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Abstract

Background: Artificial sweeteners interfere with normal physiological processes.

Objective (s): The study aims at assessing the changes associated with consuming different doses of
aspartame (Sugar-Match®) and sucralose (Sweetal®).

Methods: A total of sixty rats were divided into two phases; phase | was categorized into 6 groups
including a control group, sucralose 2 and 4 g/kg, aspartame 0.8 and 1.6 g/kg, and sucrose with dose
0.5 mg/kg given orally every day for 12 weeks. Rats were euthanized and lipid profile was measured.
Phase 1l comprised 4 groups including the same previously mentioned doses of sucralose and
aspartame which were given orally every day for 12 weeks then omitted for further 6 weeks to study
the ability of body to restore the biological changes associated with their consumption.

Results: The highest triglyceride level was observed in rats fed on high dose sucralose (80.83 + 5.46
mg/dl) and aspartame (78.83 + 4.17 mg/dl). After 12 weeks of experimentation, cholesterol was
higher in all groups. LDL-C was the highest in rats supplemented with a high dose of aspartame
(43.90 + 8.41 mg/dl), followed by a low dose of aspartame (39.28 + 2.03 mg/dl). Terminating intake
of artificial sweeteners caused large drop in LDL-C in rats fed on high dose of aspartame, while
HDL-C increased slightly but insignificantly. Severe histopathological changes in liver and kidney
tissues were observed in rats supplemented with a high dose of aspartame.

Conclusion: Supplementing rats with aspartame and sucralose for 12 weeks increased lipid profile.
Pathological changes were recovered neither in the liver nor in the kidney even after terminating
artificial sweeteners intake.
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INTRODUCTION

sage of artificial sweeteners in body weight

management and diabetes control has become

very popular all over the globe. There are an
infinite number of artificial sweeteners diversities on
the market with varying chemical composition. Many
sweeteners are licensed by the Food and Drug
Administration (FDA) while others are manufactured
and marketed without proper approval from any health
authority.™ Increased awareness concerning the
dangers of excessive intake of refined sugars has
driven people to substitute them with artificial
sweeteners in order to reduce their consumption.
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Artificial sweeteners are commonly used in many food
products, such as desserts, gums, diet soft drinks and
yoghurts to combat elevated body weight, metabolic
syndrome, diabetes, and other risk factors for heart
diseases.?

Maintain normal body weight and good health has
inspired people to healthy diet, exercise and reduce
their intake of food high in sugar, fat and salt. There is
strong epidemiological evidence that the intake of
added sugar and/or sugar sweetened beverages is
related with harmful lipid levels® insulin resistance®,
fatty liver, Type 2 diabetes mellitus (T2DM),
cardiovascular disease, and metabolic syndrome.®™"
Food and Drug Administration (FDA) has licensed
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Five primary non-nutritive sweeteners and listed as
food additives: Saccharin, Aspartame, Acesulfame
potassium (or Acesulfame K), Sucralose, and
Neotame.®

Several studies have reported that sucralose
interferes with normal physiological processes
involved in controlling and maintaining body weight,
including faster transportation of intestinal glucose
through interaction with sweet receptors in the
gastrointestinal tract.”” Numerous animal studies in
rats have shown that sucralose interferes with many
physiological pathways involved in nutrient utilization
and body weight control.%

Sucralose was found to increase insulin and
glucose levels in a study of obese women who were at
elevated risk of more weight gain and increased
incidence of diabetes.™” Aspartame is considered one
of the most frequently used artificial sweeteners. It
possesses 180-200 times the sweetness potency of
sucrose and has a calorie value of 4 Kcal/g. Aspartame
has been approved by the FDA in 1981. In 1985 the
National Nutrition Institute approved aspartame in
Egypt. The FDA has warned patients with
phenylketonuria and liver disease of potential toxicity
of aspartame.®? Additionally aspartame can adversely
affect the ability of diabetic patients to regulate
glucose metabolism and may even affect glucose
homeostasis in susceptible individuals.*® That is why
the present study was done on male albino rats to
investigate the effect of sucralose and aspartame as the
commonly consumed artificial ~sweeteners by
Egyptians, on weight and lipid profile after 12 weeks
of consumption at different levels, versus the normal
sucrose and how these sweeteners affect the fat
content and distribution in the body organs of rats and
to determine the possibility of restoration of normal
parameters after terminating the intake of artificial
sweeteners for extra six weeks.

METHODS

Two most commonly consumed commercial brands
were used in this study sucralose which is sold
commercially as “’Sweetal® and aspartame which is
sold commercially as ‘’Sugar-Match®. The two
sweeteners have different chemical composition and
could have a different biological impact. It was
intended to use the products as sold on the Egyptian
markets and not in its pure chemical form. Sucrose
was used in this study because it is the most important
natural sweetener in Egypt and it used as a control
sugar.

Experimental animals

Sixty healthy adult male (Rattus Norvegicus) albino
rats of Wistar strain weighing 150-200g were procured
from the animal house, Pharos University. The rats
were housed in PVC cages in a well-ventilated animal

facility, maintained in a friendly environment with a
12 h/12h light and dark cycle at room temperature (22-
27 °C) and relative humidity (45-65), and left to
acclimatize to the laboratory conditions for 14 days
before commencement of the experiment. Male rats
were selected because their growth potential is much
higher than female rats and thus the biological impact
of the artificial sweeteners as manifested by the
difference in the body weight could be identified. All
rats were weighted on a weekly basis.

