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RBRTRE, R bb & A ] fn 3 4% S Bl 7K -F vA AR T3R5 45 0L, R A HE 4 & VLR AT 20472 Jm 32 5 2
% ; RATUNEL% &A=tk & 7540 M caspase-3. caspase-8Fwcaspase-949 7% 14 ; Western bloti& | 47 %] A
caspase-3(cleaved caspase-3) i &2, R A L. 4R ET, o-FF/R R THREE A
LPS/D-Gal 2% 5& /)» R 3¢ o R %2 B R Ik 4% 2 B4 (aspartate transaminase, AST)5 A 28R A AL 4% R B4
(alanine transaminase, ALT)7K-F, & 2 4AKAT 2047 F caspase-3. caspase-8Fw caspase-9 49 & A & A7)
B A caspase-3 b F 494, B %32 TUNEL[O AT fa o 5L B VA BATLA LU m B o R, vA L4 R3R
7, 0B =B T AR LPS/D-Gali F 49 A 4m iR T BT LR LR34 .
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Alpha-Ketoglutarate Attenuates Endotoxin/D-Galactosamine-Induced
Acuteliver Injury in Mice
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(Department of Pathophysiology, College of Basic Medicine, Chongqing Medical University, Chongqing 400016, China)

Abstract The paper aimed to explore the effect of alpha-ketoglutarate on the occurrence and development
of acute liver injury induced by LPS (lipopolysaccharide) and D-Gal (D-galactosamine) and the underlying mecha-
nism. Experimental groups: Control, AKG group, LPS/D-Gal group, LPS/D-Gal+AKG group. In male BALB/c
mice, acute liver injury was induced by intraperitoneal injection of LPS/D-Gal. Alpha-ketoglutarate was injected
intraperitoneally 0.5 h prior LPS/D-Gal. The mice were sacrificed at 6 h after LPS/D-Gal challenging, and plasma
samples were collected for measuring the level of plasma transaminase by colorimetry to evaluate the liver injury.
The pathological changes of liver tissue were observed by HE staining. The activities of caspase-3, caspase-8 and
caspase-9 were detected by colorimetry. The apoptotic cell was estimated by TUNEL assay, and the level of cleaved
caspase-3 was detected by Western blot to imply hepatocyte apoptosis. The results showed that alpha-ketoglutarate-

treated LPS/D-Gal-exposed mice had significantly down-regulated incidence of histologic lesions, lower plasma
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BRI

AST (aspartate aminotransferase) and ALT (alanine aminotransferase). Treatment with alpha-ketoglutarate also

reduced cleaved caspase-3 and caspase-3, caspase-8, caspase-9 activities and reduced the count of TUNEL-positive

hepatocytes. Alpha-ketoglutarate can attenuate the pathological changes of acute liver injury induced by LPS/D-Gal

and exert the protective effect of anti-apoptosis.
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1.1.2 XA LPS(A=H#tS : 039M4004V),
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1002753196)#4 1 T3 [F Sigma A 7] ; RARIRE I
7l (aspartate aminotransferase, AST) AN & &
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1.2.4 caspase/& AN JHF4H23 caspase-3. cas-
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B F3E R TR . Bradford Ky 25 14 2 &, 5MFE
ARVBESTAEAFUAINT B AL, 72405 nmAb I H IR ' FE 4
125 @A Tin 4%2 KRB AN, A
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ALY (peroxidase, POD) 37 °CHf & 30 min, PBSP:3
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S MBE(Olympus, Japan) WL EE T4 i 14 = -
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Pt (1:4 000) 2 h, TBSTHE3KX; K HHECLK )t & 5,
{4 FImage JXJ 515 HEAT 2K B 40 #T o

