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ABSTRACf. Boldenone and its precursor Boldione are illegally used for anabolic purposes in humans， horses and cattle. To develop more 
巴ffectivepolicies and programs to maximize food security， Italian Public Health Services investigate all indicators capable of assisting 
出erecognition of treated animals， and prioritize research and the formulation of action strategies for the promotion of healthy eating. 
Thus， an experimental administration of boldenone and boldione at anabolic dosages in veal calves was carried out to evaluate the 
changes in target organs by qualitative and semi-quantitative morphological analysis. The lesions resembled the effects already observ巴d
after the administration of androgen hormones to cattle. Main findings were r巴present巴dby prostate hypersecretion， increased rate of 
apoptotic cells and decreased rate of Ki67 positive cells in the germ cell line of treated animals， particularly in boldione group and finally 
some new features like hypertrophy of出eprostat巴 urothelialcells 
KEY WORDS: boldenone， boldione， prostate， testis， veal calves. 

The use of boldenone (l，4-androstadiene-17beta-ol-3-

one; BOL)叩 dits precursor boldione (l，4-androstadiene-3-

17dione; ADD) as anabolic st巴roidsin livestock， 
particularly in veal calves production， has been recognized 

in several EU States and th巴 legislationagainst its use 

(Council Directive 96122fEC; Council Directive 96123fEC) 
have been used for prosecutions of those using it illegally. 

BOL is an anabolic steroid very sirnilar to testosterone， wi出

dehydrogenation at the C-l，2 position. This drug has been 

developed for veterinary use: with a low androgenic potency 
and a very long half-life， trace amounts can easily be 
detected for months after discontinued use (http:// 

en.wikipedia.org/wiki/Boldenone). BOL causes increases 

of musc1e size due to promotion of positi ve nitrogen balanc巴

by stimulating protein production and reducing protein 

destruction， moreover it produces a retention of body water， 
nitrogen， sodium， potassium and calcium ions [11， 16]. 

BOL improves growth and feed conversion in veal calves 

and therefore might be used illegally to achieve more 
efficient meat production [1， 2，7，25]. ADD is used by 

bodybuilders as a product with an even g印 ateranabolic 

potency than BOL itself [7， 9]. Conversely， like the 0出巴r

androgenic steroids， 17 s-BOL is classified by the 

International Agency for Research on Cancer (lARC) in 
c1ass 2A (growth promoters -steroids)， as a probable human 
carcinogen 巴.g.prostate and liver tumors)， with a 

carcinogenicity index higher than that of other androgens， 
such as nandrolone， stanozolol and testosteron巴 [7]. A 

rE回 ntstudy has demonstrated the role of 17α-BOL in the 
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development of human prostate carcinomas 

xenotransplanted into nude mice [3]. To prevent the abuse 

of anabo¥ics in animal production， biological samples， 
inc1uding urine， blood and hair， are periodically taken from 
selected farms. Existing literature relates the presence in the 

urine samples of BOL and ADD derivatives， like 17α-BOL 
and 17βBOL conjugates， to proof of i1legal treatment [7]， 
while the presence of 17α-BOL free in urine and faeces of 

animal species can come from resources other than illegal 
treatrnent [18]， like phytosterols in food [19]. Since no c1ear 
correlation has yet been found between different 

observations， studi巴S紅巳 beingcarried out in order to better 
understand the significance of出esemetabolites in urine and 

fa巴cesof cattle [7]. On the other hand， few morphologica1 
studies are available on the target organs of treated animals. 

Groot and Biolatti [14] investigat巴dthe prostate， bulbo-
urethral gland and testis of veal calves from the field found 

positi ve for 17βBOL residues in urine. Findings showed 

hypersecretion， cyst formation in prostate and bulbo-
urethral gland， and hyperplasia of urethral epithelium. In 

the testis， reduc巴ddevelopment and degeneration of th巴

gerrninal epithelium was also found. 

