W % %R A 35 30(6) ¢ 622~633, 1997

o)

Chitin, Chitosan %

24 Chitosan 547} 2159

Cadmium FE=3} AHAle]] v x| of gk*

R
EECDLE

Effect of Dietary Chitin, Chitosan and NOCC on Cadmium Toxicity
and Lipid Metabolism in Rats*

Bae, Kye Hyun - Kim, Ho Jung - Kim, Mi Kyung

Department of Food and Nutrition, Ewha Womans University, Seoul, Korea

ABSTRACT

This study was to investigate the effects of chitin, chitosan, NOCC and cellulose on cadmium
toxicity and lipid metabolism in rats. Fifty male rats of Sprague-Dawley strain weighing 155+
17g were divided into 10 groups according to body weight, and were raised for 5 weeks. Levels
of 0 and 400 ppm of cadmium chloride were in the diets. And chitin, chitosan, NOCC and
cellulose were given at the level of 0 and 4% (w/w) of the diets. Chitosan and NOCC decreased
Cd concentration of liver and kidney, and increased the fecal excretion of Cd. Although cellulose
was less effective, cellulose also decreased Cd concentration of liver and increased fecal Cd
excretion. However chitin had little effect on alleviating Cd toxicity. In addition, chitosan and
NOCC lowered total lipid, cholesterol and triglyceride contents in serum and liver by decreasing
the lipid absorption. The lowering of cholesterol especially had a remarkable effect. Although it
was less effective than chitosan and NOCC, chitin decreased the lipid absorption ratio and
lowered cholesterol contents in serum and liver. In conclusion, chitosan and NOCC showed
effects of decreasing the absorption of Cd and lipid. (Korean J Nutrition 30(6) : 622~633, 1997)
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Sprague-Dawley® 57 85 507218 243 A%
A 15797 TEAREEDE A-SAF AFe] 155
+17g8 ASL AF w2t deel ofsje] srkeld
10702 o] 557 Table 13 22 WEo2 Al
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o) Alo] FF381% 5L ocellulose(Sigma)®t chitin, ch-

Table 1. Classification of experimental animals
Exp. groups’ Dietary fiber level(%)” CdCl, level(ppm)

N N 0 0
N C Cellulose, 4 0
NT Chitin, 4 0
NS Chitosan, 4 0
N W NOCC, 4 0
CN 0 400
ccC Cellulose, 4 400
cT Chitin, 4 400
CS Chitosan, 4 400
CWwW NOCC, 4 400

—_

N N : No Cd no fiber group

N C : No Cd cellulose group

N T : No Cd chitin group

N S : No Cd chitosan group

N W : No Cd water soluble NOCC group
C N : 0.04% CdCl, - no fiber group

C C : 0.04% CdCl, - 4% cellulose group
C T : 0.04% CdCl, — 4% chitin group

C S : 0.04% CdCl, ~ 4% chitosan group
C W : 0.04% CdCl,— 4% water soluble NOCC group
2) Percentage{w/w) of total diet
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Table 2. Composition of experimental diets(kg diet)
Exp. groups ingredients N N N C NT NS N W CN ccC cT cS cCwW

Com starch(g) 703.14  663.14 663.14 663.14 663.14 702.74 66274 662.74 662.74 662.74
CdCl,(g) - - - - - 0.4 0.4 0.4 0.4 0.4
Cellulose(g) - 40 - - - - 40 - = -
Chitin(g) - - 40 - - - - 40 - -
Chitosan(g) - - - 40 - - - - 40 -
NOCC"(g) - - - - 40 - - - - 40
Casein(g) 150 150 150 150 150 150 150 150 150 150
Com oil(g) 100 100 100 100 100 100 100 100 100 100
Salt mix.%(g) 40 40 40 40 40 40 40 40 40 40
Vit A.D mix,”(ml) 1 1 1 1 1 1 1 1 1 1
Vit EK mix,*(ml) 2 2 2 2 2 2 2 2 2 2
Water SOI.VH’SS) * * * * * * * * * *

