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Abstract: Boldenone is a derivative of the testosterone and it has dual effects on humans, directly and indirectly;
directly as injection to build muscles and indirectly as through consuming meat of animals that where treated with
boldenone. However, the action of these steroids on the liver, kidney and testes structure in immature animals still
unclear, therefore, the aim of the present study was to investigate the effect of maturity on the intramuscular
injection of boldenone undecylenate on the hepatic, renal and testicular structures. Thirty two New Zealand rabbits
were divided into main groups (16 immature and 16 mature rabbits) and each main group is divided into four groups
(4 animals each). Control group (G,) includes animals that injected intramuscularly with olive oil. Groups 2, 3 and 4
(G2, Gsand Gy) include animals that receive one, two and three intramuscular injections of 5 mg/Kg body weight
boldenone undecylenate dissected after 3, 6 and 9 weeks respectively. The present results showed that intramuscular
injection of rabbits with boldenone has a marked adverse effects on the liver, kidney and testes tissues and this
effects were more observed in immature than in mature rabbits and this histopathological alternations were
increased with the increase the boldenone dose injection. Our results showed that; immature rabbits that receive
boldenone showed disturbances of the hepatocytes radially arranged cords with multifocal hepatocellular
vacuolations in the liver, glomerulus mass reduction with multifocal glomerular injury in the kidney and
disturbances of the cycle of spermatogenesis in the testes. These findings suggested that misuse of growth promoter
boldenone undecylenate may contribute to a continuously damage of the hepatic, renal and testicular function and
structure that may lead to a hepatic, renal and genital progressive diseases so young people especially should be
careful if they want to use such steroids to enhance their strength and endurance.
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1. Introduction building contest. It has a very long half-life and can
Anabolic-androgenic steroids caused some show up on a steroid test for up to 1.5 years. Trace
adverse effects such as disturbance of the endocrine amounts of the drug can be easily detected for
and immune functions (Schénzer, 1996; Sullivan et months after discontinued use (Brookhouse, 2007).
al., 1998; Sundlof, 2001; Pey et al., 2003). Anabolic androgenic steroids caused some
Boldenone (1,4-androstadiene-17beta-ol-3-one; BOL) adverse effects on many other adverse effects
is a derivative of the testosterone, which exhibits associated with anabolic androgenic steroids were
strong anabolic and moderately androgenic recorded to be happened such as disturbance of the
properties that improves the growth and food endocrine and immune function, alterations of
conversion in food producing animals (Yesalis et al., sebaceous system and skin, changes of haemostatic
1993; Sullivan et al., 1998; Kuhn, 2002; Soma et al., system and urogenital tract (Pey et al., 2003).
2007; Kicman, 2008; Guan et al., 2010). It is well Alm-Eldeen and Tousson (2011) studies the
known under the trade names Equipoise, Ganabol, histopathological alteration in the renal structure and
Equigan and Ultragan. They were developed mainly functions after boldenone injection in adult male
for veterinary use, mostly for the horse treatment. In rabbits. Groot and Biolatti (2004) study the
most countries worldwide, this anabolic steroid is histopathological effects of boldenone in adult male
forbidden for meat production and human uses cattle and reported that boldenone causes
(Kuhn, 2002; Cannizzo et al., 2007, Soma et al., degeneration of the germinal epithelium of the testis
2007). In US, it is not indicated for use in human and and hypersecretion and cyst formation in the prostate.
is only available through veterinary clinics Boldenone has dual effects on humans, both directly
(Hoffmann, 2002; De Brabander et al., 2004). and indirectly; directly as injection to build muscles
Recently, boldenone used by bodybuilders in both and indirectly as through consuming meat of animals
off-season and pre-contest, where it is well known that where treated with boldenone. However, the
for increasing vascularity while preparing for a body action of these steroids on the liver, kidney and testes
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structure in immature animals still unclear, therefore,
the aim of the present study was to investigate the
effect of maturity on the intramuscular injection of
boldenone undecylenate on the hepatic, renal and
testicular structures.

2. Material and Methods

The experiment adhered to the guidelines of the
ethical committee of the national research center,
Egypt. The present study was conducted at a rabbit
private farm in El-Gerbia governorate and Zoology
Department, Faculty of Science, Tanta University,
Egypt, during spring 2011.

