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Abstract

Histidine is an essential amino acid and present in brain, skeletal muscle and liver.
Several studies have reported that it could provide anti-oxidative and anti-inflammatory
protection. Our previous study also found that histidine or carnosine supplement
markedly reduced oxidative and inflammatory stress in mice consumed 5% high saturated
fat diet (HFD). Furthermore, we observed that histidine and carnosine exhibited similar
effects. The major purpose of this present study was to investigate the effects of 0.1%
and 0.2% histidine in mice consumed 15% HFD prepared from butter. Mice were divided
into 4 groups: normal diet with water, 15% HFD with water, 15% HFD with 0.1%
histidine and 15% HFD with 0.2% histidine for 8 weeks. Results showed that mice
consumed HFD had higher body weight, epididymal fat weight, insulin, uric acid,
triglyceride (TG), total cholesterol (TC), low density lipoprotein and leptin levels; and
lower ghrelin and adiponectin levels than mice with normal diet. However, the intake of
histidine significantly diminished level of insulin, HOMA-IR, uric acid, liver TG, LDL,
serum TC. Supplementation of histidine also significantly reduced leptin, and increased
ghrelin and adiponectin. These findings suggested that histidine was a potent agent to

alleviate high fat diet induced hyperlipidemia and insulin resistance.
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BAIr ARG G A MEE DR 3 RIFY - EF LN g e v IR
g wikeng 4 (Lee, Pinnamaneni et al. 2006; Aradjo, Leiteetal. 2011) ; @ < & & * 4%
frig i5(16:0)fF » 7 7 & H4ed ¢ Fgimm st ff 0 ¥ § 1% 48 reactive oxygen species
(ROS)#4 =g =3 it R4 H>H 4o gf L 1E* 2 w2 k- (Kennedy, Martinez et al. 2009) -
e ? FHEPA B ode oo € e ¢ MYEHEEE LDLe § &% LDL i 5 P
Y i g BT 5 VA LDL > Ak F S 2 23] T e 2 H ik ere > ¥ -
G o B A A F S F LTS 2 A A LDL ) ke > A
FAEEA Hovh FAHDEN (Seo, Qi etal 2005) o v gkdp & o be ety
i R smdAE 0L 2 %% B # 1e e (Lee, Pinnamaneni et al. 2006) © #5757 » FF 0 A&
SR IR G ER S EPHMELRE T EE R4 IR Y B igdaf o T
BE A ? DY TR A LDLER » » ¢ i+ %995 (Ha, Kim et al.
2011)- %+ -] &% % 4% & ¢ 3 4o sterol regulatory element-binding proteins (SREBP)-1c
en# JE » SREBP-1c % - #4- %]+ > & it SREBP-1c # {1/ acetyl coenzyme-A
carboxylase (ACC) -~ fatty acid synthase(FAS) iz F1 & 30 » Hf 4e g Fe2 £ = (Peng,
Rideout et al. 2009) - ~ B4k & F &rfcid "aér a 8k (s » € RAE H e ; B < B o
2 G RIEdL T A T P e T3t e ERAFH BT
(Carmiel-Haggai, Cederbaum et al. 2005) -

4 [ ®] 2-1] (Mathias, Vergara et al. 2010)#77% > 4% & ¢ chée{rig B ™ i € 8
NiEd pEEABAS 161 181 ssfh s ¥ - 2 a4 avP en18:2 % 18: 37,

SRfes ¥ oA WD fEE R34 & omega-6 (n-6)£2 omega-3(n-6) i 71 Fg Bk o
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[ B 2-1] "q95pe 4 = B R

A )I?’%a‘ﬁ &5 n-6 PoixpEL ¢ charachidonic acid (AA) ¢ %gé fi¥ % cyclooxygenase {v
lipoxygenase 7} = & f& 34 ¥ L %]+ > 4e prostaglandin E; (PGE,) ~ thromboxane A;
(TXAz)% leukotriene B4 (LTBy) % » 1 F )4 = ¢ i8¢ & n kAR 2 ' ¥ ;@ n-3 %y
a4 ¢ eicosapentaenoic acid(EPA)¥ 1122 AA 1+ A fafk % 4 & PGE; ~ TXAg
2 LTB, % 7] 3 o o g XL TS 4 & 7% g L F &4 B 2-2] (Simopoulos 2010) -
¥ v‘}]?e#;q Do R AME MR %Y %S EPA G Mg L F]F TNF-q 2 IL-15 0

»z % (James, Gibson et al. 2000; Kang and Weylandt 2008) -
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=~ Pg i e Bk (Adipose tissue)

sl A e g imre B T RVA o o d R i re e s L
fn%e 2 E e iwre (Otto and Lane 2005) « 5% v 1 §T et & R IRGE ~ Ade & PFRE
b AR hPEALE AL > X AR L PES I ) o o P b ey B T A G o
¢ 737 k2 5 (white adipose tissue s WAT) £ 1z ¢ *q %7 ke % (brown adipose tissue ; BAT) e
B fgipm ks W A SR T E PR RER S AT R AL MR R 3 1 4
% (Chowdhury, Sjostrom et al. 1994) - WAT £ BAT 3 7 I it syt » WAT # 315
i £ @ BAT #rij 425 £ (Gustafson 2010)> 7 = 1]%#;] d1 BAT 28w Lz 33, F % 5T R |
% g 4P (Hammarstedt, Jansson et al. 2003) -

S A g aee T U SRR o R RIS E T E RS H G
adiponectin -~ resistin) ~ #g %5 % 34 cholesteryl ester transfer protein) ~ % & i¥# (4o
TNF-a~ IL-6) ~ = /& 34 #- (4 angiotensinogen ~ angiotensin 1) 12 2 #& & 7 % (4 leptin) »
VR S R A B N o @ JEATR TR L L E 3t (Hajer, van
Haeften et al. 2008) - ~ & j% @ adipokines ik & § SE ¥ %q 2 R 2 7 7% w22 M ff
H4vm H4eom o ¥ adiponectin sk & AR EE A Em 0 (Wannamethee, Lowe et

al. 2007) -
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GASEIE SRR 3 Sl S SRR S SR et
Faislm e 1R B R mie A awt G AR o o R E R LR o g
%G R IRFO MR 2 v B A SR ' (Hajer, van Haeften et al. 2008) > 4-[# 2-3]
(Galic, Oakhill et al. 2010) -

Fgdp s Bt how ko sk eng § 2t e 32 (Otto and Lane 2005) -

peic B
D rgiple e B v w4 3 fEo — f8 5 M1-macrophages & & 4 & TNF-a r IL-6

Flt g H e W F R ¥ - 85 M2-macrophages € 4 s L g e E o 4o IL-10 o

b g iy hete ¢ 4 & A L M2-macrophage > & 5B § b 4§ b i
WAL o g n e 4 > 3R A 40 M1-macrophages 04 R 0 H 4 s TNF-a e
IL-6 ch & €48 % > 3 4o L F o g isp 5 NFk B > 3 4 adipokines 4

w0 A& A4 P dnimie vk B 2 e e [B] 2-4)]  (Lumeng, Bodzin et al. 2007) -

s Mid obesity Severe obesity
Insufincsansitive Insulin-sensitive Insulin-resistant ® W2 ATM
: iNOS CX3CR1"'CCR2
TNF- o

® M1 ATM

(A IL-6
CX3CR1™CCR2"

Arginase IL-10
IL-10 : Arginase 4
IL-10

/ A |

[B] 2-4) %o 551 4= K42 B cd L K
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) Leptin

Leptin 2. d obses A F1@Wig & 2 hiv F > T d "giplmie 210 8 o B4 7 %
LA L E FF R R e 2 4 leptin o b TNF-a ~ PFaErg s 2 4 £
Z+ g it leptin 4 > v G A 27 ¢ B P58 leptin (Saladin, De Vos et al. 1995;

Zhang, Kumar et al. 2000; Hajer, van Haeften et al. 2008) - ~ "% T AL F A 8 F» $&P~ ~

ek

TR E A N2 L BALERLDELY o FEL & P4E I (Rabe, Lehrke et

e
Rt

>

al. 2008) - Leptin A#7q 95 e S i 1S o ¢ BB R TR T ARG FalREEE T AR S
eoleptin £ %X B & (Sahu2003) > & F T AR 25 5 40 S5 eniE (40 2 4 504 PR
e & I & o 4o P ] neuropeptide Y ¥ agouti-related protein - E_iE
pro-opiomelanocortin % - & & #5*3 ™ (Cheung, Clifton et al. 1997; Klok,
Jakobsdottir et al. 2007) - < )’%:}ﬁ 21 > leptin ¥ 1235 3E % i AMP-activated protein
kinase (AMPK) 3§ 4¢ 35570 35k § 1 (8% & sep {oiy 95 mbe g s 4 2 18 % > 3 4
#] T AR E T AMPK iE 1 > i@ rd] @ #5 (Long and Zierath 2006) - # 7 &+ 0 =
Reagagais  AMELAMm R4 TFRe G0 leptin kR~ SE2 H
v (Handjieva-Darlenska and Boyadjieva 2009) o ¥ — #7 % 4p i » 5% 3 2@ f e

FRER ? leptink B 27 1 - A leptin ik & & ot ¥ W€ hiEH § (Nam, Kratzsch et
al. 2001) o o 12 F ¥ dv o sk tiugg 3§ anleptin g e H Aril o pRE gl
FEMEFMGLL S BT R E R AR Tk o A RAEE A S R
B 5 TARE leptin resistance % & (Munzberg and Myers 2005) o # 4+ 5 S 4p 1
B4R G B AL S 123F15 > @ iF leptin JEARRF FH > T drdiep AMPK
EME B AL chAMPK E 1 (Martin, Alquier et al. 2006)- Cytokine signaling 3
(SOCS3) i — 44 leptin signaling = & F~4] F]+ (Wormald and Hilton 2004) - < ;‘&

ipd1 > SOCS3 ¢ & £ 3 leptin chi% < F - [2%7 leptin signaling - & * SOCS3 ¢ =
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T| leptin 343 & Tl £ RE o F)pb s & 5 4o leptin A2 o f1 SOCS3 4 IR
Fr+4 leptin signaling- i& m & = leptin resistance (Bjorbaek, EI-Haschimi et al. 1999) -
AN VRE = Fé:ui SV S AT ERY ¢ h BRI ’“—*Ff ZEh o Lt ]
cytokine signaling 3 (SOCS3) #r#1 leptin #7;% it ¢ AMPK signaling: #4175 "4 4 §
L AR s H ARy A & s @ E Rk, H 3 5142 leptin resistance (Long and

Zierath 2006; Steinberg, McAinch et al. 2006) -

) Adiponectin

Adiponectin » Z_d Fgipimiz e B A 4 o FARIEERANE T o] A
e PRk o AR Ap Tl BATIE L G R NipR iz LY 0 B 55{:
adiponectin # % (Hajer, van der Graaf et al. 2007) & #5737 B > 4k S F D 4 9
B ek By H o foc adiponectin » % ¥ <3t 1 ¥ 4 & 2| & (Kadowaki and
Yamauchi 2005) - adiponectin ¥ % #E7% i AMPK @ "% 3F%H 44 & =5 > 3 4
SFREE vl FpanEs g L fE 5 ¥ — 2 G o adiponectin A & b N e S E S
@ i 3% < % adiponectin receptor 1 (AdipoR1) % adiponectin receptor 2 (AdipoR2) -
PR g By MR LR R A dr 450 ¢ B (Yamauchi, Nio et al. 2007;
Ha, Kim et al. 2011) - = ;Fﬁe:};] a1 A streptozotocin(STZ)#% % A 4 & 5 % 2 3

£ BB ] B F Aot 2o AdipoR1 2 AdipoR2 ¢ mRNA # T f BEH 4

—\

P ARG 2Nk R H O mRNA £ R E ¥ B ¥ 't > gt & 57 adiponectin
BXREWE 25§ w3 (Tsuchida, Yamauchi et al. 2004) - - = )’%:}g B g
%6 &I fishob/ob o) B> HFREZ s s skd AdipoR1 2 AdipoR2 ¢ mRNA
R T R F MO 4] ke &L (Tsuchida, Yamauchi et al. 2004) - -] B4 5 F 4 4%
& 7¢I AdipoR1 2 AdipoR2 a7k F] 4 3 *# 14 > ¥ 3 4v insulin receptor substrate

(IRS)-1 ~ ACC ~ FAS ~ SREBP-1c ek F1& & » pt = )’%JJ AR L N =



#8 "% AdipoR1 2 AdipoR2 e# E » # T 5 AMPK & £ ¥4 I PF# % IRS-1
e LV {1 SREBP-1c » ®ig 73 %%pc 4 & = (Matsunami, Sato et al. 2011) - ¥ -

