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ABSTRACT The present study was aimed to investigate the effects of repeated oral administration of aspartame (in a 
daily acceptable dose 40mg/kg body weight) for 2, 4 and 6 weeks on oxidative stress and inflammation 

in brain tissue of  rats . For this purpose, thirty six healthy adult wistar albino rats were divided into two groups; Group 
1 (control group), Group 2 (aspartame group ): consisted of 18 animals were subdivided into three subgroups  (6 per 
each) ; subgroup A, subgroup B and subgroupC, orally administrated aspartame  (40mg/kg body weight) daily  for 2,4 
and 6 weeks ,respectively. Results showed that daily aspartame administration in a dose (40mg/kg body weight  daily)  
for  4 and 6 weeks induced  oxidative stress in rat's brain which was indicated by the significant increment in protein 
carbonyl content  in association with  significant decrease in reduced glutathione concentration (p<0.05). Also, there 
was a significant  increase in  brain  interleukin-1 IL-1β (IL-1β) and tumor necrosis factor-α (TNF-α) production which 
accompanied with a  significant  decrease  in brain-derived neurotrophic  factor (BNDF) and serotonin levels  in aspar-
tame –treated rats for 6 weeks compared to 4 and  2 weeks intervals and their corresponding control rats (p <0.05). 
Acetyl choline esterase (AchE) activity was significantly decreased which accompanied by a significant increase in acetyl 
choline (Ach) concentration in brain homogenates in aspartame administrated groups for 4 and 6 weeks.  It was con-
cluded that   repeated oral administration of aspartame induce neurotoxicity which progress with increasing cumulative 
doses of aspartame.

Introduction:
Aspartame (Asp; L-aspartyl-L-phenylalanine methyl ester) is 
one of the most widely used artificial sweeteners in over 90 
countries worldwide (Magnuson et al.,2007). It is found in 
6000 products including soft drinks, chewing gum, candy, 
yoghurt, tabletop sweeteners and some pharmaceuticals 
such as vitamins and sugar-free cough drops (Soffritti et 
al.,2006). A recent observation indicated that aspartame is 
slowly making its way into ordinary products used every day, 
which do not carry any indication of   being for people on 
diets or diabetics. Thus, aspartame is used not only by the 
above   mentioned group of people, but also by unsuspect-
ing individuals (Humphries et al.,2008).

Aspartame is rapidly absorbed and metabolized by intes-
tinal esterase and dipeptidase to aspartic, phenyl alanine 
and methanol (Mourad and Noor,2011). Phenylalanine 
plays an important role in neurotransmitter regulation, 
whereas aspartic acid is also thought to play a role as an 
excitatory neurotransmitter in the central nervous system. 
Glutamate, asparagines and glutamine are formed from 
their precursor, aspartic acid. Methanol, which forms 10% 
of the broken down product, is converted in the body to 
formate, which can either be excreted or can give rise to 
formaldehyde (Humphries et al.,2008). Ingestion of as-
partame eventually results in weight gain because formal-
dehyde stores in the fat cells, particularly in the hips and 
thighs; Therefore, aspartame is believed to cause problem 
in diabetic control (Mehl-Madron, 2005). Also, aspartame 
acts as a chemical stressor because of increased genera-
tion of free radicals in serum which may be the reason for 
variation of cytokine level and results in alteration of im-
mune function. Aspartame metabolites as methanol or 
formaldehyde may be the causative factors behind the 
changes observed (Choudharyand Devi, 2015).

Moreover, many studies   proposed that excessive aspar-
tame ingestion might be involved in the pathogenesis of 
certain mental disorders and also in compromised learn-

ing and emotional functioning (Humphrise et al., 2008). 
In addition, long –term consumption of aspartame alters 
the balance in the antioxidant/pro-oxidant status in brain 
(Abhilash et al., 2013). Therefore, the present study was 
undertaken to investigate the biochemical changes in brain 
after oral aspartame administration   for a duration of  2, 
4and 6 weeks.

