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Objective: The aim of this study was to investigate in vitro
effects of dopamine on internal thoracic artery (ITA) graft.

Material and Methods: Between December 2003- June
2005, 32 patients (2 women and 30 men, mean age;
59.26+8.34, range 37-75 years old) who were subjected
to coronary artery bypass grafting (CABG) operation in
our clinic were enrolled in this study. ITA remnants were
suspended in an isolated organ bath. Constrictor or relax-
ant responses to dopamine were recorded isometrically.

Results: Dopamine in the concentration range of 10°
M-107 M produced a mild relaxant effect on phenyleph-
rine-precontracted ITA, and at higher concentrations
than 107 M it produced a constrictor response. Ther
relaxant effect of dopamine was partially antagonized
by L-NAME (nitric oxide synthase inhibitor, 10 M), pro-
pranolol (10 M), and cis-a-flupenthixol (dopaminergic
receptor antagonist, 10 M), but not by metoclopramide
(D,-dopaminergic receptor antagonist). The constrictor
effect of dopamine was partially antagonized by phen-
tolamine, prazosin and, yohimbine.

Conclusion: It was concluded that, while dopamine pro-
duces a vasodilator response at the lower concentrations,
it causes a constrictor effect on ITA at the higher concen-
trations. Both a B-adrenergic and a nitric oxide mediated
mechanism (via D,-dopaminergic receptor) may play a
role in the relaxant effect of dopamine on ITA at the lower
concentrations. Constrictor response to dopamine at the
higher concentrations on ITA may be produced by the
activation of a,- and a,-adrenergic receptors.

Key words: Internal thoracic artery; coronary artery bypass
surgery; dopamine.

Amag: Bu calismanin amaci dopaminin internal torasik
arter (ITA) grefti Uzerine etkilerini, invitro arastirmaktir.

Gereg ve Yontemler: Aralik 2003- Haziran 2005 tarihleri
arasinda klinigimizde koroner arter bypass greft (CABG)
operasyonu olan toplam 32 hasta (2'si kadin 30'u erkek,
ortalama yas; 59.256+8,.34, 37-75 yaslar arasi) ¢alismaya
alindi. i vitro organ banyosunda hastalarin ITA'larindan
arta kalan parcaciklar Uzerinde dopaminin olusturdugu
kasici ve gevsetici yanitlar isometrik olarak kaydedildi.

Bulgular: Dopamin 10° M-107 M konsantrasyon ara-
iginda fenilefrinle 6nceden kastinimis ITA'da hafif bir
gevseme yanit, sonrasinda artan konsantrasyonlarin-
da (>107 M) kasiima yaniti gergeklestirdigi gozlendi.
Dopaminin gevsetici etkisinin kismen L-NAME (nitrik
oksit sentaz inhibitorii, 10 M), propranolol (10 M) ve
cis-a-flupentiksol (dopaminerjik reseptér antagonisti,
106 M) ile kismen azaldigi fakat metoklopramidin
(D,-dopaminerjik reseptdr antagonisti) dopaminin kay-
nakli gevsemeye etki yapmadigi gozlendi. Dopaminin
ITA'daki kasici etkisi kismen fentolamin, prazosin ve
yohimbin ile antagonize edildigi gézlendi.

Sonug: Sonug olarak dopamin distik konsantrasyonlarda
ITA’da vazodilatasyon yanitini olustururken daha yiksek
konsantrasyonlarda ITA'da vasokonstriksiyon yanitini
olusturmaktadir. B-adrenerjik ve nitrik oksit aracih meka-
nizma (D,-dopaminerjik reseptdr yoluyla) dopaminin diiguk
konsantrasyonlarinda ITA'da olusturdugu gevsetici etkide
rol alabilir. Dopaminin yuksek konsantrasyonlardaki ITA'da
olusturdugu Kkasici etki a,- ve a,-adrenerjik reseptorlerin
aktivasyonu ile olusturulmaktadir.

