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[ABSTRACT] Non-clinical reproductive toxicity studies typically employ mammals like rats, rabbits, and
cynomolgus monkeys, with animal pregnancy being a key challenge in such testing. This article focuses on
the difficulties encountered in the animal pregnancy process and potential countermeasures. Rats can be
used for fertility and early embryonic development toxicity studies (Segment ), embryo-fetal development
toxicity studies (Segment II), and perinatal toxicity studies (Segment III). The estrous cycle of female rats
can be determined by vaginal smear, and mating behavior is confirmed through copulatory plug checks the
following day after pairing one female with one male in the same cage. Rabbits are commonly used in
embryo-fetal development toxicity studies (Segment 1II). Mating behavior between male rabbits and
estrous females is observed to determine the time of conception. However, challenges such as atypical
estrus of female rabbits, large variations in estrus between batches, and mating failure often occur in
reproductive toxicity testing, which may be addressed through prolonged light exposure, increased protein
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supplementation, optimized mating strategies, and environmental modifications like female and male
rabbits are raised adjacent to each other. Non-human primates (NHPs) are typically employed in perinatal
toxicity studies (Segment 1), where one of the key challenges lies in accurately determining sexual
maturity in males - a critical factor for reproductive toxicity testing, which can be assessed through
comprehensive evaluation of age, body weight, and testicular volume. Generally, male macaques are
considered sexually mature when they meet the following criteria: age >4.5 years, body weight >4.5 kg,
single testis volume >10 mL, and combined testicular volume >20 mL. For pregnancy confirmation,
ultrasound examination demonstrating visible gestational sacs is required, though this necessitates
experienced veterinary clinicians to establish standardized ultrasound examination protocols. In
conclusion, reproductive toxicity studies should employ species-appropriate detection methods and
evaluation criteria based on anatomical characteristics of the reproductive system to ensure successful
mating and proper study execution.

[Key words] Non-clinical reproductive toxicity testing; Animal pregnancy; Estrus and mating in animals
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Note: A, proestrus; B, estrus; C, metestrus; D, diestrus. The black arrow indicates nucleated epithelial cells; the red arrow indicates

anucleated epithelial cells; the green arrows indicate leukocytes. The staining method of the smear was hematoxylin and eosin (HE)

staining. The magnification of the images is 40 and the scale bars are 100 pm.
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Figure 1 Typical vaginal smear characteristics from adult female rats at each stage of estrous cycle

KFFARIE, FHERTHE R REEENBEREE ), |
HH]194.34% HYMENE R ST FE S — 1 3O BRI e s
i, FHFEREAME, AreABo R S5t
BRED,

2 RENWERBEMERESLEHLGX

Il FRE s o5 2 R A B P 5T — e iR R
o TR BN (] L BT B RGN
FINt 6. A RMZEILaS, EIIMMERAERLITE
5~6 By, WIELER N 6~7 BE, WK E AT
3.5 kg MAREIGUIHITE 2 (5. IIAE TR H A
KEEGRSE, BITERR, A7E4~5 A, ¥
RS S~6 AL, GIBAKEAUAE3 ke; NG ANTT
2o hEIAES, CNIMEEER, AfE3~4 AR,
W A~5 FISHETRIR, BRI 2.5~3 kg 1y HIL
AT, AR PSR G B, A it R ) o 2R 5
RHEAFEH T AR, NERSEEREENR A
T A AR

ARG AR 2 MR o, — e FH L Gl
B R TR . B TR NE Y, =%
BUJS 10~12 hHEGR, G CEENIEREL, SEEER
BlEEST. SHERRERE, BERrEREM B HBE
WOBIRE, —MRINER. R, b, SNERE
P, WHLT S U, A — T R N B
AR AR M G ) A TS R0 o

FAIRLG R DL AT RS M R R SRR . &
RF BRI R & 1, (E7EE A RsSEihEh
WA, TS EERE, TSR
RO EAEAREE, FEENIDIPRERE.

