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A B S T R A C T

Several studies have suggested a higher oxidative stress in schizophrenia. However, the implications of oxidative
stress on clinical symptoms remain unclear. This study aimed to investigate the platelet oxidative stress in
different stages of schizophrenia (i.e., chronic stable and acute relapse) in order to clarify the clinical implica-
tions of oxidative stress and the treatment effects. We recruited 43 chronic stable patients with schizophrenia
and 48 non-psychiatric controls. Platelets were collected for measuring the levels of nitric oxide (NO), lipid
peroxidation (LPO), and glutathione (GSH) and the activity of GSH peroxidase (GPx) and superoxide dismutase
(SOD). The levels and activity were compared between patients and controls and were examined for their re-
lationship with clinical severity. Further, we evaluated the changes of levels and activity before and after
treatment in an independent sample with acute relapse (N= 19). Patients with chronic stable schizophrenia had
lower SOD activity compared to non-psychiatric controls. In chronic stable patients, NO level was positively
correlated with positive and disorganized symptoms, while the GPx activity were negatively correlated with
excitement. In patients with acute relapse, the levels and activity were not different before and after four weeks
of antipsychotic treatment, but LPO level was negatively correlated with pretreatment disorganized symptoms.
The change of LPO can also predict the change of disorganized symptoms and negative symptoms. Our findings
suggest that platelet SOD was lower in chronic stable schizophrenia. Platelet LPO may be associated with less
disorganized symptoms in acute relapse patients and better treatment response.

1. Introduction

Oxidative stress is a hallmark of neurodegenerative diseases in-
cluding schizophrenia (Sawa and Sedlak, 2016). The pathological
consequences of oxidative stress, such as oxidative damage of cell li-
pids, proteins, enzymes, carbohydrates and DNA (Gutteridge and
Halliwell, 2000), may play important roles in the pathophysiology of
schizophrenia (Padurariu et al., 2010).

Recent studies revealed that patients with schizophrenia were in a
lower antioxidant status with impaired antioxidant-enzyme activities
(Miljevic et al., 2010; Nucifora et al., 2017). However, previous studies
were inconsistent on specific antioxidant activities, particularly in the
case of superoxide dismutase (SOD) that both decreased (Raffa et al.,

2009) and increased activities (Yao et al., 1998) were reported in un-
treated patients; also, both decreased (Dietrich-Muszalska et al., 2005)
and increased (Miljevic et al., 2010; Padurariu et al., 2010) activities
were reported in schizophrenia patients who were under treatment. In
contrast, glutathione peroxidase (GPx) activity and glutathione (GSH)
level (Dietrich-Muszalska and Olas, 2009; Nucifora et al., 2017) were
consistently decreased in treated (Raffa et al., 2009; Miljevic et al.,
2010; Padurariu et al., 2010; Nucifora et al., 2017) or untreated pa-
tients (Raffa et al., 2009). A meta-analysis of 44 studies (Flatow et al.,
2013) addressed the importance of clinical status and sample sources,
showing that plasma SOD activity was significantly increased in first-
episode psychosis (FEP) and decreased in stable outpatients, but de-
creased in red blood cell (RBC) across the clinical status. On the other
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hand, nitric oxide (NO) and lipid peroxidation (LPO) are frequently
chosen as indicators for oxidative stress. A meta-analysis of 27 studies
(Zhang et al., 2010) indicated that NO and LPO levels were significantly
increased in schizophrenia. Taken together, the enhanced oxidative
stress might be attributed by impaired antioxidant activity accom-
panied with an excess of oxidative products. Therefore, oxidative stress
parameters have been suggested as biomarkers of schizophrenia risk
(Yao et al., 2000). Whether the oxidative/anti-oxidative status relates
to clinical status of schizophrenia is of particular interest.

