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The aim of this study was to elucidate effects of toluene on
ovulation and pregnancy in adult female wistar rats. Toluene blocked
ovulation in 5/20 rats and reduced ova ovulated to 9.06 t 2004 when 1.2
grn/kg. of toluene was given at 13:00 - 13:30 of proestrus. Toluene reduced
serum progesterone but had no effect on serum proestrousestrogen surge when
toluene was given at 17:00- 18:00 of diestrus-2 •

Toluene reduced implantation sites significantly when pregnant rats
received toluene at dose of 1.2 gm/kg./day during days 1-6 of pregnancy
while pregnant rats received toluene at the same dose during days 6-12 of
pregnancy increased resorption of embryos and reduced body weights of pups.
No abnormality of bone and cartilage feature was observed and no change in
growth rates during the first five days after birth of pups.
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unn 1

Ln~EUL~U~l~L~~'una~ aromatic hydrocarbon ~u~~'~nuw ,

a~1~uw7~~1~~~'uu~~uanu~~~nR~~u~1~L~~~~~~'lna~~1~n~~~Ul~~~~~~,
1~~1n dehydrogenation nB~ cyclohexane ~~~~ aromatization na~

saturated aliphatic hydrocarbon ~~ru~~fii~~unB~L~~l'~'~~;"~~,
... ..: .....,. ... ....... .,..... .,J...... . ..,~.., .....
~n~UL~Wl~~l ~uB~,ln~~N~~u~~uu~lnl~~~l~n~,~~nul~l~n~uu~~lN~ln, ~

,''' ...... g'
wUl1~nl~~~~ln~Bu 6.9x10 uau~

~

..J.... ....,J ...
(Donald, Hooper, and Hopenhayn-Rich, 1991> ~l~~ulnaBun'n'u

~

I I U

u~~LnR'n~'~'lnnl~U1Lnl'ln~1~u~~~nR~~~LLU11u~~w~nUB~1~n~~,UL~~

W.R. 2527 ~U7~lNU1~nl1naEUU~ 21,005,950 nlan7~ A~~ilu~aAl
~ ~

.... I ~ G U I ...

291,184,641 Uln (n~~Ranln~, 2527> ,ln~lL~n~~alU,~L~u'~11~nl~,
'TJLnaEu'UU7~lNa~~lnnl'~~U~~L~1~lBnl~a~~~nUlnaEUL~~~U~~B~~ ~~

il W, ~

~ .... 4 ~ ... ..i... J ...
,1nnl~~~~~1~~~~~~~B,lnnl~'n~1~L~~n~~lu~~~nB~ln~BU

'II

u"fiuunl~~~~~l~L~~~l~ ~ ~lnu~ 5,000 - 6,000 nu~ ua~,
.... ...... ...: ~.,. .,J ~ ,
~~~~a~Lw~nuL~B~~ L~~~ua~U~~~lN 600 nu~ (Thomas, 1991> ~u~~,

U ~ ........ I~''''.,J IS) ~ ..i.... ...
L~l~B~~~~~nual~L~~lUE~l~~~nLa~~'~'~ nl~~n~l~n~lnu~anB~~l~~~~

I :4. I • • u ~ ,
~~alU~E~~UU~l~ ~ nB~~1~nl~,~nl'~~~ln~lu~~u~~1~nuua~ln~nB~~17

U U Ali U

UU ~ ua~~l~l~~~aEn,TJ'~E~l~~nmE~U~B~~~ ~aB~,U~l~l~~un'n~~E'~
~

.., .... ... • ~.., ... .., .:. .q ~ U ... I

~uaU~~l~ al~L~~n~~n~,nnunl'tlu~~~u~~lNnl~'n~~~l~~a~~B~l~'un~~
, 'II ~ ,



hydrocarbon

~a~~ldL~~~a,~nU~~~IR~RE~'~Ud~~U~(gasoline )

,~~u~nu~'~~~U"nUnE~L~~ ~~~d1u~~~nE~~I'~~~1

2

....
u~~uu~nl,~a~Ul~U

1

I , • ~.., ~ l!4cSi1 ~.., 'lJ ~

,,~n'~~UH~B~I~'U"'~ Ul~unU~'~~U~E ul~u1d~I,~~n1 1~~~~~~~~1'
• •

I ... I t!. I... ... ..: ~ ..,j
'una~ ethylbenzene ~~ 38 L~EdL~U~ LLa~~nld~~~1naEUL~~nu L~E

• v

L~~~,~~nn~lwnE~~'UU '~Ln~ULnlnu~,~unU~L~~ nl'~L"~IL~U~E~

a~w~nU1naBUL~~~U UEn~ln~'U1~nl'B~~I~nd'~ fi~1~Ul~I'LnaBU~I'~
v 1 v
~ .. CIt ~ • ~ I SJ ~ I I

n~"nULUU~U LUE~,ln~n,,~nH'~U1'Luu~unE'~Ln~LnH~E,,~n,~~lnua~

Systemic name

Synonyms

CAS number

Molecular formular

Structural formula

Molecular weight

State of 25°C, 101.3 KP...

methylbenzene

toluene, toluol,

methylbonzoy,phenylmethane,

methancide

108-88-3

92.13

Colorless liquid

Boiling point at 101.3 KP...
Vapor pressure at 25°C

Specific gravity

:I
373 KP... (137,500 mg/m )

0.861 at 25°C



Solubility

3

about 6.5 nmol/lof water

at 20°C; soluble in

acetone, miscible with

ethanol,diethyl ether

and benzene

Conversion factor
3

1 mg/m = 0.267 ppm

3
1 ppm = 3.75 mg/m

..I
n~1 Cohr and Stokholm, 1979

~d~'~~~nE~lna;u (d1an~1uRw~nd~n1d~~U1~iE~U~~~1i,2530)
'11-

1. '~Lilu~ln1a~a1~ (solvent ) 'uE~~1~n'd~n1d~~~a1 ~1d
~

... ...Laua 1~LL a~'Wa1~~n

2. Lilu~lU~~~'Ua uaRLnE4 n11 ~ULUE4

3. '~Lilu~~fi~ui~;u'UE~~1~n'd~iun~~LR~ua~'~'UE~~1~n11~
~, ~

trinitrotoluene, benzoic acid ua~ benzyl chloride
~ , ~... 14... , J

4. LUUE~R~1~nBU'U~~1~~~U1~ULnEL'Wa~nE~'fiau~L'W11~TI1a
'II

I
... I

L'W~R1EEnLnu

6. 'nLilua1dn~~~1Ei1~a (paint remover)

II~" ',J u ClD~"" .., I Sol I7. 'nLUunULUBd ~1~,u~~nn'n'un1dE~n1'Wfi1a 'U11Ufi1~dU
'II

I

n1L~ (photogravure inks)



4

,"tI 1982

~~n~1~~~U1~~~~Ud~~1N 6 ~1"~" L~~~1"'~~~~Ln1~1~~'"Udd~1n1~
'II 'II

U~~L~"n1d~1'~~~1nn1d'~'n~;"L~"~1~1~~~1~ 1-1.5 ~1"~" ~1nn1'
'II

~a~n1,n"~~U~~nU1"n1d~a~~1~"L~aLWa~ 3-4 ~1"~" ~1nn1'L~1'~~'~
, ...a , u......a ... ..l ... J;: ... ...

~~U'Nn~~L~da~~"~ 2 ~1"~" L"a~~1nLn~a"n~~~n"~~~n'n'"n1'~~~
'II 'II 'II

u ~ IGI q~ u.

U1~"L~aLWa~~~ 90 LUadL~"~ na~n1,~~~n~~~~ ~~U"n1"1'~~na~

'n~;"~1n~1~"L~aLWa~~~L~"U~~~a1~~~~~ (Fishbein, 1985) L~a~~1n
'II ,

u

Ln~;" ~nU1~1'~'"a~~1~n"~~~1~nu~ Li" ~ n11 U1~"L~~aUL~1 U~~
'II 'II ,

... • u u..l • I 14 ::J ...... ...
'"a~~1~nd'~~~1~n"~ n1'~~nn1~1"'"L'~~1"L~«1"~1~1d~~~~~nu1n~a"

, 'II 'II

t.J Jilu u..,.q • qf ~ I

'~~~a~L1~1 "an~1n"~~~1~1'~'~dU'n~a"~1nn1'"1Ln~a"~ ~~~~a~'"~1'
'II 'II 'll

... I -J
L~~~1'3 ., Ln" n11

AlII .... I

L~~~~~ 80 Ln1 (Cohr and stokholm, 1979 )
" ...... I ..l15-20 LUa'L~"~ n~~'n~a"~~~nnuBan1~~'~LU~~"'Un1~~~~1~'~aBnu~~

'II 'II 'II

~1"1" 0.06 Lua4L~"~~nnUBBn'~~'~LU~~"dUn1~fl~~11~~1"~L~~a~~~n
'II 'II 'II

oxidized '~~LU~!U methyl group L~" carboxyl group i~~~~n
'II

conjugated L~U hippuric acid ~~u u~~~nnuaann1'3fl~~11~ n1dnu
'II

~ ,... u...... .:i I ...a
BBn~~La,~a~UdN~~~'~,u'n~a" 18 D1'~~ (Fishbein, 1985) U~L~B

'II 'II



5

~~~ glucoronic acid Ln~L~u benzoyl glucoronate U~~~1ru 1

(( ... .,j ....~ <4
LU~1L~U~n~~1n~~un1~1u~~~nhydroxylated LUU ortho-, meta- ~~~

~ ~

, .,j <4 ' ~

para-cresol ~~~~~nLu~~uLUU glucoronide LL~~ sulfate n~uunnu
~ ~

v I (G( ~ • .,j ~ ...
~~nn1~rr~~1~~ u~~n~1 2 LU~~L~U~ ~~unnu~~n1~~1~LU~~u~u~~n1~U1~

