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The gut microbiome: implications for neurogenesis and 
neurological diseases

Cheng Liu1, Shang-Yu Yang1, Long Wang2, Fang Zhou2, *

Abstract  
There is an increasing recognition of the strong links between the gut microbiome and the 
brain, and there is persuasive evidence that the gut microbiome plays a role in a variety 
of physiological processes in the central nervous system. This review summarizes findings 
that gut microbial composition alterations are linked to hippocampal neurogenesis, as 
well as the possible mechanisms of action; the existing literature suggests that microbiota 
influence neurogenic processes, which can result in neurological disorders. We consider 
this evidence from the perspectives of neuroinflammation, microbial-derived metabolites, 
neurotrophins, and neurotransmitters. Based on the existing research, we propose that 
the administration of probiotics can normalize the gut microbiome. This could therefore 
also represent a promising treatment strategy to counteract neurological impairment.
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Introduction 
A myriad of microorganisms reside within our body, including 
bacteria, fungi, parasites, and viruses. In particular, the 
gastrointestinal tract harbors approximately 95% of the human 
microbiome, and is home to more than 100 trillion bacteria 
(Qin et al., 2010; Bhattacharjee and Lukiw, 2013), which are 
collectively referred to as gut microbiota. The process of long-
term symbiosis and co-evolution has resulted in a reciprocal 
communication between gut microbiota and the host brain; 
this communication occurs via the microbiota-gut-brain axis, 
which involves immunological, endocrine, neurological, and 
metabolic signaling pathways (Rhee et al., 2009; Cryan and 
Dinan, 2012; Janssen and Kersten, 2015; Mayer et al., 2015; 
Baizabal-Carvallo, 2021). In recent years, an increasing body 
of research has focused on the topic of the microbiota-gut-
brain axis. Repeatedly, gut microbiota have been reported 
to participate in neurological diseases, including Parkinson’s 
disease (PD) (Scheperjans et al., 2015; Unger et al., 2016), 
Alzheimer’s disease (AD) (Vogt et al., 2017), multiple sclerosis 
(MS) (Kadowaki and Quintana, 2020), and autism spectrum 
disorder (ASD) (Liu et al., 2019). Gut microbiota have also 
been linked with age-related health declines that include 
physiological, psychological, and immunological parameters 
(Claesson et al., 2012) and stress-related disorders, such as 
depression, anxiety, and cognitive impairment (Mayer et 
al., 2014; Fröhlich et al., 2016). All the above-mentioned 
central nervous system (CNS) disorders are thought to involve 
pathological processes that include a decline in neurogenesis 
(Gage and Temple, 2013; Moreno-Jiménez et al., 2019). In 
this review, we review evidence of the involvement of the gut 
microbiome in the modulation of neurogenesis and related 
neurological disorders, and propose microbiota modulation as 
a potential therapy to rescue neurogenic decline.

Search Strategy and Selection Criteria 
The studies used in this review were retrieved by replicating 
the search terms of Cavallucci et al. (2020). An electronic 
search of the PubMed database of literature on the gut 
microbiome and neurogenesis published from 2004 to 
2020 was performed using the following search terms: 
gut microbiota and nervous system. The studies were 
further screened, and were only eligible for inclusion if 
the terms “neurogenesis”, “microbiota-gut-brain axis”, 
“neuroinflammation”, and “neurological diseases” were 
present in the title and/or abstract. 

Neurogenesis: Implications for the Nervous 
System and Influencing Factors 
Neurogenesis refers to the generation of new neurons by the 
differentiation of neural stem cells and maturation of neural 
progenitor cells (Gage, 2019; Cosacak et al., 2020). Albeit 
mainly quiescent, neurogenesis persists throughout adulthood 
in the mammalian brain. The subventricular zone of the lateral 
ventricles and the subgranular zone of the dentate gyrus in 
the hippocampus have been widely identified as neurogenic 
areas (Zhao et al., 2008).

