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Effect and mechanism of compatibility of Astragali Radix-Puerariae Lobatae Radix on ferroptosis in
T2DM insulin resistance rats

WEI Shuang', HAO Feng’, ZHANG Wenchun', ZHAO Zhangyang', LI Ji’, HAN Dongwei’, XING Huan'
(1. College of Traditional Chinese Medicine, Jiangxi University of Chinese Medicine, Nanchang 330004,
China; 2. School of Clinical Medicine, Jiangxi University of Chinese Medicine, Nanchang 330004, China;
3. School of Basic Medicine, Heilongjiang University of Chinese Medicine, Harbin 150040, China)

ABSTRACT OBJECTIVE To explore the effect and potential mechanism of the compatibility of Astragali Radix-Puerariae
Lobatae Radix on ferroptosis of liver cells in type 2 diabetes mellitus (T2DM) insulin resistance (IR) rats. METHODS Sixty male
SD rats were randomly divided into control group (12 rats) and modeling group (48 rats). The modeling group was fed with a high-
fat diet for 4 consecutive weeks and then given a one-time tail vein injection of 1% streptozotocin to establish T2DM IR model. The
model rats were randomly divided into model group, the compatibility of Astragali Radix-Puerariae Lobatae Radix group [QG
group, 4.05 g/(kg-d), intragastric administration], ferroptosis inhibitor ferrostatin-1 group [Fer-1 group, 5 mg/kg by intraperitoneal

injection, once every other day], the compatibility of Astragali
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Radix-Puerariac Lobatac Radix+ferroptosis inducer erastin
group [QG+erastin group, 4.05 g/(kg-d) by intragastric
administration+erastin 10 mg/(kg-d) , intraperitoneal injection].

After 4 weeks of intervention, serum fasting blood glucose
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(FBG) and fasting insulin (FINS) were measured in each

group of rats, and homeostasis model assessment of insulin
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resistance (HOMA-IR) and the natural logarithm of insulin action index (IAI) were calculated; the serum levels of total cholesterol
(TC), triglyceride (TG), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), aspartate
transaminase (AST) and alanine transaminase (ALT), Fe* and Fe content, glutathione (GSH) , malondialdehyde (MDA) and
superoxide dismutase (SOD) levels, NADP/NADPH ratio and reactive oxygen species (ROS) were determined. The pathological
morphology of its liver tissue was observed; the protein expressions of glutathione peroxidase 4 (GPX4), ferritin heavy chain 1
(FTH1), long-chain acyl-CoA synthetase 3 (ACSL3), ACSL4, ferritin mitochondrial (FTMT), and cystine/glutamate anti-porter
(xCT) in the liver tissue of rats were detected. RESULTS Compared with control group, the liver cells in the model group of rats
showed disordered arrangement, swelling, deepened nuclear staining, and more infiltration of inflammatory cells, as well as a
large number of hepatocyte vacuoles and steatosis; FBG (after medication) , the levels of TC, TG, LDL-C, AST, ALT, FINS,
MDA and ROS, HOMA-IR, Fe* and Fe content, NADP'/NADPH ratio and protein expression of ACSL4 were significantly
increased or up-regulated, while the levels of HDL-C, GSH and SOD, IAI, protein expressions of GPX4, FTH1, ACSL3, FTMT
and xCT were significantly reduced or down-regulated (P<<0.01). Compared with the model group, both QG group and Fer-1
group showed varying degrees of improvement in pathological damage of liver tissue and the levels of the above indicators, the
differences in the changes of most indicators were statistically significant (P<<0.01 or P<<0.05). Compared with QG group, the
improvement of the above indexes of QG-erastin group had been reversed significantly (P<<0.01). CONCLUSIONS The
compatibility decoction of Astragali Radix-Puerariac Lobatae Radix can reduce the level of FBG in T2DM IR rats, and alleviate IR
degree, ion overload and pathological damage of liver tissue. The above effects are related to the inhibition of ferroptosis.
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TG.LDL-C,AST. ALT, FINS 7K °F- &2 HOMA-IR, J} /&
HDL-C 7KF-F1 AL, & B BT A BRI 6 IR R
J7 T2DM Z W15

