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Bioaccumulation and biochemical changes in mullet,

Mugil cephalus exposed to hexavalent chromium

Tae Young Ahn

Department of Fish pathology, Graduate School,
Pukyong National University

Abstract

Chromium is the sixth most abundant heavy metal in the earth crust.
This metal exhibits trivalent and hexavalent states predominantly in the
environment. Especially hexavalent chromium (Cr®") is one of the most
common heavy metal pollutants of the environment, discharged with the
effluents of various industries. In aqueous solution Cr(VI) predominately
exists as chromate ion, which easily penetrates biological membranes
and causes' oxidative| stress and bioaccumulation. Mullet is' euryhaline
fish that lives brackish water zone in most of life cycle and appears
one of the 'most widely geographical distribution among osteichthyes.

The objective of this study was to investigate the effects of 4 weeks
exposure to hexavalent chromium '(0, 25, 50y 100, 200, 400xg/L) on
growth, hematological ~parameters, ' antioxidative response and
bioaccumulation of mullet, Mugil cephalus.

Bioaccumulation of chromium appeared similar pattern, except for
muscle. And accumulation of chromium for 4weeks had many Kkidney,
liver, intestine, gill, spleen, muscle in descending order. Also compared
to control, commonly bioaccumulation was significantly increased over
200u¢g/L concentration. Growth of mullet was slowed, because daily
length gain and daily weight gain were significantly decreased over 25
weg/L, 100ug/L. concentration respectively. In hematological parameters,
Cr(VI) reduced RBC count at 50, 200, 400ug/L and elevated Ht over 50
ug/L significantly. In inorganic substance of serum parameters, calcium

was reduced and magnesium was elevated over 25ug/L. Total protein of



organic substance was increased at 200, 400pg/L. But no change was
detected in glucose and triglyceride. In enzyme factor, GOT and GPT
were increased entirely and significantly changed at high concentration.
SOD and GST activity of antioxidative enzyme were depressed at high
concentration significantly in liver and gill. And Cr(VI) induced

significantly elevated GSH and MT in liver.



TEES AY WEFed d7E, el o v AFAY wiE, Y 24
7l AYR, AF 2F 5 A 422 &4 Wl FALHMerian, 1991). L
A A FdE SEES ARA A= oprin Ayek A, A A=
)l &3td Bl AEstA AHe 7t oA Y= SovH HHY, F= A
&,z oprbvl So dAF oz FEAHRl x2H o FZHEW(Mzimela et al,

2003). Al W = W, ik, Ao B o8 A AlE AMEE oF
Z1ehs AMLFROS)S LA ROSY 2 &d=  reduced
glutathione &2 Wl &4 2 34k3kE 4 (Zirong and-Shijun, 2007)3 superoxide
dismutase(SOD), catalase(CAT), glutathione reductase(GR). Z2 I4ks} &4

(Orug and Uner, 2000)2} 4tslt &zl o3 e

=

. Towill, 1978). W= Wl AEAE FAL ck=(ih) 8, e
d sH Eo FES A7l S8l A= (F. Papp, 1984). °|d
A RAASA AR wlEFs FF 50 9 FAYY UE 29S¢
oA, A= RS -BE A AEY I F. IFE vHITHUS.
Environmental protection agency, 1984).

67} AEF(Cr6")2 H3, 2HRJAEEH, AF 5 O Ao vz
Hol & LENE F8& T5F F IUE, FE&Y9 ()2 F
b ol o g EAE, AAYs gA FHst 43t 2EdAE I
£4& Yo7 (Irwin et al, 1997, Begum et al, 2006), o1&} ZZ3} A7
SHHEH(Goyer, RA, 1986). WA Cr(V)2> d AZ2 FxH
(SCORECARD, 2005), & =4 Al@e Iz FA=d= AE&S 74T
(ASTM, 1997, US EPA, 2002).

Cr(VI)2 QI3 & S dEy ofyet dH=7]4d IRds do
7l A2 d#lA dth(Norseth, 1981; Stohs and Bagchi, 1995; Kawanishi
et al, 2002; von Burg and Liu, 1993). Cr(VI)ol <J3] ¢k7l® I8 W8 =

jus)
==



%4, 9REA, FA

vl

S, BAHH, WY EA,

202 Zm 5 th(Patierno et al., 1988).

ofFolA ZFe ok FFLE T thARAH S AISH(Nath and
Kumar, 1987), 2% 3= oF A4F 9% L5 284ANA AR &
< WA (Artillo and Melodio, 1988). A1 WlolA 671(V) Fel= FHE
A 5o Az & EA=d 5FAE FA-stes 37K FeHzE A, oA
o] ¥FHoR AFo FAY EdWo] TS YERATHGoyer, RA., 1986). 71
g wFAE L AP T(in_vitro) AFoNA-Cr(V)o] ol 93] BA8€E Cr
(V) 2 hydroxyl radical, singlet oxygen ¥ -2 ZX4iFAFo] Electron
Paramagnetic Resonance(EPR)  Spectroscopy®ll - &8l  EA=ox1 Ut
(O'Brien et al, 1985; Shi et al, 1988; Sugiyama, 1991). ©|x 5 ¥ == &4

A A% F{ A= (reactive chromium intermediates) ¥ I &0l 23 &4k

4% (Cr-mediated ROS) o] AE&Z Q) {bstY ~E#~5 oA, MEzEY
< 53 HGranger et al, 1982).
Aol AFFRe] AE oA 4tsh 2Eg 2o ths) it EF5s

T8 343k G4 E superoxide dismutase(SOD)E superoxide anione
hydrogen peroxide(H,0)Z WA 7]H, catalase(CAT)E HOo5 &3 4h4 &
A= JFIARIG - EZE  olutathione — peroxidase(GPx)= H,0,9F  lipid
hydroperoxide =7 2dAZITH(Nordberg and Arnér, 2001; Almeida et al.,
2007). Glutathione S-transferase(GST)v %3 42 HEE 7|4 A&
A8, WA 91U 718 & tripeptide GSH & ¥dxte] M FAES =
gt 1R824 7]E S reduced glutathioneo] ZA¥A 71 glutathione
disulfide A2 9 F& olAFAE WA ZITH(Vuilleumier, 1997 ;Kim et
al., 2001; Vuilleumier and Pagni, 2002). =3t A& ¥} H4ke] hydroperoxide <}
gE A st e AAsE 7leE At EE A Ath(Hayes et al,
1995).

