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Abstract :  Chlorpromazine is a classical neuroleptic drug which produces
both therapeutic  effects  as  well  as  unwanted side effects  in human such
as sedation,  autonomic,  endocrine and neurological  effects .

I t  i s  though t  tha t  b lockade  o f  dopamine  D-2  recep to r s  caused  by
chlorpromazine induces these untoward side effects. Pre-clinical studies on
catalepsy has been proposed as an animal model  for  neuroleptic  induced
extrapyramidal  s ide effects .

The drug also blocks certain stereotypic behaviours in animals induced
by  dopamine  agon i s t s  such  as  apomorph ine  and  amphe tamine .  These
s te reo typ ic  behav iours  a re  c i r c l ing ,  chewing ,  r ea r ing ,  g rooming  and
hyperactivity. Daily administration of chlorpromazine (1, 3 and 10 mg/kg,
i .p )  to  r a t s  fo r  21  days  induced  ca ta l epsy ,  to l e rance  to  ca ta l epsy  and
locomotor sensitization following PCP (10 mg/kg, i .p) challenge.

These results suggest that daily chlorpromazine treatment induced DA/
NMDA-receptor  sens i t i za t ion  to  to ta l  locomotor  ac t iv i ty  fo l lowing  PCP
cha l l enge .  Fur the rmore ,  the re  were  no  changes  in  o the r  behav ioura l
parameters  assessed.  Surpr is ingly dai ly  chlorpromazine adminis t ra t ion in
rats  also produced no changes in other physiological  parameters assessed
(body weight,  food and water intake).
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INTRODUCTION

In  1952 ,  an  exper imenta l  d rug  which
had  therapeu t ic  e f fec t s  in  the  t rea tment
of  sch izophren ia  was  in t roduced .
This  neuro lep t ic  d rug  was  named as

chlorpromazine (1) .

Chlorpromazine as a classical neuroleptic
drug  produces  bo th  therapeu t ic  “e f fec t s
as  wel l  as  unwanted  s ide  e f fec t s .  These
unwanted  e f fec t s  inc lude  seda t ion ,
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haemato log ica l ,  au tonomic ,  endocr ine  and
neuro log ica l  e f fec t s .  Fur thermore ,  these
ef fec t s  can  occur  depending  on  the  dose
adminis tered and the  durat ion of  t reatment
(2) .  The  occur rence  of  these  symptoms in
pa t ien t s  var ies  wi th  t ime  and  severa l
symptoms show overlap (3).

I t  is  thought that  blockade of dopamine
D-2 receptors in the basal ganglia caused by
chlorpromazine  induces  these  un toward
effects (4).  Pre-clinical studies on catalepsy
has been proposed as  an animal  model  for
neuro lep t ic  induced  ex t rapyramida l  (EPS)
side effects (5–6).

Chlorpromazine  b locks  ce r ta in
stereotypic behaviours in animals induced by
dopamine  agonis t s  l ike  apomorphine  and
amphetamine, such as circling, chewing and
hyperac t iv i ty  (7–8) .  These  behaviours  a re
thought  to  occur  due  to  ac t iva t ion  of
dopamine receptors located post-synaptically
(9). Other apomorphine induced effects such
as  hypothermia  and  hypoac t iv i ty  a re
proposed  to  be  due  to  s t imula t ion  of  pre-
synapt ic  dopamine receptors .  These  effects
have  been  shown to  be  b locked  by  some
neuroleptic drugs (9).

Classical neuroleptics like chlorpromazine
have  an t ipsychot ic  ac t ions  and  have  been
suggested to increase brain DA turnover due
to  compensa tory  feedback  mechanisms  in
response to blockade of  DA-receptors (10).
The drug also produces sedative effects and
hypothermia  because  i t  ac t s  on  o ther
recep tor  sys tem bes ides  the  dopaminerg ic
sys tem:  i t  an tagonizes  a lpha-adrenerg ic
recep tors  (11) ,  5 -HT-recep tors  (12) ,
histaminic (H

–1
) and muscarinic (M

–1
 & M

–2
)

receptors (13).

I t  has  been  repor ted  tha t  chron ic
t rea tment  wi th  neuro lep t ics  l ike
ch lorpromazine  causes  super - sens i t iv i ty  o f
dopamine receptors ,  as  well  as  behavioural
super-sensit ivity of dopamine agonists (14).
Thus ,  the re  i s  an  increase  in  number
and  super - sens i t iv i ty  occur r ing  a t  the
dopaminerg ic  recep tors .  Deve lopment  o f
to le rance  induced  by  ch lorpromazine  i s
usually a consequence of supersensitivity of
DA recep tors  (15) .  When  neuro lep t ics  a re
administered acutely to animals, these drugs
block the effects of dopamine agonists (16).
Both in man and animals tolerance has been
repor ted  to  deve lop  to  some behavioura l
effects of neuroleptics (17–18).

The present study assessed whether daily
chlorpromazine  adminis t ra t ion  would  cause
sens i t i za t ion  or  to le rance  to  var ious
behavioural (locomotor activity, stereotypies,
ca ta lepsy  and  co lon ic  t empera ture )  and
suppressant  effects/physiological  parameters
(body weight ,  food consumption and water
in take)  fo l lowing  da i ly  ch lorpromazine
t rea tment  (1 ,  3  and  10  mg/kg ,  ip )  fo r  21
days .

