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Abstract

Serotonin is a vasoactive substance that in different blood vessels mostly
induces vasoconstriction. Considering the important role of common carotid
artery in brain blood supply, the aims of this study were to investigate the effect
of serotonin on isolated rat common carotid artery and also to examine
participation of intact endothelium, cyclooxygenase products, Ca*™" channels
and 5-HT; receptors in serotonin-evoked action. Endothelium was mechanically
removed from some vascular rings. Circular artery segments were placed in
organ baths containing Krebs—Ringer bicarbonate solution. Cumulative
concentration-contraction curves for serotonin were obtained in rings previously
equilibrated at basal tone. Serotonin produced concentration-dependent
contraction, which was unaltered by endothelial denudation. Serotonin-induced
effect was notably and comparably reduced by indomethacin (cyclooxygenase
inhibitor) or OKY—-046 (thromboxane Ax-synthase inhibitor) on intact or denuded
rings. Nifedipine (Ca™ channel blocker) or ketanserin (5-HT. receptor
antagonist) strongly reduced serotonin-evoked effect. Our results suggest that
serotonin produced concentration-dependent and endothelium-independent
contraction of carotid artery, which was initiated by activation of 5-HT, receptors
located on smooth muscle cells and mediated via L-type Ca™ channels.
Thromboxane A, from smooth muscle cells notably contributed to the overall
contraction of carotid artery induced by serotonin.
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Introduction

Serotonin is a monoamine neurotransmitter and vasoactive substance with well described
vascular actions. In the vascular system serotonin predominantly induces endothelium-
independent vasoconstrictions after binding to serotonin 5-HT41 and 5-HT, receptors that
are located on the smooth muscle cells. This is mainly described in the blood vessels of
splanchnic region, kidneys, lungs and brain [1-4]. Moreover, serotonin may also
additionally increase vascular contractions induced by noradrenaline, angiotensin Il or
thromboxane [5, 6]. Contrary to previous findings, it has been established that in different
blood vessels serotonin induces vasoconstrictions that may be limited by protective
function of intact endothelium through the release of nitric oxide or prostacyclin, but also,
to a lesser extent, via inhibition of noradrenaline release from perivascular sympathetic
neurons [7-9]. In addition, it has been unevenly described that other vasoactive autacoids
can contribute to serotonin—induced vascular contractions [10-12].

Common carotid artery has a crucial role in the brain blood supply. On the other hand, it
has been established that intimal thickening, which is usually associated with endothelial
dysfunction and advancement of atherosclerosis, may increase reactivity of this blood
vessel to serotonin [13]. This has a significant clinical importance considering that positive
correlation between thickenings of intimal or muscular layer of carotid artery and
subsequent cerebrovascular events has been established [14]. Furthermore, carotid
atherosclerosis has been found to be associated with the extent and severity of coronary
artery disease [15]. In regard to serotonin action, it was also described that the constrictor
response of the rabbit carotid artery to this monoamine was increased in diabetic animals
[16].

Taking into consideration that serotonin actions on the isolated carotid artery from different
species are still under investigation, the present experiments were undertaken in order:

(1) to examine the effect of serotonin on the isolated rat common carotid artery;

(2) to investigate possible participation of intact endothelium and cyclooxygenase
products in serotonin-evoked action;

(3) to establish if Ca™ channels are important for transduction mechanism related to
serotonin effect, and

(4) to determine if serotonin 5-HT, receptors are involved in serotonin-produced
response of the investigated blood vessel.

