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Pharmacology of superficial human veins

Measuring constrictor and dilator actions

The preceding sections have discussed the use of the
techniques for determining changes in the compliance
of superficial hand veins for physiological and patho-
physiological studies. The first practical use of these
methods, however, was for the investigation of direct
drug effects and drug interactions in a human vascular
bed in vivo. The fact that stimulation of a-adrenoceptors
on human veins produces venoconstriction, was, of
course, a well-documented fact before the methods for
studies on superficial human veins became available.
The investigation of the constriction produced by direct
local infusion of noradrenaline was, however, one of the
first pharmacological tests carried out on superficial
hand veins with both the optical [30] and the LVDT [7,
44] method in order to evaluate the accuracy and the
reproducibility of the new techniques.
As venous tone at normal room temperature is very

low, the effects of dilator substances such as isopre-
naline are rather small and very variable [81]. Collier et
al. [30], for example, reported no effect on relaxed
superficial hand veins after the local infusion of iso-
prenaline, bradykinin, acetylcholine, and histamine.
Already with the optical method, however, they estab-
lished that the dilator effects of e.g. isoprenaline [30,
43] can be investigated on veins that have been precon-
stricted with a submaximal constrictor dose of, for
instance, noradrenaline or 5-hydroxytryptamine.

The study of drug interactions on superficial human
veins

Studies on superficial human veins were also found use-
ful for studying direct interactions between different
agonists and antagonists on human veins. Several
examples using the optical technique have been pub-
lished. Collier et al. [201] found that local infusion of
the a-adrenoceptor blocking drugs phentolamine or
thymoxamine produced the expected parallel shift of the
noradrenaline dose-response curves to the right. In
another experiment locally infused phentolamine was
shown to reduce the venoconstrictor effect of locally
infused dihydroergotamine, thus suggesting that the

constrictor effect of the latter drug was at least partly
due to a stimulation of a-adrenoceptors [31]. In another
investigation on the mode of action of ergot alkaloids,
the venoconstrictor effect of ergotamine was found to be
markedly reduced by the 5-HT-antagonist pizotifen [32],
thus confirming animal experiments [202] postulating a
5-HT-stimulant action of ergotamine. The antagonist
effect of pizotifen on the venoconstrictor actions of
locally infused 5-hydroxytryptamine was also shown in
the same study [32].
The LVDT method with its capability to observe

changes in venous diameter continuously during the
infusion of increasing doses of a constrictor or a dilator
agonist facilitated more complex studies on drug inter-
actions. In the first publication describing the LVDT
method [7], the parallel rightwards shift of noradrena-
line dose-response curves after local infusion of phentol-
amine was established, thus confirming the suitability of
the new method for studying such drug interactions in
man (Figure 5). This method also permits the investiga-
tion of the time course of the effects of drugs and to
correlate pharmacological activity determined directly
on human vessels in vivo with plasma levels. In one
such study Breithaupt et al. [68, 203] investigated
(besides other parameters) the plasma levels of enoxi-
mone and the effects of the drug on noradrenaline dose-
response curves established at various time points
before and after oral drug administration. The maximum
shift of the noradrenaline dose-response curve to the
right occurred at the time of maximum plasma levels
(1 h) and afterwards the effect declined about linearly
for the next 4 h. Further studies on drug interactions on
superficial hand veins are discussed below.

Effects on a-adrenoceptors

Collier et al. [30], using the optical technique, estab-
lished dose-response curves for the venoconstrictor
effects of noradrenaline and adrenaline and found that
with both compounds a marginal venoconstriction was
observed at a local infusion of about 2 ng min1- and an
almost complete constriction of the vein occurred at
about 32 to 64 ng min-'. Similar results were found
with the LVDT method [7, 45], although somewhat
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Figure 5 Dose-response curves for the venoconstrictor
effect of noradrenaline during local infusion into superficial
hand veins (occlusion pressure 45 mm Hg) before (0) and
after (0) local infusion of 50 gg phentolamine; means

± s.e. mean, n = 5 (data from [7]).

higher doses of adrenaline and noradrenaline were

required. With both methods, however, it was evident,
that the doses of the constrictor agents required for a
marked constrictor effect during direct local infusion
were about 1000 times lower than those needed for an

increase in blood pressure after systemic administration.
The a(x-selective agonist phenylephrine produced a con-
strictor action similar to that of noradrenaline, although
slightly higher doses were required [57, 73]. Also the
local infusion of the a2-adrenoceptor agonist azepexole
produced a constrictor action. The maximum effect
reached with azepexole was, however, markedly smaller
than that observed after noradrenaline or the ax-adreno-
ceptor agonist phenylephrine [73]. These results indicate
that, although both a-adrenoceptor subtypes are present
on human superficial veins, the ax-adrenoceptor subtype
predominates, a fact confirmed by Kongpatanakul et al.
[145, 146] in another study on superficial hand veins
(see part 1, section on receptor distribution). The presence
of functional a1- and a2-adrenoceptors was also shown
on human saphenous veins in vivo by Steen et al. [37],
using a photoelectric device for measuring changes in
venous compliance. This also suggests that superficial
veins of the leg and those on the dorsum of the hand
react in a similar way to a-adrenoceptor stimulation.
This was confirmed in a quantitative way in compara-
tive studies on the constrictor effects of locally infused
noradrenaline into superficial hand and foot veins,
which showed a similar responsiveness of the veins
from the different areas of the body to a-adrenoceptor
stimulation [49, 80, 85].

The local infusion of guanfacine, a centrally acting
antihypertensive drug exerting its effect via stimulation
of central a2-adrenoceptors, produces a relatively small
but definite venoconstrictor effect after direct local infu-
sion into superficial hand veins in doses of 80 ng to 2
gg [43]. Venoconstriction was also reported after local
infusion of relatively high local doses (1 ,ug ml-') of

clonidine, another centrally acting antihypertensive drug
stimulating central a2-adrenoceptors [114]. This
confirms venoconstriction by stimulation of a2-adreno-
ceptors and suggests that this mechanism may con-
tribute to the fact that orthostatic hypotension is not
usually observed after the administration of this class of
compounds. Studies on the rat aorta had shown, that
removal of the endothelium markedly increased the con-
strictor effect of clonidine, thus suggesting an a2-
adrenoceptor mediated vasodilatation through the
release of EDRF [204]. Haefeli et al. [205] therefore
investigated the effects of methylene blue, an inhibitor
of EDRF-mediated relaxation, on clonidine-induced
venoconstriction on superficial hand veins, but found no
difference between treated and untreated veins. After
preconstriction with angiotensin II, clonidine produced
further venoconstriction, which was inhibited by
labetalol. On veins preconstricted by the ax-adreno-
ceptor agonist phenylephrine, however, clonidine
induced dilatation. The authors concluded that there was
no evidence for a clonidine induced a2-adreno-
ceptor mediated release of EDRF, but that post-
junctional ax-adrenoceptors were involved in clonidine
induced venoconstriction in man.

That a parallel rightwards shift of the noradrenaline
dose-response curves, typical for a competitive antago-
nism, is observed in studies on superficial hand veins
after the local infusion of a-adrenoceptor antagonists
such as phentolamine [7] or thymoxamine [16] has been
mentioned above. Collier et al. [33] reported a dilator
effect of the locally infused ax-adrenoceptor blocker
prazosin on superficial hand veins preconstricted with
noradrenaline. In a study discussed in more detail below
in the section on the effects of angiotensin and ACE
inhibitors, Belz et al. [67] studied the effects of oral
doses of 2 mg prazosin on the dose-response curves of
locally infused noradrenaline at a time point between 3
and 6 h after drug administration and found that also
after oral administration the drug shifted the dose-
response curve of noradrenaline to the right. Carruthers
et al. [69] found that an oral dose of prazosin as small
as 0.5 mg produced a reduction of the venoconstrictor
effect of noradrenaline on superficial hand veins. The
antagonism of the venoconstriction produced by local
a-adrenoceptor stimulation (this time using phenyl-
ephrine as an agonist) by prazosin was confirmed also
during chronic oral therapy in a study carried out by
Eichler et al. [57] in patients with essential hyperten-
sion. Vincent et al. [206, 207] corroborated such a par-
allel shift of the phenylephrine dose-response curve to
the right after administration of another al-adrenoceptor
blocking drug, terazosin, but this group found, that after
oral administration for 28 days the dose-response curves
had shifted back almost towards baseline, thus suggest-
ing the development of tolerance. Sekkarie et al. [114]
showed that prazosin selectively inhibited the veno-
constrictor effect of ax-adrenoceptor stimulation by
phenylephrine, but not that of a2-adrenoceptor stimula-
tion by clonidine.

Sekkarie et al. [114] found that oral treatment for 3
weeks with the adrenergic neuron blocking agent
guanadrel reduced sympathetic tone, as shown by a
reduction of plasma noradrenaline and noradrenaline
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release, and resulted in an increased responsiveness of
superficial hand veins to both ctx- and ax2-adrenoceptor
agonists, suggestive of an upregulation of receptors (see
also part 1, section on the effect of age).
The recovery of venous diameter after the end of a

local infusion of x-adrenoceptor agonists was investi-
gated by Pan et al. [45]. After noradrenaline infusion
was stopped, venous diameters returned to control
values within about 10 min, whereas after methoxamine
almost no relaxation had occurred after 35 min. The
subsequent local infusion of the a-adrenoceptor block-
ing drug phentolamine, however, produced a fast dilata-
tion of the veins, thus showing that the long-lasting
venoconstrictor effect of methoxamine was due to
a-adrenoceptor stimulation.

Vincent et al. [208, 209] compared the peripheral and
systemic vascular responsiveness to phenylephrine in
healthy normotensive subjects and found a good corre-
lation between the doses of phenylephrine producing a
blood pressure increase after systemic administration
and those required for a local venoconstriction during
direct infusion into superficial hand veins. They con-
cluded that phenylephrine responses on peripheral veins
reflect the overall responsiveness of the vascular system
to this agonist and thus that studies on superficial hand
veins were useful for studying the regulation of
a-adrenoceptor responsiveness. Goldberg et al. [76]
compared the effects of phentolamine on the veno-
constrictor effects of locally infused noradrenaline after
direct local infusion into superficial hand veins with
those of systemic intravenous infusion. They found, that
with systemic administration about 1000 times higher
doses of phentolamine are required for an a-adrenocep-
tor blockade on superficial veins than when the drug is
administered by direct local infusion into the vein
investigated.

Effects on 5-HT-receptors

The marked direct constrictor effect of 5-hydroxytrypt-
amine that occurs when the drug is administered into
superficial human veins formed the basis for the devel-
opment of the 'venoconstriction test' discussed in part
1, which relies on the induction of a complete venous
spasm [15]. This test was used to study the effects
of 5-HT antagonists on serotonin-induced veno-
constriction [14, 15]. Panconesi et al. [210] showed that
the local administration of low doses of 5-hydroxytrypt-
amine potentiated the constrictor effect of noradrena-
line. No explanation for this was offered. It was,
however, stated that this potentiation could not be due to
a small increase in venous tone induced by 5-hydroxy-
tryptamine amplifying the effect of the subsequent
noradrenaline dose, because the preceding administra-
tion of a small noradrenaline dose would not potentiate
the effect of a subsequent 5-hydroxytryptamine dose.

Studies on superficial hand veins using the optical or
the LVDT technique showed a constrictor effect of
locally infused 5-hydroxytryptamine that was similar to
that observed after noradrenaline and adrenaline [7, 30,
151]. Local infusion of the 5-HT antagonist pizotifen
alone was found to reduce venous compliance, thus sug-
gesting a partial agonist activity on venous 5-HT recep-

tors [32, 63], which had not been observed in in vitro
studies on animal veins but was confirmed in in vivo
experiments on saphenous veins of the dog using the
LVDT technique [89]. This venoconstrictor effect of
pizotifen was found to be increased when the experi-
ments were performed at low room temperature [32].
The drug also produced a parallel shift of the 5-HT
dose-response curve to the right typical for a competi-
tive antagonism, whereas noradrenaline dose-response
curves were not influenced by pizotifen. This confirmed
the selective antagonism of pizotifen at 5-HT receptors
and supported the existence of specific 5-HT receptors
on human veins [63]. Besides pizotifen also another 5-
HT2 antagonist, LY237733 ((8)-N-cyclohexyl-6-methyl-
1-(1-methylethyl)-ergoline-8-carboxamide) was shown
to inhibit the venoconstrictor effects of 5-hydroxytrypt-
amine on superficial hand veins [211]. From studies on
human isolated hand veins it was proposed that the con-
strictor effect of 5-hydroxytryptamine was mainly due
to stimulation of 5-HT2 receptors [212]. Further studies
on human saphenous veins in vitro suggest that these
receptors are of the 5-HT, and 5-HT2 subtypes [152]
but that in addition presynaptic 5-HTID receptors are
present, which inhibit the release of noradrenaline from
sympathetic nerve endings [154] (see part 1, section on
receptor distribution).

