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Weight gain, behavioral and cortisol changes after orchiectomy with 
or without local anaesthesia in piglets

Ganho de peso, comportamento e alterações no cortisol após a 
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Abstract

The aim of this study was to investigate the effect of intratesticular local anesthesia on weight gain 
and behavioral and cortisol changes in piglets submitted to castration. Study design was a randomized 
controlled trial. Twenty-nine male Landrace crossbred piglets aged 3 to 6 days were used. The piglets 
were randomly divided into two groups: orchiectomy with anesthesia (A, n = 15) and orchiectomy 
without anesthesia (NOA, n = 14). Piglets in the A and NOA groups were treated with 0.5 mL of 
intratesticular 2% lidocaine with a vasoconstrictor in each testicle and 0.5 mL of intratesticular 0.9% 
sodium chloride, respectively. Blood samples were collected from all animals immediately after surgery 
and at 3 and 6 days postoperatively for measurement of the serum cortisol concentration. Behavior 
was assessed daily for 6 days by two observers blinded to the treatment. Weight was measured at the 
same time as cortisol measurement. Analysis of variance followed by the Student-Newman-Keuls test 
was used to investigate differences in time within and between the two groups. Mean times of six 
evaluations done for 90 minutes during 6 days of each behavior were compared by Tukey t test. The 
level of statistical significance was 5%. The serum cortisol concentration was higher immediately after 
surgery than at 3 and 6 days postoperatively in both groups. Weight gain was greater at 3 and 6 days 
postoperatively in the A group than in the NOA group. Intratesticular local anesthesia before castration 
in piglets is technically practical, is in accordance with good welfare practice, and improves short-term 
weight gain in piglets submitted to castration.
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Resumo

O objetivo deste estudo foi investigar o efeito da anestesia local intratesticular prévia à castração sobre o 
ganho de peso, comportamento e alterações no cortisol de leitões. O delineamento experimental adotado 
foi inteiramente casualisado. Foram utilizados vinte e nove leitões mestiços Landrace – Large White 
do sexo masculino com idade de 3 a 6 dias. Os leitões foram divididos aleatoriamente em dois grupos: 
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orquiectomia com anestesia (A, n = 15) e orquiectomia sem anestesia (NOA, n = 14). Aos leitões do 
grupo A foi administrado 0,5 mL de lidocaína 2% intratesticular com vasoconstritor em cada testículo, e 
no grupo NOA administrou-se 0,5 mL de NaCl 0,9% intra testicular também em cada testículo. Amostras 
de sangue foram coletadas de todos os animais imediatamente após a cirurgia e posteriormente aos 3 e 
6 dias após a cirurgia para a medição da concentração de cortisol sérico. O comportamento foi avaliado 
diariamente durante 6 dias por dois observadores que desconheciam o tratamento. O peso foi medido ao 
mesmo tempo que o cortisol sanguíneo. Foi realizada a análise de variância, e o teste Student-Newman-
Keuls para contraste entre médias. O tempo médio de seis avaliações realizadas por 90 minutos durante 
6 dias para cada comportamento foi comparado pelo teste de Tukey. O nível de significância estatística 
foi de 5%. A concentração de cortisol sérico foi maior imediatamente após a cirurgia do que após 3 e 6 
dias de pós-operatório em ambos os grupos. O ganho de peso foi superior aos 3 e 6 dias após a cirurgia 
no grupo A em relação ao grupo NOA. A anestesia local intratesticular antes da orquiectomia em leitões 
é prática, auxilia na manutenção das boas práticas de bem-estar animal, e melhora o ganho de peso a 
curto prazo em leitões submetidos à castração.
Palavras-chave: Castração. Comportamento animal. Lidocaína. Suíno.

Introduction

Pork is the most extensively consumed meat 
worldwide (USDA, 2015). This is probably related 
to tradition, competitive prices when compared with 
other products, low amounts of fat, palatable flavor, 
favorable texture quality, and consistent marketing 
programs (ROPPA, 2003; FAOSTAT, 2013).

