
H O S T E D  B Y Contents lists available at ScienceDirect

International Journal of Veterinary Science and Medicine

journal homepage: www.elsevier.com/locate/ijvsm

Full Length Article

Effect of the number of incisions and use of local anesthesia on the
physiological indicators of surgically-castrated piglets

Efraín Pérez-Pedrazaa, Daniel Mota-Rojasb,⁎, Ramiro Ramírez-Necoecheab,
Isabel Guerrero-Legarretac, Julio Martínez-Burnesd, Karina Lezama-Garcíab,
Patricia Mora-Medinae, Marcelino Rosasf, Victor Martínezg, Miguel González-Lozanog

a Ph.D. Program in Biological and Health Sciences [Programa de Doctorado en Ciencias Biológicas y de la Salud], Universidad Autónoma Metropolitana (UAM), Mexico
City, Mexico
bNeurophysiology, Behavior and Assessment of Welfare in Domestic Animals. Department of Animal Production and Agriculture. Universidad Autónoma Metropolitana
(UAM), Mexico City, Mexico
c Department of Biotechnology, Universidad Autónoma Metropolitana, Unidad Iztapalapa, Mexico City, Mexico
dGraduate and Research Department, Facultad de Medicina Veterinaria y Zootecnia, Universidad Autónoma de Tamaulipas, Victoria City, Tamaulipas, Mexico
e Department of Livestock Sciences, FESC, Universidad Nacional Autónoma de México, Cuautitlan Izcalli, State of Mexico, Mexico
f Biological Sciences Department, Universidad Nacional Autónoma de México, Facultad de Estudios Superiores Cuautitlán, FESC, State of Mexico, Mexico
g Centro de Enseñanza, Investigación y Extensión en Producción Porcina (CEIEPP), FMVZ, Universidad Nacional Autónoma de México (UNAM), Mexico City, Mexico

A R T I C L E I N F O

Keywords:
Animal welfare
Blood gas test
Lidocaine
Local anesthesia
Orchiectomy
Physiological profiles

A B S T R A C T

The objective of this study was to determine the effect of local anesthesia and the number of incisions performed
on the physiological blood profile of piglets after surgical castration. A total of 60 male piglets were divided into
five groups of 12 each, based on the surgical method employed and the use, or not, of local anesthesia, as
follows: surgical castration using one horizontal incision in both testicles with (C1+L) and without (C1) local
anesthesia; surgical castration using two vertical scrotal incisions with and without local anesthesia (C2+L and
C2); and control piglets which were removed from their pens and held head-down by their hind limbs for
approximately 90 s to simulate castration (SIM). Reference blood samples were drawn 24 h before castration
(RV), immediately after surgery or simulated castration (PC), and at 24 and 48 h post-castration, to determine
physiological profiles including; pH, hematocrit, glucose, electrolytes, lactate, pCO2 (mmHg), SO2 (mmHg), and
bicarbonate. Results showed increases in lactate and hematocrit immediately after surgical or simulated cas-
tration with decreases in pH, HCO3− and base excess (BE). Surgical castration produced marked alterations of
the physiological profile, detected by reduced pH and HCO3, higher lactate levels and BE alterations. These
changes indicated metabolic acidosis that was greater in the piglets castrated surgically with one horizontal
incision than in those castrated with two vertical incisions. More research is needed on the use of lidocaine
during surgical castration, as it showed no effect on physiological profile in this study, but did alter hematocrit
values.

