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Rabbits are commonly anaesthetised both for experi-
mental research and in clinical veterinary practice (31, 
33). The high surface area/volume ratio of rabbits, their 
relatively small size, high metabolic rate, high stress 
levels and difficult control of their airways increase 
their risk of anaesthesia-related death (24, 33). While 
the risk of anaesthesia- and sedation-related death 
was reported as 0.17% in dogs and 0.24% in cats, it 
amounted to 1.39% in rabbits (6). Even holding rabbits 
may lead to intense stress and injuries (5). Alternative 
anaesthetic techniques are being studies to overcome 

various problems in rabbit anaesthesia and achieve safe 
and effective anaesthesia (27).

The use of ketamine-based combinations in rabbit 
anaesthesia, which started in the 1970s, still continues 
due to their ease of application, the relative safety of 
ketamine and its low cost (7, 12, 13, 27, 34). Ketamine 
is usually combined with α2-agonists, benzodiaz-
epines or phenothiazines (7, 14). Especially xylazine/
ketamine was very commonly used in the past (18). 
Due to its inadequate analgesic properties and negative 
effects on the respiratory and cardiovascular systems, 
xylazine has been replaced by agents with high α2 re-
ceptor affinity (medetomidine, dexmedetomidine) that 
have higher analgesic and sedative-hypnotic properties 
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Summary

This study aimed to investigate the effects of dexmedetomidine-ketamine and midazolam-ketamine combinations 
on cardiopulmonary and clinical parameters in New Zealand white rabbits. The DXK group (n = 8) received 
dexmedetomidine (50 µg/kg) and ketamine (20 mg/kg), and the MDK group (n = 8) received midazolam (0.6 mg/kg)  
and ketamine (20 mg/kg) in the same syringe through the intramuscular (IM) route. Before anaesthesia and 
for 120 minutes, reflexes, haemodynamic values and blood gas changes were monitored. It was determined that 
anaesthesia was induced within a shorter time and lasted longer in DXK. The difference between the groups in 
terms of the time of loss of the pedal reflex (2.0 min in DXK, 7.5 min in MDK) was statistically significant (p < 0.05). 
It was observed that, in both groups, the heart rate (HR), mean arterial pressure (MAP), respiratory rate (RR) 
and oxy-haemoglobin saturation (SpO2) values decreased, and the end-tidal CO2 (EtCO2) values increased, but 
these changes were greater in DXK. With regard to arterial blood gasses, a reduction in pH and pO2 and an 
increase in pCO2 were also more noticeable in DXK. Consequently, at the doses applied, dexmedetomidine-
ketamine caused more noticeable changes in the haemodynamic values and blood gasses in comparison to 
midazolam-ketamine. High-dose dexmedetomidine (50 µg/kg) and low-dose ketamine (20 mg/kg) achieved 
induction in a shorter time but led to a significant reduction in RR. It was concluded that the combination of 
midazolam (0.6 mg/kg) and ketamine (20 mg/kg) could be regarded as appropriate for the anaesthesia of New 
Zealand white rabbits.
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(18, 23). Dexmedetomidine, which is a dextrorotatory 
enantiomer of medetomidine, is a highly selective α2 
agonist. In terms of anaesthetic activity, it is twice 
as strong as medetomidine and 40 times as strong 
as xylazine (30, 32). In veterinary medicine, it was 
reported that predictable, fast and smooth anaesthesia 
induction and sustainability are achieved with the 
dexmedetomidine-ketamine combination (1, 32).

Midazolam, which has an intense calming effect and 
produces good muscle relaxation in rabbits, is a benzo-
diazepine derivative. Due to its water-solubility, it may 
be used together with ketamine in the same syringe, and 
it has a twice as potent effect as diazepam (18, 25, 30). 
It was reported that benzodiazepine-ketamine combi-
nations produce good muscle relaxation and analgesia 
and lead to less cardiopulmonary depression (14, 18).

One of the complications most frequently seen in 
small mammals during anaesthesia is respiratory de-
pression. It was noted that the anaesthetic dose required 
to induce surgical anaesthesia is very close to the one 
that may cause respiratory arrest (18). To achieve the 
desired effect in terms of specificity and affinity in  
anaesthesia processes where α2 agonists are used, 
while the dose of the α2 agonists is being reduced, 
unrelated side effects should be minimised (8).

This study aimed to investigate the effects of a com-
bination of low-dose ketamine (20 mg/kg) and high-
dose dexmedetomidine (50 µg/kg) and a combination 
of midazolam (0.6 mg/kg) and ketamine (20 mg/kg) on 
reflexes, haemodynamic values and blood gas levels.

