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Abstract: Effects of excitatory aminoacids (EAAs) aspartate (ASP) nnd
glutamate (CLU) in a low (50 ng. i.e.) and high dose (20 ~g, i.e.). were studied
on nociception, catalepsy and rectal temperature in albino rats. Both ASP and
GLU altered the tail nick reaction time to thermal stimulation in a dose
dependent manner, increasing it with low doses and reduced with high doses.
Naloxone (10 pg, ic) antagonized the anti-nociceptive effect of EAAs while
ketnmine (10 ~g, ic)·a NMDA receptor antagonist antagonized the hypel .l~esic

effect. These EAAs also antagonized catalepsy induced by haloperidol,
chlorpromazine, trifluoperazine and morphine. Both ASP and GLU produced
a hyperthermic response in all animals, including those in which hypothermia
was induced by reserpine. These EAAs produced a comparable central
modulatory effects on nociceptioll, catalepsy and core temperature.
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INTRODUCTION

Aspartate (ASP) and glutamate (GLU) are
the predominant excitatory neurotransmitters
in the mammalian spinal cord (1) and various
parts of the brain (2). It has been proposed
th~t the sensory neurons subserved by these
EAAs possess large diameter axons
participating in monosynaptic reflex arcs and
coursing within the dorsal columns (3),
Recently however, data has been provided
suggesting that EAAs may be released from
small diameter primary afferents involved in
nociception. Glutamate has also been shown
to produce nociceptive effect in rat and mice
(4,5). On the other hand Martinez (6) reported
that monosodium glutamate increases or
decreases analgesic effects of morphine in rats
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depending upon the analgesic test used and
on the gender. Raigordosky (7) demonstrated
that injection of the n-methyl-O·aspartate into
subarachnoid space of rats produces both
analgesic and hyperalgesic effects. Many
recent studies using in vitro preparations such
as brain slices (2) and synaptosomes (B) have
mainly concentrated on demonstrating
neurotransmitter role of ASP and GLU in the
brain. In view of these conflicting reports the
present study was carried out to evaluate
effects of the EAAs on nociception, catalepsy
and rectal temperature in rats.

METHODS

1. Analgesia: In male albino rats (lBO-190 g)
analgesia was evaluated using tail flick test
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to thermal stimulation by analgesiometer (9).
The heat intensity was adjusted such that the
rats had control (pre-drug) tail flick latencies
of 3 to 4 sec. A 10 sec cutoff latency was used
to prevent damage to tail. Intracisternal (i.e.)
injections were given by a microsyringe over
a period of 20 sec as described by Jaffers &
Griffith (10), The initial (control) reaction time
was recorded and animals were divided into 8
groups of 10 rats each. In groups I and II
ASP and OLU (50 ng/rat, Lc., in a volume of
10 pi of normal saline) respectively were given
immediately after initial tail flick testing.
Animals of group III and IV were pretreated
(15 min) with 10 pg naloxone/rat, ic along
with ASP and OLU (50 ng, ic) respectively.
High doses (20 llg/rat, ic) of ASP and OLU
were given in animals of group V and VI.
Ketamine UO pglrat, ic) was given 30 min
before ic injections of ASP and OLU (20 llgl
rat, ic) in animals of group VII and VIII and
reaction time was noted at 30 min, 1 hr, 2 hr
and 3 hr. Effects of these drugs were evaluated
by using each animal as its own control.

Low (50 ng/rat) and high (20 J.Iglrat) dose
of ASP and GLU was selected after a pilot
study using different doses i.e. 25, 50, 100 ngl
rat and 5, 10, 20 J.Ig/rat respectively.

2. Catalepsy: Catalepsy was evaluated in
albino rats (180-190 g) by placing the front
limbs of the animal over a horizontal bar
positioned 8 cm above the floor and measuring
the time for which the animal maintained the
posture. Scoring was done by the method of
Balsara (11). Animals were divided into 4
groups of 30 rats each. Each group was further
subdivided into 3 subgroups. In groups la, IIa
IlIa and IVa, haloperidol (5 mg/kg),
chlorpromazine (15 mglkg), trifluoperazine (10
mglkg) and morphine U5 mglkg) respectively
were given intraperitoneally to produce
catalepsy. Groups Ib and Ic received
haloperidol, groups lIb and lIe
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chlorpromazine, group rlIb and IIIc
trinuoperazine and groups IVb and IVc
received morphine respectively after
pretreatment with ASP and GLU (20 pg/rat,
i.e, 30 min before). Cataleptic score was
recorded at 30 min, 1 hr, 2 hr and 3 hr.

