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Abstract

Adrenoceptors mediating contraction in ring segments of human umbilical arteries from normal term pregnancies were
investigated in vitro. Contraction was elicited by (order of potency indicated): noradrenaline = the a,-adrenoceptor agonist
oxymetazoline > the a,-adrenoceptor agonist phenylephrine. The a,-adrenoceptor antagonist prazosin antagonized the contrac-
tion elicited by noradrenaline and phenylephrine. The «,-adrenoceptor antagonist rauwolscine antagonized the contraction
elicited by noradrenaline and oxymetazoline. Oxymetazoline had an efficacy 5 times higher than that of noradrenaline and the
5-hydroxytryptamine receptor antagonist methysergide antagonized the contraction elicited by oxymetazoline. It is suggested that
the contractile adrenoceptors in the human umbilical artery consist of both «; and «, subtypes. Furthermore, the contractile

effect of oxymetazoline seems to be mediated via both a,-adrenoceptors and 5-hydroxytryptamine receptors.
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1. Introduction

The umbilico-placental circulation is unique in that
it is without innervation. This allows for investigation
of the direct action of drugs on endothelial and smooth
muscle cells. The human umbilical artery is known to
contract in response to stimulation by noradrenaline,
though in a weak and inconsistent manner (Gokhale et
al.,, 1966; Altura et al., 1972; White, 1989), which
contrasts with the more powerful effect of noradrena-
line in other human reproductive vascular preparations
like the uterine artery (Stjernquist and Owman, 1990;
Ekesbo et al, 1991) and intramyometrial arteries
(Maigaard et al., 1986). One explanation for the varia-
tion in response to noradrenaline could be that the
contractile effect of noradrenaline in the human umbil-
ical artery is dependent on the oxygen tension. Thus,
noradrenaline produces a functionally non-significant
response at low oxygen tensions (pO, = 2.6 kPa, Mc-
Grath et al., 1985), while the response to adrenoceptor
stimulation is more marked at higher oxygen tensions
(McGrath et al., 1988).
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We have found an attenuated contractile effect of
noradrenaline in human umbilical artery segments from
women with preeclampsia and /or intrauterine growth
retardation and abnormal umbilical artery flow velocity
waveforms, as measured by Doppler ultrasound in vivo
(Bodelsson et al., 1995), suggesting a role for adrener-
gic mechanisms in the pathogenesis of reduced umbili-
cal blood flow associated with preeclampsia and intra-
uterine growth retardation.

Based on functional, radioligand and molecular
cloning studies, the adrenoceptors have been found to
consist of at least nine different subtypes. These can be
assigned to three major receptor categories recognised
as the classical a,-, a,- and B-adrenoceptors (Bylund,
1992). The aim of the present study was to characterize
the adrenoceptors mediating contraction at high oxy-
gen tensions in human umbilical arteries obtained from
women with normal pregnancies.

2. Material and methods
2.1. Material

Segments of human umbilical artery were obtained
from 31 umbilical cords from women with normal,
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full-term pregnancies. Immediately after delivery, a
7-8 cm long segment of the umbilical cord within the
15 cm closest to the child was removed and placed in
cold (4°C) Krebs-Ringer solution (composition, see be-
low). The arteries were dissected free of surrounding
tissue within 1 h and kept in cold Krebs-Ringer solu-
tion until the experiments were carried out 0.5-24 h
after specimen collection.

2.2. In vitro recording

The arteries were cut into 2-4 mm long ring seg-
ments which were placed in organ baths (volume 4 m}).
The segments were each slid on to two L-shaped metal
hooks through the lumen of the vessels for recording of
circular motor activity. One of the hooks was attached
to a Grass FTO3C force-displacement transducer and
one could be moved in order to adjust the smooth
muscle tension. The isometric mechanical activity was
recorded on a Grass model 7D polygraph.

The organ baths contained a modified Krebs-Ringer
solution of the following composition (in mM): NaCl
118, KCl 4.7, CaCl, 2H,0 2.0, MgSO,-7H,0 1.2,
NaHCO, 24.8, KH,PO, 1.2 and glucose 5.6. It was
continuously aerated by a gas mixture containing 88.5%
0, and 11.5% CQO, at a rate giving a pH of 7.35-7.45,
pO, = 45 kPa and pCO, = 5.0 kPa. The temperature
was thermostatically maintained at 37°C.

