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Abstract
The present study focuses on predicting the pharmacokinetics and toxicological endpoints of the widely used intensive
sweeteners for preventing and management of diabetes: acesulfame K, advantame, aspartame, cyclamates, glycyrrhizin,
neohesperidin dihydrochalcone, neotame, saccharin, steviol, sucralose, and tagatose. Predictions obtained using several
computational tools were generally in good agreement each other and with few known data concerning the effects of these
compounds on humans. The possible side effects produced by these sweeteners are: h-ERG blocking potential (glycyrrhizin,
neohesperidin dihydrochalcone, advantame), eye and skin injuries (acesulfame K, cyclamates, saccharine), hepatotoxicity
(saccharine), nephrotoxicity (steviol, glycyrrhizin), hypotension (advantame), mutagenicity and genotoxic carcinogenicity
(acesulfame K, sucralose).

Rezumat
Prezentul studiu se concentrează pe predicția profilurilor farmacocinetice și a efectelor toxicologice ale principalilor îndulcitori
folosiți pentru prevenirea și gestionarea diabetului zaharat: acesulfam K, advantam, aspartam, ciclamați, glicirizină, neotam,
neohesperidină, steviol, sucraloză, tagatoză și zaharină. Predicțiile obținute folosind mai multe instrumente computaționale au
fost în general în concordanță și cu puținele date cunoscute cu privire la efectele acestor compuși asupra oamenilor. Posibilele
efecte secundare produse de utilizarea îndulcitorilor investigați sunt: cardiotoxicitate prin inhibiția canalului de potasiu în
mușchiul cardiac (glicirizina, neohesperidina, advantamul), leziuni oculare și cutanate (acesulfam K, ciclamați, zaharina),
hepatotoxicitate (zaharina), nefrotoxicitate (steviolul, glicirizina), hipotensiune (advantamul), mutagenicitate și carcinogenitate
genotoxică (acesulfam K, sucraloza).
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each other when it comes to accepting or banning some
of them (presented in Table I). Regulations and
legislation concerning the use of food additives are
under continuous re-examination and for some IS
there are also restrictions concerning the allowed daily
intake. All this information highlights the fact that
the pharmacokinetics and biological effects of IS are
not completely understood and they have not been
fully investigated. Furthermore, most information
revealing the effects of IS has been obtained through
experiments performed on laboratory animals, usually
rodents. These experiments imply considerable costs
and there are also ethical concerns of using animals
for testing purposes. Not at last, there are differences
between rodents and humans in anatomy, physiology
and metabolism and the extrapolation of results on
humans can be problematic. There were proposed
computational methods for toxicity testing such as to
reduce the number of animal experiments and they
become an integral part of technological platforms for
assessing the toxicity of xenobiotics [14]. Taking
into account the inconsistency of data regarding the
health consequences of the IS intake as they have not

Introduction
The incidence and prevalence of type 2 diabetes is
continuously rising, and weight loss is constantly
recommended for both diabetes prevention and
management. Intensive sweeteners (IS) provide an
alternative to added sugars in food and drinks and, by
limiting caloric intake, may facilitate the weight loss
or maintenance. Consequently, these compounds are
considered to provide patients with type 2 diabetes
significant flexibility in their dietary preferences [19,
20, 30].
The present study focuses on the IS that are used as
sugar substitutes and are recommended for people
suffering of diabetes: aspartame, saccharin, sucralose,
cyclamates, acesulfame potassium (acesulfame K),
tagatose and steviol glucosides [25]. Intensive sweeteners
are widely found in foods such as: baked goods,
cereals, sweets, confectionary products, marmalades,
canned food and fruit, bubble gum and as tabletop
sweeteners (for coffee and others), etc. [8].
The consumption of IS is controversial, and the
legislations of the countries and/or continents contradict
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been fully investigated, and the recognition of the
computational methods for toxicity tests, the aim of
this study is to perform a systematic review regarding
the known human health hazards of the IS used in
diabetes prevention and/or management and to further
assess their side or toxicological effects on humans
using a computational approach. The usefulness,
challenges, and limitations of the use of computational
models on obtaining more accurately outcomes for
humans are also illustrated.

