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A B S T R A C T

Artificial sweeteners (ASs) are low-calories additives which utilization has increased in the last decades, reaching 
an economic revenue of ca. 26 billion US dollars in 2024. Through direct discharge or inadequate treatment of 
wastewater, they can spread in soil and reach the marine environment. Although the concrete risk of pollution 
deriving from these substances, their influence on coastal benthic communities is still unknown. We tested the 
effects of two ASs (aspartame and saccharin) through a chronic toxicity test on the cnidarian model species 
Aurelia coerulea polyps. We exposed polyps to a solution of aspartame and saccharine with filtered seawater 
(100 mg/l according to the REACH legislation for xenobiotics (Regulation 1272, Supplement No. 1, 2008), and 
measured their health status, asexual reproduction, somatic growth and mortality rates at 3-days intervals for ca. 
60 days. Spectrophotometric analysis showed the degradation of aspartame, while saccharine remained unvaried 
indicating stability in water solution. Saccharin induced a moderate slowdown of growth, not impacting 
reproduction and health, while aspartame affected polyps by arresting growth, asexual reproduction, and trig
gering regression process. Afterwards, a full regeneration was reported with registered values similar to control 
group, suggesting acclimatization. Even though no mortality was observed, a delay in budding and growth rates 
could result in a carry-over effect on ephyrae production and adult populations. Since polyps are recognized as 
primary responsible driving jellyfish outbreaks, their altered physiological processes could affect the population 
dynamics of planktonic life-stages and consequently the trophic relationships of the habitat both at small and 
large scale.

1. Introduction

Food selection and consumption by humans is strongly influenced by 
the taste of ingredients and the dietary recommendations for a healthy 
lifestyle. The preferences on offered products directly condition the food 
industry and the marketing strategies (Sørensen et al., 2003). Artificial 
sweeteners (ASs) are low-caloric additives that mimic the taste of sugar 
in recipes and prepared foods, being suitable for hypocaloric diets 
(Chattopadhyay et al., 2014). Thanks to their sweetening power, up to 
300 times stronger than sugar, they are widely used to control health 

diseases such as diabetes and obesity (Whitehouse et al., 2008). More
over, artificial sweeteners are employed as additives in animal feeds, 
pharmaceuticals, and care products, reaching a revenue of approxi
mately 25.6 billion USD in 2024 (Statista, 2024). The first synthesized 
artificial sweetener was saccharin by Remsen and Fahlberg in 1879 
(Weihrauch and Diehl, 2004) to overcome the sugar shortage during 
World War II (Mishra et al., 2015). In the following years, saccharin 
started to be used to reduce calories in food. Since then, many other 
compounds were synthetized to improve efficiency and taste of food, 
being defined sweeteners of “first generation” (saccharin, cyclamate, 
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aspartame) and of “new generation” (acesulfame-K, sucralose, alitame, 
neotame) (Mishra et al., 2015; Weihrauch and Diehl, 2004). Their use 
has exponentially increased over the second half of the 20th century to 
offer low-calorie foods by maintaining the original taste (Chattopadhyay 
et al., 2014). Following the massive utilization of these compounds and 
their worldwide distribution, studies on their effects on the human or
ganism and on the environment have been implemented. In 1970, 
cyclamate has been banned by the U.S. Food and Drug Administration 
(FDA), opening the way to animal experiments and trials to test the 
carcinogenic potential of these substances (Mishra et al., 2015). Some 
trials highlighted negative impacts on animal models, including the 
alteration of metabolic pathways and the dysfunction of multiple bio
logical systems. For instance, the increase in bladder cancer onset was 
reported in rats fed with saccharin and aspartame, together with hae
matopoietic and lymphoid tumours (Fukushima et al., 1983; Soffritti 
et al., 2014; Tibaldi et al., 2020). A large survey on more than 100, 
000 human adults evidenced the increase in breast and obesity-related 
cancer risk due to the protracted consumption of sweetener table-tops 
or sugar-free drinks (Debras et al., 2022). Hepatotoxicity, low birth
weight, and lymphomas occurred in breast-fed animals and humans 
(Whitehouse et al., 2008). On the contrary, several studies highlight the 
absence of correlation between cancer risk and sweeteners consumption 
(Armstrong and Doll, 1975; Gallus et al., 2007; Hoover and Hartge 
Strasser, 1980), explaining that the onset of cancer in rats was not 
comparable to humans due to different carcinogenic mechanisms 
(Mishra et al., 2015). Although their controversial and yet still debated 
effects on human health, several ASs are considered emerging contam
inants due to their dispersion and persistence in soils and aquatic bodies 
(Lange et al., 2012; Lillicrap et al., 2011; Praveena et al., 2019; Ren 
et al., 2016; Sang et al., 2014). ASs have been detected in freshwaters, 
grounds and sediments of North America, Europe and Asia mostly 
because of the inadequate treatment of urban wastewaters, such that 
they are employed as tracers for leakages around sewage plants (Fu 
et al., 2020; Spoelstra et al., 2020; Van Stempvoort et al., 2011). ASs 
likely enter the marine environment through rainfalls, rivers and direct 
discharge, reaching concentrations that range from nano-to micrograms 
per liter (Brumovský et al., 2017; Corada-Fernández et al., 2017; 
Fernandez et al., 2025; Gvozdić et al., 2023; Lange et al., 2012; Lillicrap 
et al., 2011; Sang et al., 2014). Despite being frequently detected in 
seawater in their original form, the impact of commonly used ASs on the 
coastal benthic organisms is largely unknown (Berset and Ochsenbein, 
2012; Brumovský et al., 2017; Colín-García et al., 2022; Gvozdić 
et al., 2023; Kobetičová et al., 2018). Moreover, their degradation 
may originates by-products that could represent a potential threat. 
Aspartame is degraded in methanol (further degraded into toxic form
aldehyde and formic acid), phenylalanine and aspartic acid 
(Pattanaargson et al., 2001; Sawma et al., 2025). These molecules alone 
have been shown to impair not only human health (e.g., hormonal dis
ease, damages to DNA and proteins), but also aquatic life, for instance 
causing algal blooms, reducing oxygen levels and disrupting microbial 
activity, leading to a cascade effect that involves nutrient cycling 
(Sawma et al., 2025).

