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INTRODUCTION

Bipolar disorder (BD) is a chronic mental disorder progress-
ing with recurrent attacks, that exhibits high mortality and 
morbidity levels, and that causes impairment in functionality 
in all areas.1 An improved understanding of its neurobiology 
is needed to overcome obstacles such as its chronic course, the 
complexity of the diagnostic process, the uncertainty regard-
ing its etiopathogenesis, and the limited effective therapeutic 
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options.2 
The interaction between the gastrointestinal tract and brain 

functions has become an increasing topic of research in cur-
rent psychiatric research. This versatile interaction occurs in 
the microbiota-gut-brain axis. The structure and mechanics of 
the blood-brain barrier (BBB) are in many ways like those of 
the intestinal barrier (IB).3 BBB permeability can be affected 
by factors such as psychological stress, oxidative stress, and pro-
inflammatory cytokines. It is known that the same factors are 
disruptive for IB as well.4 In recent years, many innovative stud-
ies have emphasized the possible connection between intesti-
nal and BBB permeability and psychiatric disorders such as 
major depression, schizophrenia, obsessive compulsive disor-
der, autism spectrum disorder, and attention deficit hyperactiv-
ity disorder.5-10 There is a very limited number of studies exam-
ining the relationship between BD, IB, and BBB permeability.11,12

The intestinal epithelium has the largest contact area between 
the external environment and the human body. Therefore, it 
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plays an extremely important role in maintaining immune ho-
meostasis. IB is a single-layer epithelial structure composed of 
enterocytes. The adjoining lateral junctional complexes of cells 
are functionally classified as anchoring junctions (zonula ad-
herence and macula adherence), tight junctions (zonula oc-
cludens), and gap junctions. Thanks to this complex protein 
system, selective permeability of the elements necessary for 
proper nutrition of the body is provided.13

Zonulin is the only known physiological modulator of tight 
junctions.14 Zonulin activates the epidermal growth factor 
receptor via proteinase-activated receptor 2. This leads to phos-
phorylation of tight junction proteins and rearrangement of 
actin filaments, which then causes suppression of tight junc-
tion proteins and ultimately increased intestinal permeability 
(IP).15,16 High zonulin levels indicate loss of control over par-
ticle passage from the intestinal lumen into the bloodstream, 
as well as IB destruction. Therefore, the evaluation of serum 
zonulin levels seems to be a good marker for the evaluation of 
IP. The discovery of zonulin, a protein that has regulatory ac-
tivity on these tight junctions in the epithelium, has shed new 
light on its effect on the stability and maintenance of IB, and its 
role in causing several diseases in its dysfunction.17,18 The im-
portance of zonulin in maintaining IB tightness has been dem-
onstrated in many studies.19 Chronic inflammatory diseases 
with which zonulin is associated as an inflammatory marker 
include ankylosing spondylitis, celiac disease, chronic fatigue 
syndrome/myalgic encephalomyelitis, colitis, irritable bowel 
syndrome, hyperlipidemia, multiple sclerosis, necrotizing en-
terocolitis, non-alcoholic fatty liver disease, non-celiac gluten 
sensitivity, obesity, sepsis, and type 1 and 2 diabetes.20 In ad-
dition, zonulin elevation has been linked to mental disorders 
such as attention deficit hyperactivity disorder, autism, schizo-
phrenia, major depressive disorders, BD, obsessive compulsive 
disorder, and schizophrenia.9,10,12

Occludin, an integral transmembrane tight junction protein, 
was first discovered in 1993. Data in studies on the function of 
occludin suggest that it plays a role in the maintenance and 
assembly of tight junctions. Occludin, in this role, is critically 
important in preventing the passage of materials from the 
intestinal lumen to the subepithelial tissue and from between 
cells to the lumen.21 There is no study in the literature exam-
ining the relationship between BD and serum occludin level.

