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ABSTRACT

The endothelium plays a key role in the control of
vascular patency and tone. Thus, the main objective
of the study was to determine the role of endothelium
and its derived relaxation factors in mediating re-
laxation of rat thoracic aorta, in response to sulfur
dioxide (SO,) derivatives “1:3 M/M sodium bisulfite
(NaHSO3;) and sodium sulfite (Na,SO3)” using Pow-
erLab tissue bath system. Endothelial denudation en-
hanced relaxation responses of SO, derivatives with
an 1Cs of 6.11 mM as compared to control rings with
an ICx, of 6.21 mM, as well as the maximum relaxa-
tion (Enmax) Was increased from 62.026% + 6.527% to
83.13% =+ 14.755%. Furthermore, the relaxation re-
sponses to SO, derivatives in aortic rings were sig-
nificantly enhanced by indomethacin, clotrimazole
and methylene blue with I1Csy’s of 4.8 mM, 5.33 mM
and 4.01 mM, and E.x were raised to 101.1% +

6.537%, 66.92 + 7.538 and 104.68 + 3.575, respectively.

Meanwhile, L-NAME did not alter dose-dependent
relaxation of SO, derivatives in comparison to control
aortic rings. The results of this study had shown that
endothelium denudation and blocking of endothelium
derived-relaxation factors enhanced vasodilator effect
of SO,; this may clarify the role of endothelium in the
vasodilatory mechanism of SO..
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1. INTRODUCTION

The vascular endothelium is strategically located at the
interface between the circulating blood and vessel wall,
providing a permeability barrier to the movement of cell
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metabolites and nutrients, while allowing the transfer of
electrical signals within the intact tissue [1]. Endothelial
cells synthesize and release various factors that modulate
in short terms vascular tone. The vasoactive factors in-
clude relaxing substances, prostaglandin I, (PGI,), NO,
endothelium-derived hyperpolarizing factors (EDHF), C-
natriuretic peptide, and contracting substances, such as,
thromboxane A, (TXA,), endothelin-1, angiotensin II,
superoxide anion [2].

Sulfur dioxide is a common air pollutant released into
the atmosphere from the combustion of fossil fuel [3].
Inhaled SO, is hydrated to produce sulfurous acid in the
respiratory tract, which subsequently dissociates to form
its derivatives, bisulfite and sulfite (1:3 M/M in neutral
fluid). The derivatives can be absorbed into the blood or
other body fluids [4]. In addition, bisulfite/sulfite enters
the body via foods, beverages and drugs, because of sul-
fiting agents, such as SO,, metabisulfite, NaHSO;, and
Na,SO; [5]. Endogenously produced gaseous SO, is hy-
pothesized to fulfill a physiological role in regulating
cardiovascular function, distinctive from its toxicological
effects [6]. Vasodilatory effect of SO, derivatives on iso-
lated rat aortic rings first reported by Meng and his team
in 2005, although the exact mechanism of vasodilatation
is still unknown [7].

Sulfur dioxide could relax vascular smooth muscle
cells (VSMCs), and the mechanism might be associated
with the activation of calcium (Ca™") channels and ATP-
dependent potassium (Karp) channels [8]. Further more,
[9] found that SO, derivatives can alter cell’s excitability
by increasing the firing frequency of potassium (K)
channels in hippocampal neurons and ventricular myo-
cytes. While, [10] showed that SO, derivatives signifi-
cantly enhanced voltage-gated sodium channels in a con-
centration-dependent manner in isolated adult rat car-
diomyocytes. On the other hand, [11] recently found that
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rat blood pressure could be lowered by SO, and its de-
rivatives, also they were demonstrated that the vasore-
laxant effect of SO, at basal and low concentrations
might be mediated by NO and/or cGMP pathway. NO
mediates vasorelaxation by increasing the cellular cGMP
level and/or stimulating Ca"'-dependent K' channels
(Kca) in VSMCs. So the mechanism of SO,-induced
vasorelaxation should partially involve the contribution
of K¢, channels. Because there is only little information
about the mechanism of action of SO,, therefore, this
study is one of our attempts to detect the role of endothe-
lium in the relaxatory pathway of SO,.

2. MATERIALS AND METHODS

The animal experimental procedures conformed to the
“Guide for the Care and Use of Laboratory Animals”
published by the National Institutes of Health (NIH) in
the United States and was approved by the Animal Re-
search Committee of Zakho University. Adult male Wis-
tar rats (Rattus norvegicus) were used for this study. The
animals were kept under standard laboratory conditions.
After anaesthetizing, the chest cavity was opened, after
removal of excess tissue and fat, thoracic aorta was iso-
lated and transferred to beaker containing Krebs solution
(composition in mM: NaCl—136.9, KCl—5.4, Glu-
cose—5.5, NaHCO;—23.8, MgCl,—1, CaCl,—1.5, and
EDTA—0.003), equilibrated with 95% O, and 5% CO,.
The beaker was placed in the water bath at 37°C.