1. Introduction

In the first days after birth, piglets undergo several production
practices that induce pain and stress, so a number of studies have been
performed to identify techniques that will cause less harm to their well-
being; e.g.: tooth-clipping vs. tooth-grinding [1–3], tearing vs. cutting
the spermatic cords during surgery [4], and hot- vs. cold-iron docking of
the neonates’ tails [5]. Surgical castration is a particularly controversial

production practice, but one performed to obtain several recognized
benefits: (a) preventing unwanted breeding; (b) reducing fighting in
mature pigs; (c) safer handling of boars; and, (d) reducing the risk of
boar taint in meat [6–8]. However, no research has yet been conducted
to determine whether the number of scrotal incisions during surgical
castration affects the piglets’ well-being. The most common castration
method involves making a surgical incision in the scrotum to reveal the
testes, which are then removed by tearing, cutting or twisting [9]. This
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is traditionally done at a young age and without anesthesia [10], but
strong evidence suggests that it involves various stressful events that
are likely to cause pain, including incisions, extracting the testes, and
severing the spermatic cords [11,12]. While there is no consensus on
how many scrotal incisions should be made, the technique most often
used consists of two, not one [13]. When two incisions are made, they
are normally longitudinal in each testicle [11], while the single-incision
method requires a transverse cut across both testicles and into the
scrotum and tunica vaginalis [7]. However, surgical castration triggers
physiological responses that reflect pain during the operation and in the
ensuing hours. The stress and pain present during surgery can activate
both the hypothalamic-pituitaryadrenal axis and the sympathetic ner-
vous system (SNS) [14]. Physiological changes of this kind are im-
portant for evaluating the level of distress that farm animals suffer
when exposed to acute noxious circumstances, like castration, tail-
docking or dehorning [12,15]. Certainly, these effects and physiological
responses can be mitigated by administering general or local an-
esthesia, while post-operative pain is often relieved with analgesics
[16,17].

Most current research focuses on the impact of surgical procedures
on normal behavior [18], cortisol levels [15], and immune system re-
sponses [11], so no studies have been published on the effect of surgical
castration with or without local anesthesia on the physiological profiles
of piglets. Hence, the objective of this work was to determine to what
extent the number of incisions performed during the surgical castration
of piglets affects their physiological profile. The decrease of this re-
sponse due to the use of local anesthesia during surgery was also as-
sessed.

2. Materials and methods

2.1. Ethical note

All handling of animals in this study was followed the procedures
outlined for the use and care of animals in Mexico’s norm NOM-062-
ZOO-1999 (Department of Agriculture, Ranching, Rural Development,
Fishing and Alimentation for animal-based experimentation [19]. The
study took place in a porcine farm located in Amecameca, Mexico
(Latitude: 19° 07′ 25.82″ N. Longitude: −98° 45′ 59.36″ W.), following
The Code of Ethics of the World Medical Association (Helsinki De-
claration) and in strict accordance with the guidelines for the ethical
use of animals in applied ethological studies, recorded elsewhere [20].

2.2. Animals

Data were collected from 60, 5-day old male piglets (Yorkshire x
Landrace) obtained from twelve different litters delivered by third-
parity sows. Neonates with abnormalities in the position of the testicles
(unilateral or bilateral cryptorchidism, scrotal hernias, etc.) or signs of
systemic disease were excluded. Following the regular handling prac-
tices at the host farm, on day 3 post-farrowing, all piglets received a
subcutaneous injection of 1mL (100mg) of Fe3+ in the form of iron
dextran. They were not subjected to tooth or tail resection before the
experiment. The sows and their litters were held in 1.9–2.5m2 far-
rowing pens. Dimensions were 2.07m long×0.60m wide× 1.01m
high, with a total space of 2m wide by 2.5 m long. Each pen was
equipped with a 50-cm stainless steel feeder and a nipple drinker, and
its creep area was warmed by a radiant electric lamp. Each room had 12
pens set up in two rows of six pens each with a dividing aisle. The pens
had slatted, wire mesh floors with a plastic carpet over them. Fans and
air-heating were installed to control ventilation and temperature (27 °C
and 60% relative humidity in the farrowing room). Sows and piglets
had ad libitum access to water in separate nipple drinkers. On day one of
life, all piglets were weighed and identified individually by marking a
number on their back in different colors to distinguish the experimental
groups. All procedures were carried out by the same person and near

the farrowing pens.
Each one of the five study groups consisted of 12 piglets divided

according to the number of incisions (one or two) received during
surgical castration and with or without the use of the local anesthetic,
lidocaine. There was also a control group that underwent simulated
castration (SIM). The groups were identified as follows: castration with
one horizontal incision in both testicles with and without lidocaine as a
local analgesic (C1+L and C1); castration with two vertical scrotal
incisions with and without local anesthesia (C2+L and C2); and a
control group with piglets that were removed from their pens and held
head-down by their hind limbs for approximately 90 s (SIM) near the
farrowing pen similar to the groups subjected to surgery.

