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Abstract :  The purpose of current study was to evaluate the influence of
hydrochlorothiazide (HCTZ) on protective effects of garlic homogenate (GH)
in ra ts  subjected to  myocardia l  damage induced by ischemia-reperfusion
(IRI) and isoproterenol (ISO). Female Wistar albino rats were treated with
GH at three different doses of 125; 250 and 500 mg/kg orally for 30 days
and  HCTZ (10  mg/kg ,  p .o . )  was  incorpora ted  in  the  in te rac t ive  groups
dur ing  the  l a s t  seven  days  o f  GH t rea tment .  At  the  end  o f  t r ea tment ,
animals were subjected to IRI or ISO induced myocardial damage in their
respective models. The GH 250 mg/kg was found to dislodge the effect of
ISO and IRI on superoxide dismutase & catalase and retained the activities
of LDH and CK-MB. Adding HCTZ improved biochemical, antioxidant and
histological status of myocardium during myocardial damage. Since no toxic
effects were observed, HCTZ may safely be used to improve GH therapy.
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INTRODUCTION

The use  of  herba l  supplements  has
become increasingly popular in recent years.
However ,  concern  has  been  expressed
regard ing  the  sa fe ty  o f  these  p roduc ts ,  in
part icular  the potent ial  interact ion of  these
herbs with convent ional  drugs.  I t  has  been
documented that as many as 31% of patients
use  herba l  supplements  concur ren t ly  wi th
the prescr ibed conventional  drugs and 70%
of  them do  no t  repor t  the  use  o f  these
products  to  the i r  hea l thcare  providers  (1) .

In order to tackle this problem and provide
a  be t te r  se rv ice ,  hea l thcare  p rofess iona l s
should have knowledge of at least commonly
occur r ing  or  an t ic ipa ted  in te rac t ions
be tween  herba l  supplements  and
conventional drugs (1).

Garlic (Allium sativum, family: Lilliaceae)
is one of the herbs that are widely believed
to hold promise as therapeutically effective
medicament  fo r  ca rd iovascu la r  d i seases .
Epidemio log ic  s tud ies  show an  inverse
correlat ion between garl ic  consumption and



1 2 8 A s d a q a n d I n a m d a r Ind ian  J  Phys io l  Pharmaco l  2009 ;  53(2 )

progress ion of  cardiovascular  d iseases  (2) .
Garlic and its preparations have been widely
recognized  as  agen ts  fo r  p reven t ion  and
t rea tment  o f  ca rd iovascu la r  and  o ther
metabol ic  d iseases  such as  a theroscleros is ,
a r rhy thmia ,  hyper l ip idemia ,  th rombos is ,
hypertension and diabetes (3) .

The  card iovascu la r  e f fec t  o f
hydroch loro th iaz ide  (HCTZ)  i s  no t  on ly
attributed to its inhibitory effect on carbonic
anhydrases  in  the  vascular  t i s sue  bu t  a l so
through vasodilatation by activating calcium-
ac t iva ted  po tass ium channe ls  ( l a rge
conductance) in vascular smooth muscles (4).
Eventhough,  HCTZ is  exploited for  various
card iac  mani fes ta t ions ;  the re  i s  dear th  o f
repor t s  on  HCTZ ro le  dur ing  myocard ia l
stress. Hence efforts were necessary to find
out  card iac  e f fec t s  o f  HCTZ a lone  and  in
presence  of  ca rd iopro tec t ive  herb  such  as
gar l ic  a t  t imes  of  myocardia l  damage.  We
recen t ly  repor ted  improved  ac t iv i ty  o f
moderate doses of garlic and propranolol (5)/
captopril (6) during myocardial damage when
they were administered concurrently.  In the
presen t  s tudy  we  inves t iga ted  the
pharmacodynamic interact ion of  garl ic  with
HCTZ in  ra t s  sub jec ted  to  myocard ia l
damage  induced  by  i sopro te renol  o r
i schemia- reper fus ion .

MATERIALS AND METHODS

Chemica l  –  All  chemica l s  used  were  o f
analytical grade and purchased from standard
companies .  Biochemical  ki ts  l ike  LDH and
CK-MB were procured from Crest Biosystems
(Goa, India).

