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(HZE] a6 W T I (NP K B FR B T 5-% 4 (5-hydroxy tryptamine, 5-HT) J Il /N 1 5-HT 1 5-
HT.n 52 A8 BRGS0 55T T3 B K B 5-HT M 5-HToa SZ A W A B WL . ék K 24 5 SD MErE K BLor o B
it R4 NP1EE R 30.90.270 mg/ (kg « ), B H #EE Y35 28 d J5 Rk B2 5-HT i /MR 5-HT # 5-
HT,a & i 0, FF R e B R W4 8019 24 h R 5S-HT & &, 4 Y3 28 d J5 . B NP 288 1Y 7 38 . 45 4 K Bm
H iR B PR 5-HT & Fh i s MDA 5-HToa 2R RGBT B, NP B 88 b i ) i 21 K Bl % 2 /b Alerh 5-HT &
2 i T IR AL (P<<0. 015 P<C0. 01) » NP 2 88 i 71 & 41 K Rl /MR 5-HTon 32 48 3R 35K F X B (P<<0.01), %5 4~28 K,
NP BB w2 R BRI 5-HT & T4 (P<<0. 01D, ##% NP BHH 5K EIM /M 5-HT.5-HTaa
T B S A PR R 5-HT & &34 2 5 800 06 & L $7R NP @2 5% KB 5-HT /KOF-F1 5-HT2A 520K 3 5K 1 7™ A= B 4500 .
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Effects of nonylphenol on 5-hydroxytryptamine and its 2A receptor in rats
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[Abstract]| Objective To observe the effect of nonylphenol (NP) on plasma and urine 5-hydroxytryptamine (5-HT)
levels and expression of 5-HT and of 5-HT;, receptor in the platelets of rats, so as to explore the toxic mechanisms of NP on
5-HT and 5-HT,, receptor. Methods A total of 24 male SD rats were equally randomized into 4 groups: solvent control group,
NP low-dose group (30 mg/[kg « d] ), NP medium-dose group (90 mg/[ kg * d]) and NP high-dose group (270 mg/[ kg -
d]). The animals were gavaged with NP every other day for 28 days; then the plasma and 24 h urine levels of 5-HT, 5-HT and
5-HT,, expression in the platelets were examined. Results The levels of 5-HT in the plasma and platelets of rats were
increased and the expression of 5-HT,, receptor in platelets was decreased with the increase of NP exposure dose. The plasma
and platelet 5-HT levels in the medium- and high-NP dose groups were significantly higher than those in the control group(P<C
0.01); the platelet level of 5-HT,, receptor in the high-NP dose group was significantly lower than that in the control group
(P<C0.01). The three NP dose groups had significantly higher urine 5-HT levels compared with the control group during 4-28
days of NP exposure(P<C0. 01). Conclusion There are dose-dependent effects between NP exposure dose and plasma, urine 5-
HT levels and platelet 5-HT, 5-HT,, receptor levels in rats, suggesting that NP might exert its toxic effect by affecting 5-HT
level and 5-HT,, receptor expression.
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JEM . 2 (nonylphenol, NP) j& EEs [y # % %
Fe, BB T VR L4040 B 25 ALkt i SR AT
b Hr Al B 2 T 1 R T Sk 5 4R 2 0 ik (NPLEO,
n TR CHEEEMEHE M 1~20, I8 7] 5 ik 100)
4 43 fife B I e 5k 2 NPLEO 3E A PR 55 )5 76 4= 0 1E
B R RIY BUE S W) NP, EO #1 NP EO K
FE =4 NP, 4 Al 3 B R 4R 20 50 J7 iy NP
HEAKAR S A5 SR i NP ol L 4.
AR FLTE BB 58 2 Bl 42 i ABLIRS S . RN
HMR TR B NP H A B 3R G M RE XS LR A —
FE (11635 A0 5 75 5 40 MR T L5 e 8 ) 1 51
B RO I A FR G0 A 48 R G0 DL S B0 4 AR
AR A e A A R AT 5 i (5
HT) X 0y Iff % 2 (serotonin) , J& — Fh 24 B i , 43 F X,
H CloHp N, O CHXF 4 F i ity 176, 2)H, 5-HT
TE G 1 50 K 1 28 5 fih v 5 s AR R 2 — Rl 40 o
28 3% 55 AE AR TR A1 4L 5-HT 2 — b i iy 5 Wiz 4 771
IR NIV U b ol R N T 3 T N et b R
SO NP AR BE & B 5-HT A gt NP
Rz AW ARIC Y . 2 g R B SR S8 5-HT
J& NP 2 88 09 W 76 RO A P ie 9 . 5-HT 78
PR 25 2 20 1B M AH G T NP X 5-HT f9
HARTE N AE FABLH 5 A DL AR T8 . A BF 5 o WL ¢
NP % ifil 2% F1 B e 5-HT Je i /b Al 5-HT, 5-
HT, 32 55 5 52 0 R 48 58 NP AEHTT 5-HT # 5-
HT, 32 W) B0 AL, O NP 2 55 1 ARE W i
T H R B I AR A

