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It has been previously demonstrated that the progesterone receptor gene is up-regulated in the sex accessory 
glands of pre-pubertal and adult male bovines after 17/S-oestradiol treatment. In the present study, a qualitative 
screening method was optimised to detect 17/3-oestradiol treatment using absolute quantification by qPCR of the 
progesterone receptor gene to determine the amount of gene expression in bulbo -urethral glands. An external 
standard curve was generated and developed with TaqMan® technology. Based on two in vivo experiments, the 
decision limit CCa, sensitivity and specificity of this screening method were established. Trial 1 consisted of 32 
Friesian veal calves divided into two groups: group A (w= 12), consisting of animals treated with four doses of 
17/S-oestradiol (5mgweek_1 per animal); and group B (n = 20), consisting of control animals. Trial 2 was 
performed on 26 Charolaise beef cattle that either received five doses of 17/3-oestradiol (group C; 20mgweek~1 per 
animal; n = 6) or remained untreated (group D; n = 20). Further, progesterone receptor gene expression was 
evaluated in beef and veal calves for human consumption. A specific CCa on 20 Piedmontese control beef cattle 
was calculated to include these animals in a field investigation. Five out of 190 beef cattle and 26 out of 177 calves 
tested expressed the progesterone receptor gene above their respective CCa and they were classified as being 
suspected of 17/S-oestradiol treatment. Additionally, 58% of veal calves that tested suspect via qPCR exhibited 
histological lesions of the bulbo-urethral gland tissue, which are typical of oestrogen administration and are 
consistent with hyperplasia and metaplasia of the glandular epithelium. 
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Introduction 

In cattle fattening, the additional application of oestrogens in anabolic preparations to increase live weight gain is 
licensed in several countries but not in the European Union. This application leaves a greater amount of residual 
oestrogens in edible tissues, such as meat, when compared with untreated animals (Daxenberger and Ibarreta 
2001). At slaughter, not all the steroids have been metabolised or excreted; measurable levels are, in fact, present in 
muscle, fat, liver, kidney and other organs in meat products (Henricks et al. 2001). 

In humans, the potential effects of oestrogen residues include, but are not limited to, impaired fertility 
(Skakkebaek 2003), increased incidence of hormone-related cancers (Miller and Sharpe 1998), and 
congenital malformations (Sharpe and Skakkebaek 1993). 

The European Union protects consumer health by banning the use of   these anabolic compounds in Directive 
1996/22 (European Commission 1996). The Italian National Program for Residue Surveillance (PNR) in meat and 
meat derivatives showed a marked increase in steroid hormone positivity in cattle (PNR 2010); however, 
the detection of their use is limited by the increasing number of new growth-promoting compounds, low dosage 
and cocktail formulations used. These factors limit the efficiency of official analytical methods such as HPLC and 
LC-MS. 

These analytical techniques are based only on the physicochemical characteristics of drugs; several research 
groups have therefore started to investigate new technologies that use the biological effect of these growth 
promoters. These screening methods are not meant to replace traditional analytical methods; rather, they may be used 
as a preliminary screening control to filter the thousands of collected samples and thus improve the overall efficacy 
of the official controls (Nebbia et al. 2011). 

 

 

Apart from the desired effects, such as increased muscle development and reduced fat deposits, anabolic agents 
used in animal production have been shown to produce serious changes in organs that are physiological targets of these 
agents (Groot et al. 1998; Meyer 2001); in fact, oestrogenic hormones induce characteristic lesions, which are 
hyperplasia and squamous metaplasia in the prostate and bulbourethral glands of male animals and in Bartholin's 
glands of females (Grandmontagne 1986; Schilt et al. 1998; Groot et al. 2000; Biolatti et al. 2003). This histological 
method can identify illicit 17y6-oestradiol (j6E2) treatment up to 15 days after the last drug administration in veal 
calves (De Maria et al. 2010; Pezzolato et al. 2011) and in adult male animals (Divari et al. 2011). This screening 
method is officially adopted by the Italian PNR for the detection of illicit hormone treatment (PNR 2010). 

