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ABSTRACT

OBJECTIVE: In this study, we aimed to study copper metabolism in schizophrenia, bipolar
disorder, major depression compared with healthy control.

METHODS: This is a single-centered cross-sectional study. The patients with schizophrenia (n =
36), bipolar disorder (n=37), major depression (n=40), and healthy control (n=32) were
included in the study. All participants were initially evaluated by a clinical psychiatrist to
confirm the appropriate diagnosis using the Structured Clinical Interview for Diagnostic and
Statistical Manuel of Mental Disorders-IV (DSM-IV) Axis | Disorders (SCID-I). Serum copper
level, ceruloplasmin mass, and ceruloplasmin-ferroxidase activity were measured. One-way
ANOVA and Kruskal-Wallis Tests were performed for statistical analyses.

RESULTS: Serum ceruloplasmin-ferroxidase activity (x>=9.11, p=0.028) demonstrated a
significant statistical difference in all groups compared with the control group. Serum
ceruloplasmin-ferroxidase activity of the bipolar disorder group was significantly higher than
the healthy control group (p=0.012), major depression group (p=0.027), and the
schizophrenia group (p=0.019). Erythrocyte sedimentation rate (ESR) (p=0.028) and waist
circumference (p =0.005) in bipolar disorder group, and the C-reactive protein (CRP) (p <
0.001) and cholesterol (p =0.043) in the schizophrenia group were found as the determinants
of ceruloplasmin-ferroxidase activity.

CONCLUSION: In this study, ceruloplasmin-ferroxidase activity is higher in all groups in
comparison to the healthy control. The significantly higher ceruloplasmin-ferroxidase activity
was shown in bipolar disorder followed by the major depression and schizophrenia. The
ceruloplasmin-ferroxidase activity was correlated with erythrocyte sedimentation rate in the
bipolar disorder group and with C-reactive protein in the schizophrenia group. Therefore, the
ceruloplasmin-ferroxidase activity may be an encouraging candidate in the neuro-immune
modulation and become a reliable clinical tool for demonstrating the strong association of
inflammation in these disorders.
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Introduction . .. . .
into ferric iron ions (Fe+3) and thus associates trans-

Copper (Cu) is one of the most abundant elements
among the transition metals. It plays a critical physio-
logical function as a component of proteins. It also
serves as the cofactor for numerous critical metalloen-
zymes involving the dopamine and norepinephrine
metabolism. Level of transition metals is tightly con-
trolled, since their excessive or scarce levels may lead
to several abnormalities [1-3].

Ceruloplasmin (Cp) is a protein synthesized by the
liver, and it regulates copper homeostasis by providing
its delivery. Cp is also an acute phase reactant (APR),
whose concentration rises in inflammation, infection,
and trauma mostly as an antioxidant response. In
addition, Cp is named as ferroxidase according to its
ability for being an iron oxidase [4]. It plays an essential
role in iron homeostasis through Cp-ferroxidase
activity. Unbound ferrous iron ions (Fe+2) are oxidized

ferrin and delivered in the blood [1,2,4,5]. The oxidase
activity of Cp also has a high affinity for Cu defining its
status [5]. Therefore, abnormal levels or insufficient
functioning of Cp is found to be associated with iron
and copper related pathologies [6,7].

Much evidence gathered on psychiatric disorders
shows an inadequately functioning Cp as it checks
iron oxidization state. Cp also serves as a bridge
between the copper and iron metabolisms. Systemic
Cp malfunction is the possible mechanism in which
the deteriorated iron-associated redox processes lead
to oxidative stress in schizophrenia (SZ), bipolar dis-
order (BD) and major depression (MD) patients.
Therefore Cp disturbance is most likely to be the
responsible factor in the malfunction of metal metab-
olism influencing mental disorders [7]. As the serum
Cu levels, Cp weight, and Cp-ferroxidase activity
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controlling for metabolic risk factors in SZ, BD, and
MD, we hypothesized that some of these changes
might be moderately estimated by the variation in
either absolute or relative amounts of Cp-ferroxidase
activity. To our knowledge, this is the first study com-
paring the Cp-ferroxidase activity between SZ, BD, and
MD in the available literature.

