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Abstract : The purpose of this paper was to study the changes of aminogram in plasma after long-term exercise in non-al-
coholic fatty liver disease (NAFLD) rats. Thirty healthy male SD rats were randomly and equally divided into following
3 groups :normal control group( C,fed with standard diet) , high fat diet fed control group (HC) and long-term exercise
(HE). The rats in group HC were fed with high-fat diet without exercise for 4 weeks,then with 90 min unloaded swim-
ming 5 times per week. The whole duration of the study were 24 weeks,the serum concentration of free amino-acids and
ALT,AST, Glu, Chol, TG, HDL, LDL, CP, the morphological changes of liver was detected. Results: ALT, AST, Glu,
Chol,, TG ,HDL,LDL,CP were increased in HC group,while AST,GLU,LDL decreased,,and ALT,CHOL, TG decreased
significantly ( P<0.05 and P<0.01) respectively in HE group. HDL was increased in HE group comparing with HC group.
The steatosis was higher in HC group,but was lower in HE group( P<0.05). The Asp, Cir,Ser, Ala, Tyr,Met, Lys, Arg in
the serum of HE group were significantly lower than that in HC group( P<0.01) , while Glu, Asn, Thr, Gly, Val, Phe in
serum lower than that( P<0.05). The levels of most other amino acids tended to decreased in HE group although there
was no significant difference compared with HC group( P>0.05). The content of branched-chain amino acid( BCAA) was
little lower( P>0.05) but aromatic amino acid( AAA ) was lower in HE group( P<0.05) than that in HC group, Fisher ratio

was reduced( P<0.05). Our result indicate that increased fat oxidation during long-term exercise could benenif for liver
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function. The changed of serum aminogram show long-term can correct the disoder of protein metabolism in some degree.
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Disease, NAFLD ) 055 %< W] G W40, 48 4525, V6 05 A3k 5 209% ~ 30% 1) AT N S8l TPRS M i
NAFLD J&48 1 PN AR D5 325 K e B A E (LT Al m) —FPBefis ™ . A THe Aot 45 R o M it -
PR~ AR O G I — R , NAFLD 38 o 55 HE M s B Ae . I B0 bR O WUBE ZE | i A% v ) 28 98 iE
AARSEARIEED . L, BiiE NAFLD R HFR AT A — 101 2

M, £ % NAFLD (B34, 3 BER B E fa 6 5 3 QiR e 254 A 259 DA Bz shifyr 4 U 1
R 6] 488 Bl IR PR AR (8 21 TCRIE 00, 2 B B2 AR B R R A R R4
Xtiz sl NAFLD [ALHIF R T KrsT , Hrh Ko BT 58 6 vh 78 i sh 2l (e AL g 5 A Qg 38 L
MR Tz 320 NAFLD 2 B AGH RO D, AR S ad s WA o A K i Dk 36k NAFLD R BRUIAL
RS FEFR 1S A AR , W1 AL BT 132 B NAFLD HLIAEE 7501 %) 52 i B AL

1 MRSk

1.1 RFMERE

SIG R FH 4l 2 e SD KL 30 H IR 180 g~210 g, g 5T EE 25 K2k s i shy b 48t | LAY A
B mIRE MR ARE S, B 10 2. IE R AR F E AR ERG A S Sh IR & DR 3% s i AR 4 Al m g
iz B4 R R BRI R R | R BRIRDRHEC LE A BR AE DRI 10% PR TR AT 1.5% F I ] Pt

KM 4 2 )5, iRz sh 41T 20 E BUFKIZ 8. 76 100 emx50 emx50 em B HRIAE N T
SRR KRR RFAE (30+2) °C B A 5 d i ATiFTkaE 37 R —IK, BRI 90 min. 5414381 3%
H B E 500K, B RRBUAE  sh it gitr 24 . SIRBshd ) — Rk )G 24 h, H25E 12 h
Ji 5 LA 3% 3 0 LV 220 s 3 o JRR T, 88 B 955 RN FFFIE R A [T, T 8 20 R 7 i 2 R BRI A 7 12k § LML 37
FHREREA.
1.2 fEHRNE
1.2.1 KR A F4em 2

