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ABSTRACT s
This study was designed to investicate the relalive role of sweelness and comparative effects of
different taste sensation of the non-calonc sweetener, aspartame on pain and its interaction with MK-
801 as a non-selective NMDA antagomist by formaln-test in mice, The formalin-test was chosen
because It measures the response 1o a long-lasting nociceptive stimulus and closealy resembles 1o the
clmical pain. Morphine induced a dose dependent antinociception in the early and late phases of
formalin test. Twelve davs pretreatment of animals by aspartame (0.08%, 0.16%, 0.32%)
significantly  potentiated morphine-induced (1.53-9 mg/kg) analgesia in the early phase but
significantly antagonized 115 analgesic effect in the late phase, dose dependently. Aspartame (0, 16%)
alone showed a reduction in pain response MNaloxone (0.4 myg/kg) significantly antagonized the
antinociceptive effect of morphine in the presence of aspartame (0-0.32%) i the early phase.
[ncreasing the dose of aspartame decreased effects of naloxone. MK-B01 (0.1 mg/kg) as an N-
Methvl-D-Aspartate (NMDA) antagomist sigruficantly  potentiated the effect of aspartame on
morphine-induced antinociception m the early phase. In the late phase. naloxone (0.4 mgfky)
increased pam response but MK-8O1 (0.1 mg/kg) mduced antiinflammatorny effect significantly.
Treatment of antmals with MK-201 alone. signilicantly induced analgesia in bolh phases of formalin-
test. This eflect was potentiated with aspartame dose-dependently. Passible mteracton of aspartame
with NMDA receptors and its role 1o facilitate endogenous opioid system are proposed mechanisms
ol aspartame in modulatmg morphine-induced antinociception. Furthermore, the resulting association
between morphine and aspartame chronic consumption may be explained as an interactive action
rather than simple dose combination of both drugs.
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INTRODUCTION that aspartate derivatives produce both analpesic
The effect of sweel tasting substances including and hyperalgesic effects (12,133 The lormalin-iest

aspariwme m moederating morphme-induced
analgesia has  been reported  previously  (1-6)
However, intake of sweet substances does not
alwavs produce the same alterations in morpline-
mduced analpesia Some investizations showed that
inlake of sweet solutions roduce  sensitivity 10
marphine’s analgesic propertics (1470 whereas
others showed sweel intake increases sensitivity 1o
the pain relieving effects of morphme (3,5 8.5 10),
Also. there are reports indicating that aspariame (L-
aspartyl-L-phenvl-alanine methvl estery as o non-
caloric sweetening agent could alter the effect of
marphine in nociception and inflammation mduced
by Tormalin (6,11} There are evidences sugpesting

was sclected mothis study because it measures the
rezponse 10 a long-lasting nociceptive stimulus and
thus mav closelyv resemble climcal pain (14,15 It
has been proposcd that exciatory aminoacid N-
Methwl-D-Aspartate (NMDA)  receplors  within
midbram periagqueductal gray (FAG) are imvalved m
the perception ol tomic,  nescapable pain as
measured m the Tormalin test (161 Tnjection of
MMDA o subarachnond space of rats could
produce both analpesic and  hvperalpesic effects
(17 Aspartame in the gastrointestinal is hydro-
Iveed 1o aspartyl phenvlalanine and subsequently;
aspartate and phenylalanme enter inte the normal
metabolic paths for the aminoacids (15, 19). There
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iz evidence that some effects of aspartame mayv be
mediated via activation of NMDA receptor (200 It
is also proposed that aspartame may cause some
neurclogical  effects which  are  observed  with
glutamates (18],

The present study was mainly undertaken 1o
investigate the hypothesis that asparlame might
possess antinociceptive or nociceptive propertics
and to determine itz correlation with the analgesic
activity of morphine in the presence of NWMDA
antaganist in more detail. In general, the present
experiment investigated the roles of aspartame on
the effect of marphing by the Tormalin test in mice,

MATERIALS AND METHODS

Chemioais:

Morphine sulphate, naloxone and aspartame were
purchased from Sigma Chemical Co (UK
Formalin was supplicd from Merck Chemical Co.
(Germanyd and ME-B01 from Tocris Co. (USA)

