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Effect of Korean Native Plant Diet on Lipid Metabolism, Antioxidative
Capacity and Cadmium Detoxification in Rats

Park, Jin Ah - Kim, Mi Kyung
Department of Food and Nutrition, Ewha Womans University, Seoul 120-750, Korea

ABSTRACT

This study was performed to investigate the effects of Korean native plant diets on lipid and cadmium(Cd) metabolisms and also
antioxidative enzyme activities in rats. Seventy male Sprague-Dawley rats weighing 210.31.2.7g werce blocked into ten groups
according to body weight. Rats were raised for four weeks with diets containing 0 or 0.04%w/w) cadmium chloride and 5%(w/w)
plant powder-Ssook(Artemisia princeps var. orentalis HARA), Chamchwi(Aster scaber THUNB,), Gomchwi(Lingulada fischer
TUBCZ.) or Soibeerum(Portulaca oleracea LINNE)). Food intake, weight gain, food efficiency ratio, and weights of liver, kidney,
spleen and epididymal fat were significantly lower in Cd-cxposed groups. Plasma total lipid level, liver total lipid, cholesterol and
triglyceride concentrations, and fecal total lipid, cholesterol and wiglyceride excretions were decreased by Cd administration. Total
lipid and triglyceride concentrations in plasma and liver were lower in Chamchwi groups together with increased fecal rotal lipid and
triglyceride excretions. Cholesterol concentrations in plasma and liver were lower in Gomchwi groups with increased fecal
cholesterol excretions. Activities of red-blood-cell superoxide dismutase(SOD), and liver catalase, SOD and glutathione peroxidase
(GSH-px) were decreased significantly by Cd administration. Thiobarbituric acid reactive substance(TBARS) concentrations of
plasma and liver were increased by Cd administration. Administration of plant diets decreased plasma and liver catalase, SOD and
GSH-px activitics in Cd-free dict groups and increased them in Cd-administered groups. Plasma and liver TBARS concentrations
were decreased in animals fed plant diets, with Chamchwi showing the most effective antoxidative capacity. The concentration of
Cd accumulated in blood and tissue decreased in Cd-exposed groups fed plant diets. Liver Cd concentrations were lower in the
Chamchwi and Gomchwi groups, and kidney Cd levels were lower in the Ssook and Chamchwi groups. Feces weight, urinary and
fecal Cd excretions were greater and Cd retention was lower in the plant-fed groups. Among them, Chamchwi was the most
effective in Cd detoxification. In conclusion, Chamchwi and Gomcehwi were effective in lowering tissue lipid levels, with Chamchwi
having the greatest antioxidative and detoxifying effects. (Korean J Nutrition 32(4) : 353~ 368, 1999)

KEY WORDS : Korean native plant - lipid metabolism - antioxidative capacity - cadmium detoxification.
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2:(89 : Artemisia princeps var. orientalis HARA),
23 (8 © Aster scaber THUNB.), 3 (84 : Ling-
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Sl ghek, 26| 2(389 : Portulaca oleracea LINNE.)-2
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A A Badel o e 7% AReEE AEE
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rhamnose, glucose. rutinose 59 23 A%SH vl
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3 thEgFe FAE ARLSHAM? cellulose, hemicell-
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4 hHF7HA LEshE GFS A2 ES A7) o2
Ho} 0|29 AEH Fo= EeRiEty 544 w22
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o gipio= vldgoas] 3 cholesterols A&HA)7 W
HHERATE dlsle A02P gejx Ut olwox
glucose®] 7S Asllete] ¥ g3zl glucose toler-
anceE FAAIZIALY diFhy UlAEe 2g HEEd
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715880l 2u¥3 givt.