T2 PR T A FE B (B B /R + 100% ) R H 37 7600-020 4= H sl A AR A0 52 13 - ALT  AST,
GLU,Chol \TG \HDL LDL Fl CP. /412 2 RS [ 2 , A S HE V) Fr 5B HE S0, 700048 N s, LU/
kPR A L kP24 Bk B i 2 e 5 S AR B < 173 R (+) ,1/3~2/3 S (++) ,>2/3 R (+++). JL
TR R AR (++++) .
1.2.2 i BIABR M 7 %

F—D M RE N B OB ETE WAL B 2 R AR AT A T A Sh AT Ak, A Sk ke
1 wL, JH C18 (Aiftt e, oMK 338 nm K6, ] Agilent $2BEITR A X A S HEAT 8 PE K AMRIE E . X
74 Agilent 1200 WAH IS, A7 G1367C A SIEFERS . G1312B ok S (G1316B AN .G1315C 7Y
5 DAD Kl %%, (4% 4E N Agilent ZORBAX Eclipse AAA 3.0x150 mm 3.5 pm.
1.2.3 %itsam

FIFA GERHA UL (522 ) 21, R SPSS 10.0 SEiH B A 74 it 27038 4% « #5673 #1 , P<0.05
RZEEFAGIEE L.

4t

2 &R F1 KREEMAHEROTY

2.1 j( LE’N.E(JWE*H H:F*IE:.%Z Table 1 The changes of weight and coefficient of live
k1 iR, gz shal A s A48 805 i e 4l /g IR %

*H LKE%—FF%(P<001 ﬂ:ﬂ P<005) . éﬁ%%ﬁ—\"&/ﬂﬁ EHH 556.44+29.04 2.36+0.39

FE AR S K BRI B R e e o T00esas 360033

I=13R e : s rilgiE s 554.44+44.89 %" 3.13+0.40*
i R B i G e T 5 B S A P<0.01, * P<0.05.
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Fig.1 The changes of weight Fig.2 The changes of coefficient of live
2.2 MiEF® ALT AST GLU.Chol . TG .HDL .LDL #1 CP =4k
W 2 s, B iR is sh4H i b ALT, %2 Mmi&® ALT AST.GLU,Chol TG .HDL LDL 71 CP kX F
CHOL.TG E%—Fﬁ% 5'—%— Bgéﬂ*ﬁ Hﬁﬁ ﬁ%‘rﬁ% Table 2 Levels of ALT AST . GLU.Chol TG HDL LDL and CP in serum
5 (P<0.01) ; 5 igiz sh4H i+ AST .GLU \LDL IE# 4 L L=
DR GRS SR (P<0.05) s 1 ALT 28.670 0+5.200  33.400+6.02 24.500+5.93 **
Gy ’ v - . b’é . ’ AST 147.000 0+34.340  193.00+20.83 160.560+29.26 *
friz sh4Lif i H CP H%ﬁ?ﬁ%, SRR EA GLU 3.380 0+0.383 4.350+0.30 3.920£0.29 *
BEMZER(P>0.05) ; BigiE sh A g - HDL Chol 2.288 9+0.410 3.1900.60 1.240£0.31 "
BETIE SRS BB 2 R (P<0.05). TG 1.810 0+0.300 2.000+0.45 1.087+0.19
’ HDL 0.940 0+0.280 0.986+0.22 1.258+0.25*
-+ B [ 25 s = =
R R iz gl R IR IR IR X U LDL 0.350 0£0.100  0.607+0.18 0.4000.11*
A NG I A I 25 5L A W W A ek cp 0.346 0£0.060  0.417+0.06 0.387+0.60
2.3 BFHEHRIESTS T FIRAL LSS " P<0.01, * P<0.05.