Materials and Methods

The animal procedures were in full accordance with the standards from the European
Convention for the Protection of Vertebrate Animals Used for Experimental and other
Scientific Purposes, as well with guidelines from the Good Laboratory Practice. The left
and the right common carotid arteries were isolated from male Wistar rats weighing 220—
280 g. Blood vessels were carefully dissected from the surrounding fat and connective
tissue, further cut into circular segments (which were 4 mm long) and immediately placed
in Krebs-Ringer bicarbonate solution. The endothelium was removed from some rings by
gently rubbing the intimal surface with stainless-steel wire. Ring preparations were
mounted between two stainless-steel triangles in an organ bath containing 15 ml Krebs-
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Ringer bicarbonate solution (37°C, pH 7.4), aerated with 95% O, and 5% CO,. One of the
triangles was attached to a displacement unit allowing a fine adjustment of tension, and
further connected to a force-displacement transducer (Hugo Sachs Elektronik F30 Type
372, Freiburg, Germany). Isometric tension was continuously recorded on a Rikadenki R-
62 multi-pen electronic recorder (Rikadenki Kogyo CO., LTD, Tokyo, Japan). The
preparations were allowed to equilibrate for 45 min in Krebs-Ringer bicarbonate solution.
During next 30 min each vascular ring was gradually stretched to the resting tension of 1.5
g, and additionally equilibrated for 30 min before experimentation.

At the beginning of each experiment endothelial functional integrity was examined by
precontraction of isolated common carotid artery with submaximal concentration (ECso-
ECy7o) of serotonin (1-10 uyM), followed by the addition of acetylcholine (1 uM). This
procedure was repeated three times in 20 min intervals (Fig. 1). Relaxation >80% of initial
serotonin contraction was indicative for structurally intact endothelium.

l ACh l ACh
5HT | ACh
l + Nifedipine, 0.1 uM

I 5-HT, -logM 5-HT, -logM KCI, 90 mM

Fig. 1. A sample recording representing the inhibitory effect of nifedipine on serotonin-
induced contraction on isolated rat common carotid artery.

Cumulative concentration-contraction experimental curves for 5-HT (1-10 pM) were
obtained in rings previously equilibrated at basal tone. The higher concentration of agonist
was administered in an organ bath only after the equilibrium response of the lower
concentration was produced (Fig. 1). Since preliminary experiments in preparations of
carotid artery demonstrated that the first and the second concentration-contraction curve
(determined 45 min apart) for 5-HT were not significantly different, a multiple curve design
protocol was applied. Therefore, a pharmacological blocker of interest was incubated
between two concentration-contraction curves for 5-HT during the period of 30 min. At the
end of each experiment vascular rings were additionally equilibrated for 30 min at the level
of resting tension and finally contracted with K*-rich Krebs-Ringer-bicarbonate solution
prepared by equimolar replacement of 90 mM NaCl with 90 mM KCI.

The contraction induced by each concentration of 5-HT is expressed as a percentage of
the contraction produced by 90 mM KCI (100%), and it was used in the construction of the
concentration—response curves. The concentration of 5-HT producing 50% of maximum
response (ECsp) was determined for each curve, and finally presented as pD, (pD, = —log
ECs0). The results are expressed as means + S.E.M.; n refers to the number of
experiments. Statistical significance of differences between two means was determined
with Student’s t-test for paired or unpaired observations were appropriate. A value of
p<0.05 was considered to be statistically significant.
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The Krebs—Ringer bicarbonate solution had the following composition (in mM): NaCl
118.3; KCI 4.7; CaCl, 2.5; MgSO4 1.2; KH,PO4 1.2; NaHCO3; 25.0; Ca-EDTA 0.026;
glucose 11.1. The following drugs were used: indomethacin (Sigma, St Louis, USA);
acetylcholine iodide, (Serva, Heidelberg, Germany), 5-HT, ketanserin, nifedipine (ICN,
Irvine, CA, USA) and (E)-3-(4-(1-imidazolylmethyl)phenyl)-2-propenoic acid) — OKY-046
(Ono Pharmaceutical, Osaka, Japan). All agents were dissolved in distilled water (except
as described below) and diluted to the desired concentration with buffer. Stock solutions
(100 uM) of indomethacin and nifedipine were prepared in equimolar Na,COj3 solution and
70% ethanol, respectively. Preliminary experiments in preparations of rat carotid artery
demonstrated that the vascular action of 5-HT was unaffected by final concentration of
used dissolvents. Likewise, the basal tone of carotid artery remained unaltered during 30
min treatment with pharmacological blockers. The experiments with nifedipine were
performed in a dark room. During experimental procedure all agents were added directly to
the bath in a volume of 0.15 ml and the concentrations given are the calculated final
concentrations in the bath solution.

