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Abstract

Eighteen body builders and 18 sportsmen (12 oarsmen and 6 weight-lifters) - control group,
participated in the study. The group of body builders was split in two subgroups: the first (1)
“positive” subgroup of 9 body builders, in which metabolites of steroids were detected; and
the second (2) “negative” subgroup of 9 body builders, who declared that they did not use any
drugs and their urine sample found to be negative. Aldosterone concentrations in blood
plasma and in urine were measured by radioimmunoassay RIA.

It was found that concentrations of aldosterone in blood plasma and in 24h urine excretion
rate in the group of “positive” body builders were significantly greater than in “negative”
body builder (p<0.01 and p<0.00005, respectively) as well as in the control group (p<0.0002
and p<0.00001, respectively). There was no statistical difference of aldosterone plasma
concentrations and aldosterone urine excretion rates within the subgroup of “positive” body
builders between “on cycle” and “off cycle”. Significant correlation coefficients were found
in body builders between aldosterone in plasma (ng/ml) and in urine and in some biochemical
parameters.

The results suggest that long lasting application of supraphysiological doses of anabolic
steroids induces activation of Renin-Angiotensin-Aldosterone System which increases
synthesis and actions of tissue aldosterone in body builders. Concentration of aldosterone in

ng/mg of creatinine in ml of urine sample would serve, therefore, as a biological marker of

AAS abuse.

Introduction

In recent years the knowledge concerning functions of aldosterone in an organism has been

significantly enlarged (5,6,7). Aldosterone, discovered over 50 years ago, is known primarily
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as an important mineralocorticoid hormone, produced in zona glomerulosa of the outer layer
of adrenal cortex, (regulated mainly by angiotensin II) which promotes retention of sodium
and water, influence excretion of potassium through the renal tubules and contribute to blood
pressure regulation (6,7).

Recent clinical and experimental studies indicated that aldosterone may be synthesised,
beyond the adrenal cortex in other nonepithelial cells as in: heart, brain, vasculature
(endothelium), kidney and other tissues where may exhibited autocrine, paracrine and
intracrine action which may affect the function and structure of the cells and organs (6,7). The
tissue production of aldosterone is potentate in pathological hypertrophic cells (5,7).

Animal studies and clinical trails suggested that tissue aldosterone plays a major pathological
role in heart hypertrophy, vascular injury, development of interstitial fibrosis and diffuse
inflammation lesions (5,6,7). It could be postulated, therefore, that side health effects which
have been observed in AAS abusers such as heart hypertrophy and failure, arrhythmias and
heart thrombosis as well as disturbance of lipid metabolism (6) would be related to the degree
of activation of Renin-Angiotensin System associated with increased local aldosterone
production (7). In 1963, Campbell et al. published results of an autopsy of suddenly died 21
years old man (who took the anabolic steroids) which were similar to that observed in the
animal model with mineralocorticoids excess (1). Our previous study also indicated an

elevated plasma aldosterone levels in body builders during “on cycle” of AAS voluntary

application (3).

Aim of the study

The aim of the study was, therefore, to verify hypothesis that long lasting application of
supraphysiological doses of anabolic androgenic steroids could additionally stimulate
activation of Renin-Angiotensin-Aldosterone System. In result, the concentrations of

aldosterone both in blood samples and in 24h urine collection might be increased in AAS

abusers comparing to normal subjects.

Material and methods of the study

This study was approved by the Ethical Commission of the Institute of Sport.

Eighteen body builders and 18 sportsmen (12 oarsmen and 6 weight-lifters) - being a control
group, participated in the study. The group of body builders was split in two subgroups: the

first (1) “positive” subgroup of 9 body builders, in which metabolites of steroids were
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detected; and the second (2) “negative” subgroup of 9 body builders, who declared that they
did not use any drugs and their urine sample found to be negative.

Anabolic androgenic steroids self-administered by the “positive” body builders are presented
in Table 1.

Aldosterone concentrations in blood plasma and in urine were measured by
radioimmunoassay RIA according to the method of Ignatowska-Switalska (3). Cross-
reactivity of the antibody with cortisol, corticosterone and dezoxycorticosterone was less than
0.001%. The intra- and inter-assay coefficient of variation at the level of 8% and 12% was,
respectively, estimated. Normal values of range 3-12.0 ng/dl, with mean 7.8 £2.4 ng/dl, of
plasma aldosterone was determined by this method. All tests were performed in duplicate
with LKB1209 RACK BETA instrument (3). Plasma Renin Activity (PRA) was measured
using Immunotech RIA kit (CAT# 3518). Intra- and inter-assay coefficient of variation 5.2%
and 10.6% was estimated, respectively. The normal range of values 0.3-3.5 ng/ml/h, with
mean 1.7 £1.1 ng/ml/h, was found for this method. Angiotensin-converting enzyme (ACE)

activity was determined by the Liberman’s spectrophotometric method (4).

