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Abstract  :  In  the  present  s tudy,  ef fec ts  of  in t racerebroventr icular  ( icv)
admin i s t ra t ion  o f  h i s t amine ,  mepyramine  (H 1- recep to r  an tagon i s t )  and
famotidine (H2-receptor antagonist) have been investigated on the formalin
test in rats. Subcutaneous injection of formalin (50 µl, 1%) into the ventral
surface  of  the  lef t  h ind paw produced a  marked biphasic  pain  response
(f i rs t  phase:  0–5 min and second phase:  15–45 min) .  Al l  the  performed
treatments did not significantly influence the first phase of pain. Histamine
at the doses of 10 and 40 µg and mepyramine and famotidine at the same
doses of 20 and 80 µg, significantly (P<0.05) decreased the late phase of
formalin- induced pain.  Pretreatments  with mepyramine and famotidine at
the same dose of 80 µg, significantly (P<0.05) prevented the histamine (40
µg)- induced ant inocicept ion .  These  resul t s  indica te  tha t  bra in  h is tamine
produces antinociception, and both central H1 and H2 receptors may involve
in the his tamine-induced ant inociception in the formalin test  in  rats .
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INTRODUCTION

Severa l  l ines  o f  ev idence  sugges t  tha t
h i s tamine ,  th rough  i t s  H 1,  H 2,  H 3 and  H 4

receptors,  participates in the mechanisms of
pain (1,  2,  3,  4) .  Outside the brain and in
the  per iphera l  t i s sues  such  as  sk in ,
h i s tamine  s t imula tes  noc icep t ive  a f fe ren t
fibers (5). At the spinal cord level, histamine
t rough  i t s  H 1 recep tors ,  e l i c i t ed  a
hyperalgesic response as assessed by the tail
f l i ck  tes t  in  mice  (6 ) .  Wi th in  the  b ra in ,
the  an t inoc icep t ive  e f fec t s  o f  cen t ra l ly
administered histamine and the involvement

of  i t s  H 1,  H 2 and  H 3 recep tors  have  been
reported (7, 8, 9, 10, 11, 12, 13).

The formalin test is an important animal
model  in  the  s tudy  of  acu te  long- las t ing
inf lammatory  pa in  (14) .  In  th i s  model ,
subcutaneous  in jec t ion  of  d i lu ted  formal in
into a hind paw elicits a biphasic pattern of
pain-related behaviors, an early short-lasting
neurogenic phase followed by a second and
more  sus ta ined  in f lammatory  phase  (15) .
His tamine  involves  in  the  noc icept ive  and
inf lammatory  responses  induced  by
intraplantar injection of formalin in rats (16,
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17). There are few data regarding the direct
e f fec t s  o f  b ra in  h i s tamine  and  i t s  cen t ra l
his tamine H1 and H2 receptors  involvement
in the formalin-induced pain response in rats.
In  one  s tudy ,  cen t ra l ly  admin is te red
his tamine  a t t enua ted  noc icep t ion  due  to
pedal edema induced by formalin in rats (10).
The  a im of  the  presen t  s tudy  was  to
invest igate  the  centra l  ef fect  of  h is tamine,
mepyramine  (H 1- recep tor  an tagonis t )  and
famot id ine  (H 2- recep tor  an tagonis t )  on  the
nociceptive response induced by formalin in
r a t s .

MATERIAL AND METHODS

A n i m a l s

Healthy adult male Wistar rats, weighing
220–250 g were used in this study. Rats were
main ta ined  in  po lye thy lene  cages  wi th
food  and  wate r  ava i lab le  ad  l ib i tum,  i n
a  l abora tory  wi th  con t ro l led  ambien t
tempera ture  (23±0.5°C)  and  under  a  12  h
l igh t -dark  cyc le  ( l igh t s  on  f rom 07:00) .
Exper iments  were  ca r r ied  ou t  be tween
12:00 h to 16:00 h. The experimental protocol
was approved by the Laboratory Animal Care
and Use Center of the College of Veterinary
Medicine of  Urmia Universi ty.

D r u g s

Drugs used in the present study included
histamine dihydrochloride (Merck, Darmstadt,
Germany)  mepyramine  (pyr i lamine)  and
famotidine hydrochloride (Sigma-Aldrich Co.,
S te inhe im,  Germany) .  The  drugs  were
d isso lved  in  normal  sa l ine ,  expec t  o f
famotidine, which initially was dissolved in
one drop of 1 M hydrochloric acid and then
di luted with  normal  sal ine.

