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Abstract

AIM: To investigate the mitochondrial injury and change in
adenosine triphosphate (ATP) storage in a rat model of non-
alcoholic steatohepatitis (NASH) induced by fat-rich diet.

METHODS: Seventy-two male SD rats were randomly di-
vided into two groups. The control group (n = 24) was fed
with normal diet; the model group (n = 48) was fed with
fat-rich diet, which is consisted of 10% lard oil + 2%
cholesterol. 6 or 12 rats were sacrificed at the 8th, 12th,
16" and 24" wk of the experiment. Serum biochemical
parameters were measured by a commercial laboratory.
The hepatic histologic change was evaluated by light mi-
croscopy and transmission electron microscopy. The ATP
content was measured by luciferin-luciferase method.

RESULTS: Simple fatty liver was observed in the model
group at the 8" wk. From the 12" wk to 24" wk, the liver
gradually progressed to steatohepatitis. The ATP content
of the liver was reduced in the model group compared with
normal group at the 16" wk [(2.97+0.48)x10® umol/g vs
(2.25+0.55)x10®¢umol/g, P = 0.0 361, t = 2.354] and the
24" wk [(2.97+0.48)x10® umol/g vs (1.99+0.66)x10° umol/g,

P = 0.0 053, t = 3.439]. Markedly abnormal morphology
was observed in the hepatocyte mitochondria in model
group, including swelling, rounding, loss of cristae, and
stacks of intramitochondrial paracrystalline inclusion bodies.

CONCLUSION: The hepatocytic mitochondria in NASH
were injured and the storage of ATP was reduced, which
may contribute to the pathogenesis of NASH.
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o a W& BAEHUAAR Y, Yl A s G G 2 281 &
Re i, YR AU S IR R (free fatty acids,
FFA) HENIMLW, IZf BN, &id p At =
W IR (adenosine triphosphate, ATP) fi &1L
JH- 20 LN SRR B AR AL R PERZ AR, Wi R 2k
FLAR A0 3 BUR W R AR B 15, FFA (R A6 O — Bk
Hi (triglyceride, TG) BRLHFME, 3EUH40 M
W 2, RAEIFARAGINAR. Ak, AT
SENASHIE pliidt 2 v JHF I 2 R A4 8 3k T 2 240 22 AT ATP A
0L, DABRA AT NASH K05 Hh 4R H.

1 RS

1.1 A4+ MEPE SD KRB 72 3L, 1 A H R B s 5 5)
Yy se A, AR 150 (140-160) g. AR
B, bR AR R s i, B & 035 A Te bRl
it Bayer 1650 4 H g4k o0 AT R 5 % 25 Wl — ¢
JGER S FRUEATP B R F M R 22 P BB _F ik
A LB ST AR 2500 HL - Sigma 28 7], TR-16R. i
SR H T S OB ORI IE S LB CM120. FG-100 % &0k
SR PR AR A BEEST T SDOK B IE R IR
1 owk 7, BENLY R 2 20, XS H4H 24 LLFH 31 38 f ) i
I%, BEAIYL 48 LA 20 g/kg ANEIEE+ 100 g/kg ¥ i
+880 g/ kg hrHE K 5l FH b} g j 1y v I ol ol % Iz
WITHE)G 8. 12, 16 F124 wk 2> HIALFE 6 LUk 40
A2 MR K . B KRGS A &, DS
Pl R, I 6 ) R s BV, BRI R T, 2
Jri SR MR DD 1 B R4 2L, Hp ik B i ) o e ol
FET) R, RIS — /N B A AN bR 1 e R
HARAE, FFEL 2 mm® (1) JFF A 20 28— 3 W1 o i 47
LB £

1.2 Zsk W3 ALT. AST. TG MUAAAFEE (TC), K
F 4= A S EAL BT ORI . BF2H 234 50 F HE S (00
ST B 277 A A /DN ik P 5 I 40 P 2/ A 4 e
Hrz LUAR, X6 4 M P A8 AT 502 . PRI 98 RE TS 2

xR BEABKRE. FE. BRABHSENE

J& 117y (hepatic histologic activity scores of
inflammation, HAT) briflE/y AL45 X 40E (P) « 71y
A RAE (L) o BRI FEIRTE (PN) o M348 (BN) 4
i, 40k PHL+2 (PN+BN) 7 FFAE 2R )% — s [ 2
i, HILKB VAGEED) WL R, MR (0 G
0, 37 5 AL IR 50 I A B R Ak 4 A I s, TR 4k

