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Abstract 

Our microbiome consists of trillions of microorganisms. Probiotics are known to be favorable 

microorganisms (bacteria and yeast) to keep the gut healthy and other health effects. They have been 

shown to possess positive effects not only in digestion, but also on heart, brain, etc. Lately, many studies 

pointed out to promoting activities of probiotics in mental diseases through gut microbiota, which is so-

called “psychobiome”. It is now clear that bacterial inhabitants of the intestines may impact neurons and 

the brain through some mechanisms. Consequently, psychobiotics have been described as a new class 

of probiotics. In the current mini review, the role of psychobiotics is scrutinized focusing on some 

neurological and mental diseases. 

 

1. Introduction 

Probiotics are described as “living microorganisms 

that positively affect the health of the host when taken 

enough” by the World Health Organization (WHO) 

and the United Nations Food and Agriculture 

Organization (FAO) (Douglas & Sanders, 2008). 

Psychiatric disorders are associated with changes in 

the gastrointestinal microbiome due to effects on the 

central nervous system (CNS) (Jiang et al., 2015; 

Kelly et al., 2016). The microbiome is a multifaceted 

microbial ecosystem in the gut containing  

 

approximately 100 trillion microorganisms and the 

gut microbiome is a complicated and active ecosystem 

that forms mutual interactions with the host (Mangiola 

et al., 2016). Intestinal microbiota of individuals is 

affected by genetic inclination, age, type of birth, 

exercising habits, stress, infection, environmental 

features, diseases exposed, and use of antibiotics. The 

microbiome in gut undertakes ultimate and imperative 

tasks towards human health by generating a reciprocal 

connection amid the brain and the gut. Sturdy amount 

of data verifies presence of a bond between the 
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microbiota with metabolic diseases including 

diabetes, obesity as well as neurological and 

psychiatric illnesses such as anxiety, depression, 

Alzheimer’s disease (AD), schizophrenia, autism, etc. 

The research has revealed that probiotics located in the 

gastrointestinal system (GI) may modulate the 

immune system as well as CNS. They can also 

generate CNS-related substances i.e. γ-aminobutyric 

acid (GABA), serotonin, and glutamate, which are 

related to the intestinal brain axis. Preclinical 

experiments display that some probiotic bacteria have 

anxiolytic and antidepressant effects (Evrensel & 

Ceylan, 2015). Relevantly, a psychobiotic is described 

as "a living organism that, when taken in sufficient 

quantity, provides health benefits to patients suffering 

from a psychiatric illness" (Tang et al., 2014). Thus, 

the present review aims to scrutinize psychobiotics as 

probiotics with psychobiotic effects that have recently 

become popular in scientific literature. 

2. Microbiota-Intestine-Brain Axis 

SCFAs (short chain fatty acids), such as propionate, 

acetate, and butyrate, fermented and hydrolyzed by 

gut microbiota, prebiotics, and dietary 

polysaccharides. The effect of SCFA in the microbiota 

on monoamines and different hormones e.g. serotonin 

(5-HT), dopamine (DA), GABA, and noradrenaline 

(NA) is of common interest to intestinal and brain 

health (Cani et al., 2013). Studies have exposed that 

psychobiotics can modulate neurotransmitters and 

proteins such as GABA, 5-HT, glutamate, and brain-

derived neurotrophic factor (BDNF), which can adjust 

neuronal balance, sensational state, cognitive abilities, 

and learning (Heldt et al., 2007; Lu et al., 2008). Thus, 

in recent years, various psychiatric disorders (anxiety, 

depression, schizophrenia, mood disorder, etc.) occur, 

when gut-brain axis is negatively affected as 

consequence of the deterioration of microbiota 

(Erbay-Gönenir & Seçkin, 2016). Gut-brain 

communication takes place via the vagus nerve, which 

establishes a straight link among the brain, stomach, 

and intestines. Nervous, hormonal, and microbial 

changes in the intestines are transferred to the brain 

through this nerve (Wang et al., 2002). 

3. Psychobiotics 

In 2013, Dinan et al. outlined the term "psychobiotics" 

as a "new class of probiotics" proposed as possible 

solutions in the treatment of psychiatric illnesses 

(Dinan et al., 2013). Hence, probiotics have been 

found to deserve to clarify their psychobiotic 

properties, especially in psychiatric diseases. Most of 

the psychobiotic research has been performed by 

assessing motivation, anxiety, and depression as a 

consequence of the causes of stress and behavioral 

tests on rodents (Sarkar et al., 2016). 