It is generally accepted that new neurons are produced in 
the hippocampus of adult mammals, and that integration 
of these new neurons into the existing neural circuitry is 
critical for information processing and transmission within the 
nervous system. Moreover, concerning the important role of 
the hippocampus in sustaining normal memory and cognition 
(Lazarov and Hollands, 2016), it is possible that increased 
neurogenesis leads to a better cognitive performance, while 
perturbation of neurogenesis contributes to neurological 
impairments. Indeed, one study revealed that exercise 
increased the number of newborn neurons in aged mice and 
was associated with enhanced learning performance, which 
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indicates that there is a strong relationship between physical 
activity, neurogenesis, and cognition (van Praag et al., 2005). 
Notably, Cavallucci et al. (2020) reported that excessive 
calorie intake accelerated the age-dependent decline of 
neurogenesis, while calorie restriction and physical exercise 
had the opposite effect; the authors suggested that these 
effects could be mediated by gut microbiota. In addition to 
extrinsic factors (i.e. exercise and diet), intrinsic factors, such 
as inflammation, hormones, and neural factors, have also 
been found to participate in the modulation of neurogenic 
processes (Zhao et al., 2008). Namely, inflammation regulates 
adult neurogenesis through activation of the immune 
system, which supports the CNS’s normal repair mechanisms 
and defense against injury; hormones can modulate adult 
neurogenesis under particular conditions, and this is partly 
the result of changes in the composition of blood-derived 
substances; and neural factors can control the proliferation 
of neural stem cells and play an important role in regulating 
synaptic plasticity, survival, and differentiation. Together, these 
intrinsic factors can influence both cognitive improvements 
and the development of neurological disorders.

Gut Microbiota: The Link with Neurogenesis and 
Potential Mechanisms of Action
Accumulating evidence supports the idea that gut microbiota 
can influence the onset and modulation of neurogenesis 
(Cerdó et al., 2020). Such studies have been at least partly 
inspired by previous findings of a pathogenic role of gut 
microbiota in psychiatric and neurodegenerative diseases 
(Fung et al., 2017). One study revealed that, compared with 
conventionally raised mice, germ-free (GF) mice exhibited 
increased adult hippocampal neurogenesis, as revealed by 
more proliferating cells labeled with bromo-deoxyuridine; 
notably, microbial colonization of GF mice at 3 weeks of age 
did not induce changes in adult hippocampal neurogenesis, 
which suggests that there is a critical 3-week window within 
which microbial colonization can affect adult hippocampal 
neurogenesis (Ogbonnaya et al., 2015). Butyric acid is 
produced by the fermentation of food by intestinal flora. It 
has been reported that young GM mice exhibit increased 
hippocampal neurogenesis after receiving fecal microbiota 
transplanted from old donor mice, concomitant with an 
enrichment of butyrate-producing microbiota, which was 
determined using metagenomic analysis (Kundu et al., 2019). 
In another recent study, intestinal bacteria was found to 
maintain the enteric nervous system in adult mice through 
Toll-like receptor 2-induced neurogenesis (Yarandi et al., 
2020). Although the mechanisms underlying this link have 
not yet been elucidated, several potential mechanisms have 
been proposed, all of which involve an influence of the gut 
microbiota community on neurogenesis in the CNS. 

Neuroinflammation
A well-organized inflammatory response is critical for 
supporting the ability of the CNS to defend against damage 
and maintain a normal reparative function. As resident 
macrophages, microglia are the most abundant innate 
immune cells in the brain, comprising approximately 10% 
of all glial cells. Microglia play an essential role in sustaining 
homeostasis of the CNS; they are responsible for phagocytosis 
of pathogens and dying cells and the modulation of 
inflammatory responses, and also prompt the development of 
functional neural circuits (Lenz and Nelson, 2018). Numerous 
studies have reported  a close relationship between the 
microbiota community and the homeostatic function of 
microglia. Erny et al. (2015) observed more morphologically 
abnormal microglia in the brains of GF mice than in the 
brains of control mice. Furthermore, microglia in GF mice 
were not induced into activated phenotypes in response to 
the intrusion of bacteria and viruses, which highlights the 

critical role of microbiota in mounting an appropriate immune 
response in the CNS. Additionally, specific pathogen-free mice 
experienced antibiotic-induced microbiota depletion and 
microglia displayed an immature phenotype, albeit with no 
significant change in the number of microglia. Importantly, 
administration of short-chain fatty acids (SCFAs), which are 
a fermentation product of microbiota, normalized microglia 
functions in GF mice. These results suggest that the gut 
microbiota is related to the normal structure and function of 
central microglia.

