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Anabolic Androgenic Steroids Abuse and Liver Toxicity
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Abstract: In the athletes the wide use of Anabolic Androgenic Steroids (AAS) cause series damage in various organs, in
particular, analyzing the liver, elevation on the levels of liver enzymes, cholestatic jaundice, liver tumors, both benign and
malignant, and peliosis hepatis are described. A prolonged AAS administration provokes an increase in the activities of
liver lysosomal hydrolases and a decrease in some components of the microsomal drug-metabolizing system and in the
activity of the mitochondrial respiratory chain complexes without modifying classical serum indicators of hepatic
function. Liver is a key organ actively involved in numerous metabolic and detoxifying functions. As a consequence, it is
continuously exposed to high levels of endogenous and exogenous oxidants that are by-products of many biochemical
pathways and, in fact, it has been demonstrated that intracellular oxidant production is more active in liver than in tissues,
like the increase of inflammatory cytokines, apoptosis and the inhibitors of apoptosis NF-kB and Heat Shock Proteins.
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INTRODUCTION

Anabolic-Androgenic  Steroids (AAS) are synthetic
hormone derivatives of testosterone chemically modified to
maximize anabolic effects, promoting growth of skeletal
muscle and enhancing athletic performances [1], and to
minimize androgenic ones, consisting in development of
male sexual characteristics [2].

Testosterone derivatives have been categorized in three
classes [3]:

1. Class A: 17-B-hydroxy esters requiring intramuscular
injection

2. Class B: alkylation at the 17-a-hydroxy position
allows compounds that can be given orally

3. Class C: alkylation in the A, B, or C rings of the
steroid backbone results in orally available AAS
resisting hepatic metabolism.

Most commonly used Anabolic-Androgenic Steroids
include  nandrolone, oxandrolone, stanozolol, and
oxymetholone (Fig. 1).

Pharmacologic doses of AAS and/or testosterone have
been successfully used for the treatment of patients with
retarded growth, hypogonadism, impotence, infertility,
eunuchoidism, cryptorchidism, sarcopenia [4], muscle
wasting or debilitation [5], decline of cognitive functions [6],
paroxysmal nocturnal hemoglobinuria, depression, HIV-
related cachexia [7], anemia [8,9], hepatic regeneration
following an injury or a transplantation [10], endometriosis,

*Address correspondence to this author at the Department of Forensic
Pathology, University of Foggia, Ospedale “Colonnello D’Avanzo”, Viale
degli Aviatori 1, 71100, Foggia, Italy; Tel: +39 0881 736901;

Fax: +39 0881 736903; E-mail: m.neri@unifg.it

1389-5575/11 $58.00+.00

and many nonendocrine disease (thrombocytopaenia,
panmyelopathy, hereditary angio-oedema, breast cancer and
osteoporosis) [11].

The beneficial potential of AAS accompanies undesirable
side effects. Short and long term side effects have been
demonstrated in various organs and the liver alterations are
related with androgenic anabolic steroids use [12-15].

Steroids abuse cause both reversible (spontaneous
regression of lesions on AAS cessation) [16] and irreversible
changes, whereas side effects develop virtually only during
long-term use at high dose [17].

The restart of medical complications after recidivistic
steroid abuse needs to be stressed [18], as well as the fact
that ill effects of steroids misuse can also manifest many
years after cessation of AAS abuse.

Although the use of anabolic steroids is associated with a
number of side effects, the prevalence of toxic effects
following AAS administration is difficult to ascertain
because of underreporting. Nevertheless, it is becoming
increasingly clear that the abuse of AAS is associated with
serious adverse effects [19], such as the suppression of
endogenous testicular function, gynecomastia,
erythrocytosis, psychological disorders, sudden death
resulting from cardiac disease, induction of atherogenic
lipoprotein pattern, activation of hemostatic system,
virilization, hepatotoxicity, premature epiphyseal fusion,
stunting of growth, infections, and musculoskeletal damages
[20].