The sample size of rats was calculated using bio-
math power calculation program for experimental
animal model.*? the rats were categorized into 10
groups, with six rats in each (Figure 1). Standard pellet
diet and water were provided to the rats ad-libitum.
The experimental part was done in two phases. In
phase I, commercial artificial sweeteners and sucrose
were dissolved in water then given orally with the help
of a syringe directly into the pharyngeal regions
according to the animal body weight, every day for 12
weeks. Animals were euthanized by inhaling
isoflurane over dose >5% (phase two). Blood samples
collected in phase | after 6 weeks were taken from
venous plexus of the infra orbital sinus of the eye of
the anaesthetized rats. The following parameters were
measured at the end of 6, 12, and 18 weeks including
lipid profile (LDL-C, HDL-C, TC, and TG)."

Phase | aimed to investigate the effect of different
types of commercial artificial sweeteners (Sweetal®
and Sugar-Match®) on the body weight and lipid
profile of male rats after 6 weeks then after 12 weeks.
Otherwise, phase Il aimed to determine the possibility
of restoration of normal parameters after terminating
the intake of artificial sweeteners. Four groups of rats
were fed the following diets for 12 weeks.

Histopathological Examination

Slices of the left liver lobe and left kidney were fixed
in 10% formalin for 24 h, and were embedded in
paraffin; 5-6 mm sections were routinely stained with
haematoxylin and eosin (H&E) and assessed in a light
microscope (Nikon Eclipse E400)“® for studying the
histological changes of liver, and kidneys tissues at
histopathology unit in Medical Technology Center,
Medical Research Institute, Alexandria University.

Statistical analysis

Data were fed to the computer and analyzed using
IBM SPSS software package version 20.0. (Armonk,
NY: IBM Corp). Kolmogorov-Smirnov test was used
to wverify the normality of data distribution.
Quantitative data was described using mean and
standard deviation. Significance of the obtained results
was judged at the 5% level. F-test (ANOVA) was used
for normally distributed quantitative variables and
Post Hoc test (Tukey) for pairwise comparisons.
Paired t-test for normally distributed quantitative
variables was used to compare between two periods.
Kruskal Wallis test for abnormally distributed
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quantitative variables was used to compare between
more than two studied groups, and Post Hoc (Dunn's
multiple comparisons  test) for pairwise
comparisons.®*”)

Ethical considerations
The study was approved by the Institution Review
Board and the Ethics Committee of the High Institute

of Public Health, Alexandria University. In addition,
the experimental protocol and procedures were
approved by the Institutional Animal Care and Use
Committee (IACUC) of High Institute of Public
Health, Alexandria University (AU0919022622). The
study was carried out in compliance with the
International Guidelines for Research Ethics and that
of Declaration of Helsinki (2013).

PhaseI (36 rats)
W ) 4 k4
Group 1 (ComtroI): 6 rats fed on Group 3 (Sweetal@ bw dose): Group 5( Sugar-M atch” low do se):
gandard pellet diet only f ratsfed on standard pellet diet i rats fed on standard pellet diet and
+ sucral o (Sweetal) 2gkg aspartame (Sugar-Match) 0.8 glkg
body weight (tw o sachets) daily body weight (two sachets) daily for
for 12 weeks 12 weeks
b i W hd
Group 2 (Sucrose): 6 ratsfed on Group 4 (S!.'n‘netaf5 high dose): Group 6 (Sugar-Match® high
standard pellet diet + sucrose 6 tats fedd on standard pellet diet dose): & rats were fod on standa d
(0.5 gkg body weight) daily for 12 + meraloge (3weetd) dgke labor atory diet and apartame (Sugar-
body weight (fow sachetd) daily mateh) 1.6 gks body weight (four
for 12 weeks sachets) daly for 12 weeks
| Phase I (24 rats)
k4 h 3
Group 7 (Sweetal” low dose): 6 Group 9(Sugar-Maich” low dose):
ratsfed on standard pellet det and 6 rats fed on gandard pellet diet and
sucralose (Gweetal) 2gkghody aspartam e (Sugar-hatch) 0.8 ghgbody
weight (two sachets) daly for 12 weight (Two sachets) daily for 12
weeks, then omit its intake for father weeks, then omit its intake for forther
) ki

Group B (Sweetal® high dose):
fi rats fed on standard pellet diet and
sucralose (Aweetal) 4gkghody weight
(four sachets) daily for 12 weeks, then
ornit ite irtake for farther fweeks

Group 10 (Sugar-Match® high dose):
6 rats fed on standard pellet diet and
agpattame (Augar-matct) 1.6 ghgbody
weight (four sachets) daily for 12
weeks, then omit its intake for further

Figure 1: Experimental rats disposition throughout the study
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RESULTS

