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[ Abstract]

tonifying and abortion-preventing formula, and Juyuanjian, a typical spleen-invigorating and abortion-

Objective: To explore difference in the mechanism of Shoutaiwan, a representative kidney-

preventing formula in reversing the pathology of decidua of spontaneous abortion (SA) patients and to expound
the connotation of "uterine collaterals connecting kidney" and "fetal collaterals connecting spleen" theory.
Method: The targets of SA were retrieved from GeneCards, followed by gene ontology-biological process
(GO-BP) annotation. Based on Cytoscape and previous research, the main processes and core targets were
screened out. High-performance liquid chromatography-mass spectrometry (HPLC-MS) was used to identify the
potential active components of Shoutaiwan and Juyuanjian and the regulatory networks were constructed. SA was
induced in rats and the model rats were treated with Shoutaiwan and Juyuanjian at the same unit. Hematoxylin
and eosin (HE) staining, transmission electron microscopy (TEM) , enzyme-linked immunosorbent assay
(ELISA) , immunohistochemistry (IHC) , immunofluorescence (IF) , and other methods were employed to
verify the mechanisms against miscarriage. Result: The dysregulation of cell adhesion, inflammatory response,
cell death, and angiogenesis was the core pathological process of SA. A total of 13 potential specific active
components of Shoutaiwan and 14 active components of Juyuanjian were screened out. The regulatory networks
showed that the potential active components of the two prescriptions modulated vascular endothelial growth
factor (VEGF) , interleukin (IL) -2, estrogen receptor (ESR) -1, matrix metalloproteinase-9 (MMP-9) , and
other targets to regulate the pathological process of SA. The two can significantly improve the pregnancy rate and
the integrity rate and blood supply of decidua cells, control the apoptosis morphology and the expression of
estrogen (E,) , progesterone (P), and its receptor, and down-regulate the expression of MMP-2, MMP-9,
IL-2, and IL-6 in decidua tissue of SA rats. At the same time, they up-regulated the expression of anti-apoptotic
protein B-cell lymphoma-2 (Bcl-2) and IL-4. Shoutaiwan significantly up-regulated the expression of VEGF,
and Juyuanjian significantly down-regulated the expression of E-cadherin (E-Cad). Conclusion: Both
Shoutaiwan and Juyuanjian regulate the core pathological process of SA to prevent miscarriage. At the same unit,
Shoutaiwan is overall superior to Juyuanjian. Shoutaiwan is better than Juyuanjian in regulating angiogenesis and
Juyuanjian is superior to Shoutaiwan in regulating cell adhesion. This conclusion can partly explain the biological
basis of "treating the same disease with different methods", and provide objective data reference for the
identification of quality marker (Q-marker) of anti-miscarriage Chinese medicine and further study of formula-
syndrome metabolome.
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Table 2 Core targets involved in main pathological links of SA
GC ID Symbol #H5& SCORE LR B B Z 51 SARHELIRY  SCERSHIE

07P022725 IL-6 6.94 22 0.047 8 0.923 1 D@ [22]
06P076864 TNF 6.71 19 0.024 0 0.8276 D@ [13]
06P043770 VEGF-A 6.58 16 0.018 6 0.750 0 Q@ [28]
01M206767 IL-10 6.28 21 0.039 5 0.888 9 OB [21]
09P004985 JAK-2 6.19 11 0.005 7 0.648 6 O6) [30]
11M112143 IL-18 5.10 12 0.001 0 0.666 7 0 [23]
12M068154 IFNG 4.89 16 0.013 7 0.750 0 06 [35]
19M041301 TGF-, 4.89 14 0.009 2 0.6857 @® [31]
12P112418 PTPN-11 4.52 10 0.011 0 0.6316 @ [32]
06P151656 ESR-1 4.07 4 0.000 4 0.545 5 @ [31]
02M 112829 IL-18 3.85 20 0.046 8 0.857 1 OO@ [33]
12P006786 CD4 3.53 14 0.007 5 0.705 9 @® [26]
04P073740 CXCL-8 2.88 15 0.008 4 0.727 3 0@ [34]
05P132673 IL-4 2.41 16 0.0100 0.750 0 00) [35]
17P034255 CCL-2 232 15 0.009 3 0.727 3 06 [30]
20P046008 MMP-9 2.25 13 0.004 9 0.666 7 @® [36]
16P055390 MMP-2 2.25 12 0.003 0 0.648 6 [06)) [36]
17M042313 STAT-3 2.16 23 0.0759 0.960 0 @ [37]
06P076821 HLA-A 2.08 2 0.000 0 0.470 6 @® [38]
04M122451 IL-2 2.01 16 0.050 8 0.750 0 () [39]
03P159988 IL-12A 1.97 11 0.002 8 0.648 6 6] [40]
02M 190908 STAT-1 1.33 15 0.056 6 0.727 3 @ [41]
04P122826 FGF-2 1.29 14 0.011 0 0.685 7 @ [42]
12P057101 IL23-A 1.24 12 0.009 4 0.666 7 () [43]
11P018449 SAA-1 0.98 9 0.000 0 0.600 0 0F) [44]

