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ZLIFH 250 5358 5 (nonalcoholic fatty liver disease, NAFLD) .2 & + % 2
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R GRS RiEs i AFL 2 ARH KRR E R LT LR Ao K

| BUZEEE Ry s F2 A5 A o ez s CE7BL/GINarl ) Bl &7 i f - H R

A ZBRILE (5P AN 100\200\400mg/k91)ﬁifﬁﬁ'§ﬁx )0 H P SR

ez B R e ;{ﬁ“zl 4 3 R LK %% Po ARl 0 2RI L

34
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PRI DF 5 NAFLD 2o 5 pc o s AR PR (e 7 AU ' 2 BB E ~ S0~ T8 VR
PR ANFALAL RO HREA AT I GEY ) R Y ALTSAST
12 2 3755 ¢ TNF-o~ IL-6 ~ TSLP ~ IL-33 ~ CCL2 fr= e b Pqeng & ¥ 7 »
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HokE e ts 9757 4z§ 1L F a0 1L 5 (superoxide dismutase, SOD) 2. &1+ ¢ & %
iR EH S F (Wang etal, 1988) o & H & R H kK 5k » 3 3 A4 R F B
KE B R R FPH ) R Ewie ? TNF-a fr IL-6 e s £ (Daietal., 2011) -
Flit A dpd A 30% ® R AR A ERZE 60% F radodle ol AN
T PR R TIPSR BRSSO RE PR ’;gﬁtﬁg. o AR R R B2

EREL SR I SLE IR 27 P R I
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() HLAK D & F P

" (glycogen) i F A o-(14)-2a-(16)-RH4ERE A ~2 5
T A IERRE el > 0§ A TR o M2 Rk £ 2 (Homeostasis) # %
MEEE2_ L S EIREfR o Ak £ 2 (glycogen synthesis) 2 iEARF & A B o 0 @ At
® Rk p >R H = gEpc (uridine triphosphate, UTP) - UTP & UTP-glucose-1-
phosphate uridylyltransferase i it = » ¥ £ Glucose-1-phosphate (G1P) = =
UDP-glucose (UDPG) - UDPG . 5"##& & = fi= (glycogen synthase) 2. ig it = » g2+
WEE T o-l4 S BIHEH AR R o P o-1,6 4 Al M4 fcps (glycogen
branching enzyme) #7igtit o prps#- 6-7 BH F A 11 BH F B 2 R@BEES
3 C-6 Fga b o MRS S fE R G BFRELE L > A i B-H 48 (monomer) E R S &
SpEo o HEE F 42 R &5 F > glycogenin 2 v % o glycogenin i - fé ke B
F 4 (homodimer) F-v F - ¥ p i (self-catalyze) H & £ 2 pE iy it iF*
(glycosylation) » @ # UDPG 2. Cl %{¥ % H peispas JL - £ # 7-11 B UDPG
(L= 7 B) wFx 2353 39 FH L2 maltosaccharide » @ 1T % 394 & & fF &

= k2513 (primer) (Alonso et al., 1995) -

S f2 1% (glycogenolysis) & 3F 4 fAup R OFEY S 4P %R
(hormone) % A4 (5L F o WA RV A S L kY FEBOER 0 A RPN
gk Y PF L&k I (fight-or-flight response) "4 4 f22_ % — # E ¢ d 5+
werafL 1 B= (glycogen phosphorylase) i£#* » & 4 Glucose-1-phosphate (G1P) - G1P
£ 5 d Bips - B pE % = p* (phosphohexose mutase) # % = Glucose-6-phosphate
(G6P) - frvp tmiz 2 #fziv* (glycolysis) Az 7 » 3 FEL 27 1 B 4% & G6P-
AR R iE AR A B0 A kg F AR AL n o BT o AL

4



fReni & p e M-F FaEd e D] n R P o N0 GEP gkt 4L Glucose-

6-phosphatase (G6Pase) #% “f @ AT A A 2 PRI F o Bl d Fiwre i 2 GLUT2

,L%B{J_ ‘m ¥e ¢h ,_Fl_i’g)\ﬁ,_;,ﬁo

PR m b2 MIFF I FEATL & (gluconeogenesis) o MFEKH F AT

N

4 X2 XFAR G E (lactate) ~ 4 & (glycerol) ~ 5 Ak f& (pyruvate) ~ b YRR
(alanine) » &2 H s 4 44 0L AL (glucogenic amino acids) » # & #E#74 = g F %
H oo prcnid i iy 0 bl Ao B PN BR PR AL 22 1 % (phosphoenolpyruvate
carboxykinase, PEPCK) -~ Fructose-1, 6-bisphosphatase - Glucose-6-phosphatase
(G6Pase) - # # » PEPCK i ¥ fizz fit (oxaloacetate) # it = Bips *f i% 7 fk i B
(phosphoenolpyruvate, PEP) ; G6Pase & it  § #&A74 =& ch {5 4 3¢ » & G6P *

A2 %3y % # (Campbell and Farrell, 2008) -

MR SRR L & (Er o % 4 (insulin) - JErRETR 6
d ’J%’ijli Bl dd » WA KPR T NBe %L AR ERET F B
ol R iE o~ F v IRGaE R pE e 3k 2 e J (Sonksen and Sonksen, 2000) 0 & ¥ &g
% i (hypoglycemia)  § s BB ISP o B M A JRGE T IR~ PR
Mo EREFEE TSR o 2 4F (glucagon) E- ISR E 0 d AL
AL TR BAL L Ripdie g LR § B BRAE NPT R R R

AgEE BT AR RAMBE T LR H LTSS T (T

SRR f3) 0 X TR Y o FlA B AR b R TR LR P

e

A

2V ESFRE TS 5d §F #EAT4 = 7% (gluconeogenesis) & = F & A% o

£ % (growth hormone, GH) ¥ B et § 2 2 8% » FER-KIY & i B o
BAE GH pe ot " 22 T '@ 4§ 5 482 A 4 (Ghanaat and Tayek, 2005;
Kaplan et al., 2008; Brooks et al., 2007; Fan et al., 2009) - &:E & % £ £ #54 & 2
(human GH, hGH) 2L F1p¥ > € 3 4o "F5%K° § § #p2 &P~ 2 "F422 7 £ (Cho et al,

2006) - 4t *t > A3k 5 4 K % (GH deficient, GHD) z. Amesdwarf |- & » H 3% 5 2%

AN

5


http://terms.naer.edu.tw/detail/69654/?index=4
http://terms.naer.edu.tw/detail/2067055/?index=2

FeR A 7 s & iFg Y PPARS (peroxisome proliferator-activated receptors) # %]
AMER T M o 2Rk GH A3 2% § % 49 3 345 (Masternak et al., 2005;
Dominici et al., 2002) - & & % (cortisol) &_+ g3 & 2 #&=4 F % (glucocorticoid) -
- @A FME P & (steroid hormone) o & % &7 > A FTARd T sl T (adrenal
cortex) #rA 4 o RS X NG EMPER LS o G ST 0 A TS RIS M4
%% 7 ] PEPCK 2 G6Pase 2 4% » it gluconeogenesis (Ohetal., 2013) - 7 % 7
EEE R o TR LR LS B e S R
Vo WA dmiz ¥ ;I»LB:]‘L-% (thyroid hormone, TH) 2 i¥* (Sinhaet al., 2014) - T4
e H%Hfjlﬁﬁﬁ‘i 7 i& (hyperthyroidism) > & F4F2 2 & ~sfe~ 2 1% P H e
@ ;w:jué it £ (hypothyroidism) T:{ C R Rl AR @ 5% (Mulluret
al, 2014) - TH ¥ &4 2 & FF 4o¥% %% (pancreas) ~ v&=p ~ 7595l S 2 SRR (T
o BEF L AHTH » /g d "% %1% (paraventricular hypothalamus) 4%
B3 OFERZARA G MABVFRY B AR 4 s L § F arp 12 5 0 (Klieverik

etal., 2008; Lopez et al., 2013) -
(=) oL 7

R L TS PR E R o VT U L TR F AR Z i W

*y (triglycerides, TG) » + 7 p u i B 18 75 fF2 L 5pA + T 2 & 2Py impk (T de
novo lipogenesis) » ® ¥ #7535k 22 4 o -3-F4fc  (glycerol-3-phosphate) fig it = TG

Ay 2. TG & d+imrz 7 4 5 2. Apo-BiE &> @ 14 ™M % & "5 kv (very low density
lipoprotein, VLDL) #] 3% ;%%’Pé FriE® (eXOCYOSIS) 4 i » m jit o FFERFT ¥ MRy A AL
;ﬁfg} B-3 1T m 2R A4 N E o IFREPZ MR FTE 2 2 P AfhATE
FEE s \/LDL A 2 % B'§ L iT® pF o g aaEe it”"f'%i?iﬁ o @ 1 ﬁ'vggﬁ] uq’—sggﬁgl %.j’rp; =y
2 PR o vu'}"rﬁ‘}-;“?f‘:m’f’é'%??a SRR WP EATE R S H WA L > S P-F (L iEF 2

VLDL 2. & i & b 4it o



1. Pgippi2 P~

BB ERET 0 msmie TG 2 #5f3 (lipolysis) » 8 1 2b g 1 55 95k
(nonesterified fatty acid, NEFA) 3] x Tf: v A BRI S S PR o FRa o T
i &% 8k AT 0 g v "pfs (lipoprotein lipase, LPL) #7 4 ¥ (mediate) 2 x ¢ p
TG jasg (e » 7 i §f7 e e NEFA § P AT T jt o Bie 818 > S 47 (12

FURELF-TG A5R) 2 W@iE 0 R kG Rl sl sk fRrg 1T o F R 4
MR F I AL 0 FR L F-TG ALLPL i L A > @ BRI R R g v =

faH 7 fia (VLDL-triglyceride) #t< fz#; i * (Bickertonetal., 2007) -

¥R 2 NEFA # P50 g d Jpagie 2 38 v nffid > & 0 o
o P o £ 4B RELEE T LR A B e N [ 1 S IR T T L2 BT S A
v FATIEGE > ¢ JEPg R E F-d (fatty acid transporter protein, FATP) ~ #3775 ik
+ & & (plasma membrane FA-binding protein, FABPpm) £ 7335 f% 48 i& f= (fatty
acid translocase, FAT)/CD36 - FATP £ 3 fatty acyl-CoA % & s (ligase) 2z &% >
¥ FA #P~2 FA 1% 2.5 - Hhipd & - FABP 7 i ¥ FA #EPZ iz 2 § b
BB F ik (Redox shuttle) 4pit & o CD36 2% - v B2 482 L3> ¢ 2 FA
2o R~ 5 F & ek sk (Randleetal., 1963) - CD36 i i "% 47% it &t (activation
energy) - Eigky FA 2 & (polar FA carboxyl group) 7 i fm*2 % (Abumrad et al.,
1999) o § FHEEHE S sfz R XL DY A Z P REEFZ PR TR S
e fisw pr A # it s (acetyl-CoA carboxylase, ACC) % *535pk & = = (fatty acid
synthase, FAS) 3 & o B8 A 3 » 8 S ERFERE S0 FF K o JFigF & 25

B PR R BN R (LRI L) 2R (R ET

Fr ) ;ru ED R LA ARBRTHUR B2 R TR R 0 U R B RAE RN e T
R (f45ipd X)W FiaEgad 1 & FEES BREEZ Y > AW

7 ik fa% & f* (pyruvate dehydrogenase, PDH) £ ACC - PDH ¥ #-pyruvate # i* =
acetyl-CoA » ACC R/ ¢ #-acetyl-CoA #& i* = malonyl-CoA - malonyl-CoA # i~ i

7



B VLAE R P REL o A REE T A G B 4] ACC 2 B A drd ks RE citrate
o (efflux) » @ % Mm% B acetyl-CoA 2 #& 45 (Beynen et al, 1980) - = # % 7
Fi=t @ e pe i 2 i (Agius and Alberti, 1985) - GH 7 #2587 a2 "y i 4 g 0
IROFHLR P RL B de o e R SFERR R SGH ¢ gz B W g (TG) chiler~-
IR TG %g f2 (lipolysis) % 5 B2 i ¥ it 1% » @ H4cPgipd & o 2 &
FEh R PERE L Fon @ ¥ Y BF (leptin) ez £

(Vijayakumar et al., 2010) - 5 ¢ » ® ;}H:]z% I SRR
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Figure 1. The metabolism of lipid in the liver.

