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Abstract : L-arginine a semi essential amino acid and a precursor of nitric
ox ide  (NO)  was  o ra l ly  supp lemented  in  d ie t  ( s t andard  rabb i t  f eed)  o f
hypercho les te ro lemic  (n=6)  and  normal  r abb i t s  (n=6)  fo r  16  weeks .
Myocardial ischemia was produced in both groups of rabbits by subcutaneous
single bolus injection of isoproteronol. Severity of myocardial ischemia was
assessed  by  es t imat ing  the  serum CPK and AST leve ls  a f te r  6  hour  of
i schemia- reperfus ion .  The  resul t  sugges ts  tha t  sever i ty  of  i schemia  was
lesser  in  the L-arginine primed hypercholesterolemic group.
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INTRODUCTION

L-Arginine,  normally  considered a  non-
essential amino acid, plays a critical role  in
card iovascu la r  p ro tec t ion  and  immune
sys tem suppor t  (1 ) .  Under  condi t ions  o f
s t ress ,  s i ckness  o r  in ju ry  th i s  impor tan t
amino  ac id  changed  in  to  a  condi t iona l ly
essential one, which means that supplemental
L-Argin ine  mus t  come f rom the  d ie t .
L-Arginine reduces the risk of heart diseases
(2) by producing nitric oxide and acts as a
powerful anticoagulant that helps to prevent
blood platelets  from clumping together (3) .
L-a rg in ine  i s  a  p recursor  o f  Ni t r i c  Oxide
(NO) ,  i t  syn thes izes  NO in  vascu la r
endothe l ium in  presence  of  NO synthe tase

3  and  the  re lease  o f  n i t r i c  ox ide  i s
dependent  on cofactors  NADP, FAD, FMN,
Tetrahydrobiopeter in  Thiol ,  and colmodulin
(4).

Hypercholes te ro lemia  may  cause
dysfunction in the synthesis of NO or release
of NO by endothelial cells of the resistance
vessels  rather  than producing abnormali t ies
of  the  smooth  muscle  ce l l s  (5) .  Decreased
NO genera t ion  by  the  endothe l ia l  ce l l s
lead ing  to  p la te le t  aggrega t ion  and  the
subsequent  development  of  a theroscleros is ;
th i s  p rocess  i s  genera l ly  cor rec ted  by
L-arginine (6).

It  is  now established that both oral and
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parenteral  adminis t ra t ion of  L-arginine can
increase NO synthesis in various tissues (7).
Ignaro et al (8) suggested a dual role of NO
in  i schemia  reper fus ion  in jur ies .  NO i s  a
potent vasodilator and potential to attenuate
ischemia reperfusion in jury (9) .  L-arginine
significantly improved angina class, systolic
b lood pressure  a t  res t ,  and  qual i ty  of  l i fe
(10) Oral L-arginine treatment at  a dose of
12 .5  g / l  in  d r ink ing  wate r  improves’
endothe l ium-dependent  re laxa t ion  but  fa i l s
to  improve  card iac  func t ion  in  ra t s  wi th
heart  fai lure (11).

The oral  L-arginine supplementations in
hypercholesterolemic animals have generally
shown beneficial effects, though the data in
humans are varied (12). There are only few
studies available to show the effect of oral
L-arg in ine  admin is t ra t ion  on  exper imenta l
myocardial  ischemia in  rabbi ts .

Therefore  in  the  p resen t  s tudy ,  the
effec t  of  ora l  adminis t ra t ion  of  L-argin ine
has  been  eva lua ted  on  exper imenta l ly
produced myocardial ischemia in normo and
hyperl ipidemic rabbi ts .

