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[ Abstract] Objective To investigate the impact of Astragaloside IV (AS-IV) pretreatment of human umbilical cord
mesenchymal stem cell-derived exosomes (hUCMSCs-Exos) on ferroptosis in chondrocytes.Methods Experiments were con-
ducted at the Animal Experimental center of Xinjiang Medical University from January 2024 to December 2024, hUCMSCs
were pretreated with AS-IV, followed by the extraction of hUCMSCs-Exos, which were characterized for morphology and size

distribution using transmission electron microscopy (TEM) and nanoparticle tracking analysis (NTA). Rat chondrocytes were
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divided into four groups based on intervention methods: control group (normal chondrocyte culture), model group (IL-1f in-
tervention), exosome group (IL-1f + hUCMSCs-Exos intervention), and AS-IV combined exosome group (IL-1f + AS-IV
pretreated hUCMSCs-Exos). Mitochondrial morphology in each group was observed using electron microscopy. Cells were
collected by centrifugation, and glutathione (GSH), malondialdehyde (MDA), and reactive oxygen species (ROS) were extrac-
ted and quantitatively analyzed. mRNA and protein expression levels of Nrf2 and GPX4 in chondrocytes were detected using
RT-gPCR and Western blotting, respectively. Results Exosomes pretreated with AS-IV exhibited similar vesicular structures
and diameters compared to untreated exosomes. Compared to the control group, the model group showed significant mitochon-
drial atrophy and membrane rupture. Both the exosome group and the AS-IV combined exosome group demonstrated im-
proved mitochondrial morphology compared to the model group, with the AS-IV combined exosome group showing more
pronounced improvements. The model group exhibited decreased GSH content and increased MDA and ROS levels compared
to the control group (#P=34.851/<0.001). The exosome group and AS-IV combined exosome group showed sequentially de-
creased GSH content and increased MDA and ROS levels compared to the model group (F/P=6.977/<0.001; 17.249/<0.001),
with the AS-IV combined exosome group having higher GSH content and lower MDA and ROS levels than the exosome
group (¢/P=7.744/<0.001). The model group showed reduced mRNA and protein expression levels of Nrf2 and GPX4 in
chondrocytes compared to the control group (#P=18.871/<0.001). The exosome group and AS-IV combined exosome group
exhibited sequentially increased mRNA and protein expression levels of Nrf2 and GPX4 compared to the model group (F/P=
8.390/<0.001; 4.143/<0.05), with the AS-IV combined exosome group showing higher expression levels than the exosome
group (t/P=6.912/<0.05).Conclusion The regulatory effects of AS-IV pretreated hUCMSCs-Exos on ferroptosis in chondro-
cytes may be associated with the upregulation of the Nrf2/GPX4 signaling pathway, thereby inhibiting ferroptotic responses
and reducing chondrocyte damage.
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BOHI AL, EANMIRESR i SR R 51 48 h 5, W4k
H WA A0 E s WA 400 ¢ B 5F T E O
15 min, A EBRILA MR 7, ¥ LIS WAE 2 500 ¢
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LR ENERPIZ

1.3.3  GSH MDA ROS & il % . I3 41 g il 5¢ b
J&, R A A M SR 5L IF F PBS WA 4 L R A T
2~3 Repyk, A, B O BAE R A, IE /N0
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BRMRH R 2007, P<0.05 J2E 598 41+
2 &% B

2.1 hUCMSCs-Exos M#EHCE 48 38 2o Ml 2500 42
Bt hUCMSCs-Exos 328 TEM W2< 57, HUERAE ARk
SCEERIE SN AL S AL, Bk NTA W
&I, hUCMSCs-Exos H.4% K 80 ~200 nm, H:i {53 %]
M 114 nm F1 109 nm , 33X —Z5 B 25 A SN AR 7 Bk A2
U 30~200 nm FRifE, B hUCMSCs-Exos $EHURLY),
AS-IV A B 19 5 MR 55 2 T Ak PR T S5 R4 A B, L
AL, WA 1.2,