However, anabolic steroids are most often used in combination; for example, an androgen and an oestrogen, such 
as /SE2 and trenbolone acetate, are sometimes used simultaneously (Parr et al. 2011). It was demonstrated that these 
cocktails induce weak microscopic lesions in sex accessory glands (Divari et al. 2011), and they often elude 
preliminary screenings; therefore, it is necessary to perform screening tests using other technologies. 

For example, Mooney et al. (2008) examined a novel detection strategy based on the profiling of plasma 
component concentrations in response to growth promoter administration. Specifically, they developed a biosensor 
that measured the binding capacity of sex hormone-binding globulin that was shown to be significantly reduced within 
the plasma of growth promoter-treated animals (Mooney et al. 2009). 

In addition, the "omics" technologies (i.e. transcriptomics, proteomics and metabolomics) have been proposed as 
new methods to detect illegally treated animals (Toffolatti et al. 2006; Riedmaier et al. 2009; Davies 2010; Pinel et al. 
2010; Lopparelli et al. 2012). In particular, the transcriptomic techniques are based on the concept that once a specific 
transcriptional marker has been identified, it can be used to develop a novel screening method for the low-cost analysis 
of anabolic treatment in animal production. 

y6E2 affects several oestrogen-regulated genes that contain oestrogen-responsive elements, and its effects are 
mediated by its binding to two nuclear receptors: oestrogen receptor alfa and oestrogen receptor beta (Cheskis et al. 
2007). The progesterone receptor (PR) gene is one of these oestrogen-regulated genes (Risbridger et al. 2001). 

In a recent experiment using relative quantification by real-time PCR (qPCR), it was demonstrated that y6E2 alone 
or in combination with other drugs induces up-regulation of the PR gene in the bulbo-urethral and prostate gland 
tissues of veal calves (De Maria et al. 2010) and beef cattle (Divari et al. 2011). This result suggests that the PR gene 
may be used as a biomarker to detect animals illegally treated with oestrogen, particularly when there are no evident 
histopathological lesions on the sex accessory glands. 

The aim of the present study was to develop this transcriptomic technique for potential use in food safety 
monitoring. For the first time it was applied to unknown samples that were collected at slaughterhouses. In addition, an 
absolute quantitative qPCR approach was developed to improve the detection specificity and sensitivity of PR gene 
expression levels in the bulbo-urethral glands of beef cattle and veal calves treated with /?E2. Potential physiological 
differences in PR gene expression between two breeds of adult male bovines, Charolaise and Piedmontese, were also 
investigated. A further in-field investigation of veal calves and beef cattle in the Piedmont region (north-west Italy) 
was conducted to evaluate the possible illicit use of oestrogens in these animals. 

 



Materials and methods 

Animal treatment and sample collection 

In trial 1, 32 male Friesian veal calves, 6-7 months old, were randomly divided into two groups of animals: group A (n 

= 12) received four doses of /SE2 valerate (Sigma-Aldrich, St. Louis, MO, USA) diluted in 10 ml of benzyl alcohol and 

1 ml of ethyl oleate (5mgweek
_1 

per animal; i.m.); and group B (n = 20) was maintained as a control group. The animals 

were sacrificed 15 days after the last treatment (trial 1, partially reported in Pezzolato et al. 2011). In trial 2, 26 male 

Charolaise beef cattle, 17-22 months old, were randomly divided into two groups of animals: group C (n = 6) received 

five doses of betaE2 (20 mg week
-1

 per animal; i.m.), and group D (n = 20) was kept as a control. The animals were 

sacrificed 7 days after the last treatment (trial 2, partially reported in Divari et al. 2011). 

The animals were housed as reported previously (Pezzolato et al. 2011; Divari et al. 2011), and a placebo was 

administered to the animals used as controls. In addition, a group (n = 20) of non-treated male Piedmontese beef 

cattle (group E), 14-24 months old, was used to determine the decision limit CCa for PR gene expression in this breed 

as a control for the in-field investigation. These animals were bred as in Divari et al. (2011).  

