J. Toxicol. Pub. Health
Vol. 17, No. 3, pp.203-213, 2001

Propylthiouracil® 0|28} OECD enhanced TG4072| LH=2H|A| Zoff =&

Hug 9ist REs MY

ARA - ANE - AR - D - AR AL - SEY - AR - ol
ZA4W - ZFE - HAE - 0|32 - o]
Agdstn Selee FFRASTA, Soestu, FTET

Pre-validation of the OECD Enhanced Test Guideline 407 Protocol
on Screening and Testing for Endocrine Disrupters
using Propylthiouracil

Kyung-Sun Kang, Dae-Yong Kim', Jeong-Hwan Che, Tae-Won Kim, Hyung-Sub Kim,
Ji-Eun Park, Jun-Won Yun, Kyung-Bae Kim, Ji-Hae Lee, Sung-Dae Cho,
Jong-Ho Cho, Jae-Hoon Choi', Gung-Keun Lee' and Yong-Soon Lee*

Department of Veterinary Public Health and 'Department of Veterinary Pathology,
College of Veterinary Medicine, School of Agricultural Biotechnology,
Seoul National University, Seodun-Dong, Kwonsun-Ku, Suwon 441-744, Korea
(Received July 3, 2001)
(Accepted July 20, 2001)

ABSTRACT : We investigated the toxic effects of propylthiouracil (PTU) in Sprague-Dawley (SD) rats to
develop and validate an enhanced protocol for Test Guideline 407 as OECD project. Twenty male and
female SD rats, 7 weeks old, were treated with PTU in corn oil at levels of 0, 0.1, 1 and 10 mg/kg/day for 4
weeks orally. Clinical observation, body weight changes, food uptake, water consumption, urinalysis,
estrus cycle and sperm analysis, serum chemistry, autopsy findings and histopathological findings were
evaluated in this study. No clinical signs and mortality were observed in the study. The body weights and
_food uptakes in the group treated with 10 mg/kg/day were reduced from 3 weeks after the initiation of the
treatment. The levels of 3,5,3-triiodothyronine (T3} and thyroxine (T4, 3,5,3,5-tetraiodothyrosine) were
also significantly decreased in the group treated with 10 mg/kg/day. Also, the relative and absolute organ
weights of thymuses were decreased. Thyroid glands of rats in the group treated with PTU 10 mg/kg/day
were bigger than those of rats in the control group. In the histopathological examination, diffuse hyperpla-
sia and hypertrophy of thyroid follicular cells were observed in all treatment groups, leading to the reduc-
tion of lumen size and papillary enfolding of lining epithelium. The degree of lesion was increased in a
dose-dependent manner. The results suggested that PTU would cause toxicity in thyroid gland and
decrease the levels of T3 and T4 in SD rats. However, there were no effects on the other organs including
testis and uterus especially in spermatogenesis and estrus cycle. On the basis of the results, enhanced proto-
col for Test Guideline (TG) 407 may be sensitive and reliable to detect endocrine-active substances like PTU.

Key Words : Propylthiouracil, Test GuideLine 407, Thyroid Hormone, T3, T4, Thyroid Gland, Thyroid
Follicular Cell, Spermatogenesis, Estrus Cycle
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Fig. 1. Structures of thiouracil class. (A) Thiourea, (B) Thiouracil,
(C) Propylthiouracil and (D) Methimazole.

< Z33¥ 71¥9] TG 407 protocolel] 217} Ee} A1F)A &
¥°]7] A8 A 322 (thyroid hormone, TH) X
£ &3, AR o JUE BAsIG O e
diestrus A]7]ell FA3R= 5o A¥E F71E3i0

PTU= thiourea, thiouracil, 28] 3. methimazole § &3}
A A 2. A3l thiourea class®] 3112 £3] Graves’
disease 53 22 A 7)1% AF B A 5
%9 XaEA=2 A=A Udd(Fig 1). o] BAZ A A
Zo]| pubertal assayE AAY A5 FAE A, AT
Al71 A4, A e 9 223 wisg), 322 5
A W3, IaFF e Fo] EuEglw(Marty 5,
1999), ratsel] 90¥7F 125 ppm®] PTUE 77 Fi3bd
3,5,3"-triiodothyronine(T3) ¥ thyroxine(T4, 3,5,3',5',-tetr-
aiodothyrosine)X|¢] 7t4~, TSHX|9] &7}, A 7% A
e W3l Fo] JePdoh(Freudenthal 5§, 1978). =3,
PTUE 0.5~1.5 mmolkgZ &7} Figt AgoM = 45
&Y AL, S S7F 2 v A, WY
T 74, 7¥e] F23J4 9 ¥R red pulp congestion 5
o] Yehlil(Kariya 5, 1983), o|-§ 2F2] Wistar ratol]
0.05% 52 6+ T4 4% T3 ¥ T4A9] 12t B
=% vH(Yoshida 5, 1995).

