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ABSTRACT

This study was performed to investigate the effects of chitin, chitosan and dithiocarbamate chi-
tosan on the cadmium accumulation in liver and kidney of catfish. The experimental groups were di-
vided into four independent groups which were one control group and three experimental groups by
cadmium alone treatment or chitin, chitosan and dithiocarbamate chitosan which cadmium. In order
to investigate the effects of chitin, chitosan and dithiocarbamate chitosan on the cadmium ac-
cumulation in liver and kidney of catfish, the cadmium concentration, the metallothionein level
were measured. The results obtained were as follows:

1. The cadmium concentrations in liver and kidney of catfish in cadmium alone treatment group
were similar to that of the chitin treatment group, but chitosan and dithiocarbamate chitosan treat-
ment groups were significantly decreased.

2. The metallothionein levels in liver and kidney of catfish alone treatment group were similar to
that of the chitin treatment group, but chitosan and dithiocarbamate chitosan treatment groups
were significantly increased.

In conclusion, this study revealed the effect of chitin, chitosan and dithiocarbamate chitosan
against cadmium accumulation in liver and kidney of catfish. It exhibited the highest effect at di-
thiocarbamate chitosan treatment group.

Keywords : Catfish, Cadmium, Liver, Kidney, Chitin, Chitosan, Dithiocarbamate chitosan, Metal-
lothionein
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7] &4t ¥ dithiocarbamate chitosang Aol o
gt Aol 7|"l, 7]1%4F 2 dithiocarbamate
chitosan®] FXx+= 77} 50 mg/l, 100 mg/l, 200
mg/l X2 FVHAFIEA ARE Agsie e F
FEo] AR sk, =& 2 34k ES
FA13}71 $15+e] Z7]) A Al
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FEUH ) 3l FFEE FEF AAETHEF
= A (Varian specta. AA-30)% Wave langh 217
nm, Lamp curent 10 mA, Slit 0.7 nmellA] F5<
wes FA sk

3) ui|7] A7 Metallothionein(MT)gF 27

Z22%2] MTL A7|E 05g #3led A=y A4
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2 aledeh. o] 222 ¥ 0.2 miel 0.03M tris-HCI(pH 8.
0) sh3-8-9-2 2718 % 10 ppm®] CdCl, 1 miE E
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2] A& 33 sl A2 X859 e iEed
FA sk o83l HFAA MTHE Ak 7=
F 6g ¥xket 1M MTEARF 6,050)3% Aikshe 2
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I 3 3 0§

N HL SR, $E, 25 S5 e I
A@ANA Foll FHo] +4, B, F34HE, oAF
Zof F3x]o], Ho|AlLol o3t HELn)Abel al
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o FAe] 2kstEl= Zle g Bas T lvh. metal-
lothionein- cysteine g 7} 2 9l 7l=8 B4 &
8h3} A7) Aoz dedHc)
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sle] F43 b FES A S gl o
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AEZF7) e o' ALEEY. 7 EAF fEAal
dithiocarbamate chitosan® thiol(-SH)717} gl14
e g3 Ao EARME 3 Adste] ] A7 7}
EF AARAY) o8 Frisle Aes Aladc)
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N HETT AL Aol E BolA g 71L&
7] A71W Ft=ge] AAZGrE e A WYz
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dithiocarbamate chitosan® # =3t T4 7|81
22 He|gk Tl vlsle metallothionein®e] Eo}
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FVERE 7] A7 FteF AA AT E AE
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1) wi7] 76 9 A 7t=Ee 55

FxAA w71E 125 FF AFSshdA sl=g
o FEE 10ng/I3 Z2A7] Ay 7|7 7}
=89 FEi 2.89 mg/kg(35), 3.87 mg/kg(65),
4.89 mg/kg(95), 5.32 mg/kg(125+) 2. & 37|17}
o] Aol A4E sloF o] Fre v} st k=
34 1S FAl TR oA 7R ok
50 mg/l, 100 mg/l, 200 mg/IS2 F7} A7|HA F
ofgl ot wl7] 7B sled wEE ey ")
ol7b gladel. et 200 mg/l 7184 2 dithio-
carbamate chitosan®} 7t=F FA Fo oAM=
Z+2t 2.76 mg/kg(3F)~5.15 mg/kg(125), 2.57
mg/kg(37)~4.69 mg/kg(1257) 2 #]7] 9] Ao
A =g §Eke] FAsh= AE £ 4 Adgdn
(Table 1-3).

