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Effect of Dietary Chitin and Chitosan on Cadmium Toxzicity
and Lipid Metabolism in Rats

Kim, Mi-Kyung - Seol, Eun-Young
Department of Food and Nuirition, Ewha Womans University, Seoul Korea

ABSTRACT

This study was performed to investigatc the effect of dietary chitin & chitosan on cadmium
(Cd) toxicity and lipid mctabolism in rats.

Forty-two male rats of Sprague-Dawley strain weighing 137% 2g were blocked inio 6 groups
according to body weight, and were raised for 4 weeks. Cadmium chloride was given at the
level of 0 or 400ppm in diet and chitin and chitosan were given at the level of 0 or 4% (w/w)
of diet.

The results are summarized as follow.

Chitosan decreased the toxicity of Cd on liver, kidney and femur and increase the Cd content
of fecal cxcretion. Chitosan increased the lipid & cholesterol content of fecal excretion by
combining with lipid and bile acid. Chitosan decreased lipid, cholesterol and TG content in
serum and liver by combining with lipid and bile acid. Chitin was less effective than chitosan
in decreasing of Cd toxicity and lipid content of rat.
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Fig. 1. Structure of chitin.
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Tahle 1. Expermental design

viscosity® 1% Z4HEe-g o] 88} 0.5% chitosan
9% Azt fA3s] 2HALF FHS 2F
(Brookfield viscometer, spindle$f4, 60rpm) 520cps
(centipoise) R Th.

AR FF Aol AL I 3 o
4 Azt AT ASL T 15 22

Experimental Experimenual diet
groups” Cadmium level( % )2 Chitin level( %) Chitosan level( %)
N—N 0 0 0
N—CS§ 0 0 4
N—-C 0 4 0
Cd—N 0.04 0 0
Cd—C5 0.04 0 4
Cd—C 0.04 4 0

1) N—N : none Gd-none chitin & chitosan group(comrol)

N—CS . none Cd—4% chitosan added group
N—C :none Cd—4% chitin added group
Cd—N ' Cd added-none chitin & chitosan group
Cd—C5: Cd added—4% chitosan added group
Cd—C : Cd added—4% chitin added group

2) Percennagc(w/w) of total diet

Table 2. Compositions of experimental diets(per kg diet)

Exp. groups

. N-N N-C§ N-C Cd-N Cd-Cs cd-c
Ingredients

Com starch(g) 703.14 663.14 663.14 702.74 662.74 662.74
Casein(g) 150 150 150 150 150 150
Corn oil(g) 100 100 100 100 100 100
Gadmium chloride(g) — - - 0.4 0.4 0.4
Chitin(g) - - 40 - - 40
Chitosan(g) — 40 — - 40 -
Salt mixture(g)™ 40 40 40 40 40 40
Vitamin mixture®*

*Compositon of salt mixture(g/kg diet) : Calciwm phosphate, dibasic 20g, Sodium chloride 2.96g, Potassium
citrate monohydrate 8.8g, Potmssium sulfate 2.08g, Magnesium oxide 0.96g, Manganouse carbonate 0.14g,
Ferric citrate 6Hz0 0.24g, Zinc carbonate 0.064g, Cupric carbonate 0.012g, Potassium iodate 0.0004g, Sodium
selenite 0.0004g, Chromium potassium sulfate 0.0002g, Sucrose to make 40.0g

“*Composition of vitamin mixture

1) Vitamin A, D mixture(/kg diet) : Vitamin A 0.lmg & Vitamin D 0.0Img/ml Corn oil

2) Vitamin E, K mixture(/kg diet) . a-Tocopherol acetate 0.5¢ & Menadion 2mg/2ml Com oil

%) Water soluble vitamin mixture(/kg diet) . Choline chlonide 2000mg, Thiamin Hydrochloride 10mg,
Riboflavin 20mg, Nicotinic acid 120mg, Pyridoxine 10mg, Calcium pantothenate 100mg, Biotin 0.5mg,
Folic acid 4mg, Inositol 500mg, Para-amino benzoic add 100mg

