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ABSTRACT

The purpose of the present study was to perform experiments of cytotoxicity using HeLa cell and to evaluate
the possibility that QSAR is applicable to the cytotoxicity of alkylphenols. Higher toxicities were found in four
alkylphenols in the following order: 4-n—Nonylphenol > 4-tert-Octylphenol > 4-n-Octylphenol >4-n-
Heptylphenol. Whereas other alkylphenols were apparently less toxic. By using Percent Hydrophilic Surface

Area (PHSA) quantitative structure~activity relationships (QSARs) models were developed: Cytotoxicity (%) =
90.14089-4.72224 PHSA (R2 =0.2046, o.=0.0265). It is concluded that some of the obtained data are useful to

determine whether QSAR methods can be of general use in predicting that until further work is undertaken to

develop QSARs for a much wider range of homologous series of alkylphenol compounds.
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d7l#| % 35182 2% =24, Nonylphenol ethoxy-
latei= AFd4- AA), HQAE, T A=A 1¥2L A
f AL 2% v Foz AMET EehaE
7|2 2-Octylphenol, 4~Nonylphenol, 4-n-
Octylphenol 5-o] A5 $4] 98 == F7H4,
AbgtabA)A) 2= 4-Propylphenol, 4-sec—Butylphe-
nol, 4-n-Butylphenol, 2-tert-Butylphenol, 3, 4-
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Butylphenol, 4-tert—-Pentylphenol, 4-tert—Octyl
phenole] AF2-E] 31 9Je}(Soto et al., 1991; Krishnam
et al., 1993; Korach et al., 1996). 121} o] Z 4
2 Abgel Bl AZ7EA B8 A R o
o] glA] da F g A} A xF
o) B Y= A2 gl Aok Alkylphenols
ethoxylate2] AjA] X]#2] 80% A =7} Nonylphenol
ethoxylateo] 32 F2 AA| 2 AFE-F Y o]= A
Al ethoxy7]¢} A5AlQl alkyl7]2] BAE o]&
gk A o|d},

I F 479 33HE-2 GEEA BAe B3
Pental| 4] Nonylphenol7}#]2] £z} e|= A
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P ER 57| F(WWF)o] A A3t W Hu|A Aol
A2 4H T IR

1 % B3 pATas JEHd 94,5
47te) WAE 2Ase Fa-BAe) P
A} 2344] (Quantitative Structure Activity Relation-
ships, QSAR) EA MY 2 #3} =& o] 2] Ee]4
= sabd 24e] YPAE mei ARAE
A e o]29 EYA m: FHahx A b
SAAE AT ¢ U A R B 3
2R ofd HAFE Adgslual & o FzHq
Aol gt 54& Aoz o 23le e
2 dx) 9] o)L= gl}(Seydel, 1985).

QSARE: Shs7ze] Ha SHE ehir 24
A (descriptor)9} 31H2e) ] BAG e 27
£ EAA oz md3lsl= upy o)t} (Katritzky er
al., 1995). 2, #ake) W3] e Aoz AEHA
Wyl WSlRE ARE Babe] Famstl
W&k AEA ubg-o) wshatelol A A ql
AL s TAH Aoz QSARY AdA
29 z2IYe Agdle] RdYe A
HAdelEE vlm EA3h QSARe] 4FFE u)
A FHeEAe] EAE A== Bag 274
A, Bl A3 &3, octanol-water partition
coefficient (Kow), AJB%24]4= (bio-concentration
/bioaccumulation factors, BCF/BAF), 3l g]At4=
(Henry’s law constant), A= &2 njAEZEFA
d FAEEAS RS, B33 28 B 52
E 4 UG GRS, 1989). o] &L WA EAzke)
BzAtgolt 7z JAAH Ao, T2 FAL
& T2 A & BRI oEd = A
FoAM ZAe] {7l wel ARAAE AYe 24
2HAL AEsle md g Algozm, AT
B7YelA] oke- thekdt Fzo| tite AL o=
3 & 4 9l

