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Abstract Although saphenous veins and internal mam-
mary arteries are commonly used for coronary artery by-
pass grafting, only a very few comparative studies are
available on a-adrenoceptor-mediated vasoconstriction in
these vessels. Thus, we determined, in isolated rings from
human saphenous vein and human interna mammary
artery, contractile responses to noradrenaline (108-10-4 M)
in the absence and presence of the a-adrenoceptor antago-
nists yohimbine (a,-adrenoceptor antagonist, 108-10°6 M),
prazosin (0;-adrenoceptor antagonist, 10-°-10~7 M), 5-methyl-
urapidil (5-MU, a4,-adrenoceptor antagonist, 10810 M),
BMY 7378 (a,p-adrenoceptor antagonist, 10-=10° M),
and chloroethylclonidine (CEC, irreversible a,z-adreno-
ceptor antagonist, 3x10° M for 30 min). All experiments
were carried out in the presence of 107 M propranolol
and 10 M cocaine. In both vessel types noradrenaline
evoked concentration-dependent contractions. In saphe-
nous veins yohimbine was a potent antagonist (pA,-value
8.32) while prazosin, 5-MU and BMY exhibited only
marginal antagonistic effects. CEC, however, significantly
decreased noradrenaline-induced contractions. In contrast,
in internal mammary arteries prazosin (pA,-value 9.65)
and 5-MU (pKg-values 7.2—7.5) were potent antagonists,
while yohimbine and BMY exhibited only weak antago-
nistic effects. CEC, however, significantly decreased nor-
adrenaline-induced contractions. We conclude that in
saphenous vein the contractile response to noradrenaline
is mediated predominantly by a,-adrenoceptors, while in
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Introduction

Coronary artery bypass grafting is one important therapy
for coronary heart disease. Typically, human saphenous
veins or internal mammary arteries are used as bypass ma-
terial. However, a clinical problem encountered with cor-
onary artery bypass is development of vasospasms in the
graft, which might be due to 5-hydroxytryptamine re-
leased from activated platelets, to catecholamines or to
other factors. Thus, information on the receptors involved
in these vasoconstrictions is necessary to provide strate-
gies for prevention and therapy of these spasms. In order
to allow a comparison of the two vessels, it is aso neces-
sary to study both vessels in the same bioassay system.
While there are several studies on a-adrenoceptors in hu-
man saphenous veins (Docherty and Hyland 1985; Steen
et al. 1986; Beckeringh et al. 1987; Gavin et a. 1997; Rizzo
et a. 2001) or in internal mammary arteries (Bevilacqua
et al. 1991; He et al. 1993; Rudner et a. 1999), thereisto
our knowledge only one comparative study in both vessel
types (Weinstein et al. 1989). Thus, we decided to study
noradrenaline-elicited contractionsin rings of both human
saphenous veins and human internal mammary arteries
and to determine the a-adrenoceptor subtype(s) involved.

Materials and methods

All experiments were performed on vascular rings from human
saphenous veins or mammary arteries obtained during coronary
artery bypass from the Clinic for Cardiothoracic Surgery, Univer-
sity of Halle, Germany. The experiments were approved by the lo-
cal ethical committee and were carried out in accordance to the
German laws for clinical studies.



Patients and surgical procedure. We investigated saphenous veins
from 23 patients without apparent heart failure undergoing coro-
nary artery bypass grafting (age: 65.2+1.8 years; 19 men, 4 women;
body weight: 82.4+3.4 kg; NYHA [angina pectoris]: 11-111) and
internal mammary arteries from 24 patients (age: 64+1.8 years;
14 men, 10 women; body weight: 81.5+2.9 kg; NYHA [angina
pectoris]: [1-111).

None of the patients had been treated with sympathomimetics
for at least 3 weeks before surgery. However, patients were treated
with nitrates, calcium antagonists, 3-adrenoceptor antagonists and
angiotensin-converting enzyme inhibitors (alone or in combina-
tion) and statins for lipid lowering.