WA (1) IR EFRR IR B (Tris « HC1 20 mmol/L,
MgS0, 2 mmol/L) ; (2) %62 MG R o8 it - & S Uk fI A
50 mL FZKEAE, A 50 mmol/L H B HZRE (pH =
7.6)+ 10 mmol/L MgSO,. 1 mmol/L EDTA ZZ#.
ATP IR AE I 26 85 ATP BiLpk 1 X 107'°-5 X 107 mol/L
(1) 6 4 N AT M, AR RGBSR ) 1og 1 5
ATPI 5 22 AR YE It 2. RO F G- 6 LM & ATP
U420, 1-0. 15 g, MIA 1 mL JREFRREEHGE+ ,
A1) K I# 3 min, RJFLL4 000 rcf/min
B0 3 min, B ETEW 0.4 mL. Kk A 26 W
0.1 mL D ANEZW/AKO0. 1 mL FkE, EA2 nLHLk
AR, JRNFG-200 YR G G RETHIE 2 b, AR &
i /LA PRV E NSRRI R 220K 0. 8 mL, Jrid
S22 R 2 R A B W A B A A T RE i, I i
JE A 25°C, M5 B R A 0.5 mV. AR FT 7365 Gl s ith
2 BT IS D . AERRAEMIZE B B ATP {A.
Biit2e a3 bR VTR meantSD ok, AR LL
BOR A Student ¢ K05, 40. 05 W ZEHA FK I H#5=
X, P0.01, HEMNEFREESTERL, A%
K SPSS11. 01 (Chicago, USA) #A 58 Hk.

2 BR

SO FE 2 4O RS TS OIS s PN T
I R AT RS . N 8 wk TTUAREAY 20 K BLAA B
JH 485 OFF ARV / 5T i) IR s o I I i 25 (0 s
PR D 2 i/ AT ) 38 3 v T R (<0. 05)
24 wk Tl 2 (0. 01, £1). SX AL,

D4 n HREE) &) fEE E () FHEE S ii=y

TFE4E 8 wk 6 367 + 34 11013 103+ 12 0.030 + 0.003 0.028 + 0.002
SH52E 8 wk 12 403 + 27° 133+ 15° 12.0 + 1.2° 0.033 + 0.003" 0.030 + 0.003
FE28 12 wk 6 403 + 28 122 +1.0 121 + 2.3 0.029 + 0.001 0.030 + 0.004
SEEE 12 wk 12 445 + 43° 166 + 1.9° 145 + 2.0° 0.037 + 0.002° 0.033 + 0.002
TFE4E 16 wk 6 469 + 40 148 +1.0 140+ 18 0.031 + 0.001 0.030 + 0.002
SFE4H 16 wk 12 531 + 46° 20.1 + 1.5° 17.4 £ 0.7° 0.038 + 0.006 0.033 + 0.002°
TFE28 24 wk 6 508 + 33 15.1 + 1.3 148 + 2.3 0.030 + 0.002 0.029 + 0.003
SEEE 24 wk 12 573 + 45° 23.8 + 1.5° 19.9 £ 2.1° 0.042 + 0.004° 0.035 + 0.005°

?P<0.05, "P<0.001 vs S10B4H.
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DR n ALT(nkat/L) AST(nkat /L) TC(mmol/L) TG(mmol/L)
TFE4E 8 wk 6 487 + 25 2000 + 283 1.18 + 0.18 0.60 + 0.14
S5 8 wk 12 492 + 32 2 050 + 167 1.51 + 0.10 0.66 + 0.18
TFE4E 12 wk 6 728 + 90 1750 = 200 1.02 + 0.10 0.75 + 0.17
SEEE 12 wk 12 864 + 87 2534 + 267° 1.83 + 0.39° 0.81 + 0.12
TFE4E 16 wk 6 628 + 43 2134 £ 217 1.20 + 0.38 0.74 + 0.10
S 16 wk 12 1614 + 150° 2951 + 350° 2.10 + 0.16° 0.83 + 0.13
TFE4E 24 wk 6 768 + 157 2000 + 183 1.27 + 0.61 0.71 £ 0.12
Sig%E 24 wk 12 2070 + 193° 2700 + 183° 233 +0.21° 1.10 + 0.24°
*P<0.05, °P<0.01 vs NIBLAH.
&3 SAKRBIFISIEEER HAITD
fEinEizE

43 48 n HAI ATP(107* mol/g)

- + ++ +++
WIRH 24 21 3 0 0 0 2.97 + 0.48
S5 8 wk 12 0 2 5 5 0.67 + 0.19° 2.45 + 1.05
SFE4E 12 wk 12 0 0 4 8 3.82 + 1.00° 2.27 + 0.73
SFE4H 16 wk 12 0 0 0 12 7.36 + 1.76° 2.25 + 0.55°
SFE4E 24 wk 12 0 0 0 12 4.83 + 1.05° 1.99 + 0.66"

2pP<0.05, *P<0.01 vsIIBLE.