A7) 2] F57-2] Ax5Ade 3 g A
HEo| A=sodon e Y2 A A
34 223 Ee)3EhAel B4 93 54 b
7hiZE o] =¥ ¢ o (Muckter, 2003), in vitro
assayoll Ay @G-8 e) o3 2goke]Eo] A3y
9 U= 9@ 2dEA FRHol ule} gepxick=
A& A5t} (Nendza ef al., 1995). F27}A] =
A B 3 549 #7hiEE QSARZ
AAA = AFEo] Al=Ho] Yot HL-60 AlE
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o A% AwFel SHAYA) B QSARS
F 2% AW 9300) wret AL o) LehA
= }v]Z 3 A (radical formation)?} 4424 (hydro-
phobicity)7} @& AJo} = Aoz ey} (Sela-
ssie er al., 1998). 3179 s=4 33-E9] rat hepa-
tocytesel] W3t MEEAE d--3le] LD (50) Fhol
9T EAEA) FRIAE E23Y0n
(Moridani et al., 2003), thiophenoxy #}c]Zt (radical)
2] A} phenoxy radical®] BHAUHE-& A5} o
o) eeigel MZzAl Bofdhe LS wx
3} (Hansch er al., 2000; Verma ef al., 2003). 13
Aol sisfel FAsE An A5 o
g QSAR-E A3 Az} Absie)7p 2 (oxidation)
# A 4-A (lipophilicity) o) leukemia cell (HL-60)
F2 38313 9l AL A Fslgd o) (Sergediene et
al., 19990). =3+ Q44 Hu72] 7ol QSAR
& olgsid AedH B ARdel 2AR
uncoupling action®] £} w7l )& dX|gcia
uH3iv} (Argese et al., 1999). Eugenol 3}3HE-9] 7%
e HwA B A 44 % FHEAQA qui-
nonemethide®] QIAJAdel] &J3l] AA o] iz &}
R} (Fusisawa et al., 2002).

olo & Q7= AU 3= AE ¢
A 712 $s]A] HeLacell& )83} in vitro A
AT AFE AANEe B o2 AE
SAe nAE Heg doluw 7 AAE uigro
2 47 e xRzl AddAs
siotste] EAlm AL F ofd EseHH <dar}
AZ5AHS Aty =X45 Acst ARRAS
AAEA Pohrih B Telw 1 pamEs
£ o PUsiE AP ABHY 752 Yol
@4 40& olsslA s QSAR AT 54
QAT ANS2A o,

Mz Y

1. A=z ¥ Al

Dimethylsulfoxide (DMSO), & 5 gubd oz A
ell A2-5l 3182252 Sigma Chemical Co. (St.
Louis, MO, USA)ell Al FU&lgd 2 2, 2’-Thiobis
(4-tert—Octylphenol) (97%), 3, 5-Di—tert-Butyl-
phenol (99%), 3-tert-Butylphenot (99%), 2, 6-Di-
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tert—Butyl-phenol (98%), 4-sec—Butylphenol (96%),
4-tert-Butylphenol (99%), 2-sec-Butyl-phenol
(98%), 2 —tert-Butylphenol (99%), 2-(2H-Benzotri-
azol-2-yl)-4, 6-Di-tert—Pentylphenol (98%), 2-
Cyclopentylphenol (95%), 4-Cyclopentylphenol
(95%), 2, 6— Diisopropylphenol (97%), 2-Propyl-
phenol (98%), 4—-Propylphenol (99%), 2-Isopropyl-
phenol (98%), 3-Isopropyl- phenol (97%), 4-1so-
propylphenol (98%), 4-tert-Pentylphenol (99%)5-

¥ 3382 Aldrich Chemical Co. (Milwau-

kee, WI, US.A)dlA FU3}¢ct 4-n—Pentylphe-
nol (99.5%), 4—n— Hexylphenol (99.9%), 4-n-Hep-
tylphenol (99.6%), 4-n—Octylphenol (98.3%), 4-tert
-Octylphenol (97.6%), 4-n—Nonylphenol (99.8%)-2
Wako. Co. (Osaka, Japan)o| Al F-3ke] Al&-shed
o}

2. 3FEA Ax

24782 LM% F3HEE Dimethyl-sulfoxide
(DMSO)$} &9] 5:5(v/v) B]&8] 2 5o =%
ZEA0M)E HE F o]F B o4l 3
A 7 107°M9] sx2 zA sl APl

3. MEx

A ZFE ATCC#: CCL 231 A7 1A 259
HeLa cell-& ©]£-3}93t}. Hela cell-2- 15 mM HEPES
s} 5% FBSeo] #7}5 RPMI 1640(gibco BRL) ¥} %]
E 718le] 5% CO,, 37°C wief7]ellA Aoz
Al oFatsict.

