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Abstract

Objectives: Safranal is a pharmacologically active com-
ponent of saffron and is responsible for the unique aro-
ma of saffron. The hypotensive effect of safranal has
been shown in previous studies. This study evaluates
the mechanism for the vasodilatory effects induced by
safranal on isolated rat aortas.

Methods: To study the vasodilatory effects of safranal
(0.2, 0.4 and 0.8 mM), we contracted isolated rat tho-
racic aorta rings by using 10°-M phenylephrine (PE) or
80-mM KCI. Dimethyl sulfoxide (DMSO) was used as a
control. The vasodilatory effect of safranal was also eval-
uated both on intact and denuded endothelium aortic
rings. Furthermore, to study the role of nitric oxide and
prostacyclin in the relaxation induced by safranal, we
incubated the aortic rings by using L-NAME (10 M) or
indomethacin (10° M), each for 20 minutes.
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Results: Safranal induced relaxation in endotheli-
um-intact aortic rings precontracted by using PE or
KCI in a concentration-dependent manner, with a
maximum relaxation of more than 100%. The relaxant
activity of safranal was not eliminated by incubating
the aortic rings with L-NAME (ECs, = 0.29 vs. ECs =
0.43) or with indomethacin (ECs, = 0.29 vs. EC5, = 0.35),
where ECs, is the half maximal effective concentration.
Also, the vasodilatory activity of safranal was not mod-
ified by endothelial removal.

Conclusion: This study indicated that relaxant activity
of safranal is mediated predominantly through an en-
dothelium-independent mechanism.

1.Introduction

The endothelium produces a variety of substances
that play important roles in the regulation of circula-
tion and vascular wall homeostasis. Among those sub-
stances, vasodilatory factors, such as nitric oxide (NO),
prostacyclin (PGI2) and endothelium-derived hyper-
polarizing factor (EDHF), or vasoconstrictive factors,
such as thromboxane (TXA2) and endothelin-1 (ET-
1), have critical roles in the control of blood-vessel-
wall homeostasis [1]. Evidence exists for abnormal
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endothelium-dependent relaxation in hypertension [2],
which is a highly prevalent cardiovascular disease and is
regarded as an important risk factor for developing oth-
er diseases, such as endothelial dysfunction, metabolic
syndrome, diabetes, renal dysfunction, congestive heart
failure, coronary artery disease, and stroke [3]. Although
many antihypertensive drugs are available, some adverse
effects have been reported following their use [4]. There-
fore, natural plants and their active components need to
be considered as possible new antihypertensive drugs that
can be used with safety, efficacy, and cultural acceptability
and that may have fewer side effects [5].

Saffron (Crocus sativus L.) is a plant belonging to the Iri-
daceae family and has been used from ancient times as a
herbal medicine, spice, food colorant, and flavoring agent
[6]. Saffron and its active components have valuable phar-
macological properties, including anticonvulsant [7], anti-
depressant [8-10], anti-inflammatory and antinociceptive
[11], antioxidant [12], antitumor [13, 14], and hypotensive
[15, 16] properties. Furthermore, saffron extract or its ac-
tive components have been shown to have protective ef-
fects against some toxic agents, including diazinon and
acrylamide, in the brain, liver, and cardiovascular system
of rats [17]. Research has identified more than 150 chemi-
cals in saffron stigma [18], and the pharmacological effects
of saffron are related to its three major components: cro-
cins, which are considered as coloring agents [19], glyco-
side picrocrocin, which is responsible for saffron’s bitter
taste, and safranal, a monoterpene aldehyde, which is re-
sponsible for saffron’s unique aroma [13, 20].

