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ABSTRACT 

Background: The increasing consumption of non-caloric sweeteners has raised concerns regarding their potential effects 

on oxidative stress and related health outcomes. Emerging evidence suggests that artificial sweeteners, particularly 

aspartame and saccharin, may induce oxidative stress in a dose-, duration-, and tissue-dependent manner. In contrast, 

natural sweeteners, such as stevia, may offer protective effects. 

        This review synthesizes current findings on the oxidative and metabolic effects of non-caloric sweeteners, outlining 

key methodological limitations and the need for long-term clinical investigations. It further integrates mechanistic insights 

to distinguish the differential redox effects of artificial versus natural sweeteners and explores how antioxidant-rich 

functional foods might mitigate these impacts. This review comprehensively integrates mechanistic, experimental, and 

dietary evidence linking non-caloric sweeteners to oxidative stress while introducing functional food–based strategies to 

mitigate redox imbalance. It provides an updated synthesis relevant to evidence-based dietary guidance and regulatory 

evaluation. 
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INTRODUCTION 

The widespread consumption of processed foods today 

has significantly increased the use of food additives, 

particularly low-calorie sweeteners. To reduce calorie 

intake and prevent health problems such as obesity, 

artificial sweeteners like aspartame, acesulfame K, 

saccharin, and sucralose are widely used in many 

processed foods, ranging from diet products to various 

foods and beverages [1, 2]. However, food processing 

conditions, such as heat treatment, may alter the stability 

and metabolic effects of these sweeteners. Recent 

experimental evidence demonstrated that thermal 

treatment of commercial sweetener solutions 

significantly modulated metabolic and oxidative 

responses in mice [3]. Although these products are often 

marketed as healthier alternatives to sugar, the effects of 

their long-term and intensive consumption on health 

have been increasingly debated and researched in recent 

years. Beyond their potential oxidative effects, non- and 

low-caloric sweeteners may also modulate substrate 

oxidation and energy metabolism. A recent systematic 

review of human trials reported that such sweeteners 

increased fat oxidation and decreased carbohydrate 

oxidation compared with caloric sugars, although 

evidence on total energy expenditure remains 

inconsistent [4]. 

However, despite extensive preclinical evidence, 

there remains a shortage of well-controlled human 

studies that directly evaluate whether consuming non-

caloric sweeteners translates into clinically meaningful 
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oxidative stress-related outcomes. This gap complicates 

public health recommendations and underscores the 

need for translational research that links mechanistic 

findings to population-level risk. 

Some studies have suggested that these 

sweeteners, particularly when used in high doses over 

long periods, may be associated with various health 

problems [5]. Preclinical and clinical studies have shown 

that these sweeteners may have dysbiotic effects on the 

gut microbiota. However, the inability to replicate these 

findings in some studies has made it difficult to reach a 

scientific consensus [6]. Furthermore, it has been claimed 

that sweeteners may alter taste perception and, by 

increasing sugar consumption, lead to undesirable 

outcomes; however, strong evidence supporting this 

hypothesis has yet to be obtained [7]. Notably, in 2023, 

the World Health Organization (WHO) released an 

updated hazard and risk assessment for aspartame, 

renewing scrutiny over its long-term safety and 

highlighting the need for further targeted research [8].  

Acceptable Daily Intake (ADI) values for commonly 

used non-nutritive sweeteners (NNS), including 

aspartame, saccharin, and sucralose, are summarized in 

Table 1. 

Table 1. Sweeteners and their ADIs 

E 
number 

Food Additive Category ADI (mg/kg 
bw/day) 

E 955 Sucralose Sweetener 0-15 [2]

E 954 Saccharin Sweetener 0-5 [6]

E 951 Aspartame Sweetener 0-40 [8]

Of particular concern, the consumption of artificial 

sweeteners may be associated with oxidative stress, a 

key factor in the pathophysiology of many chronic 

diseases. Oxidative stress is characterized by an increase 

in reactive oxygen species (ROS), which cause cellular 

damage and are a significant factor in the development 

of diseases such as diabetes mellitus, cardiovascular 

diseases, and neurodegenerative disorders. Recent 

studies have shown that non-caloric artificial sweeteners 

may increase oxidative stress, which could be linked to 

adverse health effects [9]. On the other hand, evidence 

suggests that stevia, a natural sweetener, may reduce 

oxidative stress through its antioxidant properties and 

may play a protective role [10-11]. Natural sweeteners, 

such as stevia, together with dietary antioxidants 

(including polyphenols, vitamins, minerals, and proper 

gut flora nutrition), may mitigate oxidative stress and 

provide protective effects; however, robust clinical 

evidence in humans remains limited [12-14]. 