TR AU DU S B2 A8 A g SR AL I A2 DL/ A T 200 0 7 A 1 () A IXR] LA i
RUEMME(+)  NEHTEVER R 5 IE W 41 RFME2E 5 (P<0.01) . w51z Sl 4T UL /R HICE 200 g 1y 78
PE(++) , B SALA DX A R WAHTH 8RR A4S DXOR DL AR AL IR . 45 R4 (MU Sz s 4 R B

(b)mifR4L

a: control group, b: HC group,c: HE group(x100)
3 KRB
Fig.3 Light microscopy of liver

24 MiFEPEEBRILHETL

= BEiE S MG TR A& IR (aspartic acid, Asp) 22 % ( serine, Ser) . TN % /R (alanine , Ala) | 5 2 iR
(ornithine ,Orn) % Z & ( tyrosine, Tyr) , & % & ( methionine , Met) , #i 2 R ( lysine, Lys) . 4% 2 R (arginine,
Arg) BRI TR, A e X (P<0.001) . @iz sha s 43 E R ( glutamic acid, Glu) | K2
Jt (asparagine , Asn) | 732 iR ( threonine , Thr) \ H %R (glycine , Gly) Zi &2 (valine, Val) . A PN & ( phenyl-
alanine , Phe ) B IR LB, A B FH 22 5% (P<0.05). &8z sh 41 i 1 37 % & FL R ( branched chain
amino acid, BCAA) % & G WA T [, 75 F % 2 5 2 (aromatic amino acid, AAA) B i TR (P<0.05),
Fischer( 32/35) W1 _EFH(P<0.05) , 255k 3 fis.
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£3 MBHPHFEEER IHIER FTEIEBRN Fischer (3X/75) HFIIRE

Table 3 Levels of serum free amino acids, BCAA _AAA and Fisher pmol/L
EEH R4 gz s
RAG R Asp 175.41+21.59 179.20+13.54 125.13£15.56
BEMR Glu 333.23+93.62 440.84+143.8 314.98+58.58 *
KA Asn 100.12+10.78 116.56+14.94 86.04+11.7 ***
225018 Ser 374.78+38.68 430.74+62.88 349.30+48.01 "%~
HE M His 42.23+8.32 49.24+1052 68.44220.21
HZEM Glu 453.64+57.85 517.17+72.21 514.35+52.5 *
IR Thr 376.79+42.72 400.89+57.24 310.94+42.59 s
558 Om 73.26+8.48 105.48+7.6 78.03+13.42***
KR Arg 270.79+31.26 288.37+53.74 213.22+27.03***
AW Gln 780.18+84.78 857.39+135.15 879.03+117.78 *
WHER Ala 712.93+51.09 721.92+99.99 512.97+69.67 ***
AR Tau 642.67+57.49 508.99+34.26 499.26+54.09
1% 2R Tyr 112.06+11.66 143.34+19.26 95.45£12.32**
AR Val 241.34+38.22 275.45+48.39 239.19+40.85 *
A Met 97.46+7.55 95.80+14.19 67.25+9.89 ***
R Trp 106.58+18.83 159.73+27.71 154.32+22.17
HNEMR Phe 102.27+8.27 125.89+22 104.34£12.87 =
SRR lle 148.41+16.09 154.31£27.21 153.56+17.79
JRE R Cit 49.82+7.33 85.75+16.74 77.96+14.2
LR Leu 173.25+19.74 191.51+24.81 197.21£31.4
AR Lys 442.73+41 503.37+98.01 352.95+56.61 ***
YEEESLTR BCAA 563.00+22.4 621.27+33.54 589.96+30.01
R EILR AAA 312.91+12.95 419.96+22.90 354.11£15.79 *
Fischer( 32/7%) 1.8 1.48 1.6 *

W SR R4 L P<0.001, ** P<0.01, * P<0.05.

3 Wi

L 24 FA S R TR IR S 5K BUB B NAFLD , 2R B2 At B Sl 1) B Js 732 P AR 58 RE 240 i
AEE RN R BORI AL IE # 20 B Tt . I3 R AST A ALT Fhim, i — 2B U IR D BE © &40 . i b
SRMEANR H A QI 4 b LA L2 [ 5 28 A 1B A8 n 4 B R T, 3 iR IR 4R BRUHR BRI 25 A

ASLE s SR R 20 JA AT Pkaz 2l A0 R A 22 1 I DA, AR i U] 2 R
Wi , M3 T ISl RE T b RN 0 £ QIS 0 A DGR b W A | e R 5 DSk e — 2.