Aiming at evaluating the impacts of “first generation” ASs on aquatic 
organisms, we tested two of the most distributed ASs, aspartame (E 951, 
https://www.efsa.europa.eu) and saccharin (E 954, https://www.efsa. 
europa.eu) in seawater solution, in the concentration of 100 mg/L 
following the REACH Legislation for xenobiotics (“Regulation - 
1272/2008 - EN - clp regulation - EUR-Lex,” n.d.). According to the 
present regulation, this represents the highest permissible concentration 
to evaluate chronic toxicity and the registration of the substance as 
contaminant (Kobetičová et al., 2018; Sawma et al., 2025). Moreover, 
such high concentration has been reported to cause a reduction of the 
growth rate and reproductive issues in aquatic species, being effectively 
harmful (Eriksson Wiklund et al., 2014; Heredia-García et al., 2019; 
Kobetičová et al., 2018; Sawma et al., 2025). Aspartame is a linear 
dipeptide methyl ester with chemical name 

N-L-asparty-L-phenylalanine-1-methyl ester, constituted of two natu
rally occurring amino acids: aspartic acid and phenylalanine. The 
digestive process by humans lead to the complete metabolic breakdown 
in these two amino acids and methanol. Saccharin stands for 1,2-benzoi
sothiazol-3(2H)-one-1,1-dioxide, and remains unchanged through the 
digestive system to excretion (Lange et al., 2012).

The potential effects due to chronicle exposure to these two ASs were 
evaluated on a marine benthic cnidarian species, Aurelia coerulea von 
Lendenfeld, 1884 (Cnidaria, Scyphozoa, Semaeostomeae). The genus 
Aurelia Lamarck, 1816 includes 26 jellyfish species with a worldwide 
distribution, facilitated by anthropic dispersion of planktonic forms 
mainly through ballast waters and by the transport of benthic stages 
attached on the bottom of vessels and other tools (e.g., ropes, engines) 
and submerged infrastructures (Dawson and Martin, 2001). Indeed, the 
life cycle of the species is characterized by the alternation of planktonic 
(planula, ephyra and medusa) and benthic phases (polyp, strobila). 
Adult medusae are gonochoric and reproduce sexually, giving birth to 
ciliate planula larvae. Planulae settle on a substrate and metamorphose 
into polyps, which population can increase in number through several 
pathways of asexual reproduction (e.g., lateral budding). With appro
priate external conditions, polyps can metamorphose in strobila, a 
benthic form constituted by many layers each one representing an 
ephyra, that detaches and grows into an adult medusa (Suzuki et al., 
2019). The population of polyps is closely linked to the availability of 
the substrate, predominantly confined in coastal areas, where it can 
flourish thanks to eutrophication and of the presence of submersed 
structures (Kim et al., 2024). Polyps play a key role in controlling the 
jellyfish seasonal outbreaks through strobilation. Thanks to their resis
tance to wide ranges of temperature, salinity and food availability, 
Aurelia species are among the most common bloom-forming species 
worldwide (Marques et al., 2021; Xing et al., 2020). The alteration of the 
polyp population could reflect on density, abundance and frequency of 
adult medusae blooms, leading to impacts both on pelagic trophic webs 
and on sea-related anthropic activities (Lucas and Horton, 2014; 
Marques et al., 2021).

