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Changes of Carassius auratus Tissues by Zn Accumulation. Shin, Myung Ja, Jong Eun Lee
and Eul Won Seo* (Department of Biological Science, Andong National University, Andong
760-749, Korea)

Present study aimed to investigate the effect of zinc accumulation on the tissues of
Carassius auratus with various rearing condition. Heavy metal, Zn, was accumulated
in the gill, bone and muscle increased for exposure period of 40 days. Moreover, the
accumulated concentration of Zn in the gill showed relatively higher than that in
other tissues. Also, activities of antioxidant enzymes in the gill, kidney, liver and
muscle tissues after exposure to Zn were increased in the manner of exposure period.
Antioxidant enzyme activities were shown higher in the gill and muscle than those
in the kidney and liver tissues. The gill of C. auratus showed abnormal shapes in its
secondary lamellae by long time exposure condition and determined the increased
numbers of mucous cells in gill exposed to Zn. In addition, the edema, the exfoliation
of epithelial cell was shown in the gill and membrane damages were observed in mito-
chondria and nucleus. In the kidney, we observed not only the atrophied glomerulus,
but the expansion of empty space in Bowman’s capsule. Based on the above results,
it is considered that the exposure to the high level of Zn for long period possibly
involves in the decrease of respiratory and excretory rates, giving rise to secondary
lesion of tissues.
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S & 4~ ¢t} (Sorensen, 1991). wEtA] A% AEZZ
=

M2 of w543} ds AL AT, RuHus 234 &
Jol] 3t 7FA] 8] F o Alo] By gt (Watzin and Ros-

FH5S vET fa AL v = vgdx)zt 4 cigno, 1997; McGeer et al., 2000).
Aol 5% FH0l Apele volA e B QA HZol Bl o FRsEel FaHlel i Akl
AR GeE ) ol Fasol T A A & 20 WB lskel A4 B, 5] A o) Hah
P Aol Aol ARRE AR FA D= Ak A eqisal ian Ael Faelrh A wed 4
(Friberg and Vasta, 1972). =3t 2342 37 25 5 WAL HAL 239 —.4 1ol 9lv} (Zelikoff et al.,

o] Bol B kA3t kg HA g 33 A 1995). Seo et al. (2008)2- 315 - P3tE A =] B A
2 ot AR 2ok AT Holake S B3 ¢ g 2R A dFse] AYRHA ¢lslarg Zn
ARl gFo2 P Bl AolE Far Yol o o] o] 15w Ax ¥ Zlo= veht | AR 54
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AofeznE Znol fYHe] Azl FR Y 3
7ol sigich. olsh o] Q5w Yakue] Aalshe
o7 T TS 2R A s MRS o
FollA Zno} gepe] w2 Aoz Yepdoh(Kim ef al.,
2009; Shin ef al., 2010a). o] §-2] 7§ 4o 23 =
A2 o] R FAYE T HRE ol A
fetnz 5E% #AY F27)%e] T8 F 2 =y o
o Held 544 obrtulel A F o] 2AL 5
z2] W3l "lz1slA wislA ot (Kimura et al., 1990,
Black and Bauman, 1991). v} ¢ Zn& &= 714} 213N
v A Bl 4 H7] wigel] A7) mEe) whE
A F= o] Zn 22 Fed} Cuf] AW o] 4ES A
st BEA N A JgE FRB ofFe] PB4
del 98 22 #8% 4 glvh(Magee and Spahr,
1964; Bergman and Soremark, 1968).

ole] mel H 4 AR §4% FE5Y A4
g FrslaA s A7t @l AsET gAHL,
FAe W3t o|gelH REAMTto 2= oy 71x] A7} gl
b 2 ol oteFEt EAlo] 4250 9l £29] A%
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Fig. 1. Effect of Zn concentration on survival of Carassius
auratus.

tetraoxide2 Ted Pella A} (Redding, USA)2X & T3}
of ARgElgdTh 2 9ol Age] ARE-E Alek2 Sigma A}
(St. Louis, MO, USA)®) 2414 53 Aleke A-gatgich