2.3. Surgical procedure

Before surgical castration, the skin of the scrotal area was cleaned
with chlorhexidine and isopropyl alcohol. Lidocaine at 10mg/mL
(Pisacaina 2%, Pisa® Laboratories S.A. de C.V., Mexico) was the local
anesthetic, with 0.5mg injected into each testicle, anticipating that it
would spread into the spermatic cord [21]. The piglets were returned to
the farrowing pen with the others to await castration. Lidocaine was
administered at least 10min before castration following the metho-
dology in Kluivers-Poodt et al. [22].

Surgery for piglets in groups C2+L and C2 was performed with a
scalpel. Two vertical incisions were made in the scrotum, the testicles
were extracted, and the spermatic cords were severed [11]. For groups
C1+L and C1, castration involved making just one horizontal incision
in the scrotum to expose the testicles. In both cases spermatic cords
were scarified with a scalpel, and the testicles removed [23].

All operations were performed by an experienced surgeon on the
same day with the piglets restrained in supine position by an assistant.
The skin over the scrotum was tautened with one hand to help expose
the testicles and incision site. According to treatment group, castration
was performed by making one or two incisions (10mm) on the skin of
the scrotum with a scalpel to expose the testicles. Next, the vaginal
tunic and spermatic cords were cut, and the testicles removed.
Immediately after each castration, a healing agent was applied to the
wound (Negasunt Powder 20 Gm®: Coumaphos: 3%, Propoxur: 2%,
Prontalbin: 5%). It is important to note that no other post-operative
treatment was applied and that castration time was 90 s per piglet.

2.4. Blood samples

Blood samples were collected from the cava cranialis vein using 1-
mL syringes –pre-prepared with lithium heparin– at five moments: 24 h
before castration (RV); immediately after surgery (PC: post-castration);
and then at 6, 24 and 48 h after castration. All samples were obtained in
less than 15 s while the piglets were physically restrained, by placing
them in the same position as for castration. The study personnel who
drew the samples had experience and were fully-trained. From each
sample, 150 µL were placed in an analyzer to determine the parameters
of plasma, gas and electrolytes (GEM Premier, Instrumentation
Laboratory Co., Lexington, USA; Instrumentation Laboratory SpA,
Milano, Italy). Experimenters processed samples immediately to as-
certain the physiometabolic profiles as follows: pH, hematocrit (%),
glucose (mg/dL), electrolytes (Na+, K+, Ca++ [mmol/ L]), lactate le-
vels (mg/dL), partial pressures of carbon dioxide [PvCO2 (mmHg) and
PvO2(mmHg)], and bicarbonate (HCO3−).

2.5. Statistical analyses

Statistical analyses were performed with the SAS program version
9.3 (SAS Inst. Inc., Cary, NC, USA). A general MIXED linear model was
applied to analyze the values of the physiological profiles. Results are
presented as means and standard errors.

To evaluate the effect of the number of incisions and the use of
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lidocaine on the physiological profiles, and to directly model and direct
the structure of covariance in order to obtain valid standard errors and
efficient statistical tests, we utilized the mixed linear model metho-
dology to analyze the repeated measures data of the metabolites that
were examined in the blood from the same experimental units (piglets)
24 h pre-castration, immediately post-surgery, and then at intervals of
6, 24 and 48 h. The mixed linear model applied to analyze the blood
values included the fixed effects of: 1) the number of incisions made
during castration; 2) treatment group; 3) measurement interval; and 4)
the first and second order interactions among these factors, taking the
piglet as the random effect. To model the structure of covariance, we
utilized the PROC MIXED of the Statistical Analysis System (SAS, 2012),
where the between-animal variation was specified using the RANDOM
instruction, and the covariation within animals was specified using the
REPEATED instruction. The analyses focused on comparisons between
treatment groups and measuring intervals pre- and post-surgery.

