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Abstract

Background Bipolar disorder (BD) is a common mental disorder characterized by significant cognitive dysfunction,
the mechanisms of which remain unclear. Oxidative stress and glial cell line-derived neurotrophic factor (GDNF)
influence the pathophysiology of BD. Their specific roles, particularly concerning cognitive function during manic
episodes, are unclear. The serum levels of superoxide dismutase (SOD) and malondialdehyde (MDA), and GDNF were
biochemically assayed in patients with bipolar mania before and after treatment to explore their associations with
cognitive function.

Methods A total of 75 patients in acute manic episodes of BD and 70 healthy controls were initially enrolled. During
the 4-week intervention period with atypical antipsychotics and mood stabilizers, 5 patients discontinued follow-up,
resulting in 70 completers included in the final analysis. The severity of manic symptoms were assessed using the
Young Mania Rating Scale (YMRS). Cognitive function was assessed by the Digit Cancellation, Stroop Color and Word,
and Trail Making Tests. Serum levels of SOD, MDA, and GDNF were measured using biochemical assays.

Results BD patients demonstrated higher serum SOD and MDA levels and lower GDNF levels compared to controls,
following improvements after treatment. Pre-treatment YMRS scores and cognitive function assessments positively
correlated with SOD and MDA levels, and negatively correlated with GDNF levels. Treatment significantly improved
manic symptoms and cognitive function, although GDNF levels remained lower than in controls.

Conclusions The demonstrated associations with symptoms and cognitive functions during the manic phase
substantially advance the understanding of the role of oxidative stress and GDNF in BD. Possible biomarkers for
BD diagnosis and prognosis assessment are revealed. Further investigations into the complex pathophysiological
mechanisms of BD are needed.
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Background

Bipolar disorder (BD) refers to a group of chronic and
complex mental illnesses with high prevalence and mor-
tality rates [1]. Cognitive dysfunction is a significant
characteristic of BD, in addition to affective symptoms.
Cognitive dysfunction is prevalent throughout the early
stages [2], acute episodes, and periods of remission of the
illness [3]. This dysfunction significantly affects patients’
social function and increases the risk of disease recur-
rence and progression [4, 5]. Therefore, addressing cogni-
tive dysfunction in BD treatment has become a key focus
[6]. However, the precise pathophysiological mecha-
nisms of cognitive dysfunction in BD have not yet been
elucidated.

Studies have explored the relationship between oxida-
tive stress and BD [7]. Oxidative stress, characterized by
an imbalance between oxidative processes and antioxi-
dant defenses within the body, leads to an overproduction
of free radicals when antioxidant functions are inad-
equate, damaging nucleic acids, proteins, and lipids [8].
Neurons are particularly susceptible to oxidative stress
due to limited antioxidant defense mechanisms. During
neurodevelopment, minor disturbances in redox balance
affect the signaling pathways and processes of neuro-
genesis and neuronal differentiation, potentially leading
to long-term behavioral and cognitive abnormalities in
adulthood [9]. Findings from research into neurodegen-
erative diseases, such as Alzheimer’s disease, support the
notion that oxidative stress is directly involved in neu-
rotransmitter transmission at neuronal synapses, leading
to cognitive dysfunction [10]. Elevated levels of oxida-
tive stress are observed in post-mortem brain tissue and
peripheral blood of patients with BD [11, 12]. A possible
link between oxidative stress and cognitive impairment
in BD has been described [13, 14]. A study on adoles-
cent BD associated lipid peroxidation with certain cogni-
tive domains, such as executive function [15]. A separate
study reported that patients with mental disorders and
heightened oxidation tended to have reduced hippocam-
pal volume, more severe clinical symptoms, and poorer
cognitive function [16]. These findings underscore the
significant role of oxidative stress in BD, which warrants
further investigation.

Glial cell line-derived neurotrophic factor (GDNF)
plays a significant role in the pathophysiology of BD
[17-19]. GDNF and brain-derived neurotrophic fac-
tor are members of the neurotrophic factor family. Both
are essential for neuronal growth, differentiation, sur-
vival, and support of mature neurons [20]. Preliminary
research findings indicated that individuals with BD have
a decreased level of serum GDNF compared to healthy

individuals [21]. This finding was confirmed, particularly
during the acute phases of mood episodes [22]. How-
ever, GDNF levels can vary under different emotional
contexts [23—25]. Given these conflicting results, further
research is urgently needed to clarify the role of GDNF in
BD. Mice lacking the GDNF gene show impaired learn-
ing ability in the water maze test, highlighting the impor-
tance of GDNF in cognitive function [26]. Higher levels
of serum GDNF in patients with schizophrenia have been
correlated with better cognitive performance, suggesting
a neuroprotective role for GDNF [27]. Both human and
animal models have demonstrated that exercise enhances
neuroplasticity and improves cognitive function by pro-
moting GDNF production [28]. To date, research on the
impact of GDNF on cognitive function in BD patients is
limited.

Previous studies indicated a close association between
oxidative stress and GDNF with cognitive function. How-
ever, research in BD is relatively limited. Considering the
distinct pathological mechanisms of bipolar mania, this
study specifically focused on bipolar mania. Two oxida-
tive markers were selected: superoxide dismutase (SOD)
as an antioxidant enzyme and malondialdehyde (MDA)
as a lipid peroxidation product. Serum levels of SOD,
MDA, and GDNF were compared in patients with bipo-
lar mania before and after treatment. Furthermore, the
relationship of these levels with cognitive function was
assessed to provide a basis for BD diagnosis and prog-
nosis assessment. The study hypothesis is that individu-
als with BD have higher serum levels of SOD and MDA,
and lower levels of GDNF, and that serum levels of SOD,
MDA, and GDNF correlate with cognitive dysfunction in
these patients.

