
 

ISSN 2304-3415, Russian Open Medical Journal 1 of 6 

2021. Volume 10. Issue 1 (March). Article CID e0109 
DOI: 10.15275/rusomj.2021.0109 Mental Health 

 

[ 

© 2021, LLC Science and Innovations, Saratov, Russia www.romj.org 
 

Original article 
 

The role of probiotics in combination therapy of depressive disorders 
  

Sevilla R. Arifdjanova, Zera Z. Abrurakhmanova, Ekaterina S. Bizulya, Lesya N. Gumenyuk, Leya E. Sorokina,  
Oksana Y. Gerbali 

 
S.I. Georgievsky Medical Academy, V. I. Vernadsky Crimean Federal University, Simferopol, Russia 

 
Received 9 November 2019, Revised 28 September 2020, Accepted 27 January 2021 

 
© 2019, Arifdjanova S.R., Abrurakhmanova Z.Z., Bizulya E.S., Gumenyuk L.N., Sorokina L.E., Gerbali O.Y. 
© 2019, Russian Open Medical Journal 

 
Abstract: Our objective was to investigate the effect of probiotic therapy on the profile of a psycho-emotional state and nature of neuro-
immune-endocrine changes among patients with depressive disorders. 
Material and methods — The study involved 119 patients, diagnosed with a mild depressive episode (F32.0) or a moderate depressive 
episode (F32.1). The patients were split among two groups: Main Group, in which subjects were taking a probiotic medicine in addition to 
the standard therapy (Cipralex + Bac-Set Forte), and Comparison Group in which subjects were taking a placebo pill in addition to the 
standard therapy (Cipralex). The Control Group consisted of 30 subjects belonging to the health group 1 sensu the Order of the Ministry of 
Health care of the Russian Federation No. 869an of January 1, 2018. The examination included clinical and psychopathological, 
psychometric, and laboratory methods.  
Results — Patients with depressive disorders had dysfunction of cortisol and monoaminergic neurotransmitter systems, along with an 
increased content of proinflammatory cytokines and nitric oxide in their blood. As a result of the therapy with a probiotic medicine, in 
combination with an antidepressant, patients with depressive disorders had a statistically significant decrease in the levels of cortisol, 
dopamine, IL-6, TNF-α, and NO, as well as a more pronounced reduction of depression symptoms, in comparison with the indicators of the 
patients who underwent standard therapy. 
Conclusion — Use of probiotics resulted in a more pronounced improvement of neuro-immune-endocrine indicators in study subjects, with 
subsequent improvement of their mental state – particularly, due to less obvious symptoms of depressive disorders.  
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Introduction  

The issue of depressive disorders is among the most relevant 
in theory and practice of a modern psychiatry due to the fact that 
they are very widespread among the populations of top developed 
countries, and also because of a low effectiveness of their medical 
treatment [1]. 

 Antidepressants remained the main pharmacological remedy 
for the therapy of depressive disorders since the 1980s.However, 
despite long-term clinical experience and a wide range of 
antidepressants currently used in psychiatry, 25-30% of patients 
are still lacking sufficiently acceptable results [2]. 

A promising research field constitutes studying the features of 
metabolic integration realized by means of the microbiota-gut-
brain axis (gut-brain axis: GBA), which acts as a central link in 
neuro-immune-endocrine interactions [3-5]. Pathogenetic aspects 
of this communicative system functioning present a complicated 
issue, still insufficiently studied. 

However, at present, many scientists worldwide agree that 
intestinal microflora disorders can play a key role in the 
development of depressive disorders [6-8]. The introduction of the 

full sequencing method that used the Illumina platform facilitated 
the identification of significant changes in the qualitative 
composition of intestinal microflora among patients with anxiety 
and depressive disorders. The results of some studies have shown 
that, in the chronic stress conditions, microbiota was mainly 
composed of Alistipes bacteria and that microbiota of patients 
with verified depression was dominated by Oscillobacter bacteria 
which produced valerianic acid. Valerianic acid competitively 
connects with gamma-aminobutyric acid (GABA) receptors, thus 
increasing an imbalance in the cerebrum GABAergic system [9].  

