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Amino Acid Analysis of Non-alcoholic Steatohepatitis in Rat Liver

Chisato Noguchi
Graduate School of Human Ecology, Kinjo Gakuin University

Non-alcoholic steatohepatitis (NASH) is correlated with metabolic syndrome, and the prevalence of
NASH patients is increasing worldwide. Fast food is considered a risk for the pathogenesis of NASH, so
dietary therapy is very important for its prevention.

In this study, amino acid composition of rat liver of NASH model was examined. WKY male rats (6
weeks old) were randomly divided into 8 groups. Control groups were fed control diets for 4 weeks, 8
weeks, 12 weeks and 16 weeks, respectively. HFC groups were fed high fat and high cholesterol diet for 4
weeks, 8 weeks, 12 weeks and 16 weeks, respectively. The liver weight of HFC group was high compared
with control rat, and the surface color was whitish, indicating deposition of much lipid in the HFC liver.

The cell pathology of liver was examined by transmission electron microscopy. Many lipid droplets
were observed in the cytoplasm of hepatocyte, which increased after 8 week-intake of HFC diet.

Amino acid analysis showed the increase of hydroxyproline in the liver of HFC group, while the other
amino acids were decreased. Because hydroxyproline is a chief component of collagen molecules, the

deposition of collagen fibrils in NASH liver has been confirmed by amino acid analysis.

Keywords: NASH (GE7 v a— VR 28), HFC (SRS a2 L A5 a—)V), amino acid analysis (7
3 BRGHT)



1. FUBIC

JET7 v a— VERRIITERFE R (nonalcoholic fatty
liver disease : NAFLD) & IM:-Ei 5 i, &
WKCBFAEAZER)y 7y Fa—2DFEBME WD
NTWb, 7TIVI—VEIAFRLED, #EICE X
5 N7z PIBEIR I 25 BT D S R RAEL I b 5 & &
nTHEHY, FET VI —VIRREFEED S b o
10% (2HH4 9 % NASH Z, KB 2 W2 b
5IMRIITET R OERE (KiETEORRDILAS, RIEME
MR ORE, ~vav) —/MEo B, R E P O
Mefbze &) 2R LY, RHMoOEERRETH
JEEZS =2 RN AS AN HEAT T DI BTH 5o

KOBEEOENT A1) H Tk, AOD3~5%
ANASHTH Y, Z0HMciz77 A7 —F
(fast food) DFEEEDKE WV E SHY, BAEHCK
1L L 723 25E T H 5% O NASH B H O #2358 2
ENb,

a2V AFa— V& AR OBIES ),
WaWG, n-6RPRIGMEIZZ V2%, ALY & Wi
DBIURD D70 20 ) $ERANASH B % 34
EL7GIRETHONATBY, ZhiE77AM7—F
ENASHO W RBRZ EMN T2 DL wE 5,
L22L, NASHE W9 HEOM&2EE S T30
EDEROSTY, TORBITITRIEARAW L LSS
o> TWnW5b,

BE, 7y y”, "y 428 L7 e 2w
7 NASH DGR IZBE T AW E05 D 5T 5,
COEITT I W LG X B IR M1
MEOBED % ENTWBE—FT, NASHISHERD
b o7 I 7 BREOZAIZHET 2 HiidiEE AL
BoOSNRV, T3 BOEBREOMEIIHEL,
FAEIZX DO 7 3V BEE LRSS 2 LI
HETHDLEEZ T

ZZTHEMOFERTIE, 77 A M7= FIZHEML
~EIENG - B O L AT a — VERHERUC X 5 KO
HARFETIM AT, Wb o7 3 7 Bt 217
9 Z & T, NASHZIER: O o RE 2L % Wik 1
WCHONZT LT E2HE L,

2. RBF&E

D &K

T 19 70 BB CHE S 17z 638 s o HEE WKY
(Wistar Kyoto) T v + (KE130~150g), 24It#%
HEAEZY 8RR T 720 Ty P -V A
(Cont) Z#SPfi¥ (W7 F v 77—24) &L,
KRB EoEEN - malL A5y — VA (HFC: (W7
FNTT 7 —24) &, SPEEHCILATO—LE
MEN—2WERMLIZD DL Lz, ZNF434,
83, 123, 16EMETF L, & ToORTKRE fFHE
HHERE Lz (GF8HE) . MHEICh 2 72l pl o5
FMi% R ITR Lz 2B, AL B ERIL, [ 4
WHBERFEMEREZR ] OKEEZZT, [45K
FHERFBYERIRSE | 2MT L Tirbh7zb DT
Hbo

