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Abstract

Introduction: Garlic is considered to be one of the best discase preventivefoods because
of its potent and widespread effects. On the other hand, some cardiovascular disorders including
hypertension are accompanied with altered responsiveness of vascular alpha-adrenergic
receptors. The purpose of this study was to investigate the effect of aqueous garlic extract on
alphay-adrenoceptor agonist-induced contraction of rat acrta, acrta ring from rats pretreated
with aqueous garlic extract were used as a model in this study.

Materials and Methods: Four and eight weeks after treatment with garlic extract,
aortic rings were studied for contractile and relaxation response to phenylephrine (PE) and
acetylcholine, respectively.

Results: The results showed that the contractile response of aortic rings to PE in garlic
treated rats for 4 and 8 weeks decreased (P<(.05), and their endothelium-dependent relaxation
response inereased in comparisan with the contrals (P<0.05). The relaxing activity of garlic on
rat aorta was time-dependent and this effect was attenuated following endothelium remaorval.
Conclusion: These data suggest that alpha;-adrenoceptor antagonistic action of garlic on
rat aorta involves at least two different mechanisms: one is direct relaxing action of garlic on
smoath muscle, and the other is indirect and dependent on garlic effect on

alpha-adrenoceptors signal transduction cascade.

KE}’ words: Aqueous garlic extract, Acrtic rings, Alpha;-adrenoceptor agonist,
Phenylephrine, Rat
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Introduction

Algration  n blood  wessels  reactivity 1o
neurstansmiltars and circulating hormones has been
suggestad 1o cause or conbibute 1o some of the
cardiovascular disease such as hyperension (1, 2, 3,
in which adrensrgic respansiveness and adrenoceptors
unclargo some  modifications (4], There 15 some
evidence concerning the rale of alpha-adrenocoeptors
as a mediator in blood pressure mantenance, and
nocunence of contractile response n aona (5}, Recent
auvances  in the use of  pre-hypertensive  rals,

spontzneously ypertensive rats with ong Kidney and

renal  Nypertension,  suggest that wascular  alpha-
:ld'E'r'-D-f.':i?[]t::-r im¢alvament in the contraction of a
varicty of wessels and its role in the control of bloocd
pressure (61, Trealmem strategies of hyparension
continue 10 be caried out ty drugs combined with
alterstion in nutritional  habits Yet,  hypenension
management did not improve, and recent research has
focused on the possibility of preventing the dizeass,
Today, herps have been as an integral pan of
society, valued for poth thelr culinary and mecicinal
praperies, Among them. alliums such as garlic have
heen studied extensively for ther healtn benefits. Garlic
nas demonstrated multiple benehicial effects on the
cardiovascular  system  through reduction of  blood
pressure  (7-14), innibibing  platelet  aggregation  and
thromboxane syrthesis (15-18), enhancing fibrinclytic
activity (131 and  lowering  serum cholestercl  and
tiglycende  levels  (19-22).  Imergstingly,  in one
cross-section observation study of older patients, garlic
imtake was found tooreduce age.orelated increase in
actic stffness (23] In recent years, reseaich has
fooused on anti-hypenensive effect of garlic and i1s use
no opreventng  atherosclerosis  (24). While,  the
hypotensive  effect of garlic has  been  repeatedly
canfirmed in buman (7] and animals (8), however,
there has nesn no ceporl conceming garlic exiract
effect  on blood  wessels  reactivity 1o alohay-
arrenoceptor agonists. Therefore, the present study
was carred out 1o nvestigate the effect of subchionic
axtract on

adminisbation of  aguecus  garlic

alpha-adrenocepial agonistanducac contraclion.

somic nnge from rats pretreated with agueous garlic

o .‘r’ui:\htefm

Bealuchneiod Mojarad & . e.*:# |
-

extract were used as a madel in this study,

Materials and Methods
+ Preparation of agueous garlic extract:

Fresh garhc was purchased from a local grocery
store and garlic extract was prepared according 1o the
method descrined previously by anageet et al {25).
Briefly, fresh garlic cloves were peeled an crushed ice,
and 50 g of garlic was homogerized mn 75 ml of cold,
slerile 0.9% saline in the presence of some crushed
ice. The fitlersd homogenized  mixlere was  then
centrifuged &t 2000eg for 10 min and the clear
supernalam was mads up 1o 100 milwith normal saline,
The concentration of garlic extract was 500 mg/mi andil

was stored at -20°C until use,

= Animals

tale albino rats of the Sprague-Dawiey strain (Razi
institute, Tehran) weighing 220-250 g wera housed 0
an air-conditioned colony room an a light/dark cycle at
21+3%C and supplied with a standard pellet dist and
tap water ad libitum, Procedures invalving cane werg
conducted in accordance with the NIH guidelines. Their
body weight was initially determined and also 4 1o 8
weeks later, after receiving intrapertoneal injaction of
saling ar garlic extract, Two groups of normal rats were
also szelected for oblaining the concermed normal
values, In the experiment. totally 4 groups (eight rats
Bach) werg used:

Group A Control rats received saling (0.5 ml/ kg
body weight! day] tor 4 wesks

Group B: Control rats received saline (0.5 mild kg
body weight [ day) tor 8 weaeks

Group O Extracttremied rats received 0.5 mioof
garlic extract (100 ma'kg sody weight/day) for 4 weeks

Group [ Extract-treated rats received 05 ml of
garlic extract {100 mg’ kg body weight [ day) for 8

WEEKS

« Preparation of aortic rings
Four and eight weeks after the experiment, the
animals were weighad and anesthetized with digthyl

ether and sacrificed by decanitation. Thoracic aortas
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ware axcised and trimmed free of adhering fat and
connective tissues. Then, they were placed in a petn
cish filled  with  Krebs  solation  of the  following
camposition  {in mmaolfL); NaCl, 1185 KCl 4.74;
CalCl, 2.5 MgS0,. 1.18; KHPO,, 1.18; NaHCO,, 249
and glcose 100, The dissected aora was cut
fransversely into rings of 3-4 mm in width. One ring of
sdach pair was |2ft intact and in the other ring, the
endothelium was mechanically removed, The ngs,
with ar withaut endothelium, were mounted in an organ
hath of 20 ml capacity filled with Krebs solution that
was kepl at 37°C and continuously bubbled with 2 95%
. and 5% GO, gas mixdure. Preparations  were
allowead 1o eguilibrate for 60 min under a resting
tension of 2g. During the aquilibration perod, the
solution of tissue bath owas replaced every 300 min.
suncessful removal of the endothelium was confirmed
by loss of acetyleholine-induced relaxation (10°% maliL)
in preconstricted rings by phenylephring (100 maliL).
Folliowing the equilibnum period, dose-response cunves
wera chtaned with phenylephring and acetylchaline,
Fhenylephrine was added in a cumulative manner {10%
109 moliL) untl maximal response was achieved, After
addition of each dose plateau response was obtained
betore addition of a subsequent dose. To evaluate
acelylcholine-induced wvasodilation, the rings with the
endothelium were preconstricted 1o their ECg, value
with phenylephinine to obfain a stable platean and then
the cumulstive dose-response curve 1o ace!ylchalme
was obtaned. EGg, values were caloulated from the
cumulative doses of phenylephring that produced 809%
af its maximal response for each aora preparation.
Cansecutive doseresponse curves for phenylephring
and  acetylcholine  were taken at minimum  30-min
ntervals, dunng which the Krebs solution was changed
At least three times, Aotz rings contractions and
rElgxalions were recorded on a physiological recorder
PAR-I-F

IP*hysiogranh, Marco-Biosystems])  using

sometnc fransducers (F-800 myograph,  Marco-

Diosystem}.

= Dirugs

Phemyleohnneg  nydrochlonde and  acetylcholing

hydrochlonce were purchased from Sigma (Sigma, St
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Louis, Ma, USA) All other chemicals were from Merck
(Garmany).