DLt 2k K i i SR A 3 B R AE A R B T ]
175 &AL 45 T2DM M IR 76 N B R ™, 1 g i ZE 4
B R A ] Redt gkt 2 B A e 2" ihatdR
20 B R T 1 & A TT BE SR SRR AIVR YT T2DM
IR ART-Bt . POk RERET- R A M EZ A0, HAE
MUARGFaASH  FTHL B B MRS AAEA, iz A
FEIRWE D AT ARAE PN Fe™ K- L, 5 & S5 s v, fiff
ROS Kt & R, I i S A 3 & A ACSLA &k
FET b R b5 R, LSRR 7E K% GPX4 A2 iff
BRAET 1 i g i 2 B A T 2 AN AR R T
PEIEERIET ., ACSL3 Rl AN AR I B bk S AN
FRE TR £ Te il A, 21 5 Z2 AN FIE i R 5Pt hs i
o E A B AN BN s NADP/NADPH W] 2 e T iE 2 2115
it AR s GPXA HAT I AR it Sk 5 BR AR Bt
ALY AR A N A AR RS VR A, AR R T
I E NSRRI T A A ) G ; xCT 76 GSH A 1%
YA P GSH % 2t A AR A 20 S0 A I e 4 T L
HEZEM, R T M EZEE RS " FTMT
TEYEFF AN MR AR S B 1 ROS A= il Y e i v it 25 28
YEHT, AT 38 8 93 248 i S0 A0 7 SR RO'S (o s (AR Bk AL
PRSI IR D A PR SR AR o 37 e 5 | A Y Bk
FET- 07 T R AR AR R R, 5XT
WEZH o, BN 2H K FRUIFIIEZH 2R b FTHI 28 A 19 3k

%3 £KHAKXEGSH.SOD MDA ROS .Fe* Fe/KEFINADP/NADPH EEE (x +5)

Eibl fi GSH/(umollg) SOD/(Ulmg) MDA/(nmol/mg) ROS Fe/(nmollg) Fe/(nmollg) NADP'/NADPH
bijice} 12 5574021 68.51+4.10 100£0.14 12723633 4260527 552361957 30706+ 8546 26440.16
e 8 309£0.16° BT 216%0.15° 296 324.67+3 79473 7395741719 594741330 3934061
0G# 9 424£030° 58.55+4.69" 15240.10° 149370,83+6 101,37 6469212694 4561£21.56" 2764034
Fer-1 4 10 4125004 54251 150° L60£007 140 719.00£5 288,32 653.79£19.61° 41154127410 2774031
QGrerastin ] 7 2921011 40,68+ 2.11° 210+0.09 250 652,83 £ 17 694.73¢ 735461 19.15° 527042176 379406°

AR

a: GXFHAL LR, P<0.01;b: SR A, P<<0.01;c: 5QGH] H#L, P<0.01,

C.QGH

D. Fer-141

E. QG+erastin 41

Bl BAEKXRAFEALRRFEFEHE(HERE,*200)
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R4 BHKXFRIFREAEL S GPX4 . FTHL . FTMT .xCT .
ACSL3 ACSL4ZEHRIALLE (x £5)

GPX4/ FTHI/ FIMT/ xCT/ ACSLY  ACSL4/
B-actin PB-actin B-actin P-actin P-actin PB-actin

Eibl

K 120 1202016 1162002 L7006 125:015 129£0.05 026%0.10
el § 0482002 0352016 031£0.11° 0541005 046£006° 1.10£0.05
QG4 9 0824009 0732004 073£0.09° 0.75£009° 0.76+0.07 0.57+0.08°
Fer-141 10 084+0.06" 0752005 0.68+0.18° 0712006 0.80£0.02 052004
QGerastin4l 7 05740.11° 03320090 0324002 043£005° 037£0.05" 0.97+0.15°

a: SR LUAL, P<<0.015b: SHEERIZE LA, P<<0.01;c. SfERIZH
FuE, P<<0.05;d: 5QGHYL HL#E, P<0.01,

GPX1 | s — camas @Em» e | 22kDa

il | ——— G G e | 9D

FTMT i- — e w— | 19 kDa

XCT b—..— 59 kDa

ACLS3 80 kDa

ACLS | s S W— S— S | 7ikDa

B-actin 43 kDa

1 1 1 v v
I XFRELE s I A2 5 T : QGHL; IV : Fer-141; V : QGerastinZ .
B2 HAXBIFEALBKIETHLERRIEABKE

