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Effect of Testosterone on Plaque Development and
Androgen Receptor Expression in the Arterial Vessel Wall
Hartmut Hanke, MD, FESC; Christina Lenz; Beate Hess, BSc;
Klaus-Dieter Spindler, PhD; Wolfgang Weidemann, PhD
Background—Recent studies have suggested that testosterone has a protective effect in the arterial vascular system.
However, little is known about the molecular aspects of the mechanism(s) involved in these processes. The aim of the
present study was to investigate the effect of testosterone on neointimal plaque development and on the expression of
the vascular androgen receptor.
Methods and Results—Neointimal plaque formation was induced by endothelial denudation in the aortas of male New
Zealand White rabbits. Aortic ring segments were cultured for 21 days after endothelial denudation. Testosterone was
applied to the culture medium in different doses. Compared with the non– hormone-treated control group, a significant
inhibition of neointimal plaque development (expressed as the intima/media ratio) was found at testosterone
concentrations of 10 ng/mL (P⫽0.037) and 100 ng/mL (P⫽0.012; intima/media ratios: median of controls, 0.25; median
of 10 ng/mL testosterone group, 0.15; median of 100 ng/mL testosterone group, 0.16). Associated with this inhibitory
effect on plaque size was a 50% increase of the amount of androgen receptor mRNA in the arterial segments treated with
testosterone.
Conclusion—The beneficial effects of testosterone on postinjury plaque development underlines, at least in males, the
important role of androgens in the vascular system. As our data suggest, the vascular androgen receptor is probably
involved in these processes. Further studies are required to characterize the androgen receptor– dependent pathways in
the vascular system. (Circulation. 2001;103:1382-1385.)
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T

he role of androgens in atherogenesis is controversial1;
however, in recent years, several authors have found a
number of beneficial effects of testosterone, at least in men.
Animal studies have documented an inhibitory effect on
plaque development in the cholesterol-fed rabbit model,2,3
whereas in recent clinical investigations, acute hemodynamic
effects of testosterone on coronary vasomotion and stress-test
induced ischemia were observed.4,5
Thus far, only limited information is available regarding
the possible involvement of arterial androgen receptors in
these processes. Thus, the aim of the present study was to
investigate, in an experimental model, (1) the dose-dependent
effects of testosterone on plaque development, (2) the expression of the androgen receptor in arteries, and (3) possible
dose-dependent changes of androgen receptor expression
induced by testosterone.

were present). After sacrifice, the abdomen was opened under sterile
conditions, and the connective tissue was removed from the aorta. A
3F-Fogarty catheter (Baxter Inc) was inserted below the iliac
bifurcation, and endothelial denudation was performed once with the
inflated catheter. The aorta was then completely excised and cut into
⬇30 rings that were ⬇5 mm in length; the segments were then
randomized into different study and control groups. A total of 80
aortic segments from 3 rabbits were used.
The aortic rings from the different study groups were kept separate
in 6-well plates for 21 days at 37°C in phenol red–free Dulbecco’s
modified Eagle medium with Ham’s F12 (Gibco) containing 4.5 g/L
D-glucose, 15% fetal calf serum (Bio-Whittaker), and 5 mL/L
penicillin streptomycin (Gibco). The medium for all groups contained 1% isopropanol and 1% dimethyl sulfoxide and was renewed
3 times a week, which included new testosterone application in
different concentrations. Four different concentrations of testosterone (Sigma) were present for the 21 days after endothelial denudation (16 aortic segments in each group). One group of 16 aortic
segments without hormone application served as controls.

Histological Examination

Methods

After 21 days under culture conditions, half of the aortic segments
from each group were immersion-fixed in 4% paraformaldehyde
solution, embedded in paraffin, and cut in 4-m slices. After elastica
van-Gieson’s staining, the neointimal and medial areas in the
histological cross-sections were measured morphometrically.6 The

Organ Culture System
Twelve-week-old male New Zealand White rabbits were used for the
present study. The rabbits received standard chow without cholesterol (Altromin Inc) and were housed individually (no female rabbits
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Figure 1. A, Histological cross-section of rabbit aortic segment after balloon denudation
without hormone treatment (control group)
showing neointimal plaque formation at site of
injury. B, Histological cross-section of aortic
segment treated with testosterone at a concentration of 10 ng/mL. As a result of inhibitory effect of testosterone, plaque development was reduced (Elastica van Gieson’s
staining; original magnification, ⫻50). I indicates neointima; M, media; and l.e.i., lamina
elastica interna. C, Bar graph showing intima/
media ratio after morphometric analysis of
neointimal plaque size and medial area. Significant reduction of plaque development was
found with 10 ng/mL and 100 ng/mL testosterone. *P⫽0.037; **P⫽0.012.

ratio of intima to media was then calculated and used for statistical
evaluation.

Reverse Transcription–Polymerase Chain
Reaction Analysis
For semiquantitative reverse transcription–polymerase chain reaction (RT-PCR) analysis, total RNA from the remaining segments of
each group was extracted using Trizol reagent (GibcoBRL). The
total RNA was reverse-transcribed using oligo(dT) primer and
reverse transcriptase from GibcoBRL. PCR was performed using
Taq DNA-polymerase (Roche). Primers for androgen receptor,
selected from the rabbit androgen receptor cDNA sequence,7 were
forward primer 5⬘-TGAGGCACCTCTCTCAAGA-3⬘ and reverse
primer 5⬘AAGGCACTGCAGAGAAGTA-3⬘, which yielded a
495-bp PCR product. Reactions were performed for 32 cycles of
denaturation (60 s at 94°C), annealing (60 s at 60°C), and extension
(120 s at 72°C). The amplified products were separated on agarose
gels and quantified densitometrically (Multi-Analyst.1.1, Bio-Rad
Laboratory). Values obtained were standardized by using the level of
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNA, as
determined by PCR. Primers, selected from the rabbit GAPDH
cDNA sequence,8 were forward primer 5⬘-GATGGTGAAGGTCGGAGTGAA-3⬘ and reverse primer 5⬘-GGTGAAGACGCCAGTGGATT-3⬘, which yielded a 304-bp PCR product. Reactions were
performed for 26 cycles of denaturation (60 s at 94°C), annealing (60
s at 60°C), and extension (120 s at 72°C).
A total of 7 independent PCR assays of the testosterone-treated
aortic segments were performed.

