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The pathogenesis and etiology of schizophrenia (SCZ) 
remains unclear. Accumulating studies showed that com-
plex interrelationships between brain-derived neurotrophic 
factor (BDNF) and an imbalanced redox system has a cru-
cial role in the psychopathology of SCZ. However, the in-
fluence of the interrelationships of BDNF and superoxide 
dismutase (SOD) on cognitive impairment and clinical 
symptomatology in drug-naive first-episode (DNFE) SCZ 
patients has not been studied thoroughly. Serum BDNF 
levels, plasma  total SOD, manganese-SOD (Mn-SOD), 
copper/zinc-containing SOD (CuZn-SOD) activities, and 
malondialdehyde (MDA) levels were measured in 327 DNFE 
patients with SCZ and 391 healthy controls. Cognitive 
functions were measured using the Repeatable Battery for 
the Assessment of Neuropsychological status (RBANS) 
and clinical symptoms were evaluated by the Positive 
and Negative Syndrome Scale (PANSS). Compared with 
the controls, the DNFE patients had increased activities 
of total SOD and CuZn-SOD, and reduced levels of BDNF 
and MDA. BDNF levels were positively correlated with 
CuZn-SOD activity in patients. In addition, we found that 
elevated Mn-SOD and CuZn-SOD activities were related 
to PANSS depression factor. Moreover, an interactive ef-
fect of BDNF levels and Mn-SOD activity was associated 
with attentional index score in the patients. Therefore, our 
findings suggested that interrelationships between BDNF 
and antioxidant mechanisms might underlie the patholog-
ical mechanisms of cognitive impairments and symptoma-
tology in the DNFE patients with SCZ.
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Introduction

There is increasing evidence that changes in redox regula-
tion play a potential role in abnormal neurodevelopment 
in schizophrenia (SCZ).1 In a normal physiological state, 
the redox balance is controlled by an antioxidant defense 
system.2 When imbalance is present, oxidative stress occurs, 
which may be involved in the disease severity and cognitive 
decline in SCZ patients.2–4 Superoxide dismutase (SOD) is 
the first line in the defense responses to oxidative stress.5 
Manganese SOD (Mn-SOD) in the mitochronia and 
copper/zinc-containing SOD (CuZn-SOD) in cytoplasm 
have fundamental roles in superoxide disproportionation 
and the rapid conversion of O2− to H2O2.

6–7 Particularly, 
Mn-SOD scavenges 95% of the reactive oxygen species 
(ROS) and superoxide anions produced by mitochondrial 
oxygen consumption.8 CuZn-SOD is one of the most abun-
dant SOD enzymes in the cytoplasm of cells (>90%) and 
contributes more to the total SOD activity than other en-
zymes.9 Mn-SOD has been shown to be related to SCZ, yet, 
CuZn-SOD enzyme was focused by limited researchers.10–11 
Although mounting evidence has revealed diminished ac-
tivity of total SOD and Mn-SOD in peripheral blood cells 
and brain of patients with SCZ,12–13 only 2 studies found 
a reduction of CuZn-SOD activity in cerebrospinal fluid 
of recent onset SCZ patients.14,15 Interestingly, a few of 
studies in first-episode drug-naive (DNFE) patients with 
SCZ found that total SOD activities were negatively re-
lated to the positive symptom score.16 More importantly, 
studies in aging animals showed overexpression of extra-
cellular SOD significantly improved hippocampal synaptic 
plasticity and memory-related behavioral performance in 
aged mice.17 However, conflicting results about total SOD 
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activity or concentrations in DNFE patients with SCZ 
have been reported.18–22

The levels of brain-derived neurotrophic factor (BDNF), 
the most abundant member of the neurotrophins, were 
found to be decreased and closely related to the patho-
logic mechanism and clinical manifestation of SCZ.23–27 
Preclinical studies demonstrated that BDNF affects the 
production and release of dopamine in the brain circuit 
and induction of DA-related behaviors,28 indicating that 
BDNF may be closely linked to DA systems,28 which has 
been hypothesized to be associated with psychopatholog-
ical symptoms of SCZ patients.29,30 Interestingly, studies 
also found that decreased serum BDNF levels in DNFE 
patients with SCZ were linked to clinical phenotypes, 
particularly cognitive impairments.31–34,35 In total, evi-
dence provides support for the involvement of BDNF in 
the psychopathology of SCZ.

Complex interactive effects of between BDNF and ox-
idative stress have been linked to cognitive function in 
both preclinical and clinical studies. For example, a re-
cent study in mice showed that antioxidant therapy sig-
nificantly increased learning and memory by reducing 
antioxidant enzyme activities and increasing BDNF 
levels in the prefrontal cortex and hippocampus.36 Also, 
Canever et al revealed significant changes in the oxida-
tive stress parameters including SOD activity and the 
neurotrophic factors levels including BDNF within the 
frontal cortex in the model of SCZ induced by ketamine. 
Moreover, supplementation of folic acid (FA), which had 
antioxidant properties, prevented the cognitive damage 
and improved these biochemical parameters in SCZ 
model, suggesting that FA may produce neuroprotective 
effects by regulating markers of oxidative stress and 
neurotrophin.37 Our recent study showed a significant as-
sociation between the interactive effects of BDNF levels, 
total SOD activity and executive dysfunctions in chronic 
patients with SCZ.3 However, there has been no study on 
the interactive effect between BDNF and Mn-SOD or 
CuZn-SOD enzymes in DNFE patients with SCZ.

