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Abstract

The present study was carried out to investigate the acute effect of aspartame on oxidative stress in the Wistar

albino rat brain. We sought to investigate whether acute administration of aspartame (75 mg/kg) could release

methanol and induce oxidative stress in the rat brain 24 hours after administration. To mimic human methanol

metabolism, methotrexate treated rats were used to study aspartame effects. Wistar strain male albino rats were

administered with aspartame orally as a single dose and studied along with controls and methotrexate treated

controls. Blood methanol and formate level were estimated after 24 hours and rats were sacrificed and free radical

changes were observed in discrete regions by assessing the scavenging enzymes, reduce dglutathione (GSH), lipid

peroxidation and protein thiol levels. There was a significant increase in lipid peroxidation levels, superoxide

dismutase activity (SOD), glutathione peroxidase levels (GPx), and catalase activity (CAT) with a significant

decrease in GSH and protein thiol. Aspartame exposure resulted in detectable methanol even after 24 hours.

Methanol and its metabolites may be responsible for the generation of oxidative stress in brain regions. The

observed alteration in aspartame fed animals may be due to its metabolite methanol and elevated formate. The

elevated free radicals due to methanol induced oxidative stress.
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Introduction

Aspartame (L-aspartyl-L-phenylalanine methyl

ester), a low calorie sweetener, which was discovered

in 1965
[1]
, has biological effects at the recommended

daily dose
[2]
. Approximately 50% of the aspartame

molecule is phenylalanine, 40% is aspartic acid, and

10% is methanol
[3]
. Aspartic acid, a metabolite of

aspartame, is an excitatory amino acid normally found

in high levels in the brain. These levels are controlled by

the blood-brain barrier which protects the brain from

large fluctuations in plasma aspartate
[4]
. Phenylalanine is

an amino acid essential to the production of monoamine

in the brain and is found in nearly all foods that contain

protein
[5]
. Due to high levels of phenylalanine in the

blood, the consumption of aspartame may cause brain

damage
[6]
. Certain amino acids are increased in the brain

after aspartame consumption
[7-9]

.

Among the metabolites, methanol, which is released

during aspartame digestion, is a toxicant that causes

systemic toxicity
[10]
. Large doses of aspartame and its

individual metabolites have been tested in humans

and other animals. It has been reported that not only

the metabolites of methanol but also methanol itself
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are toxic to the brain
[11]
. The primary metabolic fate of

methanol is direct oxidation to formaldehyde and then

into formate. The toxic effects of methanol in humans are

due to the accumulation of its metabolite formate
[12-13]

and

correlated with formate levels
[14]
. Formate is metabolized

twice as fast in rat as in monkey
[15]
. The rodents do not

develop metabolic acidosis during methanol poisoning,

owing to their high liver folate content, and to create similar

results inhumans.Only folatedeficient rodents are required

to accumulate formate and to develop acidosis
[16-17]

. The

aim of this study was to investigate whether acute oral

administration of aspartame (75 mg/kg) can release

methanol after metabolism and whether it induced oxida-

tive stress in the rat brain regions after 24 hours of aspar-

tame administration.

Materials and methods

Animals

Male Wistar albino rats (200-220 g) were maintained

under standard laboratory conditions with water and food.

For the folate deficient group, folate deficient diet

was provided for 45 days before the experiment, and

methotrexate was administered for a week before

aspartame administration. The study was done according

to the principles of laboratory care by the Committee for

the Purpose of Control and Supervision of Experiments

on Animals (CPCSEA), government of India. The study

protocol was approved by the Institutional Animal

Ethical Committee (No: 01/032/2010).

Chemicals

Aspartame, methotrexate, and malondialdehyde

were purchased from Sigma-Aldrich Co., (St. Luois,

MO, USA). Reagents were purchased from Merck,

Bangalore, India. All other chemicals were of analytical

grade and obtained from Sisco Research Laboratory

(Mumbai, India).

Experimental design

The rats were divided into 3 groups, including the

saline control group, the methotrexate control group

and the methotrexate plus aspartame group. Each

group consisted of 6 animals. Aspartame mixed in ster-

ile saline was administered orally as a single dose

(75 mg/kg?body?weight) as previously described
[18]

.

Methotrexate in sterile saline was administered

(0.2 mg/kg?day) subcutaneously for 7 days to the

folate deficient and the folate-deficient aspartame

group
[19]
. One week after treatment with methotrexate,

folate deficiency was confirmed by estimating urinary

excretion of formamino glutamic acid (FIGLU)
[20]
. On

day 8, only the methotrexate plus aspartame group

received aspartame whereas the other two groups

received equivalent volume of saline as an oral dose.

