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ABSTRACT. Published reports indicate that Cu deficiency reduces antioxidant
defenses and may result in tissue peroxidation. Dimethyl sulfoxide (DMSO), a
highly penetrant antiinflammatory agent and purported hydroxyl radical scavenger,
was chronically fed to male, weanling Sprague-Dawley rats which were either

supplemented with or deficient in Cu.

DMSO was found to inhibit the cardiac

hypertrophy, anemia and depression of heart Cu concentration which occurs with Cu
deficiency. This suggests that the hydroxyl free radical may contribute to the
cardiovascular defects caused by dietary Cu deficiency.

INTRODUCTION. Dietary Cu deficiency produces a
variety of cardiovascular defects, including
structural and functional deficits of the heart
and blood vessels, anemia and hypercholesterol-
emia (1-5). That some of the cardiovascular
defects may be the result of oxidative damage
is supported by the fact that endogenous
antioxidant enzymes, including superoxide
dismutase, ceruloplasmin and catalase are
reduced (6,7) and that enhanced tissue
peroxidation occurs in Cu deficiency (8-10).

Dimethyl sulfoxide (DMSO) has long been
known for its antiinflammatory and analgesic
properties (11) as well as for a variety of
other effects (see 12 for review). It also has
high water and lipid solubility, penetrates
tissues rapidly (13) and has a relatively low
toxicity (14). More recently it has been
utilized to scavenge hydroxyl free radicals and
has been successfully used to counteract the
deleterious effects of ischemia and subsequent
reperfusion in various organs (15,16). DMSO
was used in the present study to determine
whether cnronic application of a known
antioxidant with a defined substrate
specificity and high penetrant properties could
prevent any of the more obvious symptoms of
dietary Cu deficiency.

MATERIALS and METHODS. Forty, male weanling
Sprague-Dawley rats' (Harlan Sprague-Dawley,
Madison, WI) were fed, for four weeks, a
purified diet (ad 1ib) which without
supplementation was deficient in both Cu and
Zn. The diet was based on 62% sucrose, 20% egg
white and 10% corn oil (by weight) and
contained all other nutrients known to be
essential for rats (5). The animals' water (ad
1ib) was supplemented with 10 pg/ml Zn (as

acetate) and either 2 ug/ml Cu (as sulfate,
n=20) or no Cu (n=20). Ten of the
Cu-supplemented rats and ten of the
Cu-deficient rats received DMSO (4.75% by
volume) in their water.

Final body weights were recorded just prior
to sacrifice. The rats were anesthetized with
Na pentobarbital (65 mg/kg, i.p.). Their
chests were opened and blood was drawn by
cardiac puncture. The heart and one lobe of
the liver were dissected free, blotted, weighed
and frozen for subsequent analysis.

Freeze dried tissues were acid digested and
assayed for Cu, Fe and Zn by atomic absorption
spectroscopy (17).

Statistical analysis employed one and
two-way analysis of variance (See Table 1) and
Scheffe's test for comparison of means (18),
with significance set at p<.05.

RESULTS. The results of this study are
summarized in Table I.

There was a pronounced treatment effect of
DMSO on several of the measured variables
(CuS-DMS0O), when compared to control values
(CuS). These include lower body weights and
heart weights, higher liver Cu and Zn
concentrations and higher heart Cu
concentrations.

Cu-deficient animals (CuD), when compared
to controls (CuS), had lower body weights,
higher heart weights and heart weight/body
weight ratios (HW/BW), reduced hematocrits and
reduced liver and heart Cu concentrations.

Cu-deficient rats treated with DMSO
(CuD-DMS0), when compared to their CuD
counterparts, showed further depressed body
weights, a reduction in their heart size, as
indicated by both heart weight and HW/BW, a
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TABLE I. Comparison of variables® affected by Cu deficiency in the presence and absence of DMSO.
Variable CusS CuS-DMSO CuD CuD-DMSO
Body weight (g) 233 = 5 179 + 5P 189 + 7¢ 161 + 3¢9
Heart weight (mg) 967 + 26 745 + 19° 1405 + 79¢ 877 + 284
HW/BW (mg/g) 4.16 + 0.04 4.17 + 0.08 7.49 & 0.58° 5.45 + 0.17¢+9
Hematocrit (%) 41.8 + 0.6 44.5 + 0.6 55,4 & 3.0° 32.4 & 2,264
Liver Cu (ug/g) 6.3 £ 0.7 12.0 + 0.5b 0.85 + 0.13° 0.93 + 0.27°
Liver Fe (ug/g) 664 + 56 837 + 52 653 + 45 689 + 36
Liver Zn (ug/g) 80 + 3 90 + 4P 67 + 3¢ 79 + 3d
Heart Cu (ug/g) 7.4+ 0.7 18.0 + 1.6° 4.1+ 0.2 6.1 + 0.49
Heart Fe (ug/g) 276 + 20 312 + 21 225 + 8 222 + 15
Heart Zn (pg/g) 70 £ 5 75 + 3 T4 £ 2 71 £ 3