It is recognized that analytical methods are often 

ineffective to determine residues of drugs in biological 

matrices， and the illegal use of a large variety of growth 

promoters is still ac印al.Their detection is far from evident 

by， e.g. extensive metabolism of the compounds and/or the 
low dosages used. Furthermore， structural changes of 
known repr巴sentativecan elude screening， while new 
substances and even new classes of compounds are 

introduced unknown to the laboratories. The increased use 

for screening purposes of very specific methodology， such 
as mass spectrom巴町Y(MS) with single ion monitoring and 
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even tandem MS， is a handicap in det巴ctingnew molecules. 
Th巴 applicationof screening methods based on different 
approaches， including group specific methods and methods 
based on the measurement of indirect parameters also 
should be encouraged. Th巴 useof histological and 
physiological indicators should be worked out [6]. Since 
veal calves category is largely bred in north of Italy， an 
experimental administration of BOL and ADD in veal 
calves was carried out in order to establish new， validated 
parameters to recognize treated animals. Purpose of the 
work was to evaluate the changes in target organs， both with 
qualitative and semi叩 Jantitativemorphological analysis. 

MATERIALS AND METHODS 

Animals: The study was carried out on 14 Friesian mal巴

veal calves， about 25 days old， housed in a farm situated in 
Piedmont (North W巴stItaly). The animals were housed for 
6 months in individual boxes (0.80 x 1.80 m) with concrete 
floor without litter or lateral partitions. The calves were 
tethered and fed with liquid milk replacer， twice a day [dry 
matter 0.95， crude protein 0.23， ether extract 0.21， ash 0.6， 
cellulose 0.001; vit. A 25.000 IU/kg， vit. C 50 mg/kg， Cu 5 
mg/kg， vit. D3 5.000 IU/kg， vit. E 80 mg/kg]. The amount 
of the fodder was increased gradually up to 16 l/calf/day; 
after one month 0.5 kg of barley straw (D.M. 0.90， c.P. 
0.02， E.E. 0.01， ash 0.06， crude fibre 0.41) was added to the 
diet according to the indications suggested by the European 
Comrnission (97/l82AC). Calves were weighed at monthly 
intervals and slaughtered at 210 days of age. 

Treatment: Calves were randomly allotted to 3 groups. 
Table 1 reports the average body weight of each group at the 
start of出eexperiment. Each animal in Group A (5 animals) 
was administered 1 mg/Kg BOL undecyl巴nate(1，4-
androstadiene-17beta-ol-3-one) (Novartis Consumer Health 
B.V.) suspended in sesame oil by intramuscular injection 
once weekly for five weeks， starting from the seventh week 
before slaughter. Each animal in Group B (5 animals) was 
administered 1 mg/Kg ADD (1，4-androstadiene-3，17-dione) 
(Sigma-Aldrich， Saint Louis， MO， U.S.A.) suspended in 
sesame oil by intramuscular injection once weekly for 4 
weeks， starting from the sixth week before slaughter. Four 
calves received 5 ml of sesame oil by intramuscular 
I吋ection(Group C)， once a week for 5 times as group A. 
Dosages were chosen according to literature [23]. Calves 
were slaughter巴dat 210 days of age， 15 days after the last 
汀eatment.

Samples and processing of tissue: The experiment was 
authorized by the ltalian Ministry of Health and the Ethic 

Table 1. Body weight of animals when settled in the 
farm 

Groups N. animals Body weight 
(range; media :t SD) 

A 5 61-77 Kg; 70:t 6.3 
B 5 64-ー73Kg; 67士3.7
C 4 65-75 Kg; 72士4.1

Comrnittee of the University of Turin. Carcasses of treated 
animals were destroyed (2003/74/CE -DL 16 march 2006， 

n. 158). Bulbo-urethral gland， testis and prostate of each 
animal were collected after slaughter. Tissue samples were 
fixed in 10% neutral buffered formalin overnight at room 
temperature and paraffin embedded according to routine 
histological procedures. Representative sections of each 
sample were stained with hematoxylin-eosin (HE). 

