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Abstract 

Introduction: Inspired by the link established between gut dysbiosis and Major Depressive Disorder (MDD), this research 

protocol aims to clarify the role of Alitsipes bacteria in the context of this disorder. Gut dysbiosis has been implicated in 

MDD, but the specific role of the Alistipes genus remains unclear. Alistipes, being an underrepresented constituent of gut 

microbiome-related literature, were chosen as a potential link to MDD via the hypothesized pathway of Alistipes-released 

GABA, subsequent production of serotonin from enterochromaffin (EC) cells, and eventual vagus nerve stimulation. 

Methods: Four groups of 60 male adult gnotobiotic mice (strain C57BL/6) will be inoculated with different levels of 

Alistipes bacteria (none, low, baseline, high). Experiment 1 aims to understand the localization and quantity of Alistipes-

derived GABA using PET/MRI. Subsequently, either bicuculline (a GABAA receptor antagonist), CGP56433A (a GABAB 

receptor antagonist), both in conjunction, or neither will be administered to understand how serotonin output varies based on 

GABAergic activity; PET/MRI will be used again for serotonin visualization. Lastly, an in-vivo whole-cell patch clamp 

experiment will help quantitatively assess vagus nerve stimulation resulting from serotonin secretion. 

Results: We hypothesize that GABA in the GI tract will be localized at EC cells, and that inhibiting GABAB receptors will 

produce the highest serotonin output and subsequently the greatest vagus nerve stimulation. 

Discussion: Current literature postulates that higher GABAB activity correlates with worse MDD symptoms, supporting the 

therapeutic potential of antagonizing this receptor’s activity. The serotonin output-related excitatory GABAA receptor 

responses are well known, calling for the exploration of the optimal combination of Alistipes concentration to support 

GABAA activity and proper dosage to block GABAB receptors. 

Conclusion: This study may have clinical implications for MDD therapies seeing that Selective Serotonin Reuptake Inhibitor 

treatments are ineffective for many patients; approaching this problem by drawing clearer conclusions about how GABA in 

the gut affects serotonergic activity in the brain and other nervous system components may help devise more novel 

treatments. If the proposed pathway holds true, a probiotic to help regulate the Alistipes level in the gut may serve as a 

potential therapeutic direction to take for such treatments. 
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Introduction 

Major Depressive Disorder (MDD) currently affects 280 

million people worldwide [1]. In fact, the World Health 

Organization has predicted that by the year 2030, MDD  

will have the highest disease burden among all 

neuropsychological conditions [1,2]. Unfortunately for those 

battling this disorder, symptoms such as decreased 

enjoyment of pleasurable activities, low self-esteem, fatigue, 

or suicidal ideations can be an extreme hindrance to everyday 

life [2]. Additionally, the widely-used pharmaceutical and 

therapeutic treatments for depression are currently only 

between 50-60% effective for most patients [3]. For this 

reason, better elucidating the physiology underlying MDD is 

critical for developing therapies with higher rates of success. 

 

The Gut-Brain Axis in MDD 

It has been established that the bidirectional relationship 

between the brain and gastrointestinal (GI) tract plays a role 

in the pathology of MDD [4]. The enteric nervous system, 

also referred to as the “little brain,” has the highest 

concentration of neurons in the body second only to the brain 

[4]. For this reason, the gut and brain are in constant 

communication and heavily influence one another’s function 

[4]. Kumar et al. (2023) have established that inflammation 
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of the gut due to the dysbiosis of commensal microbiota is 

associated with MDD; in fact, roughly 25.8% of patients with 

inflammatory bowel disease (IBD) also suffer from 

depression [4]. IBD is characterized by an immune response 

of the patient to elements of their own GI tract, creating an 

environment rich in inflammatory cytokines such as 

interleukin (IL)-1 and IL-1ß [5]. The dangers of long 

exposure to these cytokines are interference with the body’s 

serotonergic systems, inhibition of neurogenesis in the brain, 

and the loss of blood-brain barrier (BBB) integrity [4,6], all 

of which may enhance the pathobiology of MDD. 

Seeing that broad-spectrum antibiotics target a large 

portion of the commensal microbiota, the resulting 

dysbiosis likely reduces the beneficial effects of the gut 

microbiome [7]. For instance, this may involve an alteration 

in the secretion of key enzymes and anti-inflammatory 

molecules necessary for other metabolic pathways and 

overall brain health [7]. This potential mechanism further 

suggests the gut microbiome as a meaningful target for 

MDD treatment [7]. 

 

Alistipes and GABA in MDD Progression 

A particular genus of bacteria found in the gut 

microbiome is Alistipes, which has been under recent 

investigation regarding its contribution to the development of 

inflammation and MDD [8]. The 12 species of bacteria within 

the Alistipes genus are gram-negative, catalase-negative,  

rod-shaped, and anaerobic in nature [8]. Parker et al. (2020) 

has noted an increase in Alistipes bacteria concentration in the 

GI tract with cases of anxiety and depression, yet decreases 

with many other conditions that are neuropsychiatric in nature 

[8]. Alistipes are responsible for indole production, meaning 

they are able to hydrolyze tryptophan into the intermediate 

compound indole, which in turn gets transformed into 

serotonin [4,8]. Seeing that serotonin deficiency directly 

correlates with MDD development, the influence of Alistipes 

on the tryptophan-to-serotonin pathway is a reason that we 

suspect an increase in abundance of Alistipes may occur [4]. 

However, due to the inability of serotonin to cross the blood-

brain barrier (BBB) [9], it must act via the peripheral nervous 

system connected to the gut in order to appropriately affect 

the brain; this mechanism will be further discussed shortly. 