Premedication typically consisted of 2 mg flunitrazepam given
orally the evening before or on the morning of surgery. Anaesthe-
sia during operation was performed under modified neuroleptic
anaesthesia with flunitrazepam and fentanyl and controlled venti-
lation with 1:1 mixture of oxygen and N,O with addition of up to
1.0% (v.v.) isoflurane. Pancuronium was used for muscle relax-
ation. Saphenous veins and internal mammary arteries were ob-
tained during cardiopulmonary bypass. Immediately after excision,
all specimens were placed in autologous heparinized whole blood
(Zerkowski et al. 1993) and kept overnight in the refrigerator.

Measurement of contractile force. The preparation of vascular
rings was performed in oxygenated Krebs-Henseleit solution (com-
position see below) at room temperature. Ring preparations (cylin-
ders of 2-4 mm diameter and 3-4 mm length) were placed into
oxygenated modified Krebs-Henseleit buffer containing (mM):
NaCl 119, KCl 4.75, KH,PO, 1.2, MgS0O, 1.2, NaHCO, 25, CaCl,
2.25, p-glucose 10, EDTA 0.03, ascorbic acid 0.1, equilibrated
with carbogen at 37°C. Adhering fat and connective tissue were re-
moved. These rings were placed in 10-ml organ baths containing
Krebs-Henseleit solution with constant oxygenation (carbogen) at
37°C. The contractile force was measured isometrically using
force transducers connected to amplifiers and recorders (Fohr
Medical Instruments, Germany). The resting tension of the vessels
was adjusted to 9.81 mN and the devel oped force was recorded via
a strain gauge on a Hellige recorder (Hellige, Freiburg, Germany).
The strips were alowed to equilibrate for 60 min (bath fluid was
replaced every 20 min during this period). Following equilibration
contractile response of the preparations to 50 mM KCl was mea-
sured. Only preparations that responded adequately to the KCI
challenge were used for further experiments. After washout, prepa-
rations were contracted by 10° M noradrenaine (NA) and, after
washout, contractions were repeated until stable reproducible con-
tractions were obtained (usually 2-3 times). After careful washout,
the cumul ative concentration-response curve for NA (10-1°-10-4 M)
was assessed in absence or presence of yohimbine (a,-adrenocep-
tor antagonist, 108-10-% M), prazosin (a,-adrenoceptor antago-
nist, 10-°-10~" M), 5-methyl-urapidil (5-MU, a,-adrenoceptor an-
tagonist, 108-10-° M; Gross et al. 1988; Hanft and Gross 1989),
BMY 7378 (a,p-adrenoceptor antagonist, 107-10% M; Goetz et
al. 1995) and after pre-treatment with chlorethylclonidine (CEC,
irreversible a,z-adrenoceptor antagonist, 3x10> M, CEC was washed
out 30 min before the NA concentration-response curve was as-
sessed; Michel et al. 1993). All experiments were carried out in
presence of propranolol (10~ M) and cocaine (10> M). In order to
exclude desensitization phenomena, only one concentration-re-
sponse curve for NA was obtained on each strip. Antagonists (ex-
cept CEC, see above) were added 1 h before constructing a con-
centration-response curve for NA. Effects of antagonists on NA-
induced contraction were compared with those obtained simulta-
neously in aring not incubated with the antagonist.

Affinities of antagonists for human saphenous vein or internal
mammary artery a-adrenoceptors were assessed by Schild-plot
analysis (Arunlakshana and Schild 1959) and expressed as pA,-
values. Alternatively —if Schild plots were not possible or reveaed
slopes significantly less than unity — Kg-values for antagonists
were calculated using the formula (Jenkinson et al. 1995):

(B]

Ke = [CR— 1]

D
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where [B] is the concentration of antagonist used, and CR is the
agonist ECy, in the presence of antagonist divided by the agonist
ECs, in the absence of antagonist.

