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ABSTRACT

Caenorhabditis elegans (C. elegans) is a free-living soil nematode that commonly used as a biological model
and recently, much work has been done using C. elegans as a toxicity model. To evaluate the acute toxicity of
phenols to C. elegans, worms were subsequently exposed to nine different xenobiotics. This study described
lethal toxicity, reproductive toxicity and movement inhibition using 2-propylphenol, 4-propylphenol, 2-tert-
butylphenol, 3-tert-butylphenol, 4-tert-butylphenol, 2-phenylphenol, 4-phenylphenol, nonylphenol and 4-
dodecylphenol to C. elegans for 24 hr or 72 hr. We found that phenols used in this study were very toxic to C.
elegans. The order of lethal toxicity, reproductive toxicity and movement inhibition is as follows.

4-propyiphenol > 2-phenylphenol > 2-tert-butylphenol > 2-propylphenol > nonylphenol > 3-tert-butylphe-
nol >4-dodecylphenol > 4-tert-butylphenol > 4-phenylphenol.
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FE5HE Ao sl

Ul Be) A Aol EAle] A2 field survey, in vitro
assay, in vivo assay 52 Wo =z Frlsl=y 2z
el 54 o] tf2r}. Field survey: A el
A Al 8] A FelEAe] N3 eFdeFe A
GeFe] Aol ZARBH: Zold ol AJHIA
PAAA vehtbs 33§55 ded] s
Ayt o), 71&9] in vitro assay, in vivo assay,
Aefsty zA) JElR o] EE B8 BAMIE &
Z EASA 7PEE o83 ZrIYorw oy
o qlek

In vitro assay= AW 241& 9oz gt
o] Al 5o A ghollM AAsle Agoz
A in vivo assay Bt} £-oldlal, AAE Al&3F] B
4 e AAe] oo, faFtEAS dxHewn
AAsEd de] ol &= Qv A WEu[A L)
LAES AN o]&EH HksE EXEY
d&s Hrislr] el R invitro assay7} AHS-

31 gler ol& uhyel dRE2 ALv|HdE
HEA, e L] A A Hrkehed
o] &-x|oigte}. e} o] W2 in vivo assay Z 3}
sle] ARAA FHR 5 1 o)Ll dAS U, A
A2 invitro assay= AR W AlEE HAE R
e B EhelA ol4d 4 odvn AEE
el ek Invivo assay= AP EAE AH5E
o] A Fofsled A= AlPozr BRI o
g Aoz g £ Qe Ao vk 1
v} o] w2 Aj7ke] Qe Aw, AX|e] 4 A
el X AX = s o] ok A W
FaAAGN A A5 S8 dubdoz o) 4E:
A2F o= o] F, 2/, FAF, d5F7 55
45t AP o] Az ALE T 9l v
o4 Aej2Ag N3] A3 mE:sE AA
W oAEw o] ofx AREHA o2 AA ol
OECDE w|33 7t FellAl o|fdt A3y 7ol
Hak 2 H]E AL U (EFHIAH AT, 1998;
A1EA, 1999).

2 F R Az F5E T7) AEsks Aol
d|®m zim} M 3= (Caenorhabditis elegans) o) vt
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2000; Emmons, 2005). <& mm} HE22 F Lo
AR= 22 A% F (nematoda)2A F2 BN TS
oz e, ok & 5o A A& B T

