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Abstract
The current study was aimed to establish best anesthetic protocols in rabbit, for this purpose six clinically
healthy male New Zealand White rabbits weighing 2±00 kg were procured. All rabbits received two
anesthetic treatments with one week interval. Treatment: A Ketamine 35 mg/kg IM and Xylazine 5 mg/kg
IM, Treatment B: Isoflurane (3 to 5 %) through facemask followed by Xylazine 5 mg/kg IM. Physiological
parameters such as, heart rate, rectal temperature and respiratory rate were recorded before and after
administration of anesthetics in all animals. Heart rate of all animals significantly (P<0.05) decreased with
Xylazine and increased significantly (P<0.05) with Ketamine at 10 minutes and at 15 minutes with
Isoflurane after induction of anesthesia. Respiratory rates were significantly decreased (P<0.05) at 15 and
10 minutes in Group A and B respectively. No significant difference was observed in rectal temperature in
both treatment groups. The onset and degree of sedation was non-significant (P>0.05) in both treatment
groups. Induction of anesthesia was same in both treatment groups and was non-significant at (P>0.05).
Isoflurane showed a significantly (P<0.05) longer duration of Anesthesia compared to Ketamine.
Relaxation of muscle increased significantly (P<0.05) with Isoflurane compared to ketamine. Duration of
analgesia and recovery from anesthesia was also found significant (P<0.05) with Isoflurane compared with
ketamine. It was concluded that Isoflurane is the safe anesthetic agent for rabbits as an alternative of
ketamine for longer duration of anesthesia and smooth recovery with enhanced analgesia.
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veterinary practices such as teaching and
Introduction
The
domestic
rabbit
(Oryctolagus
research purpose, and especially in the fields
cunicuclus) being docile is extensively used
where laboratory techniques and in vivo
as an animal model for a number of medicostudies for various pharmacological and
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toxicological effects are sought [1]. It is also
reared for fur industry, for meat and kept as a
companion animal in several countries.
Anesthesia is the reversible loss of
consciousness, which is induced with many
types of anesthetic agents. It is the art and
choice of inducing analgesia, immobility and
relaxed muscle tone for safe and smooth
surgery and ease to the operator [2]. A variety
of surgical procedures are performed using
anesthesia including sedation for blood
collection, as rabbits became stressed while
handling therefore sedation is required,
Intravenous cannula placement, radiography
[3], and other operative measures such as
neutering, gastrotomy, cystotomy and
fracture fixation [4].
Administering
anesthetics in rabbits is considered safe,
when all safety measures are taken which
includes careful check-up of the rabbit, the
correct anesthetics and recommended dosage
regimen and its maintenance and proper
usage of equipment [5]. In addition pre
anesthetics are also given along with general
anesthetics, usually xylazine hydrochloride is
administered in most animals which decrease
the stress, calm the animal and reduce the
total dose of general anesthetics [6]. Various
anesthetic agents are used to perform surgical
procedures on laboratory animals including
rabbit such as Ketamine, Propofol, Sevoflurane
and Isoflurane among others.
Isoflurane is an inhalant anesthetic that
produce general anesthesia in all species
including reptile, birds and zoo animals.
They produce comparatively rapid induction
and safe recovery from anesthesia [7].
Isoflurane causes rapid heart rate and increased
myocardial contraction in contrast to other
inhalant anesthetics which depress blood
pressure due to decrease cardiac output [8]. It
causes bradycardia in rabbits and it becomes
violent while inhaling Isoflurane and causes
deep and prolong breathing [9].
Ketamine is a dissociative anesthetic agent
which causes poor muscle relaxation and