Preparat ion  o f  gar l i c  ex tract  –  Gar l ic  (Al l ium
sat ivum,  fami ly :  L i l l iaceae )  bulbs  were

purchased  f rom the  loca l  marke t .  I t  was
iden t i f i ed  and  au then t ica ted  by  Dr .
Ja iprakash ,  Depar tment  of  Pharmacognosy ,
Krupanidhi College of Pharmacy, Bangalore.
The cloves were peeled,  s l iced and ground
into a paste and suspended in distilled water.
Three  d i f fe ren t  doses  o f  the  gar l i c
homogenate (GH) corresponding to 125, 250
and 500 mg/kg were administered orally (7).
GH was  adminis te red  wi th in  30  min  of
p repa ra t ion .

Exper imenta l  an imals  –  Labora tory  b red
female Wistar albino rats (200–250 g) were
housed at 25°±5°C in a well-ventilated animal
house under  12:12 h  l ight  dark cycle .  The
ra t s  had  f ree  access  to  s tandard  ra t  chow
(Amrut  Labora tory  Animal  feed ,
Maharash t ra ,  Ind ia )  con ta in ing  (% w/w)
protein 22.10, oil 4.13, fibre 3.15, ash 5.15,
sand  ( s i l i ca )  1 .12 ,  and  wate r  ad  l ib i tum .
There  was  no s igni f icant  d i f ference  in  the
body  weigh t  o f  the  t rea ted  ra t s  when
compared  wi th  con t ro l ,  e i the r  a t  the
beginning or at the end of the study period.
Ins t i tu t iona l  Animal  E th ics  Commit tee
approved  the  exper imenta l  p ro toco l .  The
animals  were  main ta ined  under  s tandard
condi t ions  in  an  an imal  house  as  per  the
guidelines of Committee for the Purpose of
Control  and Supervision on Experiments on
Animals (CPCSEA).

Isoproterenol  ( ISO) induced myocardial
damage – Female  a lbino ra ts  were  divided
in to  severa l  g roups  as  fo l lows:  Group  I ,
normal vehicle treatment for  30 days,  p.o. ;
Group II ,  ISO control vehicle treatment for
30 days, p.o.; Group III, Hydrochlorothiazide
(HCTZ) 10 mg/kg (8) for seven days,  p.o. ;
Group IV, V and VI, garlic homogenate (GH)
125, 250 and 500 mg/kg respectively for 30
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doses  of  GH a t  125 ,  250  and  500  mg/kg
respectively.  The animals of  group VI,  VII
and VII I  rece ived  three  d i f ferent  doses  of
GH for 30 days at 125, 250 and 500 mg/kg
respectively along with HCTZ during the last
seven days of  GH treatment .  In interact ive
groups, GH was simultaneously administered
with HCTZ during last seven days of 30 days
GH t rea tment .  A modi f ied  Langendor f f
apparatus for the isolated perfused heart was
se t  up  as  ment ioned  e l sewhere  (13) .  The
hear t  was  isola ted f rom each animal  2  hrs
a f te r  the  l as t  dose  o f  the  d rug(s )  under
ketamine (70 mg/kg,  i .p)  and xylazine  (10
mg/kg ,  i .p )  anes thes ia .  The  i so la ted  hear t
was  per fused  wi th  Kreb-Hense le i t  (K-H)
solution gassed with carbogen (95% O2 and
5% CO2) at 37°C at a constant flow rate of 5
ml/min. The composition of K-H solution was
(mM) NaCl 118, KCl 4.7, NaHCO3 25, NaHPO4

