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ABSTRACT

Research reports on the safety of Aspartame as a sugar substitute which was intended to reduce the
prevalence of metabolic disorders has been inconclusive. Thus, this study is aimed at investigating
the effects of aspartame and diet soda on body weight, blood sugar and insulin levels. Thirty seven
Wistar rats were divided into: Group 1 (5): control group and administered 5ml of distilled water
daily. Groups 2 and 3 (8 each) received high and low doses of diet soda respectively. Groups 4 and
5 (8 each) received high (45 mg/ kg b.w) and low (22.5 mg/kg b.w) doses of aspartame respectively.
After 10 weeks, the rats were subjected to an overnight fast for the determination of fasting blood
sugar test after which they were sacrificed. Blood samples were collected and the pancreas
harvested and put in formal saline for histological analysis. Insulin level was measured using
ELISA technique. Results show various morphological changes in the pancreas of all experimental
groups, including hypoplastic islet, vascular congestion and ulceration, nerve hypertrophy,
amongst others. Body weight was significantly increased in groups given high diet soda (114 +
0.12g) and aspartame (121 + 0.17g) when compared with the control (85 + 0.21g). However, there
was no significant difference in fasting blood sugar and insulin levels in all treated groups
compared to control. In conclusion, this study has shown that chronic consumption of aspartame
and diet soda increased body weight, but no effect on blood sugar and insulin levels. The adverse
effects on pancreas morphology suggest impending health implications.
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INTRODUCTION

Aspartame is an artificial non-saccharide
sweetener introduced to replace the
commonly used sucrose. It was inadvertently
discovered in 1965, by James M. Schlatter at
the G.D. Searle Company, when he was
studying new treatments for gastric ulcers.
Aspartame is one of the most rigorously
tested food ingredients. The Federal Drug
Administration approved it as a non-nutritive
sweetener in 1981 and for use in carbonated

beverages in 1983. Being 200 times sweeter
than sucrose, only little quantity is required to
attain sweetness, thus, its intake was expected
to reduce obesity rates in developing
countries and help those struggling with
diabetes. The sweetener is a methyl ester of
the aspartic acid/phenylalanine dipeptide,
completely hydrolyzed in the gastrointestinal
tract to 10% methanol, 40% aspartic acid, and
50% phenylalanine (Ranney et al, 1976). Itis
available in the trade names NutraSweet,
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Equal, and Canderel. The taste of aspartame
and other artificial sweeteners differ from that
of table sugar in the times of onset and how
long the sweetness lasts, though aspartame
comes closest to sugar's taste profile among
approved artificial sweeteners (O’Donnell,
2006). The sweetness of aspartame lasts
longer than that of sucrose, so it is often
blended with other artificial sweeteners such
as acesulfame potassium to produce an
overall taste more like that of sugar. One of
the readily products that contain aspartame is
the diet sodas. To achieve this taste, the
artificial ~ sweeteners,  aspartame  and
acesulfame potassium were used to replace
sugar in this beverage. The acceptable daily
intake (ADI) of aspartame is currently 50
mg/kg body weight (b.w) in the United States
and 40 mg/kg b.w in the European Union for
both children and adults. Daily consumption
of artificial sweeteners by women of
childbearing age and by children has been
estimated at 2.5-5.0 mg/kgbw (Butchko et al,
2002).

Over the vyears, there has been repeated
incidence of metabolic disorders all over the
world. In 2016, there were more than 1.9
billion overweight adults and 650 million
obese adults, representing a global prevalence
of 13% (WHO, 2018). Besides adults, over
340 million children and adolescents (aged 5-
19 years) were overweight or obese in 2016.
Such metabolic disorders increase the risk of
diabetes mellitus, which is believed to result
from resistance to insulin by the body. The
strategy of sugar replacement with aspartame
and acesulfame potassium in diet sodas was
employed to reduce the prevalence of
diabetes mellitus, as well as cardiovascular
diseases and cancer (Khan and Sievenpiper,
2016). However, despite being recognized as
safe and well-tolerated, a lot of controversies
about the effects of these artificial sweeteners
on human health still exist (Tandel, 2011).
Studies show that aspartame has zero grams
of sugar and won’t spike insulin levels after it
is consumed. However, some studies in mice
have shown that aspartame affects gut
bacteria in ways that could lead to insulin

resistance, especially with frequent and
repeated use (Suez et al, 2014). Therefore,
this work is aimed to determine the influence
of aspartame consumption and intake of diet
soda on insulin and blood sugar levels.