Sample collections

The blood samples and isolation of brainwere performed

between 8:00 am and 10:00 am to avoid circadian

rhythm induced changes. Blood samples were collected

as previously described
[21]
. The rats were sacrificed and

the brain was immediately removed and washed with ice

cold phosphate buffered saline (PBS). To expose the

brain, the tip of curved scissors was inserted into the

foramen magnum and a single lateral cut was made into

the skull extending forward on the left and right side.

With a bone cutter, the dorsal portion of the cranium

was peeled off by using a blunt forceps. The brain

was dropped onto an ice-cold glass plate leaving the

olfactory bulbs behind. The whole process of brain

removal took less than 2 minutes. After removal of the

brain, it was blotted and chilled. Further dissection was

performed on the ice-cold glass plate. The discrete

regions of the brain (the cerebral cortex, cerebellum, mid-

brain, pons medulla, hippocampus and hypothalamus)

were dissected according to a previously described

method
[22]
. The homogenates (10%, w/v) of individual

regions were prepared in a Teflon-glass tissue homoge-

nizer, using ice-cold Tris HCl (100 mM, pH 7.4) buffer

(only for SOD) and ice cold PBS, centrifuged separately

in refrigerated centrifuge at 3000g for 15 minutes.

Measurement of blood methanol and formate

A 100 microliter plasma was deproteinized with

an equal volume of acetonitrile and centrifuged for

7 minutes at 4uC[23]
. The supernatant was analyzed for

blood methanol and formate using a HPLC refractive

index detector system (Shimadzu RID, Japan) (equipped

with Rezex ROA-organic acid column 300 mm 6
7.5 mm I.D, Phenomenex, Torrance, CA, USA) with

the security guard cartridge column (AJO 4490,

Phenomenex). Column oven was used to maintain

the temperature at 60uC. The mobile phase was 0.026

N sulphuric acid, and the recovery of methanol (HPLC

grade) from blood was found to be 92-96%. Linearity

for methanol and formate was found to be 5-500 mg/

100 microliter. The detector sensitivity for methanol and

formate was found to be 5 mg/100 mL and reproducibility

was . 93%
[24]
.

Biochemical determinations

Lipid peroxidation was measured at 532 nm by

spectrophotometry and expressed as nanomole of

malondialdehyde (an intermediary product of lipid per-

oxidation, using thiobarbituric acid) /mg protein
[25]
. The
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activity of superoxide dismutase (SOD) was measured at

470 nm in 0, 1, 2, and 3 minute intervals. The activity

was expressed as units/minute?mg protein
[26]
. Catalase

was measured at 610 nm. The activity was expressed

as the amount of H2O2 utilized/minute?mg protein
[27]
.

Glutathione peroxidase (GPx), GSH and thiol were mea-

sured at 412 nm and expressed as units/minute/mg pro-

tein
[28]

mg of GSH/mg of protein, and mg/mg protein,

respectively. Tissues were analyzed for protein and sulf-

hydryl concentration
[29]
.

Statistical analysis

Statistical analysis was carried out using the SPSS sta-

tistical package version 17.0. The results were expressed

as mean¡SD and the data were analyzed by the one-way

analysis of variance (ANOVA) followed by Turkey’s

multiple comparison tests when there was a significant

F test ratio. The level of significance was fixed at

P#0.05. Three replicate experiments were performed

by ANOVA, the control group was compared with the

methotrexate group and the aspartame methotrexate

group, and the methotrexate group was compared with

the aspartame methotrexate group.

Results

Blood methanol level and formate level

The data for the blood methanol level after

24 hours of aspartame administration are given in

Table 1. Even after 24 hours, rats treated with

aspartame and methotrexate rats (9.555¡0.36)

showed significant increase in blood methanol level

from controls as well as from the methotrexate trea-

ted group (P,0.05). The results of the blood formate

level after 24 hours of aspartame administration are

shown in Table 1. Even after 24 hours, the aspar-

tame treated methotrexate rats showed significant

increase in the blood formate level from controls as

well as from the methotrexate treated group. Blood

formate level in the methotrexate aspartame group

was 6.22¡0.810 mmol/L. There was significant accu-

mulation of formates (P,0.05) in the methotrexate

aspartame group compared to the methotrexate and

saline control group.

