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Exploring the Mechanism of Acute Stress Affecting Glucose and Fat
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ABSTRACT Objective: To explore the mechanism of acute stress affecting glucose and fat metabolism in diabetic mice from the in-
tervention of histone deacetylase (Sirtuinl, SIRT1) expression. Methods: Thirty C57BL/6 mice were used as research objects. T2DM
model mice were induced by high-fat diet and intraperitoneal injection of streptozotocin. Then they were randomly divided into control
group (normal mice + citrate buffer solution gavage), diabetes group (diabetic mice + citrate buffer injection) and SIRT1 intervention
group (diabetic mice + SRT1720 carrier buffer gavage). The fasting blood glucose and insulin levels of mice were detected by blood glu-
cose meter and insulin ELISA kit respectively. An automatic blood chemistry analyzer was used to detect serum triglyceride, total choles-
terol, low-density lipoprotein (LDL)-cholesterol and high-density lipoprotein (HDL)-cholesterol levels. Collect mouse white adipose tis-
sue for washing and weighing for comparison. The mRNA expression of lipogenic transcription factors PPARy and SREBP-1c, fatty acid
synthesis factors Fas and Ap2, fatty acid decomposition factor Hsl was analyzed by RT-PCR. The expression of AMPK-SIRT1-PGC-1
pathway protein was analyzed by Western blot. Results: Compared with the control group, the diabetes group had higher fasting blood
glucose and insulin levels(P<0.05), and the SIRT1 intervention group had lower fasting blood glucose and insulin levels than the diabetes
group (P<0.05). Compared with the control group, the diabetes group had higher serum triglycerides, total cholesterol, HDL-cholesterol
and LDL-cholesterol (P<0.05). The weight of epididymis, retroperitoneum, mesenteric and inguinal fat in the diabetic group was higher
than that in the control group (P<0.05), and the weight of white fat in the SIRT1 intervention group was lower than that in the diabetic
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group (P<0.05). The SIRT1 intervention group was lower than the diabetes group (P<0.05). The blood glucose level of the diabetes group
was higher than that of the control group at 30, 60 and 120 minutes (P<0.05), and the blood glucose level of the SIRT1 intervention group
was lower than that of the diabetes group at each time point(P<0.05). Compared with the control group, the mRNA expression of PPARvy,
SREBP-1c, Fas, and Ap2 in the diabetes group was increased(P<0.05), and HsSImRNA was decreased (P<0.05). Compared with the con-
trol group, the mRNA expression of PPAR~y, SREBP-1c, Fas, and Ap2 in the SIRT1 intervention group was higher Increased, HsImRNA
decreased (P<0.05). Compared with the control group, the expression of phosphorylated AMPK, SIRT1 and PGC-1 was lower in the dia-
betes group (P<0.05), and the expression of phosphorylated AMPK, SIRT1 and PGC-1 in the SIRT1 intervention group was higher than
that in the diabetes group(P<0.05). Conclusion: Regulating the high expression of SIRT1 can activate AMPK/PGC-1a signaling pathway

in diabetic mice, and at the same time promote lipolysis and inhibit fat synthesis, thus exhibiting anti-obesity effects.
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1.1 SE3aHr#y

1.1.1 SEI/NR 30 H C57BL/6 /N (HEE , 5~6 JE1Y, 20+ 2
MW B3RP AR AR (FEE R ). ra /N FRE
25+ 2°C |12/12 h 5% / BRI OE B IR BE T .