Methods

Participants

A total of 75 patients with BD who were admitted to
Wu Tai Shan Hospital in Yangzhou City, Jiangsu Prov-
ince, China, from February 2018 to February 2020 were
selected for this study. Inclusion criteria were (1) meeting
the clinical diagnostic criteria for BD according to ICD-
10; (2) age of 18 to 65 years at enrollment; and (3) Young
Mania Rating Scale (YMRS) score >12. Exclusion criteria
were (1) other mental disorders, confirmed through the
Structured Clinical Interview of the Diagnostic and Sta-
tistical Manual-IV (SCID-I); (2) severe malignant tumors;
(3) severe cognitive impairment preventing communica-
tion; (4) breastfeeding or pregnant women; (5) receipt of
psychotropic medications within the past half month; (6)
substance users, including smokers, alcoholics, and indi-
viduals with substance dependence; (7) use of modified
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electroconvulsive therapy or transcranial magnetic stim-
ulation within the past 6 months; (8) history of cardio-
vascular and cerebrovascular, organic brain, endocrine,
and major liver, kidney, or lung diseases; (9) patients
experiencing depressive episodes or mixed features, as
the study focused on individuals in manic episodes to
ensure a homogeneous study population; (10) failure to
complete the minimum 4-week follow-up assessments
and (11) failure to signed an informed consent to volun-
tarily participate in the study.

The healthy control group comprised health check-up
volunteers at Wu Tai Shan Hospital in Yangzhou, Jiangsu
Province. A total of 70 individuals were included. Their
inclusion criteria were: (1) screening with the Chinese
version of the Mini-International Neuropsychiatric
Interview and not meeting the diagnostic criteria for any
mental disorder; and (2) age of 18 to 65 years. The exclu-
sion criteria were (1) cardiovascular and cerebrovascular,
organic brain, endocrine, and major liver, kidney, or lung
diseases; (2) smoking, alcohol, and/or substance depen-
dence; (3) breastfeeding or pregnant women and (4) fam-
ily history of mental disorders within two generations
and three degrees of kinship.

Patients in the experimental group received atypi-
cal antipsychotic drugs, including quetiapine and olan-
zapine, combined with mood stabilizers that included
lithium salts and valproic acid for 4 weeks. During the
treatment period, patients did not receive antidepressant
treatment; however, patients with agitation or anxiety
might receive benzodiazepines.

All participants were provided with full information
about the study before enrollment. The study obtained
consent from participants and their legal guardians, with
informed consent forms signed. The study was granted
approval by the Medical Ethics Committee of Wu Tai
Shan Hospital in Yangzhou City, Jiangsu Province.

Clinical and cognitive assessments

Two senior psychiatrists administered the YMRS to
assess the severity of manic symptoms, with evaluations
before treatment and at the 4-week follow-up. The inter-
rater reliability correlation coefficients exceeded 0.8.
Cognitive function was assessed by the Digit Cancella-
tion Test (DCT), Stroop Color and Word Test (SCWT),
and Trail Making Test (TMT). In the DCT, participants
mark every digit in each row matching the first digit of
that row as quickly as possible. This test assesses atten-
tion and information processing capabilities. The SCWT
consists of three parts: the Stroop word-reading, Stroop
color-naming, and Stroop color-word Test. Raw scores
from the 45-s completion of the three tests assess the
participant’s information processing level, percep-
tual switching ability, and the ability to inhibit habitual
behaviors. The TMT consists of TMT-A and TMT-B.
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In TMT-A, participants connect the numbers 1 to 25 in
ascending order without skipping any numbers, continu-
ing until number 25. For TMT-B, participants alternate
between numbers and letters (1 to A, A to 2,2 to B, B
to 3, etc.), continuing until 13. Cognitive function was
assessed at baseline and after 4 weeks of treatment in the
experimental group, the control group did not undergo
repeated cognitive assessments. In this study, cognitive
function measurements are compared based on errors in
the tests. All cognitive assessments were administered by
two trained psychiatrists with inter-rater reliability > 0.8.

Fasting blood sampling and biochemical assays
Examinations for the experimental group of patients
were performed before treatment and after 4 weeks,
coinciding with assessments for the control group. Fast-
ing venous blood (5 mL) was collected from both groups
between 6:00 and 7:30 AM. Every sample was processed
within 1 h of collection by centrifugation at 3500 r/min
for 5 min to separate serum from blood cells. The serum
was aliquoted into 1.5 mL tubes and stored at -80 °C for
future analysis.

For detection of the oxidative stress indicators, SOD
and MDA were measured with commercial assay kits
(both from Nanjing Jiancheng Biological Engineering
Co., Ltd.,, China) by the water-soluble tetrazolium salt
method and thiobarbituric acid method, with intra-batch
coefficient of variation (CV) at 5.05% and inter-batch
CV at 3.32%. The detection limit for SOD and MDA was
0.5U/mL.

GDNF detection was by the GDNF ELISA Kit from
Shanghai Youning Microbiology Technology Co., Ltd.
(China), strictly following the ELISA method. The intra-
assay CV was <4%, the inter-assay CV was <5%, the
detection range was 31.2—-2000.0 ng/L, and the sensitivity
was <2.0 ng/L.

Statistical analyses

All data tested for normality using the Shapiro-Wilk test.
If data were normally distributed, continuous variables
were expressed as mean + standard deviation, and com-
parisons between the experimental and control groups
performed using an independent samples t-test. Within-
group comparisons of scores and indicators before and
after treatment were performed using a paired samples
t-test. If data were not normally distributed, non-para-
metric Mann-Whitney U and Wilcoxon tests were used.
Qualitative data comparisons were made using the chi-
square (x2) test. Spearman’s rank correlation assessed
the correlation between oxidative stress indicators and
GDNF with symptoms and various cognitive functions,
respectively. All statistical analyses were performed using
SPSS (IBM Corporation, USA). The sample size was cal-
culated using G*Power 3.1 software, with effect size,
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significance level (typically 0.05), and power (usually 0.80
or 0.90) to determine the required minimum sample size.
p<0.05 (two-tailed) indicated statistical significance.

Results

Comparison of general information between experimental
and control groups

In this study, 5 of 75 enrolled patients (6.67% dropout
rate ) failed to complete the 4-week hospitalization pro-
tocol. Baseline blood samples from these 5 patients were
not tested due to their early discharge, and the associ-
ated data were excluded from final statistical analysis to
ensure methodological rigor. Among the 70 hospital-
ized patients who completed the 4-week follow-up, the
mean duration of hospitalization was 35.3 +4.2 days. No
statistically significant differences in gender ratio, age,
average years of education, or other general information
between the two groups (p>0.05; Table 1). Further anal-
ysis revealed no significant gender differences in cogni-
tive function, oxidative stress markers (SOD, MDA), or
GDNEF levels in the experimental group (all p > 0.05).