In men, the multi-organ damage has been explained also
by the hypercalcemia [21] that could occur as a result of
AAS modulation of steroid hydroxylase activity [22].

Among these side effects, hepatotoxicity is the most
common and prominent of them. Hepatotoxicity has never
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Fig. (1). Chemical structures of most commonly used Anabolic-Androgenic Steroids.

been described with the parenteral use of testosterone, while
class B and C are highly and potentially life-threatening
hepatotoxic leading to: elevation of liver enzymes (aspartate
and alanine aminotransferase, lactate dehydrogenase,
alkaline phosphatase, and gammaglutamyltransferase), high
levels of amylase, lipase and creatine protein kinase [21];
jaundice; cholestasis [15]; peliosis hepatis [23-25]; hepatic
adenomas [26] and haemorrhages up to spontaneous hepatic
rupture [18,27-28]; liver cysts; hepatocellular necrosis and
hepatitis  [19,29]; hepatocellular  carcinoma [30,31];
decreased liver capacity for metabolizing xenobiotics [19].
AAS also increase hepatic triglyceride lipase activity and
low-density lipoprotein, and simultaneously reduce level of
high-density lipoprotein cholesterol, mainly in cirrhotic
malnourished patients [32,33]. However it is not clear
whether these findings are the result of a direct effect of
AAS-induced liver toxicity [13]. Schwingel et al.
demonstrated that AAS abuse is also correlated to a toxicant-
associated fatty liver disease (TAFLD), whose spectrum is
inclusive of steatosis, non-alcoholic steatohepatitis, cirrhosis
and hepatocellular carcinoma [34]. Moreover, it is well
known that most AAS, when used exogenously, inhibit the
normal process of steroid biosynthesis [35]. This means that
the first step in steroidal hormone production is hindered and
that cholesterol is not converted into pregnenolone, resulting
in cholesterol storage and so creating the proper environment
for fatty liver accumulation.

In the athletes who use steroids elevation on the levels of
liver enzymes (aspartate aminotransferase, alanine
aminotransferase, and lactate dehydrogenase) is described
[30]. Cholestatic jaundice occurs occasionally with steroid
use and typically resolves within 3 months of discontinuing
the drugs. Increase of triglycerides and cholesterol serum
levels is also reported [15]. Liver tumors, both benign and
malignant, have been linked to the administration of steroids

[30], in particular hepatocellular carcinomas were more often
associated with oxymetholone and methyl testosterone.
There is also an increased risk of peliosis hepatis with steroid
use.

LIVER PELIOSIS

Peliosis is a pathological entity characterized by multiple
blood-filled cavities, mostly involving the liver (peliosis
hepatis). Peliosis hepatis is uncommon; however it is one of
the most serious complications associated with the use of
androgen-steroids [25,36,37]. It has been reported to be
associated with long-term treatment with oral contraceptives,
tamoxifen, estrogens, intravenous drug abuse and chronic
alcoholism too [38]. Peliosis hepatis is characterized, at
macroscopic examination, by multiple blood-filled pools of
various sizes without lobular systematization, while
histologically, by the presence of scattered, small, blood-
filled cystic spaces throughout the liver parenchyma. Some
of the cysts may be lined by sinusoidal cells whereas others
are not. Secondary changes, including fibrosis, may occur
secondarily. Often blood-filled spaces are near to areas of
hepatocellular necrosis [39]. The correlation between AAS
and peliosis was first noted in 1952 [40], but the
pathogenesis of peliosis hepatis is still unclear. It was
discussed a congenital [41] and an infectious mechanism.
Paradinas et al. hypothesized that hyperplasia of the
hepatocytes could partly be responsible for the formation of
cystis through mechanical obstruction of hepatic veins and
for the formation of nodules and tumors [42]. Other authors
discussed about the pathogenesis of peliosis hepatis
postulating that an acquired malformation of the sinusoidal
system may be triggered by altered local intravascular
pressure conditions, toxic substances, or active proliferation
of endothelial cells. Proliferation of endothelial cells in turn
can be triggered by angiogenetic factors. Bartonella is
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thought to be relatively unique among bacteria in inducing
such factors [43-45].

