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Abstract
Background: Castration of male cattle has been shown to elicit inflammatory reactions and acute
inflammation is initiated and sustained by the participation of cytokines.
Methods: Sixty continental × beef bulls (Mean age 12 ± (s.e.) 0.2 months; Mean weight 341 ± (s.e.)
3.0 kg) were blocked by weight and randomly assigned to one of three treatments (n = 20 animals
per treatment): 1) untreated control (Con); 2) banding castration at 0 min (Band); 3) Burdizzo
castration at 0 min (Burd). Samples of the testis, epididymis and scrotal skin were collected
surgically from 5 animals from each group at 12 h, 24 h, 7 d, and 14 d post-treatment, and analysed
using real-time PCR. A repeated measurement analysis (Proc GLM) was performed using SAS. If
there was no treatment and time interaction, main effects of treatment by time were tested by
ANOVA.
Results: Electrophoresis data showed that by 7 d post-castration RNA isolated from all the testicle
samples of the Burd castrated animals, the epididymis and middle scrotum samples from Band
castrates were degraded. Transitory effects were observed in the gene expression of IFN-γ, IL-6,
IL-8 and TNF-α at 12 h and 24 h post treatment. Burd castrates had greater (P < 0.05) testicular
IFN-γ mRNA levels compared with Band and Con animals, but lower (P < 0.05) testicular TNF-α
mRNA levels compared with Con animals. Band castrates had greater (P < 0.05) testicular IL-6
mRNA levels than Burd castrates at 12 h post-castration. Burd castrates had greater (P < 0.05)
testicular IL-8 mRNA levels than Band and Con animals at 24 h post-castration. In the epididymis,
Burd castrates had greater (P < 0.05) IL-6 mRNA (both at 12 h and 24 h post treatment) and IL-8
mRNA (12 h post treatment) levels compared with Band and Con animals; Burd castrates had
greater (P = 0.049) IL-10 mRNA levels than Band castrates at 12 h post-castration.
Conclusion: Banding castration caused more inflammatory associated gene expression changes to
the epididymis and scrotum than burdizzo. Burdizzo caused more severe acute inflammatory
responses, in terms of pro-inflammatory cytokine gene expression, in the testis and epididymis than
banding.
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Background
Techniques used to castrate male cattle include the application of rubber rings or tightened latex bands (referred to
as banding) [1,2], surgical removal of the testicles [3] and
use of a burdizzo instrument to crush the testicular cords
[4]. Castration of male cattle has been shown to elicit
physiological stress, inflammatory reactions, pain-associated behaviour, suppression of immune function, and a
reduction in performance [5-7].
Banding or burdizzo castration causes ischemia, which in
turn leads to necrosis and inflammation. Acute inflammation is initiated and sustained by the participation of
cytokines including tumor necrosis factor α (TNF-α),
interleukin-1 (IL-1), 6, and interferon-gamma (IFN-γ) [8].
In later stages of inflammation, cytokines (e.g., IL-10) are
produced by infiltrating leukocytes that limit inflammation and counteract hyperalgesia [9]. IL-8 was identified
as an agonist for neutrophils [10] and neutrophils are
involved in many stress models [11-14]. It was reported
that acute phase cytokine expression including IL-1β, IL1Ra, and TNF-a can be altered in dairy calves treated with
dexamethasone, which may decrease resistance of those
animals to disease [15].
There is currently no data available in the literature on the
effects of banding or burdizzo castration on inflammatory
gene expression, which would be an indicator of the severity of inflammation, in the local tissue around the castration site. To study the inflammatory gene profiles would
help monitor the local inflammation resulting from castration procedures and aid in scheduling possible postcastration care to alleviate animal suffering. The hypothesis was that bovine local tissues around the castration site
may be responding to the changed blood flow (ischemia)
associated with banding or burdizzo castration by altering
the expression of cytokine genes involved in inflammatory functions. The objective was to monitor local tissue
inflammatory cytokine gene expression profiles (IL-1, 6,
8, 10, IFN-γ, TNF-α) using quantitative real-time RT-PCR.

