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(HZE] BY - WA EEHE LT T L 5-B @M (5-hydroxytryptamine, 5-HT) & BT #E B35 2 008 3 19 82 0
ik B 72 H 21 HiE SDMEME K BN MR INZER (para-chlorophenylalanine, PCPA) ZIF1A=FRER/KLL (XFHEAL), AF4L
36 2. A1 PCPALTK RGNS PCPA (LAFES, S-HT G AU NRFEHIRL ), X HEL DI S S5 AR LK, A2 b IS HFEL AL
BeRT 1 do ArRIFE28 Hily . 35 Hid AN 42 HIRAMSE KR, RASEAT 946 E & PCR (quantitative real-time PCR, qPCR) #5ilf 2 41
BT F 0 o i i K Bl K (gonadotropin-releasing hormone, GnRH) FER{FiE, KA REP AW MHLK (enzyme
linked immunosorbent assay, ELISA) A&l 2 21 K BU N Fe i 20 21 7 5-HT % f . GnRH & &t DL K I 3 H 38 0K Az Bt %
(luteinizing hormone, LH) 7K*F-. [AlHf, M 28 HIEIFLG, & H 9:00~10:00 WA FH o5 2 4K BUIHI TP ], 458 - 5-HT
TR ELISAZE RGN, W HRALK FRAE 28 H IR IR . 42 Hid i my, SR Eahitash, 5 PCPAYINAHHM—3K; [RIXT R4
o, PCPAZHARETE ik 3 /NI ] 0 5-HT & 8K (3 P<0.05), GnRH 5 #Hi4 qPCR J2 ELISA 25 L 7R, SR IRZAAHLE,
PCPA 4 K FRTE_F3k 3485 Y GnRH mRNA AN Feik . GnRH S HI8E (39 P<0.05). LH/AKEMYELISAZE R R, [H
XPRRZAAHLY, PCPAZIKRRIE28 A, 35 ARG AT FREH 2R HAS = E L (3P<0.05). BHITIF R ISR 45 4 o
SHIEAIAIEE, PCPA 41K SRAYFAT 1Pt a4 Fr 4EiR  (P=0.035). £5i% - H&HL T 5-HT A8 T Fen] 2 SD iR 5T F il
4P GnRH GBS/ . 13E LHAK- TR, BN ITFRESS , IiHER T HE &G 3.
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Effect of decreased 5-hydroxytryptamine synthesis during puberty development on
the onset of puberty in female rats
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[Abstract] Objective-To preliminarily explore the effects of decreased 5-hydroxytryptamine (5-HT) synthesis in the hypothalamus
during puberty development on the onset of puberty in female rats. Methods-Seventy two 21-day-old female SD rats were
randomly divided into para-chlorophenylalanine (PCPA) group and normal saline group (control group), with 36 rats in each group.
The rats in the PCPA group were injected with PCPA intraperitoneally every day (to establish the model of decreased 5-HT
synthesis), while the rats in the control group were injected with the same amount of normal saline. The administration treatment
lasted until 1 d before death. The rats were sacrificed at the age of 28 days, 35 days and 42 days, respectively. The expression of
gonadotropin-releasing hormone (GnRH) gene in the hypothalamus of the two groups was detected by quantitative real-time PCR
(qPCR). The content of 5-HT and GnRH in the hypothalamus and the level of luteinizing hormone (LH) in peripheral blood were
detected by enzyme-linked immunosorbent assay (ELISA). At the same time, since the age of 28 days, the vaginal opening time in
the two groups was observed and recorded from 9:00 to 10:00. Results: The ELISA results of 5-HT content showed that the rats in
the control group had the lowest level at 28 days and the highest level at 42 days, and showed an overall increasing trend, which was
consistent with the trend of the PCPA group. Compared with the control group, the content of 5-HT in the PCPA group was lower at
the above three time points (all P<0.05). qPCR and ELISA results of GnRH content showed that compared with the control group,
the expressions of GnRH mRNA and GnRH protein in the PCPA group were lower at the above three time points (all P<0.05). The
results of ELISA showed that compared with the control group, LH levels of the PCPA group were lower at the age of 28 days and
35 days, and the difference was statistically significant (both P<0.05). The observation results showed that compared with the
control group, vaginal opening time of the PCPA group was delayed (P=0.035). Conclusion- The decrease of 5-HT synthesis during
puberty development can lead to decrease of GnRH synthesis in the hypothalamus, decrease of LH level in peripheral blood and
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delay of vaginal opening, thus delaying the onset of puberty in female SD rats.

