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Abstract

Psychobiotics are live bacteria that directly and indirectly produce positive
effects on neuronal functions by colonizing into the intestinal flora. Preliminary
studies, although in limited numbers, have found that these bacteria have anxio-
Iytic and antidepressant activities. No research has yet been published on the
antipsychotic efficacy of psychobiotics. However, these preliminary studies
have opened up new horizons and raised the idea that a new class is emerg-
ing in psychopharmacology. About 70 years have passed since the discovery of
chlorpromazine, and while the synaptic transmission is understood in almost all
details, there seems to be a paradigm shift in psychopharmacology. In recent
years, the perspective has shifted from synapse to intestinal microbiota. In this
respect, germ-free and conventional animal experiments and few human stud-
ies were examined in a comprehensive manner. In this article, after a brief
look at the history of contemporary psychopharmacology, the mechanisms of
the gut-brain relationship and the evidence of metabolic, systemic, and neu-
ropsychiatric activities of psychobiotics were discussed in detail. In conclu-
sion, psychobiotics seem to have the potential for treatment of neuropsychiatric
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disorders in the future. However, there are many questions and we do not know
the answers yet. We anticipate that the answer to these questions will be given
in the near future.
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Introduction

In modern medicine, there have been four important developments in the field of
treatment. These are: Louis Pasteur and Robert Koch’s bringing in vaccine to the
medicine, the discovery of penicillin, use of oral contraceptives, and psychophar-
macology [1]. The term “psychopharmacology” has been first visible in the lit-
erature under the title of pharmacologist David Macht’s article [2]. Although
morphine, codeine, cocaine, bromine, barbiturates, and amphetamines have been
discovered until 1920 and have been used in various psychiatric indications, the
discovery of chlorpromazine in 1951 is the milestone of psychopharmacology as
a modern scientific discipline [3]. The discovery of chlorpromazine not only made
a revolutionary difference in the treatment of psychotic patients but also paved the
way for an understanding of synaptic transmission and subsequently identified
neurotransmitters in the central nervous system [4].

Understanding the synaptic transmission, determining the neurobiological basis
of psychiatric disorders and controlling the disease symptoms with drugs is the
first paradigm shift in psychopharmacology. With the discovery of chlorproma-
zine, psychiatry has become one of the other medical disciplines, and psychia-
trists have become true physicians rather than being therapists listening only to the
problems of their patients [3].

A paradigm shift is being experienced in recent years. In the etiopathogenesis
of neuropsychiatric disorders, in addition to synaptic neurotransmission, the role
of intestine—microbiota—immune system-—brain interactions have begun to be better
understood [5]. In recent years, much evidence has been obtained on bidirectional
interaction between intestinal microbiota and brain, impaired microbiota composi-
tion (dysbiosis), leaky gut, effects of germ-free conditions on neurodevelopment,
and neuroinflammation in preclinical and clinical studies [5]. In the light of this
evidence, microbiota-based treatments have emerged. The main heading of this
treatment is probiotics or, in other words, psychobiotics.

Current Paradigm in Psychopharmacology

Although the discovery of chlorpromazine has been a short while ago, about
70 years, the roots of modern psychopharmacology go back further. Roughly
two periods can be defined before the discovery of chlorpromazine. In the first
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period (1800s), pharmacological agents were used for the first time in the control
of behavioral disorders through the discovery of drugs such as morphine, potas-
sium bromide, chloral hydrate, hyoscine, and paraldehyde. With the introduction
of thiamine (vitamin B1), nicotinic acid (niacin, vitamin B3), and penicillin in the
first half of the twentieth century, neuropsychiatric disorders related to beriberi
disease, psychosis related to pellagra and dementia caused by syphilis have been
taken under control, respectively, and the incidence in psychiatric hospitals has
decreased significantly. In addition, barbiturates were discovered in this period,
and the antimanic property of lithium (1949) was noticed [4]. In order to under-
stand the paradigm shift created by chlorpromazine, it is useful to take a brief look
at the period before chlorpromazine.

