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 In the recent times, the consumption of artificial sweeteners significantly spread, the 
Aspartame is the most sugar substitute used in many food products and beverages. This 
study aims to determine the effect of Aspartame on some neurotransmitters content in 
the brain of male albino rats and this study cover the norepinephrine (NE), dopamine 
(DA) and gamma aminobutyraic acid ( GABA).Our results showed that the chronic oral 
treatment of the artificial sweeteners Aspartame (75 mg/kg b.w.) for four consecutive 
weeks have a significant decrease in neurotransmitters content in most different brain 
regions at most of time interval .This may be due to anti-adinosine receptor and 
activation of Ca2+ channels. It was concluded that aspartame consumption  may had a 
harmful effect on the neurotransmitters content and thus the functions of the nervous 
system. 
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INTRODUCTION 

 
Aspartame (E951) is one of the most common artificial sweeteners (L-aspartyl-L-phenylalanine methyl 

ester), as aspartame features several brand names, including Cold sweet, Nutrasweet, Equal, Sugar Free, 
Canderel [1,2] . It consists of three materials which Phenylalanin (50%), Aspartic Acid (40%), methanol (10%) 
[3]. 

Began to think about the use of aspartame for a long time and it has been studied by various researcher. It 
uses in sweetening foods and drinks that do not need in their preparation to exposure to high temperatures and is 
added to many of the low-calorie foods, desserts , ice cream , chips for breakfast, a mixture of dry drinks, soft 
drinks, energy drinks, and some dairy products skimmed in sugar used alternatives in sweetening tea and coffee 
[4,5]. It is sweeteners characterized by being low calorie sweeteners and tasting much sweeter than sugar and 
does not cause tooth decay and help in weight loss [6]. Despite the benefits ,experiments studies on mice has 
shown that aspartame at high doses causes chemical changes in the nervous represented by headaches, nausea 
and other [7,8]. 

Studies on experimental animals have shown that aspartame contrasts with or contradictory to the work of 
the heat sink and analgesics and anti-inflammatories [9]. And it causes chronic inflammation of the joints [6]. 
The research also demonstrated that the methanol in aspartame is transformed into formaldehyde in the retina of 
the eye, causing [10]. Studies also showed that the use of aspartame has toxic effects on the liver and the kidney 
is the emergence of gaps in the cytoplasm of liver cell and irregularity in the cover of the nucleus and the small 
number of mitochondria In the renal cortex has shrunk some glomeruli with increased urinary spaces so when 
you use a dose (250 mg / kg b.w ) a day for two months [11]. 

The present study aims to find out the impact of aspartame on the content of certain neurotransmitters in the 
brains of male albino rats by physiological and histological study that include the preparation of histological 
sections of one of brain regions studied, a cerebellum. 
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MATERIALS AND METHODS 
 
Chemicals: 

Aspartame was obtained from Sigma- Aldrich Corporation and dissolved in physiological solution  and 
administered to test animals orally at dose (75 mg / kg b.w.) so that each 1 ml contains a specific dose 
depending on the weight of the animal. 

 
Animals: 

Tests were conducted on a group of 42 young male albino rats of rattus norvegicus strain ages between four 
to six weeks and weighing 90-110 grams obtained from King Fahd Medical Research Center. 

The experiments conducted at the Faculty of Science laboratories (Al Faisaliah Campus) placed throughout 
the duration of trials in especially cages under standard environmental conditions (light - temperature - 
humidity) with food and water availability in a private room with good lighting and ventilation. 

Experimental animals were divided into three groups at random, the first group ( n= 10) was normal control 
for physiological and histological study . Rats in the second groups (n=24) treated orally with Aspartame at dose 
(75 mg/ kg b.w) for four consecutive weeks for physiological study . Rats in the third group (n=8) were given 
aspartame at dose (75 mg/ kg b.w) for four consecutive weeks for histological study 

 
Methods: 
Physiological Studies: 

Rats were slaughtered abruptly at different times of the experiment and then taken brain cautiously and cut 
longitudinally into two halves on a cooler glass palette and then separates each of them to six regions depending 
on the method of Glowinski and Iversen, (1966) [12]. These regions are: cerebellum, striatum, cerebral cortex, 
hypothalamus, brain stem, and the hippocampus. 

It was different regions in plastic chips numbered weight then placed in aluminum foil and kept at a 
temperature of - 30˚m until making physiological measurements. 

