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ABSTRACT

Sweeteners, both natural and artificial, are commonly used as sugar substitutes in food and beverages due to the
rising global concern over obesity, diabetes, and other metabolic disorders. These substances, however, raise
concerns regarding their potential toxic effects, particularly on vital organs such as the liver and kidneys. This
review explores the toxicological profiles of natural and artificial sweeteners, with a particular emphasis on their
hepatotoxic and nephrotoxic potential. While natural sweeteners like stevia and monk fruit extract are generally
considered safe, artificial sweeteners such as aspartame, saccharin, and sucralose have been linked to various adverse
effects in animal models, including liver and kidney damage. This article synthesizes data from preclinical and
clinical studies, providing a comparative analysis of their safety profiles and the mechanisms underlying their
toxicity. The aim is to provide a comprehensive understanding of the potential risks associated with sweetener
consumption and inform regulatory decisions on their safety in food products.
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INTRODUCTION
The use of sweeteners has significantly increased as consumers shift towards healthier alternatives to refined sugars
[17. Sweeteners are broadly categorized into two types: natural and artificial. Natural sweeteners, such as stevia,
honey, and agave nectar, are derived from plant sources, while artificial sweeteners, including aspartame, sucralose,
and saccharin, are synthetically produced [2,37. Both categories of sweeteners are commonly used in processed foods
and beverages to provide sweetness without contributing excessive calories [4]. Despite their widespread adoption,
concerns regarding the long-term health implications of sweeteners remain, particularly regarding their effects on
vital organs like the liver and kidneys, which are central to detoxification and metabolic processes [47]. The liver
plays a crucial role in metabolizing various substances, including sweeteners, while the kidneys are responsible for
filtering out waste products from the blood [57]. Chronic exposure to high doses of sweeteners may interfere with
the normal functioning of these organs, leading to potential toxic effects [67]. This review secks to critically assess
the available toxicological evidence on both natural and artificial sweeteners, with a primary focus on their
hepatotoxic and nephrotoxic effects. The review will delve into the underlying mechanisms of toxicity, examine
clinical findings, and discuss the potential risks these substances pose to human health, especially in individuals with
pre-existing conditions or those consuming excessive amounts over extended periods. Ultimately, this work aims to
provide a comprehensive overview of the safety profiles of sweeteners, informing both regulatory decisions and
consumer awareness.
Mechanisms of Toxicity of Sweeteners
1. Natural Sweeteners

Stevia, derived from Stevia rebaudiana, is one of the most commonly used natural sweeteners, favored for its
antioxidant properties and low glycemic index [7]. It has been widely regarded as a safe alternative to refined
sugars, and numerous animal studies suggest minimal hepatic and renal toxicity [7]. Some studies have even pointed
to its potential protective effects against liver damage caused by toxic agents [87. For example, stevia extracts have
been shown to reduce oxidative stress and inflammation in liver tissues [107]. However, when administered in high
doses, stevia extract may cause mild renal impairment, including changes in enzyme activities, though these effects
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are generally reversible after the cessation of exposure [97]. Thus, while stevia appears to have a favorable safety
profile, excessive intake could lead to mild disturbances in renal function. Monk fruit, or Siraitia grosvenorii,
contains mogrosides, which are compounds responsible for its sweetening properties [117]. These mogrosides also
possess antioxidant and anti-inflammatory properties, contributing to the fruit’s growing popularity as a natural
sweetener [127]. Although the safety profile of monk fruit extract is not as extensively studied as stevia, available
evidence suggests that it does not cause significant liver or kidney damage at typical dietary intake levels [187. The
limited data on monk fruit extract suggests that it may be a relatively safe option for consumers looking for natural
alternatives to sugar [127]. However, more extensive studies are needed to confirm its long-term safety, especially
in high consumption scenarios.

