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[ABSTRACT] Objective To summarize and evaluate the characteristics of current recurrent spontaneous
abortion (RSA) animal models at home and abroad, and to provide reference and guidance for the
standardized preparation of RSA models. Methods "Recurrent spontaneous abortion" and "animal model"
were used as co-keywords in CNKI, Wanfang, VIP, PubMed and Web of Science databases to search the
RSA animal experimental literature, covering the period up to January 20, 2024, and a total of 1411 articles
were collected. The analysis focused on construction methods and essential elements of RSA animal
models, the modeling process and result evaluation, as well as the application of these models in
pharmacological and pharmacodynamic research. An Excel table was established for systematic analysis
and discussion. Results A total of 138 experimental studies were obtained after screening. In constructing
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RSA animal models, immunological models were the most widely used in Western medicine (96.92%), with
the Clark model being the main one (92.31%). In traditional Chinese medicine (TCM) models, 70.00% were
kidney deficiency-luteal inhibition-syndrome combination models, 20.00% were kidney deficiency and blood
stasis models, and 10.00% were deficiency-heat syndrome models. Most animals were selected at 6-8
weeks (33.86%) and 8 weeks (32.28%) of age. The majority of animals were paired for mating at 18:00 on the
day of cage pairing. In 81.03% of literatures, vaginal plugs were checked once the following morning, with
8:00 being the most common time (17.02%). The most commonly used drug administration cycle was 14
days of continuous gavage after pregnancy. Among the tested drugs, Western drugs were mainly protein-
based (29.17%), while TCM drugs were mainly TCM decoction (81.11%). The most frequently used methods
for detecting indicators included visual observation of embryos (22.54%), western blot (15.96%), PCR
(13.58%), ELISA (12.91%), HE staining (10.80%) and immunohistochemistry (9.39%). Conclusion The etiology
of RSA is complex, and corresponding animal models should be established based on different etiologies.
Clark model is commonly used in the construction of Western medicine model, while the kidney deficiency-
luteal inhibition-syndrome combination model is predominant in TCM. RSA animal model is widely used in
related research, but systematic evaluation needs to be strengthened.
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Figure 1 Literature retrieval and screening process
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Table 1 Establishment methods of animal models for recurrent spontaneous abortion

MERSRE (B3t %)

RES R S EHmE BRI E
Model classifications animal strains Frequency Modeling methods
(Percentage /%)
FAERE CBA/J /MR (2) xDBA/2 /R (8) 120 (92.31) TR FIN, AT IRBD AR
Western medicine model BALB/c /NG (?) xBALB/c /NG () 4 (3.08) FEkiERE TS B2-GPT
Swiss BE/NER (@) xSwiss B/ (8) 2 (1.54) PSR S LPS
SD KE(?)xSDARK(8) 1(0.77) ETREFRRES
C57BL/6 VA, (?) xC57BL/6 N (6) 1(0.77) RSB LPS
CBA/J/INER(2) xCBA/J/NER (8) 1(0.77) EFRkiEET JL
SD KE (?)xSDARK(8) 1(0.77) K TiE5taCl-IgG
rhERIE S St SD K (?)*xSDKE(8) 7 (70.00) 2R ES < KIFREES (5 R-BEnH)
TCM disease and syndrome CBA/J/INER (?) xBALB/c /MR (8) 2 (20.00) RERES+E LRER TS (S REMR)
combination model CBA/J/NER.(9) xDBA/2 NER (8) 1(10.00) M7 F= BERRES (ER)

T B2-GPIAB2IEEAT; LPSHEESHE; JL-1 8 ClgBTREHA; aCl-IgG R OBEASHIE IgG.
Note : B2-GP1, beta2-glycoprotein 1; LPS, lipopolysaccharide; JL-1, C1g monoclonal antibody; aCL-IgG, anticardiolipin antibody IgG.



