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ABSTRATS

When rats are exposed to cadmium in their diet, the cadmium accumulates in the liver. This study
was carried out to investigate the effect of chitin, chitosan and dithiocarbamate chitosan on the cad-
mium accumulation in liver of rats. For this experiment, 10 male Sprague-Dawley were used. The ex-
perimental groups were divided into four independent groups which were one control group and three
experimental groups hy cadmium alone treatment or chitin, chitosan and dithiocarbamate chitosan
with cadmium. In order to investigate the eliminative effect of chitin, chitosan and dithiocarbamate chi-
tosan on the cadmium accumulation in liver of rats, the cadmium concentration, the metallothionein
level and the enzyme activitys were measured. The results obtained revealed the eliminative effect of
cadmium in liver of rats by chitin, chitosan and dithiocarbamate chitosan. The effect of chitin on the
cadmium elimination was less than that of chitosan and dithiocarbamate chitosan. Also it shows that
the eliminative effect of cadmium by dithiocarbamate chitosan was the highest.

Key words : Cadmium, Liver, Chitin, Chitosan, Dithiocarbamate chitosan, Metallothionein level, En-
zyme activity
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& FHETE ARl webd FEel 7h=Ee
FEHE S7HIAE ILPEW o] Fol| Al Aufx] = 5

Aol FA5]0] o] e AF LR o] L3hel utebA
ﬂmq]hi%}kﬂﬁjszﬂﬁﬁ,iﬁ~#%ﬂT
oA vl s s vh=Ho] b F4l 9] sl A s
ol ol Fhedrel SRS F7HA7I A olrek. R
A b=l wdake] WaSE of 7)o A4]st

= ol dRe] SdErt %-VFHJL o7& HFH R
A 5] 5] Q1 7bol| Al & F]o] chokdh AHS <
271tk (Kage ef al, 1961; Pulido et al, 1966). 7L %

5 Qe FHERoRE FEAT 2 3, 7]

W, Q4 EZ, <.
R FEE W EHEeEe] sy, WEE
o iz Frbolak, AL AL WA Ak 914 A
W AER A o

V

‘b

S
g S A 23 CaNa, EDTAS ARE3k=d] o]
A Frd) 7hek 2134 Aee] EAlelnt AlAEA]
% fakghel(Bough,1975a,b; Kostonis and Klassen,
1977). £} %A Penicillamines- $7-3oll 4] &
Fis e b Lot MET e Al
b wl"ES §AA 9lis AR akeidct
(Sillem and Martell, 1964; Pulido et af, 1966).

N-acetyl-D,L-penicillamine-& /o] 2k3fir 4§
A b b & F-thiol 3388 #Asl]
%o] wlEg 22 A7 AFo 2J7F 9le] &4t
S vhehgA] eherhan B s gleh(e]d &3 vhA
2], 1986; Gabard, 1976).

718l 71 EARS 7F7ERs) mA BT Tk 3R
o] ¢lo} Apele Fsht 7o) o] gx]A] Fahsdx|ut
a1z 7 o] ggfo] 2AB| Zr)sta 9JrHMuzzarell
and Tafani, 1981). 781, 7| EALS 3}-g&kAl, 3lgokst

A, 2ANE Aokebg, ET, SE UA-E

n g)xie) gl cleksbA| ol4=ar glrh(Sakaguchi
et al, 1979). 7|€1-& "oldEstato] olofal 7| EAkE-
el 17} ohuler]o) FobR Fgds o]l Hate] 7]
eluc) 3 FA5HS vR| v, 7Rle] wolEs)
7} Z7hsl ol wfeba] Hgsl Cudl 3 w2 Wilke: &
) &le] B g} ik (Tong e al, 1991; Hall and Yal-
pani, 1980; Maruca ef o, 1982). w3t g3}l 7|2
A Ba) g o) Allzel Fgel elhell W’k
Aola] 7]¥l U 7 Ak ohd Ruk E 3] A
HAZ Axsie] FHole] Rulss AHE A
Cu” ¥ Nite] A% 53b7} el ZAes vy nl 9l
e 7233, 1990).

l

FElFEAE Aol Fald o By gl
o (Mever of al, 1981), AW 234Ade] F3 A
7VEAlo] folslr] il ZhE o 54 Al 22
ghgoll tfglt A7) Al Fol (8T 5, 1988;
Bough, 1975), =gk Al 313}Ade] gle] A A
frel 22 w3 7Ry e Sa) 3
o] Fato] Fola] x| Has} ol A oR o

# zvH Maruca ef af, 1982).

Jamall and Smith(1985)+= 7}=5-& FoI3F At
2] glutathione peroxidase FATE 54T A
FIC RS Foialx] -2 Fhel ulsle] Fr1sls A
o2 Bushi 9o, ke wl(1992)+ il
H]8lo] b= Folgoll A glutathione-peroxidase
§L/H 57} _7;7],—3}_‘: 74 o B {5}- H}— oh;].

