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ABSTRACT
Background. A signiﬁcant association between Zn and Se homeostasis exists. At the same time, data on the
inﬂuence of zinc supplementation on selenium distribution in organs and tissues seem to be absent. Therefore, the primary objective of the current study is to investigate the inﬂuence of zinc asparaginate supplementation on zinc and selenium distribution and serum superoxide dismutase (SOD) and glutathione peroxidase
(GPx) activity in Wistar rats.
Material and methods. 36 rats were used in the experiment. The duration of the experiment was 7 and 14
days in the ﬁrst and second series, respectively. The rats in Group I were used as the control ones. Animals in
Groups II and III daily obtained zinc asparaginate (ZnA) in the doses of 5 and 15 mg/kg weight, respectively.
Zinc and selenium content in liver, kidneys, heart, muscle, serum and hair was assessed using inductively
coupled plasma mass spectrometry. Serum SOD and GPx activity was analysed spectrophotometrically using
Randox kits.
Results. Intragastric administration of zinc asparaginate signiﬁcantly increased liver, kidney, and serum zinc
content without affecting skeletal and cardiac muscle levels. Zinc supplementation also stimulated selenium
retention in the rats’ organs. Moreover, a signiﬁcant positive correlation between zinc and selenium content
was observed. Finally, zinc asparaginate treatment has been shown to modulate serum GPx but not SOD
activity.
Conclusion. The obtained data indicate that zinc-induced increase in GPx activity may be mediated through
modulation of selenium status. However, future studies are required to estimate the exact mechanisms of zinc
and selenium interplay.
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INTRODUCTION
Zinc and selenium are essential trace elements due to
their cofactor function in a number of enzymatic systems (Kaim et al., 2013). In particular, these metals are
cofactors for Cu, Zn-superoxide dismutase (SOD) and
glutathione peroxidase (GPx) that play a signiﬁcant role
in maintenance of redox homeostasis (Bettger, 1993).
Zinc and selenium deﬁciency is characterised by various
clinical signs due to the participation of trace elements
in numerous metabolic pathways (Lee, 2012). The incidence of poor zinc and selenium status is high in certain
territories (Diplock, 1993; Prasad, 2003). It is notable
that combined zinc and selenium deﬁciency is frequently observed in a number of pathologic states (Barretto
et al., 2008; Çavdar et al., 2009; Khalili et al., 2008)
as well as in relatively healthy population (De Jong
et al., 2001). Such a fact indicates a signiﬁcant association between Zn and Se homeostasis. Moreover, a number of fundamental studies have investigated a chemical
basis of this association (Blessing et al., 2004; Feroci et
al., 2005). Earlier studies have indicated the possibility
of mutual inﬂuence of zinc and selenium in the case of
supplementation. In particular, it has been shown that
zinc supplementation in dialysis patients increases serum selenium concentration (Guo et al., 2013). A simultaneous administration of selenium and zinc resulted in
enhanced trace elements retention in organs and tissues
(Chmielnicka et al., 1988). Moreover, selenium supplementation has also been shown to increase tissue selenium in animals fed both zinc-adequate and zinc-deﬁcient
diet (Fatmi et al., 2013). At the same time, data on the
inﬂuence of zinc supplementation on selenium distribution in organs and tissues seem to be absent. Therefore,
the primary objective of the current study is to investigate the inﬂuence of zinc asparaginate supplementation
on zinc and selenium distribution and serum SOD and
GPx activity in Wistar rats.
MATERIAL AND METHODS
36 male Wistar rats were used in the experiment. The
research was approved by the Local Ethics Committee.
The animals have been acclimatized to the laboratory
conditions for two weeks prior to the experiment. The
animals were maintained in a laboratory on a regular
12:12 h light-dark cycle (lights on at 8.00 a.m.) and fed
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a standard diet ad libitum. Granulated chow PK-120
(“Laboratorkorm” Ltd., Moscow, Russia) containing
307 kcal/100 g (20% protein, 70% carbohydrate, 10%
fat) was used as a standard diet. Zinc and selenium
content in the rat chow was 78.6 ±5.1 and 0.17 ±0.04
μg/g, respectively. The animals received pure drinking
water with general mineralization < 250 mg/l.
Two series of experiments were performed. The
duration of the experiment was 7 and 14 days in the
ﬁrst and second series, respectively. The rats in Group
I were used as the control ones. Animals in Groups
II and III daily obtained zinc asparaginate (ZnA)
Zn(C4NO4H6)2 ∙ Zn(OH)2 in the doses of 5 (ZnA5) and
15 mg/kg weight (ZnA15), respectively. Zinc asparaginate in starch was given by intragastric gavage (at
10.00 a.m.) using silicone ﬂexible catheters.
Blood was collected via venesection of the jugular
vein with subsequent separation of serum. Rats’ liver,
kidneys, heart, and muscles (m. gastrocnemius) were
collected at the end of the experiment. The organs
and tissues were separated from connective tissue and
rinsed with ice-cold physiological saline. Hair was collected from the cranial part of the spine. The obtained
samples were used for subsequent chemical analysis.
Hair samples were washed with acetone and then
rinsed twice with deionized water in order to remove
possible mechanical contamination (Zhao et al., 2012).
Afterwards, the samples were dried on air at 60°C.
Blood samples were added with an acidiﬁed (pH = 2.0)
diluent (1:15 v/v). The diluent consisted of 1% 1-butanol (Merck KGaA, 64271 Darmstadt, Germany),
0.1% Triton X-100 (Sigma-Aldrich, Co., St. Louis, MO
63103 USA), and 0.07% HNO3 (Sigma-Aldrich, Co.,
St. Louis, MO 63103 USA) in distilled deionized water. All samples were subjected to microwave decomposition. Brieﬂy, 50 mg of hair, organs, tissues and serum were introduced into Teﬂon tubes with subsequent
addition of concentrated nitric acid. The samples were
digested in a Berghof speedwave four system for 20
minutes at 180°C. The obtained probes were analyzed
for zinc and selenium content by inductively coupled
plasma mass spectrometry using NexION 300D (PerkinElmer Inc., Shelton, CT 06484, USA) equipped with
ESI SC-2 DX4 (Elemental Scientiﬁc Inc., Omaha, NE
68122, USA) autosampler. The use of Dynamic Reaction Cell technology allows to minimize the majority
of interferences without the loos of sensitivity.
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RESULTS