396 LIS R SELE E S Laboratory Animal and Comparative Medicine

Aug. 2024, 44(4)

X2 ERMRFHYERRERTEMYNERS R
Table 2 Age distribution of experimental animals used in

recurrent spontaneous abortion models

NERRE R (NR/KRR) BRtl/%(NE/KR)

Fie
Age Frequency/times Percentage /%
(mouse/rat) (mouse/rat)

6 ~ 8@ 43 (40/3) 33.86 (31.50/2.26)
6 ~ 8 weeks old
8 @i 41 (40/1) 32.28 (31.50/0.79)
8 weeks old
8~ 10 @ 28 (27/1) 22.05 (21.26/0.79)
8 ~ 10 weeks old
>10 @i 8(71) 6.30 (5.51/0.79)
>10 weeks old
10~ 12 @& 3(2/1) 2.26 (1.57/0.79)
10 ~ 12 weeks old
8 ~ 12 @& 3(3/0) 2.26 (2.26/0)
8 ~ 12 weeks old
9~ 1A% 1(1/0) 0.79 (0.79/0)

9 ~ 11 weeks old

#3 ERMRFHMERERIETE

2.2 RSAGMEERNEEIERERITE
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BRI AR TESEERHER (27.66%), REE
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14100 (45.45%) (F3),

Table 3 Evaluation of the modeling process of recurrent spontaneous abortion animal models

EBEREEIFERE
Molding process assessment item

NI/

Time or frequency

ERSE (N RER)

Frequency (mouse/rat)

DE/% (NER/RER)

Percentage /% (mouse/rat)

B XA hT e
Cage mating

R fgH18:00
R FgH 20:00
R B H 17:00
REHE L
EVACEE1=AN
Frequency vaginal plug examination BEEBH2R
FRietERY 8] RBBE
Vaginal plug examination time 7=
RH 800
RERE
IERBRHTR
X H 5:00-6:00
R H 6:00
R H 6:00-7:00
RHE7:00
RH 830
X H10:00
"R H 9:00-11:00
RERE
/=

B ESUR

JR H 8:00#%014:00
X H 8:00%0115:00

X H B8 7:00
RE B 8% 8:00
R H 28 9:00
SN
IEREBH2R

6 (6/0) 60.00 (60.00/0)
2 (2/0) 20.00 (20.00/0)
1(1/0) 10.00 (10.00/0)
1(1/0) 20.00 (20.00/0)
47 (42/5) 81.03 (72.41/8.62)
11(8/3) 18.97 (13.79/5.17)
13 (11/2) 27.66 (23.40/4.26)
8 (8/0) 17.02 (17.02/0)
8 (8/0) 17.02 (17.02/0)
7 (5/2) 14.89 (10.64/4.26)
2 (2/0) 4.26 (4.26/0)
1(1/0) 2.13 (2.13/0)
1(1/0) 2.13 (2.13/0)
1(1/0) 2.13 (2.13/0)
1(1/0) 2.13 (2.13/0)
1(1/0) 213 (2.13/0)
1(1/0) 2.13 (2.13/0)
1(1/0) 2.13 (2.13/0)
1(1/0) 2.13 (2.13/0)
1(0/1) 2.13 (2.13/0)
5(1/0) 45.45 (45.45/0)
1(1/0) 9.09 (9.09/0)
1(1/0) 9.09 (9.09/0)
1(1/0) 9.09 (9.09/0)
1(1/0) 9.09 (9.09/0)
1(1/0) 9.09 (9.09/0)
1(1/0) 9.09 (9.09/0)
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Table 4 Phenotypic evaluation indicators and detection methods of recurrent spontaneous abortion animal models

SME(EDEL/%)

FS W7 E (5EiR)
No. Type of detection method (detection index) Frequency
(Percentage/%)
1 WRRRRIRMIER (BERRIRMIR (%% ) 96 (22.54)
2 EHEEE(TGF-B1.PI3K.PKBZ) 68 (15.96)
3 PCR(HK2.PKM2.LDHA mRNA %) 59 (13.85)
4 ELISA(IFN-y.IL-10.IL-1B.TNF-a &) 55 (12.91)
5 HERE&(SRAmILFHEBESE) 46 (10.80)
6 EEALNZE(TGF-1.PI3K.PKB) 40 (9.39)
7 HRIMEIEAR(CD4T .CD25" Treg MBI #IE) 31(7.28)
8 BB H (INOS.IL-6. TNF-a  Arg-155) 11(2.58)
9 PEEIEH(IEME.NER. FEZ) 3(0.70)
10 WEKFEEREELIG (miR-187FIVEGF A X FEFE ) BN (REERRA ) £ENER(BEFFH, BIFHEGKE 2(0.47)
) BsER (LA T (STATI.STAT3.STAT6)
N HEEREEERN(NO) ; TUNEL SRYeHa i (S AR R AAE AT ) ; W Bk (AR E A RA ) ; A B S &% (HK. 1(0.23)