Animals

Male albine mice weighmg 22-27p were used in the
c.\:pcriuwms. The animals were housed 1 conditions
of  constant temperature (224207 and  hight
contralled room (12h, 12h)

Treciment

Mice were randomly distributed in groups of 9 as
control and  tests. Ininally the  dose response
antinociceptions by merphine sulphate (1.3.3.69
mpdkgy and MI-801 (0050, 102,04 mgke) (213
were determined. Morphine sulphate was dissolved
i (09% saline and administered subcutaneously
{sc) 30 minutes before lormalin injection, MK-801
was  dissolved  in saline  and  administered
mtraperiioncally (ip) 30 minutes before formalin
{21). Controls received cqual volume of saline, All
mjection solutions were prepared in a volume of 10
mlkg.

lin the next step. 4 groups of animals were nsed.
Ammals mothe first group were assigned as control
and received only tap water for 12 days. The
remained three groups of animals were treated
arally by aspartame solutions of LOR%, 0 16% and
01.32% wiv respectively for 12 davs. All animals
had access 1o food and water throughout the
experiments. After 12 days treatment of animals by
asparlame and tap water. the anlinociception
recording was dong on day 12, Maorghine sulphale
(1.5.3.6.% mp'ke) was administerad subcutaneously
{sc) 30 minutes before formalm ingection. Maloxons

solution (L4 mgkg) in normal  saline was
administered (Ip) 3 minutes belore morphine. ME-
B0O1 (0.1 mgkp) was administered (ip) 13 minutes
before morphine.

Antinocicepiion recording:

Mice were allowed to acclimatise Tor 30 minutes
before any imection, Twenty five ul of formalin
{(13%) was injected subculancously inte the dorsal
surface of the right hind paw of mouse using a
microsyringe with a 26-gaupe needle. Immediately
after formalin injection,  animals  were  placed
individually 1w glass cvlinder (20-cm wide, 23-cm
lengthy on a flal glass (oor and a mirror was
arranged ina 437 angle under the cylinder 1o allow
clear observation of the paws ol the amimals, The
total  time (seconds) spent licking and  biting
responses of the injected paw durmg periods of 0-5
minutes (early phase) and 10-30 minutes (late
phase) were measured as an indicator of pain and
inflammatory response

Stentistical analvsis

Comparizon between groups were made by one-way
ANOVA and then Newman-Feuls tests. Differences
with P<(.03 between experimental groups of each
point were consulered statstizally significant.

RESULTS

Antinocicepiion indiuced by d
morpdiine in formalin-lest in mice!

Effects of morphing on antinociception in Tormalin
test have been shown in fipure 10 There 15 a
significant difference between animals that were
treated seowith different doses of morphine in the
early (1.3-9 mpkg) and late phases (139 mg'kg)
with saline,

Antinocroeption induced by different drses of ME-
SO0 i formalin-fest in mice!

Elfeets of ME-801 on antmociception i formalin
test have been shown in fgure 20 There 15 a
significant  dilTerence between animals that were
treated ip with different doses of MEK-801 in the
garly ((L03-0.4 mekg) and late phases (0.03-0.4
mgg) with saline.

Stects af twelve dovy pretreatment of animals by
aspariaee (L08R D062 and 0329 in
marpiin g-induced antinociception:

In the carly phase, aspartame sigoificanly poten-
tigted morphine-induced analgesia in all doses (13-
9 meke) moa dose-dependent manner. In the late
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phase, pretreatment of animals with three doses of
aspartame significantly antagonized the analgesic
effects  of morphme (1390 megke)  dose-
dependently.  Treatment of mice by aspartame
(0o 16y alone reduced pain response in both phases
of formalin test.

fafluence of noloxone e effects of twelve das
pegimen af different concentradions of aspartame
N Rarphie-indiced antinooicepiion:

In the carly  phase.  maloxone (04 mgky)
significantlv antagonized the antinociceptive elfect
of morphine in the presence ol aspartame ((-
32%0). Increasing the dose of aspartame decreased
the elfeet of naloxone (figure 43,

Influence of ME-800 ¢ 1 mgda) on effects of

fwelve dov regimen of different concentrations of

aspariome v wmorphine -induced anti-naciception.
In the early phase, MK-801 (001 mgdp) potentiated
the effcot ol aspartame  on merphine-induced
antinociception significantly.

