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Responses of physiology and biochemistry in

black seabream, Acanthopagrus schlegeli exposure to nonylphenol

Bo Mi Park

Department of Aquatic Life Medicine. The Graduate School.
Pukyong National University

Abstract

Endocrine disruptors (EDs) imitate natural hormones in the endocrine
system causing harmful effects on human and wildlife (Maguire 1999).
Nonylphenol (NP) is one of the type of EDs. It has the ability to combinate
human estrogen receptors, causing disruption in hormonal regulatory system
(Ning et al. 2007). Also, causing a variety of hematologic effects, oxidative
stress, physiological effect and immunological changes. Toxic effects of NP
were reported in fish, observed invertebrates and mammals (Staples et al.
2004).

The objective of this study was observed to biochemical, immunological
and physiological response exposed to nonylphenol (0, 80, 160, 320 wg/L) in
black seabream, Acanthopagrus schlegeli (mean length 16.71 + 0.9 cm, mean
weight 80.15 £ 13 g) during 4weeks.

Hematoiogical factors, red blood cell count, white blood cell count and
hematocrit levels showed a tendency to decrease with increasing concentration
of nonylphenol. Calcium and magnesium in the plasma was increased

significantly. Total protein was increased and glucose showed no significant



change. GOT was decreased and GPT showed significant increased.
Antioxidant enzymes factors, SOD, CAT, GSH, GST showed a tendency to
increase with increasing concentration of nonylphenol. Stress Indicators
factors, cortisol was decreased at 2weeks, 80 pg/L but increased at 4weeks,
80 ug/L. AchE was decreased at 2, 4weeks. Immunological factors, lysozyme
was increased at 2weeks, but decreased in high concentration of nonylphenol
at 4weeks. NP affect hematology and immune system. So NP harms

metabolism and physiology of black sea bream.
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(CAT), Glutathione (GSH), Glutathione S-transferase (GST) S°] 3t SOD+=
superoxide anionE hydrogen peroxide(H:0:)%2 WA 7|8, CATE H.0.5 4HA
22} B2 ZEaA it ZFFEE &34 3) & A (glutathione peroxidases; GPx)=
lipid hydroperoxideE =7 #AAlZItH(Almeida, 2007). Glutathione; GSH2 Al
Fue 7Hd T3 Bl & (thiol-)7] 9] &4FstA| & sulthydryl®] ¢b5 X124 e
S 3o} ol AL w3 FFEE| R S-A Y ® X (glutathione S-transferases; GST) ol
98 7 == conjugation reactions €3 dE5&ELA L 715S 3t; (Nordberg,
2001). S FEFE] 2 S-A T F A (glutathione S-transferases; GST)= ZE 7|44
ol EAlste dE5EAR VleS sta, EYHHE S FEE(tripeptide
glutathione)°ll W3] nucleophilic attacke = st} o] I}AS T3, 712 43}
H ZFEFE 2 (oxidized glutathione)®] &A1 84T} A A o] g3 = W¥nt
oty g}, Uy ZFEE 2o &-8¥H(Kim, 2001).

ZE#H2E o7 oA A #AES Fo| AAEe FFS vAH
(Specker and Schreck, 1980), catecholamine®} cortisolS }t} EH| 3= U &EH]dk
SS x5t AdY duAPY wE AHE FESY (Barton and Iwama,
1991; Pickering et al, 1993). Cortisol2 dHtz o g A AT F Jde 2ET
2 AFolH, 34 2EY 27 R AYA dHEd Srsd. 2y #E
olgt= 5A A S W AAAN FAEY A SAHE A= Ao
(Pickering et al., 1982; Barton and Iwama, 1991).

Acetylcholine2 A AHAGEZ F stvtolH FF4 4 A Ex2AAAY 714 F
83 B4l Acetylcholinesterase o] ol ZAA Alxgle] Fa3 Aol
, FUA AW ZoA AAASHE S AojstaL, o] B4 AL WA Fr o
Wt} (Chuiko, 1997). Acetylcholinesterase®] Ay A E Ao =29 o] Fo
A dubd oz #EE M (Modesto, 2010), ol AAEA dig AEA w7 2
< A+ (Manzo, 1995).
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lysozyme WAE FJo| gt &dA=Z L= o]Fe F8F Qio|r
Lysozyme A E+ oF9 AAGH, 2Egx A, 2% 2 74 54 E49

