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DIFFERENT CONTRACTILE RESPONSES OF CAROTID ARTERY AND
THORACIC AORTA IN RABBITS

TAVSANLARDA KAROTID ARTER VE TORASIK AORTANIN FARKLI KASILMA
YANITLARI

Gonen OZSARLAK SOZER*°, Zeliha KERRY

Ege University, Faculty of Pharmacy, Department of Pharmacology, 35100,

Bornova-Izmir, TURKEY

ABSTRACT

Effects of inhibition of nitric oxide synthase by N®-nitro L-argininee (L-NA) on acethylcholine (ACh)-
induced relaxations, potassium chlorvide (KCIl)- and phenylephrine (PH)-induced contractions on rabbit
thoracic aorta and carotid artery were investigated. Rabbits (n=15) weighing 2-2.5 kg from both sex were
used. A pair of thoracic aorta rings was isolated, as was a pair of carotid artery rings. One ring from each
pair was treated with Krebs solution containing L-NA (0.1 mM) throughout the experiment and the other ring
served as the control. Inhibition of nitric oxide synthesis by L-NA did not completely block ACh-induced
relaxations in either artery. Inhibition of nitric oxide synthesis by L-NA significantly reduced 60 mM KCI-
induced and (InM- 0.1mM) PH-induced contractile responses in rabbit thoracic aorta whereas it did not
affect these responses in carotid artery. Inhibition of nitric oxide synthesis by L-NA did not affect the
sensitivity (pD,) to PH in any of the arteries . In conclusion, the results of the present study showed that
chronicle inhibition of nitric oxide synthesis by L-NA did not completely block nitric oxide-dependent
relaxations in thoracic aorta and common carotid artery and decreased the contractile responses to PH and

KCl only in thoracic aorta.
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Tavsan torasik aorta ve karotid arterinde nitric oksit sentezinin N”-nitro L-arjinin (L-NA) ile
inhibisyonunun asetilkolin (ACh) gevseme ve potasyum kloriir (KCI) ve fenilefrin (PH) kasiima yanitlart
tizerine etkisi arastirildi. Her iki cinsten (2-2.5 kg) agirhigindaki tavsanlar (n=15) kullanildi. 2’ser ¢ift
torasik aorta ve karotid arter ringi izole edildi. Her ciftin bir ringi deney boyunca L-NA (0.1 mM) igeren
Krebs ¢ozeltisi icerisinde tutuldu, diger ring ise kontrol olarak iglev gordii. Nitrik oksit sentezinin L-NA ile
inhibisyonu ACh gevsemelerini tamamen bloke etmedi. Nitirik oksit sentezinin L-NA ile inhibisyonu gerek 60
mM KCI, gerekse PH (InM- 0.ImM) kasilma yanitlarini torasik aortada anlamli derecede azaltmasina
ragmen, karotid arterde bu yanitlar: etkilemedi. Her iki arterde de fenilefrin duyarliigi nitrik oksit sentezinin
L-NA ile inhibisyonundan bagimsizdi. Sonug olarak, bu ¢alismanin bulgulart nitrik oksit sentezinin L-NA ile
uzun stireli inhibisyonunun tavsan torasik aorta ve karotid arterde nitrik oksite bagl gevseme yanitlarini

tamamen bloke etmedigini ve torasik aortada PH ve KCI kasilma yanitlarini azalttigimi gostermektedir.

Anahtar Kelimeler: tavsan, nitrik oksit, N®-nitro L-arjinin (L-NA), vaskiiler reaktivite
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INTRODUCTION

The attenuated vasodilator response of vessels to acetylcholine, referred to as ‘endothelial
dysfunction’ has been shown to be associated with certain vascular diseases such as atherosclerosis,
coronary heart disease and diabetes (1). During the last two decades, the nature of endothelial
dysfunction in the development of atherosclerosis in human and in experimental models of animals
has been widely investigated (2). It has generally been accepted that the attenuated vasodilator
response reflects a defect that results in reduced generation and/or bioavailability of nitric oxide

within either endothelial cells or underlying smooth muscle cells (3).

