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Abstract

The present study focused on the mechanisms of smooth muscle relax-
ation induced by Punica granatum juice (P]) in the rat thoracic aorta.
The thoracic aorta was removed from female adult albino rat and placed
in an organ bath containing Kreb’s solution and the contractions were
recorded isometrically. The results demonstrated that the P. granatum
juice (1.5 to 5 mg/ml) significantly reduces the contractions induced by
phenylephrine (PE) (0.01 mM), with IC50 + SEM of 2.859 + 0.101 mg/
m.m M:M_ percentage o~. relaxation for PE-induced contraction was 81.8 £
r..»_ %.:c MMMBQ Mmmom__&oaw activity of PJ] was not modified by endothe-
o £ nn_uo Ms.:: IC50 + SEM 3.389 + 0.084 mg/ml and the per-
ax
g a o:. was 79.77 £0.824 %. Pomegranate juice induced
axation in the PE-induced contraction in i
S on in intact aorta was unaffected
Y nitric oxide synthase inhibitor (I
B D10, gaunyl ey
& A mgoﬂ_wam MS 10-5) and PGI2 inhibitor (Indometha-
1 | 0054, . 3.424 £ 0.065, 3.286 + 0.168 and 3.490
- , . I .
percentage of relaxation was 75.23 + 0.661,

61 + 4,128 and 8
i :uM“w_M M“M_mx. respectively. In addition, Pre-in-
A (ImM), GLIB (10-5), BaCl2 (1mM)

and 4-AP (1mM) with 1C50 + SEM 3.099 + 0.049mg/ml, 2.759 + 0.087mg/ml
2,889 + 0.054mg/ml and 2.436+0.049 mg/ml, and the R..nn:ﬁ«n.m of 3—25..
tion were 101.38 £ 0.151%, 88.55+0.58%, 90.25+0.168%, and 104.72+0.939%
Rmvmn:ﬁ_% Finally, P] significantly increased dose-response relaxation &..
ter incubation of thoracic aortic rings with Nifedipine (10-6 M) with 1C50
SEM, 3.495 0.1012 and the percentage of relaxation was 100.276 + 3.378%.

Keywords: Punica granatum juice, K+-channels blockers, Ca++-ch -NAM!
COX., Endothelium and hyperpolarizing factors. i e

INTRODUCTION
The pomegranate belongs to the family Punicaceae and it is a native plant
distributed from the area of Iran to the Himalayas in northern India and has
been cultivated and naturalized over the whole Mediterranean area since an-
tiquated times (Viuda-Martos et al., 2010). In the archaic Ayurveda system of
medicine, the pomegranate has been extensively utilized as a source of tra-
ditional remedies for thousands of years. The seeds and juice are considered
tonic for the heart, throat, and eyes and used for different purposes, such as
stopping nose and gum bleeding, taning skin, firming-up sagging breasts and
treating haemorrhoids (Herlekar, 2014). Awareness of various preventative
measures against diseases such as cancers, obesity, type 11 diabetes and oste-
oporosis has influenced the society to adopta healthier lifestyle. Through the
course of history, health practitioners have evolved in their way of treating
diseases from a natural herbal approach by using medicinal synthetic drugs,
and now modern science has returned to study natural products again (Wat-
son and Preedy, 2009). Pomegranate, as a functional food has increased con-
sumer interest due to the presence of bioactive compounds in the different
(Viuda-Martos et al,, 2011). The phenolic compounds that
arts of the pomegranate plant contribute to the
total antioxidant activity and may play a role in cancer waéwmovnpa ther- . |
apy (Kim et al., 2002). Some bioactive components _.owo—a& in : @ .l
arils in variable proportions ar anthocyanins, ﬂoﬂ?ﬂ”@ wﬁnﬂﬁ ALe omw i
£ anins are responst e for the attra colour
(Tzulker et al., 2007). Anthocy sies (Borodh Rt

pomegranate arils and some of the fruits antioxidant wcvess _

parts of the plant
are distributed in different p
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The fresh sour pomegranate fruits (Punica granatum), collected from AR

mishte Agricultural field/Zakho during November 2014 were used in the e
rent study. Pomegranates Were washed and :S::m.:.,. peeled; the arils vigh
carefully separated and washed with excess water for the removal of i
and adhering materials. The crude juice was obtained by using a commercig]
blender (BOMNANN, Germany). The juice was filtered through Whatman
No.l filter paper, concentrated using a thin film rotary evaporator :wQOIc
and the obtained gummy material was kept in dark bottles stored at -20°C
until use.

