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Effects of concentrated Danggui Pills on ferroptosis in ovarian vascular
endothelial cells of rats with premature ovarian insufficiency based on eNOS/
ERK signaling pathway
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(1. Key Laboratory of Stem Cells and Regenerative Medicine, General Hospital of Ningxia Medical University, Yinchuan 750004, China; 2. Key
Laboratory of Fertility Preservation, Ningxia Medical University, Yinchuan 750004, China)

ABSTRACT: AIM  To investigate the effects of concentrated Danggui Pills on ovarian angiogenesis and
ferroptosis in rats with premature ovarian insufficiency ( POI') induced by vinylcyclohexene dioxide ( VCD).
METHODS For in vivo experiments, one hundred female SD rats with regular estrous cycles were selected;
eighty-five rats were intraperitoneally injected with 80 mg/kg VCD to establish the POI model, and 15 rats were
intraperitoneally injected with an equal volume of corn oil as the normal control. The seventy-five successfully
modeled rats ( exhibiting arrested or disordered estrous cycles) were randomly divided into model group, Femoston
eroup, and low-, medium-, and high-dose concentrated Danggui Pills groups (2.08, 4.16, 8.32 g/kg), with

drug administration lasting 21 days. Following treatment, serum levels of estradiol (E,), anti-Miillerian hormone
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(AMH) , follicle-stimulating hormone (FSH) , and luteinizing hormone (LH) were measured by ELISA; ovarian
pathology was examined and follicle counts were performed using HE staining; vascular distribution was observed
via immunofluorescence staining; and ferroptosis-related proteins ( ACSL4, FTH1, GPX4, SLC7A1l, TFR) in
ovarian tissue were analyzed by Western blot. In vitro experiments utilized a vascular endothelial cell ( HUVEC)
ferroptosis model to assess the effects of serum containing concentrated Danggui Pills on angiogenesis and the
expressions of eNOS/ERK signaling pathway proteins ( VEGF, VEGFRII, eNOS, ERK1/2) and ferroptosis-related
proteins (ACSI4, FTH1, GPX4, SL.C7A11, TFR). RESULTS Compared with the model group, the levels of
serum E, and AMH in the concentrated Danggui Pills group increased (P<0.01), the level of FSH decreased ( P<
0.05), the number of atresia follicles decreased (P<0.01) , the ovarian vascular density increased (P<0.01),
the protein expressions of FTH1, GPX4, SLC7A11, TFR increased (P <0.05, P<0.01), and the protein
expression of ACSL4 decreased (P<0.05, P<0.01). Concentrated serum containing Danggui Pills could promote
the angiogenesis of HUVEC and up-regulate the protein expressions of VEGFA, VEGFRII , eNOS and p-ERK1/2
(P<0.05, P<0.01). CONCLUSION Concentrated Danggui Pills may inhibit ferroptosis in vascular endothelial
cells by activating the eNOS/ERK signaling pathway, thereby improving ovarian blood flow and function, and
alleviating VCD-induced POI.

KEY WORDS: concentrated Danggui Pills; premature ovarian insufficiency; ferroptosis; eNOS/ERK signaling

pathway ; angiogenesis
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Matrigel Matrix %5t (555 31460, PA1-16775,
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(10 pmol/L Ferrostatin-1 +10% FBS +90% DMEM )
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5% CO, F5 A 5% 24 h, fiTH Olympus BX51 12
B R 25 AT R . SR Image J BT
G3 BT 43 SO R B SRR

2.11 %t %44 @il GraphPad Prism9. 0 3K {4
HATAEEE R A TER 0 W T OB DL B e pr i
2 (x£s) Fon, ZHN LR MHREE T 25
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IR UE 22 Tt P<0.05 NESAE G FE X,

3 &R

3.1 k4 %At POI K A AMe %  IF
R BB A E 28R 90. 00% , BEAY iE
JEAWIE# KK 26.67% , W45 4HILK, . &7
s B 1E A OE w5 5 R 80% | 93.33% Al
86.67% , Z¥ Nl ZH By B HIIE H Ay 86. 67% , £
WG R IE R R EBEMARA R EES (P<
0.05), WK 1,