The personnel responsible for all evaluation procedures, and those
who gathered the results of the study were not informed as to the
treatments involved and had no role in dividing the groups of piglets or
in the final analysis of the data. Also, the researcher who was in charge
of the statistical analyses was unaware of the treatment regimens ap-
plied. In all statistical tests, the level of significance was set at a two-
tailed P < .05.

3. Results

Piglets in the two-incision group showed fewer alterations and
better recovery in terms of acid-base balance at all sampling intervals.
Regarding hematocrit values, this group also showed greater stability
between sampling times when lidocaine was applied as a local anes-
thetic prior to castration. Hematocrit values showed a similar behavior
in the group castrated with one incision when lidocaine was used;
however, no between-group differences were found in terms of blood
gases exchange. Finally, the pH buffer system showed within-group
differences between the different sampling times (reference vs. post-
castration values).

3.1. Acid-Base balance (pH and blood lactate)

Blood pH showed a strong decrease after castration in all groups,
even SIM (samples: RV vs. PC). For the piglets in groups C1+L
(P < .0001) and C1 (P < .0001), the difference was 0.18 lower, while
for those in groups C2+L (P= .0092) and C2 (P= .0019), the decrease
was 0.14. The decrease for group SIM, meanwhile, was 0.13
(P < .0001). pH was re-established at six hours after castration in all
piglets regardless of group (Fig. 1a).

All groups, including SIM, showed statistically-significant increases
in blood lactate levels immediately after castration (samples: RV vs.
PC). The increase in group C1+L was 139.3% (P < .0001), while for
group C1 it was 134.8% (P < .0001) when post-castration values were
compared to reference values (PC vs. RV). Of the piglets castrated with
two incisions, group C2+L showed the smallest increase in lactate, at
28.3% (P= .0039), upon comparing RV to PC. The increase in group C2
was 172.7% (P < .0001), the highest value observed (RV vs. PC). The
piglets that underwent simulated castration (SIM) showed a 95.8% in-
crease in lactate (P < .0001). Though no significant differences in
lactate levels were found among groups at the same sampling times, CL
+2 (surgical castration with two incisions and lidocaine) showed a
lower increase than SIM at the post-castration and post-simulated cas-
tration times (Fig. 1b).

3.2. Blood gas measurements

The blood gas exchange only showed changes in the piglets ca-
strated using one incision and lidocaine as anesthetic (group C1+L).
The increase in PvCO2 was 28.4% immediately after castration (RV vs.

PC: P= .0082). In no other group did the blood gas measurements
show significant differences, regardless of the number of incisions or
the use of local anesthesia, and between groups as well as between
sampling times within each group. However, the decrease in PvO2 at
post-castration, and the later increase, were noted in every group
compared to the remaining sampling times within groups, including
SIM (Table 1).

3.3. Acid-Base disorders

Table 2 shows significant blood bicarbonate concentration de-
creases in all groups immediately after castration (PC vs. RV samples).
Despite this immediate post-castration decrease, these values returned
to normal levels after six hours. By group, the C1 piglets showed the
sharpest decrease –6.73mmol/L (P < .0001)– followed by group C2 at
5.9 mmol/L (P= .0017), and groups C2+L and C1+L with decreases
of 4.9mmol/L (P= .0015) and 3.6 mmol/L (P < .0001), respectively.
The lowest decrease was in SIM at 3.21mmol/L (P < .0008, Table 2).

