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ability in the U.S (USBDC, 2013), the importance of this research 
cannot be overstated.
Although the blueprint outlining the microbial role within gut-brain 
axis regulation is far from maturation, the current understanding is 
that certain microbial strains are able to induce measurable neu-
rologic and behavioral effect through the modulation of inflam-
matory response, neurochemical concentration, barrier-integrity, 
and interaction with the vagus nerve.  In order to understand, and 
potentially utilize these microbial capabilities, it is essential to dis-
tinguish between which microbes are inducing behavioral and or 
neurologic effect, and which pathway each microbe is using to do 
so. The complexity of this task resides in the significant microbial 
distinction expressed not only on a species level, but amongst mi-
crobial strains (Greenblum, Rogan, & Borenstein, 2015). 
Among the more than 7,000 microbial strains (Ley, Peterson, & 
Gordon, 2006), majority have not demonstrated direct behavioral 
or neurologic effect. The collection of strains that have been shown 
to induce measurable neurologic and behavioral manipulation be-
long to one of the three genus types Lactobacillus, Bifidobacte-
rium, and Bacteroides (Mayer, Knight, Mazmanian, Cryan, & Til-
lisch, 2014).  Amongst these genus types, a plethora of biologic 
and behavioral variances have been expressed on both a species 
and strain level. While variation across differing genus and species 
type is expected, differences expressed between microbial strains 
belonging to the same genus and species type is a surprising find 
in light of the genomic similarity expressed between them. Further 
investigation into these microbial variances can explain questions 
such as why, despite genomic similarities, only certain microbial 
strains are able to induce behavioral and neurologic effect. Why 

INTRODUCTION
Despite the myriad of pills and procedures aiming to treat psychi-
atric abnormalities and conditions, there is still much to be discov-
ered about the brain. Fortunately, exploration into the effect upon 
commensal microbiota within behavioral and neurologic regula-
tion has created a path in which to further decode and explore this 
enigmatic terrain. Recent in vitro and in vivo experimentation has 
demonstrated microbial influence within complex emotive states 
such as depression, chronic stress, anxiety, and psychiatric disor-
der (Bailey et al., 2011; Bercik et al., 2010; Maes, Kubera, Leunis, 
& Berk, 2012; Rook & Lowry, 2008). While this field is emerging 
and many mechanistic factors facilitating the microbial influence 
within gut-brain axis regulation have yet to be identified, the work 
done thus far suggest a future in which the brain can be indirectly 
targeted for therapeutic benefit through manipulation of commen-
sal microbiota (Clarke et al., 2014; Cryan & Dinan, 2012). At a 
time when neuropsychiatric disorders are the leading cause of dis-
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a previous study by Dhabhar et al. (2009), which observed a de-
creased concentration of IL-10 levels in adults with major depres-
sion syndrome. Additional inflammatory effect was observed in an 
experimental study by Pessi et al. (2001), which noted a decreased 
concentration of regulatory T cells in casein degraded by L. rham-
nosus GG. While no direct associations between regulatory T cell 
concentration and behavioral and or neurologic impact was ob-
served, an indirect link pertaining to decreased inflammation by 
regulatory T cells (Park et al., 2005) which has been correlated 
with depression and anxiety (Bercik et al., 2010; Maes, Kubera, 
Leunis, & Berk, 1999; Smith & Rudolph, 1991;) supports the psy-
chiatric influence of this inflammatory effect. 

Behavioral impact was observed in a study by Kantak, Bo-
brow, and Nyby (2013), which observed an attenuation of obses-
sive compulsive disorder (OCD) typified behaviors in a house 
mice model administered with L. rhamnosus GG, that worked as 
well as the positive study control, fluoxetine, which is common 
medication used in OCD treatment (Bandelow et al., 2012). The 
noted behavioral affect was presumed to be in relation to a de-
crease in the anxiety often preceding or accompanying OCD, and 
not from a direct modulation of the neurologic mediators associat-
ed with OCD typified behavior (Kantak et al., 2013). In reference 
to the abovementioned effects upon inflammation, it is plausible 
to infer that the noted behavioral modulation could be mediated, at 
least partially, through inflammatory modulation which has been 
previously associated with anxiety (Maes et al., 1999; Smith & 
Rudolph, 1991). 