The species herein analysed, A. coerulea is frequently employed as 
model organism by ecotoxicologists to test the effects of several 
anthropogenic pollutants, chemical substances, heavy metals, pesti
cides, etc. on different stages of its life cycle (Ringwood et al., 2025). 
Carry-over effects from polyps to ephyrae have been reported after 
short-term exposure to two pesticides (atrazine and chlorpyrifos) by 
Olguín-Jacobson et al. (2021). As well, polyps suffered oxidative stress 
that reflects on their reproduction pathway (Liu et al., 2024) and leading 
to mortality and regeneration-regression process when subjected to 
copper exposure (Roveta et al., 2020). Lucas and Horton (2014)
demonstrated the mortality and deformity of polyps when treated with 
high concentration of copper or silver solutions, although decreasing 
through time and showing increasing budding rates, witnessing the 
tolerance of these organisms. Given the importance of the polyp stages 
in controlling adult populations and in the formation of blooms 
(Marques et al., 2021), this species was selected as experimental 
organism.

2. Materials and methods

2.1. Experimental procedures for Aurelia coerulea

Aurelia coerulea polyps were collected at the Aquarium of Cattolica 
(Italy), transferred to the Marine Zoology Laboratory of Polytechnic 
University of Marche and reared in seawater filtered at 0.22 μm, at 
constant temperature (24 ± 1◦C) and salinity (38 ± 1 PSU) with 16:8 h 
of light:dark photoperiod (according to Gregorin et al., 2025). Polyps 
were acclimated to the new conditions for 30 days prior to start the 
exposure. During this period they were regularly fed with 3-day-old 
nauplii of the brine shrimp Artemia salina (Linnaeus, 1789) three times 
per week. All reagents, i.e., aspartame, saccharin (Fig. 1) and KCl were 
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purchased from SIGMA (IT) and Water milliQ (Millipore system) was 
used to prepare all solutions. Artificial sweeteners are highly 
water-soluble and commonly tested in aquatic exposure systems (e.g., 
Buerge et al., 2009; Wiklund et al., 2012a). The experiment was 
designed to test two treatments represented by artificial sweeteners 
solutions: 1) aspartame, “ASP” and 2) saccharin, “SAC”. The control 
treatment was represented by filtered seawater (“FSW”). The solutions 
at nominal concentration of 100 mg/l in saccharin and aspartame were 
obtained by dissolving the appropriate quantity of commercial sweet
ener powder in FSW, by the use of a magnetic stirrer and by warming up 
the solution to 60◦C to facilitate dissolution. Each commercial saccharin 
tablet (Saccarina Roberts, L. Manetti–H. Roberts & C. S.p.A., Italy) 
contained sodium bicarbonate, tartaric acid and 26 mg of saccharin, 
while each aspartame tablet (Suaviter Sugar Control Zero Classic, Desa 
Pharma S.r.l., Italy) contained lactose, aspartame (20 mg), sodium 
carboxymethylcellulose and leucine. To start the experiment, eighteen 
fully developed polyps were selected similar in mouth disk diameters 
and without swelling tissue indicating the formation of a lateral bud. 
Mouth disk diameter is the most conservative measure for Aurelia spp. 
polyps (Gambill and Jarms, 2014) and provides a similar growth status 
of individuals, also referring to previous experimental procedures per
formed on the same species (Gregorin et al., 2024). Polyps were placed 
in three 6 -wells-plates, one polyp per well, one plate per treatment 
including the control (Fig. 2). The chronical exposure of polyps to the 
treatments was carried out for 56 days (from June 12 to August 7, 
indicated as 12_06 and 7_08). The first day (12_06) was the pre-exposure 
sampling time, the exposure started the day after (13_06) and thereafter 
data were collected two times per week (sampling times, Fig. 2) by direct 
observation and photographs till the end of exposure (7_08). An amount 
of 12 ml of FSW, ASP and SAC solutions were added to the wells and 
replaced twice a week. During this period polyps were kept to stable 
external conditions, feeding was controlled by giving three A. salina 
nauplii directed on each polyp’s tentacles through a micropipette (Gil
son P20) after the water renewal.