As for molecular aspects of the microbiota-gut-brain axis 
functioning, endogenous lipopolysaccharide (LPS) plays an 
important role in the pathogenesis of this interaction. LPS is one of 
the major structural components of the gram-negative bacteria 
cell wall [10]. Dysbacteriosis leads to a decrease in intestinal 
permeability, which promotes interaction between LPS and TLR4 
(Toll-like receptor 4) and activates signaling inflammatory 
processes that trigger nuclear transcription factors and intensive 
proinflammatory mediator production (tumor necrosis factor 
alpha – TNF-α, interleukin-1 – IL-1, IL-6, interferon-alpha – IFN-α), 
which leads to even greater severity of systemic inflammation [11-
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13]. It is well-known from some clinical studies that the 
introduction of IFN-α to treat patients with liver diseases caused 
the verified development of depression [14]. 

In 2004, N. Sudo and his co-authors [15] demonstrated that 
intestinal microbiota was the most important link in the formation 
of hypothalamic-pituitary-adrenal axis (HPAA). It is generally 
known that stress causes pathological activation of HPAA, which is 
followed by augmented production of adrenocorticotropic 
hormone, corticosterone, and cortisol. Disruption in their 
secretion is followed by changes in carbohydrate metabolism, 
which inhibits the immune response of the organism, and also 
affects mood, memory, and other cognitive functions [16, 17]. 

Additionally, intestinal bacteria per se are active producers of 
neurotransmitters (dopamine, noradrenaline, adrenaline, 
serotonin, GABA, etc.), which in turn directly affects brain activity 
and human behavior [18-21]. 

After interconnection between the state of intestinal 
microbiota and the development of various somatic pathologies 
was established, interest in a separate group of medicines – 
probiotics – increased. Moreover, a few years ago, research 
findings of the group of Irish scientists from the National 
University of Ireland suggested that even a narrower group of 
medications – psychobiotics – could be defined within probiotics 
[22-26]. Thus, a particular interest is focused on the issue of the 
effectiveness in the use of probiotics as a potential (additional or 
alternative) vector of treating depressive disorders. Also, this 
vector is pathogenetically oriented. 

Despite research results indicating that intestinal microbiome 
can be modified under the influence of probiotic medicines, with 
subsequent diminishing of depressive disorder symptoms, the 
quality of these (predominantly foreign) studies did not always 
meet the requirements of evidence-based medicine and, which 
dictates the necessity and relevance of further investigation of this 
issue. 

Thus, the goal of our study was to investigate the probiotic 
therapy effect on the profile of the psycho-emotional state and 
nature of neuro-immune-endocrine changes among patients with 
depressive disorders. 

 

Material and Methods 

Our study involved 149 subjects 18 to 45 years old, 119 of 
which were conclusively diagnosed with a mild depressive episode 
(F32.0) or moderate depressive episode (F32.1), according to the 
classification criteria ICD-10, and had outpatient psychiatric 
treatment at various clinics in the city of Simferopol. Females 
constituted the majority of the sample (74; 62.2%), while women 
were in minority (45; 37.8%). The average age was 32.9± 6.1 years 
old. 

The patients were accepted to participate in the study only if 
they complied with the following inclusion criteria: 1) females and 
males 18 to 45 years old; 2) mild depressive episode (F32.0) or 
moderate depressive episode (F32.1); 3) primary depressive 
episode; 4) no symptoms of other mental disorders; 5) no 
concomitant chronic somatic and neurological diseases. 

The exclusion criteria for the study were: 1) refusal to 
participate in the research at the initial stage; 2) severe depressive 
episode without psychotic symptoms (F32.2) and with psychotic 
symptoms (F32.3); 3) recurrent depressive disorder; 3) mental 
disorders of other diagnostic features (organic mental disorders, 

schizophrenia and other disorders of the schizophrenic spectrum, 
psychopathy, mental retardation); 3) pregnancy or lactation stage.  

According to the design of a randomized placebo-controlled 
study, after being examined, the subjects with depressive 
disorders were randomly allocated to one of the following two 
groups: the Main Group (n=60), in which patients were given a 
probiotic medicine in addition to the standard therapy; and the 
Comparison Group (n=59), in which patients were taking a placebo 
pill in addition to the standard treatment. The groups were 
compared in terms of major indicators of their demographic 
profile, and ailment duration and severity. 