~

• ell ....

~~~~un~~n~uLn~~n~~~~ (Fishbein, 1985)
,. 'II

~U~~1~Ln~nu~~ ~~n1~~Ln~~1n11~~~~~~u~~~~~1~ LL~~1~U~~1~Ln~nu
'II

~1 1 ~~n1'~1~nL~~~L~u~n (euphoria ) ~~~~'~~un1~~~~1~~U11u~~~~
~, ~ 'II

L~U~1~L~W~~ (Hayden, 1977) d1~~U'UU~~Ln~1n~ 1n~au~~d~u~~~n~~
'II

nULu~4 ~~~U~~UUL~Urr~~1d1~~n~~n1~ L~~~~1n~n~~1~~U~1U~U~1n~~~, ,
J;$<4 ... ... ~ v. <4

~1~~~L~~U~~LnnULUu~1~L~W~~ LW~1~~~1~1un~~~~1W~1~~1~ ~~1~LUU
'II

2.5 ppm

drawsiness



6

~ ... ~ ...
2. ~11~LUUW~UUUL1E1~

.,j u... ... ~ • u... ~.,j ..,1)
L~B1~1U1n~EuLUUL1~1U1UB1~n1'~Ln~B1n11U1~~1~~~~U~~

'II

....,j ,... ,... ,......... ... ..I
E1L~aULUBB1~11 BBULW~~1~~U1~ n1L~U~~Un~ U~~nn1wLU~~UUU~~,

E1n11 neuropsychiatric syndrome
I) ~ , ...

n~1~LuE't~~U1-3

Hn~1nE~ Streicher

' ... I) ... ..I
(Streicher et al., 1891 ) 1~~nB~~~1nunnu~~~

'II

~1~7U'URu~~~~~n11L~UL1~1U1U 1
'II

... . ~

wun11Ln~ cerebella atrophy ~1E cerebral atrophy
~ .,j ...... ~ J ,..,j..,j

(Knox and Nelson, 1966) ~1BWU~~U~~E-3~~Un~ ~-3~1U'~~R~U~~U~~B~

1966 : Satron ·and Dodson, 196 3 )

Liu U1~~nnn1WnB-3~1~~1 U1~~1n7U

(Cherry, Venable, and Waldron, 1984 ; Husman and Karli, 1980 )
IClII..., ..- ..... I ClII CIt ... I J q I

1~~~~n!1U~U~U111n~BU~W~~E1~UUU1~~1n~1UU~1~~U1~11~~1U WU11
'II

... .....1 ~ ... , ... I)

Ln~ polyneuropathy 'u~n~~n11~1BnuLuE1 (Axelson, 1976) ~-3U~..
~1Luu;u~~ri1'~L~~~11~~~uninE~1~UUL~E~U~~'tnn1~~n U~'t~~~in!1U..
'~, ... ~ ~ I...... ~....... I ~

UUn~111naBu ~-3LUU~11'un~~L~~1nuun1'~Eu~11S~E1~UUL~E~U~~
'II ,

•• -.1 I 1.1.., .... q • ClI

u~'t~~n~~'~'t~1U~11Ln~EULWS-3ES1~L~S1 (Cohr and Stokholm, 1979). "
ClII .., .c:J.., ...... .... ..,
~11S~1uuE~~1nLns1nU~~nB-3LnaEU~Bn11n1-31UnB-3 ~U 't~ UB~U~~~1',

'II

(Vithaya, 1991) ~n11Lu~SUUUa~nB-3 liver enzyme U1-3nU~ U~~1~11~



.,J
Gl''1''1Tl 1

dose

3
9.4 mg/m

(2.5 ppm)

3
138.8 mg/m

(50-100 ppm)

3
188-375 mg/m

(50-200 ppm)

3
750 mg/m

(200 ppm)

3
1125 mg/m

(300 ppm)

31500 mg/m

(400 ppm)

7

I ,

U~ ~ '1' 'In 1 ~ 71 fl '13.lU1HI
~

effect

odour threshold

probably precipitate to most human

being

subjective complaint ( fatique,

drawziness, or vary mild headache ) but

probably no observable impairment of

reaction time of coordination

mild throat and eye irritation;

prolonged eye-to-hand reaction time

some impaired cognitive function ;

slight headache, dizziness, sensation

of intoxication ; after effect;

fatique, general confusion, moderate

insomnia

detectable sign of incoordinatoin may

be expected during exposure period up

to 8 h.

irritation of the eyes and lachrymation;

skin parestesia, gross sign of

incoordination, the mental confusion

expected during exposure period

up to 8 h.



dose

3
1785-2250 mg/m

(500-600 ppm)

3
3000 mg/m

(800 ppm)

3
5625 mg/m

(1300 ppm)

3
15000 mg/m

(4000 ppm)

337500-11250 "mg 1m

(10000-30000 ppm)

8

effect

anorexia, staggering gait, nausea,

nervousness (persist to next day ),

momentary loss of memory, significant

reduction in reaction time

pronuced nausea (after 3 h exposure);

confusion, lack of self control; extreme

nervousness, muscular fatique, and

insomnia lasting for several days

probably not lethal for exposure periods

of up to 8 h. ; incoordinat ion 1ike ly ;

extreme weakness

would probably cause rapid impairment of

reaction time and coordination exposure

of 8 h. or longer might lead to nacrosis

and probably death

onset of nacrosis within a few min.;

longer exposure may be lethel

...I
n~1 WHO Environmental Health Criterior 52, 1985.
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L~~~1nL~utin~'~ '~~n11;U~uu~I~~1 . 'n~;u~1'~L~~5u~11~~aiu~u'~
'II

~1~11~naU~u~1L~utin~'~ n11~n~1'UAU~~~~~n11 WU~1~1'~L~~~~~a'~
'II

( Cho r and stokholm, 1979> U1~11awu distal tubutar acidosis,

... Iq.., l.q • V q d ... ~ ~.q

un '~~~~n31uwul1'n~aun1'~Ln~~~L1~ ~1aLn~Al1~~~tin~na~
'II

chromosome u~~~~'~~n11~n~1u~l~n1~~1uteratogenic effects

ClII I .qq

na~'n~au'u11~n1~'~~ln
'II

magnetic resonance imaging (MRI ) 'u

Vu q "" ..qq I ~

'~1u'n~auti1~1w~~nw~n1~1u'~~ln gas chromatography WU11U1L1W
'II 'II

~q u q ~ ~ •
n~1~~u'n~au~~n~~~a'u~~a~ (Takelshi,Yamada, and Shigeta,1986 )

'II 'II ~

n11~n~1'un1~ a1~ 28 ~ ~~'i~tl'n~;u 8 ~ '~~1n MRI U~~ CT scan
~ 'II

Wtl~1'n~;u~1'~L~~n11~ana~ cerebrum, cerebellum U~~
'II

OJ

brainstem (Fugita et al., 1992) 11~n~~~WU~11~~~tin~na~1~UU

ti1~~1n~u1'un1~a1~ 21 ~ ~'~~u'n~~UL~UL1~1U1U
~ 'II

(Suzuki et al., 1992) ~1~~tl'uti1~Ln~'n~ Poungvarin (1991) ,~

11a~1un1~~n~1~~~u1n'uti1~Ln~'n~'~~WU~1~~1~n1~'n~~1a 24 ~ ~~~
'II ~

MRI U~~ CT scan

cerebral hemisphere, vermis, brainstem U~~

~ OJ ~ • ... q •

cerebellar hemisphere ~1n11~~1uUU~~~'~L~ul1w~n~~'n~au~a..
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1,500 ua~ 10,000 ppm

medulla oblongata, midbrain, thalamus, caudate, putamen,
..,j u ....

cerebellum ua~ hypothalamus (Kiriu et al., 1990 ) ~~E'~'U

'na;unU1~ 320 ppm ~~U~1a1 30 ~U'u~uu1n ~U~1~~E~~E~d1U
v v

I .... u... ..,j
gray matter a~a~ U~~~11'naEun1'~~n~~11~~~a~uu~a~'U~~E~~a1~~

'II •

d1U d~~~'~~n~~11~~~~n~ ~iu ~~~n,,~ ~~En11~~~suu~a~n1~~1u

~11~n1~~1 (Kyrklund, Kjellstrand, and Haglid, 1987) 'U~~E~

... .....,j..,j u.... ~ .... , .....,j... ~

~~a1SU1~1Nn~nS1nE~nU1~uu~u~un1~s~~wl~u1~1run~n11~a~
q

U I ... :4..,j .... u
neurohormone '~un hypothalamus U1~1NU~~L~E~'~~nu~~u~'~~1n

I U U ..,j 1:4 lJ ...~ . lJ..,j
~1una1~~1s~~u~1~~1n~1n~1~n~a1s~1~~1n~~a1u~~'~~11L~~~~n1~u1n

W1n monoamine

catecholamine, acetylcholine, serotonine
, ..,j <II

na~n 2 ~E GABA u~~,

, ... ...... ... • lJ
UE1u~1U1au ua~ 1~~1~U (Mamson and Kang, 1994 ) 'n~EUE1~n1'~

'II

.....,j 1:4 ..,j ... ..,j I ...
~n~n11~uasuuua~ 'u~~aU1~~1n~~a1u ~Uu~~ln~11S~1unu~~~11~nl1

(Houma et al., 1983;· Rea at al., 1984; Ikeda et al., 1986 and



Granholm et
.... J..I..I lJ ... ~ ... 'lJ I

al., 1988) d1~~~~1un~n~1n~~nun1dnU~U~1~un

1~~n1'~~n1d~~~d~~uu~,~~iu1~u'u1n1un1a1~~

11

(Hsieh, et al., 1990; Hsieh, Sharma and Parker, 1990 )

1~un median eminence, paraventricular hypothalamic

nucleus, anterior periventricular hypothalamic nucleus
~ , q q

(Andersson et al., 1983 )L~~n1d turnover n~~u~d~~du1au'u

~.., ~

1n1un1a1~~ (Andersson et al., 1980 ) ua~n1dL~~d~~u1~U1~u'un~~

~~~~ (Hsieh, Sharma, and Parker, 1990 )
lJ

d1~n~'u1n1un1a1~~

1;4 ...
(Andersson et al., 1980; Andersson et al., 1983) u~n~1nu~~~u

..I ... ~ 1
~11~Lua~uuua~d~~u serotonin ~U a~~~ (Arito et a ., 1985 ;

..I «ll ... <11 q I

Rea et al., 1984 ) n1dLua~uuua~a1d~~Ud~~1n ~ULU~~~1n1na~UL~a1
'lI

1;4 • lJ q ..I
U~1~n1'~Ln~n1dLua~uuua~'u hypothalamopituitary gonadal axis

~ ... ,
ua~d~UUnU~un~1~~1

•

u cai...) .., cSt u ~, U I~

~"1n~1~~u~nL~u~~1nn1d~d1~ua~n1d~a~n~d1~uL~~n~~d ~1n~~

1.1 ~ .., ,.., 1J I I .1l .q. ~, , tJU

n1d~d1~L~anUwun~u1~un1n (ovum ) nU1un1du~~Ln~nu~~1~~~udru1~~~~
• 'lI

!:j..l ::: " ~' q
~1~~~~11~nL~~1~~~d1~n~~11~~~~a~n~~n~d1~u ~1nn1d~n~1~u11~~1d

•
q q... I 1. q..l,

L~~~a1~nu~n~n11~n1d~n1n (Th o ma s , 1991) ~1n~nnn~~1na~unna11~1
'lI •

.., • t.JI q ~ I I q..., I ~ q~.4

LLa1n1'~LUUnU1~"'~111na~U~1~1un~n11~n1d~n1nd1~n~~11~w~un~~u ,
'II

1.

~1nn1d~n~1'U~U~1U~~~'U1d~~1un1d~~Ln1~~~~~~~~~nu
q I ~ • • '" I llIClil " "" ~ <41

1na~U~SLU"Ud~~1 WU11~~~L~a1U~1~n1aLn~~11~w~un~nE~dEUL~~U
'lI 'lI

• ~ I ~ u. ~
(menstrual disorder) Ud~~1L~EU1~~~1La~ELLa~u1~n~~ud~~1L~E"~1n

1;4... q

unun1dLn~ spontaneous abortion (Taskinen et al., 1989) wan1d
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I '"

~1L~JJ7iU (Wilkins-Haug and Gabow, 1991> Ln(;)A11JJrJ(;)tJn~"tu,,.~uu

tJ"~~1n (Hersh et al., 1985 ) n1"t~~1~Lilu,1tJ1~111n~~ULilu5u(;)"1~nu
'iI

u • , • u
~1BBU,"tU,R""~ (Hersh et al., 1985; Arnold et al.,1994 ) ~~~n1"t~

... ...
Ln(;)A11JJ~n1" (teratogenic effect) (Goodwin, 1988 )

2. n1,.~nH1"tu~~1n(;)~B~

~1nn1,.~nH1~u111n~~un1"t~Ln(;)A11JJrJ(;)tJn~"tu,JJUH~ ~~na11
'iI q

~~~n1,.~nH11~JJ1n~n ~~~~N~n1n11~nH1n~JJi1~~1~~1 11 ~~u
q

... ~ .,j"" I ~ ... "'.... J .,j ...
~1"LAJJuU, ~ n~W~~B,.~UU~U~U,fi11JJ(;)1~ LTIU ~"1 u~,. ~lL~W~~ ~~~~1~

q q q

"" ...... .,. I col....... "'col'" • ~ ...
JJ~l"LRJJnU(;)~U ~ W~JJ~~"tu1n~~U(;)1~ ~~1(;)JJW~u,"t~nlnl1~nHl~~~~~1n~~u,

'II 'iI 'iI 'II

"tu,~~1n~~~~ 1(;)~Unn1n1,.~nH1"tu~u1JJ~ ~u,~,.n ~~~n"~~la
'II 'II

~n1,.~nHl"tu~u,1JJ~ ~~U111n~~u,~1JJ1"~~1u,Lnl1tJ~i1~~u,1~
'II 'iI 'iI

f G I <Ill • tJ I

~a1~"1~L"1 (Ghantous, 1986 ) LL~(;)~111n~~U~lJJ1"~~1u,,.nL~1~n1,.n"tu
'iI 'iI

" '" '" .....,j... col ... ... colA1,.~1~ U~~~1~LUU~1L~~"t~n1,.nnLn(;)JJ1JJA11JJ~(;)tJn~ n1,.~nHl"tu,~U~,.nn
q 'iI

~JJ~~nU1n~;u"tu,tJ~JJ1N 0, 100, 500, ~~~ 2000 ppm U,lU 6 ~11JJ~~~~U,
'iI

~ I I ~ ,.., , CIa ..., ~ ~./

~~U~n~u,n1"~~A""~ 80 1U ~~~ ~~1tJ~U~~1un 19 ~B~n1"~~A""~"1JJ 99

1U 2000 ppm

(Donalds, Hopper and Hopenhayn-Rich, 1991 ) 1(;)~1~~UA11JJ~~tJn~

"tuu~~u n1,.~nH1"tu~~~(;)n(;)~~~ (in vitro) ~LiuL;a1nUa~ 1n~~unl"t~
~ 'iI

.., I ClII ~.q t.J

~1~~UJJn1"L~"~L~u1~n1

col "'... "" ... .,j
~uu,.nn1~,.u1n~BU1un 6

'iI ..

(Brown-Woodman et aI" 1991 ) n1,.~nH1"tu,
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1n~EU 1~an1,~~~~'unU1~ 133
'II 'II

u..., u ~

'~,u'unU1~ 400 ppm 1un 1 -

, u..... ... ~

~~~~1~nB~~1BBULW~nU
'II

-01 u..,
(Ungvary and Tatrai, 1985) U~~L~B'~'U

u .J ~'ppm 'U1un 6 - 13 nB~n1'~~A"nU~~

~ Id.. u ~ q q s.: LI

8 nB~n1'~~A"nnn1'~~nnLn~~1~U1~un
'II

UB~LiuL~a1nu (Hudak and Ungrvary, 1978) n1,~nH1~lU

1982)

• u .,J... ....,J ,.,J ... ,
n1'~~nnLn~~1~~1A'~An 14 Lnu 1 R (Shigeta, Aikawa, and

'II 'II 'II

....' I I.,J u.., ...
Ln~~lnu~1~ U~~LW~lU1~1'u~u'~~n'~,u1n~Bun1~~ln

'II 'II
Misawa,

q ~ 'I.q • IJ ~ q,

teratogenic effects ~n1,~nH1'u~u'~~wu11;n~Bun1'~Ln~A11~wn1'
'II 'II

~ '" .. tJ q u .J ~
'u~nnLn~~l 1~~L~B'~1n~Bu'unU1~ 1000 ppm 1un 1 - 17 nB~n1'~~

'II 'II

I
R"n

,...
U1~lN 10 ~~aa~,/n1~n~~ 1U~~ 3 R~~ (Nawrot and staples, 1979)

• U q tJ ~,. U" &.II I

n1'~Ln~n1'~~L~~1nB~n1'~~R"n 1~an1'~~n1'~~~~1~nB~~1BBU n1'
'II

u .., -01 lJ'" I G . 1J ..

un~ U~~~la~~~R~B~ U~~L~B'~1n~Bu'u~U'~~nn1'~Ln~n1'~~~~lanB~
'II 'II 'II

~1BBuLiunu (Nawrot and Staples, 1979) n1,~nH1'U~~B~n~~B~

ClII ClII c:t q.J tJ.., I I ~
1n~BUU~~~1,~,~nBu'n~BULUU~1'LR~n~n'~nUBa1~uw'~~la n~
'11'11'11

