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B WEBFERTZMARREERL-HHTIE . RS RIIUK T RERAH SN AMPK-mTORSS 5i#
BAHRXFEARRKFER. ik HE82 Rtk Wistar KK, XHEIafkMasE & BB ES /IR B8
PRIEE R (STZ) B A T ZMAGR)BEE A, @A g w5t A, &4%ke AR miEre A+ ik
BE . MBE. 2/ B B & &, 71 EE S EHMITB L (HOMA-IR); F Fi Western-blot 5 ¥AK Il p-AMPK.
p-mTOR. ULK1. LC3. Beclin-1. Z&%: S5xfiRAHE, HAMHKRIMBEFBG. FINS. 2 h)5 b,
HOMA-IR¥F &, KRFEEHELRp-AMPK. p-mTOR. ULK1. LC3. Beclin-1EZXHFE, ZRF4S%
HERX(P < 0.05). £: IGREEKFRESRRSAAE. BELMMIIERMK, AMPK-mTORSS
BHRAREAREAR.
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Abstract

Objective: To observe the changes of pancreatic islet S-cell function, insulin resistance level and the
expression level of AMPK-mTOR signaling pathway related proteins in pancreatic tissues in the im-
paired glucose regulation rat model. Methods: 82 male Wistar rats were selected and fed with
high-fat chow and intraperitoneal injection of small trick streptozotocin (STZ) to establish an im-
paired glucose regulation (IGR) model group, and a control group was established by normal
chow. 6 rats from each group were selected to test the serum samples for insulin, glucose, and glu-
cose level after 2 hours, and calculate the insulin resistance index (HOMA-IR); p-AMPK-mTOR sig-
naling pathway related proteins expression level in pancreatic tissues were detected by West-
ern-blot was used to detect p-AMPK, p-mTOR, ULK1, LC3 and Beclin-1. Results: Compared with the
control group, serum FBG, FINS, post-2h glucose, and HOMA-IR were elevated in the model group,
and the expression of p-AMPK, p-mTOR, ULK1, LC3, and Beclin-1 was elevated in the pancreatic
tissues of the rats, and the difference had a statistical significance (P < 0.05). Conclusion: IGR mod-
el rats had obvious insulin resistance, reduced pancreatic -cell function, and elevated expression
of proteins related to AMPK-mTOR signaling pathway.
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1. 5|8

BE 77 52 45 (Impaired Glucose Regulation, IGR)A T84 A 75 WA ¥ g &5 25 A BE 08 1 2 44 P9 B AR 1)
T, T A SR T T A R S5 XL . IGR S 2 B R % (Type 2 Diabetes Mellitus, T2DM)
PR PIRAS , R 2 TR B A6 I B, MBE 7K ¥ IF 3 A 18 208 R s BT € s, 5 mT Re 2
HAEMER, H IGR H5F G N4 A 5 B0 AR DL o il 8 90 1) AR |+
BRI [2] [3] RILAERE IR ST 7, TGR NHE ) AR5 J7 s T A 9 A% 0 28 S 220 TR (4]
[5]. T2DM )5 JAR B DUBR &5 2 HH0 . o 5% p-4 B T e PRI O 3 2 AR B BRARAiE [6],  RIG IGR 5
FIRAREY) . Hurilm R L& % DU % R 896 (Oral Glucose Tolerance Test, OGTT) A Jif & & KL 15
% (Homeostasis Model Insulin Resistance Index, HOMA-IR) K P4 i 5 T 68 - A5/ 70 B 7E 257 IGR K
R, 5 0 0 HE 2] S (R RS D0 IR B 2R I A L 2 /N S IR S VAL R S Dh g, 1 HOMA-IR
TEAN 5 8 HCHTK S, [FIRRS I ¢ AMPK-mTOR 15 538 B M % & 1 p-AMPK. p-mTOR. ULKI.
LC3. Beclin-1, #RUTHE AT 28BS -4 fEThee. B RIWPUKFRIEmN, KI5 AMPK-mTOR
15 5 18 #% 1 AH S
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2. RIS
2.1. {428

TR P (REEENEAIRAT, DYISK). H#HEFRP(LESENEARAT, FA2004N).
BRI (377, DLI1150). & R & O AL LIEIEE /R TS A PR A F . SF-TDL-5C). fHiAF( L
RS R R % B IR AR, DNP-9272). 1ER ST RAE(EilR % L W & A R AR, DHG &), Mk
FR).

