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ABSTRACT 

Title Mercury Heavy Metal Detection Related to Expression of Metallothionein Gene in Nile 

Tilapia (Oreochromis ni/oticus) 

Researcher Anudep Rungsipipat\ DVM, PhD, Associate Professor 

Aranya Ponpompisl, DVM, MSc, PhD, Associate Professor 

Nopadon Pirarat\ DVM, PhD, Assistant Professor 

Budget 770,000 Baht 

Period 1 year from October 2007- September 2008 

• 

Mercury is one of the most toxic heavy metals which can contaminate natural water 

sources. Humans can be exposed to mercury by consumption of mercury-contaminated fish. 

Therefore, it is the most appropriate model to use fish as an environmental marker of mercury 

contamination. The purpose of this study is to investigate acute mercury toxicity in tilapia 

(Oreochromis ni!oticus) via histopathological technique, autometallography, Hg analysis by ICP

AES method and expression of metallothionein protein by immunohistochemistry techniques and 

metallothionein gene expression. Tilapias were divided into twelve experimental groups and one 

control group. The experimental groups included intraperitoneally injected with 0.5, 1,2,5 Ilg/g 

mercuric chloride (HgClz), oral administration with 0.5, 1, 2, 5 Ilg/g HgClz, and 0.5, 1,2,5 Ilg/ml 

HgCJ z semi-static exposure groups. All fish showed clinical appearances of respiratory failure 

followed by death in 2 and 5 11 g/mI HgClz semi-exposure groups on fust day (day 0) of 
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.. experiment. The major histopathological lesions included tubulonepbrosis, increasing immature 

nephrons, and deposit of crystals in trunk kidneys, increasing melanomacrophages centers 

(MMCs) in spleen, and loss of fat storage, degeneration of hepatocytes, and pancreatic atrophy in 

hepatopancreas. Following autometallography, silver-enhanced Hg grains were visualized in renal 

tubular epithelium, MMCs in spleen and in pancreatic acini in accordance with high mercury 

levels. The amount and location of visualized grains differed from routes and doses ofHgCl Ther 

semi-exposure groups and higher concentration produced more grains tban other routes and lower 


concentration. An expression of metallothionein (MT) revealed in renal. tubular epithelium, 


MMCs in spleen, and pancreatic acini of 0.5, and 1 Ilg/ml semi-static exposure groups after day 9 


and 6 respectively. From this present study, it concludes that patbological lesions, 


autometallograpby and expression of metallotbionine protein by inununohistochemistry can be 


used to investigate acute mercury toxicity in tilapia . 


Keywords: tilapia, mercury, acute toxicity, pathological lesions, autometallography, 


metaI1othionein gene 
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bovine serum protein 

beta 

degree Celsius (centrigrade) 

cadmium 

complimentary deoxyribonucleic acid 

centrimeter 

cold vapor 

gas chromatography 

copper 

dissolved oxygen 

3,3-diaminobenzidine 

deoxyribonucleic acid 

median effective concentration 

gram (s) 

gravity 

hematoxylin and eosin staining 

irnmunoh istochemistry 

liter (s) 

Inductive coupled plasma atomic emission 
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LC50 

Hg 

HgCl2 

HgS/Se
AMG 

ml 

mg 

mRNA 

MS 

MT 

III 

Ilg 

11m 

NAA 

Ni 

NJDEP 

Pb 

PBS 

pH 

ppm 

% 

RFD 

RT-PCR 

rpm 

STREC 

US EPA 

UV 

WHO 

... Zn 

median lethal concentration 

mercury 

mercuric chloride 

mercury sulfide/selenide autometallography 

milliliter (s) 

milligram (s) 

messenger ribonucleic acid 

mass spectrometry 

metallotbionein 

microliter (s) 

microgram (s) 

micrometer (s) 

neutron activation analysis 

nickel 

New Jersey Department of Environmental Protection 

lead 

phosphate buffer saline 

power of hydrogen ion 

part per million 

percent 

reference dose 

reverse transcriptase polymerase chain reaction 

revolution per minute 

Scientific and Technological Research Equipment Center 

United States Environmental Protection Agency 

ultraviolet 

World Health Organization 

Zinc 
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(Introduction) 

" .
lf1Hfll'j1~[Ji1I1:J.u1I'IHfll'j1~[J'mjfi~~i~'U111ifllHI'j'Hllfllftl1~l1t1m.hel'\'l ~lfl 

" t, 't1 

~1fJ~}m1tl1vfJ'\Jel ,nlftliift fi1~i'1J1ftl1~l1t1O1J'j e!'\'l 't1~1fl£J~H~lflfll'j'\'lflfte!~ riel 111'1 IIft~fll'j 

" , 'U~1'U fll'j~flfll'i'\'l i''YI [Jlfl 'j 1111 ri nj lllfl~ 

" ", ,"" " 
1ft £J~tJftl1lJ fl'j~ i'~1lJ!!l1 ri~tll1i 'j'jlJ'I51~l'i1lJi1~ fll'j Ift£J~tJ,n1'Uvh1lJfiiifll'i 1111111l1111111ri~111 

" " . 
ff11i1'j ill ~1I11.n'U 111'j1ft [J-:)'Yll1,rtJft1ii1el fl1ffCJ -:) 1'U fll'j 1f1'i'1J ff1'j tJ'U IUfJlJ ~1fl iY-:)1I1flftelllfllJ el1~ 

" . 
'U elfl "'lfliHr~fflll1'j tl11111i fll'j IIft~ Hft fll'j ~fllllfi 1~1Jl 

" " " 
tJ'j ~qi1~1 fl'U fl~lHY~1tll'l5iifl~'U'1 fie! g1'\.Hll1ri~lh~fl1i'j 'jlJ'I51~ '\'l~1ft IIft~lJ111ffll'\'l'j 'j 1lJi1-:) 

. " 
!'We!I1J'U~1~-:);fll'j 
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" .
fl~H1'l'l1fl)nJ 11lJO~;;;'Uri ';Il~ -rff~~l~ '1 iii~i~~lh~iU'lf,r1lft'1~lnmfl11 thulr~)'u mn'IJfH 

", " '" 'jJ jI " 

Iilul'I1 riliiiH~01fftJ'Ulil~'Uft~~IIlHi~lh1~1f1[Jfl1llJ~~1~ ImdJl~~~1~ l'lfU nwVi~'IJ[J~ft~II'11ri~ 

" ", " ,
'Ill O11tJri~ [J'Illlffu'~h.h1rflllft'1 m1tJrie)[J'IlllffU'Vjjn~t.h1rfl ~lnVl'Ulr6'U 11 ~~lm)~ffllfm1lJ• 

jI, "" 

11lJl1~011 Inflfllliil'l1<fJf111lfft'IJ6~ff11tJU~11[J O111nfl O11~ 'Il1l'blJ,j~ I'n'U~'U I'I1riliilllUffll'l1'fl 

. "" 
I~U~'Ul~'l.h~ nwvhll 1 ,r01n'\)~~I~(J l1r~'IJ[J~tJ'U~11UtJ'Ulil~'U1\'lIllfri~lhi~ ~16{h~mn'IJ~'Hil[J 

Y I I I 

fll1~~c)flJN1'Ufhin:r~ IIft~I'I1~~n'IJ~~1Y~1'1l1iflU~1 ~ 'I1rm,j'l~~l~ o1u1~unnnuiY~ii~1~uuiiii 

" ,,, I 'iI " 

'I1Ul~U nlJo~ nnf'U'Ill.y}ijff11uulil~lH,j'lti~1~fllui~U~H lijmY~1'1ll'1~f'U iml~mrnl'l1rilu 

, ",,, . 
fifltJ nii 1'lf'U fll1~lU.y}'~'Vl1l'Uffll'l1'fl ft1llJ i11'U fll1ln~ hfliifll<jf~~h~'l 1unHlhY~1'1l1iilJ'411V 

", ,,, 
I~U~ i1'I'V1~ fll1'Un nft lijmY~1'1l1Ilfffl~mfll1 fiflllnii IIft~ i~ffllJlHlfnllllfrmJ11I'Vl16lfll1'~ 

" " ,,, ,
fi'1~[J~iY~1\.h~~ft~fl1llJ ffUJlffU i ~ £1'rilm1')'U'lJ1U lij~lJUll iIl~'U~i nfliY~1'1lliiii m1ff::fflJ'lJ6~ 
'" 'U U 1 

" . " 
ft1l1JH~unii'\J~~1~'U'Uri~U6l1f11 mllJliluiill~~~'U lilu~u ri1UiY~1lh.y}~~~1~(J1ulllfri~lh 
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'j/ , , " 

lhnih\ (Oreochromis niloticlls) 11hnJrm.h~~11I1lul1u[JlJ'Unml'\JeJ'lfll/hw ijfll'lIftfJ'l 

Y Y • 

, um~i'li'UlI'l1ft'llhIi'i'HJ'lfl~ i ~nrnlftfJ'lUUO'l'i~fJ~l1ITllJ1'imllmlJ~hlfl'~ lh~lJ1ru 5 l~eJU 

'j/ y" tI , 

fl n 1ft fJ'l1.1C\ lUm1U ~lftfJ'lU fJlJ1ftfJ'l~J fJeJ 1111'i I~~ cYll1 ut1.1ll1u lbu1'I1qj 1I~I'i1eJ'l ulfl1.1rneJ di u 

" . " 
1I11ft'llhl1ll1u'i~lJlJlilfl 11'l'Hlflij fll'i 1.1 wil eJ'U '\JeJ'l i c\l1~l1tlfl 11 rmn'iiill~l'l '1 fiijleJfllIT:i'U1,Jl 

" • y y ,.. , 

~-.3YilJ 1111 nll ~~ll.1el~C1'll1 fllllJ Ur\:; 111i1~fij1fl,j'l\'Hl'f)U!'liU!~ £1'J tllJ u~,\)lfll~ [J~J1"1f) II 1ft [J~ii• 

" Y

1~nm 5- 8 l~eJU u,m1'H"eJ'l'liU~i1 eJl1) IhjIlIT~'leJlfllHnfJ'UeJfl II~U1fJJ~mfJiueJl1)ijflnIT~ITlJ 

" " ITl'i l..1'U1i1eJUll1ftlU'~ 

" . " 
U'i~fJf1~'';' UfllHll1Uf11Hlflfll'l'tleJ'l!c\l1~l1tlf1 1'Un1miJu1.1mmneJu l'i'ltlU flwth11ifllHlnu. 
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I ~ 


~ I 

~tlfll'llJlfHl11 

. . " 
(Environmental biomarker) \l:: 'If1 [In ~fl11lJl110'l'UtN'lh:: 'lf1'lfU 'Vi \l:; i ~i'UtYl'nhuihn,J \l1tlUIf ft'l 

" 

uUlilmJ1ull1lJlUl'Vim\llflutlu~'l l[1~ml'\J fll'Vl m'lI~1'l~1'I 

" • >I 

'\1TYi~mnhuiliIU 'tltN i n If~ IfUtl i ~Otl1'lu1iflflff~1ll1'Vi
.
1~lItY~'lmfll'l ~~U tl~U~~tY1'l 

" . 
tl U 1-H'oUm.1n IIn::ll'l:: 'lf1ffmiu£ 

. " 111U'j~'lfl'lfU'VI'l1Utl'ltlU~'j1 [I'Viil 1\l 11 ~i'U1Utll'jlllff~rJ'\lwi'l flft11lJlU11 flf)lf~ iI~ llfU10 uwflu 

. " " 
~iI'l'\Jfl1'Vl1Ntl1[111miin1'U-H'iI'll1fiu~ tll'j Im::lln1iinyhftU'l1um::i'l \lltl1llfft'llll 

lfUflll1i1'V1 hW1Ti Inductively Coupled Plasma Spectropotometry (ICPS) \lltl~':Hlril'l 

Metallothionine 

18 

http:H'oUm.1n


... 

v v 

i rlH fIl11 ~tl'ih.h~ fltl'Ufi'1 [J fl11'f'1 n~l111 tl tI hrl'VI N'fWli1l'Wl 'fl.:J'VI1.:JlJl1VWli1'V1 til 

v • 

II Cl~ lICl'fHni1'V1 til fIlHI'n ~11l1Cll1~l1Umh fl'VIll lfl~1flriNnlfl!uflflitJ'J~ Jntllu i fl[Jfl11~Wn.n. 
l'VIrll1rl Autometallography fllHI'n1l11l1 Cll1~l1'Umhfl'VI hHJ1~ ICPS IICl~fl1HI'nllfll1 

IIft~ Reverse Transcriptase Polymerase Chain Reaction i~[JU,j.:JfIl1¢ill11'UH\.UfJl! 2 -CY1'U ftfl 

• v v 

11J'U~'UH 'U1J1l-l fl11 ~fl'141 IICl~ fl11~fl'141~lfl~1fl ril.:JtlmiJcl'YiI~ fN1l-llll1rinll1inlJ'b'l~ 

• v v 

l'U flitl1~ JntlI 'U~1.:J1'Utl.:Jlhnl1rtl11~i'1J i Cll1~l1'Uflll lfllnJ'Ul1]tll-l lU!ll1ri.:Jlll 

v • 

2. l'VIrll1rl AutometaJiography ft'llJl1nlllln1~1'Ufll1'P1nlll1l1Cll1~l1Um,htl'VIl'Unlfllufl 
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(Literature review) 

" ~'JJ lmJ~)\/~lfl'l,h 

" ". 
IlfrilU neJ ,,rlil~fH'II*fJ~mY~11h l~fJ~)\/ liitl '~t'1JhI111mru~l;j ~::::I.ijl 'hhllftlfJ'J::::1J1J1h::::l1'l'YI 

, .... 1 1\.1 "" ~" ....... 1

~1'1'l fleJ lJ'JeJ'YJ1i119J (Elemental mercury, Hg ) lJ'Jtl'YItl'U'U'YJ'JfJlf'JeJlfHUllJ'itI'YJ (Inorganic mercury 

or mercury salts) 1!ft::::11'JeJ'YJ~'U'YJ16 (Organic mercury) (WHO, 2003) ''U1i'JnJ'Jj'1~1'\l1::::lf'I1f) 

" "" ~1'U111 ti1Jtll~lm1m1'JJ:::: II ft111'UliJeJ'Utillm;.;jtlllf1eJ~'U 
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.o:::t <V • • Q <V 

sp., Streptococcus sp. I!ft~ Bacillus sp. I'HHlm::1J1'UfIl1'fl.:jOft1111 fl'j~U1'Uf)lmJ'VInm'lf'U . 

>I 

hh~'U1'Uil.:jfllt"Y~1IlTrilt7U (WHO, 2003) 

>I • • 

t71J~.:jIl<fifll'jIl'U'Wmr1ll1'fJ,\Hl.:jf)l1!fi'fl hf)il'Ulm~:: (Minamata disease) fil.h::I'VI~iY~'U 

" , " 
, 'U'l51.:j f) . ~ . 1950 !tl'U~'UlJl ~11n flRI~l.J1 l1f) 1 llHl'U1 ~!f)£nnU f)l1U'UlUeJ'U'lHl.:j i nll~l1lTmJHl'VI 

>I >I >I 

1'lf'U ~tJ IIn~tJ1CJ.ilJl]Jn.:j tJ1CJ.ill~eJ'jl ~10fll111'W'VI6 1'lf'U 1'UtiltJ1CJ.ill~'t) (Pandey et aI., 2005) lin::; 

l'jf)il'Ulm~:: Acrodynia (Pink disease) lfS't) Mad Hatter's disease (Bernard et aI., 2001) IIml.:j 

" ,,, , 
flJU1 ~'VI1'U llllfSeJeJ llfl1fiijfll1U'UlU't)'U 1'fltJI~ 'W l~eJ Ul.:jU.:j 11 1f1f1l11Jn f1f11Jm (de Oliveira 

Ribeiro et aI., 1996.; de Oliveira Ribeiro et aI. , 1999; Limke et al ., 2004; Drevnick et aI., 2006) 

• >I 

~::f1JU1 eJ'VI'lfii'flll.JilnlJ,J't){~h~' ~fteJ 0.2 ilnil0 f l.J IIn~u~mru ~.:j I{'flfii 1.:j f)l[J~~fU1heJ'VI't1.:jlfl.J'fl 
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~l ~.,. "" "" "" "'. 1 <f .;,(Total mercury) ~fH) 0.3 lHHH1'HJ nlU ,\.J):::u:::rHll 1 "Nu~llf (Woshiner et aI., 2002) IlH) 

" .. 'il'l fllrJ IMi''U1ftlf:::lf'I1flll:H)'l1I.u'lll1\l:::!Y'lNn~fl flWYJ1'l1'U'lIfl'l1Hflltl u,J'ViC'lu.Jfl{~h1~:::iJ1JV'lml 

.c:r. .d , I 

Ifl~fl11lJ I"Ntllf1tI eJ tll'llJ1 flll fll:::'U'U 

" . 
Ih:::"Nl'¥l l~rJll:::')h,ntJICb'nftll':i:::"Nl'l1 "NlJfl'l 111 IIn:::li1flIUtl~l'l'l lin::: !Y\I r-lC'l'Yhl,rlfl':i IlJ jCb'lJ 

" . . 
(Hansen and Danscher, 1995) \llm1'U11::: ill"N:::"NlJtlQ-¥l'U~ntlll9fC'lftIUeJlfyifllll1 IIn:::lCb'nftlh::;"Nl'¥l 

l'U"NlJtl\l (Zahir et al., 2005) Hansen et al. (1989) ':iltl\ll'U11flll,,r'l'\1'l1ihtflllfl':i~ij!YTUN"NlJ 

'\'j<f II'\' Q "Q "'.,.

