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Abstract: This study was carried out to investigate the potential of phenol to induce embryotoxicity in the Spra-

gue-Dawley rat. Seventy mated rats were distributed among three treated troups, a vehicle control group and a ne-

gative control group. Phenol was at dose levels of 20, 60 and 180mg/kg/day adminsistered by gavage to pregnant

rats three times per day from days 7 to 12 of gestation. All dams were subjected to the caesarean section on day 20
of gestation. At 120mg/kg, dams exhibited decreased locomotivity. In addition, both weight reduction and re-

tarded ossification of fetuses were observed. There were no signs of maternal toxicity or embryotoxicity at 20 and

60mg,/kg.

The results show that phenol induces fetal growth retardation at maternally subtoxic dose in rats.
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#}45(phenol; monohydroxy benzene)2 Az, Av], 2}
X 5ol dal ol 8E= 38 E A s
o wat opjl AEA), SJokE, A8lE, obd % $713
gl Alze) A, 259 WHAZH AEE of
23t Al AT L5580 ol AH, A+ H §
Use) A Ads) FoEtrl Aol FaHE
2= sl BhE e Al5e) 4T 5 4 et

1991 39 Seluiele)l BAREAe] S8 oblH
SE7 sl BEAAE AR HekA B osd 4
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o] mloH ez EAHHY, F §4F F Z¥ U 7HsAel

Qlehes o] A)71H Hol Urt.

ARZ-2) 739 v]S- Wisconsinell 4+ 19743 Eol], 71
2|1 "G93 DeeZdollr= 19841350l o]u] siiE §
A7 AR vl U A FA .95 AeE vl
Alol] me} i3} Bple] o, A4, FY T T4
VERH 3252 diite g iy eda) QA 4 )
ofo) A& 2A3L7] gt H A 2 A epidemiologi-
cal study)7} A1 A=) 2 AYEE-S o] B3t #H52] Hut
A8} ofghol] B3 A7} A|AEAolA HAE]o] o]
u] Boarsl ul et ey 347 2d 831 slise] ¢
AR e QA1 E-Boll viX|E FallAgoll e 7] 2ol F
€ AAAIA o2 ol u| {8 Aol Qlot. aeba B ol
Follde FlEA sllizol] B3 AYY 7lZdlo)el(pre-
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clinical basic data)?] 38} 2o 9J4Al PE Hjx
< AA A =2 F29} FUA AFFAE Fo) ¥
=9 wio} 5l eZSA Wl E = Aslgt.

Nz 3 Uy

AHEH: 2 A¥olle 59 MerckAZYE] 113
AA% o] ¢35 (Lot No: 029 k3593500)0] A}-L5]
et #lEe] 7242 CHO0) I BalaRe 924.110]
oh. BAPFA e WEERTol fel(Sas:
100%)A A A8t

HYHEE AIREY: AYETEL G337 4 ¢
AAATY AYEE STYORAYA s+ 45
100)22¢€] 9143t Sprague-Dawley ZE(SPF)E A&
&3k 959 3 70utele} A 140v}2l & Y5
T F AFA0e A 9 35 AA F 128 2
Al AT AFRAR JAERIE 4A 700t E A
oll 831t

2 AL 25 2313C, AdlEE 50+10%, 3713
T 13~183] /hr., ZH A7 124 7H LA 74 ~2.F 74]),
Z5 200~300LuxE A% FEANA A=},
Ald71+s Age AYEES IPARAHYAER
(F)E D 2420 MradydF3le], 28l £
*&*‘:*E A FTATINE 257 F ARA
# A3t

Fojkel A AlETel F4: 100, 180, 320 1
580mg/kgo] 4 oz dmIAEE AAE wl,
580mg/kg ol BE REEE0|, 320mg/kgdol
A& 3] (50%)7F AL 180mg/kgol4te] &3
ANE FoA2F A4, 38539 9 254 4ot
et el ez M 100 3 180mg/kgioll
A 747 294 8 2.73go 24 t=Te] BTAF 3.3
K} #2]8) gt} o) & 7|2 & 180mg/kg/dayE 11

Table 1.Experimental design for embryotoxicity study
of phenol in rats

Group Dose Volume t\‘lo of mated
(mg/kg/day) (ml/kg) animals(females)
Vehicle control 0 10 14
Phenol 20 10 14
60 10 14
180 10 14
Negative control - - 14

$%os Halx g 308 S84 9 A4S 60
20mg/kg/day 2 A3} on] aeld ei(AF 5
) 278 FA Y=z Tt

FHUY U F0{7|2h FFFo L ZUE o)Ll
713347 Av7|(d4] 790E] A 12974A) yE<H
19 33 QA4 AFFoIslgic}. Fodlzke ¢lAl 79x)
9 AFE 7T o2 AFsldd

