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Abstract: Both aspartame (ASP) and monosodium glutamate (MSG) are added to many food stuffs, hence any
meal may contain both of them, so their harmful effects should be studied together. Evidences of ASP
nephrotoxic effect have increased; however, little information is available about nephrotoxicity of MSG. This
study assessed the nephrotoxic effects of ASP & MSG administered either individually or in-combination. Forty
eight male adult albino rats were divided into eight equal groups: negative control; positive control; ASP-
treated; MSG-treated; “ASP&MSG -treated; ASP-recovery; MSG-recovery and “ASP&MSG “-recovery. A
single daily dose of ASP (250mg/kg) and MSG (4g/kg) were given orally according to the study regimen. The
present study documented nephrotoxic effects of ASP and MSG evidenced by a significant increase in serum
urea, creatinine and tissue malondialdehyde levels; a significant decrease in tissue reduced glutathione level;
and renal structural damages detected in all treated groups. The worst findings were detected in “ASP+MSG -
treated group. Partial improvement in the renal histopathological and biochemical results was detected in all
recovery groups.
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I. Introduction

Artificial sweeteners are food additives that give sweet taste without increasing caloric intake [1].
Aspartame (L-aspartyl-L-phenylalanine methyl ester) is one of the main artificial substances that replace
glucose/fructose sugar [2].

Aspartame (ASP) is rapidly metabolized after ingestion producing three components, namely
phenylalanine, methanol and aspartic acid. The major metabolite responsible for the harmful effects of ASP is
methanol which is converted into formaldehyde and then to formic acid [3].

Evidences of ASP nephrotoxic effect have increased. Several studies demonstrated that consumption
of ASP had led to a dose-dependent increased production of free radicals in renal tissues as well as kidney
injury; nevertheless it is difficult to make a definitive conclusion regarding nephrotoxic effect of ASP [1].

Monosodium glutamate (MSG) is a food additive that present in packaged foods and may be hidden on
the label [4]. MSG is the sodium salt of glutamic acid, it intensifies the savory relish in foods [5].

Monosodium glutamate is a toxic substance to human and experimental animals. Its ingestion can lead
to asthma, urticaria, atopic dermatitis, ventricular arrhythmia, neuropathy and abdominal discomfort [4].

Various studies stated that MSG exerts its harmful effects by the induction of oxidative stress in
different tissues of experimental animals after chronic administration. However, little information is available
about the harmful effects of MSG on kidney functions [6].

Indeed both ASP and MSG are added to many food stuffs all over the world by the food industries to
enhance palatability of food or many other reasons, so any food meal may contain both ASP and MSG, hence
the harmful effects of the consumption of these food additives should be studied together.

Il. Aim Of The Work
The present work was performed to assess the nephrotoxic effects of two food additives [Aspartame (ASP) and
monosodium glutamate (MSG)] administered either individually or in combination in adult Wistar albino rats.
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I11. Material And Methods
3.1. Chemicals:
Aspartame powder of purity > 99% was purchased from Sigma-Aldrich, Inc. (3050 Spruce Street,
Saint Louis, MO 63103, USA), CAS Number: 22839-47-0. Monosodium glutamate (MSG) powder of purity >
99% was purchased from Sigma-Aldrich, Inc. (3050 Spruce Street, Saint Louis, MO 63103, USA), CAS
Number: 142-47-2. Distilled water was purchased from Misr Chemical Industries Co, Cairo, Egypt. All other
used chemical reagents were of analytical grades and were freshly prepared before each experiment.

3.2. Animals:

Forty eight male adult Wistar albino rats brought from Experimental Animal Breeding Farm, Helwan-
Cairo, weighing between 180-200 g, at the beginning of the study were acclimatized for one week (6/cage) in a
fully ventilated room at Department of Pharmacology, Faculty of Medicine, Benha University. Rats were
allowed free access to balanced diet and distilled water. All experimental protocols were approved by the Local
Ethical Committee of Faculty of Medicine, Benha University.

3.3. Dosage regimen and vehicle:
Aspartame powder was dissolved in distilled water resulting in a suspension of 50mg/ml, and it was
given as a single dose (250mg/kg body weight/day), orally via appropriate gastric gavage, according to [7].
Monosodium glutamate powder was dissolved in distilled water resulting in a solution of 0.8g/ml, and
it was given as a single dose (4g/kg body weight/day), orally via appropriate gastric gavage, according to [8].