Comparison of peripheral serum levels of SOD, MDA, and
GDNF between experimental and control groups

YMRS scores in the experimental group decreased sig-
nificantly after 4 weeks of treatment compared to before
treatment (£=37.674, p<0.01). Before treatment, the
experimental group showed significantly longer comple-
tion times, more incorrect marks, and higher TMT-A
and TMT-B scores compared to the control group, while
the SCWT word-reading, color-naming, and color-word
interference were significantly lower (p <0.05 or p<0.01).
After 4 weeks of treatment, the experimental group’s
completion time and errors in the DCT, and TMT-A and
TMT-B scores decreased significantly. Additionally, the
experimental group showed a significant increase in the
SCWT (word-reading, color-naming, and color-word
interference) (p<0.05 or p<0.01). After 4 weeks of treat-
ment, the experimental group’s DCT completion times
and TMT-A and TMT-B scores were significantly higher
than the control group. The SCWT (word-reading, color-
naming, and color-word interference) scores were signifi-
cantly lower than the control group (p<0.05 or p<0.01).
The experimental group’s DCT incorrect marks were
higher than the control group, but not statistically signifi-
cant (¢=0.26, p>0.05).

Table 1 Demographic of patients with BD and healthy controls
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Before treatment, serum SOD and MDA levels in
the experimental group were significantly higher than
in the control group (SOD: £=90.603, p<0.05; MDA:
t=36.277, p<0.05), and GDNF level was significantly
lower (t=88.799, p<0.05). After 4 weeks of treatment,
serum SOD and MDA levels in the experimental group
decreased significantly compared to before treatment
(SOD: t=74.773, p<0.05; MDA: ¢=36.952, p<0.05), and
GDNEF level significantly increased (£=82.314, p<0.05).
After treatment, no significant difference in SOD and
MDA levels was found between the experimental and
control groups, but GDNF level remained significantly
lower in the experimental group (¢=7.883, p<0.05), as
shown in Table 2.

Correlation analysis between serum SOD, MDA, GDNF
levels and YMRS scores, and cognitive function in the
experimental group

Correlation analysis showed positive correlation between
pre-treatment SOD levels and YMRS scores (r=0.436,
p<0.01). Pre-treatment MDA levels also correlated
positively with YMRS scores (r=0.648, p<0.01). Pre-
treatment GDNF levels correlated negatively with YMRS
scores (r=-0.520, p <0.01). Pre-treatment SOD levels cor-
related positively with DCT completion time (r=0.593,
p<0.01), incorrect marks (r=0.865, p<0.01), TMT-A
completion time (r=0.875, p<0.01), and TMT-B com-
pletion time (r=0.893, p<0.01), and correlated nega-
tively with SCWT word-reading (r=-0.846, p<0.01),
color-naming (r=-0.807, p<0.01), and color-word inter-
ference (r=-0.817, p<0.01). MDA levels correlated posi-
tively with DCT completion time (r=0.640, p<0.01),
incorrect marks (r=0.923, p<0.01), TMT-A comple-
tion time (r=0.924, p<0.01), and TMT-B completion
time (r=0.928, p<0.01), and correlated negatively with
SCWT word-reading (r=-0.873, p<0.01), color-naming
(r=-0.854, p<0.01), and color-word interference (r=-
0.845, p<0.01). GDNF levels correlated negatively with
DCT completion time (r=-0.615, p<0.01), incorrect
marks (r=-0.845, p<0.01), TMT-A completion time (r=-
0.926, p<0.01), and TMT-B completion time (r=-0.919,
p<0.01), and correlated positively with SCWT word-
reading (r=0.875, p<0.01), color-naming (r=0.848,
p<0.01), and color-word interference (r=0.853, p<0.01).
Details are provided in Table 3. No significant cor-
relations were observed between changes in serum
SOD, MDA, and GDNF levels and changes in cognitive

Patients (n=70) Controls (n=70) X2/t p
Gender (male/female) 31/39 39/31 1.828 0.176
Age (years) 37.77+6.87 38.80+7.90 0.823 0411
Educations (years) 1241+£2.19 12.04+221 0.995 0321
Duration of illness (months) 76.24+12.68
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Table 2 Variations in clinical symptoms, cognitive function, oxidative stress indicators, and GDNF levels

Patients (n=70) Controls (n=70) t, t, t.
Before treatment After treatment
YMRS scores 34.89+6.04 6.64+263 - 37674” - -
DCT
completion times 221.60+50.72 184.53+20.67 172.33+1475 4310 412" 566
incorrect marks 0.97+2.01 042+0.84 0.39+1.07 2.08" 215 0.26
SCWT
word-reading 84.16+5.96 87.31+237 103.08+4.36 411" 2144”7 2659
color-naming 56.26+5.03 62.64+463 7125+4.15 7817 -19.27" 1159
color-word 32174371 39924396 4480+395 11.95" -1951" 730"
T™T
TMT-A 80.16+4.94 64.79+6.90 4756+5.15 15.15" 38237 16.74"
TMT-B 187.10+1203 1434341731 119434530 17337 4307" 11.09"
SOD(U/L) 943.83+28.13 512.97+3045 506.21 42843 74773 90.603" 1359
MDA(nmol/ml) 6.22+035 428+028 4194031 36.952" 36.277" 1688
GDNF(ng/ml) 108.39+26.13 49046+26.42 527.88+29.65 82314 88.799" 7.883"

"p<0.05, "p<0.01; t,: Before treatment VS After treatment; t,: Before treatment VS Controls; t.: After treatment VS Controls; YMRS: Young Mania Rating Scale; DCT:
Digit Cancellation Test; SCWT: Stroop Color and Word Test; TMT: Trail Making Test; SOD: superoxide dismutase; MDA: malondialdehyde; GDNF: glial cell line-derived

neurotrophic factor

Table 3 Correlation among SOD, MDA, and GDNF with clinical symptoms and cognitive function in patients with bipolar disorder

SOD MDA GDNF

r p r p r p
YMRS 0436 <0.01 0.648 <0.01 -0.520 <001
DCT
completion times 0.593 <0.01 0.640 <0.01 -0.615 <0.01
incorrect marks 0.865 <0.01 0.923 <0.01 -0.845 <0.01
SCWT
word-reading -0.846 <0.01 -0.873 <0.01 0.875 <001
color-naming -0.807 <0.01 -0.854 <0.01 0.848 <001
color-word -0.817 <0.01 -0.845 <0.01 0.853 <001
T™MT
TMT-A 0.875 <0.01 0.924 <0.01 -0.926 <0.01
TMT-B 0.893 <0.01 0.928 <0.01 -0.919 <001

YMRS: Young Mania Rating Scale; DCT: Digit Cancellation Test; SCWT: Stroop Color and Word Test; TMT: Trail Making Test; SOD: superoxide dismutase; MDA:

malondialdehyde; GDNF: glial cell line-derived neurotrophic factor

function after treatment, even after controlling for the
severity of mood symptoms (p >0.05).

