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INTRODUCTION

Pain  i s  a  very  sub jec t ive  phenomenon,
difficult to quantify in human beings but at
the  same t ime  can  be  an  incapac i ta t ing
exper ience  i f  l e f t  un t rea ted .  I t  may  be  a
defensive mechanism in our body, protecting

us from harmful stimuli in day today life or
an  ear ly  warn ing  symptom for  l i fe
threatening si tuations l ike MI,  hypertension
or an underlying inflammatory condition (1,
2 ,  3 ,  4 ) .  Renin  ang io tens in  sys tem has
recently been evaluated for its varied effects
on  pa in  and  i t s  modula t ion  has  ca rved  a
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Abstrac t  :  The  ang io tens in  conver t ing  enzyme inh ib i to r s  (ACEIs )  and
angiotensin  receptor  blockers  (ARBs)  are  a  wel l  known ent i ty  and have
been  used  in  the rapeu t i c s  fo r  va r ious  ind ica t ions  l ike  hyper tens ion ,
myocardial  infarct ion and CHF. However ,  there  is  a  renewed interest  in
these compounds in terms of their effects on pain perception in animals as
well as in human beings. They have yielded contradictory results, showing
hyperalgesia in some studies but analgesia in others. Hence this study was
undertaken to evaluate the effect of Ramipril (an ACE-I) and Losartan (an
ARB) on pain perception in human volunteers using cola caps and handcuff
of  sphygmomanometer .  A to ta l  o f  30  hea l thy ,  normotens ive  ind iv idua ls
with no previous history of intake of analgesics during or 4 weeks prior
to  the  s tudy  were  se lec ted  a f t e r  an  in fo rmed  consen t .  The  f i r s t  g roup
received a single dose of placebo, the second group received Ramipril (2.5
mg) & the third group received Losartan (50 mg). Pain perception threshold
(the point at which an individual first experiences pain) and the maximum
tolerated pain were assessed using the above method.  The control  group
showed no significant changes in pain threshold,  but the group receiving
ei ther  Ramipri l  or  Losartan showed a  decl ine in  threshold for  maximum
to le ra ted  pa in .  Only  Ramipr i l  and  no t  Losa r t an  dec reased  the  pa in
percep t ion  th resho ld .  Our  s tudy  revea led  tha t  s ing le  dose  t rea tment  o f
healthy volunteers with Ramipril  and Losartan may cause algesia as early
as after ingestion of the first dose and further studies are needed to study
their  long term effects  on pain perception.
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def in i te  n iche  in  therapeu t ics  wi th
angio tens in  recep tor  b lockers  (ARBs)  and
Angio tens in  conver t ing  enzyme inh ib i to rs
(ACEIs)  be ing  used  t rea tment  var ious
pa tho log ica l  s ta tes  l ike  hyper tens ion ,
congest ive heart  fai lure etc .  (5,  6 ,  7) .  The
ACEIs, but not the ARBs inhibit the enzyme
dipeptidyl carboxypeptidase which is involved
in  the  convers ion  of  Angio tens in  I  to
Angio tens in  I I  and  in  the  degrada t ion  of
kinins (like substance P and Bradykinin and
var ious  o ther  pep t ides ) .  The  ACEIs  thus
increase the level of pain producing peptides
l ike  the  Bradykin in ,  subs tances  P  e tc  (8) .
These  k in ins  a re  capable  o f  induc ing
inf lammatory  changes  l ike  pa in ,
vasodi la ta t ion ,  and  increased  vascu la r
permeabi l i ty ,  d ry  cough ,  swel l ing  of  l ips ,
itching and urticaria. However, some recent-
s tud ies  have  shown tha t  ACEIs  and  ARBs
play  a  ro le  in  modi fy ing  pa in  percep t ion
(9)  and  the  resu l t s  have  ranged  f rom
hyperagles ia  to  analgesia .

MATERIAL AND METHODS

Insp i red  by  ear l i e r  f ind ings  of  RAS
modulation and its effects in pain perception,
this study was conducted in our department
after taking a written informed consent from
v o l u n t e e r s .