Results

The concentrations of aldosterone in blood plasma as well as in 24h urine excretion found in
the group of 9 “positive” body builders (with presence of metabolites of anabolic androgenic
steroids in urine samples) were significantly greater than in 9 “negative” body builders (with
absence of metabolites in urine samples) (18.3£2.7 vs. 9.2£1.5; p<0.01; and 31.0+6.6 vs.
5.2+1.3; p<0.0002, respectively) and in the control group (18.3+2.7 vs. 8.2+0.5; p<0.00005
and 31.0£6.6 vs. 5.2+0.8; p<0.00001, respectively) (Table 2). No statistical difference in
aldosterone plasma concentration and in aldosterone urine excretion was found within
subgroup of “positive” body builders between “on cycle” and “off cycle” of AAS self-
administration (Table 3). This result might suggest rather long lasting effect of anabolic
steroids abuse.

Statistical analyses of some biochemical and haematological results obtained in all tested
subjects are presented in Table 2.

Pearson’s correlation coefficients for plasma aldosterone (ng/dl), aldosterone (pg/24h)

excretion rate in urine and for some biochemical and haematological tests results obtained in

the control group are presented in Table 4.
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Conclusions

Results of the present study suggest that long lasting application of supraphysiological
doses of AAS may induce a strong activation of RAAS, with increased synthesis of
aldosterone (beyond the zona glomerulosa of adrenal cortex) in other hypertrophic tissues
including skeletal muscles and heart muscle.

The strong statistical correlation between concentrations of both aldosterone in blood
plasma and in 24h urine excretion rate and results of analytical tests could, indirectly,
suggest that aldosterone would play a role in pathogenesis of health side effects of AAS
abuse in body builders.

Concentration of aldosterone in ng/mg of creatinine in ml of urine sample may serve as a
biological marker of supraphysiological doses of AAS abuse. Results of such test could
help in differentiation between accidentally present metabolites of AAS in urine samples
and the conscious doping application. The validation of the test in diagnosis of AAS
doping in sports requires further studies.

Table 1. Anabolic androgenic steroids used by “positive” body builders

No| Code | Age | Declaration of dosage | Years | Amount of | Duration of | Substance and metabolites
of user | (years) | of self-administered | of abuse | cycles cycle detected in urine samples
drugs
1 Vi 23 | Metandienone 1000 mg 3 4 “on cycle” 19-NA = 222 ng/ml
Nandrolone 1600 mg 4 weeks
Omnandren 3500 mg
2 V2 30 Oxandrolone 859 mg 11 39 “on cycle” 19-NA =227.5 ng/ml
Boldenone 800 mg 4 weeks Boldenone
Nandrolone 1600 mg Metandienone
Vinstrol 1600 mg Stanozolol
Clenbuterol
3 V3 29 Metandiennone 1000 8 12 “on cycle” 19-NA=227 ng/ml
mg 6 weeks 17-epimetendiol
Nandrolone 1000mg Methyltestosterone
Omnandren 3000 mg 3’OH stanozolol
T/Et ratio =75
4 V4 31 Testosterone 4000 mg 10 12 “on cycle” 19-NA=7 ng/ml
Primabolone 3000 mg 3 weeks Metenolone I and IT
DHT,
T/Et ratio =41
5 V5 30 No drugs declaration 11 39 ?off cycle” 19-NA=50 mg/ml
2 months 3’0OH stanozolol
6 V6 26 No drugs declaration 7 13 ”off cycle” 19-NA=56.5 ng/ml
1 months
7 V7 32 No drugs declaration 6 7 ?off cycle” Metenolone I and 11
4 months Boldenone I1
8 V8 22 No drugs declaration 2 4 ?off cycle” 19-NA=4.2 ng/ml
12 months THC=83.4 ng/ml
9 V9 23 No drugs declaration 3 4 ?off cycle” 19-NA=4.1 ng/ml
2 months
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Table 2. Anthropometric characteristic and values of RAAS markers: Plasma Renin Activity
(PRA), ACE (angiotensin converting enzyme) activity and aldosterone (ALDO) in plasma
and 24h urine excretion as well as selected analyses in two groups of “positive” (with
present) and “negative” (absent) AAS metabolites of the body builders and in the control
group (meantSE)

Groups (1“positive” | (2)”’negative” | (3) control t - Test (p<)*
No. Subjects 9 9 18 Ovs2) | @Dvs3) | @)vs(3)