T3 9 T4 22 2P 3282 B8 AZo 593 3t
45 3 dubAQl gL g o 2] B3l Fol] 2hg-
ghel. THR|S Agle AR A 5% (hypothy-
roidism)y& 3=, ol &3, AAlA) A 5
Fol 52 522 3. 53], A7 HellA = Ao}
ol Ae] AP FAFL o7l 71A] A Aol o B
Aol 724, A3 o Alg /K en Ao A
Zhslal B7pgAQl Aedg AlE frogiea g
(Vassart &, 1995). AA|FellA A3 o7 Al 2|3
o AR A FAFE HY o2 34 L, A7
A AR A3t 2 24 X4 27](dendritic arborization)
55 Tl A= od¥A UTh(Elder &, 2000). ®E3E,
ZAe] viAANA Al WA7se] wsels ARk
AE 5o, A FAFE AYE sk AAHR]9)
AFGAdE S7MF1= vbd, A 3%1F(hyperthy-
roidism)e AlAl AL fEslkal $JAHER]E AspAIIo

A

I B e ck(Seely 5, 1990).

wetA oy A2 PTUS SD H=e 4577F HHE- A7
Fo3te] PTUS] kel o3 op7|= wske} M &
2E )9 Wt 9 3ge] AA YA g R 1 F
Zlell ehte wWis} a2|a gr]e ot 58 AT
A 7182 TG 407 AFH 2 F71E AgdE] 294
3 Z=E Fristaat sigdo

II. & 3 ey
1. AlEHEE

AlgEA=2 AME 6-n-propyl-2-thiouracil(PTU, SIGMA,
MO, St. Louis)E com oilel] &etsle] ZA )i

2. HESE ¥ MSEE

Sprague Dawley(SD) A]%§2] SPF(specific pathogen free)
A= - 7 678 259RlE (FELS vlo] 2ol
ddtd 17U AT, A 2 A 5E
27 20mbR]E Aol ARSSIsle AYe & 22+
3°C, AN FE 55+10%, 37|35 10~123]/4]7F, 2HA|7H
12A17H07 : 00 A% - 19:00 &%), T 150~220 lux]
ARS-3o A AAJEle 2, polycarbonate cage(26 Wx
42 Lx18H cm, HAZ|AA 2ol AH8- AAbd <3, A9
717kl suteld, Fod 710l 1Y ARl A
B AYTES IS AE AR)E AH- AFHA
Hom, &2 APE B8 A AFHAFH.

3. Foist ¥ H Al@Te 7Y

o] AgoA, 3188k FE|A2] endocrine-related ef-
fectsE F=317] $13ted, 7]EA5 (Freudenthal 5, 1978;
Kariya &, 1983; Marty 5, 1999; Yoshida 5, 1995) ¥
AR|A RS T712 T84S PTU 10 mg/kgAFe 3 Algk
IFS FHUEHA ko FHasgke| A Fte] MEHE
LehHo = MAsge, 100 F¥= S S -85
< TN #-832] 7= no-observed-adverse effects
leveNOAEL) 43 AAsId. =3, 27+ =4
B4l comn o0ild L ko Byl Fol A AF
oy 72+ REE s, AR F 73], 19 19,
28947 T3t

4 BE U HAES

D ANBY W LANY



19 254 dubsas FEBAT, Hox 159 13]
AR 9 B 71853k B F U4 F 2]
Ae Az, Az, 34§ A5 E grip strength,
motor activityel] ™3 W3S 75330

2) HE A AR -
2E FE dsly —ﬁ’% AR A, Fe WA F, Al
F2 A7AA Wi 13] o) ’:Xé?f}ai‘:}.