. HIEWAI, " P<0.01; SEHAE, * P<0.01,
B 1 REHEAAI POI XRIEEAHHZE (x*, n=15)
Fig. 1 Effects of concentrated Danggui Pills on estrous cycle of POI rats (x*, n=15)
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# (P<0.01), E, Fl AMH /KFR#MK (P<0.01);
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NI R A N e S ER Y = T2/ E I K= i
Oy SRR IR, PR OP SN A AR 2R k4 X IH



2026 52 A ok % February 2026
a8 2y Chinese Traditional Patent Medicine Vol. 48 No. 2

. SIEWAE, " P<0.01; SHEME, * P<0.05, ™ P<0.01,
B2 REHPAANKRMBERZKENZIE (x£5, n=10)

Fig. 2 Effects of concentrated Danggui Pills serum sex hormone levels in rats (x+s, n=10)

T FRRN 200 wm, ZLEESARICA RO, L6 =AARCHBNE, CLARTHEK, SIEWA L, "P<0.01; SHBIHILE, " P<
0.05, ™ P<0.01,
B3 REZHEFAX POI KRIMEAREESEIAEHIEN (Xxs, n=6)

Fig.3 Effects of concentrated Danggui Pills on ovary histomorphology and follicle number in POI rats (x+s, n=6)

LA R K R OP A B S ESOUhRC I IMAEEC 8, WYL, 7 g R S5 3 21 R RO B
WO, PG E ERGEIE R AR, Hiuf 4021 FTHI, GPX4, SLC7A11 Fl TFR % 4 ik T+
B EHREE , MEEWE R, WE 4, # (P<0.05, P<0.01), #4i4UH3ufk, &
3.5 R H AN POl K RSP LA RkLTAAE  AREIIEALS ACSIA B HFIBFEME (P<0.05,
FORKAHA SIEWA R, SR REIE  P<0.01), WHES,

MR RIET B ACSIA £iETHE (P<0.01), 3.6 K4 %A 2 d i AF HUVECs 48 it e 6 A
Mt/ 8454 & A FTHL, GPX4, SLCTALL I &9 %oh  NIRAN MR T%% ., ¥ +EE
TFR £iAFFEME (P<0.05, P<0.01); SHMAE  AEIRNSE; Erastin AbHS, 5 W45 8 ™ 5 A2 01
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7 BRI 100 pm,
4 SREZHEFHAIT POI KR IPE AR MM E 546 B0

Fig.4 Effects of concentrated Danggui Pills on the distribution of blood vessels in ovary tissue of POI rats

I SIEWHILE,P<0.05,%P<0.01; SHRALLE, * P<0.05, ™ P<0.01,
B 5 REZHIIFHA POI KFIPEHLLN ACSL4, FTH1, GPX4, SLC7A11, TFR EERILHZI (Xxs, n=3)
Fig.5 Effect of concentrated Danggui Pills on the protein expressions of ACSL4, FTH1, GPX4, SLC7A11 and TFR in

ovary of POI rats (xxs, n=3)

Fer-1 Al ¥R S48 5 W A 25 U AL 45 591 e 4 DU 12
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I v . R 4R Fer-1 4H 40 M0 VEGF-A |
VEGFRIL, eNOS. p-ERK1/2 FEHEATHE (P<0.05,
412

P<0.01), WK 7,
3.8 k4 %A A f ik A HUVECs %8 M sk s o
HkEOEREG A SXA L, Erastin 41
YL ACSI4 B FiETHE (P<0.01), GPX4,
TFR, FTH1 A EKILFEML (P<0.01); 5 Erastin
S HRHR, WA U0 AL E 2 5 45 R AL AT Fer-1 41
4l GPX4, TFR, FTHI HEAREFH (P<0.05,
P<0.01), Y4 Y5 AL 25 13 & ) i 4 F Fer-1
A ACSLA FE 1 ERIAFEAL (P<0.01), WIS,
4 it

FERVETEZL S, OP SRR M M A A i
IR AR 22—, HAMIEI R RERG ] S
SN E T AN IR R B AE S
HEBR =7 BEAR U0 SRR A | [ e K 2l A
G, P POL R &L PN Il 45 %% B . 4341 558 7T fig
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e ARR100 pm, SHIER A LE, ™ P<0.01; 5 Erastin 541104, * P<0.05, ** P<0.01,
B 6 REHAAEZEMiEX HUVECs ZAA0 1N E 4 R AIS I (X5, n=6)