Lactobacillus helveticus NS8.
L. helveticus NS8 induces behavioral and neurologic impact 
through modulation of neurotransmitters and inflammatory re-
sponse. Research conducted by Liang et al. (2015) found that 
when administered in a pathogen free rat model, L. helveticus 
NS8 restored hippocampal concentrations of serotonin and nor-
epinephrine. The psychological significance of this effect can 
be noted in previous work by Stanton and Sarvey (1985), which 
found that hippocampal depletion of norepinephrine reduces the 
frequency and magnitude of long term potentiation, which is a 
synaptic mechanism associated with cognitive functions pertain-
ing to learning and memory (Eichenbaum & Otto, 1992), as well 
as attention and arousal (Shors & Matzel, 1997). Hippocampal ef-
fect was also noted in a study by Martinowich et al (2007), which 
observed an increase of hippocampal brain derived neurotrophic 
factor mRNA, which has been noted to play a role within depres-
sion and psychiatric disorders such as schizophrenia and bi-polar 
disorder (Martinowich et al., 2007; Palomino et al., 2006). L. hel-
veticus NS8 was also shown to induce inflammatory effect through 
the attenuation of LPS induced inflammation which was mediated 
through an increased synthesis of IL-10 (Rong et al., 2015). 

L. helveticus NS8 induced behavioral effect in an experimen-
tal study by Luo et al. (2014), which observed an attenuation of 
anxiety and improved cognition in a hyperammonemia induced 
rat model administered with L. helveticus NS8. These results were 
supported in a proceeding study by Liang et al. (2015), which ob-

the microbial strains that do induce measurable effect, do so in 
a variety of ways that are often dissimilar from other strains be-
longing to the same genus and species type. And whether or not 
these strain mediated effects can be utilized for therapeutic benefit 
within neurologic and psychiatric disorders.

Lactobacillus rhamnosus JB-1.
L. rhamnosus JB-1 induces effect within gut-brain signaling 
through modulation of GABA receptors and inflammatory re-
sponse. In an experimental study by Bravo et al. (2001), chronic 
treatment of L. rhamnosus JB-1 in a healthy mice model signifi-
cantly increased GABA-B receptor concentrations in the cingu-
late and pre-limbic cortical regions, increased the concentration 
of GABA-A receptors in the hippocampus, decreased GABA-B 
receptor concentrations in the hippocampus, amygdala, and locus 
coerulus, and decreased GABA-A receptors concentrations in the 
pre-frontal cortex and amygdala. The influence over GABA recep-
tors is supported to have psychiatric impact that is demonstrated 
through work by Cryan and Kaupmann (2005), whom found a re-
duced concentration of GABA-B receptors in the frontal cortices 
of a depression induced mouse model, and Jacobson-Pick, Elkobi, 
Vander, Rosenblum, and Richter-Levin (2008) whom found an 
increase of GABA-A receptors in the amygdala of a chronically 
stressed mice model. 

Inflammatory affect was demonstrated in a study by Forsythe 
and Bienstock (2004), which found that L. rhamnosus JB-1 re-
duced intestinal inflammation through an upregulation of nerve 
growth factor, and inhibition of IL-8 synthesis. The neurologic im-
pact of these noted effects is supported in work done by Angelucci, 
Aloe, Vasquez, and Mathé (2000), showing an altered concentra-
tion of brain derived neurotropic factor and nerve growth factor 
in a depression induced mice model. As well as in work done by 
Janelidze et al. (2015), showing an association between low serum 
levels of IL-8 and anxiety in suicidal patients. 

L. rhamnosus JB-1 demonstrated behavioral impact in the 
abovementioned study by Bravo et al. (2001) through a signifi-
cant decrease in typified anxious and depressive behavior in mice 
chronically administered with L. rhamnosus JB-1. In addition to 
modulation of GABA receptors, this effect was deemed to be in re-
lation to interaction with the vagus nerve, for behavioral effect was 
not observed in vagotamized mice (Bravo et al., 2001). Due to the 
noted associating between nerve growth factor and depression, the 
increased concentration of nerve growth factor by L. rhamnosus 
JB-1 could also play a role within the noted decrease of typified 
anxious and depressive behavior.

