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Exploring Mechanism of Yijing Decoction in Treating Decreased Ovarian Reserve Based on
Oxidative Stress Mediated by Chronic Iron Overload

YU Jing', LIANG Chengcheng’”’, HU Heng’, LI Zhe', CHU Haijing', CHU Jijun®
(1. The First Clinical Medical College of Anhui University of Traditional Chinese Medicine (TCM), Hefei
230001, China; 2. The First Affiliated Hospital of Anhui University of TCM, Hefei 230001, China;
3. The Hospital of Hefei Anjian, Hefei 230001, China)

[Abstract] Objective: To investigate the mechanism of Yijing decoction to inhibit oxidative stress induced by chronic iron
overload and improve ovarian reserve hypofunction in mice. Methods: Seventy-two female C57BL/6J mice with normal estrous
cycles were randomly divided into six groups (n=12 per group) : blank group,model group, Yijing decoction( YJD) low-dose group,
medium-dose group, high-dose group, and dehydroepiandrosterone (DHEA) group. Mice in the blank group received
intraperitoneal injections of normal saline, while those in all other groups were administered iron dextran ( Sigma-Aldrich) at a dose
of 0.5 g-kg" once weekly for 8 weeks to establish a chronic iron overload model. Following the final injection, interventions were
initiated and continued for 4 weeks. The low, medium, and high dose groups of YJD received oral gavage of Yijing decoction
aqueous solution at doses of 18.165, 36.33,and 72.66 g-kg"-d",respectively. The DHEA group received DHEA aqueous solution at
10.812 5 m g-kg'-d"'. The blank and model groups received an equivalent volume of distilled water by gavage once daily. Body
weight was recorded weekly, and food intake was monitored throughout the treatment period. Vaginal smears were collected daily
and stained with hematoxylin-eosin (HE) to assess estrous cycle regularity. At the end of the experiment, mice were euthanized, and
bilateral ovaries and uteri were rapidly excised and weighed to calculate ovarian and uterine indices (mg-g"'). Ovarian tissues were
fixed, embedded, and sectioned for hematoxylin and eosin (HE) staining to evaluate histopathological changes. Iron deposition in
ovarian tissue was visualized using Prussian blue staining. Serum levels of follicle-stimulating hormone (FSH) , luteinizing hormone
(LH) , estradiol (E2) , and anti-Miillerian hormone (AMH) were measured by enzyme-linked immunosorbent assay (ELISA).
Malondialdehyde (MDA) content and superoxide dismutase (SOD) activity in ovarian homogenates were determined using
commercial biochemical assay kits. Reactive oxygen species (ROS) levels in ovarian tissue were assessed by ROS fluorescence
staining on frozen sections. Mitochondrial ultrastructure in ovarian tissue was examined by transmission electron microscopy
(TEM). Total RNA was extracted from ovarian tissue for real-time quantitative polymerase chain reaction (Real-time PCR) to
quantify mRNA expression of ferritin heavy chain 1 (Fth1), ferritin light chain (Ftl) , transferrin ( Tf) , transferrin receptor 1 (Tfrl),
catalase (Cat) , and glutathione peroxidase 1 (GPX1). Protein expression levels of Fthl, Ftl, Tf, Tfrl, and glutathione peroxidase 4
(GPX4) were analyzed by Western blot. Results; Compared with the blank group, mice in the model group exhibited significantly
reduced body weight and severe estrous cycle disruption (P<0.01) , a markedly increased uterine index (P<0.01) , and a
significantly decreased ovarian index (P<0.01). The number of antral follicles was significantly reduced, while atretic follicles were
markedly increased, accompanied by pronounced iron deposition in the ovarian stroma. Serum levels of AMH and E-., as well as
ovarian SOD activity, protein and mRNA expression of Tf and Tfrl, and mRNA levels of GPX1 and Cat were all significantly
downregulated (P<0.05,P<0.01). Conversely, serum FSH and LH levels, MDA content, protein and mRNA expression of Fthl and
Ftl, and ROS fluorescence intensity were significantly elevated (P<0.05 ,P<0.01), along with a marked decrease in GPX4 protein
expression (P<0.01). TEM revealed an increased number of damaged mitochondria in ovarian tissue, characterized by loss or
disappearance of mitochondrial cristac. Compared with the model group, treatment with low, medium, and high doses of YJD and
DHEA significantly improved body weight and ameliorated estrous cycle irregularities (P<0.05, P<0.01) , decreased the uterine
index (P<0.05),and increased the ovarian index (P<0.05,P<0.01). These groups also showed increased numbers of antral follicles,
reduced atretic follicles, and significantly diminished iron deposition in the ovarian stroma. Serum AMH and E, levels, ovarian SOD
activity, protein and mRNA expression of Tf and Tfrl, and mRNA levels of GPX1 and Cat were all significantly upregulated (P<
0.05, P<0.01). In contrast, serum FSH and LH levels, MDA content, protein and mRNA expression of Fthl and Ftl, and ROS
fluorescence intensity were significantly reduced (P<0.05, P<0.01) , while GPX4 protein expression was markedly increased (P<
0.01). Moreover, mitochondrial damage was alleviated, and mitochondrial ultrastructure was notably restored in ovarian tissue.
Conclusion: Yijing decoction ameliorates ovarian reserve function in mice with chronic iron overload by upregulating the
expression of Tf, Tfrl,and GPX4, downregulating the expression of Ft, Fthl, and Ftl, thereby alleviating systemic iron metabolism
disorders, reducing oxidative stress in ovarian tissue, and restoring mitochondrial morphology and structure.
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Fig. 1 Smear of exfoliated cells from vagina of mice (HE,x100)
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Table 2 Effect of Yijing decoction on estrogen cycle of mice with

