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# E: BHY T EARWNER X2 BRI (type 2 diabetes mellitus, T2DM) K BB S AMRBIET-IERNLE. 535 BE
HLIEE 8 R ARAE NI, HARBRHBERER 2% (streptozotocin, STZ, 30 mg/kg) % T2DM KA, Hi% AR AL
DR BREENL > NI . RASHIE (9 mg/kg) HEEARNE LK. SFE (25, 75 mgke) H, EstighZi8 A, M=
JEIMHE (fasting blood glucose, FBG) % I JIR#5 %) #fif & (oral glucose tolerance test, OGTT); HUAF fEIMIE IR E 2 (insulin,
INS). Cfik (c-peptide, C-P). &Mt HAL (glutathione, GSH). #BEMYE LA (superoxide dismutase, SOD) J% R4
2w, W% (malonaldehyde, MDA) 7KF; RAHARZE-FL (hematoxylin-eosin, HE) FetaR1iF 5 H B M 22k & 41 g
SRR s TR Y LSRR B AN B A I H IR A LB 4 (glutathione peroxidase 4, GPX4) HIFKIE; KA Western
blotting V2460 [ i £H 23 25 4% W v J3R 44 5% 3 B 2 (solute carrier family 3 member 2, SLC3A2). #4E T LA B4k K
B 7 BiR 11 Csolute carrier family 7 member 11, SLC7A11) & 21 M 2 B &E L WHAZ 1 7. % ( glutamate-cysteine ligase modifier
subunit, GCLM). GSH & /i (glutathione synthetase, GSS). GPX4. MEEEHiNG A & BB #E R A 4 (acyl coenzyme A
synthetase long chain family member 4, ACSL4) FEHZHKIE; qRT-PCR &M HEIRAL L SLC7411. GPX4. ACSL4 mRNA £k,
2R SyHEMALE, BAH KR FBG. OGTT K FEETHE (P<0.001), INS. C-P. GSH. SOD /K& Z &K (P<<0.01.
0.001), P& E. MDA KFREEZET & (P<0.001); HEMAGLE LR RESMBBETR, SRAEIKESE, SMED
R, B4, W KREM; BRI E IR GPX4 RIXLEE > (P<0.001); SLC3A2. SLC7A1l. GCLM. GSS. GPX4 &
AFREEBZW D (P<0.001), ACSL4 FHAFKEEZEWIN (P<0.001); SLC7411. GPX4 mRNA Fi&&EH /D> (P<0.001),
ACSL4mRNA FIXTEHIN (P<0.001). SHEMALE, %4441 FBG. OGTT &K (P<<0.001), INS. C-P. GSH.
SOD /KT w3 (P<<0.05. 0.01), #k&iE. MDA /KT REFK (P<0.05. 0.01. 0.001); JFERA L LRI H AR
TR IR SISttt o GPX4 FIL B3N (P<<0.001); SLC3A2. SLC7A11. GCLM. GSS. GPX4 HEHFEILE
3 (P<0.05. 0.01. 0.001), ACSL4 FEHFXEZEHD (P<0.001); SLC7411. GPX4mRNA Fik BN (P<0.05.
0.001), ACSL4 mRNA Fik 2/ (P<0.001). 4518  EHARWEE I a7 M am iR/ 4 28R X 7 #4218 R 4t (cystine/glutamate
reverse transport system, System Xc-) /GPX4 I EEHNHIEIE T IF R IELRY T2DM K BUEE & 40 J i 7E H

KA 2 BUBEIRR; EIRWER I; BRAETD; System Xc-/GPX4 {5 51EM; i 40H

FESHES: R285.5 NHRFRERE: A NEHRS: 0253 - 2670(2024)20 - 6953 - 11

DOI: 10.7501/j.iss1.0253-2670.2024.20.012

Mechanism of atractylenolide I on ferroptosis in pancreatic islet cells of type 2
diabetes mellitus rats based on System Xc-/GPX4 pathway

TIAN Zhaoyang', ZHANG Biwei!, MA Leilei?, LI Chao'!, WANG Jingya', HAN Rujie', LI Jiayu', ZHANG
Wenli2, LI Ji’an'

1. Traditional Chinese Medical College, North China University of Science and Technology, Tangshan 063210, China

2. School of Public Health, North China University of Science and Technology, Tangshan 063210, China

YRS HHER: 2024-05-21

ESWE: Wity ARRFESHBITE (H2023209038); HJLEL T REHFFUAECIHE (2024S21); BHEH K - E 55 R B 7 B
TUH (KY201904005); JdbAGIF&e 3 ATHRITE (19392507D)