2.2. A

BERB 2R (STZ, sigma A ], S0130-1G). K BUJEE S 2 (INS) ELISA Kit (83 A ], CSB-E05070r). i
EBE(GLU)RF & (el 2 0 LB (R ni @, A154-1-1). D-(+)-% % B (sigma A7, D9434-250G). —
FE OUIC & 2 A (o 5 2 (W) LR T R R B BR A F], M2009).  #hERFEH7 R E SR (L sh ! 25 i B IR A
Al #7450 (EEZ%E R, FBS060).

2.3.

82 HMEME Wistar KR, T4 HE UM R 2B shPsLs hcy, 8~10 F#g, MRE 200~250 g. 177 % 23°C
+3°C, AR 40%~70%.

2.4. A%
r R RHEC T s EWT S 61%, EEE S 19%, BOKEYE 20%.
2.5. WWAE

2.5.1. S ERESF

82 HHENE wistar KEUEPEMRTE— A5, BENL NIER XA 12 HOEFMFE). IGR A4 70
N EFRLREN MR | G, REZ N 200250 g, 4S5 TEfaiRliEs: 4 ) Ric . ARG
61%, TEA A 19%, BKWEY G 20%), &F 3 RIEISEHFEIRE R %= 25 mg/kg (pH 4.45. 0.01 mol/L
TR - FrERNZ ) 1~2 K.

2.5.2. HBIEST

VST B = R B MR A B 2 A I K B 2 I R A B I B2 (OGTT) SE 3R CR B AE B A ZE/K 16 h J5, #4116 2 g/kg
IR HE B S0% I 2 B, VRS I ATRE S 20 AIAE 04 2 h JE R RE S IAS I R, 5 22 o) i 26 0 i 24
o h k), CANEIN R BRBEIRATEE 71, 24 FBG A 6.1~7.0 mmol/L, OGTT 2 h IE{E A 7.8~11.1 mmol/L, 41
N IGR RS

2.6. HEARIE

FHEHUE AR IGR A% 6 RN KERASELLE, WKk > 1~2 ml, &
H, RAFT-80C. KRALSE 12 h ZRiAE€, WEEBMRAL, TEMEREE, —80 VRf7.

1) ff KB 2 (INS) ELISA SE56 77 720 Sk 45 25 K BRI AR AR ik B 32 i, R & it
B K B 25 IR &7 B (FBG), 7 2 I & B BRI (OGTT) I sk IRbE /5 2 h e i ipifE. A AR
HOMA-IR = FBG (% fLHE) x FINS (7 JE 5 2)/22.5 115 HOMA-IR, TEA R AT,

2) HRHUHLH KRR AR SUR B 1, Western-blot 77754501l AMPK, p-AMPK, mTOR, p-mTOR, ULK1,
LC3, Beclin-1 FEARIE. FEAZWEMEZ 5, B2 100 mg FEAIARTA K 1.5 ml B0EF, AR5
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B 400 uL RIPA 2R (M0 N AR FBE I 7R 1 il BB 1 7)), 78 70751, 4°C it E 60 min J5 , 12,000
rpm, 4°C, B50 15 min Y24E LiF. BCA VENE EAWRE . FHEAMAER 5 x SDS-PAGE loading buffer (%
B3I L), 100°CHlE/KINFAAEEE 5 min, 5 A 78528, 12,000 rpm &0 5 min, B E&H . EHE.
TEE. Hk, UK HRIG I, PR PVDF BE/KYE 3 (S min/iR), £ S%EHE WAy 0 1, 3514
P 1 h, #8)5 TBST ¥ 3 k(5 min/ik), F TBST Wikt —t, 36 3 %, IMAE UM =R E
1 h, FHEDE3 K, (15K EEH AR BBIRSA, 2ml £, A ChemiScope mini 145 & JEACKE I
E{ENGH

2.7. Gt AbTE

A HEERE + rdEZEFRIR, 12 SPSS19.0 B A &40 b & O & BTGt 30, I
MR T RS giiE, P <0.05 RUIA BEMEZESR.

3. &R

1) B 5% HEZH () 35+ FBG. FINS. 2 h J5IfifE. HOMA-IR fJLLERE X HRZHAHEL, IGR A7
KRR L% 4 & FBG. FINS. 2 h J5 [k & HOMA-IR #B BTt 5, ZRE SR (P < 0.05).
W7 1.