M3Ze F8 non-protein thiol?]l glutathione< xenobiotics, oxyradicals,
metal cations®] FAol whE A|ZE oo FHITH(Meister and Anderson,
1983; Segner and Braunbeck, 1998). Sulfhydryl-rich tripeptide?] GSHE ThoF
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PHoR S5 B4 Westet, ¥4 S5 FFEHR AAE
12 (Foulkes, 1993; Burton et al, 1995), A% U Z<& L olEH=ZH ST
& 4 th(Freedland et al, 1989; Rabenstein, 1989). &=
2tgt g9l Whgom IAske 4E 2Ef 2z diE] Welg 5 o
(Winston and Di Giulio, 1991; Sugiyama, 1994).

Metallothionein (MT)> A &A%(6000-7000Da), =& cysteine FF(33%),
W] Alzd i @ids 7=, 72, ok, L& 59 5% d¥sta,
HEFeel 2, AF 3 Aol @ol E:sta, F2 AEA ol AT
(Banerjee et al., 1982; Kagi and Schaffer, 1988; Roesijadi, 1992; Roesijadi and
Robinson, 1994). MT+ %3 WelA Addor DAty 4a5H(539], ofd
B Ty A T8 qEE 8, £ videasa Addste] AA s
Ag= I deEaSA Hdegs BT MT A4S A58, #5 A=
=4rtth th2 8 (Hogstrand.-and Haux, 1990; Wu- et al, 1999; Atli and
Canli, 2003). 7| ®2H o2 AlZ W F55 57 718t 55 golex 2%
& = S& apothionein® ol A=SHo| FHHo Faligk IF

o
(Hamer, 1986; Roesijadi, 1992; Viarengo and Nott, 1993). =3+ 3t W] MT @&

o ¥

e

frorr

e ZFL&Mul ollgt 2Ef A EE 9= v S 7T

A

3}8tEd 3 cytokine, ~E# 2 g2 SJsfAE fE=HTH(Coyle et al, 2002).
o Foll M= MT, MAket ohld e tefdt 27beasdd o8 f=€u
(Ikebuchi et al., 1986; Carginale et al., 1998; Riggio et-al., 2003b; Eroglu et
al,, 2005; Alvarado et al,-2006; Yudkovski et al, 2008). ©]¥ ©]fFE MT+
P ede SAsk=H JoM FastH, A7 S5 ol i FAA
biomarker= & A ZItH(George and Olssen, 1994; Langston et al., 2002; Sarkar
et al.,, 2006; Nesto et al., 2007; Fernandes et al., 2008).

A AL TFT 298 AEHA W AES FEd =20 U =2 T
A #o]th(Luoma and Rainbow, 2005). Tl%o] F49] %2 5ol &2 47

4% oA RHY x=Fo] o F83 AREHA o] &3 $ith(Bergman and
Dorward-King, 1997). 123l RH3 ofXA k& T FA 282 @B 7HelA
=43 =& AlY #AE dFEed oA FLI f4aE aHdAG
(McCarty and Mackay, 1993). <=4l A& W 5% 22 AT 34, 4=
2 aglol] 9dFE w=thLuoma and Rainbow, 2005). &3¥ =& AEH



olg b sheta F FA} B oLl A, §ABAR YA
bE Yol Wt A =3 Holds AE W I FHL F Ao] e

sHAl F, 224, AAL EolA wiztyFel ojEdt(Chapman et al, 1996;
Luoma and Rainbow, 2005). o1 W& F&o] SEole& & AXE, oprin,

ol 37kA ol Stk oy AP A=A AxFZs TEH dFd F4
AdE2 HA e Aor HAt A4 W Aol FFoEREH TE5S
AAstE oAFdME F2 ZoEG optvlo ¥ & s&7F Yeldta 2y
ittt Wb AolE Tl TEHol FAHHE ofF< o7t Hls| AaelA
=7 55 %°] YEldt(Ney and Van Hassel, 1983; Dallinger et al, 1987;
Heath, 1990). 80t 5 W-5% =7k 509 oplE 58 % &
€0l ¥ 7] HEdAUFHLRE HolE T AL & FLeAHH, =F U
TR Hod Hol AlgS B 3% olFe] =0 W7 1 B2 E A

o] tHClements, 1991)

mlm rlr >“

T (Mugil cephalus)~= B T B AIZIE 7oA A= Z948 o
72, dECRE o4 M2 BRAT AYH & UERITH(Thomson,
1963; Thomson, 1968). Egt FAA o]l FFAA 7 Fom HEZH o3
4% @& W] dd g UqA FH tEFFeE HEE7H =HOdum,

1970; Nash and Shehaden, 1980). ©|¥l °o]F= /NI == AFALdS 9
A A7 wr a2 aE vk 9tk (Nash and Koningsberger, 1981). &= o]l
= dAH R Fagl ojFon AT SHelA 20059= Ao
o= ‘1’37_{], z3Eg, FEd olo] 4MAE Wol A4itEE FFolth

wetA Fojol e FaHe] 9F d77F 2asi, 1 F 67F AFe 4t
of gt A= e o] FofAA ki, 7|
U Abell A= o Foll 83 =E THeAde]l Anal ARG ol & A9

ot
2
o
P~
=
1:‘0{1
B
off
oot
::l‘
A
)
-

52L& 4531 0, 25, 50, 100, 200, 400ug/L 2 Cr(V)oll =28 o9 84,
dofsta A4, kst vk 9 A =2 WEE £45kanh



B AP AR Aole sts FARNA B T2 5], Mugil cephalus

T A 17.23+0.85cm, AF 48.25+836g2] oI A

NAE AHgstE T A¥E A& 500x280x310mme] 2 =% U 4= 20L&

A AR, o] Eo T W FFs FAT APS 97 AF2EE 20£1T
al Awy

67F AFY =EFES 98| Potassium dichromate(SIGMA-ALDRICH. Inc.,

USA) dAZFS SFHFol &M & AsFxo &8st =EF%=7 0, 25,

50, 100, 200, 400ug/L7} S =5 AT
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Table. 1) The chemical components of seawater and experimental condition

used in the experiments.

