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Abstract  :  Bo th  op io id  and  NMDA recep to r s  have  been  known to  be
involved in pain processing in the central nervous system as well as in the
periphery. The effect of drugs acting on opioid and NMDA receptors, and
thei r  ro le  in  modulat ion of  pain  response  was  observed in  the  formal in
model of inflammatory pain in rats .

We have  demons t ra ted  tha t  morph ine  has  s ign i f i can t  an t inoc icep t ive
effect in the formalin model and this effect was enhanced when given in
combina t ion  wi th  ke tamine .  We have  a l so  repor ted  modula t ion  o f  pa in
response when naloxone or NMDA were co-administered with morphine or
ketamine in various combinations.  A noteworthy observation in our study
i s  tha t  low dose  na loxone  when  co-admin i s t e red  wi th  ke tamine  and
morph ine ,  o r  wi th  ke tamine  and  NMDA,  caused  dec rease  in  the  pa in
r e s p o n s e .

These  obse rva t ions  may  sugges t  tha t  low dose  na loxone  can  cause
modulation of opioid and NMDA receptors resulting in antinociceptive effect.
Our s tudy thus introduces a  new concept  of  more than two drugs act ing
on opioid and NMDA receptors to modulate pain response.
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INTRODUCTION

The Evidence exists for the role of mu-
opio id  and  N-methyl -D-aspar ta te  (NMDA)
recep tors  in  pa in  p rocess ing  (1–4) .
NMDA recep tor  an tagonis t s  have  been
known to  cause  potent ia t ion  of  the  opio id
ant inocicept ion when given in  combinat ion
(4–6). Therefore, attention has been focused
on the concept of  combining the propert ies
of  the  mu-opio id  and  NMDA recep tors  to

achieve maximum pain relief with minimum
dose and side effects. We have attempted to
explore the antinociception produced,  using
combina t ion  of  var ious  agonis t s  and
antagonists on opioid and NMDA receptors.
Gillman et al (7) has proposed a dual system
hypothes is  sugges t ing  the  presence  of  two
opposing opioid  sys tem.  In  addi t ion ,  there
have been reports  of  naloxone potent ia t ing
morphine-induced analgesia at high doses (7).
However,  the interact ions of  naloxone at  a
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lower dose (0.3 mg/kg) with morphine,  and
with drugs acting on NMDA receptors have
been less investigated. Combinations of more
than  two drugs  ac t ing  on  these  recep tors
were  a l so  a t t empted  to  observe  the
modula t ion  of  the  an t inoc icep t ive  e f fec t .
Although the interaction between opioid and
NMDA sys tems  i s  a  wel l - s tud ied  a rea ,
per iphera l  in te rac t ions  have  been  less
inves t iga ted .  The  presen t  exper iment  was ,
therefore designed to examine the interaction
of opioid and NMDA receptors following their
per iphera l  admin is t ra t ion  us ing  formal in -
induced  pa in  in  ra t s ,  and  to  s tudy  the
ef fec t iveness  o f  t r ip le  d rug  reg imen to
al leviate  pain.

MATERIALS AND METHODS

Heal thy  male  Wis ta r  ra t s  weigh ing
180–250 g  were  used  for  the  s tudy .  The
animals  were  p rocured  f rom the  Cent ra l
Animal House, University College of Medical
Sc iences ,  Delh i .  Animals  were  housed  in
groups of 4–5 per cage with free access to
pe l le t  d ie t  and  wate r  in  a  t empera ture
controlled facility. All the experiments were
per formed a t  day t ime  be tween  0930  and
1530  hr .  Care  o f  an imals  was  as  per  the
guidelines of Committee for the purpose of
Control  and Supervision of  Experiments on
Animals (CPCSEA) (8). The study was duly
approved by the Insti tutional Animal Ethics
Commit tee ,  Univers i ty  Col lege  of  Medica l
Sciences,  Delhi .

