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Simple Summary: Chicken embryos are frequently not protected by animal welfare laws. However,
they are used in various research areas, and male embryos are commonly killed in food production
as an alternative to culling day-old chicks. Increasing knowledge regarding the onset of nociception
and pain perception in chicken embryos is fundamental for animal welfare protection. The aim of
this exploratory study was to further narrow down the period when chicken embryos acquire the
capacity for nociception. Therefore, changes in blood pressure and heart rate after the introduction of
a noxious stimulus were assessed during the embryonic development of chickens. Embryos from 16
days of incubation onward showed cardiovascular changes after a noxious mechanical stimulus was
introduced at the base of the beak, indicating a nociceptive response.

Abstract: Although it is assumed that chicken embryos acquire the capacity for nociception while
developing in the egg, an exact time point has not yet been specified. The present research was an
exploratory study aiming to determine when the capacity of nociception emerges during embryonic
development in chickens. Changes in blood pressure and heart rate (HR) in response to a noxious
mechanical stimulus at the base of the beak versus a light touch on the beak were examined in
chicken embryos between embryonic days (EDs) 7 and 18. Mean arterial pressure (MAP) was the
most sensitive parameter for assessing cardiovascular responses. Significant changes in MAP in
response to a noxious stimulus were detected in embryos at ED16 to ED18, whereas significant
changes in HR were observed at ED17 and ED18. Infiltration anesthesia with the local anesthetic
lidocaine significantly reduced the response of MAP on ED18, so the measured cardiovascular
changes may be interpreted as nociceptive responses.

Keywords: blood pressure; heart rate; nociception; pain; chicken embryo; development; Gallus gallus
domesticus; poultry

1. Introduction

In present times, animal welfare has increasingly become the focus of public attention
regarding farm and laboratory animals. Consequently, the culling of male day-old chickens
for economic reasons is increasingly questioned. A large proportion of the male offspring
in the layer industry are killed after hatching, as the fattening of male layer-type chickens
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is not economically profitable [1]. In the EU, 330 million male chicks are killed annually
through maceration or gassing [2], which is currently the subject of a major discussion.
Germany and France have already adapted their laws and banned the killing of male
day-old chicks for economic reasons, although there is not yet an EU-wide regulation [3].
As an alternative, in ovo sex determination with subsequent killing of male embryos is
already being practiced [4]. However, it is important for animal welfare reasons and for
the public acceptance of in ovo sex determination that related culling be conducted at
an early stage of development when nociception and the perception of pain are not yet
possible [4,5]. According to current knowledge, methods of in ovo sex determination are
reliably applicable from the 9th day of incubation at the earliest [1]. Methods that can be
applied in the first trimester of embryonic development are still in development under
laboratory conditions [4].

Furthermore, chicken embryos are of great importance for biomedical research be-
cause of the advantages they provide in terms of fast growth and because of their good
accessibility in various research areas, such as developmental biology, toxicology, cancer
research and drug development [6,7]. Under European regulations, interventions and
treatments on chicken embryos are not considered animal experiments and even count
as a replacement method in the context of the 3R principles [8]. At this time, there are
no regulations regarding anesthesia and analgesia of chicken embryos during painful
interventions [6,8]. Greater clarity regarding the period during which chicken embryos
are capable of nociception and pain sensation would lead to improved animal welfare
in research.

In pain research, a fundamental distinction is made between nociception and the per-
ception of pain [9]. Although nociception is the detection of a potentially tissue-damaging
stimulus and its transmission by the nociceptive component of the nervous system [10,11],
pain is characterized by a subjective, conscious sensory perception, usually triggered by
nociception [12,13]. Nociception and pain are progressive adaptive processes that gradu-
ally develop throughout the fetal period [14]. It is considered confirmed that the chicken
embryo acquires the capacity for nociception at some point during the 21-day develop-
mental period in the egg [8,15]. However, the question of the exact time point at which
nociception or even pain sensation can be presumed is controversial. In several publica-
tions, researchers agree that nociception and pain perception are not possible in the first
trimester of embryonic development in the chicken [4,15]. A requirement for the ability
to perceive pain is the existence of functional pathways that enable the transmission of
stimuli to the brain [12,14]. Although the first sensory afferent nerve fibers develop on
incubation day 4, the closure of multisynaptic reflex arcs does not occur until day 7 [16–18].
It is described in the literature that the chicken embryo develops a functional brain on
day 13 [15,19]. However, it is only confirmed that the brain does not show any electrical
activity until 6.5 days of incubation [20]. Pain sensation is therefore considered impossible
up to incubation day 7, but beyond that, no specific time point can be defined from which
the chicken embryo is capable of nociception and pain sensation [4,15].

Because self-reporting, which is the gold standard in humans to detect pain [21], is
not possible as a direct method of pain evaluation in animals, indirect methods such as the
alteration of physiological and behavioral parameters must be resorted to [22]. Changes in
heart rate (HR) and blood pressure are therefore used as clinical indicators of nociception
and pain [23].

This study is part of a comprehensive study in which the nociceptive ability of chicken
embryos was investigated using cardiovascular parameters, behavioral observations and
EEG. Here, we present the results of the cardiovascular study and, in particular, the
implemented cardiovascular measurement methods regarding chicken embryos that were
designed for investigation of the time point at which chicken embryos are able to respond to
a noxious stimulus with a nociceptive cardiovascular response. The corresponding results
of the EEG measurements and behavioral observations and the implemented techniques
will be presented in further publications.
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2. Materials and Methods
2.1. Animals

Fertilized Lohman Selected Leghorn chicken eggs were obtained from the TUM
Animal Research Center (Thalhausen) and stored at 15 ◦C. Embryonic day (ED) 0 was
considered as the day when eggs were transferred to the incubator (Favorit-Olymp 192
Spezial, HEKA-Brutgeräte, Rietberg, Germany). The eggs were incubated for 7 to 18 days
at 37.8 ◦C and 55% humidity and turned six times a day until they were fenestrated.

At ED3 of incubation, the eggshell was fenestrated [24]. For this purpose, the egg was
placed horizontally for at least two minutes, and then 5 to 7 mL albumen were withdrawn
from the apical pole of the egg using a 5 mL syringe and an 18 G needle. The top of
the egg was then covered with tape. A hole was cut in the shell, and the vitality of the
embryo was verified. Next, 0.5 mL penicillin-streptomycin (10,000 units penicillin, 10 mg
streptomycin/mL, P4333-100 mL Sigma-Aldrich, St. Louis, MI, USA) was added; the egg
was then resealed with cling film and was further incubated in a horizontal position. The
vitality of the embryos was checked daily until the end of the experiment. Experiments
were conducted between 9:00 a.m. and 7:00 p.m. so that the variance in the age of the
embryos within an ED was limited to a maximum of 10 h.

2.2. Experimental Design

This study was exploratory and was not preceded by an a priori power analysis. At
ED12 to ED18, n = 10 embryos of each ED were measured. Due to higher losses in younger
embryos, group sizes of n = 6 (ED9) and n = 3 (ED7) embryos were chosen. Furthermore,
to study the effect of local anesthesia, n = 6 ED18 embryos were used.

Experiments were performed under standardized conditions in a specially designed
heating chamber equipped with a heating lamp (ARTAS GmbH, Arnstadt, Germany) and
an air humidifier (HU4811/10 Series 2000, Philips, Amsterdam, The Netherlands). The eggs
were placed on a heating mat (ThermoLux, Witte + Sutor GmbH, Murrhardt, Germany)
in a bowl filled with warmed Armor Beads (Lab Armor Beads™, Sheldon Manufacturing,
Cornelius, NC, USA). The mean temperature and mean humidity during all experiments
were 37.7 ◦C ± 0.8 and 55.5% ± 4.3, respectively.

A schematic representation of the experimental setup is shown in Figure 1. First, the
cling film was removed from the egg, and the shell was carefully opened to the level of
the chorioallantoic membrane (CAM). Using a microscope (Stemi SV6, Zeiss, Oberkochen,
Germany), the allantoic and amniotic membranes were opened over the head of the embryo,
avoiding any large vessels so that the beak could be reached in the further course of the
experiment. A side branch of the chorioallantoic artery was prepared, temporarily ligated
to avoid blood loss, and incised with microsurgical scissors. A microtip catheter (FISO-LS
Fiber Optic Pressure Sensor, FOP-LS-PT9-10, FISO Technologies Inc., Quebec, QC, Canada)
was then inserted into the vessel and fixed in place with a ligature. Systolic (SAP), diastolic
(DAP) and mean arterial pressure (MAP) as well as HR were recorded continuously every
four seconds (PLUGSYS module, EIM-B, EIM-A, HAEMODYN Software v 2.0, Hugo Sachs
Elektronik-Harvard Apparatus GmbH, March-Hugstetten, Germany, Evolution Software v
2.1.6.0, FISO Technologies Inc., Quebec, QC, Canada). The beak of the embryo was carefully
placed on a Desmarres lid retractor. For younger embryos at ED7 and ED9, the beak was
carefully placed on a custom-made wire loop.

After implementation of the catheter, a two-minute waiting period followed. Then,
two mechanical stimuli were applied at the base of the beak. In randomized order, a
noxious mechanical stimulus was applied with a surgical clamp (Pinch), and a light touch
(Touch) was applied as a negative control. The two stimuli were delivered five minutes
apart to allow the parameters to return to the baseline between the stimuli. After the second
stimulus, measurements were continued for five more minutes. The measurement time
between the two stimuli and after the second stimulus was reduced from five to three
minutes for embryos at ED13 and younger due to the increasing sensitivity of the organism.
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Figure 1. Schematic illustration of the experimental setup. A microtip catheter was inserted into a
side branch of the chorioallantoic artery, and the values of blood pressure and heart rate (HR) were
recorded every four seconds (created with BioRender.com).

For the Pinch, a surgical clamp was applied to the base of the beak and squeezed.
For Touch, the beak was only lightly touched with the surgical clamp. For both stimuli,
a mosquito clamp was used for ED12 to ED18 embryos. For embryos at ED7 and ED9,
the surgical clamp was too large, and microsurgical forceps were used instead for both
stimuli. To ensure comparability, the stimuli were always applied by the same person. In
the further course of the study, an analgesia meter (BIO-RP-M, BioSeb, Vitrolles, France)
with customized tips of the mosquito clamp was used to monitor the pressure applied by
the mechanical stimuli.

To verify whether the measured cardiovascular responses could be classified as noci-
ceptive responses, a local anesthetic was applied to n = 6 ED18 embryos before stimulation.
For this purpose, after the preparation and placement of the microtip catheter, 0.02 mL of
lidocaine 2% (Xylocitin® 2%, Mibe GmbH Arzneimittel, Brehna, Germany) were injected
into the upper and lower beak using a 30 G needle (ED18 w/Lido Touch and Pinch). The
measurements were carried out following the same experimental protocol as for other
ED14 to ED18 embryos with the exception that a waiting period of three minutes was
added prior to the measurement. During this time, blood pressure and HR were monitored
for the occurrence of side effects of lidocaine, such as bradycardia, arrhythmia or hypoten-
sion. As a comparison group without lidocaine, the already measured ED18 embryos were
used (ED18 w/o Lido Touch and Pinch).

Immediately after the end of the experiments, the embryos were euthanized by intra-
venous injection of pentobarbital sodium (Narcoren®, 16 g/100 mL, Boehringer Ingelheim
Vetmedica GmbH, Ingelheim am Rhein, Germany; ED7–ED12: 0.1 mL; ED13–ED19: 0.2 mL)
followed by decapitation.

2.3. Analysis

SAP, DAP, MAP and HR were recorded every four seconds. For the evaluation of
the reactions to the stimuli, the means of MAP and HR were calculated over one minute
before (=baseline) and one minute after the respective stimulus. To avoid any influence
of the approach of the clamp, the 15 s immediately before the respective stimuli were
introduced were not included as part of the baseline. In embryos showing a hyperacute
decrease in HR with a subsequent increase in HR after Pinch, the decrease was not included
in the calculation and was evaluated separately to avoid negation of opposite reactions.
The deviation of the response after the stimulus (Pinch/Touch) as a percentage of the
baseline value was then calculated. Differences in the percent changes to the baseline in
MAP and HR after Pinch and Touch were tested for statistical significance. For normally
distributed data, a paired t-test (two-tailed) was used. For data that failed the normality test,
a Wilcoxon signed-rank test (two-tailed) was performed. For the comparison of multiple
groups, either a one-way ANOVA (normally distributed) or a Kruskal—Wallis test (not
normally distributed) was used. Additional information on statistical metrics can be found
in Table S1.
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3. Results
3.1. Increasing Arterial Pressure and Evolution of HR during Embryonic Development of
the Chicken

SAP, DAP and MAP in the chorioallantoic artery and HR were recorded over one
minute at ED7, ED9 and EDs 12 to 18. SAP, DAP and MAP increased with the age of the
embryos (Table 1). ED7 showed the lowest MAP with a value of 2.08 mmHg ± 0.40, and
ED18 showed the highest MAP with a value of 17.28 mmHg ± 3.04.

Table 1. Systolic arterial pressure (SAP), diastolic arterial pressure (DAP), mean arterial pressure
(MAP) and HR at embryonic day (ED) 7 (n = 3), ED9 (n = 6), and ED12 to ED18 (n = 10). Values are
shown as the mean ± standard deviation.

ED7 ED9 ED12 ED13 ED14 ED15 ED16 ED17 ED18

SAP (mmHg) 3.50 ± 0.65 6.04 ± 1.46 9.19 ± 1.32 9.88 ± 1.52 13.02 ± 1.60 16.54 ± 3.04 21.44 ± 2.78 24.46 ± 5.50 24.65 ± 4.36

DAP (mmHg) 1.07 ± 0.36 1.98 ± 1.10 2.20 ± 1.12 2.96 ± 0.61 3.95 ± 1.14 5.69 ± 1.82 7.80 ± 2.16 10.77 ± 3.53 11.43 ± 2.43

MAP (mmHg) 2.08 ± 0.40 3.44 ± 1.24 4.83 ± 1.05 5.52 ± 0.79 7.32 ± 1.26 10.11 ± 2.45 13.73 ± 2.38 16.79 ± 4.21 17.28 ± 3.04

HR (bpm) 128.97 ±
15.40

147.57 ±
9.03

159.08 ±
26.64

146.61 ±
19.99

179.10 ±
35.06

154.33 ±
33.12

151.35 ±
36.44

179.08 ±
29.18

176.07 ±
35.75

3.2. Increase in MAP in Response to a Noxious Stimulus

The response of MAP to a noxious mechanical stimulus at the base of the beak (Pinch)
was compared to the response to a light touch at the base of the beak as a negative control
(Touch) in embryos between EDs 7 and 18. As shown in Figure 2, a significant increase in
MAP was observed as a reaction to Pinch in embryos on ED16 (p = 0.0008, r = 0.857), ED17
(p = 0.0020, r = 0.627) and ED18 (p = 0.0048, r = 0.778). ED18 embryos showed the strongest
response in MAP, with an increase of 15.52% ± 12.36 from the baseline. In comparison, a
deviation from the baseline of only 1.30% ± 0.94 was detected in response to Touch on ED18.
In embryos at ED7, ED9 and EDs from 12 to 15, no significant differences between the MAP
responses to Pinch and Touch were detected, which can be seen in Figures S1 and S2.

3.3. Changes in HR in Response to a Noxious Stimulus

Regarding HR, two reaction patterns were observed, particularly in ED17 and ED18
embryos. In some embryos, HR immediately increased after Pinch. In other embryos, a
hyperacute decrease in HR followed by an increase was observed in response to Pinch, as
shown in Figure 3d–f. A change in HR of at least −15% with a subsequent increase of at
least 5% from the baseline mean value after Pinch was observed in 80% of ED18 embryos
and in 30% of ED17 embryos and was not detected after Touch. In embryos at ED18, HR
decreased by up to −48.54% ± 19.71 over 9.50 s ± 6.02 on average after Pinch. At ED17,
these embryos showed a decrease in HR by up to −41.87% ± 8.32 over 16.00 s ± 6.93 on
average after Pinch. Simultaneous with the hyperacute decrease in HR, a slight decrease in
MAP was also observed, particularly when the decrease in HR was large. In embryos at
ED15 and ED16, the observations were inconsistent and could not be clearly distinguished
from physiological variations in HR. In younger embryos, no hyperacute decrease in HR
was observed in response to Pinch.

Significant increases in HR in response to Pinch compared to Touch were detected
in embryos at ED17 (p = 0.0148, r = 0.708) and ED18 (p = 0.0154, r = 0.705) (Figure 3a–c).
Embryos at ED18 showed the largest increase in HR after Pinch, with a deviation of
5.14% ± 3.60 from the baseline, compared to a deviation of only 2.07% ± 1.20 from the
baseline after Touch. At ED7, ED9 and EDs 12 to 16, no significant changes in HR were
observed, as shown in Figures S3 and S4.
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Figure 2. Percent change in MAP post Touch and Pinch. Embryos at EDs 16 to 18 (n = 10) received
a noxious mechanical stimulus (Pinch) and a light touch as a negative control (Touch) at the base of
the beak in randomized order. (a–c) Percent change from baseline MAP after Pinch compared to
Touch. Displayed as the mean ± standard deviation. Paired t-test (normally distributed: (a,c)) or
Wilcoxon signed-rank test (not normally distributed: (b)). Mean and p values shown; (a): p = 0.0008,
(b): p = 0.0020, (c): p = 0.0048. (d–f) Percent change from the baseline mean value of MAP over time;
values recorded every four seconds for one minute before and one minute after stimulation (Pinch
and Touch); values shown as the mean ± standard deviation (shaded).
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Figure 3. Percent change in HR post Touch and Pinch. Embryos at EDs 16 to 18 (n = 10) received
a noxious mechanical stimulus (Pinch) and a light touch as a negative control (Touch) at the base
of the beak in randomized order. (a–c) Percent change from baseline HR after Pinch compared to
Touch. Displayed as the mean ± standard deviation. Paired t-test (normally distributed: (b,c)) or
Wilcoxon signed-rank test (not normally distributed: (a)). Mean and p values shown; (b): p = 0.0148,
(c): p = 0.0154; ns = no significant difference between the groups (a). (d–f) Percent change from the
baseline mean value in HR over time; values recorded every four seconds for one minute before
and one minute after stimulation (Pinch and Touch); values shown as the mean ± standard deviation
(shaded).

3.4. Reduction of Cardiovascular Response by Local Anesthesia

The application of the local anesthetic lidocaine (Lido) at the base of the beak prior
to stimulation significantly reduced the MAP increase in response to Pinch in embryos at
ED18. Compared to the group without local anesthesia (ED18 w/o Lido), which showed an
increase of 15.52% ± 12.36 post Pinch, the increase in MAP was reduced to 5.00% ± 3.42 in
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the group that received lidocaine (ED18 w/Lido). As represented in Figure 4a,c, the ED18
w/o Lido Pinch group showed the largest increase in MAP in response to Pinch, exceeding
those of the ED18 w/o Lido Touch (p = 0.0007), ED18 w/Lido Touch (p = 0.0031) and ED18
w/Lido Pinch (p = 0.0397) groups, with an effect size of η2 = 0.467.
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Figure 4. Local anesthesia control group. Percent change in MAP and HR post Touch and Pinch.
ED18 embryos either received a lidocaine injection (ED18 w/Lido; n = 6) or no lidocaine injection
(ED18 w/o Lido; n = 10) at the base of the beak prior to stimulation (Touch and Pinch). (a) Percent
change from baseline MAP after Pinch in the group without lidocaine (ED18 w/o Lido Pinch) compared
to ED18 w/o Lido Touch, ED18 w/Lido Touch and ED18 w/Lido Pinch. Displayed as the mean ± standard
deviation. One-way ANOVA (normally distributed); mean and p values shown. (b) Percent change
from baseline HR after Pinch in the group without lidocaine (ED18 w/o Lido Pinch) compared to
ED18 w/o Lido Touch, ED18 w/Lido Touch and ED18 w/Lido Pinch. Displayed as the mean ± standard
deviation. Kruskal—Wallis test (not normally distributed); mean and p values shown. (c,d) Percent
change from the baseline mean value in MAP and HR after Pinch over time; values recorded every
four seconds for one minute before and one minute after stimulation (ED18 w/o or w/Lido Pinch);
values shown as the mean ± standard deviation (shaded).

The changes in HR in response to Pinch were slightly reduced by the application of
lidocaine. However, a significant difference in HR was observed only between ED18 w/o
Lido Pinch and ED18 w/Lido Touch (p = 0.0097), as displayed in Figure 4b. In the group
treated with lidocaine (ED18 w/Lido), no embryo showed a hyperacute change in HR of
−15% with a subsequent increase of 5% from the baseline mean value after the stimulus, but
this reaction pattern was observed in 80% of the embryos in the ED18 w/o Lido Pinch group.
A slight decrease in HR after Pinch was also observed in the local anesthetic group (ED18
w/Lido Pinch), but this decrease could not be distinguished from physiological variations in
HR (Figure 4d).

4. Discussion

This study successfully developed methods to record blood pressure and HR in
chicken embryos between EDs 7 and 18. Cardiovascular changes in response to a noxious
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mechanical stimulus at the base of the beak were investigated with the aim of identifying
the onset of nociception during embryonic development in chickens.

Although there are many well-established noninvasive methods for determining HR
in chicken embryos [25–27], direct intra-arterial measurement is the gold standard for
recording blood pressure [28]. In the past, blood pressure in chicken embryos was mea-
sured using glass capillaries or needle catheters inserted into an embryonic artery [29–31].
Corresponding to prior descriptions in the literature [29–31], an increase in arterial blood
pressure with increasing age of the embryos was observed in the present study, but there
were no major differences in HR between the EDs. Thus, the optical measurement of
arterial blood pressure and HR with a microtip catheter represents a reliable method for
invasive measurement of blood pressure and HR in chicken embryos. However, insertion
of the catheter was particularly challenging at ED7 and ED18 due to the small size of the
chorioallantoic vessels at ED7 and the beginning regression of the chorioallantoic vessels
at ED18.

Because self-reporting is not possible in animals, it is difficult to evaluate their pain
perception [22]. On the other hand, nociceptive reactions to a noxious stimulus can be
measured [13]. The recording of cardiovascular parameters is well suited to the clinical
evaluation of nociception in animals, including birds [32,33]. In the present study, the
acquisition of cardiovascular parameters could be established for chicken embryos between
EDs 7 and 18. Blood pressure and HR are mainly influenced by the autonomic nervous
system [34]. Transmission of a noxious stimulus to the central nervous system results in
activation of the sympathetic nervous system, which usually leads to an increase in blood
pressure and HR [34]. Therefore, recording cardiovascular variables is considered the gold
standard for the detection of nociception under anesthesia [35].

As a means of assessing the cardiovascular response of the chicken embryo to a
noxious mechanical stimulus at the base of the beak, MAP was found to be the most
sensitive parameter in the present study. Significant differences in MAP between Pinch and
Touch were detected earliest on ED16 (Figure 2), whereas significant changes in HR were
only observed in ED17 and ED18 embryos (Figure 3). Effect sizes were high, indicating the
clinical relevance of the findings. Although there was a distinct increase in MAP in response
to Pinch that reached over 10% deviation from the baseline in ED17 and ED18 embryos,
the changes in HR were variable, and there were not necessarily any associations between
changes in MAP and HR. Similar observations have been reported in adult chickens [36].
MAP has also been described in other studies concerning nociceptive responses in mammals
as the most sensitive indicator of nociception [34,37].

A prerequisite for cardiovascular response to external stimuli is functional regulation
of the cardiovascular system. Blood pressure in the chicken embryo is mainly regulated
by the sympathetic nervous system [38]. The adrenergic tone in the cardiovascular system
is considered to be present from a point in time that is halfway through the incubation
period [39,40]. Therefore, the sympathetic influence on blood pressure is expected to be
functional from approximately ED10 [39]. In the heart, adrenergic and cholinergic receptors
are already functional on ED4 [41]. Changes in HR due to alterations in environmental
conditions such as oxygen levels and temperature have already been observed on ED3 [42].
In the present study, significant changes in HR after a noxious stimulus was introduced
were not observed until ED17 (Figure 3).

Another prerequisite for the assessment of a nociceptive response is functioning
stimulus transmission. Despite some differences in the nervous system, the processing
of noxious stimuli in birds is comparable to that in mammals [13]. C-fibers and A-delta
fibers have been found in chickens, innervating the beak, nasal and buccal mucosa as
well as the legs [11,43]. High-threshold mechanothermal nociceptors are polymodal and
respond to mechanical lesions, elevated temperatures and chemical insult [13]. It is believed
that injuries to the beak can be highly painful for the bird [43], because the beak tip is
an intensely innervated area [44], and both the upper and the lower portions of the beak
contain nociceptors [45]. Reflective reactions such as movements of the head to mechanical
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and thermal stimuli and to needle punctures appear for the first time in the skin area of the
beak on ED7 [46]. Therefore, in the present study, the application of a noxious stimulus to
the base of the beak was chosen to evoke the highest possibility for a nociceptive response.

Regarding HR, irregularities appeared spontaneously over the whole measurement
period, even at the baseline. Mainly short decelerations in HR were observed, whereas MAP
was not affected. It has already been reported in several publications that HR irregularities
physiologically occur at the end of the second week of incubation [47–50]. Nevertheless,
the HR irregularities did not have a great influence on the calculation of the mean. Minor
changes in DAP corresponded to the HR irregularities, but the analysis showed that MAP
was not affected. In contrast to physiological variations in HR, a hyperacute decrease in
HR with a subsequent increase could be clearly identified as a response to Pinch in 30%
of ED17 and 80% of ED18 embryos. This reaction pattern could be distinguished from
physiological variations in HR by the finding that after Pinch, HR decreased by at least
−15%, followed by a sustained increase in HR by at least 5% from the baseline mean value.
The decrease in HR after Pinch was also accompanied by a short decrease in MAP followed
by an increase. A decrease in HR as a reaction to a noxious stimulus has been reported
in adult chickens [36] and in mammals [51,52] and may be due to a vasovagal reflex to
a noxious stimulus [53]. However, only a few individual embryos showed a hyperacute
decrease in HR after Pinch, which shows that the response in HR to a noxious stimulus
varies among individuals. Variable responses in HR after a noxious stimulus have also
been described in adult chickens [36]. Considering these different observations regarding
HR, it is difficult to draw conclusions about the presence of nociception. Thus, HR should
not be used as a single parameter for evaluating a nociceptive response in chicken embryos;
however, MAP was shown to be a more sensitive parameter in the present study.

In addition to a nociceptive response, it must also be considered that the measured
cardiovascular changes may be induced by other factors that influence the autonomic ner-
vous system [54] or by embryonic movements. Especially in birds, physiological variables
can be influenced by many external factors, such as temperature, light, or handling [54]. A
correlation between fetal movements and HR irregularities has been described in human
fetuses [55]. In the present study, movements of the embryo induced minor variations
in HR and DAP, but MAP was not affected. No sustained increase in MAP and HR as
observed in response to Pinch could be attributed to movements.

Infiltration anesthesia at the base of the beak could be used to verify that the mea-
sured changes in MAP and HR may be classified as a nociceptive response and were not
caused by embryonic movements or factors that influence the autonomic nervous system.
The application of local anesthetics is one of the best methods to prevent the generation
and transmission of nociceptive impulses [56]. These anesthetics act by blocking sodium
channels in the nerve axon [54]. The application of lidocaine or bupivacaine has been
described as an effective method of analgesia in birds [57]. However, the time of onset
of action and the duration of action are not defined for birds [54]. In the present study,
lidocaine was used because it has a rapid onset of action in mammals [56], as well as a
short onset of action for spinal anesthesia in chickens [58]. Given that higher sensitivity
to local anesthetics is expected in birds than in mammals [59], embryos were intensively
monitored for the occurrence of toxic effects. No signs of side effects such as bradycardia,
arrhythmia or hypotension were observed in the tested embryos. Because the increase in
MAP was significantly reduced by the injection of lidocaine (Figure 4), the cardiovascular
reactions to Pinch in the embryos that did not receive local anesthesia might be interpreted
as a nociceptive response to the noxious stimulus. A limitation and possible explanation
for the incompletely suppressed reaction in some embryos was that injection into the beak
of the moving embryo was challenging, and infiltration of the entire beak area could not
always be assured. It must be mentioned that the present study was exploratory and the
size of the group receiving local anesthesia was rather small. Further investigations would
need to be performed to verify the effect of local anesthesia and to ultimately exclude other
factors as the cause of the measured cardiovascular changes. However, assuming that it is
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a nociceptive response, further studies regarding anesthesia and analgesia protocols are
necessary to provide improved animal welfare for chicken embryos in research. Cardiovas-
cular variations are commonly used to determine the need for analgesia or sedatives [23],
and thus far, there are no EU-wide regulations regarding anesthesia and analgesia for
chicken embryos in research.

Although no significant difference between Pinch and Touch was reached at ED15 in
MAP (Figure S1f) and HR (Figure S3f), individual responses could be observed. Occasion-
ally, embryos at ED15 showed reactions in MAP (Figure S2f) and HR (Figure S4f) after Pinch.
The measurements of these embryos were performed late in the day. The development of
the embryos could therefore have been more advanced compared to embryos examined in
the morning. In addition, embryonic development can be influenced by various factors, and
some embryos might progress faster in development than others [39]. Therefore, it must
be assumed that a nociceptive cardiovascular response is possible in individual embryos
at ED15.

A limitation of the study was that intra-arterial measurement of blood pressure and
HR is an invasive method. The measurements had to be performed on the fenestrated
egg, making it necessary to open the egg membranes. Because chicken embryos are highly
sensitive to external factors [29,42], special care was taken to maintain standardized envi-
ronmental conditions and to avoid blood loss during preparation. In some embryos, severe
bradycardia and hypotension were observed, or HR frequently decreased to zero. These
embryos had to be excluded from the analysis because reliable measurements could not
be completed. At ED7, reaching the beak was challenging, and a measurement could only
be performed in three embryos; severe arrhythmias affecting MAP were observed. The
microtip catheter is designed to measure low pressures, but the measurement accuracy
of 2 mmHg, according to the manufacturer, reached its limits with the occurrence of ex-
tremely low blood pressure in ED7. The results from ED7 should therefore be interpreted
with caution.

5. Conclusions

In conclusion, significant differences and large effect sizes in a cardiovascular response
to a mechanical noxious stimulus at the base of the beak compared with a light touch at
the base of the beak were detected in chicken embryos on EDs 16 to 18. For individual
embryos, cardiovascular changes after the introduction of a noxious mechanical stimulus
have already been observed on ED15. MAP was found to be the most sensitive parameter
in the present study, whereas variable observations were made regarding HR. Infiltration
anesthesia with the local anesthetic lidocaine (2%) significantly reduced the reactions of
MAP to a noxious mechanical stimulus at the base of the beak in ED18 embryos, indicating
that the measured cardiovascular changes may be interpreted as nociceptive responses.
However, it must be mentioned that this was an exploratory study with a correspondingly
small group size. To assess response to a noxious stimulus, a multiparametric approach
should be adopted and several parameters should be assessed in their entirety [60]. Thus, to
properly evaluate a nociceptive response in the chicken embryo, other parameters, such as
movement analysis, should be taken into account in addition to hemodynamic parameters.
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Simple Summary: Even today, we do not know from which point the chicken embryo is able to
process and feel pain. This is of special interest as worldwide, millions of male embryos are killed
before hatching. This work aimed to examine when during the development of the embryo the brain
shows normal activity, based on EEG recordings. The data strongly suggest developmental day 13
as the earliest embryonal stage being able to process pain. These results may support legislative
processes establishing updated laws on animal welfare.

Abstract: Chicken culling has been forbidden in Germany since 2022; male/female selection and
male elimination must be brought to an embryonic status prior to the onset of nociception. The
present study evaluated the ontogenetic point at which noxious stimuli could potentially be per-
ceived/processed in the brain in ovo. EEG recordings from randomized hyperpallial brain sites
were recorded in ovo and noxious stimuli were applied. Temporal and spectral analyses of the EEG
were performed. The onset of physiological neuronal signals could be determined at developmental
day 13. ERP/ERSP/ITC analysis did not reveal phase-locked nociceptive responses. Although no
central nociceptive responses were documented, adequate EEG responses to noxious stimuli from
other brain areas cannot be excluded. The extreme stress impact on the embryo during the recording
may overwrite the perception of noniceptive stimuli. The results suggest developmental day 13 as
the earliest embryonal stage being able to receive and process nociceptive stimuli.

Keywords: EEG; nociception; pain; embryo; development; Gallus gallus domesticus

1. Introduction

Chicken culling has been forbidden in Germany since January 2022. Until this date,
around 45 million male birds were killed every year directly after hatching, as raising
male layer-type chickens is not profitable for the industry [1]. In recent years, our society
gained a clear understanding that sex selection must be brought forward to the embryo
status, leaving hatched birds untouched. During in ovo sex determination, the sex can
be identified early before hatching for example using endocrinological or spectroscopic
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procedures, so that the incubation of eggs containing male chickens can be prevented [2] as
early as possible. Animal welfare and our ethical conscience admonish our society to make
sure that sex selection and reasonable killing at this developmental stage must exclude
nociceptive perception.

Several studies have indicated that birds can perceive pain in the same way as mam-
mals [3]. This is not limited to behavioural and physiological responses to various nocicep-
tive stimuli, which elicit similar responses as observed in mammals [4,5]. More importantly,
it also includes the fact that in birds, cutaneous mechanical, thermal, chemical and poly-
modal nociceptors have been identified [4,6,7]. As pain includes a subjective component, it
is virtually impossible to quantify pain perception deriving from the neuronal activity of no-
ciceptors, especially without communicating through speech. To overcome this limitation,
pain research distinguishes between automatic, unconscious recognition of stimuli and
thereby induced transmissions of neuronal signals (nociception) and conscious perception
of pain. While nociception is the peripheral recognition of potentially tissue-damaging
(noxious) stimuli by nociceptors and their transmission through the nociceptive nervous
system towards the central nervous system [8], pain is characterized by a subjective, con-
scious and central sensation, usually triggered by nociception. Pain only arises through
the subjective, conscious perception of nociception, which requires a functional brain and
its centralized interpretation of nociception [9,10]. In animal research, the most reliable
and accepted method to record nociceptive stimuli together with their adequate neuronal
answer is the electroencephalogram [6,11–13].

The development of the chicken embryo and its nervous system is a gradual process,
e.g., from the fifth day of incubation, spontaneous movements of the embryo are possi-
ble [14]. However, as the nervous system of the chicken embryo is still less developed
at this time of embryogenesis, nociception is highly unlikely [15,16]. Previous studies
investigating the onset of the first spontaneous EEG activity were inconsistent in their
results; thus, developmental day 11 [17], day 12 [18] and day 13 [19] have been identified
as the EEG onset.

Summarized, due to a lack of consistent data on the development of the neuronal
system of chicken embryos including peripheral receptors together with sensory/motor
pathways and central processing, the currently very limited knowledge does not allow a
precise statement on the physiological onset of nociception. This is even more true for the
potential capability of pain perception at the central level. The main focus of the present
study was to determine the onset of the EEG signal in chicken embryos as a physiological
prerequisite for nociception. The second goal was to evaluate whether standardized painful
stimuli may trigger subtle changes in epidural EEG signals.

2. Materials and Methods
2.1. Animals

A total of 361 Lohman Selected Leghorn chicken embryos (TUM Animal ResearchCen-
ter, Versuchsstation Thalhausen, Technical University of Munich) between developmental
days 7–19 (ED7–ED19) were used in the experiments (see Table 1 for details). Sexing was
performed macroscopically in 280 embryos (♂ = 144 (51.43%), ♀ = 136 (48.58%)) between
ED12–ED19.

The fertilized eggs were disinfected (Röhnfried Desinfektion Pro), labeled and stored
at 15 ◦C (embryogenesis put on hold) for further treatment. Within a week, the experimen-
tal animals were moved to an incubator (Favorit Olymp 192 Spezial, HEKA—Brutgeräte,
Rietberg, Germany, temperature 37.8 ◦C, air humidity 55%) and assigned to the devel-
opmental day ED0. After three days the eggs were windowed, treated with 0.5 mL
Penicillin-Streptomycin (10,000 units penicillin, 10 mg streptomycin/mL, P4333—100 mL
Sigma-Aldrich, Darmstadt, Germany) and kept in the incubator until starting the first
EEG recordings at day ED07. After termination of the experiments, a lethal anaesthesia
was applied via intravenous injection of Pentobarbital-Sodium (Narcoren: ED07–ED19:
16 g/100 mL in 0.1–0.2 mL), followed by decapitation. Developmentally critical stages
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(ED12, ED13, ED19, see results for details) were additionally defined by a more detailed
staging method [20].

Table 1. Summarized number of animals used for the different experimental approaches.

Stage (ED) ED7 ED8 ED9 ED10 ED11 ED12 ED13 ED14 ED15 ED16 ED17 ED18 ED19 TOTAL

Animals total 36 9 8 9 18 56 57 14 13 17 18 40 66 361
Discarded 5 - - - 5 12 9 1 2 3 1 16 22 76
Evaluated 10 9 8 9 13 21 32 13 9 14 17 21 29 205 1

Random EEG - - - - - - - - - - - 2 13 15
Onset EEG - - - - - - 12 14 - - - - - 26
Electrical

stimulation 8 6 4 5 9 6 15 6 4 7 11 12 10 103

Thermal
stimulation 2 3 4 4 4 3 3 7 5 7 6 7 6 61

Histology 21 - - - - 23 16 - 2 - - 3 15 80

Discarded: From 361 embryos initially prepared, 76 were used for the establishment of the recording routines
or discarded due to a low online signal/noise ratio. Evaluated: A total of 229 recording sessions deriving from
ED07–ED19 were pre-analyzed for further analysis. Pre-analysis resulted in 15 animals for Random EEG (random
hyperpallial EEG placements), 26 animals for Onset EEG (additional recording to evaluate ED12 and ED13),
103 animals for Electrical Stimulation, 61 animals for Thermal stimulation (1 24 recordings from the initially
evaluated animals were rejected after re-evaluation of the EEG quality). For histology, 80 embryos were used,
partly originating from animals used for EEG recordings, partly especially prepared for histology.

2.2. EEG Hardware and EEG Recordings

During experiments the chicken embryos were transferred from the incubator to the
experimental setup and kept at a mean temperature of 37.5 ◦C (±2 ◦C) and a room humidity
of 42%. The embryos were given 5 min before preparation to adapt to the environmental
changes in light and humidity. The head of the embryo was gently grabbed and brought to
the edge of the egg and then fixed for EEG recordings in a way that kept the head and body
on the same horizontal level to minimize additional strain on the vascular system [21,22].

After fixation of the head, the EEG electrodes were placed epidurally at the cerebellum
(electrode EEG1), rostrally at multiple hyperpallial sites (electrode EEG2) and above the
optic lobe (reference electrode REF). Additional recordings were performed with EEG1 on
the optic lobe [18]. Custom-made gold electrodes were applied, for details refer to [23–28].
Each EEG recording consisted of 2 min of basal EEG recordings, followed by 8 min stimula-
tion and another 2 min of basal EEG (Figure 1). The raw EEG data were processed through
a pre-amplifier (custom-made, amplification: 1×, npi electronics, Tamm, Germany), am-
plified (DPA-2FL, npi electronics, Tamm, Germany) with an amplification rate of 1000×
(hardware bandpass filter: 0.1 Hz–100 Hz, notch filter @50 Hz) and digitalized @500 Hz
(Power1401, CED, Cambridge Electronic Design Limited, Milton/Cambridge, UK) for of-
fline analysis. The recording software (Spike2, CED, Cambridge Electronic Design Limited,
Milton/Cambridge, UK) was TTL-synchronized with the stimulation hardware.

Room temperature and room humidity, egg temperature and moisture of the embry-
onal brain surface was monitored very closely, as dehydration of the brain surface and
electrodes may lead to artifacts and changes in electrical activity [19,29].

2.3. Standardized Thermal and Electrical Stimulation

For thermal stimulation, 40 subsequent thermal stimuli were applied with an inter-
stimulus interval of 10 s, using a Peltier-element-based thermal stimulation device (TCS,
QST.Lab, Strasbourg, France). The stimulation device had 0.25 cm2 at the tip of the probe, a
heating speed of 41 ◦C/s (see Figure 1) and a final temperature of 51 ◦C. Peak temperature
during contact heat stimulation was chosen from the literature for nociceptive thermal
thresholds [6,30,31]. For electrical stimulation, an electrically isolated constant current
stimulator (ISO-STIM 01B, npi electronics, Tamm, Germany), with a constant stimulation
current of 1 mA [32,33] (pulse duration: 150 µs, inter-pulse interval: 5 ms, pulse train
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duration: 40 ms, inter-stimulus interval: 5 s) was used. The composition of the pulse train
derived from previous studies applying electrical microstimulations [34–36].
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Figure 1. Experimental timeline for EEG recordings in chicken embryos. (A) The total duration of
a single recording was 12 min, starting and ending with 2 min of baseline EEG recordings. The
stimulation duration was 8 min. (B) Electrical stimulation was administered at 1 mA, pulse duration:
150 µs, inter-pulse interval: 5 ms, pulse train: 40 ms at 5 s, 90 repetitions/stimulus. (C) Thermal
stimuli were given at 51 ◦C with a heating rate of 41 ◦C/s for 1 s and repeated every 10 s for 40 times.
Basal temperature was kept at 32 ◦C.

2.4. EEG Data Processing

Raw EEG recordings below 25 µV during a minimum of 90% individual recording
time and EEG recordings with amplitudes exceeding 500 µV were rejected.

Selected EEG text files were transferred into a vector file (MatLab, MathWorks, Natick,
MA, USA), and subsequently imported to the MATLAB toolbox EEGLAB [37] for analysis.
As most automated artifact rejection routines such as artifact subspace reconstruction (ASR)
are only validated for human data [38], datasets that exceeded ±500 µV in amplitude
for more than 10% of the recording time were manually rejected for analysis. From all
manually selected datasets, the EEG signal from −1 s to +2 s around the onset of each
stimulus was epoched. Event-related spectral perturbation (ERSP) and inter-trial coherence
(ITC) were calculated [39,40] using EEGLAB’s newtimef -function. A divisive baseline from
−1 s to 0 s, a resolution in time of 400 points from −1 s to +2 s and a frequency resolution
of 200 points between the frequencies of 3 Hz and 100 Hz [41,42] were chosen. EEG signals
from EEG1 were analyzed with a wavelet transform portion of the newtimef -function with
3 cycles at the lowest frequency of 3 Hz and 20 cycles at the highest frequency of 100 Hz.
In the ERSP results, any deactivation or activation below a threshold of −2 dB or above a
threshold of +2 dB was considered as a response to the stimulus [39,40,43]. For the analysis
of all baseline EEG recordings and stimuli-locked EEGs, 6 randomly selected datasets from
each development stage (ED07–ED19) were selected for further analysis. Spectral EEG
parameter were analyzed as power spectral density (PSD) with the pwelch function from
the MATLAB Signal Processing Toolbox and plotted as density spectral arrays (DSA) in a
logarithmic (log10) average across all embryos of a particular developmental day.

2.5. Physiological Anticipations

The median ERSP and ITC data are only shown for d19 embryos, as any EEG response
on external stimuli was anticipated at the latest development stage, shortly before hatching.
The phase-locked response in the EEG after electrical stimulation was expected rather
immediately after the onset of the stimulus (below 100 ms). The EEG response after
thermal stimulation was expected well after the onset of the stimuli due to ∆Theating of the
Peltier-element (between 100 ms and 800 ms) [39,40,43].

2.6. Statistics

Only the minimum/maximum ERSP and ITC values and their respective 25% and
75% quartiles, as well as the time and frequency at which they occurred, are presented,
as this does not depend on the chosen window size when extracting ERSP data. For the
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evaluation of differences in the spectral power features, calculation of the area under the
curve (AUC) of the receiver-operating characteristic (ROC) for each bin with a frequency
resolution [(125/512) Hz] of PSD and 10 k-fold bootstrapped 95% confidence intervals (CI)
were performed using the MATLAB-based MES toolbox. A difference between the two
distributions was considered significant if the 95% CI did not contain levels above 0.5. The
significance level was set to p < 0.05. For the statistical comparison of the PSD averages
from the small sample size (n = 6), the non-parametrical Mann–Whitney U test [44] with
its suitability for the analysis of EEG data [45] was applied. Some relevant data may have
been missed but the influence of the testing procedure and its statistical results did not
have any influence on the general EEG findings and spectral analyses.

2.7. Histological Procedures

Following termination of the EEG recordings, brains from ED7, ED12, ED13 and ED19
were removed from the skull and transferred to paraformaldehyde (4% PFA @1x PBS,
Sigma-Aldrich) for at least 24 h. After transferring the brains to sucrose solution (30%), the
brains were kept at 4 ◦C. Before slicing (cryotome @100 µm), the brains were mounted in
gelatine (60 g gelatine, 50 g sucrose, 0.25 mL Triton X100, 500 mL mQ H20) and transferred
again to the PFA and sucrose bath. For anatomical analysis, a standard Nissl-staining
protocol (cresyl violet staining) was applied to the anatomical slices.

3. Results
3.1. Basal EEG Activity

In Figure 2, representative 15 s sections of raw EEG data from three randomly selected
datasets (3 × 13 embryos) are shown for D7–D19. The onset of prominent EEG activity can
be clearly attributed to ED13.
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Figure 2. Raw EEG data: An overview of 15 s of raw EEG from three randomly chosen embryo
datasets at development stages ED07-ED19. An onset of physiological EEG signatures is prominently
visible from ED13 and onwards. The raw EEG amplitudes from ED07 until ED12 partly exceeded
±50 µV, but never exceeded ±100 µV, randomly fluctuating around baseline (0 µV). A strong increase
in the EEG signal can be seen from ED13-ED19, with an amplitude regularly exceeding ±200 µV. The
plots do not represent longitudinal recordings from ED07-ED19 within one embryo. For each day an
individual embryo was recorded and added to a longitudinal graphical presentation representing the
global findings.
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Table 2 lists the median and the percentiles (25%; 75%) of the delta band (1–4 Hz)
for each development stage from all 6 embryos included in Figure 3. Between ED12 and
ED13, the average power of the delta band increased by more than 20 dB in absolute terms
(p = 0.0022). An additional significant increase of approximately 6 dB (p = 0.0043) in the
delta band was found between ED10 and ED11.

Table 2. Medians and percentiles [25%, 75%] of the PSD delta band (1–4 Hz) from the 6 randomly
chosen embryos at each developmental stage, as shown in Figure 3.