1J'" lJ lJ.,J.." lJ .... .."
'U~lUB~~l~n,,~ 'UU1UL'BU ~~B~~U~B~n~~B~ ~nLn~1nB~~'Bn1~lu'un

1 'II

, ~...,... ~..,.., ... I ....,J 'lJ ~... ... ,
L~~lU~~~B~~~~~nu1n~~UB~1~~~nL~a~'~'~ n1,~nH1~~~~nB~1n~~U~B

'II 'II

71~n1a~~LtluL~B~U1~U'~ LL~~U1~~LtlUU'~1~~~ ~~lU~ln1,~nH1L~a1nu

1n~BU~~~'~~1nun ~~L~U11~~a~~~nu'n~Bu~n~a'U1an1~lu~~LtlU1~
'II 'II 'II 'II

... ..,1 ':1 ........... ~ ... I ~-01
L~,~wun U~~WU11u~~UU~A11~~~~n~n~~'~UUnUwun~~nUL,~a ,'~aLuw1~

1 1 1 'II

n1'~~R"A ~~~'U~1nB~~U~~~1ULtlu~~u ~~~'U~1~nB~~1B~"'~~1~1'~
'II

...... lJ ~ IlJ lJ -01
L~'~L~u1~ ,~a~~ 15 nB~n1'~~R"n~~~un~'u U~~L~~n1,nR~~~B~n~1

WU117~a~~ 3 ~n~~L~7~L~u1~~~un~ (Thomas, 1991)

... .1'" • ~ ... ~ -01 -'.......,J I ,... ... ~
R11~~~un~L~~1uLn~~lnn"L,~a, LD"L~~1nUn~UHaL'1'n~1'LA~~lnnu

1

... I .,J ....., ~.,J ,...... ... ....
U~~~'la~1U11'UU1~'lanwUR11~~~un~L~~1"Lna1n~~nU~1'LR~U1~nu~
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q ~ u, 1a:
un~'u'~UU~U~Ufia~nu (Huang,

, 'II

.,j..,..... ..,.
1'~~1U~~,~~u1~~Eua~'UE1n1H

'II 'II

~ CliD ql ~.." . U U IJ U ....

n1,~nH1n~~~nE~1~~EU~E,~uu~u~urr~~~1'~L'1~'1unE~~'~L111~~,~~un
'II , 'II

'4D' q I.., 'U.q IJ I t.J •

n~u'~1~nuu~~1~HnE~1~~EU~1u~nu1u~1~1,n'n1~~Eu1~E~1~nn~E~1~~~1
'II 'II 'II 'II

~ co" ..,.. ~ .... I J.,j.,j u .... co" .... Iu,
n1,~nH1~HnE~1~~EU~E'~UU~U~Ufi'U~1U~Ln~1nE~nun1'L~,~~urr'~un

'II' ,

, .,j I ~, co" co" ....

n1,~n1n n1'LU~~ULLU~~~E,1~UL~H n1,~~~"n U~~~11~~~un~nE~~n~~~
'II

.... I <lI ~ ..,. .... ~
~~E~ 1~S1~nu,~a~~L~E~nH1~~nE~1~~EU~~U

, 'II

, .,j I..,.
2. ~~~Bn1'LU~~UUU~~~E'1~uEa1~1~~uu~~1u'~~~b~E1'u

3. ~~~En1,~~~"n'u,~~~nEun1'~~~1LL~~'~~11~n1'~~~1nE~



..I
UTITI 2

I
1a~ BUn7W ~a~n'7T1~aB~, ,

~1U~~U~~~~'~~U~~ 14,
~11~~ (06.00-20.00 u.) 1~~UB1~17~IL;~7U~B~U~inL~~~1~~~ru~U~~

'II

": 04.JQ .... .... '" IJ U
Ulm~B~L1al u~~L~BnL~wl~~Un~1~B~m7~unmB~I~UB~ 2 1~~7 ~1~n~U

'II

Alcian blue: E.Merck, Germany

Alizarin red: Serva, U.S.A.

Charcoal reagent: Batch No.K220520 ~ln WHO RIA

Reagent Programme, Switzerland

Dextran reagent: Batch No.82/83/S ~ln WHO RIA

Reagent Programme, Switzerland

Diethyl ether: E.Merck, Germany

Dioxane: E.Merck, Germany

Disodium hydrogen orthophosphate: E.Merck, Germany

Ethanol, absolute: E.Merck, Germany
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Formalin: E.Merck, Germany

Gelatin: Difeo Laboratories, U.S.A.

Glycerine: E.Merck, Germany

Nembutal: Sigma, U.S.A.

PoPOP (1,4-bis [5-Phenyl-2 oxazolylJ benzene;

2,2-P-phenylene-bis [5-phenyloxazoleJ

Chemical Company, U.S.A.

Sigma

PPO (2,5-Diphenyloxazole : Sigma Chemical Company,

U.S.A.

Potassium hydroxide: E.Merck, Germany

Sodium borate, saturated aqueous: E.Merck, Germany

Sodium chloride: E.Merck, Germany

Sodium dihydrogen orthophosphate: E.Merck, Germany

Trypsin: . E.Merck, Germany

Antiserum to estradiol 17B Batch No. K158330, WHO

RIA Reagent Programme,

Switzerland

Estradiol 17B standard Batch No. WH02, WHO RIA

Reagent Programme,

Switzerland

3
(2,4,6,7,16,17-H ) estradiol 17B : Batch No. 155, WHO

RIA Reagent

Programme,

Switzerland
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Antiserum to progesterone : Batch No. K. 873610, WHO

RIA Reagent Programme,

Switzerland

Progesterone standard: Batch No.K.079410, WHO RIA

Reagent Programme,

Switzerland

3
(1,2,6,7-H ) progesterone: Batch No.49, WHO RIA

Reagent Programme,

Switzerland

col ... ...... ...
1. n1"~(;l,.mJ Assay buffer ';j1U1U 1000 :IJ~~~(;ld 1l,.:::nfl1J~1!l

Sodium dihydrogen orthophosphate 3.25
...

n,.:IJ

Disodium hydrogen orthophosphate 11.6
...

n 1":IJ

Sod i um Chloride 8.8
...

n,.:IJ

Thiomersal O. 1
...

n,.:IJ

Getatin 1.0
...

n ,.:IJ

LI I

~(;l7~:lJ11,;l~~:::~1~ gelatin ~~'uu1n~u~1u1U 300 ~~aa(;l"1(;l~'~flNTI.,
~ ~ LI LI ~ LI... ~ 4 ...

1l,.::::lJ1N 50 fl~~1Ln~~~~~ n~11'~~~UU~1~(;l:IJ~1,.n~~~fl~~11l ~U'~~:::~1~~

LI 4

11,;lU1U l~(;lflU

col

2. n1"~(;l"~:IJ Charcoal suspension

100 ~~aa~,. Ua1L~:IJ charcoal 0.625 n7:IJ tiu'~~n1nu 30 1U1n

11~ 4 fl~~1Ln~~~~~ ,H1~U1U 1 L~flU
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... OJ

3. nTH lil'HUI Counting solution tl1:::ntltJ611t1

....
PPO 5 n1~

dimethyl 0.3
....

PoPOP n1:J.1

..
toluene 1 ~lil1

.. ....
dioxane 200 ~~~~lil1

...
4. n11Llil1t1:J.1 estradiol 17B U~::: progesterone working

tracer

Llil~t1:J.1'61tl,1 estradiol 17B ~;tl progesterone tracer ~ 1~
col .. .... . .. .. . .\

10 1:J.1'~1611/:J.Iaa~lil1 ~1U1UnU61a::: 100 1:J.1,~,.alil" U1:J.11bu1
'II

U t.I II • So' ~ • ~ ,,~

'~"~~~1t1 compressor alr "~1blil:J.I assay buffer ~1U1U 10 :J.Iaaalil,.

'uu~a::: tracer ~~:J.I'~L;1ffu ~:::1~~11~:::a1t1 estradiol 17B ua:::

...
5. n11Llil,.t1:J.1 standard ntl~ estradiol 17B U~:::

progesterone standard

... OJ

blil1t1:J.1161tl,n estradiol 17B standard

progesterone standard

q .q" lJ IJ ..., I t.I

assay buffer 10 :J.Iaaalil1 ~.:J.I'~Ln1nu Lntl1LtJ1 1 u~11tl incubate

col ~ ... OJ ... col... AI OJ

n 40 B~R1L~~L~t1. U1U 30 U1n ~:::161.11~:::~1t1B.'lil1L~Un:J.I~11:J.1Ln:J.InU

2.5

OJ

1tl1L~abliltl11U~~11:J.1L;:J.I;U~~U~ 1,250 ~~ 19.5 L~:J.I1lil':J.I~/ ~~B61n61~B~
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q

6. n11L~1~~ estradiol 17B ~~~ Progesterone antisera

.... ...
L~d~~1~~1n estradiol 17B ~~~ progesterone antisera

~1n WHO ~~~n~11~~~~L~ul~1un1~ ~11tlLi~ assay buffer
'II

....
7. n1dL~1~~ alcian blue

~~~ alcian blue 8 GN 95% ethyl alcohol

•

80 ~~~~~1 ~~~ glacial acetic acid 20 ~~~~~d

....
11. n1dL~111~ Ali

~~~ stock solution nu~ alizarin red ~ ~'u 0.5% KOH

~U~1d~~~1sn~1SL~U~~1~Ln~

....
12. n1dL~d~~ enzyme solution

~~~ trypsin 1 n7~ ~~1U~1d~~~111~~~1nu~ sodium borate

30 ~~~~~d ~~~ distilled water 70 ~~~~~d

Beta-liquid scintillation counter : Model BPL nu~

Packard

Instrument Co.,

U.S.A.

Dri-block heater : Model DB-3 nu~ Tecam Laboratory

and Industrial Equipment, U.S.A.

Dynac centrifuge : Clay Adams, Bectom Dickinson ~

Company Parsippaly, U.S.A.



Magnetic stirrer : S-18520,

20

Thermolyne Corporation

Iowa, U.S.A.

Micropipette: Pipetteman M.8i Gilson France,

Eppendorf 3130 Germany; Pipette Gun

Glay Adams, U.S.A.

pH meter 5985, Cole Parmer Instrument Equipment,

U.S.A.

Refrigerate centrifuge Model PR-J, International

Equipment Company, U.S.A.

Vortex mixer M.16715, Thermolyne Corporation Iowa,

U.S.A.

Drying Cabinet Series 2000 Termark; U.S.A.
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E~1~UE~ 2 1~ uu~~ilu 4 n~~ ~1U1Un~~~~ 20 ~1 ~~~
~ ~

• cal ~~u q, t.J

n~~~ 1 ~~U1~U~~nEnU~~1~~ 1.6 ~~~~~/n1~n~~U1~Un~1
~

u

n1~nu1n~u~~~1~U~ ~1~1 13.00 - 13.30 u. nE~1U proestrus
I~ .q ... .q,u.q, u~ ..... ...,

n~~n 2 ~~ nembutal nU1~ 35 ~~~n1~/n1~n1~U1~un~ 1
~

u ...

n7~/n1~n7~U1~un~1 ~~~~UU1~U

13.00 - 13.30 U. n~~1uproestrus

u u

n7~/n1~n7~U1~un~1~~~'UU1~U

17.00 - 18.00 nE~1Udiestrus-2

estrus ~1~1 8.00 - 9.00 u. u11uUlin1d~n1~

u

n1~nu1n~u~~~1~U~ ~1~1 17.00 - 18.00 U. nE~1U diestrus-2
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I .J
mUJrJ 2,

Sol ....

~~1rJ~EU 1.2 n~~/n1~n~~U1~Un~1 ~~~'UU1~U
'II

.... ....
~~n~n'~1~U1~1~~ 1.6 ~~~~~d/n1~n~~U1~Un~1 rJ1~nu1n~u'~~1~U~

Ll~1 17.00 - 8.00 u.n~~ludiestrus-2

• I .J
U1~un~~rJ 1 LL~~ 2

'II ,
....

,~~ 20 ~1Udnn~~fi~ 2

I. ...

n~~~~U1~1L~1~L~~~L1~1 11.00 - 11.30 U.,
q I ~.cv u...- I I . 41
~~'~7L~U ~1u~unL~~~ 20 ~1~~~n~~LL~~~n~~ ~~U1~1L~1~L~~~ bl~1

'II ,

.4 1
17.00 - 18.00 U. LW~~71~~1~~d'~u1u7L~aL~~1dU

... ... I

Glln~~~1~~U

~nH1~~n~~1rJ~Eu~~n1d~~~7dA'Ud~~~n~un1d~~~1 n~~~1B~U
'II

. . ... ... .J ~ 1
(prelmplantatlon) ~~1UrJ 1-6 n~~n1d~~~7dn

~~~ln~~~1B~U (during implantation) ~~1U~

,
(Pl-6) U~~d~~11~n1d

(P6 - 12) '~~U~~~UL~U 4 n~~ 1 ~~ 20 ~1
'II ,

plug

Sol q ... ~... ~ ~ ~ .J .......
U7rJbW~~ 1~~~dl~~1~~a~7~~U~~1U proestrus ~~7~~~UbUU7~~~rJ'n~nu

'II 'II

I ... q ....... SoI ... /.J.... ~.4

Ll~1~n1n ~U~1L~~~~~~~'~~1~~~~wurr'uD1~rJ1~1 n~~d~~~U 1~~b~~
'II 'II'

n~7~~~ proestrus ~~U1~U~lL~~1u'~'un7~n~~~U~1~ 1~~'~B~d1dlU
'II 'Il 'Il

• .." I..,' J( 1.J .. ILl I ~
w~wun : u~wurr 1:1 rJ~11 1 ~u 1Ud~nu" ,
qq Sol

1rr vaginal smear ~1WU sperm

(Pl) U1~u~~n~~~1u~~L~U 4 n~~w ,
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treatmen t ( n ) days of days of

treatment laparotomy

1. olive oil 1.6 ml./kg.b.w . (20 ) P 1 - 6 P1 3

2. toluene 1.2 ml ./kg.b.w. +

ol ive oil up to 1.6 m1. / kg . b. loT. ( 20 ) P 1 - 6 P13

3. olive oil 1.6 m1. / kg . b. w. ( 20 ) P 6 - 12 P13

4. toluene 1.2 m1. / kg . b . w. +

olive o il up to 1.6 m1 . / kg . b . v , ( 20 ) P 6 - 12 P13

~~~1n~~~1~~" (implantation site) ~1"1"n1~a~~~1~n~~~1~~U
'II

( r e s o r p t i on site )

...
U"nnU1~"nn~~~nu~~~~Ln~~11~~~t1n~n~~~n~u

'11'11 '11

... I ~ ~ ..a q

~~~~U~~UL~~~~nn~~~~nLn~~1
" '1/

... . ... • ~ ~ I ... ",..a
L~~n1 laparotomy U~1 u1~un~~~~1li~~~~~~~u~~1un 20 n~ ~

'II

~ 'ClD 14 u .... CllD ~ ...,..... ~
n1~~~~,~n ~~u~n~u~~n~1L~~~n~~~~ 1 ~1 uunnU1~un1uu~nn~~n1~~~

'II .