ACS, Acyl-CoA synthetase;

AGPAT, 1-acylglycerol-3-phosphate-O-acyltransferase;

ApoB, Apolipoprotein B; CPT, Carnitine

palmitoyltransferase; DAG, Diacylglycerol; DGAT, DAG acyltransferase; ER, Endoplasmic reticulum; FATP, Fatty acid transporter protein;
GPAT, Glycerol-3-phosphate acyltransferase; IMM, inner mitochondrial membrane; NEFA, LPA, Lysophosphatidic acid; Nonesterified fatty
acid; OMM, outer mitochondrial membrane; PA, Phosphatidic acid; TCA cycle, Tricarboxylic acid cycle; TG, triglyceride; VLDL, Very low

density lipoprotein.


https://en.wikipedia.org/wiki/Apolipoprotein_B

2. De novo lipogenesis

a4 = (lipogenesis) & d ¢ fisdf fix A i P a2 B4R 0 @ oL fiEl A A
HEHBE (blaed F) A3tm? FAS > ZAFHAEDRAL - - BERTL S
BTG s = o qt v Mg s WAk 5 2 g o A S o 450 B A
W E g ks 2B TG s £ eh 8 TG & H 1 7y 225 % %5 §-v  (apolipoprotein)
BLE MNP R g v (very-low-density lipoproteins, VLDL) » VLDL =4 3+
DA AR Rl SR A PRI 2 P R DY Bl o &2

R d gt AR A A hle 2 g P 0s & Ak SR (Hellerstein, 1999)
3. MM 2 fig it e

&% TG s £ & hig /£ 5 sn-glycerol-3-phosphate (* 5 Kennedy i /s) »
7z 1950 # d Eugene Kennedy #*#2% H I ¥ #73% 11 2. 123 - & sn-glycerol-3-
phosphate i /&% ¥ » 4 i 4a% p glycerol-3-phosphate » s pEfZ 1% 2. & 3 -~ %
& B pepE (glycerol kinase) 37541+ b eni®® 1A 4 o G raip Y o 4 b oh
4 = E pyruvate (T3 A8 kiR oo F TR R L B R B PRI
& # p=  (cholinephosphotransferase) 7% 1+ » & ¢ % & ik %8  diacylglycerol
acyltransferase /&% i > qx = % ¢ & @ 3w ? TG 2Z £ T % » @ 2 P
Birging = (Geelenetal., 1978) o gt ¢b » #Flmz @ 555 fginfk 0 B € K% TG o

£ = (Sundler and Nilsson., 1974) -

i E & -9 %2 Acyl-CoA % & #v (Acyl-CoA binding protein, ACBP) 4
g*fr’ bfig it Fqikpe 2 g el fF A(ACYl-CoA) % & T #-7 PEE I me p F o
Wi § PR @ R s A F T o S (SR T R 1 NEFA fog

fs Fatty Acyl-CoA fim® p FF M E ik i§ c PR OEFHF ERF L £ T

frm 2 A - BEEDERFERIC B2 X FEXTIPRF o & 0F 2 il

10



a2 BRCK g a7 Mat g and &5 A 8 8 Rlirglry Fand & o g

CEL G FRR M BRAL R AR G M o SRR S SR Ry

[
|
(\x

Bk KR Py ip e DR AR AR A B R GR T R g R e fo K P eh
W o MOTR BT P B MR- BB AP By X kR o 4
PRV g s - IR AL Y N A AR N e Y i F T 0B R A Y

(pre-high-density lipoprotein particles) - %% k& NEFA 7 &7 » ¥ i 5 g Pq 4k i
P 3w S R € E &R 2 W g o 2 Y W Paend R PSS

e ;% B [(4- SREBP-1c ~ mkit &air~id & F-v By 1 R A
& 1v % %8 y (Peroxisome proliferator-activated receptor y; PPARy)] % H fie 48 iy 41

(Nguyen et al., 2008) -

4. rynphchy

FairpeAt FATP & fqfigs fis A & = fs (acyl-CoA synthase) 7 it = acyl-CoA
{80 g5 pdkmRA A7 | 2 1 (carnitine-palmitoyl transferase | and 11, CPT-1and I1)
% ftranslocase (i :i&fix) ALiF i E'J#\‘i’?ﬁwﬁp\ BT P F I o Fgapy 2 BHEE o
aispe LA 2 Acetyl-CoA o Acetyl-CoA ‘gt g ~ 4ok ~ L § 1Y 2 FRf i@ AR »
J& 19 4420 Acyl-CoA - HY B-p =B & B Atk 2 FifRani@ie? » 4 g it g
TP~ HF A FieFo = B-F it o TF — B Acetyl-CoA ¢ ¥TH B k>
R AR A FRT B BAR G o PiEART UTEAF 0 B PP AR R 2 A R0 4 2

—

Acetyl-CoA v & » = % 5% (tricarboxylic cycle, TCAcycle) » & %% i %

ab

Es

P & = fir %8 (ketone bodies) -

Bk A EAFRER AR UARR d B F) R 0 A B G LR AR ETER (B
WErgfE) 0 2 ¥ 1 &k R A ¢ (microsomal esterification) 2z fF c4 fiz (Nguyen et

al., 2008) -

5. = P it fig B 0 (RIS R % B g g A e)

11
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P % F-v  (apolipoproteins) & — ¥ d-v B R E RS 180 WA R Fd
(lipoproteins) » #5 3—d 2 #q F¥0A Sk (33 300K) > @ FM A% §d B 5 B7F
t4 (amphipathic) » & {77 &0 fcH & S 0 F Bk ~goK) PUREFRH A
A Py Fev AR R F e R EHT R 0@ %ﬁ;@?]ﬁ ° Bt P Py Few TN IT L AR F]

(enzyme cofactors) ~ < 8 fe48 (receptor ligands) % {E% 7%y ?T@gi;-] sl Al >
M E T Ry R RPN 2 e Mg v T e A G2 a0 A B 5 Apo-As
Apo-B ~ Apo-C ~ Apo-D ~ Apo-E ~ Apo-H - 2 # > Apolipoprotein B (Apo-B) 4 # 12
A5 1% & Fg -0 (low-density lipoprotein, LDL) ; Apo-ER| ¢ 25 = ¢ & % & #3 -
(intermediate-density lipoproteins, IDL) ; H i < R4 0% 75 Fg v P35 3 B R P
3-v (high-density lipoprotein, HDL) - #& i< % & "5 - (very low density lipoprotein,
VLDL) 2.3 & %77 3% Rl & 7 Apo-E ~ Apo-C% Apo-B100 - f " Fm?e » TGZ "%
FIFEE f T M fg i B 6 ) VLDL @ 00 gt A S e ] i ¢ 0 g g oy
Bv 2o F e s BIFERE 22 pRETGH FIAFRR 2 _ELF‘« (extra-hepatic tissues) e

A RE ]\v‘ NEFA ¢ fjsVLDLeh2 & » ¥ 3589 = feH ﬁqﬁqﬁ] Ve & forn i
faené =i F = 11t (Nguyen et al., 2008) o # % 4 g 9m4 = nf B2
VLDL:2 4 i & ¢ # 4 (Taghibiglou et al., 2000) » e 7 ] & » %58 B 4 = g

Se A 3 4e 2 2 B ABVLDLaA A i 5 (Wiegman et al., 2003) -
(2) "PHH 0 2 RARL S

R R A PHEARY R e BN A2 L R [ R S

¥~ AR g TE* L2 S en g & (4 £5¢) (Charlton, 1996) -
Loow ey a2

SRR fhdee FT e 453F SR P13~ 0 F-v (albumin) (id 2 FRAFER G0 T
& 2 e140%)~ 7 ;I”J]l‘% & 7k 39 (thyroxine-binding globulin, TBG) ~ %t %3 75 -9 12
% 7 %8 (complements) - 2 @ » Az F 80%d PFERE G hRk-d B L& MR o BL
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i e ALY N > TR SR EE N ek B T L

EUEA TR R s §1 Jf:ﬁ»n shE S E § F 43 30 7] 60 g (Charlton, 1996)-
2. e pLdp 3 i

VR B & S AT chh FORA L S BAR R PR L bode ch g S R R g

SBREESIIMA > » N @ A5F (Charlton, 1996) -

N A Sai PR A B ¥ o SRR S P I I R SR A 1
diefy [ * P % sicpg 48 vRpF (aspartate transaminase; AST) 22 B F YRk i Ve fiE
(alanine transaminase; ALT)] 75 &3z b > § e SARISIAED TR 6 50 &

Badjfe 2 B30I GRREL 2 k-

AST (aspartate transaminase) = fL = b j #"%pk ¥ i B # f5  (serum
glutamic oxaloacetic transaminase, SGOT) > # #- X ® % Jc it 2 =@ # I o

ketoglutartate » m A # oxaloacetate 2 $<7=fiz (4o 3\ #757) °

AST
Aspartate + a-ketoglutartate = oxaloacetate + L-glutamate
AST & B30V F50R Fimse poo g AST i F 2 £ 57 W E i o 2R A > e F] AST
R R R e R B R > s AST B B T2 & FRAFE G AT
5ld o § a0 ¢ AST ##E 5 8-40 IU/L > *~ p] % 6-34 IU/L (Nyblom et al.,

2004) -

ALT (alanine transaminase) 7 fi & s 7 $5"%fk 5 Ay ik i fis (serum glutamic
pyruvate transaminase, SGPT) » ¥ #-#'ephz " AW H I ML > 7 22 o

ketoglutartate 2 alanine (4™ ;% #7757 ) o
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ALT
L- glutamate + pyruvate = o-ketoglutartate + L-alanine

ALT 2 & 35 00950 3 0P34 P ALT ¢ fOF5F%De i ? > $RL R

ALT %

\F‘b

D TR LTS 2 dr 4 o 2 AST Aot o ALT $95E R £ 1
Moo s ALT 5 A9 Fuge — a2 »  Ma ¢ ALTHE ® 5 10-50 IU/L »

4 Hp] % 5-38 IU/L (Nyblom et al., 2004) -
3. ik pisi g fv% (deamination) £ k% 2. 4) =

%4 it % (deamination) % #-'=flpieng A3 % JORRERCY - P Sy S L

% g fs (deaminases) o " A E 2 A S SRR L oMETAAE P WAL N E
B ATk o MMM E (F¥ Bod & PN F 5T fe glutamate 2 R g 1F* 4 AR
e 7 (Charlton,1996) - £ 2 3 %@ & #1757 S - § a2 & %

2 kS SR A M2 ik (urea) (< 3R A et &R d40) 2 AR (uric acid) (< 38

B R o R R REE T AT LR Y o oA 3 RURREE S -

R G 3 S W ehE i Gl S NG E (T ik O F A ERE S
PsE (e h R gk 2 ) PR A BRI B R M

(Charlton, 1996) -
(2) = BHFHRLHFZ

% 4% (fructose) ¥ - FEPE > 23>0k T AF S 849 o AT B
FRAEPFOER TR ARETREEY FT AR AP EEY o R BOR
B F A E R ER 2 o 2 K 22 F RS (high-fructose com
syrup, HFCS) 2§ F #Efrk e fodr o Sk 815> 55 d 5 (CPp4giF ¥ &2 r o)
BB hmPe (ST AT S BRI AT E D A A Ed B A PR A S
T F 0 F FAST S d R ERE AR B {9 ARAE TR0 AR 175 R
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moAR R IR o

R S A B & BE > ¥ £ 5 Gluth transporter (Douard and
Ferraris, 2008) > # /3B~ % 4% o 2 X "g W m2e 7 £ 5 GlutS mRNA fr3-9 5 > i
Gluts 775 %5 e ot % HE el i £ " 2 fie (Wood etal., 2007) - #75 ch¥ 4% (¢ 2
FHE) ¢ €5 d GLUT2 448 ix 3 795K ¢ o %57 » %485 d  fructokinase mipé
i©ic A2 fructose-1-phosphate (F-1-P) - F-1-P 5 peizps (aldolase) 4~ A = = 2573
fr 74 B4 (dihydroxyacetone phosphate, DHAP) % + 4 g (glyceraldehyde, GA) -
DHAP # rigd  triosephosphate isomerase £ 41 & 5 GA-3-P» # 54 glycerol-
3-P dehydrogenase :® /& = glycerol-3-phosphate (G-3-P) - DHAP ¥ ® & » }Ef%:E
2o m GA A Flak - BREfaik > w3 & = U kP (triokinase) 4 -2 ik
it » &2 4 glyceraldehyde-3-phosphate (GA-3-P) » 4 & » }&fZ:E 47 > & %ﬁr} glycerol-
3-phosphate dehydrogenas & - # #& i = glycerol-3-phosphate (G-3-P)- #*% ¢ DHAP
¥ GA-3-P kR z A RliRseF FAEITA 2 0 Fla BagsFRE2 £ & (Parniak and
Kalant, 1988) o — £ 3582 sFjEc Hd L > Pt £ A #p i e TG 2. & 227 o
GA-3-P &~ # 4 i ~ Bipkf i} 5 At ik (phosphoenolpyruvate, PEP) & > #d [ fib
i A f¥ (pyruvate kinase) i&— # At d& i = 3 fr pi(pyruvate) > & [ Ak BLI5 B BLOR
4 & (pyruvate dehydrogenase) fetit 2 # Acy-CoA - Acy-CoA ¢ A& 2 FA > & #q fF
42 EFEE A GIPRIEFART & A 2 TG TG &7y v — 424

ALY RR oA BN R 2

VLDL o #3542, VLDL ® #i& > i it »

FRAIE Resd (F2)-
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http://en.wikipedia.org/wiki/Pyruvate_dehydrogenase

Glycogen

Fructose ; GLUT2 H Fructose

GLUTS

PENTOSE SHUNT

EK
b

GA
1
GDH + G3PDH |,

et | [o ]

pyruvate kinase

glyvcerokinase g LD
o

Triglyceride
(VLDL-TG)

W2~ 588 AAFR2 N BHA S o
Fig 2. The pathway of fructose metabolism in liver.