il

Boudreau(l%S) 52 e g-g X2 AR FH 4]
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et

Ohta and Imamiya(1986)= 7t=8S F247]

Zeke] gutathione-s-transferase =7t 7ty

B Z 27 whel| wlsle] Zrlalgdny, legd Adw
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@57]. 7‘3L)\6—}1;]__,—7 qlszg—]_odr/]_
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Agdstm oot AgEE ARG A%
%l Sprague Dawley 313 3~457 2318 Jrgwto}
275 AFA 3 ASAE] 3 Adlel Algs)
Add. AHSA S 2n 18~24°C, F% 40~T0%
HHE fFAskch

2) Chitin A2

Aol 9i3 Aol HAg B2 st B

& A ATE 2N-HCl 4ol 12417} A= A A &t
W S o skl 24470 Aol 4]

g F 283]) AHT o8 15°C ol 8F 2%l 4]
4%-NaOH &2 2 2427k Fb 2a)sto] wiwy
AL Bl AAS L SRR AlAsdch o9 2t
= Ak o] 22| k)& 53] wkEgl o), 3%
L IN-HCL 4N 0 2 64175 gk AollA] o
x|8lo] W4T AbEA]7| G, obabe] Aelgt ofe-
For, ollh g, olElE o AHE & 7z s}o
il F)ElS dgde) o] AE FE4lsle] 80-100
mesh/Inch®®] 71818 | Z3ld v},

3) Chitosan A2

80-100 mesh/Inch*®] 7)®l& 110°CollA 47%-
NaOH 4892 2 1|7} F4b Aelste] eolAeds}
Algow, HoldEdsle g £714]7]7] $lste] 53
HhE uho-8 slo] 7| EALS Al zdbe], o) HAE EFH
2 28] AN o ddleg, oEHlE o7 A
Azted 70°Cell A 213 A=Al

4) Dithiocarbamate Chitosan ¢4

71l ¥ 60 g& 40%-NaOH 4 1 /&
110°CE 8A7k 71 &t F oA 33l S/ 83
AHgh g olebg 500 mieb ¢rdol 100 miE
FARAZ1AL CS, 60 mig ol 297 Aol wbx|gt
5 ofFste] vvbE, SR 73] ubE A2 sked A
Lo AxAA 7127 (desicator) o] Bz},
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~

4
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H> ol

olfL
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1. #Fof|l FI=&, Chitin, Chitosan 3! Dithiocar-
bamate Chitosan 50§

7= He] dxat He) dgades 7
10oke) 4 Efetsdct dEmTe 7hed S E 100
mg/l ¥IES RSO 127 59 SEFE A
TEEE ek AP 100 mg/l eI T
B, 7] 8AF 2 dithiocarbamate chitosang %A}
el 0.1%, 0.2%, 0.3% vl&2 E3sted 125 Hab
Aol A Ao .2 sic

2. 83 UEY FIEEsE &S

23] ks ZHESle] 05g5 F3le] A Eeps
Aol Wi ¢37]9) Conc. HNO: 5 mi¢} Cone. H.SO; 10
mi& 7} ohS- 100°C Hot plate Aol #7188 ¥
&) Ao, ojuf Fajlofe] Ho] 3-F-Ao] H uf
742] Conc. HNOZ 718ledr}. o]efzke] F7]%2]
F-alo} gkasl Al 88 DDTC-MIBK #24 2
sl 7l E§ F2F AR E A (Varian
specta. AA-30)% Wave length 217 nm, Lamp
current 10 mA, Slit 0.7 nmellA 7l=F ks &
A aoiet.

3. 8|F| ZVEHH Metallothionein(MT)2F =X

Z2159] metallothionein 7128 0.5g 33t A
214 Az A3 F 0.25M Aehg-ol(sucrose,
Sigma)g 7}shH A Teflon glass homogenizer& ©]
3le] 22& FAsERE sl on 4CollA] 208
Zb A Eeskdek o] 229 0.2 miel 0.03M tris-
HCI(pH 8.0) $F5-8-H& 718 5 10 ppm®] CdCl.
1 miZ F3}A| 7] 50 Aol 587 wijekaledc). o 7]
o rat RBC hemolysate 0.2 miE 713l A3ke] Cd
3 MTE #9g =& bioligands AAstE Cd-
bound hemoglobin® 100°C =8¢}l 187} A =x] A A
WA A7) §- 1L,000 g& alEeste] &g #s)
ot o]4ke] rat RBC hemolysate A 7Fe} o zjg] o
AAEe AL 335 ubEEte] d AlRe| e Ry
s FAshed o] &8y, HEX MT Fx% A4t
< 7I=F 6 g AAkeF IM2] MT(F21=F 6,050)2F 2
el Zlew ghitste] 23] g mgMT $58

shaie.

