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ABSTRACT

Background: the easiest method of reducing calories is to replace the high caloric food products with sweetened
ones. Aim of the work: this study aimed to determine the effects of acesulfame-k or aspartame on some
physiological parameters in male albino rats. Materials and methods: we used thirty male albino rats of local
strain weighing from 100 t0120 gm. The period of the experiment was 30 days. The animals were divided into
three groups; Group 1: control, Group 2: rats received acesulfame-k (15 mg/kg/day) and group 3: rats received
aspartame (50 mg/kg/day). Results: there was an increase in serum glucose and insulin level in rats that received
aspartame. In addition, there was increase in ASAT and ALAT activities, serum creatinine, serum urea and lipid
profile except HDL-C in both treated groups as compared to the control group. Meanwhile, there was a drop in
serum testosterone level and serum T3&T4 levels in aspartame group as well as in total protein, albumin and
albumin/globulin ratio in both treated groups as compared to control group. Conclusion: aspartame has more
dangerous effects than acesulfame-k.
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INTRODUCTION Another one of the byproducts of acesulfame
Most people prefer to eat sweet-tasting foods. potassium'’s
Preloading experiences show that sweet taste,
whether delivered with sugar or artificial sweeteners, breakdown in the body is acetoacetamide, which is
enhances human appetite. Because of the concern that toxic at high doses. Centre for Science in the Public
eating high sugars can increase the risk of obesity, Interest (CSPI) noted that acetoacetamide has been
diabetes, and cardiovascular disease, non-food shown to cause tumor growth in the thyroid gland in
sweeteners (NNSs) are increasingly being used to rats, rabbits, and dogs after administration of only 1%
replace sugars. NNSs are marketed as dieting tools, acetoacetamide in the diet for three months ©.
and consumers can intuitively select NNS on sugar to Aspartame (ASP) is one of the most widely
maintain or lose weight. Most drinks, chewing gum, used artificial sweeteners. It consists of substances
chocolates, jams and various NNS power authorities normally found in the diet and body, i.e. amino acids
are used. There is emerging evidence indicating that aspartic acid, phenylalanine and methane alcohol.
NNSs have unanticipated effects on human health ). After oral administration to human and experimental
Acesulfame potassium (also known as animals, ASP is metabolized quickly and fully into its
acesulfame K, or K-Ice) is an industrial plant, three components. Consumption of ASP has been
sometimes referred to in Europe as the E950. It is a reported to be responsible for neurological and
high density, non-nutritive analyzer 200 times better behavioral disturbances in sensitive individuals. The
than sucrose. It is stable under high temperatures and adverse neurological effects such as headaches,
has an excellent default life. Potassium acesulfame is insomnia and seizures may be attributed to the
used to give food and drink a taste that is soluble alterations in regional brain concentrations of
without adding calories. It is used as a sweetener in catecholamines “. In addition, Humphries et al. ©
many foods, including chewing gum, baked foods, proposed that excessive aspartame ingestion might be
canned foods and desserts. Acesulfame potassium is involved in the pathogenesis of certain mental
not metabolized or stored in the body. It is quickly disorders and also in compromised learning and
absorbed and then excreted without undergoing emotional functioning. Small amounts of ASP can
modifications. Acesulfame potassium contains the significantly increase methanol (MeOh) concentration
chemical methylene chloride, a known carcinogen. in the bloodstream. MeOH has a relatively low
Long-term exposure to methylene chloride can cause toxicity, but its metabolites are very toxic. It is
headaches, depression, nausea, mental confusion, increasingly recognized as a substance that damages
liver and kidney effects and cancer in humans ©. the liver cells, where it is oxidized to formaldehyde
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which is a factor that cause significant increase in
lipid peroxidation ©.