127 SitFa# AT ERIY R HEhriE
ZE(XE8) RN, Giit ¥ UK H GraphPad Prism 5.0%¢
PEAT b . AR Gt 2 22 A R R 7 2 5
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ITEE . P<0.0SEREB G427
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ML T % 5 (P>0.05), LPS/D-Galfi 4 41 ASTAI ALT
T IE IR 2 (P<0.01); 1T AKGALFRZH ifn 22
ASTAHIALTH] AR T AH (P<0.05)(Kl 1), X —45
R, AKGALHE AT FEARBLAY /N BRATF A G FR B
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A AKGH FFIRIL 2 ALT/KF o« B: AKGHT PG ML 2K H7 AST/KF o Control: 1E# % Bi41; AKG: AKG UL B4 ; LPS/D-Gal: LPS/D-Gal U ib 40 ;
LPS/D-Gal+AKG: LPS/D-Gal+AKGAL P2 . n=8, ¥5P>0.05, 55 1E# Xf HEA4LAH EL; #P<0.01, S51EF X IRAUMH L, *P<0.05, 5LPS/D-Gal4lAH tL .
A: AKG reduces ALT in plasma. B: AKG reduces AST in plasma. Control: control group; AKG: AKG group; LPS/D-Gal: LPS/D-Gal group; LPS/D-
Gal+AKG: LPS/D-Gal+AKG group. n=8, ¥P>(.05 vs control group, “P<0.01 vs control group, *P<0.05 vs LPS/D-Gal group.
Ell AKGPEELPS/D-Galis S8/ R 2 FH R 75 SUBEK T
Fig.1 AKG reduced LPS/D-Gal-induced acute liver injury in mice serum transaminase levels
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A: ControlZHFFH AU A AR A W57, oA UL BT 52 H ol e BF AN IR B, AKGAL, BFLZUE AR AR ML, A LI BT 5 o ol 2 B4R N A 3
LPS/D-GalZlL &7 3 7 /I BT L SR 55 Hh 1l B 6 0 40 3R 18 W 52 LPS/D-Gal+ AK G 7 3k JI 7 /I BT L P 55 4 1 B 4 A 40 R i ) . s %«
JRRZLGAD) Py FA D5 ARS P 21 G s, SR IUAH2EAT ARAEPE MR V) /o B: SuzukiPF4). Control, IE# %1 i84H; AKG, AKGH Ak ¥ 4H; LPS/D-Gal, LPS/
D-Gal 't b #1240 ; LPS/D-Gal+AKG, LPS/D-Gal+ AKGAL 4 ; n=8, **P<0.01, 5LPS/D-GalZiAH L.

A: Control, the morphology and structure of liver tissue showing normal tissue with on evidence of abnormalities, and no obvious hepatic sinusoid hem-
orrhage and hepatocyte necrosis were found; AKG, the morphology and structure of liver tissue showing normal tissue with on evidence of abnormali-
ties, and no obvious hepatic sinusoid hemorrhage and hepatocyte necrosis were found; LPS/D-Gal, the arrows showed obvious hepatic sinusoid hemor-
rhage and inflammatory cell infiltration in the liver tissue of mice; LPS/D-Gal+AKG, the hepatic sinusoid hemorrhage and inflammatory cell infiltration
in the liver tissue of mice shown by arrows were significantly reduced. Liver tissue sections were stained with hematoxylin-eosin, and the representative
liver sections of each group were selected. B: Suzuki score. Control, control group; AKG, AKG group; LPS/D-Gal, LPS/D-Gal group; LPS/D-Gal+AKG,
LPS/D-Gal+AKG group; n=8,**P<0.01 vs LPS/D-Gal group.

E2 AKGRHE# LPS/D-Galif S0/ MR 2T AL RIEF 2
Fig.2 AKG attenuates LPS/D-Gal-induced acute liver histopathological changes in mice