Total anti-oxidative status has been shown to be negatively corre-
lated with negative symptoms (Li et al., 2011). However, the implica-
tions of oxidative stress on other symptom dimensions and severity are
still far from clear. To our knowledge, only few studies focused on the
relationship between oxidative stress and specific clinical symptoms,
and replicated findings were even scarce (Flatow et al., 2013). Among
these, SOD and GPx activities have been reported to be lower in chronic
patients who were stable for 12 months (Zhang et al., 2006), while
serum SOD, GPx activity and GSH levels were shown to correlate with
overall severity in acute phase (Tsai et al., 2013). Increased peripheral
SOD activity has been shown to correlate with positive symptoms (i.e.,
hallucinations, delusions, and disorganized behavior), and is reduced
upon administration of antipsychotic medications (Zhang et al., 2003;
Zhang et al., 2006). The SOD activity in the CSF of recent-onset psy-
chosis was 26.5% lower than controls and was associated with cognitive
deficits (Coughlin et al., 2017). Beyond SOD and GPx, the influence of
the other oxidative parameters such as NO and LPO on clinical severity
is still unclear.

Another important issue is the potential confounding factors that
may influence the oxidative/anti-oxidative status, including smoking,
body mass index (BMI) and regular consumption of antioxidants such as
vitamin E and C, green tea, etc. (Hayat et al., 2015; Mitra et al., 2017).
Clinical interventions have been attempted to mitigate the effects of
lipid peroxidation, such as administration of eicosapentaenoic acid
(Fusar-Poli and Berger, 2012) and long-chain omega-3 fatty acid
(Amminger et al., 2010). In a systematic review, psychotic symptoms
rated on the Positive and Negative Syndrome Scale (PANSS) or the Brief
Psychiatric Rating Scale (BPRS) were lower in those taking adjunctive
antioxidants (Magalhaes et al., 2016). These studies suggest the re-
levance of controlling antioxidant supplement in study design. How-
ever, only few previous studies addressed these concerns in in-
vestigating oxidative stress of schizophrenia (Flatow et al., 2013), that
might partly explain the inconsistent results among the studies.

In this study, we aimed to explore the altered oxidative level and
antioxidant activity in the patient blood platelets. Platelet has been
proposed as a possible window into brain biological processes in schi-
zophrenia (Berk et al., 1999; Berk et al., 2000; Asor and Ben-Shachar,
2012), and a surrogate disease model of several neuropsychiatric and
neurodevelopmental disorders including Alzheimer's disease (Borroni
et al., 2001; Borroni et al., 2003; Casoli et al., 2010; Evin and Li, 2012;
Talib et al., 2012; Veitinger et al., 2014), depression (Berk et al., 2001;
Ehrlich and Humpel, 2012), and autism (Pellerin et al., 2018). Platelets
appear to be one of the most promising cell models for neurobiological
studies owing to their close biochemical similarities with neurons in
terms of possessing monoamine oxidase, serotonin reuptake, and neu-
rotransmitter receptors (Goubau et al., 2013), their neuronal embry-
ological origin (Dreux and Launay, 1985), as well as mechanisms of
exocytosis (Dreux and Launay, 1985; Berk et al., 2000; Plein and Berk,
2001; Dietrich-Muszalska and Kwiatkowska, 2014). Blood platelets, like
other circulating blood cells, can generate reactive oxygen species
(Forde and Fitzgerald, 1997). Although blood platelets are considered
to be a peripheral biomarker of psychiatric illnesses (Berk et al., 2000;
Plein and Berk, 2001) and may serve as an appropriate model for in-
vestigating oxidative stress (Dietrich-Muszalska and Kwiatkowska,
2014), studies using this sample source are far less than using RBC,
plasma or serum. Limited studies revealed a decrease of GPx (67%) and
SOD activity in blood platelets of schizophrenia patients and a

correlation between SOD activity and lipid peroxidation (Dietrich-
Muszalska and Kwiatkowska, 2014). As a peripheral cell model for
neurons in the brain, how the altered platelet oxidative/anti-oxidative
status correlate with clinical severity remained to be explored.

