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caspase3 & A KT, Annexin V-FITC AKX @R &ampe A —KF, R LSEFa4k, EA MK
RE 0 R AR B Ao M By E KR AR 4B B (P <T0. 05); Mk B P caspase3 & ik K F I % .GPR43 . bel-2 & &
KF Bk, p-AMPK & & A K FBAK(P<0.05), SRR ML, LM ET Afe REBRMET AN RKRE,
OIRAEG AR E KIS b R (P<]0.05) ; M B P caspase3 & ik K -F Ak, GPR43 . bel-2 & ik K-FH
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Short-chain fatty acid activation of GPR43 upregulates AMPK signaling pathway
and inhibits apoptosis of mouse islet B cells”
ZHANG Chunxue' \WANG Chenfei’ ,JIN Jin™>
1. Department of Physical Examination and Health Management ;2. Department of Endocrinology .
the Fifth Affiliated Hospital of Xinjiang Medical University ,Urumqi , Xinjiang 830000,China
Abstract: Objective To investigate the regulation of short chain fatty acids on mouse islet B cells and its
related mechanism. Methods C57BL/6] mice were randomly divided into 4 groups: normal group, model
group,sodium acetate treatment group and sodium propionate treatment group,with 10 mice in each group.
Model group,sodium acetate treatment group,sodium propionate treatment group intraperitoneal injection of
streptozotocin (STZ) induced type 1 diabetes. Sodium acetate treatment group and sodium propionate treat-
ment group were gastric injected with sodium acetate and sodium propionate,respectively, while normal group
and model group were gastric injected with the same dose of normal saline. Body weight, blood glucose, oral
glucose tolerance and serum insulin level were monitored. Real-time fluorescence quantitative polymerase
chain reaction (RT-qPCR) was used to detect the expression levels of GPR43,bcl-2 and caspase3 in the islets
of mice,and Western blotting was used to detect the expression levels of GPR43, AMPK, p-AMPK, bcl-2 and
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caspase3 in the islets of mice. Mouse islet § cell line min6 was cultured in vitro, si-GPR43 and si-NC were
transfected into min6 by liposome transfection method,and co-incubated with sodium acetate and sodium pro-
pionate. The cells were divided into si-NC group, si-NC + sodium acetate and sodium propionate group., si-
GPR43 group, si-GPR43 + sodium acetate and sodium propionate group. The expression levels of bcl-2 and
caspase3 were detected by RT-qPCR and Western blotting,and apoptosis levels were detected by Annexin V-
FITC flow cytometry. Results Compared with normal group,body weight,oral glucose tolerance and insulin
level of model group were decreased, and blood glucose was increased (P <C0. 05). The expression level of
caspase3 increased,the expression level of GPR43 and bcl-2 decreased, and the expression level of p-AMPK
protein decreased in islets (P<C0.05). Compared with model group,body weight, oral glucose tolerance and
insulin level were increased and blood glucose was decreased in sodium acetate and sodium propionate treat-
ment groups (P<C0.05). The expression level of caspase3 was decreased,the expression level of GPR43 and
bcl-2 was increased,and the expression level of p-AMPK protein was increased (P <C0. 05). Compared with si-
NC group,p-AMPK protein expression level in si-GPR43 group was decreased (P <C0. 05). Compared with si-
NC group,the expression level of caspase3 was decreased,the expression level of bcl-2 was increased,and the
apoptosis rate was decreased in si-NC+ sodium acetate and sodium propionate groups (P <C0. 05). Compared
with si-NC group,si-NC+sodium acetate and sodium propionate group,the expression level of caspase3 in si-
GPR43 group,si-GPR43+sodium acetate and sodium propionate group was increased, the expression level of
Bcl-2 was decreased, and the apoptosis rate was increased (P <C0.05). Conclusion Short-chain fatty acids

could inhibit the apoptosis of mouse islet 3 cells and alleviate type 1 diabetes by activating GPR43 and upregu-

lating AMPK signaling pathway.
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AGCATGCGACCTCTGTTTGA-3", Bel-2-R 2/ 5'-
GCCACACGTTTCTTGGCAAT-3"; caspase3-F Hy
5-GAGCTTGGAACGGTACGCTA-3',
J 5'-CCGTACCAGAGCGAGATGAC-3',

