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ABSTRACT

Objective: Statins inhibit the 3-hydroxy-3-methyl-glutaryl-CoA (HMG-CoA) reductase enzyme and thus
reduce plasma cholesterol levels. Although decreased cholesterol level is the main target of anti-lipidemic
drugs, cholesterol has an important role in the synthesis of lipid-based hormones such as testosterone. In
this study, the alterations in serum testosterone levels were examined in rats under atorvastatin therapy and

their responses to vitamin D, infliximab, and leflunomide supplementation were evaluated.

Materials and Methods: Wistar rats were treated with atorvastatin (100 mg/kg) for 21 days to induce inhibi-
tion of the HMG-CoA reductase enzyme activity. Following statin therapy, rats received vitamin D (0.2 pg/
kg/day) orally for |5 days, infliximab (7 mg/kg/day) intraperitoneally in two doses, or leflunomide (10 mg/kg/
day) orally in two doses. Subsequently, the alterations in serum testosterone levels were measured by ELISA.

Results: Atorvastatin led to a decrease in the testosterone level compared to the vehicle group. Admin-
istration of vitamin D, infliximab, and leflunomide under HMG-CoA inhibition insignificantly increased the
testosterone level compared to the atorvastatin control group. Furthermore, it appears that rats under statin
administration respond better to treatment with leflunomide by achieving a greater induction in testosterone
levels than with vitamin D or infliximab.

Conclusion: Our data provide evidence that administration of vitamin D, infliximab, and leflunomide in rats

under atorvastatin treatment may ameliorate the serum testosterone levels.
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Introduction

Statins reduce plasma cholesterol levels by inhibiting the 3-hydroxy-3-methyl-glutaryl-CoA
(HMG-CoA) reductase enzyme. There are studies suggesting that statins impair testosterone
production, because they reduce cholesterol biosynthesis [ |, 2]. Testosterone is the main circu-
lating androgen in men and has an important role in libido, bone density, fat distribution, muscle
mass, strength, blood cell formation, and sperm production [3]. Androgen levels were reported
to fluctuate in male patients under anti-lipidemic treatment [2].

Testosterone and vitamin D are involved in many medical conditions such as osteoporosis, car-
diovascular diseases, and metabolic syndrome [4]. The protective role of vitamin D in several
systemic diseases has been studied previously [5]. As the administration of androgenic hormone
replacement therapy may lead to serious side effects such as prostate cancer; cardiovascular dis-
orders, and polycythemia, vitamin D supplementation for patients with suboptimal testosterone
levels may increase their androgen levels without leading to side effects of excess testosterone
[6]. Some studies have shown a positive correlation between serum testosterone levels and
25(OH)vit D levels in men [7, 8]. However, there are also studies reporting the opposite [9, 10].

It is not known whether tumor necrosis factor-alpha (TNF-a) inhibitor; infliximab, and the pyrimi-
dine inhibitor; leflunomide, were involved in the androgenic hormone disorders. A previous study
examined the changes in sex hormones following initiation of anti-TNF-a therapy in adolescents
with Crohn'’s disease. Improvements in disease activity and cytokine levels during the induction
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therapy were associated with rapid and signifi-
cant increases in sex hormones. The relation-
ships linking sex hormone levels with systemic
inflammatory factors were reported to implicate
arole of inflammatory cytokines in this regulation
[I'1]. Besides, the studies with leflunomide sug-
gested its less efficient therapeutic effect, due to
the counter action of estrogens on apoptosis, as
also observed during the disease modifying anti-
rheumatic drugs therapy [ 12]. To our knowledge,
there is no study on the roles of infliximab or
leflunomide in impairing the testosterone pro-
duction in men under statin treatments.

The aim of this study is to investigate the rela-
tionship between the statin therapy and serum
testosterone levels and to evaluate the effects
of administration of vitamin D, infliximab, and
leflunomide on serum testosterone alterations.

Materials and Methods

Animals

The study was carried out at our Pharmacol-
ogy department. All experiments were con-
ducted in strict accordance with the National
Institute of Health Guidelines for the Care and
Use of Laboratory Animals. All protocols in this
study were approved by the Laboratory Ani-
mal Care Committee (Ethics Committee File
No: 2018/10/06, approval date: 10.10.2018).
The rats were housed and maintained at 22°C,
60+5% humidity, and a 12:12 h light/dark cycle
with free access to food and water ad libitum.