4) Vitamin Bjo(/kg diet) : 0.0lmg B;o/ml Distlled warter
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Table 3. Food intake, weight gain, FER of expenmental rats

Food intake

Weight gain

Exp. groups (g/day) (g/28 days) FER
N-N 119.80 0.56°52) 14445+ 9.417 0.251+ 0.015°
N-C$ 99.90+ 1.292 149.714 10.37° 0.227+ 0.013%
N-C 21,27+ 0.72% 166.86 9.40° 0.270+ 0.010
Cd-N 12,814 2.02¢ —6.17% 11.74¢ —0.002+ 0.347°
Cd-Cs 16.26+ 0.975¢ 77.71+ 9.150 0.164+ 0,019
Cd-C 11.754 0.49¢ 18.14% 11.10° 0.084=+0.031"
1) Meant SE

2) Values with same alphabet within the column are not significantly different a1 @=0.05 level by Scheffe

1est,

8) N.S: Not significant ar @=0.05 level by Scheffé test.
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Table 4. Hemoglobin content and hematocnt value of expenmental rats

Hemoglobin Hemarocrit
Exp. groups (g/100ml) (%)
N-N D1g.21+ 1.072 5794+ 2,763
N-CS$ 17.90% Q.46 38.01+ 1.97%
N-C 17.59% 0.55% 42,441 0.76¢
Cd-N 15,174 0.48 34,424 2,994b
Cd-Cs 14.79% 0.34" 30.21% 2.90b
cd-C 15.27+ 0.52% 37.29+ 2 293
1) Mean* SE

2) Values with same leer within the column are not significandy different at ¢=0.05 level by Scheffe test.

Table 5. Liver and kidney weights, liver and kidney indexes of experimental rats

Liver weight Liver index Kidney weight Kidney index
Exp. groups
(g (mg/g body wr) (2 {(mg/g body wr)
N-N 9.05% 0,184 31.88+0.83N8 1.85% 0.06* 6.62+ 0.17"
N-CS§ 8.68+0.15% 30.56+1.25 1.83% 0.064 6.40£ 0.11"
N-C 8.47+0.45% 2789+ 0.59 1.874 0.094 6.20+ 0.20"
Cd-N 4.14+ 0.25¢ 32.70£2.94 1.074 0.04¢ 8.41% 0.49°
Cd-C$ 6.25% 0.12° 29.55+ 0.96 1.44% 0.08" 6.87+0.52"
Cd-C 4.50% 0.40¢ 29.84+1.04 1.19% 0.05b¢ 3.08% 0.26*
1) Meanzt SE

2) Values with same letter within the column are not significandy different at ¢=0.05 level by Scheffé test.

— 1000 —



2m% -

29 o] BFANA ME BAH oz 28817 mol
) cdol CathAte] FoflE doA we] el
AAE Aoz Bart EF cdo] FAEANAM 1,25
dihydroxycholecalciferol®] 282 Wl ste] CafT
2 Z2A7E, Cd B3FA AR7EY FeE A
ANej2 el Cav ko] FVIEIL o]F bone resorp-
tiong ©l& Z71AA 2UFEY TdEgEHE K
gl b $g9), AR o8 FAE lai-
Ttal BAS A A et b o) o 22w

e

h=3
&

WEt Cde] A2 Aol 4 ZAR A LB
e 4% o o%ghg 4 JATh

Az 2, A, ¥z cd T (Table 7
Cd FHTe] MIFTRD AAFA £ £
vEtg o, ¢d F5TEFNA chitosand ]
)
]

—

[+]
TR ¢d Tae] wekrh o] Table 8ol
2 al=dle) 2oj chitosand) Cd F2hA) 7
o2 nely}
=g Ho R wiaE)E Cde) TF(Table 8)S Cd