Satistical evaluation. Data given are means + SEM of n experi-
ments. Experimental data were analyzed by computer-supported
iterative non-linear regression analysis using the Prism program
(GraphPad Software, San Diego, Calif., USA). Sigmoid curves
were fitted to the data for NA-induced contraction; in these calcu-
lations the bottom of the curves was fixed at O (i.e. 0% contraction
over basal); the Hill slopes were kept variable.

Statistical significance of differences in maximal contraction
evoked by noradrenaline in the absence and presence of CEC was
analyzed by paired two-tailed Student’s t-test. A P-value <0.05
was considered to be significant. All statistical calculations were
performed with the Prism program.

Chemicals. (-)-Noradrenaline bitartrate, cocaine hydrochloride and
()-propranolol hydrochloride were purchased from Sigma (Deisen-
hofen, Germany). 5-Methyl-urapidil hydrochloride, chloroethylcloni-
dine hydrochloride and BMY 7378 dihydrochloride (8-[2-[4-(2-
methoxyphenyl)-1-piperazinyl]ethyl]-8-azaspiro[4,5] decane-7,9-
dione dihydrochloride) were purchased from Research Biochemi-
cals International (Natick, Mass., USA). All other chemicals were
of the highest purity grade commercially available.

Results
Saphenous vein

In rings of human saphenous vein NA (108-10* M) caused
concentration-dependent contractions; the EC,-value was
0.18+0.02 pM (Fig.1a). The a,-adrenoceptor antagonist
yohimbine (108-10-% M) caused a concentration-depen-
dent rightward shift of the concentration-response curve
for NA without affecting the maximum effect. Schild
analysis of these data revealed a pA,-value for yohimbine
of 8.32+0.1 (Fig. 1a).

In contrast to yohimbine, the a;-adrenoceptor antago-
nist prazosin (10°-10~" M) affected the concentration-re-
sponse curve for NA (Fig.2a) only marginaly; only at
higher NA concentrations (>10% M) a small rightward
shift was observed. Similar to prazosin the a,,-adreno-
ceptor-selective antagonist 5-MU (108 M and 107 M;
Fig.3a) and the a,p-adrenoceptor antagonist BMY 7378
(107 M and 10% M; Fig.4a) affected the concentration-
response curve for NA only marginaly; 106 M 5-MU,
however, caused a significant rightward shift of the NA
concentration-response curve; thisresulted in apKg-value
of 7.13+0.22 (Fig. 3a). Chloroethylclonidine (3x10-> M for
30 min) shifted the concentration-response curve for NA
to the right and significantly decreased maximum effect
(Fig.4a).

Internal mammary artery

In rings of interna mammary artery NA (108-10+* M)
caused concentration-dependent contraction; the ECs,-
value was 0.56+0.04 uM (Fig. 1b). In contrast to saphe-
nous vein, however, yohimbine at 108 M did not shift the
concentration-response curve for NA to the right, but
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Fig.1 Effects of yohimbine (108-10%¢ M) on noradrenaine-in-
duced contraction in rings of a human saphenous vein and b hu-
man internal mammary artery. Ordinates: noradrenaline-induced
contraction in % of maximal response. Abscissae: molar concen-
trations of noradrenaline. The inset in a shows Schild-plot analysis
of the yohimbine antagonism. Means = SEM; n= number of exper-
iments (preparations). Maximal contraction evoked by noradrena-
line was 5.9+0.7 mN (n=23) in a and 5.45+0.6 mN (n=24) in b

shifted it dightly to the left (ECy,-value decreased signif-
icantly to 0.29+0.04 uM). Only at the rather high concen-
tration of 106 M, yohimbine caused a rightward shift of
the NA concentration-response curve; this resulted in a
pKg-vaue of 6.65+0.27 (Fig. 1b).