[tem Value
Temperature (C) 20.0£1.0
pH 8.1+0.5
Salinity (%) 33.5%£0.6
Dissolved Oxygen (mg/L) 7.1£0.3
Chemical Oxygen Demand (ug/L) 1.13%+0.1
Ammonia (mg/L) 12.5+0.7
Nitrite (mg/L) 1.3+0.3
Nitrate (mg/L) 11.48£1.0
Chromium (ug/L) < 0.1




2. bioaccumulation

AR 2L, AA, WA, obrbv], &, 258 32 SRTFE AF & F241x7]
el 2443F o] Hd&AIZI & HdFE (Dry weight)s A3 wet
digestion method& ©]&3st] AIRE &gttt AdxH AIEE HNOzo| &3
2, 120CE 7}23tq Az o] HH L
5 AT o FeiEa Ax3 AsEs= 2% HNOE %ol &3 %

olg3tel WHAT 21e LA ol

—

membrane filter (Advantec mfs, Ins. 0.2um
AH&3t ™ Standard curves ICP  multi-element standard solution VI
(Merck)E ©]-83F3l, ERM-CE278 (European commission)s= A5} o] A g
st 4% & dgee HYT FaEe FAFLE EASALL, /g dry

wtE FEA AT



3. A%

Aol AeF Fole APl Sol7] A AAH AFL
% 2%9} 4] A1E ARSI A WY AFL OA
A7, AYAFARL, MUE ASE Og3} o] AT
LA (Daily growth gain) = (W; - W;)/day

W¢ = Final length or weight

Wi = Initial length or weight

HIREE 2] (%)
Condition factor (%) = (W / L% x 100
W = weight (g), L = length (em)



AT E WA 57] 93 heparin-Na (5000 LU, FAHS A
g3k 138 FAZIE AHEste] mlRAgH oA 2 F AT AHFHTE Y02 RBC
(Red Blood Cell) count, hemoglobin (Hb) &% % hematocrit (Ht)= A &
213kt RBC counts= Hendrick’s diluting soluton®. & &2 4008 34 =,
hemo-cytometer (Improved Neubauer, Germany)E ©|&3le Fadn|F o=
Attt Hte Ht BEAS WE @S 2o, microhematocrit centrifuge
(Model; 01501, HAWKSLEY AND SONS Ltd., England)lAl 12,000rpm, 5%
7+ AAEEY $ #=5 (Micro-Haematocrit reader, HAWKSLEY AND SONS,
England)® 743t Hb ¥ 5+ U44& kit (Asan Pharm. Co., Ltd.)E ©]&
3l Cyan-methemoglobin' © & 73}t



5. 94

AFAT AP 4T, 3000g= 5w3F AR A BTt g
dior YR, A7IAE, E484 4 H3tE Edth

T8 &2 Zg (Calcium), "FIUlE (Magnesium)s ZSA3IAT. Z4
< OCPCH, wtHlg-2 Xylidyl blue-I ol ols Al#EHI Y= UFE kit
(Asan Pharm. Co., Ltd.)E ©]-&3}3 T

718 & 2E  ¥9  (Glucose), FTWAE  (Total protein), FAAY
(Triglyceride) & ZA3IATE 92 GOD/PODH, TS Biuretd, T84
W2 Enzyme® ol 93t /8 kit(Asan Pharm. Co., Ltd.)E ©] &3} Th

g3 W BA¥8HOoEE GOT  (Glutamic oxalate. transminase), GPT
(Glutamic pyruvate transminase), ALP (Alkaline phosphatase)s =7 3F3iTh.
GOT9} GPTx Reitman-Frankel™, ALP& Kind-king'§ell &]ske] A& kit
(Asan Pharm. Co., Ltd.)E ©]-&3} T



6. ABeHH 1A

k3 oprbele] EA FAE ZA37] 98] washing buffer (0.1IM KCl, pH
742 AlFH ¥, homogenizing buffer (0.1IM PBS, pH 74)E teflon-glass
homogenizer (099CK4424, Glass-Col, Germany)E ©]-&3te] #A3}stTt. ©]
2 4C, 10000g2 603 A4 Ested Asde A3 AREsAH. 3t Y
H| §4:2]1 Metallothionein % Glutathione Z% |4+ homogenizing buffer=
20mM Tris buffer (containing 0.25M sucrose, pH 7.8)& At&3tH1, #&HL
4C, 10000g= 3023 YAEEst dede gt e 4592 4
ZA7A -75C (MDF-U53V, SANYO Electric Co. Ltd., Japan)ol] X33} T}

7y 22 o] oild SLek2e Bradford (1976) WH= o183 kit (Biorad. Co.,
Ltd)E ol-&3sto) g FslSAth.

o

6-1. Superoxide dismutase (SOD)

SOD 242 WST-1°] &ldl| thik 50% inhibitor rate® =43t SOD
Assay Kit - WST (Dojindo Co., Japan)& °]&3titt ZF F5d 59 wjs
# 01mM PBSE 34 ¥ FFFEAS ol&ste FFE 450nmelA A
o SAFCE 50% inhibitor rateE 78] unit/mg protein® = FA| AT}
* 4 S T - 1 =
2-(4-lodophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium,

monosodium salt)
6-2. Glutathione s-transferase (GST)
GST &/ Habig (1974)%] W& WyFste] SASAT. AFY Al
6.5) <

0.2M potassium phosphate (pH £
GSHSt 10mM CDNBE #7bete] A2olA 123F w3 AHT. I4e 234 =

A (Zenyn 200, Anthos Labtec Instruments Gmbh, Austria)E ©]-&3to] 37
340nmell A 30 T E 5% 5 5783+ nmol/min/mg protein = EA| 53

_10_



=
6-3. Glutathione (GSH)

Reduced glutathione 332 Beutler 5 (1963)9] WH-E o] &3tAth 5
o precipitation solution (metaphosphoric acid, Na;EDTA, NaCl)< FH7}3}o
=3 & 4500gol 1023 LA EE ek 1 s el 0.3M NaHPOs= %
i, 05mM DINBE #HAAA EFFE=AZ 412nmelAH FFEES SAAH
GSH 3%& reduced glutathione standard curve® ©]&3to] 5783t 11, nmol

