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[ Abstract] Precocious puberty is a common endocrine disease in children. Animal experiments are essential in the
study of the pathogenesis and drug treatment of precocious puberty. Therefore, establishing an appropriate animal model is
a prerequisite for studying the condition. The pubertal development processes in rats and non-human primates are similar to
those in humans, and the indications of gonadal development are clear. Rats and non-human primates are common animal
models of precocious puberty. According to different research needs, there are many modeling method of precocious
puberty, such as danazol, N-methyl-DL-aspartic acid, estradiol, high-fat feed, low-safety environment, light and
melatonin, manganese exposure, environmental endocrine disruptors, brain radiation, and intracerebral drug injection. At
present, vaginal opening time, vaginal smear and estrous cycle observations, serum sex hormone level determination,
hypothalamic gene-level index detection, sexual organ detection, and others, are the most common indicators used to
evaluate precocious puberty during animal experiments.
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KGR AT B R AT, Ho 300 g IFRCR B
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B TR TR I, (H AR G FE M ST D T R
i RS AT A R AR ST, A5 S B A
BRI g B P R AR AT R i — 2D F5E

2.8.1 BPA ik

W21 H W R BUZESE 10 d 45T 0. 25 mg/kg
BPA Vi il £ i PP R BRI Y  BPA & — i
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WEMMPER . Kakeyama 581 XFAZ2 15 d MK
BMEE 2,3,7,8- P04 A ¥ (2,3,7, 8-
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ng/ (kg » d)) B & ARCHEME K EBUIBG; (PND21) , 2
#& T TCDD B U AR i Ml 5 A BIE T 1 A —
RAE HORE IR BT A B JR AR K 2048 AT 4 ~ 7 d, DS
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% >, BE A i KISS-1 Ik, #h & K Y
(neuropeptide Y, NPY ) &5 2449y 3 128 i P 132 55 1l 2y il
VEVE R AR | Navarro 5™ 76 25 H 4 (1 i P K
BT R4S, PND 26 ~ 31 38 i3 B4 H KISS-1
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Table 1 Comparison of modeling methods
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i i IR ST S

istar M Pk et S 2o o S o FRETRAC RS A E

R S B BT TREMN L e > o [ 2

KRB I T AR 0 Bl v JE I 58
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Sk KR TR Vaginal ) inal . Advantages; the method is -3
Danazol 5 day old . N agIma smears vaginat opering simple, the cycle is short,  Central [18-20]
. . . Single subcutaneous injection  time, first oestrus time, normal . .
induction ~ Wistar . . the duration is long, and  precocious
300 pg Danazol oestrus cycle time; uterine and R
method female rats R . K the sexual cycle is  puberty
ovarian coefficients, follicular . .
or SD female completely consistent with
. ‘ development; hormone level; that R A
ITS ad ° expression of KISS-1, GPR54 db stal (,) als forma
clean grade and  GnRH  mRNA  anq Pubertal animals
kisspeptin in hypothalamus
UIEEEE G RIEE L O TIE 8
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H LA a] ; BT3B ¥ A ; GnRH e ;‘f 'Eﬁjifﬁ
‘ - FINMDA-RT JE [ ek e s T AFIE 5 LTS
NMAE 26 Hie SD & H 14:00 A1 16:00 KTy o ’ JA S AL AL AT A P
Tk I R R H 4 NMA 40 mg/kg Ovarian index. uterine index Advantages: safe, simple, .24
NMA 26 day old NMA 40 mg/kg subcutaneous = ; "t ‘ _ .’ effective, with the same Central [21-25]
induction ~ SD injection at 14:00 and 16:00 oiccurr‘eniet rale tl?' X mﬁndr;. sexual development  precocious
method female rats every day cotps - wenn 1CKNESS O Characteristics as those in puberty
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of vaginal orifice and the time of . . |
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hormone level; hypothalamic m group
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R AR W5 457 1k ity —hnifE A B A
B = ] L 2 M 1_;(7%(%7J<q:;m:@n% N e v T 4R 1
A 3 o SOWRAE AR
1= 1 il e After weaning, the rats were il X e %?:b ;& Advantages : simple o fg_ M
TR SD K Rl 5{ fed with high-fat  diet Vagi ‘l’ . . " ¢ operation, same changes 5"%“
High fat Wistar K continuously; High fat diet agmal smear; CXpLession of s normal outh -