PR ET RS F A S e B i R adiponectin ik & B F
TEAR G2 R T Ak Bl T E & F it (Razny, Wator et al. 2010) -
F]pt o adiponectin e M AL B Rpigr g S AT kG £ Rk d oo *
# SLgF o BTk g A adiponectin # X B A R E T 'E 0 i 34t adiponectin shaz
B iEa gk Frefo © A2 - BESER o[B8 2-5] (Kadowaki and

Yamauchi 2005) -

Obesity

U 4 N

Decreased Adiponectin Levels Hyperinsulinemia

|

Decreased Adiponectin Receptor Expression

1

“Adiponectin resistance”

Decreased Adiponectin Effects

: ]

Insulin resistance

“Vicious Cycle”

[ B 2-5]) %= 5&%% i< adiponectin s i®* &m i3 = % & & [edn

(=) Ghrelin
Ghrelin 2 B # 842 i £ A#anS g mf 5 >~ 4 growth hormone

secretagogue receptor (GHS-R) ehfedl » Y22 % & 7 flijgrd & gk A i o sk R Jg

fon

€ Tcd 84 ghrelin > ¥ 5 d v R & T T AR F I neuropeptide Y (NPY) %

10



agouti-related peptide (AgRP) §;# & 25 (Ukkola 2003; Murphy and Bloom 2006;
Li, Wang et al. 2010) - 4p & > tRfpig @ & w4+ 2 {5 > € 5 i1 ghrelin sk &
(Shiiya, Nakazato et al. 2002) < ## 3 45 4 » % ¥ # & & Jf: ghrelin )k & ¢ 28879 9% 7
LT S T * o5 5 % = kb (Tschop, Weyer et al. 2001) - # + f8 55 d $#29% 1 5
5 E %1530 448V FR Jf: ghrelin =)k & *% M &1 % & % ¥ & £ ¢ ghrelin
S 2 - (Saad, Bernaba et al. 2002) - Ghrelin £ H 3252 B+ & 055 5
nre o ghrelin cndf 40 ¥ X5 d A G A B i o PR B L % 5 (Wierup,
Svensson et al. 2002) ¥ = = & - & chai F ghrelin ik & 21475 7 £ 5 f AR B
RPN A EHF S LI g R R L e @ ghrelin
J & (Handjieva-Darlenska and Boyadjieva 2009) - # 3 &+ ghrelin ¥ ©# 3 #7 &
PP L F B E PR € XA a 2 R B A ' M (Ukkola 2003; Klok,

Jakobsdottir et al. 2007) -

(z) "% % % (Insulin)

b A RS e A A S R L A R I ER LR R P
w0 W E AR R RN TR NPT P TR Fod ik f ARER
(insulin sensitivity) 2 — B& v & » §E 4% 5 % *ﬁf Tk i e e d Roruge 2
DE M R FFDTRA A T F OB R R R i 4 o 3% F e d(insulin
resistance) P £ 3p %% § & f§ F AF N HeniT* i 4 k33 (Gastaldelli, Natali et al.

2010) - — Rl €% & F e (546 2 > ¥ 4L * chF  homeostasis model
assessment-insulin resistance (HOMA-IR) > =:3¢ % HOMA-IR index= insulin( uU/mL)
x glucose( mmol/L )/22.5- r2 3 Quantitative insulin sensitivity check index (QUICKI) >
~ 34 5 QUICKI=1/ (log insulin (pU/mL) + log glucose (mg/dL) ] &3 % &1
R MG MR L B aE Y A 8 2 % (Matthews, Hosker et al. 1985; Katz,

Nambi et al. 2000) o & %% & & (% & 4 I P # o MED F > @ HP L FEep R
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T S E R+ TR R TR & F % (HbALC) 2 oral glucose
tolerance test (OGTT) 4 & {7 & o R RE § a2 8 -

LERRET %L FF IR RO fIpH RS ER AR
FrigpRcfn v 5 2 FaH b fa 0 DI B W g ok RS D PRRL ARLE ~ BIR
P RAFRRA g Pl F R ML & o 54 2 (Gastaldelli, Natali et al. 2010) -
FPEIFALIRICF ARG § R EFH AR o DA ARSI
SofR PR FERR A RHATRRE N ARG AT RN
#m iz ¥ (Lee, Pinnamaneni et al. 2006; Isharwal, Misra et al. 2009; Siri-Tarino, Sun

et al. 2010) - ~ J‘Jvfﬂ USRI LE BN U Lo A S L C i I N F o s e L W e

\ B
=5t
<&
S
3
{1
v
=
¢
=
3
o
1)

WA PR R 0 T R AT A &S R
FRAL G F 408 e [B 2-5)] (Galic, Oakhill etal. 2010) ; ¥ - * & » ikl
# ¢ 4 i adipokines 3 43 7q &2 ac £ ¥ Gl4cd 4o leptin » resistin 2 TNF-a &
A& "8 adiponectin Jk & 0+ € i & % § & 45 (Canete, Gil-Campos et al. 2007) »
4- [ @ 2-5] (Galic, Oakhill et al. 2010) -
AT A B ARGV RN R Sy P s
BTN AR AR AN AP F 5 R 4o [B 2-6]

(Gastaldelli, Natali et al. 2010) -
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Failure of the storage
function of adipose tissue

V¥ Insulin sensitivity

of fat cells.  Lipolysis

Perlpheral lipotoxicity

Cl.‘.“.l..

Release of hormones

related to insulin 1 Adipose cell size.
resistance /;’ P
Y Adiponectin

“Leptin, Resistin

Mitochondrial damage

Qualitative andfor and decreased
quantitative changes in Lrlltochon.drlal
ipoki ion: iogenesis.
adipokine production: | — g

ANIL-1B, IL-6, IL-8, IL-10, macrophage
MNF-o, TGF-B infiltration.

o

[ B 2-6] i ? eiqimdafi 3t 5q 57‘%_3_9_,?%‘:? it g B P R

I ~ eept (Histidne ;5 His)

N
<? | OH
HN NH;
[ ®] 2-7] Histidine s

Histidine % ’&fpz — [B 2-7) A ®E2p F& = FP 5 F i
(Snyderman, Boyer et al. 1963) - L-histidine & iZ4 # 344 ~ #5472 flgd 7 5 2 5
=7 &g or histidine § 2T p 2 A7 o4ofe 4 M 4 (Kasaoka, Tsuboyama-Kasaoka
et al. 2004) -

#Fy ¢ o FIRAE £ enhistidine #B-F L afF < Ko E N E § T a8

® histidine 4 £ cdk Az k> EB SN A4 § § T g (Tabor 1954) o «
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R B 4p 8 > A @ P 4 2 histidine P > REP BBTA L f §F T kL
B0 RN S 4BEES A e it 3 T % Bk (Kopple and Swendseid 1975) o A 8§
B AR GRIEM & X 4 0 B g histidine Jk & it (Gerber and Gerber

1977) > %3 55 R R PM & Lam A 0 & X 45 25 histidine 2 20 B BT F
& N

ﬁiﬁv histidine ~ carnosine % anserine ¥ #r#4] NO =34 = (Urazaev, Naumenko et al.
1998) - &R HF B F W 0 LiE histidine B 4@ 7 3 imidazole g PGE2
(PGE2-imidazole) ~ PGE2-histidine f= L-histidine ¥ it 31>t F1E j* 4 % @ & & %
A 3 B3k ie* (Peterson, King et al. 2001) o 4 884 %45 1 > L-histidine «4¢ %o $¢
WEPR A A% 22 5 ahlped (Rabbani, Sack etal. 2005) -

Histidine ¥ 12 i% i histidine decarboxylase (HDC) & it 4 = histamine> 4-{ ] 2-8]
(Tabor 1954) %777 » 3 #7 3 4p 11 » ik 8 B b 4c 9 3 % 7 ki) B> histamine j1s43t
TAE > Firdl a5 g iaandaft 0 T BF e 3 42 uncoupling protein (UCP) <
MRNA # 3L » i&d #cd % § % repu (Masaki, Yoshimatsu et al. 2001) - 2 histidine
IR A R LB R g A L TER o e ¢ g i Ry T4 R
(Yoshimatsu, Tsuda et al. 2002) -

¥ - 2 w > histidine ¥ d carnosine (5 -alanyl-I-histidine) X #t2 4 > » ¥ 4pF 9
£2 B-alanine # = carnosine - Carnosine 3 — Kz p 4 MR FRATF fad P
PG 0 MER A R feeR > F AR A 4 histidine ¥ B-alanine (Tabor 1954) - F]pt
4 & ¢ &P~ camnosine £ histidine € 4p 3 B2 P Pk & o ¥ prdp o < RS 3%
histidine sk 28 % {2 » H B & 7 F £ PP B <30 A 7 histidine hie %] » ¥ 3 R 5

3-methylhistidine {+ carnosine 7k & # 4= (Endo, Kasaoka et al. 2010) -
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iy
HC = C CHOHNHCOCH,

L
S — | Ry
—
HE = & CHyCOOM HC & CCHCHO HC = C CHCHyNH,
Imidazoleacetic acid Imidazoleacetaldehyde Histamine Acetylhistamine
4
Proteins HDC
HCOOH
" cH -
* o e u'q‘mc NS e, " M MMy
bl ™ SO S | T = Lo ducmon T = Loy dncoom
+ = COHOMCHOHCH,O0PO,H, MC = C CHy, C CH OPO,M, L CH, HyOH "
PENTOSE Imidazoleglycerol Imidazoleacetol L-Histidinol L-Histidine
* e phosphate phosphate H '\\\
§ .
¢ T
CH CH C
-4 »<8 N T MMCOCH MMM, N THCH, s, cron” rill "
oo R ] e ¢ ey &n coom né-tl:r.uéur.oon HC = C CHyCH COOM
-
uc-ccu,&ucoon HC = CCHy C COOM : $
: P Carnosine 1-Methylhistidine 3-Methylhistidine
D-Histidine Imidazolepyruvic acid =, e
W rd
A
™ -
W ,:’
Q ”
‘CN‘
N NCH, MMCOCH,CHyNM,

CH
Il' Shim : I
HC = C M CH COOM

I ]
VL = € CHyCH COOH
Anserine

Imidazolelactic acid
[ # 2-8] Histidine 3]
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= ~ Carnosine £ histidine &~ § % $iE3 7~ 7

(=) v Fop I 85 $t 9 0 #-carnosine & histidine 4 % fie 9 0.05%0.1%7 f&ik &
Fpiednaok2 @ TA S 435 % BT A fBIk A ¢0 camosine £ histidine 323 " i
x #%& ~ fribronectin ~ interleukin (IL)-6 ~ tumor necrosis factor (TNF)- a 12 2 & %gee
5% triglyceride (TG)E & » 2 £_% 7 f 0.1%: carnosine £ histidine % %] # 3% =
% § % 7 £ - glutathione peroxidase (GPx)i& 142 & -5« g 22 3%% cholesterol (TC)

Jk & (Lee, Hsu et al. 2005) -

(=) MiFp A S ) BRI 2 (8% carnosine & histidine fiz % = 0.05%-0.1%
2 02%% kR4 3 i o % %% canosine £ histidine v 1 *% M FAHE A 4%
Z &1 alanine aminotransferase (ALT) - aspartate aminotransferase (AST) -~
malonyldialdehyde (MDA) - C-reactive protein (CRP) ~IL-6 2 TNF-a > # 3
glutathione (GSH) » GPx {r cytochrome P450 2E1 (CYP2EL) & i 4 o v4 b i % 4
carnosine £ histidine e “u $HFpH 2 el (2R 5 g L Bup gk
(Liu, Liu et al. 2008) -

(=) 2 acetaminophen(APAP)# 4 #+4p h 2_ & J~ fir5% » f ik @ b 0.05%-0.1% %

<4y

0.2%% }k & <0 carnosine £ histidine - % % &7t » 3 £ %4 carnosine # histidine
g B> 27 APAP 3% e dpdi 0 ¥ 3 4v 2 7% GSH ~ GPx - catalase {- superoxide
dismutase (SOD)# 4 » % 1< 3%% MDA -~ reactive oxygen species (ROS) ~ oxidized
glutathione (GSSG) ~ IL-6 ~ IL-10 ~ TNF- a Y= monocyte chemoattractant protein
(MCP)-1 % z & 12} % % % 5+ carnosine 2 histidine £ 7 ¢ & 3 375%Fis I %

FuiF L rx % (Yan, Wu et al. 2009) -
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(m) A& &) B 7 5%4mid 45l 4e F Aok @ % 4 0.1%¢<0 carnosine 2 histidine » 5§ % 8
W BEFRAS Z SWWM AN € M) B E TRERE CRERTEE -
"5 ALT ~ AST 12 2 758 q{en ¢ TG~ TC > @ 47k P 7 e carnosine g histidine
SARE R R MU €L Ran EARERARR L AL
= fif % {- SREBPs e/ 222 mRNA 4 & - F & % % » & o1 >carnosine £ histidine
P~ 7 % 8 "% 1 malic enzyme ~ FAS ™ 2 3-hydroxy-3-methylglutaryl
coenzyme A (HMG-CoA) reductase % #3795 & = ¥4 12 2 SREBP-1c ~ SREBP-2 1

