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ABSTRACT

Objective: To identify the effects of the consumption of non-nutritive sweeteners on
memory retention and on the histology of the hippocampus.
Methods: In this study, 20 mice were used to determine if there is an effect of
consuming the maximum allowable dose of the non-nutritive sweeteners on the memory
retention and on the histology of the hippocampus. The mice were distributed into four
groups and the treatments were given via oral gavage: Group 1 (water), Group 2
(aspartame: 1000 mg/kg), Group 3 (stevia: 1000 mg/kg) and Group 4 (sucralose:
16000 mg/kg). Treatments were administered to the different experimental groups for 32
days, after which memory retention was tested using the two-day water maze protocol.
After the tests, the mice were sacrificed and the brain was analyzed histologically for
neurotrophic effects.
Results: Based on the results of the two-day water maze protocol, there were no dif-
ferences between the non-nutritive sweeteners and the control group. However, stevia
showed high cellular apoptosis followed by aspartame, sucralose and control group.
Conclusions: There was no significant effect on the memory of the mice. It showed
histologically however, that stevia had a significant neurotropic effect compared to the
other sweeteners.
1. Introduction

There are two kinds of sweeteners, namely, nutritive and
non-nutritive sweeteners [1]. Nutritive sweeteners are naturally
occurring like sucrose and fructose [2]. On the other hand,
non-nutritive sweeteners are synthetically made like aspartame,
stevia and sucralose [3]. Non-nutritive sweeteners, also referred
to as high intensity sweeteners, are typically used in small
amounts to reduce the caloric intake while sustaining the desired
taste in many food products [4].

According to the study done by Romano et al., some of the
adverse effects on the central nervous system caused by the
intake of aspartame are headaches, mood changes, insomnia and
seizures [5]. In addition, other effects include confusion,
personality disorders, dizziness and visual difficulty [6].
Recently, it has also been attributed to obesity [7,8]. Chronic
aspartame consumption resulted to the longer time for the
mice to locate the reward within the T-maze, which showed
impaired long-term memory retention [9–11].

Stevia as sweeteners has been used for a long time in South
America without any reported adverse effects. Nonetheless, its
safety has been the subject of controversy for many years [12].
The metabolically activated steviol has been found to be
mutagenic in mice but its activation in humans has not yet
been established with further work needed to establish its
toxicity in humans [13].

Sucralose is one of the newest non-nutritive sweeteners and its
safety has been established by different experiments [14–17].
However, according to Schiffman and Rother, experiments in rat
models showed that consumption of foods and fluids containing
high-potency sweeteners was interfered with the ability to detect
sweet tastants, thereby affecting energy regulation [17].
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Despite the adverse effects caused by some artificial sweet-
eners, they are still widely used and accepted all over the world
[18]. Results of this study can be used to reevaluate the maximum
daily dose of artificial sweeteners and for further studies on the
toxicity of aspartame, stevia and sucralose.

2. Materials and methods

2.1. Animal use and maintenance

A total of 20, 6-week old, male ICR mice (Mus musculus)
were procured from the Research Institute for Tropical Medi-
cine, Alabang, Muntinlupa City. They were randomly distrib-
uted to the four groups (n = 5), namely, control group (Group 1),
aspartame (Group 2), stevia (Group 3) and sucralose (Group 4).
The mice were kept in individual cages in the animal house of
De La Salle University. All cages were cleaned and sanitized
weekly and bedded with husk which was autoclaved. The plates
and water bottles were cleaned and dried twice a week. The mice
were allowed to acclimatize for one week to adjust to a 12 h
light: 12 h dark cycle at 24–26 �C. Food and water were given
ad libitum. Proper handling and maintenance of the mice were
guided by the safety standards set by the Philippine Association
of Laboratory Animal Science as approved by the De La Salle
University (Institutional Animal Care and Use Committee).