To our best knowledge, no study has been conducted 
to examine the interrelationships between BDNF, an-
tioxidant enzymes, and clinical symptoms in the same 
group of DNFE patients with SCZ. This study therefore 
aimed to explore (1) whether BDNF levels and antioxi-
dant enzyme activities (including total SOD, Mn-SOD, 
CuZn-SOD) were altered in DNFE patients with SCZ; 
(2) whether there was an association between BDNF and 
SOD enzyme activities; and (3) whether their interactive 
effect played a role in the psychopathological symptoms 
and cognitive dysfunction of SCZ.

Method

Subjects

A total of  350 patients with DNFE SCZ were re-
cruited from Beijing Huilongguan Hospital and Henan 

Zhumadian Psychiatric Hospital. Six trained psychi-
atrists made the first diagnosis of  SCZ for all patients 
at baseline and then made the second diagnosis after 
3–6  months of  follow-up based on the Structured 
Clinical Interview for DSM-IV (SCID).38 The remaining 
23 patients were excluded from this study. Among them, 
15 were excluded because of  inconsistent diagnosis at 
these 2 time points, 4 due to inability to understand the 
consent procedure, and 4 due to being unable to perform 
the clinical assessments. The excluded patients were not 
different from those included in the study in any demo-
graphic parameters.

Beijing Huilongguan hospital is one of the largest psy-
chiatric hospitals in China, which serves a catchment area 
population of about 20 million in Beijing, with inpatient 
bed capacity of about 1400. Also, the hospital is affiliated 
to Peking University. It is estimated that approximately 
100 DNFE SCZ patients are admitted to the hospital 
each year. Generally, these DNFE patients will be treated 
in the hospital about 1–3 months and then followed for 
3–6 months. Henan Zhumadian Psychiatric Hospital is a 
local psychiatric hospital in Henan province in the central 
China, providing psychiatric service for about 7 million 
people with 800 inpatients. About 300 DNFE patients 
with SCZ are hospitalized each year. Generally speaking, 
local mental patients are sent directly to the hospital after 
first episode. These DNFE patients are usually treated 
in the hospital about 1–3 months. The patients met the 
following inclusion criteria: providing informed consent; 
aged between 16 and 45 years; Han Chinese population; 
clinical course of less than 24 months; no previous his-
tory of psychotropic drug treatment; providing medical, 
psychological, and sociodemographic information; no 
major medical morbidity (eg, cancer, ongoing infection 
or infectious illness in the previous 2 weeks, diabetes, ce-
rebrovascular disease, or hypertension); not taking any 
antihypertensive, anti-inflammatory, anti-lipidemic, or 
hypoglycemic agents; without abuse or substance de-
pendence except tobacco; not breast-feeding or pregnant 
females.

Three hundred ninety-one unrelated, smoking status-, 
sex-matched controls of Han Chinese patients were re-
cruited from local communities close to the hospital. 
Controls were excluded if  they had a current or past 
psychiatric disorder determined by the SCID. Controls 
were also excluded if  they were currently receiving an-
tipsychotic medication (eg, mood stabilizing, anxiolytic, 
antidepressant, or antipsychotic drugs).

All subjects underwent physical examinations and lab-
oratory tests, and they were all in good physical health. 
Their educational level was obtained through self-
reported years of education. The socioeconomic status 
and educational level of the healthy controls and pa-
tients were comparable. In addition, we excluded any of 
subjects with medical illnesses or drug and alcohol abuse 
or dependence except tobacco.
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This study was approved by the Medical Ethical 
Committee of Beijing Huilongguan Hospital. All subjects 
signed the informed consent before entry into the study.

Psychotic Symptoms and Cognition Assessment

Six psychiatrists participated in a training course in the use 
of the Positive and Negative Syndrome Scales (PANSS).39 
Repeated assessment found that the interobserver corre-
lation coefficient was maintained at >0.8 for the PANSS 
total score. Several previous studies have shown that the 
5-factor model captures the effectiveness of the clinical 
symptom dimension.40 In this study, the original PANSS 
consisted of five factors, namely, positive factor (com-
posed of P1, P3, P5, G9), negative factor (composed of 
N1, N2, N3, N4, N6, G7), disorganization factor (com-
posed of P2, N5, G11), excitement factor (composed of 
P4, P7, G8, G14), and depressive factor (composed of 
G2, G3, G6).40

Four research psychologists administered the 
Repeatable Battery for the Assessment of  Neuropsy-
chological Status (RBANS, Form A) to each subject 
on the same day or the next day after he/she signed the 
informed consent form. The RBANS includes a com-
posite score and 5 age-adjusted index scores.41 The bat-
tery tests consist of  immediate memory (comprised of 
List Learning and Story Memory tasks), visuospa-
tial/construction (comprised of  Figure Copy and Line 
Orientation tasks), language (comprised of  Picture 
Naming and Semantic Fluency tasks), attention (com-
prised of  Digit Span and Coding tasks), and delayed 
memory (comprised of  List Recall, Story Recall, Figure 
Recall, and List Recognition tasks). It has been trans-
lated into Chinese and established the clinical validity 
and test–retest reliability in controls.42