Another pathway that has been associated with the presence 

of Alistipes bacteria involves their secretion of glutamate 

decarboxylase (see Figure 1), an enzyme which catalyzes the 

transformation of glutamate into γ-aminobutyric acid 

(GABA) [10,11], an inhibitory neurotransmitter [10,11]. 

Deficiency of GABA has been shown to correlate with MDD, 

therefore it is also possible that the presence of Alistipes in the 

GI tract may be beneficial to increase production of GABA 

and decrease MDD severity [9]. Thus far, the exact role of 

Alistipes in the pathology of MDD is unclear, and the extent 

of research that has addressed it is limited. 

 

 
 

Figure 1. Hypothesized pathway of GABA due to Alistipes presence in the gut; (1) Alistipes bacteria secrete glutamate 

decarboxylase, which catalyzes the formation of GABA; (2) GABA acts on GABAA and GABAB receptors on the surface of 

EC cells; (3) EC cells secrete 5-HT (serotonin), which is created via the intermediate compound known as indole; (4) 

Serotonin acts on the vagus nerve, which plays a role in decreasing the symptoms of MDD. Pilot studies conducted on the 

amelioration of depressive-like behaviour through vagus nerve stimulation showed promising results of a 40% response rate 

and 17% full recovery or remission rates 10 weeks post-surgical implantation. Figure created with BioRender  

(https://www.biorender.com/). 

https://www.urncst.com/
https://doi.org/10.26685/urncst.611
https://www.biorender.com/


UNDERGRADUATE RESEARCH IN NATURAL AND CLINICAL SCIENCE AND TECHNOLOGY (URNCST) JOURNAL 

Read more URNCST Journal articles and submit your own today at: https://www.urncst.com 

 

Vedante et al. | URNCST Journal (2024): Volume 8, Issue 7 Page 3 of 9 

DOI Link: https://doi.org/10.26685/urncst.611 

Enterochromaffin Cells, Gaba, and the Vagus Nerve 

Enterochromaffin (EC) cells of the GI tract have been 

shown to secrete 95% of serotonin in the body [9], which 

acts directly on the 5-HT receptors present on vagus nerve 

(VN) afferent fibers that communicate signals to the brain 

[11]. These VN afferents synapse onto regions of the 

brainstem known as the dorsal raphe nucleus and locus 

coeruleus, two regions crucial for serotonin output [12]. In 

a more clinical context, pilot studies have shown success in 

relieving MDD symptoms via vagus nerve stimulation by 

reducing suicidality in 56% of the patients and improving 

cognition, as well as motor and executive function 10 

weeks into treatment [12,13]. GABA’s two receptors, 

namely GABAA and GABAB (see Figure 1), are present on 

the surface of EC cells, therefore it is likely that GABA's 

presence in the gut has some effect on EC cell serotonin 

secretion [14]. A study conducted in canine models 

concluded that when acted upon by GABA agonists, 

GABAB receptors worked to inhibit serotonin release from 

EC cells, while GABAA receptors upregulated the 

production and secretion of serotonin [14, 15]. However, 

when a similar study was performed in a guinea pig model, 

GABAB receptors promoted the release of serotonin rather 

than inhibited it [15]. 

Conflicting findings such as these bring into question 

the precise role of GABA receptors in the context of 

serotonin release, which remains vague and underexplored 

to date. In this light, we aim to better understand how 

GABA production from Alistipes bacteria in the gut impacts 

the release of serotonin from EC cells in a murine model. 

 

Methods 

Animals and Handling 

Adult male gnotobiotic mice of the strain C57BL/6 

[16] will be purchased from Charles River Laboratories 

[16,17]. The use of gnotobiotic mice is crucial to ensure 

precise control of the microbiota [18]. The animals will also 

be individually housed in cages equipped with HEPA air 

filters to ensure germ-free status is maintained [18]. 

Although drinking water will be supplied ad libitum, our 

mice will be fed at regular times thrice per day with 

standard food pellets that have been autoclaved to avoid the 

ingestion of contaminants [19,20,21]. The temperature will 

be kept between 24-25˚C with normal light and dark cycles. 

Additionally, cages will be devoid of toys to eliminate 

confounding contributions of serotonin; this is also why the 

mice will be individually caged, however, cages will be in 

close proximity to one another. Physical handling of the 

animals will coincide with the Guide for the Care and Use 

of Laboratory Animals as established by the National 

Institute of Health [22]. 

 

Experiment 1: GABA localization in the GI tract with a 

controlled gut microbiome 

Four groups of 60 adult mice will each be inoculated 

intraperitoneally with equal concentrations of the eight most 

common members of the gut microbiota: Anaerotruncus 

colihominis, Bacteroides caccae, Bacteroides thetaio 

taomicron, Clostridium symbiosum, Collinsella aerofaciens, 

Coprococcus comes, Providencia stuartii and Ruminococcus 

torques in concentrations established by previous research 

[19]. Once a baseline microbiome has been established, the 

groups will each be inoculated in the same way with different 

concentrations of Alistipes bacteria of the species putredinis, 

which contributes largely to the secretion of glutamate 

decarboxylase [8]. Our negative control group will receive no 

Alistipes in addition to the regular gut microbiota. One group 

will be at baseline - mean abundance of 8.4%, another above 

baseline (12.4%), and the last group will be below baseline 

(4.4%) abundance [9]. After waiting 2 days to allow an 

adjustment to their artificially imposed microbiomes, the 

mice will be subjected to positron emission tomography 

(PET) and magnetic resonance imaging (MRI) using the 

Inveon microPET/microMRI device to determine the 

localization of GABA in the GI tract [23,24]. 

