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Abstract Some zinc (Zn) research studies have used either Zn
gluconate or Zn glycinate, but the two forms have not been
compared much. Therefore, a moderately high dose of the
two forms (60 mg Zn/day) were compared in a 6-week inter-
vention in young adult women. Plasma Zn, the traditional as-
sessment of Zn status, was increased in all subjects given Zn
glycinate (V=10), while no significant change was seen overall
for Zn gluconate or placebo (N=10 each). Erythrocyte super-
oxide dismutase activity, a marker for Zn-induced copper defi-
ciency, was unchanged in all three groups. Thus, for the condi-
tions of this study, Zn glycinate effectively changed Zn status
better than Zn gluconate, but neither impacted copper status.
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Introduction

Marginal zinc (Zn) deficiency can occur in various circum-
stances [1, 2]. Correction of this problem can be accomplished
by temporary use of a moderately high dose Zn supplement.
Even in the absence of such deficiency, moderately high dose
Zn supplements might also serve other purposes such as anti-
inflammatory actions in certain situations [1, 3], increasing
sperm counts in infertile men [4], and treating attention-defi-
cit/hyperactivity disorder in children [5]. In addition, moderate
to high dose Zn supplementation has been used in eye supple-
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mentation studies [6]. Although each of these effects is consid-
ered desirable, on the down side, moderately high dose Zn
supplementation can cause a degree of copper deficiency [1].

A question that arises about Zn supplementation is as fol-
lows: What form Zn should be employed? At one time, Zn
sulfate was often used for Zn supplements, but this use has
fallen in recent years. One reason may be that Zn sulfate can
produce some GI tract irritation in some people (i.e., 7, 8). In
addition, for some consumers, an attitude has arisen that or-
ganic mineral complexes are preferred over inorganic forms.
For organic Zn supplements, Zn gluconate has emerged as a
commonly used version. However, this form has not been
extensively evaluated in comparison to other organic Zn com-
plexes. One such organic complex, Zn glycinate, has pro-
duced positive results in a number of research studies (i.e.,
5,9, 10). Thus, it can be asked whether either Zn glycinate
or Zn gluconate works better than the other. In two acute
uptake studies, Zn glycinate has performed better than Zn
gluconate [11, 12], but sustained use of Zn glycinate has not
been compared to sustained use of Zn gluconate.

A pilot study was carried out to compare moderately high
dose supplementation of Zn gluconate to Zn glycinate. Two
endpoints were employed. One was plasma Zn, the traditional
assessment tool for Zn status [1]. The other was erythrocyte
superoxide dismutase activity, a maker of Zn-induced copper
deficiency, a possible negative consequence of moderately
high dose Zn supplementation [13—15].

Materials and Methods
Subjects

The protocol was approved by The Ohio State University
Human Subjects Biomedical Institutional Review Board.
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Thirty females, 18-24 years old, were recruited from the stu-
dent population at Ohio State University. Potential subjects
were excluded for the following: major health problems, use
of oral contraceptives, taking medications that affect Zn me-
tabolism, or regular use of supplements containing Zn except
at 15 mg/day or less as oxide in multi-type supplements
(though such supplements were discontinued starting at least
a week before study participation). Subjects were drawn from
a group of 96 subjects who had given an initial blood draw
that was tested for plasma zinc. Subjects with readings in the
top 15 % or bottom 10 % of the values obtained were not used
in this study.

Subjects were randomly assigned to either maltodextrin
placebo (NV=10) or 60 mg Zn per day as Zn gluconate (N=
10) or Zn glycinate (N=10) from Albion Laboratories (Clear-
field, UT, USA). The supplementation followed a double
blind protocol. Subjects consumed the assigned product for
6 weeks. Supplements were taken with a meal of the subject’s
choosing. Subjects were given three extra doses and returned
unused capsules. Blood samples were taken before and after
the supplementation period. Blood samples were collected in
the morning, at about the same time of day for each subject,
after an overnight fast. Subjects were instructed to maintain
their previous dietary and exercise practices during study
participation.

Laboratory Analysis

Blood was collected into a tube with heparin. Each tube was
centrifuged at 3000xg for 30 min to obtain plasma, which was
stored at —10 °C until assayed for Zn by atomic absorbance
spectrometry. In addition, erythrocytes were collected and
washed with phosphate-buffered saline, extracted with
ethanol:chloroform, stored at —10 °C, and later assayed for
superoxide dismutase by a modified pyrogallol method as
described previously [16].

Statistical Analysis

Significance was set at p<<0.05. For each assessment, for each
treatment group, pre-values were compared to post-values by
paired ¢ test using Excel (Microsoft Corp, Redmond, WA).
Changes in values for Zn supplementation were compared to
changes for placebo by unpaired # test by Excel. Pre-treatment
values were compared between placebo and Zn supplementa-
tion groups by unpaired ¢ test using Excel.

Results
As seen in Fig. 1, supplementation with Zn glycinate, but not

Zn gluconate or placebo, increased plasma Zn (glycinate, 0.9
+0.3 vs 1.5+0.3; gluconate, 1.1£0.3 vs 0.940.3; placebo, 0.9
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+0.2 vs 0.840.3; means+SD). As seen in Fig. 2, the change in
plasma Zn due to Zn glycinate differed to a highly significant
extent from the change due to placebo or Zn gluconate
(glycinate, 0.7+0.2; gluconate, —0.2+0.2; placebo, —0.1+
0.1; means£SD). The Zn glycinate effect was very consistent
as all subjects showed an increase. In contrast, six of the ten
subjects in the gluconate group showed no change or a de-
crease. Since the latter group did not show a normal distribu-
tion, the glycinate and gluconate groups were also compared
by a Wilcoxon rank-sum test. Again, the difference showed a
high degree of significance.

