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Effects of Icariin on immune regulation and TLR4 signaling pathway in mice with

FEE:BHH  EIHE TR R B AR (RSA) /N BRI VE F K 7E
ERIBLE . A3k KeMErE CBA/) /N LS %t BRAL (5 HEME BALB/c /NRRAE
fit) AL (S HEME DBA/2 /NS AR ) IR0 i SE 0 4 (AR AR 20 St
B4 7 25.00 mg - kg“ﬂﬁ?%ﬁé%ﬁ) R SRR A (BRI SR L E AT
50.00 mg - kg ™' B EAETE) BHMEZG WAL (BERI AL LR B E 4T 2.6
mg - kg~ (HLE 2R ) L IATT 14 d R ISR TR LU T IR S8 . WA D St
JA TR SCR , P T EDK A 948 WA B 3 6 v A T T 4 A 3R (IL) -4 AR
(IEN — ) 7K, F S 5 ek 5 Tt 7 S92 56 A6 D0 S Sk 26 11 P3 (Foxp3) il
Toll #3244 4 ( TLRA) mRNA [ 3Rk, FIHR F1 S0 B R A ) TLR4 FIARR 1A%
FESEIF —kB(p -NF - «B) EHAM KR KFE, &R WA BRI G =
S | g 79 S 2 R B 24 2 IR R MRS 4 R 7. 37 % (T 1795 BL) |
37.33% (28 H/75 H).20.93% (18 H/86 H) . 13.79% (12 /87 H) fi
12.22% (11 2790 H ), 1L =4 K43 502 (33.84 £5.71) ((10.71 +2.34) |
(16.86 =1.13) . (26.91 £3.04) F1(19.56 +1.79) pg - mL™" | IFN — v 7K 4> 51
H(25.97 + 1.40) (63.38 +5.39), (47.23 + 6.78) (34.80 + 4.08) FlI
(29.61 £3.25) pg - mL™", Foxp3 mRNA #f X} 2 35 7K 5F 23 5124 1.00 = 0.07 ,
0.57 £0.05.0. 72 £0. 06 ,0. 90 +0. 05 F1 0. 66 +0. 06, TLR4 mRNA H]%f # ik 7K F
AR5 1.00 £0.10.2.32 £0. 17 1. 78 +0. 14 1. 40 +0. 08 F1 2. 05 + 0. 26, TLR4
B AR5 K 4> 318 0.31 £0.05.,0.90 =0. 11.0. 68 +0.05.,0. 55 £0.05
0.79 +0.10,p - NF — kB # [ AHX 35K F- 43 5]y 0.27 £0.02.,0.82 £0. 13,
0.66 +0.04.0.42 £0.05 F10.75 +0. 09, #AIZ Y LR H8 45 5 %0 BAL Hhae  AIK.
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Abstract: Objective To investigate the protective effect of icariin on
recurrent spontaneous abortion (RSA) mice and its potential mechanism.
Methods Female CBA/] mice were randomly divided into control group
(mated with male BALB/c mice), model group ( modeling mating with
male DBA/2 mice ), experimental — L. group ( after modeling, 25.00
" icariin was given by intragastric administration) , experimental

mg - kg~
- H group (50.00 mg - kg'

