The Effects of Anabolic Androgenic Steroids on Serum Ubiquinone and Dolichol
Levels Among Steroid Abusers
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We measured serum ubiquinone and dolichol concentrations in 13 men while they abused anabolic androgenic steroids (AAS)
and during the following withdrawal period. Serum total, high-density lipoprotein {HDL), and low-density lipoprotein (LDL)
cholesterol and triglycerides were also determined. AAS administration increased serum ubiquinone by 68% (P < .001) and
decreased serum dolichol by 30% (P < .002). Both nonsterol isoprenoid levels in plasma correlated with the AAS dose,
ubiquinone positively (P < .001) and dolichol negatively (P < .002). When the subjects were taking steroids, the ubiquinone to
LDL ratio was 42% higher than during the withdrawal period. In conclusion, our study suggests that AAS have an influence on

the by-products of the mevalonate pathway.
Copyright © 1996 by W.B. Saunders Company

HE NONMEDICAL USE of anabolic androgenic
steroids (AAS) by male adolescents has been on the
increase in Western countries.! In the United States, 3% to
7% of high school male students have used or are using
AAS.2? It is well known that AAS can cause severe adverse
effects, eg, on the liver and the reproductive system.* Risk
factors for cardiovascular disease have also been found to
be increased among steroid abusers.”

Androgens are produced by a metabolic pathway in
which cholesterol is a key intermediate.5 It has been
demonstrated that androgens affect serum cholesterol lev-
els by an unknown mechanism: High-density lipoprotein
(HDL) cholesterol levels are particularly substantially de-
creased during administration of high-dose AAS.” It can be
further hypothesized that androgens may be able to alter
the levels of other isoprenoid compounds in serum and
various tissues.

The present study was designed to elucidate the effect of
high-dose AAS on serum lipoprotein, cholesterol, ubiqui-
none, and dolichol concentrations. Ubiquinones are mito-
chondrial coenzymes with antioxidant properties, and doli-
chols are intermediates in the synthesis of certain
glycoproteins. These isoprenoid compounds are synthe-
sized via the synthetic cholesterol pathway in cells and are
carried by lipoproteins in the circulation.

SUBJECTS AND METHODS
Subjects and Study Design

Thirteen healthy noncompetitive male power-atheletes aged 24
to 34 years (mean, 28) volunteered for this study. Their weight and
height were 94 = 10.3 kg and 178 = 6.4 cm (mean % SD),
respectively, accounting for the mean body mass index of 30 + 2.6
kg - m~2. They all passed a routine medical examination, and none
had a history of any chronic disease or were under any medication.

The subjects used oral and/or intramuscular AAS. The mean
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length of AAS administration during the study was 3 months, and
the following withdrawal period was a mean of 6 months. The mean
daily AAS dose used during the cycle included in the study was
1.02 + 0.59 mg/kg (Table 1).

The subjects followed their own AAS administration schedule.
For comparative purposes daily steroid dose (milligrams per day)
was determined by calculating the mean daily dose during the last
10 days before a blood sample was drawn. The daily dose of an
injectable steroid preparation was obtained by dividing the dose
contained in each individual injection by the number of days
between injections.

AAS preparations were obtained illegally on the black market by
the subjects themselves. The subjects kept accurate records of the
drugs and doses used during AAS administration. Most AAS used
by the subjects were pharmaceutical preparations acquired from
southern European pharmaceutical stores. The ingredients of
various eastern European preparations were determined by mass
spectrometry,® and all contained the appropriate steroids at 70% to
100% of the declared dose. A urine specimen was obtained
simultaneously with the serum sample, and the standard screening
procedure for AAS was performed.? There were no discrepancies
between the subjects’ records and the results of AAS analysis from
urine. )

Every second week during the abuse cycle and withdrawal
period, blood samples were drawn for assay of serum ubiquinone
and dolichol, total and HDL cholesterol, triglycerides, and liver
aminotransferases (serum alanine and aspartate aminotransfer-
ases).

Written informed consent was obtained from all subjects, and
they were frequently informed of the possible adverse effects of
AAS. The Ethics Committee of the National Public Health
Institute approved the study protocol.

Laboratory Methods

After blood samples were drawn, the serum was separated and
aliquots were stored at —20°C and —70°C for lipid and ubiquinone/
dolichol assays, respectively.

Cholesterol levels in whole serum and in the HDL fraction and
serum triglyceride levels were measured using commercial kits
from Boehringer-Mannheim Diagnostica (Mannheim, Germany).
The HDL fraction was obtained by the Mg?*/dextran sulfate
precipitation method,? and low-density lipoprotein (LDL) choles-
terol was calculated using the Friedewald equation.10

Ubiquinone determinations were performed according to the
method reported by Laaksonen et al'! with high-performance
liquid chromatography (HPLC). The samples were extracted with
n-propanol, purified on a C-18 column, and chromatographed as
quinones using coenzyme Qy as an internal standard. The lowest
level of detection for plasma samples was 0.1 mg-L~1, and
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Table 1. AAS Abuse Data

Parameter Mean = SD
Steroid use during the study {(d) 97 + 38
Withdrawal duration (d) 181 + 88
Cumulative dose (g) 10.4 + 8.8
Daily dose/mass (mg - d-1- kg~7) 1.02 + 0.59
Lifetime use (yr) 54

intraday and interday coefficients of variation were 7% and 11%,
respectively.

Coenzyme Qg exists in oxidized (ubiquinone) and reduced
(ubiquinol) form in circulation and within human tissues. This
redoxequilibrium is unstable and can be altered while processing
the samples. Therefore, all samples were oxidized before analysis,
and the results are expressed as ubiquinone.