& i e GnRH mRNA, KISS-1 mRNA Y Obese [28,33]
feed SD rats or for the first generation of GPRS4 RNA, . kh‘ thal: ’ initiation group t ll ’
modeling  Wistar rats lactating rats and the second q GmRH Rm y‘;?N]; amus Disadvantages : There is no cen .ral. i
method generation of weaned rats; ar'l . e m " uniform standard for high- precocious

pituitary; hormone level; the puberty

The first generation of obese
precocious puberty rats were
fed with high-fat diet during
the whole process and after
weaning in the
second generation

openingtime of vaginal orifice
and the time of the first estrus
index  of

interval ; uterus

and ovary

fat feed formula; It is
difficult to reproduce the
second generation mice,
and the

is long

modeling time
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R Y Tk RELEE NI & Z:7% 3CHk
Title Animal Method Evaluation indicators Advantages and disadvantages Apply References
% 2 55 By
M P2~ 10 B TARBE I LRI %
AR A FREE (P 5 PR/ R ) 3T 5 B R
¥ Lo 1 PR SRS P2 ~ 14 ] BIEIFROR L IR OKCE T B AR KGR BWER
ek . (] 55555 755 TR ik B Study  on
SD KR
Modeling D tL Exposure  to low safety  Vaginal opening time; hormone  Disadvantages: high  precocious  [39-40]
of adverse = ( Western diet/limited  level; hypothalamus ~ requirements for operation  puberty
living nesting materials) from P2 ~  gene expression and site caused by
conditions 10 or separation from mother family
during P2~ 14 of the young environment
and stress
20 0 M T ot 3
i B N 4B
P SD K B ey
G 100 24 h/d RREOEIR SGRRBREE  BEROKCF g R H KO BT %LE@?Q%
JE R S AR HE A BEME (300 £ 20) Lux ZkAE K 8. PR B ey Aol [l b ] 5 B Stud /\On
HOE OV KM PR 00 MBI ESS 1S me/kg B VM T BRALNERE REG he
FiE M e FARIE T BRI e
Light and 21 day old 24 h/d continuous light, Hormone level;  melatonin  Advantages: bet P [42-43]
melatonin ~ female  SD  light intensity (300 = 20) level; the time of vulva opening  simple operation l'ehv:een
induction rats or 10 Lux or intraperitoneal  and the first estrus; vaginal 18
S . . environment
method day injection of 15 mg/kg smear; uterine and ovarian latoni ’
postpartum melatonin at 8:00 every day organ coefficients; pineal gland Tneaa o
female KM an .
I precocious
strain mice
puberty
v g, AT B EMAL F BB
2, =les: ! O . oo RDT 2R HR
b4 KR 4 d R, T MR D% BETT S gy
SD M BE ko 9:00 i £ L5 = I B IRy
Bl 4 b g THEAT 10 g B9 MnCl, ;19 Eﬂiﬁ‘%ﬁ*iﬁﬁ PE L 4 1y
g 12 M RN BN MnCl, gk BT e o R E By
ooy T M9 SDOMERE (10 me/ke) TR B T ff mRNA % - . Swdy on
R ., Chronic poisoning ;
Mane: K Acute exposure: cannula was g dvantae ol the
ant?anese Acute implanted into the third Hormone level; vaginal opening & va‘nt'abes. disadve st‘lmp‘e relationship  [47-49]
expostre exposure; 24  ventricle. After 4 days of time; determination of mRNA Operation,  CISacvamiages: . tween
induction L modeling time is longer .
day old SD  recovery, 10 mwg MnCl, was and protein in hypothalamus L environmental
method . . than  acute  poisoning.
female rats;  injected into the third and pituitary Acute poisoning: metal  Mn
Chronic ventricle through the cannula advantages: short mo deliné €exposure
exposure: 12 41 9. 00; Chronic exposure ; . e and
time,, disadvantages ; .
day old SD  MnCl,(10 mg/kg) by gavage . precocious
2 g/ kg) by gavag complex operation
female rats every day puberty
R B EE R R AR R
WU A G . s I E K T Fe g KISS-1, . oy .
WA B 10 BT 0.25 my PGEEKE; T B A B 80 55 0E 9
ik 21 H i M . GPR54 [N F ik S -
. . keBPA i gy - A A S AR AH R
Bisphenol N Organ coefficients of ;
0.25 mg/kg BPA was Advantages : simple [53]
A 21 day old .. hypothalamus, ovary  and .
administered by gavage for 10 operation, same changes
exposure female rats tive d uterus; Hormone level; KISS-1 nal th start
method consecutve cays and GPR54 gene expression 45 normal youth startup
in hypothalamus
ISFIE TF 10 ] 5 T e i 2 2
XS B 15 H i M| ; B2 L P S L (5 N .
ME SRS HOM e s M rm e s my P2 T B 0
TRV P Wistar GnRH mRNA Fik/KFE et e
! kg BPS . X . R )
Bisphenol KR . . . Vaginal opening time ; .
Daily intragastric . . Advantages : simple [60]
S 15 day old - . histopathological ~ changes  of . .
L administration of 5 mg/kg . operation; Disadvantages:
poisoning  female BPS for 4 " " hypothalamus;  expression  of ) \dine 1
method Wistar rats D10 T CONSCCUVE WECKS  IGF-1  and  GnRH mRNA /& MOCme me