Discussion

There are three main findings of this study. First, patients
with BD displayed significant cognitive deficits. Second,
patients with BD displayed higher serum SOD and MDA
levels and lower GDNF levels compared to the normal
control group. After treatment, the experimental group’s
serum SOD and MDA levels decreased significantly while
GDNEF levels increased, but GDNF levels were still lower
than those of the control group. Third, pre-treatment
YMRS scores and cognitive function assessments posi-
tively correlated with serum SOD and MDA levels, and
negatively with GDNF levels. These findings demonstrate
associations between serum SOD, MDA, and GDNF con-
centrations in patients with BD and their symptoms and
cognitive dysfunction.

Patients with BD mania exhibited increased oxidative
stress parameters and decreased GDNF levels compared
to the healthy control group, further supporting the
potential role of oxidative stress imbalance and GDNF
in BD pathophysiology. Previous clinical studies on BD
showed considerable variation in oxidative stress param-
eters and GDNF levels [29-32], possibly due to different
disease states, sample types, and drug treatment. Indeed,
research findings support our observations regarding
changes in oxidative stress parameters and GDNF levels
in individuals with BD. Specifically, free radical secre-
tion in the brains of BD patients with mania has been
associated with catecholamines and dopamine. Further-
more, dopamine hyperfunction in BD patients results
in increased free radical secretion, triggering changes
in oxidative stress parameters [33]. Individuals with BD
show abnormal oxidative phosphorylation and lipid
metabolism across different affective states, leading to
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DNA and RNA damage. Concurrently, there is a signifi-
cant increase in oxidative stress markers and a marked
decrease in antioxidant enzyme activity [34]. Patients
with mood disorders have reduced serum GDNF levels,
possibly linked to astrocyte loss and blood-brain barrier
dysfunction. The collective findings support the dys-
regulation of oxidative stress and GDNF changes in BD
patients and further support the neurodevelopmental
hypothesis of BD.

In this study, we observed a reduction in oxidative
stress indicators and an increase in GDNF levels as
symptoms improved in BD patients during manic epi-
sodes. The potential role of mood stabilizers and anti-
psychotics in this process warrants attention. Lithium,
known for its neuroprotective properties, enhances neu-
rotrophic factors such as GDNF, which promotes neuro-
nal survival and function by activating the Ret pathway
in the hippocampus [35]. Animal studies have shown that
lithium and valproic acid protect against amphetamine-
induced oxidative stress [36], while integrative analyses
indicate that lithium influences brain structural changes
linked to GDNF receptor pathways [37]. Additionally,
lithium enhances neural stem cell proliferation, support-
ing neurogenesis and synaptic plasticity [38]. Valproate,
another mood stabilizer, mitigates oxidative stress by
inhibiting glycogen synthase kinase 3 (GSK3) and histone
deacetylases (HDAC), which are involved in inflamma-
tory and oxidative pathways [39]. Clinical data further
suggest that antipsychotics and mood stabilizers elevate
serum GDNF levels [22], consistent with in vitro find-
ings that antipsychotics stimulate GDNF secretion [40].
However, no significant associations were found between
changes in oxidative stress parameters or GDNF levels
and the types or dosages of medications used, leaving it
unclear whether these changes are medication-related or
reflect BD pathophysiology. Future studies should focus
on larger, medication-naive first-episode BD cohorts to
clarify these mechanisms.

The present study revealed no significant association
between alterations in serum SOD, MDA or GDNF levels
during treatment and improvements in cognitive func-
tion. However, evidence suggests that baseline levels of
these biomarkers may hold greater relevance to cognitive
performance compared to their dynamic fluctuations. A
study demonstrated that elevated baseline GDNF levels
in healthy individuals were associated with enhanced
working memory, whereas changes in GDNF levels
failed to predict cognitive improvements in patients with
schizophrenia [41]. Similarly, another research indicated
that, despite significant abnormalities in oxidative stress
markers among individuals with bipolar disorder, varia-
tions in these markers were not correlated with cognitive
outcomes [42]. Furthermore, a review highlighted that
therapeutic efficacy may be more closely tied to baseline
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oxidative stress and inflammatory states rather than their
temporal changes during intervention [43]. These obser-
vations suggest that baseline biomarker levels may more
accurately reflect the underlying biological mechanisms
of cognitive dysfunction, whereas dynamic changes could
be confounded by factors such as pharmacological effects
and interindividual heterogeneity. Future investigations
should prioritize extended follow-up periods, larger
and more diverse cohorts, and sophisticated analytical
approaches to elucidate the complex interplay between
baseline levels, temporal biomarker changes, and cogni-
tive function.

Interestingly, we observed that after effective treat-
ment, BD patients in a manic state had oxidative stress
indicators that were not significantly different from those
of the normal control group. Although the concentration
of GDNF increased, it was still below that of the normal
control group, and this difference was statistically sig-
nificant. GDNEF, primarily secreted by glial cells, is an
important neurotrophic factor related to neuronal plas-
ticity, affecting neuronal development, survival, differen-
tiation, and increasing the density and length of neural
synapses [40]. Post-mortem brain analyses have revealed
abnormalities in the gray matter regions of the prefron-
tal cortex and cingulate gyrus in BD patients, primar-
ily characterized by a reduction in the number, density,
and size of glial cells [44]. This finding suggests that the
reduction of GDNF in BD patients may be persistent. In
this study, after treatment with mood stabilizers and anti-
psychotic drugs, BD patients in a manic state exhibited
increased serum GDNF levels, indicating that the thera-
peutic interventions have likely facilitated the synthesis
and release of neurotrophic factors, thereby contributing
to the improvement of patients’ symptoms. However, the
GDNF levels remained lower than those of the normal
control group, suggesting that even though the treatment
is effective, the neuroprotective mechanisms in patients
have not fully returned to healthy levels. This further sug-
gests that the complex pathophysiological mechanisms
of BD may not be fully addressed by a single treatment
approach, and thus all impaired neural mechanisms may
not be comprehensively repaired. Furthermore, the dura-
tion of treatment, choice and dosage of medication, and
individual differences can all affect the therapeutic out-
come. Future studies should extend the follow-up period
and combine comprehensive treatment methods to verify
the changes in GDNF levels.

