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Exploring the therapeutic effect of total timosaponin on central precocious puberty model rats based on the
RFRP-3/GPR147 signaling pathway
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Abstract Objective To explore the molecular mechanism of the therapeutic effect of total timosaponin on
central precocious puberty (CPP) rats based on the RF-amide-related Peptide 3 (RFRP-3)/G protein-coupled
receptor 147 (GPR147) signaling pathway. Methods Twenty-six day-old female SD rats were randomly assigned
into a control group, a model group, an RFRP-3 up-regulated group (1.5 mg/kg), a total timosaponin group (200
mg/kg), a total timosaponin+empty load group, and a total timosaponin+RFRP-3 knockdown group, with 12 rats in
each group. A CPP rat model was prepared by subcutaneous injection of N-methyl-DL-aspartic acid (NMA) (40
mg/kg). After modeling and administration, the opening time of the rat’s vulva and the first estrus interval daily
were observed. Administration was stopped when the first estrus interval appeared in the model group. The day of
vaginal opening and the time of the first estrus interval of rats were recorded in each group of rats. The wet masses
of both ovaries and uterus were measured, and the ovarian and uterine indices were calculated; HE staining was
used to observe the morphological changes of rat ovarian and uterine tissues, the number of corpus luteum in the
ovaries and the thickness of the uterine wall were determined; ELISA method was applied to detect levels of serum
luteinizing hormone (LH), follicle stimulating hormone (FSH), and estradiol (E2); RT-gPCR was used to detect the
mRNA expression of hypothalamic gonadotropin-releasing hormone (GnRH), KISS-1, GPR54, RFRP-3, and
GPR147. Results Compared with the control group, the day of vaginal opening and the time of the first estrus
interval of rats in the model group were advanced (P<0.05), the ovarian index and uterine index, number of
ovarian corpus luteum and uterine wall thickness, serum LH, FSH, Ez levels, and the GnRH, KISS-1, and GPR54

MRNA expression levels in the hypothalamus increased (P<0.05), while the RFRP-3 and GPR147 mRNA



expression levels decreased (P<0.05). Compared with the model group, the day of vaginal opening and the time of
the first estrus interval of rats in the RFRP-3 up-regulated group and the total timosaponin group were delayed
(P<0.05), the ovarian index and uterine index, number of ovarian corpus luteum and uterine wall thickness, serum
LH, FSH, E: levels, and the GnRH, KISS-1, and GPR54 mRNA expression levels in the hypothalamus decreased
(P<0.05), while the RFRP-3 and GPR147 mRNA expression levels increased (P<0.05). Knocking down RFRP-3
could prominently weaken the delaying effect of total timosaponin on the development of precocious puberty in
CPP rats (P<0.05). Conclusion Total timosaponin may inhibit the release of GnRH and premature activation of
the hypothalamic pituitary gonadal axis by activating the RFRP-3/GPR147 signaling pathway, thereby alleviating
the degree of precocious puberty development in CPP model rats.

Key words total timosaponin; central precocious puberty; hypothalamic-pituitary-gonadal axis;
gonadotropin-releasing hormone; RF-amide-related Peptide 3; G protein-coupled receptor 147
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Fig. 1 Time axis of modeling, administration and sampling in rats
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Tab. 1 Primer sequence

Product length

Gene Forward (5'-3") Reverse (5'-3")

(bp)
GAPDH ACTTTGGCATCGTGGAAGGG TGCAGGGATGATGTTCTGGG 128
GnRH CCGCTGTTGTTCTGTTGA TTCTGCCATTTGATCCTC 150
KISS-1 GGTATGCAGAGAGCAAGCCT GATCAGGCGACTGCGGG 122

GPR54 CAGCCTTAGCATCTGGGTGG GGTATAGGGCCAGCAGGTTG 181



Product length

Gene Forward (5'-3") Reverse (5'-3")

(bp)
RFRP-3 ACTTCATGCTGGATGCTCGT ACATCACTACGATGAGCGCC 144
GPR147 CCCGAGAGGAGCATCACTTC GTAGATGTGCGCGAAGAGCA 123
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B2 FAKXKBITIERRES S-SR E R (n=12)
Fig. 2 Comparison of the time of opening of the vulva and the time of the first estrous interval of rats in
each group (n=12)

A: Comparison of the opening time of the vulva of rats in each group; B: Comparison of the time of the first
estrous interval of rats in each group; a: Control group; b: Model group; c: RFRP-3 up-regulated group; d: Total
timosaponin group; e: Total timosaponin+empty load group; f: Total timosaponin+RFRP-3 knockdown group;
*P<0.01 vs Control group; #P<0.05, #P<0.01 vs Model group; #P<0.05, #4P<0.01 vs Total timosaponin group;
4P<0.05, 44P<0.01 vs Total timosaponin+empty load group.
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B3 BAKXRINERENTERRELE (n=12)
Fig. 3 Comparison of ovarian index and uterine index of rats in each group (n=12)

A: Comparison of ovarian index in each group; B: Comparison of uterine index in each group; a: Control group; b:
Model group; c: RFRP-3 up-regulated group; d: Total timosaponin group; e: Total timosaponin+empty load group;
f. Total timosaponin+RFRP-3 knockdown group; *"P<0.01 vs Control group; #P<0.01 vs Model group;
4£4P<0.01 vs Total timosaponin group; 44P<0.01 vs Total timosaponin+empty load group.
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Fig. 4 Morphologic changes in the ovaries of rats in each group (HE staining >200)
a: Control group; b: Model group; c: RFRP-3 up-regulated group; d: Total timosaponin group; e: Total

timosaponin+empty load group; f: Total timosaponin+RFRP-3 knockdown group; *P<0.01 vs Control group;