15 mg/kg ZnA for 7 days resulted in 11 and 23% elevation of liver zinc content in comparison to the control values. Similar effect was observed after 14-days
treatment. Liver zinc levels in rats obtaining 15 mg/kg
ZnA signiﬁcantly exceeded the respective values obtained for the ﬁrst and second groups by 19 and 15%.
Kidney zinc content was also affected by zinc supplementation. 7-days administration of 15 mg/kg ZnA
resulted in a signiﬁcant elevation of kidney Zn levels by
6 and 12% as compared to the I and II Group values, respectively. Treatment with 15 mg/kg zinc asparaginate
for 14 days was associated with a signiﬁcant 19 and 9%
increase in kidney zinc content in comparison to the respective values in the control and ZnA5 groups.
M. gastrocnemius zinc content was not signiﬁcantly affected by administration of zinc asparaginate
in the experimental groups. Moreover, the overall tendency was not signiﬁcant.
Zinc treatment for 7 days was accompanied by
a relative decrease in heart zinc content. Oppositely,
administration of ZnA for 14 days led to an increase in
heart zinc values. However, both tendencies were not
signiﬁcant.
Intragastric gavage of zinc signiﬁcantly affected
serum metal concentration. In particular, treatment
with 5 and 15 mg/kg zinc asparaginate for 7 and 14
days resulted in a respective signiﬁcant 35 and 45%,
and 55 and 107% increase in serum Zn when compared to the control values.
Zinc asparaginate supplementation for 7 days did not
result in any signiﬁcant changes in rats’ hair zinc content. At the same time, treatment with 5 and 15 mg/kg
ZnA for 14 days increased hair zinc content by 10 and
12% in comparison to the control level.
It is notable that no signiﬁcant differences in organs zinc content between the respective groups of animals treated for 7 and 14 days were observed. At the
same time, the overall tendency to treatment-induced
increase in zinc content in liver, kidneys and serum
was more expressed after 14 days of treatment in accordance with one-way ANOVA results.