PK.LDHEEEMAEI ) ; Label-free RARAF (RRELR ) REZ-BHEDHT(TTP) ; BB ENE ; M4+

(PLT); & Mia & (APTT.PT.FIB)

T TGF-BI AW ERRE F-B1; PISK N BEER N ES 3- 5188 ; PKB 9 SR #IEE B; IFN-y 0 y FHLE  TNF-o IR IEE F-o; INOS BB S B —AHK
AGE; ILARMBNE; Arg-1 BIEREREE1; miR-187 AR RNA-187; VEGF A B AR ERKEF; STAT AESESHNERHERF;NOA—EHK
K HK N CHERES  PK O ERERAES ; LDH N FLERIR B8 TTP J93¥15 8 H 36; PLT R MM/ ; APTT J9iE (L #B 5> 5k M iE BB AT [8) ; PT 79 % [ &g J= A

i8; FIB MK AFLEERR

Note: TGF-B1, transforming growth factor-B1; PI3K, phosphatidylinositide 3-kinase; PKB, protein kinase B; IFN-v, interferon-v; TNF-a, tumor

necrosis factor-o; INOS, inducible nitric oxide synthase; IL, interleukin; Arg-1, arginase-1; miR-187, microRNA-187; VEGF, vascular endothelial

growth factor; STAT, signal transducer and activator of transcription; NO, nitric oxide; HK, hexokinase; PK, pyruvate kinase; LDH, lactate

dehydrogenase, TTP, tristetraprolin; PLT, platelet; APTT, activated partial thromboplastin time; PT, prothrombin time; FIB, fibrinogen.
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Table 5 Types of drugs tested in recurrent spontaneous abortion animal models

EJERAEUES

Tested drugs

SR (NR/KRER)
Frequency (mouse/rat)

BO/%UNR/KRR)

Percentage /% (mouse/rat)

it 525 Western drugs tested
BH(ABRANGE)
EE (Treg. B FERTHIBE)
A (Z WA B &t TEH)
e miRNA (miR-24.146.203)
EF(IL-7.CXCL12/CCL2/RANTES)
KT (Z | ERL)
FAZ & (SRI009)

=i, 525 Chinese medicine tested
REHH (ERRL. = LEAHE)
FHUEY(ESE A IAZE)
REKRIR (K<) (BE  BHAE)
FRE(ZRORR)

7 (7/0) 29.17 (29.17/0)
6 (6/0) 25.00 (25.00/0)
4(2/2) 16.67 (8.33/8.33)
3 (3/0) 12.50 (12.50/0)
2 (2/0) 8.33 (8.33/0)
1(1/0) 417 (4.7/0)
1(1/0) 417 (4.17/0)
73 (67/6) 81.11 (74.44/6.67)
12 (10/2) 13.33 (11.11/2.22)
4 (4/0) 4.44 (4.44/0)
(

1(1/0) 1.11 (1.11/0)

i Treg HIATUTH,; VIGHARBRKER,; IL-70BMBENE-7; CXCLI2 BB EF CXCEIA12; CCL2 HBWEFHEIA2; RANTES
RNEHAAENHETF CCLS; SRI009 AFEH#EERH; miRNA BRI RNA; miR-24/146/203 J9# RNA-24/146/203,