The Control Group comprised of 30 subjects 18 to 45 years old 
(the average age was 33.1±5.7 years old) 30 subjects belonging to 
the health group 1 sensu the Order of the Ministry of Health care 
of the Russian Federation No. 869an of 01.01.2018. 

Our research was conducted in accordance with the standards 
of Good Clinical Practice and the requirements of the World 
Medical Association Declaration of Helsinki. Our study was 
approved by the Ethics Committee of the S.I. Georgievsky Crimean 
Medical Academy of V.I. Vernadsky Crimean Federal University. 
Each participant had submitted a written informed consent before 
being included in the study. The examination was complex and 
comprehensive: it was based on clinical and psychopathological 
[27], psychometric, and laboratory methods. Within the 
framework of the psychometric study, Hamilton Depression Rating 
Scale (HDRS-17) (M. Hamilton, 1960) was used for obtaining the 
formalized statistical evaluation of the intensity and severity of 
depression symptoms [28]. The laboratory methods included three 
major techniques. Enzyme-linked immunosorbent assay (ELISA) 
was used to determine the content of cortisol and cytokines (IL-1β, 
IL-6, TNF-α) in blood serum (with test systems manufactured by 
Vector-Best JSC, Novosibirsk, Russia). The level of nitric oxide (NO) 
in blood plasma was determined with test systems by Systems 
(USA) and Biomedica Gruppe (Austria). High-performance liquid 
chromatography method (HPLC) was employed to identify the 
concentrations of noradrenaline and dopamine in blood plasma.  

The patients with depressive disorders (two experimental 
groups) were examined on two occasions: when seeking help and 
after the 6-week therapy. The Control Group subjects were 
examined just once.  

Standard antidepressant therapy was prescribed for no less 
than 90 days. All patients took an antidepressant Cipralex 
belonging to the group of selective serotonin reuptake inhibitors 
(manufactured by Lundbeck, Denmark, registration certificate of 
the Ministry of Healthcare of the Russian Federation No. 15653/01 
of April 24, 2009). The medication was taken per os, at a single 
dose of 10 mg/day, regardless of the meal. The probiotic 
correction was carried out with a multibiotic Bac-Set Forte 
(manufactured by Probiotics International Ltd., Lopen Head, South 
Petherton, Somerset, United Kingdom, registration certificate of 
the Ministry of Healthcare of the Russian Federation No. RU. 
77.99.11.003.E.006375.12.16 of December 19, 2016). The 
multibiotic was also taken per os: 1 capsule 3 times a day during 
meals, for 6 weeks. 

The software packages Statistica 10.0 and SPSS 23.0 were used 
for statistical data processing. WE tested collected data for 
normality, and their normal distribution was confirmed. Hence, we 
used the parametric statistical methods. For quantitative data, the 
arithmetic mean value (M), standard deviation, and standard error 
(±m) were identified. The statistical significance of differences 
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between the sample means was determined via the parametric 
Student’s t-test. The differences were considered significant at 
p<0.05. 

 

Results 

The analyses of the content of biochemical blood markers in 
patients with depressive disorders before the treatment explicitly 
demonstrated the dysfunction of cortisol and monoaminergic 
neurotransmitter systems, along with increased levels of 
proinflammatory cytokines and nitric oxide. 

Before the therapy, the level of cortisol in the blood of 
patients with depressive disorders significantly exceeded the 
values for the patients in the Control Group: it was 1.9 times 
higher (p<0.001). After the treatment, the groups had a 
statistically significant cortisol decline below the baseline level: 
these changes were more profound in the Main Group (cortisol 
concentration there was 1.2 times lower than in the Comparison 
Group, p=0.032), while the values of the indicators were very close 
to those in the Control Group. 

Average levels of noradrenaline and dopamine in blood serum 
of the patients with depressive disorders before the treatment 
were significantly higher, compared with the results of the Control 
Group: 3.4 times higher (p<0.001) and 2.1 times higher (p<0.001), 
respectively. This finding implied the clear role of catecholamines 
in pathogenesis of depressive disorders. After the therapy, the 
noradrenaline levels dropped down below the baseline in both 
experimental groups; however, the indicators in the Main Group 
and Comparison Group were not statistically different from each 
other, and they exceeded the values of the Control Group. In the 
course of our study, it has become obvious that dopamine content 
was decreasing with treatment, but changes in the Main Group 
were more profound compared with the indicators in the 
Comparison Group: they were 1.5 times higher (p=0.008), 
becoming very close to those in the Control Group. The dynamics 
of cortisol content and the levels of biogenic amines during the 
therapy are presented in Table 1. 