D-GaltE B 1 A3 K& (AR BRAE T, A7 76 2140 it
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TR DL W) B (B12); X — 45 SRR W], AKGAE
HREIREELPS/D-Gal s T (K SUE R 251 -
2.3 AKGH[iFcaspaseR#E
FELPS/D-Gal# #2 J5 6 iR BUF AL ZREAR, kil 1
caspase-3. caspase-8 2 caspase-9[1iEME. 45 R EIR,
AKG AN EE A /N 55 T % B /N B A 38 cas-
paselif#iG 1 o Z 7+ (P>0.05), LPS/D-GalZH /) BR - 2H 21
caspase-3. caspase-8 % caspase-9yd 135 B & & T 1E
AR 2 (P<0.01); AKGAL 3 ZH A1 41 21 caspase-3+
caspase-8 ¢ caspase-95 [l M35 B A T AL 40
(P<0.01)(F3). FA IR H Western blotfaril] 1 JH-4H
L) E M caspase-388 [ & &, 45 R TR, AKGH
Ab PR ZH 5 IE 6 R4 OE 2% 5 (P>0.05); LPS/D-Galf$
UL ) E| T caspase-3 B I 5 T 1E % 2 (P<0.01);
AKGACERH P %) 7 caspase-3 85 B 2K T LPS/
D-Galf 440 (P<0.01) (K 4). 4R KW, AKGTFinS
PLAHILPS/D-Galifs 3 1] caspase-3 I »
2.4 AKGHIHILPS/D-Galif S HIBT4RAET
TUNEL %% €8 0] {44 35 T 21 B (%) 40 B A% G s 38

o, FF Bl A0 AR A 4. Y R SR T /N 1
RS SR (R 25 2 AR . S R B, 1E R I 4
J2 AKG B gt b B 4 22 18] R 0L A% 3 (A TUNEL(+)ZH
Jf, LPS/D-Galts 54 26 ] i, K & M A% 43 % b 3 (5
R TN 11 AKGAL B 41 TUNEL(+)4H A 2 2% />
FLPS/D-Galfs 4 40 (&]5). 45 B 2% B): AKGH] 111 41
LPS/D-Galifs 5[ FF4i e 1~

3 g
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£ NN R F I = AN = R o TR S like S IR T e
RIN, AKG RJ 7E B I P 7 73 15 5 1) S 1k T 400 4 1)
LPS5-5 i S P il 4 1 V5 S AR 2 o R 45 AR 4 1
o TEARMR A, RATE I, AKGHE & & Jk HLPS/
D-Galifs 5 1) 2V FF 845, 2R I N AKG W] 11 1 5
R NG A SR RN . AT R
7, AKGTE SV 4 T n] g B — 5 I B R 5

K I B R T S LPS/D-Galifs 5 i 2 i
455 0F) EE L BRARRAE, AT 7T R B, AKG AR B 5 P4
Z{NTUNEL(+)JH T 20 Mg £ H B 2 k2D, $27RAKG
TELPS/D-Galifs T [ S0 JF 453 45 458 284 v (1) LR 47 35
ATRE S P oA K. SIS RAH— 3,
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A: AKGIHCAT 41 S caspase-3i%tE . B: AKGFF{EAT 2H 2 caspase-8iF 1% . C: AKGFFHCAT 41 caspase-9i 14 . Control: 1EH# X Hf2H; AKG: AKGH:
FALHEAL; LPS/D-Gal: LPS/D-Gal (A #E41; LPS/D-Gal+AKG: LPS/D-Gal+ AKGAEBEAL . n=8, ¥P>0.05, 5 I # Xt BEALMI Lh; #P<0.01, 5 IEH
Xof B AR EL; *#P<0.01, HLPS/D-GalZHAHLL .

A: AKG reduces the activity of hepatic caspase-3. B: AKG reduces the activity of hepatic caspase-8. C: AKG reduces the activity of hepatic caspase-9.
Control: control group; AKG: AKG group; LPS/D-Gal: LPS/D-Gal group; LPS/D-Gal+AKG: LPS/D-Gal+AKG group. n=8; YP>0.05 vs control
group; “P<0.01 vs control group; **P<0.01 vs LPS/D-Gal group.

