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Effects of dibutyl phthalate and di-ethylhexyl phthalate on

biochemical response in bagrid catfish, Pseudobagrus fulvidraco

Yoo-Hwa Keum

Department of Fish Pathology, Graduate School,
Pukyong National University

Abstract

Organisms of wild life are exposed to many chemicals in their environment.
Especially, phthalate esters have attracted the public attention due to their
potential health hazards in recent years. Phthalate esters are plasticizers used
in food handling and storages. Some of them are considered to be ubiquitous

but present slight endocrine-disrupting properties. In order to evaluate the impact

of dibutyl phthalate (DBP) and di-ethyl hexyl phthalate (DEHP) in aquatic
organism, its effects on haematological parameters, neurotoxicity and antioxidant
response in bagrid catfish, Psendobagrus fulvidraco were studied. Fish were fed with
diets containing 100, 500 and 1,000 mg phthalate ester/kg diet ad libitum for 4
weeks or 8 weeks, and controls were fed without phthalate ester.

In haematological factors, red blood cell count, hemoglobin concentration,

hematocrit levels in bagrid catfish administrated with DBP and DEHP containing diet

_iv_



(1,000 mg/kg diet) were decreased. DBP fed fish showed decreasing level of total
protein, albumin, total cholesterol and triglyceride after 4 and 8 weeks
administration, however, effect of DEHP was shown after 8 weeks exposure.
Plasma glucose and magnesium level were significantly increased in the
experimental group, meanwhile plasma chloride, calcium and phosphate levels were
not affected by DBP and DEHP exposure. Plasma alanine aminotransferase, aspartate
aminotransferase, alkaline phosphates and lactate dehydrogenase enzyme activities
in fish administrated with DBP and DEHP showed increasing tendency.

Remarkable reduction in acetylcholinesterase activity which is an indicator of
neurotoxicity was recorded in most of the tissues in exposed fish to DBP and DEHP.
Moreover, the most profound enzyme inhibition was observed in brain and muscle
acetylcholinesterase activity was observed in the DBP and DEHP exposed groups of
fish.

The DBP treatment group showed higher concentration of hepatic and gill
glutathione compared with those in the control group. However, consumption
of the DEHP diet increased the glutathione contents only in liver of exposed
fish. Highest concentration of DBP (1000 mg/kg diet) induced a significant
increase in the activity of glutathione peroxidase in all organs at time intervals
of 4 and 8 weeks. Liver and gill glutathione reductase activity in fish when
compared to control at 8 weeks. Liver and gill glutathione reductase activity in
fish showed a significant increase in its activity in the all DBP exposed fish
when compared to control at 8th weeks. However, renal glutathione reductase
activity was significantly increased in fish fed 1000 mg DBP/kg diet. Liver
glutathione reductase activity in fish fed DEHP were investigated same pattern
like DBP, whereas gill and kidney glutathione reductase activities showed

significant increase in highest concentration of DEHP after 8 weeks exposure.



Alrgel Awas MY B4 SAshe B gstEde] kEHo] i, A
doll YT Fu AY FEAES AR AU AR AAW FE HE
Hlm &4, 59, PAHs (polyaromatic hydrocarbons), & ++4; % phthalic acid
esters (PAEs)9} #2 A9HQ 2 EAolg (Watanuki et al., 2003). o|%, Z
3 dERt PAEsS] kE:d wid gl st #yge] FrkE 3l

(Casajuana and Lacorte, 2004).

o
)

PAEs= 1930 o] $2 +&8 1@ wde] 42 Agstr] A3 &
2-E vhaAE AREE 3 Qlh o &, DEHP (di-ethyl hexyl phthalate)= - )

Al 25%E AR A= b FHSEAl AFSEAT (Karle et al,

o

1997). 3} Ayt IARC (International Agency for Research on Cancer)ol| 4] 17}

{

oNA wetg o

ﬂ-‘i

T Ae 1FoE EFIHY T (Chilvers et al, 1984), ¢

el vt o] A A Ao fdvdelME AF 2
Al AMES FAEIETE (8 %5, 2002). w3k, 1 olAd@AAel DBP  (di-butyl
phthalate)= -£o] ¥, Yz, 2}7, sjysto], A#&F % 54 A Sl
AFS 53 Y} (Salazar et al., 2004).

DEHP9} DBP= A% 34 2 Fof] nia S8 g7 3= Ay gojA
Lho} A FEtA A5t (Jobling et al, 1995). 53], phthalate7} 7
2 So7le 78 dEv EdgaE Ax edA wEHe FJa Q) Hor o
A odar, SebsE AFe HrEdA &F5 7 gtoh g FupsE Alx

Joll A Wl 7] 2 w| &5 & phthalate esters?} Bl & 23] 487402 FUsE



Ax 4 At} (Daniel and Bratt, 1978; Thomas, 1973). 2 A2, 23} A3
2] phthalate esters9] 3 FALAF Edo] Fy 54 FolA DEHPY Fx&
0.33~97.8pg/L, AAANA 021~844ug/kgR ZAFE Y S0 (Hermann ef al,

2002), =5, 299, vl 2 yidek=o 74e] DEHP %= 031~0.64g/1. ¥ 9

@3]

Gt} (Fatoki and Vernon, 1990). 7}7h-% A ¥o] 49, DEHP= 7} @o] HZ

N

%= phthalate2 N.D.~0.39ug/L9] F=7} ZAFE A (114 KN, 1998).

glvkete] A, A 9 9GEd A e DEHP %+ N.D~6.920u¢/L,
DBPE N.D~1028u¢/L2 Jepgt o™ A AoA DEHPS} DBPe wx¥ 27}
N.D.~2044.96, N.D.~3246pu¢/ kg2 ZALEIATH (& 5, 2002; 2 %, 2004). =3
o)fto] ZA ol % DEHP7F N.D.~227.8.¢/ke¢] 51, DBPE= N.D.~19.2.g/
kes vrEbstth o] @3k Al #-9¥ DEHPS} DBPi= octanol/water H-uj 7]

T (Ke)7h BoF 3 ATE AAe] folgac) ¥ Aol HEe Aol s

DEHP$} DBP9] # o} tfi-i-o] #F ol H3dez vlolds + A7)
FAMEA A&5H] AFE F 5 U

PAEsw AU #HatstEA 8 FH44)7]5 99823 (Reddy and Lalwani, 1983)
2 R wdEA (4 %, 2002) ozt 4HA Slth. DEHPE 2 FEolA
HAFFe] s AT 7R 81, ditstEel 2 ks il s 713
t} (Brock et al., 2002: Reddy, 1990). =3t Ha3hl) HAe] 744, 4 34
o] W3} (Mattison et al, 1990) U A Ao oA A (Thomas et al, 1982) ©]

dojube= 5 FAAA 7B ek EA%88 dozig (Mattson et al, 1990).



DBP2] 7% ziuldiel #atsl 5218 Ao (NTP, 1995), 8¢ cell lineo)
estrogenicS UERH™ (Jobling et al, 1995), A A &S A3tA|FIthes A3 B
7} At} (Foster et al., 2000). s+, @712 ¢4#zl o] fFol g DEHPS} DBP
o] H Aol het A-fol = Japanese medaka (Oryzias latipes) o] DEHP =33}
(Kim et al, 2002) zebrafish®} rainbow troute] DBP :=%3 (Van den Belt et
al., 2003) ¥ 3}e} antiesterogenicd-3 5 H 331, Sabourault et al. (1999)3}
Cravedi and Elisabeth (2002)x= lauric acid hydroxylation (LAH)¢|] o]& €<l
ol tieh BEshd AxzHA TR thste] =ojshlo.n, Watanuki et al
(2003)-2 common carp (Cyprinus carpio L)S thato 2 wod el dadla ¢

bt SFANE, o} A 712] phthalateo]] - Fofl wE o] {Fo] o g

o

o

_“

= Wol EAbE oA 2Far AA]Frel vlste] A Aap BEQde Aol W EO
Ak (Kim ef al, 2002). wpetx], o]Fo| DEHP®} DBP2] =% A] o€ 4 9l
= A 54 A Zad Aok

dvbro g Hole FAAAS HAehe ez AEHIT Ao
(Chandraseker, 1990). €3}t 9 HoA Qe offof 9 A4 2 +4 Wz
of e 2Edx A 2] Ar @ol o] FojAa QUrh o & Fof &, A
2 g cilm djale] #AIS=  aspartate aminotransferase (AST)9} alanine
aminotransferase (ALT)= ol&7} AW A AL} 7h3) A% 28 7|8 A=
o) 471W A7} hEe] BFow fE50 WE HEs} BelAT (Kusuda

et al, 1976), A Fd

m*

AE 4=
(Hodson et al., 1992).