Materials and Methods
Animals:
Thirty six adult male Wistar strain albino rats body weight 
200g ±5g were purchased from Breeding Unit of Medical 
Research center (Faculty of   Medicine, Ain Shams Univer-
sity). The rats   were   housed in steel cages under con-
trolled condition of   temperature 25°C ± 5°C humidity 
50%±10%, and acclimatized to 12 hr light/dark. The ex-
perimental   period was 6 weeks on which food and water   
were provide   ad libitum. Animal    experiment   was con-
ducted according to the guidelines of institutional animal 
ethical committee.

Diet: Balanced diet was based on AIN-93 recommenda-
tions as described by    Reeves et al.(1993)

Chemicals:
Pure aspartame powder was purchased from ADWIA Co., 
Cairo, Egypt. Aspartame was dissolved in distilled water 
immediately before administration. Ach, AchE and BNDF 
enzyme immunoassay kits were purchased from WKEA Co, 
USA. Reduced glutathione (GSH), α (TNF-α) and (IL-1β) en-
zyme immunoassay kits were purchased from IBL Co., Ltd 
Japan. Protein carbonyl colorimetric assay kits were pur-
chased from CAYMAN chemicals, USA. Serotonin enzyme 
immunoassay kits were purchased from ABNOVA, USA.

Experimental design:
The animals were divided into: Group 1 (control group): 
consisted of 18 animals, Group 2 (aspartame group: con-
sisted of 18 animals were subdivided into three subgroups: 
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• subgroup A : consisted of 6 animals fed on  balanced 
diet  and orally    administrated  a daily dose of  as-
partame  (40mg/kg body weight) by intragastric tube

• subgroup B: consisted of 6 animals fed on balanced diet 
and orally administrated   a daily dose of  aspartame  
for 4 weeks .

• Subgroup C :  consisted of 6 animals fed on  balanced 
diet  and orally administrated a daily dose of  aspar-
tame  for 6 weeks .

6 animals of each experimental subgroup and 6 animals 
of control group were scarified by cervical dislocation after 
2, 4 and 6 weeks successively. Brain tissue were removed, 
then washed with cold saline (0.9% Na Cl), and stored at 
−80°C for biochemical analyses.                                                                                                 

Tissue preparation:                                                  
For  the determination of  BNDF, (TNF-α) , and (IL-1β), the 
brain samples were homogenized with 0.1M phosphate 
buffer saline at pH 7.4, to give a final concentration of 
10% W/V. Brain homogenate samples were centrifuged at 
4000 rpm for 15 min at 4°C. Supernatant was collected   
and stored at −80°C until assay of biomarkers. For the de-
termination of monoamine neurotransmitters, frozen sam-
ples were homogenized in cold 0.1N perchloric acid. For 
determination of protein carbonyl and GSH, brain samples 
were homogenized with in ice-cold 50 mM Tris (pH 7.4)                                                                                                                        

Biochemical assays:
Protein carbonyl content was analyzed in brain homogenate 
by 2,4-dinitrophenylhydrazine (DNPH) method as described 
by Levine et al.(1990 ). 5-hydroxytrypatmine concentrations 
were analyzed by ultra-sensitive immunoassay according to 
method described by Curzon and Green (1970). The brain 
homogenate was then evaluated for AchE activity and Ach 
level using the methods of Den Blaauwen et al. (1983), 
and Oswald et al. (2008), respectively. Also, BDNF, , TNF-α 
and  IL-1β were measured by various commercially avail-
able rat enzyme-linked immunosorbent assay kits according 
to Rios et al. (2001), Beutler et al. (1985) and Grassi et 
al. (1991), respectively. Brain GSH concentration was deter-
mined according to Pastore et al. (2001) 

Statistical Analysis:
The data were presented as means ±SD. One way analysis 
of variance (ANOVA) followed by post- hoc least tukey for 
multiple comparisons. Significant difference analysis (LSD) 
at (p< 0.05) was performed using the statistical package 
for social science (SPSS) version 9 to compare all treated 
groups. Differences were considered to be significant when 
(p<0.05).

Results:
The results of the current study demonstrated that   oral 
aspartame administration in a daily dose of 40mg/kg body 
weight daily induced a pathological  changes in brain 
chemistry. These changes were gradual and progressive 
throughout   three experimental intervals 2, 4 and 6 weeks.