6PG, 6 phosphogluconate; DHAP, Dihydroxyacetone phosphate; DNL, Denovo lipogenesis; F1P, Fructose-1-phosphate; F-1,6-P», Fructose-1,6-
bisphosphate; G1P, Glucose-1-phosphate; G3P, Glucose-3-phosphate; G3PDH, G3P dehydrogenase; G6P, Glucose-6-phosphate; G6PDH, G6P
dehydrogenase; GA, Glyceraldehyde; GA3P, Glyceraldehyde-3-phosphate; GDH, Glycerol dehydrogenase; LD, lactate dehydrogenase; PDH,
pyruvate dehydrogenase; PEP, Phosphoenolpyruvate; TPI, Triose phosphate isomerase.
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B R ABL U SRR B 603 o Bt R gL R G f R T
BB (%o R 4R ATHEY chik e o BRAR L0 % € %% NAFLD (Lustig, 2009) - # =

P TR L

W2 ke ATP 423> ¥ &2 4 5% R & (citrate) /2 i¥ 5 de novo
lipogenesis A > @ ) = i & 1 malonyl-CoA » i& @ Fri] B-oxidation o 7582
AT m e R BIFLF A gt tho i E P BT F 14 mitogen-activated
protein kinase (MAPKS8) 4r protein kinase Ce type (PKCg) > MBI FREE % § & hfe
o GET B % G F e (hyperinsulinemia) % # B a4 (Lim et al,, 2010) -
EF o4 Wistar B 70% SE-KiA R T REFH ACHIEN TG kR > T2
SRR mPe A 4 Pg vk s (Kawasaki etal., 2009) - 47+ zz2 14 C57BL/6J | & 30% %
Wwokize o ¥ A4 % E F e dui (NEsF £ g (Liand Hsieh, 2014) - >t 4 f8 5%
PR B EBEA Jr)g: (high fructose corn syrup, HFCS) 2z &gt » ¢ i3 =

%
BHE Y o I ¥ ¢ mie NAFLD 2 % & (Basaranoglu et al., 2015) -
() BRa& S HIRLITT

¥OAME R B g g Tl Fr i s F  (enterogastrone) 2 A ik

(s
3
A
%
2%
P

EMES s A R B BN E R R LT LAY > T
v i#

PF e jcig % (cholecystokinin, CCK) A i » fa_i# *5 f fcify » @ #rE b

rEo RS- e ¢ e B2 - 2o BRI A R R
(chylomicron) » i/ 4t 2 2 (F* s ff > 12 B> &G ks > dprzes
Beol g cem 8 o Gded 2 g B B A5 TG o] B4 TG i |

fr 2 PE cni®d To4k A (3 5 H pEY i Ay (monoglyceride) ety dApLc £~ & e
P A LR TSRS B FIRT &SP G 05%gg s g
Sofz o PEE R G 10~50% - At tA e e LpE s B X B st LYo

SA A Et E B Ao
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http://terms.naer.edu.tw/detail/1213662/
http://zh.wikipedia.org/wiki/%E5%B0%8F%E8%82%A0
http://zh.wikipedia.org/w/index.php?title=%E8%84%82%E8%82%AA%E9%85%B6&action=edit&redlink=1
http://zh.wikipedia.org/w/index.php?title=%E8%84%82%E8%82%AA%E9%85%B6&action=edit&redlink=1
http://zh.wikipedia.org/wiki/%E8%83%86%E6%B1%81

P& 40 ¥ g ik ¢ B RS g ek 25 (Westerbacka et al., 2005)
# i 5 ik O g Bk R 0 15% (Donnelly et al., 2005) © B2 2% B fg a4k & Ld 4 F
Fefr i WY T EERY BB A X RIFRAL N o L@ F REFIE T
PP R A R FIARGL G A a P BRI & hle PRdE O~ (Romestaing et al., 2007,
Westerbacka et al., 2005; Larter etal., 2008) » F] "L |pdt -k it & 47 3P~ crafe 45 & 274K
g% (Atkinsdiet) ¢ > & g %v 32 NAFLD e % (Samahaetal., 2003) o st f& 34
RO FBOR T £ 4 20 R 1 20 4270 95 5 4 e SHIESY o o AL T OB BT
Eote- BRWA EAES%Y o RF ARG WIRBDEET AuR Y B RS
(B ~7 & frig Bt 7)) P &80T 82 (WP%s %) 30F IR ~ M

k&

ZEHARER RN E 2 kR NS (Shaietal,2008) - e ® fq ~ B

-anl

it E ek & 2 5 T T e SRR R O X SRR R 2 P
k% (Yorketal., 2009) o F]pt » Pgipcg > £ -3 = 5 F3& NAFLD 4 7 o

A o G A B S KL (Limetal, 2010) -
(3) WAL 23TR 2 % 7

ZLIFPE 1275 72 5% 5 f (Nonalcoholic fatty liver disease, NAFLD) &+ % 1+ & ¥
R EPFRER G o MEE L AR R 22842 0 NAFLD & 57995+ (fatty liver) ~ 25iFp 12
5355 (Non-alcoholic steatohepatitis, NASH) ~ #+4& s it (liver fibrosis) ~ & "+
fv (livercirrhosis) % o NAFLD i # 255 S #F & e Tl ApeanA 2 7 i &
TSR s P ER 4 B o 2 ¢ DayandJames (1998) # 11 N =&
F#” B (“two-hit” hypothesis) 2 NASH % 4 2 iEfz o At BiLyd » & - #
AR g A > U RFEH Y - F { R ¥ - FRIERTwE G B

RS R A
1. %-#

% — % L_F]5 de novo lipogenesis # e ~ £ 48 SRR Bt AL P F 1 1EH 2
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http://zh.wikipedia.org/wiki/%E7%A2%B3%E6%B0%B4%E5%8C%96%E5%90%88%E7%89%A9
http://zh.wikipedia.org/wiki/%E4%BB%A3%E8%B0%A2
http://zh.wikipedia.org/wiki/%E8%84%82%E8%82%AA

Fropl ~ 2 g fg g L AF S VIDL B 2 g b ¥ FR TR 2 SRR A

(Lim et al., 2010) -

d %7 R kw23 (five-membered furanose ring) 4 + 7 £ 2 % #% ¢ 1868 &
bR 2 R g i % (fructosylation) - 10 & 4 FE 12§ f& (reactive oxygen species;
ROS)« 3% 5 NASH b+ § ity % A L o it} g enfef i 4 4

1 ROS ehé &> mit- HEAREAE LR - FP > BRETEPFEBT 4 R

NAFLD fr & 3t & iz ¥ (Limetal., 2010) -
(=) 5 % g7 % oM 14

o L pug X w2 2 (pro- and anti-inflammatory cytokines) z. T fF4t
A2l airgg g 28 H S E£8 Fpts FENAFLD 2 # B - % § %

PP NAFLD 2o & & $rjic> AR5 5 F13 5lde o R p P h i Wt L lme 2

KILES *o S
1. % pigvhlelz 73

(1) &% (leptin)

Fo% (leptin) d fipimie A s Hi jie 2 3 F@ g ipg At ov § - &
4 K3 B 2% (satiety hormone) » § B4 drdi 4t g (hunger) » 3 7 3 & i £ 2
Thre b BF 2 HARE RN Ft G e i A 2Rk Rae L (Pan

etal.,2014) - ok » £ F MAEHPZ WY E - B EF LA T2 WAy F g
%t ME A n® 2. 7 £ (Lord et al., 1998; Fantuzzi and Faggioni, 2000; Caldefie-
Chezetetal.,2001) £ #FF % 2 £ 2 ok » &9 fe bk 8 2 LpAPM AR (¢

ERE B RHEAAGR oL FARE) Mo R § R F A A fritiey
EF R BB IL-1 7352 mie ek & (v R Lypa 4 4 (Perrieretal., 2009)-
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http://terms.naer.edu.tw/detail/351161/?index=1

(2) "5E:% (Adiponectin)

a8 % (Adiponectin) i - f&d 244 @i Arie s 2 SR S F BN H
2 &2 Fgiapey 1 chigfz (Diezand Iglesias, 2003) o #q Pl % @ fg ikl A s o T

g~ o (Chenetal,2006) - & & * chigsi% 7 Rt g 5 & fAp M - 2 ek
o] S HE Pt R hB 0 4o % = A4 fm (Ukkolaand Santaniemi, 2002)

sl s 0% E A 14 (Diezand Iglesias, 2003) ~ NAFLD % & 3#45% & ok (Renaldi
etal.,2009) o &2 ¥ A Apv o AR R F 2 LR Y B R R R AR AR E T

¢ BFR 4Py % oz £ (Coppolaetal., 2009)
(3) 4-hydroxynonenal (4-HNE)

4-hydroxynonenal (4-HNE) % n-6-% =~ 7 & {c?3 %4 (n-6-polyunsaturated fatty
acids) ¥ it 2 ¥z A o 9 F2 5 PSE HNE {R2 2  ~ 3+ (HNE-targeted
biomolecules) - HNE 4~ &k i~ 5 L 2t (cysteine) ~ ‘e v=pi (histidine) £ 4
iepe (lysing) - HNE & & 75 2 0§ » ASF5RY L 40 B8 0 & fid & AR
2% 2 d f ¢ AT o HNE 4L % rideip] & 85908 Jh 2 o Ll A28 3
L (necro-inflammation) s & o gt #F > HNE 2. b 4 i€ * (adduction reaction) @
MEFELLEBAFD 2 AL > P TEATRAREE Y R e (Polietal,

2008)  #>fr fe s ? F 4 B4 chdf 4w 2 4-HNE 7 £ F# (Awasthi etal., 2004) -
(4) Toll-like receptor 4 (TLR4)

Toll-like receptor 4 (TLR4) 4~ + & %) % 95kDa > ¥4 * Bk p & jF L&
FlZ g SR A > A RRGEAX LA KA (innateimmune system) ¢ i FE & £ o
JE s3] A 87> TLRs 2 g ffre i 30 {%4p iv (Takedaetal.,, 2003) - TLR4 ¢ % i 4

#] MAPK (mitogen activated protein kinase) #2% ¥ zipi i* e ERKL1/2 (p-ERK1/2) 2.
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Ao e F i IFN-y 594 4 0§ oes B A i - TLRA 2 jfieis 8 T p5 i 1

fnve gk cff A1 ¢ 35 TNF-o feinterleukin-1 (Shavit et al., 2005; Mohan etal., 2010)-

2. KB w2 0 e

MR AV RS S me Bl TR L fEwe (23555
Befp A e TR mre ) 224 o om HAkiTwmre R A R 4 v (Tracey and

Cerami, 1993) o ‘wm®z jgr % & 3£ 5 B &7 %% (subfamily) » 4 %] 5 + 3% (interferons) -
v 4 % (interleukins) ~ "% 3k > F]+ (TNF) ~ #& i* 4 & %]+ (transforming growth
factors, TGF) ~ & 7% {1 %]+ (colony-stimulating factors) f=4&i- ]+ (chemokines) -
RSB A BA KRS BB 4 PR E ik o g B LR
B2 LBEF o RWEIF S MR o R A 1 SR REME X s 2P
sk ~ 2 4 Fef- NAFLD (Tedgui and Mallat, 2006; Tilg and Diehl, 2000) - # i
FAREET Ry g 24 > L ihwie ek o RupI il (dofa 3 ff) #h #
SRR R A 2 il WA T o B TRE LK BTl o NAFLD ¢ R ipdt e
FEBFIET o F A RIES ~ e k= (apoptosis) oA B B 1Y o g Aoyt o

T e R HOYFRRIE G s 2 £ 4 18 2 B 2 ¢ &4k (Tilg and Diehl, 2000) - 12

T4 w4 S i i & NAFLD ¢ #ririgend 4 o
(1) TNF-a

TNF-a & - 8% A F > 2 &d B U we (¢ 568 Pof > Eriiimre ~ g e
Bz Timwe) S4B mldep 4~ p o AR SR mske SRS &
g ? > TNF-a & & d B X fwre  (Kupffer cells) 2 BF & d L3055 %6 91 & 8
(Montecucco and Mach, 2008) - # NAFLD 4= NASH =3 E 42 ¢ > TNF-a i 5
- BT > vk § F ey B (Hotamisligil etal., 1993) o 7q 57 fe 5§ e 3
FEF L BER AR A B EE TNFa ch2 ZR-E A8 LRF RE %S FRE
Fv (Braunersreuther et al., 2012) -
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2) IL-6