Regarding base excess (BE), while no significant differences were
found between groups when sampling times were compared, differ-
ences were observed in RV vs. PC in most groups. The decreases in base
excess levels compared to reference values were as follows: 9.88, 7.28,
6.81, and 4.06mmol/L (P < .0001 in all cases) for groups C1, C1+L,
C2+L and SIM, respectively. No significant differences were found in
C2 (P= .1145) (Table 2).

3.4. Glucose and hematocrit

No significant differences were found in hematocrit values between
groups, though C1 showed a significant increase of 5.91% (P= .0298)

Fig. 1. Acid-Base balance in surgically-castrated piglets after one or two inci-
sions, and with or without local anesthesia. C1: surgically-castrated piglets with
one scrotal incision; C2: surgically-castrated piglets with two scrotal incisions;
+L: Lidocaine use; SIM: Simulated castration. RV: Reference Values; PC: Blood
sample obtained immediately after castration; 6 h, 24 h and 48 h: Blood samples
taken at 6, 24 and 48 h after castration. Different letters indicate significant
differences between sampling times within groups (same color bars).
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after castration, while group C2 had an increase of 8.17% (P= .0462)
compared to reference values (Table 3). Glucose, Na+, K+, and Ca++

concentrations showed no differences among groups or sampling times
within groups.

4. Discussion

The results of this study show physiological alterations (pH, lactate,
PvO2, PvCO2, HCO3−, HCT) in all groups after surgical castration or
simulated castration, an effect that was especially strong on the acid-
base balance. Two particularly important results were the decrease in
pH values and the increase in lactate levels, which more than doubled
the RV for each group, except C2+L, which showed greater profile
stability. As a consequence, a marked reduction in HCO3− and BE le-
vels was observed, especially in the piglets in the groups castrated
surgically with one scrotal incision and those castrated surgically
without pre-surgery anesthesia. Likewise, the hematocrit values were
significantly higher values in the groups that were castrated surgically
without lidocaine.

Blood gas exchance observed in this study can be explained by the

considerable PvCO2 increase found in all groups, including SIM. This
increase has been observed previously in pigs in association with a
physiological response to stressful stimuli like handling and weaning at
8 and 15 days [24]. Descriptions of this phenomenon emphasize the
incidence of metabolic acidosis that the animals attempted to modulate
through hyperventilation [25].

Blood pH values decreased immediately after surgical castration in
all groups including SIM; however, the imbalance was greater in the
piglets castrated with one incision than in those castrated using two.
The increase in lactate was apparent at PC sampling in both the sur-
gically-castrated groups and the simulated group. Thus, the decrease in
pH may be due to the fact that the tissues affected by castration are
innervated, so the damage caused by surgical castration probably pro-
duces painful stimuli in response to the activation of the sympathetic
nervous system [26]. When pigs find themselves in stressful conditions,
they may shift from aerobic to anaerobic metabolism, which means
producing ATP from muscle glycogen [27]. As a consequence of ca-
techolamine stimulation, glycogen is mobilized, leading to a transient
increase in lactate from muscles [28]. Blood pH then decreases due to
the increase in lactate [29], which was observed in both surgical

Table 1
Blood gas exchange of surgically-castrated piglets after 1 or 2 incisions.

PvO2(mm/Hg) Group Castrated SIM Mean ± SE P-value

One incision Two incisions

C1+L Mean ± SE C1 Mean ± SE C2+L Mean ± SE C2 Mean ± SE

RV 37.10 ± 6.36 35.36 ± 6.07 38.50 ± 6.36 39.00 ± 5.38 55.00 ± 7.61 0.3274
PC 28.58 ± 4.29 31.07 ± 4.72 27.00 ± 6.25 39.70 ± 5.59 33.36 ± 5.33 0.5226
6 h 35.30 ± 4.94 32.55 ± 5.21 26.44 ± 5.21 37.81 ± 4.71 38.00 ± 4.71 0.4722
24 h 31.50 ± 4.33 31.18 ± 4.13 28.36 ± 4.13 36.66 ± 4.57 32.11 ± 4.57 0.7621
48 h 41.00 ± 3.83 33.33 ± 4.43 42.57 ± 5.02 31.66 ± 5.42 35.71 ± 5.02 0.4195
P-value 0.3348 0.9592 0.1054 0.8898 0.2503

