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Resveratrol Treats Diabetes in Mice by Relieving

Endoplasmic Reticulum Stress

QIN Dezhe, HE Chen, LI Balun, YANG Hong, HE Wenlai, SUN Jing, ZHANG Huimin, PENG Sha*
(College of Veterinary Medicine, Northwest A & F University, Xianyang 712100, China)

Abstract In this study, STZ (streptozotocin) was used to create a diabetic mouse model, which was mod-
eled two weeks later. The mice were randomly divided into three groups, including 0 pmol resveratrol group (DD),
10 pmol resveratrol group (DR-10), and 100 pmol resveratrol group (DR-100). Resveratrol was given by intra-
peritoneal injection. HE and insulin immunofluorescence stainings of pancreatic tissue sections were performed to
observe the changes in the volume and morphology of pancreatic islets. Using a blood glucose meter, the change
of blood glucose was detected. Using qRT-PCR, the changes of endoplasmic reticulum stress-related genes in pan-
creatic tissues were measured. Western blot detected the changes of endoplasmic reticulum stress-related proteins.
The results showed that after three weeks of intraperitoneal injection of resveratrol, the body masses of the model
mice did not change significantly, the blood glucose levels of DR-10 and DR-100 groups decreased, and the amount
of insulin secretion increased. Analysis of HE slices revealed that the cell damage in the pancreatic islets of DR-10

and DR-100 decreased. Immunofluorescence staining of mouse pancreas tissue sections revealed that the number
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of cells secreting insulin in DR-10 and DR-100 groups increased significantly. Resveratrol promotes the expres-

sion of insulin, glucagon, PDX1, C-Myc and Bcl-2, and reduces the expression of Grp78, CHOP and Caspase 3. In

summary, resveratrol can alleviate the endoplasmic reticulum stress in the pancreas of diabetic model mice, thereby

improving the symptoms of hyperglycemia in diabetic mice.
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FAFE TGN e RS R ) —Fh 2 W
K&, BAELZNPUEEMBTR RS . AT
LW, E AR AT DL I 55 PN 5 S 0T 2% i EH
WL HILAE 51 A2 R 45407, LA S ER 22 SR b AR 1R 1A O U
EEP, AN, B AR ] R OB AE B R
1(silent information regulator 1, Sirtl). X kHEF:
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#1 qRT-PCRHIS|HIFF
Table 1 The primer sequences used for qRT-PCR

B[] i 515" 3" TS5~ 3)

Gene Forward primer (5'—3") Reverse primer (5'—3")

C-Myc CCT AGT GCT GCA TGA GGA GA TCT TCC TCATCT TCT TGC TCT TC
Caspase 3 ATG GAG AACAACAAAACCTCAGT TTG CTC CCATGT ATG GTC TTT AC
PDX1 GAG AGC CGT CCC TAC TAC TTC GTT CTC TAC TGG GGG CGT TTC

Bcl-2 GTC GCT ACC GTC GTGACT TC CAG ACA TGC ACC TAC CCA GC
f-actin GAT TCT GGC GAT GGT GTAACT CA AGA TTC CAT ACC AAT GAA AGA GGG
Insulin CGA GGC TTC TTC TAC ACA CC GAG GGA GCA GAT GCT GGT

Grp78 AGAAAC TCC GGC GTGAGG TAG A TTC CTG GAC AGG CTT CAT GGT AG
CHOP AGC TGG AAG CCT GGT ATG AGG A AGC TAG GGA CGC AGG GTC AA

Glucagon CCA CTCACA GGG CACATT CA

GTC CCT GGT GGC AAG ATT GT
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MN MD

100 pm 100 um

E) (F)

| T OTGG

= 100 * i30

0T : W
= 60 £20 W
g @

& —— E /\i\*_i
= 20 o0

E o IR I IS

W » A Time /min

A: MN(IE# /N R)ATMD(FH SZ T4 252 A (/N 8O B IR IR 2 2 T HE et B (% o 17 35 28 10 R B30 20 R /s IR & o B JERIREH 43 rp J5 &2 3R I e e e el o
B2 00 5] B A KR S . C: MNFIMDZE /N BRI B 451, n=30. D: MNFIMDZH I MLHE ST, n=10. E: MNFI&-2H 1) i 55 5 2= 4k,

n=10, F: MNFIMDZH )48 & #4801, n=10. *P<0.05, ¥*P<0.01.