MATERIALS AND METHODS

One hundred  th i r ty  two (132) -Male
Sprague-Dawley  ra t s  were  ob ta ined  f rom
Har lan  Olac ,  Bices te r ,  U .K.  (weigh t  on
arrival:  200–250 g).  Animals were housed 4
per cage in plastic bottomed cages, and left
for one week to acclimatize before the start
of the experiment. Animals were allowed free
access to food and water.

Fo l lowing  a  one  week  acc l imat iza t ion
period, 36 rats out of 132 were selected based
on their weights and were singly housed two
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of  da i ly  ch lorpromazine  t rea tment  were
measured  on each chal lenge  day us ing  the
home cage activity monitor for saline, PCP,
amphetamine  and  apomorphine .

Moni tor ing  commenced a t  10 .30 am on
each  cha l lenge  day .  Observa t ion  of
stereotyped behaviours was observed 30 min
after the drug challenge. Cages were placed
in  racks  to  which  in f ra - red  sensors  were
at tached enabl ing  locomotor  ac t iv i ty  to  be
measured for the period of 4 hrs for saline
and  PCP,  and  2  hrs  fo r  amphetamine  and
apomorphine. These time difference between
PCP and amphetamine and apomorphine was
set because of the difference in half lives as
it is short for the apomorphine (40 minutes),
amphetamine (10–13 hrs) and PCP (7–48 hrs)
(19),  whereas sal ine was used as  a  control
where animals behave the same all the time
regard less  o f  the  dura t ion  of  observa t ion
time. After each challenge day, the animals
were  removed  f rom the  moni tor  and
returned to  the holding room, and injected
with  chlorpromazine .

Fresh chlorpromazine was prepared every
morn ing  th roughout  the  s tudy  per iod .
Two days (48 hrs)  was a l lowed as  a  wash
out  per iod  for  PCP,  amphetamine  and
apomorphine as  this  was earl ier  thought  to
be  enough  per iod  based  on  the i r  ra te  o f
metabol ism in  the  animals  body.  However ,
later on it was found that this washout period
of 48 hrs was not adequate because PCP and
amphetamine have long half  l ives  and this
means a substantial  amount of the drugs in
the body was left and as a result these two
drugs  (PCP and  amphetamine)  cou ld  have
had  a  res idua l  e f fec t s  on  apomorphine
cha l lenge .

days  p r io r  to  the  s ta r t  o f  the  exper iment
and  were  le f t  in  the  t rea tment  room to
acclimatize to the condit ion.

These animals  were then al located to 4
groups: 12 animals as controls and 3 groups
of 8 animals per  group respectively,  which
were  s ing ly  housed  dur ing  the  da i ly
chlorpromazine dosing.  Chlorpromazine was
prepared  as  a  10  mg/ml  so lu t ion  in  sa l ine
conta in ing  0 .25% Tween  80 .  Subsequent
dilutions of 1 and 3 mg/ml were made and
admin is te red  da i ly  in t ra -per i tonea l ly  to
an imals  be tween  10 .00  and  11 .00  am.
Chlorpromazine, d-amphetamine hydrochloride
and  apomorphine  hydroch lor ide  were
obta ined  f rom Sigma Chemica ls  Co ,  U.K.
Phencyc l id ine  (PCP)  hydroch lor ide  was
obtained from Plais tow, Cork,  I reland.

PCP was prepared as a 10 mg/ml solution
in  sa l ine ,  and  was  admin is te red  in t ra -
per i toneal ly  to  a l l  animals  on day 17 as  a
chal lenge.  Amphetamine was prepared as  a
5  mg/ml  so lu t ion  in  sa l ine  and  was
administered intra-peritoneally to all animals
on  day  19  as  a  cha l lenge .  Apomorphine
was  prepared  as  a  1  mg/ml  so lu t ion  in
sa l ine  con ta in ing  0 .5% ascorb ic  ac id ,  and
was  admin is te red  subcutaneous ly  to  a l l
an imals  on  day  21  as  a  cha l lenge .  Al l
cha l lenges  were  g iven  be tween  10 .00  and
11.00 am.

Home cage  ac t iv i ty

Throughout  the  s tudy ,  an imals  were
s ing ly  housed  in  p las t i c  bo t tomed cages .
During challenge days, cages were placed in
racks  which had in t ra-red sensors  a t tached
(30 min before drug challenge). The effects
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Stereotyped  behav iours

The stereotyped behaviours observed and
recorded were:  grooming,  rearing,  chewing,
tu rn ing ,  ver t i ca l  head  movements ,
exploratory movements, head rolling, falling
and a tax ia .  The  scores  for  each  behaviour
were  e i ther  “0”  fo r  absence  or  “1”  fo r
presence of a part icular behaviour during a
1 min observat ion per iod for  each rat .  Al l
observa t ions  fo r  these  s te reo typed
behaviours  were  made  whi l s t  the  an imals
were in their home cage. The sum of a single
observation was taken and values recorded.