The inﬂuence of zinc asparaginate supplementation
on zinc content in organs and tissues
The obtained data demonstrated an increase in zinc
content as a result of intragastric gavage of zinc asparaginate (Table 1). In particular, administration of 5 and

The inﬂuence of zinc asparaginate supplementation
on selenium content in organs and tissues
Along with increased zinc content, treatment with zinc
asparaginate signiﬁcantly affected selenium distribution in organs (Table 1).

The system was prepared in accordance with the
manufacturer’s recommendations. Calibration was
performed using 0.5, 5, 10, and 50 μg/l solutions of
zinc and selenium prepared from Universal Data Acquisition Standards Kit (PerkinElmer Inc., Shelton, CT
06484, USA) by addition of distilled deionized water
acidiﬁed with 1% nitric acid. Internal standardization
was performed using yttrium (89Y) isotope Yttrium
(Y) Pure Single-Element Standard (PerkinElmer Inc.,
Shelton, CT 06484, USA) on a matrix containing 8%
1-butanol (Merck KGaA, 64271 Darmstadt, Germany), 0.8% Triton X-100 (Sigma-Aldrich, Co., St. Louis, MO 63103 USA), 0.02% tetramethylammonium
hydroxide (Alfa-Aesar, Ward Hill, MA 01835 USA),
and 0.02% ethylenediaminetetraacetic acid (SigmaAldrich, Co., St. Louis, MO 63103 USA). Reference
materials were additionally used for quality control.
Standard GBW09101 hair sample (Shanghai Institute
of Nuclear Research, Shanghai, China) was used as
a reference material during hair trace element analysis.
Laboratory control of serum analysis was performed
using ClinCheck Plasma Control, lot 129, levels 1 and 2
(RECIPE Chemicals + Instruments GmbH, Germany).
Blood serum was also used for estimation of SOD
and GPx activity using Randox kits (Randox Laboratories Ltd., Crumlin, United Kingdom) on an automated biochemical analyser Tokyo Boeki (Tokyo Boeki
Machinery Ltd., Tokyo, Japan).
The obtained data are expressed as mean values
and the respective standard deviations (mean ±SD).
One-way ANOVA was used for data processing in order to reveal signiﬁcant inﬂuence of zinc supplementation on the studied parameters (p trend of the overall
tendency). Fisher’s Least Signiﬁcant Difference test
was used for group mean comparisons. Correlation
analysis was performed using Spearman’s correlation
coefﬁcient. The signiﬁcance level for all statistical
analyses was set as p < 0.05. Statistical treatment of
the data obtained was performed using Statistica 10
(StatSoft Inc., Tulsa, Oklahoma, USA).
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Table 1. Inﬂuence of zinc supplementation on Zn and Se distribution in organism
Parameter

Control (I)

ZnA5 (II)