Morphine Sulfate was obtained from Govt.
Opium and Alkaloid Works, India. Ketamine
Hydrochloride, Naloxone Hydrochloride, and
N-Methyl-D-Aspartate (NMDA) were obtained
f rom Sigma,  U.S .A.  Morphine ,  Ketamine ,
Naloxone and NMDA were used in doses of
5, 25, 0.3 and 10 mg/kg respectively. All the
drugs  were  in jec ted  in t raper i tonea l ly  pr ior

to  the  fo rmal in  in jec t ion ,  a f te r  d i sso lv ing
them in  0 .9% sa l ine .  The  drug  t rea ted
groups were injected formalin as per time of
their peak effect, which is 30, 45, 15 and 30
min for Morphine,  Ketamine,  Naloxone and
NMDA respec t ive ly  (9–11) .  Whi le  g roups
involv ing  adminis t ra t ion  of  more  than  one
drug,  were scheduled such that  there is  no
chemical  in teract ions  between the  drugs  a t
the injected site,  and the peak effect of all
the  adminis tered  drugs  appear  a t  the  same
t i m e .

Formal in  tes t

The  s tandard  model  o f  induc ing
inf lammatory  pa in  was  used  in  the  s tudy
(12). The animals were divided into 12 groups
having 6 rats/group. The animals were placed
in a plastic behavioral cage, where they were
kept  fo r  10  min  for  adap ta t ion ,  and  the i r
spontaneous behavior was assessed over the
5 min period. The formalin test was carried
out in a 30x30x30 cm clear plexiglass box. A
mir ror  was  mounted  a t  a  45°  angle  be low
the  t ransparen t  f loor  to  a l low an
unobst ruc ted  v iew of  the  ra t ’s  paw.  Then,
0 .05  ml  of  0 .5% formal in  was  in jec ted
subcutaneously into the dorsal surface of the
r igh t  h ind  paw.  This  amount  o f  fo rmal in ,
which is  less  than that  used by Dubuisson
and Dennis (13), produced less tissue damage
without  a l ter ing the  sequence and durat ion
of  pa in  responses  (14) .  Immedia te ly ,  a f te r
the formalin injection,  behavioral  responses
were recorded by the number of  l icks/bi tes
in the early phase (0–7 min) and late phase
(20–40 min). The initial 5 min period in the
late phase (20–25 min) was selected on the
bas i s  o f  in tense  response  seen  in  the
pre l iminary  s tudies .

Stat i s t i ca l  ana lys i s

The data  showing number of  l icks/bi tes
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were  expressed  as  mean±S.E.M.  (S tandard
Error of Mean) and the results were analyzed
for  s ign i f ican t  d i f fe rences  be tween  groups
and within groups by ANOVA for repeated
measures, followed by post-hoc Tukey’s test.
P-va lues  l ess  than  0 .05  were  cons idered
signif icant .

RESULTS

Figs. 1 and 2 shows the number of licks/
bites observed after formalin injection in the
early and late  phase respect ively.

C o n t r o l

On prior intraperitoneal injection of 0.9%
saline and thereafter injection of 0.05 ml of
0.5% formalin produced vigorous licking and
biting behavior,  immediately after injection.
Number of licks and bites were observed for
a  per iod  of  0–7  min .  Af te r  about  10  min

fo l lowing  formal in  in jec t ion ,  the re  was  a
period of 5–10 min during which no licking
and biting behavior was seen. The late phase
was  observed  be tween  20–25  min  a f te r
formalin injection, and the pain response was
observed as quantified by the number of licks
and bi tes .

M o r p h i n e

Morphine  admin is te red  in  a  dose  of
5  mg/kg  produced  ana lges ic  e f fec t .  The
number of licks and bites were significantly
reduced  in  bo th  phases  o f  pa in  response
as  compared to  the control  group (P<0.05)
(Figs. 1 and 2).

K e t a m i n e

At a  dosage  of  25  mg/kg ,  ke tamine
exhib i ted  s igni f icant  an t inocicept ive  ef fec t
compared  to  con t ro l  g roup  (P<0.05) .  The

Fig. 1 : Effect of drugs acting on opioid and NMDA receptors on early phase (0–7 min) of formalin induced inflammatory
pain response in rats (n=6). The drugs morphine (MOR), naloxone (NAL), N-methyl-D-aspartate (NMDA) and
ketamine (KET) were administered intraperitoneally in doses of 5, 0.3, 10 and 25 mg/kg respectively. The data
are expressed as mean±SEM. aP<0.05 vs control, bP<0.01 vs control, cP<0.001 vs MOR, dP<0.001 vs MOR+NAL,
eP<0.001 vs NAL, fP<0.05 vs KET, gP<0.01 vs NMDA, hP<0.001 vs NMDA, iP<0.01 NMDA+NAL.
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effect was however, less than that observed
after administration of morphine (5 mg/kg).
I t  was a lso noted that  the  analgesic  effect
was found in the early phase but not in the
late phase (Figs. 1, 2).

