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Commentary

In a recent issue of Gut, Medawar, et al. show that a 
prebiotic dietary intervention reduced reward-associated 
activation of brain during food decision-making via 
modulation of gut microbiome composition in humans 
(NCT03829189).

The gut is called the ‘second brain’ as it produces multiple 
neurotransmitters as the brain does. The enormous number 
of neurons lining the gastrointestinal tract and responsible for 
producing the neurotransmitters is called the enteric nervous 
system (ENS) [1]. Distortions in the ENS due to dietary and 
gut microbial alterations may lead to dysfunction of the gut-
brain axis and the bidirectional communication between the 
central and peripheral nervous system affecting emotional 
and cognitive centers of brain [2]. Dietary intervention 
to modulate the gut microbiome and thus microbial 
metabolites to attenuate disease and improve quality of life 
is a trending area of research. Clinical trials investigating 
the effect of various probiotics and prebiotics reported the 
benefit of these dietary supplements in alleviating symptoms 
of inflammatory and nervous system associated diseases [3]. 
Microbiota derived short chain fatty acids (SCFAs) can cross 
the blood-brain barrier and modulate hypothalamic signaling 
[4,5]. The ability of SCFAs or SCFA-producing Akkermansia to 
reduce body weight has been shown in humans [6]. Prebiotic 

or non-digestible oligosaccharides are reported to confer 
neuroprotective benefits. Galacto-oligosaccharide intake 
improved indices of preclinical anxiety of healthy females 
by reducing negative emotional bias and increasing positive 
bias leading to emotional well-being [7]. Prebiotic intake was 
reported to reduce subjective hunger and improve appetite 
management via regulation of plasma glucagon-like peptide 
and neuropeptide and ghrelin [8,9]. Inulin supplementation 
also led to weight loss and mood perfections in obese people 
which was correlated with increased relative abundance of 
Coprococcus genera [10].

In a recent randomized controlled cross-over study 
published in Gut, Medawar and colleagues investigated the 
effect of prebiotic fiber consumption on reward-related 
food decision-making in overweight subjects and analyzed 
the potential microbial and metabolic markers. The authors 
hypothesized that prebiotic intervention could alter the 
gut microbiota and hence neural stimulation patterns of 
food reward in the populace at risk for weight gain, and 
the subjects’ desire for food, based on caloric density, may 
change following prebiotic consumption. In this within-
subject cross-over study, the authors recruited 59 eligible, 
overweight young adults. The participants and staff were 
blinded regarding the prebiotics/placebo allocation. After 14 
days of prebiotic (30 g inulin) or equal calory maltodextrin 
intake, SCFAs, glucose, lipid, inflammatory markers, and 
hormones were assayed in fasting blood. Gut microbiota 
and SCFAs were measured in stool. Functional MRI (fMRI) 
was performed before and after prebiotic intervention. 
Additionally, dietary habits and lifestyle behaviors were 
assessed at regular intervals. At behavioral level, the authors 
hypothesized that participants’ ratings for wanting would 
be higher for food over art and that wanting would change 
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following prebiotic intake. They also expected activation of 
different regions of brain following food evaluation compared 
to art evaluation, at neural level. Authors first ascertained the 
food augmented activation of reward network in the brain 
by fMRI where they found that the liking and desire ratings 
following preference tasks were higher for food stimuli over 
art. The reward network of the brain was largely activated 
on food evaluation. Their exploratory analysis following 
prebiotic consumption revealed a significantly lower 
wanting score compared to placebo. In addition, participants 
following prebiotic consumption reported less subjective 
hunger in comparison with placebo. Gender-standardized 
body fat mass, serum lipid markers, and cholesterol 
significantly decreased in placebo.
 

Authors correlated the neurobehavioral changes 
after prebiotic intervention to a decrease in the genera 
of Subdoligranulum. A decrease in Subdoligranulum was 
significantly correlated with prebiotic intervention-induced 
drop in ventral tegmental area (VTA) brain activation 
towards wanting high-caloric food. In addition, an increase 
in Lactiplantibacillus was significantly associated with an 
increase in right medial orbitofrontal cortex (rmOFC) in 
some of the participants. No change in SCFAs was observed. 
KEGG analysis to disseminate the metabolic pathways 
disclosed the correlation of reduced VTA brain activation to 
the downregulation of pathways associated with flavonoid 
and stilbenoid biosynthesis, biofilm formation, amino and 
nucleotide sugar metabolism, and upregulation of ATP 
binding cassette transporters. Reduced rmOFC activation 
significantly correlated with upregulation of oxidative 
phosphorylation.