The initial smooth muscle tension was set at 80 mN
(Bodelsson and Stjernquist, 1994) and after an equili-
bration period of 1 h the segments were contracted by
exchanging the 118 mM NacCl in the bathing fluid for
126 mM KCI. The magnitude of the resulting contrac-
tion was used as an internal standard for each segment
and the contractile response developed in subsequent
experiments was expressed as a percentage of the
KCl-induced response. After the segments were
washed, the experiments were carried out as specified
below.

In a first series of experiments, the contractile effect
of noradrenaline (10~° to 10™* M) was tested in the
presence or absence of the neuronal uptake blocker
cocaine (107% M), the extra-neuronal uptake blocker
normetanephrine (10~¢ M) or the B-adrenoceptor an-
tagonist propranolol (10™¢ M).

In a second series of experiments, the contractile
effect of noradrenaline, the «;-adrenoceptor agonist
phenylephrine and the «,-adrenoceptor agonist
oxymetazoline (all at 10™° to 104 M) was tested in the
presence or absence of the a;-adrenoceptor antagonist
prazosin (107! to 10°° M) or the a,-adrenoceptor
antagonist rauwolscine (1077 to 10~° M).

In a third series of experiments, the contractile
effect of oxymetazoline was recorded (107° to 10™* M)
in the presence or absence of the selective S-hydroxy-

tryptamine (5-HT) receptor antagonist methysergide
(1077 M).

The antagonists were added 20 min prior to the
agonists. The agonists were added by cumulative ad-
ministration in 0.5 jlog units. When the effects of
agonists versus antagonists were studied, preparations
from the same patient were compared in each individ-
ual experiment, with one or two segments serving as
controls. Only one cumulative concentration-response
experiment was performed with each individual prepa-
ration.

2.3. Drugs

The following compounds were used: methysergide
(Sandoz, Basel, Switzerland), r-arterenol hydrochlo-
ride, oxymetazoline hydrochloride, L-phenylephrine hy-
drochloride, prazosin hydrochloride, bLr-propranolol
hydrochloride (Sigma, St. Louis, MO, USA), rau-
wolscine hydrochloride (Roth, Germany). All sub-
stances were dissolved in 0.9% NaCl. After prepara-
tion, the stock solutions of the substances were imme-
diately frozen and stored at a temperature below
—20°C in order to prevent oxidation. After thawing
and use, the remaining stock solution was discarded.
The concentrations are given as final molar concentra-
tions in the organ bath.

2.4. Analysis of data

The maximum contractile response (E,,,,) and the
negative logarithm of the concentration required to
induce half the E,_,, (pECsy) were calculated for the
agonists. In the experiments with agonists /antagonists,
the interaction between the antagonist and its recep-
tors was analyzed according to Arunlakshana and
Schild (1959), provided that the antagonist caused a
parallel shift of the concentration-response curve (Tal-
larida et al., 1979). The dose ratios (DR) were calcu-
lated and log (DR — 1) was plotted as a function of the
negative logarithm of the antagonist concentration (B).
The equation of the line that fitted the coordinates
best was calculated using linear regression and the
method of least squares. The significance of linear
regression and possible regression due to higher poly-
nomials was tested using factorial ANOVA (analysis of
variance), and the correlation coefficient was calcu-
lated. The regression coefficient and its standard error
were computed and compared with the one expected
for competitive antagonism (i.e. —1) in a Student’s
t-test. The antagonism was interpreted as competitive
if the plot fitted a straight line with a slope coefficient
not different from —1. If these requirements were
fulfilled, the pA, value (the negative logarithm of the
antagonist concentration giving a DR of 2) could be
calculated. Values are given as means + S.E. The num-
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ber of observations is given as n; each observation was
for preparations from a different individual. In some
cases the same experiment was performed on several
segments from the same individual and the mean of
these results was calculated for presentation and statis-
tical analysis. Student’s z-test was used to calculate any
significant difference between the means. The P value,
indicating statistical significance, was set at 0.05.

3. Results

3.1. Effects of cocaine, normetanephrine and propranolol
on the contractile response induced by noradrenaline

Noradrenaline induced concentration-dependent
contractions in segments of human umbilical artery
(Fig. 1, Table 1). Neither the neuronal uptake blocker
cocaine (107% M), the extra-neuronal uptake blocker
normetanephrine (107® M) nor the B-adrenoceptor
antagonist propranolol (107% M) affected the concen-
tration-response curve for noradrenaline. Neither co-
caine, normetanephrine nor propranolol affected the
baseline tension in unstimulated segments.