, .... ..a ~, ~ ~ I ... '"

~~~n (PU LL~~1un 21 n~~n1~~~~~~n ( P 2 U L~~~~"n~~~~~~1t1~u~~1u
'II

..... • ~ ~ u

~~~ ~ UU~1"1"~nnLn~ UUnnU1~"nU~~~~Ln~~ 11~~~t1n~n~~~nnn~1 u~n
'II 'II ~

..a ~ J:..a ~
~nnL~~~~~u~n~~n1lin~ 1~~~nnLnu
'II 'II

:;I '" I ....

~n~u~~n1t1L~~~nuu~~un~~~~8 ~1
'II 'II 'II

... ~ I ... ....

11~~L~~~~~1li~n 5 1U
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... I col AI... I

4. ~an~~lna~U~~n17L~aaUu~a~lA'~~'1~n~~~1~~U
'II

• col .... I col ~ . I

Ulan~UnLn~~1nU~~u1un1,n~a~~n 3 n~ 4 na~
'II 'II 'II q

~1 ~~1~an~u 4 n~~ n~~a~ 20 ~1 U~a~~1~~U1~1~lA'~~71~ ~1a1n~~~
.. 'II q , 'II

I ~

n,~~n~~uua~ n,~~nun~
'II 'II

n1 vaginal smear ~~u~a~~1n1nn~~ Long & Evan 1962

. '~a1Iu~~uN1~a1a~un1A11~~~~1~~1a 70% alcohol Ui1~~1u 0.9%NaCI,

II'" I • .., I

1~na~~~an"Ru n1a~na1a 10 Ln1 1~a~~~'1~~1uL1al 07.00-08.00 u.
, 'II

" q...,..,... LI I ... ~
~n~~uu,n~~~1~~~~'~ 4 1U ~,~n~U~1a,~a~~1~ , ~~u..

1.1 proestrus l~a vaginal smear wu nucleated

epithelial cells

1.2 estrus l~a vaginal smear wu cornified cell

1.3 diestrus '~a vaginal smear wu leucocytes

~1~wu11~nu cornified cell ~i~ nucleated epithelial cell
AI ~ AI ~ AI I... col... ... ...

1~LanuBe ,~e~u~~1nL1a1U1U~'~~1W 72 n1'~~ ~1n~1~~~~'~ 5 1U

2 1U

proestrus

2. n1'~'1~uu1ri

... . I
L~~ vagIna smear wu,~a~

autopsy ua1 ~~~~u11ri <oviduct) B~n~1

AI

estrus ~~U1~U~1UU~1..
... .., '. I AI.

L~~~~n~u11n~~n~1ua1U1



U11';j 0.9%NaCl,

25

27 t1,nmn~ '

fimbria
u ...

bb~1VlU 0.9% NaCl syringe

fimbria
lU

UI';j~~Ub~1 content ~la'un~Ul1n~~n~I~~'U';jlU~~~ Ul
'II ,

laparotomy ~u~au~u1Vl~'~ diethyl ether Ul~luuu~~larilA11~~~~IVl
'II

t.J II 1.1 s.: IJI U ..,,, LI t.J J4 1.1 IJ

~Ulnu~Vl1aUl~1 dettol ~~1'~n111n"~Vl~1~u~u~~n~l~bu~~ulnu~uu1

4.

• .q <II LI

nlL~a1nb';jl~';jln~1'';j (cardiac puncture) 1Vla~~u~u
'II

u u u ~ ~... u u u G
Vl1~ diethyl ether ~~1'~uuu~~la ~"1';ju"L1Nn~1'';jLmuu,,~u~1'~bn~

, ~ ~ ~ ~ 4
bU~" 26 ~11 1/2 ,U1 ~n~~~1t1nU"b1NUU VlVlL~~Vlu~n~It1"~~IN 1 - 2

'II

~ ~~ • 4 ~ U G u..I ~ ~ I I

~~~am,. U1Lau~n1Vl1t1Lnu11nuN~~~ 4 ~~Alb~aL~~~ 24 ~11~~ ul1t1uu,
~1~A11~L;1 4,500 "~U/Uln U1U 20 Uln ~an~1u~Ltlu serum 1t1b~U

5.

u ......
'~1n radioimmunoassay iVlutla~';jln manual nu~ WHO

... ~
(Sufi et a l ; , 1990) ~~U

ua~ 5
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2 ~aE~ (duplicate sample) ~dU recovery of extraction (RCE)

ua~ recovery of assay (TCR) ~~ ~LU~~dE~1~a~ 3 ~a~~

( t r i p l i c a t e ) ua~~Lu~~d~~1~a~ 2 ~a~~ ~1~~U quality control

l~~~al~~L~u~~'~~~~ 250 1~1~~~~~ ~dU1U~L~aL~~1~U'~ 5 1~1~~a~~
~ ..,j ~ ....

~1~1L~~ ether 5 ~a~~~~ vortex ~aE~a~ 1 U1~ uiun~~1unLUU~1

u. • IJ t.I t.I ~
~aE~n~aE~ (assay tube) uadu11un1'~u~~~d~ dry block heater n

EN~~~ ~O E~~1L~aL~~. ~1~aE~~~~L~~~Uu~~ui1~~~~~~1L~~
, 'II

.. .... ..,j ~ ..
assay buffer ~a~~a~ 500 1~1~~a~~ ~nL1u~aE~nLUU RCE ~~L~~

assay buffer 700 1~1~1i~~ "~~,~ counting vial nd~a~

350

ua~ scintillation fluid 5
<II

~aE~EU '1

.... ...
count 'W"E~nu

L~7~~ standard estradiol17B '~~~d1~Ln~

L~~l~'~a/~aE~n~aE~ "a~standard progesterone

...
11.5 ,H 750

serial dulution
I Sol IJ c:;

u~a~~d1~Ln~nu ~~n1Luu

1~'~~~~1/~aE~n~aE~

triplicate 500

~1 assay tubes standard tubes
..

~1LlR~ tracer

, ......,j ~ .... ...
u~a~~aE~ ~nLdu~aE~nLUU non-specific binding (NSB) nN~L~~1nu

~ .
nn1 non-specific binding (NSB), maximum binding (Bo),

quality control "( QC ) ua~ total count (TC) i~~1~a~L;~~'UlR1~1~

I 1;1
lRE1t1u
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VI ,HI~ 'Y1 ~HHh1 tracer antisera buffer di lu ted dilu t.ed total

( u l i t u i . ( ul> serum standard

( u l ) ( u I )

NSB 100 - 600 - - 700

Bo 100 100 500 - - 700

Standard 100 100 - - 500 700

Sample 100 100 - 500 - 700

QC 100 100 - 500 - 700

, ~ q ~ u~ ~u

vortex U~~~ assay tube U1U 30 1U1'Y1 'Y1~11'Y1BNVln~VlB~ 30
, 'II

q u ~ u u~ ... ~ ~ c:;
U1'Y1 ~~~1~n~11~u~~~utid~BNn~ 4 B~~1~~~~~~a ~~U~1~1

'll , 'll

~11~~ VI~~~1n~UU1V1~B~'Y1~~B~~~VI~~~111~~U~1U~~ ~~~

charcoal suspension ~1U1U 200 1~1~d~~~ vortex

20 - 24

L~UL1~1 15 U1n ~u~1u~a~~~u vials ~~~ counting solution 5

... ........ ~ ~ ....
total count LWB~d1~U1tid~1Nd~~ (cpm) nB~ tracer 'Y1L~~

u

~~ltin~VI~~ 1~~L~~ tracer ~1U1U 100 1~1~d~~d nu assay buffer

~1U1U 600 1~1~d~~d ~~~u vial U~~~~~ counting solution ~1U1U

5 ~~~~~d n1Ltiu triplicate

... .......... ~ ~ .... ,
total count recovery LWB~d1~U~tid~1Nd~~ 'Y1L~~~~ltinBu

n1dan~ ~~~~u11ti~~~un1d~1U1N~recovery 1~~L~~

progesterone tracer 20 estrogen tracer 50
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.... qq • c=1,
solution 5 3Jaaalil1 n1LUU tr iplicate

..
Llil3J counting

1. standard curve
.

U1 cpm ntl'l standard
I llJ llJ

estradiol 17B ~a~ standard progesterone LLlila~R11~Ln~nu ~1~1

... llJ llJ

nUR11~Ln3JtIUtltl'l

standard L~U L~~1lil1~a/~atllilnlilatl'l uu semilogarithmic graph

2. ~1tl~1'1~i~ U1~1 cpm ntl'l~~a~~1tl~1'1~~~~L~U
• .CJ U u. I' tJlJ

duplicate ~1~1~1L~aa aUtltlnlil1a NSB ~a1U11utl1UR1R11~Ln~nu~1n

llJ "'" llJ c:; I llJ llJ c:; .......
standard curve ~a1Luaau~~LuUR1R113JLn3JnULUU13Ja/~aaalil1

~1n1U~ 1 ~.lil'ln11~~1lil1131Untl'l;.1lil1L~U 1lila~~a~~lil~.lil'l~1
~ ,

"'" " "'" "'" llJ lJ qL~a~ntl'lLUtl1L~Uliln11Ln1~Lna1 (B/ Bo > n~11~Ln~nUntl'ltl.1lil1L~U

~1lil11~1U 11.5 23 46 93 187 375 ~a~ 750
, ~

L~3J1lil1~a/~aBlilnlilaB'I ~1nn11LB.L.a 2 R1'1 ~113J11 (senstivity >
1111 , ...

• '1.~nB'In11La.L.~ULn1nu 11.5 L~~1lil13Ja/~atllilnlilatl'l coefficient
'II ,

of variation (%CV> intraassay interassay
111 I ...

ULn1nu

7.51 ~a~ 18.04
I ...

% accuracy Ln1nu 91.11

"'" I I~1n1un 2 ~alil'ln11~~1lil11~1Untl'l1u1L~.Lliltl11U1~a~lil~lil~.lil'l~1
'Il ,

"'" ,,"'" "'" lJ llJ
L~a~ntl'lLUB1L~Uliln11Ln1~Lna1 (B/B

o
> n~11~Ln~nUnB'I1u1L~aLlilB11U

~1lil11!1U 19.5 39 78 156 313 625 ~a~ 1250

(senstivity>
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,~ , ....
~~~~na~n17La~L~~ULn1nU 22 LW~L~L~~/~~a~n~~a~ coefficient of
'II ~

~ ' ....
variation (%CV) na~ intraassay U~~ interassay U Ln1nu 10.29

U~~ 11.91 ~1~~1iu Saccuracy L~1ffu 92.42
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11.5 23 46 93 187 375 750

"",.un 1
'II

... ~ ... ,.
~a~~n"1W~1~"131Unfi~fial~"L~UL"~Lfifi~~luLfiaLa~~~a~~~,. ~

I "" " "" "" . OJ u~a~~~1L~a~nfi~LUfi"L~U~n1"Ln1~Ln~1 n~~a~~11~Ln~nunfi~

... , ~

a1,.a~a1~fial~"L~U~1~"31U~n1nn1"LfiaLa~ 2 ~,.~
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....__.... --......----,,..---.....--__--...,..--- fmoll tube

" " 'IUa~~n,.1w~1~,.131unB~11J,.L~aL~B1,.uL,.~1BB~~1uLBaLa~u~a~
'II

I ~ " ~ ~ , ......

