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Introduction
Aspartame (E951) is a synthetic, dipeptide, intense sweetener, 

which is almost 180-200 times sweeter than sucrose, with a respective 
low calorific value. Aspartame is widely used in more than 6000 
products worldwide with a huge commercial outcome under many 
brand names.1 Aspartame is very much popular owing to its reduced 
costs, low caloric intake, attractive advertisements and assurance 
to contribute in weight management. The popularity of aspartame 
among consumers lies down within the problems associated with 
sucrose consumption.2 In diabetic individuals difficulty in regulating 
their blood sugar levels restrict the consumption of normal sugar. This 
is due to the fact that diabetics do not have sufficient levels of insulin, 
a hormone that controls sugar uptake in the bloodstream. Aspartame 
helps in limiting the sucrose intake in the form of substituting sugar 
and releases very low amount of energy respectively. It is metabolized 
more slowly than sucrose, allowing blood sugar levels to remain 
more stable over time. Individuals with reactive hypoglycemia 
produce an excess of insulin after quickly absorbing glucose into the 
bloodstream.3 This causes their blood glucose levels to fall below 
the amount needed for physiological function. Like diabetic, high 
glycemic food avoidance often force to choose artificial sweeteners 
as an alternative. Sucrose promotes tooth decay due to the fact that 
bacteria that naturally occur in the human oral cavity are able to 
efficiently use sucrose as a food source, releasing wastes that degrade 
enamel. Unlike sucrose, the micro flora present in the dental plaque 
does not utilize aspartame. Due to this property use of aspartame is 
recommended in the form of prescribe sugar free medicines whenever 
possible.4,5 For these reasons, aspartame increasingly introduced into 
commonly consumed foods such as diet sodas, cereals and sugar-free 
desserts, yoghurt, chewing gums, syrups, mouth fresheners, candies, 
health drinks, nutritional supplements and are being recommended for 
weight loss and for individuals suffering from glucose intolerance and 
type 2 diabetes mellitus.6

Chemical information related to aspartame

Discovery: In 1965 a chemist named James Schlatter working in the 
G. D. Searle research laboratories accidently has been discovered 
aspartame. During one intermediate reaction of gastrin inhibitor 
preparation, accidentally some of the solution spilled on his hand. 
Irrespective of all safety measures he licked his finger to pick up 
the piece of paper and came to know about the intense sweet taste 
of chemical.7 In 1970 Cloninger and Baldwin published report in 
Science to propose its use as an artificial sweetener.8

Synthesis 

However synthesis of aspartame is slightly complicated a direct 
Incubation of L- aspartic acid and methyl ester of phenyl- alanine 
along with some microorganisms also yield aspartame at commercial 
level. Chemical synthesis of aspartame involves two major chemical 
processes named Z- and F- processes. The Z-process mainly involves 
the dehydration of the benzyloxycarbonyl-L-aspartic acid with 
acetic anhydride. The anhydride is then coupled with the methyl 
ester of L- phenylalanine in toluene to give a mixture of benzyloxy 
carbonyl α-and β aspartames. The protecting groups are removed by 
hydrogenolysis. After crystallization mixture of α-and β aspartame 
isomers yield aspartame.9 The F-process involves the protection of 
the amino group of aspartic acid with a formyl group followed by 
natural dehydration to form anhydride. The anhydride is then coupled 
either with L-phynylalanine or its methyl ester and the formyl group 
removed by acid hydrolysis.10 The resultant mixture of α and β 
aspartame treated with aqueous methanol treatment, crystallization 
and neutralization finally provides commercial aspartame. 

Chemical and physical properties 

Aspartame is composed of two amino acid L-aspartic acid and 
L-phenylalanine. It is a white crystalline, odorless intensively sweet 
powder has the molecular formula (Figure 1) C14H18N2O5 along with 
the molar mass 294.31g mol−1. The density of Aspartame is 1.347g/
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Abstract

