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Abstract
Despite reports of an increase in the incidence of simultaneous cocaine and anabolic steroid abuse, potential adverse interactions
between these two drugs on the cardiovascular system are largely unquantified. Cocaine has been reported to induce coronary
vasoconstriction, cardiac arrhythmias and conduction delays. Anabolic steroids have been associated with cardiac hypertrophy and
hypertension. Utilising both in vivo Žradiotelemetry. and in vitro Žisolated Langendorff-perfused heart. techniques, our aim was to
determine whether anabolic steroids cause cardiac hypertrophy and alter cardiac function, and consequently alter the response of the heart
to cocaine. It was found that 15 days of treatment of rats with nandrolone decanoate Ž20 mgrkg, s.c.. was not sufficient to cause
hypertrophy, alter cardiac function or the spread of electrical activity through the heart. However, nandrolone pretreatment was found to
significantly potentiate the heart rate response to cocaine Ž45 mgrkg, i.p.. in vivo. This study indicates that nandrolone significantly
elevates the heart rate response to high dose cocaine without changing heart morphology. The mechanism of this interaction remains
uncertain. q 2000 Elsevier Science B.V. All rights reserved.
Keywords: Nandrolone decanoate; Deca durabolin; Cocaine; Radiotelemetry; Cardiac hypertrophy; ECG Želectrocardiogram.; Noradrenaline

1. Introduction
Polydrug abuse is not a recent phenomenon, therefore,
it is surprising that very few studies have examined the
toxic effects of commonly used drug combinations. Epidemiological reports suggest that both cocaine and anabolic steroids alone are a significant abuse problem. For
example, it has been estimated that there were 1.4 million
cocaine users in the United States in 1994 Žcited Cornish
and O’Brien, 1996., while data from a 1991 survey indicated that there were more than one million current or
former anabolic steroid users in the United States ŽYesalis
et al., 1993.. Recent pharmacoepidemiological studies have
found that the frequency of anabolic steroid use is associated with the frequency of cocaine abuse ŽDuRant et al.,
1993, 1995.. Despite this evidence of a potentially significant number of patients co-abusing anabolic steroids and
cocaine, the possible cardiac damage induced by this combination remains unknown.
)
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Both anabolic steroid and cocaine have been associated
with acute and chronic cardiac effects. Acute administration of cocaine has been associated with a range of adverse
cardiac effects including coronary vasoconstriction ŽVitullo
et al., 1989; Chokshi et al., 1990; Lange et al., 1989.,
arrhythmias ŽSchwartz et al., 1989; Temesy-Armos et al.,
1992., conduction delays and re-entrant circuits ŽBillman
and Lappi 1993; Kabas et al., 1990; Schwartz et al., 1989..
Transient coronary vasoconstriction has been postulated to
give rise to an imbalance in oxygen supply and demand
and increased risk of cardiac ischaemia and myocardial
infarction ŽLange et al., 1989.. Cardiac arrhythmias are
thought to arise from increased catecholamine concentrations resulting in activation of a and b adrenoceptors and
increased intracellular calcium ŽBillman, 1990, 1995..
Conduction delays and re-entrant circuits have been attributed to the local anaesthetic action of cocaine ŽBillman
and Lappi, 1993.. Chronic abuse of cocaine has been
linked to cardiac hypertrophy ŽKarch et al., 1995; Brickner
et al., 1991., while chronic treatment of rats with cocaine
has been shown to produce left ventricular hypertrophy
ŽBesse et al., 1997.. Unlike cocaine, the acute cardiac
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effects of anabolic steroid are largely unquantified. A
number of authors have suggested that chronic anabolic
steroid use may contribute to cardiac hypertrophy ŽMcKillop et al., 1986; Tseng et al., 1994; Kennedy and Lawrence,
1993; Luke et al., 1990.. More recently, a direct hypertrophic effect of testosterone and dihydrotestosterone has
been demonstrated in isolated cardiomyocytes ŽMarsh et
al., 1998..
Cocaine is thought to have a dual mode of action. At
low doses, cocaine has been found to induce a sympathomimetic effect mediated through prevention of the reuptake of noradrenaline. At higher doses, cocaine is thought
to have a local anaesthetic effect by changing the permeability of axon membranes to sodium ions ŽShakalis and
Condouris, 1967; Pitts and Marwah, 1989. and blocking
calcium-dependent potassium channels ŽGrossie, 1993..
Using indirect measurements of blood pressure and
heart rate in developing male spontaneously hypertensive
rats, Tseng et al. Ž1994. demonstrated that treatment for 6
weeks with nandrolone or cocaine, or a combination of
both drugs, accelerated the development of hypertension.
A combination of nandrolone and cocaine produced a
greater degree of cardiac hypertrophy than either drug
alone, while only the combined drug treatment produced a
significant decrease in heart rate.
Since no information is available on the combined
effect of these drugs in adult animals, the purpose of the
present study was to determine whether an interaction
between cocaine and nandrolone treatment on cardiac
function occurs in the adult normotensive male rat. It was
hypothesised that steroid treatment would cause cardiac
hypertrophy, changes in cardiac function and alterations in
the cardiac response to cocaine. Cocaine was administered
intraperitoneally Ži.p.. to the rats since its disposition pattern by this route closely resembles that following intranasal administration in the human ŽJavaid and Davis,
1993.. Radiotelemetric monitoring of electrocardiogram
ŽECG. was used to provide a direct measure of heart rate
and conduction through the heart without the complication
of stress-induced changes in cardiac function which accompany the handling and restraint ŽIrvine et al., 1997.
involved in indirect measures of blood pressure and heart
rate. In addition, the in vivo studies Žradiotelemetry. were
complimented by in vitro studies using the Langendorffperfused heart preparation to assess possible cardiac damage resulting from steroid pretreatment, and any potential
modification of the direct toxic effects of cocaine on the
heart caused by the pretreatment with nandrolone.

