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Abstract
Nervous system disorders are one of the common problems that affect many people around the world every year. Regarding 
the beneficial effects of the probiotics on the gut and the gut-brain axis, their application along with current medications 
has been the subject of intense interest. Psychobiotics are a probiotic strain capable to affect the gut-brain axis. The effec-
tive role of Psychobiotics in several neurological disorders is documented. Consumption of the Psychobiotics containing 
nutrients has positive effects on the improvement of microbiota as well as alleviation of some symptoms of central nervous 
system (CNS) disorders. In the present study, the effects of probiotic strains on some CNS disorders in terms of controlling 
the disease symptoms were reviewed. Finding suggests that Psychobiotics can efficiently alleviate the symptoms of several 
CNS disorders such as autism spectrum disorders, Parkinson’s disease, multiple sclerosis, insomnia, depression, diabetic 
neuropathy, and anorexia nervosa. It can be concluded that functional foods containing psychotropic strains can help to 
improve mental health.

Keywords Probiotic · Psychobiotics · Gut-brain axis · Central nervous system disorders

Introduction

According to the National Academy of Sciences’ Food and 
Nutrition Board (FNB) definition in 1994, functional foods 
are “any modified food or nutrient that may be beneficial to 
health beyond its contained traditional nutrients” (Chauhan 
and Kaur 2018). Functional food has various components with 
health-promoting properties. These compounds include bioac-
tive peptides, unsaturated fatty acids, minerals and vitamins, 
prebiotics, and probiotics (Valero-Cases et al. 2020; da Silva 

et al. 2016). The term “probiotic” is derived from the Greek 
word and means “pro-life.” According to the World Health 
Organization (WHO) definition, probiotics are defined as liv-
ing microorganisms that confer benefits to host health when 
consumed in adequate amounts (Wasilewski et al. 2015). Vari-
ous species of lactic acid bacteria are classified as probiotics 
that are isolated from diverse sources such as traditional dairy 
products, human samples, and plants (Nami et al. 2018). The 
health effects of probiotics are species-special and are majorly 
used to prevent or treat different diseases. Induction of inflam-
matory response by Bifidobacterium animalis subspecies lac-
tis Bl-04 (Turner et al. 2017), anti-diabetic/obese potential 
by Lactobacillus johnsonni 3121, Lactobacillus rhamnosus 
86, and Lactobacillus casei YRL577 (Lee et al. 2021; Zhang 
et al. 2021), treatment of arthritis, pouchitis, ulcerative coli-
tis, Crohn disease by Lactobacillus casei, Lactococcus lactis 
NCDO 2118 (Ferro et al. 2021; Cordeiro et al. 2021), anti-
cancer effects of Saccharomyces cerevisiae and engineered 
Escherichia coli Nissle 1917 (EcN) (Chiang and Hong 2021), 
management of COVID-19 by Bifidobacteria (Bozkurt and 
Quigley 2020), and fertility improving properties of Lactoba-
cillus plantarum 2621 (Bhandari and Prabha 2015) are some 
examples of probiotics health effects. In addition to these posi-
tive properties, it has recently been well known that the gut 
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has a major impact on human gut-brain axis which is of great 
importance in health. The gut microbiota effect on improving 
the physiology and behavior of the host is well known, but the 
main focus recently has been on the microbiome effect on the 
brain function (Tengeler 2020). In recent years, researchers 
have identified the bidirectional correlation between the central 
nervous system (CNS) and gut microbiota (Bauer et al. 2019). 
The brain-gut-microbiome (BGM) system comprises the 
enteric nervous systems (ENS), CNS, and endocrine system, 
as well as metabolic, neural, and immune mediators (Cowan 
et al. 2020). Psychobiotics are probiotics strains with potential 
benefits for host physical health and is widely used for mental 
disease therapy. Several molecular byproducts of the micro-
biota such as neuroactive metabolites and associated inflam-
matory mediators could pass the gut and blood–brain barriers 
that allow transport through the BGM system (Logsdon et al. 
2018). Growing evidence has shown that microbial dysbiosis 
plays a pivotal role in the pathology of common neurological 
disorders like autism, depression, Alzheimer’s, and Parkin-
son’s diseases (Sherwin et al. 2018). Given the gut microbi-
ome effect on brain communications especially for improving 
mental health, it seems that a proper diet consisting of probiot-
ics could maintain the gut-brain conjunction. The aim of this 
review is to emphasize on the effects of Psychobiotics on the 
gut-brain axis function and related neurological diseases.