This review synthesizes experimental, animal, and 

clinical studies to (1) evaluate evidence linking non-

caloric sweeteners to oxidative stress, (2) examine 

putative mechanistic pathways, and (3) identify critical 

methodological limitations and research gaps. We place 

particular emphasis on the translational relevance of 

animal and in-vitro findings to human health and on 

potential dietary strategies — including functional foods 

rich in antioxidants — that could mitigate adverse redox 

effects. Additionally, understanding how these 

sweeteners interact with dietary bioactive compounds is 

crucial from a functional food perspective. Polyphenols, 

vitamins, and other plant-derived antioxidants may 

counteract sweetener-induced oxidative stress through 

mechanisms such as scavenging ROS, modulating redox-

sensitive signaling (e.g., Nuclear factor erythroid 2-

related factor 2 (Nrf2), Nuclear Factor kappa B (NF-κB)), 

and supporting mitochondrial function [15-16]. Framing 

these interactions within the context of functional foods 
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allows translation of mechanistic insights into dietary 

strategies with potential clinical relevance. In our study, 

we aim to highlight gaps in the relevant literature and 

evaluate the possible health risks and mechanisms 

associated with these sweeteners, thereby informing 

future research. 

Research strategy: A systematic literature search was 

conducted to identify relevant studies. We searched the 

following electronic databases: Web of Science, PubMed, 

EBSCO, Medline, Google Scholar, and the FFHDJ platform 

(www.FFHDJ.com). The search was limited to articles 

published from January 2010 to October 2025, with the 

final search conducted in November 2025. Search terms 

were used in Boolean combinations, including keywords 

such as: (aspartame OR acesulfame K OR sucralose OR 

saccharin OR stevia) AND (oxidative stress OR ROS). Peer-

reviewed preclinical and clinical studies reporting 

oxidative stress–related or antioxidant outcomes were 

included. Non-original works (e.g., editorials, letters) and 

studies lacking redox-related endpoints were excluded. 

Screening and data extraction were conducted 

independently by two reviewers, with discrepancies 

resolved by consensus. 

Non-caloric sweeteners and oxidative stress: Several 

pathways may explain how NCS influence redox biology. 

Aspartame and specific metabolites can increase ROS 

generation through mitochondrial dysfunction, impaired 

electron transport, and the activation of nitric oxide 

synthase isoforms (iNOS/nNOS), leading to lipid 

peroxidation and glutathione depletion [17]. Artificial 

sweeteners have also been reported to affect redox-

sensitive signaling cascades (e.g., NF-κB, mitogen-

activated protein kinase (MAPK), which can enhance 

proinflammatory mediators and further exacerbate 

oxidative damage. Intestinal epithelial disruption and 

altered microbiota composition may provide an 

additional systemic route for the propagation of 

oxidative and inflammatory stress [18]. In particular, 

sucralose has been increasingly implicated in redox 

imbalance and oxidative damage. Recent evidence 

suggests that, beyond its metabolic inertness, sucralose 

may induce oxidative and genomic stress through 

mechanisms involving ROS generation and mitochondrial 

dysfunction [19]. Similarly, Nieto-Mazzocco et al. (2023) 

reported that thermally treated sucralose and steviol 

glycosides increased oxidative damage biomarkers, such 

as malondialdehyde and carbonylated proteins, in mice, 

underscoring that processing conditions can intensify the 

redox imbalance [3]. 