2.2. Treatment preparation and administration

Artificial sweeteners (aspartame, stevia and sucralose) were
purchased from local supermarkets and were dissolved in
0.2 mL of distilled water based on the amount to be given into
per mouse (Table 1). About 0.2 mL of the different treatments
was administered to the mice via gastric gavage for 32 days [19].
Table 1

Treatment given to the different groups for duration of 28 days.

Groups Dose Reference

Control 0.2 mL distilled water
Aspartame 1000 mg/kg body weight in 0.2 mL

distilled water
[20]

Stevia 1000 mg/kg body weight in 0.2 mL
distilled water

[13]

Sucralose 16000 mg/kg body weight in 0.2 mL
distilled water

[16]
2.3. Two-day water maze protocol

According to Hodges, the water maze, which was used for
determining memory retention in mice, was tapped into the
cognitive processes that included associative learning, short-
term and long-term non-spatial memory, temporal order and
conditional discrimination or anxiety [21].

The water maze pool was 1.8 m in diameter and 6 inches deep.
Thewaterwaskept at room temperature andvisual cueswere placed
on the north, south, east and west sides of the pool that served as
“landmarks” for the mice to help it locate the hidden platform. The
hidden glass platformwas 10 cm in diameter and 6 inches in height.

The two-day water maze protocol consisted of training phase
(Day 1) and test phase (Day 2). This was done two times per
week for 32 days for a total of 10 tests. In the experiment, the
tests were performed on Thursday and Friday (Test 1) and
Saturday and Sunday (Test 2). Monday to Wednesday was the
rest days for all the mice. The platform was randomly placed for
the Test 1 and then changed for Test 2 [22].

2.3.1. Training phase (Day 1)
The platform was randomly placed within the pool with the

pre-release points at north, south, east, or west of the pool. These
pre-release points had signs that north, south, east or west were
attached to the wall of the pool. In addition, the distance from the
pre-release points to the randomly placed platform was measured
and recorded. The animals were released facing the wall and a
maximum of 60 s was allowed for the mice to locate the platform.

If the mice failed to locate the platformwithin the allotted time,
they were guided to the hidden platform and placed there for 15 s,
for them to learn that the safe zone was the platform, before they
were returned to the cages. If the animals jumped off the platform,
the animals were guided back towards the platform. The time was
recorded when the mouse found the hidden platform and if they
failed, the recorded time was 1 min. This was done two times to
each mouse (two trials) with intertrial time of 30 s.

2.3.2. Test phase (Day 2)
The platform randomly placed in Day 1 was retained. The

animals were still released facing the wall and a maximum of
60 s was allowed for the mice to locate the platform submerged
underwater. However, if the animals failed to find the hidden
platform within 60 s, they were guided to the platform and
placed there for 15 s, before returning them back to the cages. If
the animals jumped off the platform, the animals were guided
back towards the platform.

2.4. Histological analysis

After 32 days of experiment, the mice were euthanized by
cervical dislocation and the brain was extracted and placed in a
vial containing 10% buffered formalin. Samples were then
brought to the Pathology Department, College of Medicine,
University of the Philippines Manila for brain processing and
routine hematoxylin and eosin slide preparation.

The processed hippocampal sections of the brain were
analyzed by counting the normal cells and the cells that under-
gone apoptosis per high power objective. The person that
counted the neurons was blinded to the experimental group of
the particular sample being examined and did all the neuronal
counts to avoid Inter-counter variation.

2.5. Statistical analysis

The differences in rate and number of neuronal cells were
analyzed using One-way ANOVA and the means were compared
using Tukeys test and SPSS version 22 was used to determine
significant differences among the treatment groups at P < 0.05.

3. Results

The results showed the effect of 4 weeks exposure in
maximum concentration of non-nutritive sweetener based on
their performance in water maze test and the percentage of
cellular apoptosis on the hippocampus (Table 2). The rate (dis-
tance/time) of each group performance in training phase and test
phase on water maze test was recorded. After the 4 weeks
exposure, the percentage of cellular apoptosis on hippocampus
was measured to see the effect of exposure on maximum con-
centration of sweetener.
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Figure 2. A section of the mice hippocampus showing neuronal damage
(arrows) in four groups.
A: Control group; B: Aspartame group; C: Stevia group; D: Sucralose
group.