Animals:

The experiment was performed on 32 New
Zealand rabbits (16 immature weighing 1.25 kg +
0.1kg; 6-8 weeks age and 16 mature rabbits weighing
2.25 kg + 0.1kg; 14-16 weeks age). The animals were
fed ad libitum pellets standard rabbit ration and free
access to water. Animals were divided into two main
groups (immature and mature rabbits) and each group
was divided into four groups (4 animals each).
Control group (G;) includes animals that injected
intramuscularly with olive oil. Groups 2, 3 and 4 (G,
G; and Gy) include animals that receive one, two and
three intramuscular injections of 5 mg/Kg body
weight boldenone undecylenate dissected after 3, 6
and 9 weeks respectively (Alm-Eldeen and Tousson,
2011). At the end of the experiment, the rabbits were
fasted for 10 hr and then euthanized with
intraperitoneal injection with sodium pentobarbital
and subjected to a complete necropsy.

Histological investigation:

Livers, kidneys and testes were immediately
removed from dissected rabbits and divided into
small pieces. Small Species of the liver, kidney and
testes tissues were taken and immediately fixed by
immersion in 10% buffered formalin solution and left
for 24-48 hours. The specimens were then
dehydrated, cleared and embedded in paraffin. Serial
sections of 5 pm thick were cut by mean of rotary
microtome and stained with haematoxylin and eosin
(Bancroft and Cook, 1994).

3. Results:

Hematoxylin and eosin stained sections of liver,
kidneys and testes were evaluated under light
microscopy.

Testis

Histopathologic evaluations of mature testicular
tissue were examined in the sections dyed
hematoxylin—eosin. Rabbits in control group (G)
showed normal testicular architecture with
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well-organized seminiferous tubules and regular
course of spermatogenesis and Sertoli cells. All
stages of transformation of the seminiferous
epithelium  from  spermatogonia to  mature
spermatozoa could be seen in the tubules (Fig. 1A).
The histopathological examination of mature and
immature rabbit testes that treated with boldenone
showed various histopathological changes, these
alternations were increased with the increase the
boldenone dose injection (Figs. 1B-D, 2B-D).

Mature rabbit testes sections in G, that receive
one intramuscular injection of boldenone and
dissected after 3 weeks showed seriously damage in
the integrity of spermatogenic cells of seminiferous
tubules and also an increase of interstitial tissue. In
addition, necrotic cells and debris were examined in
seminiferous tubules (Fig. 1B). Mature rabbit testes
sections in Gz that receive two intramuscular
injections of boldenone and dissected after 6 weeks
showed testicular lesions, irregular seminiferous
tubules with edematous, a wide range of
disorganization and undergoing degeneration (Fig.
1C). The spermatogenesis was almost absent, and
characterized by a depletion of germ cells. Mature
rabbit testes sections in Gy that receive three
intramuscular injections of boldenone and dissected
after 9 weeks showed severe necrosis and
degeneration of seminiferous tubules was further
enhanced (Fig. 1D). There was a reduced
seminiferous  epithelial layer and a few
spermatogonia in nearly all the seminiferous tubules,
diminished tubules containing a few germ cells also
were seen. In addition to these changes, vacuoles
were seen in the seminiferous epithelium, especially
at the basal compartment indicating their location in
the Sertoli cells.

The immature testicular structure in the control
group (G1) was normal without any changes in the
cell associations in the seminiferous epithelium or
cell structure in the intertubular spaces (Fig. 2A).
Structural effects on immature testis of boldenone
indicated in (Figs.2B-D). Immature rabbit testes
sections in G, that receive one intramuscular
injection of boldenone and dissected after 3 weeks
showed seminiferous tubules with irregular basal
lamina and are separated from each other. Tubules
showed epithelial degeneration and atrophy (Fig. 2B).
The initiation of tubular atrophy followed a
particular pattern in which epithelial sloughing and
epithelial cell degeneration. Immature rabbit testes
sections in Gz that receive two intramuscular
injection of boldenone and dissected after 6 weeks
showed vacuoles in the epithelium, epithelial gaps,
cellular degeneration, nuclear pyknosis preceding
degeneration and multi nucleated germ cells (Fig.
2C).  Immature rabbit testes sections in Gy that
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receive three intramuscular injection of boldenone
and dissected after 9 weeks showed severe necrosis,
with partial loss of the spermatogenic cells (Fig. 2D).

frequently seen and the germ cell arrangement within
the seminiferous tubules was disrupted. Also,
vacuolization in germinal epitheliuma and wrinkled
basement membrane were seen.