On the other hand, prazosin was a potent antagonist of
NA-induced contraction of human internal mammary artery
(Fig.2b): Schild-plot analysis of these data reveded a
pA.-value of 9.65+0.09.

5-MU (10-7-10-% M) concentration-dependently shifted
the concentration-response curve for NA to the right;
however, NA curvesin the presence of 10~ M and 3x10~ M
were biphasic thus preventing Schild analysis of these data
(Fig.3b). Calculation of pKg-values according to Jenkinson
et al. (1995) reveaed pKg-values of 7.36+0.53 (at 107 M),
7.49+0.21 (at 3x107 M) and 7.22+0.27 (at 10° M). On
the other hand, BMY, only at the high concentrations of
3x107 M and 106 M, significantly shifted the NA con-
centration-response curve to the right (Fig.4b); this re-
sulted in pKg-values of 7.00+0.15 (at 3x10~7 M) and
7.42+0.23 (at 10% M). CEC (3x10° M) shifted the con-
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Fig.2 Effectsof prazosin (10-°~10-" M) on noradrenaline-induced
contraction in rings of a human saphenous vein and b human in-
ternal mammary artery. Ordinates: noradrenaline-induced contrac-
tion in % of maximal response. Abscissae: molar concentrations of
noradrenaline. Theinset in b shows Schild-plot analysis of the pra-
zosin antagonism. Means + SEM; n= number of experiments
(preparations)

centration-response curve for NA to the right and signifi-
cantly decreased maximum effect in the internal mam-
mary artery (Fig.4b).

Discussion

The main finding of this study was that NA-induced con-
traction is mediated by different a-adrenoceptor subtypes
in human saphenous vein and human internal mammary
artery, human vascular tissue often used for coronary
artery bypass grafting. In saphenous vein the a,-adreno-
ceptor antagonist yohimbine was a potent antagonist of
NA-induced contraction whereas the a,-adrenoceptor an-
tagonist prazosin had only marginal effects. In contrast, in
internal mammary artery prazosin was a potent antagonist
of NA-induced contraction whereas yohimbine showed
only margina effects. Thus, these data clearly demon-
strate that in saphenous vein predominantly o,-adreno-
ceptors, in internal mammary artery mainly a,-adreno-
ceptors mediate NA-induced contraction.

In saphenous vein yohimbine antagonized NA-induced
contraction with a pA,-value of 8.32 which is well in its
range of affinity at the a,-adrenoceptors (Starke 1981;
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Fig.3 Effects of 5-methyl-urapidil (5-MU; 108-10-° M) on nor-
adrenaline-induced contraction in rings of a human saphenous vein
and b human internal mammary artery. Ordinates. noradrenaline-
induced contraction in % of maximal response. Abscissae: molar
concentrations of noradrenaline. Means + SEM; n= number of ex-
periments (preparations)

MacKinnon et al. 1994; Hieble et a. 1995). On the other
hand, neither prazosin (10°-10-" M) nor the a,,-adreno-
ceptor-selective antagonist 5-MU (10° M and 107 M)
nor the a,p-adrenoceptor-selective antagonist BMY 7378
(107 M and 10 M) exhibited considerable antagonistic
activity against NA-induced contraction although they
were used in concentrations 10- to 100-fold higher than
their affinities at a,- (prazosin pKg 8.5-10; Starke 1981;
Hieble et al. 1995; Alexander and Peters 1999), a,- (5-MU
pKg 8.63; Michel et al. 1995) or a,p-adrenoceptors (BMY
pKg 8.2-9.4; Dhein et a. 2001). Accordingly, a signifi-
cant contribution of a,,- or a;p-adrenoceptors to the con-
tractile action of NA in human saphenous vein is quite un-
likely. On the other hand, 5-MU, at the rather high con-
centration of 10-® M, significantly shifted the concentra-
tion-response curve of NA to the right yielding a pKg-
value of 7.13. This pKg-valueisinitsrange of the affinity
at the o,g-adrenoceptor (pKg 6.93; Michel et a. 1995);
thus, this could indicate some interaction with a;z-adre-
noceptors. However, the fact that prazosin was not effec-
tive (at least at lower NA concentrations) argues against a
considerable involvement of a4g-adrenoceptors. It ismore
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Fig.4 Effects of BMY 7378 (10710 M) and of pretreatment
with chloroethylclonidine (CEC; 3x10° M for 30 min at 37°C) on
noradrenaline-induced contraction in rings of a human saphenous
vein and b human internal mammary artery. Ordinates: noradren-
aline-induced contraction in % of maximal response. Abscissae:
molar concentrations of noradrenaline. Means + SEM; n= number
of experiments (preparations). Maximal contraction evoked by
noradrenaline in the presence of CEC was 2.9+1.0 mN (n=3,
P<0.05) inaand 2.9+1.6 mN (n=4, P<0.05) inb

