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Metabolism in the Rats
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= ABSTRACT =

This study was performed to investigate the effect of various levels of Zn(0, 30, 3000
ppms) and different kinds of lipid{corn oil, sesame oil or butter) in the diet upon lipid
metabolism and Zn & Cu concentration in various organs and tissues in weanling rats.

The results obtained were summarized as following:

1) Food consumptions, body weight gains and F.E.R.s showed no significant differences
among groups.

2) The contents of total lipids and total cholesterols in serum tended to increase with
increase in lipid saturation and Zn levels. Those in per ¢ liver were higher in butter
groups and tended to be higher in low Zn groups. Total lipids contents in per ¢ mus-
cle tended to be higher in butter and high Zn groups, but total cholesterols contents in
per ¢ muscle tended to be higher in corn oil and low Zn groups.

3) Liver, serum and fecal Zn concentrations tended to be higher in 'high Zn groups
than other Zn groups. The Cu concentrations in liver and serum tended to be lower
in high Zn groups. On the contrary, the Cu concentrations in urine tended to be high-

er in high Zn groups.
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Table 1. Experimental design

Zn level (ppm) Lipid source

Group? {P/S ratio?)

LZn-C corn oil (4.8)
LZn-S sesame oil (2.5 )
LZn-B butter {0.08)
Cin-C 30 corn oil (4.8)
CZn-S 30 sesame oil (2.5 )
CZn-B 30 butter {0.08)
HZn-C 300 corn oil (4.8)
HZn-S 300 sesame oil (2.5 )
HZn-B 300 butter ( 0.08)

1)LZn:low Zn, CZn: control Zn, HZn: high Zn,
C: corn oil, S: sesame oil, B: butter.

2) polyunsaturated fatty acid/saturated fatty acid
ratio.
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Table 3. Food consumptions, Body weight gains and Feed efficiency ratios

Food consumption

Body weight gain

Feed efficiency ratio

( g/ day) ( 9/6 weeks)

LZn-C 14.9 + 1.1” N.§? 210.6 + 13.9 N.S. 0.34 + 0.03 N.S.

LZn-S 159 + 1.5 237.9 & 135 0.37 + 0.03

LZn—-B 15.8 + 1.1 225.7 + 155 0.35 = 0.03

CZn-C 17.0 £ 14 246.5 + 20.2 0.36 + 0.03

CZn-S 16.1 + 1.2 229.9 + 114 0.35 + 0.04

CZn-B 16.2 + 1.3 222.5 + 4.8 0.34 + 0.03

HZn-C 151 4+ 1.2 225.1 + 119 0.36 + 0.03

HZn-S§ 15.8 + 1.2 225.2 4+ 10.0 0.35 + 0.02

HZn—-B 15.6 + 1.1 216.4 + 11.9 0.34 + 0.03

1) Mean + S.E.

2) N.S.: Not significant among 9 groups at a=0.05 level by Tukey’s test.
Table 4. Total lipid contents in serum, liver, hind limb muscle and feces

Serum Liver Hind limb muscle Feces
{m3/100m¢ serum) (m/ g wet liver) {(m3/ 9 wet muscle) (mg/g wet feces)
*
LZn-C 593.67 + 39.99Vc? 96.50 + 5.94N.S® 19.22 -+ 1.04N.S. 137.30
LZn --S 663.33 + 119.18 bc 124.50 +11.57 19.20 + 1.05 102.90
LZn -B 1206.67 +122.33 a 123.08 +12.66 19.78 +1.31 135.75
CZn-C 688.00 - 82.74 abc 92.90 +11.50 20.48 +.0.85 126.05
CZn-S 750.40 + 84.04 abc 117.95 +17.66 20.12 + 1.06 128.45
CZn-B 1180.67 + 83.55 ab 107.43 + 8.41 21.50 +0.74 148.80
HZn-C 742.00 + 33.52 abc 99.12 + 8.78 21.12 £ 1.12 129.90
HZn-S 853.20 + 92.43 abc 106.02 + 5.74 21.08 -+ 0.63 129.00
HZn-B 1166.40 = 70.39 ab 111.93 + 7.90 22.27 + 0.87 143.10
1) Mean + S.E.

