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Abstract

There is an association of major depressive disorder with different changes in the immune functioning which
associate with activation of inflammatory processes. Trace elements such as copper (Cu) and zinc (Zn) have many
physiological functions. In the present study, serum levels of Cu, Zn, inflammatory (IL-6), and anti-inflammatory
(IL-10) cytokines have been measured in MDD patients and compared with the apparently healthy group. The
correlation between the measured trace elements and IL-6 and IL-10 is another purpose of the study to find out the
trace elements effect on the secretion of the interleukins in MDD patients. The study involved 60 pretreatment
males with MDD and 30 apparently healthy as controls (age matched). The results indicated that there was
significantly increase (p<0.05) in IL-6 and IL-10 in MDD males in comparing with controls. There was no
significance difference between the studied groups for each of Cu and Zn and the ratio of the two elements. The
correlation results indicate that there was a positive correlation between both Cu and Cu/Zn ratio with IL-6 only. It
can be concluded that there is a correlation between both serum Cu level and Cu/Zn ratio with proinflammatory
marker IL-6, which indicates that trace element, is correlated with the magnitude of the inflammatory response.
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Introduction

is concerned as a mechanism which might
contribute to medical morbidity of MDD
including risk of infectious disease [7].
Interaction between immune and nervous
systems 1s essentially related
pathophysiology of depression [8]. The role of

Depressive disorder is a health problem that
weakens psychosocial and occupational
functioning and is correlated with significant
morbidity and mortality [1]. By WHO,
depressive disorder is now the fourth of
disability leading cause in the world, and it

has been expected that this disease will be as
the second leading cause of disability at 2020
[2] and it is believed that by year 2030 the
lost in disability of life related to depression
more than other illness [3].

Major depressive disorder (MDD) is a
neuropsychiatric syndrome characterized by
low mood and anhedonia, along with somatic
and cognitive disturbances [4].It is presumed
that MDD 1is correlated with changes in the
functioning of immunity (associate with
inflammatory processes activation) [5].
Patients with MDD show changes in
immunological markers including rises in
inflammatory markers (cytokines) like IL-6
and IL-1B8 activity and inflammation [6].
Changed functioning of the immune system
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inflammation in the pathophysiology of MDD
has been increasingly predictable and is now
designated as the inflammatory or "cytokine
hypothesis" of depression [9].

There are also a plenty of evidence that
increased pro-inflammatory cytokine levels
and an increased Immune response are
associated  with  depression  diagnosis,
symptomatology, and severity [10]. Major
depression is found to be associated with
dysregulation of immune biomarkers, like the
increase in IL-18, IL-6, IL-12, IL-2, soluble
IL-2R, and IL-1Ra which have been
considered as an imbalance between pro- and
anti-inflammatory  cytokines in  major
depression. [11]. Trace elements, like copper
(Cuw) and zinc (Zn) have been examined for
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many decades [12]. They have an important
role in various biological processes in
humans, animals and plants that are
essential for life and normal development
[13, 14]. The concentration or metabolic
disturbance of the two elements can cause
development of serious metabolic disorders
such as psychiatric disorders [15].

Zn is firmly controlled in the brain mainly
located within glutamatergic neurons [16].
Zn  1inadequacy is  associated  with
neuropsychiatric manifestations that can
exist as changed behavior and cognition,
reduced learn ability, and depression [17]. Cu
1s an essential trace element, which has been
found to be an important constituent of vital
Cu-dependent enzymes acts as a cofactor of
many redox enzymes [18]. This element is
also essential to the appropriate development
and CNS functioning; low Cu concentration
may cause inadequate development, whereas
high concentration could be harmful [19].

Limited data proposes the potential
importance of Cu in the development of
neuropsychiatric disorders, including
depression [20] depending on the fact that Cu
1s an important component of some enzymes
required for the turnover of catecholamine’s,
which disturbances may cause depression
development [21].The aim of the present
study is estimation of the influence of Cu and
Zn on the level of IL-6, and IL-10 levels in
un-treated males with MDD.