[Key words] 5-hydroxytryptamine (5-HT); rat; puberty development; gonadotropin-releasing hormone (GnRH)

TEA R A AE B iy i B v, T B i - -
it (hypothalamic-pituitary-gonadal, HPG) #l k5%
FEREEEN . b, T RS R RO R
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i Bk 7 OB GnRH, iR PTAE S AR T
E R iR L E  (luteinizing hormone, LH)
FBRE AR, S 2 R W S PR S RS
PEHERR R T . AR AT, ABEE . B
KA AR R T HURELEFRE S X HErE
KRBT, BT BO0EHE F 8 shivbrds . Aot
58 R B, GnRH M2 o0 HA N 2 0 45 75 & 1 3
BRI Z T, ZAATTRIE TR R A0, Hf
R FZAL TR AR . PR X -,
M AERERL DA S RMIEFRE AT ol RAFRL
B i 48 g AE TR RS . 7E AR, GnRH M & ITA A
2000, Wit Sh2y A 8004 . AEHILII, %
PZITCRIVBONTEER, Z 5 3B/ Y
FWIFIRET, W “CEREE T, M Y k&
B, 5 GnRH M Tk b B N Rk 2, 346
Wil . FEEAAIE . BTG OHERRES YRS, (H
BRG] 1 A A

SPERGEL "' # 5¢ & BL, /N Bl o ¥ i1 7k 7E b
GnRH #1£:7C (GT1-7) 4HMIAI£IAE 5-HT,, . 5-HT,..
5-HT, #l 5-HT, % f& . CAMPBELL %5 7' [i] 5ig 4F #fE 1
GnRH-Cre %% J& A /N B9 T B 1 W 00 400 i IXC 332 S
Ba2001 (—FIERANEE), 701 GnRH #0918 A
METOI AT AR AL, 25 R BR T 4% Y 5-HT
REMI 22702 GnRHMIZTT) M A ITTZ —, RV
TE 5-HT X GnRH #ft 28 S0 15 (9 i &) Bl o 7E M 5L 3
Yrrbr, 5-HT Hh 0y 2 R 10 20 1R 75 R 3 filf—— (0 %
2 ¥: 1L W (tryptophan hydroxylase, TPH) MIA/EFH T
Hems, R—mEENMLET. HATR Y &
B, 7 LR, TPH g & %X N & MR (para-
chlorophenylalanine, PCPA) &4+, M /b
5-HT W& . AR, TPHAFTE2 LAY, HP
TPHI1 FITPH2, il 2 B ph 7 1 8 % 400 A AR A A o
ZIuRYIM (AIRIMAnM) Rk Jo# FEhh e
9 S-HT fepfgoc Rk . HET, APz
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J5T 5-HT %t GnRH £ W F1RETICRE ) 1 9% 22 DL AT 5
Yo sime x4, HA K 5-HT 4F GnRH #1286 (1) 8 15
TEF M T — 825 . Tk, ABFELL21 H i
RECHBFGE AT 4, 38 i 8 B 5 S-HT A 80 il 57
——PCPA B/ HER /K, KN K B & & HAH S5 4%
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1 ¥ME5hE

1.1 SEEEhi Kool

21 H IR TE T S e e MEE SD KR 72 H, KRNy
45~50 g, W 9 b 4k A AR S S I HOR A RS W
A PEFATIES . SCXK (I7) 2017-0011, SE56 K iR
5 T b o de3E A A2 5256 B W H AR A BRA F R
AL, HFAHES . SYXK (77) 2017-0014, 1@ 55
WP (2142) °C, MXNRE (55+10) %,
12 h ARG, A WS . YoK. shimsRamfa e
CER BB RLEG) , FTA S e E K e
Vg 3 R P L % B S0 sl ) A P AR PR A 4
FLAE A S 4541

B IR K EUREAL R 2 4, B PCPA 2H Al 3
KA (FHRA), Bg36 H. & H, 1 PCPAZL KR
i 6 13 55 PCPA. (3% 100 mg/kg FY )&, My 5-HT &
BT FRAR IR ) ) o R R BT A AR B K
FRE B KRB ARIERITT 1 do BEE 28 Hilk . 35 HIR AN
42 H 4 B4 I B b BE RS [E] A5