GSH/mg protein®. & A3} T
6-4. Metallothionein" (MT)

Metallothionein (MT) %2 Viarengo 5 (1996)9 WHS w2t 43T

FedE F2=xoA 1081 80CE 71’ F 2500g, 1023 YA 283t &

1E YAE AASATE 28 FE5He] cold(-20TC) absolute ethanol
o

A7 s ¥ 47T, 6000golA 1023 A4 EE] F A5 He cold

1 AR e HE AASHA pelletS 87% ethanol® 1% chloroform

#l homogenizing. buffer2 washingd & 4C,6000g= 103t A4
AT 1 pellet= 0.25M ~NaClZ A A EAA 1N HCl (containing 4mM
EDTA)# 02M Na-phosphate= $F¥ 043mM DTNB (55 -dithiobis-2-
nitrobenzoic acid, pH 8.0)5 F7}sto] 4500g% 1023 A4 &Y F £33 =A
(Zenyn 200, Anthos Labtec Instruments Gmbh, Austria)E ©]-&3t] 33
412nmollA FFEE SHIAT MTEE+ reduced glutathione standard

curves AAdstd S8R, @+ pg MT/mg protein® = FA| 83T
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A3 24 Aol e SAHH #4942 SPSS A Z=I1 (SPSS Inc.)

[e]

S o] 83te] ANOVA testS A48t Duncan’s multiple range test® 53 P
<0.05 & W ool Ae AL=E IHF3HATh
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1. Bioaccumulation &4

67F gl =Ed wole] =2E FHFL Fig 1-60] HEMHAT. FelM =
Z77F UEebgta, 4F 2} 2000g/L B5 o4

N
N
W
2
=2
B~
o
S
=
5
~
—
f
al
=2
R
Jo
o
e

= 253l 200ug/L B= ©)dolA #2
g F7HE UERA A, 4530 100pg/L S5 ol dedlA frold F7HE UERATH
H A= 252k diz2FeF vaste] BE FrolA fode] fller, 45
Zholl 200ug/L &% ©)/FolA ot S71E BRIt FolA= 252k 400ug/L
EEAAT S7FeAAL, 4F Akl 200pg/L FE ool w27 S7HF vERs
o}, ofztulel & 250l 200ug/L 5 ool F3 /e B, 453}
o 50ug/L &= o1FelA fFeldt S7HE BALh. EHollAM = 2579} 453 B
T RS Hlaste] el o] fiith
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I Control
[ 25u8/L
N 5048/L
1 1004g/L

S 37 = 200

= I 40048 /L

[

o

g 2

[

[<}]

(8]

[

o

o

}

O 14

0

Liver

b
ab b
a a aa
a8 T a T
I a |
| | [
2weeks 4weeks

Period

Figure. 1 Cr concentration in liver of mullet, Mugil cephalus exposed to the

different concentration: -of hexavalent chromium. - Vertical /" bar

denotes a

standard error. Values with “different superscript- are significantly different (P

<0.05) as determined by Duncan’s multiple Tange test.
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I Control . q Kidney
[ 25u8/L
B 50/8/L
1 1004g/L be
S S EEE 20043/L c
=) [ 4004/L ab be
el T
S I ab
- a g
[+
- 2
€ I a a a
[<}]
(8]
[
o
o = I
}
O 14
O | | || ||
2weeks 4weeks
Period

Figure. 2 Cr concentration in kidney of mullet, Mugil cephalus exposed to
the different concentration of hexavalent chromium. .Vertical bar denotes a
standard error. Values with “different superscript- are significantly different (P

<0.05) as determined by Duncan’s multiple Tange test.
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3.0
I Control b b Spleen
[ 258/
25 - [ 5048/L
1 10048/L
) I 200:8/L a f
= 4008/L  a a a
3 20 4 I g 5 T
c a a a
i)
= a
= 1.5 1 I
c
)
o
5
S 1.0 | i
| 5
(&)
0.5 1
0.0 — . .
2weeks 4weeks
Period

Figure. 3 Cr concentration. in spleen of mullet, Mugil' cephalus exposed to
the different concentration of hexavalent chromium. Vertical’ bar denotes a
standard error. Values with different superscript ate :significantly different (P

<0.05) as determined by Duncan’s multiple range test.
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I Control
[ 25ug/L
I 5048/L
1 1004g/L
31 mmmm 2002/
[ 40048/L

Cr concentration (ug/g)
N

2weeks

Period

Intestine

Ho

Ho

4weeks

Figure. 4 Cr concentration in intestine of mullet, Mugil cephalus exposed to

the different concentration of hexavalent chromium..Vertical bar denotes a

standard error. Values with “different superscript- are significantly different (P

<0.05) as determined by Duncan’s multiple Tange test.
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3.5

3.0 1

2.5 4

2.0

1.5 4

1.0

Cr concentration (ug/g)

0.5 4

I Control
[ 25u8/L
I 5048/L
1 10048/L
I 20048/L
= 40048/L

0.0

2weeks

Period

Ho

4weeks

Gill

Figure. 5 Cr concentration .in gill of mullet, Mugil cephalus exposed to the

different concentration. of hexavalent chromium. Vertical bar

denotes a

standard error. Values with different superscript ate :significantly different (P

<0.05) as determined by Duncan’s multiple range test.
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1.8 7

HEE Control Muscle
161 3 25m/L
B 50u8/L I

. 1.4 4 [ 1004g/L I
K= I 2004g/L T T
g.‘ 1.2 4 [ 4004g/L
5
2 10
o
c
S 08
Q
5
S 06 i
— [
(&]

0.4

0.2

0.0 — —

2weeks 4weeks
Period

Figure. 6 Cr concentration.in muscle of mullet, Mugil cephalus exposed to
the different concentration of hexavalent chromium. Vertical’ bar denotes a
standard error. Values with different superscript ate :significantly different (P

<0.05) as determined by Duncan’s multiple range test.
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Daily length gain~ of mullet, Mugil cephalus exposed to the

different concentration- of ~hexavalent chromium." 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 Daily weight gain of mullet, Mugil cephalus exposed to the

different concentration. ~of - hexavalent chromium. 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. 9 Condition factor of mullet, Mugil cephalus exposed to the different
concentration of hexavalent chromium. Vertical bar“denotes a standard error.
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determined by Duncan’s multiple-rangetest:

_23_



3. €9 A &

1z

67} Awol =Fd Folo €A 44 WHIE Table. 20 YERHAS RBC
count® A% 2FFto|= 100pg/L % T o) AolA F9F AT JER
oW, 4532k 4= 50, 200, 400pg/L = FHAA FoAH AT YERSTH
Hematocrit®] 74-¢ 2Fx}oll= 25, 50, 400ug/L =04 FoAA S7H7F vE
wom, 4FAdl= 50pg/L sETRE olFelA FeHRl SUPF YERET.
Hemoglobin®] 7-¢- 9 & Q1 W37} YephA] kskth
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Table. 2 Changes of RBC count, Hematocrit and Hemoglobin in mullet, Mugil cephalus exposed to hexavalent chromium for 4 weeks.