ZnA15 (III)

p trend

7 days
Zn liver

28.75 ±3.74

31.82 ±2.15

35.44 ±4.93a

0.026*

Zn kidney

18.88 ±1.15

18.02 ±0.72

20.11 ±1.37

0.017*

Zn muscle

8.82 ±2,02

8.70 ±1.92

10.46 ±3,16

0.414

Zn heart

17.13 ±0.77

16.77 ±1.55

16.13 ±0.61

Zn serum

1.15 ±0.27

1.55 ±0.22a

1.67 ±0.28a

Zn hair

150.50 ±8.80

151.17 ±6.59

144.83 ±9.70

Se liver

0.63 ±0.09

0.58 ±0.05

0.80 ±0.07

<0.001*

Se kidney

1.25 ±0.12

1.04 ±0.20a

1.27 ±0.17b

0.057

Se muscle

0.12 ±0.01

0.04 ±0.01

0.14 ±0.02

<0.001*

Se heart

0.31 ±0.03

0.22 ±0.03

0.33 ±0.03

<0.001*

Se serum

0.45 ±0.04

0.43 ±0.06c

0.50 ±0.03b

0.054

Se hair

0.23 ±0.01

0.23 ±0.03

0.26 ±0.02

0.087

a
a

a,b

a,b

a,b
b

b

0.282
0.021*
0.386

14 days
Zn liver

28.72 ±2.24

29.77 ±1.66

34.30 ±3.14a,b

0.002*

Zn kidney

17.32 ±1.58

18.86 ±0.97

20.54 ±1.81a,b

0.007*

Zn muscle

10.67 ±1,39

11.94 ±3,62

12.70 ±6,81

0.849

Zn heart

15.99 ±0.69

16.46 ±0.59

16.92 ±1.94

0.446

Zn serum

0.91 ±0.14

1.41 ±0.30

a

1.88 ±0.30

<0.001*

139.89 ±13.83a

0.077

0.64 ±0.08

0.71 ±0.04

0.035*

1.16 ±0.08

1.14 ±0.11

1.07 ±0.13

0.25 ±0.05

0.32 ±0.04a

0.16 ±0.05a,b

Se heart

0.29 ±0.04

0.32 ±0.02c

0.30 ±0.04

Se serum

0.43 ±0.03

0.41 ±0.05

0.43 ±0.04

0.469

Se hair

0.28 ±0.03

0.30 ±0.03

0.33 ±0.03a,b

0.028*

Zn hair

124.78 ±11.88

Se liver

0.60 ±0.05

Se kidney
Se muscle

a

136.04 ±5.49

a,b

a,c
c

0.330
<0.001*
0.284

Values are expressed as mean ±SD.
Signiﬁcant difference in comparison to Control (I) animals (p < 0.05).
b
Signiﬁcant difference in comparison to ZnA5 (II) animals (p < 0.05).
c
Signiﬁcant difference in comparison to the respective group treated for 7 days.
*p trend is signiﬁcant at p values < 0.05.
a

In particular, supplementation with 15 mg/kg ZnA
for 7 and 14 days resulted in a signiﬁcant 28 and 17%
increase in liver selenium content in comparison to
the control group values. However, zinc-induced selenium deposition in liver was less expressed after 14
days of treatment.
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It is notable that treatment with 5 mg/kg zinc asparaginate decreased selenium content in the studied
organs. In particular, rats from Group II were characterised by a 16, 70, and 29% decrease in kidney,
muscle, and heart content as compared to the control
values, respectively. At the same time, intragastric
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administration of 15 mg/kg ZnA resulted in a 28 and
20% elevation of liver and muscle selenium content in
comparison to the respective control values. Moreover,
the obtained values of selenium content in organs and
tissues of rats exposed to 15 mg/kg ZnA signiﬁcantly
exceeded the respective parameters in the Group II
(ZnA5). It has been noted that the overall tendency
to zinc-induced changes in selenium content in liver,
heart, and muscle was signiﬁcant in accordance with
one-way ANOVA. Such tendency in the case of kidney and serum selenium levels was fairly signiﬁcant.
The reverse character of changes in serum and muscle selenium levels was observed after zinc treatment for
14 days. In particular, supplementation of 5 mg/kg zinc
asparaginate resulted in increased selenium deposition
in organs, whereas administration of 15 mg/kg ZnA was
associated with a decrease in these parameters. Thus, the
rats from Group II were characterized by a 30% elevation
of muscle selenium levels as compared to the respective control values. At the same time, treatment with 15
mg/kg weight ZnA decreased muscle selenium content
by 35 and 55% as compared to the Group I and II values, respectively. The overall tendency to zinc-induced
decrease in muscle selenium levels was signiﬁcant.
The overall tendency to zinc-associated increase in
hair selenium content was not signiﬁcant after 7 days
of treatment. At the same time, administration of 15
mg/kg weight zinc asparaginate signiﬁcantly increased
hair selenium content by 13% as compared to the
Group II values. After 2-week treatment the tendency