1.2 R S ALY

Afi. FNEE, JoKOmE (EZ8E Rl
BRAT), PCPA (IR AR RAT]), ik
e E W X5 (enzyme linked immunosorbent assay,
ELISA) i & ( RigmMEK AR HEARAA),
TRIzol i (Invitrogen, £[E), RNAG|Y) [A T4
Wt (Lig) B ARAF ], RS a . Sem
6w PCR (quantitative real-time PCR, qPCR) i
& (TaKaRa, HA), EARAMMTEIL CTHHTZ
YRR A R A R, 55N (Thermo
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Fisher, J2[H), SR # PCRIL (Roche, Fiit:),
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1.3 41815 & M qPCR Ex

ST 28 Hiy . 35 HilbFI 42 HiRASE R, B
JE IR BB B TR, 4385 T e ZH 2

FH TRIZolZESZEUT Bl B RNA, I FERIMrE
FETHAI RNA (O BEFNSEEE . BT pg RNA U SRA K
cDNA, R £1F K 37 °C 15 min, 85°C 5s; LI
cDNA Jy B 17 PCR I B, W 451 k. 95 °C
3min, 95°C 10s. 56 °C 30s. 72°C 30s ($L45/F
). BIEEREEINES, UB-actin NINZIEH,
SR 2R SR AR A R SRS IR 1,

®1 qPCR3|¥FF
Tab 1 Primer sequences for gPCR

Forward sequence Reverse sequence Length/
Gene
(5'—3") (5'—3") bp
CCGCTGTTGTTCTGT GGGGTTCTGCCATTT
GnRH 150
TGACTGTG GATCCTC
i GTCAGGTCATCACT AGAGGTCTTTACGG 147
B-actin - TCGGCAAT ATGTCAACGT

1.4 ELISA il

141 TFREMALSSIEGE  mEA T g2
B I < B R 2% vh ER % WL (phosphate buffered
saline, PBS), Tij5 Fla&Z81519%, RI%E 500 pL
PBS 1547 50 mg 4. Mif5, T4°C. 1500xgsk
PR B0 20 min, WU BIEWORFA#/E-80 °C, T
JG4: ELISA 73T .

1.4.2  IMIEHRE K REBRME, T MR, H
2 mL S8 AT O MR I . SRER 2T 4 °C .
1 500xg 1 F 2.0 20 min, W& b3 WOFE £ AE
-80°C, FTJRLEELISA4#r.

1.4.3 GnRH, 5-HT X LH&HE  #%M8 ELISA X
A AWMU R, X G412 i GnRH & &
S-HT &5 & LA o LHACE S TR, AR Sk
B35 1l . GnRH £ W 75 Fl J& 2.5~80 ng/mL,
5-HT A4 A6 0 98 Bl 2 0.75~24 ng/mL, LH (96 I 3t [
7& 1.5~48 ng/mL,

1.5 BT DR %

MK 28 His#e, 4 H 4 9:00~10:00 ML Hf:
ISR 24K BUWBAT TP B, E 2= BT TP A ot
B VAR “REIE” ARVEABATIIF R bR
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1.6 #Hil¥#iiik

K HI SPSS 19.0 A #EA TR St 7 Hr . 8 it
B xts 7R, SR Student's ¢ K6 56 #E4T 20 1] L %5
P<0.05h 25 HAG R L.

2 R

2.1 PCPAXF K& T FEMlbitl 5-HT & &t 18 5% i

W28 Hil% . 35 Hiy . 42 H S KT i
5-HT & it 47 ELISA 4387, 458 (K1) BoR: 24
KB S-HT & 4Rl H S p 34 K misg in ;5 xf
A, PCPA ALK T FfiiiH 5-HT & & 75 34 7]
HA TR (3P<0.05).
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5-HT content in the hypothalamus/(ng-mL™")
o
=

28d 35d 42d

Note: ‘/DPZO.OOO, @’PZO‘OOS, ®P:0‘009, compared with the control group.

