
Resveratrol as a modulator of the gut-brain axis 
in irritable bowel syndrome

Abstract
Resveratrol, a polyphenolic compound synthesized by plants, has garnered increasing attention in recent 
years for its potential pharmacological applications. Notably, it has been explored as a modulator of the 
gut-brain axis, particularly concerning irritable bowel syndrome (IBS). IBS is a life-quality impairing con-
dition characterized by recurrent abdominal pain associated with defecation, as well as alterations in stool 
frequency or form. This review provides a comprehensive overview of the role of the gut-brain axis in IBS, 
with a specific focus on the potential of resveratrol as a modulator of this axis and its therapeutic implica-
tions for IBS management.
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Introduction
Resveratrol is a polyphenolic compound natu-

rally synthesized by various plants, such as grape-
vines, in response to environmental stressors [1]. 
In recent years, there has been growing interest in 
this compound due to its potential pharmacological 
applications, including its use in IBS [2,3].

According to the Rome IV criteria, which are diag-
nostic guidelines used to classify functional gastro-
intestinal disorders, IBS is characterized by recur-
rent abdominal pain occurring at least one day per 
week over a three-month period, associated with at 
least two of the following: defecation, a change in 
stool frequency, or a change in stool form. The glob-
al prevalence of IBS, based on these criteria, is es-
timated to be approximately 3.6%-4.0% [4]. There 
is evidence that patients with this condition have 
a significantly impaired quality of life [5]. Because 
of its impact on patients’ well-being and healthcare 
systems, it is a noteworthy problem.

Therapeutic approaches for IBS often involve di-
etary modifications and symptomatic management 
as the first-line treatment. Gut-brain axis modula-
tors, including antidepressants, are typically recom-
mended as second-line options [6]. Recent studies 
have highlighted the potential role of resveratrol as 
a modulator of the gut-brain axis, which underlies 
the pathophysiology of IBS [2,3]. As a result, res-
veratrol has the potential to be applied in the treat-
ment of this disorder.

Therefore, this article aims to review the theoreti-
cal basis and potential clinical use of resveratrol in IBS.

Gut-brain axis in IBS
The pathophysiology of IBS remains complex 

and multifactorial, with many aspects still not ful-
ly clarified. However, substantial evidence suggests 
that dysfunction of the gut-brain axis is one of the 
key factors. The gut-brain axis is defined as the bi-
directional communication network between the 
gastrointestinal tract and the central nervous sys-
tem (CNS), mediated through neural, endocrine and 
immune systems. Much research indicates that the 
microbiome should be included in this axis as it im-
pacts both immune and endocrine responses.

The brain-gut axis comprises several key compo-
nents, including the enteric nervous system (ENS), 
which consists of two primary plexuses: the my-
enteric plexus, responsible for regulating the mo-
tility of intestinal smooth muscle, and the submu-
cosal plexus, which modulates mucosal sensation, 
secretion, and absorption. Additionally, the CNS and 
the autonomic nervous system (ANS) influence gas-
trointestinal motility, secretion, and blood flow. The 
hypothalamic-pituitary-adrenal (HPA) axis also plays 
a role in gastrointestinal function by responding to 
physical and psychological stimuli [7-9]. Disruptions 
in advanced brain networks may influence cognitive 

and emotional functions, potentially leading to im-
paired pain management and increased levels of anx-
iety and depression, which are commonly observed 
in chronic pain disorders and IBS [8,10].

Mechanisms of serotonin signaling in the 
gut-brain axis

The crucial molecule in the gut-brain axis is se-
rotonin (5-HT) as it affects peristalsis, nociception, 
visceral inflammation, immune response, and brain 
activity, all of which take part in the pathology of 
IBS [11]. The vast majority (~90%) of 5-HT is pro-
duced by enterochromaffin cells in the gut [12] and 
approximately 5-10% is produced by serotonergic 
neurons which most originate from the raphe nuclei 
in the brain stem [13].

Serotonin exerts its effects through 5-HT recep-
tors, which are categorized into seven groups based 
on their structural characteristics, signal transduc-
tion mechanisms, and pharmacological profiles. 
The 5-HT receptors are primarily G protein-cou-
pled receptors (GPCRs), with the exception of the 
5-HT3 receptor, which functions as a ligand-gated 
ion channel.