TEEEN: WA, WiEotyid, MBI HERE P 7. E-mail: 849510398@qq.com

MBIEMEE: B4k, Wt i, BRI, WEPEZASIRE RN L. E-mail: Inyy@vip.sina.com



- 6954 » F 8B 2024F 108 $55% $208  Chinese Traditional and Herbal Drugs 2024 October Vol. 55 No. 20

Abstract: Objective To investigate the mechanism of atractylolactone I (AT-I) on ferroptosis of pancreatic islet cells in rats with
type 2 diabetes mellitus (T2DM). Methods A total of eight rats were randomly selected as the control group, and the remaining rats
were treated with streptozotocin (STZ, 30 mg/kg) to construct the T2DM rat model. The modeled rats were randomly divided into
model group, canagliflozin (9 mg/kg) group, AT-I low-dose (25 mg/kg) group, AT-I high-dose (75 mg/kg) group, and were administered
by gavage for eight weeks, and fasting blood glucose (FBG) and oral glucose tolerance test (OGTT) were measured. The levels of
serum insulin (INS), C-peptide (C-P), glutathione (GSH), superoxide dismutase (SOD), ferric content and malonaldehyde (MDA) in
pancreatic tissue were measured. Hematoxylin-eosin (HE) staining and transmission electron microscopy were used to observe the
pathological changes of pancreatic islet cells. Immunofluorescence staining was used to observe the expression of glutathione
peroxidase 4 (GPX4) in pancreatic islet cells. Western blotting was used to detect solute carrier family 3 member 2 (SLC3A2), solute
carrier family 7 member 11 (SLC7A11) and glutamate-cysteine ligase in pancreatic tissue modifier subunit (GCLM), glutathione
synthetase (GSS), GPX4, acyl coenzyme A synthetase long chain family member 4 (ACSL4) protein expressions. qRT-PCR was used
to detect the mRNA expressions of SLC7411, GPX4 and ACSL4 in pancreatic tissue. Results Compared with the control group, the
levels of FBG and OGTT in the model group were significantly increased (P < 0.001), INS, C-P, GSH and SOD were significantly
decreased (P < 0.01, 0.001), ferric content and MDA were significantly increased (P < 0.001). Pathological and electron microscopy
results showed that pancreatic islet cells atrophied and deformed, a large number of vacuoles appeared in mitochondria, the outer
membrane ruptured and atrophied, and the cristae disappeared and dissolved. Immunofluorescence staining showed that the expression
of GPX4 was significantly reduced (P < 0.001). Expressions of SLC3A2, SLC7A11, GCLM, GSS and GPX4 were significantly
decreased (P < 0.001), and the expression of ACSL4 was significantly increased (P < 0.001). The mRNA expressions of SLC7A411 and
GPX4 decreased significantly (P < 0.001), and the mRNA expression of ACSL4 was increased significantly (P < 0.001). Compared
with the model group, the levels of FBG and OGTT in each administration group were significantly decreased (P < 0.001), INS, C-P,
GSH and SOD were significantly increased (P < 0.05, 0.01), while ferric content and MDA were significantly decreased (P < 0.05,
0.01, 0.001). The histopathological changes of pancreas showed varying degrees of reduction. Immunofluorescence staining showed a
significant increase in GPX4 expression (P < 0.001). The expressions of SLC3A2, SLC7A11, GCLM, GSS and GPX4 were
significantly increased (P < 0.05, 0.01, 0.001), and the expression of ACSL4 was significantly decreased (P < 0.001). The mRNA
expressions of SLC7A411 and GPX4 were significantly increased (P < 0.05, 0.001), and the mRNA expression of ACSL4 was
significantly decreased (P < 0.001). Conclusion AT-I can inhibit ferroptosis by regulating the cystine/glutamate reverse transport
system (System Xc-) /GPX4 pathway and play a role in protecting T2DM rat pancreatic islet cells.

Key words: type 2 diabetes mellitus; atractylenolide I; ferroptosis; System Xc-/GPX4 pathway; pancreatic islet cells
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R R ARG il N BEAG S8, w7 DAY B AT A
HA RIFMPRIERAN. ARNES 1 AT$ER T2DM
KB AR A AL (superoxide dismutase,
SOD ) ¥ P, FEARAR BTk Ak YN g
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1 #H

1.1 =)

SPF it SD KE 50 H, 6 A#, A&
180~210 g, HIHE &2 A E A befefit, =t
I EPIVFAIE S SCXK (A1) 2022-0002, 137 T4
LB TR s PO R RN =, =i
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IEFYOKSEE . shsein s bl T2 50
PR B ik (HEHES 2023-SY-215).

