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SUMMARY

Di1aMOND, JACK & BLiSARD, KAREN S. (1976) Effects of stimulant and relaxant
drugs on tension and cyclic nucleotide levels in canine femoral artery. Mol. Phar-

macol., 12, 688-692.

Cyclic nucleotide levels and isometric tension were monitored simultaneously in iso-
lated strips of canine femoral arteries after exposure to various drugs. Phenylephrine (5
M) produced sustained contractions of the vascular strips but had no significant effect
on tissue levels of guanosine 3',5'-cyclic monophosphate or adenosine 3’,5’-cyclic mono-
phosphate. Carbachol (100 xM), which had no effect on the tension developed by the
arteries, significantly increased tissue levels of cyclic GMP but not of cyclic AMP.
Papaverine (100 M) and nitroglycerin (200 uM) both consistently relaxed phenyleph-
rine-contracted femoral arteries and significantly increased their cyclic GMP levels.
Cyclic GMP levels were increased by as much as 73% during papaverine-induced
relaxation, and by 1540% during nitroglycerin-induced relaxation. Neither drug had
any significant effect on cyclic AMP levels under these conditions. These results are not
consistent with the earlier suggestion that contraction and relaxation of vascular
smooth muscle are mediated by increases in tissue levels of cyclic GMP and cyclic AMP,

respectively.

It has recently been suggested that
changes in tissue levels of the cyclic nu-
cleotides act reciprocally in the regulation
of vascular smooth muscle tone, with in-
creases in guanosine 3',5’-cyclic mono-
phosphate promoting contraction and in-
creases in adenosine 3',5'-cyclic mono-
phosphate promoting relaxation of vascu-
lar smooth muscles (1-4). This suggestion
is based on reports that cyclic GMP levels
in vascular strips can be increased by var-
ious drugs known to be capable of contract-
ing vascular smooth muscles (1-3) and
that cyclic AMP levels can be increased by
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a variety of vasodilator drugs (1-3, 5-9). It
has been further suggested that changes
in the ratio of cyclic GMP to cyclic AMP
may be more important in the control of
vascular tone than changes in absolute
levels of either cyclic nucleotide alone (1,
2, 4). This hypothesis has recently been
extended in an attempt to explain the
etiology of essential hypertension. For ex-
ample, Amer et al. (4) reported that the
cyclic GMP to cyclic AMP ratios in aortae
and mesenteric arteries from sponta-
neously hypertensive rats were signifi-
cantly higher than those in the corre-
sponding controls. They suggested that
these changes could provide the biochemi-
cal basis for the increased vascular smooth
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muscle tone and peripheral resistance ob-
served in hypertensive rats. Similar con-
clusions were reached by Ramanathan and
Shibata (10), who reported lower levels of
cyclic AMP in vascular smooth muscles
from hypertensive rats compared with
their normotensive controls. These conclu-
sions regarding the etiology of essential
hypertension are based on the assumption
that the cyclic nucleotides do, in fact, con-
trol smooth muscle tension as suggested
by others. However, in our opinion this
relationship has not been definitely estab-
lished. The experiments described in the
present communication were designed to
compare (in the same muscles) changes in
tension with changes in tissue levels of the
cyclic nucleotides, after exposure of the
muscles to various stimulant and relaxant
drugs. The results obtained do not support
the earlier suggestions that changes in the
absolute levels of cyclic nucleotides, or in
the ratio of cyclic GMP to cyclic AMP, play
an important role in the control of vascular
tone.

Segments of femoral arteries were ob-
tained, under pentobarbital anesthesia,
from male mongrel dogs weighing 10-20
kg. Helically cut strips of the arteries were
prepared as described by Furchgott and
Bhadrakom (11). The vascular strips so
obtained were suspended at 37° in isolated
organ baths containing 10 ml of a physio-
logical salt solution with the following
composition: NaCl, 118 mm; KCl, 5.7 mm;
MgSO‘, 2.33 mM; CaClg, 1.26 mM;
NaHCO;, 25 mMm; NaH,PO,, 1.17 mMm; and
glucose, 11 mM. The muscles were aerated
by bubbling with a mixture of 95% O, and
5% CO,, and isometric tension was re-
corded as previously described (12). A sta-
ble resting tension of 2 g was applied to the
vascular strips, and they were allowed to
equilibrate for at least 2 hr in the normal
physiological salt solution. Samples were
then clamp-frozen, either without further
treatment or at various times after addi-
tion of drugs to the muscle baths. Cyclic
nucleotide levels and tension at the time of
freezing could then be compared in the
same muscles. Although the experiments
were not done on a strictly paired basis, at
least one control strip (in addition to sev-
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eral test strips) was taken from each ar-
tery used in the study, so that control and
drug-treated muscles were obtained from
the same population of arteries.