Before Chlorpromazine

The first fruit of modern psychopharmacology is for sure morphine. Friedrich
Wilhelm Adam Sertiirner succeeded in decomposing morphine from opium in
1805 and observed that this substance caused sleep in animals, therefore, by being
inspired by the ancient Greek god of sleep Morpheus, he named it morphine [1].
Morphine has been used for rapid control of aggression and agitation in 1860s [4].
Again, during these years, potassium bromide has been used in the treatment of
epilepsy and anxiety [6]. Chloral hydrate is also used for sedation and behavior
control, like morphine and potassium bromide [4].

Barbiturates produced in 2500 different derivatives since being synthetized in
1903 have been the leading drug in the treatment of insomnia for nearly 50 years
[7]. In the treatment of schizophrenia; electrically induced convulsions (electro-
convulsive therapy, ECT) have been used since the mid-1930 s, and camphor or
pentetrazol (cardiazol) induced convulsions and insulin coma therapy have been
applied throughout the 1940s [4]. From a different angle, these treatment methods
are also a reflection of the desperation in psychopharmacology.

Chlorpromazine

Phenothiazine, a precursor of chlorpromazine, was produced in 1883 for use in
the blue dye industry [4]. Paul Charpentier et al., working in the French pharma-
ceutical company Rhone-Poulenc laboratories, succeeded in synthesizing chlor-
promazine from the phenothiazine on December 11, 1951, and announced their
general anesthetic properties [8]. Surgeon Henri Laborit and his colleagues used
it for anesthetic purposes, and published its sedative activity without loss of con-
sciousness in an article named “A new vegetative stabilizer” [9]. The first case
treated with chlorpromazine at the psychiatry ward (Jacques Lh, a male, agi-
tated, psychotic manic patient) has been reported at Laborit’s request [10]. One
month after this article, on March 22, 1952, Pierre Deniker and Jean Delay started
clinical research and published six articles in 6 months [3]. Chlorpromazine has
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been recognized and used in psychiatry because of these articles. In November
1952, chlorpromazine was registered in France (inspired by “large in action”) as
Largactil [3].

After Chlorpromazine

Simultaneously with the introduction of chlorpromazine, the mechanisms of
synaptic transmission have begun to be understood. At this point, the discovery
of spectrophotofluorometer (SPF) is a revolutionary progress [11]. Electrical and
chemical activity in the synaptic range has been observed through SPF, and six
neurotransmitters (acetylcholine, dopamine, serotonin, gamma-aminobutyric acid,
norepinephrine, and substance P) have been identified [3]. In 1963, it has been
understood that potent antipsychotics block catecholamine receptors [12]. The
information obtained by observing the effect of chlorpromazine on neuronal trans-
mission through SPF pave the way for both the understanding of schizophrenia
physiopathology and the discovery of other drugs [13]. Today, around 112 psycho-
tropic drugs (32 antipsychotics, 25 antidepressants, 20 anxiolytics/sedatives/hyp-
notics, 4 chemical dependency adjuncts, 4 monoamine oxidase inhibitors, 6 mood
stabilizers, 8 stimulants, and 17 miscellaneous drugs) are in clinical use (Last
updated: July 10, 2018) [14].

Paradigm Shift in Psychopharmacology

Over the last half century, enormous knowledge to illuminate the etiopathogenesis
of neuropsychiatric disorders and to offer treatment options has been accumulated.
The vast majority of this information is associated with neuronal transmission.
Dopamine hypothesis in psychotic disorders, serotonin hypothesis in anxiety/
depression still remains valid [15]. However, dopamine is not the only neuro-
transmitter associated with psychosis. Increased evidence in recent years show
that serotonin and glutamate are associated with dopamine, the problems in these
two neurotransmitter systems (serotonin hyperactivity in 5-HT,A receptors on
glutamatergic neurons in the cerebral cortex and NMDA receptor hypoactivity in
GABAergic interneurons in the prefrontal cortex) cause dopamine hyperactivity in
D, receptors at mesolimbic pathway [16]. Similarly, serotonin plays an important
role in peripheral tissues (gastrointestinal system, hematopoiesis, bone metabo-
lism, metabolic homeostasis) and especially in immune system functions [17, 18].
Gardner and Boles, using the term “mitochondrial psychiatry”, proposed a new
model of serotonergic insufficiency, mitochondrial dysfunction, and inflammation
in the pathogenesis of depression and affective spectrum disorders [19, 20]. Han
etal. argued that commensal microorganisms living in the intestines communi-
cate with the host mitochondria and thus, it is possible to live long and healthy
[21]. Anderson also emphasized the importance of the relationship between
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mitochondria and melatonin, inflammation, sirtuin, tryptophan metabolites, DNA
repair, and oxidative/nitrosative stress [22].