Extensive prior research has concentrated on the role
of oxidative stress and GDNF in the pathophysiology of
cognitive impairments [27, 45], with the majority of the
research examining Alzheimer’s disease, Parkinson’s dis-
ease, schizophrenia, and other such conditions. Fewer
studies have addressed the relationship between these
factors in patients with BD. In the present investigation,



Yang et al. BMC Psychiatry (2025) 25:258

we evaluated the correlation between oxidative stress
indicators and GDNF with cognitive functions in patients
with BD. The findings positively correlate oxidative stress
indicators with the completion time of the DCT, number
of incorrect markings, and completion time of TMT-A
and TMT-B. The findings also negatively correlate the
indicators with the total number of word-reading, color-
naming, and color-word interference in the SCWT.
Conversely, GDNF concentrations were inversely cor-
related with the completion time of the DCT, number
of incorrect markings, and completion time of TMT-A
and TMT-B, and positively correlated with the total
number of word-reading, color-naming, and color-word
interference in the SCWT. These results imply that oxi-
dative stress indicators and GDNF levels may be associ-
ated with attention and executive functions in patients
with BD mania, consistent with previous findings [46].
A recent Mendelian randomization study [47] probed
the impact of oxidative stress on cognitive function. The
results indicated that a deficiency in antioxidant enzymes
might be a significant mechanism for impaired cognitive
function. Other research has further suggested that free
radicals may accumulate in the prefrontal cortex, leading
to neuronal damage and ultimately resulting in cognitive
symptoms [48]. Variations in neurotrophic factors, such
as GDNF, may also lead to brain atrophy and progressive
cognitive impairment in BD patients [49, 50]. The under-
lying pathophysiological mechanisms linking oxidative
stress and GDNF to cognitive function remain elusive
and require further exploration.

In this investigation, we assessed attention functions
using the DCT, TMT-A, and SCWT, and executive
functions using the TMT-B, providing a comprehensive
evaluation of cognitive functions in BD patients during
mania. The results revealed that BD patients in a manic
state performed significantly worse than healthy controls
on the DCT (completion time and error count), SCWT,
and TMT, indicating widespread cognitive dysfunction,
consistent with previous reports [51]. After 4 weeks of
pharmacological intervention, the experimental group
showed improvements in YMRS scores and all cogni-
tive assessments compared to baseline. However, only
the DCT error count returned to a level comparable to
healthy controls, while DCT completion time, SCWT
scores, and TMT performance remained significantly
impaired.

Learning effects constitute a critical consideration
in longitudinal cognitive function research, particu-
larly when implementing repeated testing within short
intervals. Recent investigations in healthy populations
have demonstrated minimal learning effects in cogni-
tive assessments(such as SCWT) administered over brief
retest periods. Within clinical populations exhibiting
cognitive impairments, the magnitude of learning effects
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tends to be substantially attenuated [52]. Our findings
revealed that the improvement amplitude in the patient
cohort significantly exceeded the anticipated threshold
for learning effects, indicating that their influence on
outcome measures remains constrained and unlikely to
substantially confound therapeutic efficacy evaluations.
To mitigate potential confounding from learning effects,
the implementation of parallel test versions or regres-
sion-based adjustment of baseline scores [52] is recom-
mended. While learning effects are frequently regarded
as measurement artifacts, they may under specific cir-
cumstances yield valuable insights regarding cognitive
trajectory alterations [53]. Consequently, future research
should incorporate systematic consideration of learning
effect mechanisms during study design phases, coupled
with advanced statistical approaches to enhance result
validity.

Prior longitudinal studies have reported mixed findings
on long-term cognitive outcomes in BD. For instance,
a 6-year study found persistent cognitive deficits in
BD patients even after symptom remission [54], while
a meta-analysis reported no significant differences in
long-term cognitive outcomes between BD patients and
healthy controls [55]. These discrepancies may stem from
variations in follow-up duration, illness severity, and cog-
nitive domain heterogeneity. Additionally, the impact of
medication cannot be overlooked. For example, mood
stabilizers have been shown to modulate postsynaptic
protein signaling, potentially improving cognitive func-
tions [56], whereas antipsychotics have been associated
with gray matter loss and cognitive impairments [57, 58].
Therefore, future studies should conduct long-term fol-
low-ups to explore the effects of different psychopharma-
cological treatments on cognitive outcomes.

This study is a small-scale clinical trial, where patients’
cognitive functions are influenced by various factors,
such as the number of episodes and past treatment his-
tory. Several limitations should be addressed in future
research. First, larger sample sizes and long-term patient
follow-ups are necessary to enhance the robustness of
findings. Second, the present study did not systemati-
cally document concomitant medication use or quan-
tify potential pharmacodynamic interactions between
therapeutic agents and laboratory biomarkers. Third,
regarding methodological considerations, the potential
influence of learning effects on cognitive function assess-
ments warrants attention. Fourth, this study exclusively
included patients in the manic phase of BD, which limits
the generalizability of findings to the broader spectrum
of this complex disease. Future studies should expand
sample sizes, investigate specific medications, include
depressive and mixed states, incorporate post-treat-
ment measurements in control groups, and implement
repeated cognitive assessments in both experimental and
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control groups. These steps will enhance the understand-
ing of BD pathophysiology, clarify the specificity of find-
ings, and improve the validity and generalizability of the
results.

Conclusions

In summary, this study demonstrates that during the
manic phase of BD, patients exhibit increased serum
oxidative stress indicators (SOD, MDA) and decreased
GDNF concentrations, which improve as symptoms
remit. The findings suggest that oxidative stress and
GDNF may be involved in the pathophysiological pro-
cesses of BD manic episodes. This study further estab-
lishes that oxidative stress indicators (SOD, MDA) and
GDNF levels during the manic phase in BD patients
are associated with symptoms and cognitive functions.
Determining the specific pathophysiological mechanisms
necessitates additional investigation.