Results

Serotonin (1-10 yM) produced concentration-dependent contraction of isolated rat carotid
artery (pD, = 5,66 + 0,01; max. contraction = 89,64 + 2,01 %; Fig. 2A). Endothelial
denudation did not change control contractions of serotonin (pD, = 5,72 + 0,01; max.
contraction = 93,75 + 3,78 %; p>0,05 vs. control; Fig 2A).
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Fig. 2. The effects of endothelium removal (A) or indomethacin and OKY- 046 (B) on

serotonin—produced vascular response of the common carotid artery. Each
point represents mean = S.E.M. (n = 4). Contractile responses are expressed as
percentages of contraction induced by Krebs-Ringer bicarbonate solution with
90 mM KCI. E(+) = endothelium intact.

Vascular response of intact rings to serotonin was notably reduced by 10 uM indomethacin
— a cyclooxygenase inhibitor (control: pD, = 5,68 £ 0,01; max. contraction = 96,89 + 5,24
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%; indomethacin: pD, = 5,52 + 0,06; max. contraction = 60,33 * 20,00 %; p<0,05 vs.
control; Fig. 2B). Comparable inhibition of serotonin-evoked effect was also obtained in
vascular preparations without endothelium (control: pD, = 5,79 + 0,01; max. contraction =
87,26 = 3,04 %; indomethacin: pD, = 5,59 £ 0,02; max. contraction = 49,69 + 4,03 %;
p<0,01 vs. control; Fig. 2B).

OKY-046 (a thromboxane Aj-synthase inhibitor, 10 pM) reduced serotonin-induced
contractions on intact vascular rings in a similar extent comparing to indomethacin (control:
pD2 = 5,67 + 0,03; max. contraction = 85,59 + 4,94 %; OKY-046: pD, = 5,40 £ 0,04; max.
contraction = 68,75 + 10,96 %; p<0,05 vs. control). Equivalent reduction of serotonin-
induced action was also obtained in vascular preparations without endothelium (control:
pD, = 5,68 + 0,04; max. contraction = 91,30 + 3,21 %; OKY-046: pD;, = 5,29 + 0,10; max.
contraction = 57,02 £ 11,67 %; p<0,05 vs. control).

Nifedipine (a voltage-gated L-type Ca’" channel blocker, 0.1 uM) strongly inhibited
vascular response of intact carotid artery to serotonin (control: max. contraction = 92,94 +
2,50 %; nifedipine: max. contraction = 28,75 + 12,07 %; p<0,01 vs. control; Fig. 3A).
Furthermore, ketanserin (5-HT; receptor antagonist, 0.1 yM) abolished serotonin — evoked
contraction of examined blood vessel (control: max. contraction = 91,53 + 3,27 %;
ketanserin: max. contraction= 1,79 + 1,09 %; p<0,01 vs. control; Fig. 3B).
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Fig. 3. The effect of nifedipine (A) or ketanserin (B) on serotonin-produced vascular
response of the common carotid artery. Each point represents mean + S.E.M.
(n = 4). Contractile responses are expressed as percentages of contraction
induced by Krebs-Ringer bicarbonate solution with 90 mM KCI.

Discussion

Serotonin is endogenous monoamine that is involved in regulation and control of many
physiological functions, including vascular resistance of different blood vessels. Taking into
account previous studies considering mechanisms involved in action of serotonin on
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various vascular beds, the present experiments were undertaken in order to examine the
effect of serotonin in the isolated rat common carotid artery. The results of our experiments
have shown that serotonin produced concentration-dependent contraction of the carotid
artery, which was unaffected by endothelial denudation. Consequently, it can be proposed
that the contractile response of examined blood vessel to serotonin does not depend upon
functional integrity of endothelial layer. Accordingly, maximal serotonin-evoked contraction
of the carotid artery also did not change after endothelial removal in normotensive Wistar-
Kyoto rats [17], although in this investigation the authors have obtained higher pD, value
(6,00) than we reported here in our study (5,72).