STAGE (ED) ED07 ED08 ED09 ED10 ED11 ED12 ED13 ED14 ED15 ED16 ED17 ED18 ED19

MEDIAN
DELTA POWER 4.970 1.194 1.532 1.322 7.427 10.555 30.032 28.602 28.988 28.846 32.167 30.848 28.796

[25%]
PERCENTILE

[75%]
PERCENTILE

3.231
5.972

0.338
1.968

0.181
2.141

0.788
3.377

4.582
10.873

6.274
12.567

28.906
30.656

26.767
28.842

26.640
30.442

28.003
30.497

28.551
32.530

30.564
31.861

27.526
33.304
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[25%] PERCENTILE 
[75%] PERCENTILE  

3.231 
5.972 

0.338 
1.968 

0.181 
2.141 

0.788 
3.377 

4.582 
10.873 

6.274 
12.567 

28.906 
30.656 

26.767 
28.842 

26.640 
30.442 

28.003 
30.497 

28.551 
32.530 

30.564 
31.861 

27.526 
33.304 

3.2. Electrical and Thermal Stimulation 
Figure 4 represents the median event-related spectral perturbation and inter-trial co-

herence for thermal and electrical stimulation. After applying a threshold of ±2 dB to un-
mask stimulus-related EEG activities, a single local maximum of 2.79 dB [−2.15 dB/5.16 
dB] at 6.41 Hz and 1052 ms was measured after thermal stimulation. After electrical stim-
ulation, a local maximum of 2.23 dB [0.68 dB/2.23 dB] at 13.24 Hz and 543 ms was detected. 
No further ERSP responses were found. 

Figure 3. Top. Spectral power density: ED07-ED12 revealed no prominent power in all relevant
frequency bands, apart from some minor but consistent oscillations in the low delta regions around
1–2 Hz and an isolated signal at 16.33 Hz. The onset of slow delta oscillations is visible from
ED13 onwards. For each developmental day, data from 6 representative EEGs were processed.
Bottom: Boxplots illustrating the median (red line), the 25% and 75% percentiles (lower and upper
box end) and the minimum/maximum values (lower and upper whisker) for the delta band power.
Red crosses indicate outliers. AUCED10/ED11: 0.97 [0.83, 1], AUCED12/ED13: 1 [1, 1], only
significant AUCs reported (refer to Table 2 for other data).

3.2. Electrical and Thermal Stimulation

Figure 4 represents the median event-related spectral perturbation and inter-trial coher-
ence for thermal and electrical stimulation. After applying a threshold of ±2 dB to unmask
stimulus-related EEG activities, a single local maximum of 2.79 dB [−2.15 dB/5.16 dB] at
6.41 Hz and 1052 ms was measured after thermal stimulation. After electrical stimulation,
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a local maximum of 2.23 dB [0.68 dB/2.23 dB] at 13.24 Hz and 543 ms was detected. No
further ERSP responses were found.
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4. Discussion 
The present study evaluated the neuronal development of an embryonal chicken 
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Figure 4. Median oscillatory responses as event-related spectral perturbation (ERSP, (A,B)), indicating
the phase response, i.e., the oscillatory changes at a given time and frequency as a response to the
stimulus. Inter-trial coherence (ITC, (C,D)), indicating the degree of phase-locking, i.e., the phase
distribution of the stimulus across all trials. Blue arrow: local spectral maximum of 2.79 dB [−2.15
dB/5.16 dB] at 6.41 Hz and 1052 ms. White arrow: local spectral maximum of 2.23 dB [0.68 dB/2.23
dB] at 13.24 Hz and 543 ms. Black arrow: local ITC maximum of 0.38 [0.27/0.42] occurred at 6.41 Hz
and 797 ms.

A local ITC maximum for an thermal stimulation of 0.38 [0.27/0.42] was detected at
6.41 Hz and 797 ms; the local ITC maximum for an electrical stimulation of 0.23 [0.11/0.29]
was present at 28.35 Hz and 0.33 Hz. Both local ITC maxima did not correspond to an ERSP
response, i.e., a deactivation or activation that exceeds −2 dB or 2 dB, respectively. ITC
analysis revealed a low degree of phase locking in the analyzed range of time and frequency.
The barely visible local ITC maximum deriving from thermal stimulation indicates that the
phase of the oscillation following our stimulus is not completely random.

3.3. Histological Verification

The onset of meaningful EEG activity seems to correspond roughly with the histo-
logical data. At ED13, the embryonal development of central neuronal structures is well
advanced, anticipating the expression of all neuronal structures within the embryonal brain
at ED19 (see Figure 5).
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Figure 5. Anatomical differences of the embryonal brain: The two frontal sections (100 µm) from
the central brain area represent the neuronal development of the embryonal brain from ED13 (right)
and ED19 (left). Abbreviations: CO: Chiasma opticum, CP: Commissura posterior [caudalis] (Poste-
rior commissure), CT: Commissura tectalis, D: Nucleus of Darkschewitsch; Nucleus paragrisealis
centralis mesencephali (ICAAN), IS: Nucleus interstitialis (Cajal), ME: Eminentia mediana (Median
eminence), PVO: Organum paraventriculare (Paraventricular organ), SAC: Stratum album centrale,
SCE: Stratum cellulare externum, SCO: Organum subcommissurale (Subcommissural organ), SGC:
Stratum granimalsiseum centrale, SGFS: Stratum griseum et fibrosum superficiale, SGP: Stratum
griseum periventriculare, SO: Stratum opticum, SpL: Nucleus spiriformis lateralis, SpM: Nucleus
spiriformis medialis, VT: Ventriculus tecti mesencephalic. The anatomical nomenclature was referred
to anatomical atlases [15,46].

4. Discussion

The present study evaluated the neuronal development of an embryonal chicken brain
at the level of the EEG. A relatively clear onset of a physiologically meaningful EEG activity
could be attributed to ED13. The manifestation of this neuronal activity was shown in the
present study until ED19. Electrical and thermal stimuli did not elicit any notable temporal
and spectral changes in the corresponding EEGs.

4.1. Basal EEG

The onset of physiologically relevant brain activity in the present study could be
reliably demonstrated in various anatomical areas of the hyperpallium from ED13 onwards.
Compared to raw EEG signals recorded 2 days after hatching [47], the EEG amplitudes
in the embryo show similar temporal and spectral features. In 2-dayold chickens as well
as in embryonal stages ED13–ED19, the EEG reach amplitudes of ±100 µV to ±200 µV,
although the highest amplitudes were present prior to hatching and not during the first
few days after hatching. Interestingly, such decreasing EEG amplitudes were also docu-
mented between 2-day-old chickens and 8-week-old chickens with an average amplitude
below ±100 µV [47]. Averaged frequency spectra from 2-day-old chickens show a low
power maximum around 5–10 Hz with decreasing power towards 40 Hz [47] at frontal
recording sites. The embryonal spectral maxima at ED19 were slightly lower within a
range from 0.1 Hz to 6 Hz with a maximum at the delta band. A shift from the embryonal
delta band towards a dominant but blurry theta/alpha band immediately after hatching
may be due to the potential role of the alpha band to act as an attentional suppression
mechanism during the selection or elimination of objects or features during cognitive
tasks [48]. Whether the embryonal dominant delta band resembles sleep-likes states such
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as slow-wave sleep [24,49–51] remains a functional enigma. Early findings from embryonal
EEG recordings demonstrated spontaneous neuronal activity between ED13 and ED16 [52].
In contrast, the dominant frequency band at developmental day 15 was around 4 Hz to 7
Hz [52], shifting towards higher frequencies close to hatching, which is in line with our
findings and may resemble post-embryonal findings from others [47]. Why we found the
earliest spontaneous EEG activity already around ED13, whereas Peters and co-workers
did not report any electrical discharges of the cerebral lobes before day 14, is not clear. One
reason could be that we applied EEG recordings continuously on every developmental
day from ED7 to ED19. Peters and co-workers only reported data from day 6, day 8, day
10, day 13, day 16 and the first post-embryonal day. Important but minor developments
may have been missed. In our studies, we used consecutive numbering starting with
ED0 at the first embryonal breeding day. Whether this numbering and the corresponding
staging was applied, or numbering began at ED1 was not documented in other studies [52].
Another reason for these differences may be due to the breeding lines used in different
experiments and its potential subtle temporal aberrancy in their embryogenesis of the
brain. For example, it is known from adult mice that temporal and spectral features of
the EEG differ significantly between closely related breeding lines (Huber, 2000 #6179).
It is conceivable that neuronal embryogenesis may also differ between different chicken
breeding lines in ovo.

Apart from such differences, the global features of the late embryonal EEG are similar
to basal EEGs derived from adult chickens. Interestingly, amplitudes above ±200 µv as
recorded from our ED17–ED19 embryos were reported in resting adult chickens (Ookawa T.,
1965 #8834). At this behavioral state, the dominant frequencies in adult chickens were
3–4 Hz and 6 Hz–12 Hz, respectively. Similar data were reported from newly hatched
chickens [19]. Nevertheless, even at ED19, the individual EEGs were highly variable, which
is consistent with earlier publications and observations in adolescent chickens [17,21,53,54].

The neuronal development, as expressed in the global embryonal EEG activity re-
ported in the present study, seems to correlate with the development of various brain
structures. From developmental day 8 onwards, a mass migration of neuroblasts takes
place, which is completed around day 11 with segregation along the dorsolateral walls of
the cerebrum [55]. By developmental day 12, the diencephalon has undergone a complete
differentiation of nuclei [52,56], potentially setting the stage for physiological neuronal
activities as presented for ED13.

From ED07 to ED12, a consistent signal at 162⁄3 Hz was frequently recorded, which was
covered by more dominant domains from ED13 onwards. Although the literature is very
sparse [57] and partly not-peer-reviewed [58], one external source for this very particular
frequency recorded may have been subway tracks run by 15 kV AC at 162⁄3 Hz in close
vicinity to our laboratory.

4.2. Electrical and Thermal Stimulation

Although the EEG maturates during the last week in ovo, variations in the electrical pat-
terns are not always correlated with spontaneous motor activity [59] and motility patterns
persisted unchanged in total absence of the cerebral EEG [21], raising the principal question
in how far an embryonal EEG also does not mirror peripheral sensory input. The situation
is much clearer in the adult bird. Physiological responses including spectral changes in
the EEG to nociceptive stimuli have been described for awake birds [4,5,60], which are
consistent with those observed in awake mammals [13,39,40,43,60]. The neuroanatomical
prerequisites such as cutaneous mechanical, thermal, chemical and polymodal nociceptors
are present and respond to external stimulation similar to mammalian nociceptors [3,60,61].

Stimuli-related electrical potentials in the mammalian brain are typically found in
the somatosensory, insular, cingulate, frontal and parietal cortical network [62]. The avian
hyperpallium, nidopallium and mesopallium have been proposed to be homologous to the
mammalian somatosensory cortex [60,63–65].
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In mammals and birds, somatosensory information is processed from the deeper layers
of the thalamus [63,65] with its various nuclei based on their location, pattern of sensory
inputs and its embryological derivation [66–68] towards the pallium (hyperpallium in
birds). The hyperpallium apicale (and the caudomedial nidopallium) seem to be promising
areas for avian stimulus and nociceptive processing [64,69–71], assumingly representing
mammalian sensomotoric functionality.

Even so, the hyperpallial and nidopallial recording sites seem appropriate, no global
EEG responses to the noxious stimuli could be recorded from others [30,31] and in the
present study. The requirements to record in ovo EEG signal may create their own limitations.
Assuming that the embryo is capable of processing nociceptive sensations and stimuli from
ED13, the preparation of the embryo itself to record a clear EEG may drive the perceptive
capacity already to its limits. Experimentally applied nociceptive stimuli may then have
a perceptive threshold below the impact of the preparation of the embryo itself. These
nociceptive stimuli could as well be above a given threshold, but the EEG may already be
enhanced with nociceptive sensations from the preparation. Either way, subtle changes
in the EEG according to an experimental stimulus may be uncovered. At present, no
stereotaxic atlas of the chicken embryo is available to record along the spinothalamic tract
and its thalamic and striatal projections to overcome this dilemma.

4.3. Conscious Pain Perception

Assuming that changes in the cortical activity due to nociceptive stimulation are based
on the cognitive perception of pain [60,72], experiments applying a minimal anesthesia
protocol were performed in several species [60,73–77]. To our knowledge, only one study
used this anesthetic protocol in birds and found no consistent evidence of nociception after
thermal, electrical, or mechanical stimulation [60]. These results demonstrate either the
absence of nociceptive-driven spectral changes in birds or, more likely, a conscious percep-
tion of noxious stimuli [60]. This may raise the question of how far embryos and fetuses
possess consciousness. The present literature widely spreads from consciousness being only
present immediately after birth [78] across the morality of embryo usage in research [79]
towards the general and unsolved question what consciousness really means [80–84]. This
question by far goes beyond the scope of the present study, especially when we ask about
potential consciousness in ovo.

4.4. Selection of the Embryonal Timeframe for EEG Recordings

In birds, C and Aδ axons along the spinothalamic tract terminate at peripheral no-
ciceptive receptors connecting the peripheral nervous system with central regions of the
avian brain [85]. These afferent fibers start developing around day 4 in the embryo, in-
cluding functional multisynaptic reflex arcs and sensomotoric coupling in ovo around day
7 [16,78,86], excluding EEG recording before this stage. This neuroanatomical gestation is
in line with the selective start of EEG recordings at ED7.

4.5. Histological Verification

Assuming that at developmental day 19 the neuronal prerequisites to detect, transmit
and process nociceptive stimuli are fully established, a simple anatomical comparison as
shown in Figure 5 indicates a general ability for nociception already around day 13. All
major structures of the hyperpallium [15] are clearly visible, suggesting also a physiologi-
cally similar EEG at day 13 and day 19. The anatomical part of the study was not designed
to focus on the morphological development of the brain, but rather being anatomically
supportive for a functional EEG. The anatomical development per se would be very in-
teresting, but this would have been out of the focus of a functional EEG study. Further
acute slice recording and neuroanatomical verification is needed in the future to support
this assumption.
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5. Conclusions

The present work suggests the onset of a meaningful EEG at the developmental ED13
in the chicken embryo. Is this an adequate indicator for the processing of nociceptive stimuli
or even the perception of pain? The literature suggests a central processing of nociceptive
information to establish the sensation of acute pain. Based on the present data, this seems
unlikely to be before ED13. A direct EEG-based documentation of central nociceptive
processing or the perception of pain was not possible in the chicken embryo in ovo. To
overcome this limitation, we suggest establishing in vivo recordings of neuronal activity
upon nociceptive stimuli starting at the level of the peripheral receptors, proceed along the
ascending projections towards the developing central nervous system. The establishment
of a stereotactic embryonal atlas and acute slice electrophysiology along the embryogenesis
together with the present findings have the potential to overcome this limitation.
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Simple Summary: Chicken embryos are currently being increasingly used in various areas of research
but are frequently not covered by animal protection legislation. In the food industry, it is often even
common practice to kill male embryos because they are of no economic use. In both cases, there is a
lack of knowledge about the sentience of these chicken embryos, especially their ability to perceive pain.
The purpose of this exploratory study was to investigate whether—and if so, on which developmental
day—a chicken embryo shows a behavioral change or a specific response to a noxious stimulus, both
of which would be indicative of functioning nociception. Two complementary approaches were used
for the evaluation: human observation and computer-assisted evaluation using a markerless pose
estimation software (DeepLabCut). Through a combination of both approaches, it became apparent that
developmental day 15 was the earliest stage at which a response to the applied stimulus was detectable.
This result thus represents a contribution to the future improvement of animal welfare as it suggests that
from developmental day 15 a chicken embryo in the egg has the capacity to show a nocifensive reaction.

Abstract: Many potentially noxious interventions are performed on chicken embryos in research and
in the poultry industry. It is therefore essential and in the interest of animal welfare to be able to
precisely define the point at which a chicken embryo is capable of nociception in ovo. The present
part III of a comprehensive study examined the movements of developing chicken embryos with the
aim of identifying behavioral responses to a noxious stimulus. For this purpose, a noxious mechanical
stimulus and a control stimulus were applied in a randomized order. The recorded movements of
the embryos were evaluated using the markerless pose estimation software DeepLabCut and manual
observations. After the application of the mechanical stimulus, a significant increase in beak movement
was identified in 15- to 18-day-old embryos. In younger embryos, no behavioral changes related to the
noxious stimulus were observed. The presented results indicate that noxious mechanical stimuli at the
beak base evoke a nocifensive reaction in chicken embryos starting at embryonic day 15.

Keywords: behavior; movement; nociception; pain; chicken embryo; development; Gallus gallus
domesticus
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1. Introduction

The behavior of birds can profoundly differ from the behavior of mammals, especially
in terms of indications of pain [1]. For a long time, birds were not believed to feel pain [1].
At present, it is generally accepted that birds are capable of nociception and can feel
pain [1,2]. Several studies have established that birds have mechanothermal, mechanical
and thermal nociceptors with high stimulus thresholds [2,3]. Furthermore, peripheral and
central processing of a potentially noxious stimulus in birds occurs in a similar manner to
that in mammals [4]. Raja et al. defined pain as an aversive experience of an individual
that includes both sensory perception and emotional aspects [5]. This experience may be
caused by a potential or actual lesion of the tissue [5]. Nociception, on the other hand, is
described as the detection of a potentially damaging stimulus by primary sensory neurons
and its processing in the nervous system [5,6]. The inability to communicate does not
exclude the possibility that pain is felt, for example, by animals or neonates [1,5]. Another
definition of pain more suitable for assessing pain in animals includes changes in species-
specific behavior as a possible consequence of a painful experience [7]. Because pain is a
subjective experience, its assessment is difficult in humans and is even more challenging
in animals [1,5]. Detection and quantification of pain in animals involves inference from
parameters associated with pain in humans [1].

Birds show only subtle behaviors of discomfort or pain due to the disadvantage of
showing weakness in a social group or as a prey species in general as well as the potential
predominance of the flight reflex [8]. In addition, bird behavior varies greatly among
species and individuals, making it necessary to closely examine the typical behavior of
the observed individual. This makes it possible to assess deviations in typical behavior
as a sign of pain [9]. Although pain-associated behavior is difficult to identify, its major
advantage is that it can be observed immediately and noninvasively [3,9]. This makes
behavioral observation an essential part of a comprehensive pain assessment in birds.

Behavioral studies have been conducted in a variety of avian species [10]. Many of
these studies used chickens (Gallus gallus domesticus) and evaluated nociceptive responses to
procedures that are assumed to be painful or elicit discomfort [10,11]. The typical behavior
of chicken embryos has long attracted scientific interest [10,11]. In the 1960s, the motility of
chicken embryos was intensively studied. Movements and motility patterns, along with
other aspects, were observed from days 3.5 to 20 of incubation [12–15]. In contrast, little is
known about nociception in the chicken embryo or about nocifensive behavioral responses.
According to current understanding, nociception in chicken embryos does not occur before
the seventh day of incubation [16–18].

The results presented are part of a comprehensive study investigating the develop-
mental day at which chicken embryos are capable of nociception and pain perception. The
aim of the present part III of the study was to evaluate the acute behavioral responses
of chicken embryos at different developmental stages to a noxious mechanical stimulus.
The markerless pose estimation software DeepLabCut (DLC) and manual observations
were used to analyze embryonic behavior [19–21]. In addition, cardiovascular [22] and
electrophysiological [23] parameters were investigated in parts I and II of the comprehen-
sive study.

2. Materials and Methods
2.1. Animals and Incubation

Chicken embryos from ED9 to ED18 were analyzed. An overview of the experimental
groups is provided in Table 1. Fertilized Lohman Selected Leghorn eggs were obtained
from the Technical University of Munich (TUM) Animal Research Centre, Thalhausen.
Eggs were disinfected (Röhnfried Desinfektion Pro, Dr. Hesse Tierpharma GmbH & Co.,
Ltd. KG, Hohenlockstedt, Germany), weighed and stored in a refrigerator at 15 ◦C until
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use. The maximum storage time from the day of laying until the start of the incubation
was seven days. Before incubation, the eggs were placed at room temperature for 24 h. On
the day of incubation, eggs were transferred at 8:30 am into a standard incubator (HEKA
Favorit-Olymp 192 Spezial, HEKA-Brutgeräte, Rietberg, Germany) and incubated under
the following conditions: 37.8 ◦C temperature and 55% humidity. The eggs were turned six
times a day until fenestration on ED3. The first day of incubation was defined as ED0.

Table 1. Number of chicken embryos. Overview of the number of chicken embryos analyzed on
each embryonic day and the sex distribution.

ED9 ED12 ED13 ED14 ED15 ED16 ED17 ED18 ED18 w/
Lido

Amount of
embryos (n) 10 10 10 16 16 16 16 16 5

Sex
male/female 5/5 3/7 5/5 9/7 7/9 7/8 7/9 7/9 2/3

On ED3, eggs were placed horizontally for two minutes, and 5–7 mL of albumin was
withdrawn through a small hole at the pointed pole using a cannula. A small window was
cut in the top of the eggshell, and 0.5 mL of penicillin-streptomycin (10,000 units penicillin,
10 mg streptomycin/mL, P4333–100 mL, Sigma-Aldrich, St. Louis, MO, USA) was added.
Eggs were sealed with plastic film and tape. With the eggs in a horizontal position, the
incubation proceeded until the desired embryonic day [24].

At the end of the experiments, the embryos were euthanized by an intravenous injec-
tion of pentobarbital-sodium (Narcoren, 16 g/100 mL, Boehringer Ingelheim Vetmedica
GmbH, Ingelheim am Rhein, Germany; ED9: 0.05 mL, ED12 to ED15: 0.1 mL and ED16
to ED18: 0.2 mL), followed by decapitation. Afterward, the sexes of the ED12 to ED18
embryos were identified macroscopically by the assessment of the gonads. For the ED9
embryos, sexing was performed with PCR of genomic DNA samples isolated from pectoral
and wing muscle. Screening was performed according to an established protocol [25] using
primers targeting the Z chromosome [5’ AAGCATAGAAACAATGTGGGAC 3’ (forward)
and 5’ AACTCTGTCTGGAAGGACTT 3’ (reverse)] and female-specific primers targeting
the W chromosome [5’ CTATGCCTACCACMTTCCTATTTGC 3’ (forward) and 5’ AACTCT-
GTCTGGAAGGACTT 3’ (reverse)]. The expected lengths of the DNA fragments were
250 bp and 375 bp, respectively, for female embryos and 250 bp for male embryos. An
overview of the sex ratio in each ED is shown in Table 1.

2.2. Preparation Process

All experiments were performed between 9:00 am and 7:30 pm by the same two
persons to standardize the procedure. To keep the environmental conditions as similar as
possible to typical brooding conditions, experiments were conducted in a special heated
chamber. The chamber was equipped with a heat mat (ThermoLux Wärmeunterlage,
Witte + Sutor GmbH, Murrhardt, Germany), a heat lamp (Wärmestrahlgerät, Taschenlam-
penwerk ARTAS GmbH, Arnstadt, Germany) and an air humidifier (Series 2000 Luftbe-
feuchter HU4811/10R1, Philips, Amsterdam, The Netherlands). Humidity was kept at a
constant level of 55.5% ± 4.5. Additionally, the eggs were embedded in warm (38.0 ◦C)
Armor Beads (Lab Armor BeadsTM, Sheldon Manufacturing, Cornelius, NC, USA). In this
manner, the inner egg temperature was kept at 37.9 ◦C ± 0.9 during the entire experiment.
To observe the entire embryo, the window in the eggshell was enlarged. Next, the chorioal-
lantoic membrane (CAM) was carefully cut open and removed from the field of view. If
necessary, blood vessels were ligated to prevent bleeding. However, to the extent possible,
ligating or cutting vessels was avoided to prevent disruption of blood circulation. To gain
access to the embryo and improve visibility, the amnion was carefully opened. A Desmarres
lid retractor (Fuhrmann GmbH, Much, Germany) was carefully placed underneath the
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beak of the embryo to ensure beak visibility. In the case of ED9 embryos, a small wire loop
was used.

2.3. Experimental Setup

All experiments were filmed with a camera (Panasonic LUMIX DC-G110V with a
Panasonic Lumix G 30 m lens, Matsushita Electric Industrial Co., Ltd., Osaka, Japan; for
ED9 to ED16: HOYA SUPER PRO1 Revo Filter SMC Cir-PL, Kenko Tokina Co., Ltd., Tokyo,
Japan) with a frame rate of 50 frames per second.

After preparation, a resting period of three minutes was allotted. Baseline behavior
was recorded for two (ED15 to ED18) or three (ED9 to ED14) minutes; subsequently, two
stimuli were applied in a randomized order. The stimuli used were a noxious mechanical
stimulus (Pinch) using a manual instrument and a light touch (Touch) as a negative control.
Both were applied at the base of the beak. For the ED15 to ED18 embryos, a mosquito clamp
(Fine Science Tools, Foster City, CA, USA) was used to administer the stimulus. To better
monitor the applied force, a mosquito clamp combined with an analgesia meter (Rodent
Pincher Analgesia Meter, Bioseb, Vitrolles, France) was used for experiments conducted
with ED12 to ED14 embryos. Stimulus 1 (Pinch or Touch) was administered, followed by an
observation duration of three minutes. After a second baseline period, stimulus 2 (Touch
or Pinch) was administered, followed by another three minutes of observation. Because
of their small size, microsurgical anatomical forceps (Fine Science Tools, Foster City, USA)
had to be used to administer the stimulus to ED9 embryos. An additional group of ED18
embryos (ED18 w/Lido) was injected with 0.02 mL of lidocaine (Xylocitin® 2%, Mibe
GmbH Arzneimittel, Brehna, Germany) in the upper and lower beak region five minutes
before the first baseline. Experiments were then performed according to the above protocol.

2.4. Analyses: Hardware, Software and Statistical Analyses

All videos were edited in the same way using the “daVinci Resolve” software (Black-
magic Design Pty. Ltd., Port Melbourne, Australia) before analysis. For each embryo, four
single videos were cut referring to the sections of the experimental design: Baseline Pinch,
Baseline Touch, Post Pinch and Post Touch. An overview of the experimental procedure is
shown in Figure 1.

2.5. DeepLabCut

To track the body parts of the embryo, the Python-based markerless pose estimation
software DLC (version 2.2.1.1) [19,21] was used on a computer (MSI MAG Infinite 11TC-
1222AT, Intel Core i7–11700F, 16 GB RAM, nVidia GeForce RTX3060, Micro-Star Int’l Co.,
Ltd., New Taipei City, Taiwan). The neural network was trained for each ED individually
with video footage according to the protocol provided by the developers [21]. Manual
labeling was always performed by the same person. The training was performed with the
default settings and using a ResNet-50-based neural network [26,27]. A test error below 8.5
was obtained for every ED. After the model training was completed, the four experimental
videos (Baseline Pinch, Baseline Touch, Post Pinch and Post Touch) were analyzed for each
embryo. For each labeled body part, DLC created three outputs for each frame of the video:
an x coordinate, a y coordinate and a likelihood value. These values were analyzed with
custom-written code using MATLAB (MATLAB Version: 9.12.0.1927505 (R2022a) Update 1,
MathWorks). In all cases, a likelihood value cutoff of 0.75 was used.

2.5.1. Visualization of the Data Clusters

In the analysis, the focus was on the following body parts:

• Beak;
• Head;
• Limbs;
• Stationary points on the egg, the Desmarres lid retractor, and the wire loop (for ED9)

were used as reference controls.
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Figure 1. Flowchart of the experimental procedures. (a) Recordings of the embryo were collected in
ovo, and video data were transferred to a computer for editing. The body parts of chicken embryos
tracked by DLC are labeled in the schema. (b) The neural network was trained, and the video material
was analyzed according to the timeline. (c) The video material was manually analyzed according to
the timeline. (Created with BioRender.com, accessed on 6 September 2023).

As a first step, the labeled data clusters for each analyzed body part were visualized
in the x–y coordinate space. This enabled refinement of the dataset through identification
of outliers or mislabeled body parts. The videos were then checked for errors, and if any
real outlier was found in a frame, its value was manually excluded.

Distance between the Upper and Lower Beak

The distance between the upper and lower boundaries of the beak was calculated in
terms of the Euclidian distance d between two points:

d =

√[
(xu − xl)

2 + (yu − yl)
2
]

where xu is the x coordinate of the upper beak label, xl is the x coordinate of the lower beak
label, yu is the y coordinate of the upper beak label and yl is the y coordinate of the lower
beak label. The Euclidian distance was calculated (in pixels) for every frame of the video.

Angle between the Upper and Lower Beak

The angle between the upper and lower beak was computed by calculating the angle
α between two lines, P0 to P1 and P0 to P2, where P0 is the fulcrum between the beak parts,
P1 is the upper beak point and P2 is the lower beak point. The angle was then calculated
as follows:

α = atan2(norm(det([n2; n1])), dot(n2, n1))

where atan2 is the four-quadrant inverse tangent, det is the matrix determinant, dot is the
dot product, and n2, n1 are the Euclidean normalized vectors for P0 to P1 and P0 to P2,
respectively. The angle between the upper and lower beak was calculated for all frames of
the video in radians and then converted to degrees.
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Movement

The movement of the body parts of interest was calculated in terms of the Euclidean
distance d between identical labels across consecutive frames:

d =

√[(
x f 1 − x f 2

)2
+
(

y f 1 − y f 2

)2
]

where x f 1 is the x coordinate in frame 1, x f 2 is the x coordinate in frame 2, y f 1 is the y
coordinate in frame 1 and y f 2 is the y coordinate in frame 2. The distances were calculated
for all consecutive frames. From ED12 to ED18, movements of the medial eye corner, elbow
and metatarsus were analyzed. For the body movements on ED9, the tarsus (instead of
the metatarsus) was used to assess leg movement, as the tissue of the metatarsus was
translucent and prone to errors in tracking.

2.5.2. Analysis

To simplify the analyses, 30 s intervals were evaluated. For each parameter, i.e., Beak
Distance, Beak Angle, Movement Eye Corner, Movement Elbow and Movement Metatarsus, the
sum of the 1500 frame values of the interval was calculated. In Post Stimulus, this resulted
in four intervals: 0–30, 30–60, 60–90 and 90–120 s. The beginning of the first poststimulus
interval was defined as the moment from which the clamp was no longer in contact with
the beak. The median of the four 30-s intervals prior to the stimulus was considered the
baseline. Missing values, which arose after the exclusion of low likelihood values, were
manually imputed. For each missing value series, the median was determined for half of
the adjacent data and used in place of the missing value. If more than 5% of the data in
an interval were missing, the interval was excluded from the analysis. Due to a lack of
visibility, one ED14 embryo and one ED18 embryo were completely excluded from the
DLC analysis. A precise overview of the number of datasets ultimately included in the
analysis is provided in Table S1.

Due to the presence of repeated measures, generalized linear mixed effects models
with the individual embryo as a random effect were chosen for analysis. Due to the violation
of numerous model assumptions (normality of residual distribution, heteroscedasticity
of residuals, heterogeneity of variances between groups and presence of outliers), only
robust linear mixed-effects models were applied for all analyses (R package-robustlmm).
All contrasts (differences) between particular groups were assessed after model-fitting
by the estimated marginal means (R package–emmeans) with Tukey’s p value correction
for multiple comparisons. The results with a p value < 0.05 were considered statistically
significant. Data analysis was performed using R 4.2.1 (23 June 2022). Detailed information
about the statistical analyses, including the corresponding effect size for each reported p
value, can be found in Table S2.

2.6. Manual Observation

The same video footage as used in the DLC analyses was used for manual observations.
Since preliminary observations and data from the DLC analyses indicated that changes in
beak position were frequent after Pinch, manual observations focused on beak movements.
Four different patterns of beak movements were identified from the video material:

• Beak Shift—a small horizontal shift of the upper and lower beaks against each other;
• Mandibulation—a small vertical opening of the beak, often executed several times, and

reminiscent of a chewing movement;
• Beak Opening—single, swift, vertical opening of the beak;
• Wide Beak Opening—single, wide, vertical opening of the beak, accompanied by a

characteristic tongue movement.

In an analogous approach to the one described above, the baseline and poststimulus
observations were divided into intervals of 30 s. For manual observations, the 30 s before
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the stimulus were used as a baseline. For each interval, the occurrences of the described
beak movements were counted.

3. Results
3.1. Beak Movements in Response to a Noxious Stimulus

To analyze the movements of chicken embryos, the markerless pose estimation soft-
ware DLC was used. The angle (Beak Angle) and distance (Beak Distance) between the upper
and lower beak were calculated to reflect the opening of the beak as a potential response to
a noxious mechanical stimulus applied at the base of the beak. The mechanical stimulation
of the beak led to a change in the beak position at embryonic day (ED) 9 and ED12; thus,
evaluation with DLC was distorted and could not be interpreted. At ED13 and ED14, Beak
Distance did not differ between any time intervals during the two minutes after the control
touch stimulus (hereafter, Post Touch) and the time intervals during the two minutes after
the noxious pinch stimulus (hereafter, Post Pinch) (Figure S1). At ED15, significant increases
in Beak Distance as a response to Pinch were detected (Figure 2). Additionally, in ED15
embryos, beak movements Post Pinch increased significantly over the first 120 s compared
to Baseline Pinch and over the first 90 s compared to Post Touch. On ED16, ED17 and
ED18, a significant increase in Beak Distance was observed over all time intervals Post Pinch
compared to Baseline Pinch and Post Touch. The greatest increase in Beak Distance occurred
during the first 30 s of Post Pinch. The group of ED18 embryos that received an injection
of the local anesthetic lidocaine (ED18 w/Lido) did not exhibit reduced beak movements
compared to same-age embryos that did not receive the local anesthetic (Figure S2). Beak
Distance was still significantly increased in ED18 w/Lido in the first 30 s of Post Pinch
(p < 0.0001).

Beak Angle results are displayed in the Supplementary Information (Figure S3). Briefly,
Beak Angle showed a similar pattern of changes as Beak Distance. Additionally, significant
increases in Beak Angle during Post Pinch were observed from ED15 onward.

3.2. Head Movements in Response to a Noxious Stimulus

The medial eye corner was tracked to analyze the head movements of chicken embryos.
Changes were particularly observed on ED13 and ED16 to ED18 in the first 30 s of Post
Pinch. On these days, the embryos showed a significant increase in head movements after
Pinch compared to after Touch (ED13: p = 0.0254; ED16: p = 0.0381; ED17: p = 0.026; ED18:
p < 0.0001) and during Baseline Pinch (ED13: p = 0.0256; ED16: p = 0.0001; ED17: p < 0.0001;
ED18: p < 0.0001). At ED12, head movements increased significantly at 30–60 s after Pinch
compared to those 30–60 s after Touch (p = 0.0372). At ED14, head movements also increased
significantly in the first 30 s after the stimulus compared to those in the corresponding
baseline period. These movements were observed after both stimuli (Pinch: p = 0.0153;
Touch: p = 0.0069). In addition, a significant difference between head movements in
response to Pinch and those in response to Touch was observed at 30–60 s after the stimulus
(p = 0.0175). Head movements were significantly reduced in ED18 w/Lido embryos in the
first 30 s of Post Pinch compared to those of ED18 embryos in the same period (p < 0.0001).
Head movements on ED15 to ED18 are displayed in Figure 3, while data on ED9, ED12
to ED14 and ED18 w/Lido embryos are provided in the Supplementary Information
(Figures S4 and S5).

3.3. Limb Movements in Response to a Noxious Stimulus

To track limb movements, the movements of the Elbow, Metatarsus and Tarsus (ED9)
were analyzed. Significant differences in limb movements between Baseline Pinch and Post
Pinch and between Post Pinch and Post Touch were observed only on ED18 (Figures S6 and
S7). An increase in elbow movements was observed between Baseline Pinch and Post Pinch
(p = 0.0023) as well as between Post Pinch and Post Touch (p = 0.0096) during the first 30 s
after the stimulus. Regarding metatarsus movements, ED18 embryos showed a significant
increase between Baseline Pinch and Post Pinch (p < 0.0001) as well as between Post Pinch and
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Post Touch (p = 0.0002) during the first 30 s after the stimulus. For ED18 w/Lido embryos, no
significant differences in limb movements were observed between Baseline and the first 30 s
of Post Stimulus. There was also no significant difference between the ED18 embryos and
the ED18 w/Lido embryos. Other significant changes in limb movements were observed at
specific time intervals during development.
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3.4. Characterization of Beak Movements in Response to a Noxious Stimulus

In particular, DLC analysis identified changes in beak movement during Post Pinch in
embryos from ED15 to ED18. To characterize beak movements in further detail, manual
observations were performed. The focus of the manual observations was on four behav-
iors: Beak Shift, Mandibulation, Beak Opening and Wide Beak Opening. An overview of the
percentage of animals that exhibited each behavior at specific time intervals is shown in
Table 2. In addition, the counts of each behavior are shown in Figures S8–S11.

Beak Opening was rarely displayed during Baseline and was observed in only 10.0%
of animals from ED9 to ED18. Beak Opening was particularly rare on ED9 and ED12 to
ED14. Before ED12, a maximum of 10.0% of animals exhibited this behavior within a single
time interval; up to ED14, a maximum of 20.0% of animals exhibited this behavior within a
single time interval. Starting from ED15, an increasing frequency (31.3%) of Beak Opening
was observed after the application of the noxious stimulus. At ED16, 87.5% of embryos
showed Beak Opening in the first 30 s of Post Pinch. Additionally, 50.0% of ED17 embryos
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and 62.5% of ED18 embryos showed this behavioral response to Pinch. During these days,
at least twice as many embryos showed Beak Opening during Post Pinch as those during
Post Touch.
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Table 2. Percentage of chicken embryos showing beak movements. Overview of the percentage of
chicken embryos that showed beak movements (Beak Shift, Mandibulation, Beak Opening or Wide Beak
Opening) during the 30 s before (Baseline) and 30 s after (Post) the stimulus.

ED9
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ED12
n = 10

ED13
n = 10

ED14
n = 16

ED15
n = 16

ED16
n = 16

ED17
n = 16

ED18
n = 16

ED18
w/Lido

n = 5

Amount of
embryos [%] Touch Pinch Touch Pinch Touch Pinch Touch Pinch Touch Pinch Touch Pinch Touch Pinch Touch Pinch Touch Pinch
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t Baseline 0.0 0.0 0.0 0.0 10.0 30.0 18.8 25.0 31.3 0.0 18.8 25.0 25.0 31.3 25.0 6.3 40.0 40.0

Post 0.0 0.0 30.0 30.0 20.0 20.0 18.8 31.3 31.3 25.0 18.8 18.8 25.0 18.8 31.3 6.3 20.0 60.0

M
an

di
b-
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at
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n

Baseline 20.0 30.0 40.0 30.0 10.0 50.0 12.5 12.5 37.5 12.5 62.5 25.0 43.8 37.5 31.3 37.5 80.0 80.0

Post 30.0 20.0 50.0 60.0 50.0 40.0 56.3 56.3 62.5 81.3 68.8 93.8 62.5 87.5 68.8 87.5 80.0 60.0
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k
O
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ni

ng Baseline 10.0 0.0 10.0 10.0 10.0 10.0 6.3 0.0 0.0 6.3 0.0 6.3 6.3 6.3 0.0 0.0 0.0 20.0

Post 0.0 0.0 00.0 10.0 10.0 20.0 0.0 12.5 12.5 31.3 31.3 87.5 18.8 50.0 18.8 62.5 0.0 20.0

W
id

e
B
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k
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ni
ng Baseline 0.0 0.0 0.0 0.0 10.0 0.0 0.0 6.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 20.0 0.0

Post 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.3 12.5 18.8 6.3 25.0 0.0 81.3 0.0 87.5 0.0 40.0
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Wide Beak Opening, characterized by visible tongue movement, was observed only
sporadically during Baseline on all developmental days. This behavior was observed in only
one animal each on ED13, ED14 and in ED18 w/Lido embryos during baseline. Moreover,
this specific beak movement was not observed during Post Pinch and Post Touch for ED9
to ED13 embryos and was observed only once during Post Pinch on ED14. On ED15 and
ED16, this behavior was increasingly observed. A total of 18.8% (ED15) and 25.0% (ED16)
of embryos exhibited Wide Beak Opening in the first 30 s of Post Pinch. A total of 81.3% and
87.5% of embryos on ED17 and ED18, respectively, showed more Wide Beak Opening in the
first 30 s of Post Pinch. However, this behavior was never observed during Post Touch or
corresponding baseline periods at these ages.

Beak Shift was observed from ED12 onward, but it did not appear to be associated
with Pinch. Mandibulation was also observed across all embryonic days. Changes were
observed in Mandibulation at all times in Post Pinch and Post Touch and regularly during both
baseline periods.

Since Beak Opening and Wide Beak Opening were the most noticeable Post Pinch re-
sponses, the focus of comparisons with the additional control group that received local
anesthetic (ED18 w/Lido) was on these two movements, as the application of lidocaine
reduced these behaviors. In the ED18 w/Lido group, 40.0% of the embryos reacted with
Wide Beak Opening to the noxious mechanical stimulus; in the ED18 embryos without a
lidocaine injection, 87.5% exhibited this behavior. Beak Opening was observed in 20.0% of
the ED18 w/Lido animals and 62.5% of the untreated ED18 embryos. Neither Mandibulation
nor Beak Shift appeared to be associated with a specific reaction in any time interval, similar
to embryos without lidocaine treatment. In other words, no noticeable increase or decrease
in these behaviors was observed after a stimulus.

4. Discussion

In this exploratory study, we investigated the movements of chicken embryos in
response to a noxious stimulus at different developmental stages. We used DeepLabCut,
a Python-based markerless pose estimation software, as well as manual observations to
determine their responses.

Recently, the use of artificial intelligence and deep learning systems in behavioral
studies has increased, and the availability of free software such as DLC allows such
techniques to be used by researchers with less sophisticated programming experience [28–
30]. In our study, we trained a model to provide satisfactory accuracy of tracking individual
body parts on each embryonic day. One of the major advantages of using the markerless
pose estimation software DLC is that it enables unbiased analysis. Calculations of distances
are not based on subjective perception by an observer and are therefore quantifiable and
reliable. Therefore, deep learning systems in general and DLC in particular offer a means of
detecting and classifying behaviors that may not be detectible to the naked eye. However,
the DLC analysis did not allow us to distinguish between types of beak movements.
Thus, for better differentiation of beak movements, we added manual observation of these
movements and identified four different patterns.

Pain behavior in general is influenced by a variety of factors specific to the stimulus or
the affected animal. For example, noxious agents can differ in duration (acute or chronic),
source (somatic or visceral) and severity (mild to severe), each of which may provoke
a different reaction [9,10,31]. Since behavioral responses vary extensively depending on
the species and stimulus, any description is valid only for the specifically described case
and cannot be transferred to another species without re-evaluation [10]. In our study, we
applied an acute mechanical stimulus to the beak base of chicken embryos. The beak of
chickens is known to be equipped with nociceptors [32] and therefore represents a pain-
sensitive area [11]. The beak has also been reported as the region in chicken embryos where
the earliest response to stimuli is observed [33]. Chumak observed reflex movements in
the form of flexions of the head on day 7 of incubation in response to pinpricks in the beak
region, describing reflexes provoked by external stimuli (isolated movements of the head
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or wing) and spontaneous voluntary movements (involving generalized head, trunk and
limb movements) [33].

Nociceptive reflexes have evolved as protective mechanisms [34]. A noxious stimulus
is transmitted via peripheral nociceptors to the spinal cord and transmitted to motor
neurons, resulting in muscle contraction and thus the nociceptive reflex [34–36]. Chumak
reported more specific responses, including increased defensive movements, in chicken
embryos at ED14/15 but characterized these responses as reflexive [33]. Hamburger and
Oppenheim reported that coordinated movements appear around ED17 [14]. Since our
study was based solely on observations of movements by chicken embryos, a conclusion
regarding whether the observed movements are reflexes or coordinated movements cannot
be drawn.

We analyzed the movements of chicken embryos in response to a noxious stimulus
applied to the beak from ED9 to ED18. Consistent with the assumption that a response to a
stimulus is expected at the site of stimulus application, as was shown for well-innervated
regions such as the beak [10], our DLC data for Beak Angle and Beak Distance showed the
most noticeable changes after the stimulus. Both parameters, Beak Angle and Beak Distance,
quantified beak movements. A significant increase in beak movements was detected
immediately after Pinch from ED15 to ED18. As the increase in beak movements during
Post Pinch was significant compared to those during Baseline Pinch and Post Touch, we
assumed that the increase in beak movements was a reaction to the noxious stimulus and
was not a random movement of the chicken embryos.

Further differentiation of the movements through manual observation revealed that
Beak Opening (starting on ED16) and Wide Beak Opening (starting on ED17) were recurring
movements in response to the noxious stimulus. Individual, slow beak openings have
been described in connection with the penetration of the air sac membrane shortly before
hatching, at the end of day 18 [14]. This description, however, does not match the rapid and
clustered movements that we observed following the stimulus. Since these beak openings
do not appear to be part of the typical behavior of chick embryos and markedly occurred
only after a noxious stimulus, they may represent a nocifensive response by the embryo.
Whether this can be interpreted as the presence of pain sensation remains unclear because
an experience of pain presupposes consciousness [37], and no indications can be made
about this in the context of this part of the study.

Hamburger and Oppenheim also described a behavior that they called beak clapping,
which involves rapid opening and closing of the beak in sequences that occurred at ir-
regular intervals [14]. The description and random occurrence of this behavior matches
Mandibulation in our study. Likewise, the movement was randomly observed across time
intervals and had no clear connection to any of the stimuli. However, a similar behavior
was observed in adult chickens as a response to low atmospheric pressure stunning before
slaughter [38]. In this case, the mandibulation was discussed as a possible sign of reduced
welfare or a physiological reaction to hypoxia [38]. As in the other studies, the embryos in
our study underwent stress from the opening of the egg, preparation and stimuli. Therefore,
it is possible that Mandibulation is also a sign of stress in chicken embryos.

Application of the local anesthetic lidocaine did not yield a significant reduction in the
beak movements of chicken embryos on ED18 according to the DLC analysis. However, in
the manual observations, the application of lidocaine reduced the percentage of embryos
that responded to stimuli with Wide Beak Opening and Beak Opening by approximately half.
Furthermore, local anesthetics are known to be effective in birds [39–41] and can be used in
chickens, e.g., for spinal anesthesia [42] or brachial plexus blockade [43]. However, there
are no reliable empirical data regarding the mode of action of local anesthetics in chicken
embryos. Additionally, we emphasize that only a small number of embryos were examined;
thus, the results must be interpreted with caution. The inability of local anesthesia to reduce
beak movements could also stem from the injection of lidocaine, which itself constitutes a
noxious stimulus. In addition, numbness in the beak due to local anesthesia could have
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led to behavioral changes [44]. This is supported by the fact that head movements were
significantly reduced by applying lidocaine to ED18 embryos.

Overall, stress could not be completely eliminated within the experimental setup;
thus, its potential influence on behavior must be considered. The fenestrated egg does
not represent a completely typical environment for the embryo because of the increased
exposure to environmental influences, such as light. Additionally, the invasiveness of
the preparation itself can induce stress, which is known to alter the behavior of birds [9].
We attempted to reduce external influences by standardizing the temperature and hu-
midity during the experiments and adjusting them to match the typical incubation con-
ditions as closely as possible. However, since direct access to the embryo was necessary
for stimulation and the embryo had to be visible to assess responses, some stressors
were unavoidable.