Measurement of BDNF Levels and Oxidative Stress 
Markers in the Serum or Plasma

Usually, on the second day of admission, blood was 
drawn from the patient by a simple venipuncture be-
tween 7.00 and 9.00 am. The blood sampling time of 
the healthy controls was the same as that of the patients. 
BDNF levels in the serum were measured by the tech-
nicians who were blinded to the number of the sample 
using a commercially available kit (R&D, USA) as re-
ported earlier.3 Malondialdehyde (MDA) and antiox-
idant enzymes (total  SOD, Mn-SOD, and CuZn-SOD) 
in plasma were detected by spectrophotometer using 
commercially available kits (Jiancheng, Nanjing, China) 
as described in a prior literature.43 Serum BDNF levels 
and plasma MDA levels or antioxidant enzyme activi-
ties were measured in the biochemical laboratory of our 
research center through established procedures, which 
were reported in our previous studies.3 Moreover, most 

of the previous studies reported the level of BDNF in 
serum and the levels of MDA or the activity of antioxi-
dant enzyme in plasma of patients with SCZ. Therefore, 
2 different blood components were used in this study to 
detect different biomarkers in this study for comparison 
with the results of previous studies.

All samples were evaluated in duplicate and the inter- 
and intra-variation coefficients between the assays were 
below 10%.

Statistical Analysis

We carried out the first analysis to examine whether there 
was a difference in sociodemographic characteristics 
and cognitive functions between controls and patients. 
Further, the Kolmogorov–Smirnov one-sample test was 
performed to judge if  BDNF levels, antioxidant en-
zyme activity and MDA levels were normally distributed 
in controls and patients. ANCOVA analysis were per-
formed to analyze the differences of BDNF and oxida-
tive stress markers among the patients and controls, with 
age, gender, smoke status, and body mass index (BMI) as 
covariates.

Next, we conducted the Pearson product moment 
correlation to explore the relationships between 
BDNF and SOD enzyme activities and MDA levels 
in patients and controls individually. Finally, the mul-
tiple regression were performed to explore the rela-
tionships between oxidative marker levels, BDNF 
levels, the interactive effects (BDNF × oxidative stress 
markers), and PANSS scores or cognitive function in 
the patient group. The calculation method of  inter-
active effects was described in our previous study.44 
In brief, the new interactive value was obtained via 
multiplying BDNF by each of  SOD enzyme activity 
or MDA level, which was then entered into the mul-
tiple regression models. In the multiple regression 
model, cognitive function scores or PANSS scores 
were used as dependent variables, while oxidative 
stress markers and BDNF levels, as well as BDNF × 
oxidative stress markers were utilized as independent 
variables. Covariates in the regression models include 
age, education, smoking, sex, BMI, illness duration. 
We set the significance levels at P < .05. In addition, 
G*power 3.1.9.2 program was used to carry out the 
power calculation.

When conducting multiple analyses on the same de-
pendent variable, the chance of committing a type I error 
(increased likelihood from a significant result by pure 
change) increases. To correct for this, a Bonferroni cor-
rection was conducted in this study. To get the Bonferroni 
corrected/adjusted P value, we divided the original 
α-value by the number of analyses on the dependent var-
iable. In this study, a new α = 0.05/30 = 0.0023.
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Results

Demographic Data and Cognitive Functions in Patients 
and Controls

Table 1 shows the general and clinical data of 327 DNFE 
patients with SCZ and 391 controls. The patients were 
significantly different from controls in BMI (P < .01). 
RBANS data was available from 256 patients and 180 
healthy controls. The patients performed worse in total 
score and all subscales except visuospatial/constructional 
index controlling for sex, age, BMI and education (all P 
< .001; Bonferroni correction, P < .05). This is illustrated 
in table 2.

Interrelationships of BDNF, Antioxidant Enzyme and 
MDA in Patients and Controls

MDA and BDNF levels were reduced (MDA = −0.71 ± 
0.18, 95% CI = −0.35 to −1.08; BDNF: −3.3 ± 0.35, 95% 
CI = −2.6 to −4.0), while total SOD and CuZn-SOD ac-
tivities were increased in patients (total SOD = 10.53 ± 
1.33, 95% CI = 7.92 to 13.14; CuZn-SOD: 4.49 ± 1.71, 
95% CI  =  1.12 to 7.86), when controlling for age, sex, 
BMI, smoking, and education (all P < .01; Bonferroni 
correction, P < .05, figure 1). The patients did not differ 
from controls in Mn-SOD (P > .05). The powers for 
measuring these biomarkers ranged from 0.96 to 1.0, ex-
cept for Mn-SOD with a power of 0.36.