PET is a well-studied technique in murine models to 

deduce the localization of specific target molecules [24,25], 

and will be utilized in conjunction with MRI to deduce 

whether GABA aggregation can be observed at EC cells. 

The GABA-specific radiotracer [11C] flumazenil [25,26] 

will be injected into the GI tract of all mice. Our MRI 

parameters will be adjusted according to the work of Frost 

et al. (2020), with a volume coil set to 300Hz, a field of 

view set to 6 x 3 x 2.5 cm, and a spatial resolution of 234 x 

234 x 260 µm. Additionally, repetition time will be set at 

0.8s, echo time will be set at 43.3 ms, and a RARE factor of 

16 will be utilized [24,27]. 

 

Experiment 2: The Second Experiment in this Investigation 

Aims to Quantify the Secretion of Serotonin from Each 

Group of Mice with Varied Alistipes Concentrations 

A serotonin transporter radiotracer [11C]DASB will be 

injected intraperitoneally into each mouse to estimate the 

density of serotonin in the membrane of presynaptic 

neurons and determine serotonin levels in the EC cells 

before it is dispatched [26,28]. Baseline levels of serotonin 

production will be imaged using PET/MRI with conditions 

as previously described. Once this control has been 

established, antagonists will be administered following the 

Latin Square Design which allows a level of pseudo-

randomization necessary to avoid any extraneous effects 

from order of antagonist administration (see Table 1) 

[29,30]. Therefore, in a randomized pattern, an equal 

number of mice in each group will be inoculated with the 

GABAB antagonist, for example, first as depicted by the 

table below. 
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Table 1. Latin square design for mice inoculation with GABA receptor antagonists 

Subgroups of 5 Mice Within the No 

Alistipes (control) Group → 

1 (mice 1-15) 2 (mice 16-30) 3 (mice 31-45) 4 (mice 46-60) 

Experiment Round Number ↓ 

1 A B C D 

2 B A D C 

3 C D A B 

4 D C B A 

The Treatment Protocol legend: A: Bicucilline; B: CGP56433A; C: Bicuculline + CGP56433A; D: None 

 

To eliminate a potential confounding variable, each 

experiment will be performed at the same time of day; the 

inoculations will occur at 9 AM. This will ensure that 

results may be as consistent as possible given that serotonin 

levels, like many other neurotransmitters, naturally cycle 

diurnally [31]. 

For the mice being intravenously administered the 

GABAA antagonist bicuculline (Treatment Protocol A) 

first: 10 minutes after administration at the concentration of 

0.1 mg/kg, the serotonin radiotracers will be injected, and 

PET/MRI will be performed once again. 

Subsequently, for the groups being administered the 

GABAB antagonist (Treatment Protocol B), benzyl[3[[1(3,4 

dichlorophenyl) ethyl] amino] 2 hydroxypropyl] phosphinic 

acid (CGP56433A) [32] will be injected and PET/MRI 

scans taken. Finally, for Treatment Protocol C, bicuculline 

will be utilized in conjunction with CGP56433A to observe 

the effects of inhibiting both GABAA and GABAB receptors 

[28,33]. After injecting both antagonists, the PET/MRI 

procedure will be performed once more. After each 

treatment protocol, a day’s wait time will be provided to 

ensure that the drug washes out the system of each mouse. 

 

Table 2. An outline of the experimental conditions applied to each of the four groups of mice 

Treatment Protocol  

and Purpose 

Blocking Intravenous Treatment Concentration of Antagonist 

Protocol D: Negative control No Saline solution 0.9% [27] 

Protocol A: Investigating the 

effect on GABAA  

GABAB CGP56433A 3 mg/kg [28] 

Protocol B: Investigating the 

effect on GABAB  

GABAA Bicuculline 3 mg/kg [28] 

Protocol C: Investigating the 

effect of blocking both 

GABAA & GABAB CGP56433A & Bicuculline 1.5 mg/kg of CGP56433A and 

1.5 mg/kg of bicuculline [28] 

 

Experiment 3: This Experiment Utilizes an in-vivo Whole-

Cell Patch Clamp to Investigate the Impact of Serotonin on 

the Vagus Nerve and Innervation of Enteric EC Cells 

The in-vivo whole-cell patch clamp technique will be 

used to examine the direct impact of enteric serotonin 

release on the vagus nerve innervating the EC cells. This 

technique has been employed both in vivo and ex vivo in the 

past to gauge nerve excitability and continues to stand as a 

reliable measure of localized impacts and downstream 

cascades of the neurotransmitters in our experiment [34]. 

To measure the spatiotemporal summations of synaptic 

inputs to the VN, an intracellular recording from the nerves 

in the area where the PET scans in Experiment 2 revealed 

serotonergic presence will be conducted. This procedure 

will be carried out on each mouse in all four groups 

outlined in Table 2 without having to sacrifice them. 

The depolarisation power of the serotonin released will 

be measured in terms of the amount of current passing 

across the cell membrane with this electrophysiological 

technique. This will help link GABA secretions from the 

Alistipes to vagus nerve stimulation. 

Statistical Analysis 

Analysis will be conducted using the PETsurfer 

package of FreeSurfer; minor translational shifting will be 

performed manually to achieve optimal alignment of the 

PET and MRI scans [24]. A set of one-way ANOVA will 

be run for Experiment 1 measuring the differences in the 

GABA-Alistipes relationship between groups, and two-way 

ANOVA will also be conducted between groups of 

Experiment 2. Bartlett's test will be utilized to assess 

normality, and homogeneity of variance will be assessed 

with a Shapiro-Wilk test [35,36,37]. As well, a Bonferroni 

correction will be performed for both the one-way and two-

way ANOVA [37]; R-Studio will be employed for both 

these ANOVA tests [38]. 

