I G N IFSARAISIERE O B BHE FEoNEE o B LR
WiAﬂ‘gﬁﬁM%\&%Wﬁﬁﬁ%%oﬁ%”@%ﬁ%@’ﬂaﬁ% fix
Y~ pEE g ) TR L TR B ik T HRE ¢ BB
e 1575 & Oil-Red-O % & BLZ P ik JF faff 2 +2)> 11 2 :2{7 4-HNE~TSLP ~
TLR-4 ﬁu?i,féf’_l‘%i A& RPLRIFRE LE o
F- 5 30% (VIV)EREBACKFEAGET 0 BRI BT - FERE R E
R o RATE A F2 5 JFOTHRS ALY F UL o R FFweE bR
A5 0 UL PE o FERE Fads p A3 4 eniT*  (Yamada and Fausto, 1998) 0 & Bl w 4R £
AR AL 0 AR B EOTA R R B T € ROTRRE B S TR
Fr R 40 0 PR L iR AR A D enig R i 4 0 PR T ET%«:T%
ARG S HIE GRS o IFRY BT R SO

R

24 (Perez-Tamayp, 1983) « "F3KE & F @ € jFgg » Fp @ %ﬁd R E B R e
Wigadeik o A7 1L 30% (VIv) % kip R of SR s o F s ) RAE
HEFHREE 20y FHIME By RRiIE ARk &P § £
W gzl kG BPBEH AL TEREFSAL Tk R # L
AL, BE R e o B h Aok - AT 0 B 30% (VV)ERBRIARFENATT O HR

RMHEHEEF L ¥ e Ao s BB d UMY AT 0 o £
R AP R G B F T M o PRI R NI R AV RIR] > FUA B ;ﬁté R
# € ((Morishita et al., 2013) « 77 3 35 i & 3% 575K e 35

W@ ipend § o i fF MR
FEFARE o & H

R F o A IR R R TR g A
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A FIARBRENRE R, FREF N e ond 2 E B RBHY
ERAR FRRARRaRA o Bl RS L RBREfTREAT > R R

JEFRE S E O T LR SRR e it AR S A e
A% B (Huszar, etal, 1980) o ¥R e ® BLRTD] > 305 Nk BURSE > 4
FRELHMEZ VB BEFOF RV e (P<005) #F L HEE 7 30%%
ook € ¥ B A I % > R A G AL LR o Ra Ak
30% (V/IV)5E A K ESE T 5 A BEA FUB R RS R B Y 3 HE eR
FIEFLR > LT ERFRAREE L o

BEBTFSEREPFHEFER L L 2 B S a0 40 (Spruss, et al,
2009) » Fl@ F RGP e §EEEF L (IR N VRS R e i A
B LA o AW BRMT L Bk 30% (VV)RBEECRFET 0 L0 s
LRGN E=r A S N S

J

PRl S BRI 30% (VIV) R BEAK
T BUFRY S ERE RO ¥ 0 8 AR BTV Y IR 1S
B BUFR SRR I F LR - HAPRAE > R
R S PEEEF L R IR TR IR ST S F AN 2P AR o T A
Bl=A477 20 ® g iR T2 B5EP > 30% (V)R #E& K] B 2n ke
P S PER T ER LV o0 A% ) RSV R RISZE R 20 Y Ry S pER
TELHREAPV AP T EZARY -

¥OFmre AR Rt e poenpE R g AR E] L 0 0 B F Y 0 ALT
21 AST 5 Ak k28 it 2 dqfh o B 79 2 L ALT 0 2 & — 25 F]p ALT
Tiehk B A R3ER 9508 Ltk 498 B 2. —  (Sturgill and Lambert, 1997,
Pratt, et al., 2000) - ¢+ #b » ALT e b =+ 3¢ &_p %K7q 375 50 ff »2 7% (the deposition of
visceral fat in liver)“t & # c— B dgif » Flpt g7 ¢ & 400 0k 0k 2l ~ R pE
FEHEG AL ALk e FERG FAER A EHEF (Ardigo, etal., 2005;
Farrel, et al., 2006; Utzschneider et al., 2006) - 1335 B % % & 3 @ < 4 4