of these tools for predicting biological activity and
toxicological endpoints for many classes of chemical
compounds. These methods are shortly presented in
the following.
For predicting absorption, distribution, metabolism,
excretion and toxicity (ADMET) properties and the
organ (eye, heart, liver) and genomic toxicity of
investigated chemical compounds we have used
admetSAR2.0 software [48]. It provides as output
data the probability that a biological activity and a
toxicological endpoint to be manifested (positive
value of the probability) or not (negative value of the
probability). More than 60 models with high predictive
accuracy and defining various bioactivities are
considered. The predictive accuracy of models used
by this computational tool vary between 72.3% and
90.7% [48].
Pred-hERG4.2 computational tool [6] has been used for
predicting the ability of the investigated compounds to
inhibit the human ether-à-go-go related gene (hERG)
K+ channels. hERG K+ channel inhibition may conduct
to heart arrhythmia or even possibly death being one
of the essential toxicological endpoints to be
considered when evaluating the safety of xenobiotics.
The predictions made using Pred-hERG computational
tool have the accuracy of 89% [6].
Toxtree3.1 is an open-source application that can be
used to estimate toxicity by applying a decision tree
approach, the accuracy of predictions being 70% [31].
It incorporates several classification systems and rules
that are used to predict for the chemical structures for
analysis the skin and eye irritancy and corrosivity by
physicochemical property limits and structural rules,
skin sensitization potential, possible carcinogenic and
mutagenicity potential by using a series of structural
alerts and various QSAR models.
Prediction of Activity Spectra of Substances (PASS
Online) is another web platform that can be used for
predicting the biological activity, pharmacological
effects, mechanisms of action, toxicity and adverse
effects of investigated chemicals with a mean accuracy
of prediction of about 95% [31]. PASS Online
calculates for every investigated compound, two
probabilities in an independent manner: a probability to
be active (Pa) and a probability to be inactive (Pi) for
a given biological action. When Pa > Pi and Pa >
0.700, there is a strong chance to find experimentally
the predicted activity. Within this study the PASS
Online platform has been used for predicting the side
effects of the studied intensive sweeteners.

Materials and Methods
Within this study we have considered the IS widely
used in the food and pharmaceutical industries that are
also considered to be effective for diabetes management:
acesulfame K, advantame, aspartame, cyclamic acid,
sodium cyclamate, potassium cyclamate, calcium
cyclamate, magnesium cyclamate, glycyrrhizin, neohesperidine dihydrochalcone, saccharin, steviol,
sucralose and tagatose. For these sweeteners we made
both a systematic review regarding their known
toxicological effects on humans and obtained new
information about their possible biological activities
by using a computational approach.
In order to obtain up to date information regarding
the effects of IS on humans we have followed the
PRISMA recommendations [24, 40]. Consequently,
for the investigated sweeteners we have collected the
available information regarding their toxicological
effects on humans by considering studies involving
human subjects and not information obtained through
experiments on laboratory animals. The following
toxicological effects have been considered when
acquiring information: various organs (lung, heart, skin,
liver, kidney etc.) toxicity, mutagenicity, carcinogenicity,
endocrine disruption potential and the causing of
various diseases. We must underline that we did not
take into account the metabolites of these sweeteners,
being known that some of their metabolites are toxic
[47]. Information has been extracted from the
published articles in English (both research articles
and review papers) that were found in scientific
databases (Web of Science, ScienceDirect Freedom
Collection, SringerLink Journal, SCOPUS) and PubChem database [21] and collections for all years
until November 2020 were considered. Information
acquired for every investigated sweetener has been
synthetized and data are presented in Table I.
In order to predict the pharmacokinetics and biological
effects of these molecules we have used few accurate
computational tools that were extensively used for
assessing the biological or side effects of various
chemicals: synthetic steroids [34], phthalates [10],
oligomers of chitin, chitosan [35] and their derivatives
[18], cosmetic ingredients and pesticides [2, 16], low
molecular weight oligomers of lactic acid [11] and of
polydroxyalkanoates [36]. It highlights the applicability