S mMRNA £ 3L 8 » SR g hsd 2032 q 4% § % e (Mong, Chao

etal. 2011) -

1y e # carnosine 2 histidine f3F S e NP 0 W E G FF Y v dm
BOUR RS A S Rk F AT A L B AR OB i A 8
Py - HeEIt e ¥ - 2 5 0 B3 F %S %4 Aot carnosine ¥ histidine P~
53 piugmcsk > @ A P carnosine GiB~ B R EF o ATIL A R S A 2 kR D
histidine 4% -k B~ 1% carnosine 4 & - & » #%34 histidine ¥4 st #7358 22 79 57 % BH4p b

- 7 4

P T
Tl FaORE
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¥=F A1 B

ARG B R 5% e o bt G Ak E ) B X h gk e 01%% 0. 2%
histidine’ %% 8 i¥i& > P histidine :H««r-g éfyﬂff,}gy P'z‘lé}r\ & ﬁ,,%;,%@ 2 8% —EZ.“:EK

BTN R Ry o
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Frd MR

L i
(-) # b

AR B * 2 4 ik $ C57BL/6INarL - 2 & > PEp Eﬂﬂ?’*\zfi%ﬁi i g‘?’.%?ifﬁ
;f;:};ﬁ}; ;L‘ P oo £ Y an%&g%‘—'\ 8 TE ORISR CETP < F S SCIA N e g

g (HFxE ) EI2 ) phokRird] (12 o 2 12 2 &) 2R

B 22°C ~Ap¥BRAE B5% c » 385 R RGBT 8Tk o

(=) ERF
1. $rkAk* & ¢
Histidine pp % B Sigma = 7 > 2 & 99.5%
2. B4 a .
(1) ## : KIRKLAND SIGNATURE & @47 » BEp 43 585 o @ o
# s gmde [£4-1]-
(2) - 44 : Laboratory Animal Diets (MF-18) » pp #8742 H L H L5

NP s B A Ade [£42) 2[4 4-2) #7 o
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[ % 4-1) w9 = A £

e A & > 100 * +
Total Fat 119
Saturated Fat 70
Trans Fat O0g
Polyunsaturated Fat 049
Monounsaturated Fat 2.8¢
Cholesterol 30 mg
Sodium 0 mg

[# 4-2] MF-18 &3 - a5 = & 4

General analysis (per 1009)

Moisture (?k &) less than 10%
Crude Protein (42 3¢ %) more than 18%
Crude Fat (32 %5 %%) more than 6%
Crude Ash (32 % £°) less than 6%
Crude Fiber (e % &) less than 6%
Nitrogen Free Extract (F 3 4. & 2% 4) more than 58%
Calorie (+ i 2) 350 kcal
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[ # 4-3] MF-18 & & & 2 2 £

Chemical Composition

Proteins Phosphorus, % 0.80
Isoleucine, % 0.61 Magnesium, % 0.25
Leucine, % 1.28 Sodium, % 0.20
Lysine, % 0.85 Potassium, % 0.80
Methionin, %e 0.42 Iron, ppm 100
Cystine, % 0.30 Zinc, ppm 60
Phenylalanine, % 0.75
Tyrosine, % 0.48 Vitamins
Threonine, % 0.65 Vitamin A, 1U/gm 20
Tryptophan, % 0.23 Vitamin D3, 1U/gm 3
Valine, % 0.85 Vitamin E, ppm 150
Arginine, % 1.07 Vitamin K3, ppm 1
Histidine, % 0.44 Vitamin B1, ppm 30
Alanine, % 0.96 Vitamin B2, ppm 20
Asparatate, % 1.44 Vitamin B6, ppm 10
Glutamate, % 2.82 Vitamin B12, ppm 0.1
Glycine, % 0.88 Nicotinic acid, ppm 150
Proline, % 1.03 Pantothenic acid, ppm 40
Serine, % 0.79 Biotin, ppm 0.15

Folic acid, ppm 2

Minerals Inositol, ppm 5000

Calcium, % 1.00 Choline, ppm 2000
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(

Ji
p—

N

w

(621

\‘

oo

(z)

[EEN

LRSS NTRE
(1) Methanol pt-p % F Tedia 2 @
(2) Chloroform ptp % B Tedia 2 &
(3) Boron trifluoride-methanol-complex solution (BF3) pEp % & Sigma = &
(4) n-Heptane p-p p + Wako 2 &

(5) Triton X-100 £ p # & Sigma = &

AR RE B
. Mouse Insulin Kit p&p % £ Mercodia = @
. Triglycerides Kit p&p & K] Fortress Diagnostics = #
. Cholesterol (CHOL) Kit pi-p # B Randox = &
. Direct LDL Cholesterol Reagent Kit £ p % & Teco Diagnostics = &
. Uric Acid (UA) Kit p£-p % & Randox = @
. Xanthine oxidase (XO) Kit ptp 4¢ & Cayman = &
. AssayMax Mouse Leptin ELISAKit ptp # I Assaypro = #
. AssayMax Mouse adiponectin ELISA Kit p£p % K Assaypro = &

. Human/Mouse/Rat Ghrelin Enzyme Immunoassay Kit Fp # K Raybiotech = &

RE WA
. fadk Pl =ik (PHmeter): METTLER TOLEDO - 74 1
. 3o D HETTICH > MICRO 22R 48 &)
. 4k kB 3 (Spectrophometer ) : GBC » Cintra UV-Vis Spectrometer » ;% 7+
& Sk 4k k¥ ik - Molecular Devices Gemini XPS » % &

BOE B RF A4 D AS-3560 0 SRR A S pHEG AP

22



6. d % A 174 Fi% 4% (ELISA Washer) : Bio-Rad Model 1575 » % &)

7. pchz o &k g 2+ (Microplate Spectrometer ) : Bio-Rad xMark > # &

(1) Glas-Co -’ £ &

(2) Bullet Blender™ » % &
9. -kig ® : BH-230D > %
10. # 48 % 47 &k (Gas Chromatography ; GC) : Thermo Scientific Focus GC » # R
11. o #4% : TD-4207 > &

12. & R A ¢ EasiCheck » & &

R 4 Aok 134
Normal Gl VS — ARk 10
Control 15%-4 /b &4 — EEAR-K 12

1g/1 histidine 15%-m 4 4005 0.1% histidine 4x-k 14
2¢g/1 histidine 15%-m 4 4005 0.2% histidine 4x-k 14
TE>FEIIRFRPE G e B80Tk FHRIFF p {#

T4 8 2 2 Ik R e histidine 48k 0 TisdkAR R E o BRI s RE 0 &

BRI R esa BRI o
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(2) £k Sk BE > 2
1. 45 @l% -4 15%-4m b 2 AL o b2k B 43R Lkl g 1500erm b i B 0 i
WAL B s 1 0 B s BB R e I RRAR Y 0 SEF R
Pt b B AORLR S35 0 Bois o B - X R e UE p ok

a8 o

2. Aok 1415 % 2 5. enhistidine A w4 2 12 ez =k P GER S 0.1%% 0.2%) >

WHD3 > & p I LR o

(=) &~ WE2Z R

E R UTEERE 0 R A R FRA 2 B R Bk FE 4TI0 4
&85 > 12 3000rpm B 15 A4k o Kb K 2w BT K o 3R A BB TR o R
;];;g;aqr-pgig\ R pgg\ %’*ygg\ ),vgt,_p;ig; gf]&;’?;l %‘r 5 ;_,f_'r_—_g-_ 3‘55:_\ 14 E‘“-80°C?’J<%§ o ots A

fr2m o

(z) 5k 2
LR85~ R L RTRE o 5B 100mg 2~ 1.5ml iR s F 0 4o 0 Iml
B e B % 7% % (Phosphate buffer saline ; PBS » pH=7.2~7.3) » & 4v » &7 5 B 4
fip % R s & v beads % +T32 7% #(Bullet Blender ™)t (7305 » BT X
LAY FI530 £ WAk EAEGR BT R 2 1 Hru R b R

B iE A 47 o ki Lowry et al. (1951)7= ;2 12 bovine serum albumin (BSA)

AEER S HFe FERTE -
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2. FFERIDET R L AR P 200mg 4e » Iml (methanol : chloroform=2: 1)i3 % 5 >

B BRI 5 15 (Clas-Co)ie (735 > 2393 X (8 AT T BT

o R¥5 % B RMIBTRE ~ 2ml HE e F ¢ B 200-20C k4

PR

3. F &I ¥7e3E P A [ £ 4-5]

[ £ 4-5) 7 I 4§ 5574 47 ch38 P

* & # P

= Insulin, total cholesterol, triglyceride, uric acid, ghrelin, leptin
TH3I9F % Uric acid, xanthine oxidase
s BRISE R Uric acid, xanthine oxidase
SRS Total cholesterol, triglyceride, LDL cholesterol

25



BN STEY

() T~ SHBETR R TRRP 2
1. RriZ
- Lowry et al.(1951)= j2:& {7 3-d F < & - > 2 £.f]* coomassie
brilliant blue G-250 ¢ £ 3-v 5% & it - G-250 & v % & & > G-250 ¢
B g RS o PP 5O5nm Sk KT g F ok iE o ) g 2

hif LS G-250 & 3ov A £ 403 P R(2 A 48)

-

» 2L G-250-Fv
FHLFT idin? BFEREDEF - 243 [ s gac(sample £ 7 3

10ng) i 2 -

2. 9 %W %
(1) pegiE® s ki [£ 46]
[# 4-6) 3y Fripl etk mpe il

¥ S0 s1 S2 S3 s4 S5
BSA(ul) 0 10 20 30 40 50
= &k (ul) 100 90 80 70 60 50
3k B (mg/ml) 0 0.1 0.2 0.3 0.4 0.5

(2) T2 CHBOTRAFRIEF P&
(3) MAR M 5. 305 % 5 5B~ 10ul i B 4~ 96 744
(4) #-f# Bio-Rad % #|(Bio-Rad /i : = = -k=1: 4)
(5) # i well 4c » 200yl 7 % &

(6) AR TRL > CRFTRAILS Abd
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(7) * ELISAreader ;¢ _ODsgsnm ¥ £ &

R e S
PR ek B (0~0.5 mg/mi)zk 32 X b o F sk #rip| 8 e 2 er Sk g 5
Y o T @R k2 AR Ao - ODsgsnm TR 2 R SR R kAR
B S 3B or 2 et (y=axth)t b o TR R Sk TV K ke

gk & > H 2 mg/ml £ 7 o

(2) & 5% 5 A kAT
1. Rz
A9 % %% Mouse Insulin ELISA 7 %% % {£4 45 » §1* Enzyme-linked

immunosorbent assay(ELISA) /32> L -5 5 @] insulin <488 coating % 96

IS

G 4o ek &Y 77 insulin q}gf_ 2 A h 96 Ftd o R4 xch
peroxidase-conjugated anti-insulin #2848~ ¢ £ insulin & - .5 & ¥ ¥ 2 A p3t
b U g @R R e S A& R 8 0 £ S~ peroxidase s T
3,3’,5,5’-tetramethylbenzidine(TMB) i = & & | » & {s 4 » 0.5M H,SO4 % 1+ &
B p) % ODasgnm 2= %K 18 » ZH 2 ek i@ » £8y v 5

insulin JE & -

2. F = 2
(1) #A4R8 5275 F % &P~ 10pl & B 4 » © coating 4 196 3t 4
(2) = B well 4 » 100ul enzyme conjugate solution » >+ 3 E T S R T BE 7T
(700-900 rpm) & -|- %

(3) @& * d gk & 74z %02 wash buffer % 6 =x
J J
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(4) wkis > & B well 4c » 200l TMB > ** 28 7 F i 15 4 48
(5) & B well #r » 50ul stop solution > S EF BEF 5 F4a M iR 3

(6) * ELISA reader ip] _ODgsonm 2- ¥ & &

3 MW Mty 2k
PR Sk B (0~ 02205 153 6.5ug/)3k & X i B 5 “hip] 9 e
A% ODgsgrm % B 5 Y #ho TP F LB e LY 5 o L 4P %P1 A
ODussonm T 2ot & £ (B 0 Rgp iR A p dRiE 5 2 4750 (ymaxth)t & o