4. NESYAE

MzEA 2132 CytoTox 96 Non-Radioactive
Cytotoxicity Assay kit G170 (Promega Corp., Madi-
son, WL, US.A)S 2L8slelom M EEA e <3
A= =} Al BFE5= lactate dehydrogenase (LDH)
S 96 microwell plate Abl| &E-HH o=z 7 &3]
$)3 15 mM HEPES (N-2-hydroxyethyl -piperazine
—-N’-2-ethanesulfonic acid)2} 5% FBS (fetal bovine
serum gibco BRL, Grand Island, NY, USA)o] 7}
¥ RPMI 1640 (Gibco BRL) vj x| & A}£-3}e] kit2]
Alduliel] wel Agslee} 96 microwell plates]

7+ wells A28kl (107 cel/m)-& 90ulA 7131
o B33 ¥ A" BAdE HFE107°ME
1018 M7}8kar 5% CO, 71 & ARt 37°C
oA 4x 7t wiekatadet. 7 cell®] LDH
ek 24 dz2dols wiok 3R 158 A &
kit®] lysis8- 10ulE Hrletx vhs- SaF 7
Al8E-¢& Eppendorf tubesl] 473k 250 x goll A
S5E7F 94 B F A2 508E 96 microw-
ell platee]] &7 ¥hg-ol| ARE-3}dc). Kite) 50ul ¥k
714 £9¢ £ F Ty 3Y= Yo
g apdslar 308 FoF A2olA WkEAIZ 50
pl pH 2.3 Whg- AAAo = & FoAl7|
ELISA reader& AR4-3}le] 490 nmolA FA=E &
Aslar e FRE e 84 dxde
2 3l NEEALE ZAsS

5. 4 A2

2 o319 =8 SAS (statistical analysis sys-
tem) package (ver 8.01)2 o] &3}l APA7}9)
BH 2EUAE ALESAT. G2 s 33HE
Hg Mz5A AF Ade} 20009 A 2HAE

7}o] Ab#IAAl S Pearson’s correlation coefficient 2

Table 1. Molecular descriptors and their abbreviation

B2} # 3 2} (molecular descriptor) oko]
1. Molecular weight MwW
2. Density D
3. Surface area SA
4. Molar volume MV
5. Water solubility WS
6. Hydrogen bond acceptor HBA
7. Hydrogen bond donor HBD
8. Percent polar surface area PPSA
9. Enthalpy of formation EF
10. Gibbs energy of formation GE
11. Hydrogen bond number HBN
12. Highest occupied molecular orbital energy HOMO
13. Lowest unoccupied molecular orbital energy LUMO
14. Dipole moments DM
15. Valence connectivity index 4 vC
16. Molar vaporization energy MVE
17. Molar refractivity MR
18. Van der waal’s volume VDWV
19. Log P LogP
20. Percent hydrophilic surface area PHSA
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Cytotoxicity test
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Fig. 1. Results of cytotoxicity test of alkylphenols (APs): 1. 2~Propylphenol 2. 4—-Propylphenol 3. 2-Isopropylphenol 4. 3-
Isopropylphenol 5. 4-Isopropylphenol 6. 2,6-Diisopropylphenol 7. 2-sec -Butylphenol 8. 4—sec—Butylphenol 9. 2-
tert-Butylphenol 10. 3-tert-Butylphenol 11. 4-tert-Butylphenol 12. 2, 6-Di-tert-Butylphenol 13. 3, 5-Di—tert—
Butylphenol 14. 2-Cyclopentylphenol 15. 4~Cyclopeatylphenol 16. 4-n-Pentylphenol 17. 4~tert—Pentylphenol 18.
2-(2H-Benzotriazol-2~yl)-4, 6-Di-tert-Pentylphenol 19. 4-n-Hexylphenol 20. 4-n—Heptylphenol 21. 4-n-
Octylphenol 22. .4~tert-Octylphenol 23. 2, 2’~Thiobis (4 ~tert—Octylphenol) 24. 4-n-Nonylphenol.

Hmston, o8 =z A1 ARAAT ¥
HEE Az FAA o2 FH8EA (stepw1se
multiple regression analysis)© 2 Z-A]-& -,,-56]-931
3 ARRRA BN SAEN-E 2F p<0.05 £F
A A, BAAM 3} Table 12 & °5:1L°ﬂ
A b RAEAAS] Bt

2zt o nE

el sl Higel AFAYL HAzF
HeLa cellsl] d3le] el MZ5AS 5337
$8led CytoTox 96 Non-Radioactive Cyto-toxicity
Assay kit G170 (Promega Corp., Madison, WI. U.S.A)
& Ahgstel o gl A o MxsAde gt
< 73kt
Cytotoxicity (%) = [(A ¥+ -S4 =)/