Vit By, “mi 1 1 1 1 1 1 1 1 1 1

1) N,O-Carboxymethyl Chitosan

2) Salt mix(g/kg diet) : Calcium phosphate,dibasic 20 : Sodium chloride 2.96 : Potassium citrate monohydrate 8.8 ; Po-
tassium sulphate 2.08 ; Magnesium oxide 0.96 ; Magnous carbonate 0.14 ; Ferric citrate. 6H,0 0.24 ; Zinc carbonate
0.064 ; Cupric carbonate 0.012 ; Potassium iodate 0.0004 ; Sodium selenite 0.0004 : Chromium potassium sulphate
0.0002 : Sucrose to make 40.0g

3) Vitamin A,D mixture(mg/m! corn oil) : VitA 0.1 ; Vit.D 0.01

4) Viamin E K mixture(mg/mi corn oil) : o-Tocopherol acetate 0.025 : Menadion 1

5) Water soluble vitamin mixture(mg/kg diet) : Choline chloride 2000 : Thiamine hydrochloride 10 ; Riboflavin 20 : Ni-
cotinic acid 120 ; Pyridoxine 10 : Calcium pantothenate 100 ; Biotin 0.05 ; Folic acid 4 ; Inositol 500 : Para-am-
inobenzoic acid 100

6) Vitamin B, solution(mg/mi distitled water) : Vit B,, 0.01
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Table 3. Food intake, weight gain and FER
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2. WN2H Q HESS HEFHS Z2H
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FEEd g fejdom it 1l HEFA=
Cd¥ A42AF 5 A5a8e dTE ol CdHlTw
TollAE ARAEF WE o7} figiert CdEF
Fo A= CWazo] CNoll Hlgl A Vrebsitt

3. @om A% W ME, HEZE2 Cdsk

Holm} 24 3b AR EE9 Cdsks Table
6ol AABIGTE o CdsEe Cddgaol ¥lgH
Rt} go)dog Egten CAZFTEFTAME ce-
llulose(CC)E NOOC(CW)wo] thd Ak
Bylout o)A Aole qiglth &3 Cdsw Cd
2FFE0] HEFrol HE flFo® Eken Cd
ZFFZAA chitosanT (CS)e] THETET; fol3 e
2 yglt} 7h} A9 OdeEE Hlsgt A UE

Yol Aol CaBHAT, Afrdel £/, Cdt AR

Wt gain(g/5week)

Exp. groups Food intake(g/day) F.ER
N N 17.6+1.17"% 150.2 +24.9a 0.26+ 0.04a
N C 19.2+1.38a 163.7 +283a 0.25-+ 0.03ab
NT 16.84+2.91a 125.2 +22.5a 0.23+ 0.03abc
NS 17.8+1.78a 128.7 +28.2a 0.21+ 0.03abc
N W 17.1+2.54a 120.4 +60.9ab 0.19+ 0.07abc
CN 10.2+1.50b -0.25+37.9¢ —0.03+ 0.10d
ccC 10.9+2.00b 18.2 +16.2¢ 0.05+ 6.04cd
CT 10.9+1.73b 15.9 +10.2¢ 0.07+ 0.07abcd
CS 13.9+4.19ab 33.6 +37.5c 0.07+ 0.08bcd
CwW 14.1+0.61ab 79.0 +43.3b 0.16+ 0.09abc
S.F* A, AB A, AB A, AB

1) Mean +SE(n=>5)

2) Values with same alphabet within the column are not significantly different at «=0.05 level by Duncan's multiple

range test

3) A : Effect of Cd addition is significant at «=0.05 level by F-test
B : Effect of dietary fiber type is significant at a=0.05 level by F-test
AB : Effect of interaction between Cd and dietary fiber type is significant at «=0.05 level by F-test
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Table 4. Liver and kidney weights, and liver and kidney indices