In DNFE patients, BDNF levels were positively correl-
ated with total SOD (r = .20, P = .024) and CuZn-SOD 
activities (r = .26, P = .004) (table 3 and figure 2). However, 
only the CuZn-SOD activity survived Bonferroni cor-
rection, P < .05). The relationship between BDNF and 
CuZn-SOD activity was further verified by multiple re-
gression analysis (β = 0.11, t = 2.65, P =  .01). We also 

found an association between BDNF and MDA levels 
in control subjects (r  =  −.19, P  =  0.047), which disap-
peared after controlling for age, gender, smoking, and 
BMI (P = .08).

Relationships Between BDNF, MDA, Total SOD 
Enzymes and Psychotic Symptoms

In the present study, a negative association between 
BDNF levels and PANSS positive factor (r  =  −.20, 
P  =  .04) was demonstrated. Moreover, the PANSS de-
pressive factor was negatively correlated with CuZn-SOD 
activity (r  =  −.30, P < .001), positively correlated with 
Mn-SOD activity (r = .32, P < .001) and total SOD ac-
tivity (r  =  .20, P  =  .011). After Bonferroni correction, 
only the relationship between depressive factor and 
CuZn-SOD activity or Mn-SOD activity remains signifi-
cant (P < .01) (figure 3 and table 4).

Correlations Between Cognitive Functions and BDNF, 
MDA, and SOD Enzymes

For the combined subjects, the regression analysis showed 
the Mn-SOD activity (β = −0.26, t = −2.1, P = .04), age 
(β = 0.14, t = 2.4, P =  .016), and education (β = 0.55, 
t = 9.9, P < .001) was the determine factor for the RBANS 
total score.

For the control subjects, significant positive associ-
ations were found between CuZn-SOD enzyme activi-
ties and visuospatial/constructional, attention index, 
and total scores. There was also a positive correlation 
between Mn-SOD activities and attention, visuospa-
tial/constructional index, and total scores (all P < .05). 
After controlling for age, sex, education, smoking, and 
BMI, the multiple regression analysis revealed that no 

Table 1. Demographic Characteristics, Clinical Data, and Cytokines in Drug-Naive First-Episode (DNFE) Patients With Schizophrenia 
and Healthy Controls

Variable
DNFE Patients  

(n = 327)
Healthy Controls  

(n = 391)
F or χ2  

(P Value)

Gender (male/female) 160/118 208/181 0.3 (.31)
Age (years) 26.9 ± 9.4 27.7 ± 7.4 3.0 (.12)
Education (years) 9.7 ± 5.3 10.2 ± 3.1 1.2 (.25)
Smokers% 28.3 33.0 1.3 (.26)
Body mass index (kg/m2) 21.6 ± 3.6 24.5 ± 5.0 48.9 (.00)
 BDNF (ng/ml) 9.1 ± 3.6 11.8 ± 2.5 93.6 (.00)
 MDA (nmol/ml) 2.1 ± 1.3 2.9 ± 1.7 32.2 (.00)
 CuZn-SOD (U/ml) 53.5 ± 15.1 48.6 ±15.3 13.5 (.00)
 LgMn-SOD (U/ml) 1.25 ± 0.37 1.20 ± 0.4 2.5 (.11)
 Total SOD (U/ml) 76.2 ± 10.5 66.6 ± 11.4 103.0 (.00)
Age of onset (years) 26.0 ± 9.4   
Duration of illness (months) 23.7 ± 19.3   
PANSS score, mean ± SD
 Positive symptoms 21.5 ± 6.4   
 Negative symptoms 18.9 ± 7.0   
 General psychopathology 35.3 ± 9.4   
 Total score 75.8 ± 16.9   
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significant association was found between cognitive 
functions and BDNF, MDA, SOD enzyme activities (all 
P > .05). In addition, no any interactive effect among 
BDNF, oxidative stress markers on cognition was found 
in control subjects (all P > .05, table 5 and figure 4).

For the DNFE patients with SCZ, correlation analysis 
revealed a significant positive association between CuZn-
SOD enzyme activity and visuospatial/constructional 
(r = .15, P = .02), attention index (r = .16, P = .02), and 
total scores (r = .14, P = .029). Also, there was negative 
association between Mn-SOD activity and immediate 
memory (r = −.17, P =  .01), attention index (r = −.25, 
P =  .000), or total score (r = −.23, P =  .001) (table 5). 

Further multiple regression analyses with age, gender, 
education, smoking, BMI, onset age, PANSS total score 
or subscore and an interactive effect of BDNF and oxi-
dative stress marker as covariates identified age (β = 2.9, 
t = 2.9, P = .005), onset age (β = −3.3, t = −3.2, P = .002), 
and BDNF × Mn-SOD (β = −0.79, t = −2.2, P = .028) 
as influencing factors for the attentional index of cogni-
tive function measured by RBANS (figure 4). But there 
was no association between other interactive effect of 
BDNF and oxidative stress marker with cognitive func-
tion. Moreover, there was no significant association be-
tween BDNF and RBANS total score or index scores in 
patients.