Body weight of rats
Table 1 illustrates that the mean body weight of all
groups was significantly increased after 12 weeks.
However there was no significant difference in the
body weight between each group and the control
group as well as between all groups and the mean
body weight of rats fed sucrose containing diet. The
highest weight (321.0 g) was recorded for the control
group. After 12 weeks, the highest increase in body
weight was in the sucrose fed group followed by the
control group. The mean percent increase in body
weight of the other studied groups was comparable
and varied between 67.7% from the group fed on high
dose of sugar match and 72.8% from the group fed on
high dose sucralose. Data also show that six weeks
after terminating the intake of artificial sweeteners, the
mean percent change of the body weight of all groups
continued to increase. The highest increase was
observed in the group fed on high dose of sucralose.
The mean cholesterol level of the control group in
table 2 was 68.20 £ 1.92 which increased significantly
to 77.60 = 1.14 and 88.17 + 5.53 in the group fed
either on low dose or high dose of sucralose (p <0.024
and p <0.001, respectively). Groups fed on both low
and high doses of aspartame showed a significant
increase in the cholesterol levels to 85.20 = 2.28 and
88.67 = 7.63 respectively. Obviously, after 12 weeks

of experimentation, cholesterol concentration was
higher in all groups and was the highest (113.6 *
13.46) in group fed on high dose sucralose followed
by the group fed on low dose aspartame (98.80 *
4.83), (p <0.001). After omitting supplementation of
artificial sweeteners for 6 weeks, it was accomplished
with a significant reduction in  cholesterol
concentrations in the groups fed either on low or high
doses of sucralose (p <0.001).

The mean triglycerides concentration illustrated in
table 3 was 65.80 + 2.68 mg/dl in the control group,
and then increased to 71.60 + 1.82 in the sucrose
supplemented group, while the highest concentration
of triglycerides was recorded in group fed on high
dose sucralose and aspartame, 80.83 + 5.46 and 78.83
* 4.17 mg/dl respectively. The differences were
significant with the control group (p <0.001) and with
sucrose supplemented group (p <0.002). After 12
weeks,  triglycerides  concentration  of  rats
supplemented with high dose aspartame peaked to
113.9 + 18.57 mg/dl followed by the low dose group
107.3 + 6.73 mg/dl. Elevation in triglycerides level
was observed in groups fed on high dose sucralose
(96.70 £ 4.81 mg/dl) and low dose of sucralose from
70.4 to 78.8 mg/dl. Termination artificial sweeteners
supplementation for 6 weeks was followed by a
significant reduction in triglyceride concentration in
all groups, with significant differences between low
and high doses of both types of artificial sweeteners.

Table 1: Mean body weight of rats at the baseline and after 12 weeks of dietary supplementation with artificial
sweeteners and sucrose and after 6 weeks of terminating sweeteners

Groups Baseline After 12 week  Paired t- p: After 18 week  Paired t- P2
Mean + SD Mean + SD test Mean £+ SD test

Control 179.2 + 15.61 321.0+3658 115517 <0.001°  371.3 +68.86 5.319" 0.034"

Sucrose 165.2 +10.93 306.3 +14.75 14.026"  <0.001" - - -

Py 0.391 0.953 -

Sucralose low dose 174.9 +10.54 299.3+27.34  16571" <0.001" 336.8 +35.86  13.233"  <0.001"

Py 0.984 0.679 0.673

P> 0.629 0.997 -

Sucralose high dose 174.2 +13.22 299.7 £39.71 10.341° <0.001°  353.7 +15.78  23.678° <0.001"

Py 0.966 0.693 0.958

[ 0.704 0.997 -

Aspartame low dose 174.4 +11.06 296.5+2453 23413 <0.001°  356.7 +42.87  11.725°  <0.001"

Py 0.973 0.555 0.978

[ 0.679 0.984 -

Aspartame high dose 1775+ 14.0 296.1+24.07 14611 <0.001" 3347 +24.70  22.363" <0.001"

Py 1.000 0.537 0.623

[ 0.372 0.981 -

pl: p value for Paired t-test for comparing between baseline and After 12 weeks
p2: p value for Paired t-test for comparing between baseline and After 18 weeks
Pairwise comparison between each 2 groups was done using Post Hoc Test (Tukey) for ANOVA test
pl: p value for comparing between each group and controls
p2: p value for comparing between each group and Sucrose
*: Statistically significant at p < 0.05
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Table 2: Mean total cholesterol (mg/dl) of rats after 6 and 12 weeks of dietary supplementation with different
artificial sweeteners and sucrose consumption and after another 6 weeks after terminating the intake of

artificial sweeteners

Control Sucrose Sucralose Sucralose Aspartame Aspartame
low dose high dose low dose high dose

Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD
After 6 weeks 68.20 + 1.92 75.20 +1.92 7760+1.14  88.17+553  85.20+2.28 88.67 + 7.63
p; vs. control 0.154 0.024" <0.001" <0.001" <0.001"
[ 0.951 0.001" 0.015" <0.001"
D3 0.006" 0.779
P4 0.101 1.000
After 12 weeks 68.33 +1.53 75.60 + 2.88 83.0 £ 5.37 9150+6.65  98.80+4.83  113.6+13.46
Py 0.809 0.076 0.001" <0.001" <0.001"
[ 0.539 0.009" <0.001" <0.001"
D3 0.182 0.001"
P4 0.001" <0.001"
After 18 weeks 7825+2.63  80.25+2.75 86.0 +1.83 95.75 + 5.06
P3 0.826 0.006"
P4 0.027 <0.001"

Pairwise comparison between each 2 groups was done using Post Hoc Test (Tukey) for ANOVA test
pl: p value for comparing between each group and controls
p2: p value for comparing between each group and Sucrose
p3: p value for comparing between Low doses vs. High doses at sucralose and Sugar groups
p4: p value for comparing between sucralose vs. aspartame at Low and High doses