On the other hand, rabbit blood vessels especially thoracic aorta and common carotid artery
have been widely used as basic tools to investigate nitric oxide-mediated relaxation mechanisms in
experimental models of atherosclerosis in which endothelial dysfunction is a predominant feature
(4, 5). In spite of the marked differences between the two vessels, both arteries are prone to

development of atherosclerosis (6, 7).

In the present study, the effects of chronicle inhibition of nitric oxide synthesis by N“-nitro-
L-arginine (L-NA) on the relaxation responses to acetylcholine were studied comparatively in
rabbit thoracic aorta and common carotid artery. Moreover, under the inhibition of nitric oxide, a
condition resembling endothelial dysfunction, the contractile responses to vasoconstictor agents of

the vessels were investigated.
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MATERIALS AND METHODS

The animal experiments were carried out in accordance with guidelines described by the

Ethics Committee of the Faculty of Pharmacy, Ege University.

Common carotid arteries and thoracic aortas were obtained from white rabbits of either sex
(2 - 2.5 kg) that were exanguinated under sodium pentobarbital (35 mg/kg, i.v.). After careful
removal of loose connective tissue 2 adjacent pairs of rings 3-4 mm long from both common
carotid artery and thoracic aorta were cut. Care was taken not to cause damage to the endothelium.
Then the rings were suspended in organ chambers filled with physiological salt solution (Krebs) at
37°C, continuously oxygenated with 95%0, - 5%CO,. In order to examine the effects of the
inhibition of nitric oxide synthesis on the contractile activities N“-nitro-L-arginine (Acros
Organics®) (L-NA, 0.1mM) was added to Krebs solution (one ring with L-NA; one ring without L-
NA from each vessel). Isometric contractile force development was measured by means of a Grass
FT3 force transducer and recorded (Polywin95 1.0. Commat, Ankara, Turkey) by means of a
microcomputer (IBM PS/1). After 15-min equilibration, carotid artery and thoracic aorta rings were
gradually stretched to a tension of 7 and 4 g, respectively, as previously determined optimum
resting tensions based on the length tension relationship, and left to equilibrate for 45 min longer.
At the end of the equilibration period, the rings were stimulated with 10 uM phenylephrine
(Merck®) and quickly washed with physiological salt solution (PSS) 3 times. The preparations
were then allowed a further 30 min of equilibration time. Then rings were contracted using 60 mM
potassium chloride (Merck®) and washed again. Following this, the rings were contracted by
phenylephrine (0.1 uM) and when a steady tension level was reached, acetylcholine (Merck®) was
added in a cumulative manner (1 nM - 0.1 mM). After washing with PSS three times, cumulative

phenylephrine (1 nM - 0.1 mM) dose-response curves were constructed in each ring.

Shown are meansts.e.m; n indicates the number of animals. Significance was accepted at
P=0.05. The negative logarithm of the concentration (pD,) that produced half of the maximal effect
(Emax) of that agonist was calculated using linear regression analysis (Polywin95, 1.0, Commat,
Ankara, Turkey). Means of pD, and E,, values were compared. Acetylcholine-induced

relaxations were normalized to the initial phenylephrine contraction.

Statistical analyses of data were performed with a factorial analysis of variance (ANOVA)
for repeated measurements. ANOVA analysis of data were evaluated for vessel (thoracic aorta or

carotid artery) as within rabbit factor and nitric oxide (present or not) as within artery factor. If
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there were interactions between the factors in ANOVA, Student’s t test was used for paired

comparisons.
RESULTS AND DISCUSSION

Vasorelaxant responses of the rings to acetylcholine in the presence of an intact
endothelium- Acetylcholine induced concentration-dependent relaxations in both thoracic aorta
and carotid artery rings precontracted with 1 pM phenylephrine (PH) (Figure 1). Statistical analysis
showed that the E,.x values of acetylcholine-induced concentration-dependent relaxations of
common carotid artery rings were greater than those of thoracic aorta rings (Table 1). Besides, the
sensitivity of the vessels to ACh, as reflected by pD, values, was found to be statistically different

between the vessels, being less sensitive in common carotid artery rings (Table 1).