8yalues are means + SEM.
Indicates significant difference from control (CuS) values by 2-way ANOVA and Scheffe contrast.
The high liver and heart Cu values indicate a severe polydipsia leading to increased Cu intake. This
treatment is therefore of limited value as a control and therefore subsequent ANOVA indicated below
is a 1-way analysis comparing CuS, CuD and CuD-DMSO values only.
®Indicates significant difference from control (CuS) values by 1-way ANOVA and Scheffe contrast.
Indicates significant difference from Cu-deficient group (CuD) values by 1-way ANOVA and Scheffe
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contrast.

rise in hematocrit and a rise in liver Zn and
heart Cu concentrations. Liver Cu and Fe were
unchanged by treatment of CuD animals with
DMSO. From a purely subjective standpoint,
CuD-DMSO animals looked healthier and lacked
the hair color change (red-brown tinge on the
back) of CuD animals.

A comparison of CuD-DMSO treated rats to
CuS rats indicated that DMSO moved HW/BW and
hematocrit toward control values, and that
liver Zn and heart Cu concentrations returned
to control values.

the

DISCUSSION. This study indicates that DMSO
significantly inhibits the appearance of three
cardiovascular defects, cardiac hypertrophy,
anemia and reduced heart Cu stores, which
result from dietary copper deficiency.

In evaluating the results, the significant
treatment effects of DMSO on several variables
had to be dealt with. The severe growth
retardation caused by DMSO has been observed
previously and is most likely attributable to
reduced food intake (12). The enhanced Cu
concentrations in livers and hearts of CuS-DMSO
animals are probably caused by polydipsia,
observed qualitatively in this study and
supported quantitatively by prior work (12).
This effect makes the CuS-DMSO animals of
limited value as controls for Cu status.

It is important to recognize, however, that
the tendency of DMSO to increase Cu intake by
polydipisia in CuS animals could not occur in
CuD animals, which had no Cu in their water.
For this reason it is reasonable that liver Cu
in CuD animals was not altered by DMSO,
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indicating that the effects of DMSO are not due
to a general alteration of Cu status.

Two control variables upon which DMSO had
no treatment effect and which were therefore
valid as controls are HW/BW and hematocrit. The
constant HW/BW ratio with DMSO in CuS animals
indicates that the reduced heart weight was
simply a function of the reduced growth known
to occur with DMSO (12). Cardiac enlargement
with Cu deficiency is quite evident from both
heart weight and HW/BW values. The lower heart
weights caused by DMSO treatment of CuD animals
is also clear, the lower HW/BW showing that
heart weight reduction by DMSO was not just a
consequence of reduced body weight. Likewise,
for hematocrit, the lack of a DMSO treatment
effect in control animals may be contrasted
against the significant inhibition by DMSO of
the anemia induced by Cu deficiency.

Because DMSO is a generalized antiinflamm-
atory agent and powerful solvent, the mechanism
of the inhibitory effect of DMSO on the
cardiovascular defects of Cu deficiency cannot
be stated with certainty. DMSO was used in
this study because of its ability to scavenge
hydroxyl radicals and at least one study
relates this function to its antiinflammatory
activity (19).

That the cardiac hypertrophy in Cu
deficiency may be associated with direct
oxidative damage is suggested by evidence of
peroxidation in Cu-deficient hearts (8,10). If
that damage is caused by hydroxyl radicals,
DMSO could directly prevent it. Alternatively,
the relative retention of heart Cu in CuD
animals treated with DMSO may indirectly



prevent oxidation by the associated retention
of Cu-dependent antioxidant enzyme levels in
the heart. Yet another proposal is that the
cardiac hypertrophy may be secondary to
Cu-dependent anemia (3).

Proposed mechanisms for the anemia of Cu
deficiency include altered Fe metabolism (20)
and oxidative damage to red cell membrane
proteins (21). Because Fe status is not
altered, this study supports the latter
proposal most directly and implicates the
hydroxyl radical as the culprit in the
oxidative damage. However, because of the
complex interaction among Cu, Fe, their
dependent enzymes, as well as heme with
production of oxygen-derived free radicals, a
role of DMSO in the inhibition of an
Fe-dependent component of anemia cannot be
ruled out.

The rise in liver Zn concentration caused
by DMSQO (presumably because of polydipsia) can
be ruled out as correcting the heart and
hematocrit changes of Cu deficiency because
increased Zn is known to depress Cu levels and
tends to exacerbate effects of Cu deficiency
(M.

In conclusion, the significance of this
work lies in our ability to partially inhibit
signs of severe Cu deficiency by chronic
application (feeding) of a rather simple
substance (DMSO) with a high degree of tissue
penetration and known antiinflammatory
activity. Because DMSO also has an antioxidant
property, these findings support, although
indirectly, evidence in the literature of
oxidative damage in Cu deficiency.
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FOOTNOTES. 'Mention of a trademark or
proprietary product does not constitute a
guarantee or warranty of the product by the
U.S. Department of Agriculture, and does not
imply its approval to the exclusion of other
products that may also be suitable.
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