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ABSTRACT

TAGARAKIS, C. V. M., W. BLOCH, G, HARTMANN, W, HOLLMANN, and K, ADDICKS. Testosterone-propionate impairs the
response of the cardiac capillary bed to exercise.Med. Sci. Sports Exerc.,Vol. 32, No. 5, pp. 946–953, 2000.Objective: Experimental
application of anabolic-androgenic steroids and exercise training induce cardiac hypertrophy. This study quantifies for the first time,
on microscopical level, the adaptation of the cardiac capillaries and myocytes to the concomitant application of testosterone-propionate
and exercise training.Methods: Female SPF-NMRI mice were studied over 3 and 6 wk. Experimental groups: (i) sedentary control
(C); (ii) exercise (treadmill running, E); (iii) testosterone-propionate (TP); and (iv) testosterone-propionate1exercise (TPE). Morpho-
metric parameters: 1) papillary muscles: capillary density, intercapillary distance, number of capillaries around a myocyte, and minimal
myocyte diameter; and 2) left ventricular wall: capillary density and intercapillary distance.Results: Papillary muscle: A striking
suppression of the exercise-induced improvement in capillary supply occurs in the testosterone-propionate1exercise groups over 3 and
6 wk. Exercise without drugs increases significantly (P , 0.05) the capillary density, shortens significantly (P , 0.05) the intercapillary
distance, whereas it increases the number of capillaries around a myocyte. These alterations are not observed in the testosterone-
propionate treated sedentary animals; e.g., capillary density after 6 wk (mean values6 standard deviation, capillarieszmm22): C:
42726 287, E: 54116 758, TP: 42216 364, and TPE: 39976 397. Moreover, only in the testosterone-propionate1exercise groups
occurs a mild myocyte hypertrophy after both time periods: there is a trend toward hypertrophy (P , 0.1) in comparison with the C
groups and a significant hypertrophy (P , 0.05) in comparison with the E groups.Conclusions:Testosterone-propionate profoundly
inhibits the exercise-induced augmented capillarization, whereas (under training conditions) it leads to a mild myocyte hypertrophy.
The microvascular impairment could trigger an imbalance between the myocardial oxygen supply and demand, especially during
physical exercise.Key Words: ANDROGENS, ANABOLIC STEROIDS, PHYSICAL EXERCISE, MICE, HEART, LEFT VEN-
TRICLE, PAPILLARY MUSCLES, HYPERTROPHY, MYOCYTE, ANGIOGENESIS, MICROCIRCULATION

Androgens are utilized in the clinical practice (7),
e.g., in the cases of aging (35), osteoporosis (45),
HIV infection (61), chronic obstructive pulmonary

disease (20), and induction of male contraception (63), often
in combination with a physical rehabilitation regimen
(20,61). Recently, androgens have been experimentally ap-
plied in the field of cardiomyoplasty (26). In addition to the
legal application to exercising individuals for research pur-
poses (11), anabolic-androgenic steroids are abused in
sports (7,44,65) for the improvement of physical perfor-
mance and the increase of skeletal muscle mass.

Numerous side effects have been reported in connection
with anabolic steroid treatment. Some of them are: cardiac
sympathetic overstimulation (30), increased blood pressure
(37) and atherosclerosis (3,41), impaired coronary flow and

perfusion (46), inhibition of nitric oxide-mediated vasodilation
(21), abnormal blood coagulation (19), thrombosis (41,46),
apoptosis of skeletal myofibers (1), and toxic action upon the
cardiac muscle cells (40) as well as pathological ultrastructural
alterations of the cardiomyocytes (6,10,38,46). Furthermore,
anabolic steroid abusers suffered various degrees of left ven-
tricular dysfunction (16,41,46,60), ventricular fibrillation
(38,46), hypertrophic cardiomyopathy (33), myocardial infarc-
tion (33,46) and myocarditis (33). Even cases of cardiac trans-
plantation (41) and cardiovascular fatalities have been reported
among these individuals (17,33,38).

Animal experiments document that anabolic steroids
combined with muscular exercise increase the heart weight
(9,32). Until now, the response of the cardiomyocytes to the
concomitant application of these drugs and exercise training
has not been quantified.

An adequately developed capillary network is of vital
importance for the sufficient perfusion of the normal as well
as the hypertrophied heart, especially during physical activ-
ity. Similar to the case of myocytes, the response of the
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coronary capillaries to anabolic steroids under training con-
ditions has never been studied.