112 BRESRSE @G, #idRege 4 FERE
60%kcal g i =i i ik & 357 T2DM [ C5TBL/6 /INEUREH , [H]
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(pH 4.4) , B —RME R 15 (ip )—IK o % HRZH 25 7 A R AR R Y
BARFTEIRER G 0P . STZ 155 2 J , ¥ g s i sl
(23 P2 200 mg/dL 552 11.1 mmol/mL ) FEHLS> A #E IR IR
#H (n=10) A1 SIRT1 FHigH (n=10), XFF SIRT1 F T4,
SRT1720 7E# /4 (2% HPMC + 0.2% DOSS )51 1) 10 mg/kg fi+5
E SR i AT RS R R T CS7BL/6 HEPE/NR, B R —IR,
R = SEERASTRE T /NS B 16 /N, FSUSC B R 1
VR IR . IR IESFRE MR, il 7E 4°C 1L 3,000 rpm

B 20 min ARFG MG . N H SR IR AR
1.2 XWHE
121 miEFEREMORFEREMENX  AWHITNERE
—J& A — K A (12 h), 28 R F I i A
B IF B E A R AL B A PR AR RS . 2R L EE 13,000
pm N ELL 5 380, MK EEAEAE -80°CF FHT43#r o Al A UYL
(W) VT A0 R PR 7 15 £ M A A IR 2 W) )i 25 AL I W 7K~
i ELISA {57 & (O [ st 4B 54 ) TRRA FRA 7D
TSR Py 2K /NERAR E I 120 J5 30 min A 50 %2 gkg
HAEPRE BT D IR e (OGTT) . AEm 4 b 1 i
Ja 0.5.1 3% 2 h 2 A K
122 miEEEHH  Hm=6. SIHEE. KFEREA
(LDL )- JH [&] 0 25 %5 B2 g AR 1) (HDL)- JIE [5 B ) i 3 7K F,
MR Ak H sh A HT Y (585 : KoneLab 20XT, | 5K : £ EFEE K
HRBHE AT
1.2.3 EEHEHZR PCR (RT-qPCR) MG HIERT A BN,
Trizol MFFFS2 i 720 21 FP 3R BUR RNA, i FH {43 6 RE -
i RNA S figlify o 485 fifi i} Rotor-Gene 3000 X #§ 1 Rotor-
GeneTM SYBR Green it 7 & #4F RT-gPCR, #EH N :94 C
3 4341 .95 °C 10 £ .60 'C 15 A1 72 °C 20 Fhir) 40 AMEHR, il
FH Rotor-Gene 6000 RF REKAFFEITEH 6 MU HTEs R, Ik
Hr mRNA ZKFRRHEA R 3- SR H I i & 1 KT o
124 EERENESH ARSI & A LU5% I
TRARELE AT, 5 BCA 8 [ 5 70 &0 i 24 i)
PR BT e, e FER D SR A T AR B B AT o XL
p-AMPK-a (1:1000) . 3% SIRT1(1:1000) .4t PGC-1(1:1000) .
B- MlahE . $itk 1gG HRP Fgi/) B IgG HRP ¥yl 5 3¢ [E
Cell Signal Technology, i} HRP Jic#) 400 ER 326, fi F Im-
ageQuantTM LAS 500 {5 R GWMEE I8 AR R
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Table 1 Detection of fasting blood glucose and insulin in mice

Groups FBG(mmol/L) Insulin( mlU/L)
Control group 6.45+ 0.48 0.34% 0.02
Diabetes group 14.26% 1.14 0.55+ 0.03
The SIRT1 intervention group 9.10+ 1.16 0.40% 0.03
F 11.439 9.123
P <0.001 <0.001

2.2 SIRTI 3Rkt M iE AR Bk T B 220 Al LDL- JE [ B e, SIRT L 4 B0ME PR LA (P<0.05 )
PR 200 IR 2 i v+ =g LGOI [EI B (HDL- JHE RS (R 2).

®2 miFENSH

Table 2 Serum biochemical analysis

Groups TG(mg/dL) TC(mg/dL) HDL-C(mg/dL) LDL-C(mg/dL)
Control group 35.72+ 5.27 96.33% 11.59 6325+ 7.33 25.24% 631
Diabetes group 7238+ 8.62 127.96% 22.35 88.30% 13.44 37.56% 5.17

The SIRT! intervention group 5347+ 6.45 105.83% 13.19 79.52+ 8.44 24.82+ 4.39

F 9.103 11.273 14.068 13.117
P <0.001 <0.001 <0.001 <0.001

2.3 SIRT1 @REXBEAHARESHI M

HIE Th i, SIRTL 99T 26 BBl PR 20 1) 620 i M B o o 1

PRI L0 R 2L B 52 RIS o R AR A R T B (P<0.05). (3R 3).