Table 2. Comparison of RBANS Scores Between First-Episode Schizophrenia Patients and Healthy Control Subjects

Cognitive Index
DNFE Patients  

n = 256
Controls  
n = 180 F(P)a Effect Size MD (95% CI)

Immediate memory 65.3 ± 16.9 75.6 ± 17.6 57.4 (<.001) 0.60 −10.3 (−7.6 to −13.0)
Visuospatial/constructional 77.4 ± 16.9 79.8 ± 15.4 3.4 (.066) 0.15 −2.3 (0.16 to −4.78)
Language 75.2 ± 18.3 94.1 ± 13.2 249.4 (<.001) 1.15 −18.9 (−16.6 to −21.3)
Attention 74.7 ± 19.9 87.5 ± 19.9 66.5 (<.001) 0.64 −12.7 (−9.7 to −15.8)
Delayed memory 69.8 ± 20.1 86.5 ± 15.0  0.92 −16.6 (−14.0 to −19.2)
Total 66.6 ± 15.9 80.2 ± 15.0 154.0 (<.001) 0.88 −13.5 (−11.2 to −15.9)

Note: Adjusted F value controlling for gender, age, education, smoking status, and BMI between patients and control subjects; MD, 
mean difference between patients and health controls; CI, confidence interval.
The measure of effect size refers to Cohen’s d value here. Since Cohen suggested that d = 0.2 be considered a “small” effect size, 0.5 a 
“medium” effect size and 0.8 a “large” effect size, most of RBANS domain and total scores between patients and controls display large 
difference except for immediate memory (medium) and visuospatial/construction (small).

Fig. 1. This figure presents the boxplots of BDNF and MDA levels and SOD, Mn-SOD, CuZn-SOD enzyme activities from patients 
with schizophrenia and from healthy controls. The sample means are indicated by the black bars.
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Discussion

Alteration of SOD Enzymes, MDA, and BDNF in 
DNFE Patients With SCZ

This study was the first and the largest study to date to si-
multaneously report elevated activities of total SOD and 
CuZn-SOD enzyme, as well as reduced levels of MDA 
in DNFE patients with SCZ compared with controls. In 
agreement with these findings, our previous studies and 
other studies in DNFE patients with SCZ reported higher 
activity of SOD enzyme in peripheral blood.16,22,45 There 
have also been several studies in chronic patients which 
demonstrated similar findings.46,47 However, our results 
contradicted a few of recent studies in DNFE patients 
with SCZ,48,49 as some studies showed no difference be-
tween patients and controls.18,50,51 In addition, inconsistent 
results were found in Mn-SOD and CuZn-SOD enzymes 
activities in unmedicated patients with SCZ.10 We also 
found that MDA was reduced in the patient population, 
while other studies have reported inconsistent results in 
both neurotrophic-naive and chronic patients.51–53 Many 
factors, such as sources of sample, activation of endo-
crine stress axis, disease duration, smoking, and obesity, 

can contribute to this discrepancy.11,54,55 Although large 
discrepancies exist among various studies, the abnor-
malities found in antioxidant enzymes and MDA levels 
demonstrate severe dysregulations of redox system and 
subsequent oxidative stress persistent in the early stage of 
this disorder.

In addition, we also found that BDNF levels were di-
minished in the DNFE patients with SCZ. Abnormalities 
in BDNF levels in DNFE patients with SCZ have been 
reported in many prior studies22,32,34 and 2 recent meta-
analysis.23,56 In line with our findings, most of these 
studies showed a reduction of BDNF levels in patients. 
Since the patients were drug-naive in the present study, 
the potential effects of antipsychotics on BDNF can be 
ruled out. This raises suspicion that the decreased BDNF 
may be related to the pathophysiology of SCZ. BDNF 
is well known to play a role in the synaptic plasticity, 
neuron growth, as well as neuronal function, so the insuf-
ficient BDNF in the patients may be suggestive of neuro-
pathological changes in the patients.57,58 The results from 
our study in antipsychotic-naive, first-episode patients 
support the neurodevelopment hypothesis as the patho-
physiologic mechanism of SCZ.

DNFE patients: r=0.26, p=0.004
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Fig. 2. There was a significant negative relationship between BDNF levels and CuZn-SOD activities (r = .26, P = .004) in patients, but 
not in healthy controls.

Table 3. Correlations Between BDNF Levels and Antioxidant Enzyme Activities in Both DNFE Patients and Healthy Controlsa

BDNF

Total SOD CuZn-SOD Mn-SOD MDA

r P r P r P r P

DNFE patientsb .20 .024 .25 .004 −.06 .48 .02 .81
DNFE patientsc .10 .37 .26 .015 −.14 .20 .03 .82
Healthy controlsb −.04 .66 .10 .34 −.10 .27 .19 .047
Healthy controlsc .17 .14 .16 .15 −.01 .94 .13 .27

aPearson product moment.
bBefore adjusting for the confounding factors.
cAfter adjusting for the confounding factors.



1504

M. H. Xiu et al

Association of BDNF With SOD Enzymes as well 
as MDA in DNFE Patients With SCZ and Healthy 
Controls

A positive relationship between CuZn-SOD and BDNF 
was shown in DNFE patients with SCZ, although there 
were decreased BDNF levels and elevated CuZn-SOD ac-
tivity overall in patients compared with healthy controls. 
However, we did not find a relationship between BDNF 
and Mn-SOD or total SOD in patients.