Cyclic nucleotide levels in the frozen
muscles were determined as previously de-
scribed (13), with the addition of a succin-
ylation step as suggested by Frandsen and
Krishna (14) to increase the sensitivity of
the cyclic GMP immunoassay. Levels of
the cyclic nucleotides are expressed as pi-
comoles per gram of tissue, wet weight.

The effects of various drugs on isometric
tension of isolated canine femoral arteries
are illustrated in Fig. 1. Vascular relaxa-
tion similar to that illustrated for nitrogly-
cerin was also obtained with papaverine
(not shown), although the onset and rate
of relaxation were somewhat slower with
papaverine than with nitroglycerin.

Arterial strips were clamp-frozen 5 sec
and 5 min after addition of 5 uM phenyl-
ephrine to the muscle baths. This concen-
tration of phenylephrine had been found,
in separate experiments, to produce con-
sistent, submaximal contractions of the ca-
nine femoral arteries. The muscles had
just begun to contract within 5 sec after
adding the phenylephrine to the baths,
and developed peak tension within 3-5
min (Fig. 1). Peak tension, once attained,
remained constant for at least 10 min.
Cyclic GMP and cyclic AMP levels in mus-
cles frozen 5 sec and 5 min after addition of
phenylephrine are shown in Table 1. No
significant changes in the levels of either
cyclic nucleotide could be detected at these
times, even though increases in tension
were evident. If increases in cyclic GMP
levels were in fact responsible for the ob-
served contractions, then cyclic GMP lev-
els should have been increased in the ar-
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Fi16. 1. Representative tracing illustrating effects
of phenylephrine (PE), carbachol (CARB), and ni-
troglycerin (NG) on tension of helically cut strips of
canine femoral artery
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TasBLE 1
Effect of stimulant and relaxant drugs on tension and cyclic nucleotide levels in canine femoral artery
Values represent means + standard errors of the number of experiments indicated (N). Concentrations of
drugs used were: phenylephrine, 5 uM; carbachol, 100 uM; papaverine, 100 uM; nitroglycerin, 200 uM. In the
experiments in which drugs were added to phenylephrine-contracted arteries, the tension changes listed
represent the effect of the second drug on phenylephrine-stimulated tension.

Treatment N Cyclic GMP Cyclic AMP Change in tension
pmoles|g tissue 8

Control 23 8.1 = 0.7 384 = 37
Phenylephrine, 5 sec 6 7.2 +12 422 = 72 +0.10 + 0.02
Phenylephrine, 5 min 19 7.9 +0.8 444 * 54 +1.54 + 0.33
Carbachol, 5 min 7 12.8 + 0.8° 493 + 55 0.0
Phenylephrine, 5 min; car-

bachol, last 1 min 9 17.6 = 2.5° 451 + 45 0.0
Phenylephrine, 5 min; pa-

paverine, last 1 min 6 11.9 + 1.5° 409 + 46 -0.15 = 0.04
Phenylephrine, 5 min; pa-

paverine, last 2 min 5 13.7 = 2.1° 379 + 48 -0.57 = 0.10
Phenylephrine, 5 min; nitro-

glycerin, last 1 min 10 129.8 + 25.2¢ 433 + 45 -0.36 + 0.06

¢ Significantly different from controls or from phenylephrine alone (p < 0.05).

teries at (or slightly before) the onset of
the contractions. It is apparent from the
data in Table 1 that this was not the case.
Earlier reports (15-17) indicated that
cyclic GMP levels are increased in many
nonvascular smooth muscle preparations
after exposure to high concentrations of
cholinergic drugs. In the present study
concentrations of carbachol as high as 100
uM had no effect on the tension developed
by canine femoral arteries, either at rest
or during phenylephrine-induced contrac-
tion (Fig. 1). However, in agreement with
the earlier reports on other types of smooth
muscle (15-17), cyclic GMP levels (but not
cyclic AMP levels) were significantly in-
creased by carbachol (Table 1). For exam-
ple, in the experiments with resting arte-
rial strips, cyclic GMP levels were signifi-
cantly increased by 5 min after the addi-
tion of carba~shol, although no changes in
tension were observed during that time.
Similar results (not shown) were obtained
in preliminary experiments with metha-
choline, a muscarinic agonist with rela-
tively little nicotinic activity. Methacho-
line, in a concentration of 100 M, had no
effect on tension of phenylephrine-stimu-
lated arteries, but increased the cyclic
GMP level by approximately 2-fold within
1 min. Thus, in the case of phenylephrine,
we were able to contract the muscles with-

out increasing cyclic GMP levels, and in
the case of carbachol and methacholine we
were able to increase cyclic GMP levels
without contracting the muscles. These re-
sults are not consistent with a general role
for cyclic GMP as a mediator of vascular
contraction.