IWCY 11I':i C}f'fl (astrocytes) lJ Ifl':ilfHW (microglia) IIC'1:::N'U ·nmtlfllC'ltlfl 'Uflfl\llflU Hansen lin::: 

, ,jI , , 

Danscher (I 995) V.'U11fl-Jtl1:::-¥lihJ~lJ1tll fll':i "N:::CYlJ'lItl'liJ':ieJ'¥llJ1 fl-¥l'lfl~fl ~fllJ'\hl'l1ftfl\l '¥hUfl 

o liI 9J Q,I 0 d .J'IIJ 91 , ':.0e9.d'" q,.o I 

U'lI1'UCil '"N (Mesenteric lymph node) 1I'U lin::: 111 1I1lJCIl~'U C}f\l"NllJ1Hl'U\I')j' Ifl11':i:::'UUUlIlH'lfl\llJ 

, Q 

11'11 ft 'l '¥l1J1 

.. <f 
\ll'U'l1 H1'¥l rJlftl"N1I':i 
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» 

flTH I'VfVl t'J 

d' 
ri1'I.HH'I'lJ'UfJ..Jt'Jli'mnhfl t'J1CJ.ill'lffl C1TH~~ih.j (amalgam) 


(pesticides) 

(fungicides) 

. " 
')j'lJ i "11~ fll'H~~'fIihlliITW fll'i H~'fIll1t'Jliflll'lr~ fl1HI~'fI 

.1 ~ ~ . ~ ... . d ~ .t.1 
lllfl'U'W ~~~lJfl1'i!u~l!rl~u~'UtI..JIIH'Wu~ll1..Jtlfl (Gill covers) t1t'JNn~ln l1"..J~lfl'U'Uu"l~~ 

" " 'cJqj Iff t'lfl1'i 'YI H~1 !cl1fJ ..J9hJIICl ~ 'fI1 t'Jrl..J 1 'U.y} 'l~ !I~ 111 flU rl1 '1 ~i'lJ i rill ~ WWflU 'i t1'Y1l1lJ1Jl~fJi'..J 

(Chronic mercury toxicity) 11~t11'UtI~lllru~~1tl'hrh LC50 (sublethal dose) lrll1~l1,:rfltl'ifJ'YI\l~ 

"" iI " ,Imhui~inJrl1lh~~lIm:url l111lfilJ (NJDEP, 2002) ff111 i'lJ fl1'iilflll1'Y11..J~ t'Jlii'VI t'Jl1 'UtlCll.y} 
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" . 
fln th)i'111heJ'YleJ01-J11V5 'l'VIU11iJ f)THl~H'l-J'\Hl-J i 'lJih.rVl C1'~ ,nJ1'U th 1 ~'VHll'1Y1J'lJeJ-JI9f{l~~11eJ UN 

tI t, • 

11 ~ I'J ru fl Yfl-J B ri~ flOUIU VI ~VIntI 'J VI'U -Vi II N'lJ til tI ! I{l~ 'VI 11 fll j! I'Yl j n!;Jl1Jl'lJ eJ-JI9f{l ftlillfl i fl j til \}
'U 

(macrophages) (de Oliveira Ribeiro et aJ., 2002) ri'J'U''Utlm~flIl'lf{lI'\.Hl (Channel catfish) 'W11jVtI 

" . .
i j fI'YlHlll1 f)ltl1 fllfl~V ~u\}~iJmjtll.lli1 tl~ltl-Vi ~'J'lJtl-Jlomr1J (Capsule) ~l'U 'U eJ f) iJ f)ln)flIC1'11 

" . . 
'lJ'Vimh~ (Kendall, 1977) U{lll1H'Ufl~-J\}~'W11f)ljl~1J~nn'U (Proliferation) 'lJV-JI9fm110tl'lJ'ViV 

Q-d" .a ~. A ..c:. , • 

'UWl (Wester and Canton, 1992) All-Jtlfl'W11fll'Wtlf)tltlfl1Jl'lJtl-Jltltl'lJ'lf'Ufl Exfoliative Ifl~'lftl-J'JN 

" . 
(Vacuola tion) fllj 11'Jml1 II {l~ fl111t1~ tI'U utlcH nJ:i l-J 'lJ tl-JI9f{l ftl~fllfttlflll fl-J 1'U 11 {lB fllft tl~ ~tl tI 

'U 

B 1 """ " 1.1 """ " 'lJeJ'lumBljfl~f)'lflj (de Oliveira Ribeiro et aI., 2002) fllj'Ylfl{lV-J 'UuftlV1Hl~fl'lfl'i 'WllfllHWI 

" Ribeiro et aI., 2002) l'Uum1t1 (Wolf fish) 1~\}~ln~li1tl~ltl 'WUI'lHlrll~fllfttlfl'lJl'J 1!{l~'W11
'U 
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iJ~l'ItJ01il~lJ~lUTW'\Jfl-:!lllfllium,mim't'hll (Melano-macrophage centers, MMCs) ~U~l1ru 111 

, gI d 9J 
ff1UlIlHlfWI1[/ (Mela et aI., 2007) 

" 
O1i1l111lffflU fll1l1UlilflU I Cl'H~'HUflllifl'Ylnl1ln[/11i 1 fllln flli lIn llfftJU lllfl'f1'1tJ VH 

, " t , 

ff'lilin~1111'Iiu tJlfllfr 'H~mh'uiY-:!1I1fH~/tJlJ ifl[/lIH IIft~fll1l1nllifl[/amJlllfliY-:!n~1~ I'lfU 

tI ,,, t' • " 

lllfllumveJlIftl 'H~eJfl~111l'ln1fl~1'l'1 (ATSDR, 1999) IUtHlllfltlmllluiY-:!~~111iitJ1ff[/eJ~'ulll 

" " IIft~nfl1llJ i1~tJflnllulileJu'\JeJ-:! i Cl'I1!:'H U fl ~'lffllJ1ill I -NlIftllllU'f1'TU-:! ~f1ru flll'! II ft!:lHl fl11~• 

. " 
ff'lll1flftellJIUll11fl (de Oliveira Ribeiro, et at, 2002; Pandey et al., 2005, Jewett and Duffey, 

2007; Raldua et aI., 2007) 

. " " 
fr~l1nllii 19 ifl(J'lh-:!tllfJfl1l'! I~ (Jfli1ifll1ii1l Physical development lllflU'U Liesegang 11Iu~ 

. . " 
~1~lJ'thh11i fl1i'thJ1111~ qfl~'~'Yll-:!~ftl'lmii'Yl[/l (Danscher, 2000) I uti fl. fr, 1935 Roberts 

" , , " 
il[/'llU 011111 lfl fJ'\JeJ-:! 1Cl'I1!:1U IUt)lvtJ~tJ-:!fl\9l1'YlflCleJ'lliifl1tJ i Cl'H !:'lfUflUU 11ft!:I uti fl. fr. 1981 

Autometallography 

" . " 
IUtll1~~hCJfll1~~'\JtJ-:!'Ylfl-:!1'UIUeJIVeJ1,reJ~' u~lI'\JeJ'l Metallic gold neJUll!:I'ti1~.,j'U~eJU'\JeJ-:!11i 

" " Autometallography U eJ fllllflii'utll~ [/1flUUU ffllJl1 11lli1ll'Hlll ft!:11 fffl-:! fl~lJ'\Jfl~ i Cl'H!:I~U , U 

" .. 
IUflIVeJli1flfllJHffflUlfl~eJ'\JeJ~I~U (Silver salt) ifl,i1I~ll Ifl[/TI Autometallography (Danscher, 

2000) 

o , v d , i .dod d (j .ci ~1

Metallic gold 'Yll 'HffllJ1ifl'Ylll~l'!Ufl'llJ'\JeJ~ ftl1!:'YleJ'l'YIlJ'1J'Ulfllftfl l'lfU fleJftClfl[/fl'1JeJ-:!'YleJ-:!'YllltJ 

... .. '" ." "'...... iii"', ~I iii'"fltJlWUlItJeJfl (Danscher, 2000) IICl~fleJClCleJ[/fl'\JeJ\j'YIeJ~'YIlltJfltJIflU IC)flJ UlJ fl.fr. 1962 Timm !~ 

26 



., . . 
~1'lJ'Ulit n n Autometallography ff1lJl'Hll1lthtl'YI1'U rUcuutl'lltl,rcY'Pl1ii-fflJf.Jfft1lilf1ft'f)'t)'f),nh tl'YI 

~1!'i~115n~r.l11'Um:::li1lm1'J Autometallography (Danscher, 2000) 

., ., 

Stoltenberg, 2006) 1~jjnn1oM!'YIfliiflm'Uf11'J'Pln~111 nnl1l.JIutll.J i C1 11::: m1mh'f)'YI~lnff1H~~ 


., ., 
(Danscher and Stoltenberg, 2006) 'U'f) f)~lf)ii ff1JJ1'J 11 1 -Mit ii1 'U O1'J 'Pl 'J111111 iC'l11:::11 11fll~l1 C11 tI 

. ., 
i C111:::!~'U 11'Jtl'YI11rtlUmj'YI1U'f)1ln::fiunn-fflJf.Jm)1J1C1l1::,rWj f)1'J111!f1ftB&'n \l~f1'l1r'f)~ftl'U~ 

., . . 
l<J~ "".,"" 1~ i "'_I 1'" "'l<JfflJtl'll1U'U111~ Utln~lnu[J'llJf)l'J 'b'~'J1~11101'Iff::fflJ C1l1:::l1Unu'Itl'YI l.JIUilWil !~'t)'f)'ll1U". " " 
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>I >I 

aI., 1994) rlllf51Jf)lnh::qfwli,*"ucl~{un1'U Loumbourdis 11ft:: Danscher (2004) CYllJl'Hli,* 

>I • 

i'*i'U fll':ilfl 1 ftlf::mrmhij'YI i 'Un1ellUij'tlij,:jflU'Ul (Rana ridibunda) 'Yildllfft,:j~lfl1'U1I':i fl'\Jij,:jOl':i 

.. 
U1I1ru~1'UU'U'tIij~ICJfft"~U (Apical part ofhepatocytes) IIft::hnim.h~~ijv (Bile canaliculi) 11ft:: 

(Endothelial cells) 

>I " 

~lIVll:: num.p~,nh::~U1fl (Divalent cations) i~mh,:jllli'UtilllJl1ft1ft lli 1 ijU'UUVlU1~l'i,:j lu cl~{ 

>I • 

11liijm::~flcl'Ulfft,:j ff~{iJm:;~flcl'Ulf(l,:ji''Uiil nlJOnlftl'ln1~~1,:j~ (Cheung et aI., 2004) 11ft:: 

." . 
mr111't1ij,:j hh~'U'1fl1~u'h1'*i 'U fll':ifl1Ul1lJCYlJ~ft'tlij,:jij'41,!ft1(111::'I1,rfll1~llil'U fllV i 'UICJfftft 1'lf'U 

.. . . 
lih ~'UllJl'ift1ftlli luuu iUl11ijlumJftllf ftlV'li'i1~ 1IC1:;CYllJlHI'vhmrll1ft~fl11lJlil'U ~ll '\Jij,:j'Vt1f1 

• • >I 

1 ftlf::lf,r fll1hj~llilul1~flf1'l,:jfllV"uiHfllVl~ ~,:jCYllJ1HI1'*llJl1ft1ftlli1ijUU~11h~'YI1,:j~1 fllVl 

., .. 
(Biomarker) 'tIij~ f)l':iU'Ulilij'U 1Cllf::lf'Ufl 1'UlIlfCl,:jUll~ (Cheung et aI., 2004; Cheung et aI., 2005; 
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(Polymerase chain reaction, PCR) l~tl~n~H"tl1Jfl1'jIlLl'~ ·HH)fl'IJtl_.1~'U lfrtlfll'i1~tJilJlru'IJ~_.1 

" .
'lJtI~llJ't1n in11i1 tlu'U~'U ~l1flI'UmUtl~1J 1~ IIn~Il1~~fll~o11i~fll 'li1'WftllJtll'j Ll'lndlijfl11lJ l;lIj_.1 

" . . 
fl11JfllJ (Cheung et aI., 2004) 'Utlfl"lflUU~'Yf1J11'IJ'U1~'lJtl_.11nlf~lf,rfli1"l_.1fl'hij~fn~tlfl1'jl-WlJ 

~1'U1'U 1 ,452 ~11JLI' (bp) IIn~ 1,426 bp ~llJthf11J (Cheung et aI., 2005) (~tJ~ 2) 

NDPCECSKTGTCNCGGSCTCKNCSCTTCNK SCCPCCPSGCPKCASGCVCKGKTCDTTCCQ 
----------S-------K-S--A--S-K-A---D------S---------------S--
------- - -S- - ----K-S- -A--S-K --------D-S- - ------------S--
---------------AT-K-T--Q----K- ----------S----------NS--SS--
------A--------AT-K-T-------K- ---F------S--------N-NS-GSS--
------A-----------S-TK---KS-S- ---J------s---------------s--

(1) 
(2) 
(3) 

(4) 
(5) 
(~) 

. 
atlii 1 {h~1J'lJeJ_.1fl'j~eJ~iil'U'lJeJ~ (1) winter flounder MT (2) rainbow trout MT-A (3) rainbow 

trout MT-B (4) stone-Ioach MT (5) goldfish MT IIn~ (6) tilapia MT (Chan, 1994) 

29 



101 

1 

101 ~~T1\1TrM~~'I'CAAAAtAA~<nG'I"ATl'~Tl'AA~ 
~v.crr~~~G'l'G'l'A'IT~'1"l'MG'rAC 

301 	 AA~~m::.tIG'IAr~ 
AA~~..M'An'~AAlft~A~ 

'101 	 ~~,-»,~.T('(:('11<nt1t'J'(;tIt'Q~IJ"fT(~C07t.~= 
501 

~Ol =:==~~~ 
TN.l'A lx»t 

SOl 

~~~c~.acage.MAo;a&.tet6~etgteMtgtt...cgeeectgt~eAt.ettceCCllQ 
~~t.c..aac:wc~cac~~caatctal:ogacctg~~':gt~eec~te.atctt(lCcaag 

l:.aacatlgC.al:ll9'tgtg~.atggtctei:1:at.egt<=atgee<:eatt tett.eA.lWlA t t:gC9'2tt:t.gaegcct1:~~t:t~ ----_t:~e 

~~~ca~~aogatggtotct;a~tc~tgtcccattectt~~tg03eGtttgQ~~ttttttttt~t~t~~ctc 

u ...t: tgc tttaat~t. tAagttcttgtt.t: t.cugtgt.~tgt:cact·· - • - _. -_. - •••• ·gc~~~GCX~n:a;:~~~C(X;lGC':l'O(::AlJ:::A 

t.Gattgct~~ttougttcttgt~t.tctt.gtgtWtqt:<:<>etaa~tgt~~t;gCa.g(~OlC'l'OOC~:r:o;:~xc~rxx;lQC':roc:AQ;:A 

l3()-c 	 AA,'l'G(:OC'CT(:"'rG0C"11'GCm'(;ro~M1AA1IQ,iCA~Q\£:'O\OC"ll'GCTGC:cA$(~gagtctgc, ~./ltcagctctctgctgc!latta tggAgtca. 
AI; ctqc&go&t<liltirCtctCtgc~Aatta tgga.gt:ca 

HO: 	 ttb.tttgceacu.at<~'*t..AIiatt;~~C..tgt.cc~t:gar:ita.'-'g4"~ 

t t totttgcc;:.o.~taac.c!tt.9Mtr1:9eo<:at.9t«~t.getM.C90a t9 

. 
a11ii 2 ,h~uihfdn {J i'Y\~'\J {J-.1ll1't1ft i ft ill i {Jih.j~ 'U '\JtHU mihl Oaureus (II01U'U) II ft~ 

, 0 I .ct, 	 fj} QI Q,I A ~ d 
Omossambicus (U01ft1-.1) ~11l11'U-.1'\J{J-.1{J'U~){J'U (intron) IIC'1'~-.1~1tl{Jflllj~1'VWl'llftfl (Cheung et 

at, 2005) 

• , , 'JI 	 " 

tJmli\'U if\lij;1~liij1l1flli'cl~1'U C'I' flll'lU 1~a{J1I'YI1\1ti1 !Ift~ijfl11lJ h~eJfl1:iu'UliI{J'U'\J{J-.1 

" 	 ." 
C'l'1111j 0 1 i'1~'U'fiTU\l~f1ru flll'lil ft~lIft fll1~ 'YI1\1iY \II!1 mieJ 111 'U':h . 