1.3. 8 Western blotting # Il GPR43, AMPK . p-
AMPK ,Bcl-2, caspase3 #iAKF WEKSHFEZH
ZU 45 41 min6 40 0. i F RIPA 24 2 B B .
FE S A5V 5 38 5 SDS-PAGE 8 I8 L vk 73 85 25 5
% PVDF B, 5% MiBE4-45 4 "C# A 1 h, TBST ¥
JE£ 5 min,3 ¥, 1A GPR43 Hiif& (1 : 1 000) ., AMPK
o1 2 1 000) . p-AMPK $HL&(1 ¢ 1 000) ,Bel-2 i
(1 : 1 000),caspase3(1 : 1 000),4 CHIKEH T
. TBST ¥YEE 5 min. 3 K. T A HRP #ric (4 £ 5L
BB " H(1 2 1000037 CHEEF 1 h, TBST WK 5 K.,
AR 5 min, B3 BEE, FI A Image-Pro Plus K% 43
BT 2R G % 8 19 25007 09 K BE A AT 43 #T

1.3.9  HiaRdn i ARG &5 A i T ol MR
I G UL L W 4 4 min6 40, SR 40 i Eop
HE AR R 3 X107 SR, B0 5
. PBS PR 1 K IMA 500 pL # B9 1 X Annexin V
Binding Buffer T {E ¥ & & 40 i . 40 i &% b m A
5 pL 19 Annexin-V-FITC 1 5 pL PI ey, # 3%
WHETR S5 = i EEIE E 20 min, R A I 2 40 i 4%
o 0 248 e O T

1.4 Zita 8 R SPSS19. 0 F1 GraphPad
Prism 8. 0 AT B e 1T o0 . 45 & B8 40 A 11
TP AL o+ Fon, 241 R L FE o 22

caspase3-R



ER#ES 2L 202345 A% 4 %% 98 Int ] Lab Med,May 2023, Vol. 44,No. 9

1113 -

SAT S ZEL TR TR PR LA SR LSD+ ¥ %, L P <<0. 05
HERFHITFE XL
2 & g

2.1 JEEENR IR 2 N B TID SR AE IR 45 2R
71 5 TE 2 PO AR A ) AR B IR s R I v

BETbE, BT 13,8 mmol /L, IR 7 %5 05 i 5 8 55
Ji i R A AR (P<<0. 05) . i W] STZ &8, 5
BRI A, L BRENIR T 4 R TR R A 36 97 AL/ UMK R
T e o 23 JE OB Ve FE R AT o 0 I o 2 T 1 i
ZIK T (P<<0.05) , WA 1,

— EBA — ZEWATA

30 20 s,
- 25 - BB - WEBRTE | 50 . 15
25- < 15+ T < 20 3 . S
—~ o o 3 et 2
3"20 E £ 15 : 1H1 000 E10
i 20 10 e = e
¥ *E Em— % &
154 o @ 500 B’ 5
oo H 57 & T
= =
10 0 0 T T 1 1 1 0
& g \~&> R R Y Y.
/3’ @\ /3’ @,\ @\ /3’ @,\ lg’ @s‘ Q
A ,l}“" ,{9@“ B ,&_\@* c @‘ ,{(_&“" D ,v%“" ,{{_{é‘*

TE A PR LR B O 28 IR AR LA C Sy 1 I 0 il Tt e L3R

;D ORI E S R SIERA I, * P<<0.05;

SRR R, T P<<0. 05,

B 1 BERHEBKE STZ HSH/NR TID &K

2.2 R IR O /N BRUBE B GPR43 K& AMPK {7
S RT-qPCR 25 BoR, 51E % 41 b Al 4]
/NEUBE S GPR43 mRNA 23k K FEAK (P <<0. 05) ,
SR . L BRENIR YT LR R 6 T 4L/ BRUBR
& GPR43 mRNA FiE /KT (P<<0. 05, WA 2,
Western blotting 25 R W, 515 % 4 LL 8, SR 4 /)N
FUBE & GPR43., p-AMPK & M 35 K - FEE (P <
0.05), HHIRIA HLEE ., 2 R 4N IR JT 4L AN R BN IR 9T
/N B S GPR43, p-AMPK # H & 5 KV T+ &
(P<<0.05), LKl 3,