1.0, MgSO4.7H2O 0.57, CaCl2 2.5 and glucose
11). The pH of K-H solution was adjusted to
7.4  to  avoid K-H buffer  acidosis  that  may
occur after prolonged gassing with carbogen.
The  hear t  was  a l lowed  to  equ i l ib ra te  fo r
10  min  and  then  regu la r  record ings  were
taken  for  a  per fus ion  per iod  of  15  min .
Measurement  of  contract i le  force was done
us ing  force  d i sp lacement  t ransducer  and
recorded on a  Student  Physiograph (INCO,
Mumbai, India). After the initial preischemic
perfusion, heart was subjected to 15 min of
global no-flow ischemia (14) by blocking the
f low of  K-H solut ion and carbogen supply
followed by 15 min of reperfusion. The heart
ra te  and  developed  tens ion  were  measured
during pre-ischemic and post-ischemic period
and  recovery  (%)  was  ca lcu la ted .  Lac ta te
dehydogenase (LDH) and creatine kinase-MB
(CK-MB) ac t iv i ty  were  measured  in  the
per fusa te  dur ing  pre - i schemic  and  pos t -
i schemic  per iod .  The  hear t  was  then

days,  p.o. ;  Group VII,  GH-125 for 30 days
and HCTZ for  las t  seven days p .o . ;  Group
VIII, GH-250 for 30 days and HCTZ for last
seven days p.o. and Group IX, GH-500 for 30
days and HCTZ for last  seven days p.o.  In
in terac t ive  groups ,  GH was  s imul taneously
adminis tered  wi th  HCTZ dur ing las t  seven
days of 30 days GH treatment. At the end of
t rea tment  per iod ,  an imals  o f  a l l  g roups
excluding Group I was administered ISO (150
mg/kg s.c) for two consecutive days. Blood
was withdrawn from retroorbital vein 48 hrs
after the first  dose of ISO under anesthesia
and serum was separated by centr i fugat ion
for  LDH and  CK-MB measurement .  The
hear t  was isolated f rom each animal  under
ketamine (70 mg/kg,  i .p)  and xylazine  (10
mg/kg.  i .p)  anesthesia  and homogenized to
prepare  hear t  t i s sue  homogena te  (HTH)
using sucrose (0.25 M) (9).  The activity of
LDH, CK-MB, superoxide dismutase (SOD)
(10)  and  ca ta lase  (11)  was  de te rmined  in
HTH. Microscopic slides of myocardium were
prepared for  h is topathological  s tudies .  The
myocardial damage was determined by giving
scores depending on the intensity as follows
(12); no changes – score 00; mild - score 01
(focal myocytes damage or small  multifocal
degenera t ion  wi th  s l igh t  degree  o f
in f lammatory  process ) ;  modera te  score  02
(extensive  myofibr i l lar  degenerat ion and/or
d i f fuse  in f lammatory  process ) ;  marked
score 03 (necrosis with diffuse inflammatory
process) .

I schemia-reper fus ion  ( IRI )  induced
myocard ia l  damage  –  The  an imals  were
divided into eight treatment groups. The first
group served as control  and the animals of
group II received HCTZ orally at a dose of
10 mg/kg. The animals of III, IV and V were
treated orally for 30 days with three different
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homogenized  to  p repare  hear t  t i s sue
homogenate  (HTH) using sucrose  (0 .25 M)
(9)  and  the  ac t iv i ty  o f  LDH,  CK-MB,
superox ide  d i smutase  (SOD)  (9)  and
cata lase  (11)  was  de termined.  Microscopic
s l ides  o f  myocard ium were  prepared  for
histopathological studies after post-ischemia
(12). The measurements of histological scores
were done as discussed in ISO procedure.

Stat i s t i ca l  ana lys i s  –  The  mean  va lues±SEM
are  ca lcu la ted  fo r  each  parameter .  For
de te rmin ing  the  s ign i f ican t  in te r -group
di f fe rence  each  parameter  was  ana lyzed
separately and one-way analysis of variance
(ANOVA) was carried out and the individual
comparisons of the group mean values were
done using Tukey multiple comparison tests.
P<0.05 was considered significant.