4. Z4EC| g T &X

1) Glutathione-peroxidase -4 &=

Taglia®] WHd-& S-83 ubi & Q14 sha=4-9
off GSH, NaN,, NADPH, glutathione peroxideZ
Aol Yo 5 4Ng Hrlsle] Ao Haks 3
m/5) Al BHETE 5 mM HOE 7142 ALg-ske] &
B7AEAE o] 835ked 340 nmel A Ft e tasks
6027 ZAstedch Ao whelE 137 1 mole?)
NADPH7} 7}4¥+= A4S 1 units® el o
v Ec=6.22x103M" emZ FE NADPH 745
= ZAEs sl

2) Glutathione-reductase 4 &

Carlberg”} 518}k Wb % Glutathione, EDTA =
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NADPHE 33t Qli= labdsbsgols d49
o A7}ste] 30°CollA &= S 2E F 340 nmell
Al B S 1827 &3 s)o] /,\_H]E]l—_ NAPDH 7L}\
kS Ec=6.22x103 M'em & -8 7shsiv}.

3) Glutathione-s-transferase A &%

Jalcoby So] okghw & al4belshg-g-of
GSH, &4} 2 1-chloro-2,4-dinitrobenzene-& ¥.1
37CoNA HYELEE o] U0 nmellA] FHEE
A3t Ec=9.6x103 M'cmE )83} A4bsledct,

4) ZA A

=
2

28 10% F2Eld .Wé A17] % Haematoxy-
lineosin J MRS wb= & 3spginjAd o g 24 &}

A& Aot
. a2 3 ns

HAEFE AL, CaEAA, A1, Eehad
A Be AR wdslol £ 2a07)

o 2ol GiHle] ol T2 5 85T A8l
el 5ol A=l s res Sk, alel
A o) 3ol 4] Az 5 abe] FE 3 o) g A

FOo7 o] &gl wheby <lde| FEHxchy ®as)
A glen, wgh Fabe ol vl EE = e Fel 7t
T212] shH e AAlshe ol H o stEfe] X8
£ Z7FA171aL slvk, whekr] oAl o]ate] | F
oM =pel OJAM] %7 %]o] metallothionein® §Hde]
o] Fo| 2] gdo} FH-& UOoT|= Ao XN FT
314(Kage and Vallee, 1961; Pulido ef al, 1966). ©]
9}7ko] LAjo] Qli= =B 2671 Sulfhydryl7]—§
7HA)51 )+ metallothionein} Zgtated A A13] A
91‘?—_ =] 1= HE S FAAIchs Bt Qo
3+ 3} 7<3%H1990; Eaton and Toal,1982). 5+

4?‘, E3) 7l= {7} 22 27} F42 metallothionein

293t g¢log 283ty W ¥ gle

&3 4] ol
o, metallothionein- cysteined 7Fx| 3. glo] 7h=

3} Aol sl=F 548 93l Ave s o
2 eHHunt ef af, 1984).
%"i— A °ﬂ"1 eyt ﬁﬂ}"ﬂ/ﬂ 7 A s

L
G AEE A4

Hessle]
olr| 7] 5 F7HAIZ 7] well fﬂ?‘% W 7r=g

zar 7 A F o) sRAbE o
fX A2l dithiocarbamate chltosan% 7| EAS o
Zej oA CS.2 AMe]sted LA, o)7L thiol
717F slelA st gt Ao EARE A sle] 3
F 2 steF w5 AL v S SvlkE e
Zoz Abach
1 7HA o -f-%le] 3)+ metallothionein®
7| FolTel M= 2T AL AeolE Mol
A2 Bz AN A2 JloE FEF FAE
vhe 71z WA e Ao gl slem A
v} 714 2 dithiocarbamate chitosan
-Er°4“‘?} e 7|9& Fo7 el wlEle]
metalloth]onem«] gleko] 2 71& ¥ 4 e
ol 7]1EAF 4 dithiocarbamate chitosanell 2|3t
33 AV vlmw FE ALEAT Ak AS
o 4= 9ldeh

A Al 7|"e Esle] S8 AF IE_’\

A wo & wsrt gle ;i-?: ]E“’ﬂ 2% Jt=
FEE RN S HoR Azt ?]E*}
9 dithiocarbamate chitosan® $¢13F TollA &=