The current study aims to investigate whether the levels of 
circulating tight junction proteins zonulin and occludin differ 
between BD patients and healthy controls, and to determine 
whether zonulin and occludin can serve as clinical biomark-
ers in BD disease.

METHOD

Study group
The study was performed following approval from the Er-

zurum Regional Training And Research Hospital Ethical Com-
mittee (Erzurum BEAH KAEK 2021/06-126). In this study, 
44 patients aged 18–65 years, who applied to our outpatient 
center or emergency department between April 2021 and April 
2022, were evaluated as BD by applying the structured clinical 
interview for DSM-5-disorders-clinician version (SCID-5/
CV). Informed consent was obtained from either them and/or 
their first-degree relatives; a total of 44 healthy volunteers were 
enrolled in the control group. The control group had come 
for a health check-up—a comprehensive health examination 
in the outpatient department. The control and patient groups 
were similar in terms of sociodemographic characteristics (age, 
gender, marital status, education, and employment status). In 
both the case and control groups, pregnant women, those with 
acute or chronic inflammation or inflammatory disease, those 
with a history of head trauma, and those with neurological, 
metabolic, or systemic diseases were excluded. A comprehen-
sive diagnostic evaluation was made by a psychiatrist for each 
patient using Diagnostic and Statistical Manual of Mental Dis-
orders, 5th edition (DSM-5) criteria, and those with comor-
bid psychiatric diseases were excluded from the study.

Tools

SCID-5/CV
This version was used to investigate axis I psychiatric disor-

ders in cases according to DSM-5. It was developed by First 
et al.22 and is a semi-structured interview guide for making 
major DSM-5 diagnoses. The validity and reliability study in 
Turkish was done by Elbir et al.23

Sociodemographic data form
It was used to investigate the sociodemographic, historical, 

and clinical characteristics of the cases.

Young Mania Rating Scale
Young Mania Rating Scale (YMRS) was used to confirm 

the severity of manic symptoms and well-being during the re-
covery period. This scale, completed by the interviewer, was 
developed by Young et al.,24 and its Turkish validity and reli-
ability study was performed by Karadağ et al.25

Hamilton Depression Rating Scale
Hamilton Depression Rating Scale (HDRS) was used to con-

firm the severity of depressive symptoms and well-being dur-
ing the recovery period. This scale, filled in by the interviewer, 
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is a scale developed by Hamilton26 and its validity and reli-
ability in Turkish was confirmedby Akdemir et al.27

Brief Functioning Assessment Scale
Brief Functioning Assessment Scale (FAST) was used to 

evaluate the functionality levels of the cases. This scale, filled 
in by the interviewer, was developed by Rosa et al.,28 and adapt-
ed to Turkish by Aydemir and Uykur.29

Application
The necessary permission to carry out this study was ob-

tained from the Ethics Committee of the Health Sciences Uni-
versity Erzurum Regional Training and Research Hospital. 
SCID-5/CV, YMRS, HDRS, and FAST were applied to the cases.

For biochemical analysis, venous blood samples were taken 
from the antecubital region between 08:00 and 10:00 in the 
morning after the subjects and controls fasted overnight (12 
hr). The collected venous blood was centrifuged at 4,500 rpm 
for 7 min in biochemistry tubes, and the serum sample obtained 
by separating the serum portions. These were then stored in 
Atatürk University Biochemistry laboratory at -80°C until the 
day of use.

Zonulin and occludin levels were measured with the ELISA 
method using a Human Zonulin ELISA Kit (Catalog No. E-
EL-H5560; Elabscience Biotechnology Inc., Houston, TX, 
USA) and a Human Occludin ELISA Kit (Catalog No. E-EL-
H1073; Elabscience Biotechnology Inc.) in line with the man-
ufacturer’s instructions.7-10 Kit measurement ranges for zonu-
lin and occludin were 0.78–50 ng/mL and 0.16–10 ng/mL, 
respectively. The intra-assay coefficient of variation (CV) was 
4.9%, with an inter-assay CV of 5.2% for zonulin. The intra-
assay CV was 4.8%, with an inter-assay CV of 4.8% for occlu-
din. The biochemical analyzes of the cases were covered by the 
researchers’ own budget.