In the late phase, ME-8OL (001 mgdke) induced
antitnflammatory effects (Ngure 33

DISCUSSION
Results of this study show that aspartame acis
differentially: on morphing-induced ant-neciception
m two phases ol the formalin test. In the carly
phase. aspartame polentiated but in late phase
antagonized the antinociceptive offieots of morphing.
These effects were antagonized by naloxone in both
phases of Tormalin test especially i the presence of
lowe doses of aspartame. On the other hand, ME-
01 (0.1 mefhg) potentinted  these  svnergistic
actions of morphing and aspartame in both phases
of formalin test Overall, these results demonsirate
that aspartame plays a signilicant role in merphine-
induced antinociception and has an interaction with
NMDA receplors. The initial pain in formalin test
iearly phase) is explained as a dect stimulation of
nociceptors and the lale phase iz thought 1o be
sccondary (o the inflammatory reactions (2224 1
has been demaonstrated that central changes induced
by the carly phase mav  conribue 1w the
development  of the lale phase. indicating  that
mechanisms other than inflammation mav ke part
(251, There 1z evidonce that consumption  of
palalable solutions can store the endogenous opicid
systems, For example, intake ol sweet solutions
mereases  the release ol beta-endorphin in the
hvpothalamus (26,27 and chronic consumption ol
sweel soluboms attenuates the analgesic effect of

small doses of merphine (1.28.29), However the
fact that naloxone was able 1o block the analgesic
patentiation effect of aspartame in the present study
suggest the mvobement o endogenous  opoid
svstems. The synergistic action of aspartame and
morphine m the earlv phase of formalin test
supports  the  hypothesis  that  aspartame  may
faciltate release of endogenous opicid peptides
from neurons which may ultimately be responsible
for the observed antmociceptve elfect Lo
suggested that aspartame at high doses alleos some
additional pathways that are not clear vel but some
explanations are proposcd

Aspartame has been deseribed as unabsorbed and
completely metabelized  agent (30). Following
hvdrolvsis  of  aspartame by esterases m the
gastrointestinal tract aspartate and pheny lanine
emter mie the normal metabolic paths for the
ammaoncids (18 149 There are also some concerns
that aspartame may cause some ol the neuralogic
elfects scen with glitamates (181 Aspariaie and
glutamate are the predominant neurotransmitters in
the mammalian spimal cord (311 and various parts
of the brain {12).

It has been proposed that the sensorv neurons
subserved by these cacuatory aminoacids posscs
large diameter asons partiicipating in menosynaptic
reflex arcs and coursing within the dorsal celumns
(32). However, there 1s evidence sugpesting relense
of the excitatory wminoacids Trom small dameter
primary afferents involved in nociception {131, 1
has been reperted that subcutancous injection of
formalin produces  an immediate  release  of
glutamate and aspartate in the spinal cord (33) and
administration of NMDA  recepior  antagonists
before formalin mjection reduces pan during the
late phase ol formalin test (34.33). Supporting of
this hvpothesis i owr results thit show ME-801 as
o MMDA antagomst has significant antinociception
in the formalin st and antagonize combined effects
ol aspartame and morphine-induced antinociception
in the late phase. Inhibition of this effect in the
presence o ME-01 shown i this study supports
this hypothesis and indicates that aspartame can act
on MMDA receptors, These results suzeest that the
late phase of the formalin test depends on NMDA
activity immedately after farmalin igection
Antagonisue action of aspartame on the Iine phase
ol morphine-induced antinociception might result
from its eflect on NMDA receplors that could lead
1o hvperalzesia,
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Figure 1. Effect of morphine on formalm-test in mice.

Saline (0) or different doses of morphine 1.5, 3, 6, 9 mg/kg were administered sc 30 minutes before formalim
to mice. Antinociception was recorded 0-3 (early phase, A) and 1030 (late phase. B) minutes after formalin
mjection. Each point is the meant3E of @ animals. Difference between control and treated groups is cignificant
at *P=0.035 or *=P=0.01.
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Figure 2, Effzct of MK-801 on formalin-test in mice

Saline () or different doses of ME-801 (0,05, 0.1, 0.2, 04 mg'ke) were administered ip 30 minutes belore
formalin to mice. Antinociception was recorded 0-5 (garly phase, A) and 10-30 (late phase. B) minutes after
formalin injection. Each point is the mean+SE of' 9 animals. Difference between contrel and treated groups is
significant at ¥*¥P-=0 0]
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Figure 3. Effects of twelve days water or aspartame (0LO0E%, 016% and 0.32%) treaiment on difTerent doses
of morphine (1.3, 3, 6, ¥ mgkg) induced antineciception.