2) FEAYZH 550 4 [A] AMPK-mTOR {5 53 B AH G 8 1 R IA K I HLB S 0 IAHAHEL, IGR A4
KRR 2 p-AMPK. p-mTOR. ULKI1. LC3. Beclin-1 FIEE/KFHHETE, ZREESH ¥R
N (P<0.05), W&E2. %3,

Table 1. Statistics of GLU and INS levels in serum of each group (X £s,n=6)
1. HAMFES GLU, INS ZEZiTR(X£s5,n=6)

ARGy FBG (mmol/L) FINS (pIU/ml) 2 h IfifE (mmol/L) HOMA-IR
pagiteEi:l 6.978 £2.012 16.801 +4.914 6.333 £0.236 5.032 +1.747
IGR #7420 10.164 = 0.889" 23.767 £5.220° 9.150 £0.614" 10.744 +2.530°

E: CSXHBALAE, P <0.05.

Table 2. Analysis of the expression level of each protein in rat pancreatic tissues (x £s, n=4)

2. RERBRAATBZEERNREKEDH (X £s,n=4)

ENGE! AMPK p-AMPK mTOR p-mTOR
XTHEH 0.991 +0.118 0.642 +0.035 0.718 +0.117 1.070 + 0.062
IGR #i#I2H 0.968 +£0.111 0.972 +0.080" 0.819 +0.121 0.563 +0.233%

e CHXHEAMLL, P<0.05.

Table 3. Analysis of the expression levels of each protein in the pancreatic tissues of different groups of rats (X 5, n=4)

3. PRISEARRIRAATEEBNRIEKFEDI(x s, n=4)

AFE44E ULK1 LC3 Beclin-1
X HE 0.741 + 0.041 1.123 £0.121 0.660 = 0.127
IGR f#4 4 0.905+0.113% 1.334 +0.100% 1.023 +0.142%

E: CSXHBALAE, P <0.05.
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4. ¥Wig

IGR A& RIS AL 51T D PR B AR 3R L, A2 W PR3 R A R il o v o B (i B AR IR AS o (HEERT
IGR KA MFEH, BB SBURRFIIRE. S -4 ThRERIZ 8, 15 5] S5 5 8 B i U v AR
WA, A S8 L v i e e P 9 R B fl v S /N STZ 5 90 i B o7 IGR AR, 3@ A ifn 375 v 28
MElE S . SN, 2 h 5k A AR 2% p-AMPK. p-mTOR. ULKI1. LC3. Beclin-1 Fik/KF
A4k, UEBIFE IGR A] LS EUR & =T RS p-4ifuThRe 24, HAEX —id & AMPK-mTOR 55
T P AF O B R IA K B B

AMPK-mTOR /& 541l [ W 2 UM G 015 500 s, I SAM A i & AE[7]. B W2 — R i -
(17308 o L S AR 4 L 5 P AR PRI A B 2 B 1 A A R WA I R . 4B R T AR RE A A B AR E RS
HSh AN A . TR R R, AEREAY 2 RURER B R AE S IR AL DM e, X2
D] A 4 L 1 Wk T Rk fik & 8- L T e e B B AT 0 JB = 2R T S (8]0 JER ) p-2 sk = 1 W D e v 5
FUAMMRIGTERE ) N SRR, ARARIED L IR 3T B R R A B R U B W, S BRI
AR BRI o R 2 3G 00 T DA RO R R S BT, = AMPK 223400 ULKL 5 516 5 K&
LC3 MIfIE1[9]. Beclin-1 fER—F FAMEAE DG, A28 BF I WG AH DG HE BRI 7E I L3047 b 1 R 10]. B2
WG PR L RS ORT 7, 32 EEO  JA [ WA DG B L TE WA b R, DT 42 ) 1 W D T BSORI WY
PE[11]e AARSEEG )28 S b o] DAHEWT, IGR KAEJG, KRB RS, SEHERFATHHEA S, BREE
PR, [F AR R ) p-AMPK. p-mTOR. ULK1. LC3. Beclin-1 #iA/KF¥EE T 5, #2~ IGR
MRAKRRE, 5 AMPK-mTOR {5 5Bk 1% S M40 B EE UIAHOC, B IGR 20 FHLE AR, HIX—
RO, NI T RIATT K iay7T 2 BO0E PRI ) 5 BT 0 o ms, SR bRk .