It has been previously reported that in the rat femoral artery contractions induced by
serotonin were attenuated by cyclooxygenase inhibition, thus suggesting that
prostaglandin production may contribute to serotonin-induced action [18]. The results from
another investigation on the rabbit carotid artery further implicated a vasoconstrictor
prostanoid of endothelial origin to be important for serotonin-evoked effect [16]. In our
experiments indomethacin reduced contractile response of the rat carotid artery to
serotonin in comparable extent on rings with and without endothelium. The equivalent
result was obtained after inhibition of thromboxane Az-synthase. Based on these findings it
can be suggested that the rat carotid artery response to serotonin notably depends upon
the production of cyclooxygenase vasoconstrictor metabolite, most probably thromboxane
A,. According to our observations it also appears that thromboxane A, is most likely
released from the smooth muscle cells. This is also indirectly in accordance with the result
that in the endothelium-denuded preparations of porcine coronary artery, a prostanoid TP
receptor agonist (U-46619) augmented serotonin-induced contraction [19].

A major physiological event in the vascular smooth muscle cell contraction is an increase
in intracellular calcium concentration via either the release from intracellular stores and/or
from influx from the extracellular space [20]. The contribution of extracellular calcium on
the carotid artery response to serotonin was evaluated by pretreatment of vascular
preparations with nifedipine, a voltage-gated L-type Ca?* channel blocker. Nifedipine
strongly inhibited serotonin-evoked contraction, which is indicative for the assumption that
the activation of L-type Ca?* channels and subsequent influx of calcium ions extensively
contributes to the overall transduction mechanism included in serotonin action on the rat
carotid artery.

Vascular effects of serotonin are predominantly induced after initial binding of this
monoamine to 5-HT; or/and 5-HT, receptors. Still, in previous investigations on the
isolated rabbit carotid artery it was reported that only 5-HT, receptors were involved in
contractions induced by serotonin [21, 22]. Accordingly, in our investigation ketanserin
(a 5-HT, receptor antagonist) abolished contractile response of the rat carotid artery to
serotonin. Taking into account that in our experiments serotonin produced endothelium-
independent action, it can be assumed that the contractile effect of investigated
monoamine largely depends upon activation of 5-HT, receptors that are located on the
smooth muscle cells.

In conclusion, our results suggest that serotonin produced concentration-dependent and
endothelium-independent contraction of the rat carotid artery, which was initiated by
activation of 5-HT, receptors located on the smooth muscle cells and mediated via L-type
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Ca'" channels. In addition, it was found that thromboxane A, from the smooth muscle cells
notably contributed to the overall contraction of the carotid artery induced by serotonin.

Acknowledgement

The Ministry of Science and Technological Development — Serbia supported this research
(Grant 145015B). We are grateful to Mrs. Spomenka Luci¢ for excellent technical
assistance.

Authors’ Statements
Competing Interests
The authors declare no conflict of interest.

Animal Rights

The conducted research followed the international ethical standards for the care and use
of laboratory animals and was approved by the Ethical Committee for Use of Experimental
Animals (Medical Faculty, University of Belgrade).