1 #HEInAF*E

1.1 %334y SPF 2% fif I Sprague-Dawley
KRB 24 H kBT 170~210 g, gh# K mEe 0 A
ARABEELRSY PO S WA IE S
SCXK(#)2008-0002],

1.2 F3XMAR4E KA NPEiE=>99.9%)
I F 2% [ Sigma 2 A (CAS:84852-15-3) ; 4 Jp f i
oK CE RO R B s 5-HT (4l i >98 %) Iy [ 3%
[H Sigma 2% ] (CAS:153-98-0); K fl 5-HT ELISA
A& KR 5-HT.. 32 1 ELISA il & ¥ [ L
VLA YR A RA R ; =58 LM (TCA) (R B
K2 DU 2 R — 4 (EDTA-Na,) ¥ 5 T MOk B
AL Z 23 H

P45 LC-20A (it SPD-20A } RF-20A ¥ #%)
5 RO 3 AU B H AR B e ] AE BT 5 250 mm X
4.6 mm,5 pm (i Security Guard®ff 47 4%) C JZ H
{3 4 1 [ 3% [ Phenomenex® Gemini™ ;5417R ¥
Vi O AL A 1 [ Eppendorf 2% H] s Multiskan
Mk3 i} b5 X W A 9% [ Thermo Fisher 24 #l;
EL204-1C HFREM | ¥+ METTLER TOLEDO
A7) s DK-600 L AE TR KIS A W B E T 7% 92 30 1
A BRAS F) s XSB-1AS 5] 5 1 3058 W B AR N 17 ot 2
ACHS )5 — Wk 1 L [ AR ERE R B ) A
BHEBEALES 2 7150, 22 pwm KA /A HLUE B A5 BLEH
KUK BTN E R A RA T & 2
LR B (EDTA-K) Hr Ml B2 R & WA T
P BH 3 B2 7 A BRA
1.3 Seshdoi. & MEAKERE KR
JBCE T 3l W B AR T M AR 3R 1R S R T
iR T BE AL D20 B o 4343 O 4 4 B T B A
(OFM NP P Al Bl 6 H, R a4,
g 2 L s AR 2 Gt R R A 3 i) Ol 30,90, 270
mg/ (kg « d); C 2 W £ Kl H L 9:00
B H O e 2k 28 dL IR B A R ROK B
o6/ S 12 h/12 h, % R B (22 £
0.5 C BN 45% ~55% ., BB IEERH L
- 9:00 W e H KR 24 h JRIE. B HWHE KRB
R POIRZS I SO0 BB T A
1.4 #W5-HT Z5HT %44 Fdnz 28d
Ye R 58 MG 45 21 K RRUHR HE B0 1M, W7 3900 Ak B, Ak BE
AR B 12 he FinA EDTA-K, $i &5 19 % 1
ORI, WA MK T 4C T LA 3600Xg B 6
min, B WCREI 2 A N AR BTEE A 0.5
mL B 4K, BRI IR A B 100 pL AE /R i
BOH 4T FB 43 F e 68 3% 9 4% 7853 9= 3% 5 min, i 1fi
INMRFEAF B, TF 4 C LA 3 000X g BL> 10 min, B
AR AR EIOCR T A I A 7 1 A AR
23 PUE HE 10 B0 R Bl Vs A RS o I VARSI A A 4
M3 5-HT i/ 5-HT R /MR 5-H T #6200 J7
T T e B ) G ) UG T A A T 4R
1.5 Jakwy 5-HT &Fegm g R & A b3 .
B 5 mL JREE.ZE 4 CT LA 3 000X g B0 5 min, BR
2ROk AR 2 B . B 0.5 mL F3E W, A 0. 05
mol/L EDTA-Na, % 20 pL, € #k% 1 min, DA
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BEPER AR 2014 4R 12 HLHE 35 8

BOHLIEFEMA 0.5 mL TCA B, iRIEY 1
min, AP HE H 75 4 CTFLL 12 000 X g B0 10
min, JC_EVERH 0. 22 pm A HLE X U8 3k 5T U8 5
T, SR R ARCTRORE R R PR W 5-HT B & i, DL
T DA (1) P B B IR L AR T

1.6 it R Excel 8F 38 AR, BT
Bl Pl s o . R SPSS18. 0 # Rk 471 gt it 43
Bro Z 4l b8 ok H 3 R F 25 43 #1 Cone-way
ANOVA) # A 28 5 W JE — 25 ik 47 20 1) 5 P LL 3¢ O
ZEFF IR LSD K 5. #5725 R 57 >R ] Tam-
hane’s #5355 /K (o) 2l 0. 05,