The average background levels (i.e., before the treatment) of 
studied proinflammatory cytokines in the blood of patients with 
depressive disorders significantly exceeded the values in the 
Control Group, with the highest recorded values of the IL-6 
indicator being 3.7 times higher (p<0.001), which confirmed the 
priority indicative value of this cytokine association with 
depression. During the therapy, the experimental groups had 
similar dynamics of changes of the entire investigated cytokine 
profile: IL-1β values were characterized by the inertness of 
changes and did not show any statistically significant pattern; the 
levels of IL-6 and TNF-α decreased significantly, but their dynamics 
in the Main Group was more pronounced compared with the 
Comparison Group: their values after the therapy were 1.6 times 
higher (p=0.002) and 1.4 times higher (p=0.032), respectively, in 
the Comparison Group (Table 2). 

Before the therapy, the average nitric oxide (NO) level (II) in 
patients suffering from depressive disorders was significantly 
higher (2.7 and 2.6 times, respectively, for Main Group and 
Comparison Group) in comparison with the Control Group, which 
proved the importance of NO as a control marker of stress 
response by the neuro-immune-endocrine system. After six weeks 
of therapy, patients with depressive disorders had statistically 
significantly declined NO values compared to the baseline, and 
before-and-after changes were 1.4 times greater in the Main 

Group compared with the Comparison Group (p=0.049); however, 
after-therapy values in both groups did not approach the level of 
the Control Group (Table 3). 

The effectiveness of treating the patients with depressive 
disorders, who were taking a probiotic medicine in addition to the 
standard therapy, was confirmed by the results of dynamic 
monitoring based on the HDRS-17 scale. Before the treatment, the 
degree of depression degree in the Main Group was 12.4±4.6; 
whereas in the Comparison Group, it was 11.9±4.9 points. After 
the 6-week therapy, according to the reduction index of the 
average total score, 50 patients (84.1%) and 41 patients (69.9%) 
(p=0.083) from each group, respectively, experienced a 
therapeutic effect which was classified as ‘significant’; 12 patients 
(20.2%) and 16 patients (26.3%), respectively, experienced a 
‘moderate’ therapeutic effect. At the same time, the average total 
score according to the HDRS-17 scale declined by at least 56% in 
the Main Group, and by 44% in the Comparison Group. 

 

Discussion 

The study of the effectiveness of using probiotics as additional 
remedies in pathogenetically justified treatment of depressive 
disorders showed their positive impact. 

Our research results revealed a more pronounced positive 
trend to normalized concentrations of glucocorticoids, 
catecholamines, proinflammatory cytokines, and nitric oxide in the 
patients undergoing the combination therapy (antidepressant + 
probiotic) compared with the patients receiving antidepressant-
and-placebo therapy, which is consistent with the results of 
studies carried out by other authors, in which they have proved 
the positive effect of probiotics on normalization of neuro-
immune-endocrine status in mental disorders. 

Thus, before the treatment, the concentration of cortisol in 
patients with depressive disorders significantly exceeded the 
corresponding values in the Control Group, which is typical for 
primary episodes of depression and is consistent with the concept 
of allostatic load. The latter has been recently widely discussed in 
foreign biological psychiatry. 

Keeping in mind the fact that elevated cortisol content is 
considered a physiological biomarker of emotional disorders, its 
statistically significant decline in Main Group subjects, observed in 
our study, may be regarded a proof of severity reduction in 
depressive disorders. Our results confirmed the published data, 
which demonstrated that decrease in cortisol level have resulted 
in less pronounced depression symptoms, both directly in the 
structure of a depressive episode and within the framework of 
schizophrenia. 