Microglia have also been implicated in the development 
of neurodegenerative diseases. Microglia exhibit a highly 
activated phenotype under conditions of neurodegeneration, 
wherein they produce and secrete a plethora of neurotoxic 
pro-inflammatory mediators, including inducible nitric oxide 
synthase, cytokines and chemokines (e.g. interleukin (IL)-
1β, IL-6, tumor necrosis factor-α, IL-8, transforming growth 
factor-β), and free radicals (Rubio-Perez and Morillas-Ruiz, 
2012; Rodríguez-Gómez et al., 2020). Patients with ASD have 
been found to have more activated microglia than control 
patients, and the pathogenesis of ASD may be partly attributed 
to the dysregulation of synaptic pruning by microglia (Koyama 
and Ikegaya, 2015). Indeed, the involvement of microglia-
mediated pruning in Alzheimer’s disease has also been 
reported (Rajendran and Paolicelli, 2018). Collectively, these 
studies indicate that microglia play a synaptotoxic role in the 
promotion of neurological diseases. Importantly, a recent 
study investigating the microbiota-gut-brain axis provided 
direct evidence that microbiota can influence neurogenesis 
by modulating microglia function (Salvo et al., 2020). The 
authors administered a low dose of dextran sodium sulfate to 
weaning mice to induce acute colonic inflammation. Weaning 
mice displayed behavioral deficits alongside alterations in the 
gut microbial composition and diminished neurogenesis in 
adulthood, coupled with increased gene expression for pattern 
recognition receptor and T-helper 17 cell-related cytokines 
in the hippocampus. Moreover, hippocampal microglia were 
activated, as revealed by increased gene expression of ionized 
calcium-binding adapter molecule 1.

In addition to the effects of microglial function, other aspects 
of the immune system may also be involved in mediating the 
link between gut microbiota and hippocampal neurogenesis. 
In one study, post-weaning mice housed alone exhibited 
anxiety-like behaviors and impaired learning compared with 
their group-housed counterparts (Dunphy-Doherty et al., 
2018). Mice lacking in social interaction had an altered gut 
microbial composition and reduced neurogenesis compared 
with group-housed mice, accompanied by reduced IL-6 and IL-
10 in the hippocampus. These findings indicate that adverse 
early-life stress, such as being housed alone, may lead to long-
lasting changes in the gut microbiota, and that alterations in 
the gut microbial composition may affect neurogenesis via 
mediation of certain inflammatory cytokines, thus playing a 
key role in the occurrence of behavioral impairments in mice 
living alone. Finasteride, an inhibitor of the enzyme 5alpha-
reductase, can induce depression. Diviccaro et al. (2019) 
found that administration of finasteride induced a short-term 
enhancement of neurogenesis, as demonstrated by increased 
proliferation in the dentate gyrus, and a long-term inhibitory 
effect on neurogenesis one month after finasteride treatment. 
Importantly, the reduction in hippocampal neurogenesis was 
accompanied by depressive-like behaviors, neuroinflammation 
and gut microbial composition alterations (Figure 1).

Microbial-derived metabolites 
Of particular interest has been microbial-derived intermediate 
products, which might play a role in the gut-brain axis. SFCAs 
are the main products of bacterial fermentation, of which 
acetate, propionate, and butyrate are the most abundant. 
SFCAs have immuno-modulatory and anti-inflammatory 
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properties (Sivaprakasam et al., 2016). Moreover, they can 
modulate the release of neuropeptides, such as serotonin 
and peptide YY (Filosa et al., 2018), which potentially play 
key roles in the gut-brain axis. SFCAs exert regulatory effects 
both in the peripheral nervous system and CNS, owing to the 
fact that they can pass through the blood–brain barrier and 
bind to G protein–coupled receptors (Kasubuchi et al., 2015). 
Although only a small amount of SCFAs reach the CNS, they 
may have lasting and stable effects on the brain due to the 
accumulation of SCFAs transported by intestinal flora to the 
CNS. In addition, SCFAs can affect the integrity of the blood–
brain barrier, protect neurons, and indirectly regulate the 
secretion of 5-hydroxytryptamine by enterochromaffin cells, 
thus affecting emotion and memory; indeed, SCFAs have been 
reported to contribute to improved cognitive performance 
in animal models of neurodegenerative diseases (Stilling et 
al., 2014). For instance, Ho et al. (2018) reported that SCFAs 
have an inhibitory effect on the generation of beta-amyloid 
peptides in Alzheimer’s disease pathogenesis. In addition, 
Clostridium butyricum, a butyrate-producing probiotic, 
significantly improved neurological deficits and neuronal 
degeneration in a mouse model of traumatic brain injury (Li 
et al., 2018). Furthermore, Yang et al. (2020) found that SCFAs 
can prompt the growth and differentiation of human neural 
progenitor cells at physiologically relevant levels. Given that 
the expression of neurogenesis-related genes ATR, BCL2, BID, 
CASP8, CDK2, VEGFA, E2F1, FAS, NDN could be influenced by 
supplementation with SCFAs, these results suggest that SCFAs 
could regulate early neural system development.