LIVER TUMORS

Sportsmen, especially bodybuilders, taking anabolic
androgenic steroids over a long period should be considered
a group at risk of developing hepatic sex hormone related
tumors. In particular hepatocellular adenoma (HA) is a rare
benign liver neoplasm that is strongly associated with oral
contraceptive use and androgen steroid therapy [46]. So in
recent times the use of anabolic androgenic steroids have
been proved to be involved in the development of HA [26].
Although more than 750 cases of oral contraceptive induced
HA have been reported, apparently androgen induced HA are
relatively rare. However, the possibility that oral AAS such
as stanozolol can induce liver cell proliferation must be
taken into account [20]. The risk of androgen-associated
liver tumors appears to correlate with the cumulative
androgen dose and the potency of the steroid used [46].

Boada et al. examined the hepatic effects of high doses of
the anabolic steroid stanozolol in rats. Steroid treatment
decreased the levels of cytochrome P450 and cytochrome b5,
indicating reduced ability to metabolize xenobiotics. The
livers exhibited inflammatory and degenerative lesions in
centrilobular hepatocytes and there was also an increase in
the percentage of S-phase cells among those cells, indicating
an increased risk for liver cancer [47].

CHOLESTASIS

Several deaths from cholestatic jaundice have been
attributed to steroids, but they occurred in elderly, debilitated
patients, and the evidence of causality is far from
convincing. Based on animal studies, the mechanism for bile
accumulation appears to involve a disruption of the
microfilaments within the hepatocytes that reduces the
ability of the cells to transport bile. Histologically, steroid-
associated cholestasis is characterized by the occurrence of
bile accumulates in the canaliculi but without evidence of
inflammation or necrosis [39].

Ultrastructural ~ changes ~ AAS-induced including
alterations in the canaliculi and degenerative changes in
mitochondria and lysosomes have been also demonstrated
[47,48].

LIVER TOXICITY AND OXIDATIVE STRESS

Despite the widespread physiological, biochemical,
pathological and stereological [49] investigation of the
effects of androgenic anabolic steroids on the liver, the cause
of hepatotoxicity still remains speculative. An intrinsic direct
hepatoxicity of AAS, correlated to individual susceptibility,
particularly on genetic factors, was also hypothesized in men
[50] due to the fact that androgen receptors (ARs),
specifically activated by testosterone, are present in normal
liver tissue [51]. In rat hepatocytes a direct toxic AAS-
induced effect has been showed with inflammatory and
degenerative lesions in centrilobular hepatocytes [47,52],
with a dose-dependent increase in plasma levels of
enzymatic markers of liver toxicity, as well as hepatocytic
hyperplasia [10]. The determination of transaminases in the
serum is generally considered to be of great value to detect
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toxic effects on the liver, and various authors have
previously described the increase in levels of serum
transaminases exerted by AAS, in particular stanozolol [53].
Despite previous observations, this increase was not found in
animal model, which showed no change in the levels of these
hepatic enzymes [47].