Drugs

Atorvastatin (Ator, Sanovel, Turkey) 100 mg/kg/
day, vitamin D (Monovit, Kocak Farma, Turkey)
0.2 pg/kg/day, and leflunomide (Reumil, Abdi
Ibrahim, Turkey) 10 mg/kg/day were mixed with
drinking water, and given orally to animals in |
mL volume by oral gavage. Infliximab (Remicade,
Merck Sharp Dohme, Singapore) 7 mg/kg/day
was dissolved in 0.9% saline and administered
intraperitoneally in | mL/kg volume. At the end
of the experiment, rats were anesthetized with
ketamine HCI (80 mg/kg) (Ketalar, Pfizer, Tur-
key) and xylazine (10 mg/kg) (Rompun, Bayen
Germany).

Experimental Design

All groups, except Group |, received 100 mg/
kg/day of atorvastatin with oral gavage for 21
daysina I mL volume. The doses in the present
study for atorvastatin, infliximab, leflunomide,
and vitamin D are based on relevant studies and
shown to be effective and safe from previous
experimental studies [13-15].

The rats were randomly divided into five groups
(n=6 per group) and treated as follows:

Group | (vehicle): received saline orally from |
to 21 days, and then with an equal volume of ve-
hicle (0.9% NaCl) intraperitoneally in two doses
on the 21st day.

Group 2 (atorvastatin): received atorvastatin
(100 mg/kg) orally from | to 21 days to induce
HMG-CoA inhibition.

Group 3 (atorvastatin+vitamin D): received
atorvastatin (100 mg/kg) orally from | to 21
days to induce HMG-CoA inhibition+received
vitamin D (0.2 ug/kg) with oral gavage from 21
to 35 days.

Group 4 (atorvastatin+infliximab): received
atorvastatin (100 mg/kg) orally from | to 2|
days to induce HMG-CoA inhibition+received
infliximab (7 mg/kg) intraperitoneally in two
doses on the 2| st day.

Group 5 (atorvastatin+leflunomide): received
atorvastatin (100 mg/kg) orally from | to 21
days to induce HMG-CoA inhibition+received
leflunomide (10 mg/kg) with oral gavage in two
doses on the 2 |st day.

We implemented infliximab and leflunomide
on a single day in two doses based on previous
studies; regarding that agents showed anti-in-
flammatory and protective effects in rats [3, 1 6].

Measurement of Serum Testosterone Levels
After drug treatments with vitamin D, inflix-
imab, and leflunomide, blood sample was col-
lected by cardiac puncture in rats under an-
esthetic condition at room temperature and
centrifuged (4000 rpm, rt.) for 10 min, and then
the supernatant was collected for biochemical
analysis. Concentrations of testosterone in the
plasma were measured by ELISA strictly in ac-
cordance with the manufacturer’s instructions
(201-11-5126; SunRed Biological Technology,
Shanghai, China).

Statistical Analysis

The data were defined as the arithmetic aver-
age and standard deviation. To apply parametric
tests, the Kolmogorov Smirnov test was used
to determine whether the samples had normal
distribution and whether the variances were
homogeneous. For multiple groups, analysis
of variance test with post-hoc Tukey's test for
significance difference was used for normally
distributed data. Kruskal Wallis test with Mann
Whithney U test under Bonferroni correction
was used for the analysis of none normally dis-
tributed data. The p values less than 0.05 were
considered significant. The data were evaluated
at 95% confidence interval. The data were ana-

lyzed in The Statistical Package for the Social
Sciences (SPSS) 17.0 program (SPSS Inc., IL,
Chicago, USA).

Results

Effect of Atorvastatin on Serum Testosterone
Levels

In rats receiving atorvastatin for 21 days, the
activity of HMG-CoA decreases. As presented
in Table | and Figure I, the results of Group 2
showed that atorvastatin administration led to
a decrease in the testosterone level compared
to the vehicle group (p>0.05). The mean tes-
tosterone content was 92.52 pg/mL in the ve-
hicle group. The mean testosterone content was
decreased to 83.26 pg/mL after administration
of atorvastatin at the end of the 2Ist day. Thus,
HMG-CoA inhibition by atorvastatin administra-
tion reduced the levels of testosterone in rats.

