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essential trace elements that have been
studied in many diseases, including auto-
immune, neurologic and psychiatric disor-
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ABSTRACT

The aim of this paper is to estimate hair copper and zinc levels in schizophrenic and depressed pa-

tients and to correlate these levels to the severity of schizophrenia and major depressive disorder. The

study was carried on 80 male and female persons with their ages between 20 -40 years. Twenty of them

were healthy and helped as control, 30 were suffering from schizophrenia (group I) and 30 were suffering

from major depressive disorder (group II). Exclusion criteria included pregnancy, another co-morbid

psychiatric disorders and drugs known to affect trace element metabolism. Approximately 100 mg of

scalp hair samples were cut from each person. Zinc and copper levels in the hair samples were deter-

mined by atomic absorption spectrophotometry after wet ashing. The mean hair copper level was signifi-

cantly higher in both schizophrenic patients (group I) and depressed patients (group II) when compared

with their corresponding mean level in healthy control group. On the other hand, the mean hair zinc level

was significantly lower in both schizophrenic patients (group I) and depressed patients (group II) when

compared with its mean level in the healthy control group. In depressed patients, the mean hair copper

level was insignificantly higher while, the mean hair zinc level was significantly lower when compared

with their corresponding mean level in schizophrenic patients. From these results, it can be concluded

that copper excess  and zinc deficiency may have a role in the pathogenesis of either schizophrenia and/

or depressive disorders. It can also be concluded that zinc deficiency may have more important role in in-

ducing depressive disorders. So, it is recommended to evaluate both copper and zinc hair and serum lev-

els in schizophrenic and depressed patients especially in those resistant to the traditional therapy meas-

ures. Moreover, this may have a prognostic value. It is recommended also to use zinc supplementation

during antidepressant therapy as it may improve response to therapy and/ or decrease the antidepressant

dose that can minimize the side effects.
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It was found also that major depressed
subjects had significantly lower serum
zinc concentrations than normal controls
and that clinical improvement was accom-
panied by increments in serum zinc
(McLoughlin and Hodge, 1990). Mean-
while, copper levels and Cu/Zn ratios
were  significantly  higher  in  women
having a history of post-partum depres-
sion (Crayton and Walsh, 2007).

This study was undertaken to estimate
hair copper and zinc levels in schizo-
phrenics and patients with depression to
declare their possible role in the pathogen-
esis of these disorders. Also, whether the
levels  of  these  trace elements could be
correlated to the severity of schizophrenic
and  depressive  disorders  would  be
studied. 

SUBJECTS AND METHODS

Subjects:
The present study was carried on 80

male and female persons; 20 of them (10
males and 10 females) were clinically and
laboratory healthy and helped as control,
30 (15 males and 15 females) were suffer-
ing from schizophrenia (group I) and 30
(15 males and 15 females) were suffering
from major depression (group II). The age
of all persons of the study is between 20 -
40  years with mean age 30.1 + 5.6 y in
control group, 30.26 + 5.63 y in group I
and 30.63  + 5.54 y  in  group  II.  Exclusion

ders (Cramer, 1983). Whenever zinc be-
comes deficient, copper tends to accumu-
late (Yanik et al., 2004). 

Copper is a component of several met-
alloenzymes linked to dopamine synthe-
sis,  in  biochemical  pathways  involving
either antagonism of dopamine produc-
tion or catalysis of its breakdown. As dop-
amine is implicated in schizophrenia, cop-
per homeostasis may be particularly
relevant: an excess of copper may be asso-
ciated with dopamine dys-regulation
(Bowman and Lewis, 1982). Zinc is re-
quired for the structural integrity and/or
catalysis of more than 200 enzymes, the
majority of which are zinc metalloen-
zymes involved in nucleic acid and pro-
tein synthesis (Abdel-Mageed and Oehme,
1990). 

The findings of previous research on
the status of trace elements in patients
with schizophrenia have been controver-
sial (Herrán et al., 2000). Some authors did
not find significant deviation from normal
in concentrations of serum copper (Gillin
et al., 1982) or found a decrease in hair
copper concentrations in chronic schizo-
phrenic females (Suzuki et al., 1992). Oth-
ers demonstrated significant increase in
the serum and hair concentration of Cu
and significant decrease in Zn in schizo-
phrenic patients than that of their levels in
the control group (Tokedemir et al., 2003;
Wolf et al., 2006; Rahman et al., 2009).