MATERIALS AND METHODS

Acesulfame-K was obtained as STEVIANA®,
Manufactured in Jeddah- Saudi Arabia by Sald Salim
Bawazir for Toothpaste and Sweetener Factory.
Aspartame was obtained as HERMESETAS, Made
in Switzerland by Hermes Sweeteners Ltd, Zurich.
Thirty male albino rats (weighing from 100 t0120 g)
were used in this study. Animals were housed in
stainless steel cages, fed on rat chow and offered
water ad libidum. The animals were divided into
three equal groups (10 rats each) as follows: The first
group: the control untreated group, the second
group: rats received orally acesulfame-k (15 mg/kg
b.w. /day) and the third group: rats received orally
aspartame (50 mg/kg b.w. /day). Body weights were
recorded at the beginning and the end of the
experiment. After 30 days, animals were weighed and
then decapitated.

Blood samples were collected for biochemical
parameters. Blood samples were centrifuged for 15
min. at 5000 rpm and supernatant sera were separated
for analysis.

Biochemical Examination

In the present study, total protein (TP) and albumin
concentrations were estimated. Then, serum globulin
concentrations were calculated according to the
formula:

Globulin (g/dl) = total protein (g/dl) —albumin
(g/dl)

Aspartate  aminotransferase ~ (ASAT), alanine
aminotransferase (ALAT) activities, creatinine, urea,
glucose concentrations as well as lipid profile that
including total cholesterol, triglycerides and high-
density lipoprotein cholesterol (HDL-C) were also
determined. All parameters were estimated using
BioMerieux SA kits, France.

The ratio of serum albumin/ globulin was determined.
However, ratios of TC/HDL (risk factor 1) and
LDL/HDL (risk factor 2) were also calculated after
calculation of serum LDL-C (low-density lipoprotein
cholesterol) and VLDL (very low-density lipoprotein
cholesterol) using the Friedewald's ) and Norbert
® formulas, respectively as following:
Friedewald's ' equation: LDL (mg/dl)
{HDL + [TG/5]}.

Norbert ® equation: VLDL = TG/5

Insulin was determined by using ELISA kit (10-
1250-01, Mercodia AB, Uppsala, Sweden). The
HOMA-2 IR index (Homeostatic Model
Assessment of Insulin Resistance) was calculated by
a free online calculator (HOMA Calculator, Version

TC-

2.2.3, Diabetes Trail Unit, The University of Oxford,

Oxford, UK).
HOMA-IR= [(Glycaemia( mg/dl;/2158.127) xInsulin (mU/ml)] (g)
Testosterone, T3 and T4 were estimated by using

VIDAS® kits, which are automated quantitative tests.
Statistical analysis

The results were expressed as Mean £ SEM of the
mean. Data were analyzed by using T-test and were
performed using the Statistical Package (SPSS)
program, version 20. The Bonferroni test was used as
a method to compare significance between groups.

RESULTS

As regards Body weight, no significant change was
noticed in the percentage of body weight change in
acesulfame-k group, while there was significant
increase (p < 0.05) in aspartame group as compared
to control animals (Table 1).

In regard to Glucose level, there was no significant
change in glucose level in acesulfame-k group, but
there was highly significant increase (p < 0.01) in
aspartame group in contrast to control rats (Table 1).
Concerning Insulin level, the present study showed
that there was no significant change in insulin level of
acesulfame-k group, while there was highly
significant increase (p < 0.01) in aspartame group as
compared to control (Table 1).

Regarding HOMA-IR, there was no significant
change observed in the ratio of HOMA-IR in
acesulfame-k group, but there was highly significant
increase (p < 0.01) in aspartame group in comparison
with normal rats (Table 1).

Table (1): Percentage of body weight change,
glucose level and HOMA-IR in control, acesulfame-k
and aspartame treated animals.

S Control [Acesulfame- | Aspartame
Parameté k

% of body weight | 8.6 + 95+04 12 +£0.9*

change 0.5

% of change from 10% 40%

control

Glucose (mg/dl) 109 £ 112+1.3 120 £

0.7 0.6**

% of change from 3% 10%

control

Insulin (mIU/ml) 0.97+ | 0.99+0.008 18+
0.007 0.041**

% of change from 2% 86%

control

HOMA-IR 0.26 £+ | 0.27 £0.005 0.53 %
0.003 0.008**

% of change from 4% 103%

control
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Values represent mean + SE (standard error).
(P*< 0.05, P**< 0.01 as compared to control group)
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As regards protein profile, animals that received
acesulfame-k had significant decrease (p < 0.05) in
serum total protein, albumin and albumin/globulin
ratio, and those received aspartame showed highly
significant decrease (p < 0.01) in the previous
parameters as compared to the corresponding control
group (Table 2).

k as compared to control group. Meanwhile, there
was highly significant increase (p < 0.01) in total
cholesterol, triglycerides and LDL-C, significant
decrease (p < 0.05) in HDL-C, no detectable change
in VLDL-C and significant increase (p < 0.05) in risk
factors in rats received aspartame as compared to
control group (Table 4).

