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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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Table 1 Comparison of modeling methods
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BR R RITINE 4 T 7 oy o CnRHLR mRNA o = R R
e MR AR BRI DT e
R ey SRR IR o
=5 B8 1 R After weaning, the rats were ]Ej, it il ‘¥,4ﬂ Igﬂﬁ?’b;’%& Advantages : simple WO
e gy . g . ’._‘ . LN TS RYEON TR <X < " C i X T
IJ:In_/f‘f /?2‘1 ;{)tj( jEE\.E? f}ed ; w1l}<1l . h;lghhfatf ) j@t Vaginal smear; expression of f)l?erdtlon, sil;ne changcts; EL
igh fal istar K 55 continuously; - High fat diet o o’ by KISS-1 mRNA, % oA you Obese 128.33]
feed SD rats or for the first generation of . initiation group
. . . GPR54 mRNA in hypothalamus . - . central
modeling ~ Wistar rats lactating rats and the second . Disadvantages: There is no .
) and GnRH-R mRNA in . . precocious
method generation of weaned rats; . uniform standard for high-
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
uterus

interval;  index  of

and ovary

fat feed formula; Tt is
difficult to reproduce the

second generation mice,
and the modeling time
is long
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Title Animal Method Evaluation indicators Advantages and disadvantages Apply References
ZE 5
M P2~ 10 BEE TR BT LRy 5
AR A A (75 5 PR/ R o 3 8 oyt R
& M & BUR) AL P2 ~ 14 ] BIEIF RO ] R KE T SR R AE R R B
Bk [ 55 B3R 8 Fr B PR 2 3% B Study  on
. SD K i . . . . '
Modeling SD rat Exposure to low safety  Vaginal opening time; hormone  Disadvantages: high  precocious  [39-40]
of adverse ra ( 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
. POt B
21 H % 55 B it
P SD KB =5 MR
R 100 24 h/d RREOEIR JGIGREE  BERKOF s R F KO BT %ﬂﬂ@]@-?
eI K FRIOMERE (300 + 20) Lux SURER 8. TFJE KRS R0 [ 19 Study  on
FOUE KM B Bk 00 MBS 15 me/kg BRI TE ORALIER R A he
RPN /N BER FASRA Mo ARAF R 5 relationshi
Light and 21 day old 24 h/d continuous light, Hormone level;  melatonin  Advantages: bet b [42-43]
melatonin ~ female  SD  light intensity (300 + 20) level; the time of vulva opening  simple operation l.el::een
induction  rats or 10 Lux or intraperitoneal  and the first estrus; vaginal 187 .
method day injection of 15 mg/kg smear; uterine and ovarian environment,
. - . melatonin
postpartum melatonin at 8:00 every day organ coefficients; pineal gland and
female KM an .
. precocious
strain mice
puberty
oopk g, SMERE A EMEHAL ST SiE S
u Hiy HEHERBEWE4dE,T 18 e ‘;ﬁ‘::" AL fil FIH 4
SD M Ao 9:00 58 i A I E ﬂifﬁ \/mjﬁﬁilﬁﬂf% B Mo
‘f%; P S 10 pg 9 MnCl, ; 12 EE*‘*JL% iﬁ ﬁ;ﬁ: 1{[: Ve L G
) - =
g T 12 FIG AR BT MACl, gk P i g BRI By
;am‘. i SD MEPE (10 mg/kg) ki M AR mRNA e & H * L. Study  on
Wik [ Chronic poisoning
Maneanes N Acute exposure: cannula was & advantages imol the
ANBANESE ) cute implanted into the third Hormone level; vaginal opening advantages: SHpie relationship  [47-49]
exposure . . o operation, disadvantages :
. . exposure; 24 ventricle. After 4 days of time; determination of mRNA . . . between
induction . modeling time is longer .
day old SD  recovery, 10 pg MnCl, was and protein in hypothalamus L environmental
method . than  acute  poisoning.
female rats;  injected into the third and pituitary Ac - metal  Mn
. cute poisoning :
Chronic ventricle through the cannula . exposure
advantages: short modeling
exposure: 12 4t 9.00; Chronic exposure: . . and
time, disadvantages ; .
day old SD  MnCl,(10 mg/kg) by gavage - precocious
fomal 2 complex operation b
emale rats every day puberty
NN W S
PA G . B WA T B KISS-1 X o
L A S 10 d 4T 0.25 my  GHEKE: T B A 20, 5 E
ik 21 H i e v GPR54 &5k i
; P keBPA JH# H . HHE AR AHIE
Bisphenol KN Organ coefficients of
0.25 mg/kg BPA  was Advantages : simple [53]
A 21 day old .. hypothalamus, ovary and .
administered by gavage for 10 o operation, same changes
exposure female rats tive d uterus; Hormone level; KISS-1 | vouth start
method consecutive cays and GPR54 gene expression as normat youth startup
in hypothalamus
FHIE T F i a] 5 R v 2 21
P S 3 15 H Ok A Ak I} IGF-1, X - N
MBS RS W sy Mg R s my O T M A A s B
I g Wistar . GnRH mRNA #ikKF - N
. . kg BPS . . . EIRIEESES
Bisphenol KR . . . Vaginal opening time; .
Daily intragastric . . Advantages ; simple [60]
S 15 day old T histopathological ~ changes  of . .
. administration of 5 mg/kg ; operation; Disadvantages :
poisoning  female BPS for 4 i " hypothalamus;  expression  of | Idine ti
method Wistar rats OF % CONSCCUlve WeeKS  IGF.1  and GnRH mRNA On8 Mmocmeme

