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Abstract

melatonin and thymoquinone.

Background: Aspartame is used to treat obesity, and the diabetic people could induce changes in liver and kidney
structures and function. Garlic extract, melatonin and thymogquinone have an important role against aspartame toxic-
ity due to their antioxidant properties. The current study was designed to examine the protective effects of garlic,
melatonin and thymoquinone against aspartame-induced hepatorenal toxicity in albino rates.

Results: The results indicated that aspartame induced changes in the serum levels of liver parameters function
(glucose, ALT, AST and ALP) and renal parameters function (urea and creatinine). Garlic, melatonin and thymoqui-
none reversed the values of liver and kidney enzymes levels near to or similar to that of control. The histopathologi-
cal effects of aspartame on the histological structures of liver and kidney were either reduced or removed by garlic,

Conclusion: Long-term (6 months) administration of aspartame induced toxic effects on hepatorenal function and
structure, whereas garlic, melatonin and thymogquinone resulted in hepatorenal ameliorative and protective effects.

Keywords: Aspartame, Long term, Liver function parameters, Kidney function parameters, Albino rats

Background

Aspartame is a dipeptide artificial sweetener which is
widely used as a non-nutritive sweetener in various
food products (Rencuzogullari et al.,, 2004). Aspartame
is metabolized in the gastrointestinal tract into aspartic
acid, phenylalanine and methanol and subsequently oxi-
dized into formaldehyde and formic acid in many tissues.
Formic acid can be considered as the principal meta-
bolic product which is responsible for the intoxication by
methanol in humans and animals (Soffiriti et al., 2006).
The metabolism of aspartame was found to a large extent
to be in the liver. It was found that the by-products of
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such metabolism caused a hepatic damage by producing
oxygen containing molecules that damage structure and
function of cell components through oxidation (Fernan-
dez-Checa et al., 1997). Oral administration of aspartame
for long term (6 months) caused a significant increase in
the activities of alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST) and alkaline phosphatase
(ALP). Also, administration of aspartame at a dose of
1000 mg/kg body wt. caused pathological changes in the
liver of male Wistar rats indicated by leukocyte infiltra-
tion (Abhilash et al., 2011). Histologically, oral admin-
istration of aspartame at a dose of 250 mg/kg body wt.
daily for two months resulted in irregular nuclei and
vacuolated cytoplasm with ill-defined cell boundaries
in the liver of male albino rats (EI Haliem & Mohamed,
2011). Aspartame supplementation at a dose of 40 mg/
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kg body wt. for six weeks caused a significant elevation
in the activities of ALT and AST in male Wistar albino
rats (Prokic et al., 2015). Administration of aspartame at
a dose of 15, 35 and 70 mg/kg body wt. for nine weeks
resulted in a significant increase in the levels of ALT and
AST at 35 and 70 mg/kg body wt.. Also, aspartame at a
dose of 35 and 70 mg/kg body wt. caused severe necro-
sis, periportal infiltration, congestion and dilatation of
sinusoids of the hepatocytes of male Wistar rats (Adara-
moye & Akanni, 2016). It was reported that administra-
tion of 240 mg/kg body wt./day of aspartame for two
months resulted in a significant increase in AST level and
a significant decrease in ALP level, while no change was
observed in the level of ALT. Also, aspartame resulted
in a significant increase in the serum glucose and tri-
glycerides levels, whereas non-significant changes in the
serum level of cholesterol were observed. Degeneration
of hepatocytes was indicated by swollen cells, intense
inflammatory cells aggregation in the portal area, conges-
tion of portal vein with focal hepatic necrosis and infiltra-
tion of inflammatory cells in the liver of the male Wistar
albino rats on administration of 240 mg/kg body weight
of aspartame (Lebda et al., 2017).