likely that at a concentration of 106 M 5-MU interacts
with a,-adrenoceptors in the human saphenous vein be-
cause the affinity of 5-MU at a,-adrenoceptors is in this
range (pK;-values from 6.1 to 6.9; Hieble et a. 1995;
Daniel et a. 1996). Finally, the quite marked antagonistic
effect of CEC on NA-induced contraction in the human
saphenous vein could also indicate some az-adrenocep-
tor effects; however, CEC is quite active as an antagonist
at a,,- or oyc-adrenoceptors; thus, 10 uM CEC (i.e. a
concentration three times less than that used in the present
study) reduced the number of a,,-adrenoceptors by 37%
and that of a,c-adrenoceptors by 53% (Michel et al. 1993).
As discussed above, prazosin was not effective in the hu-
man saphenous vein; it is, therefore, very likely that the
effects of CEC are mediated by inactivation of a,-adreno-
ceptors.

Severa studies from the literature have consistently
shown that in human saphenous vein o,-adrenoceptors
mediate agonist-induced contraction (Docherty and Hyland
1985; Steen et al. 1986; Beckeringh et al. 1987; Weinstein
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et al. 1989; Roberts et al. 1992; Smith et al. 1992; Gavin
et a. 1997; Rizzo et a. 2001) while controversial data
have been published on the existence of a,-adrenoceptors
mediating contraction, with some studies demonstrating
their occurrence (Beckeringh et al. 1987; Weinstein et al.
1989; Roberts et al. 1992; Rizzo et a. 2001) while others
failed to do so (Steen et a. 1986; Smith et al. 1992; Gavin
et al. 1997). Although in our study the contribution of a,-ad-
renoceptors appears to be only marginal, we cannot com-
pletely exclude it since in the presence of prazosin NA
concentration-response curves became biphasic showing
asmall prazosin antagonism at high NA concentrations.

Studies from the literature have revealed that predomi-
nantly o,c-adrenoceptors mediate contraction in human
saphenous vein (Gavin et a. 1997; Rizzo et a. 2001).
Subtype-selective antagonists for the 0,4 -, 0,5~ and o ,c-ad-
renoceptors are not available at present. We, therefore, did
not further subclassify the a,-adrenoceptor subtype pre-
sent in human saphenous vein; however, the fact that
5-MU exhibited a pKg-value of 7.13 (very close to its
pK;-value at a,--adrenoceptors [6.88] determined in radio-
ligand binding studies; Hieble et al. 1995) and CEC (that
inactivates a,-adrenoceptor subtypes with an order of po-
tency: O,c>0,4>>>0,g; Michel et a. 1993) markedly re-
duced NA-induced contraction might be taken as an indi-
cation that also in our preparations o,--adrenoceptors may
predominate.

