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[ Abstract]  Objective To investigate the effects of Visfatin on glycolipid metabolism and insulin resistance in the
skeletal muscle of diabetic KKAy mice, preliminarily analyze the possible mechanism of action through the PI3K/Akt/FoxO1
pathway. Methods
diet+Visfatin (ND+V) group, a high-fat (HFD) group, and a high-fat+ Visfatin (HFD+V) group. When the model was

generated, male KKAy mice of the same age were randomly divided into a diabetes mellitus ( DM) group and diabetes

Eight-week-old male C57BL/6]J mice were randomly divided into a normal diet (ND) group, a normal

mellitus + Visfatin (DM+V) group. Among them, the ND+V, HFD+V and DM+V groups were intraperitoneally injected with
recombinant Visfatin protein for 3 consecutive days. Fasting blood glucose (FBG) , postprandial blood glucose( PBG) , total
cholesterol (TC), triglyceride (TG), free fatty acids(FFA) and fasting insulin( FIns) were detected in each group of mice.
The glucose tolerance test (GTT) and insulin tolerance test (ITT) were measured; meanwhile, the area under curve (AUC)
and homeostasis model assessment for insulin resistance (HOMA-IR) were calculated. At the same time, the expression levels
of phosphatidylinositol 3 kinase (PI3K), protein kinase B ( Akt), forkhead box transcription factor 1 (FoxOl), pyruvate
dehydrogenase kinase 4 (PDK4) , phosphoenolpyruvate carboxykinase (PEPCK) and other related molecules were detected
by RT-qPCR and Western blot. Results
FBG, PBG, TC, TG, FFA, Flns, AUC;;, AUC,;, and HOMA-IR levels in the DM group were significantly increased ( P<
0.05). Compared with DM group, FBG, TC, TG, AUCy,, AUC,;;, and HOMA-IR levels in DM+V group were significantly
reduced (P<0.05). Compared with the ND group and the HFD group, the mRNA expression levels of P13K and Akt in the
DM group were significantly decreased (P<0.001), but the mRNA expression levels of FoxO1 were increased (P<0.05).

Compared with the ND group and the HFD group, the body weight, food intake,

Compared with the DM group, P13K and Akt mRNA expression in the DM+V group was obviously increased, but the mRNA
expression of FoxOl was significantly reduced (P<0.01). Compared with the ND group, PI3K, ., and p-Akt expression in the
DM group was reduced, and the protein expression levels of FoxO1, p-FoxO1 and PDK4 were increased. Compared with the
HFD group, p-Akt and p-FoxO1 expression was lower in the DM group, and the protein expression levels of FoxO1, PDK4
and PEPCK were increased (P<0.05). While compared with the DM group, PI3K,,,., p-Akt and p-FoxOl expression were
increased in the DM+V group, but the protein expression levels of FoxOl, PDK4 and PEPCK were reduced (P<0.05).
Conclusions Visfatin may downregulate PDK4 expression in the skeletal muscle of diabetic mice through the PI3K/Akt/
FoxO1 pathway and has a role in improving glucolipid metabolism and insulin resistance.

[ Keywords] Visfatin; PI3K/Akt/FoxOl; insulin resistance; type 2 diabetes mellitus; KKAy mice
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mellitus, T2DM ) | JE & Z KT (insulin resistance,
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B, PR HE D (20. 022. 0) g, 2 7] &5 5 T4 1 L 5
He B BR /A ) [ SCXK (5T)2019-0008 ], 3% 3 £ Kt
SN E /AN E L NS S o Y N Y S By N 35 5
Yyt [ SYXK (Hi1) 2018-0003 ], 25T 78 /& 1l R A1 H
FARK , FRESTRLEE (2322) °C |, 18 BE 40% ~ 60% , 45 il
JGHRE (] 8.00~20.00, Zh4Y) S 2838 L RFFK
B 5 I 3l 40 S 56 46 BH 2% B3 4% o A% L o (KLLY-
2018-075) , I ™8 GBS Y 3R SR,
1.2 FELFSNE