Acetylcholinesterase (AChE)2] &4.& 3| ol e 2V QFFARARE F



o] dhjo]thKramer, 1994). AChEs= A7 Aol Fash €42, acetylcholines
spEeiste 98-S gt carbamateA ) {7IQIAlEE HAFU o FY
AChE #X& AHasles faurel 22z dux 9 (Weiss ef al, 1964:
Dutta and Arends, 2003), phthalate?] %t %-2Ql Di-ethyl-phthalate (DEP) 7}
oy oA F<Ql Cirrhinag mrigaln ¢ =] AChEd] dlgt foj&xQd #HAE e

= Ryl AU (Niveditia ef al, 2002), o} 7} o}Fo| DEHP$} DBP=

Ol

e}
[

+ AChE2] &Aoo #3 W= glo

P

TRl 2R AEE ghe $Fdoz g AslEY 2

of W AEsH wolAAE v$ Fadt} (Rodriguez-Ariza et al., 2000;

T

Livingstone, 1998). = FE} 2] Blar? WolAlAl2 Q& 4o oAUz

Eo7tH Mg 2EY s WA seul A Mol WoE gt} (Fang, 1975).

reductase (GR) ¥ Glutathione S-transferase (GST) 7} it} o] A& 29|QAl & A
o] o o Astehy AmEM Y o9 AR ASHoAUY
(Livingstone, 1998; Payne et al, 1987; Rodriguez-Ariza et al, 1991). % A1}
71 YA EA e FFEAY BAH Exe e BEavt e
g (Radi et al, 1985), X f{ oAl DEHPUY clofibrate®} 7+ #pAbstE 2
A9 w%g 9dle] gAadohe Rk otk (Reddy et al, 1980; Reddy, 1990;
Seo et al., 2003). A4k oo DBP2} DEHPo| sk A4 ®ue gl

2 Ao A ALRE AFole g 5AER] FAN (Pseudobagrus fulvidraco)

2
=
offt
2
=
fr

Arapoluptico X 7iglate] §-elubetell M= gsfel dalz &

O
L)
rlr

oy
o
e
o
e
e

;e AR, iy 2 Ajeejole] F-E st (A, 1986). AR
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7], @, 3zhE W ARl e AL mE SHolfFolth wekx Aded &
Basle 548 71A= DBPS} DEHPo| A Eo] =58 7h5AS g =
o (3 5, 2001). o3 At vidsle P 432 8552t DEHP9 DBP
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n. A= 2 Wy

Fgstel 3% ol @XM gFak Aol gl AAE AAE gL

fulvidraco)E A}-8-3 4 ot

2. A# A

FAN HA ooz dvA 20~24CE F287] Yot s (22+

1O)A e dastdoh. A 4225 340x240x300mm (50L)& AHg-3te] &

3

_'_,

2 AP suleld S8k Aol A8 £4 RS 2239 Ao

‘o

2 AL AT YA THENGE DY, 20029 wheh Zgstgon ArHs Table 1
3} 2t
3. 4% Az AE 2 R

APALS = di-2-ethylhexyl phthalate (C2HisOs, CAS  registry number;
117-81-3)9} di-butyl phthalate (C¢H2:0s, CAS registry number; 84-74-2)%
Aol 78 (squid liver oilyo] o 717}e] phthalate ester FX 7} 0, 100, 500
2 1000 mg/kgel A8 5 A Hed AFZVE FF - AR o, siever

AeE aEA 3§ o

i

20470 AZAZ E 200 WE BBt

(SAC 1600, Aol ah). =A% Alg g 45 2 8% FoF njd ojx=9 1%E



dateth. Abmel xA e zud 48%, 2ANY 5% 2AH 4%, ZIB 15%,

Table 1. Water quality of tap water used in this experiment

Parameters Value (meantS.E)

Temperature(T) 22.3x08T
pH 72+0.5
Dissolved oxygen (mg L) 6.7£0.5
Ammonia (ug-at N L D 835+0.6
Nitrite (pg-at N L 1) 15+0.2
Nitrate (zg-at N L 75+0.7
Phosphate (pg—at P 1.1 46+04
Hardness (mg L 1) 231.7+5.7

4. A= A

4-1. Ag

NE AHE AW Aw o AAARRE 45A9 87 A olFoRow o
Mg AHS 7] A 24A)7HFer A4 A #HYE AP o]E  3-aminobenzonic acid
ethyl ester (Sigma chemical, St. Louis, MO)Z v} &, @430 F 2] 93
heparin-Na (25,000 LU, 4133 2H)S Azt FA712 v]¥-H W (caudal vein)
cane "ag YASAG. AT A 529 WES W) s| 4T
(Red Blood Cell; RBC)s:, #4124 (hemoglobin;, Hb)yg= % IulE=zE
(hematocrit; HtyE 54 W43t dch A& -44 1= Hesser (1960)°] WH-S AH&-3}

o] 0.1% trypan-blue”} %7} % phosphate Buffer (pH 7.4)% 1:200u)] 3]s}



[0

AR A
R

Orr
b

#etd o] 7 (CX40RF200, OLYMPUS, Japan)o.2 Al4-3l9tt. &%

= cyan-methemoglobin®] & A}&-3}lo] )& kit (Asan Pharm. Co., Ltd.)o] &

AS Ho & FAT 540nmollA ZA &) slvtEAZ EE capillary tubeo)
gelS W31 12000rpm, 5%7F 914l E2] (01501, HAWKSLEY AND SONS Ltd.,

England) ¥, Hawksley readerZ 43¢t} ©|& vigtoez Hd HE 7 &4
(mean corpuscular volume, MCV), H A&7 4 #F (mean corpuscular
hemoglobin, MCH) % % H¥84+ a4 FE  (mean corpuscular

hemoglobin concentration, MCHC)E o}2f o] A 4kA-S o] &3l Ab&3tTh.

MCV(im®) = Ht(%) / RBC(cells mm™) x 10
MCH(pg) = Hb(g 100mL") / RBC(cells mm™) x 10

MCHC(%) = Hb(g 100mL") / Ht(%) x 100

4-2. %

AFHE dAL 47T, 6000rpm, 587 AR 3ted (MIKRO 22R, Hettich,

Germany) €743 #dstdt. e fF7IAHE> FEWEF (total protein),
A9l (albumin), FZ ¥ 2HE (total cholesterol), =Fx % (glucose) & FA
A} (triglyceride)-S z+7} Biuret, BCGY, &4, GOD/PODY % & 4wWs

el

ALg3lE dAE J1E (Asan Pharm. Co., Ltd)E AL &3l =3t

oN

Fo1d e ZHE (calcum), AAx(chloride), vl1ul% (magnesium) % QA2
(phosphate)2 sttt 4F2 Arsenaso I (Asan Pharm. Co., Ltd), v}z

W2 xylidyl blue-I¥} (Asan Pharm. Co., Lid), ¥4+  colorimetric ¥



(Sigma Diagnostic Kit461) “12]31 <12 ultraviolet H(Sigma Diagnostic Kit360)

%

O =

O

v

J

[oX

I

gt 84 airdd ZALE: AST (aspartate aminotransferase),
ALT (alanine aminotransferase), LDH (lactase dehydrogenase) = ALP
(alkaline phosphatase)& 543t} AST9} ALT:= Reitman-Frankel®d, LDH+=
Kinetic)}, ALP+= kind-kingtl o2 %4314t (Asan Pharm. Co. Ltd). %3}

% AEdLS micro-osmometer (Model 3300, Advanced Instruments, Inc,,

A

USA) @gEel F F9stdck

oobzbwl, A1, 9 AL M 2 R e a4 B84 58 A48 fel
A zhzbe] 272 washing buffer (0.1M KCI, pH, 74)& A &3stdch A %
%, 2 ZA2 homogenizing buffer (0.1IM K,HPO,, 0.15M KCI, 1mM
Na;EDTA, 1TmM DTT, 20% glycerol)& ©]&3}o teflon-glass homogenizer
(099C K4424, Glas-Col, USA)2 A3}l t). o] 3-& 4T A 12,000g82 25%

G AgRestel 4EAS Yo T @A T0C (SW-UF-120, AAAAY

2
o

ol ®ahak it

5 2&9 g2

kol
et

&
5-1. Acetylcholinesterase (AChE)
AChE &4 #4& Ellman (1961)2] WL 7lz= &AHsHd. AThCh

(acetylthiocholine)3 7| &2 &le] AHHYake] 84 Alg, 01M2] phosphate

buffer 2 0.01-M DTNBE& 2.%

o
%A

5 &, FA) 57 15% 7HA 07 412nmol A &



Ao 2 Z2HIY (Zenyn 200, Anthos Labtec Instruments Gmbh, Austria).
%9 W9lE ol Almt bufferz HAs 48 F AWsar B9

mol/min/mg protein £ 3t AlSFE T

5-2. Glutathione peroxidase (GPx)

GPx &4+ Bell 5 (1985)¢] W& 4% Ao 2 H.0.5 714E, sodium
azideZ catalase A AE A&5tHch Alg9 1mM GSH, 0.lmM NADPH,
0.5U GSH-reductase, 1mM EDTA, 2mM sodium azide ¥ 50mM ©¢lAF}3=8-<H
(pH, 74)0] ¥¢d EFEAS 713 F 6t 2004 wjFstdch W&
25mM H:O05 ¥+ FAlol A2 itk NADPHZF 4Hsls &= H] 88 340nmol

,0

j64

A 3%

FE

)
S
v
b

e

9z B33 =A (Zenyn 200, Anthos Labtec Instruments

Gmbh, Austria)E #4893, ©2)i= nmol/min/mg protein® & ¥ A) 3} o}

5-3. Glutathione reductase (GR)

G

~

A4 Beutler (1984)8] WS &3ty ZAsIHTh 2189 1mM EDTA

N

} 3% potassium phosphate (pH, 7.5), 2mM oxidized glutathione (GSSG)
2 3mM DTNBE H7tsth whg2 9 =48 NADPHY 72 A &§ko.
NADPH7} 438 258X 2(GSSG)e &¢1d S FEA2(GSH)o. 2 3 A7
5, DINBol| ojato] byl Fo48 E3F8% 412nmol A 30 T9E 3& %
b 4 =439l (Zenyn 200, Anthos Labtec Instruments Gmbh, Austria),

]+ nmol/min/mg protein®. & 3t A& T}

_10_



5-4. Glutathione-S-transferase (GST)

GST &4 242 Habig (1974)2) WS §83te SASATE dAs
=9 02M potassium phosphate (pH, 65)%} FF4
10mM GSHS} 10mM CDNBE #H7isith A Lo 124 T
@33 %=A (Zenyn 200, Anthos Labtec Instruments Gmbh, Austria)E A}&3}]
SsE @e 249 BAL

4 340nmeof A 4E-FQE 30xTSE T

nmol/min/mg protein® & 3t A3t}

6. Glutathione (GSHr) level

E} A £ (GSHy) ko Baker % (1990)9] Wrilol] ¢jdte] Z3 w0
o SAS 99 Alse GSHe FAHA] Wels= proteing A A3st7] 9t
5% 5-sulfosalycyclic acid (SSA)ZE 3] Asla] ALE-81HT AdA Algddl EFHA1
(100mM NaH,PO,;, TmM EDTA, 0.15mM DTNB, 0.2mM NADPH % 1U/mL

GR, pH 75)& #7}sle] 9% 405nmelA 22 o4 =3k ch(Zenyn 200,

Anthos Labtec Instruments Gmbh, Austria). GSH & A 22 GSSGE AL &3

AgAe npgo g Askstel ©helE uM/g tissue® vheRU AT

7. protein

] oko Bradford (1976) WYo =z = =43l c}. Bovine serum

Bk

e
mﬂ

= 7] o)