Safranal has been shown to possess various pharmacolog-
ical activities, including antioxidant [21], anticonvulsant
[22], anti-anxiety and antidepressant [8], antitussive [23],
antinociceptive [24], and anti-ischemia [25] activities. Sa-
franal has also been shown to be able to improve impaired
memory and learning ability in rats [26]. The cardiovascu-
lar protective effects of safranal have been demonstrated
in several studies. Safranal decreased myocardial con-
tractility through a calcium channel-blocking property in
guinea pigs [27]. In addition, safranal protected the cardio-
vascular system against isoproterenol-induced myocardi-
al infarction in Wistar rats [28]. Moreover, the hypotensive
effects of safranal have been demonstrated in anaesthe-
tized normotensive and hypertensive rats [15]. In another
study, safranal reduced the mean systolic blood pressure
in rats treated chronically with desoxycorticosterone ace-
tate (DOCA) salt [29]. Regarding the hypotensive effect of
safranal, the aims of this study are to determine whether
safranal exhibits vasodilatory effects on isolated rat aortas
and to evaluate the mechanism for the vasodilatory effects,
if any, induced by safranal in isolated rat aortas.

2. Material and Methods

Adult male Wistar rats (weights: 200 - 250 g) were pro-
vided by the Animal Center, School of Pharmacy, Mash-
had University of Medical Sciences. They were kept on a
12-hour light/dark cycle at a temperature of 23 + 1°C with
free access to food and water. These conditions were con-
stant throughout the experiments. All animal experiments

were carried out in accordance with the requirements es-
tablished by the Ethics Committee, Mashhad University
of Medical Sciences (Verification number: 87124; date of
approval: Nov 9, 2009).

Safranal was obtained from Fluka (Switzerland). Phe-
nylephrine (PE) hydrochloride, acetylcholine chloride
(ACh), indomethacin, and N-nitro-L-arginine methylester
(L-NAME) were purchased from Sigma-Aldrich (Germa-
ny). The dimethyl sulfoxide (DMSO) (a solvent of safranal)
and other chemicals used in this study were obtained from
Merck (Germany).

Rats were killed by using intraperitoneal (IP) injection
of ketamine/xylazine. Then, the thorax was opened, after
which the thoracic aorta was quickly removed, cleaned
from adherent connective tissues, and cut into rings (4 - 5
mm in length). Special care was taken to ensure that en-
dothelial damage did not occur during tissue preparation.
Two stainless-steel stirrups were passed through the lu-
men of each ring. One stirrup was connected to an isomet-
ric force transducer (POWERLAB, AD Instrument, Austral-
ia) to measure the tension in the vessels. The rings were
placed in a 25-mL organ chamber (Organ Bath, 4 chan-
nels, AD Instrument, Australia) containing Krebs solution
gassed with 95% O,/5% CO, and maintained at 37°C. The
composition of the Krebs solution was as follows: 118.0-
mM NaCl, 4.7-mM KCl, 1.2-mM NaH,PO,, 1.2-mM MgSO,,
25.0-mM NaHCO;, 11.1-mM glucose, and 2.5-mM CaCl,
(pH = 7.4) [30]. Rings were placed under a resting tension
of 2 g, which had been determined in preliminary studies
to be optimal, and allowed to equilibrate for 1 hour. During
this equilibration period, the physiological salt solution
was replaced every 15 minutes. The Labchart 7.3 (AD-In-
struments) software was used for this study.

For the study of the vasodilatory effects of safranal, the
thoracic aorta rings isolated from rats were contracted
by using 10°-M PE or 80-mM KCl in two separate exper-
iments. When the vasoconstriction curves for the rings
reached the plateau phase of maximum tension, safranal
(0.2, 0.4 and 0.8 mM) was added, and the tensions were
recorded. The vasodilatory effect of safranal was expressed
as a percentage of relaxation to maximum constriction in-
duced by 10°-M PE or 80-mM KCl. DMSO was used as a
control. The vasodilatory effect of safranal on constriction
induced by PE in rat thoracic aortas was also evaluated for
both intact endothelium rings and denuded endothelium
rings. To confirm that the endothelial layer had been re-
moved, we tested with a single dose of acetylcholine (10
M) after phenylephrine (10° M) in denuded vessels. The
maximum relaxation induced by acetylcholine was less
than 30%.