OA A-lxlali KXO‘I

A o etz

Bl vhslel ol el SAsich Dk
Sk AN o1l S1& AT FPRE o185 2
4 ke WA,

yn 3

4) j|=i_7-l

28U7F HHERr) Bt | SAFTEES T TR 9
dell F-A3}.0m, °J74%«] A5 Fo 4574 L) HE
o= 57t estrus cycleS A 3}ed 71531912, diestrus
£ vEE 55T 29U9AEATA L)l AR,
HALL Fo] F 28-32474A] dA3IAC}

5 |ad A s £H

Al ‘ﬂ Z8 F g XARA WEA1Y) $9 l-?ﬂ o] 4t
TE A ]3] “’]'%—3}‘%‘:]' %_9,_5} 75}7]"] To a = ']3]'—1—
Zﬂ-s*’ﬂ gt A FEE AbEsll o, WeE|2AZAE ¢
3 10% F4 == I s,

6 Bsts o B 2

B Sl Qe W9 Y oA} 29
ARE 9ol AFRANE ol 8sle] Bekata 7
AV ANFAT e B 4C WA BBD F YA
2213000 rpm, 10 minjshed AFASAIAANE ol 3}
o AR A AN,

7) Ha| =X 8 ZA}

23}, B-13k2 bouin’s solutionol] 24X)7F A F 70%
cthanol §)0 2 Mol TxhalA T, B A7) 10%
4 F29 A 2F ol TN F sjekd Enp)
(SAKURA, Tissue-Tek VIP, vacuum infiltration Processor)
o] Zvjjsle] Microtome(HM340E) 2. 5 um 2H-g 2H=
% Hematoxylin & Eosin 94-g 3le] @sldc).

8) HAte| HEHEA Ofal, &Y, = =X

S $BS TR B Fihs) Ruge] g4, 3
24 #3342 HEFEA o)A} 55 TESIAT(Nishi-
kawa, 1972; Yamada %, 1995). £%& A3 =33
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o] 7S AA sl A AZA L] FFS ST F 50
m/?] SMT §9o] Eoigle FHA ¥ oF 427
(autohomogenizer, Janke & Kunkel, IKA-Labortechnik)=-
F13) #A sk & oA A (hemacytometer, Neubauer,
Germanyyl] 25 S| =5 Fslx Fan)H S o4
atod 2000182 FFsl G F AR TR AA
3ot A&F-u3 vjFe] F9E 543 vk bovine
serum albumin(BSA)e] S<{3)= Hank’s balanced salt
solution(Gibco, pH 7.2) 5 mZ}F 50191 60 mm dishol] 4
Qbhe A2 ARET T % 10 whe 109 Sdaled 2}
AR 2000128] Al el EH] FRE B
v}, VA Az} AEL 527F 37°Col|l A incubation A
7 F, g7A AN A AAPE AEisich. ARk He
A LS A8 A58 v RelM A& ARkl S
1% eosin Y, 10% formaline®} 100:1: 12 2z £33t o}
+ A HeiM ANREE e F, 4 AT
200mF2]2] ARl EiM HeEHE oS #A3)
At

sperm head count =[(mean sperm head count)
x(squares factor)x(hemocytometer factor)
x(dilution factor)]-(tissue weight, in grams)

sperm motility scoring;

4:sperm 47} @I rapid, linear progressive linear
movement

3 : sperm <7} WL rapid
movement

IEE linear progressive linear

2 :slow, sluggish linear movement H non-linear
movement
1 : non-progressive motility

sperm motility counting; A} 200713 &3] o] A=}
o] %

Daily sperm production; sperm head count
~time divisors of rats(6.10)

9) A _

E AeA AL FAR|9] TAFAE SAS program
(SAS institute Inc., Version 8.01, Cary, NC, USA)Z o]-&
Bl SHAE AR F one-way ANOVASIA §-2]3F Fglel
AR 35 sl 2T 7 37 Aol £
45 p<0.05 ¥ p<0.01E Dunnett’s t-tests o] &3}o]
vlaslgdct =gt HelzAshqos Jaky o] 1A
WI=E x*(Chi-square) HAY L2 7}7 279 fol3}
AAE AA s
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AFe 43 F0832H DA 1FA) 2T
o vla) 215 DA F77} g, ol F TbeE
FA el vl fo40R ags 4 he
T2 1, 27 Bzl ujs) felHel 22t epsoh
(Fig. 4).