A

Vol. 21, No. 3

QA A AAE 4 9ow, FY A
AA zRE] YA e A AAP7E I3 7
ARl A7) 2L mHlzA o]4F T 9l
£ AEA o) bR A4 AR} Helx =]
b 1mm g ze] Ak R FEY TE2E I
o QAo AHHQ N 7AA gemz Yra
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+ & M FFE B4 A edEAY
=4 Aol AgEt 5E 2dz o9 v C
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Zr 11 )t} 24| (Hermaphrodite) £} -2-A) (Male)
ol 7 /MR Aoz EXBhY 99.7%7F AgEAl el
], A 2] ZAolx ¢k 1mm A x|t} C. elegans=
st oz, FAH o2 st AR ARSEA
£ XX, A= X029 A& 2 9ot & v}
9] A3 FAZEEH YEE I A= 2
2 AR g AY7] dEel] Y AEEE
T el A FAREE AYA He,
At AY Foll A AHEE T ek C
elegans= ool A BE] L1, 12,13,149 o #4 A
718 AA AAZF "ot e [ £ 15°C
oA 25°C AxolaL, el A AAZE H7|74A] A
T AIZEE 20°Coll M A2 4 Axe|v =1 A
A A Aol A =Hole FAlL #Ae] EAS
=53t AESN b)) $e, L32] W3l daver
2= B4 A28 AV = ) C. elegans®)
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(Chromosome nondisjunction)el] &J3} o} w2 u)
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(Lewis et al., 1995; Squire et al., 1995; Emmons,
2005).
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67%, QEAAME 1409 %, n|Z34 FAEA
A F 74Fo= RS

=844 (US EPA)S WiRu|gelede >
H: 24T F POHE 49 87 29E= %
3193t} (US EPA, 1997). o] o]E #H|isEo] A
Foz Sa4ut }Eel EARGT aus 4
FHED B9 Al AL F32 22 WA
7} ge}x]7] o o]t} (Realini et al., 1981). dulA
o2 1ppb o|3 FxelAs Fasht, I ojidel
Hm EA)o] vehdtla gk | ppb o]k 2ol o)
Fofsteba sht SAmAet 2ol aed ue
% 4B} QA e 2 4+ Ak 22
Sela) £ el AA Yol F57 Awe A
& YA $2009 Aol sxe FEBL
s)uts YAlolAe Yos|w djololw FFE
7NAE FAEA et by £ ATl AH-E
R WA AedEds FHHT dE B
nonylphenol-& A 2)st 1 o} 1 EAAT7} A
Aol Qome od e @st AFeaT
Atz ") Kwack 52 4-propylphenol, 4-butylphe-
nol, 4-t-butylphenol, 4-pentylphenol, 4-nonylphenol,

et
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4-octylphenol, 4-t-octylphenol, and 4-phenylphenol
=29 #Hl&Foll s MCF-7 cell 24! &3}9} estro-
gen receptor2}8] S invitro testE E3] A+
gom FA4 AAEL AAEE SD rato| A utero-
trophic assay £} Calbindin-D9K mRNA expression2-
E3) estrogen -S-AHEHE-2 BQ)slelt} (Kwack et al.,
2002). 28t ofE7A] C. elegansE WAooz
A AehEAZ FHHE phenolf H4E
F8 w3 ok gebd & A7l phenolf
7} C. elegans®) A7) %55 £5%50l vlAx
F& Q7sTA sheleh

Mz 2

1. C. elegans

B Ao A3 C. elegans= U= Minnesota
Z ) dte]] 9] Caenorhabiditis Genetics Center =
R

C. elegansZ NGM (Nematode Growth MediuM)
plate, 20°C BOD incubatorol] A oF 37t wjj ofs}s]

o A2 W=7t =2 plateE K-mediumg ¢4
3o &3} AF 5& Eeob 2,000 rpmollM 2E7H
AR st AL A Cloroxd& 7}
slod of 1087 R=A £S5y Oz AFS
2e)3kdeh. B 2,000 pmell A 237 QAR
F 479 & AASL K-mediumg o] g3k 4:3)
ARsgct of B A D A E col
OP502 7+ NGM plated] o}, 3~4 & 3-& A
%o] %% $x3% (age synchronized worm)A| Z =}
(Kessel et al., 1989; Williams et al., 1999).