The focus of psychopharmacology is shifting from synaptic neurotransmission
to the peripheral system, intestinal microbiota, mitochondria, immune system, and
neuroinflammation. In this period, psychobiotics stand out as the new class of psy-
chotropic drugs [23, 24].

Gut-Brain Communication

Human body is a complex ecosystem where our eukaryotic own cells and prokar-
yotic commensal microorganisms live together [5]. The term “psychobiotics”
has been proposed to describe viable microorganisms colonized in the intestines
that have positive effects on neuropsychiatric functions in various ways [24].
Psychobiotics interact with the body and especially the brain through the endo-
crine, metabolic, and immune system by virtue of the hormones, metabolites,
and immune factors they secrete [25]. This bidirectional interaction between the
gut and the brain, defined as the “gut—brain axis”, is not yet fully elucidated [26].
However, according to the information obtained from a large number of animal
and human studies, psychobiotics are effective on brain functions by secreting
neuroactive metabolites (serotonin, catecholamine, gamma-aminobutyric acid
[GABA], acetylcholine) as well as short-chain fatty acids (SCFAs) [27]. In the
presence of dysbiosis, pathogenic live bacteria or bacterial components (endo-
toxins with lipopolysaccharide and peptidoglycan structure) that are involved in
the systemic circulation due to leaky gut can cause a low-grade immune reaction.
These components that pass through the blood—brain barrier can induce neuroin-
flammation by activating microglia [28]. This interaction is discussed below in
detail.

Microbiota-Immune System Interaction

In recent years, with the emergence of evidence that the brain has its own lym-
phatic drainage system, the neuroinflammation hypothesis has become more
important [29]. The main function of the immune system is to find and destroy
germs. Molecular elements of microorganisms (nucleic acids, cell wall components
in lipopolysaccharide, flagella, etc.) activate immune system cells [25]. Microbiota
bacteria contact the immune system through pattern recognition receptors (PRRs).
The most important member of the PRRs is toll-like receptors (TLRs) [26].
Anti-inflammatory cytokines such as interleukin-10 (IL-10) are produced when
PRRs are activated by commensal bacteria [30]. For example, Bifidobacterium
infantis and Lactobacillus GG increase the level of IL-10 in human and reduce
the level of pro-inflammatory cytokine and repair impaired blood-brain barrier
permeability due to inflammation [31]. In addition, beneficial bacteria block the
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pathogenic pro-inflammatory process by activation of TLR-2 and TLR-4 [32].
Pro-inflammatory cytokines induced by pathogens can affect neuronal functioning
in several ways. For example, they can change the level of neurotransmitters in
the brain [33]. They may also induce prostaglandin synthesis that provokes pro-
inflammatory process through another way [34]. Psychobiotics play an important
role in reducing low-level neuroinflammation by decreasing the levels of pro-
inflammatory cytokines in the systemic circulation.

However, in a trial by Bercik et al. on mice infected with Trichuris muris para-
sites, Bifidobacterium longum NCC3001 reduced anxiety levels and normalized
low hippocampal BDNF levels without any change in cytokine levels [35]. This
finding suggests that non-cytokine mechanisms are also present in the probiotic
effect.