C57BL/6JNarl 2 8 % sz bz 4 it 2 ¢ p 8 24 @ » ALT T3 ¥ & %
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30.8044.34 o % % 4oBw “77 » ALT ¥4 #F, 4 30% (VIV) & AE-kR R A T A
FoB DL R o R A AR BV By ST (S EHR Ap v PR 0 K
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Figure 1. Effect of fecal coliform content in high fructose syrup administration for mice.
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In the four weeks administration of 30% (v/v) high-fructose syrup (HFS), HFS group was
significantly higher than control group in Log CFU of coliform (P=0.014). Data present as
mean+SD (n=10) and analyzed with GLM. Control: untreated group; HFS: high fructose
corn syrup (30%) in daily drink for four weeks. f : Different letters indicate significant

difference (P<0.001).
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Table 1. Effects of lactoferrin (Lf) on the weight gain, liver weight and spleen weight in
high fructose syrup induced murine NAFLD

Groups Weight gain, g Liver weight, g Spleen weight, mg

Naive 1.66 + 0.35° 0.94 + 0.08" 62.83 +5.47°

High fructose syrup induced NAFLD

Control 8.60 = 1.75¢ 1.37+0.12° 94.01 + 8.84¢

Lf, 50 mg/kg 3.36+ 0.84 1.08 = 0.06" 77.21 +9.76%
Lf, 100 mg/kg 4.04 +0.87° 0.96 +0.31° 80.34 + 11.34¢
Lf, 200 mg/kg 278 £ 1.34° 1.00 £ 0.16" 70.75 + 10.43%

NFARERGS O HRELRHME IR EE
FF B39 2(P<0.05); 4830 7 %2 (50 mg/kg 100 mg/kg ~ 200 mg/kg) & 44,

VHREE SRR E R HRE #a g BEE R (P <0.05) o Bcdp o T o aiR g £
Foro XU H F]F R EL TR Duncan P RB AT EFE (54 T oNaive: T v o
* TR %#y%%;}? Wt pe 2 5 Control: $FPR > B %#%%FE ZLEE g e
P orPRILET 10 ml/kg Z 45 K¥ PR 2 5 Lf, 50 mg/kg: S 4 dv0 MHE 2 113 %#%3]%;?3

PP LR T £ P v BRSO mg/kg 448 F-v ;5 LE, 100 mg/kg: 4R ¢ 42
o LR AR RGA S LFWE AL 50 & p T R4S 100 mg/kg 548 3 5 LA, 200 mg/kg:
P R0 R AR R BRI L AT & p 0 RIS 200 mg/kg S48 B
ioof LR A A AR A RS F EELER(P<0.05) -

F’_*

BRRE R 5 30% (VIV)E R ]\73%'*’

&

ek

In the eight weeks administration of lactoferrin (0, 50, 100, 200 mg/kg), control group was
significantly higher than naive group in weight gain, liver weight, and spleen weight
(P<0.05). Lactoferrin treatment groups were significantly lower than control group in
weight gain, liver weight, and spleen weight (P<0.05). Data present as mean+SD (n=10)
and was analyzed with One-way ANOVA and tested with Duncan's Multiple Range Test.
Naive: untreated group; Control: high fructose corn syrup induced murine NAFLD and
administered distilled water; Lf, 50 mg/kg: high fructose corn syrup induced murine NAFLD
and administered 50 mg/kg lactoferrin; Lf, 100 mg/kg: high fructose corn syrup induced
murine NAFLD and administered 100 mg/kg lactoferrin; Lf, 200 mg/kg: high fructose corn
syrup induced murine NAFLD and administered 200 mg/kg lactoferrin. *: Different letters

in the same column indicate significant difference (P <0.05).
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Figure 2. Effect of lactoferrin on hepatic endotoxin (lipopolysaccharide) level in high

fructose syrup induced murine NAFLD.
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In the eight weeks administration of lactoferrin (0, 50, 100, 200 mg/kg), control group was
significantly higher than naive group in hepatic endotoxin (P<0.05). Lactoferrin treatment
groups were significantly lower than control group in hepatic endotoxin (P<0.05). Data
present as mean+SD (n=10) and was analyzed with One-way ANOVA and tested with
Duncan's Multiple Range Test. b Different letters in the same column indicate significant

difference (P <0.05). Groups description was shown as Table 1.