NE and DA were measured according to the method of Chang revised by Ciarlone [13,14]. GABA was 
measured according to the method of Sutton and Simmodes [15].  It has all the physiological measurements 
using a Jenway 6200 fluorometer. 
 
Histological Studies (Light Microscopic Study): 

The piece of cerebellum was fixed in 10% formaline  and processed for light microscopic study to get 
paraffin sections of 5 μm. Sections were stained with Haematoxylin and Eosin (H&E) [16]. Then examined 
sectors and photographed in microscopes unit at the King Fahd Medical Research Center. 

 
Statistical Analysis:  

Was the expression of neurotransmitters content as mean + S.E. then compared the treated groups with 
control group using Student's t -test [17]. 

 
Results: 
Physiological Study: 

Given the table (1) shows that male rats treated with aspartame (75 mg / kg b.w) happened to have a 
significant decrease in NE content in each of the cerebellum, striatum, hypothalamus, brain stem and 
hippocampus after the first week and in all brain regions studied after the second, third and fourth week of the 
treatment and the results recorded the highest significant decrease in the content of hypothalamus (-85.62% -
87.88% 89.70% -92.84%), respectively, throughout the treatment period. 

The results presented in table (2) showed that daily treatment aspartame (75 mg / kg bw) for four weeks cause 
a significant change in the DA content in all regions of the brain after the first week until the end of the treatment 
period .The highest significant decrease have been found in the striatum (- 37.57%) after the first week and in the 
brain stem area (-56.59%) after the second week and in hypothalamus (-81.84%, -84.29%) after the third and 
fourth week, respectively. 

The Table (3) showed the impact of chronic ingestion of aspartame on GABA content in different regions of 
the brain of male albino rats, where the cause of higher moral in the cerebral cortex and brain stem and did not 
cause a significant change in both the cerebellum , striatum , hypothalamus and hippocampus after the first week 
and the results showed a significant decrease in the incidence of all brain regions studied, except cerebral cortex 
and morally rise in the cerebral cortex area after the second week until the end of the transaction. The results 
recorded the highest significant decrease in the hypothalamus (- 32.77%, - 44. 97%, - 54.78%) after the second, 
third and fourth week in a row and recorded results higher significant increase in the cerebral cortex (14.42%) 
after the second week of treatment. 
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Table (1):

Cerebellum
mean ± S.E.

Striatum
mean ± S.E.

Cerebral cortex
mean ± S.E.

Hypothalamus
mean ± S.E.

Brain stem
mean ± S.E.

Hippocampus
mean ± S.E.

C 95.382 ± 0.845 511.473 ± 1.803 56.203 ± 0.225 596.997 ± 3.242 390.050 ± 0.831 292.540 ± 1.536

T 62.333 ± 0.919 287.667 ± 0.558 54.000 ± 0.365 85.833 ± 0.703 66.000 ± 0.365 125.833 ± 0.307

% -34.65 * -43.76 * -3.92 -85.62 * -83.08 * -56.99 *

C 96.025 ± 0.742 511.618 ± 1.882 56.443 ± 0.216 596.830 ± 3.216 390.657 ± 0.404 291.693 ± 1.488

T 40.333 ± 0.558 143.167 ± 0.792 48.000 ± 0.365 72.333 ± 0.919 57.000 ± 0.365 92.667 ± 0.760

% -58.00 * -72.02 * -14.96 * -87.88 * -85.41 * -68.23 *

C 98.688 ± 0.274 495.653 ± 1.445 55.493 ± 0.105 604.906 ± 2.337 394.485 ± 0.942 283.178 ± 0.817

T 37.667 ± 0.558 143.167 ± 0.792 49.000 ± 0.365 62.333 ± 0.919 56.000 ± 0.365 76.000 ± 0.365

% -61.83 * -71.12 * -11.70 * -89.70 * -85.80 * -73.16 *

C 98.985 ± 0.476 496.113 ± 1.491 55.858 ± 0.436 604.957 ± 2.354 395.452 ± 1.309 283.665 ± 0.941

T 34.000 ± 0.365 43.333 ± 0.760 50.000 ± 0.365 43.333 ± 0.760 61.667 ± 0.558 47.000 ± 0.730

% -65.65 * -91.27 * -10.49 * -92.84 * -84.41 * -83.43 *

- Statistical analyses were performed between control (C=6) and treated (T=6) animals by using paired t' test.