Marphine was admmistered 20 minutes belore [ormalin injection. Antinociception was recorded 0-3 (early
phase, A and 10-30 (late phase, B) minutes after formalin injection. Each point is the mean=SE of 9 animals,
Each proup of bar (4) represents water, aspartame 0.08%, aspartame 0.16% and aspartame 0.32%
respectively from left to right. Difference between control and treated groups is significant at *P<0.03 ar

**p<0.01.
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Figure 4. Effect of naloxone on morphime-induced antinociception affected by twelve davs pretreatment by
aspartame {0.U8%, 0. 16%, and 0.32%),

Marphine (6 mgkg) was administered 30 minotes before formalin mjection. Maloxone (004 mg'kg) was
administered 3 minuies before morphine. Antineciception was recaorded (-3 {early phase, A) and 10-30 (late
phase, B) minutes alter formalin injection. Each point is the meantSE of @ animals. Difference between data
of morphing [} and that of naloxone+morphi e { ¥ treated groups 15 significant at *#*P=<0.01.
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This stimulug action of aspartame on NAMDA
receptors sgems (o be greater than its property 1o
facilitate endogenous opioid peptide svsiem. In the
early  phase it is supposed that aspartame’s
facilitization effect on endogenous opicids is mors
noticeable than its agonisie action on NMDA
receptors  and  as  a  result it potentiates
antinociceptive elfects of morphing On the other
hand, several mediators such as prostaglandins,
kinms or seratonin and calcium accumulation in the
cells are responsible for the inflammation and
nociception induced by wvarious nexous stimuli
(36). These mediators take part n the inflammatory
response and are able wo stimulate nociceptors and
thus induce pain (373, All these medators are also
known to exert their effects by caleium dependent
mechanisms (3,39},

Our  previous  investigations  illustrated  that
coadministration of calcium channel blockers and
aspartame before morphine imjection alters its
effects in both phases of the formalin test (11}
Caleinm serves a wvital role in the integration of
cellular activities and the resullant physiological
sequel (403 Thus 11 15 not surprising thil
manipulating the ratio of extracellular 10 intra-
cellular caleium can modulate the pharmacolegical
actions of opiates levels. Activation ol NMDA
receplor leads to caloium nflux (413, increased
production of the intracellular messengers, mositol
triphosphate and diacvlglveercl (421, release of
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calcium from intracellular stores (430, moreased
expression of protooncogencsis such as C-Tos and
C-jun. and increased production ol nitric oxids
{441, These combined events could lead 1o
prolonzed changes in activation threshold of dorsal
horn neurens and avgmented release of excilatory
neurotransmitlers from pronary afferent terminals
(42,457 Thus anather posstble reason for observed
effects of aspartame miglt be its interation with
calcium channgls (113

Another possibility would be that the differential
responses are due o the differential stimulation of
different opiord receplor subty pes (46). other neure-
transmitlers, receptors and second messengers.
However, 1035 unportant 1o consider the fact that
naloxone wias not able e reverse the effect of gh
dose of aspartame on morphme (Tgure 43 It s
sugzested that aspartame at high doses acls via
pathways rather than opicid svstem or NMDA and
therefore s cfTects cannot be  climinated by
moerphineg antagonists,

Based on these findings. the association belween
morphine and aspartame chronic regimen may be
explained as an inmteractive action rather than simple
dose  combanation o both  drogs Addatiomal
mvestigalions are required to find the biochemical
way of pain modulation m order to describe the rels
of aspartame regimen on opiond receplor type and
its interaction with NMDA svstem to alier pain
sensitivity and analgesia n formalin test,
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fp) on morphine-induced antinociception affected by twelve dayvs pretreatment by

Morpiune 6 mgdg was administered 30 minutes before Tormalin mjection. ME-R0T was administered 15 minutes

before morphine. Antineciception was recorded 0-3 (eurly phase, A) and 1030 (late phase, Bywmemses alier formalin
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