in hypothalamus
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iy
15 H # I N R w s
e g FEMIEIG P G LR G 2 1 5
W R 0 K RS SD HBELE 4 FIHEE 1000 mg/kg  HER KR UK R KCE; BN R g — B
o s KR % 5 mg/kg DEHP B3 H R Study  on
DEHP 15b‘d 1 1000 mg/kg or 5 mg/kg Coefficient of uterus and ovary;  Advantages: simple  environmental [ 63-65 ]
. f ‘lay © DEHP by gavage for 4 GnRH gene and protein level in  operation; Disadvantages: endocrine
pOllSEn(;ng ‘t;[r'nie als consecutive weeks hypothalamus; hormone level; long modeling time, no  disruptors
metho IZSr trd s vaginal smear unified standard for dosage  and
o oL s precocious
puberty
5-%% O H P21 ~ 44 F9.00 ~ 10:
1 ge 21 H # M 00 Z [E]7 1500 k . . .
gf T i _ﬂ;fﬁ oo R BRI L T 00 K
' ’ ’ AN GBI R K DO AR AT
6-5-hydr KB Jded Vaginal openin, time;  Advantages: [69]
oxymethylf 21 day old 1500 mg/(kg - d) HMF was o pening L wovaniages:
.. evaluation of uterus, ovary size  simple operation
urfural female administered by gavage from d follicle: h lovel
exposure Wistar rats P21 ~ 44 at 9.00 to 10,00, anc loticle; hormone leve
method once a day, 6 days a week
5 ﬂfz‘ M* 1B T R E] 36 1 2 1 AT
WO R M RS 2
5 i @E m SD A H 1500 #E B ZEA 400 [AI&EFI%%JS : #’Jﬁﬁﬁf niﬂa‘l‘m
TR mg/kg F FHIETT O . . . ¥ — +F(
) N The time of vaginal opening and .
Tk 5 mg/kg ZEA by gavage for 5 . . Advantages ; simple
15 day old ; the  first  estrus  interval . . [70-71]
Zearalenone consecutive days or 400 mg/ - operation; Disadvantages:
. . female  SD appeared , examination  of . .
induction kg ZEA by gavage to the there 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, K K R
every day . . time of animal modeling
female gene and protein expression
SD rats in hypothalamus
SYHIT LO YR = A
F MBI ER 1R (5 b AT B
§ . R N . '{—i Y e ok . I‘J—f': .
Loy 15 FBHE 72 - 125 W) Wb BIROT O gk IR T B
LO . #E SD KR E BT H UL Advantages : a simple
L 15 day old When exposed indoors with  Vaginal opening time; hormone A8 Simpe [75]
poisoning . . operation; Disadvantages :
female LO diffuser and treated to level; ovarian .
method . . . . complicated
SD rats vaginal opening with nasal  weight measurement . .
equipment requirements
spray once a day ( dose
range: 72 ~ 125 pL)
SEFET S0 0 0 0 5 e
BFR R & 247 BFR IR A4 (0.06 ;Eﬁ{muﬁﬁb;cbﬁ
Prketii mg/ (kg - d)) R Di:':d\;a;l;a es The
BFR SD KR BFR mixture (0.06 mg/ (kg  FLIRYI A W% Ages:
R X . reproduction of the second [76]
mixture SD rats +d)) was Observation of breast section . .
— .. . generation mice 1S more
poisoning administered continuously ° licated: onl it
method before mating and compricaleds omy monror
. . the mammary gland, not
during weaning o
other indicators
DORE AR A SR 52
B IORE I (] 53 BT A 8
15 Hi& SPF B 15 H & IF 464 H B R, [—IHE*HEX)LA/T\?IJ?E}Q
0 ) % SD?ﬂHf‘fi 269 mg/kg £ R 2 21 BLEF DR EEKE; N BAKENAE
B Jefil H ##% i e 2 A B R A AdvantagBS: simple
Ethephon 15L‘l 1d From the age of 15 days to  Vaginal opening time; hormone operation; Disadvantages: [77]
exposure SPF( & (;D the age of 21 days, 269 mg/ level; gene  detection of the design of the time point
method kg ethephon was orally hypothalamus and pituitary for the experiment was not