" " ~1ITI1~i1Ul'l1fl{J'4lJfttJj~~U1fl (Divalent cations) 1~l!lj'U61 itJj~'U Metallothionein ijl'lUi~'t1-.1 
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" 
 . 
"U if~rflti~m:::~flt1\nHl~ li'U 1-trW ~ if~rmm~~f)if'UlHl~oM'U~h li'Utlcn (Cheung et aI., 2004; 

<i !)I'd , 1tl '" '" ~ • I .,.., <I
(Shimada et aI., 2004) tl~lIlJ11'lJ'YI'U1'YI'YIIl'U'UB'U'\HH Hl'U\l'U Metallothionein l'UuClll1'HHY~d 

" ." " ., 1" <I"" :t "" <9 !)I "" ti l'b'ii~~'Uu'Uv~ ltimloM\Pl II~) ltHl'U 'U CY~1m U~'cJ fl'Pld U'UlJlJ) llNl'U tl~'U'YI'Ul'YIIICl:::'H'U l'YI"H)~ 

" . 
1tl) ~'U'b'ii~rU1'Uflnfld'Uf}lHY1J~Cl'\JB~B~~Cl1m1~'H~fln~ll~'W f)l[) 1 'U IC)fClft 1m::: V~CYllJl)tlCl~ 

" . . 
ltl'j~'U Metallothionein (MT) 1'U1'11B!OBtlCll'HCll[)'b'ii~ (Cheung et aI., 2005) CYllJlHl'rhmhri 

" " II 

tl'jB'YI ~~~'Ufld'jtl'j:::[)fl~'fftl'j~'U MT In'U'fi'dti~~mlml'V/'Yll~~df)l'YHlCl~mHlld~fl1'jtl'UlilB'U, . 
• II • 

'\JB~ 1Cl'H:::'HUfl'Yll~aBlJ' 'UiY~lId~XB1Jfld'U~n'Ufll'j ~'jd \l1~tl~lJlUl fl1'j~f)ri'1~hH'I1BlOB i ~U~)~ 

" ., 
1 ~UI~ 'tn:::1'WI! 'I1ri~I'V/l:::lft u~if~rJti 11 'Ulh:::I'YIfI'i'Yl U 
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(Materials and Methods) 

y 

lm'lf1l':itjmj-:jf1l':i~ml1lil'U 2 ff1'U ~~ 

y 

2. f1l':iln1J'fi'1~~1-:jlhl1 ~lnIllH;-:jlntl-:j~llJTi':inl,}),l~ 

tI 

'I.hl111~ (Oreochromis niloticus) 'I.h'l11:rmh~lJ1ru 25-50 ni'lJ fl11lJtll1 9-121'1f'U~llJ~':i 

., y y 

~fn~~fl'\J\.Il~ 62.5 ii~':i rlnti'ulntl,nJOliift If)tII~mhhnhJ~lJ1~':i 50 TI~':i 1~~rulfQihh ~1 

., 
mllJltl'Um~'fiN (PH) lIo::::rhfllHI::::~lt1'\Jtl~tltlf)~I~'U''U'l.h (Dissolved oxygen, DO) 1Ic)'1IWf) 

., ., 
lIrllltl'U n~lJ InrN l\.1I1~~::::~~-:jtj 

t " ". 

1.2 n~lJ-tilntl-:j' 'UlhVimnJll.ltl{fh~flrm~1Hl (Mercuric chloride, HgCI2, Sigma-Aldrich) 
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1.3 0~lJ~~flllH){fh~f1rHHl1'j~ 1,;'1"uitl ,nl~N (Intraperitoneal administration) 

• "' -~ ,,"'" "" lIJ "1~'"1.4 OftlJ'YllJ€Jl-IIlJ€J'j"f11'jflfICHl!'j~ 11 01.1 (Oral administration) . 

>I 

1ft fHiJmiift1~tJ' ,r€J€J0~I\)1.Itlfh..'ll~tJ..'lVltllflft€J~11ft1 II ft~ hltlll1l'H~~Hi1I~ \) 'j"iJ11.1 ft~ 2.. 
>I • >I 

f11..'l ii1f11'jltlftU1.ll.hhHl~ft~~l'Jf1C') 211.1 

'" .... I
2. 01':HO'lJYl1€JtJ1..'l 
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. .. . 
\9l1lHhfi'u rill,i'U~1'O~H}1\J:;lh1t111fln:;11'H ltl1lJlUl1cnl::'HUf1t1H),Yl hl1i1eJ1neJ~1 viIi ICP

.. 
~1eJ~vl'til(1'C'lutl{nuC'lI~rJ' '*fl1 llJ1gl,l \JlflU'U'Vilfl1'ifl1~UlCJJ1\9l (Euthanasia) Uft1i''Ut1m~1eJ~1~ 

.. 
L1'lJeJ~ nt~eJfl ~u l!llJ 111 f1ftllJliimh~d l1C'l:;eJ1[n::''U'j::UU'YlHl~'UeJl'Hl'i lf1ui'm:11L1'fll't'i1'U 

. .. . 
~1eJ~1~~\J::t'h itl'Vilfln llfl 'j 1::11t11lJlUl iC'l 'H:; 'HUfl hui1eJ1[jeJ~'wlIi ICP-AES 'Vi lfl1'HWfl l flU 

"" 91 0 11- 1.o!I 1 """'" 91 91 0'
qf'U (Hematoxylin and eosin) IIC'l1'U1 lJrt'fll:ll'ieJrJ IH1'Yll~~C'l'VWl1iTYlVlfl1rJ \9lfl{'leJ~~C'l'Ylnrt''UIIL1'~ 

3.l.l J\9l (Kidney, trunk) 

" 
fl:;II'U'U'j'E)rJ IHl ~-lU (Oliveria Ribeiro et al. , 2002; Peebua et aI., 2006). 
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..,. 


Score 0: normal kidney 

Score + I : mild hydropic degeneration of tubular epithelium 

Score +2: moderate hydropic degeneration of tubular epithelium with hyaline 

droplets 

Score +3 : severe hydropic degeneration of tubular epithelium with diffuse hyaline 

droplets 

3 .1.2 'fllJ!I"~'flmie)'U (Hepatopancreas) 

f)11~11\JleJ fJ1Hl'UeJ'l'fllJlI,,:;'fllJ~fll.t 1~tI~f)1111nflg'UeH '1 'UiJ'U~ff:;fflJhU9fml'flu (Fat 

storage lD hepatocytes) 1If1~ t11'jN6ftlJ'UeJ'l1'lmft'fllJ~6'U (Pancreatic acinar atrophy) (Oliveria 

" Ribeiro et ai., 2002). 'fllJ!ICl:;'fllJ~6'U 'j:;~lJfl11lJ~'UUH,,rfl:;II'U'UleJfJ llfl ~'lU 

Fat storage 


Score 0 : No fat storage in hepatocytes 


Score +1: fat storage in hepatocytes less than 25% 


Score +2: fat storage in hepatocytes about 50-75 % 


Score +3: fat storage in hepatocytes more than 75% 


Pancreatic acinar atrophy 


Score 0: normal pancreatic acini 


Score + I: mild pancreatic acinar atrophy 


Score +2: moderate pancreatic acinar atrophy 


Score +3: severe diffuse pancreatic acinar atrophy 
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jI 

3.1.3 	 tIllJ (Spleen) 


jI 1 ..;. .1 " 
'HHl1'Hl'\J~~lJllJ ~HJfllHI'j 'H)~ fll'jI'YilJ'tfl.l'tff)\lICJfflC'l MMCs (MMCs in white pulp) 

'" 1j1 1 ",d " (Mela et ai., 2007) 'j~~Uf!11lJ~l.lIl'j\j lff!~IIl.ll.l'jf)[J 'jf! ~\ll.l 

Score 0: no MMCs 


Score +1 : mild increase MM Cs 


Score +2: moderate increase MMCs 


Score +3: severe increase MMCs 


3.1.4 Il1~Btl(Gill) 

Score 0: normal gill 

Score +1 : mild gill inflammation 

Score +2 : moderate gill inflammation 

Score +3: severe gill inflammation 

3.] .5 ~1[J1~ 'l.l'j~UU'Vl1\jI~l.l ~llfn (Gastrointestinal organs) 

')J '" '" 	 '" , ')J '1 '" d " 
'!Y'jl\jllJ~fllf'.if) Goblet cells 'j~~Uf!11lJ'.il.lIl'j\j lff!~IIl.ll.l5f)il 15ft f1\ll.l . 


Score 0: normal gastrointestinal tract 

Score +I: mild gastroenteritis/ mild increasing of mucous glands 

Score +2: moderate gastroenteritis! moderate increasing of mucous glands 
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Score +3: severe gastroenteritis/ severe increasing of mucous glands 

3.1.6 fflHl'l (Brain) 

,I ., , 'J/ 1'" '"" u1::ffl'Vl (Degeneration and/or necrosis of neuron). 1::~1Jft11JJ~UIIH l1ft::UUUHW 'Hl ~'1U 

Score 0: normal brain 

Score +1: mild encephalitis/ degeneration! necrosis 

Score +2: moderate encephalitis/ degeneration! necrosis 

Score +3 : severe encephalitis/ degeneration! necrosis 

'J/ '" " 3.1.7 fHIlJJltH) (Muscle) 

'jJ ..." .., i'J/ i'" '"" 
fHmJIUfl (Muscular degeneration and/or necrosis). 1::~Ufl11JJ~UIIH l1fl::IIUU'HHI 11ft ~'1U 

Score 0: normal muscle 

Score +1: mild myositis/ muscle degeneration 

Score +2: moderate myositis/ muscle degeneration 

Score +3: severe myositis/ muscle degeneration 

.... ,I 1 JI .,j v ..... ~ .... i ".I~I4. fll':iVl':i1'TI't'Ili ~'t'I~'t'I~flu':i~'YI ~m~U1~V11[J11if)f) !Vllll'YI~ ~fl'nrn' (Autometallography) 

" " '\J~~l'Inlf1u Ul'U 30 Ull1 'tllmruuiiullltJ11% Il'1l1'Y1m~fJJJ19ftJ11'U~ (1% Potassium cyanide) 

. ." 
l-Wfl'\J~~1"111:: ri1U1flU 'U f) flll1Uf) \llmh f)'YI 'U l'U 2 i'11 JJ'I II ft11111 tI !I'~' 'UllltJlf1firl~~1~f)U 
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.1 0' .k .1 'j/ '" ~ 	 '" 
lueJ'j (Physical developer) C]f~u'j::t1eJ1NI1t1 50% eJ1'jllJOOlJ (50% Arabic gum) 50% C)51~'Hl 

lrTI I'vJeJ { (50% Citrate buffer) 5.6% 1Hi~'jfl1hn.j (5.6% Hydroquinone) 11ft:: 17% ~tlneJfl'W 

. " 
I~HI (17% Silver nitrate) 'Wl'W I <M1 ilJ~~1011'Wlh111't1~~mllJ!l1~mh'WIn'W~1[J 10% iC]fl~tll.!i'YI 

~ 	 ..1 '" -: • .1 0' 0' .ki eJC]fCllfl~ (10% Sodium thiosulfate) 'Ul'W 20 'Wl'YI Utl::'Wltlll'll'jlJ!lJeJ'j (Farmer solution C)5~ 

,-'l 1'j/ 'j/ 0' t i 1'j/ It 0' "-" "-. 
(Mayer's hematoxylin) IW::'YJlt1lHl'nll1fllU ~OtleJ~~tl'YI'j'jf"l.J!lCY~CY11~ ~[J 'b"CY IMmH)WeJ'tIeJ~ 

. 	 " " 
1I \fYl ~CleJ~li 'Mi'lJ i Clll:: 1I11Oth eJ'YI~ 10t1l'j -cr~~lJltJl.J CY 1ft~~'WIiTeJfl1lJfJlJlJ1 t1 i M~::rillHm!'llu 

. " 	 . 
f)lU1'WIC]fft cl ,:hlJf)lJ~ f)l'j f)'j:: ~1[J~1't1eJ~ f)l'j lJeJlJ~~lil iTeJltieJ~il~'1 

~ c!l <v _. V ~a:t 

5. 	 f)1~fI~1'll1!i'l~1~'I1!~'I1::'I1\Jf)1J~eJYI~1t111i inductive coupled plasma atomic emission 

spectrophotometry (lCP-AES) 

" 	 I if " 

'j~!l1 m.h1'W ~1eJ ~N~1 Ufl11lJl~'U (Lyophilized) Vi 1 t1l'j i'nhll11f)~1eJ ~l~ ~lmTl.l~tJ tI~1fl~1~~1 tI 

)I 	 , "1 
iitlftft~'j Vi 1 f)l'j l~eJ~1~CY1'jtl~Cll[J~';ltllhf)-Kl.l "n~l1~lJl~'j ] 0 iitlftft~'j ~lmll.llhiY1'jtl~tlltlli 

1'fi'1111Iml~..111~lJlru1mf::mlt111'jtJ'YIl~Ulfl~eJ~ Inductive coupled plasma atomic emission 

Ii' 	 .;, ~ ~ (V .oC:It. r/

spectrophotometry (Perkin Elmer model PLASMA-] 00) ru Ijl.l Ulfl'jeJ~lJtJ1~[J1'Y1[JlfY1CY~'illtl~ 
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. " 
l'YIfllu 1 00 ~w1o~n'Hli'1l'lli'YI£J1~£J hWtJ~lllru-n1'~ i~f11u1Ul I~Ul1 ti1£Jl1l1lgmim-illtUnl!lf'.:j• 

(ppm/dry weight) 

v .qq~ <i".q ~ q

6.1 f1l~VI~1'll~1t111'H)lJlJ1HlHHJ&fl!fllJ (Immunohistochemistry) 

II • 

'tI~~l'I1n~U U1U 30 lll-n ~ 1nU'U l-il~1'f) ci1~~ l'£J1:;-nr:l~1 U l'Il'J 1~ 'U i tJ ~ 1'U m::;1J1l1flTilfltl 

" 1TyJn.J~{ pH 6 (Citrate buffer pH 6) ~11l~1£Jf)nU1JU~tJnO~rn Endogenous peroxidase ~1£J 3% 

II 

ill1~'.iI~'UltJel{~~n i'b'~ (3% Hydrogen peroxide) ''Ulll'YI1'U~0 (Methanol) H~~~1f)U'Uft1~CY'Cl~ 

" .,
~1fJyJm"l'yhY1jlilli~{ (PBS) fl1~Cl:; 5 'U1-n ~1'U1'U 3 fl-r~ 1ri Monoclonal mouse anti-borse 

" 
metallothionein (Dako ®, Denmark) I1J'U Primary antibody hH.II~~~1~1m)~'.i1ri1'U 1 :400 ~lf1lr'U 

• II II 

'lill-nfJUll1QiJ 37 ~~f111'b'ClI~£J1"''Uml~~fl11Jflllfl1111<jfu U1U 60 'Ul-n ~1f)u'U1~ Biotinylated 

anti-mouse IgG antibody 110:; EnVisionTM polymer (Dako REAL ™EnVisionTM Detection system, 

S' 0 I'Ll is' S' 0'. i 1S' I') 0'-'1. " ... . 
tetrahydrocbloride, DAB) IICl1'U1 !lJ~'.i1~Hofll£J ~nCl~~~Cl'YI'.i'.if(U!!CY~CY11~ ~£J '}fCY 1Cl~1'U~W~ 

. , '" , 
Ho1J1 n~lll'll~'lJlUl I'b'ClCl-nij n 1'.i lJ~ll~~iY i 111 01J~ f1l'.i f1'.i::; lll[J~1'\HJ~ f1l'.i lJ~1l~~iY-nIl1'mVt)'fi1.:j~ 
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transcriptase polymerase chain reaction; RT-PCR) 

o Q.I , ~.dt Q.I • d d Q,I.d ~ d 

ln~r,HlUl'lI'lHlIfJeJeJ1 fJ1~'fll'l'1't1lf)1J'j f)lll'VI~ru lUJl.l -80 eJ'lffll'b'cW1Wff (Hepatopancreas, 

trunk of kidney, spleen, intestine and muscle) ll~lJlru 50 ij(1ftf)flJlJl'Vilf)l'H,.n~ mRNA hw1,* 

.. 
ff1'j(1~(11fJ~1f)'l!~ffo~rlll~~!1l (Trizol®, lnvitrogen, USA) ~lf)'l:r'Utlll,rltillfimfJl Reverse 

transcription ~lf) messenger RNA (mRNA) 1MlnU Complementary DNA (eDNA) i~fJ1~'l!~ RT

... . 
PCR rlll~~!l1 IIft1tllhl'Villlfim[n~f) i9il.... ~llJul'jmiilJ~1'U1'U:jf'Ud1'U DNA f11tJ1fl~~)\j'Vil 

minutes using kit condition (AccessQuick™ RT-PCR, Promega, USA). ,'* Primer ~eJtlf)II1J1JlJl 

TMTB primer (5'-GAGGATCCTGCTCGTGCACT-3') 11I'U Forward primer 11(1:::; TMTC InU 

reverse primer (5'-CAGCAAATGCGCCTCCGGCTG-3') ('fl1'jl'l~ 2) Iln:::;'~ l3-actin primers 

In'U~1fl11Jfll.lfl1fJ''U Primers were designed from metallothionein sequence of tilapia 

(Oreochromis mossambicus) reported in GenBank (AY257202) (Cheung et aI., 2004). Forward 

pruner and reverse pnmer were 5'-GCCCCACCTAGCGTAAATA-3' and 5'

AAAGGTGGACAGGAGGCCA -3', respectively 

For PCR condition, 3 III of samples were supplemented with the addition of 0.5 III of 

forward primer, 0.5 III of reverse primer, 8 III of nuclease-free water and 12.5 III of dNTP mix 

(AccessQuick™ Master Mix, Promega, USA). 
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A d Ad d A .c:S Ad 

~rulUJlJ 	94 fl'lf111'lfftl9W~ 'Ul'U 40 'J'Ul'Vl Annealing 'Vl~rul1fJlJ 56 fl'lfflI9HlI'lfU~ 'Ul'U 40 1'Ul'Vl 

Cheung et aI., 2004). 