Adelaide.. Rats were provided with standard rat chow and
water ad libitum. Following surgery, rats were housed
individually and were maintained in a standard 12-h
light–dark cycle, beginning at 7 AM. Rats were subjected
to a constant room temperature of 22 " 28C. Animals were
randomly assigned to either of the two treatment groups.
2.2. Radiotelemetry
Radiotelemetry implants ŽPhysiotel implant, model
TA11CTA-F40, Data Sciences, St. Paul, MN. allowed the
measurement of heart rate, temperature, spontaneous locomotor activity and ECG in freely moving, fully conscious
rats. Each implant Žapproximately 30 = 17 mm. had two
electrodes, silastic coated, with approximately 10 mm of
exposed wire near the end of the electrodes. The tips of
each electrode were covered to prevent local irritation
developing. Signals from the implants were collected by a
receiver ŽRA1020 Receiver, Data Sciences., which was
connected to 486 computer running LabPro software ŽData
Sciences.. Each implant was calibrated for temperature and
ECG to conform to the manufacturers configuration settings. The waveform sampling rate was set at 1000 Hz
with a 250-Hz filter.
2.3. Surgical procedure
Adult male albino Wistar rats weighing 509 " 20 g
were anaesthetised with a mixture of methohexitone sodium
Ž10 mgrml. and pentobarbital sodium Ž60 mgrml., administered i.p. in the ratio 10:1 at 5 mlrkg. Radiotelemetry implants were placed in the peritoneal cavity and
stitched to the abdominal wall with non-absorbable suture.
The positive electrode was secured subcutaneously just left
of the xyphoid process. The negative electrode was tunnelled under the skin to the area of the right scapula and
stitched in place. Both electrodes were immobilised with
non-absorbable suture to prevent migration and to reduce
movement interference. Wound sites were irrigated with
bupivacaine 0.5% to reduce post-operative pain. Systemic
and topical antibiotic was administered post-operatively.
Rats were allowed to recover for a minimum of 10 days
before experimentation was begun. Full details of the
implants and surgical procedure are described elsewhere
ŽBrockway et al., 1991..
2.4. Treatments

2. Materials and methods
2.1. Animals
Adult male albino Wistar rats were purchased from
Central Animal Supplies ŽWaite Campus, University of