A: the HE stains images of the pancreatic tissue in MN (normal mouse) and MD (mouse treated with SZT for two weeks) groups. The circled part with

the yellow line indicated islets. B: the insulin immunofluorescence images of the pancreatic tissue. The circled part with the yellow line indicated islets.

C: the statistics of body masses in mice of MN and MD groups, #=30. D: the blood glucose statistics of MN and MD groups, n=10. E: the blood insulin
statistics of MN and MD groups, n=10. F: the statistics of glucose tolerance of MN and MD groups, n=10. *P<0.05, **P<0.01.
Bl ERASTZIESHERR N RARE
Fig.1 Mouse model of diabetes induced by STZ
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n=10. D: HEH:th, n=180. E: BRI, F: ERBRS BRI G ns.: TTEFZR . *P<0.05, *#P<0.01.
Physiological changes and histological phenomena in MN, DD, DR-10, DR-100 groups after three weeks of resveratrol treatment. A: the body mass sta-

tistics, n=10. B: the blood glucose statistics, 7=10. C: the blood insulin statistics, #=10. D: HE staining, n=180. E: insulin immunofluorescence stain-

ing. F: the ratio of insulin-positive cells in E. n.s.: no significant difference. *P<0.05, **P<0.01.
E2 BEAEEMT NRBRRT RS R ERNEE

Fig.2 Resveratrol increases the number of insulin-positive cells in the mouse pancreas
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A: STZ4:%52)# )5, qQRT-PCRAF HIMNAIMDZ H Grp 78 FICHOPIIZE A - B: STZ45 2524 )i, Western blot3 HrMNAIMDZH Hip-PERK [ ik & . C:
qRT-PCRZMTEMN. DD. DR-10FIDR-1004191 Grp78ICHOPI)RIL . ns.: TTREZER . *P<0.05, **P<0.01,

A: qRT-PCR analysis of Grp78 and CHOP expression in MN and MD groups after two weeks of STZ treatment. B: Western blot analysis of p-PERK
expression in MN and MD groups after two weeks of STZ treatment. C: qRT-PCR analysis of Grp78 and CHOP expression of in MN, DD, DR-10
and DR-100 groups. n.s.: no significant difference. *P<0.05, **P<0.01.

El3 BEAERERARMAMEX S FHRIA

Fig.3 Resveratrol reduces the expression of endoplasmic reticulum stress-related molecules
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A: i idqRT-PCREE IMN. DD. DR-10. DR-1004HJii it 1 Bcl-2. Caspase 3. C-Myc. PDXI. Wl 2. Jikiss M8 25 B9 A0 A mRNAZK . B:
MN. DD. DR-10. DR-100£H 1 [ /I ({1 Grp78 M Glut-2 ) & (1 i ERZE 43 B . C: BB Grp78. Glut-23 3K AR R 8 S 45 e nus.: LW ZE % R
*P<0.05, **P<0.01.
A: the relative mRNA levels of Bcl-2, Caspase 3, C-Myc, PDX1, insulin, glucagon were detected in pancreas of MN, DD, DR-10, DR-100 groups by
gqRT-PCR. B: Western blot analysis of Grp78 and Glut-2 of pancreas in MN, DD, DR-10, DR-100 groups. C: the corresponding quantification results of
Grp78, Glut-2 expression in figure B. n.s.: no significant difference. *P<0.05, **P<0.01.

El4 BEMSERLE STZSIHEAY/NR BRI AR R R

Fig.4 Resveratrol relieved the endoplasmic reticulum stress of the mouse pancreas caused by STZ
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