Neurotrophins and neurotransmitters
Brain-derived neurotrophic factor (BDNF) is a neurotrophin 
that is widely expressed in the brain, and has critical roles 
in regulating synaptic plasticity, as well as survival and 
differentiation in the CNS (Ichim et al., 2012). Altered 
BDNF expression has been reported in several neurological 
disorders, including Alzheimer’s disease, PD, depression, and 
other psychiatric disorders (Nagahara and Tuszynski, 2011). 
O’Sullivan et al. (2011) found that maternal separation caused 
a marked increase in hippocampal BDNF in a rat model of 
early-life stress, while Bifidobacterium breve 6330, a probiotic, 
increased BDNF levels in control animals, which suggests that 
BDNF might be involved in the regulation of anxiety through 

microbiome-gut-brain axis. Furthermore, it has been reported 
that GF mice have altered BDNF expression levels in the 
hippocampus (Neufeld et al., 2011; Clarke et al., 2013). The 
vagus nerve is thought to serve as a communication pathway 
of the microbiome-gut-brain axis. One study found that adult 
mice subjected to subdiaphragmatic vagotomy had decreased 
BDNF mRNA expression in the hippocampus, as well as 
reduced proliferation and survival of neurons in hippocampus 
(O’Leary et al., 2018), which further suggests that the gut 
microbiota affects BDNF expression through the vagus nerve, 
thus mediating the bidirectional communication between the 
brain and intestine. 

Serotonin and its precursor, tryptophan, are important 
signaling molecules in both the CNS and gastrointestinal 
tract. Serotonin exerts regulatory effects on a variety of 
physiological functions, including modulation of stress, 
anxiety, mood, and cognition (Szapacs et al., 2004; Asan 
et al., 2013). Furthermore, serotonin plays a critical role 
in sustaining hippocampal homeostasis and promoting 
hippocampal neurogenesis (Alenina and Klempin, 2015). 
Clarke et al. (2013) investigated the role of the microbiome-
gut-brain axis in the hippocampal serotonergic system, 
and observed elevated hippocampal serotonin levels and 
increased plasma concentrations of tryptophan in male GF 
mice compared with conventionally raised controls. These 
results suggested that changes in the gut microbiota could 
affect CNS neurotransmission, and that regulation of the gut-
brain axis is essential for maintaining homeostasis. Moreover, 
Siopi et al. (2020) found that fecal transfer from chronic mild 
stress mice to healthy mice impaired the antidepressant 
and neurogenic effects of fluoxetine, which is a standard 
selective serotonin reuptake inhibitor that not only promotes 
proliferation, differentiation, and survival of progenitor cells 
in the hippocampus, but also influences the plasticity of new 
neurons generated.

Together, these results highlight the possibility that the 
gut microbiome influences hippocampal neurogenesis via 
mediation of the serotonergic system.

Dysbiosis in Neurological Disorders
Considering that the gut microbial community could impact 
on hippocampal neurogenesis via multiple pathways, as 
described above, it is necessary to consider its role in the 
pathogenesis of neurological disorders, which have also been 
associated with abnormal neurogenesis in the CNS. 

Cumulative evidence has confirmed that alterations of 
the gut microbiome composition are associated with the 
development of neurodegenerative diseases. Patients with 
Alzheimer’s disease have been reported to show different 
fecal microbial patterns to those of control individuals, with 
decreased abundances of Firmicutes and Actinobacteria 
and an increased abundance of Bacteroidetes at the phylum 
level (Vogt et al., 2017). In addition, while findings have not 
been conclusive, the abundance of Helicobacter pylori is 
thought to be positively associated with cognitive impairment 
in Alzheimer’s disease, and the pathogenic effect may be 
mediated by inflammatory responses (Roubaud-Baudron et 
al., 2012; Park et al., 2017). The imbalance of gut microbiota 
can aggravate degenerative changes of the CNS.

