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and Cadmium Metabolism in the Rat
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ABSTRACT

This study was performed to investigate effect of dietary fibers in rice and barley on glucose,
lipid and cadmium(Cd) metabolism in the rat. Fifty-six male Sprague-Dawley rats weighing 244.
6+2.7g were blocked into eight groups according to body weight and raised for four weeks
with diets containing 0 or 0.04%(w/w) CdCl, and four different carbohydrate sources, starch,
rice flour, barley flour and mixture of rice and barley flour(7 : 3, w/w). Total dietary fibers and
B-glucan contents of barley were about three times higher than those of rice(10.75% vs. 3.94%,
3.11% vs. 1.06%, respectively). Food intake, weight gain, food efficiency ratio, liver and kidney
weights were lower in Cd exposed groups, and barley group among Cd exposed animals
showed highest weight gain, food cfficiency ratdo and organ weights. Fasting serum glucose
levels were not significantly different among groups. Serum cholesterol level was lowest in Cd
exposed barley group. Serum HDL-cholesterol level was higher in none-Cd exposed starch and
barley groups, and HDL-cholesterol : total cholesterol ratios were higher in none-Cd rice and
mixed flour groups than other groups. Liver total lipid and triglyceride levels were lowest in
barley groups regardless of Cd administration. Fecal total lipid, cholesterol and triglyceride
excretions were high in barley and mixed flour groups. Liver Cd concentrations were low in
Cd exposed barley and mixed flour groups. In Cd exposed barley group, fecal weight and Cd
excretion were highest and Cd retention ratio was lowest among groups. Small intestine
metallothionein(MT) concentration was highest in Cd exposed rice group, and kidney MT
concentration was highest in Cd exposed barley group. In conclusion, cereals showed different
effects on lipid and Cd metabolism that might be mediated by dietary fibers in cereals.
Especially B-glucan-rich barley group showed greatest lipid and Cd lowering effects by
increasing fecal lipids and Cd excretions. (Korean J Nutrition 30(3) : 252~265, 1997)
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Felol vlEl B o] o] AfE AHsta s Ao
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8 FUY TR AH7F A A Aol 7191g
Ga & & Qo & o] Adhe 3d] F AEA IR,
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ting Zo] FAE KUY AP A25Y2 4 Ao w3 (randomized complete block
Yo AT AL Yoo 8 Fko] 23 design)el 2f3te] TRlElH S—Egi B23la] Aoy
< 2 o vwA FRIAHRE TR dE FF Cd(0%, 0.04%)% g53le FARE 4713 B}
of #gt A7t o Fofrl= o] adtele) HHY. AV 0%+ HeNME 30%)71: 2)g Ao 2 43
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3 = 517) 8t 7 ARSERA T
o P ATER nVIAZ A E Ao] AHE A} A8 FE2 3 vy B8l stainless steel
43 AS5o] gt cagedl A ARSI, 4lolg) ol SFHFE AT 8l
ofd] & APelME FF FolAM= M) 7bg B o wA sith Trlde 99e WxEy] Ysid
2 W9} o] Hf- 53] Bglucan®] o] B B cage, Ao] 28, BW 59 BE 71115 (4% EDTA
2E AE N8R 55 4¥S 3l 4712 Bel7b (Ethylene Diamine Tetraacetic acid) €992 A3
7. I AR HEZFRe] 7:3 ERES drEl 3 3 "o FREELE g7 ARRElr)
B FY90E Fads o, 2oy do] Hhrl dE, A B Ag A AHEG 2lole] FALE Table 13 294t
W tiAL 2 cadmium WA Bl GEE Lopr i} 2lole] BpolE FHo s AR (S5 HAE AE
L=y W), A7 HE7hR Avlee BerlRe 713 2%
B ARSI (e, dRkE, 29 199544h) 3
Mz X 3H B (P g 1995940 A 24 BN P
ot Zo 37 AAAMAM 7 3 40°C convection
1.4 EI:'9| AL 9 Alo| oven(NDO600SD, EYELA, Japan)olA 24417t Az
A% 479 Sprague-Dawley® 571 87 5601212 319 roll mill® 52 2}t AW gozs 94s
TAstd AE AR 19U 38 g AL A Slcorn oil, AYAE, DA FLOoZE casein
B)E AN, 2 F Aol 244.6+27g% HES  (edible acid casein, Murray Goulburn Co-opera-
Table 1. Composition of experimental diets (g per kg diet)
Ingredients\Groups” NS NR NB NRB Cds Cdr CdB CdRB
Carbohydrate
Corn Starch 698 0 0 0 697.6 0 0 4]
Rice flour 0 698 0 488.6 0 697.6 0 488.3
Barley flour 0 0 698 209.4 4} 0 697.6 209.3
Casein 150 150 150 150 150 150 150 150
Corn oil 100 100 100 100 100 100 100 100
Cdcl, 0 0 0 0 0.4 0.4 0.4 0.4
Salt mixture? 40 40 40 40 40 40 40 40
Vitamin mixture® 10 10 10 10 10 10 10 10
Choline chloride 2 2 2 2 2 2 2 2