Microbiota-Enteric Nervous System Interaction

Myenteric neurons are located just below the enterocytes and can be in direct
contact with microbiota bacteria as it is close to the lumen [36]. Microbiota may
be effective on the electrical activity of the enteric nervous system. For example,
Bifidobacterium longum exhibits anxiolytic activity by reducing the action poten-
tial of myenteric neurons [37]. In the study of Ma et al., psychobiotic treatment
(Lactobacillus reuteri) prevented hyperexcitation of dorsal root ganglion neurons
in the colon due to noxious stimulation [38]. The excitability levels of myenteric
afterhyperpolarization neurons of germ-free mice were found to be lower [39]. In
another study, various abnormalities of the enteric nervous system of germ-free
mice (increased number of myenteric nitrergic neurons, less neuronal density in
ganglions) has been found [40]. By altering ion transport in the colon mucosa and
submucosa, microbiota also affects the operation of the myenteric nervous system
and peristalsis [41]. Microbiota bacteria play an important and decisive role in the
enteric nervous system not only on neurons but also on homeostasis and control of
glial cells in lamina propria [42].

In addition, there are neurotransmitters in the intestinal bacteria metabolites.
Bacillus produces dopamine and noradrenaline, Bifidobacteria and Lactobacillus
produce GABA, Escherichia produces noradrenaline and serotonin, and
Enterococcus and Streptococcus produce serotonin [43]. Although there is no evi-
dence, these neuroactive amines have the potential to affect synaptic activity in the
enteric nervous system.

The Role of Nervus Vagus

Nervus vagus is the most important linkage regulating parasympathetic activity
between brain and gastrointestinal system and plays a direct role in immune sys-
tem functions [44]. Stress [45], nutrition [46], and exercise [47] affect vagal activ-
ity. Nervus vagus stimulation produces anti-inflammatory [44], analgesic [48],
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antiepileptic [49], antidepressant, and anxiolytic [50] effects. On the contrary,
there are indications that antidepressant and anxiolytic drugs also affect vagal
activity [51].

The effectiveness of psychobiotics has not been observed in many vagotomy
applied animal experiments [37, 52]. However, in an experiment on mice, Bercik
etal. also found that neurobehavioral effect of Lactobacillus continued after
vagotomy [53]. Apparently, nervus vagus is one of the pathways responsible for
psychobiotic activity in the gut-brain axis.

The Effect of Stress on Leaky Gut

The intestinal epithelial cell (enterocytes) is the largest mucosa in the human body
due to its ciliary structure, and its total surface area can reach the size of a tennis
court. Tight junction proteins that bind enterocytes make the mucosa intact. The
mucous layer secreted by the mucosa is a strong physical barrier between bacte-
ria and the toxic material and the host. Leaky gut may occur for various reasons
(stress, glucocorticoids, dysbiosis, and endotoxins). The pathogenic microorgan-
isms and their toxic metabolites in the lipopolysaccharide structure enter into the
bloodstream and cause a pro-inflammatory effect. The role of this process in the
etiopathogenesis of depression is quite clear [54]. Psychobiotics caused leaky gut-
reducing and anti-inflammatory effect in animal experiments [55-57].

The leaky gut effect of glucocorticoids is reversed by psychobiotics and ulti-
mately it results in an anti-inflammatory effect, which is significant in neuropsy-
chiatric disorders accompanied by low-level neuroinflammation. However, it was
found that psychobiotics had beneficial effects in cases where leaky gut and asso-
ciated neuroinflammation are not observed [58, 59].

Bacteria-Induced Active Metabolites and Short-Chain Fatty
Acids (SCFAs)

The human genome does not encode enzymes that digest plant-derived poly-
saccharides. The digestion of these foods in the diet is carried out by enzymes
synthesized by microbiota [60]. Digestion of plant-derived polysaccharide fib-
ers results in production of SCFAs (acetate, butyrate, propionate, lactate) [61].
SCFAs are absorbed from the colon, enter into the systemic circulation, and reach
the liver and muscles, and then they are involved in the metabolic functions and
are perhaps the most important microbiota metabolites [61]. A small amount of
SCFAs reaches the central nervous system by crossing the blood—brain barrier
[62]. Although the effect of this small amount on synaptic transmission is not yet
clear, experimentally it has been shown that high-dose fatty acids have an agonist
effect on free fatty acid receptors [63] and change neuromodulation via epigenetic
mechanisms [64, 65]. This may have important consequences for neuropsychiatric
functions.
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Microbiota bacteria metabolites are not limited to SCFAs. Metabolites of
microbiota, which are involved in blood circulation, have a very important role
in neuroimmune disorders and neuroinflammation [66]. For example, the role of
metabolites synthesized from tryptophan (such as serotonin and antioxidant-fea-
tured indoxyl sulfate and indole-3-propionic acid) has been shown in germ-free
animal experiments [67]. The plasma tryptophan amounts of germ-free mice are
higher than that of normal (microbiota-containing) mice, whereas the plasma
serotonin levels of normal mice are approximately three times higher [68]. This
result may be interpreted as the effect of microbiota bacteria have an effect on the
metabolism of enterochromaffin cells secreting serotonin in the intestine.