N a l o x o n e

Adminis t ra t ion  of  0 .3  mg/kg  dose  of
na loxone  produced  ex tens ive  l i ck ing  and
bi t ing  behavior  in  the  an imals .  Th is  pa in
response was s ignif icant ly greater  (P<0.05)
than that observed in the control group, for
the  ea r ly  phase  (F ig .  1 ) .  The  la te  phase
however ,  d id  no t  show any  s ign i f ican t
hyperalges ic  ef fect  as  compared to  control
group (Fig. 2).

N M D A

NMDA (10 mg/kg) caused increased pain
response  in  ra t s ,  in  bo th  phases  o f  the

formalin test, which was significant (P<0.01)
for the early phase but not in the late phase
compared to control group (Figs. 1, 2). The
pain response in this group was quite similar
to  that  observed with naloxone.

Morphine  wi th  na loxone

Administrat ion of  naloxone (0.3 mg/kg)
was seen to  antagonize  the  ant inocicept ive
ef fec t  o f  morphine  (5  mg/kg)  in  bo th  the
phases. This antagonism was however, more
prominent in the early phase (Figs.  1,  2) .

Ketamine  wi th  morphine

Ketamine in combination with morphine
caused potent antinociceptive effect in both
the phases. The P-values were less than 0.01
and 0.05 for the early phase and late phase
respec t ive ly  as  compared  to  cont ro l  g roup
(Figs .  1 ,  2 ) .  The  mean  l i ck ing  and  b i t ing

Fig. 2 : Effect  of drugs acting on opioid and NMDA receptors on late phase (20–25 min) of formalin-induced
inflammatory pain response in rats  (n=6).  The drugs morphine (MOR), naloxone (NAL), N-methyl-D-
aspartate (NMDA) and ketamine (KET) were administered intraperi toneally in doses of 5,  0.3,  10 and
25 mg/kg respectively.  The data are expressed as mean±SEM. aP<0.05 vs control ,  bP<0.001 vs control ,
cP<0.01 vs MOR, dP<0.01 vs NAL, eP<0.05 vs NAL, fP<0.01 vs KET, gP<0.01 vs NMDA, hP<0.001 vs
NMDA+NAL, iP<0.05 vs KET+NAL.
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response in this group were lesser than both
morphine (5 mg/kg) and ketamine (25 mg/kg)
when  admin is te red  a lone .  However ,  th i s
effect was not statist ically significant.

NMDA wi th  na loxone

Administration of NMDA (10 mg/kg) and
na loxone  (0 .3  mg/kg)  caused  s ign i f ican t
increase  in  l i ck ing  and  b i t ing  response  in
both the phases as compared to control group
(Figs. 1, 2). The P-values were less than 0.01
and 0.001 for the early phase and late phase,
respect ively  as  compared to  control  group.
I t  i s  no tewor thy  tha t  compared  to  pa in
response seen with NMDA or naloxone alone,
the licking response was decreased with the
combination of NMDA and naloxone in the
ear ly  phase  (Fig .  1) .  However ,  in  the  la te
phase, significant hyperalgesia was seen with
th i s  combina t ion  of  NMDA and  na loxone
compared to ei ther  drug when administered
alone (Fig .  2) .  Thus ,  these  resul ts  suggest
that  there  occurs  some interact ion between
the opioid and NMDA receptors that causes
analgesia in the early phase but hyperalgesia
in  the  la te  phase .

Ketamine  wi th  NMDA

The  resu l t s  o f  th i s  g roup  show tha t
NMDA has  comple te ly  an tagonized  the
ana lges ic  e f fec t  o f  ke tamine  in  the  ea r ly
phase (Fig. 1), while insignificant effect was
observed in the late phase (Fig.  2).