Results and Discussion
The information concerning the known toxicological
effects on humans of the intensive sweeteners considered
in this study are presented in Table I. This table also
contains, for every considered sweetener, its structural
formula, the acceptable daily intake (ADI) values
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established by Scientific Committee on Food (SCF) for
Europe and the Joint FAO/WHO Expert Committee
on Food Additives (JECFA) for international trade,
the status of approval by the FDA (Food and Drug
Administration) and EFSA (European Food Safety
Authority), respectively. To the best of our knowledge,
there is not information regarding the dangerous doses
of the intensive sweeteners in the case of humans.
The structural formulas have been obtained using
ACD/ChemSketch utility [52] starting from the

canonical or from the isomeric (when available)
SMILE (Simplified Molecular Input Line Entry System)
formula of the sweetener extracted from PubChem
database [21].
Absorption and distribution profiles of the IS have
been obtained using admetSAR2.0 software and are
presented in Table II. Data in this table illustrate the
probabilities that IS have (positive values) or have not
(negative values) a specified pharmacokinetic property.

Table I
Intensive sweeteners considered in this study, their status of approval and known detrimental effects for humans
Common name

Structural formula

ADI

HO

Tagatose
HO

O
OH
HO

OH
O

Glycyrrhizin

H3C

OH

H
O
CH3
HOOC

CH3

H3C

H

O

HO
HO
HOOC

CH3

O
O

HO
HO

H3C

O

CH3

FDA
EU EFSA
status
status
approved approved

The adverse effect for
human organism
Not
The ingestion of tagatose
specified
conducted to mild
(JECFA)
gastrointestinal discomfort
[62]
in some sensitive
individuals [38].
100 (SCF) It is on the
not
Its oral intake may affect
mg [28]
GRAS
approved kidney, ureter, bladder, and
list.
produce somnolence and
muscle weakness [53]. It
may have a hypertensive
effect [15].

OH

OH

Neohesperidin
dihydrochalcone

O

HO
HO

CH3
O

OH

O

O
H3C

O

OH

HO

OH
OH

0 - 5 (mg/kg It is on the Currently
bw) [63] GRAS list. under reevaluation
[59]

NA

O

HO

Steviol
H

OH

H3C

HO

H

CH3 O

0 - 4 (mg/kg It is on the approved It shows a potential risk to
bw)
GRAS
have endocrine disrupting
(JECFA)
list.
and carcinogenic effects [8]
[62]

H2C

O

Acesulfame K

O
S

O

-

N K

H3C

Advantame

+

O

HO
O

O
H

H3C

NH

NH

H

0 - 9 (mg/kg approved Currently It may produce headache
bw) (SCF)
under re[38], have a genotoxic
0 - 15 mg/kg
evaluation potential [17] and produce
bw) (JECFA)
[59]
eye and skin irritations [54]
[32, 62]
32.8 (mg/kg approved approved
NA
bw)
(JECFA)
[62]

O CH3

O

O
OH

Aspartame
O
O

O
NH
OH

NH2

CH3
O

0 - 40
approved
(mg/kg bw)
(SCF)
0 - 50
(mg/kg bw)
(JECFA)
[32, 62]
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approved Common side effects reported
from aspartame consumption
include: dizziness, headaches,
gastrointestinal issues, mood
changes [50]. Alzheimer’s
disease, attention-deficit
disorders, birth defects,
cancer, diabetes, lupus [41],
dermatitis after systemic
exposure [23]. This sweetener
may affect persons with
phenylketonuria and may
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Common name

Structural formula

Cyclamic acid

O

ADI

Sodium
cyclamate

Currently
under reevaluation
[59]
Currently
under reevaluation
[59]
Removed Data not
from
available.
GRAS list.

O

O

-

Potassium
cyclamate

O

O

-

O K

+

S
NH

Calcium
cyclamate

O

O
S

NH

Magnesium
cyclamate

O

-

O

Ca

O

O

2+

O

O

O

O

S

-

Mg

S

Legal only
in products
complying
with drug
provisions
of the law.

NH

2+

O

O
NH

Neotame

+

O Na
S

NH

NH
S

-

0.3 (mg/kg approved Currently It may produce headache and
bw)
under re- illustrates hepatotoxicity at
(JECFA)
evaluation
high doses [50].
[62]
[60]

H3C
O

Currently
under reevaluation
[59]
Data not
available.