IL-6 ’éﬁ*’-’%ﬁ}ﬁaﬂ_“ 208 L poggie o |L-6 ¥ E I LB mre s Fme g iR e
R e o )L IL-6VAE LIRS RE RBA R A LEF B A
s ## i (Kishimoto, 2010) - & NAFLD & 4 ¢ & 3> # 35w ¢ IL-6 chik & > {o
NAFLD z g& #2 & & & 4p B (Wieckowskaetal., 2008) < IL-6 » #L (¥ 5 "% § & [edo
Bood BARIERAp R BRI S L F Y O IL6 R AR ST B E R

b %5 # ez e 4 3 M (Klover et al., 2005) -
(3) IL-10

IL-10 ¥ fhHus L chim®s ek o ApTEmT vk A BT frie oy
U F fer X3 T mve ~H Prsp o B eim?e % iz 2. 4 4 50 (Mooreetal., 2001)
BAFEE > IL-10 7 i Fimie ~ & Kk iz (stellate cells) fv Kuppfer cells # 4% i) )
% (Braunersreutheretal., 2012) - ¢ * [L-10 4 Ka& 2.2 7 > B o7 p RiE IL-10 ¥ %
EFgEmre g 4 P s e (den Boeretal., 2006) - ¥ - A7 3 v g 1o IL-10 6
prdl ¢ BREL s (TNF-a -~ IL-6) £ IE 2 3% %42 3+ (Cintra et al,
2008) = 50 % 2haw it g7 BO L Aw kb qpal o 89 BLE Lol BT £ 2 8 5
BERS > f i g REE 2T B B pd 5 3kARZ IL-10
7 IL-10 7 sc &2 e M 12 Lz (chronic inflammatory) 5 B (Esposito et al., 2003) -

gt Z oo IL-10 $#30 3) NAFLD 825882 3P & Aok & —‘ﬁ £ BT e
(4) CCL2/monocyte chemotactic protein-1

Af it F]F ¢ E | A F 3 FF %48 F9  (small heparin-binding proteins) » v € %
o w ke pg L%z (Gerard and Rollins, 2001) - 4% #]3 2 & d p & fm¥e -

—‘T—"}'ﬁ”i’b WP s w0 IR A Fme s B R T o 4BV T3 2 H X R gaF S g U
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P A 4 R Ae® R v~ 2 B Fefoih § £ 4 (Charo and Ransohoff,

2006) > F]p-Ag i F]+ » ¥ v & NAFLD 32 + 455 & ¢ (Lalor etal., 2007) -

CCL2 & - fésp»cerdfit F|F » A B Hd BEefiimme 200 s> DAL o Bt 2
R e s T eimie  FREE I e ot 4 0% (Yla-Herttuala et al., 1991; Yu et al.,
1992; Nelken et al., 1991; Wobser et al., 2009) - CCL2 % H < 48 (CCR2) 2. % &

Mo it i (A& §_F v wre) (Yla-Herttualaetal., 1991; Yuetal., 1992; Nelken
et al., 1991; Wobser et al., 2009) - CCL2 B £ 4 1% v 3| & &7y Hﬁ:@gf%‘% 3 x ]1% v
(Sartipy et al., 2003) - CCL2 s CCR2 f F]§*; 2 | Bl fik it § Padflit £ 4 4

Py RS HOFREE B ok s B om0 e AR enif R R IF 4

A X A % ™ (Rulletal., 2007) -
Y- g R eREE AT CCL2 RIS 4o ¥ § R Infis Wz i i g2

7z £ (Kandaetal., 2006) -
(5) TGF-B

TGF-B & - fhimie ek 2 4 £ F]F > £ 9 (v 5 - BAAIrHIH - TGF-B £ 1 o
BRI 2 oy o AAFERY DTGRP d L& e s IFERE K iwie 2 F L e
fe 74 s (Syn et al, 2010) » 7 3F FHF Rk 2 B R e R SR B e
(myoblasts)  TGF-B ch3f ¢ £_5q 9 {19 3 & jbr g % 2 W9k A 1t ch % 3 45 5

(Starkel et al., 2003) -
(6) Thymic stromal lymphopoietin (TSLP)

TSLP ¢ ise T-cell 4= 4 it 5 Th2 cell » @ $&= P 2 X F iz (Al-
Shami etal., 2005) - TSLP ¢ /& it & 4 2 jf & F n%2 (Langerhans cells) » 3% % T-cell
# 4 TNF-o - i@ 31428 % F & (Ebneretal., 2007) -

I SREZZ AR

(-) AEzjEpims
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BB FE $ 3 b (Ruminantia Suborder) ~ & 44 (Cervidae) » 3 & 727 £ vx 3l
AP RAN RSB R AR KETESETIE R SRR 2 MR
B e hRB o RS /;T (musk; Moschus moschiferus) £ 7 f
(Chinese water deer; Hydropotes inermis) #g22 ' & B & ; %' f (reindeer; Rangifer

tarandus) Rlepzey SR & HERFBI R G 2255 A& o

RAE DN SAE L mEE LI EER A R4
(antler cycle) o A & X T REH ~ PP RF R LF R - E2H - LT 57
FLALARBEFZLEE (Suttieetal, 1984) - 2R N2 B F - EHF A B4t
Bk oo Bdd & (pedicle) & o 5D VORI 2 de o A pE A g~ O
AME L o F i B A (velvet antler) o A& 4 KB 8T d K IR E IR B F
TS S S RS LT SPRE- RIER Y BT NETE SR o I
& (bonyantler) - s iEA2A % de® (cleaning or shedding of velvet) o i — FpFr &
A A AR e BE SRR M AT BT L5 24 (casting) » ppEY B
PEG RS TR L2 L - BATZ L8 (Pereiraetal., 2005) A & 3 2 B

o Pt H:]u\ WEZE M R A gt ¥ (mineralization) PR F S P O FHAF 2

¥ ;3 & (cast) PFi P B HAF 7 E RESTE-iE T % PR £ (Bubenik, 2006) -
SRR P 25K (short day breeder) - H & 4 #4 v X BRI & 1wk R K
Fisn s RRRIGIEL SR (M2 15,1995) o frf S afdedr o KRR HLAL A

2 B % H]ﬂﬁ%&,}}f oh BT HARPWRL EFEL LS “t (pineal gland) -
> 5 H;]‘L 54 g &5 (neuroendocrine) 2 f& 4 F ¢ Bk L i S ARE Z
(melatonin) e & % PFARRE F fw R P R AN 237 "ALR] ¢ &y 4 (Reiter

etal., 1991)° F]t > % 9 m e § £ARR A 2 %kwi%"% Fope i 2 Rk B o

Bk ok & (horn) % oo S BOR & F F‘»f;&w’d%'v‘“ﬁﬁr& -l
PR A () ferhe 2 b (U E TR AL) e o Ak
ke ] € F SO A 2B K SH KK -3 2= 7 A (Pududeer;
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http://link.springer.com/search?facet-creator=%22George+A.+Bubenik%22

Pudu pudu) | % = ~ # kB A (moose; Alces alces) %’K*ﬁ (Price et al., 2005) - =
Mo B2 RINA B - E2 52 AL AR (pedicle) T EFL MR L &
A 4R B 20 F Wiz (periosteal cells) %4z = £ (Lietal., 2001) o ¢t 72 F %
# % A & ¥ % (antlerogenic periosteum, AP) - AP 7 7 % Ffk 2 7R % & =8k (Li

and Suttie, 1998) -
AT v Aw Breg (Priceetal., 2005) :
1. #wp kv g (intramembranous ossification)

WP IFE 0 A7 4n2. A & Pz (antlerogenic cell) B o4s 3 g A 0= A e

(osteoblasts) » izt F * mre € Ak A5 0] 24 (trabecular bone) -
2. @& ¥* i-¥ (transitional ossification)

S #Bcen B IR A & w2 (apical antlerogenic cell, AAC) d = % # 'wm¥e
(preosteoblast) #rim = c AAC 2 #F B85 Himre ph 2 3 MR R T RB ) e
BooF A AR R SE D510 mm pFED IR - FEE o SUIFELZ A & e o B A2

A& ¥ uAp > 3 ®F 7 2% (Liand Suttie, 1998) -

3. & a#dH p # it (pedicle endochondral ossification)
BRSO e 4 1L EAR 0 A & e TR R .

4, mE ¥ p F - # (antler endochondral ossification)

R A2 A e At wr 2 A it RE O B

FE- BRERZ LA

REA,LPE Kb BT RR e € RE- KRG kEaH & (velvet skin)

AETe5 bAZ R EHTHRY Bk L REA Esd £ oA LT ke

$» (cranial appendage) 7= &2+ % 7 B (Hartwig et al., 1989) - & & #5577
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TEL PR L2 A0 15 > F VALE A (all-trans retinoic acid, RA)

zettpk A (fallow deer; Damadama) 2. & A 2 B 4 A5 & » 5 Hp & i+ (Kierdorfand
Kierdorf, 1998) » F]p* RA ~ #F ¢ s % & & ¥ Wlwrz ez ¥ 3 4 - RA @ 22 z2 3
e g - BsR A 4 £ o 5d BaeF e e 22 i s iw#e (perichondrial
cells) e 2 & 5 > F]popg ¥ '+ 47 22 A5 = (Kierdorf and Kierdorf, 1998; Kierdorf
and Bartos, 1999) - #-4 & ¥ B D MR A ST OREF > SRR TFEF T IR E

(Kierdorf and Kierdorf, 2000) -

AL X34 > @ 5 A (blastema) 2o 4 = =¥ P AR A& 0 piEfEE E(FA

- Bk FEFL cRAEIHMEE MG M e s FR BB
‘m#z (osteoclasts, OCs) & F iF% o %5 B kR 2z & Ff M vpicd » pPldrdln &
f# & > @ 2 4 (castration) P ¢ ¥ f2 4 (% 2-3iF)(Bartosetal.,2012) - & & %
L g Tl 260 OC mi SRiwfe & 1t > @ RANKL (receptor activator of NF-kB
ligand) ¢ 3#47 OC = Spimie & 1t o & B:]zp\ WE e REER ¥ 4] RANKL 2 3 5 »
Flpt oo Bk R oap e on® B E R E ApF > RANKL 2 o 2t B e g dmve el
= (Shevdeetal., 2000; Huber etal., 2001) - = ;& = 5:11% (parathyroid hormone; PTH)
gy A ST oy OB Fla A F S m £ &I PPR

(parathyroid/parathyroid hormone-related peptide receptor) -
() AREZ 24

RE T L B ueny e 4L * 42:F 2000 & (Gilbey and Perezgonzalez, 2012;
Kawtikwar et al., 2010) o #3F % ¢ W%%P— Y R F PRI L AP (e
PORET A AL FB B ORE IHRAATERERT AT Bk
BEFEER -FFBE2EF X FAPHITOEN > RE DI F I 02 03

&

Mg L E B@%gﬁ‘;\ 595~ v %‘r\ E;la‘ﬁgxg\@';safrﬁﬁt;\g};é;/,} v PR L

m&\:

RE

SR EL T

"L
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IS S TR CE SO0 4

BERFRREFRFIAFFT AR AT AR ko g T

Bk 4T B AR B4R 44 45 Ao L &8 4oy (Suietal, 2014) ¢
2. A - 5RE R0

BE G F AR FPRE Fd Foa gt A e RS EpnE EAK L Rl
PR s o BREHGD 6M B ASLS 0w R 16 AR H P X Aok
f% (aspartic acid) ~ #57"=p& (glutamic acid) ~ * *=f& (proline) ~ 4 "=k (glycine) fr

#reps (arginine) = & 7 AL M ¥ 49 32.5-37.29% (Jeon et al., 2009) -
s ik

IR 5 T IRARL R PKA SR BT o H{HI A A 3 o Rpiy (XEE
BB G G T RBE g PR T o RS 0 LS
Rz Rtz — >4 B3F 5 4G BRd o bldo- F 1§ (nitric oxide, NO) o #f %
e Lok B LR R X T AR e &Rz (Scibiorand Czeczot,

2004) -

RES 73 2% 2R (taurine) - Hi<ph 2 2R Y &7 FLF LA
(Hwang etal., 2009; Jemai et al., 2009; Hamden et al., 2009) - =+ 5 f& 82 2L 7 il A% -
e § it nd & A > 4 UL B A g AT 22 AFE B (Winiarska et al.,
2009; Furfaro et al., 2012; Gentile et al., 2011; Yao et al., 2009) « = & f& ¥ 12 4% % #% fk
i kAR ¥ gamma-glutamylcysteine 2. 7z £ (gamma-glutamylcysteine = ’m?z f
F 1“2 GSH w484 ) :&m ;—)gtﬂ,ért ToraAE AR ahzgp d JK (hydroxyl free radicals)
FrEME VR4 g 4 (Winiarska et al., 2009) o #-2 5 padk S B BRI S P4 S

2B PREFRAEOTRLFGAF AN LR L BN IR R R L
R Flptareg g Jyite AP MG R G IR NAFLD 2 %4 (Gentile et al.,

2011) -
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ERFHERZEFFRY THFR AR w0 p IR Y Rp

sr L TRl w LB 2 45 1 (ischaemia—reperfusion injury) (Duenschede et al., 2006;
Yamanouchi et al., 2007; Sheth et al., 2011) o # 75 353+ Hp 2_ B, % E R ORI 5 pea J ki
BARRL o » FOF MBI L B2 4G (Bruns et al, 2011) o fFERAS B 2
BB P o 3 BUF AR P L B YR T R MORREE G 0 T 4 Bl 5 5 (Rentsch et
al.,, 2005; Liu et al., 2006) - &2+ »efedp iz » St St 2 B pkis > 7 F R F L H TR
173 % 5 (Schemmer etal., 2005) - 75 £ 44 v (warmischemia) ¢ & % ¥ Kupffer
cell #p Fg@iﬁﬁ%‘ »m 2R AT L pr b Kupffer cell 2751 » ¥ 3% % B*”ﬁ%;ﬁi‘m’%