However, the information obtained so far in this area is unfortunately insuf-
ficient and is limited to animal experiments. After it is uncovered in detail from
which substrate which metabolites are produced by human microbiota bacteria and
which effects they have on all organ systems, its role in maintenance of health and
etiopathogenesis of diseases will be clarified.

Psychobiotics

In the scientific literature, Ilya Ilyich Mechnikov (Elie Metchnikoff) is the first
person who mentioned the beneficial effects of commensal microorganisms on the
host, without using the name psychobiotics [69]. The Nobel Prize in Physiology or
Medicine 1908 was awarded to Mechnikov in recognition of his work on immunity
[70]. Probably the first research has been published in 1910 on the efficacy of pro-
biotic bacteria in the treatment of depression [71]. After a long period of silence, as
summarized in Fig. 1, extensive clinical and preclinical studies have been started to
be conducted in recent years on the effectiveness of probiotics [23, 72].
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Animal Studies

Two of the effective studies conducted in this field have been performed by
Desbonnet et al. In the first of these, adult male Sprague-Dawley rats were divided
into two groups; 12 for experiment group and 8 for control group. Bifidobacterium
infantis was administered orally to the experiment group for 14 days. Then, forced
swim test and various blood analyses (cytokine, plasma tryptophan, brain mon-
oamine, vasopressin, corticotrophin-releasing factor) were applied to the rats.
Bifidobacterium infantis showed antidepressant-like activity in serological ana-
lyzes, even though there was no change in the test performance of two groups
[73]. In their second study, the researchers tested the antidepressant activity of
this psychobiotic bacterium by comparing it with citalopram (a selective seroto-
nin reuptake inhibitor antidepressant). At the end of the experiment, no difference
has been found between citalopram and Bifidobacterium infantis antidepressant
activity [74].

Psychobiotics can cause a decrease in anxiety scores as well as in depression
scores. In an experiment by Bravo etal., BALB/c mice applied Lactobacillus
rhamnosus JB-1 showed lower scores in forced swim test and elevated plus maze
test forced swim test [75]. Additionally, GABAy,, receptor expression levels
decreased in amygdala and hippocampus and increased in cingulate and prelim-
bic areas in the experiment group. These findings can be interpreted as psycho-
biotics can exhibit anxiolytic activity by modulating inhibitory neurotransmitter
(GABA) functions. Janik et al. measured the efficacy of Lactobacillus rhamnosus
JB-1 on brain neurotransmitter levels of BALB/c mice with magnetic resonance
spectroscopy (MRS) [76]. GABA, glutamate, and aspartate levels were found to
be high in mice fed with psychobiotics. This is the first study showing that probi-
otics increased the level of central glutamate. Another interesting finding is the dif-
ference between the duration of neurotransmitters’ elevation and staying high after
probiotic administration.

In another study with similar design, the efficacy of Mycobacterium vaccae as
a psychobiotic bacterium was tested using the Hebb—Williams style complex maze
[77]. Test performances of the probiotic applied group were higher than the con-
trol group. However, the life span of this effect was limited to 1 week. This finding
is significant even if it contradicts some previous studies on the persistent colo-
nization of exogenous probiotics in the intestine [78, 79]. In the study of Liang
etal., the efficacy of Lactobacillus helveticus and citalopram was compared in
various biochemical analyzes and anxiety tests (elevated plus maze and open-field
test) [80]. Psychobiotic-fed rats had lower levels of anxiety and higher memory
performance, lower hypothalamo-pituitary activity, and higher anti-inflammatory
markers than control group. These findings are similar to citalopram activity.