S u r g e r y

After a 15-day adaptation period each rat
was  anaes the t ized  wi th  a  mix ture  o f

ketamine (80 mg/kg)  and xylazine (10 mg/
kg)  in jec ted  in t raper i tonea l ly ,  and  then
placed in a stereotaxic apparatus (Stoelting,
Wood Lane, IL, USA). The scalp was incised
and  the  sku l l  was  leve l led  of f  a round  the
bregma. A 22 gauge,  12 mm stainless-steel
gu ide  cannula  was  inse r ted  in  the  r igh t
lateral ventricle of the brain. The tip of the
cannula  was  a imed  a t  the  fo l lowing
coordinates: 0.8 mm posterior to the bergma,
2 mm lateral to the midline and 4 mm below
the top of  the  skul l  (12,  18) .  The cannula
was then fixed to the skull using three screw
and denta l  ac ry l ic .  A 12 .5  mm s ty le t  was
inser ted  in  the  cannula  to  keep  i t  pa ten t
prior  to  inject ion.  Animals  were al lowed a
10-day recovery  per iod before  exper iments
were  in i t ia ted .

Drug in jec t ion

For intracerebroventricular administrations
of  normal  sa l ine  (cont ro l ) ,  h is tamine  (2 .5 ,
10 and 40 µg),  mepyramine and famotidine
at the same doses of 5, 20 and 80 µg, a 28
gauge ,  12 .5  mm in jec t ion  need le  was
attached to a 30 cm polyethylene tube fitted
to a  5  µL Hamil ton syr inge.  Then,  the ra t
was  res t ra ined  by  hand ,  the  s ty le t  was
wi thdrawn,  and  the  in jec t ion  need le  was
inserted into the guide cannula. The volume
of  the  solut ions  to  be injected into  la teral
ven t r ic le  was  1  µL and  the  in jec t ion  was
made over a period of 60s. One specific group
of  ra t s  was  ass igned  to  one  spec i f ic  d rug
t rea tment  condi t ion  and  each  group
compr i sed  s ix  ra t s .  Thus ,  each  ra t  was
received 2 or 3 treatments and five days were
a l lowed  be tween  in t racerebrovent r icu la r
in jec t ions .

Formal in  tes t

Formalin test  was used for induction of
noc icep t ion .  Before  ra t s  were  pa in  t es ted ,
they were placed in a plexiglass observation
chamber  (30 × 30 × 25 cm)  for  30  min  on
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Dif fe rences  among t rea ted  groups  were
s ta t i s t i ca l ly  eva lua ted  us ing  the  fac tor ia l
analysis  of  variance (ANOVA) fol lowed by
Duncan’s  tes t .  Differences were considered
significant  at  P<0.05.

RESULTS

Intraplantar   in ject ion of  normal  sa l ine
produced  no  cons iderab le  pa in  response .
Therefore the results  (f irst  phase:  3.0±0.9 s
and second phase:  1.2±0.5 s)  obtained from
the normal  sa l ine  are  not  presented in  the
figures.  Intracerebroventricular injections of
h i s tamine ,  mepyramine  and  famot id ine
produced no significant  effects  on the f irst
phase of formalin-induced pain (Figs. 1, 2, 3
and 4).

In t racerebrovent r icu la r  in jec t ion  of
histamine at the doses of 10 and 40 µg, but
no t  a t  the  2 .5  µg ,  s ign i f ican t ly  (P<0 .05)
decreased the second phase of the time spent
licking and biting of the injected paw-induced
by intraplantar injection of formalin (Fig. 1).

th ree  success ive  days  to  min imize  s t ress -
activated pain suppressive mechanisms (19).
The  formal in  t es t  was  app l ied  as  fo l lows .
Fifty microlitres of 1% formalin was injected
subcutaneous ly  in to  the  vent ra l  sur face  of
r ight  h ind  paw us ing  a  29-gauge  in jec t ion
needle (20). The rat was then placed in the
observation chamber with a mirror mounted
a t  45°  benea th  the  f loor  to  a l low an
unobstructed view of the paw. The time spent
l i ck ing  and  b i t ing  the  in jec ted  paw was
taken as a measure of nociceptive response
and was recorded in f ive min intervals  for
1 h .  In  the  p resen t  s tudy ,  da ta  co l lec ted
between 0 to 5 min post-formalin inject ion
represented phase one (early phase) and data
collected between 15 to 45 min after injection
of  fo rmal in  represen ted  phase  two ( la te
phase) .  In  con t ro l  ra t s  the  in t rap lan ta r
in jec t ion  of  appropr ia te  amount  of  normal
saline was performed. All the observers were
blinded to the protocol of the study.