Fojgko] Frtal ¢ B w3t Foir)zhe] A 4
= 7k glutathione-peroxidase &A1 =7} 7}
8}, glutathion-reductase 4% 9} glutathione-
s-transferase @A 57} 71438 Ao R Hol 71 E
A} % dithiocarbamate chitosanell &gt 813 713
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Table 1. Concentration of cadmium in rat liver consuming water containing 100 mg/! cadmium chloride with basal

diet and 0.1%, 0.2%, 0.3% chitin diet

(Unit : mg/kg, Mean=SD)

Treatment 3weeks 6weeks 9weeks 12weeks
Cadmium only 15.36£3.12 16.5512.32 18.37+3.30 19.02+3.16
Cadmium with 0.1% chitin 15.63+5.10 15.97+5.55 17.93+3.87 19.13+3.45
Cadmium with 0.2% chitin 15.03+2.98 16.37+3.90 19.33+5.11 18.9312.98
Cadmium with 0.3% chitin 15.87+3.91 16.33+4.92 18.39+3.99 17.67+5.22%

*Significantly different from cadmium only treatment group at P<().05.
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Table 2. Concentration of cadmium in rat liver consuming water containing 100 mg// cadmium chloride with basal

diet and 0.1%, 0.2%, 0.3% chitosan diet (Unit : mg/kg, Mean=+SD)
Treatment 3weeks 6weeks 9weeks 12weeks
Cadmium only 15.36+3.12 16.55+2.32 18.37+3.30 19.02+3.16
Cadmium with 0.1% chitosan 14.31+5.34 15.39+3.67 17.12+5.66™ 17.67+5.99*
Cadmium with 0.2% chitosan 14.11+3.32 15.20+2.09 18.09+3.89 18.354:3.77
Cadmium with 0.3% chitosan 15.23+4.30 15.56+5.98 17.38+3.08* 17.23%5.73

*Significantly different from cadmium only treatment group at P<().05.

Table 3. Concentration of Cadmium in rat liver consuming water containing 100 mg// cadmium chloride with

basal diet and 0.1%, 0.2%, 0.3% dithiocarbamate chitosan diet (Unit : mg/kg, Mean+SD)
Treatment 3weeks 6weeks 9weeks 12weeks
Cadmium only 15.36 +3.12 16.55+2.32 18.37+3.30 19.02£3.16

Cadmium with
0.1% dithiocarbamate chitosan
Cadmium with e ook * Y P 4 o Q1%
0.2% dithiocarbamate chitosan 13,24+3.28 14.58+5.08 16.821%5.31 16.9913.81

Cadmium whith
0.3% dithiocarbamate chitosan

14.29+4.88 15.67£5.96 18.22:+£5.93 18.12:+4.95

13.77 £2.90* 13.76£3.65* 16.11£3.23" 16.75+3.07*

*Significantly different from cadmium only treatment group at P<(.05.

23| ZVEHY Cadmium S5£ Aste AE B 4= Uk (Table 2).
M]?ﬂ FIEE BEE 100 mg/] FEE 950 0.1% dlthlocarbamdte chitosan® &&s}e] Ao}
%*%*)F.i A S-8-A17 At ] vlEE F Azl A B glEE FRE 14.29 mg/kg

ko, 15,36 mg/kg(35), 1655 mg/kg(67), 1837  (35)~18.12 mg/kg(125)0] 3, 0.3% ¥l &2 Alo]

mg/kg(9F), 19.02 mg/kg(125°) 22 7} =55 A7 A1 AL wli= 13.77 mg/kg(35)-16.75 mg/kg(125)

b Fol 8 A9 B e g s St s 2 dithiocarbamate chitosan®] B]&5 727 4

AL & ek ol A1 £ & 7R 7l g ot Ak S
Bl 5] Aol 7|¥lE FoF v EH R Egtsle] 4] o = 9lglcH(Table 3).

o] A7l Ay} Flmg 5 Foitel vlte] A

] o)

7l=F 5w} ZHAaskA] wske(Table 1). 2. £1F| ZHALY Metallothionein 2
7}540 0.1% B &= &3t oA Alo] A FrE g v Foiold 37 ZH metal-
7 A3} Fhef EEV) 35 FoldoAe 14.31 lothioneinZ¥e] 3.53 mg/g o2 vheht 1, 65(3.28
mg/kg, 125 o Fol|Al= 17.67 mg/kg® FA 5 mg/g), 9F(2.62 mg/g), 127(2.27 mg/kg) & 5
et 0.3% 714 Aol A Sl 7t=w & 7|17ko] ZojA4E metallothionein®o] 43}
=7} 15.23 mg/kg(35)-17.23 mg/kg(125-) &2 7 A& ok 5 qlddoh

