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PAPER
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Laura Cavallarine , Noemi Guerraf, Pilar Guil-Alcal�ag , Silvia Miolettia , Giovanni Peronaa ,
Martina Tarantolaa , Marco Vincentic,d , Franco Guardaa, Aniceto Mend�ez-Sanchezg and
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ABSTRACT
The aim of this study was to evaluate how different rearing systems (intensive or semi-exten-
sive) and sexual hormones could affect stress parameters and the development of stress-related
intramural coronary arteriosclerosis in Lidia bulls (n¼ 18) and Piemontese oxen (n¼ 17). At
slaughter, hearts were sampled and submitted to histological investigations in order to evaluate
coronary arteriosclerosis. Blood and hair samples were also collected to measure d-ROMS and
20b-dihydrocortisol levels, respectively. No significant differences were recorded for serum levels
of d-ROMS between Piemontese oxen and Lidia bulls. On the contrary, Lidia bulls presented
higher levels of hair 20b-dihydrocortisol compared to Piemontese oxen (p¼ .007).
Arteriosclerosis was recorded in both the groups. In Lidia bulls, mild to moderate coronary
arteriosclerosis was recorded in all the evaluated regions of the heart (right and left papillary
muscle; interventricular septum; right and left ventricle free wall; right and left atrium). In
Piemontese oxen, mild to severe coronary arteriosclerosis was observed, especially in the left
papillary muscle. These results suggest that both cattle breed experienced stress during their
rearing cycle. Further studies are needed to clarify the role of housing system and sexual hor-
mones in the development of these subclinical vascular pathology.

HIGHLIGHTS

� Rearing systems can affect animal welfare.
� Coronary arteriosclerosis, d-ROMS and hair 20b-dihydrocortisol levels can be affected
by stress.

� Lidia bulls and Piemontese oxen experienced different levels of stress during their rear-
ing cycle.
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Introduction

Animal welfare means how an animal is coping with
the conditions in which it lives and it is not only
related to physical health. In this context, an animal is
in a good state of welfare if it is healthy, comfortable,
well-nourished, safe, able to express innate behav-
iours, and if it is not suffering from unpleasant states
such as pain, fear, and distress (Broom 1988). The
basal needs of farm animals should be assured by
allowing free access to adequate quantities of feed

and fresh water, by providing a suitable rearing envir-
onment and by avoiding physical pain or suffering of
any kind (Webster 2001).

As far as cattle husbandry is concerned, housing
system represents an important factor that can impair
animal welfare (Odore et al. 2011). In particular,
beef fattening systems may be divided into two main
categories, intensive indoor and extensive or semi-
extensive grass-based systems involving winter accom-
modation (European Commission 2000). Intensive
indoor systems characterised by insufficient space
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allowance, concentrate feeding and overstocking are
generally associated with poor welfare (Park et al.
2020). On the contrary, increased space allowance
decrease the incidence of disease and improve growth
performance (Keane et al. 2017). Moreover, traditional
rearing systems are still present all over Europe and
even if they ensure the final product quality requested
by the consumer, in doing so, animal behaviour and
welfare may be compromised, generating stress
(Odore et al. 2011).

Stress indicates a set of physiological and behav-
ioural changes elicited by noxious or unpleasant
exogenous or endogenous stimuli that provoke the
activation of the hypothalamic–pituitary–adrenal axis
and/or the sympatho-adrenomedullary system
(Moberg and Mench 2000). Stress of cattle increases
disease susceptibility and decreases production, repro-
duction and growth (Chen et al. 2016). As such, it is a
priority to find more effective ways to manage it,
including optimisation of management practices and
selection of animals with greater stress tolerance
(Lomillos and Alonso 2008).