Cannula  ver i f i ca t ion

Dur ing  the  surgery  and  before  i cv
in jec t ions ,  the  r i s ing  of  the  ce rebrosp ina l
fluid through the cannula was observed. For
addit ional confirmation of the placement of
the  cannula  in  the  la te ra l  vent r ic le  of  the
bra in ,  a t  the  end  of  exper iments ,  the  ra t s
were  in t racerebroventrcular ly  in jec ted  wi th
10 µl methylene blue and then were deeply
anaes the t ized  wi th  the  h igh  dose  of  e ther
and  decapi ta ted .  The  bra ins  were  removed
and placed in formaldehyde (10%) solution.
After 24 h, the brains were sliced into 1 mm
slices and the place of the tip of the cannula
and  d i s t r ibu t ion  of  the  dye  in  the  l a te ra l
ventricle were visually controlled. Data from
ra ts  wi th  an  incor rec t  p lacement  o f  the
cannula were excluded from analysis .

Stat i s t i ca l  ana lys i s

Data  were  expressed  as  mean ± SEM.

Fig.  1 : Ef fec t  o f  in t race rebroven t r i cu la r  in jec t ion
of  h i s t amine  on  the  fo rmal in - induced
noc icep t ion  in  r a t s .  (*P<0 .05  as  compared
wi th  normal  sa l ine  and  h i s t amine  2 .5  µg) ,
n=s ix  ra t s  fo r  normal  sa l ine  and  h i s t amine
(2 .5  µg)  and  s ix  ra t s  fo r  h i s tamine  (10  and
40  µg)  t r ea tments .

The  second  phase  of  fo rmal in - induced
noc icep t ive  response  was  s ign i f ican t ly
(P<0.05) lowered by intracerebroventr icular
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injection of mepyramine at  the doses of 20
and 80 µg. Mepyramine at the dose of 5 µg
produced no significant effect (Fig. 2).

In t racerebrovent r icu la r  in jec t ion  of
famotidine at the doses of 20 and 80 µg, but
not at the dose of 5 µg, significantly (P<0.05)
decreased the  second phase  of  nocicept ion
induced by formalin (Fig. 3).

Fig .  2 : Ef fec t  o f  in t race rebroven t r i cu la r  in jec t ion
of  mepyramine  on  the  fo rmal in - induced
noc icep t ion  in  r a t s .  (*P<0 .05  as  compared
wi th  normal  sa l ine  and  mepyramine  5  µg) ,
n=6  ra t s  fo r  mepyramine  t r ea tments .

Fig .  3 : Ef fec t  o f  in t race rebroven t r i cu la r  in jec t ion
of  f amot id ine  on  the  fo rmal in - induced
noc icep t ion  in  r a t s .  (*P<0 .05  as  compared
wi th  normal  sa l ine  and  famot id ine  5  µg) ,
n=6  ra t s  fo r  f amot id ine  t r ea tments .

In t racerebrovent r icu la r  p re t rea tments
wi th  mepyramine  and  famot id ine  a t  the
same dose  of  80 µg s ignif icant ly  (P<0.05)
inh ib i ted  the  suppress ive  e f fec t  o f
intracerebroventricular histamine (40 µg) on
the formalin-induced nociception (Fig. 4).

Fig .  4 : Pre t rea tment  e f fec t  o f  mepyramine  and
famot id ine  on  the  h i s t amine- induced
antinociception in rats.  (*P<0.05 as compared
with mepyramine,  famotidine and histamine) ,
n=6  ra t s  fo r  mepyramine  p lus  h i s t amine
and  6  ra t s  fo r  f amot id ine  p lus  h i s t amine
t r e a t m e n t s .