~~ua~~R1L~a~nB~L1JB,.Lnu~n1,.Ln1~Ln~1nu~a~R11~Ln~nunB~,
, ~

a1,.a~a1~11J,.L~aL~B1,.u~1~,.131u~1nn1,.LBaLa~ 2 R"~

~,.1Jn 2..
19.5 39 78 156 313 625 1250
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6.1

10%formalin UIU 2 - 3 1U
U I U

U .... ILl' v... ..,
6.2 ~1~LUUln~u 2 - 3 ~~~ ~7~~nu~~n~u~~~n U~~

7~1~U;L1~tl~laLnl~~~~~~I~,
U

6.3 WlnE~ ~~~1a1~nlaLUE~nn~~~~

6.4
J ~ I ~ c:4uI1tlunLu alcian blue 24 - 48 n11~~ ~1unLUU

~ .;: . ., cartilage ~~~~~~I
U

6.5 uI1tluiLU 95% ethyl alcohol 2 ~~~ ~I~ffu 2- 3

6.6 UI1tlU1/L" 75% 40% U~~

~I~al~u ~I~ffu 2-3 ~11U~

15% ethyl alcohol

IJ I' •
6.7 ul1tluiLuuln~u 2 - 3 if11~~ ~7~~un7~n ~~1~U~~

'II

• J U ~ ..,j
6.8 "11tlUnL" enzyme solution ~"n~I~LU~'~ Ltl~~"

solution nn 3 1U ~1~L~~Ltl~auL~u~~1 ~~11 2 - 3 ~tl~l~ n~I~L~~,

6.9 ul1tlu1/LU alizarin red working solution

<£ ....""1 s U"':!:J (, .... 11
n7~~nun~~~~~~u~~ LnL1~1 1 1U ~~ 1 ~tl~l~ 1~~17Lnuu

'U

6.10 uI1tluiLU 0.5%KOH : glycerine LU~~71d1U 3:1,
I U ~

1:1, 1:3 ~1~ff" 6 n11u~ ~lnUULnULU pure glycerine

student unpaired t-test



~
UTITI 3

~ I" I

,1n~1'1~n 4 u~~~n1,~nLnn~~na~n~a~~u~a~na~ L~~~1~an, ,
U~~~~1U1U~U~~n~,~nLn Ua~~1U1ULn'1nn1,~nLn~~~a~R~~ na~R1UR~~~.. , ~

.... ..., a: ..., CIII I ... • I JrIq
L~'UU1~U~~n~n~n1,~nLn~1~Un~ R~ 12.31 + 1.26 W~~ 'una~u~~u 4

~ 'II

.., .J ..... I'" Sol.., LI ~ LI

~1nL~~n1,~nLn ~~~L~'U'ULna~UL1a1 17.00 - 18.00 u. n~~1U
'II

'''' ,.. t <4

diestrus-2 WU11~u~~R~~nLnL~u~n~1~,1nna~R1UR~R~ 12.47 + 2.25
'II , ,

- 13.30 u.

(P<.OOl>

n~~1U proestrus ,~~n1,~nLna~a~~~1~~U~~1~~n1~~n~

<II ... • 14 .. ..,j ... •
R~~n1,~nLn 9.06 + 2.14 W~~ 1~~na~u,~~~unL~~n1~~nLn

, 'II

5 ~1
• ..,j Ua"

na~nL~'U nembutal, ~1a1 13.00 - 13.30 U.

•
nembutal ,~~auLUU'~~1W 3 - 5 i11~~

a" .. • u..,j ... • u.. u ..,j..
n~~1U proestrus ~,1U1U 9 ~1nL~~n1,~nLn ~n~1ULW~~ 1 ~1n~n1,~n

'1' U a"..,j v.... ....... ~~.. l..,j ..
~nL~ 1 W~~ ~a~,1nnL~'U~1'~1~n1,n~a~~ L~~~U~1'~L~~TI1~ na~nu~.. ~

~~~'1n~u~u,~~un~U~1un~
'II

..,j ...., ..
~1'1~n 5 U~~~'~~U~~'L~u~~1~'~,UL1a1 11.00-11.30 u.

.... ~ ~ ..,j........ ..,j...... • ..,j
n~~1U proestrus ~~Luu,~~~n~,~~u ~~1~'L,ua~na~'u1~~a~,~na~n

'II ~ ~

U

L~7UU1~u~~nun,~~,~~u Ba1~'L,u 205.05 + 60.17 ~w~L~1~a/~aaa~,

• ...,j va" .. .. ...... <II

~1una~nL~,u1na~u,~~,~~uua1~'L,ua~a~R~ 184.42 + 81.93
, 'Il

~w~1~1~a/~aaa~, U~R11~u~n~1~~L~~G~d1~~n1~.n~
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7~~~lu7~~~~~~17U~1n1 17.00 - 18.00 u.n~~1u proestrus

~ '1 ..,j....... , ..,j.... ... u ~ oJ)

~~~~UI~~~n~I~~~~E11~u1u7~~~~~E11u~~n~~'U1~E~~1~ ~~~~~,~~~U~U
'II ~

~nnE~1nnBU~En17~~~1nE~~1~EU
'II

..,j <OJ .::: ,.,j u... <OJ

~171~n 6 U~~~~nnE~1nnEU~En17~~~77~~~E1~1~LnnEU'1U
'll 'll

..- .:J ~, I.J u.., ": .., q ~ tJ

1~~~1un 1 - 6nE~n17~~~77~ n~~n1~7~U1~u~~nEn~1~~~~1~1~~nE~ 23
~

.., J.q.... I.J LI.., ClIII I ~ , 14 I .., I q

1U LnU~~~1n~n~~n1~1~ln~Eu7~~11~~~A77~'U1~~~U ~~11~unn~11~~
''ll 'II ~

U I ..,j...... <OJ <OJ
· ~U~ 1 ~ ~ 1 'un ~ ~ n1 ~ 7 ~Ln ~ Eu~ ~ ~ u ~ ~ ~ 1 n n 1 7 1 ~ A 1 ~

'll ~ 'll

n~~~1~~~~1~u~~nEn~n11~~~1aEU~1U1U 13.15
~

+ 1.38 U~~ n17~~~n1~nE~~1~EU
'II

..,j .,j • <OJ.

7un 3 ~~E~nA~E~EEn~1~~11~~1U1U
'll 'II

... ,..,j u... ....
11.40 + 2.06 ~1 nn~n1~7~Ln~Eu

~ 'II

I

~~'1H

U~11~~~~nUE~U~~U~~1~~n1~~~~ (P<.Ol) n17~~~~1anE~~1~EU~~~iu
'II

c:1 I I I 1:4 Iq..,,J ....~.q .q

~~u 1.67 ± 0.79 UM~ U~A11~u~n~1~u1~~u~~1A~n1~~~~ ~nnE~lnnEU
'II

I ~u ul ~ u~ ..,j .J ..,j ...
~En17w~~1u~~n17~~~~1~nE~~1EEUUU~~~'M~MU'U7un 4 ~1Unnn~n~~1

'11'11'11

M~~~~E~~~1U1U~~~~~ilu 9.6 + 2.95 ~1 ~~~ilUA11~u~n~1~E~1~~ua

..,j ~... LI <OJ <OJ ~ ... I I

~111~n 6 U~~1~"~~~n17~U1a~~n~~u1~unnE~~n~un~~~1~1
'll 'll ,

I c.l '" I cal LI..., ~ ..., q": .., ..,
~~11ann~n~~1'1una~n1~7~U1~u~~nEn~~~U1~un 5.37 + 0.43 n7~

'II ~

.,j. ~ I <OJ ...
~~EU11u~~~~~E~n 5 1U

I ~ ... ": .., ~ ~ ....,

~nMUL~~1U~~~U1Mun~~~nu 5.47 + 1.73 n7~
'll 'II

I ..,j Llu <OJ <OJ ...

na~n1~7~lnaEu'uL1~1~~~1nu
, 'II

~ LI -lI u .... ~,<Oj ... I ...

L~nUE8 ~E 5.28 + 0.33 n7~ ~~EU1~1~~a~~EEn 5 1U ~~11nnMU~
'll 'II
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I.J • SJ tJ

ti1~ani1~~~iu 4.79 + 0.83 n~~ U~A11~u~n~1~nE~ti1~~nu,n~~~U~~

~1~an~~~~~U~~EE1S 5 1UnE~~n1~u~n~1~~1nn~~A1UA~E~1~~aS~1~~n1~
, 'II "

col ... I ~ ,.,. u.... ...
~1d1~n 6 ua~~w~nE~1n~EU~En1d~~Add~~~E1~,u1n~EULU

'II 'II

..., ~ :::,~. .. :::, I .., ....

'~S~1un 6 - 12 nE~n1d~~Add~n~ 2 n~~~d~S~~1~1n1d~~Add~~n1nUAE,
23 1U n~~~1~~U~1~u~~nEn~n1,~~i1nE~i1~EU 12.80 + 1.24 u~~ 1~,

n1da~a~1snE~i1~EU
'II

• ~ u.., ~ .., .... • I.J ~ ..,
Lun~~n1~,uu1~u~~nEn~~1u1u 1.00 + 0.00 U~~ ,~n 5 ua~~n1'w~~1

, 'II

.... I 4 u .... ': .... 1I.J I col u.... ...
u~~n1da~a~1~nE~~1EEU~~E1~dUU1~u~~nEnLUd~S~U ~1un~~n1~du1n~EU

'II , 'II

~~~n1da~a~1~nE~i1~EU~~~~U~~U 3.53 + 2.68 u~~ ~~UA11~u~n~1~
'II -

w~nE~1n~;U~En1,U~i1u~~n1da~a~1sn~~
'II 'II

• col ... I col u.... ... ...
~1U1u~nn~n~~1~1nn~~n1~du1n~~u~

'II , 'II

E~1~~~~a1~~n1~a~~ (P<.Ol )

.... I I 11 u ~ col
~1BBuLun~~uua~~L~~~uLud~n 6

, 'II

~1U1U~~~~~~1~~a~~1~~n1~a~~

I ~ Uu ~ .., .crt.
n~~n1~dUU1~u~~nEn~~n~1U1U

, 'II

~ .... u

AE~~1U1U 7.60 + 2.95 ~1

11.35 + 1.95 i1 (P<.OOl )

5.47 + 0.95 n~~

.... ': u 4
5.51 + 0.58 nd~ U1~un~~~E1S 5,

.J col... I ,.,j u.... ... .J
~1u~nn~n~~1nu~Lun~~n1~du1n~Eun1~

'II , 'II

~1~1~~~1nU~~1~ani1 5.08 + 0.44 n~~ ~~u~n~1~~1nn~~~1~~U~1~U,
~~nEn~~1~~~~~1~~n1~a~~ (P<.05) d1uJ1~~ni1n~~~n~~E~1~ 5 1U

'II ,

I .fJ ...: .I: Sol I I.J u .... -: .., 04

Luna~u~w~nuu~~n11na~n1~duu1~u~~n~nA~ 4.44 + 1.34 n~~ U~~11~, ,
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.J ... I ~

7~n 7 U~~ 9 U.~~1~7~.71~n7~~n~~UU~~n7~~nun~n~~~n~u
'II 'II 'II 'II 'II

q , .J I 1.1.., ~ .., ... .J
LL7nLn~~Un~~nu~~u1~'UU1~U~~n~n~U1Un 1 - 6 U~~ 6 - 12 n~~nl'

, 'II

~~~77~ ~l~~l~U 1~WU~11~~~~n~n~~1~7~n,~~n ,~~ 8 U~~ 10 U.~~
'II 'II

... I ~

1~'~.'1~n~~n7~~n~~U u~~n7~~nun~
'II 'II

.... ...,j
1n~~U'U1Un 1 - 6

'II

q I .J I lJu

n~~~n~UU7nLn~~Un~~nu~~u1~,u
'II 'II , 'II...

1~wu·-h~un-:J.~ -:J
'II



• ..l I

oilU1U1n (Wa-.J)'lIU1UVlUrllfl1l1111
'II

111"r1~na-.J oiIU1UVlUrI~na-.J(Gi'1 ) ( x + SD )
'II

control 16 I 20 12.31 + 1. 26-

toluene ***
proestrus 15 I 20 9.06 + 2.14-

toluene

diestrus-2 19 I 20 12. 47 + 2.25-

***
nembutal 1 I 10 1. 00 + 0.00-

V111 1~LVlGl : * = p < .05, ** = p < .01, *** = p < .001,

37
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1173J1fU Ee 1173J1fU P

n1,.'t1~'HI'I ( LvJ3J1Gl13J~ / 3J~. ) ( ~1 ~1 3J ~ / 3J ~ . )

control 205.05 + 60.17 173.80 + 62.46.... -

toluene ***
diestrus-2 184.42 + 81. 93 83.00 + 4 4.96- -

'VI3J1BL'VIGI :• * = P < .05, ** = P < .01 , *** = P < .00 1
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... ...
u.a~n1'1 L";j1TIIL lil'lJ1lil

";j1U1U
... I. ..,.., "
U1'\11Unlil1L'W:IJ

control

P13

P13 (u.,,;~)

...
LL,.nLn~

Pl-6

toluene

Pl-6

control

13.15+1.38 1.50+0.40 11.45+2.06 5.37+1.73 5.47+1.73

11.65+1.42 1.67+0.79 9.6+2.95 5.28+0.33 4.79+0.83

P6-12 12.80+1.24 1.00+0.00 11.35+1.96 5.51+0.58 5.47+0.95

toluene

I

P6-12 12.35+1.46 ~.53+2.68 7.6+0.95 5.08+0.44 4.44+1.34

'\II:lJ1~L'\IIlil :, * = P < .05, ** = P < .01, *** = P < .001
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implantation site