Effects of ergot compounds

The direct venoconstrictor effects of locally infused
ergot derivatives, such as dihydroergotamine [31, 213],
ergotamine [82], dihydroergovaline [82], and dihydro-
ergostine [82], but also bromocriptine [83] and methy-
sergide [82] on superficial hand veins were reported by
using the optical technique. The studies showed that, of
the six compounds mentioned, ergotamine was the most
potent venoconstrictor, followed by dihydroergovaline,
whereas dihydroergostine and bromocriptine were the
least active [82, 83, 214]. These results showed, that
also substances like bromocriptine, which on arteries
usually produce dilatation [215], lead to a small con-
strictor effect of veins.
The LVDT method permitted a more detailed investi-

gation of the dose-response relationship and of the time
course of the venoconstrictor action of ergot alkaloids.
Dihydroergotamine was investigated after direct local
infusion [7, 42], as well as after systemic intravenous
[43], after intramuscular [49] (see Figure 4) and after
oral [7, 31] administration. In the first study with local
infusion a dose-dependent venoconstriction was
observed after the administration of cumulative doses
ranging from 0.25 ,ug to 4 ,ug [7]. In the second investi-
gation with local drug infusion, the time course of the
constrictor effect of doses of 0.08 ,ug and 0.4 jg was
investigated. The results confirmed the dose-dependent
constrictor effect. An interesting observation in this
study was the fact that only about one-third of the maxi-
mum venoconstrictor effect reached with that dose
occurred at the end of the injection, which lasted 10
min, but that it took a further 20 min to reach the peak
effect [42]. This suggested the existence of a deeper
'receptor compartment', as proposed by Paalzow et al.
[216]. The results of this second study also suggested
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that the effects of dihydroergotamine reported in the
first study may have been underestimated because each
dosage step of the cumulative dose-response curve was
administered only 5 min after the preceding dose.

In the study with systemic intravenous administration
of dihydroergotamine doses of 0.25 mg and 0.5 mg pro-
duced a marked and dose-dependent reduction in
venous diameter [43]. Also in this study the maximum
of the venoconstrictor effect had not been reached at the
end of the injection, which lasted 5 min, but occurred 15
min later. A comparison of the effect observed after
local and systemic intravenous administration of dihydro-
ergotamine suggests that to induce the same constrictor
effect only about 1/1000 of the systemic dose is
required by direct local infusion. Both after local i.v.
and after systemic i.v. administration of dihydroergot-
amine, there was only a small decline of the activity
during the period of observation, thus showing a long
duration of action of this compound [42, 43], although
in a further study a somewhat shorter duration of action
of the intravenous doses was suggested [44, 217]. Oral
doses of dihydroergotamine were studied first with the
optical technique [31], but the time-course of the effect
was further investigated using the LVDT method [7].
In this latter study the venoconstrictor effect of 10 mg
dihydroergotamine reached a maximum 1.5 h after
administration, and most of this effect was then main-
tained for the entire observation period of 8 h.

After oral administration, dihydroergotamine under-
goes a marked first-pass metabolism, so that only a
small percentage of the compound reaches the circula-
tion unchanged. It has, however, been postulated, that
some of the metabolites formed in the liver might be
pharmacologically active. This was confirmed in in vitro
studies on human and in vivo studies on canine veins
[72, 88]. An investigation of the effects of 8'-hydroxy-
dihydro-ergotamine, the main metabolite of dihydro-
ergotamine found in man, was therefore carried out after
local infusion into superficial hand veins. The results
showed that local doses of 0.08 jug and 0.4 ,ug produced
venoconstrictor effects similar to those of the same
doses of the parent compound [42]. This confirmed the
hypothesis that the pharmacological activity of oral
dihydroergotamine is due not only to the parent com-
pound, but also to its main metabolite. This study
demonstrates a unique advantage of studies with direct
local infusion of drugs into superficial hand veins. Only
small amounts of the metabolite of dihydroergotamine
were available at that time. This did, however, still per-
mit the investigation of the venoconstrictor activity of
the compound, as only minute amounts were required
for the investigation.

Barthel et al. [64] studied the interactions of dihy-
droergotamine and etilefrine on superficial foot veins,
using the LVDT method. They found that the combined
oral administration of the two drugs in doses that did
not produce a venoconstrictor effect when given alone,
produced a distinct venoconstriction and concluded that
orally administered etilefrine might increase the oral
bioavailability of dihydroergotamine.

Several studies on superficial hand veins were carried
out to investigate the mode of action of ergot alkaloids.
Ergotamine, locally infused into superficial hand veins

in a dose of 16 ng reduced venous compliance. The
constrictor effects of noradrenaline and 5-hydroxy-
tryptramine administered after ergotamine were
increased, but the constriction observed was never
greater than the arithmetic sum of the actions of the
single compounds. A lower dose of 4 ng ergotamine,
which only produced a very small constrictor effect, did
not influence the constrictor effect of noradrenaline or
5-hydroxytryptamine [63]. This suggests that in the
doses used ergotamine did not influence the constrictor
actions of concomitantly administered 5-HT- or a-
adrenoceptor stimulant drugs. The venoconstrictor effect
of ergotamine, however, was found to be markedly
reduced after the local infusion of the 5-HT antagonist
pizotifen (Figure 6), confirming the results of studies
carried out by Muller-Schweinitzer [202] in dogs sug-
gesting that its action is at least partly due to stimulation
of 5-HT receptors. In another study phentolamine was
shown to reduce the venoconstrictor activity of locally
infused dihydroergotamine, thus suggesting that its
venoconstrictor activity was at least partly due to a-
adrenoceptor stimulation [31], although phentolamine
can also block receptors for 5-HT.

Effects of angiotensin and ACE inhibitors

Probably the earliest experiment investigating the
effects of angiotensin II on human veins in vivo was
reported by DePasquale & Burch [13] using the
technique of the isolated venous segment (see part 1). In
this study, angiotensin II injected into a segment of a
superficial vein separated from the general circulation
by externally applied wedges produced no constrictor
effect, but systemic intravenous administration of
angiotensin II in the same subjects constricted the iso-
lated segment. The finding that in these experiments,
contrary to later studies using different techniques, no
constriction was observed after locally administered
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Figure 6 Reduction of hand vein diameter at an occlusion
pressure of 45 mm Hg after local infusion of 80 ng ergota-
mine once without pretreatment and once on another
occasion after a local infusion of 80 ng pizotifen; means

± s.e. mean, n = 5 (data from [32]).
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angiotensin II can probably be explained by the fact,
that also for all of the other constrictor agents tested in
this study higher doses were required to produce an
increase in venous pressure than those required for a
constrictor effect in studies on superficial hand veins.

Both locally infused angiotensin I [77] and
angiotensin II [30, 77] produce a dose-dependent
constriction of superficial hand veins. The potency
of angiotensin I is somewhat smaller than that of
angiotensin II [77]. Angiotensin converting enzyme
(ACE) inhibitors suppress the breakdown of the inactive
precursor angiotensin I to the potent vasoconstrictor
angiotensin II. The time course of plasma levels of ACE
inhibitors or of ACE inhibitory activity in plasma does
not, however, correlate well with the time course of
therapeutic activity of these drugs in the treatment of
hypertension or congestive heart failure. Tissue binding
of ACE inhibitors and tissue generation of angiotensin I
and II have been suggested as causes of this discrepancy
[218, 219]. The constrictor effects of intravenously
infused angiotensin I on arteries, which produces an
increase in systemic blood pressure, are at present being
used to study the time course of ACE inhibition on
human vessels in vivo. For clinical studies it would,
however, be desirable to have a method available, which
avoids the i.v. infusion of a pressor substance to these
patients. Studies on superficial hand veins appear to
offer such an opportunity. No studies on the time course
of ACE inhibitory activity have yet been carried out
using this technique; there are, however, several studies,
which support its usefulness for this purpose. Collier et
al. [77] reported that, as would be expected, the local
infusion of an ACE inhibitor into superficial human
hand veins attenuated the constrictor effect of
angiotensin I but not that of angiotensin II. From these
results they suggested the presence of ACE in human
peripheral veins. This was supported by data from Eich-
ler et al. [70], who also found that local infusion of the
ACE inhibitors cilazaprilat and enalaprilat in doses
much lower than those required for a systemic action
inhibited the venoconstrictor effects of angiotensin I.
This inhibition was reversible after about half an hour.
These studies on superficial hand veins suggesting local
ACE inhibitory activity are well in accordance with
studies carried out by Webb & Collier [220] on the arte-
rial bed of the forearm, in which intraarterially infused
enalaprilat inhibited the constrictor action of intraarteri-
ally infused angiotensin I. In another study on superfi-
cial hand veins Belz et al. [221] showed, that as
expected from their pharmacological properties, the oral
administration of the angiotensin II antagonist losartan
inhibited the venoconstrictor effects of both angiotensin
I and II, whereas the ACE inhibitor enalapril only
reduced the actions of angiotensin I. The same group
[67], using the LVDT technique, also studied the effects
of oral doses of cilazapril and the cx -adrenoceptor
blocker prazosin on the dose-response curves of locally
infused angiotensin I and noradrenaline at a single time
point 3 to 6 h after drug administration. The dose-
dependent venoconstrictor effect of angiotensin I in
doses of 4 to 405 ng min-1 was completely abolished by
the ACE inhibitor (5 mg cilazapril), but not influenced
by 2 mg of the ax-adrenoceptor blocking drug prazosin.

Conversely, the ACE inhibitor did not influence the con-
strictor effect of noradrenaline, the dose-response curve
of which was shifted to the right by the ax-adrenoceptor
blocking drug. It was concluded that a-adrenergic
mechanisms were not involved in the venoconstrictor
action of angiotensin.

Eichler et al. [70] reported that the venoconstriction
observed after local infusion of angiotensin I was
limited by the rapid development of tachyphylaxis. To
test the reproducibility of repeated infusions of angio-
tensin further, we determined dose-response curves of
angiotensinogen, angiotensin I, and angiotensin II
repeatedly on the same and on different days and found
that all three compounds produced a dose-dependent
and reproducible constriction of superficial hand veins.
Although the potency of angiotensinogen was lowest
and that of angiotensin II greatest (Figure 7), there were
only relatively small differences between the three com-
pounds. When angiotensin II was administered after
local infusion of the angiotensin antagonist saralasin, its
constrictor effect was inhibited. Dose-response curves
established on the same day showed a good repro-
ducibility, thus suggesting that studies on superficial
hand veins should be useful for further investigation of
the time course and mode of action of ACE inhibitors
(Aellig, unpublished). In another study on superficial
hand veins Arnold & Lo [222] showed, that in accor-
dance with these data the venoconstrictor effect of
angiotensin II was much smaller than that of noradrena-
line and found that a 50% constriction of the veins
could only be achieved in 2 of 12 subjects. In their
study angiotensin II showed a decreasing constrictor
response with increasing dose, suggestive of the develop-
ment of tachyphylaxis.

In a study on superficial hand veins, Webb et al.
[223] found that a single deep breath produces a marked
venoconstrictor effect. When a low dose of angiotensin
II that, given alone, did not produce venoconstriction
was concomitantly infused, the venoconstriction caused
by the deep breath was markedly augmented. The veno-
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Figure 7 Reduction of hand vein diameter at an occlusion
pressure of 45 mm Hg after local infusion of angiotensin-
ogen (0), angiotensin I (7) and angiotensin II (V); means
± s.e. mean, n = 4 (Aellig, unpublished).
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constriction produced by local infusion of the a-adreno-
ceptor agonist noradrenaline, however, was not
augmented by the infusion of low doses of angiotensin
II. They concluded that in these experiments angiotensin
II produced its venoconstrictor effect by augmenting
neurogenically mediated, possibly presynaptic, mecha-
nisms. It was suggested that such a mechanism may
also be implicated in patients with congestive heart
failure, in whom high levels of angiotensin II are
observed, and in whom marked rises in venous pressure
occur on exercise.

Endothelin

The venoconstrictor action of endothelin on human
arteries and veins [139, 140] has already been men-
tioned in part 1 of this article in the section on the func-
tion of the endothelium. In studies on superficial hand
veins [224, 225] a slow onset constriction during local
infusion of endothelin was found, which could not be
inhibited by the calcium antagonist nicardipine. After
the end of the infusion of endothelin venous tone only
slowly returned to control levels. In the same study a
similar slow onset constriction was also observed during
local infusion into brachial arteries, but here co-infusion
of nicardipine inhibited the constrictor action of
endothelin. In another study, carried out on superficial
hand veins [226, 227] the potassium channel opening
drug cromakalim, given before endothelin admini-
stration, prevented the endothelin induced venoconstric-
tion, whereas the calcium channel antagonist nicardipine
was only partially effective and hydralazine had no
effect. Cromakalim, but not nicardipine also reversed
an established endothelin induced constriction. Haefeli
et al. [228, 229] compared the effects of local infusion
of endothelin-1 and -3 on superficial hand veins with
that of phenylephrine and found that ED50 values
for endothelin- 1 were 26 times and those for endothelin-
3 three times lower than those of phenylephrine.
No venodilator effect of low doses of endothelin-1
(suggested from experiments in other vascular beds)
were found, when the drug was infused into pre-
constricted hand veins. Bradykinin and verapamil only
partially antagonised endothelin- 1 induced veno-
constriction. The data showed no potentiating effect of
subpressor doses of endothelin-3 on phenylephrine
induced venoconstriction.

