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Aging is usually accompanied by immunosenescence. Trace elements such as zinc (Zn), iron (Fe), and
copper (Cu) are essential for effective immune function. This study aims at assessing the aging effect on
the levels of zinc, iron and copper, estimating the association between their serum concentrations and
markers of the immune system including immunoglobulins G, immunoglobulins M, immunoglobulins A,
immunoglobulins E, interleukin-4, interleukin-5 and interferon-gamma. The study also, aims at
evaluating the interaction between the tested immunological parameters and trace elements. Eighty
volunteers participated in this study, aged from 30 to 65 years. They were divided into two equal groups
according to their age; the middle-aged group, aged from 30 to 45, and the older group, aged from 50 to
65 years. Zinc, iron, copper and the immune parameters namely, immunoglobulins G, immunoglobulins
M, immunoglobulins A, immunoglobulins E, interleukin-4, interleukin-5 and interferon-γ were assayed
in serum. The results showed significant increases of all the tested immunological parameters except for
IL-4 and IgM in the older group compared to the middle-aged group, while for the trace elements
concentrations, a trend towards increased values was observed in the older group. Age affects both
humoral and cellular immunity, although it has a greater influence on humoral immunity. In the present
study, trace elements were found to have a relation to both types of immunity especially in the middle
age.
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Introduction
Aging is a complex biological phenomenon that
is associated with changes in the immune system,
increasing the susceptibility to acute and chronic
diseases and the risk of physical and cognitive
disability [1, 2]. The decline in protective immune
responses in aging is termed ―immunosenescence‖
[3]. Aging is also associated with low levels of
chronic inflammation in the absence of overt
infection, termed ―inflammaging‖ [4]. It is
suggested
that
immunosenescence
and
inflammaging are risk factors for most aging
diseases such as infections, chronic inflammatory
diseases and autoimmune disorders. This state of
nonspecific chronic inflammation is accompanied
by increased blood concentrations of inflammatory
mediators such as C-reactive protein (CRP),
interleukin-6 (IL-6), interleukin-8 (IL-18) and

tumor-necrosis factor-α (TNF-α) [5].
Aging is also accompanied by changes in the
numbers and functions of T-lymphocytes [6]. It
causes an increase in the number of memory and
effector cells in both CD4+ and CD8+ subsets [7]
and an increase in proinflammatory cytokines such
as IFN-γ, IL-2, and TNF-α, while IL-4, IL-6 and
IL-10 increase only with the increase in the
number of memory CD8+ cells. On the other hand,
there is a gradual decrease in the functional
responses of T cells, which may be due to
alterations in cytokine production and response [6].
In aging, there is a shift in the cytokines production
towards the Th2-type profile (IL-4 and IL-10)
rather than the Th1-type profile (IL-2 and IFN-γ)
[8].
Trace elements are required in optimal levels for
effective immune functions [9]. Overt trace
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elements deficiencies can affect the immune
system and predispose individuals to infections
[10-12]. Both cell-mediated and humoral
immunity, and the release of proinflammatory
cytokines depend on the presence of adequate
amounts of trace elements such as zinc, iron and
copper. Aging is associated with increasing the risk
of trace elements deficiencies due to reduced food
intakes and age-related metabolic and physiologic
changes.
Zinc is one of the most relevant nutritional
factors in aging as it affects the immune response.
It induces the development, differentiation and
activation of T-lymphocytes [13, 14] and mediates
the Th1 mediated immune response [13]. Zinc
promotes the cytotoxic activity of natural killer
(NK) cells [9, 13, 15] and the phagocytic activity
of macrophages [16]. It induces the production of
cytokines such as IL-2, IL-6 and TNF-α [17, 18]
and may be involved in the production of IFN-γ
[19]. Zinc has also a role in the production of
antibodies, especially IgE [20, 21].
Copper is another trace element that is essential
for the maintenance of immune function. It has a
role in cellular immunity, as it induces the
differentiation and proliferation of T-cells and NK
activity. Copper is important for the production of
IL-2 and its deficiency reduces IL-2 expression in
T cells [22]. Copper also has a role in humoral
immunity, as it induces the production of
antibodies [22-23].
There is a cross-regulatory interaction between
iron homeostasis and immune function. Iron plays
a role in the differentiation and proliferation of T
lymphocytes [9, 22]. It is important for neutrophils
function [9] and may play a role in IFN-γ
production.
Decreased
phagocytosis
by
polymorphonuclear cells and alteration of the
secretion of Th1 and Th2 cytokines have been
reported in iron deficient patients and mice
respectively [24, 25].
The aim of the current study is to assess the aging
effect on the levels of zinc, iron and copper,
estimate the association between their serum
concentrations and markers of the immune system
including immunoglobulins G, immunoglobulins
M, immunoglobulins A, immunoglobulins E,
interleukin-4, interleukin-5 and interferon-gamma
and to evaluate the interaction between the tested
immunological parameters and trace elements in
order to clarify the importance of their use as
supplements in infections.
Arab J. Nucl. Sci. & Applic. Vol. 54, No. 1 (2021)