Table 4. Metallothionein levels in rat liver consuming water containing 100 mg// cadmium chloride with basal

diet and 0.1%, 0.2%, 0.3% chitin diet (Unit : mg/g, Mean+SD)
Treatment 3weeks bweeks 9weeks 12weeks
Cadmium only 3.563%+0.35 3.28+0.69 2.62+0.55 2.27+0.67
Cadmium with 0.1% chitin 3.55+0.23 3.341£0.35 2.59+0.31 2.397+0.34
Cadmium with 0.2% chitin 3.49+0.43 3.55+0.39 2.77+0.52 2.51+0.69*
Cadmium with 0.3% chitin 3.60%0.26 3.45+0.53 2.89+().38* 2.50+0.32*

*Significantly different from cadmium only treatment group at P<0.05.
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Table 5. Metallothionein levels in rat liver consuming water containing 100 mg/l cadmium chloride with basal

diet and 0.1%, 0.2%., 0.3% chitosan diet

(Unit : mg/g, Mean=SD)

Treatment 3weeks bweeks Yweeks 12weeks
Cadmium only 3.5310.35 3.2810.69 2.62:£0.55 2.2710.67
Cadmium with 0.1% chitosan 3.61+0.41 3.45+0.19 2.93+0.32* 2.561+0.81
Cadmium with 0.2% chitosan 3.6010.65 3.77+0.57" 2.89+0.51 2.71+0.25*
Cadmium with 0.3% chitosan 3.81+£0.47% 3.79+0.73* 3.21+0.33* 3.11+0.45"

*Significantly different from cadmium only treatment group at P<0.05.

Table 6 Metallothionein levels in rat liver consuming water containing 100 mg/! cadmium chloride with basal diet

and 0.1%, 0.2%, 0.3% dithiocabarmate chitosan diet

(Unit : mg/g, Mean=+SD)

Treatment 3weeks 6weeks Yweeks 12weeks
Cadmium only 3.53+0.35 3.28+0.69 2.621+0.55 2.27+0.67
Cadmium with 3,891 0.37° 3.4940.36 2.90+0.55" 2.7740.25"

0.1% dithiocabarmate chitosan
Cadmium with

0.2% dithiocabarmate chitosan
Cadmium with

0.3% dithiocabarmate chitosan

3.78+0.24

4.131£0.56"

3.51+0.32% 2.87+0.63" 2.85%0.58

3.8120.69" 3.2040.33% 3.03+0.85

*Significantly different from cadmium only treatment group at P<(.05.

Abgel] 71818 0.1%, 0.2%, 0.3% vl& 5 £3ts)
o] Aol A7l Ax}t ## 2FAW metallothionein®
& 2] WHzr} gladvh(Table 4).

FVEARS 0.1% vl&R Egdste] Alelxzl e
712 metallothionein®-2 3.61 mg/g(37)~2.56
mg/g(1277)0] 31, 0.3% nl&2 Egste] o]l
T 3.81 mg/g(37)~3.11 mg/g(127) 0= 7] E4b
o) of% Z7lAA 4% 71l metallothioneinFo]
2715k A8 2 4= el Table 5).

Dithiocarbamate chitosang 0.1%, 0.2%, 0.3% H]
#2 A8l Egsle] AolAlgl Art 7} Fodirel A
2] metallothionein®~& 77+ 3.89 mg/g(37)~2.77
mg/g(1277), 3.78 mg/g(37)~2.85 mg/g(127), 4.13
mg/g(35)~3.03 mg/g(12°7) 2.5 metallothionein 3¢
gko] & #]3] F7lshi= 7lo 2 vepdul(Table 6).

3. 1F| ZVAHLH Glutathione-Peroxidase EA T
FHERS S8l &l AlA Folgt At 23] 7
W glutathione-peroxidase A =7} 5.01 mg/g(35),
4.88 mg/g(67%), 4.63 mg/g(97), 4.32 mg/g(127) =
Aol 717ke] Zlofnl 4 F ZhAdhs 7S o 4 9ol
vl &7 Al 71EE 3 '6\}6]'04 Wl A# glu-
tathione-peroxidase €4 e+ H 2o]7} $ldch 0.3%
7| ARG Fofdt ol Al 5.31 mg/g(35)—4.77 mg/
g(1257)0191 77, (1.3% dithiocarbamate chitosang =
Aubol| A+ 5.55 me/g(35)~4.78 mg/g(127) 2.2
of ko] Z7)3} S B gl Fofr|zte] oA = B
zhl) glutathione-peroxidase &A= gleo] $718
& % 4 lsdeH(Table 7-9).

L.