ol WMalEtt (Kim and Kang, 2015).
A E, Acanthopagrus schlegeli (Bleeket) &% (Order Perciformes) =W|
7} (Family Sparidae)ol] &3t WA oJF oz T3] 9%, dE ZIlolx

o B fEjutel A At dl el #x3H (Chyung, 1977). F-2lutetel A= 1990

Aol FuRRE ek Aslcrel A tlgERA el o Fol A glow (YA
sehel, 2007, Aol A wEz fhol S5l <7k el 200645

ol

2011 7bA4) 66 3F W ol 1,932.4R7F whefel &stan gtk (Kim et al, 2013). St

al
& &=t =& AT S ® A3 nonylphenold AQto R EelEo] & sl

nonylphenol®] A7} He3lt; Al webd B A= 0, 80, 160,

320 u
EFXo A 457F nonylphenoldl =5% #AES dAEgH Ashes 2L HAEH



2 AP AR Aol A 9 W Y EA AN EEee A
%, Acanthopagrus schlegeliz 453t XAl & AA 1671 + 09cm, AT
80.15 + 13g°] <J#4 AAd MHAE AFPe A&t Add AAE FEex
v sl A0LE A FAsA L oo & e AFS g x4 2
T 20521C= dAsA AR, Aol A& 3
13 Z

Nonylphenol®] =% 3 Nonylphenol(Sigma-Aldrich. Inc., USA) 44 ZFS
Ethyl alcohol(Sigma-Aldrich. Inc., USA)ol &3]A]171 & ethyl alcohol?] 4§&S
Hastelz] s SRTd SFES dFFE T o] EFES AMSTFx
of £33t Ztzte] w=EFE7F 0, 80, 160, 320pe/L7F =% AA s A8 7]

e F 47 B AAsPon, 2% vk ARE AFIL G



Table. 1 The chemical components of seawater and experimental condition

used in the experiments.

[tem Value
Temperature (°C) 20.5+1.0
pH 8.34+0.02
Salinity (%o) 33.56+0.05
Dissolved Oxygen (mg/L) 7.56+0.22
Chemical Oxygen Demand (mg/L) 0.83+£0.25
Ammonia (pg/L) 14.5+0.7
Nitrite (ng/L) 6.33+0.31
Nitrate (ng/L) 21.19+2.2




JaS s HA 37| 98 heparin-Na (5000 LU., FoAhHS A3t 138
FA7IE o) gste] AFoje mEAd(caudal vein)ol A HEHE AFH ST ANFH
= daS Ag3e] RBC(Red Blood Cell) count, WBC(White Blood Cell)
count, hemoglobin (Hb)% % % hematocrit (Ht)S #4899tk RBC count®}
WBC counte= d9S Hendrick’s diluting solution®.® 4008 343 3
hemo-cytometer (Improved Neubauer, Germany)Z ©]-&3le] 433 ud oz 7
FotAY. Hb %= 448 kit (Asan Pharm. Co., Ltd)E ©] &3}
Cyan-methemoglobin®} 2.2 Z73l3 vt Ht= Ht EM#S AME3te] dAZFS A
2 % microhematocrit centrifuge (Model; 01501, HAWKSLEY AND SONS
Ltd., England)®ll Al 12,000rpmo.2 5&7F HA &2 & #53 (Micro-Haematocrit

reader, HAWKSLEY AND SONS, England)Z 73}



7F 3,000g, 4C= YAEZ (MIKRO 22R, Hettich, Germany)

:>|4:',
e
ot
i)
2
rlo
al
Az
¢

st 4SS st A oz TR, AU 2 a4 W
FIIAELS Z% (Calcium), v"F2YlE (Magnesium)S A8 Zge
OCPC (o-cresolphthalein-complexon)¥, "}14|% 2 Xylidyl blue- I Hell 93] A]
¥ g dAE kit (Asan Pharm. Co., Ltd)E ©]-&3F it}
F7148 %S 89 (Glucose), & @A (Total protein) & A3t dFd2

GOD/PODY, & a2 Biuretell ¢ato] 978 kit (Asan Pharm. Co., Ltd)
g3 W 34 A Wzl GOT (Glutamic oxalate transminase), GPT

(Glutamic pyruvate transminase)S Z 439t GOT9} GPT+ Reitman-Frankel

Holl 9]&te] )48 kit (Asan Pharm. Co., Ltd)E ©] &3} t}.