Material-methods
Participants

This is a cross-sectional, single-centered study. Patients
with SZ (n=36), BD (n=37), and MD (n =40) were
enrolled into the study. First-degree relatives of the
hospitalized patients to surgery clinics participated in
the study as the healthy controls (HCs) (n=32). The
HC group was similar to the patient groups in terms
of age, gender, and education. Healthy participants
with a personal or family history of psychiatric dis-
orders were excluded (n=3). All participants were
initially evaluated by a clinical psychiatrist to confirm
the appropriate diagnosis using the Structured Clinical
Interview for DSM-IV (Diagnostic and Statistical Man-
uel of Mental Disorders) Axis I Disorders (SCID-I) (a
semi-structured evaluation scale) [8,9]. The BD group
was assessed with the Hamilton Depression Rating
Scale (HDRS) and the Young Mania Rating Scale
(YMRS) [10-13]. HAMD consists of 17 items. Each
item is scored between 0 and 4. The severity of
depression is measured by the score range (0-7 no
depression, 8-15 mild depression, 16-28 moderate
depression, >29 severe depression) [14]. YMRS
measures the severity of manic episode with 11 items.
Each item is scored between 0 and 5. YMRS>5 is
accepted as mania [12,13]. The SZ group was assessed
with the Scale for the Assessment of Positive Syndrome
(SAPS) and the Scale for the Assessment of Negative
Syndrome (SANS). SAPS consists subscales of halluci-
nations, delusions, bizarre behaviour, positive formal
thought disorder, and inappropriate affect [15,16].
SANS consists subscales of affective flattening or blunt-
ing, alogia, avolition-apathy, anhedonia-asociality and
attention [17,18]. Exclusion criteria were substance
and alcohol use disorders, psychiatric comorbidity, cer-
ebrovascular, cardiovascular, respiratory, metabolic
(diabetes mellitus, metabolic syndrome, body mass
index-BMI >35, renal failure, cirrhosis, infections,
allergies, autoimmune diseases, and malignancy), and
neurologic disorders. Patients taking mineral or vita-
min supplements, medications such as anticonvulsants,
contraceptives, xanthine oxidase inhibitors- i.e. allo-
purinol, folic acid, glucocorticoids were also excluded
from the study due to their effects on the trace element
metabolism. Subjects with a history of major physical
trauma, surgery, minimal acidosis, or slight dehy-
dration and heavy exercise in the last three months

and other physiologic conditions were excluded from
the study. Abnormal levels of serum thyroid, liver,
renal tests, B12, folic acid were excluded from the
study. Manic patients (YMRS>5) were clinically
excluded in the BD group. Mild to moderate
depression (HDRS < 29) were allowed in the BD and
MD groups [14]. No clinical exclusion was performed
in the SZ group. The patients’ weight and height
were measured. BMI was calculated with kg/m? for-
mula. The flow-chart diagram in Figure 1 represents
the study enrolment protocol.

A written informed consent was also provided by
each participant after a full explanation of the study.
The study was approved by the local Ethical Commit-
tee (27.04.2016, 80576354-050-99/47) and was con-
ducted according to the declaration of Helsinki.

Biochemical analyses

After overnight fasting, the venous blood samples were
left thirty minutes for coagulation after withdrawal and
then centrifuged at 1500 g for fifteen minutes. All cen-
trifuged serum was stored in Eppendorf tubes and kept
frozen at —80°C until the biochemical analyses have
been performed. All tubes were made of polypropylene
instead of glass materials for preventing metal con-
tamination. Blood collection and separation were
both carried out in a dust-free room. Serum copper
level was measured by an automated flame atomic
absorption  spectrophotometer  (hermoScientific,
USA). In this assay coefficient of variation was 4%.
Serum ceruloplasmin ferroxidase activity —was

’ 196 people were evaluated

l

172 Eligible participants were detected
Schizophrenia (SZ): 39, Bipolar disorder (BD): 49, Major
depression (MD): 46, Healthy control (HC): 38

l

19 patients and 5 healthy controls excluded
1 had manic episode (1BD)

3 had severe depression (1MD, 2 BD)