The dolichols were analyzed by a HPLC method.!? A reversed-
phase ODS column was used with a gradient elution program
running from 50% isopropanol plus 50% methanol to 80% isopro-
panol plus 20% methanol for 20 minutes. UV detection was
performed at 210 nm. Heneicosaprenol {Sigma Chemical, St Louis,
MO) was used as an internal standard. Serum levels of dolichols
were expressed as the sum of the three homologs of 18, 19, and 20
isoprene units.

Statistical Analysis

Wilcoxon’s paired test was used for evaluation of the significance
of differences. Probabilities not greater than .05 were regarded as
statistically significant. Spearman’s correlation coefficients were
calculated to assess any relationship between daily steroid dose and
serum ubiquinone, dolichol, cholesterol, HDL, and LDL. Statisti-
cal analyses were performed using Systat!? software, and results are
expressed as the mean = SD.

RESULTS

LDL cholesterol increased by 18% (P < .005) and HDL
cholesterol decreased by 58% (P < .001) during AAS use
versus the withdrawal period (Table 2).

AAS administration increased serum ubiquinone concen-
trations by 68% (P < .001). The mean concentrations
during AAS administration and following the withdrawal
period were 1.91 and 1.14 mg/L, respectively. Serum
ubiquinone concentration correlated positively with daily
steroid dose (P < .001; Fig 1a). There was a significant
correlation between ubiquinone and LDL cholesterol con-

Table 2. Serum Lipoprotein, Ubiguinone, and Dolichol
Concentrations During Steroid Administration and Withdrawal
Period (mean + SD)

Parameter On Steroids Off Steroids
Cholesterol (mmol - L")
Total 3.58 = 0.58 3.84 + 0.55%
LDL 2.60 = 0.64 2.20 = 0.51*
HDL 0.48 = 0.36 1.02 x 0.381
Triglycerides {mmol - L~} 1.09 £ 0.47 1.36 = 0.66%
Ubiquinone (mg - L~} 1.91 = 0.64 1.14 = 0.51t

Total dolichol (g - L-7) 143.38 % 54.05 205.26 + 59.97*

NOTE. Significance of difference determined by Wilcoxon’s paired
test.

*P < .01.

tP < .001.

¥Nonsignificant.
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Fig1. Correlation of daily AAS dose with serum ubiquinone (a} and
dolichol {b) concentrations. Samples from the withdrawal period are
indicated as a daily steroid dose equal to 0. Spearman’s correlation
coefficients and P values are shown {n = 54 for ubiquinone and n = 38
for dolichol assays).

centrations (P < .001; Fig 2a). When the subjects were
taking steroids, the ubiquinone to LDL ratio was 42%
higher than during the withdrawal period.

Serum dolichol concentrations decreased significantly
during administration of AAS (by a mean of 30%, P < .002;
Table 2). Daily steroid dose correlated negatively with
serum dolichol concentration (P < .002; Fig 1b). On the
other hand, there was a positive significant correlation
between serum dolichol and HDL cholesterol (P < .001;
Fig 2f). There were no alterations in HPLC profiles of the
dolichol fractions.

DISCUSSION

Our findings confirm that AAS result in profound alter-
ations of serum HDL and LDL cholesterol concentra-
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tions.* We also measured serum levels of two nonsterol
isoprenoid compounds, ubiquinone and dolichol, which are
by-products of the synthetic pathway of cholesterol’® and
are also influenced by AAS. Other compounds, although
not analyzed, that are bound to lipoproteins may also show
altered serum levels, or their transportation to the periph-
ery could be interfered with during AAS administration.

Ubiquinone acts as a lipid-soluble electron carrier in the
electron transport chain of the mitochondrium, but its
reduced form, ubiquinol, has a powerful antioxidant effect
on LDL, and it can therefore be hypothesized that it may
protect against atherosclerosis.!® We observed a significant
increase in serum ubiquinone during AAS administration,
from which it can be assumed that the AAS-induced
atherogenic lipoprotein profile could be partly countered
by an increase in ubiquinone level.

Ubiquinone is mainly carried in the circulation by LDL,!!
but when AAS were used, the ubiquinone to LDL ratio
increased. In previous studies, this ratio has been invariable
in all conditions investigated.!”18

Dolichols are a-saturated polyisoprenoid alcohols synthe-
sized in microsomes and stored in lysosomes,!® and the liver
reportedly has an important role in regulating blood doli-
chol supply.?® In the phosphorylated form, dolichols func-
tion in the biosynthesis of glycoproteins!® and also modify
biological membrane fluidity, stability, and permeability,
and the process of fusion.??? Dolichols are transported in
the circulation mainly by HDL.2

Serum Dolichol (ug/L)

ubiquinone and n = 38 for doli-
chol assays).

In a manner dissimilar to that observed for ubiquinone,
serum dolichol concentration decreased concomitantly with
HDL concentration, and the serum dolichol to HDL ratio
remained practically unchanged.

The increase in ubiquinone without a similar concomi-
tant LDL increment could indicate increased isoprenoid
production in liver cells, some of which have been shown to
control cell growth.?* Further studies have shown that
isoprenylation of growth-regulating proteins produces a
poténtial signaling factor for cellular proliferation.?>? Al-
tered production of isoprenoid derivatives by AAS could
lead to interference with the cellular proliferation mecha-
nism. On the other hand, it has been shown that AAS
increase the prevalence of benign hepatocellular adeno-
mas, 2728

It is concluded that AAS have an influence on the
by-products of the mevalonate pathway, at least serum
ubiquinone and dolichol levels. These drugs may also have
an effect on other sterols. AAS could mediate anabolic
properties or cause undesirable side effects by altering the
levels of these sterols.
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