 

Results 

With regard to our first experiment, it is expected that 

PET scan results will indicate a strong signal for GABA 

localized in the GI tract, with signal strength proportional to 

Alistipes concentration. If no GABA is identified within the 

GI tract following Experiment 1, it would indicate that 
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GABA behaves in a way contradictory to our prediction and 

perhaps does not stay within the confines of the GI tract; if 

this result should be obtained, conducting a future study on 

what exactly happens to Alistipes-derived GABA would be 

beneficial. 

Similarly, in our second experiment, we expect to see a 

positive correlation between the level of Alistipes 

administered and serotonin output from EC cells; this 

prediction is based on the assumption that Experiment 1 

findings will be as expected. It is hypothesized that Alistipes 

in the gut produce GABA which will complex with its 

receptors on the surface of EC cells and stimulate the 

secretory pathway of serotonin, followed by subsequent 

stimulation of the VN. Although some findings in the past 

have conflicted with one another [12,14,15], we have based 

our predictions for Experiment 3 on the extensive work of 

Ghose et al. (2011). This study concludes that in murine 

models, greater inhibition of GABAB results in lower 

manifestation of depressive-like symptoms [39], therefore 

we suspect that administration of GABAB antagonists will 

result in greater serotonin secretion than administration of 

GABAA antagonists. However, what we are particularly 

interested in understanding is how the interactions between 

both bicuculline and CGP56433A will affect the 

concentration of serotonin release; it is not yet known if the 

opposing receptor activities vary in strength or even 

contribution. 

As a consequence of altering the GABA receptor 

activity, we expect to see very little stimulation of the VN 

following bicuculline administration. Opposingly, when 

administering only CGP56433A, it is suspected that VN 

activity will be at its highest across all trials. If the 

concentration of GABA produced by the Alistipes is 

significant in abundance, and affects EC cells in the 

suspected manner, it may be possible to derive an MDD 

therapy on the basis of GABA receptor activity. 

 

Discussion 

This research protocol helps not only to clarify the 

GABA-ergic effect on EC cells and serotonergic release, 

but also acknowledges the importance of understanding gut 

dysbiosis in the context of MDD. Previous literature has 

delved into many of the proposed mechanisms in which the 

microbiota is deeply interconnected with the functions of 

the central nervous system, such as through the VN and 

gut-brain axis [11]. However, research into the specific 

effects of select gut microbial species still remains a rather 

unexplored yet important domain in order to develop more 

specific biomarkers and targeted treatments. 

 

Limitations 

A challenge associated with performing these protocols 

in mice is the concern regarding limited transferability to 

humans. While mice represent a good mammalian model 

for understanding internal anatomy and biochemical 

processes, the tremendous complexity of the human body 

rarely allows for the identical translation of treatments that 

were originally adapted in mice [40]. Furthermore, this 

study investigates the effects of Alistipes on the pathology 

of MDD, but not the other way around; it may be beneficial 

to enhance this protocol in the future by including an 

experiment that draws conclusions about how Alistipes 

levels vary in response to MDD. It is also noted that 

extraneous factors such as presence of toys and social 

interactions with other mice will be limited to control for 

any unwanted fluctuations in serotonin levels; however, it is 

possible that this confounding variable may still present a 

challenge when quantifying serotonin output specifically 

from the proposed pathway. Additionally, with the exact 

half life of CGP56433A unknown, if the length of time 

between different experimental rounds is too short it is 

possible that remaining CGP56433A in the murine 

microbiomes will interfere with subsequent treatments. We 

will attempt to compensate for this by waiting a full day 

between experiments. Furthermore, the use of 60 mice per 

experimental group will aid us in accounting for the 

attrition rate throughout the course of the experiment. 

Furthermore, the decision was made to halve the 

concentrations of each antagonist when using both in 

conjunction (during experiment 2) in order to maintain a 

consistent concentration of administered treatment, 

however, this may alter the strength of antagonist activity. 

Despite this, we chose to keep this condition because it is 

not yet known whether the simultaneous use of these 

antagonists will have harmful effects; if results show that 

this treatment causes no harm, it will be beneficial to play 

around with varying the concentrations of each drug in a 

future study to deduce an optimal treatment. 

Lastly, the uncertainty surrounding the precise extent 

to which gut serotonin serves as a proxy for the effect of 

this neurotransmitter in the brain also serves as a possible 

challenge in this study. 

 

Future Directions 

Establishing a link between the Alistipes genus and the 

serotonergic pathway opens many future research avenues, 

such as devising a mechanism through which Alistipes-

produced GABA may potentially contribute to MDD 

treatment or reveal important biomarkers to assess the 

severity of this mental health disorder. While the excitatory 

and inhibitory repercussions of having GABA receptors on 

EC cells are under ongoing investigation, streamlining this 

serotonergic pathway could potentially involve the use of 

GABAA or GABAB antagonists as discussed; with our 

proposed experiment in conjugation with previous studies, 

GABA receptor targeting presents a potential mechanism 

for MDD symptom alleviation [40]. 

Furthermore, the use of probiotics as an adjuvant to aid 

antidepressant efficacy against MDD deserves greater 

attention, as they are a relatively attainable and non-

intimidating class of drug for many patients. In fact, 

probiotics are administered as live microorganisms and 
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function to preserve the integrity of our commensal 

microbiome [41,42,43]. If Alistipes putredinis is shown to 

stimulate the vagus nerve in a manner which reduces 

depressive symptoms, it may show promise as a probiotic 

for those diagnosed with or at risk of MDD. 