3 SIRT1 Y RAMAERT AR ESE I
Table 3 Effects of SIRT1 overexpression on the weight of fatty tissue

Groups Andidymal fat(g) Retroperitoneal fat(g) Enterenteric fat(g) Ggroin Fat(g)
Control group 0.94% 0.37 0.55% 0.14 0.71% 0.18 0.35% 0.12
Diabetes group 2.53+ 0.34 1.59+ 0.19 1.89+ 0.37 0.59+ 0.08
The SIRT1 intervention group 2.13+ 0.21 1.05+ 0.08 1.05+ 0.18 0.36+ 0.71
F 13.131 9.398 10.642 9.543
P <0.001 <0.001 <0.001 <0.001

2.4 FEEm SR

H AR AR AR, o B B4 W /K P72 B 5 30 min I 5
BRORAE, SR 5 BT B, Bl DR 2H 0] B 2 9 T W 7K -1 30,
60 F1 120 min i 7h &5, SIRTT P M PR 28 25 iF 18] A5 A
IKFREAR(P<0.05), (F£4),

2.5 SIRTI i 5RIX34BE AR 4 AL FRRE AR E AL X 5B B F RIE RSN

WHPR I 2H A0 %t BB 2 PPAR~y .SREBP-1c Fas Ap2 [y mRNA
FeiE T HsImRNA BEAR (P<0.05), SIRT1 T 2 B b IR A
PPAR~y SREBP-1c Fas Ap2 /) mRNA #%ik7T}% , HsSInRNA [
fik(P<0.05), (£5),

* 4 OGTT iRI&
Table 4 The OGTT test

Groups

0(min) 30(min) 60(min) 120( min)
Control group 11.36 2.25 17.49+ 2.73 9.10+ 1.77 7.78% 1.36
Diabetes group 13.18+ 2.68 28.16+ 3.24 25.13+ 2.46 23.05+ 2.60
The SIRT1 intervention group 12.39+ 2.24 21.75+ 2.83 19.55+ 2.33 16.57+ 1.61
F 5412 11.521 14.231 13.321
P 0.024 <<0.001 <<0.001 <0.001
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% 5 RT-PCR 7 #rBERAR I Bl FH mRNA ik
Table 5 RT-PCR analyzed the mRNA expression of fat metabolic factors

Groups PPARy SREBP-1c Fas Ap2 Hsl
Control group 1.03+ 0.03 1.12+ 0.04 1.15% 0.07 1.05+ 0.02 1.97+ 0.13
Diabetes group 2.15% 0.22 2.05% 0.19 1.89+ 0.17 2.12+ 0.24 1.14+ 0.06

The SIRT1
. . 1.28+ 0.15 1.24+ 0.17 1.23%+ 0.12 1.11£ 0.32 1.85%+ 0.15
intervention group
F 10.622 9.195 12.326 13.561 10.827
P <0.001 <0.001 <0.001 <0.001 <0.001

2.6 EAENFSH AMPK-SIRT1-PGC-1 i# B
il PR 20 00t HE B fb. AMPKC SIRT1 il PGC-1 f) 3K

[ AIC ,SIRTL 1 i 41 % ¥ PR 9% 41 % 2 & AMPK \SIRT1 Al
PGC-1 [REFHE (P<0.05), (£ 5).