1.57

o
|
_{

GPRA3EEFRIAIKF
= :
T
=

T
T HIEFHALE, " P<0.05; 5HM4 i, 7 P<<0.05,
& 2 EHERE R ERE R B GPR43 BEE KX

2.3 EENR N RRAD G N RS A TS RT-gPCR
1 Western blotting 455 B8 . 5 1E 4 He e, R 2
/NS caspase3 mRNA FlE H &5 KT (P<<
0.05), bel-2 mRNA ## H £ 15 K F B R (P <
0.05), SR AL, MR 4ANIA T 4 AN R #NIG IT
2H/N B B caspase3 mRNA F1#E H 3 35 /K F B A
(P<20.05),bel-2 mRNA FIEE 185K T (P<

0.05), WL 4.5,
2.4 UTER GPR43 il AMPK {553 RT-qPCR
RN .5 si-NC 4 L, si-GPR43 4 GPR43 mR-
NA 5K FFEAL (P <<0.05), WK 6A, Western
blotting 45 R &/~ , 5 si-NC 4 e 8, si-GPR43 4
GPR43 Fl p-AMPK £ [ 3£ 35 K P FEAR (P <<0. 05),
ULIE 6B,
E#H

1REH ZERSRIETTHE  ABRWIATTA

PrANPK  — -

N W — — —

GPRA3 e

SO S — I S—

& 3 EHERE A BR (R ¥ FR 5 GPR43 #1 p-AMPK

EARIE
15 1.5
B+
% BH
ﬁm— L émo—
#®
i
D e
gs_ ’:—‘ ﬂ 5 ﬂ ﬂ
0 0.0
4;&’ @»% & &’ ,@ \\@ {,\»&
/3/ ,%- \’&\\ \ /3/ ,%- @\ \
R & &
W SIERA LR, " P<<0.05; SHBA LB, * P<0.05,

B 4 BEERBRNATHXERRENE N

2.5 JEEEAENI TR i GPR43 H 4] min6 40 B T



« 1114 -

Btk ESY

£ 202345 A% 44 %% 98 Int ] Lab Med,May 2023, Vol. 44,No. 9

RT-qPCR Hil Western blotting Z5H g/~ , 5 si-NC 4
S, si-NC+ LR A TN TR 1 41 caspase3 mRNA
FE A RIBKFFEAL, bel-2 Rk K FEFHE (P<<0.05),
5 si-NC 41, si-NC + & R &1 F1 79 BR 81 41 AH 1L, si-
GPR43 #H . si-GPR43 + Z B 4% FIl A PR M 2 caspase3
mRNA FIHE F R IA KT T bel-2 mRNA FI#E H &
IRIKEFEAR (P <C0.05) . VLIl 7.8, i =48 Af AR 25 2R
WK 5 si-NC 20 e E, si-NCH 2 12 4k F 75 152 4 45 40
LA TR BEAR (P <C0. 05) ., 4 si-NC 4 ,si-NC+ 4 R
BRI R M ZH A 1L L si-GPRA3 4H | si-GPR43+ Z TR 4l
TP TR 60 2 400 i 0 T2 % 8 (P <<0. 05) . BLIET 9,
E#a WENE  ZEATE  RRWATE

caspase3

L R —

bol-; EHEEED 000 e

& 5 EEERRMATHXEARZEINZNE
si-NCZH  si-GPR434H
1.59 p-AMPK — o -
%
£)1.04 AVPK S e
#®
#osa GPRA3 W
g ]
00 DL e . —
& &
A & & B

c:,\
A K RT-qPCR Kl GPR43 3EF £ ik 5 si-NCH L #K, " P<
0.05;B & Western blotting £l GPR43.,p-AMPK & [13£ik.