Oral administration of aspartame at a dose of 250 mg/
kg body wt./day for six weeks to male albino rats resulted
in an increase in the serum levels of ALT, AST and ALP,
whereas it did not cause a change in the serum glucose
level. Liver sections of aspartame-treated rats showed
congestion in the central veins and sinusoids, as well as
periductal fibrosis surrounding bile ducts (Abd E1 Wahab
et al., 2017). The liver section of aspartame-treated
albino rats at a dose of 40 mg/kg/body wt./day for six
weeks caused a damage in the hepatocytes indicated by
cytoplasmic vacuoles of variable size in the cytoplasm,
pyknosis and fragmentation of the nuclei; congestion in
the central veins and inflammation in the parenchyma
(Maaruf et al., 2017). Moreover, administration of aspar-
tame orally at dose of 50 and 150 mg/kg body wt. daily
for six months resulted in a significant increase in the
serum levels of ALT and AST, and degeneration, necrosis
of hepatocytes, filling of cytoplasm with numerous vacu-
oles, hyperchromatism, pyknosis and fragmentation of
the nuclei in the liver of female albino rats were observed
(Moubarz et al., 2018).

It is well known that kidney is the organ which plays
an important role in the excretion of the various waste
metabolite products, so studies have increased to evalu-
ate the toxic effect of aspartame on the structure and
function of the kidney (Moubarz et al., 2018; Martins
& Azoubel, 2007). It was found that oral administration
of aspartame at a dose of 0.25 gm/L for 60 days in male
Wistar albino rats resulted in a significant elevation in
the serum urea and creatinine levels (Bahr & Zaki, 2014).
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Similar results were also reported in male Wistar albino
rats which was fed with 40 mg/kg body wt. of aspartame
for 30 and 90 days which showed a significant increase
in urea and creatinine levels, while uric acid level was
significantly decreased (Choudhary & Devi, 2014). Also,
oral administration of aspartame at a dose of 35 and
70 mg/kg body wt. for 9 weeks in male Wistar albino rats
caused a significant increase in the serum levels of urea
and creatinine (Adaramoye & Akkani, 2016). Moreover,
treatment of male albino rats with 250 mg/kg body wt.
of aspartame for six weeks caused a significant increase
in serum urea and creatinine levels (Abd El Wahab
et al,, 2017). Oral administration of male Wistar albino
rats with 75 and 150 mg/kg body wt. of aspartame for
30 days caused a significant elevation in the serum uric
acid, urea and creatinine levels (Al-Eisa et al., 2018). In
contrast to the above-mentioned results, it was reported
that oral administration of aspartame at a dose of 50, 500
and 1000 mg/kg body wt. for six months in male Wistar
rats did not show any change in the levels of creatinine,
urea and uric acid from those of the control animals
(Abhilash et al.,, 2011). Histologically, it was reported that
oral administration of aspartame at low and high doses
for short- and long-term caused significant structural
changes indicated by convoluted tubular epithelium, pyk-
notic nuclei of the renal tubules, vacuolated cytoplasm
and atrophic glomeruli (El Haliem & Mohamed, 2011);
severe congestion of vessels in the cortex and medulla
(Adaramoye & Akanni, 2016); congestion in the sclerotic
blood vessels with swelling in the lining epithelial cells
of the renal tubules (Hozayen et al., 2014); degeneration
of renal capsules, proximal tubules, distal tubules and
congested cortical blood vessels (Abd El Wahab et al,,
2017); and hydropic degeneration of renal tubular epithe-
lial cells, interstitial cells infiltration, congested vacuolar
space with enlarged glomeruli and aggregation of inflam-
matory cells between renal tubules (Al-Eisa et al., 2018).

Garlic (Allium sativum) has been used as a traditional
food and in the medical field since ancient times. The
medical effects of garlic are mainly due to the organo-
sulfur compounds present in it (Banerjee et al., 2001;
Shirzad et al., 2011). Garlic plays an important role in
preventing lipid peroxidation by reactive oxygen spe-
cies, and oxidative stress induced damage in the bio-
logical system (Mikaili et al., 2013; Nasr & Saleh, 2014).
Treatment of rats with garlic had a potential protective
effect at low doses on the morphology of liver and kid-
ney (Banerjee et al,, 2001) and prevented free radicals
generation in these organs (Rietz et al.,, 1995). It was
demonstrated that garlic has antioxidant and protective
effects against toxic substances induced pathological
changes in the structure of rat liver and kidney (Nasr,
2014; Sajitha et al., 2016).
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Melatonin which is secreted by pineal gland during
night (Gamez-Moreno et al,, 2010) is a hormone which
acts as a strong antioxidant and anti-inflammatory agent
(Ambaldage et al., 2016). It protects liver and kidney from
oxidative stress induced by toxic elements (Amin et al.,
2015; Kireev et al., 2013). It was found that melatonin
has a protective effect against the toxicity of heavy met-
als which induced pathological changes in structure and
function of rat liver and kidney (El-Sayed et al., 2019).