Note: Treg, regulatory T cells; IVIG, Intravenous immunoglobulin; IL-7, Interleukin-7; CXCL12, C-X-C motif chemokine ligand 12; CCL2, C-C
motif chemokine ligand 2; RANTES, Recombinant human C-C Motif Chemokine 5; SR9009, Stenabolic; miRNA, MicroRNAs; miR-24, 146, 203,

microRNA-24, 146, 203.
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3 iFig
31 RSABREGRSHA
311 AEER

Clark f571 : /NERASAL DA Clark £ S5 [0 SRy
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Table 6 Mode of administration of tested drugs in pharmacological and pharmacodynamic studies using recurrent

spontaneous abortion animal models

BHH LRZ5ATIE) A (/NER/KER) Bo/%(/NR/KER)
Mode of administration Time of administration Frequency (mouse/rat) Percentage /% (mouse/rat)
E)R4575 Single-dose FiRESE 4K 2 (2/0) 28.57 (28.57/0)
ERES 1R 1(1/0) 14.29 (14.29/0)
BERISE 2R 1(1/0) 14.29 (14.29/0)
EIRFE 45K 1(1/0) 14.29 (14.29/0)
FIRIESE 75K 1(1/0) 14.29 (14.29/0)
FiRES 155K 1(1/0) 14.29 (14.29/0)
SRS EZIJEEJ:-_‘EEQM d 43 (41/2) 42.57 (40.59/1.98)
Continuous multiple dose MHRRER15d 12 (1) 11.88 (10.89/0.99)

BRI ERIREISEASAT 11 (11/0) 10.89 (10.89/0)

FRfEIESE12 d 7 (7/0) 6.93 (6.93/0)

EREIEE9 d 4 (4/0) 3.96 (3.96/0)

EIREES16d 4 (4/0) 3.96 (3.96/0)

BEASH 4 (4/0) 3.96 (3.96/0)

FiRiEEE8d 3(3/0) 2.97 (2.97/0)

YEiRfEEE7 d 2 (2/0) 1.98 (1.98/0)

YEIRFEIEEES d 2 (2/0) 1.98 (1.98/0)

EREESE10d 1(1/0) 0.99 (0.99/0)

HIRIEESE11d 1(0/1) 0.99 (0.99/0)

FIRIEE4~6K 1(1/0) 0.99 (0.99/0)

FREE4~8K 1(1/0) 0.99 (0.99/0)

FiRESE4~9K 1(1/0) 0.99 (0.99/0)

FIRESES~ 14K 1(1/0) 0.99 (0.99/0)

FIRIEEET7 ~ 15K 1(0/1) 0.99 (0.99/0)

RECAIRIEIREE6 ~ 9K 1(1/0) 0.99 (0.99/0)

FiRESE2~ 68 1(1/0) 0.99 (0.99/0)
BiRa% BEBIIEIRIESEH, biw, £ 4F 1(1/0) 16.67 (16.67/0)
Intermittent administration ViR EREFREKIEST, q2d, 230K 1(1/0) 16.67 (16.67/0)
YIRS ORIERR S , q3d, H 5% 1(1/0) 16.67 (16.67/0)
YRR 8 KN 12 KRBk 5T 1(1/0) 16.67 (16.67/0)
IFIRSE 4.5.6.5.8.5 KiERF &Y 1(1/0) 16.67 (16.67/0)
B EEREKIEET 10X, q3d, 5 R 1(1/0) 16.67 (16.67/0)

i biw, 8F2)R; q2d, 82d1)R; g3d, B3d1R.

Note: biw, twice a week; g2d, once every 2 days; q3d, once every 3 days.

By, RRPER TR il R M B G A RIS B 5%
v, RN BESKES. RfER
KREFIRRAEFR SRR AEERTIER, md B
REIEESBRILEKR 2, JL-1 2EIRSHEHE S
itk —, AISEZAAGE " ZEALEH T JL-1
o BEE R ) RSA B ST

TEGRME SR DI REAR NI =R JRBS = Rl HI]
EARSTWMEFLE (prolactin, PRL), B PRL KR
i, ZWMEZMAZMN, AW SR
TIERGE AL, BT RE RS A i 2 R RUR