Visfatin FZH 5 1 ( LL A5 PROSPEC A H)) ;5
P DN R L 1 R R R B Tl T e D 1 R
(3£ Thermo 23 7] ) 5 BERE WK | bt PI3K110a 41
& bt Akt Brik PL p-Akt(Serd73) Hrik i
FoxO1 HTIK S HT p-FoxO1 (Ser256 ) Ht 74 K f #it
GAPDH HifA (3£ [ CST A F]) ; i PDK4 Hiik A
i G6Pase Pk Kbt PEPCK Hifk ( 35 [H abcam 2y
) ;SDS-PAGE & {4 - FEZE il (5%) J& SDS-PAGE
BERCHC AT & (VLR = RAEYA R I HR R
(P ; DEPC K (A T AW T/ (L)
JeAn A B2 1) 5 TRIzol X5 ( TaKaRa 23 7] ) ; cDNA
Wit S350 £ Fl1 2XSYBR Green qPCR master Mix
(L Bimake 23 F]) 5 6 B E 280 ( 32 [ Sigma 2
H]) R 5 A & (VTR R A R A R A
Al R R B (15 [E Analytik Jena AW ) ;5 HL UK
T it ht (35 8 BIO-RAD AWl ) 5 B8 2K 1 vk B
FEAL(HTM ALLSHENG A ] ) 3 FER% oA {3 Bt 1
48 (9¢ [ Abbott 2~ F ) 4 A dh AL (H A
Olympus A F]) ,
1.3 ZWHE
1.3.1 s Mo

C57BL/6J /INER Fa Bl AL 50 - 2% 43 Sy 3 3 ) et
AR, SR 8 il J5 , C5TBL/6) /N5
TR FERL > 8 B (ND) ZH A B+ IE R (ND+
V) 4, E R R BEAIL 53 55 BE (HFD ) 28 Al s i +
WS Z (HFD+V) 2 ; KKAy /)N 25 T 1 i ) Rl g o
8 JAlJG , ELE 2 WS UM (FBG) =13. 9 mmol/L &
SONBEPRIFHE R | A B KKAy 7N BB HL 44
BEDRIF (DM ) 4L FTE FR I + IR 2 (DM+V) 41 ; ND+
V 44 HFD+V Z4HH DM+V 2Hi% %2 3 d M5
WAEEE I (6 we/kg) ™ HA 4% 20 18 i 0 5 5
A BEER K TSRS I E HHOCHE AR (n=5) .
1.3.2 FAPHET B 525 (GTT) R & 2T & 50 56
(ITT)

GTT Ff/NRZEE 12 h, 5 FBG J5 I i 3 5t

2 g/kgl) 20% H A WA W, TS 15.30,60,90
120 F1 180 min J& &t K I I it 43 , I 3154 GTT fify
LRHBLI(AUC,,, )", GTT SLE s im b 1 )5
A7 ITT /NS 6 b, SRR RIS TE 55 0. 75 U/kg 1
0.1 U/mL R ZRE WG, WE 6 MHFHE £ (0,15,
30,6090 FI 120 min) MUK FIFHE AUC,, " .
1.3.3  FRARHIRE

/NEEE R S 4% 50 mg/kg AR TR JE G VE ST R L L
TSR I, BN, 2 N E 30 min, 3000 1/min
B0 15 min, BIRAS W LW T EP &, -80°C il
IR VKFE DA . FTIF B RE i, FH 0% 11 A= B R 7K 0
PEREVE , B AR ok Ak 3 B S R i L2 2
PRERIK Ve UR AR T J5 AR TR, T A
RAF
1.3.4  JEAbFabR I e

o o T 5 % 2L /)N B B R 5 SR FH i
LI E FBG (Z5E 6 h) A& 5 L% (PBG) 5 2R JH 4
A Bh A=A AR /I BR i A H I =R (TG) B
[IBE(TC) LA KBS RR IR (FFA) 5 2R FHEEX e i
P S 500 2 /)N BRL 25 I I3 JBR &5 R (FIns) ;IR 310 AR
A PFAG R 5 22 K P T8 B0 (HOMA-IR ) , A
(FBGxFIns)/22.5,
1.3.5 RT-qPCR ¥

HI TRIzol $2HUEHE LLHZL L RNA 300 4% 5% B i
¢DNA,SYBR-Green 944k} RT-qPCR A il & 4% AL
4 mRNA % i5, PBK L5 4% 5°-
CCCATGGGACAACATTCCAA-3’, F i gl ¥ 5°-
CATGG CGACAAGCTCGGTA-3’ ; Akt 5% 5 -
TCAGGATGTGGATCAGCGAGA-3" , F#fgl ¥ 5°-
CTGCAGGCAGCGGATGATAA-3’ ; FoxO1 #5149
5’ -AGAGTTAGTGAGCAGGCTACAT-3" , N E 51 ¥
5’ -CCGCTGTTGCCAAGTCTGA-3’ ; B-actin [ 37514
5’ -GGTGGGAATGGGTCAGAAGG-3" , Fiif5|4 5 -
AGGTCTCAAACATGATCTGGGT-3"
1.3.6 Western blot £l