2. A4

A18-L 30 x60x45cm 2718] o ZF 10wl B
wisled s, 7 3% Fx¥E ZnCLE 0,1,5, 10mg L9
gidor Axgt F Agd Al i 429
22 20~22°CE FX|3le] 96417} Fek AAskl o,
ulp X Ab s 2= (50% lethal concentration) 96A] 7 ol A
APHA (1985)9] probit gto 2 F73lgth Znd x& 5%
= Znol 93 96hr-LCs, 0 = Fho] 6.095mg L1z 1}
e} FAAHE 3 -8 96hr-LCs =R 2 A
st 6.0mg Loz AR} (Fig 1), 8 =37
78 59,109,209 % 409 Aoz AT 7 A
g & 10vte] 4 ARl 2 Znoll xF AY
A 0Y = st xF7|7e) ubE AP vl
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8. 23 | Zno] ¥ 54

2oie] orjul, W, 2% 2A9] o] 23R )49
2} 9 ol BAL zouAA 7] (5210, Branson, USA)E o]
43ted g AAsI A dAte} o] EAE AAT
228 WA Aar Helste] AR JEgHzT)M 4A
3] 2z & AxFgs ek 4 24 | Zed]
20 zuiul £33 (Ethos Plus, Mileston, USA)E ¢]
#5101 AAY T, F2AY Tehzoh ASLA7] Blan
DRC-e, Perkin Elmer, USA)E o}-8-3le] =33}



4. Feas B4 24
DAIE &

shatsta s g4 =3 ‘% AT AR FE5L x27)70)
w2} gelo] ofrlw], A4k 71, 2% 2Ag AZsiedd.
ZZE% 222 100mM phosphate buffer (pH 7.2)¢) &
R Jeh B $E AND F 249 T2 2459
o} FAE %8 A8 homogenation buffer (5 mM
Tris, 38 mM glycine, pH 8.4)e] 4] 2413] Fa A7 3
13,000 rpm, 4°Col| A 1087} ¢4l Ba]3}ed PAEIE -3 ;q]
A AEARrE Rol —70°Coll M)

2) Superoxide dismutase (SOD)

SOD #4J-& 50mM potassium phosphate buffer (pH
7.8, 0.1 M eytochrome C, 50 mM xanthine, 0.1 mM EDTA
o Epolo] 23hy fA8 25°Co)A] o)Xk - xan-
thine oxidase® #H7}sbod whe-g s A18}k4d ) (MeCord
and Fridovich, 1969). %< 232 550 nmol|A] =# 3}
.27, xanthine oxidase J7}2k-2 & 4ol-e 8817 o
< W30 Faw F4v) B 0.0257) HxE x4
%At SOD #43-2- cytochrome C2] 391 4%2 50% 34
= °F& 1unitZ 3lod unit mg protein ' 0.2 v}elic},

3) Catalase (CAT)

CAT #4-& 50 mM phosphate buffer (pH 7.0)¢} Al&
AE ¥ F 712 10mM H0, 49& 7hste] 2 23
T F 240nmelN FREo] WS 2435190 (Aebi,
1984). jxAlgd oz 7]zl H,0, £ o] 50 mM
phosphate buffer (pH 7.0)2 7}3}ed ¢]9} £g} vwp o
= 4= WEE 34590k CATS) FA2 13 )]
Lumol®] H,0,% Faisl &40 oF g 1unitz shgdch

4) Glutathione peroxidase (GPX)

GPX /-2 1mM EDTA~} &-%-¥ 100 mM phosphate
buffer (pH 7.6)ol 0.25mM GSH, 0.12mM NADPH, 20
mM glutathione reductase 0.72 U7} Z3rg ul-g oo |
15]—‘}3‘:]—(1?10}1(3 et al., 1984). o] uF-g-lel] &4 A 8lS
E3sE & 37°Co)A 587 wAE oL 4mM cumene
hydroperoxide S 7}sled 340nmo|A EF}% wzlg =
Al GPXY %7‘%3- 18 E<be] 1umole] NADPH
£ NADPR Abs}sl= &40 ok lunit® slgic).

