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Abstract. The pig (Sus scrofa domestica) is an animal used as an 
experimental model in surgical procedures. This makes the use 
of anaesthesia necessary. The present study constitutes a 
comparison between two different ketamine/xylazine 
concentration protocols. One protocol used ketamine 10% + 
xylazine 10% (high concentration), and the other ketamine 5% + 
xylazine 2% (low concentration). Concentrations were chosen 
since these are the most common presentations in the 
veterinary market. In the present experiments, twenty male and 
female pigs (Sus scrofa domestica; 20 kg each), were assigned 
into two different groups. The first one was integrated by pigs 
treated with high concentration protocol (n = 10), and the 
second one, composed by pigs that received low concentration 
protocol (n = 10). Parameters measured were the time in which 
the animals were placed in sternal decubitus, and the heart rate. 
The effects of these drugs were considered not only specifically 
in its sedative effects, but also in the respiratory system. Based 
on these results, we conclude that the first protocol showed 
better results than the second one. The time in which the 
animals were placed in sternal decubitus was lower in the first 
one (p < 0.001). Differences between the effects on the 
respiratory system (p = 0.37) and sedative effects (p = 0.87) 
were not significant, even when focusing on the last 
measurement, higher concentration protocol was twenty 
percent (20%) more effective than lower. 
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Introduction 

In the last years, the porcine 
specimen (Sus scrofa domestica) has been 
chosen as an experimental animal model, 
due to the fact that it constitutes an 
interesting option in surgeries and 
infection diseases models (Meuren et al., 
2012). The resemblance between body 
parameters of these animal and human 
beings support this decision. Vital signs 
such as heart rate (100 to 110 
beats/min), respiratory frequency (15 to 
20 breaths/min), blood pressure 
(100/60 mmHg +/- 10 mmHg) and 
corporal temperature (39 °C +/- 5 °C) are 
considered here in the election of the 
species modelling surgical conditions 
(Clarence, 1988; González and Cruz, 
2008). Moreover, the size of their organs 
is similar to the human ones (Walters et 
al. 2011). 

Premedication is one of the most 
important parts in veterinary 
anaesthesiology, because this phase 
allows the professional not only to 
reduce the amount of necessary 
anaesthesia for induction and 
maintenance phases, but also to reduce 
and facilitate the necessary procedures, 
such as intravenous injections and 
endotracheal intubation. It is vital that 
premedication reaches its maximum 
effect as fast as possible, avoiding in this 
way stress, suffering, motor 
incoordination and traumatisms. 

Ketamine is a phencyclidine 
derived, dissociative anaesthetic, NMDA 
receptor antagonist (Dominio et al., 
1965). It was synthetized by Stevens in 
1962 and introduced in human medicine 
by Corssen and Dominio (López-Millan et 
al., 2007). Nowadays, it is frequently 

used in veterinary Medicine (Guevara et 
al., 2016). 

On the other hand, xylazine, an 
agonist at the α-2 class adrenergic 
receptor (Flores, et al., 2000), was the 
first sedative and painkiller drug of its 
class used in veterinary medicine 
(Thurman et al., 1996). 

The combination of these two 
drugs is widely used, not only in pigs, but 
also in different animal species (Guevara 
et al., 2017). In our laboratory, we use it 
in rats during stereotaxic surgery 
(Serrano et al., 2013). 

The objective of this paper is to 
compare two ketamine/xylazine 
anesthesic protocols in pigs (Sus scrofa 
domestica). 

Materials and methods 

The experiments consisted 
mainly in a retrospective study of the 
anaesthetic registration forms. These 
experiments were made during 2010 and 
2011 using pigs for teaching in the 
Experimental Surgery Institute, Faculty 
of Medical Sciences, National University 
of Cuyo (Universidad Nacional de Cuyo). 
Twenty three-month-old (n = 20) 
animals, 20 (+/- 2) kg each, no race 
required, were used. After a 24 h solid 
foods period, pigs were anaesthetized 
according to the following procedures 
description. The animal’s housing and 
experimental procedures were carried 
on following project approval criteria of 
the National University of Cuyo, 
accordingly to the guidelines set by 
European Community Council (Directive 
86/609/EEC), to the bioethical rules 
established by the Faculty of Medicine of 
the National University of Cuyo, and to 
Argentine law (Figure 1). 
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Figure 1. Pig under anaesthesia using the Ketamine 10% + Xilazine 10% protocol. 
 