Thymoquinone which is the main constituent of the
volatile oil isolated from Nigella sativa acts as antioxidant
preventing free radicals generation produced by the toxic
treatments in the biological system (Hossienzdeh et al,,
2007). It was reported that thymoquinone had a protec-
tive effect against toxic metals and chemicals induced
oxidative stress in the liver and kidney of rat (Badary
et al., 2003; El-Sayed et al., 2019; Nagi et al., 1999). Since
very studies were carried out on the protective effect of
garlic, melatonin and thymoquinone against the toxic-
ity of long-term intake of aspartame on the hepatore-
nal function and structure. So, the present study was
designed to evaluate the protective effects of garlic, mela-
tonin and thymoquinone against aspartame toxicity for
six months on the hepatorenal function and structure in
albino rats (Figs. 1, 2).

Methods

Chemicals

Chemicals used in this study were of analytical grade
supplied by Loba Chemie (India): aspartame (L-aspar-
tyl-L-phenylalanine methyl ester), garlic, melatonin
(N-acetyl-5-methoxytryplamine) and thymoquinone
(N-isopropyl-5-methyl-1,4-benzoquinone).

Animals

Eighty-four (42 male and 42 female) albino rats (Rattus
rattus) weigh approximately 160-180 gm (8—10 weeks
aged). The animals were obtained from the animal house,
Faculty of Medicine, Assuit University. The animals were
housed in stainless steel cages, six per each cage at room
temperature and acclimated to laboratory conditions two
weeks before experimentation, with 12-h light and 12-h
dark exposure. They were allowed to have food and water
ad libitum (standard rat food pellets).

Experimental design
After an acclimated period (two weeks), the rats of each
gender were divided into seven groups and were admin-
istrated the treatments orally for six months as follows:-
Group I. was kept as normal control and received
drinking water and food.
Group II: was given aspartame in dist. water at a dose
of 40 mg/kg body wt./day (CFR, 2005).
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Fig. 1 Photomicrographs of liver section from male and female

rats, respectively, of A control groups showing normal hepatocytes
arranged in hepatic cords (hc) with the presence of blood vessel (bv)
and bile canal (arrow) in portal area ( x 10 x 40); B rats from groups
treated with aspartame showing vasculitis (v) in hepatic blood
vessels with the presence of mixed thrombus and degeneration (t)
of endothelial cell lining blood vessel ( x 10 x 40); C rats from groups
treated with aspartame showing hepatic edema (e) with dilatation
of Disse spaces and activation of Kupffer cells (kc) (x 10 x 40);

D rats from groups treated with aspartame and garlic showing
hepatocellular degeneration (d) (x 10 x 40);  E rats from group
treated with aspartame and melatonin showing hepatic edema (e)
with dilatation of central vein (cv) and Disse space (x 10 x 40); F rats
from groups treated with aspartame and thymoquinone showing
congestion (c)in the portal area with inflammatory cell reaction
(arrow) (x 10 x 40); andG rats from groups treated with aspartame
and melatonin plus thymogquinone showing more or less normal
hepatic structure (x 10 x 10)

Group III: was given garlic in dist. water at a dose of
50 mg/kg/body wt./day (Shahdi-Pashaki et al., 2018).

Group 1V: was given aspartame plus garlic as above.

Group V: was given aspartame as above plus mela-
tonin in dist. water at a dose of 10 mg /kg body wt./day
(Othmen et al., 2004).
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Fig. 2 Photomicrographs of kidney section from male and female
rats, respectively, of A control male rat and B control rat showing
normal renal tubules (rt) and glomeruli (g); B rats from groups treated
with aspartame showing degeneration (d) of the glomerular tuft with
necrosis (n) of the renal tubular epithelial cells; C rats from groups
treated with aspartame and garlic showing interstitial edema (e)
in both cortex and medulla with perivascular inflammatory (i) cell
reactions; D rats from groups treated with aspartame and melatonin
showing more or less normal tubular and glomerular structure with
mild interstitial edema (e); E rats from groups treated with aspartame
and thymoquinone showing more or less normal tubular and
glomerular structure; and F rats from groups treated with aspartame
and melatonin plus thymoquinone showing normal histological
structure of renal glomeruli and tubules in the renal cortex (H&E)
(x10 x10)

Group VI: was given aspartame as above plus thymo-
quinone in dist. water at a dose of 10 mg/kg body wt./
day (Danaei & Karami, 2017).