Microbiota‑Gut‑Brain Axis

The gut-brain axis is bidirectional association between the 
gastrointestinal system and the CNS that coordinates the 
functions of the ENS and CNS (Fichna and Storr 2012; 
Quigley 2018). This association is regulated by hormones 
such as cortisol and the hypothalamic–pituitary–adrenal 
(HPA) hormones, the vagus nerve (VN) system, and immune 
responses. VN emissions are a major component of the 
parasympathetic system that transmits intestinal signals to 
the CNS and stimulates the response (Bonaz et al. 2018). 
The gut-brain axis role has been identified in several physi-
ological processes such as satiety, food intake, as well as 
fat and bone metabolism, glucose regulation, and insulin 
secretion (Romijn et al. 2008). In addition, the host behavior 
is affected by the correlation of ENS and CNS with gut-
brain axis. Reduced activity of these systems is associated 
with increased stress or anxiety (Vaiserman et al. 2017). 
It has been determined that the gut-brain axis activity is 
regulated by calcitonin gene-related peptide (CGRP). Upon 
disruption of gut microbiota by increased pathogenic micro-
organisms, neurons can produce CGRP and release it into 
the gut. The infection could induce the secretion of CGRP 
which in turn activates the host defense and the correspond-
ing immune response by the calcitonin receptor (CRLR). It 

has been documented that the intestinal microbiota is bal-
anced by probiotic microorganisms and the gut-brain axis is 
regulated by CGRP. Corticotropin-releasing hormone (CRH) 
and adrenocorticotrophic hormone (ACTH) are released on 
the HPA axis and respond to inflammation and are able 
to induce the immune responses against pathogens such 
as bacteria, viruses, and fungi (Wei et al. 2018). Previous 
studies have demonstrated that during neurological stress, 
CRH enhances intestinal permeability and plasma levels 
of ACTH (Vanuytsel et al. 2014). Followed by pathogenic 
infections, the HPA axis is activated by CRH and ACTH. 
It has been found that gut microbiota is imbalanced dur-
ing anxiety and stress which is referred to the interference 
with the HPA. Due to the importance of the gut-brain axis, 
modification of the gut microbiota could help the treatment 
and improvement of psychiatric disorders. Current research 
has demonstrated that the composition of gut microbiota in 
autistic patients (Parracho et al. 2005; Bercik et al. 2012) 
and psychotic patients has changed after administration of 
various antibiotics (Mehdi 2010). The Microbiota-gut-brain 
axis could be modified by the administration of prebiotics, 
probiotics, synbiotics, and postbiotics (Zmora et al. 2019). 
Altogether, evidence has shown the role of Psychobiotics in 
the improvement of mental health by modification of micro-
biota properties (Sarkar et al. 2016).

Psychobiotics

The term “Psychobiotics” refers to probiotics, prebiotics, 
and all microbiota-targeted interventions that can manipu-
late microbiota-gut-brain signals and have positive effects on 
neurological functions such as mood, cognition, and anxiety 
(Dinan et al. 2013; Evrensel et al. 2019). The potential of 
Psychobiotics for treating psychiatric disorders are listed in 
Table 1.

Functional Foods Rich with Psychobiotics

Fermented foods including yogurt, kefir, tempeh, and kimchi 
are rich sources of probiotics (Dimidi et al. 2019). Generally, a 
probiotic product should contain at least  107 CFU/g or  107 CFU/
dried viable probiotic cells (Homayouni-Rad et al. 2020). Some 
probiotic bacteria produce active neuronal compounds or act as 
carriers (Barros et al. 2020). Some strains of Bifidobacterium 
and Lactobacillus secrete gamma-aminobutyric acid (GABA). 
In addition analysis of fecal samples from healthy people 
through transcriptome methods presented that Bacteroides, 
Parabacteroides, and Escherichia species are able to regulate 
GABA-producing pathways (Strandwitz et al. 2019).
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This neurotransmitter is one of the key inhibitors in the 
brain that regulate many physiological and psychological 
processes, and its dysfunction is involved in anxiety and 
depression. GABA is an amino acid with a non-protein 
conformation and one of the secretory metabolites of pro-
biotics, especially lactic acid bacteria (LAB). It is the main 
mediator of inhibitory transmission in the mammalian CNS 
(Diez-Gutiérrez et al. 2020). It acts through inotropic A and 
metabotropic type B (Kalueff and Nutt 2007). GABA-A 
receptors are ion channels with heteropentamer ligands that 
cross the nerve membrane. GABA-B receptors are consid-
ered to modulate the generation of excitatory postsynaptic 
potentials and long-term potentiation. Both of these recep-
tors bind to positive modulators such as barbiturates, ben-
zodiazepines, steroids, and ethanol. GABA plays a major 
role in preventing neurological diseases, cancer, type 1 dia-
betes, and immune disorders (Diez-Gutiérrez et al. 2020). 
Medications that are used to treat depression and anxiety can 
increase GABA-positive modulators. Previous reports have 
shown that the GABA-A receptor is the active site of anti-
anxiety drugs (Diez-Gutiérrez et al. 2020). Better effects 
and less dependence have also been reported in treatment 
with GABA (Soussan and Kjellgren 2016). Remarkably, the 
food industry has a critical role in reducing depression and 
anxiety in the society by producing functional foods con-
taining probiotic species with the ability to produce GABA. 
It is defined that Psychobiotics are a subclass of probiotics 
that bring mental health benefits to the host by interacting 
with gut bacteria as well as oncobiotics, pharmabiotics, and 
metabiotics (Nataraj et al. 2020; Toro-Barbosa et al. 2020). 
In addition to their positive psychological effects, Psycho-
biotics could induce the production of neuro-transmitters 
and neuro-hormones that exhibit psychotropic effects in the 
studied models. Several gut microbes with the potential of 