Glutathione peroxidase, reduced glutathione

and protein thiol

The results are shown in Table 2. The GSH levels

in the methotrexate treated rats did not differ from the

controls. However, the aspartame treated methotrexate

rats showed a significant decrease in the GSH levels

from control and methotrexate treated rats, with the

cerebral cortex (0.023¡0.004), midbrain (0.037¡

0.002), pons-medulla (0.025¡0.003) and hippocam-

pus (0.021¡0.002). However, in the hypothalamus,

the GSH level showed significant decrease from con-

trols but not from the methotrexate treated group.

Moreover, in the cerebellum (0.036¡0.002), the

GSH level remained similar to control and methotrexate

treated rats (P,0.05). The results are shown in

Table 2. The GPx activity in the methotrexate treated

rats did not differ from the controls. However, the aspar-

tame treated methotrexate rats showed a significant

increase in GPx activity from control and methotrexate

treated rats, with cerebral cortex (8.15¡0.27), cerebellum

(7.78¡0.35), midbrain (8.11¡0.44), pons-medulla

(9.28¡0.21), hippocampus (7.70¡0.31) and hypotha-

lamus (8.65¡0.48). The results are shown in

Table 2. The protein thiol levels in the methotrexate

treated animals did not differ from the controls

(P,0.05). However, the aspartame treated methotrexate

rats showed a significant decrease in the protein thiol

levels from control and methotrexate treated rats

(P,0.05), with the entire brain regions such as the cere-

bral cortex (2.58¡0.51), cerebellum (2.31¡0.56), mid-

brain (2.82¡0.72), pons-medulla (2.45¡0.50),

hippocampus (2.94¡0.27) and hypothalamus

(1.7¡0.38).

Lipid peroxidation, superoxide dismutase and

catalase

The results are shown in Table 3. The SOD activity

in the methotrexate treated rats did not differ from the

controls. However, the aspartame treated methotrexate rats

showed a significant increase in the SOD activity from

control and methotrexate treated rats with the cerebral

cortex (1.01¡0.094), cerebellum (1.03¡0.098), midbrain

(1.25¡0.187), and pons-medulla (1.38¡0.121).

However, in the hippocampus (1.52¡0.146) and

Table 1 Effect of aspartame (75 mg/kg b.wt) on blood formate and methanol level (mmol/L)

Parameter Control MTX Asp+MTX

Blood methanol level 0.76¡0.047 1.79¡0.286 9.55¡0.361*#

Blood formate level 0.38¡0.064 1.13¡0.327 6.22¡0.810 * #

The data from various groups for the individual parameters are presented as table with mean¡SD (n56). Significance fixed at P,0.05. The aspartame

treated group when compared to control*, the MTX treated groups#. Asp: aspartame; MTX: methotrexate.
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hypothalamus (2.01¡0.147), the SOD activity was not

different from controls as well as from methotrexate

treated rats (P,0.05). The results are shown in

Table 3. The CAT activity in the methotrexate treated

rats did not differ from the controls. However, the aspar-

tame treated methotrexate rats showed a significant

increase in the CAT activity from the control and

methotrexate treated rats, with the cerebral cortex

(6.82¡0.40), cerebellum (6.91¡0.51), pons-medulla

(7.11¡0.41), hippocampus (7.13¡0.37) and hypotha-

l amus (7 . 23¡0 . 35 ) . On l y i n t h e m idb r a i n

(6.53¡0.54), there was a significant increase in the

CAT activity from control and remained similar to the

methotrexate treated rats (P,0.05). The results are

shown in Table 3. The lipid peroxidation levels in

the methotrexate treated rats did not differ from the con-

trols. However, the aspartame and methotrexate treated

rats showed a significant increase in the lipid peroxida-

tion level in the entire brain regions including the cere-

bral cortex (2.50¡0.17), cerebellum (2.43¡0.21),

midbrain (2.26¡0.17), pons-medulla (2.23¡0.17), hip-

pocampus (2.37¡0.15) and hypothalamus (2.21¡0.09)

from the control as well as from the methotrexate treated

rats (P,0.05).

Discussion

Aspartame is an artificial sweetener used in day to day

life and is consumed in many ways such as beverages,

chewing gum, food products and other edible products.