This study investigated the platelet oxidant levels and antioxidant
activities in different stages of schizophrenia (i.e., chronic stable and
acute relapse) in order to clarify the clinical implications of oxidative
stress. We collected clinical data and measured the oxidant levels and
antioxidant activities for patients who are chronic stable or with acute
exacerbation. Smoking status, BMI, dietary habit, and antioxidant
consumption were included for considerations to ensure these potential
confounding factors were comparable between the two groups. We also
examined whether the consequence of antipsychotic treatment was
correlated with the altered enzyme activities. Our hypothesis is that
patients with schizophrenia, after controlling for the potential con-
founding factors, showed impaired antioxidant activity in blood plate-
lets. The alterations of oxidative/anti-oxidative system are correlated
with clinical symptom severity. Antipsychotic treatment may change
both clinical severity as well as oxidative/anti-oxidative status in acute
phase patients.

2. Methods

2.1. Participants

The protocol of this study was approved by the Research Ethics
Committee of National Taiwan University Hospital. The study was
carried out in accordance with the latest version of the Declaration of
Helsinki. Written informed consents were obtained from all participants
after the procedures had been fully explained. The inclusion criteria
included (1) a diagnosis of schizophrenia, and (2) age from 18 to 65.
Schizophrenia was diagnosed based on the Diagnostic and Statistical
Manual of Mental Disorders-IV criteria by two senior psychiatrists.
Chronic stable patients were patients who had a diagnosis of schizo-
phrenia for> 5 years; their symptom severity were not changed for at
least 6 months and the medications were not changed during the same
period. Chronic stable patients were enrolled from outpatient clinics
and day care unit in the Psychiatric Department of National Taiwan
University Hospital. The non-psychiatric controls, recruited by adver-
tisement, were within the same age range and without any psychiatric
diagnosis. Controls having any major systemic illness, neurological
conditions, substance abuse, and recent infection or allergy were ex-
cluded. This study recruited 43 chronic stable patients with schizoh-
prenia (37.7 ± 10.6 years; males n = 23, 53.5%) and 48 non-psy-
chiatric controls (37.1 ± 11.2 years; males n = 23, 47.9%). Chronic
stable patients had an age of onset at 22.5 ± 6.5 years, with illness
duration 15.3 ± 8.8 years.

To examine the relationship between oxidative stress and symptom
change after antipsychotic treatment, we recruited 19 patients within
an acute schizphrenic episode (37.9 ± 10.7 years; males n = 10,
52.6%). The acute patients were recruited within 2 weeks of symptom
relapse who required admission for intensive treatment. The age of
onset of acute patients was 25.3 ± 6.5 years, with illness duration
12.6 ± 9.8 years.

Chronic stable patients were rated on PANSS by a psychiatrist at the
same time upon blood withdrawal. Patients with acute relapse were
rated on PANSS on the day of recruitment and after 4 weeks of treat-
ment, at the same time point for blood withdrawal. Smoking, BMI, diet
pattern, and antioxidant consumption were collected by face-to-face
interview. Cigarette smoking was defined by frequency; patients who
smoked more than three times a week in recent 3 months were cate-
goried into current smoking. Diet content was obtained by asking the
daily meals in recent 3 months. Diet patterns were categorized into
vegetarian (100% vegetables), mostly vegetables (> 75%), balanced
(around 50%), and mostly meat (vegetables< 25% meals). As for an-
tioxidant consumption, patients were requested to bring all the samples
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and directions of the nutrition supplements they regularly took (more
than three times a week). Here we recorded the most frequently taken
items in Taiwan, such as vitamin C & E, green tea, and other tea (i.e.
black tea and oolong tea). There was no participants taking omega-3
fatty acid or N-acetyl cysteine. None of the subjects or patients received
aspirin or any other antiplatelet drugs, either.