Statistical analysis
The SPSS 20.0 for Windows software (IBM Corp., Armonk, 

NY, USA) was employed for data recording and statistical anal-
ysis. Descriptive statistics were expressed as number and per-
centage for categorical variables and as mean±standard devi-
ation for numerical variables. Normality of distribution was 
assessed using the Kolmogorov Smirnov test. One-way anal-
ysis of variance and the unpaired Student’s t-test were used to 
compare study groups, and the degree of significance between 
groups was determined using the Tukey post-hoc test. Also 
repeated measures analysis of covariance (ANCOVA) were 
used to investigate the effect of BMI as covariates. Statistical 
analysis of the difference between the groups in terms of gen-
der distribution was performed with the χ2 test. The receiver 
operating characteristic curve, an expression of a specific meth-

od’s predictive power, was used to calculate zonulin and oc-
cludin sensitivity, specificity, area under the curve (AUC), and 
cut-off values. A value of p<0.05 was regarded as statistically 
significant.

RESULTS

Introduction of the sample
Sociodemographic and clinical findings of the groups are 

given in Table 1. There was no statistically significant differ-
ence between the groups in terms of gender distribution and 
mean age (p=0.67, p=0.88, respectively) (Table 1).

As indicated in Table 1, there was no significant difference 
between the groups for education level, marital status, employ-
ment status, and drug and/or stimulant use (p=0.51, 0.56, 0.83, 
and 0.17, respectively). However, a significant difference was 
determined in terms of alcohol and cigarette use (p=0.01, p= 
0.02, respectively).

The groups were divided into three according to body mass 
index (BMI) as normal, overweight, and obese. Zonulin and 
occludin levels increased as the BMI increased, with these levels 
highest in the obese group. In the pairwise comparison of the 
groups, there was a significant difference in terms of zonulin 
and occludin levels. However, when the occludin levels of the 
normal and overweight groups were compared, no significant 
difference was found (Table 2). 

Clinical characteristics of the BD group
Within the study, the number of patients with bipolar 1 dis-

order was 34 (86.4%) and the number of patients with bipolar 
2 disorder was 6 (3.6%). Seven of the patients (15.9%) had a 
history of attempted suicide. Disease onset age was 26 (26.3± 
10.9) years, total disease duration was 13 (13.1±9.8) years, and 
the number of episodes was 8 (7.9±5.2). When the patients’ 
drug use was examined, it was determined that all subjects 
were using drug therapy, all subjects were using mood stabi-
lizers, 3 (6.8%) cases were using only one mood stabilizer, and 
the other 41 (93.2%) cases were using antidepressants and/or 
antipsychotics in addition to mood stabilizers.

When the scale scores of the patients were examined, the 
YMRS score was 18.6±18.5, the HDRS score was 3.59±8.6, 
and the FAST score was 35.8±17.1. There was no correlation 
between zonulin or occludin levels and YMRS scores, HDRS 
scores, and FAST scores in the patient group (p>0.05). Again, 
there was no correlation between the total number of attacks 
and disease duration and zonulin and occludin levels in the 
patient group (p>0.05).

Zonulin and occludin levels of the groups
The zonulin and occludin levels of all groups are given in 



S Zengil & E Laloğlu

   www.psychiatryinvestigation.org  385

Table 3. Zonulin and occludin levels were found to be signifi-
cantly higherin patients compared to those in the control group 
(p<0.001). Also in an ANCOVA taking baseline BMI as co-
variance the difference between groups remained significant 
(p<0.001 for both zonulin and occludin).