chronic iron overload (x+s,n=12) %
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Fig. 2 Effect of Yijing decoction on morphology of uterus and ovaries in mice with chronic iron overload

F3 #HELHMEERTH/NRINE  FEEBHORM (Fxs5,n=12)

Table 3 Effect of Yijing decoction on ovarian and uterine indices

in mice with chronic iron overload (x+s,n=12) mg- g’
4151 Flit /g ke I S F KL FEAREL

e SE 0.002 0+£0.000 6  0.003 2£0.000 6

R4 0.001 0+0.000 2" 0.005 3+0.001 8"

w& 0.001 1£0.000 3 0.003 9+0.001 1

HIEFI A 18.165
AV 36.33
WAVRAIEE  72.66
56 2 3% Ml 1 21

0.001 4+0.000 2> 0.003 2£0.001 4%
0.001 5+0.000 32 0.003 7+0.001 7

10.8125  0.001 5+0.000 42 0.003 7+0.001 5>

i 2 HE B DAY BT 3 | B R I D Bk O AR AR
i 20 e R R 2 R R
gw

S HIRTEE AN
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A B C

A1 IFURL A i JZ HE 51 5K P BEO 3 D
IFa] 5 5 Bk o B 2K M BB R 2 T
25 2 IR 7 2 AR e 0 X 5 I T R R Y

DR T 0 i W, M B S KT AR TR VR TR
Vi, 40 R g 0 B8 A, BRIk E 4, TG W AR
523 1 20 e A, RN A 0L 4 F B I A BR L B R
MERR B 7 O AR v LN D5 4 M B L s
AN UL 22 Bk O R MR S A A 4R
28 1 IR B 2 ATy RO 46 B B O BT R AY S B O
R LN WAE TR, i 2w b R A S S
B HFE TR 2L 0 7 2H RPN A Bk e R OfE B B R K
07 7 P 1 0 S 3 B . LI 3

e
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B3 #4078 M B R O0 E A AR 50 S E B AR B A AR I F M R0 (HE)

Fig.3 Effect of Yijing decoction on histopathology of ovarian tissue and periovarian adipose tissue in mice with chronic iron overload (HE)
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Ty SRR A R, 4 28 0 MR ik 4 O L 4 2] i
5 PA BB 9 S R DL 2 kP S Bk DUARAE 5 (H R
WARME R ERTIRE S, S a Wb R a4 55
S A HfE TR 2HL B SR 2 ZRUTR) o5 O v A D Bk DT AR
55 0 HFEAT, HLONE N TR TG 5 .