We were also interested in whether limb movements changed after the noxious
stimulus; however, we did not detect any overarching pattern until ED17. Occasional
significant differences in limb movements during Post Pinch compared to those during
Baseline Pinch or Post Touch were inconsistent over several EDs or time intervals and are
therefore likely due to random movements, which have been described previously in the
literature [12–14,45–49]. Hamburger and Oppenheim stated that before ED15, the observed
leg motility was not connected to any sensory input but appeared randomly due to au-
tonomous cell discharges [15]. Wu et al. counted unilateral and bilateral simultaneous
limb movements and found a maximum of movements between ED10 and ED13 for the
former and two maxima on ED13 and ED17 for the latter [50]. In the present study, we
detected a significant increase in elbow and metatarsal movements during the first 30 s
of Post Pinch compared to those during the first 30 s of Baseline Pinch and Post Touch on
only ED18, suggesting that these movements may represent an actual response to the
noxious stimulus.

5. Conclusions

We observed the movements of chicken embryos from ED9 to ED18 before and after
noxious stimulation. During Post Pinch, the observed movement changes in ED15 to ED18
embryos were most likely a response to the noxious mechanical stimulus and can therefore
be interpreted as nocifensive behavior. The results of our current movement analysis in
combination with the corresponding results of the cardiovascular changes [22] and the
evaluation of the onset of physiological neuronal signals [23] in chicken embryos during
this developmental period provide valuable information that enhances our understanding
of the development of nociception and pain perception in chickens.
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study is available in a public GitHub repository: https://github.com/ondracej/dlcAnalysisEmbryo
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Simple Summary: It is well established that animals feel pain akin to humans, although the ex-
pression of that pain is not as easy to perceive, especially considering that many species actively
conceal or disguise pain, distress, or weakness. Current methods of husbandry practices used to
improve welfare or production cause inherently painful tissue damage. Current interventions focus
on immediate pain relief, but research indicates persistent pain behaviours post procedure, with pain
experienced after routine husbandry procedures such as castration, tail docking, dehorning, and
mulesing reported as lasting for days and sometimes weeks after the operation, affecting the animal’s
welfare and production performance. As livestock handlers, animal owners and veterinarians become
better at recognising situations where pain and distress are experienced, efforts are increasing to
improve pain mitigation methods. The challenges of avoiding multiple handling of livestock, or
relying on owner compliance, may be found in developing long-acting pain relief solutions.

Abstract: In veterinary medicine and livestock production, ensuring good animal husbandry is
vital for the physical and emotional wellbeing of animals under our care. Pain poses challenges
for assessment and mitigation, especially in species unable to express pain overtly. This review
examines current pain mitigation interventions in routine husbandry, focuses on the duration of
pain after procedures and implications for animal welfare. Pain behaviours have been observed
for days or weeks after regular husbandry procedures, and many studies have noted pain-related
behaviour persisting until study finalisation, suggesting potential undocumented pain beyond study
completion. Current products registered in Australia for pain mitigation in livestock primarily
target immediate pain associated with procedures. The future of pain relief in livestock demands
longer-acting solutions to address post-procedural pain adequately. Providing pain relief for at least
72 h post surgery is recommended, but current products require retreatment intervals to achieve this,
posing practical challenges, especially in livestock. Methods of pain relief provision, such as voluntary
consumption of medicated feed, transdermal medication delivery and long-acting formulations offer
potential solutions for prolonged pain relief, with research ongoing in these areas. There is a need for
further research and development of longer-acting pain relief to ensure optimal welfare of livestock.

Keywords: pain; sheep; cattle; livestock; analgesia; production animals

1. Introduction

Within veterinary medicine and livestock production, it is recognised that good animal
husbandry is necessary to ensure the physical and emotional well-being of livestock and
companion animals. The concept of “a life worth living” [1] places the responsibility on
animal owners and veterinarians to ensure that there is a balance between positive and
negative experiences in an animal’s lifetime; that “suffering is somehow compensated
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for by pleasant experiences”. There are some invasive husbandry procedures performed
on livestock that are painful but considered necessary, either to ensure ongoing welfare
for the animal or to facilitate efficient and safe management. These procedures result in
physical injury to tissue, and in Australian livestock are often performed without any
pre- or post-procedural anaesthesia or analgesia, although this is changing due to some
Australian States having legislative requirements for pain relief for certain procedures or at
certain ages [2,3]. Even in companion animals, owners are often provided with the choice
as to whether post-surgical pain relief is provided, and the decision is frequently driven by
cost or owner perception of animal pain [4].

Pain is an “aversive sensation and feeling associated with actual or potential tissue
damage, or described in terms of such damage” [5]. There are different types of pain, which
may be classified by the duration, the part of the body in which it is located, symptoms,
syndromes, or mechanisms [6]. The importance and challenges of pain assessment in
animals have been covered extensively in previous research [7–11]. Understanding the
pathways and timing of the pain experience is necessary to determine the best method of
pain mitigation in any species, whether or not they can express that pain.

It is interesting to note that in the early days of veterinary anaesthetics, anaesthesia
was originally used for restraint rather than pain relief. The drugs initially used would
induce paralysis but not necessarily provide any pain relief either during or after a proce-
dure [12]. Some veterinarians and producers misunderstood that general anaesthesia or
heavy sedation which chemically restrained the animal was not synonymous with anal-
gesia and assumed that a lack of reaction to pain during and after surgery was due to an
analgesic effect of the anaesthesia [8,13].

Practices such as branding and ear tagging/notching of livestock for identification
purposes; dehorning and disbudding cattle and goats to prevent injury to other members
of the herd, or handlers; castration and spaying of livestock and companion animals
to prevent unwanted pregnancies and aggressive mating behaviour; and tail docking
and mulesing of sheep to prevent fly strike, are all performed in Australia to improve
management and production, and to ensure the holistic welfare of the animal. As an
awareness of animal welfare expands, common practices are being assessed for necessity
and alternatives, as well as the need for pain relief. Currently, less painful alternatives
being investigated are either not viable and/or effective, or their integration may take
several years or generations of breeding. It is, therefore, incumbent upon animal owners,
producers, and veterinarians to ensure that animal welfare is maintained through the
delivery of appropriate pain mitigation.

For production animals, consumers are increasingly demanding products such as
wool, meat, milk and eggs that have been produced under proven welfare standards,
including adequate pain relief [14]. There are still barriers towards the provision of pain
mitigation on-farm, including cost, recognition of pain by producers, withdrawal periods,
and entrenched generational farming practices [15]. Recent surveys of sheep and cattle
producers have shown that only one-quarter of those surveyed are providing pain relief
for routine procedures, with the most common objections from those producers not using
pain relief being the time it takes, or that they do not believe it is necessary [16,17].

Over the last 27 years, the Five Domains Model for animal welfare assessment has
been developed and updated to provide a way to evaluate the welfare of individuals or
groups of animals [18] with particular emphasis on well-being and positive experience.
The Five Domains indicate that the welfare of animals is associated with both mental
and physical aspects and infers that animals should be provided with adequate nutrition,
environment, the ability to behave naturally and receive adequate healthcare whilst ensur-
ing that the animal’s mental state is also protected. Good animal husbandry is necessary
to ensure the health and wellbeing of livestock and the reality exists that some invasive
husbandry procedures conducted for welfare or management purposes are painful. Studies
in livestock have shown that the response of animals to pain is influenced by several differ-
ent parameters, such as sex, age, body weight, prior experience and familiarity with the
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environment [19]. The emotional distress experienced during aversive procedures has also
been demonstrated in livestock, with studies in calves showing an aversion to the location
of a painful experience such as hot-iron disbudding [20] or preference for analgesia [21],
and sheep displaying handler aversion for several months after a mulesing operation [22].
An important component of animal welfare, therefore, is appropriate pain relief before,
during and after painful procedures, to ensure that the human-animal interaction is as
stress-free as possible and that the restriction of behavioural interactions and negative
experiences are minimized [23–25].

There has been a historical assumption [13,15] that neonates have less developed pain
perception than older animals, and therefore procedures should be conducted as soon as
possible after birth—this has even been the case with human neonates, even though the
physiological markers of pain in humans are measurable from 26 weeks gestation [26].
Studies in lambs have shown that reaction to pain changes over time from birth, with
one study showing an increase in electroencephalographic (EEG) response to castration as
lambs increased in age from 1 day to 6 weeks [27]. A study of EEG responses of piglets
that were tail-docked at either 2 or 20 days of age showed that the procedure appeared
less acutely painful when performed soon after birth rather than at 20 days of age [28]. In
contrast, a study of lambs [29] found that those animals castrated within a day of birth when
compared with those castrated at 10 days of age, showed a higher pain response when tail
docked at 3–5 weeks of age, leading to the conclusion that a “noxious stimulus” early in life
(such as the pain associated with castration) can cause increased pain sensitivity later in
life. This concept was further demonstrated in dairy calves disbudded at 3 days of age vs.
35 days of age [30]. The experience of pain has even been shown to be intergenerational—a
study in sheep [31] found that ewes experiencing pain from tail docking or a simulated
lipopolysaccharide (LPS) infection (E.coli LPS challenge) at 3–4 days of life showed higher
levels of pain-related behaviour as adults when lambing. In addition, the LPS-treated ewes
gave birth to lambs who also displayed a lower tolerance to pain at 2–3 days of age. There
may therefore be a long-term and even trans-generational effect of pain experienced in
neonates which would be worth further examination.

There is a lack of clarity and consistency for those in the industry when considering
the legislative requirements for pain relief for livestock throughout the different states in
Australia. The legal requirement for pain relief in mulesing of sheep, for example, ranges
from support for the voluntary adoption of pain relief by the NSW government, with some
technical assistance to find alternatives to mulesing [32], to the Victorian government’s
Prevention of Cruelty to Animals Regulations 2019 making the performance of mulesing
without pain relief an offence [2]. Some industry bodies (for example, some wool buying
groups) have taken a lead with regards to animal welfare, with certain requirements of
their producers [33,34]; however, as up to 75% of the country’s cattle and sheep farmers are
not voluntarily providing pain relief for other routine procedures [16,17], it seems that until
there is clear nationwide legislation with specific requirements, pain relief in the production
space will remain inconsistent and often inadequate.

This review examines the current pain mitigation interventions in routine husbandry
practice; of particular concern for animal welfare is the duration of pain following routine
procedures, which highlights the need for more effective pain management strategies.
This review examines the existing landscape, identifies gaps in available pain relief, and
proposes avenues for future research to ensure the best pain relief and welfare standards in
husbandry practices.

2. Search Methodology

A literature review was conducted by a search of CAB Abstracts via Web of Science
(1910—present) and BIOSIS Previews via Web of Science (1926—present). Further databases
were not included due to frequent overlap of articles across databases. Keywords included
“pain”, “chronic pain”, “pain relief”, “husbandry”, “welfare”,” long acting”, “extended
release”, “sustained release”.

46



Animals 2024, 14, 1901

To specifically address pain duration after husbandry, a search was conducted using
PICO methodology:

PICO Elements Search Terms Boolean Operator

Patient/population

Cattle
Sheep
Pigs
Goats

cattle OR cow* OR bovine* OR steer
OR sheep OR ovine OR ram OR
wether OR goat* OR kid* OR caprine
OR lamb* OR pig* OR sow* OR
porcine

-

Intervention

Castration
Spay
Mulesing
Dehorning/disbudding
Tail docking

Castrat* OR spay* OR spey* OR tail*
OR mule* OR *horn* OR *bud*

AND

Comparison - - -
Outcome Long term pain Pain* AND long* NEAR term AND

(*) is a truncation symbol to search for all endings to a word.

In total, 150 articles were reviewed for inclusion and then some were excluded for the
following reasons:

1. Studies that tracked pain up to 36 h only, as the currently available pain mitigation
products provide relief for up to 36 h;

2. Studies that were for surgical procedures not considered as routine husbandry (such
as orthopaedic surgery);

3. Articles that were not in English;
4. Articles that were reviews rather than original studies.

A small selection of hand-picked information found using the standard literature
review search method was also included, resulting in a total of 33 studies included in the
review and presented in Table 1.

To expressly search for current pain mitigation, a review of two veterinary drug
handbooks [35,36] was conducted to identify common analgesic and anti-inflammatory
drug classes (Table 2). Personal knowledge of the authors was used to identify common
off-label use in Australian Practice.

To identify those products registered specifically for post-surgical pain relief in live-
stock, a search was conducted of the Public Chemical Registration Information System
(PubCRIS) database of the Australian Pesticides and Veterinary Medicines Authority
(APVMA) [37]. The search terms used were the active constituents of interest, based
on the results of Table 2. Each search result (“Product List”) based on the active constituent
was exported as a CSV file to Microsoft Excel, and the registered host/pest and claim iden-
tified and sorted alphabetically. Where several identical products were found (generics),
the label of the first registered product (based on registration date) was reviewed.

Products included for review were then identified based on the host alias of “beef”,
“beef calf”, “bos indicus”, “bos taurus”, “bovine”, “buffalo”, “bull”, “bullock”, “calf”,
“cow”, “heifer”, “steer”, “lamb”, “sheep”, “ewe”, “ram”, “swine”, “pig”, “gilt”, “sow”,
“weaner” and “wether”, and the pest alias of “inflammation” and “pain”. The labels of
those included products were reviewed on PubCRIS to identify the relevant particulars
(Table 3). Products which provide general anaesthesia were not included, as these are not
used in the context of routine on-farm husbandry in Australia.

47



Animals 2024, 14, 1901

Ta
bl

e
1.

Su
m

m
ar

y
of

st
ud

ie
s

sh
ow

in
g

pa
in

ti
m

ef
ra

m
es

po
st

ro
ut

in
e

hu
sb

an
dr

y.

Sp
ec

ie
s,

B
re

ed
A

ge
Pr

oc
ed

ur
e,

M
et

ho
d

N
o.

of
A

ni
m

al
s

(P
er

G
ro

up
)

A
cu

te
Pa

in
R

el
ie

f
R

ec
ei

ve
d

*
St

ud
y

D
ur

at
io

n
(D

ay
s)

D
ur

at
io

n
of

Pa
in

(D
ay

s)
Pa

ra
m

et
er

s
M

ea
su

re
d

as
In

di
ca

to
r

of
Pa

in
Pa

ra
m

et
er

s
In

di
ca

ti
ng

Lo
ng

Te
rm

Pa
in

**
R

ef

G
oa

t,
Sa

an
en

9–
14

da
ys

D
is

bu
dd

in
g,

ca
ut

er
y

vs
.c

au
st

ic
pa

st
e

vs
.l

iq
ui

d
ni

tr
og

en
vs

.c
lo

ve
oi

li
nj

ec
ti

on
vs

.
sh

am

50
(1

0)
N

on
e

42
42

C
or

ti
so

l,
ha

pt
og

lo
bi

n
up

to
24

h.
Sk

in
su

rf
ac

e
te

m
pe

ra
tu

re
,

A
ve

ra
ge

D
ai

ly
G

ai
n

(A
D

G
),

le
si

on
m

ea
su

re
m

en
ts

,l
yi

ng
ti

m
e,

he
ad

an
d

bo
dy

sh
ak

in
g,

he
ad

sc
ra

tc
hi

ng
,s

el
fg

ro
om

in
g,

fe
ed

in
g

Pr
ol

on
ge

d
he

al
in

g
(n

ot
e

be
ha

vi
ou

r
w

as
tr

ac
ke

d
fo

r
24

h,
A

D
G

fo
r

7
da

ys
).

[3
8,

39
]

C
at

tl
e,

H
ol

st
ei

n
or

Je
rs

ey
24

–3
8

da
ys

D
is

bu
dd

in
g,

ca
ut

er
y

24
(1

3
te

st
an

d
11

co
nt

ro
l)

Lo
ca

la
na

es
th

et
ic

(l
ig

no
ca

in
e

bl
oc

k)
vs

.
pl

ac
eb

o
(s

al
in

e)
,a

ll
re

ce
iv

ed
m

el
ox

ic
am

1
m

g/
kg

pe
r

os
(P

O
)

11
11

Et
ho

gr
am

of
be

ha
vi

ou
r

(h
ea

d
sc

ra
tc

h,
tu

b,
sh

ak
e,

ea
r

fli
ck

,
ta

il
fli

ck
,b

uc
k/

ju
m

p,
gr

oo
m

in
g,

tr
an

si
ti

on
to

ly
in

g)

Be
ha

vi
ou

ra
l—

he
ad

sh
ak

e
an

d
ea

r
fli

ck
[4

0]

C
at

tl
e,

H
ol

st
ei

n
or

Je
rs

ey
3

da
ys

or
35

da
ys

D
is

bu
dd

in
g,

ca
ut

er
y

vs
.s

ha
m

ha
nd

lin
g

48
(1

2)

Lo
ca

la
na

es
th

et
ic

(li
gn

oc
ai

ne
bl

oc
k)

fo
r

al
l

an
im

al
s,

m
el

ox
ic

am
1

m
g/

kg
PO

fo
r

di
sb

ud
de

d
ca

lv
es

on
ly

63
63

Pr
es

su
re

(a
lg

om
et

er
),

in
fr

ar
ed

th
er

m
og

ra
ph

y,
A

D
G

,w
ou

nd
he

al
in

g

W
ou

nd
he

al
in

g,
pr

es
su

re
/p

ai
n

se
ns

it
iv

it
y

[3
0]

C
at

tl
e,

H
ol

st
ei

n
or

Je
rs

ey
21

–2
8

da
ys

D
is

bu
dd

in
g,

ca
ut

er
y

vs
.s

ha
m

ha
nd

lin
g

44
(1

1)

Li
gn

oc
ai

ne
bl

oc
k

vs
.

pl
ac

eb
o

(s
al

in
e)

,t
he

n
m

el
ox

ic
am

1
m

g/
kg

PO
fo

r
di

sb
ud

de
d

ca
lv

es

21
21

Pr
es

su
re

al
go

m
et

ry
,b

eh
av

io
ur

in
di

ca
ti

ve
of

co
nd

it
io

ni
ng

ei
th

er
6

h
or

20
da

ys
po

st
su

rg
er

y,
te

st
in

g
a

pr
ef

er
en

ce
fo

r
an

al
ge

si
a

Pr
es

su
re

al
go

m
et

ry
,

be
ha

vi
ou

r
in

di
ca

ti
ve

of
co

nd
it

io
ni

ng
sh

ow
in

g
a

pr
ef

er
en

ce
fo

r
an

al
ge

si
a

[2
1]

C
at

tl
e,

H
ol

st
ei

n
7

da
ys

an
d

28
da

ys
D

is
bu

dd
in

g,
ca

ut
er

y
vs

.s
ha

m
ha

nd
lin

g
30

(1
0)

Pe
ri

ne
ur

al
2%

lig
no

ca
in

e,
m

el
ox

ic
am

0.
5

m
g/

kg
in

tr
av

en
ou

s
(I

V
)

10
5

10
5

V
is

ua
la

na
lo

gu
e

sc
al

e,
qu

an
ti

ta
ti

ve
se

ns
or

y
te

st
in

g
(p

re
ss

ur
e-

pa
in

th
re

sh
ol

d)
,

m
ec

ha
ni

ca
la

llo
dy

ni
a,

w
it

hd
ra

w
al

re
fle

xe
s

Be
ha

vi
ou

ra
ls

ig
ns

,
tr

ig
em

in
al

hy
pe

ra
lg

es
ia

an
d

al
lo

dy
ni

a

[4
1]

C
at

tl
e,

H
ol

st
ei

n-
Fr

ie
si

an
4–

5.
5

w
ee

ks
D

is
bu

dd
in

g,
ca

ut
er

y
vs

.s
ha

m
ha

nd
lin

g
46

(6
–8

)

Pl
ac

eb
o

(s
al

in
e

co
rn

ua
l

in
je

ct
io

n)
vs

.l
ig

no
ca

in
e

2%
co

rn
ua

ln
er

ve
bl

oc
k

vs
.l

ig
no

ca
in

e
2%

co
rn

ua
ln

er
ve

bl
oc

k
w

it
h

m
el

ox
ic

am
0.

5
m

g/
kg

IV

3
(7

5
h)

3
(7

5
h)

Pl
ay

be
ha

vi
ou

r,
w

ou
nd

se
ns

it
iv

it
y

vi
a

vo
n

Fr
ey

m
on

ofi
la

m
en

ts

W
ou

nd
se

ns
it

iv
it

y
vi

a
vo

n
Fr

ey
m

on
ofi

la
m

en
ts

[4
2]

C
at

tl
e,

H
ol

st
ei

n
16

–2
0

w
ee

ks
D

eh
or

ni
ng

,s
co

op
w

it
h

th
er

m
oc

au
te

ry
12

(6
)

Sa
lin

e
vs

.m
el

ox
ic

am
0.

5
m

g/
kg

IV
10

10
C

or
ti

so
l,

su
bs

ta
nc

e
P,

ac
ti

vi
ty

an
d

be
ha

vi
ou

r,
he

ar
tr

at
e,

A
D

G
A

D
G

[4
3]

C
at

tl
e,

A
ng

us
or

H
er

ef
or

d
N

ew
bo

rn
or

w
ea

ni
ng

(2
14

da
ys

)
C

as
tr

at
io

n,
su

rg
ic

al
62

(1
5–

16
)

N
il

vs
.m

el
ox

ic
am

1
m

g/
kg

PO
>3

00
da

ys
7

A
ct

iv
it

y
vi

a
ac

ce
le

ro
m

et
er

(7
da

ys
),

A
D

G

A
ct

iv
it

y
vi

a
ac

ce
le

ro
m

et
er

(f
or

7
da

ys
)

[4
4]

C
at

tl
e,

H
er

ef
or

d
X

or
Bl

ac
k

A
ng

us
37

–5
9

da
ys

C
as

tr
at

io
n,

su
rg

ic
al

vs
.s

ha
m

ha
nd

lin
g

15
8

(5
2–

54
)

Pl
ac

eb
o

(s
al

in
e

in
tr

am
us

cu
la

r
(I

M
)

in
je

ct
io

n)
vs

.
M

el
ox

ic
am

0.
5

m
g/

kg
IM

vs
.n

o
in

je
ct

io
n

fo
r

sh
am

an
im

al
s

14
14

H
ai

r
co

rt
is

ol
co

nc
en

tr
at

io
n

(H
C

C
),

ly
in

g
ti

m
e,

A
D

G
H

C
C

[4
5]

48



Animals 2024, 14, 1901

Ta
bl

e
1.

C
on

t.

Sp
ec

ie
s,

B
re

ed
A

ge
Pr

oc
ed

ur
e,

M
et

ho
d

N
o.

of
A

ni
m

al
s

(P
er

G
ro

up
)

A
cu

te
Pa

in
R

el
ie

f
R

ec
ei

ve
d

*
St

ud
y

D
ur

at
io

n
(D

ay
s)

D
ur

at
io

n
of

Pa
in

(D
ay

s)
Pa

ra
m

et
er

s
M

ea
su

re
d

as
In

di
ca

to
r

of
Pa

in
Pa

ra
m

et
er

s
In

di
ca

ti
ng

Lo
ng

Te
rm

Pa
in

**
R

ef

C
at

tl
e,

H
ol

st
ei

n
16

6
±

0.
4

da
ys

C
as

tr
at

io
n,

su
rg

ic
al

vs
.

po
si

ti
ve

co
nt

ro
l

(p
re

vi
ou

s
ca

st
ra

te
s

(s
te

er
s)

)v
s.

ne
ga

ti
ve

co
nt

ro
l

(l
ef

ti
nt

ac
t(

bu
lls

))
.

13
2

(4
4)

Fl
un

ix
in

3
m

g/
kg

IM
at

0
an

d
48

h
12

6
10

Ph
ys

ic
al

ac
ti

vi
ty

m
ea

su
re

d
by

pe
do

m
et

er
,m

ea
ls

iz
e

an
d

du
ra

ti
on

,l
yi

ng
ti

m
e

Ly
in

g
ti

m
e

(5
da

ys
),

fe
ed

in
ta

ke
(1

0
da

ys
)a

nd
ph

ys
ic

al
ac

ti
vi

ty
(1

0
da

ys
)

[4
6]

C
at

tle
,A

ng
us

cr
os

s
2

m
on

th
s

C
as

tr
at

io
n,

su
rg

ic
al

vs
.b

an
d

vs
.s

ha
m

ha
nd

lin
g

13
2

(2
4)

Pl
ac

eb
o

(l
ac

ta
te

d
ri

ng
er

s
so

lu
ti

on
)

in
je

ct
ed

su
bc

ut
an

eo
us

ly
(S

C
)v

s.
m

el
ox

ic
am

0.
5

m
g/

kg
SC

n

62
62

A
D

G
an

d
bo

dy
w

ei
gh

t(
BW

),
pr

es
su

re
on

w
ou

nd
,s

cr
ot

al
te

m
pe

ra
tu

re
,w

ou
nd

sw
el

lin
g,

w
ou

nd
he

al
in

g,
be

ha
vi

ou
r:

su
ck

lin
g,

ly
in

g,
st

an
di

ng
,

w
al

ki
ng

,h
ea

d
tu

rn
,l

es
io

n
lic

ki
ng

,f
oo

ts
ta

m
p,

ta
il

fli
ck

,
pr

ox
im

it
y

to
da

m

BW
an

d
A

D
G

,
pr

es
su

re
on

w
ou

nd
,w

ou
nd

sw
el

lin
g,

pr
ox

im
it

y
to

da
m

[4
7]

C
at

tl
e,

A
ng

us
or

A
ng

us
x

1
w

ee
k

vs
.2

m
on

th
s

vs
.4

m
on

th
s

C
as

tr
at

io
n,

su
rg

ic
al

vs
.b

an
d

vs
.s

ha
m

ha
nd

lin
g

10
8

(1
1–

12
)

N
on

e
st

at
ed

69
35

Sa
liv

ar
y

co
rt

is
ol

an
d

H
C

C
,

Su
bs

ta
nc

e
P

an
d

H
ap

to
gl

ob
in

,
w

ou
nd

te
m

pe
ra

tu
re

an
d

he
al

in
g,

w
ei

gh
ga

in
,b

od
y

te
m

pe
ra

tu
re

,p
ai

n
be

ha
vi

ou
r,

ly
in

g
ti

m
e,

st
ri

de
le

ng
th

A
D

G
at

w
ea

ni
ng

(s
ur

gi
ca

l
ca

st
ra

ti
on

),
sw

el
lin

g
(b

an
d

ca
st

ra
ti

on
)

[4
8]

C
at

tl
e,

A
ng

us
x

7–
8

da
ys

C
as

tr
at

io
n,

su
rg

ic
al

vs
.b

an
d

vs
.s

ha
m

ha
nd

lin
g

72
(1

2)

Pl
ac

eb
o

la
ct

at
ed

R
in

ge
r’

s
so

lu
ti

on
in

je
ct

io
n

SC
vs

.
m

el
ox

ic
am

0.
5

m
g/

m
L

SC

56
56

H
C

C
,h

ap
to

gl
ob

in
,s

er
um

am
yl

oi
d

A
,s

cr
ot

al
sw

el
lin

g,
sc

ro
ta

lt
em

pe
ra

tu
re

,w
ou

nd
he

al
in

g,
st

ri
de

le
ng

th
,

be
ha

vi
ou

r,
bo

dy
w

ei
gh

t,
bo

dy
te

m
pe

ra
tu

re

In
fla

m
m

at
io

n
(b

an
de

d
gr

ou
p)

,
H

C
C

[4
9]

C
at

tl
e,

A
ng

us
N

ot
st

at
ed

—
BW

~3
00

kg
.

C
as

tr
at

io
n,

su
rg

ic
al

48
(1

2)

Pl
ac

eb
o

ri
ng

bl
oc

k
of

la
ct

at
ed

R
in

ge
r’

s
so

lu
ti

on
vs

.l
id

oc
ai

ne
2%

+
ep

in
ep

hr
in

e
ri

ng
bl

oc
k

vs
.m

el
ox

ic
am

0.
5

m
g/

kg
SC

an
d

pl
ac

eb
o

ri
ng

bl
oc

k
vs

.
m

el
ox

ic
am

0.
5

m
g/

kg
SC

an
d

lid
oc

ai
ne

2%
+

ep
in

ep
hr

in
e

ri
ng

bl
oc

k

28
3

Sa
liv

ar
y

co
rt

is
ol

,h
ap

to
gl

ob
in

,
sc

ro
ta

lt
em

pe
ra

tu
re

,s
tr

id
e

le
ng

th
,v

is
ua

la
na

lo
gu

e
sc

or
e.

H
ap

to
gl

ob
in

[5
0]

C
at

tl
e,

A
ng

us
x

H
er

ef
or

d
25

±
2

da
ys

C
as

tr
at

io
n,

su
rg

ic
al

48
(2

4)

Pl
ac

eb
o

(s
al

in
e)

IV
vs

.
flu

ni
xi

n
1.

1
m

g/
kg

IV
.

Li
gn

oc
ai

ne
ri

ng
bl

oc
k

(3
m

L)
us

ed
on

al
l

an
im

al
s.

63
21

–3
5

H
ea

lin
g

an
d

in
fla

m
m

at
io

n,
w

ou
nd

su
rf

ac
e

te
m

pe
ra

tu
re

,
A

D
G

,S
ub

st
an

ce
P,

Ly
in

g
be

ha
vi

ou
r

In
fla

m
m

at
io

n
(p

ea
ke

d
at

da
y

3)
,

he
al

in
g

sc
or

e
[5

1]

C
at

tl
e,

A
ys

hi
re

5–
7

da
ys

C
as

tr
at

io
n,

su
rg

ic
al

vs
.r

ub
be

r
ri

ng
vs

.B
ur

di
zz

o
vs

.c
om

bi
na

ti
on

Bu
rd

iz
zo

an
d

ri
ng

vs
.c

on
tr

ol
(n

o
ca

st
ra

ti
on

)

40
(8

)
N

on
e

st
at

ed
51

42
Pl

as
m

a
co

rt
is

ol
,b

eh
av

io
ur

,
le

si
on

sc
or

e

R
ub

be
r

ri
ng

gr
ou

p
sh

ow
ed

w
ou

nd
di

re
ct

ed
be

ha
vi

ou
rs

,
ab

no
rm

al
st

an
di

ng
,

hi
gh

le
si

on
sc

or
es

[5
2]

49



Animals 2024, 14, 1901

Ta
bl

e
1.

C
on

t.

Sp
ec

ie
s,

B
re

ed
A

ge
Pr

oc
ed

ur
e,

M
et

ho
d

N
o.

of
A

ni
m

al
s

(P
er

G
ro

up
)

A
cu

te
Pa

in
R

el
ie

f
R

ec
ei

ve
d

*
St

ud
y

D
ur

at
io

n
(D

ay
s)

D
ur

at
io

n
of

Pa
in

(D
ay

s)
Pa

ra
m

et
er

s
M

ea
su

re
d

as
In

di
ca

to
r

of
Pa

in
Pa

ra
m

et
er

s
In

di
ca

ti
ng

Lo
ng

Te
rm

Pa
in

**
R

ef

C
at

tl
e,

H
ol

st
ei

n
28

da
ys

C
as

tr
at

io
n,

su
rg

ic
al

vs
.r

ub
be

r
ri

ng
21

(1
0

an
d

11
)

Li
gn

oc
ai

ne
2%

lo
ca

l
an

ae
st

he
ti

c
an

d
m

el
ox

ic
am

0.
5

m
g/

m
L

SC
fo

r
al

lc
al

ve
s

56
56

W
ou

nd
he

al
in

g,
in

fla
m

m
at

io
n,

w
ei

gh
tg

ai
n,

fe
ed

in
ta

ke
,l

yi
ng

ti
m

e,
w

ou
nd

-d
ir

ec
te

d
be

ha
vi

ou
rs

R
ub

be
r

ri
ng

gr
ou

p
sh

ow
ed

lo
w

er
w

ei
gh

tg
ai

n
af

te
r

ru
bb

er
ri

ng
in

g,
sc

ro
ta

l
in

fla
m

m
at

io
n,

w
ou

nd
-d

ir
ec

te
d

be
ha

vi
ou

rs
,

re
du

ce
d

ly
in

g

[5
3]

C
at

tl
e,

H
ol

st
ei

n
4–

5
m

on
th

s
C

as
tr

at
io

n,
su

rg
ic

al
vs

.r
ub

be
r

ri
ng

60
(1

5)
Pl

ac
eb

o
(s

al
in

e)
vs

.
m

el
ox

ic
am

1
m

g/
kg

PO
3

3

Su
bs

ta
nc

e
P,

he
ar

tr
at

e,
co

rt
is

ol
,

ly
in

g
ti

m
e,

ta
il

m
ov

em
en

ts
,

ob
se

rv
ed

pa
in

fu
lb

eh
av

io
ur

,
sw

el
lin

g
(i

nfl
am

m
at

io
n)

Ly
in

g
ti

m
e,

ob
se

rv
ed

pa
in

fu
l

be
ha

vi
ou

r,
sw

el
lin

g

[5
4]

C
at

tl
e,

Si
m

m
en

ta
l

or
Si

m
m

en
ta

lx
R

ed
H

ol
st

ei
n

21
–2

8
da

ys
C

as
tr

at
io

n,
ru

bb
er

ri
ng

vs
.B

ur
di

zz
o

vs
.s

ha
m

ha
nd

lin
g

70
(1

0–
15

)

Pl
ac

eb
o

(s
al

in
e)

lo
ca

l
in

fil
tr

at
io

n
10

m
L

vs
.

lig
no

ca
in

e
2%

lo
ca

l
in

fil
tr

at
io

n
10

m
L

90
90

Ex
pr

es
si

on
of

pa
in

du
ri

ng
ca

st
ra

tio
n,

se
ru

m
co

rt
is

ol
(t

o
72

h)
,b

eh
av

io
ur

,p
os

tu
re

,s
cr

ot
al

co
nd

it
io

n
in

cl
ud

in
g

pa
lp

at
io

n,
hi

st
ol

og
y

R
ea

ct
io

n
to

lo
ca

l
pa

lp
at

io
n

(u
p

to
50

da
ys

),
ab

no
rm

al
st

an
di

ng
(u

p
to

90
da

ys
)(

ru
bb

er
ri

ng
gr

ou
p)

[5
5]

C
at

tl
e,

H
ol

st
ei

n
A

du
lt

(l
ac

ta
ti

ng
)

Ta
il

do
ck

in
g,

ru
bb

er
ri

ng
vs

.
co

nt
ro

l
64

(1
6)

N
on

e
vs

.c
au

da
l

ep
id

ur
al

an
ae

st
he

ti
c

lig
no

ca
in

e
2%

4
m

L
6

6
Ta

il
m

ov
em

en
ta

nd
po

si
ti

on
,

po
st

ur
e,

m
ilk

pr
od

uc
ti

on
,f

ee
d

in
ta

ke

Ta
il

m
ov

em
en

ta
nd

po
si

ti
on

,p
os

tu
re

[5
6]

C
at

tl
e,

H
ol

st
ei

n
12

m
on

th
s

Ta
il

do
ck

in
g,

ru
bb

er
ri

ng
vs

.
un

do
ck

ed
co

nt
ro

l

16
4

(1
33

+
31

co
nt

ro
l)

N
on

e
st

at
ed

Te
st

ed
at

6.
2
±

1.
9

ye
ar

s
of

ag
e

af
te

r
do

ck
in

g
<1

2
m

on
th

s
ol

d

Te
st

ed
at

6.
2
±

1.
9

ye
ar

s
of

ag
e

Pr
es

su
re

,t
he

rm
al

an
d

pi
np

ri
ck

se
ns

it
iv

it
y

te
st

s

Pr
es

su
re

,h
ea

ta
nd

co
ld

se
ns

it
iv

it
y,

pi
np

ri
ck

se
ns

iti
vi

ty
te

st

[5
7]

Pi
g,

no
ts

ta
te

d
9

or
17

w
ee

ks

Ta
il

do
ck

in
g,

su
rg

ic
al

—
2/

3r
d

re
m

ov
ed

vs
.1

/3
rd

re
m

ov
ed

vs
.s

ha
m

ha
nd

lin
g

10
8

(1
2–

23
)

N
on

e
11

2
56

M
ec

ha
ni

ca
lN

oc
ic

ep
ti

ve
Th

re
sh

ol
ds

(M
N

T)

M
ec

ha
ni

ca
l

N
oc

ic
ep

ti
ve

T
hr

es
ho

ld
s

(M
N

T
)

[5
8]

Pi
g,

La
nd

ra
ce

x
La

rg
e

w
hi

te
2

da
ys

Ta
il

do
ck

in
g,

cl
ip

vs
.c

au
te

ry
vs

.
co

nt
ro

l
12

0
(4

0)
N

on
e

21
w

ee
ks

N
/A

H
is

to
lo

gy
of

ta
il

at
sl

au
gh

te
r

H
is

to
lo

gy
sh

ow
in

g
ev

id
en

ce
of

ne
ur

om
a

fo
rm

at
io

n
in

di
ca

ti
ve

of
ne

ur
op

at
hi

c
pa

in
.

[5
9]

Pi
g,

La
nd

ra
ce

/L
ar

ge
W

hi
te

x
sy

nt
he

ti
c

si
re

lin
e

3
da

ys
Ta

il
do

ck
in

g,
ca

ut
er

y
16

(4
)

N
on

e
11

2
11

2

Ex
am

in
at

io
n

of
ta

il
st

um
p

at
1,

4,
8

an
d

16
w

ee
ks

po
st

am
pu

ta
ti

on
fo

r
hi

st
op

at
ho

lo
gi

ca
lc

ha
ng

es
(h

ea
lin

g,
ne

ur
om

a
fo

rm
at

io
n

Tr
au

m
at

ic
ne

ur
om

at
a

af
te

r
28

da
ys

an
d

on
go

in
g

pa
st

16
w

ee
ks

(1
12

da
ys

).

[6
0]

Pi
g,

La
nd

ra
ce

/L
ar

ge
W

hi
te

x
sy

nt
he

ti
c

si
re

lin
e

3
or

63
da

ys
Ta

il
do

ck
in

g,
am

pu
ta

ti
on

vs
.

sh
am

ha
nd

lin
g

96
(8

)
3

da
ys

ol
d:

no
ne

.6
3

da
ys

ol
d:

m
el

ox
ic

am
0.

2
m

g/
kg

IM
11

2
11

2

Ex
am

in
at

io
n

at
1,

8
an

d
16

w
ee

ks
fo

r
ch

an
ge

s
in

ge
ne

ex
pr

es
si

on
,t

ra
um

at
ic

ne
ur

om
a

de
ve

lo
pm

en
ta

nd
in

fla
m

m
at

io
n

C
ha

ng
es

in
ge

ne
ex

pr
es

si
on

as
so

ci
at

ed
w

it
h

bo
th

in
fla

m
m

at
or

y
pa

in
an

d
ne

ur
op

at
hi

c
pa

in

[6
1]

50



Animals 2024, 14, 1901

Ta
bl

e
1.

C
on

t.

Sp
ec

ie
s,

B
re

ed
A

ge
Pr

oc
ed

ur
e,

M
et

ho
d

N
o.

of
A

ni
m

al
s

(P
er

G
ro

up
)

A
cu

te
Pa

in
R

el
ie

f
R

ec
ei

ve
d

*
St

ud
y

D
ur

at
io

n
(D

ay
s)

D
ur

at
io

n
of

Pa
in

(D
ay

s)
Pa

ra
m

et
er

s
M

ea
su

re
d

as
In

di
ca

to
r

of
Pa

in
Pa

ra
m

et
er

s
In

di
ca

ti
ng

Lo
ng

Te
rm

Pa
in

**
R

ef

Pi
g,

Pi
ét

ra
in

x
H

yp
or

2–
8

da
ys

C
as

tr
at

io
n,

su
rg

ic
al

18
6

(9
5

an
d

91
)

C
O

2
an

ae
st

he
si

a
vs

.
no

ne
8

6

Be
ha

vi
ou

r:
ge

ne
ra

l(
su

ck
lin

g,
so

ci
al

is
at

io
n,

m
ov

em
en

t,
su

ck
lin

g)
sp

ec
ifi

c
pa

in
re

la
te

d
(h

ud
dl

in
g,

tr
em

bl
in

g,
sp

as
m

s,
sc

ra
tc

hi
ng

,t
ai

lw
ag

gi
ng

),
po

st
ur

e,
is

ol
at

io
n

Pa
in

-r
el

at
ed

be
ha

vi
ou

rs
,

w
al

ki
ng

fr
eq

ue
nc

y,
ly

in
g,

su
ck

in
g,

in
te

ra
ct

io
n

[6
2]

Sh
ee

p,
W

hi
te

Sw
is

s
M

ou
nt

ai
n

>1
0

to
24

w
ee

ks

C
as

tr
at

io
n,

su
rg

ic
al

vs
.

Bu
rd

iz
zo

vs
.

ru
bb

er
ri

ng
vs

.
sh

am
ha

nd
lin

g

70
(1

0)

Li
do

ca
in

e
2%

4
m

g/
kg

in
fil

tr
at

io
n

in
je

ct
io

n
vs

.
bu

pi
va

ca
in

e
0.

5%
1.

5
m

g/
kg

in
fil

tr
at

io
n

in
je

ct
io

n

30
21

R
es

po
ns

e
to

pa
in

du
ri

ng
ca

st
ra

ti
on

,c
or

ti
so

ll
ev

el
s

up
to

48
h,

fo
od

in
ta

ke
da

y
of

ca
st

ra
ti

on
,b

eh
av

io
ur

s
an

d
po

st
ur

es
,l

es
io

ns
,p

al
pa

ti
on

,
bo

dy
w

ei
gh

tm
ea

su
re

m
en

ts
,

hi
st

ol
og

y

Lo
ca

lp
al

pa
ti

on
,

av
er

ag
e

da
ily

ga
in

[6
3]

Sh
ee

p,
W

hi
te

Sw
is

s
M

ou
nt

ai
n

an
d

x
C

ha
ro

la
is

2–
7

da
ys

C
as

tr
at

io
n,

ri
ng

vs
.

Bu
rd

iz
zo

vs
.s

ha
m

ha
nd

lin
g

70
(1

1–
12

)
Pl

ac
eb

o
(s

al
in

e)
vs

.
lid

oc
ai

ne
4

m
g/

kg
in

fil
tr

at
io

n
90

21

R
es

po
ns

e
to

pa
in

du
ri

ng
ca

st
ra

ti
on

,c
or

ti
so

ll
ev

el
s

up
to

48
h,

be
ha

vi
ou

rs
an

d
po

st
ur

es
,

le
si

on
s,

pa
lp

at
io

n,
bo

dy
w

ei
gh

t
m

ea
su

re
m

en
ts

,h
is

to
lo

gy

A
ct

iv
e

be
ha

vi
ou

r
(e

sp
ec

ia
lly

th
e

ru
bb

er
ri

ng
la

m
bs

),
sc

ro
ta

ls
w

el
lin

g,
pa

lp
at

io
n

(9
da

ys
).

Le
si

on
s

w
er

e
pr

es
en

t>
21

da
ys

.

[6
4]

Sh
ee

p,
br

ee
d

no
t

sp
ec

ifi
ed

1
w

ee
k

vs
.4

–6
w

ee
ks

C
as

tr
at

io
n,

ru
bb

er
ri

ng
vs

.c
om

bi
ne

d
Bu

rd
iz

zo
/r

in
g

vs
.

sh
am

ha
nd

lin
g

30
(6

)
N

on
e

st
at

ed
4

(c
as

tr
at

io
n

da
y

2)
3

M
ov

in
g

(i
nc

lu
di

ng
pl

ay
),

ea
ti

ng
,s

ta
nd

in
g,

ly
in

g
an

d
ab

no
rm

al
po

st
ur

es

Pl
ay

be
ha

vi
ou

r,
re

du
ce

d
ly

in
g,

an
d

ab
no

rm
al

po
st

ur
e

[6
5]

Sh
ee

p,
br

ee
d

no
t

sp
ec

ifi
ed

45
da

ys
Ta

il
do

ck
in

g,
ca

ut
er

y
ir

on
vs

.
sh

am
ha

nd
lin

g
50

(2
5)

Li
gn

oc
ai

ne
2%

2
m

L
in

je
ct

ed
lo

ca
lly

pr
io

r
to

do
ck

in
g)

90
90

In
fr

a-
re

d
th

er
m

og
ra

ph
y,

M
ec

ha
ni

ca
ln

oc
ic

ep
ti

ve
th

re
sh

ol
d,

in
fla

m
m

at
io

n,
hi

st
op

at
ho

lo
gy

M
ec

ha
ni

ca
l

no
ci

ce
pt

iv
e

th
re

sh
ol

d,
in

fla
m

m
at

io
n

(s
ig

ni
fic

an
ce

to
da

y
30

),
hi

st
op

at
ho

lo
gy

(m
od

er
at

e
to

m
ar

ke
d

fib
ro

si
s

of
th

e
ep

in
eu

ri
al

an
d

pe
ri

ne
ur

ia
l

co
nn

ec
ti

ve
ti

ss
ue

,
ne

rv
e

pr
ol

if
er

at
io

n)

[6
6]

Sh
ee

p,
M

er
in

o
10

–1
2

w
ee

ks

M
ul

es
in

g,
So

di
um

la
ur

yl
su

lf
at

e
(S

LS
)

in
je

ct
io

n
vs

.
su

rg
ic

al
vs

.s
ha

m
ha

nd
lin

g

32
(1

0–
11

)

To
pi

ca
ll

oc
al

an
ae

st
he

tic
as

a
w

ou
nd

dr
es

si
ng

fo
r

su
rg

ic
al

ly
m

ul
es

ed
gr

ou
p

42
7

H
ae

m
at

ol
og

y,
co

rt
is

ol
,

ha
pt

og
lo

bi
n,

β
-e

nd
or

ph
in

,
re

ct
al

te
m

pe
ra

tu
re

,b
od

y
w

ei
gh

t,
st

an
di

ng
po

st
ur

es
,

A
D

G

A
D

G
,h

ap
to

gl
ob

in
[6

7]

Sh
ee

p,
M

er
in

o
6–

7
m

on
th

s
M

ul
es

in
g,

su
rg

ic
al

vs
.S

ha
m

20
(1

0)
N

on
e

st
at

ed
11

3
11

2

W
ou

nd
he

al
in

g,
Pa

dd
oc

k
ob

se
rv

at
io

ns
of

be
ha

vi
ou

r
(l

yi
ng

,g
ra

zi
ng

),
ar

en
a

ob
se

rv
at

io
ns

of
ha

nd
le

r
av

er
si

on
,c

or
ti

so
la

nd
β

-e
nd

or
ph

in
,g

ro
w

th
ra

te

W
ou

nd
he

al
in

g
(b

y
da

y
22

),
ha

nd
le

r
av

er
si

on
(u

p
to

da
y

11
2)

,w
ei

gh
t

ga
in

(d
ay

14
)

[2
2]

Sh
ee

p,
M

er
in

o
10

–1
2

w
ee

ks

M
ul

es
in

g,
su

rg
ic

al
vs

.i
nt

ra
de

rm
al

in
je

ct
io

n
SL

S
vs

.
sk

in
cl

ip
vs

.n
on

e
(c

on
tr

ol
)

44
(1

1)
N

on
e

25
25

Pl
as

m
a

co
rt

is
ol

,h
ap

to
gl

ob
in

,
w

ei
gh

t,
ga

it

In
su

rg
ic

al
m

ul
es

in
g:

de
cr

ea
se

d
w

ei
gh

t
ga

in
(t

o
da

y
25

),
lo

w
er

fe
ed

in
ta

ke
(t

o
da

y
15

),
hi

gh
er

co
rt

is
ol

le
ve

ls
(t

o
D

ay
7)

,h
ig

he
r

ha
pt

og
lo

bi
n

(t
o

da
y

14
)

[6
8]

*
Th

e
us

e
of

ge
ne

ra
la

na
es

th
es

ia
th

at
w

as
re

ve
rs

ed
af

te
r

th
e

pr
oc

ed
ur

e
is

no
ti

nc
lu

de
d;

**
Pa

ra
m

et
er

s
in

di
ca

tin
g

lo
ng

te
rm

pa
in

w
er

e
ex

pe
ri

en
ce

d
to

th
e

le
ng

th
of

ti
m

e
in

th
e

“D
ur

at
io

n
of

pa
in

”
co

lu
m

n,
un

le
ss

ot
he

rw
is

e
sp

ec
ifi

ed
.