Agetel REFFNS AT AL

albumin (sigma, USA)-S-

_11_



wE Amol Hetel p<0.05E FOlAZt A Ao (FHD FA =R

N

} 71 2] (SPSS Inc, ver 10.01)E o] &35ttt A+ 7He] Hlii= ANOVA test
Z A8 d . A2 4L Duncan's multiple range test2 2z} #Hz] - Ale]o]

FolHel Aols AU Are YHg £ wFeAR Vel

- 12 -



1-1-1. DBP
DBPo) =& ® EA4e] @olaare] ZALE Table 2 of vehf ek @44

ZAto A red blood cell (RBC) 42+ 45| 1000 mg/kg diet -FollA] iz

i

off wvj3te] 20% 3FA3HSSL, 8% 2] 500 % 1000 mg/kg diet =9 AbH
of el M= dizatel wisked 74z 17%2} 25% Fastsith 479k 87 F, I
o A1 hemoglobin (Hb) &2 /14 %2 FTE-+< 1000 mg/kg diet ol Ayt
Fol el HEol 2AIE A (P<0.05), hematocrit (Ht)i= 45 o 5003} 1000
mg/kg diet el fFofgh vt dEpskot (P<0.05), 85 Fell= 500
mg/kg diet = WP @ zelrt I1FEA ¥skrt (P>0.05). mean
corpuscular volume (MCV), mean corpuscular hemoglobin (MCH) ¥ mean
corpuscular hemoglobin concentration (MCHC) ZAlol|A] BRE &H2 =& 7]

3 wro] e §9H9l Walsl BaRE A FH(P>0.05).

1-1-2. DEHP

DEHPE 77543 ddole] 4472 Table 3 o Yetisith RBCE e
% 47 Ao 500 mg/kg diet7roll A 189.92+10.572] gro g & o] u] el
fo]AoF 7FAastEa(P<0.05), 1000 mg/kg dietol] A 177.75£6.789] Fro.& tj

Z42k 100 mg/kg diet ol wldte] feo|Ho g hastdrd (P<0.05). 854

_13_



RBCH 2] ¥Ee s57F & F FollA(5002 1000 mg/kg diet) vl Z-Fof H]

stol ke

i
i
—(10
4

ToAlolo A o g2 FoAe Yt

(P>0.05). 1% 4F# 9 8F712] Hb= 1,000 mg/kg diet -Foll A 7HA47}

EN

A ey, HES Hbel #1238 #aS et MCH, MCHC 2 MCVe] %

A} Al DEHP®] ®% 45 % 500 mg/kg diet o] oA tzTol) vlale &

[

1o

49 g e

HE

B FANE fo4ol dehtA %etu, e

Or

S
il

2

M % #olg atols BolA gttt (P>0.05).

[o
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Table 2. Changes of hematological parameters in whole blood in bagrid

catfish administrated with diet containing various concentrations of DBP for

8 weeks
Exposure DBP concentration (mg/kg diet)
Parameters i : L
period 0 100 500 1,000
RBC 4 week  226.6+4.0' 2183+11.5"  205.145.2'  180.9+8.1"

b - ] i
(10" cell/mm’) g ook 2293447 2098+145" 1913+163°  173.1455"

Hb 4 week  6.98+0.21"  636+033" 5974041  5.61:0.30"

(g/dL) 8 week  7.25:026" 6774018  6.56+043"  591+0.28"

it 4 week 32.60+1.86" 29.50+1.73" 27.00+0.82" 26.50+1.18"
(%) 8 week 31608068 30674126 3083:218%  2650:0.89"
MCH 4 week 30.78+0.76  29.17+0.59  28.99+159  31.22+1.79
(pg) 8 week  31.67+1.35  32.94+2.07  34.79+1.58 " 34131096 |
MCHC 4 week 21584097  21.66+0.82  22.00+1.05  21.23+0.89
(%) 8 week  23.0141.13 2223095  2136£048  22.29+0.60
MCV 4 week  1435#57 135445 1317423  147.146.3
() 8week ;37.ét1.6“ 149.0¢9.7‘;“ 1é2;§'¢5.3" 153.242.0°

Values are meanstS.E. (n=6). Values with different superscript are
significantly different (P<0.05) as determined by Duncan's multiple range test.
RBC : red blood cell, Hb : hemoglobin, Ht : hematocrit, MCH : mean
corpuscular  hemoglobin, MCHC : mean corpuscular hemoglobin

concentration, MCV : mean corpuscular volume.

_15_



Table 3. Changes of hematological parameters in whole blood in bagrid

catfish administrated with diet containing various concentrations of DEHP

for 8 weeks

Exposure DEHP concentration (mg/kg diet)
parameters . . : - : ST
period 0 100 500 1,000
RBC 4 week  226.6+4.0° 211.1+8.6"° 189.9+10.6™  177.846.8°
) L T
(10" cell/mm’) g ook 2293447 2147469  204.6+7.6"  194.7+61"
Hb 4 week  698+021°  6.69+0.17°  6.1840.29"  553+0.35"
(g/dL) 8 week 7254026 6844033  6.80+049"  5.96+0.30"
Ht 4 week  32.60£1.86" 30.67+1.54" 27.67+1.67" 26.33+1.33"
(%) 8 week  31.60+0.68 31.00£0.73  31.83+1.60  29.50+1.23
MCH 4 week 3078076  31.88+1.19  32.66+0.94  30.94+0.91
(pg) 8 week 31.67+1.35 31.82+0.90  33.04+1.17  30.54+0.74
MCHC 4 week 21584097 22124139  2255+1.07  20.92+0.42
(%) 8 week  2301+113 22024075 21.614182  20.22+0.66
MCV 4 week 1435457 146.649.6 146.7+8.8 1479428
! o
(') 8 week  137.8+1.6° 144.7+1.8"" 1565489  151.4+3.4"
Values are meanstSE. (n=6). Values with different superscript are

significantly different (PP<0.05) as determined by Duncan's multiple range test.

RBC :

corpuscular

concentration, MCV :

hemoglobin,

red blood cell, Hb :

MCHC

hemoglobin, Ht :

mean

mean corpuscular volume.
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hematocrit,

corpuscular

MCH

mean

hemoglobin



i

g 2HE 2 E2AA-8 A8 (Table 4). Fwh 28 (Total protein) =
% 454 o) 1000 mg/kg diete] FE-F AT F92<Q AV YERG oL, 85
Aol RE =F & oA dERgol HEe feojHer padin

(P<0.05). &3 23ul (Albumin)% FohH

" J)«

g} b

o

g A9 Eol,

e

47 = w5 WEo] giloy, 8o ol vty e oA
ol 2]l g (P<0.05)7F A AT F5ai2 (glucose)y= 4740 RE Lo
Ao zkzk el S dEbsAE 8ol 1000 mg/kg  dietol A ut
155.87426.96 0.8 zAl% o] H2o4¢l 715 H gt (P<0.05). DBP %o &
2Agole] A F FU2dHE (Total cholesterol)e] WE 2 4Fm oA 500
mg/kg diet®} 1000 mg/kg dieto] A} z}z} 303.02430.813 262.3649.100. 8 A}
ol FoHL2 AVt e, 85 e RE FolA T tavh 2AME
Aok FAALe 43 A8 ztolE gllont, 8FR|o) 500 mg/kg diet

= oA 20%, 1000 mg/kg dieto] A 31%2] 7+xE bW,

1-2-2. DEHP

479} 8559k DEHPel =% FAMe 8% A48 2

ofj
uv
=
iy
oft

(total protein)2 8F & 2] 1000 mg/kg diet 5 |23k mE oA 9%

re

wgol glgich (Table 4). GHWE 470l wd ol s sl wse o

r‘\

o
o

o, sFAel e RE wEpelA oA izt ZAbE

22
Y
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(p<0.05). 3324 439} 85 Aol 4 zH7b /1% %2 79 1,000 mg/kg diet
Fwol oAl foAl Z7hE eI (p<0.05), F FHAHES =E7|3
e &l Hlstel feldQl WEo]l uEREA skttt (p>0.05). T A2
45A ol e HEr gl o), 85Aol A 100 mg/kg diet 2} 500 mg/kg diet

FE FollA dfzel Hlske tAadte A vErow, TR & fo
A sk byl e4gkar 1,000 mg/kg diet ol M= h 28T ofylel 100

2 500 mg/kg diet 7o) @FHE FH3 xpol 7} G ATt (P<0.05).
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Table 4. Changes of plasma total protein, albumin, glucose total cholesterol

and triglyceride in bagrid catfish administrated with diet containing various

concentrations of DBP for 8 weeks

Exposure DBP concentration (mg/kg diet)
parameters . T T B
period 0 100 500 1,000
Total 4 week  5.69+0.24° 5334022 5312035"  4.56:0.21"
protein . ) o e
a b b b
(g/dL) 8 week  5.60+0.18"°  4.45:055° 3.94+038"  4.02+0.26
. 4 week  1.15+0.03'  1.1820.04° 1.11+0.07°  0.96+0.06"
Albumin ‘ _ ' T
(g/dL) 8 week 1114002  1.1420.04° 1.06£0.06°  0.89+0.06"
Glucose 4 week  533+8.7  90.2+11.8" 945+148"  92.0+12.0"
(mg/dL) g week  68.48+641" 97.49+12.10™ 106.1+16.8" 155.9+27.0°
Total 4 week  381.6+89" 381.0+28.8° 303.0+30.8" 2624491"
Cholesterol - T T
A y b E b b
(mg/dL) 8 week  359.4484" 31644254" 3133+19.7° 2444496
Triolveer 4 week 62674340 655.0+714 53724410 562.6+43.2
riglyceride T o i ) e ,
(mg/dL) g week  646.4420.9° 574.7+46.8" 513.3+28.0™ 444.4+30.3°
Values are meanstSE. (n=6). Values with different superscript are

significantly different (P<0.05) as determined by Duncan's multiple range test.
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Table 5. Changes of plasma total protein, albumin, glucose total cholesterol

and triglyceride in bagrid catfish administrated with diet containing various

concentrations of DEHP for 8 weeks

DEHP concentration (mg/kg diet)