This study strengthened the study design that upon con-

sumption, aspartame was metabolized in the gut and gen-

erated methanol which is freely available in the blood

after 24 hours in the system. Our findings corroborate

our previous findings that long term exposure of

aspartame showed detectable methanol in the plasma

which might have induced oxidative stress
[30]
. Kruse

[31]

has reported that methanol is the toxicant among the

aspartame metabolites that causes systemic toxicity.

According to Jeganathan and Namasivayam
[32]
, methanol

is toxic to the brain as the increased blood methanol level

can lead to severe shifts in brain monoamine levels. It is

well known that the nervous system is highly susceptible

to methanol intoxication.

Oxidative stress is the general phenomenon of oxidant

exposure and antioxidant depletion, or oxidant-antioxidant

balance
[33]
. The central nervous system (CNS) is vulnerable

to free radical damage because of brain9s high oxygen

consumption, its abundant lipid content, and the relative

Table 2 Effect of aspartame (75 mg/kg b.wt) on reduced GSH, GPx activity, and thiols in different rat brain regions

Brain regions Control MTX Asp+MTX

GSH (mg/mg protein)

Cerebral cortex 0.042¡0.004 0.038¡0.004 0.023¡0.004 * #

Cerebellum 0.046¡0.002 0.044¡0.003 0.036¡0.002 * #

Midbrain 0.052¡0.002 0.046¡0.002 0.037¡0.002 * #

Pons medulla 0.048¡0.003 0.042¡0.001 0.025¡0.003 * #

Hippocampus 0.026¡0.002 0.025¡0.003 0.021¡0.002 * #

Hypothalamus 0.030¡0.003 0.024¡0.005 0.016¡0.002 * #

GPx (units/minute?mg protein)

Cerebral cortex 5.36¡0.21 6.13¡0.87 8.15¡0.27 * #

Cerebellum 4.41¡0.35 5.46¡0.67 7.78¡0.35 * #

Midbrain 5.31¡0.34 5.25¡0.60 8.11¡0.44 * #

Pons medulla 5.56¡0.22 6.15¡0.83 9.28¡0.21 * #

Hippocampus 5.18¡0.72 6.16¡0.57 7.70¡0.31 * #

Hypothalamus 4.65¡0.50 5.45¡0.56 8.65¡0.48 * #

Thiols (mmol/L?mg protein)

Cerebral cortex 6.2¡0.57 5.16¡0.53 2.58¡0.51 * #

Cerebellum 6.46¡0.48 5.43¡0.33 2.31¡0.56 * #

Midbrain 6.57¡0.44 4.87¡0.56 2.82¡0.72 * #

Pons medulla 5.91¡0.85 5.13¡0.42 2.45¡0.50 * #

Hippocampus 6.20¡0.42 5.34¡0.39 2.94¡0.27 * #

Hypothalamus 5.46¡0.52 4.18¡0.38 1.7¡0.38 * #

The data are presented as mean¡SD (n56). Significance fixed at P,0.05. The aspartame treated group compared to control*, and the MTX treated

groups#. Three replicate experiments were done by the one-way analysis of variance (ANOVA) (n56). The control group was compared with the MTX

group and the aspartame MTX group. The MTX group was compared with the aspartame+ MTX group. Asp: aspartame; MTX: methotrexate.
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paucity of antioxidant enzymes as compared with other

tissues. In this study, marked elevation in free radicals

was indicated by increase in SOD, catalase and GPx

in the entire brain regions studied. Elevated SOD indicates

excess superoxide radical production. According to

McCord
[34]
, prolonged exposure to free radicals, even

at a low concentration, may damage biologically important

molecules. It has been reported that when the amount of

super oxides produced overwhelms the SOD/catalase

system, can damage cell membranes, DNA and cell pro-

teins
[35]
. However, in spite of increase in SOD and GPx

activity in the brain, elevated LPO level indicates that

the activity increase may not be sufficient to cope up with

free radical generation. Mourad
[36]

report supports our

present observation that oral administration of aspar-

tame (40 mg/ kg) led to a significant elevation in LPO

level in the liver tissue after four and six weeks of treat-

ment. Furthermore, they also observed a significant

increase in LPO level in the renal tissue at the end of

six weeks of treatment. Vidyasagar et al.
[37]

reported that

increased SOD levels were only partially effective in

combating the oxidative damage. This may be because,

in spite of increase in SOD, GPx and catalase enzyme

activity, there was an increase in the LPO level in the

entire brain regions studied. Moreover, the limitation of

GPx and catalase may be based on their location within

the cells.