1) NS : No Cd+Starch

NR ; No Cd+Rice flour

NB : No Cd+Barley flour

NRB : No Cd+-Rice flour 70%, Barley flour 30%

CdS : Cd added + Starch

CdR : Cd added+Rice flour

CdB ; Cd added+Barley flour

CdRB : Cd added+Rice flour 70%, Barley flour 30%

AIN salt mixture(g/kg mixture) : Calcium phosphate, dibasic(CaHPO,2H,0) 500, Sodium chloride(NaCly 74, Potassium

citrate, monohydrate(K;C;HsO,H,0) 220, Potassium sulate(K,SO,) 52, Magnesium oxide(MgO) 24, Manganous car-

bonate(45-48% Mn) 3.5, Ferric citrate(16-17% Fe) 6, Zinc carbonate(70% ZnO) 1.6, Cupric carbonate(53-55% Cu) 0.3,

Potassium iodate(KIO,) 0.01, Sodium selenite (Na,SeO;5H,0) 0.01, Chromium potassium sulfate(Crk(SO,),12H,0) 0

55, Sucrose finely powdered, to make 1,000

3) AIN vitamin mixture(mg/kg mixture) : Thiamine.HCl 600, Riboflavin 600, Pyridoxine.HCl 700, Nicotinic acid
(Nicotinamide is equivalent.) 3,000, D-Calcium Pantothenate 1,600, Folic acid 200, D-Biotin 20, Cyanocobalamine
(vitamin B,,) 1, Retinyl palmitate or acetate(vitamin A) as stabilized powder to provide 400,0001U vitamin activity or
120,000 retinol equivalents, DL-o-Tocophery! acetate(vitamin F) as stabilized powder to provide 5,0001U vitamin £ ac-
tivity, Cholecalciferol 2.5(100,0001U, may be in powder form), Menaguinone(vitamin K, Menadione) 5.0, Sucrose fine-
ly powdered, to make 1,000g

n
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5o oz —?@ % 2lo] MRl TFL 3.94%Uct. Y9 deAEY ¢S wol Cd FETEC| ¥ETET
Bhdo| Halrhges %A‘W 2o] Af716.19%, 744 BEU %3, Cd FETE oAe Bertgate] 7
o] Af7) 456%, & Aol A7k 10.715%2M &7 B4en Cd HlFaTE e Bejrheare] 71 Wk
o] alo] A9 < 27HH9&‘3} ot A7 fglu- T
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N . =] oF aulod 4. AP0 Y NA S
g]7Hd) B-glucan o] &71F<] oF 3ulH). 28 89 820 A1 24 ATE Table 49] 7]
2. MO MFF, M7 F 1T H Aol 28 A8k
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2RE A4 2o] T8-S Table 20 A sHc). @A) Cd FFTET ATl B Aot
2lo] e Foll o3l Jd&gE dol Cd F AA 9| cholesterol FE€ 4 w3t & o] & Kol
FTEA Wtm, BrEtE ol o fojEd 2 A gskoy Cd FEEE F AET(CAS)Ol M =