Group VII: was given aspartame plus melatonin and
thymoquinone as above.

All groups were received the treatments morning,
except melatonin was given between 9.00 and 10.00 pm.

At the end of study (6 months), no changes in the
health of the animals were appeared. The rats were
deprived of food overnight and then were anesthetized
with light diethyl ether and scarified by decapitation,
and their blood was collected by cardiac puncture into
EDTA sterilized sample tubes. Blood was used immedi-
ately for preparing serum to analyze liver biomarkers;
glucose (Hyvarinen & Nikkila, 1962), albumin (Doumas
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& Bigg, 1976), total proteins (Henry, 1964), alkaline
phosphatase (ALP) (Prinxcipato et al., 1985), aspar-
tate transaminase (AST) (Reitman & Frankle, 1957),
ALT (Reitman & Frankle, 1957) and kidney biomark-
ers; urea (Patton & Crush, 1977) and creatinine (Henry
et al., 1974) using commercial kits (Diagnostic, Cairo,
Egypt), and the activities of liver and kidney biomarkers
were determined using spectrophotometer (UV 2300),
Germany.

Liver and kidney samples were collected and washed in
saline solution. Samples were fixed in 10% neutral buffer
formalin solution, routinely processed and embedded
in paraffin. Blocks were cut at 6-8uM thick, and paraf-
fin section was mounted on glass slides and stained with
hematoxylin and eosin (H&E) and examined by light
microscope.

Statistical analysis

All values were expressed as mean+SE. One-way
ANOVA (SPSS, version 22, 2013) was applied to test for
significance of biochemical data of different groups. Sig-
nificance is set at p<0.05, where is p > 0.05 was consid-
ered non statistically significant, p < 0.01 was considered
highly significant, while p > 0.0001 was considered very
highly significant in all analysis.

Results

Biochemical findings

Liver biomarkers

The serum levels of glucose, albumin and total proteins in
male rats exhibited a very highly significant (2<0.0001),
highly significant (P<0.01) and very highly significant
(P<0.004) increase in aspartame-treated rats relative to
that of control, respectively. In female rates, the serum
levels of glucose, albumin and total proteins exhibited a
very highly significant (P<0.002) very highly significant
(P<0.004) and very highly significant (P<0.001) increase
in aspartame-treated rats relative to that of control,
respectively (Tables 1, 2). The serum activities of ALP
and ALT showed a highly significant (P<0.01) elevation
in aspartame-treated group of both male and female rats
(Tables 1, 2) in comparison with control. Although non-
significant increase in the activity of AST level in male
rat was observed (Table 1), there was a highly significant
(P<0.04) increase in the activity of the same enzyme in
female rat treated with aspartame, compared with that of
the control (Table 2).

Kidney biomarkers

The serum levels of urea and creatinine exhib-
ited a very highly significant (P<0.0002; P<0.006)
increase in male and (P<0.006; P<0.0005) in female in
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Table 1 The impact of different treatments on the blood and hepatic parameters in male rats
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Parameter Control Aspartame Garlic Asp. + Garlic Asp.+ Mela Asp.+Thym  Asp.+ Mela. + thym
Glucose (mg/dl) 1307428 137 £3.46* 130+1.79" 1 1362434 135.848.06" 1334270 13024075
Albumin (mg/dl) 254027  343£025% 2464024 31640.26% 31740196 24+03" 264034

Total proteins (g/dl) 503+0.26 5640.37* 4884037 518+0325"  502+066" 49+04" 546+0.24*

ALP (U/L) 14754113 161.74£7.5* 153.8+3.19"  1433+816"  1463+828" 1414693 1408 +6.65"

AST 18254113 19254+666"  18516+£549"" 180841158  1853+603"  1792+86" 18067 +£10.9"

(U/L)