2.2. Measurement

Platelets were collected (Berk et al., 1999; Dietrich-Muszalska and
Olas, 2009) for each participant by sampling peripheral blood from an
antecubital vein. Platelet-rich plasma (PRP) was prepared by cen-
trifugation of fresh human blood at 250g for 10 min at room tem-
perature. Platelets were then sedimented by centrifugation at 500g for
10 min at room temperature. The collected platelets were frozen at
−80 °C until used. The activities of SOD and GPx and levels of LPO, NO
and GSH were estimated by measuring the amount of products of the
enzyme reaction by the enzyme-linked immunosorbent assay. We used
BCA kit to measure the amount of total protein at the same time to
standardize the measurement in per mg protein. Calibration curves
were built for each oxidant and each antioxidant.

The SOD activity (unit/mg protein) was measured by using
RANSOD kit (RANDOX) that contained xanthine, xanthine oxidase, and
2-(4-iodophenyl)-3-(4-nitrophenol-5-phenyltetrazolium) chloride
(INPT) (Raffa et al., 2009). The reaction generated O2

., that could be
reduced by SOD. The color change of INPT measured at OD510nm was
then translated into SOD activity (unit/mg protein).

The LPO activity was measured by the method described by Scheffer
et al. (Scheffer et al., 1995), in that malonyldialdehyde (μM/mg pro-
tein) was quantified by using BCA kit that contained N-methyl-2-phe-
nylindole in acetonitrile and HCl. The amount of product was measured
at OD590nm.

The NO level was quantified by the method previously reported
(Chuu et al., 2001). In short, we added HClO4 to the sample to pre-
cipicate proteins. After centrifuge at 10,000 g, the supernatant was
applied to NO analyzer (NOA-280). NO2

−and NO3
− were reduced to

NO−by VCl3, and then oxidized to NO2
. by O3

. The level of NO2
. was

measured and compared to the standard curve of NaNO2 (2-20 μM) to
estimate NO amount in the unit of μM/mg protein.

Total GSH was measured by using Bioxytech GSH-420 assay kit
(Terpstra et al., 2003) that contained 2-nitrobenzoic acid, glutathione
reductase and NADPH, then the product 2-nitro-5-thiobenzoic acid was
quantified at OD414nm (nmol GSH/mg protein).

The GPx activity was measured by the method that has been de-
scribed (Miljevic et al., 2010). The GPx kit containted xanthine and
xanthine oxidase that generated O2

.; O2
. then reduced by GPx and GSH

into H2O2 and GSSG with consumption of NADPH. OD340nm was de-
tected and the activity of GPx was presented by nmols/mg protein. The
techniques used in this study were validated in several studies on pla-
telets, e.g., (Dietrich-Muszalska and Kwiatkowska, 2014).

2.3. Clinical assessment

All patient were interviewed to assess their clinical symptoms using
the PANSS (Kay et al., 1987). The chronic stable patients were assessed
for one time when their blood was sampled, while the patients with
acute relapse were assessed for twice, at baseline when they were re-
cruited and at 4 weeks after the treatment. The symptoms rated by
PANSS were analyzed on a four-factor structure proposed in our pre-
vious study (Hwu et al., 2002). The four symptom subscores include
positive symptoms (P3 + G9 + P1 + P6), negative symptoms
(G7 + N6+ G13 + N1 + N4 + N2 + N3+ N5 + G10), disorganized
symptoms (P2 + G11 + N7 + G15), and excitement
(G4 + G16 + G8 + P7 + S2 + G14 + S1 + S3 + P4).

2.4. Statistical analysis

The age, body weight, and BMI were compared between chronic
stable patients and controls by the Student's t-test. The sex, smoking
status, dietary habit, consumption of vitamin C or E, green tea and
black tea were compared between chronic stable patients and controls
by the Chi-square or Fisher exact test (if any cell was under 5). The
activity of SOD and GPx and the levels of LPO, NO, GSH were compared
between chronic stable patients and controls using general linear
model, with adjustment of sex, age, smoking, and BMI. For acute re-
lapse patients, the oxidative/antioxidative activity were compared be-
tween baseline and at 4 weeks by non-parametric Wilcoxon signed rank
test (n=19). The relationship between oxidative/antioxidative activity
and PANSS subscores was tested by Spearman's test, partial out age,
gender, and smoking. The relationships between the changes of symp-
toms severity (before − after) and the changes of oxidative levels and
antioxidant activity (before − after) were examined by general linear
regression model.