63



0.70

0.60

0.50

0.40

0.30

0.20

Serum endotoxin (EU/mL)

0.10

0.00

Naive Control Lf, 50 mg/kg Lf, 100 mg/kg Lf, 200 mg/kg

HFS induced NAFLD

ERER T EE TS T NRER L LS TS TCRY. RN X
Figure 3. Effect of lactoferrin on serum endotoxin (lipopolysaccharide) level in high fructose

syrup induced murine NAFLD.
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In the eight weeks administration of lactoferrin (0, 50, 100, 200 mg/kg), control group was
significantly higher than naive group in serum endotoxin (P<0.05). Lactoferrin treatment
groups were significantly lower than control group in serum endotoxin (P<0.05). Data
present as mean+SD (n=10) and was analyzed with One-way ANOVA and tested with
Duncan's Multiple Range Test. *“: Different letters in the same column indicate significant
difference (P <0.05). Groups description was shown as Table 1.
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Figure 4. Effect of lactoferrin on serum ALT in high fructose syrup induced murine NAFLD.
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In the eight weeks administration of lactoferrin (0, 50, 100, 200 mg/kg), control group was
significantly higher than naive group in serum ALT (P<0.05). Lactoferrin treatment groups
were significantly lower than control group in serum ALT (P<0.05). Data present as
mean+SD (n=10) and was analyzed with One-way ANOVA and tested with Duncan's
Multiple Range Test. ““: Different letters in the same column indicate significant difference

(P <0.05). Groups description was shown as Table 1.
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Figure 5. Effect of lactoferrin on total serum cholesterol in high fructose syrup induced
murine NAFLD.
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In the eight weeks administration of lactoferrin (0, 50, 100, 200 mg/kg), control group was
significantly higher than naive group in total serum cholesterol (P<0.05). Lactoferrin
treatment groups were significantly lower than control group in serum cholesterol (P<0.05).
Data present as mean+SD (n=10) and was analyzed with One-way ANOVA and tested with
Duncan's Multiple Range Test. *“: Different letters in the same column indicate significant

difference (P <0.05). Groups description was shown as Table 1.
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Figure 6. Effect of lactoferrin on serum triglyceride in high fructose syrup induced murine
NAFLD.
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In the eight weeks administration of lactoferrin (0, 50, 100, 200 mg/kg), control group was
significantly higher than naive group in serum triglyceride (P<0.05). Lactoferrin treatment
groups were significantly lower than control group in serum triglyceride (P<0.05). Data
present as mean+SD (n=10) and was analyzed with One-way ANOVA and tested with
Duncan's Multiple Range Test. *“: Different letters in the same column indicate significant
difference (P <0.05). Groups description was shown as Table 1.
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Figure 7. Effect of lactoferrin on liver gross in high fructose syrup induced murine
NAFLD.
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Figure 8. Effect of lactoferrin in high fructose syrup induced murine NAFLD on hepatic lipid
accumulation. Representative photomicrograph of the hematoxylin and eosin staining (100x

respectively) in liver sections.
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Figure 9. Effect of lactoferrin in high fructose syrup induced murine NAFLD on hepatic lipid
accumulation. Representative photomicrograph of the hematoxylin and eosin staining

(400x% respectively) in liver sections.
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Table 2. The steatosis score of lactoferrin prevent high fructose corn syrup induced NAFLD

Steatosis
Group Mean P

High fructose corn syrup induced NAFLD

Control 0 0 2 8 2.8"%% 0.000

Lf, 50 mg/kg 0 2 6 2 2.0%%  0.007
Lf, 100 mg/kg 0 3 7 0 1.7%%%  0.000
Lf, 200 mg/kg 0 6 4 0 1.4%%% 0.000

WA AR 0 5 30% (VIV) B R ABRACK A E AR e A Al S HE R e 2 o] B
RIS B FEApt g B EFER A (P <005 @ Ak BF4E Y (50
mg/kg ~ 100 mg/kg ~ 200 mg/kg) 4 > fo] BT E ORI SR At T AT F A
% (P <0.05)0 #icdy 11 T 3208 & o1 Iy B2 B g s e E AL R
12 Kolmogorov-Smirnov it {7 #& %+ J&aJ2 %2 ¥ ¥ 2 4p 1t 120 %P <0.05, **P <0.01, ***P
<0.001 77 £ B A F M HE gt wip pl P <0.05 7P <0.01, " P <0.001 &
T ABREEM -‘}}%If‘-li%ﬁ,@f&/} AEFC 0 EMAH D P R 2) s BEHH
+3);