producing neuro-transmitters or neuro-hormones are listed 
in Table 2. Regarding the importance of Psychobiotics, these 
strains could be used in functional foods. Luang-In et al. 
(2020), isolated eighteen microbes from fermented Thai 
food sources and investigated their probiotic attributes, pro-
duction capacity capacities, and cytotoxic effects. Accord-
ingly, Enterobacter xiangfangensis 4A-2A3.1 and Bacillus 
spp. PS15 were introduced as GABA-producing bacteria 
(Luang-In et al. 2020). Ton et al. (2020), confirmed that 
kefir grains contain species such as Acetobacter aceti, L. 
fructivorans, Acetobacter sp., Enterococcus faecium, Leu-
conostoc spp., L. delbrueckii delbrueckii, L. fermentum, L. 
kefiranofaciens, Candida famata, and Candida krusei. In 
addition, they reported positive effects of these strains in 
improving memory, visual-spatial and abstraction proper-
ties, as well as executive and language functions in Alz-
heimer (Ton et al. 2020). Likewise, the probiotic strain L. 
helveticus was isolated from fermented milk which can 
improve cognitive function in elderly and middle-aged adults 
(Chung et al. 2014; Ohsawa et al. 2018). Ko et al. (2013), 
enriched fermented black soybean milk by GABA produc-
ing L. brevis FPA 3709 and found antidepressant effects in 
rat models without side effects (Ko et al. 2013). Reid et al. 
(2018), enriched fermented Laminaria japonica with L. 
brevis BJ20 to determine its effects on physical fitness and 
short-time working memory in the elderly. They reported 
that consumption of this fermented food could provide a 
protective mechanism against dementia in the elderly (Reid 
et al. 2018). Kim et al. (2002) determined the anti-fatigue 
and anti-stress effects of rice bran extract which was fer-
mented with Saccharomyces cerevisiae IFO 2346 on rat and 
mice models (Kim et al. 2002). Due to the widespread use of 
fermented products including milk, dairy, and soybean prod-
ucts, the probiotic strains in these fermented products have 

Table 2  The list of some gut microbes with the production potential of neuro-transmitters or neuro-hormones

*The β-3 adrenergic receptor, arginine vasopressin 1a receptor, dopamine D5 receptor

Gut microbe Neurotransmitters/neurohormones References

Proteus vulgaris, B. subtilis, Bacillus mycoides, Ser-
ratia marcescens

Dopamine and norepinephrine (Tsavkelova et al. 2000)

Bifidobacterium infantis Serotonin precursor, tryptophan (Desbonnet et al. 2008)
L. plantarum DSM 19,463 GABA (Di Cagno et al. 2010)
L. plantarum Acetylcholine (Marquardt and Falk 1957)
B. amyloliquefaciens SB-9 Melatonin, serotonin, 5-hydroxytryptophan, 

and N-acetylserotonin
(Jiao et al. 2016)

H. alvei, K. pneumoniae, and M. morganii Serotonin, histamine, and dopamine (Özoğul 2004)
E. coli Serotonin, dopamine, and norepinephrine (Roshchina 2016; Shishov et al. 2009)
Enterococcus faecium BS5 GABA (Sabna et al. 2021)
Enterococcus fecalis (EC-12) Adrb3, Avpr1a, and Drd5* (Kambe et al. 2020)
L. plantarum 8P-A3, L. fermentum, L. farciminis Nitric oxide ( NO) (Morita et al. 1997; Yarullina et al. 2016)
Clostridium species, E. coli strain Catecholamines (CA) (Asano et al. 2012)
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been comprehensively studied for their psychotropic effects. 
Other studies have identified that fermented milk with L. 
casei Shirota can improve mood, increase fecal serotonin, 
and reduce stress level in the investigated students (Benton 
et al. 2007; Kato-Kataoka et al. 2016), and L. helveticus 
impact cognitive function (Selhub et al. 2014). Fermented 
cow milk containing a mixture of L. fermentum LAB9, L. 
casei LABPC decreased nitrosative stress parameters in 
mice (Musa et al. 2017). B. lactis BB12 and L. acidophilus 
LA5 probiotics containing yogurt significantly enhance the 
general health and alleviate anxiety, depression, and stress 
scale scores as well (Mohammadi et al. 2016). Moreover, 
the fermented milk kefir containing L. reuteri could increase 
GABA biosynthesis in mice (van de Wouw et al. 2020). 
Similarly, the use of fermented black soy milk containing 
L. brevis FPA 3709 capable of producing GABA showed 
antidepressant activity in mice (Ko et al. 2013). On the other 
hands, administration of fermented soybean containing L. 
plantarum C29 can improve cognitive function in patients 
with mild cognitive abnormality (Hwang et al. 2019).