Lactobacillus rhamnosus GG.
L. rhamnosus GG induced neurologic influence primarily through 
modulation of inflammatory processes. In an experimental study 
by Turner (2009), children with atopic dermatitis administered 
with L. rhamnosus GG resulted in significant reductions of se-
rum levels of IL-10, which has been shown to reduce intestinal 
inflammation through the suppression of regulatory T cells (Park 
et al., 2005). The behavioral impact of this effect is suggested in 
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Lactobacillus johnsonii N6.2
L. johnsonii N6.2 induced neurologic effect through modulation of 
neurotransmitters concentrations, gut-barrier integrity, and oxida-
tive stress concentrations. In an experimental study by Valladares 
et al. (2013), L. johnsonii N6.2 increased ileum and peripheral se-
rotonin concentrations, decreased peripheral kynurenine concen-
trations, and decreased tryptophan activity when administered to a 
“BioBreeding” rat model. The significance of this alteration with-
in behavior and neurologic functioning can be seen in previous 
work showing an association between low levels of serotonin and 
depression (Lucki et al., 1998), as well as an association between 
tryptophan depletion and depression and panic disorder symptom 
relapse (Bell et al., 2001). Further microbial influence was shown 
in a study by Valladares et al. (2010), which observed that when 
administered to a diabetic induced rat model, L. johnsonii N6.2 in-
duced effect within barrier integrity by increasing concentrations 
of tight junction protein claudin and decreasing host oxidative 
stress response.  In addition to the previously noted association 
between barrier integrity and psychological stress (Ait-Belgnaoui 
et al., 2005), the behavioral significance of the modulation of oxi-
dative stress response is supported in a study by Gorrindo, Lane, 
Lee, McLaughlin, and Levitt (2013), which found a correlation 
between increased oxidative stress response levels and increased 
severity of autism spectrum disorder associated behavioral ab-
normalities pertaining to language impairment, OCD typified be-
havior, and aversion to social communication. While no studies 
have tested to see whether or not L. johnsonii N6.2 induces effect 
within behavior, the noted induced effects pertaining to modula-
tion of neurotransmitters and effect upon oxidative stress levels 
warrants future research to assess the degree of possible behav-
ioral modulation.

Bifidobacterium longum, subspecies longum JCM1217.
Bifidobacterium longum subsp. longum JCM1217 induced effect 
within gut-brain axis regulation through immunological modula-
tion. In a study by Fukuda et al. (2011), pathogenic infection of 
Escherichia coli 0157:H7 was prevented in mice administered 
with B. longum, subspecies longum JCM1217 through produc-
tion of acetate. Fukuda et al. (2011) proposed that increased ac-
etate production protected against pathogen infection by attaching 
to epithelial cells and preventing the pathogen from translocat-
ing from the gut lumen to host blood supply. In addition to the 
increased barrier integrity, which has been previously noted to 
have an association with psychological stress (Ait-Belgnaoui et 
al., 2005), the induced production of acetate could have possible 
behavioral ramifications, for experimentation by MacFabe et al. 
(2007) observed that autism spectrum disorder behavioral abnor-
malities were induced in a rat model when short chain fatty acid 
levels were manually increased. More research should be conduct-
ed on B. longum, subspecies longum JCM1217 to assess whether 
or not the noted immunological effect induces behavioral or neu-
rologic modulation. 

served a significant reduction of chronic stress induced anxiety, 
depression, and cognitive dysfunction in mice orally administered 
with L. helveticus NS8. All abovementioned induced effects in-
cluding the synthesis of serotonin and norepinephrine (Liang et 
al., 2015), increased concentration of hippocampal brain derived 
neurotrophic factor mRNA (Martinowich, Manji, and Lu, 2007), 
and increased synthesis of IL-10 (Rong et al., 2015), appear to be 
plausible, and likely, mechanisms mediating the observed behav-
ioral impact by L. helveticus NS8. 