MATERIALS AND METHODS

Current  s tudy approved by local  ethical
committee was conducted on 24 adult  male
albino rabbits (Indian breed) between 10–11
months  o ld  and  weighing  be tween  1 .2–1 .5
kg  body  wt .  Al l  rabb i t s  employed  were
acclimatized in ambient conditions of animal
house.  Due care  was taken to  avoid noise,
s t ress  and  infec t ions .  Rabbi t s  were  pu t  in
separate metabolic cages having dimensions
of 3 feet × 2 feet for 28 days for stabilization.
Each animal was fed with 120 gm standard
rabbi t  feed (Amrut  rabbi t  feed,  Chakan oi l
mills  Maharastra)  per day and water intake

maintained ad libitum. Animals were divided
in four groups.

Contro l  I  Normocholes tero lemic  (NL)  (n=6) :

Rabbits receiving Standard Rabbit Feed (SRF)
120 g per day and water ad l ibitum for 16
weeks,  were recognized as control-I .

Exper imenta l  Normocholes tero lemic  wi th
L-arginine (NLA) (n=6) : Rabbits of this group
provided  wi th  SRF,  wate r  ad l ib i tum and
100 mg/kg body wt/day L-arginine dissolved
in water for 16 weeks.

Contro l  I I  Hypercholes tero lemic  (HL)
(n=6) :  Rabbi t s  o f  th i s  g roup  kep t  on
hypercholesterolemic diet along with SRF for
16 weeks.

Exper imenta l  I I  hypercholes tero lemic  wi th
L-arginine (HLA) (n=6) : Rabbits of this group
provided with Hypercholesterolemic diet, SRF
and 100 mg L-arg in ine  d isso lved  in  water
for 16 weeks.

Induct ion  o f  hypercholes tero lemia

Rabbi t s  o f  g roup  HL and  HLA made
hypercholes te ro lemic  by  method  employed
by Wolfgong Linz et al 1995 (13). Following
th i s  method  rabb i t s  were  kep t  on  d ie t
con ta in ing  0 .25% choles te ro l  and  3%
coconut  o i l  enr iched  wi th  120  gm SRF
(hypercholesterolemic diet) daily for sixteen
weeks.  Serum cholesterol  of  al l  the rabbits
(NL, NLA, HL & HLA) was estimated (14)
us ing  k i t  f rom Span  Diagnos t ics  Ind ia  to
assess  the  hypercholes te ro lemia .

Sample  co l l ec t ion

The samples were collected on day one
and on 16th week and 6 hour after ischemia
reper fus ion .
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mg/kg body wt) (17) under ECG monitoring.
Heart  ra te  was calculated by count ing R-R
in te rva l s  in  one  minute .  Animals  were
a l lowed to  reper fus ion .  Serum Crea t ine
Phospho Kinase (CPK) and Aspartate amino
transferase (AST) levels were estimated after
6 hrs of reperfusion to assess the severity of
i schemia .

Stat i s t i ca l  ana lys i s

Mean and s tandard deviat ion of  a l l  the
se t s  o f  observa t ions  per ta in ing  to  the
biochemical  and electrocardiograph changes
were  ca lcu la ted .  S ign i f icance  of  the
d i f fe rences  was  ca lcu la ted  by  app ly ing
unpaired Student’s  t  test ,  P value <0.05 is
taken as  s ignif icant .

RESULTS

Effec t  o f  hypercholes tero lemic  d ie t

The serum choles terol  levels  of  a l l  the
four groups were estimated on day first and
on the end of 16th week of experimentation.
I t  was  found  tha t  cho les te ro l  and  coconut
oil supplemented diet resulted in significant
r ise  in  serum levels  of  total  cholesterol  in
hypercholes te ro lemic  (HL,  HLA)  groups
(Table I) .  I t  was also observed that ,  in  L-
arg in ine  tak ing  groups  (NLA,  HLA)  the
serum choles te ro l  l eve ls  were  ra i sed  more
in comparisons to their  control  group.

Effec t  o f  IPT injec t ion

Subcutaneous  in jec t ion  of  i soproterenol
successfully induces the ischemic changes in
al l  the  groups  of  the  present  s tudy,  which
were  ev idenced  by  ST e leva t ion ,  and  T
inversion in lead-II of ECG.