Subjects and Methods

The study depending on case-control design
of 60 new case male patients with MDD aged
25-65 year compared with 30 apparently
healthy as a control group. Samples were
collected from the "Psychiatry Unit at Al-
Hakeem  General Hospital in  Najaf
Governorate-Iraq". In addition to patients
samples got from a private psychiatric clinics
by a senior psychiatrist. Full medical history
were obtained for all patients and any

existing systemic disease that could interfere
with the detected parameters, particularly
DM, liver and kidney diseases, was omitted
from the study. Any treated MDD case,
addict or post operation persons that may
affect the parameters were also excluded.
CRP test was evaluated and it was negative
in all of the samples (CRP<4 mg/L). The
diagnosing of the patients was by the
psychiatrists depending on DSM-1V criteria.

Measurements

Five milliliters of venous blood samples were
drown by utilizing disposable needle and
plastic syringes from each patient and
control. Samples with hemolysis were
discarded. The blood was kept at room
temperature for 15 minutes for clotting,
centrifuged 3000 xg for 10 minutes. Serum
was stored in freeze until analyzed. Serums
Cu, Zn were measured by Flam Atomic
Absorption, while the two interleukins were
measured by ELISA technique.

Statistical Analysis

The statistical analysis was achieved by
SPSS Version 25 (2017) "IBM-USA", and the
figures constructed by Excel program of
Microsoft Office 2016. The results were
expressed as (mean # standard deviation).
Pooled t-test has been used for the
comparison between the patients and
control groups and among subgroups in the
measured parameters. Pearson's correlation
coefficients (r) were calculated to estimate
the correlation between parameters. The
difference between groups is considered as
statistically different when p<0.05.

Results

Demographic and Clinical

Characteristics

The demographic and clinical characteristics
of MDD patients and control groups are
existing as observational data in Table 1.
They exhibited almost the same age and
gender.

Tablel: Demographic and clinical characteristics of patients and controls

Parameter Patients Control

Gender: male(female) 60(0) 30(0)

Age, year 25-65 24-68

Demographic area: Urban (Rural) 45(15) 25(5)
Education: Learned (illiterate) 50(10) 28(2)
Employment: Employed (Not Employed) 40(20) 26(4)

Marital status: married (single) 40 (20) 14(16)
Smoking (not smoking) 25 (35) 0(30)
Treatment: Treated (not-Treated) 0(60) 0(0)
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These data indicated that most of the MDD
group was wedded. The smokers were less
than half of the patient’s number. In order to
eliminate drugs effect the measured
parameters levels, all cases were newly
diagnosed (pretreatment).

Comparison between MDD Patients
and Control Group

The levels of serum Cu, Zn, IL-6 and IL-10 in
the patients were illustrated in Table 2. The
result indicate that both cytokines level were
significantly elevated in MDD patients more
than controls, while trace elements didn’t
show any significant difference between the
two groups.

Table 2: Comparison between MDD patients and control group

Parameter Patients Control p-value
Cu (ppm) 0.85 +0.59 0.76 £ 0.21 NS
Zn (ppm) 0.50 +0.23 0.52 £ 0.15 NS

Cu/Zn 2.24 +2.09 1.77+£1.32 NS

IL-6 pg/ml 13.39+3.04 11.44+2.21 0.046

IL-10 pg/ml 9.52+2.24 8.03+1.4 0.01

Correlation among Parameters in MDD
Group

Table 3: Correlation among parameters in MDD group

The result in Table-3 showed that there was
no relation between the studied parameters.