Thus, the aim of the present experiments was to quantify
for the first time the short-term (3 wk) as well as the
long-term (6 wk) effect of the combined stimuli of testos-
terone-propionate and muscular exercise on: (i) the struc-
tural response of the cardiac capillary bed and (ii) myocyte
hypertrophy.

METHODS

Experimental Design

The following groups of 10-wk-old female SPF-NMRI
mice were studied: (i) control (C), (ii) exercise (E), (iii)
testosterone-propionate (TP), and (iv) testosterone-
propionate1exercise (TPE).

The exercise regimen was treadmill running for five
dzwk21, 30 minzd21, with 3% slope and progressively in-
creasing speed until a maximum of 33 mzmin21.

The steroid treated groups received intramuscular injec-
tions of testosterone-propionate (Eifelfango, Bad
Neuenahr), which was dissolved in sesame oil. The dose
was 3 mgzkg body weight/wk.

Ethics

The mice were handled according to the policy statement
of the American College of Sports Medicine on research
with experimental animals (4), the German law for the care
and use of laboratory animals, as well as the experimental
Approval Procedures of the German Federal State
Northrhine Westphalia.

Histological Procedure—Morphometry

After the defined time intervals (3 and 6 wk), the animals
were anesthetized with Nembutal (Abbott, Ingelheim, Ger-
many) and fixed by perfusion, using a 0.1 M cacodylate
buffer containing 2.5% glutaraldehyde at pH 7.4. Left ven-
tricular wall samples and the papillary muscles were re-
moved, postfixed, and embedded in plastic. The perfusion
and fixation methods are described in detail elsewhere (30).
Semithin cross-sections were stained with methylene blue
and were studied by using light microscopic morphometry.
Ultrathin sections of the tissue specimens (microtome Ul-
tracut, Fa. Reichert Jung, Vienna, Austria) were subjected to
ultrastructural morphologic study (electron microscope
Zeiss EM 902A).

The morphometry of the left ventricular papillary muscles
included the parameters (the number of animals per group
(N) used for each one of the studied variables is given in
parenthesis): 1) capillary density and 2) intercapillary dis-
tance (3 wk: C:N 5 6, E: N 5 5, TP:N 5 3, TPE:N 5 9,
6 wk: C: N 5 7, E: N 5 8, TP:N 5 6, TPE:N 5 13), 3)
number of capillaries around a myocyte and 4) minimal
myocyte diameter (3 wk: C:N 5 4, E: N 5 4, TP:N 5 3,
TPE: N 5 5, 6 wk: C:N 5 6, E: N 5 7, TP:N 5 5, TPE:
N 5 9).

The morphometry of the left ventricularwall included: 1)
the capillary density and 2) the intercapillary distance (3 wk:
C: N 5 5, E:N 5 3, TP:N 5 3, TPE:N 5 3, 6 wk: C:N 5
4, E: N 5 4, TP:N 5 4, TPE:N 5 6).

The minimal diameter of 60 myocytes per animal (Fig. 1)
was measured at the level of the nucleus at a magnification
of 3630, by using an image analysis system (CBA 8000,
Leica). At the same time, the number of capillaries around
each one of the evaluated myocytes was counted. In some
semithin cross-sections, it was not possible to discriminate
the borders of the neighboring myocytes. This difficulty
reduced the number of animals that were used for the
parameters: (i) myocyte diameter and (ii) number of capil-
laries around a myocyte.

Figure 1—Semithin cross-sections of the left ventricular papillary
muscles, after the 6-wk experiment: M: myocyte, N: nucleus, C: cap-
illary. a) Control: normal distribution of the capillaries; most of them
are cross-sectioned. b) Exercise without drug treatment: increased
capillarization; many capillaries are oblique sectioned (arrow3), due
to increased capillary brunching. The myocytes are not hypertrophied.
c) Testosterone-propionate1exercise: the capillarization is similar to
that of the control group; no capillary brunching is observable. Mag-
nification 31000.
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The number of capillary profiles per field was counted
according to the method of Gundersen (28). The counting
was conducted only in regions where the myocytes were
cross-sectioned (magnification31000, microscope Axios-
kop, Zeiss). Subsequently, (i) the capillary density (defini-
tion: number of capillarieszmm22) and (ii) the maximal
intercapillary distance (definition: distance between two ad-
jacent capillaries, according to the hexagonal model of
tissue capillarization) were calculated (50).