To examine whether the safranal induced vasorelaxation
was mediated by the NO, we incubated the aortic rings in
L-NAME (10° M) for 20 minutes, after which the thorac-
ic aortic rings were contracted by using 105-M PE. Then,
the vasorelaxant effect of safranal (0.2, 0.4 and 0.8 mM)
was examined. To examine the role of the cyclooxygenase
pathway in safranal-mediated vasorelaxation, we incubat-
ed the aortic rings in indomethacin (10° M) for 20 minutes.
Then, the thoracic aortic rings were contracted by using 10
5-M PE, and the vasorelaxant effect of safranal (0.2, 0.4 and
0.8 mM) was examined.
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All results are expressed as means + standard errors of
the mean (SEMs). The mean of maximum effects at each
safranal concentration was used for comparing the results
by using analysis of variance (ANOVA) analyses, followed
by Tukey-Kramer tests. The software Pharm-PCS was used
to calculate of the half maximal effective concentration
(ECs). P-values less than 0.05 were considered as signifi-
cant.

3. Results

As shown in Fig. 1, safranal (0.2, 0.4 and 0.8 mM) induced
relaxation in endothelium-intact aortic rings precontract-
ed with PE (10° M) in a concentration-dependent manner.
The maximum relaxation response induced by the highest
concentration of safranal (0.8 mM) was more than 100%.
DMSO had no relaxation effect in endothelium-intact aor-
tic rings precontracted with PE (10 M). As shown in Fig. 2,
no significant difference was noted in the vasorelaxant re-

sponses induced by safranal in endothelium-intact aortic
rings precontracted with PE (10 M) in the absence (ECs,
= 0.29) or the presence of indomethacin (10° M) (ECs =
0.35) (Table 1). Relaxation induced by safranal (0.4 and 0.8
mM) incubated with L-NAME for 20 minutes in endotheli-
um-intact aortic rings precontracted with PE (10° M) (ECs,
=0.43) was not significantly different from that induced by
safranal in the absence of L-NAME (ECs, = 0.29). However,
a significant difference between the relaxations induced
by safranal in the presence and the absence of L-NAME
was observed for the lowest concentration of safranal (0.2
mM) (P < 0.05) (Fig. 3).

Safranal (0.8 mM) could elicit maximum relaxation in
endothelium-denuded aortic rings. Significant differenc-
es were observed between relaxation induced by safranal
in endothelium-intact and endothelium-denuded aortic
rings for the low and the moderate concentrations of safra-
nal (0.2 and 0.4 mM) (P < 0.01 and P < 0.05, respectively)
(Fig. 4). As shown in Fig. 5, safranal (0.2, 0.4 and 0.8 mM)
induced relaxation in endothelium-intact aortic rings pre-

Table 1 ECs, and Emax values of safranal vasodilatory effects in aortic rings precontracted by using PE and incubated by using L-NAME

and indomethacin, in aortic rings precontracted by using KCI, and in denuded vessels.

PE Indomethacin + PE L-NAME + PE KCl Denuded
ECs 0.29 0.34 0.43 0.34 0.46
Emax 110.6 105.04 102.5 101.7 97.8

ECs, effective concentration 50; PE, phenylephrine; L-NAME, N-nitro-L-arginine methylester.
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Figure 1 (A) Effect of safranal in endothelium-intact aortic rings precontracted by using PE (10 M). The vasodilatory effect of safranal

was expressed as a percentage of relaxation to maximum constriction induced by 10°-M PE. Values are expressed as means + SEMs. (B)

Effect of the final amount of DMSO (%) in the organ chamber for each safranal concentration on aorta rings precontracted by using PE.

DMSO was used as a control.