~ u

~~n 3 U~~~n11~~i1 ua~ n1~~~~a1~n~~i1~~u~i~1~~u~1~u~~n~n
~ ~

~~~ 4 U~~~n11~~~1 ua~ n1~~~~a1nn~~~1~~u~i~1~~u1na~u
~ ~ ~

~u~~~~n~un11~~i1n~~i1~~U (Pl-6 )
<II

~~1~b~(;l: bI'l1£l~~:lJ1~ I,
R resorption site



~ u

dun 5 ua~~n1d~~~1 ua~ n17a~aa1~n~~~1~~u~a~1~7UU1~u~~n~n
~ ~

dU~ 6 ua~~n1d~~~1 ua~ n17a~aa1~n~~~1~~u~a~1~7U1na~u
~ ~ ~

1Ud~~~d~~i1~n1d~~~1n~~~1B~U (P6-12)
4

~~1~L~~: L~d~~~~1~ I = implantation site,
R resorption site

41
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"'" U I G I "'" ...1Un 7 u~~~~n~ru~n~~n1~~n~~ULL~~n1~~nUn~'U11~nl~n~~~n~UnLn~,ln
'II 'II 'II 'II 'II

U~~U~1~~U~1~U~~n~n'u1~~~ri~unl1~~~1n~~~1~~U (Pl-6)
'II

"'" U I G I "'" ...1Un 8 LL~~~~n~ru~n~~n1~~n~~UU~~n1~~nUn~'U11~nl~n~~~n~UnLn~,ln
'II 'IJ 'II 'IJ 'IJ

u~~u~1~~u'n~~u'u1~~~ri~unl1U~~1n~~~1~~U (Pl-6)
'IJ 'IJ.,.

~~l~L~lil: L~1~~~~1~ B
q

bone

C cartilage
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...I... , G, ...I ...
1Un 9 u~~~~n~N~nB~n1~~nBBUU~~n1~~nUn~'U11~nlnnB~~n~Un~n~~ln
'\I '\I" '\I 'II

U~~U~1~1~~1~U~~nBn'U1~~~1~~11~nl1W~~1nB~~1BBU (P6-12)
'\I

U~~U~1~1~ln~;U'U1~n~1~~11~nl1W~~1nB~~1~BU ( P6 - 1 2 )
'\I 'II

<II
~~ln~~l1l: ~~1B~~~ln B

q
bone

C cartilage



~
1JTITI 4

(Benignus, et al.,

1982; Da-Silva et al., 1990) ,~n1'~~n17~n1n~~~~E~1~~u~a1~~
~ u ~ u

n1~~~~ (P(.OOl) L~E'~1n~EU'U7~~~ proestrus U~~~1~17~~u~~n1d
'II

I U LO I ~ U I ..,j
~n1n1~ 5 'u 20 ~1 U~L~E'~'U7~~~ diestrus-2 ,~1~LU~~UUU~~n17

~1ULn1~~~E~U~~1u~~~~'U~1U~1~1 nB~~~E~
'II

,J .... I ~ I.., .." ~ q~" "" ~
~1~7unu1un17~n1nu,~u~n~1~nu1u~1~~1~wu~nE~~~~D1~nu~uu1

•
I ~ ''''~ LO''''~ u..,j

n7~~1~ U~1 ,~~n17~n1nL~E~n1d~~~wu~~7E~n17n7~~unU1n~~~n
• • 'II

J !:S ,~ U J I U !:S' ... ..,j... ..,j
~1U~~1Lae~an~1eu~ ~1U'~~,~~B~B1~e~B71~u~a1~nu~n~n17LU~~UUU~~

'II

~ ..,j u ~ J ... LO" u ...
LUU1~,7~1Lne1nB~ (Thomas, 1991) 'U~UU7nnLDUL~~1nURE,~~B~~n17

. 'II

..,j '<1..,j... I ... LO J I ,~
LUa~UUUa~nB~~E71~ULUU1~,7nL7~n111~E~~7~ 1~~'UD1~nEun17~n1nu

u... ~ , ~...J LO ... ~ • U... I ..,j~
,~~B~~n17LUaeUUU~~nB~~B71~un~1R~ LWBDnU1'~Ln~n17~n1n 1~~n~

E~1~7L'U7~~u~~inU1'~~n17~~~ LH 'UU~~1W~~ (estrogen-induced
'II 'II

gonadotrophin surge) (Johnson and Everitt, 1988) a1~7U7~~~

~ ~ ..:. ... -.. ..,j... ~ LO

proestrus ULUU7~e~~U~'U1~B~~7~ n~n17LW~d~~U
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~ ...luteinizing hormone (LH) (Johnson and Everitt, 1988) ~~~~11~

d1fi~~an1,~n'~ n1,~'na;ufi~n11~n1,~n'~na~~uu,n5 'U 20 11 ua~
~ ~

. , ,col <lI ~ JiI... . 1..
a~~1u1u'n'un1,~n'nna~~unL~aa'un1,n~aa~~,~u a1~~~1L~~~1n~nnna~

~ ,
q1 I .., 111. tJq U 4 ~ t,I.q

'naau~a,~~u LH 'u,~~~u 1~~n1'~~n1'~'1~ ~,an1,~a~ LH a~a~'~~
~ , ,

~~n~1~ana~lna;u~a,~iu LH 'u~uu,n ~u11'na;u~~nna~n1'~~~ LH
~ 'II 'II 'II

~ ~ u ' . .q.q u
(Andersson et al., 1980) n1,~n~1~,~u'~n1n1,n~aa~L~,~uLn~unu

nembutal i~LtlU~1~aan~n;n~~'~~1nd1una1~ua~Ltlu~n'1unul~~~1'~11

~1~1,na~,~~u LH 'u,~~~ proestrus (Mattheiji et al., 1992 )

• tJ IJ • •

~a~'~~~~~n1~'~n1'~1U~~ gonadotrophin releasing hormone (GnRH ),
.., · i. ClII!I.., t I

~1n'~'~n1a1~~i1~na'nn1,aan~nnn~~'naauu~~'~n'1uLLun~ ~1nn1,~n~1
~

col ,''' ... ... v ~, ... • tJ

n~u11~n1,~~a~n~~'naau'u'~1~n1a1~~ U~~~'~L~u11'naauB1~n1'~n1'
v 'II

.~ ~ ~ ~ 7 a n 1 '~~ ~ GnRH ~1n'~'~n1a1~aa~a~ d~~a'~,~iu LH a~a~~1~~1

supraoptic nucleus, paraventricular hypothalamic nucleus,

suprachiasmatic nucleus, arcuate nucleus ua~ventromedial

nucleus (Johnson and Everitt,1988)

v
.., '" II I q. I)'" ....

nembutal uu ~1~anu1~'~11'naBun1'~~n1,a~,~~uluteinizing
~ .

... J ,~ ... , JiI • v
hormone L~~~U1~~1ULn1UU n1,n~aa~~1'~~U~~'1~uu~~n1'~L'1n'1u

.... ... v, ~ ,~ ,JiI col tJ

n~~ana~lnAau'~uuuaunu a~1~',n~1~n1,~n'nu u1~L~a~uu~A~'~~1n
'II

~ JiI v v ...
a1L~~au ~ 'un1,n~Aa~u'~'~'nA~un1~ subcutaneous injection

• 'II

~ • v q", ~
~~an~n1'~~uLn~~11~L~'~~ (stress) ~1n~11~L~U~1~uA~~1n~'~~1~

"
<lI JiI'v.... ~ JiI , ,
L~a~n~~~1,ua~~A'~~n1,~n'na~a~ 'un1,n~A~~~'~U~U11~u'una~n~aa~

v ,

" ~ 1 ~i1 ~1 ~ 1 , n ~ n' ~' ~~ 1 ~ ~n ~ 'unN~~~uu1~i1'un~~~1u~~i~~~~1~u~~nan
v "
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~1nn17~n~1~~nB~1n~EU~B7~~ll E~1~'~~uu~~ 1u,~~a~~B17U
'1/

-..- ~ J4 I q . U ..... I

'U1U proestrus 'U~7~U~U111n~~un1'~,~~u1u7~~a~~B17U~~~~B~1~
'1/

~u~a1~~n1~an~ ~~a~~111n~iun1'~n17~a~~iBn17~~~1u7~~~~~~17u~1n
'1/

... I . ' ..I ILl q "
7~1n'U7~~~ proestrus ~~~~ 1~~1~~u~~uuu~~,~~u~~1~7~~un~~~~1~u

... 14... ..J., I , ~ .,' ~ ,

~B~nU~U~~11~~1~~~BnU1un17~1~ ~ 'U7~Ull~u~un ~UB~~1n~11~a~~~~, ,
, I • <4.q II . I -.J

nB~~~71~UL~~7~~11~7BUU7~~1L~~u~~~~~n,~nll~~n~U11n ~~~n U1nTIB~
'II

~ col ....... 4
R~B~ 71~n~n17~u~~uuu~~a77~1n~1~U ~ (Johnson and Everitt,

I q. ~ • IJ ~ .J
1988) ~U11~17~R~'un~~ hydrocarbon ~a1~nu~n1'~~n~n17~u~~U~~u~~,

, ...... ~ , ... .... ... .... 41 col
n~~~~,1~UL~~1~ ~n17Hn~1~u111n~~un1'~~n~R11~~~un~~7~R11~~U~~

'II

LUU'U7~UU~uiud1~~n1'~L~~~11~~~un~n~~7~u~;8U u~~n1'u~~,
.... .. ,14 ...

(Ng, Foo and Young, 1992) ~1~~~nE~~11~~~un~L~~1uE1~~n~~1n,
, , ,col I ,... ~... ... I ,

R11~un~7~~nE~~E7L~u~w~u~n~1U~11~~n17Hn~1~~~~nE~1n~EU~E~E71~u
'1/

• J col., I~
(Andersson et al., 1988) n17n1~1~7~UUU7~~1n~1uU~1~n,~1n~~~~

~, ILl I

7un1un17~~~~871~u~w~n~~7~1n (Ungvary and Donath, 1984 )

FSH

~ ~ .,' ..., ~." col:"
~U7~uu~u~unL~~~~~~B~1~UL~~~~~n~~~~1n,~1n 1~an~1nn~u

, '1/

tJ " U • VI
~1a'~n17R1uR~nB~~B71~u~1n~~~'~~~B~REgonadotrophin 1~un,

, ., ..., ...... col
U~~ LH U~~~B71~u~1n1~1un1~1~~ 1~LLn GnRH '~~n1~Lu~~UUU~~

<Feedback regulation) (Johnson and Everitt, 1988)
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~ ...
D1.J1Un17U,::JJ

~'i1.J1'ina1nil'i1~

n711.J~ui~ '1nn17~nH1~UU"UUn1~~L71n711.J11,
,1.1 .....1 '.'

1u1~1uJJ~aL~~~7'in GnRH neurons ~~,::n1'i1U1~~~1"

L71W1.J11~a17aBU7::a1n (neurotransmitter) ~a1~nu~• "" I7::1.J1.J2lU "1 nau
..I 1.1 .,

Ln~1D2l'in1.J GnRH neurone ~1~~U arcuate nucleus

..I... I '~
U7::a1nnL7~n11 tuberoinfundibular dopaminergic neurons 2l~n~

'II

ilu .. u.., • I.J

~nan1.JUa1~U7::a1n GnRH LUB1~71.J dopamine agonist ,::n1~~ GnRH

~ ." ,~." ':J :4.,..."",
a~a'i na1nD2l'i~11U~UwunL~a1U~'i1un711.J~Un~ UBn,1n"~'iUa17aB

• 1.1"", 1:4 ..I d ' ''' I
n1~~a1,a2lU,::a1nL~a1uLua~U~ua'i1un~2lJJLn~~an7::n1.J~B GnRH neurons

71JJ~'i~U hypothalamopituitary gonadal axis n17~nH1~~1UJJ1 ~1.J11
... • 1.1.....1 "'" , :4 .,

LnaBun1~~Ln~~11uLua~U~Ua'iD2l'ia17~Bu7::a1nL~a1u ~a::2l1'L1.JUa1L~~
'II ,

1.1 .. ..I , "" ... • 1.1'" ~
~~Ln~n17Lua~U~Ua'i~B7LUULWR LU2l'i,1nLnaBun1~~Un17LWJJ

'II

t,lq ~, q ca: ~

facilitate ~~Un17~a'i~2l7LJJ"LU7~a~~ULWJJDU (Andersson et aI,
. :4..1 • ..I 1.1

1983) "2ln,1nUn1'LUa~"~Ua'i catecholamlne turnover ,::1ULn~1DB'i

.., ~ .., ..,
n1.Jn17LUa~"~Ua'iD2l'i~1'1.J (receptor) (Von-Euler et aI, 1988)

., ... ... :4 1.1 1.1.. .,j 1.1 , ... 1.1 ...
L~~LuW1::~171.JDB'iL~U1UU",::~nL71~~Ln~n17LUa~U~ua'i1~'i1~ LJJB1~71.J

'II

... • UoCll u

LnaBu (Von-Euler et al.,1991) n1~~JJn17a~7::~1.J
'II

dopamine receptor affinity L~ua1L~~1~a~n17n~D11'in17~i'i~B'LJJU,.. ...
LU7~an~"L~~1~U1U",1n tuberoinfundibular dopaminergic

:4 • 1.1'" ~neurons (TIDA) ~11::D2l'i hyperprolactinemia u,::n1~~un17~a'i

luteinizing hormone a~a'i Ln~ amenorrhea ~a::n~D11'in17~n1n1~

I
1.1... ~ ~ :4..1, ...

( of strom et aI, 1976) aB~~aB'in1.Jn17HnH1~7'i"n~1.J11Lna2lUa1U17~
'II

I

a~n17~n1n1~ n171.Jn1Un17a71'i ~a::n17~a'i gonadotrophin

1.1 :4,... " 1.1... ~ ~ :4~
1~aU2l'i"RBUU~an,::n1.J~B~B'1u"L~R aB~~aB'in1.Jn1'HnH1~7'i"~B

...
1naBu

'II
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n1'~1~~u1U1L~~L~u11U~~~~u~1~~u~a1R~ uun~1n1n~iju~~1~1Un11~U~U
'II

~1n1'~L~~n11LU~~U~U~~nu~~11~uU1~~1n'U1~~U~~U~~~n~11~1~i1
I ...... I .J ~ I .... .,j

U1~11~~1UWU111n~uu~~~~u 1~UUU1~~1n~1UU~1a~~ua'Uu1~1~uU ~ nu~
'II 'II

I

11~n111

....
wU~11n~aUnU1~ 1500 ~~~n1~/~1~n1~U1~Un~1

•
.J • ........ I.... ....I I 1;1

U1~.1n~1UU~1~nu~1~1n~~~~~~n n1'~~~~n1~nU~uL.UL~u~n~1~~uL~1I~
'lI