235 H AL IR W5 A0 /N B — BRI 55 5
25 2 PR T A U A ™ A A LA A
B T UL Bk DUARAS 5, R R W7 /i 5 5 B 7 2]

c 6
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ELISA Z5 L WR , 525 (4l e, B AL 4 /) B i
i FSH.LH ¥ 7+ & , Il % AMH 5 E, 2 % T [%
(P<0.01); 5BEAVA LU 55, 75 20 1 AR ) o 4 B IV B,
W 2 M3 (P<0.05), AMH \FSH 5 LH B 47 fr ik 3% ,
HESTHEI¥E L, aH b & a5 i
FKMEM 4 AMH 5 E, K81 &8 - F+,FSH 5 LH /K
BH & F B (P<0.05,P<0.01), W4,
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Fig. 4 Effect of Yijing decoction on iron deposition in ovarian tissue and periovarian adipose tissue in mice with chronic ironoverload
(prussian blue)
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Table 4 Effect of Yijing decoction on serum sex hormone levels in mice with chronic iron overload (x+s,7=10)

21 51 Fl /g kg AMH/ng- L' E,/pmol-L" FSH/U-L"! LH/U-L"
25 H 4 331.34+83.39 4.16+0.80 5.30+2.80 24.43+6.94
70 2] 93.05+45.60" 0.62+0.23" 13.76+3.12" 54.45+12.45"
i 2 VA AR 4] 18.165 124.25£35.02 1.15+0.48% 12.92+1.83 46.9149.67
5 48 h ) A 2 36.33 174.18+26.05% 2.04+0.43Y 8.83+1.47% 36.29+9.77%
[Tz =2k 72.66 218.99+42.58 2.94+0.60 5.89+1.40% 26.89+5.36%
JIjE 40 T i 21 10.812'5 282.65+51.95 3.66+0.65 5.10+2.11% 23.65+5.05%

MDA & & 8 % I J+(P<0.01),SOD i /1 i & T k& 2 L, B 2 ROS %o JiE Bk 2 15 51 (P<0.01) 5
(P<0.01); SHRIA LI, s &K b cm Rl i dl S LRI R, g5 S AR b R R R A
JIi & 2 ME R 41 MDA 5 B B 8 F [ (P<0.05),SOD [l 41 , ROS 7% )t ¥ & & % Wk 55 (P<0.01) . W
W W B TH(P<0.05) s KR U 45 R R, 5451 E5.%5,

Hoechst

ROS

Merge

5 #AFWEEKLHNRIPHEHALROS MMM (DHE ZLY @, x40)

Fig. 5 Effect of Yijing decoction on ROS accumulation in ovarian tissue of mice with chronic iron overload (DHE fluorescence staining, x40)
3.6 s IES G BRI R AL Lok DHENR, Rl SERA LK, AR
R S AR EAL LR R NEATXRELE Ly R A5k R
SER ML S, Y 5 a4l I 1) 2 B4 32 0 2ok R R /D, A RO S
BOBIRE Z PR AR B AR AR D LI D Ok A R B K b B 2 A 0 6 A K
RO, ki ik B 22 4 K Il B R I A 2. WK 6.
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x5 #HAEFWBUESTHNRIDEBRARLEHKFEHEIN (x+s,7n=3)
Table 5 Effect of Yijing decoction on level of oxidative stress in ovarian tissue of mice with chronic iron overload (x+s,n=3)
415 Fli /g ke ROS MDA/pmol- g SOD/U-mg"
EISE 45.04+1.67 2.46+0.97 54.36+3.41
AR 2 100.37+13.88" 11.77£0.55" 23.70+0.74"
5 L AR 18.165 72.26+13.18” 9.54+0.71% 30.17+1.04%
i 280 T 2 36.33 50.99+5.49% 7.41£0.58" 38.03+1.15%
#5409 A 72.66 40.31%8.17% 4.96+0.47% 45.72+3.43%
ot 3 M R 41 10.812'5 47.21£5.52 3.48+0.58Y 51.97+3.93%