MATERIALS AND METHODS

Experimental animals: Thirty seven (37)
albino Wistar rats with an average weight of
110g were used for this study. The animals
were purchased and cared for in the animal
house of the Department of Anatomy, School
of Basic Medical Sciences, College of
Medical Sciences, University of Benin, Benin
City. They were kept in clean cages in a well-
ventilated environment. They had access to
clean water and sufficient feed ad libitum, in
accordance with the guidelines of National
Research Council Guide for the care of
laboratory animals as described by (NRC,
1996) and revised by (Mansour et al, 2017).
The study was conducted for a period of
twelve (12) weeks including a two-week
acclimatization period.

Experimental design: Thirty seven rats were
divided into five groups. Group 1 (n= 5)
served as the control group, and was
administered 5ml of distilled water daily.
Groups 2 and 3 (n= 8) were administered 5ml
of the undiluted diet soda and diluted diet
soda (1:1 dilution) respectively. Groups 4 and
5 (n=8) were administered 5ml of high dose
aspartame (45 mg/kg b.w) and low dose
aspartame (22.5mg/kg b. w) respectively. All
administration was orally given using a clean
gavage. All rats were sacrificed after ten
weeks of administration.

Collection of samples: At the end of the
experimental period, the animals were
observed for general physical characteristics,
and were weighed. The rats were subjected to
a Fasting Blood Sugar test, which was taken
after a 12-hour fast. The rats were
anesthetized by exposure to 5% chloroform,
after which cardiac puncture was carried out
and blood was collected and introduced into
plain sample bottles. The blood samples were
allowed to clot, after which the serum was
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obtained by  centrifugation. Insulin
concentrations were measured and quantified
using enzyme-linked immunosorbent assay
(ELISA) technique.

Histological slide preparation: The pancreas
tissue was carefully harvested using a
criterion process. To remove any blood
contamination, the samples were rinsed and
tissue samples were fixated with (10%)
formal saline for 48 hours, and then rinsed
under running tap water for an hour to rid the
tissue of formalin odour. Following the
washing, the tissues were dehydrated by
immersing them in a series of steadily
increasing alcohol concentrations (50%, 70%,
80%, 90% and absolute alcohol). It must be
cleared since the dehydrating alcohol will not
dissolve in liquid paraffin. Then, the
specimens were embedded in paraffin wax, to
create blocks. The blocks were cut by
dissolving wax from the surface of the block
to reveal the tissue, and the tissues were cut
with a microtome. Blocks of tissue sections
were placed on a microscopic slide with help
of warm distilled water containing a few
drops of Mayer's aloumin and deparaffinized
with xylene solutions, the slide was put on
hot plate (40°C) and left overnight. The tissue
sections were then stained with hematoxylin

and eosin (Luna, 1968). Histological changes
were observed under a light microscope and
photomicrographs were obtained.

Statistical analysis: All data obtained during
the experiment were analyzed using
Graphpad Prism 8.0 software and one-way
analysis of variance (ANOVA). Tukey post-
hoc test was used to compare results among
groups. Results were expressed as Mean +
SEM and p values of (p < 0.05) were
considered statistically significant. The
statistical values obtained were converted into
graphical representations in the form of bar
charts.

RESULTS

Micrograph of the pancreas stained with
hematoxylin and eosin stains for control
showed a normal architecture: A. exocrine
acini, B. interlobar septum,, C. pancreatic
duct, D. islet of Langerhans. Groups treated
with different doses of aspartame and zero
sugar coke showed various morphological
changes such as hypoplastic islet, vascular
stenosis and nerve hypertrophy (plates 2 and
3), as well as vascular ulcerations and
perivascular infiltrates of inflammatory cells
(plates 4 and 5).

