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Effects of Toluene, Xylene and Trichloroethylene on the Regulation of
GnRH, GnRH Receptor and Pit-1 Gene Expression in Male Rat
Hypothalamus and Pituitary
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The workplace exposure of chemicals has steadily increased, therefore the concern for
subsequent effect on reproductive outcome has been an important issue in occupational
medicine. In previous studies, higher rates of spontaneous abortion, reduced fertility and
menstrual disorder among women, and an impairement of sperm quantity and quality
among men have been associated with a wide variety of chemical agents.

This study was conducted to evaluate the effects of toluene, xylene and trichloroethyl-
ene(TCE) injection on the mRNA levels of GnRH, GnRH receptor and Pit-1 genes in male
rats hypothalamus and pituitary and the effects on the plasma levels of FSH, LH, pro-
lactin and testosterone. Sprague-Dawley male rats were divided into five groups of five
each according to concentration of toluene, xylene and TCE. The rats were injected subcu-
taneously to 0, 50, 100, 200, 400 mg/ks body weight/day of toluene, xylene and TCE,
respectively for 6 days. Rat brains were excised and hypothalamus and pituitary were
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separated. Reverse transcription-polymerase chain reaction (RT-PCR) and RNase protection
assay (RPA) were used to evaluate the GnRH, GnRH receptor and Pit-1 mRNA levels.
Plasma concentrations of FSH, LH, prolactin and testosterone were assayed by radicim-
munoassay (RIA).

The results were as follows;

1. GnRH, GnRH receptor and Pit-1 mRNA levels in toluene and xylene injected groups,
and GnRH receptor mRNA levels in TCE injected group were lowered dose-dependently.
Especially, GnRH receptor and Pit-1 mRNA levels in 200 mg/kg of toluene injected group,
and GnRH, GnRH receptor and Pit-1 mRNA levels in 400 mg/ke of toluene injected group
were significantly lower than control group(p<0.05). GnRH receptor and Pit-1 mRNA lev-
els in 400 mg/ke of xylene injected group, and GnRH receptor mRNA levels in 400 mg/kg of
TCE injected group were significantly lower than control group (p<0.05).

2. The plasma levels of prolactin and testosterone in 400 mg/ke of toluene injected group,
and LH in 100, 200 and 400 mg/kg of xylene injected group, and testosterone in 400 mg/kg
of TCE injected group were significantly lower than control group (p<0.05).

In conclusion, we speculated that toluene and xylene affected reproductive system sec-
ondarily through hypothalamus-pituitary axis, and TCE affected directly through
steroidogenesis. And we recomended that further study for assessment of the reproductive

toxicity of mixed organic solvent exposures should be conducted.
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FrlEA e AGAA de] AAgEa glen, &
259 f7IEA FRV)e FAR Feka o
(Landrigan, 1990). w4 #7184 F22 QA3
A gkl T A7} vlmA EUSHA o] FoH]
A 20 @ B AFe FE RUIEXe v
A ZEE AT A 54FE, Iy, EQ W
ol % ¥ FH AT Foll 2FE LFo
We AF7F o] Fo]A &4tH(Browman, 1982;
Sorsa &, 1982; Rom, 1992; Zenz, 1994),

T 71 G o4 2R F7 Fordd @
2 A ZRASEY 7144 ER2o] 23 447
Al Ggo] Agjeldt RololN F8F AAAE T
o glew, A2 109 @ b G439 o4 TR
A shErEAle] F271 QYA7|Al vRls B o
3 @2 A7k dHRom, 1992).

AAAR ez seEa Alge ZFvke gdAelA
Aol oFut AR AEE s on, FEAY
ol M= A A] 33 (spermatogenesis) ol Thakg
4gg o BuHA (Carlsen 5, 1992). ¢
Aol HABA ke FERD An, FHEEE ol

she Aog guA eon, falEdd g A
A T 823 EZzx A9 FHYY JTFE
nAle A 2k AF7A G YAl FgF
= "Ae FAYH ZE2EAL % (dibromochlo-
ropropane, 2, 4-dichlorophenoxyacetic acid),
AR (A EPEAR, 289, €, FFE5 0, 72),
ethylene glycol ethers, estrogens, trinitro-
toluene 5°] Utk (Lahdetie, 1995).

B2 95 AgelA {7184 F271 AARA
o f¥gAdE F/AANAGE Enst slen
(McDonald %, 1988; Lindbohm %, 1990;
Lipscomb %, 1991), %3 tetrachloroethyl-
ene (Kyyronen &, 1989; Windham %, 1991),
trichloroethylene (Windham %, 1991),
toluene (Lindbohm %, 1990; Ng %, 1992b;

—

1990; Windham &, 1991) 59 &=29} ¢go
drha SUrh. Ed styrened] LEE ERE T
¥ (prolactin) &7} @A, nTIFUPS
(hyperprolactinemia)el A2]71%5% @A Ucka

U
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3t ck (Brown, 1991). Tetrachloroethylene
(Zielhuis %, 1989), trichloroethylene (Danie-
lsson, 1990), toluene(Ng %, 1992a) Fx A%
oo} FAETE AT FAEC] Aok

22 vehllAe 19959 & AAE-EIAA 2-
bromopropane°] ¥HE F71EAE AHEH 22
Agd A F4AH FARLFe] HaE v glen
(Park &, 1997), TEAHHA d&rierd €
28EAo] RuHATH(Kamijima ¥, 1997;
Ichihara %, 1997).