In the eight weeks administration of lactoferrin (0, 50, 100, 200 mg/kg), control group was
significantly higher than naive group in histopathological score of steatosis (P<0.05).
Lactoferrin treatment groups were significantly lower than control group in histopathological
score of steatosis (P<0.05). Data present as mean and was analyzed with Non-parametric
statistics follow by Kolmogorov-Smirnov test to compare groups difference. Control vs
Naive group: * P <0.05, ** P <0.01, ###P <0.001; Lactoferrin treatment vs Control group: *P
<0.05, **P <0.01, ***P <0.001. Grade designation of the histological findings; (—, 0)

normal, (+, 1) slight, (++, 2) moderate, (+++, 3) severe. Each value is the number of animals

with grading changes.
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Figure 10. Effect of lactoferrin in high fructose syrup induced murine NAFLD on hepatic
lipid accumulation. Representative photomicrograph of Oil-Red O staining (100%) in liver

sections.
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Figure 11. Effect of lactoferrin on hepatic triglyceride (TG) in high fructose syrup induced
murine NAFLD.
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In the eight weeks administration of lactoferrin (0, 50, 100, 200 mg/kg), control group was
significantly higher than naive group in hepatic triglyceride (P<0.05). Lactoferrin treatment
groups were significantly lower than control group in hepatic triglyceride (P<0.05). Data
present as mean+SD (n=10) and was analyzed with One-way ANOVA and tested with

Duncan's Multiple Range Test. *®: Different letters in the same column indicate significant

difference (P <0.05). Groups description was shown as Table 1.
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Figure 12. Effect of lactoferrin on the blood glucose during an oral glucose tolerance test
(OGTT) graph in high fructose syrup induced murine NAFLD.
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In the eight weeks administration of lactoferrin (0, 50, 100, 200 mg/kg), control group was
significantly higher than naive group in OGTT (P<0.05). Lactoferrin treatment groups were
significantly lower than control group in OGTT (P<0.05). Fasting BG means fasting blood
glucose before oral administered glucose (2 mg/kg). Data present as mean+SD (n=10) and
was analyzed with One-way ANOVA and tested with Duncan's Multiple Range Test. **:
Different letters in the same column indicate significant difference (P <0.05). Groups
description was shown as Table 1.
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Figure 13. Effect of lactoferrin on the blood glucose during an oral glucose tolerance test
(OGTT) in high fructose syrup induced murine NAFLD.
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In the eight weeks administration of lactoferrin (0, 50, 100, 200 mg/kg), control group was
significantly higher than naive group in AUC of OGTT (P<0.05). Lactoferrin treatment
groups were significantly lower than control group in AUC of OGTT (P<0.05). Data
present as mean+SD (n=10) and was analyzed with One-way ANOVA and tested with
Duncan's Multiple Range Test. *“: Different letters in the same column indicate significant

difference (P <0.05). Groups description was shown as Table 1.
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Figure 14. Effect of lactoferrin on the homeostasis model assessment for insulin resistance
(HOMA-IR) in high fructose syrup induced murine NAFLD.
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In the eight weeks administration of lactoferrin (0, 50, 100, 200 mg/kg), control group was
significantly higher than naive group in insulin resistance (HOMA-IR) (P<0.05).
Lactoferrin treatment groups were significantly lower than control group in HOMA-IR
(P<0.05). Data present as mean+SD (n=10) and was analyzed with One-way ANOVA and

tested with Duncan's Multiple Range Test. “°: Different letters in the same column indicate

significant difference (P <0.05). Groups description was shown as Table 1.
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Figure 15. Effect of lactoferrin on the hepatic lipid peroxidation in high fructose syrup
induced murine NAFLD. Photomicrograph present as immunohistochemical staining of
4-hydroxynonenal (4-HNE) adducts in liver section (100x). The arrows indicate that
4-HNE.
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Figure 16. Effect of lactoferrin on the hepatic thymic stromal lymphopoietin (TSLP) levels
in high fructose syrup induced murine NAFLD. Photomicrograph present as
immunohistochemical staining of TSLP in liver section (400x). The arrows indicate that
TSLP.
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Naive Control

Lf, 100 mg/kg

Lf, 200 mg/k

BP0 R R L R L T Y TR 4 (Toll-like
receptor, TLR-4) f % i+ § % ¢ 2 F255(400x) = 4 5 #7dp 5 TLR-4 L1z ¥ o