The 5-HT3 receptors are located in the ENS and 
modulate signaling via afferent fibers from the gas-
trointestinal tract. This signaling subsequently affects 
the brain’s stress circuitry, involving the paraventric-
ular nucleus, hippocampus, amygdala, locus coerule-
us, raphe nuclei, and the HPA axis. These interactions 
may contribute to the development of hyperalgesia 
and allodynia, which are characteristic of IBS [14].

5-HT4 receptors are localized on enteric neurons 
and smooth muscle cells. Upon activation, these re-
ceptors facilitate the release of acetylcholine from 
enteric interneurons and motor neurons, thereby 
enhancing and sustaining propulsive gastrointesti-
nal motility [14].

5-HT7 is predominantly expressed in the vascu-
lar and extravascular smooth muscles of the gastro-
intestinal (GI) tract, including the stomach, small 
intestine, and colon. They act through intrinsic 
primary afferent neurons (IPANs), where receptor 
activation produces slow excitatory postsynaptic 
potentials, leading to muscle relaxation. Overstimu-
lation of 5-HT7 receptors may contribute to abdom-
inal bloating and exaggerated muscle relaxation, 
associated with functional bowel disorders [14,15].

Resveratrol as modulator of gut-brain axis
The researchers have highlighted resveratrol as 

a regulator in multiple organs such as the pancreas, 
liver, brain, and gut, and it regulates the gut-brain 
axis [16-18]. It is especially pivotal in regulating 
glucose and hepatic lipid homeostasis through Sir-
tuin (SIRT)-1 activation [17,19]. SIRT-1 is an NA-
D+-dependent deacetylase that modifies gene ex-
pression through histone deacetylation. Resveratrol 
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is thought to regulate the Glucagon-like peptide-1 
(GLP-1) and 5-HT pathways. Both are proven to be 
essential hormones for the gut-brain axis [20,21].

GLP-1 is a peptide made up of amino acids, which 
comes from the preproglucagon gene expressed in 
pancreatic alpha cells, intestinal L-cells, and certain 
neurons in the brainstem and hypothalamus. GLP-
1’s effects are produced through the GLP-1 recep-
tors, found in pancreatic β-cells, as well as in other 
tissues such as neurons in specific brain regions, the 
peripheral afferent parasympathetic nervous sys-
tem, atrial cardiac myocytes, pulmonary endothelial 
cells, kidney, and the GI tract [21,22].

Dao et al. found that in a high-fat-fed diabetes 
mouse model, resveratrol increases the release of 
GLP-1 [23]. Pegah et al. discovered that the com-
bination of resveratrol and probiotics significantly 
increased GLP-1 and total antioxidant capacity in 
non-diabetic rats compared to the diabetic group 
[24]. However, a study conducted by Knop et al. 
demonstrated that resveratrol does not directly af-
fect the release of GLP-1 [25]. Resveratrol may en-
hance the effect of GLP-1 in the gut and CNS by acti-
vating various genes such as SIRT1 and Foxo genes 
[16]. The FOXO family of proteins are transcription 
factors involved in various physiological and patho-
logical processes, such as cellular homeostasis, 
stem cell maintenance, cancer, metabolic, and car-
diovascular diseases [26]. Therefore, the mecha-
nism of resveratrol on the release of GLP-1 remains 
controversial to date.

Another important pathway that has been proven 
to participate in regulating gastrointestinal motility 
involves the release and storage of nearly 90% of 
a hormone by enteroendocrine cells in the gastroin-
testinal tract, specifically the 5-HT [27]. In a study 
conducted by Yanez et al., it was shown that resvera-
trol inhibited the uptake of 5-HT by the isolated syn-
aptic terminals called synaptosomes in the rat brain 
[28]. Another study by Xu et al. also demonstrat-
ed antidepressant-like activity in a chronic stress 
model in rodents through selective inhibition of 
Monoamine Oxidase A compared with Monoamine 
Oxidase B (which are responsible for oxidizing se-
rotonin, norepinephrine, epinephrine phenylethyl-
amine, and benzylamine), maintaining 5-HT and 
noradrenaline levels [29]. The evidence suggests 
that the mechanism through which resveratrol may 
control 5-HT and its receptor, as well as modulate 
the release of 5-HT, is by regulating GLP-1 [30].