2. NE23d

2-propylphenol, 4-propylphenol, 2-tert-butylphe-
nol, 3-tert-butylphenol, 4-tert-butylphenol, 2-phenyl-
phenol, 4-phenylphenol, nonylphenol, 4-dodecylphe-
nolZ SigmaA|&-& AH&-3H]

Phenol 2 0.5% dimethyl sulfoxide (DMSO)q]|
£33 & K-mediumo 2 3 A3le] 10 mM ¢l
stock solutiong TH5o]| Al4-3}9it}

3. RAFEAIE (LDso)

C. elegansell W3t F| =7 FASAE doln
7] 98] sege H=Z%Rws} 0.1, 1.0, 10, 100,
1,000 ME Al K-medium .2 3]A5hed 500 uLA
24-well Y37 39 29t BHA3} egg plated|r] =
35 Fe A2 30+ 104 He 2 wello] &
Zc} 20°C BOD incubatorel] 4] 24 A7} vl oF3}w A
qEz2L#H vlwdted FFEHT. AR+ K-
mediume] 0.5% DMSOZE- 7}5)¢ich dujAd o=z 3%
227 @, $40A g AAE 2% Ee
Ao R Ao £Hole A 4
$ 24agc AYS 33 Wy sk

4. C. elegans2| MA7|50| o|x|= F&

Ae5g FHExws} 0.1, 1.0, 10, 100, 1,000 uM
HA K-mediumo® 3 A3l 500 uLA 24-well
93 39 B LA egg plaslH 22T
o H3e sukd As) 2 welld] $75h 20°C
BOD incubatorell 4] ®BIsbH A 72+ 1417 & o
o 8 248U A 33 e Axshelc
(Dhawen et al., 1999).
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5. C. elegans2] 250 olA= L&
Ttﬂ%—ﬁ--"z} #HZ>=xx7} 0.1, 1.0, 10, 100, 1,000 uM
HA K-medium oz 3]Asled 500 uL% 24-well
$3 39 F1F HAY egg plaecy T2 3
%—" suled ) 7 wello) —°—Z\i‘3} 20°C
incubatorsl A RsHEA 24x170 F Ho)
& B9 Azzel £4% %o} wimshe] 27
1+12d ALZS 79 AHAAQ x99 4+129
& 790 Hha =9 61129 e B
¢ £5E A e 102129 FE el ¢
A 2, 10212 ol A9 ASl g0l
A kgogste F 5 PR o] A
(Dhawen et al., 1999).
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1. XA AIE (LDsg)

2-propylphenol, 4-propylphenol, 2-tert-butylphe-
nol, 3-tert-butylphenol, 4-tert butylphenol, 2-
phenylphenol, 4-phenylphenol, nonylphenol, 4-
dodecylphenol®] C. elegansel] W& APtg& 23
3}7] 98, = = 0.1, 1.0, 10, 100, 1,000 uMe]
A 30u}2] F C. elegans®] Aobd-2 A 5 &
At o]5 Ed2 LCsoA|E Table 1o el
o}

LDsy*| 2 u]szs] £ 23} 4-propylphenolo] 7}2
573 73 whd 4-phenylphenole] 7} <oFgt %
4e e Propyl7]e) $iA)e] e} 4-propy-
Iphenole] 2-propylphenol ¥t} =AJo] 7}sle] om,
tert-butyl7] 2] $]A]e]] ule} 2, 3, 4-tert-butylphenol
oz FAo] 7elA velytet Phenyl7]2] $)3]
ol ¢leJA{3= 2-phenylphenol¢] 4-phenylphenol®.c}h
7=t

of olxl& &

WA ol BIAE Gae eohr
C. elegans7} 2L &9

2. C. elegans?| MA|7|s

C. elegans2]
7 o, N FE A ¥
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Table 1. LDso value of phenols to C. elegans

Chemical LDso (uUM)
2-Propylphenol 13.0
4-Propylphenol 29
2-tert-Butylphenol 7.8
3-tert-Butylphenol 17.1
4-tert-Butylphenol 324
2-Phenylphenol 5.6
4-Phenylphenol 175.4
Nonylphenol 15.0
4-Dodecylphenol 18.1