Our finding of a positive association of BDNF levels 
and CuZn-SOD activity was in line with the results from 
another animal model study on compression-induced 
spinal cord injury.59 This study showed that continuous 
infusion of BDNF in the animal of spinal cord injury 
inhibited acute down-regulation of CuZn-SOD activity 
in glial cells and neurons. CuZn-SOD and BDNF are 
positively associated in the patients, even though there 
was an overall decrease in BDNF levels and increase in 
CuZn-SOD activities compared with control subjects. 
Consistent with our results, preclinical studies showed 
BDNF treatment alone stimulated and increased SOD 
activity by 108% and reduced oxidative stress.60–62 In the 
antioxidant defense system, CuZn-SOD is involved in the 
detoxification of superoxide radicals and redox balance, 
which transforms the superoxide radicals to hydrogen 
peroxide which can then be decomposed to water.6 The 
possible mechanism by which CuZn-SOD is elevated and 
correlated with BDNF is likely related to dopamine me-
tabolism in patients with SCZ. It has been proposed that 
a significant elevation of presynaptic dopaminergic func-
tion is involved in the pathogenesis of SCZ, which causes 
excessive formation of free radicals through the metab-
olism of monoamine oxidase enzyme.63,64 We speculated 
the higher activities of CuZn-SOD enzyme in patients 
versus controls may be triggered by the oxidative stress 
produced by dopamine hyperfunction. Therefore, the 
CuZn-SOD activity is increased to scavenge ROS to pro-
tect the neuron or synapse from oxidative stress damage. 
Our findings of lower MDA levels in the patients provide 

further evidence for our postulations. The excess oxida-
tive stress potentially upregulated the expression and 
activity of CuZn-SOD enzyme and relatively increased 
BDNF levels as a compensatory mechanism at the onset 
of psychosis. However, BDNF was not produced suffi-
ciently to normal levels in the patients compared with 
controls, causing the overall levels in patients to be lower 
than that in healthy controls. Together, all findings indi-
cate a interrelationship between BDNF and CuZn-SOD 
enzyme in the pathological mechanism of SCZ in the 
early stage of illness.

Interactive Effects of BDNF and Oxidative Stress 
Parameters With Clinical Symptoms in Patients

In the present study, we found Mn-SOD and CuZn-SOD 
enzyme activities were related to the depressive factor of 
5-factor models of PANSS. In line with our findings, a 
previous study reported elevated SOD activity was as-
sociated with Beck Depression Inventory scores in per-
itoneal dialysis patients.65 In addition, higher Mn-SOD 
and CuZn-SOD enzyme activities were shown in pre-
vious studies in patients with depression. For example, 
a recent meta-analysis revealed that SOD enzyme ac-
tivity was elevated in patients with depression disorders.66 
Stanisavljevic et al67 also revealed that increased CuZn-
SOD levels and SOD activity in hepatocyte solutes of 
rats existed when depression- and anxiety-like behav-
iors were induced by chronic social isolation exposure 
for 6 weeks. The mechanism by which antioxidant en-
zymes were correlated with depression may be related to 
the hyperactivity of the HPA axis and elevated cortisol 
levels, which have been widely noticed in depression.68 
Hyperactivity of HPA axis correlated closely with chronic 
stress and is extensively present in the patients with SCZ. 
Hyperactivity of the HPA is related to an imbalance of 
redox system and produces deleterious ROS in the CNS.69 
Additionally, the expression of CuZn-SOD protein is 
regulated by glucocorticoid and glucocorticoid receptors 
throughout the body.70 The burden of aggravating free 
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Fig. 3. There were significant relationships between antioxidant enzyme activities and psychotic symptoms (CuZn-SOD: r = −.30, P < 
.01; Mn-SOD: r = .32, P < .01) in patients.
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radicals may induce an increase in Mn-SOD and CuZn-
SOD enzyme activity. However, although both Mn-SOD 
and CuZn-SOD were associated with PANSS depression 
factors, a negative relationship between the two isoforms 
of SOD enzyme and depression scores existed in patients 
with SCZ. Given our study was cross-sectional design, we 
could not provide a rational explanation for it. Similar to 
this study, Gulesserian et al71 found different alterations 
of CuZn-SOD and Mn-SOD in the brains of patients 
with Down syndrome. Together, the underlying relation-
ship of CuZn-SOD to depression in SCZ may be different 
from Mn-SOD and warrants further investigation.

Interactive Effects of BDNF and SOD Enzyme Activity 
With Cognitive Function in DNFE Patients

We found significant correlations between Mn-SOD and 
CuZn-SOD activities and RBANS attentional index 
and immediate memory  index scores in DNFE patients 
with SCZ, although the correlation with the immediate 
memory did not survive Bonferroni correction. This sug-
gests that abnormal peripheral levels of oxidative stress 
parameters are involved in the cognitive function im-
pairments in SCZ patients. Further multiple regression 
analysis showed that an interactive effects of BDNF and 
Mn-SOD was positively correlated with attentional index 
scores in patients. Our results were consistent to a recent 
study by Li et  al,72 which showed increased Mn-SOD 
activity and reduced BDNF levels were involved in the 
pathological mechanism of spatial memory impairments 
induced by bile duct ligation (BDL) in rats. In particular, 
minocycline treatment restored Mn-SOD activity and 
BDNF mRNA level to normal levels, thereby improving 
the spatial memory deficits in BDL rat model.