1L 8-12 wk /0 A A0 K BRI ALT 7K1 BH 2 T,
16 wk PR 280 20 K BRI ALT 340 &5 35 1 v (X0. 05) ,
24 wh I3 5 S B (<0, 01) ; M AST K A ik A
12 wk JTU5 535 Tl (vs AR /X0, 01) , 2itfBi16 wk
IE U, 2K BRNLYE TG K P AE IG5 8-16 wk B 22 57
AN, HTE24 wk B, A5 0) A A LY 2
Tk (740, 05) . 1Ly TC K HIEHE 8 wk Uh 3 =i
P, 12 wk I ZERIE G5 (X0 05), 16-24 wk
BT e s A 2 (P<0. 01, £ 2).

2.1 MR Sk OB, HHLUHE (0 BoRid
B8 whk K BT AE BY A 57k 38 1 P40 B i 07 2 1, DA MR
WITT X W, 87.5%(10/12) iE RN Fi2 Wik
Ak, 41. 7% (5/12) JFEE /N P HH LA A JE 40 i vz i) A
BRI FCRIRTE. MR 12 whoK RS TP - FE IR, .
HAT B4 3 v T4 8 wk KR (740,01, ¢ = 3.2);
FT A K BR8] LB/ P 9ERE,  J8AE 40 B DL S B
MHR E, fERURAN/ BN TESRBE, 00 bR A LR
A RRER LR A A s T DX AR ] D3 DL BAS £ 4
L R JORE G BRI . 16 wk IsF, K BUFFIE 4 AE
A RICLE A A, 1 B DR S BEERZE, 1
DMFEEIRBE, T8 X JOE AR . G5 24 wk KR
S - EmERN, SRR R E (vs 12 wk A%

AU PCO. 01, ¢ = 8.864, £3), 516 wk =i
HAHLL, Ho/H N RIERA AR, g 14l (1/12)
TR DX RME ). JE S B TS,  b IE O TH 4 O AH L
(BT 1 A) A5 21 K S HF 40 B P A 3 K o I s JHE 40 P i
e 1 5T P R BRI DR IR VR HE T, AN JHE 48 i o e X g 4 3
S0 Mo JE 3 (B 1D) . FAm e 2 ki AR g 4 i, R IR
5 Aty NI 1 QN2 Y R N 15 A SN A = I
Eep ey VNI RIS 2 Y R LN AR )T S 5 R N I
DAFE B2 [0 T/ i % 5 45 et AR ) O (11 1B) . A 20
24 wk AR A HUBE R I P9 R IR s £ e TR (B 1C) .
2.2 K AIFIEATP &3 2 % AR RUHIE ATP 5 &
H7(2.97 £0.48) X 10 pumol /g, BEAIL AT ATP 75 &
B I AR I ) B T B, 16 whiB A4 5 )
FRAM L BE G2 L (P = 0.036, ¢ = 2.354),
24 wk BRIV ATP R —2 TR, SXTRALE
ATP 7 & PRK L 33%, HZEFHAEWEMNZEI#RE X
(P = 0.005, ¢ = 3.439). MKW Bas, x4
JHFRE ATP & & 54 REZ M £ HAAEC (r = -0. 81,
PX0.05), FEAILFRE ATP & &5 45 & 0 A0 S EAN
IR (r = 0.35, 0.1<P<0.2) ; LB A 40 I8 & x)
R ZH K BT 48 505 JIFIE ATP &5 22 1) 34 % A W) (1)
FH .
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B FERESEEPHER. A: Wi, e T, SRR, A THE L (x 16800); B: &4l 16 wk T4
f, ARRARERSR, PTIARAIEI . bk ZebrfRNIBRIRGE . Wb, EOARAN TR RIS RTS8 AP BTTR (% 9600 ); C: &
520 24 wk ATIENZIURISETAEIURR( x 5700); D: @R KEATEIEN R ARG, A BRSSO EL (< 5700).

