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Abstract: Although estrogens have been to be vasoactive hormones, the vascular effects
of testosterone are not well defined. Also, administration of testosterone to men with angina
has been shown to reduce myocardial ischemia. The mechanism of this effect is not clear
but could be via an influence on coronary artery tone. We therefore planned this study to
examine the vascular effects of testosterone in-vitro on the coronary artery strips and the
potential mechanisms of its action. Strips of coronary artery were obtained from Adult male
Newzea land white rabbits and mounted in Krebs solution in 50 ml organ chambers at
37oC. These strips are exposed to PGF2α as a vasoconstrictive substance then testosterone is added alone and these experiments are repeated in strips pre-incubated with different
agents. Testosterone induces a significant relaxation of rabbit coronary artery strips precontracted by PGF2α. Incubation of coronary strips with N-nitro-L-arginine methyl ester
(L-NAME) inhibits partially the relaxing effect of T. However, incubation of these strips with
indomethacin did not affect the relaxing effect of T. Moreover, incubation with barium
chloride, the relaxing response of T was significantly attenuated. In conclusion, testosterone
causes vasodilatation in coronary artery and the mechanism of this response involved the
release of nitric oxide from endothelium and the stimulation of voltage dependent K channels
is responsible, at least in part, for the testosterone-induced relaxation of rabbit coronary
arteries. This effect may be one of the explanations as to why testosterone has previously
been shown to demonstrate beneficial effects on anginal symptoms.

Introduction
It has been proposed that gonadal steroids
influence cardiovascular physiology and/or
patho-physiology. Specifically, it has been
proposed estrogen may protect against the
development of cardiovascular diseases;
however the administration of exogenous estrogen in men actually increase the
risk of death from coronary artery disease
(1). The relationship between the level of
testosterone and the incidence of
coronary heart disease is still controversial
in the view of the results of
clinical and epidemiologic studies for
example; plasma testosterone levels are
reported to correlate either positively or
negatively
with
the incidence
of
coronary artery disease in men (2, 3).
In fact, testosterone is associated with
higher levels of high-density lipoprotein
in men and was correlated negatively with
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risk factors such as fibrinogen, plasminogen
activator inhibitor-1 and insulin (4),
suggesting that hypotestosteronemia may
be a risk factor for coronary atherosclerotic heart disease in men. In addition,
plasma androgen levels are higher in
normotensive males than in their
hypertensive counterparts (5). The fact that
post-menopausal women have a lower
incidence of coronary heart disease and
myocardial infarction than men of a
similar age has led to the hypothesis
that testosterone may predispose to
coronary artery disease. However, there has
been no direct evidence linking testosterone
administration to an increases incidence of
coronary heart disease and myocardial
infarction (6, 7). The direct effect of
testosterone on the coronary artery and any
underlying mechanisms of action are not
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well known. So, the purpose of this study
was to assess the effect of testosterone on
isolated rabbit coronary arteries and the
potential mechanisms of its actions.
Materials and methods
Adult male New Zealand white rabbits
(weight 2 - 3 kg) were used in this study.
Animals were sacrificed by decapitation
then a rapid thoracotomy was performed
and the heart was rapidly excised by
cutting the great vessels and placed in
oxygenated Krebs-Henseleit buffer solution.
Coronary arteries were dissected, cleaned
from loosely adherent connective tissue
and blood then dropped in ice cold
Krebs-Henseleit buffer solution (composed
of (mol/L) NacL 118.3, Kcl 4.7, CaCl2
2.5, MgSO4 1.2, K2PO4 1.2 and glucose
11.1 and containing Na+ EDTA 0.026M
and adjusted to pH 7.4) which had
previously been gassed with 95% O2 and 5%
CO2 (8). Strips of studied vessels were
prepared and mounted in Krebs solution in
50 ml organ chambers at 37 0C. Strips were
allowed to equilibrate for at least 60
minutes before experiments were begun.
Isotonic contractions were recorded by an
isotonic lever on the drum of a universal
kymograph. The coronary strips are
exposed to testosterone (dissolved in
ethanol 10 µmol/L), seven minutes after
the addition of constrictor agent PGF2α in
a sub maximal dose (3 µmol/L). Then the
coronary strips are exposed to other
experiments to determine the possible
mechanism of testosterone action:
(a) in which N-nitro-L-arginine methyl
ester (L-NAME) is an inhibitor of
endothelium-derived
relaxing
factor
(EDRF) synthesis from L-arginine in
vascular endothelial cells in a dose of
(100µmol/L) was added to coronary arterial
strips with endothelium 20 minutes before
being contracted with PGF2α and then
testosterone is added.
(b) in which indomethacin ,an inhibitor of
prostanoid synthesis was dissolved in an
NaCO3 solution (10 µmol/L) was
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incubated with strips with endothelium
for 20 minutes before being precontracted with PGF2α (3 µmol/L) then
testosterone is added.
(c) To determine the possible involvement
of cGMP in the testosterone effect, these
strips are incubated with Methylene blue
(10µmol/L) for 20 min. before being
contracted
with
PGF2α
(3µmol/L).
Testosterone (10 µmol/L) was subsequently
added.
(d) in which barium chloride, a nonspecific
inhibitor of potassium channels (14) in (3
mmol/L) was added to coronary artery
strips 20 minutes before being contracted
with PGF2α (3µmol/L).
Testosterone, L-NAME, indomethacin,
Methylene blue, barium chloride and
PGF2α, all supplied by Sigma. All
drugs were prepared on the day of
experiment.