FER R EBRERRK. SPIRECEE, HE
RARNGEEBEERNEERAFAEYIHEK, X2
KIfE R A TS AR BRIz — 1, A flkEs
TEAE B FR A BRI PR B, BT IMNEER AL 52
PR, MERAEH KRG, UBCREFRAE (RS
P FE), BT LISRIGE. B TINSESS,
RAENMEHERATTEELEEEM eI AR, H
HRERGR 5 AR IR R TR R R B SO R R 2
—, BITNIERRINELES. INFAESMIEAES
YEAAEEEN Y, MR T Y]
FEOR, S A TR RN T, RIS k(e
MR E RO ZE (gonadotropin—releasing hormone,
GnRH) HURERL, BERATRIBIREIERLISGE

T 100 e G AR AN [ 6 BRI 1] T RO 2 1 2R i
TG B, MERSEREA (BECHT 7 d 23R BRI,
JEHEIAREEHIN 16 h @ 8 h) HEHEBEHEA (LA
JEE12h 1 12 h) MHEE, ERSERRAME R A A TER AR
F25% A MY AEMFRERE, SAES3R, B
MalE] 18 : 00 B /26 1 00, %A 100 1x 38 4 LED £1.
SEHHTANE, TR m MR A FEI A TSR 1,

PRz S, Sk EERGSE (AR
) tHREIE M s, HIEE A 3% 5
— 73T, BRE A AR & R R R R AR R
RHEMENER: B—7mH, SEHREAHRRTE
FIBEPMAR N RGNS S, QIR E BRI PR R 1E i Ak -
AT R s A g U, SRR TR, &
SN A BT A RIS FRECEL B2 B DR B 5)
PIR AR BT R, (BRI A A e ot A SR G sk
BRI AIRIEER, N T R A ZESIYIHE A



452 LIS S L E S Laboratory Animal and Comparative Medicine

Aug. 2025, 45(4)

AR S R R, BEBEIE—E RG] (3 @ 1.
110 1 3) #frrmkht g, &8 EeH RS
NS G, Al T8, W EEr Tk
EfEEE, 7 IABRRE R IR RIS O, R RER &
SPIRE A IERA 1,

KRAEAF LB B E R T RE A, Riifk
PRI A A W AT R R AR BT R o e SR AEAN ] AR B
BB E M S a2 R FRE— R — IR IR IEATR
25 PR HA R T R N B L BRIR 29 200 g, FFRERAME N
5%~10% (MR & & o TEGR AT A 1A PEAT A A ] I
RIS PREA—2K; 43 T iR A BT A R 5 AT
REF—R—RARBRAEN, AREREG2EHE
R 220~260 g, [AIFE, it EEAE R0 T AP
VAl g, ERXUEgRET. SPAIEEIR S0, RIESMG N
39%~5% S EMHER " BRI, w15 ERRE M
TRk H RSN, YNGR REE, W s
FHEWEN . (HiZJ77En e =8 s s g
SIREHAER R, R4S A Sh R e eI PEAh fo 1 e s
Jiti, (HETRRE, RN THRERNSEEERNEK, Mk
RS, HRRE BRI FITE 17%~18% ",

i bRk, EERIEE. BEERENEAE SN
Al —EREE FHEGERRRER-, HERARBESH
BEh%4, BTRRELRBREITSZEE . HTR
G E s L MEREIN Y, SZEAT AT S S HEIE
LR AAS BN T I, SEUERICEIAME, 6
7o RO R T, AT BE S BOERBL RN, BT e
R, BREAR IR, RAGENRE %, W
EAREE CHIERALERIENIT, BEGAERA
R S BIEE IR ) . A TEEE (B
MR R, TP, B RIA]
L), FEREERAZEBENE ", Rtz
ANTFHE. FABEEEE R EREESRBEARER
EMFE 2,

3 EEARKENVIRIERMAFITIREE

FEARKEFYE AL EHA G EARZAAM
M, mREREETREIER v em, HRELHE
RIZETTME, B2 R AR AT P R
WBNHRFESY), RENMaERERE, FEAZH
Wi, 23922~33 do MEMEREIRAER G, AFEX LR
UTERAL R R TR AR A B AR, B TERZR” o K
EESEPERIAE (SHE. ILTTEE) . BRT 7K

e ORIBEPM (REpIml) Ro/gas 2, Bk E AT &
ALY R TR EE, HESBRAEHSE
AT RE, ATEEE 2 XS

FEAR KIS EIE B IR ELE 2.5~5.5 % IR
TEEIN, HERBEERAK, HE MR s 0 &
W4 DA R P B 22 (R #R B HE BRI MR 22 =3 2, % 55
R B R B TR A, HARETEEN
2.3~6.3 kg Y, RN BRIV ST B
foRESCH:, EEEFEEHE A ER RN Y Fly-
@A THR (y-aminobutyric acid, GABA) X {4 i fh o
GnRH AU G VAR ER ), fEshP B R ER N
GnRH 7 WAETL “up—down—up” B, ZH TERK
foAETEShER R PO, R, i —fERRIAERS . 1R
=, AR A IC SRS R HE R KIS ES
PEREE A A5,