Data  ana lys i s

A ana lys i s  o f  var iance  (ANOVA) tes t
was  per formed on  body  weights ,  food
consumpt ion,  water  in take  and temperature
data. If any significant changes were found,
the data was analysed using Student’s-t-test.
Resu l t s  a re  t abu la ted  as  g roup  means ,

s tandard  e r rors  o f  the  means  (SEM),  and
coef f ic ien t  o f  var ia t ion  (C.V.  =  s tandard
deviat ion/mean,  expressed as a percentage).

In i t i a l ly ,  the  Kruska l  Wal l i s  t es t  was
performed on home cage locomotor activity,
stereotyped  behaviour and catalepsy (block
test) data.  If statistically significant changes
were found,  the data were further analyzed
us ing  a  Mann-Whi tney-U- tes t .  Resu l t s  a re
tabu la ted  as  g roup  medians  and  in te r -
quarti le range (Q1–Q3).

RESULTS

Effec t s  o f  PCP,  sa l ine ,  amphetamine  and
apomorphine  cha l l enges  on  home cage
locomotor  ac t iv i ty  (F ig .  1 ) :

PCP cha l lenge  produced  a  s ign i f ican t
increase in total locomotor activity in the 3
and 10 mg/kg groups of daily chlorpromazine
t rea ted  an imals  (P<0 .05  and  P<0.01  vs
control  respect ively) .

F ig .  1 : Ef fec t s  o f  PCP cha l l enge  on  home cage  locomotor  ac t iv i ty .  Home cage  ac t iv i ty  was
measured 24 hrs following last  dose of chlorpromazine and immediately following PCP
(10 mg/kg) for 4 hrs.  Results  are expressed medians.  *=P<0.05, **=P<0.01 vs controls.



Indian J Physiol  Pharmacol 2009; 53(3) Effects of Daily Chlorpromazine Administration 213

Saline challenge to daily chlorpromazine
treated animals ,  no effect  on tota l  act ivi ty
occur red ;  the  lower  dose  group  showed a
s l igh t  inc rease  in  locomotor  ac t iv i ty .
S imi la r ly ,  amphetamine  and  apomorphine
cha l lenges  had  no  e f fec t  on  locomotor
ac t iv i ty  in  da i ly  ch lorpromazine  t rea ted
a n i m a l s .

Effec t  o f  cha l l enges  on  behav ioura l  parameters
in  da i ly  ch lorpromazine  treated  an imals
(Table  I ) :

Sal ine  cha l lenge  had  no  e f fec t  on

behavior .  PCP cha l lenge  a l so  had  no
ef fec t  on  behaviors ,  though  the  head
ro l l ing  behaviour  was   increased   in   the
h igh  dose  ch lorpromazine  group  (10
mg/kg)  which  was  s ign i f ican t  (P<0 .05
vs control).

The  amphetamine  cha l lenge  had  l i t t l e
e f fec t  on  behaviours .  The  apomorphine
cha l lenge  showed no  overa l l  e f fec t  on
behaviours, whilst chewing behavior showed
a  s l igh t  inc rease  in  a l l  3  ch lorpromazine
t rea ted  groups .

TABLE I : Ef fec t s  o f  cha l l enges  (wi th  sa l ine ,  PCP,  amphe tamine  and  apomorph ine )  on
stereotyped behaviour following daily chlorpromazine administrat ion in the rat .

D r u g G r o o m Rearing Chewing T u r n i n g Vertical Ex trapyramidal Circl ing Head rolling
challenge m e d i a n m e d i a n m e d i a n m e d i a n h e a d movemen t s m e d i a n m e d i a n

(Q1-Q3) (Q1-Q3) (Q1-Q3) (Q1-Q3) m o v e m e n t (Q1-Q3) (Q1-Q3) (Q1-Q3)

Sal ine
Control 0 (0-0) 2 (0-4) 0 (0-0) – – – – –
1 mg/kg
Cpz 0 (0-0) 0 (0-4) 0 (0-0) – – – – –
3 mg/kg 0 (0-0) 0 (0-0) 0 (0-0) – – – – –
10 mg/kg 0 (0-0) 0 (0-0) 0 (0-0) – – – – –

10 mg/kg
P C P
Control 0 (0-0) 0 (0-0) 0 (0-0) – – – 1 (0-2) 29 (25-30)
1 mg/kg
Cpz 0 (0-0) 1 (0-5) 2 (0-4) – – – 2 (0-4) 25 (20-30)
3 mg/kg 0 (0-0) 0 (0-0) 0 (0-0) – – – 3 (2-5) 31 (23-30)
10 mg/kg 0 (0-0) 0 (0-0) 0 (0-0) – – – 4 (1-6)  48 (24-62)*

5 mg/kg
a m p h e t
Control 0 (0-0) 3 (0-6) 0 (0-0) 2 (0-5) 48 (0-55) 13 (0-25) – –
1 mg/kg
Cpz 0 (0-0) 4 (0-11) 0 (0-0) 19 (0-24) 34 (23-56) 3 (0-5) – –
3 mg/kg 0 (0-0) 3 (0-5) 0 (0-0) 10 (0-23) 50 (2-67) 8 (0-20) – –
10 mg/kg 0 (0-0) 0 (0-0) 3 (0-7) 13 (6-41) 0 (0-0) 0 (0-0) – –