New animal welfare regulations require 
innovative raising perspectives to adapt to the 
demanding world market (DRANSFIELD, 2005; 
NGAPO et al., 2007a, 2007b). Animal welfare, 
environmental issues, and food security are 
considered to be the three major challenges that will 
confront the agriculture business in the coming years 
(ROLLIN, 1995). The consumer desires to eat meat 
of “ethical quality”, which is meat that originates 
from animals raised, treated, and slaughtered using 
systems that promote the well-being of animals and 
that are sustainable and environmentally acceptable 
(WARRIS, 2000). There is strong evidence that high-
quality meat originates from good animal welfare. 
Poor welfare produces serious consequences at all 
stages of production and compromises the final 
product (BEATTIE et al., 2000).

Surgical castration is a practice that induces great 
suffering in animals and can lead to problems such as 
bleeding, infection, and loss of production efficiency 
because of acute or chronic stress (SCHULZ et al., 
2007; ZÖLS et al., 2006). Legislation regarding 

the need for castration before slaughtering of pigs 
is variable worldwide. Surgical castration is no 
longer accepted in countries of the European Union 
(THUN et al., 2006). Several countries have already 
banned or are in the process of banning the need 
for castration before slaughtering (JÄGGIN, 2001). 
The main benefits of castration include removal of 
the unpleasant odor and flavor observed when one 
eats meat from noncastrated male pigs and reduction 
of aggressive behavior (THUN et al., 2006). 

In one study, castration without anesthesia in 
pigs up to 7 days of age produced a greater increase 
in catecholamine concentrations than in piglets 
submitted to castration with anesthesia (SCHULZ 
et al., 2007). Otherwise, the effect of castration on 
cortisol concentrations has been inconclusive and 
the endocrine and behavioral changes produced 
by castration may be maintained for 4 days (HAY, 
2003). 

Although the administration of analgesia and 
anesthesia before castration consumes both time 
and money, the demand for these techniques during 
castration in piglets has increased because they 
reduce the pain and suffering associated with this 
procedure (HANSSON et al., 2011; KLUIVERS-
POODT et al., 2012). However the effect of local 
anesthesia in short-term weight gain has not 
been demonstrated yet (HANSSON et al., 2011; 
KLUIVERS-POODT et al., 2012, 2013). 
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The most common anesthetic techniques 
for castration in piglets are isoflurane or local 
anesthesia. Studies have shown that isoflurane 
anesthesia does not efficiently reduce pain after 
castration when compared with castration without 
anesthesia (SCHULZ et al., 2007), however, 
intratesticular, scrotal sac, and spermatic cord 
anesthesia are reportedly equally effective in 
reducing the endocrine and behavioral responses 
after castration (HAGA; RANHEIM, 2005).

The aim of this study was to investigate the 
effect of intratesticular local anesthesia on weight 
gain and behavioral and cortisol changes in piglets 
submitted to castration.

Materials and Methods

This study was conducted at a commercial pig 
farm after obtaining approval from the University 
Animal Research Committee – process number 
76/2013-CEUA. Twenty-nine 3- to 6-day-old male 
Landrace crossbred piglets from six different litters 
were used. The sows and litters were maintained 
in 1.80-2.20 m2 cages from birth; all cages were 
equipped with creep feed, feeders, and drinkers 
specific to sows and piglets. They were fed twice 
daily. The piglets were free to move and the litters 
were randomly divided into two groups: castration 
without anesthesia (NOA) and castration with 
anesthesia (A) with a total of three litters per 
treatment. 

Fifteen piglets from the A group received 0.5 mL 
of intratesticular 2% lidocaine with a vasoconstrictor 
in each testicle, and 14 piglets from the NOA group 
received 0.5 mL of intratesticular 0.9% sodium 
chloride. Castration was performed 5 minutes after 
intratesticular injection of lidocaine (A) or saline 
(NOA). All surgeries were performed on the same 
day by two experienced surgeons. Animals from 
the A and NOA groups were randomly castrated by 
both surgeons. Piglets were restrained in the supine 
position and underwent antisepsis of the scrotal 
region. Castration was carried out by making an 

incision on the scrotum for exposure of the testicle. 
The spermatic cord was scarified with a scalpel, 
and the testicle was removed. The same procedure 
was repeated on the other side. Vocalization was 
subjectively assessed during surgery.