HEMEAE A R K724 &6 Bk RS TR 2
e H B bR P, PESCERIRGE , AR A H
WA BB, Mo FrEE . & IFE
A&, (EERIGIR B AR, AR R AR
B, HEMEAE AR KA — T B A
FEAYIER . REMEAATREER. — R
WFERAE45 Z L L, RERT 4.5 kg, FHISEALAETR
L 10 mL, B ALEARFR R T 20 mL TR & A
o BEMKIRELR, SRR AR SR
AWM SEAAT . R, FEPPAEAEETEA
REFEN R SRR, NEREHEL TR RENNH
KA B 28,

— AT DG BLA G H 2 H sk E eI EA R
KIEEREN, EHASYREF A e R EH
ORI, fELhriEt R, HTmE
M A (] Pl BRI, e B A R SRR FHIE A 7ok
BT, 4R 2 d KDL ERHIm, FFEAER
/RIRE 20 d fERERE RO S HE A, e R
REEIPIARNME BRI,

PRtz oh, B SR ERTE A R 80P i
G R mE M AR AR RO YIS R RIA A B
MESR, EHEETS 5B FRERNER (TSSK2.
HSP90AAL, SOXS5. SPAGI6FISPATC1) & LiE, %
A R A VS W) ELAE B R RS TS /T, e
BREeR, MEREET R ER RS S aa iR RE K,
WG| R-3- Z BRANNS Wk Z BRI A & A2 B AR, 2RHEH
PE BRI MR B RIS SRS PR B H B A A &8 T



Aug. 2025, 45(4)

SLIEENY SEL E S Laboratory Animal and Comparative Medicine

453

FfzE G f1 2,

BN, ARG AR A 25 156 AR bR T R AR
(BEAERR) S5, BE e HER B /I
RGREBERSY (AR B Mk i 7
13~18 A%, (HH BRI E AT RERMAZE R HFRER
BERZMAAE . AT, HIHZ R
T8 (Al HRRETR) WalE N RlE
PRI R — P, REARER KK
MRAGRRFEER, EHEAMR KLY e R
FEAFEAR R AT FIET R Eh s S BERKE
HABEIOE . TSRS FI8RE L MBS
PR B,

HR, JEAR KLY A R AL Bt 2
TR R S — IEARKIYFEE
PR, —MCRARE =1 68k1 ¢ 8 BYELEIEETT
BIAE SR R B AP 2R — AT 58 I 7E 79.86%
e B, BERRIRE T, FRATH T3 E %R
Forgis=t, JEEAMRIMENRS. KB AS R A & 76
B (E) S DR D LR B, T ASI s A T B & A1
AWML . ZRA 1 1Al R, S
R R M o

— BN, IR T aRT, SRR AR R
AR KL AR — S N mE R R, I
FRUEENTRE T . Wil B B IR B Al I 223
—EFEE Lagit n I &G AEENER; &
Rla, ERFSEBRANER, FNEGMTREEEE
i, R E IR, BB T3 Bl B T Y
%

B, FEARKESIVNZEATHHREG R R
IR —FEESENED, SRS EhEES
FR I AZ Bl B8R % 215056 T F o e AR AR 2
—o SEPRIRERES, fEMEEA SRR 11~15d,
BHEMEFEEIEAR KRS 18, lRE3d
B BCEA, 723 S 8 20~25 d #E1T B ST, 7K
MM S EfE R BRI IR R, it B R a7 UL
WE 2 R B A 2e 454 . BRI A R K51
BLHEPHEORHNMERGIER, EXTEERFES
R 11t PR8I i 2 () B ARG 77 T

BRittz Sh, TR AT DAE S M S A P P 2R AR
PSSR A I S W B U iR B B o HL R BRE BIVE Y
B, HiBEEE AR S R SRR B, T
LR I 5 FE SR A 7 A PR R 2 5 DRI R 2R 1 6

it ERELERE IRENREED.
Note: The area indicated by the arrow in the figure shows a well-
formed gestational sac structure.