Effect of Administration of Vitamin D on Se-
rum Testosterone Levels under Atorvastatin
Therapy

In Group 3 where rats received atorvastatin
orally from | to 21 days to induce HMG-CoA
inhibition, and subsequently received vitamin D
with oral gavage from 2| to 35 days, the level of
testosterone was found to be higher than the
atorvastatin control group; but this increase was
not significant. As shown in Table | and Figure I,
the mean testosterone content was 83.26 pg/
mL in the atorvastatin control group. The mean
testosterone content was increased to 88.87 pg/
mL after subsequent administration of vitamin
D. Thus, subsequent vitamin D administration
in rats with HMG-CoA inhibition led to an in-
crease in the testosterone level compared to
the atorvastatin control group (p>0.05).

Effect of Administration of Infliximab on Se-
rum Testosterone Levels under Atorvastatin
Therapy

In Group 4 where rats received atorvastatin
orally from | to 2| days to induce HMG-CoA
inhibition, and subsequently received infliximab
intraperitoneally in two doses on the 2Ist day,
the level of testosterone was found to be high-
er than that of the atorvastatin control group,

Table |. Serum testosterone concentrations of
groups

Testosterone, pg/mL

Vehicle 92.52+£33.05
Atorvastatin control 83.26+10.05
Atorvastatin+Vitamin D 88.87+17.06
Atorvastatin+Infliximab 92.62+19.60
Atorvastatin+Leflunomide 95.00+07.50
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Figure |. Alterations in serum testosterone concentrations of groups. “Intact control” refers to
the rats in the vehicle group. An improved but insignificant induction in testosterone levels after
administration of vitamin D, infliximab, or leflunomide was seen in rats under atorvastatin therapy.

but this increase was not significant. As shown
in Table | and Figure I, the mean testosterone
content was 83.26 pg/mL in the atorvastatin
control group. The mean testosterone content
was increased to 92.62 pg/mL after subsequent
administration of infliximab. Thus, subsequent
infliximab administration in rats with HMG-CoA
inhibition led to an increase in the testoster-
one level compared to the atorvastatin control
group (p>0.05).

Effect of Administration of Leflunomide on
Serum Testosterone Levels under Atorvas-
tatin Therapy

In Group 5 where rats received atorvastatin
orally from | to 2| days to induce HMG-CoA
inhibition, and subsequently received leflu-
nomide with oral gavage in two doses on the
21st day, the level of testosterone was found to
be higher than that of the atorvastatin control
group, but this increase was not significant. As
shown in Table | and Figure I, the mean tes-
tosterone content was 83.26 pg/mL in the ator-
vastatin control group. The mean testosterone
content was increased to 95.00 pg/mL after
subsequent administration of leflunomide. Thus,
subsequent leflunomide administration in rats
with HMG-CoA inhibition led to an increase in
the testosterone level compared to the atorvas-
tatin control group (p>0.05).

Discussion

In the current analysis, we investigated the ef-
fect of vitamin D, infliximab, and leflunomide
supplementation on serum testosterone con-
centrations in rats under atorvastatin therapy.
We found that HMG-CoA inhibition by atorvas-
tatin reduced the levels of testosterone in rats.
On the other hand, subsequent administrations

of vitamin D, infliximab, or leflunomide under
statin therapy led to an insignificant increase in
the testosterone levels.

Statins improve endothelial function by lowering
low-density lipoprotein (LDL) levels and through
their pleiotropic effects [|7]. Lipophilic proper-
ties also play an important role in the effects of
statins [18]. In this study, we used atorvastatin,
which is potent, has long lasting effect, and is
the most used statin [19]. Reduced cholesterol
levels may suppress the production of testos-
terone and dihydrotestosterone, which are the
main androgens, since cholesterol is a neces-
sary substrate in the synthesis of androgens in
testis and adrenal glands. Previous studies have
reported that testosterone was synthesized by
plasma lipoproteins or endogenous synthesis
[I]. Some studies have investigated the circulat-
ing androgen levels in men using statins due to
dyslipidemia, and have proven that statins had
affected the level of androgens [20]. The pos-
sibility of the relationship between decrease in
cholesterol and the decrease in testosterone
has been uncovered with confounding results
from previous studies [21, 22]. In our study, we
found that atorvastatin administration led to an
insignificant decrease in the testosterone level
compared to the vehicle group. Although statins
decrease testosterone levels, they are known to
be beneficial in erectile dysfunction. It was re-
ported that anti-oxidant mechanisms of statins,
pleiotropic effects, increased availability of nitric
oxide, and decreased LDL may lead to their im-
provement in erectile dysfunction [17].