%ﬂﬁwﬁi%ﬁ’iﬁ%%ﬂ%%’ﬂﬂ%ﬁ@%‘i

Ly
—
Z
T
Q
—rﬂ‘y_ “’w&
%
oy

TEARATHEFH M I YO p e RO T
@red o phT 1 2R FE i Kupffer cell #7 ¥ 5 a9 505 5 > B 417 2 o

R IREPN L ez pT E 2 o Py B ¢ (Kincius etal., 2007) o

BT TERAE A ST BN AN AT H R B AR AN R

B i See i o P H T E ¢ REAT RR (Jeonetal., 2009) o t=Ak ke

RS EMEF AR R AR RYER (Sunwoo et al., 1995) o ¢ B i# AL ;
BB R HERE PR B Pl R R A 2 RS FT NI L
BE - BipihoRa ApF G FEARTERB R Y FEEK TEF

BrE L KN T H 4 (Crossetal, 1973) 0 ¥ A R F-v 2 7 £ A {05 B AR

0O E G IR 5 A T B TR ST B b d S F AR
opBrR DML o 1T E R PREE A K A4 %3 (peptide growth regulatory factors) %
RS gle A &7 Mgtk o BR & BMY RPN EFF ¢ FH%E £
4 & ]+ | 4= 1l (insulin-like growth factors | and II) (Suttie et al., 1991, Elliott et al.,
1994; Elliottetal., 1996) ~ % & 4 & #]5+ (epidermal growth factors) (Ko etal., 1986) -

¥ =353 (bone morphogenetic proteins) (Feng etal., 1995) ~ FGF-2 ~ VEGF %2 # =
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% (FGFR1 - FGFR2 - FGFR3 £ VEGFR-2) (Lai et al., 2007) ~ 4 &# e 4 £ %)
=+ (fibrolast growth factor) ~ #! 4 £ %] (nerve growth factor) (Huo et al., 1997) ~
w o E T4 4 £ F]3  (platelet-derived growth factor) ~ %8 % 5k 7 %]+ (tumor necrosis
factor) fr#& it 42 £ ]+ B (transforming growth factor B) (Centrella and Canalis, 1985)-
B REERRE Y T - A7 32 BARAR AT F s O Rnd

R e 4 £ (Guanetal., 2006) -

b
l\“‘
%
’B
-
|
s
Th

PEM D AR A SR FE R P P o & (Pere
David’s deer, Elaphurus davidianus) & & # g8 2 ¢ @ e384 3 5 118.5 mg/g =
¥EfEps (total uronicacid) » @ AL B A A& ¥R A B 2 5 106.1mg/g ; = AL R B ¢ TR IR
2¢ BFenite 73 154 mglg ek mERL 0 R B AR HInA Bl 2 5 16.86 mglg

(Jeonetal., 2011) - AR fE R 005 2~ L R o

IR R E Y 3 WAk (prostaglandin) A~B~E~F o 2 rg Fehm s b §
BE A LGB A At 974 b (Ivankinaetal.,, 1993) o %1% iR A B 2 4

AEP? 5 TG A BN E R o APk o D BT ITR > A 47 1347

ke R E 18 BHMP L FEHT 0§ - BRETT Teige 2 AR (170
hydroxyprogesterone) = & & z 7 24 % % (progesterone) > @ & -5 #3 &% 7 7
% Ak (testosterone) (Luetal., 2012) - 5 = AL B ¢ 7 7 5 Fieige (uridine) ~

# ¢4 (hypoxanthine) ~ & & 5 (sphingomyelin) ~ PC (phophatidylcholine) ~ PE
(phosphatidylethanolamine) . LPC (lysophophatidylcholine) 24 LPE

(lysophophatidylethanolamine) (Zhou and Li, 2009) -

(Z) RE2Z ERiT?
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http://terms.naer.edu.tw/detail/168203/?index=1

1. LEHRS

RAE G

w4

T fE kg TR > 2 H R (monocyte) =it 34 (up-
regulation) frE eiimre B 4o WARIRE F AL A 2K H cHY oA 2
ARG E R B AR TV UB S LAH G oW IERAE 2 - 8 3.2kDa
PR AAEBD G RRY > F g mre ¢ |L-12 che s > i@ ThO cell
(» iﬁ;{ Natve T cell) 4= ~ i* 5 Thlcell » ¥ §lj IFN-y cha s > % i< |L-
4enk g (Zhaetal, 2013) c R B vk 5% VA mrz 2 B 4 0 @ F AR
&% ¢ JH AR LiFr (Daietal,2011) - AR FFR7EHFZ 22 T
BAatwre o @ nalveT fwre & it 4%w 5 Thlcells > &/ "% iEacit IgE Ffg 2. 4 =

B IG M e R 2 B P OS2 B Rl (AL 2011) -

Bk T oRaEE L F 2 LTA (lipoteichoic acid 3 — fim A im e k22 & 4) *t
) RESmie 2 b AP J AR AME PRI RE R P BHEL REBGEA AL
Bk R B ERH]] RE s me ¥ TNF-a fo IL-6 ¢4 2§ (Daietal., 2011) -
R R R M SN BB S R IR SR e o B

Hp & ¢ TNF-o c7% JLE (Suhetal,2007) o ™pt @ 887 R B -RE 7R E 5 s L2

H »% (monoamines) £ ft#i 4 kAP o SRS o A F CiEARY > H
kg (' (monoamine oxidase, MAQO) #figit 2 5 it iv* » ¥ @@ Hik2 7 55 -
MAO # % ~ 5= MAO-A &2 MAO-B # f8 > # ¢ > MAO-B 7/ {258 F & 47 & # 7
dod WA o HLRFEEF - X ER i o SAM-P (senescence accelerated male mice-senile

prong, SAM-P) & & it | Bl 4 11-12 " #4PF T o1 SR80 % & g feo bldode £ F M

HEBAFRE LR? RAMGEFEALD THoD AT 2P R B IR

1

WEARERERG Band REMSE PR b F5EEPRY 2 b
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g it f& (superoxide dismutase, SOD) z /&4 ¢ & F J ¥R 2% 2 B WFHKZ oitle
%2 f = pg (malondialdehyde) z & -~ "% % *3% (brain membranes) 2. MAO-B

B R FREREE S M (Wang et al,, 1988) - iz st fcdp b > RE R F R H

nEEFH TN L I o
3. HB HEl

v ¢ £3kF (Candidaalbicans) & A #F % BB F#E2 - > LA F R T EFE
Bite c BF T RRE TP A 2T RMHE 23 MA A > LRREHE FHLFS
(hypha) = g+ (yeast) #j= 2 F5F > #RA F2 REF PP T 7 F »cdrdl L FF
B2 FEM T RAMPRE IR R BERE F S L G RS
2 AR EPE BB FFSE2A > 5 G REtE (Parketal, 1998) o & - 5 # 7 H
ok p R E 2 % ALEE L k"2 d4k (lysophosphatidylcholine) + FHd MAP B Fri] F

5355 (Minetal., 2001) -
4. A Tkt

BAPE M TRz X RAT ISB Y S EE LA AR TR
ﬂv_‘g‘;*ﬂ% 275 42 g ’]\t‘ BEEYEAT R 7B 2 "E M F

fF]{r ¢k HT\% (parathyroid hormone) % # |+ #ips % f= (alkaline phosphatase)

£ 2 H 4 & 52 (Chenetal, 2007) - 4R & (retinoicacid) # ¥ % Farfim 2 &
¢ o SR > RT RER IR B AR TR RAZ A R
ﬁgxgbgggf@gﬁ s Tt B2 BRI E )R BFHEF )RR ﬁ}r_ +*
Tonfm RApit s $WEEFRL - Flp > REH ORI BAE2Z K> 21 Fp &

o ¥ F R Rog v % (Duan et al., 2007) ©
5. fligcdi ¥ mre H 5B

REZPRAFTHEME LA 28N Wit we S e PRI algF o
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Tl s - AR R 0 hdRE > AFFR R 39 | 29k 39 X 2 mRNA
BE (Zhangetal., 2011) o #ic % fmPe U R E 5 PRAEST » T a4E D ¥ hd A o FdlA
B & 39 p& (matrix metalloproteinases, MMPs) 4 % > ;ﬁ Ll 8 S
B e A Gt kg (R FORT IRT RSP wie ik
= 2 1t B] (Zhang et al.,.2011) - sz &g 7 > R E 5 PRF o pe ok F R & i dmve

(osteoarthritic chondrocytes, OCs) e/ = §&jT o
6. oz i

AR EF A T o R kRO CRR IR RV RS
LaFemRNA 28 > R RPnz § VR4 S IOt R AR E T
2w+ (Chengetal.,2014) - %@ » %5 & XL | RS SFTRRE S » BFEE K
B P SOD iafh s Y Ha0z 2 § B ik 90 BT SOD - cGPX 2
CAT £ A7z 2 PR EFE ($,2008) - 554 it » RE LS Ho M) i

z 2 L /43 2=
RIIIESS - T (L - G

"3\*"

\3

)
o

[AESTEE TR

BE 32kDa 5P5E G flpet BlA L et 2 gl ¥ 25 R RIgE
(Guanetal.,2006) > ¥ #t > & 7= fL L B 5 PRV RaE < B & 4 wre s 4 (Zhangetal.,
2012) e RE SR G o A LG MAETEY MRV Y FRAREHT 40215
Spglegpr o VREF EARZ G ogE o2 RET E IGF-INTGF- & EGF
2 4 9r3k (Gu etal, 2008) » ATy BE FIREE L F A SE 4 2 Y 5 FR

REFRVRHEFRERZY T i @ o Fisep geang 4 (Luetal., 2008) o
8. #Uk R ¥

3510 4 AEPEACL BB Y S LKA RE PR L o ¥ 2 kv g
TR E Z P4 ¥ gy if i g vep 2 g An B 25 #] (troponin | ~ troponin T1 ~ cysteine ~
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glycine-rich protein 2~ myosin heavy polypeptide 7 ~ tropomyosin 2 ~ myomesin family
member 3) & IR o s ] Bep 24§ 0 Flam E PPk ¥ v %k (Chen et al.,

2014) -

REME R i &4 3% (subacute toxicity) * Ao o H f MR |
50 RBARESTHE S L2 AHE (Shinetal, 1989) - ¥ ¢t » A& 5 # 90
A PRk R HE L THE LA AER A BT - HEE TRRE
AR A R S BUR I SR TR G 2 TR BB R A
PO o 2 R T et TIRE LR TR R oo vE G R 2P R
v bREFRAE Y AT BB fieREgiEeE Y o F o A ELOHE

LET O GERTRIRL L2 e A BB (Zhang., 2000)
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B, FRPafdid

TEREFE S G 7 R R R e @R A T F 8y
B PR SRR A2 o @ LRI AR s B R F R e
FR i = R IO R TIT B S b S A X A RS A 0T
R BN BRI d MRETEFY) HE R w2 ¢ TNF-a fo
IL-6 e a8 (Daietal, 2011) » & 4 4 L enie® o Fpt > A7 $FHARE &

B4R B oA ) RSP TR s 2 B S Y E R deie B
P

EJ‘-—P;{{%;F X ¥ ;a,ﬁg;ﬁ;@t eV AL A ;;I;; £77) 8 o
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21 FRadEL kiR

Table 1. Sources of reagents and materials

Reagent Source

10% formalin Hold Trade Co. LTD., New-Taipei, Taiwan

ALT (GPT) F. Hoffmann-La Roche LTD., Basel, Switzerland
Anti-4-HNE antibody LifeSpan Biosciences Inc., Seattle, WA, USA
AST (GOT) F. Hoffmann-La Roche LTD., Basel, Switzerland
Cholesterol F. Hoffmann-La Roche LTD., Basel, Switzerland
Ethanol (99%) Merck & Co. Inc., Darmstadt, Germany

Fonen fructose corn syrup  Fonen and FonHer Ent. Co. LTD., Tainan, Taiwan
High-fat-diet Bio-cando biotechnology Inc., Taoyuan, Taiwan
HPLC standards Sigma-Aldrich Co. LLC., St. Louis. MO, USA
Hydrogen peroside, H2O,  Sigma-Aldrich Co. LLC., St. Louis. MO, USA
IHC kit LifeSpan Biosciences Inc., Seattle, WA, USA
Insulin ELISA kit Mercodia Inc., Uppsala, Sweden

Isopropanol Merck & Co. Inc., Piscataway, NJ, USA
Maintenance diet Altromin Spezialfutter GmbH & Co. KG., Lage, Germany
Oil-Red-O Sigma-Aldrich Co. LLC., St. Louis, Mo, USA
Rice vinegar Kong Yen Foods Co. LTD., Taipei, Taiwan

TNF-a, IL-6, IL-33, TSLP,  eBjosciences Inc., San Diego, CA, USA
CCL2 ELISAkits

Total protein kit F. Hoffmann-La Roche LTD., Basel, Switzerland
Triglycerides F. Hoffmann-La Roche LTD., Basel, Switzerland
Velvet antler Deer Products Marketing Coop. Assoc., Tainan, Taiwan
Xylene Union Chenical Works LTD., Hsin-Chu, Taiwan
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Table 2. Facilities and manufactures

Facility

Manufacture

Automated biochemistry analyzer

CoBAS MIRAPLUS

Autosampler
HITACHI L-7200

Centrifuge
HERMLE, HSIANGTAI

Centrifuge
KUBOTA 6200

CNW C18 LC Column
(4.6 mm x 250 mm x 5 pm)

Column oven

ELISA reader
(Multiskan spectrum)

Microscope
Nikon E-200/D70

PC-BASED CONTROL UNIT

Nikon TS-100/DS-U2

Pump

HITACHI L-7100
SISC™ software

Ultrasonic cleaner

DC400H

UV detector
HITACHI L-7400

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

Kabushiki Kaisha Hitachi Seisakusho, Tokyo, Japan

Hermle Labortechnik GmbH Co. LTD., Gosheim,
Germany

Kubota Corporation, Tokyo, Japan

Chen Si Technology LTD., Taichung, Taiwan

Shimadzu Corporation, Kyoto, Japan

Thermo Labsystem, Waltham, MA, USA

Nikon Precision Taiwan LTD., Hsinchu, Taiwan

Nikon Precision Taiwan LTD., Hsinchu, Taiwan

Kabushiki Kaisha Hitachi Seisakusho, Tokyo, Japan

Scientific Information Service Corporation, Davis,
US.A.