51



Animals 2024, 14, 1901

Table 2. Analgesic and anti-inflammatory medications available for prescription in Australian
Veterinary Practice [35–37,69,70].

Drug Type Use Schedule in Australia Common Side Effects Example Generic Molecules
in this Class

Opioid Analgesia, sedation, strong
pain relief 8

Bradycardia, respiratory
depression, sedation,

constipation, tolerance

Methadone, butorphanol,
buprenorphine, tramadol *,

morphine *

NSAID
Analgesia &

anti-inflammatory, chronic
and acute

4, 5

Renal & hepatic toxicity, mild
and transient vomiting, soft
stool, inappetance, lethargy,

gastrointestinal
erosions/ulcerations

Meloxicam, ketoprofen,
flunixin, tolfenamic acid,

carprofen, grapiprant, other
coxibs

Corticosteroid Anti-inflammatory and
immunosuppression 4

Hepatopathy,
hyperlipidaemia, diabetes,

delayed wound healing,
immunosuppression leading

to infection, GI ulceration. Use
with NSAIDs can lead to
increased risk of GI injury

Dexamethasone, prednisolone,
prednisone

α2 Agonist Sedation, muscle relaxation &
analgesia 4

Profound sedation, vomiting,
startle behaviour, bradycardia,

respiratory depression,
hypothermia

Clonidine, detomidine,
dexmedetomidine,

medetomidine, xylaxine

Local Anaesthetic Pain blocking/prevention 4, 5 CNS stimulation in large
doses

Lignocaine, procaine,
bupivacaine, prilocaine,

mepivacaine
Other therapies and off-label

products
Sedation, potentiation,

analgesia Various Sedation (except paracetamol) Diazepam, gabapentin *,
paracetamol ** cannabidiol *

* Not registered in Australia for animals but used in veterinary practice. Gabapentin off-label use is widespread
and very common for the treatment of neuropathic pain as well as a sedative/anxiolytic in companion animals
[70]. Cannabidiols are gaining traction as a pain relief option in companion animals [71] and may be scripted for
various purposes, including chronic pain, under state-by-state regulations in Australia [72]. ** Paracetamol is
only registered by the APVMA in Australia as an anti-pyretic in piglets [37], but is commonly used off-label for
analgesia [69,73].

Table 3. Summary of registered Australian products with specific claims for surgical pain in cattle
and sheep [37].

Product
(Brand if Applicable) Prescription or OTC Drug Class Duration of Action * Claim (Associated with Surgical Pain)

Lignocaine 2%, Prilocaine 2%
(cattle only) Prescription Local anaesthesia

pre-procedure 1–4 h Infiltration anaesthesia and nerve block

Bupivacaine 0.4%, lignocaine
4%, adrenaline, cetrimide
(Tri-Solfen)

OTC Local anaesthesia
post-procedure After 30 s and up to 4 h

Topical local anaesthesia and antiseptic
spray for castration, mulesing and tail
docking in lambs, and castration and
dehorning or disbudding in calves.

Lignocaine 2% (sheep only)
(Numocaine for Numnuts
device)

OTC Local anaesthesia
peri-procedure Up to 3 h

Local anaesthestic injection via
Numnuts applicator for tail docking
and castration via rubber rings in sheep

Meloxicam
0.5% injection (cattle only)
2% injection, 4% injection
(cattle only)

Prescription NSAID No duration of action
specified on the label

Cattle—to assist in the control of pain
particularly that after heat cautery
dehorning in young cattle. It is
recommended that a cornual nerve
block anaesthesia is used in conjunction
for dehorning.
Sheep: As a single dose for alleviation
of pain and inflammation pain in sheep
more than 14 days old.

Flunixin 5% (cattle only) Prescription NSAID 24–36 h Suppression of post-operative swelling
and lameness

Meloxicam 1% (Buccalgesic,
Butec) OTC NSAID No duration of action

specified on the label

Oral Transmucosal NSAID for
alleviation of pain in lambs after
mulesing, tail docking and castration,
and in conjunction with a cornual block
in calves for disbudding and dehorning,
and in conjunction with a local
anaesthetic for castration to enhance
pain relief and minimise tissue damage
and distress.

Meloxicam 1.5% oral
(Meloxi-care) Prescription NSAID No duration of action

specified on the label

For the reduction of pain and
inflammation associated with band or
surgical castration administer orally
two hours before the painful procedure.

* Claimed on label.
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3. Pain Duration after Routine Husbandry

To understand the length of time that pain is experienced after a surgical procedure, it
is necessary to consider the physiological mechanism underlying the type of pain. Pain
itself is a protective mechanism, as it signals for potential or actual tissue damage, and
ensures that an animal (if able) moves away from or avoids further injury [74]. Pain that
is induced by surgical procedures should and can be pre-empted and mitigated to an
appropriate degree.

During the initial phase of an injury, nociceptors are activated, nerve fibres deliver the
sensation of pain to the brain, and the response causes the body to flinch or move away
from the pain source. The tissue damage at the site causes the release of inflammatory
and other mediators, which initially activate the nociceptors, and persistent pain sensitises
those nociceptors [75] leading to longer-term pain.

Inflammation at a local level is a tissue stress response by the body’s immune system,
whereby damaged tissue, and infected or necrotic cells are identified and removed [76]
and the healing process is initiated. The immune and vascular response of inflammation,
which includes the formation and release of prostaglandins, involves (at a tissue level)
redness, swelling, heat, and pain at the site of injury [77]. Damage from injury is detected
by both tissue-resident macrophages and nociceptors at the injury site. Inflammatory
mediators are responsible for inflammatory pain, while prostaglandins can enhance the
sensitivity of nociceptors by lowering their threshold for activation, thus increasing the
pain sensation [78]. While the inflammatory response is vital for healing [77], inflammatory
pain can be intense and lead to an abnormally heightened sensitivity to pain (hyperalgesia),
pain experienced from usually non-painful stimuli (allodynia), and sustained or increased
pain perception (sympathetically maintained pain) [6].

The bulk of research performed to date regarding pain mitigation in livestock has
focused on the acute, immediate pain experienced during a procedure and in the following
2–8 h. However, there have been several studies in animals showing that post-procedural
pain lasts for longer than the first few hours, with neuropathic or inflammatory pain
being postulated as the likely cause [79]. An example of this longer-lasting pain has been
established after rubber ringing (ischaemic amputation) for tail docking and castration. The
constrictive rubber ring leads to ischaemic necrosis of the tissue, which ultimately sloughs
away, making the procedure bloodless but intensely painful, with significant behaviours
indicative of severe pain, such as rolling, writhing and abnormal standing shown for at
least 4 h after the ring is placed [80], then other observations such as reduced playing and
lying, wound-directed behaviours and swelling, as well as atypical postures and abnormal
walking seen for several days afterwards [52,81]. This is particularly interesting in the
context of the Australian production industry, given that in recent Australian industry
surveys of 2003 sheep producers and 803 beef producers, it was reported that 98% of male
lambs and 85% of male calves owned by the producers surveyed are castrated with rubber
rings, with only a quarter of these receiving any form of pain relief [16,17]. Studies in other
procedures commonly performed, such as surgical castration, tail docking, dehorning and
others have been shown to cause pain for days or weeks afterwards [40,46,53].

A selection of studies that collected pain data for more than 3 days, and that variously
investigated aspects of routine husbandry methods in livestock is presented in Table 1;
while many were not specifically designed to do so, the studies illustrate that observations
of pain have been made for days or weeks following these procedures.

Pain behaviours have been observed for days or weeks post procedure, and many of
the studies seen in Table 1 were still observing pain-related behaviour on the last day of
recording. It is therefore possible that pain continued undocumented after these studies
were completed, and this limits conclusions as to the true extent or duration of pain
experienced. There are limited studies specifically designed to evaluate the duration of
pain, but rather the focus of much research into pain relief has been intended to compare
procedure methods, ages, or acute pain relief, so the assessments of pain in studies have
not been specifically designed to detect longer lasting or inflammatory pain [42,43]. Some
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techniques used for measurement of pain (such as palpation or pressure) tend to induce
pain, so that the animal may have been relatively pain-free without interference, thus
confounding the interpretation of persistent pain. It is also of note that in the studies
presented in Table 1, animals that were provided with acute pain relief still experienced
observable pain for days and sometimes weeks afterwards [41,46,53].

These findings of longer-term post-procedural pain are not unexpected if considered
in the context of the human experience. A human patient who has experienced amputation
or major abdominal surgery is routinely provided with significant pain relief for several
days post injury or surgery, since it is understood that surgery will cause the release
of inflammatory mediators, which activate nociceptors, and if the post-surgical pain is
persistent, the nociceptors become sensitised. Prolonged inflammatory states leading
to this sensitisation can cause changes to the nociceptors that can lead to chronic pain
pathophysiology [75]. Examples of this in humans who have undergone what may be
considered equivalent surgeries have been reported, with one study [82] relating that up to
50% of patients who have had an amputation of a limb or digit will experience pain for at
least 6 months, while in another study [83] 32% of hysterectomy patients still reported pain
after 6 months. It is therefore highly likely that animals who have experienced amputation
of tail or horns, or spaying/castration, may experience pain for a similar period.

If the inflammatory response (and therefore pain) is resolved during normal wound
healing, the central nervous system (CNS) will revert to normal activity, thus avoiding long-
term chronic pain caused by changes to the nociceptors via inflammation [75]. Extrapolation
of this concept to non-human mammals demonstrates a need for pain mitigation in animals
that decreases the inflammatory response for a longer period than the acute peri-or post-
operative phase if long-term or chronic pain is to be avoided.

4. The Current State of Pain Mitigation

In animals, the medications available for pain relief or pain mitigation are limited, and
the products available over the counter to owners are even fewer.

Different classes of drugs act in different ways upon the body, and the ideal anal-
gesic targets the cause or mechanism of the pain [84], and that allows animals to achieve
functionality and normal behaviour as soon as possible. This may mean that the method
of pain relief changes throughout the injury and healing, or that multi-modal pain relief
is required.

There are six broad categories of drugs, (Table 2), that are used in the treatment of pain
and inflammation: opioids, non-steroidal anti-inflammatory drugs (NSAIDs), α2-agonists,
local anaesthetics, corticosteroids, and “others”. These others such as non-opioid analgesics
and antipyretics, or tranquilisers or anticonvulsants whose primary purpose may not be
analgesia but may act as an adjunct to known analgesics.

Pain mitigation after non-routine or major surgery in animals is usually tailored to the
specific animal and circumstance, and as per Table 2, there are several options available for
appropriate multi-modal post-surgical pain relief.

The fact that most research has concentrated on the immediate pain associated with
procedures is reflected in the current products registered in Australia for the mitigation
of pain in cattle and sheep. These include a topical local anaesthetic (Tri-Solfen Wound
Anaesthetic and Antiseptic Solution, Dechra Veterinary Products Ltd. (Somersby, NSW,
Australia), specialised local anaesthetic in a device (for rubber ringing only) (Numnuts
device with lignocaine), and oral trans-mucosal meloxicam (Butec OTM, Troy Laboratories
Ltd., Glendenning, NSW, Australia) available over the counter, or injectable local anaes-
thetic or NSAIDs available from a veterinarian [37]. Other livestock species such as pigs
and goats have fewer registered products available and generally require a veterinary
prescription for off-label use. Local anaesthetic products are effective for approximately
1–4 h post procedure depending on the dose rate, molecule and/or combination used and
NSAIDs, depending upon the product, will be effective for 4 to 36 h [36]. A summary of
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Australian products registered for post-husbandry pain relief in cattle and sheep is shown
in Table 3.

When considering the context of routine livestock husbandry on the farm, or the
conduct of minor surgical procedures in the clinic, the requirement for a universal approach
to pain mitigation in a large number of animals accounts for several parameters in addition
to efficacy: availability (over-the-counter vs. prescription), practicality (single dose), and
ease of application for non-veterinarian users. Another consideration is the selection of an
active pharmaceutical ingredient (API) that has an established safety and efficacy profile
across various species, including the food safety aspect in production species, and that is
economically viable. Finally, there is the requirement for the animal to be able to function
normally whilst under treatment, which precludes many of the drugs that affect the central
nervous system. One of the major signs of recovery in livestock is the ability to “mother
up” and/or graze effectively, as well as move from the point of treatment to the paddock
as soon as practicable after treatment.

The NSAID group of products meets many of the above requirements, and there
are several NSAIDs registered in livestock in Australia that meet the efficacy and safety
criteria, providing relief relatively quickly after the first dose whilst still allowing the
animal to be ambulant and functional (Table 3). In their current form, however, they do not
provide pain relief for an adequate period when considering the length of pain duration
experienced by animals after procedures (Table 1). NSAIDs are known to have some
general contraindications, most of which are relevant in an older or debilitated population;
such as renal, hepatic, cardio or pulmonary insufficiencies or dysfunctions, animals that
are pregnant, or animals on concomitant systemic corticosteroids or other NSAIDs, or that
are dehydrated [37,85].

5. Future Directions: Longer-Term Pain Relief

The need for the provision of pain relief for an appropriate length of time in animals
undergoing surgery or painful routine procedures is becoming increasingly recognised [86].
It is a recommendation that pain relief should be provided for at least 72 h post surgery [87],
but with current registered products available to veterinarians and owners, retreatment
at hourly or daily intervals is required to achieve this level of pain mitigation. When an
animal is hospitalised post surgery, this can be easily achieved. However, most animals are
discharged on the same day or within 24 h of surgery, and for livestock especially, which
undergo routine procedures on-farm, the stress to the animals of re-handling (mustering,
physical separation and restraint, the risk of re-injury from handling and restraint, and
needle sticks) that would be needed to re-treat, can negatively affect the animal’s welfare.
Another important consideration when using a product that provides sustained pain relief
is the time to onset of action. An ideal product for long-acting pain relief is one which has
rapid onset of analgesia, and then maintains this over a sustained period without requiring
re-treatment.

One method of providing medication that does not require rehandling is in-feed
medication, where the animals voluntarily consume nutritional supplements in the form
of licks or blocks that contain the drug of interest, allowing the provision of medication
over several days or even weeks, in a non-invasive manner. This has been reported for
self-medication of endo parasiticides in wildlife and zoo animals [88], and sheep [89]. There
is work underway with pain relief medication and voluntary consumption of NSAIDs
through medicated feed or supplements has been trialled with carprofen in chickens with
lameness [90,91] flunixin in cattle [92] and sheep [93,94] and meloxicam in cattle [95]. It
has been found that this method provides an ongoing level of pain relief for animals and
that future research in this area is warranted. Some of the challenges for livestock dosing
include ensuring appropriate palatability so that voluntary consumption of adequate but
not excessive medication is achievable, and managing accurate dose rates for medications
of this type, especially considering the differences in pharmacokinetics of the oral route in
monogastric versus ruminant species, as well as determining the withholding periods for
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meat and/or milk. In addition, maintenance of the drug product potency in this format
where exposure to heat, moisture and UV radiation may destabilise the API needs to
be evaluated.

The application of transdermal medication has long been an option for providing
pain relief in humans, and a buprenorphine solution for cats delivered as a low volume
topical dose to the unclipped dorsal cervical skin provides extended plasma buprenorphine
concentrations and opioid physiological effects [96]. A study in cattle using transdermally-
delivered ketoprofen as a back-line pour-on compared with conventional intramuscular
administration [97] showed that the transdermal formulation was slightly superior in
terms of overall drug exposure, giving rise to the possibility of transdermal delivery of
longer-acting NSAIDs (such as meloxicam) providing a greater duration of action, although
this concept is unproven. A study in sheep using transdermal patches of fentanyl [98] in
order to decrease the need for post-operative handling showed promise, providing up to
72 h of pain relief; however, fentanyl as a drug product would not be feasible for large-scale
use in livestock, given the practicality of an adherent patch on fleece or hair, which would
need to be clipped or shorn to allow adherence to the skin, and the possibility of animals
removing and ingesting the patch during self or social grooming leading to toxicity. In
addition, the controlled scheduling that is used to prevent potential abuse and misuse,
and consequent difficulty of procurement adds another layer of complexity. A recent and
promising development in the delivery of transdermal pain relief is lignocaine-impregnated
elastrator bands (developed by Chinook Contract Research Inc., Canada) that have been
tested in calves and lambs [99–101], with results showing effective levels of lignocaine in
tissue for 3 to 7 days, although the sloughing of the scrotum and testes tended to be slower
when compared with conventional bands in a larger trial of lambs [102].

Another method of extending the pain relief available to animals, especially livestock
where re-handling would exacerbate stress, is to develop an extended-release (ER) or
sustained release (SR) pain relieving medication, in the form of an anaesthetic, analgesic or
NSAID that is dosed once at the time of surgery.

There is currently a liposomal encapsulated bupivacaine injectable suspension under
investigation for the extension of the duration of local anaesthesia, and in dogs undergoing
cranial cruciate ligament rupture surgery, an intra-thecal injection of the sustained release
bupivacaine at the time of wound closing has shown promising results with some pain
relief still present up to 72 h after surgery [86]. In a subsequent study of dogs undergoing
similar surgeries, the animals receiving liposomal encapsulated bupivacaine injection were
less likely to require rescue analgesia and required lower amounts of opioids than the dogs
that received conventional bupivacaine [103]. Another novel formulation of bupivacaine
involving sucrose acetate isobutyrate, a highly viscous sugar that has also been used for
the sustained release of drugs, has been tested as a cornual nerve block when disbudding
calves. The level of anaesthesia was prolonged (8–36 h) when compared with a lignocaine
cornual block (0.5–1.5 h) [104], or bupivacaine cornual block (4 h) [105].

A compounded sustained release formulation of injectable buprenorphine (an opioid
analgesic) has been tested in sheep [106] and guinea pigs [107,108] and has been shown to
provide a steady state of the minimum threshold for therapeutic benefit for 72 h in sheep
and up to 48 h in guinea pigs. This may be an option for veterinarian use; however, it is not
an option for livestock owners due to the scheduling constraints of buprenorphine, which
is a strictly controlled drug in Australia and other countries.

From a practical standpoint, to allow owner-treatment of livestock, an NSAID provides
a practical solution to longer-acting pain relief. A sustained release injectable formulation
of meloxicam in a polymer-based matrix has been trialed in sheep [87], but the formulation
provided only 48 to 60 h at a presumed therapeutic level of meloxicam and requires further
investigation. Although studies have shown that pain from routine husbandry such as
castration, tail docking and dehorning lasts for weeks to months [55,57,60,61], the main
pain indicators that impede normal function such as walking, eating and socialization
generally persist for at least 3 to 7 days [43,62,109,110]. A sustained-release formulation of
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a well-characterized drug product with a good safety profile such as meloxicam, which
provided a therapeutic level of pain relief for 72 to 96 h, would substantially improve the
welfare and productivity of animals that undergo routine husbandry on the farm.

A further option for longer-term pain relief in livestock is the use of some of the
NSAID APIs that are currently registered in humans or companion animals only. The
NSAID mavacoxib, a long-acting COX-2 inhibitor, has a half-life in dogs of more than
2 weeks [111], so investigation of its efficacy in livestock may lead to an efficacious and
longer-acting pain relief product.

The safety concerns with regards to the use of NSAIDs are generally focused on
animals with renal, hepatic, pulmonary or cardiac insufficiencies or dysfunction, with
gastrointestinal disease, or that are being treated with concomitant systemic corticosteroids
or NSAIDs [85]. For the target population species indicated for this project, the animals
are young and generally in good health, and not being treated with other NSAIDs or
steroids. One issue that must be considered is that in animals that have experienced trauma
with active haemorrhage or blood loss, the use of NSAIDs is contraindicated [85], which
may preclude certain procedures, such as mulesing, from being treated with some NSAID
(especially those that include significant COX-1 inhibition) sustained release formulations.

6. Conclusions

As livestock handlers, owners and veterinarians become better at recognising situ-
ations where pain and distress are experienced, they should strive to improve methods
of pain mitigation. Inflammatory pain post surgery is a well-established concept and
demonstrates a requirement for mitigating the inflammatory response post surgery, ideally
for at least 5 to 7 days.

All the NSAIDs currently available for use in veterinary practice in Australia provide
relief from inflammatory pain and have been shown to meet the appropriate safety criteria
in many species; however, current products require frequent retreatment to provide an
adequate period of pain mitigation, posing practical difficulties, especially for livestock.
The challenge is providing a solution that allows a single dose to provide relief for at
least a week or longer, to animals that are only handled once (at the time of surgery), or
for which repeated doses are not viable. Currently, there are no commercially available,
registered anti-inflammatory solutions for livestock available in Australia or globally, that
will provide an adequate level of pain mitigation for an extended period. Potential solutions
being researched include in-feed dosing via voluntary consumption of medicated feed,
transdermal medication delivery, and extended-release formulations. Continued research
into the development of extended-release formulations for pain mitigation in livestock is
warranted to provide better animal welfare now and in the future.
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Simple Summary: Sheep may undergo a variety of painful husbandry and disease processes in
their lifetime, which negatively impact their welfare. These procedures can cause considerable pain
that may be unalleviated due to a lack of pain relief options across many different settings such as
farm, clinical, and biomedical contexts. The choice of pain relief may be restricted due to licensing
requirements (e.g., Australian regulations) or lack of known effectiveness. In a biomedical setting,
a variety of potential pain relief options have been used but not validated for pain relief or safety
(human residues or sheep welfare). A review of the farm, veterinary, and biomedical literature was
undertaken to identify important gaps in sheep analgesia, pain management, and potential options
for pain relief to promote better sheep welfare across these industries.

Abstract: During their lifetime, sheep undergo many painful husbandry and disease processes.
Procedures undertaken on the farm, such as tail docking, castration, and mulesing, all cause consid-
erable pain. In addition, sheep may experience painful diseases and injuries that require treatment
by veterinary practitioners, and in biomedical research, sheep may undergo painful experimental
procedures or conditions. It is important due to ethics, animal welfare, social licence, and, at times,
legal requirements for farmers, veterinary practitioners, and researchers to provide pain relief for
animals in their care. While there is a heightened awareness of and a greater interest in animal
welfare, there remain few licensed and known analgesia options for sheep within Australia. A litera-
ture review was undertaken to identify currently known and potential future options for analgesic
agents in sheep in farm and biomedical settings. Non-steroidal anti-inflammatories, opioids, local
anaesthetics, α2 adrenoreceptor agonists, and NMDA receptor antagonists are some of the more
common classes of analgesic drugs referred to in the literature, but few drugs are registered for use
in sheep, with even fewer proven to be effective. Only six analgesic product formulations, namely,
lignocaine (e.g., Numocaine®), Tri-Solfen®, ketamine, xylazine, and meloxicam (oral transmucosal
and injectable formulations), are currently registered in Australia and known to be efficacious in
some types of painful conditions in sheep. The gap in knowledge and availability of analgesia in
sheep can pose risks to animal welfare, social licence, and research outcomes. This article presents a
summary of analgesic agents that have been used in sheep on farms and in clinical veterinary and
biomedical research settings along with details on whether their efficacy was assessed, doses, routes
of administration, indication for use, and pain assessment techniques (if any) used. The outcome of
this research highlights the challenges, gaps, and opportunities for better analgesia options in sheep.

Keywords: analgesia; sheep; pain; ovine

1. Introduction

Sheep in Australian meat and wool production enterprises undergo painful hus-
bandry and disease processes throughout their life. Most lambs are ‘marked’ between
4 and 12 weeks of age [1]. Surgical or painful procedures undertaken at this time may
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include earmarking, tail docking, castration, and/or mulesing. These procedures cause
considerable pain with impacts on animal welfare, especially if performed without any
analgesia [1]. Sheep also experience painful conditions such as shearing cuts, mastitis, foot
abscesses, dystocia, and flystrike, for which they may or may not be treated by a veteri-
narian or farmer. The lack of administration of pain relief for painful husbandry practices
entrenched within Australia’s sheep farming industry is waning in public acceptability [2].
Phasing out these procedures or at least providing analgesia is a practice more commonly
being advocated for by both industry and the public. The Australian Wool Innovation
(AWI) industry organisation in 2017 released a Merino Husbandry Practices Survey, which
reported that up to 85% of lambs were likely to receive some form of pain relief when
mulesed. AWI also reported that up to 42% of producers used pain relief for tail docking
and castration [3]. A 2018 Meat and Livestock Australia (MLA) survey found that up
to 39% of producers would be willing to use pain relief for marking if it were available
and effective [4]. There is an increasing demand from local and global retail brands as
well as industry markets for more ethical, higher-welfare-produced wool and meat from
producers committed to using pain relief. Markets and retailers typically grant a price
premium to more ethical, higher-welfare products, offering producers greater financial
benefits with greater market access for their products. According to the Australian Wool
Exchange (AWEX), data reveal that wool from sheep treated with pain relief receives a
premium that often offsets the cost of any pain relief administered [5,6].

In biomedical research, various procedures including orthopaedic, reproductive, car-
diac, and abdominal surgeries are performed on sheep [7–9]. The use of pain relief in these
procedures can ensure better animal welfare and higher ethical standards, promote the
Three Rs, and minimise potential impacts on research outcomes. In addition, researchers,
institutions, and animal ethics committees are working under Australian legislative require-
ments published by the National Health and Medical Research Council Code of Practice for
the Care and Use of Animals for Scientific Purposes (2013 and 2018) to consider and manage
pain and distress. These codes also require any choice of analgesic regimen to be consistent
with current best veterinary or medical practice, appropriate for the species and life stage
of the animal, and compatible with the purpose and aims of the project [10]. In Australia,
the type and dose of pain relief given to sheep in biomedical trials can include licensed
and unlicensed drugs, with the latter often extrapolated from veterinary drug use in other
species or from human medicine [11]. The literature provides an array of analgesic agents
at various doses administered for various conditions to sheep. However, many of these
analgesic agents have not been investigated for safety (for sheep or in meat) or efficacy,
and in some of these publications, methods of pain assessment are not disclosed. Even if
pain assessment in sheep is performed via sheep-specific and generic parameters [12], this
does not ensure that the analgesic choice selected is effective, appropriate, or safe. This
issue poses potential animal welfare concerns and risks confounding experimental work
due to unmitigated pain or side effects of these therapies [13–16]. To achieve best practice
in pain relief, research, and sheep management, further research is needed to ensure that
preventative and multi-modal analgesic regimes are fit for purpose.

There are also additional ethical responsibilities, societal demands, and potential legal
requirements of veterinary practitioners, farmers, and researchers to provide adequate
pain relief to animals in their care. Heightened public awareness and interest in animal
welfare are key drivers to ensure that appropriate pain relief is administered to farm and
experimental animals. Increasing societal concern for animal welfare is reflected in the
public statement of the Royal Society for the Prevention of Cruelty to Animals (RSPCA)
that ‘all future systems must identify and adopt humane husbandry and management
practices that do not cause pain, suffering or distress to animals. In the interim, best
practice pain relief must be used’ [17]. Specifically for those working in the Australian
sheep industry, the Australian Animal Welfare Standards and Guidelines for Sheep state
that lambs must have analgesia for many common painful husbandry procedures from
6 months of age onwards [18]. When lambs are under 6 months old, pain relief is not
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required but still recommended. Additionally, livestock South Australia (an industry
body), Victorian state regulations, and Tasmanian state regulations all mandate pain relief
for mulesing and recommend it for all other invasive procedures from various ages [19].
The future sustainability of the sheep industry will likely require further investment,
development, and formal experimental trials of suitable products for safe administration
and effective analgesia.

Non-steroidal anti-inflammatory drugs (NSAIDs), opioids, local anaesthetics, α2
adrenoreceptor agonists, and N-methyl-D-aspartate (NMDA) receptor antagonists are
classes of analgesic drugs reported in the literature. Depending on the national jurisdiction
(e.g., the European Union), analgesia options may be different, limited, or unavailable [20].
In Australia, there are only six analgesic formulations registered (also known as ‘licensed’)
for use in sheep: lignocaine (2%); Tri-Solfen® (lignocaine hydrochloride 40.6 g/L, bupiva-
caine hydrochloride 4.2 g/L, adrenaline (as acid tartrate) 24.8 mg/L, and cetrimide 5 g/L);
ketamine (as hydrochloride 100 mg/mL); xylazine (as hydrochloride 20 mg/mL); and oral
transmucosal and injectable formulations of meloxicam (20 mg/mL) [21]. Their product
registration is as follows: lignocaine is a local anaesthetic registered for use since 1998; Tri-
Solfen® was registered in 2011 and is a topical anaesthetic and antiseptic solution; xylazine
is an α2 adrenoreceptor agonist registered since 1998 [22]; ketamine is an NMDA receptor
antagonist registered since 1994 [22]; meloxicam, a non-steroidal anti-inflammatory drug
(NSAID), has been registered in its injectable form since 2016;the oral transmucosal for-
mulation, known as Buccalgesic® and, more recently, Butec®, is the most recent analgesic
drug to be registered for sheep, receiving approval in 2017 [22]. The paucity of effective,
registered (permitted), and available products for sheep analgesia poses animal welfare
concerns and limits best practice across all jurisdictions in the wider sheep industry.

The aim of this review of analgesic agents used in Australian sheep on farms and in
veterinary clinics and biomedical research settings is to identify the possible large array of
known and potential analgesic drugs. There are potentially far more future analgesic options
that could be available or viable to alleviate pain in sheep if further research, appropriate pain
assessment, and safe registration are undertaken. The intent of this review is to offer a starting
point to highlight these options as well as promote, encourage, and improve sheep analgesia
and welfare across biomedical, veterinary, and farming enterprises.

2. Materials and Methods

A structured approach to the review was undertaken, as outlined in Figure 1. The
electronic literature databases CAB Direct and PubMed were searched from 2010 to March
2022 for the following key terms: analgesia, local anaesthetic, pain relief, opioid, NSAID,
ovine, sheep, lamb, ewe, and ram. Further databases were not included in the search due to
frequent overlap of articles across databases. Only full-text articles in English or translated
into English were included, as the authors’ primary language is English, and non-English
articles could not be confirmed to match the information presented in the abstract or used to
extract additional information required for review. The criteria for article inclusion required
publications to include the analgesic dose, route given, and purpose for analgesic use in
sheep either on a farm or in a biomedical research setting. Confirmation and evaluation
of pain assessment was not a criterion for inclusion, as the review sought to outline both
potential and known options for sheep analgesia rather than assess analgesic effectiveness.
The quality and impact factors of journals were not included or used as a criterion for
inclusion or exclusion due to the exploratory nature of the review. Two hundred and
forty-two (242) articles were found to meet the criteria for inclusion and downloaded into
Endnote X9 (Clarivate, Philadelphia, PA, USA). A small selection of hand-picked known
information on sheep analgesia methods found using the standard literature review search
method were also included.
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Figure 1. Database review process.

Papers that were deemed unrelated and therefore excluded were those that focused
primarily on general anaesthesia, non-target species (goats or cattle), or non-analgesic
opioids. A total of 75 articles met the criteria for review. The results were categorised
into five tables by drug class. The analgesic drug classes were NSAIDs, opioids, local
anaesthetics, α2 adrenoreceptor agonists, and other miscellaneous drugs (e.g., paracetamol
and ketamine). Details of drug action, dose, route, indication, summary of analgesic
effect, pain assessment method used, and the number of sheep involved in the study were
included. The details on drug ‘action’ highlight the pharmacokinetic differences between
drugs within their class. The ‘dose’, ‘route’, and ‘summary of analgesic effect’ sections
show the variation in these methods of administration between studies. The ‘indication’
for use lists any painful or potentially painful procedures or disease states experienced by
sheep. The use of a ‘pain assessment method’ was the assessment tool or constellation of
indicators used to identify pain to determine if any pain assessment method was used. The
effectiveness of the method used to identify pain was not assessed, as this was outside the
scope of the paper. The ‘number of sheep’ was included to show study size.

In several studies, analgesics were administered as part of a surgical anaesthesia proto-
col and were not the sole focus of the study. These study designs could cause interpretation
difficulties, as the primary purpose was not to study analgesic effect. Only information on
the reported analgesic agent or regimen was recorded, as the intent of the review was to
identify drugs being used for analgesic purposes in sheep.

3. Results

The results demonstrated that a far greater number of analgesic drugs and/or regi-
mens (32) have been used for analgesia in sheep than the six currently licensed formulations
available in Australia. Multiple studies (21) attempted to utilise multimodal analgesia tech-
niques. Three studies used analgesic drugs for a disease process rather than a procedure.

3.1. Non-Steroidal Anti-Inflammatory Drugs (NSAIDs)

Seven NSAIDs were identified in the reviewed literature: ketorolac, meloxicam, flu-
nixin, diclofenac, ketoprofen, carprofen, and phenylbutazone (Table 1). Of these seven,
only meloxicam is registered for use in sheep in Australia. Meloxicam was also the most
common NSAID used and was utilised in three different multimodal NSAID combinations.
The multimodal NSAID combinations were meloxicam with lignocaine, meloxicam with
Tri-Solfen®, and flunixin with lignocaine. The table below outlines the literature reviewed.
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A total of 11/28 studies did not report pain assessment methods. Routes of administra-
tion across drugs included the following: ketorolac–intravenous; meloxicam–intravenous,
subcutaneous, transmucosal, and intramuscular; flunixin–intravenous, subcutaneous, in-
tramuscular, and oral; diclofenac–topical; ketoprofen–intravenous, intramuscular, and oral;
carprofen–oral; and phenylbutazone–oral.

3.2. Opioids

Seven opioids were identified: tramadol, buprenorphine, morphine, methadone,
fentanyl, remifentanil, and oxycodone (Table 2). No opioid is currently registered for use
in sheep in Australia. Fentanyl was the most used opioid and was found in six studies,
and three multimodal combinations were reviewed. These were tramadol/lignocaine,
buprenorphine/ketamine, and methadone/bupivacaine. The table below outlines the
literature reviewed.

A total of seven out of twenty-two studies did not report pain assessment meth-
ods. Routes of administration included the following: tramadol–intravenous, intramus-
cular, transdermal, subcutaneous, and epidural; buprenorphine–intravenous, intramus-
cular, and subcutaneous (SR-only); morphine–intravenous, intramuscular, and epidural;
methadone–intravenous and epidural; fentanyl–intravenous and transdermal; remifentanil–
intravenous; and oxycodone–epidural.

3.3. Local Anaesthetics

The use of five local anaesthetics were identified: lignocaine, bupivacaine, levobupi-
vacaine, procaine, and ropivacaine (Table 3). Of these, lignocaine is the only local anaes-
thetic registered for use in sheep in Australia. Lignocaine was also the most studied
local anaesthetic, including eight multimodal combinations: lignocaine/xylazine, lig-
nocaine/morphine, lignocaine/adrenalin, lignocaine/tramadol, bupivacaine/morphine,
bupivacaine/lignocaine, bupivacaine/methadone, and bupivacaine/fentanyl and Tri-
Solfen®. The table below outlines the literature reviewed.

A total of two out of twenty-nine studies did not report pain assessment methods.
Routes of administration included lignocaine–intra-tissue, epidural, subcutaneous, paraver-
tebral, intramuscular, and nerve blocks; bupivacaine–epidural, paravertebral, and nerve
blocks; levobupivacaine–epidural; procaine–intra-tissue and subcutaneous; ropivacaine–
epidural and nerve block; and Tri-Solfen®–topical.

3.4. α2 Adrenoreceptor Agonists

Five α2 adrenoreceptor agonists were identified: clonidine, xylazine, medetomidine,
dexmedetomidine, and detomidine (Table 4). Xylazine is the only α2 adrenoreceptor
agonist registered for use in sheep in Australia. Medetomidine was the most used α2
adrenoreceptor agonist, including two multimodal combinations. The latter were cloni-
dine/lignocaine/buprenorphine, and dexmedetomidine/lignocaine. The table below
outlines the literature reviewed.
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A total of 2/8 studies did not report pain assessment methods. Routes of administra-
tion included the following: clonidine–intrathecal; xylazine–intravenous and intramuscular;
medetomidine–intravenous, oral, and intraperitoneal; dexmedetomidine–intravenous and
epidural; and detomidine–intravenous.

3.5. Other Analgesia

In the recent literature, the use of fourteen analgesic drugs or drug combinations in
sheep were identified outside of the drug classes in Tables 1–4. These were metamizole,
ketamine, racemic ketamine, magnesium sulphate, proglumide, diltiazem, nifedipine,
verapamil, L-AP3, D L-AP3, salicylic acid, paracetamol, and amitriptyline (Table 5). Of
these fourteen, ketamine was the only drug registered for use in sheep in Australia. There
were two multimodal combinations: ketamine/lignocaine and ketamine/magnesium
sulphate. The table below outlines the literature reviewed.

A total of four out of seven studies did not report pain assessment methods. Routes
of administration included the following: metamizole–intravenous; ketamine/racemic
ketamine–subarachnoid and epidural; magnesium sulphate–epidural; proglumide–intrace-
rebroventricular; diltiazem–intracerebroventricular; nifedipine–intracerebroventricular;
verapamil–intracerebroventricular; L-AP3–intracerebroventricular; D L-AP3–intracerebro-
ventricular; salicylic acid–intravenous and oral; paracetamol–intravenous and oral; and
amitriptyline–intravenous, epidural, and intrathecal.
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4. Discussion
4.1. NSAIDs

The mechanism of action of NSAIDs is to reduce the synthesis of prostaglandins by
inhibiting cyclooxygenase (COX) enzymes in the arachidonic acid pathway [89]. NSAIDs
have been shown to have anti-inflammatory, anti-pyretic, and analgesic effects. There
was only one drug banned in Australia for use in livestock that was found in this review
(phenylbutazone [90]) with the remainder of drugs either registered or potentially able
to be used off licence/off label. Meloxicam remains the only NSAID registered for use in
Australia for sheep and is available in transmucosal oral and injectable formulations. Both
formulations were found in the studies reviewed. The use of 1.0 mg/kg dose of meloxicam
was frequently used across all studies except for two studies which used a lower than
recommended dose of 0.5 mg/kg [31,32]. An analgesic effect was not recorded when
meloxicam was given at this lower dose, and it is unclear whether this lower dose would
offer effective pain relief. Therefore, the use of 1.0 mg/kg remains the recommended dose
based on the available literature. The timing of the administration of meloxicam varied.
However, manufacturer guidelines state pain relief can be effective for up to 24 h. Most
studies gave a single dose of meloxicam at the time of the painful procedure. Metacam®

also has a broad claim for the alleviation of pain and inflammation which includes any
conditions causing inflammation and pain in sheep [21]. It can therefore be prescribed to
sheep with painful disease processes such as flystrike, mastitis, foot rot, and shearing cuts
in addition to other painful conditions. Three studies recorded the use of an NSAID to
alleviate a painful disease process rather than a procedure [27–29]. Meloxicam was used
for post-partum analgesia although its analgesic effect was not recorded [35]. Flunixin was
used for footrot analgesia but was found to have no significant effect on footrot induced
lameness [40]. Ketoprofen was also given to reduce pain associated with polyarthritis
caused by Erysipelothrix rhusiopathiae but its analgesic effect was not recorded [47].

While multimodal analgesia is currently recognised as best practice for lambs under-
going lamb marking in Australia [1], of the three studies that used multimodal analge-
sia, [26,32,91] only the combinations of Tri-Solfen® with meloxicam and lignocaine and
meloxicam are registered for use in sheep (see Table 1). The combination of meloxicam
and Tri-Solfen® provided some level of analgesia in most studies [23,24,33]. It should be
remembered that Tri-Solfen® is only effective on open wounds. Therefore, it is thought
to be suitable for mulesing and knife docking but not suitable for marking (castration
and/or tail docking) with rubber rings or similar non-open-wound procedures [92]. As an
alternative, the registered meloxicam and lignocaine combination can be used for rubber
ring marking methods [34].

The use of drugs confirmed to provide analgesia in some types of painful procedures
can be used to manage other painful disease processes on farm under veterinary super-
vision. Given the paucity of information and inconsistent numbers of formally assessed
studies in sheep analgesia, this option may be feasible if there is clear communication
with the sheep owner on the use of unlicensed products and a plan for the management
of the animal in a farm context where withholding periods must be adhered to. Studies
demonstrating NSAIDs are effective at relieving pain associated with naturally occurring
diseases are limited, and future research should capitalise on opportunities to demonstrate
efficacy. More research to assess the potential frequency, clinical analgesic effect, and refined
dosing intervals is required to validate pain relief for both painful procedures and disease
processes on farms. Additionally, to ensure withholding periods are appropriate with
increased frequency or prolonged dosing regimens. Further research would be required
and could be used to approve future prolonged drug dosing regimens across the wider
sheep industry to offer more sustained pain relief and improve animal welfare. Drugs that
may be of most interest for analgesic use individually or as part of multi-modal analgesia
and/or research could include meloxicam, ketoprofen, flunixin, ketorolac, and carprofen.
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4.2. Opioids

The opioids included in the review were full µ-opioid receptor agonists (morphine,
tramadol, methadone, remifentanil, oxycodone), partial µ agonists (buprenorphine), and κ

agonists (fentanyl). Opioid receptors are distributed in the periphery, spinal cord, and brain.
Opioids combine reversibly with these receptors and alter the transmission and perception
of pain. In addition to analgesia, opioids can cause side effects such as sedation, dysphoria,
euphoria, and excitement [89]. All studies were for biomedical research procedures. No
opioids are currently registered for use in sheep in Australia. Much of the information on
opioid analgesia and pain relief validation methods in sheep is extrapolated from other
species and human medicine. As evident in Table 2, there remains a large variation in doses,
usage, and efficacy between studies. The use of opioids for analgesia in sheep should,
therefore, be interpreted and used with care. More studies on the use of opioid dose, and
frequency are required to review and confirm of analgesic effectiveness before assuming
regimens are clinically suitable for sheep [11].

Fentanyl had the greatest number (6) of publications found in this review. Fentanyl
was used intravenously and transdermally in the papers reviewed. Five of the studies using
fentanyl patches assessed efficacy of its analgesic effect [48,54,57,61,62]. In the literature
reviewed, only fentanyl patches were used transdermally. This finding contrasts with the
use of transdermal analgesia, in small animal veterinary clinical practice where fentanyl
patches as well as lidocaine and buprenorphine patches can be used for pain relief post-
operatively in orthopaedic and laparotomy surgeries [93]. The multimodal combinations
of tramadol/lignocaine, buprenorphine/ketamine, and methadone/bupivacaine were all
validated for pain relief [52,57,60]. Unfortunately, due to the potential expense and possible
risks of human abuse of opioids, it is unlikely opioids will become commonly available for
pain relief in farming enterprises. Any potential registration of opioid drugs in sheep would
also require the development of appropriate withholding periods to avoid any residues in
animals intended for human consumption. However, the use of opioids for the treatment
of more invasive and painful procedures is a likely important option in biomedical research.
Given these animals do not typically enter the food chain there is minimal risk to human
food safety and potentially lower opportunity for misuse as animals are typically held in a
highly controlled and regulated environment. If opioids were found to be effective and
registered for use in sheep, it would offer the opportunity for uplift and more multi-modal
regimens in sheep undergoing painful procedures or conditions. Opioids that may offer
the most potential for use or further exploration individually or as part of multi-modal
analgesic options could be methadone, fentanyl, morphine, buprenorphine, oxycodone,
and remifentanil. Sheep may then be routinely provided with a higher standard of pain
relief more akin to small animal and human patients. Procedures such as fracture repair in
stud sheep, caesarean sections, or other painful procedures could be performed with better
analgesia and contribute to improved animal welfare.

4.3. Local Anaesthetics

Local anaesthetics block the transmission of nociceptive impulses in the periphery to
the brain [94] to create a local anaesthetic effect in the area of injection and the surrounding
tissues innervated by targeted nerves. Nearly all papers listed assessed the local anaesthetic
for pain relief and recorded an analgesic effect. Local anaesthetics have been used in
both biomedical research and on-farm. Lignocaine is currently the only single-agent local
anaesthetic registered for use in sheep in Australia. This differs from other countries’
requirements such as in the European Union where lignocaine is not available (versus
procaine) for use production animals [20]. In all three studies that utilised a pre-calibrated
1.5 mL subcutaneous dose of lignocaine via the Numnuts® device, analgesic effects were
confirmed when the device was correctly used [64–66].

All Tri-Solfen® studies were performed as part of farm studies. There were no studies
of Tri-Solfen® use in a biomedical research setting. Interestingly, one study sprayed 1.5 mL
Tri-Solfen® directly onto Orf virus lesions [77]. While pain relief was not confirmed in
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this trial, it could be tested in the future as an option for painful disease states with open
wounds. More work should continue to adapt and where possible modify current registered
products such as Tri-Solfen® and Numocaine® to promote best practice and maximise the
opportunity for analgesia in sheep.

Due to the relatively fast onset of action and short duration of effect, local anaesthetics
are often used as part of a multimodal analgesia regime. These types of drugs can also
be combined with other more long-lasting analgesics. In the studies reviewed, only the
meloxicam/lignocaine and lignocaine/xylazine combinations are registered for use in
sheep. There were also several unregistered combinations used for pain relief with poten-
tial effectiveness across the literature. Combinations found were lignocaine/morphine,
lignocaine, lignocaine/tramadol, bupivacaine/morphine, bupivacaine/lignocaine, bupiva-
caine/methadone and bupivacaine/fentanyl [11,46,48,50,52,58,66,68,70,72–74,76] Meloxi-
cam/lignocaine combinations can be used for various lamb marking procedures (including
rubber rings) whereas meloxicam/Tri-Solfen® combinations are only appropriate for open
wound procedures such as mulesing and hot-knife tail docking. Lignocaine/xylazine com-
bination is another option that can be administered into the epidural space for caesarean
sections or laparotomies for use in veterinary or research procedures. Overall, ropivacaine,
lignocaine, procaine, bupivacaine, and levobupivacaine all appear to be potentially viable
options for local analgesia. Future trials could assess other combinations of local anaes-
thetics and/or classes of drugs (e.g., opioids) with meloxicam. The clinical importance of
unregistered drug combinations could also be studied further and registered to offer greater
options and potential effectiveness for pain relief on farms as well as in research settings.