Rats were treated with nandrolone decanoate Ž20
mgrkg, s.c.. or vehicle Žpeanut oil supplemented with
10% benzyl alcohol. for 17 days, three mornings per week
ŽMonday, Wednesday, Friday.. The final nandrolone and
peanut oil injections were given on the Wednesday of the
third week. In the third week of treatment, rats were
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administered increasing concentrations of cocaine HCl Ž5,
15 and 45 mgrkg, i.p.. on three consecutive afternoons
ŽMonday, Tuesday, Wednesday.. Saline was administered
late Monday morning Ži.p.. prior to the administration of 5
mgrkg cocaine.
2.5. Langendorff-perfused hearts
Isolated hearts were perfused retrogradely via the aorta
in the Langendorff mode. The heart was perfused at a
constant pressure of 60 mm Hg with Krebs bicarbonate
solution at 378C and gassed with 95% O 2r5% CO 2 . Krebs
solution was made with the following composition: sodium
chloride Ž118 mM., potassium chloride Ž4.7 mM., sodium
hydrogen carbonate Ž25 mM., D-glucose Ž5.6 mM., potassium dihydrogen orthophosphate Ž1.2 mM., calcium chloride Ž2.5 mM., magnesium chloride Ž0.74 mM., EDTA
Ž0.012 mM.. Krebs solution was filtered through a 1.2-mm
millipore filter before use. All Krebs components were
analytical grade purity. Changes in coronary flow rate
through the perfused heart were detected using an electromagnetic flow probe attached to a dual channel flowmeter
ŽZepeda Instruments, Seattle, WA, USA.. Changes in left
ventricular pressure and heart rate of the isolated heart,
were detected using a pressure transducer ŽStatham P23XL.
attached to a latex balloon on a stainless steel catheter. The
balloon catheter was placed in the left ventricle of the
heart via the pulmonary vein. Changes in heart rate, left
ventricular pressure and coronary flow rate were continuously monitored using an eight-channel MacLab Data Collation Unit ŽMacLabr8e, AD Instruments, Castle Hill,
NSW.. Data was collected using Chart v 1.1 from MacLab
ŽAD Instruments.. At the conclusion of the perfusion
period, the hearts were blotted dry, and the intraventricular
fluid was gently squeezed out. Heart weight to body
weight ratio Žday 15 of treatment. was calculated.
2.6. Experimental protocol
2.6.1. In ÕiÕo: radiotelemetry recording: pretreatment period
Following administration of nandrolone or vehicle, individually housed rats were placed in their home cage on top
of the telemetry receivers and allowed 60 min to recover
from the stress of injection. Heart rate, temperature, locomotor activity and ECG were subsequently measured for
60 min. Recordings of these variables were taken once
every 10 min for 10 s.
2.6.2. In ÕiÕo: radiotelemetry recording: cocaine administration
On day 15 of pretreatment, cocaine administration was
begun. Radiotelemetry recording was conducted immediately following cocaine injection and continued for 80 min
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post injection. The maximum elapsed time between cocaine administration and the start of recording was 2 min.
Recording of heart rate, temperature, locomotor activity
and ECG was conducted every 5 min for 10 s.
2.6.3. In Õitro: Langendorff-perfused hearts
Following completion of the in vivo protocol, rats were
sacrificed and the hearts excised into chilled, calcium-free,
Krebs solution. This prevented the hearts from beating,
until they were attached to the aortic cannula, and perfusion with Krebs solution had begun. With the balloon
deflated, the catheter was pushed through the pulmonary
vein of the rat heart into the left ventricle. Once the
balloon was in the ventricle, it was inflated with water
from a spindle syringe and the catheter tied in place.
Diastolic pressure was set at 5 mm Hg. Hearts were
equilibrated for 20 min before cocaine Ž0.1–100 mM. was
added cumulatively to the perfusing Krebs solution and the
left ventricular pressure, coronary flow rate and heart rate
measured at each concentration of cocaine. To determine
whether there was any contribution from spontaneously
released noradrenaline in the presence of cocaine, this
same dose–response relationship to cocaine was then determined in the presence of a and b adrenoceptor blockade, with phentolamine Ž1 mM. and propranolol Ž1 mM.,
respectively.
2.7. Data analysis
2.7.1. Radiotelemetry
Results are expressed as means " S.E. The minimum
level for statistical significance was P - 0.05.
Changes in heart rate, temperature, locomotor activity
over time were assessed using repeated-measures analysis
of variance ŽANOVA. with unpaired t-test post hoc. The
peak effect and area under the curve ŽAUC. for heart rate,
temperature and locomotor activity in response to saline
and cocaine Ž5–45 mgrkg, i.p.. for either pretreatment
was determined. AUC was calculated using the trapezoidal
method. Between- and within-pretreatment group changes
in peak measures and AUC were assessed using an unpaired two-tailed t-test, or a single factor ANOVA with
Tukey’s multiple comparison test Žrespectively..
An average or representative waveform for each 10-s
recording period was computed. From this wave, the PR,
QRS and QT intervals Žin ms. were measured. The QTc
interval was derived from the QT interval. The QTc interval represents the QT interval adjusted for heart rate and
was calculated using the formula . . .
QTc s