E2 \FiR¥EAERZEBEE
Figure 2 Ultrasound cross-sectional view of gestational
sac in a female monkey during early pregnancy

SRR . BAN, AP TR I AT B8
EIE IR
BRI R Al A 15%~20% ), (AL
BHERDVIOEEN A DT 101, DEHIESHTR
F1o BIMHFIFFRIE, HRZMH N BRI EHIE
BT HENETEME, BENT~10HK12HAHN
YR EIER, 3~5 A NERRAR; 2~5 HAUn e
A, 6~10 AN IIRAE ), Rk, #idksk 7~
10 H Rz 12 F 25 15 98 52 Fic S0 0 v g SO 0 1 753 1 A S 0

EEG®
4 WieHE4%

AR MERT SO AV IR R R PR R EEE A
=, vSatkstt. kRiEE. st EeEE e
FREGEVIRR o RMANE E 2R R RIEMAR T
EER, NTERNEREREIHEA, XS
BUETAR IS R R TH 618 2 . A SCESEG)
TRl R A B R IR AS ST IE YRR T P £ AR s AL
BRI ITE

AR A TAEE DL 5 R IR A B 2R
% (1B). Ba-afrgasmits (&) FE™
HE AR (B, XaeHh — B A — M — & IEm
J3AEEBIRR L, IR H B BHiE e AR A A AL
FefT, DAERICSRAEIRIS (], (EiZAh s NS He bk
PR R B R B RIS A, B iR SGE
KRR ARAEE TR Fr 2 2] B4 SR Ak



454 LIS S L E S Laboratory Animal and Comparative Medicine

Aug. 2025, 45(4)

AR SR IR A, AROFEREEIEE, 2
AR IR

RR—BN AT IR REEERE (1),
S R BT R G IR MR R G IR R XL
BeATR, AW ZAmt Ao A b BT E S Rk 1
AR ANEHER R REA BB ERR. S5
R, AlE e RO A SN H BB
PR A IEM AT B ASR A (HfE SR ANARE 4R
EfFR) FTABERRREER, RARRHR
BRI . EFRBHREREHAERER BLAL
HIRHZREENN, TR LR B T8 G

FEARK SN — R A T BB rtiias
BY), B LR ETHESIERS . (REMSEALATRESE
IREEEFIRTMEIEI R AR RS2 SR, — R
WTE4S5 S DL E, RERTF 45 kg, HMSEALAFHET
10 mL, SUEEALEMATAR T 20 mL BREVE BRI PR &
Pepl e Al S A RE RS I B2 el
L HEPE SR PRI K RO 2R AR HEMI TR AR
RESIEIEYRI B, (755 SR 75 AR I
RHHER G AR B, BIERIEAR K
KBV E IR B TEIE R 7~12 HFF RIS .

[{€& =ik Author Contribution]
NS E(SHIEE1~2) 5XEEN;
=52 5XR5E,;
SERRNEEREIE;
BBRER RN ERRIRIT.

[# 575 B8 Declaration of Interest]
FrBEERBRANAFEN T PR,

[& & ik References]

] BRI I2E. LESEFHRDMEENEFIERMNBIF

M. LR SR ES, 2024, 44(5):550-559. DOI:10.12300/j.
issn.1674-5817.2024.028.
HUANG D Y, WU J H. Establishment methods and application
evaluation of animal models in reproductive toxicology
research[J]. Lab Anim Comp Med, 2024, 44(5):550-559. DOI:10.
12300/j.issn.1674-5817.2024.028.

[21  MEY, KRR BRE. SDRRSHHREEERSEEELIRAT
BHREXRBRZRELEERBIRD . BB EFRE, 2023, 29
(4):60-62.

LIN W, ZHANG R B, CHEN R. Establishment of reference
value for reproductive index in SD rats toxicity test and
analysis of post-pregnancy reproductive index in rats of
different body weights[J]. Strait J Prev Med, 2023, 29(4):60-62.