was signiﬁcant. In particular, hair Se content in rats
obtaining 15 mg/kg zinc asparaginate exceeded the respective values in Group I and II by 18 and 10%.
Correlation between zinc and selenium content
in organs and tissues
In order to specify the association between zinc and
selenium in organs and tissues we have performed correlation analysis (Table 2). A signiﬁcant direct association between Se and Zn in liver was observed in animals in both series of experiments. Positive correlation
between these metals in kidneys was also observed in
rats involved in an experiment for 7 days. Direct association between zinc and selenium content in heart and
hair was observed after 14 days of treatment.
The inﬂuence of zinc supplementation
on serum SOD and GPx activity
It has been estimated that zinc supplementation signiﬁcantly affects serum antioxidant enzymes activity (Fig.
1). Despite a 9% increase in GPx activity in rats obtaining 15 mg/kg zinc asparaginate for 7 days, the overall
tendency was not signiﬁcant (Fig. 1A). At the same
time, Group III values of serum GPx activity were 7
and 8% higher than the ones obtained for Groups I and
II, respectively. The tendency to zinc-induced increase
in GPx activity was nearly signiﬁcant (Fig. 1B). At the
same time, intragastric administration of zinc asparaginate did not signiﬁcantly affect serum SOD activity
after 7 (Fig. 1C) and 14 days of experiment (Fig. 1D).

Table 2. Correlation between zinc and selenium content in the studied tissues and organs in rats treated for 7 and 14 days
Tissue

7 days

14 days

General sample

Liver

r = 0.566, p = 0.028*

r = 0.690, p = 0.004*

r = 0.594, p = 0.001*

Kidney

r = 0.737, p = 0.002*

r = –0.299, p = 0.280

r = 0.271, p = 0.148

Muscle

r = 0.285, p = 0.303

r = 0.007, p = 0.979

r = 0.284, p = 0.129

Heart

r = –0.037, p = 0.896

r = 0.710, p = 0.003*

r = 0.217, p = 0.250

Serum

r = 0.020, p = 0.943

r = –0.084, p = 0.765

r = –0.010, p = 0.957

Hair

r = –0.023, p = 0.929

r = 0.636, p = 0.005*

r = –0.223, p = 0.192

Data presented as coefﬁcient of correlation (r) and the respective p values.
*Correlation is signiﬁcant at p < 0.05.
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Fig. 1. Effect of zinc supplementation on serum GPx and SOD activity. Graph represents
mean values ±SD: A – GPx activity in rats after 7-days zinc asparaginate supplementation,
B – GPx activity in rats after 14-days zinc asparaginate supplementation, C – SOD activity
in rats after 7-days zinc asparaginate supplementation, D – SOD activity in rats after 14-days
zinc asparaginate supplementation