Blood samples were collected from the jugular 
vein of all animals for serum extraction and 
measurement of the cortisol concentration. Samples 
were collected immediately after castration and 3 and 
6 days after castration. All samples were collected 
in the morning. The serum cortisol concentration 
was measured by solid-phase radioimmunoassay 
(Coat-A-Count Cortisol; Diagnostic Products). 
Animals were weighed after sampling and 3 and 6 
days postoperatively.

Behavior was assessed daily for 6 days by two 
observers blinded to the treatment. Some of the 
animals were randomly assessed in the morning and 
some in the afternoon, ensuring that animals from 
both groups were similarly distributed between 
these periods. 

Each group of pigs from each litter (n = 4–6 
animals) was simultaneously observed daily, during 
90 minutes, for six days after castration. The duration 
of the occurrence of the following observations was 
measured in minutes per hour: sleeping time; time 
spent at the creep feeder; agonistic, stereotyped, and 
playing behavior; abnormal vocalization; frequency 
of drinking water, nursing (breast feeding), 
urination, defecation, scratching the surgical wound; 
and changes in behavior. Agonistic behavior was 
defined as an act of aggression or dispute between 
two or more piglets. Stereotyped behavior was 
defined as repetition of the same activities several 
times. Playing behavior was defined as friendly 
interactions between the piglets.

Statistical analysis was performed using 
GraphPad Software, Inc. (1998). Differences 
over time within the same group and between the 
two groups were evaluated by two- and one-way 
analysis of variance, respectively, followed by the 
Student-Newman-Keuls test. Behavior data were 
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variance, respectively, followed by the Student-Newman-Keuls test. Behavior data were analyzed by SAS 

Inst., Inc., Cary, NC (1990) using a complete block design, considering each day as one block (ZAR, 1999). 

Mean times of six evaluations done for 90 minutes during 6 days of each behavior were compared by Tukey 

t test.   

 

Results 

The average time taken to restrain the pig, administering local anesthesia with automatic vaccinator 

and returning the animal to the same pen was 23 seconds. 

In both groups, the serum cortisol concentration was greater immediately after surgery than at 3 

(NOA, p = 0.01; A, p = 0.0007) and 6 days (NOA, p = 0.02; A, p = 0.0009) postoperatively (Table 1).  

 

Table 1. Mean ± standard deviation of serum cortisol concentrations (mg dL-1) 
immediately and 3 and 6 days after castration in piglets with intratesticular 
lidocaine (A, n = 15) or saline (NOA, n = 14)  

Groups 
Immediately after 

surgery (A) 
Three days after 

Surgery (B) 
Six days after 
Surgery (C) 

NOA 9.75Aa ±  8.55 4.08Ba ± 4.38 4.80Ba ± 5.51 
A 14.74Aa ± 10.94 2.41Ba ± 1.76 2.89Ba ±  1.42 
Legend: Capital letters indicate differences within the same group over time (A > B); lower 
case letters indicate differences between groups at each time point (a > b). 

 

There was no difference in weight between the groups before surgery (p = 0.24). Weight was 

greater at 3 (p = 0.02) and 6 days (p = 0.03) after castration in the A group than in the NOA group (Figure 1). 

 

Figure 1. Weight of piglets (kg) before (D0), three (D3) and six (D6) days after 
castration with intratesticular lidocaine (A, n = 15) or saline (NOA, n = 14). 
 
 

 
 

Piglets in the A group spent less time nursing (breast feeding) than did those in the NOA group 

analyzed by SAS Inst., Inc., Cary, NC (1990) using a 
complete block design, considering each day as one 
block (ZAR, 1999). Mean times of six evaluations 
done for 90 minutes during 6 days of each behavior 
were compared by Tukey t test. 

Results

The average time taken to restrain the pig, 
administering local anesthesia with automatic 

vaccinator and returning the animal to the same pen 
was 23 seconds.

In both groups, the serum cortisol concentration 
was greater immediately after surgery than at 3 
(NOA, p = 0.01; A, p = 0.0007) and 6 days (NOA, 
p = 0.02; A, p = 0.0009) postoperatively (Table 1). 