The bulbo-urethral glands were collected at slaughter and preserved for molecular analyses. The experiment 

was authorised by the Italian Ministry of Health and the Ethics Committee of the University of Turin. The carcasses 

of the treated animals were destroyed (2003/74/CE - DL 16 March 2006, 2n. 158). 

 

 
 

Figure 1. (a) PCR strategy used to join the PR and PPIA gene fragments and to obtain PR-PPIAc. The PRf/PR-PPIAr and 
PR-PPIAf/PPIAr primer sets were used in PCRs 1 and 2, respectively, to produce two overlapping fragments (PR-PPIAa 
and PR-PPIAb, respectively). Purified amplicons were then joined together in the third step using the external primers, PRf and 
PPIAr. (b) A virtual gel of the automated capillary electrophoresis of the final PR-PPIAc gene fragment. Lane L: molecular 
weight marker; and lane 1: PR-PPIAc gene fragment (199 bp). Two DNA internal markers (lower, 15bp; higher, 1500bp) were 
added to indicate peak alignments. 

Animals infield 

A group of 190 male beef cattle, 14-24 months old, including Piedmontese (n = 91) and Charolaise (n = 99) breeds, was 

selected for the beef cattle studies. In addition, Friesian pre-pubertal veal calves (w=177), 5-8 months old, were 

selected for analysis. This sampling method is already used for official analytical controls in PNR and was performed 

as previously described (Cannon and Roe 1982). The expected prevalence was 50% with a 95% confidence interval 

(CI). All the animals originated from the Piedmont region (north-west Italy). 

Sample collection, RNA extraction and reverse transcriptase PCR 

Bulbo-urethral gland samples were collected from each animal after slaughter. A portion of the gland (100 mg) was 

immediately fixed in RNAlater (Ambion, LifeTechnologies, Carlsbad, CA, USA) and stored at —80°C for the 

molecular studies; the remaining tissue was fixed in 10% neutral-buffered formalin for histological analyses. 

Total RNA of bulbo-urethral gland samples was extracted using TRIzol reagent (Invitrogen, 

LifeTechnologies, Carlsbad, CA, USA) according to the manufacturer's protocol. RNA quantity and integrity 

were verified by an automated gel electrophoresis system (Experion Instrument, BioRad, Hercules,  CA,  USA),  

and  cDNA was synthesized from 1 mg of total RNA using the QuantiTect Reverse Transcription Kit 

 



(Qiagen, Hilden, Germany), which included a DNase reaction. 

Primer design and PCR strategy 

The PCR strategy used to amplify the synthetic gene fragment (PR-PPIAc), make up PR target gene and cyclophilin 

A (PPIA) housekeeping gene is schematically presented in Figure 1(a), while the primer sequences are listed in 

Table 1. Briefly, two separate runs of amplification were performed: one PCR reaction (PCR1) utilised the PR 

forward (PRf) and PR-PPIA reverse (PR-PPIAr) primers; the other PCR reaction (PCR2) used the PR-PPIA 

forward (PR-PPIAf) and PPIA reverse (PPIAr) primers. These two PCRs generated overlapping PR-PPIAa and -b 

sub-fragments. These sub-fragments were then joined together (PR-PPIAc) in a final run (PCR3) using external 

PRf and PPIAr primers. Each PCR protocol was performed using Taq DNA Polymerase (Qiagen) and the following 

PCR cycling programme: initial denaturation (94°C for 3min), an amplification programme repeated 35 times (94° 

C for 1 min, 60° C for 1 min, 72°C for 1 min), and a final extension (72°C for 10 min). The size of PR-PPIAc 

(approximately 200 bp) was verified by an automated electrophoresis station (Experion Instrument) (Figure 1b); 

DNA analysis was performed using the Experion DNA 1K analysis kit (BioRad) (Delibato et al. 2009). 



Table 1.   Primer sequences and TaqMan® probes for the PCRs and qPCR. 
 