% : Percentage of change from control. * : Significant at p<0.05.

Effect of chronic oral administration of Aspartame (75 mg/kg b.w) on norepinephrine (NE) content in the different brain 

areas of male albino rat.

Time of
decapitation

1 week

2 weeks

3 weeks

4 weeks

 
 

Table (2):

Cerebellum
mean ± S.E.

Striatum
mean ± S.E.

Cerebral cortex
mean ± S.E.

Hypothalamus
mean ± S.E.

Brain stem
mean ± S.E.

Hippocampus
mean ± S.E.

C 145.648 ± 0.914 482.312 ± 3.336 61.240 ± 0.214 739.237 ± 4.314 451.541 ± 1.947 244.597 ± 1.448

T 117.000 ± 0.365 301.100 ± 0.312 46.000 ± 0.365 612.000 ± 0.365 327.000 ± 0.365 155.000 ± 0.365

% -19.67 * -37.57 * -24.89 * -17.21 * -27.58 * -36.63 *

C 145.648 ± 0.914 482.312 ± 3.336 61.240 ± 0.214 739.237 ± 4.314 451.541 ± 1.947 244.597 ± 1.448

T 115.000 ± 0.365 228.000 ± 0.365 45.000 ± 0.365 324.000 ± 0.365 196.000 ± 0.365 144.167 ± 0.833

% -21.04 * -52.73 * -26.52 * -56.17 * -56.59 * -41.06 *

C 146.755 ± 0.818 473.948 ± 0.856 60.488 ± 0.044 734.223 ± 2.111 451.288 ± 0.633 243.147 ± 0.863

T 113.333 ± 0.558 142.000 ± 0.365 41.000 ± 0.365 133.333 ± 0.558 152.667 ± 0.760 113.000 ± 0.365

% -22.77 * -70.04 * -32.22 * -81.84 * -66.17 * -53.53 *

C 146.755 ± 0.818 473.948 ± 0.856 60.488 ± 0.044 734.223 ± 2.111 451.288 ± 0.633 243.147 ± 0.863

T 110.333 ± 0.558 129.000 ± 0.365 39.000 ± 0.365 115.333 ± 0.919 156.000 ± 0.365 106.667 ± 0.211

% -24.82 * -72.78 * -35.52 * -84.29 * -65.43 * -56.13 *

- Statistical analyses were performed between control (C=6) and treated (T=6) animals by using paired t' test.

% : Percentage of change from control. * : Significant at p<0.05.

Effect of chronic oral administration of Aspartame (75 mg/ kg b.w) on dopamine (DA) content in the different brain areas 

of male albino rat.

Time of
decapitation

1 week

2 weeks

3 weeks

4 weeks

 
 

Table (3):

Cerebellum
mean ± S.E.

Striatum
mean ± S.E.

Cerebral cortex
mean ± S.E.

Hypothalamus
mean ± S.E.

Brain stem
mean ± S.E.

Hippocampus
mean ± S.E.

C 192.544 ± 0.759 171.329 ± 0.632 57.041 ± 0.330 432.606 ± 0.326 118.034 ± 0.161 214.766 ± 1.329

T 192.135 ± 0.312 171.031 ± 0.645 64.000 ± 0.365 427.729 ± 2.689 131.333 ± 0.558 215.000 ± 0.365

% -0.21 -0.17 12.20 * -1.13 11.27 * 0.11 

C 192.457 ± 0.799 171.652 ± 0.450 57.247 ± 0.385 432.828 ± 0.319 118.155 ± 0.197 214.787 ± 1.321

T 132.000 ± 0.365 144.333 ± 0.760 65.500 ± 0.428 291.000 ± 0.365 98.000 ± 0.365 191.000 ± 0.365

% -31.41 * -15.92 * 14.42 * -32.77 * -17.06 * -11.07 *

C 193.611 ± 0.781 175.423 ± 1.783 57.849 ± 0.675 437.968 ± 1.007 118.436 ± 0.231 216.865 ± 0.870

T 128.667 ± 0.211 133.333 ± 0.558 65.167 ± 0.307 241.000 ± 0.365 93.333 ± 0.760 187.333 ± 0.558

% -33.54 * -23.99 * 12.65 * -44.97 * -21.20 * -13.62 *

C 193.379 ± 0.440 171.744 ± 1.615 57.713 ± 0.935 437.849 ± 0.198 118.118 ± 1.398 218.139 ± 2.746

T 100.667 ± 0.760 117.000 ± 0.365 65.000 ± 0.365 198.000 ± 0.365 81.333 ± 0.558 162.000 ± 0.365

% -47.94 * -31.88 * 12.63 * -54.78 * -31.14 * -25.74 *

- Statistical analyses were performed between control (C=6) and treated (T=6) animals by using paired t' test.