In human internal mammary artery, in contrast to
saphenous vein, yohimbine at low concentrations did not
antagonize NA-induced contraction. It did so only at the
rather high concentration of 106 M yielding a pKg-value
of 6.6 that is about 100 times higher than its affinity at the
a,-adrenoceptor (see above). On the other hand, prazosin
antagonized NA-induced contraction in the internal mam-
mary artery with high potency (pA,-value 9.65) indicating
that in human internal mammary artery predominantly
0 ;-adrenoceptors mediate NA-induced contraction, in agree-
ment with data from the literature (Weinstein et al. 1989;
Bevilacqua et al. 1991; He et al. 1993; Rudner et al.
1999).

For further subclassification of the aj-adrenoceptor
subtype we used the rather subtype-selective antagonists
5-MU (a44), BMY 7378 (a4p) and CEC (04g). 5-MU
(107-10°% M) concentration-dependently shifted the con-
centration-response curve for noradrenaline to the right;
however, noradrenaline concentration-response curves in
the presence of 107 M and 3x10~" M 5-MU were bipha-
sic indicating interaction with more than one a,-adreno-
ceptor subtype. From these experiments pKg-values for
5-MU were calculated ranging from 7.2 to 7.5 which are
between its affinity at o,4- (8.63; Michel et a. 1995) and
045~ and a;p-adrenoceptors (6.97 and 7.31; Michel et al.
1995). Involvement of a,p-adrenoceptors seems to be un-
likely because BMY 7378 exhibited only at the rather
high concentrations of 3x10~ M and 106 M antagonistic
effects against NA-induced contraction with pKg-values
of 7.0-7.4 which are by far lower than the affinity of
BMY 7378 at the a,p-adrenoceptor (8.2-9.4; Dhein et al.
2001). On the other hand, CEC (30 pM, i.e. a concentra-

tion about 30 times higher than its ECy,-value for the a,5-ad-
renoceptor-alkylating effect; Michel et al. 1993) markedly
decreased NA-induced contraction in internal mammary
artery which isin favor of the idea that a,z-adrenoceptors
are involved. Taken together, the fact that in the presence
of 5-MU NA concentration-response curves were bipha-
sic indicating interaction with more than one a;-adreno-
ceptor subtype, the pKg-values of 7.2—7.5 for 5-MU, the
rather low potency of BMY 7378 and the marked effect of
CEC are in favor of the idea that, in the human internal
mammary artery, NA-induced contraction is mediated (to
amagjor part) by a,g-adrenoceptors and (to a minor part)
by a,4-adrenoceptors; o,5-adrenoceptors appear not to be
involved. These data are in good agreement with recently
published data from Rudner et al. (1999) who observed
that, in human internal mammary artery, phenylephrine-
induced contraction is mediated by a;,- and a,g-adreno-
ceptors; o p-adrenoceptors were not involved. It is inter-
esting to note that this group described that in human in-
terna mammary artery a;g-adrenoceptor expression in-
creased with increasing age of the patients. Thus, in pa-
tients <55 years of age a,-adrenoceptors were the major
subtype, whereasin patients >65 years of age a,g-adreno-
ceptors were the major subtype (Rudner et al. 1999). In
our study patients were about 65 years old; this might ex-
plain why in our study mainly a,g-adrenoceptors mediate
NA-induced contraction in the internal mammary artery.

In conclusion: NA-induced contraction of the two com-
mon bypass grafts for coronary artery bypass grafting,
saphenous vein and internal mammary artery, is brought
about by different a-adrenoceptor subtypes. While in
saphenous vein NA-induced contraction is mediated pre-
dominantly by a,-adrenoceptors (a,c-adrenoceptors?), in
internal mammary artery it ismediated by a,5- and a,5-ad-
renoceptors whereby it appears to be dependent on the age
of the patients which subtype predominates (Rudner et al.
1999). Thus, the data of this study, i.e. a more detailed
characterization of the a-adrenoceptor subtypes involved
in NA-induced contraction, might be helpful for a better
understanding of the pathophysiology of vasospasms of
coronary artery bypass grafts.
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