A9z 9% #He B4 F55 T U cadmi-
um(Cd)2 299 320t 4 4H, £F2 53
A 25 444, g, 3%, 189, 9w
59 548 Yeia 22l FHE WA 47, 0%,
24 5o g2 FUdnh? 27 45" Cd2 Ao
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1, NAFEY ALS F A9

A& 479 Sprague-Dawley®: 3 #FH 70vi2& F
Y3t AE Al A 157U 28 W ARG R
HEAAT FE 717 F AFol 210.331£2.69gF FEE
AF} me} 2% (randomized complete block desi-
gn)dl o 7eteld 10702 258t Aol ¢d(0%, 0.
04%) = A7 40, 3, 37, A6 2dd 4
o] 2 457} ARE3I

H4Y 22 ¢ w2y EaFto] stainless steel cage
A AREEI L, A0l Eol FRFE AS §lo] HA 3
Hrk 77129 2 FE BAE] A5t cage, Ao aF,
B 59 X2 7|TE 0.4% EDTA £9e2 A33 &
ol SHTE Ao ARtk
B APl A ALESE Aole] TAHAE-E Table 17 294},
2lole] B 9o 2= A (com starch, AEW)
AR FY e 2 S49-f(corn oil, ALAHF ALES
oo, ohilE FYPo 2= casein(edible acid casein,
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Table 1. Composition of experimental diets
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(g per kg diet)

Ingredients\Groups NN NS NC NG NB CdN Cds CdC CdG CdB
Corn starch 698 693 693 693 693 697.6 692.6 692.6 692.6 692.6
Casein 150 150 150 150 150 150 150 150 150 - 150
Comn oil 100 100 100 100 100 100 100 100 100 100
Cdcl, 0 0 0 0 0 0.4 0.4 0.4 0.4 0.4
Salt mixture 40 40 40 40 40 40 40 40 40 40
Vitamin mixture 10 10 10 10 10 10 10 10 10 10
Choline chloride 2 2 2 2 2 2 2 2 2 2
Plant powder

Ssook 0 5 0 0 0 0 5 0 0 0
Charn Chi 0 0 5 0 0 0 0 5 0 0
Gom Chi 0 0 0 5 0 0 0 0 5 0
Soi Bee Rum 0 0 0 0 5 0 0 0 0 5

1) AIN salt mixture(g/kg mixture) : Calcuim phosphate, dibasic{CaHPQ,,2H,0) 500, Sodium Chloride(NaCl) 74, Potassium citrate, monohy-
drate(K:CsHsO,,H,0) 220, Potassium sulfate(K,50.) 52, Magnesium oxide(MgO) 24, Manganous carbonate(45-~48% Mn) 3.5, Ferric citrate
(16—17% Fe) 6, Zinc carbonate(70% ZnO) 1.6, Cupric carbonate(53~55% Cu) 0.3, Potassuim iodate(KIQ;) 0.01, Sodium selenite(Na,SeQ,,
5H.0) 0.01, Chromium potassium sulfate(Crk(5Qy);,12H;0) 0.55, Sucrose finely powdered, to make 1,000

2) AIN vitamin mixture(mg/kg mixture) : Thiamine HCI 600, Riboflavin 600, Pyridoxine « HCI 700, Nicotinic acid(Nicotinamide equivalent)
3,000, D-Calcium pantothenate 1,600, Folic acid 200, D-Biotin 20, Cyanocobalamine(vitamin B.;) 1, Retinyl palmitate(vitamin A) 120,000
retinol equivalents, DL-a-Tocopheryl acetate(vitamin E) 5,000 IU vitamin activity, Cholecalciferol 2.5(100,0001U, powder form), Menadione

(vitamin K) 5.0, Sucrose finely powdered, to make 1,000
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Table 2. Contents of moisture, dietary fibers and flavonoids in pla-

BEERBEETE 324 353~368, 1999/357

3. W 2
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ol T o|EH} wotn, I FME HulgTe] 7

Table 3. Food intake, body weight gain and food efficiency ratio

nt powders (%)
Plant powder Cham Gom  Soi Bee
. Ssook . .
Constituent” Chwi Chwi Rum
Moisture 8.00 6.42 6.46 7.36
Total dietary fibers® 45.38 40.17 39.45 39.85
Insoluble dietary fibers 38.19 36.13 31.98 32.41
Soluble dietary fibers 719 4.04 7.47 7.44