8 2o mxo| Wy 87

& Fasel 2400 2tk 40 20 ¢
S e AR F diEe =

% paraffin £ 3}¢ich. o] & paraffin block—; -H?ﬂ 4~
6um=Z A28t hematoxylin eosinel] o] 319
o} S E 22 zesleles Babdn st A] BEa}
%107, Olympus DP-71& A}-g-5he] Abdl #ods}olv).

D FahaAe 4 w3

7 271700 wek 129 2el2] ebl] 24L gl
taraldehydeoll A 23 & osmium tetraoxide® F31
A sgdeh. 3148 222 ethyl alecohol & AF8-3ke] A7)
epapal-e A & propylené oxide® *|Zs]iv}. X3
¥ =42 epon resinel] Tulated 60°C wjjekr]ol|A] 484
7F 8 slod block-g A 2Hstglet. A 2HE block-2 zuA)
A 7] (Uttracut UCT, Leica)$ )45l 80nmz u}F
gk & uranyl acetate}: lead nitrate®. o]Z sl B
A 2F v} A (H-7000, Hitachi) st A mA| 722 o3t
it

SAAE
7t AdellM deldl A Hdtasdaxz 243
et B4 x)e]= SPSS 122 %4:} F 47378 AlAE)
of BAbE Hpe] B ARE AAsg e, A4
B AYEAEA (one way ANOVAM] 2]% Duncan %1%
< AAjslelom, P7Ee] 0.05 Rty o §-98 Ao 7}
F3taict

1. 2% Y} Zn9) gk

Zn L opylu], W, 8- 2A oA :Z7]7)e) %10%
]
F2 w277k g B2 SAFHE dHoln] 409
of 7H w2 EFXEE Bk opylv| 24 ) Zn9
F2 x=EV2be] AAASF FAHsY % 40%9)
Z w8 579 2 3
22 % 4094 33.70+%
145ug glog viagtel wjsl] 3.741¢] g 2rks n
ot 28 AL JL% 409el iz B 7.8v §hef
o] Zvlsled 21.55+1.48ugg '8 & 2-%e v}
wetA Zno] EA S-S dxiy v 2 sbg 2

2% 1wy 24L& 2% 200, W 220] 71 o
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Fig. 2. Contents of micro heavy metal of C. auratus tissues
(gill, bone, muscle) during 40 days exposed to Zn
6.0mg L! in water. The values are mean+SD
(n=3). *P<0.05 indicates significant difference
between the control group and Zn exposure group.
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& %4 e (Fig. 2).

2. 24 o Fistase] &4 W3}

AL Znoll 4097t xEFA|7) Boie] 7
4% w2770 Wet SAstect ok 24
SOD$} CAT A4 xZ7|zbe] AojALF Flsle] =
% 409 7HF B2 849 $UHE B9d =8 SOD
A8 6756+ 1.18 unit mg protein™lo]n], CAT ZA]-L-
40.16 £+ 1.22 unit mg protein 12 =% 404 713 ¥
o}. GPX A& x% 20 37.40+2.05unit mg pro-
tein'2 7P & FAE B F xF 400 FA3
Zhaski ok (Fig. 3A). 212 22 W SOD #42 x=& 20
A7hA] wlujgk Ao W3E Boloyt xF 409d F
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Fig. 3. Various antioxidant enzyme activities of C. auratus tissues during 40 days exposed to Zn 6.0 mg L™! in water. A: gill,
B: kidney, C: liver, D: muscle. The values are mean=SD (n=3). *P<0.05 indicates significant difference between

the control group and Zn exposure group.
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Fig. 4. Micrographs of C. auratus gill during 40 days exposed to Zn 6.0 mg L!