Statistical Analysis
The range of data, the median, and the first and third quartiles are
shown for the morphometric data (intima/media ratio). Multiple
ANOVA with 5 repeated measures was performed to determine the
significance of differences in the extent of neointimal plaque
development and androgen receptor expression (adjusted for
GAPDH expression by using the individual densitometric data). For
presentation in figures, the GAPDH-adjusted expression of the
androgen receptor was calculated as percent changes from the
control group in mean⫾SEM. Differences were considered statistically significant when P⬍0.05.

Results
Morphological Data
Endothelial denudation was associated with considerable
plaque development in the control segments (median of the
intima/media-ratio: 0.25; Figure 1A). With testosterone, significant reductions of neointimal plaque size were found
(Figures 1B and 1C) at testosterone concentrations of 10 and
100 ng/mL (medians of the intima/media-ratio: 0.15 and 0.16,
respectively).

Androgen Receptor Expression
As shown in Figure 2, we found a significant increase of the
amount of androgen receptor mRNA in the testosteronetreated segments at concentrations of 1 ng/mL and 10 ng/mL
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Figure 2. A, Bar graph showing a dose-dependent effect of testosterone on androgen receptor (AR) expression analyzed by
semiquantitative RT-PCR. Compared with controls, a nearly
50% increase in amount of androgen receptor mRNA was found
at concentrations of 1 and 10 ng/mL testosterone (*P⫽0.032;
**P⫽0.035). B, Representative examples of androgen receptor
and GAPDH RT-PCR amplifications. Amount of androgen receptor mRNA increased with testosterone.

testosterone (standardized on GAPDH expression). In higher
concentrations of testosterone, no further increase of the
amount of androgen receptor mRNA occurred.

Discussion
Using data from previous animal studies,2,3 it was postulated
that genomic actions are involved in mediating the protective
effects of testosterone in the process of atherosclerosis. We
hypothesized that vascular androgen receptors might play an
important role in signaling the testosterone effects on the
level of the arterial vessel wall. Therefore, our study was
designed to investigate the effect(s) of testosterone on plaque
development and arterial androgen receptor mRNA
expression.
The present work is the first showing an upregulation of
the expression of arterial androgen receptor mRNA with
testosterone; this upregulation was also associated with a
significant reduction of neointimal plaque development. It is
of interest that the testosterone concentrations necessary for
plaque inhibition are in the range of physiological
concentrations.3
Because our morphological findings conform with previous in vivo studies in the rabbit model,2,3 the organ culture
system might be a useful and appropriate model to investigate
direct steroid hormone effects at the level of the arterial vessel
wall without the interference of humoral factors. An additional advantage of the organ culture model is the fact that
complete aortic segments were used, which allows for conventional histology and detailed molecular analysis. Because
the standard chow the rabbits ate before starting the experiment contains soy protein, additional influences of phytoestrogens might be possible. However, at least during the
21 days of organ culture conditions, such effects can be
excluded. The organ culture model is limited by the lack of an
additional influence of cholesterol during plaque development. The induced neointimal lesion in that model is therefore mostly the result of the activation and proliferation of
vascular smooth muscle cells, which represents only one
(albeit essential) part in the process of early atherogenesis.9

Considering the effects of testosterone on vasomotion, it
might be speculated that different pathways of action exist.
Nongenomic effects might be responsible for the observed
vasodilatation induced by the intracoronary administration of
testosterone in men with coronary artery disease4 and in
previous in vitro studies.10 In previous experimental animal
studies,2,6 a sex-specific difference in the action of testosterone and estrogen was found. Testosterone in male rabbits had
an inhibitory effect on plaque development, but in female
rabbits, an atheroprogressive action of testosterone was
found.2
These findings indirectly provide support for the hypothesis that arterial sex hormone receptors are probably involved
as one part of the genomic actions of sex steroids on the level
of the arterial vessel wall.11
Androgen and estrogen receptors are present in vascular
smooth muscle cells,11,12 human macrophages, human
megakaryocytes, and platelets.13,14 Interestingly, McCrohon
et al15 found sex-specific differences in androgen receptor
expression in human macrophages. Furthermore, in human
megakaryocytes, the androgen receptor was upregulated by
testosterone at a concentration of 10 nmol/L, whereas downregulation occurred at a concentration of 100 nmol/L.14
Considering the observations in other target tissues and
androgen receptor– containing cell lines,16 these findings
underline the complexity of androgen receptor regulation by
androgens, which involves several levels, including transcriptional, translational, and post-translational mechanisms.
In conclusion, our present data suggest the involvement of
the arterial androgen receptor in mediating the beneficial
vascular effects of testosterone. However, further work is
required to characterize the intracellular signal transduction
pathways of testosterone action, including the possible aromatization of testosterone to estradiol, and the role of involved vascular sex hormone receptors.
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