91  

Vol. XVII,   No. 1,   Jan.  2009Mansoura J. Forensic Med. Clin. Toxicol.

Ghanem et  al ...

Samples collection:
Approximately 100 mg of scalp hair

samples were cut from each person with
stainless-steel   scissors  in  the  nape  or
occipital regions, as close to the scalp as
possible. Hair collection was carried out in
dust-free environment and hair treated
with artificial color was excluded from the
study. The distal ends of the hair were cut
from the samples. Each hair sample was
comminuted, washed consecutively in
neutral detergent as ether and acetone and
dried before analysis according to the pro-
cedure originally described by Sorenson,
et al. (1973). 

Biochemical studies: 
Zinc and copper levels in hair samples

were determined by atomic absorption
spectrophotometry after wet ashing using
reagent-grade  HNO3  and  HClO4  ac-
cording to Eads and Lambdin (1973). For
analysis the Model Varian Spectra AA -
400, atomic absorption spectrophotometer
was  used. Atomization signals were re-
corded from the digital readout. The light
sources were zinc and copper hollow-
cathode lamps. Uncoated graphite tubes
(Varian 63 - 100015 - 00) were used for fur-
nace. Wavelengths were set at 324.8 and
213.9 nm for copper and zinc respectively.

Statistical analysis:
Statistical analysis was done by using

the Statistical Package for Social Science
(SPSS) program version 12. The following

criteria for all persons selected for the
study included another co-morbid psychi-
atric disorder, pregnancy and medical dis-
orders (endocrine, liver cirrhosis, renal in-
sufficiency) or intake of certain drugs (as
anticonvulsants, contra-ceptives, glucocor-
ticoids) known to affect trace element me-
tabolism. These criteria were determined
according to study of Farzin et al. (2006).
The exclusion was done through history
taking and routine laboratory investiga-
tions.

Patients were recruited from Psychiatry
Department of Mansoura University Hos-
pital. Assessment and diagnosis of schizo-
phrenic and depressed patients were
made according to the Diagnostic and Sta-
tistical Manual of mental disorders (4th di-
vision Text Revised) DSM IV TR criteria.
Positive and negative syndrome scale
(PANSS) for schizophrenia (Kay et al.,
1987) was used as adjunct to the positive-
negative symptoms assessment to provide
a parallel measure of severity of schizo-
phrenic illness. The score based on Gener-
al Psychopathology Scale (ranged from 16
- 112) was used for testing of statistical
correlation between severity of schizo-
phrenic illness and zinc and copper levels
in  hair.  Assessment  of  the  severity of
depression was made according to trans-
lated self-report rating inventory which
was developed by Beck et al., (1961) that
measure characteristic attitudes and
symptoms of depression and its severity.
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mean  level  in  schizophrenic  patients
(Table 1).

Results of the present study show sig-
nificant positive correlation between hair
copper level and the severity of illness in
schizophrenics and depressed patients.
On the other hand, significant negative
correlation  is  found  between  hair  zinc
level and the severity of illness in the same
cases (Table 2 and Figures 1 - 4).

The percentage of increase of mean hair
copper level is more in depressed patients
than that in schizophrenic patients (Figure
5). The percentage of decrease of mean
hair   zinc  level  is  more  in  depressed
patients   than   that   in   schizophrenic
patients (Figure 6).

DISCUSSION

Deficiency as well as excess in either
zinc  or  copper  can  produce  a variety of
biochemical and physiologic changes (Jun
and Nancy, 2000). In addition, these two
essential trace elements are neuroactive
substances that can be synaptically re-
leased during neuronal activity. They
have been implicated in diseases with
neuropathological components (Strausak
et al., 2001).

Previous observations suggested that
there   may  be  an  association  between
elevated  serum  and  hair  Cu  levels  and

statistical parameters were utilized: arith-
metic mean (x), standard deviation (± SD),
Student t-test and correlation coefficient.
Significance was considered at P value
less than 0.05.

RESULTS

The mean hair copper levels are 29.8
ug/mg + 5.46  in  control group,  46.82
ug/mg + 9.66  in schizophrenic patients
(group I)  and  48.6  ug/mg  +  15.75  in
depressed patients (group II). The mean
hair zinc levels are 488.23 ug/mg + 6.56 in
control group,  421.08 ug/mg + 54.7 in
schizophrenic patients (group I) and
381.47   ug/mg   +   70.75    in    depressed
patients (group II) (Table 1).