% 6 AMPK-SIRTI-PGC-1 BEER KX
Table 6 Expression of the AMPK-SIRT1-PGC-1 pathway protein

Groups SIRT1 p-AMPK PGC-1
Control group 1.82+ 0.167 1.96+ 0.17 1.95+ 0.16
Diabetes group 1.13+ 0.12 1.06x 0.09 1.03+ 0.07
The SIRT1 intervention group 2.16x 0.32 2.05+ 0.19 1.93+ 0.16
F 9.613 11.125 13.379
P <0.001 <0.001 <0.001

3 Pig

R i 3R S /N , A4 SIRT1 ek e 2
I Mg , SIRT1 (33 LERE MR FH O AR LA T s s, B
FEHRIET & B, SIRTL 2k B0 1 = s 175 2 5 | Ad il 75
M = SR R RS R R AR I T s g TR o SIR T
JE—Fp NAD+ IR BiME 2R R L LG, © A R 4141
P SRR TR AR AR AR AE AR IR IR & Ak IR
B G 5 R A I AR,

AASEIH ST 27 : FaS JE g i A i) S S , S ps i, &
SR A Z P R R IR & LA B ZAHTR. Ap2 tFRN
NRWTRRES & A, BRI ER B AR 9 30 A= b i 40 , BELIAT
BCFPER [T LIRS T 45 RIS MR , 450 0 A s A e
FERERS, AT, SIRTL Fh il TH IR/ Nl PPARy Al
SREBP-1c mRNA ik fin, H SIRT1 TG T = BRI
551 Fas il Ap2 mRNA ik 188m, wbReIimRA: Y4 0,
FEEHME T =S5 S8 Hsl mRNA f35/0, SIRT1 5 & ik i
#E T AR L A IR SR AL PR I 43 f% , 45 &5 Furukawa N2
Abduraman MAPAHF5Y 43 B H s R 7E < SIRT 58 R AT i 5%
HE PR BRURIAE e A S A AR AT, HomT iR A s 41 2L B ARt
HAA PR REAER

FERS B, Crte2 (B torC2) A4 2% 3% FF& fige 4 il 1 B 5
Az SIRTI Wi b Ho i 2 BB 2 5 T i — b &2, Bk,
SIRT 47 77 3 (1 90 i A S 2 (R ML A PT RE  e 1 7 B
W1, SIRT1 XHE S I FHE, 25 IR I I oE 221
SIRT1 ZAERF AL ARG BARZS T O T5 09 . JEEARR R

il SIRT1 AN 2 B8 i 4= B i A RE AR 5 38 UM 38 2538 i i
Ui 2 A B R A RH [ W7k S o SR, SIRT L By ok BE 238 25 Tl
B0 RN /N P A LRl AMP 5 (L8R (IR , nT B
1 P MU S R R IS IR & B S AR R A 2, i, SIRT1
A R Ao 8 R P RE 23 B 1k R MR D AR £ 5 RS AR B L AN
JRERE AP , HAE FH I SRl 2T SR 2k A Ak s 1k
JifE A1 NRF-1 AR50, KGR R 8 NFkB 76 PR 56 41
JH IR, 5 BRI A R —5

AMPK J& T RD(Arg-Asp )i , B RFR N 22 2% / 75 %R
P, YRR AN RE R AL IERER , S 5 PR AT WA IR R A
FEAEEFE RE RS R Al B 1 3 I M S 1y e T A
F L FEARRE R 250 AMPK B (b7 BRI A= R 5 147 4,
DASE N ATP AE i/ ATP JHFE>>), ATP /Kfi# 2l ADP 3K
BLF A 516 AR S i R AR 1 . 4 RE AT 2 By RE It
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A BRI S+ 42, PGC-1a J2 SIRTI [ EBRY), WidE 25
T A I ) 35k P O SR AR I Ve 3 AN 5 R R L I
ML 2Ke AN [R) % P9 g ik BRI ARY g DL e 48 b 6 B , AMPPK SIRT 1
M1 PGC-1a 7] g 75 24 b8 W 2% LAk 35 AR , i S0 R iy 26
VPR S BRI , an T2DM IR o
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