AF7HA FFEAR A7 YA 544 @
d7E AUR e 3437 8ol Al vAe
FHETE TEAYS B8 FE o|FolA 2 F
EAGNA A7 A 5] sitkm sz A &
Arete &A= o] ATk ol d olfE A4
54 39 33 FE714e I LA dA &
tth(Zenz, 1994). 181} Svensson F2 A
Al toluened] A7 Z27} H35A T2E HA
2l f2lE Assla e TAE He] A)gst
-3l % (hypothalamus-pituitary axis)l
dEFE MAe BEFE FPSAh(Svensson
1992a; °lAlYd &, 1995).

BE HFFEL AU LE £
2 3k A4 WY 24 o8] Ao EFe] 2HE
ok F, ASHRA BulEe AL ASEY &
2 % (gonadotropin-releasing hormone: GnRH)
< H3eA AFEE AT FAIAY s=28
(luteinizing hormone: LH)# o¥x= 328
{follicle-stimulating hormone: FSH)& 4, #
HIAIZIH olE MH3led] 22Ee AFAE Eilo
oo gt ZHE AErieE 2ESH
(Moore, 1987; 1990). ¥4]¥ GnRHE tidsd A
2] Wsle] wel WEAHoR ¥l AYLR o
23l GnRH receptor?t A#3l gonadotropin
o] AT Enjg 2P} (Kaiser &, 1997). A
A2ue) 2AEL Haled] TREEQ AFoR o
2 FF0 A 2HBolz FEEE wEI PYHay
AAEE AAstd AYAAxel BT we, A4,
A 7% AEIFA o FARE I
(Nagahama, 1987; Kwon %, 1994).

Pit-12 H3t¢AdA Bolxo g WIEHE trans-
acting factor2% ZzeEls) 445aE A &

Yol BJP}HHe F, 1989; Ingraham %, 1990;
Ruvkun &, 1991; Castrillo &, 1991). °] #8x}
AHE2 DNAC dstg ZEes S 712 homeo-
domain®} POU-specific domaing 7}Xw
(DeRobertis ¥, 1989; Rosenfeld %, 1990), &
ol T2kl 4% 328 G321 promot-
er F9el sl A& AY transactivating
domaine] EAgch wEA Pit-1 fdxbe Wk
A9 lactotroph$} somatotrophellA] T Z2etgl=} A
#F ZEE FAAL TR BFHQ JEE o)

Aol A 5FE Vehll= E2E AF7R Y o
47 d7et H¥3 ATE FH3 Nordic crite-
ria® A3t =v (Taskinen, 1995), I742 #H
Aolv g el B3E, 9438 FA= ey 584
oMol A8 L BE3t] QAo A4 FEA 0] gtk
737 o5l EZHE toluene, xylene,
trichlorosthylene(TCE) 5o] ¥g#c), wlepr 2
Aol M= olE toluene, xylene ¥ TCEE %
T T A e - AL FOE o] Rl A
A71Al gt 71Ae dR-E Y Byl 98] FSH,
LH, prolactin, testosterone 9 Z2E Hulo|
#93lE GnRH, GnRH receptor ¥ Pit-1 4
A FHFEE FEHL S B8 FristnAl g,

HEME ¥ ey
1. AHESE ¥ 77I18H Fof

HZFo] 250-300 g2 Sprague-Dawley Al R
& Agudes A9 dFY AFEH AU
AR 2% 22-25C, §E 57-60%, 1241749
Heh FoatelA A-S AT AEFELS toluene
(Sigma, 99.8%), xylene(Sigma Aldrich,
98%), TCE(Aldrich, 99%)& ®s=4& 570,
50, 100, 200, 400 mg/ke body weight) &2 &
3ty zb FHE hubElel | T sesame
oil Sigma) % 37 z}z} 647t =3t FARsIGAT
24N & ©AFe 28 BAE 95 dde
AR F 3L i AsHE- HalrA
& H &3l -70Co] R@stgch

2. Total RNA £&

Total RNAE guanidium isocyanate phe-
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nol-chloroform 4 (Chomczynski 5, 1987) &
2 F&3er, o # total RNAE diethyl
pyrocarbonate (DEPC) 2 A 2|3 FHFFo] o
1 52E £3% F 70% ethanolllA] -70TCe] B
#eqcy. 2% RNAY GnRH, GnRH recep-
tor ¥ Pit-1 mRNA %& E437] sy
reverse transcription-polymerase chain reac-
tion (RT-PCR) ¥ RNase protection assay
(RPA) ol AHg-8tiTt.