IL-6 IL-10

Cu r 0.469° 20.050
D 0.004 0.646

Zn r 0.044 0.040
p 0.800 0.718

T 0.353" 20.011

Cu/Zn D 0.035 0.922

The positive correlation between both Cu and

Cu/Zn ratio with IL-6 as shown in Figure 1.
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Figure 1: Correlation between IL-6 and both Cu and Cu/Zn ratio
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Discussion

The results of the current study was achieved
depending on the available cases which was
obtained from narrow area, furthermore they
must be pretreatment that leads to get low
number of cases as shown in Table 1.

with

Comparison between Patients

MDD and Control Groups

As shown in Table 2, there is a significant
increase (p<0.05) for IL-6 and IL-10 in MDD
in comparison to control group. The obtained
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results are in line with several studies that
have noticed increase inflammation level in
depressed individuals in comparing with
healthy controls. These results indicate that
MDD exhibited immunological response to
inflammation. In coincidence with the
present study findings, many studies indicate
that IL-6 level increase in MDD patients [22-
23]. IL-10 is an important cytokines required
for the controlling of inflammatory responses.
It has the capacity to destroy the pro-
inflammatory cytokines production and
shows an essential role in the overactive
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responses regulation that may leads to auto-
inflammatory diseases [24]. There were
suggestions from different studies about the
relationship between psychiatric disorders
and IL-10 production, which are varying with
those describing increased [25] and
unchanged [26].

The results of current study is in line with
thus studies indicating an increase of IL-10
level in MDD in comparison with control
group [27], and disagree with other studies
that prove a decrease in IL-10 level. From
Table 2, the results of MDD patients and
control groups comparison show no
significant difference between them. The
result of present study is in agreement with
Styczen et al., (2016) whom proved that the
analysis of variance showed that no
significant influence of depressive patients in
compare with healthy group regarding to
serum Cu concentrations (p>0.05) [28]. In
concern to Zn, Porter (2011) study is in line
with the present results.

This study reported the means of depressed
and control groups to be within normal
laboratory reference ranges [29]. Whereas
Gezel et al., showed that the mean Zn level
old people with depressive disorder was
significantly higher than those with non-
depressive disorder, but the mean serum Cu
level in two groups was the same [30]. Engle-
Stone et al., found that Zn level was both
significantly less in depressive group and
negatively interrelated to the severity of
depressive symptoms [31].

Several studies have demonstrated lower Zn
levels in patients with depression than in
healthy controls [32]. The other important
parameter is Zn/Cu ratio, which is essential
for appropriate function of human organism.
Moreover, it is clinically more important than
the detection of either of the two elements
alone.

They also suggest that the imbalance in Zn-
Cu levels can lead to the progress of many
diseases, mainly psychiatric disorders "e.g.,
depression, postpartum depression,
schizophrenia, autism spectrum disorders"
[18]. Although Cu and Zn have an important
role in functioning of CNS and associate with
neuropsychiatric disorders, the results of the
present study suggest that the statistically
non-significance of both elements between
the studied groups reflect low association of
these elements with psychiatric disorders.

©2009-2020, JGPT. All Rights Reserved

Correlation between Trace Elements Cu
and Zn with Cytokines

The levels of these elements in plasma and
tissue are influenced by stress, infection [33],
and inflammation [34]. Under such
conditions, Zn levels are normally reduced
and Cu levels are elevated [35]. The fetal
growth regulations critically depend on both
Cu and Zn, particularly through the
maturation of the nervous system [36]. Mei-
Yu et al., (2014) found that serum levels of
Cu and IL-6(r=0.393; p<0.05) were positively
correlated in the mild-to-moderate depressive
individuals.

Those groups had a significantly higher level
of depressive symptoms than control group
and those reported by the day- and evening-
shift nurses [37]. Kurt et al., (2009) studied
the relation between IL-6 and Cu level in
chronic hepatitis. They indicated that there
was no correlation between Zn, Cu and the
measured immunological parameters, in
patients with chronic hepatitis C and in
healthy control subjects [38].

From different studies (animal and clinical
studies with adult patients), it was well
recognized that inflammatory cytokines
disrupt the trace element homeostasis [39].
In addition, the Cu/Zn ratio is changed in
certain diseases [40]. Cu/Zn ratio is one of the
most common trace-metal imbalances which
refer to elevated Cu and depressed Zn. The
ratio of Cu to Zn is clinically more important
than these trace metals alone [18]. The
authors proposed this ratio as an important
clinical inflammatory-nutritional biomarker.