Exposed to Zn 6.0mg L

AL »Z 1092 3.95+0.93 unit mg protein g Bg
or} x2 200%E Fasel wB 409 Hrzuc
Z+4-8}5i T} (Fig. 3B). 7+ 274 ) SOD 42 2 544
T3] 275)ed eaIge] elaas sk 7t
A 22 80D FAL »Z 40UR 62.79+1.24 unit mg
protein '¢] A8 w9} CATS} GPX AL v 90
742 B3 Wz} viulslgl o} =& 40Yo) Zv}3)
9o} CAT A2 9.98+1.99 unit mg protein™olm, GPX
#-A1-2- 6.65+1.90 unit mg protein ' xZ 404 7}
EUT (Fig. 3C). &8 24 W SOD #4-2 =% 5ol
H43] AT F & 1098E Ha} 2rlele =% 40
o]l 36.44+1.83 unit mg protein *= 713} =L AL
H3ivh CAT 42 =2 59| 30.58+2.53 unit mg pro-
tein"l2 7}%P 2 FA4S Hel ¥ x2 209714 ZA4
st ot wFE 4090l THA) Z7)selv) GPX 84S
Z7|7ke] HojApE Z7lsle] 2 2096l 8.68+1.11
unit mg protein 12 7} & F 7143)9] o} (Fig. 3D).

aeb PAshase] S optelsh 2 2AIN 5
Sromd, 4143 % 2As]A WSkeh, w3} SODSH CAT
RS e 40209 Z/Rjelot GPX BYL 7 24
& ASNET 2 4020 Pss

3. ob7bvlst 4% zAe) W

obhe] AL Sxgoln) ol Ato)e] Zzbo) u]
A QYstel Aol HoHE Sol Zrbw H

HA F34vH(Fig. 44). 1097F Znol| 29 oprjn] 23]

in water for 10days, C: Exposed to Zn 6.0mg L™!
C=50 um. PL: primary lamella, SL: secondary lamella.

in water. A: Exposed to water for Oday, B
in water for 40 days. Scale bars: A, B,

2 o|xbAH I AW Abelo] ZhA o] wlwA dAsIG ov,
Ao o] XA el Ho] FEe] 92 53 ¥
o] #AEH(Fig. 4B). =ZF =& 40l AW Afe]
o oM xe] 471 wWol Frhetalem, o aH =
A Ee] Felek At A e el 43k Y=
23 i olzbAsd Abole] FzHE WlarA %ﬁl
st e, oz FAE T3e 4

>

2

w3t

W) A 3E.

vlgal A ¢l RE ZA)o] akE]glo)(Fig. 4C). ‘IPEV‘%
0}7}‘3] Z2)2- djzTmel| uste] Znel| =F7|7te] el
o) bAoA FEld WEe BB 2Aka 2323 |
/\]—o] oA AAEgow, AW Afelo] MM xe] 47t
A Z7)sh= Ao A
ol7ln| zA W M ZAV|HE e A Y ¥
glo)] dMAlo] 2 HxFoe] 9y siuld 92wto g o
04 o]ouq A2l FEE A8 = 5 nE
ol7} ¥ o] w3t} (Fig. 5A). ¥FE Znol| 10

A7} 400 x=EF o] A&
B3 =] o] e} U= 9 g
AAE ] 9let wak vjEZ e ole] I el T34
o2 Bagolr B Hol FTXE JAS|xE 8
Fom, ol s nlEZ=eole eyt £ A
v =277} oA AR = 3aE 9l e (Fig. 5B, 50).
A7 2242 B9k e gbell AREA 7L 7S 2 9l
o, 22 ] HAht FE7F G A AN FxE
xZ 1090 2T fAE ez FEE I (Fig.
64, 6B). Z1¥} Znoj xZ&F7]7te] 4042 HojHel we}

SRR
o}oﬂ 0:1Aﬂ7<1_°_
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Fig. 5. Transmission electron microscope of C. auratus gill during 40 days exposed to Zn 6.0 mg L' in water. A: Exposed to
water for 0 day, B: Exposed to Zn 6.0 mg L' in water for 10 days, C: Exposed to Zn 6.0 mg L' in water for 40 days.
Scale bars: A, B, C=2 um. M: Mitochondria, N: Nucleus.

