
Letters to the Editor
Zinc for the Common Cold

Recent articles in this journal (1, 3, 5) have followed up the
original observation and clinical study of zinc gluconate as a
possible oral therapy for the common cold (2). Since the
original publication (2), reported results have been uniformly
negative. Such observations could be accepted without
further comment if the cold were not such a common and
important entity in terms of discomfort and economic im-
pact, if no reason for the negative results other than simple
lack of the purported activity could be suggested.
The cited studies appear to have been well done, but in

each one there are factors almost certainly unknown to the
authors which may explain the negative results and cause the
studies to be irrelevant to the practical treatment of the
common cold.
The in vitro study (5) assessed the antiviral activities of

serveral zinc salts against rhinovirus types 1A and 39.
Minimal activity was seen with zinc gluconate at 0.003 to 0.1
mM and with zinc lactate and zinc oxide at 0.1 mM. The
authors were limited to 0.1 mM maximum concentration
because of cytotoxicity of zinc salts in the WI-38 and HeLa
cell assay systems used. I have shown experimentally that
one unflavored 23-mg (Zn) zinc gluconate tablet (lozenge)
produces 20 ml of saliva while totally dissolving in the mouth
for 10 min. Salivary zinc concentration is therefore approx-
imately 18 mM, or between 180 and 5,900 times the concen-
trations previously found to be minimally effective (5) and
one to two orders of magnitude greater than effective in vitro
antiviral concentrations reported in references 2 to 5 and 7
cited in reference 5.
Lozenges previously used (3) contained citric acid (prob-

ably in excess over zinc) which rapidly forms very tight
complexes with zinc (7, 11, 12, 15). In these complexes, no
positively charged zinc ion is present, and the complex in
fact has no charge at pH near 4 and, progressively, one and
two negative charges as pH is raised to 8.6 and beyond (7, 9,
10, 12, 15):

Zn[HOCH2(CHOH)4CO2]2 ±
Zn[HOCH2(CHOH)4CO2]+ + HOCH2(CHOH)4CO2-7

Zn[HOCH2(CHOH)4CO2]+ + HOCCO2H(CH2CO2H)2
Zn[HOCCO2H(CH2CO2)2] +HOCH2(CHOH)4CO2H +

H+; Zn[HOCCO2H(CH2CO2)2] at pH 4 to 8.5
Zn[HOCCO2 (CH2CO2)V -_

Zn[HOCCO2(CH2CO2)2]1OH12-

The effervescent tablets (1) contained bicarbonate and an
excess of tartaric acid (private communication), which pro-
duces a similar result (4, 6, 8, 13, 14):

Zn[HOCH2(CHOH)4CO2]+ + 2 (HOCH)2(CO2H)2
Zn[(HOCH)2(CO2H)CO2]2 + HOCH2(CHOH)4CO2H +

H+; Zn[(HOCH)2(CO2H)(CO2)]2 at pH 4 to 8.5
Zn[(HOCH)2(CO2H)(C02)][(HOCH)2(CO2)2V --

Zn[(HOCH)2(CO2)2]22

Zinc gluconate is less stable than the citrate and tartrate
complexes by orders of magnitude, readily giving Zn+
(gluconate) plus gluconate ion in water. In all likelihood,
previous studies (1, 3) were done with formulations in which
the zinc was not only completely inactivated by complexa-

tion but carried a negative charge as well, which would tend
to drive it away from inflamed tissues and probably from
viral surfaces.
A further clinical study (W. Al-Nakib, P. G. Higgins, I.

Barrow, G. Batstone, and D. A. J. Tyrrell, personal com-
munication) found very significant reductions in clinical
symptom score by using simple zinc gluconate lozenges, but
the authors were able to show no antiviral effect. The
question of whether the zinc gluconate effect is antiviral,
antihistaminic, or other (unknown) remains unresolved by
this study because the nasal washings used to dilute and
plate out for live virus count may have diluted the zinc
concentration to the point of recovery of virus viability (if
the zinc antiviral effect is reversible on removal of zinc).
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Stability Constants of Zinc Complexes Affect Common Cold Treatment Results

Recently, two articles appeared in this journal which
reported negative findings with compounds of zinc formu-
lated into lozenges as treatment for common colds (2, 4). I do
not dispute their findings; rather, I offer a more constructive
explanation for the differences between our respective find-
ings than the conclusion by Farr and Gwaltney implying a
propensity of Texans to fabricate tall tales (5).