In a study by Moya-Perez et al., the C57BI/6 J male pups under the model of
chronic stress induced by maternal separation were divided into two groups [81].
The effects of Bifidobacterium pseudocatenulatum CECT 7765 were evaluated on
the 21st day and on the 41st day of postpartum through various analyzes and tests
(corticosterone, neurotransmitters, cytokines, fecal microbiota analysis, elevated
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plus maze, open field, acute immobilization). As a result of the experiment, it was
found that the bacteria weakened the acute stress response, showed anti-inflamma-
tory effect, decreased the level of anxiety and repaired intestinal dysbiosis.

In a very recent study, the antidepressant-like efficacy of Lactobacillus rham-
nosus JB-1 and fluoxetine was tested on two different mouse strains (BALB/c and
Swiss Webster) [82]. The tail suspension test and the corticosterone response to
an acute restraint stressor were applied to the laboratory animals. Lactobacillus
rhamnosus JB-1 and fluoxetine showed antidepressant-like behavior in both tests
in BALB/c mice (n=46). However, Swiss Webster mice (n=36) did not respond
to both treatments. In the light of these results, it is seen that the selection of labo-
ratory animal strain in the studies on psychobiotics is of importance on the results.

Human Studies

Although the findings from animal experiments give hope for human studies, they
may not always meet expectations. Therefore, it is necessary to increase studies on
human and discuss their results. Let’s take a look at the small number of human
studies in this context.

In an early study on patients with irritable bowel syndrome, 75 participants (48
females, 27 males) received Lactobacillus salivarius UCC4331, Bifidobacterium
infantis 35624 or placebo for 8 weeks. The rates of interleukin 10/interleukin 12
before and after treatment were compared. It was found that this ratio, which was
low before treatment and indicated a pro-inflammatory condition, was normal-
ized in the group receiving Bifidobacterium infantis 35624 [31]. In the following
period, many studies showing the probiotic efficacy of the Lactobacillus family
has been published. One of these, published in 2007, investigated the effect of
Lactobacillus casei Shirota or a placebo-containing milky drink on mood and cog-
nitive functions after drinking for 3 weeks [83]. No statistically significant differ-
ence was found between the two groups as the result of self-report tests (POMS,
Wechsler Memory Scale, NART). However, the group with the lowest mood
scores was found to be happier after probiotic supplementation. Surprisingly, the
probiotic group had lower scores in the tests that measure cognitive functions.

Messaoudi etal. tested the effects of Lactobacillus helveticus R0052 and
Bifidobacterium longum on mood and cognition in two randomized controlled
trials (RCT) [58, 84]. In experiment group, self-report tests (Hopkins Symptom
Checklist-90, Hospital Anxiety and Depression Scale, Coping Checklist) showed
a decrease in depression and anxiety scores, but the cognitive function scores did
not decrease.

Different Bifidobacterium and Lactobacillus strains were given to healthy vol-
unteers in another RCT [85]. The participants applied Leiden Index of Depression
Sensitivity, The Beck Depression Inventory, The Beck Anxiety Inventory (n=40)
showed a decrease in sad mood levels. Similarly, healthy medical faculty students
(n=47) who had a Lactobacillus bacterium (L. casei strain Shirota) for 8 weeks
before the exam were found to have lower plasma cortisol levels compared to
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placebo [86]. Another study that examined the effects of another Lactobacillus
bacterium (L. gasseri OLL2809 LG2809) on student-athletes (n=44) found
decreased symptoms of fatigue and improved mood [87]. These findings can be
interpreted as psychobiotics may be useful in reducing performance anxiety.

In the study of Tillish et al., healthy volunteers who were given fermented milk
containing psychobiotics (Bifidobacterium animalis subsp Lactis, Streptococcus
thermophiles, Lactobacillus bulgaricus, and Lactococcus lactis subsp Lactis) were
examined under functional magnetic resonance imaging (fMRI). In the experi-
ment group, reduced activity in the emotional and somatosensory centers (insula,
somatosensory cortex, and periaqueductal cortex) was found [88]. The findings of
this study were duplicated by an RCT on patients with irritable bowel syndrome
(n=44) [89].