Statistical Analysis

The statistical evaluation was conducted by using the
statistical program system SPSS 6.0 for Windows. Based
upon the results of the Levene’s test for homogeneity of the
variables, one of the following procedures was performed:
a) the one-way ANOVA, with multiple range test and the
Scheffe’s test, or b) the Kruskal-Wallis test and the Mann-
WhitneyU test. Statistical significance was accepted, ifP ,
0.05. Cases ofP , 0.1 were interpreted as showing a trend
toward a difference.

RESULTS

Papillary Muscles

Capillary density. After 3 (Fig. 2) and 6 wk (Fig. 3),
exercise training, unlike all other regimens, leads to a sig-
nificant increase in capillary density. The striking absence
of this increase in the testosterone-propionate1exercise groups
is of special interest. Application of testosterone-propionate on
sedentary animals does not induce any alterations in compar-
ison with the control values over both time periods.

Due to the exercise-induced increased capillary branch-
ing, many oblique sectioned capillaries can be observed in
the exercise groups (Fig. 1). This alteration is not present in
the testosterone-propionate1exercise and testosterone-pro-
pionate groups.

Intercapillary distance. Even after 3 wk of exercise
training the intercapillary distance is shortened significantly
in comparison with the control and testosterone-propionate
group, whereas there is a trend toward shorter intercapillary
distance in comparison with the testosterone-propionate1
exercise group (Fig. 4). The most interesting finding is that

Figure 3—Papillary muscle capillary density after the
6-wk experiment; statistically significant differences in
comparison with the control (a) and the exercise (b)
group.

Figure 2—Papillary muscle capillary density after the
3-wk experiment; statistically significant differences in
comparison with the control (a) and the exercise (b)
group.
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this adaptation does not occur in the testosterone-
propionate1exercise group. No alteration can be observed
in the testosterone-propionate sedentary mice.

After 6 wk (Fig. 5), the exercise-induced shortening of the
intercapillary distance becomes significant in comparison
with all other regimens. It should be stressed that the dif-
ference between the exercise group and the testosterone-
propionate1exercise one is progressively enhanced (com-
pare Figs. 4 and 5) and becomes more pronounced after 6
wk. During the same time period, the intercapillary distance
of the testosterone-propionate group does not differ from the
control values.

Number of capillaries around a single myocyte.
Short-term exercise (Table 1) induces a trend toward an
increased number of capillaries around a single myocyte in
comparison with all other regimens. After 6 wk there are
significantly more capillaries around a myocyte in the ex-
ercise group than in the control, the testosterone-propionate
as well as in the testosterone-propionate1exercise group.

The progressive suppression of the exercise-induced in-
crease in the number of capillaries around a single myocyte

in the testosterone-propionate1exercise groups is a note-
worthy finding: it is coupled with concomitant alterations
occurring in the other indices of capillarization, namely the
capillary density and the intercapillary distance (Figs. 2–5).
No alterations in the number of capillaries around a single
myocyte are observed in the testosterone-propionate groups
in the course of both 3 and 6 wk.

Myocyte diameter. After the short-term period (Table
2) the myocytes of the testosterone-propionate1exercise
group show a trend toward hypertrophy, when compared
with the exercise group. This difference becomes significant
after 6 wk. The testosterone-propionate1exercise group
shows a trend toward myocyte hypertrophy in comparison
with the control group after 3 and 6 wk.

Over both time intervals, the myocyte diameters of the
exercise, testosterone-propionate and control groups are
comparable.

Electron microscopic evaluation documents that the myo-
cyte hypertrophy of the testosterone-propionate1exercise
groups is due to increased myofibrillar components and not
to cellular swelling.

Figure 5—Papillary muscle intercapillary distance after
the 6-wk experiment; statistically significant differences
in comparison with the control (a) and the exercise (b)
group.

Figure 4—Papillary muscle intercapillary distance af-
ter the 3-wk experiment; statistically significant differ-
ences in comparison with the control (a) and the exercise
(b) group.
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Left Ventricle

Capillary density. It is noteworthy that even after 3 wk
(Table 3) the testosterone-propionate1 exercise group
shows a trend toward reduced capillary density in compar-
ison with the exercise as well as the control group. Over the
same period testosterone-propionate treated sedentary ani-
mals show a significantly lower capillary density than the
exercise and the control groups.

The difference between the exercise and the testosterone-
propionate treated groups increases progressively and be-
comes more striking over 6 wk (P , 0.05). Moreover, after
the long-term period the testosterone-propionate and the
testosterone-propionate1exercise groups exhibit lower cap-
illary density than the respective control values. However,
this difference cannot be statistically documented.

