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Abstract:

Background: Artificial sweeteners are low-calorie substances used to sweeten a wide variety of foods. At present they are used in-

creasingly not only by diabetics, but also by the general public as a mean of controlling the weight. This study was carried out to

evaluate and compare antinociceptive activity of the artificial sweeteners, aspartame and sucrose and to study the mechanisms in-

volved in this analgesic activity.

Methods: Forty eight white albino Wistar rats were divided into two groups of 24 rats each. Group 1 received sucrose and group 2 re-

ceived aspartame solution ad libitum for 14 days as their only source of liquid. On 14th day, both groups of rats were divided into 3

subgroups having 8 rats each. Group Ia and IIa served as control. Group Ib and IIb were given naloxone and Ic and IIc received ketan-

serin, the opioid and serotonergic receptor antagonists, respectively.

Results: Tail withdrawal latencies (tail flick analgesiometer) and paw licking/jumping latencies (Eddy’s hot plate method) were in-

creased significantly in both aspartame and sucrose group. The analgesia produced by aspartame was comparable with sucrose.

The opioid receptor antagonist naloxone and the 5-HT2A/2C serotonergic receptor antagonist ketanserin partly reversed the antino-

ciceptive effect of these sweeteners.

Conclusions: Thus, the artificial sweetening agent aspartame showed antinociceptive activity like sucrose in rats. Reduction in

antinociceptive activity of aspartame and sucrose by opioid and serotoninergic antagonists demonstrate the involvement of both

opioid and serotonergic system.
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Introduction

Artificial sweeteners are low-calorie substances

which have been used to sweeten a wide variety of

foods with the intent of reducing intake of calories.

These substances are very popular and are being in-

creasingly used not only by diabetics, but also by the

general public as a mean of controlling the weight.

Aspartame, one such noncaloric sweetener, has been

in wide use with many foods and beverages. Since

these sweeteners are being so commonly used by the

general population, it may be essential to evaluate

their other pharmacological properties. One such

pharmacological effect which has been recently stud-

ied is their antinociceptive activity [10, 16, 20, 21]. So

it may be hypothesized that in addition to their role in

weight control, these may be of help in attenuation of

pain, especially associated with diabetic neuropathy,

where these sweeteners are frequently used to reduce

the intake of sugar. Whether all the sweeteners used

commonly may have an antinociceptive activity or

not is not known. The mechanisms underlying this
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antinociception action are also not very clear. Saccha-

rin, one such sweetener, taken by rats for relatively

long periods of time show an increase in the latency

of paw withdrawal in the hot-plate test [4]. It was also

demonstrated that consumption of concentrated su-

crose solution seems to reduce crying and other pain

related behavior in healthy normal babies [8]. It has

also been shown that sweet substances may potentiate

the analgesia of opiates [19].

Sweet palatable substances such as sucrose and

polycose potentiate the morphine-induced analgesia,

suggesting that interaction of these substances with

opioid system modifies the sensitivity to pain stimuli

[7]. There is evidence that endogenous opioid receptors

may be involved in antinociception induced by the

sweeteners [18]. It was also reported the involvement

of serotonergic mechanism in sweet substance-induced

antinociception as methylsergide and ketanserin an-

tagonises the sweet-substance-induced analgesia. [18].

Since some neural pathways and some neurotrans-

mitters play an important role in the complex modula-

tion of pain transmission, the investigation of these

modulatory mechanisms may have important implica-

tions for pain treatment. The use of different models

for measuring pain is important because analgesic ef-

fect may be due to one or more mechanisms. For this

reason, tail-flick is used for spinal reflex [25] and Ed-

dy’s hot plate test is used for measuring supraspinal

pain-related mechanisms [14]. Therefore, this study

was carried out to evaluate the antinociceptive activ-

ity of artificial sweeteners, aspartame and sucrose and

also to explore the role of opioid and serotoninergic

systems in such antinociceptive activity.