 

Conclusion 

With the alarmingly low roughly 50-60% effectiveness 

of present therapies and antidepressants such as SSRIs, 

which are often a first-of-line treatment [3], it is important 

to explore novel pathways, like the gut-brain axis, through 

which we can target and improve MDD treatment. While 

previous works accentuate the uncertainty surrounding the 

cascading effects of GABA binding to particular ionotropic 

(GABAA) and metabotropic (GABAB) receptors, this 

research protocol aims to understand the linkage between 

GABA released by a specific microbe genus Alistipes and 

its effect on EC cells and MDD pathology. Looking at the 

effects on serotonin release from EC cells, we aim to 

establish a link between the composition of the gut 

microbiome and the alleviation of MDD symptoms through 

the route of vagus nerve stimulation. Overall, Alistipes 

should remain a prime area of future exploration in the 

context of gut-brain-immune communication in MDD and 

other neuropsychiatric conditions. 

 

List of Abbreviations Used 

CGP56433A: benzyl[3[[1(3,4 dichlorophenyl) ethyl] 

amino] 2 hydroxypropyl] phosphinic acid 

EC: enterochromaffin cell 

GABA: γ-aminobutyric acid 

GI: gastrointestinal 

IBD: inflammatory bowel disease 

MDD: major depressive disorder 

MRI: magnetic resonance imaging 

PET: positron emission tomography 

VN: vagus nerve 

 

Conflicts of Interest 

The authors declare that they have no conflicts of interest. 

 

Ethics Approval and/or Participant Consent 

This study will acquire the review of the University of 

Toronto Ethics in Animal and Research Teaching 

committee. Due to the use of murine models, careful review 

of protocols will be taken and ensured to fall under the 

strict guidelines of ethical use of animal models in research. 

 

Authors' Contributions 

JNV: Made significant contributions to the designing of the 

study, incorporation of technical neuroscience techniques, 

drafted the manuscript, and continued to refine ideas. 

Agreement for accountability for all aspects of this 

manuscript was provided. 

JCI: Contributed to the study design, drafting of the 

manuscript, creation of Figure 1, and continuous 

refinements to ideas and writing. This author is in 

agreement to take accountability for all components of this 

manuscript. 

 

Acknowledgements 

We would like to acknowledge the work of our mentor, 

Jennifer Ma, who so kindly dedicated her time to assisting 

us in the process of writing this paper. She provided us with 

much guidance as we refined ideas, and patiently allowed 

us to learn while exploring our interests and delving deep 

into the world of scientific writing. 

 

Funding 

This study was not funded. 

 

References 

[1] World Health Organization [Internet]. Depressive 

Disorder (depression). [cited 2024 April 5]. Available 

from: https://www.who.int/news-room/fact-sheets/ 

detail/depression 

[2] StatPearls [Internet]. Major depressive disorder. [cited 

2024 April 5]. Available from: https://www.ncbi.nlm. 

nih.gov/books/NBK559078/ 

[3] Cuijpers P, Stringaris A, Wolpert M. Treatment 

outcomes for depression: challenges and opportunities. 

Lancet Psychiatry. 2020;7(11):925-7. https://doi.org/ 

10.1016/S2215-0366(20)30036-5 

[4] Kumar A, Pramanik J, Goyal N, Chauhan D, Sivamaruthi 

BS, Prajapati BG, et al. Gut Microbiota in Anxiety and 

Depression: Unveiling the Relationships and 

Management Options. Pharmaceuticals. 2023;16(565):1-

28. https://doi.org/10.3390/ph16040565 

[5] Mendoza JL, Abreu MT. Biological markers in 

inflammatory bowel disease: practical consideration for 

clinicians. Gastroentérologie Clinique et Biologique. 

2009;33(3):s158-73. https://doi.org/10.1016/S0399-83 

20(09)73151-3 

[6] Jeon SW, Kim YK. Neuroinflammation and cytokine 

abnormality in major depression: Cause or 

consequence in that illness? World Journal of 

Psychiatry. 2016;6(3):283-93. https://doi.org/10.5498/ 

wjp.v6.i3.283 

[7] Dinan K, Dinan T. Antibiotics and mental health: The 

good, the bad and the ugly. Journal of Internal 

Medicine. 2022;292:858-69. https://doi.org/10.1111/ 

joim.13543 

[8] Parker BJ, Wearsch PA, Veloo AC, and Rodriguez-

Palacio A. The Genus Alistipes: Gut Bacteria With 

Emerging Implications to Inflammation, Cancer, and 

Mental Health. Frontiers in Immunology. 2020;11(906): 

1-15. https://doi.org/10.3389/fimmu.2020.00906 

[9] Chen Y, Xu J, Chen Y. Regulation of 

Neurotransmitters by the Gut Microbiota and Effects 

on Cognition in Neurological Disorders. Nutrients. 

2021;13(6):1-21. https://doi.org/10.3390/nu13062099 

https://www.urncst.com/
https://doi.org/10.26685/urncst.611
https://www.who.int/news-room/fact-sheets/detail/depression
https://www.who.int/news-room/fact-sheets/detail/depression
https://www.ncbi.nlm.nih.gov/books/NBK559078/
https://www.ncbi.nlm.nih.gov/books/NBK559078/
https://doi.org/10.1016/S2215-0366(20)30036-5
https://doi.org/10.1016/S2215-0366(20)30036-5
https://doi.org/10.3390/ph16040565
https://doi.org/10.1016/S0399-8320(09)73151-3
https://doi.org/10.1016/S0399-8320(09)73151-3
https://doi.org/10.5498/wjp.v6.i3.283
https://doi.org/10.5498/wjp.v6.i3.283
https://doi.org/10.1111/joim.13543
https://doi.org/10.1111/joim.13543
https://doi.org/10.3389/fimmu.2020.00906
https://doi.org/10.3390/nu13062099


UNDERGRADUATE RESEARCH IN NATURAL AND CLINICAL SCIENCE AND TECHNOLOGY (URNCST) JOURNAL 

Read more URNCST Journal articles and submit your own today at: https://www.urncst.com 

 

Vedante et al. | URNCST Journal (2024): Volume 8, Issue 7 Page 7 of 9 

DOI Link: https://doi.org/10.26685/urncst.611 

[10] Bendsten KMB, Krych L, Sørenson DB, Pang W, 

Nielsen DS, Josefsen K, et al. Gut Microbiota 

Composition Is Correlated to Grid Floor Induced Stress 

and Behavior in the BALB/cMouse. PLOS One. 