3.4. Experimental design:

Rats were divided into eight equal groups (six each):

Group | (negative control): left without intervention to measure the basic parameters; they were allowed to free
access to balanced diet and distilled water for the end of the experiment.

Group 11 (positive control): treated with 1ml of distilled water (solvent) as a single dose, by gastric gavage for
2 months.

Group 111 (ASP-treated): treated with aspartame (250 mg/kg/day) dissolved in distilled water as a single dose,
by gastric gavage for 2 months [7].

Group 1V (MSG-treated): treated with monosodium glutamate (4 g/kg/day) dissolved in in distilled water as a
single dose, by gastric gavage for 2 months [8].

Group V (“ASP & MSG”-treated): treated with both ASP and MSG with the same doses, routes and period as
mentioned before in groups “II & II1”.

Group VI (ASP-recovery): treated with ASP as in group Il, but they were left for one month after stopping
treatment to recover before they were sacrificed.

Group VII (MSG-recovery): treated with MSG as in group I11, but they were left for one month after stopping
treatment to recover before they were sacrificed.

Group VIII (“ASP & MSG”-recovery): treated with both ASP and MSG as in group IV, but they were left for
one month after stopping treatment to recover before they were sacrificed.

3.5. Sample preparation:

At the end of the experiment, rats were scarified under ether anesthesia by decapitation after being
fasted; blood samples were collected from abdominal aorta in clean and dry centrifuge tubes, which were left
for 15 minutes to clot, and then centrifuged at 2500 rpm for 20 min using centrifuge 5418R (Eppendorf,
Ontario, Canada) to separate the serum, then it was stored at -20 C° for biochemical analysis.

Both kidneys were quickly removed, washed with ice cold physiological saline; part of each kidney
was rapidly frozen at -80 C° until analyzed, then homogenized in 10 ml ice-cold phosphate buffer (50 mM, pH
7.4, 0.1% triton and 0.5 mM EDTA), this homogenate was centrifuged at 3000 g for 15min at 4°C using a high
speed cooling centrifuge (Type 3K-30, Sigma, Osterode-am-Harz, Germany) and the resulting clear supernatant
was used for biochemical analysis. The other parts were preserved in 10% formalin for histopathological
examination.

3.6. Studied parameters:

3.6.1, Renal functions:

=  Serum creatinine was determined by Jaffé. Colorimetric - kinetic method, using the commercial kit of
Spinreact Creatinie-J with spinlab (Spinreact Company), Spain [9].

= Serum urea was determined spectrophotometrically using the commercial kit of Spinreact Urea-37 with
spinlab (Spinreact Company), Spain, according to [9].
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3.6.2. Malondialdehyde (MDA) level in renal tissues:
= Malondialdehyde concentration in renal tissue homogenate was determined spectrophotometerically using
the method described by [10].

3.6. 3. Reduced glutathione (GSH) level in renal tissues:
» Reduced glutathione level in renal tissue homogenate was measured spectrophotometerically as described
by [11].

3.6.4. Histopathological evaluation of the kidney:

= Both kidneys were removed and the upper 1/3 of each kidney was put into a buffered 10% formalin
fixation solution and processed with paraffin wax for histopathological examination.

= Sections (5um) were cut, and stained with conventional hematoxylin and eosin (H&E) stain [12].

3.6.5. Statistical analysis:

The collected data were analyzed using SPSS version 21 software (Spss Inc, ILL Company, Chicago, USA).
Continuous data were expressed as mean + standard deviation. Differences between the studied groups were
tested by using ANOVA (F) test and Kruskal-Wallis (KW) test. The accepted level of significance in this work
was stated at 0.05 [13].

V. Results
4.1. Biochemical results:
4.1.1. Renal functions:

The present study showed a highly significant (p <0.001) increase in serum urea & creatinine levels
recorded in ASP-treated, MSG-treated & “ASP + MSG”-treated groups as compared to control groups; the
highest values of urea & creatinine were recorded in “ASP + MSG”-treated group. Furthermore, the values of
urea & creatinine were improved in ASP-recovery & MSG-recovery groups with an insignificant statistical
difference against control groups, but the difference between the results of “ASP + MSG”-recovery group and
control groups was statistically significant, as illustrated in table 1 and fig. 1 & 2.