Aspartame is very popular artificial sweetener with very low calorific value. Since last few 
decades use of aspartame has been drastically enhanced among the population worldwide. 
Not only the diabetic persons but also diet conscious young and teen-agers are also 
consuming aspartame without any concern or much knowledge. Consumers are using the 
aspartame irrespective of their clinical conditions and age. Sugar free diet products are very 
much popular among children and teenagers. It has been also noticed that, aspartame issued 
under commercial trade without any warning or specific intake limit on label. Presently 
aspartame consumed widely by the population via cold drinks, diet soda, low calorie sweet 
products, sugar free sweet products and medications. Although, many research studies 
indicate clearly about the associated side effects of aspartame consumption. So, in the 
light of available scientific research, the use of this synthetic sweetener is questionable and 
controversial. Purpose of this review is to spread the awareness about the possible adverse 
after effects of unconscious aspartame consumption. Present review is an interactive and 
comprehensive presentation of facts and information related to aspartame for the awareness 
of researchers and mass population.
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cm3 with a high melting point, between 246-247°C. Under strong 
alkaline and acidic conditions aspartame hydrolyzed. In aqueous 
solution the relationship between pH and stability of aspartame is a 
bell-shaped curve with the maximum stability at pH 4.3. The solubility 
of aspartame changes in respect of changes in pH and temperature. 
Accept water aspartame is also slightly soluble in alcohol. Aspartame 
is more soluble in higher temperature acidic solutions. Solubility of 
aspartame in water is about 0.03gm/ml on acidic pH 3 at room temp. 
Being a dipeptide aspartame has some limitations. It is supposed to 
loss its integrity during heating, therefore cannot be used in baking, 
cooking or prolonged storage in liquids.11,12 

Figure 1 Chemical structure of aspartame.

Biochemistry of aspartame

Hydrolysis: Ones ingested soon aspartame undergoes to hydrolysis 
in intestinal lumen and converts into three hydrolytic products named 
as phenylalanine (50%), aspartic acid (40%) and methanol (10%).13

Metabolism: Aspartame widely used to sweeten a variety of low 
and reduced calorie diet foods and beverages. Once ingested during 
metabolism, aspartame breaks down in intestinal lumen. Apart from 
it’s constituent amino acids aspartic acid and phenylalanine and 
methanol it further breakdown to form formaldehyde, formic acid, 
diketopiperazine, which further metabolized in vivo.14,15 Production 
of essential amino acid phenylalanine is a health hazard to those 
born with phenylketonuria (PKU) a rare inherited disease. However 
methanol production is not very high during aspartame metabolism 
but still it contributes to the toxicities.16

Mode of action possibly responsible for adverse effect 

A product of aspartame metabolism Phenylalanine plays an 
important role in neurotransmitter regulation.17 Aspartic acid has 
an important role as an excitatory neurotransmitter in the central 
nervous system along with glutamate. Glutamate, asparagine and 
glutamine are formed from their precursor, aspartic acid. Methanol 
converted in the body to formate, which can either be excreted or 
can give rise to formaldehyde and diketopiperazine (a carcinogen) 
and a number of other highly toxic derivatives. Mitochondria damage 
by aspartame, promotes cell apoptosis leading to production of 
GABA. After that cell wall disruption occurs and cells become more 
permeable. This phenomenon creates damage of cellular endothelium 
of the capillaries. It gives rise to oxidative stress resulting in neuro-
degeneration. Direct and indirect neurological side effects related to 
consumption of aspartame also adversely affect the compromised 

learning and emotional functioning. Aspartame metabolism alters the 
concentrations of norepinephrine, epinephrine and dopamine. Lack of 
sleep, seizures, depression, and headaches are the possible side effects 
of alteration in regional brain concentrations of catecholamines.13

Historic milieu of aspartame controversy 

The safety assessment procedure in the case of aspartame 
and other synthetic food additives undergoes various monitoring 
procedures. Safety of aspartame has been evaluated by various 
regulatory agencies. Food and drug administration (FDA) and other 
regulatory authorities consider aspartame as a safe flavor enhancer 
and sweetening agent but status of aspartame is still controversial, 
due to availability of ample amount of literature about negative health 
impact and adverse effect of aspartame consumption.17,18 The very 
first controvery related to aspartame use raised after almost two and 
a half decade after the aspartame discovery, when in 1996, Ralph G. 
Walton, a psychologist at Northeastern Ohio Universities College 
of Medicine, self- published analysis of aspartame and concluded at 
very first time research that industry-funded studies found no safety 
concerns while 84 of 92 independent studies (in the form of non-
industry funded studies, letters to the editors, case reports, review, 
articles or book chapters) did identify safety concerns.19 This issue 
was become popular after highlighting by a television show 60 
minutes and has been extensively discussed. In a rebuttal to Walton’s 
statements, the aspartame Information Service (a service provided by 
Ajinomoto, a primary producer and supplier of aspartame) expresses 
its disagreement.20 In 2005 a John Briffa mentioned that almost 100% 
of industry funded (either whole or in part) studies have conclusion 
that aspartame is safe, while 92% of independently funded studies 
have found that aspartame has the potential for adverse effects.21 

