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I Abstract g

This study was designed to investigate the suitability of the pubertal assay and the enhanced TG 407 as methods
for detection of endocrine-mediated effects, especially thyroid function. Male and female Sprague-Dawley rats
were gavaged daily with 0, 12.5, 25, 50 mg/kg alachior in corn oil during 30 days. The effects of alachlor
on thyroid gland, the genital organs and thyroid hormone were measured in male and female rats. Dose of
alachlor 25, 50 mg/kg/day increased relative weight of testis and thyroid gland in exposed male rats and
decreased relative weight of vagina in exposed female rats. Relative weight of thyroid gland was decreased
in alachlor 25 mg/kg/day exposed female rats. Dose of alachlor 25, 50 mg/kg/day decreased plasma T4 and
testosterone in female rats. Another purpose of this study was to investlgate the effects of endocrine disruptors
as like thyroid hormone in vitro. Luciferase activity was measured to dectect reaction of test chemicals and
thyroid hormone response elements in HeLaTRE cell. Dose of alachlor 1 nM-1000 oM increased 100-134%
luciferase activity compared with control.
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Fig. 1. Structure of the expression vector pGL1.1. The vector
contains malic enzyme gene (ME)-thyroid hormone responsive
elements (TREs) (4 %, 2003).

A|Z£3F HeLaTRE A|ZSE F0F jI9ith o] A2t 712l
viral promotoer?] SV401} 2] ¥ §- 42 A luciferase &
AGAAE Tfrohe plasmido] TREsS] core+4 x}? 2z
3to] Argdeh & opA] fAAEY plasmid(Fig. 1)E 52 44|
3to] AARFUAEF(HeLa cell)ol] Lalske] Ajzw et

of NEFE o gsto] T T2 T AFE soltt
1% FBS9} 2 mM L-glutamine2 8713+ DMEM(GibcoBRL)
B A S AREE1] 24 well plated] 1x10° cells/well & 222511
I18AJZE iR & A EAS 0.1% DMSO 5 4508 24
A7t Hsist cell lysis buffer(Promegays 08519 lysis
A7l & 1E7E fAESEE Lummometcr(MloroLumatPlus
Berthold)& ©]451¢4 Luciferase assay= AABFEL} Luciferin
(Promega) 50 ul2} lysis® AHE 10 ulg e x A 5271
Luminometer® 24549tk
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Fig. 2. Daily body weight gain of control group and treated groups during 30-day of treatment.
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Table 1. Relative organ weights of male rats exposed to alachlor (unit : %)
Dose {(mg/kg/day)
Organ
0 12.5 25 50
Terminal body weight 268.07+18.41 239.77£23.68 230.29+214 226.77+20.86
Brain Whole 0.682+0.051 0.593x0.045%* 0.733:+0.081 0.738£0.05
Cerebellum - 0.109+0.037 0.113£0.032 0.101+0.022 0.136+0.032
Pituitary gland 10.0032140.01 0.00267+0.0004* 0.003110.0003 0.00275+0.001
Adrenal Left 0.00631+0.01 0.00710+0.001 0.00999+0.002%** 0.01037+0.002***
gland Right 0.00673+0.001 0.00723+0.001 0.0993:+0.003** 0.00962+0.002**
Liver 4.248+0.452 4.914+0.326** 4.569+0.403 4.522+0.377
Spleen 0.22440.021 0.27240.022%** 0.264+0.031* 0.273+0.037%**
Kidney Left 0.478+0.019 0.493+0.045 0.517+0.06 0.532+0.039%#
Right 0.478+0.03 0.507+0.045 0.523+0.057 0.540+0.04**
Testis Left 0.482+0.047 0.43+0.034* 0.552+0.053%* 0.547+0.05*
Right 0.508£0.032 0.428+0.038** 0.564+0.057* 0.548+0.05
- . Left 0.074+0.01 0.063+0.007 0.078+0.01 0.12340.143
Epididymis -
Right 0.08+0.01 0.063+£0.008 0.074+0.009 0.121+0.148
Prostate 0.108%0.025 0.096+0.027 0.123+0.03 0.114+0.02
Seminal vesicle 0.21840.045 0.1840.045 0.184+0.03 0.19240.057
Thyroid Left 0.00244+0.001 0.00208+0.001 0.0031+0.000657**  0.00294+0.000458**
gland Right 0.0026606.000728 0.00223+40.000514 0.00323£0.000701*  0.00383+0.000805**
Anogenital distance 11.63£1.269 10.56+1.329 12.011+0.709 11.107+1.166
Stature 21.67+£0.703 22.21140.549 21.378£0.46 21.18+0.573
*P<0.05, **P<0.01, ***P<0.001
SRk AL 50 meg/kg/dayo A oA F71E Hehy Uehtar 240 M ehe glou §9Ed vheo] 1
o 2@oA= 12.5 mg/kg/dayof A= sk ‘%“1 Zl F EUA] Gae B3t
oFEFO| A 27}k A BP0 LTFo)Z A 1)
ERA] odgtet. ZHAloll A= 25, 50 mg/kg/dayOI]Ai -rr4 & Alachlor §0{ rate| ZdM SEE U YSEE H3