Data analysis: All data are presented as
mean ± SD. Relaxations expressed as
percentage
relaxation
of
maximum
contraction induced by PGF2α (3 µmol/L).
The results were analyzed with a
Student’s test. A probability level of less
than 0.5 was considered significant.
Results
Testosterone (10 µmol/L) causes relaxation
of coronary artery strips precontracted by
PGF2α (3 µmol/L). Pre-addition of LNAME in a dose of (100 µmol/L) to
the coronary strips significantly attenuated
the relaxing response of testosterone.
However, addition of indomethacin in a
dose of (10 µmol/L) to these strips did not
inhibit relaxation induced by testosterone.
Re-addition of methylene blue in a dose
(10 µmol/L) to the coronary strips had no
effect on relaxation induced by testosterone
(10 µmol/L). However, addition of barium
chloride in a dose of (3mmol/L) to these
strips significantly attenuated the relaxing
response of testosterone in its two doses
10 µmol/L).
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Mean

SD

Testosterone
after
barium chloride

Testosterone
After
MB

Testosterone
After
indomethacin

59.4

48.9

58.0

58.3

35.8

5.46

6.3

9.9

7.81

7.2

>0.05

>0.05

<0.01

P

<0.001

1

88

Testosterone
After
L-NAME

Testosterone
10µmol/L
(n=10 )

