
INTRODUCTION

Angio tens in  conver t ing  enzyme
inhibitors (ACEIs) and Angiotensin receptor
an tagonis t s  (ARAs)  a re  wide ly  used
compounds  in  var ious  ca rd iovascu la r

disorders (1). Angiotensin converting enzyme
(carboxy  -  d ipep t idy lpep t idase) ,  conver t s
ang io tens in - I  to  ang io tens in - I I  and  a l so
involved  in  degrad ing  the  k in ins  l ike
bradykinin and substance P (1). Thus ACEIs,
bu t  no t  ARAs,  decrease  the  p lasma
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Abstrac t  :  Ang io tens in  conver t ing  enzyme inh ib i to r s  (ACEIs )  and
ang io tens in  r ecep to r  b lockers  an tagon i s t s  (ARAs)  a re  wide ly  used
compounds  in  va r ious  ca rd iovascu la r  d i so rde r s .  ACEIs ,  bu t  no t  ARAs ,
inhibi t  the enzyme dipept idyl  carboxypept idase which is  involved in  the
conversion of angiotensin I to II and degradation of kinins like bradykinin
and  subs tance  P .  Bradyk in in  and  subs tance  P  a re  po ten t  med ia to r s  o f
inf lammation and pain .  Hence the  s tudy was under taken to  evaluate  the
e f fec t s  o f  cap topr i l  ( an  ACEI)  and  losa r t an  (an  ARA-AT 1 recep to r
antagonis t )  on thermal  and chemical  induced nociocept ion by employing
ho t  p la te  and  ace t i c  ac id  induced  wr i th ing  t e s t s  r e spec t ive ly  in  mice .
Inbred a lbino mice weighing between 25-30 g were  used and they were
divided into two sets, each set containing 7 groups. Control groups received
normal  sal ine and the remaining six groups received three doses (0.5,  1
and 2 mg/kg) of captopril and three doses (0.5, 1 and 2 mg/kg) of losartan.
Drugs were adminis tered intraper i toneal ly  f i f teen minutes  before  placing
the animal over the hot plate or 30 minutes before injecting 0.6% acetic
acid.  Both drugs dose dependently reduced the reaction t ime in hot plate
method .  In  chemica l  induced  wr i th ing  tes t ,  bo th  the  drugs  reduced  the
la tency  of  onse t  o f  wr i th ing  and  in  cap topr i l  p re t rea ted  groups ,  ace t ic
ac id  induced  sus ta ined  abdomina l  con t rac t ion  wi thou t  any  in te rmi t t en t
relaxation. However, in losartan pretreated animals acetic acid just increased
the  number  of  wri th ings  wi thout  sus ta ined abdominal  contract ion.  Thus ,
our  s tudy sugges ts  tha t  both  drugs  have  hypera lges ic  ef fec ts .
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concentration of angiotensin-II  and increase
the t issue concentration of kinins.  The role
of Angiotensin II  in pain perception is  not
clear. It is reported to produce analgesia on
in t ra -cerebro-ven t r icu la r  admin is t ra t ion
tha t  cou ld  be  b locked  by  na loxone  (2) .
Evidence a lso  indicates  that  angiotensin  I I
has  pro-nociocept ive act ivi ty  and has  ant i -
op io id  ac t iv i ty  (3 ) .  Involvement  o f
bradykinin in inflammation and pain is well
established. Bradykinin is a potent mediator
of  in f lammat ion  and  pa in  (4 ,  5 ) .  Both
prec l in ica l  and  c l in ica l  s tud ies  have
indicated the  hyperalgesic  effect  of  ACEIs
(6 ,  7 ,  8 )  bu t  such  repor t s  fo r  ARAs l ike
losartan is limited. A clinical study (9) has
repor ted  tha t  bo th  the  ang io tens in
conver t ing  enzyme inh ib i to r  ena lapr i l  and
the  AT1 recep tor  b lock ing  agen t  losa r tan
ac ted  s imi la r ly  on  pa in  th resho ld ,  pa in
sensitivity being increased during these two
ant i -hyper tens ive  t rea tments .  The  b lood
pressure  reduc t ion  dur ing  drug  t rea tment
could  no t  be  accounted  for  the  pa in
sensi t iv i ty  changes  observed.  On the  other
hand a preclinical study (10) has suggested
the  ant inociocept ive  ef fec ts  of  ACEIs  l ike
spirapril, trandolapril (but not enalapril) and
an ARA, losartan.  These confl ict ing results
tempted  us  to  eva lua te  and  compare  the
effects of captopril and losartan on chemical
and thermal induced pain by employing hot
plate and acetic acid induced writhing tests
in mice.