A series of well-known stress indicators could be
used to evaluate either acute stress of cattle, such as
the reactive oxygen metabolites (d-ROMs) (Celi 2011),
and salivary/blood cortisol, or chronic stress, such as
hair 20b-dihydrocortisol (Heimb€urge et al. 2019). On
the one hand, d-ROMs test is used to assess the oxida-
tive stress status in cattle and it is considered the
‘gold standard’ for evaluating free radical levels, meas-
uring the metabolites deriving from the reaction of
free radicals with macromolecules present in the
organism (Celi 2011). On the other hand, hair cortisol
and 20b-dihydrocortisol have been increasingly used
to detect long-term retrospective levels of cortisol in
cattle, representing a more reliable method than
plasma or salivary cortisol that are subject to major
physiological daily fluctuations (Sharma et al. 2019;
Heimb€urge et al. 2020). For these reasons, previous
studies have used both d-ROMs and hair 20b-dihydro-
cortisol as animal-based measurements to evaluate
beef and dairy cows’ welfare as they are simple, non-
invasive and painless procedures (Bernabucci et al.
2002; Vesel et al. 2020).

Moreover, housing system and prolonged stress-
related situations may manifest themselves with
subclinical pathological changes affecting the cardio-
circulatory system (Ratcliffe et al. 1969). Particularly, in
human medicine, it has been demonstrated that
chronic psychosocial stress is associated with an
increased risk of arteriosclerosis (Chou et al. 2015).
Arteriosclerosis can be defined as a chronic arterial

change consisting of hardening, loss of elasticity, and
luminal narrowing resulting from proliferative and
degenerative changes of tunica intima and media
(Biasato et al. 2018). Despite the incidence of arterio-
sclerotic changes being common in older animals
(Maxie and Robinson 2007), some adverse and stress-
ful socio-environmental factors have already been
reported to stimulate the onset of intramural coronary
arteriosclerosis also in young animals (Ratcliffe and
Snyder 1967; Ratcliffe et al. 1969; Henry et al. 1971).
Regarding cattle, only Biasato et al. (2018) reported
the presence of intramural coronary arteriosclerosis,
but the hypothesis of a potential influence of housing
condition on its pathogenesis has not been
proved yet.

Evidence suggests also that gonadal hormones,
especially testosterone can play a role both in the
stress response and in the vascular ageing (Kutlikova
et al. 2020; Moreau et al. 2020). In particular, in
human, low testosterone is associated with impaired
endothelial function and increased arterial stiffness as
well as lower stress reactivity due to the activity of the
hypothalamic–pituitary–gonadal axis on the hypothal-
amic–pituitary–adrenal axis (Kutlikova et al. 2020;
Moreau et al. 2020). To the authors’ knowledge, no
previous studies have investigated the role of sexual
hormones on stress parameters and arteriosclerosis
in cattle.

Based on the above-reported background, the aim
of this study is to evaluate d-ROMs, hair 20b-dihydro-
cortisol and arteriosclerosis in two different traditional
cattle rearing systems, one with castrated bulls and
one with intact bulls.

Materials and methods

Study population

The experimental protocol was designed according to
the guidelines of the current European Directive
(2010/63/EU) on the care and protection of animals.

Two different traditional cattle breeds were
included in the present study: Lidia bulls and
Piemontese oxen.

A total of 18 Lidia bulls of 40months of age on
average (39.53 ± 11.82) reared in Andalusia (Spain)
were included in the study. In Spain, the Lidia breed is
considered the greatest exponent of a semi-extensive
traditional breeding system, being the only bovine
population selected for a behavioural trait (Lomillos
and Alonso 2008). All the animals included in the
study were reared and fed on the pasture for their
first 2–3 years and then underwent to a fattening
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period for 5–12months in small fenced areas prior to
the bullfighting show. After bullfighting, animals were
slaughtered in a commercial abattoir located between
30 and 50 km from the arena. The inclusion criteria
were as follows: (1) animals were regularly slaughtered
immediately after a bullfight; (2) they were not injured
during the bullfighting; and 3) they showed no signifi-
cant alterations at the routine meat inspection.