icariin was given by intragastric
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administration after modeling ), positive group (2.6 mg - kg~' desdrogesterone was given by intragastream after
modeling) , uterine tissue was collected after 14 days of treatment for follow — up experiments. Embryo absorption rate
was observed and recorded. The levels of interleukin (IL) —4 and interferon y (IFN — ) were detected by enzyme
linked immunosorbent assay ( ELISA). The mRNA expressions of Foxp3 and Toll — like receptor 4 ( TLR4) were
detected by real — time fluorescence quantitative polymerase chain reaction (RT — qPCR). Western blot assay was used
to detect the expression of TLR4 and phosphorylated nuclear transcription factor — kB (p — NF — kB) protein. Results
The absorption rates of mouse embryos in control group, model group, experimental — L. group, experimental - H
group and positive group were 7.37% (7 cases/95 cases), 37.33% (28 cases/75 cases), 20.93% (18 cases/
86 cases) ,13.79% (12 cases/87 cases) and 12.22% (11 cases/90 cases), respectively; IL —4 expression levels
were (33.84 £5.71), (10.71 £2.34), (16.86 +1.13), (26.91 +3.04)and (19.56 +1.79) pg - mL™",
respectively; the expression levels of IFN - v were (25.97 + 1.40), (63.38+5.39), (47.23 +6.78)
(34.80 +4.08)and (29.61 £3.25) pg + mL™", respectively; the relative expression levels of Foxp3 mRNA were
1.00 £0.07, 0.57 £0.05, 0.72 +0. 06, 0. 90 £0. 05 and 0. 66 +0. 06, respectively; the relative expression levels of
TLR4 mRNA were 1.00 £0. 10, 2.32 £0. 17, 1.78 0. 14, 1.40 +0. 08 and 2. 05 £0. 26, respectively; the relative
expression levels of TLR4 protein were 0.31 +0.05, 0.90 £0.11, 0.68 +0.05, 0.55 £0.05 and 0.79 +0. 10,
respectively; the relative expression levels of p — NF — kB protein were 0.27 £0.02, 0.82 +0.13, 0.66 +£0.04,
0.42 £0.05 and 0. 75 £0. 09, respectively. The above indicators in the model group compared with the control group, the
experimental — L. and experimental — H groups were compared with the model group, and the differences were statistically
significant (all P <0.05). Conclusion
inhibiting TLR4/NF — kB pathway.

Key words: icariin; recurrent spontaneous abortion; immune response; T helper cell 1/2 balance; Toll — like receptor

Icariin may play a protective role in improving RSA immune response by

4 signaling pathway
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W (B R B 5 B HL/INER B W B 58 4n i 2k R
SIERG W) B, TR IEIR IR (% ) = IR coE
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FiEAFES
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2.7 mAAMARKENFERE T 405 (helper T, Th) 1,
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APC .CD3E FITC ,CD25 BV421 #iIRIR &9, mOCIE
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WOTERG, 7 KA
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B0 BRI MEPE CBA/T /N S HEME DBA/2 /N R
B8 AR S0 G 4L AE B R A 3k mb b E
25.00 mg - kg ™"V A5 R N S0 06 A . A A
Y HE Al L E 50.00 mg - kg™ R AT B
PEZG W20 AER T LAl FE 2. 6 mg - kg 'Y
i JiE 2

LAY 21 (1) JVR Ji A 7 R M W i S 3 I 2 v T R
HHZH (P <0.05,P <0.001) ;1% i 7] £ 55 5 41 K
PR 245 9 40 B R i W i e 2 B 8 IR T 85 7Y 4
(P<0.05,P<0.01,P<0.001) ;1. =5 & 5C i
A1 VR G 7 3 W R A ) LA, TE S T2 2
ST FE L (P >0.05), Z5RNFE 1,
2 EFEHX RANMRKE - FEAAREEY
TR

d L AT RN R R - e AL S5
SEREMLH , N IS JE , Labyrinth DX 58 I 52 , 8 i RE
FEECE, TOH e 2 o 5 AR R AN BB 1A R
B8/, U HED R B, Labyrinth X808k %%, 52
AR, A B HES) ZE L 5 AH e TR AR,
o 70 S G 21 B PH R 4 T A 4 4 A e AR 3 15 #
W o
3 EFEFXN RANRFEALEREXREFE
ey oA |

