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Effect of Turbidity Changes on Tissues of Zacco koreanus. Shin, Myung-Ja, Jeong-Sook
Kim, Yun-Hee Hwang, Jong-Eun Lee and Eul-Won Seo* (Department of Biological Science,
Andong National University, Andong 760-749, Korea)

Present study aims to investigate the effect of muddy water on the gill and the kid-
ney tissues of Zacco koreanus under high turbidity rearing condition. The gill of Z.
koreanus showed abnormal shapes in its secondary lamellae and a rough surface with
impure debris in the high level of turbidity and the longer raising period condition.
In addition, the gills showed the edema, the exfoliation of epithelial cell, and the
fusion of the secondary lamellae. In case of kidney tissue, the atrophied glomerulus
was observed, and the empty space in Bowman’s capsule was wider. The SOD
activities in both gill and kidney tissues were increased in proportion to the high
level of turbidity. On the while, CAT and GPX activities were shown constant level
in the gill, but were increased in the kidney in the high turbid muddy water. These
results indicate that the harmful radicals which generate by high level of turbidity
could be removed partly by antioxidant enzymes in the kidney. The concentrations
of micro heavy metal ions accumulated in the gill increased drastically at the 1,000
NTU. Based on the above results, it is considered that the exposure to the high level
of turbidity for long period may affect on the structures of tissues, and change the
enzymatic balance in Z. koreanus, causing the fatal disease.
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Agols A2 A Atdel aAg 422 Aelr}
w9 oF3d Zepal SAle] MAsle FZRAY (Zacco
koreanus)E AR AAANAM 2] (1997), A= 1}
(2002)& FHarslel FAI F FA) A= A 74972
AL AR F 9 1948 (FA 6.62+1.3cem, AF
1.65+1.13 ) MAIEE AHsle] Ago] ARgsisic) A
L 60x30%x45cm 279 {8 £25 AMSET AL
F42] AL Table 13 Zr} A7 olfE dx+
o} 43 A Algslgon, g AL sta
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Table 1. Fundamental water quality used in the exper-

iment.

Parameters Conditions
Water temperature (°C) 18~20
pH 7.17~7.27
ORP (mV) —43~ 44
Dissolved oxygen (mL 1) 7.73~8.31
Conductivity (uS em™) 145~ 155
Alkalinity (mgCaCOs LY 88~95

Hardness (mgCaCO, LY 80~85

0.15 mm EFHA (#1000 B33 wlAl AL AR
ske] 150, 300, 600, 1,000 NTUZ. §=8 xA8}glt} A
$717F B9 4AS ez X5 3l aerationd}
Z 3ol aH7|E ARt s el wlA iRt
T5 EEF £ Q=g 2ASEE AR =
SAR1TAH2008)0 ATt A 1497 7 2 7
50mte] ) Abgalg] o fxo] 22 18~20°CE HA
ek AfE AR F o]& ez 7 Sz I 6nf

& AFst 2ty 349 AaE THEgew, 33
HhE-gke] Age AAEAY

2. 2934 W3} 93

IV A b s R
FZAY L olrtwg} A& AF sl FAAZ 2447
3R F A B HAE AR F ddbEql 24 AF
o) ute} 22& gebd Zefjsid) o] ¥ el B
28 F4 4~6um= A|=sle] hematoxylind} eosinel]
o] QA8 ¥, F¥n]7 (Olympus BX50) 3l A HF
stolem Abzl #d-2 Olympus DP-71& A3

2) FAAAER A AT

FARAIER ) e FAAY L] oprinl g A FH 3l
glutaraldehyde (2.5%)°l| 4] 2A]17F A 514 2 0.1 M phos-
phate buffer (pH 7.0)2 1554 33] AAs1gch 34
2 1% osmium tetraoxide (050 ol 1~2A]7F 1A A}HA
g A AR F JeRzrleda s AxAA
2y F IRE AN F FAAAER A (Hitachi S-
2500C) 3ol A of7lu] mwie] wlAT2S AFsict

D AR &
AL opriw], 21 2AE H&3le] PBS (phos-
phate buffer, pH 7.2)el] &N B 7|e} oA F-& A3

¢ ¥ 249 A% 2494t FAE 24 Aae




homogénation buffer (pH 8.4)0ll 4 <k43] FR3 A7)
F X &% 13,000 rpm, 4°CoA] 1087+ A1 Relshe] x|
225 723} AAsouks mol —70°Cel