& 6 LER GPR43 M4l GPR43 EEFMEBRIE

G 154
¥ T . *
H, %10
w2 X
oy .
4
& 14 5]
S # x
H e I
*
0 T T T T 0 T T T T
F e P e &t e
S F S F &S F
6@ o 6@‘/& @4@ % ,5%
é§§ éﬁﬁ & é§§
v L \9"1) SV
2 %
S & &
5;\ ‘o\

5 si-NCH LB, P<<0.05;5 si-NCH 2 W2 6t AN 1R 8 21 Lo
&, % P<0.05,
& 7 LB GPR43 ¥ HLiE #E RS BT EE 3T 40 BB T4 X
EEMMHIEA

si-NC+ si-GPR43+
si-NC4H ~ ZEAMIFAERINZE  si-GPR43E  ZERMIFNAESMNLA

caspase3 n L e s
— -

bcl-2

S —

8 TLEK GPR43 #1528 AE AT ER XY 4 AR T 1R X
ERRMSER

5 sENC A l#, " P<C0. 055 5 si-NC+ & R 41 F 79 R 4 401 L
.7 P<0.05,
& 9 LBk GPR43 5§58 fr R A - Rk

3 i

—IATR S W R, &3k T1D &9k K 1E L
AT 390 ~ A% Y 1 BE B4, e R A AR 4 Y L E
At RV IR I 2R K A I R I B A A B
HEAH AR Z 8 T1D A IS A% 2 21 2 A8 19 4% i
KF

o i T TR B T A AT 4k 5 M T i R B AR R Ok
B G P . e R 7 R E A E fR R O T R R
FHEAE R MIYAMOTO 265 % 91 %6 4 B8 107 12 7T L)
WA A 25 FOoMeE 24, RN R LN, 4
i 38 Ao 6 v LB ZE AR R 1 RTAK Y'Y A I U
RO 1 T Re = AR YA AR 2R 5 L A0 G i R
THFE TN W5 S8 Ak IR IR AR AR R A L, AR
FEiE L M A STZ % S /R T1D B8, R 5 4+
C TR AN RN R SR B IR T L 45 SR & B 2 TR A RN R
YT E T T/ B | 1l o 2 T R R 2R
I BRAR T 25 B ok 3, 3% B 0 B IR W e 11 IR A
57 ] DL /N B T1D 99 i IR .

— A U 5B g 7 R 1T i 1 22 R AN [R) G 7 Sk
AR LR A 1 FO2 sl ¥ 8. 55 2 ot il i
AN SR 2 5 3 FOR S G 8 A 40 A 1w
ZAk, GPR43MEHN G & UK AZ (4 ) — Ff, ] DL 45
B rE AR 7 1R P B L A A1 R, AR A WSS A ) AN

-
o>



ER#ES 2L 202345 A% 4 %% 98 Int ] Lab Med,May 2023, Vol. 44,No. 9 * 1115 -

), 0 0380 B UL L O R I 4 2 5 A1 ) 1 4 rp
PN, Bl BB 9T 4 B, AR B IR £ 27 48 7] g
23 i S £ R W R A S ) GPR43 Al GPR109A fE H
S BB R B L S AN BT R A A B IR U R
G 1) GPRA3 0I5 1T LLH0 I g 105 40 A o A e 5 2 AR
A% T, DT A R B 2H 20 A B HE R O 0k
ftb 2 250 r 14 i SR R A AR QKR FEAR B A
CRENIB T AL BR A IR IT 4/ RUBE B GPR43 mR-
NA FIEE H R IKIKF T+ 5 - 3R 55 55 B8 Wi iR & #4548 H
A S 10 1k O GPR43 SEEL .

