CORRESPONDENCE

ZINC SUPPLEMENTATION IMPROVES GLUCOSE DISPOSAL IN PATIENTS WITH CIRRHOSIS

To the Editor:

Recent attention has focused on the role of minor dietary constituents
m chronic disease.! It is therefore of mterest that zinc has been demonstrated
to improve, although marginally, glucose metabolism in cases of liver
cirthosis. Marchesini et al, in a recent issue of Metabolism,? showed that
supplementation with 136 mg of elemental zinc for a period of 60 days
mereases glucose disposal and effectiveness in subjects with glucose
mtolerance or diabetes associated with hypernsulinemia, msuln resistance.
and a degree of hepatocellular failure. The authors conclude that zinc
supplementation is a relevant therapy m patients such as their study group.

While zinc is a recogmzed essential nutrient with some therapeutic
effects, its potential toxicity has been underestimated.>* Supplements of
a slightly larger magnitude than those used by Marchesini et al (150 v
136 mg. respectively) have been shown to produce gastrointestinal
discomfort, particularly in individuals with a low body weight, that is,
where the dose expressed as mg/kg body weight, is relatively high.® The
emetic effect 1s an acute toxic response. but a greater concern is the
long-term effect on copper metabolism.>

A major action of zinc in the ntestine is its ability to interact
adversely with the absorption of copper,>¢7 particularly when the ratio
of zinc to copper is lugh. In the report by Marchesini et al, the intake of
zinc has increased from a reported 15.5 mg/d (obtained from the diet) to
151.5 mg/d (diet plus supplement). while the intake of copper presum-
ably remains constant. between 1 and 2 mg/d. As a consequence of the
large increase in the dietary zinc to copper ratio, copper uptake will be
reduced’ and the activities of copper metalloenzymes will be compro-
mised.#10 These include ceruloplasmin, the major transport protein,
which also has ferroxidase activity, and superoxide dismutase (SOD).

which 1s a scavenger of superoxide radicals, and therefore has a role in
preventing the generation of reactive radical species.

In humans and animal models, the activity of SOD 1s reduced as a
result of the mgestion of relatively low doses of zinc, equivalent to those
that are readily available as over-the-counter preparations.!! The
decrease in the activity of SOD is of the order of 20%!! and the effect
occurs rapidly.!? The magnitude of the decrease m SOD will be
moderated by the pathophysiological state of the patients and by the
dietary copper intake, including that obtained from tap water, an
underestimated source of dietary copper. On the other hand, the
biological consequence of a reduction in SOD will be modulated by the
bioavailability of other dietary or supplemented antioxidants. such as
selenium and vitamins C and E.

In addition to the reduction in antioxidant status, a depletion of
copper may exacerbate components of the metabolic syndrome. In
1solated case reports, expetimental copper deficiency has been shown to
increase the plasma cholesterol concentration!? and reduce the clear-
ance of glucose.!* Therefore, because of the zinc-copper antagonism.
attempting to improve glucose tolerance by high-dose zinc supplements
may, in the long term. defeat the purpose. Hence, the conclusions drawn
by Marchesini et al need to be moderated by some of the side effects of
zinc supplementation, namely, the induction of copper deficiency. These
side effects cast serious doubts about the efficacy of large doses of zinc
as therapeutic agents for the mmproved handling of glucose in all
individuals, not only those reported with cirrhosis. The clinical sequelae
of zinc supplements go beyond the regulation of glucose metabolism.

Samir Samman
University of Sydney
Sydney, Australia
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REPLY

To the Editor.

‘We read with 1nterest the comments of Samman on our article, which
demonstrates that zinc supplementation improves glucose disposal in patients
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with cirthosis.! Ths study is part of a larger experience on zinc supplementa-
tion 1n cirthosis, where other metabolic aspects were considered.? We are
well aware of the possible toxicity of chronmic zinc administration, but in
the two studies reported so far no significant side effects were observed.
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Two points deserve mention. First, in confrast to zinc. copper
concentrations, both in plasma and in the hver, are normal n cirrhosis.
or even increased in the presence of cholestasis, due to reduced biliary
copper excretion.? Hepatic copper deposition is probably a secondary
phenomenon, without evidence of hepatotoxicity,* but any treatment
inducing negative copper balance is not expected to be of harm,
provided that the treatment is periodically discontinued.

Secondly, as pointed out by Samman, zinc-induced copper deficiency
might eventually lead to decreased superoxide dismutase (SOD)
activity and decreased antioxidant activity. However, zinc itself has
antioxidant properties, both in vitro and in vivo.’ Two mechanisms have
been proposed. Zinc might exther protect specific sulfydryl groups from
oxidation, thus preventing disulfide formation,® or compete with other
pro-oxidant metals (mainly Fe* ™} for specific bindmg sites, inhibiting
the formation of compounds able to promote lipid peroxidation.”

Following the letter of Samman, we measured both cupremia and the
total antioxidant status in the plasma of 14 fasting patients with
cirrhosis, who had received zinc sulfate supplementation (200 mg thrice
daily) for 35 to 90 days (median, 75). Samples had been stored at
—80°C for a period of 2 to 4 years. Cupremia was measured by means
of the bathocuproin disulfonate method (MPR 1 Copper: Roche
Diagnostics, Milan, Italy); the total antioxidant status was measured as
the 6-hydroxy-2.5,7 8-tetramethylchroman-2-carboxylic acid (Trolox)
equivalent antioxidant capacity (TEAC), using the Randox-TEAC
assay.® Normal values in our laboratory are 70 to 145 pg/dL and 1.2 to
1.8 mmol Trolox equivalent/L for plasma copper and TEAC, respec-
tively.

Cupremia was 104 (SD 40) pg/dL at baseline and 94 (30) at the end of
treatment. It was lower than normal in four subjects, both at baseline
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and after zinc supplementation, and above normal at baseline in two
patients with cholestasis (164 and 149 pg/dL). In both cases, plasma
copper decreased a little (99 and 145).

TEAC was on average lower than normal in this series of patients
with cirrhosis (1.20 [0.31] mmol Trolox equivalent/L), and nine patients
had TEAC values below the lower limit of the control population. This
is very well in keeping with the reduced concentration of antioxidant
substances (coenzyme Q10. vitamin E, reduced glutathione), as well as
with increased concentration of plasma lipoperoxides, repeatedly
demonstrated in cirrhosis.%12

Zinc supplementation had no significant effect on TEAC., which
increased by only 10% after treatment (1.33 [0.33]; 05<P<.1v
baseline), and remained below the lower limit in only five subjects.

In summary, no deleterious effects on cupremia and oxidant status
were observed in cirrhosis following long-term zinc supplementation. If
evet, the total antioxidant status improved, in agreement with previous
data, showing a decreased plasma concentration of thiobarbituric
acid—reacting substances in zinc-treated patients with cirthosis.> Both
events might be due to a general beneficial effect on the nutritional
status, which was observed in our two studies.!

On this basis we support zinc supplementation 1n advanced cirrhosis.
The metabolic effects on glucose disposal, while interesting for
research, might be marginal in comparison to the effects on nutritional
status and encephalopathy.

Giulio Marchesini, MD
Giampaolo Bianchi, MD
Mara Brizi, MD

Brunella Rossi, MD
Nazario Melchionda, MD
University of Bologna
Bologna. Italy
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