Material and methods
Animals. The study used 16 male New Zealand rabbits 

aged 11-12 months and weighing between 3500 and 4500 g. 
Ten days before the experiment, the rabbits were kept in 
a group in a room with dust-free wood shavings on the 
ground and provided with commercial pellet feed (Nükleon® 
rabbit feed, İvedik/Ankara/Turkey) and ad libitum water. The 
temperature in the room was maintained at 20 ± 2°C, and 
humidity was 50-60%. By turning the room lighting on at 
7 am and off at 7 pm, a 12-hour light/dark cycle was kept. 
The animals were not fasted before anaesthesia.

The study was conducted at the Animal Experiments 
Application and Research Center (HDAM) with approval 
no. 2018/002/04 granted by the Harran University Animal 
Experiments Local Ethics Board (HRÜ-HADYEK) on Feb. 
26, 2018.

Instrumentation. Before the experiments, the rabbits 
were weighed on a precision scale and given clinical exami-
nations. Only clinically healthy rabbits were included in the 
study. Hair over the central auricular artery (A. auricularis) 
was shaved. After antisepsis, a 26 G branule (Beybi®, Ümra-
niye/Istanbul/Turkey) was inserted into the A. auricularis. 
After placing a three-way stopcock to obtain repeated blood 
gas samples and continuously record blood pressure, an arte-
rial line was connected to a previously calibrated arterial 
blood pressure transducer. For ECG monitoring, alligator 
clip electrodes were applied to the skin in the medial region 
of the upper part of the forelegs and the left hind leg of each 

rabbit. Oxy-haemoglobin saturation (SpO2) was measured 
using a pulse oximeter with clips placed onto the ear. Body 
temperature (BT) was monitored with a rectal probe. With 
regard to haemodynamic parameters, the heart rate (HR), 
mean arterial pressure (MAP), respiratory rate (RR), SpO2, 
end-tidal CO2 (EtCO2) and BT values were monitored with 
a Mindray UMEC12VET (Mindray UMEC12VET, Shenzen 
Mindray Bio-Medical Electronics Co, Shenzhen, China). 
The arterial pH, partial pressure of carbon dioxide in arte-
rial blood (pCO2) and partial pressure of oxygen in arterial 
blood (pO2) were measured with an Epoc Blood Analysis 
device (Epocal Inc, Ottawa, Canada) and a BGEM Test 
Card kit (Epocal Inc, Ottawa, Canada). In order to prevent 
stasis, after each sample collection process, the branule was 
washed with 0.4 ml of a mixture obtained by mixing heparin 
sodium (Koparin®, 25000 IU/5 mL I.V. Koçak Farma, Istan-
bul, Turkey) into a 0.9% NaCl (Polifleks® 500 ml, Tekirdağ, 
Turkey) solution.

Anaesthesia. In order to minimise stress, the animals were 
handled daily for one week before the experiments. For the 
standardization of the experiment, the injections and their 
monitoring processes were carried out between 9 am and 
11 am in all rabbits. The rabbits were randomly divided into 
2 groups (n = 8 per group): the DXK and MDK groups. The 
rabbits in DXK were given dexmedetomidine (50 µg/kg)  
(Dekstomid® fliptop vials 200 mcg/2 ml, Polifarma İlaç, 
Ergene/Tekirdağ) and ketamine (20 mg/kg) (Alfamine%10® 
injection, Alfasan International B.V., Woerden/Netherlands), 
and the rabbits in MDK were given midazolam (0.6 mg/kg) 
(Zolamid® 15 mg/3 ml, Vem İlaç, Çankaya/Ankara) and 
ketamine (20 mg/kg) (Alfamine 10%® injection, Alfasan 
International B.V., Woerden/Netherlands). The drug combi-
nations were mixed in the same syringe and injected by the 
same IM route into M. quadriceps femoris.

Reflex times. Anaesthesia depth was assessed by record-
ing the loss and return times of the righting reflex (the rabbit 
showing righting by itself after being laid dorso-ventrally), 
pedal withdrawal reflex (the rabbit withdrawing its hind 
leg when one of its toes is pinched by the researcher with 
fingers) and ear-pinch reflex (vocalisation or moving head 
when the researcher pinches the pinna with two fingers). The 
moment at which all these reflexes disappeared was recorded 
as anaesthesia onset, while the moment at which all of them 
returned was recorded as the end of the total sleep period. 
At the end of the study, the rabbits were re-homed.

Time schedule. The reflexes were monitored every 30 
seconds before the injection of the anaesthetics (baseline) 
and right after the injection until all reflexes returned. The 
haemodynamic parameters (HR, MAP, RR, SpO2, EtCO2 and 
BT) were recorded before the injection of the anaesthetics 
and at minutes 5 (T5), 10 (T10), 15 (T15), 30 (T30), 60 (T60), 
90 (T90), and 120 (T120) of the anaesthesia, and arterial blood 
samples were collected at the same time points for arterial 
pH and arterial blood gas values (pCO2, pO2).