ALT (U/L) 19834129  32.1741.86* 20174113 2707+£496*" 210711474 1994132 26174349

The number of rats in each series was 6

#P>0.05 (Non-significant)

" P>0.05 (Significant difference with respect to control group)

*P>0.05 (Significant difference with respect to aspartame-treated group)

Table 2 The impact of different treatments on the blood and hepatic parameters in female rats

Parameter Control Aspartame Garlic Asp.+Garlic  Asp.+Mela Asp.+Thym Asp.+ Mela. 4 thym
Glucose (mg/dl) 12254931 132174479% 119345757 13584£949%  1481741206%" 13484665 13374388
Albumin (mg/dl) 277404 3474024% 2784039 30840.22% 3240217 2584012 26540217

Total proteins (g/dl) 514041 6.28+0.09* 524058 517+053" 533+071" 4954057 56+023*"

ALP (U/L) 107841468  14874+178* 11124126 1213+£175%  109.8+12.3" 108+6.84"" 1127473

AST (U/L) 9884426  104.17+44* 97.5+6.09" 102£7.07% 98.7 +4.55% 10034£3.08% 1012474%

ALT (U/L) 2317423 28 4+ 1.67% 23.17+£194* 274693 236743.14% 2633 £206*  23.17+£232*

The number of rats in each series was 6
# P>0.05(Non-significant)
" P>0.05 (Significant difference with respect to control group)

' P>0.05 (Significant difference with respect to aspartame-treated group)

Table 3 The impact of different treatments on the blood and kidney parameters in male rats

Parameter Control Aspartame Garlic Asp. + Garlic Asp.+ Mela Asp.+Thym Asp. + Mela. + thym
Urea (mg/dl) 26124158 3234138  2602+21% 2684137 2554525 27384242 2674262
Creatinine (mg/dl) 03540055 0554001% 03540054%  04840.17% 0.33£0.15%" 033+£0.12"  038+004"

The number of rats in each series was 6

# P>0.05 (Non-significant)

* P>0.05 (Significant difference with respect to control group)

T P>0.05 (Significant difference with respect to aspartame-treated group)

Table 4 The impact of different treatments on the blood and kidney parameters in female rats

Parameter Control Aspartame Garlic Asp. + Garlic Asp.+ Mela Asp.+Thym Asp. + Mela. + thym
Urea (mg/dl) 265424 30024124 2634266 27242017 245+4093" 2724193 2734151
Creatinine (mg/d) 0.5840.07 03940.12% 0584012 0554014 0624004 0534008" 0624004

The number of rats in each series was 6
# P>0.05 (Non-significant)
" P>0.05 (Significant difference with respect to control group)

* P>0.05 (Significant difference with respect to aspartame-treated group)
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aspartame-treated, respectively (Tables 3, 4) compared
with those of the control.

Antioxidants

Garlic, melatonin and thymoquinone and the combina-
tion of melatonin with thymoquinone (as antioxidants)
either removed the toxic effect of aspartame or restored
the levels of liver biomarkers in male and female rats
(Tables 1, 2), and kidney biomarkers in male and female
rats (Tables 3, 4) to the levels near or similar to those
of control groups compared with the aspartame-treated
groups. Although there was an increase and a decrease
in the levels of liver and kidney biomarkers in antioxi-
dants-treated groups related to the aspartame-treated
groups, no significant differences were found between
the antioxidants-treated groups and the normal control
groups (Tables 1, 2, 3, 4).

Histological findings

Liver

Hematoxylin and eosin liver stained sections from the
control rats (Plate 1A) showed normal hepatocytes
arranged in hepatic cords with the presence of central
blood vessel and bile canal in the portal area.

Rats treated with aspartame showed vasculitis and
degeneration of endothelial cell lining blood ves-
sels with the presence of mixed thrombus (Plate 1 B).
Hepatic edema with dilation of Disse space and activa-
tion of Kupffer cells were also seen (plate 1C).

Rats treated with aspartame combined with garlic
showed mild degeneration with mononuclear cell infil-
tration (Plate 1D).

Rats treated with aspartame and melatonin showed
hepatic edema (HE) with dilatation of the central vein
and Disse space (PlatelE).