= Data analysis

Contractile  respanses  of the aortic rings 1o
phenylephrine  with or  without  endothelium  ware
expressed as grams of tension per milligram of fissue,
and relaxation  responses  for  acetylcholine  were
expressed as a percentage decrease of the maximurm
cantractile responze induced by phenylephrine, The
sensitivity to the agonist was evaluated as EC,,, which
is the negative logarnthm of the drug concentration
required to produce S0 of the maximum response.
For  phenylephring  and  acetylcholine,  maximum
responses (B0 are presented as g/mg lissue and
percentage  decrease of the maximum  contractie
response induced by phenylephring respectively. All
values  were  gQiven  as  means+5S.E M. Statistical
significance was indicated by a P value less than 0.05,
which  was oblained using paired and  unpaired

Student s t-test,

Results
+ Body weight

The data of recorded weight of rats before and after
experimaental  periods showad  that  there was a
reduction in weight in groups G and D in comparisan
with groups A and B [P=0.05; Table 1).

Table 1 Body weight of e conteel and e aqueous garlic extract

Areated rals,
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= Vascalar contractile response

Cumulative dose-response curves to phenyephrine
os ot M) from acoric rings  with  or  without
endathelium is shown in Fig 1 and 2, respaectively,
Treatment with aqueouws garlic extract for a penod of




4-week caused- a 32-3%% reduction in the maximum
contractile response 1o phenylephrineg inacrtic rings
with endathelium compared to the controls. In addition,
Aoweek  treatment with gardic  extract  caused &
significant decrease in contractie response compared
1o the controls (P<0.05) (Fig 1), Denuded aortic rings
fram rats treated with gardic for 4 and 8 weeks showed
an 11-16% and 22-24% decrease in contractile
response respectively, compared to controls (Fig 2)
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Fig L iA} Cumulative concentralion-response camve Tor phenylephrine §n
the aorta with endothelivm fron the s eated with garlic for £ weeks
(#y commpaned 1o the controls (W) (B} Cumulatiee concentmion -response
curee bor phenylephiene sty with endothelium from the rats freated
with gavlic foer & weeks () compared to the controls ().

ey s significantly dilferent from the controls,

+ Endothelium-dependent reluxation response
Cumulative dose-response curve 1o acetylcholine
{10% 104 M) from the aortic rings with endothelium is
shown in Fig 3. Endothelium-dependent  relaxation
respanse of the aomic fings from rats freated with garlic
for 4 and B weeks increased by 3-24% and 5-27%
respectively, compared 1o the contrals, In addition,
Ernax and EGe, for phenyephnne and acelyicholing in
the related groups have been shown in Table 2.
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Fig 2: {A) Cumulative concentralion-response curve for phenylephiine in
the aorta without endothelivm from the rats treated with garlic for 4 weeks
(W) compared to the controls (#) (B} Cumulative concenlaton-response
curve for phenylaphine in aorts without eodothelivm from the rats trealed
with garlic for & weeks () compared 1o the controls (H).

Table 2 Maximn responses (Fraet and ECgq of phenvlephrine and acetylcholine in the aortic rings from the control and the agqueoaus
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= Time dependent effect of garlic extract on
vascilar contractile and relaxation response:

There was a significant  difference in wascular

contractile response of aoric rings with or without
endathelium  from  the rals trealed for 4 weeks in
comparison with that of those treated for 8 weeks

[P=0.05) (Fig 3).
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Fig 50 0A0 Cumulative concentration-response curve for acctvlcholine in

corings with endotheliom from the mals dreated wath garlic lor 4

weeks (%) compared  we the controls (WL (B Cunulative
ORI - TUA PR EE - CETvE for .||,'rl_1."|rI|-:'-I||'.;~ i R aorhc nings with
caclothelum frome the sats beated with gaolic for & wecks (4 compancd

