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Abstract: Rats were treated with intraperitoneal injections of morphine
(10 mg/kg) followed hy glutamic acid (20 mg/kg.) and ketamine. (5 mg/
kg). Pain thresholds were recorded as tail flick latencies for a period
of 2:3 days and the mean area under curves calculated. Glutamic acid
and ketnmine, partially blocked the analgesic effects of morphine.

Two types of effects were observed. In 4 animals, there was a partial
blockade of the response, and in 2 animals there was a complete
blockade followed by reversal in both the groups. It is suggested that
two different mechanisms one excitatory and one inhibitory may be
operating for the interaction of NMDA receptors with the opioid
analgesic systems for modulating nociceptive responses.
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INTRODUCTION

Recent studies have suggested an
involvement of excitatory amino-acids
especial1y N-Methyl-D-Aspartate (NMDA) in
the antinociceptive action of opiates (1).

Opiate drugs such as morphine are widely
used in the clinical management of pain.
Chronic administration of morphine to the
rat by pellet implantation resulted in the
development of high degree of tolerance to
the analgesic effects of morphine, (2, 3, 4, 5,
6) and physical dependence. Tolerance to
morphine has been shown to be associated
\-\lith alteration of several receptors. Many
studies have implicated the role of the
NMDA receptors in producing morphine
tolerance (5, 7, 8). There are a few studies
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to suggest the role of glycine and glutamate
in NMDA receptor activity and binding in
various regions of the brain and spinal cord
(9, 10). However more studies are needed to
elaborate the role of NMDA receptors in the
chronic action of opiates. Our studies are
aimed at further elucidating their role by
use of effects of L-glutamic acid and ketamine
on morphine-treated rats.

METHODS

Animals:

Experiments were conducted on 24 albino
(Wistar) rats weighing between 300-350 gms.
The animals were housed in the animal
house until the commencement of the
experiment, and fed, food and water
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ad libidum. They were maintained on a 12­
hr. light and dark cycle, and temperature of
22°C These animals were brought to the
laboratory for one or two days to adjust to
environmental conditions pr'or to the
experiment.

Recordings of pain thresholds using Tail Flick

latencies

The pain thresholds were recorded using
the tail flick latencies, by the method of
Coeddere and Melzack (ll). During the tail
flick test, the rat was held in one hand, and
the distal 5 min. of the tail was immersed in
a cup containing water maintained at 55°C.
Time taken for the rat to flick its tail from
the water was noted. If the rat did not
remove the tail within 15 seconds, (cut-off
latency) the trial was terminated to avoid
tissue damage. During recording, the
animals were restrained in tube containers,
which were held by the observer while
conducting the test.

Recording procedures

Morphine treatment: Control readings for
pain threshold were monitored, without any
drug (day 0). Recordings of tail flick latency
were made at an interval of every 5 min for
a period of 30 min to establish a base line
latency. Subsequently, intraperitoneal
injection of morphine (10 mglkg) was started
on (day 1), twice daily at 9.00 A.M. and 4.00
P.M. for a period of 10 days. On day 17,
microinjections of glutamic acid (20 mglkg)
and ketamine (5 mg/kg) were given,
intraperitoneally and recordings made until
day 23. The NMDA modulators were given
in a single dose daily at 10.00 A.M.
intraperitoneally, for a period of 4 days and
recordings started from day 17 onwards, till
day 23.
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Method of analysis

Statistical analysis: Graphic plots of tail flick
latencies against time were made and the
area under these curves calculated a two way
ANOVA and a Tukey's (19) test were used to
find out the statistical significances (Table
I). The following equation was used to
calculate the mean area under curve, (AUC)
for every 5 mins.

AUC = (11'2 x base x (sum of heights)]

RESULTS

Experimental groups:

Control readings of tail flick latencies
were taken on day zero, every 5 min, till a
base line latency established. Six of these
rats received peripheral intraperitoneal
injections of glutamic acid (20 mglkg), and 6
received ketamine (5 mglkg). The other 12
rats were treated with morphine for 9 days,
followed by injections of NMDA modulators.
All recordings were taken till day 23. Six
Rats also received intraperitoneal injections
of 1 ml of 0.9% of saline.