Consistent with this, recent evidence suggests that 

microbiome-mediated interactions represent a critical 

link between sweetener exposure and host metabolic 

responses. In a randomized human trial, NNS 

consumption modified gut microbial composition and 

plasma metabolites in a sweetener-specific manner, 

influencing glucose tolerance in a personalized fashion 

[20]. While personalised effects are observed in humans 

via the microbiome [20], the vast majority of mechanistic 

evidence regarding oxidative stress comes from animal 

and in vitro models focusing on aspartame and saccharin. 

These studies generally focus on commonly 

consumed sweeteners, such as aspartame and saccharin, 

and assess their effects on oxidative balance across 

different tissues. Table 2 summarizes key findings from 

experimental models, providing an overview before 

discussing individual sweeteners in more detail.
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Table 2. Animal studies investigate the relationship between sweeteners and oxidative stress. 

Food 

additive(s) 

Dosage and duration Type of 

subject 

Tissue Findings 

Aspartame 

[21] 

50,500,1000 mg/kg 

180 days 

Male Wistar 

rats 

Erythrocytes ↑ Serum total bilirubin, 

↓erythrocyte GSH-Px and GR activities, 

↓ GSH levels in 500 mg/kg and 1000 mg/kg of 

aspartame use 

Aspartame 

[22] 

75 mg/kg 

(Acute application) 

Male Wistar 

rats 

Brain ↑ lipid peroxidation, SOD, GSH-Px, and CAT activities, 

↓ GSH and protein thiol levels 

Aspartame 

[23] 

40 mg/kg 

90 days 

Male Wistar 

rats 

Brain ↑ expression of nNOS and iNOS levels 

Aspartame 

[24] 

240 mg/kg 

2 months 

Male Wistar 

rats 

Liver ↑ MDA, 

↓ SOD, CAT, GSH-Px, and GSH levels 

Aspartame 

[25] 

0.625, 1.875, or 5.625 

mg/kg 

2 weeks 

Male 

Mice 

Brain 5.625 of aspartame 

↑ MDA and nitric oxide and 

↓ GSH levels 

Saccharin [26] 0.2% 

35 days 

Adult male 

mice 

Sperm ↓ sperm motility and sperm count, 

↑ ROS production and oxidative stress 

Saccharin [27] 2.5, 5, and 10 mg/kg 120 

days 

Male Wistar 

rats 

Liver ↑ CAT activity and 8-OHdG level treatment with 2.5 

mg/kg saccharin. 

↑ Oxidative status of the liver, isoprostane, uric acid, 8-

OHdG, and CAT ↑ 

“↑” denotes increase; “↓” denotes decrease. Doses are reported as mg/kg unless otherwise specified. Abbreviations: GSH = 

glutathione; SOD = superoxide dismutase; CAT = catalase; MDA = malondialdehyde. 

Aspartame is a widely used artificial sweetener and has 

been shown in several studies to increase oxidative stress 

[21-23, 28]. Recent evidence has led to its classification 

as possibly carcinogenic to humans [8]. The oxidative 

stress induced by aspartame is thought to result from 

methanol, a by-product released during its digestion, 

which is then metabolized into formaldehyde and formic 

acid [23]. Notably, the effects of aspartame on oxidative 

stress are dose-dependent and depend on exposure 

duration. For instance, a study reported that High-dose 

aspartame (1000 mg/kg, 180 days) significantly reduced 

erythrocyte GSH-Px and GR activities. Glutathione (GSH) 

levels also declined, indicating impaired antioxidant 

defense. While high doses (≥500 mg/kg) induced 

significant oxidative stress in rats, intake at the ADI level 

(40 mg/kg body weight/day) showed no measurable 

adverse effects [21]. This highlights a key discrepancy 

between experimental conditions and regulatory safety 

thresholds. Although most toxicological studies suggest 

that ADI-level consumption is unlikely to cause harm, a 

few experimental models report neuronal or 

reproductive effects even at lower or ADI-equivalent 

doses, underscoring the need for cautious interpretation 

[21, 23, 29].  