Nitric oxide (NO) is another neurotransmitter involved in 
various GI functions such as preserving the vascular tone, 
interfering with immune responses, transmitting nerve 
impulses, and aiding GI motility by relaxation of the intes-
tinal smooth muscle (Toda and Herman 2005). NO could 
be produced enzymatically (NO syntheses) or by enteric 
microflora (e.g., Bacillus subtilis) (Gusarov et al. 2013). In 
addition, Lactobacillus spp. as the main probiotic strains and 
normal enteric flora have gained great amount of attention 
based on the potential of NO production. Korhonen et al. 
investigated the potential of probiotic L. rhamnosus GG 
in inducing and regulating the NO production using J774 
murine macrophages and T84 colon epithelial cells. It was 
reported that L. rhamnosus GG could induce NO production 
from Lipoteichoic acid as an active component in the pres-
ence of IFN-γ (Korhonen et al. 2001).

The Effect of Probiotics on CNS Function 
and Neurological Disorders

Although the exact cause of neurodegenerative disorders is 
still unknown, some factors including lifestyle, diet, aging, 
and genetic are contributed to the initiation and develop-
ment of these diseases. The probiotics effects on the gut-
brain axis can be through in CNS biochemistry. For instance, 
these microorganisms could affect the levels of serotonin (5 
hydroxytryptamine; 5 HT), brain-derived neurotrophic fac-
tor (BDNF), dopamine (DA), and GABA. The vagus nerve 
and ENS have a critical role in this connection. Probiotics 
also indirectly alter CNS function by producing metabolites 
including tryptophan and short-chain fatty acids (SCFAs) 
(Ansari et al. 2020). Furthermore, prebiotics have a positive 

effect on mental health by modulating the composition of gut 
microbiota (Tabrizi et al. 2019). For example, the effects of 
SCFAs on the cellular system are mediated through immune 
system and endocrine pathways as well as neural and 
humoral routes. SCFAs activate free fatty acid receptors and 
interact with immune and intestinal epithelial cells, which 
can affect the safety and function of the intestinal mucosa. 
Environmentally, it also affects systemic inflammation and 
neuroinflammation by secreting interleukin and controlling 
the morphology and function of microglia cells, respectively. 
It also induces the secretion of intestinal hormones such 
as glucagon-like peptide 1 (GLP-1), which transfer indi-
rect signals to the brain through vagus nerve and systemic 
pathways. All of these pathways ultimately affect learning, 
mood, and memory (Dalile et al. 2019). Alzheimer’s disease 
(AD) is a major reason for dementia among diseases of the 
nervous system. The accurate cause of AD is not compre-
hensively understood. Dementia usually occurs in people 
over 60 years of age. There is no definitive and effective 
treatment for this disease. Researches show that the primary 
manifestations of AD are associated with the production of 
intracellular Tau neurofibrillary tangles (NFTs) and extra-
cellular amyloid plaques (Yiannopoulou and Papageorgiou 
2020). A better understanding of the physiological mecha-
nisms involved in this disease could help identify effective 
treatments. Given that damage to the gut microbiota can be 
linked to neurodegenerative diseases such as Alzheimer’s, 
support for gut microbiota is a possible treatment for AD. 
Inflammation and oxidative stress destroy nerve cells in the 
CNS, which could subsequently lead to Alzheimer’s. Preven-
tion of cholinergic neurons destruction along with increas-
ing acetylcholine levels in the brain is desired in successful 
treatment of AD. It has been documented that continuous 
application of D-galactose could lead to cognitive abnor-
malities and memory impairment through increasing oxida-
tive stress and reactive oxygen species. Moreover, reduced 
expression of nerve growth factors and associated proteins 
could result from excessive and continuous consumption of 
D-galactose which consequently results in the nerve cells’ 
decline (Ansari et al. 2020). Some probiotic bacteria, includ-
ing L. plantarum, are capable of producing acetylcholine 
and could protect memory deficiency caused by D-galactose 
consumption (Nimgampalle and Kuna 2017). Mehrabadi 
and Sadr (2020) demonstrated that probiotic strains L. reu-
teri, L. rhamnosus, and B. infantis  (1010 CFU/day) treatment 
in rat models of AD for 10 weeks is helpful in attenuat-
ing inflammation and oxidative stress (Mehrabadi and Sadr 
2020). Nimgampalle and Kuna (2017) evaluated the anti-
Alzheimer properties of L. plantarum MTCC1325 in AD rat 
models and reported its effects against D-galactose induced 
AD (Nimgampalle and Kuna 2017). In the clinical studies, 
Tamtaji et al. (2019a, b) determined the effects of probi-
otic strains containing L. acidophilus, B. longumB. bifidum 
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(2 ×  109 CFU/day), and selenium co-supplementation on the 
metabolic status and cognitive function of AD patients for 
12 weeks. The results confirmed the improved metabolic 
profiles and cognitive function in patients with AD (Tamtaji 
et al. 2019a). Akbari et al. (2016) used a mixture of probiot-
ics containing L. acidophilus, L. casei, B. bifidum, and L. 
fermentum (both 2 ×  109 CFU/g) for 12 weeks demonstrating 
their positive effects on metabolic and status cognitive func-
tion in AD patients (Akbari et al. 2016). An important risk 
factor for AD is type 2 diabetes mellitus (T2D). The pep-
tide hormone GLP-1 is produced in the intestine and CNS 
(especially in the brainstem) and is associated with neuro-
logical protection as well as cognitive functions and glucose 
metabolism as well. The receptors of GLP-1 are expressed 
in different tissues (kidney, lung, heart, CNS, etc.) and could 
up-regulate the expression of various genes that are involved 
in brain cell repair and differentiation. GLP-1 could also 
promote the insulin secretion in the hyperglycemic state 
(Athauda and Foltynie 2016). Previous studies have indi-
cated that GLP-1 act as neuroprotective factor in the CNS 
followed by inducing the proliferation/apoptosis of neural 
cells, improvement of learning and memory, lowering the 
Aβ plaque deposition, reserving dopaminergic neurons, and 
stimulating nerve regeneration (Kim et al. 2017). Although 
the benefits of GLP-1 drugs in AD have been approved, the 
identification is still an important challenge due to the high 
degradation rate of GLP-1 by dipeptidyl peptidase IV (DPP-
IV) in the body with a half-life time of less than 2 min (Gejl 
et al. 2016). Fang et al. investigated the effects of GLP-1 
engineered probiotic (Lactococcus lactis MG1363) on AD 
mouse model after oral administration. Memory impairment 
and motor dysfunction were induced by LPS and 1-methyl-
4-phenyl-1,2,3,6-tetrahydropyridine (MPTP), respectively. 
The results indicated that engineered strain is able to reduce 
memory impairment and motor dysfunction via two sign-
aling pathways including TLR4/NFκB and AKT/glycogen 
synthase kinase-3β (GSK3β). In addition, the engineered 
probiotic reduced the frequency of pathogens (Enterococcus, 
Proteus) and increase the frequency of Akkermansia mucin-
iphila (Fang et al. 2020). Similarly, Chan et al. constructed 
two engineering strains to overcome GLP-1 degradation 
by continuous expression. Administration of MG1363-
pMG36e-GLP-1 and VNP20009-pLIVE-GLP-1 could 
improve the LPS-induced learning and memory impair-
ment, inhibit the glial cell activation, and aggregation of Aβ. 
Moreover, downregulation of inflammatory response (COX-
2, TLR-4, TNF-a, and IL-1β), blocking NF-κB signals, and 
MAPKs/PI3K/AKT were observed (Chen et  al. 2018). 
The effectiveness of GLP-1 and GIP (glucose-dependent 
insulinotropic polypeptide) as neuroprotective factors has 
been determined for T2D treatment. Li et al. explored the 
impacts of GLP-1/GIP/glucagon triagonist administration 
(for 30 days) on the cognitive behaviors of AD mice. The 