Table (1):  Effect  of oral aspartame administration on 
protein carbonyl and reduced glutathione in the experi-
mental groups.     

Parameters Duration Control group Aspartame group
Protein car-
bonyl  (µg/
mg protein)

2 weeks 1.65 ±0.2 a,1 1.74±0.56 a,1

4 weeks 1.72 ±0.16 a,1 2.4±0.15 b,2

6 weeks 1.68 ±0.33 a,1 2.7±0.11 b,2

GSH (µg/mg 
protein)

2 weeks 42.20±3.2 a,1     43.18±0.44 a,1

4 weeks 42.21±5.1 a,1 33.55±1.1 b,2

6 weeks 43.69±3.3 a,1 30.89±1.9 b,2

The values are expressed as mean ± SD.  The same let-
ters means that there is no significant difference between 
groups in the same column. The same numbers  means 
that there is no significant difference between groups in 
the same raw.

From the results  recorded in table (1) it is clear that aspar-
tame administration induce  oxidative stress in rat’s  brain 
which  indicated by the significant increase in protein car-
bonyl content  and the significant decrease in reduced glu-
tathione concentration (p <0.05). Protein carbonyl content 
increased by 37 % and   55% in brain homogenate of  as-
partame treated group for 4 and 6 weeks  as compared to 
control rats. On the other hand, reduced glutathione con-
centration decreased by 22% and 28 % in brain homogen-
ate of aspartame treated group for 4 and 6 weeksas com-
pared to control rats.

Table (2): Effect of oral aspartame administration on 
acetylcholine esterase activity, acetyl choline and sero-
tonin concentration in different experimental groups

Parameters Duration Control group Aspartame 
group

Acetyl choline 
esterase

(Umol/mg 
protein)

2 weeks 615.13±7.00 a,1 681.21±8.4 a,1

4 weeks 618.73±7.00 a,1 655.6±9.15 b,2

6 weeks 613.23±13 a,1 617.13±0.65 b,2

Acetyl choline

(µ mol/mg 
protein)

2 weeks 94.67±4.1 a,1 85.73±1.93 a,1

4 weeks 94.09 ±5.00 a,1 94.24±1.34
6 weeks 95.09±10 a,1 93.79±0.61 b,2

Serotonin (ng/
mg tissue)

2 weeks 25.23±5.01 a,1 25.7 3±0.31 a,1

4 weeks 27.06±2.00 a,1 23.52±0.68 a,1

6 weeks 25.23±5.01 a,1 15±0. 8 b,2

As legend in table(1)
As shown in table (2) acetyl choline esterase activity sig-
nificantly decreased in aspartame administrated group af-
ter 4 and 6 weeks in comparison with 2 weeks interval and 
their corresponding controls. This decrease in acetyl cho-
line esterase activity resulted in a subsequent increase in 
acetyl choline concentration in brain tissue. In this context, 
acetyl choline concentration significantly increased after as-
partame administration for after 4 and 6 weeks. Concern-
ing serotonin levels, there were a significant decrease ob-
served only after aspartame administration for 6 weeks.

Table (3): Effect of oral aspartame administration 
(40mg/kg body weight) on interleukin-1B, TNF-α and 
BNDF in different experimental groups 

Parameters Dura-
tion Control group Aspartame 

group
Interleukin-1B

(pg/mg pro-
tein)

2 weeks 10.82±0.2 a,1                             11.74±0.45 a,1

4 weeks  10.59 ±7.00 a,1 15.92±1.05 b,2

6 weeks 11.63±0.2 a,1 20.02±1.39 c,2

TNF-α

(pg/mg pro-
tein)

2 weeks 600.23±5.01 a,1 605.23±11.31 a,1  
4 weeks 611.4±11.02 a,1 652.83±12.14 b,2

6 weeks 589.93±0.7 a,1 669±20.77 b,2

BNDF

(pg/mg pro-
tein)