23 gl P PNT-13=1

ULHEHTUE : AP7E 19 13 BREEQ] U4l
8, F558 9 Aol diste] st

HEEY 4 7o A ofn|F-E diste] ¢4 0, 7,
12, 17 9 20280l AZS 2R8I}

F4: 7 79 RE JAEES YAl 20Ul 27
sted A E, A, 4 9 Bke] Aol diste] 2k
A ZAAE AAs

MEE - 2t 9] BRE BEEES UAl 20850l
AgAdMsto] JAskAl, A4, AZerbE, Fl
oz, AEeAke] A, BEeNxte) MAPE AE
9 A-ZFFE A8

ERZtel AFHAL : AEEAE 2FolA] HEg £
Al slitol el {5l tistod sl AF A-F7}
8] GiEZoA HEE mlA TS E F4 P
2o R E = WEAY) Al A8ttt

SHAL ZF i AEeAE 5% Eawl 23
& F 3 E Dawson®’oll wlel FAFLE Algtsiod
EHol4 f5 9 Fsdeloll thete] HAsg e

LHSEE2] ZAL : ZF el AEE)ZE BouinYel] 2.4
g F R R Wilsond®, F3E dlnjaliiy ol
ofsto] YAy o) A4-5-2 HAsgc).

SAEH 24: odolZ] APl gt FARNS
b ayg A %%“HXI%M(ANOVA)
& AAJsled pc0.050]% Dunnett 2-2- Scheffed S
ol g3lglcl. Al¥AErE HIESFE vehd e
Kruskal-Wallis(H)73 4 (p<0.05)2 AAJslar +=gisket 2}
EE 0] &4 Dunnetr®j o] A F-2 Scheffy 44L& 8
3ok E5E 9 WSl didt AP g 2lgel A
24 TR 52 933 HAARS Al
elzloll tigh AlgkE = AulE Alelsla el g
eNA-E0 FEAE, AEFERF, Frulols, Al
AR ol Bstod FAEA ST Aulol iy 242
chi-square 285 A Alsch.

AxMH o2 ZHAL FA4FL 0.01 22 0.050014]
AAs.2m 9l9) Ao o] &9 package programe.
25 SAS ver 6.04E 48319},
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a o 30853t WIS ¥ 1ke] FollAis olw e ol
Z4% JehtA gotch. 180mg/kgFolld veld 4
REE0 o[xle Y 7] AATE A EAY oJgor A5
QUubEA - R B0 AubEa BA] 180mg/ kg HE - B2 AED 2kl YolA] 4 FolRw}
o4 FoARF 254 #4, IFF 9 HHbo] & oAl 277k frolxhs QS A gEtek(Table 2).

-
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Table 2. Body wc1ght dcvclopment of dams dunng the preg nancy pcnod

' . Phenol )
Dose(mg/kg) Vehicle control — - o T T Te T léO -+ -~ Nagative control
I\() of animals l] 11 12 10 12
DAY 0 263.3+239 260.3+22.5 263.7+219 253.4+225 2655+ 164
DAY 7 2949+22.1 292.3+27.% 296.8+239 289.8+239 2955+19.1
DAY 12 308.1+24.8 309.8+24.5 308.0+24.7 2895+18.4 317.5+19.7
DAY 17 346.4+40.2 353.4+26.¢ 353.71+24.2 3292+20.2 359.0+19.8
DAY 20 398.1+347 395.8+289 396.8+239 378.2+£22.0 405.2+27.6
ADAY 7-207 103.2+234 103.5+17.5 100.0+20.9 884+ 8.4 109.8+24.4
ADAY 0-207 134.8+28.7 135.5+19.1 133.1+20.1 124.8£ll.8 139.6+28.8
ADAY 0-20¢ uterus’ 60.1+25.6 67.2+11.8 62.6+17.6 57.4+17.2 685+124
" Values are Mean+S D.
* body weight day 20-day 7
" body weight day 20-day 0
' (body weight day 20-uterine weight)-body weight day 0
Table 3. Caesarean section data of dams
Vehicle Phenol Negative
Dose(mg,/kg) e 2
control 20 60 180 control
No of dams 11 11 12 10 12
Corpora lutea(Mean$ D) 17.18+£1.60 1691176 17.50+323 1790+197 16.67+299
Implantation(Mean£S D) 16.09+1.81 14.64::294 1517+4.06 1580+092 14924456
% to corpora lutea(Mean+$§ D) 93.69+599 86.75:+15.88 88.55+22.09 89.14%+10.05 86.06+23.55
Fetal deaths(resorptions +dead fetuses) 14 13 16 16 12
Resorptions » 13 13 14 16 10
Early 13 12 14 14 9
Late 0 1 0 2 1
Dead fetuses 1 0 2 0 2
Live fetuses
Male /Female 79 /84 66,82 87,79 66,76 81,86
Litter size(Mean+S D) 14.82+1.60 13.454:2.81 13.83+3.19 1420+ 253 1392+4.32
% to implantations(Mean+$ D) 92.36+6.44 923541588 92.26+7.05 89.63+13.74 94.10+8.81
Sex rato(Male/Female) 0.94 (.80 1.10 0.87 0.94
Bodv weight of live fetuses(g)
Male(Mean+S D) 3.20+0.18 3.25+0.28 323+0.25 2.65+0.16"" 3.26:+0.33
Female(Mean£S D) 3.04+0.25 3.08+0.24 3.07+026 28240207 3.13+0.28
Placcntal wught(g 0.50+0. 05 0.52+0.06 0.51 +0 03 0. ‘33+O 05 0.59+0.16