The adverse effect for
human organism
induce glucose intolerance by
altering gut microbiota [43].
Cyclohexylsulfamic acid
produces skin and eye
irritations [55]. Exposure to
the sodium cyclamate may
conduct to irritations of the
skin, eyes, mucous membranes
and upper respiratory tract,
diarrhoea, photosensitization
and chromosomal changes [56].
Potassium cyclamate produces
skin, eye and respiratory
irritations [57].
Prolonged period of ingestion
of high amounts of cyclamates
developed vesical carcinoma
of bladder for 3 persons [4].

O

CH3

H3C

EU EFSA
status

0 - 7 (mg/kg Not legal
bw) (SCF) in food
0 - 11
(mg/kg bw)
(JECFA) Removed
[32, 62]
from
GRAS list.

OH
S

NH

FDA
status

NH
NH

HO
O
O

O
CH3

O

Saccharin

NH
S
O

Sucralose

O

OH

Cl
O

HO

O

OH
O
Cl

HO
Cl

OH

0 - 5 (mg/kg approved Currently It conducted to accumulation
bw) (SCF
under re- of body fat in humans [46],
and JECFA)
evaluation nausea, vomiting and diarrhoea
[32, 62]
[59]
[50], hepatotoxicity [27],
anorexia, nausea, gastric
hyperacidity, coughing, chest
pain and irritation of the eyes,
nose and throat [58].
0 - 5 (mg/kg approved Currently Sucralose has been identified
bw) (SCF
under reas a causative agent in
and JECFA)
evaluation generating migraine headaches
[32, 62]
[57]
[29] and increasing incidence
of inflammatory bowel due
to its inhibiting effect on gut
bacteria and digestive protease
enzymes [33]. It may produce
diarrhoea [50].

ADI – the acceptable daily intake; SCF – Scientific Committee on Food; JECFA – Joint FAO/WHO Expert Committee on Food Additives;
GRAS – Generally Recognized as Safe

Table II
Absorption and distribution profiles of the investigated intensive sweeteners obtained using admetSAr2.0 software.
The numerical values in this table represent the probabilities that investigated compounds have (positive values)
or have not (negative values) a certain biological action
Name/ Pharmacokinetics properties
Tagatose
Glycyrrhizin
Neohesperidine dihydrochalcone
Steviol
Advantame

HIA
-0.961
0.821
0.697
0.968
0.771

1035

PPB (%)
0.413
0.932
0.800
0.811
0.962

P-gpI
-0.980
-0.761
-0.684
-0.835
0.647

P-gpS
-0.905
-0.795
-0.509
-0.811
0.734

BBBP
0.879
-0.885
-0.515
-0.537
-0.377
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Name/ Pharmacokinetics properties
Acesulfame K
Aspartame
Cyclamic acid
Sodium cyclamate
Potassium cyclamate
Calcium cyclamate
Magnesium cyclamate
Neotame
Saccharin
Sucralose

HIA
0.984
0.719
0.737
-0.422
-0.422
-0.422
-0.422
0.810
0.993
-0.956

PPB (%)
0.533
0.679
0.423
0.361
0.443
0.503
0.442
1.000
0.874
0.428

P-gpI
- 0.979
- 0.927
-0.984
-0.984
-0.984
-0.960
-0.960
-0.612
-0.991
-0.878

P-gpS
- 0.958
- 0.766
-0.978
-0.961
-0.961
-0.961
-0.964
0.525
-0.951
-0.946

BBBP
0.973
0.943
0.965
0.970
0.972
0.972
0.972
0.944
0.970
0.956

HIA – human intestinal absorption; PPB – plasma proteins binding; P-gpI – inhibitor of the glycoprotein P;
P-gpS – substrate of the glycoprotein P; BBBP – blood-brain barrier penetration