F1 BF100g & 72 V) DREAM

100g &7z SPfilfl  HFC fil £}
IAVF— (kcal) 373 460
LAV (g) 208 147
&L (g) 28 286
AR (g) 66.1 313
L AFO—)b (g) Tr 5.0
REHETALFE=I  (%E) 6.8 56.0

Tr : Trace (f#ik)

2) HT-HMEBIEE

L 72 2 Imm AT L, AV 7 2% —
BEWIC2HBREI SRS BRICTUE L
720 "IV F 370 F—=2%HWTHEZ80nm D
WU AR, B T =V L s T VRSO G
B KD EEIE B 2 W TBIgE L 72,
3) 7 XS

UG L 7= E RO (#58n=3) ZHWT
T3 B ERATo 7. itk stt=v ¥ N
AF< M)y 7 AEFNICREL 720
4) wEEHLBE

G OEERTH: b N/ flId 4TI fE + BLHER 2
TR L, Shapiro-Wilk 1 X 2 [E#MEOME %2175 72,
IEREARD SN/ FBEMEAFECa > b a—uEE
EEEN - maLr A7Fa— VER (Contdw vs
HFC4w, Cont8w vs HFC8w, ContlZw vs
HFC12w, Contléw vs HFCléw) O Ib#gizix, *f



D tIRE R, IEBENRED N 72HHE
(21X Mann-Whitney UME X 1T o720 T~ b u—
VR (Contdw vs Cont8w vs Contl2w vs
Contléw) F7zidmillEli- mia L A7 a— ViEH
(HFC4w vs HFC8w vs HFC12w vs HFCl6w), 3
FEIRRICIEBLE 2 Mea L, IEBEARED H 7z 3HH 12
BWTE—LRESBINE, TOBROBMEE LT
Tukey HSD Z i\, IEBMEAFED N2 d o 72H
H 1213 Kruskal-Wallis #%E 2 2720 25 OffR!
(21X SPSS ver. 112 L, A EAKHES% KN (1
fll) Z#EtAEE L7,

3. #HR

1) ko2 (WIRFTHR)

5 B O BFIRE R 2 5H L 72455, wihofi
BHMIZBWTHay ba— VIR THFCEE
PHEBICE»P o7z (F2). REDZD ONFIKE=R
2oy IFEERILEIE, v b u— VEETIRETY
HMAPAELZEZERTLTVY 0% L, HFC
HTlEE L ol FFICHFCLI6W I8 W T AT
HRIEFEN1%E, 2EREOH) LOTHM L2 5o
LG L o7z,

v b a— VEOEIEIThofBEYR T IE
WhRFLERL, EEOLMLLLDIVAONAAL
Mo 7275, HFC 2 B S B 728 TR &2 HL %

Contdw Cont8w —

HFC4w

— HF C8w

X1. fEEEROE
2 —Juid1iecm &R

x2 RRMFECHEEE

RFRE (g) T ER (g) JHT-Jiek 2 5 b= (%)
4w  Cont 3036 = 166 107 = 030 35 = 011
HFC 2729 + 1886 159 + 1.00™ 58 = 005"
8w Cont 3498 + 10.37° 113 = 026 32 + 0257
HFC 3100 = 1707 286 + 1350 93 = 097"
12w Cont 4155 = 1346"*% 128 = 019" 31 = 012
HFC 3477 + 1360% 306 + 1.06L 88 = 089"
16w Cont 4320 = 1375"% 124 = 080" 29 = 0107F
HFC 3626 + 097%/ 397 = 228%/ 110 = 064%/°
7= & LI = B (R
S CAEMEOT > b a— VREE O EEE RS *P<005  “P<001

o Fi 5 134T P<0.05 % /"3
T :vsContdw % :vsCont8w 9 :vsHFCAw /[ :vs HFC8w
§ 1 vs HFCl2w

D, I PO—VHICHRTELIKREL > T
72 (KD, Zoptzit URMif) & BRI,
EOHFCEIEE T Ko 7z7%, FICHFCl6w T
SEFICA LN, BHIUHRNIC I L CEE OISR
O HNTz,

2) RN - Ema v A7 a— v ENERIC X 2 I
DRERFIYHLFRZ AL

JFF A o B G 1 & BB T BAMEE I X D Bl L /-
(M2)o avba—NLEICBWTIREDHFETFTHMIC
BWTHFHIAO IR DT TH > 7258,
HFCHETIZZ ®mORIikAE A b, HFC4w O
R 2 C TR o 55 DL IR CTHLO R <
ST, BRLMBOHEGEZ Wb 00,
JREH L, & TR R o0 RV AR AE 9 2 Bl A ) 7%,