TID E R —Fh A B e Mg, RS B 40 i 1 1
FES W TT AR X e A T SRS B A B Bt
NS e S = e N P R K v R RN i = e Rl ]
AT At AR 08 T ) SR R R s DT 5 5 B B A
MEPET- . HU USSR 2B 3 AT IR R IR e g
HE Wi PRI BE B 1k STZ i % A9 min6 40 M P8 1. 3% J1 %
1K 2ROk R Dy R e AL ¢ W) e I W 7R A 0 IR B
20 A3 R O 0 IR B AN A N AR T B A S A
751 KR EEEH . PINGITORE 26 #F 58 & K,
45 W sk 3% R IR 6 1T DA SSCE R 5 3 400 1 B B 2 A b
AT 30 3 400 o) A0 R T ok 4 iR A A A A 3 Y R 3 R
B AERE B B AN T RE . AMPK 740 M N i £
A= BRI BT AR A ORI P & 4 AR L A R 2
TR ME PR 0 At AR 15 0 1) E LR A, AMPK & —
Pl S R = RAREE (1, — AL o SIS FT P AN 18 15
BBy A, WFSEE ML AT AMPK 3 1 AT LA
VS Am A An g T AEASHE ST b A Y T
M H caspase3 Ml bel-2 B mRNA flEHFEK L, &
TR ENIG IT AL RN R R T6 T AL /N BRUBRE 5 40 B 0 T
REEAL, p- AMPK 8 (125K Th &, DL g5 R R
o e N 5 TR 3 3 S0 AMIPK 3 23 8% St 41 761 /)N Bl e
BRI I T S T AR GT R EE B T R R R A8 o BOE
GPR43 X AMPK {5553 [ 1) I8 49 ok & #4F F . A<
Y0 33 ULER GPR43 4l AMPK {5 5 18 #% )5 , 98 7~ 41
FeHE H caspase3 Fl bel-2 B mRNA F14E H 2 & K F
S B s e o S B e o | TR S v o
MR IEATIR YT IS Md T AT, DL g
W B R 0 R 3 G B0 GPR43, )il E i AMPK
15538 Bk A g ) B A ML H T,

ZE Lk AR 5T 45 S Ok B L Je A IR B R 11 IRA
S7 AT DA 3% /0 B T1D 95 9 i R L 46 i i 0 18R 7 3 2k
% GPR43 [ AMPK {55 38 B M 4 451 /s B
R AN TS R T1D, DL 45 S b IR T e
JR Wi W AE T1D A7 AR FH . $2 7 3 o Ja 4% i 105 1R
() B B AT B 2 BB K 3697 T1D 09— FhA M (5 19 5k
W, TT BB A 4 2 PR 1976 7 B A4 %) JEL I

S % Uk

[1] FARHADIPOUR M, FALLAHZADEH H., GHADIRI-

ANARI A, et al. Evaluation of the risk factors for type 2
diabetes using the generalized structure equation model-
ing in Iranian adults based on shahedieh cohort study[J].
] Diabetes Metab Disord,2022,21(1):919-930.

[2] MEUSEL L A,KANSAL N, TCHISTIAKOVA E,et al.
A systematic review of type 2 diabetes mellitus and hy-
pertension in imaging studies of cognitive aging: time to
establish new norms[J]. Front Aging Neurosci,2014,6
148.

[3] ZHU T,LI M,ZHU M, et al. Epigallocatechin-3-gallate
alleviates type 2 diabetes mellitus via B-cell function im-
provement and insulin resistance reduction[ ] ]. Iran J Bas-
ic Med Sci,2022,25(4) :483-488.

[4] RATAJCZAK W,RYL A,MIZERSKI A, et al. Immuno-
modulatory potential of gut microbiome-derived short-
chain fatty acids (SCFAs)[J]. Acta Biochim Pol,2019,66
(1):1-12.

[5] VAN DE WOUW M, BOEHME M, LYTE J M, et al.
Short-chain fatty acids: microbial metabolites that allevi-
ate stress-induced brain-gut axis alterations[J]. ] Physiol,
2018,596(20) :4923-4944.

[6] MCNABNEY S M, HENAGAN T M. Short chain fatty
acids in the colon and peripheral tissues:a focus on buty-
rate, colon cancer, obesity and insulin resistance[ ] ]. Nu-
trients,2017,9(12) :1348.

[7] MOON S,TSAY J J. LAMPERT H, et al. Circulating
short and medium chain fatty acids are associated with
normoalbuminuria in type 1 diabetes of long duration[ ] ].
Sci Rep,2021,11(1):8592.

[8] YAP Y A,MARINO E. Dietary SCFAs immunotherapy:
reshaping the gut microbiota in diabetes[]J]. Adv Exp
Med Biol,2021,1307:499-519.