2.1 KRR TELBA AR P X R

KB DL S 5. g 7 20 R BN 5 3 iy BV sl b
BB RE WD YRR R R EREA RN B
W&,

2.2 A SHT A S5-HTW £ h4 3T/ K4 K
BRM 2K I /AR 5-HT Kt /NAR 5-H T o0 32 44 55 i 25
UL 1, B NP 255 5] 00 5, 45 40 K BURY 1M 3%
AR 5-HT & 2 20 1 & 5 4 4R B /R 5-
HT\ZkFEME L TR, NP 2 g b, il il
KRE MM 5-HT & 50 A M 22 R A G5
S (P<20.01;P<C0.01); NP Z g 7 i 4 K R
MR 5-HT & & 5% MAIH A 22 R A g%
SL(P<20. 013 P<C0. 01) s NP £ #& &5 7 &t 20 K KL/
W 5-HT.\ Z R R S5 X B4R L 2 F A5+ 8
X(P<<0.01),

®1 NPREXWNKRS-HT &8 5-HL, Z 4R IEH 0

Tab 1 Effect of NP exposure on 5-HT level and 5-HT,, receptor expression in rats
n==6, x*s
5-HT in the plasma 5-HT in platelet 5-HT:a in platelet
Group
on/(pg » mL™1) (pg per 10" platelet) (ng per 107 platelet)

Control 13.06+1.25 1.374+0. 14 5.2140. 26
NP (mg kg '+d 1)

30 14.2440.55 1.7140.28 4.70%0. 95

90 15. 76 £1.01"* 2.05+0.25*~ 4,31%1.22

270 16.73+0.90* * 2.5840.49" * 3.09+0.27"~

5-HT: 5-Hydroxytryptamine; NP: Nonylphenol. ** P<C0.01 vs C group

2.3 Jik¥5SHT 430 % K4HKBIRES
S-HT W & 25 R W3 2. Bl NP 2 88 57 &t i 3
Xof o7 ] — B 8] 5B R BUPR I 5-HT & it sy, 2 31
FR) B2 -1 AU 5 BB e 7 B[R] 39 o, X R[] — g 5 R
AR BRI 5-HT & 5 8y, 52 30 )5 2%
Bo 25 4~28 KNP ZREAL. o m ] i 20 K B R
W S5-HT & ik 3y T A R4 (P<<0. 01)

3 it

NP 2 —Ff Al & 180S0 R 0 2R 7
EJTIREI il INE /=i IS R BT RS 1 R ST o
. H AT AR PRBE P O R A )z s e B
FEFR W NP Ji i 457 IR SR A 1 A e #E  A
PN AR R B AE R 28 d I R A
YeRE Y ) NP B8 52 i BR7E DR R SR O AE T T
PR T — R PR

®2 NPREWNKRRES-HT &2
Tab 2 Effect of NP exposure on 5-HT level in rat urine

n==6, r+s, m/g

NP (mg e+ kg ' +d 1)

Time ¢t/d C

30 90 270
2 0 0 0 0
4 0 0.11£0.01** 0.15£0.01** 0.174+0.02"*
6 0 0.2540.02** 0.504+0.02** 0.73+0.04* "
8 0 0.66+0.04** 0.9640.02" " 1.2040.04* *
10 0 0.86+0.04** 1.3140.02"" 1.4940.04 " *
12 0 1.00+0.04** 1.484+0.03** 1.7340.02**
14 0 1.234+0.08** 1.784+0.04"* 1.98+0.05" *
16 0 1.484+0.07** 2.03+0.05"* 2.2440.08**
18 0 1.90+0.11** 2.324+0.13** 2.8140.44"*
20 0 2.66+0.12** 3.,07+0.11** 3.56+0.53"~
22 0 3.2440.28** 3.654+0.27"* 4.14+0.71*"
24 0 4,05+0.58" " 4,46£0.57"* 4,954+0.79* "
26 0 4.55+0.78* " 4,97£0.66** 5.46+0.91"*
28 0 5.0640.58** 5.4940.58"* 6.01£0.79"~