RESULTS

Isoproterenol  ( ISO) induced myocardial
damage (Table I) – The LDH, CK-MB, SOD
and ca ta lase  ac t iv i t i es  were  s ign i f ican t ly
decreased in heart tissue homogenate (HTH)
by ISO treatment when compared to normal
group .  Fur ther ,  p r ior  t rea tment  of  an imals
with HCTZ (P<0.05),  GH-125 (P<0.01) and
GH 250  mg/kg  (P<0.001)  demons t ra ted
s ign i f ican t  inc rease  in  these  paramete rs
when compared to ISO control.  Addition of
HCTZ during the last  seven days treatment
of  GH 125  mg/kg  prov ided  s ign i f ican t
(P<0.05) rise in LDH and CK-MB activities
in  HTH when compared  to  GH 125 mg/kg
alone .  S imi la r ly ,  h i s to logica l  examinat ions
(F ig .  1–3)  o f  s l ides  p repared  f rom
myocardium of experimental animals treated
with HCTZ, GH-125, GH-250, GH-125+HCTZ
and GH-250+HCTZ indicated a  decrease in
scores  when  compared  to  ISO cont ro l .
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However ,  the re  was  s ign i f ican t  (P<0 .001)
incline and decline in activities of LDH and
CK-MB enzymes  in  se rum and  HTH
respect ively in  animals  pretreated with GH
500 mg/kg when compared to normal group.
The high dose  of  GH 500 mg/kg does  not
show  any  significant  (P>0.05) change in
LDH, CK-MB, SOD, catalase and histological
scores  when  compared  to  ISO cont ro l .
Moreover, administration of HCTZ to GH 500
mg/kg  t rea ted  ra t s  unab le  to  show any
s ign i f ican t  change  when  compared  to  ISO
control and GH 500 mg/kg alone.

Ischemia-reperfusion injury (IRI) induced
myocardial damage (Table IIa & IIb) – There
was a significant (P<0.001) increase in LDH,
CK-MB, SOD and catalase activities in HCTZ,
GH-125,  GH-250,  GH-125+HCTZ and  GH-
250+HCTZ groups  in  HTH when compared
to  IRI  con t ro l .  Fur ther ,  p rophylac t ic
treatment of HCTZ to GH 125 mg/kg treated
animals shows significant (P<0.05) increase
in LDH and CK-MB activities in HTH when
compared  to  GH-125  a lone .  Moreover ,
GH-250  a lone  and  in  p resence  of  HCTZ

Fig.  1 : H&E (×400)  s t a ined  mic roscop ic  sec t ion  o f
i sopro terenol  ( ISO)  cont ro l .  There  i s  loss  of
ce l lu la r  a rch i t ec tu re  wi th  p rominen t
h y p e r c h r o m a s i a .

Fig .  2 : H&E (×400)  s t a ined  mic roscop ic  sec t ion
of  hea r t  t i s sue  o f  an imals  p re t rea ted  wi th
GH 250  mg/kg  fo r  30  days  o ra l ly  and
subsequen t ly  two  doses  o f  i sopro te reno l
( ISO)  150  mg/kg ,  s . c .  Normal  a rch i t ec tu re
res to red  wi th  foca l  in f i l t r a t ion  as  ev iden t
f rom the  f igure .

Fig .  3 : H&E (×400)  s t a ined  mic roscop ic  sec t ion  o f
hea r t  t i s sue  o f  an imals  p re t rea ted  wi th  GH
250 mg/kg  for  30  days  and  HCTZ 10  mg/kg
for 7 days oral ly and subsequently two doses
of  i sopro te reno l  ( ISO)  150  mg/kg ,  s . c .
There  i s  p ro tec t ion  f rom myocard ia l  damage
as  r evea led  by  res to ra t ion  o f  normal
a rch i t ec tu re  wi th  reduced  in te r s t i t i a l  space .

provided s igni f icant  recovery  in  developed
tens ion  and  hear t  ra te  (Table  I Ib )  when
compared to  ISO control .  On the contrary,
t rea tment  o f  an imals  wi th  h igh  dose  of
GH (500 mg/kg) did not show any significant
change that  were remained unchanged even
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a f te r  incorpora t ion  of  HCTZ dur ing  las t
seven  days  of  GH t rea tment .  His to log ica l
examination of myocardial tissue of animals
subjec ted  to  IRI  showed vacuola r  changes
wi th  f ragmenta t ion  sugges t ive  o f  necros i s
(Fig. 4). In animals pretreated with GH-250
mg/kg  (F ig .  5 ) ,  the  morphology  of  the
myocard ium was  a lmos t  s imi la r  to  tha t
observed in normal animals. The histological
examination of tissues of animals pretreated
with both GH 250 mg/kg and HCTZ 10 mg/
kg  (F ig .  6 )  dep ic ted  c lea r  in tegr i ty  o f
myocard ia l  ce l l  membrane ,  normal
myof ibr i l l a r  s t ruc ture  wi th  s t r i a t ions ,
b ranched  appearance  and  con t inu i ty  wi th
adjacent myofibrils (Table II).