lmmunohistochemistry: Sections of testis were 
immunohistochemically stained with monoclonal Ki-67 
antibodies (DakoCytomation， CA， U.S.A.) as follows: 
sections (3μm) were deparaffinized and re-hydrated 
Endogenous peroxidase activity was blocked by incubating 
sections in 3% H202 for 15 rnin. After repeated rinsing with 
phosphate-buffered saline solution (PBS)， sections were 
immersed in citrate buffer (0.005 M， pH 6.0) and 
microwaved three times for 5 min each， then were 
incubated with a primary antibody for 30 min (1: 100). After 
primary antibody incubation， th巴 sectionswere washed in 
PBS. A streptavidin-biotin multilink method (StrAviGen 
Multilink kit; Biogenex， San Ramon， CA) was used for 
detection of reactivity. Diaminobenzidine-H202 solution 
(DakoCytomation， CA， U.S.A.) was used as chromogen 
and applied for 5 min. The slides were then rinsed in 
distilled water to stop the reaction. After washing， the slides 
were counterstained with hematoxylin， dehydrated and 
mounted with a cover-slip. 

ln situ detection of apoptosis: ln situ detection of 
apoptosis was performed using the TUNEL technique. This 
method is based on the addition of labelled deoxynucleotide 
triphosphat巴tothe 3' -OH ends ofDNA fragments catalyzed 
by deoxynucleotidyl transferase (TdT). This enzyme 
selectively det巴ctsapoptotic rather than necrotic cells [12]. 
Th巴 reactionwas reveal巴dimmunohistochemically by 
means of an anti-digoxigenin antibody peroxidase 
conjugate. Representative 4・μm-thicksections of each 
sample were stained by means of ApopTag@ ln Situ 
Apoptosis D巴t巴ctionKit (Intergen Company， Purchase， NY， 
U.S.A.) for identification of apoptotic nuclei. Briefly， 

sections were deparaffiniz巴d，re-hydrated and treated with 
proteinase K (Sigma， Saint Louis， MO， U.S.A.) 20μ.g/ml for 
15 rnin at room temperature. The slides were then washed 
in distill巴dwater and endogenous peroxidases were blocked 
with 3% H202 in PBS for 5 min at room 
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obtain巴dfrom ev巴rysubject and 12 different fields of 
urethral epithelium from each sample of prostate were 
randomly chosen for magnification at 200 x. For each field， 

20 thickness measurements were made. Also relative area 
of nuclei in urethral epith巴liumwas calculated (nuclear area 
(N) / total epithelium area (N+C)) on a single representative 
picture captured from each sampl巴. Concerning testis， a 
sample was obtained from each animal and stained with Ki-
67. Five different fields of seminiferous tubules from each 
sample were randomly chosen for taking pic旬resat x 200 
magnification [10]. For each picture， th巴紅eapositive for 
Ki-67 stain was measured and calculated using software. 
Also， the frequency of apoptotic cells was evaluated by 
using the software Image-Pro Plus on samples of testis from 
each animal. The ana1ysis was done by scanning， at x 200 
magnification， microscopic fields picked at random in 
seminiferous epithelium. For each animal， the number of 
apoptotic cells in gerrninal tissue was expressed as a mean :!:: 
SEM. 

Statistical analyses: Statistica1 analyses were carried out 
using the GraphPad Software， version 3.05 (GraphPad 
Software， Inc.， San Diego， California， U.S.A.) and R 

software， .version 2.2.0 ((C) R Foundation， from http:// 
www.r-project.org). To compare data the Kruska1 Wallis 
test (Non-Parametric ANOVA) with the Dunn's Multiple 
comparison post test were used. Differences between 
groups were considered significant at p<0.05. 