Liver section from rats treated with aspartame com-
bined with thymoquinone showed congestion of the
blood vessel in the portal area with inflammatory cell
reaction (Plate 1F).

Liver sections from rats treated with aspartame com-
bined with melatonin and thymoquinone showed more
or less normal hepatic structure (Plate 1G).

Kidney
Hematoxylin and eosin stained kidney sections from
control rats showed normal renal medulla, renal cortex,
renal tubules and renal glomeruli (Plate 2A).

Kidney section from aspartame-treated rats showed
degeneration of glomerular tuft with necrosis of the
renal tubular epithelium (Plate 2B).
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Kidney section from aspartame combined with gar-
lic-treated rats showed interstitial edema with perivas-
cular inflammatory cell reaction (Plate 2C).

Kidney section from rats treated with aspartame
combined with melatonin showed more or less normal
glomerular structure with mild interstitial edema (Plate
2 D).

Kidney sections from rats treated with aspartame com-
bined with thymoquinone as well as those treated with
aspartame combined with both melatonin and thymoqui-
none showed more or less normal tubular and glomeru-
lar structures (Plate E, F).

Discussion

To our knowledge, studies concerning the ameliorative
or the protective effects of garlic, melatonin and thymo-
quinone on the long-term intake of aspartame toxicity
on the hepatorenal function and structure in the experi-
mental animals are very limited. So, the present study
was designed to highlight the protective effect of garlic,
melatonin and thymoquinone on the changes induced
by acceptable daily intake dose of aspartame (40 mg/kg/
day) to animals which was established by European food
Safety Authority and US Food and Drug Administration
(Magnuson et al., 2007), on both biochemical parameters
and histological structures of the liver and kidney of male
and female albino rats.

The results of the current study indicated a marked ele-
vation in the serum levels of glucose, albumin and total
proteins in aspartame-treated animals. It has been stated
that the increased levels of glucose and total proteins are
a useful marker for hepatic damage (Pagana & Pagana,
2002). In agreement with our results, Prokic et al. (2015)
demonstrated that aspartame caused an increase in the
levels of serum glucose and total proteins. Also, the
results of the current study revealed an elevation in the
serum levels of ALP, AST and ALT. It was indicated that
an elevation in the levels of these enzymes is an indi-
cation of hepatic cellular damage (Pagana & Pagana,
2002). These biochemical changes were supported by
the histological results in the current study which are
in agreement with the previous studies on the toxicity
of aspartame on the liver of albino rats (Soffiritti et al.,
2007; Abd Elfatath et al., 2012). The present histological
findings showed that liver sections from rats adminis-
trated with aspartame displayed vasculitis in the hepatic
blood vessels with the presence of mixed thrombosis and
degeneration of endothelial cell lining blood vessel in the
male and hepatic edema with dilatation of Disse spaces
and activation of Kupffer cells in female rats. Thus, the
increase in the levels of hepatic enzymes, glucose and
total proteins led to the disruption of membrane lipid
bilayer structure due to the presence of reactive oxygen
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species which were produced as a result of oxidative
stress leading to the release of these enzymes in detect-
able quantity from the cytosol to the blood stream. The
reactive oxygen species may lead to the oxidation of
the polyunsaturated fatty acid leading to the disruption
of the lipid bilayer of the hepatic plasma membranes
(Choudhary & Devi, 2014). So the present study confirms
that aspartame has a toxic effect on the hepatic function
and structure by inducing oxidative stress as a result of
methanol metabolites of aspartame that increase the gen-
eration of free radicals.

It has been documented that garlic, melatonin and thy-
mogquinone act as an antioxidants preventing lipid per-
oxidation and stress induced by the toxic elements and
chemical substances in the biological systems. They act
as free radical scavengers preventing the damage in the
liver and kidney function and structure against the tox-
icity exerted by various toxic chemicals and substances
(Sajitha et al., 2016; Kirrev et al., 2013; El-Sayed et al.,
2019). This seems to be the case in the present study,
since administration of garlic, melatonin and thymoqui-
none removed the toxic effects of aspartame on the liver
biomarker enzymes (serum glucose, total proteins, albu-
min, ALP, AST and ALT) in a way that these antioxidants
restored the levels of the liver biochemical parameters to
values similar or near to that of the normal control group
in rats. These findings were supported by the histologi-
cal findings that showed the liver sections of rats treated
with melatonin combined with thymoquinone appeared
histologically more or less normal. However, mild patho-
logical changes were observed in the liver sections of rats
treated with garlic and thymoquinone.