Abbreviations

BD Bipolar disorder

GDNF  Glial cell line-derived neurotrophic factor
SOD Superoxide dismutase
MDA Malondialdehyde

YMRS Young mania rating scale
DCT Digit cancellation test
SCWT  Stroop color and word test
TMT Trail making test

GSK3 Glycogen synthase kinase 3
HDAC  Histone deacetylases

Acknowledgements

We are grateful to all medical staff from Wu Tai Shan Hospital in Yangzhou City
for their assistance in subject recruitment. We thank all the participants in the
study.

Author contributions

Conception and design: YQ, ZXB. Development of methodology: TQ, YHD.
Analysis and interpretation of data: JF, QJC. Writing of the manuscript: YQ, LCW.
Study supervision: TQ, ZXB. All authors reviewed the manuscript.

Funding

This study was supported by the Suzhou clinical Medical Center for mood
disorders (No. Szlcyxzx202109), Multicenter Clinical Research on Major
Diseases in Suzhou (DZXYJ202413) and Suzhou Key Laboratory (5252024016).
The funding sources of this study had no role in study design, data collection
and analysis, decision to publish, or preparation of the article.

Data availability
Data AvailabilityThe data that support the findings of this study are available
from the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate

We declare that all experiments on human subjects were conducted in
accordance with the Declaration of Helsinki and that all procedures were
carried out with the adequate understanding and written consent of the
subjects. We also certify that formal approval to conduct the experiments
described has been obtained from the human subject review board of our
institution. All experimental protocols were approved by the Medical Ethics
Committee of Wu Tai Shan Hospital in Yangzhou City, Jiangsu Province.
Informed consent was obtained from all subjects or their guardian. All
methods were carried out in accordance with relevant guidelines and
regulations.

Page 8 of 10

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Psychiatry, Nantong Mental Health Center, The Fourth
People’s Hospital of Nantong, Nantong 226000, P. R. China

2Suzhou Psychiatric Hospital, Institute of Mental Health, The Affiliated
Guangji Hospital of Soochow University, Suzhou 215137, P.R. China
*Department of Psychiatry, The Fourth People’s Hospital of Lianyungang,
The Affiliated KangDa College of Nanjing Medical University,
Lianyungang 222003, P.R. China

Received: 12 November 2024 / Accepted: 10 March 2025
Published online: 19 March 2025

References

1. Mclntyre RS, Berk M, Brietzke E, Goldstein B, Lopez-Jaramillo C, Kessing LV,
Malhi GS, Nierenberg AA, Rosenblat JD, Majeed A, et al. Bipolar disorders.
Lancet. 2020;396(10265):1841-56.

2. BoraE, Pantelis C. Meta-analysis of cognitive impairment in First-Episode
bipolar disorder: comparison with First-Episode schizophrenia and healthy
controls. Schizophr Bull. 2015;41(5):1095-104.

3. Strejilevich SA, Samame C, Martino DJ. The trajectory of neuropsychological
dysfunctions in bipolar disorders: a critical examination of a hypothesis. J
Affect Disord. 2015;175:396-402.

4. BoraE, Eyuboglu MS, Cesim E, Demir M, Yalincetin B, Ermis C, Ozbek Uzman
S, Sut E, Demirlek C, Verim B, et al. Social cognition and neurocognition
in first-episode bipolar disorder and psychosis: the effect of negative and
attenuated positive symptoms. J Affect Disord. 2024;351:356-63.

5. Robinson LJ, Ferrier IN. Evolution of cognitive impairment in bipolar
disorder: a systematic review of cross-sectional evidence. Bipolar Disord.
2006;8(2):103-16.

6. Johnson DE, McIntyre RS, Mansur RB, Rosenblat JD. An update on potential
pharmacotherapies for cognitive impairment in bipolar disorder. Expert Opin
Pharmacother. 2023;24(5):641-54.

7. Jorgensen A, Baago IB, Rygner Z, Jorgensen MB, Andersen PK, Kessing LV,
Poulsen HE. Association of oxidative Stress-Induced nucleic acid damage
with psychiatric disorders in adults: A systematic review and Meta-analysis.
JAMA Psychiatry. 2022;79(9):920-31.

8. Walderhaug E, Varga M, Pedro MS, Hu J, Neumeister A. The role of the
aminergic systems in the pathophysiology of bipolar disorder. Curr Top Behav
Neurosci. 2011,5:107-26.

9. Hardingham GE, Do KQ. Linking early-life NMDAR hypofunction and oxidative
stress in schizophrenia pathogenesis. Nat Rev Neurosci. 2016;17(2):125-34.

10. Butterfield DA, Halliwell B. Oxidative stress, dysfunctional glucose metabolism
and alzheimer disease. Nat Rev Neurosci. 2019;20(3):148-60.

11.  Gigante AD, Young LT, Yatham LN, Andreazza AC, Nery FG, Grinberg LT,
Heinsen H, Lafer B. Morphometric post-mortem studies in bipolar disorder:
possible association with oxidative stress and apoptosis. Int J Neuropsycho-
pharmacol. 2011;14(8):1075-89.

12. Andreazza AC, Wang JF, Salmasi F, Shao L, Young LT. Specific subcellular
changes in oxidative stress in prefrontal cortex from patients with bipolar
disorder. J Neurochem. 2013;127(4):552-61.

13. Newton DF, Naiberg MR, Goldstein Bl. Oxidative stress and cognition
amongst adults without dementia or stroke: implications for mecha-
nistic and therapeutic research in psychiatric disorders. Psychiatry Res.
2015;227(2-3):127-34.

14. Vieta E, Popovic D, Rosa AR, Sole B, Grande |, Frey BN, Martinez-Aran A,
Sanchez-Moreno J, Balanza-Martinez V, Tabares-Seisdedos R, et al. The clinical
implications of cognitive impairment and allostatic load in bipolar disorder.
Eur Psychiatry. 2013;28(1):21-9.

15. Newton DF, Naiberg MR, Andreazza AC, Scola G, Dickstein DP, Goldstein BI.
Association of lipid peroxidation and Brain-Derived neurotrophic factor with
executive function in adolescent bipolar disorder. Psychopharmacology.
2017,234(4):647-56.

16.  Alameda L, Fournier M, Khadimallah |, Griffa A, Cleusix M, Jenni R, Ferrari
C, Klauser P, Baumann PS, Cuenod M, et al. Redox dysregulation as a link



Yang et al. BMC Psychiatry

20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

(2025) 25:258

between childhood trauma and psychopathological and neurocogni-

tive profile in patients with early psychosis. Proc Natl Acad Sci U S A.
2018;115(49):12495-500.