3. Rectal temperature: Rectal temperature was
measured in albino rats (180-190 g) at 30 min,
1 hr, 2 hr and 3 hr by a rectal thermometer.
After recording control rectal temperature the
animals were divided into 2 groups of 10 rats
each. Group I received ASP 20 pg, ic while
group II received GLU (20 pglrat, ic). Predrug
and post drug rectal temperature was
compared.

In another series of experiments after
recording control rectal temperature,
reserpine (5 mglkg, ip) were given to albino
rats (n ::: 10). After 15 hr of reserpine
administration animals were divided into 2
groups of 10 rats each. In groups I and II
ASP and GLU (20 Jlglrat, ic) respectively were
given in a volume of 10 J.II of saline. The
student's 't' test was used for the statistical
analysis of the results.

RESULTS

Analgesia - In low doses (50 ng/rat, ic)
both ASP and GLU significantly (P <0.01)
increased the tail flick response in rats. The
maximum anti nociceptive response of ASP and
GLU was observed after 30 min of
intracisternal injection. The antinociceptive
effect of ASP and GLU was antagonized by
naloxone (10 J.Ig/rat, ic). In high doses (20 J.Igl
rat, ic) both ASP and GLU produced
hyperalgesic effect along with some signs of
excitatory behaviour Le. increased
hyperactivity to sound, motor activity and
biting. This hyperalgesic effect of ASP and
GLU was antagonized by ketamine 10 llg/rat,
ic - an NMDA receptor antagonist (Table D.
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TABLE I : Effect of low (50 ng/rat, it) and high (20 llg/rat, ic) dOlleR of ASP and GLU
on reaction time to tail flick test in rats. Data represented as mean ± SE.

Reactio/l time (sec)
Groups COlltrol 30 min 1 h' 2 hr 3h'

ASP (SO ng ) 3.3S ± O.IS 4.45 ± 0.16* 3.85±0.13* 3.75 ± 0.20 3.40 ± 0.24

II GW (SO ng) 3.20 ± 0.13 4.45±0.17* 3.90±0.1S* 3.75 ± 0.21 3.25± 0.15

'" NAL (10 llg)-+ ASP 3.15 ± 0.07 3.35 ±0.08 3.35 ± 0.10 3.25 ± 0.15 3.20± 0.10

IV NAL 00 J-lgl+ GLU 3.85 ± 0.10 4.05±0.15 4.00± 0.10 3.90 ± 0.14 3.80± 0.12

V ASP (20 I-Ig) 3.25±0.12 2.65 ± 0.05* 2.75 ± 0.03* 2.95 ± 0.06* 3.15 ± 0.08

VI GLU (2O l-lg) 3.75 ± 0.20 3.10±0.10* 3.15 ± 0.08* 3.50 .± 0.05 3.50 ± 0.06

VII KET (10 I-Ig)+ ASP 3.40:1 0.15 3.55:10.07 3.55 ± 0.07 3.15.± 0.08 3.00:1 0.08

VIII KET (10 I-Ig)-+ GLU 3.95:1 0.04 4.05:10.15 4.15:1 0.14 3.85:1 0.07 3.75:1 0.09

*p< 0.05 when compared with control.

TABLE II: Effect of intracisternal ASP and GLU (20 I-lg/rat) on catalepsy induced by haloperidol, chlorpromazine.
trifluoperazine and morphine in rats. Data represented as mean cataleptic score ± SE.