 

Cloning of PR-PPIAc into the pDRIVE plasmid vector and generation of the recDNA external calibration curve 

The PR-PPIAc gene fragment was mixed with the pDRIVE vector in a ligation reaction mixture for 30min at 16°C 
using a Qiagen PCR Cloning Kit, and the ligation product was transformed into QIAGEN EZ Competent Cells. The 
cell-vector mixture was incubated on ice for 5min, heat-shocked for 30 s at 42° C in a water bath and immediately 
transferred to ice for 2min. The cells were then plated onto LB agar containing kanamycin, IPTG and X-gal and 
incubated at 37°C. White recombinant colonies were picked and subjected to colony PCR to confirm the presence of 
the PR-PPIAc gene fragment. Positive colonies were grown in LB overnight. The bacteria were harvested, and the 
plasmid was purified with the QIAprep Spin Miniprep Kit (Qiagen) according to the manufacturer's instructions. 

After purification, the recombinant plasmid DNA (recDNA) was sequenced by BMR Genomics (Padova, Italy) using 
M13R and M13F primers to confirm its identity as PR-PPIAc. The recDNA obtained from the cloning reaction was 
stored at — 80°C and it was utilised for hundreds of external standard curves. The concentration of the purified 
recDNA was calculated by multiple optical measurements at 260 nm using an Ultrospec 3100 Pro UV/vis 
spectrophotometer (Amersham, GE Healthcare, Buckinghamshire, UK). The total number of recDNA bases, 4051 
(pDRIVE vector, 3851 bp; PR-PPIAc, 200 bp), was multiplied by 650 Da (the average molecular weight of a DNA 
base pair) to determine its single-copy molecular weight as 2.63 x 106 Da. One Dalton is 1.67 x 10"24 g, and thus the 
recDNA weighs 4.39 x 10~18 g; this number was then used to calculate the recDNA copy number μl_1 of product 
purified.  The  recDNA was  used  as  a starting template in the 20 ml qPCR reaction mix, and a standard curve 
was generated using serial dilutions of the recDNA from 1.82 x 107 to 1.82 x 102 molecules. 

The absolute qPCR reactions were performed in a final volume of 20 ml containing 10 ml of 2x IQ Multiplex 
Powermix (BioRad), 1 ml of each 6 mM primer (PRf and PPIAr), 1ml of each 2mM TaqMan® probe (Table 1), 1 ml 
of template DNA and 5ml of nuclease-free water. The PCR cycling conditions consisted of 3min incubation at 95°C 
followed by 40 cycles of 95°C for 10 s and 60°C for 30 s. 

Absolute quantification by qPCR was performed using the iQ5 Detection System (BioRad). Each sample was 
amplified in triplicate. 

Primer and TaqMan® probe specificity was documented by an automated electrophoresis station (Experion 
Instrument). The amplification efficiency and the sensitivity and linearity of the absolute qPCR were evaluated using 
different starting amounts of the recDNA; these parameters were calculated for PR and PPIA fragments separately 
given the different TaqMan® probes. PCR amplification efficiencies (E) were calculated from the slopes of the 
standard curves using the following formula (Rasmussen 2001) (Table 2): 

E (%) = [10(-1/slope)] - 1 x 100 

Assuming that the relationship between the log of the number of molecules of the PR and PPIA gene fragments 
present in the qPCR reaction mix and the quantification cycle (Cq) value is linear, the equation of the external 
standard curve was used to determine the detection limit of the qPCR. The total number of PCR amplification cycles 
was set to 40. 

To confirm the precision and reproducibility of the qPCR, the intra-assay precision was determined using  four   
repeats within one qPCR experiment. 

 



Table 2. Characterisation of the absolute qPCR using the recDNA as a starting template for the 
calibration curve. The quantitative amplification parameters were calculated as mean values of 
four different experimental runs. 

 

 

Table 3. Intra-assay (test precision) and inter-assay variation (test variability) of two calibration curves using the recDNA as a 
starting template. 