Anahtar sézciikler: internal torasik arter; koroner arter bypass
cerrahisi; dopamin
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INTRODUCTION

Coronary artery bypass grafting (CABG) operation
is widely performed to improve coronary circulation in
patients who have coronary artery disease. Nowadays,
CABG operations are widely performed with full arte-
rial revascularization.On the other hand, varies veins
could be used as a graft with or without arterial grafts
in CABG operations, e.g., greater saphenous vein, lesser
saphenous vein and cephalic vein.!! Internal thoracic
artery (ITA) grafts are sensitive to vasoactive agents.
Physiological and structural features of grafts are very
important for short and long-term success of operations.
It was known that approximately 30% initial segment,
40-60% middle segment, and remaining last segment of
ITA have elasticomuscular, elastic and elasticomuscular
structures, respectively. Therefore, vasospasm of ITA
might be occurred easily. As well, perioperative medical
treatment plays a role in the development of vasospasm.
To have knowledge of pharmacological properties of
drugs, which are applied to the patients during periop-
erative period, are important to prevent vasospasm and
to provide relaxation when necessary. Thereby, improv-
ing in graft flow and preventing of structural damages
were provided. If medical treatment could not be appro-
priately performed, perioperative vasospasm may occur
and long-term grafts patency decreases. As a part of
medical treatment during perioperative period, dopa-
mine is applied for frequently renoprotective (3 ug/Zkg/
min), and rarely inotropic support (3-10 ugZkg/min) in
selected patients who underwent coronary artery bypass
surgery. Dopamine may exert some important dilator or
constrictor effects on ITA graft tissues. The aim of this
study was to investigate in-vitro effects of dopamine on
ITA strips in organ bath.

MATERIALS AND METHODS

Between December 2003-June 2005, the internal
thoracic artery (ITA) remnants were obtained from 32
patients (2 women and 30 men, mean age; 59.26+8.34,
range; 37-75 years old) who were subjected to CABG
operation in our clinic. This study had been approved by
the “Local Ethics Committee” of our faculty. After hav-
ing obtained informed consents, patients are enrolled
in this study. No patient had diabetes mellitus. ITA
was harvested as pedicle with electrocautery. Titanium
clips were used to bind side branch of ITA. The artery
was cut after bifurcation of ITA and distal ITA was
ligated. ITA samples were taken before the papaverin
application. ITA samples were putted in a cold Krebs
solution, and then transferred to cardiovascular labora-
tory Department of Pharmacology at Trakya University
Medical Faculty. The samples transferred to laboratory
were cut in approximately 2 mm length rings. The rings
were suspended between two stainless-steel L-shaped
hooks in a 10 ml organ bath filled with Krebs-Henseleit
solution which had following composition (mM): NaCl:
122, KCI: 5, CaCl,: 1.25, NaHCO,: 25.0, MgSO,: 1.2,
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KH,PO,: 1, glucose: 11.5. Organ bath was maintained at
37° C and aerated with 95% O, + 5% CO,). Each prepara-
tion was fixed, using a silk thread, to an isometric force
transducer (FDT 10-A, COMMAT, Turkey), which was
connected to Transducer Acquisition System (COMMAT
TDA-10-A, COMMAT, Turkey) and POLWIN 97 soft-
ware. The preload tension was set at 2 g and maintained
throughout the experiment. After equilibration period of
90 minutes, the vascular rings were tested for viability
of vascular endothel. Substantial relaxation with ace-
tylcholine (ACh) (10 M) in phenylephrine (phe) (10 ¢
M) precontracted rings was accepted as an evidence of
intact endothelium. Constrictor or relaxant responses of
ITA remnants to dopamine were recorded isometrically.

The data were expressed as mean * standart error of
the mean. The concentration-response curves were ana-
lysed by a computer program (Graphpad Prism 4 Demo
software, San Diego, CA). Non linear regresion analysis
(variable slope) was applied on dose-response graphics.
Graphs were compared each other with F test. Values of
p less than 0.05 were considered statistical significant.
This study was done in accordance with the Helsinki
Declaration and it was supported by Trakya University
Scientific Research Foundation.