Data presented in Table II illustrate that only tagatose,
cyclamate salts and sucralose do not reveal good human
intestinal absorption (HIA). Some of these outcomes
are in good correlation with published information
emphasizing that tagatose is mal-absorbed only 15 20% of it being absorbed in the small intestine [7],
absorption of cyclamates from the gut is incomplete
[60], only 11 - 27% of ingested sucralose is absorbed
from the gut, and acesulfame K and neotame are fast
and almost completely absorbed [37].
All investigated sweeteners may interact with plasma
proteins, but few of them reveal high probabilities
for this interaction: glycyrrhizin, neohesperidine dihydrochalcone, steviol, advantame, neotame and
saccharin. These results are also in good correlation
with published data revealing the binding of some
sweeteners to plasma proteins. Ali and Devrukhkar
revealed in their study that aspartame and sucralose
may cause glycation of plasma proteins [1]. Aspartame,
acesulfame K, sucralose and sodium cyclamate
demonstrated a binding affinity to human serum albumin
increasing its thermal stability [51], saccharin reversibly
binds to plasma proteins being distributed via the
blood to the body organs [45], an average of 82 92% of advantame binds to plasma proteins and the
binding of neotame to human plasma proteins in vitro
ranged from 94% to 98%.
Outcomes of admetSAR2.0 tools also reveal that none
of the investigated sweeteners is considered as substrate
(P-gpS) or inhibitor (P-gpI) of P-glycoprotein and
they are in good correlation with the few published
information on this subject. A study made by Sjöstedt
et al. revealed that steviol, neohesperidine dihydrochalcone, acesulfame K, advantame, aspartame,
cyclamates, saccharin, sucralose and neotame had no
inhibitory potential against P-glycoprotein [42]. Wang
et al. revealed that steviol glucuronide is not a P-gpS
[49].
Excepting glycyrrhizin, neohesperidine dihydrochalcone, steviol and advantame, admetSARr2.0
predicts high probabilities of penetration of bloodbrain barrier for the other sweeteners. Many of the
intensive sweeteners (aspartame, neotame, steviol) are
metabolized to their metabolites in the gastrointestinal
tract and consequently do not pass the blood brain

barrier as intact sweeteners [39]. Cong et al. demonstrated
that orally ingested acesulfame K is able to cross the
mouse blood brain barrier and accumulate in brain
tissue [9]. Another study revealed that aspartame was
able to penetrate the blood-brain barrier and to produce
disruption in neurotransmitters in rat brain [3]. It
seems that this tool does not correctly predict the
ability of the blood barrier permeation for all investigated
IS. It underlines the limitations of the computational
assessment of the biological effects of chemicals and
the necessity to perform experimental studies to
evaluate this property for the IS.
admetSAR2.0 computational facility also outcomes
the probabilities that investigated sweeteners to be
inhibitors of the transporter proteins/peptides: bile
salt export pump (BSEP), organic cation transporter 2
(OCT2), multidrug and toxin extrusion 1 (MATE1),
organic anion transporters (OATP) 1B1, 1B3 and 2B1,
respectively (Figure 1). Figure 1 illustrates that all
considered sweeteners reveal high probabilities to
inhibit the organic anion transporters 1B1 and 1B3. In
addition, BSEP may be inhibited by neohesperidine
dihydrochalcone, glycyrrhizin, advantame and neotame,
steviol and glycyrrhizin may also inhibit OCT2. These
predictions are also in good agreement with the few
published information revealing that steviol interacted
with human organic anion transporters, particularly
with those belonging to OATP1 and OATP3 families
altering the renal drug clearance [43] and glycyrrhizin
was found to interact with OATP1B1, OATP1B3,
BSEP, OCT1, OCT3 and MATE1 [12].
Other predictions obtained using the admetSAR2.0
software concern the human organs toxicity of the
investigated sweeteners and are revealed in Table III
together with similar predictions obtained using
Toxtree3.1 and Pred-hERG4.2 software, respectively.
Several sweeteners are considered as producing eye
irritations and corrosion, respectively skin irritations,
but the predictions made by admetSAR2.0 and
Toxtree3.1 are not always convergent. Data presented
in Table I reveal that acesulfame potassium, cyclamates
and saccharine are known to produce eye and skin
injuries, confirming the predictions obtained using
admetSAR2.0 computational tool. This tool also predicts
that neohesperidine dihydrochalcone, acesulfame K,
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advantame, aspartame and saccharin may produce
hepatotoxicity. Excepting the hepatotoxic effect of
saccharine for one patient [27] and of aspartame that
produced liver injury in mice [13], we were not able
to find literature data regarding the hepatotoxicity of
these sweeteners. Acesulfame K and sucralose are
considered as producing mutagenic effects and
presenting genotoxic carcinogenicity. These predictions
are in good concordance with published studies revealing
the genotoxic effect of acesulfame K [17] and it was