A total of 17 Piemontese oxen of 48months of age
on average (47.82 ± 13.33) reared in medium or large
herds (over 50 or 100 fattening heads) in Piemonte
(Italy) were included in the study. They were housed
in free stalls with or without access to external pens,
typical of an intensive farming system. The calves
were castrated at 3–6months of age by Burdizzo’s pin-
cer (Biagini and Lazzaroni 2007). Then, the castrated
animals were reared in multiple pens on straw until
3 years of age, when the number of heads per pen
was reduced according to the Italian laws on animal
welfare (D.lgs 146/01). At 4 years of age with a live
weight of 900–1000 kg, they were slaughtered in a
commercial abattoir located between 20 and 50 km
from the farms. The inclusion criteria were as follows:
(1) animals were regularly slaughtered; (2) they
showed no significant alterations at the routine
meat inspection.

The animals were fed in accordance to the specific
breed requirements. In the finisher phase, the diet of
Lidia bulls and Piemontese oxen had the following
average composition (% as fed): crude protein 16.2
and 14.3%, crude fibre 8.0 and 4.1%, net energy 1.03
and 1.01 UFV (Unit�e Forag�ere Viande)/kg, respectively.

Blood reactive oxygen metabolites quantification

Blood samples were collected at slaughterhouse, after
shooting, from the jugular vein of 18 Lidia bulls and
17 Piemontese oxen. An aliquot of 6ml of the blood
was placed in a serum-separating tube and then cen-
trifugated at 700� g for 15min. The obtained sera
were immediately frozen at �80 �C and sent to the
Department of Veterinary Sciences, University of Turin
(Italy). The serum levels of d-ROMs were quantified
using the d-ROMs test (Diacron International S.A.S,
Grosseto, Italy) following the manufacture’s instruction.
In particular, the end-point procedure was used with a
double read at 37 �C after 90min of incubation.
Results were expressed in arbitrary units, namely
Carratelli units (U.CARR) calculated using the following
formula: (sample absorbance/standard absorbance) �
standard concentration. The value of 1U.CARR corre-
sponds to a concentration of 0.08mg/dl of hydrogen

peroxide. This method has a detection limit
of 11 U.CARR.

Hair 20b-dihydrocortisol determination

Hair aliquots of about 200mg from the base of the
tail were sampled at slaughterhouse from 18 Lidia
bulls and 17 Piemontese oxen and stored at room
temperature. All the samples were sent to the
Regional Antidoping and Toxicology centre ‘A.
Bertinaria’ (Torino) for 20b-dihydrocortisol determin-
ation according to the method previously described
by Tarantola et al. (2020). Samples were transferred
into 30-mL glass tubes and a decontamination step
was performed twice by adding 3.0mL of dichlorome-
thane. The cleaned hair was dried under a nitrogen
stream and then cut into tiny fragments with clean
scissors. An aliquot of 100mg was weighted and the
internal standard solution (cortisol d2) was added.
Sample extraction was carried out by the addition of
1mL of methanol followed by incubation for 15 h at
55 �C. The organic phase was collected and evapo-
rated at 25 �C by using a Techne Sample Concentrator
(Barloworld Scientific, Burlington, NJ) with a nitrogen
blow-dry evaporation system. The residue was dis-
solved in 100 mL of methanol, transferred into a vial
and centrifuged at 4000 g for 10min. Furthermore, an
aliquot of the solution was transferred into a vial for
UHPLC-MS/MS analysis and 1mL was injected into the
LC–MS/MS system. The chromatographic separation
was performed into a Shimadzu Nexera 30 UHPLC-sys-
tem (Shimadzu, Duisburg, Germany) interfaced to an
AB Sciex API 5500 triple quadrupole mass spectrom-
eter (AB Sciex, Darmstadt, Germany). The analyses
were performed in Electro-Spray negative ionisation
mode (ESI–). Ion acquisition was operated at unit mass
resolution in the multiple reaction monitoring (MRM)
mode, using three transitions from the deprotonated
molecular ion to specific fragment ions for 20b-dihy-
drocortisol and one transition for cortisol-d2. An
Acquity UPLC BEH C18 column 100mm � 2.1mm,
1.7 mm, protected by a VanGuard BEH C18 (5mm �
2.1mm) pre-column was used to perform the analytes
chromatographic separation. The column oven was
maintained at 40 �C and the elution solvents were
water/formic acid 5mM (Solvent A) and acetonitrile/
formic acid 5mM. The mobile phase composition was
varied by a linear gradient (A:B; v/v) from 90:10 to
55:45 in 7min; then the ratio of 10:90 was reached in
0.5min and an isocratic elution at this conditions was
maintained for 0.5min. The flow rate was 0.4mL/min
and the total run time was 10min including
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re-equilibration at the initial conditions. The collision
energy (CE), decluttering potential (DP) and the MRM
transitions for 20b-dihydrocortisol and cortisol-d2 are
reported in Table 1. This method has a 20b-dihydro-
cortisol detection limit of 0.5 ng/g.