2 3718 Btk LEZ BN} AS S wet 27}
B folFos etk nehd AT 18] ol
et Aoz malth

Alachlor 0 27 ratQ] AMHE =b7|=%

Table 20 A% alachlor 5] A rate] At)a #7| Sk
< Uehidedl |9 A4 F%& 50 mg/kg/day Foj7o|
A O3 371 UERRSIth 7] Feo] 12.5 mg/kg/day
oM o3t F7E HHou £FEH WhEe Holx) ¢
Skct.

AALe] o) 50 mg/kg/dayo] A TrAfa 717t e
AAE71Q1 e} g fofgt wslrh gilou
9] 2] 25, 50 mg/kg/dayol A 740} ) #askict. 7
A9 FF 25 mgkg/dayold §% TAE VERYY
. WebA] alachlor F0JA] 3 rato A= A ko] ¥3lkr}

Loor o £

Table 394 =
IE JESlet A
FT37} 80814 271819050 testosteroneS
Ack. T47k 94 25, 50 mg/kg/dayol A FoI5HA %

alachlor £ rat®] AP 9 AlS 2R

I T37} 50 mg/kg/dayoll A 5243t
12.5 mg/kg/day oA S-2]8HA] 743819129 testosterone-2
25, 50 mg/kg/dayol A -5t sk

W ZEE(T39} T4)S
278k AR 5 2 R(TSH)S] A)

N He 12.5 mgkg/day Foio]A

o8l s
a3k
#4E BYTh FI3:

APgaHe] thyrotrope 7155

& Astoi(Shupnik

, 1994) nuclear thyroid receptor2}9] ZAgto] o8] =44
THLazar, 1993). Ao 9lo] ZHAAeRE 7H3 dukael |
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Table 2. Relative organ weights of fernale rats exposed to alachlor {unit : %)
Organ . Dose (mg/kg/day)
0 12.5 25 50
Terminal body weight 164.81=15.65 170.7749.3 17120.79 156.95+12.29
Brain ~ Whole 0.92420.111 0.955:0.086 0.93+0.104 1.033+0.073*
Cerebellum 0.169-0.063 0.166+0.048 0.131£0.021 0.183£0.047
Pituitary gland 0.00440.001 0.00540.002 0.0048+0.001 0.0051::0.001
Adrenal Left 0.0154+0.004 0.0157£0.004 0.01410.005 0.0166:+0.004
gland Right 0.01470.003 0.0157:0.005 0.02930.038 0.01720.003
Liver 416520547 468120319% 4.056+0.4 42580312
Spleen 0.2420.032 0.256+0.032 0.258+0.021 0.320.123
Kidney CLet 0.489:£0.044 0.497+0.043 0.493+0.061 0.524+£0.029*
Right 0.498+0.046 0.478+0.137 0.506-0.055 0.526+£0.031
Ovary Left ' 0.027:£0.008 0.031£0.007 0.024+0.004 0.0330.007
Right 0.028+0.009 0.030.006 0.026+0.005 0.031£0.007
Uterus 02620099 0.20240.127 0.201=0.114 0.235+0.135
Vagina 0.075:0012 00730019 0.057£0.014** 0.06+0.014*
Thyroid Loft 0.0043£0.001 0.004+0.001 0.0041£0.001 0.004£0.001
gland Right 0.0048:0.001 0.00450.001 0.0036:£0.001* 0.004340.001
Anogenital distance 5566<0.704  5.59140.624 5.231£0.279 52274038
Stature 18.840.824 19.5240.358 19.533£0.971 19.18+0.676
* P<0.05, ** P<0.01, *** P<0.00]
Table 3. Activity of Thyroid hormone and Sex hormone in plasma of rats exposed to alachlor
Sex Item Dose (mg/kg)
0 125 25 50
T4 (nmol/L) 622.44-487.564 541.9334392.827 628.63:505.865 531.8+490.677
FT4 (pmol/L) 4.659+1.026 6.39+1.263 40540733 5.836:2.276
Ve T3 (nmol/L) 13.3748.494 13.1147.824 12.40848.227 15.09547.075
FT3 (pmol/L) 4.659+1.026 6.3941.263* 4054+0.733 5.836+2.276
Estradiol (nmol/L) 8.362:£5.247 3.820+6.017 14.539+15.776 10.776:15.711
Testosterone (nmol/L) 101.45+51.038 26.913£28.704** 66.459:£74.099 59.639+71.381
T4 (molL)  1203.5108.321 1091.8+300.944 R5S.A+472.346%  580.11:494.573%
FT4 (pmol/L) 10.716=1.297 11.71£1.977 10.527+0.704 14.4443.739
Fomale T3 (nmol/L) 20.4120.264 20.15:+£0.889 17.15945.628 13.47457.928*
FT3 (pmol/L) 7.0782.223 5.081+1.549% 6.44342.031 6.1121.432
Estradiol (nmol/L) 32.045+7.140 28.174+11.955 17.475+16.051 16.046:16.447
Testosterone (nmol/L) 155.42465.657 119.22465.657 65.198+£68.373* 85.232:65.484%
T4 : Thyroxine, FT4 : Free Thyroxine, T3 : Triiodothronine, FT3 : Free Triiodothronine
2w S 5 Holtk(Sheman, 2002, Hong, 2000). Lee A Ao ALk i Chung, 2006, Yu, 1986). o|#at 32 2E
51(2003)0] oJat 23} ZAAY SRS 2AA B2p 12 o] W Ru| ol Ao ot FakS Tsly] Ystol EF
7t A 7leAEks Adelekar Btk dakg 22 £2)8 245914 alachlor T 58 TEEQ T4
M71eAssolM 8% T3, T49 e W WY g5 o) a7} vEh AR 7 e A skt 22 PFeR wid
TSHE| 35it Z7kieh o3y i ALkA M A5 St

59 A4

% T3, T49] s Wil

d% TSH 5=
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Fig. 3o)A= 2734 S22 93 Uil %ﬂ Thyroxin
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A 2ERY 9% vlusty
th. Luciferase activity= %] 2]522] RLU(relative light unit)
£ SAYZRHY RLU &= I Uro] %2 ZAIBg T4
A= 100 nMoA] 74 A3re H9on 1000 nMoj
e $A7F e e EMCP» 0.1 nM-100 M7} 5%