* 7 indicates signigicant dlﬂ’cnmc at p{0.01 level when compared with vehicle control group.
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R4 BE 79 g4A5ES BHA ol &
oj4A s WA sA] skt

EfXtOl| o|x|= HE

HgE7H A% : AGANA 245 A5, 24,
ok, Al 9 vl BE FoollA o
Azl 3l F-944-& vehiA gisiet. b wix}
o] HF2 180mg/kgFollA rijAc] 2ol vlsl §-<
Ade Z4EE Jeblct. =3 23 ol ot z+
ol wiAzTe] foxe AREA Gk
BE oA oWdt 3 Ygs A=A gkokd)
(Table 3). 180mg/kgFollA F2H ezt AF] T4
= AEEASY Fodo 71913 £ o2 BkE|c.

LHEAT| AL : 941 2094 HEe eixke] WP
Z1AAA 60mg/kgF-oll A F-HZ(anophthalmos)3}
FANY(cleft palate)o] z}z} 184 2= 180mg/
kgstollA+= AN (celeft palate)o] 13 Yehe}. 28l
3 FANRFAAE 2F 9 A3 A
(dilatation of lateral and 3rd ventricle)o] 1] 2k¥]|g]
th(Table 4). 16| 47| 718 £A 5L Wygol vl
§ gol AlgEAel o3 Age s A=A ¢kt
28] 3 oAt zFellA 20, 60, 180mg/kg 2 -S4 TH
Z79 o2 X987} (dilatation of renal pelvis}& Z+
7+ 1, 3,1, 1 9 284, 2 3¥#}(dilatation of ureter)
S 27+ 0,2,2, 1 9 284 ez Aeeg Y o
g2 247+ 0,1, 0, 1 2 04 [ K=ol (Table
4)2 o] 52 AU A AHEZH" AYEA 9

Table 4. Visceral findings in fetuses

g W8 oy}

ZHAA - HE g} SHLA L AMA 759 o
gyl FHYA Aol kA 718 (malformation),
o] (variation) 9 F3} A (retardaion) .2 FEEc}.

4l 2080l HEE efAte] FAPAA] o=
oA+ 5Tt A(shortened 13th rib), S22
(fused ribs) & WE-F A< (absence of 13th rib) [7]8] ]
o] 72ll(8.3%), IH 5T (wavy ribs) [He]]e] 18il(1.
2%) )i FFEA] o) (cleaved sternebrae), 3=
Z=2|2] o] & (bicentric thoracic vertebral body) 4 ©}&
¥ F=3eall(dumbell-shaped thoracic vertebral body)
(Z3AA Pt 8al(9.4%) 2= et

20mg/kgFoll A& oty FFEA (dumbbell-shap-
ed sternebrae), oFE Y F3 2 Q533 [FIA A7}
521](6.5%) ekt

60mg/kgroll e TEIRE, FAE 9 FAE
9] ¥4 F ¥ (incomplete ossification of os parictale
and cos interparietale) [7]¥ 7} 108)(11.8%), &%
(14th rib) [WHolle] 1al4](1.2%), Tel3 FF=FA9]
ol &, o}y F3FA|, HEFA(enlarged fontalelle),
35T F3A|A(delayed ossification of os
supraoccipitale), o} F3Fa), F3FAl9] o] o

FEA2 ol E [F3xdle] 102(11.8%) 4=
t}.