I mg/kg
Apo
Control 0 (0-0) 0 (0-0) 37 (26-50) 6 (0-7) 4 (0-10) 0 (0-0) – –
1 mg/kg
Cpz 0 (0-0) 0 (0-0) 35 (29-46) 0 (0-0) 0 (0-0) 0 (0-0) – –
3 mg/kg 0 (0-0) 0 (0-0) 40 (29-50) 4 (0-5) 1 (0-6) 0 (0-0) – –
10 mg/kg 0 (0-0) 0 (0-0) 41 (23-56) 2  (0-5) 0 (0-0) 0 (0-0) – –

Resu l t s  a re  expressed  as  to ta l  med ian  coun t s  30  minu tes  fo l lowing  cha l l enges  wi th  sa l ine ,  PCP,
amphe tamine  and  apomorph ine  on  days  16 ,  17 ,  19  and  21 .  Resu l t s  in  pa re thens i s  a re  the  in te rquar t i l e
range  (Q1–Q3) .  *=P<0 .05  vs  con t ro l .
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DISCUSSION

Chlorpromazine  produces  b lockade  a t  DA-D-
2

and  5 -HT receptors  (12) : This drug interacts
with dopaminergic, muscarinic, serotonergic,
as well as other receptors (13). Leysen et al.
(21–22) ,  proposed tha t  both  DA and 5-HT
receptors are involved in the mechanism of
action of antipsychotic effects.

At  doses  employed  in  th i s  s tudy ,
chlorpromazine had no effect on body weight,
food  and  wate r  in take .  However ,  o ther
researchers  have  repor ted  a  decrease  in
body  weigh t ,  food  consumpt ion  or  f lu id
in take  a f te r  such  t rea tments  (23–24) .
Such changes were not noted in the present
s tudy .  Fur thermore ,  the  p resen t  resu l t s
a re  in  conf l i c t s  wi th  o thers  (3 )  because
ch lorpromazine  and  o ther  typ ica l
neuroleptics produces weight gain in man as
the  d rugs  induces  excess ive  ea t ing  whi le
ind iv idua ls  a re  on  t rea tment .  Tha t  means
some neuroleptics if not all increase appetite
in  man .  These  d i sc repanc ies  in  our  s tudy
are not known at present, but could possibly
be  due  to  d i f fe rences  in  exper imenta l
condi t ions / se t t ing ,  env i ronmenta l ,  dura t ion
of  the  s tudy ,  doses  used ,  rou tes  o f  d rug
adminis t ra t ion  and  an imal  spec ies  versus
man, as all of which can produce variabilities
(25).

However ,  fur ther  s tudies  are  needed to
establ ish whether  the cause of  weight  gain
in  humans  i s  due  to  endocr ine  changes
because of  neurolept ics  or  being secondary
because of their improved mental state after
t rea tment .  I t  has  been  repor ted  tha t  these
D-1  and  D-2  recep tors  s t imula te  g rowth
hormone release (26) .

Fur thermore ,  ch lorpromazine
adminis t ra t ion  was  wi thhe ld  on  PCP,
Apomorphine  and  amphetamine  cha l lenge
days ,  th i s  was  a  des ign  i s sue  as  co-
admin is t ra t ion  causes  d rug  compet i t ion /
an tagonism for  DA recep tors .  Behavioura l
and  to ta l  ac t iv i ty  suppress ion  in  th i s
s tudy  fo l lowing  sa l ine ,  amphetamine  and
apomorphine chal lenges have been reported
prev ious ly  by  F ib iger  e t  a l .  (25) ,  bu t  no t
Theodorou et al. (14). Thus, there are always
an increase in number and super-sensit ivity
occur r ing  a t  the  dopaminerg ic  recep tors .
Fur thermore ,  deve lopment  o f  to le rance
induced by daily chlorpromazine administration
is usually a consequence of super-sensitivity
of  DA recep tors  (15) .  The  presen t  resu l t s
show that  no DA receptor  super-sensi t ivi ty
deve loped  over  the  2  weeks  per iod  of
da i ly  ch lorpromazine  t rea tment  before
cha l lenges  were  g iven .  However ,  in  th i s
study the number of receptors (DA-receptor
upregula t ion  or  an  increase  in  the  number
of  DA-recep tors )  was  no t  de te rmined .
Furthermore,  Rupniak et  a l .  (16,  26) ,  have
repor ted  a  DA recep tor  sub-sens i t iv i ty
following chronic neuroleptic administration
and  th i s  conf l i c t s  wi th  resu l t s  o f  th i s
s tudy  and  the  p rev ious  f ind ings  (14) .
This  cou ld  be  due  to  d i f fe rences  in
methodology  and  se t t ings  o f  the  ac tua l
per iod  of  ca l l ing  and  measur ing  chron ic
adminis t ra t ion  as  th i s  may  d i f fe r  be tween
s tud i e s .