Cont 16w |

HFC12w ] HFC16w



2. HFC
N:#% S:5ER, L:BIFE A RS
A, Contdw; B, HFC4w; C, Cont8w; D, HFC8w
E, Cont12w; F, HFC12w; G, Cont16w; H, HFC16w

I PO VHETIEHFICALNLE DI,
HFC4w TR SN > 72 (M2B), HFC8w IZ
b L, SOICHIBEORIFE ML, Mg
LA EDIENHETHOR S Sh Tz, MW
I8 L 7R3 1%, HECAw ORISR L2 b
DIZHARTHI» VD% L BD Lz (M2D),
HFCl12w Tl (2132 T OMBEHN MR TH O R
&R, MR OBEIZ S M Lrikbhzk
Motz (K2F). MELPICH R L7z, BEY &9 BRI

WL E L, RERELHZEERL Twis
HFC16w T3 HFCl2w & [AIFEEE D BRI 231k 74& L 72
ML 720 T2 <, BHEIC B S T CTIRITILE A ©
HHNZWEZAHIL L Tz (X12H),

3) D7 I 7 BHhi

lgH72) OFEFORT I 7 EERIE, wWiho
BB TS HFCH A BT VAR &
otz (£3)e M LTI VEE20HHD ) b,
15~ 17OHBICBWTHFRICHEEANRD LN
720 TOHRTH AFF =V OWAIEEE T, HFC
FECIRFAMMET L2y ba—VEoEIZEkRT
FHUTERo TV, £ DT IV BRITHFCHE
WCBWTEAEZ/RL72AY, e Fafxy 7)) vk
WCHFCHETHEMEZ /R L, lowiZBW X2 oM
WCHBEAEDPRO BNz 4w, 8w OB TR IR
BHCTEMETH-o2e Faxd ) I Vi, 12w,
16w IZBWTHFCEEAYE € %2 2B %2 7R L7z
TNV =F 3T HOFFHEICB VT WD
MIZEITRD DN Lh ol TU) ¥, 7Y vid
4w, 8w, 12w CTHEFC DS WA L7z,
fHEHMC L s TIE, 2y va—VEETIE
Bqw MDD IFFIZHARTEMEZ/RL, MHHBIZBW
TR ARG EEDROLND, e Fady 7o
VY, TANGXEUVEE, VATV, eRufxi)
TV, ANZF U TRAERETRD LN o7,
—7J)i, HFCH T Y A54 v, e fkaxy ) v v
AW IR T 8w, 12w, 16w CHEICEMEZ R L,
HFC OBEUHM AR WIZ & ERT /R E o7,
v raxy7ra) 4w it _XT8w L, 12w,
16w CEftiZ /" L, HFC8w MO BEIC LR THE
WEWWRERE o 72,

4, EE

RN - ma L AT u—LoEMEIUC LY, kK
iR ORAE F A L, NASH OB RN 1D
TH 5O AL, T v b CTIZEISEH L
BN A Z LAVRENTze TFIRD IR LA T — T
T, WP 7 I /ikEGE (BE) 3P L TwL
LS L o7, WHRAT A & BB BlEE