in hypothalamus
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Title Animal Method Evaluation indicators Advantages and disadvantages Apply References
BN o
15 H it 1 I - ' e ann
A M Wistar TEONHREG TN CoRH JEnC BRAER R s i 55 P 7
W OEE B K fla sp 24 JAHEH 1000 mg/kg  FEH L HE HKN WA K, BRI, FIE TS — B
o ey - B 5 mg/kg DEHP BE R A bR Study  on
];)ﬁEHP 15L P 1 1000 mg/kg or 5 mg/kg Coefficient of uterus and ovary;  Advantages: simple  environmental [ 63-65 ]
L ‘ alﬁy © DEHP by gavage for 4 GnRH gene and protein level in  operation; Disadvantages:  endocrine
pm;:) n1]ng “(?/r-n‘l‘e- ) consecutive weeks hypothalamus; hormone level;  long modeling time, no  disruptors
methoc I;SI ‘l‘ra $ vaginal smear unified standard for dosage  and
o el precocious
puberty
5-% O A P21 ~ 44 F9.00 ~ 10
1 £ g 21 S 00 Z [EEE 1500 k . . ~ «
B L F o0 e 100 e ok o b G
R ), B NREE AT (R R
oxymethylf 21 day old 1500 mg/ (kg - d) HMF was Vaglnal. opering tlm.e; A‘dvantages; . [69]
arfural fomale administered by gavage from evaluation of uterus, ovary size  simple operation
exposure Wistar rats P21 ~ 44 at 9:00 to 1000, and follicle; hormone level
method once a day, 6 days a week
15 H #% A TT 1F I E] 55 1 22 155 1] )
S KR, - B, P R B 2 A B NS N
;21 écg“ B85 dHEH 5 my/kg ZEA }ﬁéfggiﬁ%&mé DA AR A (AT 55 it B
ERAE g S o REHIS00MH ZEA 00t BT WY AR W 55 1)
W W ¥ mg/kg F[HEFHH . . . BTG —brife
i . The time of vaginal opening and . .
Sk 15 d 1d 5 mg/kg ZEA by gavage for 5 th first N terval Advantages : simple [70-71]
Zearalenone ‘ 1ay (S)D consecutive days or 400 mg/ ¢ (1]rs estrus " ey P operation; Disadvantages
induction emate kg ZEA by gavage to the appeared, exammation 9% pere  is  no  uniform
rats or 21 . . gonads and sexual organs;
method vaginal opening at 15. 00 . standard for age, dose and
day old vaginal smear, hormone level, . . .
every day . . time of animal modeling
female gene and protein expression
SD rats in hypothalamus
I3 LO 4 Fl 1 5 N 2
FE MR 1 KGR - o
- o " NS F AR SR
Lot 15 BB S T2 - 125 L) A BLEF EA i okor g B
LO . E SD B ZELHIFHIN SR Advantages : a simple
L 15 day old When exposed indoors with  Vaginal opening time; hormone " g. 'D' dvant P [75]
pm:}rl) n(ling female LO diffuser and treated to level; ovarian Operal.l:.)n[, d radvaniages:
metho SD rats vaginal opening with nasal  weight measurement compheate .
spray once a day ( dose equipment requirements
range: 72 ~ 125 pL)
e TN & T N
ST G L7 0 0 £ e s
BFR 1 & L4 T BFR 1249 (0.06 ﬁ:n " WL
YRk me/ (ke - d)) T A,
- D > Tl
BFR SD KR BFR mixture (0.06 mg/(kg  FLIRYI W52 isadvantages: ©
. . . reproduction of the second [76]
mixture SD rats +d)) was Observation of breast section " .
poisoning administered continuously generafion tice 18 more
method before mating and complicated; “only monitor
duri . the mammary gland, not
Hring weanmg other indicators
DU B B Bl S
B IBORE I 8] 7 T A 8
15 H b SPF F 15 H W& JT 46 4 H ﬁ SERE | [RIR 18 WL 46 21
20 M g % b :’ﬂfgﬁ w269 myke L I Fl 2 FHIETT EB ] R K P T AR
BETE Ko ) H % e e A e PR A Advantages : simple
Ethephon 15 de 1 From the age of 15 days to  Vaginal opening time; hormone  operation; Disadvantages: [77]
exposure SpF l (;D the age of 21 days, 269 mg/ level; gene  detection of the design of the time point
method . i kg ethephon was orally hypothalamus and pituitary for the experiment was not