The mean hair copper level is signifi-
cantly higher in both schizophrenic pa-
tients (group I) and depressed patients
(group II) when compared with its mean
levels   in   healthy   control   group.   In
depressed patients the mean hair copper
level is insignificantly higher when com-
pared with its mean level in schizophrenic
patients (Table 1).

The mean hair zinc level is significantly
lower in both schizophrenic patients
(group I) and depressed patients (group
II) when compared with its mean levels in
healthy control group. In depressed pa-
tients the mean hair zinc level is signifi-
cantly lower when compared with its
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that patients with acute and chronic schiz-
ophrenia, on or off treatment with various
major tranquillizers, did not show any sig-
nificant deviation from normal in concen-
trations of zinc or copper in serum, urine,
or gastric fluid, in serum ceruloplasmin or
in hair zinc. Suzuki et al. (1992) found also
a decrease in hair copper concentrations in
chronic schizophrenic females. Nechifor et
al. (2004) explained this heterogeneity of
the data by heterogeneity of patients and
presence of many forms of schizophrenia.

The role of copper and ceruloplasmin in
schizophrenia remains unclear. Although
elevation of copper and ceruloplasmin
may be related to other factors and are in-
sufficient alone to infer pathogenic causal-
ity, copper abnormalities may play a role
in schizophrenia by exacerbating or per-
petuating dopaminergic dysregulation
(Bowman and Lewis, 1982). However it is
unknown at this stage whether the copper
contributes to the mental illness or the
body attempts to store more copper in re-
sponse to the illness. Herrán et al. (2000)
postulated that elevated Cu levels may be
a consequence of antipsychotic treatment
which may affect absorption, plasma pro-
tein binding, storage and/ or excretion of
these metals (Rand and Murray, 2000).
Contradictory to this postulation, Gillin et
al. (1982) concluded that patients on vari-
ous major tranquillizers did not show any
significant deviation from normal in con-
centrations of zinc or copper.

decreased serum and hair Zn levels and
some  psychiatric  disorders.  A relation
between low concentrations of zinc and
mental health problems, especially in at-
risk populations has been demonstrated.
Zinc deficiency induced depression-like
behavior in mice that was incompletely
corrected by antidepressant therapy
(Whittle et al., 2009).

The results of the present work showed
significant  increase  in  the  mean  hair
copper level and significant decrease in
the mean hair zinc level in schizophrenic
patients compared with their correspon-
ding mean levels in healthy control group.

Similar results were found in the study
of Rahman et al. (2009). Another earlier
study found that serum copper and ceru-
loplasmin were elevated in schizophrenia
(Wolf et al., 2006). Nechifor et al. (2004)
observed also that Cu/ Zn ratios were in-
creased in patients with acute paranoid
schizophrenia episode. In addition, they
found that Zn levels but not plasma Cu
was found to improve after 3 weeks of an-
tipsychotic treatment. In criminal schizo-
phrenic subjects, Tokedemir et al. (2003)
found that serum copper values were sig-
nificantly higher while zinc values were
significantly lower than non-criminal sub-
jects. 

In disagreement of the present results,
the study of Gillin et al. (1982), who found
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depressive disorder (Michel et al., 2007).

The significant negative correlation that
was found in the present work between
hair zinc level and the severity of both
schizophrenic illness and depression sup-
port the study of Pfeiffer and Braverman
(1982) who stated that zinc has been em-
ployed with success to treat specific types
of schizophrenia. These coincide also with
McLoughlin and Hodge (1990) who found
that clinical improvement of major de-
pressed subjects was accompanied by in-
crements in serum zinc. However, Maes et
al. (1997) concluded that, there were no
significant effects of antidepressant treat-
ment on serum Zn, whereas serum Cu
was significantly reduced.

The clinical efficacy of current anti-
depressant therapies is unsatisfactory; an-
tidepressants induce a variety of unwant-
ed effects, and, moreover, their therapeu-
tic mechanism is not clearly understood
(Szewczyk et al., 2008). Zinc and magne-
sium  exhibit  antidepressant  activity in
laboratory animals. The efficacy of phar-
macotherapy is enhanced by supplemen-
tation with zinc and magnesium particu-
larly in patients previously non-
responsive to antidepressant pharmacoth-
erapies (Cunha et al., 2008 and Siwek et
al., 2009).