2) Values not followed by the same letter are significantly different
level by Scheffé’s test.
3) Not significant among 9 groups at a= 0.05 level by Tukey’s test.
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Table 5. Total cholesterol contents in serum, liver, hind limb muscle and feces

Serum Liver
(mg/100a¢ serum)

(mg/4 wet liver)

Hind limb muscle Feces
(m3/§ wet muscle ) (m7/9 wet feces)

LZn—C 38.33 + 6.501c? 46.67 + 2.49 ab¥ 1.78 + 0.07 & 25.55
LZn—-S 59.67 + 7.45 bc 59.73 + 3.39a 1.59 + 0.07 ab 19.17
LZn—B 90.67 + 15.66 bc 56.13 + 9.29a 1.24 + 0.07 ab 21.00
CZn-C 53.50 + 3.17 be 24.20 + 7.56 b 1.38 + 0.07 ab 23.16
CZn—-S 100.25 + 6.59 abc 36.80 + 5.84 ab 1.43 + 0.05 ab 25.50
CZn —B 131.00 + 19.31 ab 58.90 4+ 5.42a 1.42 + 0.05 ab 28.60
HZn-C 43.00 4- 3.08 be 38.60 + 7.07 ab 1.69 -+ 0.09 ab 36.86
HZn-S 110.50 + 16.13 abc 49.67 + 4.97 ab 1.27 4 0.04 ab 29.30
HZn—B 173.25 + 14.73 a 50.60 + 6.37 ab 1.05 + 0.04 b 24.51
1) Mean+S.E.

2) Values not followed by the same letter are significantly different among groups at a=0.05

level by Scheffé’s test.

3) Values not followed by the same letter are significantly different among groups at a=0.05

level by Tukey’s test.
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Table 6. Zn and Cu concentrations in liver, serum, urine and feces

(ppm)
Liver Serum Urine Feces
Zn Cu Zn Cu Zn Cu Zn Cu
N.§2 N.§? N.s¥ N.8? N.S2?
LZn —-C 29.08+ 584" 573+1.63 1.90 1.44 0.84+0.20 0.28--0.05 313.99+ 13.65b® 147.25-+27.28
LZn—-S 4449+ 3.20 6534050 2.35 1.20 1.6540.35 0.2240.08 304.68+ 31.89b 155.34+11.25
LZn—B 29.98+ 214 4524041 240 1.26 2.09+0.48 0.24+0.06 187.65+ 54.05b 109.79-+22.32
CZn—-C 3235+ 219 4.68+156 210 159 0.6940.13 0.32+0.07 870.41+170.28b 108.31+15.39
CZn—S 2963+ 1.60 3.824+0.65 288 111 1.3840.37 0.63+0.17 1177.75+ 7246b 137.24423.58
CZn—-B 33.06+ 400 4494068 286 158 1.5540.32 0.43+0.15 970.43+291.74b 151.45+22.68
HZn-C 37.68+ 438 418+150 245 1.02 1..68+0.12 0.3940.03 2398.91+244.77a 138.81+17.63
HZn-S 4785+ 5.37 3.97+0.36 2.75 0.99 1.83+0.38 0.48-+0.14 3527.44+164.74a 220.08+-68.62
HZn—-B 56.12+17.30 4.21+1.32 365 1.38 1524+0.15 0.58+0.16 3364.07+312.56a 161.52421.02

1) Mean +S.E.

2) Not significant among 9 groups

by Scheffé’s test.
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ZAY Zns}

0}7]

Astglet A 3 ZnAiFHA @AY Cu %*7}

435 Ao Magee 7} Bl

“é
1

7;134. 7Lo] 3},0]9,] 7Zn /l-\

4 =F F Cudl wjdo] F715917] sjgom v

A Znsl o WA

A9 L sk 2200

‘

7 %42431 Zrhskaom,
3} Cuel A E 2770z Cu o 44S 3

ao) 7}

ol ol
A 2K

BEE QYT Fol49 Aot 24 ol
b Zn 2 SRIEDERIEEESDE
- we 736&% 29 Magee $2.2 W7ol A) 05~
FoIg @ w9 Cu %

e Lot wE F

2ol 5he

Magees] 4ol 2o & ARel Zn 3k Aol 2}
gt Zn 450 300ppmeo 2 ubr] i Folg} Hrf
Moz MARE Znt d¥ AdAA S0
£ Znolvh ® AglA We Zn Fre e Zn
] SE £ Zn 47 T8 el 42
ET In ARTEL Zn AHTE v]9)
o]z = At =& Agg ngrh Cu $5+=
2 15 el A}elzb il o} HZn—-S(300
ppm Zn—3+7|&) ¥ HZn—-B(300ppm Zn~w| & )T
ol A oFzk w2 Aol 3Ugivt Znd} Cuy 2 =
o