4 had diabetes mellitus (1HC, 3BD)

12 had BMI>35 (2HC, 4BD, 4 MD, 2 SZ)

4 were alcohol users (2HC, 1BD, 1 MD)

115 consecutive outpatients and 33 healthy controls
met the inclusion criteria

\ 3 subjects refused

to participate:
1HC, 1BD, 15Z

145 participants were enrolled.
SZ:36, BD:37, MD:40, HC:32

Figure 1. Flowchart of the study enrollment protocol.



measured [19] by an automated clinical chemistry ana-
lyzer (Cobas c 501, Roche, Switzerland). In this assay
coeflicient of variation was 1.6%. Ceruloplasmin mass
amount was measured by a commercial immunometric
method (Cobas, Roche, Switzerland). In this assay
coefficient of variation was 3.6%. Serum non-cerulo-
plasmin bound copper level was determined by calcu-
lation [20].

Statistical analysis

Statistical Package for the Social Sciences (SPSS, ver-
sion 18.0; Chicago, IL) statistics programme was used
for evaluating the data. Whether the data distribution
was normal or not was evaluated through the Kolmo-
gorov-Smirnov test. Student’s t-test was performed
on normally distributed variables and was reported as
the mean * standard deviation (SD). Mann-Whitney
U-test was performed on non-normally distributed
data and reflected as median (quartiles). Kruskal-
Wallis Test was performed for group comparisons,
chi-square and p values are reported. Pearson or Spear-
man Rank Correlation Analysis was performed
between clinical and biochemical parameters in groups
and p<.05 was accepted as statistically significant
between groups. All test results were two-tailed. Lineer
regression analyses were performed to examine the
determinants of ferroxidase activity in the groups.

Results

Sociodemographic and clinical variables of the groups
are presented in Table 1. There was no significant
difference between the groups regarding age, gender,
socioeconomic status, and education. The groups had
similar socioeconomic status characteristics. There
were differences between the groups in age at onset,
duration of the disease, number of hospitalizations
(p<0.05, Table 1).
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Comparison of the biochemical parameters is
presented in Table 2. There were no significant differ-
ences between the groups in lipid levels and white
blood cell counts (p >0.05). BMI (F=4.48, p=0.005),
and waist circumference (F=7.45, p <0.005) differed
between the groups. Post-hoc comparisons showed
that BMI of the BD group was significantly higher
than the healthy control group (p =0.006) and than
the MD group (p=0.026). Post-hoc comparisons
showed that waist circumference of the BD group
was significantly higher than the healthy control
group (p<0.001) and the MD group (p=0.013).
Post-hoc comparisons showed that waist circumfer-
ence of the SZ group was significantly higher than
the healthy control group (p =0.048). Neutrophil (F
=3.05, p=0.031) counts differed between the groups.
Post-hoc comparisons showed that neutrophil counts
of the SZ group were significantly higher than the BD
group (p =0.034).

In comparison with the control group, there was a
statistically significant difference between groups in
serum ceruloplasmin ferroxidase activity (y*=9.11, p
=0.028) (Table 3). Post-hoc comparisons showed
that serum ceruloplasmin ferroxidase activity of the
BD group was significantly higher than the healthy
control group (p =0.012) and than the MD group (p
=0.027) and than the SZ group (p=0.019). BMI,
waist circumference and neutrophil counts were the
covariates in the ANCOVA analysis. Waist circumfer-
ence was the only significant covariate (F=1.10, p=
0.350). Comparison of Cp-ferroxidase activity between
nicotine consumers and non-consumers did not show
any significant difference between the groups (results
are not reported).

Correlations between Cp-ferroxidase activity and
biochemical variables are displayed in Table 4. Corre-
lation analysis showed that there was statistically sig-
nificant correlation between number of consumed
cigarettes per day and serum copper levels in the SZ
group (r=0.65, p=0.012). Correlation analyses

Table 1. Sociodemographic and clinical variables of the groups with nicotine comsumption and psychotropic drug usage.