Tuncel OK, Sarisoy G, Cetin E, Kaynar Tuncel E, Bilgici B, Karaustaoglu A. Neu-
rotrophic factors in bipolar disorders patients with manic episode. Turk J Med
Sci. 2020,50(4):985-93.

Wiener CD, Molina ML, Moreira FP, Dos Passos MB, Jansen K, da Silva RA,

de Mattos Souza LD, Oses JP. Brief psychoeducation for bipolar disorder:
evaluation of trophic factors serum levels in young adults. Psychiatry Res.
2017;257:367-71.

Ding L, WuY, Kong L, Sun J,Qu F, Xin K, Yang A, Yan X, Lu Y, Jiang X, et al.
Gender differences in plasma glial cell line-derived neurotrophic factor levels
of patients with bipolar disorder. J Affect Disord. 2023;320:605-9.

Allen SJ, Watson JJ, Shoemark DK, Barua NU, Patel NK. GDNF, NGF and

BDNF as therapeutic options for neurodegeneration. Pharmacol Ther.
2013;138(2):155-75.

Zhang X, Zhang Z, Sha W, Xie C, Xi G, Zhou H, Zhang Y. Effect of treatment on
serum glial cell line-derived neurotrophic factor in bipolar patients. J Affect
Disord. 2010;126(1-2):326-9.

Idemoto K, Niitsu T, Hata T, Ishima T, Yoshida S, Hattori K, Horai T, Otsuka |,
Yamamori H, Toda S, et al. Serum levels of glial cell line-derived neurotrophic
factor as a biomarker for mood disorders and lithium response. Psychiatry
Res. 2021,301:113967.

Takebayashi M, Hisaoka K, Nishida A, Tsuchioka M, Miyoshi |, Kozuru T, Hikasa
S, Okamoto Y, Shinno H, Morinobu S, et al. Decreased levels of whole blood
glial cell line-derived neurotrophic factor (GDNF) in remitted patients with
mood disorders. Int J Neuropsychopharmacol. 2006;9(5):607-12.

Tunca Z, Ozerdem A, Ceylan D, Yalcin Y, Can G, Resmi H, Akan P, Ergor G,
Aydemir O, Cengisiz C, et al. Alterations in BDNF (brain derived neurotrophic
factor) and GDNF (glial cell line-derived neurotrophic factor) serum levels in
bipolar disorder: the role of lithium. J Affect Disord. 2014;166:193-200.
Tunca Z, Kivircik Akdede B, Ozerdem A, Alkin T, Polat S, Ceylan D, Bayin M,
Cengizcetin Kocuk N, Simsek S, Resmi H, et al. Diverse glial cell line-derived
neurotrophic factor (GDNF) support between mania and schizophrenia:

a comparative study in four major psychiatric disorders. Eur Psychiatry.
2015,;30(2):198-204.

Gerlai R, McNamara A, Choi-Lundberg DL, Armanini M, Ross J, Powell-Braxton
L, Phillips HS. Impaired water maze learning performance without altered
dopaminergic function in mice heterozygous for the GDNF mutation. Eur J
Neurosci. 2001;14(7):1153-63.

Tang X, Zhou C, Gao J, Duan W, Yu M, Xiao W, Zhang X, Dong H, Wang X,
Zhang X. Serum BDNF and GDNF in Chinese male patients with deficit
schizophrenia and their relationships with neurocognitive dysfunction. BMC
Psychiatry. 2019;19(1):254.

de Sousa Fernandes MS, Ordonio TF, Santos GCJ, Santos LER, Calazans CT,
Gomes DA, Santos TM. Effects of physical exercise on neuroplasticity and
brain function: A systematic review in human and animal studies. Neural
Plast. 2020;,2020:8856621.

Brown NC, Andreazza AC, Young LT. An updated meta-analysis of oxidative
stress markers in bipolar disorder. Psychiatry Res. 2014,218(1-2):61-8.
Andreazza AC, Kauer-Sant'anna M, Frey BN, Bond DJ, Kapczinski F, Young LT,
Yatham LN. Oxidative stress markers in bipolar disorder: a meta-analysis. J
Affect Disord. 2008;111(2-3):135-44.

Lv Q, Hu Q Zhang W, Huang X, Zhu M, Geng R, Cheng X, Bao C, Wang Y,
Zhang C, et al. Disturbance of oxidative stress parameters in Treatment-Resis-
tant bipolar disorder and their association with electroconvulsive therapy
response. Int J Neuropsychopharmacol. 2020;23(4):207-16.

Barbosa IG, Huguet RB, Sousa LP, Abreu MN, Rocha NP, Bauer ME, Carvalho
LA, Teixeira AL. Circulating levels of GDNF in bipolar disorder. Neurosci Lett.
2011,502(2):103-6.

Miriyala S, Spasojevic |, Tovmasyan A, Salvemini D, Vujaskovic Z, St Clair D,
Batinic-Haberle . Manganese superoxide dismutase, MnSOD and its mimics.
Biochim Biophys Acta. 2012;1822(5):794-814.

Maes M, Landucci Bonifacio K, Morelli NR, Vargas HO, Barbosa DS, Carvalho
AF, Nunes SOV. Major differences in neurooxidative and neuronitrosative
stress pathways between major depressive disorder and types | and Il bipolar
disorder. Mol Neurobiol. 2019;56(1):141-56.

Mikroulis A, Waloschkova E, Bengzon J, Woldbye D, Pinborg LH, Jespersen

B, Avila AS, Laszlo ZI, Henstridge C, Ledri M et al. GDNF increases inhibitory
synaptic drive on principal neurons in the hippocampus via activation of the
Ret pathway. Int J Mol Sci 2022,23(21).

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

5T

52.

53.

54.

55.

56.

Page 9 of 10

Frey BN, Valvassori SS, Reus GZ, Martins MR, Petronilho FC, Bardini K,
Dal-Pizzol F, Kapczinski F, Quevedo J. Effects of lithium and valproate on
amphetamine-induced oxidative stress generation in an animal model of
mania. J Psychiatry Neurosci. 2006;31(5):326-32.

Anand A, Nakamura K, Spielberg JM, Cha J, Karne H, Hu B. Integrative analysis
of lithium treatment associated effects on brain structure and peripheral
gene expression reveals novel molecular insights into mechanism of action.
Transl Psychiatry. 2020;10(1):103.