4.4. α2 Adrenoreceptor Agonists

α2 adrenoreceptor agonists bind to α2 adrenoreceptors on vascular smooth muscle,
inducing contraction and vasoconstriction [95]. α2 adrenoreceptor agonists are commonly
used sedative agents in livestock, but have also demonstrated analgesic effects particu-
larly at sub-sedative doses [1]. In veterinary clinical practice, they often form part of a
pre-medication anaesthesia protocol due to their combined sedative and analgesic effects.
Xylazine is can also be used for epidural anaesthesia in combination with lignocaine [74].
Xylazine is the only α2 adrenoreceptor agonist currently registered for use in sheep in
Australia. This contrasts with the literature reviewed which identified a range of α2
adrenoreceptor agonists (clonidine, xylazine, medetomidine, dexmedetomidine and deto-
midine) being used in biomedical research settings. Many of these are yet to be formally
trialled for effectiveness or administration/regimen optimised. Multiple studies across the
literature also noted the common sedative effects of these drugs [80,81]. The majority of
studies did not report use of α2 adrenoreceptor agonists as a primary agent to treat painful
procedures or conditions. However, in some studies it was administered to test analgesic
properties via skin and muscle pricks, thermal or mechanical threshold. Appropriate
dosing is key with these drugs as risks are associated with α2 adrenoreceptor agonists
used at higher doses in sheep such as pulmonary oedema and late gestation abortions [96].
Nonetheless, the use of α2 adrenoreceptor agonists at smaller doses may prove to be a
beneficial adjunct to pain management and/or as premedication for analgesic purposes.
Further studies investigating α2 adrenoreceptor agonists are required to assess timing and
optimal dose for effective potential analgesic effect rather than anaesthetic effects across
different dosing regimens.

4.5. NMDA Receptor Agonists and Other Drugs

Table 5 summarises drugs that were not classified into any of the previous cate-
gories. Ketamine was also reported in the literature in both veterinary and biomedical
procedures as a general anaesthetic and analgesic. Both ketamine/lignocaine and ke-
tamine/magnesium sulphate combinations were validated to provide analgesia [44,84].
Similar to most opioids, ketamine’s highly regulated Schedule 8 classification in Australia
and profound anaesthetics effects may make it more appropriate on farm for veterinary-
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only use and/or biomedical research settings [97]. However, unlike other potent analgesics
(e.g., opioids) found to be used in this review, it is already registered for use in sheep in
Australia. The benefit of this means it has immediate potential to be a used as an adjunct to
pain relief at both higher and/or lower doses for painful conditions or when administered
as part of an analgesic or anaesthetic regimen for painful procedures. Similar to other drugs
found in this review, further studies are still required to evaluate effectiveness, dose rates,
timing, frequency, and appropriate routes of administration.

A collection of ‘other drugs’ identified were found within a single biomedical re-
search study investigating the voltage-dependent calcium channel inhibitors of diltiazem,
nifedipine, verapamil, proglumide, L-AP3 and DL-AP3. In this particular study, all the
drugs listed were thought to provide visceral analgesia in mechanically induced duodenal
distension [85]. Therefore, these drugs may be useful for other types of painful visceral
conditions. Salicylic acid, paracetamol, and amitriptyline were also used in other studies
but without any analgesic assessment described. Additional research may demonstrate
these drugs could be new options or novel applications for pain relief and animal welfare
improvement in sheep or possibly other ruminants.

4.6. Limitations

This review was undertaken to identify potential analgesic drugs, combinations,
regimens, and options used to (potentially) alleviate pain in sheep via the use of scientific
databases and grey literature. It is recognised that although many of the drugs utilised may
not have been comprehensively investigated or shown to successfully and consistently
alleviated pain, the information collated provides a broad list of potential drugs candidates
and starting points for drug regimens for future investigations. A key limitation of this
study was in the search strategy utilised as it was not feasible to identify all analgesia
studies in sheep using the presented search methods. The search strategy was intentionally
limited to the use of target words and did not include all known synonyms. While this
prevented a higher number of inappropriate or irrelevant results, it may have missed some
research-only publications and did miss some of the known textbooks or online formularies
which may have listed additional drugs and/or drug regimens [98–100].

Additionally, the search criteria omitted publications prior to 2010 and after March
2022, such the more recent use of mint terpenoid L-carvone in sheep [101]. Due to the
lack of published studies specific to analgesia in sheep found in the search, and from
authors’ knowledge, a small selection of published and grey literature information that fit
the criteria for inclusion was also included. It is important to note this study did not fully
capture drugs registered in all other countries and did not include the most modern human
analgesics developments, such as tapentadol [1]. Some of these drugs might be of value to
explore when developing new studies testing analgesics in sheep. Finally, a full review of
the analgesic agents and pain assessments strategies utilised in sheep was outside of the
scope of this study. Therefore, there remains a wealth of further opportunities available for
future publications and research to build upon this review.

4.7. General Discussion

The current estimated number of sheep in Australia is 74 million [102]. All of these
animals will undergo painful husbandry procedures at some stage in their lifetime. Herein
is an enormous opportunity and responsibility for farmers, researchers, animal ethics
committees, and veterinarians to improve the welfare of millions of animals through
better analgesic practices. Despite the obligation for the provision of analgesia for good
animal welfare, only six commercial products (lignocaine (2%), Tri-Solfen® (lignocaine
hydrochloride 40.6 g/L, bupivacaine hydrochloride 4.2 g/L, adrenaline (as acid tartrate)
24.8 mg/L and Cetrimide 5 g/L), ketamine (as hydrochloride 100 mg/mL), xylazine (as
hydrochloride 20 mg/mL), and oral transmucosal and injectable formulations of meloxicam
(20 mg/mL)) are registered to alleviate pain in Australian sheep. Only three multimodal
combinations (meloxicam/lignocaine, meloxicam/Tri-Solfen®, xylazine/lignocaine) are
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registered despite the importance of multi-modal analgesia as part of best practices in
analgesia for moderately to severely painful procedures [1]. In addition to physically
painful conditions or procedures, sheep can also experience painful disease processes.
However, only three studies were found that trialled the use of pain relief for a disease
process rather than a procedure [40,47,77]. Assessing and validating analgesics for painful
procedures and conditions is an essential requirement for good sheep welfare across farm,
veterinary clinical and biomedical research settings. There has been minimally publicly
available known interest across the meat, livestock, veterinary and biomedical research
industries to seek registration of new or novel analgesics products in the last 5 years. The
most recent analgesic drug registration for sheep was meloxicam (Buccalgesic® in 2017 [22]
and Butec® in 2023 [103]) and there are no other types of drugs known to the authors at this
time undergoing testing for registration purposes. Only one topically non-drug analgesic
option using cooling via the device CoolSense [87] for mild pain has been studied, but it is
yet to be registered for animal use. There is still much more work to explore and required,
with many opportunities for collaboration across biomedical research, veterinary clinical
and farming industries to bridge the gaps in sheep analgesics.

The aim of this review was to improve the health and welfare of sheep in farming,
biomedical and veterinary practices by exploring potential opportunities for analgesics in
the scientific literature against the currently approved drugs in Australia. Literature on
Australian registered drugs were predominantly found in the context of farming while
most of the use of unregistered drugs were found in the biomedical research context. The
review demonstrates there is a far larger array of potentially effective analgesics in sheep
in comparison to the few available registered products. The use of these non-registered
drugs is permitted in many biomedical studies since these animals would not be allowed
to and are highly unlikely to exit research facilities prior to humane killing or euthanasia.
While this may be the case in Australia and other jurisdictions, this can contrast with other
international regulations such those found in the United Kingdom may prevent the use of
a more appropriate drugs (cascade system) or in Europe where the use of some analgesics
may not be easily permitted even biomedical settings [20]. There is a high likelihood that
out of all the non-traditional, unregistered or formally untested drugs described in this
research that some may prove to be important alternatives or primary agents in alleviating
on-farm, biomedical and veterinary clinical management of pain in sheep. Therefore, there
is a need for more research into these and other analgesics to ensure the availability of
suitably safe, tested, effective and registered analgesic products to promote better welfare
and ensure refinement of research outcomes in sheep.

The information from the sheep biomedical literature shows that there is clearly a
potential for improved sheep welfare and an opportunity to alleviate pain to a potentially
greater extent and/or beyond the approved drugs in Australia. However, on review of
these publications, the dosage and route of administration for many unregistered drugs
were quite varied. There were also a reasonable number of publications across the dif-
ferent drugs class categories that did not state the method of pain assessment. This is of
considerable concern as confirmation of pain relief post-administration of analgesics is
foundational to good veterinary clinical practice. For articles that did state the method of
pain assessment, it remains unknown if the methods were appropriate for the procedure
and context or if any other indicators were utilised to assist in validations of pain relief.
There were also concerns regarding the lack of information listed for the frequency and
timing of pain relief administered. According to the ARRIVE guidelines [104] pain relief
should be utilised where appropriate and disclosed within publications. Unfortunately, this
lack of disclosure has been documented historically in other animal studies [105]. Other
issues posing animal welfare risks and concerns include the potential low usage or at a min-
imum lack of disclosure of appropriate multi-modal pain relief for high impact procedures
(e.g., orthopaedics). The appropriate use of multi-modal regimens should be further
explored and could have improved from of the pain management regimens.
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The extrapolation of analgesics across species for similar conditions can be useful in
the absence of other more formal science-based evidence. Nonetheless, it is still vital to
support and advocate for well-developed sheep-specific analgesic studies. While it is likely
sheep will respond similarly to other small ruminants and mammals, there are well known
examples in veterinary medicine where some forms of pain relief can be deadly in other
species (e.g., cats and paracetamol [106]) or require significantly higher or lower dosages
(e.g., meloxicam in cats [107] versus mice [108]). It is also crucial to ensure appropriate
analgesic regimens are explored and suitable options identified for sheep during various
life stages (e.g., pregnancy, lambs) and for a variety of painful conditions (e.g., mastitis,
bloat, castration).

Given the relatively frequent of use of sheep as large animal models in biomedical
studies, it is in the spirit of the three Rs and incumbent on animal ethics committees,
researchers, the biomedical industry, and associated veterinarians, to consider if adjust-
ments to experimental design could simultaneously capture, advance, and support better
analgesic regimens (ancillary research) in sheep. Simple refinements such as ensuring the
use of appropriate pain and animal welfare assessment methods as well as their inclusions
in publications would be a great first simple step. These considerations should ideally be
a prerequisite for animal ethics committee approval for any sheep undergoing potential
painful procedures. Additionally, many of these biomedical studies collect and utilise
blood as well as other tissue samples which may be able to be re-used or re-purposed for
used in safety and food animal drug testing residue studies to inform withdrawal times
for slaughter and safety. While this approach may not be suitable or possible in types of
biomedical work with sheep, there are myriad of (lost) opportunities that can be captured
to advance the knowledge, welfare, and management of pain management and analgesics
in sheep. Without further consideration, advancement and focus on ideal pain regimes
for sheep, both the biomedical and farming industries are unnecessarily exposed risks
to public support (social licence [109]) as well as possible reduced production [26] and
research outcomes [109].

This review highlighted a wide array of unregistered potential drugs and doses that
could be useful in sheep. Many of these unregistered and/or minimally studied drugs
and doses may have been administered under the assumptions that their mode of action
and analgesia would be comparable to humans and other mammalian species. There is
still a concern that the dosed, frequencies, and use of these drugs may not be optimal or
appropriate. Many of the studies included in this review lacked detailed pain assessment
strategies or other key animal welfare indicators to enhance validity. Further probable
barriers when using pain relief in food-producing species include the potential for human
risk of abuse with more potent analgesics (e.g., companion animals), costs, risk of residues
in food and dosing frequencies for appropriate analgesia. There may also be challenges in
the practicality, applicability, and appropriateness of when these medications would be
suitable for farm, biomedical or veterinary clinical use. These studies should be undertaken
to support and encourage the registration of analgesic formulations for sheep including
those intended for human consumption. Further research and greater encouragement for
collaboration across all sheep industries should be undertaken to improve animal welfare
and research outcomes to better meet ethical, societal, and legal obligations.

5. Conclusions

Good animal welfare, industry, and veterinary practices dictate that pain relief must be
administered to animals experiencing pain., Farmers, veterinarians, and researchers are ex-
pected and often required to provide best-practice pain relief to animals undergoing painful
procedures and disease processes in their care, highlighting current gaps, challenges, and
opportunities for better pain relief in sheep including dose rates, routes of administration,
indication of use, and any pain assessment strategies utilised. Both current and possible
future analgesia options are outlined with key agents identified for further research either
as individual drugs or as part of a multimodal strategy to improve sheep analgesia and
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welfare. Further research should also focus on the assessment of the safety and efficacy
of new drugs or new formulations of old drugs, food safety testing and registration of
additional analgesic agents to alleviate pain and improve the welfare of sheep in Australia
and worldwide across the farming, biomedical research, and veterinary industries.
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Simple Summary: Disbudding is a routine husbandry procedure performed in goat kids in their first
few weeks of life. Behavioural and physiological changes following the procedure suggest significant
pain and distress to the goat kid, which is a welfare concern. Pain assessment is fundamental to im-
plementation of effective pain treatment and/or management protocols. This review provides details
on pain assessment methods in goat kids following different methods of disbudding. Commonly
used pain assessment methods in other young farm animals were also included.

Abstract: Farm animals are routinely subjected to painful husbandry procedures for various pur-
poses. Goat kids are disbudded to improve goat welfare and to ensure safety of other livestock, farm
personnel, attending veterinarians and for various other production and managemental procedures.
Disbudding is commonly performed on dairy goat farms, in kids under 3 weeks of age. Many scien-
tific studies reported physiological and behavioural changes indicating pain and distress following
disbudding, and this can be a significant cause of welfare compromise in goat kids. Recognition
and measurement of pain is important to treat and/or manage pain and distress following painful
procedures. This review focuses on pain assessment in goat kids following disbudding, using both
physiological and behavioural measures. As only a limited information is available on the topic of
interest, relevant studies in other young farm animals have also been discussed to compare the status
quo in goat kids.

Keywords: goat kids; disbudding pain assessment; physiology behaviour

1. Introduction

Farm animals are routinely subjected to painful husbandry procedures for various
purposes. Goat kids are disbudded to reduce injury to other goats in the flock, farm
personnel, and attending veterinarians. Hornless goats are also less likely to get their heads
entangled in equipment such as milking machines. Disbudding is commonly performed
on dairy goat farms, in kids under 3 weeks of age. Many scientific studies reported
physiological and behavioural changes indicating pain and distress following disbudding,
and this can be a significant cause of welfare compromise in goat kids. Accurate recognition
and assessment of pain is important to implement correct treatments at appropriate doses
and intervals to ensure animal wellbeing [1]. The ability to report one’s own experience
of pain and its intensity helps in developing effective management strategies in humans.
Pain assessment in pre-verbal infants, people with cognitive impairment and animals is
often challenging. In most instances, pain is assessed based on observation of animal’s
behaviour [1]. Although this approach is useful in clinical situations, it can be difficult to
assess subtle signs of pain in prey animals, such as sheep and goat, that do not manifest
overt signs of pain [2].

Physiological and behavioural measures that are likely to indicate pain and/or no-
ciception and related distress have been developed and used for assessment of pain and
the efficacy of analgesic strategies in animal studies. The main aim of this review is to
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describe the methods of pain assessment in goat kids following husbandry procedures such
as disbudding. Commonly used pain assessment methods in other young farm animals
was also included, as little information is available in goat kids compared to calves, lambs,
and piglets.

2. Physiological Measures
2.1. Plasma Cortisol, Glucose and Lactate

The physiological variable that has been historically studied to assess the pain related
distress following routine husbandry procedures is the total plasma cortisol [3]. Cortisol
is a hormone, which is released in high concentrations into circulation after activation of
hypothalamo-pituitary- adrenal (HPA) axis in response to stressful conditions including
pain [4]. It thus gives an indication of distress, rather than pain directly. Increases in plasma
cortisol concentrations following disbudding and other painful husbandry procedures
such as castration and tail docking, and its alleviation by analgesic administration has
commonly been used to assess pain in calves, lambs, and goat kids [5–7]. The degree of
plasma cortisol response was also used to compare the pain intensity between different
methods of goat kid disbudding [8]. Disbudding of kids with liquid nitrogen or caustic
paste has been found to cause more severe changes in cortisol, indicating intense acute
distress, and possibly pain, compared to cautery disbudding [8].

To measure plasma cortisol, blood samples are commonly collected from the jugular
veins and cortisol concentrations are measured using different assay techniques, including
the enzyme-linked immunosorbent assay and radioimmunoassay [5]. Although many
studies have used plasma cortisol for the assessment of pain induced distress, there are
some caveats to this method. Plasma cortisol levels were also influenced by diurnal
rhythms [9] and stressors that are not associated with pain such as animal handling [10],
feeding [11], and sexual excitement [12]. Trends in plasma cortisol concentrations measured
from blood samples collected before and at multiple time points after a specific procedure
would give a more reliable estimate of the stress associated with pain following a noxious
procedure in production animals (although blood sampling will increase plasma cortisol).
In analgesia studies, comparing the cortisol levels between sham-handled and treatment
groups, and correlating cortisol response with other pain assessment measures such as
pain behaviours, would make plasma cortisol evaluations a more valid way to estimate
the efficacy of analgesic drugs [13]. It should be noted that some drugs which are used
as analgesics in ruminants, such as alpha 2 adrenergic agonists, probably have a direct
depressant effect on the adrenal glands in goats, as they do in pigs [14].

Plasma metabolites, such as glucose and lactate, were measured in conjunction with
plasma cortisol following disbudding of goat kids [8,15]. These blood constituents were
measured based on the hypothesis that increased secretion of cortisol in response to pain
induced distress stimulates mobilization of glycogen, which results in increased production
of glucose and lactate [16]. None of the studies found significant changes in plasma
lactate and glucose despite a significant elevation of plasma cortisol after disbudding. The
researchers opined that these two metabolites are not as useful as plasma cortisol responses
to acute pain associated with disbudding.

2.2. Autonomic Responses

Other physiological measures resulting from the activation of sympathetic nervous
outflow in response to noxious stimulation, such as heart rate, respiratory rate, blood pres-
sure and body temperature can be monitored to assess pain following disbudding in goat
kids [6]. Although changes in these variables are influenced by the type of noxious stimulus
based on the method of husbandry procedure; in general, animals in pain often have an
increase in these variables [17,18]. A major limitation to the use of the sympathetically
driven variables, similar to cortisol, is that changes are not necessarily specific to pain [19],
and are usually limited to acute pain responses and hence less useful for the assessment of
longer lasting pain. Also, changes in these autonomic variables have poor correlation with
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pain perception as these are modulated by centres of the brain stem below the level of the
higher centres involved in cognitive pain perception [1].

2.3. Electroencephalography (EEG)

The EEG is a record of the spontaneous electrical activity of the cerebral cortex. It is an
objective tool for assessment of neural (sensory) processing of noxious stimuli, which is
known as nociception. EEG provides a direct and quick profile of cortical neuronal activity
in response to noxious stimulation in animals. The characteristic configuration of neurones
(particularly pyramidal type) in the layers of the cerebral cortex leads to formation of
electrical vectors that facilitates transmission of electrical currents. The EEG is the far-field
potential (electrical field created by inherent neuronal activity and recorded away from
them) of the vector currents recorded using electrodes on the surface of the head [20]. Fast
Fourier transformation, a mathematical procedure, converts the raw EEG signal into its
component sine waves of different frequency, characterized by corresponding amplitude.
Thus, the power spectrum generated is simply a distribution and derivation of spectral
EEG variables from the corresponding frequencies and amplitudes [20]. There are also
a number of other proprietary methods of analysing raw EEG data, which are used in
instruments designed for people.

Changes in the EEG power spectrum have been used for the quantification of nocicep-
tion in minimally anaesthetised red-deer, lambs, and calves following noxious procedures
such as velvet antler removal, castration, and slaughter through a ventral neck-cut, respec-
tively [21–23]. Changes in frequency spectra of EEG in lightly anaesthetized animals (with
halothane, which is minimally analgesic) reflect changes in activity of cerebral cortex in
response to pain perception [22,23]. This concept is further supported by studies in goats
that did not find a difference in EEG spectral frequencies between conscious animals and
those that were lightly anaesthetised during slaughter [24]. Advantages of the minimal
anaesthesia model developed for recording EEG for quantification of pain in animals in-
clude the minimization of the impact on the EEG of extraneous electrical activity (such as
from muscles) and loss of conscious pain perception by study animals, thereby reducing
suffering from pain during noxious stimulation [20].

In goats, EEG power spectra have been used to delineate loss of awareness from
cognitive perception of pain following the application of various techniques for euthanasia
and pre-slaughter stunning [25]. Also, there have been studies that described the EEG
frequency band analysis to find the effect of pre-slaughter stress, experimental pain and
ontological changes in brain activity in goats [26–28]. So far, no studies are available on
the use of EEG spectral frequency changes to quantify pain associated with husbandry
procedures such as disbudding/dehorning in goats.

Although an electroencephalogram can non-invasively capture the sensory neuronal
processing of noxious stimuli and indirectly reflect cortical pain perception, it may not
represent the motivational states such as aversiveness, fear and anxiety associated with
pain perception, all of which are subjective experiences. Another limitation to the use of
the EEG is that it can only be used for acute pain assessment, as an animal can be kept
minimally anaesthetized for only a limited amount of time. A combined approach such as
concurrent evaluation of cognitive pain perception manifested by behavioural changes will
be more reliable for pain assessment using EEG in farm animals.

2.4. Mechanical Nociceptive Threshold Testing

Mechanical stimuli, such as pressure, are usually applied to the skin, and can be used
to produce quantifiable nociception or pain in farm animals, including goats. The degree of
mechanical pressure that an animal can tolerate before showing an avoidance (behavioural)
response or withdrawal reflex is defined as a mechanical nociceptive (pressure) threshold
of that animal [29,30]. Mechanical stimuli are used to induce experimental pain to test or
compare analgesics in normal animals. In animals subjected to noxious procedures, these
stimuli are used to test the pain sensitivity at the site of tissue damage (wound site) and/or
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areas surrounding the wound. A variety of commercial, hand-held algometers are available
(e.g., Force one FDIX 50, Wagner Instruments, Riverside, CT, USA; ProdPlus algometer,
TopCat Metrology Ltd., Ely, UK), which are validated for use in various farm animal species,
including goats [18,31,32]. Mechanical stimulation of the wound area (injured tissue at
the disbudded area) can also be performed to test the tactile sensitivity, using von Frey
filaments [31,33,34]. Wounds remained sensitive to tactile stimuli for at least 75 h after
disbudding in calves [33].

Mechanical nociceptive thresholds are usually measured in Newtons (N) or Kilogram
Force (Kgf). Force is applied perpendicular to the skin surface at a constant rate and in
gradual increments to avoid a sudden, jerky increase in readings without corresponding
attainment of threshold manifested by signs of discomfort specific to the species being
tested. Head withdrawal with a specific ear flick has been noted as the end response by
goat kids being tested at the disbudded site [30,34]. To attain a good correlation between
threshold values and the amount of pressure applied, selecting an algometer probe that
matches the size of the animal is also important. A round rubber tip probe of 1 cm2 has
been used on a Force One Wagner algometer [30], and a 2 mm diameter metal probe has
been used on a ProdPlus algometer in disbudded goat kids [32,34]. Also, other factors
such as age and body weight of the animal should be considered while testing nociceptive
thresholds for a study in piglets; age and body weight were demonstrated to affect the
pressure threshold testing responses [35]. In goat kids, pressure algometry has been used to
compare the pain sensitivity between three different methods of disbudding, and cautery
disbudding was found to cause less acute pain hypersensitivity than the caustic paste and
cryosurgery methods [30]. In other studies, it was used to find the welfare benefits of
alternative methods of disbudding [34] and the duration of wound hypersensitivity after
hot-iron disbudding in goat kids [32]. In the study by Frahm et al. [34] development of
acute mechanical hypersensitivity around the horn buds following the injection of clove
oil or isoeugenol has been reported [34]. Tissue irritation by the injected substances was
suggested as the potential cause of heightened pain sensitivity and, therefore, the welfare
benefits of the method over hot-iron disbudding are questionable. Persistent mechanical
hypersensitivity throughout the wound healing period (average 7-weeks) has been reported
by Alvarez et al. [32].

Animal handling prior to the application of the stimulus has the potential to influence
the threshold readings. A good human–animal relationship, prior habituation of the animal
to the device, and testing in home pens close to dam/other pen mates can minimize the
confounding effect of handling stress on threshold measurements [34].

Other types of nociceptive stimuli that have been used to test the effect of local
anaesthetic (LA) administration prior to goat kid disbudding were pin pricks [36]. The
observer gently pricked the skin around the horn buds with a needle point at approximately
30 s to 1 min interval until no response is observed to confirm analgesia after infiltration
with LA. This qualitative analgesia testing method is rapid and practical to use in field
conditions, and reliable to assess the onset of analgesia prior to disbudding.

In summary, all the devices and methods developed to test the mechanical nociceptive
thresholds of farm animals let us assess the level of pain hypersensitivity, efficacy of
analgesics and/or analgesic approaches, and development of ‘plasticity’ in the nervous
system, following noxious husbandry procedures in field conditions.

2.5. Infra-Red Thermography

Infra-red thermography (IRT) is a non-invasive method of recording infrared radiation
emitted by bodies, i.e., heat [37]. It can measure changes in surface temperature due to
activation of autonomic nervous system in response to stress. A stress-induced secretion
of catecholamines causes an increase in internal body temperature called stress induced
hyperthermia, and also causes a reduction in blood flow in the skin around eyes. A drop
in eye temperature, assessed using IRT, has been reported to be associated with the onset
of acute pain in calves following hot-iron dehorning [38,39]. Sympathetically mediated
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vasoconstriction in response to acute pain has been proposed to be the cause of the drop in
eye temperature. The IRT recording can be taken at a distance from the animal without a
need to contact/restrain the animal. This overcomes the effect of animal handling stress on
actual data, which is the drawback associated with the measurement of other physiological
(and autonomic) variables in response to stress and pain [38] Care must be taken that the
hair coat must be free of dirt, grease and foreign material while obtaining IRT images of the
area of interest [39].

A study in disbudded goat kids used IRT to take the images of the horn bud (~3 cm
diameter around horn bud), and surface skin temperature was calculated from a ~2 cm
diameter area around the horn buds [8]. Disbudded goat kids were found to have a
higher skin surface temperature around the horn buds than sham kids. Another study
has used IRT to assess the wound inflammation and surface temperature during healing
after cautery disbudding of goat kids [32], and reported that the necrotic tissue formed
during the inflammatory phase was hotter than epithelium. Studies are required to find the
use of the IRT to evaluate the effect of analgesic agents and strategies after disbudding in
goat kids.

2.6. Biomarkers

Immunological, inflammatory and pain biomarkers were measured in tissues and
body fluids of young farm animals following husbandry procedures [31,40–42]. Acute
phase inflammatory proteins such as haptoglobins were measured in goat kids disbudded
using different methods [8]. Clove oil injection under the horn bud caused a significant
increase in serum haptoglobin concentrations 24 h after treatment, which indicates marked
inflammation associated with the method of disbudding [8]. Measurement of immunoreac-
tive proteins such as β-endorphin concentration in the blood plasma has been shown to be
a useful method of acute pain assessment following hot-iron disbudding of goat kids [43].
With the advent of new molecular biological techniques in animals, it has been possible to
demonstrate the efficacy of non-steroidal anti-inflammatory drugs in suppressing the ex-
pression of mRNA (in peripheral leucocytes of a blood sample) for inflammatory cytokine
and nociceptive marker genes in calves disbudded by thermocautery [42]. More advanced
techniques such as plasma proteome analysis allowed identification of candidate protein
biomarkers that are associated with nociceptive and inflammatory processes following
surgical dehorning of calves [44]. Biomarkers such as these may be useful in the future
to assess various methods of pain mitigation for husbandry procedures in farm animals
including goats.

3. Behavioural Measures

Changes in normal behaviour are commonly observed in animals in response to
painful stimuli. Hence, monitoring normal behavioural patterns and deviations from
these is a significant component of pain assessment in animals [45]. Species-specific
behavioural changes that can be identified and quantified have been used to evaluate
pain and analgesia in goat kids, lambs, piglets, and calves following routine husbandry
procedures [4,6,46]. A person assessing pain behaviours, either directly from an animal or
indirectly from video recordings, should be familiar with the animal’s normal behavioural
patterns, have adequate training and experience in recognition of changes in normal
behaviours in response to noxious procedures [47,48].

A multitude of factors including severity of insult to the tissues and neuronal pathways
influence the manifestation of pain behaviours by animals. Age, previous pain experience,
social hierarchy in the herd, human presence, environmental conditions are among the
others [49]. In young farm animals such as goat kids, lambs and calves, a significant
alteration in their normal behaviour, body posture, locomotor activity, orientation toward
dam, and response to manipulations have been used as a basic template for the behavioural
assessment of pain and analgesia following husbandry procedures, including disbudding.
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There appears to be two phases to goat kids’ behaviour in response to hot iron
disbudding—acute avoidance type behaviours in responses to application of the iron
and abnormal behaviour in the subsequent hours. Behavioural indicators of acute stress
and pain during cautery disbudding in goat kids have been first reported by Alvarez
et al. [6] Struggles (kicks), such as a vigorous movement of the legs and attempts to escape,
and vocalisations in the form of bleats with an open or closed mouth were reported. A
change in the frequency of behaviours along with plasma cortisol levels was used to find
the effect of analgesic treatment on disbudding pain [7].

In a sham controlled trial, Hempstead et al. [50] recorded behavioural changes associ-
ated with cautery disbudding of female Saanen dairy goat kids. Video recordings of pre-
and post-treatment behaviours were analysed by a trained and an experienced observer
to build an ethogram of behaviour patterns. Although the frequency of 11 behaviours in
the ethogram was chosen to study, individual behaviours such as head shaking, rubbing,
scratching, and body shaking were significantly different between treated and control
kids. Due to a large inter-individual variation, self-grooming behaviour did not reach
statistical significance despite an apparent increase in its frequency in the disbudded group.
Individual variation in a behavioural response, within the same species, to a noxious
procedure is one important confounding factor in pain assessment studies. This could
be due to differences in pain perception and expression between individual animals [51].
The following table (Table 1) provides an overview of behavioural changes in goat kids
following different methods of disbudding.

Table 1. Individual behaviours and ethograms described in various studies investigating pain and
pain mitigation strategies in disbudded goat kids.

Title of the Study Behavioural Indicators Used Other Variables Measured

Physiological and behavioural alterations
in disbudded goat kids with and without

local anaesthesia [6].
Struggles and vocalisations

Plasma cortisol, Heart rate and
respiratory rate pre- and post (up to 4 h)

disbudding

Evaluation of alternatives to cautery
disbudding of dairy goat kids using

behavioural measures of
post-treatment pain [52].

Head and body shaking, head scratching,
feeding and self-grooming noted from

video recordings 24 h pre- and
post-disbudding

Accelerometery measures such as lying
bouts and duration recorded 24 h pre-

and post-disbudding

Effect of isoflurane alone or in
combination with meloxicam on the

behavior and physiology of goat kids
following cautery disbudding [53].

------Do----
Plasma cortisol, glucose and lactate

measured pre- and post (up to 120 min)
disbudding

Acute cortisol and behavior of dairy goat
kids administered local anesthesia,

topical anesthesia or systemic analgesia
prior to cautery disbudding [54].

Rump movements, tail shakes and
vocalisations recorded during

disbudding

Plasma cortisol levels measured pre- and
post-disbudding

Can Isoflurane and Meloxicam Mitigate
Pain Associated with Cautery

Disbudding of 3-Week-Old
Goat Kids? [15]

Head and body shaking, head scratching,
feeding and self-grooming noted from

video recordings 1 h pre- and
post-disbudding

Plasma cortisol, glucose and lactate
measured pre- and post (up to 120 min)

disbudding

Evaluation of Pain Mitigation Strategies
in Goat Kids

after Cautery Disbudding [55]

State events (head scratching,
self-grooming, allogrooming,

feeding/drinking, exploration, standing,
lying, social play, etc.) and point events
(vocalisation, shaking, tail movements,

stretching, etc.) in an ethogram built
using BORIS * software

(https://www.boris.unito.it/ accessed on
1 May 2023) from a 3 h video recording

after disbudding.

--------------

* BORIS; Behavioural Observation Research Interactive Software.
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In addition to the assessment of frequency of specific behaviours, some studies used
a visual analogue scale (from 1–10) to score pain behaviours to evaluate the efficacy of
anaesthetic and analgesic treatments administered to goat kids [56,57]. A summary of the
pain behaviours was used to assign a score from the scale. Also, a vocalisation score, which
is the total number of vocalizations during the disbudding procedure for both horn buds,
was used to compare the alternative methods to cautery disbudding [58].

From these studies in goat kids, it is evident that disbudding induces specific changes
in behaviour, which include increased frequency of struggles, vocalisations, head shak-
ing, scratching, and rubbing, body and tail shaking, lying bouts and duration. Changes
in these behaviours have been used to evaluate relative noxiousness of different (alter-
native) methods of disbudding and efficacy of anaesthetic and analgesic protocols in
various studies.

Facial Grimace Scale

Due to the limitations of behavioural methods (such as laborious and time-consuming
video and audio recording and analyses and the need for specialised equipment), and phys-
iological measures (such as expensive laboratory analytical procedures), Lou et al. (2020)
developed a goat kid grimace scale for pain assessment following thermal disbudding [59].
It is a pain assessment method that enables instantaneous identification and assessment of
changes in facial expression after a noxious procedure [60]. The basic template for the scale
has been drawn from sheep and lamb grimace scales [61,62] and adapted for a goat face.
Orbital and lip tightening, nostril dilatation and change in ear position have been scored on
a 3-point scale (0 = Not Present, 1 = Moderately Present, and 2 = Obviously Present), from
photographic images, to find the effect of analgesic administration and thermal disbudding
in goat kids. Orbital tightening and ear position scores were found to be more reliable
indicators of treatment effects than lip tightening and nostril dilation. More research needs
to be conducted to further explore the validity of this facial grimace scale in goat kids.

4. Conclusions

Both the behavioural and physiological systems are involved in the response to stress
and pain, and in majority of research studies, a combination of both methods is used in
pain assessment. Individual behaviours or an ethogram in conjunction with plasma cortisol
measurement has been the basic pain assessment paradigm in a large number of goat
disbudding studies. Some studies used other physiological methods such as mechanical
nociceptive threshold testing, infrared thermography and plasma inflammatory marker
analyses, heart rate and body temperature changes, and body weight gains, etc. Only
one study used a facial grimace scale in combination with plasma cortisol evaluations in
disbudded goat kids. Using a combination of pain assessment methods allows to offset
some of the disadvantages associated with each technique and to gain as much accurate
and comprehensive information as possible from an experimental study [63]. In clinical
practice, a combination of pin prick testing for analgesia before disbudding and behavioural
assessment afterwards is probably most practical.
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Simple Summary: The process of removing horn buds (disbudding) is painful for young animals.
People are increasingly concerned about the well-being of animals, so finding ways to reduce the pain
and stress caused by disbudding is important. This review discusses various methods to ease pain
during disbudding in goat kids, including using drugs to sedate and relieve pain, blocking nerves,
and giving anti-inflammatory medications afterward. It also mentions the potential harm of certain
drugs. The recommended approach is to use a combination of sedation, nerve blocking, and anti-
inflammatory drugs for the best results in reducing pain. This review ends by suggesting directions
for more research to further improve the well-being of young goats during the disbudding process.

Abstract: Pain mitigation strategies for disbudding in goat kids have gained significant attention
in recent years because of growing concerns for animal welfare. Disbudding, the removal of horn
buds in young goats, is a common practice to enhance safety and manage herd dynamics. However,
the procedure will cause pain and distress if not managed effectively. This review covers the array
of pain mitigation techniques currently available for disbudding, including the efficacy of these
strategies in reducing pain and stress during the disbudding process, with specific attention to
the potential toxicity associated with local anesthetics. The current best practice for disbudding
on the farm suggests sedation/analgesia with an alpha-2 agonist, the placement of a two-point
cornual nerve block, and then an NSAID for postoperative pain. In conclusion, this review offers
recommendations for future research directions aimed at enhancing the welfare of young goats
subjected to the disbudding procedure. These suggestions hold the promise of fostering significant
improvements in the overall well-being of these animals.

Keywords: disbudding; goat kids; analgesia

1. Introduction

Goat kids, particularly females from milking herds, are commonly subjected to dis-
budding to reduce potential injury to animals and humans from horns or entanglement in
equipment in the milking shed. Goat kids are typically disbudded within the first week of
life, most commonly via thermal cauterization using a hot iron. Hot iron disbudding is a
painful procedure that requires pain relief to be provided to the animals undergoing this
procedure to avoid a negative impact on their welfare. Hot iron disbudding is considered
a significant surgical process and should be performed by a veterinarian or under their
supervision. This is particularly important in goat kids because there is a significant risk of
thermal brain damage and death.

The need for disbudding can be circumvented by selectively breeding for polledness.
Although this approach is effective in cattle, it tends to trigger severe reproductive com-
plications in certain dairy goats with European lineage, such as the Saanen, Alpine, and
Toggenburg breeds [1]. In these breeds, the existence of horns is governed by a recessive
gene that leads to infertility. Consequently, female goats with a homozygous polled geno-
type will mature as infertile intersex individuals, while male goats with the same genotype

Animals 2024, 14, 555. https://doi.org/10.3390/ani14040555 https://www.mdpi.com/journal/animals102



Animals 2024, 14, 555

face a heightened likelihood of developing sperm granulomas. Therefore, selective breed-
ing for polledness is not beneficial for these goat breeds, and disbudding remains the only
tool to eliminate the horns [1].

The pain from hot iron disbudding has at least two phases, which probably require
different approaches to alleviation. The application of a hot iron causes intense acute
pain, and then, the release of inflammatory mediators from the burnt tissue will cause
a lower-grade but longer-lasting pain. Both phases should be treated to ensure animal
welfare. There are a variety of ways of accomplishing this: general anesthetics and anal-
gesics with or without local anesthetics and then non-steroidal anti-inflammatory drugs
(NSAIDs) for postoperative pain. The efficacy of local anesthetics and general anesthetics
for disbudding pain in goat kids has not been extensively investigated or reported in the
literature compared with calves. Most of the drugs recommended or referenced in this
review are used off-label, as they are not registered for use in food-producing animals.
Additionally, the registration status and availability of these drugs differ across countries
and regions.

2. General Anesthesia and Systemic Analgesia

Xylazine hydrochloride is probably the most commonly used alpha-2 adrenergic ago-
nist in ruminant veterinary practice despite its association with significant complications
like hypoxemia and pulmonary edema. These complications are linked to the activation of
pulmonary intravascular macrophages [2] and may involve the release of TNF-Alpha. TNF
suppression agents, such as choline chloride given before xylazine, have a small beneficial
effect [3]. Other inflammatory mediators are almost certainly involved as well. In adult
sheep, the degree of hypoxemia is similar to xylazine, romifidine, detomidine, and medeto-
midine [4]. Goats exhibit higher sensitivity to xylazine compared with other ruminants [5].
As a result, careful dose calculation and monitoring of the effects of xylazine are particularly
important in goats, especially in goat kids, when compared with other ruminants.

Sedatives such as xylazine have proven effective in reducing stress during restraint
and offer partial analgesic effects, yet they do not provide comprehensive pain relief during
disbudding. Wagmann et al. (2018) investigated the efficacy of a mixture of xylazine
(0.05 mg/kg) and ketamine (20 mg/kg) administered prior to disbudding by certified Swiss
farmers [6]. The authors concluded that this mixture did not provide adequate anesthesia
and analgesia in goat kids and suggested that refinement to this protocol is required.
Dexmedetomidine administered intramuscularly may be more effective for analgesia as
compared with the administration of lidocaine around the horn bud and intramuscular
injections of meloxicam [7]. In the UK, where disbudding is carried out under general
anesthesia in the first week of life, xylazine overdose is considered the most common cause
of death [8]. Alphaxalone has been recommended for disbudding performed on the farm at
a dose of 6 mg/kg administered intravenously [9]. As it provides negligible analgesia [10],
a pre- and postsurgical analgesic protocol should be followed.

Alpha-2 agonists are easy to administer while performing this procedure on the
farm; however, they produce adverse effects such as hypothermia and cardiovascular and
respiratory depression and often require a reversal agent such as yohimbine or atipamezole
postoperatively (which will also reverse analgesia).

Nonsteroidal anti-inflammatory drugs have demonstrated their ability to alleviate
post-disbudding pain; however, they have fallen short in preventing the acute pain induced
during the disbudding process itself [11]. Another disadvantage is that, as goats are
disbudded shortly after birth, drugs requiring liver metabolism may have a variable, but
probably long, duration of action. Goat kids, like other neonates, almost certainly have a
restricted capacity to metabolize and eliminate drugs. The administration of sedatives such
as xylazine may reduce stress and make it easier to administer local anesthetics.

Inhalant general anesthetics, especially isoflurane, have demonstrated effectiveness
in mitigating pain during disbudding. However, their practicality in commercial farming
scenarios is questionable given the need for anesthetic equipment and the potential for
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increased disbudding costs [12]. Using inhalation anesthetics in oxygen delivered by an
anesthetic machine via a face mask used to be considered the best practice [9] but can be
dangerous in the presence of a hot iron, as oxygen supports combustion.

The United Kingdom and several European countries mandate that disbudding in
goats is exclusively carried out by a veterinarian, utilizing appropriate anesthetics and
analgesics [6]. Consequently, in New Zealand and Australia, a significant shift has occurred,
and pain relief measures have become mandatory for disbudding goat kids [13]. This
represents a noteworthy advancement in animal welfare practices.

3. Local Anesthesia

The administration of a local anesthetic to produce a nerve block is a common strategy
for alleviating pain during the disbudding process [1]. Usually, two nerves are blocked
on each side: the cornual branches of the infratrochlear nerve (a branch of the ophthalmic
division of the trigeminal nerve CNV1) and the zygomaticotemporal nerve (also referred
to as the cornual branch of the lacrimal nerve, a branch of the maxillary division of the
trigeminal nerve CNV2) (Figure 1).

Figure 1. Each horn bud in the goat kids is innervated by two cornual nerves, one from the zygo-
maticotemporal nerve and the other from the infratrochlear nerve. Therefore, two injection sites (as
shown in the image) on each side are recommended to effectively alleviate pain during the process
of disbudding.

Usually, 0.5 mL of a local anesthetic is injected at each site, but because there may be
several branches in the infratrochlear nerve [14], sometimes larger volumes are used in
order to achieve a greater spread.

All local anesthetics have a potential for toxicity [15]. Goat kids, given their small size,
are susceptible to overdosing. Overdose can cause cardiac effects (signs of reduced cardiac
output), sedation, convulsions, and death. The need to block four nerves for both horn buds
(in contrast to a single nerve per side in calves) increases the amount of local anesthetic
required. Additionally, the vascularity at the site of the nerve block [16] exacerbates the risk.
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Goat kids are not small calves [17], as they undergo disbudding at a younger age, with
thinner skulls and much lower body weights [17]. For instance, goat breeds like pygmy
and Nigerian Dwarf, which can weigh under 2 kg, might encounter issues when 2 mL of
2% lidocaine (20 mg/mL), equivalent to 20 mg/kg, is injected for nerve blocks. This dosage
could easily lead to plasma concentrations sufficient to cause convulsions [18].

It is crucial to emphasize that the techniques used for disbudding calves should not be
directly applied to goat kids. Thinner skulls in goat kids increase the risk of brain damage
due to thermal injuries, resulting in convulsions and death. Pathological findings from
goat kids disbudded with hot irons have revealed central areas of cavitation in the brain
both in gray and white matter. Histological lesions included extensive hemorrhages and
coagulation necrosis [19].

The thermal lesions caused by cautery disbudding can be infected by bacteria, leading
to a potential risk of bacterial invasion and the development of meningoencephalitis [20].
This can be treated with a course of broad-spectrum antibiotics [19]. Surviving goat kids
display signs of incoordination, paraplegia, and convulsions even up to 3 weeks. The
application time is also crucial, as the placement of a cautery iron for 15 to 20 s has been
shown to cause severe brain injuries [21].

4. Lidocaine

Lidocaine is the most commonly used local anesthetic in veterinary practice [5] in
most places, apart from the EU, and is thus used in goat medicine. It is a cheap, effective,
usually safe, and readily available drug. Only one study has reported convulsions in a
goat kid following the intramuscular injection of lidocaine at approximately 10 mg/kg [22].
In a dose-ranging investigation, a dosage of 7 mg/kg of body weight administered intra-
venously over a 60 s interval yielded no observable signs of toxicity [18]. Consequently,
this dosage is presumed safe for cornual nerve blocks in goat kids, apart from possibly acci-
dental intravenous administration. This dose may also be deemed safe for other localized
and regional nerve blocks in goat kids, although more extensive safety studies involving
more animals are necessary.

The minimum dose necessary to induce seizures in young goats (12.42 mg/kg) [18] is
lower than the comparable dose observed in newborn lambs (18.40 mg/kg) [22], and the
average plasma level associated with convulsions in young goats (13.59 ± 2.34 µg/mL) [18]
is lower than the level observed in newborn lambs (16.6 ± 1.2 µg/mL) [22]. Compara-
tively, in dogs, the lidocaine concentration leading to toxicity averages 8.21 + 1.69 µg/mL,
which is notably below the level recorded in young goats (13.59 ± 2.34 µg/mL) [23].
Meyer et al. (2001) found that horses exhibited intoxication at a serum concentration of
3.24 ± 0.74 µg/mL [24]. These variations might stem from the diverse criteria used to
assess toxicity across different species. In dogs, the toxic indicator is the tonic extension
phase, and horses are evaluated based on skeletal muscle fasciculation [23,24], while for
goat kids, the endpoint is the occurrence of convulsions [18].

An additional factor contributing to these observed disparities might be the variation
in the rate of drug administration across different species or the fact that young animals
display reduced sensitivity to lidocaine toxicity when compared with adult animals, a
phenomenon likely attributable to the higher volume of distribution, a characteristic of
younger individuals [22].