Multiple studies explored the effect of microbial 
therapeutics to improve emotional attention and memory 
paralleled by changes in linked brain activation [11-13]. In this 
proof-of-concept study, the authors explored the association 
of prebiotic dietary intervention with neurobehavioral 
changes, serum biomarkers as well as gut microbiota 
variations. This study provides instrumental evidence for the 
concept of microbiome-modulating high prebiotic diet can 
affect brain activation and decision-making related to high 
caloric food wanting in obese individuals. Although more 
investigations are required to validate the results across 
multiple populations, the study suggests the idea of making 
use of microbiome-changing dietary interventions to control 
unhealthy eating behavior. Original article: (http://dx.doi.
org/ 10.1136/gutjnl-2023-330365)

References

1. Fleming MA, Ehsan L, Moore SR, Levin DE (2020) The 
Enteric Nervous System and Its Emerging Role as a 
Therapeutic Target. Gastroenterol Res Pract 2020: 

8024171. 

2. Carabotti M, Scirocco A, Maselli MA, Severi C (2015) The 
Gut-Brain Axis: Interactions between Enteric Microbiota, 
Central and Enteric Nervous Systems. Ann Gastroenterol 
28(2): 203-209. 

3. Varsha KK, Maheshwari AP, Nampoothiri KM (2021) 
Accomplishment of Probiotics in Human Health 
Pertaining to Immunoregulation and Disease Control. 
Clinical Nutrition ESPEN 44: 26-37. 

4. Hoyles L, Snelling T, Umlai UK, Nicholson JK, Carding 
SR, et al. (2018) Microbiome-Host Systems Interactions: 
Protective Effects of Propionate Upon the Blood-Brain 
Barrier. Microbiome 6(1): 55. 

5. Anastasovska J, Arora T, Canon GJS, Parkinson JRC, 
Touhy K, et al. (2012) Fermentable Carbohydrate Alters 
Hypothalamic Neuronal Activity and Protects against the 
Obesogenic Environment. Obesity (Silver Spring) 20(5): 
1016-1023. 

6. Depommier C, Everard A, Druart C, Plovier H, Hul MV, et al. 
(2019) Supplementation with Akkermansia Muciniphila 
in Overweight and Obese Human Volunteers: A Proof-
of-Concept Exploratory Study. Nature Medicine 25(7): 
1096-1103. 

7. Johnstone N, Milesi C, Burn O, Bogert BVD, Nauta A, et al. 
(2021) Anxiolytic Effects of a Galacto-Oligosaccharides 
Prebiotic in Healthy Females (18–25 years) with 
Corresponding Changes in Gut Bacterial Composition. 
Scientific Reports 11(1): 8302.

8. Cani PD, Lecourt E, Dewulf EM, Sohet FM, Pachikian BD, 
et al. (2009) Gut Microbiota Fermentation of Prebiotics 
Increases Satietogenic and Incretin Gut Peptide 
Production with Consequences for Appetite Sensation 
and Glucose Response after a Meal. Am J Clin Nutr 90(5): 
1236-1243. 

9. Hume MP, Nicolucci AC, Reimer RA (2017) Prebiotic 
Supplementation Improves Appetite Control in Children 
with Overweight and Obesity: A Randomized Controlled 
Trial. Am J Clin Nutr 105(4): 790-799. 

10. Leyrolle Q, Cserjesi R, Mulders MDGH, Zamariola G, 
Hiel S, Gianfrancesco MA, et al. (2021) Prebiotic Effect 
on Mood in Obese Patients Is Determined by the Initial 
Gut Microbiota Composition: A Randomized, Controlled 
Trial. Brain Behav Immun 94: 289-298. 