Three weeks of exercise alone do not alter the capillary
density in the ventricular wall as compared with the control
group. An increased capillary density in comparison with
the control values is to be observed after the 6-wk experi-
ment without, however, reaching statistical significance.

Intercapillary distance. Even after 3 wk (Table 4) the
testosterone-propionate1exercise group exhibits a signifi-
cantly longer intercapillary distance in comparison with the
control values and a trend toward longer intercapillary dis-
tance than the exercise group. Noticeably, this increase
becomes more evident over 6 wk and reaches statistical
significance compared with the exercise group. The 6-wk
values of the testosterone-propionate1exercise and the con-
trol group do not differ significantly.

Short-term treatment of sedentary animals with testoster-
one-propionate induces a significantly longer intercapillary
distance in comparison with the exercise and the control
group. Over 6 wk the testosterone-propionate group exhibits
a significantly longer intercapillary distance than the exer-
cise group as well as a similar trend in comparison with the
control values.

Three weeks of exercise without drugs do not induce any
alterations in comparison with the control values, but after
6 wk a trend toward shorter intercapillary distance in com-
parison with the control group can be observed.

DISCUSSION

The main outcomes of the present study are (Fig. 6): (i)
testosterone-propionate inhibits the exercise-induced capil-
lary growth, (ii) testosterone-propionate combined with ex-
ercise induces mild myocyte hypertrophy, and (iii) testos-
terone-propionate leads to a partial deterioration of the
capillary supply in the sedentary animals. Under exactly the
same experimental conditions, our group demonstrated that
the combined stimuli of testosterone-propionate and exer-
cise training result in a more pronounced cardiac sympa-
thetic overstimulation than testosterone-propionate alone as
well as exercise alone (30).

Anabolic-Androgenic Steroids Impair the
Capillary Network

As far as the capillary impairment is concerned, which is
documented in the testosterone-propionate1exercise
groups, the following points should be mentioned:

a) The microvascular impairment occurs after only 3 wk
and becomes more pronounced over the long-term period.

b) Although the papillary muscles and the left ventricular
wall have different functions, they undergo a similar im-
pairment. In both cardiac regions, all indices of capillariza-
tion are deteriorated (to various degrees) under concomitant
testosterone-propionate1exercise treatment, which is in
striking contrast to the respective exercise drug-free
regimen.

c) Although the number of capillaries around a single
myocyte increases in the testosterone-propionate1exercise

TABLE 1. Papillary muscle: number of capillaries around a single myocyte (N).

C E TP TPE

3 W 4.20 4.76 4.14 4.51
SD 0.11 0.65 0.20 0.44

b a b b
6 W 4.35 4.85 4.23 4.46
SD 0.40 0.20 0.35 0.26

Control (C), exercise (E), testosterone-propionate (TP), testosterone-propionate 1
exercise (TPE). 3 W: 3 wk, 6 W: 6 wk. Mean values 6 SD; significant differences in
comparison with the control (a) and the exercise (b) group of the same period.

TABLE 2. Papillary muscle: minimal myocyte diameter (mm).

C E TP TPE

3 W 17.13 17.05 17.95 18.66
SD 2.32 2.16 1.38 1.93

b
6 W 17.48 16.85 17.87 19.33
SD 2.58 1.96 1.68 1.42

Control (C), exercise (E), testosterone-propionate (TP), testosterone-propionate 1
exercise (TPE). 3 W: 3 wk, 6 W: 6 wk. Mean values 6 SD; significant differences in
comparison with the control (a) and the exercise (b) group of the same period.

TABLE 3. Left ventricular wall: capillary density (capillaries z mm22).

C E TP TPE

a,b
3 W 4594 4648 4135 3849
SD 72 181 330 144

b b
6 W 4024 4960 3362 3599
SD 616 476 172 592

Control (C), exercise (E), testosterone-propionate (TP), testosterone-propionate 1
exercise (TPE). 3 W: 3 wk, 6 W: 6 wk. Mean values 6 SD; significant differences in
comparison with the control (a) and the exercise (b) group of the same period.

TABLE 4. Left ventricular wall: intercapillary distance (mm).