3. Results

In chronic stable patients, age and sex were comparable with con-
trols. Patients had significantly higher body weight and BMI in average,
higher rate of cigarette smoking, yet fewer education years compared to
their counterparts. The pattern of diet habit and antioxidant con-
sumption were not statistically different from controls (Table 1).

3.1. Chronic stable patients vs. controls

Chronic stable patients showed a significantly lower activity of SOD
compared to controls, but had similar levels of LPO, NO, GSH, and GPx
activity after adjustment for sex, age, smoking status and BMI (Table 2).
There were significant correlations between SOD, LPO, NO and GSH in
controls except for that between GSH and NO, whearas, only NO and
LPO were significantly correlated with each other in chronic stable
patients (Supplementary Table 1). The patients treated with atypical

Table 1
Demographic data patients with schizophrenia and non-psychiatric controls.

Chronic
schizophrenia
(N = 43)

Non-
psychiatric
controls
(N = 48)

Acute relapsed
schizophrenia
(N = 19)

Mean/N SD/% Mean/
N

SD/
%

Mean/N SD/%

Age 37.7 10.6 37.1 11.2 37.9 10.7
Sex (male%) 23 53.5 23 47.9 10 52.6
Body weight⁎ 70.4 13.0 65.2 11.8 68.3 18.5
Body mass index⁎⁎ 26.0 4.4 23.6 2.9 24.8 5.3
Education⁎⁎⁎ 13.0 2.7 15.4 2.3 14.3 1.6
Smoking(%) a⁎⁎ 9 20.9 1 2.1 2 10.5

Diet
Vegetariana 2 4.7 2 4.2 0 0.0
Mostly vegetablesa 4 9.3 0 0 0 0
Balanced 25 58.1 36 75.0 16 84.2
Mostly meat 12 27.9 10 20.8 2 10.5
Vitamin C or E 7 16.3 6 12.5 1 5.3
Green Tea 6 14.0 8 16.7 2 10.5
Tea 8 18.6 16 33.3 0 0.0
Age onset 22.5 6.50 – – 25.3 6.5
Atypical antipsychotics 25 59.5 – – 15 78.9

Note. SOD, superoxide dismutase; LPO, lipid peroxidation; NO, nitric oxide;
GSH, glutathione; GPx, GSH peroxidase.

a Fisher exact test.
⁎ : p < .05;
⁎⁎ : p < .01;
⁎⁎⁎ : p < .001.
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antipsychotics were not different from those treated with typical anti-
psychotics in the oxidative/anti-oxidative levels (data not shown).

In chronic stable patients with schizophrenia, the NO level was
significantly positively correlated with the severity of positive symp-
toms and disorganized symptoms; while GPx activity were significantly
negatively correlated with excitement symptoms (Table 3).

3.2. Acute relapse patients: pre-treatment vs. post-treatment

In patients with acute relapse, the subscores of four symptom di-
mensions all significantly decreased after 4-week antipsychotics treat-
ment, while oxidant levels and antioxidant activities were not sig-
nificantly different between before and after four weeks of
antipsychotics treatments (Table 4). Compared to chronic stable pa-
tients, acute relapse patients were not different on oxidant levels and

antioxidant activities, but had a significantly lower NO level (Supple-
mentary Table 2). At baseline, there were significant correlation be-
tween SOD, LPO, NO and GSH except for that between GSH and NO, but
after 4-week treatment, the correlation pattern changed (Supplemen-
tary Table 3).