El6 mEZZxBMEKTH/NRIVELRMERZNE (BB, <10 000,x30 000)

Fig. 6 Effect of Yijing decoction on mitochondria of ovaries in mice with chronic iron overload (TEM, x10 000, %30 000)

3.7 5 G X2 R B G 20N BLOP 8L ZH 21 Ftl  Fthl |
Tf, Tfrl , GPX1, Cat mRNA % i5 (9 5 Wi Real-
time PCRE5 R /R, 5 AR, BAA Fu 5
Fthl mRNA % ik & % I 7 (P<0.01) , Cat, Tf. Tfrl

(P<0.05) , Tf. Tfrl % ik W] & J+ % (P<0.05) , Cat &
KA BT B, GPX1 Rk Ui Ik A2 R T 51T
R WA T T w5 A SRR 4L F
5 Fthl mRNA % i5 & % F [ (P<0.01) , Cat. Tf.

5 GPX1 mRNA %K ¥ % T % (P<0.01) ; 5 Al Tfrl 5 GPX1 mRNA % ik ¥ i & |k 7} (P<0.01) .
B, 45 4% K ) B 41 Ftl Fthl &35 B W F [% 6,

F6 IMEZHIIRMEST /R IPE A A Fell ,Fth1, Tf, Tfr1,GPX1 1 Cat mRNA FEW M (x+s5,1n=3)
Table 6 Effect of Yijing decoction on Ftll1, Fthl, Tf, Tfr1, GPX1 and Cat mRNA expression in ovarian tissues of mice with chronic iron

overload (x+s,n=3)

20 5 Fl /g k! Ftll Fth1l Tf Tfrl GPX1 Cat
A 1.000.09 1.000.08 1.00+0.12 1.000.06 1.00+0.22 1.000.07
L TR 2] 2.29+0.14" 2.82+0.19" 0.19+0.02" 0.35+0.03" 0.17+0.03" 0.51+0.04"
2 20 U I 4L 18.165 1.64+0.17% 1.62+0.32% 0.45+0.06> 0.63+0.10” 0.25+0.04 0.42+0.06
i 20 T a2 36.33 1.01£0.24% 1.03+0.07% 0.70+0.02 0.85+0.05" 0.65+0.07" 0.96+0.07"
A5 4V A 72.66 1.00£0.04> 1.10+0.15% 0.80+0.11% 0.98+0.12% 0.92+0.03" 0.97+0.09”
it S e ) 441 10.812'5 1.18+0.18% 1.26+0.06> 0.68+0.07" 0.93+0.03" 0.66+0.04> 0.97+0.09”

3.8 &8Pk )N LD 820 21 Ft Ftl Fthl
T Tfrl .GPX4 £ [F13RIL MM Western blot 553 i
7N, 5 28 U A AR ZE Ft Ftl Fth1 85 (A B
FTHE(P<0.01),Tf. Tfr] . GPX4HEHEIL R BFET
R (P<0.01) ; AL LU, 25 201 (I i 21 Fe Fl 2R
P 26 18 B B B A (P<0.05) , HiA 3R (1 R IR /KA T AR
b HEF TGI8 54 mRlEg S A
¢ ME TR 2H , Ft. Ftl, Fthl & (1 &k & X B T %
. 8 .

(P<0.05,P<0.01),Tf. Tfrl . GPX4 7 [1 335 & ¥ W
THE (P<0.05,P<0.01), WK 7.#£7,
4 itig

DOR Y & W R B AE T+, KRR IR B 4%, B
& S AR A0 O 2 i oo R B = sl R A
ZEl (SRR NI B o N B P T o5 S < R 1 S U
T A 2o i AR R) B AS ML I R AR R DORR T 5
RO Z0S, FHEIVHE IR TR HIFR WA
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Tf - —Q?-— 77 kDa