Hexavalent chromium concentration (zg/L)

Period
Parameters
(week) 0 25 50 100 200 400
2 45.44+4 27" ~40.36+9.72?> = 38.48+3.01™-. 35.68+5.64° 35.08+4.93° 35.84+2.60°
RBC count
(x10*mm®)
4 59.36+5.35 51.60+£6.45" +48.88+5.78"  51.52+2.30  45.68+5.47"  39.44+7.43°
2 35.25+6.30°  46.00+3.67°  42.75+3.90°  36.25+2.28"  39.50+1.80" = 54.25+0.43¢
Hematocrit
(%) b
4 38.75+4.15 38.75+3.03° 58.00+5.87" 54.0046.60" 62.00+£3.32° 58.75+4.09
2 6.43%0.46 6.99+1.67 6.29+0.19 7.23+0.65 6.86+0.09 6.60+0.19
Hemoglobin
(g/dL)
4 7.68%0.57 8.29%+0.20 7.69%0.28 7.25+0.47 8.04+0.59 8.40+0.53

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

test.
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R, 45730 & 25, 50, 200ug/L FZNA R
3 W F718 2 W3t 5 glucose®] 7% 2FAkol= 400pg/L 5= f
A4l F7HE BIAT, 472l F7hethr HAske AR Bolal {9 3<l
H3k= A Total protein®] 7 -¢- 2FAFoll = Fo Aol VYEhA] ek, 4
2ol = 200, 400ﬂg/L FEAA FAHd SUHE HERAT FEA L
triglyceride®] - =713 &< Fo A< |37 A2 H A skt
A W AR E 93 F GOTY A 253 = 100ug/L F% oA
o) HQl TaT BHAou, 4FAeA = 50, 200, 400u8/L s=oA FoHA F7t
5 HAT. GPTY A% 25 Adl= 100pg/L 55 A2 ZE F3olA {2
29l F712 R, 457 &= 50, 400pg/L SENA Fo Al =/E BT

ALPY] 739 27 50pg/L &% TFXHA S S71E A5t {942 vER
2| sk
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Table. 3 Changes of serum calcium and magnesium in mullet, Mugil cephalus exposed to hexavalent chromium for 4 weeks.

Period Hexavalent chromium concentration (ug/L)
Parameters
(week) 0 25 50 100 200 400
2 15.51£1.29° 16.68+0.81° 16.23+1.14* 16.304+0.93" 15.79+1.63% 11.47+0.86"
Calcium
(mg/dL) b b b b b
4 14.43+0.78? 13.22+0.87 12.72+0.92 12.5140.50 13.164+0.56 12.35+0.59
2 4.3440.50° 4.12+0.70° 4.62+0.52% 4.32+0.80° 5.024+0.80% 5.4140.54"
Magnesium
(mg/dL)
4 4.15+0.18% 4.70£0.41° 4.85+0.19° 4,47£0.14%° 4.70£0.39° 4.48+0.08

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

test.
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Table. 4 Changes of serum glucose, total protein and triglyceride in mullet, Mugil cephalus exposed to hexavalent

chromium for 4

weeks.
Period Hexavalent chromium concentration (ug/L)
Parameters
(week) 0 25 50 100 200 400
2 59.55+17.60*  54.20+6.67*° = 51.72+15.76° 75.7849.81"*  56.83+2.65° 92.73+12.80"
Glucose
(mg/dL)
4 57.38+15.01 61.84+5.56 76.05+2.59 72.684+6.43 51.00+8.44 53.10+7.68
2 4.67+0.15 4.88+0.06 4.70%0.18 4.51%+0.07 4.77+0.12 4.69+0.13
Total protein
(g/dL)
4 5.07£0.04? 5.25+0.09% 4.984+0.23° 5.06+0.07° 5.34+0.08" 5.46+0.06°
2 78.52+15.45 . 99.83+18.50 66:11+8.95 76.51+£7.81 98.32+35.13  91.11+15.62
Triglyceride
(mg/dL)
4 108.60+6.95  106.14%2.86 96.67+6.61 97.02+11.13 116.49429.48 111.40+23.31

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

test.
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Table. 5 Changes of serum GOT, GPT and ALP in mullet, Mugil cephalus exposed to hexavalent chromium for 4 weeks.

Period Hexavalent chromium concentration (ug/L)
Parameters
(week) 0 25 50 100 200 400
2 15.75+1.44% 15.02+2.15° 16.25+0.53* 5.16+0.48¢ 4.68+1.46° 9.12+2.03°
GOT
(karmen unit)
4 12.54+1.478 - 17.18+1.21* 22.70+1.47°  17.55%+4.33%  21.1243.70°  32.40+6.22¢
2 1.40+0.60° 2.9240.24° 2.92+0.63° 2.12+0.30% 2.92+0.49" 3.04+0.64°
GPT
(karmen unit)
4 6.3240.30° 7.8940.20% 9.95+0.59° 7.56+0.31%° 6.81+0.91° 9.80+2.38°
2 3.71+£0.24° 4.16+0.08% 4.40+0.33" 3.98+0.46" 3.79+0.27° 3.76+0.16°
ALP
(K-A)
4 3.66+0.09 3.58+0.11 3.61+0.05 3.5240.18 3.49+0.12 3.69+0.44

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

test.
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5. A3}stz st
5-1. Superoxide dismutase (SOD) activity