The effects of two common vasodilators
(papaverine and nitroglycerin) on tension
and cyclic nucleotide levels in canine femo-
ral arteries are also shown in Table 1.
These drugs have been suggested by oth-
ers to relax vascular smooth muscles by
virtue of their ability to increase cyclic
AMP levels in the muscles (5, 8). However,
no significant changes in cyclic AMP lev-
els were detected in our experiments
within 1-2 min after addition of the drugs
to phenylephrine-contracted muscles, even
though both drugs were exerting a relax-
ant effect at those times. The concentra-
tions of the drugs used in these experi-
ments were shown in separate studies to
be capable of causing 80-90% relaxation
of the phenylephrine-contracted arterial
strips within 5 min. With the same analyt-
ical techniques used in the present experi-
ments, we have been able to detect
changes in cyclic AMP levels in other
types of smooth muscle in response to var-
ious drugs (e.g., refs. 13, 18). Thus in-
creases in cyclic AMP levels probably do
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not play a prominent role in the vascular
relaxation caused by papaverine or nitro-
glycerin in the present experiments. Fur-
thermore, cyclic GMP levels were signifi-
cantly increased by both relaxant drugs
(Table 1). The 16-fold increase in cyclic
GMP levels caused by nitroglycerin is the
largest increase observed in any of our
experiments and tends to argue against a
role for cyclic GMP as a mediator of
smooth muscle contraction, since the mus-
cles were in the process of being relaxed by
nitroglycerin at the time of freezing. We
have previously reported a similar lack of
correlation between tension and cyclic nu-
cleotide levels in other types of smooth
muscles (13, 17, 18).

The possibility that a change in the
cyclic GMP to cyclic AMP ratio is the im-
portant determinant of vascular tone, as
suggested by others (1, 2, 4), is not sup-
ported by our results. According to the
earlier suggestion, an increase in the
cyclic GMP to cyclic AMP ratio would tend

to promote contraction of vascular smooth

muscles, and a decrease in the ratio would
tend to promote relaxation. However, in
our studies, the cyclic GMP to cyclic AMP
ratios actually decreased slightly during
phenylephrine-induced contraction of ca-
nine femoral arteries (from 0.021 in con-
trols to 0.017 and 0.018 at 5 sec and 5 min
after phenylephrine, resnectively). Cyclic
GMP to cyclic AMP ratios were increased
to 0.036 during papaverine-induced relaxa-
tion, and to 0.299 during nitroglycerin-in-
duced relaxation of the arterial strips.
None of these results is consistent with the
above hypothesis. Therefore, in our opin-
ion, it is premature to ascribe the in-
creased vascular resistance seen in sponta-
neously hypertensive animals to an in-
crease in their vascular cyclic GMP to
cyclic AMP ratios as suggested by Amer et
al. (4).

Our results do not, of course, rule out
the possibility that other drugs, such as
the beta adrenergic agonists, may exert
their vasodilator effects by virtue of their
ability to increase tissue levels of cyclic
AMP. However, this possibility has re-
cently been questioned by Daniel and
Crankshaw (19), and it appears that a
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causal relationship between cyclic AMP
increases and vasodilation has not been
definitely established even for the beta ad-
renergic drugs.

It should be noted that the vascular
preparations used in the present study
contained more than one cell type, and the
possibility exists that the changes ob-
served in our experiments were a reflec-
tion of changes occurring in nonmuscle
cells. It is also possible that the cyclic nu-
cleotides may be compartmentalized
within the cell, as suggested by others
(20), and that changes in specific compart-
ments, undetectable by total tissue meas-
urements, may be important in the actions
of the drugs tested in our experiments.
However, the original theories regarding
the role of the cyclic nucleotides in the
control of vascular tone were themselves
based on measurements of total tissue lev-
els of cyclic nucleotides in vascular prepa-
rations similar to those used in our stud-
ies. Therefore, unless evidence can be ob-
tained for the alternative explanations set
forth above, our results suggest that in at
least one type of vascular smooth muscle,
and with at least some drugs, changes in
tissue levels of the cyclic nucleotides do not
play an important role in the control of
vascular tone.
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