Inflammation is an inseparable component of both acute
and chronic liver injury, in view of eliminating cell debris
and invading microorganisms as well as promoting tissue
healing. With its large population of Kupffer cells (tissue
resident macrophages), dendritic cells, natural killer (NK)
cells, and NK T cells, the liver acts as an “immune organ”
and it has the unique milieu of close interaction between
these immune cells and the non-immune cells of the liver.
The resident inflammatory cells will become activated
during any apoptotic or necrotic insult. Additionally, there
may be an infiltration of circulating inflammatory cells.
Among other functions, the cells of the innate immune
system are the sources of fibrogenic mediators and
inflammatory cytokines, especially tumor necrosis factor
alpha (TNF-a) in diseased livers [54]. TNF-a plays a key
role in a wide variety of physiological processes, including
inflammation, proliferation and programmed cell death, as
well as the activation of the anti-apoptotic and pro-
inflammatory transcription factor NF-xB [55]. Cytokine
production by resident cell populations in the liver
contributes  significantly not only to local cytokine
appearance and organ homeostasis, but also to their
emergence into the systemic circulation. In experimental
study the efflux of TNF-a and IL-6 from the splanchinc bed
after intravenous endotoxin administration was shown.
Almost 40% of the TNF-a that appeared in the systemic
circulation was derived from the splanchinc bed [56]. Not
only Kupffer cells are a potential source of proinflammatory
cytokines in the liver, but also biliary epithelial cells and
venous endothelial cells can make significant quantities of
cytokines, especially TNF-a, during liver regeneration [57].
TNF-a first gained notoriety for its ability to cause necrosis
of solid tumors and its propensity to produce endothelial
injury, hypotension, and shock. TNF-o also seems to be a
prominent ligand for the activation of cellular apoptosis.
TNF-a-induced apoptosis in hepatocytes is not completely
explained. Although hepatocytes are particularly sensitive to
TNF-a-mediated apoptosis, the cells first must be exposed to
transcriptional inhibition. This requirement for trascriptional
inhibition is likely due to the observation that TNF-a
simultaneously invokes signaling pathways (Fig. 2) [58,59].
Induction of the proinflammatory properties of TNF-a,
induced in part through activation of the transcription factor
NF-«xB seems to inhibit apoptosis directly (Fig. 3).

The transcription factor NF-xB is involved in the
activation of immediate early response genes in response to
injurious and inflammatory stimuli, namely by TNF-a [60].
NF-xB is a ubiquitous trascription factor that plays a crucial
role in the cellular response to signal trasduction by TNF-o
and IL-6 (Fig. 4).

Hepatic stellate cells (HSC) are perisinusoidal cells
residing in the space of Disse, which, during injury in
response to inflammatory and other stimuli, like AAS, adopt
a myofibroblast-like phenotype and represent the cornerstone
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Fig. (2). Hepatocyte fate is determined by the balance between TNF-a-mediated NF-kB activation and apoptosis. TNF-o signaling
simultaneously activates pathways that induce and antagonize caspase-dependent apoptosis. Drugs or agents that inhibit NF-xB activation
promote apoptosis, whereas cytokines that induce NF-kB protect against TNF-a-mediated apoptosis.
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Fig. (3). Schematic illustration of putative mechanisms involved in AAS-mediated hepatotoxicity.
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Fig. (4). Mouse liver treated with nandrolone decanoate (A) Confocal laser scanning microscope. Increase of NF-kB with intense positive
reaction (blue). (B) Immuhistochemistry revealed TNF-o. over-expression in centrilobular zone (arrows) with a reddish positive reaction.

of the fibrotic response in the liver [61]. AAS presents a dual
and dose-dependent effect on a cell line of HSC, inducing
collagen production at low doses and cell death by apoptosis
at higher concentrations through an oxidative stress-
dependent manner [52,62]. NF-xB is also activated by
steroids in an oxidative stress independent fashion and plays
a protective role in the steroids pro-apoptotic effect, indeed,
in an experimental study on cells of rat liver was
demonstrated that steroids induced DNA fragmentation,
DNA repair and apoptosis in primary rat hepatocytes [63].

Polymorphonuclear leukocytes (neutrophils) are part of
the innate immune response to infection and tissue trauma.
Because of the high mobility of these leukocytes and the
capability to either release or generate potent cytotoxic
mediators, the main function of neutrophil recruitment to
sites of inflammation is to rapidly eliminate invading
microorganisms and/or remove dead or dying cells. These
cells accumulate in the liver vasculature in response to the
exposure to inflammatory mediators [64]. Though
neutrophil-generated cytotoxic mediators are important for
the inflammatory healing effect, their overproduction may
result to detrimental effects to the affected organ. AAS-
induced hepatotoxicity, in humans, was shown to be
associated with an increase in the infiltration of
lymphocytes, neutrophils and eosinophils in liver tissue,
following repeated exposure [65]. Furthermore, the
hepatotoxic recurrence has been reported in various studies
about patients on re-challenge to other drugs, like MDMA,
along with the infiltration of inflammatory cells, reinforces
the postulated immunologically mediated mechanisms [66].
This data clearly indicates immunomodulatory responses

after exposition to steroids, with some consumers evidencing
a clear neutrophil activation effect.