BD (n=37) MD (n = 40) SZ (n=36) HCs (n=32) F/x? p
Age 33.86 + 10.52 33.93+824 35.47 +£11.80 31.00+7.30 1.25 0.295
Gender 18 21 18 19 0.92 0.822
Education 12.00 £ 3.38 12.18 +3.60 10.61 +4.05 12.50 +3.02 1.96 0.124
Age at Disease Onset 23.28+7.02 29.35+8.02 22.60+6.39 139.29 <0.001
Duration of Disease® 107.80 £ 95.17 57.08 + 62.80 143.11£123.18 18.43 <0.001
Number of Episodes 7.00 £ 6.06
Number of Hospitalizations 2.72+4.63 0.13 £0.65 2.58 £4.46 7.70 <0.001
Nicotine consumers 15 19 14 9 2.28 0516
Number of cigarettes per day 19.53 +8.39 20.88 £10.19 27.00 £ 15.76 14.67 +7.05 243 0.076
Antipsychotic users 27 9 37 85.48 <0.001
Antidepressant users 9 41 7 91.76 <0.001
Mood Stabilizer users 34 2 2 110.18 <0.001
SANS 19.69 + 16.22
SAPS 9.85+12.18
YMRS 1.31+298
HDRS 497 £4.25 5.45x277 —0.58 0.561
*Month.

Notes: One-way Analysis of Variance, t test. Post-hoc comparisons: Age at Disease Onset: BD < MD, p < 0.001; SZ < MD, p < 0.001; Duration of the Disease:
MD < SZ, p < 0.001; Number of Hospitalizations: MD < BD, p = 0.005; MD < SZ, p = 0.008.
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Table 2. Comparison of the metabolic and biochemical parameters between groups.

BD (n=37) MD (n = 40) SZ (n=36) HCs (n=32) Fiy? p

BMI 28.15 £4.76 2516 £3.79 2609 +5.77 2448 +3.27 448 0.005
Waist circumference® 99.78 +£11.40 92.93 +£8.07 9547 £11.12 89.19 + 6.96 7.45 <0.001
Triglyceride 13025 + 76.45 130.08 £ 90.26 163.17 £ 12630 12351+ 60.78 1.29 0.279
Cholesterol 184.92 + 46.68 187.78 +32.33 182.97 +34.25 167.29 £ 32.65 1.99 0.119
HDL 4872 £11.76 47.71£15.12 4325+1878 46,06 +10.02 098 0.406
LDL 11002 £ 39.97 11509 £31.13 10571 £37.23 95.99 +31.93 177 0.155
WBC 6770.46 + 2250.26 7117.00 + 2378.43 7792.57 + 2370.29 7003.75 + 1999.79 1.33 0267
Neutrophil 401638 + 1708.68 4195.15 + 1471.74 5093.83 + 1705.19 4312.10 £ 1627.51 3.05 0.031

Lymphocyte 2188.89 + 843.05 232135 £ 1707.51 2153.57 £ 725.11 222407 +621.41 0.16 0.921

N/L Ratio 203+ 1.05 209+ 0.99 247077 203+ 081 1.86 0.139
ESR 936+ 10.71 8344851 1245+ 13.22 8.00 + 848 1.21 0308
CRP 0.68+1.94 0.17£0.20 038+064 017 £0.22 1.83 0.146

*Waist circumference was measured as centimeter(cm) to the proximate 0.1 cm at the level of the iliac crest meantime the person was at minimal respiration
Notes: One-way ANOVA. BD: Bipolar disorder, MD: Major depression, SZ: Schizophrenia, HCs: Healthy controls, BMI: Body-mass index, HDL: High density lipo-
protein, LDL: Low-density lipoprotein, WBC: White blood cell counts, N/L ratio: Neutrophil / lymphocyte ratio, ESR: Erythrocyte sedimentation rate, CRP: C-
reactive protein. Posthoc comparisons BMI: BD > HCs p = 0.006, BD > MD p = 0.026; Waist circumference BD > HCs p < 0.001, BD > MD p =0.013, SZ > HCs
p = 0.048; Neutrophil SZ>BD p =0.034.

Table 3. Comparison of copper and ceruloplasmin parameters between the groups.

FIX?