STa i A I Y

2 L g o

Table 6. Femmur length and weight of expenmental rats

Fernur weight

Fernur lenght

Exp. groups (@ (am)
N-N D0.51+ 0,013 .24+ 0,067
N-C$ 0.46%0.012 8.34£ 0.0620
N-C 0.47+ 0.02% $.43% 0.05%
Cd-N 0.31% 0.01" 2.83% 0.05¢
Cd-Cs 0.34£ 0.01° 3.11+0.08™
Ccd-c 0.30+ 0.028

1) Meant SE

2.99+ (.06

9) Values with same letter within the column are not significandy different at @=0.05 level by Scheffe rest.

Table 7. Cd contents in blood, liver, kidney and femur of expermental rats

) Blood Liver Kidney Femur.
Exp. groups {pg/100ml blood) (ug/g dry liver) (ug/g dry kidney)  (ug/g dry femur)
N-N 00.25+ 0,042 0.94+ 0.12¢ 0.81+0.17¢ 0.74% 0.07¢
N-CS 0.491+0.07¢ 1.00% 0.20¢ 104+ 0.15¢ 0.90x 0.08°
N-C 0.87£0.15¢ 1.46% 0.09¢ 1.06£0.10° 1.5321 0.08¢
Cd-N 5.471 0.30% 66.66% 6.44" 159.25+ 5.24% 4.63+0.19%
Cd-Cs 2.48+0.08" 42.27+ 1.29¢ 75.37% 4.14P 3.55% 0.28"
Cd-C 2.88+0.138* 86.101% 2.96% 155.61£9.22° 5.28+ 0.42¢
1) Mean% SE

9) Values with same letter within the column are not significantv different at a=0.05 level by Scheffe test

Table 8. Urinary and fecal Cd excretions

Exp. groups Urinary Cd Fecal Cd
(ug/day) {pg/day)
N-N 10.054 0.01¢ 268+ 0.19¢
N-CS 0.06+ 001 1094+ 0.704
N-C 0.12+ 0.01¢ 8.27+ 0.43¢
Cd-N 1.20+ 0.10" 198.15% 11.27¢
Cd-Cs 1.29% 0.255 577.87+ 27.57°
Ccd-C 2.3240.23¢ 354 35+ 99.85°
1) Mean SE

2) Values with same letter within the column are not significanty different ac @=0.05 level by Scheffe wst.
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Table 9. Epdidymal fat pad weight and index of expermental rats

Epididymal far pad E.F.P index
Exp. gruops

(g (mg/g body wr)

N-N D418+ 04722 14.41% 1.44°
N-C$ 3.08% 0.40% 10.69% 1,973

N-C .99+ (.62 1356+ 2.36%

Cd-N 0.68+0.19° 4781 1.15
Cd-Cs 1.68+ 0.14b¢ 7.86% 0.4820c

cd-C 0.96+ 0.29° 6.235F 1.30b¢

1) Mean3: SE

2) Values with same letter within the column are not significantly different at @=0.05 level by Scheffé test.

Table 10. Total lipd, total cholesterol and tiglycende contents in serum of expenmental rats

Total Iipid Total cholesterol Triglyceride
Exp. groups
(mg/100ml serurn) (mg/100ml serum) (mg/100ml serum)
N-N 864,29+ 15.98:2) 274.29+ 29.93* 154.29:F 14,347
N-CS 60429+ 40.05" 175.71% 2599 13953+ 9.07"
N-C 682.86+ 28 84P 285.00+ 21.0720 160.00% 10.742
Cd-N 410.00£ 35.40°¢ 198.354 10.782b 56.67L 38.54F
Cd-cs 45714+ 12.48¢ 83.57+ 7.92° 4056+ 2.34P
Cd-C 370.00+ 17.46¢ 127.86% 15.11% 8191 5.90"
1) Mean? SE

2) Values with same lewer within the column are not significanly different at @=0.05 level by Scheffé test.
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