MATERIAL AND METHODS

Animals  :  Inbred albino mice (Swiss strain)
weighing between 25–30 g of either sex were
used  for  the  s tudy .  They  were  housed  in
clean polypropylene cages in groups of four
and  main ta ined  a t  room tempera ture

be tween 27–31°C wi th  s tandard  labora tory
feed  and  wate r  ad  l ib i tum.  Animals  were
divided into two sets. Each set consisting of
7  groups  wi th  6  an imals  in  each  group .
Group I  animals  were  adminis tered normal
sa l ine  (vehic le ) ,  Groups  I I  to  IV rece ived
captopril 0.5, 1 and 2 mg/kg and Groups V
to VII received losartan 0.5, 1 and 2 mg/kg
body  weigh t  respec t ive ly .  The  e th ica l
c lea rance  for  the  use  of  an imals  was
obtained from the committee constituted for
the  purpose .

Drags : Both test drugs, captopril (Wokhardt
Ltd.,  Mumbai) and losartan (Wokhardt Ltd.,
Mumbai )  were  d i sso lved  in  normal  sa l ine
and in jec ted  in t raper i toneal ly .  The  vehic le
and  the  d rugs  were  admin is te red  in  the
volume of 10 ml/kg body weight.

Methods :

a . Hot plate method (11)

In this method heat is used as a source
of pain. All animals were placed individually
on the Eddy’s hot plate (Techno instruments,
Ind ia )  main ta ined  a t  cons tan t  t empera ture ,
55°C and the t ime taken by the animal for
the  reac t ion  e i ther  by  l i ck ing  the  paw or
jumping or raising the limbs which ever was
observed  f i r s t  t aken  as  the  end  po in t .
Animals  hav ing  basa l  reac t ion  t ime  no t
exceeding 15 seconds were included in the
study.  React ion t ime was noted before and
15 ,  30 ,  60 ,  90  and  120  minutes  a f te r  the
drug  or  veh ic le  admin is t ra t ion  in  each
a n i m a l .

b . Writhing test  (12)

Fresh ly  p repared  0 .6% ace t ic  ac id
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so lu t ion  in  the  vo lume of  10  ml /kg  was
admin is te red  in t raper i tonea l ly  to  each
animal  which  rece ived  e i ther  the  veh ic le
(Group I) or the test drugs captopril (Groups
II–IV) or losartan (Groups V–VII) 30 minutes
before  the  cha l lenge .  The  t ime  of  onse t
wr i th ing  and  the  number  o f  abdomina l
contractions or writhing in the following 15
minutes  were  recorded .

Stat i s t i ca l  ana lys i s

All data were expressed as mean ± SEM.
and was analyzed by using one-way ANOVA
fol lowed by  Turkey-Kramer  mul t ip le
compar i son  tes t .  P  va lues  <  0 .05  were
considered significant as compared to control
vehic le  t rea ted  group.

R E S U L T S

Hot  p la te  method  :  (Tab le  I )  Captopr i l
produced dose dependent reduction in basal
reac t ion  t ime  a t  a l l  doses  t es ted  (0 .5 ,  1
and  2  mg/kg)  th roughout  the  per iod  of
observa t ion  ( t i l l  120  minutes )  when
compared to  vehic le  t reated control  group.

Losartan also at the entire doses tested (0.5,
1 and 2 mg/kg) dose dependently decreased
the  react ion t ime throughout  the  per iod of
observation (120 minutes),  except,  with 0.5
mg/kg dose, where at the end of 120 minutes
the  reduc t ion  in  reac t ion  t ime  was  no t
s ign i f ican t .

Writhing test  :  (Table II)  In comparison to
control ,  a  dose  dependent  reduct ion in  the
t ime  for  onse t  o f  wr i th ing  induced  by
intraperitoneal administration of 0.6% acetic
acid was observed at all the doses tested in
the  Captopr i l  p re t rea ted  groups  (P<0 .05) .
The abdominal contraction induced by acetic
acid was sustained and all animals remained
immobi le  th roughout  the  per iod  of
observation (15 minutes) in these groups of
a n i m a l s .

In losartan pretreated groups (Groups V,
VI and VII), time for onset of writhings with
0.6% acet ic  acid  was s ignif icant ly  reduced
(P<0.05) .  The  number  of  abdomina l
writhings when compared to vehicle treated
control  group showed a significant increase
(P<0.05).

TABLE I : Effects  of  captropr i l  and losar tan  on basal  react ion t ime of  mice  in  hot  p la te  method.