1 2HXRRTEMHS-HT SE21H
Fig 1 Analysis of 5-HT content in the hypothalamus of the two
groups

2.2 PCPA X KB T KT GnRH # ik (¥ 55 i)

WX 28 Hil% . 35 Hity . 42 H#S KT Bl
GnRH F& N F ik #E47 qPCR 43 #7, 45 (E2A) &
N, SXFHRLH A e AE, PCPA 4H KB AY GnRH mRNA
TR AT (3 P<0.05); HXHZ 3 AW ] & 10
GnRH % [ 7 # #:47 ELISA 43 #r, 5% (&I2B) &
7, PCPA AR EUT Filith GnRH & 5 78 44K 7% A
4l (¥P<0.05)

2.3 PCPA X} K BUNLTE LH K F (1535 i

k28 Hiy . 35 Hil$ . 42 H %K Em v LH
K47 ELISA 2300, 458 (K3) Won: 241K
() LH /K-35 66 B % i 38 i e s Hob, 5%
A HE S, PCPA 2 K B A9 LH 7K F- 7E 28 H % 1
BSHBS AN TFTHAZSEASITE X (¥
P<0.05) .
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Note: A. Relative expression of GnRH mRNA detected by qPCR. B. Expression of GnRH protein detected by ELISA. “P=0.000, ®P=0.004, ®*P=0.009, ¥ P=

0.001, compared with the control group.
B2 2AKXRTEMH GnRH mRNA K GnRH & A& X

Fig 2 Expression of GnRH mRNA and GnRH protein in the hypothalamus of the two groups

100
[ Control group

[l PCPA group
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LH levels in blood/(ng-mL™")

28d 35d 42d

Note: "P=0.020, ®P=0.000, compared with the control group.
B3 288KRBVMELHKESH

Fig 3 Analysis of LH levels in serum of the two groups

2.4 PCPA XK BRI IIF JiC 10 ] i 5% v

SR ERBAT I Tl s, g559 (Kl4) o,
B 5-HT KA BRI, PCPA 2 BRI 1T
BHEA (33.1742.48) d, XHHELIRECH (31.33+1.37) d,
H2ZEREAGFE L (P=0.035),
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Fig 4 Analysis of vaginal opening time in the two groups
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AHIFSE3E 2o 7] SD K FRUME s 1 5 PCPA A4 # S-HT
AR R RINR BUR FeiiZH 2 GnRH mRNA K
GnRH & 135 . L5 LHAK Y-, FEWEE B 1T kit
o 45K, 5-HT G BUN FEXT GnRH HE K %3k
KA 7 A T AREINE A, BEAR T I LH K
S, JFAEIR TR R] 5 gk R T ME L
5-HT & 1T FEXT 5 B W1 shnysz i

T AW 2 AR ) AU I B B, R
ST RE SE 3 A T B IR AT . HPG Sl 59 350HE R0 s )
HEWINhERTEE L M — R A e IR
S-HT EJH 1 45 . BEIR DL 2 ah & 4% 1 B4R
R, LA R AR A B P A WA A A A e .
58 2 KB, PCPA 4255 MR K RLIY S-HT & 1Sz
A, MAGHTIN GnRH #f Zc 8= 2 T F Bl .
AW Y KRB, RYRRIRMIX S-HT,, ZATE K F it
FErR kb0 Y0l ] 5-HT, , #1155 GnRH # 2 5T
TRZH. Fit, S-HT KFE0E X GnRH #1480 11
B oA T B 4 AR AE . MAHMOUDI
2 U pi) R KBRS 3 I A S-HT R & B, K
W LHZKE I T Fh i o e, 3R il
5-HT G, Al B LHAKE TR, 3 55Erm
W45 FAH—50. BARBOSA %5 ') %3, 7EHF LR
2 T LTI 45 3 LG PE T (— b B i 28 Al [ B
S-HT & iR ) AbEE, AR B BF 1T st f)
TS AR, ArReREE R @ &) R AT
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GG AL R AZ Y, H25HE AT Fe i r vk
JETCHARAIE, R 52 50t A A U FH 24 ) 4 BRU P i
5-HT & ik, P TCER & 25 e RZCR . @ 4
WS, B IR T, T 44
S-HT Al RekE TiE® . Wik, EARMRT, K
TRIEZG B AR RO B Re et FRATTERE ELEE xR
FUNZE HAr 2 24058071 d, DL 5-HT & MK 57
FFm, MIMKM 75 LARBER R — g 5.
SOGA %5 ' i FH At 23 b 8 Medk K B Sz F Fefii S-HT
AR REERL, R IK B GnRH mRNA & A BT T
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