2. Artificial Sweeteners
Aspartame, one of the most widely used artificial sweeteners, has been shown to contribute to liver toxicity in both
animal and human studies [147]. Aspartame is metabolized into three primary compounds: aspartic acid,
phenylalanine, and methanol [157]. In excess, these metabolites can accumulate to toxic levels in the body,
particularly in individuals with metabolic disorders such as phenylketonuria (PKU), which impairs phenylalanine
metabolism [157. Hepatic and renal damage has been reported in rodents exposed to high doses of aspartame, with
notable signs of oxidative stress, apoptosis, and enzyme disruption observed in liver tissues [16]. These toxic effects
are linked to the accumulation of methanol, which is further metabolized into formaldehyde, a potent toxic compound
that can cause cellular damage in both the liver and kidneys [177]. As a result, while aspartame is considered safe at
standard consumption levels, excessive intake, particularly over long periods, may pose risks to liver and kidney
health [187. Saccharin, one of the oldest artificial sweeteners, has been under scrutiny for its potential
carcinogenicity and overall toxicity. Long-term studies in rats have shown that high doses of saccharin lead to liver
damage, characterized by elevated liver enzymes, histological changes, and degeneration of renal tubular structures
[197. Despite these findings, regulatory agencies such as the U.S. Food and Drug Administration (FDA) and the
European Food Safety Authority (EFSA) have classified saccharin as safe when consumed within established daily
intake levels [20,217. However, the controversy surrounding saccharin’s safety underscores the need for continued
monitoring and research into its long-term health effects. Sucralose, a chlorinated derivative of sucrose, is considered
to have a high safety margin and is one of the most commonly used artificial sweeteners [227. While it has been
shown to be safe at typical intake levels, some studies suggest that prolonged exposure to high doses of sucralose
may result in hepatotoxic effects [237. This includes alterations in liver enzymes and changes in bile duct
morphology [237]. Additionally, kidney damage has been observed in long-term animal studies, where prolonged
sucralose exposure led to changes in renal function and histological alterations in kidney tissues [247]. These
findings raise concerns about the potential cumulative effects of sucralose on liver and kidney health, especially in
individuals who consume large amounts of sucralose over extended periods. In conclusion, while both natural and
artificial sweeteners are widely considered safe when consumed within regulated limits, excessive intake or long-
term exposure to high doses may lead to potential hepatotoxic and nephrotoxic effects [257. The mechanisms
underlying these toxicities appear to be linked to metabolic byproducts and oxidative stress, which can cause damage
to liver and kidney tissues [267]. Further research is required to better understand the full scope of these effects,
particularly in humans, to ensure that these sweeteners remain safe for long-term consumption.