BRI Y IL - 4 [ TGF - 81 7K°F-Fl mRNA #H X}
FE K LL I Foxp3 mRNA AH X} 3% 3K /K F- ¥4 g 3%
KT X B, IFN — y /K7 F1 mRNA AH X 26 35 7K -
B & X IR (¥ P <0.001) 5 fI% . & A1) i 52
B2l K BH Mk 25 ¥ 41 1L - 4\ TGF — B1 /K 3% Al
mRNAFH XS 23K 7K LA I Foxp3 mRNA AHX ik 7K
g B s F AR 4] (P <0.05, P<0.01,
P <0.001) ;{1 . /& 7 & SE 50 4 () A9 IL -4 (IFN — v
M TGF — g1 /K F Fl mRNA A X} & ik /K F DA &
Foxp3 mRNA A%} Fe 35 KT L8, FE G T 24 L2 5%
WESGIT¥E X (P<0.05,P<0.01), 152,

Control Model

Experimental-L

4 EFEEI RSANRFEHL Thl , Th2 Treg £
ik apaAa)

A2 (1) Th2 | Treg 4fi i £ ¥4 W 25 1K F X e
4, Thl 21 g %k BA & = F xF B4l (38 P <0.001) ;
G T 00 i S 2 B PH Y 25 1 41 Y Th2 | Treg 41 i
Hdh B T ROR 4L Th 40 i B0 RA A% T4 0 4
(P<0.01) ik . i 771 & S 50 201 18] He %, Th 41 4
G LSRG EE X (HP<0.001),
W3,

5 ZFEHFHX RSA/NRFEHLA TLRY Rk
A1)

H 1 2 W 0L, /N BT F 414U TLRA mRNA A %
FBKFPYH IL -4 TGF - Bl Foxp3 mRNA X % ik
IO 5 A A (3 P <0.05) , 5 IFN — y mRNA
FHXF 2R /KTt i 35 IEAH G (P <0.05)

BRI FF i 2 TLR4 1 p - NF - «B A
X Fe R K4 B 3 m X IR AL (3 P <0.001) 341K /&
FI SR 7 4141 TLR4 1 p - NF - «B &[4
XMRBEKFEHEEFMFHREBY (P <0.01,
P<0.001); @ 5 & 52 5% 4 F 5 41 414 TLR4,
p — NF — «BEE [ AH X 2 35 7K P 249 85 38 1% TG 57 B s
IR2H (P <0.001) , W3k 4 FfEl 3,

R SUUNUIRIR ™ A SRR H A
Table 1 Comparison of fetal abortion rates and absorption rates of

mice in each group

Dose Abortion rate Absorptivity
Group n
(mg+kg™") (% ,n/N) (% ,n/N)
Control 13 - 7.69(1/13) 7.37(7/95)
Model 13 - 53.85(7/13) " 37.33(28/75) " **

Experimental -1, 13 25.00 30.77(4/13)  20.93(18/86)*
Experimental -H 13 50. 00 15.38(2/13)*  13.79(12/87)"
Positive 13 2.60 23.08(3/13)  12.22(11/90)"**

Compare with control group, * P < 0.05," ** P < 0.001; Compare with
model group,*P <0.05,*P <0.01,"P <0.001.

Experimental-H

ﬂ‘)’f‘"

Positive

B 1 IIRAHR - AL (HE) e @RI 4 4/ BT 48U B8 1 ( < 40)

Figure 1
DE: Decidua;JZ: junctional zone ;LA ; Labyrinth.

Hematoxylin — eosin( HE) staining was used to detect the histopathological changes of the uterus of mice in each group( x40)



1130 I AR 25 PR oY O
Al M8 2025 4F4 73 (A 430 1)

R2 FA/NTEHARBANK N T RIBAKP R (2 +5)

Table 2 Comparison of immune — related factors expression levels in uterine tissue of mice in each group(x +s)

Content(pg + mL~")

Group n
IL-4 TGF - Bl IFN - v
Control 10 33.84 £5.71 90. 42 +8.79 25.97 =1.40
Model 10 10.71 £2.34 % ** 47.48 £5.75* % * 63.38 +5.39" * *
Experimental — L 10 16.86 + 1. 13### 55.82 +4. 20" 47.23 +6. 78%#*
Experimental — H 10 26.91 +3, 04*##a0A 67.51 £5, 54*##AAA 34. 80 4. 08###AA4
Positive 10 19. 56 +1. 79" 60. 24 +6. 22" 29. 61 +3. 25"
mRNA