Exp. groups Liver wt(g) Kidney wi(g) Liver index Kidney index
N N 8.69+1.25"ab” 0.98+0.10a 27.9+1.62ns" 3.1440.09d
N C 9.93+1.04a 0.97+0.08a 31.7+6.49 3.1140.24d
NT 7.8740.89bc 0.93+0.11ab 28.3+0.96 3.32+0.10bcd
NS 8.24+1.06b 0.91+0.14ab 29.24+3.70 3.2240.14cd
N W 7.87+1.62bc 0.880.14ab 28.942.79 3.28+0.47bcd
CN 4.78+1.4%e 0.57+0.21d 32.442.38 3.87+0.51a
CcC 5.52+0.94de 0.66+0.08cd 31.1+3.44 3.76--0.38ab
cT 5.40+0.46de 0.66+ 0.06¢d 31.9+2.83 3.89-£0.40a
CSs 5.44+1.04de 0.69+0.11cd 28.9+3.17 3.69+0.25abc
cw 6.57+1.50cd 0.76+0.09bc 28.7+2.43 3.4040.53abcd
SF A, AB A A

1)-3) see Table 3

4) Not significant @=0.05 level by Duncan’s multiple range test

Table 5. Femur and ash weight

Exp. groups  Femur dry wi(g)

Femur ash wi(g)

N N 0.49+0.04"a”
N C 0.49+ 0.04a
NT 0.47+0.06a
NS 0.451+0.04a
N W 0.46+0.07a
CN 0.32+0.06b
ccC 0.34+0.05b
CT 0.33+0.03b
CS 0.33+0.06b
CwW 0.38+0.04b
S.F A

0.261£0.02a
0.27+0.02a
0.25+0.03a
0.234+0.02a
0.24+0.04a
0.14+0.04¢
0.16+0.03bc
0.154+0.02bc
0.17+0.02bc
0.19+0.03b
A, AB

1)-3) see Table 3
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Table 6. Cd concentrations in whole blood, femur, intestine, liver and kidney

Exp. groups Blood Cd(ug/100ml) Intestine Cd(ug/g) Liver Cd(pg/g) Kidney Cd(ug/g) Femur Cd(pg/g)
N N 2.84+ 0.90"2” 0.46+ 0.40c 1.97+0.98d 1.80+ 0.98d 0.80+0.21a
N C 271+ 0.97a 0.75+ 0.33¢ 1.99+0.76d 213+ 0.77d 0.65+0.39
NT 218+ 0.82a 0.69+ 0.31c 1.81+£1.37d 1.69+ 0.97d 0.724+0.39a
NS 220+ 0.54a 0.70% 0.42c 1.93+1.46d 202+ 1.22d 0.70+0.30a
N W 2,67+ 1.00a 0.64+ 0.41c 2.00+1.28d 1.67+ 0.53d 0.81+0.21a
CN 218.6 +40.1b 37.9 +12.9a 55.4 +8.70a 449 +14.3ab 6.31+£1.92b
ccC 168.7 +43.9b 26.5 £12.5a 439 +8.8% 396 +18.3b 5.39+2.24b
cT 219.9 +84.3b 353 +14.8a 49.7 +8.99ab 53.6 +13.52 5.40+3.46b
CS 183.4 +25.4b 12.7 + 4.84b 225 +6.11¢c 17.1 + 5.90c 5.50+1.33b
cw 169.7 +59.8b 29.8 +12.4a 18.0 +2.73¢ 18.5 + 1.90c 6.5141.09b
S.FY A A, B, AB A, B, AB A, B, AB A

1)-3) see Table 3



Table 7. Urinary and fecal Cd excretions

Exp. groups  Urine Cd(pg/day) Fecal Cd(ug/day)
NN 1.20+ 0.63"c” 220+ 1.24d
N C 1.19+ 1.37c 2.55+ 2.27d
NT 0.90+ 0.79c 264+ 1.46d
NS 0.52+ 0.44c 243+ 0.99d
N W 0.72+ 0.73c 2.54+ 1.58d
CN 112.2 +12.9ab 119.0 =12.8¢c
CcC 140.6 +35.3a 197.9 +£19.2a
CT 129.9 +46.8a 1248 +21.2c
CS 111.9 +19.5ab 168.7 +56.0b
Ccw 99.5 +13.4b 163.4 +14.5b
S.F” A A, B, AB