10



B8 98 7+ olrn|E A FH 3 F-, washing buffer (0.1M KCI, pH7.4)% Al
A5kt A& 222 cold homogenization buffer (0.1M PBS, pH 7.4)%
Teflon-glass homogenizer (099CK4424, Glass-Col, Germany)< ©]-&3}o] 23}
sl o] FAMLE 3052 12,000g, 4T (MIKRO 22R, Hettich, Germany)°ll A

A4 R o] FFAS Qo] BAo] ol gt BE NBE 48 A7 80T

Z2 e A =S Bradford (1976) WS ©]&3% Bio-Rad Protein Assay

kit (Bio-Rad Laboratories GmbH, Munich, Germany)Z ©] &3} A =3} %t}

7}. Superoxide dismutase (SOD)

SOD (Superoxide dismutase) &4 SOD Assay kit (Dojindo Molecular
Technologies, Inc.)& ©|&3le] FA3A . WST-19 o] tigt 50% inhibitor
rate® ZA43stH, A5 5814 01M PBSZ 84 & EFFEAE o] &34
450nme]  FF =N FAAY. FAHF = 50% inhibitor rateE T8k

unit/mg protein® = YEFY AT}

1. Catalase (CAT)

CAT (Catalase) #4-2 OxiSelect™Catalase Assay kit (Cell biolabs, Inc.)Z

ol g3le] =AsATt. EFFEAZ o]&slte] 520nme FFZolA ZHAHE M,

unit/mg protein® YEFH AT lunite 19 H0:9 1.0uMS Edlst= &4

Fom Agodt.

11



o}. Glutathione (GSH)

Reduced glutathione®] 3#L Beutler 5 (1963)2] WHES o] &3t =A 3
o} 941 S el precipitation solution (metaphosphoric acid, Na:EDTA, NaCI)
S #H7bstel &3 F, 4500gel A 10532 DA E AT AlRQ] s ds do
0.3M NaHPOs& %2 % 05M DTNBE @A A REFFEAE ol &35to] 412nm

A FFEE =AUt GSHY T #HS reduced glutathione standard curveZ

o] g3l Ao, nmol GSH/mg protein® 2 YEFY St}

2}. Glutathione s-transferase (GST)

GST 2742 Habig (1974)¢] WolA W@ ste] SAs A dAZFE A&
=52 0.2M potassium phoshate (pH 6.5 A7} & £33 5 10mM GSHeH
10mM CDNBE F7bete] 123 Aol AR o] ARE L3F=AE
43t 340nmolA 30x @9 = 58 FoF A3t nmol/min/mg protein & &=

LHERW QLT

12



5. Plasma cortisol

Plasma cortisol 42 ELISA quantification kit (Enzo Life Sciences, Inc.,
Farmingdale, NY, USA)E o] &3l =Hsth. 4 100ul standard (156, 313,
625, 1250, 2500 and 5000 pg/mlDe} 100ul A &= plateo] 3 H, &34 o=

assay buffer, blue Conjugate, yellow AntibodyZS 7}ttt = ¥ plate shaker

= o] &3l 500rpm o2 2A17FEer AeoA &3ttt &3 & wash buffer®

H » T
yeEo] wolgdx A stal, x4 o ® blue Conjugate, pNpp substrate
solutions H7FeH F 1AIZFESE AF2olA WAlskdvt. Stop solutions 3 7hahaL

= 3

ol

341:71].3_ o

o 1=

o
ol
2L
£
WS
S
Q1
=}
38
=2
R
AN
o
ol
2
32
)
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6. Acetylcholinesterase activity

ol e Z ol ~H ol &AL homogenizing buffer (0.IM phosphate buffer,
pH 80)Z o}7Fv](1:10), 5(1:10), =(1:25) & 3435}, teflon-glass
homogenizer (099CK4424, Glass—Col, Germany)Z o] &3] 723} 33t} oA
S 47T, 10000g= 20%&7F A& ato] Feods Aol AFESHAT. oAEEd
ol ~e|2tobAl €42 nmol min ' mg protein ' &2 FASTE 2o vl g
% Bradford (1976) W¥H& o]&3 Bio-Rad Protein Assay kit (Bio—Rad