Juice preparation

.nugg Juice was performed in the Physiology Research Lab / De-

Mﬂﬂg cE«.g of Zakho, Faculty of Science, Kurdistan Re-

e ?B@BH. 4 59 w%nznﬂ. Mz& Mnnvﬂ& by using a commercial profes-
ag. e » Germany) that separates the juice from

i

>
FIJ_ Srngu 0T |

Figure 1. The general scheme for preparations of crude pomegranate juice.

Animals Breeding and Housing

Adult female albino rats (Rattus norvegicus) weighing 200-250 grams bred
in the animal house of Department of Biology, Faculty of Science, University
of Zakho, were used during the current study. Animals were housed under
controlled environmental conditions at 20-24°C, relative humidity between
30-70%, and a photoperiod of 12 hours’ light-dark cycle. The rats had free
access to rodent food pellets and supplied with dechlorinated tap water ad
libitum. The animals were reared in rat cages (460 x 30 x 20 cm) bedded with
shredded recycled wood ships at a density of 6 individuals/cages. The rats
were reared under hygienic conditions with a daily cleanliness of the housing

environment,

Aorta Preparation
The animals were injected intraperitoneal (IP) with heparin (1500 units/ kg

body weight) and left for about 30 min to prevent blood 8&._-58 and the _
possibility of damaging of the aorta endothelial layer (Pilkuniej ety _s_sai.;
imals were then anaesthetized with intraperitoneal Eonnanda oy E Lol
mg /kg) and Xylazine (10 mg/Kg). The descending GroreeEEEtttt

.,i




L connective and fatty tissues after trang

o-cold Krebs solution aerated with carbe

d 5 % Carbone dioxide (CO2)]. Then, the isolateq
2) and .

v E.:iau.a:. 2-4 mm long
identified using the procedure %.f...ivnd

some modifications to study the vasculy
$ scular

gen [95% oxygen 3.
aorta cuts int0 small rings &
Jsometric contractile respon .

Habib and Shekha, (2010) with . |
3%:32 in the isolated aorta. Two stainless steel wires were carefully -
e One of them was anchored to the base

through the lumen of the aortic rings. .
of glass ongan chamber and the other was connected to force transducer (Ap
- which was coupled to the trans bridge amplifier cop.

instrument Australia)
jtion System and a computer running chart

nected to Power Lab Data Acquis:
software (Version 7) used for isometric tension measurement. Maximum care

was taken during the assembly of sorta rings to avoid the damaging of the
jothelium. The extents of contraction and relaxation were measured by the

tension developed by the transducer and recorded by the system.
Prior to the experiment, the organ bath system set at 37°C was operated for at
least two hours to allow the water in an organ to reach the thermal stability,
Later, 10 ml of Krebs solution was placed inside the tissue glass chamber and
gg»ﬂuﬁ with carbogen passed through the inlet at the base of the
”M.. Aortic rings were connected to the base of the chamber from one end
gﬁ“ﬁg ”oa the other end. Tissues were maintained
S — “5 _mw_os..& to B:___WBE for 1 h during which
i ix0 Zvuwnn BE..d_m aortic segments were initially
egityand 1004 (1x10.5 »Pﬁ“.nﬂgn (PE) to test their functional in-
. This was followeg by &2 vo ine ?.n.E to test endothelium integri-
changing the bath mediun several times until a stable

ses were

Testing tone was recordeq,
and then :