11. Alagiakrishnan K, Halverson T (2021) Microbial 
Therapeutics in Neurocognitive and Psychiatric 
Disorders. J Clin Med Res 13(9): 439-459. 

https://medwinpublishers.com/CPRJ
https://pubmed.ncbi.nlm.nih.gov/32963521/
https://pubmed.ncbi.nlm.nih.gov/32963521/
https://pubmed.ncbi.nlm.nih.gov/32963521/
https://pubmed.ncbi.nlm.nih.gov/32963521/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4367209/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4367209/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4367209/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4367209/
https://clinicalnutritionespen.com/article/S2405-4577(21)00231-X/fulltext
https://clinicalnutritionespen.com/article/S2405-4577(21)00231-X/fulltext
https://clinicalnutritionespen.com/article/S2405-4577(21)00231-X/fulltext
https://clinicalnutritionespen.com/article/S2405-4577(21)00231-X/fulltext
https://pubmed.ncbi.nlm.nih.gov/29562936/
https://pubmed.ncbi.nlm.nih.gov/29562936/
https://pubmed.ncbi.nlm.nih.gov/29562936/
https://pubmed.ncbi.nlm.nih.gov/29562936/
https://pubmed.ncbi.nlm.nih.gov/22322344/
https://pubmed.ncbi.nlm.nih.gov/22322344/
https://pubmed.ncbi.nlm.nih.gov/22322344/
https://pubmed.ncbi.nlm.nih.gov/22322344/
https://pubmed.ncbi.nlm.nih.gov/22322344/
https://pubmed.ncbi.nlm.nih.gov/31263284/
https://pubmed.ncbi.nlm.nih.gov/31263284/
https://pubmed.ncbi.nlm.nih.gov/31263284/
https://pubmed.ncbi.nlm.nih.gov/31263284/
https://pubmed.ncbi.nlm.nih.gov/31263284/
https://pubmed.ncbi.nlm.nih.gov/33859330/
https://pubmed.ncbi.nlm.nih.gov/33859330/
https://pubmed.ncbi.nlm.nih.gov/33859330/
https://pubmed.ncbi.nlm.nih.gov/33859330/
https://pubmed.ncbi.nlm.nih.gov/33859330/
https://pubmed.ncbi.nlm.nih.gov/19776140/
https://pubmed.ncbi.nlm.nih.gov/19776140/
https://pubmed.ncbi.nlm.nih.gov/19776140/
https://pubmed.ncbi.nlm.nih.gov/19776140/
https://pubmed.ncbi.nlm.nih.gov/19776140/
https://pubmed.ncbi.nlm.nih.gov/19776140/
https://pubmed.ncbi.nlm.nih.gov/28228425/
https://pubmed.ncbi.nlm.nih.gov/28228425/
https://pubmed.ncbi.nlm.nih.gov/28228425/
https://pubmed.ncbi.nlm.nih.gov/28228425/
https://pubmed.ncbi.nlm.nih.gov/33515740/
https://pubmed.ncbi.nlm.nih.gov/33515740/
https://pubmed.ncbi.nlm.nih.gov/33515740/
https://pubmed.ncbi.nlm.nih.gov/33515740/
https://pubmed.ncbi.nlm.nih.gov/33515740/
https://pubmed.ncbi.nlm.nih.gov/34691318/
https://pubmed.ncbi.nlm.nih.gov/34691318/
https://pubmed.ncbi.nlm.nih.gov/34691318/


Clinical Pathology & Research Journal
3

KK Varsha. Food Decision Making in Overweight Adults can be Manipulated by Prebiotic Diet. 
Clin Pathol 2024, 8(1): 000180.

Copyright©  KK Varsha.

12. Tillisch K, Labus J, Kilpatrick L, Jiang Z, Stains J, et al. 
(2013) Consumption of Fermented Milk Product with 
Probiotic Modulates Brain Activity. Gastroenterology 
144(7): 1394-1401.

13. Bagga D, Reichert JL, Koschutnig K, Aigner CS, Holzer P, 
et al. (2018) Probiotics Drive Gut Microbiome Triggering 
Emotional Brain Signatures. Gut Microbes 9(6): 486-
496. 

https://medwinpublishers.com/CPRJ
https://pubmed.ncbi.nlm.nih.gov/23474283/
https://pubmed.ncbi.nlm.nih.gov/23474283/
https://pubmed.ncbi.nlm.nih.gov/23474283/
https://pubmed.ncbi.nlm.nih.gov/23474283/
https://pubmed.ncbi.nlm.nih.gov/29723105/
https://pubmed.ncbi.nlm.nih.gov/29723105/
https://pubmed.ncbi.nlm.nih.gov/29723105/
https://pubmed.ncbi.nlm.nih.gov/29723105/
https://creativecommons.org/licenses/by/4.0/

	Commentary
	References