FABGE =B N4 ZUE Tk s K s,
TR P24 v R B Ll R g 0 1590 (100 :1) 7843
WFES , H 2 ZL BRG] EP 4, B 5 min $k
i 1,330 min,4°C 0 10 min, IR 75 2
EEWE, BB EE S SxSDS-PAGE H 1 FREZE
MR A5 K 25 VE 5 min, & IREFL40 wegEH L
FEDEATHLIK AT B AR, 5% WRRE W Ry 0], — Bt (v
J£4 1:1000~1:2000) 4°C W E FEIR %, TBST ¥
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PRI 3 U, INA Pt (MRS 1 :10000) ZiRF AL h,
VEIR 5 FH ECL B G 52 | VisionWorks B4 2E4 74047
R B K AL
1.4 FitEHRZE

A 58 A Y5 R ifE 25 (s ) o, HT SPSS
25.0 B 4 ¥ 47 43 Hr, | GraphPad Prism 7 #il
Photoshop B #EATAE IR, 2 4 18] LA HH S LR
2500, WAL ] L3 7 22 55 i FHLSD kg, 7 22K
F5i ] Dunnett’ s T3 5, P<0. 05 A 43¢5 X,

2 HR

2.1 B8 AREH/NMNRNEE BRMMmE
TEMEFE 8 )5, 5 ND 41 Hedg , HFD 4441 DM 41
NIRRT B, DM 4N R e e S
HFD 41t %, DM 41/ B 35 R 2 3 e 35 4
(P<0.01) , 5 ND 211 HFD 41 L%, DM 411 FBG
1 PBG & (P<0.001) ., WLFE 1,
2.2 FHE&A/NMRIERIEIR
2.2.1 ImiEELTEbR
5 ND 41 [b#, HFD 40/NEL TC Fi1 FFA 7KF i
F1 IS A =H/NRBRE & Kb (x+s, n=5)

Table 1 Body weight, food intake and blood glucose in the three

groups of mice after 8 weeks of feeded

Ei=2 Wefrag = o e 4
Index ND group HFD group DM group
M@(.g) 24.90£0.87  30.57x1.11*°  41.12+1.58"
Body wight
: d
%‘g(.y ) 2.510.27 2.22+0. 17 7.050. 36"
Food intake
& Uit /L
ABIB (mmol/L) o 2 002 7.60£1.03 25, 6826, 41"
FBG
B A /L
éﬁmjéé“m” ) 76020, 88 9.02+0.73  31.16+4. 28"

TE: 5 ND 414 1L, "P<0.01,"P<0. 001 ; 5 HFD 44 Lk, P<0. 001
Note. Compared with ND group, *P<0.01," P<0.001. Compared with
HFD group, “P<0.001.

FWE(P<0.01), 5 ND 41 H HFD 4H %%, 5 ND
ZHF0 HED £ %, DM /N FBG ,FIns \TC . TG ,FFA
F1 HOMA-IR 7K V-3 B &4 25 ( P<0.05) . 5 DM 41
AHEE , DM+V 240/ FBG \TC .\ TG #1 HOMA-IR I & F%
fi(P<0.05), W2,
2022 A ET 0 S0 RN ) 2R £ S

£ GTT SE4a S # 45 W5 /5 15 min B, ND
20 ND+V 41 HFD ZHH1 HFD+V 41 & B 2 44 |-
F2 e KA, Z S5 R N REEF] 180 min B IMLKEVE
FEVRE B33 5 1 26 A7 i DM 41/ BRUEE 58 )5 90
min I B A TR BIEAE | 2 J5 JF 4R T B ; DM+V 41 7E
t=30 min A IM0KE T 2R, 7F t= 180 min Il 1]
H# 0 A4, 5 ND 4 A, HFD 4171 DM 4]
AUC . B3 (P<0.01 5 0.001) ;5 HFD 411t
3 ,DM 4l AUC . 2 31 55 (P<0.001) ;5 DM A4
b, DM+V 4 AUC,, i AR (P<0.01) . WA 1,