2012;7(10):1-13. https:// 

doi.org/10.1371/journal.pone.0046231 

[11] Dhaliwal GK. Alistipes: The influence of a commensal 

on anxiety and depression. Catal. 2019;3(1):1-9. https: 

//journals.mcmaster.ca/catalyst/issue/view/137/The%2

0Trilogy 

[12] O’Reardon JP, Cristancho P, Peshek AD. Vagus Nerve 

Stimulation (VNS) and Treatment of Depression: To 

the Brainstem and Beyond. Psychiatry. 2006;3(5):54-

63. https://www.ncbi.nlm.nih.gov/pmc/ 

journals/901/ 

[13] Statpearls [Internet]. Physiology, GABA. [cited 2024 

April 5]. Available from: https://www.ncbi.nlm.nih. 

gov/books/NBK513311/ 

[14] Hyland NP, Cryan JF. A gut feeling about GABA: 

focus on GABAB receptors. Frontiers in. 

Pharmacology. 2010;1(124):1-9. https://doi.org/10.33 

89%2Ffphar.2010.00124 

[15] Raghupathi R, Duffield MD, Zelkas L, Meedeniya A, 

Brookes SJ, Sia TC, et al. Identification of unique 

release kinetics of serotonin from guinea-pig and 

human enterochromaffin cells. The Journal of 

Physiology. 2023;591(23):5959-75 

.https://doi.org/10.1113/jphysiol.2013.259796 

[16] The NIH Catalyst [Internet]. Germ-free mice: New 

facility for microbe study. [cited 2024 April 5]. 

Available from: https://irp.nih.gov/catalyst/19/4/germ-

free-mice 

[17] Charles River [Internet]. C57BL/6-Germ-Free Mouse 

[cited 2024 April 6]. Available from: https://www.cri 

ver.com/products-services/find-model/c57bl6-germ-

free-mouse?region=24 

[18] Jans M and Vereecke L. A guide to germ-free and 

gnotobiotic mouse technology to study health and 

disease. The FEBS Journal. 2024;1:1-24. https://doi. 

org/10.1111/febs.17124 

[19] Taconic Biosciences [Internet]. Ensuring Sterile Feed 

for Germ-Free Mice. [cited 2024 June 1]. Available 

from: https://www.taconic.com/resources/sterile-feed-

for-germ-free-mice 

[20] Camron CD. The blessings and curses of C57BL/6 

substrains in mouse genetic studies. Annals of the New 

York Academy of Science. 1245:31-3. https://doi.org/ 

10.1111/j.1749-6632.2011.06325.x 

[21] Research Animal Training [Internet]. Handling and 

restraint in the mouse. [cited 2024 April 5]. Available 

from: https://researchanimaltraining.com/articles/hand 

ling-and-restraint-in-the-mouse/ 

[22] National Research Council. Guide for the use and care 

of laboratory animals. The National Academic Press; 

2011. https://www.ncbi.nlm.nih.gov/books/NBK54050/ 

[23] Si Y, Pirasteh A, Wang J, Bradshaw T, Jeffrey JJ, 

Brian BR, et al. F-SynVesT-1 PET/MR Imaging of the 

Effect of Gut Microbiota on Synaptic Density and 

Neurite Microstructure: A Preclinical Pilot Study. 

Frontiers in Radiology. 2022;2(895088):1-9. https:// 

doi.org/10.3389/fradi.2022.895088 

[24] Frost GR, Longo V, Li T, Jonas LA, Judenhofer M, 

Cherry S, Koutcher J, et al. Hybrid PET/MRI enables 

high-spatial resolution, quantitative imaging of 

amyloid plaques in an Alzheimer’s disease mouse 

model. Scientific Reports. 2020;10:1-8. 

https://doi.org/10.1038/s41598-020-67284-z 

[25] Murrell E, Pham JM, Sowa AR, Kilbourn MR, Scott 

PJ, Vasdev N. Classics in Neuroimaging: Development 

of PET Tracers for Imaging the GABAergic pathway. 

ACS Chemical Neuroscience. 2020;11(14):2-13. 

https://doi.org/10.1021/acschemn 

euro.0c00343 

[26] Knippenberg N, Bauwens M, Schijns O, Hoogland G, 

Florea A, Rijkers K, et al. Visualizing GABA 

transporters in vivo: an overview of reported 

radioligands and future directions. EJNMMI Research. 

2023;13(42):2-21. https://doi.org/10.1186/s13550-023-

00992-5 

[27] Lancelot S, Zimmer L. Small-animal positron emission 

tomography as a tool for neuropharmacology. Cell 

Press. 2010;31(9):411-7. https://doi/org/10.1016/j. 

tips.2010.06.002 

[28] Johnston G. Advantages of an antagonist: bicuculline 

and other GABA antagonists. British Journal of 

Pharmacology. 2013;169(2):328-336. https://doi.org/ 

10.1111/bph.12127 

[29] Yu F, Qiu F, Meza J. Design and Statistical Analysis of 

Mass-Spectrometry-Based Quantitative Proteomics 

Data. The Crossroads. 2016: 211-237. 

https://doi.org/10.1016/B978-0-444-63688-1.00012-4 

[30] Gao L. Latin Squares in Experimental Design. 