Exposure
parameters )
period 0 100 500 1,000
Total 4 week  5.69+024  507+020  4.87+034  5.04+0.24
protein
a 1 b
(mg/dL) 8 week  5.60+0.18  567+0.17° 5.95:0.17° 4.71+0.32
. 4 week  1.15£0.03'  1.11+0.05" 1.09:0.06°  0.94+0.08"
Albumin
(mg/dL) g week  111+0.02"  1.15+0.03"  1.04+0.09°  0.84+0.08"
Clucose 4 week 533+8.7°  77.9+7.4" 7114101 94.449.9"
(mg/dL) g week  685:64° 9562136 109.1+145" 1255+16.1"
Total 4 week  381.6+89 36354268 36581266 302.8+28.2
Cholesterol
(mg/dL) 8 week 3594+ 84  3396+14.1 317.0+19.9 314.2+18.0
o . 4 week 62674340 63674400 565.8+58.0 522.7+32.6
[riglyceride
(mg/dL) 8 week  646.4+20.9° 5497423 5" 530.0+38.4° 427.8+35.2°
Values are meanstSE. (n=6). Values with different superscript are

significantly different (P<0.05) as determined by Duncan's multiple range test.
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DBPo} e Adfdoje) dAN-7] Aol Wshs Table 6 o Jelidv. %

W 7+ (calcium) B 5= DBP ZAF %o 4F & nE

tlo
=
B

ol as

TN

2 kAN, 8F A= 500 ¥ 1,000 mg/kg diet FE  FollA  z}zd
8.64+0.299} 9.10+0.322] Fho.& uwhFEFol Hlsled FolFl FrE bWt ¥
24 W 94 (chloride)9t o}1vl4F (magnesium) 5 %i= DBP7} 38 AlH 5
of 7|7HEst okt S v AA G dF AdErE 45 F M E

2 1,000 mg/kg diet Foll vk fol A 7Favl UERd: (P<0.05), 85 5ol A=

i

500 mg/kg diet F &= oA feo] X2 Havh RAE AT (P<0.05). DBPo
FE TAN dd AEQre 5008 1000 mg/kg diet = fFolA 7z iz

o wlskel frelEel gt 2Abe Sl

-3-2. DEHP
s sxo DEHPS £33 AuE A4 5dsd #2409 30 24 =
T F 4T} 8FA A 1000 mg/kg diet FE=AlA tl 279 v}
o §9#l ZF7FE e} (Table 7). dFAYH, 83 W A4, vladls 2 2l

Hos o {oAH AelZE vEhuAl sk (P<0.05).

I
l!"

it
ol
)

FAN o) ) QRS 459 85 FoF DEHPE E3e Al & A A3 ol

Mool Hel 7ha7h el tHTable 7).
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Table 6. Changes of plasma calcium, chloride, magnesium and phosphate in

bagrid catfish administrated with diet containing various concentrations of

DBP for 8 weeks

Exposure DBP concentration (mg/kg diet)
Parameter - T e e s i
period 0 100 500 1,000
Calcium 4 week  796:014 8374018 861022  8.69:0.38
(mg/dL) g \week  8.06+0.11° 8844021  8.644029°  9.10£0.32"
Chioride 4 week  1086+15  1022+1.6  981+47 100916
(mmol) 8 week 1036518  1034+17 959441  101.0+1.5
Magnesium 4 week  3.82:021 4291037  396:019 3724035
(mg/dl) g week 375023  3.65:023  3.84+034  3.85:0.23
o § ek 0I5 1062012 0200307 975202
(mg/dL) g week 9944016 9.424032°  8.90+033" 9.42+0.18"
Osmolarity 4 week  307221° 7"7299.3;7.737“7“ 28?_3%2.?1’ 273 741"
(mOsm) g eek  3085:3.7° 300.5:5.3' 283.0:42°  267.5:8.0"
Values are meanstS.E. (n=6). Values with different superscript are

significantly different (P<0.05) as determined by Duncan's multiple range test
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Table 7. Changes of plasma calcium, chloride, magnesium and phosphate in
bagrid catfish administrated with diet containing various concentrations of

DEHP for 8 weeks

Exposure DEHP concentration (mg/kg diet)
parameters .
period 0 100 500 1,000
. 4 week  7.96+0.14° 8234022  8.04+0.19" 8.92+0.33"
CalClunl N [ —_—

(mg/dL) g week  806+011° 8024016 843+0.19"  9.45+0.28"

. 4 week 103.6+1.5 102.2+1.6 98.1+4.7 100.9+1.6
Chloride

(mmol) 8 week 1036418 1034417  959+41  101.0+15

Magnesium 4 week 382021 3974032 388014  386:0.25

(mg/dL) g week  3.75+023 3724018  4.09+028  3.62+0.20

4 week 10.15+0.23 9.42+0.35 9.39+0.43 9.75+0.22
Phosphate 7 T T o U ’

(mg/dL) g week 9941016  9.65+041 9124034  9.25+0.37

, . 4 week  307.2421°  285.7+6.2" 2852434" 2727447
Osmolarity

(mOsm)

8 week  307.8+3.3° 2853+41"  266.0+7.9°  2695%6.1"

Values are meanstS.E. (n=6). Values with different superscript are

significantly different (P<0.05) as determined by Duncan's multiple range test.
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ket wxo DBPE EFe ARE 479 875t A T & € W
argd Hals FAME A= Table 8% 7t} Aspartate aminotransferase
(AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP) % lactate
dehydrogenase (LDH)= DBP A% ¥ 459} 854 1,000 mg/kg diet
ol Mut thzoll vlsted o]l S/ AR JATHP<0.05). ASTE 45 59}
87 $-2] 1,000 mg/kg diet FollA whz-ol vldte] 7}z 2.4, 1.84] F7}8t4
51, ALT ZA= 7v7) 84%, 83% Z7hs YeRdSdth. ALP9E LDHE 1,000
mg/kg diet -Fo| A A5 459 85 B5F 1.3uf9f 14ufe] {0 SV}

w2y i} (P<0.05).

1-4-2. DEHP

DEHPo} =% Eai70el ASTS ALPE 4% § 7b¢ &2 7 (1,000 mg/kg
diet) ol A 51.5248.632] gto.2 H94< Z7h7 2AE A, 85 Fol& 5003
1,000 mg/kg diet ¥% oA 77} 44.10+3.729} 54.84+6.109] ZFHO. 2 o) 2o
Biste] o2}l S/ YEls o (Table 9). ALTw 45 & =AM = A =
& wro AT foHl F77h dEehd o 8F Fele 500 mg/kg diet
FE AT FoH Fhe dEhE wsg ddo] xAE I (Table 9).

ALPY¥= DEHP =39 93 wlxo] Jelba ¢skth. LDHY: 4580 S %7} %

e F ol felHel FhE UEAW BEe) 0hE 715 vehix egw
g aloli: i oA RS fAREE ghol ZALEIYILH (Table 9).
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Table 8  Changes of plasma aspartate aminotransferase, alanine
aminotransferase, lactate dehydrogenase and alkaline phosphatase activity of

bagrid catfish administrated with diet containing various concentrations of

DBP for 8 weeks

Exposure DBP concentration (mg/kg diet)
parameters . T
period 0 100 500 1,000
AST 4 week  25.83+1.62° 41.77+6.14° 40.93+454" 61.86+8.92°

(Karmen Unit) g \vook 27.65+3.90™ 23.73+4.62" 37434947 48 554965

ALT 4 week  17.0540.96" 19.25+523" 2870+3.82" 31.38+3.97"

(Karmen Unit) g (ool 19.7141.50° 26.02+2.10" 2332+3.44° 36.05+2.61"

ALP 4 week  3.26£029' 305017 3.53£036"  4.16£0.29"

A unit® g yweek  3224020°  355+028"  3.64+039"  4.14+0.21"

DI 4 week  2.68+0.17° 339+0.13"" 3.124020"° 3.87+0.41"

(W unit)™ g eek  298+0.23" 348+021° 3412036  4.22+0.42"

Values are meanstS.E. (n=6). Values with different superscript are
significantly different (P<0.05) as determined by Duncan's multiple range test.

AST : aspartate aminotransferase, ALT : alanine aminotransferase, LDH :
lactate dehydrogenase, ALP : Alkaline phosphatase.

*K-A unit ; King-Amstrong unit, *W unit ; Wroblewski unit.
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Table 9. Changes of plasma aspartate aminotransferase, alanine
aminotransferase, lactate dehydrogenase and akaline phosphatase activity of
bagrid catfish administrated with diet containing various concentrations of

DEHP for 8 weeks

Exposure DEHP concentration (mg/kg diet)
parameters X - B B T T T T e
period 0 100 500 1,000
AST 4 week  25.83+1.62° 28.18+10.11°" 47.33x8.77*" 51.5248.63"

(Karmen Unit) g ook 276543.90° 211145.60° 44.10+3.72° 54.84+6.10°

ALT 4 week  17.05£0.96" 15.67+1.74" 18.99+2.93" 258443.95"

(Karmen Unit) g ook 19714150° 21.1142.63" 26.84+2.28" 27.04+2.14"

ALP 4 week 3.26+0.29 3.42+0.26 3.33+0.26 4.13+0.78

(K-A unit)* g week 3224020 3324024 3314010  3.56+0.34

4 week 2680170 3.50+035"  434+037°  4.22+0.18"

[.LDH

(W unit)™ g week  298+023  355+028  325+021  3.27+0.22

Values are meanstS.E. (n=6). Values with different superscript are
significantly different (I’<0.05) as determined by Duncan's multiple range test.
AST : aspartate aminotransferase, ALT : alanine aminotransferase, LDH
lactate dehydrogenase, ALP : Alkaline phosphatase.

* K-A unit ; King-Amstrong unit, *W unit ; Wroblewski unit.