Apparently, most common cold researchers have not yet
realized that it is the zinc ion that is solely responsible for the
marked reduction in duration of signs and symptoms of the
common cold when treated with zinc lozenges and that the
instability of the zinc complex is extremely important for the
positive outcome of common cold experiments. My col-
leagues and I reported significant and meaningful reductions
in the duration of signs and symptoms ofcommon colds with
highly ionizable zinc gluconate lozenges (3). Recently,
D. A. J. Tyrrell's group at the British Medical Research
Council's Common Cold Unit demonstrated similar reduc-
tions in the duration and severity of signs and symptoms of
common colds with zinc gluconate lozenges sweetened with
sugar and pleasantly flavored (1). The tablets were small,
each weighing 1 g and containing 23 mg of elemental zinc.
No beneficial impact on viral titer was evident over time (1).
Two studies with nonionizable zinc compounds showed

completely negative results against the signs and symptoms
of common colds. The first study to demonstrate lack of
efficacy of nonionizable zinc compounds was reported by my
colleagues and myself for zinc orotate lozenges in 1984 (3),
and the second was reported by M. L. McCutcheon, Univer-
sity of Minnesota, Duluth (personal communication), in 1987.

In oral use in lozenge form, zinc gluconate rapidly ionizes,
as does zinc combined with other ligands having low stability
constants. It is very well known that if such occurs in the
presence of acids having high stability constants for zinc ions
at the normal pH of saliva, a new vastly stronger equilibrium

TABLE 1. Summary of the various groups' findings

Zinc chelator
Zinc compound used used for flavor

Research group (reference) as active ingredient enhancement
(stability constant)a (stability constant

for zinc ions)a

Positive results
Eby (3) Zinc gluconate (50) None
Tyrrell (1) Zinc gluconate (50) None

Negative results
Douglas (2; personal Zinc acetate (40) Tartartic acid

communication, (2,140,000)
1987)

Eby (3) Zinc orotate None
(2,630,000)

Gwaltney (4) Zinc gluconate (50) Citric acid
(83,000,000,000)

McCutcheon Zinc aspartate None
(personal (25,000,000,000)
communication)

a References 6 and 7.

immediately occurs. Such equilibrium results in extremely
stable, but usually soluble, zinc complexes which cannot
release their zinc ions to the saliva. Therefore, there occurs
in saliva such powerful binding of zinc ions that there is no
metallic taste observed and, by implication, no localized zinc
activity, resulting in no observable efficacy.

Careful analysis of the formulations of lozenges used in
studies by others (Table 1) shows an extreme difference in
binding power for zinc ions by ligands present in successful
and unsuccessful lozenge formulations, as shown herein by
stability constants.
No specific mechanism has been identified by which zinc

gluconate lozenges exert their action against the common
cold. However, results from my studies of the effect of zinc
gluconate on the signs and symptoms of common colds, as
well as those of others (1), clearly show ionized zinc gluco-
nate to be an active, but perhaps reversible, antirhinoviral-
like agent in vivo. Zinc ion concentration in nasal mucus in
healthy subjects has been demonstrated not to increase with
use of zinc gluconate lozenges and may decline (J. M.
Gwaltney, Jr., personal communication, 1984). The reversi-
bility of the antirhinoviral effect and either absence of excess
zinc ions or a decline of zinc ions in nasal mucus may help
explain Tyrrell's observation of absence of reduction in viral
titer in nasal mucus. Alternative explanations include immu-
nological and physiological effects, including nonspecific cell
plasma membrane protection by added zinc ions, as hypoth-
esized by Pasternak (8).

I conclude that (i) the beneficial effect of zinc ions on the
signs and symptoms of common colds is adversely affected
by zinc chelators in common cold lozenge formulations (or
food and drink), (ii) the solubility and stability constants of
the zinc compound and the stability constant of each re-
search zinc lozenge ingredient for zinc ions in saliva pH
range must be either known or established, and (iii) all zinc
lozenge ingredients, their weights, and their relevant stabil-
ity constants for zinc ions should be described in articles
submitted for publication so that the relevance of the results
can be determined by the reader.
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