FE £ insulin ek B 0 B 22 pg/l £ 7 o

(=) Homeostasis Model Assessment (HOMA) si3+ &

HOMA-IR index= insulin ( uU/mL) X glucose ( mmol/L) /22.5

H e 4o

Z "8 #E(mg/dl) x0.0555= mmol/L

2 * insulin(ng/ml)/5808 x10°= pmol/L
Insulin (pmol/L)/6.945= nU/L

Insulin (uU/L)/1000= pU/mL

(z) & &3 uR? = pa+ W fig (Triglyceride) ik & iR] <
1. hiZ
*F A = paH i fin 54 lipoprotein lipase(LPL)-k f# =+ j 2 Py 950k »
H W ;%g d  glycerolkinase(GK) ¥ ATP *+ * # 4 ADP 2
glycerol-3-phosphate(G-3-P) » G-3-P { ‘5 glycerol-3-phosphate oxidase(GPO) % i

ft* & 4 H,O, %2 dihydroxyacetone phosphate(DAP) > # ## H,0, & 22
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4-aminoantipyrine % p-chlorophenol 3 peroxidase % i* 2 4 en A $ 5 ‘= d

bl

4-(p-benzoquinone-monoimino)-phenazone » # {4 3% ODsggnm # & T B T iz d A&

Pz kg o

2. F &2
(1) wF=peHnp:
Por otk & 10pl 2 4R E & 10l A B4 » 3 F 3 pipes buffer
p-chlorophenol ~ LPL ~ GK ~ GPO - peroxidase ~ 4-aminoantipyrine ~ ATP ~
Mg®* ~ Na-cholate # potassium-hexacyanoferrat(ll)z. 1mL ;3% ¢ > R & 35

3 > 3TCTF BS5 A4 P T ODsgenm © 2¥% 3k (B o

(2) U= pad W i
PSR Ia B 4 & 10ul ¥ Syl Triton X-100 78 & - 55 2 2 4 5215 0 £ &2 10ul
M 2wl 4 ~ % pipes buffer ~ p-chlorophenol ~ LPL ~ GK ~ GPO -
peroxidase - 4-aminoantipyrine -~ ATP. ~ Mg* - Na-cholate =
potassium-hexacyanoferrat(I)2. Iml 3% ® > R &353 > 37TCTF K 5

L kais o Pl Tk & ODsggnm F 2. v% K (B o

Z B b fg ik B (mg/dl) = &k B4R 5k & x200

(I) = &3¢ "7 fE (Chloesterol)k & 7 2
1. hi@

~F % A4 * choleaterol esterase -t H#-"% T A% fig & & = " T [ &2 Fn 0B fL
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"% F s £ %5 cholesterol oxidase % it 2 # cholestene-3-one 2 H,0; ° H,0, &
phenol %2 4-aminoantipyrine % peroxidase iT#* T & 4 ‘= % ¢ 2_ quinoneimine &

> B T ODsgonm T 2" K B o

2. F &2
(D) s 2 AR
P 10pl s Gtk &2 2 10ul R85 4w 4e ~ 37 5 pipes buffer ~ phenol
peroxidase ~ cholesterol esterase ~ cholesterol oxidase % 4-aminoantipyrine z_

Imliaize »JREBHZ 33T CT F 5 » 4518 R T ODsgonm & 2= %% K {8 o

(2) =LA
P SRR ID F % e & 10ul &8 Spl Triton X-100 72 & - 55 2 4 5215 > £ B~ 10pl
2 5 & w4 » 7 5 pipes buffer~phenol~peroxidase~cholesterol esterase -
cholesterol oxidase % 4-aminoantipyrine 2. Iml 2z ® >R £353 » >+ 37C

T F &S A 4ate P T ODsgonm T 2 Bk TE o

o E A ok B (mo/dl) = 5wk B4R 53k 8 %200

(=) 5P MR Ry kv "2 H ARk A (LDL cholesterol)k & ip] %_
1 hi2
AP B A NA o Reagent 1 A LR 4R fu o SR G IR MR AR
v ez b a2 AR (VLDL ~ HDL) » ¥ 5 choleaterol esterase #-*% F % fi 4"

f& = PR AR P s L > e AR B cholesterol oxidase ¥ i+ 2 #  H,0, - Reagent
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2 2R G F b RALE R KB A R0 MR SRR 0 (T 0 T

2:N,N-bis[4-sulfhobutyl]-m-Toluidine-disodium(DSBmT) @ % & -

2. F =2
(1) PF5g3af % th & 10ul &2 5pl Triton X-100R & > (2 7 #5216 > £ 10pl
2 54 w4 ~ 300ul 7z 3 buffer ~ phenol ~ cholesterol esterase ~ cholesterol
oxidase ~ peroxidase % 4-aminoantipyrine 2. Reagent 1 ;3% » ¥ 3> 37°C ™ &
&5~ da e
(2) 4c» 100ul 7 7 DSBmMT % buffer 22 Reagent2> 3+ 37°CT & i 5 ~ 4512 i

T_ODsgenm > & & ° .

o R Ry v PEEER R A (mo/dl) = 5 Sk AR Sk E xR SR R

(mg/dl)

(5) = ~ B2 TP Fpe(Uric acid)ik & iR 2
1. mae
~F B A A1 * EH P uricase #-uric acid 4 fZ = allantoin ¥ H,0, » HyO;
£ ¥ 3,5-dichloro-2-hydroxybenzenesulfonic acid (3,5 DCHBS) 2

4-aminophenazone %  peroxidase % i+ A 4 & ¥ ¢ A P

N-(4-antipyryl)-3-chloro-5-sulfonate-p-benzo-quinoneimine » # {& iB] ®_ ODszonm 2-

%k g o
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2. 7 = 7
(1) #m e~ BRE TRKIDE R 5P~ 20ul 4 » 7 3 HEPES buffer~3,5 DCHBS -
4-aminophenaznoe -~ uricase ~ peroxidase 2_;3;% 1ml # > 37C T & & 5

a1

(2) ] £_ODsgonm 2- ¥ % &

P e Ok B (moldl) = 45 5ok B4R 2 2w sk xR0 220k A (mg/dl)

(~) w2 F g @ Xanthine oxidase (XO):& 4B
1. h@
~§F %% 2_* xanthine oxidase 7 ¥ £ =¥ 4 47 > xanthine oxiase % purine 4~
i3 Brenkcfs - BAEE o H i hypoxanthine i 5% = Xanthine » & ¥ & ~ 314
4 uric acid - ¢t~ 47 % 241 * xanthine oxidase f&.it » _F i % @1 & 4 1 H0;, o
_+ horseradish peroxidase(HRP) £ ADHP (10-acetyl-3,7-dihydroxyphenoxazine)
iE® T o F 4 B 5§ kg 4 resorufin e [B] 4-1] ot 5 e £k &

520-550nm % x4z k4 & 585-595nm 7 % AR p| ) o

Resorufin

AEV WP

)\J& Jt> g O~

N uric acid
H hypoxanthing xanthine H H :

[ ® 4-1] Xanthine oxidase i=* & J& ]
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2. F &2
(1) pe@iEd s [ 4-7]
(2) #ARE B R 2 4o 50| 3] 96 34 45 ¢
(3) %l # assay cocktail » & 3%
a. Assay buffer : 4.9 ml
b. Detector : 50 ¢ |
c. HRP : 50 |
b assay cocktail fie il = » AR £3953 15 > A 104 BPR B 5SF B
(4) #-fedF i assay cocktail % 10 4 48 p B~ 50| 4e » 3 * & well ¥
(5) xSk sk kIR A1 g kk £ 550nm > sk i £ 586nm o iR E

HoF ke kg

[ # 4-7] Xanthine oxidase & # =-fz @l

Sl XO standard(u1) | Sample Buffer(ul) | Final concentration
(1 mu/ml) (p U/ml)

A 0 1000 0

B 20 980 20
C 40 960 40
D 60 940 60
E 80 920 80
F 100 900 100
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3R Mty 2
AR SRR G X Bho R HTRIE R S AR KLY o T
PR 2 PR AR o B B R 1T bR Rk i AR RPN R S

= 47 5% (y=ax+h)3t & - ¥ {8 xanthine oxidase 514 > B =2 yU/ml & 7 o

(1) =7 leptin Jk & il =
1. @
A5 =% _* Mouse Leptin ELISA 7§ % £ 2 it4 47 » 4]* ELISA chRIZ >

Bl BB 5 iR leptin 605 IR coating 96 it b o B A ~ R E o KRS
v leptin § 2448 % & > 2 {5 4 » biotinylated polyclonal antibody ¢ £ 4% & %
leptin *+ » A= sandwich m:—&ﬁ&rﬂ T M o BENE R # S EPEIE L A
biotinylated polyclonal antibody té > 4r » streptavidin-peroxidase conjugate ¥
sandwich 45 £ » £ 3 7% i =34 5 4 streptavidin-peroxidase conjugate
t¢»4ex peroxidase < 5 chromogen substrate (tetramethylbenzidine) (¥ % & ¢ &/ »

{8 4v » 0.5N hydrochloric acid % i+ & J& » ] ¥ ODgsopm 2- ¥ % (& » #-p] {7 e

ok o R AT e B A leptin kR o

2. F =2
(1) #i &S B > TR SR I kR 24ngiml 28 > £ A 54 6
=X
(2) B~50pl s otk o R m w4 2 96 Y R ET R B2
5
(3) 1« wash buffer 1% & 5 & 45 #cd e ifie 5 =

(4) = B3t 4 » 50ul biotinylated polyclonal antibody > ** % B & »+ J& 2
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(5) 12 wash buffer 1% & 5 & 45 #cd e ifie 5 =

(6) = i fc3t 4 ~ 50ul streptavidin-peroxidase conjugate >+ % 8 F £ & 30 4 45

(7) 2 wash buffer $1% & 5 & 47 #cd jFietd iz 5=

(8) = 1B #r3t 4c » 50ul chromogen substrate » J2 £393 » F g2 Dpad TR E
4

(9) = g3t 4c » 50pl stop solution ¥ 1t F ot PEEEd §d FIHELR I

B €_ ODasonm 2- ¥ & &

i e NS
BAR R g A R B kAR (245122623+15-0.75+0.325 - 0 ng/ml)
B X 7 TP iR B ODgsonm ™% 8 5 Y fiho T (B L9 52 &%
W AR o H-F S B e ODgsonm T 2 thEB kR B o R EFEY RPN FEE 2

#23% (y=ax+h)3t & o ¥ {48 leptin ek & 0 H =02 ng/ml & T o

() = 5 Ghrelin Jk & ] =

1.

Fa 32
5 % Z_* Mouse Ghrelin ELISA 75 # & =¥ 4 7 » ] * ELISA v =

® i ° J-anti-rabbit secondary antibody coating % 96 3t 4 + > 4 » anti-ghrelin
antibody # @ & » £ etk & 0 PR &-F ghrelin peptide ¥ biotinylated ghrelin
peptide ¢ s & fiicst t 2 ghrelin £88 » v @73 R ka5 AR &80 0 4o r
¥ & 4 & ¢ F &2 streptavidin-horseradish peroxidase(SA-HRP) » H & &
biotinylated ghrelin peptide % & 25 = biotinylated peptid-SA-HRP complex > ¢ %
biotinylated ghrelin peptide ¢ £ & & % &2 5. 1 2 ghrelin peptide # < % &

ghrelin antibody> #]#* & ¢ Jk & ;%% £ biotinylated peptid-SA-HRP complex = it
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oo B2 R 2 AR R 2 ghrelin peptide & & oo B (8T fEd ¢ Ak R e

£ R S ghrelin peptide & & -

T

(1) R Lo fe B AR &0t B IR S A 6 S i R AR 6
TikEeF & fREAFOR S R 2 biotinylated ghrelin peptide 10ng/ml

(2) = B #c3t 4c ~ 100pl anti-ghrelin antibody » ** ¥ 8 © & J& 1.5 /] p&

(3) 4 wash buffer §1% ¢ 5 & 47 iz jretd e 5 =

(4) =+ Bt 4o~ 100pl #fF 45 ek 5~ $R% 5% positive control - v 3 T
F 25| pF

(5) 4 wash buffer 41 % d & & 45 #cdé i b iiie 4 =

(6) = i f&3t 4r »~ 100ul HRP-streptavidin solution » >t % 8 & F Ji 45 »~ 48

(7) 4 wash buffer £ * ¢ % & 37 fcdé it i3 5 =X

(8) ¥k » & B ficst 4e » 100ul TMB one-step substrate reagent » >+ %8 & & Ji&
30 ~ 43

(9) = B #3t 4c » 50ul stop solution {8 » = TR ODgsonm 2 ¥ % {&

PR Mty
AR 50508 B 7 48 0 2 Ok & (1000 ng/mi~100 ng/ml~10 ng/mli~1 ng/ml ~
100 pg/ml ~ 10 pg/ml ~ 0 pg/mlysk % X i+ B & #73p] 7 ¢4 3 K- ODisonm ™ % &

3% B = percentage absorbance % 5 Y $ih o TV (B 2 (RE S A o

percentage absorbance = (B-blank OD)/(B,-blank OD)

B=1 & R 2 s kB
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Bo=1&# &tk & 0 pg/ml wx ok &

- 5 p] 1 e ODysonm ™ 2. 6 Wi 6 (B > (T b i R (5 Rfp R
HLP FERE RO 2 RN (y=ax+b)t B o T E 7 ghrelin ek & 0 E =02 ng/ml

3 =
I~ I °

(+ - ) = i adiponectin jk /& i %

1.