2 weeks 107.14±3.0 a,1 124.18±4.6 a,1

4 weeks 110.106±5.03 a,1 116.69±3.44 a,1

6 weeks 106.23±3.02 a,1 110.39 ±1.43 b,2

As legend in table(1)
The results summarized in table (3) reported that aspar-
tame administration in the tested dose for  4 and 6 weeks 
resulted in a significant increase in  brain  cytokines as  in-
terleukin-1 β (IL-1β)and TNF-α   production compared to 2 
weeks interval and their corresponding controls (p <0.05). 
IL-1β levels increased by 47% and 85% after oral admin-
istration of aspartame for 4 and 6 weeks as compared to 
normal rats and by    35.67% and 70 % as compared to 
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aspartame treated group for 2 weeks interval. TNF-α  re-
corded (652.83±11.31 and 669±20 pg/mg protein) in 
aspartame treated group for 4 weeks and 6 weeks  in 
comparison with (605.23 ±11.31 and 600.23±10.5pg/mg 
protein) in aspartame treated group for 2 weeks and nor-
mal control group. With respect to BNDF and serotonin 
levels, there were  a significant decrease after daily aspar-
tame administration for 6 weeks in comparison with  4,2 
weeks intervals and  their corresponding controls (p <0.05).

Discussion:
Findings in the present study suggested increased oxida-
tive stress   in brain tissue after repeated oral  aspartame 
administration. Moreover, aspartame-induced oxidative 
stress may depend on the duration of aspartame admin-
istration even within the acceptable daily intake dose. This 
finding derives its importance from the fact that increased 
oxidative stress in brain has been linked to neurodegen-
erative diseases as well as to age-related cognitive deficits   
(Besler and Como, 2006).

Oxidative stress can be the result of increased free radicals 
production or alternatively decreased endogenous antioxi-
dants. The free radical increase in the present study may 
be due to the methanol that has been released during as-
partame metabolism, as the pathway leading to formate 
(Ashok and sheeladevi, 2014).              

In face of free radicals production, the thiol glutathione 
is the most important cellular free radical scavenging sys-
tem in the brain (Berk et al.,2008). In this context, brain 
reduced gulathione is significantly decreased following as-
partame administration. These results suggesting that the 
depletion of this important antioxidant defense mechanism 
by increased free radicals production can further increase 
the vulnerability of the brain tissue to other oxidative in-
sult (Abdelsalam et al., 2012). In the same line Fries and 
Kaczynski (2011);Ruszukiew and Albercht (2015) report-
ed that the reduction in GSH content may be due to mi-
tochondrial dysfunction and oxidative stress that increase 
the accumulation of toxic forms of aspartame. The results 
of Patsoukis et al. (2004) and Nikolaos et al. (2004) con-
firmed that  the decreased protein thiol in brain is due to 
the oxidative damage which supporting the findings of 
present study. Also, Abhilash et al.,(2011) reported a simi-
lar significant decrease in GSH concentration in rats brain 
following aspartame consumption . It is essential to point 
out that even with the FDA approved dosage of aspar-
tame (40 mg / kg) similar alteration in the scavenging sys-
tem was observed.

Protein carbonyl content is actually the most general in-
dicator and far the most commonly used marker of pro-
tein oxidation (Beal,2003). In this study, oral aspartame 
exposure causes a significant increase in protein carbonyl 
content and a marked reduction in glutathione concentra-
tions in brain. The previous study of (Ashok and sheeldevi 
(2014) supported the results of the current study reporting 
that aspartame exposure resulted in a significant   increase 
in protein carbonyl.                                     

AChE is an important regulatory enzyme, which rapidly hy-
drolyses neurotransmitter acetylcholine (ACh) found mainly 
in the brain, muscles, erythrocytes, and cholinergic neurons 
(Ahmed et al., 2006). AChE activity is sensitive to exog-
enous factors, including diets (Kaizer et al.,2004). Nor-
mal activity of (AChE) in brain is essential for brain healthy 
function, and changes in AChE activity are reported to be 
accompanied by clear signs of neurobehavioral toxicity 

(Babadi et al.,2014). The results   of this study demon-
strated that aspartame  inhibit AChE activity and therefore 
prevent AChE from working normally leading to a high lev-
el of ACh to persist in the brain . Similar results obtained 
by Simintizi et al.(2007) showing that incubation of  hip-
pocampal  homogenates with each or sum of ASP me-
tabolites resulted in significant reduction in  AChE activity 
. The observed   AChE inhibition in  rat brain of aspartame 
treated group may be due an increase in reactive oxygen 

species production and in intracellular ca+ concentration 
caused by the metabolites as reported previously  by (Si-
mintzi et al.,2007).