The subcutaneous administration of 0.5 mL of 1% lidocaine (such as around a superfi-
cial nerve) exhibits rapid absorption in goat kids, with an average Tmax of 0.33 ± 0.11 h [18].
Rapid absorption has also been reported following cornual nerve blocks in goat kids [25].
The Cmax (0.58 ± 0.17 µg mL−1) was around four times less than the concentration
(2.55 ± 0.41 µg mL−1) observed at 1 min following intravenous administration of 8 mg kg−1

for over 60 s, the maximum dose that did not show any observable toxicity signs. The
elimination rate of both lidocaine and its main metabolite in most species, monoethyl-
glycinexylidide (MEGX), is moderate, indicated by mean t1/2λz values of 2.28 h and 3.20 h,
respectively. After subcutaneous administration, the mean peak plasma concentration of

105



Animals 2024, 14, 555

lidocaine (2.12 ± 0.81 µg/mL) is roughly 6.5 times lower than the mean plasma concen-
tration associated with convulsions (13.59 ± 2.34 µg/mL) [11]. Decreasing peak plasma
concentrations lowers the likelihood of encountering toxicity [26]. Given that the Cmax
resulting from a 0.5 mL/site injection of 1% lidocaine hydrochloride is significantly below
the toxic plasma concentration, this dosage is likely to be safe for cornual nerve blocking
in goat kids. No pain-related behavioral signs have been observed during disbudding,
indicating that it is also effective. Nevertheless, most of the goat kids begin exhibiting be-
haviors like head scratching and head shaking around 20 min after nerve blocks, indicating
that the anesthetic effect lasts only for about 20 min.

Another major concern of using lidocaine in food-producing animals is its metabolism
to dimethylaniline, (DMA, 2,6 xylidine). Amide-type local anesthetics like lidocaine un-
dergo hepatic biotransformation through specific cytochrome P450 isoforms (CYP3A4) [27].
In the liver, lidocaine is transformed into various metabolites, including MEGX and
glycinexylidide (GX), via oxidative N-dealkylation and DMA via hydrolysis [28]. MEGX
further undergoes biotransformation into DMA, although MEGX does not appear to
be produced in significant quantities in adult cattle [29]. DMA is oxidized in the liver
into N-(2,6-dimethylphenyl) hydroxylamine (DMHA) and 4-amino-3,5-dimethylphenol
(DMAP). DMHA then goes through phase II biotransformation, specifically acetylation,
forming reactive esters that ultimately convert into a reactive nitrenium ion through phase
2 metabolism [27]. Both DMHA and the nitrenium ion can bind covalently to DNA, po-
tentially leading to the development of tumors. DMHA can also react with hemoglobin,
resulting in the formation of hemoglobin adducts through covalent binding with cysteine
residues [27]. The other metabolite, DMAP, undergoes oxidation into an iminoquinone, a
highly reactive electrophile with genotoxic properties [30]. DMAP can also be generated
from the nitrenium ion or DMHA. DMA is also rapidly converted into 4-hydroxyDMA,
which accounts for most urinary excretions in adult cattle [29]. DMA, based on toxicology
studies in rats, has been categorized as a possible carcinogen (Group B) by the International
Agency for Research on Cancer [31]. Their study revealed that the chronic oral administra-
tion of DMA at a dosage of 3000 mg/kg resulted in the development of various cancers in
rats, including nasal papilloma and carcinoma, rhabdomyosarcoma, subcutaneous fibro-
mas, and fibrosarcomas [32]. Furthermore, the mortality rates were higher in animals that
received 1000 and 3000 mg/kg of DMA compared with a control group. These findings led
to the conclusion that DMA acts as a carcinogen in rats. In dogs, chronic oral administration
of DMA causes weight reduction, hyperbilirubinemia, hypoproteinemia, and significant
fatty degeneration. In vitro studies have further confirmed the genotoxic and mutagenic
properties of DMA [27]. Several human studies have also indicated a potential link between
DMA and an increased risk of bladder cancer [33,34]. Collectively, these reports strongly
suggest that DMA may indeed be a carcinogen (at high doses), making the use of lidocaine
in animals undesirable.

5. Articaine

Articaine is also an amino-amide class of local anesthetic and has a distinct molecular
structure with a thiophene ring instead of a benzene ring, as well as an ester group. The
presence of the thiophene ring enhances its lipid solubility, enabling articaine to penetrate
nerve fibers more efficiently and rapidly [35]. Moreover, its unique molecular composition
allows for improved penetration through both bone and soft tissues compared with other
local anesthetics [36,37]. The ester group present in articaine makes it noteworthy among
amino-amide local anesthetics, as it undergoes rapid hydrolysis via esterases in tissues and
plasma [35–37] into inactive articainic acid. Its structure means that DMA is not formed
during metabolism. Therefore, articaine hydrochloride could be a safer and better option
than lidocaine in goat kids.

An investigation involving goat kids was conducted to assess the toxicity and phar-
macokinetics of articaine [25]. This study involved the intravenous administration of
articaine hydrochloride IV over a 60 s interval, and cornual nerve blocks were administered
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using 1.5% articaine hydrochloride at a dosage of 0.5 mL per site. The goat kids exhib-
ited no indications of toxicity associated with nerve blocks throughout these procedures.
The average IV dosage required to produce convulsions was 16.24 ± 1.79 mg kg−1, and
the average plasma concentrations of articaine and articainic acid at convulsions were
9.90 ± 2.38 µg mL−1 and 1.52 ± 0.91 µg mL−1, respectively.

A cornual nerve block (0.5 mL/site) using 1.5% articaine hydrochloride took about
4 min to anesthetize the horn buds based on the absence of a withdrawal response and
vocalization during disbudding. This confirms the effective analgesic properties of articaine.
However, post-procedure observations of the animals indicated the emergence of pain-
related behaviors, including head scratching and head shaking, approximately 25 min after
administration [25].

The absorption of articaine after cornual nerve block is rapid with a mean Cmax of
586.58 ± 175.10 ng mL−1 at 0.22 ± 0.09 h (Tmax) [25]. The rapid absorption of articaine has
also been reported in red deer [38] and humans [39]. This could be because of vasodilata-
tion, similar to most other local anesthetics [40,41]. The short elimination half-lives (t 1

2λz)
of articaine following intravenous administration (0.66 ± 0.14 h) and subcutaneous ad-
ministration (1.26 ± 0.34 h) indicate that articaine is rapidly eliminated following systemic
absorption [25]. Rapid elimination has also been reported in deer [38] and people [39].
The rapid elimination of articaine may be due to rapid hydrolysis via plasma esterases
into articainic acid [37]. Articainic acid is an inactive metabolite, whereas several primary
metabolites of lidocaine are active and can increase the risk of toxicity during accidental
intravenous administration or overdosage [35,42]. The plasma clearance of articaine was
rapid in goat kids with a mean CLss of 5.33 ± 0.66 L kg−1 in [25].

There have been no documented cases of toxicity associated with articaine in humans,
except, rarely, paresthesia. Paresthesia is characterized by persistent anesthesia or altered
sensations in the form of neuropathy [43]. The underlying causes of paresthesia are still
not fully understood, although it is believed to be related to the concentration of local
anesthetics used. It has been observed that paresthesia occurs more frequently following
the administration of 4% local anesthetic formulations, such as articaine and prilocaine,
compared with the use of 2% local anesthetic formulations [43] (Puccini et al., 2015).

While articaine is generally regarded as a safe local anesthetic, it can potentially
cause systemic toxicity (including central nervous system and cardiovascular toxicity) in
the same way as other local anesthetics when toxic concentrations are achieved through
inadvertent intravenous administration or overdose. However, the risk of systemic toxicity
from overdosing is relatively low compared with lidocaine and other amide-type local
anesthetics, as articaine undergoes rapid hydrolysis following systemic absorption [35]. The
clearance of articaine was found to be 10 times greater than that of lidocaine in humans [44].
Rapid hydrolysis into an inactive metabolite and rapid elimination indicate that articaine
may be safer than lidocaine for cornual nerve blocks in goat kids. Because of its wider
margin of safety, articaine is clinically used as a 4% solution, whereas lidocaine is used as a
2% solution [37].

6. Bupivacaine

Both lidocaine and articaine are effective for less than 30 min. The most commonly
used local anesthetic in people, bupivacaine, has a much longer duration in most species.
It was used for nerve blocks in adult goats in [45] for the surgical examination of the stifle
joint conducted under general anesthesia and sciatic–femoral nerve blocks. In that study,
0.5% bupivacaine provided effective analgesia with minimal adverse effects. A group
receiving a higher dose of bupivacaine exhibited unilateral motor blockade. There are
no reports of its use in goat kids. Extended-release formulations of bupivacaine have
been used for disbudding in calves [46]. However, long-acting local anesthetics such as
bupivacaine may not be a good choice for goat kids, as bupivacaine possesses a greater risk
of cardiac toxicity than articaine and lidocaine. This is an area that needs further research.
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7. Postoperative Analgesia

Since many of the currently available local anesthetics for farm animals are short-
acting, additional pain relief, such as systemic NSAIDs, may be required to control post-
disbudding pain. Meloxicam has been reported to reduce post-disbudding pain in goat
kids [12]. The subcutaneous administration of meloxicam one hour prior has been shown
to minimize the expression of inflammatory cytokines in calves [47]. The administration of
both local anesthesia and systemic NSAIDs appears to have the potential to provide better
analgesia (compared with their single use) for disbudding pain. However, this did not
provide complete postoperative pain relief in goat kids [11,48]. A mixture of meloxicam,
lidocaine, and xylazine demonstrated greater effectiveness in the initial hour compared
with using only lidocaine [48]. Therefore, a multimodal analgesic approach is likely to
prove more beneficial than the use of a single class of drugs.

8. Alternative Methods of Disbudding

Various alternative methods to thermal cautery disbudding have been explored in goat
kids [49]. These include cryosurgical and chemical disbudding techniques. Cryosurgery
involves the use of liquid nitrogen, while the chemical method employs caustic paste
(usually sodium, calcium, or potassium hydroxide paste) to destroy horn buds. However,
both cryosurgical and caustic paste methods have been shown to induce more pain than
cautery disbudding, as indicated by physiological and behavioral changes [49]. Caustic
paste can also pose the risk of damaging the eyes of goat kids and the udders of does.

There is a need for a simple, safe, cost-effective technique to prevent the growth of
horn buds in goat kids. An approach involving clove oil injection into the buds has been
explored for horn bud destruction both in goat kids [50] and in calves [51], but the degree
of distress experienced during or after the procedure has not been extensively reported.
Histopathological changes in horn buds injected with clove oil have revealed coagulative
necrosis of the epidermis and the infiltration of neutrophils. In a pilot study involving
12 calves injected with clove oil and isoeugenol at different volumes, it was found that the
injection volume plays a crucial role in successful disbudding in calves [52]. Although clove
oil or isoeugenol injections cause less tissue damage compared with hot iron disbudding,
the success rate is lower, as scur formation was observed six months post-procedure [53,54].
Therefore, clove oil injection may not be entirely effective in preventing horn bud growth,
as evidenced by the emergence of scurs in a substantial number of goat kids.

Cloves have been used as an anesthetic for fish [55] and a product (Aqui-S, Aqui-S
New Zealand Ltd., Lower Hutt, New Zealand) is currently registered to enable handling.
It has traditionally been used as a local anesthetic agent in human dentistry; however, at
higher doses, it exhibits cytotoxic effects [56]. As cloves and their oil have been used since
antiquity as food flavorings, there are fewer concerns about residues in food-producing an-
imals. Consequently, these characteristics render them a viable alternative for disbudding.

Concerns regarding adverse effects in goat kids, including swelling around the horn
buds, have been raised because of hypersensitivity reactions caused by eugenol, the main
component of clove oil [49]. The pain experienced during the administration of clove oil for
disbudding in calves has been found to be significantly less than the cautery disbudding
method. However, calves injected with clove oil still exhibited signs of discomfort in [57].

A similar study with calves subjected to clove oil injection showed that, while it might
delay horn bud growth, complete elimination is not always achieved. Over a 16-month
observation period, calves developed horns or scurs, suggesting that clove oil injection
might not offer full prevention of horn bud growth [58]. These findings emphasize the
complexities and limitations associated with alternative disbudding methods in terms of
both effectiveness and potential adverse reactions.

While clove oil appears promising as an alternative to cautery disbudding, it falls
short of the effectiveness demonstrated by traditional methods. Further efforts should be
directed toward refining the formulation of clove oil or eugenol to enhance its distribution
in the horn bud. Research is essential to understanding the pharmacokinetics and systemic
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absorption of eugenol/clove oil and determining if a slow-release formulation is necessary.
Such advancements could potentially reduce the volume used and mitigate associated
side effects.

9. Conclusions

The ideal analgesia for goat kid disbudding is probably a combination of general
anesthetic with postoperative analgesia, but this is not practical or economical on a farm.
The current best practice for disbudding on the farm suggests sedation and analgesia with
an alpha-2 agonist, the placement of a two-point nerve block, and then an NSAID for
postoperative pain. Even this is unlikely to be completely effective in all cases, and more
research is needed in this area.

Local anesthetics are an essential part of the analgesic protocol, but goat kids are sus-
ceptible to overdose. Articaine has been shown to be a safe and effective local anesthetic for
cornual nerve block in goat kids with some potential advantages over lidocaine. However,
comprehensive future studies, involving different doses and concentrations of articaine
hydrochloride within a larger population, are essential to definitively establishing its safety
and efficacy for disbudding. Articaine is not registered for use in livestock and lacks
defined minimum residual limits (MRLs). This absence of MRLs is a significant obstacle
hindering its use in livestock. Residue studies to allow an MRL to be set for articaine would
require substantial financial investment and a collaborative effort from the animal industry.

In addition to local anesthetic nerve blockades, sedation with an alpha-2 agonist will
minimize stress and pain during local anesthetic injections. As recovery may be prolonged
in neonatal animals, an antagonist should be available. Postoperative pain management
using NSAIDs is essential, although long-acting local anesthetics may be available in
the future. Evaluating the safety and efficacy of this protocol and its administration via
alternative routes, such as transdermal or oral, for disbudding in goat kids should be a
focus of future studies.

Looking ahead, further research into drugs that will prevent the growth of horn buds
safely and effectively is needed. Addressing the issue of pain associated with disbudding
in goat kids necessitates a collaborative effort across multiple disciplines, including clin-
ical veterinarians, pharmacologists, chemists, and animal welfare scientists. By pooling
expertise from these diverse fields, a more comprehensive and effective solution may be
developed to enhance the well-being of goat kids during the disbudding process. This
multidisciplinary approach is crucial for the successful resolution of the problem and the
development of humane practices in goat farming.
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Simple Summary: Anesthesia plays a crucial role in ensuring the ethical treatment of research animals
and obtaining reliable and accurate data. Pig anesthesia is a significant aspect of clinical veterinary
practice, especially when performing surgical procedures, diagnostic imaging, various medical inter-
ventions, and scientific research procedures. Proper anesthesia protocols ensure that the animals are
kept unconscious and do not experience pain or distress, which is not only ethically responsible but
also needed by regulatory bodies and animal welfare standards. This article is a narrative review that
presents considerations for sedation and anesthesia of pigs, highlighting species particularities and
reviewing the agents and protocols commonly used for medical and scientific research.

Abstract: In clinical veterinary practice, proper training and expertise in anesthesia administration and
monitoring are essential. Pigs are suitable experimental animals for many surgical techniques because
they are similar in size to humans and have a short reproductive cycle. This makes them ideal for
research concerning organ transplantation, cardiovascular surgery, and other procedures that require
a large animal model. Sedation and premedication should be administered at the lowest dose to be
effective with predictable results and reduced adverse effects, to ensure the safety of both the animal and
the team involved in the procedure, with a fast onset and optimizing the induction and maintenance of
anesthesia. The goal of induction is to achieve a safe and effective level of anesthesia that ensures patient
safety and facilitates research. Most of the time, inhalation anesthesia with endotracheal intubation
is the ideal choice for maintenance of anesthesia. The difficulties related to endotracheal intubation
of pigs can be overcome by knowing the anatomical peculiarities. Effective analgesia tailored to the
specific procedure, the pig’s condition, and individual responses to medications should complete the
maintenance and recovery protocols, reducing perioperative complications.

Keywords: sedation; anesthesia; pig; research models; protocols

1. Physical Examination

Anesthesia ensures the welfare of the animal, enables safe and effective procedures,
and allows accurate data collection [1]. Pigs are commonly used in medical and scientific
research as models for studying various aspects of human health, physiology, and disease
due to their physiological and anatomical similarities to humans [2–5]. Pigs are known
to be highly sensitive to stress; consequently, they should be conditioned at the research
facility for approximately 7–14 days before anesthesia, in order to have time to adapt to the
experimental environment, to avoid stress-induced respiratory disease or diarrhea [6,7].

Physical preanesthetic examination must be performed in a low-stress environment
with a focus on evaluation of respiratory and cardiovascular system function. Age and
maturity criteria should be considered when choosing a model. The majority of pigs utilized
in research projects weigh 15 to 30 kg and are 8 to 12 weeks old [6]. The decision to withhold
food and water preoperatively in pigs should involve consideration of the animals’ age,
growth rate, breed, pregnancy status, clinical status, and the procedure to be performed.
Food and water withdrawal regimens have a wide variation of 2–12 h, with particularly
aggressive fasting regimes for gastrointestinal or abdominal surgery [8]. Although fasting
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may reduce the risk of regurgitation, fasting is recommended, as aspiration of regurgitated
material can occur and may cause airway obstruction, irritation, and ultimately aspiration
pneumonia. Aspiration of acidic stomach fluid may cause immediate reflexive airway
closure and destruction of type II alveolar cells and pulmonary capillary lining cells.
Consequently, pulmonary edema and hemorrhage may develop along with bronchospasm,
dyspnea, hypoxemia, and cyanosis. Recovery from aspiration pneumonia, which may take
a few days to develop, depends on the pH of the material aspirated. Swine tend to have
very acidic stomach fluid with a pH as low as 1.5–2.5 [9,10]. Alfalfa and other types of
hay can delay gastric emptying time, which means that vomiting and aspiration may still
occur even after a 12-h fasting period. To avoid this, alfalfa or other forms of hay should
be eliminated from the regular diet 2–3 days before general anesthesia [11]. Piglets, who
are prone to hypoglycemia, should be denied suckling for only 1–2 h before anesthetic
induction [9].

Following the preanesthetic physical examination, pigs can be included in a corre-
sponding anesthetic risk classification system according to the American Society of Anes-
thesiologists (ASA) physical status classification system modified for veterinary medicine,
which is a valuable prognostic tool, recommended to identify an increased risk of anesthetic
complications and mortality [12,13].

2. Recommendations for Injectable Administration

Injections should be performed slowly, if possible, to minimize pain associated with
injection and tissue damage [13]. The dimensions of the needle must be selected with
consideration of the size of the animal and the liquid consistency of the injectate (aqueous
or oily). For subcutaneous (SC) or intramuscular injections (IM), an extension line can be
used to connect the syringe and cannula to reduce the risk associated with any evasive
movements of the pig [14]. As the skin of swine can only be tented to a minor degree,
only small-volume SC injections can be delivered [15]. Two locations are suitable for SC
injections and are recommended: the knee fold (body weight under 20 kg) or caudal to the
ear base for larger pigs [14,16]. The muscles of the caudal thigh region, semimembranosus
and semitendinosus, and the gluteal muscles of the cranial thigh are generally selected
as suitable sites for large-volume intramuscular injections (IM), while for small volumes
to be injected, it is preferred to access the dorsolateral neck region. The injection can be
performed in a less stressful way for the pig if it is possible to feed it simultaneously [16,17].
Intravenous access (IV) can be challenging because pigs resist restraint and they have very
few superficial veins accessible for IV injection or catheterization [9,17]. The auricular veins,
jugular vein, and femoral vein are all commonly used for drawing blood or administering
fluids in pigs. The auricular veins located on the lateral and medial dorsal ear margins offer
the easiest access for intravenous injection [18,19]. Topical application of a eutectic mixture
of lidocaine 2.5% and prilocaine 2.5% for anesthesia has been used for various procedures
in human medicine and although studies in animals are limited, it appears to facilitate
various procedures in veterinary medicine, including venipuncture [20]. Puncture of the
ear vein requires physical restraint of the swine or heavy sedation. After occluding blood
flow at the base of the ear, the vessels are easy to identify (Figure 1). Catheterization of the
jugular or femoral veins can be challenging and should only be performed by experienced
personnel [14,15].
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3. Sedation and Premedication

Sedation is often suitable for minor procedures, such as physical examination and
diagnostic imaging. or it represents premedication for anesthesia. The choice of an appro-
priate sedative protocol should be based on the procedure’s type, animal health status,
age, and size. Other factors, such as the desired level of sedation and the duration of the
procedure, influence the selection of medication. Sedatives should be administered at the
lowest effective dose to minimize the risk of adverse effects and calculated based on the
pig’s weight. After sedation, pigs may still need some level of physical restraint to ensure
the safety of both the animal and the people involved in the procedure [12,15].

Stress during handling and restraint can lead to increased vocalizations, making the
process of injection of sedative drugs challenging. Small pigs (<10 kg) may be more easily
restrained compared to larger ones and less prone to stress-related vocalizations [1].

Multiple classes of agents may be considered for sedation in pigs. A detailed chart
of dosage, route, and other considerations is listed in Table 1. Short, minimally invasive
procedures may require lighter sedation with a focus on anxiolysis, achieved through ben-
zodiazepines and alpha-2 adrenoreceptor agonists. Some examples of sedation protocols
include azaperone, acepromazine, diazepam, midazolam, xylazine, and medetomidine,
used alone or in combination. For more invasive surgeries, a combination of sedatives,
analgesics, and anesthetics may be employed to ensure deep sedation, pain control, and a
stable anesthetic plane. When deeper sedation is necessary, ketamine can be added to the
combinations. The combination of tiletamine and zolazepam produces heavy sedation and
immobilization with a relatively small volume of injection, making it particularly suitable
for larger animals [1]. If pain is present or anticipated for the procedure, the protocols may
also include opioids such as buprenorphine, morphine, or methadone.

Premedication refers to the administration of medications prior to the induction of
anesthesia, minimizing stress and anxiety, providing pre-emptive analgesia, and optimizing
the induction and maintenance of anesthesia. The ideal premedication agent must be
effective with predictable results and fast onset, easy to administer, reversible, and offer
analgesia and muscle relaxation with minimum cardiovascular and respiratory depression.
Medication and protocols will be decided based on the preanesthetic evaluation (ASA
status, temperament, procedure, level of pain expected), anesthetist’s level of experience,
and equipment available [13].

Protocols for premedication usually include multiple agents, to achieve the maximum
effect with minimum secondary effects. The use of the anticholinergics glycopyrrolate
and atropine has the potential to reduce salivation and bronchial secretions, but should be
performed with caution considering their cardiovascular effects [15].
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Table 1. Premedication and sedative drugs used in pigs.

Agent Dose Route Considerations, References

Azaperone 1–8 mg/kg (2–5 mg/kg mean) IM 20 min to effect, sedative [21]

Acepromazine 0.03–1.1 mg/kg IM, IV tranquilizer [21,22]

Alfaxalone 5 mg/kg IM sedation [23,24]

Diazepam 0.2–1 mg/kg IV mild sedative [21,24]

Midazolam 0.1–0.5 mg/kg IM, IV sedation [21,24]

Xylazine 1–2 mg/kg IM, IV pigs are the least sensitive to xylazine [11]

Medetomidine 0.03–0.08 mg/kg IM, IV sedation and muscle relaxation [11,22]

Ketamine 2–30 mg/kg IM, IV poor muscle relaxation and analgesia [21,24,25]

Buprenorphine 0.01–0.05 mg/kg q 8–12 h. IM, SC significant respiratory depression [14,26]

Butorphanol 0.1–0.3 mg/kg q 4–6 h. IM, IV analgesia, short duration [21,25]

Tiletamine/Zolazepam
Telazol® 2–8.8 mg/kg IM, IV sedation or anesthesia for minor surgery, 20–30 min,

reversed with flumazenil 0.08 mg/kg [23]

Naloxone 0.5–2 mg/kg IV [21]

Glycopyrrolate 0.005–0.01 mg/kg IM, IV correct bradycardia, decrease salivation [9,15]

Atropine 0.02–0.04 mg/kg IM, IV correct bradycardia, decrease salivation [9,26]

Combinations

Azaperone
Midazolam

4 mg/kg azaperone
IM [27,28]

1 mg/kg midazolam

Azaperone
Xylazine

2 mg/kg azaperone
IM [27,28]

2 mg/kg xylazine

Azaperone
Butorphanol
Ketamine

5 mg azaperone,

IM [28,29]0.2 mg butorphanol

15 mg ketamine

Azaperone
Xylazine
Ketamine

6 mg/kg azaperone

IM [28,30]2 mg/kg xylazine

15 mg/kg ketamine

Azaperone
Midazolam
Ketamine

2 mg/kg azaperone

IM [21,28]0.3 mg/kg midazolam

15 mg/kg ketamine

Acepromazine
Ketamine

1.1 mg/kg acepromazine
IM [21]

33 mg/kg ketamine

Alfaxalone
Butorphanol
Medetomidine

4 mg/kg alfaxalone

IM [31]0.4 mg/kg butorphanol

40 µg/kg medetomidine

Dexmedetomidine
Ketamine
Methadone

10 µg/kg dexmedetomidine

IM Premedication, facilitate intubation [32]10 mg/kg ketamine

0.25–0.4 mg/kg methadone

Xylazine
Ketamine

1–2 mg/kg xylazine
IM Premedication, short-term anesthesia [12,33]

10–20 mg/kg ketamine

Medetomidine
Ketamine

0.04–08 mg/kg medetomidine

IV, IM Premedication, short-term anesthesia [34]10 mg/kg ketamine

10 mg/kg ketamine
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In the authors’ practice, the most common combination for sedative drugs used for
pigs includes IM administration of ketamine (10–20 mg/kg), xylazine (1–2 mg/kg), and
midazolam (0.1–0.2 mg/kg), with alternative combinations that include medetomidine or
dexmedetomidine [12]. The lower doses are usually used for sedation and the higher are
intended for anesthetic premedication.

Detailed considerations regarding the dosage, route of administration, and relevant
data for sedation and premedication are shown in Table 1.

3.1. Butyrophenones

Azaperone is a neuroleptic sedative medication that belongs to the class of butyrophe-
none derivatives. It is widely used in pigs to provide sedation, reduce anxiety, calm animals,
and combat aggression and stress in pigs [35,36]. Azaperone works at central adrenergic
dopamine D2 receptors located in the reticular activating system, leading to its sedative and
anti-anxiety effects [37]. Vasodilation, hypotension, and hypothermia may occur following
the administration of azaperone so it should not be used in debilitated, hypovolemic, or
hypotensive pigs. It can also be used for maiden sows after their first litter to reduce the
rejection of piglets [22]. Azaperone given alone by the intramuscular route has a rapid
onset of action (5–20 min) with a duration of action of 2–6 h (maximal effects within 30 min),
while intravenous injection often results in excitation [9]. Oral or intranasal administration
of azaperone at a dose of 4 mg/kg induces sedation in piglets that is clinically comparable
to an intramuscular administration of 2 mg/kg [38,39]. Deeper sedation with fewer adverse
effects can be achieved by combining azaperone with ketamine and butorphanol [22,29]
or azaperone with ketamine and an alpha-2 adrenoreceptor agonist [30,40]. Susceptible
Pietrain pigs were protected against halothane-induced malignant hyperthermia with
azaperone at doses of 0.5–2 mg/kg IM [11,41].

3.2. Phenothiazines

Acepromazine (0.11–1.1 mg/kg IM, IV, SC) is commonly used alone for tranquiliza-
tion [21]. This drug decreases spontaneous motor activity and may cause hypotension and
hypothermia [9]. The recommended dose of 0.1–0.4 mg/kg IV or IM may be used in combi-
nation with other drugs to improve the quality of premedication [40]. The combination
of acepromazine with ketamine or tiletamine/zolazepam produces reliable sedation and
muscle relaxation [36]. Acepromazine 1.1–1.65 mg/kg IM has been reported to reduce the
incidence of malignant hyperthermia related to anesthesia [41,42].

3.3. Benzodiazepines

Benzodiazepines are a class of sedative and anxiolytic drugs that are commonly used in
both human and veterinary medicine. They work by enhancing the effects of a neurotransmit-
ter called gamma-aminobutyric acid (GABA), which leads to sedative, anxiolytic (anti-anxiety),
muscle relaxant, and anticonvulsant effects [43]. Midazolam, when compared with diazepam,
is water-soluble, is absorbed rapidly, has a higher affinity for receptors, stronger potency, and
quicker onset with a shorter duration of effect [9]. Diazepam and midazolam can be used
in combination with ketamine, alpha-2 adrenoreceptor agonists, and opioids. When used in
combination with ketamine, muscle relaxation will be improved during anesthesia [36], and
when used in combination with alfaxalone (5 mg/kg IM), muscle relaxation and sedation
levels increase [9]. Intranasal administration of midazolam (0.2 mg/kg) provides reliable
sedation (effect in 3–4 min) [44]. Less commonly used benzodiazepines include flurazepam
2 mg/kg IV [43] and lorazepam 0.1 mg/kg [15]. Flumazenil 0.02–0.08 mg/kg is a selective
benzodiazepine antagonist reversal agent that can be used to counteract the effects of benzo-
diazepines in cases of overdose or adverse reactions, or to facilitate recovery from sedation or
anesthesia [45].
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3.4. Alpha-2 Adrenoreceptor Agonists

Alpha-2 adrenoreceptor agonists are a class of medications that activate specific
receptors in the body. These medications have various effects, including sedation, analgesia,
muscle relaxation, and vasoconstriction. Alpha-2 adrenoreceptor agonists are often used
for sedation, preanesthetic medication, and pain management in pigs, alone or as part of a
balanced anesthesia protocol in combination with other medication, such as anesthetics and
analgesics [46]. Pigs are more resistant to alpha-2 adrenoceptor agonists than ruminants and
other domestic animals and require a higher dosage for mild to moderate sedation [46,47].
While alpha-2 agonists have beneficial effects, they can also cause side effects such as
bradycardia, decreased respiratory rate, hypotension, decreased gastrointestinal motility,
and hypothermia. Reversal agents (e.g., atipamezole, yohimbine, tolazoline, vatinoxan) are
available to antagonize the effects of the alpha-2 adrenoceptor agonists [36].

Intramuscular administration of medetomidine at doses ranging from 0.04 to 0.08 mg/kg
induced sedation and muscle relaxation, with an increasing effect observed at higher doses [34].
However, increasing the dose above 0.1 mg/kg did not further intensify sedation or muscle
relaxation, but instead prolonged the duration of these effects. Medetomidine (0.04 mg/kg
IV or 0.08 mg/kg IM) in combination with ketamine has been utilized in pigs for short-term
anesthesia [34]. Medetomidine, when combined with butorphanol (0.2 mg/kg IM) and
ketamine (10 mg/kg IM), produced prolonged anesthesia in pigs compared to a combination
of xylazine (2 mg/kg IM), butorphanol (0.2 mg/kg IM), and ketamine (10 mg/kg IM). The
achieved muscle relaxation was adequate for tracheal intubation, but moderate cardiovascular
depression was observed after using the combination of medetomidine, butorphanol, and
ketamine for anesthesia [48]. In a specific study involving young pigs, the administration of
a combination of 0.08 mg/kg medetomidine and 0.2 mg/kg butorphanol did not provide
adequate sedation to facilitate blood sampling in all animals [49].

3.5. Dissociative Anesthetics

Ketamine is an NMDA (N-methyl D aspartate) receptor antagonist drug that can be
used for sedation in pigs. It works by antagonizing the effects of the neurotransmitter glu-
tamate, resulting in sedation, analgesia, and dissociation from the environment. Ketamine
is often used in combination with other medications to achieve the desired level of sedation
or anesthesia. Ketamine can cause side effects such as increased muscle tone, muscle
fasciculations, poor muscle relaxation, and analgesia when used alone [36]. Occasionally,
pigs may experience a period of disorientation and ataxia during recovery from ketamine
sedation and might need a comfortable environment to prevent injury during this phase.
These effects can be managed and minimized through appropriate dosing and the use of
ketamine combined with other medications [50]. In healthy animals, ketamine has a good
analgesic effect and only slightly modifies heart rate. When ketamine is administered alone,
the ability of the swallowing reflex is unaffected, but excitation and excessive salivation can
develop during anesthesia and recovery [22]. Tiletamine is a dissociative anesthetic used
in veterinary medicine in combination with zolazepam (Telazol® tiletamine/zolazepam)
to induce sedation or anesthesia in pigs. Tiletamine is approximately twice as potent
as ketamine and has a longer duration of action [51]. Telazol® (tiletamine/zolazepam,
4.4 mg/kg) and xylazine (2.2 mg/kg) IM provide rapid sedation and can be used for seda-
tion and induction [47]. Pigs often experience prolonged and rough recovery characterized
by swimming motions, with repeated attempts to right themselves when recovering from
Telazol anesthesia, similar to that observed when ketamine is used alone [41,52]. Studies
have shown that tiletamine and zolazepam are both eliminated more slowly in pigs than in
other species and that tiletamine has a longer effect than zolazepam in pigs [52]. Flumazenil
can be used to antagonize zolazepam, but care should be granted to avoid residual effects
of tiletamine leading to excitation, muscular tone, and fasciculations [23,45].
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3.6. Opioids

Opioids are a class of medication commonly used for pain management and sedation in
pigs, acting by binding to specific receptors in the nervous system (opioid receptors), which
results in pain relief, sedation, and other effects [12,37]. Opioids can be used for sedation in
pigs, particularly for pain management and calming effects. Opioids can be used in combina-
tion with other sedatives, anesthetics, or analgesics to achieve the desired level of sedation
and pain control; pure µ agonists result in a strong analgesic effect, and partial µ agonists can
be used in protocols for moderate pain along with µ- antagonists/K-agonists. Opioids can
cause side effects such as vocalization, excitations, respiratory depression, decreased heart
rate, and constipation. Butorphanol, administered at 0.2 mg/kg intramuscularly, resulted
in important behavioral changes in piglets, resembling panic attacks, which have not been
described in this species before [53]. The administration of buprenorphine did not decrease
piglet vocalizations during the castration procedure but proved to be highly successful in
mitigating pain behaviors [54]. In the post-surgery recovery, buprenorphine alleviated pain
related to different surgical procedures, but had reduced effectiveness in addressing pain
symptoms associated with inflammation, organ failure, or systemic disease when compared
to pain associated with surgical incisions, orthopedic, dental, or ophthalmic procedures [55].
Buprenorphine has a relatively long duration of effect and low rate of side effects, but doses
higher than 0.01 mg/kg must be used bearing in mind a possible respiratory depression [14].
Fentanyl, a short-acting opioid, can be used in pigs as a constant intravenous infusion at
rates varying from 10 to 100 µg/kg/h without major side effects [46]. Boluses of morphine
and fentanyl infusions will decrease the minimum alveolar concentration (MAC) levels
of isoflurane [41]. Fentanyl and buprenorphine can also be used as transdermal patches,
providing long-term analgesia, with a reduced incidence of side effects [56]. An example of
ensuring preoperative and postoperative analgesia is represented by the protocol consisting
of epidural morphine (0.1 mg/kg) prior to abdominal surgery, and a transdermal fentanyl
patch (50 mg/h) postoperatively, which contributes to almost immediate restoration of
normal activity levels and weight gain after recovery from general anesthesia [57]. Reversal
agents available (e.g., antagonist naloxone 0.5–2 mg/kg IV [21]) can counteract negative
side effects of opioids and can be used in unexpected reactions or overdose. In these cases,
analgesic effects will also be reversed.

3.7. Alfaxalone

Alfaxalone is a neurosteroid anesthetic agent used for sedation, induction, and main-
tenance of anesthesia, with a rapid onset and relatively short duration of action. Alfaxalone
can be administered both IV and IM in pigs [58,59]. Alfaxalone can cause side effects such
as respiratory depression, decreased heart rate, and a decrease in blood pressure. Alfax-
alone has been used in pigs to induce and maintain anesthesia with minimal cardiovascular
effects [31,53]. A combination of alfaxalone and dexmedetomidine can be used to maintain
long-duration total intravenous anesthesia in pigs [32,60].

3.8. Local Anesthetics

Lidocaine and bupivacaine are local anesthetic medications commonly used for vari-
ous purposes in pigs, including local anesthesia for surgical procedures, postoperative pain
management, and nerve blocks [24]. While local anesthetics are generally well-tolerated,
some pigs may experience hypersensitivity or allergic reactions to the medications [37].
Careful observation of adverse reactions is important [61]. Lidocaine is widely used intra-
venously in different species to provide analgesia and as an adjunct to general anesthesia.
In one experimental model of lung transplantation, intravenous lidocaine was associated
with an attenuation of the histological markers of lung damage in the early stages of reper-
fusion [62]. Administration of lidocaine may help to prevent lung injury during surgery
with one lung ventilation, reducing the expression of proinflammatory cytokines and lung
apoptosis [63].
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3.9. Neurokinin-1 (NK-1) Receptor Antagonists—Maropitant

Maropitant is a potent, selective neurokinin (NK-1) receptor antagonist primarily
administered before anesthetic premedication (1 mg/kg q 24 h, IM) as an antiemetic
medication [64]. The MAC of sevoflurane is decreased by maropitant, indicating a potential
role as an adjunct visceral analgesic, as demonstrated in other animals [65]. Thus, there is a
potential for future applications for swine.

3.10. Non-Depolarizing Neuromuscular Blocking Agents (NMBs)

In biomedical research, the use of non-depolarizing neuromuscular blocking agents
(NMBs) involves profound muscle relaxation and prevents accidental awareness in condi-
tions of inadequate anesthesia or analgesia. NMBs are widely recommended for tracheal
intubation, which is relatively difficult in swine. Studies are quite controversial regarding
the achievement of these objectives [66]. When using NMBs, pigs must be unconscious
and controlled ventilation must be used. NMBs are not recommended for routine use
or without advanced monitoring, which includes measuring arterial blood pressure and
neuromuscular blockade assessment with a peripheral nerve stimulator. The NMBs can
be administrated as boluses or continuous-rate infusions. Reversal of the neuromuscular
blockade involves administration of an acetylcholinesterase inhibitor (neostigmine, edro-
phonium), which can also generate side effects such as bradycardia and gastrointestinal
stimulation. To reduce parasympathetic stimulation, it is recommended to administer an
anticholinergic (atropine, glycopyrrolate) before the antagonization of the NMBs. The most
common NMBs used are pancuronium, vecuronium, atracurium, and rocuronium. Al-
though monitoring of neuromuscular blockade is possible in pigs, neuromuscular blockade
is rarely objectively monitored and is often administered based on clinical signs such as the
return of spontaneous ventilation [67].

4. Induction of Anesthesia

The induction of anesthesia is the process of administering medication to initiate
general anesthesia. Preoxygenation with supplemental oxygen via a mask or a flow-by
technique can increase the oxygen concentration in the lungs and bloodstream, reducing the
risks for hypoxia during induction. The goal of induction is to achieve an adequate depth
of anesthesia to prevent any perception or response to the procedures being performed.
Induction agents are administered by the inhaled or intravenous route, or a combination
(Table 2), depending on the patient and surgical setting. Inhalational induction is not
preferred as a method for the induction of anesthesia in pigs, due to the lack of predictable
effects, the high volume of volatile agents necessary, and increased risks for the person-
nel. Ketamine, thiopental, propofol, and alfaxalone are the drugs most commonly used
for inducing anesthesia in pigs, due to their fast-acting effects and short recovery time.
Thiopental is a thiobarbiturate used for maintenance of anesthesia with tracheal intubation
and positive pressure ventilation, as apnea may occur. Ketamine administration alone is
not recommended but it can be combined with propofol for endotracheal intubation [68].

Table 2. Induction agents in pigs.

Agent Dose Route Considerations, References

Propofol 2–5 mg/kg IV [37,68]

Propofol
Fentanyl

2 mg/kg
5 µg/kg IV allows intubation [14,46]

Dexmedetomidine
Propofol

20–40 µg/kg dexmedetomidine
2–4 mg/kg propofol [46]

Propofol
Ketamine

1–1.5 mg/kg propofol
0.5–1 mg/kg ketamine IV sedation, induction, no respiratory

depression, good recovery [68,69]

Alfaxalone 0.6–1.1 mg/kg IV, IM [46]

Etomidate 2–4 mg/kg IV provides cardiovascular stability [46,69]

Thiopental 10–20 mg/kg IV apnea, prolonged recovery [9]
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5. Endotracheal Intubation

Endotracheal intubation is necessary to protect the airway, preventing aspiration
and maintaining positive pressure ventilation during anesthesia [70]. Swine intubation
is challenging, technically difficult, and requires experience due to anatomical features:
the shape of the head, thick, muscular, long tongue, long and narrow oropharyngeal
space, small larynx, and an undersized trachea compared to many other animals. The
elongated soft palate can hide the epiglottis and partially obstruct the airway, making
breathing more difficult, especially in brachycephalic breeds of pigs [18]. The pharyngeal
diverticulum is an anatomical structure found in pigs that protrudes from the wall of the
pharynx, above the esophagus. The presence and length of the pharyngeal diverticulum
(3–4 cm in adults, 1 cm in piglets), can vary among individuals and affect the ease of
intubation [19]. The porcine larynx is tubular and lies caudal to the intermandibular space.
The structural elements are divided into the thyroid cartilage, the cricoid cartilage, and
some primitive arytenoid cartilage. This organ creates a characteristic obtuse angle with the
trachea [19]. This anatomical characteristic, along with the existence of the lateral laryngeal
ventricles, or ventricles of Morgagni, has been cited as the cause of the difficulty that may
be encountered when intubation is performed [18,19]. The vocal cords are positioned
caudoventrally [18] and can be easily traumatized if too much pressure is applied during
tracheal intubation [19].

Both dorsal and ventral recumbency are described as positions for endotracheal intuba-
tion, but ventral recumbency is crucial in facilitating safe and fast intubation and reduces the
risk of airway obstruction determined by overextension of the head [19,22,41]. Ventral recum-
bency can be advantageous if compared to dorsal, especially for operators lacking experience
in anesthetizing animals [71]. To decrease the risk of laryngeal spasm, the arytenoids can be
sprayed with 2–4% lidocaine a minute before intubation is attempted [46,72].

A laryngoscope with a long, straight blade and a plastic guide wire (bougie) can be
used to facilitate introduction of the endotracheal tube (ETT) [73]. Some techniques are
described using a urinary catheter, a rigid stylet through the tube [41], or a rigid semiflexible
intubating stylet adapted manually [12]. The laryngoscope should be introduced until the
base of the epiglottis, pressing the tongue followed by lifting the soft palate with the tip
of the tube. The ETT is advanced under direct visualization into the trachea (Figure 2).
If the ETT cannot be advanced, it should be gently rotated around its longitudinal axis.
Straight tubes made of soft material may be advantageous in diminishing the risk of
laryngeal trauma. To avoid any aspiration, it is recommended to use cuffed endotracheal
tubes and to have available equipment for suction if regurgitation appears. Due to the
anatomical particularities in many situations, a flexible connector can be added between
the endotracheal tube and the circuit. Ideally, successful and smooth intubation should
be performed on the first attempt. If resistance is encountered during intubation at the
level of the arytenoid cartilages, a smaller ETT should be used. Repeated attempts during a
standard intubation procedure can determine laryngospasm and laryngeal trauma [72,74].
Extubating is performed gently to avoid any traumatization of the tissues; their edema can
cause obstructions of the airways during the awakening period. Each time the patient’s
position changes, the endotracheal tube must first be disconnected from the respiratory
circuit. As an alternative to ETT, a laryngeal mask can be used. The mask is designed to
be positioned over the larynx and enable positive pressure ventilation if required [1]. In
neonatal piglets, ETT can be very difficult, so the use of a bougie to guide a laryngeal mask
during placement can reduce the potential of airway obstruction [75].
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Figure 2. Anatomical features of the oropharyngeal region in pigs (i), advancement of the endo-
tracheal tube (ii)—a, tongue; b, soft palate; c, pharyngeal diverticulum; d, esophagus; e, trachea;
f, lateral ventricle; g, vocal cord; h, epiglottis.

6. Maintenance of Anesthesia

Maintenance (Table 3) of anesthesia can be performed by administering intravenous
anesthetics (total intravenous anesthesia—TIVA), volatile/inhaled anesthetics, or mixed
(partial intravenous anesthesia—PIVA) [76,77]. A hypermetabolic response to potent
volatile anesthetic gases such as halothane, sevoflurane, desflurane, and isoflurane can
trigger malignant hyperthermia, a pharmacogenetic disorder of skeletal muscle [78]. Main-
tenance of anesthesia can be complimented with a multimodal approach by the use of local
anesthesia. Lumbosacral epidural anesthesia is the most commonly used form of regional
analgesia in swine [9]. For maintenance of anesthesia, in the authors’ practice [77], the
most common PIVA protocol used isoflurane (1–1.5%) in combination with IV infusion of
ketamine (1–3 mg/kg/h) and lidocaine (3–6 mg/kg/h).

Effective analgesia, in a pre-emptive approach tailored to the specific procedure, can
prevent the onset of pain and minimize the sensitization of pain pathways, reducing the
overall pain experience. Using a combination of different classes of analgesic drugs can
provide more comprehensive pain relief [14,79]. Multimodal analgesia involves using
opioids, nonsteroidal anti-inflammatory drugs (NSAIDs), local anesthetics, and other pain-
relieving medications. NSAIDs are commonly used to reduce inflammation and inhibit
pain signaling pathways. NSAIDs alone might not provide sufficient pain control for
more invasive procedures, so they should be used in combination with other analgesic
medications or techniques [80,81]. The specific choice of NSAIDs and its dosing regimen
should be determined by the individual pig’s health status, the procedure being performed,
and other relevant factors, to ensure the safety and well-being of the animals. NSAIDs
such as meloxicam or flunixin meglumine can help reduce inflammation and provide
analgesia [80]. They are particularly useful for managing postoperative pain and are often
used in combination with opioids. Local anesthetics such as lidocaine or bupivacaine can
be administered via various nerve blocks or wound infiltration to provide targeted pain
relief to specific areas and to reduce the need for systemic analgesics and in some cases,
continuous infusion of analgesic medications can maintain a consistent level of pain relief
throughout the procedure and into the recovery period [82]. Effective pain management
should continue into the recovery period and protocols should be adjusted based on the
pig’s response and pain level. Crystalloid fluids during anesthesia are used to maintain
homeostasis, to cover losses, to restore blood volume, and for stabilization, usually given
at a rate of 5–10 mL/kg/h IV. For patients younger than 12 weeks, glucose 5% can be given
to prevent hypoglycemia [83].
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Table 3. Maintenance agents in pigs.