E3 AKGHHlcaspasefI#E
Fig.3 AKG inhibits the activation of caspase
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A FH A% B AG I T 21 2R A D) 21 B caspase-37K°F» - V)| caspase-3 FlIB-actin 25 417 JH #i Sk &7k . B: V)&% caspase-3-5B-actinkf| 4} & & . Con-
trol: 1EH X4, AKG: AKGH AR EEZH; LPS/D-Gal: LPS/D-Gal Ul Ab #1240 ; LPS/D-Gal+AKG: LPS/D-Gal+AKGALERZH . n=4, ¥P>0.05, HIE
O IRALAILE; 7P<0.01, 5 IEF X IR, *+P<0.01, 5LPS/D-Gal41AH L

A: the levels of cleaved caspase-3 in the liver were determined by immunoblot analysis. The bands of cleaved caspase-3 and B-actin are indicated by ar-
rows. B: relative content of cleaved caspase-3 and B-actin. Control: control group; AKG: AKG group; LPS/D-Gal: LPS/D-Gal group; LPS/D-Gal+AKG:
LPS/D-Gal+AKG group. n=4; ¥P>0.05 vs control group; “P<0.01 vs control group; **P<0.01 vs LPS/D-Gal group.

&4 AKGHI#|cleaved caspase-389774
Fig.4 AKG suppressed the production of cleaved caspase-3
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(Y T 490 o) 40 B R T, AT PR A 1 T 4 L G 52
HO, 51 M ™. B, £ N il i 40 i H 1975,
AKGAE P J5 9IRS T A0 B 207 ] W,
AKGX S R4 497 (10 DR 37 2405 m R 5 B i T &%
INEESSH

caspase KOS 15 S 4R T L EAE 5
. WL, caspase-3+ caspase-8 LA Sz caspase-9
TE AR R AR A U0, e T

PR RETE D, RN BRI AT,
4L caspase-9ME i | 1 FEAE 1 caspase- 9 S fHE 1L 43
fENIEME ST, MMTEAL caspase-3 T8 H, #E—
SRR T 0 & A PY . AR, AKGH ]
LPS/D-Galif; 5 [f] caspase-3, caspase-8 J caspase-9[f]
AL, 320 3R B AK G i #4001 2 a0 121 ZELPS/
D-Galifs 35405 h R R E R

H 7, ¢ TAKGHLH T4 WL FI4E 5 38 2%
A GG R AEH AR 41 JEMHMAISISATH 1)
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(=]

A: TUENLARIUZAG U FFF 41 A 8 115540, TUNELPH M= 41 9% € 49784 .. B: TUNELPA M4 7140 Control: 1E %% FE4H; AKG: AKG AL 4H ;
LPS/D-Gal: LPS/D-GalH gl 4b B 2H ; LPS/D-Gal+AKG: LPS/D-Gal+AKGAbHEZH . n=8; **P<0.01, 5LPS/D-GalZ1Af Lt .

A: the apoptosis of hepatocytes was detected by TUENL, and the TUNEL positive cells were stained dark brown. B: the count of TUNEL positive cells.
Control: control group; AKG: AKG group; LPS/D-Gal: LPS/D-Gal group; LPS/D-Gal+AKG: LPS/D-Gal+AKG group. n=8; **P<0.01 vs LPS/D-Gal

group.

El5 AKGHIFILPS/D-Galif S8 FF A A=
Fig.5 AKG inhibits hepatocyte apoptosis induced by LPS/D-Gal

W Ft 2 B, AKG ] 38 i {2 i3k B Wk ok ek /b p S 330 711
Nutlin-3aifs F (1940 M 8 1222 fEH0, 15 F 117 1 5%
20 i 453 %5 TP, AKGHE I 08 12 (5 7 Bel-2-5 e i 1
TBaxH L. £ € 2 p A4 I fL A7 (mitochondrial
membrane potential, MMP)J§/> 41} €4 2 c IRE T, M
MR TR AW T BRI, AKGH]
FMHILPS/D-Gal i 3 (I FFAH 8 T2, {HAH & 2 F-#L I
VI Rt — B IR AT

L5 L Pk, AW A I AKGT Tl 4E LPS/
D-Gal i 3 (1) U 545 T RSB ORGP B8, 3X — 24
A fi 5 H AN HILPS/D-Galifs T 1 FF 40 AR 124 5% .
BIR AKGHUR T R 7 7 LA Rt — BT 5%,
{EARHTF T4 RAIP 7R, AKGR] BELE SV 4540
A TER T 5
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