Material and Methods
Participants
This study was performed on eighty volunteers,
38 males and 42 females, age ranged from 30 to 65
years. They were divided into two equal groups
according to their age; the middle-aged group,
aged from 30 to 45, 18 males and 22 females and
the older group, aged from 50 to 65, 20 males and
20 females. All participants were subjected to full
medical history taking and complete clinical
examination. Patients suffering from acute or
chronic infections, chronic inflammatory diseases,
cancers, autoimmune diseases or chronic metabolic
diseases were excluded. The volunteers did not
take any nutritional supplements. An informed
consent was obtained from each individual
participant included in the study.
Estimation of trace elements and immune
parameters
Blood samples were withdrawn from volunteers;
after clotting, samples were centrifuged for 15 min.
at 2000 x g and the sera were frozen at -80 °C and
analyzed for quantitative determination of trace
elements
and
immune
parameters.
The
concentrations of Fe, Zn and Cu in serum were
assayed utilizing atomic absorption using (Sens
AA- GBC scientific equipment) according to
AOAC 1990 (Official methods of analysis 15th Ed
in association of official analytical chemists
Washington,
DC,
USA,
1990).
The
immunoglobulins (IgG, IgM and IgA) were
estimated utilizing simple radial immunodiffusion.
IgG was determined using 3-plate, Combi-plate, by
FAR srl (Verona-Italy). IgM and IgA were
estimated using Diffu-plate by Biocientifica S.A.
(Argentina). The concentrations of IgE, IL-4 and
IL-5 were evaluated using ELISA technique
according to the manufacturer's protocol. IgE was
determined using Biocheck (USA) kit, IL-4 was
evaluated using Ray Biotech (Inc. 3607 Parkway
Lane, Norcross GA 30092) kit and IL-5 was
estimated using Boster biological technology LTD.
(USA) kit. The ELISA tests were read by Stat Fax
Reader.
IFN-γ
was
evaluated
by
radioimmunoassay using Bio-source Europe S.A.
(Belgium) Kit.
Compliance and ethical standards
All procedures performed involving human
participants were in accordance with the ethical
standards of the institutional and national research
committee and with the 1964 Helsinki declaration
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and its later amendments or comparable ethical
standards. An informed consent was obtained from
each individual participant included in the study.

Table (1): Effect of aging on IgE, IgA, IgG, IgM, IL-4, IL5, IFN-γ, Fe, Cu and Zn

Statistical analysis
Data were analyzed using the statistical package
for social sciences (SPSS, version 20 for windows,
Chicago, USA). Results were expressed as means
± standard deviation (SD). Statistical differences
between the groups were performed using Paired
Student Test. P<0.01 was considered statistically
significant. Correlation analysis between trace
elements concentrations and immune parameters
were conducted using Pearson correlation test.
Results
Effect of aging on IgE, IgA, IgG, IgM, IL-4, IL-5,
IFN-γ, Fe, Cu and Zn
Table (1) summarizes the tested parameters in the
middle-aged group and the older group. The olderage group showed high significant increases
(p<0.01) in IgE, IgA, IgG, IL-5 and IFN-gamma, a
high significant decrease in IgM and insignificant
changes in IL-4, compared to the middle-aged
group. As for the trace elements Fe, Cu and Zn,
there was a trend towards increased values in the
older group though insignificant.
Correlation between trace elements concentrations
and immune parameters in the middle-aged group
Table (2) illustrates the correlation between the
trace elements (Fe, Cu and Zn) concentrations and
the immune parameters in the middle-aged group.
There was a positive significant correlation
between Fe and each of IgE, IgG, IL-4, IL-5 and
IFN-γ (P<0.01), while there was a negative
significant correlation with IgA in the same group.
Regarding copper, there was a positive significant
correlation with IgM (P<0.01) and a negative
significant correlation with IgE (P<0.01). Zinc in
the same group showed a positive significant
correlation with IgE (P<0.05) and IFN-γ (P<0.01)
and a negative significant correlation with IgA,
IgM, IL-5 (P<0.01) and IL-4 (P<0.05).