EREAR, ML Fe' M Fe AKF-38 b 25 T, BRI 2H K
U ZHL 23 s B0 B b ) el 28k 5 20 e - B AR T (/K Al
WY Fer-1 T WS , KBRUFIEZ L FTHL & Rk L
W, M35 Fe” S Fe /K-35 i 25 FAIG, U I 8 EE - B AR fic (1
A AR 7 T2DM IR K RUFAHL U ek fumg . ARG
g R, 5 R g, AR A R UM 4 21
ROS .MDA .ACSL4 ) %1k K NADP'/NADPH ¥4 I % 7
1=, GSH.SOD J¢ ACSL3 ik b AL, 4 /n A 41 K
BRI A 2H 2 S AR R 338 s I B i, A7 7R 2 i KT B g T it
AN S A SR A 15 5 20 9 - B MR T {1 /K B B Fer-
L FHUG , R EFFAEL 2L ROS MDA ACSL4 [ 33k
NADP'/NADPH ¥J i} Z F# Ik, SOD .GSH J ACSL3 13
IR I 2, A - B ARG (TR BTV T A AR
T2DM IR KRR AR 35497 , 5P 0R it 801k S Hh B
ANERERN o AN, ABFFE LS b TR, 5% R R
B BRI K U 2H 21 GPX4 . xCT .FTMT (38341
BRI, PRI 2 A RRUR AR BB T B - B AR
{IL/K B B% Fer-1 T 1 , GPX4 . xCT . FTMT %1k i %
T i, 457 B - B AR BT /K B W] #03 T2DM IR K FR
RNERAET- A, AT PRI IE T A - 5
FRACH/K B G T2DM K BUIR WP AR, ASF 5 7 8
-5 MR C ALK B A LRl _E I A T kBB T3 79 eras-
tin, 2% . Wi 7R | erastin T i 2 300 592 K BUROGT T2DM IR
KA 2 AR AR GEAE T, $2 78 Hel 3% T2DM IR [4E
FHAT BE 38 R A 2R IE TS BRI .

+ 62 ¢ China Pharmacy 2025 Vol. 36 No. 1

25 b TR, R - B AR A TK RO AT K T2DM IR
KB FBG 7K, Wl L TR 7t B A FOE 20 40k 67 Ao L 2%
iR U ZH SO B 05, 3R AR IS HA i 2R IE T A7
Ko MHABRTE I A BRSPS DLt — IR SRR AE T
SIS 2 1A B BARBR & |, Rt — PR R, LA
A AR AL
S 3k
[1] NIUJM,XUGY,JIANG S,et al. In vitro antioxidant ac-

tivities and anti-diabetic effect of a polysaccharide from
Schisandra sphenanthera in rats with type 2 diabetes[J].
Int J Biol Macromol,2017,94(Pt A) : 154-160.

[2] AZMI S,PETROPOULOS I N, FERDOUSI M, et al. An
update on the diagnosis and treatment of diabetic somatic
and autonomic neuropathy[J]. F1000Res,2019,8:186.

[3] kb, B, o0, 55 BRI B AR A PR DR

I RAE R WFFEHE R [T]. K rp B2 245 K244, 2019, 38
(6):607-615.
ZHANG H M, CAO S J, QIU F, et al. Research progress
on treatment of diabetes mellitus and complications by
Puerariaee Lobata Radix and Puerarin[J]. J Tianjin Univ
Tradit Chin Med, 2019,38(6) :607-615.

[4] ATEFI M, PISHDAD G R, FAGHIH S. The effects of
canola and olive oils on insulin resistance, inflammation
and oxidative stress in women with type 2 diabetes: a ran-
domized and controlled trial[J]. J Diabetes Metab Disord,
2018,17(2):85-91.