QT

'RR

where RR is the RR interval Žtime in milliseconds between
successive R peaks..
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ECG data were presented by determining the interval
duration at 10, 20, 30 and 40 min post saline or cocaine
injection Ž45 mgrkg, i.p... Significant changes between
pretreatment groups were tested using an unpaired twotailed t-test. Significant differences in the ECG within-pretreatment groups between saline and 45 mgrkg cocaine
were determined using a paired, two-tailed t-test. Continuous trace ECGs were analysed for each pretreatment group
at the highest dose of cocaine used Ž45 mgrkg, i.p... The
incidence or absence of arrhythmia was noted.
2.7.2. Langendorff-perfused hearts
Data were analysed using Chart v1.1 from MacLab ŽAD
Instruments.. The average of coronary flow rate, heart rate
and left ventricular pressure were determined over a 60-s
period at the peak of the drug effect. Left ventricular
developed pressure Ži.e. pulse height. was calculated from
the difference between left ventricular systolic pressure
and diastolic pressure. Rate pressure product was used as a
measure of systolic function and was calculated from the
product of left ventricular developed pressure and heart
rate. The coronary flow rate, heart rate and rate pressure
product were expressed as percent of baseline Žpre-drug.
values for increasing cocaine concentrations. These data
were presented as a logarithmic concentration response
curve. Differences in coronary flow rate, heart rate and
rate pressure product due to pretreatment, prior to the
addition of cocaine, were assessed by unpaired t-test.
Overall changes in coronary flow rate, heart rate and rate
pressure product in response to cocaine between and within
pretreatment groups were calculated using repeated-measures ANOVA and an unpaired t-test for selected
between-pretreatment group differences.

benzyl alcohol. Both propranolol and phentolamine were
obtained from Sigma ŽSt. Louis, MO, USA..

3. Results
3.1. Pretreatment period: in ÕiÕo
3.1.1. Body weight changes
All groups tolerated the chronic treatment regime well
showing either no change or increased body weight over
the pretreatment period Ždays 1–15.. The changes were
0 " 4 and 17 " 5 g for nandrolone and vehicle treatment
groups, respectively. The weight gain in vehicle treated
rats was significantly greater than in the nandrolone-treated
group ŽP - 0.05, unpaired t-test.. Thus, in unexercised,
adult male animals, there was no evidence of a generalised
anabolic effect of nandrolone.

2.8. Drugs
Methohexitone sodium ŽBrietal. was obtained from Eli
Lilly ŽIndianapolis, USA . , pentobarbital sodium
ŽNembutal. from Boehringer Ingelheim ŽArtarmon, NSW,
Australia. and bupivacaine 0.5% ŽMarcain. from Astra
ŽNorth Ryde, NSW, Australia.. A stock solution of methohexitone sodium was made up to 10 mgrml in 0.9% sterile
saline. Antibiotics used during surgery included TRIBRISSEN ŽTrimethoprim 80 mgrml, Sulfadiazine 400 mgrml.
from Jurox ŽSilverwater, NSW, Australia. and topical antibiotic powder Žneomycin sulphate 2.5 mgrg, sulphacetamide sodium 100 mgrg, nitrofurazone 2 mgrg, benzocaine 5 mgrg. from Apex ŽSt. Mary’s, NSW, Australia..
Nandrolone decanoate ŽDECA-DURABOLIN. was donated by Organon ŽSydney, NSW, Australia.. Cocaine HCl
was obtained from Delta-West pharmaceuticals ŽPerth, WA,
Australia.. Vehicle Žarachis oil. was obtained from F.H.
Faulding ŽSalisbury, SA, Australia.. Benzyl alcohol was
purchased from Ajax Chemicals ŽAuburn, NSW, Australia..
Vehicle was used as diluent to make a 10% solution of

Fig. 1. Mean ŽA. heart rate, ŽB. temperature, ŽC. locomotor activity in
AW rats treated with nandrolone Ž20 mgrkg, s.c.. Žshaded bars., or
vehicle Žopen bars. for 15 days. "S.E., ns6–9. Repeated-measures
ANOVA, unpaired t-test.
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3.1.2. Heart weight
In contrast to expectations there was no evidence of
cardiac hypertrophy in response to nandrolone compared
with controls. Percent heart weightrbody weight ratios
were 0.332 " 0.011% and 0.343 " 0.013% for nandrolone
and vehicle pretreatment groups, respectively. No significant difference in the heart weightrbody weight ratio was
found.
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3.1.5. Pretreatment period: in Õitro
The data collected from perfused isolated hearts was
consistent with that recorded in vivo. No significant differences in basal coronary flow rate, heart rate or rate pressure product in isolated hearts, from nandrolone- and
vehicle-pretreated rats were evident. Overall, treatment
with nandrolone did not have a great influence on the
animal’s gross morphology, behaviour or physiology as
measured by the parameters assessed.