67F AF° =Ed o9 3 obriv]l W sSOD &4 ZAFE Fig. 10-11°]
YeR Atk 2toll A SOD 48 253 o= 7P =& F1bll 93 &4
ZaE YA, 473 A& 100pg/L T 5 o]dollA fojFl &4 A7 U
Ebstth. op7tu] Wl SOD &4 Wske] ¢ 25kl = 50, 100pg/L =4
oAl F7FE BAou o 52 5 FHAE fFoAdol dEA F3ta, 4

Tt = 7H 2 F5 %0 400pg/LoAlAl YA a7 YERST

rl

]
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Figure. 10 'Superoxide dismutase activity in liver of mullet, Mugil cephalus
exposed to the different concentration of hexavalent chromium. Vertical bar
denotes a standard error: Values with different stuperscript are significantly

different (P <0.05) as determined by Duncan’s multiple range test.
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Figure. 11 ' Superoxide dismutase activity in gill of mullet, Mugil cephalus
exposed to the different concentration of hexavalent chromium. Vertical bar
denotes a standard error: Values with different stuperscript are significantly

different (P <0.05) as determined by Duncan’s multiple range test.
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5-2. Glutathione s-transferase (GST) activity

67F AF =" Fo1Y 3 obrbvl W GST &4 W= Fig. 12-139]
et it 1+ GST &4 A$ 233 = 7 & 5% 73 400ug

°
UYEH AL, 473 s £ 55 TR dS

A}

JLAARE fro 59l A

Aadhs AdS BAoY 400ug/L wEAAMRE el itk obrin
GST 49 7% 2Faol= 50, 100, 400ug/L SE=TolA F93A as
et on, 4530l & AAH R ZHAstes APFS B O 200ug/L FE00 A4
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Figure. 12 ' Glutathione “s-transferase activity in liver of mullet, Mugil

cephalus exposed to the different concentration of hexavalent chromium.

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. 13 ' Glutathione = s-transferase activity in gill of mullet, Mugil
cephalus exposed to the different concentration of hexavalent chromium.
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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5-3. Glutathione (GSH) level

67} AEol =E%" Fo19 I WY reduced glutathione 372 Fig. 149 e}
YAt koA GSH &S 2o 200, 400pg/L &% TIHAA F40 =
7He yWEtll e, 4573kl 50ug/L 5 o] el A o2l U7 UERs T
TR 2728} 47| Fol o] Qle TREAAME S7Fske B UEETH
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Figure. 14 Reduced “glutathione level in liver of mullet,” Mugil cephalus
exposed to the different concentration of hexavalent.chromium. 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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5-4. Metallothionein (MT) level

67 ZEel =28 Folol b W) MT F&L& Fig. 159 YeRIIh el A
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Figure. 15 ' Metallothionein level in liver of mullet, Mugil cephalus exposed

to the different concentration of hexavalent chromium. 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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Aolasel AFeled A WA A 2iud 34de ASA2H. 67F 2
§ Fenton and Haber-Weiss %35 Zvjgtth(Wang et al, 2004;

Valko et al., 2005, Lushchak, 2008). Fenton and Haber-Weiss ¥h-g-2 Th53

2t

1) ™ + 0, = &+ Oy

) Cr’" + H0, — Cr” + "OH + OH

(3) 0" + H:O, — "OH + O, + OH™ : net-reaction

oL AFl ol A3 2EH2E FEF FUud A=TH A=E" U 6
7} AECNOlA 37 ZRCHeR] HE 5EL 67 A5 53] 9
gk W7tUEo 2 FAE D (Arillo and Melodia, 1990; Lushchak. et al.,, 2008). =
Boled d7 ®ig & fdal, A48E AEFHE HEA% a4F w7 E
ol& Zo]EA ¥rh(Lushchak, 2008). Cr"fe F& Cr0O,/ & GO Sol&
FEHZ EAst HI5olH ol FF AlZEHE S AE UE St
(Valko et al., 2005). W2k Cr it o] A8 HZ 57 ¢ 4o o
7 Z1thH(De Flora, 2000).

i 550 A A die dAEde de dHA JTH(Eisler, 1981). ©f
7o A T BASHLe O o ¥ o 1 F Aol T,
BEE, 25 AE 95, 4ol 48, 5%} F2FEol /A ARG
(McCarty, 1978; Hakanson, 1980; Czarnezki, 1985 Bendell-Young and
Harvey, 1989; Mance, 1990). Cr(VI)-> AJA| oA A7, 18k wo] th&F %4
Ho A%, A%, Helle A Fol SHATHCosta, 1997; Saner, 1980). =
s olal welA bk Aol 50%el wat= TS WY ChGaner, 1980).
Palaniappan and Karthikeyan (2008)2] 7oA ¢kt XA &9 ZAF ol
=ZAZl G4 Cirrhinus mrigala®] b, 213, op7bv], &8 W 385 & =
A A A el 74 E@ol A EAT. B A4S 55 =
X Z9] Upper Lakeol X ¥o]&<l L. rohita®] AW ZF =3
A 7 wa HlEsidew, O HE ot 25
Malik, 2008). ¥ A= FASIHA Cr(VI)oll =&H w019 2AE FHFL
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5=
71

/\] =
1, A 10mg Cr/kgs) ZF A& ol "Hiltks A7V Ry ME]-(Lin Yuhua

et al, 2003)." =3 LA FEe Cr(VI

Cyprinus carpio juveniles®] 7-5- 2, 5mg Cr/kg &=clA *

=
b
)
rkﬂ

= " 7], Heteropneustes fossilis
o A= 20 ol AAECl WME ZAYrhi H 1 H T (Pandey and
Nisha, 1983), Benoit. (1976)< Rbd =4 O = F AR Dbrook trout, Salvelinus
fontinalis A 1e] 75 10pg/L-&F =N 8/1E &<t ATAHZEC] FLIATa
Hugo ol#3 A Hae ”‘5} 2Ef 2= <
ARNA A 7F S71Fo 2 ARl ZlE 7L Aoz ®Hldh
ofFe] dstzx 44 Wates &4 edEdl o3 o
€ SAsk=d 22 ARSI Ao a3l d9sh AxS2 55 =F A
wEA WSR2 AelA dHshE 47 T HbE Al9l3k RBC count$} Ht
= ol Wart AT RBC count= 252kl 100pg/L s=0)dolA
Ao g AR, 4FAboll= 50, 200, 400ug/L F5 FHAA o HQd A
£ stk ¥ Hto] A$ 2FabollE 25, 50, 400pg/L BEolA fojFow =
7¥eERAaL, 4FAkell= 50ug/L F5 oldelA FelF s FUteT dnbH o
R 2EH 2 a]ld s € gyl Tadtes o= HIE A NhBenifey