~~~n11.71~~u41~unu~1~1n 11~~~u1~LtlU~1L~~'~L~~A11~~~Un~nu~~n
, 'lI

'unu~ (Ungvary and Donath, 1984) n11\;ln~1'U~~u~n~~u~~~i1~'~

....... "'" :.: I ~ ~
Ln1'~~~n~1nDu~1n~uu~u~u11~uLw~~1nnu u~1~11n~1~ n11~n~1nu~

•
I. .., I ~,

stepanov ~~~AW~ (1990) wU11n11n1~1unu~1~1n'un11~~~~u11~ULWH

IJI.., ........ ""'..,... u.... 1.1 U ~ • ..J. u
nw~1~1u1n~uu~~~~un~1~ L~u1~1un11n1~~U U~~~'~L~U11~1L~~nn1'~

'lI , ,

co...I ,1;1 ..I ...
Ln~n11Lu~~uuu~~nu~~u11~ULW~u~1~1nn11n~111n~uu1u1un1u

'II

~ .... ,
hypothalamo hypophyseal link nu~1~uu~uwun,

~ ,
n11~H~111l (Pl-6)

..I
1~~~n~u~ (P6-12)

~~n1'~n11~~~1nu~~1BuU~~~~ L~u1~7U1n~au'u•
nu~n11~~~11~~~1~LU~~uuu~~n11~~~1nu~~1BuU u~

• Uq .., I ~.:.: ~ I U 4.., 4 • t.I J
~~n1'~~n11~~.~1~nu~~1uuULw~nu n~~u~n~~'~~~L~~uunU~un1'~~nn

'lI , 'lI

L~~~1~~1U1UUu~~~u~1~~u~a1R~n1~~n~ (P<.05, .001 ~1~a1~U)

..I ... ~.... .... I .,j........... j u..I
n11n~u~n11w~~1nu~~1uuU~~~~L~u1~1u1n~uu'un1~1un1-6

• 'lI

~ , .... ~ '" co. co. ."1.... I ..I... • G
nu~n11~~~111l U~~~'~L~U11Ln~~11~~~un~nu~u~~~~1~ ~ n~~11~~1LUU

I ~.... ... I ."1 .... ..I..,.... 11 I , .,j .,j
~un11w~~1nu~~1uuU u~~~n~1~~1~un~u11~ULW~ LUu~~1nL~uu~~~n~~

, 'II

.., ~.., ..,1 U U !::J' c:.I .. ~
~u~1un11w~~1nu~~1uuu1~~~~u~u1~U~u11~uLw~nL~~1~~~1~~~n11Lw~



SJ

~~UU~1B~U~~1~~1~1dnL~~~

49

I SJ

B~ULW~;U~~1~~U~a1~~~~~~~~~n~n1d~n~1n~~ Ungvary LL~~ Tatrai

~ .."... ~,..I.." ... I ::: ,~
'uu 1985 d1~d~'Ud~~~U~Bdl~und1~~~~n1d~~RddnR~ lUdL~~L~~ldu

n11~~n~7~~n~~ludL~~L~~ldu~~Lilu~1L~~'~Ln~n1d~~~~1~n~~~1B~u1~, ~

I , v.ql .... • SoI.q .cJ
u~n~1nn11~un~d~~n~~~~dl~UL~~LL~11n~~u~~n1'~Ln~n1dLU~~ULLu~~n~~

~

..I '" ...noradrenergic neurons n~~~dL1WL~~~~~~n
~ . ~

... ..I...
ud~LnnL~~1n~ noradrenergic neurons

..I ....., SJ •

(Ungvaryand Donath, 1984) n1dnln~Eun1~~ noradrenerglc
'II

...... ... ~..I

neurons UdL1WL~Eu~~~nnnn1a1~ ~~1udun1un1d1~~L1~unE~L~~~n1u
• 'II 'II

~ ~ ~, .....
L~~~~~~n d1~n~n1d~~~~~dl~u~1nd~1n

'II

1986 >

(Hudak and Ungvary, 1978; Ghantous and Danielssen, 1986;
• • So' ~ I , 1.1 I 4:11

GoodwIn, 1988) n1'~~1~1dn~~n~nn~~n1dn'U~ddn1~1~~~d~~~111n~~u
'II

... ., I ..I
~~1u~~~~'u~un~~~1~Eu~1nn~~ (Ghantous and Danielsson,,

~ SJ ... , ... I ..I SJ I ......~... .~ ..I
1~~n11uu~1~U~d1~~~~1~~un~~1~~~~L~~~d~~u~1d~n1u~~ n1dLU~~U

U I.J. IJq ~ ~ .q ,

uua~~1~un~1 LL~~1~d~~d1~n~~d1~n1~ 1~~n1d~n~1n~~nnn~~lna~u~~..
..I .. ~ SJ ...

21 RunLn~~1n~1d~1~~1~d~

SJ

(Wilkins-Haug and Gabow, 1991)n1'~an~~1~un
'II

SJ

U~~ (Hersh et aI, 1985; Goodwin, 1988; Arnold, et aI, 1994)
~ ~ , ~ Sol J ...., ,

n1d~n~1'Ud~1n~~~~n'~~~LDUL~~1nu'u~u~~ (Nawrot and Staples,
•

• ~ ::: ~ I ... SJ ... .

1979; Da-SIlva et aI, 1990) n1dHn~1Rd~U~~11 L~~'~lna~u'ud~~~
'II

~, I. U .. ~ .... Sol 1.4 U q

udnn~~n1d~~Rddn (P1-6) 1~n1'~an~U1~unu~~ LL~L~~'~lna~u'ud~~~
~ 'II

..I ~, • IJ ...I.q CIII~ &.oil U • ,

n~~~n~~n1d~~Rddn (P6-12) n1'~annLn~~1~u1~unu~~n11n~~R1~R~.. . ,
U~~ Staples

1-8 n~'1
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n1~~~~~~~~~n11~~n~~1~unUEa ( Hud a k and Ungvary, 1978 ) ~~w~n1~
'lJ ...

'~a~nin1~b~~iu~~1a~EM1~8u'un11 i~

~ 'G I cJq q QJ 'lJ I

~~a~u~nnE~n11~~~~~nb~U~1~n~n1~b~~~ U~~~WU1'~~~~'1~TIB~'1~n1a

...l... J!I.... 1 I ... 1.o:.,j 1 1.0: ...
'~ann~1~bUB~~Eb~~~1~~ , ~~~n~11~nUb~EE1a~1~n~1nnUbb~~~~~n~11~

it q 'll

~1n~~~1uil~~~n1aTIB~n11~~~~~~ (Dobbing, 1985 )~~~UU~uun11~n~1
q q 1

::: ~.... .... • ...": &J &J I ...l"'&J .... -.l ..l
~1~U~E 'n~Eun11~U1Mun~lnB~~n~~~~1un~~n1~~u'n~EU'UTI1~n~E~na~

'lJ 'll q 'II

::: I~ G ~..l.... ........ &J I "..l ....
n1'~~~1,n~~bUUTI1~n~n1~b~1~b~U'~TIE~~lE~Uu~1~b~~auu~~~n11L~U'~

.,j ... ::: 1 ~ G -.l...l.... ....
nE~~l~EU b~E1~1u1~a~U1nnE~n11~~~11n ~~bUUnl~n~n11b~u'~nB~

Lot I V I ~ ~ ~ I SJ<C!lI ~ ~ tJ

~lEEUUEa~1n u~n1~~n~1~1~u1~1~~n11~n~1w~nB~'n~Eu1u~~a~~~n1a
'lJ q

'" 1 I 1 ...

n~~n11m~~1~nnE~~ubb~n~~~~n1'~L~1n~1U~nnTIB~'n~~U~B~1~BU~1nTIU
'lJ 'lJ

1978 )

nB~~l~BU

..l
u~~~~a~n

~l~~ , 1'
~ . ' .. '

~.1ll13ltrfi..1!· -'
::: ~ "'.... .,. , ..l " , / ...

n1~;nH1~~~u1~~~~1~w~nE~'n~EU~E~11~b~~aUU~~~'A1~~11~
'lJ '

w~n11~nH1~u~1~n~u~bn~~1nu~~u~~1~1u'n~~u~~ 1u~~a~U1n
'lJ 'lJ 'lJ 'lJ

::: 1 ,.,. .... .... .,j '"
2 nE~n11~~~~~n1~~~11~w~~n~n1aUBn1~ , bb~~b~BaB~n1~~n

'lJ

(Yasuda and Maeda,

I ~.,j......~

BBuu~~n~~~nun~b~B~~11~w~~n~~~ Yasusa U~~
'lJ 'lJ

l...l.,. ...\ • ...l G
~11n~n1~Nnun1~~nw'~~~~n 14 B1~bUU~1U~~~

'lJ 'lJ

... 1
n1~bn~ teratogenicity 'u~uu~nu~~~u1~~

'lJ 'II

... ... I

Maeda 1~L~UB1111

(indicator)



51

1973 ) w~n17RnH1A~~~~~~Aa~~nun1~RnH1'u~~~~n~~~~ (in vitro ) na~

B;ow-Woodman ~~~Aru~'U~ 1991 ~~1~~1'~~~~A11~~~~niTI~~'~ 7 ~~~1~~~

1000 ppm
I ~ u ~ q

Aikawa and Misawa. 1982 ) ~~n1~~nH1TI~~ Shigeta ~~~Aru~1~'~ln~~u
'II

, ' t

1~~n11~~~~n~~1~~1'~~~~n11~ stress ~~~17~1U~~1~~w~qnUTIa~ln~~u
'II U

u ~ • 4
( Ki mme l and Willson, 1973 ) ~~UU~~1~1~n1n11n~~~~~w~n'1UW~TI~~

q cJ • ~ ol:lrI qI ~ I ~ 4CIII u • ... <SI ';i ..... I

ln~~unuui~1~~n17~w~~1~1run~~ln~~unu u~n~n~~1n~A~~1~~tiu~U~7 1~~~
'II 'II

q ClI,,:.., t.J I U l.J

ln~~U~U1~unl~~~n~u~~n11 1000 ~1'~~1~ 1 ~ ~ ~ 1 ~ i fi L ~1~
'II ~ 'II

, u ...' ... I ~.,j . U.q .q .qJil ...

~n~U'UR77n1~ ~~~~~W~~E~1~~ul~~~~~ ~~n~1nnn1'~Ln~A11~w~~n~u~~
'II 'II

, '::J ~ ... ,.J I, ...
1~n11UUUD~ n11~nH1w~n~~ln~~u~~n11~~~~U~~~~TI~~~~~a WU111n~~u

'II 'II

• t.J q ~ .... , . U I

n1'~Ln~n'7L~~~U~~~~ permeability n~~wu~~~~~ n"~~'11~Lan~'M~
. ~

I iJ 'IJ q ,u
w1uLn1L'lt~~1~ (Ye l Lan and Dukelow, 1992 ) ~~~~Ln~Eu~'1~~ilL'lt~uu

I.J ~. U q ~ Lot • U I u

~1~~1L~~un1'~ln~~u~uu~U~71~~~~1~~ul~~~1~1~n~TI11~ metabolism
~ 'II

n~~ oocyte U~~ DNA replication

...... ~ u ~ ,
lA1'~1~~ ~1nAru~~u~uu~~~'~~~U11

~

\

, , U J.,j... u ..., , ...
~~u'uA77n1~ .1 ~ ~ ~ UW 1 ~ 'uD 1 ~ n ~ n 1 1 ~ 1 1 ~ ~ 1 ~ 1 ~ ~ 1 ~ ~ 'u11~n1~~~~~U1~

.J .... ... , -01 v... ... ::: ,
71e~1unu~~~~~A11~wn1,nil~71~n1~ ~~~ 1~7ulna~u n~'u~uHe~~~'u

'II 1

~, ... .,j, ... ,~ ~ :::~, ......
~~1n~~E~~~nn~11~1~L~1 ~~1~1,n~1~ n17~nH1A1~u1~wUA11~W~Un~TI~~

I ~ ~ .q, ~ I I q

n7~~n~~uua~n7~~nun~'1~n~A11~w~~n~n~~71~n1~n1~u~n n~~1~~n~~1n
'II 'II

... ... ::: JiI

1~~u'n~;u'u~~~1ruG~~~~u1~~~~7~~~~1~1aUL~u1~ i~uun1'RnH1A1~U
'II

~~1~~1~17~~7U'~~11na;u1~~~UWH~~n17n'UA77~A11~~~unin~~~1~n1~
1 '1/



52

qc4..,~ Ii) I ClIf.J.... ....
1. 1n~EU~~~aU~~n1~~n1~1~U1~~1U1~~1li~~~n~~~u1~1lin1~1~~

'II

..... q. :::: 4'~ I.., I

2. 1n~EU~~~~En1~~~~~~~n~'U~~~~nEUn1~~~~1U~~~~~~~~~11~
'II

n1~~~~1~E~~1~EU 1~~L~E1~7U1n~EU'U~~~~nEUn1~~~~1nE~~1~EU~~
'II

. u.... !1.... .." .:sI t.J.... 1!1 ..,
n1'~~n1~w~~1~E~~1EEU~~~~ U~~L~B1~~u'u~~~~~~~11~n1~w~~~nB~

I ...

