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Aspartame is one of the most widely used artificial sweeteners in over 90 countries worldwide. It is a
highly intensity sweetener added to a large variety of food, most commonly found in low calorie
beverages, desserts and table top sweeteners added to tea or coffee. The present study examined
whether the daily oral administration of ASP (40 mg/kg) for 2, 4 and 6 weeks induce oxidative stress in
the liver and kidney of male albino rats. Lipid peroxidation (LPO), glutathione reduced (GSH) levels as
well as the activities of superoxide dismutase (SOD), glutathione-S-transferase (GST) and catalase
(CAT) enzymes were determined. A significant increase in LPO levels was obtained in the liver tissue
after 4 and 6 weeks of ASP administration while there was a significant decrease in LPO level after 2
weeks followed by a significant increase in the renal tissue at the end of the 6 weeks. SOD activity
significantly decreased in the liver tissue after 2, 4 and 6 weeks of treatment. Also, there was a
significant decrease in SOD activity after 2 and 4 weeks in the renal tissue. CAT activity significantly
decreased in the liver tissue after 2 and 4 weeks of ASP administration. Regarding to GSH content,
there was a significant decrease in the liver tissue after 2, 4 and 6 weeks which was accompanied by a
significant increase in GST activity after 4 and 6 weeks of ASP administration. In conclusion, ASP may
induce an oxidative stress in the liver and kidney of male albino rats.
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INTRODUCTION

Aspartame (L- aspartyl- L-phenylalanine methyl ester) is
one of the most widely used artificial sweeteners in over
90 countries worldwide in over 6000 products (Magnuson
et al., 2007). It is a highly intensity sweetener added to a
large variety of food, most commonly found in low calorie
beverages, desserts and table top sweeteners added to
tea or coffee (Butchko and Stargel, 2001; Oyama et al.,
2002).

Its peptide nature, aspartyl-phenylalanine methyl ester
facilitates its intestinal hydrolysis and absorption of
innocuous amino acids together with small amounts of
free methanol (Burgert et al., 1991; Lipton et al., 1991).
Phenylalanine and aspartic acid are both amino acids
which are found in natural proteins and under normal
circumstances are beneficial, if not essential, for health
(Woodrow, 1984). It has been reported that aspartame
consumption was linked with neurological and behavioral
disturbances (Humphries et al., 2008), but most of the
results yielded negative or inconclusive correlations
(Spiers et al., 1998; Magnuson et al., 2007).

On the other hand, a relatively small amount of
aspartame can significantly increase methanol levels
(Davoli, 1986). Accidental or suicidal ingestion can cause
severe metabolic acidosis and clinical disturbances such
as blindness, serious neurologic sequelae and death
(Kuteifan et al., 1998; Liu et al., 1998). Methanol is being
increasingly recognized as a substance that damages
the liver cells where it is oxidized to formaldehyde and
latter to formate (Trocho et al., 1998). These processes
are accompanied by elevation of NADH level and the
formation of superoxide anion which may be involved in
lipid peroxidation (Poli, 1993; Parthasarathy et al., 2006).
Also, methanol intoxication is associated with mitochon-
drial damage and increased microsomal proliferation
resulting in increased production of oxygen radicals
(Liesivuori and Savolainen, 1991; Castro et al., 2002).
These factors together with the excess of formaldehyde,
formed during acute methanol intoxication cause
significant increase in lipid peroxidation (Parthasarathy et
al., 2006).



Oxidative stress is a state where oxidative forces
exceed the antioxidant systems due to loss of the
balance between them. It occurs when the generation of
reactive oxygen species (ROS) in a system exceeds the
bodys ability to neutralize and eliminate them thus
creating an imbalance or overabundance of free radicals
(Naito and Yoshikawa, 2002). So, the present study was
designed to investigate the lipid peroxidation and
antioxidant status in liver and kidney of male albino rats
after oral administration of 40 mg/ kg body weight of
aspartame.

MATERIALS AND METHODS
Animals

Adult male Wistar albino rats weighing 120 to 180 g were used as
experimental animals. The animals were obtained from animal
house of the National Research Center (Cairo, Egypt). They were
maintained on stock diet and kept under fixed appropriate
conditions of housing and handling. All experiments were carried
out in accordance with the research protocols established by the
Animal Care Committee of the National Research Center (Cairo,
Egypt), which followed the recommendations of the National
Institutes of Health Guide for Care and Use of Laboratory Animals
(Publication No. 85-23, revised 1985).