4.1.2. Oxidative stress indices:

The present study showed a highly significant (p <0.001) increase in renal tissue malondialdehyde
(MDA) levels recorded in ASP-treated, MSG-treated & “ASP + MSG”-treated groups as compared to control
groups, the highest value of MDA was recorded in “ASP + MSG”-treated group. Furthermore, the values of
MDA were improved in ASP-recovery & MSG-recovery groups with an insignificant statistical difference
against control groups, but the difference between the results of “ASP + MSG”-recovery group and control
groups was statistically significant, as showed in table 1 and fig. 3.

The present study showed a highly significant (p <0.001) decrease in renal tissue reduced glutathione
(GSH) levels recorded in ASP-treated, MSG-treated & “ASP + MSG”-treated groups as compared to control
groups; the lowest value of GSH was recorded in “ASP + MSG”-treated group. Furthermore, the values of GSH
were improved in ASP-recovery & MSG-recovery groups with an insignificant statistical difference against
control groups, but the difference between the results of “ASP + MSG”-recovery group and control groups was
statistically significant, as illustrated in table 1 and fig. 4.

4.2. Histopathological results:

In control groups, the normal histological picture of renal corpuscles and tubules were recorded: renal
corpuscles contained normal glomerular tuft & normal urinary space, with normal proximal and distal
convoluted tubules, as showed in fig. 5.

In ASP-treated group, the renal glomeruli were disfigured and the renal tubules showed vacuolar
degeneration, while in ASP-recovery group, the glomeruli retained normal lobulation with improvement of
vacuolar degeneration of renal tubular epithelium, some tubules showed only some cloudy swelling in their
lining, as illustrated in fig. 6 (A & B).

In MSG-treated group, glomerular degeneration in the form of increased number of mesangial cells
with renal tubular atrophy, tubular casts and mononuclear cell infiltrate of the kidney stroma were detected,
while in MSG-recovery group, the renal glomeruli retained their normal lobulation but the lining epithelium of
few renal tubules showed vacuolar degeneration, as showed in fig. 7 (A, B & C).

In “ASP + MSG”- treated group, the worst histopathological results were detected in the form of renal
tubular epithelial atrophy, disfigured glomeruli, with mesangial proliferation, while in “ASP + MSG”-recovery
group, The glomeruli retained their normal lobulation but renal tubular epithelium showed cloudy swelling, as
illustrated in fig. 8 (A & B).
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Table (1): Distribution of the study groups according to the mean values of urea, creatinine, malondialdehyde
(MDA) and reduced glutathione (GSH):

Group R
C © ASP + R R
VE +VE ASP MSG MSG ASP MSG ASP+ Test P value
MSG
Parameter

Mean 27.0 2717 53.83 62.17 85.0 28.0 30.17 38.83 KW= <0.001
+SD +5.66 +5.08 +3.65 +3.19 +4.47 +2.45 +3.19 +4.26 38.25 ok
Range 20-35 20-35 50-60 58-65 80-90 25-30 25-35 28-36
Creatinine il ** il n n *
Mean 0.60 0.59 1.07 1.13 1.56 0.63 0.65 0.75 KW=39 <0.001
+SD +0.06 +0.05 +0.14 +0.13 +0.18 +0.06 +0.05 +0.09 75 ok
Range 0.54- 0.52- 0.89-1.2 0.98- 1.3-1.8 0.58- 0.57- 0.65-0.88

0.70 0.67 1.3 0.70 0.70
Mean 515 51.0 68.33 74.0 93.83 51.83 53.0 57.83 F test= <0.001
+SD +4.85 +4.0 +2.88 +3.1 +5.31 +5.34 +2.28 +7.22 65.06 ok
Range 45-59 45-56 65-72 68-77 | 88-100 43-58 50-56 50-70
Mean 45.17 44.83 35.67 31.67 195 42.67 42.0 43.17 E test <0.001
+SD +0.75 +0.75 +1.75 +1.63 +1.38 +1.37 +1.41 +2.48 =189.27 ok
Range 44-46 44-46 33-38 30-34 18-21 41-45 40-44 39-46