*: Statistically significant at p < 0.05

Table 3: Mean triglycerides (mg/dl) of rats after 6 and 12 weeks of dietary supplementation with different
artificial sweeteners and sucrose consumption, and after another 6 weeks after terminating the intake of

artificial sweeteners

Control Sucrose Sucralose Sucralose Aspartame Aspartame
low dose high dose low dose high dose
Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD
After 6 weeks 65.80 +2.68 71.60+1.82  70.40 +2.07 80.83+5.46  70.60 +1.67 78.83 +4.17
p; vs. control 0.115 0.309 <0.001" 0.266 <0.001"
[ 0.993 0.002" 0.997 0.020"
Ps <0.001" 0.006"
Ps 1.000 0.911
After 12 weeks ~ 66.33+2.08 71.40+329  78.80+7.36 96.70+4.81  107.3+6.73 113.9 + 18,57
Py 0.984 0.458 0.001" <0.001" <0.001"
[ 0.780 0.001" <0.001" <0.001"
Ps 0.005" 0.689
P4 <0.001" 0.006"
After 18 weeks - - 78.0+7.53 93.25+2.75 97.75+ 457 107.5+4.12
D3 0.005" 0.075
[ 0.001" 0.008"

Pairwise comparison between each 2 groups was done using Post Hoc Test (Tukey) for ANOVA test
pl: p value for comparing between each group and controls
p2: p value for comparing between each group and Sucrose
p3: p value for comparing between Low doses vs. High doses at sucralose and Sugar groups
p4: p value for comparing between sucralose vs. aspartame at Low and High doses

*: Statistically significant at p <0.05

The mean HDL-C concentration in table 4 for control
group was 4240 + 2.70 mg/dl, and decreased
significantly to 37.40 + 0.89 in the sucrose fed group
(p <0.001). The least HDL-C concentration was
observed in group fed on high dose aspartame (29.0 =

0.63 mg/dl) followed by the low dose group (31.80 +
1.30 mg/dl), (p <0.0001). HDL-C concentration varied
between a mean of 33.17 £ 1.60 mg/dl and 37.0 £ 1.58
mg/dl in groups fed on a high and a low dose of
sucralose, the difference was statistically significant
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experimentation with significant differences between
groups fed on different artificial sweeteners.

when compared with the control group (p <0.001).
Comparable results were obtained after 12 weeks of

Table 4: Mean HDL-C of rats after 6 and 12 weeks of dietary supplementation with different artificial
sweeteners and sucrose consumption, and after another 6 weeks for terminating the intake of artificial

sweeteners

Control Sucrose Sucralose Sucralose Aspartame Aspartame
low dose high dose low dose high dose
Mean + SD Mean + SD Mean = SD Mean = SD Mean + SD Mean = SD
After 6 weeks 42.40+2.70 37.40+0.89 37.0+1.58 33.17+1.60 31.80+1.30 29.0+£0.63
p; vs. control <0.001" <0.001" <0.001" <0.001" <0.001"
[ 0.998 0.002" <0.001" <0.001"
P3 0.005" 0.066
Ps <0.001" 0.001"
After 12 weeks 42.67+1.15 38.60 + 1.52 36.90 £ 1.52 33.70+1.95 30.40+1.35 29.45+2.02
p1 0.024" <0.001" <0.001" <0.001" <0.001"
D, 0.459 <0.001" <0.001" <0.001"
P3 0.002" 0.797
Ps <0.001" <0.001"
After 18 weeks - - 36.50+1.29 34,75+ 1.89 34.25+0.96 32.0+£1.41
Ps 0.350 0.171
Pa 0.171 0.076

Pairwise comparison between each 2 groups was done using Post Hoc Test (Tukey) for ANOVA test
pl: p value for comparing between each group and controls

p2: p value for comparing between each group and Sucrose

p3: p value for comparing between Low doses vs. High doses at sucralose and Sugar groups

p4: p value for comparing between sucralose vs. aspartame at Low and High doses

*: Statistically significant at p < 0.05

Table 5: Mean LDL-C (mg/dl) of rats after 6 and 12 weeks of dietary supplementation with different artificial
sweeteners and sucrose consumption, and after another 6 weeks of terminating the intake of artificial
sweeteners

LDL (mg/dl) Control Sucrose Sucralose Sucralose Aspartame low  Aspartame high
low dose high dose dose dose
SD+Mean SD+Mean SD+Mean SD+Mean SD+Mean SD+Mean
After 6 weeks  2.43+12.64 2.32+23.48 1.48+26.52 5.55+38.83 2.03+39.28 8.41+43.90
p; vs. control 0.014" 0.001" <0.001" <0.001" <0.001"
[ 0.907 <0.001" <0.001" <0.001"
Ps 0.003" 0.595
[ 0.003" 0.447
After 12 weeks  0.92:+12.40 2.63+22.72 5.10+30.34 5.62+38.46 4.07+46.94 61.40 = 12.45
Py 0.384 0.006" <0.001" <0.001" <0.001"
[ 0.402 0.003" <0.001" <0.001"
Ps 0.143 0.001"
Pa <0.001" <0.001"
After 18 weeks - - 4.27+26.15 2.59+26.85 1.61+32.20 4.88+42.25
Ps 0.992 0.009"
[ 0.132 <0.001"