Table 2. Food intake, body weight gain and food efficiency ratio

Groups Food intake(g/day) Body weight gain(g/4 weeks) Food efficiency ratio
NS "19.47+0.74™ 126.80+10.11° 0.231 +0.011%*
NR 18.734+0.75° 147.83+ 9.62° 0.283 +0.019°
NB 19.13+0.81° 126.04+ 8.94° 0.235 +0.013®
NRB 19.50+0.67° 150.31+£10.91° 0.273 £0.013°
Cds 11.61+0.50° 21.64+ 8.28° 0.065 +0.026°
CdrR 13.87+0.63° 50.74+ 9.00™ 0.128 +0.020%
CdB 12.93+0.49° 64.09+ 6.50° 0.175 £0.015™
CdRB 12.51+1.24° 42.19+17.99" 0.096 +0.071
Significant Factor” A A A

1) Mean =+ Standard Error(n=7)

2) Values with different alphabet within the column are significantly different at =0.05 by Duncan’s multiple range test
3) Statistical significance of dietary factors was calculated based on 2-way ANOVA and significant factor notations used

are as follows :
A : Cadmium effect was significant at 0=0.05
B : Effect of carbohydrate source was significant at a=0.05

AB : Effect of cadmium X carbohydrate source was significant at &=0.05
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Table 3. Organ weights

Groups Liver weight(g) Kidney weight(g) Small intestine weight(g)
NS "10.324+0.43% 2.28+0.06™ 3.91+0.53%
NR 10.2840.47° 2.5440.06° 4314022
NB 10.02+0.31% 2.50+0.05* 3.1740.29°
NRB 11.17+0.53° 27540.13° 3.63+0.24"
Cds 7.4240.24" 1.97+0.10° 4.02+0.22
CdR 8.12+0.15“ 2.07+0.04% 4704 0.40%
CdB 8.88+0.55" 2.18+0.10% 5.51+0.36°
CdRB 8.33+0.45" 2.01+0.11° 4.64+0.56"
Significant factor” A A B A, AB

1), 2), 3) See Table 2

Table 4. Serum glucose, total cholesterol, triglyceride and HDL-cholesterol concentrations, and HDL : total cholesterol ratio

Groups Serum glucose  Serum cholesterol  Serum triglyceride  Serum HDL-cho- ~ HDL:total cho-
(mg/100ml) (mg/100ml) (mg/100m) lesterol (mg/100ml) lesterol ratio
NS "102.24+ 459" 8130+ 6627  115.64+12.54° 40.12+2.62° 0.462+0.016°
NR 106.97+ 7.09 81.00+ 7.48® 91.49+10.07°  39.42+2.71° 0.47240.008°
NB 104.24+ 5.85 86.17+ 8.28% 80.96+ 7.87™ 40.56+4.47° 0.43540.015
NRB 108.30+ 5.22 79.77+10.44% 97.76+12.46™ 37.82-+5.48% 0.465+0.036°
cds 107.52-£10.83 97.10+ 8.83° 63.82+ 5.84° 39.22+2.02% 0.421+0.039%
CdrR 93.81+ 6.62 79.94+ 2.43% 68.08+ 9.33™ 30.41+2.00° 0.366+0.011™
CdB 107.80+ 7.43 7174+ 5.43° 66.04+10.81° 29.1443.16" 0.35540.008°
CdrB 103.98+ 6.42 78.25+ 5.22% 62.69+ 6.54° 28.95+1.98" 0.346+0.016°
Significant Factor” A A A