FEERIL100%, AT REFLERLFEIER " BT
TESHR = Al s L A R N R KRR, B
i SECEIRER . B IE A i R A FL R TUE K
TR BIBER T 5 R AL RSA 1Y,
RIEBEE AR e R 1AL AR A2 2241
5, HERMEE LPS AIE ik SE R 720 TNF-a 73 W
ERENE, BEAFTIEEERIRE ., REEE
R fe st RS TS LPS Al S SOE R 5, LPS /2
B PR AR R E ARG s, FFEHRRER
Gih AR — 1 FEREYR LR LPS /]
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SIE/NEREIR R . FERRFIE ZHER = EAR G
Shel, SRR U R S LPS AU
WAERREAL, R SEA. TR E R
FEREERGRER, XEHTLPSEIGEHRNMTFE
JEi B Th ZY A0 AR 7R S 3RIA 5 e Y . %A F
BUEFEE RS, FENRR . B REEER. B
WU NS A MR N R ACE . N S B HG
GuREk s [RL ) B AR 1Y

312 HERIELEEEE

B K2/ R - B AR R S & s . R AR
I HIET RNR SR FE M DNA & Bk, (EHLAGEEAS T~
B, rrAEEEMREENEBE ", SR HIE
RAGMG . FEMZEEE. EIIBEEER, XFaHES
PHEEREAL 20, B G R A, RARMmiA 2 5.
BT Sk, FAEET &k CMENFESTEY
FErREMIS, RSAH WA B B AR IE o
KAEFE —FENEY), AlEd A s & 5
R, PHWTZEEER, S8 A4 H B AR T AR
5% Y, SR AR R R, SKAERIEA A S [ A ARRTE
HAFMFEFHRERRL, WHRRAE, BAFE
s 2, BELRE A ok B E B AT AR I PR 1 - A
IHIRIESS A 23 245080l B A 832 AT B
Bl skERSE P M T RSB A ok E S R S
B Kt — ER AR = B

B R MR A B L A R A T S s
A, BB AR BRI R S AR R AR
FRRMNA, MpERLE, KRIMETRE, KM,
S ERRER AT S IMRER S, RS EUE RS YME
BEAHE 0 20, HERTE S rIA R S AR, BhiH
HEERSHE. SEHRsIIE. MRIETEIESER,
AT . FEVER KA RS BE, E5ESMm
FEUE, 18 F T 1B R IR RSA A%

JERGETR B A AR IR e A
h, BB EEHSE, MR TEARE. M. FZE.
PRI ERR, VEE G EAGER . SRS 7 45 Clark
RSA BRBLZN N ERR BT 7. T2, Wik, @B HRAL
RSA BIPIIEAL, FR4h T REFIE RSA IR AR 2
3.2 RSAmRIIEBIEX AR S
3.21 shiMEELLBl . B

MRERT RN, BHELARKZ 21 (4
88.29%), N 11.71% MR RE T HAR LA . 24 A
Fefi2 o 1A, BERASES R Y, 4EREX

—FEBIAMX BESG = H A AR, IR RE T 20N R] - %
MRSLIR A o /INERTE AR 6 ~ 8 A R I AT i M ek,
ORI T AR R . S, INRIERER
Zised, WEMTHEE SRR RSA A 2,
SO RERAERKELEHR, %, 6 FRNZ TR,
278~ 12 AT Y, FIk, 6~ 12 EKRK
AR, FutdR SRR SER,
322 [ArteE

Wt SR 3R i 5 P B R A, B AR — E B TRD A B B
% BV, AR R BRI AIE R, DR S
e R . RIS RIER, 81.03% M FRIEHRIES
ElEBHRE R, MEZNKHER (27.66%), B
RIERE 8 1 00 (17.02%) ; 18.97% HITF5RIESTE
EERHRERKR, RENRHES: 007 14: 00
(45.45%) » MIBEHEMELR, BT RIERITHRE,
WEME R AR B % R AEAER H) . 8RR HIE R M A R te
—IR BRI R 8 Ko
323 K[ EM