The  fas t ing  (12–14  hrs )  venous  b lood
samples  were  taken  f rom the  ear  ve in  of
rabbits after properly securing them in rabbit
holder using scalp vein set 24G. The needle
of scalp vein set was inserted in vein priorly
dilated by mild heat and local application of
xylol, the two ml blood was collected in 10
ml glass  syr inge connected wi th  other  end
of scalp vein set .  Blood was transferred to
test tube and finally the serum was separated
out  by centr i fugat ion.

Biochemica l  e s t imat ion

Venus  b lood  samples  were  taken  f rom
rabbits  of  al l  the four groups.  Total  serum
to ta l  cho les te ro l  was  es t imated  by  us ing
pr inc ip le  o f  Wybenga  and  p i legg ,  the  k i t
procured from Span Diagnostics India.

Aspartate Amino Transferase (AST) was
estimated following the principle of Reitmans
and  Franke l  (15) ,  Crea t ine  Phosphokinase
(CPK)  was  es t imated  on  the  pr inc ip le  o f
Gerhard t  W e t  a l  (16)  us ing  the  k i t  f rom
span diagnost ic  surat  India .

Recording  o f  ECG

Electrocardiogram of all  the rabbits was
recorded  on  th ree  channe ls  ECG machine
(CHARDIART508, BPL INDIA). Control ECG
was initially recorded followed by induction
of  i schemia  and  subsequent  record ing  of
i schemia .

Exper imenta l  myocardia l  i schemia

After  success fu l  induc t ion  of
hyperlipidemia, global ischemia was produced
in rabbits of all  the groups by single bolus
subcutaneous injection of isoproterenol (0.2



150 Kumar  et   al Indian J Physiol  Pharmacol 2007; 51(2)

Effec t  o f  ora l  L-arg in ine  on  sever i ty  o f  i schemia

After 6 hour of ischemia reperfusion, to
assess the severity of ischemia,  serum AST
and serum CPK levels in all the study groups
were estimated.  I t  was observed that  serum
AST and CPK levels were raised in all  the
study groups as compared with pre ischemic
leve ls  o f  se rum AST and  CPK.  I t  was
wor thwhi le  to  note  tha t  serum CPK levels
in  NL and HL groups  ra ise  about  5  t imes
(Table II).

DISCUSSION

Var ious  s tud ies  wi th  NO donor ,  NO
synthase  and  NO synthase  inh ib i to r  have
shown that nitric oxide has potential role in
cardio protection (21–23).  The L-arginine a

nitric oxide precursor has not been tried in
ora l  rou te  in  an  exper imenta l  i schemia
model .  The  cur ren t  exper iment  has  been
planned with an objective of to elucidating
the  in f luence  of  L-arg in ine  on  se rum
choles te ro l  l eve l  and  on  exper imenta l ly
produced myocardial ischemia, in normal and
hypercholes te ro lemic  rabb i t s .  In  p resen t
s tudy hypercholes terolemic  s ta te  in  rabbi ts
has been successful ly produced,  by feeding
them 0.25% cholesterol and 3% coconut oil
over  a  per iod  of  16  weeks .  HL and  HLA
groups  ind ica tes  s ign i f ican t  r i se  in  se rum
cholesterol level.  (P<0.05).

A number  o f  s tud ies  have  shown tha t
acu te  hypercholes te ro lemia  increases  the
severity of myocardial  ischemia (6,  18–21).
In hypercholesterolemic stage,  the coronary

TABLE I : Ef fec t  o f  hypercho les te ro lemic  d ie t .