3.3. Changes of symptoms vs. treatment response

The pretreatment disorganized symptoms were negatively corre-
lated with LPO (Table 5). Percent change (before − after) of LPO level
was negatively correlated with the change of disorganized symptoms
(β = −8.38 ± 3.32, F (1,14) = 6.37, p = .024, R2 = 0.313) and
negative symptoms (β = −16.77 ± 5.48, F(1,14) = 9.35, p = .009,
R2 = 0.400) (Fig. 1). The increase of LPO level was positively corre-
lated with the improvement of symptom subscores of disorganized and
negative symptoms.

4. Discussion

As one of first studies investigating platelet oxidative stress in
schizophrenia patients, this study had three major findings. First, in
chronic stable patients, SOD activity was lower than that of non-psy-
chiatric controls; NO was positively correlated with positive and dis-
organized symptoms, while the GSH level and GPx activity were ne-
gatively correlated with excitement symptoms. Secondly, significant
correlations among the oxidant levels and antioxidant activities were
noted in non-psychiatric controls, but not in chronic stable patients.
Thirdly, for patients with acute relapse, although oxidants and anti-
oxidant activities were not changed after treatment; baseline LPO level
was associated with disorganized symptoms. After antipsychotic treat-
ment, increased LPO level predicted better improvement on dis-
organized and negative symptoms. Collectively, the balance between
oxidative stress and anti-oxidative capacity may potentially modify
clinical symptoms of schizophrenia and treatment effect.

Table 2
Comparisons of oxidants/ antioxidants levels/ activities between patients with
schizophrenia and non-psychiatric controls.

Schizophrenia (N = 43) Non-psychiatric controls (N = 48)

Mean SD Mean SD

SOD⁎ 1.01 0.67 1.32 0.50
LPO 250.4 44.6 252.1 60.0
NO 37.3 9.6 33.7 11.3
GSH 6379 3470 6529 2932
GPx 74.8 42.5 64.5 33.8

Note. SOD, superoxide dismutase; LPO, lipid peroxidation; NO, nitric oxide;
GSH, glutathione; GPx, GSH peroxidase.

⁎ F(4, 84) = 5.81, p = .018 after adjustment for sex, age, smoking and BMI.

Table 3
Spearman's correlation coefficients between oxidants/ antioxidants levels/ ac-
tivities and PANSS subscores in chronic schizophrenia.

Symptom
subscores
(Mean ± SD)

Positive
(9.7 ± 4.1)

Negative
(20.1 ± 6.5)

Disorganized
(9.1 ± 3.2)

Excitement
(12.8 ± 4.4)

SOD 0.00 −0.03 0.16 −0.14
LPO 0.19 0.01 0.18 0.00
NO 0.36⁎ 0.18 0.32⁎ 0.11
GSH 0.03 −0.00 0.10 −0.24
GPx 0.09 0.00 0.01 −0.33⁎

Note. SOD, superoxide dismutase; LPO, lipid peroxidation; NO, nitric oxide;
GSH, glutathione; GPx, GSH peroxidase.

⁎ : p < .05.

Table 4
Comparisons of symptoms and oxidants/ antioxidants levels/ activities change
between before treatment (day 0) and after antipsychotic treatment (day 28) in
patients with acute relapse.

Day 0 Day 28 Signed rank test

Mean SD Mean SD S p

PANSS
Positive 16.11 3.49 11.13 3.05 66.5 <0.0001
Negative 25.00 8.56 19.75 5.43 39.0 0.001
Disorganized 11.79 5.41 9.06 3.43 36.5 0.002
Excitement 20.89 8.69 13.75 4.67 60.0 <0.0001

Platelet levels/activity
SOD 0.91 0.44 0.62 0.32 16.5 0.273
LPO 245 50 238 55 −10.5 0.497
NO 28.7 10.2 29.9 11.4 −7.5 0.670
GSH 6429 1545 6206 1217 6.0 0.677
GPx 48.2 28.9 36.0 24.6 3.0 0.831

Note. SOD, superoxide dismutase; LPO, lipid peroxidation; NO, nitric oxide;
GSH, glutathione; GPx, GSH peroxidase.

