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mellitus via activating AMPK/mTOR pathway
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[ ABSTRACT] Objective: To investigate the effect of a-lipoic acid in ameliorating liver injury in rats with type 2 diabetes mellitus via
activating adenosine 5’ -monophosphate-activate protein kinase ( AMPK)/mammalian target of rapamycin ( mTOR) pathway. Meth-
ods: The T2DM rat models were established by feeding with high-fat, high-sucrose diet and intraperitoneal injection of 27.5 mg/ (kg -
d) streptozotocin. The 32 rats with T2DM were randomly divided into 4 groups: T2DM group, a-lipoic acid group (LA), Compound
C group (Comp C, an inhibitor of AMPK) and LA+Comp C group, with 8 rats in each group. Additionally, 8 Sprague-Dawlay (SD)
rats without diabetes were set as normal control. The rats received a-lipoic acid at a dosage of 100 mg/ (kg + d) or Compound C at a
dosage of 20 mg/ (kg + d) by intraperitoneal injection for 8 weeks as needed. The levels of relevant biochemical indexes were detected.
The weight of liver was recorded to calculate liver weight index (LWI) , and the pathological changes of liver tissues were detected by
light and electron microscopy. The levels of AMPK, p-AMPK, mTOR, p-mTOR in rat liver were detected by Western blot. Results:
Compared with control group, the levels of LWI, homeostasis model assessment of insulin resistance, fasting blood glucose, alanine
transaminase, aspartate transaminase, gamma glutamyl transferase and triglyceride in T2DM group were increased significantly (all P<
0.05). The liver tissue lesions were more serious and hepatic steatosis grade was higher. The expression of p-AMPK was decreased ( P
<0.05) and the expression of p-mTOR was increased significantly( P<0.05). a-lipoic acid could reverse the above-mentioned chan-
ges, ameliorate insulin resistance (all P<0.05), protect the structure and function of liver, and activate the AMPK/mTOR pathway
(P<0.05). The protection of a-lipoic acid was weakened by the inhibition of AMPK with Compound C (P<0.05). Conclusion; «-li-
poic acid could protect the liver of rats with T2DM by activating AMPK/mTOR pathway.

[ KEY WORDS] «-lipoic acid; type 2 diabetes mellitus; diabetic liver injury; Adenosine 5’ -monophosphate-activate protein
kinase ( AMPK)/ mammalian target of rapamycin (mTOR) pathway
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1540 H SD KRB BEALANIRK 8 FUA D 1B # %)
HREH, W AU 7%, Higy 32 2 SD R RUH T+l 45
T2DM BEAY 7 e A s i e ek (I o B 34. 5%
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sulin resistance, HOMA-IR = FBG x 25 i§ JiE 5 & /22.
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Quantity One 734, UL H B AN S8 19 8 L EAE
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1.8 ZritzE4hE

B HIME PR EZE (x+5) 7, R H Graph-
Pad Prism 5 JEATEUE B9 GE 1T S IR it 2z ], B ]
PR LA T ¢ R4, 8] F A SNK G255

2 R
2.1 o-FRFEBIMSIFIIEEHE L ERA R
55TEH SHREZHAH [, T2DM 20 K Bl LWI . HOMA-

IR .FBG ALT AST .y - GT.TG ¥ i 7t (P <
0.05) ; o~ = iR 1 71 AT 5 35 PR AIE R B LWI L, HOMA -
IR ALT AST .y - GT.TG 7K (P #]<0.05) ; Com-
pound C 25 T2DM 41 AH Lt , #5 1L 775 A6 0 38 45 35 T
Gt e 2 (P ¥1>0.05) 55 o~ IR AL, o-H
TR +Compound C 2 LWI, HOMA-IR | ALT  AST .y
- GT.TG /K RZETHE (P 3#<0.05, £ 1),

Tab. 1 Comparison of related parameters in each group (x+s, n=8)