The procedure of [12] and coworkers (2009) with
some modifications was followed to study the vascular
reactivity in the isolated aorta. Two stainless steel wires
were carefully inserted into lumen of the aortic rings.
One wire was anchored to the hook at the base of an or-
gan bath (Model 166051, Radnoti, Monrovia Ca, USA)
and other wire was connected to force transducer
(MLTO0201/RAD 5 mg - 25 mg, AD instruments, Sydney,
Australia) coupled to the transbridge amplifier (ML 224,
Quad Bridge Amp, AD instruments). Data was acquired
with a PowerLab Data Acquisition System (ML 870,
Power Lab, AD instruments) using the chart software
(Version 7) for measurement of isometric tension. The
degree of contraction and relaxation were indicated by
the tension development in the recording system and
expressed in gram.

Rings were allowed to equilibrate for 60 minutes at a
resting tension of 2 grams with changes of buffer every
15 minutes. When the isometric tension had stabilized,
inhibitory concentration-response curves of the SO, de-
rivatives “1:3 M/M NaHSO; and Na,SO;” (3 mM - 9
mM) were constructed against contractions induced with
phenylephrine (PE; 1 x 107° M).

To detect the role of endothelial cells in the relaxant
effect of SO, derivatives, sandwich preparations were
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made similar to those described by [13], in which the
endothelial layer in a long segment of the aorta was re-
moved by gently rubbing the intimal surface of the rings
with a syringe needle covered by a piece of cotton. The
endothelium-denuded segment was then cut into several
pieces; each piece was tested to confirm the removal of
the endothelium by the lack of any response to acetyl-
choline (1 x 107> M) following the pre-constriction with
PE (1 x 107°° M).

The role of endothelium/NO, ¢cGMP, PGI, and ep-
oxyeicosatreinoic acid (EET) in association with vasore-
laxation induced by SO, derivatives were evaluated fol-
lowing incubation of endothelium-intact rings with, L-
NAME (3 x 10™* M), methylene blue (3 mM), indome-
thacin (3 x 10~ M) or clotrimazole (3 x 107> M), block-
ers of above mentioned factors respectively, for 10 min-
utes prior to application of PE.

The concentration-response curves were fitted with a
Hill equation, from which the half maximal inhibitory
concentration (ICsy) values were given as geometric
mean with 95% confidence intervals (95% CI). Maxi-
mum contractile responses to SO, derivatives were cal-
culated as a percentage of the contraction produced by
PE and were expressed as the means + standard error of
the mean (SEM). The tension produced by PE was de-
fined as 0% relaxation, and the baseline tension before
addition of vasoconstrictors were defined as 100% re-
laxation.

Statistical Analysis

The statistical analysis was performed using two-way
analysis of variance (ANOVA) supported by Bonferroni
test when carrying out pair wise comparison between the
same doses of different groups [14]. P-value less than
0.05 (P < 0.05) were considered as statistically signifi-
cant. All the graph, calculation and statistical analyses
were performed using GraphPad Prism software version
5.0 for Windows (GraphPad Software, San Diego, Cali-
fornia, USA).

3. RESULTS

The cumulative addition of SO, derivatives, at the pla-
teau phase of the contraction induced by PE (10°° M) in
rats thoracic aortic rings caused contraction-dependent
inhibition of the PE-induced contraction, in both, endo-
thelium-intact and endothelium-denuded preparation (Fig-
ure 1). Endothelium denudation significantly (P < 0.05)
induced relaxation only at a dose (7 mM) with ICs 6.11
mM (with ICsy of CI 95% 5.302 to 6.919 mM) and 6.21
mM (with ICsy of CI 95% 5.845 to 6.574 mM) in the
denuded and intact endothelial rings, respectively. The
Enax for endothelium denuded and intact rings were
83.13% + 14.755% and 62.026% + 6.527%, respectively,
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as shown in (Table 1).

Inclusion of aortic rings with L-NAME did not alter
dilation from control, however this response tended to-
wards significance in precontracted rings with indome-
thacin, clotrimazole and methylene blue with an ICsy’s of
4.801 mM (with an ICsy of CI 95% between 4.523 to
5.079), 5.331 mM (4.868 to 5.795) and 4.011 mM (3.846
to 4.176), and E,,.x were increased to 101.1% = 6.537%,
66.92 + 7.538 and 104.68 + 3.575 respectively, as shown
in (Figures 2-6 and Table 1).

4. DISCUSSION

It is well known that the endothelium plays an important
role in the regulation of vascular tone by synthesis and
release of endothelium-derived relaxing factors, includ-
ing NO, PGI, and EDHF. Thus, it was decided to inves-
tigate role of endothelium and EDRFs involved in SO,-
induced responses.