Statistical analysis. Since the data did not satisfy the para-
metric test assumptions, differences between the treatment 
groups (DXK and MDK) in all quantitative characteristics 
measured were determined by the Mann-Whitney U test. Dif-
ferences between measurements repeated at different times 
on the same subject were determined by the Freidman test 
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separately for each treatment group. For variables showing 
significant differences in the Freidman test, pairwise compari-
sons were carried out by the Wilcoxon test only on differences 
between the baseline measurement and other measurements. 
The results of the study are presented in Tab. 1-3 in the form 
of minimum, maximum and median values.

Results and discussion
The time-based median results in the assessment of 

the anaesthesia depth of DXK and MDK are given in 
Table 1. The difference between the groups in terms 
of the time of loss and return of the righting reflex 
and ear-pinch reflex and the time of return of the 
pedal withdrawal reflex was statistically insignificant 
(p > 0.05). The difference between the groups was 
statistically significant only in terms of the time of 
loss of the pedal withdrawal reflex (2.0 min in DXK, 
7.5 min in MDK) (p < 0.05). The total sleep duration 
was 109 min in DXK and 95 min in MDK.

The time-based median results for the haemody-
namic parameters of the DXK and MDK groups are 
given in Tab. 2.

The difference between DXK and MDK in terms 
of HR was significant at all time points except for T15 
(T5, T10, T30, T60, T90 and T120) (p < 0.05). HR decreased 
longer and more significantly in DXK (134 beats per 
minute at T60). The difference between DXK and MDK 
in terms of MAP was significant at the beginning of 
anaesthesia (T10 and T15) and at the end of anaesthesia 
(T120) (p < 0.05). Although there was a decrease in MAP 
in both groups, the decrease in DXK was greater and 
lasted longer (70.4 mm/Hg at T60).

The difference between DXK and MDK in terms 
of RR was significant at all time points except for T90  
(T5, T10, T15, T30, T60 and T120) (p < 0.05). In both groups, 
RR showed a sudden decrease from the baseline to T5 
(DXK: 58.5 breaths per min, MDK: 94.5 breaths per 
min) and reached the minimum at T15 (DXK: 48 breaths 
per min, MDK: 80.5 breaths per min). This low course 
continued until the end of anaesthesia (at T90, DXK: 
65.5 breaths per min, MDK: 92 breaths per min).

The difference between DXK and MDK in terms 
of SpO2 values was significant only at T5 and T10 
(p < 0.05). The decrease in SpO2 was greater in DXK 
starting with the anaesthesia onset (73.5% at T5) 
(p < 0.05), but the value reached the same levels as in 
MDK at T30 (DXK: 87.5%, MDK: 85%).

The difference between DXK and MDK in terms 
of EtCO2 values was significant at T30, T60 and T120 
(p < 0.05). The increase in EtCO2 in DXK was sig-
nificant from T15 (36%) until the end of anaesthesia 
(35.5% at T120) (p < 0.05), while the change in MDK 
was significant (p < 0.05) at the beginning of anaes-
thesia (33.5% at T5, 38% at T10).

The difference between DXK and MDK in terms 
of BT (°C) was significant at T10, T15, T30 and T120 
(p < 0.05). It was observed that BT in both groups was 
stable from the baseline to T30 (DXK: 39.7°C, MDK: 
39.1°C), and after this point, it decreased and changed 
significantly at the end of anaesthesia (at T120, DXK: 

Tab. 1. Time-dependent median results of reflex loss in eight 
rabbits receiving dexmedetomidine-ketamine (dexmedetomi-
dine 50 µg/kg, ketamine 20 mg/kg) and midazolam-ketamine 
(midazolam 0.6 mg/kg, ketamine 20 mg/kg) via IM

Characteristics

Induction Recovery

Time to loss 
(minutes)

Time to present 
(minutes)

DXK MDK DXK MDK

Righting reflex 3.5 5.0 112.5 100.0

Pedal withdrawal reflex 2.0a 7.5b 107.5 102.5

Ear-pinch reflex 3.5 5.5  95.0  92.5

Explanations: a, b – differences between the median values that 
are shown with different letters in the same line are statistically 
significant (p < 0.05)

Tab. 2. Time-dependent median results of hemodynamic parameter changes in eight rabbits who received dexmedetomidine-ket-
amine (dexmedetomidine 50 µg/kg, ketamine 20 mg/kg) and midazolam-ketamine (midazolam 0.6 mg/kg, ketamine 20 mg/kg) 
by the IM route

Time 
points

HR 
(beats per minute)

MAP
(mm/hg)

RR
(breaths per minute)