3.1.3. Heart rate, temperature and locomotor actiÕity
changes
Radiotelemetry recording detected no statistically significant changes in heart rate, temperature and spontaneous
locomotor activity between the two pretreatment groups
over the duration of the pretreatment period ŽFig. 1.. It
would appear that nandrolone treatment did not influence
the functional physiology as assessed by these measures.

3.1.6. Cocaine administration
Heart rate, temperature and locomotor activity all displayed dose-dependent increases in magnitude in response
to increasing cocaine dose both in terms of AUC and peak
effect for each of these parameters. As AUC and peak
effect both demonstrate a common dose-reliant trend, only
the results for AUC will be presented in detail.

3.1.4. ECG changes
ECG measurements were in keeping with the lack of
change in heart weight. Radiotelemetry recording detected
no significant difference in the magnitude of the PR, QRS,
QT and QTc intervals over the duration of the pretreatment
period between the treatment groups.

3.1.7. Heart rate response to cocaine.
Increasing cocaine dose caused an incremental increase
in heart rate in both pretreatment groups ŽFigs. 2 and 3..
Significant differences between the heart rate response to
cocaine for either pretreatment were found at individual
time points following drug administration ŽFig. 2..

Fig. 2. Heart rate changes in AW rats pretreated with nandrolone Ž20 mgrkg, s.c.. ŽB. or vehicle ŽI. and subsequently administered saline or cocaine;
ŽA. saline, i.p., ŽB. cocaine 5 mgrkg, i.p., ŽC. cocaine 15 mgrkg, i.p., ŽD. cocaine 45 mgrkg, i.p., mean " S.E., n s 6–9. aP - 0.05, significantly
different from vehicle group. ŽX. Represents mean resting heart rate Žb.p.m.. for all groups before treatment. Repeated-measures ANOVA, unpaired t-test.
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Fig. 3. AUC"S.E. for heart rate vs. time graph in AW rats pretreated
with nandrolone 20 mgrkg, s.c. Žshaded bars. or vehicle Žopen bars. and
administered ŽA. saline, or cocaine ŽB. 5 mgrkg, i.p., ŽC. 15 mgrkg,
i.p., ŽD. 45 mgrkg, i.p., mean"S.E., ns6–9. aP - 0.05, nandrolonepretreated group significantly different from vehicle-pretreated groups,
unpaired t-test. ) P - 0.05, ) ) P - 0.01, ) ) ) P - 0.001, i.p. cocaine
significantly different from i.p. saline, single-factor ANOVA, unpaired
t-test.

Nandrolone-pretreated rats had a significantly greater
Ž P - 0.05. mean AUC for heart rate vs. time when compared to control with 45 mgrkg cocaine ŽFig. 3D.. Likewise, the peak heart rate response to cocaine Ž5–45 mgrkg.
was always highest in nandrolone-pretreated rats. This
difference in nandrolone-pretreated rats was only statistically greater than in control for 45 mgrkg cocaine Ž P 0.01..
3.1.8. Temperature response to cocaine
Core temperature did not significantly increase with the
administration of cocaine in both nandrolone-pretreated
and control rats ŽTable 1..
3.1.9. Locomotor actiÕity response to cocaine
A dose-dependent increase in locomotor activity was
observed in both pretreatment groups ŽFig. 4.. The effects
of cocaine on locomotor activity were not influenced by
the pretreatment Že.g. P s 0.27 for nandrolone-pretreated
and vehicle-pretreated groups with respect to response to
45 mgrkg cocaine, unpaired t-test..

Table 1
Body temperature response to cocaine
Body temperature Ž8C. response to cocaine Ž5–45 mgrkg. in AW rats
pretreated with nandrolone or vehicle. Mean"S.E., ns6–9, repeat
measure ANOVA, unpaired t-test.
Cocaine Žmgrkg, i.p..

Nandrolone

Vehicle

0 Žsaline.
5
15
45

37.4"0.2
37.5"0.2
38.0"0.3
38.0"0.3

37.3"0.2
37.5"0.2
37.8"0.2
37.7"0.3

Fig. 4. Total area under the locomotor activity vs. time graph in AW rats
pretreated with ŽA. nandrolone Ž20 mgrkg, s.c.., ŽB. vehicle and administered saline or cocaine Ž5–45 mgrkg, i.p.., mean"S.E., ns6–9.
))
P - 0.1, significantly different from saline; q P - 0.05, significantly
different from 15 mgrkg. Single-factor ANOVA, Tukey’s multiple comparisons test.