Heart evaluation

At slaughter, hearts of Lidia bulls and Piemontese
oxen were externally examined and sectioned across
the median longitudinal plan to evaluate all the car-
diac structures. From each heart, seven representative
anatomic areas were sampled: (1) papillary muscle of
the right ventricle; (2) papillary muscle of the left ven-
tricle; (3) interventricular septum; (4) right ventricle
free wall; (5) left ventricle free wall; (6) right atrium; (7)
left atrium. Lidia bulls’ samples were fixed in 10% buf-
fered formalin, routinely embedded in paraffin wax
blocks at the Department of Veterinary Science,
University of Cordoba and then sent to the
Department of Veterinary Sciences, University of Turin
for the histological evaluation. Piemontese oxen sam-
ples were processed at the Department of Veterinary
Sciences of University of Turin following the same pro-
tocols. Paraffin wax blocks were cut at 5 mm thickness,
mounted on glass slides and stained with haematoxy-
lin and eosin. Tissue sections were later examined by
light microscopy independently by two observers and
the discordant cases were reviewed at a multi-head
microscope until a consensus was reached.

Pathological intramural coronary arteries with and
without lumen narrowing were manually counted in
every localisation. At least, five serial sections were
obtained from each myocardial localisation and count
was performed on the myocardial sections including a
total number of 8–12 intramural coronary arteries with
a diameter greater than 200 mm (40–60 arteries/local-
isation/animal) (Biasato et al. 2018). The following
histopathological parameters were evaluated for each
vessel using a semiquantitative scoring system from 0
(normal) to 3 (severe alterations): intimal hyperplasia,
degenerative changes of tunica media, and medial
hypertrophy/hyperplasia (Table 2). Each animal could
present lesions of different degrees in each localisa-
tion. Moreover, the presence of Anitschkow cells was
also recorded. These cells appeared as large mono-
nuclear cells in which the nuclear chromatin is present
in an undulating wavy ribbon with slender processes
radiating from it. Other histopathological findings,
such as myocardial replacement fibrosis and myocardi-
tis, were also recorded.

Statistical analysis

The statistical analysis was performed using GraphPad
PrismVR software (v 7.0 GraphPad Software, San Diego,
CA). The Shapiro–Wilk test was used to test the nor-
mality of the data distribution before statistical analy-
ses. Kruskall–Wallis test was performed, followed by
Dunn post-hoc test in order to evaluate the

Table 1. MRM transitions and corresponding potentials for 20b-dihydrocortisol and cortisol-d2 detection.
Quantifier Qualifier 1 Qualifier 2

Compound RTa (min) Precursor ion [M-H]- DP (V)b Fragment CE (V)c Fragment CE (V)c Fragment CE (V)c

20b-Dihydrocortisol 5.4 423.2 �56 363.5 �21 333.3 �35 344.9 �35
Cortisol-d2 5.78 423.1 �57 332.9 �27 – – – –
aRT: retention time.
bDP: decluttering potential.
cCE: collision energy.