Laboratories GmbH, Munich, Germany)& ©]-&3}lo] 7 23}

14



7. Lysozyme activity

A3} 249 Lysozyme A4S ®H7]Hs 32 dFoA A, AF =
# & teflon- glass homogenizer (099CK4424, Glass-Col, Germany)E& A}-&3}¢],
homogenization buffer (0.004M phosphate buffer, pH6.6)% 10w] 3] 3}o] 23}
shith o] Z1E 47T, 10000g= 1023F A4l ato Aeds APl AFEE3AH
A7) dil A g2 Bradford (1976) WH S ©] 83 Bio-Rad Protein Assay kit
(Bio-Rad Laboratories GmbH, Munich, Germany)& ©]-&3to] A =3t}
Lysozyme SE=% 3484 =HES T3 ALY, Lysozyme BAS

Micrococcus lysodeikticus (Sigma)s ©]-83 ¥ A (Ellis, 1990)°.2 4F&E3F T},

B

3L
LR S

=74 A%%F hen egg white lysozyme (Sigma)S Ag3le], &3

rlo

=
fLE

530nmoll A 053 458 AR FFES Aols FASAT

15



8. #r

o

3

o,

7

A 24 A dig SATH fFeold2 SPSS $A =3 (IBM SPSS
Statistics 20.)& ©]&3ad, ANOVA testE® A A8t Duncan’s multiple range

tests E P < 005 & W fFolde] = Aem 5T

16
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N
0%

Nonylphenoldl =% A 59 A4S Table. 20 UEFN T RBC countd
A9 27 e oA Wekrh fEEA Goka 4FAbel= 80 pg/L ol del ¥
b YErs el WBC count®] - 2Fxke} 450l A 80

pg/L o178 sk 3ol oAl ZHAa7E UEbs vk Hematocrit®] 7% 254
e Foel WMast A, 4572kl 80 pg/L o) FE PR FoH<l

=7 Yyelg . Hemoglobin®] 4% 257419} 4553 2% F2o4<2 W37 ¢l
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Table. 2 Changes of RBC count, Hematocrit and Hemoglobin in black seabream, Acanthopagrus schlegeli exposed to nonylphenol

for 4 weeks.

Period Nonylphenol concentration (ug/L)
Parameters
(week) 0 80 160 320
y) 452.2.+6.5% 362.2+49.7 350.7+35.8%° 279.2+15.1%°
RBC count
(><104mm3) B be . a
4 443.7+55.8 324.7+51.1 291.2+.35.8 242.7+60.1
2 52.0+3.8¢ 35.0+3.1% 36.0+4.8" 31.75+3.5°
WBC count
(X 104mm3) cd ab ab a
4 49.2+10.3 23.7+6.5 29.0+4.8 12.7+2.1
. 2 35.28+2.06° 34.14+2.04" 32.87+3.76™ 31.16+2.65
Hematocrit
(%) b b b
4 32.50+1.08 31.57+1.46> 28.0+1.22° 24.62+1.49°
. 2 11.46+0.78% 11.15+0.52° 10.50+1.15° 9.98+0.77°
Hemoglobin
(g/dL) a a a a
4 11.74+0.76 11.30+1.05 11.20+0.69 9.69+1.02

Values are meantS.E. Values with different superscript are significantly different (P < 0 .05) as determined by

range test.

Duncan’s multiple
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Table. 3 Changes of serum calcium and magnesium in black seabream, Acanthopagrus schlegeli exposed to

nonylphenol for 4

weeks.
Period Nonylphenol concentration (ug/L)
Parameters
(week) 0 80 160 320
2 12.14+0.49% 12.75+1.02° 27.11+4.46° 44.39+2.84°
Calcium
(mg/dL) N .
4 32.77+1.5 34.60+1.43 46.42+3.61° 46.05+3.76°
2 3.29+0.06% 3.33+0.08%° 3.70+0.12° 3.77+0.09¢
Magnesium
(mg/dL) 3 d d
4 3.34+0.05%° 3.15+0.07% 3.73+0.18° 4.11+0.26

Values are mean=S.E. Values

range test.

20

with different superscript are significantly different (P < 0.05) as determined by Duncan’s multiple



Table. 4 Changes of serum glucose, total protein, GOT, and GPT in black seabream, Acanthopagrus schlegeli exposed to

nonylphenol for 4 weeks.