Ketamine  wi th  na loxone

Naloxone  (0 .3  mg/kg)  reversed  the
antinociceptive effect of ketamine (25 mg/kg)
in the early phase (Fig. 2). This suggest that
there  i s  some in terac t ion  between the  mu-
opio id  and  NMDA recep tors  caus ing  a
reversal of analgesic effect of ketamine. The
prominence of this effect in the early phase
sugges t  tha t  the  e f f icacy  of  ke tamine  i s
more in the early phase, while the effect of

naloxone remained as such in the late phase
(Fig. 2).

Ketamine  wi th  morphine  and  na loxone

In  th is  group,  the  pain  response in  the
early phase was s ignif icant ly less  (P<0.01)
compared to control. The results were similar
to that of ketamine with morphine group in
the  ea r ly  phase ,  whi le  hypera lges ic  e f fec t
was seen in the late phase (Figs. 1,  2).

Ketamine  wi th  NMDA and na loxone

The  resu l t s  o f  th i s  g roup  revea l  the
potent ia t ion  of  ant inocicept ion in  both  the
phases  compared  wi th  e i ther  ke tamine
with NMDA, or NMDA with naloxone group
(Figs. 1, 2).

These results clearly indicate interaction
be tween  NMDA and  op io id  recep tors .  We
have  observed  s ign i f ican t  an t inoc icep t ive
effect  exhibi ted  by morphine  (5  mg/kg)  in
the  formal in  model ,  and  th i s  e f fec t  was
markedly  enhanced  when  g iven  in
combination with ketamine.  When naloxone
was  co-admin is te red  wi th  e i ther  ke tamine
and morphine, or with ketamine and NMDA,
it caused some modulation of these receptors
resu l t ing  in  an t inoc icep t ive  e f fec t  even  a t
low dose (0.3 mg/kg).

DISCUSSION

Exper imenta l  models  o f  pa in  inc lude
tests of response thresholds to high intensity
s t imul i  (acute  pain  tes ts)  and a l tera t ion in
spontaneous or evoked behavioral  responses
in  an imals  wi th  per iphera l  in ju ry  or
in f lammat ion  (pers i s ten t  pa in  models ) .
Formalin-induced pain response ut i l izes the
long  las t ing  s t imulus  which  fac i l i t a tes
observation of feedback modulation and role
of endogenous pain-regulatory systems such
as  op io id  and  monoaminerg ic  sys tems
(15–17).  In rodents ,  two dist inct  phases of
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the  formal in  tes t  response  may be  used to
address different aspects of nociception; since
the  ear ly  phase  seems to  be  due  to  d i rec t
chemical stimulation of nociceptors, and the
la te  phase  i s  dependant  on  per iphera l
in f lammat ion  and  changes  in  cen t ra l
processing due to that. This test has greater
relevance for clinical situations (18).

The  growing  ev idence  of  numerous
adverse  ef fec ts  of  opio ids  have  led  to  the
explora t ion  of  non-opio id  t rea tment
s t ra teg ies  l ike  d rugs  ac t ing  on  NMDA
receptors ,  and a lso  combinat ion  of  opia tes
with antagonists of NMDA receptors for the
excitatory amino acid glutamate (5,  19–20).
The role of NMDA receptors in the mediation
of sensitization of the interneurons following
repetitive activation of nociceptors (wind up)
is  well  proven (21) .  Opioid administrat ion,
even  in  a  s ing le  dose  has  been  shown to
e l ic i t  adap t ive  changes  in  the  nervous
system, ult imately leading to attenuation of
the effect of the opioid. These changes persist
even  when  the  an t inoc icep t ive  o r  o ther
depress ive  e f fec t s  o f  op io id  a re  reversed .
These  adap t ive  changes  may  be  a t t r ibu ted
to  the  ac t iva t ion  of  the  NMDA recep tors
(19,  22).  I t  has been demonstrated that  the
s t imula t ion  of  NMDA recep tors  fo l lowing
opioid treatment reduces the magnitude and
durat ion of  opioid- induced ant inocicept ion,
and  NMDA recep tor  b lockade  acu te ly
enhances  op io id- induced  an t inoc icep t ion
(23–25) .  But ,  the  s ign i f icance  of  such  an
interact ion has  not  been much emphasized.
We,  therefore,  have examined this  issue in
detail and have found acute potentiation and
prolongation of morphine-induced behavioral
antinociception by NMDA antagonists in rats,
and  a l so  some s ign i f ican t  in te rac t ions
between drugs acting on these two receptors.
Such  po ten t ia t ion  has  been  prev ious ly
observed with both non-competi t ive NMDA
antagonist  dextromethorphan,  ketamine,  and