Delta New Instrument Co. LTD., Taipei Hsien,

Taiwan

Kabushiki Kaisha Hitachi Seisakusho, Tokyo, Japan
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-~ E
(-) ARESFB 584 s

BATHE R E P RS b BRI L MK SRR G & 37°C T
AZF A R F30min {8 > 3120°C = 15 min > £ g > B8 F R o Rt 40
mba ~ 37 °C T RRkMFER o BT R H F PRk R 5 386 mg dry matter/mL
#E 01mL 2 BRI FBur4c ~ 006829 2 £ AR (] FoiT) ¢ ot o Bid
3 120°C R FL5min s R 4°C sk M AR Y o B E LRTHE
BETE 0239 2 ¥Bpics o

(=) REZ 25 p 7 €2 HPLC (high performance liquid chromatography)
A 44

T OVRAMARE AR B R R Bk 2 74 v (derivatization)
L4 % #74 # (precolumn derivatization) (Ethanol-ddH,O-PITC = 7:2:1) % # &

ik (710 mg NazHPO4i% >+ 1000mL 2 #r+ -k - £ 2 10% #if& © acetonitrile

=95:5 2 3irH# pH EAFELT4)-

AR R A BRI S T ARl kR 5 Ammol/l 273 R o -
Ve AR E 52 R E E B & B 500l 0 4c ~ 200 uL #72 A 340 mba ~ 37 °C
TREREN I R 2R £ e r 500 pL &R TE 0 2 022 pm iR )

HAERAE * o
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Table 3. Preparation of amino acid standard

Standard Molecule weight Weight (mg) for preparing
50 mL of 4 mM solution
Alanine 89.09 17.8
Arginine 174.20 34.8
Aspartic acid 133.1 26.6
Asparagine 132.12 26.4
Anserine nitrate 303.27 60.7
Carnosine 226.23 45.2
Cysteine 121.16 24.2
Glycine 75.07 15.0
Glutammic acid 147.13 29.4
Glutamine 146.1 29.2
Histidine 155.15 31.0
Isolucine 166.7 33.3
Inosine 268.23 53.6
Leucine 131.17 26.2
Lysine 149.2 29.8
Methionine 146.19 29.2
Phenylalanine 165.19 33.0
Proline 105.1 21.0
Serine 119.12 23.8
Threonine 204.23 40.8
Tryptophan 181.19 36.2
Tyrosine 125.15 25.0
Taurine 268.23 53.6
Valine 117.15 23.4
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N N ST

Column : 5 um » 4.6 x 250 mm > ODS-2 C18 column

Mobile phase : A—0.1 M Sodium Acetate : Acetonitrile (97:3)

B — 80% Acetonitrile
Flow rate : 1.0 mL/min
Injection volume : 20 ul
Detector : 254 nm

Temperature : 38°C

PELE S B

3 (2005) “rifit {7 » ff ddeFa -

24T RBR

Table 4. Gradient program

Time (min) A solution (%)

B solution (%)

0 100
13 93
23 77
29 65
35 60
40 0
45 0
47 100

23

35

40

100

100
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*A = 0.1 M Sodium Acetate : Acetonitrile (97:3) » B = 80% Acetonitrile
PR A

#* HPLC 2z B /& pump  RfrA-Ba fa#d4p T EFFRFR L /P A
MEBREARE o AP - BHRSHEF SOmMIn A F - B SE  w

B K $ R A (50% MeOH +50% Ho0) i ikt i 4 o
T~ %4 € 4 (calibration curve) @ # :

P 0k R 2 RA AR o0 A 1 iR 2 St ~ 20ul 2 HPLC F

P md g RER (retentiontime) 2 LE G fF o REHRERER -
[EAE Nt S L

#r AR 2RI ATERS A R R R ERRER LE AR R

(2) Bk piEns e

hEHRFTY Y B H R R bk C57BL/6 (B6) (] & [MLp B WA 4
B 7+F %o 4~ ¢ «~ (National Laboratory Animal Center, NLAC, Taipei, Taiwan)] - #
WRSEE (TE10E#; AR FFHRY 2 50E) THRLEFTHR - Fio2 HE
L 21-25Q0 M EEWASEE 2128 o £ wa Agma Ltk F 2 (Nawe):
A EEPRIZ2 Eu R e (Controlie) s & p v pRES B F &4k 10mL/kg
BW; 2 = BaJg2e & 7 MKHE ¢ #E2 F3HE2Z AT F>R (VAE) 2 oy
& p A ur RS 1005200+400mg FBdricd HIKgZ R E F PR o B P MR
foz B ey *%'d 5 30% 3 S KB ]\2‘ 60% B Fg 4kl g 4 2LIEpH
Mg iR @ R e RS AR R AR o SRR P A ] Bl2 AR AR Y TR

FlooBEA . T E AP CERY I II2hERE12hE H 0 A R Y ks KL
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£ S

ek

¥ 45k

(i

(=) % Bl

WHRHBRPTF0FIF 16T LA F &R 30% (VIV) R BRI RS R RS2
AR P L S R, A3 E 1333 % 16 BFEFEAL 2
o 11 60%B o AR R AR M ST R B P g AT E AR R o % 43
% 8ik 2 % 163k pFie 7 v JRY § 4% (2% (oral glucose tolerance test, OGTT):
NG R AR AT LG RIS R PR R E BT R
G d? ZpHb g (TG) § 8% 5 1242 b A5 £ £205 16 Bl

PR MR RE S A SRl R E R 4°C 2 -80°C ka0

o
(I) eRBERasFiip

el Bra forane JEpsfs o R R RA FIRE C BFY T ) R4
REVCE BT E ST bk S gk v T PRSI R ImL 4 R
dc# 2 1.5 mL eppendorf # > # ¥ e 05 h v FHEFE > 2 10,000 rpm
(220.87 V05/6, HERMLE, Hermle Labortechnik) 2.~ 10 min A 3w 5 o w F 53 -

80°C /k4a i * o

(%) ©REE AL

AU AR 4k $ 8~ %2 5 16iFs o ¥ HE S 16h L 53 R
PR3OKY 2 F 5 4 0 A B A HET 2 54815 30~ 60 90 ~ 120 2 150 min v d -]

BE#FW e » 17 & 8 (I-SENS, Inc, Korea) B @ s # & ©
() 2% iz ERT

® % % 8% ¥ % 2% 2 (Mouse Insulin Mercodia, Uppsala, Sweden) # iz H 5
PRl s F b 378 FRL RS 0L 2% 5 2 RER > o R RL
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+ (enzymeconiugate) > ** 2B T RIF B A 2h> MFRREC TS > e EEF LT
TMB & ¢ » 1 2 Ngipe ¥ o F J& > 12 ELISA reader (Thermo Labsystem, Multiskan

spectrum) » >+ 450 nm T plE Rk B > Gd Y REERSEER o
(~) ® ¥ AST (aspartate aminotransferase) & {4ir]

B~ 120 pL = '}% > o ‘J%é‘_ it > p # & 47k (CoBAS MIRA PLUS, Basel,
Switzerland) % %= @ 2. 2472 & (Kit) » 47 - H R 4o  o-ketoglutarate fv L-
aspartate % AST it # T4 o |-glutamate 4~ oxaloacetate; @ oxaloacetate £
22 malate dehydrogenase (MDH) i * » 4 = L-malate - ¥ pF NADH # % it =

NAD* » #3340 nmT @ FEpjexa L BT " 2 » REH S AST S
(1) =% +¢ ALT (alanine aminotransferase) il 2

B~ 120 pL = ‘}Fi v M 'J‘f;‘i it > p # & 47 &% (CoBAS MIRA PLUS, Basel,
Switzerland) % %= @ 2. 2472 & (kit) » 47 - 2 R 4o : o-ketoglutarate fv L-
alanine % ALT ni®* 7,4 = |-glutamate 4= pyruvate; m» pyruvate £ £ lactic
dehydrogenase (LDH) i#* » 4 =& L-lactate » = ¥ NADH 4 % - & NAD*» ¥ 3%

30 NMT R F T RGBT F i R 0 RIEFHR S ALT Bl o
() &if? Z YR kAR

P~ 120 uL w5 0 M 2 i 2 p B 4 47 ik (CoBAS MIRA PLUS, Basel,
Switzerland) 2 Z o @2 2472 2 (kit) # 47 - H R1@4cT 1 & * lipoprotein lipase
Poig chd- TG -k f2 5 glycerol » £ ;‘gd § v iT* #-H § (v = dihydroxyacetone
phosphate 4= hydrogen peroxide » @ & # =3 hydrogen peroxide . peroxidase it ™
£2 4-aminophenazone % 4-chlorophenol » & » T34 » HiEwxk B R T &¢

TG 2 kR -
(+-) 27 REFARERR T
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B~ 120 pL = '}Fi M *}Fi’z‘_ it > p # & 7%k (CoBAS MIRA PLUS, Basel,
Switzerland) % :Z = P2 2472 & (kit) #47- 2 R @4coT D¢ % cholesterol esterase
#-cholesterol ester 4| f# = cholesterol> %ﬁé cholesterol oxidase z_ i® * :#-cholesterol
# it = cholest-4-en-3-one f- hydrogen peroxide > @ & # 3 hydrogen peroxide i

peroxidase it * ¥2 4-aminophenazone % phenol ¥ & » Rz ¢ > HiErR sk B R

TS AR LR -
(+ =) HOMA-IR 3+ &

HOMA-IR & » ¥ i 5 2% 8 % 5 "% § ZIedz 35 MZ 2L n g2 % g

(s

v T A o5 2 8 (Matthews et al., 1985) :
HOMA-IR = insulin (uU/mL) x glucose (mmol/L) /22.5
(=) "ReFERE

ﬂq‘—pﬁ;ffﬁg/ﬂ\ ﬁ : +,§§,a;f;:%§,i§; s ;IZ,.EJ‘-—P;%T#% u/% ¥ 7];;;;{; N #I FE > ﬁ,%’;}z,_ﬂq‘—vg/,,\ ;; B
AFE A ENZ R E S B s B A E A - Lize 10% 455 HE
ok gl A MBS e 7 gy B A - &= (hematoxylin and eosin stain, H&E
stain) % 4 & &% 4 ;2 (immunohistochemistry stain) & 7 % & o 3%%KE < Fen ¥
- X plizie st 15% RaaEk- o RN IE R 3 30% RAEKEE - R (8 o BT
ARk Bl bl e B A M EF eSS Y o Oil-Red-O 2744 {5 %
W BB TRR M AE R B U EAUR EEER S s 2y Nl

A g o BEEY BOC ke s o

Oil-Red-O %4 ¢ : B~ 15mg O Oil-Red-O i % » 4 » 50 mLisopropanol » ** % ;8 F
ks BB H LA R f% o 21T 5 stock solution o #-stock solution 7 2 g3 ok
1 3:2 et b fe B = working solution o ¥ 4 ] i * g2 045 um 2 0.22 pm 3t

j& 2 0] BB -;—,2*—‘,% working solution p & ;% f#2_ Oil-Red-O 3ff o #-iF 133t -
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80°C 7k 48 2 ”"f"’_féﬁ'_.?j—‘:%‘« Bk BB A 2 B 8-10um B R o :}%-%’:M—Efﬁn 7 33 50