Pairwise comparison between each 2 groups was done using Post Hoc Test (Tukey) for ANOVA test
pl: p value for comparing between each group and controls

p2: p value for comparing between each group and Sucrose

p3: p value for comparing between Low doses vs. High doses at sucralose and Sugar groups

p4: p value for comparing between sucralose vs. aspartame at Low and High doses

*: Statistically significant at p < 0.05
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The results show that after terminating intake of
artificial sweeteners, HDL-C concentration increased
slightly but insignificantly. For example, HDL-C
concentration in the group fed on high dose aspartame
increased from a mean of 29.45 + 2.02 mg/dl to 32.0 £
1.41 mg/dl. Likewise, in rats fed on high dose of
sucralose, it increased from 33.70 £ 1.95 mg/dl to
34.75 + 1.89 mg/dl. On the other hand, in rats fed on
low dose sucralose, HDL-C did not show significant
changes throughout the experiment and was around
36-37 mg/dl.

Table 5 showed that the mean LDL-C
concentration for the control group was 12.64 + 2.43
mg/dl, and increased significantly in the sucrose fed
group, and all other groups. The greatest increase in
the LDL-C concentration occurred in the group
supplemented with high dose aspartame (43.90 + 8.41
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Figﬁre (248): Histological examination of
H & E stained liver of the control group
after (12 weeks)

Figures 2a and 2aa showed polyhedral hepatocytes with one or rarely two spherical nuclei and abundant
strongly eosinophilia cytoplasm. The nuclei are large with peripherally dispersed chromatin and
prominent nucleoli. No signs of bleeding, infiltrations, or invasion of inflammatory cells.

- N

Figure (2c): Histological examination of H
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Figure (2aa): Histological examination of
H & E stained liver of the sucrose group
(12 weeks)

’ b 40 ‘-a..'
Figure (2d): Histological examination of

mg/dl), followed by the low dose aspartame group
(39.28 + 2.03 mg/dl). After terminating the intake of
artificial ~ sweeteners for 6 weeks, LDL-C
concentration decreased in all groups. The largest drop
was noted in rats fed on high dose of aspartame which
decreased from 61.40 + 12.45 mg/dl to 42.25 + 4.88
mg/dl, the decrease was statistically significant (p
<0.009). A similar but insignificant drop was observed
after terminating the intake of sucralose.

Histopathological results

1. Liver Histopathology: Figures 2 series and 3 series
show the histological examination of liver after 12
weeks of feeding on normal diet with different
artificial sweeteners, and after another 6 weeks of
feeding on normal diet without any artificial
sweeteners, respectively.

Figure (2b): Histological examination of
H & E stained liver of the sucralose low
dose group (12 weeks)

Figure 2b showed variable histological changes in
liver tissue of the sucralose low dose group
compared to the control group. These changes
included  chromatin  condensation  and
disappearance (red arrows, 4/10) and hepatocytes
vacuolation (yellow arrows, 5/10).

Figure (2e): Histological examination of

& E stained liver of the sucralose high
dose group (12 weeks)

Figure 2c showed significant histopathological
changes in liver tissue of the sucralose high dose
group compared to the control group. These
changes included haemorrhagic signs (black
arrows, 4/10), chromatin condensation and
disappearance (red arrows, 7/10), hepatocytes
vacuolation ~ (yellow arrows, 3/10) and
inflammatory cells infiltration (blue arrows, 3/10).

H & E stained liver of the aspartame low
dose group (12 weeks)

Figure 2d showed significant histopathological
changes in liver tissue of the aspartame low dose
group compared to the control group. These
changes included haemorrhagic signs (black
arrows, 7/10), chromatin condensation and
disappearance  (red  arrows, 4/10) and
inflammatory cells infiltration (blue arrows, 2/10).

H & E stained liver of the aspartame
high dose group (12 weeks)

Figure 2e showed severe histopathological
changes in the liver tissue of the aspartame high
dose group compared to the control group.
These changes included haemorrhagic signs
(black arrows, 9/10), chromatin condensation
and disappearance (red arrows, 6/10),
hepatocytes vacuolation (yellow arrows, 1/10)
and inflammatory cells infiltration (blue arrows,
9/10).
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Figure (3a): Histological examination of H & E stained liver sections of the control group

Figures 3a showed polyhedral hepatocytes with one or rarely two spherical nuclei and abundant strongly eosinophilia cytoplasm. The nuclei are large with
peripherally dispersed chromatin and prominent nucleoli. No signs of bleeding, infiltrations, and invasion of inflammatory cells.
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Figures (3b): Histological exain

ation of H & E stained liver sections of the sucralose low dose group

Figures 3b showed slight variable histological anges in liver tissue of the sucralose low dose group compared to the control group. These changes included
slight haemorrhagic signs (black arrows, 2/10), chromatin condensation and disappearance (red arrows, 3/10), hepatocytes vacillation (yellow arrows, 2/10) and
inflammatory cells infiltration (blue arrows, 2/10).
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Figure (3c): Histological examination of H & E stained liver sections of the sucralose high dose group