wgh w719 Al Ft=Fe] FEaEe 3.11 mg/
kg(3)~5.67 mg/kg(12F) 2 2 Z87]7ke] Zolal
TE F7she AR vehded, sz 7|
SRR R P R i e RS K S S S A R
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Table 1. The cadmium concentration in liver of catfish treated orally with 10 pg/! cadmium chloride and 50 mg//,

100 mg/!, 200 mg/! chitin diet (unit : mg/kg, Mean=SD)
Treatment 3 week 6 week 9 week 12 week
Cadmium only 2.891+0.98 3.87%0.76 4.89%1.05 5.32+0.88
Cadmium with .
50 mg/! chitin 2.89+£0.73 3.80%0.57 4.834:0.83 5.33%£1.20
Cadmium with 2.80-0.91 3.8140.32 4.77+0.52 5.22+0.39

100 mg/I chitin

Cadmium with

200 mg/! chitin 2.77+0.37 3.72+0.68* 4784059  517+0.92*

*Significant difference from cadmium only treatment group at P <0.05

Table 2. The cadmium concentration in liver of catfish treated orally with 10 pg/! cadmium chloride and 50 mg/!,

100 mg/I, 200 mg/! chitosan diet (unit : mg/kg, Mean=+SD)
Treatment 3 week 6 week 9 week 12 week
Cadmium only 2.891+0.98 3.87+0.76 4.891+1.05 5.321+0.88
Cadmium with . . .
50 mg/! chitosan 2.81%0.56 3.79+0.58 4.75+0.83 5.28+0.56
Cadmium with 2.80+0.87 3.6840.71 4.66+0.52 5.23+0.49

100 mg/! chitosan

Zggfng;‘;“ghy{gggn 2.76£0.66 3.59+£0.61* 4.60-£0.49* 5.15:£0.68*

*Significant difference from cadmium only treatment group at P <0.05

Table 3. The cadmium concentration in liver of catfish treated orally with 10 pg/! cadmium chloride and 50 mg/l,

100 mg/!, 200 mg/! dithiocarbamate chitosan diet (unit : mg/kg, Mean=SD)
Treatment 3 week 6 week 9 week 12 week
Cadmium only 2.89+0.98 3.87+0.76 4.89+1.05 5.32+0.88
Cadmium with 50 mg/I 2.71+0.52 3.69+0.77 4.75+0.82 4.98+0.83

dithiocarbamate chitin
Cadmium with 100 mg/! * *
dithiocarbamate chitin 2.65+0.68 3.79£1.02 4.621+0.51 5.02%£0.63

Cadmium with 200 mg/!

thiocarbamate chitin 2.57+0.60* 3.51+0.71* 4.31£0.89* 4.69+0.78*

*Significant difference from cadmium only treatment group at P <0.05

Table 4. The cadmium concentration in trunk kidney of catfish treated orally with 10 ptg// cadmium chloride and 50

mg/l, 100 mg/l, 200 mg/! chitin diet (unit : mg/kg)
Treatment 3 week 6 week 9 week 12 week
Cadmium only 3.11+0.85 3.96+1.07 5.221+0.96 5.67+1.27
Cadmium with .
50 mg/! chitin 3.13%+0.52 3.91+0.49 5.11+0.43 5.61+0.73
Cadmium with 2.9840.71 3.9010.85 5.15%0.87 5.600.35

100 mg/! chitin

Cadmium with

200 mg/! chitin 2.98£0.39 3.92:£0.69 5.09£0.73* 5.55+0.99*

*Significant difference from cadmium only treatment group at P <0.05

& STt A7|HA] RSt ® SlEg FEe v ZES FA FoIF Follrve zHzt 2.77 mg/kg
3 Wale] 7} sldet. eyt 20 mg/l 71 EAYY 71 (3F)~5.39 mg/kg(125) 2 7}F434¢] 1, dithiocar-
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Table 5. The cadmium concentration in trunk kidney of catfish treated orally with 10 pg/l cadmium chloride and 50
mg/l, 100 mg/l, 200 mg/! chitosan diet

(unit : mg/kg)

Treatment 3 week 6 week 9 week 12 week
Cadmium only 3.11+0.85 3.96+1.07 5.22+0.96 5.671+1.27
Cadmium with . .
50 mg/! chitosan 3.00+0.78 3.78+0.63 5.0210.43 5.54+0.93
Cadmium with . ® * ok
100 mg/! chitosan 2.83x0.84 3.71x£0.35 4.90+0.87 5.41+0.52
Cadmium with 2.7740.72* 3.69+0.98* 4.90+0.75* 5.39%0.41%