ITT 5287 ND 41 \ND+V 20 'HFD 41 HFD+V
AN DM+V 411 MUY AE 15 ~ 60 min B Ff 2 51K
5., T DM A 1B G T J5 R [, 60 min At o 2 f
i, 73315 ND 2050 HFD 40 [ %5, DM 2 AUC,, 3
BEWE (P<0.001); f1 DM 4 AL, DM+V 4
AUC, B F AR (P<0.01) . WL 2,
2.2.3 RT-qPCR K& PI3K Akt & FoxO1 ) mRNA
#ik

05 ND A HFD 4 %, DM 41 PI3K | Akt
B mRNA 3R 3k 7K - 35 5 25 BE AR (P <0.001) , 1M
FoxO1 ) mRNA FRik7K P-4 34 5 (P<0.05) ; 5
ND HAHH, ,ND+V 20 FoxO1 ) mRNA ik i %
il (P<0.05) ;5 HFD 41 %, ND 41 Akt () mRNA
TR B EW = (P<0.05) ;5 DM 4 L, DM+V
20 PI3K K Akt [ mRNA FiA44 i 3 5 FoxO1 1
mRNA Fik B FF#EK(P<0.01) . WK 3,

®2 ANHE/DRULTEAACTER (325, n=5)

Table 2 Serum biochemical parameters of mice in six groups

£zt T TE+NIERA [ el R+ BE R T B 2H Wb+ A B2 20
Index ND group ND+V group HFD group HFD+V group DM group DM+V group
25 R UM (mmol /L) FBG 6. 42+0. 62 6. 47%0. 65 9.360. 16 7.59+1. 10 18.70+3. 18* 12. 63+7. 06"
SUBEEE(mmol/L)TC 1. 63£0. 45 1.41+0. 08 3.290.51" 3.20+0. 36 7.190. 47" 4.7820. 63°
H i =R (mmol/L) TG 0. 62+0. 29 0.52+0. 13 0.40+0. 13 0. 40+0. 25 2.31+0. 30" 1. 65+0.31°
HF B IEWTIR (mmol/L) FFA 0. 300. 01 0.22+0. 04 0. 460. 14" 0. 3620. 02 0. 690. 08" 0. 61x0. 02
S (mU/L) Fins 7. 68+1. 42 7.17+0.24 9.29+0. 48 10. 600. 62 15. 38+0. 74> 14.71+3.87
Ji 5% E AR HOMA-IR 2. 16+0. 18 2.06=0. 13 3.87+0. 15 3.56+0. 36 12.78+2. 24" 7.47+1.95¢

TE: 5 ND 4145, P<0. 05,"P<0. 01; 5 HFD Z4L4H 1L, ©P<0. 0155 DM 41AH1L, ' P<0. 05,°P<0. 01,
Note. Compared with ND group, *P<0.05, *P<0.01. Compared with HFD group, “P<0.01. Compared with DM group, P<0.05, °P<0.01.
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2.2.4 Western blot Z:A il PI3K/Akt 15538 i & /KF48 ND 41 2 %K (P<0.001) , 5 HFD 414
HTR WA F IR Rk ., DM ZHE p-Akt . p-FoxO1 94 13345 K -1 B 2

5 ND 4L, DM 4 PI3K o, \p-Akt FHH KL FEfK, FoxO1 ,PDK4 Fl PEPCK B4 1R A 7KV 34 ik
KOV B AR, FoxO1  p-FoxO1 F1 PDK4 fJEEHE  FHE (P<0.05), 5 DM 4l 4, DM+V 41
KK B E W B (P<0.05) ;5 ND 41 1LE, HFD  PI3K,,,, .p-Akt & p-FoxO1 (W7 (433K i 4
2H FoxO1 [4E H # ik W ZFEK, 1 p-FoxO1 BYFEH 1 FoxO1 PDK4 #l PEPCK (1) 4E 235K 1 3%
FR B EW R (P<0.05) ;ND+V 4 FoxO1 L FFIK(P<0.05) , WK 3~6,

40 1 ' {
200
- - B + AN DMV o} o
d g 50 4
ER - BREL DM g
E3 20 1 2 -
=0 — R+ WERYL HFD+V £ 100
3 C D
= -¥- 4l HFD %f =
10 1
—— WEPERL ND+V ;g\ 50 A
-9 Y&R4END =
0 T T T T T T 1
0 15 30 60 90 120 180 0 -
B[] (min) e B&ONRERAMRA HE ANRE SREL RN e
Time ND ND+HV HFD HFD+V DM DM-V

TE: 5 ND 414 Lk, “P<0.01, **P<0.001; 5 HFD ZAAALL, **P<0.001; 5 DM ZAf L, **P<0.01,
1 W i S 36 0 il 2 T AR
Note. Compared with ND group, **P<0.01, ***P<0. 001. Compared with HFD group, ***P<0.001. Compared with DM group, **P<0.01.