References

[11  Wallerstedt SM, Térnebrandt K Bodelsson M.
Characterisation of contractile 5-HT receptors in isolated human omental arteries: presence of 5-HT1
and 5-HT2 receptors.
Pharmacol Toxicol. 1996; 78: 50-54.
doi:10.1111/j.1600-0773.1996.tb00179.x

[2] De Vries P, Villalon CM, Heiligers JPC, Saxena PR.
Characterization of 5-HT receptors mediating constriction of porcine carotid arteriovenous
anastomoses, involvement of 5-HT1B/1D and novel receptors.
Brit J Pharmacol. 1998; 123: 1561-1570.
doi:10.1038/sj.bjp.0701770

[3] Verheggen R, Hundeshagen AG, Brown AM, Schindler M, Kaumann AJ.
5-HT1B receptor-mediated contractions in human temporal artery: evidence from selective antagonists
and 5-HT receptor mRNA expression.
Brit J Pharmacol. 1998; 124: 1345-1354.
doi:10.1038/sj.bjp.0701929

[4] Lovren F, Li X, Lytton J, Triggle C.
Functional characterization and m-RNA expression of 5-HT receptors mediating contraction in human
umbilical artery.
Br J Pharmacol. 1999; 127: 1247-1255.
doi:10.1038/sj.bjp.0702647

[5] Van Nueten JM, Janssens WJ.
Augmentation of vasoconstrictor responses to serotonin by acute and chronic factors: inhibition by
ketanserin.
J Hypertens Suppl. 1986; 4: S55-S59.
PMid:2939213

[6] Weiner CP, Chestnut DH, Herrig JE, Hdez M.
The interaction of serotonin, norepinephrine, epinephrine, and angiotensin Il during pregnancy.
Clin Exp Hypertens Pregnancy. 1990; B9: 211-224.
doi:10.3109/10641959009072255

Sci Pharm. 2010; 78: 435-443.


http://dx.doi.org/10.1111/j.1600-0773.1996.tb00179.x
http://dx.doi.org/10.1038/sj.bjp.0701770
http://dx.doi.org/10.1038/sj.bjp.0701929
http://dx.doi.org/10.1038/sj.bjp.0702647
http://www.ncbi.nlm.nih.gov/pubmed/2939213
http://dx.doi.org/10.3109/10641959009072255

442

M. Radenkovi¢, M. Stojanovi¢ and M. Topalovi¢:

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Whiting MV, Cambridge D.

Canine renovascular response to sumatriptan and 5-carboxyamidotryptamine: modulation through
endothelial 5-HT1-like receptors by endogenous nitric oxide.

Brit J Pharmacol. 1995; 114: 969-974.

PMid:7780652

Morecroft I, MacLean MR.

5-Hydroxytryptamine receptors mediating vasoconstriction and vasodilation in perinatal and adult
rabbit small pulmonary arteries.

Brit J Pharmacol. 1998; 125: 69-78.

doi:10.1038/sj.bjp.0702055

Pagniez F, Valentin JP, Vieu S, Colpaert FC, John GW.

Pharmacological analysis of the haemodynamic effect of 5-HT1B/D receptor agonists in the
normotensive rat.

Brit J Pharmacol. 1998; 123: 205-214.

doi:10.1038/sj.bjp.0701593

Descombes JJ, Devys M, Laubie M and Verbeuren TJ.

Endothelial thromboxane production plays a role in the contraction caused by 5-hydroxytryptamine in
rat basilar arteries.

Eur J Pharmacol. 1993; 243: 193—199.

doi:10.1016/0014-2999(93)90380-Z

Howarth SR, Vallance P, Wilson CA.

Role of thromboxane A2 in the vasoconstrictor response to endothelin-1, angiotensin Il and 5-
hydroxytryptamine in human placental vessels.

Placenta. 1995; 16: 679-689.

doi:10.1016/0143-4004(95)90012-8

Thorin E, Thanh-Dung N, Bouthillier A.

Control of vascular tone by endogenous endothelin-1 in human pial arteries.
Stroke. 1998; 29: 175—-180.

PMid:9445348

De Meyer GR, Bult H, Ustiines L, Kockx M, Jordaens FH, Zonnekeyn LL, Herman AG.
Vasoconstrictor responses after neo-intima formation and endothelial removal in the rabbit carotid
artery.

Br J Pharmacol. 1994; 112: 471-476.