BD (n=37) MD (n = 40) SZ (n=36) HCs (n=32) p
Copper 216.78 £ 62.86 207.15+53.55 212.03 + 54.51 200.72 +44.73 0.55 0.652
Non-Cp Bound Copper 145.04 £ 52.66 137.10 + 53.49 142.83 £ 47.22 134.32 £ 38.03 0.36 0.782
Cp Weight 0.24 £0.05 0.24 £ 0.05 0.23 £0.04 0.24 +£0.09 0.17 0.918
Cp Ferroxidase Activity” 111.26 £ 25.39 100.14 + 22.85 97.49 £22.12 95.59 + 26.64 9.11 0.028
112.79 94.73 100.37 92.88

(92.89-119.82)

(89.01-109.96)

(79.96-113.22)

(77.03-111.66)

“Median (25-75 percentile).

Notes: One-way ANOVA, Kruskal Wallis Test. Ceruloplasmin Ferroxidase Activity Post-hoc comparisons: BD > HCs, p = 0.012; BD > MD, p = 0.027; BD > SZ, p =

0.019.

showed that Cp-ferroxidase activity was positively
correlated with BMI (0.58), waist circumference
(0.49), ESR (0.61), and (CRP 0.66) in the BD group.
In the MD group, Cp-ferroxidase activity was posi-
tively correlated with ESR (0.43). In the SZ group,
Cp-ferroxidase activity was positively correlated with
CRP (0.64). No other significant correlation was
detected (Table 4). Correlations between Cp-ferroxi-
dase activity and biochemical variables are displayed
in Table 4.

Predictors of Cp-ferroxidase activity were analyzed
with multiple linear regression analyses in the groups
(Table 5). Dependent variable was ceruloplasmin fer-
roxidase activity in all regression models. Independent
variables were BMI, waist circumference, LDL, HDL,
cholesterol, triglyceride, ESR, CRP, WBC, lymphocyte,
neutrophil, neutrophil/lymphocyte ratio. Waist cir-
cumference (p=0.005) and ESR (p=0.028) in the
BD group, CRP in the MD group (p =0.008), CRP
(p<0.001) and cholesterol (p=0.043) in the SZ

group and CRP (p=0.002) and HDL (p=0.021) in
the HC group were the determinants of Cp-ferroxidase
activity.

Discussion

In this study, Cu levels, non-Cp bound Cu proportion,
weight of Cp and Cp-ferroxidase activity were exam-
ined in patients with SZ, BD, and MD in comparison
to a HC group. Cp-ferroxidase activity was significantly
increased in BD compared to the MD, SZ, and HC
groups. No other difference was observed between
the groups. According to the regression analysis, Cp-
ferroxidase activity was found to be correlated with
CRP and ESR levels as well as obesity in all groups.
The ESR levels and waist circumferences were higher
in the BD group in comparison to the SZ, MD, and
HC groups. Therefore, waist circumference and the
ESR levels were found to be the determinants of Cp-
ferroxidase activity in the BD group. Serum cholesterol

Table 4. Correlations between ceruloplasmin ferroxidase activity and other biochemical parameters.

BMI Waist ESR CRP VPA? (e Neutrophil N/L ratio
BD 0.58 0.49 0.61 0.66 0.57 0.44 ns ns
MD ns ns 0.43 ns ns ns ns ns
SZ 041 0.38 ns 0.64 ns ns 0.38 043
HCs ns 0.44 ns 0.33* ns ns ns ns

Notes: Pearson’s and Spearman’s rho correlation test. Total and non-Cp bound Copper levels, ceruloplasmin ferroxidase acitivty, BMI, waist circumference,
LDL, HDL, cholesterol, triglyceride, ESR, CRP, WBC, lymphocyte, neutrophil, neutrophil/lymphocyte ratio, number of daily consumed cigarettes were the
variables of the test. VPA: Valproic acid, Cz: Chlorpromazine equivalent doses of antipsychotics. Bold cells p < 0.001, other cells p < 0.05, *p = 0.071,°n =16,

bn=24.

Result of the correlation analyses which were not statistically significant are not presented in the table.
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Table 5. Determinants of ceruloplasmin ferroxidase activity in groups.