Psychiatric disorders may be associated with 

monoamine levels such as 5-HT, DA, NA, and 

cytokine levels in plasma in the brain (Tamam & 

Zeren, 2002). Thus, further research has been 

managed on the psychobiotic potential of these 

probiotics, particularly in psychiatric disorders 

(Cheng et al., 2019). Probiotics were first used in 1910 

for the treatment of these types of ailments (Philips, 

1910). Some Bifidobacterium spp. and Lactobacillus 

spp. strains (i.e. L. brevis, L. plantarum, and B. 

dentium) synthesize GABA from monosodium 

glutamate. Norepinephrine is formed by Escherichia, 

Bacillus, and Saccharomyces species, while 

Streptococcus, Escherichia, Enterococcus, and 

Candida species can synthesize 5-HT, while Serratia 

and Bacillus species yield DA. Recent studies 
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indicated that 5-HT synthesis can be synchronized by 

probiotics in the gut (Schousboe & Waagepetersen, 

2007; Barrett et al., 2012; O’Mahony et al., 2015). For 

example, spore-forming bacteria in microbiome was 

found to trigger biosynthesis of 5-HT released by 

intestinal enterochromaffin cells (Yano et al., 2015). 

Lower amounts of Bifidobacterium and/or 

Lactobacillus have been perceived in patients 

suffering from depression (Aizawa et al., 2016; Huang 

et al., 2016; Wallace & Milev, 2017). A decrease in 

the amount of Bifidobacterium was detected in the 

intestinal microbe flora of AD patients (Vogt et al., 

2017). Another data on Parkinson's disease (PD) 

patients revealed that the number of bacteria with anti-

inflammatory effect comprising of Blautia, 

Roseburia, and Coprococcus strains was significantly 

lower in their stools (Keshavarzian et al., 2015). 

Children with autism disorders have also been found 

to have a relatively lower amount of microbiota and 

bacterial diversity (Kang et al., 2013). In addition, 

dysregulation of gut microbiota was proven to upsurge 

the threat of developing attention deficit/hyperactivity 

disorder (ADHD) (Sucksdorff et al., 2015). 

3.1. Psychobiotics in Mental Health 

The benefit of various probiotic strains as 

psychobiotics to target anxiety and depression 

behaviors has been proven by animal studies (Dinan 

et al., 2013). One of them, i.e. L. plantarum PS128, 

significantly led to a decline in depression and 

anxiety, inflammation, and corticosterone levels, 

while it considerably augmented levels of DA and 5-

HT in the mouse striatum and prefrontal cortex (Liu et 

al., 2015 & 2016). Again, L. helveticus NS8 reduced 

cognitive dysfunction, depression, and anxiety, 

whereas escalated 5-HT, norepinephrine, and BDNF 

levels in the hippocampus of Sprague-Dawley rats 

(Liang et al., 2015). Similarly, use of B. longum 1714 

strain also reduced stress, depression, and anxiety 

behaviors (Savignac et al., 2014). Another 

Lactobacillus strain, i.e. L. rhamnosus (JB-1) also 

diminished levels of depression and anxiety and 

caused changes in expression of GABA receptors in 

the mouse brain (Bravo et al., 2011). Administration 

of B. longum NCC3001 has been found to be efficient 

towards anxiety and additionally upregulated BDNF 

level in the mouse hippocampus (Bercik et al., 2010). 

Bacterium infantis 35624 strain has been also revealed 

to be effective on depressive behavior in mice 

(Desbonnet et al., 2010). 

Probiotics possessed positive effects on mental status 

in humans. B. longum 1714 was given to healthy 

volunteers during 4 weeks to strengthen memory and 

lessen stress (Allen et al., 2016). In a double-blind, 

randomized, and placebo-controlled clinical trial, 

mental health of petrochemical employees given 

yogurt rich in probiotics (L. acidophilus LA5 and B. 

lactis BB12) and capsules containing probiotics i.e. L. 

acidophilus, L. bulgaricus, L. casei, L. rhamnosus, B. 

longum, B. breve, and Streptococcus thermophiles, 

was fortified based on data obtained from the general 

health questionnaire (GHQ) and the depression 

anxiety and stress scale (DASS). The probiotic 

combination prepared with L. helveticus R0052 and B. 

longum R0175 has been observed to diminish 

depression and anxiety symptoms in healthy subjects 

(Messaoudi et al., 2011; Mohammadi et al., 2016). 

Again, in other ongoing clinical trials, the outcomes of 

probiotics on subjects on inflammation, mood, and 

stress are being evaluated (Cheng et al., 2019). 

Possible interactions between intestinal microbiota 

and brain are thought to be through the 
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immunoregulatory and neuroendocrine systems and 

vagus nerve (Li et al., 2018).  

3.2. Psychobiotics in Neurological Disorders  

3.2.1. Alzheimer’s disease (AD) 

AD is defined as a long-lasting and progressive 

neurodegenerative ailment portrayed by memory and 

cognitive deficiencies (Kumar & Singh, 2015). Gut 

microbiota and serum tryptophan metabolism in AD 

patients treated with probiotic mixture consisting of L. 

acidophilus W22, L. lactis W19, L. casei W56, B. 

lactis W52, L. plantarum W62, L. paracasei W20, L. 

salivarius W24, B. lactis W51, and B. bifidum W23 

were shown to be influenced (Leblhuber et al., 2018). 