Table 5
Spearman's correlation coefficients between oxidants/ antioxidants levels/ ac-
tivities and PANSS subscores in patients with acute relapse.

Symptom
subscores
(Mean ± SD)

Positive
(16.1 ± 3.5)

Negative
(25.0 ± 8.6)

Disorganized
(11.8 ± 5.4)

Excitement
(20.9 ± 8.7)

SOD −0.25 −0.12 0.03 −0.32
LPO −0.20 −0.45 −0.47⁎ −0.35
NO −0.03 −0.43 −0.21 −0.06
GSH 0.22 −0.17 0.18 0.02
GPx −0.03 −0.22 −0.33 −0.19

Note. SOD, superoxide dismutase; LPO, lipid peroxidation; NO, nitric oxide;
GSH, glutathione; GPx, GSH peroxidase.

⁎ p < .05.

Fig. 1. Percent change of lipid peroxidation (LPO) can predict the improvement
of disorganized symptoms and negative symptoms.
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Our finding of lower platelet SOD activity in chronic stable patients
was consistent with the previous report (Dietrich-Muszalska et al.,
2005) that showed a significantly lower platelet SOD activity compared
to controls. That study also found a significant correlation between the
SOD activity and LPO level (Dietrich-Muszalska et al., 2005). Our data
supported such correlation but only in acute phase rather than chronic
stable phase, suggesting that the lower SOD activity in chronic stage
may not be related to the consequence of lipid peroxidation. On the
other hand, unlike a previous study showing suppressed GPx activity in
the platelets (Dietrich-Muszalska and Kwiatkowska, 2014), we did not
find significant difference in GPx activity, or the other oxidants (i.e., NO
and LPO) or antioxidants (i.e., GSH). That study recruited samples
(aged 18–36) younger than ours (mean age 37), with shorter illness
duration (mean 4 years) than ours (> 10 years). Whether the lack of
GPx suppression and the lack of SOD−LPO correlation can be attri-
butable to older age, longer duration of illness, or longer exposure to
antipsychotics waits to be clarified. In addition, regarding sample
sources, our findings in platelets were similar to the previous meta-
analysis from RBC (Flatow et al., 2013) which concluded that SOD
activity was significantly decreased (p < .01) whilst GPx was not
different from controls in stable outpatients. Taken together, the find-
ings in platelets combined with previous research in RBC indicate an
imbalance of the oxidative and anti-oxidative systems with reduced
antioxidant activity in patients with schizophrenia.

Our novel approach to explore the interaction between oxidants and
antioxidants revealed interesting findings. The significant correlations
between levels or activity of oxidants/antioxidants found in controls
were not noted in chronic stable patients. More intriguingly, such
correlations still presented in patients of acute relapse, however, the
correlation disappeared when symptoms improved after four weeks of
treatment. This phase-specific phenomenon has not been reported yet.
Whether the correlations between oxidants and antioxidants change
with disease status and illness duration, or antipsychotic treatment
mitigate the relationship between the oxidants/antioxidants warrants
further investigations. Our findings might suggest that both oxidant
level and antioxidant activity are mobilized simultaneously in acute
relapse phase with a highly interactive pattern, while in chronic stage,
the interactive pattern weakens, implying that the alterations in chronic
phase of schizophrenia may not only occur in anti-oxidative system, but
also in the dysregulation between oxidative and anti-oxidative systems.
Other factors such as cytokines may also have their roles in regulating
the network of oxidative and anti-oxidative processing but are out of
the scope of this study.