female rats

administered daily

complete enough, so the
change of hormone level

was not observed
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VN A S E
?j})l(s ngﬁﬁfz%oj\( 8%0{%1; DLEIF LV RD, 20— Yo ket
o R s, AR LI (8. 5 B A 0 1
R 1 S PRt SURGER ISR B LACE e TR IR A i
e LE M AR R 3t B
ik TCDD (0, 200, 800 ng/ (kg . L . .
TCDD j(fﬂ d) per week ) was Vaginal opening time; t.he first Advar{tages; sn.nple 1781
LE .. . oestrus, the first ovulation and  modeling operation ;
exposure administered to female rats at . .
method female rats the 15th day of pregnancy lhe' cycle of U'eslrus; ovarian Dlsa'dvanlages: the test of
. . weight and section observation;  ovarian compensatory
until ‘w'eamng fo ! t}lle secolnd‘ ovarian compensatory  hypertrophy is complex
%?;E;fr)l emae rats hypertrophy test
12 ~ 16 H @Mt R %=
5.6 Gy FRHA5R) 2k i e 2f
551 Co 48 BR L A 38
T B EATAR O, SR IR
WREEES N 80 em, F-H 5 em N f
B 5 0 W AT - B
Fm s M fe LR R ULt BT BAL: g
Brain JEL 12 ~ 16 day old female. rats Izﬂjﬁﬂ: I s ] ,(,%5(%7J(¥ . WA TR S . Radioactive
radiation sD received 5 and 6 Gy single  Vaginal opening time;  Advantages: short molding substances [79-80]
induction  female rats dose brain irradiation. They  hormone level time; Disadvantages: high and
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
FEF=IR 4 25 Kk 48
LA A 80 2 1T
LI 3 mm A9 EE i AR
R 1 mm, J5 5 iHA
FON L2 mm, 7575 26 ~
31 d Z i@ E A KISS-
1 AK(1 nmol, q12h) %y 3% F|
TR A i 2
KIss-1 Jik 25 H # v et e A
SN e Onoothe  25th day  after N T . DA < LIS [ 8L 5 e A
Eftf:;i;fgral ;’V;Eé‘ar M delivery, intravenous gg% FU IR 8RR P VE S 2 e B2
injection of 25 day old catheters were implanted, Vaginal opening time; hormone Advantages: short molding  Pubertas [81]
KISS- fomale and the cannula was lowered level; uterine weight ’ time ; Disadvantages:  praecox
1 fid Wistar rat to a depth of 3 mm below the ’ complex operation
pephide 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
H 10 ~ 20 pg A5 T
S  NPY ST IS 5] o
piknt oy o SN 20 RN IR S gy e conpim g eapspny JEACERMERL B
Intracerebral . e . . i) ; B E KT " - . .
injection of 30 day old Nl.:’Y was.lnjected into the Time of vaginal opening and }.\dvantages: éh()rt molding  Pubertas [82]
NPY female third ventricle of 30 day old first ovalation: hormone level time; Disadvantages:  praecox
peptide SD rats female rats through cannula ’ complex operation

in a single dose range of 10
~ 20 pg
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3.1 BREFORE

BFTE T 1B (R AN EE 1 U B B ) 38 2 75 75 20
TG I PR R . W0 IR & 1 HE P — M8 7E KRB
EIF ORI, O B E IT O/E R — AT 5 T
B T SESNERER IR , B AT R BRPE R i — A~
BRI AR, PR 2 2T 8.00 M IFiC
SR BUBATEIF O
3.2 BERRRIIERENE