Parameters

Middle-aged
group
(mean + SD)

Older group
(mean + SD)

IgE ( IU/ml)

326±14.45

531.4±30.6 **

IgA (mg/dl)

153.3±13.09

247.2±12.82 **

IgG (mg/dl)

1520.7±32.7

1859.2±30.7 **

IgM (mg/dl)

160±6.07

122.7±6.86 **

IL-4 (pg/ml)

0.17±0.09

0.21±0.02

IL-5 (pg/ml)

5.6±1.19

32.29±1.6 **

IFN-γ (IU/ml)

1.14±0.16

3.7±0.41 **

Fe (mg/L)

1.9±0.37

1.95±0.28

Cu (mg/L)

0.74±0.06

0.91±0.07

Zn (mg/L)

1.23±0.11

1.71±0.27

IgE ( IU/ml)

326±14.45

531.4±30.6 **

Statistically significant from group 1: ** p< 0.01.The data is
expressed as mean + SD.

Correlation between trace elements concentrations
and immune parameters levels in the older group
Table (3) shows the correlation between the trace
elements (Fe, Cu and Zn) concentrations and the
immune parameters in the older group. There was
a positive significant correlation between Fe and
both IgE and IL-5 (P< 0.05), while there was a
negative significant correlation with IFN-γ (P<
0.05). In the same group, Cu showed a positive
significant correlation with IgE and IgM (P< 0.05).
Meanwhile, Zn showed a positive significant
correlation with IgM (P< 0.01), IL-5 and IFN-γ
(P< 0.5).
Discussion
Immunosenescence decreases the capacity of the
immune system through reduction in the efficiency
of humoral immunity and alteration in the
helper/suppressor T cell ratio [26]. Immune cells,
similar to all other types of cells, require an
adequate supply of trace elements for maintaining

Table (2): Correlation between trace elements concentrations and immune parameters levels in the middle-aged group

IgE

IgA

IgG

IgM

IL-4

IL-5

IFN-γ

Fe

0.688**

-0.716**

0.799**

0.214

0.982**

0.958**

0.616**

Cu

-0.838**

-0.031

0.094

0.747**

0.221

0.168

-0.265

Zn

0.559*

-0.865**

-0.053

-0.763**

-0.504*

-0.840**

0.699**

Values of Correlation Coefficients are significant at the levels of P< 0.05 * and P< 0.01**.
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Table (3): Correlation between trace elements concentrations and immune parameters levels in the older group

IgE

IgA

IgG

IgM

IL-4

IL-5

IFN-γ

Fe

0.440*

0.097

0.012

-0.214

-0.395

0.433*

-0.450*

Cu

0.488*

0.115

-0.282

0.553*

-0.098

0.018

0.518

Zn

-0.060

0.038

0.187

0.743**

-0.097

0.635*

0.628*

Values of Correlation Coefficients are significant at the levels of P< 0.05 * and P< 0.01 **

the activity of a number of enzymes directly
participating in the defense processes, and the
synthesis and secretion of cytokines. Another
important function of trace elements is that they
are involved in the structure and function of
metalloproteins that participate in energy
production and cell protection against highly toxic
reactive oxygen species [27].
IgM is the first antibody appearing in the primary
immune response to antigen [28]; a low primary
immune response is usually associated with aging
in both the naïve T and B cells, while the memory
cells are relatively maintained. In the secondary
immune response, the memory cells are activated
and produce antigen-specific IgG [28]. Therefore,
the decrease in IgM and the increase in IgG are
expected in old age. This agrees with Castellao
Tavares et al. [29], who reported that there was a
significant decrease in IgM and an increase in IgG
in elderly compared with young people. The
increase in IgG, IgA and IgE may also contribute
to the chronic low-level inflammatory status,
infectious diseases and/ or this increase may be
considered a compensatory mechanism to the low
efficiency of the circulating antibodies. There were
no significant differences in the Fe, Cu or Zn levels
between the two examined groups; this may be due
to the nutritional awareness of the participants or to
the notion that their levels may not be affected by
age.
The positive significant correlation between Fe
and IgE in both groups, and between Fe and IgG
and its negative correlation with IgA in the middleaged group agreed with Yapi et al. [30], who
worked on children aged from 5 to 15 and reported
that iron deficiency was associated with reduced
IgG levels, although immunoglobulins A and M
remained stable. On the other hand, Sadeghian et
al. found that there were insignificant differences
in the levels of IgG, IgA and IgM in adult females
suffering from mild iron deficiency anaemia, and
significant decrease in IgM in moderate to severe
iron deficiency anaemia, compared to the control
[31]. This may be attributed to the role of iron in
Arab J. Nucl. Sci. & Applic. Vol. 54, No. 1 (2021)