dizocilpin (MK-801) as well  as competi t ive
antagonist selfotel (CGS 19755) (26–28). In
c l in ica l  p rac t ice ,  on ly  ke tamine  and
dextromethorphan have been used. Ketamine
has  been proven to  be  a  good adjuvant  to
op io id  fo r  cancer  pa in  (29) .  Ke tamine
combined with  morphine for  post-operat ive
analgesia  has generated inconsistent  resul ts
(30–34). Among NMDA receptor antagonists,
the  mos t  e f f icac ious  d rug  c l in ica l ly  i s
ke tamine  bu t  p roduces  marked  seda t ion ,
dysphor ia ,  ha l luc ina t ion  and  psychomotor
effects. Thus, limiting its use to perioperative
se t t ings  (35–37) .  Cl in ica l  da ta  on  o ther
NMDA antagonis t s  l ike  dex t romethorphan ,
memant ine ,  amantad ine  a re  con t rad ic tory
(38). Keeping these facts in mind, we selected
ketamine a t  a  dose  25 mg/kg to  s tudy the
effect combination of mu-agonist and NMDA
a n t a g o n i s t .

We have observed the effect  of  NMDA
receptor antagonist  by administrat ion of  25
mg/kg ketamine in rats. Earlier studies using
ketamine have used dif ferent  doses  i .e .  10
mg/kg, 40 mg/kg, 80 mg/kg (39–40). We have
used a dose lesser than 40 mg/kg, since 40
mg/kg exhibi ted marked motor  impairment ,
but higher than 10 mg/kg, which shows some
ant inocicept ive  act iv i ty  only .  Thus,  though
the interact ion of  mu-opioid receptors  with
NMDA receptors  i s  known (4 ,  41–44) ,  the
dose of the drugs used in our study has not
been  much  inves t iga ted .  Thus ,  our  s tudy
explores  the  in te rac t ion  of  mu-opio id
recep tors  wi th  NMDA recep tors  by  the i r
respective agonists  and antagonists  at  these
doses. Moreover, the formalin model of pain
has not been given much importance for such
s tudies  as  compared  to  ho t -p la te  and  ta i l -
f l ick tests .

The  an t inoc icept ive  e f fec t  o f  morphine
(5  mg/kg)  observed  were  d i f fe ren t  f rom
previous studies (3) which demonstrated no
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antinociception activity in formalin model at
low dose  (1–5  mg/kg)  morphine .  Prev ious
studies using the hot-plate test and tail-flick
test  have shown antinociceptive property at
lower doses but the same dose of morphine
fa i led  to  e l ic i t  ant inocicept ive  response  in
the  formal in  model .  Our  resu l t s  however ,
show ant inocicept ion a t  5  mg/kg morphine
which is  contrary to the earl ier  work done
on this model at this dose (3). It is established
that the antinociceptive property of morphine
is variable, being influenced by factors such
as species, strain, gender and age in addition
to the test used for nociception (45–51).

Our  s tudy  i s  qu i te  d i f fe ren t  f rom
the  prec l in ica l  ea r l i e r  s tud ies  per formed
on  these  recep tors .  Our  resu l t s  wel l
demonstrated the effectiveness of 25 mg/kg
ketamine  in  reducing  the  pa in  response  in
the early phase, but the response in the late
phase  was  less  sa t i s fac tory .  However ,  the
ant inocicept ive response in the early phase
was  lesse r  than  tha t  e l i c i t ed  by  morphine
5  mg/kg .  The  combina t ion  of  25  mg/kg
ke tamine  and  5  mg/kg  morphine  showed
enhanced  an t inoc icep t ion  as  compared
to  e i ther  morphine  or  ke tamine  when
administered alone. This applied for both the
phases of formalin-induced pain response. It
has  been  d i scussed  in  ea r l i e r  repor t s
tha t  ce r ta in  op io id  agonis t s  and  NMDA
antagonists share a common receptor binding
s i te  under  in  v i t ro  condi t ions  (41) .  Th is
provides the pharmacological basis for in vivo
inves t iga t ion  of  such  in te rac t ion  be tween
these two groups of  receptors  as  was done
in  our  s tudy,  the  resul ts  of  which sugges t
the existence of direct or indirect interaction
between opioid and NMDA receptors. It has
been  repor ted  in  in  v i t ro  s tud ies  tha t
dynorphin  A has  been shown to  potent ia te
the binding of a competitive NMDA receptor
an tagonis t  [ 3