Effects of other constrictor agents

Collier et al. [30] found no constrictor effect after the
local infusion of vasopressin into superficial hand veins.

Fanciullacci et al. [41], using the LVDT method,
reported a marked venoconstrictor activity of somato-
statin when locally infused into superficial hand veins.
There was, however, a fast development of tolerance, so
that after 45 min of continuous local infusion only a rel-
atively small constrictor effect persisted. Similar results
were obtained by Sicuteri et al. [230], using the veno-
constriction test.
The effects of systemic i.v. infusion of interleukin-l1

on a series of cardiovascular parameters including
compliance of superficial hand veins was investigated

by Haefeli et al. [231 ] in patients with malignant
melanoma. All subjects developed fever, chills and rises
in heart rate and blood pressure. Venoconstriction
always preceded the onset of chills and was closely
correlated with heart rate. Since it could be inhibited by
the local administration of the a-adrenoceptor blocking
drug phentolamine, the authors suggested that cardio-
vascular responses observed after interleukin-1O are due
to adrenergic stimulation.

Effects ofprostaglandins

As in the arterial vascular bed, the various prosta-
glandins can have constrictor or dilator actions on
superficial human veins, but some prostaglandins have
been reported to produce opposite actions in the two
vascular beds [232]. Collier et al. [78] and Robinson
et al. [79] reported a dose-dependent constriction
of superficial hand veins after local infusion of
prostaglandins B and F2a, which produced a dose-
dependent increase in intraarterial flow when infused
into the brachial artery. Beermann [65] showed that the
dose-response curve for the venoconstrictor activity of
prostaglandin F2a in superficial hand veins was well
reproducible on repeated administrations and suggested
that its venoconstrictor effect was due to a stimulation
of thromboxane A2 receptors. Amer & Hogestatt [233]
obtained similar results on isolated rings of human hand
veins in vitro and showed, that the venoconstrictor
effect of prostaglandin F2. could be inhibited by throm-
boxane receptor antagonists.

Prostaglandins Al, A2, El and E2 were found to
produce a dose-dependent dilatation of preconstricted
veins [53, 78, 79]. The venodilator effect of prosta-
glandin El was shown by Hiremath et al. [53] to be
independent of the subjects' age (see part 1, section on
venous physiology).

Effects on /3-adrenoceptors

The first study to suggest a venodilator effect of
,-adrenoceptor stimulation on superficial human veins
in vivo was carried out by Sicuteri et al. [150], using the
venoconstriction test (see part 1). They found that the
local administration of a 0-adrenoceptor blocking drug
produced a marked increase of the constrictor action of
locally administered adrenaline, whereas the constrictor
effect of noradrenaline was not influenced in these
experiments. It was concluded that the ,-adrenoceptor
blocking drug had inhibited a dilator action of adrena-
line on ,3-adrenoceptors of the veins (see also part 1,
section on receptor distribution) but had not influenced
its constrictor action on a-adrenoceptors. Isoprenaline
when given alone does not produce much effect after
local infusion into superficial hand veins at normal
room temperature, but Collier et al. [30] found a dose-
dependent dilator effect when isoprenaline was infused
locally into superficial hand veins that were precon-
stricted by the local infusion of noradrenaline or
5-hydroxytryptamine. Such a dose-dependent veno-
dilatation of preconstricted veins was also observed in
our studies using the LVDT method [43] and in several
investigations of the age-dependent reduction of venous
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responsiveness to ,-adrenoceptor stimulation (see also
part 1, section on the effect of age).

Vincent et al. [234] found that after continuous infu-
sion for 4 h of a relatively high local dose of isopren-
aline or prostaglandin El into preconstricted superficial
hand veins, the dilator effect of both compounds was
significantly reduced after infusion of either drug, thus
showing heterologous desensitization of vascular
smooth muscle.

Studies on superficial hand veins were also carried
out to investigate the effects of ,B-adrenoceptor blocking
drugs. Aminu & Vere [34, 35] reported that treatment
with propranolol, either as a single oral dose of 40 mg
or given for 2 weeks for the treatment of hypertension,
produced a reduction of venous compliance, which did,
however, abate when treatment was continued for 8
weeks. White & Udwadia [36] showed that the dilator
effect of isoprenaline locally infused into preconstricted
hand veins was inhibited by the administration of
propranolol or practolol. Administration of the P-
adrenoceptor blocking drugs was found to potentiate the
constrictor effects of locally infused noradrenaline.
O'Grady et al. [235] reported that, whereas locally
infused propranolol potentiated the venoconstrictor
effect of noradrenaline, this action was reversed by the
concomitant local infusion of oxprenolol. This effect
was at that time suggested to be due to its partial agonist
activity, a-adrenoceptor blockade, or membrane stabi-
lizing activity, although, according to current knowl-
edge, the first explanation seems to be the most likely.
Collier et al. [236] investigated the effects of the a- and
,-adrenoceptor blocking drug labetalol on superficial
hand veins and found that it inhibited in a competitive
manner the constrictor effects of locally infuised nor-
adrenaline as well as the dilator effects of the P-adreno-
ceptor agonist isoprenaline (but not other dilator drugs
acting via different mechanisms such as acetylcholine,
histamine, and bradykinin) locally infused into veins
preconstricted by 5-hydroxytryptamine. Collier &
Pitcher [237] found that SK&F 92657, a j-adrenoceptor
blocking drug with hydralazine-like ancillary properties,
reduced the dilator effects of isoprenaline infused
into superficial hand veins and the brachial artery,
as expected for a 0-adrenoceptor blocking drug. In
addition, however, it also had a direct dilator effect
when infused into the brachial artery, but not on
superficial hand veins. In another study Belz et al. [66]
found that orally administered carvedilol reduced the
venoconstrictor effects of both locally infused noradren-
aline and the prostaglandin F2a9 thus suggesting that this
,-adrenoceptor blocking drug possesses additional prop-
erties, besides a-adrenoceptor blockade, responsible for
the inhibition of vasoconstriction produced by other
mechanisms [65, 66, 238, 239].

In a study discussed in connection with the investiga-
tion of physiological changes in ,-adrenoceptor sensi-
tivity occurring with increasing age (see part 1), Ford et
al. [98] found that after withdrawal of oral treatment
with propranolol the cardiac chronotropic effects of iso-
prenaline showed the expected overshoot typical for
hypersensitivity of f-adrenoceptors. There was, how-
ever, no withdrawal hypersensitivity with respect to the
venodilator effects of isoprenaline. This suggested that

the j3-adrenoceptor hypersensitivity observed after the
withdrawal of propranolol and other P-adrenoceptor
blocking drugs predominantly concerns cardiac ,-
adrenoceptors. In contrast, Stein et al. [240] found that
2 h after 7 days treatment of healthy subjects with the
P2-adrenoceptor agonist terbutaline, desensitization of
J3-adrenoceptors on human veins occurred, resulting in
an increase in the dose of isoprenaline required for a
given dilatation of preconstricted hand veins. This prob-
ably wanes rapidly, since in another study no desensiti-
zation was observed 36 h after stopping terbutaline [59].

Effects on muscarinic receptors

Collier et al. [30] reported a dose-dependent dilator
effect of acetylcholine on preconstricted superficial hand
veins, an effect that could be blocked by the local infu-
sion of atropine. Removal of the endothelium of the
vein by local irrigation with distilled water abolished
the venodilator effect of acetylcholine, which could
therefore be ascribed to the effect of locally released
EDRF (nitric oxide) [134] (see also part 1, section on
the function of the endothelium). Also studies carried
out by Vallance et al. [56] showed that the venodilata-
tion produced by acetylcholine is mediated via the
release of nitric oxide (see below). In veins with an
intact endothelium the dose-response relationship for
acetylcholine was found to be biphasic, low doses
producing venodilatation, and high doses venocon-
striction. When the endothelium was removed, however,
all doses produced a constrictor effect [135]. In view of
these results the authors questioned the use of acetyl-
choline dose-response curves as a marker of endothelial
function. Kongpatanakul et al. [241] confirmed the
constrictor effect of high doses of acetylcholine on
superficial hand veins but showed that it was only
transient and could be blocked by atropine as well as
by phentolamine or labetalol. They concluded, that
acetylcholine induced venoconstriction was mediated
via the stimulation of muscarinic receptors causing the
release of noradrenaline and that the transient nature of
the effect might indicate depletion of noradrenaline
stores.

Nitrates as venodilators

The nitrates represent the best-known and most widely
used venodilators. Locally infused glyceryl trinitrate
[33] was found to dilate superficial hand veins precon-
stricted with noradrenaline. The threshold dose for this
effect (0.8 ng ml-') was lower than that which is
required to dilate arteries during direct intraarterial
infusion (3-4 ng ml-). With nitroglycerine a venodilator
effect was reported even after direct local infusion into
unconstricted veins (Figure 8), whereas arterial dilators
such as endralazine produced no such effects, even in
high doses [43]. In another study Lui & Arnold [242]
found that sublingually administered nitroglycerine (0.4
mg) produced no significant effects on unconstricted
superficial hand veins, but dilated calf and forearm
veins in plethysmographic investigations. From these
results the authors suggested the existence of differences
in sensitivity to nitroglycerine between different venous
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Figure 8 Hand vein diameter at an occlusion pressure of
45 mm Hg before and after local infusion of nitroglycerine;
means ± s.e. mean, n = 5 (data from Aellig [43]).

beds. It might, however, also be, that at the relatively
high room temperature of the experiments (230 C)
superficial hand veins were already maximally dilated
before the administration of the drug, so that no further
dilatation was possible (see also part 1, section on the
influence of temperature). Katzir et al. [46] showed that
the venodilator effect of locally infused nitroglycerine
on superficial hand veins is fast in onset and wanes

quickly when the infusion is stopped. Ford et al. [168]
showed in a comparative study of various dilator agents
that the dose producing a half-maximal venodilator
effect was much lower for nitroglycerine (0.7 ng min-1)
than for verapamil (6.5 ,ug min-'), diazoxide (75 ig
min-'), or hydralazine (660 ,ug min-').
As discussed in part 1 of this article in the section on

the function of the endothelium, endothelium derived
relaxing factor (EDRF) has been shown to be nitric
oxide, which is synthesized from L-arginine, a process
inhibited by L-NMMA (N0-monomethyl L-arginine)
[243]. Vallance et al. [54] investigated the influence of
locally infused L-NMMA on the effects of locally
infused vasodilators into preconstricted superficial hand
veins. L-NMMA was found to inhibit the venodilatation
produced by local infusion of acetylcholine or

bradykinin but not that due to glyceryl trinitrate. It was
concluded that the dilator effects observed after acetyl-
choline and bradykinin but not those after glyceryl trini-
trate were mediated through the release of nitric oxide
synthesized from L-arginine. The absence of an impair-
ment of venodilatation produced by glyceryl trinitrate in
patients with systemic sclerosis, in whom the endo-
thelium-mediated venodilatation produced by substance
P was inhibited [193], has been discussed in part 1 in
the section on the pathophysiology.

Hiremath et al. [51, 52] used the LVDT method on

preconstricted hand veins to compare the venodilator
effects of nitroglycerine administered in three different
galenical forms, namely sublingual tablets, ointment and
transdermal patches and found that neither the nitro-
glycerine patches used (15 to 60 mg 24 h-1) nor the
ointment applied (15 mg 24 h-1) produced a venodilata-

tion, whereas sublingual nitroglycerine (0.15 to 0.6 mg)
caused the expected significant dilation. The authors did
not exclude the possibility, however, that in the thera-
peutic situation in anginal patients the effect of other
constrictor stimuli might be attenuated also after the
other application forms of nitroglycerine, or that other
veins of the body might be more sensitive to these
doses. Belz & Beermann [244] found, that also the oral
administration of nicorandil (N-2-hydroxyethyl-nicotin-
amide nitrate) (40 mg) produced a marked and long-
lasting dilatation of preconstricted superficial hand
veins.

In a study by DeRycke et al. [245] the venodilator
effect of isosorbide dinitrate (5 mg sublingually) on pre-
constricted superficial hand veins was found to be inhib-
ited by orally administered acetylsalicylic acid (1 g),
thus suggesting that its effect was at least partly medi-
ated by the synthesis of prostacyclin.