Similarly, administering 75 mg/kg of aspartame for 

14 days led to decreased glutathione S-transferase (GST) 

and catalase (CAT) activities in rats [30]. Acute exposure 

in Wistar albino rats elevated lipid peroxidation and 

antioxidant enzyme activities (SOD, GSH-Px, CAT), while 

depleting GSH and protein thiol levels 24 hours post-
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administration, highlighting methanol-mediated 

oxidative stress [22].  

Since experimental doses often exceed the human 

ADI by 10–20-fold, extrapolation of these findings to 

human risk is limited. Future studies should prioritize 

physiologically relevant dosing. Tissue-specific effects of 

aspartame have also been reported. Acute 

intraperitoneal administration (0.625–45 mg/kg) 

increased oxidative stress markers in the brain but not in 

the liver, suggesting selective organ sensitivity, though its 

clinical importance for human health remains uncertain 

[31]. Long-term intake at the human ADI level (40 mg/kg 

body weight) for 90 days increased the expression of 

neuronal nitric oxide synthase (nNOS) and inducible nitric 

oxide synthase (iNOS), indicating a stress response in 

neuronal tissues [23]. Moreover, exposure during 

pregnancy decreased manganese SOD expression in the 

placenta, potentially affecting placental development 

through oxidative stress pathways mediated by sweet 

taste receptors [29].  

Furthermore, one study investigated the effects of 

artificial sweeteners, including aspartame, on the 

intestinal epithelial barrier. Disruption of the intestinal 

epithelial barrier, leading to increased permeability, is 

recognized as a contributing factor to systemic 

inflammatory disorders and multiple organ failure. 

Experimental studies using the Caco-2 cell line have 

explored the influence of widely consumed artificial 

sweeteners, including sucralose, aspartame, and 

saccharin, on epithelial integrity. At higher 

concentrations, aspartame and saccharin were shown to 

induce apoptosis and cell death. In contrast, lower 

concentrations of aspartame, when combined with 

sucralose, promoted barrier dysfunction, characterized 

by increased permeability and reduced claudin-3 

expression at the cell surface. Notably, silencing of the 

T1R3 receptor attenuated these effects, supporting the 

notion that aspartame enhances ROS generation, 

thereby contributing to barrier impairment and claudin-

3 internalization. This study highlights the adverse effects 

of artificial sweeteners on the intestinal epithelium, 

particularly through activation of the sweet taste 

receptor T1R3 [32]. 

In a related study, the prooxidative effects of 

aspartame on the antioxidant defense status of rats’ 

erythrocytes were investigated. Rats administered 

aspartame (40 mg/kg body weight) daily for six weeks 

exhibited significant increases in serum glucose, 

cholesterol, and triglycerides. Additionally, the 

aspartame-treated group exhibited elevated 

concentrations of oxidative stress markers, including 

superoxide anion, hydrogen peroxide, and lipid 

peroxides, in their erythrocytes. These findings suggest 

that long-term consumption of aspartame may promote 

oxidative stress–related changes in glucose and lipid 

metabolism in animal models [33]. However, direct 

relevance to humans remains to be clarified. 

Adding to this body of evidence, a recent study 

explored the effects of aspartame and its metabolites 

(aspartic acid, phenylalanine, and methanol) on oxidative 

stress and lipid homeostasis in human neuroblastoma 

SH-SY5Y cells. In this study, aspartame (271.7 µM) or its 

metabolites induced significant oxidative stress 

associated with mitochondrial damage. Reduced 

cardiolipin levels and increased expression of key 

markers of mitochondrial dysfunction, including SOD1, 

SOD2, PINK1, and FIS1, evidenced this damage. 

Moreover, increased fluorescence levels of 3′-(p-

aminophenyl) fluorescein (APF) suggested elevated ROS 

levels [17]. In addition to oxidative damage, treatment of 

SH-SY5Y cells with aspartame and its metabolites altered 

lipid metabolism, leading to a significant increase in 

triacylglycerides and phospholipids, including 

phosphatidylcholines and phosphatidylethanolamines. 