results showed the beneficial effects of triagonist on AD by 
decreasing cognitive deficits and pathological changes (Li 
et al. 2018a). Bonfili et al. reported that oral administra-
tion of SLAB51 (formulated with LAB and bifidobacteria) 
in AD mice could restore the glucose transporters in brain 
(GLUT3 and GLUT1), ameliorate glucose homeostasis in 
mice brain, and decrease the hyperphosphorylation of Tau 
by pAMPK/pAkt signaling pathways. In addition, SLAB51 
could increase the expression level of insulin-like growth 
factor receptor β and counteract the increasing of HbA1c 
and advanced glycation end products (AGEs) in AD mice 
(Bonfili et al. 2020). Collectively, these information eluci-
dated that manipulating gut microbiota with probiotics in 
AD could ameliorate impaired glucose metabolism, prevent 
AD progression, and reduce neuroinflammation benefitting 
the GLP-1 effects.

Parkinson’s disease (PD) is the second common and lead-
ing neurodegenerative disorders (Poewe et al. 2017). The dis-
ease is associated with synuclein accumulation and progres-
sive loss of dopaminergic neurons (Balestrino and Schapira 
2020) and is characterized by motor and non-motor symp-
toms (Castelli et al. 2020). Non-motor symptoms of abnor-
malities in the gut function are mainly weight loss, gastro-
paresis, constipation, and defecation dysfunction (Cloud and 
Greene 2011; Kim and Sung 2015). Psychobiotics consump-
tion is currently of great attention in the treatment of PD. 
Hsieh et al. (2020) reported that consumption of a probiotic 
mixture  (1010 CFU/day) containing B. bifidum, B. longum, L. 
rhamnosis, L. rhamnosus GG, Lactococcus lactis subsp. Lac-
tis, and L. plantarum LP28 for 16 weeks provide effective 
protection on dopamine releasing neurons and subsequently 
reduce the motor dysfunctions deterioration in MitoPark PD 
mice (Hsieh et al. 2020). Khandestan et al. (2020) determined 
the effect of probiotic L. paracasei on motor disorders in PD 
rats and presented less apomorphine rotation test than the 
saline receiving group (Khandestan et al. 2020).