|

Intensified sloughing of immature cells was

Figure. 1. Photomicrographs of testicular sections from control and
boldenone -treated groups mature rabbit showing: In control (A, G-1)
the testis surrounded by tunica albuginea with tunica vasculosa and
subdivided into lobuli testes containing seminiferous tubules. Note:
Sertoli cells with basal, clear oval nucleus, spermatogenic cells namely;
spermatogonia; primary spermatocytes, spermatids and spermatozoa.
Interstitium between seminiferous tubules housing interstitial cells of
Leydig. B-D Photomicrographs of seminiferous tubules of mature
rabbits treated with boldenone showing cellular alterations at different
spermatogenic stages. (B, G-2) Mature rabbit treated group showing:
intraepithelial vacuoles of variable sizes. Primary spermatocyte nuclei
dividing normally with condensed chromatin. Tubular lumen contained
necrotic tissue. A few nuclei were pyknosed. In 5 mg/Kg boldenone (C,
G-3) mature rabbit treated group, Separated and irregularly outlined
seminiferous tubules, intratubular vacuolizations, germ cell loss and
abnormal cell associations and germ cell maturation arrest were evident.
Multinucleated giant cells were frequently found. In 5 mg/Kg
boldenone (D, G-4) mature rabbit treated group, Odema of the
interstitial tissue with congested tunica vasculosa and thickened tunica
albuginea. Notice the empty seminiferous tubules from the developing
sperms. Abbrev: tunica albuginea (T), tunica vasculosa (t), seminiferous
tubules (st), spermatogonia (g), primary spermatocytes (P), spermatids

(d) and spermatozoa (Z). Leydig (L), vacuoles (V), Scale bar= 50 pm.

Y e e
Figure. 2. Photomicrographs of testicular sections from control and
boldenone -treated groups immature rabbit showing: In control (A, G-1)
Section of testes from immature rabbit. The seminiferous tubular cells
and interstitial tissue were normal with active spermatogenesis and
prominent interstitial cellularity. In Section of testes from immature
rabbit treated with boldenone (B, G-2) showed interstitial tissues
showed edema, hemorrhage and vacuolation. Many seminiferous
tubules were edematous with intact germinal layer and undergoing
degeneration. In Section of testes from immature rabbit treated with
boldenone (C, G-3), Mild interstitial edema, and the seminiferous
tubules showed cellular degeneration and atrophy. In Section of testes
from immature rabbit treated with boldenone (D, G-4), all seminiferous
tubules showed sever degeneration along with loss of spermatogenesis
or atrophy. Tubules also show missing germ cells in the epithelium.
Note: that degenerating germ cells show nuclear pyknosis, wide gaps
between neighboring cells with enlargement of the Intercellular spaces,
restoration of spermatogenesis in most of the seminiferous tubules,
necrotic germ cell sloughed out into the lumen of seminiferous tubules
were seen. Abbrev: seminiferous tubules (st), spermatogonia (g),
primary spermatocytes (P), spermatids (d), vacuoles (V), Scale bar= 50
pm.

Liver

The light microscopy examination of liver
section in control mature and immature rabbits
clearly illustrates complete hepatic lobules with well
formed hepatocytes with distinct portal triads.

Hepatic cells were arranged in cord like fashion,
which are separated by sinusoids and central vein
was seen clear (Figs. 3A, 4A). The histopathological
examination of rabbit liver sections that treated with
boldenone showed various histopathological changes,
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these alternations were increased with the increase
the boldenone dose injection. Mature rabbit liver
sections in G, that receive one intramuscular
injection of boldenone and dissected after 3 weeks
showed mild degree of hepatocytes degeneration
with sinusoidal dilatation and congestion at lower
doses (Fig. 3B). On the contrary, mature rabbit liver
sections in G; that receive two intramuscular
injection of boldenone and dissected after 6 weeks
revealed  remarkable  degenerative  changes
represented by diffuse disorganization of the hepatic
cords and cytoplasmic vacuolization. Also, there are
inflammatory cells infiltration within the portal areas

sections in G, that receive three intramuscular
injection of boldenone and dissected after 9 weeks
showed extensive liver injuries characterized by
extensive hepatocellular necrosis, degeneration in
hepatic plates and loss of cellular boundaries and
massive degradation of central vein (Fig. 3D). The
histopathological examination of immature rabbit
liver sections that treated with boldenone showed the
same histopathological changes that found in mature
rabbits (Fig. 4B-D). Only in Gy, liver sections
showed a severe sinusoidal congestion. Single and
more frequently multiple vacuoles were detected and
vacuolar contents sometimes appeared more fibrillar