(LDH v wrxg2A 27
— e 22)] % 100

MZzEA A A= Figure 194 HodF=
s}e} zrl Hela cellel] 247119 49315188
107°MEe2 23l 50% o|Ae] Az o

Ag Jebd AsiE 3982 4-n-Heptylphe-

nol, 4~-n—Octylphenol, 4-tert-Octylphenol, 4-n-
Nonylphenol -0} MBEA oz Alvwd, 4-n-
Nonylphenol 98.13+1.18%, 4—tert—Octylphenol
95.17+2.15%, 4-n-Octyl phenol 80.75+0.41%,
4-n-Heptylphenol 61.80+2.88%2] A EAA A
£& vehlglt). o] & 4-n-Nonylphenol¢] HeLa
cellel] ¥t MlzEAJo) /1A =A Jebd T 4-tert
—-Octylphenol, 4-n-Octylphenol, 4-n-Heptylphe-
nol®] $o2 A el ¥bHe| 4-n-Hexyl-
phenol, 2, 2’~Thiobis (4-tert—Octylphenol), 4-tert—
Pentylphenol, 4-n-Pentylphenol 2 20% o]3}2]
e M xxA-e vehyth 4-n-Nonylphenol, 4-
= 4
HE HHERT & x5S BT o ¥
e312]9] para- Aol ®RAGT) 8~ 97H°1 &7
7F € w5 54E veiE RS ¢ 4 A
ok F, 479 2] MRS E B2 BAS
vebd-g oujic. o] &2 U Eu|A A EA=
d2]x gl 4-Octylphenol Fo| A= tertiary- -
#4l 4-tert-Octylphenol¢] normal- 3¢l 4-n-
Octylphenol® o} 2 MEEAHL BYH. =, ter-
tiary alkyl chaine] normal alkyl chain®c} %2 =
e Ytk AL on|shd. 53 5(2000)
9] &y HEEL] A=A A Y3t




December 2003 Kim and Kim : ¢+Z9| 3= 31§12 2] HeLa cell (HL-60)2] M| £ =A)o) o3t QSAR G

A, F2-84 AR8A =4 2 A4 AHHD
Zrx 2 v @3] Y8 invitro A 9 invivo A
A Ay BAFE-o] FANEER] 17B-stra-
diol # H-AFst AdFS elfv] 4-Pentylphenol,
Nonylphenol, 4-Phenylphenol, 4~tert-Octylphenol
Tol AERAALE JHA e A& s
Aot F, ARV &dafTt FARSF o
EzAe) B o] FolAle AE vehlict

4 £

B oo Hela cell# CCL 2E |43} 24
Mol dAslE 33HEe dall A E5A (invitro) A
& AAFEY. 2 Aol A= 4-n-Nonyl-
phenol &} A FA 0] 7P FA vepgy 1 v
o] 4-tert-Octylphenol, 4-n-Octylphenol, 4-n-
Heptylphenol®d] «o2 =4 veptoen E3] n-
Octyl X|387] B tert-Octyl X377} EAIS
o 3A Yepi o|= ph(O-H)2] homolytic
bond dissociation energy®] %3}ol] ujejr] M EE
A8 @77} v Ees AR dXEa o
(Fusisawa et al., 2002). 2 A= &=217]7} 3}
oz obA3 Fz<l paragiH e 9l&
E4& vellie A o 5 dslen ol 9F
719] aFAdel F7HERE ¥ A4S vERE
ojm) gt F el 2] hepatocyted o] 43 H=F
o] 5A& Al§3le] QSTRZ ¥Ag A+ oo #
Aske F2elak= Z§4 (lipophilicity)sh ol-23}
(ionization) ojm A EZEA]o] wl Moz Zr}3tyd
o} (Moridani et al., 2003). o] 59 9+ A )35}
W t-butylphenol®] ol AEe] AEHHe Zrhe
3-t-butylphenol < 4-t-butylphenol < 2 -t—butylphe-
note] A2 veht 22 oA ety stejeis
ortho- ¥ para- Y B} meta—- Yol LA &
T e 3EEel MEEA o Z Aoz
AU

Mol Hiteel Az AY A5 A
3 BAE AR} vjm3le] ol F od <z}
AzHRe dosled T2 Az et
g spelsede ALSH AP Ansl Boshey
Q BAse) Ay 24 AE e oE W
2o} 2 A3AdE vebls ¥4 Percent polar
surface area (PPSA), Density (D), Surface area (SA),