3.2. Contractile response to adrenoceptor agonists

Noradrenaline, the «;-adrenoceptor agonist,
phenylephrine, and the a,-adrenoceptor agonist,
oxymetazoline, all induced concentration-dependent
contractions in segments of human umbilical artery
(Fig. 1). The E_,, and pECy, values are presented in
Table 1. The oxymetazoline-induced maximum con-
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Fig. 1. Contractile response to noradrenaline (O, n = 25), oxymeta-
zoline (e, n=12) and phenylephrine (O, n=11) in the human
umbilical artery. All agonists induced a concentration-dependent
contraction. Means + S.E.

Table 1

Maximum contractile response (E,,) and potency (pECsy; the
negative jglogarithm of the concentration required to induce half
E, . of noradrenaline, phenylephrine and oxymetazoline in seg-
ments of human umbilical artery

Agonist E pEC5, n

Noradrenaline 36+ 7.2 6.30+0.08 25
Phenylephrine >23+ 4.82 <499+0.122 11
Oxymetazoline 178+ 11 6.52+0.17 12

Means+S.E. ® It was not evident that E,_,, for phenylephrine was
reached at the highest concentration used (10~* M) and thus reli-
able E,,,, and pECs, values could not be calculated.

traction was 5 times higher than that induced by nor-
adrenaline. The pECy, values yielded a similar potency
for noradrenaline and oxymetazoline, while the po-
tency for phenylephrine seemed to be markedly lower.
However, a reliable pEC,, value for phenylephrine
could not be calculated since it was not evident that

E .« was reached at the highest concentration used
(107* M).

3.3. Effects of adrenoceptor antagonists

The «,-adrenoceptor antagonist prazosin (10~ '° to
107° M) caused a concentration-dependent reduction
of the contractile response to noradrenaline (Fig. 2A)
and antagonized the contraction induced by phenyl-
ephrine (Fig. 2B), while the contraction to oxymetazo-
line was unaffected (Fig. 2C). Since no parallel shift of
the concentration-response curves of the agonists was
obtained, Schild analyses for prazosin could not be
performed.

The a,-adrenoceptor antagonist rauwolscine (107
to 107> M) shifted the concentration-response curves
induced by noradrenaline and oxymetazoline to the
right (Fig. 3A and C, Table 2). The results from calcu-
lations of Schild equations for the interaction between
noradrenaline /rauwolscine and oxymetazoline/
rauwolscine are presented in Table 3. In both cases the
regression coefficient differed significantly from unity.
The interaction between oxymetazoline and rau-
wolscine yielded a significantly linear regression with a
marked correlation. When interpreting the results from
the interaction between noradrenaline and rauwolscine
the linear regression as well as the correlation was
found to be non-significant. Quadratic regression was
however found to be significant. Hence, the Schild plot
for the interaction between noradrenaline and rau-
wolscine might be better represented by a parabola of
the second degree, and thus cannot be considered to
be linear. Consequently, none of the attempts to calcu-
late Schild plot equations made it possible to compute
pA, values. The concentration-response curve for

phenylephrine remained unaffected by rauwolscine
(Fig. 3B).
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3.4. Effects of methysergide

The selective 5-HT receptor antagonist methy-
sergide (1077 M) reduced the E,_, and the pECq,
values for the contraction induced by oxymetazoline
compared to control (E_, =130+ 20 versus 183 +
27%, pEC,, = 6.00 £ 0.37 versus 6.91 + 0.32; Fig. 4).