Table (2): Serum total protein, albumin, globulin and
albumin/globulin ratio in control, acesulfame-k and
aspartame-treated animals.

Table (4): Changes in total cholesterol (TC), triglyceride
(TG), HDL-C, LDL-C, VLDL-C, TC/HDL ratio and
LDL/HDL ratio in control, acesulfame-k and aspartame

Groups |Control |Acesulfame Aspartame treated animals.
parameter -k Groups | Control | Acesulfame |Aspartame
Total Protein 6.63+ | 58%0.3* | 3.9+0.1* paramete -k
(g/dI) 0.04 Total Cholesterol| 121.1+ | 127 £1.7* |[140+1.2**
(mg/dl) 0.38
% of change from -13% -41% % of change 5% 16%
control from control
Albumin (g/dl) 343+ | 27£0.23*| 1+£0.15** Triglycerides 135+0.7 140 £1.4* |150 £ 0.9**
0.046 (mg/dl)
% of change from -21% -71% % of change 4% 11%
control from control
Globulin (g/dI) 32+ 3.1+0.06 | 29+0.14 HDL-C (mg/dl) [59.4+0.48| 55+1.2* 45 £ 0.7**
0.028 % of change 7% -24%
% of change from -3% -10% from control
control LDL-C (mg/dl) [34.6+048] 44+27* [65+2.1**
Albumin/Globulin| 1.074 £ | 0.87 £0.07* 03+ % of change 27% 88%
0.02 0.06** from control
% of change from -19% -72 VLDL (mg/dl) | 27+0.1 28+0.8 30+1.4
control
Values represent mean + SE (standard error). (P*< 0.05, (f)/roo(r)Ti ggﬁ?%ﬁ 4% 11%
P**< 0.01 as compared to control group) TC/HDL 504+ 534018 31+031%
. . 0.015
In _ r_egard to liver _fu_n_ctlons,_ ASAT and ALAT % of change 13% 5%
activities revealed significant increase (p < 0.05) from control
among acesulfame-k group and highly significant LDL/HDL 0.6 +0.01 0.8 +0.13 1.4 + 0.25%
increase (p < 0.01) among aspartame group in
contrast with control rats (Table 3). % of change 33% 133%
from control

Table (3): ASAT and ALAT activities in control,
acesulfame-k and aspartame treated animals.

Values represent mean + SE (standard error).
(P*< 0.05, P**< 0.01 as compared to control group)

- r(nBeroups. Control AcesulifameAspartame Concerning kidney functions, serum urea and
- creatinine showed significant increase (p < 0.05) in
* **
ASAT (UIL) | 115.88£0.3 | 120+1.2% | 183109 acesulfame-k group and highly significant increase (p
% of 4% 58% < 0.01) in aspartame group as compared to control
change from animals (Table 5).
control
?'—AT (UL) | 554+0.16 60i01-4* 85i161** Table (5): Serum urea and creatinine levels in
ro{; %Eﬁ?sﬂge 8% 53% control, acesulfame-k and aspartame treated animals.
Values represent mean + SE (standard error). Ct%roups Control Acesulifame Aspartame
(P*< 0.05, P**< 0.01 as compared to control group) pS::;;lr?]g;elzl) 731 e, +' 13+ [ 55108
Regarding lipid profile, the present results revealed % of change 066 13% 7%
significant increase (p < 0.05) in total cholesterol, from control
triglycerides and LDL-C, significant decrease (p < Creatinine 118+ | 1.6 +0.13* 23+
0.05) in HDL-C, and no significant change in VLDL- (mg/dI) 0.025 0.09**
C and ratios of TC/HDL-C (risk factor 1) and LDL- % of change 36% 95%
C/HDL-C (risk factor 2) in rats received acesulfame- from control

1978
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Values represent mean + SE (standard error).