[B] XBRF, I, %R F. BEELBAERNBERBETHHHRR].
1B /RIEER KFEF R, 2014, 48(5): 358-360. DOI: CNKI: SUN:
HYDX.0.2014-05-003.

(4]

(5]

(6]

(71

(8]

9]

[10]

LIU XY, WANG J, QIAN X, et al. Changes of estrous cycle of
perimenopausal rats[J]. J Harbin Med Univ, 2014, 48(5): 358-
360. DOI:CNKI:SUN:HYDX.0.2014-05-003.

FRZE BFFx a5 . FRABERAHENHLERN KR
=15 B EARSF B [J). B8 2R F R, 2023, 29(1):93-95. DOI: 10.
16695/j.cnki.1006-2947.2023.01.025.

CHEN S C, CHEN Z H, GAO Q H, et al. Comparison of
different vaginal smears and judgment of estrous cycle in rats
[JI. Prog Anat Sci, 2023, 29(1):93-95. DOI: 10.16695/j.cnki.1006-
2947.2023.01.025.

=25, REF, DPW, £ ARPEARRRFRAREHERES
BIENARN. WAREDKRFEZR, 2023, 24(1):45-51. DOI: 10.
19763/j.cnki.2096-7403.2023.01.07.

YAN J, ZHAO J Y, MA M N, et al. Study on smear technique
and HE staining of rat vaginal cells[J]. J Shanxi Univ Chin
Med, 2023, 24(1): 45-51. DOI: 10.19763/j. cnki. 2096-7403.2023.
01.07.

FRE 50, B . BESUNEDIYEBEEPHRAR
HREU. EE I RZ, 2022, 48(5):66-70. DOI:10.3969/j.issn.
1001-9111.2022.05.015.

YU N Q, LIANG S S, HUANG J, et al. Research progress of
vaginal secretions in animal estrus identification[J]. China
Cattle Sci, 2022, 48(5):66-70. DOI:10.3969/j.issn.1001-9111.2022.
05.015.

Drk e, BAEE K, &SRB DN ESIEFNE
R RE R REBRF I, 2024, 30(6):569-573. DOI: 10.
13263/j.cnki.nja.2024.06.012.

LUO C L, CHENG H Y, ZHANG Q, et al. Detection methods
and evaluation indexes of sexual motivation in male rats: an
update[J]. Natl J Androl, 2024, 30(6):569-573. DOI: 10.13263/j.
cnki.nja.2024.06.012.

FiE RER BBE. AU SD XENEFEWER]
X EF, 2013,19(28): 25-26. DOI:10.3969/j.issn. 1009-4393.
2013.28.015.

WANG J, WU S H, SHANG H X. Observation of the estrous
cycle in sexually mature female sd rats[J]. Contemp Med,
2013,19(28):25-26. DOI:10.3969/].issn.1009-4393.2013.28.015.
KR I, BB, T ARRBEABEMRABEMRRZHN
R[] s EZHE, 2006, 27(2):69-72. DOI: 10.16437/j.cnki.
1007-5038.2006.02.018.

ZHANG S, WANG X, WEI X B, et al. Observation on the vaginal
smear photographs for each stage of estrus cycle in rats[J].
Prog Vet Med, 2006, 27(2): 69-72. DOI: 10.16437/j. cnki. 1007-
5038.2006.02.018.

BERLE, 5, AR, REESETMIRE P EERE
FEEEKCl. ENEAYSEFFE—HIHR-FRAR#ME
B8 -3 2 B 10 L& . E X 2019: 2. DOI: 10.26914/c.cnkihy.2019.
072236.

XIE X J, YI B, YANG G K. Animal selection and husbandry
requirements in rabbit reproductive toxicity evaluation tests
[C]. Proceedings of the 9th Annual Conference on Drug
Toxicology - New Era, New Technologies, New Strategies,
New Health. Wuhan: 2019: 2. DOI: 10.26914/c. cnkihy. 2019.
072236.



Aug. 2025, 45(4)

LIS SELIRES Laboratory Animal and Comparative Medicine

455

(1]

[12]

[13]

(14

[15]

(6]

(17

[18]

(19

BEW BEE AW S RREBELEESRSREEENE
i [J]. & E F &, 2020(3):42-43, 36. DOI:10.3969/j. issn. 1005-
6327.2020.03.015.