In another study on superficial hand veins Haefeli et
al. [246, 247] investigated a series of nitroglycerine
metabolites and confirmed the hypothesis that their
activity is related to the number of nitrate groups in the
molecule. As biotransformation by glutathione S-trans-
ferase is required for nitroglycerine induced vasodilata-
tion Srivastava et al. [248] tested the hypothesis that
ethacrynic acid, an inactivator of sulphydryl groups,
could be used to inhibit these enzymes and therefore
serve as a tool for blocking nitroglycerine induced
dilatation. The results confirmed that ethacrynic acid
inhibits the effects of nitroglycerine, but this action was
not specific, since also the effects of prostaglandin El
and cGMP were inhibited. The same group [249] tested
the hypothesis, that the genetic polymorphism of gluta-
thione S-transferase ,u might be responsible for the large
interindividual variability of responses to nitroglycerine,
but no difference was found between subjects with and
without expression of this isoenzyme.
The development of tolerance to nitrates was investi-

gated on superficial hand veins by Vincent et al. [250],
who found that venodilatation due to local infusion of
nitroglycerine was markedly reduced after 1 week of
treatment with an oral long acting isosorbide dinitrate
preparation. This reduction was reversed by concurrent
treatment with high oral doses of N-acetylcysteine. The
hand vein method was considered promising for future
studies on nitrate tolerance in man.

The effects of calcium antagonists

From their mode of action, one would expect that
calcium antagonists would produce a similar dilator
effect on veins as on arteries. Orthostatic hypotension
has, however, not been a clinical problem with the use
of these compounds, so that the question arose whether
slow calcium channels were either not present at all in
veins or controlled in a different way than on arteries.
Studies on superficial hand veins showed that the
administration of verapamil [46, 71, 251], nifedipine
[71, 73, 168, 232, 252], nimodipine [252], and diltiazem
[73] dose-dependently dilate preconstricted veins,
showing that venoconstriction induced by locally
infused constrictor agents is inhibited by these drugs.
Abernethy & Winterbottom [253] reported similar
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results in a study on forearm arteries, in which intra-
arterially administered verapamil inhibited the constric-
tor effect of intraarterially infused phenylephrine.
In one study [254] nifedipine was without effect on
constriction of superficial hand veins that was induced
by sympathetic nerve activity, although it relaxed veins
constricted by high concentrations of potassium.
Interestingly enough and contrary to the experiments
cited above [71, 73, 74, 168, 232], in these experiments
nifedipine did not inhibit the venoconstriction produced
by noradrenaline. These results, together with those of
several studies on human and animal isolated veins
(for references see [255]), suggested that calcium
antagonists produce a more marked reduction of veno-
constriction induced by the stimulation of post-
junctional (extrasynaptic) a2-adrenoceptors than that
induced by postsynaptic ox1-adrenoceptor stimulation.

In a review of this topic [255] it was concluded that
the low incidence of orthostatic hypotension observed
during treatment with calcium antagonists might be
explained by the low resting tone of veins and the
relatively small inhibitory effect of these drugs on
neuronally-mediated venoconstriction in vivo. The
inhibitory effect of calcium antagonists on venoconstric-
tion produced by circulating catcholamines might,
however, be of potential importance in the treatment of
congestive heart failure, where high plasma levels of
constrictor agonists are usually present [256]. As dis-
cussed in part 1 in the section on the pathophysiology of
hypertension, some patients with borderline hyper-
tension have been reported [162] to have an elevated
venous tone. It would therefore be interesting to study
whether this is accompanied by increased catecholamine
levels and to what extent the veins of these patients
react to the administration of calcium antagonists.

The effects of other venodilators

Tolmesoxide, hydralazine, diazoxide, and sodium nitro-
prusside, arteriodilator substances acting directly on
vascular smooth muscle, were also found to dilate pre-
constricted hand veins during direct local infusion [33,
46, 168]. In a comparison of hydralazine, diazoxide,
verapamil, and nitroglycerine, locally infused into pre-
constricted superficial hand veins, Katzir et al. [46]
found that all of the different vasodilators produced a
marked dilatation of preconstricted veins with a fast
onset of action. But, whereas the dilator effect of all of
the other compounds waned fast after the infusion was
stopped, the effect of diazoxide persisted for at least 90
min. The relationship between the doses of these four
drugs studied, that are required to produce a local veno-
dilator effect was comparable with that required for
their known general haemodynamic actions.

Bradykinin and histamine also dilate preconstricted
veins after local infusion [30]. The effects of bradykinin
are markedly potentiated by the administration of an
ACE inhibitor [257]. Figure 9 shows the dose-depen-
dent venodilatation observed after local infusion of
bradykinin in doses of 4 to 500 ng min-' into super-
ficial hand veins preconstricted by local infusion of
16 ng min-' noradrenaline (Aellig, unpublished). The
venodilator effect of bradykinin on superficial veins was
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Figure 9 Hand vein diameter at an occlusion pressure of
45 mm Hg during local infusion of physiological saline,
noradrenaline, and the concomitant infusion of noradrena-
line together with bradykinin; means + s.e. mean, n = 5
(Aellig, unpublished).

shown to be due to the release of nitric oxide [54] (see
above). Dachman et al. [258] found a desensitization of
superficial hand veins to the dilator effects of bradykinin
if two infusions were given with a 10 min interval, but
no loss of responsiveness if the infusions were separated
by an interval of 40 min. In the same study they
confirmed that bradykinin induced venodilatation in-
volves the release of nitric oxide but also suggested the
involvement of prostacyclin. In vivo studies on saphe-
nous veins of the dog, using the LVDT technique,
showed a constrictor action of locally infused brady-
kinin, thus indicating a species difference in the effects
of bradykinin on veins [90]. Bedarida et al. [259]
showed that the venodilator effect of histamine on pre-
constricted superficial hand veins is mediated via both
H1- and H2-receptors, but that the H2-subtype is of
greater practical importance, since an H2-receptor antag-
onist produced a greater reduction of the effect than
an Hi-receptor antagonist. The stimulation of the Hi-
receptor was suggested to mediate its action via the
release of nitric oxide, since methylene blue, an in-
hibitor of nitric oxide, decreased the venodilator
response. (See also part 1 for age-dependent changes).

Several investigators studied the effect of locally
infused atrial natriuretic peptide on superficial human
hand veins and noted that even in constricted veins there
was no or only a relatively small dilator effect, and it
was concluded that at physiological doses atrial natri-
uretic peptide did not produce a significant venorelaxant
effect [48, 260, 261]. In a plethysmographic study with
intraarterial administration of atrial natriuretic peptide,
however, venodilatation was observed [262].

Also calcitonin gene related peptide, a potent arterial
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dilator, did not dilate preconstricted superficial hand
veins [263]. In the same study, substance P, another
arterial dilator produced a dilatation of constricted hand
veins, which was, however reported to be only transient
and not dose-dependent [263]. Matucci-Cerinic et al.
[193] suggested that the venodilatation caused by sub-
stance P in superficial hand veins is endothelium medi-
ated, as it is inhibited in patients with systemic sclerosis
(see part 1).

Orally administered exoximone was found to produce
a shift of the dose-response curve for the constrictor
action of noradrenaline on superficial hand veins to the
right. Measurement of plasma levels of enoximone
revealed that the maximum shift of the noradrenaline
dose-response curve occurred at the same time as the
plasma level maximum [68, 203]. This study is a good
example for the potential of experimental studies on
superficial hand veins using the LVDT technique to
investigate the mode of action and the plasma level-
effect relationship of new drugs in man.

Insulin also exerts a venodilator effect on pre-
constricted superficial hand veins, which is impaired
in patients with hypertension [184]. This has been
discussed in part 1 in the section on the pathophysi-
ology of hypertension.

Conclusions

The method using a linear variable differential trans-
former for the determination of changes in the compli-
ance of superficial human hand and foot veins has been
found useful for studies of direct pharmacological or
physiological effects on veins, interactions of pharmaco-
logical or physiological stimuli on veins, and patho-
physiological changes in venous responsiveness. If the
few fundamental principles described are adhered to,
studies on superficial human hand veins are relatively
easy to carry out in healthy volunteers as well as in
patients. They are not uncomfortable for the subjects
and can therefore be repeated without much disturbance
over longer periods of time. Not only, therefore, may
such studies increase our knowledge of direct drug
effects and drug interactions on human veins, but they
will also permit investigations on the influence of age,
sex, race, and diseases on pharmacological and physio-
logical responses in veins.

Future studies on superficial hand veins may be
useful, for example, to investigate further the interesting
topic of endothelial function and also to assess findings
obtained by the different in vitro methods in man
in vivo.

References

1 Rothe CF. Physiology of the capacitance vessels. In
Handbook of physiology, section II, The cardiovascu-
lar system, vol III, Peripheral circulation and organ
blood flow, pp. 427-435. Bethesda, Am Physiol Soc,
1983.

2 Gauer OH, Henry JP. Beitrag zur Homoostase des
extraarteriellen Kreislaufs. Volumenregulation als
unabhangiger physiologischer Parameter. Klin Wschr
1956; 34: 356-366.

3 Sjostrand T. The regulation of the blood distribution
in man. Acta physiol Scand (Stockh) 1952; 26:
312-327.

4 Sjostrand T. Volume and distribution of blood and
their significance in regulating the circulation. Physiol
Rev 1953; 33: 202-228.

5 Aellig WH. Pharmacological experiments on human
hand veins in situ. Int J clin Pharmac Res 1981; 1:
103-109.

6 Aellig WH. Methods for studying drug effects on
superficial human veins. Meth Find exptl clin Phar-
mac 1985; 7: 321-324.

7 Aellig WH. A new technique for recording compli-
ance of human hand veins. Br J clin Pharmac 1981;
11: 237-243.

8 Whitney RJ. The measurement of volume changes in
human limbs. J Physiol 1953; 121: 1-27.

9 Altenkirch HU, Fransson L, Koch G. Assessment of
arterial and venous circulation in upper and lower
extremities by venous occlusion strain gauge plethys-
mography. Normal values and reproducibility. Vasa
1989; 18: 140-145.

10 Mostbeck A, Partsch H, Peschl L. Investigations
on peripheral blood distribution. Exerpta Medica
Congress Series 1976; 388: 91-97.

11 Mostbeck A, Partsch H, Peschl L. Anderungen der
Blutvolumenverteilung im Ganzkorper unter

physikalischen und pharmakologischen Massnahmen.
Vasa 1977; 6: 137-142.

12 Burch GE, Murtadha M. A study of the venomotor
tone in a short intact venous segment of the forearm of
man. Am Heart J 1956; 51: 807-828.

13 DePasquale NP, Burch GE. Effects of angiotensin II
on the intact forearm veins of man. Circ Res 1963; 13:
239-245.

14 Sicuteri F, DelBianco PL, Fanciullacci M, Franchi G.
Il test della venoconstrizione per la misura della
sensibilit'a alla 5-idrossitriptamina e alle catecolamine
nell'uomo. Boll Soc Ital Biol Sperim 1964; 40:
1148-1150.

15 DelBianco PL, Fanciullacci M, Franchi G, Sicuteri F.
Human 5-hydroxytryptamine venomotor receptors.
Pharmac Res Comm 1975; 7: 395-408.

16 Nachev C, Collier J, Robinson B. Simplified method
for measuring compliance of superficial veins.
Cardiovasc Res 1971; 5: 147-156.

17 Robinson BF. Assessment of the effect of drugs on the
venous system in man. Br J clin Pharmac 1978; 6:
381-386.

18 Rudofsky G, Nobbe F, Ehinger W. Zur Beinfluss-
barkeit der venosen Hamodynamik durch thermische
Reize. Med Klin 1977; 72: 1639-1644.

19 Harker CT, Ousley PJ, Harris EJ, Edwards JM, Taylor
LM, Porter JM. The effects of cooling on human
saphenous vein reactivity to adrenergic agonists. J
vasc Surg 1990; 12: 45-49.

20 Strandness DE Jr. Applied venous physiology in nor-
mal subjects and venous insufficiency. In Venous
problems, eds Bergan JJ, Yao JST, pp. 25-45. Year
Book Medical Publ, Chicago, London, 1978.

21 Hewlett AW, VanZwaluwenburg JG. The rate of blood
flow in the arm. Heart 1908; 1: 87-97.

22 Graf K, Westersten A. Untersuchungen uber Eigen-



Clinical pharmacology, physiology and pathophysiology of superficial veins-2 299

schaften und Verwendungsmoglichkeiten eines flexi-
blen Extremitatenplethysmographen. Acta physiol
Scand 1959; 46: 1-18.

23 Barbey K, Barbey P. Ein neuer Plethysmograph zur
Messung der Extremitatendurchblutung. Z Kreislauf-
forschg 1963; 52: 1129-1140.

24 Rudofsky G, Gutmann J. Venenverschluss-Plethysmo-
grafie. Eurasburger Berichte zu Themen der Angiolo-
gie und Kardiologie. Eurasburg, 1979.

25 Clements IP, Strelow DA, Becker GP, Vliestra RE,
Brown ML. Radionuclide evaluation of peripheral cir-
culatory dynamics: new clinical application of blood
pool scintigraphy for measuring limb venous volume,
capacity and blood flow. Am Heart J 1981; 102:
980-983.

26 Manyari DE, Malkinson TJ, Robinson V, Smith ER,
Cooper KE. Acute changes in forearm venous volume
and tone using radionuclide plethysmography. Am J
Physiol 1988; 255: H947-H952.