**. highly significant; *: significant; ~: non-significant (as compared to control groups); £SD: standard
deviation; KW: Kruskal-Wallis test; F test: ANOVA; C -VE: negative control group; C +VE: positive control
group; ASP: aspartame-treated group; MSG: monosodium glutamate-treated group; ASP + MSG: “aspartame
+ monosodium glutamate”-treated group; R ASP: aspartame-recovery group; R MSG: monosodium glutamate-
recovery group; R ASP + MSG: “aspartame + monosodium glutamate”- recovery group.
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Fig. (1): Bar chart showing comparison between the studied groups regarding the mean of blood urea
levels.
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Fig. (2): Bar chart showing comparison between the studied groups regarding the mean of serum
creatinine levels.
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Fig. (3): Line chart showing comparison between the studied groups regarding the mean of
malondialdehyde (MDA) levels in renal tissue.
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Fig. (4): Line chart showing comparison between the studied groups regarding the mean of reduced
glutathione (GSH) levels in renal tissue.
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Fig. (5): A photomicrraph of kidney section of a rat from a control groushowing normal histological

structure: renal corpuscles contain normal glomerular tuft & normal urinary space, proximal convoluted tubules,
and, distal convoluted tubules (H&E, x200).

Fig. (6A): A photomicrograph of kidney section of a rat from ASP-treated group: The glomeruli are disfigured
and the tubules show vacuolar degeneration (H&E, x200).

Fig. (6B): A photomicrograph of kidney section of a rat from ASP-recovery group: The glomeruli retained
normal lobulation with improvement of vacuolar degeneration of renal tubular epithelium; some tubules show
only some cloudy swelling in their lining (black arrow) (H&E, x200).

4 - i < b > - & : . T~
Fig. (7A): A photomicrograph of kidney section of a rat from MSG-treated group showing renal tubular atrophy
and glomerular degeneration in the form of increased number of mesangial cells (H&E, x200).

Fig. (7B): A magnification of the previous photomicrograph showing renal tubular atrophy, tubular casts and
mononuclear cell infiltrate of the stroma (H&E, x400).

Fig. (7C): A photomicrograph of kidney section of a rat from MSG-recovery group: The glomeruli retained
their normal lobulation while the lining epithelium of few renal tubules still shows vacuolar degeneration (black
arrow) (H&E, x200).
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Fig. (8A): A photomicrograph of kidney section of a rat from (ASP+MSG)-treated group showing renal tubular
epithelial atrophy, some glomeruli are disfigured (black arrow), and others show mesangial proliferation
(yellow arrow) (H&E, x200).
Fig. (8B): A photomicrograph of kidney section of a rat from (ASP+MSG)-recovery group: The glomeruli
retained their normal lobulation while renal tubular epithelium show cloudy swelling (H&E, x200).

V. Discussion

Aspartame (ASP) - a low-calorie artificial sweetener - found in about 6000 products, such as
carbonated soft drinks, hot chocolate, chewing gums, candies and many other dietary products can result in
toxic effects in animal models [14].

Monosodium glutamate (MSG) -a food flavor enhancer- is used worldwide in the food industry; its
utilization has been linked with many toxic metabolic effects in many tissues such as the liver, kidney, and brain
[15].

The present study showed a highly significant increase in urea and creatinine serum levels recorded in
ASP-treated, MSG-treated and “ASP+MSG”-treated groups as compared to control groups, with the highest
values of serum urea and creatinine were recorded in “ASP+MSG”-treated group.

Several previous studies have linked ASP to deleterious nephrotoxic effects; [16] revealed that ASP
administered orally (0.25 g/L, in drinking water, daily for 60 days) in adult albino rats resulted in significantly
increased serum urea and creatinine levels compared to controls. [17] Found that ASP given orally to a rat
model (500 mg/kg body weight for 42 days), significantly increased serum urea and creatinine levels, as
compared to control group. Also [18] concluded that female rats treated daily with ASP at a dose of either 50 or
150 mg/rat/day, orally for six months resulted in a significant increase in the levels of serum urea and creatinine
as compared to the control group.

However, [19] stated that ASP may prevent the nephrotoxicity induced by ochratoxin A “a mycotoXin
produced by Aspergillus ochraceus and Penicillium verrucosum” in experimental animals. The mechanism of
this protection is due to the fact that ASP is a structural analogue of ochratoxin A.

On the other hand, [1] stated that ASP-induced renal adverse effects in human have not been evaluated.
There are only some conflicting studies that relate between artificially sweetened soda and the occurrence of
chronic renal disorders. Previously, [20] concluded that the safety of ASP has been controversial, as ASP
administration at doses of 30 to 77 mg/kg/day over 13 weeks in human showed no significant impact on renal or
hepatic function.