Reaction Reaction time after drug admn
Drug (N) Dose/kg time before

drug admn 15 min 30 min 60 min 90 min 120 min

Control normal saline (6) 10 ml 3.09±0.31 2.63±0.34 3.21± 0.26 4.40± 1.18 3.15± 0.52 3.79± 0.79
Captopril (6) 0.5 mg/kg 3.35±0.24 1.52±0.13** 1.68± 0.29*** 1.51± 0.40* 1.63± 0.47* 1.04± 0.14***
Captopril (6) 1.0 mg/kg 2.66±0.42 0.84±0.10*** 1.27± 0.20*** 1.48± 0.36* 1.15± 0.11* 0.90± 0.09***
Captopril (6) 2.0 mg/kg 3.24±0.14 0.78±0.12*** 0.86± 0.09*** 0.93± 0.10** 0.90± 0.03** 0.90± 0.08***
Losartan (6) 0.5 mg/kg 3.32±0.22 1.38±0.17** 1.25± 0.13*** 1.41± 0.19* 1.48± 0.02** 2.26± 0.24
Losartan (6) 1.0 mg/kg 3.17±0.31 1.39±0.15** 1.28± 0.13*** 1.39± 0.25* 1.20± 0.11*** 1.75± 0.11*
Losartan (6) 2.0 mg/kg 2.61±0.37 1.35±0.10** 1.26± 0.08*** 1.30± 0.19* 1.09± 0.05*** 1.25± 0.10**

All value are Mean±SEM, *=P<0.05; **=P<0.01; ***=P<0.001.
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D I S C U S S I O N

The presen t  s tudy  sugges t s  tha t  bo th
captopri l  and losar tan a t  the  doses  s tudied
have  hypera lges ic  e f fec t  in  bo th  the
exper imenta l  models  s tud ied .  On dose- to -
dose  bas i s  cap topr i l  exh ib i ted  h igher  and
long lasting hyperalgesic effect than losartan
as  indicated by the  pers is tent  reduct ion in
reac t ion  t ime  in  ho t  p la te  and  the  qu ick
onset  of  wr i th ing and sus ta ined abdominal
contraction in acetic induced writhing tests.

The  ro le  o f  ang io tens in  I I  in  pa in
perception is not clear. Modulations of pain
wi th  ACE inh ib i to rs  sugges t  tha t  the re  i s
interplay between renin angiotensin system
and  pa in  percep t ion  (2 ,  6 ) .  In t ra -cerebro
vent r icu la r  admin is t ra t ion  of  ang io tens in
has been shown to produce analgesic effect,
which  could  be  b locked  by  na loxone  (2) .
Evidence a lso  indicates  that  angiotensin  I I

by  ac t ing  cen t ra l ly  a t  a rea  pos t rema
regula tes  the  b lood  pressure  and  pa in
perception (13, 14).  In hypertensive patients

who were showing the hypalgesia,  enalapril
t rea tment  normal ized  the  pa in  percep t ion
(8) .  When spontaneous ly  hyper tens ive  ra t s
are treated with enalapril  and losartan they
reduced the hot plate latency (15). All these
evidence suggest  the role of angiotensin in
pa in  and  the  hypera lges ic  e f fec t  o f  d rugs
tha t  reduce  the  ang io tens in  ac t iv i ty  (15) .
Our findings do not go with the findings of
Takai et al (10) who has stated that on single
admin is t ra t ion  of  ACEIs  l ike  sp i rapr i l ,
trandolapril (but not enalapril) and an ARA,
losartan have no effect  on pain perception,
whi le  chron ic  admin is t ra t ion  they  had
antinocioceptive effect .

Kin ins  and  pros tag landins  a re
impor tan t  chemica l  subs tances  involved  in
inflammation and pain perception.  Evidence
indicates the involvement of bradykinin and
prostaglandins in chemical induced pain (4,
5 ,  7 ,  16) .  Captopr i l  has  been  shown to
antagonize kaolin induced writhing which is
assoc ia ted  wi th  increased  pros tag land in
level  (16) .  Thus the hyperalgesia  produced
by ACE inhibi tors  l ike  Captopri l  might  be
due  to  –  1 )  decreased  ang io tens in  I I
concent ra t ion .  2)  increased  bradykinin  and
3)  enhanced prostaglandin  level .

