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, 1.25 2.5 5.0 10.0 20.0
40.0pg/ml ,
1 BB, 1.0ml
1.1
(Ctenopharyngodon idellus) 1.3 ,
, (Y) , (X)
: BYK-C12-01 , (r)
M199 , 1.25 5.0 20.0pg/ml (QQ), 1.3
28°C 2% CO, , 5
DEP DBP BBP DEHP ( 99%
), - ° 15 LC-MS/MS
¢ 9% ) 13, DEP DBP BBP DEHP
(SIGMA ); il
(BB), SIGMA HPLC ,30C  120min oml
, 1.0ml , )
1.2 17000¢/min 3min, 10ul LC-MS/MS
6890 :
(FID), HP-5 (0.25um, 30mx
0.25mm), , 2
, 40ml/min; ,
) _ T 2.1 PAEs GC
1ul 580C 1rn|n, 30°C/min GC  LC-MS/MS
2357, 15min, 4°C/min 2907C,
_ , DEP DBP BBP DEHP ,
1min, 280°C, 300°C
LC-MS/MS Waters ACQuity UPLC
, Thermal LCQ , ESI , '
-0.2% , 0.2ml/min, ,
0—8min, 10%—40%); 8—9min, 40%— ’ ’

50%; 9—15min,
80%; 19—20min,

50%—80%; 15—19min,
80%—10%,

254nm, 30C, ACQuity UPLC BEH-
C18 (2.1x50mm, 1.7um), 10L/min,
2L/min, 320°C
1.3
DEP DBP BBP DEHP
1ml
, 20ug/ml, 30°C :
0 5 30 120min , 6ml
: 2min, 6000r/min
8min, , 0.4ml
, 17000r/min 3min 1l
GC
1.4 GC
DEP DBP BBP DEHP

DEP DBP BBP DEHP
BB
2.2
. 1.25—40.0
no/g  pg/ml : ( 1),
(r>0.99)
1.25 5.0 20.0
ug/ml , DEP DBP BBP DEHP
85%
10%,
(DEP 2)
2.3 PAEs
DEP DBP BBP
DEHP

( 3), DEP DBP
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% 1 DEP. DBP. BBP X DEHP ik A iE RHHX R
Tab.1 Regression equation and correlation coefficients of DEP, DBP, BBP and DEHP
DEP DBP BBP DEHP
Y = 0.0444X + 0.0094 Y = 0.0548X + 0.058 Y =0.0692X 0.0026 Y =0.0749X + 0.0372
r=0.9998 r =0.9996 r=0.9997 r=0.9991
Y =0.0447X + 0.0021 Y = 0.0516X + 0.0435 Y =0.0642X + 0.0064 Y =0.0704X + 0.0234
r=0.9996 r=0.9996 r=0.9999 r=0.9999
Y =0.0446X + 0.0288 Y =0.054X + 0.0466 Y =0.0674X + 0.0506 Y =0.0744X + 0.0991
r=0.9998 r=0.9991 r =0.9993 r=0.9991
Y =0.0435X 0.0166 Y =0.0796X 0.0317 Y =0.0834X 0.0172 Y =0.1100X + 0.0258
r =0.9995 r =0.9999 r =0.9999 r=0.9999
2 AEHLAGH DEP MKRRMTZAH BBP DEHP ,
Tab.2 Recovery and Precision of DEP in different tissues
, , PAEs
%
) (%) , ,
(mg/L)
1.25 85.41+8.29 6.82 9.71 '
DEP DBP 1(A B)
5.0 89.86+7.05 5.88 7.85
20.0 90.36+6.27 6.94 7.86 2.4 PAEs
1.25 85.24+7.85 8.71 9.21 DEP DBP BBP DEHP
5.0 91.13+9.01 6.28 9.89
20.0 93.63+7.72 3.28 8.25 , (0, 5, 30, 120min)
1.25 85.15+7.31 6.54 8.58 , . DEP DBP BBP DEHP
5.0 90.78+8.16 5.64 8.99 ,
20.0 92.3246.29 4.23 6.81
1.25 88.61+8.43 7.38 9.51 DEP DBP BBP
5.0 90.82+8.21 5.26 9.04 DEHP M1 M2 M3 M4
20.0 94.33+6.28 452 6.65
193 221 255 277, DEP DBP
£3 TREPIEHEBELD PAEs XU EYIRE(ug/g  pg/ml)
Tab.3 PAEs concentrations of tissue within different intervals (ug/g or ug/ml)
(min) DEP DBP BBP DEHP
0 20.12+2.21 19.98+2.39 19.87+1.89 20.15£1.97
5 19.67+1.75 6.35+0.83 6.48+0.62 19.22+1.63
30 4.54+0.44 ND ND 10.15+1.12
120 ND ND ND 3.34+0.33
0 20.17+1.19 19.01+2.09 19.28+2.12 20.19+2.16
5 19.47+£1.21 15.57+£1.53 18.06£1.79 18.54+1.36
30 12.72+0.88 6.64+0.59 10.65+1.04 13.01+£0.94
120 3.71+0.22 3.23+0.32 4.59+0.41 10.63+0.89
0 19.63+£1.83 20.34+£1.97 19.62+1.86 20.33+£1.98
5 13.34+1.27 6.41+0.62 10.84£1.19 15.57+£1.56
30 7.97£0.73 3.25+0.29 6.03+0.42 9.12+0.89
120 1.73+0.021 ND 2.18+0.21 3.85+0.33
0 19.98+2.19 20.22+2.43 20.09+2.61 20.05+£2.13
5 18.45+2.39 19.23+1.91 20.17+£1.98 19.36+1.82
30 18.56+1.84 18.49+1.87 19.65+1.75 20.16+1.64
120 18.48+1.77 18.67+1.76 19.76+2.01 19.68+2.04