Fig. 6 Effects of serum containing concentrated Danggui Pills on angiogenesis of HUVECs cells (x+s, n=6)

TE: SRR, *P<0. 05,%P<0.01; 4 Erastin 4 1%, * P<0.05, ** P<0.01,
E7 RELHAEAARZEMBEX HUVECs 20 VEGF-A, VEGFRII | eNOS, p-ERK1/2 EEFREMEIT (X5, n=3)
Fig. 7 Effects of serum containing concentrated Danggui Pills on the protein expressions of VEGF-A, VEGFR 1 , eNOS
and p-ERK1/2 in HUVECs: cells (x+s, n=3)

SEFRIMAFERBIF A BI EERIN, FEEZHA  VEGF Sl 2040 T M bt A AL/, #2301 4% %
JTREfEIE DI BE AN 2 P S A AR . EEAONy ) [ B s R SO RE I E Y H RS I A
M, NZMIN AR A R AN 7. EIRM ARV S ERh BoR Ao, BRI S
B e FLAR, Bk “RVRIE I 414 Rl PRl
MIALEAEIA RGBT P R B AT BEE TR AR SR AR A T ae Y A AL S 5 2T -
BN DR R B S, FE8UN 9W VEGFA ZE i A ilibr sy, Mo N i 35 5 4T
PR Mg eE i EYE p38MAPK/HIF-1/ B, Rk BEY . RS2 m, 209 R A%
413
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F. HIEWH R, ¥P<0.01; 5 Erastin 41, * P<0.05, ** P<0.01,
B8 RELHIFAESZHMBIX HUVECs Zf ACSL4, FTH1, GPX4, SLC7A11, TFR EBRIZWHIE (xxs, n=3)
Fig.8 Effects of serum containing concentrated Danggui Pills on the protein expressions of ACSL4, FTH1, GPX4,

SLC7A11 and TFR in HUVECs cells (xzs, n=3)

T FGE I ERAET . 4ERE SIRT1 /R Zobiiif
A, NN, BRI L, i
A R SR e A Y 05 Y R A g
PEHE N B A3 58, s A A A, BN i 4 4L
I L VEGF 5 miRNA-21 351 mgbnl i,
M P R AR HIF-1/VEGF 32 519 1 45 £E B
FARES/ AL T R4, A i St A S B v A
MG EE, KRR DY LR Bw, 46245
FURT AR HE B S SR 00 45 A B S SR R R, ZEREDD
WA IR B S DI BE

BRIET 2 —Fh LLERARCRE 1 A o 48 A O 1Y
JATPEANAE T 3, A5 sh )5 A S B0 35
7, POLBLRY ACSIA FonThir, $m A5 it A b
JEYrE S, SLCTALL il 5 GPX4 K TE IR System
Xc /GSH/GPX4 Hafb el ; FTH1 5 TFR T FEHI
SSEREF S S, R R R W45 4 IA
FUGHERFET B4 1 52 579 AR . Erastin 15 885E
T-Bf, eNOS. p-ERK/ERK, VEGF-A. VEGFR Il %
FIRREAL, BERIERIET 7 AR 1R i ROS AMUAE IR
PR A SR eNOS T5 P, BI85 F iiF ERK
B JPRATRER - AL A B RO, TR AR BT
A, B RUEENE R eNOS = A4 1) NO il
T AR LA EF K L IR R AE I ) I /)N A 2R AR X 4
FRIM A DI E R OCE Z; ] eNOS 5 NO A i 4
Hafin g B A T2 ERK /B MAPK % %
B, ZH5REENEARAER, sk, MESF
W ERK2 K4 S EON A TR, eNOS
FIRE G S Bh kA B )1 S S I R
YIREHE N ERK BEIR {1k IT 2 #E eNOS Rik, fRIP4H
Ji b 37 AR5 ) RS 2 U T R B R
414

b eNOS FRIFARIE M A= BT, AR ST ARSI i
B NEER , Erastin HE M &, @S A
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