Age (years) 28.5+1.1 29.442.8 18.9+0.7 NS [ 0.000001 | 0.00008
Height (cm) 176.5+1.,8 176.3+1.8 | 185.6+2.1 ] NS 0.01 0.008
Body mass (kg) 108.2+1.5 86.6+4.8 85.7+2.9 | 0.001 | 0.00006 NS
PRA (ng/ml/h) 1.840.5 1.440.4 0.740.07 | NS 0.007 | 0.008
ACE (mU/ml) 30.9+3 25.243.6 30.8+2 NS NS NS
Aldosterone in plasma (ng/dl) 18.3+2.7 9.2+1.5 8.240.5 0.01 0.00005 NS
ALDO/PRA ratio 28.4+17.3 8.4+1.7 13.7+1.3 NS NS 0.03
24h Urine collection (ml) 28644291 1633+133 | 1605+140 | 0.0008 | 0.005 NS
Creatinine mg/dl in urine 166.0+£10 166.1£16 196+15 NS NS NS
ALDO excretion rate4ug124h 31.0+6.6 5.241.3 5.2+0.8 0.0002 | 0.00001 NS
ALDO ng/mg creatinine/ml(urine) 7.6+1.8 6.4+2.6 1.8+03 [ 0.006 | 0.0002 NS
LH (mIU.1") 1.1720.4 5.541.1 39404 | 0.002 | 0.0005 | NS
HDL-cholesterol (mg/dl) 22.843.1 32.843.2 | 459+2.8 | 0.04 | 0.00004 | 0.01
Creatine Kinase (U/L) 129414426 |  257.6+53 305483 | 0.028 0.004 NS
AspAT (U/L) 781+12 38.4+2.4 35342.9 | 0.005 | 0.0001 NS
AIAT (U/L) 112.7423 5045.6 31.843.18 | 0.02 | 0.00006 | 0.006
K mEq/24h excretion 152.8+13.6 | 89.5+11.7 | 51.5+6.9 | 0.002 | 0.000001 | 0.01
Na/K in urine 1.740.2 3.3+0.6 6.4+0.9 NS 0.001 0.03
RBC (T/L) 5.6+0.1 5.040.1 5.0£0.06 | 0.003 | 0.0003 NS
HGB (G/L) 169.2+3.4 156.0+3.1 | 156.4+2.1 ] 0.01 0.003 NS
HT (%) 49,9+0.8 46.7+0.9 464106 | 0.03 0.002 NS

*Student’s test t for unpaired variables was applied. Bold indicated p<0.05

NS —statistically insignificant

Aldosterone in ng/dl x 27.74 = Aldosterone in pmol/l
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Table 3. Comparison between values of aldosterone urine excretion rate (ug/24h),aldosterone in urine ng/mg
of aldosterone in plasma (ng/dl) in three tested groups: (1) “positive ON” cycle,
(2)“positive OFF” cycle and the negative group of body builders (means + SE)

creatinine/ml and levels

Groups (1)“positive (2) “positive | (3) “ negative” Statistical analysis
ON” cycle OFE” cycle t - Test (p<) *
No. Subjects 4 5 9 Dvs ] DvsB3) ] 2)vs(3
Aldosterone in urine 41.8+12.3 22.615.3 5.18+1.3 NS 0.0008 0.001
excretion rate (ug/24h)
Aldosterone in urine 9.0243.1 6.45+2.6 1.840.3 NS 0.01 0.003
ng/mg creatinine/ml
Aldosterone in plasma 17.02+2.2 17.9+54 8.240.5 NS 0.0006 0.03
(ng/dl)

*Student’s test t for unpaired variables was applied. Bold indicated p<0.05
NS — statistically insignificant
Aldosterone in ng/dl x 27.74 =Aldosterone in pmol/l

Table 4. Comparison of Pearson’s correlation coefficients between aldosterone in plasma concentrations and
aldosterone 24h excretions in urine and values of same anthropometric parameters, biochemical and
haematological tests in the body builders and in the control group

Parameters Body builders Control group
N=18 N=18

Correlation* Aldosterone Aldosterone Aldosterone Aldosterone

In plasma (ng/dl) | Excretion (ug/24h) | In plasma (ng/dl) | Excretion ( ng/24h)
Age (in years) 0.04 -0.27 0.03 0.50
Body mass (kg) 0.53 0.73 -0.12 0.38
BMI (g/m®) 0.62 0.68 0.02 0.27
PRA(ng/mb/h) 0.29 0.23 0.40 0.01
ACE(mU/ml) 0.49 0.34 0,23 0.12
LH (mIU/ml™") -0.64 -0.51 -0.02 -0.06
HDL- cholesterol -0.34 -0.41 -0.05 -0.11
CK U/L 0.56 0.75 0.21 0.07
AspAT (U/L) 0.53 0.74 0.26 -0.07
AIAT (U/L) 0.35 0.69 0.35 -0.06
RBC (T/L) 0.48 0.64 -0.27 0.38
HT (%) 0.52 0.48 -0.18 0.27
HGB (G/L) 0.58 0.46 -0.20 0.34
24h urine collection 0.58 0.66 -0.02 0.04
K mEq/ 24h excretion 0.09 0.68 -0.01 -0.17
ALDO 24h/urine 0.51 X -0.29 X

X — non applicable

*the all results to logl0 values have been transformed
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