Figures 3c showed significant histopathological changes in liver tissue of the sucralose high dose group compared to the control group. These changes included
haemorrhagic signs (black arrows, 7/10), chromatin condensation and disappearance (red arrows, 5/10), hepatocytes vacuolation (yellow arrows, 1/10) and
inflammatory cells infiltration (blue arrows, 2/10).
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Figure (3d): Histological examination of H & E stained liver sections of the aspartame low dose group

Figures 3d showed significant histopathological changes in liver tissue of aspartame low dose group compared to the control group. These changes included
haemorrhagic signs (black arrows, 8/10), chromatin condensation and disappearance (red arrows, 5/10) and inflammatory cells infiltration (blue arrows, 3/10).
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Figures 3e showed significant histopathological changes in liver tissue of aspartame high dose group compared to the control group. These changes included
hemorrhagic signs (black arrows, 8/10), chromatin condensation and disappearance (red arrows, 8/10), hepatocytes vacillation (yellow arrows, 1/10) and

inflammatory cells infiltration (blue arrows, 7/10).

2.Kidney Histopathology: Figures 4 series and 5
series show histological examination of kidney after
12 weeks of feeding on normal diet with different

artificial sweeteners, and after another 6 weeks of
feeding on normal
sweeteners, respectively.

diet without any artificial

Figure (4a): Histological examination of H & E
stained kidney sections of the control group.

Figure (4aa): Histological examination of H &
E stained kidney sections of the Sucrose group

Figures 4a and 4aa showed normal glomeruli (yellow arrows) with normal mesangium and normal
preserved Bowman’s space. Normal cortical renal tubules were noticed.

Figure (4c) Histological examination of H & E
stained kidney sections of the sucralose high
dose group

Figure 4c showed marked atrophic features of
renal glomeruli (yellow arrows, 6/10) associated
with marked widening of Bowman’s space,
tubular cell necrosis, tubular dilatation and
“sloughing off” of the renal lining cells (red
arrows, 6/10).

Figure (4d) Histological examination of H & E
stained kidney sections of the aspartame low
dose group

Figure 4d showed significant histopathological
changes in the kidney tissue of the aspartame low
dose group compared to the control group. These
changes included marked atrophic features of
renal glomeruli (yellow arrows, 7/10) associated
with widening of Bowman’s space, severe tubular
cell necrosis, tubular dilatation and “sloughing
off” of the renal lining cells

Figure (4b): Histological examination of H & E
stained kidney sections of the sucralose low
dose group

Figure 4b showed slight histopathological

changes in the kidney tissue of the sucralose low

dose group compared to the control group. These

changes included slight Tubular cell necrosis,

tubular dilatation and “sloughing off” of the renal

lining cells (red arrows, 6/10).

Figure (4e) Histological examination of H & E
stained kidney sections of the aspartame high
dose group

Figure 4e showed significant atrophic features of
renal glomeruli (yellow arrows, 3/10) associated
with widening of Bowman’s space, severe tubular
cell necrosis, tubular dilatation and “sloughing
off” of the renal lining cells (red arrows, 7/10).
Some haemorrhagic signs were naticed in cortical
tubular zone (black arrows, 8/10).



Figure (5a): Histological examination of H & E stained kidney sections of the control group

Figures showed normal glomeruli (yellow arrows) with normal mesangium and normal preserved Bowman’s space. Normal cortical renal tubules were
noticed.

Figure (5b): Histological examination of H & E stained kidney sections of the sucralose low dose group

Figures 5b showed significant histopathological changes in the kidney tissue of the sucralose low dose group compared to the control group. These changes
included atrophic features of renal glomeruli (yellow arrows, 3/10) associated with widening of Bowman’s space, tubular cell necrosis, tubular dilatation and
“sloughing off” of the renal lining cells (red arrows, 6/10). Some haemorrhagic signs were noticed in cortical tubular zone (black arrows, 3/10).

\

Figure (5¢): Histological examination of H & E stained kidney sections of the sucralose high dose group

Figures 5c showed significant atrophic features of renal glomeruli (yellow arrows, 6/10) associated with widening of Bowman’s space, severe tubular cell
necrosis, tubular dilatation and “sloughing off” of the renal lining cells (red arrows, 9/10). Some haemorrhagic signs were noticed in cortical tubular zone (black
arrows, 6/10).
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Figure (5d): Histological examination of H & E stained kidney sections of the aspartame low dose group

Figures 5d showed significant histopathological changes in the kidney tissue of the aspartame low dose group compared to the control group. These changes
included marked atrophic features of renal glomeruli (yellow arrows, 5/10) associated with widening of Bowman’s space, severe tubular cell necrosis, tubular
dilatation and “sloughing off” of the renal lining cells (red arrows, 6/10). Some haemorrhagic signs were noticed in cortical tubular zone (black arrows, 4/10).

Figure (5e): Histological examination of H & E stained kidney sections of the aspartame high dose group

Figures 5e showed significant atrophic features of renal glomeruli (yellow arrows, 6/10) associated with widening of Bowman’s space, severe tubular cell
necrosis, tubular dilatation and “sloughing off” of the renal lining cells (red arrows, 7/10). Some haemorrhagic signs were noticed in cortical tubular zone (black

arrows, 7/10).