Unstandardized
Coefficients Standardized Coefficients
B SE B t p
BD Waist circumference 1.03 0.34 0.45 3.05 0.005
ESR 0.83 0.36 0.34 231 0.028
MD CRP 50.68 17.96 0.44 2.82 0.008
SZ CRP 19.35 4.68 0.58 413 <0.001
Cholesterol 0.19 0.09 0.30 2.12 0.043
HC CRP 64.31 17.90 0.56 3.59 0.002
HDL -0.10 0.40 -0.39 —-2.49 0.021

Notes: Lineer regression analyses performed separately in the groups. SE: Standard error. Models were significant in bipolar disorder [F(2,32) =7.80, p =
0.002, Adjusted R?=0.30], major depression [F(1,34) =7.96, p=0.008, Adjusted R?=0.17], schizophrenia [F(2,30) =11.48, p <0.001, Adjusted R?=
0.41] and healthy controls [F(2,25) =9.25, p=0.001, Adjusted R?=0.40]. Dependent variable was ceruloplasmin ferroxidase activity in all regression
models. Independent variables were BMI, waist circumference, LDL, HDL, cholesterol, triglyceride, ESR, CRP, WBC, lymphocyte, neutrophil, neutrophil/lym-

phocyte ratio.

and CRP levels were associated with higher Cp-ferrox-
idase activity in the SZ group. The HDL levels were
inversely associated with Cp-ferroxidase activity in
the HC group. These results indicate that the inflam-
mation, obesity and metabolic syndrome are associated
with a higher Cp-ferroxidase activity.

Many studies have shown that dysregulation of Cu
adversely influences biological processes of several psy-
chiatric disorders including SZ [21-30], BD [25,31-
33], and MD [25,28,34]. The reduced [28,30,35,36],
elevated [21-23,26-29,37,38], and unaltered
[25,28,39,40] Cu levels in SZ patients have been men-
tioned in different studies. Higher Cu concentrations
were reported in the course of the BD [41]. Cu concen-
trations were elevated in the scalp hair of male and
female BD patients [42]. Interestingly, Cu levels and
Cu/Zn ratios were remarkably higher in women with
a past psychiatric history of post-partum depression
[28]. Total Cu intake may be oppositely related to
depression [43]. No differences in Cu concentrations
were demonstrated between the BD and MD [44].
The Cu levels were found similar in depressive patients
(both with a current depressive episode and in remis-
sion) and HC group [45]. Elevated levels of blood Cu
were reported in depressive disorder with a probable
role of Cu as a biomarker of depression by a recent
review [46]. Serum Cu levels did not differ between
the groups in this study. These conflicting findings
might result from methodological differences, ethnic
factors, heterogeneity of the patients’ biochemical
states, and relatively small sample size of the patients.

Cp is also named as iron-oxidase as it has a ferrox-
idase activity. Cp-ferroxidase activity thus plays an
important role as an antioxidant [2,4,47]. The
increased Cp-ferroxidase activity demonstrates antiox-
idant protection, which may influence the pathogenesis
of BD and SZ. Previous studies have shown that
increased Cp may also be related to clinical properties.
These properties may include, the stage of the disease
[21,23], the duration of the disease [23,47], the effects
of accompanying drug treatment [22,23], the gender
[47] and other physical conditions [23]. In this study,
Cu and Cp levels were not significantly associated

with the smoking status, stage or duration of disease
as well as the effects of accompanying treatment. An
association between Cp levels and SZ has been reported
by several studies [47]. Although higher levels of Cp
were reported by the majority of studies, lower levels
of Cp were also found in some studies. In contrary,
the normal levels of Cp were shown by other studies
in SZ patients than HC group [23,24,28,47]. Higher
Cp levels were reported in first episode depression
both previously and later antidepressant drug use
[48]. Cp was indicated as a serum biomarker for
drug-free MD patients [49]. Unchanged levels of Cp
were reported in BD and MD [25]. Lower Cp levels
were shown in MD [50]. Higher levels of Cp as an
APR were reported in MD and BD patients [51]. We
also found normal levels of Cp in SZ, BD, and MD
groups. These differences may be due to small sample
size, application of different methods, clinical features,
and ethnobiological variations of the patients. Effects of
other medical conditions on Cp levels have been shown
in such as liver function deteriorations, pregnancy, oral
contraceptive use, lymphoma, infections, angina and
other disease-states [5,23]. A similar physical disease
or conditions have not been present in any of our
patients. The nature of association between higher
levels of Cp and SZ has not been explained so far.
The immunology-inflammatory hypothesis of SZ has
been recommended as an explanation for the relation-
ship of Cp and SZ by some authors. These authors
claimed that the higher Cp levels serve as an APR indi-
cating the Cp as a potent antioxidant. Moreover, Cp
was found more potent antioxidant than albumin
and even superoxide dismutase (SOD) [47].