Meoll cataleptic score :1 SE

Groups After 30 mill 1 IIr 211r 3h'

lal HALO 3.1 ± 0.23 3.6 ± 0.16 3.5:1 0.16 2.3 ± 0.15

Ib) ASP -+ HALO 1.8 ± 0.13* 1.8 ± 0.13* 1.4 :1 0.20* 0.5 ± 0.16*

(0) GLU -+ HALO 1.5 ± 0.16* 1.7 ± 0.15* 1.6:1 0.15* 0.2 ± 0.13*

" 'a) CPZ 3.2 ± 0.18* 3.3 ± 0.15 3.3 ± 0.15 2.5 ± 0.t3

'b) ASP -+ CPZ 1.7 ± 0.20* 1.9±0.21* 1.5 ± 0.19* 0.6 ± 0.16*

'd GLU -+ CPZ 1.8 ± 0.21* 1.8±0.21- 1.2 ± 0.12* 0.4 ± 0.16-

III (a) TRIF 3.5 ± 0.12 3.7 ± 0.15 3.7 ± 0.05 2.0 ± 0.24

'b) ASP -+ TRIF 1.4 ± 0.24* 1.5 ± 0.16- 104 ± 0.24* 0.6 ± 0.28*

(0) GLU -+ TRIF 1.6 ± 0.16* 1.7 ± 0.15* 1.3 ± 0.15* 0.8±0.12*

IV (a) MORP 3.5 ± 0.12 3.7 ± 0.15 3.5±0.12 1.6 ± 0.16

'b' ASP -+ MORP 0.3 ± 0.15· 0.3 ± 0.15· 0.2 ± 0.14- 0.0 ± O.Op*

'd GLU -+ MORP 0.5 ± 0.16* 0.4 ± 0.16* 0.3 ± 0.15* 0.1 ± 0.00*

-I' < O.OJ when compared to corresponding controls i.e. group la, IIa, ilIa and IVa.
HALO - Haloperidol, CPZ-chlorpromazine, TRIF - Trifluoperazine and MORP - morphine.

Catalepsy - Pretreatment with ASP and OLU
(20 pg/rat, ic) significantly (P < 0.01)
antagonized catalepsy induced by haloperidol
chlorpromazine, trifluoperazine and morphine.
The antagonistic effect of ASP and OLU was

more marked in morphine induced catalepsy
as compared to catalepsy produced by
haloperidol, chlorpromazine and
trifluoperazine (Table II).
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Rectal temperature - Intracisternal injections
of ASP and OLU (20 ).lg/rat, ic) produced a
significant (P < 0.00 hyperthermic response
in rats. The peak effects was observed after
30 min of ASP and GLU administration (Table
III). Both ASP and GLU significantly
antagonized hypothermic effect of reserpine
(5 mg/kg, ip), and rather produced a
hyperthemic response in reserpine pretreated
(15 hr before) animals (Table IV).
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located inside nerve terminals in the laminae
rand 11 in the dorsal horn of the rat (12).
Skilling et al (13) demonstrated for the first
time in freely moving rats the itt vivo release
of ASP and GLU from dorsal horn of the spinal
cord after putative nociceptive stimulation. It
is possible that in low doses both ASP and
GLU may affect descending tonic inhibitory
system which is believed to be involved in
anti nociceptive information or these EAAs

TABLE III: Effect of intracisternal ASP and GLU (20 jlglratl on rectal temperature.
Data represented as mean :t SE.

Rectal temperature ·C

Groups

ASP

11 GLU

Control

36.91:t 0.07

36.87 :t 0.06

30 mill

37.44:t O.OS-

37.54:t 0.05-

1 h,

37.27 :to.07·

37.36 :to.09-

37.02± 0.06

37.03:t O.OS

3 h,

36.9S:t 0.06

36.84 :t 0.09

.p < 0.01 when compared to control.

TABLE JV : Errect of ASP and GLU (20 jlg/rat, ic) on rectal temperature in reserpine (5 mg/kg, ip)

hypothermic rats. Data represented as mean :t SE

Rectal temperoture ·C
Groups Control After 15 hrs

of reserpine
After 30 min 1 IJr 2 JJr 3h,

"
36.86:t 0.02

36.90:t 0.02

35.35:t 0.07" 36.39%0.07·

35.S5:t 0.10" 36.7I:t0.1O-

37.64:t0.07-

37.6S%0.02-

37.SI%0.OS· 37.10:t0.OS-

37.59:t0.04- 37.27:t0.ll-

.p < 0.05 when compared to reserpine.
--P < 0.05 when compared to control.