2010). the €xperiments were started (Shekha,

b bath solution

GS& Wwith Krebs sofuts was replaced every 15 min several t

Mets, endothely, aortic rings were studied.
Was removed by gently rubbing the

intimal surface of the aorta with toothpick stick. The presence of functional
endothelium was assessed in all preparations by determinin, M. u_w”_._o f
acetylcholine (ACh, 10-5 M) to induce more than 50% _.a_»MEOo: :.__ sN.nM
rings precontracted with PE (10-5 M), Vessels were considered to be uﬂ:&m
ed of functional endothelium when there was no relaxation response to ACh
(Nakamura et al., 2002),

Experimental Protocols
In this study, cumulative dose-response relationships for the effects of PJ (1.5

to 5 mg/ml) were established for aortic rings. For all experiment, the relaxant
effects of P] were studied in aortic rings precontracted with PE (1X10-5 M).
In the experiment for evaluating the role of endothelial cells, the denuded
aortic rings were prepared as previously described and preincubated with L-
NAME (3X10-4 M), a nitric oxide synthesis inhibitor, methylene blue (1X10-5
M) and indomethacin (3X10-5 M) for 30 min before PE pre-contraction to
evaluate the mechanism of the vasorelaxant response. For examining the role
of K+ channels, the aortic rings were pre-incubated for 20 minutes with the
following K+ channel inhibitors, (TEA, 1 mM), (GLIB, 1X10-5 M), (BaCl2,
ImM) and (4-AP, 1 mM). The blockers of KCa channel, KATP channel, KIR
channel and KV channels blockers, respectively. Finally, to clarify the func-
tional role of Ca++ channel in the relaxation of aortic rings with intact en-
dothelium, the rings were incubated with Nifedipine (3X10-5), an L-type
Ca2+ channel blocker for 20 min prior to contraction with PE.

Statistical Analysis
The statistical analysis was performed using two-way analysis of variance

(ANOVA) supported by Bonferroni test when carrying out a pairwise com-

parison between the same dose of different groups using Graph pad prism
program. Analysis of variance for repeated measurements was applied to data
ations at successive time points. P-values _Qa

consisting of repeated obsery
than 0.05 (P<0.05) were considered as :
the symbols (*, ** and ***) represent mean giflerencen, 48

0.05, 0.01 and 0,001 levels respectively.
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Figure 2 (A) A typical chart view trace showing the relaxant effects of different con-
cen ate juice on i 2

: ﬂnceE& Pomegranate juice on rat aortic rings, precontracted with 10-5 M PE.
(B) A cumulative dose-response curve for 1}

; e effects of P. granatum juice on PE (10-
3 M) induced contractio

T in rats aorta

Pomegranate JUice at concentrations from
laxant i 5
effects in pg ( 10-5) Precontracte

per. “entage of rejay

L.5-5 mg/ml caused significant re-

d rat’s aortic ring. The IC50 % SEM,
EEESQ " m:_c: are shown in the table (4.1). The
mmzs.gmo»o_s el wg on PE-indyced contractions, with IC50 £

B/ml (with IC50 of CI 959 between 2,657 to 3.061):

[he percentage of relaxation for PE-induc ed contraction was 81.8 + 0,358,

ate contains a lot of antio

cidants that are, in fact, mediated by NO
intens

NO actions (De Nigris et al

2007). Pomegranate juice
m arils which are ¢ onsidered rich

sources of a bioactive com-
1d like phenolic and flavon

ds (Anahita et al

2015). It contains antioxi-
polyphenols, tannins,

dants suc h as so and antd

}eyanins that may reduce

the carotid artery intima-media thickness in humans

sumner et al., 2005). In
the current study, it was observed that pomegranate

juice significantly inhibits
the transient contractions induced by PE

I

le of Endothelium in Pomegranate Juice

duced relaxation in Rat Aorta
Lab chart traces from representative experiments and dose-response curves
relaxant effect of juice on endothelium-intact and denuded aortic rings

on tl

are displayed in Figure (3). From the results,

is obvious that cumulative ad-
1 of juice at the plateau phase of the contraction induc

ed by PE (10-5 M)
in rat’s thoracic aortic rings caused a concentration-dependent inhibition in

PE-induced contraction in both endothelium-intact and denuded prepara-
{1ons.