Lipid droplets also accumulated in the neuronal cells, 

suggesting that aspartame may disrupt brain lipid 

homeostasis and contribute to neurodegenerative 

processes [17]. Given emerging evidence, the use of 
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aspartame as a sugar substitute, particularly regarding its 

potential neurotoxic effects and metabolic alterations, 

warrants further investigation. Findings from in vitro 

models, such as SH-SY5Y cells, underscore the need for in 

vivo studies to examine the broader implications of 

aspartame for brain metabolism and neurodegenerative 

diseases. 

Moreover, a study investigated the mechanism of 

aspartame-induced reproductive toxicity in male mice 

following long-term consumption. Male mice received 

three doses of aspartame (40, 80, and 160 mg/kg body 

weight) daily for 90 days. The results revealed significant 

reductions in the gonadosomatic index, serum levels of 

pituitary-testicular axis hormones (FSH, LH, and 

testosterone), sperm parameters, and total antioxidant 

capacity. Additionally, there were increases in nitric oxide 

and malondialdehyde levels in testis tissue and sperm 

samples. Histomorphometric analyses showed a 

decrease in testicular indices and an increase in apoptosis 

rates, indicating that long-term consumption of 

aspartame results in male reproductive toxicity through 

induction of oxidative stress and apoptosis in the testis 

[34]. 

Overall, these findings suggest that aspartame can 

alter the oxidative balance across tissues. However, the 

magnitude and relevance of these changes depend 

strongly on dosage, exposure duration, and the 

experimental model used. 

Saccharin, another widely used artificial sweetener, 

has been linked to oxidative stress in reproductive health. 

In a study on adult mice, the consumption of saccharin 

(0.2% in water) for 35 days significantly reduced sperm 

motility and count, likely due to increased production of 

ROS. The study also reported increased sperm DNA 

fragmentation and apoptosis in the saccharin-treated 

group [26]. 

Recent findings have extended similar concerns to 

sucralose, revealing its potential to induce oxidative and 

reproductive toxicity. Experimental data from both in 

vitro and in vivo models demonstrated that exposure to 

sucralose decreased Leydig and Sertoli cell viability, 

disrupted autophagy, and induced oxidative stress. 

Chronic exposure in male rats also impaired sperm 

viability and testicular morphology while downregulating 

steroidogenic activity, suggesting that sucralose may 

adversely affect male reproductive function through 

oxidative and autophagy-related mechanisms [35]. 

Natural sweeteners have been proposed as 

alternatives to artificial sweeteners. One study indicated 

that the natural sweetener stevioside and the prebiotic 

inulin exhibited protective effects against oxidative stress 

[36].  

Overall, these studies suggest that while high doses 

of artificial sweeteners, such as aspartame and saccharin, 

can induce oxidative stress and affect various 

physiological parameters, the impact varies with dosage, 

duration, and tissue type. Importantly, these findings 

suggest that habitual consumption at doses exceeding 

the ADI may pose risks, whereas intake within regulatory 

limits appears to be less harmful.  

A study aimed at investigating the effects of various 

commercially available NNS  (aspartame, saccharin, 

sucralose, and cyclamate) on the antioxidant status in a 

rat model of Type 2 Diabetes (T2D) showed promising 

results. Ad libitum consumption of these sweeteners was 

found to reduce T2D-induced lipid peroxidation and to 

increase serum, hepatic, renal, cardiac, and pancreatic 

glutathione (GSH) levels. Moreover, the activity of key 

antioxidant enzymes, such as catalase, superoxide 

dismutase, and glutathione peroxidase, was enhanced in 

the serum and most organs, likely as an adaptive 

response to oxidative stress induced by diabetes. 

Interestingly, the study noted that aspartame-based 

sweeteners may not provide significant antioxidant 

benefits, whereas saccharin-based sweeteners 

demonstrate potent antioxidative properties in the 

context of T2D [9]. These contrasting findings suggest 

that saccharin may exert tissue- and context-dependent 
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effects, displaying pro-oxidative actions in reproductive 

models while demonstrating antioxidative responses 

under diabetic conditions. Similarly, evidence from 

recent human meta-analyses suggests that NNS may not 

have measurable effects on serum lipid parameters, 

indicating that their metabolic consequences are 

selective rather than universal across biomarkers [37]. 