Results
RNA stability post-castration
The 28 S and 18 S rRNA bands were degraded in all tissues
of all band-castrated animals and in the testicular samples
of burdizzo castrated animals by day 7 (Figure 1). At 14 d
post-castration, all the RNA samples from both band and
burdizzo-castrated animals were degraded. RNA degraded
tissues were excluded from real-time PCR assays. All other
RNA samples had spectrophotometer absorbance ratios
(260:280) in the range of 1.8 to 2.3.
Gene expression in the band castrated animals (Figures 2
and 3)
There was no evidence for altered mRNA expression of the
pro- or anti-inflammatory cytokines in any of the tissues

tration) 1
Electrophoresis
Figure
of middle scrotum samples (168 h post casElectrophoresis of middle scrotum samples (168 h
post castration). Upper lanes: 5 samples of Band castrates
(degraded 28S and 18S bands). Lower lanes: 5 samples of
Burd castrates (intact 28S and 18S bands).

examined (testes, epididymis and skin) of band castrated
animals at either 12 or 24 hours post-castration.
Gene expression in the burdizzo castrated animals (Figures
2 and 3)
Burdizzo castration was associated with the increased
mRNA expression of the pro-inflammatory cytokines IL-6
(12 h, 24 h and 168 h), and IL-8 and the anti-inflammatory cytokine IL-10 (12 h) in the epididymis, while IFN-γ
gene expression was not detected. Burdizzo castration was
associated with the increased expression of the proinflammatory cytokines INF-γ (12 and 24 h) and IL-8 (24
h) in the testes, while there was a reduction in the expression of TNF-α at both 12 and 24 h. Expression levels for
the genes evaluated in the scrotal skin (ST and SM) were
similar in burdizzo castrates at all time points to that of
controls. TNF-α gene expression was not influenced in the
epididymal tissue by burdizzo castration.

Discussion
The cytokine gene expression profiles in scrotal tissues
associated with acute trauma post-castration were examined in this study. Interestingly, there was no evidence for
altered inflammatory cytokine gene expression in the tissues examined in band-castrated animals. In contrast, a
variety of pro- and anti-inflammatory cytokines were elevated in the epididymal tissues of burdizzo-castrated animals. The mRNA expression profiles of the cytokines
analysed in the epididymis of burdizzo-castrated animals
was consistent with what has been previously been
described in a tissue trauma cytokine profile [8].
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Figure
or
Mean
burdizzo
relevant
2 (Burd)
level (± SEM) of cytokine genes in the epididymis for bulls left untreated (Con), or castrated by banding (Band)
Mean relevant level (± SEM) of cytokine genes in the epididymis for bulls left untreated (Con), or castrated by
banding (Band) or burdizzo (Burd). 12 h post castration, Burd animals had greater (P < 0.05) IL-6 mRNA level than Band
and Con animals; Burd animals had greater (P < 0.05) IL-8 mRNA level than Band and Con animals; Burd animals had greater (P
< 0.05) IL-10 mRNA level than Band animals. 24 h post castration, Burd animals had greater (P < 0.05) IL-6 mRNA level than
Band and Con animals; a, bMeans within a row (by time) that do not have common superscripts differ (P < 0.05).

There was no difference in TNF-α gene expression levels in
the epididymis at all time points examined in this study.
TNF-α is one of the first cytokines released following tissue injury and has an array of biological activities including increasing vascular permeability, stimulation of acute
phase protein secretion and induction of a spectrum of
pro-/and anti-inflammatory cytokines such as IL-6, IL-8,
INF-γ, and IL-10. While TNF-α is produced by activated
monocytes and macrophages, its expression has also been
identified in pachytene spermatocytes and round spermatids [16], and in activated macrophages isolated from the
testis [17-19]. Our observation that TNF-α was not
expressed at 12 h, 24 h or 168 h is consistent with the concept that TNF-α is one of the earliest cytokines activated in
the tissue injury response. Studies on experimental traumatic brain injury models have demonstrated robust