- @ 4 M ZG R 32 (GO 0022407) 5 @ 41 M FE T 1F 1] 5 5 (GO = 1904035) ; @ 4 i i I ¥4 #55 (GO : 0050727) 5 @ It 45 A= W 4% (GO -

0045765)

Z AR RER MR HAER L-FE AR .
D-(=)-Z8 TR \2- 32 Hk Y BE R 45 5 A 22 i AR 3R T 26
JCRIFE IR 144 DL Rk B R £,
MR mRER 3,4 HEIERER . 3,7.4'-
SRR BB R A R A GE, UWLER 3 TG R R
B in 4 Kt

3.3 FF G AU/ 0 BTG R A1 R SA i BHLER T Y
W 45 W % 3k B G L5 2% o0 BTG RE R O TR L
g3, 38 1f BATMAN ¥4 7 (K 28 16 5] 2021 4F 4 J 22
H ) .SwissPredictionTarget H#i5 &£ (¥ & i [A] 2021 4
4 H 23 H ) 456 SCHR I8 43 5] #0073 i AL 28 I8 REAE
FH A 0 22 S5 80 0 R 958 2 2 0 S 72, 25 4
R - i gy - AR 48 HE B2 il i BATMAN,
SwissPredictionTarget 5% #i% J& FU & PL , 7 G AL 13

ANVERAE B0 1T F 231 890 ANHE A, 5 SA HE AN AT 4
R 70 AN HE A, 2 JC R 14 A4S R 5 43 AT I 2R
428 N HE AL, 5 SA R AN SO H ALY
25U F AL [A] 10 MW AE L or BT 270 #8450, 5 SA #E
ST Ry 38 AN A, R (R L RN A W AR 2
SRS DL g5 R R IR AL TR S 5 Al i
B BRE L e RE RN AN A U T i A AR AR A o AR A T
SA, & £ H 28 Ju H A R AE 2 (GO : 0050727 ) 1Y
PRI & T A ML, A B AR R 2 e D I SR
R B kA ek, 55 Bl S B HE— AP B UE 5 e .
3.4 5L S T BT G SA AL R B B 0 AR
1) I 56 45 SR
3.4 XARUR ERFEMSEN 525 T4l L, B
HRFIEIRE KRB FH(P<0.01), SHBIH L, &
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Fig. 1 Network diagram of SA target regulating pathology