SpO2

(%)
EtCO2

(%)
BT

(°C)

DXK MDK DXK MDK DXK MDK DXK MDK DXK MDK DXK MDK

T0 203.5 219.5 114.3 117.3 139.5 158.0 90.0 93.0 29.0 28.0 39.6 39.4

T5 190.5#b 179.0#a 100.2# 121.5  58.5#a  94.5b 73.5#a 87.5#b 33.5 33.5# 39.6 39.5

T10 165.0#b 156.5#a  79.9#a 113.4b  49.0#a  81.5#b 73.5#a 81.0#b 35.0 38.0# 39.8b 39.0a

T15 154.5# 154.0  81.7#a  88.3#b  48.0#a  80.5#b 71.5# 86.5# 36.0# 37.0 39.8b 39.1a

T30 144.0#a 178.0#b  77.9#  87.0#  55.0#a  95.5#b 87.5 85.0# 39.0#b 36.0a 39.7b 39.1a

T60 134.0#a 184.5#b  70.4#  99.0#  50.0#a 104.5#b 92.0 89.5 39.0#b 31.0a 38.9# 38.5#

T90 159.5#a 206.0#b  81.0#  98.8  65.5#  92.0 94.0 95.0 35.0# 32.0 38.6# 38.3#

T120 199.0#a 212.0b  72.5#a 100.7#b  57.5#a 126.0b 96.5 96.5 35.5#b 32.0a 38.9#b 38.2#a

Explanations: T0 – pre-injection, baseline; T5, 10, 15, 30, 60, 90, 120 – minutes after T0; HR – heart rate; MAP – mean arterial pressure; RR 
– respiratory rate; SpO2 – oxy-haemoglobin saturation; EtCO2 – end-tidal CO2; BT – body temperature; # – differences between the 
median values that are shown with different letters in the same column are statistically significant (p < 0.05); a, b – difference between 
the median values that are shown with different letters in the same line are statistically significant (p < 0.05)
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38.9°C, MDK: 38.2°C) (p < 0.05). BT was lower in 
MDK than it was in DXK throughout anaesthesia.

The time-based median results for the arterial blood 
gas parameters in DXK and MDK are shown in Table 3.

The difference between DXK and MDK in terms 
of the arterial pH was insignificant at all time points 
(p > 0.05). The pH decreased suddenly in both groups 
from the baseline to T5 (DXK: 7.38 pH, MDK: 
pH 7.43) (p > 0.05) and remained at this level until T30 
(pH 7.41) in DXK and until T60 (pH 7.47) in MDK.

The difference between DXK and MDK in terms 
of pCO2 values was significant at T10, T15, T30 and T60 
(p < 0.05). It was observed that pCO2 increased from 
the baseline up to T10 in DXK (37.55 mmHg) and up 
to T15 in MDK (30.75 mmHg), and it was over the 
baseline and at similar values in both groups at T120 
(DXK: 25.30 mmHg, MDK: 25.65 mmHg) (p > 0.05). 
The increase in the pCO2 value in DXK was more 
noticeable.

The difference between DXK and MDK in terms of 
pO2 values was significant at the baseline and at T5, 
T10 and T15 (p < 0.05). When the time-based change 
in pO2 with its baseline values was examined, it was 
found that there was a dramatic decrease in both groups 
from the injection to T10 (DXK: 49.50 mmHg, MDK: 
78.80 mmHg). The values in both groups started to 
increase after T10 and reached baseline levels at T90 
(DXK: 103.40 mmHg, MDK: 111.70 mmHg). MDK 
showed a smaller decrease in pO2.

The literature recommends different doses for ket-
amine combinations in rabbits (from 15 to 50 mg/kg), 
and cardiopulmonary and reflex values were examined 
at these doses (10, 13, 15, 20, 27). In this study, the dose 

of dexmedetomidine (50 µg/kg) was selected based 
on studies by Bellini et al. (3), Nishida et al. (26) and 
Ren et al. (28), the dose for midazolam (0.6 mg/kg)  
was selected based on Bellini et al. (3) and Dupras 
et al. (10), and the dose for ketamine (20 mg/kg) was 
selected based on Dupras et al. (10), Grint et al. (13), 
Hedenqvist et al. (15) and Orr et al. (27). Anaesthetic 
effects produced by dexmedetomidine at a dose of 
25 µg/kg and ketamine at 30 mg/kg by a single IM 
injection in rabbits were previously reported (21). In 
this study, to determine the effects of dexmedetomi-
dine on respiration, a higher dose was used. The aim 
was also to examine these effects alongside changes 
caused by midazolam, which is known to have lesser 
cardiopulmonary effects. For this purpose, this study 
investigated the effects of a combination of low-dose 
ketamine (20 mg/kg) and high-dose dexmedetomidine 
(50 µg/kg) and a combination of midazolam (0.6 mg/
kg) and ketamine (20 mg/kg) on reflexes, haemody-
namic values and blood gas levels.