Effects of inhibition of nitric oxide synthesis with L-NA on acetylcholine-induced
relaxations in common carotid artery and thoracic aorta- In spite of the inhibition of nitric oxide
synthesis with L-NA (0.1 mM) acetylcholine induced concentration-dependent relaxations in both
thoracic aorta and carotid artery rings precontracted with 0.1 uM phenylephrine (Figure 2). The
En.x and pD, values of these relaxation responses to ACh showed that there were statistical
differences between the vessels (Table 1). In order to elucidate the degree of NO-dependent
relaxations in relation to the entire endothelium-dependent relaxations in thoracic aorta and carotid
artery rings, the data of concentration — response curves to ACh in the presence of L-NA were
subtracted from data obtained from the rings with an intact endothelium (Figure 3). There was no
statistical difference between the subtracted concentration — response curves of ACh from carotid

artery and thoracic aorta rings (Figure 3).
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Figure 1: ACh-induced relaxations in thoracic aorta (m) and carotid artery (A) rings in the absence of NO
inhibition with L-NA (0.1 mM) (thoracic aorta n=15; carotid artery n=15). The responses are shown as meansts.e.m. and
expressed as % of initial contraction to PH (1 pM). Insert: Initial contractions elicited by 1 uM PH in thoracic aorta and

carotid artery rings are shown (*P<0.05, **P<0.01, +P<0.001, Student’s ¢ test, paired data).

Potassium chloride-induced (60 mM) contractile responses in common carotid artery and
thoracic aorta rings- Potassium chloride (60 mM) induced contractions either in the presence of an
intact endothelium or L-NA (0.1 mM) in common carotid artery and thoracic aorta rings (Table 2).
Carotid artery rings developed significantly less tension (E,,,,) in response to KCl than did thoracic
aorta rings. As indicated with the presence of an interaction between the vessel and NO (Table 2,
p<0.001), the contractile responses of the vessels were found to be significantly different in the
presence and absence of inhibition of NO. Statistical analysis revealed that the presence of L-NA
did not effect KCl-induced contraction in carotid artery while it decreased contractions of this agent

in thoracic aorta rings (Table 2).
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Figure 2: ACh-induced relaxations in thoracic aorta (m) and carotid artery (A) rings in the presence of NO
inhibition with L-NA (0.1 mM) (thoracic aorta n=15; carotid artery n=15). The responses are shown as meansts.e.m. and
expressed as % of initial contraction to PH (1 uM) (*¥*P<0.05, **P<0.01, +P<0.001, Student’s ¢ test, paired data). Insert:

Initial contractions elicited by 1 uM PH in thoracic aorta and carotid artery rings are shown.

Table 1: The E, .« (%) and the pD, values of ACh-induced relaxations in thoracic aorta and carotid artery rings in
the presence and absence of NO inhibition with L-NA (0.1 mM).

In th £ NO inhibition with L-
1\111 N ¢ presence of WL Infubtion wi In the absence of NO inhibition with L-NA
Emax (%) PDz Emax (%) PDz
(n=15) (n=15) (n=15) (n=15)
Thoracic Aorta 25441 4% 7.18+0.14% 56.9+4.1%* 6.91+0.13%*
Carotid Artery 453+3 8 6.24+0.12 72742 8 6.54+0.14

Shown are means#s.e.m. n represents the number of rabbits used.* and ** denotes the significant difference from

carotid artery (*P<0.01, **P<0.001, Student’s t test, paired data).
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Figure 3: Substracted concentration — response curves of curves to ACh in the presence of L-NA subtracted from
the curves to ACh obtained from the rings with an intact endothelium in thoracic aorta (m) and carotid artery (A).
(thoracic aorta n=15; carotid artery n=15). The responses are shown as meansts.e.m. and expressed as % of initial

contraction to PH (1 pM).