2) Superoxide dismutase (SOD)

Superoxide dismutase?] #A-& McCord and Frido-
vich (1969)¢] Wlyo| wle} ZAsledc}. 50 mM potassi-
um phosphate buffer (pH 7.8), 0.1 M cytochrome C, 50
mM xanthine, 0.1 mM EDTA ¥ #&4lo] %3y fof
< 25°CellA X3t ©}& xanthine oxidaseZ % 7}8}ed
W& MAEEY &) B4 550 nmel A 102w
= 15027t 334 =2 2335} o, xanthine oxidase
BNFEe madle FhaN o Beae] Fhe T
7t £ 00257} S =5 2Asigoh £20] 8-S cyto-
chrome C2] 3¢ &% 8 50% I8 kL 1unit
A ste] unit/mg protein/min.o_2. Vyel) ¢l

3) Catalase (CAT)

Catalase®] #AJ-2 Aebi(1984)¢] WPyl uwla} =3}
%t} 50 mM phosphate buffer (pH 7.0) 2 mL$} A] 2.9}
20uLE Hskw 7|42 10mM H,0, 91 1mLE 7}3}
o % TP F 240nmelN FR=e) e 237 =
Hagdeh Aoz 710 HO, §9 A1) 50
mM phosphate buffer (pH 7.0)8- 7}sl31 )9} A3} v}
Mow FHES ke 2GR £ YA 18
bl 1umol®) Hy0,8 Halshs &40 g 1unitz
st

4) Glutathione peroxidase (GPX)

Glutathione peroxidase®] 241-2 Flohe et al. (1984)2]
el @el 24389t 1mM EDTAZ} 8651 100 mM
phosphate buffer (pH 7.6)¢] 0.25 mM GSH, 0.12 mM
NADPH7} =33 upe- °l1 & A zslg o, of ul-Lallo)
A A8NE EF3 3 37°ColA] 527 ubX|3F ohe 4
mM cumene hydroperoxideZ 60 uLS 7}3}le] 340 nmoj
A 187} A w3ls =25t} 49 %A—]B. 1
B Et 1umole] NADPHE NADP= AEEle &4

SF& lunit® sled Al

4. v|gA4 3

FAZAAY ] o7l z21& A
er (5210, Branson)ol|A] m o]
AU o] 2AE FHU3I) A “l'

stk °P7}”14 ”]ﬂ%‘%’ﬂ?(Fe Cu, Zn, Pb, Cr Mn, As,

Fig. 1. Microscopic examination of Z. koreanus gill rear-
ing for 12 days at the control, 300 and 1,000 NTU
turbid water. A: Gills from the control were shown
normal structure. B: Gills from 300 NTU turbid
water. Respiratory epithelial cells were separated
in secondary lamella (arrows). C: Gills from 1,000
NTU turbid water. Clubbing and winding were
shown between primary and secondary lamella
(arrows). Scale bars=20 um; PL, primary lamella;
SL, secondary lamella.
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Fig. 2. Scanning electron micrographs of Z. koreanus gills rearing for 12 days at the control, 300 and 1,000 NTU turbid
water. A: Gills from the control were shown normal structure. B: Gill from 300 NTU turbid water. Winding of
secondary lamella and muddy debris were shown (arrows). C: Gills from 1,000 NTU turbid water. Fusion and
muddy debris were shown between primary and secondary lamella (arrows). Scale bars=75 um; PL, primary
lamella; SL, secondary lamella.

Cd) A4& 98 Ax8]= Microwave Equipment (Mile-
stone ETHOS PLUS)E o]-&£3}l9t}t Az o}7ju] Y
EEEEe IS fE2gEet=e AR 7 ACP-
MS, ELAN DRC-e)& ¢]&-3}e] &A13}gic}.