:ND
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Fig.1 Metabolism of DEP (A) and DBP (B) in different tissues
BBP DEHP 29 57 57 113 ’
( )s7C )57( ) 113( , LC-MS/MS ,
- ) m/z
, PAEs
44,
, P450
- ( 4)!
PAEs
M1 , M2 )
M3 . M4 - -
, PAEs DBP
M1 M2 M3 M4
(mBP) ,
LC-MS/MS ,
(Wang et al,
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Tab.4 Mass spectra data of metabolites in ESI source of nega- PAEs ,
tive ion mode PAES ’
(min) ( , 2007),
M1 8.26 193 149, 121 , “ 77
M2 11.42 221 149, 177,193 PAEs
M3 11.74 255 183, 211 ,
M4 15.28 277 134,233 . PAEs
, DEP DBP BBP DEHP PAES
, PAES , DEP DBP BBP
P450 : DEHP
, PAEs PAES
' PAEs
3
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GC GC-MS  LC-MS PAEs ' Fo EFE. WM. Wabdn. WA T FR FH B,

, HPLC

EEAL.



: PAEs (Ctenopharyngodon idellus) 553

28(3): 627—632

603

137—141

676

(DEHP)
3(2): 144—148

336

17
1706

, 2007. HPLC/MSn

, 2008.
, 39(6): 599—
, 2011. (DEP)
, 42(1):
, 2010.
, 30(5): 671—
, 2008.
DNA . ,
, 2008.
. , 37(3): 278—280
, 2008. (DBP)
} , 3(1): 88—95
, 2006.
, 37(4): 309—315
, 2006.
. 26(3): 333—
, 2008.
, 36(12): 1702—
, 2011. (DMP)

. , 31(1): 77—80

Chen W L, Sung H H, 2005. The toxic effect of phthalate esters
on immune responses of giant freshwater prawn (Macro-
brachium rosenbergii) via oral treatment. Aquactic Toxicol-
ogy, 74: 160—171

Hiroyuki Toda, Kaori Sako, Yuki Yagome et al, 2004. Simulta-
neous determination of phosphate esters and phthalate esters
in clean room air and indoor air by gas chromatography-
mass spectrometry. Analytica Chimica Acta, 519: 213—218

Katerina Holadova, Gabriela Prokuphova, Jana Hajslova et al,
2007. Headspace solid-phase microextraction of phthalic
acid esters from vegetable oil employing solvent based ma-
trix modification. Analytica Chimica Acta, 582: 24—33

Makoto E, Emiko M, Kunio K, 2000. Effects of dibutyl phthalate
on reproductive function in pregnant and pseudopregnant
rats. Reproductive Toxicology, 14(1): 13—19

Veronica S, Carmen C, Carmen A et al, 2004. Effect of oral in-
take of dibutyl phthalate on reproductive parameters of Long
Evans rats and pre-pubertal development of their offspring.
Toxicology, 205(1—2): 131—137

Wang Y B, Song L, Cui L B et al, 2007. Mono-butyl phthalate
inhibits steroidogenesis by down-regulating steroidogenic
acute regulatory protein expression in mouse leydig tumor
cells (MLTC-1). Journal of Toxicology and Environmental
Health, Part A, 70: 947—955

Wang Y B, Song L, Hong X et al, 2006. Low concentrations
mono-butyl phthalate stimulates steroidogenesis by facili-
tating steroidogenic acute regulatory protein expression in
mouse leydig tumor cells (MLTC-1). Chemico-Biological
Interaction, 164: 15—24

METABOLISM OF PHTHALIC ACID ESTERS IN CTENOPHARYNGODON IDELLUS
ORGANS AND HEPATOCYTE

GE Jian®'?, LI Ming-Kui!, LIN Fang’, ZHAO Jin', HAN Bao-Yu®
(1. College of Life Sciences, China Jiliang University, Hangzhou, 310018; 2. Zhejiang Provincial Key Laboratory of Biometrology and
Inspection & Quarantine, China Jiliang University, Hangzhou, 310018)

Abstract In order to reveal the toxicity mechanism of PAEs chemicals, the article developed a method for simultaneous
determination of diethyl phthalate (DEP), dibutyl phthalate (DBP), butyl benzyl phthalate (BBP) and di-(2-ethylhexyl) phtha-
late (DEHP) by using GC-FID. Meanwhile, the metabolism of four PAEs chemicals was also studied in Ctenopharyngodon
idellus organs and hepatocyte through LC-MS/MS. The results showed that PAEs chemicals were not metabolized signifi-
cantly in hepatocyte, but they were metabolized quickly in blood serum, intestinal tract and hepato-pancreas homogenate,
especially in the serum. And the main metabolites were mono-phthalates, including monoethyl phthalate (mEP), monobutyl
phthalate (mBP), monobenzyl phthalate (mBzP) and monoethylhexyl phthalate (mMEHP). Therefore, it was concluded that the
PAEs chemicals were mainly hydrolyzed by means of the proteolytic enzymes in C. idellus organs, and the blood and intestine
were the first metabolized location of PAEs chemicals absorbed by the fish gill and intestine.

Key words Ctenopharyngodon idellus,

Phthalic acid esters, GC, LC-MS/MS