3. =HAL A QAL

g BT T8 vl o)Ake Yeh)A|
34} (Table 1).

4. BOYSIE U HoYMEIEIE| Z{A}
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Fig. 2. Body weights in male (A) and female (B) rats orally treated with test materials. Each point represents the mean+S.D. B : Control [n = 5];
@ :0.1 mg/kg/day [n=5]; A : 1 mg/kg/day [n=5]; ¥ : 10 mg/kg/day [n= 5]; * : Significantly different from control at p < 0.05.
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Fig. 3. Daily mean food uptake in male (A) and female (B) rats orally treated with test materials. Each point represents the mean+S.D. Il : Control
[n=5]; @ :0.1 mg/kg/day [n=5]; A : 1 mg/kg/day [n=5]; ¥ :10 mg/kg/day [n=5]; * : Significantly different from control at p <0.05.
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Fig. 4. Daily mean water consumption in male (A) and female (B) rats orally treated with test materials. Each point represents the
mean=S.D. M : Control [n=5]; @ :0.1 mg/kg/day [n=5]; A :1mgkg/day [n=>5]; ¥ : 10 mg/kg/day [n=5]; * : Significantly different from

control at p < 0.05.

Table 1. Urinalysis in SD rats orally treated with test materials

Male Female
\Group Control Low Middle High Control Low Middle High
Parameter

\Dose(mg/kg/day) 0 0.1 1 10 0 0.1 1 10

\No. of rat 5 5 5 5 5 5 5

Nitrite - 5 5 5 5 55 5 5
Urobilinogen (EU/d)) 0.1 5 5 5 5 5 5 5
- 1 1 0 0 0 1 1 2

. + 0 0 0 1 1 2 1 2
Protein (mg/d/) +30 1 1 1 3 2 2 2 1
++100 3 3 4 1 2 1 1 0

5.0 0 0 0 0 0 0 0 0

6.0 1 3 2 0 0 1 1 3

6.5 3 2 1 1 4 1 3 2

pH 7.0 1 0 2 0 1 0 1 0
7.5 0 0 0 3 0 2 0 0

8.0 0 0 0 1 0 1 0 0

8.5 0 0 0 0 0 0 0 0

Occult blood - 5 S 5 5 5 5 5 5
<1.000 0 0 0 0 0 0 1 0

1.005 0 0 0 0 0 1 1 0

1.010 0 0 0 0 0 1 1 0

Specific gravity 1.015 0 0 0 0 0 0 0 0
1.020 1 1 0 0 0 1 1 0

1.025 1 0 0 0 1 0 0 0

>1.030 3 4 5 5 4 1 2 5

- 4 3 5 2 5 4 4 5

+5 1 1 1 1 0 1 1 0

Ketone body (mg/d/) 15 0 ) ) ) 0 0 0 0
++40 0 0 0 1 0 0 0 0

Bilirubin - 5 5 5 5 5 5 S 5
Glucose (g/dl) - 5 5 5 5 5 5 5 5
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Fig, 5. Hormonal analyses of T3 (A) and T4 (B) orally treated with test materials. Each point represents the mean=S.D.; * : Significantly different

from control at p < 0.05.

FHA 2] HAgy HARSNA S B 5 argakFollA
platelet?]7} S Z7el 3] o)X o2 73| o} neu-
trophil2] = &3] vlsl F-2)% o2 Z71gc} £734)9)
YA sby] Ara] 2= S gl T3¢}
T42)7} W27l Ble] F-2A30A AT (Fig. 5), total
proteinX| 2} total cholesterolX]3&= &7l vlsl $7130).
E3l 7l Agge] KAE g2l vish iagie o
7] 1832 TSHA|, albumin®], BUN%] 9 CIX|7} o=
ol ¥lal 74 PTAE: E2F Y Foid BFolA #

21H-Ql o) ike VERA] ko), APTTH: ) 8
o] HjEFol vl 2822 Z73 e H(Tables 2 and 3).