HUANG X R, HUANG B D, FU L P, et al. Reproductive
physiological characteristics of rabbits and measures to
improve their fertility[J]. Chin J Rabbit Farming, 2020(3):42-43,
36. D0OI:10.3969/j.issn.1005-6327.2020.03.015.

FEE. EREHRRERABEZZIARIG. FEFR R
&, 2023(2): 30-32, 35. DOI: 10.3969/j. issn. 1005-6327.2021.
06.009.

LI Z Y. Practical skills of promoting estrus pregnancy of
hybrid female rabbits in clinic[J]. Chin J Rabbit Farming, 2023
(2):30-32, 35. DOI: 10.3969/].issn.1005-6327.2021.06.009.
MR, RE, 8 £ AENBENBEE RS8R R BRHE
GnRH K F &8 [J)]. R EF & #lk, 2021, 17(1):42-43. DOI: 10.
3969/j.issn.1673-4556.2021.01.022.

SUN S K, SANG L, WANG J X, et al. Effect of different light
sources on estrus and GnRH level of female black rabbit in
southwest Fujian[J]. Chin Livest Poult Breed, 2021, 17(1):42-43.
DOI:10.3969/j.issn.1673-4556.2021.01.022.

IXEE KKE HER F SRERRBEEBLEHESESRE
TAFIE] B R ZFIR, 2024, 44(3):351-359. DOI: 10.16829/.
slIxb.150872.

WANG Y J, ZHANG X Q, FANG Y G, et al. Characteristics of
sex hormone level and sex organ histology in estrus cycle of
plateau pika(Ochotona curzoniae)[J]. Acta Theriol Sin, 2024,
44(3):351-359. DOI: 10.16829/].sIxb.150872.

BES IER BN . LEDREEXNRTARBIABEEMG
B IR B 5= [J]. IR F 4R, 2020, 32(12):2128-2137. DOI:10.
3969/j.issn.1004-1524.2020.12.03.

PAN X Q, WANG X L, YANG J, et al. Effects of different LED
light colors on estrus synchronization of rabbits and their
molecular regulation mechanism through retina-pineal gland
pathway[J]. Acta Agric Zhejiangensis, 2020, 32(12): 2128-2137.
DOI: 10.3969/j.issn.1004-1524.2020.12.03.

LIN H H, KUANG M C, HOSSAIN |, et al. A nutrient-specific
gut hormone arbitrates between courtship and feeding[J].
Nature, 2022, 602(7898): 632-638. DOI: 10.1038/s41586-022-
04408-7.

XUHS, D@, BB, & TRAFA=REDKFENRR]
WAL E #R L, 2022(12):14-17. DOI: 10.19369/j.cnki.2095-9737.
2022.12.005.

LIU K, WEI L X, GUAN X L, et al. Preliminary exploration of
pressure level in experimental New Zealand rabbits[J]. Mod
Anim Husb Sci Technol, 2022(12):14-17. DOI: 10.19369/j. cnki.
2095-9737.2022.12.005.

B HEMEREEER]. REHE, 2024(19):39.

ZHOU M. Key management points for breeding rabbits in
autumn[J]. Farmhouse Fortune, 2024(19):39.

FMEM, BF, B8, & O A RS IERKREES TR
U] & E ¥ 25 22 &, 2011, 20(22): 2195-2204. DOI: CNKI: SUN:
ZXYZ.0.2011-22-006.

SUN ZY, ZHOU L, YAN H, et al. How to successfully carry out
non-clinical reproductive toxicity study on new drugs[J]. Chin

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

J New Drugs, 2011, 20(22):2195-2204. DOI: CNKI:SUN:ZXYZ.0.
2011-22-006.

. ANLEBY SR EEMRNZI]. SHEREE, 2022,
43(4):89-90. DOI: 10.3969/j.issn.1004-4264.2012.08.026.

LING L. Effect of artificial insemination on reproductive
performance of female rabbits[J]. Jilin Anim Husb Vet Med,
2022, 43(4):89-90. DOI: 10.3969/].issn.1004-4264.2012.08.026.
ERE BED A% FARKENPEEEGURRERR
B9 . £ RS, 2022, 34(11):1456-1464. DOI: 10.13376/j.
cbls/2022159.