 
 

Premedication 
The premedication was 

performed with ketamine (10 mg/kg) 
and xylazine (2 mg/kg). They were 
administered intramuscularly in 
semitendinous muscle. The animals were 
divided into two groups. One received 
the high concentration (n = 10) and the 
other group (n = 10) received the lower 
one. An intravenous catheter was placed 
in a peripheral line (marginal vein of the 
ear). 

Anaesthetic induction 
Anesthetic induction was 

performed by intravenous drip with 
Fentanyl (3-5 g/kg), Midazolam 
(1 mg/kg) or Diazepam (1 mg/kg) and 
Propofol (2.5 to 5 mg/kg), intravenously 
administered. An airway was established 
with an endotracheal tube. It was 
connected to an artificial respirator 
(respirator type “Takaoka”), for 
mechanical or assisted ventilation. 

Maintenance 
Maintenance was done with 

Fentanyl (3 to 5 g/kg/h), Midazolam 
(0.3 mg/kg/h) and Pancuronium 
(0.1 mg/kg, as a muscle relaxant). 

Surgical procedures 
The animals were maintained 

under anaesthesia and monitored for a 
period of approximately 4 h. After it, they 
were euthanized with potassium chloride 
according to the method accepted in 
international standards for the use of 
experimental animals. 

Animals were subjected to the 
following surgical procedures: 
canalization of jugular and femoral vein, 
peritoneal lavage, placement of thoracic 
drainage cardiac puncture and 
cricothyroidectomy. 

It was evaluated after 
premedication the time in which the 
animal takes to be placed in decubitus, 
the heart rate at the time of placing in 
decubitus and the respiratory effect. 
Sternal decubitus time is a latency 
between application of anaesthesia and 
clinical effect. It is a measure of the time 
delay between the injection to the animal 
and the anaesthetic effect, when animal 
falls in sternal decubitus. It should be 
considered as a clinical index of full 
effect. 

Severe apnea was considered 
when less than 20 breaths/min were 
found. Moderate apnea was considered 
when 20-60 breaths/min were verified. 
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Mild apnea was considered when it was 
found more than 60 breaths/min. The 
sedative effect was studied using a scale 
from 1 to 3 points. One point was 
assigned when there were no voluntary 
movements or connection with the 
environment. It was given 2 points and 
was considered moderate when it was 
observed that there were involuntary 
movements but without connection with 
the environment. Finally, 3 points were 
applied and it was considered a slight 
grade when voluntary movements and 
connection to the environment were 
found. 

Results 

The higher dose anaesthetic 
protocol (ketamine 10% + xylazine 10%) 
led to better results when compared with 
the anaesthetic lower dose protocol 
(ketamine 5% + xylazine 2%). The 
sternal decubitus time was significantly 
lower in the first protocol (p < 0.001, 
Figure 2). No significant differences were 
observed when comparing respiratory 
frequency (p = 0.37, Figure 3) and 
sedative effect (p = 0.87, Figure 4). There 
was not a significant effect on heart rate 
(p = 0.64, Figure 5). 

 
 
 

 
Figure 2. Decubitus time (s). 

 
Figure 3. Sedative effect. 

  

 
Figure 4. Respiratory effect. 

 
Figure 5. Cardiac frequency. 
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Individual detailed parameters of the 

pigs used in the experiment [decubitus time 
(s), heart rate (sternal decubitus), 
respiratory frequency (breaths/min), and 

sedative effects]. Presentation of high (Table 
1) and low concentration schedules (Table 
2), and average results (Table 3). 

 
 
 
Table 1. Description of the sex pig’s group receiving Ketamine 10% and Xylazine 10%. Weight (kg), 
decubitus time (s), heart rate (sternal decubitus), respiratory frequency (breaths/min) and 
sedative effects were considered. 