Michigan State University. 2005: 1-19. https://www.cu 

veesoft.ch/rpn67/pacs/LibU/RPN67_97/Latin_square_

Method.pdf 

[31] Morin LP. Serotonin and the regulation of mammalian 

circadian rhythmicity. Annals of medicine. 1999;1:12-

33. https://doi.org/10.3109/07853899909019259 

[32] Jones MJ, Dawson A, Hales TG, Hunter WN. A 

structural rationale for N-methylbicuculline acting as a 

promiscuous competitive antagonist of inhibitory 

pentameric ligand gated ion channels. Chembiochem. 

2021;21(10):1526-33. https://doi.org/10.1002/cbic. 

201900680 

[33] Brebner K, Froestl W, Roberts D. The GABA(B) 

antagonist CGP56433A attenuates the effect of 

baclofen on cocaine but not heroin self-administration 

in the rat. Psychopharmacology. 2002;160(1):49-55. 

https://doi.org/0.1007/s00213-001-0952-7 

 

https://www.urncst.com/
https://doi.org/10.26685/urncst.611
https://doi.org/10.1371/journal.pone.0046231
https://doi.org/10.1371/journal.pone.0046231
https://journals.mcmaster.ca/catalyst/issue/view/137/The%20Trilogy
https://journals.mcmaster.ca/catalyst/issue/view/137/The%20Trilogy
https://journals.mcmaster.ca/catalyst/issue/view/137/The%20Trilogy
https://www.ncbi.nlm.nih.gov/pmc/journals/901/
https://www.ncbi.nlm.nih.gov/pmc/journals/901/
https://www.ncbi.nlm.nih.gov/books/NBK513311/
https://www.ncbi.nlm.nih.gov/books/NBK513311/
https://doi.org/10.3389%2Ffphar.2010.00124
https://doi.org/10.3389%2Ffphar.2010.00124
https://doi.org/10.1113/jphysiol.2013.259796
https://irp.nih.gov/catalyst/19/4/germ-free-mice
https://irp.nih.gov/catalyst/19/4/germ-free-mice
https://www.criver.com/products-services/find-model/c57bl6-germ-free-mouse?region=24
https://www.criver.com/products-services/find-model/c57bl6-germ-free-mouse?region=24
https://www.criver.com/products-services/find-model/c57bl6-germ-free-mouse?region=24
https://doi.org/10.1111/febs.17124
https://doi.org/10.1111/febs.17124
https://www.taconic.com/resources/sterile-feed-for-germ-free-mice
https://www.taconic.com/resources/sterile-feed-for-germ-free-mice
https://doi.org/10.1111/j.1749-6632.2011.06325.x
https://doi.org/10.1111/j.1749-6632.2011.06325.x
https://researchanimaltraining.com/articles/handling-and-restraint-in-the-mouse/
https://researchanimaltraining.com/articles/handling-and-restraint-in-the-mouse/
https://www.ncbi.nlm.nih.gov/books/NBK54050/
https://doi.org/10.3389/fradi.2022.895088
https://doi.org/10.3389/fradi.2022.895088
https://doi.org/10.1038/s41598-020-67284-z
https://doi.org/10.1021/acschemneuro.0c00343
https://doi.org/10.1021/acschemneuro.0c00343
https://doi.org/10.1186/s13550-023-00992-5
https://doi.org/10.1186/s13550-023-00992-5
https://doi/org/10.1016/j.tips.2010.06.002
https://doi/org/10.1016/j.tips.2010.06.002
https://doi.org/10.1111/bph.12127
https://doi.org/10.1111/bph.12127
https://doi.org/10.1016/B978-0-444-63688-1.00012-4
https://www.cuveesoft.ch/rpn67/pacs/LibU/RPN67_97/Latin_square_Method.pdf
https://www.cuveesoft.ch/rpn67/pacs/LibU/RPN67_97/Latin_square_Method.pdf
https://www.cuveesoft.ch/rpn67/pacs/LibU/RPN67_97/Latin_square_Method.pdf
https://doi.org/10.3109/07853899909019259
https://doi.org/10.1002/cbic.201900680
https://doi.org/10.1002/cbic.201900680
https://doi.org/0.1007/s00213-001-0952-7


UNDERGRADUATE RESEARCH IN NATURAL AND CLINICAL SCIENCE AND TECHNOLOGY (URNCST) JOURNAL 

Read more URNCST Journal articles and submit your own today at: https://www.urncst.com 

 

Vedante et al. | URNCST Journal (2024): Volume 8, Issue 7 Page 8 of 9 

DOI Link: https://doi.org/10.26685/urncst.611 

[34] Noguchi A, Ikegaya Y, Matsumoto N. In Vivo Whole-

Cell Patch-Clamp Methods: Recent Technical Progress 

and Future Perspectives. Sensors. 2021;21(4):1-21. 

https://doi.org/10.3390/s21041448 

[35] 1-Statistics Online, PSU [Internet]. ANOVA Assum 

ptions. [cited 2024 June 1]. Available from: https:// 

online.stat.psu.edu/stat500/book/export/html/607 

[36] Montana State University [Internet]. Tests for 

Homogeneity of Variance. [cited June 1 2024]. 