 

Inter-assay variation was investigated using four repeats in different experimental qPCR runs over 4 days 
(Table 3) (Pfaffl and Hageleit 2001; Dionisi et al. 2003). Calculation of variation is based on the variation of 
Cq (mean and coefficient of variation, CV%). 

Absolute quantification by qPCR of PR gene expression on experimental and in-field samples 

Amplification of an endogenous control was per formed to standardise the amount of DNA added to 
the qPCR reaction. For the absolute quantification of PR gene expression in each sample, the 
molecule number of PR cDNA was normalised to the molecule number of PPIA cDNA (PR 
PPIA"1). PPIA is a housekeeping gene used as a loading control in De Maria et al. (2010). The 
absolute qPCR reactions were performed in a final volume of 20 ml containing 10 ml of 2x IQ 
Multiplex Powermix (BioRad), 1 ml of each 6 mM primer (PRf and PRr, PPIAf and PPIAr), 1 ml 
of each 2mM TaqMan® probe (Table 1), 1 ml of template DNA and 3 ml of nuclease -free water. 
The qPCR cycling conditions were the same as for the standard curve construction. Each sample 
was amplified in duplicate.  

Decision limit, sensitivity and specificity of the bE2 screening method 

In the context of European Commission (2002) Decision 2002/657, the CCa (a = 1%), was defined as the mean 

signal of 20 blank samples plus three times the corresponding standard deviation (SD). Samples with a signal below 

this CCa were classified as compliant, while samples with a signal above this CCa were classified as suspect. 

In this case, the CCa was calculated from the corrected PR PPIA
-1

 cDNA copies obtained from the bulbo-urethral 

glands of 20 control Friesian veal calves, 20 control Charolaise beef cattle and 20 control Piedmontese beef cattle 

(Figure 2). 

 



The sensitivity and specificity of this screening method were calculated using a 2 x 2 contingency table (Table 4) 

from the qPCR results obtained from the experimental Friesian veal calves and Charolaise beef cattle. 

Histopathology 

The formalin-fixed samples were embedded in paraffin, cut in 4-mm-thick sections and stained with 

haematoxylin and eosin. The histopathological investigation was performed on tissue sections from the 

bulbo-urethral glands of all experimental animals from groups A-D. The bulbo-urethral gland sections of the group 

E animals were also analysed for the typical histological alterations that are easily visible after betaE2 treatment 

(Divari et al. 2011). The in-field animals that were suspected of betaE2 treatment via absolute qPCR were also 

submitted for histological diagnosis to investigate for lesions typical of oestrogen treatment.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure 2. Mean number of PR PPIA 
1
 gene copies calculated from bulbo-urethral glands of control male Friesian veal calves 

(group B), Charolaise beef cattle (group D), Piedmontese beef cattle (group E) and the PR PPIA
-1
 mean values obtained from 

bulbo-urethral glands of treated animals of group A (Friesian veal calves) and group C (Charolaise beef cattle). The horizontal 
lines correspond to CCa values determined from the control groups (**p 5 0.001, *p 5 0.01). 

Table 4. The 2 x 2  contingency table for the evaluation of sensitivity and specificity of this qualitative /JE2 screening method in 
veal calves (trial 1, groups A and B) and beef cattle (trial 2, groups C and D). 

 

Statistical analysis 

Statistical tests were performed using GraphPad InStat software (v.3.05; GraphPad Inc., San Diego, CA, USA). 

The gene expression change of PR PPIA
-1 

between the experimental animal groups was analysed using an unpaired 

t-test that compared the treated animal group with each control group. Grubbs's test was used to reveal potential 

outliers. p 5 0.05 was considered to be statistically significant.  

Fisher's Exact test was used to evaluate the differences in prevalence of illicit y6E2 treatment among veal 

calves and beef cattle for the in-field investigation. 