[5] MLl ATMEHE, MRk 8, 55 . 1, 8-HieH-iih 2% 2 Bk B

B & B 4 kAL T T A T R AL (9], b 2
2024,35(3) :290-295.
YANG H,REN P Y,CHEN Y X, et al. Interventional ef-
fect and mechanism of 1, 8-cineole on pancreatic 3 cell
ferroptosis induced by type 2 diabetes[J]. China Pharm,
2024,35(3) : 290-295.

[6] STRZYZ P. Iron expulsion by exosomes drives ferroptosis
resistance[J]. Nat Rev Mol Cell Biol,2020,21(1) :4-5.

[7] YANG W S, SRIRAMARATNAM R, WELSCH M E,
et al. Regulation of ferroptotic cancer cell death by GPX4
[J]. Cell,2014,156(1/2) : 317-331.

[8] GAMMELLA E, RECALCATI S, RYBINSKA I, et al.
Iron-induced damage in cardiomyopathy: oxidative-
dependent and independent mechanisms[J]. Oxid Med
Cell Longev,2015,2015:230182.

(9] E¥ XU, XI5, . B B ALIATR T2 AR IR T2
WLEE T % I 5 Z AR M (0], B b 2, 2019, 51(9)
118-121.

WANG L, LIU HY, LIU F J. Observation of Huangqi
gegen decoction for senile diabetes and its effect on insulin
resistance[J]. New Chin Med,2019,51(9):118-121.

[10] ZRA, 23 Wh AR T, 45 LT M4 2 B2 R o e - B AR
2% % T2DM A48 K f PI3K/Akt/FoxO1 {55 [ (1

thEZ B 2025 4F45 36 4555 1 1



[11]

[12]

[13]

[14]

[19]

[16]

[17]

(18]

FAVEHIT. A E S5 2R 47, 2022,28(5) - 157-168.
WEI S,LIJ,HAN D W, et al. Regulatory effect of herbal
pair Astragali Radix-Puerariae Lobatae Radix on PI3K/
Akt/FoxOl1 signaling pathway in rats with T2DM based
on network pharmacology[J]. Chin J Exp Tradit Med For-
mulae, 2022,28(5) : 157-168.

B, X L, SR, S5 AN [ 3R e B RO PR R B
BRI SRR LB AR [0]. B BR 252K, 2015, 49
(10):68-71.

LYU ZK,LIUY Z,WU Z, et al. Inhibitory effects of dif-
ferent doses of Astragalus membranaceus on oxidative
stress in the kidneys of diabetic rats[J]. Shanghai J Tradit
Chin Med, 2015,49(10) : 68-71.

ZEFBE . B I IE ) 8 B AR X T2DM R U
JiEACH PPARa-LXRa-ABCA L {5 5l i Y2 R [D]. I /K
% BT PR 2Y R, 2018,

LI'Y T. The mechanism of the optimal dose of Huanglian
in Huanglian wendan decoction through the liver lipid ma-
tabolism signal pathway PPARa-LXRa-ABCA1 in T2DM
rats[D]. Harbin: Heilongjiang University of Traditional
Chinese Medicine, 2018.

HAN P, WANG X,ZHOU T Q, et al. Inhibition of ferrop-
tosis attenuates oligospermia in male Nrf2 knockout mice
[J]. Free Radic Biol Med, 2022,193(Pt 1) :421-429.
RS, XIS B, 2238 45 U SRR R R 1755 AU AR
g /I B MR R E TR AR 52 MR ], 2 B BE B R A
#2,2023,58(8) :1322-1328.

ZHANG S,LIU X Q,JIANG L, et al. Effects of carnosine
on ferroptosis and inflammatory responses in STZ-
induced diabetic mice[J]. Acta Univ Med Anhui, 2023, 58
(8):1322-1328.

HUO H,ZHOU Z,QIN J, et al. Erastin disrupts mitochon-
drial permeability transition pore (mPTP) and induces
apoptotic death of colorectal cancer cells[J]. PLoS One,
2016,11(5) :0154605.