One more way resveratrol can improve the gut-
brain axis is by interacting with gut microbiota. 
Mar Larrosa et al., discovered that resveratrol can 
improve the gut health of rats with colitis. They 
found that resveratrol increases beneficial bacteria 
such as lactobacilli and bifidobacteria while inhib-
iting harmful enterobacteria. This, in turn, leads to 
improving the architecture of colonic mucosa and 

reduced levels of colonic mucosa prostaglandin E2 
(PGE-2), cyclooxygenase-2 (Cox-2), PGE synthase, ni-
tric oxide (NO), and systemic inflammation markers. 
These findings suggest that resveratrol has gut health 
benefits and exhibits antioxidative and anti-inflam-
matory effects. In a study conducted by Chen et al., it 
was found that resveratrol changes the microbiota by 
inhibiting the growth of Escherichia and Actinobacil-
lus while promoting the proliferation of Bacteroides, 
Lactobacillus, and Bifidobacterium in piglets [31]. 
Additionally, Diaz-Gerevini et al. suggested that res-
veratrol modulates the gut microbiota by activating 
anti-inflammaStory lipid mediators, such as lipoxin 
A4, resolvins, protectins, and maresins [32].

Resveratrol in IBS
The studies revealed that resveratrol has antiox-

idant and anti-inflammatory effects [3,33]. Roud-
sari et al. summarized the potential mechanisms 
through which resveratrol affects various pathways. 
These mechanisms include the regulation of phos-
phodiesterase-4 (PDE4), mitogen-activated protein 
kinases (MAPK), Cyclooxygenase-1 and -2 (COX-1, 
COX-2), Myeloid differentiation primary response 
88 (MyD88), and Nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-κB). These actions 
lead to decreased levels of IL-8 (Interleukin-8), 
PGE2 (Prostaglandin E2), IL-1β (Interleukin-1be-
ta), IL-6 (Interleukin-6), iNOS (Inducible nitric ox-
ide synthase), TNF-α (Tumor necrosis factor alpha), 
and IFNγ (Interferon-gamma), possibly alleviating 
the symptoms of IBS [33]. Resveratrol also provides 
neuroprotection by balancing Treg/Th17 and Th1/
Th2 ratios in the small intestine, reducing pro-in-
flammatory cytokines and intestinal vascular per-
meability [34]. A study conducted on porcine intes-
tinal enterocytes demonstrates that resveratrol can 
directly protect these cells against oxidative stress 
through the PI3K/Akt-mediated Nrf2 signaling 
pathway (nuclear factor erythroid 2-related factor 
(Nrf2) signaling pathway is activated by the phos-
phatidylinositol 3-kinase (PI3K)/protein kinase B 
(Akt)) [35]. Another study demonstrated that treat-
ment with resveratrol significantly improved both 
central nervous and peripheral symptoms in IBS-
like animal models by differentially regulating 5-HT 
levels in the brain and the intestine [2].

Pharmacokinetic analyses indicate that resvera-
trol can be detected in both plasma and the brain. 
It leads to both peripheral impacts, such as anti-in-
flammatory and antioxidant effects, and central ef-
fects, such as neuroprotection. [36, 37]. It has been 
established that nutraceuticals rich in biophenols 
may serve as an effective and safe adjuvant treat-
ment for managing Inflammatory Bowel Disease 
and IBS. There is stronger evidence supporting the 
use of resveratrol for treating Crohn’s disease and 
ulcerative colitis [38].
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Conclusions
IBS pathophysiology is complex and not yet ful-

ly understood, with the gut-brain axis dysfunction 
playing a crucial role in its development. Resvera-
trol as a modulator of the gut-brain axis has the po-
tential to be beneficial for patients with this disor-
der, as shown in animal models. However, the lack 
of clinical studies leaves much unknown about its 
effectiveness in humans. Consequently, further re-
search in this area is needed.
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