the proliferation and maturation of lymphocytes.
Reduced iron levels would thus lead to the
decrease of B lymphocyte production and
reduction in immunoglobulins synthesis.
The positive significant correlation between Fe
and IL-5 in both groups and between Fe and both
IL-4 and IFN-γ in the middle-aged group agreed,
to some extent, with Kuvibidila and Warrier [25]
who demonstrated that dietary iron limitation is
associated with reduced serum levels of IFN-γ, IL12 and IL-10. These results suggest that the
balance between pro and anti- inflammatory
cytokines is altered by the iron status. This
imbalance may have an effect on innate and cell
mediated immunity. The negative significant
correlation between Fe and IFN-γ in the older
group is consistent with the findings of some
authors [32] who reported that both IFN-γ and IL-4
lead to Fe retention in circulating monocytes and
macrophages and reduction of circulating Fe
concentration. This may be a defense mechanism
of the body to limit the availability of iron for
extracellular pathogens, especially in the elderly,
who are at an increased risk of susceptibility to
infectious diseases.
Hodkinson et al. [33] reported an inverse
association between serum Zn concentration and
age. These results disagreed with the present study,
which may be due to the nutritional awareness of
the old-aged individuals in the present study, or
due to the different age groups studied. Previous
studies have shown that marginal Zn status in
elderly individuals has a relation to a weakened
immunity [34]. This is obvious in the current
results as there was a significant correlation
between Zn and most of the tested immunological
parameters, especially in the middle-aged group.
The negative correlation between Zn and both IgA
and IgM in the middle-aged group and its positive
correlation with IgM in the older group may be due
to the effect of Zn on the antibodies production
[20, 21]. It was reported that aging affects B cell
numbers and antibodies production. B cell
numbers
decline
with
age,
however
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immunoglobulins do not decrease, on the contrary,
there was an increase of IgA and several IgG
subclasses [35], which agreed with the findings of
the present work.
Th1/Th2 balance is affected by zinc. In case of
zinc deficiency, the ratio of Th1 and Th2 cells is
disturbed in favor of Th2 [36] and the production
of Th1 cytokines, in particular IFN-γ and IL-2, is
reduced, meanwhile, the Th2 cytokines, IL-4, IL-6
and IL-10 are not affected, resulting in a shift
toward Th2 cytokines [37]. This agreed with the
obtained results, where there was a positive
significant correlation between Zn and IFN-γ in
both groups and a negative significant correlation
between Zn and both IL-4 and IL-5 in the middleaged group. The positive correlation between Zn
and IFN-γ in both groups suggests that Zn is an
essential micronutrient that can function as an antiinflammatory agent [13]. Zinc affects the
inflammatory markers; previous studies showed
that Zn deficiency increases the concentration of
inflammatory cytokines [20, 38] and that Zn
supplementation has favorable effects in reducing
inflammatory markers in obese individuals [39].
Zinc status is the main factor affecting
inflammatory markers rather than the plasma zinc
concentrations through its influence on monocytes
and macrophages that produce these inflammatory
markers, and thus intracellular zinc concentration,
such as the lymphocyte zinc concentration, is a
better indicator of zinc status [20].
In the present study, and contrary to Zn, Cu
showed a negative significant correlation with IgE
and a positive significant correlation with IgM in
the middle-aged group, while it showed a positive
significant correlation with IgE in the older group.
This confirms the findings of the work of
Malavolta et al. [40] who stated that increased
plasma copper and/or decreased plasma Zn is
associated with changes of inflammatory
parameters or the presence of age-related diseases.
This agreed with the current results where the
serum Cu concentration in the older group is a
little higher than that in the middle-aged one. In
young adult age, these alterations are normally
transient, but in advancing age, the balance
between Cu and Zn may permanently be affected
due to pathogen accumulation, immunosenescence,
and the chronic low-level inflammatory status [41].
Conclusion
Age affects both humoral and cellular immunity,
although it has a greater influence on humoral

immunity. In the present study, trace elements
were found to have a relation to both types of
immunity, especially in the middle age.
Trace elements deficiency may have a
widespread effect on all components of the
immune system, although there is still a need for
further studies to assess the nature and
concentration of micronutrients necessary to
influence immunity; yet the supply of these trace
elements in infectious diseases may be beneficial.
Further studies on elder age (up to 80 years) are
also recommended to increase the confirmation of
the aging effect on the immune system and trace
elements.
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