1.2 AR5

FHARNAS T iS5 PRF23021402, FREDH=
98%) I [ . H AR T K AR A A s Rig 41
WA CHtS MGL1900, #0245 53 it 5
H20170375) W4 E 75 % AR 6 256 R A =] s BEIRE
B % (streptozotocin, STZ, #t'5 13104) M HE
Cayman Chemical A #]; SOD Wil & (it
202311100, &t H K (glutathione, GSH) X%
(b5 A006-2-1) ¥ H 5 5 i il AE W) AR 5T
Frs B EAIEAF & (S LCSSH-1212W).
MDA 5l & (k5 LCSSH-0109W). K5 INS i
Bz ik & (b5 ED-30973). KR C ik (C-
peptide, C-P) Bt G & (5 ED-30079)
B B AR AR AR 5 [
(Ht5 23181709) W F bt = AR A R A 7 5
EEE WG REAERE 3 it 2 (solute carrier
family 3 member 2, SLC3A2) Fifk (Hit5 15193-
1-AP) . A H K H ALY B 4 (glutathione
peroxidase 4, GPX4) $ifk (Hit5 67763-1-Ig). &
R - = BRI A2 1 &L ( glutamate-
cysteine ligase modifier subunit, GCLM) $ifk (it

5 14241-1-AP ) . GSH & & B ( glutathione
synthetase, GSS) #ifk (#t5 15712-1-AP). HRP
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BV EORE R A A B R T A K
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Arigobio A F]; B-actin Fufk (Hb5 T0022). MHEAEE
HBE A SR EER I T 4 (acyl coenzyme A
synthetase long chain family member 4, ACSL4)
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HRP i EPif =9t (#H5 A0208) WHHE =R
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BR/AT] ;s proFlex Y PCR 7 344% . ViiA-7 B4 SZi
P E R PCR AL (EE ABI A,

2 ik
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SPHRZH, MRFEEE AR, HARKRMRIE SR, 4 54
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) (45 mL/kg), ®H 1K, #4888 fi. AW
33 HORRIGER T, ALt 1 H, %%
PNGIRR A 32 A, [ 8 H.
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I3 SOD .
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BUBRARAZE 0.1 g, N 1 mL $&EUGR, HEATIK
WAFK G, 4 "C. 12000 t/min 550 5 min, B,
BT UK BRI e a0 S B A 25 4H K B PRk
JIRZH 28R & 7 ). MDA 7K
2.6 F/KRZE-RZ (hematoxylin-eosin, HE) 3
L 8] 5 1 JoR B 2 2386 BE MK, B3 IR0 Fr s
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EiELCE
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BT KERE . K Image T B4FE EOHrBHEX
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SLC7A11. GCLM. GSS. ACSL4. GPX4 —HiliF &
W, P E A ECL B ERs, K ipp &
3 M I IR AR

2.10 qRT-PCR #MARARLALE SLC7AII. GPX4~
ACSL4 mRNA ik
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Table 1 Primer sequences

HE Fr (53"
F: CACGATGGAGGGGCCGGACTCATC
R: TAAAGACCTCTATGCCAACACAGT

p-actin

SLC7411 F: CCTCTGTTCATCCCAGCATT
R: CGTCTGAACCACTTGGGTTT

GPX4 F: CCGGCTACAATGTCAGGTTT
R: CACGGCAGGTCCTTCTCTAT

ACSL4 F: AAATGCAGCCAAATGGAAAG

R: CACAGAAAATGGCAATGGTG

211 GtESHh

KH SPSS 22.0 BAFHAT G0, LAX£S
KFon, ST LR, R R T ZE 0
(ANOVA), J7Z5KH LSD #3, 77 ZAFKH
Tamhane’s #55 o
3 &R
3.1 BAARARES I 5t T2DM KR —IR 85200

wE 1R, STRAR R HRS T, kM
RE, BRFW, AP, Tk, AHREZRH
Ham. BIAYH KRR HIRES EBE, RIA
g8, BRI, TR, HEEERRE, 5
ol HEVZH Ll A A o 2 B B PRI (P<<0.001) . S5 AY
HIE, FHAHRKR PRSI EANFEEM
O
3.2 BAARAES I % T2DM X FBG # OGTT 7K
RIS