Ferensztajn-Rochowiak E, Rybakowski JK. The effect of lithium on hematopoi-
etic, mesenchymal and neural stem cells. Pharmacol Rep. 2016;68(2):224-30.
Silva MR, Correia AO, Dos Santos GCA, Parente LLT, de Siqueira KP, Lima DGS,
Moura JA, da Silva Ribeiro AE, Costa RO, Lucetti DL, et al. Neuroprotective
effects of valproic acid on brain ischemia are related to its HDAC and GSK3
inhibitions. Pharmacol Biochem Behav. 2018:167:17-28.

Shao Z, Dyck LE, Wang H, Li XM. Antipsychotic drugs cause glial cell line-
derived neurotrophic factor secretion from C6 glioma cells. J Psychiatry
Neurosci. 2006;31(1):32-7.

Niitsu T, Shirayama Y, Matsuzawa D, Shimizu E, Hashimoto K, lyo M. Associa-
tion between serum levels of glial cell-line derived neurotrophic factor and
attention deficits in schizophrenia. Neurosci Lett. 2014;575:37-41.

Aydemir O, Cubukcuoglu Z, Erdin S, Tas C, Onur E, Berk M. Oxidative stress
markers, cognitive functions, and psychosocial functioning in bipolar disor-
der: an empirical cross-sectional study. Braz J Psychiatry. 2014;36(4):293-7.
Valotto Neto LJ, Reverete de Araujo M, Moretti Junior RC, Mendes Machado
N, Joshi RK, Dos Santos Buglio D, Barbalho Lamas C, Direito R, Fornari
Laurindo L, Tanaka M et al. Investigating the neuroprotective and Cognitive-
Enhancing effects of Bacopa Monnieri: A systematic review focused on
inflammation, oxidative stress, mitochondrial dysfunction, and apoptosis.
Antioxid (Basel) 2024;13(4).

Rajkowska G, Halaris A, Selemon LD. Reductions in neuronal and glial density
characterize the dorsolateral prefrontal cortex in bipolar disorder. Biol Psy-
chiatry. 2001;49(9):741-52.

Jia R, Yuan X, Zhang X, Song P, Han S,Wang S, LiY, Zhang S, Zhao X, Zhang Y,
et al. Oxidative stress impairs cognitive function by affecting hippocampal
fimbria volume in drug-naive, first-episode schizophrenia. Front Neurosci.
2023;17:1153439.

Caldiroli A, Auxilia AM, Capuzzi E, Clerici M, Buoli M. Malondialdehyde and
bipolar disorder: A short comprehensive review of available literature. J Affect
Disord. 2020;274:31-7.

Fan Z,Yang C, Qu X, Zhang J, Wu H, Yang Y, Huang Y, Zeng P, Xiang Z, Yang J.
Association of oxidative stress on cognitive function: A bidirectional Mende-
lian randomisation study. Mol Neurobiol. 2024.

Maas DA, Valles A, Martens GJM. Oxidative stress, prefrontal cortex hypo-
myelination and cognitive symptoms in schizophrenia. Transl Psychiatry.
2017;7(7).e1171.

Kim HW, Rapoport SI, Rao JS. Altered expression of apoptotic factors and syn-
aptic markers in postmortem brain from bipolar disorder patients. Neurobiol
Dis. 2010;37(3):596-603.

Barbosa IG, Huguet RB, Neves FS, Reis HJ, Bauer ME, Janka Z, Palotas A, Teix-
eira AL. Impaired nerve growth factor homeostasis in patients with bipolar
disorder. World J Biol Psychiatry. 2011;12(3):228-32.

Lima IMM, Peckham AD, Johnson SL. Cognitive deficits in bipolar disorders:
implications for emotion. Clin Psychol Rev. 2018;59:126-36.

Bergman |, Franke Foyen L, Gustavsson A, Van den Hurk W. Test-retest reli-
ability, practice effects and estimates of change: A study on the mindmore
digital cognitive assessment tool. Scand J Psychol. 2025;66(1):1-14.

Duff K, Beglinger LJ, Schultz SK, Moser DJ, McCaffrey RJ, Haase RF, Westervelt
HJ, Langbehn DR, Paulsen JS. Huntington's study G: practice effects in the
prediction of long-term cognitive outcome in three patient samples: a novel
prognostic index. Arch Clin Neuropsychol. 2007;22(1):15-24.

Mora E, Portella MJ, Forcada |, Vieta E, Mur M. Persistence of cognitive
impairment and its negative impact on psychosocial functioning in lithium-
treated, euthymic bipolar patients: a 6-year follow-up study. Psychol Med.
2013;43(6):1187-96.

Samame C, Cattaneo BL, Richaud MC, Strejilevich S, Aprahamian I. The
long-term course of cognition in bipolar disorder: a systematic review and
meta-analysis of patient-control differences in test-score changes. Psychol
Med. 2022;52(2):217-28.

Nanavati D, Austin DR, Catapano LA, Luckenbaugh DA, Dosemeci A, Manji
HK, Chen G, Markey SP.The effects of chronic treatment with mood stabilizers
on the rat hippocampal post-synaptic density proteome. J Neurochem.
2011;119(3):617-29.



Yang et al. BMC Psychiatry (2025) 25:258

57.

58.

Cullen B, Ward J, Graham NA, Deary 1J, Pell JB, Smith DJ, Evans JJ. Prevalence
and correlates of cognitive impairment in euthymic adults with bipolar
disorder: A systematic review. J Affect Disord. 2016,205:165-81.

Vita A, De Peri L, Deste G, Barlati S, Sacchetti E. The effect of antipsychotic
treatment on cortical Gray matter changes in schizophrenia: does the class
matter? A Meta-analysis and Meta-regression of longitudinal magnetic
resonance imaging studies. Biol Psychiatry. 2015;78(6):403-12.

Page 10 of 10

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Effects of oxidative stress and GDNF on patients with bipolar disorder: a prospective study
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Participants
	﻿Clinical and cognitive assessments
	﻿Fasting blood sampling and biochemical assays
	﻿Statistical analyses

	﻿Results
	﻿Comparison of general information between experimental and control groups
	﻿Comparison of peripheral serum levels of SOD, MDA, and GDNF between experimental and control groups
	﻿Correlation analysis between serum SOD, MDA, GDNF levels and YMRS scores, and cognitive function in the experimental group

	﻿Discussion
	﻿Conclusions
	﻿References