Chlorpromazine  has  a  weaker  ac t iv i ty
a t  p re -synapt ic  DA-recep tors  as  i t  f a i l s
to  reverse  apomorphine  induced  seda t ion
and  hypoac t iv i ty  (27) .  Fur thermore ,
ch lorpromazine  causes  seda t ion  and
hypothermia  in  rodents  (18) ,  and  reduces
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activity in animals and man (28).  Repeated
t rea tment  o f  ra t s  wi th  a  dopamine
anatagonists  l ike haloperidol ,  also produces
behavioura l  supersens i t iv i ty  to  dopamine
agonis t s  l ike  apomorphine  (29–30) .  This
increased  supersens i t iv i ty  to  dopamine
appears  to  be  media ted  in  par t  by  an
increased  number  (upregula t ion)  o f  DA
recep tors  (29 ,  31) .  In  con t ras t ,  the  exac t
mechanisms  under ly ing  behavioura l
sens i t i za t ion  fo l lowing  repea ted /da i ly  o r
chronic  agonis t  adminis t ra t ion are  s t i l l  not
known (32) .  I t  i s  a l so  poss ib le  tha t  the
resu l t s  observed  a f te r  the  cha l lenges  wi th
PCP and  amphetamine  desp i te  g iv ing  a
washout  per iod of  2  days  s t i l l  there  could
be  some res idua l  e f fec t s  remain ing  which
cont r ibu ted  to  some of  these  observed
findings.

I t  the re fore  seems  tha t  ch lorpromazine
had no effects on pre-synaptic dopaminergic
receptors .  Thus,  cer tain behavioural  effects
tha t  a re  media ted  by  ch lorpromazine  may
be due to its direct action on DA receptors,
whi l s t  o thers  may  be  due  to  an  ind i rec t
ac t ion  exer ted  on  o ther  sys tems  (33) .  I t s
antipsychotic action are thought to be solely
due to  D-2 blockade (34) .  Fur ther  suppor t
comes from Carlsson and Lindqvist (35), as
they reported that chlorpromazine has effects
on DA, as well as noradrenergic systems and
enhances  syn thes i s  and  u t i l i za t ion  of
serotonin (36).

In  this  s tudy,  PCP chal lenge caused an
increase in total locomotor activity and head
ro l l ing  in  the  h igh  dose  ch lorpromazine
t rea ted  group .  This  d rug  has  the  ab i l i ty
to  ac t iva te  o ther  recep tors  (caus ing
supersens i t iv i ty )  bes ides  the  dopaminerg ic
system (37),  such as the serotonergic (38),

and  the  NMDA-recep tors  (39) .  However ,
there  a re  con t rad ic t ions  as  some have
repor ted  tha t  PCP i s  an  NMDA recep tor
agonis t  (39) ,  whereas ,  Kapur  and  Seeman
(40)  repor ted  tha t  PCP and  Ketamine  a re
NMDA antagonis t s .  Atax ia  i s  a  common
feature which follows PCP administration to
rodents (41). This response was observed in
animals following PCP challenge, and could
expla in  why to ta l  ac t iv i ty  and  o ther
behavioural  parameters were not   increased
following  the PCP challenge. These  findings
of the  inability of chlorpromazine to block
comple te ly  PCP- induced  ac t iv i ty  and  head
rol l ing  in  the  h ighes t  dose  are  in  conf l ic t
wi th  Freed  e t  a l .  (42) ,  who  repor ted  tha t
ch lorpromazine  was  e f fec t ive  in  b lock ing
PCP-induced hyperact ivi ty .

In the present study, the highest dose of
ch lorpromazine  (10  mg/kg) ,  induced
hypothermia .  I t  has  been  repor ted  as  wel l
by  o thers  tha t  ch lorpromazine  induces
hypothermia and sedation in rodents due to
b lockade  of  DA.  5-HT and  a lpha-one-
adrenerg ic  recep tors  (18 ,  43) .  Others
however ,  have  repor ted  tha t  c lass ica l
neuroleptics do not induce hypothermia (44),
such finding are again in conflict with ours.
The reason for the difference can not be fully
expla ined  bu t  needs  fu r ther  research
inves t iga t ions  in  th is  area  to  es tabl ish  the
ac tua l  cause .

An apomorphine  cha l lenge  in  da i ly
ch lorpromazine  t rea ted  ra t s  p roduced
hypothermic  responses .  These  f ind ings  a re
in  agreement  wi th  o ther  au thors  fo r  the
effects of apomorphine in humans (45), and
animals  (46–47) .  Both  DA and  5-HT-

1A

recep tors  a re  thought  to  be  invo lved  in
thermoregulat ion responses in rats  (48–49).
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Both DA and 5-HT
1A

 receptors  are  thought
to be involved in thermoregulation responses
in rats (46–47).

In  conc lus ion ,  the  p resen t  s tudy
demons t ra tes  tha t  DA/NMDA-recep tor
sens i t i za t ion  deve loped  to  to ta l  locomotor
activity following PCP challenge. Furthermore,
there were no changes in other behavioural
parameters  assessed .  Surpr i s ing ly  da i ly
ch lorpromazine  adminis t ra t ion  in  ra t s  a l so
produced no changes in other physiological

parameters  such as  body weight ,  food and
wate r  in take .