Table 2. Effect of phenols on reproduction rate of C. ele-

gans (%)
Chemical 0.1uyM 1.0uM 10uM 100uM 1 mM
Control 100 100 100 100 100

2-Propylphenol 8kx  ESEE JOERE 44k ek
4-Propylphenol TS*% 4TFE 4R 33wk
2-tert-Butylphenol 89*%  8p** 50**  Jg#*x  (Q¥#
3-tert-Butylphenol 78%%  48%%  44%%  30%x 5k
4-tert-Butylphenol 82*%*  65%%  54%%  45%%  pwx
2-Phenylphenol 90**  49%*  A5** 3Rk ek
4-Phenylphenol 92%%  BO¥F  S[EE g7EE (x
Nonylphenol QI#%  e2¥*  45%% 3Gk (g
4-Dodecylphenol 93%* 83**  60** 32 e

Significant difference from controls (*p <0.05, **p< 0.01)
The results were expressed as the average of triplicate plate.

Mg Aol dzdel Ug vEz vlasigch
(Table 2). == A3} 2.E phenolf{F+ control#} 8|
ste] &9 A7t 524 (P<0.05) A g
ko] Agol gl F= gEH ZHE Jrf
Yor | mMelA 2—tert—butylphenol 4-phenyl-
phenol, nonylphenol& ¥+ Alulsle] ato] WA
A} gkkel. 2-propylphenol, 4-tert-butylphenol, 4-
phenylphenol, 4-dodecylphenol& 100 uM, 2-tert-
butylphenol, nonylphenol-2 10 uM o] Aol A= oFo]
M7t dzgel w8l S0% o4 Feimgich =3
4-propylphenol, 3-tert-butylphenol, 2-phenylphenol
9] 745 LOuMeA 50% ol 7h4s}r] A2k
A Ao A 9} ulrlx| 2 4-propylphenol of
AT AN SAE e,

3. C. eleganse| 240 ojx= Hg

C. elegans®] $F4 %o n|x|: A3 aoln
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Table 3. Effect of phenols on movement of C. elegans

Chemical 0.1uM 1.OpM 10uM 100uM 1 mM
Control R e i
2-Propylphenol AR e e s s +
4-Propylphenol 4+t ++ +
2-tert-Butylphenol ++++ +++ ++ ++ +
3-tert-Butylphenol  +++  +++  +++ ++ +
4-tert-Butylphenol ++++ ++++  +++  +++ +
2-Phenylphenol +H++ et ++ +

4-Phenylphenol
Nonylphenol
4-Dodecylphenol

it T S
i ST ++
R +

+

+++++: very active, ++++: active, +++: slow, ++: very slow, +:
almost stop

7] 93, F& %= 0.1, 1.0, 10, 100, 1,000 uMei| A
C. elegans®] 5455 Z3T £23& Bto
o, A9l AL £, gAYl B =9,
B E5E A &S e AU 29, A
2] gAelA] Wgow SHARE Uro] Yz}
v]w3ted Table 30 ellct A %=ql 0.1uM
Mz 2t vlaste] aukx] Atolrb ¢lgiAl
Tt TEt webdlel @l A9 =71 AR
sEzen FHisEd 1mMeME AL Ao
A U

o &
T el E HEEA AeEdz AL o

EF 9%l C. elegansel] v]A= 93 F3) =
F9 54 A9 mlzA b ks A sl
stzat shodet

C. elegansol] W8t APLE& 2% A5, ha2F
< 30nke] =5 ekl uhHo) phenolFE A2
gozm FA3 APt LDsoA & 4W 914
2] propylphenole] 2w ]2} propylphenol B.ch
4.59] vk ow, tert-butylphenole] 79 2¥ 2%
7} 71 yigkew] 49 £]% 9] tert-butylphenol o]
7P ¥ LDsoAE vrebdleh 21 $1X19] tert-
butylphenol-2- 3¥ 2)x]of] w]&] 2.2ul, 4 %]}
w3} 4.20) o} 71 2 S4E LeRIE Pheny-
Iphenol®] 739 2-phenylphenol-2 4-phenylphenol
of Bl&f 31.3u] kvl &F44 97)<l nonylphenol