Table 2. Semi-quantitative scoring system used to evaluate intramural coronary arteries.
Grade Tunica intima Tunica media Tunica adventitia

0 Single layer of pavement endothelium;
single and thin subendothelial layer of

connective tissue;
single and intact internal elastic membrane

Three-four layers of smooth muscle cells disposed
circularly around the vessel and rare collagen
fibres in slight extracellular matrix

Loose connective tissue with
collagen/elastic fibres and
rare fibroblasts

1 As grade 0 Degeneration of smooth muscle cells with altered
disposition and vacuolated sarcoplasm

As grade 0

2 Hyperplasia of the endothelium and connective
tissue; fragmentation/thickening or loss of
internal elastic membrane

Degeneration of smooth muscle cells; deposition of
eosinophilic matrix composed by acidic
mucopolysaccharides; deposition of
fibrous tissue

As grade 0

3 Hyperplasia of the endothelium and connective
tissue that narrows the lumen until partial or
total stenosis

Degeneration/hyperplasia/hypertrophy of
tunica media

As grade 0
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distribution and severity of arteriosclerosis in the
seven considered districts of the heart within each
group. Mann–Whitney U test was then performed to
compare the number of pathological arteries, d-ROMs,
20b-dihydrocortisol and the severity of arteriosclerosis
between the two groups. Spearman’s rank-order cor-
relation was used to measure the strength and di-rec-
tion of association between d-ROMs and number of
arteriosclerotic arteries in the two groups. p-values
<.05 were considered statistically significant. Data
were expressed as N and percentage (%) or mean-
± standard error of the mean (SE).

Results

Blood reactive oxygen metabolites quantification

The serum level of d-ROMs in Lidia bulls was
(76.94 ± 17.91U.CARR), while in Piemontese oxen, it
was (27.99 ± 4.15U.CARR). However, no significant dif-
ferences were recorded between the two
groups (p¼ .166).

Hair 20b-dihydrocortisol determination

A significant difference was recorded for the hair 20b-
dihydrocortisol between the two groups (p¼ .007). In
particular, Lidia bulls showed a mean of 5.86 ± 2.76 ng/
g of 20b-dihydrocortisol in the hair, while the concen-
tration in all the Piemontese oxen was below the
detection limit (0.5 ng/g).

Heart evaluation

At gross examination, in both groups, all the hearts
showed no alterations. In Lidia bulls, the seven
sampled areas of the heart were equally affected by
arteriosclerotic changes (p¼ .956). On the contrary, in
the left papillary muscle of Piemontese oxen, a higher
number of considered arteries showed arteriosclerosis
when compared to the left and the right atrium free
wall (p¼ .002, Figure 1).

Comparing the two groups, no statistically signifi-
cant differences were observed concerning the num-
ber of affected vessels (p¼ .192). However, in both
groups, most of the vessels showed slight degenera-
tive changes of the tunica media (grade 1). In particu-
lar, lesions of grades 0 and 1 were recorded in all the
examined Lidia bulls’ and Piemontese oxen’ s hearts
(Figure 2(a–d)); grade 2 lesions were observed in the
interventricular septum, left papillary muscle and right
atrium free wall of 14 out of 18 Lidia bulls (77.7%)
(Figure 2(e,f)), as well as in the interventricular septum

and right/left papillary muscles of 16 out of 17
Piemontese oxen (94.1%). On the contrary, no grade 3
arteriosclerotic arteries were observed in Lidia bulls,
whereas 5 out of 17 oxen (29.4%) showed stenotic
coronary arteries in the left papillary muscle (Figure
2(g)). Furthermore, a higher number of the considered
arteries was normal or showed grade 3 arteriosclerotic
changes in Piemontese oxen than in Lidia bulls
(p¼ .007 and p¼ .019, respectively) (Figure 3).

Anitschkow cells were detected both in Lidia bulls
(60%) and Piemontese oxen (100%), being concen-
trated in left papillary muscle’s and in right atrium
free wall’s coronary arteries (Figure 2(h)).

No statistically significant correlation was observed
between d-ROMs and number of affected intramural
coronary arteries in both groups (p¼ .126 [bulls] and
p¼ .766 [oxen], respectively).