£33 EEB - -m3LX7O0-EARICLIHEST7 I/ BEDEE

4w 8w 12w 16w

(ug/g) Cont HFC Cont HFC Cont HFC Cont HFC
Hypro 0.092 + 0.02 0.072 = 0.02 0.223 = 0.04 0.251 + 0.05 0.096 + 0.02 0.151 = 0.00 0.052 + 0.03 0.146 = 0.04*
Asp 3.950 = 0.38 2682 = 0.24™  4.560 = 0.40 2532 £ 0.11™ 3467 £025° 2396 = 0.06* 3469 £ 048* 2.388 = 0.10*
Thr 2.105 = 0.22 1402 £ 012" 2435 +0.23 1.335 £ 0.05™ 1.830 = 0.13% 1.261 =003 1826 = 027°F 1.248 + 0.06*
Ser 2019 +0.22 1375 £0.12* 2305 =*0.21 1.306 + 0.05* 1717 = 0137 1.235 = 0.04™ 1682 =025% 1.229 + 0.04
Glu 5.740 = 0.63 3959 +£0.32°  6.310 = 048 3.659 + 0.13" 5009 = 0.32* 3514 = 0.09* 4839 £ 050° 3.669 = 0.14*
Pro 1.889 + 0.19 1233 £ 011 2319 £0.19 1.252 £ 0.05™ 1708 + 0.13% 1192 + 002 1.769 = 0.28 1.267 + 0.05
Gly 2213 +0.22 1469 = 0.13* 2621 =0.23 1.384 £0.06*  2.035 +0.16 1412 = 0.04™ 2007 =029° 1.519 £ 0.05
Ala 2535 = 0.24 1.650 = 0.14™  3.050 = 0.28 1.550 = 0.09** 2243 £0.16* 1.457 = 0.03 2230+ 0.32° 1.463 = 0.07*
Cys 0.347 = 0.03 0270 =£0.03* 0431 =0.07 0.358 + 0.02" 0431 +=0.03 0358 = 001" 0473 = 0.09 0.362 = 0.04"
Val 2378 +0.25 1611 £0.13* 2967 = 0.26 1571 =007 2202+ 016° 1454 =004 2202 = 0347 1.393 £ 0.09*
Met 0973 £0.15 0313 £0.10* 14170147 0.737 = 0.04 0.995 = 0.07* 0472 =001, 1042 +018* 0482 = 008,
Ile 2.081 =0.23 1406 £ 0.10* 2504 + 0.25 1.332 £ 0.05™ 1.875 = 0.12% 1.256 + 004  1.877 =029 ¢ 1.209 + 0.08!
Leu 4.362 + 045 2902 = 0.26™  5.175 = 048 2690 +013* 3839 +029° 2526 + 006" 3847 = 058F 2435 + 015!
Tyr 1.657 = 0.16 1.003 = 0.09* 2151 +0.19 1.171 £ 0.04% 1521 £0.10% 1.043 £ 003 1590 = 0.28 * 1.012 + 0.08"
Phe 2279 =022 1509 £ 0.15" 2743 £ 0.25 1419 £ 006" 2073 +0.16% 1.369 + 0.04™ 2098 = 0.32 1.308 + 0.10*
Hylys 0.095 + 0.06 0.064 = 0.01 0.169 = 0.01 0.145 + 0.03" 0.106 = 0.03 0125+ 001" 0116 = 0.04 0.130 = 0.01"
Orn 0.073 = 0.02 0.053 £ 0.01 0.081 = 0.01 0.089 = 0.01 0.069 = 0.01 0.055 = 0.00 0.076 = 0.01 0.055 = 0.01
Lys 3.245 = 0.30 2226 =020 3888 +£0.33 2218 =009 2951 £020° 2031 = 006" 2962 044 * 2003 = 0.12*
His 1.103 £ 0.09 0.778 = 0.08* 1342 =0.11 0.700 + 0.03** 1.020 = 0.08 0681 =002  1.040 = 016" 0.658 = 0.05*
Arg 2611 =0.26 1.734 £ 0.14™ 2986 + 0.30 1.648 + 0.08™ 2317 =017 1.628 + 0.04*  2.350 = 0.37 1.665 + 0.08"
Total 41.653 = 4.16 27647 £ 247 49,676 = 443 27345 + 1.07* 37507 +270° 25617 + 058 37545 550 25.640 = 1.29°

T AP+ B

I CAEMIR O3 Y ba— VL OfFEAEERT P<005 *P<0.01

e 5134 TP<005%7"3 T :vsContdw % :vs Cont8w 1 :vs HFC4w [ :vs HFC8w

WX o TR SN )2, HHIBNICZEDOIRY
kAL, WM L2720, F2ohb7T
IVBORPWYLIZEEZONL, TOHTYH,
Iy b= VREEHRTRFICEARDED 72X F
F=F, BWETI VB THAHI LMD, SRDE
BRCH L-mIgN - 2L A5 a—) (HFC)
FRCEINDE ATV OEEDVEEG L TWED
TlRawh 2505, HFCHEIZ, X F+=
¥ % 100g 1112 0.3g & e SP KLY 73g 128 — A &
W20g, IV AFa—)V5g a—)ViR2g % A 72
bOTHY, AF+ = E&w13022g/100g & 3 5E
ENMb, AFF = RZEICK B NASHREREE T
VT v bEHOWEERES LY ZEhs, AFF
SURBIIEINEZERIELL0THL E VR
%o SRIOEIZBWTIAE LRI, e
VAT HE—IVOBREIIZT TR, 73 BA
VNG U ABEL TV AR R X

HFCHIZBWTIEEAEDOT I VBEMITL
TWAHT, av ba— VERZHTEWWER 2R
LzeFaxyrsay) e raxd ) v izt
BV A OMF IS BV THMFEOMEA LA TS
LR shTwas?, e FoFy sy vida
ST UEEDOT I EBETHY, a5 rOHE