JiE ALAL 2% T RIZ L M 2 i A1 K BT R 25 Ok R
B R R (P<0.01) , b 77 i AL b 22 i 2 5 %%
JCHIAH A AR M2 R G2 L. fETF
CEE R U R SRR R LN e =
JE 2% CBH SR [ (P<0.05) , S BI R4 Lt %%, 5 iR AL
20 &0 A | M 2 R 2K BT R A L Y A
P2 15 (P<0.05, P<0.01) , 73 i JUAL | Hb Je 22 1 20 5 R
JP R T2 o Rl . WAk 4,
3.4.2 Xt SA KRR E A I £k Ko 20 B TR0OUR 45 4 1 5
25 A 21 K R SE A5 2 A A0 B ST e (34 5T A0 M R
BRI b, 1T L 3% 3% 2 40 (TC) HEF % i 4 5 -
AT 21 R B PN B A A RS 4 e A R
2% 20 180 % 42 B 43 0 M R BB | ) SR af 4 P b
Y IY S HES AL s 5 25 (AL g, AR R 4 R BRI
I £H 20 A AR 235 K T AL 2k A 2 K B B | PN R N
HORL AT R T AR AN A T SR BRI . 5 iR L
JC B4 Ml e 2 R 2 I 2 4 40 itk A R A
TB 265 58 5 18] 5% 20 At 50 R 00 235 49 3 B A T L £
o) AR RAE FE WSS T AE R
Do KL | R A B T AN OO LG 10 A L Y 2H
B S G, b JEE 2 TR A B 0 . A5 iR L 26 JT R
ZH | b e 2 A 2 R R 2% R A 3 A (R R R
A MAE BRI 2 A gl DL g IR
L 46 T B A — o R b ] B SA KRR g
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Fb e, A5 TR 41 K B4 JE I E, L 2 DL K i R 2 40
ESR-1.PGR ik ¥ I 2 55 (P<0.01) ,D Rk
ETLE (P<0.01) ; SAERA 3, 75 iR AL 4L %8 T RE
HAMNE L E, 22 B 2% 35 DA R w4 21 ESR-1 .PGR 1Y
Fik¥ 4 0 FIE(P<0.05,P<0.01), FEAL4 D —
AR N (P<0.05), 128 ST R4 22 5 L4 it 2%
B, &S,
3.4.4 Xf MMP-2 MMP-9 Bcl-2 E-Cad ,VEGF 1) %
KEZM L IF B IHC AR I /R, 525 (LA L gk, A
W4 MMP-2(P<0.05) .MMP-9(P<0.01) .E-Cad(P<
0.01) 2 FIAH X Rk ¥ B & 194,177 Bel-2 . VEGF #) i
FETFI(P<0.01); SERIL LR, B ALAL A e Rl
MMP-2 MMP-9 & [ 3 ik ¥ B i [ (IR (P<0.05, P<
0.01), 117 Bel-2 2% 1k 34 B & 38 Jin (P<0.05) ; 7 E-Cad
AR AR b, A B AR 4H 26 T B ZH B B (R 9 P<
0.05), AR Ll 22 5 L4 it 2% 5 3L #E VEGF i 3%
ik b, A EASE AR 4 55 iR L4 R B B (P<0.05) , 24T
MR TR EL ., WRHE S,
3.4.5 XFIL-2,IL-4 . 1L-6.1L-18 Y & 1 % ik 5 I
i ELISA fe il W7, 525 HA g, AL 24
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Table 3 Information list of specific active ingredients of Shoutaiwan/Juyuanjian
e CASE T BTG me tgmin AR B
i Wosr P IR
1 480-19-3 SRR isorhamnetin C,H,0, 34023 699 697 Hlak [(M+H]"
2 117-39-5 i bz = quercetin C,H,0, 30305 567 673 Hlak [M+H]"
3 123-99-9 K HSTE R azelaic acid C,H,0, 187.09 547 845 HJak [M-H]
4 327-57-1 L-IESE %R L-norleucine CH,NO, 13210 147 752 HJak [(M+H]
5 36413-60-2 D-(-)-ZTM D-(-)-quinic acid CH,0, 191.05 375 793 HJak [M-H]
6 14375-45-2  (=)-BivEME (&)-abscisic acid C,H,0, 26313 616 749 FHiik [M-H]
7 14641-93-1  o-FLME a-lactose C,H,,0,, 387.11 084 9.02 HJak [M-H]
8  451-13-8 2,5- TR homogentisic acid C,H,0, 167.03 297 6.87 FJRAL [M-HJ
9 39524-08-8 JII LT AT VI asperosaponin VI C,H,O0, 97350 622 876 FHhHiL [M-H]
10 23627-87-4 =W gHf trifolin C,H, 0, 447.09 496 8.06 FfFAL [M-H]
11 905-99-7 (SN cryptochlorogenic acid C,H,0, 176.04 381 9.04 Hlak [M-H]
12 614-60-8 22 5L A B R 2-hydroxycin-namic acid C,H,0, 117.03  4.81 8.88 FHffiL [M-H]
13 469-83-0 Wi e catechin C,H,0, 29186 494 6.67 HJfik [M+H]"
14 480-40-0 EE7ES chrysin C,H,0, 25506 442 723 %0 [M+H]"
15 6665-74-3  HRZER galangin C,H,,0, 271.06 525 7.34 %0 [M+H]*
16 2316-26-9 3, 4-—WHIEREM  3.4-dimethyl-caffeic acid C,H,0, 190.06 594 7.86 ZJCHI [M+H]*
17 21913-99-5  3,4',7-=FIE# ke 3',4', 7-trihyd-roxyflavanone C,H,0, 273.07 4.67 7.07 ZJCHL [M+H]"
18 58749-22-7 I EAF /KT A licochalcone A C,H,0, 339.16 891 7.1 %up [M+H]"
19 530-59-6 S sinapinic acid C,H,0, 17504 384 671 ZJCHl [M+H]"
20 35825-57-1  [RSFSE cryptotanshinone CH, 0,  297.15 10.67 6.43 %0H [M+H "
21 961-29-5 SH R isoliquiritigenin C,H,0, 25507 6.14 940 ZITHI [M-H]
22 92-61-5 REE AR scopoletin C,HO, 191.03 494 7.03 %CH [M-H]
23 548-77-6 R R tectorigenin C,H,0, 269.04 7.09 7.66 AICH [M+H]'
24 1076-38-6  4-REFTER 4-hydroxyco-umarin C,H,0, 163.04 510 7.2 LA [M-H]
25 80952-71-2  AZ ¥ R-RHI 20(R)-ginsen-oside Rh, C,H,0, 68344 689 791 XI0h [M+H]"
26 84687-43-4 BRIV astragaloside IV C,H O, 82946 7.07 831 X0 [M+H]"
27 73069-13-3  [IARMMERT atractylenolide I C,H,0, 23114 1084 6.45 ZICHI [M+H]"