This information was quite unexpected and surprising for the society. 
Aspartame has been used in food for more than three decades. Its 
safety has been evaluated by various regulatory agencies by time to 
time. He suggested a strong need of revaluation of safety assessments 
to draw new updated decisions over time.22 Since the first adverse 
effect of aspartame revealed through experimentation aspartame 
remain a chemical of interest for researchers. Noteworthy assessment 
of the safety status of aspartame as a non-nutritive sweetener was 
a critical study performed by an independent panel of recognized 
experts in the headship of Dr. William Waddell. The panel selection 
was based on achieving international representation from various 
areas of toxicology relevant to aspartame including toxicokinetics, 
metabolism, pathology, food toxicology, biostatistics, epidemiology, 
and general toxicology. Scientific literature on the absorption, 
metabolism, toxicology and epidemiological studies and worldwide 
current consumption levels on aspartame have been investigated by 
the panel.23,24

Possible associated health concerns

The number of people suffering from diabetes, obesity, 
hypertension, and heart disease etc. are increasing every year. 
Increasing amounts of sugars in food, sweets, soft drinks etc. have 
raised some concern about their health effects. However nowadays 
artificial sweetener are receiving wide attention. But it is very 
important to monitor their safety issue. Aspartame was found to 
have association with the progression of many clinical disorders 
including hepatotoxicity, nephrotoxicity, neurotransmitter imbalance, 
and cognitive abnormalities. It was observed that males were more 
susceptible than females in many cases.25–28 High level of the naturally 
occurring essential amino acid phenylalanine is a health hazard to 
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those born with phenylketonuria (PKU) a rare inherited disease. So 
the patients of phenylketonuria should not consume aspartame.28 
Aspartame could be a leading cause for behavioral alterations 
including Impulsive behavior, lack of patience, decrease in locomotor 
activity and neuromuscular coordination.29 Aspartame consumption 
during gestation could be prejudicial to the fetus. Reduction in 
mean placental and maternal-fetal weights, in umbilical cord length 
and kariometric parameters in fetal hepatocyte nuclei majority of 
kariometric parameters of the hepatocytes were also well documented 
after aspartame treatment in rats.6 In utero exposure of aspartame 
may affect spatial cognition and glucose homeostasis in mice, 
particularly in males.25 An increment in the body weight, transitory 
increases in the blood pressure and in plasma values of glucose and 
triglycerides alongside a transitory reduction in plasma urea was 
also reported after aspartame consumption.8 Alteration of Glucose 
homeostasis by aspartame ingestion was also well documented a 
decade before.25 Aspartame had the capacity to alter the normal 
antioxidant enzyme pool in many organs like liver and kidney.30 Even 
long-term consumption of aspartame could lead to oxidative stress in 
the erythrocytes and blood cells too.31 Aspartame treatment also was 
found as a leading cause of oxidative stress in immune organs such as 
the spleen, thymus, lymph nodes and bone marrow of folate deficient 
aspartame treated rats. Production of free radical production in such 
sensitive organs could contribute to low immunity and make the 
organ susceptible for infections.32 Aspartame was also found to be a 
potential carcinogen for some animal models. However no significant 
proof was available from epidemiological assessment.33 Aspartame 
was found to be a culprit of induction of hepatocellular carcinoma and 
bronchial carcinoma in male mice when it was introduced prenatally 
through life span via feed.27 Salivary glands are also sensitive 
towards aspartame exposure. Degenerative changes in the parotid 
salivary glands tissue architectures were reported in rodent model 
along with hyperchromatism, pleomorphism and abnormal mitosis 
in submandibular gland.34 Aspartame could also be responsible for 
reduction in red blood cell count, packed cell volume, hemoglobin 
concentration, white blood cell count platelets count and testosterone 
hormone followed by decrease in acetyl cholinesterase enzyme 
activity.29 Consecutive, oral administration of aspartame resulted 
in significant increase in brain interleukin-1 IL-β (IL-β) and tumor 
necrosis factor-α (TNF-α) production accompanied with a significant 
decrease in brain-derived neurotropic factor (BDNF) and serotonin 
levels.35 Aspartame consumption resulted in detectable amount 
of methanol in blood. It is supposed that metabolites of aspartame 
including methanol could responsible for the generation of oxidative 
stress in brain regions.36 Light and electron microscopic histological 
study revealed that oral administration of aspartame (even in small 
dose as 250mg/kg/day for six weeks) could result in marked affection 
of the frontal cortex.37