female rats

administered daily

so the

change of hormone level

complete enough,

was not observed
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Title Animal Method Evaluation indicators Advantages and disadvantages Apply References
R4 15 d B HES =Rl . s e s
ot o o o F 1 5 — %
(kg - d))ﬁﬁ‘*{\%ﬂﬂfﬁk SR —URHEBN RN A I s O D0 e R R 4 0 Gk
" ¢ N ST )L, ARSI AR IE A i
DD e g g g UBTINCPND2D) PR AR Bl 7k
Bk L TCDD (0, 200, 800 ng/ (kg SO T .
o KE Vaginal opening time; the first ~ Advantages: simple
TCDD d ) per week ) was . . . . [78]
LE . oestrus, the first ovulation and  modeling operation
exposure administered to female rats at . .
female rats the cycle of oestrus; ovarian  Disadvantages: the test of
method the 15th day of pregnancy . . . .
il weaning of the second weight and section observation;  ovarian compensatory
un 't_l & ‘ 1/ o h ovarian compensatory  hypertrophy is complex
generation emale rats ooy test
(PND21) yperopy
12 ~ 16 H MR B
5.6 Gy I 5500 Lk Foifi 18 45,
i FH 5 Co 48 A8 AR 8
T HFEA TR S, R TR B
JREE A 80 em, H-H 5 em N
I IS
T B EHOCE B RO A
Ee sD M M AT R DE AL TERLI [ S5 R A L
Brain B ) 12 ~ 16 day old female rats Iﬁﬁﬁuﬁ#lﬂ,;é‘fz%ﬂ(%@ W EORE Ra;i\i\oactive
adiati SD‘& received 5 and 6 Gy single  Vaginal opening time;  Advantages: short molding bt /‘ ~ [79-80]
ir: difcg:; fomale rats dose brain irradiation. They  hormone level time; Disadvantages: high :l; db ances
method used ®Co skull irradiation equipment requirements precocious
technology to radiate through puberty
the back field. The distance
of the radiation source skin
was 80 cm, and a 5 ¢cm lead
block was used to shield the
nose, forehead and trunk
FE77 G5 25 KA # bk 4
FA B REAR ) 5 R
AT 3 mm AYIRBE 3 A
G 1 mm, S5 S AR
W12 mm, (775 26 ~
31 d Z [ i B KISS-
1 AK(1 nmol, q12h) % 1% %I
KIS
KIss-1 fik 25 H # . S
IS . . On the 25th day after - NN P R ) Bl i
X N 3 < ] ﬁ S I E 7., |:|‘ \ . ) AN L N
MR S every, imravenous P TR g L
iniecti " 25L~\;1 1 catheters were implanted, \7 ﬂil ine time: h Advantages: short molding  Pubertas [81]
E{;;jon © P 'lay ° and the cannula was lowered 1 dgllr'la topf? mng ,H}rllte’ ormone time ; Disadvantages:  praecox
1 tid ‘;m‘: © " to a depth of 3 mm below the evels ulerme welg complex operation
pephde 1star rats surface of the skull; The
insertion point is 1 mm at the
rear and 1.2 mm at the rear.
KISS-1 peptide ( 1 nmol,
ql2h) was delivered to the
lateral cerebral ventricle via
cannula between 26 and 31
days postpartum
FI10 ~ 20 pg B 50 3
NPY ik i NPY it i £ 4 5 Y 2 2
- 30 bOE 30 HOA METE R R ES 3 . . LAk SR AN TR 5 5 5l 0
purea 0 M 30 HERMEVERRUAOR 3 i pong gy LSRRI B,
Intracerebral PE SD A A [a] ; ¥ ZEAKF PRARE PE LA
imiection of 30 day old NPY was injected into the T ’ ; inal . d Advantages: short molding  Pubertas [82]
;%? OO female third ventricle of 30 day old f-mtle 01 [‘.]agl'ni openlrllg ?n time; Disadvantages:  praecox
peptide SD rats female rats through cannula st ovulation;; hormone leve complex operation
i

