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Abstract: Objective To study the effect of gentiopicrosid (GPS) on insulin resistance in skeletal muscle of the type 2 diabetes mellitus
(T2DM) mice and explore its mechanism. Methods After C57BL/6J mice were fed with high-fat diet for 10 weeks, the T2DM model
was induced by intraperitoneal injection of streptozotocin (STZ). The successful model mice were randomly divided into model group,

GPS low and high dose (25 and 50 mg-kg™") groups, and the mice in the normal diet group were administered ig for eight weeks. The
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control group and model group were ig given 0.5% sodium carboxymethyl cellulose. Body mass, postprandial random blood glucose
(PBQG) and fasting blood glucose (FBG) were measured weekly. Oral glucose tolerance and insulin tolerance tests were carried out.
Hemoglobin alc (HbAlc) was measured by blood sampling at tail tip 1 week before the mice were killed. The serum lipid content was
determined by kit method after killing mice. The effect of GPS on skeletal muscle morphology in diabetic mice were observed by
pathological staining. The oxidative stress related indexes in serum and skeletal muscle of diabetic mice were determined by
biochemical method. The levels of the insulin and pancreatic hyperglycemia in pancreas of the mice were measured by
immunofluorescence. The expressions of the phosphoinositide 3- kinase (PI3K)/protein kinase B (Akt) signal pathway, nuclear factor
E2 associated factor 2 (Nrf2) signal pathway and insulin resistance signal pathway in skeletal muscle were evaluated by Western
blotting. Results Compared with the model group, GPS reduced the levels of blood glucose and glycosylated hemoglobin in T2DM
mice (P <0.05 and 0.01). GPS obviously attenuated the abnormal oral glucose tolerance and insulin sensitivity of the T2DM mice (P <
0.05 and 0.01). GPS discernibly increased the content of insulin (P < 0.05 and 0.01), decreased the content of glucagon in pancreas
(P <0.05 and 0.01), and ameliorated the morphological abnormalities of skeletal muscle in T2DM mice. Additionally, GPS alleviated
the dyslipidemia, enhanced the activity of antioxidant enzymes and increased the levels of antioxidant substances (P < 0.05 and 0.01),
and reduced the content of malondialdehyde (MDA) in serum and skeletal muscle of the T2DM mice (P < 0.05). The results of protein
detection showed that GPS upregulated the expression of phosphorylated proteins PI3K, AKT and insulin receptor substrate-1 (IRS1)
in skeletal muscle (P < 0.05 and 0.01). GPS increased the expression of protein glucose transporters type 4 (GLUT4), Nrf2, NADPH
quinone oxidoreductase 1 (NQO1), heme oxygenase-1 (HO-1) and glutamate-cysteine ligase catalytic subunit (GCLC) in skeletal
muscle (P < 0.05 and 0.01), and inhibited the expression of protein KELCH like epichlorohydrin associated protein-1 (Keapl) (P <
0.05 and 0.01). Conclusion GPS may reduce oxidative damage and improve insulin resistance of skeletal muscle by regulating
PI3K/Akt signaling pathway, and then play its anti-T2DM role.
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Fig.3 GPS increased insulin content in pancreas and improves islet morphology in T2DM mice ( X s, n=4)

A — B R R . SIS R B )
Gt B RN, SXTIRA e, AL T2DM /MR,
R fi 5 X BE I T AR 1 20 e SR 2 PRAIK (P<<0.01), 171 i
FE IR SR PR AR 1 20 L B35 T s (P<<0.01), 5
5 I e IR 2R ) U e B LU B R (P<
0.01); SHIAYLH LR, JefH v H 277 EAH S
IR e i AR Ak, (P<<0.05. 0.01). 45 BF B
H/ECE T2DM /)N BRI B Th RE 7 THI e 5 SR
34 LEEEKE T2DM NEEBERIVFERS
B8
T2DM /s iRE B HE et 28 e 4 Fow,
E Gefigh 53 oot 2/ B S VLAF 4EHE 5
¥ B H e, RSFR/NETE; MAHRTXIEA,
A2 T2DM /N EUCE BENUILAT 45 RT 2 250800, 45
P A0, HEFIRAB. FRBi. JEHUN, T e IH v

B L R AR . PAS Yefn g R R
T2DM /) B B LA (PR D 25 5 B R A T 0 HE A
T e~ R e AR 3 e L b s . T
LY RN, AT X IR, BEAIZH T2DM 7)
BB B VLR R R A N, & i e iH IR YT
i, BRI IR & E K. SRR R
3 T2DM /NRBEBEIUES T8, BEE #E UL R
TEAREER S E.
3.5 RRBEEILE T2DM /MRINASZEEL
MAEZEELS T2DM R EFR B ZVIME,
LG 5 A7 H AR A AR DS FR AR, S5 Rl S B,
AT TR, A ZH /N BRI H TGS TC A1 LDL-
C /KB &3 (P<<0.01), HDL-C 7K~F B & B
(P<<0.01); &I R IRIT G, MR THAA,
R AE T A X AR AR R Rk 3, i e