PE, phenylephrine; SEMs, standard errors of the mean; DMSO, dimethyl sulfoxide.
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Figure 2 Relaxation effect of safranal in endothelium-intact aor-
tic rings in the presence of indomethacin (10 M). Aortic rings
were incubated with indomethacin for 20 minutes, after which
the aortic rings were contracted by using 105-M PE. The vasore-
laxant effect of safranal was then examined. Values are expressed

as means + SEM (Tukey-Kramer).

PE, phenylephrine; SEM, standard error of the mean.
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Figure 4 Relaxation effect of safranal in endothelium-denuded
aortic rings precontracted by using PE (10-° M). The vasodilatory
effect of safranal was expressed as a percentage of relaxation to
maximum constriction induced by using 10°-M PE both on the
intact endothelium and the denuded endothelium rings (Tuk-

ey-Kramer). Values are expressed as means + SEM.

PE, phenylephrine; SEM, standard error of the mean.

contracted with KCI (80 mM) in a concentration-depend-
ent manner. No significant difference was seen between
the relaxation induced by safranal in endothelium-intact
aortic rings precontracted by using KCI and that induced
by safranal in endothelium-intact aortic rings precontract-
ed by using PE (Fig. 5).

Safranal (mM)

Figure 3 Relaxation effect of safranal in endothelium-intact aor-
tic rings in the presence of L-NAME (10 M). Aortic rings were
incubated by using L-NAME for 20 minutes. Then, they were con-
tracted by using 10°-M PE, and the vasorelaxant effect of safranal
was examined. Values are expressed as means + SEM based on
the Tukey-Kramer test (P < 0.05 vs. L-NAME preincubated rings).

L-NAME, N-nitro-L-arginine methylester; PE, phenylephrine;

SEM, standard error of the mean.
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Figure 5 Effect of safranal in endothelium-intact aortic rings pre-
contracted by using KCI (80 m M). The vasodilatory effect of sa-
franal was expressed as a percentage of relaxation to maximum
constriction induced by using KCl. Values are expressed as means
+ SEMs (Tukey-Kramer Test).

PE, phenylephrine; SEMs, standard errors of the mean.

4. Discussion

Safranal, the main constituent of Crocus sativus essential
oil, is responsible for saffron’s unique odor [20]. Our re-
sults showed that safranal could induce vasorelaxation in
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isolated rat aortic rings via an endothelium-independent
mechanism. The vasorelaxant effect of safranal might be
due to its effect on vascular smooth muscle cells via L-type
voltage-dependent calcium channels. Safranal is also well
known to exhibit hypotensive effects. Intravenous admin-
istration of safranal (1 mg/kg) has been shown to induce
50 + 5.2 mmHg reductions in the mean arterial blood pres-
sure in anaesthetized normotensive and hypertensive rats.
This hypotensive effect did not induce reflex tachycardia
[15]. Furthermore, saffron extract has shown a potent re-
laxant effect on guinea-pig tracheal chains partly due to
the presence of safranal [31]. Another study revealed that
chronic administration of safranal could reduce the mean
systolic blood pressure in rats treated with DOCA salt [29].
Regarding the effect of safranal in lowering blood pressure,
this study was undertaken to evaluate the mechanism of
safranal’s hypotensive effect by using aortic rings isolated
from rats.

Our results showed that safranal could induce vasore-
laxation in endothelium-intact aortic rings precontracted
with PE. To investigate whether the relaxing effect of sa-
franal depended on endothelium-mediated mechanisms,
we evaluated endothelium-derived vasodilator-relaxing
factors such as NO and prostacyclin [32]. NO is is a factor
released by the endothelium that is produced by an en-
dothelium-releasing factor which produces by endothelial
nitric oxide synthase (eNOS) and induces vascular smooth
muscle relaxation through the activation of guanylyl cy-
clase [33]. NO has an essential role in the regulation of
normal and pathological blood pressure [34]. To assess the
contribution of NO in relaxation induced by safranal, we
incubated the aortic rings with L-NAME, which is an in-
hibitor of NO synthase. Inhibition of NO by using L-NAME
did not eliminate the relaxation induced by safranal. ECs,
values (ECs, = 0.29 vs. EC5, = 0.43) indicate that safranal has
lower potency when NO is inhibited. Hence, one might
conclude that the vasodilatory action of safranal is partial-
ly endothelium-dependent.