4. Discussion

Noradrenaline, oxymetazoline and phenylephrine all
elicited a concentration-dependent contraction with an
agonist order of potency: noradrenaline = oxy-
metazoline > phenylephrine, which is consistent with
an interaction with a,-adrenoceptors (Starke, 1981).
The finding that both the noradrenaline and oxymeta-
zoline concentration-response curves were shifted to
the right by the «,-adrenoceptor antagonist, rau-
wolscine, confirmed the presence of contractile a,-
adrenoceptors. However, Schild plot equations for the
interaction between rauwolscine and both noradrena-
line and oxymetazoline yielded slope coefficients that
differed significantly from unity. Moreover, the interac-
tion between noradrenaline and rauwolscine turned
out to be better represented by an equation of the
second degree than by an equation for a straight line.
Hence, neither of these two interactions can be ex-
plained by a competitive antagonism at a single recep-
tor site. A plausible explanation is the existence of a
heterogeneous receptor population. The assumption is
supported by the concentration-dependent antagonistic
effect of the «;-adrenoceptor antagonist prazosin on
the contraction elicited by noradrenaline, indicating
that the response to noradrenaline was also mediated
via «a,-adrenoceptors. Consequently, the contraction
induced by the «,-adrenoceptor agonist phenylephrine
was antagonized by prazosin. Rauwolscine did not af-
fect the contraction evoked by phenylephrine, support-
ing the selectivity of phenylephrine for the «,-adreno-
ceptor. Experiments in which both prazosin and rau-
wolscine were present were not conducted in the pre-
sent study but might further confirm the existence of
both a;-and a,-adrenoceptors. It should be noted that
the antagonistic action of prazosin on the contraction
induced by phenylephrine was concentration-depen-

Fig. 2. Influence of the a,-adrenoceptor antagonist prazosin (control
(0), 10710 M (8), 3107 M (), 10~° M (m)) on the contractile
response to (A) noradrenaline (n = 6), (B) phenylephrine (n = 6) and
(C) oxymetazoline (n=5) in the human umbilical artery. Prazosin
caused a concentration-dependent reduction of the contractile re-
sponse induced by noradrenaline and phenylephrine. The contrac-
tion induced by oxymetazoline remained unaffected by prazosin.
Means + S.E. * Significantly different from control, P <0.05, **P <
0.01.
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Table 2

Maximum contractile effect (E,,,) and potency (pECs,; the negative jjlogarithm of the concentration required to induce half E__, ) of
noradrenaline and oxymetazoline in the presence or absence of rauwolscine (1077 to 107> M)

Concentration of rauwolscine (M) E o (%) Significance level pECs (M) Significance level n
Noradrenaline

Controls 34+ 10 - 5.87+0.12 - 6
107 28+ 13 0.23 527+021° 0.023 5
107 20+ 48 0.55 5.55+0.13 0.15 5
1073 21+ 6.0 0.23 491+0.13 % 0.013 5
Oxymetazoline

Controls 185 + 17 - 6.20 + 0.23 - 7
10~7 143 + 26 0.12 583+037°% 0.031 6
10-° 149 + 31 0.19 5.67 +0.20 0.059 7
1073 127+272 0.023 46910232 < 0.001 6

The E,,,, is expressed as a percentage of the potassium-induced contraction. Values are means + S.E. ? Significantly different from control.

dent only to a limited extent. This might indicate that
phenylephrine is not acting solely at «,-adrenoceptors.
However, this non-selective behaviour of phenyl-
ephrine was only evident at concentrations above 10
uM, when the selectivity of phenylephrine for the
a;-adrenoceptor might be questioned.

The contraction induced by noradrenaline is weak in
the human umbilical artery compared to several other
human vascular preparations, with an E_,, amounting
to only 30% of contraction elicited by potassium (Steen
et al., 1984; Arner and Hogestitt, 1986; Stjernquist and
Owman, 1990). The weak contractile response to nor-
adrenaline could not be explained by dilator 8-adreno-
ceptors counteracting the contraction induced by this
non-selective adrenoceptor agonist, because the pg-
adrenoceptor blocker propranolol did not alter the
concentration-response curve for noradrenaline. This
finding is consistent with early studies which have
failed to demonstrate functional B-adrenoceptors in
this vessel (Somlyo et al., 1965; Clyman et al., 1975).
Furthermore, it seems unlikely that the weak contrac-
tile response to noradrenaline was due to its removal
by uptake since neither the neuronal uptake blocker
cocaine, nor the extra-neuronal uptake blocker
normetanephrine affected the concentration-response
curve for noradrenaline. This is further sustained by

Table 3

the fact that the human umbilical artery is a non-in-
nervated vessel. We believe that the weak contraction
elicited by noradrenaline could be explained by a low
a-adrenoceptor density in the human umbilical artery
and /or an inefficient coupling between the adrenocep-
tors and the contractile machinery, although this re-
mains to be determined.