3. Reverse Transcription-Polymerase Chain
Reaction(RT-PCR)

Eog f7]EA9 2% GnRH, GnRH recep-
tor 2 Pit-1 F84 ¢d A &R FFE &9l
7] gte] 2" AABHES HEeAe) total
RNA Z 400 me/keg o dldle] RT-PCRE A3
8128

Z #A2e) primere GnRH ##Azlel 23¢
sense primer (5 -TCCAG CCAGCACTG-3),
antisense primer (5’ -GGGCCAGTGCATTA-
3 )& gAslden, GnRH receptor fAte] 73
$- sense primer(5 -TGATTAG CCTGGACC-
GCTCC-3), antisense primer(5 -CAGCACA-
AGTGGTTG GGTAG-3)E 3Ntk Pit-1
2] 7% sense primer (5 -TGTGGGAA TGAG-
TTGCCAACCTTTCACCTCGG-3'), antisense
primer (5 -CCAGC AGAGGTTGGTGCAGG-
3)E B8 27 AHEE total RNAS %&
Bg3}7] $8te] P-actin R3] sense primer
(5 -CCAAGGCCAA CCGCGAGAAGATGAC-
3 )9 antisense primer(5 -~-AGGGTACATGGT
GGTGCCGCCAGAC-3 )& #A43ch

2% total RNA 1 weg Moloney Murine
Leukemia Virus(MMLYV) RNase H reverse
transcriptase (Promega) & ©|-83la] HdALAIZ]
% Taq polymerase(Promega) & ©}-&3%t9
cDNA 272+ F5A7. RT-PCR 42 95C
oAl 18, 55ColA 18, 72¢olA 189 zHc®
308] wka3sldct, #FAE cDNAE 1% agarose
gelolA 279 F8 2, ethidium bromide®
A% & ultraviolet illuminator® &l3l o}

3. RNase Protection Assay (RPA)

/9% primerg ©]43 RT-PCRE %38} &%
¥ GnRH, GnRH receptor % Pit-1 ¢cDNAE &
A F pGEM-T vector (Promega) ol subcloning
89t Subcloning® ¢cDNAS FYo2 o-(P)-
UTPZ ¥A¥ antisense RNA probe® #4315
t}(Ambion: In Vitro transcription Kit). A€
antisense RNA probes= DNase [ & o]-&3}o]
¥ DNAE AAZ 3L, 6% acrylamide gel® &
71988 % 23E X-ray film& o] &38ld elu-
tion buffer(0.5 M NH,0OAC, 1 mM EDTA,
0.1% SDS)olA F&38ct. F&¥ RNA probes
scintillation counterg ©]-83le] CPM< 2334
t} 2~8%10' CPM2| cRNA probeZ %% 5
total RNAZ 41 th& yeast RNAG wg) & 713
% ammonium acetate NH40AC) ¢} 2, 549
ethanol& 7Féted HAAIZCE dd EFES 4
A Balgle] 851,500 rpm X 15 min at 4¢C), 7
239 (5 min, #42) 20 42 hybridization
buffer (80% deionized formamide, 100 mM
sodium citrate pH 6.4, 300 mM sodium
acetate pH 6.4, 1 mM EDTA)9) ¢ oh&(90
C, 3~4 min), 42TC~45ClA 1627t WHEAIH
o}, ¥Hs- % 200 #9] RNase A solution® 7}t
% 37CA 3087 ¥Fg-AlA single stranded
RNAE AAsA. 300 42l RNase inactiva-
tion and precipitation buffer (Ambion) & 7}3}
o] RNase® HE E3¥H RNAS 5§ £
denaturating gel loading buffer(95% for-
mamide, 0.05% xylene cyanol, 0.025% bro-
mophenol blue, 0.5 mM EDTA, 0.025% SDS)
o Z9th FEE RNAE 90ToAM 3~487 A
& ¥ 5% denaturating acrylamide gel(8%
urea) A A719EE & gel dryer2 AZAF £
X-ray filme=® 3338t scanning densitome-
try (LKB-Bromma, USA)Z 2333t}

4. Radioimmunoassay (R1A)

SdE A g3 gdx dFe Eelse -
70ce] B#E ¥ ¥3 FSH, LH, prolactin @
testosterone® ¥42 radioimmunoassay
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SMC TO TC X

1.2 kb—
570 bp—

150 bp—

o
B
o™
O
«-GnRH receptor(580 bp)
<Pit-1(298 bp)

«<GnRH(180 bp)

Fig, 1, RT-PCR of GnRH, GnRH receptor, Pit-1 cDNA in toluene,
xylene, TCE injected male rat hypothalamus and pitu-
itary, Total RNA(lug) purified from 400 me/kg injected groups
was reverse-transcripted using the Moloney Murine Leukemia
Virus (MMLV) RNase H reverse transcriptase(Promega) and
amplified for 30 cycles using Taq DNA polymerase (Promega).
C: control, TO: 400 me/kg toluene injected group, TC: 400 mg/ke
TCE injected group, X: 400 me/ke xylene injected group, SM:

size marker.