200 mg/! chitosan

*Significant difference from cadmium only treatment group at P <0.05

Table 6. The cadmium concentration in trunk Kkidney of catfish treated orally with 10 pg/l cadmium chloride and 50
mg/!l, 100 mg/l, 200 mg/! dithiocarbamate chitosan diet

(unit : mg/kg)

Treatment 3 week 6 week 9 week 12 week
Cadmium only 3.11+0.85 3.96+1.07 5.2210.96 5.67+1.27
Cadmium with 50 mg/!
dithiocarbamate chit%n 2.87+0.97 3.77+0.82 5.00+0.92 5.49+0.78*
Cadmium with 100 mg/! . * * .
dithiocarbamate chitin 2.86+0.37 3.60x0.52 4.82+0.38 5.37+0.36%
Cadmium with 200 me/l 2.67+0.68* 3.57+0.76* 4.80+0.73* 5.31+0.86*

dithiocarbamate chitin

*Significant difference from cadmium only treatment group at P <0.05

Table 7. Metallothionein levels in liver of catfish treated orally with 10 pg/l cadmium chloride and 50 mg/l, 100 mg/I,

200 mg/! chitin diet (unit : mg/g)
Treatment 3 week 6 week 9 week 12 week

Cadmium only 0.77x£0.11 0.73%0.09 0.66+0.15 0.63+0.09
Cadmium with
50 mg/! chitin 0.77+0.20 0.74+0.18 0.68+0.09 0.65+0.10
Cadmium with
100 mg/! chitin 0.751£0.12 0.75%£0.08 0.67+0.15 0.65+0.11
{admium with 0.76+0.18 0.75+0.11 0.69+0.12* 0.6620.07*

200 mg/! chitin

*Significant difference from cadmium only treatment group at P <0.05

Table 8. Metallothionein levels in liver of catfish treated orally with 10 pg/l cadmium chloride and 50 mg/l, 100 mg/!,

200 mg/! chitosan diet

(unit : mg/g)

Treatment 3 week 6 week 9 week 12 week
Cadmium only 0.77x0.11 0.731+0.09 0.66:+0.15 0.63+0.09
Cadmium with
50 mg/! chitosan 0.80+0.09 0.77+0.18 0.69+0.11 0.661+0.10
Cadmium with *

100 mg/! chitosan 0.791+0.99 0.79+0.08 0.70+0.09 0.67%0.11
Cadmium with 0.79+0.13 0.8240.17* 0.70+0.15* 0.71%0.09*

200 mg/l chitosan

*Significant difference from cadmium only treatment group at P <0.05

bamate chitosan®} ZI=F FA| £ 125 A
FollA 50 mg/l T2 Fh=F FE+ 5.49 mg/

Korean Journal of Environmental Health Society, Vol. 24(3)

kgelH 2t 200 mg/! Sl 5.31 mg/kge
# dithiocarbamate chitosan?®] Fojefo] Z7}1g4



112 Il Soo You et al.

Table 9. Metallothionein levels in liver of catfish treated orally with 10 pg/! cadmium chloride and 50 mg/l, 100 mg/l,

200 mg/! dithiocarbamate diet (unit : mg/g)
Treatment 3 week 6 week 9 week 12 week
Cadmium only 0.77+0.11 0.73+0.09 0.661+0.15 0.63+0.09
Cadmium with 50 mg/! .
dithiocarbamate chitosan 0.81+0.09 0.7710.13 0.70x0.12 0.69+0.14
Cadmium with 100 mg/l 0.82+0.12 0.7810.08 0.690.06 0.70£0.11*

dithiocarbamate chitosan

Cadmium with 200 mg/!

dithiocarbamate chitosn 0.85+0.08 0.82:£0.11* 0.73£0.15% 0.73£0.08*

*Significant difference from cadmium only treatment group at P <0.05

Table 10. Metallothionein levels in trunk kidney of catfish treated orally with 10 pg// cadmium chloride and 50 mg//,

100 mg/l, 200 mg/! chitin diet (unit : mg/g)
Treatment 3 week 6 week 9 week 12 week
Cadmium only 0.23+0.03 0.21+0.05 0.20£0.02 0.19:+0.03
%?)d:f;/lzmc&lﬁ? 0.24+0.04 0.21%0.07 0.2120.03 0.2020.05
lcg'g‘r‘r‘lgl/rfc‘ﬁ‘tﬂg 0.2340.06 0.23£0.03 0.2240.05 0.220.04*
B 0.25+0.05* 0.2240.05 0.220.03 0.21%0.05