Materials and Methods

Animals

Wistar albino rats weighing 200–250 g with access to

food and water ad libtum were used. These animals

were housed eight per cage. The study was conducted

in Department of Pharmacology, Pt. B.D. Sharma

PGIMS, Rohtak. The protocol was approved by Insti-

tutional Animal Committee (IAEC) and all experi-

ments were performed in accordance with the recom-

mendations of guidelines for care and use of labora-

tory animals.

Drugs

The drugs used were aspartame in a dose of 1.6 g/l

[17] and sucrose in a dose of 250 g/l, [20]; naloxone,

1 mg/kg [20] and ketanserin, 1 mg/kg [1] were used

as antagonists. Aspartame and sucrose were dissolved

in tap water just prior to administration. These were

given orally for 14 days. Naloxone and ketanserin

were given intraperitoneally on 14th day.

Experimental methods

Analgesia was evaluated using tail flick test (tail with-

drawl from radiant heat) by Techno-analgesiometer

and hot plate (paw licking or jumping from the hot

plate at 55°C) method by using Eddy’s hot plate anal-

gesiometer.

Tail-flick test

The tail-flick test was used in rats to elicit a spinal tail

flick response to noxious thermal stimuli. The test

was performed with the tail-flick model using analge-

siometer. Each rat was gently held with one hand and

the distal half of its tail was positioned on the source

of radiant heat. The tail-flick response was elicited by

applying radiant heat to the ventral surface of the tail.

The time elapsed till the animal flicked its tail was de-

termined (usual response 3–4 s). A 10 s cut off latency

was kept to prevent damage to tail.

Hot-plate test

The hot-plate test was performed using an electroni-

cally controlled hot plate heated to 55 ± 0.1°C. Each

rat was placed unrestrained on the hot plate until ei-

ther paw licking or jumping occurred. A cut of time

was kept at 15 s.

Forty eight male Wistar albino rats were divided

into two groups of twenty four rats each and were

kept in six cages. Group I received sucrose solution

250 g/l and group II received 1.6 g/l aspartame solu-

tion orally ad libitum, respectively, for 14 days as

their only source of liquid. Both the solutions were

prepared in tap water. In both groups, pain threshold

baseline (tail-flick latencies and paw licking or jump-

ing responses) were recorded on day 1 and again on

day 14. On 14th day each group of rats was divided

into 3 subgroups having 8 rats each. Group Ia and IIa

served as control. Group Ib and IIb were given na-
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loxone (1 mg/kg) and Ic and IIc received ketanserin

(1 mg/kg) intraperitoneally. All rats were subjected to

nociceptive testing using the tail flick test and Eddy’s

hot plate method 10 min after giving naloxone and

ketanserin. The values of tail flick and paw licking

were recorded as the mean (s) ± SEM. The latency

values were statistically analyzed by analysis of vari-

ance (ANOVA) followed by Tukey’s post-hoc test.

Results

Tail flick latency

In tail flick method, tail flick latencies in group I at

baseline, on day 1 and day 14th were 2.88 ± 0.16, 2.83

± 0.16 and 3.22 ± 0.11 s, respectively, while in group

II, the values were 2.84 ± 0.16, 2.94 ± 0.13, and 3.22

± 0.06 s, respectively. The tail flick latencies in both

groups did not reflect significant change on day 1 (p >

0.05 in both groups) while these values were in-

creased significantly on day 14th [F (2, 69) = 9.09 in

group I, F (2, 69) = 11.48 in group II, p < 0.05 in both

groups]. This signifies that both aspartame and su-

crose produce significant antinociceptive effect on

day14th (Fig. 1). Both aspartame and sucrose were al-

most equally effective in producing this analgesic ef-

fect. After administration of naloxone, the mean tail

flick latency on day 14th was 2.83 ± 0.14 s in group I

and 2.94 ± 0.13 s in group II. It was found a statisti-

cally significant attenuation of antinociceptive effect

after administrations of naloxone in both groups I and

II [F (5, 47) = 3.39, p < 0.05]. Similarly, the latency

values after administration of ketanserin on day 14th

were 2.88 ± 0.14 s and 2.88 ± 0.10 s in group I and II,

respectively (p < 0.05), which show a significant at-

tenuation of antinociceptive effect. (Tab. 1).