increases in TNF-α at the injured sites within a few hours
post injury, and this cytokine had returned to baseline by
24 h [20-22]. TNF-α had most probably been upregulated
at an earlier time point and had induced an array of pro
and anti-inflammatory cytokines, but, by 12 h is now
itself down regulated under the influence of elevated levels of anti-inflammatory agents such as IL-6, which was
elevated at 12 h in the epididymal tissue. TNF-α acts synergistically with another early response pro-inflammatory
cytokine, IL-1. These two cytokines act via a common signalling pathway [23] leading to increased permeability
and coagulation ability of the endothelium as well as the
induction of a spectrum of inflammatory and immune
response genes. Following this pattern, IL-1 was upregulated at 12 h, but down regulated in the 24 h and 168 h
tissue samples.
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Figure
burdizzo
Mean relevant
3(Burd)level (± SEM) of cytokine genes in the testis for bulls left untreated (Con), or castrated by banding (Band) or
Mean relevant level (± SEM) of cytokine genes in the testis for bulls left untreated (Con), or castrated by banding (Band) or burdizzo (Burd). 12 h post castration, Burd animals had greater (P < 0.05) IFN-γ mRNA level than Band and
Con animals; Band animals had greater (P < 0.05) IL-6 mRNA level than Burd animals; Burd animals had lower (P < 0.05) TNFα mRNA level than Con animals. 24 h post castration, Burd animals had greater (P < 0.05) IFN-γ mRNA level than Band and
Con animals; Burd animals had greater (P < 0.05) IL-8 mRNA level than Band and Con animals; Burd animals had lower (P <
0.05) TNF-α mRNA level than Con animals. a, bMeans within a row (by time) that do not have common superscripts differ (P <
0.05).

IL-6 is a complex regulatory cytokine. It is initially a proinflammatory cytokine, but after a period of elevated concentrations, it stimulates an anti-inflammatory process
through its regulatory influence on the TNF-α and IL-1
receptors. Our results are in keeping with this role as we
observed continuously elevated levels of IL-6 in the epididymal tissues of burdizzo castrated animals at all time
points examined. Placing our data in the context of the
described role in the literature, this suggests that IL-6 is
acting as a potent anti-inflammatory throughout the latter
stages of burdizzo castration. The combined pattern of
gene expression of IL-1, IL-6 and TNF-α is of interest to
stress models such as castration as several lines of evidence suggest that the acute phase cytokines IL-1, IL-6 and