It is generally known that dopamine, adrenaline, and 
noradrenaline, which belong to the group of catecholamines, are 
synthesized from L-tyrosine in various parts of the brain, in adrenal 
glands, and in some sympathetic nerve fibers. At the same time, 
adrenaline and noradrenaline are main neurotransmitters 
responsible for the development of a stress response. Along with 
cortisol, these hormones activate HPAA, which causes 
hyperactivity of the sympathetic nervous system. The latter is a 
key pathogenetic link in the development of depression and 
anxiety. Also, adrenaline and noradrenaline affect intestinal 
microflora by contributing to the growth and virulence of 
anaerobic bacteria Bacteroides and other opportunistic 
populations, which leads to an increase in the local production of 
catecholamines and, in turn, closes the vicious circle. 
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Table 1. Dynamics of cortisol and biogenic amines content in blood of patients with depressive disorders during the therapy 
Indicators Control Group 

(n=30) 
Main Group before 
the therapy (n=60) 

Comparison Group before 
the therapy (n=59) 

Main Group after the 
therapy (n=60) 

Comparison Group after 
the therapy (n=60) 

Cortisol, nmol/l  353.5±102.1 751.5±112.6 *** 754.5±114.5 *** 389.4±37.5 ••• 463.4±28.3 *••# 
Noradrenaline, pg/ml  139.2±39.2 473.9±154.2 *** 476.2±151.3 *** 371.8±87.1 ** 386.8±85.1 ** 
Dopamine, pg/ml 27.3±5.7 58.7±12.7 ** 56.9±11.9 ** 32.8±8.3 •• 47.9±10.7 *•## 

** p<0.01 compared with the Control Group; *** p<0.001 compared with the Control Group; • p<0.05 compared to the baseline; •• p<0.01 compared to the 
baseline; ••• p<0.001 compared to the baseline; # p<0.05 compared with the indicators in the Main Group and Comparison Group; ## p<0.01 compared 
with the indicators in the Main Group and Comparison Group.  

 
Table 2. Dynamics of proinflammatory cytokines in blood of patients with depressive disorders during the therapy 
Indicators Control Group 

(n=30) 
Main Group before the 

therapy (n=60) 
Comparison Group before 

the therapy (n=59) 
Main Group after 

the therapy (n=60) 
Comparison Group after 

the therapy (n=60) 
IL-1β, pg/ml 3.7± 1.0 6.4±0.8* 6.4±0.7* 5.9±0.5 5.8±0.6 
IL-6, pg/ml 3.8±0.8 14.1±0.9*** 13.9±0.9*** 4.9±0.7••• 7.9±0.9**•••## 
TNF-α, pg/ml 2.2±0.2 7.3±0.3** 7.6±0.2** 4.3±0.3*•• 6.1±0.3**•••# 

** p<0.01 compared with the Control Group; *** p<0.001 compared with the Control Group; • p<0.05 compared to the baseline; •• p<0.01 compared to the 
baseline; ••• p<0.001 compared to the baseline; # p<0.05 compared with the indicators in the Main Group and Comparison Group; ## p<0.01 compared 
with the indicators in the Main Group and Comparison Group.  

 
Table 3. Dynamics of nitric oxide (II) content in blood of patients with depressive disorders during the therapy 
Indicators Control Group 

(n=30) 
Main Group before the 

therapy (n=60) 
Comparison Group before 

the therapy (n=59) 
Main Group after 

the therapy (n=60) 
Comparison Group after 

the therapy (n=60) 
NO, mcmol/l 3.7±4.2 9.9±0.5*** 9.8±0.6*** 5.7±0.4*• 7.8±0.5**••# 

** p<0.01 compared with the Control Group; *** p<0.001 compared with the Control Group; • p<0.05 compared to the baseline; •• p<0.01 compared to the 
baseline; # p<0.05 compared with the indicators in the Main Group and Comparison Group.  

 

Dopamine often causes its physiological effects through the 
neurotransmission system called the internal reinforcement 
system, which is responsible for positive mood as a reward for 
achieving certain results. 

The results of our research (general tendency to normalize the 
concentration of biogenic amines among patients in the Main 
Group after a therapy) showed that the use of probiotics against 
the background of depressive disorders reduced the HPAA activity. 
Therefore, the use of a probiotic medication in combination with 
an antidepressant provided a more pronounced corrective effect 
on limiting stress response. The obtained data were consistent 
with the results of previous studies. In particular, an experimental 
study, performed by A.I. Ugolev, showed that animals, raised in 
sterile conditions and therefore deprived of microbiota, responded 
to stress with varying degrees of inadequacy, compared with the 
control group. This finding implied that the intestinal microbiome 
was a causal factor in the HPAA formation [1, 2-5]. 