Endothelium denudation also induced significant relaxation (P > 0.05) at dos-
5+0.112 mg/ml (with IC50
of CI1 95% 2.710 to 3.161). The percentage of relaxation for endothelium intact
and denuded rings were 82.15 £0.183 % and 79.77 £0.824 %, respectively.

It was well-known that NO is a major EDRF that induces relaxation in vascu-

smooth muscle cells (Vanhoutte, 2009). Endothelial nitric oxide synthase

es (1.5 - 5 mg/ml) for juice with 1C50 + SEM 2.93

(eNOS) is the major enzyme responsible for NO production in En. Zn.xva,
W.n..,,é_/ Nitric oxide synthesis increases when the level and activity of eNOS
in the endothelial cells is increased (Ugusman et al., 2014). The vascular en-
dothelium plays an important role in controlling vascular Esn via the ?._n.._vnn.
of relaxant and contractile factors. The relaxant effects of several mncc.nmao
flavonoids have been demonstrated to be endothelium-dependent or inde-
pendent (Ajay et al., 2003),
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hacin on the juice-induced relaxation of aortic rings contracted with PE

met
ind the dose-response curves of the effect of juice against PE-induced con
rractions, From the result, it can be concluded that the suitable concentra
vions of 1 NAME (3X10-4), NOS inhibitor, Indomethacin (3X10-5), PGI2
i bitor, and me thylene blue ( whi is a soluble guanylate r.,\n_w»a
inhibitor did not produce any inhibitory effects on the vasodilator respons

induced by increasing the concentration of in PE-precontracted rat’s
€S £

Jortic rings .::.?:,:_7»._?:_,.,:_;_r._:.5.:%_...\_.7:,.75?7:.;, produced no
al o
~

blocking effect on the vasodilator response induced by P. granatum juice

~

1o

© vontral w=n

O 1 NAMY »

PG Juber (mgrmi.) Figure 4. Cumulative dose-response curves for the relaxant effects of P. gra-
| natum juice on control and aortic rings preincubated with L-NAME (3X10-4

t view traces showing the relaxant effects of ¢ ‘rent concen- . )
ict (A) and denuded (B) rat’s aortic M), ﬁ:.r.:::.ur.pr.r_ with 10-5 M PE.
C) Cumulative dose-response curves for the

1 control and endothelium-denuded rat’s aortic

These novel resu at the endothelium played no role in the vaso-

Tcasion |

relaxation induced is was clearly indicated when treating the de-

nuded acrtic v with whic ignifi iff .
ded aortic Bigs with juice, which showed a non significant difference in
the rate of relaxation when com

- : pared with the control intact endothelium.
IS Implies that pomegranate carcec v - :

Polliepranate causes vascular relaxation by two mechanisms: PG juice (mpl)
a direct effect on 1 3

n the vascul 1 .
dotheli ascular smooth muscle that is independent of the en-
elium and 2 mechanism th

endothelium g high concentration
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Figures (4, 5 and 6) show

for the relaxant effects of P. granatum
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cant (P<0.05) and (P<0.01) relaxant effect at juice concentrations 4.0-5.0 mg/ ,m..
ml with IC50 £ SEM 3.099 + 0.049mg/ml (IC50 of CI 95% 2.838 to 3.219) and
5,889 + 0.054mg/ml (IC50 of CI 95% 2.781 to 2.997) and the percentages of

m relaxation were increased to 101.38+0.151% and 90.25+0.168% respectively,
: 8,9 and 10).
of n=8 (Figures 7, 8 A
M ethylene blwe 8=8 A nOmw&_m mechanism that mediates relaxation of vascular smooth muscle is
—T3 p s 6 the opening of K+ channels. The opening of membrane K+ channels, specially
. PG juice (mg/mL) Kir in vascular smooth muscle increases K+ efflux which leads to membrane

< = : = ub-
spanse curves for the relaxant effects of p Eranaty hyperpolarization, the closing of voltage-dependent Ca+2 channels, and s
se- ,

Figure 6. Comulative o : :ncubated with methylene blue (3m) sequent relaxation (Yilmaz & Usta, 2013). However, the results n.vm the current