Since surgery was not performed in this study, the 
depth of surgical anesthesia was evaluated according to 
the loss of the right reflex, pedal withdrawal reflex and 
ear-pinch reflex. At the doses studied, it was observed 
that, compared to midazolam-ketamine, dexmedeto-
midine-ketamine induced anaesthesia faster and the 
total sleep lasted longer. In the study by Kirazoğlu 
et al., a lower dose of dexmedetomidine (25 µg/kg) 
took longer to induce anaesthesia (21). Another study 
reported that low doses of dexmedetomidine caused 
anaesthesia after a longer time, and at higher doses of 
dexmedetomidine, sedation lasted longer and more 
time was required for the return of the pedal with-
drawal reflex (4). A study on rabbits conducted with 
medetomidine, which is an α2 agonist, found that the 
onset of anaesthesia with medetomidine-ketamine 
was faster than with midazolam-ketamine (13). Two 
studies conducted with a combination of midazolam  
(0.2 mg/kg) and ketamine (30 mg/kg) in rabbits re-
ported shorter anaesthesia duration than our study 
(3, 10). The reflex times obtained in this study were 
compatible with findings of the researchers cited above 
(3, 13, 21). This was attributed to the fact that high-
dose dexmedetomidine causes longer sedation and 
more time is required for the pedal withdrawal reflex 
to return (4), and high-dose midazolam leads to strong 
sedation (11). In most rabbits of both groups, chewing 
movements were observed as an indicator of recovery. 
It was thought that this resulted from ketamine injec-
tion, as reported by Henke et al. (18).

It is known that α2 agonists lead to a noticeable 
decrease in HR (7, 15, 18). In addition, it was reported 
that medetomidine and dexmedetomidine lead to 
bradycardia irrespective of the route of administra-
tion and dose (4, 27). On the other hand, it is known 
that the effect of midazolam at therapeutic doses on 
the cardiovascular system is minimal (3, 14, 18). It 
was demonstrated in rabbits that a greater decrease in 

Tab. 3. Time-dependent median results of blood gas changes 
in eight rabbits receiving dexmedetomidine-ketamine (dexme-
detomidine 50 µg/kg, ketamine 20 mg/kg) and midazolam-ket-
amine (midazolam 0.6 mg/kg, ketamine 20 mg/kg) by the IM 
route

Time 
points

pHa pCO2 (mmHg) pO2 (mmHg)

DXK MDK DXK MDK DXK MDK

T0 7.46 7.53 21.80 18.40  93.40a 118.10b

T5 7.38 7.43 31.65# 23.05#  59.20#a  91.30#b

T10 7.39 7.44 37.55#b 27.15#a  49.50#a  78.80#b

T15 7.40 7.44 36.20#b 30.75#a  69.10#a  97.95b

T30 7.41 7.47 35.70#b 25.25#a  68.10  95.80

T60 7.54# 7.47 34.75#b 29.40a  76.65  91.40

T90 7.54# 7.55 29.25 25.30 103.40# 111.70

T120 7.47# 7.56 25.30 25.65 110.15# 102.55

Explanations: T0 – pre-injection, baseline; T5, 10, 15, 30, 60, 90, 120 – 
minutes after T0; pHa – arterial pH; pCO2 – partial pressure of 
carbon dioxide in arterial blood (mmHg); pO2 = partial pressure 
of oxygen in arterial blood (mmHg); # – differences between the 
median values that are shown with different letters in the same 
column are statistically significant (p < 0.05); a, b – difference 
between the median values that are shown with different letters in 
the same line are statistically significant (p < 0.05)
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HR was produced by dexmedetomidine, compared to 
midazolam, and by a medetomidine-ketamine combi-
nation, compared to a midazolam-ketamine combina-
tion (9, 13). In this study, in agreement with findings 
of other researchers (7, 9, 13, 15, 18), at the same 
ketamine dose, the combination of dexmedetomidine 
and ketamine depressed HR more and for a longer 
period, whereas in the midazolam-ketamine group of 
animals HR decreased during the first 15 min and then 
recovered. As ketamine has a positive chronotropic 
effect and stimulates the cardiovascular system (20), 
it was thought that keeping the ketamine dose low 
led to a longer-lasting bradycardia, especially with 
dexmedetomidine.