PvCO2(mm/Hg)
RV 38.66 ± 2.70a 42.40 ± 3.23 38.80 ± 3.24 40.23 ± 2.80 39.85 ± 2.29 0.8219
PC 49.64 ± 1.96b 48.35 ± 2.73 44.75 ± 3.62 44.10 ± 3.20 44.36 ± 1.83 0.6857
6 h 42.55 ± 2.56ab 42.55 ± 3.41 45.66 ± 3.41 43.72 ± 3.05 38.70 ± 1.92 0.5402
24 h 42.20 ± 2.56ab 42.27 ± 3.08 40.81 ± 3.08 42.60 ± 3.20 40.44 ± 2.02 0.9576
48 h 39.90 ± 2.44a 44.25 ± 3.62 38.28 ± 3.87 40.60 ± 4.52 42.42 ± 2.29 0.3870
P-value 0.0082 0.5261 0.4569 0.8718 0.2660

C1: surgically-castrated piglets with one scrotal incision; C2: surgically-castrated piglets with two scrotal incisions; +L: Lidocaine use; SIM: Simulated castration.
RV: Reference Values; PC: Blood sample obtained immediately after castration; 6 h, 24 h and 48 h: Blood samples taken at 6, 24 and 48 h after castration.
Different letters indicate significant differences between sampling times within groups (same column).

Table 2
Blood acid-base balance of surgically-castrated piglets after 1 or 2 incisions, with and without administration of a local anesthetic (lidocaine).

HCO3−(mmol/L) Group Castration SIM Mean ± SE P-value

One incisión Two incisions

C1+L Mean ± SE C1 Mean ± SE C2+L Mean ± SE C2 Mean ± SE

RV 24.42 ± 0.96a 25.31 ± 0.91a 23.19 ± 0.91a 24.44 ± 0.96a 24.20 ± 0.0.96a 0.6057
PC 20.82 ± 0.79b 18.58 ± 0.87b 19.10 ± 1.15b 18.53 ± 1.03b 20.99 ± 0.98b 0.1597
6 h 24.65 ± 0.82a 25.21 ± 0.98a 25.16 ± 0.94a 23.81 ± 1.01a 24.41 ± 0.7a 0.6575
24 h 26.58 ± 0.86a 24.82 ± 0.88a 24.83 ± 0.80a 23.38 ± 1.06a 25.27 ± 0.79a 0.5710
48 h 23.75 ± 0.58a 25.55 ± 0.67a 23.71 ± 0.76a 24.82 ± 0.90a 25.48 ± 0.76a 0.2103
P-value < 0.0001 <0.0001 0.0015 0.0017 0.0008

Base excess (BE) (mmol/L)
RV 0.61 ± 1.24a 0.79 ± 1.17a −0.84 ± 1.17a 0.84 ± 1.24 −0.22 ± 1.24a 0.8209
PC −6.67 ± 1.13b −9.09 ± 1.25b −7.65 ± 1.65b −4.61 ± 1.56 −4.28 ± 1.41b 0.0853
6 h −0.36 ± 0.88a 0.72 ± 0.93a 0.42 ± 0.93a −1.26 ± 0.84 0.37 ± 0.84a 0.5018
24 h 2.09 ± 0.96a 0.34 ± 0.92a 0.69 ± 0.92a −1.58 ± 0.96 1.20 ± 1.01a 0.1156
48 h −0.44 ± 0.76a 0.92 ± 0.87a −0.17 ± 0.99a 0.03 ± 1.07 0.97 ± .99a 0.5364
P-value < 0.0001 <0.0001 <0.0001 0.1145 0.0011