It is believed that the phenomenon of dysbiosis is followed by 
increased intestinal permeability when bacteria penetrate into the 
bloodstream. As soon as these bacteria die, endotoxin of 
lipopolysaccharide nature is released, triggering the formation of 
immunological and inflammatory response with an increase in the 
levels of systemic proinflammatory cytokines. Our study has also 
provided the evidence of possible immunological effects of 
probiotics. In particular, after the therapy, the IL-1β values were 
characterized by an inertness of changes and did not exhibit 
statistical significance, whereas the content of IL-6 and TNF-α 
declined reliably. At the same time, dynamics in the Main Group 
versus Comparison Group was more pronounced. Since IL-6 is 
generally considered a marker of the positive response to therapy, 
special attention should be paid to our finding that there were no 
significant differences in the values of this cytokine between the 
Main Group and the Control Group, which has confirmed a more 
pronounced immunotropic effect of a probiotic medication in 

combination with an antidepressant and indicated a decrease in 
the severity of systemic inflammation. The observed trend was 
consistent with experimental and clinical data of other researchers 
[19, 23]. 

Although the depression mechanism is still a complicated and 
disputable issue, it is, however, reliably known that stress, 
inflammation, and endogenous intoxication are the triggers 
initiating this disorder. These factors may influence the functional 
activity of glutamate N-methyl-D-aspartate (NMDA) receptors in 
neuronal membranes, which would result in a systemic 
disturbance of excitatory glutamatergic transmission in the brain. 
Moreover, activation of non-synaptic NMDA receptors leads to 
accumulation of Ca2+ in neuroplasm, which could induce an 
augmented activity of neuronal nitric oxide (NO) synthase causing 
degenerative and atrophic damage to neurons. In turn, as a result 
of these processes, cognitive and emotional responses of the brain 
are impaired. In the course of our study, after the six-week 
therapy, patients with depressive disorders had a statistically 
significant decrease in NO content compared to the baseline, 
especially in the group taking a probiotic in combination with an 
antidepressant. While analyzing the published sources, we did not 
find any studies investigating the effect of a probiotic on the NO 
level in depressive disorders. However, several publications 
presented some evidence on the role of probiotics in correcting 
endothelial dysfunction and preventing postoperative 
complications [29].  

Besides, the effectiveness of the therapy in patients with 
depressive disorders taking a probiotic medication in addition to 
the standard therapy was confirmed by the results of dynamic 
monitoring based on the HDRS-17 scale. Similar results were 
collected in the course of a controlled randomized study on the 
dependence of mood on probiotic intake: after taking a probiotic 
mixture during four weeks, study participants (healthy males and 
females) exhibited a significantly less pronounced response to 
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inducers of bad mood in comparison with the placebo group, 
which was established by computing the values of the Depression 
Sensitivity Scale index. 

Thus, the substantiated use of probiotics opens up prospects 
of a novel pathogenesis-based approach to a complex therapy of 
depressive and anxiety disorders. 

 

Conclusions 

1. Patients with depressive disorders had dysfunction of 
cortisol and monoaminergic neurotransmitter systems, along with 
increased levels of proinflammatory cytokines and nitric oxide in 
their blood. As a result of complex therapy that combined the use 
of a probiotic medication and an antidepressant, there was a more 
pronounced statistically significant decrease in dopamine 
concentration in comparison with the standard treatment.  

2. The introduction of combination therapy with the use of a 
probiotic pill and an antidepressant could significantly reduce 
blood content of cortisol, dopamine, some proinflammatory 
cytokines (in particular, IL-6 and TNF-α) and nitric oxide, which 
promoted the reduction of manifestation severity of clinical 
depressive disorders. 

3. The results of our study implied the possibility of intestinal 
microbiome modification under the influence of probiotics, with 
further improvement of mental state, in particular, by reducing the 
symptoms of depressive disorders. Hence, our results confirmed 
the necessity to include probiotics in the scheme of the 
combination therapy for this category of patients as a 
pathogenetically justified treatment method. 
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