TABLE IIa : Ef fec t  o f  GH and  HCTZ ind iv idua l ly  and  in  combina t ion  on  LDH,  CK-MB,  SOD & ca ta la se
ac t iv i t i e s  in  r a t s  dur ing  myocard ia l  damage  induced  by  i schemia - reper fus ion  in ju ry  ( IRI ) .

LDH activity CK-MB activity Heart tissue homogenate
Group Trea tmen t

N o . S e r u m Heart tissue S e r u m Heart tissue S O D Catalase
( U / I ) homogenate ( U / I ) homogenate ( U n i t / m g ( U n i t / m g

( U / g ) ( U / g ) protein) protein)

I IRI control 546.75± 11.89 361.95± 15.10 39.16± 1.21 29.76± 0.97 1.44± 0.07 1.81± 0.15
II HCTZ 10 mg/kg 428.32± 6.11*** 419.30± 13.04** 32.21± 1.21*** 34.32± 1.31*** 1.79± 0.23* 2.24± 0.21*

III GH-125 mg/kg 485.66± 5.68* 439.21± 16.09** 34.81± 0.35* 41.72± 1.24*** 1.86± 0.14** 2.38± 0.13***

IV GH-250 mg/kg 388.49± 3.32*** 621.15± 14.12*** 26.58± 0.83*** 47.83± 0.25*** 2.36± 0.11*** 2.89± 0.12***

V GH-500 mg/kg 576.70± 9.57 421.30± 11.10*** 40.38± 0.42 30.25± 1.13 1.54± 0.06 1.90± 0.10
VI GH-125+HCTZ 420.75± 7.86**a 515.21± 10.34*a 29.27± 0.33***a 45.34± 2.54***a 1.98± 0.10** 2.43± 0.23*

VII GH-250+HCTZ 355.21± 3.13*** 678.21± 14.54***a 24.32± 0.65*** 51.25± 0.82*** 2.46± 0.24*** 2.98± 0.13***

VIII GH-500+HCTZ 532.16± 3.60a 446.32± 11.11*a 39.93± 0.78 31.65± 0.41 1.62± 0.03 1.98± 0.19

Values are mean±SEM of 8 animals, significant at – *P<0.05, **P<0.01, ***P<0.001 when compared to control group;
aP<0.05, aaP<0.01, aaaP<0.001 when compared to corresponding dose of GH alone.

TABLE I Ib : Effect  of GH and HCTZ individually and in combination on histological  scores,  developed tension
and hea r t  r a t e  in  r a t s  dur ing  myocard ia l  damage  induced  by  i schemia - reper fus ion  in ju ry  ( IRI ) .

Group
Trea tmen t Histological scores

% age recovery in % age recovery in
N o . developed tension heart rate

I IRI  con t ro l 2 . 3 3± 0 . 3 3 20 .21± 3 . 1 1 23 .72± 2 . 2 3
I I HCTZ 10  mg/kg 2 . 0 0± 0.25 * 48 .68± 3.70*** 44 .31± 2.21***

I I I GH-125  mg/kg 2 .0± 0.25 * 49 .06± 5.77*** 47 .31± 2.26***

I V GH-250  mg/kg 0 .5± 0.22*** 65 .21± 5.22*** 71 .31± 2.14***

V GH-500  mg/kg 2 .5± 0 . 2 2 18 .38± 5 . 2 2 22 .14± 1 . 3 3
V I G H - 1 2 5 + H C T Z 1 .5± 0.22**a 56 .34± 4.94***a 59 .32± 1.31***a

VII G H - 2 5 0 + H C T Z 0 .5± 0.22*** 78 .31± 2.21***a 83 .41± 1.22***a

VII I G H - 5 0 0 + H C T Z 2 . 3 3± 0 . 3 3 22 .61± 3 . 7 8 26 .21± 1 . 3 1

Values are mean±SEM of 8 animals, significant at – *P<0.05, **P<0.01, ***P<0.001 when compared to control group;
aP<0.05, aaP<0.01, aaaP<0.001 when compared to corresponding dose of GH alone.