" 	 .. 
11"'1~1f1tr'U'l'ilfl1HI'j1~~fllJ'\J'Ul~i'Ulhu DNA ~'JU11jfll~f1 i~'j ivll'j9f~lJ'U ] .5% fl~f11 

" h~I~" 	 (Agarose gel electrophoresis) li'fllJiY;;5UCY1'U DNA lJ'UHJCl~1UWiil~UlJ llJ'j\llJ~ 

" .A' .d.di 

(Ethidium bromide) ~n~~fllJH"lJ1fl'\Jfl'l'b''U~1'U DNA 'VllJfl'JllJU11 127 bp 

A TG GAT CCG TGC GAA TGC GCC AAG ACT GGA ACC TGC AAC TGC 

Met Asp Pro Cys Glu Cys Ala Lys Thr Gly Thr Cys Asn Cys 

43 	 GGA GGA TCC TGC TCG TGC ACT AAG TGC TCC TGC AAG AGC TGC 

Gly Gly Ser Cys Ser Cys Thr Lys Cys Ser Cys Lys Ser Cys 

85 AAG AAG AGe TGC TGC GAC TGC TGC CCA TCC GGC TGe AGC AAA 

Lys Lys Ser Cys Cys Asp Cys Cys Pro Ser Gly Cys Ser Lys 

127 TGC GeC TCC GGC TGC GTG TGC AAA GGA AAG ACA TGe GAC ACC 
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Cys Ala Ser Gly Cys Val Cys Lys Gly Lys Thr Cys Asp Thr 

169 AGC TGC TGC CAG TGAggagtctgcagcatcagctctctgctgcaattctgga 

Ser Cys Cys Gln End 

221 gtctttatttgccactaa tcatgaatttgcaca tgtccagaaatgataacggatga 

277 ttttgtacttgtgtttgaaataaacatgtttgttgacgcta 

] 994) 

. 
V1l'H:.Jn 2 Primers for RT-PCR. 

Primer name sequences (5' -3 ') Nucleotide position 

TMTB GAGGATCCTGCTCGTGCACT 44-63 

TMTC CAGCAAATGCGCCTCCGGCTG ]20-140 

tActins GCCCCACCTGAGCGTAAATA 1,072-1,091 

tActinas AAAGGTGGACAGGAGGCCA 1,118-1,136 
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" 
1. Inu'fi'1tHil-nJmUft 'i)lflm~i''1'lJlmrl'lrwl~lftU 'l1j)'nJ'Jj"l~ ~llJ1'W 4 II1Hi 'I '1 

~. 0 dQ;.'t;. ~ d 

ft~ 10-15 1I1~Ul'IlIft~'Vllfll)1fl1l~1~Hll'llJl rw~1I)1'i)11f1)1~11f1rufll'W. 

" . 
Inui'mn1lJ U1Ul 10% vJ~{mftlJ lfi~~mn HJI'Jhfl'Vll'l'WU1~1'VlUlllft~fll)~)1'i)lfl 

lftl1~l1,rfl1h~'Vl hW11i Autometallography 

d... 1'" d .4..c:lt. "'1.Q a,I

2 IflU'iflEll lJ~II'Jj"II'U'I ~rul1Qll-80 9f . 1'W~)~11f1)1~11 !Cll1~l1lJn 

Metallothionein 

11 I • , I 

.4 ~ A ", 'j) A.c:t." .d QI .a QItI H)'Vl
,
lJIlJ~W~'i)lnnl)11f1)1~11f11[J11i ICP-AES f11[J One-way ANOYA 'Vl)~f1Ufl111l1'IHnJlJ 
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. 
~o .qQJ 

ilm~'n'nlfll'j1m.l 

jI 

1. ..r~-:JtJii,:r~fll'HjlJ61~tJ hflff~rl'\.h 

of "" '" 
~Wlft-:J fl'nll lJIf11'¥W1cHI 

jI jI 

5. IIlfft-:JI'Vn::::lftIHtJftliift IIft~ Imft-:Jlll1i'j'jlJ,)),l~ ~-:Jlf1f1flHI'¥IYllJfI)tJ~lJ )1,)),'I.J~. ... 
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(Results) 

.. 
4.1 '\lm,rnUt1~fl1UI£ln'UO.:.J'lhniA~ 

" . . 
fiTUlln:rnm~tI'Ue:J,nhniiCl iifill'vhilu 34,41±8.22 ni'lJ IICl:::fi,)llJtll')m~tI 1 L52±L17 9flJ. 

4.2 flW't1.fJi1 filfl,)UHth'!o".i~-vlN filfll".i~:::~l£J'Ut>~t>e>n9h~U (DO) (Temperature, pH and 

dissolved oxygen (DO) of water) . 

. " 
t)rulfnijm~tI'Ue:J~'\h iifil 27.14±O.39°9f. filfi,)llJl~'Umfl-~l'l !'vhilu 7.3O±O.1l filfl1'i . " 

Cl:::CmJ'UeNt>t>n9flll'U (DO) I'VhilU 9.56±O.60 mg/1. 

4.3 t>lf)l'l'VlNf1~iAn "~:::';it>£1hm.J'Yi'VWliil1'1tll (Clinical signs and gross lesions) 

. J ~A 

') ltl,)'U'U'UlllU'U HTU 1 


;f .: <V Q 1 ~ 1 '" 
'U'U nl'i11[J'UlTU (Splash swimming) UCl:::1I1[J'Vl'U'YIfl1[J 'U'i:::tI:::l1m }-2 'In lJ'l UCllhHl~lJ'Vl 

oCt r;J sv ",1 ..;. i i1 d jI ,I A 

l! fll'Ul'lft>'l'Vle:J'l (Intraperitoneal groups) lJ Cllll:::lflCle:J'U If,)'lflCl'l Im:::'U e:J'U lIlJCl'l'Vl1J'rlJrufll'UCll'l 

" 'Ut)'lVl'll~tI'l1 'U1'UU'i n'Uo'l fil'i'YIflClO'l tlm1'Un~lJ 21m::: 5 ppm i.p. 'WUfil'iU,)lJ'Ue:J'l'lfe:J'lliO'l 
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ltJ~ 4 	 f1l'J1J1lJ'Utl'lGJftl,:l'Vltl'l 'Vi1J1~ll.J'U~1f1~lJ 2 ppm HgCI2 intraperitoneally injection 

group (~f1fl'J) 

ltJ~ 5 f1l'Ji'W~\9l'J9nf1hnJmf1~lJ 2 ppm HgCl2 intraperitoneally injection ~f1l'J1J1lJ'Utl'lGJftl'l 
'j) .:::s <j} c:s ~ 9 I 'j) I Q.I Cl ~ Q.IQ.I 

'Vl tl'l lJf1l'J""~""lJ'Utl'lf1tl'W'H'Wtl'l""!'I1~tl'l b'W"l5tl'l'Vltl'l 'J 1lJf11JlJf1l'J £J~Uf1l~f1'W'U tl'ltl1 £J1~ 

m£Jl'WGJftl'lVltl'l (bar = 2.5 9flJ.) 

B. 2 ppm HgCI2 i.p. tiiapia , C. 5 ppm HgCi2, D. 0.5 ppm HgCI2 bath, E. 1 ppm HgC12 bath and F. 

5 ppm HgCi2oral administration, bar = 2 cm. 
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'HHJhflYlN~~'VH.llfiiYlf.ll (Histopathological lesions) 

1. 1V1 (Kidney, trunk) 

U':if)'Uf)\lfll':i'YIfHHl\l (day 0) lhl1f1~lJ 0.5, 1, 2, and 5 ppm semi-static exposure groups lJrll 

"U1'U~ 121m::; 15 '\Jf)\llhnfl~lJ 0.5 and 1 ppm semi-static exposure groulJ~lfl::;II'1..l\ntJuhfl 

!'vilnlJ +1 

static exposure groups (~1.J~ 9) Ihnfl~lJ Intraperitoneally injection ~lJfllH~tJlJ'UtJ\I 1'1H1ftl~mJ 

I'vilnlJ +2, +2, +2 and +3 1IllJrllfl1.J IIft::;h6'U~ 15 lJ~lfl::;II'U'U':if)Uhfll'vilnlJ +1, +1, +2 and +2 

. .., 
+1, +2, +2 and +2 1IllJrll~lJ ~lfl::;II'U'U':if)Uhfl lJrllClfHN 1'U1'U1l3 fl\lU ;if) +1, +1, 0 and +1 
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'YI~U'YI'U (Regeneration of tubular epithelium) (!1I~ 1 0 II"~ 11) ftlfl~II'U'U'H)tIi 1flij~U""fI~1 'U 

Semi-static exposure groups iifl~II'U'U'H)tIhfll'vhilu +1 1'U1'U~ 0, 3, 6, 911Cl::;15 

1~ 1'Ul'J f)f)~lJfll':i'Yl~CleJ'l (!1I~ 12) i ~tJ!~ 'Yn~1'U fl~1J 1, 2 and 5 ppm semi-static exposure '1 'U 

v v, 
2. Vl'UH":i:Vl'UeJeJ~ (Hepatopancreas) 

. " 
'l'Ull 3 jtJeJ~lICllfl~lJ 0.5 ppm dose 'Uflf)Ulf)UU'l~Ufl1':i""~""lJ'I.IeJ'l Hyaline droplets 1'Ulcll'Clft~U 

hJ1'U~ 12 'I.IeJ'lllCllfl~lJ 1 ppm semi-static exposure group (!1l~ 16) 

" .
ijrilfl~II'U'UII<fl n'fil'l tl'U fll':i ~eJ~U'I.Ifl~~mjeJ'Ut1'U1I CT~~hf'l'ti 'U i ~tlfll':iCl~Cl'l'l.lfl~ ~1'U'J'U 1c)l'ClftlVflU. 

" , ,
~Ueifl'U IIC'1:i:llnflijlth-lil'flIlUmVfl u1nru i~[J'jflU'I.Ifl~l1CleJ~lfteJ~'miu (!llfi 15) lICll''Ufl~1J 
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i.p. and semi-static exposure groups h6'U1I)f)'\Hl'lfl1'fYI~H'ltJ'I 'WlJt1l)NtJftlJ'lJtJ\I~lJeitJ'U lU)~fl1J 

lh'UfH'll'lO'l)'UIiH (score +2 and +3) . 

v
3. l-lllJ (Spleen) 

" ......... 'j)


MMCs 
, 

\.II'UtJWtJ'lJtJ'IlJllJ 

4. tJr[I1~"W":i~'U'U'VIN!~h~tJl't'lld (Gastrointestinal organs) 


tl'll''Uf)~lJ Oral and semi-static exposure groups 'W1Jt1lHtJf)'lJrllrl'lJtJ'I Goblet cells 1IC'l~ 


" . . 
f1l)!I'Yl)fl~1'IJtJ\I'C)fmnlJ1'UU -:Uflftrl"'" 'Ui'U '~'UtJ1J'lJtJ'I,hiff (al'Vi 18). ~lfl~II'U'U)tJrl iHlfl'l. '" 

". . 
tJTl'tl) i 1lJt11Jt1l) !I'V1) f)~1'IJf)'I!C)fC'lfti lJ1'UU1!flft[Jlllui'Uh1IUtJ1.J (111'Vi 19) 

IV ~ 4 P l
5. tJ1t11~f)'\,l9 !l'i\ltJo mW\I !l"~f)t1UU'Uf) (Gills, brain and skeletal muscle) 

. " 
1li'W1J)f)tIhfl'~'l 'Vi!l1~f)f) ""lJf)\lIIC'l~flft'llJ1iitJ''U11mf)~lJ 'Vl~C'lf)'I 1!C'l~f)~lJfl11Jf!lJ 
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It.l~ 7 m'W~{1'VW1~1'\'l£Jll~'Uel\ltJ{11fl~:lJm'Uf.llJhrr'W~ 15 (HE staining, bar = 150 ~m). 

It.l~ 8 fll'H~ellJ'Uel\lI9f{1~lgmJ'Viell~)~~'U~WI) \l ~d:IJtl1Jfl1){y~{ylJ'Uel\l Hyaline granules .0''W l~ 

'Uel\ll1mfl~lJ 2 ppm semi-static exposure tilapia (HE staining, bar = 150 ~m). 

It.l~ 9 fl1){Y~{ylJ'Uel\l Hyaline droplets ''WI9f{1~lgmJ'Viel i~~I~el:IJ ''Wl1mfl~lJ 2 ppm semi-static 

exposure ('l1d~flfY)) (HE staining, bar = 35 ~m). 

It.l~ 10 Utl~ 11 l~'Uel\ll1mfl~:IJ 2 ppm i.p. ~~'jd1J'W'Ufl1'jI~:IJ~'W'Uel\l lnunature nephrons (~flfY'j) 
(HE staining, bar; figure 10 = 300 ~m H{1~~l1Yi 11 = 80 ~m). 

It.l~ 12 fl1){y~{YlJ'Uel\l Pleomorphic crystals ''W'Viell~'Uel\ll1mfl~:IJ 0.5 ppm HgCl2 i.p. (HE 

staining, bar = 400 ~m). 
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~tI~ 1319l'lJH,,~I9l'lJ~e)'\..j'UC)~'lJmf)~1Jfl1'lJfJ1J'1..J11..J~ 15 (Fat storage score +3) (HE staining, bar 

= 30 Jlm). 

3 'UC)~tlmf)~:IJ 5 ppm HgCl2 intraperitoneally injection ll":;:'V'I'lJf)1'J~c)~'lJ'Uc)~I9l'lJ~mJ 

, "" 0' 
n1Jf)'lJf)1'JU'Vl'Jf)'UVWlf"" MMCs (~f)fY'J) (HE staining, bar = 125 Jlm). 

(~f)fY'J) (HE staining, bar == 60 Jlm). 

~tI~ 1611..J11..J~ 12 'UC)~'lJmf)~:IJ 1 ppm HgCl2 semi-static exposure group, lG1f"~I9l'lJih11lfl~tJ'ff 

'U1..JllP1hftY 'I11f1illmr'ff~l~1..Ji'1P1 :h:IJn'lJf)1'J'ff~'ff:IJ'Uc)~ Hyaline droplets 11..J1G1f 

119l'V'lm'ff:IJ (111~f)fY'J) (HE staining, bar == 15 Jlm). 
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0.5 ppm HgC12 semi-static exposure group on day 15 (score +3) (B), 


1 ppm HgC12 semi-static exposure group on day 12 (C) 


and day 15 (D) (score+ 3) 


(HE staining, bar; A = 450 ~m, B = 450 ~m, C = 450 ~m, and D = 250 Jim). 
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ltJ~ 18 fllHfJf1'UtJltJ'UfJ.:JbG}f~~ Goblet ~!gfJ'tJ'UfJ.:Jih'ff'UfJ.:JtJmf1QlJ 1 ppm semi-static exposure 

groups on day 6 (HE staining, bar = 80 ~m). 

';itJ~ 19 fll':i\9l1tJ'UfJ.:J!G}f~~!gfJlIm::;!'V'l1::;fJTl1l'J jllJn1Jf1TH!'Vl':if1l9il'UfJ.:J!G}f~~llJ lui11!fl~tJ{ 'UfJ.:J 
~ . 

'iJmf1QlJ 2 ppm HgCI2 oral administration tilapia on day 3 (arrow) (HE staining, bar = 

300 ~m). 

ltJ~ 20 Secondary gill lamellae of control tilapia on day 15 (HE staining, bar = 150 11m). 

l'll~ 21 Secondary gill lamellae of 1 ppm semi-static exposure group on day 15 (HE staining, 

bar = 160 11m). 

l'll~ 22 Secondary gill lamellae of 5 ppm semi-static exposure group on day 15 (HE staining, 

bar = 100 11m). 
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\ill~H.yj 3 )eJ£lh~'t1Vl~('lVWlii't1£ll'IJeJ~1.J'l1f)~lJfl11JfllJ (Histopathological scores of control group) 

Histopathological lesion score 

Trunk of kidney Hepatopancreas Spleen Gastrointestinal organs Other organs 

Group Dose Day Degeneration! Immature Crystal Fat Pancreatic MMCs Infiltration Goblet cells (gill, brain, 

necrosis of nephron in storage acinar of proiferation muscle) 

tubular tubules atrophy mononuclear 

epithelium cells 

Contro 0 0 0 0 0 +3 0 0 0 0 NRL 

3 0 0 0 +3 0 0 0 0 NRL 

6 0 0 0 +3 0 0 0 0 NRL 

9 0 0 0 +3 0 0 0 0 NRL 

12 0 0 0 +3 0 0 0 0 NRL 

15 0 0 0 +3 0 +1 0 0 NRL 

NRL: no remarkable lesion, +1: mild, +2: moderate, +3: severe 
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, 

Yll'n~ii 4 HlfJ i Hl'Vll.:j~ft 'VHJ1~1'VltJl't1eJ.:j1.Jft1fl~1J'Vl~m).:j i.p. groups. 

Histopathological lesion score 

Trunk of Iddney Hepatopancreas Spleen Gastrointestinal organs Other organs 

Group Dose Day Degeneration/ Immature Crystal Fat Pancreatic MMCs Inliltration of Goblet cells (gill, brain, muscle) 

necrosis of nephron in tubules storage acinar atrophy mononuclear proiferation 

tubular cells 

epithelium 

l.p. 0.5 flg/g 0 0 0 0 +3 0 0 0 0 NRL 

3 0 0 0 +3 0 0 0 0 NRL 

6 0 0 +1 +1 0 +3 0 0 NRL 

9 +2 0 +3 +2 0 +3 0 0 NRL 

12 +2 0 +1 +2 0 +3 0 0 NRL 

15 +2 0 +3 +2 +1 +3 0 0 NRL 

1 flg/g 0 +1 0 0 +3 +1 0 0 0 NRL 

3 0 0 0 +3 +1 0 0 0 NRL 

6 +2 +2 +1 +2 +1 +1 0 0 NRL 

9 +1 0 +2 +2 +2 +3 0 0 NRL 

12 +1 0 +3 +2 +1 +2 0 0 NRL 

15 +1 +1 +3 +2 +2 +2 0 0 NRL 

NRL: no remarkable lesion, +1: mild, +2: moderate, +3: severe 
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VIl'l'Nn 5 'HHJ l1fl'Y11'1~nl'HJ1ii1'Y1tJl'UtJ'IU'11f)~lJ'Y1~CH)..J i.p. groups (continue). 