Drugs: Acetylcholine chloride, phenylephrine hydro-
chloride, dopamine hydrochloride, cis-a-flupenthixol,
propranolol hydrochloride, Nw-nitro-L-arginine methyl
ester (L-NAME) hydrochloride, metoclopramide hydro-
chloride, phentolamine hydrochloride, prazosin hydro-
chloride and yohimbine hydrochloride were purchased
from Sigma.

RESULTS

At the beginning of the study, cumulative dopamine
dose response experiments were performed. Cumulative
dopamine concentrations from 10°M to 10 M were pro-
duced in organ bath, and relaxant contractile responses
were recorded in precontracted with phenylephrine and
in non-contracted ITA strips, respectively (Figure 1).
As can be seen in figure 1, dopamine responses in ITA
depend on dopamine concentrations; at the concentra-
tion range from 10°M to 107 M (Figure 1), dopamine
causes mild relaxation in phenylephrine precontracted
ITA, whereas at the concentration range from 107 M to
103 M, dopamine produces contraction (Figure 1). In
order to investigate whether relaxant effect of dopamine
depends on nitric oxide released from vascular endothe-
lium, cumulative dopamine dose response experiments
were repeated in the existence of a nitric oxide synthase
inhibitor, Nw-nitro-L-arginine methyl ester (L-NAME)
hydrochloride, at the 10 M concentration (Figure 2).
The existence of L-NAME decreased relaxant effect of
dopamine indicating a NO: Nitric oxide (NO) -mediated
mechanism (p<0.0001).

To investigate a possible role of -adrenergic recep-
tors in the effects of dopamine, cumulative dose respons-
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Figure 1. In vitro dopamine [[J] related vasodilation (a) and vasoconstricton (b) on ITA.
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Figure 2. In vitro relaxant response to dopamine on ITA: dopa-
min alone [O]; L-NAME (10 M) [V].

es were obtained in the existence of a non-selective
B-adrenergic receptor blocker, propranolol hydrochlo-
ride, at the 10 M concentration (Figure 3). Propranolol
partially antagonized the relaxant effect of low dopa-
mine concentrations (p<0.0001), suggesting a partial
B-adrenergic receptor mediated mechanism, while it had
no effect on constrictor response. The role of dopaminer-
gic receptors in the relaxant effect of dopamine was also
investigated. While dopamine D,-receptor antagonist,
metoclopramide hydrochloride, at the concentration
of 10 M had no effect on relaxant response for dopa-
mine (Figure 4), a non-selective dopaminergic receptor
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antagonist, cis-a-flupenthixol, at the 10° M concentra-
tion partially reduced the relaxant effect (Figure 5, p
<0.0001), suggesting a contributing mechanism medi-
ated by D,-dopaminergic receptor to the B-adrenergic
receptor mediated mechanism.

In order to investigate the role of a-adrenergic recep-
tors in the contractile effect of dopamine, cumulative
dose responses were obtained in the existence of non-
selective a-adrenergic receptor blocker, phentolamine
hydrochloride, at the concentrations from 10¢M to 10°M
(Figure 6). Phentolamine dose dependently antagonized
contractile responses of dopamine (p<0.0001), showing
a-adrenergic mechanism in contractile response of dopa-
mine in ITA. To describe a-adrenergic receptor subtypes
specific effects of dopamine, dose-response experiments
were performed in the existence of a,- and a,-specific
antagonists (prazosin hydrochloride and yohimbine
hydrochloride, respectively) alone and together. As can
be seen in Figure 7, both prazosin (10 M) and yohimbine
(10 M) antagonized contractile response to dopamine
only partially, and when they were applied together to
organ bath (for each antagonist 10 M), higher decrease
in contractile response to dopamine was obtained.