% : Percentage of change from control. * : Significant at p<0.05.

Effect of chronic oral administration of Aspartame ( 75 mg/kg b.wt.) on gama-aminobutyric acid (GABA) content in the 

different brain areas of male albino rat.

Time of
decapitation

1 week

2 weeks

3 weeks

4 weeks
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Fig. 1: a, cerebellar cortex of control group (H&E X400); b, cerebellar cortex in aspartame group treated for two 

weeks. (H&E X1000); c, cerebellar cortex in aspartame group treated for four weeks (H&E X1000). 
 
 
 
Histological study: 

a 

b 

c 
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In the control group, cerebellum appeared as irregular folia formed of external gray matter (GM) (cerebellar 
cortex) and internal white matter (WM). The cerebellar cortex consist of three layers: molecular layer (M), 
Purkinje cell layer (P) and granular layer (G) (Figure 1a). Figure (1b) showed that male albino rats treatment 
with aspartame (75 mg / kg b.w.) after two weeks led to necrosis evident in the layer Purkinje cells and nuclei 
contain intense and dark dye. As shown in (Figure 1c) Purkinje low number of cells and analyzed the emergence 
of gaps in the pulp layer after four weeks of chronic treatment. 
 
Discussion: 

Results of the current study showed that the chronic oral treatment of aspartame (75 mg/kg b.w) led to a 
significant decrease in the total content of neurotransmitter studied throughout the treatment period and this 
could be the result of the effect of aspartame and outputs metabolic on the release of neurotransmitters by 
exocytosis from vesicles cells of pre-synaptic and the output of the effect of aspartame anti-adenosine receptor 
leading to the opening of calcium channels and thus further release of neurotransmitters with inhibition of re-
uptake [18]. 

As  known that the change in the total content of neurotransmitters  within the various regions of brain that 
responsible for certain functions lead to a change in those jobs. It is clear from the current study, the most 
affected region as a result of treatment of aspartame was striatum which is responsible for locomotor activity , 
pain and depression, leading to increased movement in rats during te treatment period and the emergence of 
aggressive behavior starting from the third week of treatment [19,20,21]. 

The cerebral cortex which is responsible for the organization of voluntary movements and has a 
neurological memory centers and processes of mental, psychological and speech centers sensation resulting in 
increased motor activity during the treatment period [22] and also brain stem region recorded a significant 
decrease in neurotransmitters after treatment with aspartame, which contains the reflectivity brackets centers 
and organizing ingestion operations , sleep, coughing, sneezing, vomiting and centers of smell and breathe. This 
is in line with previous studies that showed that aspartame leads to sensitivity emergence of arthritis [23].  

And the hippocampus which is responsible for learning and memory and the occurrence of seizures, this is 
consistent with previous studies that showed that aspartame affects the learning and memory skills and 
performance when mice with learning delayed as a result of inhibition of containing cell activity on 
acetylcholine in the hippocampus area, which has an important role in learning and memory [24,25].  

Aspartame is also effect on hypothalamus, where the appetite centers, thirst and poise water body , has been 
observed from the present results that daily treatment with aspartame has caused an increase in total body 
weight and this is consistent with what indicated by previous studies that the daily ingestion of aspartame causes 
increased appetite for eating food, leading to weight gain [26,27]. 

Earlier studies have shown that chronic treatment with aspartame led to the death of nerve cells and effect 
on both number and dendrites of  pyramidal layer neurons in the prefrontal cerebral cortex with the change of 
density and shape of the dendrites(28) ,this is in line with our histological results of  cerebellum region . 

 
Conclusions: 

The study concludes that the total content decrease of NE and DA and GABA could lead to increased motor 
activity and the difficulty of learning and the emergence of symptoms of allergies and weight gain and behavior 
hostile and these symptoms are always accompanied by eating children Sweeteners artificial  long periods. 
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