F 12

A9 % %_* Mouse Adiponectin ELISA 7 % % = it 4 4% » §1* ELISA
o, 2 e ¥-E 5 i adiponectin £ % Akl coating % 96 3t A F o £ 4r 4R
& Hi?  adiponectin ¢ £ 588 5 & > 2 15 40 » biotinylated adiponectin antibody
¢ £ 4 & 1 adiponectin + - ;= sandwich g Bl R Akt b o B F 11 e
% % g & # 5 4 Dbiotinylated adiponectin antibody & - 4
streptavidin-peroxidase conjugate ¥ £ sandwich .5 & - £ 143 075 ik e d
5 4 streptavidin-peroxidase conjugate fs - 4r » peroxidase = & chromogen
substrate (tetramethylbenzidine) i¥ = & ¢ | » & {& 4r » 0.5N hydrochloric acid %
& FE R 0 B % ODgsonm 2 P K (B 0 #ip] F e Sk B i A R W AR T R

adiponectin jk & -

R

(1) i iR A 400 & o 3 MR 4 20K & S0ng/ml 12 > £ A SR
6 =
(2) B~ 50l f-fR 4 etk g R R B4~ £ 96TV Y > R EE TR 2]

e
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(3) '+ wash buffer 1% & B A& 45 #cd e s i 5 =

(4) = 1B g3t 4c ~ 50ul biotinylated adiponectin antibody » >t /8 7 & J& 1

(5) r+ wash buffer 1% & B A 45 #cd e ifie 5 =

(6) = i@ fz3t 4 ~ 50ul streptavidin-peroxidase conjugate >+ % 8 T F & 30 4 45
(7) r+ wash buffer 1% &5 A 45 e e s i 5 =

(8) & B gat4r » 50ul chromogen substrate » 2 £353 » & e DFEd T ME

4
(9) = 3t 4v » 50l stop solution ¥ 1t F ot pEpEd §d I HELF I

B €_ ODasonm 2- ¥ 3k &

R N A R AP
KA 5 R Nﬁffﬁ » #ER(50~25+125+6.25~3.13~1.56 ~ 0.78 -
0 ng/ml)z&k 5 Xih > F % 7R 7 etk % ODgsonm ™ % B 5 Y fh > ¥ (B pF
%2 AR d A o R BRI 1F e ODusonm T 2t B iE o R iRE Y AP

2 N 2 N (y=ax+b)3t B > v £ 4@ adiponectin )k & 0 B 02 ng/ml £ 7 o

GE i U] T
1 rZ

A A FARK AT RA R e A o Tyl PR R 1 B B

BF o F Rt FHGEA) LES R ) I AP W

FARWE A S 2 o BT s B AR A B SRR

FID (flame ionization detector) &5 % (& % 2 7 5 ) #R SaF v & pH

WL MU A e E ) X X ek o
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2. 9 % X
(1) P~#%200mg > #v » Iml (& 7 @ 7 fF =2 1)i3 R 2§ = T B 0ok b MR
i’—:ﬂfgr
(2) 4r > 400ul = = -k
(3) #r.~ 2000rpm > 10 % 4&
@) T KT R(E FR) U F F R
(5) 4c ~ 1mI BF3 > 95°C#-kis 1 /| p¥
(6) 4 #ris > 4c» 500ul = -k 2 1ml heptane
(7) #r.~ 2000rpm > 10 % 4&
(8) P~ K ik » 1% F wRic

(9) * 50pl heptane W 7% f& » B~ 1pl 2 » GC mip) 2 g sk

(1) #7555 F

(2) & @ Iml/min

(3) At 120:1

(4) # 4L :Rtx-2330 > £ A& 60m > ID % 0.25mm - df % 0.20um

(5) B A :A=4aE B 165°C 4 5°C/min ch= g g F g 3 250°C 0 MaE 5 A4
(6) ;x> E A :250C

(7) fpl®E AR : 250°C

B SRR R PR 0 GC TR 0 HhE T L SRR

SR k2 k=B o fd G ff(area %) £ 18 & ra ARt ib 2 ARYEE A o

39



DA

LR SEcdpt MeantSD £ 7 » PTES S T ME FS R R 2R AL
17 (one-way ANOVA ) ## Duncan’stest '“ i e P £ B > #3282 % um =2 32 47
AFEFEFLRE AR FA AT HFLE (p>005) A2k F2* 475
R LB (p<005)c A%< 4|* Pearson T~ 17 fi 5 2Rl E & & odp

B T o
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*F Btk & C57BL/6INarl -] Bl etk @ 4o~ 15%0 e By » 3 4 F 5% e
ok ? g4 0.1%2 0.2% (1 g/l ~ 2 g/l)<h histidine » T ¥ 8k g iFI 2 Pk

B enhistidine ¥4k 8 ¥ 3 15%¢46 frry bakr & o] Bl B2 o

- HE¥
SHFHYE > X ER e [B5-1)-d BP ¥arg sk 8ikis » &fle
44 1508 & oy v dk & 2 ul 2 normal fedp i AEE 4 A H 4 (P<0.05) 4

k@ 4 7 b Jk A histidine £ control o 4p g € R1IL F AT F 1L (P>0.05) -

~ AR E
F R BlenE p T ia4 Kk 4ol B 5-2 )47 0 Ak @ 15% % 42 i@ *4 control

o] Blangr- R 8 B F R4 (P<0.05) @ A k@ x4 2 Ik & histidine » £ control i

A Gk MEFRE (P>0.05) -
= HELE

) RE LI IR E o I A PR E £ e (& 51)- 40 SR o
£

|l
F_L

% 4¢ {ofy 745 @ (control ~ 0.1% histidine ~ 0.2% histidine)£2 normal e 1p e 2%

[
\F‘b

A iy 2RFLEMP>005) ¥ - 2 0 AR & control ‘2 0.1%
X

histidine =" &g 4+ (P<0.05) > e % 0.2% histidine ‘=& & A]£ normal ‘e4p iz ; /]

i

B 3 E £ a4 * 0.2% histidine 24 5 P &R > (P<0.05); THRELEEMLE

oy 2
(A~

Bl
~
;;:cp

EARB(P>005) B ERTES G > L7 BA I B4 &7 LB FH 4

(]

H¢ #(P<0.05) £ control jefpdie » £ k¥ 7 b 0.1% histidine p? 2g "¢ <2 & ¥ (P

g
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<0.05) =g %+ 0.2% histidine 4c-k > 3 &2 T €27 BFREP>005)-
o A

® o~ o~ s insulin k& 2 HOMA-IR

o [# 5-2] #r7F > wEFG 0 A BARE 828 e a2 BTG BEFL
2(P>0.05) -

Bl insulin k& 2 & > A& & 7 15% % 4% vy 54 g control .22 normal
fApg 0w insulin Dk & §OAE F H 4 (P<0.05) e fdx* 7 0.1%% 0.2% histidine
fokts > B insulin Ok & T % 0 & 0.2% histidine 7 &g 143 control e ¥ iE st
+tEFELREP<005)-

HOMA-IR g d % % 7 5> 4 & 15%4r {-4c & 2 control = &g 3 4 (P <0.05) >

3

£ 7 ‘v 7 F kA& histidine {4 > 2 HOMA-IR 7 %8 ¥ © " 2 % (P<0.05) -

SR
(- ) =2 %57 Triglyceride(TG)k &

%)

d [B 53] ¥4 4 & 7 15%% 4 {o7q Wpk 4 o 2. = w|(control ‘& ~ 0.1%
histidine 2.+0.2% histidine %) - # & /¢ TG 3 £ 4 ¥ 8 ** normal (P <0.05)
moAR ke e histidine %> s i TG RIiX 7 & ¥ 82 5F(P>0.05) -

2% ¢ control 2 e¥F5 TG 2 £ % % 8 " normal 2 (P<0.05) » 4 k@ 7 4e

F k& histidine & P &% MO+ TG(P<0.05) > @ H ¢ 0.1% histidine "% 1%

% k5 % % >+ 0.2% histidine (P <0.05) -

(=) =2 %% Total Cholesterol(TC)k &
d [B 5-4)]¥ v 7 TC g £ itk d 7 15%F 42 {0y i &5k i control

‘e P g g >+ normal fe (P<<0.05) > 4k k ® 4c » histidine ¥ & ¥ "% i< i TC 7 £
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(P<0.05) &% Ik A& histidine i3 3% £ 8 (P>0.05) -

Wagd TC 7 £ 5 control ‘e&7 ¥ % »+ normal 2(P<0.05) i 4x-k+ i 4

histidine 2 % %] £ control e 4pf » T2 3 &8 % %2 F(P>0.05) -

(2) #*%¢ LDL cholesterol(LDL-C):k &
d [® 5-5] ¥ 4 3¥5¢ LDL-C & control 2% & % % % >t normal = (P

% >
<0.05)» #-k ¥ Fit Jk B e histidine & P &8 % #0955 LDL-C (P<0.05) -

2o~ F S BRE TP uricacid Ok &

bo [B 5-6)] #1777 > o F ~ <% E TP druric acid 7k & & control 2 £ normal
o BB FH 4 (P<0.05) » 7 4 & § 0.1%% 0.2% histidine 47k 1% » it F ~ w5
2RORY y g T EARE 0 H ¢ 0.2% histidine 2 27 control AR 0 i s B

2 PR AR EF 4 ehs % (P<0.05) o

=~ BRZ FUERY xanthine oxidase

4o [® 5-7) #77¢ > & normal ‘e dpdi > 4k & 7 15%4F {o7n W% cnbt @ B F 3 4o s
R E 55k ¢ xanthine oxidase 57975 1+ (P<0.05 ) @ 4K ¥ % 4 # Fe Jk B histidine (s o
&k &k |

$+ % ¥ ¢ xanthine oxidase 7 123 12 § ¥ # F(P>0.05)

N EFEAN
(=) =7 leptin )k &
4o [B] 5-8) #777 » 4 & 7 15%% 4 {c"5 %4 & ¢ control 2 %8 % % >t normal
2 (P<0.05) 4k #; ] 4v 0.1% histidine £ control = 4p fi &g 4 (P<0.05) >

e % 0.2% histidine = | P 223 4v > 22 0.1% histidine 4pf.7 ¥ £ 8 (P<0.05) -
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(=) =7 ghrelin k&
4o [B 5-9) #757 > 22 normal ‘e dpdic > 4 & 3 15% % 47 {v "5 "=4k & < control
‘e ghrelin Ok & & % °% 11 (P<0.05) > fdr-k ¥ J e 7 I 0k & #0 histidine ¥ 14 #

ghrelin ik & f 27w = (P<0.05)» # ¥ & kA Fiz} ¥ LB (P>005)-

(2) = ¢ adiponectin jk &
d [®5-10] 7 - ] & ¢ adiponectin jk & % control £ normal ‘e 4p
oo 7 REFFM(P<005) @4k ;‘f]:%cz F Jk B &0 histidine {s » ¥ & ¥ + 2

adiponectin jk & (P<0.05) » it A %42 3 normal %k & o

4~ P IARL
(=) &5~ dmid & 3 15% b &R AT 7 P sk el S
o F AR AT R AT 8 k4o [ £ 5-8) 4 o AP et s e A 59%
% Polyunsaturated fatty acid (PUFA) - & Saturated fatty acid (SFA) £
Monounsaturated fatty acid (MUFA)=1Z & & %] ik 18.3%%2 22.6% - ¥ — > & > 4»
o dea & R L SFA 0 iE 71.8% 0 m MUFA 2 PUFA 4 %) ik 21.2% ~ 4.5% - 15%
Yoo Al erg sRRL e P 5 3 B 5 SFA 1B X 60% 0 H =t MUFA 2 PUFA 4 %] ik

19.6% ~ 20% -

(=) PR p e
4o [ 4 5-4) #57 0 SF AR K AT RA AT 0 S § 16%4e oty sl ] B
(control ‘m)¢r 4k & — &4k & 2 ‘e W Apd » B 95K SFA 7 £ B ¥ 3 4 (P<0.05) > *;
SRk ke A P ocontrol ez fEdrforg iApEe(14:0~16: 0181 0) % P & % >t normal