TNF-α may act synergistically in the neuroendocrine system, and influence the release of adrenocorticotropic hormone (ACTH) and corticosterone by potentiating each
other's actions [24,25].
IL-10 is a recognised anti-inflammatory cytokine [8]. It
participates in the down regulation of inflammatory
immune responses by hampering activation of macrophages and dendritic cells and thus inhibiting TH1
responses. IL-10 is also an inhibitor of IFN-γ. Interestingly, IL-10 has traditionally been shown to be produced
by activated macrophages [26]. IL-10 was up regulated at
12 h in Burd castrated animals. Because most macrophages are settled within tissues the increased abundance
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of IL-10 gene observed in Burd castrated animals might
have derived from T lymphocytes, which are known to
produce IL-10 [26]. Overall, the dramatic up regulation of
IL-10 in Burd castrated animals (at 12 h post-castration)
may indicate an attempt by the animal's immune system
to reduce inflammation. Thus, during inflammation,
analgesic cytokines counteract the effects of the proinflammatory hyperanalgesic cytokines generated in the
early stages of the inflammatory response. In addition to
the importance of inflammation as a means of immune
defense and healing, strong inhibitory mechanisms to the
inflammatory process are needed to avoid uncontrolled
inflammation and consequent severe tissue damage.
IL-8 is a chemotactic cytokine that is produced at an early
stage of inflammation with the aim of recruiting neutrophils to the trauma site. Its expression can persist for
weeks. There was a greater level of IL-8 mRNA expression
in both the testes and epididymis of Burdizzo castrated
than Band castrated animals in this experiment. This suggests that burdizzo castration led to a greater acute inflammatory response than banding, because IL-8 enhances
inflammation by enabling immune cells to migrate into
tissues and is a powerful inducer of chemotaxis for neutrophils.
Another interesting aspect of the study is that TNF-α gene
expression levels were lower in Burd castrated animals
than controls at 12 h and 168 h post-castration. We propose that the cytokines released/presented at the tissue
sites in burdizzo castrated animals might play important
roles in mobilizing peripheral inflammatory cells into
damaged tissue. Further studies will be required to fully
explore the complex roles of neutrophil accumulation
with increased levels of TNF-α after an acute inflammatory response
The early degradation of the 28S and 18S rRNA in band
castrated animals, suggests that banding castration
induced a more rapid loss of cell function. This suggests
that band castration caused an earlier necrosis or atrophy
damage to the epididymis and scrotum than burdizzo castration. This is in accordance with the different principles
of these two castration techniques. Banding causes
ischemia to testicles, epididymis and also scrotum, leading to ischemic necrosis of the testicles, and eventually testicular atrophy and sloughing of the scrotum. Burdizzo
castration is based on the principle that crushing destroys
the spermatic cord carrying blood to the testicles but that
the skin of the scrotum remains intact, as clamping of the
burdizzo on each spermatic cord is not overlapped [1,4].
Studies on experimental traumatic brain injury models
have demonstrated robust increases in proinflammatory
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cytokine TNF-α at the injured sites within a few hours
post-injury, and this cytokine returned to baseline by 24 h
[20-22].
Another interesting finding in the study is that TNF-α gene
expression levels were lower in Burd castrated animals
than control at 12 h and 168 h post-castration. We propose that the cytokines released/presented at the tissue
sites in burdizzo castrated animals might play important
roles in mobilizing peripheral inflammatory cells into
damaged tissue. Further studies will be required to fully
explore the complex roles of neutrophil accumulation
with increased levels of TNF-α after an acute inflammatory response.

Conclusion
In conclusion, banding castration induced a more rapid
loss of cell function (as evidenced by the earlier degradation of rRNA) compared with burdizzo castration. Burdizzo castration caused a more severe acute inflammatory
response than banding castration in the testis and epididymis, in terms of pro-inflammatory cytokine gene
expression. Secondary injury mechanisms, including
inflammation, are important therapeutic targets for protection of tissues, and understanding the mediators of
inflammation is important as new therapeutic strategies
are developed for pain relief during castration. Importantly, protein levels as well as other biomarkers require
future consideration when investigating the underlying
mechanisms of tissue trauma post-castration.