While much of the current evidence is derived from 

small-scale animal studies, recent systematic reviews 

emphasize the need to contextualize these findings 

within broader human health outcomes [1, 38]. 

Replacing artificial sweeteners with natural 

alternatives, such as stevia, may represent a safer 

strategy for reducing potential oxidative stress–related 

adverse effects. However, this substitution should be 

interpreted with caution, since evidence from human 

clinical trials remains limited and further long-term 

studies are needed to establish clear recommendations.  

These findings underscore the need for further 

clinical studies to validate the potential health benefits of 

NNS in diabetic populations [9]. While animal and in vitro 

studies provide mechanistic insights into oxidative stress 

pathways, translating these findings into human health 

outcomes remains uncertain. This gap highlights the 

importance of large-scale epidemiological and 

intervention studies.  

A randomized, triple-blind clinical trial involving 

overweight subjects assessed the impact of adding 

stevia, sucralose, and sucrose (as a control) to maqui-

citrus juices on antioxidant and inflammatory markers. 

Participants consumed test beverages (330 mL daily) for 

60 days, during which various parameters were 

measured, including antioxidant status, lipid profile, and 

inflammatory biomarkers. The results showed a 

significant increase in homocysteine levels after 

consumption of sucralose (27%) and sucrose (40%), 

indicating potential adverse effects. Conversely, the 

stevia-sweetened beverage led to an increase in IL-10, an 

anti-inflammatory marker, and improved antioxidant 

status (21% increase in Oxygen radical absorbance 

capacity (ORAC) values) among those with initially low 

antioxidant levels. These findings suggest that while 

stevia may have protective effects, both sucralose and 

sucrose can induce oxidative stress and inflammatory 

responses [39]. Further studies are needed to clarify the 

health implications of these sweeteners at normal 

consumption levels. 

Oxidative stress and antioxidants: Functional foods, 

defined here as whole foods or food ingredients with 

concentrated bioactive compounds (e.g., polyphenol-rich 

fruits, certain seaweeds, and prebiotic fibers), may 

modulate the oxidative response to non-caloric 

sweeteners [40-41]. Controlled clinical trials suggest that 

dietary patterns rich in antioxidants and low in processed 

foods can modulate oxidative stress and improve related 

metabolic outcomes. Systematic reviews indicate that 

plant-based dietary patterns, particularly the 

Mediterranean and Dietary Approaches to Stop 

Hypertension (DASH) diets, are inversely associated with 

biomarkers of oxidative stress and inflammation. 

However, larger, high-quality randomized controlled 

trials are still needed to establish causality [38]. Such 

dietary patterns exemplify the principles of functional 

foods, in which nutrient-dense, bioactive compound–rich 

ingredients directly influence redox homeostasis [42-43]. 

In this context, functional foods not only serve as sources 

of antioxidants but also modulate endogenous defense 

pathways that can mitigate the pro-oxidant effects of 

chronic exposure to sweeteners. Integrating food 

technology with health science is now considered 

essential for developing next-generation functional foods 

that can counterbalance ROS and chronic inflammation 

in vivo [44, 45]. Conversely, diets high in processed foods, 

refined carbohydrates, saturated fats, or overall caloric 

intake can increase oxidative stress [46, 47]. Oxidative 

stress is proposed as a mechanistic link between obesity 

and its associated complications [48-50]. However, 
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dietary intake of antioxidant nutrients in a healthy diet 

can help reduce oxidative stress by neutralizing free 

radicals [46, 51-52]. Vegetables and fruits, nuts, oilseeds, 

spices, and herbs are rich in antioxidants [53-54]. Animal 

studies suggest that dietary intake of phenolic acids may 

improve metabolic syndrome and oxidative stress 

biomarkers induced by a high-fructose diet [54-55]. 

Several studies have reported an inverse association 

between the consumption of anthocyanin-rich fruits and 

markers of oxidative stress and inflammation [56-63]. 

Functional foods, especially those rich in polyphenols, 

vitamins, and prebiotic fibers, can enhance endogenous 

antioxidant defenses and may offset NCS-induced 

oxidative perturbations [64-65].  

The mechanisms through which nutrients 

counteract oxidative stress are not yet fully elucidated. 

