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ABSTRACT : 4-tert-octylphenol (OP) is a surfactant additive widely used in the manufacture of a variety of
detergents and plastic products. Also, OP is known to have estrogenic activity by interacting with development
and functions of endocrine system. This study was carried out to obtain toxicokinetic parameters of OP in male
Sprague-Dawley rats. Male rats were administered OP, by either single oral (gavage) applications of 50, 100 or
200 mg/kg body weight. or a single intravenous injections of 1, 5 or 10 mg/kg body weight. Blood samples taken
at several time intervals after administration were obtained from the femoral artery. Analysis of blood samples
for OP was performed by gas chromatography mass spectrometry (GC/MS). The detection limit of OP was 1.9
ng/ml at SIM (selected ion monitoring) mode of GC/MS. Calibration curve for analysis of the concentrations of
OP in plasma was (OP/butylphenol peak area ratio) = 0.0294 x (plasma conc.) + 0.028 (> = 0.9991). The OP
plasma concentration was 3921 ng/ml immediately after single intravenous application, decreased rapidly within
45 min, and was detectable at low concentration up to 6 hr after application. When administered orally in rats
(50, 100 and 200 mg/kg), OP was detected in the blood early after gavage administration, indicating the rapid
initial uptake from gastrointestinal tract, with Tmax obtained from 0.67~0.83 hr. Using the AUC (area under the
curve) of plasma concentration vs. time, low oral bioavailabilities of 1.2, 5.0 and 5.3% were calculated for the 50,
100 and 200 mg/kg groups, respectively.
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2 SAEAL] W 7| AAH o= el gl A
el Azt A72] F8AJ o] A EAL glek. WA Aol
AL A Frd F AW 24 o g Fo F3] &
L FEE BEE AL Ve EE Ealet AJA] AR
Axe A 9w B4 wpgel g]lo] HAls] a7H1
l=kClark et al., 1992; Certa et al, 1996; Ferguson et
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OPS} tert butyl methyletheMTBE 98%)= Aldrich (USA)
oA FUd.em,  4-tert-Butylphenol(BP)->  Supelco
(USA)l A, Na,SO,%} propylene glycol= Wako(Japan),
heparin sodium 4] 2H(Korea)ol| A F-3]3te] Al31512
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A wlo]] F}el| Bl (Polyethylene tube 50, Becton Dickinson,
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Aefo] -8 Zbz} m/z 1359} 1500]1%ie)
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35T FA8 HHAUC), FX4EH (Vy), Felozx
Q) % X EFFE C), X FFFE =T
Trao) 2 AT SAelElES 73154
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8% A2 & OP| chromatogram

OPF79 GCMS ¥4 chromatograme Fig. 13} %
o} 0Py EA2 GC/MS9 SIM modeZ o]£3l9om,
Ado] o2 WHRFEAQ BP: mz 1359 150, OP:

m/z 135014ch WFE-EFEA] BPe Adele F m/z
150°] m/z 135%] 20%c]4o] E o AHFEAME A EIHH.
Fig. 1Ad] Ko|& chromatogram® 6539 A4 A A
=o|A A3 FA 200 el OP 32.5ng7 HR-FEFEA
BP 50ngS spikingdt A#}o|w, Fig. 1BE= 7= OPE
Fo43k oS AF N A Alelo} B A Az
Aol wet AL GOMSE FAE Az i g A7
(Retention timey WH-EF-E3] BPe] 4.75%¢]31L OP
< 8.40%-0|3]¢t.

HOE=0] Al MILHSEN

OP2] BAd)] o]8¥ ZHFTAL Fig. 29 2om A3
AAL y=0.0294x +0.028, AFHA = 0.99910]% )
=3k OP B4 & 93t GoMSe] #4731 EE SIM model]
A 83 200w o143 Wl 1.9 ng/mie] i+

24 SD Y=o HMOF |, 5 10mgkes F& F
AgA Yol ufe} AL AF3sld A Ope $=5F ¥
A sk el RSl OPE AW F3
F Aozl FAREEA 7S 2-compartment modelE A F]
Ach(Fig. 3 % Table 1).