Figure 17. Effect of Lactoferrin on the hepatic Toll-like receptor (TLR-4) levels in high
fructose syrup induced murine NAFLD. Photomicrograph present as immunohistochemical
staining of TLR-4 in liver section (400x). The arrows indicate that TLR-4.
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Table 3. Effect of lactoferrin in high fructose syrup induced murine NAFLD on the
epithelial relative cytokines secretion (IL-33, TSLP)

Group IL-33 (ng/g) TSLP (ng/g)
Naive 276.28 + 124.14° 81.85 + 17.34°
High fructose corn syrup induced NAFLD
Control 431.81 +192.82° 133.71 £ 36.57°
Lf, 50 mg/kg 266.60 + 72.96° 100.76 + 40.57°
Lf, 100 mg/kg 233.24 £ 96.70° 83.45 £ 42.95°
Lf, 200 mg/kg 261.75 + 100.83* 92.97 + 39.87°

A AR 0 5 30% (VIV) B R ARACK A E R e A Al S H R e 2 o] B
AL e BB e ek IL-33 &2 TSLP & F EApvt ARG BEF M4 (P <
0.05) > @ feAk& | BLFU48 39 (50 mg/kg ~ 100 mg/kg ~ 200 mg/kg) & > -] BFH
Bl ve B B oz g TL-33 22 TSLP &2 $HpR e Ap it ¥ B F 1478 i< (P < 0.05) o #edp 0 T
R L AT P E F) S SR B A 475 2 Duncan $ B AR AT S T o0
THEApREFAATRGEY ARFA G HEEFALRP<0.05) 0 NP 4ok - T o
In the eight weeks administration of lactoferrin (0, 50, 100, 200 mg/kg), control group was
significantly higher than naive group in epithelium derived cytokines (IL-33 and TSLP)
(P<0.05). Lactoferrin treatment groups were significantly lower than control group in IL-33
and TSLP (P<0.05). Data present as mean+SD (n=10) and was analyzed with One-way
ANOVA and tested with Duncan's Multiple Range Test. *°: Different letters in the same

column indicate significant difference (P <0.05). Groups description was shown as Table 1.
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Table 4. Effect of lactoferrin in high fructose syrup induced murine NAFLD on the type-2
cytokines secretion (IL-4, IL-13)

Group IL-4 (ng/g) IL-13 (ng/g)

Naive 50.91 + 26.89° 14.57 + 6.05°
High fructose corn syrup induced NAFLD

Control 117.50 + 41.11° 24.46 +7.90

Lf, 50 mg/kg 76.81 + 16.67° 16.47 +2.71°

Lf, 100 mg/kg 66.93 = 30.97° 15.66 % 5.65°

Lf, 200 mg/kg 69.10 + 23.25° 15.33 + 5.26°

N FERER TS 0 5 30% (V/V) B R ARACRE ERLFE L AT A R 2 | BUF

% = A v ,,%9:'% IL-4 20 IL-13 200 4 sedpt & & PP BLS B M8 40 (P<0.05) @

A 4] BLFU48 B9 (50 mg/kg ~ 100 mg/kg ~ 200 mg/kg) 16 0 fc] BV E = A e g

- IL-4 2 IL-13 23 pietpt v B F %1 (P <005 g ToE+E 8L 47
4

FUEFSFEHEAITSE Y Duncan F REA TR F TSR AP AR TR LT
__‘;vl

F]’; '&‘-"Z‘\ - HT—T °

*:si’xﬁ*

WF}

FiEeY 2R3 5 %L 3R P<0.05)-

In the eight weeks administration of lactoferrin (0, 50, 100, 200 mg/kg), control group was
significantly higher than naive group in type-2 cytokines (IL-4 and IL-13) (P<0.05).
Lactoferrin treatment groups were significantly lower than control group in IL-4 and IL-13
(P<0.05). Data present as mean+SD (n=10) and was analyzed with One-way ANOVA and
tested with Duncan's Multiple Range Test. *’: Different letters in the same column indicate

significant difference (P <0.05). Groups description was shown as Table 1.
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Table 5. Effect of lactoferrin in high fructose syrup induced murine NAFLD on the hepatic
pro-inflammatory cytokines secretion (IL-1p, IL-6, TNF-a, MCP-1)