The gut microbiome has also gained increasing attention in 
PD, and its involvement has been strongly implicated in the 
modulation of this disease. Microbiota analysis has revealed 
increased Enterobacteria and decreased Prevotella strains in 
patients with PD (Scheperjans et al., 2015). Another clinical 
study found that, compared with healthy controls, patients 
with PD exhibited decreases in a range of butyrate-producing 
and anti-inflammatory bacterial genera, including Blautia, 
Coprococcus, and Roseburia, as well as increases in several 

Figure 1 ｜ The possible relationship between gut microbiota and 
neuroinflammation.
The gut microbiota participates in neuroinflammation by acting on 
neuropeptides, producing 5-HT, NE, and BDNF. The gut microbiota can also 
affect the production of SCFAs, which in turn affect microglia and promote 
the release of inflammatory mediators, thus affecting neuroinflammation. 
5-HT: 5-Hydroxytryptamine; BDNF: brain-derived neurotrophic factor; IL-12: 
interleukin-12; IL-1β: interleukin-1β; IL-6: interleukin-6; iNOS: inducible nitric 
oxide synthase; NE: noradrenaline; SCFAs: short-chain fatty acids; TNF-α: 
tumor necrosis factor-α.



56  ｜NEURAL REGENERATION RESEARCH｜Vol 17｜No. 1｜January 2022

Review
potentially harmful proinflammatory Proteobacteria of the 
genus Ralstonia (Keshavarzian et al., 2015). Concordantly, 
Unger et al. (2016) found that patients with PD exhibited 
a reduction of the SFCA-producing bacterial  family 
Prevotellaceae and lower SCFA concentrations relative to 
control patients. 

A my o t ro p h i c  l a t e ra l  s c l e ro s i s  ( A L S )  i s  a  c h ro n i c 
neurodegenerative disease characterized by a progressive 
loss of motor neurons and muscle atrophy. An altered gut 
microbiome composition has been detected in a mouse model 
of ALS, with a reduced abundance of butyrate-producing 
bacteria, including Butyrivibrio fibrisolvens and Escherichia coli 
(Wu et al., 2015). Furthermore, a clinical study by Mazzini et 
al. (2018) reported variations in the gut microbial composition 
in patients with ALS, including higher Escherichia coli and 
Enterobacteria levels and lower Clostridium levels compared 
with control patients. 

Previous work has also revealed a causal link between the 
gut microbial community and ASD. Children with autism have 
been reported to have a decreased abundance of butyrate-
producing taxa, such as Ruminococcaceae and Eubacterium, 
accompanied by relative low levels of SCFAs (Liu et al., 2019). 

MS is an autoimmune inflammatory neurodegenerative 
disease in which targeting SCFAs also seems to be a promising 
strategy. Indeed, reduced levels of SCFA-producing bacteria 
has been detected in patients with MS (Takewaki et al., 2020). 
Moreover, administration of SCFA has been associated with 
a better disease course in an experimental animal model 
of autoimmune encephalomyelitis (Melbye et al., 2019). 
Additionally, a high abundance of Archaea and markedly 
low abundances of Firmicutes and Bacteroidetes have been 
reported in patients with MS (Tremlett et al., 2017).

Ischemic stroke is caused by focal occlusion or arterial 
stenosis. Some studies have found evidence for a bidirectional 
communication between the intestinal axis and brain axis 
after stroke, and that stroke changes the composition of gut 
microbiota; in turn, microbiota imbalance can impact immune 
responses and substantially worsen the prognosis of stroke 
as a result (Houlden et al., 2016; Liang et al., 2020; Sadler et 
al., 2020). After stroke, T lymphocytes (especially γδ T-cells) 
migrate from the Peyer plaque or lamina propria of the small 
intestine to the brain and/or pia mater; intestinal microflora 
seem to affect the degree of neuroinflammation after stroke 
by regulating this transport of intestinal T cells to the brain 
(Benakis et al., 2016; Cryan et al., 2020). In addition to eliciting 
a microglia response, stroke can also induce peripheral 
immune cells to invade the brain parenchyma, which worsens 
stroke prognosis (Neumann et al., 2015; Selvaraj and Stowe, 
2017). Gut microbiota and their metabolite SCFAs play a key 
role in stroke. SCFAs regulate the activation of microglia and 
the composition of immune cells, and lymphocytes play a key 
role in mediating the role of SCFAs in microglia activation. In 
addition, SCFAs may indirectly mediate post-stroke recovery 
and neuronal plasticity by regulating the activity of microglia 
(Sadler et al., 2020). Thus, dysregulated SCFA levels resulting 
from an imbalanced microbiota composition may impede 
recovery after stroke.