3. SHBREENESKEEHEAXREE—RISHER 24 h GMFPIEREHTL

SRR IR E SN h 2 HR Iy E AR B R IR AL B R, DB R B AR TIE W 4L KBTS
HEW] FEIE R RGO T I ) Heiz 2 22 S Bum v h Z Rk BE R . ST BRIk O g 8h
X LT HP 2 R R R M) 41 T B/, S ) — R AR SR SCRR , 1SR T AT 2532 Bl g vh & SR vk 2 T
ARSI R R A2 S B R T REA LA R LR

(1) KR )32 B Ze iR S NAFLD AU R AL AAER

MR Z AT TEIESS , NAFLD S A 258 5 A 76 U i) — R0 BESE B, NAFLD [ i 2> AT HE L e 5
RIPUAED . ey RIRPT SR ALK 1 AR A, LA AL T LA AR iR ZS. Armstrong'
SEOFTE AL, SRR IR P A R IR T BRI T BRI . AS SR v AR 2R BRI BR 1 A R LA Sk
HARI R IR E X T i, R WL i A LA T 85 A o0 AR 2, X n] e e vl TR SR AP I R &8
K13z Bl , I B A4 BRAIAL I A= AL R At BB 0 42 | L3 o U 8 R TR v 88 O o, s DR B
FARPUA T — Gt , I il 15 A WL 13 58 20 fi.

(2) UL AE A R ) A [

Kz gl L2 #E3 5 ULE B SO & . iz s RIZ0 %) 24 h B LR 2L Qo 3, 24 5 i
JULAL T BE S A AR AR S0 R UL B 8] S 38 Bh 45 3R 24 IS G Il b iR A s AR T R
B, AT REE PR g i L5 I e, DI 5 v 4 HB R 48 o o .
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(3) KPR B 5 Bl 8 B s L0 i i 4 RE 98

Henriksson''* (9280 4 B, 6 44 BRI HT A AT 4000 0145 2 A s, S s L 9 T R K R G
(SDH) G PE LRI 27% , % FFA B ERIBCHL I 4% 22, RS0 A 3, v IR 128 Bl 2H K SR IL Y i JEL T e R H ik =
P B BEAUIR T R4, BB AR T IEH 4L, RN oA 8 MR U T w4l , £ =W R T 1E
WAL PRRIX 8 PR IR n] BE 5z sld B LA I A k.

ARSI )12 SR g T Rz 3l 12 Bl T EAREE AR DAL RE. IR 7 R i 6 20 LT AR It R A D
Wy, T SR SR F T T LAR S I A o SR T ARG BT 0. SR TN, i O e 2 a0 B A LR U v o
JEL R, T L B R e At i 5 ), SR G R SO St 47 O R R LA SE T 4y 2 4 R 2
8 TR o A R S SR A T S 2 N PR R e 2 £ S A AR P T A A S R LR, R A R ) T
FLARFAL I F I LR
32 IfaFR_EiE % R A Fischer E( XS EE FEKREERIE) (EAHIBTS SRR G R EER

ARSLg T, 285 20 JRliFkiz 8l m RIS Sh A R BT P SCHE R AR AT T R, L A ] B2 A 4Rz 3l
FEKEENRTHERE , 2 (BT BERE AT o5 04 EL AR/, BT LI Hh S RE S B R 1 AR AR AR K 5 i i 2 4 R BRI i
7 A G R SRR e R 2L V] S e | SR 55 7 T G R A Kt gt BE 3 W] ST Fischer fELAR i IR 4L ] 2
bt R REA W1 G, X — S L S R AR SR T RE R Hh TR s
BTHFE T Z AR , 58D T BRIV FE AR OB ATRTUEES 1 P Xl S A fr s
3.3 BEEHENFHESERESKEARE THE, MLSKRKE THE

SIMT ISR AT RE S KT J1i2 3h it T NAFLD BB bR TR R 3 1 IR REER h 2 HH iR &
fith TN % e i e PR B v 02 (ELR PR RURR BRI A& i I M S AN TR, 7 LA 800 i 3l 24K B
ML P S AR R, 5 IR R AL, RIS A R, A LU IE #4200 R =R T IE w41

S ARG VAR D7 I BRGa  R R F7i2 sl Re s 2 R iR T , BEAS fe (TP D BE W) 0 4y, HLAE—
FEREE BAIE TR e A A B A EEAL. A, AR SCIR A SRR R U UR SR B s JF AN RE SE e 2 IE TR
TR PR AR R = B My A A 2L
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