§ 1 vs HFCl2w

AEE DR ENE RS TWh, KO 7T Vb
Tay)reFaxFys—XiZLoTHEESN, 2
5= OMREFZ L % BH, I OREFRIETEIIRL
JFICBWCERESME, 7Va—VEFETELLE
A RTIEFASLRTVEY, e Faxy 7oy
YO®EIFAT =T VEROMEEICHENSL Z LA
5, WEroe Fafy 7oy yaEoling, 2
=0 Y OWMERTEVR S, FHIOFERIZB W
TIZ16HH O 2MEMICH EAENRDO N2 & h
5, HFCI6 AR O35 —47 v &iga v b
O— VERICHARTHRICHEML TV Z L2UREN
726

L2 L, MaigEE I HFC 7 S5 38725 v
MIBWT, IFfilaolK, KGR okSE, I
HIRL R P ORHEIL &9, NASH O35 Wy Sk 1 % jiij 72
FHBZEAAE LB 2 L2 WG LY, HiEbove
Fa*s 7o) vy Edary bu— VIR THE
W EAT5 X0 DATOKRET, MO EDMRLT
X7zl w) 2 Ehn, NASHRIEMLICHA S %6
HME A2, a7 =7 YUt oflst~ M) v 2 X
bEENSL I EAURIBEI N,



5. £&8

AWFRICBCTEIEN - IV 27— VRO
MBS & 2 NASHIERE 121, Ky v X7 H A
WCEBTI VWA YNT Y ALEE L Tw A Eek
Wb L, FRIRAIZIEA S 2 W ORHER 31,
37— Y PAOBMEIET b EEND Z EAURIRE
N7zo ZORRIL, I OBMEILINE] X 7 = X 2 fif
HO—WZHbHMATHL LEDbNS,

o
M

A

AWFFEIZBNTT v MEHBO 7 I 2 BT
2 ExF LSt =v Y N F< b)Y
7 AR ORI L BT E 5,

5| A3k

1) van der Poorten D, Milner KL, et al. Visceral
fat: A key mediator of steatohepatitis in
metabolic liver disease. Hepatology, 48(2): 449-57
(2008)

2) Ludwig ], Viggiano TR, et al. Nonalcoholic
steatohepatitis: Mayo clinic experiences with a
hitherto unnamed disease. Mayo Clin Proc, 55(7):
434-8 (1980)

3) Vernon G, Baranova A, Younossi ZM.
Systematic review: the epidemiology and natural
history of non-alcoholic fatty liver disease and
non-alcoholic steatohepatitis in adults. Aliment
Pharmacol Ther, 34(3): 274-85 (2011)

4) Pitt HA. Hepato-pancreato-biliary fat: the
good, the bad and the ugly. HPB, 9: 92-7 (2007)
5) Musso G, Gambino R, et al. Dietary habits and
their relations to insulin resistance and
postprandial lipemia in nonalcoholic steato-

hepatitis. Hepatology, 37(4): 909-16 (2003)

6) Cortez-Pinto H, Jesus L, et al. How different is
the dietary pattern in non-alcoholic
steatohepatitis patients? Clin Nutr, 25(5): 816-23
(2006)

7 ) Barakat HA, Hamza AH. Glycine alleviates
liver injury induced by deficiency in methionine
and or choline in rats. Eur Rev Med Pharmacol
Sci. 16(6): 728-36 (2012)

8) Kawakami S, Han KH, et al. Effects of dietary
supplementation with betaine on a nonalcoholic
steatohepatitis (NASH) mouse model. J] Nutr Sci
Vitaminol. 58(5): 371-5 (2012)

9) Machado MV, Cortez-Pinto H. Leptin in the
treatment of lipodystrophy-associated
nonalcoholic fatty liver disease: are we there
already? Expert Rev Gastroenterol Hepatol. 7(6):
513-5 (2013)

10) L&, BT E 7OV B O &R & R
SP IRl fEHS I NE. SHREEHREE 7V IE
FmFZE2s (8) (2001)

11) de Lima VM, Oliveira CP, et al. A rodent
model of NASH with cirrhosis, oval cell
proliferation and hepatocellular carcinoma. J
Hepatol, 49(6): 1055-61 (2008)

12) Kucharz EJ. Serum hydroxyproline and
hydroxylysine levels in patients with
decompensated cirrhosis. Rom ] Intern Med.
32(4): 271-4 (1994)

13) Mezey E, Potter JJ, et al. Hepatic collagen
proline hydroxylase activity in alcoholic liver
disease. Clin Chim Acta. 68(3): 313-20 (1976)

14) FPLUE. @IRNE - W3 L A7 0 — Uik aL
\Z & % NASH D3¢ i & FE i 1t 0 IR E & R A
CAED MERNE T v MCBIU B HGET. Sk
REFRZFBEN B AT A e R a4 (12) 0 1-8 (2012)