(P*< 0.05, P**< 0.01 as compared to control group)

In relation to hormones, acesulfame-k group
revealed no detectable change in the level of
testosterone hormone, but there was a highly
significant decrease (p < 0.01) found in its level in
aspartame group as compared to control rats. On the
other hand, no detectable change was noticed in the
levels of both T3 and T4 concentrations in
acesulfame-k group, but aspartame group showed
significant decrease (p < 0.05) in their concentrations
as compared to control values (Table 6).

Table (6): Serum testosterone, T3 and T4 levels in
control, acesulfame-k and aspartame treated animals.

S Control Acesulfame |Aspartame
parameters -k
Testosterone | 1.03+0. | 0.95+0.04 055+
(ng/dl) 004 0.05**
% of change -8% -47%
from control
T3 (ng/dl) 47.9+0. 46 £1.3 42 +1.69*

6
% of change -4% -12%
from control
T4 (ug/dl) 3.036x0 | 2.8+0.12 2+0.31*
.009

% of change -8% -34%
from control

Values represent mean + SE (standard error).
(P*< 0.05, P**< 0.01 as compared to control group)

DISCUSSION

In this study, we demonstrated that a low-
calorie solution of aspartame administered to rats
increased body weight compared to control group.
Aspartame increases appetite through metabolites by
different mechanisms. As a precursor of
catecholamine neurotransmitters, phenylalanine may
facilitate food intake via the hypothalamic
adrenoreceptors, implicated in the central appetite
control mechanisms and thus stimulating appetite .
The aspartame metabolite aspartate is taken over
from circulation by the arcuate (ARC) nucleus in the
brain. The ARC nucleus is the main place for the
synthesis of neuropeptide Y (NPY), which stimulates
carbohydrate intake ‘Y. Aspartate is an N-Methyl-D-
aspartate (NMDA) receptors agonist and its increased
concentration can influence food intake 2.
Aspartame  use  significantly = decreases the
concentrations of leptin in plasma. Leptin acts on the
brain by inhibiting food intake, but lower
concentrations of leptin could stimulate appetite ™.
Feijo et al. ™ also reported that there was an
increase in body weight and fluid intake in a group of
rats treated with aspartame.

1979

There was a very significant increase in the
glucose level in rats received aspartame compared to
the control group. High blood glucose levels in the
aspartame group can be attributed to the formation of
amino acids from aspartame, where phenylalanine is
considered to be both glucokinetic and ketone, while
aspartic acid is a partial amino acid gluogin and thus
converted to glucose. The glycogenolytic effect of
aspartame may be due to its direct effect on cell
stimulating glycogenolysis or due to its effect on
other cytoplasmic membranous organelles and the
E:-E?ociated enzymes necessary for glycogen synthesis

In our study, only aspartame increased
insulin level significantly. This may be due to
phenylalanine (which is a component of aspartame).
This amino acid is nutrient-signaling molecule, which
stimulates arise of insulin and glucagon concentration
and has a regulatory effect on the metabolism of
glucose . People at risk of diabetes type 2 are
advised to avoid consuming aspartame to prevent the
(pl%tential beta cell defects caused by hyperinsulinemia

Aspartame increased glucose, insulin and
HOMA-IR and this is an evidence that aspartame can
cause type 2 diabetes.

In the present work, there was an obvious
decrease in protein profile in both acesulfame-k and
aspartame treated groups as compared to control rats.
Yousef et al. “® referred to the inhibitory effect of
some food additives on the biosynthesis of protein
and albumin which in turn reflects impairment in
liver functions. Furthermore, reductions of protein
profile in the treated groups indicates hepatotoxicity
and liver damage that led to inability of liver to
produce proteins and causing utilization of amino
acids for the oxidation or gluconeogenesis .

We observed a significant increase in ALAT
and ASAT activities in acesulfame-k-treated rats and
highly significant increase of these activities in
aspartame-treated rats. The increased levels of serum
liver enzymes in both groups indicate an enhanced
permeability, damage or necrosis of hepatocytes. The
disturbance in the transport function of the
hepatocytes resulted from hepatic injury. The
alterations in enzyme levels in liver may depend on
exposure time and dose ©.