Group n

IL-4 TGF -l IFN -y Foxp3
Control 10 1.00 +0. 15 1.00 +0. 13 1. 00 0. 09 1.00 =0. 07
Model 10 0.61 £0.04%** 0.68 £0.08* * * 2.20£0.22% %% 0.57 £0.05* * *
Experimental — L 10 0.67 0. 07* 0.77 £0. 09* 1.74 £0. 19%## 0.72 £0. 06"
Experimental — H 10 0.77 0. 07###A5 0. 88 0. 09*##4 1. 45 (. 15%##A8 0. 90 +0. 05##as
Positive 10 0. 65 £0. 06" 0.79 0. 04" 1.76 £0. 19*#* 0. 66 0. 06"

Dose refer to table 1; Compared with control group, * * * P <0. 001 ; Compared with model group,*P <0. 05, P <0. 01, P <0. 001 ; Compared with experi-
mental — L group,*P <0.05,22P <0.01,%*2 P <0.001;IL - 4 Interleukin — 4 ; TGF — B1: Transforming growth factor B1;IFN — ~y: Interferon — y; Foxp3:
Forkhead box P3.

F3 AAUNTEALUEBIE T(Th) 1 Th2 FIATY T( Treg) 40 MI%HI LA (% )
Table 3 Comparison of T helper (Th)1, Th2 and regulatory T(Treg) cell number in uterine tissue of mice in each group(x +s)

Group Thl (% ) Th2(% ) Treg (% )
Control 1.33 0. 15 9.01 +0. 89 23.70 £2.20
Model 5.51+0.66*** 1.63£0.23*** 7.98 £0.73% %
Experimental — L 4.12 £0. 25 5.27 £0. 53## 9.80 +1.30%
Experimental — H 3.33 0. 44*##a0a 7. 64 0. 9gtHtasa 13.74 £0. §7H##A80
Positive 4.04 £0. 447 5.16 0. 50*** 10. 08 = 1. 26**

* ok

Dose and n refer to table 2; Compared with control group, * * * P <0. 001 ; Compared with model group,*P <0.05,%* P <0.01,*#P <0. 001 ; Compared with

experimental — L group,®P <0.05,%4P <0.01,%*2P <0.001;Th:T helper, Treg: Regulatory T.

0.70 < 09 26 < 075
< =08552 ~Z r=-07337 =< - z r=0.678 2
Z I~ . Z . 2 070 .
2065 R P<0.05 E_08 P<0.05 < 24 ee ~ + Eg P<0.05
EES -~ . =§ . Eg e 2.20.65
it N Xz o ] ¢ el =2
<8 060 .o 5307 oo T522 e £ £0.60 T e
e \\\\ 3 ™~ Py Ny 1=0.759 8 28055 e
29055 ~. 2%06 ¢ \\\.~\ 2%20 . o R fe "
o b = ) = . * P<0.05 T 050
& . 3 . =z . & ‘
0.50- T T T K 0.5+ T T T 1 1.8+ T T T | 0.45- T T T ]
2.0 22 2.4 2.6 238 2.0 22 2.4 2.6 28 20 22 2.4 2.6 28 2.0 22 2.4 2.6 238
Relative 7.4 mRNA expression Relative 72.R4 mRNA expression Relative 72.R4 mRNA expression Relative 72.R4 mRNA expression

B2 SEVEA R (RSA) N E 414 Toll B2 4K 4(TLRA) mRNA AN RIKAKF-5H AN K 4(IL -4) FefbAd: KN T Bl
(TGF - B1) TR y(IFN - y) SCELFER T 3 (Foxp3) mRNA AHXF KK R H AL A
Figure 2  Correlation analysis of Toll - like receptors 4 ( TLR4 ) mRNA levels and mRNA expressions of Interleukin —4 (IL —4) , transfor-

ming growth factor B1 (TGF - B1) , interferon — y(IFN —+y) and forkhead box P3 ( Foxp3) in the uterine tissue of recurrent spontaneous
abortion( RSA) mice