Table 2

Effects of the different treatment groups on the water maze test and

hippocampal neuronal damage.

Treatment
groups

Water maze test
rate (cm/s)

Hippocampal neuronal
damage (%)

Control 0.63 ± 0.76 2.43 ± 1.04a

Aspartame 0.41 ± 0.58 6.00 ± 2.78ab

Stevia 0.48 ± 0.63 6.83 ± 2.91b

Sucralose 1.72 ± 1.83 3.85 ± 0.35ab

Values with the same superscript letter within columns are not signifi-
cantly different from each other at P < 0.05.
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3.1. Water maze test

The results showed that the average of the water maze
performances of all the groups were not significantly different
statistically. Groups 1, 2, 3, and 4 had an average rate 0.63 cm/
s, 0.41 cm/s, 0.48 cm/s and 1.72 cm/s, respectively. With
respect to the individual performances of each mouse, 7 out of
the 20 mice failed to locate the platform throughout the
experiment, 6 out of the 20 mice had an average rate of 1.00–
3.00 cm/s and 1 out of the 20 had an average rate of 3.00 cm/s
and above.

The number of mice that were able to locate the platform less
than 60 s in per test were counted and graphed using a scatter
plot (Figure 1). The equation of the line was obtained and
revealed that the number of mice that located the platform during
the test phase of the experiment increased as the experiment
progresses, as showed by the coefficient of correlation of
0.727 36. In other words, there was a positive correlation that as
the experiment progresses, the number of mice were able to
locate the platform.
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Figure 1. The number of mice located the hidden platform during the test
phase of the experiment.
In the experiment, the behavior that the mice circled around the
pool was observed in the first few tests of the experiment. Naı̈ve
animals tended to circle around the pool and appeared a panic
response.However, through time, themice knew that the safe zone,
which they could go to, was the platform. The main motivation of
the mice in locating the platform was the desire to escape [21].

3.2. Percentage of cellular apoptosis

The number of brain cell damage, specifically cellular
apoptosis (Figure 2) in the hippocampus were recorded to
determine and compare the effect of the three types of artificial
sweetener (aspartame, stevia and sucralose) administered to the
mice. Group 3 (stevia) showed the highest percentage damage,
followed by Group 2, Group 4 and Group 1.

The hippocampal area of the brain was analyzed based on the
percentage of cellular apoptosis on four groups in the experi-
ment. Recent study showed that excessive intake of artificial
sweetener triggered large number of free radical, specifically
oxygen and nitrogen, which caused alteration in the antioxidant
system. This alteration caused the induction of oxidative stress
leading to the cellular level damage of brain cells [23].

A significant percentage of neuronal damage, specifically
cellular apoptosis,was seen on the experimental group compared to
the control group, most likely due to the artificial sweetener, spe-
cifically aspartame, sucralose and stevia that were administered.

4. Discussion

Aspartame is metabolically broken down into methanol,
aspartic acid and phenylalanine [5]. Although there was not
significantly different, this group showed the lowest rate in
locating the platform for the water maze test. The possible
reason for their activity in water maze test may be due to the
fact that aspartame has a chemical component that may lead to
learning disabilities in mice.

Phenylalanine, one of the products produced, is converted
to tyrosine to produce catecholamines [24]. According to
Meldrum et al., high concentrations of phenylalanine
compete with tyrosine uptake in the brain and inhibit the
enzyme tyrosine hydroxylase, which act as a catalyst for the
synthesis of (catecholamines) norepinephrine [25]. Tyrosine is
an important component of the brain as it is used to
synthesize catecholamines (norepinephrine), one of the
important neurotransmitters that affect attention [26]. An
increase in concentration of phenylalanine in the brain may
cause phenylketonuria, a disorder that results from
accumulation of unsynthesized phenylalanine in the brain
which can cause intellectual disability, seizures and other
medical problems [27].