Moreover, they suggest the Cu/Zn ratio as a
significant predictor of all-cause mortality in
people over 70 years of age and presumed
that the serum ratio of Cu/Zn concentration
1s considered to be a marker of inflammation
due to its association with elevated IL-6
levels and CRP [41]. The serum or plasma
Cu/Zn ratio is amongst those parameters that
may be related with reduced ability to
maintain or regain homeostasis after a
destabilizing event [42].

There was a suggestion that trace-element
responses to acute and chronic illness are
similar and are related to the magnitude of
the inflammatory response [43]. Another
possible explanation to the relation between
Cu/Zn ratio and IL-6 might gate from the
opinion that this ratio could be delicate to
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other conditions, such as dietary habits and
biological aging and subclinical pathological
changes [41].

References

1.

10.

. World

. Wuwongse

. Canli T

Chua HC, Chan LL, Chee KS, Chen YH,
Chin SA, Chua PLW, et al (2012) Ministry
of Health Clinical Practice Guidelines:
Depression. Singapore Med. J., 53(2): 137-
144,

. Kessler RC, EK Bromet (2013) The

Epidemiology of Depression across
Cultures. Ann Rev Pub Health, 34:119-38.

Health  Organization (2012)
Depression: A global crisis, World Mental
Health Day, October 10th 6-10.

S, Chang RCC, Law ACK
(2010) The putative neurodegenerative
links between depression and Alzheimer’s
disease. Prog. Neurobiol., 91: 362-375.

. Irwin MR, Levin MdJ, Carrillo C, Olmstead

R, Lucko A, Lang N, et al (2011) Major
Depressive Disorder and Immunity to
Varicella-Zoster Virus in the Elderly.
Brain Behav Immun., 25(4): 759-766.

. Stefan M Gold, Michael R (2009) Irwin.

Depression and immunity: Inflammation
and depressive symptoms in multiple
sclerosis. Immunol Allergy Clin North Am.
29(2): 309-320.

(2014) Reconceptualizing
major depressive disorder as an infectious
disease. Biol. Mood Anxiety Disord., 21:
4:10.

. Munzer A, Sack U, Merg R, Schonherr J,

Petersein C, Bartsch S, et al (2013) Impact
of Antidepressants on Cytokine Production

of Depressed Patients in Vitro. Toxins, 5:
2227-2240.

. Haase J, Brown E (2015) Integrating the

monoamine, neurotrophin
and cytokine hypotheses of depression- a
central role for the serotonin transporter?
Pharmacol. Ther., 147: 1-11.

Zhang HX, Xu YQ, Li YY, Lu MF, Shi SX,
Ji JL, Wang LW (2018) Difference in pro-
inflammatory cytokines produced by
monocytes  between  patients  with

©2009-2020, JGPT. All Rights Reserved

Conclusions

There is a correlation between both serum Cu

level
proinflammatory

the
which

with
(IL-6)

Cu/Zn ratio
marker

and

indicates that trace-element is related to the
magnitude of the proinflammatory response
in MDD group.

11

12.

13.

14.

15.

16.

17.

18.

19.

major depressive  disorder and healthy
controls. J. Affect Disord., 234: 305-310.

.Zou W, Feng R, Yang Y (2018) Changes in

the serum levels of
inflammatory cytokines in antidepressant
drug-naive patients with major depression.
PLo0S One, 13(6):e0197267.

Miyniec K, Gawel M, Doboszewska U,
Starowicz G, Pytka K, Davies CL et al
(2015) Essential elements in depression
and anxiety. Part II. Pharmacol. Rep.,
67(2): 187-194.

Falah S Al-Fartusie, Saja N Mohssan
(2017) Essential Trace Elements and Their
Vital Roles in Human Body. Indian
Journal of Advances in Chemical Science,
5(3):127-136.