#(P<0.05) e & PUFA z £ % ¥ > (P<0.05) " M PUFA ¢ 18:2-18:3
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ainfkz £ (P<0.05): ¥ ¢h3i4e 7 PUFA # #995pc 20:4+22:5-22:6 7 & >

3 EIEFLE (P<0.05)- £ control E4pdi > 4 k@ 0.1%:¢ 0.2% histidine

=

"T 4 o ¥t aqr—nwn gﬁﬁ&m i i FHa _§’$(P>0.05) 0

ok R FRAE R TLE DM
(=) Leptin&@lds e
b [B] 5-11] #777 - Leptin &2 @] & "y TE€ £ 5 T & UL T > 5§ Pearson

iRk T o 5 AEFAE (P<0.01)-

(=) Ghrelin &2 @ &7 7€
4o [B] 5-12] #mr > Ghrelin 2 & &7 F € & 2 § » oM R > @ & Pearson

AT > AEEFHRE (P>001)-

(=) Adiponectin £ | & 75 F £
4 [® 5-13] #777 > Adiponectin &2 g g & 5 f » MM %> ¥ &

Pearson Ap B 4 =7 - Z R B FAM (P<0.01)-
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30

N\

o0

—

i —&— normal

Ly

fa —{0O— control
eede-+ 0.1% his

-=R=--0.2% his

15 T T T T T T T T 1

[F5-1] & 8FRHFHFHF T LR

normal : &+ ¥ 4 8 % 4c-k > n=10

control : &kl @ ’T be 15%w 8 4 & o & F Aok o n=12

0.1% his : &l ¢ 7 4v 15%4m 4 4c & > 4c-k 7 1 g/l histidine » n=14

0.2% his : &l ¢ 7 4v 15%4m 4 4c & > 4k 7 2 ¢/l histidine » n=14

Bdpw i meantSD 47 F AR EX FAH A L2 By ¥ LR (P<0.05)
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4ok g

E\.\.\. o

B T T T T T T Y
T T T T T e e

ml/day

B T T T T T i

B T T T Y
B T T T T

normal control 0.1% his 0.2% his

[F5-2) 7 8Bk sz T bok k&

normal : &+ ¥ 4 8 % 4c-k > n=10

control : &kl @ 7 be 15%w 8 4 & o & F Aok o n=12

0.1% his : &l ¢ 7 4v 15%4m 4 4c & > 4c-k 7 1 g/l histidine » n=14

0.2% his : &l ¢ 7 4v 15%4m 4 4c & > 4k 7 2 ¢/l histidine » n=14

kg #icdpt meantSD £ ¢ 5 A R E FA Ao L2 B BF AL R (P<0.05)
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[ % 5-1] 4 & 7 I ik & histidine 75 %

normal : &+ ¥ 4c 8 2 4:-k > n=10
Cmﬂmliﬁ%iﬂﬁ%clﬂﬁ%ﬁéﬁ%’jEﬁﬁvk’n:12
Oi%hbtﬁ%hw¢ﬁ15%%ﬁéﬁ%’érkglgHMﬂMMe’m:M
02%hbtﬁ%hw¢ﬁ15%%ﬁéﬁ%’érk§ZgHMﬂMMe’m:M
BPpw i meantSD 47 P AR EX F A A L2 By F LR (P<0.05)

BHE AP

=

ek

FRE(Mg) T L(mg)  HAHRL(mg) < HFL(mg) B E € (M)

IBW (g) /BW (g) IBW (g) IBW (g) /BW (g)
normal  32.94+4.05% 13.50+3.89°  2.53+0.45° = 6.86+1.04° 217.51+21.66"
control  34.51+3.63%  12.36+0.84%  3.12+0.43° = 6.86+0.76°  438.60+104.2°
0.1% his  35.11+3.70%  12.90+0.99°  3.08+0.70°  6.32+0.99%  364.24+77.66"
0.29% his  33.56+3.15%  11.92+1.20°  2.47+0.26®  5.91+0.72°  438.79+61.54°
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[# 5-2] 4 & 7 Ip )k & histidine 2_ -] & # ~ & 7 insulin & & 2 HOMA-IR

normal : &+ ¥ 4 8 2 4:-k > n=10

control : &kl @ 7 be 15%w 8 4 & o & F A0k o n=12

0.1% his : 4l @ 7 4v 15%4% 4 4c & > 4k 7 1 g/l histidine » n=14

0.2% his : &l ¢ 7 4v 15%4m 4 4c & > 4c-k 7 2 g/l histidine » n=14

Bdpw i meantSD 47 P AR EX F A A L2 By ¥ LR (P<0.05)
HOMA-IR : Homeostasis model assessment-insulin resistance

Glucose Insulin HOMA-IR

(mg/dl) (ng/l (nUN)
normal 104.40+22.96° 0.35+0.03 2.38+0.56°
control 106.83+23.04° 0.66+0.18° 4.76+1.35°
0.1% his 105.61+19.50° 0.57+0.12° 3.68+0.71°
0.2% his 122.08+20.10° 0.48+0.14" 3.31+0.95"
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TG-serum
120

b b b

0 | | 1 1

a A ., ok

_ 80 | T iiiii // BRI
S YA BSRS
g 60 e / Eha
420 ey % Eha:

20 o / S

0 A é SRS
normal control 0.1% his 0.2% his

TG-liver
900 -
800 -
700 -
600 -
500 -
400 -
300 -
200 a

100|ﬂ|
0

normal control 0.1% his 0.2% his

o

mg/dl

R T T e E— |

B T T T T T T i
B T T T
B T T T T
B T T T T

[®]5-3] 4 & 7 Ip k& histidine 2_ -] & 2 "5 7 Triglyceride(TG) % &

normal : &+ ¥ 4 8 2 4:-k > n=10

control : 4L @ 7 be 15%w 8 4 & o & F A0k o n=12

0.1% his : &l ¢ 7 4 15%-m d 4c & > 4c-k 7 1g/L histidine » n=14
0.2% his : &l ¢ 7 4 15%-m d 4c & > 4c-k 7 2g/L histidine » n=14
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Bpd i meantSD £ 7 AR EX FH Aot L2 By ¥ LR (P<0.05)

TC

140

(ox

120 + L. b b
/1//
ARSI |
100 - Py
a [ro:7

R =

O normal

r PR

80 L PR
PR
—_— PR
E PR
> PR
E 60 = PR
PR

PR

= o

Bcontrol
B0.1% his
B30.2% his

PR
40 L PR

PR
P
PR
PR
20 = PR

PR
PR
P

O Py
serum liver

e T T T T T T e e e s E—— |

B T T T T Y
e W W Y

B T T T T T

[®]5-4] 4 & 7 Ir k& histidine 2_ -] &4 72 %% Total Cholesterol(TC):k &

normal : &+ ¥ 4 8 2 4c-k > n=10

control : &kl @ 7 be 15%w 4 & o & F A0k o n=12

0.1% his : &l ¢ 7 4v 15%4% 4 4c & > 4c-k 7 1 g/l histidine » n=14

0.2% his : &l ¢ 7 4v 15%4m 4 4c & > 4k 7 2 ¢/l histidine » n=14

Bdpw i meantSD 47 F AR EX FAH A L2 By ¥ LR (P<0.05)
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LDL-C

80 | b
70 - I .
0 4 a T
_ 0r Ay I g8 s
S 40 - Ay 7 SR
= 7 / -
20 | / o
10 | o % L
0 A 7 g
normal control 0.1% his 0.2% his

[ @ 5-5] 4 & 7 F )k & histidine 2 -] &%F5%&k# LDL cholesterol(LDL-C)k &

normal : &+ ¥ 4 8 % 4:-k > n=10

control : &L @ 7 be 15% M 4 & 0 & F A0k o n=12

0.1% his : 4l ¢ 7 4 15%-7 ;d 4c & > 4c-k 2 1 g/l histidine » n=14

0.2% his : &l ¢ 7 4v 15%4m 4 4c & > 4k 7 2 g/l histidine » n=14

BPpw i meantSD £ 57 P AR EX F A A L2 By ¥ LR (P<0.05)
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Uric acid

6 b
a T
5 L T[54 28 a
s T 'I'
A 7S
.| 7/n% X
EE /:::::: ab a O normal
<3 - 2 é A 1 Bcontrol
= . %f:f:f: (111 e’ EE @0.1% his
2 ¢ % %;;;;;; WAl B02%his
1 / ézz:z:z A
0 z é:i:i:i A
serum heart kidney

[®]5-6] 4 & 7 Ik & histidine 2 -] & 5 ~ 5% T % uric acid )k &

normal : &+ ¥ 4 8 % 4:-k > n=10

control : &L @ 7 be 15% M 4 & 0 & F A0k o n=12

0.1% his : 4l ¢ 7 4 15%-7 ;d 4c & > 4c-k 2 1 g/l histidine » n=14

0.2% his : &l ¢ 7 4v 15%4m 4 4c & > 4k 7 2 g/l histidine » n=14

BPpw i meantSD £ 57 P AR EX F A A L2 By ¥ LR (P<0.05)
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Xanthine oxidase

O normal

L s

15 - R ra
a P

P
P
PR
P
1 — P
P
PR
PR
PR
PR

0.5 = ER

EA

=t

@control
T @0.1% his
| B80.2% his

R

uU/g protein

B o

B T L T T Y

R
R
R
ER

B T L T T
T T T i
B T T

heart kidney

[® 5-7) 4 & 7 Ik & histidine 2_ -] BlL. 582 F 5% ¢ xanthine oxidase 7= 1+

normal : &+ ¥ 4 8 % 4c-k > n=10

control : &kl @ 7 be 15%w 8 4 & o & F Aok o n=12

0.1% his : &l ¢ 7 4v 15%4m 4 4c & > 4k 7 1 g/l histidine » n=14

0.2% his : &l ¢ 7 4v 15%4m 4 4c & > 4k 7 2 ¢/l histidine » n=14

Bdpw i meantSD 47 F AR EX FAH A L2 By ¥ LR (P<0.05)

54



4 a I
PN
//1//
— PN W
E 3 L S
= P
()] P
c EAr A
EAr A

[EEY

T T

R

R L T

L T

L T

L T

o

\ —— o
NN

normal control 0.1% his 0.2% his

[®5-8)] 4 & 7 Ir k& histidine 2_ -] & 5 ¢ leptin Jk &

normal : &+ ¥ 4 8 2 4:-k > n=10

control : 4kl @ 7 be 15% M 4 & 0 & F A0k o n=12

0.1% his : 4l @ 7 4 15%-7 4 4c & > 4c-k 2 1 g/l histidine » n=14

0.2% his : &l ¢ 7 4v 15%4m 4 4c & > 4k 7 2 g/l histidine » n=14

BPpw i meantSD £ 57 P AR EX F A A L2 By ¥ LR (P<0.05)
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Ghrelin

25
b b b
2 | ] l
a 77/
15 ¢ l :f:f:l:f:f:
E / BREs
> ¥ / s
05 | 7 % -
0 A SENES

normal control 0.1% his 0.2% his

[®5-9) 4 & 7 Ik & histidine 2_ -] & 5 ¢ ghrelin )k &

normal : &+ ¥ 4 8 % 4c-k > n=10

control : &kl @ 7 be 15%w 8 4 & o & F Aok o n=12

0.1% his : &l ¢ 7 4v 15%4m 4 4c & > 4k 7 1 g/l histidine » n=14

0.2% his : &l ¢ 7 4v 15%4m 4 4c & > 4k 7 2 ¢/l histidine » n=14

Bdpw i meantSD 47 F AR EX FAH A L2 By ¥ LR (P<0.05)
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Adiponectin

> C
45 + ;
b
4 r
35 |- a 7
3 [ T /
T 25 %2 /
2 2 Y
15 o /
L o /
05 |- R /
. o o
normal control 0.1% his 0.2% his

[®]5-10] 4 & % Fr )k & histidine 2 ] &4 ;¢ adiponectin & &

normal : &+ ¥ 4 8 % 4c-k > n=10

control : &kl @ 7 be 15%w 8 4 & o & F Aok o n=12

0.1% his : &l ¢ 7 4v 15%4m 4 4c & > 4k 7 1 g/l histidine » n=14

0.2% his : &l ¢ 7 4v 15%4m 4 4c & > 4k 7 2 ¢/l histidine » n=14

Bdpw i meantSD 47 F AR EX FAH A L2 By ¥ LR (P<0.05)
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[ % 5-3) & 5% =rit * 2 & 87 43 7 9p ik chle &

SFA : Saturated fatty acid
MUFA : Monounsaturated fatty acid
PUFA : Polyunsaturated fatty acid

Fatty acid &L ¥ 59 15% 47 jd &L
(area %) (area %) (area %)