Nutrients with antioxidant properties may prevent 

oxidative damage by directly interacting with free 

radicals [49, 66-68]. Some nutrients can increase the 

production and activity of endogenous antioxidant 

enzymes. Specific nutrients are proposed to regulate 

cellular redox status by modulating key signaling 

pathways involved in ROS production and scavenging, 

such as the MAPK and NF-κB pathways [67]. In addition, 

many nutrients, such as folic acid, B12, and zinc, are 

involved in DNA synthesis and repair [68-71].  

In some studies, antioxidant nutrients were 

combined with food additives, and the potential of 

antioxidants to mitigate oxidative stress induced by food 

additives was investigated. An overview of studies 

examining the combined effects of food additives and 

antioxidants is presented in Table 3.  

Aspartame increased lipid peroxidation and 

decreased antioxidant enzyme levels. However, it has 

been demonstrated that various antioxidant compounds 

(Sargassum vulgare, acetylcysteine, carnitine) protect 

against oxidative damage caused by aspartame [24, 72, 

74]. The use of antioxidants such as Sargassum vulgare 

and N-acetylcysteine reduced aspartame-induced 

oxidative damage and increased antioxidant enzyme 

activities.  

Table 3. Studies in which food additives and various antioxidant components were applied together. 

Supplement and 

dosage 

Food Additives and 

Dosage 

Type of 

animal model 

Findings 

150 mg/kg 

Sargassum vulgare  

3 weeks 

Oral [72] 

Aspartame 

500 mg/kg 

1 week 

Oral 

Male Wistar 

rats 

Sargassum vulgare has been shown to improve the effects of 

aspartame. 

↑ SOD and CAT levels, 

↓ TNF-α and IL-6 levels 

150 mg/kg 

N-acetylcysteine

2 weeks 

Intraperitoneal [73] 

Aspartame 

40 mg/kg 

6 weeks 

Oral 

Male Wistar 

rats 

N-acetylcysteine reduced oxidative damage in the brain induced by

aspartame. 

↑ SOD, GPx, GR activities, ↑ non-protein thiols, ↑ TRAP, CAT, and GST 

activities remained low; no change in glucose levels. 

10 mg/kg l-carnitine 

30 days 

Oral [74] 

Aspartame 

75-150 mg/kg

30 days 

Oral 

Male rats Aspartame 🡺  ↑ lipid peroxidation and 

↓ GSH levels. 

L-carnitine 🡺 ↓ MDA levels and

↑ CAT, GSH-Px, SOD, and GSH levels 

“↑” denotes increase; “↓” denotes decrease. Doses are reported as mg/kg unless otherwise specified. Abbreviations: GSH = 

glutathione; SOD = superoxide dismutase; CAT = catalase; MDA = malondialdehyde. 
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Additionally, L-carnitine reduced lipid peroxidation 

and increased the activity of antioxidant enzymes [72, 

74]. L-carnitine can minimize hydrogen peroxide 

production, prevent lipid peroxidation, and mitigate 

oxidative damage [74]. These studies were conducted in 

animal models and used different doses and durations. 

More research is needed to draw direct conclusions in 

humans. However, these studies on the protective 

effects of antioxidants against the potential oxidative 

stress effects of aspartame may help guide future 

research and clinical trials. 

CONCLUSION 

Non-caloric sweeteners, particularly aspartame and 

saccharin, have been shown to influence oxidative stress 

in a dose-, duration-, and tissue-dependent manner. 

Preclinical studies indicate that high-dose or long-term 

consumption may induce oxidative damage in neuronal, 

reproductive, and intestinal tissues, while consumption 

within ADI limits appears less harmful. Saccharin, in 

particular, has demonstrated both pro-oxidative effects 

in reproductive tissues and potential antioxidative 

benefits in specific metabolic contexts, such as type 2 

diabetes models. 

Diets rich in fruits, vegetables, and other 

antioxidant sources, including Mediterranean and DASH 

dietary patterns, are consistently associated with lower 

oxidative stress and inflammation. The findings of this 

study, when linked to functional food science, may 

contribute to the development of applicable nutrition 

strategies [40, 75]. Including foods rich in bioactive 

components or appropriate supplements in the diet may 

be a practical approach to reducing the oxidative burden 

associated with high sweetener consumption. 