PGI2 is another factor released by the endothelium that
is produced by endothelial cyclooxygenase. PGI2 elevates
cyclic AMP, reduces the availability of calcium, and induc-
es smooth muscle cell relaxation [32]. To verify the involve-
ment of prostacyclin in safranal-induced vasorelaxation,
we performed another experiment with safranal in the
presence of indomethacin. Results showed that the relax-
ation produced by safranal was not modified by inhibition
of cyclooxygenase. Therefore, safranal vasorelaxation is
not mediated through the cyclooxygenase pathway. Tak-
en together, our findings demonstrate that the relaxation
induced by safranal is partially related to factors derived
from the endothelium. In order to verify this hypothesis,
we performed another experiment on endothelium-de-
nuded aortic rings. The obtained relaxant responses in the
intact and the denuded endothelial were similar, especial-
ly at the highest safranal concentration. However, the low
and the moderate safranal doses had different relaxant ef-
fects in the intact and the denuded endothelial. This sug-
gests that the relaxatory effects of safranal may be partially
endothelium-dependent.

In this study, the effect of safranal on aortic rings isolated
from rats and precontracted by using KCl was also evaluat-

ed. KCl is believed to depolarize the cell membrane and to
increase intracellular calcium via the voltage-dependent
calcium channels of smooth muscle cells, with this process
leading to contraction [35]. Our results showed no differ-
ences in vasorelaxation induced by safranal in aortic rings
precontracted by using PE or KCL. PE (an «1-receptor ago-
nist)-induced contraction involves receptor-operated cal-
cium and voltage-operated calcium channels [35]. Thus,
the vasodilatory effect of safranal seems to be associated
with inhibition of the voltage-operated calcium channels,
leading to a decreased intracellular calcium concentra-
tion.

Taken together, our results show that the endothelium
has a partial role in safranal-induced vasorelaxation. Sa-
franal-induced relaxation could be due to a direct action
on vessel smooth muscle cells. These findings are in agree-
ment with those of Boskabady et al. who showed that the
inhibitory effect of safranal on guinea-pig smooth muscle
cell contraction was through inhibition of the calcium
channel [31]. In addition, our results are consistent with
the findings of a previous study by Imenshahidi e al (2010)
that demonstrated intravenous administration of safranal
caused potent hypotensive activity in normotensive and
desoxycorticosterone-acetate-induced hypertensive rats
[15].

Endothelial dysfunction has been shown to be induced
as a result of DOCA-induced hypertension [36]. Because
the differences between the hypotensive activities of
normotensive and hypertensive rats were not remark-
able statistically, one can conclude that vasorelaxation
induced by intravenous administration of safranal is not
endothelium-dependent. In a previous study, chronic
administration of safranal also reduced blood pressure
in DOCA-salt-induced hypertensive rats, probably due
to several mechanisms, including its inhibitory effect on
smooth muscle cells, blocking of the calcium channel,
inhibition of sarcoplasmic reticulum Ca?** release into cy-
tosol, and/or interaction with GABA(A)-benzodiazepine
receptor complex [29].

According to lethal dose (LD)s, values in animal studies,
safranal has low-toxicity when administered via the acute
intraperitoneal route and is non-toxic for acute oral ad-
ministration [37]. However, further clinical trials and tox-
icological studies should be carried out in humans.

5. Conculsion

In summary, the results of the present study indicate that
safranal-induced relaxation in isolated rat aortic rings pre-
dominantly is due to the inhibition of smooth muscle cell
contraction caused by a blocking of the L-type calcium
channels and is partially endothelium-dependent.
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