Based on the percentage of cellular apoptosis in the hippo-
campus, aspartame showed the second highest percentage of cell
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death that can be attributed to the effect of the components of
aspartame. A study conducted in National Research Center in
Egypt by Abdel-Salam et al. confirmed that excessive intake of
aspartame for a long period of time will impair the performance
of mice on cognitive memory due to increase in oxidative stress
on mice brain [19]. Oxidative stress was found to be the primary
cause of cellular damage on hippocampal area of the mice
because it demands high production of adenosine triphosphate
which causes brain to consume O2 rapidly [28]. Higher demand
of O2 causes interference with the function of mitochondria,
which results in an increase of O2 formation. Aspartame is
also capable of damaging the essential cellular components
such as nucleic acid lesions, gene damage and gene repair
activity that can lead to apoptosis [23].

Stevia is composed of stevioside and rebaudioside A, which
is found to be rich in mineral components, such as iron, man-
ganese and cobalt. Minerals serve as some of the important roles
in the body such as for maintaining normal heart rhythm,
contraction of muscle, conductivity of neurons, regulation of
cellular metabolism and also in memory. However, an excess
intake of minerals may also lead to worse cases [29].

Stevia showed the second lowest rate in the water maze test
and the highest percentage of cellular apoptosis. The possible
reason for its rate and percentage of neuronal damage may be
due to the mineral components of stevia. Interestingly, although
iron is essential for normal functioning of the brain as it is a
cofactor in the production of neurotransmitters necessary for
brain to function normally, especially in learning and memory,
accumulation of this mineral in brain causes brain damage if
taken in excess, specifically in learning and memory [30].
Therefore, a high concentration of iron in the brain causes an
injury to the brain cells and can lead to oxidative stress via
formation of oxygen free radical that causes cellular apoptosis
in the brain [31]. Involvement of free radicals with lipid
peroxidation of the cell membrane can lead to an increase in
membrane fluidity of the cell, which results in the disturbance
of calcium homeostasis and finally cell death [32].

Manganese in high concentration has been found to cause
Parkinson's disease and learning disabilities [33,34]. However,
there are still no studies on the specific mechanism and how
manganese causes learning disabilities. Lastly, presence of high
concentrations of cobalt in the brain stimulates the production
of reactive oxygen, which can lead to cellular apoptosis [35].

Sucralose is a hydrolyzed product of 6-chloro-6-deoxyglucose
that enters the brain through the blood by inhibiting the process of
D-glucose transportation across the epithelium [15]. It was also
found that it competes with the glucose uptake in the brain and
causes D-glucose concentration to drop and chlorinated sugar to
rise. Since the neurons cannot store glucose, they depend on the
concentration of glucose in the blood stream to function
properly [17]. However, this group showed the fastest rate
among all groups in locating the platform, as their test for
memory. The probable reason behind this is that sucralose is
poorly absorbed and minimally metabolized in the body. This
was demonstrated by Sims et al. that mice given an oral dose of
chlorine-36-labeled sucralose had 97% of sucralose excreted via
excreta and urine and that 90% of the sucralose excreted were
unchanged [36]. This group also showed the lowest percentage
of cellular apoptosis in hippocampal area of the brain. The
minimal cellular damage of this group was the advantage of its
metabolism. Its type of reactivity to the body causes that it
cannot show a significant amount of neural damage in mice [36].
In addition to this, the chemical component of sucralose which
is 6-chloro-6-deoxyglucose, was found to cause lesion in the
nuclei of brainstem, cerebellum and spinal cord which is the most
probable reason why there's a minimal percentage of cellular
apoptosis found in the hippocampus [17].

In conclusion, the three sweeteners tested did not have any
effect on the memory of the mice, as tested in the two-day water
maze protocol. On the other hand, in the histological analysis
performed, stevia had the highest percentage of cellular
apoptosis followed by aspartame and sucralose.
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