Lactobacillus helveticus R0052.
L. helveticus R0052 induced cerebral effect through mecha-
nisms pertaining to increased barrier integrity and amelioration 
of stress induced irregularities in hypothalamic-pituitary-adrenal 
axis (HPA-axis) and automatic nervous system (ANS) function-
ing. Influence upon barrier integrity was supported in a study by 
Johnson-Henry, Hagen, Gordonpour, Tompkins, and Sherman 
(2007), which observed that L. helveticus R0052 prevented against 
pathogenic infiltration of Escherichia coli 0157:H7 by binding to 
epithelial cells and blocking pathogenic entry. This impact sug-
gests that L. helveticus R0052 may play a beneficial immunologic 
role through the enhancement of intestinal barrier security and 
protection against pathogenic infection. This is a neurologically 
relevant action, for previous studies have shown a connection be-
tween pathogenic infection and behavior (Quinn et al., 1984) as 
well as psychological stress and barrier integrity (Ait-Belgnaoui, 
Bradesi, Fioramonti, Theodorou, & Bueno, 2005). HPA-axis mod-
ulation was supported in a study by (Ait-Belgnaoui et al., 2014), 
which observed a reversal of stress-induced HPA-axis and ANS 
irregularities, which was mediated through a decreased plasmatic 
concentration of corticosterone, adrenaline, and noradrenaline in a 
stress-induced mice model administered with a combination of L. 
helveticus R0052 and Bifidobacterium longum R0175. The modu-
lation of the HPA-axis presents possible psychological relevance, 
for the HPA-axis has domain over coordinating all bodily stress 
responses (Tsigos & Chrousos, 2002).
L. helveticus R0052 induced behavioral effect in a study by Oh-
land et al. (2013), which observed an amelioration of diet-induced 
anxiety and memory deficits in mice administered with L. helve-
ticus R0052. Interestingly, this effect appeared to be diet-depen-
dent, for behavioral effect was only noted when mice were fol-
lowed a high fat “western” diet, but not when following a low 
fat “chow” diet. These results were supported in another study 
by Gilbert, Arseneault-Bréard, and Flores Monaco (2013), which 
noted a diet-dependent decrease in typified depressive behavior 
in a post-myocardial infarction induced mice model administered 
with a combination of L. helveticus R0052 and Bifidobacterium 
longum R0175. Although future experimentation is required to be 
able to accurately ascertain the likely factors mediating the noted 
behavioral influence, it is reasonable to conclude that in addition to 
dietary intake, the abovementioned influence over HPA-axis regu-
lation (Ait-Belgnaoui et al., 2014) could be a contributing factor to 
the noted behavioral modulation. 
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DISCUSSION
The variation of induced effects expressed by the 8 included mi-
crobial strains demonstrate that even amongst strains belonging 
to the same genus type, generalizations pertaining to induced ef-
fects should be avoided. For example, while four out of the five 
included Lactobacillus strains induced influence over a collection 
of 9 neurotransmitters, modulation over the same neurotransmit-
ter was only expressed one time in the modulation of serotonin by 
both L. helveticus NS8 and L. johnsonii N6.2 (Liang et al., 2015; 
Valladares et al., 2013). Interestingly, in some instances microbial 
strains belonging to the same genus type induced oppositional ef-
fects. For example, while both L. rhamnosus GG and L. helveticus 
NS8 impacted the concentration of anti-inflammatory cytokine 
IL-10, L. rhamnosus GG decreased IL-10 concentrations (Turner., 
2009) while L. helveticus NS8 increased them (Rong et al., 2015). 
Oppositional impact was also expressed amongst strains belong-
ing to differing genus types, such as L. johnsonii N6.2, which 
increased peripheral serotonin concentrations (Valladares et al., 
2013), and B. infantis, which reduced peripheral serotonin con-
centrations (Desbonnet et al., 2008). 
Despite the diversity of microbially induced effects, behavioral 
modulation was largely uniform amongst the included strains. Six 
out of the eight strains demonstrated behavioral influence through 
the attenuation of of typified anxious and or depressive behav-
ior. The apparent dichotomy expressed by the divergent mediated 
effects and uniform behavioral influence demonstrates the com-
plexity of assessing the microbe-brain connection. As with many 
organically occurring events, no one factor determines whether or 
not an effect will take place. It is a consortium of many factors, 
some yet to be identified, and some yet to be understood.
While the noted behavioral modulation is promising and undoubt-
edly warrants further investigation, it is essential to remember the 
vast differences between human and animal physiologies and the 
methodology in which behavioral influence is assessed in animal 
models. The clinical testing done thus far has suggested promising 
results. For example, a study examining the effect of a multispe-
cies probiotic supplement upon depressive indicators in healthy 
individuals found a significant decrease in a cognitive reactivity 
to sad mood amongst those given the probiotic supplement when 
compared to participants supplied with the placebo (Steenber-
gen, Sellaro, Hemert, Bosch, & Colzato, 2015). This effect was 
attributed to a decrease in frequency of negative and aggressive 
thoughts which further supports the potential therapeutic benefit 
of varying microbial strains (Steenbergen et al., 2015). It will be 
interesting to see whether or not this effect is viable in participants 
who have pre-existent conditions such as depression or acute anxi-
ety as well as other psychiatric disorders. 
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Bifidobacterium longum NCC3001.
In an experimental study by Bercik et al. (2010), Bifidobacterium 
longum NCC3001 ameliorated colitis associated behavioral alter-
ations and brain derived neurotrophic factor depletions, which has 
been previously associated with stress and depression (Martino-
wich et al., 2007; Angelucci et al., 2000). However, when tested in 
a follow-up study by Bercik et al. (2011), colitis associated altera-
tions brain derived neurotrophic factor was not observed, which 
demonstrates that this was likely not a factor mediating the noted 
behavioral change. Additional neurologic effect was demonstrated 
in a study Khoshdel et al. (2013), which observed that B. longum 
NCC3001 significantly reduced the excitability of enteric neurons 
when applied to ileal segments of adult mice. This effect upon en-
teric neurons was supported in a study by Bercik et al. (2011), and 
presumed to be a possible method in which the central nervous 
system is signaled through activation of vagal pathways within the 
enteric nervous system. 