 



Results PR-PPIAc cloning 

After the first and the second PCR runs, two single bands of the correct length (PR-PPIAa, 123bp; PR-PPIAb, 
116bp) were detected. In the final PCR, a 199-bp gene fragment was obtained, which was similar to the expected 
length of PR-PPIAc (Figure 1b). The PR-PPIAc fragment was successfully cloned into the pDRIVE vector and 
transformed into a bacterial host. After purification, the recDNA was sequenced by BMR Genomics to confirm its 
identity as PR-PPIAc (a 99% match) (see Supplementary Material Figure S1). 

qPCR amplification efficiency, linearity and limit of detection 

The amplification efficiency of the qPCR for the PR-PPIAc fragment was very close to 100%, and was similar for 
both the PR and PPIA TaqMan® probes. A high linearity was detected in the range of 10

7
-10

2 
DNA molecules. The 

theoretical detection limits for the PR and PPIA TaqMan® probes were calculated from the calibration curve and 
were found to be similar (38 and 33, respectively) (Table 2). 

qPCR precision and reproducibility 

qPCR precision and reproducibility were calculated by comparing results within a plate (intra-assay experiment) and 
between plates (inter-assay experiment). The calculations for test precision and test variability were based on the 
variation of Cq from the Cq mean value  

 
(Table 3). 

 



Table 5. Total number of male bovines analysed in the infield investigation and the PR positivity distribution . Animals were 
classified as positive for /JE2 treatment when the PR PPIA -1 gene copy total was found to be greater than the respective CCa 
value. 

 

Decision limit of the bE2 screening method 

CCa values were calculated for the Friesian veal calves and the Charolaise beef cattle. The CCa of the beef 
cattle (0.0194) was found to be higher than that of the veal calves (0.0029), indicating that physiological 
PR gene expression was increased in adult male animals. To include the Piedmontese beef cattle in the 
in-field investigation, the CCa on 20 control animals was calculated and found to be higher than the value 
found for the other beef cattle (0.0496) (Figure 2). 

Absolute quantification of PR gene expression in experimental animals 

The PR PPIA-1 gene expression levels of both the treated veal calves (group A) and the treated beef cattle 
(group C) were higher than their respective CCa values. The PR gene expression difference between 
groups A and B (veal calves control group) was statistically significant (p 5 0.001), as was the PR gene 
expression difference between groups C and D (beef cattle control group) (p 5 0.01). These results confirm 
previous studies on the fold change of PR gene expression (2_ΔΔCq method) (Divari et al. 2011) (Figure 
2). 

Sensitivity and specificity of bE2 screening method 

Table 4 shows the 2x2 contingency table that evaluates the validity of this method as a qualitative 
screening test. The method had 100% sensitivity for both the veal calves (95% CI = 73.5-100%) and the 
beef cattle (95% CI = 54.1-100%). The specificity was 100% for veal calves (95% CI = 83.2-100%) but 
95% for adult animals (95% CI = 75.1-99.9%) (Table 4). 
 

 

In-field investigation 

A PR PPIA-1 gene expression value above the respective CCa was common in all three breeds examined, 
but the highest prevalence of suspected individuals was in the Friesian veal calves (14.7%). In particular, 
19 of the veal calves that exhibited a PR PPIA"1 value higher than the CCa 0.0029 came from the same 
three farms (Table 5). Furthermore, the difference in the treatment prevalence between the beef cattle and 
veal calf categories was statistically significant (p 5 0.001).  

Histopathology 

The bulbo-urethral glands of experimental animal groups A and C showed typical histological lesions 
(Figure 3), which have been widely described in previous studies (Schilt et al. 1998; De Maria et al. 2010; 
Divari et al. 2011; Pezzolato et al. 2011). 

Only one of the five in-field beef cattle that were classified as suspect by qPCR analysis exhibited 
histological changes in its bulbo-urethral gland tissue; however, 58% of the suspect veal calves showed 
diffuse hyper-secretion, cysts, epithelial hyperplasia and metaplasia in their bulbo-urethral glands, as 
shown in previous studies (De Maria et al. 2010; Pezzolato et al. 2011).  