Table 1: Comparison between percentage relaxation of precontracted coronary strips after addition of
testosterone in a dose of (10µmol/L) alone, after L-NAME, after indomethacin, after MB, then after
barium chloride.
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5
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Discussion
The present study demonstrated that
testosterone (10 umol/L) induces
relaxation in precontracted rabbit
coronary arteries and this relaxation is
partially through nitric oxide release
as L-NAME affects this relaxation,
and partially by non-specific K+channel opening as barium Clattenuate the relaxing response to
testosterone.
These results are in agreement with
previous studies which demonstrated
that testosterone relaxes
rabbit
coronary arteries or aorta ( 8 and rat
thoracic aorta (9) in vitro and
canine coronary arteries in vivo (10).
Also, Ponikowska et al. (11) stated
that men with type II diabetes mellitus
(DM) are prone to develop androgen
deficiency and these deficiencies are
related to high CV mortality. One of
the commonly cited theoretical
mechanisms of the beneficial effect
of testosterone on anginal symptoms
in these studies was coronary
vasodilatation (11-13). Testosterone
treatment for several weeks' reduced
objective evidence of exercise induced
myocardial ischemia in patients with
angina pectoris (15). Also, there is
recent study showing that testosterone
level is lower in patients with ischemic
heart diseases, and testosterone
treatment alleviates the symptoms (16).
However, previous studies have
shown controversial results about
the role of androgens in coronary
artery disease (CAD). Fallah et al.
(17) reported a nonlinear association
of tT levels with CAD: lower levels
have a preventive effect on CAD,
whereas higher values increase the risk
of CAD. Also van Staa, Sprafka ( 1 8 )
stated that there are concerns that
exogenous testosterone therapy may
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be associated with adverse cardiovascular effects. Results of various
studies suggest that testosterone
receptors have been identified in blood
vessels of human and other mammals
and have been localized in the
plasmalemma, cytosol, and nuclear
compartments of various vascular
cells, including the endothelium and
the smooth muscle (19). Testosterone’s
endothelium-dependent effects are
likely mediated at least in part
through nitric oxide elaboration (20),
whereas mechanisms of endotheliumindependent effects involve one or
more types of smooth muscle ion
conductance
channels
(21).
Testosterone relaxed arterial tone
partly by enhancing NO release from
the endothelium (9, 10) and in rabbit
aorta and porcine coronary artery;
testosterone induced endotheliumindependent relaxation (22).
Indomethacin inhibits the synthesis
of prostaglandins (23) and inhibits
the transient relaxation induced by
arachidonic acid in rabbit coronary
arteries (24). However, in this study,
indomethacin did not affect testosterone-induced relaxation in endothelium-intact coronary arteries. These
results indicate that the release of
vasodilator
prostanoids
is
not
involved
in
testosterone-induced
coronary relaxation in vitro. Barium
chloride, a nonspecific inhibitor of
potassium
channels
(25),
did
attenuate the relaxing response to
testosterone
in
rabbit coronary
arteries, suggesting that alterations
of
potassium conductance
may be involved partially in the
mechanism of relaxation.
In vascular smooth muscle cells,
the membrane potential is mainly
controlled by K+ flux through
sarcolemmal K+ channels, and the
amount of K+ flux depends on both
Vol. 9, No1: 2015
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the number of K+ channels and the
electrochemical gradient of potassium
across
the
membrane
(26).
Testosterone–induced
relaxation
response requires suitable potassium gradients for K+ efflux, and
suggests the activation of K+ channels
by
testosterone
(27).
Previous
studies reported that barium chloride,
a non selective blocker of K+ channel
profoundly
reduces
testosterone
induced relaxation responses (8).
These findings are consistent with
those of the present study, and further
suggest
the
testosterone–induced
activation of K+ channels. In the rabbit
coronary artery it has been reported
that K+ flux through K+ channels
is
responsible
for
determining
resting membrane potential, and that
the inhibition of K+ channels by
some agents induces the contraction
of rabbit coronary arteries (28).
These reports suggest the importance
of K+ channels in the regulation of
vascular tone in the rabbit coronary
artery under either stimulated or unstimulated conditions.
Increased K+ conductance leading to
hyperpolarisation
of
VSM and
endothelial
cells,
has
been
proposed
as
the
mechanism
underlying the acute inhibition of
vascular contraction by estrogen (29).
Endothelial hyperpolarisation increases
the release of Na (30), whereas VSM
hyperpolarisation decreases voltage-
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operated Ca++ channel function,
inhibits intracellular Ca++ release and
lowers the ability of Ca++ to activate
contractile proteins (31). Won et al.
(32) states that the relaxation response
to testosterone was significantly
reduced by 4-aminopyridine, a
sensitive blocker of voltage dependent K+ channels, but not by low
doses of tetraethyl-ammonium or
iberiotoxin, a Ca++ activated K+
channel blocker. Testosterone simultaneously reduced the intracellular
Ca++ concentration ((Ca++)i) and
tension,
and
4-AP
effectively
antagonized the testosterone-induced
change of (Ca++)i and tension.
Although testosterone-induced coronary vasodilatation appears to be a
favourable effect, the literature
reveals
numerous
deleterious
cardiovascular
associations
of
androgenic steroid use and of steroid
abuse, including reducing serum HDL
and
HDL/LDL
ratios
(33),
thromboxane
induced
vasoconstriction in guinea pigs (34)
and monkeys (35) and increasing
thromboxane excretion and thromboxane receptors in cultured rat aortic
cells (36).
In conclusion, androgens in general
and testosterone in particular may
have some protective effects on the
cardiovascular system through their
direct effects upon human vasculature.
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