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ABSTRACT

The objective of this study was to evaluate the effect of 
adding methadone or morphine to an anesthetic 
protocol in combination with ketamine and midazolam 
in 24 rabbits undergoing elective orchiectomy. The 
animals, weighing 3.909±0.6693 kg, were evenly 
distributed into three groups, receiving 15 mg/kg of 
ketamine and 2 mg/kg of midazolam (GCON), 
associated with 2 mg/kg of methadone (GMET) or 
morphine (GMOR), intramuscularly.



ABSTRACT

Cardiorespiratory parameters, blood gas analysis, and 
sedation degree were recorded at baseline (T-15), 15 
minutes after premedication (T0), 5 minutes after local 
block (T1); clamping of the first spermatic cord (T2); 
second (T3), and immediately after scrotorraphy (T4). 
Sedation degree was assessed via posture (PS), 
resistance to dorsal recumbency (RD), jaw tone (JT), 
palpebral reflex (PR), total sedation score (TS), muscle 
relaxation (MR), and stimuli response (RS).



ABSTRACT

The inclusion of a µ-agonist opioid enhanced the 
degree of sedation without negatively affecting 
anesthetic recovery. Results showed that methadone 
provided deeper sedation and greater respiratory 
depression, while morphine had a similar but less 
pronounced effect. GMET exhibited a significant 
reduction in respiratory rate (p<0.0001) and an 
increase in PaCO2 (p<0.0001), indicating more 
pronounced respiratory depression compared to the 
other groups.



ABSTRACT

HR remained within normal limits for GMOR and 
GMET, whereas GCON showed a significant increase 
(p=0.0221). No significant changes in blood pressure 
were observed between groups. The sedation degree 
was significantly higher in GMET compared to GCON 
(p=0.0018).



ABSTRACT

It is concluded that opioids improved sedation degree 
without compromising cardiovascular stability, though 
oxygen therapy was required due to respiratory 
depression, particularly with methadone.

Keywords: anesthesiology, lagomorphs, nociception, 
opioids, sedation.



Table 1 – Mean values and standard deviations of the cardiorespiratory parameters 
analyzed (heart rate - HR; partial oxygen saturation of hemoglobin - SpO2; respiratory 
rate - RR; systolic arterial pressure - SAP, mean arterial pressure - MAP, and diastolic 
arterial pressure - DAP; and rectal temperature - RT) in rabbits subjected to an anesthetic 
protocol composed of ketamine and midazolam (GCON); ketamine, midazolam, and 
morphine (GMOR); or ketamine, midazolam, and methadone (GMET), for elective 
orchiectomy (T-15 - baseline; T0 - 15 minutes after protocol administration; T1 - 5 minutes 
after local block; T2 - clamping of the first spermatic cord; T3 - clamping of the second 
spermatic cord; and T4 - immediately after scrotorraphy).
Obs: Uppercase letters within rows for the same variable indicate a difference in relation to 
the baseline moment (T-15). Lowercase letters within rows for the same variable in the 
same column indicate a difference between groups at the same time point.



Table 2 – Mean values and standard deviations of the arterial blood gas parameters analyzed 
(hydrogen potential - pH; arterial oxygen pressure - PaO2; arterial carbon dioxide pressure - 
PaCO2; corrected oxygen saturation - SO2c; bicarbonate - HCO3

- corrected base excess - BE; 
sodium - Na+; potassium - K+; ionized calcium - Ca++; chloride - Cl-, and anion gap - AG) in 
rabbits subjected to an anesthetic protocol composed of ketamine and midazolam (GCON); 
ketamine, midazolam, and morphine (GMOR); or ketamine, midazolam, and methadone 
(GMET) for elective orchiectomy (T-15 - baseline; T0 - 15 minutes after protocol 
administration; T2 - clamping of the first spermatic cord, and T4 - immediately after 
scrotorraphy). 
Obs: Uppercase letters within rows for the same variable indicate a difference in relation to the 
baseline moment (T-15), after analysis by Repeated Measures One-way ANOVA followed by 
Dunnett's test (p < 0.05). Lowercase letters within rows for the same variable in the same 
column indicate a difference between groups at the same time point.



Table 3 – Total score sedation (median) followed by the maximum and minimum values of the 
scores obtained using the sedation scale proposed by Bellini et al. (2014) (posture - PS; resistance 
to dorsal recumbency - RD; jaw tone - JT; palpebral reflex - PR, and total sedation score - TS) and 
using the sedation scale adapted from Comasseto et al. (2014) (muscle relaxation - MR and 
response to stimuli - RS)  in rabbits subjected to an anesthetic protocol composed of ketamine and 
midazolam (GCON); ketamine, midazolam, and morphine (GMOR); or ketamine, midazolam, and 
methadone (GMET). For elective orchiectomy (T0 - 15 minutes after protocol administration; T1 - 
5 minutes after local block; T2 - clamping of the first spermatic cord; T3 - clamping of the second 
spermatic cord, and T4 - immediately after scrotorraphy).
Obs: Lowercase letters within rows for the same variable in the same column indicate a difference 
between groups at the same time point.



Figure 1 – Total sedation score (median) followed by the respective standard deviations, maximum 
and minimum values of the scores obtained by summing the subitems of the sedation scale 
proposed by Bellini et al. (2014) (posture - PS; resistance to dorsal recumbency - RD; jaw tone - 
JT; palpebral reflex - PR) in rabbits subjected to an anesthetic protocol composed of ketamine and 
midazolam (GCON); ketamine, midazolam, and morphine (GMOR); or ketamine, midazolam, and 
methadone (GMET) for elective orchiectomy (T0 - 15 minutes after protocol administration; T1 - 5 
minutes after local block; T2 - clamping of the first spermatic cord; T3 - clamping of the second 
spermatic cord; and T4 - immediately after scrotorraphy).
Obs: * Indicates a difference between GMET and GCON at the same time point.



Extra Materials



(A) Physical restraint using a towel; the arrow indicates the trichotomy of both ears for arterial 
and venous access. (B) Placement of a peripheral catheter in the marginal ear artery for arterial 
access. 



Supplementation of 100% oxygen 
supplementation via a facial mask 
in a rabbit undergoing an elective 
orchiectomy procedure.



(A) Intratesticular block; (B) Initiation of the surgical procedure; (C) Testicular clamping.



Posture assessment using the Sedation Scale by Bellini et al. (2014) in rabbits. following 
treatment administration; (A) lateral recumbency in a rabbit; (B) no resistance to dorsal 
rolling.



CONCLUSION

The inclusion of µ-agonist opioids in the anesthetic 
protocol with ketamine and midazolam demonstrated a 
significant improvement in the quality of sedation in 

rabbits without compromising anesthetic recovery or the 
main cardiovascular parameters, such as heart rate, 

systolic, diastolic, and mean arterial pressure, as well as 
rectal temperature and electrolyte balance.



CONCLUSION

Specifically, methadone caused more pronounced 
respiratory depression than morphine, resulting in 

hypoxemia and respiratory acidosis, as evidenced by 
significant alterations in respiratory rate, SpO2, PaCO2, 

PaO2, and SO2c. Therefore, 100% oxygen 
supplementation during the anesthetic period is necessary 

for this species and should ideally begin as soon as the 
animal allows for the proper fixation of the oxygenation 

mask or other oxygen therapy devices.
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