DISCUSSION

Intake of sucrose resulted in more stimulation of brain
gustatory areas compared to artificial sweeteners,
where the stimulation was less prevalent.*® Addition
of non-nutritive sweeteners (NNS) to non-energy-
yielding products may heighten appetite, but this is not
observed under the more common condition in which
NNS is ingested in conjunction with other energy
sources. Substitution of NNS for a nutritive sweetener
generally elicits incomplete energy compensation, but
evidence of long-term efficacy for weight
management is not available. The addition of NNS to
diets poses no benefit for weight loss or reduced
weight gain without energy restriction.*® Aspartame
may have a paradoxical effect on appetite in this
situation; it decouples the sweet taste receptor from

the food’s caloric properties and can distort the
information used by regulatory mechanisms or
regulation food intake. Furthermore, aspartame may
have other effects on appetite pathways, because
phenylalanine, a precursor to catecholamine
neurotransmitters, may increase food intake via
hypothalamic adrenoreceptors involved in central
appetite regulation.?> # Also, in animal studies (rats),
this paradoxical effect was evident. In 2008 a study
conducted by Swithers and Davidson showed that
animals can use sweet taste to determine the caloric
content of foods, thus preserving energy haemostasis.
Eating non-caloric and sweet food impairs this
predictive relationship, resulting in a compensatory
rise in caloric intake or a corresponding decrease in
basal metabolic rate. Swithers®® concluded that
dissociation between sweet taste and caloric content of
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foods using the artificial sweetener resulted in
increased appetite, food consumption, increased
adiposity and increased body weight as well as a
decrease in the basal metabolic rate, thus showing that
diets containing artificial sweeteners can lead to
weight gain and obesity by interfering with natural
physiological and homeostatic processes. Such
findings support a hypothesis that dissociation
between taste and caloric content may result in a
compensatory increase in appetite, food intake and a
corresponding positive energy balance. Finally,
artificial sweeteners enhance the preference for the
taste, desire and reliance on sweet foods precisely
because they are sweet®®, favoring an increase in the
consumption and subsequent weight gain which
agreed with the findings of this study.

Artificial sweetener supplementation increase
body weight of rats due to the fact that supplemented
doses were very low and do not contribute to the
caloric intake of the rats. The only exception was the
weight of rats supplemented with sucrose, which
increased significantly from 165.2 g at the start of the
experiment to 306.3 g after 12 weeks, and this is due
to the caloric value of the pure sugar in addition to the
fact that the sweet taste may cause an increase in food
intake of rats. The body weight of the control group
continued to increase, although a small increase was
observed in rats previously supplemented by a high
dose of aspartame and a low dose of sucralose but not
far from the high dose group of latter sweetener,
indicating that the improvement was not due to the
supplementation of artificial sweeteners.

Safety of aspartame that is used in Egypt has been
challenged repeatedly. An experimental study
suggested that aspartame could be ‘“carcinogenic
agent” based on a rise in malignant tumor-bearing rats
with long term doses of aspartame starting from 500
mg/kg b.w.®? Endogenous formaldehyde produced
during the conversion of aspartame methanol to
formaldehyde could be carcinogenic, as formaldehyde
is classified by International Agency for Research on
Cancer as a carcinogen to humans.®® Intake of
artificial sweeteners had a drastic and significant effect
which was reflected on the increasing lipid profile.
Cholesterol level was increased with the consumption
of both types of artificial sweeteners, and it changed
with the dose and duration of intake. After 12 weeks
of supplementation, the effect was more prominent
compared to after six weeks of ingestion. The relation
between the intake of artificial sweeteners and the
elevation of blood cholesterol level was confirmed and
showed that after six weeks of terminating intake of
both sucralose and aspartame, the level of blood
cholesterol was reduced particularly with the group
supplemented with high doses of artificial sweeteners.
However, the level of blood cholesterol was higher
than the level reported for the control group and it was

most likely important to return the level of cholesterol
to its normal value. A similar pattern was found with
triglyceride levels, which showed an increase with
sweet and sugar match intakes after six weeks and low
and higher sugar match doses after twelve weeks. The
response was also dose dependent with both types of
artificial sweeteners and the data were in accordance
with a study done in Egypt by EI-Ezaby et al.,
(2018)® who reported a highly significant increase in
the parameters of lipid profile (TG, TC, HDL-C, LDL-
C, VLDL-C) in rats fed on aspartame 13 mg/kg b.w.
for 30 days daily.

Azeez and Alkass, (2018)“" reported that
aspartame administration significantly affected all of
the parameters examined at all tested doses. After 4
months of 40 and 80 mg/kg aspartame therapy, the
following parameters were increased: total cholesterol
(23% and 42%), triglycerides (24% and 55%), LDL-C
(97 and 132%), which agreed with our finding as TC
elevation correlated with changes in HDL-C and LDL-
C levels. The present findings showed that sucralose
and aspartame consumption was associated with a
decrease in HDL-C after six weeks of supplementation
and persisted after twelve weeks of consumption. This
effect was more apparent when compared with
controls or the group supplemented with sucralose
although it is well known that the intake of sucralose
in high doses can lead to a decrease in HDL-C. Omar
Azeez claimed that long-term intake of aspartame is
harmful to liver and kidney.®”

According to the present study, terminating intake
of artificial sweeteners was associated with small but
negligible rise in the HDL-C levels, and this was more
noticeable in rats receiving high doses of sucralose
and aspartame. The exact opposite pattern of LDL-C
blood levels was observed. Data show that the LDL-C
level increased after six weeks of sucrose
supplementation as well as sucralose and aspartame.
The effect was largely dose-dependent. Nonetheless,
the data indicated that when the supplementation
period increased to 12 weeks, the impact of aspartame
on LDL-C level was more prominent when compared
to the results recorded after 6 weeks. On the other
hand, when supplementation was terminated after six
weeks, a drastic drop was noticed in the aspartame
supplemented groups when compared to the sucralose
supplemented group. Thus, aspartame administration
has had a deleterious effect on the kidney and liver
function that can be reversible or permanent
depending on the dosage and duration of the
experiment.