Discussion 

The European Community established criteria for the analytical control of residues in animals and their by  
products with European Commission (2002) Decision 2002/657/EC, which recognises direct chemical 
analysis as the only legal and valid method. This method, although specific and sensitive, is limited 
because it is very expensive and time-consuming. Moreover, the constant refinement of illicit treatments 
often prohibits the recognition of residues in food. Therefore, the development of innovative and reliable 



methods for the identification and quantification of illicit molecules and their metabolites is important to 
prevent consumer exposure to potentially dangerous and illegal substances.  

This work is an extension of previous studies by De Maria et al. (2010) and Divari et al. (2011) which 
demonstrated that PR gene expression is up-regulated by betaE2 in the bulbo-urethral glands of veal calves and 
beef cattle. The up-regulation of the PR gene was calculated using qPCR and the comparative Cq method, and 
this up-regulation was expressed as a normalised fold change versus control animals. 

The first aim of the present study was to verify whether the absolute quantification of PR gene expression by 
qPCR in conjunction with the standard curve method could be used as an  appropriate 
screening method for the detection of betaE2 treatment in pre-pubertal and adult male bovines. This method 
allowed for the quantification of unknown levels of PR gene expression in a given sample by comparing the 
unknown level with a known quantity of the recDNA standard. 

First, a standard curve was created. Then, unknown samples were compared with the standard curve and 
their values extrapolated. Thus, it was possible to correlate the number of copies of a gene target to an anabolic 
treatment of the animal. A calibration model was optimised for two channel qPCR using TaqMan® technology 
applied to a recDNA that expressed a chimera of the PR and PPIA genes (PR-PPIAc). As demonstrated, the 
amplification of both calibration curves (PR and PPIA) was efficient and linear over a wide range of starting 
template copies. These results allowed the use of the recDNA for the generation of a calibration curve, which could 
then be used to quantify PR PPIA

-1
 gene expression in an unknown sample. 

The test had high reproducibility and low variability (maximum of 4.71%), and these parameters were calculated 
over the whole range of the calibration curve reflecting the real PCR variation (Pfaffl and Hageleit 2001). 

The linearity was approximately 0.99 for both calibration curves, and it was stable over a wide range of gene 
copies (102-107 molecules). This is necessary to quantify the number of PR gene copies in an unknown sample 
where the number of molecules ranges from 106 to 102 . The copy number of a housekeeping gene in all 
unknown samples was stable at approximately 106, which is a value that is included in the qPCR quantification 
range. 
The second aim of this study was to determine CCa, sensitivity and specificity values for the qualitative betaE2 
screening method of both Friesian veal calves and Charolaise beef cattle using the absolute PR PPIA-1 gene 
expression values found in 20 control animals. It was evident that the control beef cattle expressed higher levels 
of the PR gene than control veal calves as previously described (Divari et al. 2011). This is likely due to 
physiological levels of hormone synthesis in the control adult male animal; in fact, the endogenous betaE2 
increases the PR gene expression in accessory sex glands of adult beef cattle and the relative CCa value is higher 
than in pre-pubertal animals. Based on trials 1 and 2, it was possible to validate the parameters of this screening 
method as both sensitive and specific. The sensitivity was very high (100%) in veal calves and in beef cattle, 
which resulted in the identification of betaE2-treated animals using the test. The specificity was 100% in veal 
calves but only 95% in beef cattle, which reduced the fraction of animals correctly identified as non-treated by 
the test. This result is probably due to high PR gene expression variability in experimental animal groups C and D. 

To extend the scope of the in-field investigation to the Piedmontese breed of beef cattle, a CCa value was calculated 
using 20 Piedmontese adult male animals. This was necessary because the meat of this breed is particularly consumed 
in the north-west of Italy, which is the area under consideration in this in-field investigation. The CCa value of 
Piedmontese animals was found to be higher than the value found for the Charolaise beef cattle. Piedmontese is a 
breed culled for meat consumption; thus, it is probable that this breed produces a physiologically higher quantity of 
sex hormone, which results in increased muscle mass. It was shown that an inactivated myostatin gene is 
responsible for the double-muscling phenotype found in Piedmontese beef (Kambadur et al. 1997); however, Hanset 
(1982) concluded that other genes independent of the inactive myostatin gene also contributed to the muscling. 