E
e
iy
ox
[>
I
o)
[>
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and Biron, 2000; Mattsson et al., 2001), Ht®] A% =54 &% =& £ F7ist
A

= Aol Aoty BuE vl Jth(Wilson and Taylor, 1993). =g+ Hl

1> rr

Ef 2 ¥ OE RBCY swelling @84S S7H71ed 9F S £tk B
= AH(Nemesok and Boross, 1982). & 7oA RBC count 749} H
of 93] mean corpuscular volume (MCV)7} 7S & F Utk
El-Demerdash et al. (2006)= E7]° 43 Cr(VI)= 2424 223 A3 )
A Ae vwstsd, I A ik AFl s f=E HdE SUHE
=Roem, A9 =4 a3 HASE 202 YEETh oo wet E A3
Al MCVE] S7F= Cr(VI) == gl o] 2go g ito] aHlEol 2 &
ol dojut A AE 7 AP A L=
AToNAE U S8R, FUI8E, E4LARS] WEE AFsidth
A 84 W Fr1AEQ ZEd ntavse €3 AR Wt ot Srtst
Ay A3t (Waring et al., 1996; Chang et al, 2001; Hur et al, 2001). ¥
AT AAEHA Zge 2F7ANE M 22 504 7o AAEE UENEA,
472l BE ws TEA Fo3% Zdas HEET Tdal rtovee 25
ztell= 7HE w2 s5A wott S7FE UER L, 45731ell= 25, 150, 2004e/L
SEolA Y7 S7HE UEWT S50 i ddow dgo d4as v
HEe 7l Beol Hix %l (Larsson et al, 1981; Gile, 1984; Haux and
Larsson, 1984; Kuroshima, 1992; Rogers et al, 2003). & F < =5&0]22 43
Hdd T g A7 AR o3 dam AAAY, ntavgS e 7
2o mE AN AAEA-SUVIFAL R ST B3 o3 FHS
JiEo

RS HEY A FFL WAL Ao AFAL FY W 714

re

s e A B5EE thAe] STt Wl FUekAl Eh(Hontela et al.,
1996; Kennedy et al, 1995). & ATolA &= 253}t 400ug/L =4 3
Z7H8 JEla, 473 100pg/L % TR Fhehe A S Ho|trt
0 2 ¥5 7oA Taste AFES EIAAR FoFl XME KA 45
A9 F7HeE & gASeE AL Cr(D)Y %9 =F 7t mE A%
H gsEo #=3 o] o3k A= AJZHt(Bhattacharya et al., 1987).
g4 o FE9d 24 A 457309 200, 400pg/L €5 FIEAA g St
E Uedth ol 9dE @4, il Foll A7 ARAU, A3t 2Ed 2o

00‘
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g AEd Ao mE ARY F Utk dutFow F
A, AAF7IeE "ol A oyt A& whet Wdts Zlem deA
ATHLie et al., 1988; Shikata et al., 1993) F4AE<
T FAA FUlele AFE RIou, fo9de itk 84 U a8
2 GOT$F GPTE o Rl td 374 29E5d9 XA 54 &S =Hs =
o FF AH8-E ™ (Loroux and Perry, 1972), Ztoluy A 5 Ar]o] =2H &
dolvp oA EF LU EokAe AR 4¥HA  thBlasco and
Puppo, 1999). ALP+= Ztolyt mo| F2 ZEAstH, o8 3tdgke] o} F713
tH(Matsuzawa et al., 1993). & A7-olA GOT= 25F2tol 100ug/L &% ©]/dl
A ol BAE BAAT, 453l 50, 200, 400ug/L F = FXAA F2F
o Ikt BRE §% A STkske A¥FS Biid GPTY A% o
T-oF Hlaste] 25 Ak = 100pg/L FEE AL BE FrelA fold St
BRI, 4536l AAA o2 Srtete A& A 50, 400ug/L F=AA F
o3& YehHth ALP= 255 50ug/L =AW fo3k F71s UEtdTh &
AU EAHE AAAHL] S7IE Hol Cr(VDoll =28 F019] Zto] &4 H
NS & 7 Uk

Superoxide dismutase (SOD)&= A|Z 8| 34ts}t o] w7ty Fol a3 9
<= oot SOD 849} =™ =8ty AlEE o st 2Eg 2o digk 27
AZ=, Fakst &4 Fooxyradical S JASHA g St A o

o2 3 Fr(Firat et al, 2009; Li et al, 2010). & 7o)X= 3tz ofriw]
°] sSOD 8A4< Atk 2 A3 oA 2530l = 7HE =2 =<l 400
pg/LAA o3 s YEhllal, 4F2koll= 100ue/L &5 °dolA 72
A AAE YEHTh o7t A 25k 50, 100pg/LollA fF97 S71HE o
Elllou, 453 400pg/L E=CA fFol3 &4 AV UEETE dubA o

,{’1

do KN

e
it

SOD v&oly SAHAEL =& Al 840l FUIeke A¥e HAdt &'
ole] AS B AFdA IE 59 FFEHAd =F A SOD &Aoo F7hst
A3}E YERAT SHA| Y Velma and Tchounwou (2010)9] AT-ellA] Cr(VI) =
Z3 goldfish, Carassius auratus®] 7t#} 214 olA = whe} SOD &4 &
7VstR A B, 4FAto| A= FAdo] Control L& i}ow ol o] yEbRH
Kubrak et al. (2010)2] 7oA % Cr(VI)oll 48413 =& goldfish <] SOD
ol Fdagon, =3 A3 FASAR L3 Yot ofd o229 Afelx

rlr
o O{N
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in vitro WHOE o] F&o =%H sea bass AT W SODY catalase &4
o] A3 tH(Cooley and Klaverkamp, 2000). ¥ A7} FASHAl Sojo of
gAY A TEEHEE, A 299 el AAstes w019 3 W SOD
gdo] 2HdFHA Fe AP FojRT Fe HAA(E H AU (Padmini et al,
2008). o€ & e W kst EAo] AAlEE AL AR o
o #=3 A Ev ©lE] sulthydryl groupel w&°] 3Ff A so=
o Az h(Dallinger et al., 1987; Lackner, 1998; Ercal et al., 2001)