Fig. 6. Micrographs of C. auratus kidney during 40 days exposed to Zn 6.0 mg L' in water. A: Exposed to water for 0 day, B
Exposed to Zn 6.0mg L™ in water for 10 days, C: Exposed to Zn 6.0 mg L" in water for 40 days. Scale bars: A, B,
C=50 um. BS: Bowman’s space, DT: Distal tubule, GL: Glomerulus, PT: Proximal tubule.

AR 7L pESle] B9ut Fy oke) Fzbo] Wl ) A & AYA R {908 F559] 5A4A 9L Yrisln
2 pEFgeH, AbEA W g3AES} Bt A 24 3R A77F @el AWH L Ak FA-of gt o]
A M EE o] A=} (Fig. 60). g pamlom oe 71A] A7} 9ok o) thopst

g0 §2500] Ux $42) FHY BAel ¢ Do)
ohim ols A9 EFel W 4Eatg Sue 9

=
I &l s of 3}7] wFo|c}(Lee, 2002).

Ind- F2 W, 345, I8§ FAo] &4 5 3 (Wicklund

HE Ao g 23t FARA /) A3 7194 713 et al., 1990), Y X-= metallothionein#} 2 &3} (Soh et
2 ul3E Ao T4 AVISE Wxste] AL al, 1993 T o7 RIY 2% §O| A9 Zn T
sk D A% A DFS Bkl WART Q. FL obulelA Huwee welw T4, U, 289
olHdt FFgo] oot} M 9 Aslpz $4HH 5 oz Ztaghs Bl vH(Hwang el al., 1989). & <
F ANAE AT 92 A ARRAN AT FIAE 24 U] Zns] ZAFE ebru] 2l 3
e A ok 53] £33 YA A7) Y o T8 2Rl A @2 7oz eh) Hwang et al. (1989)¢]
e T FFE0] $8 B ol 445" 44 iz Bael A A4S vello o8] $ALE] (Oryzios
97 93 F2 A% 9 W Sol S FEP) ek Wt latipen)2) A ) A=F R vIFEEe] 24 B8 @



ot Hxoz ¢l

FoIM Zne) SR Ing w2s ohe Hrgoln
A7k Aol BE 2 Wb AT T Ind w2
ol A= A1 Aol mie} A3 Zobsk Aske wglo
W, Znel 2o e ol W 1 wE 4ojs
29}k (Park et al., 2000). ¥- AT % =27|7ko] o]
A% 7no) Qe Zobsgon, Gl v B
2288 1o Park et al. (2000)9] B39} $-AF3 Aas
Boluh =3 o] d Az w|Fo] Mol v]F FI&e
gege] mlgAdA Tt AAZE mFo] =W o] F2] Aol
A &Ae FHe] dofuh, o] o] F FA A mA T2
o] Wstel AelA wE Yepd oz Algdd
AFE AT AEHAE WA HdE o AR 23
Z o=Fe] FAAALE TA A FH (Chance et al.,
AT A HellA] o2 B 4%
el F3he A5 o) A At 7R whe 24
sted A2 7]5E EAAA AR Ao e &
4 Qo metA o R olEld AT o8 R
Hl & SMAbshA| o} malel dakstE L) Fee B
3 AATozN MEY 7)%5EA4E A "o (Chance,
et al., 1979; Wendel and Feuerstin, 1981). dul# o
o]HF Mt EAL o)F F, 24 2 AAd ule} Al
Bas 2o Wssl Zlez oA 9lor (Akanes
and Njaa, 1981; Gabryelak et al., 1983), F5-< ©]29]
el A= Akt E s B o] WA Pk (Chen
et al., 2000; Zikic e al., 2001). o]x]¥ 32l3}a ro] 3
Re QA de) Amdls e DHT WA Qe A
o kiR Sleh Al A B4 g Bl 9
HHE BAAEE B4 S T A5HE el neA
APl el oA ¥ Ees A, v Esd B
& Fo) H,0,2 A8} el SODS} CAT 53} 7
< st a s FAAAE Mo oY BdE 9904
714, ©]% SOD¥= superoxide radical (O, *)& H,0,
2} 0,2 #3HA7]H, CATE A" H,0,2 0,9 H,0
2 Pafgo il Ao s R stz B
o &gHog AASA =} (Forman and Fridovich,
1973). & AFelr 6mg L9 %ol Zng Ad B
o9l =2 o SODg} CAT ZA& %77 o] o]
5 F7hke FARE Aske 2ok o)H3 Az Ho}
In® xZol| W FAA AEwso) s SODe| 23
s} AHgo] Fz o F4A SODel o] AQH
superoxide radicalZ CATel| ¢J3] #3)]7} o]Fo]H oz
A QA gt AR AT Ao Al
HEe] At 22§ ez A Ael: SOD
1} CAT $jof| = glutathioneg o]8-5lo] GPXs} GST 2