Styczen K, Sowa-Kuéma M, Dudek D,
Siwek M, Reczynski W, Szewczyk B, et al
(2017) Zinc and Cu concentration do not
differentiate bipolar disorder from major
depressive disorder. Psychiatr. Pol., 85:1-9.

Mustak MS, Rao TS, Shanmugavelu P,
Sundar NM, Menon RB, Rao RV et al
(2008) Assessment of serum macro and
trace element homeostasis and the
complexity of inter-element relations in
bipolar mood disorders. Clin Chim Acta,
394(1-2): 47-53.

Prakash A, Bharti K, Majeed AB (2015)
Zinc: indications in brain
disorders. Fundam Clin Pharmacol.,
29:131-149.

Howland JG, Wang YT (2008) Synaptic
plasticity in learning and memory: stress
effects in the hippocampus. Prog. Brain
Res, 169: 145-158.

Osredkar J, Sustar N (2011) Copper and
zinc, biological role and significance of
copper/zinc imbalance, Journal of Clinical
Toxicology, S-3:1-18.

Scheiber IF, Mercer JF, Dringen R (2014)
Metabolism and functions of copper in
brain. Prog. Neurobiol., 116:33-57.

119



20.

21.

22

23.

24.

25.

26.

27.

28.

Hussein Kadhem Al-Hakeim et. al. | Journal of Global Pharma Technology | 2020]| Vol. 12] Issue 06 |115-121

Russo AJ (2011) Analysis of plasma zinc
and copper concentration, and perceived
symptoms, in individuals with depression,
post zinc and anti-oxidant therapy. Nutr.
Metab Insights, 17: 19-27.

Pytka K, Dziubina A, Miyniec K,
Dziedziczak A, Zmudzka E, Furgala A,
Olczyk A, Sapa J, Filipek B (2016) The
role of glutamatergic, GABA-ergic, and
cholinergic receptors in depression and
antidepressant-like  effect. =~ Pharmacol.
Rep., 68: 443-450.

. Goldsmith DR, Rapaport MH, Miller BJ

(2016) A meta-analysis of blood cytokine

network  alterations in  psychiatric
patients: comparisons between
schizophrenia, Dbipolar disorder and

depression. Mol. Psychiat., 21(12):1696-
1709.

Khandaker GM, Zammit S, Burgess S,
Lewis G, Jones PB (2018) Association
between a functional interleukin 6
receptor genetic variant and risk of
depression and psychosis in a population-
based birth cohort. Brain Behav. Immun.,
69: 264-272.

Kubo M, Motomura Y (2012)
Transcriptional regulation of the anti-
inflammatory cytokine IL-10 in acquired
immune cells. Front Immunol., 3: 275.

Kauer-Sant’/Anna M, Kapczinski F,
Andreazza AC, Bond DJ, Lam RW, Young
LT, et al (2009) Brain-derived
neurotrophic factor and inflammatory
markers in patients with early- vs. late-
stage bipolar disorder. Int. dJ.
Neuropsychopharmacol., 12: 447-58.

Lehto SM, Niskanen L, Miettola d,
Tolmunen T, Viinamaki H, Mantyselka P
(2010) Serum anti-inflammatory markers
in general population subjects with
elevated depressive symptoms. Neurosci
Lett., 484: 201-5.

Kohler CA, Freitas TH, Maes M, de
Andrade NQ, Liu CS, Fernandes BS et al
(2017) Meta-analysis Peripheral cytokine
and chemokine alterations in depression: a
meta-analysis of 82 studies. Acta
Psychiatr. Scand, 135: 373-387.

Styczen K, Sowa-Kuéma M, Siwek M,
Dudek D, Reczynski W, Misztak P, et al
(2016) Study of the Serum Copper Levels
in Patients with Major Depressive

©2009-2020, JGPT. All Rights Reserved

29.

30.

31.

32.

33

34.

35.

36.

37.

38.

Disorder. Biol. Trace Elem Res., 174: 287-
293.