2.2. Data collection procedures

The analysed response variables were: 1) Growth rate, measured by 
the increase of the Mouth Disk Diameter (MDD, mm), defined as the 
longest diameter from one point on the oral rim to the opposite, passing 
through the mouth (Gambill and Jarms, 2014); 2) Asexual reproduction 
rate (%), evaluated by the number of individuals produced via asexual 
reproduction, through photos and direct observations; 3) Health status, 
by using a reference scale assigning to each polyp the scores 1 (optimal), 
0.5 (intermediate) and 0 (bad, corresponding to degenerated polyps) 
(Table 1). The health scale was optimized by preliminary observations; 
4) Mortality rate (%). Mortality was considered when health score 0 was 
prolonged leading to the death of the individual, to the loss of tissue 
portions and complete disappearance. Photos were taken twice a week 
with a Nikon Z50 camera and processed in the software ImageJ 
(Rasband, 2012) for the measurements of MDDs. Simultaneously, data 
on asexual reproduction, health and mortality data were gathered twice 
a week before the water change to avoid external disturbance to 

individuals. The total number of sampling points was 18, from 12_06 
(immediately prior to start the experiment) to 7_08 (the last observation 
time) (Fig. 2).

2.3. Spectrophotometric analysis

Spectrophotometric analyses were run using two sweeteners in 
concentration 100 mg/L prepared in KCl (0.1 M) aqueous solution. The 
solutions were prepared in Milli-Q water and kept in the dark and at 4◦C 
until analysis. The stability tests were run for 30 days. UV-Vis absorption 
spectra were recorded using an Evolution™ One Plus UV-Vis Spectro
photometer (Thermo Scientific™, Waltham, MA, USA). Samples were 
placed in a 1-cm-pathlength quartz cuvette and scanned from 190 to 
340 nm with a scan rate of 600 nm/min. Prior to each run, the system 
was blanked with Milli-Q water.

2.4. Statistical analyses

The comparison of the MDDs of all polyps in pre-exposure conditions 
was tested through one way analysis of variance (ANOVA), after 
checking normal distribution (Shapiro-Wilk’s test) and homoscedastic
ity of data (Cochran’s test). Statistical analyses on data collected from 
the start to the end of exposure were performed by using the repeated- 
measures (RM) ANOVA, after checking the compliance with assump
tion of homogeneity of variances (Cochran’s test) and sphericity 
(Mauchley’s test). The multivariate Pillai-Barlett trace (Pillai, 1965) was 
used to test for between-subject effects because particularly robust to 
deviations from sphericity. Further planned comparisons were made to 
look for significant differences of specific sampling times between and 
within treatments via t-tests or Welch’s tests, when different sample size 
did not allow for paired comparisons. The significant effects of time, 
treatment and their interaction were considered with p values ≤ 0.05 
(95% confidence intervals). Statistica 7 (Statsoft) and R version 4.2.2 (R 
Core Team, 2021) were used for analyses.

3. Results

3.1. Growth rate

At the beginning of the experiment, all polyps had similar mouth disk 
diameters (MDDs, Fig. 3A; Fig. 4) (mean ± standard error, 
SE = 1.27 ± 0.02 mm, ANOVA: F2,15 = 0.389, p = 0.685; Fig. 3 A). 
Growth of polyps was influenced by the time (RM-ANOVA, Pillai’s trace: 
F17,255 = 20.058, p < 0.001), by the type of treatment (RM-ANOVA, 
Pillai’s trace: F2,15 = 5.394, p = 0.017) and by their interaction (RM- 
ANOVA, Pillai’s trace: F34, 255 = 6.396, p < 0.001). Post-hoc planned 
comparisons highlighted differences between control (filtered sea water, 
FSW) and saccharin solution (SAC; t = 2.309; p = 0.036) and between 
FSW and aspartame solution (ASP; t = 3.178; p = 0.006) throughout the 
exposure period. The MDDs of the polyps of the control remained stable 
(from pre-exposure 1.27 ± 0.05 mm to end exposure 1.23 ± 0.02 mm, 
t10 = 0.7559, p = 0.4672). Similarly, the size of the polyps subjected to 
sweeteners showed comparable MDDs by pre- and end-exposure (SAC: 
1.23 ± 0.04 mm to 1.20 ± 0.02 mm, t10 = 0.6575, p = 0.5257; ASP: 
1.30 ± 0.07 mm to 1.28 ± 0.05 mm, t10 = 0.0537, p = 0.9608). How
ever, both sweeteners affected polyps after ca. 10 days after the start of 
the exposure. The MDD showed a decline in polyps exposed both to SAC 
and ASP (Fig. 2 A, starting from 22_06 (FSW vs. SAC: t10 = 2.4265, 
p = 0.03566), becoming more evident from 26_06 (FSW vs. SAC: 
t10 = 2.6356, p = 0.2492; FSW vs. ASP: t10 = 4.6382, p = 0.0009). 
Polyps exposed to SAC showed a low peak on 29_06 (1.02 ± 0.04 mm) 
and start to re-increase their MDDs thereafter. Polyps exposed to ASP 
decreased their size to 0.85 ± 0.03 mm between 6_07 and 10_07 showing 
a more prolonged and heavier MDD reduction. After 10_07, the MDD 
start to re-increase to reach pre-exposure conditions. Polyps exposed to 
both ASs showed MDDs similar to those of the control by the end of the 