o& Ele 0.01 aMojAjE 0.1 nM3} vl
ato] 7P gl Atolzt 24 Vet b9ttt AlachlorS:
AefotolE ol szl 1000 nMofA At z=2ol| vls}
of 134%9 Y& Bgor Az | nMoE &4
izt Zol7h §lglet. &FY2H9I Hheo R o et
o] F7reE Uehdigick A 3252 hydrophobic
compounds=A] A|ZUlollA] £A geneo] WHL RHFI=
specific nuclear receptorg°] 23] &4o] ZAHH Yenat
Chin, 1994). ol 24l $BRLS Eo chilys) Agt
ato] FHAAELS B3 BN EE o|55H4 HriRobbins,
1996). 7P FEB3 8% g0l A% BYA T} ol
B A TR sRE AAsher o] f8 A BB
=o] Hl2= Foj7} 13- vehd 4 lthEkins 5, 1982,
Mendel, 1989). WE ol Z2 Fofl= hydrophobic compound
o] e ofFde Wiy SRS Suhsle d% o
AT HHEReRA SRR £E4AAE YT S
(Brucker-Davis, 1998). Nagel $(1997, 1998)| 2j3lH o}
W 5ol oA B2 dgvh gt kA Aaggshet
T2 4% AduAn 4szgst A4 B
chemical?} 328 £7}7] LEQ A2y £9& 23cia

H3sgirt. olefgt el 8Ae 3283 2] nuclear

250
£ 200 -
b
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T
" 150 - W 100 N
g
B #1008
- )
¥ w0 BinM
% ®0.1nM
@ 50 %001 ni

Alschlor T4

Fig. 3. Relative inductions of luciferase by alachlor in HeLaTRE
cells or investigation of thyroid hormone effect. (Relative
luciferase activity (%) = RLU of samplex100/RLU of control)

receptor®} A3e 4= 917] Whigo] I TEE receptor
(TRE)7} A1) % HeLa Al £32 o|4-5}0] alachlor®] 744l
SEEA GRS AN AT LeFojEH o F urSS Uehl

o 7 TEET fARE A 7HE 4 Gl AR AR
=] Qlet.

Fig. 4o X= 334 ii%"é FFS Hephsled
24well plateo] wellgd AEEZ 100 nME A3t & T4
0.1 aM%¥ 100 nM 74 21316}0%} Luciferase activity
= A2)29) RLU(relative light unitys A4 )232] RLU
AR UEo] %2 EASYCE Alachior 100 nM X 2]
AN tiz77} vaLste] T4 100 nMollA] sk ko] 9l
Suf §08kA] okokar, T4 1 nM3} 0.1 aMOflAl= 571813
o9 0.1 nMojA &2J3t Zpo)E YERHTE welA] alachlor
of o3t P TR FEE vERA Qgton, T4
0.1 nMoj A= A2 el atndol 58 e AL
&1} Z 5ol A estrogeno|L} androgen, thyroid hormone 2] 37

#8712 9ael 4+ QrH(Naciffe} Daston, 2004, Stoker
5> 2000).01" fREuPFolEAL I AL AEY §R-GL
o] receptor® Aol T2 RS WHAA AAAAY TERE
] 71%-& W3lA7]7|% Ftch(Funabashi &, 2003, Iwamuro
&, 2006). TCDDU aroclor 1254, bisphenol-2 1 L7}
WA s223 FARBHAT A s ra Bl E 4ES
A ghgof et ake BATMIE ZAED Qlov] A
Gl vl s o5 et A T2 receptor 2
SAZ H8ER QltiMivazaki 5, 2004). oje} Zo| gt

(=]
'
o

g

is0 & T4 100 nh

i T4 10 nhkd

=
o]
f=]

BT nM
BT0.1 oM

Relavite luciferase activity (%)
w
o

Alachlor 100 nM kL

i

Fig. 4. Relative Induction of luciferase by the cotreatment of
T4 and alachlor 100 nM in HeLaTRE cells for investigation
of antithyroid hormone effect. (% = luciferase activity of sample
Muciferase activity of control)
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