4:0 nd 0.41 0.27
8:0 0.36 0.72 0.16
10:0 0.32 2.69 1.16
12:0 nd 3.56 2.07
14:0 0.33 o0 8.06
14:1 2.61 nd g3
16:0 13.80 31.16 28.20
16:1 0.48 0.38 0.13
18:0 3.49 2073 20.05
18:1 20.67 18.24 17.78
18:2 52.57 4.09 18.29
18:3 4.77 0.30 1.71
20:1 1.45 0.15 nd
20:4 0.91 nd nd
22:6 0.78 nd nd
SFA 18.30 7177 59.97

MUFA 22.60 21.23 19.64

PUFA 59.03 4.54 20.00

Total 99.93 97.54 99.61

58



[ # 5-4) & & % F= k& histidine {s "+

normal : &+ ¥ 4 8 2 4:-k > n=10
control : &kl @ ,T be 15%w 8 4 & o & F A0k o n=12
0.1% his : 4l ¢ 7 4v 15%4m 4 4c & > 4k 7 19/l histidine » n=14
0.2% his : 4 ¢ 7 4v 15%4m 4 4c & > 4k 7 29/l histidine » n=14
SFA : Saturated fatty acid
MUFA : Monounsaturated fatty acid
PUFA : Polyunsaturated fatty acid

BdpdimeantSD £ 7 [ AR EY FAH AT L2

R R

SR AL e e

=\
2R

£ (P<0.05)

Fatty acid  Normal Control 0.1% his 0.2% his
(area %) (area %) (area %) (area %)
14:0 0.50 +0.08° 1.16 +0.17" 0.91 +0.26° 1.06 +0.16™
16:0 21.45+0.81°  23.43+1.05°  22.88+0.56>  23.51 +1.73°
16:1 2.76 +0.47%° 3.17 +0.30° 2.51 +0.76° 2.89 +0.40%°
18:0 7.39 +1.01° 9.05 +1.30° 9.27 +1.01° 9.03 +1.31°
18:1 14.90 +1.31° 20.24 +1.32° 19.37 +1.70°  20.16 +1.03"
18:2 33.53 +1.37° 2223+1.28°  2223+0.95°  22.02 +0.81°
18:3 1.57 +0.15° 1.00 +0.10° 0.88 +0.13° 0.90 +0.09"
20:1 0.50 +0.04% 0.55 +0.03% 0.62 +0.09° 0.59 +0.09"
20:4 5.78 +0.54° 6.99 +0.63" 8.09 +1.25° 7.33 +0.62°
22:5 0.73 +0.05° 0.79 +0.06" 0.88 +0.06° 0.81 +0.08°
22:6 7.65 +0.51° 8.63 +0.50° 0.49 +1.09° 8.66 +0.82°
SFA 20.27+1.14° 32.93+2.07° 33.13+1.20° 33.17+1.80°
MUFA 18.32+1.87° 23.62+1.61° 22.36+1.95° 23.62+1.03°
PUFA 48.31+2.61° 40.11+0.76° 41.76+1.48" 39.66+1.90°
Total 96.71+1.00 96.65+0.80 97.24+1.79 96.3+0.97
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[ % 5-11] Leptin &# & & 75 7 & € crpp B 12
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3 _
r=-0.248
251 ¢ . . P>0.01
IS
E 21 e ¢ ¢
g LK 4 . 00 .0
S 15 - *
I * o ¢ o** %o,
=
o 4. ¢ ¢
'S
05 - .
0 T T T T T 1
150 250 350 450 550 650 750
Bl &2 £ (mg)

[ ® 5-12] Ghrelin 22 & % 3 7 & £ «rdp B |2

P>0.01: Ghrelin &2 & % 75 {7 £ £ A i 5% chatiiip b
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r=-0.579,
L 4
45 P<0.01

Adiponectin (ug/ml)

2 T T T T T 1
150 250 350 450 550 650 750

BlE L (mg)

[ #] 5-13] Adiponectin 2 & & 73 7 £ & c4p B 12

P <0.01 : Adiponectin £ &| & 7, i &£ £ & £ 3 F chsd4p b

62



R e

Carnosine ¥ ;%gr} carnosinase *# f#  histidine 2 B-alanine> # ¢ histidine ¥ £
¢ L-histidine decarboxylase ~ f% 2 # histamine (Brown, Stevens et al. 2001) - & § %
FL A RIFF TG 2 R ORI T ] B Ak 7+ 0.05% -
0.1% histindine g« carnosine ¥ # &g & ~ fF 1 ehixE s % (Lee, Hsu et al. 2005;
Liu, Liu et al. 2008) - @ 3¢ L %= histindine 2% carnosine » 4> acetaminophen 3% % 7
EPRAFE G R FOREAFREE (Y2 8 L E (Yan, Wu et al. 2009) o gtk o AF
HEY - AL ERAAS B%n i endrfoig e 8 2 0] Bl Aok 7 4e 0.1%
histindine £ carnosine {5 > 5 "% % & & fEfi o g B2 ) B R34 2 2c % (Mong,
Chao et al. 2011) - ]t » A %% { - ) K3 #E 3 histidine > { 3 £ (15%) 46 fr i
Pakr G e ¥ - G o d AT P HRIAIACRY J 4c histindine g8 carnosine » & %
FIA K A ehikEock o @ histidine & camosine s G# A H 2~ » i _camnosine
Frot i o T AR K5 f1* 2 F kA o0 histidine 2 #£ 34 histidine ¥t % 47
Forigdrdc 82 FF AR FHREEF R 15%Wd A S L H R B
ToORTRAEIN R ST VB ITE sl o AR BRITAR Y ’T v % ek
K < histidine £2 B 4 4¢ @ control ‘e fpi > ¥ E 5 SRR B A 2 Bl R IR
FRORERE LR TR o R B %S F s TC- " TG 2 LDL-C

g

— o A &
§ [4 53] iAok cho s ARGy e L8 0 £V 3
b AL chie & ¢ o R K 60% 0 iR B 2t — bk & s e 18% 5 @ § A A e

P IREE R 5 20% 0 M AT 5T — AL 5% o d BT dr o B S 5 el S ek
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) RE - B GApRR o §EIIRE R ke foigis o @ g% [£ 5-4) B 0 %4

5 15%7% 4 fevy bk & € BLAR ] BRI AL A B 4 1 SFA 2 MUFA et i

% 1 PUFA W 5] o 28 @ %3 0.1%2 0.2%:5 histiding 3383757 58 o = 27 F 3 4
a control Eipd > X3 BFELRE o 25 S EP histidine 377507 w5k SFA -

MUFA 2 PUFA i 7 + o 7§ < fdp > 180 2 v e ™ A p A0 ph
chif £ % 3 &pfof®% 4 4 201 4 % n-6 % 5|7 dhp  AFEEY ch 181 3 g TR
ARl pEZ T 4 2 22158 22:6 & n-3 )k 7| *y %k (Mathias, Vergara et al. 2010) »

¥ ke dom 20 2 4 FgiRphenB{ 4 0 & g 0 ¥R cyclooxygenase {e lipoxygenase ¢
F 0% > 483 PGE2~TXA 2 LTBy & i8¢ L F]+ 2 = 5 @ n-3 k7P Pl ¢
B N6 kPR R fE R ¥ > ¥4 & PGE;s TXAs 2 LTB, ' M L F i
(Mathias, Vergara et al. 2010; Simopoulos 2010) <[ % 5-4] » & 4¢{rid "4 & &2 - M4t
Seujpf o H18:12% 18:37ipfi bl g FrE M @ 20:4-22:5222:6
PR GIRTE R S o B T Ak S B Ap ot Ak 8 F a0 € B 40THEY n-6 ¢ n-3 7y
5 fs 54 cyclooxygenase {r lipoxygenase s i® * 2 B2 50 Wk i erig 70 A F % 0.1%
histidine 4 -k e %] 22 control E4pi > B 18 1 3P pf MR A M > @ 20 4~

22522 22 16 "gppart b B F A 4r 5 0.2% histidine #7201 422152 2216 g
iRpL v BB B F # 0.1% histidine = o p v ¢ 4 histidine ¥ 54 HDC it 4 =
histamine (Brown, Stevens et al. 2001)  #: 4= # 3 45 1 > histamine ¥ 12 i% i histamine
H2 receptor *% X arachidonic acid (20:4 g #»p&)«§8 11 12 2 3244 cAMP (Traiffort, Ruat
etal. 1992) - ¥ — # ¢t 7 » % 57 > histamine #r4| LTB, ¢04 = §_i% iF histamine H2
receptor #r+| arachidonic acid ## 112 2 #r4| 5-lipoxygenase # = 3 1% % (Flamand,
Plante et al. 2004) o 24502 F 77 3 & & 4aip] » 1k & histidine 43t & =& n-6 &2 n-3 73
REAE A P EaErTE o R A A F R UF BITEZET o 2 > 0.2% histidine

Voap - ¥R A8 35 histamine o iE @ Fr4 arachidonic acid s =~ D I T
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Ed o AT RFSERE NS B AR &ES [£ 51] ¢ REIFLE R

4y

47 {rigind @ control EAE F A 4r 0 @ &S 0.2% histidine eh4-k 5 P AR TR MR

®
A

\F‘b

Fiipd s e o] REP7REINEBFELEERFRL ¥ | KL > F
B M g LA RS0 G " ) BUMRE £ ervk % (Cho, Shin et al. 2010; Komiyama,
Andohetal. 2011) - A % 7 2 mF7 7 © 7R » %4 /] & Z histidine stk 3 "% i< H
R P IL-6 ~ TNF-a 7 & & #u% L %k (Lee, Hsu et al. 2005; Liu, Liu et al. 2008;
Yan, Wu et al. 2009) - #4855 S G e fora b 8 ¥ i mgm 8 L F BehE 2 o A

Aok ® P 4e 0.2% histidine ¥ 4t ¥ 0 M L E J

Paie RIS BRI SE FEIFRIT AT AR R E
s s HEMEM A S F B A e g2 %l R 3 I A B
#F ¥ B2 (Sumiyoshi, Sakanaka et al. 2006; Isharwal, Misra et al. 2009; de Melo,
Queiroz et al. 2010) » = )“kf;ﬁ e foigipadt d € ag s fgdsdifh C LDL-C 2 3 s 3L g 3
PRiE g KR 0 s RS F B pnE e F1F (Siri-Tarino, Sun etal. 2010) - » §
Frdpdto AHPNERE S DN F R e BB R R G R IRLE g i ¥
q - B % 57+ (Despres 2007) - 4 & % 4xfoid Pabr d 2 < B> v U F H L
Bt Ak, ¥ P M4 ¢ TG-TC 2 LDL sk B » @l % 797 %s 4
P RAAR IR G 0 T i § WA g AT R LIPS FROR o (Ha, Kim et al. 2011) o &
FBEBU T EY T - R &S B o g4 & chie s (control E)H g E -

#% % L ~insulin~ ¢ TC 2 TG~ 7% TG 2 LDL-C % A ¥ % -

EET I LR
o % [ 52) 4p 1 15% & fria s ekl S BT F & % % § % kR 2 HOMA-IR

B 25T A ASE SN TR I%E F3 AL BE T FR R
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G0 dpfrrg it ) RMPN L ARE R T A REE TN 87 5§ A
PRRENE A AR A ML R AR > ok A ¢ R P SFA K 8~14%
(BB ENF AV ZH%REFERT RS 18% > B0 5 kAR 7" 1 25%
(Parker, Weiss et al. 1993)cd pt ¥ fv @ &xfoin 548 @ € & = W PqRaff 2 "% KR 4
LG B R R BERL P RE FERE YA o AFKREREET A4t 7 histidine 4

SRR TR TR 2 E R

d & foigipirik B oL | % 8 2 HOMA-IR
B AFHRFTWIAAT BFIL > L 4k 7 0.1%: histidine £ carnosine > %4 & 3
5%k forig skt G ] B T Ut i ¢ % £ k&R 112 HOMA-IR e (Mong,
Chao et al. 2011) ; %~ 1§M 4p 31> histidine £ carnosine *# 9% § % [E 7 i é'jgvﬂ
BUREAES MY TG 2 TCER > Fla W f At R > B o% g
Z e ¥ - FAF R a‘%ﬁﬁ:}{;ﬁ B egok P 85 0.1% = histidine 2 carnosine
ORTES L G F A0S s TR M B He L R N A RS R TG 2 TC
ek & (Lee, Hsuetal. 2005) - F]ptdaipl & F 2%k ¢ - &4 2 histidine s4x -k #7343
ML g FrEi o Vi LB AR R RO Z AR ER R

HOMA-IR -

= ~ Histidine ¥+t %8 7 5 2. 2 38

A SRERF MY normal EApd o S F AR SR FH T HE [F
5-11- & &5 e [% 51]) & "% TG [® 5-3] - TC [H] 5-4] 2 LDL-C
[R55] @A chpm T B > %3 | HF&frigh s g2 S ML FR > B %
iR LG F ~ L TG 2 TC 2+ P A 4 (Araljo, Leite etal. 2011) - & #F 5%
) B3 5% R G A hE R BN IR R E G - R T F %
SRR EA PR 01%2 0.2%:5 histidine 4c-k - ¥ " MH & 5 TC 393 TG %