Methods
Treatments
Sixty continental × beef bulls (Mean age 12 ± (s.e.) 0.2
months; Mean weight 341 ± (s.e.) 3.0 kg) were blocked by
weight, and randomly assigned to one of three treatments
(20 animals/treatment): 1) untreated control (Con); 2)
banding castration at 0 min (Band); 3) Burdizzo castration at 0 min (Burd).
Animal Housing and Management
Bulls were housed in individual tie-stalls from d -14 (day
of treatment = d 0) to acclimatize them to handling,
restraint and their housing environment. Animals had ad
libitum access to water and grass silage.
Experimental Procedures
Band animals were castrated (time = 0 min) with latex
rubber bands applied and tensioned to the neck of the
scrotum using the Callicrate Smart Bander (St. Francis, KS,
USA) following the instrument guidelines. Burdizzo castration (time = 0 min) was performed in the Burd animals
[6] with 10 sec crushing of the burdizzo applied to each
spermatic cord. As part of the castration procedure, gentle
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Figure 4
Diagrammatic
representation of tissue sampling sites
Diagrammatic representation of tissue sampling
sites. ST: skin around the procedure site; SM: the middle
scrotum.
manual restraint of the bulls was used to facilitate the
operator. Animals in the control group were sham handled for a period equivalent to the time required to perform the castration procedure in the treatment groups.
At the time of tissue sampling, a latex rubber band was
applied above the Band or Burd castration site or equivalent site in control animals, so as to avoid ascending infection from the castration site. At each time point of 12 h,
24 h, 7 d (168 h), and 14 d post-treatment, samples of the
testis, epididymis and scrotal skin (skin around the procedure site (ST), and the middle scrotum (SM)) were collected surgically from 5 animals from each group (Figure
4). Tissue samples were dissected and frozen in liquid
nitrogen immediately and then stored at -80°C until analyzed. All procedures were conducted under experimental
license from the Irish Department of Health in accordance
with the Cruelty to Animals Act 1876, and the European
Communities (Amendment of Cruelty to Animals Act
1876) Regulations, 1994.
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Assay procedures
Tissue samples were broken into small pieces after
removal from the liquid nitrogen. After weighing, tissue
samples (~50 mg) were placed in a liquid nitrogen precooled 14 mL round-bottom culture tube, followed by
addition of 1 mL TRIzol Reagent (Invitrogen, Carlsbad,
CA, USA). Tissues were homogenized using a Polytron
homogenizer (KINEMATICA AG, Switzerland). Total RNA
was isolated from the tissue suspension following TRIzol
Reagent manufacturer's instructions. The isolated RNA
was DNase (Promega, WI, USA) treated, re-extracted using
phenol/chloroform (Sigma-Aldrich, MO, USA), followed
by precipitation using RNase-free 3 M sodium acetate and
pure ethanol (Sigma-Aldrich, Dublin, Ireland). Following
isolation and purification, RNA concentration and purity
were determined using an UV-1601 PC spectrophotometer (SHIMADZU, Japan) set at 260 and 280 nm readings.
RNA quality was also checked by 28S and 18S rRNA band
visualization following gel electrophoresis. RNA was converted into first-strand cDNA using SuperScript™ III FirstStrand Synthesis System (Invitrogen) following the manufacturer's instructions.

Quantitative real-time PCR was performed using the SYBR
Green PCR master Mix (Applied Biosystems, UK). Seven
gene-specific primer pairs (Table 1) were designed using
Primer Express Software (Applied Biosystems) and synthesized at MWG (UK). β-actin was included as an endogenous reference in all real-time PCR analyses. The realtime PCR was performed using an automated fluorometer
(ABI Prism 7700 Sequence Detection System, Applied
Biosystems). A 10 μL sample containing 0.5 μL cDNA,
300 nM of forward and reverse primers, and SYBR Green
PCR master Mix, was placed in each well of a 384-well
plate. The samples were run in triplicate. Real-time PCR
conditions were as follows: stage 1 of 50°C for 2 min;
stage 2 of 95°C for 10 min and followed by stage 3 of 40
repeats of 95°C for 15 sec and 60°C for 1 min. Results
were recorded as relative gene expression changes after
normalising for β-actin gene expression, and calculated
using the 2-ΔΔCt method [27]. The average CT values of control animals at each time point were the calibrator used to
determine relative gene expression changes.

Table 1: Sequences (5'-3') of forward and reverse primers used in real-time PCR

Gene

Forward primer sequence

Reverse primer sequence

IL-1α
IL-6
IL-8
IL-10
IFN-γ
TNF-α
β-actin

TTGGTGCACATGGCAAGTG
GCGCATGGTCGACAAAATCT
TGGGCCACACTGTGAAAATTC
CTTGTCGGAAATGATCCAGTTTT
TGGAGGACTTCAAAAAGCTGATT
TCTACCAGGGAGGAGTCTTCCA
CGCCATGGATGATGATATTGC

GCACAGTCAAGGCTATTTTTCCA
TGTCTCCTTGCTGCTTTCACA
CCTTCTGCACCCACTTTTCC
TCAGGCCCGTGGTTCTCA
TTTATGGCTTTGCGCTGGAT
GTCCGGCAGGTTGATCTCA
AAGCGGCCTTGCACAT
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Statistical analyses
All statistical analyses were performed using SAS V 9.1
(SAS Institute Inc. NC, USA). A repeated measurement
analysis (Proc GLM) was performed. If there was no treatment and time interaction, main effects of treatment ×
time were tested by ANOVA. A probability of P < 0.05 was
chosen as the level of significance for the statistical tests.
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