Mild, non-suppurative (lymphoplasmacytic) myocar-
ditis was recorded in 11/18 bulls (61.1%) and in 12/17
oxen (70.5%); 9/17 oxen (52.9%) showed areas of
fibrosis in the left papillary muscle, and 11/18 bulls
(61.1%) showed mild pericarditis.

Discussion

The present study aimed to evaluate d-ROMs, hair
20b-dihydrocortisol and stress-related arteriosclerosis
in two traditional cattle breeds: Lidia bulls and
Piemontese oxen. Over the last two decades, an
increasing number of consumers and citizens
demanded ethical production systems and claimed to
refuse to buy products that did not meet their animal

Figure 1. Arterioscelrosis distribution in the seven sampled
area of the heart in Piemontese oxen and Lidia bulls. Non-stat-
istically significant differences were recorded in Lidia bulls,
while in Piemontese oxen the left papillary muscle was the
most affected area compared to left and right atrium. The col-
umns with different superscript letters (a,b) differ significantly
(p< .05). IVS: interventricular septum; LPM: left papillary
muscle; RPM: right papillary muscle; LVFW: left ventricle free
wall; RVFW: right ventricle free wall; LA: left atrium; RA:
right atrium.
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Figure 2. Main arteriosclerotic changes observed in Piemontese oxen (left column) and Lidia bulls (right column). (a) Normal intra-
mural coronary artery, haematoxylin & eosin, 200�. (b) Normal intramural coronary artery, haematoxylin & eosin, 200�. (c) Grade 1
arteriosclerotic intramural coronary artery with degeneration of tunica media (black line), H–e, 200�; (d) grade 1 arteriosclerotic
intramural coronary artery with degeneration of tunica media (black line), H–e, 200�; (e) grade 2 arteriosclerotic intramural coronary
artery with fragmentation of the elastic membrane (asterisk) and hyperplasia of the tunica intima, H–e, 200�; (f) grade 2 arterioscler-
otic intramural coronary artery with fragmentation of the elastic membrane (asterisk) and hyperplasia of the tunica intima; (g) grade
3 arteriosclerotic intramural coronary artery with severe narrowing of the lumen, due to hyperplasia and hypertrophy of tunica
intima and media (black arrow), H–e, 200�; (h) Anitschkow cells (black arrows) in the coronary artery wall, H–e, 400�.
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welfare concerns (Alonso et al. 2020). Due to the need
of optimising the production processes and meet the
consumers’ expectations, in recent years, also
researchers’ interest on animal welfare has increased.
Among farm animals, beef cattle may frequently suffer
from poor welfare due to their intensive rearing sys-
tems adopted in many EU Countries (Tarantola
et al. 2020).

The best scientific method to assess animal welfare
is to measure the response of animals on the basis of
functional indicators classified into four criteria groups:
behavioural, physiological, pathological and perform-
ance (Smidt 1983). Particularly, among physiological
measures, d-ROMs and neuro-endocrine hormones
such as cortisol and their metabolites are commonly
used as their alterations are related to depression of
the immune response and to negative endocrine,
metabolic and productive changes (Lykkesfeldt and
Svendsen 2007). Therefore, d-ROMs and hair 20b-dihy-
drocortisol levels were evaluated in the present study.
Lidia bulls and Piemontese oxen presented d-ROMs
levels within the physiological ranges (<90 UCARR, d-
ROMs test – VET, Diacron International S.A.S, Grosseto,
Italia). However, Lidia bulls showed higher d-ROMs lev-
els that could be attributed to the stress due to bull-
fighting immediately before slaughtering. Also, Lidia
bulls showed significantly higher levels of hair 20b-
dihydrocortisol when compared to Piemontese
oxen (p¼ .007).