#P<0.01 vs Model group; 44 P<0.01 vs Total timosaponin group; 44P<0.01 vs Total timosaponin+empty load
group.
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Fig. 5 Morphologic changes in the uterus of rats in each group (HE staining >200)

a: Control group; b: Model group; c: RFRP-3 up-regulated group; d: Total timosaponin group; e: Total
timosaponin+empty load group; f: Total timosaponin+RFRP-3 knockdown group; *“P<0.01 vs Control group;
#P<0.01 vs Model group; 42 P<0.01 vs Total timosaponin group; 44P<0.01 vs Total timosaponin+empty load
group.
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B6 FAKXRIMTE LH. FSH. E2/KFHE (n=12)
Fig. 6 Comparison of serum LH, FSH, and E: levels of rats in each group (n=12)

A: Comparison of serum LH levels in each group; B: Comparison of serum FSH levels in each group; C:
Comparison of serum Ez levels in each group; a: Control group; b: Model group; c: RFRP-3 up-regulated group; d:
Total timosaponin group; e: Total timosaponin+empty load group; f: Total timosaponin+RFRP-3 knockdown group;
*P<0.01 vs Control group; #P<0.01 vs Model group; #4P<0.01 vs Total timosaponin group; 44P<0.01 vs Total
timosaponin+empty load group.
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B7 ZHAKXKRFLM GnRH. KISS-1. GPR54. RFRP-3. GPR147 [ mRNA Fikt# (n=12)
Fig. 7 Comparison of mMRNA expression of GnRH, KISS-1, GPR54, RFRP-3, and GPR147 in the
hypothalamus of rats in each group (n=12)

A: Comparison of GhRH mRNA expression in hypothalamus of rats in each group; B: Comparison of KISS-1



MRNA expression in hypothalamus of rats in each group; C: Comparison of GPR54 mRNA expression in
hypothalamus of rats in each group; D: Comparison of RFRP-3 mRNA expression in hypothalamus of rats in each
group; E: Comparison of GPR147 mRNA expression in hypothalamus of rats in each group; a: Control group; b:
Model group; c: RFRP-3 up-regulated group; d: Total timosaponin group; e: Total timosaponin+empty load group;
f: Total timosaponin+RFRP-3 knockdown group; **P<0.01 vs Control group; #P<0.01 vs Model group; 44 P<0.01
vs Total timosaponin group; 4 4P<0.01 vs Total timosaponin+empty load group.
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REMINGE. WHFLOHGE, N M KISS-1. GPR54 JEHFRIE, nHlHIMEME GnRH & USRI,
XF CPP ALK UK IRIT/E . Dai etall®VR I, 7EME R KRR Il RFRP-3 1 GPR147 Kk i %
N, RFRP-3/GPR147 %} GnRH F kisspeptin #& yu i /B k5, (Rt vk it KRk . A
R, I = S RFRP-3 1 LA N F i GnRH 1 Kisspeptin #4148 76 (1) Bh BE I 1T 22 6155 S 524 1)
RIERS, [FRE, AFFFRIL, CPP AR T Ffii RFRP-3 fil GPR147 )£ IA (K, KISS1. GPR54. GnRH
(AT, MAMNEME RFRP-3 ] il KISS-1. GPR54. GnRH [¥#iA, 4% CPP KR F ML RE, X
55 BEA A 810158 S — 5, $278 RFRP-3/GPR147 5t GnRH Al KISS-1 #12 o il 1 FH (1 PEA% A Bh T 22 % CPP

KRR, AFRE R, 5EES 2] FiH CPP KR T ik RFRP-3 Fll GPR147 ik, #H] KISS-1.



GPR54. GnRH %%, H4METE RFRP-3 M/EH —2: HAMTARMEIR, K821 ol e o 4]
KISS-1/GPR54 {5 5t i 1 75 Lo i - T8 s 1 ity o P 7 38 K BROR P67 VR T 5 R GBI, o BE 2 7 % CPP
KL B R RS I SE 22 4 T RE 5 RFRP-3/GPR147 {5 5 8 B 45 9% . NG E B HEM , A 72 R F RFRP-3
R AR RS R N I CPP oK B R Il RFRP-3 3%k, £5 3 B Rt ik RFRP-3 7T B 2l 55 0 i "2 0 CPP
R ROR AR FE B S F F s $Rom B R 1T W] el I Wi RFRP-3/GPR147 {5 S il i, 1] GnRH 1)
PRI Lo o - T AA- 1 IR IR PR AT WS, 2R CPP AR AL R UL R 2R R FR I .

i b, FIREE AR CPP KM R AR L I AE 22 F FH nI R /2 il il ¥ RFRP-3/GPR147 55
i, ] GnRH FIBEBON R Fr -2 (- B O 52 A0 SEEL A o ASAIT Fet— B 0 1 BRI IR T
CPP [IfE R, SASIEERIH T CPP BVRYT $2 Mt 7 BRIk . (HARAT S RAIB 704 1 A BEE 2 H X NMA
73/ CPP K RFRP-3/GPR147 {5 S IE M HIFLM,  H Y 1 ANE A8 I LLFE i & 75 S AR HAB Zh MR A g N 26
AR, AR T, PRABLLR BT AL A K CPP LR, IR AR R M EEE B H X RFRP-3/GPR147
15 5@ RN .
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