Zonulin and occludin levels by disease period
The cases were divided into 3 groups according to their 

YMRS and HDRS scores as manic (n=21), depressive (n=7), 
and euthymic (n=16). The zonulin level was 171.1± 38.4 ng/mL 
in the manic group, 166.3±38.5 ng/mL in the depressive group, 
and 170.2±29.9 ng/mL in the euthymic group, while the occlu-
din level was 2.6±1.5 ng/mL in the manic group, 2.5±1.4 ng/mL 
in the depressive group, and 2.9±1.7 ng/mL in the euthymic 
group. There was no significant difference between the groups 
in terms of zonulin and occludin levels (p=0.95, p=0.85, re-
spectively) (Table 4). In addition, there was no significant dif-

ference in drug use between the 3 groups separated according 
to disease stage (p=0.49).

When we divided the patients into 2 groups according to 
suicide attempt, the zonulin levels of those who committed 
suicide (n=7) were found to be 171.1±35.2 and 164.0±34.9 of 
those who did not. Occludin levels are 2.7±1.6 in those who 
commit suicide and 2.6±1.4 in those who do not. Although 
zonulin and occludin levels were higher in those who commit-
ted suicide, no statistically significant difference was found be-
tween the groups (p=0.63, p=0.90, respectively).

When patients were divided into two according to suicide 
attempts, zonulin levels were found to be 171.1±35.2 in those-

Table 2. Zonulin and occludin levels in groups separated accord-
ing to body mass index 

Normal Overweight Obese p
Zonulin 113.7±23.5 156.7±24.9 200.1±21.6 <0.001*†‡

Occludin 1.5±1.1 2.4±1.6 4.3±1.8 0.28*
0.01†

0.03‡

Values are presented as mean±standard deviation. *between nor-
mal and overweight; †between normal and obesity; ‡between over-
weight and obesity

Table 3. Zonulin and occludin levels of the patient and control 
groups

Bipolar disorder Control group p
Zonulin 170.0±34.8 117.2±31.6 <0.001
Occludin 2.7±1.6 1.1±0.6 <0.001
Values are presented as mean±standard deviation

Table 4. Serum zonulin and occludin levels in the bipolar disorder 
group

 
Manic
(N=21)

Depressive
(N=7)

Euthymic
(N=16)

p

Zonulin 171.1±38.4 166.3±38.5 170.2±29.9 0.95
Occludin 2.6±1.5 2.5±1.4 2.9±1.7 0.85
Values are presented as mean±standard deviation

Table 1. Demographic and clinical characteristics of BD patients and control group members

Characteristics Bipolar disorder (N=44) Control group (N=44) p
Age (yr) 40.8±13.2 41.2±13.1 0.88
Gender, male/female 26/18 24/20 0.67
Marital status, single/married/seperated 17/26/1 15/27/2 0.56
Educational background, primary school/secondary school and above 27/17 30/14 0.51
Employment status, notworking/working/female homemaker/student 14/11/16/3 13/11/17/3 0.83
Alcohol use, yes/no 12/32 3/41 0.01
Smoking, yes/no 29/15 18/26 0.02
Drug use, yes/no 4/40 1/43 0.17
BMI (kg/m2) 28.3±3.9 22.6±3.3 <0.001
Disease onset age (yr) 26.3±10.9 -  -
Disease duration (yr) 13.1±9.8 -  -
Number of attacks 7.9±5.2 -  -
History of attempted suicide, yes/no 7/37 -  -
YMRS 18.6±18.5 -  -
HDRS 3.6±8.6 -  -
FAST 35.8±17.1 - - 
Values are presented as mean±standard deviation or number. BD, bipolar disorder; BMI, body mass index; YMRS, Young Mania Rating 
Scale; HDRS, Hamilton Depression Rating Scale; FAST, Brief Functioning Assessment Scale
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who had attempted to commit suicide (n=7) and 164.0±34.9 
in those who did not. Occludin levels were 2.7±1.6 in those 
who had attempted to commit suicide and 2.6±1.4 in those 
who had not. Although zonulin and occludin levels were high-
er in those who had attempted to commit suicide, there was no 
statistically significant difference between the groups (p=0.63, 
p=0.91, respectively).