5. EA A2

7k Aol deojzl Ade FART ZFEAAE EA
gl B4 zZz a3 7% (SPSS Inc., ver 12.0K)&
o] 83l Levene®] 5EAF A7 HJgo FUA o
g T-7AE B3l p<0.052] $FA fo4dE AA

stk

1. ok7bist Ae] 24

D op7ie] =7 #3F

g2 Fxel ARg7| 7k wEl gart FRAY oy}
u] 22)9] ulA|Fze] X JE AR A
AA 27NA AR H 29 opytu] 2A] oMW
Atole] Fzhe] UAEH L AWAlolel o]BA=® A3}
A ggkom, o)z o] o] w3 FEAH o= wl
g3tz Qo (Figs. 14, 2A). 38 g% 300 NTU|A A}
£ F 490 opln] =AY oxpM 7L u|wA

dAstgl ot olaA L] RE o3 AbEiA £
ulz] 7} #2= ¢} (data not shown). AR&7|7ke] ZojA
AR 1296l o3 Aol 9] 2HA e wlwA dAES]
ou} olAAME Bo] BEFe] 9=t TRIYG HEol
AR, Fedoz oA o|xpe] QU
o ¥t = FREES oM (Fig. 1B), &R A4S
53 =9 e ol AR #RFHH (Fig.
2B). &% 1,000 NTUS] 38 2704 AN 49 A
Aloll = 300NTU®| Z71ellA] ®ep A whe] o xpafH of
FolA 9lem Apg Abole] 27 o] WAL, A
o) w27} 2= ¢l o) (data not shown). AFS 12Y¢] =
o)A Abol9] 7HAL uS EFFAAIH, TE-F et
REo] Tz AA HEHLUD, AHAele] e o]E
Gl 32|} glom AL i} elsich (Fig.
10, AR Ao 2w oA g FT o)
A qlom, A o] wlg- Bt skar Aol A st A
W Aole] g7rel Al glew] @ ol EAo] FA3ol
S Aoz vehich w8 QxpRe 2ol A
23 FAY YEe] 02 Ao] WAFUTHFig. 20). 4}
§7)7ke] AojA 1 wetER Z4F oprtu] 2A 2] W
4 o) 43h} e dekbn s

2) AR =2 7@

gl AHE7| bl o A 23] 0] Wste AR
Hz2Fe] A 242 29wt Foiy el AREAZE 7}
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Fig. 3. Micrographs of Z. koreanus kidney rearing for 12
days at the control, 300 NTU and 1,000 NTU tur-
bid water. A: Kidney from the control was shown
normal structure. B, C: Nephrosclerositic glomeru-
lus was shown at 300 and 1,000 NTU turbid wa-
ter. Scale bar=20 um; BS, Bowman’s space; DT,
distal tubule; GL, glomerulus; PT, proximal tu-
bule.
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Fig. 4. Comparison of antioxidant enzyme activities in the
crude proteins from gill (A) and kidney (B) of Z.
koreanus exposed for 12 days to various turbid wa-
ter. A: In the gill, activity of SOD, but not CAT and
GPX, was increased according to increasement of
the water turbidity. B: Activities of antioxidants,
SOD, CAT and GPX, in the kidney were increased
gradually according to increasement of the water
turbidity. The values are mean+SD (n=3). *P<
0.05 as compared to muddy water and antioxidant
enzyme.

= 2gle AAAL Fx= HERFEGH (Fig. 3A). 13y
g% 300NTU A 497} AFS Fol= dlzd 2320 y]
3lo] AMTA7E vhA 58 Hel2 FEF )5 (data not
shown), AF% 129 Zo| = A3k AP A L] 4230) e}
st} (Fig. 3B). 1,000 NTUS] st=ela] A3 A9 A
497l = AFFA 2] 3] el o, 12U A= 300
NTUAA A8 5ok 2o] gt AAe) $50
2 Ql3le] Bguk FHY ko] F= wA FREHAH
(Fig. 3C). A1 242 300NTU o4} wetmel A= At
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Table 2. Concentrations of micro heavy metal from Z. koreanus gill exposed for 12 days to various density of muddy water.

The values are mean+SD (n=3). (unit: ppm)
Micro Turbidity

heavy-metal Control 300 NTU 600 NTU 1,000 NTU
Pb 4.985+2.095 5.883+£1.078 20.799+3.102 28.644+1.057
Cd 0.044+0.007 0.062+0.025 0.158+0.086 0.638 £0.025
As 0.163+0.015 0.172+0.099 0.201+0.056 0.286+0.012*
Cr 0.788+0.124 2.451+0.214 2.882+0.087 5.064+0.167
Cu 3.093+0.064 48.704+3.101 69.890+2.243 210.098+2.741
Zn 55.3651+4.142* 111.386+3.348* 118.400+2.324* 340.938 £4.099*
Mn 0.035+0.014 0.277+0.012 0.440+0.175 0.563+0.025
Fe 33.744+4,154* 53.016+2.945% 79.961 +4.546* 321.803+5.325%

*P<0.05 as compared to muddy water and micro heavy metal.