had bee obser

Figure.3. Photomicrograph of rabbit liver stained with Hematoxylin
and eosin. (A) the histoarchitecture of the liver is intact in controls with
clear central vein. In Section of liver from mature rabbit treated with
boldenone (B, G-2& C, G-3) showed widespread necrosis,
disorganization of hepatic cords, cytoplasmic vacuolization beside
Congested blood capillary with inflammatory cells infiltration. In
Section of liver from mature rabbit treated with boldenone (D, G-4), the
hepatic parenchyma showing severe hepatocytes degeneration with
cytoplasmic vacuolization and dilated congested sinusoids.

Figure.4. Light microscopy of immature rabbit hepatic tissue (H&E
stained hepatic sections, scale bar= 50 pum). (A,G-1), normal hepatic
tissue structure; In Section of liver from immature rabbit treated with
boldenone (B,G-2&C,G-3),slight congestion and degeneration
(arrow)were observed; In Section of liver from immature rabbit treated
with boldenone (D,G-4) hepatic tissue congestion, cellular swelling,
cytoplasmic vacuolization, severe degeneration and necrosis were

evident.
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Kidneys

Kidneys of control mature and immature rabbits
exhibited normal renal tissue, where normal
glomeruli, tubular epithelium tissue were observed
(Figs. 5A, 6A). The histopathological examination of
mature and immature rabbit kidney sections that
treated  with  boldenone  showed  various
histopathological changes (Figs.1B-D, 2B-D), these
alternations were increased with the increase the
boldenone dose injection. Mature rabbit kidney
sections in G, that receive one intramuscular

injection of boldenone and dissected after 3 weeks
showed Karyomegaly with eosinophilic intranuclear
inclusions was abundant, glomerular damage and
tubular necrosis with invading, inflammatory cells

While in
congestion,

were also characteristic lesions (Fig. 5B).
G3, kidney sections revealed

hemorrhages, and tubular degeneration (Fig. 5C).
Mature rabbit kidney sections in G4 that receive three
intramuscular injection of boldenone and dissected
after 9 weeks showed hyper-cellular, swollen and
degeneration glomerular structures. The proximal
tubules showed the most prominent alterations
marked necrosis, parenchyma degeneration of the
tubular  epithelial cells (Fig. 5D). The
histopathological examination of immature rabbit
kidney sections that treated with boldenone showed
the some histopathological changes (Fig. 6B-D),
where the renal glomerulei were completely lost their
typical shape with the appearance of some vacuoles
of different shapes and sizes with markedly
congested sinusoidal and dilated blood vessels were
detected. These alternations were increased with the
increase the boldenone dose injection (Fig. 6B-D).

50 i B - :;A.
Figure. 5. Light microscopy of kidney tissues from mature rabbit (H&E
stained kidney sections, scale bar= 50 um). (A) Control kidney section
of rabbit showing (normal histology) normal glomeruli and normal
tubules; (B, G-2) and (C, G-3) kidney section of renal boldenone
showed tubular cell swelling, cellular vacualization, congestion, and
cellular necrosis. In Section of kidney from mature rabbit treated with
boldenone (D, G-4) glomerular structures were found to be
hyper-cellular and swollen. Also, karyomegaly with eosinophilic
intranuclear inclusions was abundant, severe vacuolar degeneration of
tubules. Abbrev: glomerular(g), proximal tubules(p).

I e - i =

Figure.6. Light microscopy of kidney tissues from immature rabbit
(H&E stained kidney sections, scale bar= 50 pm). In control (A, G-1)
Normal, kidneys tissues showed normal glomeruli and tubular
epithelium. In (B, G-2) and (C, G-3) kidney section of renal boldenone.
Glomerular damage and tubular necrosis with invading inflammatory
cells. Lots of renal tubular epithelial cells destructure and amotic, also,
tubular congestion and welling were seen. In Section of kidney from
immature rabbit treated with boldenone (D, G-4) show degenerated
glomeruli, cortical renal tubules show various degenerative changes
with focal tubular necrosis invaded by inflammatory. Abbrev:
Glomerular(g), proximal tubules(p).
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4. Discussion