Period Nonylphenol concentration (ug/L)
Parameters
(week) 0 80 160 320
2 114.1+8.6° 136.6+19.7° 102.4+12.1° 114.7+17.7°
Glucose
(mg/dL) 4 88.9+7.2° 87.0+16.2° 107.9+20.2° 134.0£16.1°
. 2 5.35+0.15° 5.53+0.08° 6.82+0.57¢ 7.25+0.33¢
Total protein
(g/dL) 4 4.23+0.05° 4.27+0.05° 5.2140.23" 5.3240.47°
c c bc bc
GOT 2 3.39+0.11 3.42+0.24 2.91+0.32 3.05+0.16
(Karmen/ml) 4 2.62+0.22% 2.07+0.14% 2.18+0.25° 2.44+0.22%
GPT 2 2.17+0.04° 2.22+0.08" 2.25+0.14° 2.23+0.08°
(Karmen/ml) 4 1.7340.07° 1.57+0.04° 1.78+0.08° 2.36+0.22°

Values are meantS.E. Values with different superscript are significantly different (P < 0.05) as determined by Duncan’s multiple

range test.

21



Nonylphenolol =Z&d 452 b3 ob7bm] o &4kst 248 2483

7}. Superoxide dismutase (SOD)

SOD (Superoxide dismutase)@4 ZA3}E Fig. 1-2¢] yebWr}h 3te A SODe
G2 2F A= 160 pg/Lolde] % A FeolAdl F7hE vEWla, 45
2kl = 80 pg/Lol’de] Fx FitellAl fFo A4 F7HE WERHT olrbrlel A SOD

o Bye 2FAdlE Zrhete AE NAAL Foldol UEA ek, 454

=

o= 160 pg/Lel’del sk 3ol A o]l SIS e

1}, Catalase (CAT)

CAT (Catalase)®4 A& Fig. 340 Uetich ttell A CATS E4& 254
ol 80 pg/Lelde] % FiHllA FolAQ F7E vERAAL, 4F A= 80 pe/L
o] e FxolA FoA TIHE Helthrh 160 we/Loldel FE 1ol A

Wtk ob7tulel Al CAT® &AL 252k A 80 pg/Lol g
S7He JERaL, 4F A A 80 we/Lol el sk FRrelA
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t}. Glutathione (GSH)

==

GSH (Glutathione)&4 A& Fig. 5-6°] YEFHAT. 3Fol A GSHE &AL 2+
zkell = 160 pg/Lol’de] % Tt Al fo 4l F7HE e, 45 Aol = 80
LEFATE of7bm] ol A GSHE &4

AF2F = 320 pe/Le]

pg/Lol kel H% Frho A oAl EitE
23 Abel = 320 pg/Lel FEOlAH felHQ FE B,

A oA SIHE Bl

2}. Glutathione s-transferase (GST)

432 Fig. 7-80] tehsi), grel A GST
o FAE 27 A= 80 /Lol R FE PN felH F7E e, 4
JH F7hE vehieh obrhulel A
E oA folAA F74E ey

49 F7hE vehuh

GST (Glutathione s-transferase)@&A]
Fall = 80 pg/lelde w% FIbelA
5

GSTY &AL 2FxolE= 80 pg/Lel el

3, 472 80 pg/Lolde] FE FFlA A
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Figure. 1 Changes of SOD activity in liver of black seabream, Acanthopagrus
schlegeli exposed to the different concentration of nonylphenol. Vertical bar
denotes a standard error. Values with different superscript are significantly

different (P < 0.05) as determined by Duncan’s multiple range test.
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Figure. 2 Changes of SOD activity in gill of black seabream, Acanthopagrus
schlegeli exposed to the different concentration of nonylphenol. Vertical bar
denotes a standard error. Values with different superscript are significantly

different (P < 0.05) as determined by Duncan’s multiple range test.
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Figure. 3 Changes of CAT activity in liver of black seabream, Acanthopagrus
schlegeli exposed to the different concentration of nonylphenol. Vertical bar
denotes a standard error. Values with different superscript are significantly

different (P < 0.05) as determined by Duncan’s multiple range test.
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Figure. 4 Changes of CAT activity in gill of black seabream, Acanthopagrus
schlegeli exposed to the different concentration of nonylphenol. Vertical bar
denotes a standard error. Values with different superscript are significantly

different (P < 0.05) as determined by Duncan’s multiple range test.