F4 BEARBEREZLZ FCRE.FEEERTFERFILRE Fxs.1=6)

Table 4 Expression of pregnancy loss rate, body mass, ratio of uterine weight and uterine organ of rats in each group (x+s,n=6)

2150 Fl /g k! 2 T IR T R R 1% PN RN IbBEAR T /g FEi /g T ERR L%
25 4 2.59(3/116)% 203.76+15.17 301.83+12.01 2.85+0.51” 0.94+0.16>
TR 2 0.003 75 84.13(106/126)* 207.04+16.44 300.17+16.42 1.63+0.25% 0.55+0.11%
73 G hual 3.21 26.47(27/103)% 199.42+14.03 299.67+12.32 2.35+0.49> 0.79+0.17>%
240 A 4L 3.09 37.84(42/111)>% 203.02+18.33 300.83+13.42 2.22+0.40" 0.74+0.11"Y
i it} 4 i 20 0.003 02 21.66(28/121)% 197.33+9.97 301.17+£12.42 2.42+0.57” 0.80+0.19%

FEHALIL25IL-6 WE A FREHEFE LIH(P<
0.01),IL-4 % 1R A HE T IH(P<0.01); 5HAI2H
FeAs, AR LA A8 e R4 v B B R E SA K ELIL-2 .

SRR RV P<0.05,2P<0.01, 525 4L AR P P<0.05,YP<0.01(F% 5-% 717)

IL-6 28 11 £ 35 (P<0.05, P<0.01) , [A] B | 38 1L-4 &
M2k (P<0.05,P<0.01) , WE#AKF , 7 ii ALA 7F
IL-2 5 IL-6 W H AR IAE L2 Tl Bk 25 1
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T ALZ HA B AL C AR ALAL ;DL 25 S0 B4 S B M 22 B 2 s a. T B AL CZEM) s b, T B BEBOG 22 FIE S (HE, x50) ;e B BUBDE2E T
JE A (HE, x400) ; d. 72 i )£ TEM T #4544 (TEM, x25 000)
B2 SEAARTENMR BERE BEGRNLEH