Many researchers emphasise that the combination of 
ketamine with α2 agonists reduces MAP (18, 20, 21). 
Cheng Chang et al. (9) reported that dexmedetomidine 
reduced MAP in rabbits and produced more hypoten-
sion than midazolam did. Bienert et al. (4) reported that 
dexmedetomidine changed MAP in a dose-dependent 
manner, and low-dose dexmedetomidine led to a higher 
reduction in MAP. They observed a relationship in 
which an increase of 10 µg/kg in the dose of dexme-
detomidine led to an increase of 10.3 mmHg in MAP. 
Kirazoğlu et al. (21) found that the combination of 
dexmedetomidine (25 µg/kg) and ketamine (30 mg/kg)  
caused a significant reduction in MAP in rabbits. The 
relationship proposed by Bienert et al. (4) was not 
entirely compatible with MAP findings from the study 
by Kirazoğlu et al. (21). It was observed, however, that 
the dexmedetomidine-ketamine combination led to 
a significant decrease in MAP. MAP values decreased 
in both groups, but the decrease was more noticeable 
in DXK.

Although the doses and administration methods 
in previous studies were different, it is worth noting 
that α2 agonists reduced RR and caused hypoxemia 
in those studies (18, 20, 21, 27, 30). Kirazoğlu et al. 
(21) emphasised that the dexmedetomidine (25 µg/kg)  
and ketamine (30 mg/kg) combination they used led 
to a significant decrease in RR in rabbits. While it was 
reported that increasing the dose of medetomidine 
had a small effect on respiratory and cardiovascular 
depression (27), it was similarly observed that high-
dose dexmedetomidine (50 µg/kg) did not depress 
ventilation as much as low-dose dexmedetomidine did 
(26). In this study, in agreement with findings of other 
researchers, the depressive effect on RR was more 
noticeable throughout anaesthesia in the DXK group, 
and the values were significantly lower than those in 
the MDK group (p < 0.05). In this study, in contrast 
to one by Kirazoğlu et al. (21), the RR values were 
similar at the specified time points during anaesthesia 
induced by dexmedetomidine at a dose increased to 
50 µg/kg and ketamine at a dose reduced to 20 mg/kg,  
and as mentioned by Nishida et al. (26), high-dose 
dexmedetomidine (50 µg/kg) did not depress RR at the 
same rate as the low dose of the same substance did. 

Although the groups were different, it was thought that 
this reduction in RR could have been a consequence 
of a reduction in the pulmonary blood perfusion rate 
and the direct effects of these drugs on the respiratory 
system.

Nishida et al. (26) emphasise that an increase in 
inspiratory CO2 concentration led to a decrease in 
RR in dexmedetomidine groups. Orr et al. (27) report 
that increasing the dose of medetomidine led only to 
an increase in end-tidal CO2 throughout anaesthesia 
and affected cardiovascular depression minimally. In 
the present study, the EtCO2 level in the DXK group 
increased as RR decreased, which was in agreement 
with results reported by Nishida et al. (26), but the 
same proportion of increase was not observed in the 
EtCO2 level in the MDK group. In the DXK group, as 
RR decreased, SpO2 decreased at the same proportion, 
and similarly, there was a decrease in SpO2 in parallel 
with the decrease in RR in the MDK group.

In both group, the decrease in RR right after the in-
jection was accompanied by arterial blood gas changes. 
It has been emphasised that α2 agonist-ketamine com-
binations lead to hypoxia, hypercapnia and acidosis in 
rabbits, and that, when using these combinations, O2 
supplementation is necessary (7, 16, 17, 20, 27, 29). 
It was reported that, although dexmedetomidine de-
pressed ventilation, it did not lead to deep hypoxemia 
or hypercapnia (26), while the midazolam-ketamine 
combination may have caused moderate respiratory 
acidosis by leading to changes in blood gasses, espe-
cially at the 30th and 60th minutes (2). In the present 
study, moderate hypoxia, hypercapnia and acidosis 
were found in DXK, whereas mild hypoxia, hyper-
capnia and acidosis occurred in MDK. In agreement 
with findings of other researchers except Nishida et al. 
(26), as a result of suppression of the respiratory sys-
tem by the anaesthetics, these changes in both groups 
were noticeable especially within the first 15 min  
(2, 7, 10, 18, 20). This change may have been affected 
by the fact that the pO2 value at the baseline in DXK 
was significantly lower (p < 0.05), and O2 supple-
mentation was provided in both groups at the end of  
the 120 min.

In this study, at the same dose of ketamine, dexme-
detomidine led to significant changes in the haemody-
namic values (greater decrease in HR and RR and low 
MAP) and blood gasses (greater decrease in pH and 
pO2 and increase in pCO2). The induction time was 
shortened by increasing the dexmedetomidine dose to 
50 µg/kg and reducing the ketamine dose to 20 mg/kg, 
but at the specified time points, the RR values were 
close to those obtained with low-dose dexmedetomi-
dine, and high-dose dexmedetomidine (50 µg/kg) did 
not depress RR at the same proportion to the dose.