From the results of the present work, it
can be concluded that copper excess and

The results of the present work showed
also significant increase in the mean hair
copper level and significant decrease in
the mean hair zinc level in depressed pa-
tients compared with their mean levels in
healthy control group. In addition, zinc
levels were significantly lower in de-
pressed patients compared to schizo-
phrenic patients. Similarly, Manser, et al.
(1989) and Narang, et al. (1991) found that
Cu levels were significantly higher in de-
pressives than in the normal and after re-
covery from depression. Others found that
major depressed subjects had significantly
lower serum zinc concentrations than nor-
mal controls (McLoughlin and Hodge,
1990). Even lower serum Zn was consid-
ered a marker of treatment resistance and
of  the  immune/inflammatory response
in depression (Maes et al., 1997). Also,
copper levels and Cu/Zn ratios were sig-
nificantly higher in women having a histo-
ry of post-partum depression (Crayton
and Walsh, 2007). 

Changes in plasma Cu and Zn contents
can cause health problems because they
can oxidize proteins and lipids, bind to
nucleic acid and enhance the production
of free radicals (Rand and Murray, 2000).
Copper/zinc superoxide dismutase coen-
zyme concentrations in postmortem pre-
frontal cortical regions of the brain was
significantly increased in patients with re-
current depressive disorder evidencing
oxidative stress in the pathophysiology of
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ommended also to use zinc supplementa-
tion during antidepressant therapy as it
may improve response to therapy and/ or
decrease the dose that can minimize the
side effects of antidepressants. Frequent
psychiatric assessment is recommended
for individuals chronically exposed to
cupper. Zinc rich food as meat is advised
to minimize liability to develop depressive
disorders. Zinc supplementation is recom-
mended especially in resistant cases.

zinc deficiency may have a role in patho-
genesis of both schizophrenia and depres-
sive disorders. It can also be concluded
that zinc deficiency has more important
role in inducing depressive disorders.

It is recommended to evaluate both
copper and zinc hair and serum levels in
schizophrenic and depressed patients es-
pecially in patients resistant to therapy as
this may have a prognostic value. It is rec-
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Table (1): Comparison between mean hair copper and zinc levels (ug/mg) in all groups
of the study.

                   Groups

Parameters

Control Group Group (I) Group (II)

Mean ± SD 29.8 ± 5.46 46.82 ± 9.66 48.6 ±    15.75
� �

P1 < 0.001* < 0.001*
�

Hair
copper
level
(ug/mg)

P2 0.638
Mean ± SD 488.23 ± 6.56 421.08 ± 54.7 381.47 ± 70.75

� �
P1 < 0.001* < 0.001*

�

Hair
zinc
level
(ug/mg)

P2 < 0.05*
* Significant if P < 0.05, ���� = higher, ����  = lower, Group I: Schizophrenic patients,
Group II: Depressed patients, P1: Schizophrenics and depressed patients versus control
and P2: Depressed patients versus Schizophrenics.

Table (2): Correlation between hair copper and zinc levels and severity of
schizophrenic symptoms assessed by PANSS and severity of depressive
symptoms assessed by Beck score.

Hair copper level Hair zinc level
r 0.984 0.943
P 0.000* 0.000*

PANSS
(for schizophrenia)

n 30 30
r 0.994 0.973
P 0.000* 0.000*

Beck score
(Depression severity)

n 30 30
*Correlation is significant at 0.01 level (2-tailed)
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Fig. (1) :  The  statistical correlation between
hair copper level and severity of
schizophrenic symptoms assessed
by PANSS. 

Fig. (3) :  The  statistical correlation between
hair copper level and severity of de-
pressive symptoms assessed by
Beck score. 

Fig. (2) : The  statistical correlation between
hair zinc level and severity of schiz-
ophrenic symptoms assessed by
PANSS. 

Fig. (4) : The  statistical correlation between
hair zinc level and severity of de-
pressive symptoms assessed by
Beck score.
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Fig. (5) : Percentage of increase in mean hair copper level in both schizophrenic and depressed
patients.

Fig. (6) : Percentage  of  decrease  in  mean  hair  zinc  level in both schizophrenic and de-
pressed patients.
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