Possible Gut Microbiome-Based Treatment 
Strategies for Neurological Disorders 
As mentioned above, an abnormal gut microbial composition 
may be causally link with neurological disorders and abnormal 
neurogenic processes. Thus, it is possible that interventions 
that normalize the microbial composition could ameliorate 
neurogenesis-related neurological disorders to some extent. 

Probiotics are beneficial bacteria that, in sufficient quantities, 
can confer health benefits in the host (Gareau et al., 2010). 

Probiotics help to maintain immune homeostasis by regulating 
gastrointestinal function and inhibiting systemic immune 
responses (Logan and Katzman, 2005; Franco-Robles and 
López, 2015). Probiotics have been considered as a potential 
treatment for depression and anxiety. Administration of 
Lactobacillus helveticus combined with Bifidobacterium 
longum has been reported to decrease anxiety-like behaviors 
in both rats and humans (Messaoudi et al., 2011). In one 
randomized controlled trial, intake of probiotics reduced 
negative thoughts associated with depression (Steenbergen et 
al., 2015). Importantly, VSL#3, a probiotic mixture, has been 
shown to reduce inflammation in aged rats by decreasing IL-
10 protein expression, and to contribute to the increase of 
BDNF mRNA and synapsin in the hippocampus (Distrutti et 
al., 2014). In a study investigating the effect of Lactobacillus 
strains on cognitive decline in aging-accelerated mice, 
supplementation of the subspecies K71 improved cognitive 
performance, which was attributed to an upregulation of 
hippocampal BDNF expression (Corpuz et al., 2018). In rats 
fed with a chronic high-fat diet, supplementation with another 
subspecies, HII01, has been found to increase hippocampal 
plasticity and attenuate brain mitochondrial dysfunction 
and microglial activation (Chunchai et al., 2018). Therefore, 
probiotics supplementation may be beneficial to the remission 
of mental illness and the improvement of cognitive ability. 
However, the pilot AMBITION study with five patients with 
Alzheimer’s disease (NCT03998423) was recently interrupted 
after SARS-CoV-2 was detected in fecal material, which serves 
as a reminder of the potential risk of fecal transfer.

Conclusions
Since the inception of the concept of the microbiota-gut-
brain axis, much research has contributed to our knowledge 
about bacteria-host communication and the signaling 
pathways involved. The gut microbiome can influence 
many physiological processes, including hippocampal 
neurogenesis, which critically links the gut microbiome 
with CNS development. Albeit preliminary and mostly 
experimental, the existing literature indicates that abnormal 
gut microbial composition could serve as a pathogenic factor 
that contributes to neurogenic processes, thus playing a 
part in an array of neurological disorders. The mechanisms 
underlying gut microbiome-induced inhibition or promotion 
of neurogenesis have not yet been elucidated, but may 
include neural, humoral, metabolic, and immune pathways. 
Supplementation with probiotics could positively alter the 
composition and function of gut microbiome, and thus 
represents a promising treatment strategy for neurological 
diseases. However, more well-designed clinical trials are 
needed to evaluate the efficacy and safety of probiotics. 
Overall, we are still in the early stages of understanding 
the association between neurogenesis and gut microbiota. 
Future work could investigate the impact of gut microbiota in 
immune-mediated CNS diseases, such as MS, neuromyelitis 
optica, and Guillain-Barré syndrome, as well as non-immune-
mediated CNS diseases, such as ASD, depression, and anxiety. 

In conclusion, the study of gut microbiota holds great promise 
for improving the diagnosis, prognosis, and treatment of 
CNS diseases. SCFAs are key metabolites derived from gut 
microbiota that affect T cell function, thereby indirectly 
regulat ing the nerve regenerat ion environment.  In 
experimental animal models of stroke, SCFAs have also been 
reported to promote the effectiveness of rehabilitation at 
the functional and morphological levels, which could aid the 
development of new, more effective rehabilitation strategies 
in patients with stroke (Sadler et al., 2020). Future work could 
also examine whether the number of gut microbiota can 
predict the severity of CNS diseases such as stroke, as well 
as the response to treatment. Additional studies are needed 
to determine the role of different microbial species in the 
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neurogenesis and pathogenesis of neurological diseases, as 
well as how gut microbiota could be modulated to enhance 
therapeutic effects. 
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