reported that high doses of saccharin and sucralose
conducted to carcinoma and mutagenesis in rats [22].
The outcomes of admetSAR2.0 software also reveal
that neohesperidine dihydrochalcone and advantame
illustrate a potential to inhibit hERG K+ cannel and to
produce cardiotoxicity. The two sweeteners, added to
glycyrrhizin, are also indicated as potential h-ERG
inhibitors by Pred-hERG4.2 software. Pred-hERG
computational tool outcomes, for every investigated
compound, the map illustrating the predicted contribution
of chemical fragments to the hERG blockage.

Figure 1.
admetSAR2.0 outcomes regarding the probabilities that investigated sweeteners to be inhibitors of the
transporter proteins/peptides
BSEP – bile salt export pump; OCT2 – organic cation transporter 2; MATE1 – multidrug and toxin extrusion 1;
OATP – organic anion transporters 1B1, 1B3 and 2B1, respectively; ND – neohesperidine dihydrochalcone

Table III
Predictions obtained using admetSAR2.0, Toxtree3.1 and Pred-hERG4.2 concerning the toxicological endpoints
of the investigated sweeteners. Cells in grey illustrate toxicity and those in light grey illustrate unknown effects.
Eye
Eye
Eye
Skin
HEPT † Ames mutagenesis
Carcinogenesis
Cardiotoxicity
injury corrosion irritation irritation
and
and
corrosion corrosion
admetSAR2.0 Toxtree Toxtree admet
admet Toxtree admet Toxtree 3.1 admet
Pred3.1
3.1
SAR2.0 SAR2.0
3.1
SAR2.0
SAR2.0 hERG4.2
D-Tagatose
-0.941 -0.987
No
No
-0.875
-0.600
No
-0.985
No
-0.629
NO
(70%)
Glycyrrhizin
-0.908 -0.990
No
No
-0.525
-0.670
No
-0.985
No
-0.454
YES
(60%)
Neohesperidine -0.921 -0.989
No
No
0.575
-0.850
No
-0.914
No
0.729
YES
dihydrochalcone
(60%)
Steviol
-0.725 -0.994
No
No
-0.550
-0.910
No
-0.842
No
-0.500
NO
(70%)
Acesulfame K
0.915 -0.938
No
No
0.550
-0.790
Yes
-0.844 Structural -0.808
NO
alert for
(60%)
genotoxic
carcinogenicity
Common name
of sweetener/
Toxicological
endpoint/Tool

1037

FARMACIA, 2021, Vol. 69, 6
Common name
of sweetener/
Toxicological
endpoint/Tool

Advantame
Aspartame
Cyclamic acid
Sodium
cyclamate
Potassium
cyclamate
Calcium
cyclamate
Magnesium
cyclamate
Neotame
Saccharin
Sucralose

†HEPT

Eye
Eye
Eye
Skin
HEPT † Ames mutagenesis
Carcinogenesis
Cardiotoxicity
injury corrosion irritation irritation
and
and
corrosion corrosion
admetSAR2.0 Toxtree Toxtree admet
admet Toxtree admet Toxtree 3.1 admet
Pred3.1
3.1
SAR2.0 SAR2.0
3.1
SAR2.0
SAR2.0 hERG4.2
-0.981 -0.992
Yes
Yes
0.725
-0.740
No
-0.792
No
0.817
YES
(50%,
-0.997 -0.994
No
No
0.575
-0.720
No
-0.728
No
-0.524
NO
(70%)
0.921 -0.839 unknown
Yes
-0.675
-0.810
No
-0.642
No
-0.563
NO
(80%)
0.921
unknown unknown -0.675
-0.850
No
-0.657
No
-0.563
NO
-0.919
(70%)
0.921 -0.919 unknown unknown -0.675
-0.840
No
-0.657
No
-0.563
NO
(70%)
0.706 -0.947
No
No
-0.725
-0.850
No
-0.657
No
-0.602
NO
(70%)
0.706 -0.947 unknown unknown -0.725
-0.840
No
-0.657
No
-0.602
NO
(70%)
-0.981 -0.989
Yes
Yes
-0.525
-0.780
No
-0.557
No
-0.869
NO
(60%)
0.955 -0.955
No
No
0.675
-0.900
No
-0.637
No
-0.500
NO
(60%)
-0.990 -0.985
Yes
Yes
0.775
0.540
Yes
-0.857 Structural -0.629
NO
alert for
(70%)
genotoxic
carcinogenicity