27



80
couLo| < [IAeL

C
o | T

<0

AN

S0

ANGEK2

Figure. 5 Changes of GSH activity in liver of black seabream, Acanthopagrus
schlegell exposed to the different concentration of nonylphenol. Vertical bar
denotes a standard error. Values with different superscript are significantly

different (P < 0.05) as determined by Duncan’s multiple range test.
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Figure. 6 Changes of GSH activity in gill of black seabream, Acanthopagrus
schlegell exposed to the different concentration of nonylphenol. Vertical bar
denotes a standard error. Values with different superscript are significantly

different (P < 0.05) as determined by Duncan’s multiple range test.
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Figure. 7 Changes of GST activity in liver of black seabream, Acanthopagrus
schlegell exposed to the different concentration of nonylphenol. Vertical bar
denotes a standard error. Values with different superscript are significantly

different (P < 0.05) as determined by Duncan’s multiple range test.
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Figure. 8 Changes of GST activity in gill of black seabream, Acanthopagrus
schlegell exposed to the different concentration of nonylphenol. Vertical bar
denotes a standard error. Values with different superscript are significantly

different (P < 0.05) as determined by Duncan’s multiple range test.
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4. Plasma cortisol

Plasma cortisol® #2 A3}E Fig. 9o Yetdltl 2F 2 o= thxdodA &
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Figure. 9 Changes of plasma cortisol in black seabream, Acanthopagrus
schlegell exposed to the different concentration of nonylphenol. Vertical bar
denotes a standard error. Values with different superscript are significantly

different (P < 0.05) as determined by Duncan’s multiple range test.
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5. Acetylcholinesterase activity

Acetylcholinesterased] #4143 Z Fig. 10-12¢] el Wt} of7bn|o) A 2541 ¢}
AFA A 22wt 2] o]ddl A FeARl AAE UEHH ESA 2F Ak
T HEzT FE9 oA fFolHd HAE YEIW A, 47l e Aste A

wolth7h 160 pe/Loldel FETFRFNA FelAQl Fad et HeA 2

lo

o

ZFoll = 80 wg/Lelde] F=FAA
T o]AdA FoA BAE UYWL 2T TR oA FasteE A

e e AT o149 Mekt e el
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Figure. 10 Changes of AchE activity in gill of black seabream, Acanthopagrus

schlegell exposed to the different concentration of nonylphenol. Vertical bar

denotes a standard error. Values with different superscript are significantly

different (P < 0.05) as determined by Duncan’s multiple range test.
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Figure. 11 Changes of AchE activity in muscle of black seabream,
Acanthopagrus schlegeli exposed to the different concentration of nonylphenol.
Vertical bar denotes a standard error. Values with different superscript are
significantly different (P < 0.05) as determined by Duncan’s multiple range

test.
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Figure. 12 Changes of AchE activity in brain of black seabream,
Acanthopagrus schlegeli exposed to the different concentration of nonylphenol.
Vertical bar denotes a standard error. Values with different superscript are
significantly different (P < 0.05) as determined by Duncan’s multiple range

test.
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6. Lysozyme activity

Lysozyme activityd 41 A#Z Fig. 13-149] vebWith. Serumd 2F &b =
80 pg/Lol el Xl A FoA e a7t YUt 160 pg/Lolite] %
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Figure. 13 The lysozyme activity in serum of black seabream, Acanthopagrus
schlegell exposed to the different concentration of nonylphenol. Vertical bar
denotes a standard error. Values with different superscript are significantly

different (P < 0.05) as determined by Duncan’s multiple range test.
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Figure. 14 The lysozyme activity in kidney of black seabream, Acanthopagrus
schlegell exposed to the different concentration of nonylphenol. Vertical bar
denotes a standard error. Values with different superscript are significantly

different (P < 0.05) as determined by Duncan’s multiple range test.
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B2 oF TES FA AEAA Hiu AnxE a9 2 5 ) (Dallinger

et al, 1987). ol Ao FA FHANA wEHE edEDo]l 7] AA ol
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wEol whE AAeta wusE BRede e 54 2EdAE 3487
Ag AER G Agsw ok sty Azel mrEw NP wEol s 4

T F & FYsA TAAHeEN NFS FEstt (Schwaiger et al.,
2000). ¥ Ao =& FEo|A RBC count, Hematocrit, Hemoglobin®| A 74
3} ¥ NPT oxyethylene (EO) chain®] Zo]9} Al&H FXo
Tele Aoz yElytt (Bolis et al, 1977 and Galembeck

