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Abstract

Global demand for natural and artificial sweeteners in the food industry as alternatives to refined sugar is rising.
This trend has prompted further research to evaluate their safety and health effects. The gut microbiome plays a
vital role in the metabolism of selected sweeteners, a process that may influence overall health. Recent studies
have increasingly focused on the relationship between sweeteners and the gut microbiome. This review article
examines current knowledge regarding the role of the gut microbiome in the metabolism of selected sweeteners.
It also investigates the impact of five selected sweeteners and their metabolites on pathways associated with
gastrointestinal cancers. Overall, the observed positive effects of sweetener consumption on gastrointestinal
cancer pathways—such as apoptosis and cell cycle arrest—warrant further research to elucidate the underlying
mechanisms.
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EXTENDED ABSTRACT

Introduction and Objective: The increasing consumption of natural and artificial sweeteners as alternatives to
refined sugar has drawn researchers' attention to the potential health implications of these compounds, specifically
regarding the gut microbiome and gastrointestinal cancers. The gut microbiome plays a vital role in
gastrointestinal health by contributing to the metabolism of dietary components, regulating immune and
inflammatory responses, and maintaining the host's physiological homeostasis. Conversely, certain sweeteners
and their metabolic breakdown products may influence the composition and function of gut microbial
communities, as well as molecular pathways involved in the proliferation, survival, and death of cancer cells. This
review aims to summarize the interaction between selected sweeteners and the gut microbiome, elucidate their

potential metabolic pathways and their metabolites on molecular pathways linked to gastrointestinal cancers.

Methodology: In this review, the Medline, Scopus, and PubMed databases were searched to identify studies
published between 2000 and 2026. The search strategy utilized a combination of keywords related to sweeteners,
the gut microbiome, microbial metabolism, gut microbiota enzymes, and gastrointestinal cancers. A total of 400
articles were identified; following the application of selection criteria, 104 articles were chosen for detailed
analysis. Eligible studies included in vivo and in vitro research, as well as clinical trials, concerning the
metabolism of sweeteners by the gut microbiome and their effects on processes associated with gastrointestinal
cancers. Three natural sweeteners—steviol glycosides, glycyrrhizin, and neohesperidin dihydrochalcone—and

two artificial sweeteners—saccharin and sucralose—were examined as the primary compounds.

Findings: The results of the reviewed studies indicate that the selected sweeteners differ significantly in terms of
absorption, metabolism, and interaction with the gut microbiome. Steviol glycosides are hydrolyzed into steviol
through the activity of gut bacteria, particularly species belonging to the genus “Bacteroides”. Similarly,
glycyrrhizin undergoes the removal of sugar moieties—facilitated by bacteria such as “Eubacterium” and
“Bacteroides”—yielding metabolites related to glycyrrhizic acid and its derivatives. In the case of neohesperidin
dihydrochalcone, microbial processes involving sugar removal and hydrolysis lead to the formation of
metabolites, including phloroglucinol. In contrast, saccharin and sucralose are largely excreted from the body
unchanged; however, empirical evidence suggests that their consumption can alter the composition and abundance
of certain gut microbial groups. Furthermore, human and animal studies have reported a potential link between
the consumption of certain non-nutritive sweeteners and altered glycemic responses, shifts in the abundance of
specific bacteria, and modifications to various metabolic processes. Nevertheless, the direction and magnitude of
these changes depend on the type of sweetener, the dosage, the duration of exposure, and the individual's specific
microbial profile. An examination of the effects of sweeteners and their metabolites on pathways associated with
gastrointestinal cancer identified three primary mechanisms: apoptosis, the NF-«B inflammatory pathway, and
cell cycle arrest. Regarding the apoptosis pathway, certain in vitro and animal studies have demonstrated that
steviol, glycyrrhizin and its derivatives, as well as metabolites of neohesperidin dihydrochalcone, can—under
specific experimental conditions—reduce the viability of cancer cells or enhance markers of programmed cell
death. These effects have been associated with alterations in the expression of apoptosis-regulating proteins (such
as Bax and Bcl-2), the activation of caspases, and changes in mitochondrial pathways. In some animal models,
inhibitory effects on the formation of precancerous lesions or colorectal tumors have also been reported. However,
as these findings are primarily derived from laboratory and animal models, further clinical evidence is required to

establish the efficacy and safety of these compounds in humans. Concerning the NF-kB pathway, studies have
reported a reduction in its activity, along with decreased expression of inflammatory mediators—such as IL-6,
TNF-0, iNOS, and COX-2—following exposure to stevioside, glycyrrhizic acid, or neohesperidin
dihydrochalcone. Given that chronic inflammation and dysregulated inflammatory signaling can contribute to the
development and progression of gastrointestinal cancers, the modulation of these pathways may represent a
potential mechanism underlying the biological effects of these compounds. Furthermore, research has indicated
that steviol and glycyrrhizic acid can induce cell cycle arrest in gastric and colorectal cancer cell lines by altering
the expression of p53 and cyclins associated with the G1 phase. In contrast, available information regarding the
impact of saccharin and sucralose on these molecular pathways—particularly in the context of gastrointestinal

cancers—is limited.

Discussion: The body of evidence suggests that the relationship between sweeteners, the gut microbiome, and
gastrointestinal cancers is a multifactorial phenomenon; it cannot be attributed solely to the direct effect of
sweeteners on cancer cells. Microbial metabolism, the production of active metabolites, alterations in the
composition of microbial communities, and the modulation of host inflammatory responses may all contribute to
the biological outcomes associated with these compounds. However, findings from epidemiological studies
regarding the link between sweetener consumption and cancer risk are inconsistent; some research has found no
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significant association, while other studies have reported a potential link between the consumption of certain
sweeteners—notably aspartame and acesulfame potassium—and cancer risk. This heterogeneity may stem, in
part, from differences in study design, the type and quantity of sweeteners consumed, the characteristics of the
study populations, the duration of exposure, and the presence of confounding factors. Furthermore, anti-cancer
effects observed at experimental concentrations do not necessarily manifest under conditions of typical human
consumption. Consequently, the extrapolation of findings from cellular and animal studies to clinical

recommendations should be approached with caution.

Conclusion: Natural and artificial sweeteners can influence physiological processes and molecular pathways
associated with gastrointestinal cancers through direct or indirect interactions with the gut microbiome. Existing
evidence regarding certain natural compounds and their metabolites indicates potential effects on the induction of
apoptosis, the inhibition of inflammatory pathways, and the arrest of the cell cycle. However, these findings are
insufficient to establish a preventive or therapeutic effect in humans. Ultimately, a precise understanding of the
gut microbiome's role in the metabolism of sweeteners could pave the way for future research into the interplay
between diet, the microbiome, and gastrointestinal cancers—with the caveat that the therapeutic application of

these compounds still requires empirical and clinical validation.
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