_26_



2. Acetylcholinesterase(AChE)2] & 424

2-1. DBP

DBPe] ZFFFel2 gk AChES] &84 Table 10 o vrepiglet. o]
AChE®] &4 4F Aol M= 1000 mg/kg diet -Fol Axt #2124 Q) Fa7 e
Ay, 85 Aol 5003} 1000 mg/kg diet T 7oA #2219 zpolr) bRy
o} (P<0.05). 8fAI%t, o}7tmjol A} AChE®] #/4d-2 Ata A3 45752 =19
AFF Atolo] apolzh HARH A gkot 8F Al VY e TR =F
(1,000 mg/kg diet)ol] A ool vl3te] uvhe A8 el Aol M=
op7puiell A vrebdt &3 wls=gk g med, ArFe 457 < AChE &

Aol odgko] ldar 8FA Q) 500 ¥ 1,000 mg/kg diet ol A thzFEe) wlas}t

of FHQl Y BAE AW, F pAlold R me felde gl
oh 4770 DBP] wE ¥ BAel 4ol ACKES] B4 e ARu| DBPY ¥&

RS T eE polA, 853 kxEE AN E Mt 5E wRe oA
G477 vdEist. 2 B3 k3ol wE AChES] A4S =AM of dwt
Hom 7 weol ARhE 27 He A7 5ol 4759 100 mg/kg diet 7
gAY =S7edAM FoAH FAagS HAT (P<0.05), 85F Follv R4
of Wlgtel ¥ DBP Fodpofl A o4 B4 fags dehidg 2504
= 45 dmel HE =F7 Atolol folHl Aolr} AA L 8F Ao =
FE7b ¥E T SR (500 2 1000 mg/kg diet) fo]# o]z} bt ot
‘oA FALE AChEQ] 24X+ 28.43~35.49 nmol/min/mg protein®] #Ho 2

N} FEA WE Holzh A A skt (P>0.05)
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2-2. DEHP
DEHPE 0, 100, 500 ¥ 1,000 mg/kg diet T% & Also] H7}sle] ZALEA
s FA7he] 7+ A7) AChES] 24 & Table 11 o vehlolch 453 DEHP
of =&® FAMe AChE &4 FAbE 30, ofvbw] 9 AL izop AE

o folAQ WFol uehix @gton) 8%F7 ARE HADR FAAY 13

2

ob7pwi= 500 3 1,000 mg/kg diet s% FrF o vlEtd foHQ 3

A7 2ARE QAL S wF Aol hastdd. 53] 3 23] Ae v
T EE FRoAe WERAEY oy wE F F 7P we Fxl 100

mg/kg diet 7ol hAlME FelHel axsh 2AHAG 4o ACKE 4

2 450k 85 A @A 1000 mg/kg diet -Foll vE fol Al haghol Q1Y
Ak HellME =EF/3ERE RE mEF b xRl vlete] feojHow i

O3S Bded, 475Fo 45 5 AChEY] 42 AW 39% H4stdar 85
%] AChE®] &2 Hd 46% A=t THo M= 4578 100 mg/kg diet
75 A9lg " A DEHP =5 oA {t4x7F Al DEHPY) o &
obo] AChES] &AL 45ol= 500 7 1000 mg/kg diet oA z}z}

25.73+1.873} 21.35+2.259] k&8, 8F o] 1000 mg/kg dietoll 4] 27.00+1.752] 3k

S VEhol 9771 Q95T (P<0.5)
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Table 10. Changes of acetylcholinesterase activity (U/min/mg protein) in

tissue of bagrid catfish administrated with diet containing various
concentrations of DBP for 8 weeks
. Exposure DBP concentration (mg/kg diet)
Tissue . : ‘ R
period 0 100 500 1,000
4 week  9.1810.41 7.75£0.62"  7.50+0.77°"  7.37+0.70"
8 week 9174023  839+0.54°  7.08+0.53™  6.59+0.36"
4 week  14.27+152 1470+ 1.21  13.78+0.87  12.59+0.78
Gill . - R
8 week  13.5241.25' 1216+ 140" 12.13+0.74"™  9.13+1.08"
4 week  36.0241.40 32.81+ 564 30.85+2.06  28.40+2.15
Kidney
8 week  30.63+0.92" 2635+ 137 21.69+2.12" 17.87+1.22"
4 week 58.73+4.45" 5482+ 3.05" 48764221  46.06+2.40"
Heart . i o i o e
8 week  56.50+3.47" 6038+ 4.94° 5538+426" 43.75+3.01"
4 week 379.90+38.76" 322.47+27.30" 271.11+19.05" 231.82+34.71"
Brain ———— -
8 week 359.83+40.05° 206.01+£23.64° 175.20+16.37° 179.32+10.03°
4 week 993947.03" 71462536° 68.73+4.26° 66.44+4.23"
Muscle : - - - -
8 week 9588+6.19° 73.31+8.61°" 60.71+8.60° 53.60+7.10"
4 week 34711223 35.2241.93 33.75+2.54 28.75+2 46
Eye o I T T
8 week 34.96+2.06 3549+2.85  33.40+1.17  28.43+2.95
Values are meanstS.E. (n=6). Values with different superscript are

significantly different (P<0.05) as determined by Duncan's multiple range test.
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Table 11. Changes of acetylcholinesterase aictivity(U/min/mg protein) in

tissue of bagrid catfish administrated with diet containing various
concentrations of DEHP for 8 weeks
' Exposure DEHP concentration (mg/kg diet)
TISSUG . T : - T
period 0 100 500 1000
4 week 9.18+0.41 8.34+0.61 7 6620.54 6.82+0.83
Liver R B
8 week  9.17+0.23"  819+0.46"  6.91+0.26"  6.42+0.44°
4 week  14.27+1.52 14224095 13554053  11.70+0.81
Gill - - N — S - . - — - - — N R
8 week 13524125  11.16£0.63"°  9.67+0.47°  9.53+0.92"
1 week  36.02+1.40  30.84+1.48  30.63+456  29.68+2.90
Kidney e T . - T T
8 week  30.63+0.92° 2587+151" 2367+1.88™ 20.25+1.31°
4 week  58.73+4.45" 53.07+3.43" 47.42+591*°  41.68+1.87"
Heart o e T o . Ty o
8 week  56.504347°  56.47+3.15" 49.13+2.02*" 454243 58"
4 week 379.90+38.76" 274.75+22.19" 232.48+19.55" 234.21+33.35"
Brain - o
8 week 359.83+40.05° 214.83+9.43" 197.69+28.63" 194.12+19.02"
4 week 99.39+7.03" 83.85+8.02° 62.19i5.72b 58.02+3.89"
Muscle T T - T I . T
8 week  95.88+6.19° 73.19+10.97° 61.00+4.25" 52.90+542"
4 week  34.71+223"  3535+3.04° 25.73+187° 21.35+2.25"
8 week  34.96+2.06" 32.9242.99°° 28.68+1.88"" 27.00+ 1.75"
Values are meanstS.E. (n=6). Values with different superscript are

significantly different (P<0.05) as determined by Duncan's multiple range test.
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3-1. Glutathione S-transferase (GST)

3-1-1. DBP
APol 7te] GST &AL 459 854 AaoA 500 mg/kg diet 35 %o A5
B ks W= dog FAE QAT (Talbe 12). 457= A@oA 500 # 1000
mg/kg diet = Abole] o< Apolvh Q1A A Fdkoy 8FA HEF
N T OF Aol E feolAel Ehst AAE T (P<0.05). DBP =% 43

Fob 8% Fo| oprbulel A GST BAL we 283 dedth 713 we

=9l 100 mg/kg diet FE= ol AF-E] DBPo] Q&S e Aoz ZAEIM
7 we S 1000 mg/kg FolAME iz pEgl olye}l 1003 500 mg/kg

diet ol el M E FoJH¢l Zrbgol ZAME|QItH(Table 12). 4739} 8% <
1,000 mg/kg diet 555 FI AtHE FFFoIs A A GST &4

& Z}7} 1.54), 1.8vl 718ttt (Table 12).

3-1-2. DEHP
DEHPO] &2 < GST #49 Wg Table 13 Jehiiet ko] A5

- 4% Fole

ki

il

= 2 2l 1000 mg/kg diet o AT+ (339.42+45.10) d] =
o] (150.05£8.06) M13le] o) He) 2717 AT (P<0.05), 8F FolE
Hop 22 5%2Ql 500 mg/kg diet ol M FE X elrlEte] Fof Al &4
Z747) ZAE AN (P<0.05) 500 mg/kg diet (292.34+1831)% 1000 mg/kg

diet (297.62421.86) A}o]2] §o]4de <1457 Q2atr) (P>0.05). o} 7u|o] A4
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Fob 8% %5e 1eEE DBPO] 9fiRom .

T =& 1,000 mg/kg diet

R

ol A Wz wate] §e1H Frhb AREIIA (P<0.05), A g 8
F Aol 1000 mg/kg diet &= ol b 2ol st 68% FAZIHE e

Wl (P<0.05).
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Table 12. Changes of glutathione S-transferase aictivity (nmol/min/mg
protein) in liver, gill and kidney of bagrid catfish administrated with diet

containing various concentrations of DBP for 8 weeks

Exposure DBP concentration (mg/kg diet)
Tissue . - : '
period 0 100 500 1000
4 week  150.128.1°  206.5:295" 2332+224" 257.0+20.0
[_,i\/e[‘ - — . e e . - - L.
8 week  162.319.6°  2925+16.4" 281.6+24.6" 460.8+32.8"
4 week 91.67+1.81" 111.75+8.18" 122.95+5.36" 148.68+6.12"
Gill . . 11599+1025" .
8 week  82.27+4.19" 107.03+4.11 . 137.32+7.93
4 week 35.80+2.07° 41.41+2.21° 4560+1.71"" 54.40+5.66"
Kidney o o T T e T

8 week 39.5243.63" 52.40+6.05" 53.55+3.80" 71.30+4.17"

Values are meanstSE. (n=6). Values with different superscript are

significantly different (P<0.05) as determined by Duncan's multiple range test.
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Table 13. Changes of glutathione S-transferase aictivity (nmol/min/mg

protein) in liver, gill and kidney of bagrid catfish administrated with diet

containing various concentrations of DEHP for 8 weeks

' Exposure DEHP concentration (mg/kg diet)

TISSUQ . T TooTmT T T T B -
period 0 100 500 1000
4 week  150.1#8.1°  250.8+31.3* 188.0+284" 339.4+451"
8 week  162.319.6"  220.8425.9" 29234+183" 297.62+21.9"
4 week  91.67+1.81°  10659+6.54° 105.72+4.18" 136.50+8.05"
8 week  8227+419°  88.73+517° 112.73+10.25" 128.09+7.67"
4 week  35.80+2.07 47184848  44.60+820  53.76+6.92

Kidney - . T ] T T

8 week  3952+3.63" 53.6443.90" 50.85+4.96" 6558+5.94"

Values are meanstS.E. (n=6). Values with different superscript are

significantly different (P<0.05) as determined by Duncan's multiple range test.
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3-2. Glutathione peroxidase(GPx)

ArEE B3 DBPR] & As)e] GPx &4e] Wale Table 14 3 o) Fof
47 9 85 ¥ 1000 mg/kg diet s=7o A I, ofrie] g Al M GPx
b F7beke A% UEAH 475 2F § B obrivle) GPxe) #493
500 ¥} 1000 mg/kg diet sl FAHA a4 24 FU7HE dERR
(P<0.05), 85 F-oll= 1000 mg/kg diet F= ol Ayt F9 23 &4 F7p7 =
Absldok AR M = AT 4, 85 F b w8 TS (1000 mg/kg diet)

o Muk frelF Fobsh Lhebgeh (P<0.05).