LRI E 2, TEEIRSG 14 d NIESE
HEBRY), nIRESCO R A A E . R
2R, 2RI RIGRIGT RSA ek B2, shipse
TS it e AR B RS HART B e B
ST T SR B G TR B IR G 45 24577 2K
T 2B a0 T U7 P, RSB 4~ 9 R
(WAL HIHNEO0R) F/INRZAEINE R L 7 5
By Bl e RANEIEIRE, 259 KA RSA N
HIE, 58 14 INE N IEH EIR/NRIRHG & & AT RSA
INRFEFEE e AR AR, EATRIAER NS
YRAE RHA K A L TS YIE B 42, el B E
FSRIGAS R 2735730
324 Zidzgmhze

fEFE 2 IRAMEP LR Z MR P& A2,
N64.04%, DIEMMA. BILEAR. #MEEMLT. b
B e EE AN T NS TN, Rl
EBYMERZEMIIE ., HEE10.53%, B RN
TR IR 3 HORK — M b &Y, HE R
EWZIRER. AARKE. &, MR, FEHRET
R FIK, FAERRZE. (FHELE - B4 IHE
w) i “HAHBAREES ARG XL, HEEHARKD
PRI, BEASTERG” BT, RE SIS R,
ZiimAl. PRI HREG K RTRAT RS (5 RSA 3
WSE6 Hh A2 iR 2 I B 78.95% . FEZGTEIRTT RSA JF
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T EVA IR L 5 T AR 7 38
325 tail5iESER

YT EREELRFATHESREZ — 5
KUY, Z A AL AT ARG s/ B TG R = A i ) 584 B
BN FE RS DY 1A, BIRKRHTIER, B
HNE DS R LG A - B N RN BB B
NS SRR P (HARMFRERE R, IEESHEE
R A E AR 3 IR (0.70%) , XA 2 RSk
TR BRUFRESRER RIS (047%),
BVt By I C s e G EE 2V WAl EP S =1
IR o

WRBAWHCR = 2R Rl Fi b e B ELU A Ay
RSA BRI THUS ORCR, MARN 2. HRieis
br 2 H FE1E PI3K. PKB. TGF-B1. HK2. PKM2.
LDHA. IFN-vy. IL-10. IL-1B. TNF-a % & H 5
mRNA HI#A o HE Qg i i A R B2 fe gy
AR, ZHTEHIR SR A SRR . FX4ni
AR T RSA s v Sh e A ) 345
3.3 HBEIRSAZIEERNERE

B Clark BI04, HoR RSA BRI RAIES, H
KBS RS E— IR, X5 RSA ARE>21K
H AT~ U R AR BAA IR AT RSA
REMER TR RA 3, IR EIRE B SRS ALZ
B AR 2 B B R R TR O R M R R IUFE AR A
BTG, Ao B RSEEERE AN
MG LSRR, RETHY-ERE FRAERK
SFILHIRER . RSA SAL(E A SEga sh I MR 280
MRV, ERAEIE MRS, IS A
KEABGLRAEAR KIS, RSA B A A5 L |
fEEl. Noiss G RRINRERE . SIRIEFRR,
AR BRI RS REL, SRR A -
GRbupetE. i, R, mietEREERERIT, M
Toh RARHI R 2R A RSA SRS M RS &
HYRSA TR /D , ANREZE T PRI B PR s 9
EEME, K EFEREATE SBH RSA B,
B H Al 1 AR ZR B AL 75 B RSA SRR . 7R3
HAITHAR E EOIESE . ANE AT AT 1B R TR B
M ENREINEATEE, FHIER BT ENIRE
s B I, RSA SRR it — 2
TEHo
3.4 FHARBRHE

ARG T ORI 2R I, H S, S 3 A 5
ﬁ?f “Eﬁ‘ﬁiﬁf‘z” “recurrent spontaneous abortion” %

JRENE B RGBSR, ARSI SRR ST
FEARRFRRINATBE T, BRS84S RAFAE — RERYIE
Pkt . Blan, A 50CER T ICR/NK. EH
B S i R A PR AR 52 R ST R SR 7
vebrits, EEAESHD B AT /N U R BE 15N
ARG & TR AR Rt — 204 Kk e R, B
HASEE AT AR
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