v the conlrzls (WY P08 = sipniBfont®y Sflerent fom the cenlesls

The results showed that both 4 and  B-week

treatment  with  aquecus  garlic extract caused a
decraase in contractile response of dortic rings to
phenyleptrine,  but the  attenuating  effect of  garlic
extract on wascular contractile response in group 0
was about 45% more than that of group © (Fig 4). On
the ather hand, the endothelium-dependant relaxation
response of aortic rings from the rats treated for 8
weeks was 6-11% maore than that of those treated for 4

weeks (Fig §).
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Discussion

The goal of the present study was to investigate the
effect of subchronic administration of aguesous garlic
extract on

glphag-adrenoceptor . agonist-induced

contraction of isolated aorta in an in vivo model. The




resylts showed that the administration of agueous
inhibited  the

phenylephine-induced contraction and potentisted the

extract  of  garlic  significantly
erdothelium-dependert refaxation of rat aoric rings in
Krehs solution. Funthermara, the effect of garlic extracl
an the wvascular reactiviny of the aornic rings in rats
treated for B weeks was greater than that of those
treated for 4 weeks These findings strongly suggested
thal in wivo garlic extract treatmen for a period of two
manthis could strongly aftenuate cantractile reactivity
and could accentuate the relaxation response of the
aortic rings. The bensficial effect of longderm andfor
subchronic garlic extract treatment on cantraction and
endothelum-dependent relaxation responses may be
specific for rats aortas. Several meachanisms could
gxplain the beneficial effects of garlic extract on the
funclional reactivity of the vascular system. [T was
shown that invitre garlic extract freatment can improve
relaxation

impairmeantin endothelium-dependent

evoked by Ach (26), and reduces increased lipid
nermadabion  induced by oxygendreg radicals  (27).
Therefore, a possible mechanism by which  garlic
axtract administration can improve vascular reactivity
may depend on inhibiting oxidative stress. Consisten
with this idea, it has been shown that in vivo treatment
with  garlic  extract reduces end-products  of  lipid
peroxidation (28).  However,  whelther  the  [ipid
norawdalion-lowsring  effect of garlic extract results
from its direct superoxide  scavenging  properlies or
ndirectly by increasing MO synthesis, is controversial
zince MO bas also antioxidant activity per se (23] In
addition, the ameliorating effect of garlic extract on
vascular responsiveness may be closely related o its
anti-hyperlensive activity (30). In his respect, aqueous
extracts of fresh garic nhibits efficiently  adenosine
deaminase (ADA] activity of culivated endothelial cells.
The innibition of endothalial ADA seems to contribute

ta the hypotensive activity and vessel protective effects

Haluchneiad Mojamd & o7
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of garlic (31}, Garlic powder extract may also inhioi

modified  low-density  lipoprotein uptake and
degradation of lipoprotein-derived cholesteryl  esters,
thus  considerably  reducing  the  intracellular
accumulation of cholesteryl esters. This sugoests the
mechanism responsible for the prevention of lipid
accumulation in aortic cels (32), 1t s also believed that
garlic juice may exden a direct relaxkant effect on smooth
muscles (33 In addition, i is  likely that garlic
potentiates the endcothelium-relaxation response of the
aontic rings via an additive effect on NO  release.
Moreover, since garlic could exen a part of its relaxant
gffect in the absence of endothelium, therefore, it is
possible  that  anti-hypenensive action of garlic s
mediated through a direct relaxant effect on smoaoth
muscle or by interfering with the produstion andfor
release of vasodilators ar vasocconstrictars denivad fram
smooth muscle. Finally, the extract has been known 1o
contain some essential ols (34) and such oils may
have some beneficial effects through penetrating into
call membrang like that of endotheljal cells.

In conclusion, the obtaned findings clearly showed
that agueous garlic extract  could  altenuate
agonist-induced contraction of rat aona and produce a
direct or an indirect vasorelaxant effect. Since it can
reduce risk factors of some cardiovazcular disorders
highhy

recommendad that garlic extract may be administered

including  hypenension,  therefore, it s
as a complementary therapeutic regimen for patients
with cardiovascular abnormalities. Funher studies are
to be underaken to investigate the possible beneficial
effect of garlic extracl administration and the related

mechiamsms for s efficacy.
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