[21] Concluded that MSG given orally at a dose of 4 g/kg to adult female Wistar rats for six months,
resulted in a significant increase in renal function markers (urea, uric acid, and creatinine), indicated that MSG
produced functional disorders in the kidney. [22] Found that MSG resulted in toxic renal biochemical effects
(significant increased urea and creatinine levels) at a low dose (5mg/kg) given orally to adult albino rats for 28
days.

[23] Reported that serum urea and serum creatinine were significantly increased in adult albino rats
treated with MSG at doses of 0.6 and 1.6 mg/g body weight for 14 days, as a result of MSG-induced oxidative
stress in renal tissues.

After 16 weeks of MSG treatment at a dose of 4.25 g/kg orally to adult albino rats [24] recorded a
decrease in urine exertion of creatinine as a result of renal pathological effects and induced oxidative stress in
renal tissues.

[25] Found that treatment of adult mice with both MSG and ASP resulted in a significant neuronal
damage due to the synergistic effects of MSG and ASP with the influence and accumulative actions of their
individual use.

The present study showed a highly significant increase in renal tissue malondialdehyde (MDA) levels,
and a highly significant decrease in renal tissue reduced glutathione (GSH) levels recorded in ASP-treated,
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MSG-treated and ASP+MSG-treated groups as compared to control groups, with the highest values of MDA
and the lowest value of GSH were recorded in ASP+MSG-treated group.

[26] Found that rats treated with ASP at a dose of 50 mg/kg for 30 and 60 days, showed a significant
increase in MDA level associated with a significant reduction in GSH levels in renal tissues, indicating that that
ASP intake induced oxidative stress and affected the antioxidant defense system in renal tissues.

[27] Showed that daily intake of ASP at a dose of 40 mg/kg body weight for six weeks resulted in
oxidative stress in the kidney tissue with a significant increase in hydrogen peroxide, lipid hydroperoxides and
carbonyl protein levels, as well as, a significant decrease in GSH and glutathione peroxidase activities as
compared to control rats.

Also [10] concluded that ASP given orally to albino rats at a dose of 40 mg/kg body weight for six
weeks resulted in an oxidative stress in the liver and kidney [a significant increase in MDA levels and a
significant decrease in GSH levels].

Aspartame is metabolized into 50% phenylalanine, 40% aspartic acid and 10% methanol. Most of
phenylalanine is integrated into the amino acids pool for protein biosynthesis. Aspartic acid is further
metabolized to carbon dioxide and excreted through the lungs. Meanwhile methanol is oxidized to
formaldehyde then to formic acid with liberation of hydrogen peroxide and superoxide anion (oxidative stress)
leading to degradation of cell membranes (lipid peroxidation) and cell injury [26] and [28].

Lipid peroxidation (LPO) is an auto catalytic process resulted in oxidative destruction of cellular
membrane and reduction of membrane fluidity which is essential for cell functions. It is started by the removal
of a hydrogen atom from the polyunsaturated fatty acids in the cell membrane, with its degradation to form a
wide variety of byproducts particularly MDA [28] and [29].

The decreased level of GSH is due to the increased LPO [superoxide and hydrogen peroxide free
radicals] following ASP intake. Considering that GSH and GSH-dependent enzymes (glutathione peroxidase &
glutathione reductase) have vital roles in detoxification of electrophilic xenobiotics and in maintaining the
antioxidant status [30] and [31].

[32] Concluded that MSG-induced nephrotoxic biochemical effects may be attributed to the formation
of reactive oxygen species (ROS) in renal tissues, including the increased lipid peroxidation byproducts such as
MDA and decreased activities of superoxide dismutase and GSH.

[33] Found that MSG given to adult albino rats orally for 30 days at a dose of either 6, 17.5 or 60
mg/kg body weight resulted in an increase in lipid peroxidation (MDA levels) as well as a significant decrease
in antioxidants (Glutathione peroxidase) in testis tissues.

[34] In their study on adult male Wistar rats treated with MSG orally at a dose of 4g/kg body weight
for ten days showed a significant increase in oxidative stress indices, as a result of increase renal uptake of
glutamate (a gluconeogenic precursor that increases glucose concentration). This may be explained by the fact
that hyperglycemia results in oxidative stress and free radicals formation in the kidney [35].