Fig.2 Appearance of uterus, decidual morphology, and decidual microstructure of rats in each group

£S5 HEXBRIMNEAMD ZRE MER2HMEURBIREARAZERIERIE (I+5,1=6)

Table 5 Expression of D2 polymer, estrogen, progesterone and decidual tissue receptor in peripheral blood of rats in each group (x+s,

n=6)
215 FlH /g ke E,mg-L" 2R /g L7 ESR-1/ng-L"! PGR/ng-L"! D =R {k/pg L
25 4 67.63+4.48% 5.18+0.45% 141.17+20.07% 144.87+21.99% 154.76+45.57%
AL 0.037 5 23.63+1.00" 3.76+0.94Y 33.59+24.13% 51.31+33.36" 245.88+14.09%
# Ll 3.21 41.62+17.729% 4.69+0.67" 127.62+47.32% 119.45+32.85% 175.2457.92"
BT L | 3.09 37.70+11.34" 9 4.01+0.40" 99.36+50.21% 104.76+55.78" 222.55+41.63%

*6 VAKXRBEALMMP-2.MMP-9,.Bcl-2.E-Cad.VEGF E B3 KX (5i+s5,1=6)

Table 6 Relative expression of MMP-2, MMP-9, Bcl-2, E-Cad and VEGF in decidua of rats in each group (x+s,n=6) %
2193 Flt /g ke MMP-2 MMP-9 E-Cad Bcl-2 VEGF
S HU 21.65+2.39% 18.9+1.527 30.53+5.14% 7.22+4.71% 2.59+1.49%
H 70 25 0.0375 30.08+3.54% 27.56+4.43% 40.02+6.23% 1.21£1.16Y 0.40£0.21%
F G AL 3.21 24.67+5.23" 22.45+3.43" 33.68+6.23 5.69+4.26" 1.86+1.23"
2RI 3.09 22.98+4.56% 22.07+4.02" 31.47+4.47" 6.53+3.00" 1.30+0.35%

2H , 2% JC B4 78 IL-4 1Y 2R 35 A L 75 i AL 4H 38 2
25 A 5 4% 2 TL-18 Rk v, AR B AU 2 A1 L 25 1
4 HEFRALA Z TR A LS H 2R TS
4 itig
SAJE T EREIAZ “NMls” 5005, 76 Ik
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WA S HUA B AR C. AN ALYL ;D26 50 A4 ;a, d. MERGE(IF, x400) ; b.MMP-2( £ {4, IF, x400) ; c. MMP-9( 4% {4, IF, x400) ; d, e.
E-Cad(£:{0) & 1, DAPI( ¥ (%) (IF, x400) ; £.Bcl-2(A# {5 ) 2 11 (THC, x400) ; g. VEGF (£ {5 ) 2 11 (THC , x400)

3 RAARFEAASAKFERAXEAEMEE

Fig. 3 Immunohistochemical map of uterine appearance, decidual morphology, decidual microstructure and related proteins of rats in

each group

R7T BEAKRRBEALIL-2.IL-4.1L-6.IL-18 I FE A RIEX (¥+s,n=6)

Table 7 Protein expression of IL-2, IL-4, IL-6 and IL-18 in decidua of rats in each group (x+s,n=6) ng-L"
21 51 /g kg IL-2 IL-4 IL-6 IL-18
2 HU 49.44+12.91% 7.07+3.29" 113.48+42.28% 28.55+8.20
(R 0.037 5 122.3+10.32% 2.25+0.66" 178.67+32.70" 42.32+21.81
PR 3.21 63.78+26.15 5.22+1.78" 122.70+23.01% 28.37+7.29
26T R 3.09 93.12+32.20" % 4.15+1.77% 136.94428.09" 35.64+27.31

TR SRR TS B AR G ik e A X AR —
SE i O BRSNSy ) 50 56 i 07 18 S 10 1% R 4
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{1 f5fe = JE 35 11 A ; @ ZENG %58 A g 15 45 W 25« 24
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Fig. 4 Differential mechanism of tocolysis and future research trends in reversal of pathological link of decidual SA by Shoutaiwan and

Juyuanjian
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