Sex Weight 
(kg) 

Decubitus time 
(s) 

Heart rate in 
sternal Decubitus 

Respiratory 
frecuency 

Breaths/min 
Sedative effect 

Male 20   83 110 60 moderate 1 severe 
Male 25 120 270 102 mild 2 moderate 
Male 35 150 120 90 mild 1 severe 
Male 20   60 120 60 moderate 1 severe 
Female 25 120 180 42 moderate 1 severe 
Female 22 125 180 72 mild 1 severe 
Female 20 120 132 72 mild 1 severe 
Female 25 120 120 60 moderate 2 moderate 
Female 25   96 132 72 mild 1 severe 
Female 20 165 144 60 moderate 1 severe 

Average 23.7 115.9 150.1 
Mild 50% 

Moderate 50% 
Severe 0% 

Mild 0% 
Moderate 20% 

Severe 80% 
 
 
 
Table 2. Description of the sex pig’s group receiving Ketamine 5% and Xylazine 2%. Weight (kg), 
decubitus time (s), heart rate (sternal decubitus), respiratory frequency (breaths/min) and 
sedative effects were considered. 

Sex Weight  
(kg) 

Decubitus time 
(s) 

Heart rate 
(sternal Decubitus) 

Respiratory 
frecuency 

(Breaths/min.) 
Sedative effect 

Male 20 300 180 60 moderate 2 moderate 
Male 20 300 200 42 moderate 1 severe 
Male 18 240 160 72 mild 1 severe 
Male 21 210 180 72 mild 1 severe 
Female 20 300 80 60 moderate 1 severe 
Female 19 240 140 60 moderate 2 moderate 
Female 20 300 160 90 mild 1 severe 
Female 20 240 160 60 moderate 1 severe 
Female 22 360 120 42 moderate 2 moderate 
Female 20 300 80 60 moderate 2 moderate 

Average 20 279 146 
Mild 30% 

Moderate 70% 
Severe 0% 

Mild 0% 
Moderate 40% 

Severe 60% 
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Table 3. Average results table. 

 Ketamine 10% 
Xylazine 10% 

(n = 10) 

Ketamine 5% 
Xylazine 2% 

(n = 10) 

 

Weight 23.7 20.0  
Sex ♂ 40% ♂ 50%  
Sternal Decubitus time (min) 115.9 279.0 p < 0.001 (†) 
Sternal Decubitus heart rate (beats/min) 150.1 142.0 p = 0.64 (†) 
Respiratory frequency (breaths/min) 69.0 61.8 p = 0.37 (†) 
Sedative effect (Index) 1.2 1.3 p = 0.87 (&) 

(†) Paired t Test; (&) X2 Test. 
 
 
 
Discussion 

As previously said, sternal 
decubitus time is a latency between 
application of anaesthesia and clinical 
effect. Sternal decubitus is the time delay 
between the moment of injection and the 
moment in which the animal falls in 
sternal decubitus. It may be considered a 
clinical index of full effect. The fact that 
maximal concentration here used led to a 
minimum latency may be considered as 
an efficacy related parameter. We may 
see here that higher doses significantly 
shortened sternal decubitus time. 

Data obtained in present 
experiments showed a better effect using 
the higher concentrations schedule. It 
may be interpreted that most brain 
structures are abolished in its function 
with the higher schedule. 

A partial blockade of some brain 
structures may lead to unexpected 
results. Actually, psychoses are today 
interpreted as an imbalance of brain 
structures (Grace, 2000; Gargiulo and 
Landa de Gargiulo, 2004, 2014). We have 
also observed that the selective blockade 
of several brain structures may lead to 
unexpected paradoxical results in the 
field of anxiolytic drugs (Llano López et 
al., 2013). Ketamine psychoses are 
observed below anaesthetic levels (Lahti 
et al., 1995; Blagrove et al., 2009), and 
dopaminergic alterations are supposed 
to be underling ketamine psychotogenic-
like effects (Kokkinou et al., 2018). 

We may speculate supposing that 
a low ketamine concentration in present 
results represents a subanaesthetic 
condition, with a high possibility of 
paradoxical results instead of anaesthetic 
effects. Maximal doses may lead to 
deeper anaesthesia states, excluding 
paradoxical effects since all brain 
structures are blocked. These findings 
led us to think that this effectiveness of 
the higher concentration schedule may 
be considered as derived of the action on 
the whole brain. 

Conclusions 

After all the information 
presented above, we conclude that the 
use of more concentrated drug schedule 
has more benefits, when compared with 
the use of more diluted ones. 
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