*Significant difference from cadmium only treatment group at P <0.05

Table 11. Metallothionein levels in trunk kidney of catfish treated orally with 10 fig// cadmium chloride and 50 mg/l,

100 mg/I, 200 mg/! chitosan diet (unit : mg/g)
Treatment 3 week 6 week 9 week 12 week
Cadmium only 0.23+0.03 0.21+0.05 0.20+0.02 0.19+0.03
5(C)ar?1r,c?/if?hi¥>i§§n 0.25+0.06 0.2310.05 0.2240.05 0.2140.05
1&?%{;‘/‘;”‘&3;‘5211 0.26%0.07 0.2610.07* 0.23£0.08* 0.2240.06*
Cadmium with 0.27+0.05* 0.25+0.05* 0.24+0.07* 0.24+0.08*

200 mg/! chitosan

*Significant difference from cadmium only treatment group at P <0.05

Table 12. Metallothionein levels in trunk kidney of catfish treated orally with 10 pg/l cadmium chloride and 50 mg//,

100 mg/l, 200 mg/! dithiocrbamate chitosan diet (unit :
Treatment 3 week 6 week 9 week 12 week
Cadmium only 0.23+0.03 0.21+0.05 0.201+0.02 0.19£0.03
Cadmium with 50 mg/! . o . *
dithiocarbamate chitosan 0.26+0.05 0.241£0.05 0.231+0.07 0.22+0.06
Cadmium with 100 mg/! 0.25+0.06 0.25£0.07* 0.240.06* 0.2240.05*

dithiocarbamate chitosan

Cadmium with 200 mg/!

Jo Aot chitoe 0.27+0.05* 0.27+0.05* 0.26%0.07* 0.25+0.07*

*Significant difference from cadmium only treatment group at P <0.05

= 7] AR Ft=Ee] §Ee] Faste A 2) vi|7] 2] 7+t A1 metallothionein
H 4= glgdeH(Table 4-6). 7] 7P metallothionein®2- 7} =F ©H50 5
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35 5ok FellA 0.77 mg/kgol gl ot Fod7)7te]
6—r(0.73 mg/g), 95-(0.66 mg/g), 125-(0.633 mg/g)
2 Z27]7bo]| Zde]AE metallothionein®e| 734
sl x, =EF Al el A 35(0.23 mg/g)~125+(0.
19 mg/g) & ZtAkell A o} nhatrix) 2 27| 7] 2o
Z4~Z- metallothionein®Fe] ZFA3tgich. 71€le] of
< 50 mg/l, 100 mg/l, 200 mg/l = Z7MAFIAA £
ojg) o} W) 742} A1ARY metallothionein®-2 o
273 EAol7t glsleh A=E 7IEAE F di-
thiocabamate chitosang FAJoll Fo3dt T4 wli7]
2] 7kak g AlA9] metallothionein®k- 718l 5047
ol ¥)5led Zrlshs 28 & 4= sl ek(Table 7-12).

wv.d £

=g W FoTelr e wz] 2R Al gt
=B 2wl Jl=g3 78, 71EA 9 dithio-
carbamate chitosangd E3tale] 125:7F AFS-38lo] o
7] Zhbt A =g 3% 2 metallothi-
onein®-& &4 sled oh&a} 2 FES A

1. 7l=59 v =

Fheg % Fol ] H7] 2 AW v
o] Fxe F2ole] A 45 Zrtsigded, 7|
& Eglsle] RS w= ?}E% A AEI7}E A2
dslont 71 BANS B3l Fogls d= Jt=s
8] &zlefo| okt z}A3lgdr). wbHl dithiocarba-
mate chitosans 3|8 EMAALFE 1=
o] Al B o] 8- Frhstsct

2. Metallothionein®

Fle g s foite] 7HEE AAe] metal-
lothionein®-2- %ol 7|7k Zo] A 4= 7} "?5}93 ©
o, 7| EAMS "{}6}"4 Folgt FollM= 718 E
slo] ®olgl FollA] B} metallothionein®o] %—7}5}
gc}. E3] dithiocarbamate chitosang FoIgF Toll
A1 metallothioneingke] ##51A| F7}s1¢dct.

AgA o7 714 | Zbda) A2 L= 78
AAREIN7} & Ao g AE, 7| B4 dithio-
carbamate chitosans w|7| ZHsp A1Ak Fl= &

o) A&7} ATk A& & 5 AT

DI
U ZAay, #A, A9y, 247] : Chitosan®] #H-=
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