180mg/kgtoll A& Hi5F(flying rib) & U5F
73 (absence of 13th rib) [7]3] Jo] 6#4(8.5%), 8.5

Vehicle Phenol Negative
Dose(mg/kg)
control 20 60 180 contro}
No of fetuses examined 78 71 81 71 81
No of fetuses with anomalies(%) 0(-) 0(-) 2(2.5) 1(1.4) 1(1.2)
Anophthalmos 1 0 0
Cleft palate 1 1 0
Dilatation of lateral and third ventricle 0 0 1
No of fetuses with variations(%) 1(1.3) 6(8.5) 3(3.7) 3(4.2) 4(4.9)
Dilatation of renal pelvis 1 3 1 1 2
Dilatation of ureter 0 ) 2 1 2
Dilatation of renal pelvis and ureter 0 L 0 1 0




Table 5. Skeletal findings in fetuses

Vehicle Phenol Negative
Dose(mg/kg) ——— —
control 20 60 180 control
No of fetuses examined 85 77 85 71 86
No of fetuses with anomalies(%) 7(8.2) 0(-) 10(11.8) 6(8.5) 1(1.2)
Fused ribs 1 0 0 0
Flying rib 0 0 1 0
Shortened 13th rib 5 5 0 0
Absence of 13th rib 0 0 5 0
Absence of 13th nib(L), 1 0 0 0
shortened 13th rib(R)
Absence of 13th rib, shortened
13th rib, absence of 8th thoracic 0 0 0 1
vertebral arch
Incomplete ossification of 0 4 0 0
os interparietale
Incomplete ossification of os parietale 0 1 0 0
and os interparietale
No of fetuses with variations(%) 1(1.2) 0(-) 1(1.2) 1(1.4) 2(2.3)
14th b 0 1 1 0
Wavy ribs 1 0 0 1
Asymmetric sternebrae 0 0 0 1
No of fetuses with retardations(%) 8(9.4) 5(6.5)  10(11.8)  9(12.7) 7(8.1)
Cleaved sternebrae 2 0 0 0 3
Dumbbell-shaped sternebrae 0 3 0 0
Bicentric thoracic vertebral body 2 0 1 4 2
Dumbbell-shaped thoracic vertebral body 4 1 2 1 2
Dumbbell-shaped thoracic and 0 1 0 0 0
lumbar vertebral body
Bicentric thoracic vertebral body, 0 0 0 2 0
dumbbell-shaped thoracic vertebral body
Bicentric lumbar vertebral body, 0 0 0 1 0
dumbbell-shaped thoracic vertebral body
Enlarged fontanelle 0 0 1 1 0
Enlarged fontanelle, delayed ossification 0 0 4 0 0

of os supraoccipitale

Enlarged fontanelle, delayed ossification
of os supraoccipitale, dumbbell-shaped 0 0 1 0 0
thoracic vertebral body

Delayed ossification of os supraoccipitale,
bicentric thoracic vertebral body, cleaved 0 0 1 0 0
sternebrae, dumbbll-shaped thoracic
vertebral body

Degree of ossification

No of sacral and caudal vertebrae 72+03 72+05 72404 64+06"" 73107

* L = left, R=right
** indicates significant difference at P{0.01 level when compared with vehicle control group.



o]lo] 13(1.4%), 1el2 FF W 2FFAj9] o], o}
Y F33A 9 "HEGAFEAA]e] 9=(12.7%)
WA= 9t

w8 AT B5F AE, 5T g4y
8H F353e] AL [F1%]e] 18(1.2%), 338 5F
g vt FTE(asymmetiric sternebrae) [#Ho]]o]
281(2.3%), 123 FEEAHY o], FFFA9 o|F
gl ol FFA[ZHA AP 7:(8.1%) FE= Q]
th(Table 5).

A7) £ F FoNA 20mg/kgig A|2Jd BE ol
A &40 o 2M AR T5F d4Te 713 A
(minor anomaly)d] el AHEZH 254
(maternal toxicity)?] A#24 JePd +X ot £
AT Adgadeg Jepd Aoz AFH]
t}.
HA] 20mg/kgT& AL BE FollA Jebd &
=, 338 5359 Hole TAHA FEAE 4%
G2 e 2 F¥3e YubEA el BE FollA H|
2 F& HEE Jehd IAAL diApLERd
(fetal growth retardation)2] R E 24 ¥ld gl QoA
Al zT T 7t FAL T oA UAHA 4%t
c}h. ko] Hu|Ee] Z3 2% £ 180mg/ kgl
o 2ol B3 FAIHoE A UA 4L
TH(Table 5).