& H
A4 T e I R R R 5 B 9 5K R S 5 5 T AL (SKL-HIDCA2021-DX4) 6
SE 3k

[1] Song, X., Qiu, M., Zhang, X., et al. (2016) Gender-Related Affecting Factors of Prediabetes on Its 10-Year Outcome.
BMJ Open Diabetes Research & Care, 4, €000169. https://doi.org/10.1136/bmjdrc-2015-000169

[2] Huang, Y., Cai, X., Mai, W., et al. (2016) Association between Prediabetes and Risk of Cardiovascular Disease and All
Cause Mortality: Systematic Review and Meta-Analysis. The BMJ, 355, 15953. https://doi.org/10.1136/bmj.i5953

[31 Bansal, N. (2015) Prediabetes Diagnosis and Treatment: A Review. World Journal of Diabetes, 6, 296-303.
https://doi.org/10.4239/wjd.v6.i12.296

[4] Guo, M., Wang, Z., Wang, S., et al. (2023) Investigation of Risk Factors Associated with Impaired Glucose Regulation:

Using the Momentum Equation to Assess the Impact of Risk Factors on Community Residents. Frontiers in Endocri-
nology, 14, Article 1145847. https://doi.org/10.3389/fendo.2023.1145847

[5]1 8%, FHR, E&F, 55 WERRHEIHT A2 KPR R TSR FE 36 4R RIBIT]. 2k, 2023, 68(Z2):
3834-3845.
[6] Vidrio-Huerta, B., Plotz, T. and Lortz, S. (2024) Oxidative and ER Stress by Elevated Insulin Biosynthesis and Pal-

mitic Acid in Insulin-Producing Cells. Journal of Molecular Endocrinology, 72, Article ID: e230087.
https://doi.org/10.1530/JME-23-0087

[71 Barlow, A.D. and Thomas, D.C. (2015) Autophagy in Diabetes: B-Cell Dysfunction, Insulin Resistance, and Compli-
cations. DNA and Cell Biology, 34, 252-260. https://doi.org/10.1089/dna.2014.2755

[8] Riahi, Y., Wikstrom, J.D., Bachar-Wikstrom, E., et al. (2016) Autophagy Is a Major Regulator of Beta Cell Insulin
Homeostasis. Diabetologia, 59, 1480-1491. https://doi.org/10.1007/s00125-016-3868-9

[9] Kazyken, D., Dame, S.G., Wang, C., et al. (2023) Unexpected Roles for AMPK in Suppression of Autophagy and
Reactivation of Mtorcl Signaling during Prolonged Amino Acid Deprivation. bioRxiv.
https://doi.org/10.1101/2023.12.20.572593

DOI: 10.12677/acm.2024.143811 1075 I IR = =23t e


https://doi.org/10.12677/acm.2024.143811
https://doi.org/10.1136/bmjdrc-2015-000169
https://doi.org/10.1136/bmj.i5953
https://doi.org/10.4239/wjd.v6.i2.296
https://doi.org/10.3389/fendo.2023.1145847
https://doi.org/10.1530/JME-23-0087
https://doi.org/10.1089/dna.2014.2755
https://doi.org/10.1007/s00125-016-3868-9
https://doi.org/10.1101/2023.12.20.572593

F IR  BIAKRTSEL 55

[10] Broggi, G., Ieni, A., Russo, D., et al. (2020) The Macro-Autophagy-Related Protein Beclin-1 Immunohistochemical
Expression Correlates with Tumor Cell Type and Clinical Behavior of Uveal Melanoma. Frontiers in Oncology, 10,
Article 589849. https://doi.org/10.3389/fonc.2020.589849

[11] Rodriguez, M., Kaushik, A., Lapierre, J., et al. (2017) Electro-Magnetic Nano-Particle Bound Beclinl siRNA Crosses
the Blood-Brain Barrier to Attenuate the Inflammatory Effects of HIV-1 Infection in Vitro. Journal of Neuroimmune
Pharmacology, 12, 120-132. https://doi.org/10.1007/s11481-016-9688-3

DOI: 10.12677/acm.2024.143811 1076 I IR = =23t e


https://doi.org/10.12677/acm.2024.143811
https://doi.org/10.3389/fonc.2020.589849
https://doi.org/10.1007/s11481-016-9688-3

	糖调节受损模型大鼠胰岛β-细胞功能、胰岛素抵抗水平及胰腺组织中AMPK-mTOR信号通路相关蛋白表达水平变化
	摘  要
	关键词
	Changes of Pancreatic β-Cell Function, Insulin Resistance and AMPK-mTOR Signaling Pathway-Related Protein Expression in Pancreatic Tissues of Rats with Impaired Glucose Regulation Model
	Abstract
	Keywords
	1. 引言
	2. 材料与方法
	2.1. 仪器
	2.2. 试剂
	2.3. 动物
	2.4. 饲料
	2.5. 试验方法
	2.5.1. 动物分组及饲养
	2.5.2. 模型建立

	2.6. 样本收集
	2.7. 统计学处理

	3. 结果
	4. 讨论
	基金项目
	参考文献