RESULTS 

Body weight: Table 2 shows the monthly av巴rag巴 body
weight of experimental groups. From the beginning to the 
end of the treatm巴nt，出巴 animalsof groups C increased from 
197 to 225 kg; the animals of group A from 201 to 249 kg 
and the animals of group B from 201 to 239 kg. No 
statistically relevant difference was detected b巴tween
groups. 

Muscle: No muscular lesion were detected in the site of 
l吋ectionof the drugs or placebo in treated and control 
animals. 

Prostate， Urethra and Bulbo-urethral gland: The 
prostates of treated animals were macroscopically normal， 
but histologically showed various degrees of hypersecretion 
and cyst formation， characterized by diffuse and moderat巴
tubular dilation， as well as accumulation of secretion. In the 
same groups， among the undifferentiated glandular 
epithelial cells， small areas of well-differentiated mucous 
secreting cells were present， compar巴dwith none in group C 
(Fig. 1). The same findings were detected in bulbo-urethral 
glands， except for a more diffuse differentiation of secreting 

cells， both in treated and control animals. No hyperplasia or 
metaplasia were found in treated groups (Fig. 2). 
Concerning the prostate uroth巴lium，the thickness of the 
epitheliallayer did not show significant differences b巴tween
the experimental groups (Fig. 3) and no metaplasia or 
epithelial folding w巴redetected. However， the size of the 
epithelial cells was increased in group A and B when 
compared with C. In the treated animals， the superficial and 
intermediate epithelia1 cells of the urothelium were larger 
than those in the controls while there were no changes in the 
basal layer. Cytoplasm was swollen and paler than in the 
controls in which there was less cytoplasm that stained more 
intensely， while the nuclei were normal (Fig. 4). The ratio 
between the ar巴aof nuclei and the total area of the urethra 
(N/N+C) was ca1culat巴d(Fig. 5): the highest values were in 
the control group， followed by group A and group B. 
Differences between groups were not significant although a 
clear tendency has been revealed (Kruskal-Wallis test: 
p=0.08). 

Testis: Adrninistration of BOL and ADD to veal calves 
induced a slight reduction of testis weight， although no 
statistically rel巴vantdifferences were detected between 
groups (Fig. 6). The bilateral average weight of testis was 
136.6 g， 130.6 g and 149.5 g in animals of group A， B and C 
respectively. The weight difference was -8.5% less in 
group A and -12.5% 1巴ssin group B wh巴ncompared with 
th巴 controlgroup. HE stained sections of testis tissue 
showed a reduced number of germinal cells and no 
spermatids wh巴ncompared to controls. Leydig cells did not 
show relevant differences between groups. Size and pattem 
of cytoplasm was comparable. Apoptotic figures were 
pr巴sent，although rare， in subjects of all groups. Ki-67 
immunohistochemistry showed a significant reduction of 
cell proliferation in both BOL and ADD groups， a10ng with 
a restriction of germ cells to spermatogonia and a few 
spermatocytes in extensive areas of testicular parenchyma 
(Fig. 7). When relative positive areas to Ki-67 were 
calculated in g巴rmcell epithelium， and median values w巴re
compared (Fig. 8)， group C showed the highest median 
value， followed by group B， and then group A. The Student-
Newman-Keuls test confirmed a significant difference 
between groups A and C (pく0.05).Furthermore， the in situ 
apoptosis stain showed a significant (P<0.05) increased 
number of positive cells in the serniniferous tubul 

Table 2. Monthly average weight of veal calves for each group 

Groups N. animals Month 1 Month 2 Month 3 Month4 Month 5 

A 5 118 Kg 158 Kg 201 Kg 232Kg 249 Kg 
B 5 116 Kg 157 Kg 201 Kg 229 Kg 239 Kg 
C 4 120Kg 158 Kg 197 Kg 222 Kg 225 Kg 
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Fig. 1. Prostat巴 glandulartissu巴 ofa) boldenon巴甘.eatedanimal， 
b) boldione位eatedanimal and c) control anima1. Note hyperse-
cretion， cyst formation and moderat巴tubulardilation in treated 
animals compared to control (HE， x 200 magnification)ー