Inc lus ion  Cr i ter ia :

The subjects  included were :

1 . Normotens ive  hea l thy  adul t s  aged
be tween  25–30  years  wi th  an  average
weight between 50–70 kg.

2 . No history of hypertension, renal disease,
per iphera l  neuropa thy  or  recen t  use  o f
analgesics  were selected for  the s tudy.

Exclus ion  Cr i ter ia

1 . Obese individuals

2 . History of recent use (within 4 weeks of
s tudy)  o f  ana lges ics ,  ACE inh ib i to rs ,
ARBs or any other long term treatment.

3 . Pregnant  females .

4 . Individuals  wi th  gout ,  ar thr i t i s .

5 . Ext remes  of  age  (ch i ld ren  and  e lder ly
were not  included).

M a t e r i a l :

Tablets of Losartan (25 mg), Ramipril (2.5
mg)  and  a  mul t iv i tamin  (p lacebo) ,  were
obtained from a local  commercial  outlet .

M e t h o d :

A double  b l ind  randomized  p lacebo
cont ro l led  t r i a l  was  done  in  30  human
volun teers .  Based  on  above  inc lus ion  and
exc lus ion  c r i t e r ia ,  the  vo lun teers  were
divided into 3 groups of 10 each and allotted
numbers  between 1 to  30.

The  pa in  percep t ion  th resho ld  was
assessed  us ing  b lood  pressure  ins t rument
(the sphygmomanometer) and a cola cap (26).
Though  each  ind iv idua l  ac ted  as  i t s  own
control  a t  0 h,  but  in  order  to  exclude the
placebo effect of consuming a tablet on pain
perception over a period of time i.e., at 0 h,
2 h  and  4 h ,  we  inc luded  the  th i rd  g roup
which  rece ived  the  mul t iv i tamin  tab le t  in
our study. The multivitamin tablet  acted as
the positive control. The tablets were packed
in  s imi la r  packe ts  ( same s ize  and  co lour )
which  were  coded  as  A,  B  and  C.  The
volunteers were asked to pick up a packet,
tell  us the code and the number allotted to
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TABLE I : Effect  of Losartan and Ramipril  on pain perception threshold values at  0 hour,  2 hour and 4 hour
after g iv ing  the  d rugs  as  eva lua ted  by  Sphygmomanomete r  (B .P .  Cuf f )  and  Cola  Cap  method .

M e a n ± S . E .

T ime  in  hours 0  hour  (mmHg) 2  hour  (mmHg) 4  hour  (mmHg)

C o n t r o l 1 1 8 . 2 ± 1 0 . 2 0 125 .6±8 .78 121 .6±9 .49
L o s a r t a n 120 .6±7 .26 109 .6±6 .26 103 .2±8 .94
R a m i p r i l 116 .2±6 .29 105 .0±4 .84 9 3 . 6 0 ± 3 . 4 2 *

Sign i f i can t  va lues  *P  va lue  < 0 .05 .

TABLE I I : Effect  of  Losar tan and Ramipri l  on maximum pain threshold values  a t  0  hour ,  2  hour  and 4 hour
a f t e r  g iv ing  the  d rugs  as  eva lua ted  by  Sphygmomanomete r  (B .P .  Cuf f )  and  Cola  Cap  method .

M e a n ± S . E .

T ime  in  hours 0  hour  (mmHg) 2  hour  (mmHg) 4  hour  (mmHg)

C o n t r o l 1 8 7 . 4 0 ± 9 . 8 4 202 .2±12 .27 184 .8±10 .95
L o s a r t a n 223 .8±13 .72 219 .00±10 .75* 1 9 5 ± 1 0 . 2 3 *
R a m i p r i l 213 .0±12 .49 1 9 8 . 6 0 ± 1 3 . 4 * 186 .8±9 .79*

Sign i f i can t  va lues  *P  va lue  < 0 .05 .

P values < 0.05 were considered significant.