ACKNOWLEDGEMENTS

The  au thor  would  l ike  to  thank
the Department of Foreign Affairs, Republic
of  I re land  for  p rov id ing  research  gran t .
Thanks  to  a l l  s t a f f  in  the  Depar tment  o f
Pharmacology  for  the i r  suppor t  dur ing  my
stay there. This work was carried out at the
National  Universi ty of  Ireland (NUI).

REFERENCES

1 . Denicker  P .  Discovery  o f  the  c l in ica l  use  o f
neuro lep t i c s .  In :  Discover ies  in  Pharmaco logy ,
Vol .  1 :  Psycho  and  Neuropharmaco logy ,  Eds ,
Parnham M.  and  Bru inve l s  J ,  E l sev ie r ,
Amste rdam,  1983 ;  pp . 163–180 .

2 . Krupp  P ,  Barnes  P .  Leponex-assoc ia ted
granu locy topen ia :  a  r ev iew of  the  s i tua t ion .
Psychopharmaco l  1989 ;  99 :  8118–8121 .

3 . Kane  J ,  Dauph ina i s  D ,  Barnes  TRE,  Alde r  LA,
Ri fk in  A.  “Assess ing  nega t ive  symptoms  and
ex t rapyramida l  symptoms  in  sch izophren ia” :
Workshop  repor t .  Psychopharmaco l  Bu l l  1993 ;
29:  45–49.

4 . Den Boer  JA,  Ravel l i  DP,  Huisman J ,  Ohrvik  J ,
Verhoeven  WMA,  Wes te rnberg  HGM.  Doub le
b l ind  compara t ive  s tudy  o f  r emoxipr ide  and
ha loper ido l  in  acu te  sch izophren ic  pa t i en t s .
Psychopharmaco l  1991 ;  102 :  76–84 .

5 . Wanibuch i  F ,  Usuda  S .  Synerg i s t i c  e f fec t s
be tween  D–

1
 and  D–

2
 dopamine  an tagon i s t s  on

ca ta lepsy  in  r a t s .  Psychopharmaco l  1990 ;  102 :
339–342 .

6 . E l l enbroek  B .  Trea tment  o f  sch izophren ia :  a
cl inical  and pre-cl inical  evaluat ion of  neurolept ic
drugs .  Pharmacol  & Ther  1993 ;  57 :  1–78 .

7 . Ch iodo  L ,  Bunney  R .  Typ ica l  and  a typ ica l
neuro lep t i c s :  d i f fe ren t i a l  e f fec t s  o f  ch ron ic
admin i s t r a t ion  on  the  ac t iv i ty  o f  A9  and  A 10
midbrain dopaminergic neurons.  J Neurosci  1983;
5:  2539–2544.

8 . Whi te  FJ ,  Wang  RY.  Compar i son  o f  the  e f fec t s

of  chronic  ha loper idol  t rea tment  on  A9 and A10
dopamine  neurons  in  the  ra t .  Li fe  Sc i  1983;  32 :
983–993 .

9 . Puech  AJ ,  Chermat  A ,  Ponce le t  M,  Doare  L ,
S imon  P .  Antagon i sm of  hypo the rmia  and
behav ioura l  r esponse  to  apomorph ine :  A  s imple ,
rap id  and  d i sc r imina t ing  t e s t  fo r  sc reen ing
antidepressants and neuroleptics.  Psychopharmacol
1981;  75:  84–91.

10 . Creece  I ,  Manian  AA,  P rosse r  TD,  Synder
SH.  3H-Haloper ido l  b ind ing  to  dopamine
recep to r s  in  r a t  co rpus  s t r i a tum:  In f luence  o f
ch lo rpromaz ine  metabo l i t e s  and  de r iva t ives .  Eur
J  Pharmaco l  1978 ;  47 :  291–296 .

11 . Perou tka  S ,  Synder  S .  Re la t ionsh ip  o f
neuro lep t i c  d rug  e f fec t s  a t  dopamine ,  se ro ton in ,
a -adrenerg ic  and  h i s t amine  recep to r s  to
c l in ica l  po tency .  Am J  Psych  1980 ;  137 :
1518–1522 .

12 . Wadenberg  M,  Ahlen ius  S .  Ant ipsycho t i c  l ike
prof i l e  o f  combined  t r ea tment  wi th  rac lopr ide
and  8 -OH-DPA T in  the  r a t :  enhancement  o f
an t ipsy-  cho t i c  l ike  e f fec t s  wi thou t  ca ta l epsy .
J  Neura l  Transm  1990 ;  83 :  43–53 .

13 . Wingard  LB,  Brody  TM,  Larne r  J ,  Schwar tz  A .
Phys io logy  and  b iochemis t ry  o f  the  pe r iphera l
au tonomic  ne rvous  sys tem.  In :  Human
Pharamaco logy ,  Molecu lar  to  C l in ica l  1991 ;
p p . 7 7 – 1 1 3 .

14 . Theodorou  A,  Gommeren  W,  Clow A,  Leysen  J ,
Jenner  P ,  Marsden  CD.  Chron ic  neuro lep t i c



Indian J Physiol  Pharmacol 2009; 53(3) Effects of Daily Chlorpromazine Administration 217

t rea tment  spec i f i ca l ly  a l t e r s  the  number  o f
dopamine  recep to r s  in  r a t  b ra in .  Li fe  Sc i  1981 ;
28:  1621–1627.