R4 BUAUMTEALH TLRA (55 R BKFHI LA (x £5)

Table 4 Comparison of TLR4 signal expression levels in uterine tissue of mice in each group(x +s)

Group TLR4 mRNA TLR4 protein p — NF — kB protein NF — kB protein
Control 1.00 £0. 10 0.31 £0.05 0.27 +0. 02 0.90 =0. 08
Model 2.32%0.17%** 0.90 £0. 11 * ** 0.82£0.13*** 0.91+0.15
Experimental — L 1.78 £0. 14%# 0. 68 £0. 05%# 0. 66 0. 04" 0. 88 +0. 08
Experimental — H 1. 40 +0. 08 *##aaa 0.55 £0. 05*##aaa 0.42 £0. 05*##aaa 0.92 +0. 10
Positive 2.05 0. 26" 0.79 0. 10* 0.75 0. 09 0.89 0. 10

Dose and n refer to table 2; Compared with control group, * * * P <0. 001 ; Compared with model group,*P <0.05,*P <0.01,*#P <0. 001 ; Compared with
experimental — L group,®P <0.05,%4P <0.01,2224P <0. 001 ;p — NF — kB Phosphorylated nuclear transcription factor B.
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Control Model

TLR4 - - S ——
pNFn T S A R

B3 I BN SR 1B 2 4 TLR4 A OCHEE IR
KEL
Figure 3

Experimental-L Experimental-H  Positive

Western blot assay was used to detect TLR4 - related

protein expression in uterine tissue

B Jif S T g 2R A2 R B LR RSA kA= 11 E 22
R Z —. B 5T FR, EEE vT AE o A
mTOR {5 5 il % 76 RSA 3fj ) £ 8 v ke # R 37 4
MU, CBAZJ x DBA/2) /NEUASEC A i T 7 3%
FEXF AR, AN E 3R A8 F /N BRELAA S T E A M
AR ] [ 0 e 55 A L3, & RSA TR B2 8 Y
I ARBIESE B, RSA /N RUVR IR L7 3R B e %
FTHH J08 ALK, () i 32 e £ 48 SR Al 8 s i SR AR ]
LBH B REAIG RSA /)N BUBE B L1 78 RAE S, iIX 7w
AT X RSA DR AAWHEWARBEN, X5
PENG %1 Fge 4 —%% .,

W B, Treg 20 Ll = J& RSA & J& 1 S B A
P FEARHIESY o, RSA AR RN BUBE G AL 1 Th2
Al Treg 40408 /0, Th 41 it 3% 22 , [5] isf AH 56 20 Jifd X1
FIL -4 TGF - B1 1 Foxp3 /K FEREA%, IFN — y /K
FEE B8R RSA /N ER G e SR A , 1 28 AN [m) 710) o 9 32 =
FETFIRYT I A E T 20 M50 FLAn i P 7 7K SF- 2 15 )
ANTRIFRE A3 o 3 7 PR S A4 o) DAl o 0 e
P25 LB R B RSA UEURZE )R o

AW — ARG AT VE R AT R AE ML
L, RSA /NEFE G AL TLR4 J% p — NF — kB ik i
M, AR IRYT 5 T LA S 55 TLR4 K¢
p - NF —«B#£ik, TLR4 FCARMAE 5 CAHIESL S RSA
RIEMF . TLRA YIGALIG 2805 NF - B, NF — kB
R LA 35075 5 2 90 A 200 i PR 7 1) 235 S i 95 DA 4
HOH B, A RPN B WFSEUESE, Treg AT LA
it TLR4/NF — B @452 RSA /IN [ 1) A 5 48 e A+
BTN TV o ABFFE R gL ], TLR (1)
Fik 5 IL -4 ' TGF - B1 Foxp3 RIX¥ R MR, 5
IFN -y 3R 52 B 35 IEAH G, X #2718 TLR4 5 RSA /iR

SR e, 3015 QIN %1% B AR — .