DISCUSSION

Coronary artery bypass grafting is performed by
autogenous grafts especially arterial grafts. In present,
ITA is an arterial graft, which is mostly used. It has
been known that endothelial function has a role on
continuation of vascular tonus by releasing vasodilator
and vasoconstrictor agents.”) Endothelial dysfunction
exists in cardiovascular disease,® and NO production
and releasing is associated with endothelial function and
vasospasm.l! NO production and release are higher in
ITA than saphenous vein,?4 therefore, ITA has superior
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Figure 3. In vitro relaxant response to dopamine on ITA: (a) dopamine alone [O], with propranolol (10 M) [V]); (b) dopamine alone

[O], with propranolol (10° M) [V]).
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Figure 4. In vitro relaxant response to dopamine on ITA: dopa-
mine alone [O]; metoclopramide (10° M) [O].

outcomes of patency than saphenous vein.7 As well,
atherosclerosis is seen as delayed in ITA to native coro-
nary artery.[®! On the other hand, it has small caliber and
sensitivity to vasospasm.F! Latter is important problem
in perioperative period.Vasospasm is one of the most
important factors that cause graft failure and morbidity
in undergoing coronary artery bypass (10,2). Injury of
graft during harvesting and implantation stages may
disturb the vasodilation mechanism in perioperative
period. Following the vasospasm, blood flow in ITA is
markedly decreased, and it may cause hemodynamic
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Figure 5. In vitro relaxant response to dopamine on ITA: dopa-
mine alone [O]; cis a flupenthixol (10 M) [V]).

problems,®@ which are related perioperative morbid-
ity, postoperative myocardial failure and death.**2
Furthermore, vasospasm of graft can affect early and
late graft patency,®*? and it may cause perioperative
morbidity and mortality in patient with coronary artery
bypass operation.!*3!

He et al.t reported in an in-vitro study that endo-
thelium denuded ITA preparations show more vasocon-
strictor response to noradrenaline than ITA preparations
with intact endothelium. Besides, Chardigny et al.l*
reported similar results to He et al. that vasoconstric-
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Figure 6. In vitro constrictor response to dopamine on ITA:
dopamin alone [O]; with phentolamine (10 M) [V],
(107 M) [O], (10°° M) [0]).

tor response to noradrenaline in ITA is augmented by
endothelial injury. LUscher et al.® detected that acetyl-
choline causes endothelium-related vasodilation on ITA
preparations. In our study, vasodilator effect of low dose
dopamine was decreased after adding L-NAME to organ
bath, or after adding non-specific dopaminergic-recep-
tor antagonist cis-a-flupenthixol (but not D,-selective
antagonis metoclopramide), or after adding non-specific
p-adrenergic receptor blocker (propranolol). Based on
the observation the fact that non-specific dopaminergic
antagonist has some antagonistic effect on vasodilator
response to dopamine on ITA, but D,-specific antagonist
has not such effect, it can be speculated that D -receptors
may mediate relaxant effect of dopamine. As a result,
these findings indicate that both a p-adrenergic and a
nitric oxide mediated mechanism (via D,-dopaminergic
receptor) may play a role in the relaxant effect of dopa-
mine on ITA. Radioligand binding and light microscopy
techniques showed the existence of D, and D, receptors
on the rabbit pulmonary artery™ and only D, recep-
tors rat renal artery.'®! As well, Mori et al.'! have been
observed D, related vasodilation on rabbit pulmonary
artery, which is reduced by cis-a flupenthixol (non-
selective D, receptor blocker) in an organ bath study. It
was suggested that vascular effects of dopamine are pro-
duced by specific dopamine receptors in cardiovascular
system.21 Available data showed that activation of D,
receptors (which are located on vascular smooth muscle
postsynaptically) cause vasodilation and stimulation
of D, receptors (which are located on vascular smooth
muscle presynaptically) cause inhibition of vasoconstric-
tion.[524 It has been reported that dopamine related vaso-
dilation in human cardiovascular system is primarily
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Figure 7. In vitro constrictor response to dopamine on ITA:
dopamin alone [J]; with yohimbin (10 M) [O]; with
prazosin (10 M) [V]; with yohimbin (10 M) + pra-
zosin 10° M [9].