There was no difference in weight between the 
groups before surgery (p = 0.24). Weight was greater 
at 3 (p = 0.02) and 6 days (p = 0.03) after castration 
in the A group than in the NOA group (Figure 1).

Table 1. Mean ± standard deviation of serum cortisol concentrations (mg dL-1) immediately and 3 and 6 days after 
castration in piglets with intratesticular lidocaine (A, n = 15) or saline (NOA, n = 14) 

Groups Immediately after
surgery (A)

Three days after
Surgery (B)

Six days after
Surgery (C)

NOA 9.75Aa ± 8.55 4.08Ba ± 4.38 4.80Ba ± 5.51
A 14.74Aa ± 10.94 2.41Ba ± 1.76 2.89Ba ± 1.42
Legend: Capital letters indicate differences within the same group over time (A > B); lower case letters indicate differences between 
groups at each time point (a > b).

Figure 1. Weight of piglets (kg) before (D0), three (D3) and six (D6) days after castration with intratesticular lidocaine 
(A, n = 15) or saline (NOA, n = 14).

Piglets in the A group spent less time nursing 
(breast feeding) than did those in the NOA group 
(Table 2). There were no other differences between 
the two groups. 

The most intense vocalization coincided with 
the surgical procedure in piglets in the NOA group. 
Vocalization did not coincide with the surgical 
procedure in anesthetized animals. 
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Table 2. Mean times (minutes) for 6 days piglets spent sleeping; nursing; in agonistic stereotyped and playing 
behavior; at the juggler and changing activities during the 90 minute observation period at each day after castration 
with intratesticular lidocaine (A, n =15) or saline (NOA, n = 14)

Activities A NOA
Sleeping 52 45
Nursing 14b 21a

Agonistic stereotyped and playing behavior 11 14
At the juggler 4 2
Changing activities 9 8
Total mean time 90 90
Legend: Superscript letters indicate differences between groups (a > b).
Times are presented as minutes/observation period. 

Discussion

Local anesthesia increased short term weight 
gain in piglets submitted to castration. This is to our 
knowledge the first report of the beneficial effects of 
local anesthesia in weight gain in piglets submitted 
to castration (HANSSON et al., 2011; KLUIVERS-
POODT et al., 2012, 2013).

The increased weight gain in animals submitted 
to local anesthesia might be related to the reduction 
in pain produced by the antinociceptive, anti-
inflammatory, and antimicrobial effects of local 
anesthesia (RIMBÄCK et al., 1988; SAKURAGI 
et al., 1998; PERE et al., 1999; BATAI, 2002; 
CASSUTO et al., 2006). It is well known that the 
greater the weight gain at weaning, the greater 
the weight at slaughtering and the greater the 
profit to the producer (MAHAN; LEPINE, 1991; 
MAHAN et al., 1998; WOLTER; ELLIS, 2001). 
When a large number of animals are slaughtered, 
there is a potential gain in income for the producer. 
Apart from the economic gain, local anesthesia 
before castration in piglets would ensure more 
humanitarian management within the requirements 
of animal welfare. 

The cortisol concentration and behavioral 
and weight changes have been the most common 
variables used to measure pain and stress in several 
animal species (BECKER, 1985; SAPOLSKY et 
al., 2000; COETZEE, 2007; SUTHERLAND et al., 
2012). Castration is a known noxious and painful 

stimulus in piglets (HAY, 2003; MCGLONE et al., 
1993; TAYLOR; WEARY, 2000; TAYLOR et al., 
2001).