Plate 1: Control: Composed of normal architecture: A. exocrine acini, B. interlobar septum, C.
pancreatic duct, D. islet of Langerhans (H&E x 400)
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Plate 2: Rat pancreas given 5ml undiluted diet soda showing: A. hypoplastic Islet, B. vascular
stenosis and C. nerve hypertrophy (H&E x 400)

Plate 3: Rat pancreas given 5ml diluted diet soda (1:1) showing: A. severe vascular ulceration and
B. vascular congestion, C. nerve hypertrophy (H&E x 400)
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Plate 4: Rat pancreas given 5ml high dose (45 mg/kg b.w) Aspartame showing: A. vascular
ulceration and hypertrophy, B. perivascular infiltrates of inflammatory cells C. hypoplastic Islet
(H&E x 400)

Plate 5: Rat pancreas given 5ml low dose (22.5 mg/kg b.w) Aspartame showing: A. vascular
stenosis and ulceration, B. perivascular infiltrates of inflammatory cells, C. hypoplastic Islet (H&E
x 400)
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Table 1: Mean values of different concentrations of diet soda and aspartame administration in

Wistar rats.
Biomarkers Control Undiluted Diluted Diet High Dose Low Dose
Diet Soda Soda Aspartame Aspartame
(45g/kgbwt) (22.5g/kgbwt)
Body weight (Kg) 85.20+0.21 114 £ 0.12** 94.20 £ 0.24 121 £ 0.17*** 90.15+ 0.24
FBS (Mg/dl) 61.60 + 0.24 61.90 £ 0.41 64.20 £ 0.22 71.80 £ 0.42 63.40 £ 0.24
Insulin conc.
(HIU.mlY) 1.20+0.21 0.68+£0.11 1.15+0.28 1.48 £ 0.12*** 1.04+0.18

Value asterisked (*) are statistically significant from the control group (*p < 0.05, ** p < 0.01, ***
p <0.001) are Mean = SEM compared to control, (n=3)

DISCUSSION

Histological assessment of the pancreas of the
control group and the experimental groups
showed contrasting results. While the control
group depicted normal architecture of
endocrine and exocrine components. This
histopathological observation revealed that
the pancreatic islets of all experimental
groups were degenerated, with their cell size
being shrunken and hypoplastic islets of
pancreas observed in all groups. The islet
cells are formed by [ cells which are
responsible for producing insulin. A depletion
of these cells results in insulin deficiency,
which in turn leads to a disorder in
carbohydrate metabolism. This is usually seen
in Type 1 diabetes mellitus. In groups
administered diet soda, there were vascular
congestions in the parenchyma of the
pancreas, with the destruction of many
endocrine cells in the Islets of Langerhans
and the loss of their nuclei, as well as a loss
of cell communication with each other,
otherwise known as endocrine cell dispersal.
This agrees with the study by Morovvati et
al., (2019) where aspartame intake caused
negative effects on histomorphometric
parameters and tissue damage in the adrenal
gland. This study showed that diet soda did
not adversely affect the exocrine pancreatic
functions. This result is in line with study by
Brown and Rother, (2012). The latter

proposed that the intake of diet soda did not
affect the secretion of pancreatic enzymes.

Perivascular infiltrates of inflammatory cells
were evident in groups 4 and 5 (high dose of
aspartame and low dose of aspartame). This
inflammation often results in autoimmune
responses. It is characterized by lymphocyte
and plasma cell infiltration from the venous
wall to the lumen, culminating in venous
obliteration. The blood vessels were also
stenosed as a result of fatty infiltrates,
inducing a higher pancreatic duct pressure,
which causes pancreatic juice regurgitation
and auto digestion. Vascular ulceration and
hypertrophy were also evident here, causing
an increase in the size of the organ due to
swelling of individual cells. This result is in
agreement with the findings of Gaujoux et al,
(2010) which reported that increase in the
cells led to increase in weight of abdominal
organs. The changes seen in the aspartame
groups may be attributed to incidence of
acute pancreatitis, caused by an acute
inflammatory  response  resulting  from
unregulated activation of pancreatic enzymes.
Its severity ranges from its mildest form,
which  resolves  quickly  with  few
complications, to its more severe form
necrotizing pancreatitis, which is associated
with an increased risk for developing multiple
system organ failure and mortality. However,
this study does not correspond with that of
Dooley et al, (2017), which proposed there
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was no effect of dietary aspartame on
pancreatic  acinar. Furthermore,  the
degeneration of islets seen in groups
administered aspartame may be attributed to
focal lesions of acute pancreatitis. During
this, an injurious inflammatory adverse event
(ulcerations) occur within the periductal area,
and may have negative implications for islet
neogenesis, dependent on stem cells residing
within or adjacent to the ductal epithelium.
This result corresponds with the islet
morphology study of Mezza et al, (2014),
which stated that the use of aspartame caused
alterations in the islets morphology.