1 mghkg 7o ¥ 7 OP v=5 543 Ao: Fg- 3
3} 7o} Fod AF H F OPY FT: 45124227 ng/ml
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y = 0.0294x + 0.028 (r* = 0.9991)
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“Abundance 716200000300 Plasma OP Concentration (ng/mL)
::::: B Fig. 2. A representative standard curve used in the analysis of
33000 octylphenol (OP) in plasma. BP = p-tert-butylphenol.
30000 s 80
25000
20000 Table 1. Toxicokinetic parameters of octylphenol after i.v.
Jhtond injection of 1, 5 and 10 mg/kg doses in SD rats (mean+S.D.)
002 J e . N Parameter 1 mg/kg 5 mg/kg 10 mg/kg
[Time-—~4.244464685052545685880826460688707.2747078806284886838 Body Welght (g) 250: 14 250i 12 246: 17
Fig. 1. Typical mass chromatograms of octylphenol and AUC (ng-hr/ml) 382.8+48.7 1041.5+73.8 2129.1x193.2
butylphenol with the ions m/z 135 and 150 obtained from Tins Az (hr) 0.87x0.02 097+£0.02 1 21%0.19
the GC/MS analysis of blood samples from male SD rats. Cl (L/r/kg) 2.6+0.3 5.2x0.1 47+04
A). Blood from untreated rats spiked with 32.5 ng OP and AUMC (ng-hrZ/ml) 435.1+69.1 1228.5+73.3 3390.0+877.6
50 ng BP to 200 pl of blood. B). Blood from rats MRT (hr) 1.1x0.0 1.1+0.0 1.6+0.3
treated with 200 mg/kg of OP by a gavage. Vs (Lkg) 2.9+£03 4.9+0.5 74+1.1
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Fig. 3. Average plasma p-tert-octylphenol (OP) concentration
vs. time curves obtained after iv. injection of 1, 5 and 10
mg/kg doses in male SD rats.
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Fig. 4. Relationship between i.v. doses of octylphenol and
AUC.

o)X, Fol F 2] =7t el e OP FE:
F43] 7aste A7l AEENT. =8 AUCE
382.8+48.7 ng/ml-hr, V&= 29103 Lo)3le, Ck- 2.6+
0.3 L/re] e}

5mgkgd Foigt F 87 OP 5= SHZHIE= Fig. 3%
Z}h oPY Fo AF HuFEEE ehd o|F 458
olWoll FA3| FHasled 6A17F Woll:= oF 23 ng/miE AF
Hglct AW ek see|el AUCGE 1041.7+73.8 ng/
ml - br, V&= 4.94£05L0]5-2H, Ck- 5.2+0.1 Lhrel et

Fig. 32 10 mgkgS AYUZ T3t F 4 OP T=
2 233} Aol 5 mgkgd FAT 3 FABH Fo
HF HTYFEE| o] T T F 455 ool FH
3] 7rasted 617 W7kA] 100 ng/mle] H =2 AEE .
AWEeNEA FehrEl AUCE 2129.1+£193.2 ng/ml - hr,
V.= 74+ 11101900, Ck& 47404 L/ro) 3T}
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Fig. 5. Average plasma octylphenol concentration vs. time
curves obtained after oral administration of 50, 100 and 200
mg/kg doses in male SD rats.