84 3l ozt Cusl §5 WGP o



3 2

2 AFE Aol Zng 473 Awe FHE 29
st o AL A A A4 Y Zn, Cu Fxe)
mAE G ok w7l S5k AAsgch &4

33
o A3E s v, Y F Ay P F F
8l 28 & §%L Zno] $Fo] HEFE, Ay 23}
=7t 45 SUbEga, 728 F AW e & F4
2HE e Zn9| FFo] &5, AW T
7} E54% E7bEgcl Rele) 289 & Ay gk
Zn® F%o) 22 o ARG & EH2HE T
e Znd 553 AW T3Es}F FETE UM
3, 1Y & Ay P A 235 E5E S
ZHE o & Tl 28 S FHe ] TEES W
L4% Inf 5] 25F F7HE

Zn3l Cug] F5% A% ndg, Wog WAslEZn
o) AFFEAA w & Fob ok FEel w8 -f2lA
ol Aol E ngout, o199 A Zn3}t CuFis 4]
ol Zn ol wE F2 A o] ol &%k
e} sele] Zn AF A FRI QA ZnFEE

4 Fo2 Cud i thh dgton, n2 w4
HiE Cu it 4o Zng $F0] =2 £E =]
ke Aol H

REFERENCES

1) Klevay, L.M.: Hypercholesterolemia in rats pro-
duced by an increase in the ratio of =zinc to
copper ingested. Am. J. Clin. Nutr. 26:1060—68,
1978. _

2) Fischer, P.W.F., Giroux, A., Belonje, B. & Shah,
B.G.: The effect of dietary copper and zinc on
cholesterol metabolism. Am. J. Clin. Nutr. 33:
101925, 1980.

3) Klevay, L.M. : Coronary heart disease: the zinc
/copper hypothesis. Am. J. Clin. Nutr. 28:764-
74, 1975.

4) Connor, W.E., Witiak, D.T., Stone, D.B. & Arm-
strong, M.L. : Cholesterol balance and fecal neu-
tral steroid and bile acid excretion in normal
men fed dietary fats of different fatty acid
composition. J. Clin. Invest. 48:1363—75, 1969.

5) Ahrens, E.H., Blankenhorn, D.H. & Tsaltas, T.T.

: Effect on human serum lipids of substituting
plant for animal fat in diet. Proc. Soc. Exp.
Biol. 86:872—78, 1954.

6) Bieberdorf, F.A. & Wilson, J.D. :

the mechanism of action of unsaturated fals

Studies on

on cholesterol metabolism in the rabbit. J.Clin.
Invest. 44:1834—44, 1965.

7) AIN Standards for nutrition studies report.: J.
Nutr. 107:1340—48, 1977.

2]2] Fe, Cu @ Zn vjAkl mjzl+=
a3\ 2|, 15(4): 25867, 1982

9) Frings, C.S. & Dunn, R.T. : A colorimetric me-
thod for determination of total serum lipids
based on the sulfo—phospho— vanillin reaction.
Am.J. Clin. Patho. 53:89-91, 1970.

10) Folch, J., Ees, M.L. & Spaanley, G.H.S.: A sim-
ple method for the isolation and purification
of total lipids from animal tissues. J. Biol.
Chem. 226:497—509, 1957.

11) Seligson, B.: Standard Method of Clinical Che-
mistry, p 79, New York: Academic Press Inc.,
1968.

12) Thomson, R.H. & Blanchflower, W.]. : Wet—ash-
ing apparatus to prepare biological materials
for atomic absorption spectrophotometry. Lab.
Prac. 20: 89—61, 1971.

13) Prasad, A.S., Oberleas, D., Wolf, P. & Horwitz,

J.P.: Studies on zinc deficiency: changes in tra-

A% BTG

ce elements and enzyme activities in tissues of
zinc—deficient rats. J. Clin. Invest. 49:549—57,
1967.

14) Van Reen, R.: Effecis of excessive dietary zinc
in the rat and the interrelationship with copp-
er. Arch. Biochem. Biophys. 46:337—44, 1953.