£ g4 107)] 4-dodecylphenol B} 1.2v) ok
=

7E2 3ol 9l 2-propylphenol, 2-tert-butylphe-
nol, 2-phenylphenols €t47) 271842 &4 o]
74aHA Veld e ¥bHEe| 4-dodecylphenol& A £)
g 4-propylphenol, 4-tert-butylphenol, 4-phenylphe-
nol®] 7-¢- gtagrt 2 &8 54 ] 7slA ek
Wt ol ke AAg Fgs) & o, phenolol] Hb-E-
7I7F Bl = fA- el wle), ghadel wel 54
o) TH& ;AT & Atk

Phenol#7 A4 543 w2 e doliiy)
Azl 7227bg<k C. elegans7t & 29 NeE
EAsek HAex 0.1uMe] A$, 2|
Bl&] 7~25% ZrAastgd o FHuewe 1 mMoA
= 95~100% 3FAastgd e}l 2-tert-butylphenol, 4-
phenylphenol, nonylphenol®] 7A-$ Fiszor:=
24312} Qbol] Aphsled shte] e BIEA ok
o 49 $]1x)9] propylphenole] 201 $1¢] propy-
Iphenol =} 17% 7148}9) 1, tert-butylphenol 2]
A4 38 A7} AR dstem 4,28 Aeos
ok} Phenylphenol®] 74-¢- 2-phenylphenol 4-
phenylphenolel] ®]&8] w¢}e}. Nonylphenol2 4-
dodecylphenol ¥t} i)

72 8%l Q)& 2-propylphenol, 2-tert-butylphe-
nol, 2-phenylphenoly €447} H 242 JYr=A]
o] 7}sHAl Yepsdet. 4-propylphenol, 4-tert-butylphe-
nol, 4-phenyiphenol, 4-dodecylphenol®] %% =}
sk Heds S4ol A vehder. o4
A5t phenolFe C. elegans®] AYAle) w)-& 733l
s FE 4 4 A+

EAEH w2y WEE fas An
0.1 uMelM &= HzFel vls)] 2P o] i =5
om LOpMe] 79 gx4le] tha v} gt
& 5 S QA 10, 100uMe] 34 P
5 3 Wit ekl $4UT wolk AAw
Uit LMol A% A2 £3j017 gotet B
£ 0.1uMe] A%, 4 £]# 9] propylphenolo] 2
W $1x)2] propylphenol Bt} &2 o] Al o, tert-
butylphenol®] 7% 31 $1517} 71 alow 2.4
W X420 = It} Phenylphenol®] A% 2-
phenylphenol-2- 4-phenylphenolel] w}s] 222]9)
457} =3 v} Nonylphenol2 4-dodecylphenol 2.
=
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72 $]*]ol] 9l 2-propylphenol, 2-tert-butylphe-
nol, 2-phenylphenols ¥]45:3F £ =2 vehfgiy.
Hlel] 4-propylphenol, 4-tert-butylphenol, 4-pheny-
Iphenol, 4-dodecylphenol®] 73-9- €47} &4
% £ S5} w3k

2 978 59 oz End AAFAHE
AN FERAEA C. elegans®] 7Fsi& #<l3
on, BEA7|A 9 Mzt 22 o] £4 A F
Zpe] ulE oFAl(gene expression pattern)-2 gl

2 5 9l B =70l o) Az} 249

2 2 ¥ e

A 7 #AAY 23 = (expression leve) & g
A& 53 A4 42 3= A78 A 3t
= microarray7]®¥]-& ©]£3} toxicogenomics, |4
biomarkerol] ¥¥ F7}AFE F3), WEu)A Aol
FAEA A 2FE AEHE ML 4 90 A
o2 7lq3.
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