Anabolic and androgenic steroids are synthetic
substances related to the primary male sex hormone,
testosterone. Their biological actions include
anabolic effect promoting muscle growth, behavioral
effect causing aggressiveness among others, and
hematopoietic effect making them attractive
candidates for enhancement of athletic performance
(Hughes et al., 1995; Schinzer, 1996; Yesalis et al.,
2000; Pey et al., 2003; Kicman, 2008). Yesalis et al.
(1993) and Gabr et al. (2009) reported that in spite of
the growth promoting effects, anabolic steroids have
been shown adverse effects in cardiovascular, hepatic,
renal and endocrine systems. Anabolic-androgenic
steroids therapy 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. A major side effect of
anabolic-androgenic steroids therapy is hepatotoxicity,
including elevated levels of liver enzymes, cholestatic
jaundice, peliosis hepatis, and various neoplastic
lesions (Shahidi, 2001). Boldenone is an androgenic
steroid that improves the growth and food conversion
in food producing animals. Now, in most countries
worldwide, this anabolic steroid is forbidden for
meat production and human uses (Kuhn, 2002;
Cannizzo et al., 2007; Soma et al., 2007) where it has
a very long half-life and can show up on a steroid
test for up to 1.5 years (Hoffmann, 2002;
Brookhouse, 2007).

This study is the first to show the effect of
boldenone on immature animals. The present results
showed that intramuscular injection of rabbits with
boldenone has a marked adverse effects on the liver,
kidney and testes tissues and this effects were more
observed in immature than in mature rabbits and
this histopathological alternations were increased
with the increase the boldenone dose injection. Our
results showed that; immature rabbits that receive
boldenone showed disturbances of the hepatocytes
radially  arranged cords  with  multifocal
hepatocellular vacuolations in the liver, glomerulus
mass reduction with multifocal glomerular injury in
the kidney and disturbances of the cycle of
spermatogenesis in the testes. On the other hand; this
marked histopathological alternations not remarked
in adult rabbits. Our results are in agreement with a
number of recent studies which provided evidence
that anabolic steroid causes an adverse effect on the
human health (Hughes et al., 1995; Sullivan et al.,
1998; Bahrke et al., 2000). Yesalis et al. (1993) and
Gabr et al. (2009) reported that in addition to the
growth promoting effects, anabolic steroids have
been shown to adversely affect the cardiovascular,
hepatic, and endocrine systems in mature animals.

Anabolic-androgenic  steroids  therapy is
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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. Our results are in agreement with Dickerman
et al. (1999) who reported that the anabolic
steroid-induced hepatotoxicity and with Welder et al.
(1995) who reported that the anabolic-androgenic
steroids have toxic effects in primary rat hepatic
cultures. Our results are in agreement with Groot and
Biolatti, (2004) who reported that, Boldenone induce
similar lesions in the testes of Cattle. These results
are in agreement with Veeramachaneni et al. (1988)
who reported that zeranol and estradiol induce
similar lesions in the testes and epididymides of the
prepubertal beef bull. These findings suggested that
misuse of growth promoter boldenone undecylenate
may contribute to a continuously damage of the
testicular function and structure that may lead to
infertility especially in immature animals. These
findings explain the common phenomena in young
athletics and bodybuilders who suffer from infertility
after maturation as they injected with some drugs as
steroids (boldenone) to build muscles. In conclusion,
using boldenone while preparing for a young
bodybuilding contest may cause an alteration in the
histological structure of the liver, kidneys and testes.
These findings suggested that misuse of growth
promoter Boldenone undecylenate may contribute to
a continuously damage of the hepatic, renal and
testicular function and structure that may lead to a
hepatic, renal and genital progressive diseases so
young people especially should be careful if they
want to use such steroids to enhance their strength
and endurance.

Corresponding author

Ehab Tousson

Zoology Department, Faculty of Science, Tanta
University

toussonehab@yahoo.com

References

Alm-Eldeen A, Tousson E (2011) Deterioration of
glomerular endothelial surface layer and the
alteration in the renal function in Rabbits after
treatment with a growth promoter Boldenone.
Human and Experimental Toxicology, DOI:
10.1177/0960327111420745

Bahrke MS, Yesalis CE, Kopstein AN, Stepkens JA
(2000) Risk factors associated with
anabolic-androgenic steroid use among adolescents.
Sports Med 29: 397-405.

Bancroft JD, Cook HC (1994) manual of histological
techniques and their diagnostic application.
Churchill Livingstone, Edinburgh, London, New
York, Tokyo. Pp. 23-26.