27 Takatsu H, Gotoh K, Suzuki T, Ohsumi Y, Yagi Y,
Tsukamoto T, Terashima Y, Nagashima K, Hirakawa
S. Quantitative estimation of compliance of human
systemic veins by occlusion plethysmography with
radionuclide: Methodology and the effect of nitroglyc-
erin. Jpn circ J 1989; 53: 245-254.

28 DelBianco PL, Sicuteri F. Computerized venospasm:
A method for exploring the neurovascular junction in
man. J pharmac Methods 1978; 1: 329-340.

29 Collier JG, Nachev Ch, Robinson BF. A new method
for studying the pharmacology of the superficial veins
in conscious man. Br J Pharmac 1970; 40:
574P-575P.

30 Collier JG, Nachev C, Robinson BF. Effect of cate-
cholamines and other vasoactive substances on
superficial hand veins in man. Clin Sci 1972; 43:
455-467.

31 Aellig WH. Venoconstrictor effect of dihydroergot-
amine in superficial hand veins. Eur J clin Pharmac
1974; 7: 137-139.

32 Aellig WH. Clinical-pharmacological experiments
with pizotifen (Sanomigran®) on superficial hand
veins in man. In Current concepts in migraine
research, ed Greene R, pp. 53-62. New York: Raven
Press, 1978.

33 Collier JG, Lorge RE, Robinson BF. Comparison of
effects of tolmesoxide (RX71107), diazoxide,
hydralazine, prazosin, glyceryl trinitrate and sodium
nitroprusside on forearm arteries and dorsal hand
veins of man. Br J clin Pharmac 1978; 5: 35-44.

34 Aminu JM, Vere DW. The effects of oral propranolol
on the distensibility of resting superficial veins in
man. Clin Sci 1972; 42: 3P.

35 Aminu J, Vere DW. A longitudinal study of the mech-
anisms of action of debrisoquine and propranolol. Br J
clin Pharmac 1978; 6: 43-50.

36 White C de B, Udwadia BP. P-adrenoceptors in the
human dorsal hand vein, and the effects of propranolol
and practolol on venous sensitivity to noradrenaline.
Br J clin Pharmac 1975; 2: 99-105.

37 Steen S, Castenfors J, Sjoberg T, Skarby T, Andersson
K-E, Norgren L. Effects of a-adrenoceptor subtype-
selective antagonists on the human saphenous vein in
vivo. Acta physiol Scand 1986; 126: 15-19.

38 Sjoberg T, Norgren L, Andersson K-E, Steen S. Com-
parative effects of the a-adrenoceptor agonists nor-
adrenaline, phenylephrine and clonidine in the human
saphenous vein in vivo and in vitro. Acta physiol
Scand 1989; 136: 463-471.

39 Schaevitz H. The linear variable differential trans-

former. Proc Soc exptl Stress Analysis, Cambridge
1947; 4: 79-88.

40 Aellig WH. Use of a linear variable differential trans-
former to measure compliance of human hand veins in
situ. Br J clin Pharmac 1979; 8: 395P.

41 Fanciullacci M, Pietrini U, Marabini S, Curradi C,
Sicuteri F. Somatostatin as a powerful short-lasting
spasmogenic agent of human hand vein in vivo. IRCS
med Sci 1983; 11: 662-663.

42 Aellig WH. Investigation of the venoconstrictor effect
of 8'-hydroxydihydroergotamine, the main metabolite
of dihydroergotamine, in man. Eur J clin Pharmac
1984; 26: 239-242.

43 Aellig WH. Direct effects of vasoactive substances on
superficial human veins in vivo. Int Angiol 1985; 4:
235-242.

44 Alradi AO, Carruthers SG. Evaluation and application
of the linear variable differential transformer tech-
nique for the assessment of human dorsal hand vein
alpha-receptor activity. Clin Pharmac Ther 1985; 38:
495-502.

45 Pan HY, Hoffman BB, Persche RA, Blaschke TF. Dif-
ferences in recovery from vasoconstriction due to a-
agonists studied with the dorsal hand vein technique.
Clin Pharmac Ther 1985; 37: 219.

46 Katzir D, Pershe RA, Hoffman BB, Blaschke TF.
Comparison of effects of different vasodilating agents
on human dorsal hand vein in vivo. Clin Res 1986; 34:
401A.

47 Martin SA, Alexieva S, Carruthers SG. The influence
of age on dorsal hand vein responsiveness to norepi-
nephrine. Clin Pharmac Ther 1986; 40: 257-260.

48 Ford GA, Eichler H-G, Hoffman BB, Blaschke TF.
Venous responsiveness to atrial natriuretic factor in
man. Br J clin Pharmac 1988; 26: 797-799.

49 Aellig WH. Superficial hand and foot veins show no
difference in sensitivity to constrictor agents. Clin
Pharmac Ther 1990; 48: 96-101.

50 Aellig WH, Rosenthaler J. Venoconstrictor effects of
dihydroergotamine after intranasal and intramuscular
administration. Eur J clin Pharmac 1986; 30:
581-584.

51 Hiremath AN, Pershe RA, Hoffman BB, Blaschke TF.
Phenylephrine (PE) responsiveness is unaltered by
nitroglycerin (NTG) patches. Clin Pharmac Ther
1987; 41: 179.

52 Hiremath AN, Hoffman BB, Blaschke TF. Respon-
siveness of peripheral veins to transdermal and sublin-
gual nitroglycerin in healthy male volunteers. J
cardiovasc Pharmac 1989; 14: 534-541.

53 Hiremath AN, Pershe RA, Hoffman BB, Blaschke TF.
Comparison of age-related changes in prostaglandin
El and beta-adrenergic responsiveness of vascular
smooth muscle in adult males. J Gerontology: Med Sci
1989; 44: M13-M17.

54 Vallance P, Collier J, Moncada S. Nitric oxide synthe-
sised from L-arginine mediates endothelium dependent
dilatation in human veins in vivo. Cardiovasc Res
1989; 23: 1053-1057.

55 Eichler H-G, Blaschke TF, Hoffman BB. Decreased
responsiveness of superficial hand veins to phenyl-
ephrine in black normotensive males. J cardiovasc
Pharmac 1990; 16: 177-181.

56 Blochl-Daum B, Schuller-Petrovic S, Wolzt M, Korn
A, Bohler K, Eichler H-G. Primary defect in a-adren-
ergic responsiveness in patients with varicose veins.
Clin Pharmac Ther 1991; 49: 49-52.

57 Eichler H-G, Ford GA, Blaschke TF, Swislocki A,
Hoffman BB. Responsiveness of superficial hand



300 W. H. Aellig

veins to phenylephrine in essential hypertension-
Alpha adrenergic blockade during prazosin therapy.
J clin Invest 1989; 83: 108-112.

58 Eichler H-G, Eichler I, Lewiston N, Blaschke TF,
Hoffman BB. Responsiveness of superficial hand
veins to adrenergic stimuli in patients with cystic
fibrosis. Clin Sci 1989; 76: 283-287.

59 Eichler H-G, Blochl-Daum B, Eichler I, Wolzt M,
Korn A, Gotz M. Normal responsiveness of superficial
hand veins to alpha- and beta-adrenergic stimuli in
allergic asthma: Effects of terbutaline and pred-
nisolone on beta-adrenergic responsiveness. J Allergy
clin Immunol 1990; 86: 714-725.

60 Feldman RD. Defective venous beta-adrenergic
response in borderline hypertensive subjects is
corrected by a low sodium diet. J clin Invest 1990; 85:
647-652.

61 Miller JW, Streeten DHP. Vascular responsiveness to
norepinephrine in sympathicotonic orthostatic intoler-
ance. J lab clin Med 1990; 5: 549-558.

62 Streeten DHP. Pathogenesis of hyperadrenergic
orthostatic hypotension. Evidence of disordered
venous innervation exclusively in the lower limbs. J
clin Invest 1990; 86: 1582-1588.

63 Aellig WH. Influence of pizotifen and ergotamine on
the venoconstrictor effect of 5-hydroxytryptamine and
noradrenaline in man. Eur J clin Pharmac 1983; 25:
759-762.

64 Barthel W, Glusa E, Koth W. Interactions of dihy-
droergotamine with etilefrine in human leg veins in
vitro and in situ. Int J clin Pharmac Ther Toxicol
1987; 25: 63-69.

65 Beermann C. Uber die Entwicklung und Anwendung
einer Methode in der Untersuchung des Einflusses
eines neuen Betablockers mit vasodilatierender
Wirkungskomponente (Carvedilol) auf die venokon-
striktiven Wirkungen von Noradrenalin und
Prostaglandin F2. an der Handvene des Menschen.
MD Thesis 1991; Johannes Gutenberg University
Mainz.

66 Belz GG, Beermann C, Schloos J, Neugebauer G.
Influence of carvedilol on the responsiveness of
human hand veins to noradrenaline and dinoprost.
Drugs 1988; 36 (Suppl 6): 69-74.

67 Belz GG, Beermann C, Schloos J, Kleinbloesem CH.
The effect of oral cilazapril and prazosin on the con-
strictor effects of locally infused angiotensin I and
noradrenaline in human dorsal hand veins. Br J clin
Pharmac 1989; 28: 608-611.

68 Breithaupt K, Belz GG, Kempinski S, Schicketanz
KH, Dietrich HA. The effects of oral enoximone on
cardiac performance, calf arterial blood flow, and con-
strictor effects of norepinephrine infused into hand
veins in humans. J cardiovasc Pharmac 1990; 16:
349-353.

69 Carruthers SG, Alexieva S, Martin S. Measurement of
venous alpha-adrenoceptor blocking effect of oral pra-
zosin by LVDT. Clin Pharmac Ther 1986; 39: 185.

70 Eichler H-G, Blochl-Daum B, Kyrle PA, Gasic S.
Cilazapril and enalapril inhibit local angiotensin I con-
version in human veins but lack direct venodilating
properties. J cardiovasc Pharmac 1989; 14: 248-252.

71 Fanciullacci M, Boccuni M, Pietrini U, Cangi F, Gatto
G, Marabini S, Fusco BM. Pupillary and vascular
effects of calcium antagonists in migraine. Cephalgia
1985; 5 (Suppl 2): 181-183.

72 Maurer G, Aellig WH, Frick W, Muller-Schweinitzer
E. Metabolism of dihydroergotamine (Dihydergot) in
man and pharmacologic characterization of its major

metabolite. Poster at the 9th European Drug Metabo-
lism Workshop 1984; Pont-a-Mousson, France.

73 Schulte K-L, Laber E, Meyer-Sabellek WA, Distler A,
Gotzen R. Specific a-adrenoceptor mediated vasocon-
striction in human veins and interaction with the
calcium entry blockers nifedipine and diltiazem. J
Hypertension 1985; 3 (Suppl 3): S239-S241.

74 Schulte K-L, Laber E, Braun J, Meyer-Sabellek W,
Distler A, Gotzen R. Nifedipine vasodilates human
forearm arteries and dorsal hand veins constricted by
specific a-adrenoceptor stimulation. Gen Pharmac
1987; 18: 525-529.

75 Barthel W, Koth W. Nachweis der arzneimittel-
bedingten Konstriktion menschlicher Beinvenen
in situ. Zentralbl Pharm 1984; 123: 537-541.

76 Goldberg MJ, Rowe HM, Cohen ML, Cerimele BJ.
Comparison of local and systemic phentolamine
antagonism of norepinephrine hand vein constriction.
Clin Pharmac Ther 1990; 47: 194.

77 Collier JG, Robinson BF. Comparison of effects of
locally infused angiotensin I and II on hand veins and
forearm arteries in man: Evidence for converting
enzyme activity in limb vessels. Clin Sci mol Med
1974; 47: 189-192.

78 Collier JG, Karim SMM, Robinson B, Somers K.
Action of prostaglandins A2, B l, E2 and F2a on
superficial hand veins of man. Br J Pharmac 1972; 44:
374P-375P.

79 Robinson BF, Collier JG, Karim SMM, Somers K.
Effect of prostaglandins A1, A2, BI, E2 and F2a on
forearm arterial bed and superficial hand veins in man.
Clin Sci 1973; 44: 367-376.

80 Aellig WH. Constrictor effects of dihydroergotamine
and noradrenaline on superficial hand and foot veins.
Br J clin Pharmac 1986; 21: 559P.

81 Aellig WH. Evaluation of drug effects on peripheral
veins. Proc VIth Int Congr Pharmacol, Helsinki, 1975.
Clinical Pharmacology, vol 5, eds Tuomisto J, Paaso-
nen MK, 215-224. Pergamon Press Oxford/New York,
1975.

82 Aellig WH. Influence of ergot compounds on compli-
ance of superficial veins in man. Postgrad med J
1976; 52 (Suppl 1):21-23.

83 Aellig WH. Cardiovascular effects of ergot derivatives
in man. In Dopaminergic ergot derivatives and motor
function, eds Fuxe K, Calne DB, pp. 381-393. Perga-
mon Press Oxford/New York, 1979.

84 Alradi A, Freeman D, Hirst M, Carruthers SG. Evalu-
ation of a novel in vivo technique for assessing alpha-
receptor activity in human veins. Clin Res 1984; 32:
238A.