There  i s  no t  much  da ta  about  the
enhanced  ac t iv i ty  o f  b radykin in  and
pros tag landins  wi th  the  admin is t ra t ion  of
losar tan .  However ,  an  exper imenta l  s tudy
found  an  increased  rena l  b radykin in
concent ra t ion  fo l lowing  AT1 recep tors
b lockade ,  due  to  the  unopposed  ac t ion  of
angiotensin II on AT2 receptors (17) hence,

T A B L E I I : Effects of captropril  and losartan on 0.6%
ace t i c  ac id  induced  abdomina l  wr i th ings
in  mice .

Time for Total
Drugs Dose/kg onset of number of

writhing writhings in
(In minutes) 15 minute

Control normal
saline (6) 10 ml 3.78± 0.54 28.833±6.590
Captopril (6) 0.5 mg/kg 0.82± 0.11* Sustained

abdominal
contraction

Captopril (6) 1.0 mg/kg 0.79± 0.14* Sustained
abdominal
contraction

Captopril (6) 2.0 mg/kg 0.39± 0.03* Sustained
abdominal
contraction

Losartan (6) 0.5 mg/kg 1.25± 0.09* 56.66±2.45*
Losartan (6) 1.0 mg/kg 0.93± 0.30* 73.16±2.78*
Losartan (6) 2.0 mg/kg 0.41± 0.017* 93.66±2.33*

Values are Mean±SEM, *=P<0.001.
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the possibility of involvement of bradykinin
and prostaglandins in hyperalgesic effect of
ARAs is yet to be determined.

Both these drugs are the commonly used
ant i -  hyper tens ives .  Pa t ien t s  who  a re  on
these drugs may show higher sensi t ivi ty to
var ious  noxious  s t imul i .  Our  f ind ings
sugges t  tha t  bo th  d rugs  enhance  the  pa in
percep t ion .  Care  should  be  t aken  whi le
prescr ib ing  these  d rugs  to  pa t ien t s  in  the
presence of  pain.

Enhanced  sens i t iv i ty  to  pa in  by  ACE
inhibitors and angiotensin receptor blockers

may be helpful.  Hypertensive patients show
a reduced  sens i t iv i ty  to  pa in  (8 )  and  a
genera l ized  impai rment  o f  pa in  sens i t iv i ty
has been associated with silent ischemia (18,

19, 20). ACE inhibitors and the angiotensin
recep tor  b lockers  by  fac i l i t a t ing  the
percep t ion  of  pa infu l  s t imul i ,  a t  l eas t  in
hyper tens ive  pa t ien ts  wi th  coronary  a r te ry
disease ,  may poss ib ly  in ter fere  wi th  s i lent
episodes (8).

To conclude, both captopril and losartan
showed hypera lges ic  e f fec t  in  bo th
experimental  models ,  thermal  and chemical
induced pain in mice. It can also be inferred
tha t  cap topr i l  p roduced  more  hypera lges ia
than losartan on dose to dose basis .

ACKNOWLEDGMENTS

This work was carr ied out  under  ICMR
sponsored Short  Term Research Studentship
– 2004 project .  We are  thankful  to  Indian
council  of Medical research for the grant.

R E F E R E N C E S

1 . Jackson EK. Renin and Angiotensin.  In:  Hardman
JG,  Limbird  LE,  Oi lman AG,  eds .  Goodman and
Oi lman’s  The  Pharmaco log ica l  bas i s  o f
the rapeu t i c s .  10 th  ed i t ion .  New York .  McGraw
Hill ,  2001: 809– 841.

2 . Hau l i ca  I ,  Neamtu  C ,  S t ra tone  A,  Pe t rescu  OH,
Branis reanu D,  Rosca  B,  S lar ineanu S .  Evidence
for  invo lvement  o f  Cerebra l  r enn in  ang io tens in
system (RAS) in s tress  analgesia .  Pain 1996;  27:
237–245 .

3 . Wang  JF ,  Sun  XJ ,  Yang  HF,  Ren  MF,  Han  JS .
Mobi l i za t ion  o f  ca lc ium f rom in t race l lu la r  s to re
as  possible  mechanism underlying the ant i -opioid
effect  of  angiotensin I I .  Neuropept ides  1992;  22:
219–222 .

4 . Fujiyoshi  T,  Hayashi  T.  Ohishi  S,  Kuwashima M,
Iida H, Dozen M, Taniguchi  N, Ikeda K, Ohnishi
H. Kaolin-induced writhing in mice,  a new model
o f  poss ib le  b radyk in in  induced  assessment  o f
ana lges ic  agents .  Agents  Ac t ions  1989;  27:  332–
334 .

5 . Chau  TT,  Lewin  AC,  Wal te r  TL,  Car l son  RP ,
Weichman BM. Evidence for a role of bradykinin
in experimental pain models. Agents Actions 1991;
34(1–2):  235–238.