In the present study, increase in GPx activity was

associated with decrease in the GSH. The decrease in

GSH levels has obvious implications, as it is a substrate

for GPx
[38]
. The elevated LPO observed after aspartame

treatment regardless of the duration of treatment may be

due to decrease in GSH as GSH itself can remove free

radicals. GSH itself could protect against oxidative

insults
[39]
. The decrease in GSH observed throughout

the brain may be due to methanol, a metabolite of

aspartame. The decrease in GSH concentration was well

correlated with the methanol metabolism that depends

upon GSH
[40]
. Abilash et al.

[41-42]
concluded that long

term consumption of aspartame leads to hepatocellular

injury and alterations in liver antioxidant status mainly

through glutathione dependent pathway, which is also

parallel to the present findings.

Oxidative stress is based on changes in post translational

protein thiol modifications. Changes of the primary

structure of proteins also cause modification in their sec-

ondary and tertiary structures. There is also a decrease in

protein thiol in this study, which indicates protein thiol

oxidation. Oxygen radicals can also induce formation of

peroxides
[43]
. Patsoukis et al.

[44]
and Nikolaos et al.

[45]

Table 3 Effect of aspartame (75 mg/kg b.wt) on SOD, CAT and LPO in rat brain discrete regions

Brain regions Control MTX Asp +MTX

SOD (Units/minute/mg protein)

Cerebral cortex 0.62¡0.01 0.66¡0.08 1.01¡0.09 * #

Cerebellum 0.77¡0.04 0.79¡0.08 1.03¡0.09 * #

Midbrain 0.64¡0.03 0.65¡0.10 1.25¡0.18 * #

Pons medulla 0.75¡0.03 0.72¡0.10 1.38¡0.12 * #

Hippocampus 1.40¡0.11 1.38¡0.19 1.52¡0.14 * #

Hypothalamus 1.84¡0.17 1.90¡0.31 2.01¡0.14 * #

CAT (Amount of H2O2 utilized/minute?mg protein)

Cerebral cortex 4.85¡0.30 5.13¡0.70 6.82¡0.40 * #

Cerebellum 4.83¡0.34 5.58¡0.61 6.91¡0.51 * #

Midbrain 5.13¡0.25 5.95¡0.63 6.53¡0.54 * #

Pons medulla 5.98¡0.34 6.30¡0.19 7.11¡0.41 * #

Hippocampus 6.12¡0.33 6.35¡0.27 7.13¡0.37 * #

Hypothalamus 6.16¡0.33 6.48¡0.31 7.23¡0.35 * #

LPO (nmol/L of malondialdehyde/mg protein)

Cerebral cortex 1.70¡0.18 1.61¡0.24 2.50¡0.17 * #

Cerebellum 1.63¡0.12 1.57¡0.23 2.43¡0.21 * #

Midbrain 1.60¡0.13 1.58¡0.26 2.26¡0.17 * #

Pons medulla 1.65¡0.13 1.55¡0.19 2.23¡0.17 * #

Hippocampus 1.63¡0.15 1.56¡0.21 2.37¡0.15 * #

Hypothalamus 1.62¡0.28 1.53¡0.28 2.21¡0.09 * #

The data are presented mean¡SD (n56). Significance fixed at P,0.05. The aspartame treated group compared to control*, and the MTX treated

groups#. Three replicate experiments were done by the one-way analysis of variance (ANOVA) (n56). The control group was compared with the MTX

group and the aspartame MTX group. The MTX group was compared with the aspartame+ MTX group. Asp: aspartame; MTX: methotrexate.
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observed decreased protein thiol in the brain due to oxi-

dative damage. As free radicals induced denaturation,

aggregation and fragmentation of protein molecules

have been reported, alteration in protein thiol observed

in this study supports the toxicity of aspartame at protein

level modifications. The decrease in glutathione may

cause this decrease in protein thiol. The present study

demonstrates increased free radicals resulting in an

imbalanced anti-oxidant status in the brain after aspar-

tame consumption. After an acute exposure to aspar-

tame, detectable methanol continues to circulate in the

blood even after 24 hours; methanol and its metabolites

may be responsible for the generation of oxidative stress

in the brain regions.

Conclusion

The observed alteration in aspartame fed animals

may be due to its metabolite methanol and elevated for-

mate. Elevated free radicals due to methanol may have

induced oxidative stress. This study confirms the pre-

sence of toxic metabolites after aspartame administra-

tion. However, further studies are required to

understand aspartame action in depth.
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