Specificity and sensitivity
When the cutoff value was taken as 133.2 ng/mL, the sen-

sitivity of serum zonulin levels in distinguishing BD patients 
from healthy individuals was 84%, and the specificity was 
75% (AUC=0.87, p<0.001 at 95% confidence interval [0.79–
0.94]) (Figure 1).

When the cutoff value was taken as 1.4 ng/mL, the sensi-
tivity of serum occludin levels in distinguishing BD patients 
from healthy individuals was 75% and the specificity was 80% 
(AUC=0.82, p<0.001 at 95% confidence interval [0.73–0.91]) 
(Figure 1).

DISCUSSION

In this study, which was conducted to understand whether 
serum zonulin and occludin levels in BD patients were differ-
ent compared to the those in the healthy control group and 
whether they could serve as clinical biomarkers of disease, 
zonulin and occludin levels were found to be significantly higher 
in BD patients compared to those in the control group. This 

result is consistent with our hypothesis. It was previously sug-
gested by Kılıç et al.30 that zonulin and claudin-5 levels are 
higher in BD patients than in the healthy control group, and 
this finding indicates the role of intestinal and BBB permea-
bility in the pathogenesis of BD. In another recent study, it was 
reported that plasma zonulin levels did not change in the bi-
polar 1 disorder group compared to those in the healthy con-
trol group. When we look at the literature, there is no other re-
port with which we can compare our findings, in reference to 
the relationship between occludin levels and BD.

Zonulin is a modulator of epithelial and endothelial barrier 
functions. In intestinal dysbiosis, zonulin is released from the 
barrier into the circulation with epithelial disruption.31 There 
are other reports in the literature that high serum levels of zo-
nulin and occludin indicate IB destruction.32 With IB disrup-
tion, the passage of luminal contents across the epithelial bar-
rier is followed by the passage of microbial antigens that trigger 
T cell activation. In this case, there is a release of proinflam-
matory cytokines and a further increase in permeability. This 
event occurs as a vicious circle.20 Clinical studies have shown 
that zonulin may be responsible for the breakdown of both 
the IB and the BBB in intestinal dysbiosis.33 Proinflammatory 
cytokines can both directly affect the cells in the brain by cross-
ing the BBB easily and affect neurotransmitter metabolism and 
the pituitary-hypothalamus and adrenal axis.34 The effect of 
proinflammatory cytokines in both the depressive and manic 
periods of BD has been shown in many studies.35 Kamintsky 
et al.36 stated that BBB disruption may have an important clini-
cal effect in BD patients and concluded that biomolecules such 
as zonulin, Claudin-5, and S100B, which play a role in main-
taining BBB integrity, can be used as biomarkers to detect BBB 
deterioration. In light of this information, the higher zonulin 
and occludin levels in the patient group in the present study 
are consistent with the evidence for their role in BD. In addi-
tion, parallel zonulin and occludin elevations suggest that they 
may have similar effects on IP.

In the current study, when the BD group was divided into 
manic, depressive, and euthymic, no significant difference was 
found between the groups in terms of zonulin and occludin 
levels. Aydın et al.,12 in their study, reported that there was no 
difference in zonulin levels in the bipolar 1 disorder group dur-
ing illness, exacerbation and remission periods, and there was 
no significant relationship between disease symptoms and zo-
nulin levels. The absence of a relationship between different 
disease stages of BD and zonulin and occludin levels in the 
current study supports this finding. A possible interpretation, 
therefore, is that zonulin and occludin levels increase indepen-
dently of the disease period.