6 . Whi te  JM,  Head  RJ .  The  renn in  ang io tens in
sys tem and  noc iocep t ion  in  spon taneous ly
hyper tensive  ra ts .  Life  Sci  1995;  56:  1073–1078.

7 . Sakamoto K, Sugimoto K, Fujimura A.  Different
potentiating effects  of imidapril  and enalapril  on
kaolin-induced writhing reaction in mice.  Life Sci
2001; 8(21):  2415–2421.

8 . Luigina G, Paola G, Alessio D, Maria RP, Giovanni
G, Anna MG, Maria GR, Achille V. Treatment with
enalapr i l  modif ies  the  pa in  percept ion  pa t te rn  in
hypertensive pat ients .  Hypertens 1998;  31:  1146–
1150 .

9 . Guasti ,  Luigina,  Zanotta,  Danilo,  Diolisi ,  Alessio,
Gargan ico ,  Deborah ,  S imoni ,  C inz ia ,  Gaud io ,
Giovanni, Grandi, Anna M, Venco Achille. Changes
in  pa in  pe rcep t ion  dur ing  t r ea tment  wi th



174 Rohit  et  al Indian J Physiol Pharmacol 2006; 50(2)

ang io tens in  conver t ing  enzyme- inh ib i to r s  and
ang io tens in  I I  type  1  r ecep to r  b lockade .  J
Hypertens 2002; 20(3):  485–491.

1 0 . Takai S, Song K, Tanaka T, Okunishi H, Miyazaki
M.  Ant inoc iocep t ive  e f fec t  o f  ang io tens in -
convert ing enzyme inhibi tors   and an angiotensin
I I  r ecep to r  an tagon i s t  in  mice .  Li fe  Sc i  1996 ;
59(21) :  PL331–PL336.

1 1 . Eddy  NB,  Le imback  B.  Synthe t ic  ana lges ics :  11
Dithyienylbutenylamines and dithyienylbuttylamines.
J Pharmgcol  Exp Ther 1953;  3:  544–547.

1 2 . Se igmund  Cadmus  R ,  Lu  G.  A  method  fo r
eva lua t ing  bo th  non-narco t i c  and  na rco t i c
analgesics. Proc Soc Expt Biol Med 1957; 95: 729–
731 .

1 3 . Matsukawa S, Reid IA. Role of the area postrema
in the modulation of the baroreflex control of heart
rate  by angiotensin II .  Circ Res 1990;  67:  1462–
1473 .

1 4 . Campagno le -San tos  MJ ,  Diz  DI ,  Fe r ra r io  CM.
Baroreceptor  re f lex  modula t ion  by  angio tens in  –
I I  a t  the  nuc leus  so l i t a r i i .  Hyper tens  1998 ;
11(suppl) :  167–171.

1 5 . I rv ine  RJ ,  Whi te  JM,  Head  RJ .  The  renn in  and

ang io tens in  sys tem and  noc iocep t ion  in
spon taneous ly  hyper t ens ive  r a t s .  Li fe  Sc i  1995 ;
56:  1073–1078.

1 6 . Fu j iyosh i  T ,  Dozen  M,  Ikeda  K,  Oh- i sh i  S .
Involvement  o f  p ros tag landins  in  kao l in  induced
wr i th ing  response  in  mice .  J  Pharmacob iodyn
1989; 12(8):  476–482.

1 7 . Carey RM, Wang ZQ, Siragy HM. Update: role of
the  ang io tens in  type-2  (AT2)  recep to r  in  b lood
pressure  r egu la t ion .  Curr  Hyper tens  Rep  2000 ;
2(2):  198–201.

1 8 . Ghione  S .  Hyper tens ion-assoc ia ted  hypa lges ia :
ev idence  in  exper imenta l  an imals  and  humans ,
pa thophys io log ica l  mechan i sms  and  po ten t i a l
c l in ica l  consequences .  Hyper tens  1996;  28:  494–
504 .

1 9 . Sheps DS, Mainxer W, Hinderliter Al. Mechanisms
in  pa in  pe rcep t ion  in  pa t i en t s  wi th  s i l en t
myocardial  ischemia.  Am Heart  J  1990;  11:  983–
987 .

2 0 . Fa lcon  C ,  Sconocch ia  R ,  Guas t i  L ,  Codega  S ,
Monte  mar t in i  C ,  Specch ia  G .  Den ta l  pa in
th resho ld  and  ang ina  pec to r i s  in  pa t i en t s  wi th
coronary artery disease.  J Am Coll  Cardiol  1988;
12:  348–352.