BASHEIH 20254383  L¥4at A Drug Evaluation Research Vol 48 No.3  March 2025 . 661
HE %t

50 pm

S50 pum

<. 50 pm

bTEARZSIEON

xof ki) 25 50
TR/ (mg-kg ™)
4 KREEEINE T2DM /DR B BARIERSR E(X100)
Fig. 4 GPS ameliorated pathological changes of skeletal muscle in T2DM mice (x100)
19507 o 25501 o
T\ T\ #
15601 § — " 2040+ \\ T
L 1170 \ ] 15301 \
£ - \ g \
G 7801 \ < 10201 \
= \ e \
3901 \ 5101 \
o | NN BN\
Xt i) 25 50 X R it 25 50
JEREE T (mg-kg ™) FNEEF/(mg-kg™)
1100+ 10007 o
N
880 —- : 800 \\ BE #t
g 6601 T 2 600{ —T \
~ N =
S 4401 § Q4001 \
—
2 \ 5 \
220 \ 2001 \
0 ' k r 0 . & .
o HE it 25 50 o HE it 25 50
JEMHE T (mg-kg ™) JEMHE T (mg-kg ™)
EX AR "P<0.01; SHBALLE: "P<0.05 #P<0.01.

&5

**P <0.01 vs control group; *P < 0.05

#P <0.01 vs model group.

W REEEE T2DM NRILAEZFEL(X £, n=10)

Fig. 5 GPS alleviated dyslipidemia in T2DM mice ( X £s, n=10)

O B S PR T2DM /MR s TG TC
F1 LDL-C 7/K~F (P<<0.05. 0.01), ¥/ HDL-C 7K

F(P<<0.05). &5 R 2% T2DM /MR
(R R P RE IR BT B 5 ek 42 R 2 LA ok



© 662 ¢ F48EE3IH 2025F3H

%¥r3ak . Drug Evaluation Research

Vol. 48 No.3 March 2025

3.6 REEERER T2DM MR BRSNS

NATRAET L E T2DM /D RCE BB
R R SRR O, W IS R L
HHE AL R TR bR, G R 6 B, MBI
FEZH, BEAUZH T2DM /RIS A B UL GSH &
&, SOD if. T-AOC #EH I B FEIL (P<<0.01),
MiFH CAT 3 PR FFK (P<<0.01), ILiEAE &8

WL MDA & &R (P<0.01), 3K T2DM
ANBRRAE PR B A B A . SR LR, MR
T NEE R B B 58 T2DM /)N BRUALIES A0 BE LA 46
TLBETEE (P<<0.05), REPIEMADREETE (P<
0.05), [%fik MDA & & (P<<0.05); {K5&EfeHE
A B IX L R bR 1A . 45 TR eI
EIRE T2DM /N AL RE 8 LA A B 852 45

~ 280 180
5
_'g 224 144
= 1638 108
~
5 112 72
(O]
L 5.6 36
=] 0 0
W KR 25 50 it B
TR (mg-kg™)
__ 55 T, 130
5 E 10.4
g 44 “ E .
2 > 78
T 33 - <
S 22 S S 52
H
o1 % é 26
- 0 & 0 .
XPEE IR 25 50 X R
JeREE A/ (mg-kg ™)
~ 55 75
=y o
jE 4.4 4 g 60
S 33 o 2 4
(@] [a)
I 22 S 8 30
ks § %
r 11 \ & 15
= LI I = ol
YPER BIA 25 50 xR
JeNEEF(mg-kg ™)
Sx R4 LR 7 P<0.01;

o~ 240

#o0 #
E 192 "
-}
< 144
(@)
S 96
N
£ )

25 50 X BB 25 50
WAEEE(mg-kg ™) TR (mg-kg™Y)

12,07

# 2 96
o
E 72
<
L 48]
(O]
= 2.44

. = 9 . :

B 25 50 WPHR MR 25 50
JENEETFF/(mg-kg™) JeHEE(mg-kg™)
; 6.57 -~

# ]
= 52 #
- £ 39
~
< 26
s
= 13
. = o L, :
WA 25 50 it A 25 50
FMEEF/(mg-kg™) Je AR (mg-kg ™)
SR #P<0.05,

**P <0.01 vs control group; *P < 0.05 vs model group.

&6

A RBEE L T2DM MR ERIENMEHZR (X £s, n=10)

Fig. 6 GPS alleviated oxidative stress damage of skeletal muscle in T2DM mice ( X s, n=10)
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Fig. 7 GPS activated Nrf2/Keap1 signal pathway in skeletal muscle of T2DM mice ( X *s, n=4)
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Fig. 8 GPS attenuated insulin resistance in skeletal muscle of T2DM mice ( X £s, n=4)
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