Oxidative stress could represent another mechanism of
liver toxicity [67] resulting e.g. in the impairment of the
canalicular bile salt export [68]. A previous study conducted
by Welder et al. underlined an oxidative stress-induced
damage showing the GSH depletion in cultured hepatocytes
of rats treated with 17-a-alkylated AAS [52].

An experimental study demonstrated that the prolonged
AAS administration provokes dysfunction of mitochondrial
respiratory chain complexes and mono-oxygenase systems
[69] leading to an increased Reactive Oxygen Species (ROS)
generation. Afterwards, when ROS production exceeds the
high levels of enzymatic and non-enzymatic antioxidant
defences and liver repair capacity, the oxidative stress-
induced liver damage appears [67].

Vieira et al. recently confirmed this hypothesis by
demonstrating that subchronic administration of nandrolone
decanoate leads to an increase in collagen deposition in liver
parenchyma, portal space, and centrilobular vein, probably
correlated to the increase in the number of Kupffer cells.
When activated, Kupffer cells produce many harmful by
products such as TGF-B1, reactive oxygen species, NF-kB,
TNF-a, and IL-1pB, which are compounds that act directly by
stimulating the liver fibrosis process [13]. In another recent
study the results show that prolonged stanozolol treatment
can cause an oxidative stress situation in rat liver as
indicated by enhanced lipid peroxidation extent.
Interestingly, ROS overproduction and lipid peroxidation
have been implicated in the pathogenesis of many types of
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Fig. (5). (A) Numerous and wide positive reactions of HSP70 (in reddish) were observed in a rat liver treated with stanozolol. (B) The same
field seen with confocal laser scanning microscope shows a more selective expression in hepatocytes cytoplasm.

liver injury and especially in the hepatic damage induced by
several toxic drugs showing a marked accumulation of
HSP72 conferring to liver cells protection was detected [65]

(Fig. 5).
CONCLUSIONS

AAS use is associated with various adverse effects that
are generally dose related; therefore, illicit use of the high
doses taken by sportsmen carries substantial risks for health
[70-72]. A major side effect of AAS therapy is
hepatotoxicity, including elevated levels of liver enzymes,
cholestatic jaundice, peliosis hepatis, and various neoplastic
lesions. When hepatic function is monitored in healthy
athletes abusing AAS, liver serum parameters show no
change or slight elevation, which revert to normal levels
after discontinuing the drug. However, conventional
biochemical liver tests do not always reflect liver
abnormalities particularly at the initial stages. Stanozolol,
and other orally active AAS, has been shown to cause
inflammatory or degenerative lesions in centrilobular
hepatocytes, ultrastructural alterations in the canaliculi and
degenerative changes in mitochondria and lysosomes
[47,48]. Furthermore a prolonged AAS administration
provokes an increase in the activities of liver lysosomal
hydrolases and a decrease in some components of the
microsomal drug-metabolizing system and in the activity of
the mitochondrial respiratory chain complexes without
modifying classical serum indicators of hepatic function.
Liver is a key organ actively involved in numerous
metabolic and detoxifying functions. As a consequence, it is
continuously exposed to high levels of endogenous and
exogenous oxidants that are by-products of many
biochemical pathways and, in fact, it has been demonstrated

that intracellular oxidant production is more active in liver
than in tissues, like the increase of inflammatory cytokines,
apoptosis and the inhibitors of apoptosis NF-xB and Heat
Shock Proteins [65].
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