– hepatotoxicity

Figure 2.
The maps emphasizing contributions of chemical fragments toward hERG blockage for the sweeteners revealing
hERG blockage potential: advantame (a), neohesperidine dihydrochalcone (b) and glycyrrhizin (c). Fragments
with continuous contours denote contribution towards blockage of hERG, fragments with dashed contours
contribute to decrease of hERG blockage.
The maps emphasizing contributions of chemical
fragments for glycyrrhizin, neohesperidine dihydrochalcone and advantame (compounds illustrating
hERG blocking potential) are presented in Figure 2
and illustrate that every compound possesses both
fragments contributing to hERG blockage potential
(continuous line contours in Figure 2) and fragments

diminishing this potential (dashed lines contours in
Figure 2).
Glycyrrhizin reveals the highest amount of fragments
contributing to the h-ERG blockage potential. Advantame
is considered as a potential hERG inhibitor by both
computational tools. PASS online computational
facility also predicts that advantame may produce
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hypotension. We were not able to identify literature
data confirming or infirming the hERG blockage
potential in humans of the IS, but this study
underlines that the hERG blockage potential of
advantame, glycyrrhizin and neohesperidine
dihydrochalcone should be considered for further
investigations.
The outcomes of PASS online tool reveal few side
effects of investigated sweeteners (in parentheses are
presented the probabilities of these sweeteners to be
active toward a side effect): tagatose may produce
hyperuricemia (0.788), steviol has a nephrotoxic effect
(0.850), saccharin may lead to neutrophilic dermatosis
(0.823), sucralose may produce drowsiness (0.909),
advantame may produce hypotension (0.887), neotame
(0.876) and aspartame (0.843) may conduct to shivering
and cyclamic acid may have a weight loss effect.
Glycyrrhizin reveals multiple side effects: muscle
weakness (0.982), general weakness (0.980), behavioural
disturbance (0.948) and nephrotoxicity (0.938). Some
of these predictions are in good agreement with
published information (Table I). Charged compounds
(acesulfame K and cyclamates) cannot be processed
by this computational tool and there are not predictions
regarding their side effects.
Many publications reveal the applicability of
computational modelling for predicting the biological
activities and ADMET properties of chemical, agrochemical, pharmaceutical, cosmetics and food industries
by providing significant guidance in planning experiments.
Computational prediction of the biological effects of
chemical compounds is usually based on the supposition
that structurally similar compounds display similar
biological effects, but it is also possible that small
structural changes lead to distinct biological activity,
this being a major factor limiting the predictability of
these models [26]. Such limitations can be overcome by
using several models [5] and we have used several
computational tools that are based on different models
for predicting the same biological activity of the IS,
the outcomes being compared. Another limitation of
the computational predictions, that is also common to
the in vitro experimental assessments, is expressed by
the fact that the evaluation of responses at the level
of the whole organism implies understanding of the
complex biological processes. Taking into account
both the opportunities and limitations of these methods,
the obtained predictions should be used to guide
further experimental evaluation of the safety use of
these chemical compounds.

various tools are in good agreement each other and
some of the obtained predictions are also in good
agreement with the few literature data registering the
toxic effects of intensive sweeteners on humans, as
presented in this article.
Glycyrrhizin, neohesperidine dihydrochalcone and
advantame are the sweeteners illustrating hERG blocking
potential, acesulfame K, cyclamates and saccharine
are considered to produce eye and skin injuries, and
neohesperidine dihydrochalcone, acesulfame K,
advantame, aspartame and saccharin may produce
hepatotoxicity. Other identified toxicological effects
were the mutagenic effects and genotoxic carcinogenicity
for acesulfame K and sucralose.
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