1), 2), 3) See Table 2
4) Not significant at «=0.05 by the Duncan’s multiple range test

g3, Hg =2 (CdB)e] 7 vttt 4 A v g3lE F99 4T 389 9¥% foAolo4 Cd
= Ao Cdoll 98 Hd8kS ol Cd FFTEC] HF  HFFTEAME AEwe] /M 31, Cd TETE
FEEHT gkt k3 Od BEFTEINE 8582 dNE fFolde opu} AETe] Y wsith 59
F90) W2 Fo|7} gl oy CdE B3 €S 7E  Cd HBFFTEF dEwe] UE FE vF fefao
ME HaElZlRFE(NB)o] /M wetn AEFo] M 2 /M 23tk 4 AW FEe Cd 38 RS EF
=9ttt HDL-cholesterol 35+ Cd 257%9 9% 38 3ol 9 4] 25 vehiA Cd 35Tl
o0 Od BEFESo| v TETE Hlg wgtoy By uFFTERT 24 vgkn, ARaEe] AVFu B
=

32 o W2 ol B 4 ¢lolth w3 HDL- 715, ERVIRE 359 <5 Hl8) 3tor 53] B
cholesterol : total cholesterol ratio® 4ol Cd & 7% Z3rIFETo] Y¥ant.

H45e 9oz Cd FHwEC] HFFTERT Wk
T, SeEE g6l webA e Aol vA] @i

(<]
5 It NAE 5k £ Table 69 A A3t
7] & A, cholesterol, & u
3 A3}E Table 590 A8

tel F AN sE= Cd 3F

froll ool F&F= L 49 4= °]
o} Cd ZFZEC] HIZFZERT Wolvh B3 Cd ¥ 7H9E BstE 390R FEd wE0l dEE 3ET
Fred vFFTEddN FEHLR Hebee I wERY W9 FAY wid o] w3kerl 53 NRBT
¥ NBzZ# CdBwe] FA¥3e] w72

o Jelldl o] 7B Eskeh We) cholesterol Wi #HE Cd FH &
th RE 25 FA Cd ¥TETe] ARTe P ' L g5EE 39, o189 45 A8y 9%l BT ¢
stk 749 cholesterol ¥ %=+ Cd &8 #5949 9 TFeA e FEC] TFH T

2 2

39 + 39
Felolold Cd FHEEAN UL, Cd FFHRE B ¥R, Cd FF F5 A ol walte
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Table 5. Liver total lipid, cholesterol and triglyceride concentrations

Groups Liver total lipidimg/g wet wt) Liver cholesterolimg/g wet wt) Liver TG(mg/g wet wt)
NS 36.05+2.56% 2.26+0.21° 10.54+0.93°
NR 3071+1.27* 1.67+0.22" 8.71+1.27%
NB 27.60+1.62™ 1.41+0.16° 6.64+0.62°
NRB 28.28+2.76™ 1.30+£0.10° 6.83+0.83"
Cds 23.34+1.67° 1.21+0.09° 3.8440.69°
CdrR 25.14+1.55™ 1.34+0.12° 3.4740.45°
CdB 23.02+2.02° 1.57+£0.22° 3.344+0.81°
CdRB 24.57+1.56° 1.39+0.07° 3.75+0.56°
Significant factor” A A, AB A B

1), 2), 3) See Table 2

Table 6. Fecal total lipid, cholesterol and triglyceride excretions

Groups Fecal total lipid(mg/day) Fecal cholesterol{mg/day) Fecal TG(mg/day)
NS "26.81+ 3.40% 2.32+0.29" 0.09+0.02°
NR 73.22+ 5.29% 3.89+0.72° 0.19-+0.02
NB 60.46+ 8.42™ 6.14+1.09° 0.34+0.07"
NRB 94.38+17.18" 6.03+0.72° 0.4140.15*
Cds 3476+ 2.44% 1.314+0.28° 0.08-+0.02°
CdrR 4532+ 7.95% 1.14+0.21° 0.1240.03
CdB 83.23+13.41° 3.64+0.51° 0.36+0.10"
CdRB 63.51+ 9.88° 1.57+0.27° 0.15:+0.03™
Significant Factor” B, AB A, B, AB B