A combination of pathologic mediators of genetic and 
environmental factors was related to neurodevelopmental 
abnormalities in SCZ, which all converged on redox 
system imbalance and oxidative and nitrosative 
stress.4,12,73,74 Some studies have found that elevated pro-
duction of ROS and decreased BDNF expression by 
downregulating the DNA-binding activities of activator 
protein-1, demonstrating that BDNF is significantly re-
lated to oxidative stress. However, given the cross-section 
design, the relationship between BDNF and Mn-SOD 
with attentional index scores does not provide an etiolog-
ical explanation for cognitive decline in SCZ patients. Yet, 
it does provide more evidence that increased Mn-SOD 
enzyme activity impairs cognitive functioning.11,75,76 
Although BDNF was decreased in patients in our current 
study, it was not correlated with cognitive impairments 
in patients, consistent to previous studies.31 However, the 
multiple regression analysis identified the interactive ef-
fect of BDNF and Mn-SOD as the influencing factors 
of attention index score, indicating the complex interplay 
of BDNF and oxidative stress is involved in the patho-
physiology of cognitive impairments in DNFE SCZ. We T
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currently cannot provide a good mechanism to explain 
why there was no relationship between BDNF and cogni-
tive impairments in the patients. The brain is particularly 
susceptible to oxidative stress due to its high oxygen con-
sumption, low antioxidant capacity, and relatively high 
levels of polyunsaturated fatty acid, especially in the basal 
forebrain and amygdale.77 Since these areas are important 
for specific functions of the brain, such as cognition and 
memory, damage to these areas can have significant neu-
rological functions. For example, several studies have re-
ported elevated lipid oxidation in the brain of patients 
with AD. The elevation of total SOD and CuZn-SOD en-
zyme activity suggests overexpression in the SCZ patients 
as a response to the oxidative stress and may be delete-
rious to neurodevelopment and cognitive functioning.71

It is worthy of mentioning that we are addressing an 
important topic in psychiatric disease research using 

a large patient cohort of the rare first-episode patients 
with SCZ. However, as numerous parameters were in-
volved including cognitive function, clinical symptoms, 
as well as biomarkers (BDNF and several oxidative stress 
parameters), some major discrepancies occurred in our 
studies. For example, in the background, previous studied 
showed that increased SOD led to improved memory 
behavior, suggesting high SOD may be associated with 
better cognitive function.19 Moreover, exercise reduced 
oxidative stress markers and improved cognitive func-
tion.36,37 Especially, antioxidant therapy lead to improved 
memory behavior and increased BDNF.3 Taken together, 
it appears that lower oxidative stress (more SOD and 
lower MDA) is good for cognitive function. However, 
in this study, we found that SCZ patients had extensive 
cognitive deficits, higher total SOD and CuZn-SOD ac-
tivities, but lower BDNF and MDA levels. We have put 

Table 5. Relationships Between BDNF, Oxidative Stress Markers, and Cognitive Function in DNFE Patientsa

Immediate 
Memory Attention Language

Visuospatial/Con-
structional Delayed Memory

r P Pb r P Pb r P Pb r P Pb r P Pb

DNFE patients
 BDNF −.09 .20 n.s. −.08 .25 n.s. −.04 .60 n.s. .01 .94 n.s. −.07 .34 n.s.
 Total SOD −.05 .42 n.s. −.12 .07 n.s. −.05 .49 n.s. −.05 .42 n.s. −.07 .34 n.s.
 CuZn-SOD .11 .09 n.s. .16 .02 n.s. .12 .06 n.s. .15 .03 n.s. .01 .92 n.s
 Mn-SOD −.17 .01 n.s. −.25 <.01 s. −.06 .19 n.s. −.17 .02 n.s. .05 .50 n.s.
 MDA −.06 .51 n.s. −.18 .01 n.s. .05 .59 n.s. .05 .59 n.s. .03 .73 n.s.
Healthy controls
 BDNF −.01 .91 n.s. −.03 .53 n.s. −.03 .95 n.s. −.09 .98 n.s. −.09 .90 n.s.
 Total SOD .03 .73 n.s. .10 .09 n.s. −.01 .80 n.s. .07 .14 n.s. .10 .10 n.s.
 CuZn-SOD −.07 .30 n.s. −.18 <.01 n.s. −.14 <.01 n.s. −.15 <.01 n.s. −.04 .58 n.s.
 Mn-SOD .08 .23 n.s. −.19 <.01 n.s .06 .19 n.s. .19 <.01 n.s. .15 <.01 n.s.
 MDA −.03 .96 n.s. −.02 .79 n.s. −.29 .59 n.s. .11 .04 n.s. .11 .04 n.s.