RIAEoz Agaged dddsta sagd
FAIE o] el=lale] BB,

b, AtE2| BAHIH =4

Age B43 FAA AL SASZZ Y (ver-
sion 6.11) & o439}t Aie HF+FFHAE
FA R o E2FREES] dEkTd e & ¢ 3
9] ol vlmwalr] 98t Wilcoxon rank sum

testE AA|815

o2}

1. RT-PCRE o|2%t GnRH, GnRH receptor,
Pit-1 cDNA &4 % subcloning

#% primerE o]-8% RT-PCRE Ay 2
% GnRHe| A% 180 bp, GnRH receptor? 7
% 580 bp, Pit-12] A% 298 bpa cDNAZ} ¥4
HUH(Fig. 1. ©] 2= primer AFA] 9188
A& (Gene Bank) & A€},

2. Toluene, xylene, TCE %047} GnRH, GnRH
receptor ¥ Pit-1 FHA} gt siof| o|xl= HE

Fig. 19 232 ENZE toluene, xylene, TCE

& =88 530, 50, 100, 200, 400 mg/ke
body weight/day) 2.8 T¥3le] 2t FEE 5njg)
o] #AF ol 69Uzt B8l FARGE F AlEIE- WE S
A& 2Z3ld GnRH, GnRH receptor ¥ Pit-1
mRNAS] &l WaE RPA W oz dz2Fg
vl #4359t}

1) == toluene F0{7} GnRH, GnRH receptor
U Pit-1 REA wWalo| n|x|e dE

Toluene FoiollA] Foqo] Frige] uha}
GnRH, GnRH receptor ¥ Pit-1 mRNA <]
Zéadte 4%E JeEtt. GnRH mRNAE
200 mg/kg FoJolA FE, GnRH receptor$t
Pit-1 mRNA¥E 100 mg/kg FoidolA FE i
ZFE dehidc. 53] 200mg/kg Fof ol A
GnRH receptor® Pit-1 mRNA7ZE, 400 me/ke
FoFd M= GnRH, GnRH receptor$t Pit-1
mRNA7Z} tize] v)sle] o3 2 (p0. 05) &
HAT(Fig. 2,3).

2} 559 xylene F0{7} GnRH, GnRH recep-
tor ¥ Pit-1 ®TA}L 2H&lof| olX|= A
Xylene Fojitollr] Folgko] ZFrpgho] uwet
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Relative Density

Fig,

UD € 50 100 200 400(mg/kg B.W.)

e/ﬁ’acﬁ“(l

50 )

«GnRH receptor(580 bp)

| <Pit-1(208 bp)
< GnRH(180 bp)

Fig. 2. Inhibitory effects of serially diluted toluene injection on

the levels of GnRH, GnRH receptor, Pit-1 mRNA in male rat
hypothalamus and pituitary, Total RNA( we) was hybridized
with *P-labeled antisense cRNA probes using the RPA method, *P-
labeledB-actin ¢cRNA probe was hybridized with each antisense
probes to certify equal amount of loaded total RNA. C: control,
UD: undigested antisense, 50, 100, 200, 400: amount of injected

toluene.
1.2 A GnRH
1.0 4 %
.8
1.2 4 GnRH
receptor
1.0 4
*
8 —}_{\i\i\i
1.2 4 Pit-1
1.0 b »
.
.8 -
0 50 100 200 400

Toluene(mg/kg B.W)

3. Relative changes of GnRH, GnRH
receptor and Pit-1mRNA levels
expressed by the relative densities
of Fig. 2, Relative units were adjusted
by comparative aberration of A-actin
bands and expressed as each control
bands over the value of 1.0. Experiments
were repeated five times and quantified
by scanning densitometry.

* ¢ p<0.05 compared to control group.

GnRH, GnRH receptor ¥ Pit-1 mRNA %o]
Aade 2%E JeldD. GnRH® GnRH
receptor mRNAE 100 meg/kg FoiollA] HE,
Pit-1 mRNAE 200 mg/ke FojTolA] Fe A
23 Jehilen, 53] 400 me/kg FolitollA
GnRH receptorst Pit-1 mRNAZ} izl B3}
o Fo%t 4 (p0. 05) & B9 (Fig. 4,5).

3 =58 TCE F0{7} GnRH, GnRH receptor
H Pit-1 REA whsloff ojx|lz HE

TCE Fo3lA GnRHS Pit-1 mRNA %&
hxare] Mlsle] EEEF WEE Holx] ghgron,
GnRH receptor mRNAY 100 mg/kg Fol F-ol| A]
HE ZaEARE vehlen, 53] 400me/ke Fo
oA el gt R Ao] (p<0.05) 8 X
Ak (Fig. 6,7).