3.1.10. ECG
Analysis of continuous ECG traces from rats administered 45 mgrkg cocaine displayed no evidence of ectopic
beats or arrhythmias in either pretreatment group. The PR
interval was unaffected by saline or cocaine Ž45 mgrkg.
injection and did not differ between pretreatment groups
ŽTable 2.. Injection of 45 mgrkg cocaine significantly
increased QT interval at 10 and 40 min post injection in
the nandrolone-pretreated rats and at 40 min post injection
in vehicle-pretreated rats ŽTable 2.. The unchanged or
increased QT interval, combined with increased heart rate
following 45 mgrkg cocaine, is reflected in the increased
QTc interval, which was significant at most time points
following injection of cocaine ŽTable 2.. This did not
appear to involve prolongation of the QRS interval since
QRS remained constant within pre-treatment groups Že.g.
at 40 min post i.p. injection, QRS Žin ms. was 17 " 1
following saline and 17 " 1 following cocaine in vehiclepretreated animals, and 17 " 1 following saline and 16 " 1
following cocaine in nandrolone-pretreated animals.. There
were no significant differences in QT or QTc between
nandrolone and vehicle-treated rats following saline injection. However, cocaine-induced increases in QTc were
significantly greater in the nandrolone-pretreated rats at
two time points Ž30 and 40 min. after cocaine injection
ŽTable 2., while the QT interval was greater in the nandrolone pretreated rats only at 30 min after injection.
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Table 2
Effect of drug pretreatment on changes in ECG parameters in response to i.p. cocaine
Changes in PR, QT and QTc intervals in AW rats pretreated with nandrolone or vehicle and administered saline or cocaine Ž45 mgrkg, i.p...
Pretreatment

Time Žmin.

Nandrolone

10
20
30
40
10
20
30
40

Peanut oil

PR Žms.

QT Žms.

QTc Žms.

Saline

Cocaine, 45 mgrkg

Saline

Cocaine, 45 mgrkg

Saline

Cocaine, 45 mgrkg

47 " 1
51 " 1
49 " 1
49 " 1
49 " 1
51 " 2
49 " 1
50 " 1

49 " 2
53 " 2
46 " 1
46 " 1
52 " 2
51 " 2
48 " 1
48 " 1

66 " 1
71 " 3
69 " 1
66 " 2
67 " 3
61 " 4
63 " 3
61 " 3

74 " 1)
69 " 3
73 " 1a
73 " 1)
71 " 3
70 " 2
65 " 3
67 " 3 )

165 " 4
165 " 8
163 " 4
153 " 6
174 " 12
148 " 9
150 " 7
142 " 6

205 " 4 ) )
197 " 6 ) )
196 " 3 ) ) ,aa
190 " 6 ) ) ,a
179 " 11
178 " 8 ) )
156 " 10
169 " 7 ) )

)

Within-pretreatment effects: P - 0.05, significantly different from saline Žpaired t-test..
Within-pretreatment effects: P - 0.01, significantly different from saline Žpaired t-test..
a
Between-pretreatment groups: P - 0.05, significantly different from vehicle Žunpaired t-test, n s 6–9..
aa
Between-pretreatment groups: P - 0.01, significantly different from vehicle Žunpaired t-test, n s 6–9..
))

Hence, the effect of nandrolone pretreatment on the QTc
response to i.p. cocaine was not evident at all times after
cocaine injection. Differences between pretreatment groups
in QTc were not due to differences in QRS duration Že.g.
at 30 min post cocaine injection, QRS in milliseconds:
vehicle pretreatment 17 " 1; nandrolone pretreatment
17 " 1..

3.1.11. In Õitro Langendorff-perfused hearts
Coronary flow rate, heart rate and rate pressure product
all decreased with increasing cocaine dose ŽFig. 5A,B,C,
respectively.. Propranolol Ž1 mM. and phentolamine Ž1
mM. had no significant effect on the dose response to
cocaine Žgraph not shown. indicating that the effect of
cocaine was not mediated via a or b adrenoceptors.

Fig. 5. Concentration–effect relationship for cocaine on ŽA. coronary flow rate, ŽB. heart rate, ŽC. rate pressure product Žleft ventricular developed
pressure= heart rate. in response to cocaine Ž0.1–100 mM. in isolated hearts from AW rats pretreated with nandrolone Ž20 mgrkg, s.c.. Žclosed squares.
or vehicle Žopen squares., mean " S.E., n s 6–9. Repeated-measures ANOVA, unpaired t-test.
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3.1.12. Between-group changes in coronary flow rate,
heart rate and rate pressure product
No significant difference was found in the coronary
flow rate, heart rate or rate pressure product response to
cocaine between the two pretreatment groups ŽFig. 5..
Likewise, no significant difference was found in the coronary flow rate, heart rate or rate pressure product response
to cocaine between the two pretreatment groups in the
presence of propranolol and phentolamine.
3.1.13. Arrythmias
No arrhythmias were observed, which could be attributed to cocaine or to the pretreatment.

