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[ABSTRACT] Objective To comprehensively analyze the reported preparation methods for animal models
of perimenopausal syndrome (PS), to compare the advantages and disadvantages of various preparation
elements and detection indexes, so as to provide useful references for the optimization of the relevant
animal models as well as the standardization of their application in the efficacy evaluation of new drugs.
Methods In this paper, literature research methods were applied using "perimenopausal syndrome" as the
subject term. The publication period of the literature was limited to January 2016 to February 2023.
Relevant literature on the preparation of PS animal models was retrieved from databases such as China
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National Knowledge Infrastructure, Wanfang database, and PubMed. After screening the experimental
literature that met the inclusion and exclusion criteria, detailed information on experimental animal strains,
modeling methods, duration of drug administration, positive drugs, detection indexes and other relevant
information were collected. After the above information was standardized, the PS animal model database
was established using Excel 2010 software. The model preparation elements and evaluation indexes were
summarized systematically, and the statistical results were processed and analyzed using Excel 2010
software. Results A total of 247 articles were screened. SD rats (164 times, 65.86%) and Wistar rats (35
times, 14.06%) were often used to prepare PS animal models. Bilateral ovariectomy (139 times, 53.87%) and
natural aging (43 times, 16.80%) were chosen as modeling methods. The ages of rats used for modeling
ranged from 7 weeks to 18 months, with 3-month-old rats (22 times, 21.78%) being the most common. The
detection indexes were comprehensively evaluated from multiple perspectives, including serum
biochemistry, vaginal exfoliated cell smear, histomorphology, general observation, behavioral observation,
and organ tissue protein immunoblotting. Western medical evaluation indexes were commonly used to test
the successful preparation of models, with vaginal exfoliated cell smears being the most frequently used
method (125 times, 85.04%). A model was considered successfully prepared when estrous cycle disorder or
irregularity was observed. Some literature also determined modeling success by detecting a significant
decrease in serum estradiol levels (5 times, 3.04%). Traditional Chinese medicine (TCM) syndrome
evaluation often used a combination of Chinese and Western medical evaluation indexes for
comprehensive evaluation, with researchers determining the TCM syndrome through vaginal exfoliated cell
smears supplemented by general observation (3 times, 2.04%). Conclusion There are many methods for
preparing PS animal models, but there are still significant differences in the selection of animal species,
age, criteria for successful modeling, and TCM syndrome evaluation in the related literature.
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Table 1 Distribution of animal usage of PS models

4 fERSURIR Bot/%

Animals Frequency/time Percentage/%
SDXR 164 65.86
Sprague-Dawley rats
Wistar K E& 35 14.06
Wistar rats
ICR/NER 20 8.03
ICR mice
C57BL/6 NER 9 3.62
C57BL/6 mice
KM /N, 7 2.81
KM mice
C57BL/6N /N, 3 1.21
C57BL/6N mice
C57BL/6J /N 3 1.21
C57BL/6J mice
BALB/c /MR 2 0.80
BALB/c mice
HEAEBRNR 2 0.80
Knockout mice
ddY NER 1 0.40
ddY mice
Fischer-344-CDF X, 1 0.40
Fischer-344-CDF rats
BRE 1 0.40
Rattus norvegicus
AR 1 0.40
Marmosets
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Table 2 Distribution of modeling methods for perimenopausal syndrome animal models
EREE = B GE SMEL/IR Bot/%
Modeling factors Modelling method Frequency/time Percentage/%
GREE LS XAV GR E PR A 139 54.30
Ovariectomy —MZT =R, 55— 80% 4 1.56
—fUsE &Rk, 53— MR 50% 2 0.78
—e2 @i, 5 —MER 20% 1 0.39
BREN BRENIE 43 16.80
Natural aging method
MBI F R EE 44— U SHBERSE(VCD) n 4.30
Environmental chemicals
Rtk HBIEHEIPZ54) 4 1.56
Chemical drugs IREE TR BE 2 0.78
ERENBEZER 1 0.39
EAE% QM GP EFE R AREX S 1B 1L R X 1 0.39
Compounding factors RGP SR A R, A BT FRATAL 10 3.91
XA GR ER 475 B AR BX 5 BB R 2 0.78
WGP EF A NS IR E 1 0.39
XAUGP E PR AREX S CO, R 1 0.39
XA GP & 75 bR AR NIRRT 1 0.39
5 VCD XS B RE X 2 0.78
RIEES BRAZUINES SH TR 13 5.08
Disease-syndrome combination BARENBKEEIERERM 8 313
XMGP EFE R AN AR P 25 5 1.95
XA GP & 47 R AN EX & 18 17 BT FRNRY 384 1.95
F3 NEBARZEUEESNESTNMER N ER x4 BHABUEEUELEPESTNMERPY AR

b ki

b ki

Table 3 Distribution of animal age in ovariectomy-
induced perimenopausal syndrome animal model