FF T8 R A5 Hz 22 B9 5L N 43 W ) BE B2 52 ), Xof
MEEE o0 SRR W O 2 B ) 7 S 1 R DS TRD By
B, BRI B A AR A P 0 3 7K1 28 Ak Hh B4 Ay
TR AR MR 4 B 38 0 7% 20 v e B g mT
R T AR E0 ST RE, AR M K B A2 MR R
SO, U I Sh A5 BT L Sl IR 0T Sl e A Sl
JE 4 BB, BRIE TR B A B S R A p . B
175 [ 3 B8 U R DA P 40 Bk 32 5 s 19 i A A%
B A AR 3= 5 Sh A% I DL AR B Ak Y L R A Sk 3 B
15 J5 300 A oAb b R 4 A A% b B2 40 R 40
3 FhAAG E A 2SR B M A A A 2
SRR B PR L SRR fRE 2 H AT K
SR SR e i
3.3 MmiFEWHEKENE

TR 08 3R A DU T PR L 3 M L B2 T 1 8
AN bR, FEALRS LH FSH E, I R o] # %
TP K ok Wk R AR A Y JLEE LH >
3.0 ~ 5.0 U/L Al ¥ € A PP 3 & sh Y
M E,> 367 pmol/L B 75 2 5 3215 O L 3% Jirh o i
FARTRE'™  LH A FSH 52 TR A5 M GnRH 38 ifii
FEAR T2 AT T AN E A R, K R R G
R R 2 IR 150 K A 5 N AR, PR A ) 471 )
I LH RN FSH 4 B 058 M A A Ras 12
3.4 TEREERKG

P R R P M — 3 R — 1 R B ) A
Erai 1= B Ko BV S o (1 /<33 1172 = I N ol 1 1 2 A3 )
GnRH FEAFE & & HA SRR AR T, 2 Bk o =43
WL TE SR LI AL FARKE, MR AE K R F,
GnRH BRI ik o 8 5 S A0 3 AN W 33 hm, 3fl 35 o
AP A GnRH mRNA 4 %35 1%
B G PEAARTE S E R B GnRH 4 28 1 mT R A 1)
E HPGA DIREFIG B 248 b5, I IR 90 & B
WA R F R B M e, JLE S KR 5

H AT IR B AF R HA SRR S E 0 PR
FEPTRMEHARL ZESHEEMN Gy HEE N
%, 4N KISS1, KISSIR, MKRN3 K DLK1 3t
419295 AN RFRP3/GPR147°*  Lin28/Let7'
GPR54/GnRH" | IGF-1/PI3K/Akt/mTOR""" |
Kisspeptin/ GPR54"™*! 45 Z F (5538 38 = I 45 K B
(75 B L T ROk 2 5 PR 2 ) R pL
DRI LA T e 13 2 PR 8 A K S A7 ) T A0 5 4 L
(4 LML S 25 067 i
3.5 HEERN

PEZE R I AL 5 O SR, IV T E )
FRER T o R R Op AR A, AR
R AR AR R R B R R T 40 I B
MR GRS W, Mo Bk B B R T,
LSRR, FLOR Y ol L2 A EAE > 4 mm B
W R T EY AT, R AR AL E 7
FIOPELAC TR bR P42 IE 7 JLEE W o 2s | B A A
ATFETCAN A3 T X EOLE R B IES KN, 7
B PN IR A JEE LA B B 3 5 A B AR B AT
T SERE  MER Y B B0 JF REXTHA Y HPGA
K- B3 BRRE FEAT EAG , 30 e B 3 ) LA IR
I R 43732 0 S as sh e v & F RS
B ERIWAEER, AT F S h T oy g
B L) R B R B SR, X SE I B M AT RS R
K/ 2000 LS o A R B 100 45 6 vl L
WLAREL A B, PR, 76 R 2 4 52 8 v o 5t
LienI LY/l e e YEA Ak S VIE 2N 931 N KA (S

4 iE

JLEEE LA B AR T, 1k RS e
AL ST S A AL LG T S B A 0 (E
MfE R, F AT 2GS S Py £ 8077k Sl
FARIRARZ IR TS5 S 05 S NMA 375 5 1 O P
POE R Uk . AR BRI TSI, BRI AT 5T
B TR TT IR I8 T 2R A BBk A RS A Y
AT, PR A AT T i P L 2 Bl W i A Y
D51 B R VFAG F8 AR A M T 01 58 4% Fh 5 SR I R &
BULENE R LR PLE], I AT Xk 25803677 7 H i
IRVl TRASZ I8 25 YRR T AL .
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