Histological analysis of the liver and kidney of
rats fed on both types of artificial sweeteners for 12
weeks showed that, the consumption of sweeteners
resulted in significant histopathological changes which
varied according to the type of the sweetener as well
as the dose. Rats supplemented with 2g/kg sucralose
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showed chromatic condensation and disappearance as
well as hepatocytes vacuolation. When the dose of the
supplement sucralose was increased to 4 mg/kg, the
same histopathological changes were seen in addition
to inflammatory cell infiltration. Rats supplemented
with 0.8 g/kg aspartame showed significant
histopathological changes than that was observed with
sucralose. In addition to chromatin condensation and
disappearance, other changes included the expansion
of the haemorrhgic sinus, and inflammatory cell
infiltration. The same alterations were reported when
the supplement dose increased to 1.6 g/kg, in addition
to the observed vacuolation of the hepatocytes.

The histopathological changes observed in
correlation with the consumption of artificial
sweeteners are very alarming. Several questions are
raised regarding the impact of the long term intake
among individuals using the artificial sweeteners for
years. This problem is common among those who
change their life pattern to a low calorie diet aiming to
reduce their body weight; where the first step taken is
the replacement of sugar with artificial sweeteners.
The histopathological changes were not restricted to
the liver, but were observed in the kidney. This
included slight tubular cell necrosis, tubular dilatation
and sloughing of renal lining cells among rats fed low
dose sucralose, and was more magnified when the
dose was increased to 4 g/kg body weight to include
atrophic features of renal glomeruli and tubular cell
necrosis.  Abo  Elnaga 2016  stated that
histopathological examination of rats’ liver ingested
with sucrose for 12 weeks, showed normal appearance
with regular arrangement of hepatocyte cell, no
fibrosis, mild inflammation and normal hepatic cells
with well-preserved cytoplasm, nucleus and nucleolus
and central vein. Another study conducted by Othman
and Bin-Jumah®®, reported that aspartame 500 mg/kg
bw of mice has a direct toxicological impact on the
hepatic cells.in addition to infection, penetration and
aggressive inflammatory cells, renal pellets shrinkage
and renal tissue infection, and that was in the line of
our histopathological examination. For instance, when
aspartame was given as a supplement, the same
histopathological changes were noted besides the
widening of Bowman’s space and severe tubular cell
necrosis. At a high dose (1.6 g/kg) some hemorrhagic
signs were noticed in cortical tubular zone. The results
suggested that the changes depended on the dosage
and differed to some degree with the type of artificial
sweetener used. The findings of this study support the
correlation between artificial sweetener intake and the
development of histopathological changes. These
findings have been recorded in the literature
beforehand and indicate that more detailed and
prolonged investigation are required.

The results of this study showed that when
artificial sweeteners were dietary supplemented for 12

weeks to rats then omitted for extra 6 weeks, some sort
of recovery was noted with some biochemical
parameters. However, the results of the pathological
investigations showed that the pathological changes
did not recover neither in the liver nor in the kidney.
Moreover, the changes were magnified by time and
progressed in both organs. The results of the
pathological investigations in the study suggest that a
long term study is needed and the follow up period
without artificial sweeteners should be prolonged to
evaluate the long term impact and possible recovery.
The results also suggest that a similar study should be
implemented among individuals who use artificial
sweeteners for years to determine the effect of the
prolonged intake at least on the biochemical
parameters in chronic use.

CONCLUSION AND RECOMMENDATIONS

Supplementing rats with Sugar-Match (Aspartame)
and Sweetal (Sucralose) for 12 weeks increased the
levels of TC, triglycerides and LDL-C. The increase
was more prominent with aspartame group. However,
there was a decrease in HDL-C, which was more
evident when compared with either the control or the
sucrose groups. Termination of artificial sweeteners
treatment for 6 weeks resulted in insignificant decline
in triglycerides level, insignificant increase in HDL-C
level, but a marked drop in LDL-C level.

Significant histopathological changes in liver and
kidney tissues were observed in groups supplemented
with sucralose high dose and aspartame low dose after
12 weeks of artificial sweeteners supplementation and
more severe changes were observed in the group
supplemented with high dose aspartame, while after
the termination of artificial sweeteners intake for six
weeks the pathological changes were not recovered
neither in the liver nor in the kidney. These changes
were magnified by time and progressed in both organs.

Intake of artificial sweeteners should be restricted
within the permissible limits and for a short duration,
if artificial sweeteners are used for a long duration,
consumers should perform regular laboratory
investigations to be sure that their biochemical and
biological parameters are within normal range. More
intensive studies are needed to evaluate the role of
artificial sweeteners in the development of
hyperglycemia, insulin resistance and diabetes.
Several doses and variable artificial sweeteners should
be evaluated using different animal models.
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