3. Toluene, xylene, TCE Fo{o 2o[st €=
FSH, LH, prolactin ¥ testosterone T2
35}

Toluene, xylene, TCEE F=HE&E 5T (0, 50,
100, 200, 400 mg/kg body weight/day) 2.2 +
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C 50

100 200 400(mg/kg B.W.)

«—B-actin(750 bp)
«—GnRH receptor(580 bp)

«Pit-1(298 bp)

«<GnRH(180 bp)

Fig, 4, Inhibitory effects of serially diluted xylene injection on the
levels of GnRH, GnRH receptor, Pit-1 mRNA in male rat hy-
pothalamus and pituitary, Total RNA( w) was hybridized with *P-
labeled antisense cRNA probes using the RPA method. *P-labeled £-
actin ¢cRNA probe was hybridized with each antisense probes to certify
equal amount of loaded total RNA. C: control, UD: undigested anti-
sense, 50, 100, 200, 400: amount of injected xylene.

3tz #E2 5vtEle]l #FH A toluene,
xylene, TCEE 643 #38} FAIRE & 34L& £
g o8 RIA ¥9e2 FSH, LH, prolactin ¥
testosterone T #4389t

1) SE% toluene Foioll &8t FSH, LH, pro-
lactin X testosterone SE2| H}

Toluene FoolA FSHv tZzo3 H)mslo
FE WEyl )Ia, LHy 200 meg/kg Fof ol Al
e ZAEa7F eIy dizatd vjste] f2l3t
atol+ i1tk Prolactin® testosterone€ 100 mg
/ke FoiTolA HE BEF A7 JePton,
53] 400 mg/ke FojwollA] izt gt fo7t
74 (p<0. 05) & JEpIATH (Fig. 8).

2) s xylene Foifo 2|8t FSH, LH, pro-

lactin ¥ testosterone Sx2| Wz}

Xylene Tl FSHY Wl&dd) vlmsie %
g W37l gln, LHYE 100 mg/kg FofdollA
e Zagdrst veEiken, 3 100, 200, 400
mg/kg FolFolA thETo HlEe] {3 Ai

(p€0.05) & VelITh Prolactin® 100 mg/ke
ol TolA HE, testosteroneS 200 mg/ke Tl T
AA FE ZLEHR7F JEgov tize] v]gly
Fre @ atol fIRTHFig. 9).

3) =EY TCE F£odoll 28t FSH, LH, prolactin
U testosterone =xo| #3}

TCE Fo#A FSH, LH, prolactin® &
3 Hlmsle] ERFE WErt §l%13, testosterone
2 200 mg/kg FoatelA HE ZAIAAIT et
W, 53] 400 mg/kg FoJTolA 2ol Hsld &
o3k 24 (p<0. 05) & B cHFig. 10).

I &

ANARz geEde] Abey 2 Ad 409 |
Zr oF 3508 FtEo) 67 MY w4 HERAEAI
29 7he) ERtEErEd R JHsE) AdE 3l
ok @3k wid 500-1,00070 B=e] A2E e
el MgHEm 3o il BEHASHA o1 8H
2 9 aHER oA fAFAELY F2
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1.2 1 GnRH
1.0 M\%
8
Fy
@ 1.2 GnRH
qc_) receptor
O 10
2 8 M
2
K
[}
o 129 Pit-1
1.0
}\i—%\}_\ "
8 “§
T T v T
0 50 100 200 400

Xylene{mg/kg B.W)

Fig, 5. Relative changes of GnRH, GnRH
receptor and Pit-1mRNA levels
expressed by the relative densities
of Fig. 4. Relative units were adjusted
by comparative aberration of B-actin
bands and expressed as each control
bands over the value of 1,0, Experiments
were repeated five times and quantified
by scanning densitometry.

* 1 p<0.05 compared to control group.

23 98 A% Bt ohlg S TEHTE A
Hr1gle) Z+E FAAME AFHDL Sle Aol
(Landrigan, 1990; Rall, 1990).

A 3004 | 2 7k AR QERA U F
F3kaL e Aol AR FAelH, old uwe} 3}
GEA Z2g o4 ZEAENA AFEE A9
4, B, ARA 718, AxFol 4 5ol Bn
HAx, WA 7IA M B2 Fol 7talE o]
gtort H o] L&A, WAr|RA, 18 Ao
o] & 3 43 A3 Fo] LuHe] sith(Raffle 5,
1994).

AF7HA ] 98A AT AFHU ATE EY
2 3l QAo AAEA EHE& ¥7FFT Nordic
criteria®] 23HH, 1A T2 <A A E4o] e
£4 (toxic to human reproduction) & $-3} ¥
7o) Aoz wiAld 4ty Aol B &
A= dibromochloropropane (DBCP) 7} 3131, 1B
T2 RIA A2 EAe] sMeAol e B2 (possibly
toxic to human reproduction)® 984 <o)
Al A He) wiAvE BEAEn APdTe] &
AZb AAY QA NA A2 FAdoll BE case report
U 54 287} e 848 2-ethoxyethanol, n-

[

¢

C 50 100 200 400(mg/kg B.W.)