1), 2), 3) See Table 2

Table 7. Cadmium concentrations in blood, small intestine, liver and kidney

Groups Blood Cd(pg/100ml) Intestine Cd{pg/g wet wt) Liver Cd(pg/g wet wt) Kidney Cd(pg/g wet wt)
NS "2.83+0.59% 0.57+0.20° 0.75+0.34° 3.534+0.32°
NR 3.06+0.92° 0.77+0.16° 0.78+0.20° 3.15+0.38°
NB 1.97+0.69° 1.38+0.13¢ 0.57+0.18° 3.05+0.29°
NRB 2.49+071° 1.11+0.18° 1.34:+0.29 2.85+0.43°
Cds 33.84+2.21° 13.13+£1.17° 62.68+5.83" 50.61-3.63°
CdrR 33.37+£0.96° 11.324+1.46° 70.56+ 1.40° 69.80+2.76
CdB 31.86+0.74° 17.2443.26° 51.86+2.74° 56.61+4.11°
CdRB 31.97+1.03° 12.07+0.66° 45.81+2.70° 56.74+5.21°
Significant factor” A A A, B, AB A, B, AB
1), 2), 3) See Table 2
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Table 8. Feces weight, urinary and fecal Cd excretions, and Cd retention ratio

Groups Feces weight(g dry wi2days)  Urinary Cd(pg/day) Fecal Cd(pg/day) Cd retention ratio(%)
NS 0.79+ 0.08°? 1.50+0.04° 1.23+ 0.03° -
NR 1.31+0.21* 2.48+1.44° 2.84+ 0.03° -
NB 1.57+0.21° 2.2840.02° 3.98+ 0.10° -
NRB 1.83+0.28° 2.24+0.03° 437+ 0.18° -
CdS 0.72+0.17° 11.14+ 0,09 350.61+ 5.72° 81.91+0.29°
CdR 0.74+0.10% 8.5341.28° 523.49-+16.69" 73.40%0.86°
CdB 1.41+0.18% 11.75+0.16° 837.88+16.44° 57.52+0.82°
CdRB 0.89+0.17> 8.10+0.35" 469.25+ 4.66° 76.13+0.25

Significant factor” A B A, B, AB A, B, AB B

1), 2), 3) See Table 2

Table 9. Metallothionein concentrations in small intestine, liver and kidney

Groups Intestine MT(ug/g wet wt) Liver MT(pg/g wet wt) Kidney MT(ug/g wet wt)
NS 3.49+0.29° 10.14% 1.09° 3.91+ 0.45°
NR 3.77+0.35° 1135+ 3.20° 420+ 0.75°
NB 3.19+0.23° 13,12+ 155 447+ 098
NRB 2.24+0.15° 15.43+ 2.50° 433+ 047°
CdsS 16.96+ 3.89% 269.39+32.09° 1191+ 1.01®
CdR 24.21+6.09 251.22+34.50° 10224 1.39%
CdB 15.26+2.19° 215.64+25.52° 20.87+11.59°
CdRB 13.86+3.26" 220.224+24.85° 16.75+ 6.66™
Significant factor” A A A

1), 2), 3) See Table 2
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Table 10. Urinary protein and creatinine excretions, serum creatinine concentration and creatinine clearance

Groups Urinary protein(mg/day) Urinary creatinine{mg/day) Serum creatinine{mg/100ml) Creatinine clearance(ml/min)
NS "1.14+0.13" 12.114£0.73° 0.58+0.09™* 1.66+0.27°

NR 1.28+0.09° 14.46+0.98° 0.79-+0.15 1.54+0.28"

NB 0.8840.18° 9.13+0.68* 0.64+0.16 1.63+0.49°

NRB 1.2240.13% 10.77+1.31% 0.80+0.14 1.26+0.35%
Cds 1.19+0.20™ 9.384 0.46™ 1.06+0.18 0.74+0.14>
CdrR 1.1740.07™ 10.47+0.45* 1.17+0.24 0.78+0.16"
CdB 1.53+0.13® 7.76+0.29° 1.11+0.26 0.59+0.08°
CdRB 1.68+0.11° 8.234+0.47% 0.87+0.14 0.73+0.10%

Significant factor” A, AB A, B A A

1), 2), 3) See Table 2

4) Not significant at =0.05 by the Duncan’s multiple range test
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