=5 AYUE FAgt FoM AUCE Fo-435 Bt
o F7bste AgE e H(Fig 4) T 087~
1.21 A7kl 3t

A7E0] Al HLHSEY

$4 SD AEe) 50, 100, 200 mgkgs ATFH F Al
2 s sl B OP w254 % AW T
& delu|els AES ZI= Fig 5 9 Table 20 Y&t
Wit

50 mgkge ATE F3 F 4 oP ¥=F FAHT
Az 124174 ool HFHIYFFE (Cow)e 423188
ng/mie] QT 4~6A17F o]l ¢ 5~7 ng/mlZ A=
2479 < 1ng/mlel HEFAHFig. 5, Table 2).
AW EeiEHy gleinlelql AUCE 119.5+51.4ng/ml - hr,
T 0.67£0.1 hro] g1},

100 mg/kgd 772 F43 F ¥4 OP =8 343
A} 1A7E ool HT HIHFFE (Con)e 1347%
249 ng/mle|$3L 2A1ZF W7HA] °F 100 ng/miel HEH%A

Table 2. Toxicokinetic parameters of octylphenol obtained after
oral administration of 50, 100 and 200 mg/kg doses in SD rats
(meanxS.D.)

Parameter 50 mg/kg 100 mg/kg 200 mg/kg
Body weight (g) 275+11 257+15 250+17
Tmax (hr) 0.67+0.1 0.83+0.1 0.75+0.1
Cnax (ng/ml) 42.3+8.8 134.7£249  307.4+24.6
Tip, Az (hr) 73+23 7.7+0.7 12.2+7.1
AUC (ng-hr/ml) 119.5£51.4  1036.2+89.6 2217.9+969.9
MRT (hr) 10.5+3.5 11.6+1.0 18.5+10.7
Bioavailability (%) 1.1x£0.5 5.0+04 5323
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o 24X A= ¢ 10 ngmlE ZHEEH < oHFg 5,
Table 2). AW SEfEH slefrlel] AUCE 1036.2+89.6
ng/ml - hr, Tpas 0.83%0.1 hro] Tt

200 mgkeS 772 T3 F ¥ OP =5 AT
Az} A 7F ool BT THFETE (Cop)s 30741246
ng/mle]$ 3L 3AIZHRI7ER] oF 100 ng/mlZ HEE 2™ 24
AZWAA] oF 40 ngmlE FEFIcHFig. 5, Table 2). =
3} APFdZolA A OP FEE AIZHPEE Ao o}
g} 2 zlol& vEplde AW SEEH FelelE]el AUC
+ 2217.94969.9 ng/ml - hr, Tmax: 0.7510.1 hro] it

5 mgkgE AN FJ79) AUCE A= 50, 100,
200 mgkgs ATFAT 7o AAEES 47 1.2, 5.0,
5.3% °1%ict.

jt
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GC/MS®] SIM modeE- o|-83le] FA3}131 0w, ojuf A
o]2-2 OP= m/z 135, BPE m/z 1358 1502 31
o} Tsuda er al. (19992 Ei7|8] 53 EAM m/z
1359} 1078 AdHo] 202 3l OPE FA3HE dl, &
AgollM A =e] AR E A A OPY ZEAIZ ] m/z
107¢] 4322 peak’} EdEE A7} 9o, mz
1359k Aekst A3 m/z 1359 1078 A PSS of 2
zpo] o] YehdA] ool m/z 1359HS Agol202 3o
RS AAlslH,

OP2] AWFe] F AL AH3ld OP F=& EAT
A} 1, 5, 10 mgkg FoIZelA AUCE 382.8~2129.1
ng * hi/mlE §57} S71855 AUCE vlsle Sv18h
e VeIl e (Fig. 4), A4l S8]el3iae 26~52L/
he, AV W71 0.9~1.2 heelgich. o= OP2) A7}
SR m= AYEEES epE o2 Alasn
=3} Certa ef al. (1996)% 34 Whister FAE=el] OP 5
mgkgs AU FARBK dFss WRPIE RS A3
310828 vjepi9lew, Upmeier et al. (1999)2 2 DA/
Han ratl] OP 5 mgkgs ANFAF 1S o 36.147H
HFE S w7 S vepligict. B 74l v A EF
% W77 o] EX e wiEA bl A& AL 589
A} F FExlel7} g Agle] € 4 slle]E AlmdT