85 Luthra A, Borkowski KR, Carruthers SC. Comparison
of upper and lower limb superficial vein responsive-
ness to noradrenaline. Eur J clin Pharmac 1989; 36:
A206 (Abstract PP 06.72).

86 Borkowski KR, Luthra A, Carruthers SC. Noradren-
aline dose-response and concentration-response rela-
tionships in dorsal hand veins. Eur J clin Phamrac
1989; 36: A212 (Abstract PP 07.08).

87 Muller-Schweinitzer E. The recording of venous com-
pliance in the conscious dog: a method for the assess-
ment of venoconstrictor agents. J pharmac Methods
1984; 12: 53-58.

88 Muller-Schweinitzer E. Pharmacological actions of the
main metabolite of dihydroergotamine. Eur J din
Pharmac 1984; 26: 699-705.

89 Muller-Schweinitzer E. Pizotifen, an antimigraine
drug with venoconstrictor activity in vivo. J cardio-
vasc Pharmac 1986; 8: 805-8 10.



Clinical pharmacology, physiology and pathophysiology of superficial veins-2 301

90 Muller-Schweinitzer E. Changes in the venous compli-
ance by bradykinin and angiotensin II and its
significance for the vascular effects of cyclosporine-A.
Naunyn-Schmiedeberg's Arch Pharmac 1988; 338:
699-703.

91 Muller-Schweinitzer E. Interaction of cyclosporine-A
with the renin-angiotensin system in canine veins.
Naunyn Schmiedeberg's Arch Pharmac 1989; 340:
252-257.

92 Muller-Schweinitzer E, Tapparelli C. Methyl-
ergometrine, an active metabolite of methysergide.
Cephalgia 1986; 6: 35-41.

93 Pan HY, Hoffman BB, Pershe RA, Blaschke TF.
Blunted beta-adrenoceptor-mediated vascular relax-
ation with aging. Clin Investigat Med 1985; 8: 62A.

94 Pan HYM, Hoffman BB, Pershe RA, Blaschke TF.
Decline in beta adrenergic receptor-mediated vascular
relaxation with aging in man. J Pharmac exp Ther
1986; 239: 802-807.

95 Eichler H-G, Hiremath A, Katzir D, Blaschke TF,
Hoffman BB. Absence of age-related changes in
venous responsiveness to nitroglycerin in vivo in
humans. Clin Pharmac Ther 1987; 42: 521-524.

96 Hiremath AN, Pershe RA, Hoffman BB, Blaschke TF.
Prostaglandin-E, (PGE1) mediated venodilatation is
unaltered with age in man. Clin Pharmac Ther 1988;
43: 139.

97 Ford GA, Hoffman BB, Vestal RE, Blaschke TF. Age-
related changes in adenosine and ,-adrenoceptor
responsiveness of vascular smooth muscle in man. Br
J clin Pharmac 1992; 33: 83-87.

98 Ford GA, Blaschke TF, Hoffman BB. Effects of pro-
pranolol withdrawal on beta adrenergic chronotropic
and vascular responsiveness in young and old healthy
persons. Clin Pharmac Ther 1990; 47: 147.

99 Ford GA, Hoffman BB, Blaschke TF. Beta adrenergi-
cally mediated cardiac chronotropic and vascular
smooth muscle responses during propranolol therapy
and withdrawal in young and elderly persons. J
Gerontol 1992; 47: 22-26.

100 Prichard BNC, Walden RJ. The syndrome associated
with the withdrawal of P-adrenergic receptor blocking
drugs. Br J clin Pharmac 1982; 13: 337S-343S.

101 Tsujimoto G, Lee CH, Hoffman BB. Age-related
decrease in beta adrenergic receptor-mediated vascular
smooth muscle relaxation. J Pharmac exp Ther 1986;
239:411-415.

102 Ford GA, Blaschke TF, Vestal RE, Hoffman BB.
Adenosine mediated venodilatation in young and
elderly man. Clin Pharmac Ther 1991; 49: 164.

103 Feldman RD. A low-sodium diet corrects the defect in
3-adrenergic response in older subjects. Circulation
1992; 85: 612-618.

104 Gascho JA, Fanelli C, Zelis R. Aging reduces venous
distensibility and the venodilatory response to nitro-
glycerin in normal subjects. Am J Cardiol 1989; 63:
1267-1270.

105 Bedarida GV, Bushell E, Blaschke TF, Hoffman BB.
Histamine H2 receptor-mediated venodilation is
reduced in aging. Clin Pharmac Ther 1993; 53: 168.

106 Dachman WD, Ford GA, Hoffman BB, Blaschke TF.
Bradykinin-induced venodilatation is not impaired
with aging in humans. Clin Pharmac Ther 1992; 51:
175.

107 Dachman WD, Ford GA, Hoffman BB, Blaschke TF.
Bradykinin-induced venodilatation is not impaired
with aging in humans. J Gerontology 1992; 47:
M166-M170.

108 Klein C, Gerber JG, Payne NA, Nies AS. The effect of

age on the sensitivity of the ax-adrenoceptor to
phenylephrine and prazosin. Clin Pharmac Ther 1990;
47: 535-540.

109 Docherty JR, Hyland L. Age-related changes in pre-
and postjunctional a-adrenoceptors in human saphe-
nous vein. Br J Pharmac 1985; 84: 144P.

110 Docherty JR, O'Malley K. Ageing and a-adrenocep-
tors. Clin Sci 1985; 68 (Suppl 10): 133S-136S.

111 Hyland L, Docherty JR. An investigation of age-
related changes in pre- and postjunctional a-adreno-
ceptors in human saphenous vein. Eur J Pharmac
1985; 114: 361-364.

112 O'Malley K, Docherty JR, Kelly JG. Adrenoceptor
status and cardiovascular function in ageing. J
Hypertension 1988; 6 (Suppl 1): S59-S62.

113 Supiano MA, Hogikyan RV, Stoltz AM, Orstan N,
Halter JB. Regulation of venous a-adrenergic
responses in older humans. Am J Physiol Endocrinol
Metabol 1991; 260: E599-E607.

114 Sekkarie MA, Egan BM, Neubig RR, Supiano MA.
Sensitization of human al- and a2-adrenergic venous
responses by guanadrel sulfate. Clin Pharmac Ther
1990; 48: 537-543.

115 Blauw GJ, van Brummelen P, Chang PC, Vermeij P,
van Zwieten PA. Arterial and venous effects of sero-
tonin in the forearm of healthy subjects are not age-
related. J cardiovasc Pharmac 1989; 14: 14-21.

116 Schoeffter P, Godfraind T. Spontaneous rhythmic con-
tractions of human saphenous veins isolated from old
subjects are sensitive to cyclooxygenase inhibitors.
Experientia 1989; 45: 459-461.

117 Benjamin N, Collier JG, Vallance PJT, Webb DJ.
Stretch-induced phasic contractions of human dorsal
hand veins. J Physiol 1989; 417: 68P.

118 Benjamin N, Vallance P. Local control of human
peripheral vascular tone: implications for drug ther-
apy. Clin Sci 1991; 80: 183-190.

119 Robinson VJB, Manyari DE, Tyberg JV, Fick GH,
Smith ER. Volume-pressure analysis of reflex changes
in forearm venous function. A method by mental arith-
metic stress and radionuclide plethysmography. Circu-
lation 1989; 80: 99-105.

120 Carruthers SG, Luthra A, Borkowski KR. Superficial
vein responsiveness to noradrenaline in monozygotic
and dizygotic twins. Eur J clin Pharmac 1989; 36:
A206 (Abstract PP 06.71).

121 Luthra A, Borkowski KR, Carruthers SG. Variability
of superficial vein responsiveness to noradrenaline.
Clin Pharmac Ther 1990; 47: 178.

122 Luthra A, Borkowski R, Carruthers SG. Genetic
aspects of variability in superficial vein responsive-
ness to norepinephrine. Clin Pharmac Ther 1991; 49:
355-361.

123 Bartelink ML, Wollersheim H, Theeuwes A, Van-
Duren D, Thien Th. Changes in skin blood flow during
the menstrual cycle: the influence of the menstrual
cycle on the peripheral circulation in healthy female
volunteers. Clin Sci 1990; 78: 527-532.

124 Hassan AAK, Carter G, Tooke JE. Postural vasocon-
striction in women during the normal menstrual cycle.
Clin Sci 1990; 78: 39-47.

125 Kelleher C, Joyce C, Kelly G, Ferriss JB. Blood pres-
sure alters during the normal menstrual cycle. Br J
Obstet Gynaecol 1986; 93: 523-526.

126 Walters WAW, Shields L. Venous distensibility dur-
ing the menstrual cycle. Br J Obstet Gynaecol 1977;
84: 697-700.

127 Furchgott RF, Zawadzki JV. The obligatory role of
endothelial cells in the relaxation of arterial smooth



302 W. H. Aellig

muscle by acetylcholine. Nature (London) 1980; 288:
373-376.

128 Thom S, Hughes A, Martin G, Sever PS. Endothe-
lium-dependent relaxation in isolated human arteries
and veins. Clin Sci 1987; 73: 547-552.

129 Thulesius 0, Ugaily-Thulesius L, Neglen P, Shuhaiber
H. The role of the endothelium in the control of
venous tone: studies on isolated human veins. Clin
Physiol 1988; 8: 359-366.

130 Luscher TF, Diederich D, Siebenmann R, Lehmann K,
Stulz P, vonSegesser L, Yang Z, Turina M, Gradel E,
Weber E, Buhler FR. Difference between endothe-
lium-dependent relaxation in arterial and in venous
coronary bypass grafts. New Engl J Med 1988; 319:
462-467.

131 Yang Z, vonSegesser L, Bauer E, Stulz P, Turina M,
Luscher TF. Different activation of the endothelial L-
arginine and cyclooxygenase pathway in the human
internal mammary artery and saphenous vein. Circ Res
1991; 68: 52-60.

132 Yang Z, Diederich D, Schneider K, Siebenmann R,
Stulz P, vonSegesser L, Turina M, Buhler FR, Liischer
TF. Endothelium-derived relaxing factor and protec-
tion against contractions induced by histamine and
serotonin in the human internal mammary artery and
in the saphenous vein. Circulation 1989; 80:
1041-1048.

133 Arner M, Hogestatt ED. Endothelium-dependent relax-
ation and effects of prostacyclin, endothelin and
platelet-activating factor in human hand veins and
arteries. Acta physiol Scand 1991; 142: 165-172.

134 Collier J, Vallance P. Endothelium-derived relaxing
factor is an endogenous vasodilator in man. Br J
Pharmac 1989; 97: 639-641.

135 Collier J, Vallance P. Biphasic response to acetyl-
choline in human veins in vivo: the role of the
endothelium. Clin Sci 1990; 78: 101-104.

136 Vallance P, Collier J, Moncada S. Effects of endothe-
lium-derived nitric oxide on peripheral arteriolar tone
in man. Lancet 1989; ii: 997-1000.

137 Collier J, Vallance P. L-NMMA increases arteriolar
but not venous tone in humans: The mechanism
appears to be independent of sympathetic tone.
J cardiovasc Pharmac 1991; 17 (Suppl 3): S182-
S185.

138 Calver A, Collier J, Vallance P. Dilator actions of
arginine in human peripheral vasculature. Clin Sci
1991; 81: 695-700.

139 Luscher TF. Endothelium-derived vasoactive factors
and regulation of vascular tone in human blood ves-
sels. Lung 1990; suppl: 27-34.

140 Luscher T, Yang Z, Tschudi M, von Segesser L, Stulz
P, Boulanger Ch, Siebenmann R, Turina M, Buhler
FR. Interaction between endothelin- 1 and endothe-
lium-derived relaxing factor in human arteries and
veins. Circ Res 1990; 66: 1088-1094.

141 Haynes WG, Webb DJ. Regulation of the vascular
effects of endothelin- 1 by prostacyclin and nitric
oxide. J vasc Res 1992; 29: 131.

142 Webb DJ, Haynes WG. Venoconstriction to endothe-
lin-1 in humans is attenuated by local generation of
prostacyclin but not nitric oxide. J cardiovasc Phar-
mac 1993; 22 (Suppl 8): S317-S320.

143 Haynes WG, Webb DJ. Endothelium-dependent modu-
lation of responses to endothelin-l1 in human veins.
Clin Sci 1993; 84: 427-433.

144 Blochl-Daum B, Korn A, Woltzt M, Schmidt E, Eich-
her H-G. In vivo studies on alpha-adrenergic receptor

subtypes in human veins. Naunyn-Schmiedeberg's
Arch Pharmac 1991; 344: 302-307.

145 Kongpatanakul S, Blaschke TF, Hoffman BB. The role
of postsynaptic a2-adrenoceptors in human hand
veins. Clin Res 1990; 38: 94.

146 Kongpatanakul S, Blaschke TF, Hoffman BB. The role
of postsynaptic a2-adrenoceptors in human hand
veins. Clin Pharmac Ther 1990; 47: 141.