«B-actin(750 bp)

| «~GnRH receptor(580 bp)

«Pit-1(298 bp)

«<GnRH(180 bp)

Fig, 6, Inhibitory effects of serially diluted TCE injection on GnRH,
GnRH receptor, Pit-1 mRNA levels in male rat hypothalamus
and pituitary, 5 ue of total RNA was hybridized with *P-labeled
antisense ¢RNA probe using the RPA method. *P-labeled #-actin
cRNA probe was hybridized with each antisense probes to certify
equal amount of loaded total RNA. C: control, UD: undigested
antisense, 50, 100, 200, 400: amount of injected TCE.
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1.2 1 GnRH

1.2 4 GnRH

receptor
. -M
.8

124 Pit-1

Relative Density

f
o

T T

0 50 100 200 400
T C E(mg/kg B.W)
Fig. 7. Relative changes of GnRH, GnRH
receptor and Pit-1mRNA levels
expressed by the relative densities
of Fig, 6, Relative units were adjusted
by comparative aberration of f-actin
bands and expressed as each control
bands over the value of 1.0. Experiments
were repeated five times and quantified
by scanning densitometry.
* 1 pd0.05 compared to control group.

hexane, 2-methoxyethanole] E#=w, 2¢&
AA YHEAQY steAol de A (possibly
toxic to human reproduction) & 712 Fo| %
EHHAN 540 HHHAY 4gH AT &
dolut W] Aoz wAHA gL Bd=
tetrachloroethylene$ ¥88kw, 37& 1A A
A g4l gtk EF
able as to its reproductive toxicity to
humans) 2 443 FAE Jdou FE2HHAY
Az7b FEFAYG Aol Bt AR EF
ToR $dout He] FEFHo2 wiAE 5 gl
A ode dAZ ol A-%°l™ toluene,
trichloroethylene, xylene, 1,1, 1-trichloroe-
thane, styreneg AAE T

a2y H33 ATl ZEAEC] B 7K #7]
SAl FAl F2HAY EFH7] LAY ZRHE

F 9 2 (not classifi-

W, FEARANE @ W WA saEeds
FHERR )] H o) o2 gol dnt. o] dH<
BAE ERH 24 YARY WP olFe Aok
&t} (Taskinen, 1995).

370 4
FSH

270 4
40 +

LH
35 4
30 4
25 -

20 1
12 A

4 H

Unit(ng/ml)

1.5 4

Testosterone
10 {H‘\f\*\i
54
T T Y T T
0 50 100 200 400

Toluene(mg/kg B.W)

Fig. 8, The profiles of FSH, LH, prolactin
and testosterone levels of serially
diluted toluene injected male rats
plasma, Experiments were repeated five
times.

* 1 p<0.05 compared to control group.

E A7AE Nordic criteriadlA 3 #22 B
¥ 32 % toluene, trichloroethylene,
xylene€ #F e 3t FAG F A|AFslE- 8}
FA A A ZaEel EuE 2Hée GnRH,
GnRH receptor ¥ Pit-1 A 8o m)z)=
A AT

AlarR--H 3 A -4 & % (hypothalamus-
pituitary-gonad axis)2 AYZTEES dAFe
2 243l $F°|9, barbiturate, narcotics,
marijuana $< ©] 2AFFE AT =N Y4
71%9 e 48 5 Uk 2 A= AT
gonadotropin® prolactin ¢ W3le 29, A
A3 Fo 47Tl FNE Zuse, FEAE)
A G ATE7], HE 2 dilTEHE A
k3l A oA testosterone ¥H|E A 5o
spermatogenesis A& #AF $ YUY
(Smith, 1983).

Andersson % (1980, 1983)& FEAYA
toluene & R71E&AEL A7de+7A adrena-
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Fig, 9, The profiles of FSH, LH, prolactin
and testosterone levels of serially
diluted xylene injected male rats
plasma, Experiments were repeated five
times.

* 1 p{0. 05 compared to control group.

line, noradrenaline, dopamine®] &%l <43

n X, oleig MAHAGEAE] LH, FSH, pro-
lactin® TSHe| #HlzAd F83% A& v
3l3t}h. Prolactin BHle F2 Hakpde 7%
72 dopamine®] & dAEoZN ZFHEHH
(Puxe 5, 1969; Hokfelt 5, 1972), dAelA
dopamine®] LH® FSHY Eu& oA s
(Leblanc &, 1976; Huseman &, 1980), ¥&
A #elA noradrenaline® adrenalinee] LH$
FSHe| #¥& A=3ths 27t 99 (Rubins-
tein %, 1970; Drouva %, 1976). %3t Ander-
sson 5 (1981) & toluene, o-xylene, p-xylene
% ethylbenzened o}gA 2 47 FojA]
kAl e 71554 dopamine® noradrena-
line?] <o}l F71aled prolactin ¥H|7F Z4gicla
At ol#d AZAzE vy of| R EA
v 2 giAbEe] #2 dopamine-like activity®
vEbderA €3 FSH, LH@ prolactine] 74
AL 2ulgt}, B AFME toluene, xylene
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Fig, 10, The profiles of FSH, LH, prolactin
and testosterone levels of serially
diluted TCE injected male rats plas-
ma, Experiments were repeated five
times.