2.2 FHUHCHMIBLRR B SI T R X IR R
LRGSR I H ELYE T, 5% R oA, AR 20 2ok {4k B
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SN | EE AT IR A SN SRR 2 45 AR /N 2k
R DL | S R RS A2 T0 f e 545 5 A IR 4 1L
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Wl AN . 2R AR R e 544 LR 3

2.3 FHHEYIH GSH MDA \ROS &% &l % H
ExF B 2H Lo #  ERI4 GSH &1 TR, MDA \ROS 5t
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(P<0.01) ; 55N AR e, v B AT B A A i 4
GSH ¥ # 7t i, MDA . ROS % H# &K (P<0.01), L
#1,
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FE (x4 000)
Fig.1 Morphological identification of hUCMSCs Exos and Astraga-
loside 1V pre intervention in hUCMSCs Exos

VE : A hUCMSCs-Exos ; B.AS-IV TR # /5 (1) hUCMSCs-Exos.,
B2 NTA W% 2 241 hUCMSCs-Exos [ FLf2
Fig.2  NTA observation of the diameters of two groups of
hUCMSCs Exos

B3 AR ISR P EORL AT AL LA (X5 000)

Fig.3 Comparison of mitochondrial status in extracellular vesicles of chondrocytes in different groups
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F 1 KAPCHAAME GSH MDA ROS Fik AL (xs)
Tab.1 Comparison of GSH, MDA, and ROS expression in chon-

drocytes of different groups

4 5 n GSH(mmol/L) MDA ( wmol/L) ROS(%)
popiis:) 3 20.69+0.60 2.12+0.22 1.16+0.13
R 3 4.89+0.50* 5.51+050" 3.13+0.20*
A AR 3 9.49+1.20" 3.15+0.29" 2.75+0.08"
;ﬁizgﬁ/‘é 3 15.81£0.97  2.82+0.03" 2.04+0.08"
F/P {4 34.851/<0.001 10.659/<0.001 14.024/<0.001

T SXF IR LA 2 P<0.01; SRR L #, " P<0.01; 5 4k 40
AL, P<0.01,

2.4 HABEMMEE Nif2 GPX4 mRNA Fik 4

5% IR H b A, BRI ZH Nif2 . GPX4 mRNA Fik 7K
AR (P<0.01) ; SR RIZH Hods , AN AR 4 | 3 16 9 Bk
B HNIMA L BB 40 L Nef2 . GPX4 mRNA %35 7K EA4K
WTIHE (P<0.05) 5 544 A, ¥ B A Ak
WAL Nef2 .GPX4 mRNA FikTHE (P<0.05) , L3 2,

K2 SHHCEH A Nef2 GPX4 (1) mRNA A ik i
B (xs)
Tab.2 Comparison of mRNA relative expression levels of Nrf2 and
GPX4 in chondrocytes of different groups

A n Nrf2 GPX4
pogisEii| 3 0.93+0.04 0.89+0.03
REAIL] 3 0.37+0.04* 0.32+0.04*
VARV At 3 0.48+0.02" 0.59+0.03"
PG INBMAA 3 0.67+0.05" 0.68+0.04"
F/P {8 18.871/<0.001 21.500/<0.001

T SRR AR, P<0.01; SRR LU A, " P<0.05 5 15 41 b iRk 4
L, ©P<0.05,

2.5 SHBCEMM A Nef2 GPX4 FHAHKF LR 5
X HRZH E A, BT ZH R 40 Nef2 . GPX4 2R K P 3
FEAK(P<0.01) ; SR L, SN R4l | B B T A Bk
BN L A0 N2 . GPX4 2E KSR IR T 5
(P<0.01) ; 5 /MR A He %, 3 B W A B A AP i A 41
Nif2 .GPX4 & 1K F- T (P<0.01) , L3 3 Kl 4,