147 Eskinder H, Hillard CJ, Olinger GN, Christensen CW,
Baker JE, Warltier DC, Gross GJ. Alpha adrenoceptor
subtypes and receptor reserve in human versus canine
saphenous vein: Sensitivity to blockade by nitroglyc-
erin. J Pharmac exp Ther 1988; 247: 941-948.

148 Barthel W. An attempt to characterize alpha-adreno-
ceptors on human dorsal foot veins in situ. Int J clin
Pharmac Ther Toxicol 1993; 31: 267-270.

149 Kaiser GA, Ross J, Braunwald E. Alpha- and beta-
adrenergic receptor mechanisms in the systemic
venous bed. J Pharmac exp Ther 1964; 144: 156-162.

150 Sicuteri F, Fanciullacci M, DelBianco PL. Alpha and
beta adrenergic receptors in human veins; activity of a
new beta-blocking agent. Med Pharmac exp 1966; 15:
73-78.

151 Aellig WH. Agonists and antagonists of 5-hydroxy-
tryptamine on venomotor receptors. In Advances in
neurology, eds Critchley M, et al. 33: 321-324. Raven
Press, New York, 1982.

152 Borton M, Neligan M, Wood F, Dervan P, Goggins K,
Docherty JR. Contractions to 5-hydroxytryptamine in
human coronary artery and human saphenous vein. Br
J clin Pharmac 1990; 30: 107S-108S.

153 Bodelsson M, Tomebrandt K, Bertilsson I-L, Arneklo-
Nobin B. Heterogeneity of contractile 5-HT receptors
in human hand veins. Eur J Pharmac 1992; 219:
455-460.

154 Molderings GH, Werner K, Likungu J, Gothert M.
Inhibition of noradrenaline release from the sympa-
thetic nerves of the human saphenous vein via presy-
naptic 5-HT receptors similar to the 5-HTID subtype.
Naunyn-Schmiedeberg's Arch Pharmac 1990; 342:
371-377.

155 Bodelsson M, Arneklo-Nobin B, Tomebrandt K.
Effect of cooling on smooth muscle response to 5-
hydroxytryptamine in human hand veins. Acta physiol
Scand 1990; 140: 331-339.

156 Vanhoutte PM, Flavahan NA. Effects of temperature
on a adrenoceptors in limb veins: role of receptor
reserve. Fed Proc Fed Am Soc exp Biol 1986; 45:
2347-2354.

157 Arner M, Hogestatt ED. Influence of temperature and
extracellular pH on contractile responses in isolated
human hand veins. Pharmac Toxicol 1990; 67:
141-146.

158 Bodelsson M, Arneklo-Nobin B, Nobin A, Owman C,
Sollerman Ch, Tornebrandt K. Cooling enhances
alpha2-adrenoceptor-mediated vasoconstriction in
human hand veins. Acta physiol Scand 1990; 138:
283-291.

159 Sumner A, Zelis R, Bennet M, Gascho JA. Effect of
the venodilated state on sympathetic-induced venocon-
striction in normal subjects. Am J Cardiol 1989; 63:
973-976.

160 Walsh JA, Hyman Ch, Maronde RF. Venous distensi-
bility in essential hypertension. Cardiovasc Res 1969;
3: 338-349.

161 Shkhvatsabaya IK, Erina EV, Almusaui AI. Venous
tone in essential hypertension. Cor Vasa 1977; 19:
184-196.



Clinical pharmacology, physiology and pathophysiology of superficial veins-2 303

162 Takeshita A, Mark AL. Decreased venous distensi-
bility in borderline hypertension. Hypertension 1979;
1: 202-206.

163 Widgren BR, Berglund G, Wikstrand J, Andersson
OK. Reduced venous compliance in normotensive men
with positive family histories of hypertension. J
Hypertension 1992; 10: 459-465.

164 Fitzpatrick MA, Hinderliter AL, Egan BE, Julius S.
Decreased venous distensibility and reduced renin
responsiveness in hypertension. Hypertension 1986; 8
(Suppl 2): 36-43.

165 Sudhir K, Angus JA, Esler MD, Jennings GL, Lambert
GW, Korner PI. Altered venous responses to vasocon-
strictor agonists and nerve stimulation in human
primary hypertension. J Hypertension 1990; 8:
1119-1128.

166 Sudhir K, Esler M, Angus J, Jennings G. Human veins
have reduced neuronal norepinephrine uptake in pri-
mary hypertension. Circulation 1988; 78 (Suppl II):
173.

167 Ford GA, Eichler H-G, Blaschke TF, Swislocki A,
Hoffman BB. Responsiveness of superficial hand
veins to phenylephrine in essential hypertension: alpha
adrenergic blockade during prazosin therapy. Clin Res
1989;37: 103A.

168 Ford GA, Katzir D, Blaschke TF, Hoffman BB.
Responsiveness of peripheral veins to vasodilators and
the effect of nifedipine on a-adrenergic responsive-
ness in hypertension. Clin Pharmac Ther 1991; 50:
192-198.

169 Wolzt M, Schmidt E, Wagner B, Schuller-Petrovic S,
Kyrle PA, Eichler H-G. Effects of serotonin and nor-
adrenaline on superficial hand veins in patients with
primary hypertension and in healthy volunteers.
Naunyn Schmiedeberg's Arch Pharmac 1992; 346:
490-495.

170 Takeshita A, Ashihara T, Yamamoto K, Imaizumi T,
Hoka S, Ito N, Nakamura M. Venous responses to salt
loading in hypertensive subjects. Circulation 1984;
69: 50-56.

171 Feldman RD, Freeman DJ, Bierbrier GS, Anthony SE,
Brown JE. P-Adrenergic responsiveness is regulated
selectively in hypertension. Clin Pharmac Ther 1993;
54: 654-660.

172 Benjamin N, Collier JG, Webb DJ. Angiotensin II
augments sympathetically induced venoconstriction in
man. Clin Sci 1988; 75: 337-340.

173 Webb DJ, Seidelin PH, Benjamin N, Collier JG,
Struthers AD. Sympathetically mediated vasoconstric-
tion is augmented by angiotensin II in man. J Hyper-
tension 1988; 6 (Suppl 4): S542-S543.

174 Cleland JGF, Dargie HJ, McAlpine H, Ball SG, Mor-
ton JJ, Robertson JIS, Ford I. Severe hypotension after
first dose of enalapril in heart failure. Br med J 1985;
291: 1309-1312.

175 Hodsman GP, Isles CG, Murray GD, Usherwood TP,
Webb DJ, Robertson JIS. Factors related to first dose
hypotensive effect of captopril: prediction and treat-
ment. Br med J 1983; 286: 832-834.

176 Faxon DP, Halperin JL, Creager MA, Gaveras H,
Schick EC, Ryan TJ. Angiotensin inhibition in severe
heart failure: acute central and limb hemodynamic
effects of captopril with observations on sustained oral
therapy. Am Heart J 1981; 101: 548-556.

177 Cowley AJ, Rowley JM, Stainer KL, Hampton JR.
Captopril therapy for heart failure: a placebo con-
trolled study. Lancet 1982; ii: 730-732.

178 Awan NA, Mason DT. Vasodilatory therapy of severe
congestive heart failure: the special importance of

angiotensin converting enzyme inhibition with capto-
pril. Am Heart J 1982; 104: 1127-1136.

179 Capewell S, Taverner D, Hannan WJ, Muir AL. Acute
and chronic arterial and venous effects of captopril in
congestive cardiac failure. Br med J 1989; 299:
942-945.

180 Webb DJ, Cockcroft JR. Captopril in congestive car-
diac failure. Br med J 1989; 299: 1283.

181 Capewell S, Capewell A. 'First dose' hypotension and
venodilatation. Br J clin Pharmac 1991; 31: 213-215.

182 Sato H, Ikenouchi H, Aoyagi T, Matsui H, Mochizuki
T, Momomura SI, Serizawa T, lizuka M, Sugimoto T.
Pathophysiology and evaluation of severity of conges-
tive heart failure on the basis of venous characteris-
tics. Jpn Circ J 1989; 53: 141-145.

183 Ikenouchi H, Iizuka M, Sato H, Momomura SI, Ser-
izawa T, Sugimoto T. Forearm venous distensibility in
relation to severity of symptoms and hemodynamic
data in patients with congestive heart failure. Jpn
Heart J 1991; 32: 17-34.

184 Feldman RD, Bierbrier GS. Insulin-mediated vasodila-
tion: impairment with increased blood pressure and
body mass. Lancet 1993; 342: 707-709.

185 MacLeod A, Arnold JMO, Brown JE, Teasell R, Car-
ruthers SG. Altered responsiveness to noradrenaline of
superficial veins in early reflex sympathetic dystrophy.
Clin investigat Med 1989; 12 (Suppl): B 15.

186 Robinson BF, Collier JG, Nachev Ch. Changes in
peripheral venous compliance after myocardial infarc-
tion. Cardiovasc Res 1972; 6: 67-74.

187 Goldman MP, Fronek A. Anatomy and pathophysiol-
ogy of varicose veins. J Dermatol Surg Oncol 1989;
15: 138-145.

188 Wolzt M. Medikamentose Beeinflussung des
Gefasstonus bei Varizentragern: Vergleichende Unter-
suchungen mit der Venen-Compliance-Technik und
der digitalen Photoplethysmographie. Kurzfassung der
Dissertation. Wien klin Wochenschr 1991; 103:
591-593.

189 Blochl-Daum B, Vierhapper H, Eichler H-G, Wald-
hausl W. Endothelin-induced venoconstriction is unaf-
fected by type 2-diabetes: in vivo effect of histamine
on the endothelin action on veins. Arch int Pharmaco-
dyn 1992; 316: 90-96.

190 Eichler H-G, Blaschke TF, Kraemer FB, Ford GA,
Blochl-Daum B, Hoffman BB. Responsiveness of
superficial hand veins to a-adrenoceptor agonists in
insulin-dependent diabetic patients. Clin Sci 1992; 82:
163-168.

191 Bodmer CW, Patrick AW, How TV, Williams G.
Exaggerated sensitivity to NE-induced vasoconstric-
tion in IDDM patients with microalbuminuria. Pos-
sible etiology and diagnostic implications. Diabetes
1992; 41: 209-214.

192 McPherson MA, Dormer RL, Bradbury NA, Dodge
JA, Goodchild MC. Defective ,-adrenergic secretory
responses in submandibular acinar cells from cystic
fibrosis patients. Lancet 1986; ii: 1007-1008.

193 Matucci-Cerinic M, Pietrini U, Marabini S. Local
venomotor response to intravenous infusion of sub-
stance P and glyceryl trinitrate in systemic sclerosis.
Clin exp Rheumatol 1990; 8: 561-565.

194 Campbell PM, LeRoy EC. Pathogenesis of systemic
sclerosis: a vascular hypothesis. Semin Arthritis
Rheum 1975; 4: 351-352.

195 Kahaleh MB, Sherber GK, LeRoy EC. Endothelial
injury in scleroderma. J exp Med 1979; 149:
1326-1335.

196 Sicuteri F, Geppetti P, Marabini 5, Lembeck F. Pain



304 W. H. Aellig

relief by somatostatin in attacks of cluster headache.
Pain 1984; 18: 359-365.

197 Caleri D, Marabini S, Panconesi A, Pietrini U. A phar-
macological approach to the analgesizing mechanism
of somatostatin in cluster headache. Ricerca clin Lab
1987; 17: 155-162.

198 Bedarida GV, Bushell E, Haefeli WE, Blaschke TF,
Hoffman BB. Responsiveness to bradykinin in veins
of hypercholesterolemic humans. Clin Pharmac Ther
1993; 53: 203.

199 Bedarida GV, Bushell E, Haefeli WE, Blaschke TF,
Hoffman BB. Responsiveness to bradykinin in veins
of hypercholesterolemic humans. Circulation 1993;
88:2754-2761.

200 Bedarida GV, Kim D, Blaschke TF, Hoffman BB.
Venodilation in Raynaud's disease. Lancet 1993; 342:
1451-1454.

201 Collier JG, Nachev Ch, Robinson BF. Comparison of
blockade at a-adrenoceptors by thymoxamine and
phentolamine in peripheral arteries and veins of man.
Br J Pharmac 1972; 44: 294-300.

202 Muller-Schweinitzer E. Evidence for stimulation of 5-
HT receptors in canine saphenous arteries by ergot-
amine. Naunyn Schmiedeberg's Arch Pharmac 1976;
295:41-44.

203 Breithaupt K, Belz GG, Kempinski S, Schicketanz
KH, Dietrich HA. Einfluss von oral verabreichtem
Enoximon auf Herzleistung, arterielle Ruhedurchblu-
tung und auf die vasokonstriktorische Wirkung von
lokalen Noradrenalininfusionen in die menschliche
Handvene. Z Kardiol 1991; 80 (Suppl 4): 15-20.

204 Vinet R, Brieva C, Pinardi G, Penna M. Modulation of
a-adrenergic-induced contractions by endothelium-
derived relaxing factor in rat aorta. Gen Pharmac
1991;22:137-142.