Note: n.s., nonsignificant; s., significant.
aPearson product moment.
bAfter controlling for age, sex, smoking and BMI, no significant association was found between cognitive function and BDNF, MDA, 
SOD enzyme activities in the healthy controls (all P > .05).
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Fig. 4. There was a significant relationship between the interactive effect of BDNF levels and Mn-SOD activity alteration with attention 
index score (β = −0.79, P = .028) in the first-episode and drug-naive patients with schizophrenia group, but not in healthy controls.
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forward some speculations to explain these seemingly 
contradictory results. Due to still unknown causes, ex-
cess free radical productions and oxidative stress occur 
in DNFE patients with SCZ in the early stage, leading 
to cell damage or even death, which in turn results in de-
creases of BDNF levels and cognitive impairments. In 
this situation, the antioxidant defense system is activated, 
resulting in a compensation effect, which may induce an 
increase in the antioxidant enzyme activities, including 
total SOD and CuZn-SOD activities. Subsequently, these 
increased antioxidant enzyme activities may reduce the 
peroxidation, showing a decrease in MDA levels. In ad-
ditional, interestingly, we found a significant positive 
association between BDNF and CuZn-SOD activity 
in patients only, suggesting an interrelationship be-
tween neurotrophin and oxidative stress as a patholog-
ical mechanisms for SCZ at the early stage. It is worth 
mentioning that although patients showed lower BDNF 
levels but high SOD activities in patients, the 2 processes 
appeared not to run in parallel possible due to under-
lying psychopathological mechanisms of SCZ. Maybe 
the positive correlation between BDNF and CuZn-SOD 
activity suggested that antioxidant SOD was elevated due 
to increased free radicals in SCZ and then subsequently 
stimulated an increase in BDNF to some degree to com-
pensate the oxidative damage. However, these are our 
speculations, which clearly warrant further exploration.

Several limitations from our study need to be noted. 
First, whether peripheral levels or activities of BDNF 
and oxidative stress markers have a similar direction of 
changes in the central nervous system is still uncertain. 
Also, we still do not know whether SOD or BDNF in 
plasma originate from the brain, which deserves further 
investigation. Second, in this study, the biomarkers were 
only measured in the early stage of this disorder, rather 
than longitudinal comparisons before and after taking 
antipsychotics. This measurement could investigate 
whether alterations of biomarkers were related to the im-
provement of cognition. Third, only antioxidant enzyme 
activities were measured in the current study, we did not 
take other markers of antioxidant defense system and 
oxidative stress into account. Considering antioxidant 
protection involves complex cooperative and sequen-
tial actions including both enzymatic and nonenzymatic 
molecules, the activities of 3 antioxidant enzymes provide 
only partial insights into free radical-mediated neuronal 
dysfunction. Fourth, we did not analyze the influence of 
antipsychotics treatment on BDNF levels and SOD ac-
tivity in this study. Fifth, in the present study, for those 
patients who were clinically unstable, the RBANS was as-
sessed after starting treatment and not while their naive 
condition. Sixth, in this study, we utilized RBANS for 
cognition, rather than the Measurement and Treatment 
Research to Improve Cognition in Schizophrenia 
(MATRICS), which represents the gold standard for cog-
nition of SCZ. This is because when we carried out this 

study, we did not have MATRICS at that time. Seventh, 
in this study, we adopted a cross-sectional design that 
could not explain the causal relationship between bio-
markers and cognitive deficits or clinical symptoms in 
SCZ patients. Eighth, our sample was the first-episode 
hospitalized SCZ patients, whose clinical symptoms were 
more serious, especially positive symptoms. Therefore, 
the findings in our current study may not be general-
ized to other patients, such as outpatients or community 
patients. Ninth, these first-episode SCZ patients in this 
study were stressed because the experience of acute psy-
chosis itself  was very stressful for them. Moreover, the 
effects of stress on biomarkers, such as BDNF and oxi-
dative stress were reported before.78 Unfortunately, we did 
not evaluate the role of stress in this study, which should 
be remedied in future studies, for example, by measuring 
stress-related hormones such as cortisol.

In summary, abnormal SOD enzyme activities, MDA 
levels, and decreased BDNF levels were involved in the 
pathogenesis of DNFE patients with SCZ in this study. 
Particularly, BDNF levels were positively correlated 
with CuZn-SOD enzyme activity in patients, suggesting 
a relationship between the antioxidant defense system 
and insufficient compensation for BDNF levels which 
could be involved in the pathologic mechanism of SCZ. 
Furthermore, redox system interacts with BDNF to im-
pact attention functioning and depression symptoms 
in the patients. In this study, we had several interesting 
results, showing altered biomarkers such as BDNF and 
oxidative free-related parameters in DNFE patients with 
SCZ, and also association between these biomarkers and 
cognitive or clinical symptom measures of patients. These 
results may have important clinical implication in early 
diagnostic identification from a translational approach. 
For example, identifying biomarkers in SCZ during the 
first episode is very important, since we may use these 
biomarkers to establish early diagnosis and then provide 
effective treatments, which can alleviate or prevent fur-
ther episode and disease progression.
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