5. @719 Hois™ R HiEHy|

A7 FHe] A5 3 ASF7olA thymus9} lung
o] tj2Fof Wla] fFolH o Ao, $7 i
= thymus, lung, heart, liver, spleen, left kidney % right
kidney7} 2ol wla] frejH. o2 Zaglch 3l 24

Table 2. Hematological values of SD rats orally treated with test materials

Male Female

\Group Control Low Middle High Control Low Middle High
Parameter \pgge

(mg/kg/day) 0 0.1 1 10 0 0.1 1 10

\No. of rat 5 5 5 S 5 5 5 S
WBC (10%/u)) 6.85+1.84° 6.98+1.52 6.64+0.50 6.36+1.29 5.17+1.77 5.03+1.01 4.12+1.27 5.56+2.33
RBC (10%u)) 7.38+0.32 7.50+0.63 7.66+0.22 7.92+0.29 7.05+0.31 6.76+0.68 6.81£0.28 6.95+0.52
Hemoglobin (g/d/) 14.83+£0.41 15.24+0.86 15.24+0.50 15.88+0.69 14.25+0.59 13.80+1.31 13.87+0.57 13.5840.94
Hematocrit (%) 47.17+2.04 48.20+3.19 48.20+1.64 49.80+2.28 43.17+2.32 42.00+4.38 41.33+1.86 41.40+3.65
Platelet (10°/u]) 724.00<162.60 800.20+138.93 887.00+116.42 764.00+72.87 812.17+60.90 788.17+83.74 782.33+76.69 671.40+98.46*
MCV () 63.67+2.94 64.60+2.61 63.00£2.55 63.00£2.35 61.67£2.94  62.33+£1.86  60.83+3.37 59.80+2.39
MCH (pg) 19.67+0.52 20.00+0.71 19.40+0.89 19.60+0.89 19.67+0.82 19.83+0.75  20.00+0.89 19.20+0.45
MCHC (g/dl) 31.00+0.89 31.00+0.71 30.80+1.10 31.20+0.45 32.17+£2.23 32.17+¢1.33  32.83+1.33 32.00+1.41
Neutrophil (%) 18.33+£9.09 15.60+12.01 16.20+5.07 16.40+8.79 16.67+7.28 12.33+4.63 14.00+4.82 27.00+11.40*
Lymphocyte (%) 80.67+9.07 84.00+11.81 82.80+4.66 82.60+8.88 81.83+7.55 86.67+4.13  85.17+5.12 72.00+11.68
Monocyte (%) 0.33+0.82 0.20+0.45 0.00+0.00 0.40+0.50 0.33+0.52 0.17+£0.41 0.17+0.41 0.60+0.89
Eosinophil (%) 0.67+0.53 0.20+0.45 1.00+1.00 0.60+0.89 1.1742.04 0.83+0.98 0.67+1.21 0.40+0.55
Basophil (%) 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
APTT (sec) 22.50+11.98 21.00+5.61 16.80+£12.52  31.40+3.97* 22.33+3.88 31.25+£16.84 28.20+14.18 31.75+7.85
PT (sec) 13.12+0.34 13.46+1.45 14.26+0.74 16.40+3.64 13.47+0.56 14.03+1.02 16.88+7.91 14.48+1.13

“Values were expressed as mean=S.D.
*Significantly different from control at p <0.05.

WBC, white blood cell; RBC, red blood cell; MCV, mean corpuscular volume; MCH, mean corposcular hemoglobin; MCHC, mean corposcul ar
hemoglobin concentration; APTT, activated partial thromboplastin time; PT, prothrombin time .
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Table 3. Serum biochemical values of SD rats orally treated with test materials