L0
3 A
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Table 2. Pearson,s correlation coefficients between cytotox-
icity test and molecular descriptors (n = 24)

Cytotoxicity(%)

No. Molgcular
Descriptors Coeffient p value
X1 MW 0.0415 0.8473
X2 D -0.3127 0.1368
X3 SA 0.1458 0.4966
X4 MV 0.1256 0.5587
X5 WS -0.2462 0.2461
X6 HBA -0.1603 0.4543
X7 HBD -0.1362 0.5258
X8 PPSA ~-0.4435 0.0300
X9 EF -0.1534 0.4742
X10 GE 0.1701 0.4267
X11 HBN -0.2591 0.2215
X12 HOMO -0.1510 0.4812
X13 LUMO 0.0688 0.7495
X14 DM -0.2733 0.1962
X15 vC 0.0571 0.7910
X16 MVE 0.0017 0.9937
X17 MR 0.0598 0.7815
X18 VDWYV 0.1703 0.4263
X19 LOGP 0.1055 0.6236
X20 PHSA -0.4524 0.0265

Molar volume (MV), Enthalpy of formation (EF),
Van der waal’s volume (VDWYV), LogP, Volume
(VOL) o] A##AAZ el on, 53] Percent
polar surface area’= & 7} SA Al3)e] Az}l
AR ¥ WAL Hth(Table 2).
Axz5rd Ao AAS wigoz doj Al
A 4= (Pearson’s correlation coefficient)y3 ®FAl3}
A4t $24E 0=0.0504 §28HA Yep=
W E-2 Percent Polar Surface Area (PPSA)$} Per-
cent Hydrophilic Surface Area (PHSA)o|glom] &
o) Weko s §2)8hA vekdeh PPSAS] ZAgole
pel Zkel 0.03004=FollA —0.4435 ()] AtaA 4
9] & 7HAH, PHSACIM= 247 y=—0.4524 (p
=0.0265)2 MEZAFH FRAE Relxn Sl
(Table 2). Ml2=4 A9 AHAE 7M1 §94
F 0=0.054 AT 5 e WSS Adde)
A ©AA e}33)9 24 (stepwise multiple regres-
sion analysis) & 583} o290 2] (1)& AU}

Cytotoxicity = 90.14089—4.72224 PHSA
(R*=0.2046, 0,=0.0265) o))
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o] A (1)& A EZZFAF} Percent Hydrophilic
Surface Area (PHSA)o] -9 A#AAAZ 7}A =
A& BAF3 Qv F, A X542 PHSAVL $7}
sk wwlddes ks AT veen
AR A Fol 0204602 Aol vl yioh
£ A % 4 Ak ol Yols) AWAE 3]
o] A 2 u|Eo|del WHulLd it ==z}
0|2 = (pyrocatechol)# hydroquione 2] °33;}°ﬂ
Y3t HFo|A = bnezonic nucleus®] F HA A}
7 2% =09 937} shde) S e
uHe Az fAREA hebste (Taysse ef al,
1995). 28y} EA=R A 254 Ake]oll &=
AAS7) 020522 AL B o] o
3 AE 4 4 U=

AEgA oz 2 AYolr o Helacelld] g
EAABA M AR vie) Fro] ]9 whA
47} ¥ 4-n-Nonyl-phenol 9] AE5A ] 7|3
A Jepgds 1 ohgol| 4-tert-Octylphenol, 4-
n-Octylphenol, 4-n-Heptylphenol®] o=z =A
veld e n-Octyl X]87] Beh= tert-Octyl X3¢
A7t 54€ © 2A veilch 22717k shete
2 AT F=29] paraf Aol 9l& o 2> S4E
dehie AE @ 4 dglen] ol s &
4ol BT ¥e 54E JeE T
G w3 AYAAE o8] 24 YAl
T QSAR 24 & st et AgA) o
T w4 maA ARl e Wl Aol
Gx w9 PHAe FET 47 U 2ot
a2 w38z} Fox= E3] Percent polar surface
areats il 74 S4 AW ARG wE AR
< ngen o dE A o3 B (step-
wise multiple regression analysis)2 AlA]8le] =24l
WA FoEch geb g Bded nad
homolytic dissociation energy, radical formation =-
2 ionization®] BEAEHAIEe| TR A ok H
Az AEE sl A3 o] A 2ek 99 371
A BAZAAE Y AN 2E EARZHAE QSARS
AL 7 A7t 2edldn Atadu

E2] el AT QSAR.

Z)AZ= Benzenesulfonyl -§- =45
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