PR —1m ;;

Fr

4. B|F| ZI&H Glutathione-Reductase &4 T

Table 7. Glutathione-peroxidase activity in rat liver consuming water containing 100 mg// cadmium chloride with

basal diet and 0.1%, 0.2%, 0.3% chitin diet

(Unit : moles/min/g, Mean+SD)

Treatment 3weeks bweeks 9weceks 12weeks
Cadmium only 5.011+0.98 4.88+1.36 4.63+0.99 4.32+1.21
Cadmium with 0.1% chitin 5.12+1.45 4.87+1.11 4.71+1.65 4.43+1.13
Cadmium with 0.2% chitin 5.09%1.21 5.00%0.92 4.85+1.09* 4.39+0.99
Cadmium whith 0.3% chitin 5.23+1.39 4.98+1.43 4.91+1.19* 4.42+0.91

*Significantly different from cadmium only treatment group at P<(.05.
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Table 8. Glutathione-peroxidase activity in rat liver consuming water containing 100 mg/! cadmium chloride with

basal diet and (.1%, 0.2%, 0.3% chitosan diet

(Unit : moles/min/g, Mean=+SD)

Treatment 3weeks 6weeks 9weeks 12weeks

Cadmium only 5.01+0.98 4.884+1.36 4.63+0.99 4.324+1.21

Cadmium with 0.1% chitosan 5.12+1.74 4.98:0.67 4.77+1.15 4.55+0.98
Cadmium with 0.2% chitosan 5.12+0.99 5.21+1.25% 4.79+0.82 4.56+1.22*
Cadmium with 0.3% chitosan 5.31+1.13 5.2241.51" 5.00+1.37* 4.77+1.53%

“Significantly different from cadmium only treatment group at P<(.05.

Table 9. Glutathione-Peroxidase activity in rat liver consuming water containing 100 mg/! cadmium chloride with

basal diet and 0.1%. 0.2%, (.3% dithiocabarmate chitosan diet

(Unit : moles/min/g, Mean=+SD)

Treatment Jwecks 6weeks Ywecks 12weeks
Cadmium only 5.01+0.98 4.884:1.36 4.63+0.99 4.32+1.21
Cadmium with o . " R

0.1% dithiocarbamate chitosan 5.23+1.35 5.0040.95 4.78+1.16 4.41+0.91
Cadmium with 01 4 () BO* o Iy

0.9% dithiocarbamate chitosan 5.211£0.69 5.02+1.15 4.77+0.86 4.4541.10
Cadmium with 5.55+2.01* 5.3741.15* 4924119 4.78+1.32"

0.3% dithiocarbamate chitosan

*Significantly different from cadmium only treatment group at P<0.05.

AFNA = whEo g Foigt Au} Alzhy
glutathione-reductase 24 =+ 111.09 mg/kg(35),
115.02 mg/kg(65%), 116.23 mg/kg(97), 117.09 mg/
kg(1299) 2 Foi7|7ke] 2 4% Zrlslelcl. Algel
718 0.5%% &E§kete] Aozl A= 108.72 mg/
kg(35F)~114.91 mg/kg(127F) 22 glutathione-
reductase 2] wlahe vlefsisdnl 2l 0.1
%, 0.3% 71 EARE E3F3te] FoAHS ) AW glu-
tathione-reductase #HA4Ex= 7 108.92 mg/kg
(37)~114.81 mg/kg(125), 106.29 mg/kg(37)~
1e09.85 mg/kg(127)e] 1, 0.1%, 0.3% dithiocar-
bamate chitosan$ F-o13b Zah= 77k 108.11 mg/
kg(377)~113.82 mg/kg(127), 105.82 mg/kg(3-7)~
107.92 mg/kg(12F) 2.2 7]%4k7}  dithiocarba-
mate chitosans FoIg 313 A2 glutathione-
reductase B =7} A3 hashe AL & 5

gJrH Table 10-12).

5. 2lF| ZHEHH Glutathione-s-Transferase EA

FEE RS S8l Sal A7l 37 Z2RA 4
Fglutathione-s-transferase 24 %+ 391.67 mg/
kg ol) o 1257 Aol A7l A= 416.87 mg/
kgo 2 7l F 7] 7ke] Zofd 7 H 7hA] ol A
F748ke AE B 4 olsdeh

1S 0.1%, 0.2%, 0.3% H)&2 Abged Eis)
o] Alo]X|g] e} glutathione-s-tansferase A%
W3l Ao gle S B 4 ok 2y 7 B4
3! dithiocarbamate chitosan 2}e]i-ell4]2] gluta-
thion-s-transferase @A %7} 7Fadl= 7108 o}
eh} 7)E4F 3 dithiocarbamate chitosans %13
A gl g AAEA) vk g o U
thH(Table 12-15).