PMid:7521257

Takiuchi S, Rakugi H, Fuijii H, Kamide K, Horio T, Nakatani S, Kawano Y, Higaki J, Ogihara T.
Carotid intima-media thickness is correlated with impairment of coronary flow reserve in hypertensive
patients without coronary artery disease.

Hypertens Res. 2003; 26: 945-951.

doi:10.1291/hypres.26.945

Hallerstam S, Larsson PT, Zuber E, Rosfors S.

Carotid atherosclerosis is correlated with extent and severity of coronary artery disease evaluated by
myocardial perfusion scintigraphy.

Angiology. 2004; 55: 281-288.

doi:10.1177/000331970405500307

Miranda FJ, Alabadi JA, Lloréns S, Ruiz de Apodaca RF, Centeno JM, Alborch E.

Diabetes-induced changes in endothelial mechanisms implicated in rabbit carotid arterial response to
5-hydroxytryptamine.

Eur J Pharmacol. 2000; 401: 397—-402.

doi:10.1016/S0014-2999(00)00469-6

Sci Pharm. 2010; 78: 435-443.


http://www.ncbi.nlm.nih.gov/pubmed/7780652
http://dx.doi.org/10.1038/sj.bjp.0702055
http://dx.doi.org/10.1038/sj.bjp.0701593
http://dx.doi.org/10.1016/0014-2999(93)90380-Z
http://dx.doi.org/10.1016/0143-4004(95)90012-8
http://www.ncbi.nlm.nih.gov/pubmed/9445348
http://www.ncbi.nlm.nih.gov/pubmed/7521257
http://dx.doi.org/10.1291/hypres.26.945
http://dx.doi.org/10.1177/000331970405500307
http://dx.doi.org/10.1016/S0014-2999(00)00469-6

Thromboxane A, in Rat Carotid Artery Response to Serotonin 443

[17]

[18]

[19]

[20]

[21]

[22]

Ldscher TF, Diederich D, Weber E, Vanhoutte PM, Bihler FR.

Endothelium-dependent responses in carotid and renal arteries of normotensive and hypertensive
rats.

Hypertension. 1988; 11: 573-578.

PMid:3260580

Kanagy NL, Mecca TE, Webb RC.

Arachidonate metabolites and serotonin contraction of femoral arteries from DOCA-salt hypertensive
rats.

Blood Press. 1996; 5: 113-120.

doi:10.3109/08037059609062117

Tsurumaki T, Nagai S, Bo X, Toyosato A, Higuchi H.

Potentiation by neuropeptide Y of 5SHT2A receptor-mediated contraction in porcine coronary artery.
Eur J Pharmacol. 2006; 544: 111-117.

doi:10.1016/j.ejphar.2006.06.036

Radenkovi¢ M, Radunovi¢ N, Momc¢ilov P, Grbovi¢ L.

Altered response of human umbilical artery to 5-HT in gestational diabetic pregnancy.
Pharmacol Rep. 2009; 61: 520-528.

PMid:19605952

Yildiz O, Tuncer M.

Comparison of the effect of endothelium on the responses to sumatriptan in rabbit isolated iliac,
mesenteric and carotid arteries.

Arch Int Pharmacodyn Ther. 1994; 328: 200-212.

PMid:7710305

Fujiwara T, Chiba S.

Augmented responses to 5-HT2-receptor-mediated vasoconstrictions in atherosclerotic rabbit common
carotid arteries.

J Cardiovasc Pharmacol. 1995; 26: 503-510.

doi:10.1097/00005344-199509000-00023

Sci Pharm. 2010; 78: 435-443.


http://www.ncbi.nlm.nih.gov/pubmed/3260580
http://dx.doi.org/10.3109/08037059609062117
http://dx.doi.org/10.1016/j.ejphar.2006.06.036
http://www.ncbi.nlm.nih.gov/pubmed/19605952
http://www.ncbi.nlm.nih.gov/pubmed/7710305
http://dx.doi.org/10.1097/00005344-199509000-00023