W 2-A iR, SXTIRALHES, #A4 KR FBG
KPRZEFE (P<0.001); SR, 45254 F
Ja R FNFHA AR I =R E4 KR FBG /K
PRI (P<<0.001). 40P 2-B fivs, SxTHEZ L
B, B KR OGTT AKCHFIR R & (P<<0.001); 5
BBAZH LU, 452 4 F G RS TR AHAT R I EE T =
AEH KR OGTT /KR T (P<0.001).
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ExHRA S #P<0.001.
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1 BHARAEREHLR
Fig.1 Comparison of body weight of rats in each group
A
= %R
401 =
s = R F 5
1R P G -1
- 1w sk i == H?!?V‘]EHI 25 mg-kg
T, 30 s o i == AR PEEL 75 mgkg !
5 sk Fofok
g 20— seskok oo
5 4K ok ok
m sk
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B FIAR BRI 75 mg-kg™!
40 8 J
o o 730 Hith
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S S g
g £
£ g g 20 ko
; ; F sk
= = 5
8 8 8 107 sk

SR L
#P<0.01 *P<0.001 vs control group; "P<0.05 **P<0.01
B2 ZAARRTHEME (A) K& OGTT B)ELE (X+s,n=8)
Fig.2 Comparison of fasting blood glucose levels (A) and OGTT (B) among different groups of rats (X £ s, n =8)

#p<0.01 *P<<0.001; SHEMALLE: *P<0.05 “P<0.01 *P<0.001; FAE[E.

ok

P <0.001 vs model group; same as below figures.

3.3 HBARMES I X T2DM KR ILE INS. C-P/KE  $#4H5ARNES T &= 4 KR INS. C-P. GSH /K

%% SOD. GSH jEMAIE/M

SFERZEAE (P<0.05. 0.01), AARNTE TEFIEA

w3 fras, SXPHRZEEeEs, BB KE INS KA INS. C-P. GSH /KB A &Ei&as, Lotz
5 C-P. GSH /K F R E L (P<0.01. 0.001), SOD  5; FEA& 411 3 AR NES K. & 7= AR SOD

PR E K (P<0.01);

SRR, Ry WEMEBEZETE (P<<0.05. 0.01).
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Fig. 3 Comparison of INS, C-P, SOD and GSH among different groups of rats (X + s, n =28)
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Fig. 4 Comparison of pancreatic ferric content and MDA level among different groups of rats (X + s, n = 8)
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Morphological structure of pancreatic islet cells in different groups of rats (HE)
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3.6 BEANRERED p HBLHFBRHEIELE
WAB 6 Fra, XL K B B A 2 b AR S5 4

SERE, LORIRIG I AT HES, 7R Hor A

5] o AR K BB B AR 2 b ik B R, Ak

RGN

RS, SORIIRRAE, LRI LT AR, IR
Wb, AT S HAGEL, AR T g A Ry

fibo SRR, RRINFHS FHARNES T & 1%
PR BBE B B AR 2 br 12 0 24 A W ) 25

AARNEE 175 mgkg™

HAR MBS 125 mg-kg

6 FHEKNRRDMELERAAEBRLZEN (<10 000)

Fig. 6 Ultrastructure of mitochondria in pancreatic islet cells of different groups of rats (x 10 000)
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W 7 fis, SxIRAL b, AR U AR
21 GPX4 T HEAZ Rt R FEIC (P<0.001); 5

N . . . . .
DAPI 7
) it
Merger
50 pm

AN AR5 mgke! FIARMEEL75 mgkg!

RIS Lt
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T T T
PR R ARSI 25 75
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E7 REAKFRBERAL GPX4 EAFTERKINEE (X200)

Fig. 7 Fluorescence intensity of GPX4 protein expression in pancreatic tissue of different groups of rats (x 200)

3.8 &AKH SLC3A2. SLC7A11. GCLM. GSS.
GPX4. ACSL4 EEFIKKFELLER

WK 8 o, HxtIRAthE, A KR
JiE R 41 48 SLC3A2. SLC7A11. GCLM. GSS
Al GPX4 BHRKXRIEREFZFM (P<0.001),
ACSL4 HE A RB R ETHE (P<0.001); LA
PR, RHEFVIFHAMARNE 1 A 24

SLC3A2. SLC7A11. GCLM. GSS 1 GPX4 &
H#IEEFHTHE (P<0.001), ACSL4 EALIZE
BEREMK (P<0.001); HARAE I K7 &4
SLC3A2. SLC7A11. GCLM fl GPX4 K £i&
BEFE (P<0.05. 0.01. 0.001), ACSL4 &
FRIEE T (P<0.001), GSS EHAEREXEH
EAmES, BEgi¥ER.
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Fig. 8 Comparison of ferroptosis-related protein expression levels in pancreatic tissues of rats in different group
(X£s,n=3)
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mRNA FiELLE
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BT (P<0.05), ACSL4 mRNA Fik i 2% £
(P<0.001), GPX4 mRNA £itH FF-##H, H
LG xR .
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Fig. 9 Comparison of mRNA expressions of ferroptosis-related factors in pancreatic tissues of rats in different groups
(Xts,n=3)
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