DISCUSSION 

Bulbo-urethral and secreting epithelial cells of the 

prostate were in an advanced stage of differentiation， of 

gland secr巴tionand the size of the urothelial cells was 

moderate1y increased in treated animals. In addition， 

Fig.2. Bulbo-urethral gland of a) boldenone treated animal， b) 
boldione treated animal and c) control animal. Not巴 hyperse-
cretion， small systs and moderate tubular dilation in treated 
animals compared to control (HE， X 200 magnification). 

decreased weight of the testic1es， decreased expression of 
Ki-67 immunostaining， and increased apoptosis rate in 
seminiferous tubules w巴reinduced by BOL and ADD. The 

effects of exogenous high doses of androgens on bovine 

prostate morphology ar巴 known[5， 15]・ treatedanimals 

show an active gland with increased PAS positive secretion， 
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C 

Fig. 3. Thickness of出eurethral epithelial layer目 No
significant differences ar巴d巴tectedb巴tweengroups 

一ー「一

ーー...L一一

B 

Experimental groups 

g Q  
。

A 

B 

LO 
寸

。

寸

的

門

的
的
。

cu品
U-z
↑

Eコ
c'l 

LO 
N 

C 

Fig.5. N/N+C ratio shows that the cytoplasm volume 
of the urethral epithelial cells in prostates of treated 
animals is increased compared with controls 
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Fig. 4. Prostatic urothelial cells of a) boldenon巴町巴at巴danimal， 

b) boldione treated animal and c) control animal目 Note
increased cytoplasm volume， like hypertrophy， in urothelial 
cells of the treated animals (HE， X 600 magnification) 

which sometimes leads to cyst formation and acid-basic 

modification of the secretion. Similar findings were 

confirmed in our experiment， a1though not as conspicuously 

as observed by other authors using different androgens [13]. 

In addition， NIN+C ratio was lower in treated groups than in 
the control group. The evident tendency of the value may 

suggest that， following the administration of androg巴ns，

0.8 

~ 0.7 

206 
き0.5
由

~ 0.4 

色 0.3
@ 

302 
.と

1ii 0.1 
2 

O 

|ロG削 ppA .Group B ・G剛 pcl

Fig. 6. Testis weight， was slightly decreased in 
treated animals but not significantly compared to 
control. Data are expressed as mean :t SEM. 
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Fig. 7. Ki-67 imrnunohistochemistry in testis from representa-
tive sections of group A， B and C animals. The positive cells 
show darker nuclei (arrow). Note出elower expression of ki-67 
and a considerable regression of germinal cell line in treated 
animals (x 400 magnification). 

prostatic urothelial cells become swollen due to the 
increased cytoplasm volume as a probable consequence of 
c巴11hypertrophy. The increased size of the urothelial 
intermediate and superficial cells has not yet been described 
following administration of androgens， though squamous 

5，6 

4，8 

4 
g 帽

ー申〉帥o a 3.2 

2，4 

百里

1，6 

0，8 

o 

iロGrouppA ・GroupB ・G剛 pCI 

Fig.8. Kト67 immunohistochemistry. Treated 
animals show a d巴creased巴xpressionof Ki-67 
in testis which is accentuated in group A. Data 
are expressed as mean :t SEM. * P<0.05 
(Dunn's Multipl巴comparisontest) 