The results of the present study demonstrated that re-
moval of functional endothelium increased the relaxation
response to SO, only at high dose (7 mM), indicating
that vasorelaxation of SO, may be inhibited by sub-
stances released by endothelium. This effect may be due
to antagonistic actions of PGI,, EET and soluble guala-
nyl cyclase, because when aortic rings preincubated with

either blockers an increment of SO,-induced vasore-
laxation were observed. In this experiment, after the aor-
tic rings were preincubated with indomethacin, the vaso-
dilator effect caused by exogenous SO, derivatives was
enhanced in part. The PGI, route might be one of the
antagonistic mechanisms of the vasorelaxation caused by
SO, derivatives, because the preincubation with indo-
methacin caused only in part an enhancement of the aor-
tic relaxation. Although, their was no previous study to
explain the relation between SO, and EET, [15] reported
that SO, might be a type of EDHFs, because it shares
several features with EDHFs, furthermore, [16] con-
cluded that within a physiological relevant concentration
range, might induce a release of EDHF from vascular
endothelium, but they didn’t explained the effect of EET
on SO..

On the other hand, the results showed that the vasodi-
latory effects of SO, derivatives could be not inhibited
by treating aortic rings with L-NAME, it proved that the
vasodilatory effect of SO, was not mediated by NO. The
same results concerning the relation between SO, and
NO were observed by [7]. The results of this study con-
cluded that endothelium denudation and blocking of en-
dothelium derived-relaxation factors enhanced vasodi-
lator effect of SO,; this may elucidate the role of en-

Table 1. The ICsy (ICso of CI 95%) and E, ., = SEM for the effect of SO, derivatives on control and preincubated aortic rings with

L-NAME, indomethacin, clotrimazole and methylene blue.

Treatments
Relaxation
parameters L-NAME Indomethacin Clotrimazole Methylene blue
Control Denuded aorta (G %104 M) (3 x10° M) (3 x10° M) (3 mM)
ICs 6.21 6.11 5.898 4.801 5.331 4.011

95% CI-ICs 5.845TO 6.574 5.302TO6.919

5.397TO 6.399

4.523 TO5.079 4.868 TO 5.795 3.846 TO4.176

Copyright © 2013 SciRes.

Emax (%) 62.026+6.527 83.13 + 14.755 70.73 £9.572 101.1+6.537 66.92 +7.538 104.68 +3.575
= 120 —_—
—— \‘
- " \____‘ 100 [*==t—
Control = 3 s A
PE: 10°M s 2 A 4 8
/ = g8 g 3 S 80
\ / 2 <+ n g oy
__..._.-'4-"'—'“J = =
v v ° E = S k=) 60
/"—’/\ & £ 40
. v o) =
/ Endothelium - 20
/ denuded vy v ¥ ~—
PE; 10° M ol s E00 e uded [ |
~— 0 25g| 0.002 0.004 0.006 0.008
3 min SO, (M)
(@) (b)

Figure 1. Concentration-response effects of SO, on PE (1 uM)-induced vasoconstriction. (a) Typical chart view trace; and
(b) Dose-response curve showing comparative vasorelaxation effects of SO, on PE-induced vasoconstriction (control) and
endothelium denuded aortic rings. A indicates addition of SO, (mM) in cumulative manner. ("p < 0.05; compared to control;
Two-way ANOVA, Bonferroni post test).
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Figure 2. Cumulative dose-response curve for
the vasorelaxant effects of SO, on control and pre-
incubated aortic rings with L-NAME (3 x 107
M), precontracted with PE (10°° M).
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Figure 3. Cumulative dose-response curve for
the vasorelaxant effect of SO, on control and
preincubated aortic rings with indomethacin (3 x
107 M), precontracted with PE (10°° M). ("p <
0.001, compared to control; Two-way ANOVA,

Bonferroni post test).
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Figure 4. Cumulative dose-response curve for the
vasorelaxant effects of SO, on control and preincu-
bated aortic rings with clotrimazole (3 x 107 M),
precontracted with PE (10° M). (*p < 0.05; com-
pared to control; Two-way ANOVA, Bonferroni post
test).
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Figure 5. Cumulative dose-response curve for the
vasorelaxant effects of SO, on control and preincu-
bated aortic rings with Methylene blue (3 mM), pre-
contracted with PE (10° M). (""p < 0.001; com-
pared to control; Two-way ANOVA, Bonferroni post
test).
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Figure 6. Typical chart view trace of concentra-
tion-response effects of SO, on PE (1 um)-induced
vasoconstriction, showing comparative vasore-
laxant effects of SO, (control) and indomethacine
(3 x 107° M), clotrimazole (3 x 10~° M), and me-
thylene blue (3 mM), preincubated aortic rings,
respectively. A indicates addition of SO, (mM)
in cumulative manner.

dothelium in the vasodilatory mechanism of SO,.
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