Consequently, it was concluded that, in the New 
Zealand white rabbits, the midazolam (0.6 mg/kg) 
and ketamine (20 mg/kg) combination provided better 
profiles of haemodynamic and blood gas values, and 
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this combination could be considered appropriate for 
anaesthesia.

References
 1. Alvaides R. K., Neto F. T., Aguiar A. J. D. A., Campagnol D., Steagall P. V. M.: 

Sedative and cardiorespiratory effects of acepromazine or atropine given before 
dexmedetomidine in dogs. Veterinary Record 2008, 162, 852-856.

 2. Atalan G., Erol H., Erol M., Atasever A., Doğan Z., Keleş I.: Comparison of 
systemic effects of midazolam, ketamine, and isoflurane anaesthesia in rabbits. 
Journal of Veterinary Research 2019, 63, 275-283.

 3. Bellini L., Banzato T., Contiero B., Zotti A.: Evaluation of sedation and clini-
cal effects of midazolam with ketamine or dexmedetomidine in pet rabbits. 
Veterinary Record 2014, 175, 372-375.

 4. Bienert A., Płotek W., Wiczling P., Warzybok J., Borowska K., Buda K., 
Grześkowiak E.: The influence of age and dosage on the pharmacodynamics 
of dexmedetomidine in rabbits. Journal of Medical Science 2014, 83, 108-115.

 5. Brodbelt D. C., Blissitt K. J., Hammond R. A., Neath P. J., Young L. E., Pfeiffer 
D. U., Wood J. L.: The risk of death: the confidential enquiry into periopera-
tive small animal fatalities. Veterinary Anaesthesia and Analgesia 2008, 35, 
365-373.

 6. Brodbelt D.: Perioperative mortality in small animal anaesthesia. The 
Veterinary Journal 2009, 182, 152-161.

 7. Cardoso C. G., Ayer I. M., Jorge A. T., Honsho C. S., Mattos-Junior E.: 
A comparative study of the cardiopulmonary and sedative effects of a single 
intramuscular dose of ketamine anesthetic combinations in rabbits. Research 
in Veterinary Science 2020, 128, 177-182.

 8. Carroll G. L., Hartsfield S. M., Champney T. H., Geller S. C., Martinez E. A., 
Haley E. L.: Effect of medetomidine and its antagonism with atipamezole on 
stress-related hormones, metabolites, physiologic responses, sedation, and 
mechanical threshold in goats. Veterinary Anaesthesia and Analgesia 2005, 
32, 147-157.

 9. Chang C., Uchiyama A., Ma L., Mashimo T., Fujino Y.: A comparison of the 
effects on respiratory carbon dioxide response, arterial blood pressure, and 
heart rate of dexmedetomidine, propofol, and midazolam in sevoflurane-
anesthetized rabbits. Anesthesia & Analgesia 2009, 109, 84-89.

10. Dupras J., Vachon P., Cuvelliez S., Blais D.: Anesthésie du lapin de Nouvelle-
Zélande utilisant les combinaisons tilétamine-zolazépam et kétamine-midazol-
am avec ou sans xylazine. The Canadian Veterinary Journal 2001, 42, 455-460.

11. Flecknell P. A.: Chapter 1, Basic Principle of Anaesthesia, [in]: Laboratory 
Animal Anaesthesia. 4th Ed. Elsevier, Oxford 2016, p. 51-52.

12. Green C. J., Knight J., Precious S., Simpkin S.: Ketamine alone and com-
bined with diazepam or xylazine in laboratory animals: a 10 year experience. 
Laboratory Animals 1981, 15, 163-170.

13. Grint N. J., Murison P. J.: A comparison of ketamine-midazolam and ketamine-
medetomidine combinations for induction of anaesthesia in rabbits. Veterinary 
Anaesthesia and Analgesia 2008, 35, 113-121.

14. Heard D. J.: Lagomorphs (rabbits, hares, and pikas), [in:] West G., Heard D., 
Caulkett N. (ed.): Zoo Animal & Wildlife Immobilization and Anesthesia, 
Blackwell Publishing 2007, p. 647-653.

15. Hedenqvist P., Orr H. E., Roughan J. V., Antunes L. M., Flecknell P. A.: 
Anaesthesia with ketamine/medetomidine in the rabbit: influence of route of 
administration and the effect of combination with butorphanol. Veterinary 
Anaesthesia and Analgesia 2002, 29, 14-19.

16. Hedenqvist P., Roughan J. V., Orr H. E., Antunes L. M.: Assessment of ket-
amine/medetomidine anaesthesia in the New Zealand White rabbit. Veterinary 
Anaesthesia and Analgesia 2001, 28, 18-25.