Available from: https://www.math.montana.edu/jobo/ 

st541/sec2e.pdf 

[37] Mishra P, Pandey CM, Singh U, Gupta A, Sahu C, 

Keshri A. Descriptive Statistics and Normality Tests for 

Statistical Data. Annals of Cardiac Anaesthesia. 2019; 

1:67-72. https://doi.org/10.4103/aca.ACA_157_18 

[38] RStudio Team (2020). RStudio: Integrated 

Development for R. RStudio, PBC, Boston, MA URL 

http://www.rstudio.com/ 

[39] Ghose S, Winter MK, McCarson KE, Tamminga CA, 

Enna SJ. The GABAB receptor as a target for 

antidepressant drug action. British Journal of 

Pharmacology. 2011;162(1):1-17. https://doi.org/10.11 

11/j.1476-5381.2010.01004.x 

[40] von Scheidt M, Zhao Y, Kurt Z, Pan C, Zeng L, Yang 

X, et al. Applications and Limitations of Mouse 

Models for Understanding Human Atherosclerosis. 

Cell Metabolism. 2017;25(2): 

248-61. https://doi.org/10.1016/j.cmet.2016.11.001 

[41] Hill C, Guarner F, Reid G, Gibson GR, Merenstein DJ, 

Pot B, et al. The International Scientific Association 

for Probiotics and Prebiotics consensus statement on 

the scope and appropriate use of the term probiotic. 

Nature Reviews Gastroenterology and Hepatology. 

2014;11(1):506-514. 

https://doi/org/10.1038/nrgastro.2014.66 

[42] Eltokhi A, Sommer IE. A Reciprocal Link Between 

Gut Microbiota, Inflammation and Depression: A Place 

for Probiotics? Frontiers in Neuroscience. 2022;16(1): 

1-20. https://doi.org/10.3389/fnins.2022.852506 

[43] Bull MJ, Plummer MT. Part 1: The Human Gut 

Microbiome in Health and Disease. Integrative 

Medicine. 2014;13(6):17-22. https://pubmed.ncbi.nlm. 

nih.gov/26770121/ 

 

  

https://www.urncst.com/
https://doi.org/10.26685/urncst.611
https://doi.org/10.3390/s21041448
https://online.stat.psu.edu/stat500/book/export/html/607
https://online.stat.psu.edu/stat500/book/export/html/607
https://www.math.montana.edu/jobo/st541/sec2e.pdf
https://www.math.montana.edu/jobo/st541/sec2e.pdf
https://doi.org/10.4103/aca.ACA_157_18
http://www.rstudio.com/
https://doi.org/10.1111/j.1476-5381.2010.01004.x
https://doi.org/10.1111/j.1476-5381.2010.01004.x
https://doi.org/10.1016/j.cmet.2016.11.001
https://doi/org/10.1038/nrgastro.2014.66
https://doi.org/10.3389/fnins.2022.852506
https://pubmed.ncbi.nlm.nih.gov/26770121/
https://pubmed.ncbi.nlm.nih.gov/26770121/


UNDERGRADUATE RESEARCH IN NATURAL AND CLINICAL SCIENCE AND TECHNOLOGY (URNCST) JOURNAL 

Read more URNCST Journal articles and submit your own today at: https://www.urncst.com 

 

Vedante et al. | URNCST Journal (2024): Volume 8, Issue 7 Page 9 of 9 

DOI Link: https://doi.org/10.26685/urncst.611 

 

 

Article Information 

Managing Editor: Jeremy Y. Ng 

Peer Reviewers: Jennifer Ma, Frank Mazza, Avril Metcalfe-Roach 

Article Dates: Received Apr 08 24; Accepted Jun 12 24; Published Jul 18 24 

 

Citation 

Please cite this article as follows: 

Vedante JN, Ingarao JC. The effects of alistipes-produced GABA on the murine gut-brain serotonergic system and major 

depressive disorder: A research protocol. URNCST Journal. 2024 Jul 18: 8(7). 

https://urncst.com/index.php/urncst/article/view/611 

DOI Link: https://doi.org/10.26685/urncst.611 

 

Copyright 

© Jia N. Vedante, Julia C. Ingarao. (2024). Published first in the Undergraduate Research in Natural and Clinical Science and 

Technology (URNCST) Journal. This is an open access article distributed under the terms of the Creative Commons 

Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and 

reproduction in any medium, provided the original work, first published in the Undergraduate Research in Natural and 

Clinical Science and Technology (URNCST) Journal, is properly cited. The complete bibliographic information, a link to the 

original publication on http://www.urncst.com, as well as this copyright and license information must be included. 
 

 

 

  
 

Do you research in earnest? Submit your next undergraduate research article to the URNCST Journal! 

| Open Access | Peer-Reviewed | Rapid Turnaround Time | International | 

| Broad and Multidisciplinary | Indexed | Innovative | Social Media Promoted | 

Pre-submission inquiries? Send us an email at info@urncst.com | Facebook, Twitter and LinkedIn: @URNCST 

Submit YOUR manuscript today at https://www.urncst.com! 
 

https://www.urncst.com/
https://doi.org/10.26685/urncst.611
https://urncst.com/index.php/urncst/article/view/611
https://doi.org/10.26685/urncst.611
https://creativecommons.org/licenses/by/4.0/
http://www.urncst.com/
mailto:info@urncst.com
https://www.facebook.com/urncst
https://twitter.com/urncst
https://www.linkedin.com/company/urncst
https://www.urncst.com/

	Abstract
	Keywords: major depressive disorder; alistipes; GABA; enterochromaffin cells; 5-HT; vagus nerve
	Introduction
	Methods
	Conclusion
	List of Abbreviations Used
	Conflicts of Interest
	Authors' Contributions
	Acknowledgements
	Funding
	Article Information
	Citation
	Copyright