Total flavonoids 4.82 4.19 2.65 0.24

1) Mean of triplicate trials
2) Insoluble plus soluble dietary fibers

Group Food intake B'ody weight  Food efficiency
(g/day) ° gain(g/4 weeks) ratio
NN U2243+0.86™  136.23+4.72° 0.260+0.009*
NS 21.98+0.71*  151.27+561*  0.274+0.011°
NC 21.89+034"  141.68+4.22°  0.276+0.006°
NG 21724045  128.08+9.70°  0.239+0.015°
NB 22.90+0.62*  128.25:6.04°  0.241+0012°
CdN 14.41+0.47% 42.80+£7.24"  0.124+0.021%
CdS 15.22:+0.66" 46.40+5.25°  0.149+0.011°
CdC 15.27+0.55° 64.33£4.73°  0.165+0.010°
CdG 12.90+1.11° 37.934£5.35° 0.12640.007*
CdB 13.86+0.89™ 25.58£3.69°  0.072x0015°
T e A

1) Meanx5EM(n=7)

2) Values with different alphabet within the column are significant-
ly different at ¢=0.05 by Tukey's studentized range test

3) Statistical significance of dietary factors was calculated by 2-way
ANOVA and significant factor notations used are as follows ; A @ Ef
fect of Cd administration was significant at @=0.05, B : Effect of pl-
ant variety was significant at ¢=0.05, AB : Effect of cadmium admi-
nistration X plant variety interaction was significant at ¢=0.05
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Table 4. Organ weights(g)

Groups Liver Small intestine Kidney Spleen Epididymal fat
NN "10.27 £0.57* 5.63+£0.42% 2.26+0.08" 0.57£0.02°% 5.40+0.55"
NS 10.70+0.66 5.861£0.31 2.28+0.06 0.54+0.03" 4.78+0.56
NC 10.3510.64° 5991034 2.25+0.10* 0.60-+£0.03* 5.65+0.79"
NG 10.03£0.53% 5.53+0.30 2.13+£0.07% 0.52+0.04" 4.22+0.44"
NB 10.524£0.53° 5.7240.43 2.47+0.16" 0.6910.12° 4631043
CdN 7.394047° 6.3410.35 1.65£0.06° 0.44+0.04™ 245+0.18"
CdS 7.8440.57™ 7.084+0.40 1.78+0.13¢ 0.41+0.03 2.49+0.23%
CdC 7.23+0.37° 6.77+0.28 1.82+0.07% 0.43+0.03" 2.24+0.31"
CdG 7.4910.48° 6.40+0.49 1.70£0.05" 0.43+0.02" 1.87+0.20°
Cds 6.53+0.52° 6.7210.29 1.58+0.09 0.36+0.02* 1.52£0.15¢
Significant factor” A A A A

1-3) See Table 3

Table 5. Plasma total lipid, cholesterol and triglyceride concentra-

4) Not significant at w=0.05 by Tukey's studentized range test

Table 6. Liver total lipid, cholesterol and triglyceride concentrations

tions (mg/100ml) (mg/g wet wi)
Groups  Plasma total lipid Plasma cholesterol Plasma TG Group Liver total lipid Liver cholesterol Liver TG
NN 124001420397  76.14+5.11%% 82.81+17.34° NN V4738+2.19  4.21+0.22° 10.384+1.04°
NS 213.60+13.38™ 72.64+1.03 53.05+10.57" NS 42.104+3.09% 3.9440.09% 9.58+1.24*
NC 183.62+12.79* 67.48+5.11 4533£3.57% NC 39.5241.66"™ 3.75+0.24% 7.49+1.60™
NG 190.94+10.85™ 64.37+£2.25 48.86+6.54" NG 41.9244.16% 3.67£0.14* 7.91+1.01"
NB 167.91+12.02%  58.77+4.18 41.744:3.91° NB 36.35+2.63"  3.66+0.18" 6.2841.04
CdN 207.00+ 15,00 71094397 67.9148.80" CdN 41134553 3.38+0.09" 4.754£0.97%
Cds 202.89+13.14™ 71474555 42.35+7.08° Cds 35.0242.44®  3354011° 3.6240.33%
CdC 161.85£11.89* 6503+4.13 31.70+5.43" CdC 32.33+£2.58° 3.33+0.09° 2.884+0.41°
CdG 169.88 4 5.35% 60.24+1.90 40.07+2.74° CdG 34.7542.28"  3.26+0.23° 3.4640.74
CdB 148.39+12.28° 59.96+2.32 36.294+2.96" CdB 33.23+2.29% 3.2440.16° 2.69+0.34
R B o R oAb A ae