15 . Chr i s t ensen  AV,  F ja l l and  B ,  Mol le r  Ni l sen .  On
the  supersens i t iv i ty  o f  dopamine  recep to r s ,
induced  by  neuro lep t ics .  Psychopharmacol  1976;
48:  1–6.

16 . Rup in iak  NMJ,  Jenner  P ,  Marsden  CD.  The
ef fec t  o f  ch ron ic  neuro lep t i c  admin i s t r a t ion  on
cerebra l  dopamine  recep to r  func t ion .  Li fe  Sc i
1983;  32:  2289–2311.

17 . Ba ldessa r in i  RJ .  Chemotherapy  in  Psych ia t ry .
Havard  Univer s i ty  P ress ,  Cambr idge  1985 .

18 . Dav i s  WM,  Ca t ravas  JD,  Wate r s  IW.
Ef fec t s  o f  an  I .V  l e tha l  dose  o f  3 ,  4 -
methy lened ioxyamphe tamine  (MDA)  in  the  dog
and  an tagon i sm by  ch lo rp romaz ine .  Gen
Pharmacol  1986;  2 :  179–183.

19 . Seeman P,  Sellers EM, Roschlau WHE. Principles
of Medical Pharmacology 3rd Edition, NOV, 1979,
T o r o n t o - C a n a d a .

20 . Leysen  JE ,  Gommeren  W,  Laduron  PM.
Spipe rone :  A  l igand  o f  cho ice  fo r  neuro lep t i c
recep to r s .  1 .  Kine t i c s  and  charac te r i s t i c s  o f
in  v i t ro  b ind ing .  Biochem Pharmaco l  1978 ;  27 :
307–316 .

21 . Leysen  JE ,  Nimegeers  CJE ,  To l l enae re  JP ,
Laduron  PM.  Sero tonerg ic  componen t  o f
neuro lep t i c  r ecep to r s .  Nature  1978 ;  272 :
168–171 .

22 . Sa lamone  JD,  Z igmond  MJ ,  S t r i cke r  EM.
Charac te r i sa t ion  o f  the  impa i red  feed ing
behaviour  in  ra t s  g iven  ha loper ido l  or  dopamine
dep le t ing  b ra in  l e s ions .  Neurosc i  1990 ;  39 :
17–24 .

23 . Lawson WB, Roy S,  Parent  M, Herrera J ,  Karson
C,  B ige low L .  F lu id  in take  pa t t e rns  in
sch izophren ia  and  normal  con t ro l s .  Prog  Neuro-
Psychopharmacol  Biol  Psychiat  1992;  16:  39–44.

24 . El l i son  G.  Spontaneous  o rofasc ia l  movements  in
roden t s  induced  by  long  t e rm neuro lep t i c
administration: a second opinion. Psychopharmacol
1991;  104:  404–108.

25 . Leonard  BE.  Fundamenta l s  o f
Psychopharmaco logy .  Pub l i shed  by  John  Wi ley
& Sons ,  U.K.  1992;  pp . 123–143.

26 . F ib ige r  HC,  Car te r  DA,  Ph i l ips  AG.  Decreased
in t rac ran ia l  se l f  s t imula t ion  a f t e r  neuro lep t i c s
o r  6 -hydroxydopamine :  ev idence  fo r  med ia t ion

by motor  def ic i ts  ra ther  than by reduced reward.
Psychopharmaco l  1976 ;  47 :  21–27 .

27 . Rupin iak  NMJ,  Jenner  P ,  Marsden  CD.
Chol ine rg ic  modula t ion  o f  pe r io ra l  behav iour
induced  by  chron ic  neuro lep t i c  admin i s t r a t ion
to  ra t s .  Psychopharmaco l  1983 ;  79 :  226–230 .

28 . Cons ten t in  J ,  Marca i s  H ,  Por ta i s  P ,  Schwar tz
JC. Tolerance to hypolinesia elicited by dopamine
agon i s t s  in  mice :  Hyposens i t i za t ion  o f
au to recep to r s ?  Li fe  Sc i  1977 ;  20 :  883–886 .

29 . Car l s son  A.  Ant ipsycho t i c  d rugs ,
neuro t ransmi t t e r s ,  and  sch izophren ia .  Am J
Psych  1978;  135:  164–173.

30 . Creese  I ,  Hambl in  MW,  Lef t  SE ,  S ib ley  DR.
CNS dopamine  recep to r s .  In :  Ive r sen  LL,
Ive r sen  SD,  So lomon  SH (eds ) .  Handbook  o f
psychopharmaco logy ,  Vol .  176 ,  B iochemica l
s tud ies  o f  CNS recep to r s .  New York :  P lenum
Press ,  1983 .

31 . Muller P, Seeman P. Dopaminergic supersensitivity
af te r  neuroplep t ics :  T ime course  and  spec i f ic i ty .
Psychopharmaco l  1978 ;  60 :  1–11 .