The increasing levels of hair 20b-dihydrocortisol
observed in Lidia bulls should not be influenced by
acute stress generating by bullfighting but seem to
suggest a higher level of chronic stress in this group.
It is well known that inadequate rearing conditions
can produce a stress response that occurs when ani-
mals experience changes in the environment that
stimulate body responses to restore homeostasis

(Odore et al. 2011). Indeed, in the fattening period,
the Lidia bull’s environment changed from a pasture
based-rearing system with no human contact to a tie-
stall or single pen rearing system with restricted space
allowance and increased human contact, which are
known to be psychological stressors for cattle
(Ingvartsen and Refsgaard Andersen 1993). In fact,
restricted space allowance, inadequate type of floor,
inadequate space at the manger, lack of specific mov-
ing and handling facilities as well as microclimatic
conditions and feeding plan are the main critical fac-
tors that can cause stress and impar cattle welfare
(Cozzi et al. 2009). The obtained results are in accord-
ance with Gupta et al. (2007), who reported that bulls
housed in a restricted space allowance were stressed
and there was an activation of their adrenal glands
with increased plasma cortisol concentrations. As a
partial confirmation, Tarantola et al. (2020) recently
observed that Piemontese cattle reared in a tie-stall
system displayed higher d-ROMs and hair 20b-dihydro-
cortisol levels than Blonde d’Aquitaine cattle housed
in pen groups. Moreover, another study also demon-
strated that Piemontese cattle housed in a tie-stall sys-
tem showed higher levels of salivary cortisol
compared to those housed in a loose housing system
with free stalls, confirming that changing from pasture
to pens negatively affect stress-response. However, it
is always fundamental to underline that stress
response appears to be conditioned by individual pre-
disposition, type of breeding, and composition of the
feed (Tarantola et al. 2020). For example, Illera del
Portal et al. (2007) reported that Lidia bulls are charac-
terised by a higher adaptability to acute stress as a
consequence of their genetic selection, showing lower
acute stress-related response when compared to other
breeds. However, no information about chronic stress
response is available in Lidia bulls. Similarly, no results
about stress response are available for Piemontese
oxen, in which the lack of sexual hormones could
influence their stress response. Calves’ castration influ-
ences several anatomical, physiological and behav-
ioural characteristics by modifying the expression of
some primary and secondary sexual characters, influ-
encing steroids hormones levels (e.g. androsterone
and testosterone) and animal organic functions
(Heimb€urge et al. 2019). In fact, it has been reported
that after castration the animals are generally quieter
thanks to the lowering of testosterone levels (Biagini
and Lazzaroni 2007). In a recent study, Bolado-Sarabia
et al. (2018) reported that immunocastrated Holstein
bulls showed less sexual and aggressive behaviours,
reducing head butts, mounting, threats, flehmen sign

Figure 3. Arteriosclerosis severity in Piemontese oxen and
Lidia bulls. Non-statistically significant differences were
recorded for grades 1 and 2 between the two groups.
Piemontese oxen showed more grade 0 and grade 3 arteries
compared to Lidia bulls. �p< .05; ���p< .001.
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and sniffing compared to intact males. However,
Bolado-Sarabia et al. (2018) did not record significant
differences for seric cortisol between immunocastrated
and intact males at slaughter.

Considering heart evaluation, arteriosclerosis is gen-
erally reported as an age-related chronic incidental or
clinically relevant pathology (Detweiler and Patterson
1965; Tsujino et al. 2005). Nevertheless, adverse socio-
environmental factors have been reported to be a
major stimulus to the development of intramural cor-
onary arteriosclerosis in young swine (Ratcliffe et al.
1969), chicken (Ratcliffe and Snyder 1967), mice (Henry
et al. 1971), elephants (Sikes 1968) and monkey
(Ratcliffe 1974). Furthermore, Biasato et al. (2018)
recently characterised the prevalence and the histo-
pathological features of intramural coronary arterio-
sclerosis in beef cattle, suggesting a potential
influence of the intensive farming on this disease
development.