However, in a recent study on healthy male volunteers, Lactobacillus rham-
nosus were found to be similar to placebo in terms of stress and cognitive tests
(Cambridge Neuropsychological Test Automated Battery, Socially Evaluated Cold
Pressor Test, electroencephalography, cortisol, and cytokine analysis). This finding
may be caused by the small sample size (n=29) [90].

Future Directions and Knowledge Gaps

Although promising evidence has been obtained about psychobiotics, there are
still many uncertainties. For example, it cannot be said that psychobiotics change
the composition of microbiology permanently and comprehensively. However,
there are only short-term studies in this field. There is a need for long-term
(months or even years) studies in which fecal samples are examined. Moreover,
the composition of the microbiota is dynamic and changes with aging [91]. There
are no studies on the effectiveness of psychobiotics in different age groups.
Another issue is which dose to be applied in which indication. Psychobiotics may
also have a therapeutic range, as in medicines. There may be unresponsiveness due
to low dose applications, or there may be side effects caused by high doses. In
addition, it is not clear when physiological, metabolic, immunological, and neu-
ropsychiatric effects occur after oral administration of psychobiotics. The number
of preliminary studies is quite small. Another problem is; after ending the appli-
cation of psychobiotics, it is not clear how long the activity lasts. Studies on this
subject are limited. This information should be clarified by monitoring clinical and
biological parameters for a long time.

The simultaneous increase of the neurotransmitters that interact with each other
in the brain (for example, GABA and glutamate) suggests that the total effect
can vanish [76]. Local and specific effects shall be emphasized and functional
responses of neurotransmitter changes shall be monitored. Evidence of improve-
ment in cognitive functions through psychobiotics has been obtained from preclin-
ical studies [77]. Even if it is not repeated, there is even a study reporting that it
causes cognitive impairment [83]. The lack of information in this area needs to be
addressed through additional human studies.



576 A. Evrensel et al.

Another important problem is the uncertainty about why some bacterial strains
have a psychobiotic effect while others do not. Germ-free animal experiments
are ideal for separating the neurophysiological effects of a single bacterial strain.
However, it should be clarified whether the psychobiotic effect is caused by the
synergy of singular or bacterial strains (quorum sensing) [92]. Factors that can
affect psychobiotic outcome and their impact strength are not known clearly. Some
of them may be age, gender, diet, and genotype.

However, there is no study on the interactions of psychobiotics and psycho-
tropic drugs. Most psychotropic drugs have antibiotic activity [93]. For this rea-
son, adding psychobiotics to psychotropics may vanish positive effects. There is a
need to clarify which psychotropic has an antibiotic effect on which psychobiotic.

Conclusion

Jacques Lh, the first patient treated with chlorpromazine, received total of 855 mg
of medication during his 20-day treatment [10]. Today we know that this dose
(40-50 mg/day) is too low for antipsychotic activity [15]. In addition to its role
in the synaptic transmission, other activities of chlorpromazine have been discov-
ered. New evidence suggests that it (and many other psychotropics) has antibiotic/
antifungal activity [94]. For example, SSRIs kill bacteria through efflux pump
inhibition, MAO inhibitors through cell wall synthesis inhibition and tricyclic anti-
depressants through DNA gyrase inhibition by antiplasmic action (antimicrobial
effect) [93]. Here, it is important to remind that the first antidepressant molecule is
an antituberculosis drug, iproniazid (an MAO inhibitor) [95]. Perhaps today, dis-
tinguished and active psychotropics change the microbiota composition in addition
to their monoaminergic and synaptic effects (dysbiosis or restoration) [54].

Thus, about 70 years of the reign of psychotropics has begun to be questioned
[96]. The paradigm in psychopharmacology may be changing. The viewpoint
seems to shift from synapse to intestinal microbiota and immune system [97].
Although more than 100 years have passed since the discovery of psychotropic
activities, the power and role of psychobiotics have just begun to be understood.
However, there are many questions to be answered. By answering these questions
in the coming years, psychobiotics may be used as a new class of psychotropics.
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