Male Female

\Group Control Low Middle High Control Low Middle High
Parameter \Dgge

(mg/kg/day) 0.1 1 10 0 0.1 1 10

\No. of rat 5 5 5 5 5 5 5 5
T3(RIA) (ng/d)) 112.213£11.576” 107.345+11.754 123.847+29.668 75.156+28.063*  111.704+10.644 106.283+7.215 133.678+40.356 87.939+21.472
T4(RIA) (ng/d) 4.093£0.649 3.75240.517  3.364+1.168 (0.093+0.166* 4.190£0483  3.647+0.994 3.244+1480  1.411+1.836*
TSH(RIA) (ulU/n/) 0.018+0.019 0.029+0.024  0.057+0.078  0.027+0.025 0.020£0.017  0.011+0.003 0.010£0.000  0.038+0.014*
Total protein (g/dl) 6.61+0.33 6.69+0.21 6.94+0.25 7.31+0.26* 6.56+0.16 6.99+0.44 6.68+0.35 7.02+£0.40
Albumin (g/dl) 4.13:0.94 4.12+0.07 4.25+0.08 4.30+0.21 4.24+0.12 4.30+0.30 4.25+0.17 4.68+0.17*
Glucose (mg/d)) 116.17+15.11 137.40+£7.73 127.33£13.81 129.00+12.08 126.50+26.99  120.67+17.35  145.75+33.08 117.40+22.92
GOT (U/) 154.00+15.19  168.40+25.89  156.00+£53.50 118.60+7.77 150.50+35.53  197.50+87.18  137.75+29.25 185.00+19.66
GPT (IU/) 43.67£5.32 40.20+8.87 41.83+8.13  49.00+11.51 28.50+4.14 39.83+12.21 33.00+9.49 42.60+13.13
ALP (IU/) 462.67£92.94  407.20+86.33  429.33+110.95 386.60+62.98 449.50+177.54 437.33£90.35  324.25+119.99 491.60+124.43
T. Chol (mg/d)) 82.50+8.46 81.80+6.34 82.67+524 10320+14.27* 62.67+14.33  65.6717.15 60.00£12.78  68.00+13.06
BUN (mg/d}) 16.89+2.74 14.90+3.12 13.97+220  19.62+1.78 16.65+3.58 16.67+2.65 20.48+1.31 25.10+£5.42%
Creatinine (mg/d/) 0.55+0.05 0.50+0.12 0.48+0.08 0.56+0.09 0.52+0.04 0.52+0.12 0.58+0.05 0.50+0.07
Na (mEq/) 139.50+1.38 139.00+0.71 138.50£0.55 140.60+1.34 137.17£1.83 137.33+1.86  135.75+0.50  138.20+3.11
K (mEq/) 4.87+0.48 4.36+0.29* 4.80+0.38 532+0.28 5.77+1.41 6.10+2.11 5.38+0.51 5.60+1.61
Cl(mEq/) 100.50+1.05 100.40+0.89 100.33£0.52  101.60+1.95 100.50+1.05 101.33+1.21 99.25+0.96  102.80+2.28*
Ca (mg/d)) 10.40+0.32 10.38+0.50 10.17£0.38  10.44=0.40 9.97+0.15 9.42+1.29 9.65+0.31 10.34+0.65

“Values were expressed as mean+S.D.,

*Significantly different from control at p <0.05.

T3, 3,5,3-triiodothyronine; T4, thyroxine; TSH, thyroid stimulating hormone; GOT, glutamic-oxaloacetic transminase; GPT, glutamic-pyruvic
transminase; ALP, alkaline phosphatase; T. chol, total cholesterol; BUN, blood urea nitrogen; Na, sodium; K, potassium; Cl, chlo ride; Ca, calcium.