Fig. 1. Chemical structures of the investigated compounds: A) Aspartame and 
B) Saccharin.
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experimental period.

3.2. Health status and mortality rate

The decrease in size was reflected by the health status of individuals 
exposed to aspartame (Fig. 3 B; Fig. 5), that declined from 1 (optimal 
health status) to 0.17 ± 0.11, indicating degenerative progression with 
shortened tentacles, retracted column, and indistinct mouth on the 
mouth disk. Surprisingly, after the lowest peak (on 10_07), their health 
status started to re-improve to reach score 1 by the end of the experi
mental period (Fig. 6). Conversely, saccharin did not worse the health of 
exposed polyps, showing score 1 for the entire duration of the exposure, 
comparable with the control individuals. Health was affected by time 
(RM-ANOVA, F5,75 = 14.624, p < 0.0001), by the treatment (RM- 

ANOVA, F2,15 = 38.043, p < 0.0001) and by their interaction (RM- 
ANOVA, F10,75 = 14.624, p < 0.0001). Post-hoc planned comparisons 
confirmed the occurrence of the effect on polyps exposed to aspartame, 
which significantly different both to SAC (F1,15 = 57.06522; p < 0.0001) 
and to the FSW (F1,15 = 57.06522; p < 0.0001). The lowest score of 
health (Fig. 4) was followed by complete recovery of polyps (Fig. 6). 
Mortality was not registered in any of the experimental replicates.

3.3. Asexual reproduction rate

The asexual reproduction of individuals, expressed as percentage of 
population increase via budding and production of fully developed and 
independent polyps, was affected by exposure to artificial sweeteners 
(Fig. 3 C). The RM-ANOVA highlighted overall effects of time 
(F15,225 = 18.155, p < 0.001) and of time × treatment (F30,255 = 2.247, 
p < 0.0004) while the treatment itself did not triggered differences in 
asexual reproduction of polyps (F2,15 = 3.467, p = 0.058). The number 
of new clones produced by the end of exposure was on average 
2.17 ± 0.75 by FSW polyps, 1.83 ± 1.33 by SAC polyps and 0.83 ± 0.3 
by ASP polyps. New individuals produced by polyps exposed to SAC was 
not different (t10 = 0.5345, p = 0.6047) to those produced by FSW 
polyps. Conversely, the number of new individuals produced by polyps 
exposed to ASP was significantly different from the FSW (t10 = 3.0679, 
p = 0.0119).

3.4. UV-Vis spectral comparison of aspartame and saccharin

The stability in aqueous solution of aspartame and saccharin was 
assessed by UV-Vis spectrophotometry. Over a 30-day observation 

Fig. 2. Scheme of the experimental set-up: control treatment (FSW, light blue), saccharin solution (SAC, blue), aspartame solution (ASP, dark blue). Each plate had 
six wells containing one Aurelia coerulea polyp. The six polyps per treatment constituted the replicates (n = 6). Sampling dates represent the dates in which the 
response variables were collected, starting from the first pre-exposure sampling (12_06) to the end of the exposure two months later (7_08). The start of the exposure 
occurred on 13_06. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

Table 1 
Health scale developed and used to determine the health status of Aurelia 
coerulea polyps during the exposure to artificial sweeteners.

Health 
scale

Description

Score 1 Optimal health status, polyps have erected column, extended tentacles, 
a brilliant white colouring of the tissue, and positively react to feeding, 
e.g. swallowing the A. salina nauplii within few seconds.

Score 0.5 Polyps have a roundish shape, calyx is shortened, tentacles are 
retracted, often folded upon the mouth disk, A. salina nauplii are 
swallowed with difficulty, requiring ca. 30 s. The colour of the tissue is 
pinkish/brownish. It indicates the initiation of the regression phase.