MATTHEWS D R, HOSKER J P, RUDENSKI A S, et al.
Homeostasis model assessment: insulin resistance and
beta-cell function from fasting plasma glucose and insulin
concentrations in man[J]. Diabetologia, 1985, 28 (7) :
412-419.

JEL G RV ZR Xk RN R e 5 2R AU 8 — U 48
B0y — SCHY T ME M BUSCAE B B R (1] AR N R A
1995,34(9) : 644-645.

ZHOU J H, LIU D H. Discussion on the article 4 New
Index for Detecting Population Insulin Sensitivity and the
author’ s response to the original text[J]. Chin J Int Med,
1995,34(9) : 644-645.

LA BLKBR, g, A5 BB LN 2 B R R
SRUTFAB 3 fRy 52 e AL (], vl Pl R 25 32 2, 2024,
40(9):1282-1286.

AN D,LIANG Y L, GAO Y K, et al. Effects and mecha-

TEZG; 2025455 36 4 1Y

[19]

(20]

(21]

(22]

(23]

[24]

[25]

(26]

nism of rhubarb Tangluo pill on liver injury in type 2 dia-
betic rats[J]. Chin J Clin Pharmacol, 2024, 40 (9) : 1282-
1286.
B X PR A dk , 25 v B2 24 0] 5 il TR T T 2 B
DR s (1 I R JE (7). 1L 7Y v B2 2 TR~ 24k, 2021, 22
(4):298-301.
YANG C,LIU Z D,SONG Y, et al. Research progress of
traditional Chinese medicine regulating intestinal flora in
prevention of type 2 diabetes[J]. J Shanxi Univ Chin Med,
2021,22(4):298-301.
IR . WA T7 EWOAE I PIBK/AKT {5 5342 8%
2 BUWE BRI IR 5 ZRARBT AR R HLRIBEFE (D). KA - K
2R, 2021.
JIANG L J. Study on the effect and mechanism of Yuye
decoction on insulin resistance of type 2 diabetes mellitus
through PISK/AKT signaling pathway[D]. Changchun:
Changchun University of Chinese Medicine, 2021.
At B SRS RIS OR R B LR A
Wit {75538 4 PINK 1/Parkin (152 W 55 [D]. LI : LI
TR, 2022.
NIU S Y. Study on the effect of exercise on the skeletal
muscle mitochondrial autophagy signaling pathway
PINK1/Parkin in preventing insulin resistance formation
[D]. Shanghai: Shanghai Normal University, 2022.
ASPERTI M, BELLINI S, GRILLO E, et al. H-ferritin
suppression and pronounced mitochondrial respiration
make hepatocellular carcinoma cells sensitive to RSL3-in-
duced ferroptosis[J]. Free Radic Biol Med, 2021, 169:
294-303.
ZOU Y L,PALTE M J,DEIK A A, et al. A GPX4-depen-
dent cancer cell state underlies the clear-cell morphology
and confers sensitivity to ferroptosis[J]. Nat Commun,
2019,10(1):1617.
K, FERT N, AR, %5 . SHCA Xt erastin i S AT 41/
BRI TR T B L [0]. sDUR 2224 (B4R
2024,45(2) : 180-184.
ZHANG J C,DONG K S, YU J, et al. Regulatory effect
and mechanism of SHC4 on erastin-induced ferroptosis in
hepatocellular carcinoma cells[J]. Med J Wuhan Univ,
2024,45(2):180-184.
WANG P N,CUI'Y M,REN Q Q,et al. Mitochondrial fer-
ritin attenuates cerebral ischaemia/reperfusion injury by
inhibiting ferroptosis[J]. Cell Death Dis, 2021, 12(5) : 447.
R AR O HUEFE h BB T AR S AT S 0],
LKEEE 550, 2023, 22(2) : 197-202.
CHANG Y C, LI J B. Advances in biological markers of
ferroptosis in myocardial infarction[J]. J Diagn Concepts
Pract,2023,22(2):197-202.

(i H 191:2024-02-29  f&1R1 H #1: 2024-11-12)

(Gt BFL57)

China Pharmacy 2025 Vol. 36 No. 1 + 63 -