Table 10. Glutathione-reductase activity in rat liver consuming water containing 100 mg/l cadmium chloride with

basal diet and 0.1%, 0.2%, 0.3% chitin diet

(Unit : moles/min/g, Mean=®SD)

Treatment 3weeks bweeks 9weeks 12weeks
Cadmium only 111.09:+8.07 115.02:£10.23 116.23+9.13 117.09£10.87
Cadmium with 0.1% chitin 112.98419.23 114.99+12.43 115.9849.91 116.99+10.47

Cadmium with 0.2% chitin
Cadmium with 0.3% chitin

108.994:10.92
108.72£11.09

113.97+£9.81
114.11:£10.28

115.28+10.39
113.83%13.73

116.83£9.82
114.91£8.90
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Table 11. Glutathione-reductase activity in rat liver consuming water containing 100 mg/! cadmium chloride with
(Unit : moles/min/g, Mean=SD)

basal diet and 0.1%, 0.2%, 0.3% chitosan diet

Treatment

3weeks

bweeks

Yweeks

12weeks

Cadmium only
Cadmium with 0.1% chitosan
Cadmium with 0.2% chitosan
Cadmium with 0.3% chitosan

111.09£8.07
108.92+12.96
106.90+13.81
106.29+£10.78

115.02:+ 10.23
113.43+10.37
111.93+11.87
108.38+10.32*

116.23+9.13
113.99+10.36
112.90+11.83
107.81£13.33

117.09+10.87
114.81+£12.92
111.97+9.78
109.85+13.89*

*Significantly different from cadmium only treatment group at P<(.05.

Table 12. Glutathione-reductase activity in rat liver consuming water containing 100 mg/! cadmium chloride with
basal diet and 0.1%, 0.2%, 0.3% dithiocabarmate chitosan diet

(Unit : moles/min/g, Mean=+SD)

Treatment

3weeks

bweeks

Yweceks

12weeks

Cadmium only
Cadmium with

0.1% dithiocabarmate chitosan
Cadmium with

0.2% dithiocabarmate chitosan
Cadmium whith

().3% dithiocabarmate chitosan

111.094:8.07
108.11+£11.92

106.82+£19.23

105.82+16.88

115.02£10.23
112,98+ 10.38

110.34 £ 10.30

107.32116.21%*

116.23+9.13
112.98+9.27
110.83+£10.38

106.23+16.83*

117.09+£10.87
113.82£12.89

108.38£11.28*

107.92+10.22*

*Significantly different from cadmium only treatment group at P<0.05.

Table 13. Glutathione-s-transferase activity in rat liver consuming water containing 100 mg/! cadmium chloride
(Unit : moles/min/g, Mean=SD)

with basal diet and 0.1%, 0.2%, 0.3% chitin diet

Treatment 3weeks 6weeks Yweeks 12weeks
Cadmium only 391.67 +:23.97 394.78+39.23 405.48+28.81 416.87+235.80
Cadmium with 0.1% chitin 387.92+38.01 387.90+59.30 410.83+49.82 417.92457.39

Cadmium with 0.2% chitin
Cadmium with 0.3% chitin

398.90:1 50.23
397.114£39.01

389.99+45.11
378.37+29.73%

400).28:+39.72
406.12+40.79

408.431+69.93
406.02+73.08%

*Significantly different from cadmium only treatment group at P<0.05.

Table 14. Glutathione-s-transferase activity in rat liver consuming water containing 100 mg// cadmium chloride

with basal diet and 0.1%, 0.2%, 0.3% chitosan diet

(Unit : moles/min/g, Mean=+S.D)

Treatment

3weeks

owecks

Yweeks

12weeks

Cadmium only
Cadmium with 0.1% chitosan
Cadmium with 0.2% chitosan
Cadmium with 0.3% chitosan

391.67+23.97
387.821+39.43
379.21+65.32
370.29+54.76

394.78 £39.23
389.01+38.28
385.32 +66.91
376.87 4 67.91"

405.48+28.81
390.324+40.22
387.38+£50.38*
389.09+27.38*

416.87 +35.80
410.231+63.21
395.65439.23
390.91+69.96*

*Significantly different from cadmium only treatment group at P<0.05.

Table 15. Glutathione-s-transferase activity in rat liver consuming water containing 100 mg/l cadmium chloride
(Unit : moles/min/g, Mean+S.D)

with basal diet and 0.1%, 0.2%, ().3% dithiocarbamate chitosan diet

Treatment

3weeks

oweeks

9weeks

12weeks

Cadmium only
Cadmium with

0.1% dithiocarbamate chitosan
Cadmium with

0.2% dithiocarbamate chitosan
Cadmium with

0.3% dithiocarbamate chitosan

391.67+23.97
382.39+49.02

380.88:+39.72

357.16+78.09F

394.78+39.23
378.91 + 58.32

370.23 £58.27F

362.77+43.81%

405.48+28.81
391.77+57.32
392.86+38.32

377.81+19.83*

416.87+35.80
407.24158.39

390.82+62.89*

381.99+76.32%

*Significantly different from cadmium only treatment group at P<0.05.
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Iv. & 2