3-2-1. DEHP
DEHPe =% F47 7re] GPx BAL 474 A@olM /Mg 2o FoAw

fold WEol zAERoU 854 ARAAE 500mg/kg diet % FRE]

Jo

o3 WXo] zAlH YT} (Table 15). 439} 8% %<t DEHPo| 932 ure o

=i

Ul e e FohshE Aow Mol fejde vehid g 433

A
[s]

e

oF DEHP o %, 249 GPx 24 Wt 2484 %9y, 85 F 7

N
-

o,

o wwol Foal ulzF (11857+10.88) kol HlEe Kooz o F

(196.75+17.81)S LFERH LT (P<0.05).
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Table 14. Changes of glutathione peroxidase aictivity in liver, gill and kidney

of bagrid catfish administrated with diet containing various concentrations of

DBP for 8 weeks

. Exposure DBP concentration (mg/kg diet)
TISSUQ X T T T T e TToTTTTT T
period 0 100 500 1000
4 week  239.7+11.7° 2458+14.0° 3458+154" 324.6+28.9"
Idiver S PR —_— — [ —
8 week 256.3+2.7"  299.3+10.1° 302.2+19.2" 451.6+31.3"
4 week  2423+11.7° 328.8+29.1°° 303.8+17.3" 405.3+39.3°
Gill : :
8 week 258.748.9°  247.5+16.2° 351.0+47.5" 4353+47.6"
4 week  107.4462° 1328499 138.4485" 163.2+17.0"
Kidney Tt T T T e T I
8 week  118.6+10.9" 157.2+18.2" 160.6+11.4° 213.9+12.5"
Values are meanstS.E. (n=6). Values with different superscript are

significantly different (P<0.05) as determined by Duncan's multiple range test.
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Table 15. Changes of glutathione peroxidase aictivity in liver, gill and
kidney of bagrid -catfish administrated with diet containing various

concentrations of DEHP for 8 weeks

. Exposure DEHP concentration (mg/kg diet)
Tlssue ) P — - . A
period 0 100 500 1000
4 week 239.6+11.7°  2485+9.6° 28954244 369.8+18.6"
Liver S : e o
8 week 256.3£2.7°  271.7+22.2" 3689+31.6" 414.7+39.4"
4 week 2423411.7 26214232 24644115 293.0+27.7
Gill IR : Coo
8 week 258.7+8.9 273.5£31.1 280.7+9.5  303.8153.7
4 week 107.4+6.2 141.5+254  133.8424.6 161.3+20.8
Kidney — s - :

8 week  118.6+10.9" 160.9£11.7"" 1525+14.9"" 196.8+17.8"

Values are meanstS.E. (n=6). Values with different superscript are

significantly different (P<0.05) as determined by Duncan's multiple range test.
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3-3. Glutathione Reductase (GR)

3-3-1. DBP
DBPZ 913 {1 GR &84S 453} 854 AFNA AY Lo sy
B diziol wistel oM FA7 Ui bg Fe FEPAE BET

9w F b de FEe) alMNE §949 /) deERoR 2

Abs] 2tk (Table 16). DBPO] 7 %o & %77) ofrbv]e] GRe| B4 e

oft

St 1000 mg/kg diete] RO AT dFE Wekor), 85 Folt RE wF ol
A o) zpel wiske] b7k 38%, 88% 2 105% Z7brb viElutch (Table 16). DBP

5o 45 5, 2189 GR #4-2 1000 mg/kg diet 5ol A o FFo ¥ 5o

52% Z7bat o), 85 Foli= e Fmatol A 80% =7bEMglth (Table 16).
3-3-1. DEHP
479} 85%<¢t DEHPY ZATES F 2749 zh, ofrju] g Al%e] GR #
AW sl Table 179 2tk 7he] GR &4 &4 Wdle 4F 9 8F Zo A

ghol Wiszgh & JEbdth DEHPY) Wi 432 100 mg/kg diet &% 7ol
AMEE dERGY) AlFBE 1000 mg/kg diet FEE i ERERE ofyEl 100
7 500 mg/kg diet Fxel wislAME fejAHo2 =2 @48 vEeldd
(P<0.05). o}7tuolAl GRY &4 &4 As A3 4575 Wsol Yehya ¢
okil 8% FellE 7Hg £& T 2 1000 mg/kg diet Tl A f2#<l
T7H7E ZAMEIATE (P<0.05). Al el Az ed 47 EF GR #2449 wshrh xA}

WA ofgkar 8F Sl thEgtoll théte] 66% F7F7E £ARE S
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Table 16. Changes of glutathione reductase aictivity (nmol/min/mg protein)
in liver, gill and kidney of bagrid catfish administrated with diet containing

various concentrations of DBP for 8 weeks

‘ Exposure DBP concentration (mg/kg diet)
TISSUB . o T
period 0 100 500 1000
4 week  57.0443.66" 86.7246.16" 108.47+7.45 114.43+5.97°
8 week  59.62+2.71"  92.81+7.15° 85.05+4.44" 121.7419.63°
4 week  5843+3.88' 72104571 70.26+5.53"' 108.39+5.87"
Gill -
8 week  47.66+3.33"  65.88+6.16" 89.55+5.08°  97.56+2.74
4 week  35.80+2.07° 39.82+42.84" 43.88+2.43%" 54.40+5.66"
Kidney T T T : ) T T

8 week  395243.63' 52.40+6.05° 53.55+3.80° 71.30+4.17"

Values are meanstSE. (n=6). Values with different superscript are

significantly different (P<0.05) as determined by Duncan's multiple range test.
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Table 17. Changes of glutathione reductase aictivity (nmol/min/mg protein)
in liver, gill and kidney of bagrid catfish administrated with diet containing

various concentrations of DEHP for 8 weeks

. Exposure DEHP concentration (mg/kg diet)
Tissue ) S
period 0 100 500 1000
4 week 57.04+3.66°  81.7443.93°  79.72+503" 141.51+11.99°
Liver - T — T R - - - R S
8 week 59.62+2.71"  83.52+7.44° 103.75+6.37" 137.68+9.51°
4 week 58.4343.88 62.91+5.04 68.69+5.19 67.60+4.24
Gill : : o
8 week 47.66+3.33"  57.78+422" 57.11+2.12"  86.06+5.40"
4 week 35.80x2.07 47.18+£8.48 44.60+8.20 53.7616.92
Kidney

8 week  39.5243.63' 53.64+3.90°° 50.85+4.96"" 65.58+5.94"

Values are meanstS.E. (n=6). Values with different superscript are

significantly different (P<0.05) as determined by Duncan's multiple range test.
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4. F FTEX L(GSHy) 3

il

4-1. DBP
DBP7} Z3td ALEE dileh A 3 obrbml gl AAe] WA s
Z4<) GSHe ke thztol nlate] 713 RAo& FAE QUL (Table 18).
500 % 1,000 mg/kg diet -foll A} Fte] & GSHe| &> thx-1-9 100mg/kg
diet FZ=-Fol Hlstel Fo A FrkE dEhldL, AR 8FFole
500mg/kg diet =70l WHME Fo2<d F7HE HERHATE (p<0.05). 4FF
b g ofiel o}rhvl wie] FFERAlY ghekE 500 3 1000 mg/kg diet &
Foll Al glz el st zh7h 42%, 82% E71tela, 8F MM E 7 e
2 28%, 57% 2 81% Z/lsbgch AR el HElR oo e w3 8% m)o

A 7 w8 wReA Fo1 A FUbE AR AT (P<0.05).