R3 BUABHAET N2 GPX4 HIVKF AL (x2s)
Tab. 3 Comparison of Nrf2 and GPX4 protein levels in

chondrocytes of different groups

M5l n Nrf2 GPX4
XT 21 3 1.06+0.04 0.98+0.05
A ZH 3 0.60+0.04* 0.39+0.04*
LRV 3 0.76+0.03" 0.75+0.03"
WA INMAL 3 0.95+0.03" 0.87+0.02"
F/P 14 13.467/<0.001 16.412/<0.001

S AL L, P<0.01; S R4 HH g, P P<0.01; S5 4N A 4
Az, cP<0.01,

VE: ALK REZE BRI, CAMMA L ; D. 3 H I A A Ak 4
B4 HSHBE MM Nef2 GPX4 5 H K 4

Fig. 4 Comparison of Nrf2 and GPX4 protein levels in
chondrocytes of different groups
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2 ] fi 4120 Y & B, AS-IV 3E 3 98 #5 SLC7A11/
GPX4 3l B ERFE T, TS5 VSMCs A3 fig
AIREA BRI sh BB AR RE AL, (5 AS-IV K P22,
AR FH B B4, anfer @ 4 AS-IV + 1 hUCMSCs DL &
hUCMSCs-Exo , M1 e Ak Ml & LR 1 2 A BIF 9% 1Y
HA

BRAET — Pl b Al i At T B 20, A 7 T
BEFUE AR R X — B AU B AR 2
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K HERL, LA SRR AR it AL 7= ) MDA i $p4 ™=
S RIS+ 8 5 /07 Xe SR 1 o Al Y O Y A IR D A S
FET ML AR IR, BRAE T2 — o B AR T4k
T FRREFFEAN AL T ML %L R E AR Y2 B
A E RS R KOA 24 Ak, ki &
HERE KOA, BRIET-MRHIEM: R 55 T — R IV 5E
A TSSO T8 IR A 4540 S8 55 DI RE R A,
DL e — RGNV AEACRAIE ) 3% AR A i s A AR A R HR
PR IE PR I S0 R AR VR (TR LR Fe™ ) 7240
i P 3k A, LA K ph I i 2 1 i R 3 ARk R 1Y
W RR Y AR R BT R B L Fe' YA
ST A B R B A S s Ll
HEA AL PSR, HAE — R 50 340 SRl () VR F R B Sy
T RGP Fer TR X — i S R kA
TR I B it SR Ak s I B A3t T 6 B Ak rp oL, DA E
—Hesh THSE T R R R S R R,

Nrf2 VE Ry 4% 0t 8 AL 5% 55 B, 2 300 T Ui
GPX4 3Rk, HEAEBRNG I A4k (LPO) , il 2k
TR, B RN RP L1 FRAEANFF
Nrf2/GPX4 3 R 1 , 5 40 B A ek & R Zeobr (A3
1 B A0 e 5 T 3 A o AR AR AR B ) SO0
Nirf2/GPX4 ] k&2 A AL IR SR AR 2, M HELR 7 51T R
PR HE A TS Y

ARS8 I v i ek K RS I
P R B SR A T8, AR LPS U5 S iy 2 ME i 46t 05, H:
YE ML T BE 5 306 Nef2/GPX4 {5 53 i A7 %
T — W5 & BRI T T J7 e AR A1 vl R 3E 2o B0 Nef2/
GPX4 {55l P& A DU AL, S B ] KOA /R
PMCs ZAET-RIMEA T ST R 2y i e 8
EMsr 2 — B TREREY, AR Jialk .,
PUIRAT Fe e V845 45 2 Rl 25 B/ Y 4R R AR5
S PR P A R R 4 M A AE T R S T YA
Hr{ , i 5 H T BMSCs-Exos S BEA 20 4 645405
AR AR BE T, I s B A Rl e R
VER ARHIFSE % B0 8 16 R 1901 o0 i 4 mT {1 ot
Nrf2/GPX4 2 1 5 mRNA ik KT+, M 30 i 4%

UM ERIET
4 4 g
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