4. Discussion
Nandrolone administration did not result in cardiac
hypertrophy in adult male rats in the present study. The
increased heart weight to body weight ratio observed by
Tseng et al. in developing spontaneously hypertensive rats
may have resulted from hyperplastic changes to the cardiomyocytes ŽKinson et al., 1991.. Koenig et al. Ž1982.
demonstrated that pre-pubertal rodents display changes in
cardiac mass as a result of cardiac hyperplasia. However, it
is possible that the shorter treatment period in the present
study was insufficient to demonstrate a hypertrophic effect
of nandrolone in adult rats.
Consistent with the observations of Tseng et al. Ž1994.,
nandrolone treatment for 15 days had no effect upon heart
rate when compared to both of the control treatments.
Likewise, no changes were observed in locomotor activity,
temperature or any of the ECG intervals. The absence of
effect on ECG suggests that pretreatment alone was not
sufficient to alter cardiac function or the spread of electrical activity through the heart. This result was confirmed by
the inability of nandrolone to alter the cardiac performance
of the heart in vitro prior to the addition of cocaine.
Furthermore, this study has demonstrated that nandrolone,
in the absence of exercise did not increase body weight.
No adverse cardiac effects of nandrolone were observed
in the isolated heart preparations since coronary flow rate,
heart rate and rate pressure product were similar in all
pretreatment groups. Cocaine did not cause arrhythmia in
any pretreatment group. This suggests that cocaine did not
act by a direct mechanism to alter cardiac rhythm. Nandrolone was not found to produce cardiac arrhythmias.
Direct cardiotoxic effects of high concentrations of
cocaine were described by Simkhovitch et al. Ž1994. using
the isolated rabbit heart, namely decreases in coronary
flow rate, heart rate and contractility. Similar changes were
observed in the present study on isolated rat hearts in
which cocaine reduced coronary flow rate, heart rate and
rate pressure product. These in vitro effects of cocaine
were unaffected by a and b adrenoceptor blockade in
either pretreatment group, indicating that endogenous nor-