mediated by D, receptors.” As well, D, receptors have
been detected in human renal, mesenteric, cerebral blood
vessels, and it has been reported that these receptors sub-
serve vasodilation. Yamuchi et al.? reported that low-
dose dopamine induces vasodilation via D, receptors,
but high-dose dopamine produces vasoconstriction, and
isoproterenol causes a weak dose-related vasodilation
in human pulmonary artery. D, receptors had also been
detected in rabbit pulmonary artery.¥! Katai et al.! have
been reported that SCH 23390, a DA, receptor antago-
nist, decreased dopamine related vasodilation on ITA in
an in-vitro study. In addition to, there are some studies
reported that dopamine causes vasoconstriction on ITA.
2627 | jke our study, Forster et al.”®! showed that dopa-
mine related vasodilation of human basilar artery was
decreased by cis-a-flupenthixol. Also, sulpirid (selective
D, receptor antagonist) had no effect on relaxant response
of ITA. It was reported that a- ve p-adrenergic receptors
exist in human ITA.? (-adrenoreceptors have little
role on ITA and thus, usage of p-blockers did not cause
important vasospasm.% Rosenfeldt et al.l have found
that isoproterenol, f,- and p,-adrenoreceptor agonist,
related maximum vasodilation is about 24%. In another
study with human ITA, which was precontracted with
KCI, isoproteronol produced a relaxant response about
13% of KCI contraction, and it was fully antagonized by
propranolol.B

It was known that while o adrenoreceptors play a
role in vasoconstriction,  adrenoreceptors play a role in
vasodilation. There were some studies showing o adren-
ergic receptor agonists such as noradrenaline, methox-
amine, phenylephrine cause vasoconstriction in ITA.[234
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Also, a, receptors are more prominent in ITA than o,
receptors.03351 But He et al.l*®! have found that methox-
amine (MO) and norepinephrine (NE) causes vasocon-
striction on ITA, and the contractions induced by both
MO and NE were totally abolished by a,-antagonist
prazosin but not o,-antagonist yohimbine. As a result,
they offered that in the human ITA the postjunctional
a-adrenoceptors are predominantly of the o -subtype.
In the another study, Katai et al.* showed that dopa-
mine produces vasoconstriction in the concentrations
higher than 0.1 mM. In our study, ITA vasoconstriction
with dopamine doses higher than 0.1 mM was seen, and
al and a2 receptor blockers decreased this response.
Our data indicates that this vasoconstriction response
may be mediated by stimulation of o, and o, receptors
with dopamine.lt was known that low (0-3 ug/kg/
min), middle (3-5 ug/Zkg/min), and high (10 ug/kg/
min) doses of dopamine infusions predominantly affect
dopamine receptors, B-receptors, a-adrenergic receptors,
respectively, on ITA graft. Thus, stimulation of these
receptors determines the response of ITA to dopamine.
(1824381 Dopamine produces a vasodilator response at the
lower concentrations and therefore, dopamine is used
commonly as renoprotective agent. However, Tlrkay et
al. reported that dopamine given at renal doses dose not
protect renal tubular function in patients with normal
heart and kidney functions undergoing coronary sur-
gery and they do not recommend the use of dopamine
for routine renal prophlaxis in this patients.®? In another
study, it is reported that if low flow in ITA was detected
during the operation, this graft tends to occlussion in
in long period.*® As well, like other arterial grafts, any
agent, which causes vasospasm on ITA, causes sig-
nificantly decrease in graft flow.*! This condition may
induce perioperative morbidity and mortality.*?

In conclusion, it was found that dopamine produces a
vasodilator response at the lower concentrations, whereas
at the higher concentrations it causes a constrictor effect
on ITA. Both a p-adrenergic and a nitric oxide mediated
mechanism (via D -dopaminergic receptor) may play a
role in the relaxant effect of dopamine on ITA at the lower
concentrations. Constrictor response to dopamine at the
higher concentrations on ITA may be produced by the
activation of o - and o,-adrenergic receptors.
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