7)€l, 7184 ¥ dithiocarbamate chitosans 31|
Aol vl g2 Egsle] Foisled AAl =gl
+XI, metallothionein®] 2, glutathione-peroxidase
A 2 olutathione-reductase #8435 % gutathione-
s-transferase A5 543 Ax) o5 2 A
5 qdgich

1. B}E-E s

7} g W Folde| gF ] vlei HHEk
< 15.36 mg/kg(3), 16.55 mg/kg(671), 18.37 mg/
kg(95)3} 19.02 mg/kg(127) 8 Skl

1) 71¥le] ghafs} Sof 7] 2bell FHA|Gl0] 7iRle] 2|

b7 he R S-S daAlvis e 719
o 5F-8 F2] 29k}

2) 0.3% 71EARE Eksted AojA7]l dut 7h=
B F'eot 15.23 mg/kg(35-)-17.23 mg/kg(127F) &
71l FojFoll w)ate] b f FHHafo] Fhasisirt,

3) Dithiocarbamate chitosan 0.3% 2 -Egtsto] 4]
o] A1l Az Zbg EeFe] FIvb 13.77 mg/kg
(37)-16.75 mg/kg(125°) 2 dithiocarbamate chito-
san?) B &8-S Z7}AA Ale] A7 4 & AR g
S v Ao Tela g

2. Metallothionein2F

b H v Folite] 31 P metallothionein
O

gk o] y)7ke] A4 FkAElgiv)
D 71" geksl Sodr|zke]] #AIgle] AN
metallothineingkol] = 7] o] d3k-8 2] ¢dsirl

2) 7)EAke] BHEEE 0.3% H]% slod oAl A
o] A1 AL  metallothinein®> 3.81 mg/kg(37)-3.11
mg/kg(125) 2 metallothionein®Fe] 7 Fksirl.

3) Dithiocarbamate chitosan®] &3-& 0.3% vl&
2 3lo] Alo] A1 A3 4.13 mg/kg(35°)-3.03 mg/
kg(127F) % dithiocarbamate chitosan®] ¥ -8 &7}

Al g1 ol 7] 7] 2 4E 7 metallothionein®ko]
A3 S5kt

3. Glutathione-peroxidase #4 T

7l F w5 Bojgte] 31z 73 glutathione-
peroxidase & T Fol7|7te] A45 @ﬁﬁ}?«i“}-

1) #39) Abgel 7|6g Egate] Aol A7l A
7} 7]¥le] 33 7-¥Y glutathione-peroxidase &

Aotz Ao gk A sk

2) 784S 0.3% v]&8 E3sle] Foiah dae=
31 mg/kg(37)-4.77 mg/kg(127F) &
peroxidase 3 w7} Z7}sldch

3) Dithiocarbamate chitosan®] & 0.3% v]&
2 3le] AojA)zl A 7 glutathione-perox-
idase B4 %= 5.55 mg/kg(37)-4.78 mg/kg(12F)
2 dAAsA Zrlskdct.

glutathione-

4. Glutathione-reductase 4T
gl whE o) 39 glutathione-reductase &
A&z Foizizte] A4 Al Frislelch
1) 339 Afgel 71818 &Egste] Foigh A3}
glutathione-reductase 4 =7} 27k Zhasloich,
2) 0.3% 7|84 Este] Fold 9] glu-
tathione-reductase 24 %3= 106.29 mg/kg(35)-
109.85 mg/kg(127) 2 748k oh
3) Dithiocarbamate chitosans 0.3% B]-&= &}
Al6)A17] A= 105,82 mg/kg(35)-107.92 mg/kg
(1277)% glutathione-reductase 2457} @14
ZHasdch

5. Glutathione-s-tansferase AT
g ghy FolTol|4]9] glutathione-s-transferase
3‘}”5—" Fol7)7ke] A5 A2l Srlstelctk
) Bl# o] Alsel| 7]'lS E&F3 }04 Fodgl TrollA]

2] qlutathione-b-trdnsfcras i W Wyt gl

slct.

2) 0.3% 71%AkIA glutathione-s-transferase
A= 370.29 mg/kg(37)-390.91 mg/kg(125)
2 kst

3) Dithiocarbamate chitosan 0.3% B| &% &%
alo] Ao|A)17] A3l= 357.16 mg/kg(35)-381.99
mg/kg(127) & 73 glutathione-s-transferase
LI A Eal) A IR 2 L L

olo e AsE % o 7S 44 LAY Fhe
F 5 Abaol W Q3% Fa FHon, e

2 dithiocarbamate chitosan< &3 73
ZA ek fael daks T vloR AlEE

anEs

1) 785, 23, A=, 23 7] : Chitosan®! 3=
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