Behavioral effect was noted in the abovementioned studies 
(Bercik et al., 2010; Bercik et al., 2011) through the attenuation 
of colitis associated typified anxious behavior.  Both studies also 
observed in the abovementioned study by Bercik et al. (2011) 
through an attenuation of typified anxious behavior and an in-
crease in typified exploratory behavior.  Interaction with the vagus 
nerve appeared unclear, for behavioral effect was found indepen-
dent of the vagus nerve in the first study by Bercik et al. (2010) 
and dependent of the vagus nerve in the follow-up study by Bercik 
et al. (2011). While the noted effect regarding decreased excitabil-
ity of the vagus nerve supports interaction with the vagus nerve 
within behavioral modulation (Bercik et al., 2010; Khoshdel et 
al., 2013), more research is required to adequately determine the 
degree of vagal involvement. 

Bifidobacterium infantis 35624. 
Bifidobacterium infantis 35624 induced both behavioral and neu-
rologic effect through modulation of neurotransmitters, inflamma-
tory response, and intestinal permeability.  Research by Desbon-
net, Garrett, Clarke, Bienenstock, and Dinan (2008) observed that 
B. infantis 35624 reduced frontal cortex serotonin concentrations, 
increased plasmatic concentrations of noradrenaline and tryptophan, 
and inhibited the production of IL-10. The significance of these me-
diated effects are supported in previous work by (Amat et al., 2005; 
Bland et al., 2003) showing a connection between prefrontal cortex 
serotonin concentration and the modulation of anxiety, in work by 
Vijayakumar and Meti (1999) showing a connection between nor-
adrenaline and depression, in work by Myint et al. (2007) showing a 
connection between decreased plasmatic tryptophan concentrations 
and depression, and work by (Dhabhar et al., 2009) showing a con-
nection between IL-10 and major depressive syndrome. 

Behavioral influence was demonstrated in the abovemen-
tioned study by (Desbonnet et al., 2008) which noted an ameliora-
tion of typified depressive behavior in rats administered with B. 
infantis 35624 that worked as effectively as the positive study con-
trol Citalopram supporting the effectiveness of B. infantis 35624 
as a behavioral regulator.
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