Fthl e i . S - ) D,

Ftl “z---— 21 kDa
Ft e S s s s . 19 kDa

B-tubulin I 55 kDa

GPX4 19 kDa

[-tubulin e, e— — o— e o= 55 kDa

A B C D E F
B 7 2kt B/ RIS A LR Fe Fil Fthl, Tf, Tfrl f1 GPX4 &
B R Bk
Fig. 7 Electrophoresis of Ft, Ftl, Fthl, Tf, Tfrl and GPX4

protein expression in ovaries of chronic iron overload mice
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DU B BEORT , I8 K28 i IF 770 il I o AR . 4R 4
4 TJ5 A B O 25k B AN RO 05 5 B LA
B = ANV R 1011 A 2| o L = 7

x£7 #HZFEMEITH/NRIPEMBL Ft.Ftl.Fthl . Tf. Tfr1 1 GPX4 E B KX

L, B B SR AN 2 )55 S AR (L2 g
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A PHE SR M 2T o AR SR SR 08T
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1R O B AR A 5 v R ek 2 K P B B o 1
AN S R T R Y TR AN |
AMH .E, 7KV 8 & B, LH FSH /K 2.3 Tt i, 42
ARAMEMERRC B AN R G R E
2 B, in 2 B 76 3 R O, B MR R N - 2 AR - B L
Bl IE H RS T 1 — 25 E S M ko 2k o B
SRS REMBEIRER . M &% T B, 457 &
A /N B T St [l T, Bl R R TR, TR A
NSRS N SRR T N E
W D> R 5 & AU T 00 8, 8
A A5 4 B R SR P 0 0 9 4 (HH EL A A L1

PIATE2E
LA, 18 1 Bk a2 A D — b v A ) AR 38 A
BURMN R, BW Z 20 . HUABAR SR BT 2k i

A£ 45 11 (Ferritin, i1 Fth1 Fl FtlF 541 i) Ak i 1
R B A TE R L2 R T BORS &R T . AR &
B FOE A 2 0k > AR B TR Tk
J& B AICRR ik S0Pk R N Y vl B Ak st T, AR
e 7 B P K A7 407 E DR L U TUBU  Fe & AR 1 7
LB IR OS, X f#i 45 Ftl Al Fth L A2t Th s, HEK
AR ITBU AL BT SR Ak B 18 2R G0 T B g ) Al , 3
ROS #f & R, SOD . CAT 41 AL B IH M T 1%, 51 &
OS, i LA A5 H AT REAY 46145 . OS AT i 3 ks
ANARLYE T BEER BRI P A 10 1 R S BUR R IR it
FURE S |, fin ek P SRR H MDA S5 iR il AL
Py 0 B R A 2451 47 O B 48 L 2 R A4 ) RE 5 ) B9 - o
AR SZ KRG BE 120, BLAh, OS IR AT e 2 i i
FA U G EE ) 2RA S B F AKOE ZEEL 1T 5

G808 (x+s5,n=3)

Table 7 Effect of Yijing decoction on protein expression of Ft, Ftll, Fth1, Tf, Tfr1 and GPX4 proteins in ovarian tissues of mice with

chronic iron overload (x+s,n=3)

2H 5 it /g kg Ft/3-tubulin  Ftl/3-tubulin  Fth1/8-tubulin  Tf/B-tubulin  Tfrl/B-tubulin  GPX4/B-tubulin
AR 1.89+0.25" 2.24+0.38" 2.01+0.13" 0.67+0.01" 0.67+0.01" 0.39+0.05"
t G AR  2 18.165 1.36+0.09” 1.68+0.29” 1.67+0.21 0.84+0.10 0.84+0.10 0.59+0.05
F RSk b enil 36.33 1.34+0.08” 1.36+0.22% 0.98+0.24" 0.97+0.18% 0.97+0.18% 0.90+0.03
Tk 2 v ) A 72.66 1.22+0.08> 1.38+0.25% 1.03+0.23% 0.97+0.17> 0.97+0.17% 0.95+0.19
T 2 M A 2 10.812 5 1.17+0.05> 1.38+0.27% 1.11+0.16> 0.98+0.18% 0.98+0.18% 0.90+0.19

T B IR LA FE AR 2 1 Rk ik 3 1
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