Correlation analysis revealed a signiﬁcant association between serum selenium and GPx activity
in rats being treated with zinc both for 7 (r = 0.651,
p = 0.006) and 14 days (r = 0.554, p = 0.017). At the
same time, zinc and selenium concentration in other
tissues and organs did not signiﬁcantly correlate with
GPx and SOD activity.
DISCUSSION
The obtained data indicate a signiﬁcant inﬂuence of intragastric administration of zinc asparaginate on zinc
content in various organs and tissues of rats. Total zinc
content in the studied organs decreases in the following
order: liver > kidney > heart > muscle > serum. These
ﬁndings are in agreement with previous studies. In particular, it has been shown that administration of zinc
oxide nanoparticles results in primary accumulation of
zinc in liver as compared to other parenchymatous organs (Baek et al., 2012). Moreover, the obtained data
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conform to the role of liver as a key organ in zinc homeostasis (Faa et al., 2008).
A dose-dependent increase in serum zinc content
also conﬁrms earlier data indicating the effect of oral
zinc sulfate supplementation on serum metal concentration in volunteers (Samman and Roberts, 1987).
The observed treatment-induced increase in kidney zinc content is in agreement with previous studies
(Chen et al., 1977). It is proposed that such an effect
may occur due to a role of kidneys in zinc excretion
(Hambidge et al., 1998).
Despite the presence of data indicating the role of
muscles as regulatory sites of zinc homeostasis (Krebs
et al., 1995), short term zinc administration did not result in signiﬁcant changes of metal levels in muscles
(m. gastrocnemius). Taking into account a short period
of treatment, the obtained data indicate that muscle tissue (both myocardium and skeletal muscles) do not
play a signiﬁcant role in homeostatic regulation of
zinc balance in acute period of zinc treatment.
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The results of the current study have demonstrated
the inﬂuence of zinc administration on selenium status
in rats. Moreover, the obtained data indicate a positive association between zinc and selenium levels in
the organism. This observation is in agreement with
the previous study indicating the increase of liver and
serum selenium levels in response to zinc treatment
(Galażyn-Sidorczuk et al., 2012). At the same time,
the exact mechanisms of zinc-induced increase in selenium levels are unknown.
Hypothetically, the inﬂuence of zinc on selenium
status may occur through modulation of one of the
stages of selenium homeostasis: absorption, retention,
or excretion. Earlier study has indicated that selenium
absorption decreased as the zinc content in the diet
increased (House and Welch, 1989). However, zinc
administration decreased selenium retention only at
higher zinc:selenium ratio (10:1) whereas no antagonism was observed at a 2:1 ratio (Eybl et al., 1986).
At the same time, Chmielnicka and the coauthors have
demonstrated lower urinary selenium excretion after
zinc treatment (Chmielnicka et al., 1988).
The obtained data indicate a positive inﬂuence of
zinc treatment on serum GPx activity. This observation is in agreement with the earlier study demonstrating an increase in serum zinc and GPx activity
in volunteers obtaining zinc supplementation (Kara
et al., 2010). The observed direct correlation between
serum selenium level and GPx activity conﬁrm earlier data (Luoma et al., 1984; Kim et al., 2011). Such
an association is based on the structural role of selenium in GPx molecule (Tappel, 2014). Taking into
account a signiﬁcant association between zinc treatment, serum selenium, and GPx activity, it may be
proposed that zinc-induced increase in GPx activity may be mediated through modulation of selenium status. The absence of signiﬁcant association
between zinc levels and serum SOD activity is in
agreement with the earlier statement (Bettger, 1993).
At the same time, it should be mentioned that only
total serum superoxide dismutase activity was analysed in the current investigation, while isolated Cu,
Zn-SOD characteristics were not studied. Taking into
account the obtained results it proposed that antioxidant action of zinc may be associated with increased
GPx but not SOD activity.
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Generally, the results of the current study indicate:
1. Intragastric administration of zinc asparaginate
signiﬁcantly increases liver, kidney, and serum
zinc content without affecting skeletal and cardiac
muscle levels.
2. Zinc supplementation signiﬁcantly increases selenium retention in the rats’ organs. Moreover, a signiﬁcant positive correlation between zinc and selenium content exists.
3. Zinc asparaginate treatment modulates serum GPx
but not SOD activity.
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