Paw licking/jumping latencies

In Eddy’s hot plate method, baseline, day 1 and day

14th paw licking/jumping latencies were 3.49 ± 0.07,

3.49 ± 0.06 and 3.71 ± 0.10 s respectively, in group I

while in group II the values were 3.5 ± 0.18, 3.49 ±

0.07 and 3.88 ± 0.11 s, respectively. Paw lick-

ing/jumping latencies were also reflecting no change

on day 1 (p > 0.05 in both groups) while these in-

creased on day 14th [F (2, 69) = 7.96 in group I,

F (2, 69) = 11.48 in group II, p < 0.05 in both groups]

(Fig. 2). After administration of naloxone, the mean

paw licking/jumping latencies on day 14th were 3.44 ±
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Tab. 1. Antinociceptive activity of sucrose and aspartame after opioid and sertoninergic antagonist. Effect reported 10 min after administration
of naloxone (1 mg/kg) and ketansein (1 mg/kg) intraperitoneally. Data are reported as the mean ± SEM for 24 rats in each group and analyzed
by two-way ANOVA followed by Turkey multiple comparison test. * p < 0.05 considered as significant

Experimental  model Day 14 After naloxone p value After ketanserin p value

Sucrose Aspartame Sucrose Aspartame Sucrose Aspartame

Tail flick latency 3.22 ± 0.11 3.22 ± 0.06 2.83 ± 0.14 2.94 ± 0.13 0.004*

0.004**

2.88 ± 0.14 2.88 ± 0.10 0.002*

0.004**

Eddy’s hot plate method 3.71 ± 0.10 3.88 ± 0.11 3.44 ± 0.06 3.38 ± 0.10 0.002*

0.004**

3.38 ± 0.10 3.38 ± 0.05 0.004*

0.004**

* p value is for sucrose; ** p value is for aspartame
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Fig. 1. Antinociceptive activity of sucrose and aspartame by tail flick
method. Tail flick latencies were recorded at different time intervals
(on day 0, 1 and 14th after giving sucrose and aspartame to two differ-
ent groups of rats) by tail flick method. Data are reported as the mean
± SEM for 24 rats in each group and analyzed by repeated measure –
ANOVA followed by post-hoc analysis Tukey multiple comparison
test; * p < 0.05 considered as significant



0.06 s in group I and 3.38 ± 0.10 s in group II. There

was an attenuation of antinociceptive effect after ad-

ministration of naloxone in both groups I and II,

which was statistically significant [F (5, 47) = 7.18,

p < 0.05]. Similarly, the latency values, after admini-

stration of ketanserin were 3.38 ± 0.10 and 3.38 ±

0.05 s in group I and II, respectively, which were sta-

tistically significant (Tab. 1). Naloxoe and ketanserin

both partly reversed the antinociceptive effect of both

sweeteners.

Discussion

The present study was conducted to evaluate the anal-

gesic effect of two commonly used sweeteners aspar-

tame and sucrose and to explore the mechanism of ac-

tion of such antinociceptive effect. The results indi-

cate that both the sweeteners produce a significant

analgesic effect when regularly ingested over a period

of 14 days. Such an antinociceptive effect with a vari-

ety of sweeteners like sucrose, glucose, fructose and

lactose has already been demonstrated in several earlier

studies [2, 4, 6, 20]. In fact, saccharin, an artificial sweet-

ener extensively used in the past, has also been demon-

strated to have an antinociceptive effect [4, 13, 15].