Table 4. Absolute organ weights in SD rats orally treated with test materials

Male Female

\Group Control Low Middle High Control Low Middle High
Parameter \Doge

(mg/kg/day) 0 0.1 1 10 0 0.1 1 10

\No. of rat 5 5 5 5 5 5 5 5
Body Weight 336.90+17.23” 333.72+18.46 339.05+27.38 280.37+87.61* 221.03£9.84 223.32+31.94 222.67+22.03 201.68+26.47
Brain 1.91+0.09 2.02+0.10 2.07£0.10 1.76+0.60 1.88+0.07 1.87+0.17 1.87+0.06 1.75+£0.10
Hypophysis 0.01+0.00 0.01+0.00 0.01+0.00 0.01£0.00 0.01£0.01 0.0120.01 0.01+0.01 0.01+0.01
Thymus 0.82+0.24 0.46+0.13* 0.74+0.09 0.49+0.26* 0.41+0.08 0.46£0.14 0.37+0.08 0.27+0.10*
Lung 2.09+0.16 1.76+0.13* 2.25+0.28 1.80+0.64* 1.57+£0.25 1.41+0.11 1.42+0.18 1.44+0.14
Heart 1.13+0.07 1.11+0.09 1.131£0.17 0.90+0.32* 0.83+0.06 0.78+0.10 0.75+0.10 0.62+0.10*
Liver 11.34+1.26 10.72£2.00 11.59+1.01 8.90+3.38* 7.71+0.89 7.33£1.16 6.96+0.67 6.39+0.95
Spleen 0.83+0.05 0.76+0.13 0.79+0.10 0.59+0.24* 0.60+0.07 0.68+0.19 0.55+0.11 0.4940.11
Kidney left 1.20+0.14 1.15+0.20 1.2240.07 0.92+0.35* 0.74+0.04 0.67+0.09 0.72+0.09 0.60+0.13
Kidney right 1.16+0.07 1.13+£0.20 1.21+0.08 0.92+0.35* 0.70+0.07 0.64+0.11 0.73+0.08 0.61+0.10
Adrenal gland left 0.02+0.01 0.03+0.01 0.02+0.01 0.02+0.01 0.03+0.01 0.04+0.02 0.03+0.01 0.03+0.01
Adrenal gland right 0.02+0.01 0.02+0.01 0.02:+0.01 0.02+0.01 0.03+0.01 0.04+0.02 0.04+0.01 0.03+0.01
Testis (ovary) left 1.60+0.09 1.65+0.20 1.70+0.12 1.49+0.43 0.07+0.01 0.06£0.01 0.07+0.02 0.06+0.01
Testis (ovary) right 1.68+0.24 1.66+0.20 1.71+0.16 1.52+0.43 0.06+0.02 0.07+0.02 0.07+0.03 0.06+0.02
Epididymis left 0.48+0.04 0.44+0.06 0.45+0.03 0.41£0.12
Epididymis right 0.48+0.04 0.45+0.06 0.45+0.03 0.41£0.12
Prostate (Uterus) 1.73£0.01 1.32+0.01 1.64+0.01 1.5540.01 0.41£0.07 0.36+0.05 0.41+0.07 0.45+0.09

YValues were expressed as meanS.D.
*Significantly different from control at p < 0.05.

22 thymus®} heart’} 27l vls] A2 744 71 887F2 thymus, liver, spleen, left kidney 2 right
Fch(Table 4). ANA7IFE] A £A AgFZolA  kidney?} dZZol] ] fo)Hog Zhagom hypo-
thymus®} lunge] sEFel v]3) ¥z Zhaglon physis, left testis & right epididymist= W|F&Fl| B]3]
ol AlFEAAN: FHS 1A AR ARy, oHez ZyHIG. R TLFEY] thymust: WXl
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Table 5. Relative organ weights in SD rats orally treated with test materials

Male Female

\Group Control Low Middle High Control Low Middle High

Parameter \Doge
0 0.1 1 10 0 0.1 1 10

(mg/kg/day)

\No. of rat 5 5 5 5 5 5 5 5
Brain 0.57+0. 03“) 0.61+0.03 0.61+0.04 0.59+0.19 0.85+0.05 0.85+0.07 0.85+0.06 0.87+0.07
Hypophysis 0.30+0.01 0.30+0.02 0.30+0.03 0.38+0.04* 0.60+0.36 0.544+0.26 0.45+0.05 0.61+0.26
Thymus 0.2440.08 0.14+0.04*  0.22+0.02 0.16+0.07* 0.18+0.04 0.21+0.05 0.17+0.03 0.1320.03*
Lung 0.62+0.04 0.534+0.04*  0.66+0.06 0.59+0.18 0.71+0.13 0.64+0.09 0.64+0.12 0.7240.11
Heart 0.34+0.02 0.33+0.02 0.33+0.03 0.29+0.09 0.38+0.04 0.35+0.04 0.34+0.03 0.31£0.04
Liver 3.36+0.24 3.23+£0.66 3.43+0.33 2.91+0.89* 3.49+0.38 3.284+0.12 3.14+0.23 3.17+0.23
Spleen 0.25+0.01 0.23+0.04 0.23+0.04 0.19+0.06* 0.27+0.03 0.300.06 0.25+0.06 0.25+0.05
Kidney left 0.36+0.03 0.35+0.07 0.36+0.03 0.30+0.09* 0.34+0.02 0.310.05 0.32+0.04 0.30+0.06
Kidney right 0.3440.01 0.34+0.07 0.36+0.03 0.30+0.09* 0.32+0.03 0.29+0.06 0.334+0.04 0.31+0.05
Adrenal gland left 0.69+0.23 0.78+0.36 0.69+034  0.50+0.18 1.4440.47 1.67+0.97 1.1940.31 1.78+0.58
Adrenal gland right 0.64+0.35 0.72+0.27 0.69+0.30 0.62+0.26 1.58+0.25 1.63+1.20 1.12+0.22 1.71£0.52
Testis (ovary) left 0.47+0.02 0.50+0.08 0.50+0.02 0.50+0.16* 0.03+0.01 0.03+0.01 0.03+0.01 0.03£0.00
Testis (ovary) right 0.50+0.08 0.50+0.08 0.50+0.03 0.51£0.16 0.0340.01 0.03+0.01 0.03+0.01 0.03+0.01
Epididymis left 0.14+0.01 0.13+£0.02 0.13+0.01 0.14+0.04
Epididymis right 0.14+0.02 0.13+0.02 0.13+0.01 0.14:0.04*
Prostate (Uterus) 0.5240.13 0.40+0.15 0.4910.07 0.53+£0.19 21.65+4.12 19.45+3.52  21.76+4.02  26.02+6.18
Values were expressed as mean+S.D.
*Significantly different from control at p < 0.05.
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Fig. 6. (A) Absolute organ weights of Thymus and (B) relative organ weights of Thymus orally treated with test materials. Each point rep resents the