3118
JE e i TR R R SD KRR, 6] A g 2 AR A 1
1T T3S, 45 R 5 BAT AT i B 3 2k A1)
G, SR A BB R, AL R E . P - &
F5 06 05 A DA/ PN 2R 2 18 REIRBE, AT id it e T
TR Ty ST T 3 SD A R M NASH AR AR (57107 i
FLAA B8 5 A T 48 1) TP iR 28 . SR AR
KRR B A AL MR Oodll B 2%, JLAE AR 105 12 (1)
R PR R ATP, i ATP & i) 5 3240 o 2% ATP
T T T A0 MO O ROV BE T, W RIS R
1K, 2 3 S0 MO P B B AN AL 5 ke JHF O 1 )™
B, PRl Zi ATP 7KF A2 e B 2 240 it o e (R A&
KB HEES L — 1 b RAT ) AW ¢
T NASH K SURE Y JTF4H i 8 0 &5 40 IR el A, e A 2k
FARTE AT A, FRIE T I ATP IG5 &, B3t —
AL NASH & i n] e F. Mg & 7, NASH
AR 2R 40 B b 70 3 K S IR, 3 BUAX RS ) 4 P i
%, FERTAN MO RAAIN K. AR E . AR, A
IS URFS HE 358 3 W . I A A ABE IR [V PR G, JH 40 i
AT ZHNE, ER 16 wk o> ki i 2%
[ T ey 2 B TR ). 3X 55 [ A0 E 1) NASH T 2 R 44
B IR EAR T, b I A 1 [ B A7 2 b A4 ATP & 1
BTV BT ik /b L R A4S A ROS 48 2 2 102t

KT ATP 5 & (e 25 K W, NASH A4

JF R ATP fil 5 BRAR 1/3 2245 3E— 2D A 0 T o
S K B TR 5 I ATP & & 2 — @ AR G,
X BT TE 0 R, AR 2 A R I
2 ) A M. X—4 R 5Cortez—Pinto et al™
7E NASH (8375 B3 ) 45 AR, A& R ILIE 5 A
JHFRE ATP it % 5445 &5 41 (body mass index, BMI)
KEEY], BMI BR, HHEATP & &A%, k&
NASH Ja (R s, R R RE, (HILJH R ATP it 5
BMI [ AH AN 2, IX 7T R85 NASH JFJIE ATP fif
B AN B k0D A 0% T BE il A AN L2 ) T BUF I
S TR T T 52 J1 R . Cortez—Pinto et al™ %}
JFF 335 G TIE 512 11 8 I NASH A8 255 FH KL e P v S5 7% R 8
(1) 45 B JHE A ATP FE35, VESS)S 15 min =3 ATP %
B B EARAE, 60 min B X) 4L ATP & Rk 2 3)E
SR ZK S 5 07 DG NASH 20 ATP 55 8 38 VK 52 3030 5 iy
IS BSR4 ATP 5 A
LA B Mgk 2% 2% 5, Ui NASH (38 8 52
Hh A S OB S YOS, L ATP g %% RE ) BRIK.
VB2 A I OGS JEAH ATP fifs £ Pk ST R 8 5 BMT & FAH
5, B B PE 2 RT 40 M N R B B R AL
Vendemiale et al"™" AT (1525 & B 105 T K ST
ARk I Fo-F ) ATP 45 BRI 1Y) B—F, H 46 0 B 45
ARk D 30%, HERRiAA P ATP 7 SRR 2 PR ;
WP EEE 18 hn, SCIRAL B-F, W5 25 fr il



1528 ISSN 1009-3079 CN 14-1260/R

HRENBRE

2005678158 %1335 $H13H

/b, T R T A8 4k, UL ATP & hm)
B—F . V. Ay /b 5 JFF AR ATP i 4% WA AT — 5 (1A 5%
k. Caracini et al"™H ob/ob X &% 51505 JHF#L
RYHEAT R 1l PR E R IR R I T T RIS 4L 15 min ),
X FRUZELTE 40 M ATP 5 & P4 30%, 177 ob/ob 2K BRI v
15 60%, PKAEHEHE 60 min Jox 4L ATP 75 & Pk &2 3
BT A, 1M ob/ob KA 2 MFETS, AF3G 1)
4 MUHATP A5 B W) AR TR 2R I (R /KA. X S8 5208 f gk
AT S I DA, I 05 22 %) JHF AU (1) 40 47 E AT P il 2% B%
i, AR 52 — k4T Can TR Gl i 98 7 453493
AR AR N B M Re R Bz, AT
SRR, R NASH K BUA7 78 TR JITF 400 o 28 kit
LG 4540 AU ATP i 2% UG, FE 7T REZ: 5 NASH
(1) R AEFNR .
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