Both veal calves and beef cattle from two trials showed a significant increase in PR gene expression after betaE2 
treatment, and this up-regulation was detectable 7-15 days after drug administration. The anabolic treatment was 
confirmed by histopathological analysis as in previous studies (De Maria et al. 2010; Divari et al. 2011; Pezzolato et al. 
2011). 
These results allow for the application of qPCR analysis as a screening method for betaE2 treatment, and the in-field 
investigation found that 14.7% (p 5 0.001) of the veal calves analysed exhibited a PR PPIA

-1 
value above the relative 

CCa. In this case, the animals were classified as suspected of fiE2 treatment, and 58% of these animals showed 
histological lesions typical of betaE2 treatment (Figure 3). Furthermore, 73% of the suspected animals came from the 
same three livestocks. With respect to the beef cattle, neither the Charolaise breed nor the Piedmontese breed showed a 
significant prevalence of animals suspect for betaE2 treatment. It is evident that not all suspect animals exhibit 
histological alterations of the glandular epithelium; however, this does not exclude the possibility of /SE2 treatment. In 
fact, when this hormone is administered at a low dosage and in association with other growth promoters that could 
gloss over its effects on the tissue (e.g. the implant technique), there is no induction of obvious histological alterations 
in the bulbo-urethral glands (see the results of trial 2 in Divari et al. 2011). For this reason, in these particular 
conditions the histological test is not a good reference method and, after 7 days from the point at which the low dosage 
hormones administration was discontinued, the official analytical methods cannot confirm the treatment (Divari et al. 
2010). Therefore, at the moment a PR PPIA"1 value higher than CCa value allows one to consider that the animal is 
suspect of betaE2 treatment although it is not possible to confirm this statement with the other techniques. This method 
is a screening test that is sensitive and specific to betaE2 treatment in male bovines, and in vitro tissue culture studies 



are underway to test the level of PR gene expression after treatment with different oestrogen molecules. Obviously, 
this method has some limitations such as the need to establish the CCa value for different cattle breeds and cattle age 
groups. The decision limit in fact depends on the breed and age of animals, the basal PR expression being different in 
each of these categories. This test is an indirect method that evaluates the biological effect of the drug and does not 
detect the residue itself. At present, it is necessary to confirm the illicit treatment of animals by analytical methods 
which are able to detect the presence of residues in the suspected sample. On the other hand, the application of this 
kind of screening test could reduce the number of samples that need to be analysed by official chemical analysis. 

 
 

 

Conclusions 

An absolute qPCR method was developed to improve the specificity and sensitivity of the detection of PR gene 
expression in the bulbo-urethral glands of beef cattle and veal calves treated with betaE2. The detection of PR gene 
up-regulation could be a valid qualitative screening method to identify animals illegally treated with betaE2 alone (De 
Maria et al. 2010) or in a cocktail with other growth promoters (Divari et al. 2011). This is the first time that the 
detection of gene expression changes has been extended to an in-field investigation of Friesian veal calves and 
Charolaise and Piedmontese beef cattle. 

This method identifies a substance, such as betaE2, based on its biological properties, and it gives a binary 
positive/negative response to betaE2 treatment. This transcriptomics test could become a rapid screening method that 
is easily incorporated into routine practice and for this reason it has been patented by the University of Turin, Italy 
(Biolatti et al. 2012). 



 

Figure 3. Examples of the histopathological analysis (haematoxylin-eosin (HE) staining) of the bulbo-urethral glands of 
untreated (A, veal calves; C, beef cattle) and /3E2-treated animals (B, veal calves; D, beef cattle); the bulbo-urethral glands of 
treated animals exhibited typical epithelial hyperplasia and metaplasia in the secreting portions of the gland (HE, 20x). 
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