Oxymetazoline displayed an E_,, 5 times higher
than that of noradrenaline. This could be explained by
an agonistic effect of oxymetazoline on other receptors
in addition to a,-adrenoceptors. An effect on a,-
adrenoceptors is an unlikely explanation since prazosin
did not affect the concentration-response curve for
oxymetazoline. However, it has recently been demon-
strated that oxymetazoline is a potent agonist at several
receptors of the 5-HT, receptor family (Schoeffter and
Hoyer, 1991). The human umbilical artery contracts in
response to 5-HT and this effect is, at least partly,
mediated via a 5-HT,-like receptor (MacLennan et al.,
1989). The selective 5-HT receptor antagonist methy-
sergide is an antagonist of 5-HT-induced contraction in
the human umbilical artery (pA, 8.52; MacLennan et
al.,, 1989). In the present study, methysergide, at a
concentration well exceeding the pA, value, potently
antagonised the contraction elicited by oxymetazoline,
indicating that part of the contraction was mediated via

Statistical variables obtained from Schild plot analysis for the interactions between noradrenaline /rauwolscine and oxymetazoline /rauwolscine

Interaction

Noradrenaline /rauwolscine

Oxymetazoline /rauwolscine

Regression coefficient; b -0.26 +0.14
Significance of b# —1 P<0.001?
y-Intercept; a 2.26 +0.72
Correlation coefficient; r —-0.52+0.27
Significance of r P>0.05
Significance of linear regression P>0.05
Significance of quadratic regression P<001%?
Number of data points 12

—0.44 +0.11

P <0.0017
3.60 + 0.60

~0.69 +0.18
P<0.012
P<001?
P>0.05

18

Equation of line: y = bx + a. Values are given + S.E. ? Significant.
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Fig. 4. Influence of the selective 5-hydroxytryptamine receptor antag-
onist methysergide (control (O), 107 M (®)) on the contractile
response to oxymetazoline. Methysergide shifted the concentration-
response curve for oxymetazoline to the right and reduced the
maximum contractile response. Means+S.E. n =35,

5-HT receptors. This nonselective agonist nature of
oxymetazoline could explain the high efficacy com-
pared to that of noradrenaline.

Considering the dual effect on both «a,-adrenocep-
tors and 5-HT receptors of oxymetazoline it is notable
that the slope of the concentration-response curves of
oxymetazoline was not reduced in the presence of
rauwolscine or methysergide. This would be expected
for the interaction between a non-selective agonist and
a selective antagonist (cf. the interaction between nor-
adrenaline and prazosin or rauwolscine in the present
study). Several studies have demonstrated that the
effect of simultaneous stimulation of a-adrenoceptors
and 5-HT receptors is not merely additive but results
in potentiation (see Van Nueten et al., 1985). Thus,
antagonism of the «,-adrenoceptor-mediated response
induced by oxymetazoline would also negatively affect
the contraction elicited by the 5-HT receptor agonist
component of oxymetazoline and vice versa. Such a
mechanism could explain the illusory parallel shift in
Fig. 3C.

In conclusion, the contractile adrenoceptors in the
human umbilical artery, at high oxygen tension, com-

Fig. 3. Influence of the «,-adrenoceptor antagonist rauwolscine
(control (O), 1077 M (e), 107 M (0O), 1075 M (m)) on the
contractile response to (A) noradrenaline (n = 6), (B) phenylephrine
(n=15) and (C) oxymetazoline (n=6-7) in the human umbilical
artery. Rauwolscine shifted the concentration-response curves for
noradrenaline and oxymetazoline to the right and reduced the maxi-
mum contractile response induced by oxymetazoline. The contrac-
tion induced by phenylephrine remained unaffected by rauwolscine.
Means + S.E.



G. Bodelsson, M. Stjernquist / European Journal of Pharmacology 282 (1995) 95-101 101

prise both «, and «, subtypes. Due to its agonistic
action at 5-HT receptors, oxymetazoline should be
used with caution as a pharmacological tool in the
classification of adrenoceptors in preparations with
5-HT receptors mediating similar functional responses
as those mediated by adrenoceptors.

Acknowledgements

We thank Grazyna Laskowski for her excellent tech-
nical assistance. Supported by grants from the Faculty
of Medicine, University of Lund, the Swedish Medical
Research Council (Grant No. 09908) and ‘Férenade
Livv Mutual Group Life Insurance Company, Stock-
holm, Sweden.

References

Altura, B.M., D. Malaviya, C.F. Reich and L.R. Orkin, 1972, Effects
of vasoactive agents on isolated human umbilical arteries and
veins, Am. J. Physiol. 222, 345.