adrenaline release in the isolated hearts in the absence of
sympathetic input is insufficient to contribute to an action
of cocaine on the heart. These cardiotoxic effects of cocaine on isolated hearts were not influenced in any way by
nandrolone pretreatment. Simkhovitch et al. Ž1994.
demonstrated in paced rabbit hearts that decreases in cardiac contractility Žqd Prdt . occurred earlier than decreases in heart rate or coronary flow rate. This suggests
that the local anaesthetic action of cocaine may underlie its
ability to cause depression of contractility, independent of
heart rate and coronary flow rate. The cardiodepressant
action of cocaine can be hypothetically linked to its action
against sodium channels. High concentrations of cocaine
have been found to produce a decrease in calcium release
from the sarcoplasmic reticulum ŽSR. of ferret ventricular
myocardium ŽPerreault et al., 1990.. Because cocaine lowers the number of sodium ions entering the sarcoplasm via
voltage-dependent sodium channels, this would lead to
decreased sodium calcium exchange ŽReiter, 1988.. Consequently, this would result in lower amplitude calcium
transients and negative inotropy. This proposed mechanism
for the cardiodepressant effect of cocaine is supported by
Stewart et al. Ž1991. who used isolated cardiomyocytes to
demonstrate that 10 mM cocaine caused a 30% reduction
in the release of calcium from cardiac cells.
In isolated hearts, cocaine was found to produce a
profound and statistically significant decrease in coronary
flow rate in isolated hearts from all pretreatment groups.
Decreases in heart rate and rate pressure product, indicative of a cardiodepressant effect of cocaine, were seen in
parallel to decreases in coronary flow rate. The latter may
be a response to decreased metabolic demand due to the
cardiodepressant activity or due to a direct vasoconstrictor
action of cocaine on the coronary circulation. Our present
data do not distinguish between these two possibilities.
However, a direct vasoconstrictor action of cocaine is
suggested by work by Vitullo et al. Ž1989., and by Chokshi et al. Ž1990. who demonstrated cocaine-induced vasoconstriction in isolated coronary vessels independent of
adrenoceptors. In the present study, none of these effects
were altered by nandrolone pretreatment.
In vivo, cocaine caused significant dose-related increases in heart rate. Consistent with the data of Pan and
Hedaya Ž1998., cardiovascular effects of cocaine by the
i.p. route in conscious rats were manifest at much higher
concentrations than when cocaine is administered by the
i.v. route. The increases in heart rate observed in the
present study were potentiated by nandrolone only at the
highest dose of cocaine used. The tachycardia induced by
cocaine in vivo appears to be due to its sympathomimetic
effect ŽGillis et al., 1995.. However, there is conflicting
evidence as to whether cocaine mediates an increase in
heart rate via a peripheral effect on neuronal uptake sites
for noradrenaline ŽIversen, 1963. in the heart, or via a
central effect which in turn enhances sympathetic outflow
to the heart ŽWilkerson, 1988; Kiritsy-Roy et al., 1990..
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The mechanism of the potentiation of cocaine’s action on
heart rate by nandrolone in the present study was not
established. However, it may involve the inhibition of
extraneuronal uptake of noradrenaline, which has been
shown to be inhibited by other androgenic–anabolic
steroids in isolated rat hearts ŽSalt, 1972.. Thus, a potential
combined effect of cocaine on neuronal and nandrolone on
extraneuronal uptake sites for noradrenaline, could have
resulted in a large increase in extracellular noradrenaline.
However, nandrolone pretreatment had no significant effect on heart rate in vivo in the absence of cocaine or in
the presence of lower doses of cocaine. It is possible that
blockade of extraneuronal uptake of noradrenaline by nandrolone may have become more significant at higher extracellular concentrations of noradrenaline associated with
high dose cocaine treatment. Anabolic steroids are also
known to have effects on the central nervous system
ŽCNS. as evidenced by their ability to induce both clinical
and experimental aggression ŽPope and Katz, 1994;
Kashkin and Kleber, 1989.. It is not known whether
anabolic steroid can modulate cardiac function through the
CNS. The central effect of cocaine results from neuronal
blockade of serotonin, dopamine and noradrenaline reuptake and the release of catecholamines from the adrenal
medulla ŽKennedy and Hanbauer, 1983..
The data of Lomax and Daniel Ž1990. are consistent
with the inability of 15 mgrkg of cocaine to induce a
significant increase in body temperature in the present
study. Lomax and Daniel demonstrated that 20 mgrkg
Ži.p.. cocaine was not sufficient to cause an increase in
core temperature in exercising rats. It was also later reported that high ambient temperature and exercise dramatically increase the ability of cocaine to induce hyperthermia
ŽLomax and Daniel, 1993.. Intravenous injection of cocaine has been reported to have no effect on oral temperature in humans under normal ambient temperature at rest
ŽClark and Lipton, 1986.. Radiotelemetry allows an accurate reflection of changes in temperature. Dafters Ž1994.
demonstrated that rectal temperature probes can cause
stress-induced hyperthermia up to 18C.
This is the first study to utilise radiotelemetry to measure ECG changes in response to cocaine in the rat. It was
found that 45 mgrkg of cocaine, in comparison to saline,
caused a significant Ž P - 0.05. prolongation of the QTc
interval in both nandrolone and, to a lesser extent, vehicle
pretreated rats, without a significant effect upon PR or
QRS. These changes in the QTc interval were observed in
the absence of arrhythmia in all pretreatment groups. Prolongation of the QTc interval in this study probably
reflects regional cardiac differences in the rate of repolarisation rather than an effect on QRS. Grossie Ž1993. suggested that an effect on repolarisation can be attributed to
the action of cocaine against calcium-dependent potassium
channels. Nandrolone pretreatment caused a potentiation of
the QTc prolongation by cocaine, but this potentiation did
not occur consistently at all time points. The present study
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found no evidence of cardiac arrhythmias following cocaine administration by the i.p. route. A number of studies
have observed cardiac arrhythmia following administration
of cocaine by the i.v. route in the rat ŽSchwartz et al.,
1989. and in dogs ŽTemesy-Armos et al., 1992.. However,
investigation of the cardiac effects of cocaine by the i.p.
route in the rat remains clinically relevant since Javaid and
Davis Ž1993. demonstrated that the disposition pattern of
cocaine in rats after i.p. administration was similar to that
observed in humans after intranasal administration.
In conclusion, this study has shown that short-term,
high dose nandrolone administration in fully grown, normotensive, male, albino Wistar rats is not sufficient to
significantly alter heart rate. However, this investigation
has shown for the first time that this same dose of nandrolone potentiates the heart rate response to 45 mgrkg
cocaine. Further investigation is required to determine the
exact mechanism of this potentiation. High dose, short-term
nandrolone administration was found to be insufficient to
cause cardiac hypertrophy in adult rats. This study has also
found that short-term exposure to high dose nandrolone
and subsequent i.p. administration of cocaine does not
induce cardiac arrhythmia or cause significant ECG
changes.
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