in a single dose range of 10
~ 20 pg
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FFT30E T 1 B E) A0SR 1 O HE B A ) 38 2 75 A 40
TP E AR, WK &1 HE I — 7 K BRLEH
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LI A] SESNERAR bR, MBI 58 A UM A ) — A
BRI TS AR, PRSI 2 T 8.00 MEIHD
SR BB I L
3.2 BERFAENEEAHNE

FFIE 65 I 7 37 O S5 P 43 6 T BE ELHE R M), %
MV o0 SRR, W 1A 28 B ) T Sl 1 B [R) By
B, BB R S AR A A P B KO AR b HE B A O i
RYFRAE™ KR A5 3 B V% A0 B v R A UL EE T
fEAER L T R O0 LT RE, B BEME R B2 MR R
SR, R IS RT3 30 L Sl )3 A Sl s
Je 91 4 BB, BRIE YR R W S R IR A, 3h
TR IE U B DA Al ok 3 s I Rl LA #%
B ANk 3= 5 Sh 1% 99 LA AR A Y L R i Sk 3 B
5 5 1A BT Ak 1 B A M A A D Rz 40 MR A i
3 RN H AR 2T R B U A A S 25
SRR EAPHA R BRI, 2 B AT R
SR T A ik
3.3 MmiEMHERAFENE

LT 1 0 2 A DU T PR L 32 M L a2 T I
FHKG I HEAR , FEALHE LH FSH E, . I 5Kt al A4
TP E KT A Wt Rk A Y L LH >
3.0 ~ 5.0 U/L Al 15 B A h kM 5k 3h 5,
M4 E,> 367 pmol/L W} 75 2 15y Ji 215 B 5L i o i
BATTHE | LH Ml FSH 52 TR AT GnRH ]38 i
FEAL T2 Ay A T AN E IR R, Rk R G
2 D5 15 R A 5 N AR, PR s Al 471 )
I LH AT FSH R B0 5 P A i A 312
3.4 TERERKEN

P R R o M — 2 R — R i o i
PR s g R AR AT R E ., T ERS WA
GnRH 7EA58 % & ke S s M i A, 2 ik b 54
WA LA TR K, B R A K R H,
GnRH FE 1T Jik b s J R A0 28 AN W7 384 o, o) 35 1 39
RPNt P RS I GnRH mRNA FY 26 34 15
B AR S E T B GnRH [ A= i n] 76 4 4]
FE HPGA DJRE LTS M H Z 8 br ., I IR A 5T & B
RGN R G, JLE S R 5

A ITE IR B0 AT I LA SR S pE 0 R
FE R EL R R R E8H AR sh ) E 2B
#, fn KISS1, KISSIR, MKRN3 J% DLKI %t
4090951 SN RFRP3/GPR147%  Lin28/Let7") |
GPR54/GnRH" | IGF-1/PI3K/Akt/mTOR """ |
Kisspeptin/ GPR54 "% 25 Z2 Fi {553 % 30 1 9 5 K B
) AR AT FE Bk 2 5 1k BB A LT
PR HASHIN T e i 25 DX 8 A K- A ) T 0 90 1 2
1 KRB S 2500897 4%
3.5 MREERN

PR BRI AL HE 15 DR S48 IR B )
FER FEr R R e O R A, R K
KRB R AR PR BRI R 25 BT 53 WA B
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ATETCRI AT 8 T X LS B IR RN, T
BN R BE DL K DR IR Y B AR R AR BT
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4 HiE
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AT LU A58 M B i i AL RN IR o7 4 A (B
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