1)-3) see Table 3
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Table 8. Total lipid, cholesterol, triglyceride, and HDL-cholesterol concentratios in serum

Exp. groups  Serum lipid(mg/100ml)  Serum cholesterolimg/T00ml)  Serum TG(mg/100ml)  Serum HDL-chol{mg/100ml)
NN 376.04103.3"” 92.8+ 7.75a 102.1425.2a 39.3+ 2.61ab
N C 280.0421.6abc 86.1+ 4.17a 70.8+20.4abc 38.5+14.3ab
NT 329.8+98.4ab 67.4+ 7.35bc 96.3135.9ab 39.9418.6ab
NS 255.6+61.9bc 59.8+ 6.57bc 62.7419.8bc 44.61 4.09a
N W 270.0459.1bc 56.3% 5.54c¢ 64.8+11.7bc 442+ 4.15a
CN 305.5+19.2abc 70.8+11.6b 56.4119.4c 26.9+ 8.80b
ccC 281.2+45.7abc 63.1+20.4bc 65.0422.4bc 36.7+ 8.45ab
CT 222.2+26.8c 61.4=4 3.64bc 75.5423.5abc 34.6+ 4.13ab
CS 234.8+22.3bc 65.8+ 3.34bc 72.1417.3abc 34.7+ 3.78ab
CWwW 261.8+56.9bc 63.9+ 8.57bc 70.6+14.1abc 36.1+ 8.92ab
S.F A A, B, AB A

1)-3) see Table 3

Table 9. Total lipid, cholesterol and triglyceride concentrations in liver

Exp. groups Liver lipid(mg/g liver) Liver cholesterolimg/g liver) Liver TG(mg/g liver)
N N 20.8%5.61%" 217 +1.55a 30.2+13.2ab
N C 19.44+1.13ab 18.9 +1.29 24.0%+ 1.50abc
NT 18.7+2.45ab 16.4 + 1.85cd 34.8+223a
NS 17.2+1.16bcd 15.2 +1.51d 30.5+ 7.72ab
N W 18.4+1.54abcd 17.0 £ 1.13c 29.1+16.9abc
CN 15.1+2.37d 9.13- 0.84e 13.9+ 2.69bc
ccC 15.8%+1.55cd 8.60% 0.32e 16.6+ 4.99bc
cT 15.6+1.37cd 8.58% 0.34e 13.3£ 1.75¢ .
CS 17.5+1.08abcd 8.05+ 0.81e 21.3+ 1.71abc
Cw 17.7+1.45abed 8.12% 0.75e 17.5%+ 5.49bc
S.FY A A, B, AB A

1)-3) see Table 3
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Table 10. Fecal total lipid, cholesterol, triglyceride excretions and lipid absorption ratio

Exp. groups Fecal lipid(mg/day) Fecal cholesterol(mg/day) Fecal TG(mg/day) Lipid absorption ratio(%)
NN 27.021.3"d” 3.19+1.70c 0.83+0.54¢ 98.5:1.10a
N C 92.6+72.6bcd 4.81+1.34cd 1.41+0.79¢ 95.2+1.39bc
NT 89.4+12.9bcd 6.40+1.35abc 2.26+1.19bc 93.9+0.51cd
N S 195.4+63.3a 7.611+£0.59a 4.22+2.232 89.0+1.53g
N W 112.7+90.6bc 6.32+0.84abc 2.55+0.61abc 93.9+41.28cd
CN 43.0+£20.9¢cd 0.86+0.28f 0.76+0.31c 95.7+£1.90b
CcC 125.4+66.7ab 3.60+ 1.54de 231+1.41bc 93.2+0.81d
CT 89.5+30.3bcd 2.85+£1.15e 1.73+£1.72bc 91.6+0.61ef
CS 134.1+48.1ab 7.17+0.54ab 3.44+1.39ab 90.4+ 1.03fg
cw 97.5+42 3bcd 5.89+1.28bc 1.91+0.61bc 92.74+0.47de
S.F” B A, B, AB B A, B, AB

1)-3) see Table 3
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