C E TP TPE

a,b a
3 W 9.15 9.10 9.66 10.00
SD 0.07 0.17 0.37 0.19

b b
6 W 9.84 8.82 10.71 10.95
SD 0.78 0.43 0.27 1.47

Control (C), exercise (E), testosterone-propionate (TP), testosterone-propionate 1
exercise (TPE). 3 W: 3 wk, 6 W: 6 wk. Mean values 6 SD; significant differences in
comparison with the control (a) and the exercise (b) group of the same period.
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groups (Table 1), this increase is insufficient: it cannot
counterbalance the mild myocyte hypertrophy (Table 2).
The hypertrophic myocytes broaden the space between the
capillaries and lead to a reduced capillary density (Figs. 2
and 3) as well as to a longer intercapillary distance (Figs. 4
and 5) in comparison with the exercise groups. This is one
mechanism that could underlie the impaired capillarization.

The inhibition of angiogenesis (inhibition of new capil-
lary formation) is a second mechanism that could have led
to the inadequate adaptation of the capillaries in the testos-
terone-propionate1exercise groups. Androgens exert vari-
ous degrees of angiogenesis inhibition under a lot of exper-
imental conditions, e.g., in the chick embryo (testosterone)
(15), rabbit cornea (5a-dihydrotestosterone) (64), breast tu-
mor in rats (testosterone) (27), and rat mesentery (testoster-
one propionate) (47) as well as in cultured human micro-
vascular endothelial cells (testosterone inhibits the
formation of capillary-like tubes) (36). Due to the inhibition
of neovascularization, which is a general characteristic of
the steroids (corticosteroids have more pronounced angio-
static activity), these substances have been called “angio-
static steroids” (15).

Angiostatic steroids have a striking specificity against
new capillaries, whereas mature microvessels remain unaf-
fected (23,24). This specificity could underlie the reduced
number of capillaries around a single myocyte in the tes-
tosterone propionate1exercise groups (in comparison with
the exercise drug-free groups) of the present experiments.
This could be the case in the rat skeletal muscles too:
application of anabolic steroids1exercise training reduced
the number of capillaries per number of fibers (56) as well
as the number of capillaries around each fiber (18) as compared
with the respective exercise groups. The trend toward de-

creased capillarization in the skeletal muscles of athletes (54) is
attributed (56) to the anabolic steroids abuse as well.

Another type of muscle conditioning, namely electric
stimulation, increased the capillary density in rabbit skeletal
muscles (52). Application of nandrolone decanoate did not
alter this response (52), whereas a reduction of the myocyte
cross-sectional area was observed both in the electrically
stimulated and in the electrically stimulated-steroid treated
muscles (53). In this case, a direct counting of the number
of capillaries around each myocyte can reveal whether the
increased capillary density is due to capillary growth or
(very probably) to the reduced myocyte area.

It can be concluded that androgens impair the capillary
network. The microvascular impairment results in insuffi-
cient oxygen supply, e.g., to the cerebral cortex (42) and to
the heart (49,57), whereas it can lead to tumor regression
(8,22). Moreover, the decreased capillary density impairs
the blood flow and increases the vulnerability of the heart to
ischemia (12). The inadequate adaptation of the coronary
capillaries could be one of the causes underlying the car-
diovascular complications from which anabolic steroid
abusers suffer (16,33,38,41,46,60). The mechanisms leading
to a possible interaction between the myocyte hypertrophy,
the microvascular impairment, and other factors, e.g., the
adrenergic overstimulation (30) and the modulation of the
macrophage activity (43), which have been reported after
anabolic steroid treatment, remain to be elucidated.

Exercise Training Augments the Capillary Supply

In the exercised drug-free groups of the present experi-
ments, an increased capillarization can be observed. This
well-known adaptation facilitates the adequate oxygen
transport to the tissue. It occurs both in the heart (48) and in
the skeletal muscle (48,55). The improved capillary supply
is due to: (a) neovascularization and/or (b) elongation or
increased branching of the existing capillaries. The mecha-
nisms underlying these microvascular responses are dis-
cussed in detail elsewhere (2,31,39,59). An interesting find-
ing of this study is that exercise training induces a more
pronounced improvement in the papillary muscle capillar-
ization than in the ventricular wall. This could result from
regional variations in the ventricular wall myocyte hyper-
trophy (5,13,62). Due to methodological difficulties (see
Methods/Morphometry), a possible hypertrophy of the ven-
tricular wall myocytes could not be quantified.