WANG J J, YANG Q Y, SHI H. The use of non-human primate
models in female infertility research[J]. Chin Bull Life Sci,
2022, 34(11):1456-1464. DOI: 10.13376/j.cbls/2022159.

oK, MEE, Sp2h, & BRI KIEM B REBEEENE
UL T)IE04, 2008, 27(2):197-200. DOI: CNKI: SUN:
SCDW.0.2008-02-010.

DU Y H, LAl G Q, ZOU J Z, et al. Seasonal changes of
reproductive physiology in female Rhesus monkey in
Chongging[J]. Sichuan J Zool, 2008, 27(2):197-200. DOI: CNKI:
SUN:SCDW.0.2008-02-010.

LUETJENS C M, WEINBAUER G F. Functional assessment of
sexual maturity in male macaques (Macaca fascicularis) [J].
Regul Toxicol Pharmacol, 2012, 63(3): 391-400. DOI:10.1016/].
yrtph.2012.05.003.

KU W W, PAGLIUSI F, FOLEY G, et al. A simple orchidometric
method for the preliminary assessment of maturity status in
male Cynomolgus monkeys (Macaca fascicularis) used for
nonclinical safety studies[J]. J Pharmacol Toxicol Methods,
2010, 61(1):32-37. DOI:10.1016/j.vascn.2009.10.006.

PLANT T M. Neurobiological bases underlying the control of
the onset of puberty in the Rhesus monkey: a representative
higher primate[J]. Front Neuroendocrinol, 2001, 22(2):107-139.
DOI:10.1006/frne.2001.0211.

PLANT T M, RAMASWAMY S. Kisspeptin and the regulation
of the hypothalamic - pituitary —gonadal axis in the Rhesus
monkey (Macaca mulatta)[J]. Peptides, 2009, 30(1):67-75. DOI:
10.1016/j.peptides.2008.06.029.

R BRI MEE T FARKXREELEERBSETMN
A9 R A (J]. AR E 3T 2 2 R, 2012, 21(9):989-993, 1006. DOI:
CNKI:SUN:ZXYZ.0.2012-09-012.

YUAN F, PAN X L, LIN H X, et al. Nonhuman Primates as
animal models for developmental and reproductive toxicity
study[J]. Chin J New Drugs, 2012, 21(9): 989-993, 1006. DOI:
CNKI:SUN:ZXYZ.0.2012-09-012.

NIEHOFF M O, BERGMANN M, WEINBAUER G F. Effects of
social housing of sexually mature male Cynomolgus
monkeys during general and reproductive toxicity evaluation
[J]. Reprod Toxicol, 2010, 29(1): 57-67. DOI:10.1016/j. reprotox.
2009.09.007.

LIU X, LIU XY, WANG X Q, et al. Multi-omics analysis reveals
changes in tryptophan and cholesterol metabolism before
and after sexual maturation in captive macaques[J]. BMC
Genomics, 2023, 24(1):308. DOI:10.1186/s12864-023-09404-3.
ANTJE F, EBERHARD B, F G W. Embryo fetal development



456 LIS S L E S Laboratory Animal and Comparative Medicine

Aug. 2025, 45(4)

studies in nonhuman primates[J]. Methods Mol Biol, 2013,
(947)169-183.DOI: 10.1007/978-1-62703-131-8_14.

[311 BUSE E, HABERMANN G, OSTERBURG |, et al. Reproductive/
developmental toxicity and immunotoxicity assessment in
the nonhuman primate model[J]. Toxicology, 2003, 185(3):221-
227.DOI:10.1016/s0300-483x(02)00614-5.

[32] £FEE WEMK 7B F. ATEFETR. ERRNZENS

BEWIIR(J]. P ESLIE s IR, 2009, 17(3):219-221. DOI: 10.3969/
j.issn.1005-4847.2009.03.015.
HUA X C, SHI'Y S, SUN Z Z, et al. Preliminary study on the
reproductive characteristics of Rhesus and Cynomolgus
monkeys bred in captivity in Beijing arealJ]. Acta Lab
Animalis Sci Sin, 2009, 17(3):219-221. DOI: 10.3969/j.issn.1005-
4847.2009.03.015.