Chemicals

Pure aspartame (ASP) powder was purchased from ADWIA Co.,
Cairo, Egypt. Phosphate buffer and reagent kits were purchased
from Bio-diagnostic Company, Giza, Egypt.

Experimental design

The animals were divided into 4 groups. Animals of group (1)
served as control and were administered orally distilled water at
each time segment of the experiment. Animals of groups (2), (3)
and (4) were daily administered orally ASP (40 mg/kg) (JECFA,
1980) dissolved in distilled water for 2, 4 and 6 weeks, respectively.

Handling of tissue samples

At the end of the experimental periods (2, 4 and 6 weeks) the
animals were sacrificed after being fasted. The liver and kidney of
each animal was quickly removed and rapidly weighed and frozen
until analyzed. The liver is homogenized in 10 ml and kidney in 5
ml of ice cold phosphate buffer (50 mM pH 7.4, 0.1% tritonX and
0.5 mM EDTA). The homogenates were centrifuged at 1753 g for
15 min at 4°C using a high speed cooling centrifuge (Type 3K-30,
Sigma, Osterode-am-Harz, Germany). The clear supernatants
were separated and used for analysis.

Determination of lipid peroxidation, glutathione reduced
levels:

Lipid peroxidation (LPO) levels were determined by using
Biodiagnostic kit. No. MD 25 29 which is based on the
spectrophotometric method of Ohkawa et al. (1979), in which the
malondialdehyde (MDA) release served as the index of LPO. MDA
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was determined by measuring the thiobarbituric acid reactive
species. The absorbance of the resultant pink product was
measured at 534 nm in a helios alpha thermospectronic (UVA
111615, Cambridge, UK). The assay of glutathione reduced levels
was performed using Biodiagnostic kit No. GR 25 11 which is
based on the spectrophotometric method of Beutler et al. (1963). It
depends on the reduction of 5,5'-dithiobis 2-nitrobenzoic acid with
glutathione to produce a yellow color whose absorbance is
measured at 405 nm.

Determination of enzyme activities

Superoxide dismutase activity was assayed by using Biodiagnostic
kit No. SD 25 21. This assay relies on the ability of the enzyme to
inhibit the phenazine methosulphate-mediated reduction of nitro
blue tetrazolium dye (Nishikimi et al., 1972). The change in
absorbance at 560 nm. Over 5 min. was measured. Glutathione-S-
transferase activity was determined according to the method of
Habig et al. (1974). 0.4 ml potassium phosphate buffer (50 mmol/l;
pH 6.5), 0.1 ml of supernatant, 1.2 ml water and 0.1 ml CDNB (1-
chloro-2, 4 dinitrobenzene, 30 mmol/l) were added and incubated
in a water bath at 37°C for 10 min. After incubation, 0.1 ml of
reduced glutathione (30 mmol/l) was added. The change in
absorbance was measured at 340 nm at one min interval. Catalase
activity was measured using Biodiagnostic Kit No. CA 25 17 which
is based on the spectrophotometric method described by Aebi’
(1984). Catalase reacts with a known quantity of hydrogen
peroxide and the reaction is stopped after 1 min with catalase
inhibitor. In the presence of peroxidase, the remaining hydrogen
peroxide reacts with 3,5-Dichloro-2- hydroxybenzene sulfonic acid
and 4-aminophenazone to form a chromophore with a color
intensity inversely proportional to the amount of catalase in the
sample. The absorbance was measured at 510 nm.

Statistical analysis

The data were expressed as means + standard error of the mean
(S.E.M.) All variables were tested for normal distribution using t test
(P < 0.05) and one way analysis of variance (ANOVA). If the
groups showed significant differences, Tukey's multiple comparison
test was performed.

RESULTS

The present study showed the effect of oral
administration of 40 mg/kg body weight of ASP on liver
and kidney of male albino rats at different three time
periods. The data represented that LPO level increased
significantly in the liver tissue after four and six weeks of
ASP administration when compared to the control group.
Also, there was a significant (P< 0.05) increase in LPO
level after four and six weeks comparing with two weeks
of ASP administration. On the other hand, LPO level in
the renal tissue showed a significant decrease after two
weeks followed by a significant increase in LPO level at
the end of six weeks of ASP administration as compared
to the control. Furthermore, there was a significant
increase in LPO level after the 4™ and 6" weeks
compared with the 2™ week.

Regarding to SOD activity, Table 1 indicated that there
was a significant decrease in SOD activity in the liver
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Table 1. Effect of oral administration of aspartame (40mg/kg) on some oxidative stress parameters in the liver
of male albino rats at different time periods.