Vitamin D is an important agent in calcium cy-
cle, bone metabolism, and muscle activity [23].
Vitamin D deficiency may cause various health

problems, as determined in the recent epide-
miological studies such as autoimmune diseases,
cardiovascular diseases, cancer, depression, and
diabetes mellitus [6, 24]. Vitamin D receptors
(VDR) were found in human testis, ejaculatory
duct, and mature spermatozoa, suggesting that
vitamin D may have a role in male fertilization
[25]. This has been supported by studies of
hypogonathropic hypogonadism, in which de-
creased testicular weight, abnormal testicular
histology, and decreased number of functional
sperms in VDR knockout mice were shown
[26]. However, studies on the relationship be-
tween vitamin D and testosterone, or the ef-
fects of vitamin D supplementation on testos-
terone levels revealed heterogeneous results
[27, 28]. In the present study, co-administration
of vitamin D improved testosterone levels in
rats compared to the atorvastatin control group,
which shows that vitamin D might have some
regulatory mechanism in controlling the testos-
terone production.

TNF-a plays a role in various processes associ-
ated with inflammation, such as the release of
chemotactic cytokines, upregulation of endo-
thelial adhesion molecules, and migration of
leukocytes. Infliximab is an anti-TNF-o. mono-
clonal antibody that binds to soluble TNF-a
and membrane-attached TNF-a [29]. Since the
effect of TNF-a blockade can differ depend-
ing on the time of its administration, we used
infliximab either immediately after or 6 h after
inducing HMG-CoA inhibition in two doses in a
single day. We found in our study that infliximab
seems to be effective in increasing testosterone
levels in rats under HMG-CoA inhibition.

Leflunomide, used in rheumatic diseases, is an
inhibitor of pyrimidine synthesis. Anti-inflamma-
tory and immunomodulatory effects of lefluno-
mide are associated with its ability to suppress
proinflammatory cytokines and to inhibit den-
dritic cell maturation and IL-17 production [30].
Leflunomide also presents anti-oxidative activity
by suppressing the release of reactive oxygen
species from white blood cells [31]. Inhibition
of both pyrimidine synthesis and tyrosine-kinase
activity leads to restriction of immunologic re-
sponses. Consequently, the mechanism results
in the direct inhibition of T and B lymphocytes,
decreased serum allo-specific immunoglobu-
lin molecule production, and a decrease in the
expression of adhesion molecules [32]. We ad-
ministered leflunomide in two doses in a single
day, as the benefit of short-term therapy with
leflunomide has been proved; however, the
benefit of long-term administration (more than
20 days) still remains unclear regarding adverse
effects [33]. We found in our study that short-
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term therapy of leflunomide seems to be ef-
fective in increasing testosterone levels in rats
under HMG-CoA inhibition. Furthermore, it
appears that rats under statin administration
respond better to treatment with leflunomide
by achieving a greater induction in testosterone
levels than with vitamin D or infliximab.

We have some limitations in this study. First, we ne-
glected the concentrations of the binding proteins
in the serum. As vitamin D binding protein and tes-
tosterone binding globulin concentrations are in-
fluenced by the same factors, excessive vitamin D
supplementation may affect testosterone binding
globulin concentrations, causing alterations in total
testosterone levels. Second, we used a single mea-
surement to obtain the outcomes of our study.
We may strengthen our data with measurements
of LDL, luteinizing hormone, follicle-stimulating
hormone, serum sex hormone binding globulin,
TNF-a, and histopathological analysis. Third, the
treatment with infliximab or leflunomide may gen-
erate an extensive list of important and serious
side effects. These side effects are mainly associ-
ated with the dosage of drugs, formulations, and
in combinations with other agents. However, we
implemented the doses in the present study based
on the relevant experimental studies which were
shown to be effective and safe [13-15].

Although this experimental study has limited
power, our data provide evidence that vitamin
D, infliximab, and leflunomide administrations to
rats under atorvastatin treatment resulted in an
amelioration in serum testosterone levels. Our
small-scale study requires further large-scaled
studies to investigate the underlying mechanisms
of exposure, before application of the drugs in
the subsequent clinical trials.
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