* 1 p<0.05 compared to control group.

Fo oA Fogo] Frge wmal GnRH,
GnRH receptor 3 Pit-1 mRNA %] 7Hasle
A& VERIAL, TCE RolTollMe Fod v
#l3ted GnRH receptor mRNA o] #4dle 7
g2 UERAITE £3) toluene 200, 400 me/ked}
xylene 400 mg/ke FolielAl GnRH receptor®t
Pit-1 mRNA”}, TCE 400 mg/ks Fo] FolA
GnRH receptor mRNA %) 23 2428 B9
HFig. 2,3,4,5). 2L A% toluene® xylene ¥
olirell Al @5 LH% prolactin®) o] Aa=HeE 3
& B3 (g, 8,9), LH %o #IhE GnRH
2 GnRH receptor mRNA %¢] 7tav) 2 99
o2 AZtdd. Tolueneol 23 prolacting] Za
+ Pit-1 #34 w@ Aol 23 A7 Anderson
5(1980)°] E31E toluened] 2% dopamine &
b B3k ARAH R dBFHe Aoz AyzhEd
Prolacting ¥3l53 AP lactotroph cellelA]
0= prolactin F-8AF EH-L Pit-1 whalao)
o EHolt}, Pit-12 HiFAda Hd=e
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transacting factor®2# cyclic AMPdl 2|&#o]
th z28l: Pit-1 fFAAe] 8ol dopamine©]
AZY cyclic AMPS} 558 ZAaAglezy 7
& AA A2 A-4-31c) (Elsholtz &, 1991).

Mutti 5(1984a) & EZE dA422 § styrene
o] ofgAd FEE QF T I AFelA
styrened E=2E HAZA 2 FIFFAA
dopamine A2l 37 (striatal and tuberoin-
fundibular dopamine depletion) €¢le] Eclzm
Bmdtct, 18] styrened] FYFHoz E=2d
ZEAEE R 3 A7 prolactin® £5)]
7b 29 o) FrtEe RAE BEAJnEN FEAY
I dX = AFHE dAvtn Bmsgen, ols
tuberoinfundibular dopaminergic systemo]
blood-brain barrier® F3% f714A2 AR
Bo| FAol FogA AR A JgE nX|
= Aoz dysgdtMutti ¥, 1984b; Arfini
5, 1987). &, #714Al9 HAMLES] reactive
carbonylic group® 7 7% dopamine® W&
AHo FIES Yo7 dopamine mEo] H
€ AR ATAES 49, MAHS] HAFA
2 7] {718AES 2 AMEEC] dopamine®t
=3+5le] tetrahydroisoquinoline® #Addhe= A
#&s9 =, = ethylene glycol derivatives
= glyoxylic acid¥E, chlorinated hydrocarbon
#+ trichloroacetaldehyde®, Z8l3l ethylben-
zene, styrene % vinyltoluene2 phenylgly-
oxylic acidg& ARG HFoA FIHANER
PAsta, %A PP glyoxylic acid <
phenylglyoxylic acide dopamine®t %5
do#A tetrahydroisoquinolined #FATozH
dopamine &9 €glo] Hol FFAZAL =4
87 Jgo] FRI &L e AR At
I JUTHWHO, 1985; Mutti &, 1987).

a8y AT toluene E27} HEFA VeE £
Ashs 4717 F =HHA &% (tuberoinfundibu-
lar dopaminergic activity)® 4174 #3834 7|13
{(neurochemical mechanism)°ll F3& Lozt
I B3 Svensson %(1992a, 1992b)e] |+ &
o] 2)8H, toluene®| FAEZE FErt 2]
5847152 80 ppm 8] HPZ oA SF-she
g4 ZF2AENAM FSH, LH 2 testosterone ¥