[33] EXH, FhE, IEX & BB XKEERMEZENESE
BEENDTUL. WL BREE, 2024(3):64-67. DOI: 10.20154/j.
cnki.issn1672-9692.2024.03.015.

WANG S Q, WEI Q J, JIANG H T, et al. Analysis of
reproductive rule and reproductive rate of Cynomolgus
monkey population in Kunming area[J]. Mod J Anim Husb Vet
Med, 2024(3): 64-67. DOI: 10.20154/j. cnki.issn1672-9692.2024.
03.015.

(Wi HER:2024-11-26  {&[E] B HR: 2025-04-10 )
(A 4RiE: BH)

[BIAFX]

XES, =5, BE . AYFRREESHERRPIMITRNEER
RN AN] TR SR ES, 2025, 45(4): 449-456. DOI:
10.12300/j.issn.1674-5817.2024.177.

LIU K, LAN Q, YI B, et al. Key challenges and mitigation strategies
for animal pregnancy in non-clinical reproductive toxicity testing
of drugs[J]. Lab Anim Comp Med, 2025, 45(4): 449-456. DOI: 10.
12300/j.issn.1674-5817.2024.177.

sk st st sk sk sk sk sk sk sk sk ok ok sk sk sk sk sk sk sk sk sk sk st ste st sie sk sk sk sk sk sl sk sk sl sl sk sk sk sk sk sk sk sk sk st st sk sk sk sk sk sk sl sk sk sk sk sk sk sk sk sk sk sk sk sk st st sieskosk koo sk ok sk sk sk sk sk sk sk sk skttt

(ZRDYSILBRES) HhiRiCERR

AIERTRESEARERRIR, WURFENMPHER, BUMEFRT. RENZARRESHE, (XRS5
EEREZ) AEFRETHITEREXBMREHNZRERNBRS EZM. B, AEHEEXLRDIRZSHREZRH

BRNERZRSIAT, AHSRAEBERERERCEZERS

(Committee on Publication Ethics, COPE) F1EFREZHITI

#HEEZE RS (International Committee of Medical Journal Editors, ICMJE) ZEIFETHEIRCIENTE. HLL, AFRIER
BISEFRER, BELLTER, EHINEEE. BTEPNER. BHRESERRE. Fi5. RELRERETNTH, HESZE

ARMEHENEE.

LR BUREFENRER, MNP ERALIARNNRMNEESNERSIA, WERERNERBUZEREMEX

BIRRA R R AT IERR o

2 AHBRREEFE=SABEAKR. PR (BRF). ER (BEMEREN) FERTRTH. —ERM, RHESPIZE

R, BXREFEHNSBRIINEBEE,

AT EZEERENE (BEFEEM), BARTFE—RZR (BERNHER). RH—EXE, REDBE—

RfEEIE, BFEBNRHER, IE—HEKRRIELI KB,

A FERBREIANZE R RING, FIBFEEANZXORTRERS. REBNNBICHEERFENELRER, AEX
RHFHEEREORBAR A EPRER. RSFmRRIENESEEFERUENER.

S RANERIZENIIAAR I NFERARTRIBIEZCENNNLRCEFRE, RBNFRIEEMAIBFA
e EXHRGERCEHEMINABMEMS, FERMPRXHEFCESR.

6. ERMBIRBMEHNER, AHKMEELE—HEWLIRE, FRUNTHERERNRENER (BEIRICHENRE
B FRIRETHERN TRSZBEATINEREEMRBMTER,

7. ANETEN=HFE, MEXRHFTEIREDBIE. BTIFNERIENERERSLFLINERAT, R

EXAS5E

8. AHEBERMBEIMAIE. RENFAERR, WEARRITATHE . FMEE, SHEPPBUEAFE, FEX

ERRFNTHEAARATAS, UREFEENE RN

9. FIERBEERERTRKITH, WRAAEERIARSE. FHUNEKRPNERTIKEE, REEREAERNLKESNEL

FUALRIA A o

(LM SHERES) KRB



	目次
	动物实验技术与方法
	药物非临床生殖毒性试验中动物妊娠的主要难点及应对方法


	Contents
	Animal Experimental Techniques and Methods
	Key Challenges and Mitigation Strategies for Animal Pregnancy in Non-clinical  Reproductive Toxicity Testing of Drugs