Hepatotoxicity and Nephrotoxicity of Sweeteners

1. Impact on the Liver
The liver plays a critical role in the metabolism of sweeteners, as it is responsible for their detoxification and
processing [57. Both natural and artificial sweeteners undergo hepatic metabolism, where they are either excreted
or converted into bioactive metabolites [5,67]. When consumed in excessive amounts, sweeteners can lead to liver
damage through mechanisms such as oxidative stress, inflammation, and apoptosis in liver cells [57]. The presence
of certain biomarkers, such as alanine aminotransferase (ALT), aspartate aminotransferase (AST), and bilirubin, is
often elevated in response to liver injury induced by sweeteners [277]. These markers serve as indicators of hepatic
dysfunction and damage.
Artificial Sweeteners: Numerous animal studies have demonstrated that exposure to artificial sweeteners such as
aspartame and saccharin can result in elevated oxidative stress markers in liver tissues [287]. Oxidative stress plays
a central role in hepatocyte necrosis, leading to liver dysfunction [297. High doses of aspartame have been associated
with liver injury, with increased hepatic apoptosis and disruption of normal enzyme activities [16,17]. Saccharin,
while an effective sweetener, has been shown to induce liver damage characterized by histological changes such as
cellular degeneration and inflammatory responses in liver tissues [197. Sucralose, although considered to have a
high safety margin, has shown potential hepatotoxic effects in animal studies, especially at high doses [22,237. These
effects include the development of fatty liver disease and liver fibrosis, both of which are indicative of chronic liver
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damage [307]. Natural Sweeteners: Stevia, a popular natural sweetener, has demonstrated hepatoprotective effects
in several animal studies due to its potent antioxidant and anti-inflammatory properties [7,87]. Stevia’s ability to
scavenge free radicals and reduce inflammatory markers suggests it may protect the liver from toxic insults [10,317].
However, excessive doses of stevia have been shown to disrupt liver enzyme function, leading to mild hepatotoxicity
[87. The hepatotoxic effects of stevia are generally mild and reversible upon discontinuation of high-dose exposure
[32]. Conversely, monk fruit extract, another natural sweetener, appears to have a favorable safety profile, with no
significant liver toxicity reported at normal intake levels [12,13,337. Although limited, the available data suggests
that monk fruit extract does not induce substantial liver damage under typical consumption conditions [12,137].
Impact on the Kidneys
The kidneys are essential for the filtration and excretion of waste products, including the metabolites of sweeteners
[347. As a result, prolonged or excessive exposure to sweeteners may impact renal function [357]. The nephrotoxic
effects of sweeteners are less well-studied than their hepatotoxic effects, but emerging evidence suggests that high
doses of certain artificial sweeteners can lead to kidney injury [367. Kidney damage can manifest as tubular
degeneration, glomerular hypertrophy, and changes in renal function [377].
Artificial Sweeteners: Animal studies have shown that prolonged exposure to high doses of artificial sweeteners,
including aspartame and saccharin, can result in significant renal damage [28,387. Aspartame, for example, has been
linked to renal impairment in rodents, with signs of tubular degeneration and glomerular damage observed in
histological analyses [897. Saccharin has been associated with altered renal function and kidney tissue damage, as
well as increased fibrosis in kidney structures [407. Sucralose, though generally regarded as safe, has been shown
to cause renal damage at high concentrations, with histological changes such as tubular dilation, fibrosis, and
alterations in kidney function [407. These findings suggest that excessive consumption of artificial sweeteners may
contribute to renal damage over time.
Natural Sweeteners: The nephrotoxic effects of natural sweeteners are less well-documented in scientific literature,
with limited studies available on their impact on kidney health. Stevia, while generally considered safe, has shown
mild nephrotoxic effects in animal studies when administered at very high doses [407. These changes, including
alterations in renal biomarkers and enzyme activities, are typically reversible upon cessation of exposure [417].
However, these effects are not observed at standard doses and are considered unlikely to occur in normal human
consumption [427]. On the other hand, monk fruit extract has not been associated with any significant nephrotoxic
effects, with animal studies showing no adverse impact on kidney function at typical intake levels [437. Thus, monk
fruit extract appears to be a safe alternative with minimal risks to renal health. In conclusion, while both natural and
artificial sweeteners are generally safe when consumed within recommended limits, excessive intake or long-term
exposure to high doses can lead to hepatotoxicity and nephrotoxicity. Artificial sweeteners such as aspartame,
saccharin, and sucralose have been linked to liver and kidney damage in animal models, particularly at high doses.
In contrast, natural sweeteners like stevia and monk fruit appear to have more favorable safety profiles, although
excessive consumption may still pose risks, especially for the liver and kidneys. Further research, especially long-
term human studies, is necessary to fully understand the extent of these effects and to establish clearer guidelines
for safe consumption.
Human Health Implications and Regulatory Perspective
Clinical Evidence
Human studies on the toxicity of sweeteners are limited but growing [447]. Most of the available evidence comes
from clinical trials and epidemiological studies, which suggest that artificial sweeteners like aspartame, saccharin,
and sucralose do not pose a significant risk to human health at normal consumption levels [457]. However, excessive
intake, particularly over prolonged periods, may result in adverse effects, including liver and kidney dysfunction,
especially in individuals with preexisting conditions [46].
Regulatory Agencies
Regulatory agencies such as the U.S. FDA, European Food Safety Authority (EFSA), and World Health
Organization (WHO) have established acceptable daily intake (ADI) levels for artificial sweeteners based on
available safety data [47,487]. These guidelines ensure that sweeteners are consumed within safe limits. Despite these
regulations, concerns remain regarding the long-term health effects of sweeteners, particularly with regards to
chronic exposure and their cumulative impact on liver and kidney health.
CONCLUSION
The toxicological evaluation of natural and artificial sweeteners reveals both benefits and risks associated with their
use. While natural sweeteners such as stevia and monk fruit extract generally exhibit favorable safety profiles,
excessive consumption may still lead to mild hepatic and renal toxicity. Artificial sweeteners, although extensively
studied and regulated, have been linked to liver and kidney damage in animal models, particularly at high doses.
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Further research, particularly long-term human studies, is essential to better understand the cumulative effects of
sweeteners on liver and kidney health and to refine regulatory guidelines for their safe consumption.
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