Our study clearly indicated that TC, TG and
LDL-cholesterol ~ were significantly increased,
whereas HDL-cholesterol level was significantly
decreased on rats received acesulfame-k or aspartame
when compared to control. The long-term
consumption of artificial sweeteners might induce
atherosclerosis via modifying Apo A-1 and cause
protein cleavage, which is associated with loss of
antioxidant ability and impairment of phospholipid-
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binding ability ®?. Apo Al structure modification

could lead to the production of dysfunctional HDL-
cholesterol @V, In addition, chronic exposure to
aspartame induced changes in lipid metabolism and
could be involved in the development of
hypercholesterolemia © and atherosclerosis .
Hypercholesterolemic atherosclerosis was associated
with increased ROS, which represent a critical
initiating event in the development of atherosclerosis
and cardiovascular disease “?. Superoxide anion
facilitates oxidative modification of LDL-cholesterol
that plays a key role in the formation of
atherosclerotic lesions 2,

There was a significant increase in serum
urea and creatinine concentrations in rats received
acesulfame-k but there was highly significant
increase in their concentrations in rats received
aspartame. The increase of these biomarkers levels
indicates an enhanced permeability, tissue damage or
necrosis due to formation of free radicals in all tissues
from  glucose  auto-oxidation and  protein
glycosylation ®. Also, the elevation of serum urea
and creatinine in aspartame-treated rats could be due
to a sudden decrease in glomerular filtration rate by
the majority of methanol (which is a component of
aspartame) that enters proximal tubular epithelial
cells binds to anionic phospholipids inducing
abnormalities in function and metabolism of multiple
Ezrgracellular membranes and organelles in these cells

In the present work, there was highly
significant decrease in testosterone concentration in
rats received aspartame as compared to control group.
Aspartame works to reduce androgens which
indirectly affect the axis connecting the pituitary
gland. This has negative effects on social behavior
and the relative weight of members of the sex-
producing hormone ®.  Deficiencies of the
testosterone hormone might cause social behavioral
changes because of its importance in the regulation of
aggression in mammals ®”. Exposure to aspartame
negatively  affects  the concentration of
neurotransmitters. This suggests that it causes
changes in social behavior, increases isolation and
lack of social movements @,

Also, in LT Men's clinic ® they revealed
that:" aspartame may cause low testosterone".
Aspartame is called excitotoxin. It has the ability to
bind to different brain receptors, causing them to take
in too many calcium ions and eventually causing
damage. Unfortunately, these negative effects can not
only impact the brain but testosterone production as
well 9,

Our study demonstrated that there was a
significant decrease in T3 and T4 hormones of rats
received aspartame. Aspartame is composed of two

1980

amino acids, phenylalanine and aspartame, which are
connected to methanol ©%. Aspartame in the body
further metabolizes to formaldehyde ©V. Moreover, a
study done on male albino rats showed that
formaldehyde (a metabolite of aspartame) causes the
regression of the follicular epithelial cells of the
thyroid gland, which leads to decreased levels of T3
and T4, and increased TSH levels. There is a
possibility that, initially, formaldehyde increases the
stimulation of the thyroid follicles, which rapidly
worsens the synthetic capacity of the gland. This
ultimately leads to the failure of the thyroid gland 2.
Formaldehyde, a metabolite of aspartame is reported
Etg)be associated with type IV delayed hypersensitivity

According to a report presented at 2015,
International Thyroid Congress ®* reported that the
use of aspartame may be linked to the development of
a type of hypothyroidism called Hashimoto's thyroid
disease (HT). Aspartame elevated levels of thyroid
stimulating hormone (TSH). Increased TSH levels are
considered indicative of hypothyroidism ©.

Conclusion: in summary, aspartame must
be banned from using by consumers due to its
deleterious  effects on almost physiological
parameters. Acesulfame potassium has lower effects
than aspartame, but in general, it is better to replace
both of them with natural sweeteners to be away from
any health problems that may be caused by them.
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