In the present study, arteriosclerotic coronary
arteries were equally distributed among the seven
sampled areas in Lidia bulls, while the most affected
myocardial localisation in Piemontese oxen was the
left papillary muscle. The prevalence of these arterio-
sclerotic lesions in the left papillary muscle confirms
the observations of Biasato et al. (2018) in veal calves
and beef cattle, also partially agreeing with previous
studies conducted in dogs ( Detweiler and Patterson
1965; Detweiler 1989; Falk et al. 2006) and swine
(Kammermann et al. 1976). In human medicine, papil-
lary left muscle is more prone to develop ischaemic
lesions, which represent a risk factor for developing
degenerative vascular pathologies (Nappi et al. 2016).
Even though no study on coronary vascular distribu-
tion in the papillary muscle is available in cattle, a
similar anatomical predisposition to develop degenera-
tive lesions in this heart region cannot be excluded.

Histologically, intimal fibromuscular hyperplasia,
medial dysplasia/degeneration and medial hyper-
trophy/hyperplasia were identified in the intramural
coronary arteries’ wall, being in accordance with
Biasato et al. (2018) and reflecting the temporal evolu-
tion of arteriosclerotic lesions. Arteriosclerosis patho-
genesis could be related to myocardial infarcts and
consequent fibrosis or myxomatous mitral valve dis-
ease (Falk and J€onsson 2000; Falk et al. 2006).
Interestingly, in this study, the presence of foci of
fibrosis was observed in the left papillary muscle of
Piemontese oxen and they could be related to micro-
infarcts, thus explaining the more severe arterioscler-
otic changes recorded in this localisation.

Moreover, non-significant correlation was found
between d-ROMS levels and severity of arteriosclerosis.
In human medicine, it has been pointed out that oxi-
dative stress can be considered a negative prognostic
factor for cardiovascular diseases (Vassalle et al. 2012).
However, in the present study, both groups presented
low d-ROMs levels, within physiological limits, and this
can explain the lack of a significant correlation.
Moreover, arteriosclerosis is a chronic arterial change
and it is unlikely that bullfighting and the acute
stress-related response measured by d-ROMS could
play a role in the onset of this pathology. The pres-
ence of mild to moderate arteriosclerosis in both Lidia
bulls and Piemontese oxen could be related to the
final rearing stage, in which the animals were exposed
to chronic stress due to lower space allowance, even
this evidence has not yet been confirmed. Moreover,
the presence of grade 3 arteriosclerotic lesions
recorded in Piemontese oxen could be related to the
lack of sexual hormones. In human medicine, in fact, it
is well known that testosterone has a cardio-protective
role and lower levels of this hormone are generally
associated to higher risk of coronary artery disease
(Oskui et al. 2013).

Finally, Anitschkow cells were detected in left papil-
lary muscle’s and in right atrium free wall’s coronary
arteries in 60% of Lidia bulls and in all the Piemontese
oxen. Also, Biasato et al. (2018) recorded the presence
of Anitschkow cells in veal calves and beef cattle
housed in intensive farming conditions. Anitschkow
cells may be of either muscular or inflammatory origin
from the macrophage-histiocyte population and their
exclusive detection in the pathological coronary walls
allows hypothesising a potential involvement of these
cells in the pathogenesis of the arteriosclerotic
changes (Colombino et al. 2019).

Nevertheless, this study presents several potential
limitations that should be acknowledged. In particular,
the sample size was considerably small and it could
possibly have led to a bias in the results.

Conclusion

In conclusion, this is the first study evaluating d-ROMs,
hair 20b-dihydrocortisol and intramural coronary
arteriosclerosis in two traditional cattle rearing sys-
tems: Lidia bulls and Piemontese oxen. Non-significant
levels of d-ROMs and hair 20b-dihydrocortisol were
detected in Piemontese oxen, while Lidia bulls showed
higher levels of hair 20b-dihydrocortisol.
Arteriosclerosis was recorded in both groups, being
more severe in the left papillary muscle of Piemontese
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oxen. These results suggest that both cattle breed
experienced stress during their rearing cycle. Further
studies are needed to clarify the role of housing sys-
tem in the development of these subclinical patho-
logical arteries changes and to better explore the role
of sexual hormones in stress response.
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