1H]  CGP-39653  in  ra t  b ra in

t i s sue  probably  v ia  an  in te rac t ion  wi th
glycine site of the NMDA receptor.

NMDA agonis t  (NMDA) and  op io id
antagonist (naloxone), increased pain as has
been reported earlier (55, 62, 63). However,
na loxone  was  seen  to  cause  hypera lges ia
more prominently in the late phase than the
early phase of the formalin test .  Moreover,
na loxone,  a  se lec t ive  mu-opioid  antagonis t
a t  dose  0 .3  mg/kg ,  par t i a l ly  reverses  the
an t inoc icep t ive  e f fec t  o f  ke tamine  in  the
ear ly  phase ,  thus  indica t ing  an  in te rac t ion
between NMDA and opioid receptor systems.
Reversa l  of  ke tamine- induced analges ia  by
naloxone has been reported earlier  (52–54),
but  the  dose  of  naloxone we have used is
specif ic  to  antagonize mu-opioid receptors .
Our  resu l t s  the re fore ,  sugges t  spec i f ic
in te rac t ion  of  ke tamine  a t  mu-opio id
receptor,  suggest ing an interplay of  NMDA
and mu-opio id  recep tor  modula t ion .  I t  i s
noteworthy that naloxone, an opioid antagonist
at lower doses (0.1 and 0.3 mg/kg) has been
shown to antagonize morphine analgesia  in
formalin test (55). We have used 0.3 mg/kg
naloxone and have met with similar  results
as  th i s  dose  of  na loxone  comple te ly
antagonized  analges ia  induced by  5  mg/kg
morphine  in  our  exper iment .

We too  have  observed  po ten t ia t ion  of
analgesic response when naloxone (0.3 mg/kg)
i s  g iven  in  combina t ion  wi th  morphine
(5 mg/kg) and ketamine (25 mg/kg) together.
This  f ind ing  i s  impor tan t  because  lower
doses  o f  na loxone  (0 .3  mg/kg)  i s  known
to  an tagonize  morphine- induced  ana lges ia
(55) ,  bu t  co-admin is t ra t ion  of  ke tamine
(competitive NMDA antagonist) has probably
caused  recep tor  modula t ion  resu l t ing  in
potentiation. However, this interaction needs
fur ther  s tudy  for  be t te r  unders tanding .
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I t  i s  es tab l i shed  tha t  a t  sp ina l  l eve l ,
op ia tes  ac t  by  decreas ing  the  re lease  o f
substance P into the dorsal  horn fol lowing
noxious stimuli like formalin injection. This
ac t ion  of  opia tes  i s  inh ib i ted  by  na loxone
(56) .  Na loxone  a l so  an tagonized  the
endogenous  op io id  pep t ides  which  a re
re leased  fo l lowing  a  noc icep t ive  s t imulus
(57) .  Cont ra ry  to  these  repor t s ,  the re  a re
also  f indings  which show that  naloxone a t
higher doses (10 mg/kg) produced significant
potent ia t ion  of  morphine- induced analges ia
compared to morphine alone (55).