b

¢ oo Ay

E=7F dzTe ®E KA FaE A,
Prolactin® % % toluene ¥=9 g% #
AE YeEE 8-S 218l tolueneo]yt ]9
AMEEC] F2 dopamine-like activity® 3=
Zx 83 FSH, LH ¥ prolactin® 8% %7}
A&, tolueneo] AZFSHE-M3lA] Fo]l
g vlH o|AH O testosterone EH|7} FHadk
Aoz Budct. A g282s x3s AH=
ol 329 42 vEZE=eol yute] FEA st
T O 59 84 9 dF S ol o)
o]R)=8 Hanssen (1985)2 toluened] &3+ 4
A AF M) F testosterone BE ZA9t &
TAE mEZ=gol k=g A4 cytochrome
P450% ¥ &% JJEF B4 WgE Bug b
Act. #te AFET] WEH AH IS FEE
9] Ao Pog ZHYAHES nEZ=ol Ut
22 fFY9AI7led] EFEHQ STAR D93 (ste-
roidogenic acute regulatory protein)o] 444
Axe rEFZEZoNA HAHAT (David F,
1996). ©] STAR @& 99X cytochrome P450
3 el R v e ol igte] EA)slw, obel
A STAR @¥3d9 7]1%% toluene, xylene,
TCE %9 f7]18A¢ 28t AsE 7Feio] &2
M, 1 A7 AN 2HRoE 32 YHE
ZAag Aoty B A7 A toluens,
xylene Fo{tollA] o gFo] F7}3d] welk GnRH
2 GnRH receptor mRNA2} ako] 3hAdl= ek
£ vEhgen, 2 A3 testosterone EHl 4
& v Ao AZEY, a8y TCE 5o
Jde Uz wimsld GnRH mRNA$ FSH,
LHe <ol FRIA ZAiHA @gevt BF
testosterone®] @& FAFo] nlste] a4 A
£ Boh(Fig. 10). 2 990& Fod TCEd 9
& ngEZ=glol Wuke] STAR wijd &4 A&
o 719 kel vk 283 toluene,
xylened WE 7|8 429 2FRo|= TEE
Flo 9L X e A7 EASAAT AEEF-9
HalEA el GnRH, GnRH receptorell th3t
A &I} A AL AEe STAR @ad o
3 Ao dA Rt EFHoRE g3l AL
2] 2H|Bol= ZEE FHE JAE rIeAdel ot
3 AzE,
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ol Atn} o] f7]EAl AT 4L T2E FH]
AAEDE AAEES HatEAoA Y GnRH,
GnRH receptor ¥ Pit-1 #AA &d A&z
olelol i A Al Ee] STAR @¥ide] 848 ¥
et AYad AEo] g HRFHQ 28 8] o
AET g F}ER] ATE o] Fojzof s,
AAE QA F2AEL dY {784 Hode F
2 ZF /U1 8AG 28Uk /71 8Ad BAle Z2
Hug g old i S BriE Hasjof
g g aidol ok

z e

Toluene, xylene % trichloroethylene (TCE)
o] At} H3lAe] GnRH, GnRH recep-
tor ¥ Pit-1 F3x #@ 2 A27|A 283k
F2EEo WIG}E YolE A Sprague-
Dawley Al 3 #F z B Fo Fxd o}
gk 0, 50, 100, 200, 400 mg/kg/day® -5}
Zh aH R Hee]d 6UZt HEAlet F Al e}
&4 g HE8l] GnRH, GnRH receptor ¥
Pit-1 mRNA %<& RT-PCR ¥ RPA #e=
Z389.0m, FSH, LH, prolactin ¥ testos-
teronee RIA WHHo 2 BA3o O3 zZe 2
HE AUt
1. GnRH, GnRH receptor ¥ Pit-1 #&=}
BE kAL toluene® xylene FolTollA F
ol o] F7}ge] e} GnRH, GnRH recep-
tor @ Pit-1 mRNA o] Zisle 23S
Yehli, TCE T Fo3Fo] F
7Vl Wit GnRH receptor mRNA o]
FHashe AE%E JERIS 53] toluene?]
B9 200 mg/kg FTNAE GnRH recep-
tor?}t Pit-1 mRNAZ}, 400 mg/ke ool
A& GnRH, GnRH receptor®} Pit-1
mRNA o] tizze] H)ste] {3 3Fa
(p<0.05) & Hew, xylene 400 mg/kg F
74 GnRH receptor® Pit-1 mRNA
7}, TCE 400 me/kg FHaolr= GnRH
receptor mRNA o] tzao] gl {9
g 724 (p<0. 05) & E3ich

2. AAAN A Fgdhe zEEE WIdte

toluene 400 mg/ke FdwolA prolactin®
testosterone®l, xylene 100, 200, 400 mg/
kg FoTelA LH7E, TCE 400 mg/ke T
ol A& testosteroneo] tlFaol ®Ist] f-¢
gt 7h4: (p<0. 05) & BSith
AEH 22 toluene? xylene A4S} 3}
FAolA AN YN g 2¥s8e GnRH, GnRH
receptor B Pit-1 3z 8L A FgoaH
Al Z2Ee AAH BHE Afsta gleol
#A o] ol EHEC AMIFF-HIFA
(hypothalamus-pituitary axis)ell 283t o]z}
Hog AA7IA dgg viRe AR A,
TCE9] % GnRH, Pit-1 mRNA ¥ FSH, LH
&) FElgk Wgle] 5 testosterone F=7F 7
2% AL steroidogenesis 3o i AHFA <
dgoz AZHEG, oy AAZ AR 22EAE
2 9 {7184 Hoke F2 EF 47184 2
7E 71 8Ae Al FRHEE T old tigh
A 54 B7E Wesjor & Bao] st

o

=
AEE

olAq, <|FdW, Fes), &g, THYH, ANE, 4,

°1%3], AHE, AT, NS EFAE TEF 77
HAe] A Z2E A% AANENA P At
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