Effects ofglutamic acid on morphine induced
in tail flich latency: In 6 animals studied,
morphine (10 mg/kg) produced an increase
in the tail flick latencies in 5 animals
resulting in an analgesic state, as observed
by an increase in the mean area under curve
(AUC), whereas in 1 animal, it did not
produce any significant change. Glutamic
acid (20 mg/kg) produced a partial block of
the response in 4 of these animals, out of
which, In 2 animals the response
was significantly blocked, and in the
other 2, the response was blocked
alongwith a reversal. In the other 2 animals,
there was no change. (Fig. la & Fig. 1b).
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Fig. 1 a : Mean Areas under curve for effects of glutamic acid on morphine induced analgesia .
• - Control, D - After morphine 1-15 days, - After glutamic acid 18-23 days.

Effects of ketamine on morphine-induced
changes in tail flick latencies: Fig. 2a &
2b shows the effects of Ketamine (5 mg/kg)
on morphine induced changes in tail
flick latencies, and mean area under curve.
Ketamine produced a significant partial

block of the analgesic response as observed
after morphine in 4 of these animals,
whereas in the other 2 rats it was seen
that there was a partial blockade of the
response followed by a reversal of the
response.
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Fig. lb Tail flick latencies in rats treated with morphine followed by glutamic acid.
__*__ Control, __*__ maximum analgesic effect after morphine

... *........ maximum analrresic effect after glutamic acid D-days on which
the effects have been shown.
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Fig. 2'1 Nlean areas under curve for effect of Kctnmine on morphine induced analgesia
,- - Control. 0 - after morphine (1-15 days) - after ketamine (18-23 days].

Effects of peripheral injections of glutamic
acid and ketamine on tail flicl< latencies:
Six rats were treated with glutamic
acid (20 mg/kg) and six with kctamine
(5 mg/kg) given intraperitoneally. No
morphine injections were given in these
animals. Figs. (3a & 3b) shows the effects
of peripheral microinfusions of ketamine and

glutamic acid, on the mean area under curve
and the flick responses.

Glutamic acid in all the rats produced an
increase in the MADe, and the tail flick
latencies, whereas ketamine also induced,
an increase in mean area under curve, and
an increase in the tail-flick latencies.
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Fig. 2b : Tail flick latencies in rats treated with morphine followed by ketnmine __*__ control,
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after ketamine. D-signifies days on which the effects have been shown.
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These observations show that the
periphGral Gffects of glutamic acid and
ketamine differ in their response on
morphine-induced analgGsia (Fig. 2a, b), as
compar d to those animals in which no
morphine was given (Fig. 3a, b). This
indicates that the two modes of nociception
may exist. When glutamic acid was given to
the morphine treated rats, the analgesic
effect of morphine was markedly reduced,
giving an inhibition of the inhibitory
responses. Glutamic acid and ketamine when
given peripherally produced an analgesic
effect, which by itself was much greater than
the effects on the morphine induced
responses. Glutamic acid effects were also
mainly of 2 types, those which resulted in a
blockade, and those which produced a partial
reversal of the response.
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Fig. 4 : The effects of saline microinfusion on the mean
area under curve and tail flick latency (n = 6).

TABLE I: Measures of analysis of variance, comparison between
the different groups and drug treatments.