Arner, M. and E.D. Hogestitt, 1986, Contractile effects of nor-
adrenaline and S5-hydroxytryptamine in human hand veins: a
pharmacological receptor characterization, Acta Physiol. Scand.
128, 209.

Arunlakshana, O. and H.O. Schild, 1959, Some quantitative uses of
drug antagonists, Br. J. Pharmacol. 14, 48.

Bodelsson, G. and M. Stjernquist, 1994, Endothelium-dependent
relaxation to substance P in human umbilical artery is mediated
via prostanoid synthesis, Hum. Reprod. 9, 733.

Bodelsson, G., K. Mat§il and M. Sternquist, 1995, Reduced contrac-
tile effect of endothelin-1 and noradrenalin in human umbelical
artery from pregnancies with abnormal umbilical artery flow
velocity waveforms, Early Hum. Dev. 42, 15.

Bylund, D.B., 1992, Subtypes of a;-and a,-adrenergic receptors,
FASEB J. 6, 832.

Clyman, R.I,, J.A. Sandler, V.C. Manganiello and M. Vaughan, 1975,
Guanosine 3',5-monophosphate and adenosine 3',5'-monophos-
phate content of human umbilical artery, J. Clin. Invest. 55, 1020.

Ekesbo, R., P. Alm, P. Ekstrom, L.M. Lundberg and M. ;Xkerlund,
1991, Innervation of the human uterine artery and contractile
responses to neuropeptides, Gynecol. Obstet. Invest. 31, 30.

Gokhale, S.D., O.D. Guiati, L.V. Kelkar and V.V. Kelkar, 1966,
Effect of some drugs on human umbilical artery in vitro, Br. J.
Pharmacol. Chemother. 27, 332.

MacLennan, S.J., M.J. Whittle and J.C. McGrath, 1989, 5-HT,-like
receptors requiring functional cyclo-oxygenase and 5-HT, recep-
tors independent of cyclo-oxygenase mediate contraction of the
human umbilical artery, Br. J. Pharmacol. 97, 921.

Maigaard, S., A. Forman and K.E. Andersson, 1986, Relaxant and
contractile effects of some amines and prostanoids in myometrial
and vascular smooth muscle within the human uteroplacental
unit, Acta Physiol. Scand. 128, 33.

McGrath, J.C., S.J. MacLennan and K. Stuart-Smith, 1985, Charac-
terization of the receptor mediating contraction of human umbili-
cal artery by 5-hydroxytryptamine, Br. J. Pharmacol. 84, 199.

McGrath, J.C., S.J. MacLennan and M.J. Whittle, 1988, Comparison
of the effects of oxygen, 5-hydroxytryptamine, bradykinin and
adrenaline in isolated human umbilical artery smooth muscle, Q.
J. Exp. Physiol. 73, 547.

Schoeffter, P. and D. Hoyer, 1991, Interaction of the a-adrenoceptor
agonist oxymetazoline with serotonin 5-HT,,, 5-HTg, 5-HT\¢
and 5-HT,, receptors, Eur. J. Pharmacol. 196, 213.

Somlyo, A.V., C.Y. Woo and A.P. Somlyo, 1965, Responses of
nerve-free vessels to vasoactive amines and polypeptides, Am. J.
Physiol. 208, 748.

Starke, K., 1981, a-Adrenoceptor subclassification, Rev. Physiol.
Biochem. Pharmacol. 88, 199.

Steen, S., T. Skirby, L. Norgren and K.E. Andersson, 1984, Phar-
macological characterization of postjunctional a-adrenoceptors in
isolated human omental arteries and veins, Acta Physiol. Scand.
120, 109.

Stiernquist, M. and C. Owman, 1990, Adrenoceptors mediating con-
traction in the human uterine artery, Hum. Reprod. 5, 19.

Tallarida, R.J., A. Cowan and M.W. Adler, 1979, pA, and receptor
differentiation: a statistical analysis of competetive antagonism,
Life Sci. 25, 637.

Van Nueten, J.M., W.J. Janssens and P.M. Vanhoutte, 1985, Sero-
tonin and vascular smooth muscle, in: Serotonin and the Cardio-
vascular System, ed. P.M. Vanhoutte (Raven Press, New York,
NY) p. 95.

White, R.P., 1989, Pharmacodynamic study of maturation and clo-
sure of human umbilical arteries, Am. J. Obstet. Gynecol. 160,
229.