4-2. DEHP
Table 19& 459} 857 DEHP w=%4] 71, ol7bm] 2 2lge] 2L o3
W32 el DEHP) =39 5208 e SFExe st DBPR
g we T e & ARE Wl uslel §o49 277 ek

o} wmol o®H F@e e fgth obtvlel FRebAe FEe 4%

o] §9 &0l WEo] ZALEYTHP<0.05). 2] A 8F & DEHP9 w57}
M = % o479 1,000 mg/kg diet foll A Fo]Hd THvE vElE G
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Table 18. Changes of glutathione level (nmol/g tissue) in liver, gill and

kidney of bagrid catfish administrated with diet containing various
concentrations of DBP for 8 weeks
Exposure DBP concentration (mg/kg diet)
Tissue . e o e s e
period 0 100 500 1000
4 week  237.6£9.8" 227.9+12.1° 2949+224" 3353+17.1°
Liver . -
8 week  2294+113" 2195483 308.6+26.6° 387.1+252°
4 week  50.3042.06" 555545.55" 7133+5.02" 91.46+3.99°
Gill E—— S
8 week  50.7242.77' 64.924542" 7951+504° 91.60+4.48"
4 week  75.63+4.18 68.02+2.08 74.80+531 72.73+5.87
Kidney B — S
8 week  68.23£5.88" 74.74+4.85" 7170+3.78" 86.64+3.88"
Values are meanstS.E. (n=6). Values with different superscript are

significantly different (P<0.05) as determined by Duncan's multiple range test.
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Table 19. Changes of glutathione level (nmol/g tissue) in liver, gill and

kidney

of bagrid

catfish

concentration of DEHDP for 8 weeks

administrated with

diet

containing various

' Exposure DEHP concentration (mg/kg diet)
Tissue ) co :
period 0 100 500 1000
4 week 237.749.8"  359.6+26.8" 339.1+25.6" 495.4+44.4"°
Liver S S
8 week  2294+113% 4133+41.8" 1398.1+44.0"° 4423+526"
4 week  5030+2.06° 59.43+3.72" 60.38+43.21" 73.46+4.64"
Glll . PR —_ - e e i e — e
8 week 50724277  46.224523  64.09+4.76  61.10+5.15
4 week  75.63+4.18  68.70+4.63 7327+4.13  75961+3.18
Kidney CoTm T ” . - .
8 week 6823588 6541+4.02° 66.72+3.18" 90.27+2.83"
Values are meanstS.E. (n=6). Values with different superscript are

significantly different (P<0.05) as determined by Duncan's multiple range test.
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spobsti=d] % Q &k (Chandraseker, 1990). 2 A5toA] DBP9} DEHP2] 1000
mg/kg diet ¥ T-FollAl RBCH:, Hb 3 Ht 7F4she A8ty AE A Whg-§g
vERTE ol A& DBPeE DEHPo| oja§jA] RBCe] A& upikstyt F7hshA & o
sHpvp gl so] ey Axpel svbsoj k. o] ZA# = Arun FO] in vitro
253} Deepa Devi 5(1998)0ll gt Aol A tbsjire A A Eofel] o
#F& 713 RBCE §ajAlzlvka Haeh 3toh whepr], # do] dzbe DEHP
b e dargag dogide A FHeth Hbe| 4 E Hbvb B 3&
o] F7FstAY Hbe] o] (HAaH 7] wiolth

2A-FollA dAge] F7148e FENd, 4w, ef2z, SHSHE B

Bitdlel7e shAvr wA RS fAsteEd e dEolvk (Avella et al,
1990). =7 3i=2e &3 datdlA Fasda AquA deg Agdn. s
HEe AEze] faAdd Fash J3s sy AN A oy o
o] BAEE AR FEAdHE Ao dmolat nAEFe Yol H

FE¥d DEHP =% 3%, DEHP2| AA

gl

s A B AUAE ALFE

/] wpE-o Ao {r]AdRe] Fadtiis Bivh ) (Ranjisigh and Badejo,
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1996; Sonde et al., 2000). 2 <i-fFol A 83F<F DBP?} DEHPE ZA4&E A3 &
A7) @rge] Fekwld, bRy, FAga 2 FeE e Ee] 5A7F oA F

ol AL HAEAR oprlH dad AHE FEsty] ko] oy afeFo] &
FE) V) wiFolal Aztsoldn. FH Az gzt Hlske] 1000 mg/kg diet
FhaollA Ftekhe g Holedl oA glucocorticoidsoll 2} 3
glucogenesis wjF-olz} &4 At} (Robertsom et al., 1987). =3, DBP2}
DEHPZ <13 #7147 ¢ W3l=E vl wshd DBPe= &) DEHPY: 4F#jo] =
FazE Aefstn gzl vigte] fol Al zto)rb vpeluA] ghtrh whibA

DEHP:T} DBP7} 5470 al3e) f7]49%el o nghelsl weshe oz 4

Q0] RADF 2ANA BE AEGel dxTel mEPAlo] fof 3

1977). A2 shghee AlEutel] 25 a, o] e Alxut R 3

tjo

ol Ao

%

A EZ e Ao 524 diAtel & A47F A3 cH(Payne et al., 1978). wig}x], DEHP9}

DBPEZ <13 #Rgel (it obrbviel 4Rxde) wA4 2wy iz
g2s)0 e
9o do] B9l ASTSH ALTE ¢ £42 4AY 5 9t AR A8

i}
2
Lo
L‘_}
)
auj
2

Y

7 A0 el A= AEdel A RAE AT, S48 ¢
AE A, oz wh} oA Ect (Smith and Ramos, 1980). Seth (1982)%
DEHP7} rate] bl 3 2bsls Aoy ftA=EFA] FAeH Habrh 2AE %

thor ®arstdoh FE8F Seo ef al. (2003)2 DEHPS} DBP7) #akslE Z2) A7)
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owadra, e d%Rad 98¢ /A0y wusdch 2 die A
DBP2} DEHPZ 1000 mg/kg diet 2 t5oldh 2ol Al ASTS ALT7} 27131

Aol AT} o] AL rato Mo H¥a (o] DEHPSF DBP7F 7He] A X =

gl A7) o] 4o g AST9} ALT7F &Fo 2 Wiy 7108 Alg ok o

)
o
(B
o

o
= X

ekl FautebAls F2 00 % o] EAste aaxwA

a2

gt ofe] 7hA3lol A FE7}gkt) (Matsuzawa ef al, 1993). B dA-rZH 3= DBPe}
DEHPo} ¢s]H 713 ¥& v% 2 1000 mg/kg diet T=-FolA F717F o}
Epwteh QEAM QIFe A o] b e sty FteiQlEAvteiaA o] 24
of /1% Aoz welth LDHE A9 ofn zzol} 2Eslo] Y Uze)
A2 pyruvic acid 9} latic acid Fe] 7} & A Zhe] #odste] FHef 25
ol LDHE WXk 2Ho| ulxE o g Fog Z)e &% LDHA 4

e HAE 37 ABES Adel mgol Aok BAFAE 4% 8

H
m{‘w

+ %<t DBP9} DEHPE 4% &, 7Hd =& -+ (1000 mg/kg
dietyo) Mgt th x=tol] wlsted Z7h3lEd e &40l HlEdE Aolgt vt

CEEREES

2. Acetylcholinesterase (AChE)

AAAEA A ohEEH L vl A=l & w7hA AChE (EC
3.1.1.7)o) ola HajEtt (Ceron et al., 1996). AChES] A1 S 3t ol 2 2} 4

Ao oald elAlE oA, oldd BASS U FEAA DA

T

i FAse] ¥oahd s Unyel a4 FeA BEd A3 o
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garelo ~eleA o] &3ty wAdE FES] B FUIAAt Thntuiel B

A7 24 dex 2ok (Hernandez ef al., 1998). ¥ 5 o]yl AFAlHc} 7H&E

go A AW, olRE FU4 dE SHS AL YE #ho| 9

= e ]
(Zinkle et al, 1991). ol & So] v F7el 454 (Davies and Cook, 1993;
Gill et al, 1990a)e} 2], £, @, ¥ 2 UAy 2 2% (Gill ef al,

1990b), phenanthrene & PAHs % (Jee and Kang, 2003) %! phthalate]

" J).'

|_4

]l DEP (dietyl phthalate) 7} w=o}59} aitolFoll opAlelFele] &8
A 8kA1713= =4 (Ghorpade et al., 2001; Jee, et al., 2004)2 H 15Ut} 3FA|NF,
DBPS} DEHPel| 3k AChE®] &7d ¥Eol gk Hile dFsirh & delM
DBPS Z-ffofgh wab/fel 74 £2¥ AChES| 48 AN 2 < =29
S AQlsha wEop el el A thztel] Hldke] AdAlHe Zom xA}L

EQlth. AChES] &4do] w2 zloz ddd A= 1 oprhr] 3 A A% 8

Z%el w3 F 1,000 mg/kg diet oAl FoHel oAzl Yehdn AChES]

ﬂlﬁ

4 2N dEHoR AEEE 249 W5 2RNAE Y de BE

9100 mg/kg diets] N §o8 &484 °47F delgth. old ZE DBP

uls

o

b EAe] A AA A RgFeA whggtta A48 5 Aok

DEHPe] ZA-¢+Fof& g Fabsfel b, opype} 351 Age] AChES #4d2
Fof a5Aels foje wiEo]l vehbA] skey 850 500 mg/kg diet ©]
Fol sl A frelg elAlvE vebstth(p<0.05). 43 =& Fo ¥ 459
8ol 1,000 mg/kg diet ol Aut &Aool AAsion, Ho} 52 vt
4 we ol 100 mg/kg diet Fol AP &7t ettt DEHPE DBP

o} 7ro] 7+ A7]e] AChES] #HAle) 98k vz o2 sdyolaa 7k, o}

A
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bul @ el AChES] #41¢ th A7le) ustel DEHPe) e ywhgo] =
¢ths Azislelieh ¥ @Aste] Asiel A DBPst DEHP 93 7}, ofrbn

Ao DBPE A7Fo% 474 Ae-E Aelstal 4573 AChES] A=

~
i

37b gldl 8% $ Al7F yEld Aoz Hol thE XA Hlgte] AChE] o
ghubgol 17l Ao whsolAnk Wil wo} 28 the A wsle 2
2 AChES &A %7} 31, DBPS DEHP 25 714 e ToARE o4
7k vhebsk7] wjEel DBP 3 DEHPZ fsli A3A%Sge Ao Ags =
Aozt Aztslojzlck. Wk, koMo A4S DBP o ®wlFEe ot
DEHPol 9siMe= ojAlsle= Aol deh Faje] Qhfele= DBPHE U=

DEHPol| o8t =/do] wrt ek 2oz A7z,

GSHy= -SH7|& 7HAle vluM A 3itstEd & (Siegers, 1989) Yvhz o

A} =4 71%5S 9eitt (Kosower and Kosower, 1978). 53], siUdA&
NNz QA EH xT wid T Fo3% V5SS FEE, od EAR
e FLEE e aE s S4E Wity AIEZE HEde Wo] 7]
A AY Hgor #odte Joxg d4EA Utk (Hasspielar ef al, 1994; Otto
and Moon, 1995). 7188 23} A~Ed 2~ wrgol= GSHYF 715712 A5 4
3 st ~Ed s wbge osiM e A-s dAFE 23 GSHYE 4FstE Q) GSSG

o] 2bsbw] 7] wji-o] GSHe| gaFel gFawold 5= At (Zhang ef al, 2004).
g

Hu

QAo W3t GSH ko]l wzol thgh 9ol Aparaquat?t meandiones

1o Tl
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Rainbow troutel] H-7+5A} &} 2} (Stephenses ef al, 2002) deltamethrin®] =
%o 9ola] GSH graFo] Z7bgithil K vt 2ot (Sayeed ef al, 2003). =3 @
Adgl AAo| =% catfishd T FAE Aatrt 241E ek (DiGiulio et al,