Anabolic Steroids, Exercise, and Cardiac
Hypertrophy

The present experiments reveal a mild myocyte hyper-
trophy in the testosterone-propionate1exercise groups. In
accordance with an earlier investigation (6), our ultrastruc-
tural study documents that this hypertrophy results from the
increase of the myofibrillar components, but we could not
confirm the cellular swelling that other authors observed
(6,10). The present findings (mild myocyte hypertrophy)
support other animal experiments: they showed increased
heart weight after concomitant application of anabolic

Figure 6—Summary of the main experimental findings; M: myocyte,
C: capillary, dashed line: mild myocyte hypertrophy. Note the in-
creased number of capillaries and the shorter distance between them
in the exercised group; adaptations that are not present in the other
regimens, especially in the testosterone-propionate1 exercise one.
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steroids and exercise training (9,32). Some human studies
report the incidence of cardiac hypertrophy in connection
with anabolic steroid treatment (16,51,60) while other in-
vestigations did not reveal this adaptation (14,29,58).

Exercise-Induced and Cardiac Hypertrophy

The lack of myocyte hypertrophy in the exercised drug-
free groups of the current experiments supports the results of
other studies. Neither did they demonstrate an alteration of
heart weight after 7 wk of intensive running (34). In the
same experiments, 12 wk of exercise training led to an
increase in cardiac mass (34). A different exercise mode,
e.g., swimming, induced hypertrophy of the heart after 9 wk
(25). Among other factors the exercise mode, intensity and
duration influence the cardiac hypertrophic response to
physical conditioning.

CONCLUSIONS

Testosterone-propionate impairs the adaptation of the coro-
nary capillaries to exercise training (Fig. 6). This impairment

could contribute to the cardiovascular complications reported
among anabolic steroid abusers (16,33,38,41,46,60). More-
over, the compatibility of androgen treatment, for therapeu-
tic (7,20,45,61,63) as well as experimental purposes (7,11),
with muscular exercise remains to be elucidated: the car-
diovascular consequences (inadequate capillary supply) of
their concomitant application to human subjects have been
never evaluated. The anabolic steroid-induced microvascu-
lar impairment is the fundamental aim, e.g., in the case of
the tumor treatment (8,22), but it could lead to an imbalance
between the myocardial oxygen supply and demand, espe-
cially during physical activity.
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schule Köln), Germany, 1978.

56. SOARES, J. M., and J. A. DUARTE. Effects of training and an
anabolic steroid on murine red skeletal muscle. a stereological
analysis.Acta Anat. Basel.142:183–187, 1991.

57. SUZUKI, H., Y. TAKEYAMA , S. KOBA, Y. SUWA, and T. KATAGIRI.
Small vessel pathology and coronary hemodynamics in patients
with microvascular angina.Int. J. Cardiol.43:139–150, 1994.

58. THOMPSON, P. D., A. SADANIANTZ , E. M. CULLINANE , et al. Left
ventricular function is not impaired in weight-lifters who use
anabolic steroids.J. Am. Coll. Cardiol.19:278–282, 1992.

59. TOMANEK, R. J. Exercise-induced coronary angiogenesis: a review.
Med. Sci. Sports Exerc.26:1245–1251, 1994.

60. URHAUSEN, A., R. HOLPES, and W. KINDERMANN. One- and two-
dimensional echocardiography in bodybuilders using anabolic ste-
roids.Eur. J. Appl. Physiol.58:633–640, 1989.

61. WAGNER, G., J. RABKIN , and R. RABKIN . Exercise as a mediator of
psychological and nutritional effects of testosterone therapy in
HIV1 men.Med. Sci. Sports Exerc.30:811–817, 1998.

62. WHITE, F. C., G. WITZEL, E. A. BREISCH, C. M. BLOOR, and L. E.
NIMMO. Regional capillary and myocyte distribution in normal and
exercise trained male and female rat hearts.Am. J. Cardiovasc.
Pathol.2:247–253, 1988.

63. WORLD HEALTH ORGANIZATION. Task Force on methods for the
regulation of male fertility: contraceptive efficacy of testosterone-
induced azoospermia in normal men.Lancet336:955–959, 1990.

64. YAMAMOTO, T., N. TERADA, Y. NISHIZAWA, and V. PETROW. Angio-
static activities of medroxyprogesterone acetate and its analogues.
Int. J. Cancer56:393–399, 1994.

65. YESALIS, C. E., and M. S. BAHRKE. Anabolic-androgenic steroids:
current issues.Sports Med.19:326–340, 1995.

TESTOSTERONE, EXERCISE, AND CARDIAC CAPILLARIES Medicine & Science in Sports & ExerciseT 953