% isopropanol jE i€ 15min- i3 e bk ¢ 2k is o F b Oil-Red-O 2. working

=

solution> & ¢ 6 min-> £ 14 50 % isopropanol /& %> & 3| % § £ 1 working solutione

~E

5 4 2k 2p

BoScis o f 2 60% it Aty o S EACET BN A )

éu;t..%gfj—‘:%; it & 2 ¢ (immunohistochemistry stain) : %E*P*“.ég.??‘?%i thoa s M B~
RSN 27 FAoFE R SO AR R R F e s B B T 10 mM 2 citrate
buffer (pH=6.0) ¢ > *>*& F 8 @ Fp-k4eg 3 121°C > % Smin e B~ le sy 3 @ 2
WRET A RS F e b E - Bl JF + peroxidase blocking solution
¥ 5min 3 Kfﬁ; e e 2+ o vt iR (10mM Tris-HCI pH 7.4, 0.05 % Tween

20, TTBS) jr& 2 = ts » jF + & 4L 4-HNE 2 % - +248 - & % 30 min » £ 1%
e 2 F b ARk 19G 2 % - o FE 10 min s ForRR R 2 X 0 F
b 3,3-diaminobenzidine (DAB) % ¢ (¢4 ) £ 12 haematoxylin i* 5% % § ¢ 12

Bk

BrAZ- =4 ¢ (hematoxylin and eosin stain, H&E stain) @ #-3+5% % F“ 2 o

B 2 8 A H&E (£ ¢H 8 17) o @ % sk B R A LR IFH e Py e M2 A5 .
(tw) FHRZEH B EAEARER AT

#e] BUFREC A F 42869 0.1 g 0 4 » 2 mL chloroform/methanol (2:1, viv) » #=
Broxt B T#E lhoig Hiv* = 205,000 rpm (220.87 V05/6, HERMLE, Hermle
Labortechnik) = #g.~ 10 min > #-+ k& (Fa F4) P~ o 4er 0.2 B4 2 0.9%
4R LREALTIRF e & pFo A3 2,000rpm (220.87 V05/6, HERMLE, Hermle
Labortechnik) &t Smin> -t iRz - * § § #-2 5 '3 erA IR 40 & > 55°C
Fo & F ¥ vREz o 4 » 1 mLtert-butyl alcohol/Triton X-100/methanol (2:1:1, viviv) s >
3+ 65°C 4r A4 20min s B s U R A L RA T2

(L) 5w rd kR B 2

44



,L

AT PR 2R e F ¢ 35 L MRk Y F]S o (tumor necrosis factor a,
TNF-0) ~ & w2 4 % 6 (interleukin 6, IL-6) ~ v w*z 4 % 33 (interleukin 33, IL-33) ~
k| B'?ftk B 24 =% (thymic stromal lymphopoietin, TSLP) 2 CC A& it F]+ fz i+ 2
(chemokine C-C motif ligand 2, CCL2) - #-i% 5+t -80°C 2 ##3gf# it » #25~ % 0.1 >
e » 1 mL Dulbecco's phosphate-buffered saline (DPBS) #-3+%g32 % » *+ 4°C ~ 500 X
g 3 10 min & 0 B iR 0 G503 -20°C kfa it o i@ % 3 B ELISA A e
(TNF-o~ IL-6 ~ IL-33 ~ TSLP & CCL2) > ~ %] #-2 5 & - 22 748 (TNF-o~ IL-6 -
IL-33 ~ TSLP & CCL2 = capture antibody) B @3t # #3t4z + > 3 4°C R E IR R °
e P 12k (0.05% Tween 20in DPBS) i 5= » 113 5 444l o 4c » assay
diluent » ** /8 T3 & Lh> £ jFikiRxb s 4v» FRH&2 HES (TNF-

~IL-6~ IL-33~TSLP 2 CCL2) » *+ i T3 & 2h e mijriRiRie b uikd S 4
2_ FPIHR 18 0 4o~ TNF-a ~ IL-6 ~ IL-33 & TSLP 2. detection antibody (% — $%8)
BrFRp R TS N FERTERS 1Lh 2 '}%‘i;‘a;‘.’if b d SRR R
A o B AerF G EE AVIIn-HRP 22 % - i o 22 T F B 05h & % - 4=
R4S £ iR ie 7 k3 S R4 2 AVIdin-HRP {5 > S s i X T
TMB & ¢ » 12 2N ERfe 0k F R > >t 450nm T Rl gk sk iE o S 88 4 (T

kR o
Z o BmEA

#chy 1 SPSS (Statistical Package for Social Science) z ¥ %]+ % = 4 45 (One-

way analysis of variance) # s > 2 LSD ' e e B3 & 2. £ B o
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- REEAR A A A

FREEFP RS Vot 1848 ¢ 20 Az 2L 2l s 20 (£
5)c H ¢ & ¥ F avxilpi ik B % Proline~Phenylalanine~Valine~Asparagine %2 Leucine-
T H xR E 2 84.05% - 4t ¢t > Taurine & 0 MRz R 2 2.69% -

A5 - RAEBRLILARS L
Table 5. The amino acid composition of sambar velvet antler extracts

Amino acid Amount (mmol/L)
Alanine 1.14
Arginine+ Threonine 7.24
Aspartic acid -
Asparagine 34.49
Cysteine 28.15
Glycine 0.31
Glutammic acid 3.16
Glutamine 0.16
Histidine -
Isolucine 14.61
Inosine -
Leucine 28.84
Lysine 14.99
Methionine -
Phenylalanine 46.27
Proline 371.55
Serine 0.35
Tryptophan 2.40
Tyrosine 10.22
Taurine 16.78
Valine 43.26

Anserine + Carnosine




(<) T RLME  BHE KEHRALE

7 30% F R LERE 60% B ra A h E AP I TR o 2

e (R EE Ep 4w o RES 100200~ 400 mg/kg 2 AL H F B 2 AR )
HMELFRRHD PR M LE ey R Y HFF L ¥ 2F (Nawe
2)(R3:P<005) LFRBRFEHFHEFLHE 2 ¥ o FHFHOTH v 0wy - &

B30 RERE TR BN T RHE LY 5 K (P<0.05) o AITHE /Y

(P<005): @ AE§Iipss 2 & g £ A 7D F ot RS 2 T
PELA R RHFLE (2 6) W HERBETER LR 1
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F e THEs BREYE 12

Figure 3. The effects of velvet antler extracts on the changes in body weights in high
fructose corn syrup and high-fat-diet induced NAFLD murine.

VAL: Velvet antler low level of extract (100 mg/kg); VAM: Velvet antler medium
level of extract (200 mg/kg); VAH: Velvet antler high level of extract (400 mg/kg).
abc Means in the same time point without same character differ significantly (P <
0.05).

n = 12 for each mean.

B Z PR (200 mg/kg) s

26 REFERER SR RS E ] R AL A P E 2R
WORZ TRE R LB

Table 6. The effects of velvet antler extracts on the weight gain, and weight of liver,
spleen and kidney in high fructose corn syrup and high-fat-diet induced NAFLD
murine

Trait Nawe Control VAL VAM VAH RMSE
Final body weight, g 2413 34.73* 33.01° 32.38° 33.13" 2.83
Weight gain, g 2.36° 12,57 11.08® 10.10° 10.98%* 2.09
Liver weight, ¢ 0.92> 1.11* 1.05% 1.03* 1.03* 0.10
Liver weight/body weightx100%, % 3.80* 3.19? 3.17% 3.17% 3.12% 0.19
Spleen weight, g 0.06° 0.08% 0.06* 0.07% 0.07®* 0.00
Kidney weight, g 0.28° 0.33% 032 0.31* 0.32° 0.03
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VAL @ M & A B 5 2% (100 mg/kg) s VAM : # & & A 5 % P& (200 mg/kg) ;

VAH : % & & A 3 5P~ (400 mg/kg) -

W B AR EC B AT EHE LR (P<0.05)-

& e TimEs Ry L 12

VAL: Velvet antler low level of extract (100 mg/kg); VAM: Velvet antler medium level
of extract (200 mg/kg); VAH: Velvet antler high level of extract (400 mg/kg).

ab¢ Means in the same time point without same character differ significantly (P < 0.05).

n = 12 for each mean.

e

E
e
E

AT-REFTRER FHI P AR RAFH L BT A R R 2
TRnpEEl BY

Table 7. The effects of velvet antler extracts on the weights of abdominal fat,
epididymal fat and perirenal fat in high fructose corn syrup and high-fat-diet
induced NAFLD murine

Trait Nave Control VAL VAM VAH RMSE
Abdominal fat weight, g 0.22° 1.622 1.48% 1.42° 149 0.36
Epididymal fat weight, g 0.04° 0.23% 0.22% 0.22* 0.22* 0.05
Perirenal fat weight, g 0.08° 0.812 0.722 0.70*° 0.71* 0.16

VAL @ <& & B H X P& (100 mg/kg) ; VAM @ ¢ & & A & % P& (200 mg/kg) ;
VAH : 3 %8 A & ¥ 3% (400 mg/kg) -

W R A FEY B AT EEFLE (P<0.05)-

B TmEz LRy 5 12

VAL: Velvet antler low level of extract (100 mg/kg); VAM: Velvet antler medium level
of extract (200 mg/kg); VAH: Velvet antler high level of extract (400 mg/kg).

ab¢ Means in the same time point without same character differ significantly (P < 0.05).
n = 12 for each mean.
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(=) TR Fhgat X Es

@ 30% F RAEL KR E 60% B o d A E LT L TR o 2

2 A% 16k 2 IR F AL HEKZ Omin o 4 PR EFRT Y EHEE

(P<005) iefishm o2 B¢ @AFLE (P>005) ¢ & et 412 30min &

WL FE 0 CEFEEA T o 0% 150 min L8 BEE S ¥ EE FHER

Hibwlek i F (B 4A:P<0.05)c # §aat s sk LK pd T 6 47 o
W

FaelgE i e 24 (B 4B P<0.05)-
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VAH : 3 #& & 2 532 (400 mg/kg) -

abCin e B AR E T PNE AT EMELE (P<0.05) -

*TOE BRIEKYT S 12

Figure 4. The effects of velvet antler extracts on oral glucose tolerance test (OGTT)
in high fructose corn syrup and high-fat-diet induced NAFLD murine. (A) the oral
glucose tolerance test (OGTT); (B) the area under curve (AUC).

In the oral glucose tolerance test, glucose was administered (3g/kg) by
intragastrically administered after 16-h fasting.

VAL: Velvet antler low level of extract (100 mg/kg); VAM: Velvet antler medium
level of extract (200 mg/kg); VAH: Velvet antler high level of extract (400 mg/kg).
abc Means in the same time point without same character differ significantly (P <
0.05).

n =12 for each mean.
51



(=) % § R

bR AR SR AR Y RRFLE (R 8) ML & F
3

A8 REIZFRER FBR AR S R RLFRE R AT A Y 2L Y
# kA2 HOMA-IR &2 %%

Table 8. The effects of velvet antler extracts on the serum insulin concentration
postabsorption and homeostatic model assessment insulin resistance (HOMA-IR) in
high fructose corn syrup and high-fat-diet induced NAFLD murine

Trait Na've Control VAL VAM VAH RMSE
Glucose, mg/dL  144.67°  178.92*° 203.75®® 203.25% 176.50° 42.80
Insulin, WU/mL ~ 6.77 7.92 7.97 6.65 7.14 1.80
HOMA-IR 2.42° 3.53%® 4,122 3.42% 3.08%® 1.39

VAL @ <& & B B X P& (100 mg/kg) ; VAM @ ¢ & & A & P~ (200 mg/kg) ;
VAH : 3 &£ & 2 5 P~% (400 mg/kg)

Wi EREL . AP E G AT EHELE (P<0.05)-

e TioEz RAREKYE L 12

VAL: Velvet antler low level of extract (100 mg/kg); VAM: Velvet antler medium level
of extract (200 mg/kg); VAH: Velvet antler high level of extract (400 mg/kg).

b Means in the same time point without same character differ significantly (P < 0.05).

n = 12 for each mean.
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Ll HOTHER ZEY N REA T HERI Y EX A LHFREBEY K

(95 P<005)- e WH=AM  HERE F %5 d (P<005) 7 %7 A

H O P % 20 MR

ek

B r fealE iR (£9)-

29 -RAEAZIBREZ % *%;g P A3 g ﬁ(;;;m.&_ea 935 35 )’% v s-T—a;i,;‘P\ = p»;
Hd g2 REFRER2ZBE

Table 9. The effects of velvet antler extracts on the contents of hepatic triglyceride
and total cholesterol in high fructose corn syrup and high-fat-diet induced NAFLD
murine

Hepatic lipid content Naie Control VAL VAM VAH RMSE
Hepatic triglyceride, mg/g 26.7° 44.9% 38.6° 37.6° 374> 7.34
Hepatic total cholesterol, mg/g 222  3.47% 2.80° 3.05% 293 0.81

VAL : & & A E 3 5% (100 mg/kg) ; VAM : ¢ & & i 2 5 2% (200 mg/kg) ;
VAH : 3 & A H ¥ B~j% (400 mg/kg) °