Fig. 4 : H&E (×400) stained microscopic section of IRI
control. Heart subjected to global no flow 15 min
ischemia and subsequent reperfusion. Heart section
shows vacuolar changes with fragmentation
suggestive of necrosis. Nuclear duplication, increased
interstitial space and loss of cellular architecture
with mild interstitial odema are also evident.
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and its possible interaction with HCTZ during
and after myocardial damage induced by ISO
and  IRI  in  ra t s .  Main  observa t ion  of  the
current study was that moderate dose of GH
(250  mg/kg)  p rov ides  p ro tec t ion  to
myocardium at  t imes of stress such as ISO
and IRI which remained s table  in  presence
of HCTZ.

GH was adminis tered a t  three  di f ferent
doses,  which were reported to be safe (125
mg/kg,  250 mg/kg and 500 mg/kg) (7) .  An
ear l i e r  s tudy  on  the  e f fec t  o f  GH on
card iovascu la r  sys tem sugges t s  tha t  GH
induced cardioprotection is due to its active
organosu l fur  metabol i t es ;  S-a l ly lcys te ine
(SAC) and S-allylmercaptocys-teine (SAMC),
which  have  po ten t  an t iox idan t  ac t iv i ty
(15–17). Allicin (allyl 2-propenethiosulfinate)
was  ea r l i e r  thought  to  be  the  p r inc ip le
b ioac t ive  compound respons ib le  fo r  the
card iopro tec t ive  e f fec t .  However ,  recen t
s tud ies  sugges t  tha t  a l l i c in  i s  an  uns tab le
and transient compound with oxidant activity
(18) that  is  vir tual ly undetectable in blood
c i rcu la t ion  a f te r  ga r l i c  inges t ion  and
decomposes to form the SAC and SAMC (19).
GH was administered orally for thir ty days
to avail the bioactivity of SAC and SAMC at
highest possible level. This study was carried
out in female rats. Female rats were chosen
to keep uniformity among all groups as well
as  to  ava i l  p ro tec t ion  aga ins t  myocard ia l
ailments.  I t  is  well  known that the females
are  p ro tec ted  f rom coronary  hear t
disease due to hormonal influence,  whereas
males  a re  p rone  to  deve lop  coronary
mani fes t a t ions .

The myocardial damage was produced by
adminis t ra t ion  of  I sopro tenero l  [1 - (3 ,4 -
d i h y d r o x y p h e n y l ) - 2 - i s o p r o p y l a m i n o -
e thanolhydroch lor ide] ,  which  (20)  i s  a

Fig .  6 : H&E (×400)  s t a ined  mic roscop ic  sec t ion
of  hea r t  p re t rea ted  wi th  GH 250  mg/kg
for  30  days  and  HCTZ 10 mg/kg  for  7  days
by  o ra l  rou te  and  subsequen t ly  hea r t
subjected to  g lobal  no f low 15 min ischemia
and  repe r fus ion .  There  i s  c l ea r  in teg r i ty
of  myocard ia l  ce l l  membrane ,  normal
myof ib r i l l a r  s t ruc tu re  wi th  s t r i a t ions ,
b ranched  appearance  and  con t inu i ty  wi th
ad jacen t  myof ib r i l s  ind ica t ing  p ro tec t ive
e f fec t  o f  the  combina t ion .

Fig .  5 : H&E (×400)  s t a ined  mic roscop ic  sec t ion  o f
hea r t  o f  an imals  p re t rea ted  wi th  GH 250
mg/kg  o ra l ly  fo r  30  days  and  subsequen t ly
hear t  sub jec ted  to  g loba l  no  f low 15  min
i schemia  and  reper fus ion ,  dep ic ted  normal
a rch i t ec tu re ,  wi thou t  v i s ib le  in f i l t r a t ion  and
decreased  in te r s t i t i a l  space  ind ica t ing
pro tec t ive  e f fec t  o f  GH 250  mg/kg .