Agent Dose Route Considerations, References

Isoflurane 1.6–1.9% MAC ETT [84]

Sevoflurane 2.4–2.66% MAC ETT [85]

Propofol 2–3 mg/kg, followed by
0.1–0.2 mg/kg/min IV [24]

Alfaxalone 4.8 mg/kg/h IV [31]

Fentanyl 50 µg/kg, followed by
CRI 30–100 µg/kg/h. IV [23,46]

Alfaxalone
Dexmedetomidine

5.3 mg/kg/h alfaxalone
3.0 µg/kg/h dexmedetomidine IV [32]

Alfaxalone
Dexmedetomidine
Ketamine

5 mg/kg/h alfaxalone
4 µg/kg/h dexmedetomidine
5 mg/kg/h ketamine

IV [60]

Medetomidine
Butorphanol
Ketamine

0.03–0.08 mg/kg medetomidine
0.2 mg/kg butorphanol
10 mg/kg ketamine

IM Longer sedation than
Xylazine-Butorphanol-Ketamine [48]

Xylazine
Ketamine
Midazolam

2 mg/kg xylazine
0.25 mg/kg midazolam
10–20 mg/kg ketamine

IM Immobilization in 2 min, effect for 50–90 min [8]

Tiletamine/Zolazepam
Telazol®

Xylazine

4.4–6 mg/kg
tiletamine/zolazepam
2–2.2 mg/kg xylazine

IM Provides rapid sedation and can be used for
sedation and induction [45,47]

Tiletamine/Zolazepam
Telazol®

Medetomidine

5 mg/kg tiletamine/zolazepam
0.005 mg/kg medetomidine IM Provides rapid sedation and can be used for

sedation and induction [45,47,56]

Guaifenesin
Ketamine
Xylazine
“Triple drip”

50 mg Guaifenesin
2 mg Ketamine
1 mg Xylazine
CRI 2.2 mL/kg/h

IV Recovery in 30–45 min, Guaifenesin- centrally
acting muscle relaxant [23,47]

Flunixin Meglumine 1–4 mg/kg q 24 h. IV managing postoperative pain [23]

Meloxicam 0.4 mg/kg IM managing postoperative pain [8,22]

Carprofen 1–4 mg/kg q 12 h.
2 mg/kg q 24 h. IM, IV managing postoperative pain [8]

7. Perianesthetic Monitoring and Complications

Safely managing anesthesia requires a thorough understanding of the indicators
linked to the depth of anesthesia and the continuous surveillance of both the patient and
the anesthetic apparatus. Monitoring during anesthesia enables evaluation of the depth
of anesthesia, adjustment depending on patient particularities, and lastly, the monitoring
of body functions during the procedure and in the recovery. Assessing anesthesia depth
should be performed every 5–10 min, by evaluation of muscle relaxation, of the jaw tone,
absence of movements, and absence of palpebral during anesthesia. If ketamine is included
in the anesthetic protocol, ocular reflexes are not reliable [14].

For short surgeries, basic monitoring is recommended, while for surgeries that last
more than 60 min or with patients who belong to the risk group ASA III-V, additional
monitoring is recommended. Basic monitoring should include heart rate, pulse rate and
quality, respiratory rate, mucous membrane color, capillary refill time, oxygen saturation,
and temperature [40]. The pulse can be detected by feeling the auricular artery, the brachial
artery, the saphenous artery, or the sublingual artery on the ventral surface of the tongue.
Pulse oximetry measures both pulse rate and the percentage of oxygenated hemoglobin.
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The probe can be best placed on the pig’s tongue, lip, or ear, but also on the eyelid [40,41],
tip of its tail, or in the interdigital space for unpigmented animals. Direct auscultation of
the heart should also be performed. In swine, the normal heart rate typically falls within
the range of 60 to 90 beats per minute. During anesthesia, drugs such as ketamine and
alpha-2 adrenoreceptor agonists can have a significant effect on the heart rate, causing
tachycardia or bradycardia, respectively. Rate, rhythm, and pattern of respiration should be
assessed during anesthesia. Temperature should be periodically assessed, and appropriate
warming methods should be applied during anesthesia in order to prevent hypothermia.

Additional monitoring involves capnography, arterial blood pressure measurement,
electrocardiography (ECG), assessment of urinary output, and blood glucose concentra-
tion [9]. Capnography analyzes the CO2 concentration in the gases expired by the patient
and evaluates the adequacy of ventilation, equipment integrity, and the cardiovascular
system. ECG monitoring for detecting dysrhythmias can be easily performed in pigs,
especially using patch electrodes. Pigs have a prolonged Q-T interval compared to other
species [6]. Non-invasive blood pressure measurement is relatively easy in pigs, with either
oscillometric or Doppler flow monitors, and a cuff that should be between 40% and 60% of
the circumference of the limb [40].

If non-depolarizing neuromuscular blocking agents are used in the protocols, monitor-
ing of the neuromuscular blockade is mandatory, including measuring arterial blood pres-
sure and neuromuscular blockade assessment. Possible complications include incomplete
recovery from non-depolarizing neuromuscular blocking agents (postoperative residual
curarization) and upper airway obstruction. Mechanomyography and acceleromyog-
raphy techniques are the most used methods for neuromuscular blockade monitoring.
Acceleromyography, due to its ease of use for research purposes, was presented in several
studies involving pigs [86,87].

During the recovery phase from inhalation anesthesia, diligent and frequent moni-
toring is imperative, as life-threatening complications can arise [41]. Hypotension with
mean arterial pressures less than 65 mmHg or systolic arterial pressures less than or equal
to 85 mmHg is common in miniature pigs and may need intervention with dopamine or
dobutamine (1–10 mg/kg/min continuous rate IV infusion for either), colloids, or fluid
support [88].

When sedating pigs, respiratory obstruction can be a major concern. Oxygen can be
supplied via the anesthesia machine or an oxygen demand valve, ideally with the pig placed
in a sternal position [22]. Dorsal soft palate displacement, leading to airway obstruction,
can develop in nonintubated pigs during anesthesia or after extubation [88,89]. One study
on the majority of anesthesia-related complications during experimental invasive surgical
procedures on pigs showed that, within the group of individuals at high anesthetic risk for
invasive surgical operation, complications occurred in 20.31% of cases [12]. The majority
of anesthetic difficulties involved intubation (14.06%), which led to the adjustment of
the anesthetic approach by performing an emergency tracheotomy (6.25%) and keeping
the anesthesia through an endotracheal tube attached to this level [12]. These types of
complications need immediate attention and medical stabilization, as they can become life-
threatening. In a liver injury model in pigs, vasopressin, as opposed to fluid resuscitation
or saline placebo, resulted in prolonged survival and complete recovery from uncontrolled
and otherwise fatal hemorrhagic shock [90]. Some complications may appear in correlation
with the conditions in which the pigs are housed. Consequently, care should be used
for any possible material to be ingested that can determine gastrointestinal foreign body
blockages [88]. Limiting the number of pigs in stalls is important because bite wounds
are common complications and can be a source of infection for experiments that involve
surgical management [91].

Malignant hyperthermia (MH) is a disorder of skeletal muscle that starts as a hyper-
metabolic response that can be triggered in susceptible pigs by stress, a warm environment,
volatile anesthetic gases, and the muscle relaxant succinylcholine [92]. Porcine stress syn-
drome and malignant hyperthermia can develop in genetically susceptible pigs when
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they interact with stressors, such as exertion, heat, or social interaction, or when they are
exposed to certain medications or anesthetics that stimulate skeletal muscle [93]. MH
affects humans, horses, dogs, and certain pig breeds and can be clinically manifested by
hyperthermia, tachycardia, tachypnea, increased carbon dioxide production, increased
oxygen consumption, acidosis, hyperkalemia, muscle rigidity, and rhabdomyolysis [63].
Halothane is traditionally considered the most likely volatile inhalant to trigger MH, but
delayed onset of MH can also occur with exposure to isoflurane and desflurane [41]. Rhab-
domyolysis is not a classic symptom of MH, but it can occur as a late complication during
MH when muscle tissue breaks down and releases potassium and myoglobin into the
bloodstream [92]. The effectiveness of injecting azumolene into pigs susceptible to MH is
not fully understood but, as an analog of dantrolene (which is currently the only drug used
to treat MH), azumolene is effective in reversing MH crisis in pigs in some studies [94,95].
A nanocrystalline dantrolene sodium suspension is also described as effective in the treat-
ment of malignant hyperthermia and comparable to that of standard dantrolene sodium in
pigs [96], but more research is needed to confirm its efficacy and safety.

8. Recovery

Proper post-anesthesia care, in a calm environment with the pig positioned in a sternal
recumbency as soon as possible, is essential during recovery to ensure that the pig wakes
up safely and without complications. It is advisable to retain the endotracheal tube until the
pig begins moving its head spontaneously or can no longer tolerate the tube. Ideally, the pig
should be placed with the head elevated and the neck extended to help maintain a patent
airway [41]. Continuous monitoring of vital signs, which include heart rate, respiratory
rate, body temperature, and oxygen saturation, is crucial during the recovery period and
should be assessed for all major procedures at least every 15 min during recovery as
it regains consciousness [91]. It is advisable to be ready to take action in the event of
complications or any adverse reactions to anesthesia. Maintaining a warm and controlled
environment to prevent the pig from getting too cold is essential, as pigs are susceptible
to hypothermia during anesthesia and recovery. Mild hypothermia improved survival
in a clinically relevant pig model of hemorrhagic shock and trauma [97]. Pain should be
assessed and managed appropriately during recovery. The recovery area should be kept
quiet and free from unnecessary disturbances, allowing a gradual and safe recovery.

9. Conclusions

Pigs share many anatomical and physiological similarities with humans, allowing
extensive surgical procedures and monitoring, making them suitable for complex experi-
ments. Proper anesthesia management is essential when conducting experiments involving
animals and researchers must acquire a thorough knowledge of the techniques and proto-
cols to be conducted [98]. Anesthesia is essential to minimize pain and distress in research
animals. Pig anesthesia safeguards animal welfare, enables accurate data collection, facili-
tates standardized experiments, ensures the safety of both animals and researchers, and
supports the development and validation of medical interventions. Pigs offer a level of
consistency and reproducibility in experiments that may be more challenging to achieve
with smaller animals. Researchers must adhere to strict ethical guidelines and obtain
appropriate approvals. Continuing education and research procedures in terms of the
Three Rs (replacement; reduction; refinement) are needed to ensure minimal use of pigs in
research, along with a maximized welfare [99].
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Simple Summary: Pain assessment in cattle can be performed using pain scales, e.g., the Numerical
Rating (NRS) or Visual Analogue Scale (VAS). Pain scoring via pain scales is subjective to the
experience and attitude of the observer. This systematic review and meta-analysis aimed to compare
pain evaluation by dairy practitioners of different countries participating in surveys about pain
management in cattle. Pain scoring is influenced by different factors, including the participant’s
age, gender, education, and profession. Female participants gave higher pain scores, as did recently
graduated veterinarians. Differences in pain scales, nomenclature of terms, and values used between
studies complicate the direct comparison of pain scores. The majority of these articles originated from
the European Union. Different legislation and welfare considerations of countries could possibly
influence pain scoring. Only a small number of studies could be included in the meta-analysis.
Mean values of pain scores given for different procedures and conditions differed significantly, for
both Numerical Rating Scales 0–10 and 1–10. The findings of the present study showed that the
comparison of pain scores used in different articles is difficult due to the use of different pain scales
and nomenclature, and that pain scoring is influenced by different factors, such as age and gender.

Abstract: Subjective pain assessment in cattle is contingent upon the observer’s experience and
attitude. Studies of pain assessment in cattle by veterinarians and farmers using different pain scales
have been published. This systematic review and meta-analysis aimed to describe and compare the
pain scores given by veterinarians and producers for different procedures and conditions using either
a NRS or VAS. The literature search was conducted with PubMed (MEDLINE) and Agricola, using
defined search terms (e.g., peer-reviewed). A total of 842 articles were identified. After screening
of duplicates, abstracts, and full texts, a total of 16 articles were included in this systematic review.
Different pain scales were used for the included studies (NRS 0–10 for eight studies, NRS 1–10 for
six studies, NRS 1–10 and VAS 0–10 for one study, and VAS 0–1 for one study). Most studies (n = 11)
originated from the European Union. Mean values for pain scores differed significantly between
studies included in the meta-analysis for both NRS 0–10 and 1–10. The findings of this study indicated
that comparison of pain scoring used in different studies is difficult due to use of different pain scales
and varying nomenclature, and that many variables (such as age and gender) influence pain scoring.

Keywords: acute pain; analgesia; calves; dairy cattle; farmers; NRS; pain management; pain scoring;
survey; VAS; veterinarians

1. Introduction

Painful conditions are frequently seen in cattle, caused either by disease or by veteri-
nary or husbandry procedures [1]. Cattle are stoic prey animals; as a result, it is considered
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that these animals present a higher threshold for pain compared to other species because
they show a strong pain-masking behavior [2–4]. Therefore, recognition and behavioral
changes and categorization of the degree of pain experienced by cattle is the responsibility
of both the producer and the veterinarian to preserve a good welfare status [3,5]. However,
analgesic treatment to mitigate the level of acute pain is mainly up to the veterinarian [1],
but despite this, it is important to note that this treatment is largely dependent on the full
knowledge of the normal behavior of the species. Individual animals may differ in their
expression of emotions [6]. However, the assessment and evaluation of pain by use of
behavioral parameters, such as ethograms [7,8] or facial grimace scales [5], depends on the
observer’s experience and attitude [2], and is therefore subjective.

In the last 15 years, many surveys about pain assessment and management in cattle
have been published to evaluate attitudes of veterinarians and farmers towards pain and
pain management in cattle and assess their use of non-steroidal anti-inflammatory drugs
(NSAIDs) in regard to frequency, active components, and occasions [9–11]. Studies of pain
assessment for different procedures and/or conditions in cattle were conducted among vet-
erinarians [1,9,12] as well as producers [13,14], using either Numerical Rating (NRS) [9,11]
or Visual Analogue (VAS) [15] Scales. The concluding results of these studies showed that
there is a wide range of attitudes of veterinarians [9,11,12] as well as practitioners [16]
about pain assessment in cattle. However, questionnaires about the assessment of pain
during procedures and conditions are described to be a promising method to assess the
attitudes of participants towards pain in cattle [17].

A NRS is a scale that can be delivered verbally or graphically, and has two end points
(“no pain” and “worst pain”) [18]. In bovine medicine, the NRS normally ranges either
from 0 (no pain) to 10 (worst pain imaginable) [9,12] or 1 (no pain) to 10 (worst pain
imaginable) [1,15]. The VAS is a horizontal line of 100 mm, describing pain limits from
“no pain” (0, left side) to worst pain imaginable (10, right side) [15,19]. This scale can also
be used in surveys about pain assessment in cattle [15,19,20] and is described to be more
informative than the NRS [17].

Scientific evidence shows that in both human and veterinary medicine, there are
inherent factors associated with the assessor that can influence the recognition of acute
pain, such as the social status, work status, age, gender, degree of empathy, and educational
level of the assessor [1,9,12,21,22], as well as inherent factors associated with the animal
such as species, age, breed, gender, and even the presence of previous pathologies [23].

However, individual pain scores given for different conditions and procedures through-
out the studies show a high variety, from the lowest to the highest score presented to the
respondents being selected by individuals [1,9,12].

Numerous studies of pain assessment in cattle have been published [5,24]. How-
ever, to this day, there is no systematic review of pain assessment in cattle conducted by
veterinarians or producers using different rating scales.

Therefore, the objectives of this systematic review were to (i) describe and compare
pain scores and their ranges awarded by veterinarians and producers using either a Numer-
ical Rating or a Visual Analogue Scale, and (ii) compare these scores with a meta-analysis.
The aim of this review is to contribute to the current knowledge about pain assessment in
cattle, and the possible differences between veterinarians and producers.

2. Materials and Methods
2.1. Search Strategy and Selection Criteria

The systematic review and meta-analysis were performed following the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis protocols (PRISMA-P) study
protocols [25] as described by Oehm et al. [26] and Tschoner and Feist [27] (Figure 1,
Supplemental Table S1). The literature search was conducted using the scientific literature
databases PubMed (including MEDLINE) and Agricola on 11 September 2023. A range of
years for the analysis of articles was not defined. The search was conducted for all available
years. The search terms were separated to include the four components of this review:
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1. To identify studies with a study population of veterinarians, farmers, or other people
working with cattle: (veterinar* OR farm* OR produc* OR livestock* OR clinic* OR
practition* OR caretak*) AND

2. To identify studies performed on cattle: (cattle OR cow OR calves OR calf OR dairy
OR beef OR bovine) AND

3. To identify studies where a questionnaire was used: (survey OR question* OR attitud*
OR opinion*) AND

4. To identify studies with surveys conducted on pain assessment or management: (pain*
OR analges*).
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analysis) flow chart
of the literature search and the selection of the studies included in the present systematic review
about the comparison of pain assessment using either a Numerical Rating (NRS) or Visual Analogue
(VAS) Scale.

Alternative wording was included by using the operator “OR”, and all components
were combined by the separator “AND”. Using an asterisk, the databases were screened
for words beginning with these letters.

2.2. Selection of Studies

Initially, studies of all languages and designs describing pain assessment and/or
management by veterinarians, farmers, and producers in cattle were included in the study
selection. Subsequently, studies that were not written in German or English, or studies
that were not accessible in any way, were not included in this review. De-duplication
was conducted manually by the first author (TT) using EndNote (Version X9.3.3). The
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titles were then screened by TT. Reviews and proceedings, as well as titles including other
species than cattle, were excluded at this point. The abstracts of the remaining publications
were then evaluated by three authors (TT, KM, MF) to assess whether the eligibility criteria
where met. The screening criteria for abstracts were the following:

1. The title and abstract were written in either English or German.
2. The study was conducted using a questionnaire or survey.
3. Veterinarians, farmers, producers, or other people handling cattle were involved.
4. The animal population was cattle.
5. Pain assessment was conducted.

All three reviewers were blinded to the decision of the other reviewers until decisions
(include, exclude, maybe) had been made. If a study seemed eligible for two of the
three reviewers, the full text was retrieved. All full texts were then screened by TT and
were included in the present systematic review if the following questions, as described
previously [27–29], could be answered with “yes”:

(1) Can the full text be obtained?
(2) Is the full text written in English or German?
(3) Is the study population either veterinarians, producers, or farmers?
(4) Is the study design a survey or a questionnaire?
(5) Is the questionnaire or survey about the assessment of painful conditions/procedures?
(6) Is either a Numerical Rating or Visual Analogue Scale used for pain assessment?
(7) Is the questionnaire about cattle?
(8) Is the article peer-reviewed?

To objectively compare pain assessment, only full texts including pain scoring using
either a NRS or VAS were included. If the screening author was uncertain whether a study
should be included, two other authors (KM and MF) were consulted.

2.3. Extraction of Data

Data extraction was performed by the first author (TT). Data were extracted regarding
primary author, year of publication, country, group, and number of participants, return
rate and responses included, demographic data of participants, pain scale used, painful
condition and procedures assessed in either adult cows or calves, assessment of necessity
and/or use of analgesics, and funding information.

2.4. Meta-Analysis and Statistical Analysis

For the meta-analysis, studies with more than three pain scores per condition or
procedure were included. Median and mean values as well as SD were collected. If these
were not presented in the articles, the first author of the respective article was contacted,
with three authors responding and providing the original data. Pain scores were compared
with the Kruskal–Wallis test. Studies were divided into articles using NRS 0–10 and NRS
1–10. For the 0 hypothesis, scores of 0 were defined to be no pain. The means of pain scores
for professions were compared by the meta-analysis.

3. Results
3.1. Demographic Findings

A PRISMA flow chart presenting an overview of the literature search and study se-
lection is given in Figure 1. A pool of 842 articles was identified by the search terms in
the databases; of these, 111 were duplicates. A total of 731 titles were screened, with
632 excluded at this point due to the title. Abstract screening was conducted for 99 refer-
ences, with a total of 39 references retrieved for full-text screening, including 3 references
for which no abstract was available. Studies for which the abstract was not accessible were
included in the full-text retrieval and screening. A total of five references were excluded as
they were commentaries (n = 2) or books or book chapters with no abstract (n = 3). A total of
16 references met all eight inclusion criteria and were therefore included in the systematic
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review. All abstracts and full texts screened for this systematic review were written in
English. The publication year ranged from 2006 to 2022. A total of three studies were
conducted in Finland, two studies each in the United Kingdom, New Zealand, Norway,
and Germany, and one study in each of Canada, Denmark, Switzerland, Brazil, and China.
Demographic information about the articles is presented in Table 1.

3.2. Material and Methods

The study design of the articles was heterogenous. The study population was veterinar-
ians in seven studies, farmers in four studies, and either veterinary students, veterinarians
and veterinary students, or veterinarians and farmers in one study, respectively. In one
study each, the study population was either veterinarians, frontline staff, and managers, or
veterinarians, farmers, and claw trimmers. Pain scores were given under the assumption
that no analgesia was provided for 11 studies. A total of four studies did not define if
pain scoring was conducted under the assumption of pain relief, and one study asked for
pain scoring depending on the presence or absence of analgesia (Table 1). Surveys were
conducted exclusively in paper form for eight studies and online for five studies. A total
of four studies used both paper and online surveys. Pain assessment was presented for
procedures and conditions in either adult cattle or in calves in two studies each, and for
both in eleven studies. For one of the surveys, the age category of animals was not stated.
A total of 14 studies were exclusively about pain management in cattle, whereas one study
each also included horses, or horses and pigs, in the survey. NRS ranging from 0 to 10 was
used in eight studies, NRS ranging from 1 to 10 in six studies, VAS ranging from 0 to 10 in
one study, and both NRS (1–10) and VAS (0–10) in one study (Table 1). In one study, use of
NRS (0–10) was described in the Material and Methods section, but VAS (0–10) was used in
the Results section. In nine studies, sections about availability and use of analgesics, and/or
questions regarding pain management, were included in the survey. Detailed information
about Material and Methods is presented in Supplemental Table S2.

3.3. Funding Information

Funding information was provided for 87.5% (n = 14) of studies and is presented in
Supplemental Table S2.

3.4. Pain Scores for Adult Cattle

Pain Scores awarded for different procedures and conditions in adult cattle are pre-
sented in Table 2 (procedures) and Table 3 (conditions). The procedures that were rated
to be most painful were caesarean section (median 9 for [1,9,11,12,14]), claw amputation
(median 10 for [1,9,12,30] and 9 for [11,14]), extirpation of the eye bulb (median 9 for [11]
and 10 for [14]), laparotomy (median 9 for [14]), left displacement of the abomasum (LDA)
surgery (median 9 for [9,12]), omentopexy (median 9 for [14]), and treatment of interdigital
hyperplasia (median 9 for [30]). The conditions and diseases that were rated most painful
were acute toxic (E. coli) mastitis (median 9 for [13]), dystocia (mean and SD 9.0 ± 1.83
for [16]), and fracture of tuber coxae (median 9 for [15]). Numerical data were not presented
for n = 3 (18.8%) of the included articles [31–33]. Lorena et al. [31] stated that fracture
repair was considered the most painful procedure. Pain scores including ranges are given
in Supplemental Table S3 (procedures) and Supplemental Table S4 (conditions).

3.5. Pain Scores for Calves

Pain scores awarded for different procedures and conditions in calves are presented
in Table 4 (procedures) and Table 5 (conditions). The procedures considered to be most
painful were castration (median of 9 both for Burdizzo and surgical [11,14]), disbudding
(median 9 for [20] and mean and SD 9.0 ± 1.2 for [22]), laparotomy (median 9 for [11,14]),
repair of distal limb fracture (median 10 for [12]), and umbilical hernia surgery (median
9 for [11,14]). The conditions that were rated to be most painful were ileus (median 9
for [11,14]) and distal limb fracture (mean and SD 9.0 ± 1.2 for [22]). Numerical data were
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not presented for n = 3 (18.8%) articles [31–33]. Pain scores including ranges are given in
Supplemental Table S5 (procedures) and Supplemental Table S6 (conditions).

3.6. Differences between Veterinarians, Farmers, and Others

A comparison of pain scoring between veterinarians and farmers was presented in 25%
(n = 4) of papers. According to Thomsen et al. [13], farmers considered diseases to be more
painful than veterinarians. These differences were significant for left displaced abomasum
(p < 0.0001), digital dermatitis (p = 0.01), mastitis (p < 0.001), and interdigital necrobacillosis
(p < 0.0001). Becker et al. found significant differences in pain perception for therapeutic
trim of a sole ulcer and treatment for white-line disease between veterinarians, farmers,
and claw trimmers [30]. Contrary to that, pain scores given by Bavarian veterinarians and
farmers did not differ significantly [14]. Profession of the participants also had no effect on
pain scores in a Chinese study [16].

3.7. Influence of Gender on Pain Scoring

Comparison of pain scoring between male and female participants was conducted for
11 studies. A total of three studies [16,19,22] found no differences in pain scoring between
genders. In a study from 2006, British female veterinarians awarded significantly higher
pain scores for treatment of a sole ulcer (p < 0.001), dystocia (p < 0.001), fracture of tuber
coxae (p < 0.001), left displaced abomasum (p < 0.001), acute metritis (p < 0.001), swollen
hock (p < 0.001), acute toxic E. coli mastitis (p < 0.001), mastitis (clots in milk only, p < 0.001),
and neck calluses (p < 0.001) in adult cattle, and surgical castration (p < 0.001), disbudding
(p < 0.001), following dystocia (p < 0.01), umbilical abscess (p < 0.001), joint ill (p < 0.001),
and pneumonia (p < 0.001) in calves. Male veterinarians ranked claw amputation (p < 0.01)
and dehorning (p < 0.01) as significantly more painful than female veterinarians [9]. Ten
years later, Remnant et al. [1] found that female gender of respondents was associated
with an increase of 0.36 in pain scoring. According to Laven et al. [12], the Mann–Whitney
mean rank score for pain scores was higher for female than male veterinarians from
New Zealand, with significant differences for treatment of a white-line abscess, acute
metritis, swollen hock, acute toxic mastitis, and white-line disease with sub-sole abscess
in adult cattle, and castration (Burdizzo), umbilical abscess, joint ill, and pneumonia in
calves (p < 0.01, respectively). Pain scores also differed significantly (p < 0.05) between
Brazil veterinarians, with female veterinarians awarding higher pain scores than male
ones for all procedures, expect laparotomy and fractures [31]. Female veterinary students
gave median scores that were 0.9 points higher than those of their male colleagues [15].
Bavarian female veterinarians awarded significantly higher pain scores for fetotomy and
removal of retained fetal membranes (p < 0.01, respectively) [11], whereas Bavarian female
farmers scored treatment of interdigital hyperplasia, dehorning, laparoscopic fixation of
left displaced abomasum, laparotomy, caesarean section, artificial insemination (p = 0.01,
respectively), and fetotomy (p < 0.01) in adult cattle, and laparotomy in calves (p = 0.01)
significantly higher [14]. Female veterinarians from New Zealand scored supernumerary
teat removal (p = 0.009) and disbudding (p = 0.003) significantly higher [33] than their male
counterparts. However, Kielland et al. [19] found no differences in pain scoring between
male and female Norwegian farmers.

3.8. Influence of Age on Pain Scoring

According to Huxley and Whay [9], pain scoring differed significantly between British
veterinarians who had qualified in different decades, with higher pain scores awarded
for dystocia, fracture of tuber coxae, left displaced abomasum, acute metritis, swollen
hock, toxic E. coli mastitis, mastitis, and neck calluses in adult cattle, and umbilical hernia
surgery, umbilical abscess, joint ill, and pneumonia in calves, by veterinarians who had
qualified more recently; veterinarians who had been qualified longer awarded significantly
higher pain scores for claw amputation and dehorning in adult cattle, and disbudding in
calves. Ten years later, British veterinarians graduating before 1990 awarded pain scores
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that were 0.48 points lower compared with veterinarians graduating since 2010. There was
no significant difference in graduation between these years for either group [1].

In a survey from New Zealand, highest median pain scores for 14 out of 24 procedures
and conditions were scored by respondents who graduated from 2000 onwards. However,
decade of graduation was only associated with a significant (p < 0.01) difference in pain
scoring for 4 of these 24 conditions and procedures [12]. However, according to Kielland
et al. [19], there was no influence of age on median pain scoring in Norwegian farmers.

3.9. Influence of Education and Experience on Pain Scoring

Huxley and Whay [9] found that British veterinarians with postgraduate training
or qualification assigned significantly higher (p ≤ 0.01) pain scores for LDA surgery, and
higher pain scores for claw amputation, caesarean section, digital dermatitis, and fracture of
a distal limb (p ≤ 0.05). A larger amount of time spent working with cattle than other species
resulted in significantly lower pain scores for cattle diagnosed with LDA (p ≤ 0.01), and
significantly higher pain scores for DD (p ≤ 0.001). Ten years later, significant differences
in pain scoring were observed between year and school of graduation, background of
participants prior to university (p < 0.01), and holding clinical postgraduate qualifications
(p < 0.05) [1]. In Bavaria, veterinarians with a graduation date between 1960 and 1970
assigned lower pain scores for 11 out of 33 diseases, and 2 out of 20 procedures, but higher
pain scores for claw amputation and dehorning in adult cattle, and surgical castration,
tenotomy of contracted tendons, and dehorning in calves [11]. Van Dyke et al. [33] found
a significant effect of years since graduation on pain scoring, with male veterinarians
awarding lower pain scores with increasing years since graduation, whereas pain scoring
was consistent within the group of female veterinarians over the years. Other studies
found no influence of level of education [19,22] or experience as a veterinarian [22] on pain
scoring.

3.10. Results of the Meta-Analysis

A total of eleven articles were included in the meta-analysis: six for NRS 0–10 and five
for NRS 1–10. For NRS 0–10, pain scores of 16 procedures (n = 10 for cattle and n = 6 for
calves) and 7 conditions (n = 3 for cattle and n = 4 for calves) were compared. For NRS
1–10, pain scores of five procedures and ten conditions in cattle were compared; a total of
three conditions (treatment of interdigital hyperplasia, treatment of sole ulcer, treatment of
white-line abscess) were excluded, as no SD was available for the pain scores.

Kruskal–Wallis tests showed pain scores were not significantly different between
professions (veterinarians and veterinary students, farmers, and practitioners (including
frontline staff), neither for NRS 0–10 (p = 0.42) nor for NRS 1–10 (p = 0.33). The meta-analysis
of professions shows a very high heterogeneity within professions, but not significant
differences in means between professions. For NRS 0–10, heterogeneity of mean values
of pain scores was significant for all procedures and conditions in both calves and cattle
(p < 0.01, p = 0.02 for digital dermatitis, respectively). Forest plots of the meta-analysis
for NRS 0–10 are given in Figure 2 (procedures for cattle), Figure 3 (conditions for cattle),
Figure 4 (procedures for calves), and Figure 5 (conditions in calves).

For NRS 1–10, heterogeneity of mean values of pain scores was significant (p < 0.01)
for acute metritis, acute toxic (E. coli) mastitis, neck calluses, and swollen hock (Figure 6).
For five procedures (claw amputation, dehorning, treatment of sole ulcer, interdigital hyper-
plasia, and white-line abscess) and one condition (dystocia), the p-values for heterogeneity
could not be calculated due to missing SD (claw amputation, dehorning, treatment of sole
ulcer, interdigital hyperplasia, and white-line abscess).
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Table 2. Pain scoring for different procedures presented to participants of surveys about pain
assessment in adult cattle, under the assumption that no analgesics are used. Use of analgesics
was not stated for [15,19,20,22]. Pain scoring was conducted by either veterinarians (V), veterinary
students (VS), farmers (F), practitioners (and frontline staff, P), and/or claw trimmers (C) by use
of a Numerical Rating (NRS, ranging either from 0 to 10 or 1 to 10) or Visual Analogue Scale (VAS,
ranging from 0 to 10), or both. Ref. [20] described using a NRS in the Material and Methods section,
but indicated use of a VAS in the Results section, and is therefore included as VAS. Left displacement
of the abomasum is abbreviated as LDA. If procedures were not presented in the respective reference,
this is indicated as -.

NRS (0–10) NRS (1–10) VAS (0–10)

[9] [12] [22] 1 [11] [14] [16] 1 [10] 1 [15] [13] 2 [30] [1] [15] [19] [20]

Professional
Group V V V/VS V F V/F/P V VS V F V F C V VS F P

Procedures on the Head

Dehorning 3 8 8 - 8 8 7.1 ± 2.52 7.4 4 - - - - - 8 3 5.1 -

Extirpation of
eye bulb - - - 9 10 - - - - - - - - - - - -

Abdominal Surgeries

Laparoscopic
fixation of LDA - - - - 8 - - - - - - - - - - - -

Laparotomy - - - 8 9 - - - - - - - - - - - -

LDA surgery 9 9 - - - - - - - - - - - 8 - - -

Omentopexy - - - - 9 - - - - - - - - - - -

Orthopedics

Claw
amputation 10 10 - 9 9 - - - - - 10 10 10 10 - - -

Debriding of a
digital dermatitis

lesion
6 - - - - - - - - - - - - 7 - - -

Treatment of
interdigital

hyperplasia 4
- - - 8 7 - - - - - 8 8 9 - - - -

Treatment of a
sole ulcer 4 6 - - 7 7 - - - - - 8 7 7 7 - - -

Treatment of
white-line
abscess 4

- 4 - - - - - - - - 8 7 7 - - - -

Obstetrics and Gynaecology

Artificial
Insemination - - - 1 0 - - - - - - - - -

Caesarean
section 9 9 - 9 9 8.6 ± 2.12 8 - - - 9 - - -

Fetotomy - - - 7 7/8 - - - - - - - - -

Rectal
examination - - - 1/2 1 - - - - - - - - -

Removal of
retained fetal
membranes

- - - 3 5 - - 4 - - - 2 2.4 -

Other

Needle prick 5 - 2.5 ± 1.87 - - - - - - - - - - -

1 Mean values including standard deviation where indicated; 2 median as well as mean values presented in
article, median values were included in the table; 3 horns > 8 cm long for Huxley and Whay (2006) [9], Laven
et al. (2009) [12]; in cattle over 6 months of age for Hewson et al. (2007) [10]; 4 excision for Becker et al. (2013) [30],
5 fully grown cattle, into the shoulder muscle for Norring et al. (2014) [22].
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Table 3. Pain scoring for different conditions presented to participants of surveys about pain assess-
ment in adult cattle, under the assumption that no analgesics are used. Use of analgesics was not
stated for [15,19,20,22]. Pain scoring was conducted by either veterinarians (V), veterinary students
(VS), farmers (F), and/or practitioners (and frontline staff, P) by use of a Numerical Rating (NRS,
ranging either from 0 to 10 or 1 to 10) or Visual Analogue Scale (VAS, ranging from 0 to 10), or both.
Ref. [20] described using a NRS in the Material and Methods section, but indicated use of a VAS in
the Results section and is therefore included as VAS. Retained fetal membrane is abbreviated as RFM.
If procedures were not presented in the respective reference, this is indicated as -.

NRS (0–10) NRS (1–10) VAS (0–10)

[9] [12] [22] 1 [11] [14] [16] 1 [10] 1 [15] [13] 2 [1] [15] [19] [20]

Professional Group V V V/VS V F V/F/P V VS V F V VS F P

Conditions of the Head

Corneal ulcer - - - - - - 5.5 - - - -

Fracture of the horn - - - 6 6 - - - - - -

Loss of nose ring - - - 6 6 - - - - - -

Neck calluses 2 - - 3 3 - - 4 3 4 3 4

Uveitis 3 6 - - 5 5 - - 6 8 4 6 5

Conditions of the Abdomen

Abomasal
displacement - - 7.3 ± 1.9 - - 7.4 ± 2.18 - - - - - - 8

Left displaced
abomasum 3 6 - 5 5 - - 6 5 6 - 4 7 -

Oesophageal
obstruction - - - - - 5.9 ± 2.36 - - - - - - -

Right displaced
abomasum - - - 6 6 - - - - - - - -

Ruminal acidosis - - - - - 5.3 ± 2.62 - - - - - - -

Severe tympany in
cattle 4 - - 7.9 ± 1.6 - - 6.1 ± 2.18 - - - - - - 9

Traumatic pericarditis - - - - - 7.8 ± 2.25 - - - - - - -

Orthopedic Conditions

Decubitus - - - 4/5 4/5 - - - - - - - -

Digital Dermatitis 6 - - 7 7 - - - 7 7 6 - - -

Footrot - 5 - - - - - - - - - - -

Fracture of long
bone 5 - - - 8 8 8.4 ± 2.08 - - - - - - -

Fracture of tuber
coxae 6 7 8 - - - - - 9 8 8 8 8 - -

Hock with hair loss 3 - - - - - - - - 3 - - -

Hoof disease - - - - - 6.9 ± 2.18 - - - - - - -

Injuries on hock 7 - - - - - - - 4 - - 4 2.9 -

Interdigital
necrobacillosis - - - - - - - 8 8 - - - -

Laminitis - - - 8 8 - - 7 - - 7 5.7 -

Rupture of muscle - - - 8 8 - - - - - - - -

Septic Arthri-
tis/Polyarthritis - - - 8 8 - - - - - - - -

Sole ulcer - - - 8 8 - - 7 - - 6 7.1 -

Swollen hock 5 6 - - - - - 5 5 5 5 5 - -

White-line disease 8 7 - - - - - - - - 7 - - -
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Table 3. Cont.

NRS (0–10) NRS (1–10) VAS (0–10)

[9] [12] [22] 1 [11] [14] [16] 1 [10] 1 [15] [13] 2 [1] [15] [19] [20]

Professional Group V V V/VS V F V/F/P V VS V F V VS F P

Mastitis and Udder Health

Acute mastitis 9 - - 7.3 ± 1.4 - - - - - - 7.6 8

Acute toxic (E. Coli)
mastitis 10 7 8 - 7 7 7 ± 2.2 - 7 9 9 7 7 - -

Intertrigo - - - 4 4 - - - - - - - -

Mastitis (clots in milk
only) 11 3 3 - 1 1 3.4 ± 2.65 - 4 2 3 4 5 - -

Moderate mastitis - - - - - 5.1 ± 2.24 - - - - - - -

Open teat injury - - - 6 6 - - - - - - - -

Teat injury 12 - - 7.4 ± 1.7 - - - - - - - - - 8

Obstetrics and Gynaecology

Acute metritis 13 4 - - 5 5 - - 7 6 6 5 4 - -

After removal of RFM - - - - - - - 4 - - 4 2.4 -

Calving - - - - - 8.5 ± 1.99 - - - - - -

Dystocia 14 7 7 7.3 ± 1.7 8 8 9.0 ± 1.83 5.3 8 - 7 8 - -

Endometritis - - - - - 5.9 ± 2.62 - - - - - - -

Postpartum paralysis - - - - - 5.9 ± 3.02 - - - - - - -

Tissue injuries
following birth - - - 5 5 - - - - - - - -

Uterine torsion - - - 6 6 - - - - - - - -

Uterine prolapse 15 - - 6.9 ± 2.0 5 5 7.9 ± 2.3 - - - - - - 8

Vaginal prolapse - - 6.3 ± 2.66 - - - - - - -

Metabolic and Nutritional Diseases

Hypocalcemia 16 - - - 1 1 - - 5 - - 5 3.3 -

Ketosis - - - 1 1 - - 4 - - 4 - -

Nutritional deficiency
disease - - - - - 3.6 ± 2.8 - - - - - - -

Other

Infectious disease - - - - - 4.5 ± 2.91 - - - - - - -

Parasitic disease - - - - - 4.1 ± 2.57 - - - - - - -

1 Mean values including standard deviation where indicated; 2 median as well as mean values presented in
reference, median values were included in the table; 3 eye infection for Kielland et al. (2009; 2010) [15,19]; 4 ruminal
bloat for Shi et al. (2022) [16]; 5 fracture for Shi et al. (2022) [16]; 6 one-sided for Kielland et al. (2010) [19]; 7 skin
lesions on hock for Kielland et al. (2010) [19]; 8 with subsole abscess for Huxley and Whay (2006) [9]; 9 fever 41 ◦C,
lumps in milk, hard udder for Norring et al. (2014) [22]; 10 Escherichia coli mastitis for Huxley and Whay (2006) [9],
serious mastitis for Kielland et al. (2009; 2010) [15,19]; severe mastitis for Shi et al. (2022) [16]; 11 mastitis for
Thomsen et al. (2012) [13], mild mastitis for Shi et al. (2022) [16], chronic mastitis for Tschoner (2020; 2021) [11,14];
12 teat tramping in cows for Norring et al. (2014) [22], teat broken at the roof for Wikman et al. (2013) [20];
13 puerperal metritis for Tschoner et al. (2020, 2021) [11,14], metritis for Remnant et al. 2017 [1]; 14 fetal-maternal
disproportion requiring traction alone for Huxley and Whay (2006) [9], Laven et al. (2009) [12], Tschoner et al.
(2020, 2021) [11,14]; strong pull assistance for Norring et al. (2014) [22]; 15 uterine eversion for Tschoner et al.
(2020, 2021) [11,14]; 16 milk fever for Kielland et al. (2009; 2010) [15,19].
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Table 4. Pain scoring for different procedures presented to participants of surveys about pain
assessment in calves, under the assumption that no analgesics are used. Use of analgesics was not
stated for [15,19,20,22]. Pain scoring was conducted either by veterinarians (V), veterinary students
(VS), farmers (F), and/or practitioners (and frontline staff, P) by use of a Numerical Rating (NRS,
ranging either from 0 to 10 or 1 to 10) or Visual Analogue Scale (VAS, ranging from 0 to 10), or both.
Ref. [20] described using a NRS in the Material and Methods section, but indicated use of a VAS in
the Results section and is therefore included as VAS. Ranges are included in brackets if indicated in
the references.

NRS 0–10 NRS (1–10) VAS (0–10)

[9] [12] [22] 1 [11] [14] [16] 1 [10] 1 [15] [1] [15] [19] [20]

Professional
Group V V V/VS V F V/F/P V VS V VS F P

Castration

Castration 2 up to
6 months

- - - - - - 4.9 - - - - -

Castration 2 over
6 months

- - - - - - 5.9 - - - - -

Castration
(Burdizzo) 7 6 - 9 9 - - - 6 - - -

Castration
(Rubber Ring) 6 5 - - - - - - 6 - - -

Castration
(Surgical) 6 8 - 9 9 7.8 ± 2.32 - - 7 - - -

Dehorning/Disbudding

Dehorning 3 - - - 8 8 - 6.8 - - - - -

Dehorning over
6 months - - - - - - 7.4 - - - - -

Disbudding 7 8 9 ± 1.2 - - 7.6 ± 2.32 - - 7 - - 9

Disbudding
(caustic paste) - - - - - 5.6 ± 2.52 - - - - - -

Disbudding with
analgesics 4 - - 2.4 ± 1.8 - - - - - - - - -

Abdominal
Surgery

Laparotomy - - - 9 9 - - - - - - -

Umbilical hernia
surgery 5 8 8 - 9 9 6.8 ± 2.32 7.3 - 8 - - -

Orthopedic
Procedures

Repair of distal
limb fracture - 10 - - - - - - - - - -

Tenotomy of
contracted

tendons
- - - 8 8 - - - - - - -

Other

Ear tagging - - - 4 4 - - - - - - -

1 Mean values including standard deviation where indicated; 2 Hewson et al. (2007) [10] did not distinguish
between methods of castration; 3 in calves up to 6 months for Hewson et al. (2007) [10]; 4 pain during burning for
Wikman et al. (2013) [20] and Norring et al. (2014) [22]; 5 in calves up to 3 months for Hewson et al. (2007) [10].
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Table 5. Pain scoring for different conditions presented to participants of surveys about pain as-
sessment in calves, under the assumption that no analgesics are used. Use of analgesics was not
stated for [15,19,20,22]. Pain scoring was conducted either by veterinarians (V), veterinary students
(VS), farmers (F), and/or practitioners (and frontline staff, P) by use of a Numerical Rating (NRS,
ranging either from 0 to 10 or 1 to 10) or Visual Analogue Scale (VAS, ranging from 0 to 10), or both.
Ref. [20] described using a NRS in the Material and Methods section, but indicated use of a VAS in
the Results section and is therefore included as VAS. Ranges are included in brackets if indicated in
the references.

NRS 0–10 NRS (1–10) VAS (0–10)

Reference [9] [12] [22] 1 [11] [14] [16] 1 [10] 1 [15] [1] [15] [19] [20]

Professional
Group V V V/VS V F V/F/P V VS V VS F P

Abdominal Conditions

Enteritis/Diarrhea 2 - - - 5 5 4.6 ± 2.5 - 5 6 6 4.8 -

Ileus - - - 9 9 - - - - - - -

Ruminal acidosis - - - 4 4 - - - - - - -

Umbilical Conditions

Navel infection - - 6.8 ± 1.6 7 7 - - 5 - 5 5.2 8

Umbilical abscess 5 5 - - - - - - 6 - - -

Umbilical hernia 3 - - - - - - - - - - - 6

Orthopedic Conditions

Contracted
tendons - - - 4 4 - - - - - - -

Joint ill 4 7 8 - 8 8 - - 7 7 6 6.7 -

Distal limb
fracture 5 8 - 9 ± 1.2 8 8 - - 8 9 8 7.6 -

Other

(Broncho)Pneumonia 6 8 - 6 6 - - 6 7 6 6.7 -

Following
dystocia 6 4 3 5.9 ± 1.9 5 5 - - 4 5 4 3.3 -

Meningitis - - - 8 8 - - - - - - -

Needle prick neck - - 2.4 ± 1.6 - - - - - - - - -

1 Mean values including standard deviation where indicated; 2 intestinal infection for Kielland et al., 2009 [15], no
age defined for Shi et al., 2022 [16]; 3 the size of an apple for Wikman et al. (2013) [20]; 4 septic arthritis/polyarthritis
for Tschoner et al. (2020, 2021) [11,14]; 5 broken bone with open fracture on calf’s hind leg for Norring et al.
(2014) [22], fracture of long bone for Tschoner et al. (2020, 2021) [11,14]; 6 fetal-maternal disproportion requiring
traction alone for Huxley and Whay (2006) [9], Tschoner et al. (2020, 2021) [11,14], strong pull assistance for
Norring et al. (2014) [22].
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Figure 2. Forest plots for mean and SD of pain scores assigned using a Numerical Rating Scale 
ranging from 0 to 10 for procedures in cattle. Heterogeneity of mean values of pain scores was 
significant (p > 0.01) for all procedures. Test for overall effect shows a significant pain score measured 
for cows across studies, where no pain (pain score = 0) is the null hypothesis [9,11,12,14,16]. 
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Figure 2. Forest plots for mean and SD of pain scores assigned using a Numerical Rating Scale
ranging from 0 to 10 for procedures in cattle. Heterogeneity of mean values of pain scores was
significant (p > 0.01) for all procedures. Test for overall effect shows a significant pain score measured
for cows across studies, where no pain (pain score = 0) is the null hypothesis [9,11,12,14,16].
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Figure 3. Forest plots for mean and SD of pain scores assigned using a Numerical Rating Scale 
ranging from 0 to 10 for conditions in cattle. Heterogeneity of mean values of pain scores was 
significant for all procedures (p > 0.01 respectively, p = 0.02 for digital dermatitis). Test for overall 
effect shows a significant pain score measured for cows across studies, where no pain (pain score = 
0) is the null hypothesis [9,11,12,14,16,22]. 