OP 50 mg/kg, 100 mgkg, 200 mgkg AT A
I ¥FEEE 423 ngml, 1347 ng/ml 2 3074 ng/ml
22X S vlEEled Folsle AHAE vepisid ol
Certa et al. (1996)2] ZA}e} FAKEEY. 2™ Upmeier et al.
(1999)2] A=}Hoh= 3~4.54] 9ot

50, 100 % 200 mgkgs] 377! ¥ 5 mgkgs A

CHEN - 2 SR AT P

WEE F2] AUC BlEol] T 5le] AjAA o] 455 At
23 Az 27} 12, 50, 53%E ¥l e A ol4-E
yehligdel. o] Certa er al. (1996)2) B¢} uvjws) B
UE W 50 mgkg FoAAME B (2%) 200
mg/kgs FoAt 7] 10%E) Wsich, ol=igt Aol $1¢]
A =(Certa et al., 1996)8] AF)A] AeEE Fo3F
o TeEE T oM Fo F ¥F OP9 =0t
Aol wet 2 zbolE ehliglela Busided], & AT
A AT F IF OPY T5F 5T A7 /A
w2} Agk zpeolg el ]9 f1’le® zbey

OP:= 77594 $Re 2 e A& FeEd,
A 231 EHE AR dFel] 2 AAe]8-8-& viehi
(Certa et al, 1996). T3t 7R ZujofollA] 97%0]AF] OP
7} alkyl chain®]v} aromatic ringell 7}Esi7} deojufar,
oA o]E2] HALAle] glucuronide E3te] Uofi} estrogen
FgAle] d3t FE A "ol Eud vt U
(Muller et al, 1998; Pederson and Hill, 2000).

OP:= A gol|A 7hel £Jgh wh dfALZ Q3] AW =
o] dojuix] AARE, g Eel| A TellA phase 7T
3} phase T(glucuronide E3h) 2] )53} Aol 23}
2. Q18] fatov} liver, kidneys} e FzA| o= xe] o
o doly B =S gJek(Certa et al, 1996; Katsuda et al,
2000; Ferreira-Leach and Hill, 2001).

=3F OP WA S-S rat liverell A male-specific cytochrom
P450 isoform®] catalytic activity$} protein levels H3}A]
71 (Hanioka et al, 2000), estrogen s~8-4]¢} 23 ZAgs}
o] estrogen responsive genes EHAI3}A|ZITH(White e al,
1994; Routledge er al., 1997). &}, OPY glucuronide
X234 = B-glucuronidases] & 3|A ©FA]  free-catechol
metaboliteZ WA 224 estrogen T84 242 vepitt
(Garner, 1999; Pederson and Hill, 2000).

oM e 85 F WEalA Aol ko] 1ugl
£ 278 =g FAsE dokBlackbum &
Waldock, 1995). o]&= A}Zte] #A2] OPE AFH gl 3t
o Al M FE3] AA"R R S 3ok =3k AL
g3t Ho)X OPY AWFeNsh: & lo)7} glokal gt
(Certa et al., 1996). TF 60ked] AEL 7IAT 9= A
o] 5% AA|o]-EZ 218 =5 AFgHE AW &3
432 % 1.5 ngml} ARt obebA] AR 7HEeE oF 1S
ng/m} - G 2LE AHES d AW SH o
ot}x] ¢k =t} ©F OPE estrogen 870 23422 =}
LT B UET gIck(Nagel, 1997; 1999; Lutz & Kloas,
1999). OP7} estrogen &3¢}l A35E estrogeno|vt
bisphenol AET}E= X2 (Nagel, 1997; 1999; Lutz &
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Kloas, 1999) estrogen $~8#19} Z3tale] estrogen oF 2
45 Jepdvlar slgict webA estrogen F 245 =5}
7] 9814 OP7} estrogen 8412} Ag5ol 3t A=
OP= W En A BA R F-E=o] glo] nlahe 2w WjRu]A|
off & g8g v 5= o7l Wil AR 74 A 23
229] o|gjol wigt AF7} ¢S H et Alado.
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