N4 Fid AR Bot/%
. Frequency/
Animals Age . Percentage/%
time
RE 6 B 5 4.95
Rat 7 Ak 4 3.96
6 ~ 8 A 3 2.97
8[EEE " 10.89
8 ~ 10 @i’ 2 1.98
10 @i 6 5.94
11 % 2 1.98
12 B 9 8.92
2% 5 4.95
2~38# 2 1.98
3P 22 21.78
3~-488 2 1.98
4B S 4.95
6 B 4 3.96
N 7 B 2 9.53
Mouse 8AWE 7 3333

Table 4 Distribution of animal age in perimenopausal
syndrome animal model established by natural

aging method
k) B SMER Bo/%

Animals Months of age Frequency/time Percentage/%

N 10~12 4 8.00

Rat 11 2 4.00

11~12 5 10.00

12 9 18.00

11~14 3 6.00

13 6 12.00

12~14 3 6.00

14 2 4.00

18=15 2 4.00

=18 2 4.00

2=13 2 4.00

13~16 2 4.00

16 2 4.00

INER 1 4 36.36

Mouse 12 4 36.36
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Table 5 Frequency distribution of positive control drugs
used in the establishment of perimenopausal
syndrome animal model

PH XS BR 254 TR Bot/%
Positive control drugs Freq.uency/ Percentage/%
time
TR BRI — B2 Estradiol valerate tablets 54 31.21
IIfE 382 Estrogen 30 17.92
BEEL H Gengnianan tablet 14 8.09
E2h M Tibolone 12 6.93
EG MR Conjugated equine estrogen 7 4.05
C )& IfER Diethylstilbestrol 6 3.47
=R, Kunbao pill 6 3.47
¥ 75 Teaching materials 5 2.88
A= B %EHE Soybean isoflavones 5 2.88
#1351 Yougui Pill 4 2.31
JE/RIEES Nilestriol 3 173
HZE R EE Kuntai Capsule 3 173
#1387 Remifemin 3 173
N ERIE B2 Estradiol benzoate 2 116
17 -2 W — B2 17a-Ethinyl oestradiol 2 116
FRIAREEN Genistein 2 116
NBRitEE R, Liuwei Dihuang Pills 2 116
#7¥ Diazepam 2 1.16
# /0O ORI Jingxin oral liquid 1 0.58
T =M EIREWM Red clover dry extracts 1 0.58
&% E 75 Raloxifen 1 0.58
TS OIRR Milkvetch root oral liquids 1 0.58
#%'5718i% Zishen yangyin decoction 1 0.58
mE&1£%Z Commercially available honey 1 0.58
LA ATAL Chaihu Shugan Powder 1 0.58
ZEAFL Zougui Pill 1 0.58
BEFRKE Gengnianxin capsule 1 0.58
B KA Gengnianle tablet 1 0.58

2.5 Gl

K 247 LR PS WAL B AR #7258 — ML
Bk, AEEIE—HEUGM T EAE, WaHHE
A [F] — BT IERM AN [ EAR , AR 775 A i s A
R E (luteinizing hormone, LH). {EUFi 4 ol &=
(follicle stimulating hormone, FSH) . 5-# % (5-
hydroxytryptamine, 5-HT) & &, W[FgRH—2 B,
S FETR AT IHNEE PSS, e BUR =5 KRS bR
W6, HomigEErrN AR (190K, &
F19.09%) , HZHEREMERARE (140K,
fiH14.07%)
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Table 6 Distribution of high frequency detection indexes
in perimenopausal syndrome animal models
=R B TR SMER Bott/%

High frequency detection indexes Frequency/time Percentage/%
MiBEHIER 190 19.09
Serum biochemical indicators
FRIE R 4R IR 140 14.07
Shed cell of vaginal smears
IR 2SS F MR 92 9.24
Morphology observation of organs
—RIER(AE UK SN GENE) 84 8.44
General condition (weight, water

intake, appearance, activity, etc.)
TRENR 68 6.83
Behavioral observation
fE=g R AN 56 5.62
Immunohistochemistry
fE 2540 41 B 1 R ENI: 54 5.42
Western blotting
SCRYE 2 PCRAGMAEX mRNA RI& 54 5.42
Real-time quantitative PCR of

mRNA expression

FEE R E 51 512
Organ wet weight
fESSIE 8 (R E) 50 5.02
Visceral index (factor)
PEESBR IR EN 42 4.22
Biochemicals of organ tissue

homogenates
EEEKMALITIRE 21 2.11
Tail skin and rectal temperature
CTREBRSITEFSH 12 1.20
Bone histomorphometric

parameters by CT scan
TUNEL &40 B 25 4R A T
TUNEL staining of organ cell

" 1.10

apoptosis
REIGEGNBXEBDH 9 0.90
Immunofluorescence assay for

protein distribution
KBt ZimiEiRR i 7 0.70
Pentobarbital sodium sleep test
RBES 6 0.60
Metabolomics
B E ¥ 5 0.50
Intestinal flora
X&NBEE 5 0.50
Bone density measured by X-Ray
R FATE G MK mRNA RiA 5 0.50
In situ hybridization of MRNA