Parameter Time period

2 weeks 4 weeks 6 weeks
MDA(nmol/g tissue)  59.38+0.65 53.08+1.36 70.34+1.53*2 76.84+2.51*2
SOD(U/mg tissue) 2.9040.11 2.3140.22* 2.3440.07* 2.27+0.10*
CAT(U/g tissue) 9.26+0.78 5.31+0.25* 5.93+0.87* 7.39+0.65
GST(U/g tissue) 14.10+0.71 24.02+1.39* 24.69+1.44* 25.27+1.28*
GSH(mg/g tissue) 97.75+2.16 100.57+3.04 73.59+5.96*2 64.49+5.26*2

Data are expressed as Mean * S.E, number of animals in each group is five, P> 0.05 non significant, * P < 0.05
significant, the symbol represent statistical significance; * all treated period with the control, * 4 and 6 weeks with 2

week; ° 6 week with 4 week.

Table 2. Effect of oral administration of aspartame (40mg/kg) on some oxidative stress parameters in
the kidney of male albino rats at different time periods.

Time period
Parameter Control 2 week 4 week 6 week
MDA(nmol/g tissue) 56.04+0.60 47.48+0.96* 62.06+1.56%  63.04+2.75*
SOD(U/mg tissue) 3.58+0.05 2.6040.22* 3.07+0.05* 3.24+0.09°
CAT(U/g tissue) 8.54+0.67 8.47+0.93 8.07+0.42 7.74+0.47
GST(U/g tissue) 24.45+0.32 21.4040.93 23.31+0.88 23.71+1.08
GSH(mg/g tissue) 92.96+2.25 95.47+1.64 92.6245.85  75.57+1.19*®

Data are expressed as Mean * S.E, number of animals in each group is five, P> 0.05 non significant, * P <

0.05 significant, the symbol represent statistical significance; *all treated period with the control, 4 and 6

weeks with 2 week; °6 week with 4 week.

tissue after two, four and six weeks of ASP
administration compared with the control group and there
was a significant decrease in the renal SOD activity after
two and four weeks of treatment as indicated in Table 2.
However, the renal SOD activity significantly increased at
the end of the 6" week in comparison to the 2™ week of
ASP treatment. The results also showed that there was a
significant decrease in CAT activity in the liver after two
and four weeks of ASP treatment compared with control
rats. On the other hand, there was a non significant
decrease in the CAT activity in the renal tissue after the
different three times periods of ASP administration when
compared with the control group.

The data in Table 1 represented that the oral adminis-
tration of ASP caused a significant increase in GST
activity in the liver tissue after two, four and six weeks of
treatment compared with the control animals. However,
there was a non significant effect of ASP on GST activity
in the renal tissue as regarded in Table 2. Comparing
with the control group, GSH content significantly
decreased in the liver tissue after the 4" and 6" weeks of
treatment. Moreover, there was a significant (P< 0.05)
decrease in the 4th and 6th week when compared with
the 2nd week. In the renal tissue, GSH content was
significantly decreased at the end of the 6" week of

treatment when compared with control and two weeks.

DISCUSSION

ASP has been approved as a sweetener for liquid
carbonated beverages. It has had a wide acceptance as
an additive in many dry food applications. However, its
consumption was associated with many complaints
include visual impairment, ear buzzing, high SGOT, loss
of equilibrium, severe muscle aches, pancreatitis,
episodes of high blood pressure and depression
(Woodrow, 1984).

It was suggested that ASP was metabolized in the
gastrointestinal tract into aspartic acid, phenylalanine
and methanol. On weight basis, metabolism of ASP
generates approximately 50% phenylalanine, 40%
aspartic acid and 10% methanol (Karim and Burns, 1996;
Stegink and Filer, 1996). Aspartic acid is mostly
eliminated through the lungs in the form of CO.. In
humans, plasma level of aspartic acid does not increase
significantly following oral administration of aspartame at
a dose of 34 mg/ kg (Stegink, 1984). However, some of
the phenylalanine formed in the intestine following
ingestion of ASP is excreted in the form of CO,, most of it



is incorporated into the pool of amino acids and
contributes to protein synthesis (Stegink and Filer, 1996;
Trefz and Bickel, 1996). Methanol is primarily
metabolized by oxidation to formaldehyde and then to
formate, these processes are accompanied by the
formation of superoxide anion and hydrogen peroxide
(Parthasarathy et al., 2006).