1-3) See Table 3 4) See Table 4 1-3) See Table 3
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Table 7. Feces weight, and fecal total lipid, cholesterol and triglyceride excretions

Groups Fecal weight(g dry weight/day)  Fecal total lipid(mg/day) Fecal cholesterol(mg/day) Fecal TG(mg/day)
NN 0.36+0.04" 35.80+42.38° 0.6040.04% 0.95+0.07°
NS 0.98+0.05* 74.07 £11.67* 1.23+0.16° 3.11+0.40%
NC 1.091£0.10° 75.2518.94 1.24+40.08% 3.721£053
NG 1.10+0.08° 7495+ 837 1.5440.23* 3.42+0.64*
NB 0.95+0.06a° 66.57+5.46% 1.04£0.10" 2.67+0.52%

CdN 0.40+0.05° 42.53+4.06" 0.50+£0.03° 0.85+0.10°
CdS 0.66+0.08" 58.07+7.71™ 1.01:£0.14 1.84+0.20"
CdC 0.83+0.09% 67.4049.24* 0.86+0.12 2.96+0.20*
CcdG 0.7340.05" 62.48+9.22" 1.0740.14 2.2340.44%
CdB 0.61£0.05* 54.30+6.76™ 0.73£0.03* 1.61£0.25
Significant factor” A, B, AB B A B A B

1-3) See Table 3

Table 8. Plasma TBARS level and antioxidative enzyme activities of erythrocyte in rat”

Groups TBARS Catalase Superoxide dismutase Glutathione peroxidase
NN "26.64+1.72% 256.71417.36MN5 22.16+1.21° 197.83+17.76M
NS 21.6041.56™ 237.37£25.06 19.21+1.74* 18159+ 8.44
NC 20.38-+2.89° 236.43+21.48 19.08+1.88* 176.06+11.74
NG 22.09+2.96™ 239.01+25.18 19.93+£0.64™ 179.93+11.21
NB 24.02+2.36% 2429143497 20.78+1.96* 179.144 6.99
CdN 35.78+£2.66" 189.25+22.75 11.614£1.38° 148.73£10.16
Cds 29.37+4.10™ 211.30+16.88 16.2941.15% 166.69+11.17
cdc 26.10£0.98™ 222.68+38.40 17.66+1.76* 171.84+14.42
CdG 30.37+2.46* 202.80-+25.15 15.77£1.11% 163.01+10.61
CdB 33.34+5.25% 198.53:+14.92 13.33£1.74% 14592+ 6.57
Significant factor” A A A, AB A
1-3) See Table 3 4) See Table 4

5) Thiobarbituric acid reactive substance(TBARS) are expressed as nmoles per 100ml plasma. Catalase activites are expressed as nmoles for-
maldehyde utilized as standard per minute per mg protein. Superoxide dismutase(SOD) activities are expressed as Units per minute per mg
protein(1 Unit is defined by the inhibition of cytochrome C reduction by 50%). Glutathione peroxidase(GSH-px) activities are experssed as

nmoles NADPH oxidized per minute per mg protein
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Fig. 1. Plasam TBARS level.
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Fig. 2. SOD activity in erythrocyte.

Table 9. Liver TBARS level and antioxidative enzyme activities in rat”
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=
o] WhEERT f95o2 &
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Groups TBARS Catalase Superoxide dismutase Glutathione reductase
NN V4,07 £0.28" 823.184£50.13* 416612107 575.75+45.93"
NS 3.304+0.17% 629.64--49.33" 36.38+1.42% 497.18+25.81°
NC 2.53+0.09° 616.15431.55% 35.87 +1.48" 489.65 +48.66
NG 3.644+0.27" 661.13216.09* 37.08+0.61*" 556.54+44.47°
NB 3.7240.40% 798.07 +30.65% 40.3640.83™ 569.58+47.18

