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[Abstract] Objective: To study the effect and related mechanism of Fuyou granule on danazol-induced
precocious puberty model in rats. Method: Totally 21 cages of SD female rats were randomly divided into
normal group, model group, Leuprorelin(0.1 g-kg") and Fuyou mixture group(37.9 g-kg"'), and high-dose,
mid-dose and low dose Fuyou granule groups(17.0,8.5,4.3 g-kg'). Rats at 5 days of age were given a single
subcutaneous injection of 300 wg danazol to establish the precocious puberty model. After 10 days of modeling,

drug intervention was started. Vaginal opening was examined at the age of 20 days, and the gonadal development

[KFBEHE]  20200701(013)
[HETHE] EZETEIOH 25008 "B 5 K £ I (20182X09721003-002-001) 5 1 #8 1A & JRBHIFL I (14 % 2018-2-2097)
[E—1EHE] WL, R+, 5 ] SRy P B 2080 i 58, E-mail : hk11024@163. com
[BEEE] " igit A, Rz R & vk A i 5%, B-mail : chs1971 @sina. com;
CERREY, AN, BB AR T, I R 2 2 IR K 2 3R A 5Y , E-mail : wangxiaoling@bceh. com. cn
. 39 .



527 B 3 W HEXBAFZRS Vol. 27,No. 3
202142 H Chinese Journal of Experimental Traditional Medical Formulae Feb. ,2021

was observed by hematoxylin-eosin (HE) staining. The levels of serum luteinizing hormone (LH) , follicle-
stimulating hormone (FSH) and estradiol (E,) were determined by radioimmunoassay. The mRNA expressions
of hypothalamic gonadotropin releasing hormone (GnRH) , Kiss-1, G protein-coupled receptor 54 (GPR54)
were detected by Real-time fluorescent quantitative polymerase chain reaction (Real-time PCR) , and the
expression of GnRH cells in the hypothalamus was detected by immunohistochemistry. Result: Compared with
the normal group, the vaginal opening of the model group was significantly earlier, and the uterus and ovarian
coefficients were significantly increased (P<0.05) , indicating that the danazol-induced precocious puberty
model was successfully established. The expression levels of GnRH, Kiss-1, and GPR54 also increased
significantly (P<0.05) , indicating that the danazol model can activate the HPG axis in advance, thereby
inducing precocious puberty. Compared with the model group, the mid-dose Fuyou granule group significantly
delayed the time of vaginal opening (P<0.01), high-dose Fuyou granule group significantly reduced uterine wall
thickness and uterine coefficient ( P<0.05,P<0.01), mid-dose group reduced ovarian coefficient and uterine wall
thickness (P<0.05). All the three dosage groups of Fuyou granule significantly reduced the content of serum
hormones E,, LH and FSH (P<0.05, P<0.01), reduced the expression levels of hypothalamic GnRH, Kiss-1
and GPR54 mRNA (P<0.05), and decreased the expression of GnRH cells (P<0.05). Conclusion: Fuyou
granule can achieve therapeutic precocity by regulating the Kiss-1/GPR54 system and down-regulating the
expression of GnRH to inhibit the activation of the HPG axis.

[Key words] Fuyou granule; precocious puberty; Kiss-1/G protein-coupled receptor 54 (GPR54) ;
hypothalamic gonadotropin releasing hormone (GnRH); hypothalamic-pituitary-gonadal (HPG) axis
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Table 1 Primer sequence

514 JF30(5-3") KB bp

GNRH Fif GGAGCTCTGGAACGTCTGATT 100
Fiif CAGCGTCAATGTCACACTCG

KISS-1 i GCTGCTGCTTCTCCTCTGTGT 88
T CTGTTGGCCTGTGGGTTCA

GPR54 i GCGGCCACAGATGTCACTTT 70
T it AGGTGGGCAGCGGATAGAG

B-actin 1l TGACAGGATGCAGAAGGAGA 104

T it TAGAGCCACCAATCCACACA

PR IR bR A, R 4 KR, 1] Image-Pro Plus #£ 47
53T
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Fig. 1 Vaginal smears of rats at estrous cycle (0.4%Methylene-

blue, x10)
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Table 2 Effect of Fuyou granule on vaginal opening, uterine coefficient and ovarian coefficient in precocious rats (x+s)

