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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

k) ERSURIR BoL/%

Animals Frequency/time Percentage/%
SDKE 164 65.86
Sprague-Dawley rats
Wistar AE 35 14.06
Wistar rats
ICR/NER, 20 8.03
ICR mice
C57BL/6 /MR 9 3.62
C57BL/6 mice
KM /NER 7 2.81
KM mice
C57BL/6N /NES, 3 1.21
C57BL/6N mice
C57BL/6J /N 8 1.21
C57BL/6J mice
BALB/c /MR 2 0.80
BALB/c mice
EERNE 2 0.80
Knockout mice
ddY /MRS 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

232 BHABUEDYBIRIEE

B2 7H, HAZMEREASURHESSE
WAV e WZIE R B 30 3 # STk T
Gith, S5RERBARIEARERE LA 19F, WA
K10~ 18 HANTE, {HRABIRIL S0 /INRIIAE 6
i, A FSOREE 11 R, RH(E SR | FEEEHERR 5
2214, PFRFOIFIRAHARZIL BB 2 kR
12 A AR R o
24 [AMXERZEY

W 247 FEIFGNSCIRE T Z I A B, BhHISEEE R
FBEMEZG AT B SCRR B 141 7, 51 59.84%;
A 28 f SRS B 2 FEHIEZGH . 2 fi Sk R A 3 Flv s 1
231, HOSHPEZ S B SR O 173 1R . Hp i i
Z I HMEZ T R M B (543R, i EE31.21%) .
M WE (17.34%, HEE30WR) FIEFER S (141K,
8.09%) o BHMEXT FRZTHIE FHSUR K B 4T IR LR S



Feb. 2024, 44(1) LIS SELRES Laboratory Animal and Comparative Medicine 77

F2 BREHERSAMMERISERZSH

Table 2 Distribution of modeling methods for perimenopausal syndrome animal models

IEEREE B GE SHE/IR BL/%
Modeling factors Modelling method Frequency/time Percentage/%
IREESE XM GR R PR A 139 54.30
Ovariectomy —T 2%, 55—k 80% 4 1.56
—UZ 2R, 55—k 50% 2 0.78
—ME =R, 5 — R 20% 1 0.39
BRAEW BREWE 43 16.80
Natural aging method
WIRHF YR EE 4 —ESHIHBERESHE(VCD) il 4.30
Environmental chemicals

HZEY HBIEHEIR 54 4 1.56
Chemical drugs GREEI KBS 2 0.78
BIRENBEZER 1 0.39
=R=17 X ER E IR AR S B REE 1 0.39
Compounding factors TGP SR R B 2 A AT TR 10 3.91
XA P ER 48 B AN EX S BB R 2 0.78
X GRE R AR IS AR IR E 1 0.39
XM GP EAEPRAREX S CO,RIBL 1 0.39
XGPS PR A NIRRT 1 0.39
5 VCDBX BB RA X 2 0.78
RIEES BRAZUIMEHSH TR 13 5.08
Disease-syndrome combination BRENKGEMERERHY 8 313
XU R B A PR AR NN AR A R 25 5 1.95
X GP EL A R ANEX &5 18 1 R TN RY R 5 1.95
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ki ki
Table 3 Distribution of animal age in ovariectomy- Table 4 Distribution of animal age in perimenopausal
induced perimenopausal syndrome animal model syndrome animal model established by natural
k) Fid TR Botb/% - aging method
Animals Age Freq.uency/ Percentage/% e A /R ARA/%
time Animals Months of age Frequency/time Percentage/%
K& 6 Eis 5 4.95 PN 10 ~12 4 8.00
Rat 7B 4 3.96 Rat 1 2 4.00
6~ 8 Ak 3 2.97 1-~12 5 10.00
8[Ei 1 10.89 12 9 18.00
8~ 10/@HK 2 1.98 1 5 -
e oz : ;
12~14 3 6.00
12 @ 9 8.92
2B 5 4.95 1 2 400
2-388 9 108 13~15 2 4.00
35 2 2178 11 ~15 2 4.00
3-48%8 ) 198 12~13 2 4.00
AFE 5 495 13~16 2 4.00
6 B 4 3.96 16 2 4.00
MR 7 A 2 9.53 IR 1 4 36.36
Mouse S 7 33.33 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

PR ST BB 254 TR Bo/%
Positive control drugs Freq.uency/ Percentage/%
time
X BRI — B2 Estradiol valerate tablets 54 31.21
382 Estrogen 30 17.92
BEF % H Gengnianan tablet 14 8.09
E2h e Tibolone 12 6.93
5= Conjugated equine estrogen 7 4.05
CIEIEE Diethylstilbestrol 6 347
H=FEH, Kunbao pill 6 3.47
¥ 5 Teaching materials 5 2.88
A= S & Soybean isoflavones 5 2.88
AR Yougui Pill 4 2.31
Je/RIfES Nilestriol 3 173
HZERE Kuntai Capsule 3 1.73
F13Z 8 Remifemin 3 1.73
A FRER I — ES Estradiol benzoate 2 1.16
17a -2 R IE — B2 17a-Ethinyl oestradiol 2 1.16
FRIAKREER Genistein 2 1.16
NERHBEE AL Liuwei Dihuang Pills 2 116
75 ¥ Diazepam 2 1.16
0 OMRR Jingxin oral liquid 1 0.58
4T = EI2E) Red clover dry extracts 1 0.58
T8 &2 Raloxifen 1 0.58
HE s DBR& Milkvetch root oral liquids 1 0.58
% B 7=FB% Zishen yangyin decoction 1 0.58
MEE%ZE Commercially available honey 1 0.58
YSEAIRATEL Chaihu Shugan Powder 1 0.58
A 3R Zougui Pill 1 0.58
BEFRUREE Gengnianxin capsule 1 0.58
HEE KK Gengnianle tablet 1 0.58
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Table 6 Distribution of high frequency detection indexes
in perimenopausal syndrome animal models
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High frequency detection indexes Frequency/time Percentage/%

MiEE ISR 190 19.09
Serum biochemical indicators

PRIER SRR 140 14.07
Shed cell of vaginal smears

SRS FMER 92 9.24
Morphology observation of organs

—MRIBERAE SUKE SN GEENE) 84 8.44

General condition (weight, water

intake, appearance, activity, etc.)
TREMER 68 6.83
Behavioral observation
fERE R LA 1E 56 5.62
Immunohistochemistry
P 82 40 4R B B R ED 18 54 5.42
Western blotting
LAY RE & PCRAGIAE X mRNA RIA 54 542
Real-time quantitative PCR of

mRNA expression
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Table 7 Distribution of evaluation indexes for
successful establishment of perimenopausal

syndrome animal models in Western medicine

AR ISt SMEOR BR/%
Western medicine evaluation indexes Freq.uency/ Percentage
time /%
FRIE RS 4R IR A 125 85.04
Shed cell of vaginal smears
FRIE R E4RRE IR A + ST —F2 5 340
Shed cell of vaginal smears and estradiol
miBE =2 ® 340
Serum estradiol
TRF—RIBR 1 0.68
Behavioral and general condition
FRIERE MR A+ 1T A 5 3.40

Shed cell of vaginal smears and

behavioral obeservations
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Shed cell of vaginal smears and

general condition
FRIE R HIE 1 0.68
Vaginal electrical resistance method
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Shed cell of vaginal smears and anal
temperature
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Table 8 Comparison of disease characteristics and detection indexes between perimenopausal syndrome patients and

model animals
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