DISCUSSION

In the present study,  it was  found that
in t racerebrovent r icu la r  admin is t ra t ion  of
h i s tamine  wi thout  any  e f fec t  on  the  f i r s t
phase ,  suppressed  the  second  phase  of
formal in - induced  pa in  in  ra t s .  The  f i r s t
phase in  turn can be at t r ibuted to  a  direct
a lgogenic  e f fec t  o f  fo rmal in  on  the
nociceptors, and the second phase to release
of local inflammatory mediators responsible
for  sens i t i za t ion  of  p r imary  and  sp ina l
sensory  neurons  and  subsequent  s igna l
transduction into the brain (15).  Histamine,
one  of  the  loca l  in f lammatory  media tors
involves both in the first and second phases
of  formal in- induced  pa in  (16 ,  17) .  On the
other hand,  in the brain,  the areas such as
ex te rna l  l ayers  o f  the  dorsa l  horn  of  the
sp ina l  cord ,  mesencepha l ic  per iven t r icu la r
grey  mat te r ,  r aphe  nuc leus  (RN)  and
mesencepha l ic  t r igemina l  nuc leus  (MTN) ,
known to  be  involved  in  the  noc icep t ive
cont ro l  (21) ,  a re  innerva ted  by  the
hypotha lamic  h i s tamine  sys tem (22) .
Tamaddonfard and Rahimi (11) reported an
ana lges ic  e f fec t  o f  cen t ra l ly  admin is te red
his tamine  in  the  fo rmal in  t es t  in  mice .
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Moreover ,  centra l ly  adminis tered his tamine
at tenuated nocicept ion due to  pedal  edema
induced by formal in  in  ra ts  (10) .  I t  seems
that central histamine-induced antinociception
may be  a t  the  suprasp ina l  l eve l ,  because
Sakurada et  a l .  (6)  reported a  hyperalgesic
effect of intrathecally administered histamine
in  mice .  However ,  t aken  toge ther  wi th
aforement ioned f indings ,  the  resul ts  of  the
presen t  s tudy  sugges t  tha t  the  b ra in
histaminergic system can provide modulation
of inflammatory pain.

In  the  p resen t  s tudy ,  h i s tamine  H 1

an tagonis t ,  mepyramine ,  i t se l f  p roduced
antinociception, but inhibited the histamine-
induced  an t inoc icep t ion .  His tamine  H 1

recep tors  p lay  an  impor tan t  ro le  in  bo th
somat ic  and viscera l  pa in  percept ion s ince
mutan t  mice  lack ing  the  h i s tamine  H 1

recep tors ,  showed fewer  noc icep t ive
responses  in  var ious  pa in  t es t s  (23) .
Moreover ,  the  ana lges ic  e f fec t s  o f  H 1

an t ih i s tamin ics  in  the  mos t  types  o f
noc icep t ive  tes t s  have  been  repor ted  (24) .
Mepyramine belongs to the f i rs t  generat ion
of  H 1 ant ihis taminics  and eas i ly  penetra tes
the brain af ter  oral  adminis t ra t ion (25) .  In
the  fo rmal in  t es t  in  mice ,  subcutaneous
injection of pyrilamine did not produce any
ant inocicept ive  ef fec t  (26) ,  but  in  the  ta i l
f l i ck  and  ho t  p la te  t es t s  o f  noc icep t ion ,
in t raper i tonea l  in jec t ion  of  pyr i l amine
inhibited the histamine-induced antinociception

(27) .  In  one  s tudy ,  chronic  adminis t ra t ion
of  mepyramine  v ia  the  d r ink ing  wate r
at tenuated both phases  of  formal in- induced
pain response in rats (28).

In  the  p resen t  s tudy ,  h i s tamine  H 2

an tagonis t ,  f amot id ine ,  i t se l f  p roduced
antinociception, but inhibited the histamine-
induced  an t inoc icep t ion .  The  involvement
of  h i s tamine  cen t ra l  H 2 recep tors  in
antinociception has been studied in thermal,
mechanical  and chemical  nocicept ive  tes ts .
It  was reported that the thresholds for pain
percep t ion  in  h i s tamine  H1 recep tor  gene
knockout  mice  were  h igher  than  those  of
wild-type mice (29). There is not any report
regarding the central effect of famotidine in
the  formal in  tes t  in  ra t s .  In  the  ho t  p la te
test in rats,  the pain threshold enhancement
was  repor ted  a f te r  in t racerebrovent r icu la r
injections of cimetidine and ranitidine (30).
Moreover ,  in t racerebrovent r icu la r  in jec t ion
of  c imet id ine  induced  an t inoc icep t ive
response  in  the  hea t  ta i l  f l i ck  noc icept ive
test  in rats (8).

In conclusion, the present results suggest
tha t  the  ac t iva t ion  of  b ra in  h i s tamine
produces  an  an t inoc icep t ive  e f fec t  in  the
formalin test  in rats .  Both mepyramine and
famot id ine  show an t inoc icep t ive  e f fec t .
Central  his tamine H1 and H2 receptors  may
involve  in  the  cen t ra l  h i s tamine- induced
ant inocicept ion .
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