In this study, although zonulin and occludin levels were 
higher in cases with a history of attempted suicide, no statis-
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Figure 1. Determination of the diagnostic sensitivity and specifici-
ty of serum zonulin and occludin levels in patients with BD using 
ROC curve analysis. Diagonal segments are produced by ties. 
BD, bipolar disorder; ROC, receiver-operating characteristic curve. 
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tically significant relationship was found between the groups. 
In the literature, there are studies examining the relationship 
between suicidal behavior and IP. Ohlsson et al.,37 in their 
study, compared the levels of IP markers in subjects with a re-
cent suicide attempt, major depressive disorder patients with-
out a history of suicide attempts, and healthy controls. They 
found the lowest zonulin level and higher intestinal fatty acid 
binding protein level in the group who had recently attempted 
suicide. They found no significant difference in soluble CD14 
levels between the groups and correlated this result with the 
diagnostic heterogeneity of the group who had recently at-
tempted suicide. In the current study, the relatively low num-
ber of patients, who attempted suicide, may be a reason why 
no significant relationship was found with zonulin and occlu-
din in patients with a history of attempted suicide.

A high-fat diet disrupts IB integrity and produces behavioral 
changes consistent with depression and anxiety.38 In this study, 
in order to evaluate the effects of a high-fat diet on IP, BMI was 
measured in our groups, and when the groups were divided 
into three as normal, overweight, and obese during the evalu-
ation phase, it was found that zonulin and occludin levels in-
creased as BMI increased. This result shows the effect of nu-
trition on IP and the findings are compatible with those in the 
literature.39,40

The majority of drugs used to treat BD need to interact with 
the BBB in order to exhibit their effect. BBB dysfunction is im-
portant for the effectiveness of treatment. In studies, success-
ful treatment of attacks in BD was associated with a decrease in 
markers linked to BBB deterioration.41 Significantly decreased 
hippocampal BBB permeability has been reported in rats ex-
posed to lithium, while lithium treatment increases the expres-
sion of hippocampal claudin-5 and brain-derived neurotrophic 
factor protein.42-44 A decrease in proinflammatory molecule lev-
els and an increase in occludin and claudin-5 levels has been 
reported in mice treated with valproic acid.11 Low antipsychotic 
drug doses have been linked to neuroprotection in the ma-
jority of studies, while higher doses have been associated with 
cytotoxic effects on BBB endothelial cells.45,46 Studies have 
shown that antidepressants interact with proteins on the BBB 
epithelial surface. In addition, clinically successful antidepres-
sant therapy has been associated with decreases in S100B lev-
els, which are known to rise in BD and to be linked to BBB 
impairment.47,48

In this study, the use of mood stabilizers by all subjects and 
the use of antidepressants in some cases and antipsychotics in 
addition to mood stabilizers did not allow for anevaluation of 
the relationship between zonulin and occludin levels and phar-
macological agents.

Limitations and advantages of the study
The first limitation of this study is its cross-sectional nature. 

Longitudinal monitoring studies would facilitate a better un-
derstanding and interpretation of the findings. For this reason, 
it is appropriate to repeat similar studies longitudinally. The 
number of patients makes it difficult to generalize because it 
is necessary to work with borderline numbers for statistical 
evaluation in subgroup comparisons. It would be possible to 
overcome this limitation by working with larger groups. In ad-
dition, the absence of patients, who did not use drugs, is a lim-
itation in our study, but it is thought that future studies can 
overcome this limitation.

Among the advantages of the study is the use of individuals 
with similar characteristics to the patient group instead of the 
use of a random control group. The fact that the cases included 
depressive, manic, and euthymic episodes of BD makes this 
study powerful. Another advantage of the study is that BMI, 
which affects IP increase, is taken into consideration and in-
dividuals with diseases progressing with IP increase are not 
included in the study.

As a result of this study, it was revealed that serum zonulin 
and occludin levels in BD are significantly higher regardless of 
the disease stage. Consideration of the role of IP in the patho-
genesis of BD may be helpful in determining an appropriate 
treatment modality. More experimental and clinical research 
is needed to investigate the role of circulating zonulin and oc-
cludin levels in BD. The data in this study should be consid-
ered preliminary until replicated in larger cohorts.
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