By AR, fU1AR, ATl B ApdA BANYUL dF 4R
Cadt Mge @He AFge]l Wsto] wek Z7hsAv 42t Waring, 1996;
Chang, 2001; Hur, 2001). ¥ A75elA Ca& 2, 453 160pg/L ©]7d9] skelA
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=
Total proteing =43t 2Ed 2] =FHYE w g&4stE9] A7 S7ks)

2kl = kel F7kstdh. @l e Ca
3} total proteine AFH oz Foy = W3 A (vitellogenesis)E ¢t =3kl
vitellogenin®] G A#AAA7 e A2 YEYT (Bjornsson and Haux
1985; Tinsley 1985; Nagler et al. 1986). Total proteine 452}9] gto] 252Kt}

SE9kaL, 2, 45 AF 80ug/L o173 wEAlA oA S7F dojwtt ol A

E 8 RUS W, vitellogenin®] FAA S 93] =2 FZ9lA total protein®] I
b Ao m melY ¥3 AR E GOT, GPTE #4384t GOT9 GPT
T 3HeY 4 wEd 7Y 54 dFHIE A T2 AFEHY, o A

= 1 A 2A 28 &4 93] S7HE Tk (Blasco, 1999). # A
AN GOTE 94 WaE YelA &9kt GPTE 25 & 940 e
WA eskal, 4FAele SUkste A@S Holthh 320ug/Le] FEolA #o A<l
S7b7F ety oy AdE NP =5 o] off9 o] 43S Fv 3o

= Azt

2 AXY AAEAY st 7l HAoNE dozltt (Minghong Wu et al,
Aol A SODe] &4 FhellA 2, 45l A #Fol Al F7H7F dolywk

op7fu el A 25 bl = FolH <l WstrE vEbubA] @gkal, 45 Aol = 320pe/Le] F
Lol A e FolAQl S7HE YEWAT dybdog @ dqtelA SODe &
de SAEdY FeSHEd =5 A SU/HEUE Bavh 8ol v (Misra et al,
2009) CAT= HoO%F 020 theh Ho0:0] df 55 st Al ol&dd ¢& ROS
2 A A= FLEAIY (Sk and Bhattacharya, 2006). ¥ A-tolA CAT &4
ol A 25 aboll = 320pg/L ExolA Fo]Ad F7HF vEskaL, 4F Akl = 80
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S7He UEbiaL, 4FA el = 160pg/L o1/l wxelA fFol Al S7hE Blar, 2
FARG dAAow &g FAE YElTh ol s a4 G4 fHae
NPY AH A3} aato] 71218 Aoz ®weltk (Minghong Wu et al, 2011). GSH
= AlE W HE(thio)7] #stEd F 7HE FFsHA SA g GSHe A
stetEd 7 A4 LAdELY =&d o/ 74
t} (Vaglio, 1999; Pefia-Llopis, 2001). 3}A%F GSH+ 79 Adell 938 71
L oo oy WS SFEHANYE Al2E] A2 A (GCL: glutamate cysteine
Hr} (Pefia, 2001). ¥ AFoA] Fhol A
7k7F WERR T o} 7hw ol Al 25 &} ol
T SUhete AEE B, 4FAdE 160/l o4l sEAA FolA FUhvt
P

Ed e Wi SFEE 2 Skl o3 Aozt &

rEY 2 HEARR (FH

ligase)9t S HE4 HF3 28 o3 fFd

o I

B4 e FalAd AR Aol B 52 F
83 28-S o 2 AFoA] 3 ofrtu|ol A 2, 4572 80, 160ug/L o] & =0l
e fFojAel =717 BolA kA wk 320ug/l. FEAA f9HAd ZF717F vE

sk 2 Ao 3 aas A oR SV BEEIL, olHd Tk o

g, 25l A B, A RS BEel Qrk B ATNA 23AlE Fbs
o gaste Fe4e BAlw, 4FACE Su/L BEAN gast Fbehe

BES HATh

Acetylcholin® FFAGA e} FxAAA] 71 To3 AddGEL Fshrto]
1, acetylcholinesterase®] QA= 424549 AEAEE AAFHL Ut} (Manzo,
1995). Acetylcholinesterase?] #AE SAEZN &% o]FdA dwrygdoz d
A" (Modesto, 2010). ¥ A-¢] op7tmlel A 2F2pell = o4 a7 LE

Wi, 4520l = 320pg/L wEolA AEE fo4 vt et 250l A 2 4
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