215 /g kg! n FA & TT 11 /d FE R HU/x107 G R H/>107
% 15 64.332+13.860 21.503+1.675
F A 17 20.118+0.322 86.367+32.881" 24.679+4.111D
S TN B AR 0.1 14 21.071£1.033% 22.030+4.665% 9.580+3.1522
4 A7 37.9 15 20.933+1.0629 71.830+17.294 22.551+3.305
540 URL 17.0 15 20.533+0.806 65.908+14.489% 21.742+3.456
8.5 16 20.813+0.726% 75.987+36.982 20.178+3.465Y
43 15 20.133+0.340 76.963+16.748 22.086+3.015

W5 IE R 4 LA " P<0.05,7P<0.01 5 5T 4 LA Y P<0.05,9P<0.01(FK 5[)) .

3.3 X PR B B TR BE IR O S BT IR A R Y
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2 e BE R U] B AR (P<0.05,P<0.01), 255 AT DLAI G RS RO o A5 4R B SR B IR Ry
ARG NIRRTy B, R EES WA T 5. WE 2,
W (P<0.01). FAWELFHUKEME, ¥ 3,53,

ATEH B BRI  CR N B b2 D. 5 415 5 21 5 B. A2 4 J0RE 590 4k 2 F A2 W10k b 30 ek 2 5 G 52 4y OB A fak 2 (151 3,4 ]
B2 E4FMAMERERXRFEHRSHIMEHE,<100)

Fig. 2 Effect of Fuyou granule on uterine morphology in precocious rats(HE, x100)

B3 E4hmisd iR aXRINERSHRmM(HE, <200)

Fig.3 Effect of Fuyou granule on ovarian morphology in precocious rats(HE, x200)

%3 SHTPRGERRARFIEENHM (tis) 34 XMHRAKXRMGEMENEm SE®4LL
Table 3 Effect of Fuyou granule on uterine wall thickness in OB E,,LH,FSH 1 8 2 7 & (P<0.01) , 7 &
precocious rats (¥s) PR BORIIE . 5B A AR, 52 Y S RN LH K
AL At/ ke " T E ) /mm F- B G AR (P<0.05) , 52 4 51 T B 400 o] 3 A S
W 8 0.349+0.038 {14 1L 775 184 2 1 FF 7 (P<0.05, P<0.01) . & 4h ik &5
LR 10 0.413+0.083 oo d 2 v B 9D OE,, LH Y 4 W (P<0.05,
FETHR AR 0.1 8 0.204+0.056' P<0.01), % FSH 1y I 2 A B 3% . & 4 WUk K
a4 37.9 9 0.419+0.086 ) 5t 2H % T 3 A R B AR W B R
5L 4 R 17.0 9 0.303+0.068” (P<0.01). W34,
8.5 10 0.336+0.049? 3.5 xR AR ECF BN GnRH, Kiss-1, GPR54
43 9 0.359+0.048 mRNA KL 51EH 4 i, B4 T i
U 5 IE A AL "P<0.01; 548 AL 4L H B PP<0.05,7P<0.01 (% GnRH, Kiss-1 mRNA i % ik W] 8. F+ 5 (P<0.05, P<
4T). 0.01),GPR54BIEH 4 LA EIHEaH. SHA

<43 -
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Table 4 Effect of Fuyou granule on serum hormone in precocious rats (x+s)
2H 5 il /g kg n E,/mng-L"! LH/U-L" FSH/U-L"'!
EH 15 31.954+20.476 8.126+3.917 2.175+1.115
iR 17 57.179+25.251Y 13.156+2.559" 3.300+1.031"
S TR i AR 0.1 14 48.972+26.945 10.611+3.8562 3.212+1.054
R RSl 37.9 15 31.252+14.1219 8.953+4.035% 2.578+0.445?
CRAR A 17.0 15 39.933+15.294 7.923+3.894% 2.767+0.849
8.5 16 39.391+17.8202 9.797+2.368% 2.731+0.953
43 15 30.086+17.017% 8.405+3.285% 2.221+0.697%