Score 0 Polyps are completely round, body parts are slightly or not visible 
(pedal disk, column, tentacles). No or weak feeding activities are 
registered, the nauplii are not ingested, or swallowed within hours.
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Fig. 3. Average values of A) Mouth Disk Diameter (MDD, mm), B) health status and C) asexual reproduction of Aurelia coerulea polyps (n = 6) in the control group 
(FSW, light blue) and exposed to saccharin solution (SAC, light blue) and aspartame solution (ASP, dark blue). In B, the line refers to the trend of aspartame solution 
and highlights the negative peak from July 3rd to July 13th. Bars refer to standard error. * = p ≤ 0.05; ** = p ≤ 0.01; *** = p ≤ 0.001. (For interpretation of the 
references to colour in this figure legend, the reader is referred to the Web version of this article.)
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period, the aspartame solution (ASP) (Fig. 7 A) showed progressive 
changes in its absorption spectrum, mainly in the 240-260 nm range, 
corresponding to the π→π* transitions of the aromatic ring of L- 
phenylalanine (Lakowicz, 2006) which is one of the compounds that 
make up aspartame (Fig. 1). The main absorption peak gradually 
decreased in intensity. This trend follows the known hydrolytic pro
cesses that break down aspartame into L-phenylalanine and other 
products like L-aspartic acid and methanol (EFSA Panel on Food 
Additives and Nutrient Sources added to Food (ANS), 2013). In 
contrast, the saccharin solution (SAC) (Fig. 7 B) analysed between day 1 
and day 30 showed no major spectral shifts or signal intensities: the 
main absorption band, also attributable to the aromatic ring, remained 
constant at approximately the same wavelength (roughly 250-260 nm; 
Lakowicz, 2006), and no new peaks or signal decreases indicative of 
degradation products were observed. Overall, these data suggest that 
under the conditions tested, room temperature and no light shielding, 
aspartame undergoes partial hydrolysis already visible from the day 7, 
whereas saccharin remains substantially stable over the time period 
analysed.

4. Discussion

Benthic fauna inhabiting coastal areas is increasingly exposed to 
contaminants and pollutants of anthropogenic origin (Sánchez-Bayo 
et al., 2011). Altered natural conditions may interfere with the life
cycle, reproduction, and metabolic pathways of organisms, potentially 
leading to vast mortality events (Loizeau and Tusseau-Vuillemin, 2014). 
Contaminants can hinder ecology, physiology and evolutionary path
ways of sessile species, that have a physical limitation and must 
implement a wide spectrum of strategies to face emerging threats, whose 

effects can persist for long after the source has been identified and 
eliminated (Mayer-Pinto et al., 2020).

Our results showed that the prolonged exposure to aspartame 
negatively affected the fitness of A. coerulea polyps, impacting their 
growth, asexual reproduction, and health. Negative effects appeared 
after 14 days, leading to a ~30-day-degeneration period and followed 
by a slow but complete recovery. By the end of the experiment, growth 
and reproduction rates were comparable to pre-exposure and controls. 
Saccharin had milder effects on A. coerulea polyps compared to aspar
tame, leading to a slowdown of the growth rate with shorter duration, no 
polyp degeneration and no deterioration of the health status. Indeed, 
despite being slightly smaller, polyps produced a similar number of buds 
compared to the control polyps by the end of the exposure. No mortality 
was recorded by the end of the experiment in any treatment.

The alteration of A. coerulea life-history stages is one of the first 
processes being affected by chronical exposure to contaminants, often 
leading to the delay of buds’ production and strobilation (Liu et al., 
2024; Lucas and Horton, 2014). Even without records of mortality, the 
delayed asexual reproduction and growth could lead to a cascade effect 
influencing the population dynamics both directly, acting on the number 
of polyps within a population and their density on the substrate, and 
indirectly on the birth of ephyrae and adult jellyfish, profoundly altering 
the trophic dynamics and ecology of the marine ecosystem (Lucas and 
Horton, 2014; Suzuki et al., 2019). The asexual reproductive processes 
are strictly connected to the external conditions, among which the food 
availability, that provides the required energy for the creation of polyps 
and strobila (Di Camillo et al., 2010; Suzuki et al., 2019). It has been 
observed that sub-lethal concentrations of contaminants could stimulate 
the production of buds, probably as a first response to stress (Lucas and 
Horton, 2014). However, when the contaminants concentration exceeds 

Fig. 4. Six polyps randomly photographed prior to start the experiment (on 12_06) and to be assigned to their experimental group. Each group was formed by 6 
individuals (nFSW = nSAC = nASP = 6) for a total of 18 tested polyps.