. ol and aortic rings P cnes P study showed that at least the studied K+ channels play no role in membrane ]
o nH 10-5 M PE- 1 7 erpolarization and ultimately vasorelaxation. This may indicate the pres- _
o aMMm of another K+ channel subtypes which are not blocked by the conven-
The results showed that L-NAME, methylene E.:m and _.:.ao_sﬁrmnm: did noy tional of K+ channel blockers used. ﬁ_
modify the relaxant effect of juice with maao:a.__: m, which demonstrates that These findings clearly suggest that K+ channels :Q,..—.v and Kv;) may play no
NO, cGMP and PGI2 play no role in endothelium-dependent relaxationg in- role in the vasorelaxant effect of juice in rat moa.n nnmm On the other hand, “
duced by juice. KCa and Kir channel may be attributed to the inhibitory effects on hyper-

‘The Role of Potassium Channels in Vasorelaxant Action Produced by P. gra- | polarizing factors released from endothelium. Also, indicate »?.5 these novel w
natum Juice. \ results can’t be compared since no data are available on this subject.
To investigate the role of K+ channels in juice induced relaxation, aortic rings
were preincubated for 20 minutes with TEA (1mM), GLIB (10-5), BaCl2
(ImM) and 4-AP (ImM) individually which preferentially block KCa, KATE
KIR and KV channels respectively. The dose-response curves for the relaxing

effects of juice on aortic rings precontracted with PE that preincubated with

the above K+ channel blockers are shown in (Figures 7, 8, 9 and 10).

| Pretreatment of thoracic aoric rings with GLIB, 4- AP, BaCl2 and TEA atacon:

_§

Teaslon (%)
Sy 8 8 8

N offs ildly and non-significantl enhanced th
effects prog uced & y N
g/ml ,own .- ced by . granatum juice with 1050 + SEM 277
10 psay 258510 2934) and 2.436:0,049 mg/ml (IC

..t..

W, 4,

juice on control and aortic nn@
with 10-5 M PE. B,

»
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response Curves for the relaxant effec

g Cum incubated w AP
Figure incubated with 4-AP (ImM), Eﬁ.sssn:zi
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PG Juice (mg/mL)

.miﬁw Cumulative dose-response curves for the relaxant e
Juice on contral and aortic rings preincubated with BaCl2
with 10-5 M PE

ffects of P. granatym |
(ImM), precontracted

822#0 ;i e relaxant effects of P. gran
: 'S
Prencubated with TEA (1 ), precontracted ¥

the role of L-type Ca* in ?ggﬁog&oﬂ_ags
ﬁaaom_ﬁ:-.n Juice
Pose-response curves for on the relaxant effect of juice on thoracic rat’s aortic
rings preincubated with Nifedipine (a typical L-type calcium channel blocker)
against PE-induced contractions are shown in figure (11).
[he relaxant effect juice on aortic rings preincubated with the Nifedipine 10-5
and then precontracted with PE 10-5 was enhanced at highly significant levels
(p<0.001). This indicates that these results explain the role of PJ in the block-
ing of Ca+2 ¢ hannel which indirectly participates and supports the vasorelax-
ation induced by P. granatum. The IC50 £ SEM of control rings for juice was
4.180 + 0.278 mg/ml (IC50 of CI 95% between 4.180 £ 0.278mg/mi) whereas
that of the treated rings was 3.495 £ 0.1012 mg/ml (IC50 of CI 95% between
1.293 to 3.697), and the percentages of relaxation was 100.276 £ 3.378%.
Calcium, which is an essential ion for smooth muscle contraction, can be
derived from the intracellular stores and/or extracellular fluid. Extracellular
Ca+2 enters the cell via the voltage-gated dihydropyridine channels at the my-
ocyte plasma membrane. Following the opening of this channel, Ca+2 enters
down its concentration gradient. This will then trigger the release of more
Ca+2 from the intracellular stores (Salleh and Ahmad, 2013).
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Figure 11. Cumulative dose-response curves for the selaxant ot B :
_._.r.n.osnczzo_wbasc:..nlzmw vﬂ%& with Nifedipine (3X10-5 M), prec

tracted with 10-5 M PE.
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