mean+S.D.; * : Significantly different from control at p < 0.05.

vls fej-de 2 7FAc(Table 5 and Fig. 6).
6. He| =& sty HAl

wWa| 223 ZAAL A PTU Fo oM £3F o&EF
© 2 thyroid follicular cell®] hypertrophy-@r hyperplasiaZ}
HAF Y (Fig. 7). L] AS follicleSo] WAHE
#&=e] papillary®} lumen sizeZ} ZAFHH. a2
colloid lacke] <¥zF A= ck(Fig. 8).

basophilic ==

Parafollicular cells®] 73-$- o]wl ZZ]&4] ¥3l%E Holx|
okolc}. Follicular cell®] ¥ 3= AW o)z} glglom
thyroid glandZ A28 th2 A7|ol|A = Eolghatsl 33
54 W3b} slale.

7. MXtel HEHEN ol &Y, F

2T Y FoId BTONA fod Tl o] Afe] whE
] ¢kokck(Table 6).
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A) ®)

Fig. 7. Thyroid glands of female control group (A) and female PTU 10 mg/kg/day-treated group (B).

T E A A
R

¥

¥

Fig. 8. Thyroid glands of female control group (A), female PTU 0.1 mg/kg/day-treated group (B), female PTU 1 mg/kg/day-treated group (C) and
female PTU 10 mg/kg/day-treated group (D); * : Significantly different from control at p < 0.05.

Iv. 1 & S Arlsled TG 4079 wIzk=e} AAS 7)3)s7]

$13t OECD projectel] @2}, propylthiouracil®] Fofel] <

71&2] Test GuideLine 4074 A 224X A g A4S AR $18k 94 SD ratsol] A-8-%5(0.1
I Azl fe} e, WA F47] 4 A 5 A mg/kg/day), F7-8%(1 mgkg/day), -8F(10 mgkg/day)
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Table 6. Individual sperm examinations of Male rats orally treated with test materials

\Group Control Middle Low High
Variable \Dose (mg/kg/day) 0.1 1 10
\No of rat 5 5 5
Weight Testis 1.55+0.23% 1.54+0.18 1.55+0.14 1.4240.11
Caudal Epididymidis 0.19+0.03 0.16+0.03 0.16+0.02 0.18+0.02
No. of sperms (x10%) Testis 229.32+39.52 231.24+30.84 233.58+17.48 269.92+47.96
-OLsp Epididymis 18007+4207 19313+840 17670+2153 1991242977
No. of mobile sperms (/100) 47.25+£14.96 46.80+5.39 42.25+4.59 46.33+4.67
Motility score 2.92+0.38 2.50+0.50 2.334+0.41 2.50+0.32
No. of teratosperms (/100) 3.25¢0.94 3.204+0.76 4.00+1.26 3.83+1.33
Daily sperm production (x10%) 37.58+6.48 37.92+5.09 38.28+2.88 44.25+7.86

“Values were expressed as mean+S.D.

< 19 13, F 73], 2847 AT vk Fo3iar oo
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Fig. 9. Thyroid Hormones. (A) structure of thyroid hormones and related compounds, (B) Model of iodide metabolism in the thyroid follicl e. Tgb,
thyroglobulin; MIT, monoiodotyrosine; DIT, diiodotyrosine; T3, triiodithyronine; T4, tetraiodotyronine.
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