C. Gregorin et al.                                                                                                                                                                                                                                Marine Environmental Research 220 (2026) 108181 

6 



a certain threshold, one of the first responses is the arrest of budding, 
probably due to the reallocation of energy that polyps may use to face 
the emergency and/or to get used to the modified traits of their habitat. 
Such impairments of benthic life-cycle of Aurelia spp. have been 

reported in controlled conditions under the exposure to heavy metals 
(copper, silver, cadmium) even though the effects were mitigated by the 
antagonistic action of two coupled elements (Liu et al., 2024; Lucas and 
Horton, 2014; Roveta et al., 2020). Similarly, the exposure to pesticides 

Fig. 5. Polyp (and newborn in photos 5 and 6) exposed to aspartame sweetener (ASP) after ca. 20 days after start of exposure, on 6_07. All polyps showed a health 
score of 0.5 and 0, presenting shortened tentacles and column, and mouth not well distinguishable on the mouth disk. Scale bar = 1 mm.

Fig. 6. Polyps (and newborn in 5 and 6) exposed to aspartame solution (ASP) at the end of the experimental period (on 07_08). All polyps recovered and showed a 
health score of 1. Scale bar = 1 mm.
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induced a polyp-to-ephyra carry-over effect in two metabolites involved 
in neurotransmission and osmoregulation (Olguín-Jacobson et al., 
2021). The deterioration of the health status and the 
regression-regeneration cycle of polyps induced by ASs (here, aspar
tame) could be induced by the oxidative stress through the production of 
reactive oxygen species. In fact, Aspartame is metabolized into 
phenylalanine, aspartic acid, and methanol (Shaher et al., 2023). 
Methanol is further metabolized into formaldehyde, which is known to 
induce oxidative stress at cell level (Çadirci et al., 2020; Zerin et al., 
2015). Studies in animals have shown that aspartame consumption 
can lead to oxidative stress in various organs, including the brain, liver, 
and kidneys (Çadirci et al., 2020; Griebsch et al., 2023). Oxidative cell 
damage has been registered in the liver of the freshwater fish Carassius 
auratus (Linnaeus, 1789) due to exposure of degraded products of ace
sulfame (Ren et al., 2016) and was responsible of an increase in the 
occurrence of malformations and mortality of Danio rerio (Hamilton, 
1822) (zebrafish) early life-stages exposed to sucralose (Colín-García 
et al., 2022). Similarly, sucralose induced biochemical oxidative re
sponses in organs and blood cells, and at a neuronal level in the fresh
water fish Cyprinus carpio (Linnaeus, 1789) and crustacean Daphnia 
magna (Straus, 1820), respectively (Eriksson Wiklund et al., 2014; 
Heredia-García et al., 2019; Saucedo-Vence et al., 2017). In addition to 
the direct impacts of ASs or their by-products, these substances can 
couple with other contaminants, enhancing their toxicity and persis
tence in the environment. Sucralose and acesulfame, highly resistant 
and persistent in waters, chelate to heavy metals contained in sediments, 
making them biologically available for aquatic organisms (Khayatzadeh 
and Abbasi, 2010).

Aspartame, which showed a removal efficiency from aquatic eco
systems of around 70% (Subedi and Kannan, 2014), negatively affected 
the growth rate of the freshwater plant Lemna minor L., while saccharin 
induced a growth stimulation to the same species (Kobetičová et al., 
2018). In addition, sucralose induced modifications in the swimming 
behaviour of D. magna and on the efficiency of respiration and hunting 
of the crustacean Gammarus spp., potentially reflecting on their overall 
life history traits (Wiklund et al., 2012b).

As many other pollutants, ASs can enter the environment in their 
original and intact form without undergoing metabolization processes 
(Colín-García et al., 2022). Or, they can be degraded through the 
digestion processes, leading to the onset and release of by-products. 
Aspartame is almost completely metabolized in the small intestine of 
consumers into the two constituent amino acids (Lewis and Tzilivakis, 