o @

HES EAQ 84 23849 2y et
gl TS ATt FAAA FRsok &
128202 AAxo] gt 1991 39 5 |4
o] SAN S F3e] FEAell HEe] fEHl wE 4
F QA LE AI7| 2 slEo] YAl nXE 4 o
g sjelstaat £ dollMe g4l HEE o] f3te
H=9] wio}l W elzHEA HE 53] (embryo- /fetotoxic
potential)& ZAsHg ).

s8I} HE QloiA FUsHA Al 7R
Zol| &l sl FFFZYo)=(phenol glucuronide),
#)s 34k (phenol sulfate)ys o2 et -0
A9 ATeEA UizzlE Q17ke] 7% 3.547k0d
Hkslo], AEl] ol 2 23] 5T (first pass
effect) a0l o 208 AEE of$ F@ok. vk £
Aol 2= QAldskell 23t toxicokineticsE A7)
Sated B of2|7hR] WhHE? FollA 19 33 ubE
Lol & Asict.

ATATF 180mg/kgdolld A, THFY, 254
F5e] 470 FIFFE HAFRL veh) Hojal =5
A (matemal toxicity)o] ®E® 22 uisiAqt 2 5o
A7t A Al BAEIA) gdsioh HA) 180mg/kgi
= ezl A AFe] i g Fololl 7]
oIyt AFW kAl A3 intrauterine growth rearda-
tion effect)E4] e} o] ¥ d+ee o F47
22 Qe Mionr9} Becker” 18]3 Jones-Price™2]
A-FR 19} Yx|sl=dl Minor Becker= 4l Sprague-
Dayley B Eo]| 0, 20, 63 3] 200mg/kgs] S0 2 s
£ 4l 12~14YA el £} 5% ¥ 200mg/kgTollA
7} AlFol dAlge AT Jones-Price -2 s
< 0, 30, 60 & 120mg/kge] §-F22 CD Yol 7]|3%
Y37 X 27 FAT Holl A MFo] S34RA
A FhaREe s

RE dAFHY Hu|3s= 3EEA o) F=
= = Jd+ F3AA(retarded ossification )] F71E 9]
& 7h ARt g AR g8iA U wiEky
E QoA RE A} He|39] FILUE =4
vl #lEe] Fodof 1A% FEA|AS BHE F U
th. 0|24 ez} WA Ak efA}t AFH 23
7t FAlN Fasigedl, ole F%E - ABAQ sali-
cylimde 5o} ¥ HE ez} AlF= FsHgele] 4t
A& 2A4% Knight9} Roe' g 2| Bi1e} A&}

A HAAA dEY 71FX= 0.005mg/1 ofst2 4
19 19 $4nEe 2262 ARG o 1903 1Y
33X 0.01mgolct. £ Aoy HAES] 19 #s
AHAZFLE AT 300g, 19 33 o9& 7l ANG
o 60mg/ kg2 7% 54mgolct. ol 107 19 ¥
£219] of 5400u024 7] FEolAE ofHE ujo}
4 gASAE BEEA gded akd 3 F2
180mg/kg & 121 1Y #-8-x12] 1620000143 ez}
2] ub&-2)d (growth retardation)e] of7] =}, eizle]
HhEAe B guird o g wEA) (maternal toxicity)
o] Aztg Jepdrla 3. B gitelds REES
A F7) AAlle DA x| ggto) Fo] AF st
9l QutEAEo| w9 BA Uehd Ao nfo] &
o BEHoz 7HE 4 e vI5A YA (non-specif-
ic factor)7} A28 Ao g A g¥ich

HEH oz il B Al o sl Fall ek
(no observed effect level Y HE REE3} gzl gl
oA F3 60mg/kg(TRAZAA 71EX19] & 5400u1)9]
Ao 2 455 e dE Rl oA 7)Y E=
X A7} o) A9 & S o4 5 i

23dd g ArElT FolA G4 At
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chiorophenol, trichlorophenol, pentachlorophenolg-©]
AAd & 9ol ¥ o] & il et AAFAHL
& Sepelas) g,

i B

Sprague-Dawley EE o] &3te] #l]&2] uljo] 9
A S 85 At 2o 9 70vwte] 9]
HEZ TAx =27 0, 20, 60 3 180mg/kge] &
Fo2 YA 7ARE U4 2R 19 3 B 7%
A 5o stgom Al 2097l AlFA st B
A= HE350

180mg/kgFoi79 A4 EFEAE 7o ¥ &
A Et FE4 4, TESY 9 ™ol YEska Hl
Zell AolAe AFFAS F3A Aol A=} 20
g 60mg/kgF-ol FollA & ojnf gk wlo} 9 ez SAF
A= vehdA gkglet

o] 4ol Astell A HEL AE oA Al 25
A4 gkl elzte] e e e ¢ 7 U
}.
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