CRP is an APR that rapidly reacts to inflammatory
processes as well as the major protein carrier for
serum Cu [51-53]. Most psychiatric disorders, especially
SZ and BD are related to an inflammatory reaction by
the activation of the glia in the neural tissue [54,55].
On the other hand, obesity/overweight is associated
with increased inflammation in SZ and BD patients
[56,57]. Higher plasma Cu concentrations were also
associated with metabolic risk factors such as plasma
glucose and diastolic blood pressure in SZ patients
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[26]. In this study, Cp-ferroxidase activity was increased
in all groups in comparison to the HC group. The sig-
nificantly higher Cp-ferroxidase activity was shown in
BD in comparison to the MD and SZ group. The Cp-fer-
roxidase activity was correlated with ESR in the BD and
with CRP in the SZ group. These results were significant
because they demonstrated that Cp was also up-regu-
lated by inflammation with the other APRs such as
ESR and CRP. The SZ and BD patients have a potent
inflammatory response with an extreme elevation of
APRs such as CRP and ESR respectively.

One of the most important limitations of this study
was that groups were not similar in terms of waist cir-
cumference and waist circumference was the determi-
nant of Cp-ferroxidase activity. Psychotropic
medications and nicotine consumption could not be
controlled thoroughly and these factors may have
altered metabolic states in the groups. Cross-sectional
design, sample size of the study, and psychotropic
medications were the clinical limitations. Sample size
is relatively small to generalize these findings. Examin-
ing only the serum levels of Cu, Cp and ferroxidase
activity forms a significant limitation to this study.
Cu, Cp and Cp-ferroxidase activity in peripheral
blood serum should also be tested whether such altera-
tions express relevant changes in the brain tissue.
Serum iron (Fe) levels were not tested. All patients
were under drug treatment and in remission at the
time of the study. Therefore we could not compare
our results with the results of some previous studies
in which the patients were on drug-free or acute
exacerbation of these disorders. This study also has
some critical advantages. We highlighted the role of
Cp-ferroxidase in BD and SZ through the relationship
of inflammation. Additionally, the exclusion of comor-
bidities, mental retardation, in concurrence with the
combined analysis of ESR and CRP to copper metab-
olism (Cu, Cp, and Cp-ferroxidase activity) are metho-
dologically robust factors of our study. These strict
exclusion criteria helped us to enrol a disease-free
sample. The match on age, sex, and residential areas
of the patients and HCs was the other methodologically
robust factor of this study.

Future studies investigating this subject should be
performed with larger and homogeneous patient
groups [58]. On the other hand, normal concentrations
of specific molecules do not reject molecular dysfunc-
tion, and thus further studies on functions of the pro-
teins and enzymes may help to clarify specific
biological mechanisms or abnormalities of the specific
cascades. Cp-Ferroxidase activity is increased in BD
group. Cp-Ferroxidase activity is also associated with
waist circumference and the ESR levels in the BD
group as well as the cholesterol levels and CRP in the
SZ group. These results are indicating that metabolic
syndrome may cause inflammatory activation that
may enhance the activity of Cp.

As a conclusion, these results also implicates that the
Cp-ferroxidase activity has a capacity to bind trace
elements and to act as an APR during the inflammation
processes. This study may establish a reliable clinical
tool for demonstrating the strong association of
inflammation in these disorders. Cp-ferroxidase
activity thus may be an encouraging candidate in the
evaluation of neuro-immune interaction while study-
ing the complex pathophysiology of SZ and BD.
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