LB, B 4 W0k F B X T GnRH, Kiss-1 mRNA
Fit) 26 3K B I B AIK (P<0.05) , 1 &2 4l ks vh IR 35 & 2
X # 1 Kiss-1, GPR54 mRNA 72 ik B i[5 {I% (P<

0.05,P<0.01) . %N B MR i oy 35, ] i 25 41
#] GnRH, Kiss-1, GPR54 [ 35 (P<0.01) , &Z 4 &7
S5EAALKESESEITFE L., WES,

x5 E#HFAEREHRART LMK GnRH,Kiss-1, GPR54 mRNA BI§ M (3+s,n=3)
Table 5 Effect of Fuyou granule on GnRH, Kiss-1 and GPR54 mRNA in hypothalamus of precocious rats (x+s,n=3)

215 Fl b /g kg! GnRH Kiss-1 GPR54
1EH 1.046+0.333 1.120+0.385 1.059+0.324
(e 5.277+2.8012 1.747+0.526" 1.414+0.390
75 B AR 0.1 1.658+1.035% 0.796+0.3269 0.801+0.200%
=RARERl 37.9 3.893+2.072 2.018+1.315 1.83141.529
CRAE IV 17.0 2.089+1.651% 0.73240.607% 1.390+1.109

8.5 2.994+2.474 0.892+0.4574 0.869+0.5413
43 2.828+1.831 0.676+0.293% 0.823+0.578%

3.6 PR BCKE T I GnRH E A 334 19 52 i 4

Wit

55 0F H 40 e, AR 2 GnRH 48 i 1 7 ¥ 0% i
HH 5 5 0 (P<0.05) , 5 P9 Bty AR AL 0T S 25 10 1 3 45 S
GnRH 4l fifd 1) FL 43 W 5% B (P<0.01) , 45 25 45 25 4
B I B A% GnRH 48 i i B2 43 W 5 B (P<0.05) . i
T T A DL TR AN 45 1 B B €4 GnRH FH 4 40 i, 48
25 A i e, %A B s, H L) Broca &} ff 4 2> A B N
. ke, K4,

* 6 EHFAMMERERKRT LM GnRH 4Kk
n=6)

G850 (X+s,

Table 6 Effect of Fuyou granule on GnRH cells expression in

hypothalamus of precocious rats (x+s,n=6)

21 5 Fl /g k! Uy WO RE

EH 0.048+0.015
LT 0.067+0.006"
55T Fi AR 0.1 0.052+0.007%
RAiEES 37.9 0.050+0.0112
CRAR TR 17.0 0.046+0.012?
8.5 0.057+0.0062
43 0.053+.0.010%

TE 5 I A B "P<0.05; SR L PP<0.05,7P<0.01,

« 44 -

PO — b i GnRH M 28 S0 3 R I AL 1T 5 2L
A4 K R B S LSO, GnRH B /776 T F ki
B4 JK /N a3 110 A 2 2R 8RN U R G 2 ()
L 25 A AR T 0 S T AR A R R
41 i 2% 11 =5 26 A1 J1 B9 GnRH 52 /& (GnRH-R) 45 &,
UK Bl 3 /K BRI GTH, £ 4% LH F FSH. {2 P B % &
SAE T 01 S5 S AL G e O R 2 R 9 3
TR E T IR AFTHEN . ABFCR A 34
AN TR TR 04 5 Al Uk o LSS TR B MR SR P 2 X R
Y1, 5 TN B MR — B R AR B Y, KR AR TR
LH, A DA 3R fA -4 B oy 6 7 A il o 2 41 i 38k
BRI, K L H B — R T 25 . Z A A
Je i b mULE BE B $ 43 A9 15 O, 52 40 0k 2 e 3
i DI TR R MR T . BB RAEIRIK LIRIT &
B L b R Y LA A S Y rp 2
Xt IR

T B, X558 A 4 B4R 77 5 I mes ] DPR S
2 iF HPG fli i Jet 207 (i HAR AT F A /. A3
B LIk B M 25 2 5 F i SD M FL L 2 <7 M LB
ST R A TR R A ST T R T B T
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E F

4 EHFBITERARKR T LMK GnRH 4 RIE B 20 (frEdlifl, =x200)
Fig. 4 Effect of Fuyou granule on GnRH cells expression in hypothalamus of precocious rats (IHC, x200)
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