A cohort study by Otero-Losada et al, (2011)
showed that aspartame is rich in advanced
glycation end products that potentially
increase insulin resistance and inflammation.
During regular consumption of aspartame-
sweetened drinks, fat accumulates in the liver
by the primary effect of fructose which
increases lipogenesis. Studies by Brown et
al, (2009) also showed that aspartame
augments glucagon-like peptide-1 secretion
and can contribute to obesity, insulin
resistance and in turn, type 2 diabetes. This
may not have been evident in the biochemical
report since most pathological conditions
arise from the organs involved before they are
detected in blood.

In a nut-shell, the pancreases of all treatment
groups showed morphological changes,
varying according to the substance
administered and the concentration given.
Undiluted diet soda and diluted diet soda had
more effects on the endocrine pancreas,
whereas concentrated aspartame and diluted
aspartame had more effect on the exocrine
acini. However, studies have shown that a
maintained pancreatitis can subsequently
affect the endocrine function of the pancreas.

According to the findings of this study, there
were significant increases in body weights of
groups administered undiluted diet soda
(group 2) and high dose aspartame (group 4)
compared to other groups. It was found to be
significantly higher in groups administered
high dose aspartame than that of diet soda.

This result suggests that aspartame ingestion
for 10 weeks was able to increase body
weight indicating that a  prolonged
consumption  of  beverage  containing
acesulfame-K has led to an increase in food
intake, body weight and body fat
accumulation in rats. This notion is supported
by a rodent study of Ragi et al, (2020)
showing a marked increase in body weights
and fat gain after consumption of acesulfame-
K. A review on aspartame suggested that the
sweetener intensifies the appetite, and this
could be attributed to its non-caloric value
and inability to provide energy to the body
leading to increased hunger and appetite. To
satisfy this hunger, one eats more than usual
to provide the necessary energy, thereby
increasing weight gain. Since the increase in
body weights varied based on the
concentrations of the substance administered,
it can be said that the weight gain was
positively associated with the amount of
ingested aspartame.

It should be noted that the changes in weight
gain were manifested from the 4th week of
administration, and this implies that the
impact of aspartame is not acute. These
findings are in accordance with numerous
studies associating long-term consumption of
aspartame with weight gain (Almiron-Roig
&Drewnowski 2003 and Black & Anderson
1993). Excessive weight gain is characterized
with abnormal fat accumulations, which
subsequently leads to obesity. Obesity is a
risk factor for metabolic syndromes which
including, type 2 diabetes, high blood
pressure, coronary heart diseases and even
certain mental illnesses (Luppino et al.,
2010).

From the result of the biochemical analysis,
there was no significant difference in fasting
blood sugar levels and insulin concentration
in all treatment groups when compared with
the control group. Therefore, this suggests
that the use of aspartame and consumption of
diet soda has little or no impact on blood
glucose and insulin levels. This result is
consistent with studies of Hall et al., (2003),
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which showed no significant effect on
glucose levels were found after acute or long-
term aspartame consumption. A recent study
on healthy individuals by Daher et al., (2019)
also showed no significant effect of
aspartame on glucose homeostasis. However,
this result does not correspond with studies
by Sylvetsky et al., (2012) which proposed
that there were increased insulin levels
following a long-term consumption of the
sweeteners, aspartame and acesulfame
potassium.

CONCLUSION

It was concluded that the consumption of
aspartame and diet soda resulted in an
increase in the body weights of albino Wistar
rats, and the increase was dependent on the
concentration of the substance given. The
consumption of aspartame and diet soda did
not increase blood glucose and insulin levels.
However, their adverse effect on the
morphology of the pancreas suggests
impending health implications. It is therefore
recommended that caution should be taken in
the intake of aspartame and aspartame
sweetened diet sodas.
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