Serum cho les te ro l  mg/d l G r o u p s N L N L A H L H L A

At the start of the study 8 2 . 0± 6 .2 8 4 . 0± 5 .1 8 4 . 0± 5 .1 8 3 . 0± 6 .6
At  16 th  week 8 4 . 0± 5 . 9 * 111 .0± 4 . 1 * 286 .0± 6 .3** 320.0± 6.5**

•  P<0 .01  (NL vs  NLA a t  16 th  week)
•  P<0 .01  (HL vs  HLA a t  16 th  week)
NL :  Normal  con t ro l ,  NLA :  Normal  Exper imenta l ,  HL :  Hypercho les te ro lemic  Cont ro l
HLA :  Hypercho les te ro lemic  Exper imen ta l .

TABLE II : Se rum leve l s  o f  i schemia  markers  a f t e r  6  hours  o f  i schemica- reper fus ion .

I schemia  marker C P K A S T
I U / d l

B I A I B I A I

N L 40.0± 5.3 191.0± 10.0 20.0± 2.6 96.0± 5.5
NLA 29.0± 5.0 176.0± 6.6 22.0± 2.2 93.0± 4.5
H L 37.0± 4.0 205.0± 9.5* 26.0± 2.8 106.0± 54.0**
HLA 4 5 . 0± 4 .7 176 .0± 14 .0* 2 8 . 0± 2 .6 5 4 . 0± 4 .5**

NL :  Normal  con t ro l ,  NLA :  Normal  Exper imenta l ,  HL :  Hypercho les te ro lemic  Cont ro l
HLA :  Hypercho les te ro lemic  Exper imen ta l ,  BI :  Before  I schemia ,  AI :  Af te r  I schemia .
*P<0.05 :  HL vs  HLA,  **P<0.01 :  HL vs  HLA.
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vascu la r  rese rve  i s  g rea t ly  reduced  which
may carry by reduction in the synthesis  or
release of NO in coronary bed (4).

Our  resu l t s  sugges ted  tha t  hyper -
choles te ro lemia  was  no t  checked  by  ora l
adminis t ra t ion of  L-arginine in  any groups
of  s tudy  (NLA HLA) ,  whi le  the  se rum
cholesterol  levels were raised in L-arginine
t rea ted  groups .  Al though  the  increase  in
serum choles te ro l  in  HLA and  NLA s tudy
groups is  not  clear and need further study.

Exper imental  i schemia was successful ly
induced in animals of both study groups by
subcutaneous  in jec t ion  of  i sopro te reno l
there fore  we  a re  in  c lose  agreement  wi th
Kela et al 1990. However, this method seems
to  have  an  advantage  over  the  method
employing coronary ligation and reperfusion
(21–23)  because  th i s  method  of  i schemia
induction is non surgical and have very small
morbidi ty  or  morta l i ty .

The  presen t  resu l t s  ind ica te  tha t  the
ischemia was produced in all the groups but
the magnitude of myocardial injury produced

was  lesse r  in  those  groups  of  an imals
rece iv ing  L-arg in ine  as  sugges ted  by
the  leve l s  o f  i schemia  markers  CPK and
AST (Table II) .  The change in AST levels
was  s ign i f ican t ly  l ess  (P<0 .05)  in
hypercholes te ro lemic  rabb i t s  kep t  on  ora l
L-arginine prior to ischemia induction.  The
serum AST levels  were increase four t imes
in animal of HL group as compared to HLA
group (P<0.01).

The  pos t  i schemic  p lasma CPK leve ls
in  HLA group  a re  a l so  s ign i f ican t ly  l ess
(P<0.05) as compared to HL group.

These  resu l t s  a re  in  c lose  agreement
wi th  the  f ind ing  of  Hosh ida  e t  a l  (21)
the i r  v iews  a re  suppor ted  by  our  s tudy .
Pretreatment of L-arginine lays an important
role in myocardial injury induced by ischemia.
In  our  s tudy  the  reduc t ion  in  ex ten t  o f
i schemia  i s  might  be  due  to  L-arg in ine
because  L-arg in ine  supplementa t ion
improved endothelial vasoactive functions in
hypercholesterolemics (24). In conclusion our
study supports the fact  that  oral  L-arginine
prevents the extent of myocardial  ischemia.
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