17. Hellebrekers L. J., de Boer E. J. W., van Zuylen M. A., Vosmeer H.: A compari-
son between medetomidine-ketamine and medetomidine-propofol anaesthesia 
in rabbits. Laboratory Animals 1997, 31, 58-69.

18. Henke J., Astner S., Brill T., Eissner B., Busch R., Erhardt W.: Comparative 
study of three intramuscular anaesthetic combinations (medetomidine/ket-
amine, medetomidine/fentanyl/midazolam and xylazine/ketamine) in rabbits. 
Veterinary Anaesthesia and Analgesia 2005, 32, 261-270.

19. Karasu A., Altug N., Aslan L., Bakir B., Yuksek N.: Evaluation of the anesthetic 
effects of xylazine-ketamine, xylazine-tiletamine-zolazepam and tiletamine-
zolazepam using clinical and laboratory parameters in rabbits. Med. Weter. 
2018, 74, 646-652.

20. Kılıç N.: A comparison between medetomidine-ketamine and xylazine-
ketamine anaesthesia in rabbits. Turkish Journal of Veterinary and Animal 
Sciences 2004, 28, 921-926.

21. Kirazoğlu E., Yavuz Ü., Gürler Ş.: Evaluation of hemodynamic, hematological 
parameters and the clinical effects of dexmedetomidine-ketamine and xylazine-
ketamine anesthesia in rabbits. Turkish Journal of Veterinary and Animal 
Sciences 2020, 44, 791-797.

22. Kirihara Y., Takechi M., Kurosaki K., Matsuo H., Kajitani N., Saito Y.: Effects 
of an anesthetic mixture of medetomidine, midazolam, and butorphanol and 
antagonism by atipamezole in rabbits. Exp. Anim. 2019, 68, 443-452.

23. Longley L.: Rodent anaesthesia. Anaesthesia of Exotic Pets 2008, p. 59-84.
24. Marín P., Belda E., Laredo F. G., Torres C. A., Hernandis V., Escudero E.: 

Pharmacokinetics and sedative effects of alfaxalone with or without dexme-
detomidine in rabbits. Research in Veterinary Science 2020, 129, 6-12.

25. Muir W. W., Hubbell J. A. E., Bednarski R. M., Lerche P. (ed.): Handbook of 
Veterinary Anaesthesia Elsevier Mosby, USA 2013, p. 139-162.

26. Nishida T., Nishimura M., Kagawa K., Hayashi Y., Mashimo T.: The effects 
of dexmedetomidine on the ventilatory response to hypercapnia in rabbits. 
Intensive Care Medicine 2002, 28, 969-975.

27. Orr H. E., Roughan J. V., Flecknell P. A.: Assessment of ketamine and me-
detomidine anaesthesia in the domestic rabbit. Veterinary Anaesthesia and 
Analgesia 2005, 32, 271-279.

28. Ren J., Li C., Ma S., Wu J., Yang Y.: Impact of dexmedetomidine on hemody-
namics in rabbits. Acta Cirurgica Brasileira 2018, 33, 314-323.

29. Rousseau-Blass F., Pang D. S.: Hypoventilation following oxygen administra-
tion associated with alfaxalone-dexmedetomidine-midazolam anesthesia in 
New Zealand White rabbits. Veterinary Anaesthesia and Analgesia 2020, 47, 
637-646.

30. Santangelo B., Micieli F., Mozzillo T., Reynaud F., Marino F., Auletta L., 
Vesce G.: Transnasal administration of a combination of dexmedetomidine, 
midazolam and butorphanol produces deep sedation in New Zealand White 
rabbits. Veterinary Anaesthesia and Analgesia 2016, 43, 209-214.

31. Stephens DeValle J. M.: Successful management of rabbit anesthesia through 
the use of nasotracheal intubation. Journal of the American Association for 
Laboratory Animal Science 2009, 48, 166-170.

32. Wellington D., Mikaelian I., Singer L.: Comparison of ketamine-xylazine and 
ketamine-dexmedetomidine anesthesia and intraperitoneal tolerance in rats. 
Journal of the American Association for Laboratory Animal Science 2013, 52, 
481-487.

33. Wenger S.: Anesthesia and analgesia in rabbits and rodents. Journal of Exotic 
Pet Medicine 2012, 21, 7-16.

34. White G. L., Holmes D. D.: A comparison of ketamine and the combination 
ketamine-xylazine for effective surgical anesthesia in the rabbit. Laboratory 
Animal Science 1976, 26, 804-806.

Corresponding author: Ünal Yavuz, Assistant Professor, Department 
of Surgery, Faculty of Veterinary Medicine, Harran University, Şanlıurfa, 
Turkey; e-mail: unalyavuz@harran.edu.tr