C1: surgically-castrated piglets with one scrotal incision; C2: surgically-castrated piglets with two scrotal incisions; +L: Lidocaine use; SIM: Simulated castration.
RV: Reference Values; PC: Blood sample obtained immediately after castration; 6 h, 24 h and 48 h: Blood samples taken at 6, 24 and 48 h after castration.
Different letters indicate significant differences between sampling times within groups (same column).
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castration and SIM groups.
Blood pH levels normally remain within narrow limits because of

the action of various corporal buffer systems [30], including HCO3−.
When an increase in the production or concentration of hydrogen ions
occurs, HCO3− takes additional hydrogen ions from the environment,
thus forming carbonic acid, which dissolves in water and carbonic an-
hydride and is then liberated through respiration [31]. Hence, the pH
decrease and lactate increase in SIM and piglets castrated surgically
with one or two incisions could alter the bicarbonate concentrations
and base-excess values as found in this study.

On this issue, Ritter et al. [32] observed that as pigs are exposed to
additional stressors, their rectal temperature and blood lactate levels
increased linearly, while blood pH, bicarbonate and base-excess values
declined, also in a linear fashion. This suggests that restraint and cas-
tration could cause more pronounced physiological alterations than
those result from restraint exclusively. This argument is consistent with
the findings of this study in terms of the higher lactate levels detected in
the surgically-castrated piglets compared to the neonates in the simu-
lated castration group, though this difference was not significant.

It is important to consider that the testicular protection provided by
the scrotum depends on three connective tissue structures (skin, the
dartos fascia and the scrotal fascia). Also, the testicles are separated by
a significant amount of connective and fat tissues that form the scrotal
wall [16]. For these reasons, the restraining method used during sur-
gical castration, and the type of surgical incision made, could have
additional consequences for blood gases and metabolites, as we ob-
served in this study. Thus, a surgical incision made directly over the
scrotal raphe (C1 groups) turns out to be a more invasive method due to
the aforementioned anatomical characteristics and the polymodal no-
ciceptors, when compared to the castration technique that makes two
incisions, one over each testicle (i.e., C2+L), since those incisions sever
only three connective tissue structures.

Lidocaine, a local anesthetic, has typically been evaluated by ana-
lyzing vocal parameters and plasma cortisol. Applying lidocaine re-
duces the pain and stress involved in the castration procedure [22].
Regarding the effect of administering local anesthesia prior to surgical
castration, our results show no statistical differences between the sur-
gically-castrated groups with and without the use of lidocaine; how-
ever, Haga and Ranheim’s [10] findings suggest that when castration is
performed with no local anesthesia the nociceptive response generated
is more pronounced than when lidocaine is applied. This suggests that
injecting this anesthetic does, indeed, decrease pain and modulate
cardiovascular responses to castration. All local anesthetics act by in-
terrupting the onset and propagation of action potentials in nerve cells
by blocking the increase in Na+ conductance which, of course, is
voltage-dependent [33]. Thus, when lidocaine is injected into the testis
and/or spermatic cord it proved to be effective in reducing the acute
pain that castration induces [10].

The unexpected result of this study was the absence of any effect of

lidocaine use on physiological responses. One possible explanation of
this finding is that the lidocaine did not flow evenly into all the tissues
affected by castration, with the result that the sensory block achieved
was uneven [10]. It should be noted that we administered the lidocaine
10min prior to surgery, but Ranheim and Haga [34] found only low
lidocaine concentrations in the cremaster muscle ten minutes after in-
jection into the testes. Therefore, the 10-minute interval may be in-
sufficient to achieve a complete sensory block, a condition that might
also affect other tissues, including the scrotal ligament and the intra-
abdominal area of the spermatic cord.