Journal of American Science, 2011;7(12)

http://www.americanscience.org

Brookhouse B (2007) Two More Positive Drug Tests.
In Fight World". bloodyelbow.com.
http://www.bloodyelbow.com/story/2007/8/17/026
15/9740.

CannizzoTF, Zancanaro G, Spada F, Mulasso C,
Biolatti B ( 2007) Pathology of the Testicle and Sex
Accessory Glands Following the Administration of
Boldenone and Boldione as Growth Promoters in
Veal Calves. J Vet Med Sci. 69(11), 1109-1116.

De Brabander HF, Poelmans S, Schilt R, Stephany
RW, Le Bizec B, Draisci R, Sterk SS, van Ginkel LA,
Courtheyn D, Van Hoof N, Macri A, De Wasch K
(2004) Presence and metabolism of the anabolic
steroid boldenone in various animal species: a
review. Food Addit. Contam. 21, 515-525.

Dickerman RD, Pertusi RM, Zachariah NY, Dufour
DR, McConathy WJ  (1999)  Anabolic
steroidinduced hepatotoxicity: is it overstated?
Clinical J Sport Med 9: 34-39.

Gabr F, Abo El-Maaty T, Amal M, Aotifa AM (2009)
Effects of growth  promoter  Boldenone
undecylenate on weaned male lambs. Nature and
Science 7(3): 61-69.

Groot MIJ, Biolatti B (2004) Histopathological
Effects of Boldenone in Cattle. J Vet Med. 51:
58-63.

Guan F, Cornelius EU, Soma R, Youwen Y, Liu Y,
Lia X. High-throughput UHPLC MS/MSmethod
for the detection, quantification and identification
of fifty-five anabolic and androgenic steroids in
equine plasma. J Mass Spectrom 2010; DOI
10.1002/jms.1816

Hoffmann U (2002) Anabolic steroids — a problem in
popular sports. 7+ K. 69 (3), 136

Hughes TK, Fulep E, Juelich T, Smith EM, Stanton
GJ (1995) Modulation of immune responses by
anabolic androgenic steroids. Inter J
Immunopharma. 17, 857-863.

Kicman AT (2008) Pharmacology of anabolic steroids.
Br. J. Pharmacol. 154, 502.

Kuhn CM (2002) Anabolic steroids. Recent Progress

1080

in Hormone Res. 57,411-434.

Pey A, Blazquez I, Delgad J, Megias A (2003) Effects
of prolonged stanozolol treatment on antioxidant
enzyme activities, oxidative stress markers, and heat
shock protein HSP72 levels in rat liver. J. Steroid
Biochem. Molecular Biol. 87, 269-277

Schinzer W (1996) Metabolism of anabolic
androgenic steroids. Clinical Chem. 42, 1001-1020.

Shahidi NT (2001) A review of the chemistry,
biological action and clinical applications of
anabolic-androgenic steroids, Clin. Therapeutics 23,
1355-1390.

Soma LR, Uboh CE, Guan F, MC-Donnell S, Pack J
(2007) Pharmacokinetics of boldenone and
stanozolol and the results of quantification of
anabolic and androgenic steroids in race horses and
nonrace horses. J Vet Pharmacol Therap 30:
101-108.

Sullivan ML, Martinez CM, Gennis P, Gallagher EJ
(1998) The cardiac toxicity of anabolic steroids.
Prog Cardiovas Disc 41: 1-15

Sundlof SF (2001) Legal control of veterinary drugs.
In Veterinary Pharmacology Therapeutics, 8th edn,
Ed. Adams, H.R., p. 1155. Towa State University
Press, Ames, IA.

Veeramachaneni DN, Sherman GB, Floyd JG, Ott RS,
Hixon JE (1988) Zeranol and estradiol induce
similar lesions in the testes and epididymides of the
prepubertal beef bull. Fund Appl Toxicol. 10:
73-81.

Yesalis CE, Bahrke MS, Kopstein AN, Kennedy NJ
(2000) Incidence of anabolic steroid use. A
discussion of methodological issues. In: Yesalis CE
(ed). Anabolic Steroids in Sport and Exercise, 2nd
Edition. Champaign. pp 73-115

Yesalis CE, Kennedy NJ, Kopstein AN, Bahrke MS
(1993) Anabolic-androgenic steroid use in the
United States. J Am Vet Me Ass 270: 1217-1221.

12/8/2011