Figure 1 Glucose tolerance test and area under curve

30 1
150 5
P
)
20 &~ FERE+WIERA DM+V g
—_ 1 -
% 9 & FERA DM é ~ 100 1
£ 8 &
2 & MR+ KIERAL HFDYV w2
£
£ 101 ¥~ ®Ef§4 HFD E o
x®
—— HEAIEEA NDV =
0 @ LH4A ND
T T T T T 0
0 15 30 60 90 120
UEE WEWERL BRE AN AEEL BERRE RRH AkERE
FFE] (min) ND NDIV HED HFDIV DM DMV
Time

{E: 5 ND 481, *"P<0.001;5 HFD ZAHLL, “*P<0.001;55 DM 4lAHLL, **P<0. 01,
2 B FR T SRR £ T AR
Note. Compared with ND group, ***P<0.001. Compared with HFD group, “*P<0.001. Compared with DM group, **P<0.01.

Figure 2 Insulin tolerance test and area under curve

R3 HA/NFE#HI PI3K Akt Fl FoxO1 A mRNA 33k (X+s, n=5)
Table 3 Expressions level of PI3K, Akt and FoxO1 mRNA in skeletal muscle of mice among each group

HEH fiyoeich TR+ MR R [l o i+ IR 2 4 TS B IR+ N 2
Genes ND group ND+V group HFD group HFD+V group DM group DM+V group
PI3K 1. 000. 05 1.09+0. 05 0. 85+0. 09 0.95+0. 15 0.48+0. 11™ 0. 81=0. 04'
Akt 1. 00+0. 11 1. 16+0. 14 0. 82+0. 08" 0.92+0.07¢ 0.33+0. 10" 0. 75+0. 05"
FoxO1 0.53+0. 14 0.32+0. 16* 0.43+0. 12 0.41+0. 14 0.720. 16" 0.26+0. 10"

5 ND 4, P<0. 05,7 P<0. 001 ;5 HFD 4HAH [, °P<0. 05,%P<0. 01,°P<0. 001; 5 DM 4#i Lt ,"P<0. 01,"P<0. 001,
Note. Compared with ND group, *P<0. 05, "P<0.001. Compared with HFD group, °P<0.05, ‘P<0.01, °P<0.001. Compared with DM group, 'P<
0.01, "P<0.001.
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3 KAUV/NEUEEILALLY PIBK R Ake (TS VLR (1354
Note. Compared with ND group, *P<0.05, **P<0. 01. Compared with HFD group, **P<0.01. Compared with DM group, *P<0. 05.

Figure 3 Active pntein expression of PI3K and Akt in skeletal muscle tissues of mice in each group

£
il ' 15 ]

Q *“3"9 de Q“\ N E’ g

L I R ] X =
FEESEE 8l %3

EAE S O 8% 1o g

P-FOXOT e s s S G S 52 1 S;E Eé o %
. . @ g # g

e 6, § 0.5 u? ?

GAPDH  es SR G o G w7100 & ]
£ £

= 0 &

WML W AR WA A AR MR MR PR WRM WRAMKE SR R AROKAE MR MR R
ND  NDHV HFD  HFDAV DM DMV ND  NDiV HFD  HFD+V DM DMV

. 5 ND 4l L, "P<0. 05, **P<0. 01, **P<0.001; 5 HFD ZLAfLL, *P<0. 05, **P<0.001; 5 DM 1AL, *P<0. 05, ***P<0. 001,
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Figure 4 Protein expression of FoxO1 in skeletal muscle tissues of mice in each group
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Figure 5 Protein expression of PDK4 in skeletal muscle tissues of mice in each group
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Figure 6 Protein expression of G6Pase and PEPCK in skeletal muscle tissues of mice in each group
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