Histopathological lesion score 

Trunk of kidney Hepatopancreas Spleen Gastrointestinal organs Other organs 

Group Dose Day Degeneration! Immature Crystal Fat Pancreatic MMCs Infiltration of Goblet cells (gill, brain, muscle) 

necrosis of nephron in tubules storage acinar atrophy mononuclear proiferation 

tubular cells 

epithelium 

l.p. 2 j.lglg 0 +1 0 0 +3 0 0 0 0 NRL 

3 +1 0 0 +2 +2 +1 0 0 NRL 

6 +2 +2 +1 +2 +2 +1 0 0 NRL 

9 +2 +2 +2 +1 +2 +2 0 0 NRL 

12 +2 0 +3 +2 +1 +2 0 0 NRL 

15 +2 +1 +3 +2 +2 +2 0 0 NRL 

5 j.lglg 0 +2 0 0 +2 +1 0 0 0 NRL 

3 +3 0 0 +1 +2 +1 0 0 NRL 

6 +2 0 0 +2 +2 +2 0 0 NRL 

9 +2 +1 +1 +2 +2 +2 0 0 NRL 

12 +2 +3 +3 +2 +3 +2 0 0 NRL 

15 +2 +1 +1 +1 +2 +3 0 0 NRL 

NRL: no remarkable lesion, +1: mild, +2: moderate, +3: severe 
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mnrn 6 5eJ(Ih~'YI1~~ftYHnif1'Y1(11'IJeJ-nJcnf1~1J'YI~HH)~ oral groups. 

Histopathological lesion score 

Trunk of kidney Hepatopancreas Splcen Gastrointestinal organs Other organs 

Group Dose Day Degeneration! Immature Crystal Fat Pancreatic MMCs Infiltration of Goblet cells (gill, brain, muscle) 

necrosis of nephron in tubules storage acinar atrophy mononuclear proiferation 

tubular cells 

epithelium 

Oral 0.5 flg!g 0 0 0 0 +3 0 0 0 0 NRL 

3 +1 0 0 +2 +2 0 0 +3 NRL 

6 +1 0 +1 +2 +2 +3 0 +3 NRL 

9 +1 0 +1 +2 +2 +2 0 +3 NRL 

12 0 0 0 +2 +1 +2 0 +2 NRL 

15 +1 0 +2 +2 +2 +2 0 +3 NRL 

1 !lg!g 0 0 0 0 +3 0 0 0 0 NRL 

3 +2 0 +1 +2 +2 +2 0 +3 NRL 

6 +1 0 0 +2 +1 +2 0 +2 NRL 

9 +1 0 0 +2 +1 +1 0 +3 NRL 

12 0 0 0 +2 +1 +2 0 0 NRL 

15 +1 0 +1 +2 +1 +3 0 0 NRL 

NRL: no remarkable lesion, +1: mild, +2: moderate, +3: severe 
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Vll'n~Yi 6 HW hrl'm.:j~"l'Wl~1'¥1[Jl"eJ.:jtJ"1f)~lJ'¥1~HleJ.:j oral groups (continue), 

Histopathological lesion score 

Trunk of kidney Hepatopancreas Spleen Gastrointestinal organs Other organs 

Group Dose Day Degeneration/ Immature Crystal Fat Pancreatic MMCs Infiltration of Goblet cells (gill, brain, muscle) 

necrosis of nephron in tubules storage acinar atrophy mononuclear proiferation 

tubular cells 

epithelium 

Oral 2 Ilg/g 0 +1 0 +3 +1 +3 0 0 0 NRL 

3 0 0 0 +2 +1 0 +2 +2 NRL 

6 0 0 +1 +2 +1 +2 0 0 NRL 

9 0 0 0 +3 0 +2 0 0 NRL 

12 0 0 0 +3 0 +2 0 0 NRL 

15 0 0 0 +2 +1 +2 0 0 NRL 

5 Ilg/g 0 0 0 0 +3 0 0 0 0 NRL 

3 0 0 0 +2 +1 +1 0 0 NRL 

6 +1 0 +1 +3 +1 +2 0 0 NRL 

9 +1 0 +1 +3 +1 +2 +1 +2 NRL 

12 +1 0 0 +2 +1 +2 0 +2 NRL 

15 +2 0 +3 +2 +1 +3 0 0 NRL 

NRL: no remarkable lesion, +1: mild, +2: moderate, +3 : severe 
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· Yll':n~Yi 7 'HHJ hf'l'Y11\l~ft'YH.ll~i'Y1rJl'tleJ~tlmf)~lJ'Y1~HH)\I semi-static exposure groups. 

Histopathological lesion score 

Trunk of kidney Hepatopancreas Spleen Gastrointestinal organs Other organs 

Group Dose Day Degeneration! Immature Crystal Fat Pancreatic MMCs Infiltration of Goblet cells (gill, brain, muscle) 

necrosis of nephron in tubules storage acinar atrophy mononuclear proiferation 

tubular cells 

epithelium 

Semi 0.5 flglml 0 +3 +1 +2 +2 +1 +1 0 +1 NRL 

static 3 +2 +1 +2 +1 +2 +3 0 +1 NRL 

exposure 6 +2 +1 +1 +2 +1 +3 +2 0 NRL 

9 +2 +1 +1 +1 +2 +3 +2 0 NRL 

12 +1 0 +2 +2 +2 +3 +2 0 NRL 

15 +2 +1 +1 +2 +2 +3 +2 0 NRL 

1 flg/ml 0 +3 0 +3 +3 +2 +2 0 0 NRL 

3 +2 0 +2 +2 +2 +2 0 0 NRL 

6 +2 +1 +2 +1 +2 +3 0 0 NRL 

9 +1 0 +2 +1 +2 +3 0 0 NRL 

12 +2 0 +2 +1 +2 +3 0 0 NRL 

15 +1 0 +2 +1 +3 +3 0 0 NRL 

NRL: no remarkable lesion, +1: mild, +2: moderate, +3: severe 
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, 

Vll'H:!ii 7 'leHJ llfl'Vll,:j~"l'lfJ1t1'VlfJl'\JeJ,:jtJCllfl~lJ'Vl~HH),:j semi-static exposure groups (continue). 

Histopathological lesion score 

Trunk of kidney Hepatopancreas Spleen Gastrointestinal organs Other organs 

Group Dose Day Degeneration! Immature Crystal Fat Pancreatic MMCs Infiltration of Goblet cells (gill, brain, muscle) 

necrosis of nephron in tubules storage acinar atrophy mononuclear proiferation 

tubular cells 

epithelium 

Semi 21lglml 0 +3 0 +3 +3 +2 +1 0 0 NRL 

static 3 NA NA NA NA NA NA NA NA NA 

exposure 6 NA NA NA NA NA NA NA NA NA 

9 NA NA NA NA NA NA NA NA NA 

12 NA NA NA NA NA NA NA NA NA 

15 NA NA NA NA NA NA NA NA NA 

5 Ilglml 0 +3 NA +3 +3 +2 +1 0 0 NRL 

3 NA NA NA NA NA NA NA NA NA 

6 NA NA NA NA NA NA NA NA NA 

9 NA NA NA NA NA NA NA NA NA 

12 NA NA NA NA NA NA NA NA NA 

15 NA NA NA NA NA NA NA NA NA 

NRL: no remarkable lesion, +1: mild, +2: moderate, +3: severe 
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v '" .4 'i _IOJ

4.5 fll'HHl).m Autometallography &'t'H>V1':i1'\lfll'HJ:::mJ'I.Ifl~ &ll't'i:::'t'itlfllJ':ifl'YI 

(Autometallographic tracing of Hg accumulation) 

'" .
\)'U~-3fffll 1'U i'1fi ~'VHlllYlJ'I.Ifl~I'1fCH1-U'U ~:::~tJ'I.Ifl~fll~9if\ff IHl:::~hmni~'I.Itl-3I'1fmHi1,r~HltJ1 fl 

4.5.1 '1'1 

~-31'UmilJtJcn'VI~cw~ i.p 11ft::: Semi-static exposure groups. r11fl:::II'U'U'I.Itl-3 Autometallography ~~ 

IICYf\-31'U~nH~ 8 m1\)'YlUfllH'I':::lYlJ'I.Ifl'l silver grains ~1'U1'UlJlfl (score +3) 1'UtJftlfl~lJ 5 ppm 

i.p. fl~lJ 0.5 11ft::: 1 ppm semi-static exposure groups m[Jlf~~1'U~ 3 'I.Ifl~fl1~'YI~ftfl~ (~tJ~ 24, 

251Hl::: 26). 

~ .d..a 1;:;'Q.l9I 
~'fl'l.lfl~ Silver grains IYllJlHI~~1\)'YltJ1'UlctfftCl MMCs 'VI1f1C1fl'U~1!'I.I1lJllI'VIm 'U1'UtlWtl 

cv cv, 
4.5.2V1tJ&m:::V1Uflfltl 

4.5.3,JUJ 

0' d ~.1 'j/ d"" "'...c ...c 10

IctfClCl MMCs 'YI1'YllJ'I.I'U1'UlJllJ \):::lYllJlHI~~1\)'YitJ Silver grains 'VI~'flIYIl1C1fl~lf~flf\l 'U 

8) 
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~u~ 23 1\01'\Ja,nJmf1~lJm'UfJlJ~'l1'I'HH1'U (AMG staining, bar = 50 /-tm). 

, ,,.. . 
~uii 24 Silver grains Yim11l'W'Uli~!'I1~a ,:n.Jl\Oll{l !m~~~l (score +2) (h.H9f{l~!1jm.J'Via1\01'\Ja·nJm 

f1~lJ 2 ppm HgCl2 i.p. !'W1'W~ 15 (111~f1fl') (AMG staining, bar = 150 /-tm). 

semi-static exposure !'W1'WYi 15 (111~f1fl') (AMG staining, bar = 150 /-tm) . 

pJYi 26 Silver grains Yi\Olnll'W'Uli~!'I1~a'l'Wlm{l U{l~~~l (score +2) !'W!9f{l~!1jm.Jvia1\01'\Ja'l'tlm 
• I" I 

fl~lJ 0.5 ppm HgCl2 semi-static exposure ''W1'W~ 15 (111~f1fl') (AMG, bar = 45 /-tm) . 

(AMG staining, bar; A = 300 11m and B = 150 /-tm) . 
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lJ-eJlJ~ autometallography A. Hmrul'Wf)~lJfn'UfJlJ B. LJmf)~lJ 1 ppm 

HgCI2 i.p. 'V'I'U silver grains l'W!CJH'I~ MMCs 1'W1'W~ 3 (score + 1), C. LJmf)~lJ 0.5 ppm HgCI2 

semi-static exposure l'W1'W~ 15 (score +3), and D. LJmf)~lJ 1 ppm HgCl2 semi-static exposure 

l'W1'Wl'i 15 (score+ 3) (bar; A = 450 11m, B = 550 11m, C = 450 11m and D = 450 Jlm) . 

• I...i o'"f <vo\Jj$l .1 ' 1 
~1J'fI 29 A. and B. lCJH'I'1:1W-eJ'l,lH'W'lm ~'ff'tJ-eJ,:jumf)'JlJ 1 ppm HgCI2 semi-static exposure tilapia 'W 

Q.I ci 9 d' ~ Q.I 

1'W'Vl 15. Silver grains (score +3) ml'il'V'l'U ~'W!C]f'1:1'1:1W-eJ'l,l ('Hlt1f)fj'';;) (AMG staining, bar; A = 120 

Jlm and B = 80 Jlm). 
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_I • 1~ .
semi-static exposure treated groups lJmf)~lJ Oral groups, AMG lHm1J1fl1~'Yll~f)~lJ 5 ppm 

dose hrr'U~ 3 IIft~ 6 ,\H)~f1l~'VlmHH Umf)~lJ 0.5 and 1 Semi-static exposure groups l-H~ft1J1f) 

" . 
ll1~e)f) CYlJ~~ IICl~mlllJ!iieJ '..r~ClCl1JhfUftlf)~lJfn1JfllJ!lft~f)~lJ'Vlf1Cl~\I (~l~l\ll1 8). 

metaJlothionein protein by immunohidstochemistry) 

. " " 
~1fl11JfllJ1J1 f)l11 <Nl11 f1l~~mnfli'~il;]~ Canine mammary adenocarcinoma 

Metallothionein CYllJl~lI~n~'Vl1Jl'UUCllf)~lJ 0.5 and 1 ppm semi-static exposure groups If1UUCll 

f)~lJ 0.5 ppm semi-static exposure group 'Vf1Jf1l1!!CYfI\lm)f)'U~\Ihh~'U Metallothionein l'U1CJf 

• ,t'" 

+3 1'U1'Ul1 9, 12 !!Cl~ 15 ~llJiil~1J (~nl\ll1 8 !!ftqUl1 3 1) lHln~lf)ilil~~n~l'i1Jf)lmCYfI\I~~f) 
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~ , ., '" ~ <1/., _I 1 I '"MMCs'l.Hl.JlJl:J.J 'U1'U'YI 15 f1ftlUrHNnUlJft1 'Uf1'c!lJ 0.5 ppm semi-static exposure group (~l'n.J'YI 

semi-static exposure groups 1'U1'U~ 15. hWiJrilfl:;U'U'U flf) +2 IIft~ +3 'l.Hl.JtJftln~:J.J 0.5 ppm 
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ll1~ 30 f11'iIlLl'~ 'HH)f)'Uel'l hh~'U metallothionein 1'U1'1felft' Canine mammary (IHC, DAB, 

counter stained with Mayer's hematoxylin, bar = 100 11m). 

.., .d 
semi-static exposure 1'U1'U')'J 9 (score +2), 

, ... '" Semi-static exposure tilapia 'UTU')'J 15 (score +3), 

... '" semi-static exposure tilapia 1'U1'U')'J 6 (score +1), 

... '" static exposure 1'U1'U'Vl 15 (score +2) (IHC, DAB, counter stained with Mayer's 

hematoxylin, bar = 80 11m). 

static exposure 1'U1'U~ 12. B. 'W1Jf11'i IIL1'fl\l'fl'flfl'U'fl\l hh~'U MT 1 'UI'1felft' MMCs 'Uel\ltJellmllJ 0.5 

ppm HgCl2 semi-static exposure 1'U1'U~ 15 (score +2), C. and D. 'YI1Jf11'i11L1'~'1mHl'tl(}'1 itJ'i~'U 

MT 1'U1'1felft' MMCs 'tIel'l'lJmfl~lJ 1 ppm HgCl2 Semi-static exposure 1'U1'U~ 15 (score +3) (IHC, 

DAB, counterstained with Mayer's hematoxylin, bar; A, B, C = 270 !lm, D = 40 11m). 

. 
luii 33 A. 'YI'IJ fll'i IILI'~'1elelfl'tl'fl'l i 'lJ'i~1I MT 'U'fl\ltJellf)~lJ 1 ppm HgCl2 semi-static exposure 1'U 

counterstained with Mayer's hematoxylin, bar; A "" 60 11m, B = 125 !lm) 
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.. 
I'\l"5N'Yl 8 Autometailography and immunohistochemistry scores in experimental tilapias . 

Group Dose Day AMG score IHC score 

Renal tubular MMCs at MMCs at slpeen Epithelium of GI Renal tubular Pancreatic acini MMCs at spleen 

epithelium pancreatic acini mucosa epithelium 

Control 0 0 0 0 0 0 0 0 0 

3 0 0 0 0 0 0 0 

6 0 0 0 0 0 0 0 

9 0 0 0 0 0 0 0 

12 0 0 0 0 0 0 0 

15 0 0 0 0 0 0 0 

i.p. 0.5 ~g/g 0 0 0 0 0 0 0 0 

3 0 0 0 0 0 0 0 

6 0 0 0 0 0 0 0 

9 +2 0 +2 0 0 0 0 

12 +2 +1 +2 0 0 0 0 

15 +2 0 +2 0 0 0 0 

1 ~g/g 0 0 0 0 0 0 0 0 

3 0 +1 0 0 0 0 0 

6 +1 +1 +1 0 0 0 0 

9 +2 +1 +2 0 0 0 0 

12 +2 +1 +2 0 0 0 0 

15 +1 +1 +1 0 0 0 0 

NA =not examined. +1: mild. +2: moderate, +3: strong 
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.. 


V11~Nii 8 Autometallography and immunohistochemistry scores in experimental tilapias (continue). 

Group Dose Day AMG score IHC score 

Renal tubular MMCs at MMCs at slpeen Epithelium of GI Renal tubular Pancreatic acini MMCs at spleen 

epithelium pancreatic acini mucosa epithelium 

i.p. 2 ~g/g 0 0 0 0 0 0 0 0 

3 +1 0 +1 0 0 0 0 

6 +1 +1 +2 0 0 0 0 

9 +1 +1 +2 0 0 0 0 

12 +2 +1 +1 0 0 0 0 

15 +2 +1 +1 0 0 0 0 

5 ~g/g 0 0 0 0 0 0 0 0 

3 +3 +2 +3 0 0 0 0 

6 +2 +1 +2 0 0 0 0 

9 +2 +1 +2 0 0 0 0 

12 +2 +1 +1 0 0 0 0 

15 +2 +1 +1 0 0 0 0 

Oral 0.5 ~g/g 0 0 0 0 0 0 0 0 

3 0 +1 +1 0 0 0 0 

6 0 0 0 0 0 0 0 

9 0 0 0 0 0 0 0 

12 0 0 0 0 0 0 0 

15 0 0 0 0 0 0 0 

NA =not examined. +1: mild, +2: moderate, +3: strong 
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· 
YIl'aNii 8 Autometallography and immunohistochemistry scores in experimental tilapias (continue). 