In a clinical study, Cassani et al. (2011) assessed the fer-
mented milk effects that contain 6.5 ×  109 of L. casei Shirota 
in PD patients for 5 weeks and reported reduced bloating, 
decreased constipation, and less abdominal pain (Cassani et al. 
2011). Barichella et al. (2016) administrated the fermented 
milk with multiple probiotic strains and prebiotics once a day 
for 4 weeks and reported improved constipation in PD patients 
(Barichella et al. 2016). Georgescu et al. (2016) used 60 mg 
per tablet of two LAB: L. acidophilus and B. infantis, twice 
daily for 3 months in 40 PD patients and reported allevia-
tion of abdominal pain and bloating (Georgescu et al. 2016). 
Tamtaji et al. (2019a, b) reported a decreased hypersensitiv-
ity and reduced malondialdehyde levels along with increased 
glutathione levels in PD patients receiving 8 ×  109 CFU/day 
probiotic for 12 weeks (Tamtaji et al. 2019b). Tan et al. (2021) 
stated that multi-strain probiotics treatment for 4 weeks was 
effective for constipation in PD (Tan et al. 2021).
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Multiple sclerosis (MS) is a well-known autoimmune 
disease involving CNS in which myelin covering axons are 
destroyed. Genetics and environmental factors, as well as 
viral infections, are considered as main risk factors for MS 
development. However, the accurate cause of this disorder 
is not clear (Goldenberg 2012). Accumulating evidence has 
proposed that probiotics can improve the immune system 
of MS patients by altering the gut microbiome, suppressing 
inflammatory pathways, and regulating the immune system 
(Morshedi et al. 2019). Kouchaki et al. (2017) evaluated the 
effects of probiotic strains containing L. fermentum, L. casei, 
L. acidophilus, and B. bifidum (each 2 ×  109 CFU/g) on men-
tal health, disability, and metabolic condition in MS patients 
receiving the probiotic mixture for 12 weeks. Based on the 
results, favorable effects of probiotics on the expanded dis-
ability status, mental health, inflammatory factors, insulin 
resistance markers, HDL, total HDL-cholesterol, and malon-
dialdehyde levels of MS patients are documented (Kouchaki 
et al. 2017). Rahimlou et al. (2020) reported a considerable 
increase in BDNF along with a reduction in IL-6 levels in 
MS patients receiving probiotic strains (including Bacil-
lus subtilis, B. bifidum, B. breve, B. infantis, B. longum, 
L. acidophilus, L. delbrueckii ssp. bulgaricus, L. casei, L. 
plantarum, L. rhamnosus, L. helveticus, L. salivarius, Lac-
tococcus lactis ssp. lactis, Streptococcus thermophilus) for 
6 months (Rahimlou et al. 2020). Dargahi et al. (2020) dem-
onstrated that probiotic strain S. thermophiles increase the 
expression of anti-inflammatory cytokines including IL-4, 
IL-5, IL-10 and decrease the secretion of pro-inflammatory 
IFN-γ and IL-1β in MS mice model (Dargahi et al. 2020).

Autism Spectrum Disorders (ASD) are a range of defi-
cits in social communication, sensory-motor behaviors, and 
limited interests that are considered to be associated with 
genetic or other factors (Lord et al. 2018). ASD manifesta-
tion begins in early childhood (Lord et al. 2020). Autistic 
patients show gastrointestinal (GI) symptoms. GI dysfunc-
tion in autistic children is usually associated with aggres-
sive behaviors, increased irritability, and sleep disturbances 
(Critchfield et al. 2011). Shaaban et al. (2018) reported the 
beneficial effects of probiotics on behavioral and GI mani-
festations of ASD. Treatment of autistic children with probi-
otic strains containing L. acidophilus, L. rhamnosus, and B. 
longum for 3 months showed an increase in the population 
of Bifidobacteria and Lactobacilli levels along with weight 
reduction and improvement in GI symptoms (Shaaban et al. 
2018). Moreover, Grossi et al. (2016) reported an improve-
ment in the autistic core symptoms and reduced abdominal 
symptoms in autistic children receiving probiotic strains for 
1 month (Grossi et al. 2016).

Depression and anxiety are among the common illnesses in 
the world. Both disorders mostly occur together (Tiller 2013). 
Antidepressants, anxiolytics, and hypnotics are commonly 
used for treatment (Miller and Massie 2006). Clinically, 

there is an association between periods of depression and 
HPA dysregulation (Foster and Neufeld 2013). Studies have 
demonstrated that the gut microbiota of healthy individu-
als and MDD patients is different. Decreases in Bifidobacte-
rium and Lactobacillus along with increases in Clostridium, 
Streptococcus, Klebsiella, Oscillibacter, and Allistipes are 
among these changes (Yong et al. 2020). Research has shown 
that gastrointestinal bacteria activate stress circuits through 
the vagus pathways (Lyte et al. 2006). Chronic exposure 
to stressors causes long-term secretion of norepinephrine, 
which alters the gut microbiota and makes the gut more per-
meable to bacteria and toxins, which is followed by stressful 
reactions in the HPA axis. Tian et al. (2020) investigated 
the effect of probiotic strain B. breve CCFM1025 on fecal 
microbial composition and brain neurological alterations, as 
well as serum levels of corticosterone, cytokines, and SCFAs. 
Totally, depression- and anxiety-like behaviors were reduced 
(Tian et al. 2020).