expression
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TSR A I, AN 147 15 R BRI 4
PRI, A RER 7 SCERS DA SE BH B I v A A Tk Fr
& BB 15 JE 35 EL S B AE DN PS 1& 58 5% U b v
(1251%, HEE85.04%), BIME3.4% (51R) HIEHFRE
R MY B 1% (estradiol, E,) 7K IEH I F#(R
( <20 ng/mL. <100 pg/mL) 1E 93] Wiis 15 A% 2 A bR
HE, Wk,
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Table 7 Distribution of evaluation indexes for
successful

establishment of perimenopausal

syndrome animal models in Western medicine

FETA S MEOR BO/%
Western medicine evaluation indexes Freq'uency/ Percentage
time /%
FRIE RS IR A 125 85.04
Shed cell of vaginal smears
FRIE R 4R AR IR A+ 5 — B 5 3.40
Shed cell of vaginal smears and estradiol
misE_r= 5 3.40
Serum estradiol
TRF—REBER 1 0.68
Behavioral and general condition
FRIEREMIEIR A+ 1T RZF 5 3.40

Shed cell of vaginal smears and

behavioral obeservations
A& R & dH A iR+ — R 1 3 2.04
Shed cell of vaginal smears and

general condition
UEREENIENS 1 0.68
Vaginal electrical resistance method

B RFMALITIRE 1 0.68
Tail skin and anal temperature
FRiE R R iR B+ AL 1 0.68

Shed cell of vaginal smears and anal

temperature

26.2 FEIFMIER
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EFPAR K S IR 72 I B R N REE 7
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Table 8 Comparison of disease characteristics and detection indexes between perimenopausal syndrome patients and

model animals

D PSEE PSRN
Categories PS patients PS animals
& PRZ=TR B 9 LI BENBR SRR KREEMESERTNERFRAE SRR
Clinical FREREZRFHET ERER, WWER SUERTMARBE BMHOERTEZEENE, NHREE BRTHE, &

manifestation SIERT RIS ER
TRIEF N ER 9 B E R B iR B
Pathological S ELEXHR
observations

&l

peboR Rl EES el

S UNREREFEDEEER, BoHEBEE RS
B WEMYZKESRE R E R4 E (luteinizing hormone, LH) {258 2= (follicle stimulating hormone , FSH) A&,
S RNERRAZESZ EINEYE HEBR. MERFEFEiR, NSEE50

YRR BRI Z BB (dopamine, DA) . BB 2=-2 (interleukin-2, 1L-2) K %
1%, (B M IR = R BUE R (gonadotropin-releasing hormone , GnRH) F+ 5

LRRAXERERNBNRHEBEBVRL, CTRELKNBESIT

EHIER
I ZE2 (estradiol , E,) .5-¥2 &% (5-hydroxytryptamine , 5-HT) B 1
Biochemical B AR o G EMBE M MZERKFE,BILH.
indexes FSHF S E, MK, #2425 FSH > 40 U/L,
BE,<10~20 pg/mLIZ/RINEINEER IS
FBRENE B:CTE X &R BN AINB/NREHR, BEE TR
Imaging SAEONEL CTHEXLRE LIS 88
examination BETEMNBNERR ¥

SHRE; BRERERI T LML RFRENIRHE

B T5TE. WA DB E e A5 54 4- — S
LIEFIR B 0% (4-vinyleyclohexene diepoxide, VCD)
TGN AL TRE P, s IR HEIRZG Y (R EEe
HIRervEsk it T PSIERR, (B Bk PIR AT 45255
RGN A EER, WS RS, SR
R

feE s 2 AR A R, KA SCRR AU
A PR TR A R M AT U RN B AR A 18
MERARIRA 7T G s, AN, ZEERTE
MR R it 2 ik, AU RS FRek B AR E R
Bl b, SREUINAS MBS 75 2 PS AR 5 52
2l [ E S S R I b Ok S & VAR P ZR i g 2
FEARASIEY (5200l D b ASE 77 VR SR SE 6 2 7E S
AR AR B — ORI RSB A R, 1
PN EAEMERE, I H A B R E R A R TT
SIREE, BRI &SR P T 5w S E
IRZ RIS, PSHEMUHEIEIR Al BTG 45 AR, 72
s T g 5 E AL HIEERE . WEHINN,
B AR A BRIE X R SR S R EE T 12—
FIMESRUESS & 518, AT Al e SR AR
2B TS Z A AT ROAR A 75 20 8 L ARF & Ry
RERIESS SRR, AR s oh il & A B+ MJRIE
EmERR R EZGTT PS BIERLE] . (BAEARRSCERSE
ORI, R Z BTN Hh R A A A A e 1 S
K& EWIEE, SRZIERITs. SEBEEEIN, fR5k
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