Incorporating polyphenol-rich functional foods that 

utilize modern microencapsulation technologies could 

further enhance antioxidant stability and bioavailability, 

supporting redox balance even under dietary stress 

conditions [76-78]. Understanding the potential 

synergistic mechanisms between NNS and antioxidant 

bioactive compounds is critical for developing 

personalized nutrition approaches and functional food-

based interventions. 

The findings of this review position NNS within the 

framework of Functional Food Science by linking their 

oxidative and redox-modulating effects to health 

outcomes. Understanding these compounds through 

bioactive and mechanistic pathways—particularly 

involving mitochondrial function, redox signaling (e.g., 

Nrf2, NF-κB), and inflammatory modulation supports 

their evaluation alongside antioxidant-rich functional 

foods. Integrating formulation, dosage, and dietary 

context can inform translational strategies for developing 

safe, evidence-based functional products. Recent 

publications within the FFHDJ ecosystem highlight the 

potential of polyphenol-, fiber-, and vitamin-enriched 

foods to restore oxidative balance, offering promising 

directions for product innovation and regulatory 

alignment [40–43, 61, 64, 76-78]. This highlights the 

critical role that nutritionists and dietitians have in 

promoting healthy eating habits and accurately 

communicating the potential effects of these compounds 

to individuals [79]. 

Large-scale, long-term human studies are needed to 

clarify the extent to which these protective effects can 

mitigate oxidative stress induced by artificial sweeteners. 

Overall, while animal and in vitro studies provide 

mechanistic insights, translating these findings into 

human health outcomes remains uncertain. Future 

research should prioritize well-designed, long-term 

clinical trials to determine safe consumption levels of 

non-caloric sweeteners, clarify their tissue-specific 

effects, and evaluate the potential protective roles of 

natural sweeteners and antioxidants. Such studies are 

essential for guiding evidence-based dietary 

recommendations and for understanding the complex 
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interactions between sweetener consumption, oxidative 

stress, and metabolic health. 

This review advances current understanding by 

integrating mechanistic, experimental, and dietary 

perspectives on NNS-induced oxidative stress. It 

highlights the dual role of artificial and natural 

sweeteners within oxidative pathways and proposes a 

framework for evaluating these compounds in 

conjunction with antioxidant-rich functional foods. The 

practical implications include providing evidence-based 

recommendations on sweetener consumption, 

identifying biomarkers for future clinical monitoring, and 

informing regulatory decisions on safe intake levels and 

product formulation. 

Future research should prioritize well-powered 

human intervention studies that use physiologically 

relevant doses of NNS and include long-term follow-up to 

capture cumulative effects. Developing standardized 

panels of oxidative biomarkers (including lipid and 

protein oxidation markers, along with validated 

measures of total antioxidant capacity) will enable 

meaningful comparisons across studies. Combined 

dietary interventions examining whether functional 

foods rich in polyphenols or targeted antioxidant 

supplementation can attenuate oxidative changes 

induced by sweeteners are particularly needed. 

Moreover, mechanistic human studies employing tissue-

relevant models, such as organoids and biopsy samples, 

are necessary to verify the involvement of mitochondrial 

and redox pathways. Finally, integrated microbiome–

metabolome analyses should be expanded to clarify 

indirect systemic pathways linking sweetener exposure 

to oxidative and inflammatory responses. Addressing 

these priorities will be essential to translating preclinical 

evidence into clear, practical public health guidance. 

Abbreviations: ADI: Acceptable Daily Intake; NNS: Non-

nutritive sweeteners, T2D: Type 2 Diabetes; WHO: World 

Health Organization; MAPK: Mitogen-activated protein 

kinase; Nrf2: Nuclear factor erythroid 2-related factor 2, 

NF-κB: Nuclear Factor kappa B; GSH: Glutathione; SOD: 

Superoxide dismutase; CAT: Catalase; MDA: 

Malondialdehyde. 
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