Allen et al. (2016) reported that the probiotic strain B. 
longum 1714 is able to reduce stress levels and improve the 
memory in healthy volunteers (Allen et al. 2016). Slykerman 
et al. (2017) evaluated the effect of L. rhamnosus HN001 on 
postpartum manifestations of anxiety and depression in 423 
pregnant women and stated considerably lower scores of 
depression in the probiotic-treated group (Slykerman et al. 
2017). The study by Rudzki et al. (2019) showed that the 
probiotic strain L. plantarum 299v reduced the kynurenine 
levels and enhanced the cognitive functions of patients with 
major depression (Rudzki et al. 2019). However, other inves-
tigations did not report any significant differences between 
patients receiving probiotics and the control group in terms 
of anxiety and well-being scores (Dawe et al. 2020; Romijn 
et al. 2017). Pinto-sanchez et al. (2017) demonstrated that 
the probiotic strain B. longum NCC3001 could increase the 
life quality of patients with irritable bowel syndrome and 
could reduce depression in these cases (Pinto-Sanchez et al. 
2017).

Insomnia and Schizophrenia

As a matter of fact, sufficient sleep is a critical factor for life 
quality. The gut microbiome affects the mental states and 
sleep status of the host by the microbiome-gut-brain axis. 
The circadian rhythm and sleep quality of the host depend on 
the microbiome profile and metabolism properties (Li et al. 
2018b). Probiotics are considered to improve sleep health. 
GABA is an inhibitory neurotransmitter capable of promot-
ing the relaxation by reducing anxiety. L. brevis DL1-11 is 
a probiotic strain with high GABA production capacity, and 
its potential for improved sleep in mice has been confirmed 
(Yu et al. 2020). Schizophrenia is a chronic debilitating 
disease that affects less than 1% of the world’s population 
(Saha et al. 2005). Research shows that the gut microbiota 
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disruption increases systemic inflammation. Therefore, 
neuroinflammation can cause schizophrenia (Rogers et al. 
2016). Schizophrenic patients usually suffer from the com-
promised nutritional status, high stress responses, increased 
inflammatory status, and lactose intolerance (Nemani et al. 
2015). Probiotics with anti-inflammatory and immunomodu-
latory properties could be beneficial in reducing symptoms 
in schizophrenia patients (Frei et al. 2015). Nagamine et al. 
(2012) reported that a probiotic mix of Clostridium butyri-
cum, Streptococcus faecalis, and Bacillus mesentericus 
could reduce schizophrenia symptoms (Nagamine et al. 
2012). Dickerson et al. (2014) showed that combination of 
probiotic strains B. animalis subsp. lactis strain Bb12 GG 
and L. rhamnosus strain could decrease bowel difficulty in 
schizophrenia patients (Dickerson et al. 2014). Tomasik et al. 
(2015) examined the possible immunomodulatory effects of 
L. rhamnosus strain GG and B. animalis subsp. lactis strain 
Bb12 in chronic schizophrenia. They reported a significant 
reduction in von Willebrand factor concentration along 
with increased levels of BDNF, macrophage inflamma-
tory protein-1 beta, monocyte chemotactic protein-1, and 
RANTES (regulated on activation, normal T-cell expressed 
and secreted). Consequently, they demonstrated that con-
sumption of probiotic supplements in schizophrenia patients 
may improve GI leakage (Tomasik et al. 2015). Severance 
et al. (2017) reported that L. rhamnosus strain GG and B. 
animalis subsp. lactis Bb12 help to normalize Candida albi-
cans antibody levels and C. albicans-associated gut discom-
fort in male patients (Severance et al. 2017). Ghaderi et al. 
(2019) verified the beneficial effects of B. lactis Bb12 and 
L. rhamnosus on the total positive and negative syndrome 
scale score as well as patients metabolic profile in schizo-
phrenia (Ghaderi et al. 2019).

Diabetic Neuropathy (DN)

Diabetic neuropathy is a nutritional neurodegenerative 
disease associated with axonal atrophies, demyelinat-
ing disorders, decreased regenerative capacity, neuronal 
inflammation, and peripheral neuropathy. DN could 
change glycemia regulation as well as intestinal glucose 
malabsorption through neuronal gut-brain axis, por-
tal vein (regulation of energy metabolism in CNS), and 
loss of peripheral neuronal conduction (Zochodne 2007). 
Type 2 diabetes (T2D) is characterized by a dysregulated 
metabolism of glucose that lead to fasting and postprandial 
hyperglycemia. Impaired insulin and glucagon secretion 
and function are the main causes of this disorder. GLP-1 
is an incretin hormone secreted by intestinal L cells in 
response to glucose and is used for T2D treatment. It acti-
vates enteric neurons and modulates the intestinal transit 
through specific receptors, increases the proliferation of 