In the present study, oral administration of aspartame
for 6 months affected the kidney function in rats. This
effect was indicated by a significant increase in the serum
urea and creatinine levels. These findings are in agree-
ment with the study of Marielza et al., (2007) who stated
that aspartame nephrotoxicity is the major side effect of
aspartame.

It was stated that one of the early signs of renal dys-
function is the elevation in the serum creatinine (Nitescu
et al., 2006). In accordance with the above results, aspar-
tame induced a highly significant increase in the serum
levels of urea and creatinine (Parthasathry et al., 2006).
The elevated serum levels of urea and creatinine are a
sign of reduced ability of the kidney to eliminate the toxic
metabolic substances (Hummadi, 2012). It is known that
methanol is one of the aspartame metabolites which
is a toxicant caused renal dysfunction (Tsakiris et al.,
2006). So, the elevated serum levels of urea and creati-
nine in aspartame-treated rats could be due to increased
free radicals produced by methanol (metabolite of
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aspartame), and hence, it affects the normal functioning
of the kidney in rats.

In the present study, long-term administration of
aspartame induced histological changes in the kidney
structure of rats. These histopathological changes are
represented by degeneration of the glomerular tuft with
necrosis of the renal tubular epithelial in male rats and
degeneration in renal tubular epithelial cells, while the
glomeruli appear more or less normal in female rats.
These findings confirm the previous results (kidney bio-
markers). These histopathological changes induced by
aspartame, in the present study, are in accordance with
the study of Ashok and Sheeladevi (2015) who stated
that long-term (90) days) consumption of aspartame
caused histopathological changes in the rat kidney. In
agreement with the above results, Ibrahim and Hussein
(2014) reported that oral administration of aspartame for
8 weeks caused histopathological changes in the kidney
of rat.

The present study clearly confirms that aspartame
induced oxidative damage in the rat kidney since high
concentrations of serum urea and creatinine were
observed. Similar results have been stated that kidney
dysfunction may be due to aspartame administration
occurred via oxidative stress (Bilton, 2013). In the pre-
sent study, kidney dysfunction was due to toxic effect of
aspartame which was confirmed by the histopathological
changes induced by aspartame in the rat kidney struc-
ture. It was reported that the toxic effect of aspartame is
due to the methanol and aspartic acid as by-products of
aspartame metabolism (Butchko et al., 2002).

The kidney sections from rats treated with melatonin
combined with aspartame showed more or less normal
tubular and glomerular structure with mild intersti-
tial edema, while those treated with thymoquinone and
aspartame revealed more less normal tubular and glo-
merular structure. On the other hand, treating of rats
with aspartame combined with melatonin plus thymo-
quinone resulted in normal histological structure of renal
glomeruli and tubules in the renal cortex, and normal
tubules in the renal medulla. However, administration of
aspartame combined with garlic did not remove the toxic
effects of aspartame on kidney structure, since interstitial
edema in both cortex and medulla in the male rat kidney
and interstitial edema with perivascular inflammatory
reaction in the female rat kidney were observed. Here,
we can speculated that melatonin combined with thymo-
quinone has the potential to offer direct cytoprotective
effects in the rat kidney, even any oxidative stress exerted
by aspartame than that of garlic.
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Conclusions

In conclusion, the present study indicates that long-
term (6 months) administration of aspartame at a dose
of 40 mg/kg body wt. caused histopathological changes
in the structure of rat liver and kidney and consequently
affects their functions. These pathological changes may
be due to the oxidative stress induced by aspartame
leading to generation of free radicals as a result of the
by-product (methanol and aspartic acid) of aspartame
metabolism and oxidative stress. The present study also
highlights the antioxidant effects of garlic, melatonin and
thymoquinone against oxidative damage of rat hepato-
renal function and structure treated with aspartame. It
should be noted that the differences in the histopatho-
logical changes between male and female rats were not
significant. The antioxidant actions of melatonin and
thymoquinone were more potent than that of garlic in
restoring normal structure and function of liver and kid-
ney in the studied animals.
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