15) QObrien, B.C., Skutches, C.L., Henderson, GR.&
Reiser, R.: Interrelated effects of food lipids
an sterotd metabolism in vais. J. Nutr.107: 1444
—54, 1977.

16) Beveridge, J.M.R., Connell, W.F., Mayer, G.,
Firstbrook, J.B. & DeWolfe, M. : The effects of
certain vegetable and animal fats on plasma
lipids of humans. J. Nutr. 56:311, 1955.

17) Spritz, N. & Hishkel, M.A. : Effects of dietary

—152—



— Aol Zn®) $E3 A% FF

fats on plasma lipids and lipoprotein:an hy-
pothesis for the lipid—lowering effect of unsa-
turated fatty acids. J. Clin. Invest. 48:78—86,
1969.

18) Alfin—Slater, R.B., Aftergood, L., Wells, A.F.&
Deuel, H.]. Jr. : The effect of essential fatty
acid deficiency on the distribution of endoge-
nous cholesterol in the plasma and lver of
the rat. Arch. Biochem. Biophys. 52: 180 — 85,
1954.

19) Sabine, J.R., Mc Grath, H. & Abraham,S.:Die-
tary fat and the inhibition of hepatic lipogen-
ests in the mouse. J. Nutr. 98:312—18, 1969.

20) Koo, S.I. & Turk, D.E.:Effect of zinc deficiency
on intestinal transport of triglyceride in the
rat. J. Nutr. 107:909—19, 1977.

21) Gerson, T. & Shorland, F.B. : The effects of co-
rn oil on the amounts of cholesterol and the
excretion of sterol in the rat. Biochem. J. 81:
584-91, 1961.

22) Ernst, N. & Levy, R.I.: Moderm Nutrition in
Health and Disease, 6th ed. p. 1047, Lea & Fe-
biger.

23) Crocker, P.J., Fitch, M. & Ostwald, R.: Effcets
of the unsaturation of dietary fat and of ara-
chidonate supplementation on cholesterol pool
expansion in the guinea pig. J Nutr. 109:927-
38, 1979.

24) Moore, R.B., Anderson, J.T., Taylor, H.L., Keys,
A. & Frantz, LD. : Effect of dietary fat on the
fecal excretion of cholesterol. J. Cli Invest 47:
1517—34, 1968.

25) Mertz, W. : Nutrition, Lipids and Coronary Hea-
1t Disease, p. 183, edited by R.Levy, B. Rifkind,

B. Dennis and N. Ernst. Raven Press, New York,

4 AH Aol wAE G —

1979.

26) Allen, K.G.D. & Klevay, L.M. : Cholesterclemia
and cardiovascular abnormalities in rats caus-
ed by copper deficiency. Atherosclerosis. 29:81
—93, 1978.

27) Allen, K.G.D. & Klevay, LM. : Copper deficien-
¢y and cholesterol metabolism in the rat. Ather-
osclerosis. 81:259—71, 1978.

28) Smith, S.E. & Larson, E.J.: Zinc toxicity in
rats. J. Biol. Chem. 163:29—38, 1945.

29) Huber, A.M. & Gershoff, S.N.: Effects of diet-
ary zinc and calcium on the retention and
distribution of zinc in rats fed
diets. J. Nutr. 100:949-54, 1970.

30) Magee, A.C. & Matrone, G.: Studies on growth,
copper metabolism and iron metabolism of rats
fed high levels of zinc. J. Nutr. 72: 233—42,
1960.

31) Smith, J.C. & Halsted, J.A.:
(geophagia) as a source of zinc for rats. J.
Nutr. 100: 973—80, 1970.

32) Spencer, H., Asmussen, C.R., Holtzman, R.B. &

Kramer, L. : Metabolic balances of cadmium,

semipurified

Clay ingestion

copper, manganese, and zinc in man. Am. J.
Clin. Nutr. 32:1867—75, 1979.

33) Sandstead, H.H. : Zinc interference with copper
metabolism. JAMA. 240(20) : 2188—89, 1978.

34) Van Campen, D.R. & Scaife, P.U.: Zinc interfe-
rence with copper absorption in rats. J. Nuir.
91:473—76, 1967.

35) Van Campen, D.R. : Effects of zinc, cadmium,
silver and mercury on the absorption and dis
tribution of copper—64 in rats. J. Nutr. 88:125
-30, 1966.

—153—