2021). Its stability highly depends on moisture levels, being stable at 
dry cool conditions (moisture <8%). In aqueous solution, its hydrolysis 
depends on temperature, pH, time and luminosity. Spectrophotometric 
analysis of the solution after 30 days in filtered seawater revealed the 
appearance of a peak corresponding to L-phenylalanine, likely resulting 
from aspartame degradation. This signal was associated with the aro
matic structure of L-phenylalanine, confirming the breakdown of 
aspartame under the tested conditions. L-phenylalanine is an essential 
amino acid that has been isolated and artificially synthesized to produce 
aspartame, with the aim of improving the taste of the substance when 
combined with L-aspartic acid (Shibui et al., 2014). The appearance of 
phenylalanine peak coinciding with the physiological and morpholog
ical deterioration of polyps in aspartame solution suggests that these 
effects could be induced by the amino acid rather than by the AS itself. 
Excessive levels of this amino acid could in fact influence the metabolic 
pathway of aquatic organisms, such as the increased rate of intestinal 
cell apoptosis, a process usually related to inflammatory process, in the 
largemouth bass Micropterus salmoides Lacépède (1802); Yi et al. (2023). 
The toxicity tests performed by Vieira (2011) on zebrafish embryos 
exposed to amino acids (aspartic acid and glutamic acid), as to simulate 
nutritional imbalance, resulted in dose- and time-dependent delay of 
hatching, growth arrest, malformation and mortality, with the first 
signals after 24 h. As well, aspartic acid and methanol could alter the 
metabolism of model organisms. L-aspartic acid undermined some he
matological parameters, kidneys functioning and serum biochemistry in 
rats during 90-days-exposure, even if no abnormalities and mortality 
were recorded (Tada et al., 2008). Neurotoxic effects of L-aspartic acid 
in newborn mice were recorded by Schainker and Olney (1974) and 
Stegink (1976) although these results were not confirmed by the studies 
on infant monkeys and on humans that did not report neuronal diseases 
(Meldrum, 1993; Reynolds et al., 1980).

In conclusion, the two tested ASs indicate different effects in 
A. coerulea polyps, with aspartame being more impacting, since it 
induced a deterioration of the health status and the consequent arrest of 
budding and feeding. Saccharin induced a slight slowdown of the 
growth rate but did not influence health status and asexual reproduc
tion. Even though all polyps survived and fully recovered, we demon
strated how aspartame hindered the health status of A. coerulea polyps, 
reflecting on their asexual reproduction and growth. Despite never being 
tested on cnidarians so far, ASs have been reported to impair the 
physiological processes of many model organisms. To the best of our 
knowledge, aspartame has never been tested on marine organisms so far, 

Fig. 7. A) UV-Vis spectra of ASP (day 0 in red, day 30 in blue) and reference L-phenylalanine (green). B) UV-Vis spectra of SAC (day 1 in black, day 30 in red). (For 
interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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while saccharin general toxicity was evaluated through on the brine 
shrimp A. salina, with insignificant effects (Frija et al., 2019). Even if the 
concentrations of ASs registered in aquatic environments are well below 
the tested experimental conditions, the results obtained in this study 
could reflect a realistic scenario. The increase of extreme climatic events 
could lead to higher rainfall intensity, further impacting the flow from 
inland freshwaters (carrying contaminants) to the sea. No literature data 
are available so far to address this hypothesis. However, the increase of 
freshwater input and sediment resuspension during extreme meteoro
logical events is known to cause a concentration of contaminants of one 
or two order of magnitude (Corada-Fernández et al., 2017). The simi
larities observed between our study and previous reports are interesting 
since they pool animals belonging to both vertebrate and invertebrate 
taxa. Hypothetically, the effects of an overdosage of this substance and 
its essential amino acid could involve pathways that are common among 
these phyla, needing more studies for this investigation. These findings 
could be useful to evaluate the inclusion of these elements, whose uti
lization is far from being reduced, in the European Legislation for con
taminants (EU).
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Brumovský, M., Bečanová, J., Kohoutek, J., Borghini, M., Nizzetto, L., 2017. 
Contaminants of emerging concern in the open sea waters of the Western 
Mediterranean. Environ. Pollut. 229, 976–983. https://doi.org/10.1016/j. 
envpol.2017.07.082.

Buerge, I., Buser, H.-R., Kahle, M., Müller, M.D., Poiger, T., 2009. Ubiquitous occurrence 
of the artificial sweetener Acesulfame in the aquatic environment: an ideal chemical 
marker of domestic wastewater in groundwater. Environ. Sci. Technol. 43 (12), 
4381–4385. https://doi.org/10.1021/es900126x.

Chattopadhyay, S., Raychaudhuri, U., Chakraborty, R., 2014. Artificial sweeteners – a 
review. J. Food Sci. Technol. 51, 611–621. https://doi.org/10.1007/s13197-011- 
0571-1.

Colín-García, K., Elizalde-Velázquez, G.A., Gómez-Oliván, L.M., Islas-Flores, H., García- 
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