RESULTS

1 . In  the  Ramipr i l  g roup ,  there  was  a
s ign i f ican t  reduc t ion  (P<0 .05)  in  pa in
perception threshold at 4 h but not at 2 h
when compared  to  0 h  va lues .  However
in  the  Losar tan  group ,  the re  were  no
s ign i f ican t  change  in  pa in  percep t ion
thresho ld  e i the r  a t  2 h  or  4 h  when
compared to baseline value at 0 h (Table
I).

2 . The  maximum to le ra ted  pa in  th reshold
reduced signif icantly in the Losartan as
wel l  as  Ramipr i l  g roup  a t  4 h  when
compared  wi th  0 h  va lues .  However  no
s ign i f ican t  reduc t ion  was  found  a t  2 h
when compared with 0 h values (Table II).

3 . In  the  P lacebo  t rea ted  group ,  no
s ign i f ican t  change  in  pa in  percep t ion

him/her .  The  number  a l lo t ted  to  each
volun teer  and  the i r  respec t ive  code  was
noted and the corresponding readings were
tabulated against their codes at 0 h, 2 h and
4 h .

A cola-cap  wi th  smooth  ser ra ted  edges
was placed on the ventral aspect of the left
fo rearm and  the  b lood  pressure  cuf f  was
wrapped around it and inflated. The point at
which an individual first perceived the pain
(i .e .  the pain perception threshold) and the
point of maximum tolerated pain, were noted
in  te rms  of  mm of  mercury .  The  pa in
percep t ion  th resho ld  and  th resho ld  fo r
maximum to le ra ted  pa in  was  recorded  for
each individual at 0 h (i.e. before giving drug)
2 h and 4 h.

Stat i s t i ca l  ana lys i s

All the data were expressed as mean ± SE
and  were  ana lysed  us ing  pa i red  t– tes t .
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th reshold  or  maximum to le ra ted  pa in
threshold occurred at 0 h, 2 h or 4 h (Table
I and II).

DISCUSSION

The present study indicates that Ramipril
but  not  Losar tan lowered the threshold for
pain  percept ion a t  4 h,  whi le  both  losar tan
and  ramipr i l  lowered  the  th resho ld  fo r
maximum to lera ted  pa in  a t  4 h .

The role of renin angiotensin system in
pain perception has been reported in earlier
studies (9) .  However,  pain perception is  in
i t se l f  a  complex  phenomenon which  has
cent ra l  and per iphera l  components  and the
two have been historically found to be linked
di f fe ren t ly  in  the i r  sens i t iv i ty  to  pa in  in
response to renin, renin substrates (21) and
angio tens in .  This  insp i red  us  to  s tudy  the
ef fec t  o f  s ing le  dose  admin is t ra t ion  of
Losartan and Ramipril on pain perception in
human beings .  I t  has  been reported ear l ier
that hypertension is associated with reduced
pa in  sens i t iv i ty  in  men  and  th i s  can  be
antagonized by ACEIs and ARBs (11, 12, 13).
The  fac i l i t a t ion  of  a lges ic  pep t ides ,
bradykinin,  substance P etc.  by ACEIs was
the  presumed e t io logy  in  these  pa t ien t s
because kinins are known to stimulate nerve
endings  and  produce  burn ing  pa in  v ia
bradykinin type 2 i .e.  B

2
 receptors (15).  In

our study, however, losartan which does not
fac i l i t a te  the  a lges ic  pep t ides  a l so  l ed  to
hypera lges ia  which  has  been  a t t r ibu ted  to
the  unopposed  ac t ion  of  angio tens in  I I  on
AT

2
 receptors, AT

1
 being blocked by ARBs.