DISCUSSION

The present  research was undertaken to
evaluate the effect of different doses of GH
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synthetic catecholamine and beta-adrenergic
agonis t  tha t  induces  severe  s t ress  in  the
card iac  musc le  l ead ing  to  deve lopment  o f
myocard ia l  necros i s .  I sopro te reno l  ( ISO)
induced  myocard ia l  necros i s  showed
membrane  permeabi l i ty  a l t e ra t ions ,  which
bring about the loss of function and integrity
of  myocard ia l  membrane .  A number  of
studies are available that suggest the crucial
ro le  o f  f ree  rad ica l s  in  pa thogenes i s  o f
ISO- induced  myocard ia l  damage .  The
pa thophys io log ica l  changes  fo l lowing  ISO
adminis t ra t ion  a re  comparab le  to  those
taking place in human myocardial alterations
(12).

To check the possible effect of GH alone
and in presence of HCTZ during myocardial
i schemia ,  we  a l so  induced  myocard ia l
damage by ischemia-reperfusion injury (IRI)
in rats.  The IRI was induced following no-
flow global ischemia, where sudden occlusion
of physiological  sal t  solut ion (PSS) resul ts
in  immedia te  b iochemica l  a l t e ra t ions  (21 ,
22). The increase in intracellular Na+ serves
to  dr ive  Ca 2+ in t race l lu la r ly  v ia  Na +/Ca 2+

exchange that results in irreversible damage
to myocardium at the end of 15 min global
ischemia (23).

I t  is  well  known that  LDH and CK-MB
are diagnostic marker enzymes of myocardial
damage (24) .  Presence of  these biomarkers
in  hear t  t i s sue  homogena te  (HTH)  i s
indicative of  myocardial  integri ty and their
re lease  in  se rum or  per fusa te  s ign i f ies
myocard ia l  in ju ry .  The  re lease  o f  ce l lu la r
enzymes reflects a non-specific alteration in
the  p lasma membrane  in tegr i ty .  In  the
presen t  s tudy ,  the re  was  decrease  in  the
act ivi t ies  of  these marker enzymes in HTH
and increase  in  the  ac t iv i t i es  in  se rum/
per fusa te  in  ISO/IRI  induced  myocard ia l
damage. Oral pretreatment with GH-125 and

GH-250 with or without HCTZ restored the
act ivi t ies  of  these  enzymes to  near  normal
in  both  the  hear t  and  the  serum/perfusa te .
Eventhough ,  HCTZ pr ior  admin is t ra t ion
prevented damage to myocardium, but  i t  is
no t  subs tan t ia l  to  p rove  i t s  p ro tec t ive
behavior. However, it  has kept the integrity
of  myocard ium when  g iven  a long  wi th
modera te  dose  of  GH 250  mg/kg .  Ear l ie r
studies demonstrated the stable role of HCTZ
during myocardial damage due to its ability
to  increase  GFR.  As i t  i s  wel l  es tabl ished
that decrease GFR itself may be a risk factor
t r igger ing  deve lopment  o f  hear t  fa i lu re .
Accord ing ly  ca rd iomyocyte  apoptos i s ,  and
reduced capil lary/cardiomyocyte rat ios have
been  observed  in  ra t s  wi th  mi ld  rena l
impai rment  (25 ,  26) .  The  ro le  o f  HCTZ
during cardiac ailment is not only mediated
by  i t s  d iu re t i c  ac t ion  bu t  a l so  i t  causes
vasodilatation by activating calcium-activated
potass ium channe ls  ( l a rge  conduc tance)  in
vascu la r  smooth  musc les  and  inh ib i t ing
var ious  ca rbonic  anhydrases  in  vascu la r
t i s sue .  I t  i s  poss ib le  tha t  by  th i s
vasodilatation, HCTZ may have promoted the
healing and prevented the ischemic damage
to myocardium, however, higher dose of GH
500 mg/kg may have caused severe damage
that HCTZ could not able to revert back to
normal  condi t ion.