pancreatic islet b cells as well as enhances the glucose-
dependent insulin secretion and reduces the secretion of 
glucagon from pancreatic α-cells. As a result, it decreases 
blood glucose and food intake in patients with T2D. When 
GLP-1 is activated, it transmits a neural message to the 
VN that is involved in glycemia regulation through the 
gut-brain axis (Perry and Greig 2005). GLP-1 also has 
neuro-protective and neurogenic potential, and research 
has shown that it induces axons in the primary culture 
of neurons from the dorsal root ganglion (Anand et al. 
2018). Therefore, it can be effective in the treatment of 
DN. Wang et al. (2020) isolated 14 species of probiotics, 
including 10 Lactobacillus strains (1 ×  108, 1 ×  1010 CFU/
mL) and 4 Saccharomyces (1 ×  106, 1 ×  108 CFU/mL) from 
camel fermented milk and examined their effect on vari-
ous parameters in mice model of T2D for 6 months. They 
found that probiotics enhanced insulin secretion through 
glucose-triggered GLP-1 secretion by up-regulating G 
protein-coupled receptor 43/41 (GPR43/41), progluca-
gon, and proconvertase 1/3 activity (Wang et al. 2020). It 
has been determined that when the germ-free (GF) mice 
were colonized with healthy gut microbiota homeostasis, 
neuronal activities of ENS and VN were restored but not 
with diabetic mice gut microbiota (Grasset et al. 2017). 
Kunze et al. found that feeding rats with L. reuteri for 
9 days could improve the ENS by targeting the calcium-
dependent potassium channels in enteric sensory nerves 
(Kunze et al. 2009). Some Lactobacillus strains (L. far-
ciminis, plantarum, and fermentum) could produce nitric 
oxide (NO) as a neurotransmitter, which is able to influ-
ence the neuronal response to GLP-1 and glucose metabo-
lism (Grasset et al. 2017). Pegah et al. investigated the 
resveratrol and probiotics effects of GLP-1 in T2D rats. 
Rats were fed with various probiotic bacteria, including 
L. plantarum, L. bulgaricu, L. casei, B. infantis, L. aci-
dophilus, B. longum, B. breve, at a dose of 50 ×  109 for 
4 weeks. They found that these probiotics and resvera-
trol could decrease glucose and insulin resistance (sig-
nificantly, p < 0.001) and increase GLP1 as well as total 
antioxidant capacity (significantly, p < 0.001) compared 
to the diabetic group (Pegah et al. 2021). Wei et al. identi-
fied that two strains, L. kefiranofaciens M and L. kefiri K 
(denoted as Strain K), could decrease the T1D progression 
in mice model by inducing the GLP-1 secretion, inhibiting 
the cytokine production (proinflammatory and inflamma-
tory factors), raising the IL-10 production, and modify-
ing the gut microbiota towards LAB and Bifidobacterium 
spp. along with decreasing the Clostridium perfringens 
and coliform (Wei et al. 2015). These results revealed the 
role of probiotics in increasing GLP-1 levels that could 
subsequently alleviate hyperglycemia and could be sug-
gested as a potential candidate for diabetes treatment.
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Anorexia Nervosa

According to the great knowledge of the gut-brain interac-
tion and the positive effects of probiotics on this axis, several 
novel treatment strategies could be provided for anorexia 
nervosa (AN) treatment. AN is another important mental 
disorder that is associated with severe weight loss, psychi-
atric comorbidities, fear of fatness, and dietary restrictions.

Gröbner et al. assayed the efficacy of probiotics admin-
istration on AN patients and measured the body mass index 
(BMI), psycho/neuro psychological parameters by analyz-
ing serum and stool samples. They reported positive regula-
tion of gut microbial community in AN to improve weight 
gain, gastrointestinal discomfort, and inflammation reduc-
tion (Gröbner et al. 2022). Liu et al. evaluated the effects 
of probiotics on AN model by pre (fructooligosaccharides 
(FOS), 1.67 g/daily) and probiotic (Saccharomyces boular-
dii (5 ×  108 CFU)) intervention. After dietary restrictions, 
total microbiota and metabolites were reduced compared 
to healthy status, but supplementation with FOS and S. 
boulardii restored the microbial community by modifying 
Bifidobacterium, Bacteroides spp. Roseburia Clostridium 
coccoides-Eubacterium rectale group, Clostridium histol-
yticum, and Phascolartobacterium faecium (Liu et al. 2021).

Solis et  al. showed the positive effect of two diets 
(yoghurt or milk) including L. bulgaricus and S. thermphi-
lus which is able to induce IFN-γ production against infec-
tions on children with diarrhea and AN patients (Solis et al. 
2002). It is considerable that antibiotics and 25% of drugs 
could impact the microbial community, and feeding therapy 
based on the pre/probiotics is required for AN patients to 
obtain main goals such as energy harvesting, weight gain, 
lower gut permeability, and inflammation process as well as 
modification of the gut microbiome.

Conclusions

Ultimately, it can be concluded that probiotics have effective 
features on controlling the symptoms of CNS disorders. The 
probiotics effect mainly enhance gut health. Consumption 
of healthy foods containing probiotics has an important role 
in the prevention of CNS disorders and controlling related 
symptoms by gut microbiota modulation. This effect occurs 
through the gut-brain axis and can be integrated into clinical 
trials. Therefore, healthy food diets are of great importance. 
Consumption of fermented foods along with designing new 
functional foods containing probiotic species is an impor-
tant step for enhancement of mental health. It is suggested 
that the prevalence of CNS disorders in probiotics and fer-
mented foods consuming patients is significantly lesser com-
pared to the patients with no probiotics regimen, indicating 
the probiotics effects in improving the symptoms of these 

disorders. Overall, probiotics/prebiotics can be administered 
as an add-on adjuvant treatment for various diseases. Hence, 
their positive effects on neurological disorders still require 
further investigations in the future studies.
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