Porter R (2011) The Merck Manual of
Diagnosis and Therapy, 19th ed. Hoboken,
NdJ: John Wiley and Sons.

Gezel S, Variani S, Hosseini SR,
Kheirkhah F, Azadforuz S, Parsian H, et
al (2016) The relationship between serum
level of copper and zinc and depression in
older people of Amirkola City. Int. J. Adv.
Biotech Res., 7(4): 102-110.

Engle-Stone R, Ndjebayi AO, Nankap M,
et al (2014) Stunting prevalence, plasma

zinc concentrations, and dietary zinc
intakes in a nationally representative
sample suggest a high risk of zinc

deficiency among women and young
children in cameroon. J. Nutr., 144: 382-
391.

Siwek M, Dudek D, Schlegel-Zawadzka M,
Morawska A, Piekoszewski W, et al (2010)
Serum zinc level in depressed patients
during zine supplementation of
imipramine treatment. J. Affect Disord.,
126: 447-452.

.Xu G, SuR, LiB, LvdJ, Sun W, Hu B, Li X,

Gu J, Yu X (2015) Trace Element
Concentrations in Human Tissues of
Death Cases Associated With Secondary
Infection and MOF After Severe Trauma.
Biol. Trace Elem. Res., 168(2):335-9.

Jennifer Jin, Leanne Mulesa, Mariana
Carrilero Rouillet (2017) Trace Elements
in Parenteral Nutrition: Considerations for
the Prescribing Clinician. Nutrients, 9:
440.

Galloway P, McMillan DC, Sattar N (2003)
Effect of the inflammatory response on
trace element and vitamin status. Ann
Clin Biochem., 37: 289-297.

Chasapis CT, Loutsidou AC, Spiliopoulou
CA, Stefanidou ME (2012) Zinc and
human health: An update. Arch.
Toxicol., 86: 521-534.

Mei-Yu Chang, MS1, Chin-Ho Tseng, BS1,
Ya-Ling Chiou (2014) The Plasma
Concentration of Copper and Prevalence of
Depression Were Positively Correlated in
Shift Nurses. Biolog. Res. Nurs., 16(2):175-
181.

Kurt G, Thomas H, Kai G, Annegret R,
Dirk R (2009) Plasma concentrations of
zinc, copper, interleukin-6 and interferon-

120



39.

40.

41.

Hussein Kadhem Al-Hakeim et. al. | Journal of Global Pharma Technology | 2020]| Vol. 12] Issue 06 |115-121

A, and plasma dipeptidyl peptidase IV
activity in chronic hepatitis C. Mol Med
Reports, 2: 63-68.

Milanino R, Marrella M, Gasperini R,
Pasqualicchio M, Velo G (1993) Copper
and zinc body levels in inflammation: An
overview of the data obtained from animal

and human studies. Agents Actions,
39:195-209.

Luterotti S, Kordic TV, Letoja 1.Z, Dodig S
(2015) Contribution to

diagnostics/prognostics of tuberculosis in
children. Ii. Indicative value of metal ions
and biochemical parameters in
serum. Acta Pharm., 65: 321-329.

Malavolta M, Giacconi R, Piacenza F, et al
(2010) Plasma copper/zinc ratio: an

©2009-2020, JGPT. All Rights Reserved

42.

43.

inflammatory/nutritional biomarker as
predictor of all-cause mortality in elderly
population. Biogerontology, 11: 309-319.

Eugenio Mocchegiani, Marco Malavolta,
Fabrizia Lattanzio, Francesco Piacenza,
Andrea Basso, Angela Marie Abbatecola et
al (2012) Cu to Zn ratio, physical function,
disability, and mortality risk in older
elderly (GISIRENTE study). American
Aging Association. AGE, 34: 539-552.

Peter Galloway, Donald C McMillan,
Naveed Sattar (2000) Effect of the
inflammatory response on trace element

and vitamin status. Ann Clin Biochem,
37: 289-297.

121