The higher cortisol concentration immediately 
after the surgery than at the other time points in 
both groups showed that not only did the surgery 
produce painful stimuli, but also that intratesticular 
local anesthesia and handling were stressful, 
as demonstrated before in piglets undergoing 
castration under CO2 anaesthesia (SUTHERLAND 
et al., 2012). Although there were no significant 
differences in the serum cortisol concentrations 
immediately after surgery between the two groups, 
the cortisol values in the A group were about 50% 
greater than those in the NOA group, different 
from the results reported by Kluivers-Poodt et 
al. (2012), which observed a smaller increase in 
cortisol compared with piglets castrated without 
anaesthesia. Jugular blood sampling is stressful 
and invasive and might increase serum cortisol 
concentration in piglets as reported elsewhere 
(KLUIVERS-POODT, 2007). Salivary and fecal 
samples might be used as alternatives for measuring 
cortisol concentration in pigs instead (CARLSSON 
et al., 2007; PARROTT; MISSON, 1989), however 
if one of these sources were used, neither of them 
would provide information in real time, i.e. it would 
not be possible to detect the potential immediate 
post-castration effect of local anesthesia in reducing 
cortisol concentration in piglets. Besides that several 
limitations may be imputed to these methods as, in 
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the case of feces, 24 h sampling should be performed, 
fact that would not be possible in our circumstances 
as animals were maintained in groups and would 
not be possible to separate the feces (CARLSSON 
et al., 2007).

The handling for the administration of local 
anesthesia was apparently an additional stressful 
stimulus, probably produced by manipulation and/
or insertion of the needle and/or local irritation 
produced by the local anesthetics. The most intense 
vocalization coincided with the surgical procedure in 
piglets from the NOA group, but not in anesthetized 
animals; this likely indicates that vocalization was 
caused by the painful surgical stimulus as previously 
described (WHITE; MCKEITH, 1995; HANSSON 
et al., 2011).

Another potential stressful stimulus that might 
further explain the higher cortisol concentration 
immediately after surgery than at 3 and 6 days 
after surgery in both groups is that the temporary 
separation of the piglets from their mother was 
longer at this time point and that this was the 
first time that they had been separated from their 
mothers. Pigs, like other species, are very sensitive 
to separation from their mothers (PLOTSKY; 
MEANEY, 1993; BIAGINI et al., 1998; WIGGE; 
NEUMANN, 1999). The reduction in the serum 
cortisol concentration at 3 and 6 days after surgery 
in both groups is probably related to the fact that at 
these time points, the duration of the handling period 
was shorter than that immediately after surgery and 
the piglets were restrained only for blood sampling.

Schulz et al. (2007) also reported that the cortisol 
concentrations were higher in castrated animals with 
or without anesthesia than in those in the control 
group. However, the cortisol was lower when 
meloxicam was given before surgery, showing that 
the nonsteroidal anti-inflammatories may reduce the 
stress response to castration. 

Pain and stress may result in behavioral changes 
as well as decreased food intake (DUBNER, 1987; 
HASKINS, 1987). Although weight gain was 
significantly greater in animals castrated under 
anesthesia in the present study, these piglets spent 
less time nursing. Suckling behavior is a common 
expression in animals under stressful conditions 
because the act of suckling probably releases 
endorphins and alleviates stress and pain (BLASS 
et al., 1987; CARBAJAL et al., 2003; et al., 2006). 
This appears to be a displacement behavior to 
minimize the perception of pain (WIEPKEMA, 
1987), as described in human newborns (SHAH 
et al., 2006). It is apparently unrelated to food 
intake because increased suckling did not increase 
weight gain in the piglets from the NOA group. 
Although the differences were not significant, the 
piglets submitted to anesthesia spent a longer time 
sleeping, which might further explain the greater 
weight gain. There was no change in the “teat 
preference” of nursing among the piglets throughout 
the observation period, showing that castration did 
not modify the hierarchy. 

The possible limitations of this study are that the 
animals in the A group were 70 g heavier than those 
in the NOA group at the beginning of the study, and 
this might have contributed to the greater weight 
gain in animals submitted to anesthesia. However, 
there was no statistical difference at baseline, and 
it is unlikely that this difference in weight was 
relevant in such a short evaluation period (6 days). 
Another possible limitation would be related to the 
differences in litters affecting the results, however 
care was taken to randomize and distribute litters in 
the two groups.

Intratesticular local anesthesia before castration 
in piglets is technically practical, follows good 
welfare practice, and improves short-term weight 
gain in piglets submitted to castration. However, 
further studies with additional data are necessary to 
confirm whether this is economically viable.
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