AR , ¥ T 7T BRIl TUR4/NF - «B
(3575380 BRI G T 5 6 A RSA AL/ R o 4
R EA

S 3k :

[1] YUN,KWAK -KIM J,BAO S. Unexplained recurrent pregnancy
loss: Novel causes and advanced treatment [ J/OL]. J Reprod
Immunol 2023 ,155;103785.2022 — 12 - 19 [2024 - 10 - 15].
https;//pubmed. ncbi. nlm. nih. gov/36565611/.

[ 2] LID,ZHENG L,ZHAO D et al. The role of immune cells in recur-
rent spontaneous abortion [ J ] . Reprod Sci, 2021, 28 (12):
3303—3315.

[3] ESCR,EZEE ATRK,S. B FAT 2 AR R A
JE[J]. FpAErREEZ2ET],2023 ,41(6) :182—186.

[4] Z=e¥y. IR Y oY 5 0RL A0 i 4 51 5 23 W D e Bl
# DOR 83 IVF B 2225 R e R SHLHIDFSE[ D], YI958 miat:
R B 2R, 2020.

[S5] AR AR EZ R ™ BT /N B s 0 52 2 6 BL 11 BF 52
[D]. BePd 5 - By R 2k, 2022,

[6] WR&E. PD ~1/PD - L1 555l 7E B B et R IR A 5 b i
VER BB EpLRIIBTFE D], 10T % R BERI R, 2020.

[7] ZBITH, M, R2)7, 55 . BMREE TR R RNA - 542 -3p
B IES I R AR AL [T ], 5 p R 2Y,2022,17 (16)
2317—2321.

[ 8] BZad5, W, B, 5F . A MU S A PR P 8L /N B AR
SHHFLER & B M A G IN FR AWM [T, P ER,
2024 ,65(9) :934—942.

(9] 9%, JAFA IS, 45 . W25 0F R 2 15 B (0 /) Bl
RETENLES 3 Wi (5 5 W g rse [ )], 5 b B2 24,2023, 18
(16) :2314—2318.

[10] PENG F,HAN Z,CHEN H,et al. The effects of treatment with
icariin on immune tolerance in the recurrent spontaneous abortion
mice[ J]. Reprod Sci,2023,30(9) ;2794—2804.

[11]  H2%Re . B RMERF B Thi/Th2 40 B 1) 3235 437
[J]. HoHpe 22 %k, 2021 ,34 (1) :45—46.

[12] LUO J,WANG Y,QI Q,et al. Sinomenine improves embryo survival
by regulating Th1/Th2 balance in a mouse model of recurrent spon-
taneous abortion [ J/OL]. Med Sci Monit, 2021, 27 ; €927709.
2021 -01 -04 [2024 - 10 - 15] .
nlm. nih. gov/33390585/.

[13]  WLmEI, WRE, XM =, 55 . AR &R P U A8 35 1 I
Treg A KX ANHEF ¥ TGF - B IL ~ 10 {335 Rl R L[ T].
SR 2 ,2019,35(1) :96—99,103.

[14]  Z=ub, B0, 63, 55 . SRR T 7 A TR T8 IR G Jit 27 T
L TLR4 MIF \Bax/Bel -2 FIhAKF- R R E X [T]. e
[ el e ARk 12024 ,34 (14) 2192—2196.

[15] QIN S,LIL,LIU J,et al. CD4 +CD25 + Foxp3 + regulatory T cells

https://pubmed. ncbi.

regulate immune balance in unexplained recurrent spontaneous abor-
tion via the Toll — like receptor 4/nuclear factor — kB pathway[ J].
J Int Med Res,2020,48(12) :300060520980940.

(UF B HA 2024 -10 -30)