Serotonin , also called 5-hydroxytryptamine (5HT)  has 
multiple physiologic roles, including pain perception, reg-
ulation of sleep, appetite, temperature, blood pressure, 
cognitive functions and mood (Harvey,2011). The results 
showed that serotonin concentration was significantly de-
creased   in aspartame treated rats as compared to normal 
control rats. These results are in accordance with the re-
sults of (Abdel-Salam et al., 2012) showing that  aspar-
tame caused dose-dependent inhibition of brain serotonin. 
Sharma et al.(1987) explained the reduction in the con-
centrations of serotonin may be due to increased supply of 
phenylalanine which  may be responsible for a decrease in 
tryptophan uptake by the brain tissue or for a depression 
in tryptophan conversion to serotonin. Also, Tsakiris et al 
.(2006) reported that excess of phenyl alanine, will satu-
rate  this carrier system excluding other amino acids such 
as tyrosine and tryptophane from entery into  the brain 
.Thus, high level of phenylalanine interfere with the conver-
sion of tyrosine into adrenaline and serotonin possibly af-
fecting  AChE activity .

Brain derived neurotrophic factor (BDNF) is   a member 
of the neurotrophin family (consisting of nerve growth fac-
tor, BDNF, neurotrophin-3, and neurotrophin-4), has been 
intensely studied concerning its positive effect on survival 
promotion and synaptic regulation in the central nervous 
system (Numakwa,2014) . BDNF is the most prevalent 
growth factor in the central nervous system (CNS). It is es-
sential for the development of the CNS and for neuronal 
plasticity. Because BDNF plays a crucial role in develop-
ment and plasticity of the brain, it is widely implicated in 
psychiatric diseases (Autry and monteggia,2012 ) . Also, 
Kimpoton (2012) postulated that the reduction in BNDF 
is directly involved in the pathophysiology of depres-
sion.  The results of  the current study showed that daily 
oral administration of ASP (40mg/kg b.wt/day) for 6 weeks 
significantly reduced  BDNF level in brain  suggesting that 
loss or alterations in it. On the other hand, no significant 
change observed after oral administration of aspartame   
for 2 or 4 weeks. This decrease in BNDF may contribute to 
the pathogenesis of neuronal dysfunction which may be re-
lated to the high or toxic concentrations of the sweetener 
metabolites (Abdel-Salam et al., 2012).  The results of the 
current study are in harmony with that obtained by Saleh 
(2015) who observed the significant reduction in BNDF in 
rat cerebral cortex after aspartame administration.

Inflammatory cytokines have potent effects in the brain on 
altering mood, cognitive function, endocrine and behav-
ioral responses (Dantzer and Kelley, 2007). Many studies 
have showed links between elevated levels   of inflam-
matory cytokines including elevated levels like IL-1β and 
TNF-α and mood disorder (Hashmi et al.,2013). In the 
present study, aspartame administration caused an eleva-
tion in the levels of the pro-inflammatory cytokines IL-1β 
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and TNF-α in brain homogenate. The role of inflammatory 
pathways in the pathophysiology of depression explained 
by Catena-Dell’Osso et al.(2013). The increase in pro-
inflammatory cytokines would lead to increased oxidative 
damage with a production   of tryptophane   catabolites 
and consequent reduced availability of tryptophane and 
serotonin. The results of the current study are in accord-
ance with the results of Saleh (2015) who reported that 
aspartame administration resulted in a significant increase 
in TNF-α level in the rat cerebral cortex. These results indi-
cate that aspartame neurotoxicity may be due to induction 
of inflammatory process.                                                                                  

Conculsion:
From these results it is concluded that  aspartame inges-
tion could alter the brain antioxidant status and  increase 
oxidative damage in brain proteins.These   abnormal 
changes  may induce neurochemical alterations and neu-
ro-inflammation leading to neurotoxicity and   depression 
which  become more prominent following long term con-
sumption.
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