Group Dose Day AMG score IHC score 

Renal tubular MMCs at MMCs at slpeen Epithelium of GI Renal tubular Pancreatic acini MMCs at spleen 

epithelium pancreatic acini mucosa epithelium 

Oral 1 ~g/g 0 0 0 0 0 0 0 0 

3 0 0 +1 0 0 0 0 

6 0 0 +1 0 0 0 0 

9 0 0 0 0 0 0 0 

12 0 0 0 0 0 0 0 

15 0 0 0 0 0 0 0 

2 ~gfg 0 0 0 0 0 0 0 0 

3 0 0 +1 0 0 0 0 

6 0 0 +1 0 0 0 0 

9 0 0 +1 0 0 0 0 

12 0 0 +1 0 0 0 0 

15 0 0 +1 0 0 0 0 

5 ~g/g 0 0 0 0 0 0 0 0 

3 +2 0 +1 +2 0 0 0 

6 0 0 +1 +3 0 0 0 

9 +1 0 +2 0 0 0 0 

12 0 0 +2 0 0 0 0 

15 0 0 +1 0 0 0 0 

NA =not examined. +1: mild. +2: moderate. +3: strong 
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.oj · 
~l';iN'YI 8 Autometallography and immunohistochemistry scores in experimental tilapias (continue). 

Group Dose Day AMG score IHC score 

Renal tubular MMCs at MMCs at slpeen Epithelium of GI Renal tubular Pancreatic acini MMCs at spleen 

epithelium pancreatic acini mucosa epithelium 

Bath O.51Jg/ml 0 0 0 0 0 0 0 0 

3 +1 +3 +1 +2 0 0 0 

6 +2 +2 +1 +3 0 0 0 

9 +2 +1 +2 +3 +2 0 0 

12 +2 +1 +2 +3 +3 0 0 

15 +2 +1 +3 +2 +3 0 +2 

1 IJg/ml 0 0 0 0 0 0 0 0 

3 +1 +1 +1 +2 0 0 0 

6 +2 +1 +1 +2 +1 0 0 

9 +3 +2 +2 +3 +3 0 0 

12 +3 +1 +3 +2 +3 +1 0 

15 +3 +1 +3 +2 +3 +1 +3 

2IJg/ml 0 0 0 0 0 0 0 0 

3 NA NA NA NA NA NA NA 

6 NA NA NA NA NA NA NA 

9 NA NA NA NA NA NA NA 

12 NA NA NA NA NA NA NA 

15 NA NA NA NA NA NA NA 

NA =not examined. +1: mild, +2: moderate, +3: strong 
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Vll"JNn 8 Autometallography and immunohistochemistry scores in experimental tilapias (continue). 

Group Dose Day AMG score IHC score 

Renal tubular MMCs at MMCs at spleen Epithelium of GI Renal tubular Pancreatic acini MMCs at spleen 

epithelium pancreatic acin i mucosa epithelium 

Bath 5llg/ml 0 0 0 0 0 0 0 0 

3 NA NA NA NA NA NA NA 

6 NA NA NA NA NA NA NA 

9 NA NA NA NA NA NA NA 

12 NA NA NA NA NA NA NA 

15 NA NA NA NA NA NA NA 

NA =not examined, +1 : mild, +2: moderate, +3: strong 
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.. . 

'i .., "" "" 'i ""q •

4.7 fll":i~":i1'U'Yil !g'H~'H'k!n'UlflnHmHl !V1£J1ti OCP-AES for measurement total mercury In 

tissues) 

.. . .. 
til Cut-off value 'tH),Jtl1lJllU i mf~lfUfltl'J fl'Vl 1lJIi1fllufl'ti,JCYl1Jri1~'\Jfl,Jfl~lJmU~lJ iitil 

. .. 
1~fl1rn~mtJ1 ~iitilCY,J flil lI~fl~l,Jfldl,Jiiumilrlru !jjfl!tl~ tJu!~tJunu!lf~eJ f1 1IC1~ f1~llJ1i1eJ 

~ v 

'Vl~C1eJ,J~1t1 (0.5 ppm i.p., 2 ppm i.p., 5 ppm i.p, 0.5 ppm oral, 2 ppm oral, and 5 ppm oral) ('!tl~ 

'" lJfl1llJ 

.. . .. 
lI~fl~H~lfl !lf~eJfl 1IC1~f)~l1Jli1eJ 1~1~~ 3, 9 1IC1::; 15 (p<O.05) 1~f)~lJfll'j'Vlf)C1fl,Ji1 tJ11JllU 

i C1lf~l1Ufltl'Jfl'Vl~~j1~'Y'I1J iitill'tilfiU 6.266±O.460, 4.223±O.1I5 and 1.384±0.13J ppm/g dry 
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thn'Vl~CH)~f)~lJ ] ppm semi-static exposure, '\'nr;hihl~lJlru lftlf::11'UmJH)'Vl"l~rr~lrl6 

Itl~I'J1JI.yjU1Jn1Jf)~lJ'Vl~ft6~~U"1 (~l'n:j~ 9). tl~lJlru lftlf::l1umhfl'Vl1ufl1£J1::f)l£J1u nfil"l~rr~ 

flcil~iiumilrlqj'VlHL'I'fi~ (p<O.05) (!tl~ 37B). 
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V11'aN~ 9 tJlmru hnY:::lfii'fltJ'Jfl'VI~m1~~tJ"UtJCllfl~lJ'VIfllH).:j (Total Hg in experimental 

tilapias) 

Group Dose Day Organ 

Gill Visceral organs in Muscle 

(ppm/g dry weight) abdomen (ppm/g dry weight) 

(ppm/g dry weight) 

Control 0 3 0.163 ± 0.014 0.132 ± 0.023 0.152 ± 0.Dl8 

9 0.11 0 ± 0.005 0.149 ± 0.007 0.180 ± 0.032 

15 0.101 ± 0.019 0.133 ± 0.003 0.173 ± 0.051 

J.p. 0.5 f!g/g 3 1.157 ± 0.439 5.709 ± l.609 0.424 ± 0.241 

9 0.888 ± 0.124 l.689 ± 0.786 0.981 ± 0.575 

15 0.687 ± 0.191 l.857± l.417 0.515 ± 0.219 

1 f!g/g 3 2.212 ± 0.142 14.757 ± 7.114 l.870 ± 1.142 

9 1.467 ± l.039 9.965 ± 1.359 1.588 ± 0.657 

15 0.895 ± 0.030 3.119 ± 2.787 0.233 ± 0.097 

2 f!g/g 3 5.884 ± 5.484 19.701 ± 2.100 1.047 ± 0.364 

9 4.152 ± l.845 8.239 ± 3.261 3.163 ± 0.430 

15 3.783 ± 1.577 9.518 ± 4.014 2.584 ±O.970 

5 f!g/g 3 4.144 ± 0.686 3l.629 ± 11.392 4.659 ± 1.302 

9 2.257 ± 0.974 13.070 ± 1.151 3.195 ± 1.590 

15 0.989 ± 0.339 4.786 ± l.403 l.378 ± 0.335 

Oral 0.5 ).lg/g 3 0.395 ± 0.040 0.910 ± 0.143 0.389 ± 0.037 

9 0.237 ± 0.071 0.330 ± 0.139 0.284 ± 0.087 

15 0.365 ± 0.108 0.411 ± 0.016 0.160 ± 0.081 

1 f!g/g 3 0.484 ± 0.030 0.727 ± 0.186 0.099 ± 0.040 

9 0.365 ± 0.146 0.496 ± 0.115 0.178 ± 0.057 

15 0.421 ± 0.007 0.606 ± 0.212 0.337 ± 0.043 

2 ).lg/g 3 1.337 ± 0.472 6.266 ± 0.460 1.465 ± 0.272 

9 3.292 ± 0.314 4.223 ± 0.658 l.419 ± 0.662 

15 0.778 ± 0.136 1.384 ± 0.131 0.685 ± 0.201 

5 f!g/g 3 3.422 ± 0.306 9.263 ± 4.737 0.761 ± 0.299 

9 1.337 ± 0.472 3.936 ± 0.446 0.385 ± 0.015 

15 1.438 ± 0.286 3.015 ± 0.515 0.552 ± 0.170 
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m·H:.t~ 9,HmUl iC111:;ln1mh~'YI~~'i1\lffl.lhnJmtl~lJ'YI~H'Hl~ (Total Hg in experimental 

tiiapias) 

Group Dose Da Organ 

y Gill Visceral organs in Muscle 

(ppm/g dry abdomen (ppm/g dry 

weight) (ppm/g dry weight) 

weight) 

Semi-static 0.5 3 15.847 ± 2.884 33.279 ± 13.1 71 2.473 ± 0.646 

exposure Ilg/ml 9 36.861 ± 4.785 51.859 ± 11.140 10.616 ± 0.923 

15 55.778 ± 2.1 13 42.654 ± 26.11 I 18.235 ± 5.642 

1 I-lg/ml 3 20.210 ± 2.583 45.747 ± 25.849 3.208 ± 1.330 

9 33.568 ± 9.335 183 .274 ± 7.208 10.041 ± 3.847 

15 44.972 ± 2.847 139.507 ± 8.611 IS.917±8.627 

21-lg/mi 3 NA NA NA 

9 NA NA NA 

15 NA NA NA 

51-lg/mi 3 NA NA NA 

9 NA NA NA 

15 NA NA NA 

NA: not examined 
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_ Gill 

c::J Visceral organ 

c::J Muscle 

Day15 

34 Control 

:c: 
01 
'Qj 0, 
~ 
>.... 
'0 0, 

~ 
~o. 
01

:: o. 
IV 

~ 
O. 

35A 0.5 i.p. 358 1 i.p. 

Day3 Day9 

35C 2 i.p. 35D 5 i.p. 

:c: 
01 
'iii 

50 

40 
-Gill 

c::J Visceral organ 

50-.c: 
01 
'iii 40 

-Gill 

~ c::J Muscle ~ 
>... 
'0 30 

>.... 
'0 30 

01 

E a*, 
01 

E 
~ 20 ~ 20 
01 01 
J: 
iii 10 

J: 
IV 

10 

~ ~ 
0 0 

Day3 Day9 Day15 

l11~ 34 1111J1Ul i'Ilf~:lf'l:rf111'jf)'YI~~'j1\)'YIuhnJftlf1~lJfl1U~lJ (Total Hg levels from ICP-AES 

of Control group) 

l11~ 35A-D tJ11J1Ul iftlt~'Hilm.hf)'YI~~'j1\)'YIU"UtJft1f1~lJ i,p. groups. The different alphabets 

shows when statistic significantly different in the same organ between days. (p<O.05) and the 

stars (*) showed when statistic significantly different between organs in the same day. (p<O.05) 

Statistic analysis was using one-way ANOVA and followed by Newman-Keuls multiple 

comparison test. 
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a,* 

_ Gill 

c:::::J Visceral organ 

c:::::J M usc Ie 

50 
:c: 
01 
'Qj 40 
~ 
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Day3 Day9 Day 15 

a,* 
c::J Abdominal organ 

c:::::J Muscle 

Day3 Day 9 Day 15 

_ Gill 

C::Jl Visceral organ 
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~ 20 

Day3 Day9 Day 15 



36A 36B
0.5 Oral 1 Oral 

a,* 

_ Gill 

CE:il Visceral organ 

c::::::J Muscle 

15 _ Gill 

I=::J Visceral organ 

c:::J Muscle 

Day3 Day9 Day15 Day3 Day9 Day 15 

36C 36D 
_ 15 
~ 
.21 
QJ 

~ 
~ 10 
'tI 
CI 

E 

2 Oral 5 Oral 
_ Gill 

(::=J Visceral organ 

(::=J Muscle 

b , * 

a,* 
_ Gill 

CJ Visceral organ 

c:::J Muscle 

c. 
.::: 5 
CI 
J: 

Day3 Day9 Day15 Day3 Day9 Day 15 

37A 37B 
0.5 Semi-static exposure 1 Semi-static exposure 

_ Gill _ Gill 

(::=J Visceral organ 

c:::J Muscle 

CJJ Visceral organ 
CI 
~ 

b.* c:::::J Muscle'Qj 200 
~ 
>.... C.* 
'tI 150 

i 
~ 100 
CI 

J:;; 

~ 
50 

Day3 Day9 Day 15 Day3 Day9 Day 15 

J"tJ~ 37A-B 1I11JlUJ1m1~,.n!flll';H),YI~~n1l'YtllhnJ~lfl~lJ semi-static exposure groups. The 

ctifferent alphabets shows when statistic significantly different in the same organ between days. 

(p<O.05) and the stars (*) showed when statistic significantly different between organs in the 

same day. (p<O.05) Statistic analysis was using one-way ANOVA and followed by Newman-

Keuls mUltiple comparison test. 
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.cO 

4.8 fll":ifl":i'J'ilfll":iU~~.:Jtltln'lltl.:J'iltl Metallotionine 

(Reverse transcriptase polymerase chain reaction for detecting metallothionein gene 

expression) 

" . . 
hn'lflfl~lJfll'I'f1flfttl~nlJ'li'~fl~lJfl11JfJlJ 'l1'r·jftf-lftll 11Ili~lI'Yn~ (Unspecific bands) liiv 

" ,.rl~'IllJfl1~~ii Forward and reverse primers of tilapia (0. mossambica) MT gene (TMTB and 

TMTC) and forward and reverse primers of tilapia ~-actin gene (i1J~ 38 IIft~ 39) PCR products 

(150 and 300 bp PCR products) ~1~\lmllltlll'I1~'Hlth~1Jibflftlfll'f1fl' (Nucleotide 

, lfj 14 f)J ~ 

mossambica MT in GenBank (AY257202) (Cheung et aI., 2004). ~1J'Jl !lJlJfl'JllJflftlUflft~'IIfl~ 

sequencing) 0. 

tilapia (TMTB and TMTC) 'l1'f-jmlU''U'¥Jflfl~lJfll'I'f1flftfl~ (itl~ 39). 

, 

fll":iNii J0 The sequences of nucleotides ofRT-PCR products from the current experiment. 

Sequence of nucleotides Length (bp) 

5'- 238 

CACCAAGATCTGCACCCGCGGCGGCTCCACCCGGGCTCGCGCCCTAGG 

CTTCCGTGCTCACCGCGGCGGCCCTCCTACTCGTCGCGGCGTAGCCCTC 

GCGGCTCCTATTGCCGGCGACGGCCGGGTATGGGCCCGACGCTCCAGC 

GCCATCCATTTTCAGGGCTAGTTGATTCGGCAGGTGAGTTGTTACACA 

CTCCTTAGCGGATTCCAACTTCCATGGCCTCCTGTCCACCTTT A -3' 
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Control group -ve 1 ppm semi-static exposure 

500 bp 

200 bp 

300 

150 

ltJ~ 38 RT-PCR products when using 2 pairs of primers (tilapia (0. mossambicus) MT; TMTB 

and TMTC) and tilapia ~-actin. The samples were kidney tissues of control and 1 ppm 

HgCI2 semi-static exposure group. Lane 1,2,3,4,5 and 6: control , lane 7: negative 

control , lane 8, 9,10, II and 12: 1 ppm HgCI2 semi-static exposure group and L: 100 bp 

marker. 
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L 2 3 4 5 6 7 8 9 10 11 


500 bp 

MT -ve MT+~-actin 

~tl~ 39 RT-PCR products. Lane 1,2,3,4, 5, 6, and 7 were using forward and reverse primers of 

tilapia (0. mossambica) MT; TMTB and TMTC. Lane 10 and 11 were using 2 pairs of 

primers MT and tilapia ~-actin. The samples were kidney tissues of control (lane 1, 2, 3 

and 4) and 1 ppm HgCl 2 semi-static exposure group (lane 5, 6, 7 and 8). The results were 

all negative when using only MT primers. L: 100 bp marker, lane 9: negative control. 
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, 

Vll'n~ii 11 Comparison of histopathological lesions, autometallography and expression of metallothionine protein between experimental groups. 

Group Histopathological lesions Autometallography Expression of 

metallothionine protein by 

Immunohistochemistry 

Control - No histopathogicallesion 	 - Negative AMG - Negative IHC 

lop. 	 - Mild to severe tubulonephrosis, immature nephrons and - Mild to severe localized of silver - Negative IHC 

deposition of crystal in renal tubules. grains in tubular epithelium, MMCs of 

- Mild to severe loss of fat deposition in hepatocytes, and mild spleen and pancreatic acini. 

to severe pancreatic acinar atrophy. 


- Marked increased MMCs. 


Oral - Mild to moderate tubulonephrosis and deposition of crystal in - Mild to moderate localized of silver - Negative IHC 

renal tubules. grains in tubular epithelium, and MMCs 

- Mild to severe loss of fat deposition in hepatocytes, and mild of spleen. 
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to moderate pancreatic acinar atrophy. - Mild to moderate localized of silver 

- Marked increased MMCs. grains in GI epithelium. 

- Mild to SeVere infiltration of mononuclear cells and goblet 

cells in GI epithelium. 