metaplasia of the whole epi出eliallayeras a consequence of 
estrogens treatment has been shown [15，20]. As 
testosterone is the primary substrat巴 forthe synthesis of 
estradiol in the male， the aromatization of BOL and ADD 
could produce sufficient estradiol to induce the uroth巴Iial
cell swelling. The findings confirm what has already been 
observed in the field by Groot and Biolatti [14] in samples 
from positive animals subjected to analytical testing. 
Considering testis morphology， by出etime of slaughter a11 
the animals were pre-pubertal [4]. BOL and ADD had a 
detrimental effect on spermatogenesis and testis size， 
causing a reduction in testis weight and the number of 
developing germ cells， as previously reported in horses [14， 
17， 22]. Although it is well known that these drugs induce 
changes in human and animal sexual behaviour and sperm 
quality [14， 17，24]， biological changes of the testicular 
structures have received less attention. The evaluation of 
proliferation and apoptosis in germ cell Iines by means of 
image analysis， immunohistochemistry and TUNEL 
m巴thods，showed that BOL played a role mostly by 
d巴pressinggerminal cell proliferation， while ADD seemed 
to act both by depressing germ cell proliferation and by 
inducing apoptosis. Although the m巴chanismof action has 
still to be cIarified， and hormonal regulation of 
spermatogenesis is still not completely understood， it is well 
known that testosterone and its analogues play an essential 
role in spermatogenesis， particularly in the initiation and 
maintenance of出espermatogenic process and inhibition of 
germ cell apoptosis [21]. Exogenous treatment with 
testosterone or anabolic androgenic steroids such as BOL， 

ar巴 followedby suppression of both Gonadotropin 
Releasing Hormone production by the hypothalamus and 
Luteinising hormone production by the pituitary gland and 
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Fig. 10. Apoptosis expression of germ cell lines of 
groups A， B and C. Data are expressed as mean :t 
SEM. Apoptosis is more expressed in treated 
groups and it is significantly higher in group B 
compared with group C. * P<0.05 (Dunn's Multi-
ple comparison test). 

Therefore the suppression of testosterone production by the 

Leydig cells， induced by exogenous androgens， will result in 
a deficient spermatogenesis， despite th巴 highcirculating 
levels of administered hormone， as can also b巴 S田 ntn men 

taking anabolic-androg巴nicsteroids [8]. An analogous 

pathogenetic mechanism seems to be responsible for 

testicular findings detected in treated animals recruited in 

this study. 1n conc¥usion， the describ巴dlesions and effects， 
although less severe， were similar to those already observed 
after androgen administration， both in cattle and other 
species， and included prostate hypersecretion and 

hypogonadism， they also included hypertrophy of the 
urothelium. The exact meaning of the latter is still to be 

c¥arified and requires more investigation. By contrast， the 
morphological findings caused by BOL and ADD 

administration in veal calv巴sare too slight to b巴adoptedas 

reliable positive histological markers to detect treated 

animals at the abattoir. N巴verth巴less，from the public health 
point of view， the histological study of anabolic target 

organs must be further investigated since it may provide 

additional information to the official methods adopted by 

the European National Residu巴sPrograms. On the other 

hand， difficulties of analytical m巴thodsto detect residu巴sof 
modified or unknown n巴wmol巴cules，r巴sultin an incorrect 

quantification of the risk for th巴 consumerhealth. 

Histology， is a fast and cheap screening test which is able to 

show morphological changes in target organs， lasting 
several weeks， following treatment with growth promoters 

[5]. Thus， histological t巴stcan provide more information 

about the misuse of hormones in live stock production and， 

fina¥ly， a better quantification of the risk for consumer 

health. 

Fig. 9. lmmunocytochemical demonstration of apoptosis in tes-
tis of a) bold巴none住eatedanimal. Several apoptotic cells are 
present (町ows)，b) boldione田 atedanim討.lncreased number 
of apoptotic cells are present in出巴 germcellline (arrows)， and 
c) control animal. Few apoptotic cells are detectable (町ows)
(x 400 magnification). 

subsequently suppression of testicular testosterone 

production. It is acknowledged that， in order to a¥low 
regular spermatogenesis， high levels of testosterone are 

needed inside the testis， and this can never be accomplished 
by oral or parenteral administration of androgens. 
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