1993). ol¢ly WHNZE, {Eula] A} WEEof

=

=%9 catfish (Mather-Mihaich
and Di Giulio, 1986)¢} 3,4-Dichloroanilin®| *=% ¥ crucian carp (Li et al,

2003)ell Al GSHe] ghego] hagicin Hustgleh £ Aol 459} 8

N

DBPE 47%olg EA7) 29 opbvls] GSHESE 7Hg we rel wi?
5 Asstn dxtel metel FolH 77t 2AHAOY AFAME 87
M B werE Adsant fel@ wEel glelth DEHPY F$ o)A

B ERe] =Ee GSH gheFo]l Frhstd ot ofrtvlel Aol e 1t

i)
i
4
lul
o
B
r
gl
i
A=)
it
i
‘r'o’\l
b
rir
=

BEzEd2E PASHE AARAS ASEA

7] &4 2 (Fournier et al, 1992; Stegeman ¢t al, 1992; Radi et al., 1985) 3t

ol
)
ol
&)
o
e
=
v

Pdcha s o 9kt (Rodriguez-Ariza ef al., 2000; Livingstone,

1998). ©o|¢ THFE AALole  Glutathione-S-transferase (GST), Glutathione

peroxidase (GPx) @ Glutathione Reductase (GR)o] it} GST+ Z& 2id4d&4
g AmaE R 7 oshfz dsamdzed delel ol 482 wHat

Aoz A Atk (Fournier ef al, 1992). @ =oll DBP9} DEHPE 7 5o A
GSTEde] A5 YeEIH U (Seo et al, 2004), o] AfoAiEnt oj]z}
DEHPS} DBP7} 4kt S Z2A)7)= B4 & o] 48 AAS7] 93] &
v Fvbebd 1 AR E HOF FrbstAIE T shANE HO05 Al A S

23 248U 1A B WSl glolA HOwt FAHE H1 o2 4
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3 AE4 A £Ao0 R Q% 7heato]l wRAFETH (Badr, 1992, Reddy et al,
1980). 3} Awt HAjo) A= DBP9} DEHP =% $ {13} o}7pn| o] GSTE A 84
o] 85742 = el Blahe] = Vel o} Al &e] A DBPo| =& H of Fol At
o § 4 BAS JEpITh o] F A e9EAR v =7, GSHe} 2 A 3
o g LAY GSTol 9s)A T3t AAsA fh (Zhang, ef al, 2004).
webA, GST G4 40| 2713t 41& DBP9} DEHPO tl gt AU B zH& 9
b o g Azbe|ol 2] a1, o Ao B (Seo et al, 2002) GST #4o] 115 %
o] phthalate ‘= %o @} & A7} JelhA] b= e AV A5 o€ DBP}
DEHPS] F =7} oFgt M 2Ed A8 fEals v wro]y) yjio|et YztE).
3k, 214 Ayt DBPoY| 9} 3k GST] &4 o] F7tshvl o] 512 414 = % o] DEHP
R} DBPo B} & e Aoz Azhs o}zl
GPxi= arobgls AlEZollAl patats S ol 5t Wl 7hU &8 7hAla Ao of wh
22 sy gho)zbo) o3 &AFS whoslEd F o3 A8 gt 3akabE-g 283
th o] 2 A g5 2y gz Y1kt whgst=d, 1 A A A Atk
7t dojd 4= Qo o]uf GPx=F FENA S AME 3] bl aE GEFE 3
A7) 7] w el sze] ehryze] A S vheth GPxe #HAFsk A o] 38 Ewf st
A2 A Fo] FFEA2S ALE3t 7] ISR S HE 42 B2 vk

tHMannervik, 1985).

GPx
R-OOH + 2GSH — R-OH + GSSG + H20

GPx¥ §H70 2. 91 % Aol w2 o) A § % B ok 1307} 2ok (Radiet al,, 1985).

dhabadell WIghek o) fr AW O R & GPx 245 VHA L A, GPxrb ardt e
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AN el o) el e GSSGel FeEf vt vrEhEA] o8-S = lth (Bell et al., 1986).
W od-poll X DBP9} DEHPO] §3Fo & 7hof| A 714 8 529 a7l A GPx9
gAjol Z718k9 A, o]l AL ofvl 44 gt A2 B felE HO0.9 A S7het
S FEE 7] HEolet A zhE]o] A ar ofspul 9} Ao A] DBPE] A &k-e e}
WA R DEHP o] 3 o &2 2415 #] 9 gkt
GR& 2313 2 FEF2] 22 (GSSG) 89 & F7ElA] &0 7 (GSH) 8947 =

28 GSH$F GSSGe) #3888 A8l 523ty (Winston and Di Giulio, 1991).
GR2- NADPHE NADP+Z 4siA| 7 o 24, 21318 = EbA] &5 (GSSG) $H91 ¥
HiEbR] @ 0. 7 (GSH) 8+ A 71t} (Worthington and Rosemeyer, 1974). o] 71 2 =l
B2 ol Aol osiA uEEch ey, weF GssGel WAle] GRell o3
) GSHZ ##95= 2 Bl HowW, GSSGy= %A 5] NADPHY] 11728 u}v)
el Eo] FEol s AE Wo.g o FeAlElt (Kaplowitz ef al., 1996;
Keppler et al., 1997). 21 ZA3}, GSHe| n#d& do7|y, aitshit-geo| #FAE
ok 7] A} 71}

GR
GSSG + NADPH + H' -~ GSH + NADP'

GRe] &4 PCBs, PAHs, DDE ¥ HCBE ¥ g3t A}

tﬂ

& ATFAT ol fell M B
) A F o A & Atlantic salmoni shorthorn sculpin 5o A4 ZAFE St}
GR #&Al9o] Hest 7ta PCBsE %417l red mullet (Rudneva-Titova and
Zherko, 1994)3% @ & ¥ 2| <ol x| 48} Nile tilapia (Bainy et al., 1996)2} A --of| A
Ha1E gk vk, Otto 9F Moon (1995)2] K. 2o 4= PCBE rainbow troutd] =%

A7), 2ol ulske] 500%0] 4 2} GR @ 4j0] F7Fshgirkar W slch i ol
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ol 4§ DBPE Z-F%3lo] Fxl)e] 7k, ofviu] & Al e A o] &Ade Frhetes Aol
LEbsE S 53] 2ol A s 7Hg whe s aotel AR EH foj A 24 S 2AHE A

o] 7 & GSHE DBP9} DEHPE #) A 5} 7] $]51e] A8 5| 2] 77 GPxo] &Alo] 27}ato
2 Aol GSH7} F-ZshAl o wheba] Al GSHe| ¥ =& #A]87] #18ke] GR

o] o] Frtete Ao g Helth
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Dibutyl phthalate (DBP)$} di-(2-ethylhexyl) phthalate (DEHP)w %et2~8 7}

1

AR de] AGHRE AW HUEHS FANNE BAR 2oA AW 5
3], DEHP:= Winlweted g Rgsojqdnt. #t7t2 DBP2} DEHP ol g
S4ATE EAR AFH A3, FAYEA W A7 ok wus

t}. phthalate esteri= A &o] o) A FHE o] AFol A2sles F4HEE

ru
&
,ﬁ

wlo
I
X

o edeth webd, B ool Aol Maste ey
WHg

10k

@ SE R FANE dgo Adst wE

oH“

DR LR RS I

>

tlo

N

>~
=
Ol
2L
RU5

DBP¢} DEHPE 0, 100, 500 %! 1000 mg/kg diet T2 AlRE A|F3to 8

#10 ApEolstadnh 9 2AMA, 1000 mg/kg diet o] *] RBCH, Hb

© 0 HGA daste 438 vehigae 33 U #2188 F 3 e,
0wl F 2esHE 2 FAAWe] DB 23] o} & 47 9 8F ol

728310 DEHPS] o3 93ke 85 Aol 4 Uepstt). v DBPSl DEHPo|

ojslel 2Rnx FEE Z/EG. @41, 94 U RS 2AE 23 7

} phthalate F 3. Fx<l 1000 mg/kg diet FollA F7stdn. e

kol
b>
gk

5} 4] zA}A] DBP 9 DEHPo| 9sjA AST, ALT, ALP % LDH7} Z7}&}

N7A5AS Jehdl= AChES] &2 24 R Ee] AdA o 2488

o 7+adts Aol 2AME U 53] DBP 2 DEHP+ 9} 1S9 AChE &

2 oA ZEed qAEal, v F 8F A vE oM giEpel] vla)
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rSL‘

frolg g4 74 e
DBP9} DEHPe] o &akshire]l xabss 3F, obzbv] 9 A1 M o] GPx,

GR, GST &4 g GSHeO| s zAleldlth. 459 85 &<t DBPE X9 ¢

ot

AAaE AR A e 7h ofyfuie] = F

fry
AuR
I
o

Ol

ek o 500 mg/ kg

s}

diet 7ol A W)z vty Aoz =718t oy, DEHPE o3 527
A Fhel M el Felsh Fvlvp Z2AE UTh Glutathione S-transferase®] &/ -2
Glutathione @&z} vi<:gh o]l xAE|lth Glutathione peroxidase®] 24
2 1000 mg/kg diet 5 o|DBPo] AskS whe F27) 7b, ofrbu] @ Al Aol A
ol Fel Z7k7b vyt ou, DEHPel 23k Glutathione peroxidase®] @42
@2 7ho A ut golF o) Z71sF ARty DBP} DEHP/F 284 A5 g %
& Glutathione reductase®] AL 719 HE = polx foFH Z717F 3

212, DBPo| 93k o}rjule} A9 Glutathione reductasee] ¥4 & 7}4+

At
Yo
f

1

Tl Mut ZF7hekel o, DEHPo) 2)8h Glutathione reductase®] %4
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