The antinociceptive effect with sucrose and aspar-

tame was demonstrated in both experimental models,

i.e., tail flick analgesiometer and Eddy’s hot plate in-

duced nociception. Tail flick-induced nociception has

been considered to involve spinal mechanisms while

Eddy’s hot plate-induced nociception involves the su-

praspinal mechanisms [25]. These sweeteners pro-

duce antinociceptive effect in these both experimental

models, indicating that this antinociceptive effect may

involve both spinal and supraspinal mechanisms.

A number of mechanisms have been hypothesized

for the antinociceptive effect produced by these artifi-

cial sweeteners and the involvement of endogenous

opioids, serotonergic mechanisms, muscarinic and

nicotinic cholinergic receptors have been earlier pos-

tulated [10, 18, 20]. Studies also showed the involve-

ment of dorsal raphe nucleus and locus coeruleus in

the elaboration of the sweet substance-induced

antinociception [12, 16].

This study evaluated the involvement of opioid and

serotonergic mechanisms by using the appropriate an-

tagonists, naloxone and ketanserin. Both naloxone

and ketanserin antagonized the antinociceptive effect

of both sucrose and aspartame. Naloxone was found

to be more effective on spinal mechanisms while

ketanserin was seen to be more effective on supraspi-

nal mechanisms.

Involvement of endogenous opioids for such anal-

gesia has earlier been demonstrated [5] where reversal

of analgesia was caused by naltrexone or naloxone [6,

20] and serotonin seems to be involved in the modula-

tion of this response [18]. An increase in the level of

b-endorphins in the hypothalamus of rats by sweeten-

ing agents has also been demonstrated [3]. However,

the effect of endogenous opioids may be also corre-

lated with serotonin release from the spinal cord in

diabetic rats [21, 22]. Results of recent studies have

also shown evidence that the pain occurring in dia-

betic neuropathy can be decreased by indirect activa-

tion of central 5-HT1 and 5-HT2 receptors [23]. In

fact, it was already shown that hydroxytryptaminergic

antinociceptive pathways are hardly affected by dia-

betes [24]. In the present study, we have to consider

the involvement of other opioid receptors, such as µ2,
k or d as naloxone acts on all subtypes of opioid re-

ceptors. Although ketanserin is more selective to

5-HT2A/2C receptors, the involvement of other seroto-

nergic receptors subtypes, such as 5-HT1A, 5-HT1D
and 5-HT3, cannot be discarded. In addition, taking

into account the effects of ketanserin in a1-adrenergic

receptors, it is possible that the noradrenergic path-

ways also play some role in the sweet-substance anal-
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Fig. 2. Antinociceptive activity of sucrose and aspartame by Eddy’s
hot plate method. Paw licking/jumping response were recorded at
different time intervals (on day 0, 1 and 14th after giving sucrose and
aspartame to different rats) by Eddy’s hot plate method. Data are re-
ported as the mean ± SEM for 24 rats in each group and analyzed by
repeated measure – ANOVA followed by Tukey multiple comparison
test; * p < 0.05 considered as significant



gesia [11]. In fact, there is also evidence for the in-

volvement of the locus coeruleus neurons in at least

sucrose-induced antinociception as previously de-

scribed [12, 16].

Thus, the various neurochemical mechanisms of

pain can give us new ways to understand central pain

inhibitory pathways. Endogenous opioids and sero-

tonin may be involved in the central regulation of the

sweet substance-produced analgesia in adult rodents.

Further studies are needed to find out the possible

therapeutic place of sucrose and aspartame in pain

management in human.

In conclusion, aspartame showed an antinocicep-

tive activity similar to sucrose. Nociceptive activity of

both aspartame and sucrose was reduced after periph-

eral treatment with opioid and serotoninergic antago-

nists, thereby showing involvement of opioid system

and serotonergic system in analgesia induced by these

artificial sweeteners.
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