There  i s  subs tan t ia l  ev idence  tha t  the
assoc ia ted  con t rac t i l e  and  rhy thmic
d is tu rbances  involve  con t r ibu t ions  f rom
oxygen  f ree  rad ica l s  (OFRs)  (27) .  Dur ing
myocardial damage, OFRs such as superoxide
and  hydrogen  perox ide  a re  p roduced  in
enormous  amount  tha t  con t r ibu te  to
myocardial tissue injury (28). IRI/ISO induced
myocard ia l  damage  i s  assoc ia ted  wi th
decreased endogenous  ant ioxidants  such as
superoxide dismutase (SOD) and catalase in
perfusa te /serum which  are  s t ruc tura l ly  and
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func t iona l ly  impai red  by  f ree  rad ica l s
resu l t ing  in  damage  to  myocard ium.
Inc l ina t ion  in  endogenous  an t iox idan t
activities in HTH is indication for structural
integri ty  and protect ion to  the myocardium
by prior administration of GH. However, low
dose  of  GH 125 mg/kg does  not  show the
s imi la r  r i se  in  SOD and  ca ta lase  when
compared to moderate dose (GH 250 mg/kg).
I t  i s  in te res t ing  to  no te  the  a l t e ra t ion  in
SOD is  wi th  concomi tan t  f luc tua t ion  in
catalase after prior treatment of animals with
GH. Elevated activity of catalase in HTH is
more beneficial than increase in SOD activity
a lone  because  wi thout  a  s imul taneous
increase  in  ca ta lase  ac t iv i ty ,  inc reased
SOD ac t iv i ty  may  lead  to  in t race l lu la r
accumula t ion  of  H 2O 2 wi th  de t r imenta l
effects (29). However, high dose of GH 500
mg/kg fa i led  to  show the  benef ic ia l  e f fec t
probably  because  of  excess ive  re lease  o f
allicin, which is a proven oxidant (18). There
was  no  in te r fe rence  of  HCTZ on  the
exhib i t ion  of  an t iox idan t  and  ox idan t
properties of moderate doses and high doses
of GH respectively.

Damage  to  ca rd iac  muscula ture  was
a l so  demons t ra ted  and  conf i rmed  by
histopathological scores. An increase in score
i s  ind ica t ive  o f  myocard ia l  damage  (30) .
Pretreatment  with GH at  doses of  250 mg/
kg  a lone  or  wi th  HCTZ subs tan t ia l ly
decreased the  pathological  scores  and kept
the  myocard ia l  in tegr i ty  dur ing  IRI / ISO

damage .  This  e f fec t  might  be  due  to
augmenta t ion  of  endogenous  an t iox idan t
enzyme synthesis.  These results suggest the
s tab i l i za t ion  of  GH media ted  pro tec t ion
during HCTZ adminis t ra t ion.  I t  i s  di f f icul t
to predict specific mechanism for interaction
between garlic and hydrochlorothiazide with
the  presen t  resu l t .  However ,  one  of  the
major  complicat ions  of  hydrochlorothiazide
monotherapy  for  hyper tens ion  in  pa t ien t s
with ischemic heart diseases is development
of hypokalaemia. Hypokalaemic increases the
l ike l ihood  of  ca rd iac  a r rhy thmias .  S ince
HCTZ did not interfered with garlic mediated
protect ion dur ing myocardia l  damage,  i t  i s
speculated that  HCTZ induced hypokalemia
might  have  been  a t t enua ted  by  pr io r
admin is t ra t ion  of  gar l i c .  Hence ,  fu r ther
s tud ies  should  be  ca r r ied  ou t  to  e luc ida te
the possible role of GH in pharmacokinetic
and  pharmacodynamic  prof i le  o f  HCTZ’s
diuretic activity.  We hope that this type of
s tudy wi l l  open new areas  of  research  for
interact ion and counteract ion between herb
and conventional drugs when they are taken
concur ren t ly .

In conclusion,  pretreatment  of  GH (250
mg/kg)  o f fe rs  p ro tec t ion  f rom myocard ia l
in jury  in  IRI / ISO myocard ia l  damage .
Incorpora t ion  of  HCTZ does  no t  in te r fe re
with GH protective activi ty.  However,  high
dose of GH (GH-500) was found to increase
the oxidative stress that could aggravate the
pathological  complications.
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