Not only Angiotensin II but for the first time
a study has shown that renin substrates like
angiotensin I, II, III have a well defined role
in periaqueductal  grey matter  (PAG) region
(21) ,  the  reg ion  which  has  been  ear l i e r

iden t i f i ed  to  p roduce  an t inoc icep t ion  in
response to the RAS peptides injected here
and this antinociceptive response was blocked
by sara l s in  (23) .  These  observa t ions  poin t
towards  complex  pa in  mechanisms  which
not  on ly  involve  neuro t ransmi t te r s  l ike
sero ton in ,  bu t  a l so  the  endogenous
opio idsys tem,  p ros tag landins ,  subs tance  P ,
bradykinin (10).  The extent  of  involvement
of  these  neuro t ransmi t te r s  in  our  s tudy ,
however,  could not be evaluated because i t
remains  to  be  de te rmined  whether  the
central  mechanisms are  act ivated on s ingle
dose administration of losartan and ramipril
or not.  Various anatomical regions of brain
l ike  a rea  pos t rema and  nuc leus  t rac tus
so l i t a r ius  (8 )  have  been  involved  in  pa in
pathways and are  modulated dif ferent ly  by
RAS, and both AT1 and AT2 receptors were
immunolocalized in neuronal cell bodies and
in  the  ven t ro la te ra l  PAG (22) .  S imi la r
reasons  cou ld  have  been  the  con t r ibu tory
factors in our study where both the losartan
and  ramipr i l  t r ea ted  groups  showed
hyperag les ia .  I t  has  been  pos tu la ted  tha t
bradykin in  B

2 
r ecep tors  and  AT

1
 recep tors

he te rod imer i se  and  th i s  p rocess  enhances
angio tens in  I I  sens i t iv i ty  in  p re -ec lamps ia
patients (16). Though the functional role of
AT

2
 receptors in pain has been documented

earlier but  whether such heterodimerization
of  B

2
 recep tors  a l so  occurs  wi th  AT

2

recep tors  i s  no t  known.  In  our  s tudy ,
increased  pa in  sens i t iv i ty  to  pa in  can
be  a t t r ibu ted  to  p re fe ren t ia l  ac t iva t ion
of  AT

2
 by  losa r tan  and  subsequent

he te rod imer iza t ion  wi th  B
2
 (b radykin in

2)  recep tors  o r  by  o ther  unexplored
m e c h a n i s m s .

A recent study suggests that AT
1
 receptor

b lockers  can  cause  endogenous  bradykin in
induced  hypotens ion  v ia  AT

2
 media ted
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sys tem wi thout  the  r i sk  o f  add ic t ion  or
exposing an  individual  to  p inpr icks  of  the
convent iona l  accupunc ture  therapy  of  the
Chinese  or ig in .  Both  long  and  shor t  t e rm
studies are needed at  various stages of use
of both ACEIs and ARBs. The production of
algesia  in  an ear ly  phase  of  t reatment  can
be rather beneficial in diabetics with previous
h is to ry  of  ang ina  or  ca rd iovascu la r  r i sk ,
where warning signs of an impending MI may
save a patients life by converting a painless
silent MI into a painful one (24, 25). Algesic
effect, however, may warrant a cautious use
of  ACEIs  in  painful  condi t ions  which may
worsen  in  p resence  of  increased  a lges ic
pept ides  l ike  in  pat ients  wi th  cancer  pain ,
herpes  zoster  and bone secondaries .
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increase  in  b radykin in  and  NO produc t ion
and  losar tan  has  been  shown to  increase
bradykin in  concent ra t ion  in   hyper tens ives
(18,  19,  20) .  A s imilar  increase in  a lgesic
peptides even after a single dose of losartan
and ramipril seems to be the probable cause
of  a lges ia  in  our  s tudy wi th  both  ramipr i l
and  losar tan .  However ,  more  s tud ies  wi th
single dose of ACEIs and ARBs are needed
to confirm whether hyperalgesia occurs on a
s ing le  dose  on ly  o r  a l so  a f te r  chron ic
adminis t ra t ion of  these  drugs .

A fur ther  en igmat ic  f ind ing  assoc ia ted
with RAS manipulation is  the difference in
terms of  per ipheral  and central  s t imulat ion
of RAS. Peripheral  as  well  as  central  RAS
st imula t ion  can  lead  to  e i ther  a lges ia  o r
analgesia (23).

The role  of  renin angiotensin system if
fur ther  explored  can  open an  ent i re ly  new
field of research and perhaps and alternative
way of  s t imula t ing  the  endogenous  op iod
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