In  previous  repor ts ,  synergism between
morphine  and  na loxone  has  been  observed
in  humans  (58–59) ,  and  par t i a l  op ia te
agonis t ,  buprenorphine  has  a l so  been
repor ted  to  have  s imi la r  e f fec t s  when
combined with naloxone (60) .  Furthermore,
micro in jec t ions  o f  morphine  have  been
shown to  p roduce  ana lges ia  as  wel l  as
hypera lges ia  in  the  ra t ,  and  bo th  these
ef fec t s  were  reversed  by  na loxone  or
na l t rexone  (61) .  Hence ,  a  dua l  sys tem
hypothesis of pain perception as proposed by
Gi l lman  e t  a l  (7 )  sugges t  the  p resence  of
two opposing opioid systems, one enhancing
and  the  o ther  decreas ing  pa in .  Thus ,  the
ef fec t  o f  na loxone  and  morphine  was
considered to be a net product of morphine
ana lges ia  and  na loxone  an tagonism of
morphine  hypera lges ia .  I t  i s  known tha t
formal in - induced  pers i s ten t  in f lammatory
pa in  evokes  the  re lease  o f  endogenous
opio ids  (64) .  An  ear l i e r  s tudy  showing
hypera lges ia  due  to  increased  g lu tamate /
aspartate release due to endogenous opioids
fur ther  s t reng thens  the  p resence  of  two
opposing opioid systems, one enhancing and
the  o ther  decreas ing  pa in  (65) .  Na loxone
could  have  poss ib ly  an tagonized  th i s
hypera lges ic  e f fec t  o f  endogenous  op io ids
released fol lowing inflammatory condit ions.

However ,  these  in te rac t ions  a re  subjec t  to
fur ther  s tud ies .

NMDA recep tors  which  have  a  ro le  in
the development  of  acute  and chronic  pain
are stimulated by NMDA, and this effect is
antagonized by its non-competitive antagonist
ketamine. But in our study, this antagonism
of  NMDA-induced  pa in  by  ke tamine  i s
po ten t ia ted  by  the  add i t ion  of  0 .3  mg/kg
naloxone.  Thus ,  there  i s  c lear  evidence  of
an  in te rac t ion  be tween  NMDA and  op io id
recep tors ,  so  tha t  na loxone  can  po ten t ia te
ke tamine- induced  ana lges ia  even  in  the
presence  of  an  NMDA agonis t .  Na loxone
when co-administered with NMDA, reduced
the nociceptive effect of NMDA in the early
phase ,  fu r ther  ind ica t ing  tha t  na loxone
has some modulatory action at  the level  of
NMDA recep tors  as  wel l ,  which  i s  a  new
finding.

The combination of ketamine with NMDA
and naloxone, significantly reduces the late
phase  of  fo rmal in -evoked  noc i fens ive
behavior as compared to control  group,  yet
either of the drugs alone or in combination
of  two,  do  no t  have  such  e f fec t .  Th is
sugges t s  tha t  t r ip le  d rug  combina t ion  i s
probably better as compared to single or two
drug combination. The presence of naloxone
in both the triple drug combinations studied
in our study indicates the role of naloxone
in modulat ing the ant inocicept ive effect  of
these  drug  combina t ions .  These  f ind ings
sugges t  tha t  the  hypothes i s  o f  Gi l lman
e t  a l  (7 )  may  ho ld  t rue  fo r  t r ip le  d rug
combinations also involving NMDA receptors
as well .

To conclude, our study clearly indicates
in te rac t ion  be tween  NMDA and  op io id
recep tors .  We have  demons t ra ted  tha t  low
dose  morphine  (5  mg/kg)  has  s ign i f ican t
antinociceptive effect in the formalin model,
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and this effect was markedly augmented when
given  in  combina t ion  wi th  ke tamine .  The
fur ther  decrease  in  pa in  response  when
na loxone  was  co-admin is te red  wi th  e i ther
ke tamine  and  morphine ,  o r  wi th  ke tamine
and NMDA, suggest that naloxone can cause
modula t ion  of  these  recep tors  resu l t ing  in
an t inoc icep t ive  e f fec t  even  a t  low dose
(0.3 mg/kg).

Hence ,  th i s  s tudy  in t roduces  us  to
a  whole  new concept  o f  combina t ion  of
more  than  two drugs ,  to  modula te  the

an t inoc icep t ive  po ten t ia l  o f  morphine  and
ketamine ,  and thus  may go a  long way to
understand the mechanism underlying these
receptor  modula t ions .

Us ing  s imi la r  p ro toco l  and  drug  dose
regimen, we are conducting study to validate
th i s  hypothes i s  o f  mul t ip le  recep tor
in terac t ions  dur ing neuropathic  pain .
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