Bath - Severe tubulonephrosis, mild immature nephrons and - Mild to seVere localized of silver - Positive IHC in renal 

deposition of crystal in renal tubules. grains in tubular epithelium, MMCs of tubular epithelium after 

- Moderate to severe loss of fat deposition in hepatocytes, and spleen and pancreatic acini. day 6, MMCs in spleen 

mild to severe pancreatic acinar atrophy. - Mild to severe localized of silver and pancreatic acini after 

- Marked increased MMCs. grains in GI epithelium. day 15 

- Mild to seVere infiltration of mononuclear cells and goblet 

cells in GI epithelium 
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" 1. '\'llnl'Hn'U~';HHhnl'l1'uft iuYilJ ~lnlllfri~I'Wl~lfttJ.:j~VlCO] 

" ,,.. , 
Illfri~I'Wl~lfttJ~'Uf1j::;i~ 11JH~lIlh.hI~TYf.i~tJl iUI'U'fl ~~lf1'fl e:il.:j 'YHN iiiHH1HI'flCYllff1j11J. fi 

" 
im)lfitJ.:j ¢if:) lH.:jlU\.I1'fl1ftm1V 11ft::; h~.:j1Uflft'fliJVlfl)j. 

" " ~1f:)£hnlft1 ~lU1U ]5 ~1mh:j llnl'lrm.h~lJlru 400-500 fl11J IfttJ.:jium::;~.:j 11h.JI1Cl11.h::;mru 3 

v .,."
11.fYIIfl'U ] 2 'Wf)1l fllfllJ 255] n(;l1 ] 2.00 U . 

... 
• <Oi 

1,! HH1 8 I')J~ j (4 11) 

", " tI

tJ'j~1&l iJCl1~'U.y)lJCl.:jlftv.:j\M 31~m.J IT\J'flll1fi~lUlJltJCl1fifltJCO]ClfltJ'fllV 'fl11J~11~'\.I~lCO] IfttJ.:j~1tJ 

h·Hl1,!f:)VI"'l't'ifl'j'l')J.uNI~tFI i HHI.lfIft'flfl.:j'll'1CY IICl~1H.:j1Uflft~lii'm~1. " 
" 

" " 
1.2 IIlfri.:jI'W1::;lfttl.:j h.J m::;<i~ 1lJi1'1'U1f1ftf:)~IWn~lfHIl.i\.lTihffn , UI'U'fl ~~lf1'fliJ'YJ1J1i1il 

, ", 
mii nftlfitl~n'UlIlfri.:jl1f:)l~V'Ue:J~'II'lJ'II'U iJ n 1j1ft tI.:jiJCl1'11'U 'fl~UlfU 111 lh.J 'flfte:J'flllu1'ch 

" . 
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y 

flmH ~1tlcil~lhn hU1'U IS ~1mh~ l-lll1,rm.h~lJlru 200-300 fl111 
y 

Iftv~1'Um~i'~ liJ'Ul1f1lU'J~lJlru 

.... 
2 Ifltl'U 

. 
OJ .,. " 

11fYUfl'U 12l'1Q1H11fllJ 2551 !1~1 15.00 'U. 

" " 
H't'i~ ,nll 

,.,
flfttl~ihrCYllJ ~'Ul-lltl£i.yjI;jtl'UihcYfl \).ftl'l'U5 

~ . 
u ~ 0 Q,lQ.IQI 

'U'lJl~fl~~'1f-:j 4x4111'fl'J ftfl 1.5 Ill'fl'J \)1'U1'U 23 m~')j"'1'f1f1'f1tlf)'U 

., 
Q '"'lJH1fl 

y 

h1VnmlVtl£il~ 'lh~l~tl'U Ill.V. 0'1 l'I .fI. iJnihJfl11lltl~1'U1Umfl 1Uflfttl'lff'UC'I'llJlJfll'Jlfttl'lufIl1'U 

. 
~1tlclNil!i)'U 	 Uftll1'UiilJ 

y 	 • y 

1.3 IIl1ri'lll'll::!~fJ'I"um::i'-:j ~lJr:I'Il!lil-ll'\'h~'U ('Umi'tlfI"5) 1'U1'IJ'fIOllfltl flllll'l~IICY'U U'Il11f1 

• 	 y 

'UfnU~ll tl ci1 nftl~ tI-:jO'UlIl1 ri'l.yjtll~tI'tItl'l'lflJ ')j"'U lJ fll'J Iftv'Iumiift l1UiilJ m ~ 1) lV1IllJ.. " 	 . 
I 'JJ 	 ')I 'jJ 

N'IlIlilll ~1tlcil'lUftl ~1'U1'U 15 ~1tl£il'1 l-lll1,rnU'J~mru 400-500 fl1lJ Ifttl'l1'Um::i''1 

. 
OJ .,. " 

1 'lJ'YI Ul'U ISl'l .fI . 2551 n~l 11.00 'U. 

y 

'I1li 9 'fI.1nhi~V1 tl .flllll'l'lIlCY'W \).'UfI'JiJ1511'" 	 .. 
.. 	 y 

, Q 

U'HM'Wl 	 CYl'IJ1'IJtl'llllil-l1'Umi'VfI"5 (lmWl1)ln \).fll\1j\)'U'45 IIft::tl .lil'U iii 'I \).'Jl'lf'45) 

4x3 IlJ'fI'J ~1'U1'U 20 m~i''1 
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" . 
3 I1ftl tJ~rJ\u~\nhUftll~lJ1l:w 

. 
~';mclNiiAf)U Uft nllrVllJ 

.4 
ij'W9 DO 6.2 ppm temp 27°C 

" ." 
1.4 Imri~I'Wl~I~MhJm~i'~ ~lJN~lIlhhllljfHHl~ 1lH'\J~fllUlij ~1I'l1lH"~~1n ~~'111~'jl'lf41 

. . " 
mi1 nftl~ t1~ flU II '11ri~l1e>liit1'\Jij~'lIlJ'lIlJ !lft~h ~.:jllJij~ ffl'11 m 'jlJ ii5mh lll'ill n~.:j'111~.. .. 

. " 
f1llY'illJ'41InlJm~i'~u,nYiiiii'\JlJ l'fl1'11qj IIftdjlJllfl'j!llJ1 lJ nn ~~f1l'j~lIft ii f1l'j l~tJ~ 

. " " 
um'l1n l1uiilJ m:;'illtJmlJN~lIti111 ~1e>cil~t1ftl ~llJ1lJ IS ~1ijciH 111'11'UnU'j:;mlU 

" 
400-500 n5lJ 1~t1~1lJm:;i'~ lillJl1mtl'j~lJllU 3 l~ijlJ 

15 'W .f1. 2551 n"111.00 lJ. 

" Hti111lltinml~ 

~ 0 ~ 

3x3 IlJlfl'j ftfl 1.5 IlJ~'j 'IlllJ1lJ 170 m:;'lI~ 

.. 
o ~ 

\,mlO 6-7 IlJ~'j 

, " , , " _I '" "'?t l' _I ~ ... '" 'j/ '" dd~ 1'j/ 0 ... 
'\JlJl~lJm'YIlfttJ~ IlllJlllllo1lJ'j:;mUl 4-5'JlJ IfHllJ'YIIlft'J'YI 'il .fllQl'illJ1JllJlJQI'111 e>l'11n 'lIllNfflJllHl 

u • u 

, , " I 'iI 'j/ 

uftll1tJiilJYimtJ1J'fl NfflJ fllJ iif1l1lVilJeJeJ flcil'illJ'lb~111'l1'1 ii f1l'j, ~t11CJ.ill'lfeJlIiumhmti111 

DO 5.3 ppm temp 27SC 
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" 	 . 
2.2 tfiui'mn"u ,hU1IO% ~eJ{mftU t.weJiim-n 'HHl hfl'VIH'Y'IU1~i'YWl tm::on~l'n~lfl 

lm1::11'11mhel'VI hwii AutometaJlography 

" 	 .«r Q,I .4.t!1 t ~.e::t

3. 	 f1l'aYl'D'll't'll 1U't'I::'t'I'UO'lllnt'UeJt£JeJ &VlrJ111 (ICP-AES for measurement total mercury in 

tissues) 

., 	 . " 
fil 	Cut-off value '\IeJ·nJ~mwhm::l1'11ntl,)eJ'VI1un1eltvm1-HnmY1U'\IeJ·mrilJfnUfllJ iifil'ueJrJ. . 

..,; 
cut-off value (~lH-1'V1 12) 
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, 
fHllJ. . 

... , q 

'1l1mn.:J'Y\ 1 

(n=8) 

'" , <1 

'1l16t11.:J'Y\ 2 

(n=7) 

t11lJlUl Hg ~m.hI1'Utl (ppm/g) 

Muscle NA NA NA 

GI tract 0.0143 0.0215 0.0179 

Gill 0.0419 0.0504 0.0461 

2 Muscle NA NA NA 

GI tract 0.0306 0.0247 0.0276 

Gill 0.0059 0.0587 0.0323 

3 Muscle 0.0436 0.0638 0.0537 

GI tract 0.0155 0.0158 0.0156 

Gill 0.0398 0.0272 0.0335 

4 Muscle 0.0548 0.0348 0.0448 

GI tract 0.0770 0.0264 0.0517 

Gill 0.0732 0.0337 0.0535 

NA: not examined 
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(Discussion) 

& 

\llmltJ\llU fll'HHl1:ll 

2 and 5 ppm 

& ~ '" ~.. i ~I i ~I "" •cHI '}f\lffC)\PIflrHl\lflU11tJ\llUfl11llllJUYlfl'l.Hl\l 1111~lJ1c)l'l UlJCllUI1 fll Mean lethal concentration 

al.,2007) 

" " 1'li'UI~ tJ1 nui U tl~'l.Jc)\lff~11~ tJ\l11 fl ~'ltJ'U l'Ull (Hansen and 
" 

" " . 
Danscher, 1995) \llflNl1fll1ilfl1:l1iUfl1'1U '~lrJUc)1[J1~l'lJll1lJ1tJiiYlU1c)tJhfl \llflmllll~u-nflI!UU 
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..k "'. 0';' • Ii]
lhn Channel catfish (Ictalurus punctatus) 'lf~lnJf)l'.iI!yfJlflfJtJfJH~'UIIH'\JtJ~19HH1WtJlrVH)!~ 11ft:; 

. " 
ihmhtiml'f) hHl1':i'lilH)tJf)'\JtJ~ ltJtJtJ'U (Divalent ions) 'j1lJ'ti~1ftlf:;,j'ltJ'YI (Hg

2+) (Kendall, 1977) 

'" Ii] ... i 0'... A I ..k(2002) 'jlfJ'll'Uf)1'j!Jl1!H1'rJf11';iC,.:;IYlJ l'\JlJ'U 'U1'lfftft~U'\JtJ~1Jcn Arctic charr (Salvelinus alpinus) 'If'lf)1'j 

" IfI~fJ~ (Oxidative stress) tJrh~I'jn~llJ Drevnick Uft:;flru:; (2008) ~~{'I'lJlJ~~l'Uf)1'jft~'H'\JtJ~f)1'j{'l':;{'I'lJ 
. . 

... i 0'... AI ... .., "x <V ~.I'" '" Ii] •i '\JlJ'U 'U1'lf'HI~U '\JB~uft1 Northern pike (Esox lucius) lJf)lf)~'\J'Ufl1fJlf'N'YIuftllf)~fl11lJlmfJ~l!ft:; IlJ 

II " • I 

f-Ift f)1':i~f)lJ 1i'Uflf~ij 'jB fJ i 'jflill'fUi 'U~UII ft:;~U eJB'U {'I'B~flft'tJ~lIft:;lI~ f)~h~ lllm lfJ~l'Uilwl'U 

"" &, I .d Ii] 'jJ... • 0' ... A 

lJl fiB f)1Hl'f1lJl 'U1Jft1 Arctic chan 'VI1~'jU{'I'l'j MeHg l'fUf)1Hl1rJBrJl'l~'UIIH'\JB'lI'lfftft<flU (Oliveira 

Q.I .J' Q.I <f' .dt • ~ Id. 

<flU 'U'f)f)lllf)'UfJ~l'fU f11HtJfl'\JfJlfJ'\J'f)~I'lfftftlfJ'f)lrVlB'Ul~ (Raldtia et aJ., 2007). 
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" ." 
'limJII9flll9fClrl' (Agius, 1985) ~.;J11'U f11':iIYfll~'U,\H).;JI9fClrl' MMCs 1'UU~lJlrulJlf) hai'111'tH).;JUfIl 

" ?l'1111':ifll<Nlll'UI9fClrl'ti.;J~ f111lJlll'UYflJ'\Jfl.;J Imf::ltUnU':ifl'VI (Potent biomarker for Hg pollutant) (MeJa 

et aI., 2007) 

• • f " 'j/ 

-tilfl~()'U ~1 l,rllJ 1 1 'U 1J ~n OJ -ti ii f) nil 1Cl1 U'\J() ~19fmtI'U()II'ti' '\Jfl.;J fli £.11:: 11'U f) n 1 11 NCltJ1 f)'\JeJ.;J 

Autometallography ~'~f1J?I'l':i1'Uu~lJlru~\l.;J lf1rJ1~'Yt1::''UmilJ Semi-static exposure groups f)~11 i.p . 

• \I)' 1 . Jt '" gJ 

groups 1I~~11lJ !lJ'WtJ 'Uf)~11 Semi-static exposure groups 9f.;JCY1lJl'Hlfl1i1J1UHY'U'VI1.;Jf111?1'::?I'lI '\JeJ.;J 
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" " 
'i:;uu 111 ftl1 [Jl.j I ftel ~ It ft:; f)'j":; \11 tI!Y:;!Yll 1 'U elitl1:; ,i1111ll 1t1 !'Ji'UI~ tl1 OU 1 'U a~{Ift tI,jft f) ~1 till 1'Ull 

" 

, " 
~flIUel\lU ft:;<Fnlel~n ft1 ~\lU'U ~\I!Y11J1HI1ln \1'Y'1U f)1Ur:;lYll'\Jel\l hl11:;11Umhel'Yl1'U11ft1t1elit11:; 1 'U 

d d '" 1 .I
'\Jel\l Alverado et al. (2006) 'Yl~n\1YlllllJ~I\I'U 'UICb'cH'1 Mucocytes, filament epithelium, and the 

secondary lamellae 1'U f)1I Turbot (Scophthalmus maximus) 1'U f)U~ 1~fufn1lJ!~uih:I'\Jf)\llcl11:;11Uf) 

" 
'Yl el\l H~ \I ~\I U'U ell" 1Y'i 111~'"h~ fl11lJU~ f)'fil\1 '\J el \I f) l'i IY:; IYll '\J el \11 ft 11:; 11 U f)1I 'fi ft :;'lfii~ 11ft:;1 'U eli'tl1:;• 

1i1111111tl (Danscher and Stoltenberg, 2006) f)1'iIY:;lYll'\Jf)\I hl11:;11umhf)'Yl~1I'i1\11~tl1~ AMG ~'UOU 
. " ,

'lfii~'\Jel\llft11:;11Uf)~1~fU Imri\l '\Jf)\II ft11:;11Umhf)'Yl '\1\1 1 'U'illfl'U'Yl'16ml:;eliiu'Yl'16 'Yl1\1~a1lf1 ~fll 
" 

~ _I'" d'~~1ft11:;lT'Uf) u'illlUl Im:;'i:;tI:;mn'Yl mu (Danscher and Stoltenberg, 2006) 

f)1'i!lIY~\lelel n'\Jel\l hh~u Metallothionein 1 mJen nrill Semi-static exposure group hf'mlu1 n. . 

'j/ • tJ tJ 

ICb'Clft'f1U'\Jf)\llhn Mandarin fish f)1)11!Y~\lelel n'\Jel\lll1 'i ~ 'U MT 1 'UIUelltjf)1..lft1iift 1 uf)1'i~m:l1fl1\lil 
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~.1 I "'''' .... ~ '1"
Cadmium, Copper IIfl~ Zinc. i ~H''WUfll'HWlJ'tI'HHJNlJ'UUCYlfllY,\H)-:Jfl1'Hl'.i~~'U MT mRNA 'U1CJl'flfl 

" " fl1'.i~mn'1'Uflf-:Jil (Lam et aI., 1998) 

" hw'1 tfl1'.i VtJ lJ ~1 [J DAB tJ 1 U 'iYu CY'U f)'U fll'.i ~ fi ffllf ihN 'llllllCl'\.ltJ-:JIUfi ffllJ mil 'U '1 'U1CJl'ft ~ (Agius, 

1~'Ui'fi '\.UCJl'fl~ MMCs hnJmfl~lJ 0.5 and 1 ppm HgCl2 semi-static exposure groups, TI'UHfl'U1fltJU1-:J 

... lI)l'''' i'" ok '1 ~ I ~ ~ "" imossambica) nl[Jllfl-:J 1'fI'.iU fllf~lf'Ufl'YltJ-:Jllfi-:J CJl'-:J 'I1HflllllflllHUlflfl1HYfl1:l1fl11lJl1J'U'W1:I'tI~H Cllf~ 

'j/ 'iI 'JI , 

llUmh tJ'Yl lUflf-:Jil 'UtJflUlflii lJ'.i lU-:Jl'UlInu'Wu fll'.ill CYfi-:JtJ tJ o'\.I tJ-:J hh~'U MTlutJ1[J1~ '1 'Ul1myj,lU 

" '~''Ulllfri-:J'lll1i'.i'.ilJ'lfl~ '~lIri '1'UIlf~tJfl'tltJ-:Jl1fll Brown trout (Salmotrutta Jano L.), rainbow trout 

(Oncorrhynchus mykiss Richardson) and turbot (Scophthalmus maximus) IIft~lCJl'ftfl" Chloride cells of 

gill filaments after exposed to the sewage in brown trout and rainbow trout (Burkhardt-Holm et aI., 

" " .~ '1"'''' "llI)~1 ".a Ill)Cadium, Copper IIfl::: Zinc (Alvarado et aI., 2006) Ulflfll'.if1flln 'UflH'U CY~lJ Ifi111CJl'ftftIU6lJ'Yl6 111 
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. ~ ~ 

l1~lJlru'\Jfl~ i ml~l1l1f1'lJH),YI -tl~l'n~ iflU11l ICP-AES hHll'j~fl1Jlftf~U IIfffl..:jt)..:jV1U1~ 

I t "'" 

fl~lJ Semi-static exposure group -tll~ful1'jfl'YI vUl..:j~vn1v..:j ifl£Jfll'ill1ft£J1Hll£Jl1nlflC'1 31ll U~lJlru 

~ ~ . 
Vlfll'jmllJ!1Jll~1J'\Jfl..:j I Cll1~lh V'YI 1\lImri..:j1111l'j'jlJ')j'1~11\.1 l.h\l~ln~ fll'j i ~flJffl'i fl ril..:j~VIUV..:jIlCl~ 

. 
. 