DISCUSSION

The anti nociceptive effect of ASP and GLU
observed with low concentrations in this study
may be due to actions of these excitatory
aminoacids at the spinal level and partly on
the endogenous opioid peptide system. Both
ASP and GLU have been found in appreciable
amounts in the spinal cord. A high GLU
immunoreactivity has been reported to be

may activate endogenous segmental pain
inhibitory mechanisms. Our findings are in
agreement with Raigordosky (7) who also
reported that in low concentrations intrathecal
administration of excitatory amino acid n­
methyl-D-aspartate activates anti nociceptive
system at the level of spinal cord. These
workers further demonstrated that
spinalization (removed tonic facilitation) does
not attenuate but even enhances the analgesic
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effect of n-methyl-D-aspartate indicating the
spinal origin of its analgesic effect. However,
the fact that naloxone was able to block the
analgesic effect of ASP and GLU observed in
the present study suggests involvement of
endogenous opioid peptide system. Our
contention is further supported by the findings
of Martinez (6) who demonstrated that
monosodium glutamate in immature rats
produce analgesic effect by exerting effects on
cells and fibers containing metenkephalin and
beta endorphin. Therefore, it may be possible
that ASP and GLU facilitate release of
endogenous opioid peptides from neurons
which may ult.imately be responsible for the
observed anti nociceptive effect.

The nociceptive effect of ASP and GLU
observed with high concentrations may be
mediated via activation of NMOA receptors,
possibly through the generation of nitric oxide
synthesis (5). The hyperalgesic response and
pain behaviour of both ASP and GLU was
blocked by ketamine - noncompetitive NMDA
receptor antagonist (14). This indicates
involvement of NMDA receptor activation in
nociceptive action.

Anticataleptic effect of ASP and GLU in
catalepsy induced by haloperidol,
chlorpromazine and trifluoperazine may be
due to increased release of d.opamine (OA) by
ASP and GLU in the striatum. Our finding is
supported by an in vitro study (15) in which
L·glutamate produced a concentration
dependent release of (3I-I) - DA from slices of
the nucleus accumbens, olfactory tubercle,
caudate putamen and substantia nigra of rat
by acting at a Mg..... sensitive NMDA receptor
(15). Thus ASP and GLU antagonize the
catalepsy by increasing the release of DA from
nerve terminals in the rat striatum, while
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haloperidol, phenothiazines, chlopromazine
and trifluoperazine are known to block OA
receptor and decrease striatal DA
concentrations (16). Morphine, and related
narcotic analgesics increase turnover of DA
indirecly, to produce extrapyramidal effects
(16).

The significant hyperthermic response
after intracisternal administration of both ASP
and GLU in rats may be due to modulation of
actions of norepinephrine. Our results are
further supported by the observations that
ASP and GLU significantly antagonised
reserpine induced hypothermia in rats.
Reserpine hypothermia appears to be related
to the loss of norepinephrine from both central
and peripheral nerve terminals by inhibit.ion
of uptake and storage (17). Thus it is possible
that ASP and GLU act by increasing the
availability of norepinephrine, possibly by
increasing the release from nerve terminals.
Our contention is further supported by a
recent study of Navarro et al (18) who
demonstrated that glutamate stimulates
norepinephrine release in several areas of the
rat brain. Intraischemic hypothermia has been
reported to decrease the release of glutamate
in cerebral infarcts (19) showing a reverse
correlation between glutamate and
hyperthermia.

In conclusion, this study suggests that the
EAAs ASP and GLU caused a dose dependent
effect on tail flick reaction time to thermal
stimulation, increasing it with low dose while
reduce it with high dose. Both ASP and GLU
antagonize catalepsy induced by haloperidol,
chlorpromazine, trifluoperazine and morphine.
ASP and GLU produce a hyperthermic
response in rats including the animal in which
hypothermia was induced by reserpine.
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