% 49ARE FHMoE 249 2ERA] ebe dde P9 we Zez vehith niges 249

Aoz Fel= g

2. o7bl o} A1 229 s EL B4

Sx W3l o3 oprlule} 2% =2 SOD (super-
oxide dismutase), CAT (catalae) ¥ GPX (glutathione
peroxidase)®] &4 W35 FARSlY . olrin] A4
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t HF 3 A= ZAESIT (Table 2). S4%os
ZAHE Cd, As, Cr ¥ Mn¥] e gx7} olxe ot
2} Z71ste] 1,000 NTUS A= Cd7} 154, As: 1.84),
Cre 6v] 28]3 MnX 169 718k Z718tn glont A

LA

Pbsl Cus| #3= =Est Foldd weh Zrlele
1,000 NTUoA| Pbe 5.789) Z28]x Cu¥ 708 A==
Fdoz ¥ F7kshe AE vehigle obbel
o H]wA & FE Z+T QlE Znd Fex H©wrl ¥
ofxlel| mhe} Zristed 1,000 NTUS| Breol| A Zn- 64,
Fed- ¢ 104 A= 73k 3l

&

o

o

o7 ollE £%F FelA &EHd Vhx wd
4 Qe AzA F 2 AAstn vRs 2Hsd
Zk3 glont RS Y x=2FH

o

=

A4y 728
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A AFA Aot 95415 ol AR Wwow o
2 7ol = o]x} el felo] I 4 9l o (Fennel
and Pardo, 1967), A& 7% o] F H ALY Yalo] A7 =
gt 35019 A S vl g B3 S52AL o9y
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Wol FeAA FLFPom, we Foluy 2
= e Zow Jepie ol A gt sge
Ve Ao xAE AAG dFE F 4 glod, o
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SOD (superoxide dismutase)= superoxide radical 0Oy )
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lase) > GPX (glutathione oeroxidase)7} 0,9} H,0=.
Easte] Aol Fa Sz M A7k Forman
and Fridovich, 1973). 2 ATz mEbw 9] g7} o}
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ow o]E R A el ThoFst fezkes &
LAIZIA ®et (o] &, 200D). wpebrd A2 $-91%
FTa5 54 e FrElaa s d77) wo
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2 7HA] g7} ldh elE gl o] MAE = o) fe] &
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Zn3} 357 F90A Cr, Cd, Zn, B}37 4l Hg,
Cd, Pb, Cu, Znol] 3] B3 v} AU=h(7] = 1993). =
g FEEE NET FEAL 8 E A EtE 24
AEol 5F, o] 7Fsdle HoldAE B3 A7t
2] oJgkg uAA Hum FFkd g S A= 2
2 A FFEAC AR A4S A7) Hs
8ho} (Friberg and Vosta, 1972). 2 «FoljA] g x9] =7}
of we}t Fg&o] oJAd FAEE JgE FAle] wd
% 300~600 NTU| M A§7]7}o] Hojd42 ofr)
] Weol| FAEE S350 o] sl A
W glom, ghest vl$- 2 1,000 NTUS) A= o =
i ofFoll vlsl] T4 FFo] SUIE T Qo) BE
o213t Bty Atditeoll A A7|7Ee] E-9-2 Qla] UA
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Aoz FAEGH o]y offol] XAl o 2Has
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A= gxe] Frle) we AEAIL &3 glo
24 FHYe F2he] YAl ¥R wetee
7k oFbulsk A% 24 ) e G4 v)
A % AR Bd SOD 842 oplulel A% =
AollA etz gbel] wel B4]o] Frhsid.ov) CATS}
GPX®| #4& F2 AN 2 FAL ehhgst
5 A5 A= A3 YAHE F7 g
F2 A 249 Falstazel] o8] AN Aoz
AtRH. g dE] me) ojAe] HAE: v 23
& =8 A% 2=t il 2 1,000 NTUAE o
ARE ol fel vis| Fa49] Ao F43) F719E
FE RolT gl old A}z Mol AV ygw
AAEHR opriu|e} Al 222 w1 el
BEAD T4 Aol 343 FH80= APHQ
o A8 vehd & 9l Rez A7Es.

do ¢ O oo P4

714 1997, FEAF Rk AT FEA (B4R, 28
. p. 279-280.

Y, W] 2002. 3= ®lE517). A} p. 182-183.
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