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MECHANISM AND EFFECT OF EXCESS COPPER SUPPLEMENTATION ON
BODY LIPIDS

J. VINSON, M. CURTIS, M. MASCELLL I BOSE and ] LEWIS

Lieseriment uf Chentistry, qulrn'.si.j' uf Serantun, f’rmu'rfurnu'n 18510, USA

Iutraduction
Copper is an essential trace clement i aninals and man. Animals delicient in co|
have hypercholesterolemia, hypertriglyceridemia, snatomical and functional change. .
the heart and arteries (Allen & Klevay, 19784; Klevay & Viesienz, 19749; Davis, 14970).
Recent work also suggests that humoral-mediated immunity is severely impaired in
copper-deficient mice (Prohaska & Lukasewuvz, 1981).

Fluman swadies (Klevay et ol., 19808), indicate that healthy male adults require 1.3 my
ol copper/day to maintain balance, yet few sell-selected diets have been lound 1o contiin
more than I mg copper (White, 1969; Holden, Woll' & Mertz, 1979), and it has been
hypothesized that copper deficiency (and its associated increase in blood cholesterol
tevel) may contribute o the risk of heart disease. We conducted i series of preliminary
mvesugations Lo address the question of whether excess copper supplementation might
reduce the risk ol coronary heart disease.

Reswdts and discussion

A Dbioavailability study, using male Spraguc-Dawley rats, indicated that a yeast (high
copper yeast : Grow Company) was the best absorbed copper source in both liver and
blood. We then examined the clfect of copper supplementation on weight gain and
body lipids in rats. A control group was fed normal laboraory rat chow (Ralston-Purina
Company) sullicient in copper, and an experimental group fed the same diet to w!
copper gluconate (20 ppm) had been added. Supplementation occurred for 4 mon. .,
alter which body lipids were measured in both groups by an outside aboratory, using
an enzyme technique. While there was no signilicant dilference in the average weight
gain, the excess copper gluconate appeared o have a significant efTect on serum
cholesterol and liver cholesterol (Table 1). The elevation in the latter appeared w be
Fucilitated by stimulation of the HDL portion of cholesterol. Copper gluconate also
lowered serum wiglycerides, but not significantly so,

We investigated these lindings further, using vvo groups ol male weanling rats, and a
new commercial yeast which had been found to be the most bivavailable form of copper.
The experimental group received normal rat chow with a 20 pPpm copper ycist
supplement over 2 months, the control group a normal diet sulTicient in copper. Again
thiere was no significant difference in weight gain, but there was a signilicant decreas

Tabile 1, The effret fg" cufifuer gfunum.fr .\Hp'hh'mru{uf.f'.-m Jur A sty un werght ol fmu“\- _.l'f'{u}b .‘i’f'mu!mr yls,

Measurement Canteol Loy a’f.\'}u'l'ﬂuﬂ!!ﬂ! raitfy

Weight before supplementution, g Jol £ 75 435 £ 64 I,
Weight afier supplementation, I3 HH2 * Gh A50 % 84 n.s.
-‘?Crum cholesterol after supplementation, mg/dl S Lt 140 % 131 P < 0,03
Serum high density cholesterol after supplementation, mghdl 13 = 0 18+ 2| 1.5,
Scrum triglycerides after supplementation, mgldl 176 £ 143 135 % 12 n.s,
Liver triglycerides alier supplementation, mygfdl 1045 = 183 596 £ 350 1.s.
Liver cholestero! afier supplementation, mg/g 98 #* 1.1 6.3 % 4.1 P < LG
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"Uable 2, The effeet of cpper Yeust supiplemertation for toa menths un weigght ased serum ipids of weanting vats,

Measurenent Contval groupr Expevimental gronp

Weiglt belure supplementation, 4 44 % 5 50 x4 LS.

Weight after supplementation, g 250 = 3 =3 1.5,

Serum cholesieral alier supplementation, kil 12 + 6 d9 £ 4 P <005

Serum high density cholesierol alier 22 &y Bx3 P < 0.00]
supplementition, my/dl . ¥

Serum triglyeerides alter supplementation, 16 26 89 £ 15 =< 0.01

myg/d|

serum cholesterol and triglycerides, and signilicnt rise in HDL cholesterol (Table 2).

_The ratio of cholesterol: IDL cholesterol (an indicator for risk of heart discase in

mans) was L9 and 1.0 in the control and experimental groups respectively. The
-=apper yeast supplenient therefore had a significant effect on the cholesterol levels, and
maty be ol potential benelid in protecting against heart diseac, In order 10 confirm our
findings, we conducted a mechanism study to determine the effect of excess copper
supplementition on cholesterol synthesis. Ten groups of five rats were used, the control
groups receiving a diet suflicient in copper (e supplemented to the minimum required
level o5 ppm copper), and the experimental group received a diet supplemented with
copper yeast at 30 ppm. After 2 months the rats were Fasted for 24 h, and injected
Table 3. Plusma chitestesol ad specific activities of lipridy in vty fid copper yeast for 2 munths follwwed by injeetion of
CHmevalanate,
Mot cment Cantrol group Experimental group
Plasmi ol cholesteral, my#l Gl 9 Hx s n.s,
Plsina high density cholesierol, my/edl 11 £ 8 53 % 12 r<unl
Specific activity of plass ol lipsiels, U & 201 Gh0 £ 181 " < 0.05
cpn/inl ¥
Specific activity of plason free cholesterul, 4349 = 23 203 + 58 P <005
/il .
Spedilic activity of plasm cholesterol 504 £ 143 d99 = 128 P<ul

sters, cpmfinl

subcutancously with 4 G of C"mevalonate 4 h belore sacrifice. Mevalonate is an
¥ [

obligntory intermedinte  in cholesterol synthesis — and  is formed  from
3-hydroxy-3-methylglutarate and is the principal control point in cholesterol biosyn-
thesis. Thus C'* incorporation provides a measure of the net influx to and efflux from
the procedure of Allen 8 Klevay (19785), and the results are shown in Tables 3 and 4.
There is an interesting parallel with previous copper deficiency rat studies, with results
from our copper sulficient : copper-excess groups being comparable to those rom
copper-deficient : copper-sufficient groups.

Tauble A, Liver cholesterol and specific activities of digpiels in rvts Jrd capipier yeant for 2 months Sollmwed by injection of
CHmevedanete,

arewment Crntrul Lgron Exprerimental Lrouf
Liver ol cholesterol, myfdl 07 % 51 118 % 15 ? <001
Specilic activity of liver total lipids, cpmiy 3TUT x 499 31948 * 481 ns,
Specilic aativity ol Tree cholesieral, cpmfy 10749 £ 163 1029 £ 106 I < 0.005
Specitie activity of liver cholesierol esters, 2149 + 65 240 * 53 5.
Cpindy

From this study and the previous copper gluconate study (Table 1) it appears that
excess copper supplementation significantly raiscs liver total cholesterol. This js « result
of the greater concentration of HDL cholesterol in the blood of the experimental
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