~ 

lUl1rll'tlflClfl..:j flrilJ-tl i ~ful1 'j fl'YI Itl £J..:j ft f..:j I~ £J1 YllJ ',i111ClliiWJllJ ffllJ l'i \) ,.W fll'i fh,)fll1'j V'YI vv fl ~1fl 

. ~ 

t!mhfl't)! 1 \.I1\.1-tlIl~fl~1..:j 0\.1 1.J~lJ1ru '\JV~1ml~ltt!mhfl'YI 1 II mi'llJlufl'\Jfl..:jl1Cll iifi1Ufl£Jfl11 V1[J1~ 

" ~ ~ 

ff~fflJ1II m\'llJ1Uen!flfl ri1 II 'jl1fl\.l'YI16 II~ f1~1..:j ~1f111'jV'YI'j11fl11ll'YI16 1II fll'j ~fl1J1ft f..:ju (WHO, 2003)
~ ~ ~ 

rog/I) (Han et aI., 2006). 

~ 

fll'jlllY~..:jflflfl'\Jfl'l MT gene mRNA 1~~fl1'j111lJl1,*11J\.I~1U'l:]ft)..:j fll'ii~fUft11lJl1JllYilJ'\JtN 

" U 1~flfllll1Cl'l11lfll'j~n'j)111fll'jlllYfI'lflVfl'\JV..:j '\JV..:j MT gene mRNA IfI£J11l RT-PCR lilll~U1n1.Jf)U 
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llfin~tl1'lJfH Forward and reverse primers of p-actin gene, house keeping gene for tilapia species, 

designed from GenBank (AYl16536) (Hwang et aI., 2003) mHI~Ifl~fl1flHfiu 127 bp for MT gene 

product I!fl~ 90 bp for ~-actin gene product 1I~~lmHHll'J'VI'flflU'I'Yn.d1Irlu1~1~·H1W{ 2 ~ ~'1flriTJ 

.Jt 'J/ 'i a' ZI 'j)
'Y'IU unspecific bands !lft~ll1Uhtl ~1I}Jflll~'Y'I1~ MT cDNA of 0 mossamiba. ~U'nhffHHlU'VI'I1lJ 

IV .dd ~ 
'lJU'I MT cDNA of 0. mossamiba 'fl.:J'VIlJl1tl'lllJ'lJU-l Cheung et al. (2004). Clf.:J1l1fHH'lflll'V1'fl'cH).:JIICl'fl'l 

. ~1 .." ~ d '''''"''''l 11 0' .II '" 
11 l1lJfl11lJflfl1tlflfl.:J'lJU.:Jftl'flU'U1flC'lIU 'VI'fl MT gene of 0 mossamiba 1IC'1~0. niloticus 'If.:JlJl1tl.:J1lJ 

lh1tl'l1'Uflll~mllflllI1Clfl.:JUUfl'\JU':) MT mRNA gene 1lJllrlTUfl 0 aureus 1IC'1~ 0 mossambicus 

" (Cheung et aI., 2005) !I~'l1'UlJC'I'\Ju.:Jll,niifl 0 niloticus o.:Jilii''flI1llJ ~.:J,r'U~.:Jm1ijfll'J~mllO.:Jih~u 

llfl1iia 0 niloticus ~f) ItJ 

".1 '" 1 '" 1 ~ 1f.J .Ii ~ • '" ., ,AMG !Hl~flllI1Cl'fl.:)f)Uf)'\JU.:J luHl'U MT 'UCllJU':) '\11 ~ IIfl~ flC'lllJl'UU 'If.:J1\JCllu 'fl11 U1U1~~Hfl"11. 
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.. 
ijrr;m,JIrhrwll ~ -111 (I ~ 'CI' 111 'Hll1 'UIihl'U1fl h.l 

. .. .. 
11'Hl'Y1 'UeJ 'Hllfl'tll1l~l'YIfI'1'Y1l'J ij f)1llft l'J-1eJ 01-1 fl1\~'tI11-11tlIll1ftnh1il nJ'b'l~ II (I~I1J'Ulmft-1 i l1l~tl 

. .. .. 
'HJI'Jhfl'YIH~(lVHJ1~1'Y11'J1.yjrl1t>1UJ 'tlnnffflll1fl~'lU fieJ 11~ ~111 ~ulI(l~~mjfJtl 1~nn

• u 

.. 
l1Jtltill~lfll (111::11'11n ~'l'Cl'1111~ 111,*nn 1/ Ml-1fJfJn'tleJ-111h~tl~tl Metallothionein l1Jtl~-1~-1;n1~ 

... . 

11 'U It] eJtl'tlfJ'll (111::11'11nl1l fJ'YIi tl if-1ll1flftflll II (I:: riflfl111111Junll 1tll1m11(I 1'li'U1~1'J1nUl1U-11tl.yjfhtl 

Metallothionein i flU1~ 

Immunohistochemistry II(I~ mRNA metallothionein expression ifll'J1~ Reverse Transcriptase 

Polymerase Chain Reaction (RT-peR) 
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(Bihilography) 

~ ~ ~ ~ 4 
I'YW VI.fI'. 2548. VllJVI~H'Yl l. fl'HI'Yll'i"i . 19-54 . . 

" 
flO'l~~fl1'Hn'j5'U~l'n£lIlC'l~fl1fl'UO'lliY[J fl'jlJm1JfllJlJC'l~lJ . 2545. 

. 
lhO'Yl (mercury). ~lJyj'~f'lii 3. 
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APPENDICES 

Appendix A• 
Table lA Total mercury concentration of gills 

Group Day Total Hg concentration (ppm/g dry weight) 

Control 3 0.190 0.]40 0.160 

9 0.12 0.] ] 0.100 

15 0.064 0.12 0.120 

0.5 i.P. 3 2.000 0.947 0.524 

9 0.730 1.133 0.800 

15 0.320 0.778 0.962 

1 i.p. 3 1.940 2.417 2.278 

9 0.710 3.522 0.169 

15 0.950 0.846 0.889 

2 i.P. 3 0.400 11.368 
, 9 7.474 1.100 3.882 

15 0.950 4.000 6.400 

• 5 i.p. 3 2.090 4.695 4.912 4.879 

9 3.227 0.308 3.235 

15 0.530 0.789 1.650 

0.5 oral 3 0.437 0.316 0.433 

9 0.305 0.311 0.095 

15 0.] 51 0.444 0.500 

1 oral 3 0.509 0.523 0.394 

9 0.l18 0.694 0.520 

15 0.428 0.407 

2 oral 3 2.220 1.186 0.605 

9 3.441 2.688 3.746 

15 0.699 0.592 1.043 

5 oral 3 2.840 3.552 3.875 

9 2.220 ] .186 0.605 

15 1.915 1.475 0.925 

0.5 semi-static 3 10.295 17.266 19.980 

9 38.545 27.861 44.178 

15 53.664 57.891 

1 semi-static 3 16.984 27.917 18.289 17.649 

9 51.412 19.889 29.402 

15 42.125 47.819 
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Table lB Total mercury concentration of visceral organ in abdomen 

• 
Group Day Total Hg concentration (ppm/g dry weight) 

Control 3 0.086 0.150 0.160 

.. 9 0.136 0.150 0.160 

15 0.130 0.130 

0.5 i.p. 3 7.318 4.100 

9 0.690 1.136 3.240 

15 0.440 3.273 

1 i.P. 3 

9 

15 

1.490 

8.133 

0.300 

16.938 

12.619 

0.364 

25.842 

9.143 

8.692 

2 i.p. 3 

9 

15 

22.272 

1.833 

2.920 

15.540 

12.500 

16.778 

21.291 

10.385 

8.857 

5 i.p. 3 

9 

15 

2.400 

15.057 

3.330 

57.720 

11.071 

3.438 

30.242 

13.083 

7.591 

36.154 

.. 0.5 oral 3 0.981 0.633 1.116 

9 0.088 0.333 0.568 
• 15 0.444 0.395 0.395 

1 oral 

2 oral 

5 oral 

0.5 semi-static 

1 semi-static 

3 

9 

15 

3 

9 

15 

3 

9 

15 

3 

9 

15 

3 

9 

15 

0.357 

0.282 

0.403 

7.054 

4.995 

1.643 

14.000 

4.612 

2.902 

4.683 

73.984 

16.543 

14.590 

26.000 

148.118 

0.937 

0.386 

1.029 

5.461 

4.760 

1.221 

4.526 

3.094 

3.959 

67.821 

43.082 

68.765 

25.597 

185.002 

130.895 

0.888 

0.820 

0.386 

6.283 

2.914 

1.289 

4.103 

2.185 

35.465 

38.512 

121.274 

194.805 

25.148 

97.053 

l70.oI5 

• 
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Table lC Total mercury concentration ofmuscJe tissues 

Group Day Total Hg concentration (ppm/g dry weight) 

Control 3 

9 

15 

0.110 

0.090 

0.040 

0.170 

0.190 

0.290 

0.140 

0.240 

0.180 

0.190 

0.200 

0.180 

0.5 i.P. 3 

9 

15 

0.l90 

0.280 

0.280 

0.906 

0.542 

0.952 

0.175 

2.120 

0.314 

1 i.p. 3 

9 

15 

0.860 

0.340 

0.330 

4.150 

2.571 

0.136 

0.600 

1.852 

2 i.p. 3 

9 

15 

0.370 

2.576 

0.750 

1.154 

2.914 

4.050 

1.618 

4.000 

2.952 

5 i.P. 3 0.950 5.778 4.958 6.950 

9 0.381 5.885 3.318 

.. 15 0.720 1.596 1.818 

0.5 oral 3 0.421 0.431 0.315 

• 9 0.353 0.111 0.389 

15 0.312 0.035 0.133 

1 oral 3 0.083 0.175 0.038 

9 0.271 0.074 0.190 

15 0.400 0.355 0.256 

2 oral 3 1.824 1.639 0.932 

9 0.777 0.737 2.742 

15 1.077 0.411 0.568 

5 oral 3 0.696 0.280 1.308 

9 0.416 0.368 0.372 

15 0.256 0.555 0.845 

0.5 semi-static 3 0.657 2.435 2.973 3.683 

9 8.908 12.078 10.862 

15 1.385 24.207 24.949 22.399 

1 semi-static 3 0.733 3.601 5.291 

• 9 2.505 12.467 15.152 

15 2.505 32.024 13.222 
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Appendix B 

Preparing of 1,000 ppm HgC~ (stock HgCIJ 

0.675 g HgCI2 (FW=271.50) added distilled water to yield 500 ml 

Reagent for autometallography 

A. 	 I % potassium cyanide (5 g of potassium cyanide add with 500 ml of distilled water) 

B. 	 Physical developer 

a. 	 60 ml of 50% gum Arabic (30 g gum Arabic from acacia tree add with 30 ml of a 

distilled water and incubate i,n 60°C overnight) 

b. 	 10m! of citrate buffer (2.55 g citric acid anhydrous and 2.375 g tri-sodium citrate 

dehydrate add with 10 ml of a distilled water) 

c. 	 30 ml of 5.6% hydroquinone (1.68 g of hydroquinone add with 30 ml of distilled 

water) 

d. 	 0.5 ml of 17% silver nitrate (0.34 g of silver nitrate add with 2 mt of distilled water) • 
C. 	 5% sodium thiosulfate (25 g of sodium thiosulfate add with 500 m! of distilled water) 

• 	 D. Farmer's solution 

a. 	 0.6 mt of 7.5% potassium ferric cyanide (0.75 g of potassium ferric cyanide add with 

10 ml of distilled water) 

b. 	 2.4 ml of2% sodium thiosulfate (2 g of sodium thiosulfate add with 100 ml of 

distilled water) 

c. 	 Add with 120 m! of distilled water 

• 


108 

http:FW=271.50


Reagent of immunohistochemistry 

A. 0.1 M phosphate buffer saline (stock PBS) • 
a. 40 g sodium chloride 

• b. 1 g potassium chloride 

c. 5.75 g di-sodium hydrogen orthophosphate 

d. 1 g potassium dibydrogen phosphate 

e. Add distilled water to yield 500 ml 

B. Citrate buffer pH 6.0 

a. citric acid 

C. Peroxidase blocking solution 

a. 750 JlI of30% hydrogen peroxide 

b. Add 75 ml of methanol 

D. l%BSA 

a. I g BSA 
• 

b. 100 ml of working PBS (1 X) 

• 

Reagent of ICP-AES samples 

10 : 1 sulfuric acid : hypochroric acid 

A. 900 ml of sulfuric acid 

B. 100 ml of hypochloric acid 

Reagent for RT-PCR 

A. TBE (17 g TBE buffer powder (Amresco@, USA) add with 1 I of distilled water) 

B. 1.5% agarose gel for electrophoresis 

a. 1.5 g agarose gel 

• 
b. 100 ml ofTBE 
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• 	 P16 Histopathological and Autometallographic Tracing of 

Acute Mercury Toxicity in Tilapia (Oreochromis niloticus) 
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Introduction and Objectives 
Mercury is one of most loxic heavy metals which 

can contaminate natural water sources. Humans can be 
exposed to mercury by inhalation and ingestion and 
especially by the consumption of fish. (I) Therefore, it is 
most appropriate to use fish as environmental marker of 
mercury contamination. (2) The purpose of this study is to 
investigate acute mercury toxicit y in tilapia (Ormchromis 

niloticlls) via histopathological and autometallographic 
techniques. 

Material and Methods 
Tilapia (Orechromis niloticus) (9-13 cm; 25-50 g). 

were divided into eight experimental groups. in each 

• group, twenty five tilapia were placed in 62.5-1 glass aquaria 
filled with 50-1 tapwater. Four of the groups were 
intraperitoneally injected with 0.5, 1,2, and 5 flg/g (ppm) 
mercuric chloride (HgCi]' Sigma-Aldrich) respectively and 
the rest of the aquaria were bathed with 0.5. 1,2. and 5 ~lg/ 
I (ppm) HgCI 2 respectively. There was also one control 
group. All fish were fed twice daily with commercially 
available food throughout the experimental period. Water 
in the aquaria were hanged every two days. Samples (gill. 
liver, spleen, intestine. brain, heart , and muscle tissues) 
were collected after euthanasia by hypothermia every 
three days until the 15'h day of exposure. All samples were 
fi}\ed with 10% buffered formalin, embedded in 
paraffin, sectioned at 6 J,lm, then stained with heamatoxylin 
and eosin (H&E) and the mercury visualized by 
autmometallographic method . (3) The results were 
observed under light microscope. 

Results and Discussion 
Mercu ric ch loride can produce remarkable 

histopathological changes in tilapia , especially in the 
kidneys, hepatopancreas and spleen. All animals were dead 
in 2 and 5 J,lg/l HgCI2 bath groups on the first day of• experiment. Severe tubulonephrosis ; swelling of tubular 
epithelial cells with hyaline droplets and hyaline casts 
in tubular lumen, was observed on the first day. (day 0)• 
Immature nephrons; regenerating tubular epithelium. were 
also found on days 6, 9, 12 and 15 of the experiment. The 
histological changes of liver were the regenerating of 

hepatocytes after 6 days. The hepatocytes were swellings 
with large nuclei and prominent nucleoli and a loss of 
cytoplasmic fat when compared with the control group. 
Mild pancreatic atrophy could also be found. There was a 
marked increasing of melanomacrophage centers 
(MMCs) in splenic parenchyma compared with the 
control group. MMCs were increased on days 3, 6, 9, 12 

and 15 respcctively. The kidney is a targct organ of heavy 
metals. such as Hg. in species including mammals. (4) High 
concentr<ltions of Hg compounds produce severe 
tubulonephrosis. HepalOcytes regenerate and loss of fat 
storage is involved in the hepatic detoxification of Hg. 
(5) Incre<lsing of MMCs in spleen and head of kidney 
may involve an increase phagocytic activity due to tissue 
damage by Hg given that macrophages belong to the first 
line of protection of mercury intoxification. (3) Following 
autometallogr<lphy development, silver-enhanced Hg 
grains are visualized as black granules in renal tubular 
epithelium. MMCs in spleen. in head of the kidney 
and in macrophages at p<lncreatic acini. From an 
autometallographic tracing of mercury, the trunk of the 
kidney and spleen of tilapia are major organs for mercury 
accumulation. The amount and location of mercury grains 
are different after observation between administration 
routes and doses. (3) The bath group demonstrated more 
mercury grains than the i.p. administration group and 
higher concentrations of HgCI ? produced more grains 
than lower concentrations. 
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