32 . Matt ingly  BA, Gots ick JE,  Salamanca K.  Latent
sens i t i za t ion  to  apomorph ine  fo l lowing  repea ted
low doses .  Behav  Neurosc i  1988;  102 :  553–558 .

33 . Cools AR. Two functionally and pharmacologically
d i s t inc t  recep tors  in  the  ra t  b ra in .  Adv  Biochem
Psychopharmaco l  1977a ;  16 :  215–225 .

34 . Cools  AR.  The  in f luence  o f  neuro lep t i c s
on  cen t ra l  dopaminerg ic  sys tems .  In :
Neuro t ransmiss ion  and  d i s tu rbed  behav iour .  H .
M.  Van  Praag  and  J .  Bru inve l s  ( eds ) ,  Bohn ,
Sche l tma  and  Holkema 1977b ;  73–96 .

35 . Car l s son  A,  L indqv i s t  M.  Ef fec t  o f
ch lo rp romaz ine  o r  ha loper ido l  on  fo rmat ion
of   3 -methoxy ty ramine  and  normetanephr ine
in  mouse  b ra in .  Acta  Pharmaco l  1963 ;  20 :
140–143 .

36 . Rastozi  RB,  Singhal  RL,  Lapiere  YD.  Effec ts  of
shor t - t e rm and  long- te rm neuro lep t i c  t r ea tment
on bra in  serotonin  synthes is  and turnover :  Focus
on  the  se ro ton in  hypo thes i s  o f  sch izophren ia .
Li fe  Sc i  1981;  29:  735–741.

37 . Snell  LD, Johnson KM. Antagonism of N-methyl-
D-asper ta te  induced  t r ansmi t t e r  r e l ease  in  the
ra t  s t r i a tum by  phencyc l id ine  l ike  dugs  and  i t s
re la t ionsh ip  to  tu rn ing  behav iour .  J  Pharmaco l
& Exp Ther  1985;  235:  50–57.

38 . Nabesh ima  T ,  Yamaguch i  K ,  Hi ramatsu  M,



218   Nsimba Ind ian  J  Phys io l  Pharmaco l  2009 ;  53(3 )

Amano  M,  Furekawa  H,  Kamayama T .
Sero tonerg ic  invo lvement  in  phencyc l id ine
induced  behav iours .  Pharmacology ,  B iochemis t ry
& Behav iour  1983 ;  21 :  401–408 .

39 . T ied tke  P ,  B i schof f  C ,  Schmid t  WJ .  MK-801
induced  s t e reo typy  and  i t s  an tagon i sm by
neuro lep t i c  d rugs .  J  Neura l  Transm  1990 ;  81 :
173–182 .

40 . Kapur  S ,  Seeman P .  NMDA receptor  an tagonis t s
ke tamine  and  PCP ‘nave  di rec t  e f fec t s  on  the
dopamine  D-2  and  se ro ton in  5 -HT-2  recep to r s ;
impl ica t ions  fo r  mode l s  o f  sch izophren ia .  Mol
Psychia t  2002;  7 :  837-844 .

41 . Cho  AK,  Hi ramatsu  M,  Pechn ick  RP,  DiS te fano
E.  Pharmacok ine t i c  and  pharmacodynamic
eva lua t ion  o f  phencyc l id ine  and  i t s  decadeu te ro
var ian t .  J  Pharmaco l  & Exp  Ther  1989;  250 :
210–215 .

42 . Freed  JW.  An  hypo thes i s  r ega rd ing  the
an t ipsycho t i c  e f fec t  o f  neuro lep t i c  d rugs .
Pharmaco l  B iochem & Behav  1988 ;  32 :
337–345 .

43 . Ca t ravas  JD,  Wate r s  I ,  H ickenbo t tom JP ,  Dav i s
WM.  The  e f fec t s  o f  ha loper ido l ,  ch lopromaz ine
and propranolol  on  acute  amphetamine  poisoning
in conscious dog. J Pharmacol & Exp Ther  1977;
202:  230–243.

44 . Nash JF,  Mel tzer  HY, Gudelsky GA. Antagonism
of  se ro ton in  recep to r  med ia ted  neuroendocr ine
and  t empera tu re  r e sponses  by  a typ ica l
neurolept ics  in  the  ra t .  Euro J  Pharmacol  1988;
151:  463–469.

45 . Cul t ler  NR,  Post  RM, Bunney WE.  Apomorphine
hypo the rmia :  An  index  o f  cen t ra l  dopamine
recep to r  func t ion  in  man .  Comm
Psychopharmaco l  1979 ;  3 :  375–380 .

46 . Bour in  M.  I t  i s  poss ib le  to  p red ic t  the  ac t iv i ty
of  new an t idepressan t  in  an imals  wi th
s imple  psychopharmaco log ica l  t e s t ?  Fund  Cl in
Pharmacol  1990;  4 :  49–64 .

47 . Sa lmi  P ,  J imenez  P ,  Ahlen ius  S .  Ev idence  fo r
spec i f i c  invo lvement  o f  dopamine  0 -1  and  0 -2
recep to r s  in  r egu la t ion  o f  body  t empera tu re  in
the  ra t .  Eur  J  Pharmaco l  1993 ;  236 :  395–400 .