LDL-C th# » e i TG % 358 TC it § B F 190 48

>\_
mf
A
el
(w,
g
3
i
&+
S
3
=
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& 7 S%4e{org api Ak 8 ] BL H Aok @k 4e 0.1% histidine 2 carnosine {8 0
RABERTE > &2 5 Y TG~TC § " Memak » Tqp it g% L5 EF
malic aicd ~ FAS ~ HMG-CoA reductase ~ SREBP-1c §= SREBP-2 =3/% 1+ & mRNA #
£ (Mong, Chao etal. 2011) A 3 & % & o1 » 3% 3 44l ch%q 95 7 £ (15%) 12 > 0.1%
i histidine i X 5 ' MOAFE TG 2%k o ¥ 3 2 ;Fﬁe:};] dr s < BV VA Bt histidine ¥ 02
% i#§ histamine H3 receptor FEHif|id i L g A La Sk 0§ Fgip oA 7
(Yoshimatsu, Tsuda et al. 2002) - Uncoupling protein (UCP) -1 ek %1 & 38 d ® ;{”@
FEFRE AT P oA {7 IR UCP-1 &2 # e 2 B 3R 184
* #i £ & hd 4 (Silvaand Rabelo 1997) - 2§ dp ) & B Y e R R D
histidine > ¥ 4% % UCP-1 enZ & > iEa WM 4r X R DA F 20 > H% B i £ eij £
(Kasaoka, Tsuboyama-Kasaoka et al. 2004) - d 2 F 77 3 & 5 4a:p] » Mk & histidine
PN A BT AR ML E AR B AT oA R
SRR U AR E\?{%ﬁﬂ BB GH et PR R AR 0 ek g a e
S fg o gheb o g BT < Behdr & ¢ %4 < £ histidine (2.5% ~ 5%) 0 £ @ ¢
HAcFagd? TG m 2 TC «df (Hitomi-Ohmura, Amano et al. 1992; Kasaoka,
Tsuboyama-Kasaoka et al. 2004) o ¢ % .% % = 0.2% histidine = 3% TG ~ TC &
0.1% histidine ‘e tpfiz > 3 3 4ecafdt > 7 E8E AR F B >0 B 0 control &> 2ie¥ At
2 - BB E HER o AF %S histidine 4 k¥ i@ 75 LDL-C g% T " > & 5K
ROEFIMAL G A FALE o 2 frdp o LDLC ik ¥ ¥ RIEABA RN 0 A0
FfEfq v £ i8> HDL i2 w %58 (Klerkx, El Harchaoui et al. 2006) - k@ » #F 7 %
Bl R IR 5 LDL-C 2 HDL-C z %1 (%] &k &) Flpb o JwpPe5ge

LDL-C ¥ i # % = HDL » @ @& ¢ @ e Ff 5 £ afF 2 % o
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PNCLED S - A
Ghrelin 5 - fa55d 5 A f 5> 2 GHS-R % & fligd £ gk el s
FVEEETAE NPY # 5~ AgRP 8% » §]ic & 45> 3 4r 8 4 croffe B2 8 0
imend o iE @ HRAE A 4 (Ukkola 2003; Klok, Jakobsdottir et al. 2007) - #: 4
FEipd * B S3a{rd g S M SpfR . 348 B Jf: ghrelin ;&
BB E MO AL G e A p 0 i fodr & ¢ b fg ar ik ch B 27 ghrelin Sk B S f AP B
(Li, Wangetal.2010) - ¥ 3 # 3 # > & S F A4 dchx &> Hi ¢ ghrelin sk &
g alE ekt (Yamauchi, Kamonetal. 2001) = 2 b » & A §8 a0 :Ff: ¢ ghrelin
ERS BRI E 2 TS E AR R & K v (Tschop, Weyer et al. 2001)- & 4 %8¢ >
ghrelin 22 f 3% FR L LR BMP > & FAHDF % > 5 v jrdg & ghrelin s 4
VD Ay s m gL % ek s (Wierup, Svensson et al. 2002) o & F 5|
btk Faiomgqcais ghrelin Mg ™5 > HH & 25§ % k& B F 3 4 > W
B Ay Rk - koo a4t 3 histidine 2 4c-k & ghrelin )k & w 2 3 22 normal
ZApiy [B 5-9) &7 & A F5 & 313 #r4a B histidine *§ M AP 595 & = > iEd
REN TG TCHF " HBF%E ZARE R > T Ifha® ghrelin 7 € > & A7 %L}
RIEFESE o FI 2 5§ histidine # ghrelin 82 B8 7 o d i o
Leptin & & & o #pinlesiere i B ffcdianleptin ¢ @ o "R EE » < 7

TARE T NER LM BT T R B A SHFILE R leptin
A4 > Fdrdld ghrelin 75 it 5 NPY ~ AgRP & %% i & g5 12 Fr ] & 4 B o 2 )gi%
in 4 leptin &2 ghrelin g 4p 3 R TAREF AL HE R E R T o AL N
# 1 T = (Klok, Jakobsdottir et al. 2007; Handjieva-Darlenska and Boyadjieva 2009) -
CRE e o M ot leptin o+ s ghrelin ik & & F 2+ (Tschop, Weyer et al. 2001) -

FAE Ap o e éé’z FPG AR Y leptin JER ¥ 0 J\ leptin JE B - # ¥ il ¥
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WEREHF 3§ LR d G- & R HE 4 S (800keal) > &) 5% £
s Hig¥F 8gr Y leptin JE R &2 J\ leptin ;& & *# = '8 (Nam, Kratzsch et al. 2001) -
F-®PFPA Ry SE&SEHGE N HMEEW B H e D PR G
leptin Jk & 22 & & #5 7 & = & ¢ ehB % (Handjieva-Darlenska and Boyadjieva 2009) -
AP % (W 58] ftk & B foin bt 6o B> H i leptin SRR P AT S+
normal ‘e > Agméca v 7 5 4o g g ML F 2 o T8 4 leptin ch4 2 o @ A
F %] B4t 7 0.1% histidine 4k 18 > #F58 TG &2 leptin § B ¥ 7% » ; ¥ - =
oo FEE%RL oo ¢ leptin 22 ghrelin 2 BPemk B2 i 2 F 1t > Zdip] 0.1%
histidine %>t leptin Jk & 0" 4> 7 it 2234 4c ghrelin 04 2 2 8% 5 B - Xa 0.2%
histidine sr&c -k £ri2 § #cd leptin k& o ¥ frdp &0 & #a 5 leptin 0k & % g 97l %
IMRNA % T8 42 5 2 99 3ede B (oS80 %5 95 A0t e 4o 2 leptin et = 4 B >
v i¥ 5 45 v eodp i (Considine, Sinhaetal. 1996) - & 4 %% TC 2 pl & 7§
e %Y 5 0.2% histidine 22 3 4 & a3 dleipi > ¥ L5 ¥ O TC 2
ERFER X AR BT EE NS ET 0 0.2% histidine g B4 3 W 4
airdleBE o d gt 42iR] 0.2% histidine gl P~ ¥+ leptin e/ 5 & ¥ "% 11> 7 ay &L
F] % 0.2% histidine Az L &l E 7 H L > @ leptin chs e 297 &5 & 4p Bk [ B

5-11] -

< /I%;f;] > adiponectin L d g ik le BT A% 0 © R G RE 5 F PR fudhde
FHP A :ch adiponectin jk & ¢ "# < (Scherer, Williams et al. 1995; Hotta,
Funahashi et al. 2001) - #7 7 %51 > adiponectin & 3F%K® ¥ #£ 5 i* AMPK @ % i< §
FAEAE S T T ACCHIfL (Y 2 "gpfi g (v 5« ¥ 51" PPAR-q > Tk g Wbk §
foien fott iR TG 7 £ (Kadowaki and Yamauchi 2005) o ¥ #h < gedp &t o

f
adiponectin ¥ 3 4v /| BUvep FHBARR 0L E P ikp g IV IER o R MOFERE S RA A
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mE e > EL g Farg B (Yamauchi, Kamonetal. 2001) « A& 443 ¢ » & S F

%

i AL @ A e ) B0 L R adiponectin kB AT F MOt E ¥ 4 s 2 ) B £ 2
$rgs2 gl R T E = F v (Kadowaki and Yamauchi 2005; Ha, Kim et al. 2011) - ~
g&;ﬁ?’ #47%)3+ PPAR-q ¥ 1 i%5 1 adiponectin &i&+ } &0 peroxisome proliferator
response elements (PPRE) {1 ;% adiponectin =4 #]#& 4% * (Hiuge, Tenenbaum et al.
2007) & b BB HER RS F NS ) R & gm0 B RS
¢ PPAR-q e E " M > i&m g0 o ¢ adiponectin Jk & (Qiao, Lee et al. 2011) -
*9 %% % [B5-10] B 5-13)°¢ - & {fc& & 2 #P~ 7w 117 & ;F adiponectin
g BRE R A AP 0 @ 4 7 histidine 4%k 7 &g ¥ #k4p adiponectin Jk B -
4aip] histidine ¥ i j5d B> 47598 > i@ & jF 7 adiponectin )k & %4R » (e histidine
2P F PPARa & AMPK pathway @7 i % » 3 & (8 FA 7 #8354 o 20 b > kg ep
adiponectin ¥ it ¥ 2 T Esavp W FAEGUER o B st LG E B autR R 0 %
¥ k7 % HOMA-IR E4p - e — 3 o
ERNY S TR SN
A EIRE - IR RS G sl A KRR RSy E KU L
R~ Bbr ¥ E % (Lee, Terkeltaub et al. 2006) - ¥ — < ;Fﬁei;] SRR A . RN
TORRE D RER R 4 TR o @ ¢ REA 4 I PR G RIRR 6 BUREIER
it v (Facchini, Chenetal. 1991) c & & H 3 P » &I B AL 7 M A F R 4 1Y
ity (W TGTCHoLDL) 3% § F a4 2 w ¢ SRk & (Amin and Nagy 2009) -
AR E IR RBPERHEORFEF L R AT o KRR R B R A D F
i jpaAkg o A ? TC-TG kA~ 3 (Ishizaka, Ishizaka et al. 2005; Chen,
Zhuetal. 2007) - A% % 5% [B 5-6] #F R > 4k & F & {crq 4k & ) Bt i

,;;s;ga %‘s;g:’ };’ﬁ;{jﬁj}é}i?%ﬁ%‘ﬁgﬁ P v £ -TG%2 TC 7 £+ PE®ZE -
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4 e fe ik & 0 histidine 2. t8 » B ¥ "% M i ~ wBRE TR kB2 TC K
B o 4aip) ¥ ac &_histidine *f M ¢ TC > & TRE S REL S 4 H 4o 0 1B A TE HP AR

Ak R o

PZL";};] e 3 @?ﬁﬁ;:fﬁ_? B EEEF CRA AR L B 0 &S R
< g A op (Kanellis and Kang 2005) - #8  Fi s & purine & #fendc i g - H47<
Lgd XO i o %3k 3 5 hypoxanthine #d XO = hydroxylation % & % =
xanthine » 3% % £ -3 (N FA 4 PR o v pRdp o REEA T - 2 d R
THROCE S p et > ¥ - 26 v i5d uricase @5 allantoin o e 4 K75 iE
it e @ EHPN churicase =~ & A E TR FIUCAREE B X MIARAR 5 purine Pk A
Poom B Fudededo | BB Ry F L e uricase - ¥ JREL B allantoin
(Hayashi, Fujiwara et al. 2000; So and Thorens 2010)- » §# 2% % % [ 8 5-6 % [ @ 5-7])
BT o MRS A frig hAr 8 i) Bl i > W HRE TR REOE R 11 2 XO G gE
FRHFH AT B A SRR § BN F VRS DD R DA o
e a4 * 7 histidine dody -k 150 XO chig iz § MER S 7 JRpairt BETE
“dwipl- > 6 7 i A histidine % % 6 & o B R LTRSS Y - 2 G
¥ oo A_F] 5 o] BB ouricase ¥ 4 fLit SR 38 allantoin (So and Thorens 2010) -
e A F B2 Rl T uricase E 2 0 F]b histidine $ AL atE > BT d TR

BLEEFEELAC AP P RZRT -
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A o) Bk g 0.1%0 histidine » 3% 15%&F foid fq bt 8 1 3 W& § R 12
FULE R ABHP M R R e ek 283 0.2%histidine 4k 22
0.1%4pd » Hoxk L FIREM B { & - Flpt > 2 F %% 28 0.1%D
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