5-HT. 5-Hydroxytryptamine; C: Control; NP: Nonylphe-
nol; ** P<C0.01 vs C group
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5-H'T (1 fR 3 19 4 £ AR B Bl - BP €4 %2 ( Trp) 75
R AL CTPHD (7 R 2B B 594 (0 2R (5-
HTP) .5-HTP 7£ 75 7 1 2 2 2 i 2 B (AAAD) 1y
PR B 25 38 35 28 1 5-HT. 5-HT £ 5 i 4 Ak il
(MAO) 1 A B 5-F | Wk & 8 (5-HIAAN™ . g
T I 5 B P A7 A IV P R 5-HT AR MEE A Hr A
MRG0 KL b AR 2 R GRS E B 5-HT 43 )8
BN 1 2R G5B 5-HT {94 4 4 K% 72 78 R
FIANJE S 58 2 AR T 920 5-HToa 32 1K 2 H Al #F 5T
L —Fh 5-HT 2 1784, 78 b HK F0 50 J8 35 4 4y
fii s FEFA AT /N O L . B 5
H T, 2 M B W 40 I A5 2 I /N AR R 5 LBt 3R
A FAZ PN I D a8, I 5 %% 5-HT ik & 7t
o S SO IR S R B IS B B A K il A 5
A5 5 s 5-HTon 52 1 1 35 1634 8 1 30 58 28 3 38 0
LURICE= Y 906 N TINE i e | AN 14
H 5-HT A 85 BORE OB i 5 v A pft 28 ST A 4L, Cop-
pen YR 1972 A5 4t AR/l 5-H T, 32
PRGN 5-HT,n 52 W0 A RO BT, Y HLIA T
% 5-HT B, ifi /MR A7y 5-HT 7 2 5 5-HT,,
SR IRGE A A RE R HEAE L A . B G AR BF 5 T
WLEEE 1K B NP 2258 J5 i % o 5-HT i /Ml i
5-HT i 5-HT,a 32 R 5 1975 £kt 08 S et i oy
5-HT 1 5-HT, A 3Z AR AT REAY AL . WA 1 fiff S0 &
HiX 5-HT ., 5-HT 322 4 J2 4] 52 2] NP 5 %007 14
W

W & B, L OPE G KBUF Bl 5-HTo 52 1k
mRNA LB T b 70 R 5 R K L, X R T
WEBCR W B 5-HT.) Z /& mRNA 19235, #
BWEREX 5-HTaZ 1k mRNA (1) 335 S 32 i ) 4
PERIS . % B 5500 B 1) K BR300 6t D o 08 3% T LA
P R AR BOR AR A 5-HT R HAC st 5-
HIAA B ¥k B2, 32 B 3 26 il X Py 5-HT & & 34
EAN O R R PR ERC K T i e S T ]
DABE 5 5-HT ¥ FBE B HOHE R X Fhfil i 5-HT
HBE R, — 5 T & W 1L i S TPH Y 3% N %3k
ok ST BB 5y — T T . e 3 ER A T DA R I I A R
AACAZ N MAO 135 P, 38 5 98 20 B i ok 1 i 2€ fih
IR e R e B I R W B R R 2
S-HTS™ e I8 3 AT 14 ik o Jhe 24 338 Jo0 0% P 0 58 ik S5
5-HT RERLE - 30 5-HT 8 3% M B it A 2838 J )

i s

ABETE R BB NP B 55 70 5 (9 19 0 . & 2 K B
(ML /NI 5-HT,0 3235 B A5 F B 4 00 L AL ) T A
J& NP Ab2E 2549 5 17p-WE — 2 (17B-estradiol . E2) 4
1oL, 1 55 e P40 ) E2 155028 B (0 M 38 3K A7 1 Cestro-
gen receptor, ER) 45 & . B UL k-2 A 2 &9 5
DNA 254 X 19 DNA J T AT 456+ 175 5 50 il 5
B TR % 08 Bl — FR 50 M U8R 0O AR A AL i
FEY . F NP AT RE R E2 FE LR Y R A AR
DR AL i e 7 4 NP 2% 5 50 19 96 98 36 1 T
BasE L 51 5-HT.a 32 & mRNA #0808 5-
HT2A ZRGE T, 5-HT A5 5-HT % k4
GA RN B ADE T Bk R BEE NP &
B AV S B AN it AR R S-HT B e v Y R
AT RESE T 5-HTon 2 4K & i R RE. 5-HT 454 0
M RN ASREAR S AT, BT S HT AR, 5
b Bt NP 5 58 77 5 0 36 400 M 8 2 1 A A
T MAO R f sz oo 5-HT ks, 1 m 7
5-HT MR RZON = i — P S B 5-HT ity I
Tt ad ) 5-HT S 28 o e A BRIV P ik L 36

AW T 45 R W] NP S0 HI HLAA N 5-HT, Z 1k
Fih 5 5-HT 5 5-HT, Z AL G B, J& 35
M3 5-HT & & EFk BRI 5-HT HE 38 m iy — 4~
L H IR S-HT E 8 2 5 5 NP % 2
SO EFE RN OC L W VR SRR AR AT

4 M@mApR
Jir A AR P AR SO 8 BAT AT 4 o 5
[Z % X K]
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