Anova Test
Control

Day

Glutamic Acid

Main effects
Group
Day

Sum of Squres

898.532

16906.165
13922.533
2618.405

DF

1

7
2
5

F

0.904

0.525
1.514
0.114

Significance of F

0.344

0.814
0.244
0.989

Two way interaction

Group
Day

4180.059
4180.059

8
8

0.114
0.114

0.999
0.999

Morphine

Main Effects
Group
Day
Two way interaction

30626.00
24367.5
6179.571
4289.00

7
1

6
4

1.805
10.055

0.425
0.442

0.132
0.004
0.885
0.777

Ketamine

Main effects
Group
Day
Two way interaction

3373.00
60.00
2724.87
4001.5

7
1
6
4

0.112
0.014
0.106
0.233

0.997
0.906
0.995
0.919

Tukey's Test

Drug

1. Morphine

Glutamic Acid

2. Ketamine

Mean AUC

133.29

113.66

105.62

SD

75.51

58.86

58.7

P value

0.002*

5% level

0.225
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DISCUSSION

Our observations confirm the involvement
of NMDA receptors, and L-Glutamate
receptors in nociceptive responses in rats.
Morphine-induced analgesia was seen to be
affected in two different ways by glutamic
acid and ketamine, (i) in which there was a
blockage and the other (ii) in which there
was a blockage accompanied with a reversal
of the response. Analysis suggests that the
glutamic acid has an excitatory and inhibitory
effect on the opioid system, which leads to
reduction of the analgesic response, produced
by morphine. The NMDA receptor activity
may be modulated in the antinociceptive
action of morphine by two types of activities
of the glutamate receptors. Our observations
are support(;d by the work of Bond and Lodge
(12) who have suggested that the glutamate
receptors involved in the antinociceptive
action of morphine may be of two types. By
using the method of micro-iontophoretic
application in the spinal neurons, they have
studied the activity of these two types of
glutamate receptors, (Group 1 & 2), some
which contribute to the excitation and others
to the inhibition of the opioid systems.
Several different types of metabotropic
receptors have been shown to be present in
other regions of the brain, such as thalamus,
and hippocampus. Interactions between these
cannot be ruled out (13). Various workers
have also suggested that there is a regional
variation in functional response of the
glutamate receptors, in synaptic
transmission mechanisms (14) and
alterations may be because of the changes
in pre-synaptic and post-synaptic
conductances, and changes in Ca+influx.
Dickenson (15) in an article on pharmacology
of pain transmission and control gave some
information on how opioids and other
inhibitory transmitters may act to control
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these excitatory events. Stimulation of the
NMDA receptors involved in C-fibre
stimulation of the dorsal horn neurons, leads
to a hypersensitive state, and a 'wind up'
phenomenon. The activity of the dorsal horn
neurons, increased dramatically despite the
lack of change of input into the spinal cord.
This response could be magnified about 20
fold increase continuing even after cessation
of the peripheral input. The opioid systems
may be acting in a similar manner.
Considerable number of sensory fibres in
dorsal root ganglion cells contain glutamate
and aspartate and 90% of the substance P
containing fibres in spinal cord also contain
glutamate (16). The co-existence of more
than one transmitter in a nerve fiber makes
it highly unlikely that a noxious stimulus
wou!d induce a release of both peptides and
excitatory amino-acids into the spinal cord.
It is, therefore, suspected that these
transmitters co-coperate to activate spinal
neurons in nociceptive pathways. Dickenson
(15), have also stated that opioid
effectiveness at a certain dose will vary, and
depends on the level of excitatory activity
the opioids are controlling. Inhibition must
balance excitation. The NMDA receptor for
glutamate may be prime candidate for
generation of this state and many NMDA
dependant pains. When the NMDA mediated
central events leading to hypersensitivity
are active, there is a reduced sensitivity to
opioids (17). The NMDA antagonist ketamine
has the potential not to abolish pain but to
prevent or block certain hypersensitive
states (18). Thus it can be seen that the
final effects are transmitter interactions,
with the eventual activation of the NMDA
receptors. They playa key event in spinal
nociceptive processing. The relative
importance of these transmitters can change
ion different pain states. Not only can the
excitatory events alter, but inhibitions; and
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III particular opioid controls can vary.
Plasticity is very much a part of pain. (15).
Opioid effectiveness at a certain point of time
will vary as a result of the level of the
excitatory activity, and the inhibitory
activity, and by the effects of the transmitter
systems, in which the NMDA receptors may
be playing an important role.

The present findings suggest that
the NMDA receptors may have a modulatory
role in morphine-induced analgesia by
alteration of "opioid" controls. These
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receptors may have two types of activities,
for their actions of glutamatic acid and
ketamine, ones which produce and inhibition
and secondly those which produce an
excitation followed by an inhibition or vice
versa.
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