-

9

e

Eo| ¥ 91

GR 53} 2¢ 3hbstadr) lseant 4413 2
T oetEl A A ksl Sl MAE T peroxyl
g ze] A\ 7ol Fedstar 9l=t(Ahmad, 1995). & Q-+
oA A W CAT9} GPX 42 A1 849 Axs
H2ojon)t #4490 A Ahibd AgE Jehd Aes
Kol GPX®| 7§ FAbshpant Aks) elc]Zhe] A A
T Rep= A AAEEHRA] Sl AAE peroxyl ez
o] AA #HAAFty 9l Zow Atsvl =3 Pby
Cde] 3% & A abstasre] &4-2 oy}
o] 2Ao A Eglkom, & 7|7be] HolAE Fr)slg]
o} (Kim et al., 2010; Shin et al., 2010b). & AT =
Zn®] &% A o PAstas] B4 oprlv] 24
oA Eghow, nE7|7le] HjALE 2o FAS e}
Wo] Kim et al. (2010)3} Shin et al. (2010b)2] B9} &
Abgl Az viepde

dubd o o Fol T F-L FRe} oylu]E Eiled o]
FolA a1 glort oprtule e HN o 3EV)SS U
B gloh w3 oprhulE 3F 3 AdndE sl 3

Q] Hile] o] FoIX| &= 7| o v 7] Bls| L

2ol W7| wiitol] FAw sl 714 71zkshA wke-sh
92 delA] 9t} (Lee et al., 1997). vl¥-o] o}rju]=
o BAEA] FHEAY 5o} 22 237
W3}he} 72+ AR AeAg ub =y 228
=53 e AV A T A9)EE o
A ], e vpe] HAMZZE o] Fo] o]xpA e
F3k, A 37 &AL CO, 8HE A3tz s 385A
2] o137} veld 4 it} (Huh and Jeong, 1993; Shin
et al., 1993; Lee et al., 2006). 2 AT % Zno] »=
A7l Bolo] ofrlm] AL wEV|7be] oA o)A}
oA 283} Felje} A M E o TP} FEEX|
A #FE G oH, A3 njgZegolelr whe] £Ale
A= et o)elgt Ao Fx3 Wy Fo] dojt Ao
2 Mo} Znol x=FHel wl oprhu] o] miAFze] WY
& Yooy oprin] 22 WelH oJ3Fe A Ao
AZEM, o] 2 QlF] 3FHA ] FaHo 5F7]%5 0
ofstE 4~ 9l& Aoz Alsdd. w3 v EZoE o)l
M3 AZ W ouA] Hate} 3F 49 AtE 29
= %Jel(Jeon et al., 1993)0. 2] B|AAHQ ME 7]
& op/El Alog ARHY, Jteg o] o] 2] Y
o chilAl 7 ubgale] Al Tl 3R THEoiA
£ A& Aslste] n|EZ=a]ole] Az 9 <lats)
A& & (You et al., 1978). B T AM = Znel
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of vlEZeelole] st R A V)5 AN 4 3
& Aoz Ay,
AR obrbrls) Be] AAE SALYH L B
A rEdzd] o) ARA 250 T WS el
=3

g
ARAL Al ol 15413 g FALE o s o {o
74l = o] Ak W] dele] & 4+ glom (Fennel and
Pardo, 1967), A& 7% % At dQle] H7|% &
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