WA TR A R E Y BB AT EHEFLE (P<005)-

K,éft TOVAH fe 2 @i s 112 ¢ > Hepdt e TinE 2 moady 5 120

VAL: Velvet antler low level of extract (100 mg/kg); VAM: Velvet antler medium level
of extract (200 mg/kg); VAH: Velvet antler high level of extract (400 mg/kg).

abe Means in the same time point without same character differ significantly (P < 0.05).
n = 12 for each mean except for the triglyceride and cholesterol levels in Group VAH,
where the numbers of observation were 11.
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5 30% BRI AR 60% B % A E N AP TR g 2
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Table 10. The effects of velvet antler extracts on serum levels of triglyceride and
total cholesterol in high fructose corn syrup and high-fat-diet induced NAFLD
murine

Serum lipid level Naie Control VAL VAM VAH RMSE
Triglyceride, mg/dL 62.8° 107.9° 116.1%® 114.2* 126.0* 17.2
Total cholesterol, mg/dL 65.1° 149.88 152.9° 150.5* 146.5% 16.8

VAL @ <& & B B X P& (100 mg/kg) ; VAM @ ¢ & & A & P~ (200 mg/kg) ;
VAH : % & & B &2 3 P& (400 mg/kg) -

D R A FE BB AT LEFLE (P<0.05)-

e ImEz LRy 5 12

VAL: Velvet antler low level of extract (100 mg/kg); VAM: Velvet antler medium level
of extract (200 mg/kg); VAH: Velvet antler high level of extract (400 mg/kg).

ab¢ Means in the same time point without same character differ significantly (P < 0.05).
n = 12 for each mean.
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(P<005) @#n ok madg¥id (% 10) $m o2 AST & ALT % 0g 3 30

EE T RS ST

2U-AEZPFRER F B3 R d ) RLFW %8 B¢ & jF AST 2
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Table 11. The effects of velvet antler extracts on the serum aspartate
aminotransferase (AST) and alanine aminotransferase (ALT) activities in high
fructose corn syrup and high-fat-diet induced NAFLD murine

Serum enzyme activitiy (U/L) Naive Control VAL VAM VAH RMSE

Aspartate aminotransferase 114.2% 130.1* 88.3°> 84.7° 86.1> 43.1
Alanine aminotransferase 44.8® 53.0° 334" 29.3* 31.8" 209
VAL @ <& & B B X P& (100 mg/kg) ; VAM @ ¢ & & A & P~ (200 mg/kg) ;
VAH : % & & B &2 3 P& (400 mg/kg) -

Wi R A REY BB AT EHEFLE (P<0.05)-

e ImEz LRy 5 12

VAL: Velvet antler low level of extract (100 mg/kg); VAM: Velvet antler medium level
of extract (200 mg/kg); VAH: Velvet antler high level of extract (400 mg/kg).

ab Means in the same time point without same character differ significantly (P < 0.05).

n = 12 for each mean.
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Figure 5. The effects of velvet antler extracts on the liver gross appearance in high
fructose corn syrup and high-fat-diet induced NAFLD murine. Each plate is a
represent in each group.
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Figure 7. The effects of velvet antler extracts on the histology of liver in high fructose
corn syrup and high-fat-diet induced NAFLD murine. (A) stained with hematoxylin and
eosin (H&E); (B) stained with Oil-Red; (C) stained with 4-hydroxynonenal (4-HNE) of
immunochistochemistry.

mm) Fat vacuoles; —» Droplets; » 4-HNE.
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(4 ) % 4m% g% (TNF-o~ IL-6 ~ CCL2 ~ IL-33 ~ TSLP)

P RE R F K b
PREEFHERT
AR L6 § R B FME AT F I A o ME RS R L (R
12 P<0.05) ; #¥%p} CCL2 2 IL-332 3 £ A2 %L 63 Mm@ HE &3 #
TZRBESFPR THYRMREY S M (P<0.05)-

212  REFPRER FB3 R EE ) BLFH 7 508 5 Y TR Save
FEARBELBE

Table 12. The effects of velvet antler extracts on hepatic contents of cytokines in
high fructose corn syrup and high-fat-diet induced NAFLD murine

Cytokine content

Naive Control VAL VAM VAH RMSE
(ng/g)
TNF-a 27.1° 53.72 43.2% 39.0° 345 16.11
IL-6 95.6° 209.3? 152.82  147.5* 90.1° 87.96
CCL2 22.9° 43.12 26.2° 315" 29.6° 14.98
IL-33 59.8° 109.72 73.5° 61.9° 582° 31.85
TSLP 42.0° 81.9° 63.7%° 60.5° 51.6°¢ 23.13

VAL @ <& & B H X P& (100 mg/kg) ; VAM : ¢ & & A B 5 P~ (200 mg/kg) ;
VAH : % & & A B 5 P~%& (400 mg/kg) -

W - A pEY R AT EEFLE (P<005) -

FERES VAH 22 -6 2 Lpdcs 112 ek o T0E 2 Ragy 51
VAL: Velvet antler low level of extract (100 mg/kg); VAM: Velvet antler medium level
of extract (200 mg/kg); VAH: Velvet antler high level of extract (400 mg/kg).

ab.¢ Means within the same row without the same superscript differ significantly (P < 0.05).
n = 12 for each mean except for the levels of IL-6 in control and VAH, where n = 11.

59



£ 3t

AFTTETRY 2 G o RRZ REM Y A AfRE 825 B e LS A

%

Beisz EEBpT oMM 18 FEE R A 0 & 4a e T RARE 2L TRARE 2
Ao B¢ B ¥ F en i Proline ~ Phenylalanine ~ Valine ~ Asparagine % Leucine » %, =
b ool s s F 984.05% o 4t 2 % 22 Joen et al. (2009, 2011) % 3 (2005) #7i¥ 1%
B4 g2 AR 341540 P60 P EAMAE AL P T = BN
Foomd 6 M BECKfRS > v RS 16 kit o # ¢ Aspartic acid ~ Glutamic
acid ~ Proline ~ Glycine 2 Arginine i+ } 7 "l pi % § 9 32.5-37.2% > ¥ "%k fk 2
PFREFENAANER - Wiz RRAR G BRI EF LA T
(Jeonetal.,2009) - f2 4 {6 65 p ~80p 2 95 p2 £ WEBARE L 5T BNz (top;
upper; middle; base; bottom) » & d 6 M FAL-KfZ{S 0 EIMRE 2 RAM Z E 3 H
s BN ¥ f2 41565 P 2 AE - HTER2 Threonine ~ Serine ~ Glutamic acid ~

Isoleucine ~ Leucine ~ Tyrosine ~ 2 Phenylalanine & 2 & » ¢ % >t % 4 {5 80 p 22 95

e /&‘ﬂﬁ (Joenetal., 2011) - c BB ETIET 2 RE A S H L ~ BE
3 e Z Nz & g E B> & 47 Glycine ~ Alanine ~ Proline ~ Arginine 2 Valine %

zﬁw%ﬁ’%ﬁﬁiiﬁw%ﬁﬁi*”ﬂwﬁ%ﬂﬁ’“,ﬁwﬁﬁéid%
% ™ 4 w] 52 Glycine ~ Alanine ~ Proline ~ Arginine 2 Valine (2 » 2005) - #* % %% % 2_
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d SEREEGT 0 @ B 5 PR Y AR AR ST EREEE 5 1) € 25 & 5y s (Lewis and
Mohanty, 2010) - A7 7 &% 0% 1 %121 » &5 MEFREZ R B I 22 0] H30%
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E 3
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SH T EEREFZ LY .H_JF’f (de Castroetal., 2013)- &5 z244B6-] & 40%
B E BB ]\& 60% % A8 v ¢S] R BERKEF ?ﬁﬁ‘.&giﬁ
(Mookkanetal., 2014) - #~] R o Sz %2 (BB FBEE - B a3 S EEZ
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Table 13. Benefits of amino acid to the liver

Content of total

amino acid (%)

Proline ROS elimination 59.55
(Obayashi et al., 2015)

Amino acid Benefits

Branched-chain amino acids Liver failure improvement 13.90
(Valine, Leucine, Isoleucine) (Wang et al., 2015)

Sulfur-containing amino acids  Lipid metabolism regulation 7.20
(Methionine, Cysteine, Taurine) (Nufio-Ayala et al., 2010;
Chen et al., 2012)

Asparagin Immune regulation 5.53

(Wu et al., 2015)

WIERME 2 - #632kDa % %> LA AR SRR > F ] R e
2@ |L-12 ek 3 0 @ ThO cell (» fik«fﬂ\ Natwe Tcell) 4w 4 i+ 2 Thlcell » ¥+
Tl IFN-y chs s > £ 5 % |L-4 ek e & (Zhaet al, 2013) - A B % R ¥ 518
EiLXE M2 TA Mm@ naveT wmfe A V485 5 Thlcells s i&a *f MiEacl:
IgE #7224 = 2 WM P mie ZE2 7 SRz BRF R (AL,
201 - REREFRTHRA w2 Brgic 4 0@ FIAIRER ¢ T FHRFAR R o
il b ¥ OEGEH L F B2 LTA (lipoteichoic acid 5 — & 'wm Fim Pz fE2 = &) ¥t &
Evflm 2 P9 A B AR OREREF R A HIL RE RN RE B
o e R FRG) JRE g we Y TNF-a fe IL-6 (4 s & (Daietal., 2011) o gt ¢ >
PR e AR A L) BRGNP A MR BRI R il o B E L H B
&7 TNF-a ¢4 & (Suhetal,2007)c ™~y F AT RA L F 4 L2 LA D &2
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Abstract

Non-alcoholic fatty liver disease (NAFLD) is a common liver disease. The NAFLD
is attributed to the increase in fatty acid synthesis or decrease in fatty acid -
oxidation. Nonalcoholic fatty liver disease is associated with increased lipid contents in
liver and serum. Recent studies have suggested that some NAFLD patients may develop
into liver fibrosis, cirrhosis, or even hepatocellular carcinoma. Velvet antler has been used
in traditional Chinese medicines and health foods about 2000 years. In the present study,
we investigated whether and how the velvet antler extract of Formosan sambar deer
(Cervus unicolor swinhoei) prevents the onset of NAFLD in murine model. Male
C57BL/6JNarl mice were randomly allotted into five groups: naive group, control group,
and three treatment groups which were administered with 100, 200, and 400 mg/kg
respectively, velvet antler vinegar extracts (VAE) daily, by gavage for 16 weeks. The
control and the treatment groups were offered high-fructose corn syrup and high-fat diet
(HFHF) ad libitum to induce NAFLD, while the nave group was offered distilled water
and normal diet ad libitum. Results showed that the control group had a higher body
weight than the naive group, and exhibited many characteristics of NAFLD. There were
no significant differences between control group and treatment groups in body weight
and weights of spleen, kidney, and liver. Velvet antler extracts significantly lowered
serum levels of alanine transaminase (ALT) and aspartate transaminase (AST) activities
as well as hepatic tumor necrosis factor-o. (TNF-a), interleukin-6 (IL-6), thymic stromal
lymphopoietin (TSLP), interleukin-33 (IL-33), CCL2/monocyte chemotactic protein-1
and triglyceride contents, compared with control group. On the basis of histology, VAE
alleviated the fatty liver led by HFHF diet. It is concluded that velvet antler extracts may
be an idea alternative medicine for preventing HFHF-induced NAFLD.

Keywords: Anti-inflammation, Mouse, Non-alcoholic fatty liver disease, Velvet antler
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Effect of the Velvet Antler of Formosan Sambar Deer (Cervus unicolor swinhoei )
on the Prevention of Nonalcoholic Fatty Liver Disease in Mice
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Chun-Han Lioa, Chang-Chi Hsieh and Shyi-Kuen Yang

! Department of Animal Science and Biotechnology, Tunghai University
40704 Taichung, Taiwan.
Tel: 886-4-23590121#37116, skyang@thu.edu.tw

Velvet antler has been used in traditional Chinese medicines and health foods about
2000 years. Hepatic manifestations of the metabolic syndrome are implicated in obesity,
type 2 diabetes/insulin resistance and non-alcoholic fatty liver disease. Here we
investigated whether and how the velvet antler extract of Formosan sambar deer (Cervus
unicolor swinhoei) protects against the onset of hepatic manifestations of the metabolic
syndrome in murine model. Male C57BL/6JNarl mice were divided into five groups:
naive group, control group, and three treatment groups which were administered with 100,
200, and 400 mg/kg velvet antler extracts (VAE) daily, respectively, by gavage for 16
weeks. The control and treatment groups were induced NAFLD via high-fructose corn
syrup- and high-fat (HFHF) diet and naiive group ad libitum in normal diet for 16 weeks.
Results showed that there were no significant differences between control group and
treatment groups in body weight and weights of spleen, kidney and liver. Velvet antler
extracts significantly decreased serum levels of ALT and AST as well as hepatic
triglyceride content, compared with control group. It is concluded that velvet antler
extracts might be an idea alternative medicine in against HFHF-diet-induced hepatic
manifestations of the metabolic syndrome.

Keywords: Anti-inflammatory, Velvet antler, Non-alcoholic fatty liver disease
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