~1~BU~~n1'~~n1~~~~~1~nE~~1~BUL~~;U
'II



53

1l1lt11'Y1~

Rw~n,,~n1'~~U1~i~~u~~~1~, d1~n~1u. L~n~1'L~~U~~~ 2530
.. ... • ... I 40

L'~~''Y1~~U. n'~L'Y1~~~1UR' : RW~n,,~n1,i~U1~~~~U~~~1~,
'11- ~

2530.

... "'40 40 .. ' 40'

U'~~1~ 1'~~L~U. ~"1'Y1~1n1'L1'~WUn. n'~L'Y1W~~1UR' :,,~w~~
~ ~ ,

, 40 ..

1~1~~n'W~~11'Y1~1~~, 2532.,
~~n1n" n,~. Foreign trade statistic. n'~L'Y1~~~1UR'
~ ,

n'~R~n1n" 2527
~

, ... I ,

~U'Y1' ~IlW~lt. ~~n'~'Y1tln~~''Y1~~U~~~nIl1W. 1~1~~n'WL1~~1' 33
, , 'II , ,

(2532) : 4-10 .

Amdur, M.O, Doull, J., and Klaassen, C.D. Casarett & Doull's

toxicology : the basic science of poisons 4th ed

U.S.A. : Pergamon Press Office, Inc., 1991.

Andersson, K., Fuxe, K., Toftgard, R., Nilsen, O.G., Eneroth,

P. and Gustafsson, J.A. Toluene-induced activation

of certain hypothalamic and median eminence

catecholamine nerve terminal systems of the male rat

and its effects on anterior pituitary hormone

secretion. Toxicoloty Letters 5 (1980) : 393 - 398.



54



55

Canadian Environmental Protection Act. Priority substances

list assessment report No.4: toluene. Canada :

Canada Communication Group-Publishing, 1992.

Cherry, N. Venables, H., Waldrom, H.A . British studies on the

neuropsychological effects of solvent exposure. Scand.

J. Work Environ. Health 10 (1984) : 10 - 12.

Cohr, K.H. and Stokholm, J. Toluene: a toxicologic review.

Scand. J. Work Environ. Health 5 (1979) : 71 - 90.

Da Silva, V.A., Malheiros, L.R., Paumgartten, F.J.~~, De Mato,

S. Sa-Rego, M., Riul, T.R., and Golovattei, M.A.R.

Developmental toxicity of in utero exposure to toluene

in malnourished and well nourished rats. Toxicology

64 (1990) : 155 - 168.

Dickmann, Z. Implantation in the rat : progesterone priming

requirements. J. Endocrinol . . 53 (1972) : 327 - 328.

Dobbing, J. Maternal nutrition in pregnancy and later

achievement of offspring : a personal interpretation.

Eary Hum. Dev. 12 (1985):1.

Donald, J.M., Hooper, K., and Hopenhayn-Rich, C. Reproductive

and developmental toxicity of toluene : a review.

Environ. Health Perspet. 49 (1991) : 237 - 244.

Ellenhom, M.J., and Braceloux, D.G. Medical toxicology:.
diagnosis and treatment human poisoning. New York :

Elsevier Science Publishing Company, Inc., 1988.



56

Elofsson, S.A., Gamberale, F., Hindmarsh, T., et al. Exposure

to organic solvents cross-sectional epidermiologic

investigation on occupationally exposed car and

industral spray painters with special reference to

the nervous system. Scand J.Work Environ.Health 6

(1980) : 239-273.

Fairhall, L.T. Industral toxicology. 2 nd ed. New York

Hafner Publishing Company, 1969.

Fishbein,L.an overview of environment and toxicological

aspects of aromatic hydrocarbons. The Science of the

Total Environment 42 (1985) : 267 - 288.

Fugita, K., Koga, Y., Takeyama, K., Koike, H., and Akai, J.

A case of chronic toluene intoxication with atrophy

of cerebrum, cerebellum and brainstem on CT and MRI.

Rinsho. Shinkeigaku 32 (1992) : 421 - 425.

Ghantous, H., and Danielsson, B.R.G. Placental transfer

and distribution to toluene, xylene and benzene,

and their metabolites during gestation in mice.

Biological Research in Pregnancy 7 (1986) : 98 - 105 .

Ghantous, A.C. et al . Toluene exposure during maturation

intraoccular brain tissue transplants: alteration of

host and graft cerebellar perkinje neurone and

function and senstivity to norepinephrine. Toxicol.

Appl. Phramacol. 96 (1988) : 296 - 304.

Goodwin, T.M. Toluene abuse and renal tubular acidisis in

pregnancy. Obstet.Gynecol. 71 (1988 ) :715 - 718.



57

Greenburg, L., Heimann, H., and Moskowitz, S. The effects of

exposure to toluene in industry. J.A.M.A. 1189 ( 19 42)

753 - 579.

Hayden, J.W., Peterson, R.G., and Bruckner, J.Y. Toxicology of

toluene (methylbenzene) : review of current literature.

Clinical Toxicology 11 (1977) : 549 - 599.

Heap, R.B., Perry, J.S., and Challis, J.R.G. Hormonal

maintainance of pregnancy. In R.O. Ggreep and E.B.

Astwood (ed.), Handbook ofphysiology. Endocrinology II,

pp. 217 - 251 U.S.A.: Waverty Press, 1973.

Heinrichs, W.L. and Gibbons, W.E. Endocrinology of pregnancy.

In S.A. Bordy, and K. Uelard (ed.), Endocrine disorder

in pregnancy, pp.65 - 80. California: Applenten &

Lange, 1989.

Hersh, J.H., Podruch, P .E., Roger, G. and Weisskopf, B.

Toluene embryopathy. J.Pediatr. 106 (1985 ) :

922 - 927.

Holmberg, P.C. Central-nervous-system defects in children

born to mothers exposed to organic solvents during

pregnancy. Lancet 28 (1979) : 177 - 179.

Homma, T., Sudo, A., Miyagawa, M., Sato, M., and Hasegawa, H.

Significant changes in the amounts of neurotransmitter

and related substances in rat brain induced by subacute

exposure to low levels of toluene and xylene. Industral

Health 21 (1983) : 143 - 151.



58



59

., Koizumi, A., Kasahara, M., and Fujita, H. Combined-----
effects of n-hexane and toluene on norepinephrine and

dopamine level in rat brain tissues after long term

exposures. Bull. Environ. Contam. Toxicol. 36 (1986 ):

510 - 517.

Johnson, M., and Everitt, E. Essential reproduction 3rd ed.

London : Blackwell Scientific Publications, 1988.

Kimmel, C.A., and Wilson, J.G. Skeletal deviation in rats:

malformations or variations? Teratology 8: 309 - 316.

Kiriu, T., Ameno, K., Fuke, C., Ameno, S., and Li i r i , 1. The

distribution of toluene in the brain and its effects on

the brain catecholamines in acute toluene poisoning.

Nippon Hoigaku Zasshi 44 (1990 ) : 25 - 33.

Knox, J.W . and Nelson, J.R. Permanent encephalopathy from

toluene inhalation. N.Engl. J. Med. 275 (1966 ) :

1494 - 1496.

Koike, K., et ale Prolactin stimulate [3HJ dopamine release

from despersed rat tubero-infundibular dopaminergic

neurons and dopamine decrease gonadotrophin releasing

hormone release induced by calcium inophores, Acta.

Endocrinologica 129 (1993) : 548 - 553.

Kyrklund, T., Kjellstrand, P., and Haglid, K. Brain lipid

changes in rats exposed to xylene and toluene.

Toxicology 45 (1987) : 123 - 133.

Lighman ,S.L.Neuroendocrinology. London: Butler & Tanner.

1988.



60

Lofstrom, A., Johnson, G.,Wiesel,F.A., and Fuxe, K.

Microfluorimetric quantitation of catecholamine

fluorescence in rats median eminence II.Turnover

changes in hormonal states. J. Histochem Cytochem. 24

(1976) : 430 - 432.

Manson, J.M., and Kang, Y, J.Test methods for assessing female

reproductive and developmental toxicology. In A.W.

Hayes 3rd ed. Principle and methods of toxicology,

pp.989-1038. New York: Raven Press Ltd.,1994.

Mattheiji, J.A., Swarts, J.J., Van-Het-Hot, K.H., Verburg, J.,

and Visser, J. The effect of decrease in body

temperature with nembutal on meiosis and ovulation

by gonadotrophin-releasing-hormone and lutinizing

hormone in adult rats. J.Reprod. Fertil. 95 (1992 ):

775 - 782.

McDonald, C.J., Lavoie, J., Cote, R. and McDonald, A.D.

Chemical exposures at work in early pregnancy and

congenital defect: a case-referent study. British

J. Ind. Med. 44 (1987) : 527 - 533.

Morek, H.I., Winkel, P., and Gyntelberg, F. Health effects

of toluene exposure. Dan-Med-Bull 35 (1988)

196 - 200.

Moses, R.E, and Richardson, C.C. Replication and repair DNA

in cells of Escherichia coli treated with toluene.

Proc. Natl. Acad . Sci. U.S.A 67 (1970 ) : 674.



Fack

61

Mutti, A., Falzol, M., Romanelli A., Bocchi, M.C., Ferroni, C.,

and Franchini, I. Brain dopamine as target for solvent

toxicity : effects of some monocyclic aromatic

hydrocarbon. Toxicology 49 (1988 ) : 77-82.

Nawrot, P.S., and Staples, R.E. Embryofetal toxicity and

teratogenicity of benzene and toluene in the mouse.

terato logy 49 (1979) : 41A.

Ng, T.P., Foo, S.C., and Yoong, T. Risk of spontaneous

abortiion in workers exposed to toluene. British J.

Ind. Med. 49 (1992) : 804 - 808.

Norback, C.T. Hazardous chemical on files. New York

on file Publications, 1988.

Oettingen, W.F., Neal, P.A., and Donahue, D.D. The toxicity

and potential dangers of toluene. J.A.M.A. 118 ( 1942 ) :



62

Satron, R. and Dodson, V.N. Toluene habituation: report

of a case.N. Engl. J. Med. 268 (1963) : 719 - 721.

Shigeta, S., Aikawa, H., and Misawa, T. Effects of maternal

exposure to toluene during pregnancy on mouse embryos

and fetuses. Tokai. J. Exp. Clin. Med. 7 (1982 ) :

265 - 270.

Smith, S.S., and Ojeda, S.R. Estradiol-induced LH release

in juvenile female rats : nembutal blocks both

the decline and the exposure of non-available pituitary

LHRH recepter sites. Neuroendocrinology 41 (1985 ) :

246 - 251.

Stengard, K., Thams, R., O'Connor, W.T., Hoglund, G., and

Ungerstedt, C. Acute toluene exposure increases

extracerebellar GABA in the cerebellum of rat :

a microdialysis study. Pharmacol. Toxicol. 73 ( 199 3 ) :

315 - 318.

Stepanov, M.G., Altukhov, V.V., Proimina, F.I., Savehenko,

O.N., and Danilova, O.A. Physiologic mechanisms of

the reaction of the reproductive system in female

rats to chronic exposure to low dose toluene.

Fiziol-Zh-USSR 76 (1990) : 1096 - 1102.

streicher, H.A., Gabow, P.A., Moss, A.H., Kono, D., and

Kaehny, W.D. Syndromes of toluene sniffing in adults.

Ann. Int. Med. 94 (1981): 758 - 762.

Sufi, S.D., Donalson, A. and Jeftcoate, S.L., WHO matched

reagent program method manual 14th. ed. London : WHO

collaborating center of immunoassay, 1982.



6 3



64

Ungrary, G., and Donath, T. Effect of benzene and its

methylderivatives ( t o l u e n e , para-xylene ) on

postganglionic noradrenergic nerves. z. Mikrosk. Anat.

Forseh. Leipzig. 98 (1984 ) : 755 - 763.

_________ ., and Tatrai, E. On the embryotoxic effects of

benzene and its alkyl derivatives in mice, rats and

rabbits. Arch. Toxicol. 8 (1985 ) : 425 - 430.

Vithaya Buaprasert. A study of chromosomal changes in shoes

workers exposed to toluene and benzene in adhesive.

Master's Thesis, Mahidol University, 1991.

Von-Euler, G. et ale Effects of acute haloperidol treatment

on regional catechotamine levels and utilization in

rats exposed to toluene. Acta. Physiol. Scand. 132

(1988) : 199 - 208.

, et ale Subacute exposure to low concentrations

of toluene affects dopamine-mediated locomotor

activity in the rat. Toxicology.67 ( 199 1 ) : 333 - 349.

--------_., Fuxe, K., and Bondy, S.c. Ganglioside GM1

prevents and reverses toluene induced in membrane

fluidity and calcium levels in rats. Brain Research

508 (1990) 210 214.

Wells, T.A.G. The rat : a practical guide. New York: Dover

Publications, 1964.

Wilkins-Haug, L., Gabow, P.A. Toluene abuse during pregnancy:

obstetric complications and perinatal outcomes.

Obstet. Gynecal. 77 (1991): 504 - 509.



65





67

,
ol1U1U''l!1aGll Tl6HHl '3

olive oil toluene toluene nembutal

(proestrus ) ( d i e s t r u s - 2 ) ( p r oe s t u s )

1 12 10 14 0

2 0 11 0 0

3 11 11 13 1
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5 12 5 12 0
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9 11 & 12 15 0
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11 11 6 13

12 13 0 14

13 14 12 12 IIi~14 12 0 12

15 13 8 9
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,:., ,
?':'

16 0 0 13

17 0 11 15
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19 11 7 15

20 15 10 12
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3 14 13 13 12
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7 14 12 14 11
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