205 Haefeli WE, Srivastava N, Kongpatanakul S, Blaschke
TF, Hoffman BB. Lack of role of endothelium-derived
relaxing factor in effects of a-adrenergic agonists in
cutaneous veins in humans. Am J Physiol 1993; 264:
H364-H369.

206 Vincent J, Dachman WD, Blaschke TF, Hoffman BB.
Pharmacological tolerance to alpha1-adrenergic recep-
tor antagonism mediated by terazosin in humans. Clin
Pharmac Ther 1992; 51: 172.

207 Vincent J, Dachman W, Blaschke TF, Hoffman BB.
Pharmacological tolerance to ax-adrenergic receptor
antagonism mediated by terazosin in humans. J clin
Invest 1992; 90: 1763-1768.

208 Vincent J, Blaschke TF, Hoffman BB. Peripheral and
systemic vascular responsiveness to phenylephrine and
angiotensin II in man. Clin Pharmac Ther 1991; 49:
142.

209 Vincent J, Blaschke TF, Hoffman BB. Vascular reac-
tivity to phenylephrine and angiotensin II: comparison
of direct venous and systemic vascular responses. Clin
Pharmac Ther 1992; 51: 68-75.

210 Panconesi A, Andreini R, DelBianco PL. Potentiating
effect of 5-hydroxytryptamine on alpha-adrenoceptor
mediated contraction of the human hand vein. Med Sci
Res 1987; 15: 265-266.

211 Goldberg MJ, Collins JF, Cerimele BJ, Rowe HM.
Effect of LY237/33, a 5-HT2 receptor antagonist, on
serotonin hand vein constriction in humans. Clin
Pharmac Ther 1992; 51: 152.

212 Aner M, Hogestatt ED. Contractile effects of nor-
adrenaline and 5-hydroxytryptamine in human hand
veins: a pharmacological receptor characterization.
Acta physiol Scand 1986; 128: 209-217.

213 Aellig WH. Studies on the venoconstrictor effect of

dihydroergotamine in man. Arch Pharmac 1973; 279
(Suppl): R43.

214 Aellig WH. Venetonisierende Wirkung von Ergotalka-
loiden untersucht an oberflachlichen Handvenen in
situ. Cardiology 1976; 61 (Suppl 1): 302-308.

215 Clark B, Chu D, Aellig WH. Actions on the heart and
circulation. In Handbook of experimental pharmacol-
ogy, vol 49, Ergot alkaloids and related com-
pounds, eds Berde B, Schild HO, pp. 321-420.
Springer Berlin/Heidelberg/New York, 1978.

216 Paalzow LK, Tfelt-Hansen P. Biologisk tillgang-
lighet och farmakologisk effekt av ergotamin.
Ldkartidningen 1983; 19: 2019-2020.

217 Alradi A, Carruthers SG. Vasoconstrictive effect of
dihydroergotamine on dorsal hand veins. Clin Res
1984; 32: 238A.

218 Editorial (anonymous). ACE inhibitors and tissue
binding. Lancet 1990; 336: 718-720.

219 Samani MJ. New developments in renin and hyper-
tension. Br med J 1991; 302: 981-982.

220 Webb D, Collier J. Forearm vessels in man have a
substantial capacity for conversion of angiotensin I to
II which is abolished by enalaprilat. Clin Sci 1987; 73
(Suppl 17): 54P-55P.

221 Belz GG, deMey C, Schroeter V, Li Q. Effects of
losartan and enalapril on the in-situ venoconstrictor
responses to angio-I and angio-II in healthy man. Clin
Pharmac Ther 1993; 53: 139.

222 Arnold JMO, Lo IK. Response of superficial dorsal
hand veins in normal subjects to locally infused
angiotensin II (All) and noradrenaline (NA). Clin
Pharmac Ther 1993; 53: 139.

223 Webb DJ, Benjamin N, Cockcroft JR, Collier JG.
Augmentation of sympathetic venoconstriction by
angiotensin II in human dorsal hand veins. Am J
Hypertension 1989; 2: 721-723.

224 Clarke JG, Benjamin N, Larkin SW, Webb DJ, Davies
GJ, Maseri A. Endothelin is a potent long-lasting
vasoconstrictor in men. Am J Physiol 1989; 257:
H2033-H2035.

225 Haynes WG, Clarke JG, Cockcroft JR, Webb DJ.
Pharmacology of endothelin-1 in vivo in humans.
J cardiovasc Pharmac 1991; 17 (Suppl 7): 284-
286.

226 Haynes WG, Webb DJ. ATP-sensitive potassium
channel openers: modulators of vasoconstriction to
endothelin-1 in humans. J vasc Res 1992; 29:
130-131.

227 Haynes WG, Webb DJ. Venoconstriction to endo-
thelin- 1 in humans: role of calcium and potassium
channels. Am J Physiol 1993; 265: H 1676-H 1681.

228 Haefeli WE, Linder L, Kiowski W, Luscher TF. In
vivo properties of endothelin-1 and -3 in human hand
veins and its reversal by bradykinin and verapamil.
Hypertension 1993; 22: 434.

229 Haefeli WE, Linder L, Kiowski W, Noll G, Luscher
TF. Comparative action of endothelin- 1, endothelin-3
and cx1-adrenergic agonists in human veins in vivo.
Eur Heart J 1993; 14 (Suppl): 310.

230 Sicuteri F, Panconesi A, DelBianco PL, Franchi G,
Anselmi B. Venospastic activity of somatostatin in
vivo in man: naloxone reversible tachyphylaxis. Int J
clin Pharmac Res 1984; 4: 253-257.

231 Haefeli WE, Bargetzi MJ, Stames HF, Blaschke TF,
Hoffman BB. Evidence for activation of the sympa-
thetic nervous system by recombinant human inter-
leukin- 1 z3 in humans. J Immunotherapy 1993; 13:
136-140.

232 Robinson BF, Collier JG. Vascular smooth muscle:



Clinical pharmacology, physiology and pathophysiology of superficial veins-2 305

Correlations between basic properties and responses of
human blood vessels. Br med Bull 1979; 35: 305-312.

233 Amer M, Hogestatt ED, Uski TK. Characterization of
contraction-mediating prostanoid receptors in human
hand veins: effects of the thromboxane receptor ant-
agonists BM13,505 and AH23848. Acta physiol Scand
1991; 141: 79-86.

234 Vincent J, Blaschke TF, Hoffman BB. Desensitization
of f-adrenoceptor- and prostaglandin El receptor-
mediated human vascular smooth muscle relaxation. J
cardiovasc Pharmac 1992; 19: 447-452.

235 O'Grady J, Oh V, Turner P. Effects of propranolol and
oxprenolol on the vasoconstrictor response to nora-
drenaline in the superficial hand vein in man. Eur J
clin Pharmac 1978; 14: 83-85.

236 Collier JG, Dawnay NAH, Nachev Ch, Robinson BF.
Clinical investigation of an antagonist at a- and 3-
adrenoceptors-AH5158A. Br J Pharmac 1972; 44:
286-293.

237 Collier JG, Pitcher DW. Effect of SK&F 92657 on the
superficial hand veins and forearm arterioles of man.
Br J clin Pharmac 1980; 93: 301 P.

238 Beermann C, Schloos J, Belz GG. Oral administration
of carvedilol and prazosin inhibits the prostaglandin
F2a- and noradrenaline-induced contraction of human
hand veins in vivo. Clin Investig 1992; 70: S13-S19.

239 Beermann C, Schloos J, Belz GG. Constriction of
human dorsal hand veins in vivo with several vasocon-
strictors and the influence of oral administration of
carvedilol. J cardiovasc Pharmac 1992; 19 (Suppl 1):
S12-S17.

240 Stein M, Deegan R, Wood AJJ. Long-term exposure to
P2-receptor agonist specifically desensitizes ,-recep-
tor-mediated venodilation. Clin Pharmac Ther 1993;
54: 187-193.

241 Kongpatanakul S, Hiremath A, Blaschke TF, Hoffman
BB. Acetylcholine-induced venoconstriction in
humans: role of muscarinic and a-adrenergic recep-
tors. Clin Pharmac Ther 1992; 51: 172.

242 Lui AS, Arnold JMO. Difference between peripheral
venous volume-pressure responses to sublingual nitro-
glycerine. Clin Pharmac Ther 1992; 51: 171.

243 Palmer RMJ, Rees DD, Ashton DS, Moncada S.
L-arginine is the physiological precursor for
the formation of nitric oxide in endothelium-
dependent relaxation. Biochem Biophys Res Comm
1988; 153: 1251-1256.

244 Belz GG, Beermann C. Venodilatory effects of nico-
randil in healthy volunteers. J cardiovasc Pharmac
1992; 20 (Suppl 3): S57-S58.

245 DeRycke D, Teirlynck 0, Bogaert MG. Effect of a
single dose of acetylsalicylic acid on venous distensi-
bility changes induced by isosorbide dinitrate in
healthy subjects. Pharm Weekblad Sci Ed 1985; 7: 88.

246 Haefeli WE, Gumbleton M, Benet LZ, Hoffman BB,
Blaschke TF. Pharmacologic activity of the dinitrate
metabolites of glyceryl trinitrate in man. Clin
Pharmac Ther 1992; 51: 194.

247 Haefeli WE, Gumbleton M, Benet LZ, Hoffman BB,
Blaschke TF. Comparison of vasodilatory responses to
nitroglycerin and its dinitrate metabolites in human
veins. Clin Pharmac Ther 1992; 52: 590-596.

248 Srivastava N, Haefeli WE, Hoffman BB, Blaschke TF.
Ethacrynic acid inhibits different vasodilatory path-

ways in human veins. Clin Pharmac Ther 1992; 51:
173.

249 Haefeli WE, Srivastava N, Kelsey KT, Wiencke JK,
Hoffman BB, Blaschke TF. Glutathione S-transferase
,u polymorphism does not explain variation in nitro-
glycerin responsiveness. Clin Pharmac Ther 1993; 53:
463-468.

250 Vincent J, Kongpatankul S, Blaschke TF, Hoffman
BB. Desensitization of nitrate-induced venodilation-
reversal with oral N-acetylcysteine in humans.
J cardiovasc Pharmac 1992; 20: 907-912.

251 Robinson BF, Collier JG, Dobbs RJ. Comparative
dilator effect of verapamil and sodium nitroprusside in
forearm arterial bed and dorsal hand veins in man:
functional differences between vascular smooth mus-
cle in arterioles and veins. Cardiovasc Res 1979; 13:
16-21.

252 Panconesi A, Franchi G, Anselmi B, Andreini R,
DelBianco PL. Effects of calcium antagonists on
serotonin and noradrenaline venoconstriction in
humans. Clin Pharmac Ther 1988; 43: 442-448.

253 Abernethy DR, Winterbottom LM. Forearm vascular
a 1-adrenergic blockade by verapamil. Clin Pharmac
Ther 1990; 47: 755-759.

254 Robinson BF, Dobbs RJ, Kelsey CR. Effects of
nifedipine on resistance vessels, arteries and veins in
man. Br J clin Pharmac 1980; 10: 433-438.

255 Aellig WH. Effects of calcium antagonists on venous
compliance. In Pharmacology, eds Rand MJ, Raper C,
pp. 523-526. Elsevier Science Publ BV, Amsterdam,
1987.

256 Haskings GJ, Esler MD, Jennings GL, Burton D,
Johns JA, Korner PI. Norepinephrine spillover to
plasma in patients with congestive heart failure:
evidence of increased overall and cardiorenal sympa-
thetic nervous activity. Circulation 1986; 73:
615-621.

257 Bonner G, Preis S, Schunk U, Wagmann M, Chrosch
R, Toussaint C. Effect of bradykinin on arteries and
veins in systemic and pulmonary circulation. J cardio-
vasc Pharmac 1992; 20 (Suppl 9): S21-S27.

258 Dachman WD, Ford GA, Blaschke TF, Hoffman BB.
Mechanism of bradykinin-induced venodilation in
humans. J cardiovasc Pharmac 1993; 21: 241-248.

259 Bedarida GV, Dachman WD, Blaschke TF, Hoffman
BB. Histamine-induced venodilation is mediated by
the H2 receptor. Clin Pharmac Ther 1992; 51: 150.

260 Ljutic D, Rumboldt Z. The influence of the atrial
natriuretic factor on venous tone in man. Int J clin
Pharmac Res 1989; 10: 255-260.

261 Webb DJ, Benjamin N, Allen MJ, Brown J, O'Flynn
M, Cockcroft JR. Vascular responses to local atrial
natriuretic peptide infusion in man. Br J clin Pharmac
1988; 26: 245-251.

262 Ando S-I, Imaizumi T, Harada S, Hirooka Y,
Takeshita A. Atrial natriuretic peptide increases
human capillary filtration and venous distensibility.
J Hypertension 1992; 10: 451-457.

263 McEwan JR, Benjamin N, Larkin S, Fuller RW,
Dollery CT, Maclntyre I. Vasodilatation by calcitonin
gene-related peptide and by substance P: a comparison
of their effects on resistance and capacitance vessels
of human forearms. Circulation 1988; 77: 1072-1080.