Group IL-1PB (ng/g) IL-6 (ng/g) TNF-a (ng/g) MCP-1 (ng/g)

Naive 5326 £30.50°  16.78 £4.63*  97.90 + 66.39"  114.96 + 64.78"
High fructose corn syrup induced NAFLD

Control  132.39+63.95° 23.76+6.21° 17522+63.86° 223.73 +55.21°

Lf, 50 mg/kg  54.75+15.97°  20.47+8.63° 109.81 +41.66°  133.85 + 26.48"

Lf, 100 mg/kg  57.83+24.31*° 1576 +4.62°  93.94+24.31* 128.01 + 65.83°

Lf, 200 mg/kg  40.58 +18.96*  18.79+3.64 121.37+52.68"  142.33 +44.27°

N AR 1S 0 5 30% (VIV) B % HEACK A EARERE e AT Al S R e 2 o] B
SRR L fm e ek IL-1PB, IL-6, TNF-0 £2 MCP-1 &2 & § ‘e pt & & PR 8L B F 13 4o
(P <0.05) > @ pAk4 ] BL5U48 39 (50 mg/kg ~ 100 mg/kg ~ 200 mg/kg) s » f-] B3+
SRR W fmre rE IL-1B, TNF-a 22 MCP-1 2 ¥4 PR ' 4p 1 ¥ Bg ¥ 1478 1 (P <0.05) IL-6
& % LF (100 mg/kg)#k 4w 2 4t pe o fp Bg ¥ 12 £ B (P < 0.05) o ficgp 0 T30 ER % 4
27 T UEFFSEBEAIEE Y Duncan S B AT FE ST O PR T
AL kY ARFAGHEFLEP<005) BEHEP hok - 7T o
In the eight weeks administration of lactoferrin (0, 50, 100, 200 mg/kg), control group was
significantly higher than naive group in pro-inflammatory cytokines (IL-1p, IL-6, TNF-a and
MCP-1) (P<0.05). Lactoferrin treatment groups (50, 100, 200 mg/kg) were significantly
lower than control group in IL-1B, TNF-a and MCP-1 (P<0.05). Lactoferrin treatment
group (100 mg/kg) were significantly lower than control group in IL-6 (P<0.05). Data
present as meantSD (n=10) and was analyzed with One-way ANOVA and tested with

Duncan's Multiple Range Test. *®: Different letters in the same column indicate significant

difference (P <0.05). Groups description was shown as Table 1.
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Table 6. Effect of lactoferrin in high fructose syrup induced murine NAFLD on the hepatic

anti-inflammatory adipokines secretion (adeponectin)

Group adiponectin (mg/g)

Naive 5.18+1.10°

High fructose corn syrup induced NAFLD

Control 3.75+1.32%

Lf, 50 mg/kg 428 +1.23%
Lf, 100 mg/kg 4.90 + 0.69™
Lf, 200 mg/kg 5.67 +£0.87°

WA AR 0 5 30% (VIV) B R ABRACK A E AR e A Al S HE R e 2 o] B

BAUE L P 95 e ek adiponectin ¥7 i R e dpt Gk PERTBEG REF M K (P <0.05)

A Ak BLFY48 39 (50 mg/kg ~ 100 mg/kg ~ 200 mg/kg) {8 0 ] BUFRRELE X Ay v

dm¥e r% adiponectin ¥ R eipt VA EF M AR (P <0.05) - #iyp i Lo EHEE L £

T T UEF SRR AL Y Duncan F B AR TEER T PR F A
T

ok ARFA G HEFALRP<.05- P hod - PFR o

In the eight weeks administration of lactoferrin (0, 50, 100, 200 mg/kg), control group was
significantly higher than naive group in anti-inflammatory adipokine (adiponectin) (P<0.05).
Lactoferrin treatment groups (100, 200 mg/kg) were significantly lower than control group in
adiponectin (P<0.05). Data present as mean+SD (n=10) and was analyzed with One-way
ANOVA and tested with Duncan's Multiple Range Test. *°: Different letters in the same

column indicate significant difference (P <0.05). Groups description was shown as Table 1.
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Figure 18. The mechanism for high fructose syrup induced murine NAFLD.
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Figure 19. Effect of Kupffer cell activation for liver inflammation.
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Figure 20. The regulatory mechanism of lactoferrin in high fructose corn syrup induced
murine NAFLD.
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