Legislations

Under Europian and Irish legislation, all food products containing 
aspartame or aspartame-acesulfame salt, designated in the list of 
ingredients by their specific name, should be clearly labeled with the 
words “contains a source of phenylalanine”, on the label. If aspartame 
(E 951) or aspartame-acesulfame salt (E 962) is designated in the list 
of ingredients then the label must state, “Contains aspartame (a source 
of phenylalanine)”.38

Perspective

Although research findings in rodents have demonstrated 
numerous negative effects of aspartame, the status of aspartame is 

still debatable. Apart from all the controversy, aspartame is widely 
available in market for unlimited usage without any print warning of 
limited intake. Two prominent reasons behind the sell and purchase 
game are, lack of awareness about the chemistry behind the artificial 
sweetness and poor correlation capacity of society individuals 
between track of consumption and associated health issues. All the 
experimental research data available in the form literature still seems 
insufficient to prove the total safety of aspartame usage. Many funded 
research studies states the story of safety while many independent 
research experiments correlates many adverse effect with aspartame 
consumption. Further research experiments are required to recapitulate 
the facts available about aspartame in a bias free manner. Now it’s 
time to end the controversy by appropriate experiments required for 
assessment of the impact of aspartame and its metabolites on in-vivo 
environment. Contribution of aspartame in progression of different 
clinical disorder should also be investigated. Females should also avoid 
consumption of aspartame especially during pregnancy, gestation and 
lactation. Aspartame is also very popular in other classes of society 
due to its low calorie content. Aspartame is incorporated as a substitute 
of table sugar to facilitate weight loss.39 People should avoid the 
consumption of diet products, which contains aspartame as sweetening 
agent. Instead of consuming such sweet product they should prefer 
the diet substances, which are neutral in taste, and consumes natural 
low sugar content. Aspartame consumption by infants and children 
in the form of commercially available chewing gums, toffee, sugar 
free sweet products, health supplements powders and diet cold drinks 
should strongly discourage from parents cautiously. Even sometimes, 
very young babies and infants easily gets in contact with aspartame 
in form of candy, toffee, low calorie snacks, biscuits, diet coke and 
mouth fresheners. Continuous exposure of aspartame in such an early 
life could lead to severe metabolic disturbances.40 There are many 
evidences available in the form of literature, which correlates between 
aspartame usage and health disturbances. Although aspartame is 
considered safe for adult use it is still not recommended for children. 
Although aspartame is a sweet boon for those who are diabetic and not 
capable to consume routine sugar due to their health concerns related 
to sugar intake still strict monitoring is very much required. Authors 
recommend the consumption of aspartame should be monitored by 
diabetic consumers too because, it is not necessary to use artificial 
sweetener in each meal. Instead it should be treated as a perception of 
taste. Everyone should remind that no synthetic molecule is adaptable 
to human body like the natural, herbal, non-toxic substance. To fulfill 
the existing research gaps new clinical studies are advisable. The use 
of aspartame is fine within the predetermined limits. Aspartame is just 
a molecule, which mimics the sweet taste for the taste buds of tongue; 
it’s not a natural form of sugar. It couldn’t be beneficial and safe, when 
it is consumed at uncontrolled manner.

Conclusion
Lastly, the authors suggest a bias free comprehensive experiment 

for the safety assessment of aspartame over time on different set 
of populations with different clinical conditions. Authors strongly 
discourage the use of aspartame as a sustainable source of sweetness 
in routine life. It is an old saying which states excess of anything is 
bad. Now it’s time to control human greediness to excessively explore 
aspartame.
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