Phenylephrine-induced contractile responsesin common carotid artery and thoracic aorta
rings- Phenylephrine (1 nM - 0.1 mM) induced contractions either in the presence of an intact
endothelium or L-NA (0.1 mM) in common carotid artery and thoracic aorta rings (Figure 4).
Carotid artery rings developed significantly less tension (E,,,) in response to phenylephrine (1 nM
- 0.1 mM) than did thoracic aorta rings (Figure 4, Table 2). Similar to KCI responses, as indicated
by the presence of an interaction between the vessel and NO (Table 2, p<0.001), the contractile
responses of the vessels were found to be significantly different in the presence or absence of
inhibiton of NO by L-NA. Again, as seen in KCl-induced contractions, statistical analysis revealed
that the presence of L-NA did not effect phenylephrine-induced contraction in carotid artery while

it decreased the contractions of this agent in thoracic aorta rings (Table 2, Figure 4).
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Table 2: The E,,, values of KCI- and PH-induced contractions, and pD, values of PH-induced contractions in

thoracic aorta and carotid artery rings in the presence and absence of NO inhibition with L-NA (0.1 mM)

Thoracic Aorta Carotid Artery
60 mM KCl (E,,4) (2) (n=15) (n=15)
With NO 4.49+0.32 1.91+0.17"
Without NO 3.66%+0.28* 2.16%0.14"
Significance of factors in analysis of variance:
Vessel P<0.001
NO P<0.05
Interaction: Vessel and NO P<0.001
Phenylephrine (E,,.,) (g) (n=15) (n=15)
With NO 6.72+0.45 3.56+0.27"
Without NO 5.27+0.42% 4.09+0.24"
Significance of factors in analysis of variance:
Vessel P<0.001
NO P<0.05
Interaction: Vessel and NO P<0.001
Phenylephrine (pD,) (n=15) (n=15)
With NO 5.64%0.10 5.43%0.16
Without NO 5.73%0.06 5.49+0.12
Significance of factors in analysis of variance:
Vessel P<0.01
NO P=0.149
Interaction: Vessel and NO P=0.817

Shown are meansZs.e.m. n represents the number of rabbits used. Because of the interactions between vessel and

+

NO, Student’s t test was performed for paired data. * without NO vs with NO in rings from thoracic aorta (p<0.05);

thoracic aorta vs carotid artery (P<0.01).
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Figure 4: PH-induced contractions in thoracic aorta and carotid artery rings in an intact endothelium (m) and in
the presence of NO inhibition with L-NA (0.1 mM) (A) (thoracic aorta n=15; carotid artery n=15). The responses are

shown as meansts.e.m. (¥*P<0.05, **P<0.01, +P<0.001, Student’s ¢ test, paired data)
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Figure 5: PH-induced contractions when normalized to KCI (60 mM) contractions in thoracic aorta and carotid
artery rings in an intact endothelium (@) and in the presence of NO inhibition with L-NA (0.1 mM) (o) (thoracic aorta

n=15; carotid artery n=15). The responses are shown as meansts.e.m.
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When phenylephrine-induced contractions were normalized to KCl (60 mM) contractions in
carotid artery and thoracic aorta, no statistical differences were observed between the curves

obtained in the presence or absence of inhibition of NO by L-NA (Figure 5).

In terms of pD, values of phenylephrine-induced (1 nM - 0.1 mM) contractions thoracic aorta
was found to be more sensitive than carotid artery in both absence and presence of nitric oxide

(Table 2).

In the present study, the effect of inhibition of nitric oxide synthesis by L-NA (0.1 mM) on
acetylcholine-induced relaxation and KCI- and phenylephrine-induced contractile responses were
investigated in rabbit vessels and common carotid artery and thoracic aorta were compared. Since
common carotid artery and thoracic aorta have been widely used in experimental models of
atherosclerosis, the results of the effects of chronic inhibiton of nitric oxide synthesis on the

vascular responses may reflect the features of a dysfunctional endothelium for future studies.