[9] LUJ.CHEN P P,ZHANG ] X.et al. GPR43 deficiency
protects against podocyte insulin resistance in diabetic ne-
phropathy through the restoration of AMPKa activity
[J]. Theranostics,2021,11(10) :4728-4742.

[10] PINGITORE A.GONZALEZ-ABUIN N,RUZ-MALDO-
NADO 1, et al. Short chain fatty acids stimulate insulin
secretion and reduce apoptosis in mouse and human islets
in vitro: Role of free fatty acid receptor 2[]]. Diabetes
Obes Metab,2019,21(2) :330-339.

[11] RAMOS-RODRIGUEZ M,PEREZ-GONZALEZ B,PAS-
QUALI L. The B-cell genomic landscape in T1D:implica-
tions for disease pathogenesis[]J]. Curr Diab Rep, 2021,
21(1) . 1.

[12] MIYAMOTO J.KASUBUCHI M.NAKAJIMA A.et al.
The role of short-chain fatty acid on blood pressure regu-
lation[ J J. Curr Opin Nephrol Hypertens, 2016, 25 (5):
379-383.

[13] HERNANDEZ M A G,CANFORA E E, CF#%5 1120 50)



1120 -

ERHRESFRL 200235 A% 4 4% 9

Int J Lab Med,May 2023, Vol. 44,No. 9

St SEE AR Bh Bk 25 A AE R B0 4 T L. o0 i i 4 O B YA .
2021,21(6) :592-594.

[5] SHIYOVICH A,SKALSKY K,STEINMETZ T. et al.
Incidence,determinants and impact of acute kidney injury
in ACS patients with versus without diabetes mellitus
[J]. Eur Heart J,2021,42(1) : ehab724. 1137,

L6 THE 4 Ak k. AR 2l Bk il 4 o4 A8 75 45 10 A5 AE 6 A 1l
miRNA-1.miRNA-208b % NSTE-ACS ## PCI R J5 &
AR Bl Dk P B 2 110 S50 A {8 T ). I PR O I 905 2% 75, 2019,
35(9) :795-800.

(7] B, 2% BRAeil, 55, b9 T 12 1% Bk 5 11 51 b JR V& 97 I
7 VR ) R0 S L X i L ST R A R AL A N B2 Th BB Y
S BF 5T L) ], 52 F 0 Ml it i, 48 95 4% &5 2020, 28 (8) < 110~
115.

(8] Z=/MNith , F DZE. MEWEEAN -6 2k ER4EE
FIE-9 F1E A 3-18 AKF X &tk ST B0 A SE &
R B AL RE M) WR A fE E E 2%
#,2020,26(4) :321-324.

(9] ®3C.ZE. L5 5. FEEAHEREERHEFENKEL
HAJ/EHBR OGP B EER R IREZ,
2020,60(30) :100-104.

[10] BRep K. 2tk R 3 bk & & AF - B985 52 BRI BT iy [ M.
TP L T R HOR A, 20050 21-22.

(110 JEMS. ek 20 Bk B0 0l 52 48 5 52 R 5 CT e IR 3h ik it
Gt 2tk AR B bk 4 A AR A2 Wi g () ). R E 25
SR ,2020,20(21) :3569-3570.

C12] fuf 3%, AR AR, NI, 55 I G B C RN & H R E 5
9k ST Bdhmi i ACS & 9 2 L4 9% A& 2 5% PCLIRYT &
HRWBUS AR LT Wm0 il 48 9 4435, 2021, 27(3)
259-264.

(137 FARME, 5 B AmM0, 55, PRI 40 Jr %k ot o0 JUL e o 458 784

KEOM Ang Il \ACE.AGTR1 % 1 & AGT.AGTRI,
ET-1 mRNA £k @2 m [T, b E b g E 45 & 4,
2019,39(4) :87-91.

L1470 B, K8k, 3k — FL L 55 L5 N R 361 BR A I 4T 28 1A
X WUARE BB £ 5 28 Bz AR 2l kA AR 1 TS 1) 19000 A%
REMFZEL)]. MA2 5 1k I 2% . 2020,26(6) : 913-915.

[15] 786,50 E 0, 8, %, ACS B PCI AR HI 5 M4 W B
T BE B A& E B A8 Ak 0 1 R 3 SCLT DL o [ 5 5592 Wi 2
2021,25(2) :304-307.