Figure 3. Forest plots for mean and SD of pain scores assigned using a Numerical Rating Scale
ranging from 0 to 10 for conditions in cattle. Heterogeneity of mean values of pain scores was
significant for all procedures (p > 0.01 respectively, p = 0.02 for digital dermatitis). Test for overall
effect shows a significant pain score measured for cows across studies, where no pain (pain score = 0)
is the null hypothesis [9,11,12,14,16,22].
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Figure 4. Forest plots for mean and SD of pain scores assigned using a Numerical Rating Scale 
ranging from 0 to 10 for procedures in calves. Heterogeneity of mean values was significant (p < 
0.01) for all procedures. Test for overall effect shows a significant pain score measured for cows 
across studies, where no pain (pain score = 0) is the null hypothesis [9,11,12,14,16,22]. 
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Figure 5. Forest plots for mean and SD of pain scores assigned using a Numerical Rating Scale
ranging from 0 to 10 for conditions in calves. Heterogeneity of mean values of pain scores was
significant (p < 0.01) for all procedures. Test for overall effect shows a significant pain score measured
for cows across studies, where no pain (pain score = 0) is the null hypothesis [9,11,12,14,16,22].

144



Animals 2024, 14, 351

Animals 2024, 14, 351 17 of 24 
 

 
Figure 6. Forest plots for mean and SD of pain scores assigned using a Numerical Rating Scale 
ranging from 1 to 10 for conditions in cattle. Heterogeneity of mean values of pain scores was 
significant (p < 0.01) for acute metritis, acute toxic (E. coli) mastitis, neck calluses, and swollen hock. 
Test for overall effect shows a significant pain score measured for cows across studies, where no 
pain (pain score = 0) is the null hypothesis [1,13,15]. 

  

Figure 6. Forest plots for mean and SD of pain scores assigned using a Numerical Rating Scale
ranging from 1 to 10 for conditions in cattle. Heterogeneity of mean values of pain scores was
significant (p < 0.01) for acute metritis, acute toxic (E. coli) mastitis, neck calluses, and swollen hock.
Test for overall effect shows a significant pain score measured for cows across studies, where no pain
(pain score = 0) is the null hypothesis [1,13,15].
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4. Discussion
4.1. Findings of the Systematic Review

The objective of the present systematic review was to describe and compare pain
scores assigned by veterinarians, veterinary students, and farmers to different procedures
and conditions in cattle. We wanted to assess the existing body of research, indicating
areas where knowledge could be increased. Pain assessment is influenced by sex and age,
and there are significant differences in pain scores given for some painful procedures and
conditions between countries.

Even with a large number (n = 842) of articles extracted from the databases, there was
a manageable number (n = 99) of references left after removal of duplicates and screening of
titles, resulting in a small number (n = 16) of references included in this systematic review
after the full-text screening. This provides evidence that research about pain assessment in
cattle using NRS or VAS is still rare. Out of the 39 articles retrieved for full-text screening,
13 were only excluded due to not working with a NRS or VAS but would have otherwise
fulfilled all other criteria. This is a limitation of the present study, as pain assessment
was conducted in these articles, even if not by using NRS or VAS, but agreement with
either “Yes/No” [34] or other predetermined statements [35,36], or pain scales ranging
from five (e.g., “not important” to “extremely important” [37], “not painful” to “severe
pain”, including “cannot assess” [38]) to six (”no pain” to “worst pain imaginable” [39,40])
categories.

Another major limitation of comparing the studies included in this systematic review
is the difference in the pain scales that were used, making direct comparison of pain scores
between studies impossible. A total of eight studies worked with a NRS ranging from 0 to
10; in seven studies, NRS ranged from 1 to 10; and two studies used either both NRS and
VAS, or only the VAS. Kielland et al. (2009) [15] compared median pain scores assigned
by veterinary students using either a NRS (1–10) or a VAS (0–10), finding that students
assigned a score that was 0.9 higher via NRS, which correlated with the different ranges
of the two scales. In veterinary medicine, the VAS is described to be more informative
than the NRS [17]. Nevertheless, VAS was only used in 2 out of 16 studies. According to
a systematic review, correlation between VAS and NRS is good in human medicine, with
some discrepancies depending on the situation [41]. Most literature in human medicine
only compares different pain scales, such as NRS, VAS, and others [41,42], and not different
scales of NRS. For comparability between studies, use of the same pain scale would be
advisable.

Another problem of comparing the median or mean pain scores of the included articles
is the different professions of participants. For the majority of studies, the questionnaire
was sent to veterinarians, but other studies compared pain scoring between veterinarians
and farmers [13], or veterinarians, farmers, and claw trimmers [30]. However, as median
or mean pain scoring was provided for each profession in these articles, comparability
between professions and with other articles was given. One other study combined groups
of professions, e.g., veterinarians and veterinary students [22], which could have influenced
the pain scoring, as veterinary students have less experience with managing animals in
pain and with assessing painful conditions and procedures. Another study combined
different professions (frontline staff, managers, veterinarians working with cattle) as dairy
practitioners [16]. Research shows that pain perception differs between farmers and vet-
erinarians [13], as well as between veterinarians, farmers, and claw trimmers [30]. Even
if profession of Chinese dairy practitioners had no influence on pain scoring [16], and
pain scores did not differ significantly between Bavarian veterinarians and farmers, there
were differences in the perception of the painfulness of conditions and procedures [11,14].
Therefore, the combination of different professional groups for pain assessment could have
an influence on study results, and professional groups should be evaluated individually.

The distribution between participating sexes was different throughout the studies,
with a higher proportion of male participants compared with female participants for
10 out of 16 studies. The proportion of female participants was only higher for three
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studies [15,22,33]. In the two articles distributing the survey among veterinary students, as
many as 81% [15] and 91% [22] respondents were female, which could be explained by the
fact that nearly 80% of veterinary students are women [43]. According to Irvine et al. [43],
about half of practicing veterinarians are female, but women are outnumbered by men in
food animal practice, contrary to small animal and equine practice [44], which could explain
the uneven distribution of genders throughout the studies. Gender distribution could also
be influenced by profession; in surveys distributed to other professions, male participants
accounted for 85% [19], 89.6% [30], and 79.5% [14] for Danish, Swiss, and Bavarian farmers,
respectively; 100% for Swiss claw trimmers [30]; and 90.1% for Chinese practitioners, which
included veterinarians as well as frontline staff [16]. As female participants ranked cattle
pain higher [1,9,11,12,31], this imbalance in the gender of the participants could have an
influence on the pain scores.

Age and year of graduation seem to have an influence on pain assessment, with
higher pain scores awarded by more recent graduates [1,9,12]. The publication range of
the articles was from 2006 to 2022. Recognition of pain in cattle has been lagging behind
that in companion animals and horses, with pain scoring systems for cattle only published
in recent years [5,45], which could explain the higher awareness for pain in cattle by
recently graduated veterinarians. Only one study compared pain scores awarded by UK
veterinarians to a study published ten years before [1], and found that pain perception
in cattle veterinarians increased since the study conducted in 2006 [9], with higher pain
scores given to over 40% of the listed procedures and conditions [1]. However, no other
studies compared data over a period of time, so no other statement can be made about the
development of pain assessment for this systematic review.

Another factor that should be considered is the nationality of participants. In the
European Union, there is no species-specific legislation for dairy cattle welfare, except
for calves [46–48]. Regulatory regimes of countries are not always in accordance with
perspectives of veterinarians [33]. Most studies were conducted in Europe, except for five
studies originating from Canada [10], New Zealand [12,33], Brazil [31], and China [16].
According to van Dyke et al. [33], demographic effects influence the perceptions of pain
management in NZ veterinarians. Therefore, nationality, as well as origin of participants,
and different opinions and attitudes towards pain in cattle, could likely have influenced the
pain scoring. For example, on a NRS from 0 to 10, umbilical hernia surgery was scored with
a median of 8 for UK and NZ veterinarians [9,12], and 9 for Bavarian veterinarians [11],
and a mean of 6.8 for Chinese practitioners [16]; on a NRS from 1 to 10, umbilical hernia
surgery was scored with a mean of 7.3 for Canadian veterinarians [10].

Nomenclature, as well as procedures and conditions presented to participants of
the surveys, was heterogenous. Additionally, definitions of procedures and conditions
differed throughout the studies. For example, mastitis was given as either clots in milk
only for [9,12,15,19], which was defined as chronic mastitis by [11,14]. Other authors asked
for pain assessment for grade 1 mastitis [1], mastitis [13], serious mastitis [15,19], or mild,
moderate, and severe mastitis [16]. Another condition for assessment was acute toxic
Escherichia coli mastitis [9], acute toxic mastitis [1,12], Escherichia coli mastitis [13], acute
mastitis (Escherichia coli) [11,14], or acute mastitis with 41 ◦C of fever, lumps in milk, and
a hard udder [22]. These different definitions of either conditions or procedures make
comparison of pain scales throughout studies complicated. Translation of terms from
the original language of the survey into English, as well as presenting different terms to
farmers and veterinarians, as was done in one study (e.g., laparotomy for veterinarians,
and omentopexy of displaced abomasum and laparotomy for farmers) [11], is another
factor influencing the uniformity of nomenclature. Especially when including farmers or
claw trimmers in the survey, authors might have chosen to use lay terms for conditions
and procedures to make sure those can be understood by the participants.

Return rates differed widely between studies, from as high as 70% for Norwegian
farmers [19] to 15.4% in Bavarian farmers [14]. It is reasonable to think that people interested
in pain management in cattle, as well as empathic people, are more likely to participate in
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a survey about pain. The level of empathy of a human being towards an animal might be
influenced by the species of the animal the observer evaluates. The concern for the welfare
of an animal could result from the evolution of the human trait, which can be strongly
influenced by culture [49]. Including only participants who responded to the survey is
a possible bias. As empathic veterinarians were found to give higher pain scores [22],
empathy and attitudes towards pain could have an influence on the findings in the articles
included in this systematic review. None of the authors stated if they were working with
a reward system for participating in the studies, which is another factor that could have
influenced the results.

Only one study included assessment of behavioral and postural parameters used for
pain recognition in cattle, showing that veterinarians and farmers differed significantly
in the parameters they use for pain assessment for 19 out of 28 parameters presented in
the survey [14]. Given the wide variety of pain scores assessed for different procedures
and conditions, questions about tools and methods for pain assessment, or evaluation
of parameters used to recognize if cattle are in pain, it would have been interesting to
determine in studies if there is a lack in education concerning the recognition of pain.
Improvement in pain recognition could result in a higher awareness of cattle being in pain,
and in higher pain scores given to cattle.

4.2. Findings of the Meta-Analysis

Meta-analysis was performed for six articles for NRS 0–10 and five articles for NRS
1–10. This small number of articles included in the meta-analysis is due to the fact that we
only included pain scores of procedures and conditions included in at least three articles.
For the meta-analysis, mean values and SD of pain scores were used; however, in most
studies, median values were presented [9,12], as data were not normally distributed, which
was not optimal. If mean values and SD were not given in articles, authors were contacted
to collect missing data, but only three authors answered to the mails. Data describing pain
scores for NRS 1–10 were difficult to interpret, due to the missing SD for the majority of
included studies. Therefore, these results should not be relied on, which is a limitation of
the meta-analysis. Even if the study design was somewhat similar throughout the studies,
heterogeneity of the articles was large, with significant differences between the mean pain
scores for all procedures and conditions included for NRS 0–10. Even though individual
studies found differences in pain assessment according to profession [13,30], our meta-
analysis found no significant differences between mean pain scores, which is in accordance
with other studies [14,16]. As articles were heterogenous and SD was not provided for some
articles, and professions differed between articles, the results of the present meta-analysis
represent insufficiently strong conclusions. That is why we compared the means of pains
scores (without SDs) of professions via Kruskal–Wallis, to complement the meta-analysis.
However, the low number of studies for a particular condition and the wide discrepancies
in pain scores between professions and articles, even for the same diseases, hint at the lack
of knowledge in this area and the need to collect more data and conduct additional research
to close the knowledge gap. Moreover, the pain scales themselves should be unified to one
scoring system instead of the two ranging either from 0 to 10 or 1 to 10. Such unification
of pain scores and clarifying the pain heterogeneity is of a huge practical importance for
veterinarians and researchers to be able to compare the pain scores given for different
procedures and conditions. Therefore, the recommendation should be for researchers (a
third person assessing pain in animals in theory without actually looking at a patient) as
well as clinical practice (people assessing pain of a patient in their care) to use the same
scales for better comparability.

The benefits of conducting studies about pain assessment are collecting data about
evaluation of pain and pain management, and learning about areas where more education
is needed. Another benefit could be that the individual participant is working through
a pain assessment questionnaire, thinking about painful events in a cow, and realizing
the number of painful procedures and conditions in a calf’s or cow’s life, possibly thus
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exercising empathy towards the animal. As empathic veterinarians score pain in cattle
higher [22], increasing empathy towards adult cows and calves could result in improved
welfare and pain management for cattle.

4.3. Use of Analgesics

The presentation and description of the use of analgesics was so heterogenous in
the papers that an assessment and comparison of analgesic use was not possible. There
were only ten papers describing analgesic use overall. Huxley and Whay [9] presented
the percentage of analgesic classes used for different procedures and conditions, Hewson
et al. [10] described the mean percentage of animals (beef and dairy) receiving any kind of
analgesia, including the top two active components, and Becker et al. [30] only reported
the percentage of respondents stating if a local anesthesia was reasonable for procedures
involving the claw. Lorena et al. [31] presented use of different analgesic classes for
cattle and horses combined, and Norring et al. [22] asked how many veterinarians and
clinical students would use a combination of sedation, local anesthesia, and analgesia
for disbudding in calves. Remnant et al. [1] included a figure overlaying respondents
using NSAIDs in 50% of cases over the stated pain scores. Tschoner et al. [11] divided
the use of different classes of analgesics into categories (regularly, frequently, occasionally,
never) and presented the percentage of respondents agreeing to each category, and asked
about agreement if local anesthesia and NSAIDs were necessary during and after painful
procedures [14]. Van Dyke et al. [33] only included pain management protocols for four
procedures, and Shi et al. [16] presented a figure showing the proportion of which analgesics
would be used by respondents (multi-response answer). Therefore, the description of
the use of analgesics is hard. It is also not possible to compare the use of analgesics
between animal species, as this depends on which analgesics are labeled for use in food-
producing animals. Questions about analgesics in cattle usually refer to NSAIDs and local
anesthetics. Reviews of pain management in cattle have been published [50,51]—thus, pain
management will not be discussed here.

4.4. Methodology and Limitations

The present systematic review was conducted following the PRISMA guidelines [25],
as described previously [26,27]. This was done to reduce the possible risk of bias for the
study selection process and analysis. Registration via PROSPERO was not possible, as it can
only be used for systematic reviews in human medicine and research [27]. To further reduce
the risk of bias, the titles and abstracts were screened independently by three authors, and
the full-text screening was undertaken using previously specified guidelines. Eligibility for
a meta-analysis was discussed with a statistician, as described previously [26].

4.5. Risk of Bias

To reduce the risk of missing any articles, the authors used two search engines. Titles
and abstracts were included in the keyword search, which should also result in not missing
any relevant articles [27]. All articles included in the systematic search were published
in English, and no article had to be excluded due to the language not being English or
German. Therefore, a bias because of the language barrier can be excluded. A total of
three abstracts could not be accessed; as these articles were then included in full-text
retrieval, and all articles selected for full-text screening could be accessed, risk of bias
due to limited access can also be excluded. The origin of articles was evenly distributed,
with 16 articles originating from 10 countries. Therefore, country of origin should not
have influenced the present study. Funding information was provided for thirteen of the
sixteen articles, with two articles not stating any funding [15,31], and one receiving no
external funding [33]. Pharmaceutical companies were involved in the funding of seven of
sixteen articles; however, as the articles focused on pain assessment using pain scales, this
is unlikely to have had any influence on the results of the study.
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5. Conclusions

This systematic review should aid researchers to identify gaps in the current knowl-
edge for conceptualization of objectives and the study design for future research.

Studies of pain assessment using NRS or VAS are rare in bovine medicine, and use
of pain scales is heterogenous, making comparison of pain scores difficult. There are
many variables possibly influencing pain assessment, such as gender, age, education, or
profession. Studies mainly originate from the European Union, and research about pain
assessment in other countries should be conducted, or published if they are performed.
Researchers should focus on using one pain scale throughout studies for better compa-
rability, since there seem to be no clear benefits of using less common pain scales over
the commonly used 0 to 10 NRS scale. Additionally, the nomenclature of terms should
be consistent, and pain scoring conducted by different professions should be assessed
individually. We recommend researchers assess behavioral and postural parameters used
by veterinarians and farmers to assess pain in cattle, to evaluate if pain assessment can be
improved by training and education, thus improving dairy cattle welfare. Future studies
could compare bovine pain scales, changes in perceptions of pain levels after a period
of clinical training of respondents, and coherent assessment of use of analgesics in cattle.
Assessment of pain should not be performed under the assumption that no pain medication
was given, as this is not feasible anymore, especially for surgical procedures.
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//www.mdpi.com/article/10.3390/ani14020351/s1, Table S1: PRISMA-P checklist for the systematic
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Simple Summary: The combination of an opioid compound with a nonsteroidal anti-inflammatory
drug can lead to additive or enhanced effects while minimizing adverse reactions. Recently, we
reported the pharmacokinetic profiles of metamizole and tramadol in donkeys at single doses and
without association. However, no studies have reported on the pharmacokinetic profile of the combi-
nation of tramadol and metamizole. The objective of this research was to assess pharmacokinetic
profile of metamizole co-administered with tramadol at single dose. Behavioral changes in the
animals were observed, and at specific intervals, blood samples were taken for subsequent analy-
sis. Analyses were performed using ultra-high-performance liquid chromatography-tandem mass
spectrometry. The findings indicate that tramadol and its metabolite presented modified profiles,
implying that metamizole and tramadol interact and affect each other’s metabolic processes at the
dosages used in this study. Clinical researches are necessary to determine the optimal that effectively
addresses the pain relief requirements of the species.

Abstract: Our objective was to assess the pharmacokinetic characteristics of metamizole when
administered together with tramadol in a single intravenous dose to donkeys. Ten male animals
received 10 mg·kg−1 of dipyrone associated with 2 mg·kg−1 of tramadol (T2M10) and 25 mg·kg−1

of dipyrone with 2 mg·kg−1 of tramadol (T2M25). Venous blood samples were taken from groups
to determine the pharmacokinetics after drug administration, using initial brief intervals that were
followed by extended periods until 48 h. Restlessness and ataxia were observed in two animals in
the T2M25 group. Analysis revealed prolonged detectability of tramadol, 4-methylamine antipyrine,
4-aminoantipyrine (up to 24 h), and O-desmethyltramadol (up to 12 h) after administration. Although
metamizole and its metabolites showed no significant pharmacokinetic changes, tramadol and O-
desmethyltramadol exhibited altered profiles, likely because of competition for the active sites of
CYP450 enzymes. Importantly, the co-administration of metamizole increased the bioavailability
of tramadol and O-desmethyltramadol in a dose-dependent manner, highlighting their potential
interactions and emphasizing the need for further dose optimization in donkey analgesic therapies.
In conclusion, metamizole co-administered with tramadol interferes with metabolism and this
interference can change the frequency of drug administration and its analgesic efficacy.

Keywords: pharmacokinetic profile; drug interaction; analgesics; metabolites
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1. Introduction

Donkeys are animals primarily used for manual labor in developing countries, where
they transport materials and people in challenging conditions such as extreme heat and
humidity, noise, and urban pollution. They are often exposed to the risk of accidents owing
to heavy traffic [1,2]. These factors make donkeys more susceptible to trauma and other
pathologies that can result in pain and increased stress levels.

Metamizole (MET), commonly known as dipyrone, is often categorized as a pyra-
zolone derivative, functioning as a non-opioid analgesic, and is of particular importance
to veterinarians in the field of equine care because it presents good analgesic effects and
excellent antipyretic properties, and is recommended for managing colic syndromes, allevi-
ating muscle pain and fever, and recovery after surgical interventions [3,4]. However, it
was withdrawn from markets in the United States, Japan, Iran, and the United Kingdom
because of its rare side effect in humans, a hematological condition called agranulocyto-
sis [5]. Metamizole is rapidly hydrolyzed to its metabolite 4-methylaminoantipyrine (MAA)
and its by-product, 4-aminoantipyrine (AA). The pharmacological effects are attributed to
MAA, which is formed in much larger amounts than other smaller metabolites are [6].

Tramadol is an opioid analgesic that is widely prescribed by veterinarians [7]. It is rou-
tinely used to treat acute and chronic pain in animals [8,9]. Pharmacokinetic research on tra-
madol and its primary metabolite, O-desmethyltramadol (M1), has highlighted interspecies
variations in drug metabolism, underscoring the importance of conducting pharmacokinetic
studies to establish appropriate dosage schedules for various species [10–12].

The concurrent administration of an opioid and a pyrazolone derivative NSAID can
yield synergistic benefits, enhancing the therapeutic effects while mitigating the adverse
reactions associated with each medication [13]. In a previous study, 25 combinations
of different doses of the combination of metamizole (56.2–562.3 mg·kg−1) and tramadol
(3.2–56.2 mg·kg−1) were evaluated through a single administration, with each combination
assessed for additive or potentiated anti-nociceptive effect in mice when compared to the
effects of treatment using singular drugs [14].

Research on the pharmacology of numerous drugs in donkeys remains limited, high-
lighting a significant gap in the existing literature. The drugs used to treat these animals
have been frequently developed and recommended for horses [15]. Donkeys differ from
horses in behavioral, physiological, and pharmacological aspects [16]. Therefore, knowl-
edge of the pharmacokinetic properties of drugs is fundamental to guarantee effective and
safe therapeutic administration [7].

This study aimed to evaluate the pharmacokinetic profile of a single intravenous
dose of metamizole co-administered with tramadol in donkeys. We hypothesized that
metamizole and tramadol could compete for the same enzymes, causing changes in the
concentrations of metabolites of both metamizole and tramadol.

2. Materials and Methods
2.1. Animals and Experimental Design

This study was approved by the Institutional Animal Use Ethics Committee of Uni-
versidade Federal Rural do Semi-Árido (Approval number 23091.006896/2019-47). For
this study, ten adult male northeastern Brazilian donkeys aged between 2 to 14 years
(mean age of 6.4 ± 3.1 years), with weights ranging from 110 to 145 kg (average weight
126 ± 11.8 kg), were selected. These donkeys were sourced from the Apodi Animal Pro-
tection Association (APA). Eligibility for participation in the study necessitated that the
donkeys were deemed to be in apparent good health as determined by comprehensive
physical and laboratory assessments. Physical examination was based on cardiorespiratory
and abdominal auscultation, capillary refill time, mucous membrane color, and fecal char-
acteristics. Laboratory examinations included hemograms and urea, creatinine, alanine
aminotransferase, aspartate aminotransferase, and total protein plasma concentrations.

Four weeks before the study began, the animals were treated with an oral dose of iver-
mectin, 1 g per 100 kg of body weight (Piraverme® Lavizoo, Registro, Brazil) for deworming
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and vaccinated against rabies using (Rai-Vet Líquida®, Vaxxinova, São Paulo, Brazil). They
were accommodated in groups of four within an outdoor enclosure measuring 17 m by
13 m, equipped with shaded areas. The diet for the donkeys consisted of 7.5 kg of Napier
grass (Pennisetum purpureum) per 100 kg body weight and 1.1 kg of a concentrate mix (com-
prising ground corn, soybean, wheat bran, common salt, and calcitic limestone) provided
twice daily, alongside unlimited access to water. A four-week acclimatization period was
allotted for the donkeys to adjust to their new surroundings and human handling.

The day before starting the treatment, the animals were moved to individual stalls,
where they were fasted for 10 h and water was withheld for six hours, respectively. Follow-
ing this preparatory phase, the animals underwent two distinct treatments: in the T2M10
treatment, the ten donkeys received 10 mg·kg−1 of metamizole (D-500®, Zoetis, São Paulo,
Brazil, 500 mg/mL) associated with 2 mg·kg−1 tramadol (Tramadon®, Cristália—Produtos
Químicos Farmacêuticos Ltda, São Paulo, Brazil, 50 mg/mL), whereas in the T2M25 treat-
ment, the same ten animals received 25 mg·kg−1 of metamizole (D-500®, Zoetis, São Paulo,
Brazil, 500 mg/mL) associated with 2 mg·kg−1 tramadol (Tramadon®, Cristália Produtos
Químicos Farmacêuticos Ltda, São Paulo, Brazil, 50 mg/mL), in each case delivered sep-
arately, one in each jugular vein, in a double administration of 10 mL (metamizole) and
20 mL (tramadol) made with 0.9% NaCl solution. For the intravenous (IV) administration of
metamizole and tramadol, as well as for the collection of blood samples, the administration
of the drugs was consistently carried out by the same individual. For the purposes of
infusion, thorough antisepsis was conducted similar to surgical preparations, including
skin cleaning, followed by the placement of a 16G caliber catheter attached to a 3-way tap,
which was then securely inserted into both the animals’ jugular veins. The administration
of the drugs was achieved using two infusion pumps (Syringe Pump ST670®, Samtronic,
São Paulo, Brazil) over a span of two minutes. Following administration, the animals were
monitored for signs of adverse effects such as ataxia, restlessness, salivation, sweating,
and muscle spasms. The occurrence and duration of these effects were evaluated. One
hour after the drug administration, water was made available to the animals, and food was
offered at regular intervals thereafter.

Blood samples, each amounting to 10 mL, were drawn at specific intervals: imme-
diately prior to the administration of the drug (0 or baseline); at 5, 10, 20, 30, 40, and
50 min; and then at 1.0, 1.15, 1.3, 1.45, 2.0, 2.5, 3.0, 4.0, 6.0, 8.0, 12.0, 24.0, and 48.0 h
following the administration. These samples were promptly placed into tubes containing
ethylenediaminetetraacetic acid (EDTA). Within 30 min of collection, plasma was extracted
by centrifuging the samples at 1715× g for 10 min at ambient temperature. The separated
plasma was then frozen and stored at −80 ◦C in cryogenic vials until further analysis.

2.2. Sample Extraction Procedure

The aliquots of the plasma samples (250 µL) were supplemented with 10 µL of
0.1 mg/mL metoprolol solution (internal standard) and 800 µL of acetonitrile, followed
by vortex homogenization for 60 s, and then the samples were centrifuged for 5 min at
14,200 rpm. The supernatant (900 µL) was transferred to vials for injection in the chromato-
graphic equipment.

2.3. Instrumentation and LC and MS Conditions

For the chromatographic analysis, the ultra-performance liquid chromatography sys-
tem, which was coupled with mass spectrometry (UHPLC-MS/MS) system was used,
consisting of Nexera 2 UHPLC coupled to an LCMS-8040 mass spectrometry detector
(Shimadzu®, Kyoto, Japan) and BEH C18 column (1.7 µm, 2.1 × 75 mm) (Shimadzu®,
Kyoto, Japan). The mobile phase consisted of acetonitrile and 0.1% formic acid solution
(75:25, v/v) at 0.3 mL/min. The running time was 2.0 min; the volume of sample injection
was 5.0 µL. The column temperature was adjusted to 40 ◦C and the automatic sampler
refrigerator was set to 5 ◦C. For tramadol, M1, MAA, and AA, the mass spectrometer was
adjusted in the multiple reaction monitoring (MRM) mode, utilizing positive electrospray
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ionization (ESI). The collision energy and cone voltage were 12 V and 19 V, respectively.
The flow rates of the cone gas and desolvation were calibrated to 150 L/min and 600 L/min,
respectively, using Argon as the collision gas at a flow rate of 0.15 mL/min. A mass
spectrometer was configured to monitor the transitions of the main ion and fragment
ion ranges, the mass and mass-to-charge ratio (m/z) of the main ions for tramadol, M1,
metoprolol, MAA and AA was 264.0, 250.0, 268.1, 218.20, 204.20, respectively, whereas the
corresponding transitions for the fragment ions were 264.0 > 58.0, 250.0 > 58.0, 268.1 > 131.1,
218.20 > 159.10, 204.20 > 76.90. With a residence time of 0.3 s. MRM data were acquired
and analyzed using the Labsolution software 6.9 (Shimadzu®, Kyoto, Japan).

2.4. Validation

The analytical method was validated according to the criteria established by the Inter-
national Conference on Harmonization [17] and the Brazilian National Health Surveillance
Agency (ANVISA) in Resolution of the Collegiate Board (RDC) number 166/2017 [18]. The
following factors were evaluated: linearity (MAA and AA: 800–40,000 ng/mL; Tramadol
and M1: 5–5000 ng/mL; metoprolol: 1000 ng/mL), repeatability, reproducibility, and se-
lectivity in solution and plasma; stability by short- and long-term methods; freezing and
thawing cycles with lower and upper limit control samples; and controls at low, medium,
and high concentrations (MAA and AA: 2400; 12,000 and 30,400 ng/mL; Tramadol and
M1: 15; 1000 and 3750 ng/mL). Standard drug solutions were added to drug-free plasma
to create a calibration curve. In addition, quality control (QC) samples were prepared,
which were utilized to assess absolute recovery, accuracy, and both intra- and interday
precision. The selectivity of the method was evaluated by establishing the lower limit of
quantitation (LLOQ) using drug-free plasma. The limit of detection (LOD) and lower limit
of quantification were evaluated based on the signal-to-noise ratio (SNR) of three replicates
of blank specimens fortified with decreasing quantities of each compound. LOD and LLOQ
(metamizole: 840 ng/mL and tramadol: 5.25 ng/mL). Stability (long term in biological
matrix at −70 ◦C; bench temperature at room temperature (20 ◦C); three freeze–thaw cycles
and samples processed in the automatic sampler) was also evaluated.

2.5. Pharmacokinetic Analysis and Statistics

Pharmacokinetic profiles were obtained using a non-compartmental analysis with
WinNonlin 6.2.1 software (Pharsight, Mountain View, CA, USA, 2011). The observed
variables were: the maximum plasma concentration (Cmax), extrapolated concentration
without time 0 (C0), time to reach Cmax (Tmax), area under the plasma concentration curve
from time zero until the moment of the last measurable concentration (AUC0→ t), and the
extrapolation of the AUC to infinity (AUC0→ ∞), volume of distribution (Vz), clearance
(Cl), elimination half-life (T1/2); mean residual time until the last measurement (MRT0→ t),
and mean residual time from zero to infinity (MRT0→ ∞).

Statistical analyses were performed using BioEstat® version 5.0,(Instituto Mamirauá,
Belém, Brazil). The normality of all parameters was analyzed using the Shapiro–Wilk test.
Except for Tmax which was evaluated using the Mann–Whitney test and expressed as a
median, all other parameters were compared using the T test and expressed as mean and
standard deviation. Differences were considered statistically significant at p < 0.05.

3. Results

After optimizing the chromatographic parameters and defining the analytical vari-
ables, the method was validated to ensure data accuracy. All calibration curves showed
correlation coefficient (R2) values greater than 0.99, demonstrating the linearity between
the equipment responses and curve concentrations. This method showed good selectiv-
ity, reproducibility, and repeatability, with a relative standard deviation of less than 5%.
Moreover, the samples were stable under the conditions used for analysis.

The mean plasma concentrations of tramadol, M1, MAA, and AA were plotted on a
comparative chart of elapsed time (Figures 1–4).
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ten healthy northeastern Brazilian donkeys. Notes: Black circles (•) represent the mean and standard
deviation results of the group treated with 2 mg·kg−1 tramadol and 25 mg·kg−1 metamizole; white
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After intravenous administration, tramadol, MAA, and AA were detected during 24 h
of analysis, and M1 during 12 h.

The pharmacokinetic parameters obtained for tramadol, M1, MAA and AA after intra-
venous administration of metamizole at doses of 10 mg·kg−1 or 25 mg·kg−1 in association
with tramadol (2 mg·kg−1) are shown in Tables 1–4, respectively. Additionally, for analysis,
the obtained data were compared with results from previous studies conducted by the
same research group.

Table 1. Pharmacokinetic parameters of tramadol (2 mg·kg−1) in association with metamizole
(10 mg·kg−1 or 25 mg·kg−1) intravenous (IV) administration in ten donkeys.

Tramadol (Tramadol 2 mg·kg−1 IV)
Mouta et al., 2021 [19]

T2M10
(Tramadol 2 mg·kg−1 and

Metamizole 10 mg·kg−1 IV)

T2M25
(Tramadol 2 mg·kg−1 and

Metamizole 25 mg·kg−1 IV)

C0
(ng/mL) 6150 ± 1717 b 9995 ± 2095 a 13,776 ± 3254 a

AUC0→ ∞
(h.ng/mL) 2663 ± 1828 b 3882 ± 764 a 5008 ± 808 b

T1/2
(h) 0.97 ± 0.17 a 8.12 ± 1.55 b 13.62 ± 1.26 a

Vz (L/h/kg) 1.32 ± 0.63 a 9.15 ± 7.01 b 8.75 ± 7.21 b

Cl (L/h/kg) 1.01 ± 0.50 a 0.76 ± 0.32 b 0.42 ± 0.18 c

MRT0→ ∞
(h) 1.34 ± 0.36 a 2.10 ± 0.48 b 8.35 ± 2.44 c

Notes: Results are presented as the mean ± SD of n = 10. a, b and c: Different subscript letters show statistical
differences between treatments (p < 0.05). C0: extrapolated concentration without time 0; AUC0→ ∞: area
under the curve from time zero to infinity; T1/2: elimination half-life; Vz: volume of distribution; Cl: clearance;
MRT0→ ∞: mean residence time from zero to infinity.

Table 2. Pharmacokinetic parameters of O-desmethyltramadol (M1) after intravenous (IV) admin-
istration of tramadol (2 mg·kg−1) in association with metamizole (10 mg·kg−1 or 25 mg·kg−1) in
ten donkeys.

M1 (Tramadol 2 mg·kg−1 IV)
Mouta et al., 2021 [19]

T2M10
(Tramadol 2 mg·kg−1 and

Metamizole 10 mg·kg−1 IV)

T2M25
(Tramadol 2 mg·kg−1 and
Metamizole 25 mg·kg IV)

Cmax (ng/mL) 90 ± 61 a 94 ± 22 a 124 ± 30 b

Tmax (h) 1.00 ± 0.16 a 0.72 ± 0.14 a 0.91 ± 0.08 a

AUC0→ ∞ (h.ng/mL) 379 ± 238 a 303 ± 76 a 584 ± 412 b

T1/2 (h) 8.43 ± 3.57 a 6.11 ± 1.35 a 13.50 ± 2.62 b

Vz (L/h/kg) NA 8.05 ± 5.12 a 8.32 ± 7.73 a

Cl (L/h/kg) NA 9.32 ± 6.51 a 5.48 ± 2.54 a

MRT0→ ∞ (h) 10.80 ± 4.30 a 5.09 ± 0.91 b 18.25 ± 4.35 c

Notes: Results are presented as the mean ± SD of n = 10. a, b and c: different subscript letters show statistical
differences between treatments (p < 0.05). Cmax: maximum concentration; Tmax: time to peak concentration;
AUC0→ ∞: area under the curve from time zero to infinity; T1/2: elimination half-life; Vz: volume of distribution;
Cl: clearance; MRT0→ ∞: mean residence time from zero to infinity; NA: not applicable.
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Table 3. Pharmacokinetic parameters of 4-methylaminoantipyrine (4-MAA) after intravenous (IV)
administration of tramadol (2 mg·kg−1) in association with metamizole (10 mg·kg−1 or 25 mg·kg−1)
in ten donkeys.

4-MAA
(Metamizol

10 mg·kg−1 IV)
Macêdo et al., 2021 [20]

T2M10
(Tramadol 2 mg·kg−1

and Metamizol
10 mg·kg−1 IV)

(Metamizol
25 mg·kg−1 IV)

Macêdo et al., 2021
[20]

T2M25
(Tramadol 2 mg·kg−1

and Metamizol
25 mg·kg−1 IV)

C0 (µg/mL) 31 ± 9.7 a 109 ± 29 b 100 ± 34 b 128 ± 30 b

AUC0→ ∞ (h.µg/mL) 14.51 ± 1.9 a 53.70 ± 7.3 b 44.78 ± 5.5 b 52.2 ± 4.4 b

T1/2 (h) 2.69 ± 0.34 a 2.05 ± 0.19 a 3.62 ± 0.24 b 4.51 ± 0.94 b

Vz (L/h/kg) NA 1.6 ± 0.1 a NA 3.4 ± 0.2 b

Cl (L/h/kg) NA 5.0 ± 0.5 NA 4.9 ± 0.5

MRT0→ ∞ (h) 2.84 ± 0.3 a 1.92 ± 0.24 a 3.92 ± 0.36 b 3.99 ± 0.74 b

Notes: Results are presented as the mean± SD of n = 10. a, b: Different subscript letters show statistical differences
between treatments (p < 0.05). C0: extrapolated concentration without time 0; AUC0→ ∞: area under the curve
from time zero to infinity; T1/2: elimination half-life; Vz: volume of distribution; Cl: clearance; MRT0→ ∞: mean
residence time from zero to infinity; NA: not applicable.

Table 4. Pharmacokinetic parameters of 4-aminoantipyrine (4-AA) after intravenous (IV) admin-
istration of tramadol (2 mg·kg−1) in association with metamizole (10 mg·kg−1 or 25 mg·kg−1) in
ten donkeys.

4-AA
(Metamizol

10 mg·kg−1 IV)
Macêdo et al., 2021 [20]

T2M10
(Tramadol 2 mg·kg−1

and Metamizol
10 mg·kg−1 IV)

(Metamizol
25 mg·kg−1 IV)

Macêdo et al., 2021 [20]

T2M25
(Tramadol 2 mg·kg−1

and Metamizol
25 mg·kg−1 IV)

Cmax (µg/mL) 1598 ± 0.25 a 1941 ± 0.46 a 2855 ± 0.55 b 1067 ± 0.14 a

Tmax (h) 0.22 ± 0.06 a 1.56 ± 0.65 b 0.15 ± 0.06 a 0.91 ± 0.36 b

AUC0→ ∞ (h.µg/mL) 6801 ± 1569 a 14,175 ± 4367 b 12,494 ± 1532 b 11,981 ± 2583 b

T1/2 (h) 6.37 ± 1.30 a 9.41 ± 2.42 b 7.11 ± 1.01 a 10.47 ± 0.98 b

Vz (L/h/kg) NA 33.2 ± 3.4 a NA 37.1 ± 3.5 a

Cl (L/h/kg) NA 3.1 ± 0.3 a NA 2.5 ± 0.3 a

MRT0→ ∞ (h) 10.95 ± 1.61 a 14.04 ± 3.54 a 11.20 ± 1.43 a 15.55 ± 1.41 a

Notes: Results are presented as the mean ± SD of n = 10. a, b: different subscript letters show statistical differences
between treatments (p < 0.05). Cmax: maximum concentration; Tmax: time to peak concentration; AUC0→ ∞:
area under the curve from time zero to infinity; T1/2: elimination half-life; Vz: volume of distribution; Cl: clearance;
MRT0→ ∞: mean residence time from zero to infinity; NA: not applicable.

Analyzing Tramadol, it was observed that AUC0→ ∞ and Cl were higher for T2M10
than for T2M25, while T1/2; MRT0→ ∞; MRT0→ t were significantly higher in the T2M25
group. Regarding its metabolite, M1, T1/2; MRT0→∞; MRT0→ t were significantly higher
for T2M25.

Regarding the Vz, MRT0→ ∞, T1/2 of MAA and MRT0→ t of AA varied significantly
between groups, being higher in animals that received 25 mg·kg−1 of metamizole.

Adverse effects were noted after the intravenous administration of metamizole and
tramadol. Restlessness and ataxia were observed in two animals in the T2M25 group but
not in the T2M10 group.

4. Discussion

In this study, the evaluation of the pharmacokinetic profile of two doses of metamizole
in co-administration with 2 mg·kg−1 of tramadol in donkeys were investigated.
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The combination of metamizole and tramadol has been used to treat moderate-
to-severe pain in animals affected by neoplasms or arthritis, or undergoing castration
surgery [21–23]. The results showed that this association has the potential to improve
antinociceptive effects [14]. However, these studies were conducted on small animals or
laboratory animals.

In the realm of veterinary medicine, donkeys frequently receive therapeutics pre-
scribed according to dosages and intervals recommended for horses, primarily due to the
scant availability of donkey-specific drug labeling guidelines [24]. This study marks a
pioneering effort to investigate the pharmacokinetic profiles of tramadol and metamizole
specifically in donkeys. The findings from this research could serve as a foundational
scientific basis for subsequent pharmacodynamic investigations and clinical trials aimed at
optimizing pain management strategies for this species.

Metamizole is rapidly hydrolyzed into its two metabolites (MAA and AA) [25] and
therefore, it was not possible to obtain the minimum concentrations for quantification at
predetermined times, making it impossible to construct the pharmacokinetic profile of this
prodrug. Therefore, its metabolites (MAA and AA) are used as markers for pharmacokinetic
studies of this drug [6]. Tramadol is a drug carried to the liver, where it is metabolized in
M1 and can be measured using the method employed.

The metabolites 4-methylaminoantipyrine and O-desmethyltramadol, the active
metabolites of metamizole and tramadol, respectively, have more potent analgesic ac-
tivity than those of their parent drugs [4]. Since both drugs are metabolized by the enzyme
CYP3A4, increasing the metamizole dose from 10 to 25 mg·kg−1 extends their blood pres-
ence. This is shown by the marked increase in MRT and T1/2 in groups treated with
25 mg·kg−1 of metamizole and in donkeys administered 2.5 mg·kg−1 of tramadol intra-
venously, suggesting the combination could boost their therapeutic effects [4,26–28].

Tramadol clearance was higher in the animals that received 10 mg·kg−1 of metamizole.
Both drugs are metabolized by the same enzymes. These results suggest that increasing
the dose of metamizole promotes competition for the CYP3A4 binding site, reducing the
metabolism of tramadol and prolonging its elimination.

Tramadol exhibits a half-life of 0.97 h at the dosage used in the present study and
1.48 h at a dose of 4 mg·kg−1; however, these data were obtained when tramadol was
used alone [19]. In another study, similar values were found, and a half-life of 1.55 h was
obtained in donkeys, wherein the drug was rapidly metabolized to N-desmethyltramadol,
an inactive metabolite which contributed to the drug being less effective in this species than
in others [26]. In the present study, concomitant administration of metamizole increased
the half-life of tramadol to 8.12 h (10 mg·kg−1 metamizole) and 13.62 h (25 mg·kg−1), as
well as that for M1 (an active metabolite in animals).

The combination of these drugs possibly increases the clinical efficacy of tramadol
in donkeys. However, clinical trials are required to determine whether this increased
half-life is useful for pain management. An increase in the metamizole dose promoted an
increase in the half-lives of tramadol and O-desmethyltramadol. These three substances
are metabolized in the liver under the action of cytochrome P450 enzyme variation 3A4,
causing it to become overloaded and thus reducing the speed of metabolization of these
drugs. However, this half-life extension cannot definitively be deemed beneficial from a
clinical point of view. The continuous administration of tramadol and metamizole in rats
subjected to the hot plate test initially promoted an improvement in the response; however,
with subsequent doses, its efficiency reduced by up to 40%, probably due to the increased
opioid tolerance in the animal [14].

Regarding the pharmacokinetic parameters of MAA in donkeys, MRT was higher in
animals that received 25 mg·kg−1 of metamizole. The authors of [28] used metamizole
in horses and observed an MRT of 3.70 h. This was similar to our data at the same dose
and suggests that, regardless of whether it was used alone, the duration of the effect of
metamizole did not vary. In addition, the half-life of MAA presented increased with a dose
of 25 mg·kg−1. Giorgi et al. [29] reported a half-life of 3.34 h, which differs from our study,
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which found 4.51 h. This variation may be associated with competition for the active site of
the CYP3A4 enzyme, suggesting an enzymatic interaction in which tramadol and MAA
compete for the same metabolic pathway [30].

Stewart et al. (2011) [31], in their study on the pharmacokinetics and adverse effects of
tramadol when administered intravenously to horses, noted that 7 out of the 12 animals
experienced muscle fasciculations within three minutes of receiving a 5 mg·kg−1 dose.
Meanwhile, another research [19] focusing on the intravenous application of tramadol in
donkeys found adverse reactions in just one animal at a 2 mg·kg−1 dosage and in 7 animals
when the dosage was increased to 4 mg·kg−1.

However, no adverse reactions were observed in donkeys treated with tramadol and
in mice treated with tramadol and metamizole [13,26]. The reactions found in the two
donkeys that received metamizole and tramadol (T2M25) were probably due to the speed
or volume of administration. The Cmax of tramadol and M1 did not differ between the
groups treated with 10 mg·kg−1 or 25 mg·kg−1 of metamizole. Moreover, the intravenous
administration of drugs in large volume and at a fast rate demonstrably causes adverse
effects, mainly, of neurological order [31,32], as reported in our study.

The analgesic efficacy and side effects induced by both tramadol and metamizole
vary among different species, influenced not only by intrinsic hepatic metabolism but also
by genetic polymorphisms within the CYP450 subfamilies [33]. For instance, while the
impact of tramadol can be significantly altered by the efficiency and quantity of a specific
CYP450 enzyme in an individual, metamizole, known for its analgesic and antipyretic
properties, may also have its efficacy and side effect profile modified by similar genetic
and metabolic factors. These variations in CYP450 phenotypes affect the metabolism,
accumulation, or elimination rates of both substances, directly influencing the success or
failure of analgesic outcomes and the potential for adverse effects [14]. According to Ruel
and Steagall (2019) [34], some medical centers are now integrating computerized clinical
decision support systems that include pharmacogenomics tools to customize treatment
with tramadol and metamizole. This strategy is based on individual pharmacogenomic
profiles (e.g., extensive, intermediate, or poor metabolizers) to predict the safety and efficacy
of the combined or individual therapy of these drugs.

The combination of drugs can lead to complex interactions that affect their metabolism,
potentially resulting in increased plasma concentrations and bioavailability, which can lead
to larger drug distribution volumes and adverse effects. This phenomenon occurs when
drugs compete for the same metabolic pathways, especially those involving cytochrome
P450 enzymes, leading to slower metabolism and a prolonged presence in the plasma of
the drug and its metabolites. Such interactions highlight the importance of understanding
the pharmacokinetic profiles of drugs when used in combination [35].

As this study aimed to evaluate the pharmacokinetic profile of analgesic drugs widely
used in companion species, it is only possible to determine whether there is an interaction
within the scope of the metabolism of these drugs, and we could not infer which of the two
associations is more beneficial in the treatment of pain. Further clinical studies are needed
to resolve these issues in northeastern Brazilian donkeys.

5. Conclusions

Pharmacokinetic research on donkeys is limited, making this pioneering study on the
drug interactions between tramadol and metamizole in donkeys significant. It indicates
that these drugs may impact each other’s metabolism. Further clinical research is essential
to determine the optimal dosages for effective analgesia in donkeys, reducing the need to
rely on dosages extrapolated from horse studies.
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