We observed a difference in the E,, values of acetylcholine-induced relaxations between
thoracic aorta and carotid artery. This result suggests that different levels of phenylephrine-induced
precontractions in thoracic aorta and carotid artery rings may result in the higher ACh-induced
relaxation in carotid artery. However, van Put et al. (8) showed that initial contractions at different
magnitudes induced by different concentrations of phenylephrine did not affect E,,,x and pD, values
of ACh-induced relaxations in rabbit carotid arteries. Hence, in the present study, as indicated by
the higher pD, values of ACh in thoracic aorta, the different E,,,x values of this agent between the
vessels may result from dissimilar density of muscarinic receptors in endothelium in thoracic aorta

and carotid artery (9, 10).

Consistent with our findings, in a number of studies it has been shown that NO synthase
inhibitors failed to completely block endothelium dependent relaxations in various vascular tissues
(11, 12). Similarly, in some studies, ACh-induced relaxations have been shown in blood vessels

from endothelial nitric oxide synthase knockout mice (13).

As seen in the absence of L-NA, the E,..«x values of ACh-induced relaxations in common
carotid artery were found to be greater than those of thoracic aorta in the presence of L-NA,
suggesting that L-NA does not interfere with muscarinic receptors in these vessels. However,
subtracted concentration-response curves of acetylcholine-induced relaxations were not
significantly different between carotid artery and thoracic aorta. This may reflect the equal
contribution of nitric oxide-induced relaxations to the endothelium-derived relaxations in both

arteries. On the other hand, a higher pD, value to ACh in thoracic aorta as compared to carotid
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artery in the absence of NO inhibition is still persistent in the presence of L-NA, suggesting an
effect of chronic inhibition of NO with L-NA. However, this increased sensitivity is inconsistent
with the results from studies pointing out the decreased sensitivity to ACh in the presence of a

dysfunctional endothelium, as observed in early atherosclerosis models (14, 15).

The finding of the present study demonstrated that the contractile responses to potassium
chloride differ between the vessels and inhibition of nitric oxide synthesis attenuates these
responses only in thoracic aorta. The different contractile responses to potassium chloride between
thoracic aorta and carotid artery may result from the difference in contractile machinery and/or the

amount of smooth muscle tissue (16).

The increased responsiveness of the contractile agonists after endothelial removal and/or
inhibition of nitric oxide synthesis is a well known phenomenon (17, 18). In the present study,
taking into consideration that potassium chloride is a non-receptor contractile agonist, the reduced
responsiveness in thoracic aorta to this agent suggests the possibility that chronic inhibition of
nitric oxide may interfere with the voltage-dependent calcium channel in thoracic aorta. Similarly,
inhibition of NO synthesis attenuated phenylephrine-induced E..x responses, an «;-adrenergic
receptor agonist, only in thoracic aorta but not in carotid artery. Since we did not use a
cyclooxygenase inhibitor in organ chambers, it is possible that increased release of prostacyclin or
other prostaglandins and/or Endothelium-derived Hyperpolarizing Factor (EDHF) in response to
chronicle nitric oxide inhibition may be responsible for the decreased contractile responses in

thoracic aorta (19, 20, 21).

On the other hand, it is worth noting that in spite of the decreased contractile responses to
phenylephrine in thoracic aorta in the presence of NO inhibition, the sensitivity of the vessels to
this agent was not affected by this inhibition, suggesting that NO inhibition does not interfere with
a-adrenergic-mediated responses. Furthermore, when the contractile responses to phenylephrine
were normalized to KCl-induced contractions in each vessel, no statistical differences were
observed between the curves obtained in the absence or presence of NO inhibition, indicating a
non-receptor-mediated effect of L-NA to the reduced responsiveness of thoracic aorta to these

contractile agonists.

In conclusion, the results of the present study showed that chronicle inhibition of nitric oxide
synthesis by L-NA did not completely block nitric oxide-dependent relaxations in thoracic aorta
and common carotid artery and decreased the contractile responses to phenylephrine and potassium

chloride only in thoracic aorta.
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