Although no differences were found in the state of acidosis and
blood gas diffusion in response to the use of local anesthesia, it is im-
portant to note that the hematocrit was significantly higher im-
mediately after surgery in the piglets castrated without lidocaine. This
can be attributed to two reactions: first, splenic contraction and, at least
in part, the lower volume of blood plasma. Splenic contractions are
triggered by the catecholamines liberated whenever the sympathetic
branch of the autonomic nervous system is stimulated [35]. Ad-
ditionally, the piglets in groups C1 and C2 showed the largest decrease
in serum bicarbonate values compared to groups C1+L and C2+L. The
drop in serum bicarbonate produces an excess of free protons, and when
a lower than normal blood pH is found, metabolic acidemia is evi-
denced.

Alterations of the physiological profiles differed statistically only in
the blood samples obtained from each group immediately after cas-
tration. Other studies have shown that castration causes reactions –both
physiological and behavioral– that reflect pain. These reactions may be
quite marked during surgery and the early hours post-castration,
though they diminish quickly. Some behavioral alterations, however,
have been seen to persist for a few days [34]. In their evaluation of the
effect of lidocaine on cortisol levels during surgical castration in piglets
as an indicator of stress and pain, Marsalek et al. [11] found that
concentrations of cortisol increased in a significant manner at 1 h after
the surgery was performed, and that administering lidocaine did not
reduce those concentrations. In this regard, Davis et al. [36] found
fewer physiological alterations (i.e., cortisol levels) 30min after simu-
lated castration in piglets compared to surgically-castrated animals.
Similarly, Prunier et al. [16] showed that the plasma adrenocortico-
tropic hormone (ACTH) increased and then peaked at 5min after sur-
gery, but returned to the pre-surgery level within 3 h.

5. Conclusions

Regardless of the number of incisions, scrotal surgical castration
produces alterations in the blood physiological profiles of piglets. In
fact, a tendency towards more pronounced blood physiological profile
mismatches is observed in neonates castrated with one horizontal in-
cision. Likewise, though to a lesser degree, simulated castration also
causes alterations in the physiological profile compared to surgically-

Table 3
Hematocrit (HTC) percentage in surgically-castrated piglets after 1 or 2 scrotal incisions with and without administration of a local anesthetic (lidocaine).

HCT (%) Group Castrated SIM Mean ± SE P-value

One incision Two incisions

C1+L Mean ± SE C1 Mean ± SE C2+L Mean ± SE C2 Mean ± SE

RV 33.42 ± 2.38 32.66 ± 2.07ab 31.16 ± 3.35 29.63 ± 2.03a 31.00 ± 2.30 0.6460
PC 38.00 ± 1.80 38.57 ± 1.66b 31.42 ± 3.10 37.80 ± 2.13b 36.63 ± 1.96 0.2093
6 h 34.90 ± 1.99 33.77 ± 2.07ab 31.33 ± 2.73 30.45 ± 2.03a 31.63 ± 1.96 0.6575
24 h 34.60 ± 1.99 33.81 ± 1.88ab 33.27 ± 2.47 31.77 ± 2.24a 30.66 ± 2.17 0.5710
48 h 33.00 ± 1.90 29.28 ± 2.35a 38.16 ± 3.35 36.50 ± 3.37a 33.40 ± 2.91 0.2044
P-value 0.2876 0.0298 0.5167 0.0462 0.2382

C1: surgically-castrated piglets with one scrotal incision; C2: surgically-castrated piglets with two scrotal incisions; +L: Lidocaine use; SIM: Simulated castration.
RV: Reference Values; PC: Blood sample obtained immediately after castration; 6 h, 24 h and 48 h: Blood samples taken at 6, 24 and 48 h after castration.
Different letters indicate significant differences between sampling times within groups (same column).
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castrated piglets. Therefore, alterations in the physiological profile of
piglets that underwent surgical castration are evident only immediately
after castration, and return to normal values within 6 h of surgery.
Clearly, more research is needed on the use of lidocaine during surgical
castration because, even though our results did not reach statistical
significance for the complete physiological profile, they do show an
effect on hematocrit values and the state of acidosis. Thus, we conclude
that lidocaine can be helpful in reducing alterations in the physiological
profile of the blood in surgically-castrated piglets.
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