[16] TR, FHEE b4, %. 7 Lp-PLA2 MMP-9 %ikK
-5 ke o e A e R A b R AR DG LT A R
2R 4R35 ,2020,48(6) :572-575.

[17] Sk, 225, D g, 55 & A AR 20 ik ofs A B A 1 00 IE g
B AR IR B 2 R IR B kA AR S5 IR B A i 16 R
UM T Y I PR T Ak L A LT A BE 24, 2020, 15(2) -
178-182.

(18] T2, IKMEHE . 25 K 45, PCLIG YT M 2k e ik 45 & fiF R
I3 AT CDA0 B AR B B B 4 ) A B9 1Y B2
[T, HE R 4H 24 5 0 A 902 . 2019, 38(10) : 4837-4841,

[19] E4m, BOCHE. SUMZREZIR-21 . & 8 2 0 2 -9 i
W 8 K- A8 Ak 78 PCL AR % R J5 B8k 45 vh i) 380000 40 i
LI, o E P E o O 48 P 2% 4% 35, 2018,10(5) : 611-614.

[20] Z= & 5. % HB-EGF,HMGB1 7K ¥ 5 56 R 3l ik 32 424
ARG SR A O R LT DL ¢ I R B2 %2, 2019, 20
(11):16-18.

(217 FBAFZERA L NI L 25 AR b B0 7 200 9F & £ 32 1 45
AR ST B4 =i 280 AILAT B £ 35 32 1) 791 /5 149 5% o B AH
KHERHTLT]. 085 O i % 95 4% 755 2019, 25 (4) : 376-
379.

(W fe H #1:2022-09-28 &1 H #1.2023-02-02)

ClR$:58 1115 T
JOCKEN ] W E,et al. The short-chain fatty acid acetate
in body weight control and insulin sensitivity[ J]. Nutri-
ents,2019,11(8) :1943.

[14] SUN M,WU W, LIU Z,et al. Microbiota metabolite short
chain fatty acids, GPCR,and inflammatory bowel diseases
[J]1.]J Gastroenterol,2017,52(1) :1-8.

[15] LI YJ,CHEN X,KWAN T K,et al. Dietary fiber protects
against diabetic nephropathy through short-chain fatty
acid-mediated activation of G protein-coupled receptors
GPR43 and GPR109A[J]. J Am Soc Nephrol, 2020, 31
(6):1267-1281.

[16] KIMURA I.OZAWA K,INOUE D,et al. The gut micro-
biota suppresses insulin-mediated fat accumulation via the
short-chain fatty acid receptor GPR43[J]. Nat Commun,
2013,4:1829.

[17] SALA E,VIVED C,LUNA J,et al. CDK11 promotes cy-
tokine-induced apoptosis in pancreatic beta cells inde-
pendently of glucose concentration and is regulated by in-

flammation in the NOD mouse model[J]. Front Immu-

nol,2021.12:634797.

[18] HU S, KUWABARA R,DE HAAN B J, et al. Acetate
and butyrate improve B-cell metabolism and mitochondri-
al respiration under oxidative stress[J]. Int J Mol Sci,
2020,21(4) :1542.

[19] PINGITORE A,CHAMBERS ES, HILL T.,et al. The di-
et-derived short chain fatty acid propionate improves be-
ta-cell function in humans and stimulates insulin secretion
from human islets in vitro[ ] ]. Diabetes Obes Metab,
2017,19(2) :257-265.

[20] ZHANG M H.FANG X S.GUO ] Y,et al. Effects of
AMPK on apoptosis and energy metabolism of gastric
smooth muscle cells in rats with diabetic gastroparesis
[17]. Cell Biochem Biophys,2019,77(2) ;165-177.

[21] KRISHAN S,SAHNI S.LECK L Y W,et al. Regulation
of autophagy and apoptosis by Dp44mT-mediated activa-
tion of AMPK in pancreatic cancer cells[J]. Biochim Bio-
phys Acta Mol Basis Dis,2020,1866(5) : 165657,

ISR H :2022-08-09 &1l H 1. 2022-12-21)