The probiotic formulation (SLAB51) significantly 

decreased oxidative stress through sirtuin-1 (SIRT-1)-

related mechanisms in AD-induced transgenic mice 

(Bonfili et al., 2018). Probiotic supplementation led to 

enhancement in learning and memory in AD-induced 

mice (Athari Nik et al., 2018). Additionally, cow's 

milk fermented with L. casei (LABPC) or L. 

fermentum (LAB9 & 10) amended learning, memory 

as well as intensities of superoxide dismutase (SOD) 

and glutathione (GSH).  

3.2.2. Parkinson’s disease (PD) 

PD is a neuropsychiatric disease that disturbs mainly 

the elderly population and manifests itself with 

various symptoms (De Rijk et al., 1997). In a placebo-

controlled, double-blind, and randomized clinical 

trial, supplementation for 12 weeks with a probiotic 

mixture consisting of L. reuteri, L. fermentum, L. 

acidophilus, and B. bifidum led to a reduction in the 

Unified Parkinson's Disease Rating Scale (UPRDS)  

rating scale in the patients with PD (Tamtaji et al., 

2018). In another study, improvement in bowel 

movements and defecation habits was observed in 

Parkinson's patients who consumed fermented milk 

inclosing L. casei Shirota for 5 weeks (Cassani et al., 

2011). Results from another study show encouraging 

effects of psychobiotics by lessening oxidative 

damage and inflammation in PD (Shults et al., 2006). 

3.2.3. Autism Spectrum Disorder (ASD) 

ASD is depicted by deficiencies in public interactions 

in multiple situations along with limited and recurring 

behavioral patterns and/or actions. Accordingly, the 

effects of multi-strain probiotic products on ASD 

patients were occasionally investigated. For instance, 

a probiotic mixture containing B. breve DSM24732, 

B. lactis DSM24736, and B. lactis DSM24737 as well 

as L. acidophilus DSM24735, L. helveticus 

DSM24734, L. plantarum DSM24730, L. paracasei 

DSM24733 and Streptococcus thermophilus 

DSM24731, resulted in reduction in severity of the 

disease in children according to the ADOS-2 scale 

(Arnold, 2018). In an open-labelled clinical trial 

managed in Egypt, L. acidophilus, L. rhamnosus, and 

B. longum given to autistic children for 3 months 

caused progress in both GI symptoms and autism 

based on ATEC and 6-GSI scales (Shaaban et al., 

2018). In another placebo-controlled and double-blind 

study in the UK, 3 week-administration of L. 

plantarum WCFS1 led to alterations in the intestinal 

microbiota by means of the Development Behavior 

Checklist (DBC), it was observed that it improved 

some problems related to behavior and 

communication (Parracho et al., 2010). 
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3.2.4. Attention Deficit/Hyperactivity Disorder 

(ADHD) 

The most common indications of ADHD are 

inattention, impulsivity, and hyperactivity (Cheng et 

al., 2019). According to one study, a reduced risk of 

developing ADHD was found in newborns given L. 

rhamnosus GG strain (Pärtty et al., 2015). 

Administration of dietary supplements containing L. 

acidophilus was also found to advance attention and 

self-control in the children diagnosed with ADHD 

(Harding et al., 2003). 

3.2.5. Tourette Syndrome (TS) 

TS is known as one of neurological diseases that 

typically appears firstly in childhood (Rampello et al., 

2006). Clinical treatment of TS basically is carried out 

with α2-adrenergic agonists and antipsychotics 

(Weisman et al., 2013; Murphy et al., 2013). In a case 

report about a child diagnosed with TS, a significant 

improvement in TS was demonstrated after 8 weeks 

followed by fecal microbiota transplantation to the 

child (Zhao et al., 2017). 

3.2.6. Insomnia 

Depression, memory impairment, and even allergies 

can be associated with sleep deprivation (Kaneita et 

al., 2006; Grundgeiger et al., 2014). Miyazaki et al. 

(2014) reported a decrease in non-rapid eye movement 

(NREM) in active phase of sleep and an increase in 

NREM phase during the inactive phase treated with L. 

brevis SBC8803. Although positive results were 

obtained with the probiotic supplement L. brevis 

SBC8803 in healthy male volunteers with sleep- 

 

wandering problems, no improvement was observed 

in sleep quality (Nakakita et al., 2016). Another study 

conducted with elderly healthy people, drinking of 

fermented milk having the L. helveticus CM4 strain 

had a positive effect on sleep quality (Yamamuro et 

al., 2009). 

4. Conclusion 

Positive results were obtained with psychobiotic use 

in diseases related to the CNS, especially anxiety, 

depression, and stress. The data indicated that 

psychobiotics possess promising effects on the life 

quality of the patients in neurodegenerative and 

neurodevelopmental disorders. Information obtained 

via probing the function of psychobiotics relevant to 

psychiatric disorders through gut microbiota-brain 

axis communication is mostly based on data from 

animal studies. It is thought that the effects of 

psychobiotics on intestinal microbiota and human 

health will be the subject of further research in 

neuroscience. However, in the future, more pre-

clinical and clinical research are needed to explain the 

mechanisms of action in the application of the 

concepts produced in animal models to humans and to 

evaluate probiotics as an alternative or complementary 

treatment in these disorders. 
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