[36]; [37]; [38] Confirmed that glutamate -a byproduct from MSG metabolism- can lead to oxidative
stress state (production of superoxide and hydrogen peroxide) in renal or other body tissues through (1)
increased activity of a-Ketoglutarate dehydrogenase (a- KGDH) which increases ROS formation, (2) glutamate
itself can enter the Krebs cycle and modifies the redox state of the cell, (3) additionally, glutamate can increase
the intracellular calcium levels through glutamate receptors resulted in lipid peroxidation and free radicals
formation.

[39] Observed a synergistic effect in mice group treated with both MSG and ASP as evidenced by a
significant oxidative stress indices (increased lipid peroxides and decreased GSH levels), as compared to the
other studied groups.

As regard the histopathological findings; the renal glomeruli were disfigured and the renal tubules
showed vacuolar degeneration in ASP-treated group; glomerular degeneration, tubular casts and mononuclear
cell infiltrate of the renal stroma were detected in MSG-treated group, while in “ASP+MSG”-treated group, the
worst histopathological results were detected in the form of renal tubular epithelial atrophy, disfigured
glomeruli, with mesangial proliferation. There was some improvement in renal histopathology in all recovery
groups especially in ASP-recovery and MSG-recovery groups.

[18] Hlustrated structural changes in the renal tubules and the Malpighian corpuscles of ASP-treated
rats; tubules were disrupted, their walls were fragmented and the epithelium was degenerated with scattered
tubular necrosis. These degenerative changes could be related to the toxic effects of ASP metabolites on the
cellular proteins.

[40] In their study on ASP-treated rats showed severe glomerular damages, including loss of normal
architecture and decrease in normal sizes. They attributed these histopathological changes to the metabolic
sequence of methanol-formaldehyde—formic acid, with synergistic damage by free radicals.

[7] In their study on ASP-treated rats found structural damage in both renal glomeruli and renal tubules
with loss of the brush border of proximal convoluted tubular epithelium, and widening of their lumens.
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[24] and [41] found similar morphological alterations in MSG-treated rats in both renal glomeruli
[focal degeneration and infiltration of inflammatory cells] and renal tubules [focal atrophy with loss of the brush
border and cellular desquamation], as a consequence of oxidative stress and inflammatory reactivity.

[42] in their study on adult Wistar male rats treated with MSG showed hydropic degenerative changes
and necrosis in the kidney, either in renal glomeruli or in the convoluted tubules, which were parallel with the
lipid peroxidation products levels.

The present work found that the values of serum urea and creatinine and the values of MDA and GSH,
as well as the histopathological findings were improved to some extent in recovery groups, as an insignificant
statistical difference was found in ASP-recovery and MSG-recovery groups against control groups, but the
difference between the results of “ASP+MSG”-recovery group and control groups was statistically significant
[as regard the studied biochemical & the oxidative stress indices].

[43] In a study on adult albino rats treated with ASP orally at a dose of 250mg/kg daily for three
months, followed by one month of stoppage, found that ASP resulted in toxic effects on the structure of sciatic
nerve and that one month of ASP cessation was not sufficient to obtain complete recovery (only partial
amelioration was detected in the recovery group).

VI. Conclusion:

The present study documented nephrotoxic effects of ASP and MSG administered either individually or in

combination in adult Wistar albino rats, with the worst effects were detected in “ASP+MSG”-treated group, and

these effects were improved to some extent in recovery groups, as evidenced by:

1. A highly significant increase in urea and creatinine serum levels in all treated groups as compared to
control groups, with the highest values were recorded in “ASP+MSG”-treated group.

2. A highly significant increase in renal tissue MDA levels, and a highly significant decrease in renal tissue
GSH levels recorded in all treated groups as compared to control groups, with the highest values of MDA
as well as the lowest value of GSH were recorded in “ASP+MSG”-treated group.

3. The renal structural damages detected in all treated groups, with the worst histopathological findings were
detected in “ASP+MSG”-treated group.

4. Partial improvement in the renal histopathological and biochemical results in all recovery groups.

VIl. Recommendations:
1- Performing several clinical trials on nephrotoxic effects of ASP & MSG on humans, as clinical data is lacking.

2- In general, food consumers should put in mind the potential nephrotoxic effects of ASP & MSG; thereby they

should consume only minimal amounts of them as possible as they can.
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