None of the treatments produced any changes in erythro-
cyte superoxide dismutase activities (Table 1).

Discussion

Sustained supplementation with Zn glycinate supplementa-
tion was more effective at raising plasma Zn than supplemen-
tation with Zn gluconate. This result was consistent with two
previous acute comparisons [11, 12]. On the other hand, the
observation of no statically significant increase in plasma Zn
after Zn gluconate supplementation does not resemble certain
other studies. In a number of studies, sustained Zn gluconate
supplementation has raised serum or plasma Zn readings (i.e.,
13, 14, 17, 18). On the other hand, one study examining sup-
plementation of 50 mg Zn/day reports no rise in serum Zn at 6
or 8§ weeks [19]. Similarly, an unpublished study from this
laboratory found that 6 weeks of supplementation with
30 mg of Zn as gluconate did not raise plasma Zn values in
healthy middle-aged people (DiSilvestro RA, unpublished re-
sults). Moreover, in an acute study of Zn gluconate supple-
mentation [20], after an initial rise in blood Zn, fecal loses
eventually produced an actual negative Zn balance. Thus,
some variables in subject traits or background diet may deter-
mine the degree to which Zn gluconate supplementation af-
fects Zn status. Although it remains unclear as to why Zn
gluconate gives some inconsistent results, a consistent trend
has appeared for three comparisons of Zn gluconate versus Zn
glycinate. In each case, the results have favored Zn glycinate.

The increases in plasma zinc in response to zinc glycinate
were substantial (a mean increase well above a 50 % increase).
This large change could point to the especially high efficacy of
zinc glycinate versus other forms of zinc. However, the type of
subjects could also explain the large reaction. This type of
subject may not eat a lot of bioavailable zinc. Also, as noted
in the “Materials and Methods,” subjects were drawn from 96
potential subjects with those in the highest 15 % for plasma
zinc excluded.

The lack of effect of Zn gluconate on plasma Zn readings
does not necessarily mean that no impact on Zn status oc-
curred. Plasma Zn does not respond to changes in Zn status
as easily as some other markers [1, 2]. However, the plasma
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Fig. 1 Plasma zinc (ng/ml)
before and after supplementation
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with placebo, zinc gluconate, or
zinc glycinate. Values are means+
SD. *p<0.001, paired ¢ test
15+

Pre-Placebo

Zn results in the present study indicate a stronger response to
Zn glycinate, at least for the conditions of this study.

The current study’s lack of a Zn effect on copper status
differs from some previous studies that employed 50 mg
zinc/day and used erythrocyte superoxide dismutase activities
for a marker [13—15]. One possible explanation is that the
present study subjects’ copper status was so good as to render
them resistant to zinc-induced changes in copper status.

Fig. 2 Change in plasma zinc
(pg/ml) pre- minus post-

Post-Placebo

Pre-Gluconate Post-Gluconate Pre-Glycinate Post-Glycinate

However, the erythrocyte superoxide dismutase activities do
not support this proposition. The mean values were similar or
less than those in previous studies from this research group
that show increases with copper supplementation [21-23]. In
fact, within two of these previous studies [22, 23], starting
activities predicted whether copper supplementation would

have an effect. The activities in the present study would pre-
dict that the subjects tended to be in sub-maximal copper

Change in Plasma Zinc (pg/ml)
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Table 1  Superoxide dismutase activities

Group Pre-treatment Post-treatment
Placebo 3363+462 33894450
Zinc gluconate 3348+581 3301+499
Zinc glycinate 3425+602 3408+622

Means in units per milliliter packed cells=SD. No significant changes in
any group between pre- and post-treatment (paired ¢ test, p>0.05)

functional status (based on the ability of copper supplementa-
tion to increase erythrocyte superoxide dismutase activities).

Two of the studies showing a zinc supplement-induced
depression in erythrocyte superoxide dismutase activities
[13, 14] have conditions that overlap the current study in terms
of supplementation length (6 weeks) and the use of Zn gluco-
nate. However, in both of these previous studies, Zn supple-
mentation raises plasma or serum Zn, which was not the case
in the present study. Thus, the amount of Zn that actually
enters the body may affect whether copper status is affected.
Still, this may not be the only factor since in the present study,
Zn glycinate raised plasma Zn without affecting erythrocyte
superoxide dismutase activities. Possibly, in the small intes-
tine, amino acid chelated Zn absorbs with protein digestion
products in a way that does not compete with copper absorp-
tion. Such competition is thought to provide the basis for Zn-
induced copper deficiency [1]. At one time, it was thought that
the basis was Zn-induced elevation of intestinal cell metallo-
thionein, but high Zn intake can produce copper deficiency in
metallothionein knockout mice [24].

In summary, under the conditions of this study, a moder-
ately high dose of Zn as glycinate can raise plasma Zn without
affecting an indicator of copper status. Under the current study
conditions, Zn gluconate affected neither plasma Zn nor the
indicator of copper status.

Conflict of Interest R. DiSilvestro is currently using zinc glycinate in
products affiliated with his startup company, but that was not the case at
the time the study was done (which was over 12 years ago).
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