CdN 5.731+0.86° 483.07+-88.39° 33.504£2.21° 203.69427.82°
Cds 4191048 570.45422.46° 34.20+1.10" 254.33+25.54°
CdC 4.08+0.16™ 588.75+36.73° 34.79+1.08% 282.45-+18.96°
CdG 4.83+0.22° 562.36+34.51° 33.86+0.87° 248.81144.16°
CdB 5.07£0.31* 549.85439.27° 33.76+1.20° 245.10+33.98°
Significant factor” A B A, AB A A

1-3) See Table 3 4) See Table 8



TBARS

Group
Fig. 3. Liver TBARS level.
5 800
: 600
=
;;- 400
@ % o
% 2001 7 / 7 %
é 0 1 é ! 1_% L 1 % 1 1 é 1 1,

NN CdN N5 Cds NC CdC NG CdG NB CdB

Group

Fig. 4. GSH-px activity in liver.
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woh He] Cd vidEE Cd TF FFY 9FE Pol Cd
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&g Tl Ae F9F Aelrt gl= ¥ Cd FETEBolAE
AR S JoEEe] dEREsEy FoFHeE § B9t
om 1 FoM FFTo] 14 wska HH|EFe) 71 Wk
o o2 A= w9 ¥e Cd vl 2R ALlsle
Cd BAZE Hkdso] AAF 349 d7lrEe] qats
Hr} fojdog uoror 1 F AHF| 7 vu HulE
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11, =9 BO 3 sAZFNTNG)
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Table 10. Cadmium concentrations in blood, small intestine, liver and kidney

Groups Blood Cd(ug/100ml) Intestine Cd(ug/g wet wt) Liver Cd(pg/g wet wt) Kidney Cd(ug/g wet wt)
NN "2.78+0.45% 2.73+1.48° 0.99+0.14° 1.8240.11°
NS 1.48+0.15° 0.7340.08° 0.69+0.12° 1.1240.08°
NC 1.4140.15° 0.7310.02* 073£017° 0.96+0.12°
NG 1.61+0.14° 0.814+0.06° 0.76+0.17° 0.84+0.15°
NB 1.65+0.23° 0.83£0.04° 0.77 +0.10° 0.98 £0.09°
CdN 34.32+2.68° 13.094+0.62° 37.13+3.37° 70.44 £4.69°
Cds 22.11+3.07° 10.5841.56" 28.30+2.07* 49.38+1.41%
CdC 19.5142.23° 11.2941.15 25.754+3.49° 42.96+2.46"
CdG 22.3842.12° 11.5241.37° 21.1241.79° 56.30+5.08%
CdB 24.72+43.1¢6" 12.3241.67° 29.90+2.89™ 62.62+4.58%

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

1-3) See Table 3

Table 11. Urinary protein, urinary and fecal Cd excretions and Cd retention ratio

Groups Urinary protein(mg/day) Urinary Cd(ug/day) Fecal Cd(ug/day) Cd retention ratio(%)
NN 10,88 +0.06*>% 0.44 £0.07 255+ 0.37° -
NS 0.68+0.06% 0.83 £0.09° 8484 1.25% -
NC 0.6240.07 0.83+0.13 9.154+ 1.42° -
NG 0.68+0.11% 0.81x0.08 775+ 0322 -
NB 0.84x0.11 0.79+0.07° 7132 174 -
CdN 1.15£0.03* 3.70%0.19° 345.7 + 62.0° 77.95+2.14°
Cds 0.80+0.03¢ 6.380.22% 950.6 +202.6° 4896+6.32°
cdc 0.70+£0.03% 8.71+0.91" 1109.8 + 99.3° 43.59+3.56%
CdG 0.97 +0.04™ 5.10£047% 936.9 +£100.0° 54.78+5.37"
CdB 1.11£0.05% 4.3840.55° 843.4 +146.6° 57.57%£7.27°
Significant factor” A B A, B, AB A, B, AB B

1-3) See Table 3

4) Cd retention ratio= [Tube administered Cd — {urinary Cd excretion(pg/day)+fecal Cd excretion(ug/day)}tube administered Cel X 100
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