GST®} GPx(glutathione peroxidase)= 4ts} 2EH2ZREH AES BHIste
g T83% 94 3y FANEY 2GEH g F83 A EZ(Winston
and Di Giulio, 1991), GST+= AAlelE 9] 6 L= wlEe 3 Is4dS e
71 A8l KA E-Q T tripeptide glutathione groups A A o] &
ZItHOzmen et al,, 2006). & ATFolA Cr(VD)oll =" 19 13 opr|r] 9
GST 24<& st 3t W.GST AL 25728} 453 B5F 400ug/L &5
oAM ok #&AE UeEtle. ob7tel Wl GST. 242 25-Afell= 50, 100, 400
pg/L =4 £33 das B, 473 ele AAH o2 st 33
BIAT 200pg/L s=dAT Fol8-& UERAS. B A9 §AFSHA zebra
fish larvaeo| Al Cr(VI)2 GST &4, cholinesterase ¥ A|XE TIALE S AAZ T

1 B35S ™ (Domingues et.al., 2010), B3t CuSO,= 100, 250g Cu/Lell 96
A =29l YolY A% CAT(catalase)®t GST7F AAIHATIY E I AT
(Dautremepuits et al, 2002). o]z Ao wE2W oAZ ofFoA GST 42>
FTEY HEs 7ixivga Eiﬂﬂm‘:}. = ed=d k2dd g8 H4d w=7F 2
Wb EAEAH0] FUbeTE O & AXH R FAadthe Zo|th(Elia et al,
2003; Vieira et al, 2009). T5°] 2] PAH® w49 =Zd tigt GST &4
o] oA} of7| 7} BT K= o]gkth(Sanchez et al., 2005; Vieira et al., 2008).

GSHe w&ol td A4S deAle Aoz 483 55 o] A=A

(Rabenstein, 1989; Kt S et al, 1994), tollA FA o] A T3 2%, &
& 59 A7|E o]53Al EtH(Pena et al, 2000). YREH O Z o) Fo F& =&
< GSH ’\LW% H3}A| 3F=tl(Maracine and Segner, 1998), T2 w45 Zd|
1E, 151 oxyradical A eF GPxoll 93] Fvl He 7531 jEgo F
oq3go=w 1 T4 tE Alze] R Wojd oz A rhSies, 1999). & AT
Al ZF W GSH+= 252kl 200, 400pg/LolA #old 5718 YEl@lon, 45219
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Bug/LE AR BE A o7k S7F et olge Axe =
of o3k 4st 2EZAE Wol o] W GSH 4ol S71ek Aoz Heln.

A9 FAFSIAl Atli and Canli (2008) ATolM= 7H=H, o, FElo 2zt
=F% 0. niloticus®] It Ul GSH @Fe] S7hstaiem, ozl GSH7F 4t
2Eg 2z tis o|FE HZshr] AT A o] Al="olr] WEd Aol
3 Baustgnh a8a JtEFEH ofdde] xEF rainbow trout, Oncorhynchus
mykissol M= A7t F=] wel GSH7F S7FEitta ®ag vl th(Lange
et al, 2002). 71 & o2 AFAA FE5F {7l LE=ddd == oFolA Al
Ex4 Pl dis) Rz 98 GSH levele F7HAATAL HIH At
(Thomas and Wofford, 1984; -Gallagher et—al., 1992; Stein et al, 1992; Di
Giulio et al., 1993; Kuroshima, 1995; Tort et al., 1996, Paris-Palacios et al.,
2000). & ATelA 2k W) GSHO| F7k= ol 712kl o7t e S7HERE of
Uzt GsHE =53 HEA7]1= GSTO (&40l AA|Oo =M GSH 4H|7}
27 o] £olAA e ARE dBHE Ao AALT,

MT= a5 SAS Solstet T8 JE8s 81, 2Ef2=25E Ax
& B S3th(Kigi and Schiffer, 1988). Velma and Tchounwou (2010)8] -
ol A Cr(V)ell ==4H goldfish®] 2t} Al MT levelo]l 58} 7|3t wet
F7FtAth =g Cr(V)oll =8 9 B AF AZ U MT7F = ot
FEHATGE AT 2#H7E B %A Solis-Heredia etral,, 1999). ©] £}

A B dFdAAE 71 MT level A 27k = Cr(V)oll =29 BE& &
E A e @ STEIAR O, A=A = A 52 § 5 7] 40048
/L &=oA 73 FS7HE deEdlth o9 & MT level 5

zebra fishe] ¥ mEA=v] cell-lined] Cr(VI)& Hels9<
mRNA7} FEHETY B35S ™ (Cheuk et al, 2008), Roberts and Oris
(2004)% 3 A% W MT mRNA =& 5590 ¥&ste MT 34 84
of A=Al FA o Aet & 4 Avkal HAssinh
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457 (M)l =27 &9 A S5 &5 A9t FAg #d
Byo, A&, 7t A oiziulo] ©e SATFS B, tA= 200ug/L F

oAl frold F7FE UERT AAE AR YA TEFL 25ug/L,
A LA TG FS 100pg/L F5 o)A A&l E3t=A 1, ol @& HRl=E
FE 1000g/L FE oPFeA o ZAE YEit, ddEy i
RBC count= ‘#4393, HtS S7Hskth. EH A 77|38 2 ZdHe
A3t vl S7ksk e, 1R Ae FHAMAR 2006/l F
A Ko

Fol A Fogk SUIE-RIG-FAH U EAHEQ] GOTY GPT+= =

e o

X

=
5=
F7He BEATH #4ksk9kg T &4<9l SODSF GST g4
= § 5 TA o3 ZAaAE YEEH BlE4 T GSHEE MT level> &
€ 83d5S HAALE 200ug/L 5 ool FodS

O

i
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