The present study represented that, the oral admini-
stration of ASP (40 mg/ kg) led to a significant elevation
in LPO level in the liver tissue after four and six weeks of
treatment. Also, there was a significant increase in LPO
level in the renal tissue at the end of the six week of
treatment. LPO is an auto catalytic mechanism leading to
oxidative destruction of cellular membranes (Cheese- man,
1993). It is initiated by the abstraction of a hydrogen
atom from the side chain of polyunsaturated fatty acids in
the membrane (Bergendi et al., 1999). These latter
compounds then decompose to form a wide variety of
products in particular malonaldehyde (MDA) (Zeyuan et
al., 1998). LPO in cellular membranes damages
polyunsaturated fatty acids tending to reduce membrane
fluidity which is essential for proper functioning of the
cell. So, the increase in MDA level observed in this
study, which is an index of LPO, indicated liver and
kidney cell membrane damage after ASP administration.
This is in accordance with Parthasarathy et al. (2006)
who investigated that methanol administration
significantly increased MDA level in the lymphoid organs;
also, Zararsiz et al. (2007) recorded a significant
increase in MDA level in the kidney of rats after
treatment with formaldehyde.

The present work also showed that the increase in
MDA level was accompanied by a concomitant decrease
in the activities of antioxidant enzymes, SOD and CAT in
the liver after the 2", 4™ and 6™ week and in the renal
tissue SOD activity was significantly decreased after the
2" and 4™ week of ASP administration. SOD constitutes
an important link in the biological defense mechanism
through dismutation of endogenous cytotoxic superoxide
radicals to H.O, and O, which are deleterious to
polyunsaturated fatty acids and proteins (Fridovich,
1975). Also, in the presence of inadequate CAT activity
to degrade H.O,, more H,O, could be converted to toxic
hydroxyl radicals that may contribute to oxidative stress
due to methanol metabolite from ASP. This is in
agreement with Parthasarathy et al. (2006) who recorded
that methanol administration caused a decrease in the
enzymatic antioxidant (SOD and CAT) in the lymphoid
organs. Furthermore, the decrease in SOD and CAT
activities may be due to the formation of formaldehyde
from the methanol. This is in accordance with Gulec et
al. (2006) who indicated that formaldehyde exposure led
to a decrease in SOD and CAT activities in the liver
tissue compared to the control. Also, Chang and Xu
(2006) recorded a decrease in SOD activity and there
was a dose- response relationship between
formaldehyde concentration and SOD activity. Zararsiz et
al. (2007) demonstrated that the renal tissue activity of
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SOD was significantly decreased in rats treated with
formaldehyde when compared with the control animals.

Glutathione-S-transferases constitute a family of
enzymes involving in the detoxification of xenobiotics,
signalling cascades and serving as ligandins or/and
catalyzing the conjugation of various chemicals and
drugs (Tuna et al.,, 2010). The present study also
indicated that there was a significant increase in GST
activity in the liver tissue after the different three time
periods of treatment. This increase could be a response
of the organ to the oxidative stress induced by the
methanol metabolized from ASP and possibly the
induction of enzyme synthesis by ASP. However, this
increase in GST activity was accompanied by a depletion
in GSH content in the liver tissue after four and six weeks
of treatment. Since glutathione is an endogenous
substance that protect cell suffering from oxidative
stress, GSH can function as antioxidant by catalyzing the
reduction of H,O, to water (Abuja and Albertini, 2001); it
can react chemically with singlet oxygen, superoxides
and hydroxyl radicals (Singh et al., 2003; Hashimoto et
al., 2008 ). It also be able to attack electrophilic centers
and thus protect proteins, lipids and nucleic acids from
the attack of electrophilic compounds which are capable
of reacting with their SH- groups (Hayes et al.,1991;
Ahluwalia et al., 1996). So the decrease in cellular
glutathione content increases cell vulnerability to
oxidative stress (Meister and Anderson, 1983; Oyama et
al., 2002). The decrease in GSH activity observed in the
present study seems to have been caused by methanol,
because methanol metabolism depends upon GSH
(Pankow and Jagielki, 1993). In addition, a decrease in
GSH content would also be caused by its rapid reaction
with the highly reactive compound, formaldehyde, which
is generated during methanol metabolism forming
nucleophilic adducts and/ or LPO products (Shrzylewska
and Farbisewski, 1996; Parthasarathy et al.,2006).
Therefore, the present study concluded that ASP
administration at a dose level of 40 mg/kg may induce an
oxidative stress in the liver and kidney of male albino rats
and the liver tissue is more sensitive and rapidly affected
than renal tissue.
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