Group LWI HOMA-IR FBG ALT AST GGT TG
Control 3.0440.212 3.768+1. 179 5.11410. 644 28.250+8. 812 55.500£18.166  12.750+6.882 0.48410.419
T2DM 4.854£0.607 " 24.105£3.617°  21.2803.640°  68.000+14.832"  96.125+14.961 *  54.000+19.428 "  2.234s1.115"
ALA 3.12510.510" 11.713£1.986 "% 20.613+4.230 " 44.625£10.609** 60.625+15.982"  30.875+8.543 %  1.2560.329"
CompC 4.954£0.204 % 23.810£3.339 "% 20.734:4.420%  79.000£17.004 "2 96.625£23.433 4 55.125+14.875 % 2.5910.916* *

ALA+CompC 4.896+0.410 "> 20.453+2.152 #4420, 825+4.790 *

74.125£17.058 & 92.875+25.374 % % 58.125£14.506 “ > 2.71320.749 " ©

T2DM: Type 2 diabetes mellitus; ALA : a-lipoic acid; CompC: Compound C; LWI. Liver weight index; HOMA-IR ;. Homeosta-

sis model assessment of insulin resistance; FBG: Fasting blood glucose; ALT: Alanine transaminase; AST: Aspartate transaminase; y

—-GT: Gamma glutamyl transferase; TG: Triglyceride

*P<0. 05 vs control group; "P<0.05 vs T2DM group; “P<0.05 vs ALA gro
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Fig. 1 HE-stained liver tissues in each group
T2DM: Type 2 diabetes mellitus; ALA: a-lipoic acid;
Comp C: Compound C
ZH R U 2R M AZ TR AR AN KLU, A F B B Sl 47 5K, £kt
AT K, U S B, SR PN AT LR R R, LR
INAN— 5 T2DM AR L, o TR R FRUTFZH 41
AT ARSI LN A% B B R EOE & B4R AR
AR R 2R A4 i ik BH 52 Y852 ; Compound C 2 K BRUH-4H
JRLEM A% 0 I 4, SRR S5 RO, AR 5 78 7
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%

r tissues in each group

T2DM: Type 2 diabetes mellitus; ALA: a-lipoic acid;

Comp C: Compound C
2.3 o-FREEXT AMPK/mTOR i# 28 H 2200

Western blot #5025 3 B | 5 1E % X B2 He
B, T2DM 2K B BEZH 21 p-AMPK 36 35 2 35 08
1 (P<0.05) ,p-mTOR FEik i E 1N (P<0.05) ;-
TR AT AMPK/mTOR 38 % (P #<0.05) , S
JH Compound C J&, a-fii 3 2 %F AMPK/mTOR i #%
BRI TG A FH A2 24l (P #41<0.05, %2, K3),

ALA+ ALA+
Control T2DM ALA CompC CompC Control T2DM ALA CompC CompC

o2be P'mTOR 2 kbe
AMPKl- ----lsz e mTOR D

Fig. 3  Expressions of AMPK/mTOR in nephridial tissues of
each group
T2DM: Type 2 diabetes mellitus; ALA: oa-lipoic acid;
CompC: Compound C; AMPK: Adenosine 5 -monophos-

p-AMPK

phate-activate protein kinase; mTOR: Mammalian target of
rapamycin
Tab. 2 Densitometric analyses of AMPK/mTOR in nephridial

tissues of each group (x+s, n=8)

Group p-AMPK/AMPK p-mTOR/mTOR
Control 1 1

T2DM 0.379+0. 107" 1.752+0.200°
ALA 1.378+0.319** 0.544+0.096 **
CompC 0.317+0.064** 1.861+0.299
ALA+CompC 0.415+0.061 ** 1.452+0.360 ""24

T2DM: Type 2 diabetes mellitus; ALA: o-lipoic acid;
CompC: Compound C

*P<0. 05 vs control group; *P<0.05 vs T2DM group; “P
<0. 05 vs ALA group; *P<0.05 vs CompC group
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HA X B, o8~ 2 v 5 410 ) AMPK/



R A AR 2024, 40(1)

mTOR /40 A W, 2035 6-F2 3 £ A S 1)
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