Regarding the relationship with symptom severity in chronic stable
patients, we found that GPx were negatively correlated with the se-
verity of excitement. Previous studies have shown that plasma GSH
level were inversely correlated with the overall symptom severity in
patients with schizophrenia (Raffa et al., 2009; Tsai et al., 2013;
Nucifora et al., 2017) but no association between plasma GPx and
clinical psychopathology (Zhang et al., 2006; Tsai et al., 2013). Two
studies specifically revealed an association between GSH level and
negative symptoms (Matsuzawa et al., 2008; Tsai et al., 2013). Our
findings support that chronic stable patients who had lower platelet
GPx activity, but not GSH level, demonstrated higher excitement
symptoms. Whether GSH/GPx system might be considered as a biolo-
gical indicator of clinical severity of schizophrenia as previously pro-
posed (Raffa et al., 2009; Nucifora et al., 2017) is of particular interest.
On the other hand, our finding that NO was positively correlated with
positive and disorganized symptoms is noteworthy. NO, a strong oxi-
dant which is able to form hydroxyl radicals and turn into nitrogen
dioxide (Wu et al., 2013), plays a pivotal role in the balance of anti-
oxidants and free radicals by stimulating lipid peroxidation and med-
iates antioxidant reactions in cellular membranes at the same time
(Radi et al., 1991). Such notion was supported by our finding that
platelet NO level was correlated with LPO (in both acute and chronic
phases) and GPx (in acute phase). The clinical correlates of platelet NO

warrants further investigation.
In acute relapse patients, only the LPO level was correlated with the

severity of disorganized symptoms, consistent with our clinical ob-
servation of a less disorganized manifestation in the relapse triggered
by acute stress. By contrast, the disorganized/hebephrenic subtype of
schizophrenia has been shown with insidious onset and poor premorbid
function (Winokur, 1975; Winokur and Tsuang, 1975). Given that LPO
increased under acute stress not only in the periphery (Sahin and
Gumuslu, 2004; Sahin et al., 2004) but also in the striatum (Mendez-
Cuesta et al., 2011) in rat models, whether the LPO level related to
more abrupt relapse triggered by stress condition needs further study.
Furthermore, our finding that increased LPO level after treatment was
associated with greater improvement of negative symptoms and dis-
organized symptoms may indicate a condition characterized by acute
stress but accompanied by a better resolution of negative and dis-
organized symptoms (Kapur and Pandurangi, 1979). LPO was one of
the main consequences of oxidative reactions regulated by SOD, cata-
lase, and GPx, like revealed by the correlations between LPO, GSH, and
SOD of our data. The associations observed between the LPO level and
disorganized symptoms and between LPO increase and symptom im-
provement suggest that oxidative stress represented by LPO may be
influenced by the clinical phases of schizophrenia.

All the level/activity of oxidants/antioxidants decreased after
treatment but without statistical significance. Although some studies
found no change of oxidative activity after treatment (Yao et al., 1998;
Sarandol et al., 2007; Virit et al., 2009), many others suggested that
antipsychotics may influence oxidative status (Zhang et al., 2006;
Zhang et al., 2012). Both risperidone and haloperidol reduced the ele-
vated blood SOD activity and may normalize abnormal free radical
metabolism in patients with schizophrenia (Zhang et al., 2012). Several
studies have shown that the LPO level appears to be higher after
treatment with classical antipsychotics (Kropp et al., 2005) while no
change or even decreased when treated with atypical antipsychotics up
to 90 days (Evans et al., 2003; Wei et al., 2003). Future studies may
address the antipsychotic effects of different categories and various
treatment duration.

Several limitations should be considered in this study. Our sample
was not first episode psychosis and not drug-naive, and the sample size
of patients in acute phase was relatively small. Nevertheless, we col-
leted dietary habit and antioxidant consumption and carefully con-
trolled for confounding factors such as cigarette smoking and BMI in
statistical analyses.

5. Conclusion

Our results provide new evidence to support dysregulated oxidant/
antioxidant balance of blood platelets in chronic stable patients with
schizophrenia. Their relationships with specific symptom domains,
disease phases, and symptom improvement are worth clinical attention.
Whether the dysregulation of the oxidants and antioxidants can be a
potential biomarker for disease or relapse warrants further investiga-
tion.
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