increased sympathomimetic tone. Tonic clonic
cramps and convulsion are the major signs of
the side effects encountered during its usage,
however along with a potent sedative it shows
an excellent relaxed muscle tone [10].
As expected several species need distinct
concentrations of anesthetics. However, the
anesthetic effect with volatile nature differs
very slightly among species with same
concentration as those needed for human
beings, rodents, amphibians and insects [11].
So far little work has been conducted to
compare the physiological and anesthetic
effect of ketamine and Isoflurane anesthetics in
rabbits. The present study was conducted to
establish improved protocol of anesthetics
administration techniques in rabbits and for
animal welfare generally, to investigate the
effects intervening anesthesia and subsequent
physiological effects of Isoflurane and
ketamine in rabbits undergoing general
anesthesia. The present study would help in
the safer use of anesthetics in lab and large
animals as well.
Materials and methods
Model animals
For the current study six clinically healthy
male rabbits (White New Zealand) were
purchased from the local market of
Hyderabad Sindh, Pakistan weighing
approximately 2±00 Kg and aged between 46 months.
Management of experimental animals
The rabbits were allowed for 15 days
acclimatization period in the experimental
station of the Department of Surgery &
Obstetrics, Faculty of Animal Husbandry and
Veterinary Sciences, Sindh Agriculture
University Tandojam. The rabbits were fed
on seasonal fresh grass, Fresh vegetables and
water ad libitum.
Experimental design
The current study was performed during two
consecutive weeks such as at 1st week and
2nd. Two different anesthetic treatments were
administered using randomized cross over
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design to every rabbit. Each rabbit received
both anesthetic treatments with one week
interval. Treatment A include Ketamine at
dose rate of 35 mg/kg + Xylazine 5 mg/kg IM
and Treatment B contain Isoflurane 3 to 5 %
using face mask + Xylazine 5 mg/kg IM
(Table 1).

Ethical approval
The study plan was discussed by the Board of
study of DAS (Directorate of Advance
Studies) and was approved by the ethical
committee.

Table 1. Experimental Design of rabbits used in the study
Animals
Rabbit 1
Rabbit 2
Rabbit 3
Rabbit 4
Rabbit 5
Rabbit 6

1st week
A
B
A
B
A
B

2nd week
B
A
B
A
B
A

A = Ketamine (35 mg/kg) IM, B = Isoflurane (3-5%) with facemask

Evaluation of sedative and anesthetic
effects
The following physiological parameters were
recorded in all rabbits. Rectal temperature,
heart rate and respiratory rate were recorded
along with other reflexes such as, palpebral
and corneal reflexes, ear pinch, toe pinch, jaw
tone during the anesthetics protocol and its
side effects were monitored for Isoflurane and
ketamine during anesthesia in Rabbits. All
parameters were recorded after every 5 minutes
interval.
1. Heart Rate
The heart rate (beats/minutes) was recorded
before administration of any drug as control,
at five minutes after administration of
Xylazine and then at every 5 minutes up to 60
minutes of anesthesia.
2. Respiratory rate (Per/Min)
Respiration rate (breaths/minutes) was
recorded before as a control, at five minutes
after Xylazine and then at every 5 minutes up
to 60 minutes of anesthesia.
3. Rectal Temperature (0F)
Body temperature was determined before
administration of any drug as a control, at
five minutes after Xylazine and then after
every 5 minutes up to 60 minutes.

4. The stages of sedation and anesthetic
influence
The stage, time period of sedation, anesthesia
duration, standing time, set in recumbency
and time period of recumbency in each rabbit
along with treatment were noticed. Analgesic
effect was examined by no response using
deep needle pricking. Induction and
presence/absence of apnea was noted in each
rabbit.
Statistical analysis data
The obtained data were subjected to single
way analysis of variance (ANOVA) and
analyzed data along with Tukey –Karmer
Multiple Comparison test.
Results
The data collected on the anesthetic effect of
Isoflurane and Ketamine along with the preanesthetic Xylazine hydrochloride in a rabbit
model are presented.
Heart rate (beats/minute)
The mean control values of heart rate of
rabbits with treatment A and B were
209±14.89 and 253±16.27 respectively.
The heart rate (HR) of all animals after
xylazine administration was decreased
significantly (P<0.05). But after induction of
anesthetic agent the heart rate started
increasing significantly (P<0.05) from the
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pre-anesthetic value in all groups.
Comparison of the two treatment showed that
the heart rate after 5 minutes of induction
increased (P<0.05) with treatment A at 10

minutes (150 beats/minute) and at 15 minutes
(162.66 beats/minute) with treatment B after
induction of anesthesia (Table 2, Figure 1).

Table 2. Mean values of heart rate (per minutes) after administration of drugs in Rabbits
Time
(Minutes)
Control
5 P
5 I
10
15
20
25
30
35
40
45
50
55
60
65
70

A
Xylazine+Ketamine
Mean
±SEM
*209
±14.89
113
±0.51
165
±7.54
150*
±6.00
154
±4.81
156.66
±5.40
157
±5.88
157
±5.45
153
±7.54
153
±7.54
157
±11.26
160
±6.69
160
±6.69
170.5
±5.72
170.40
±2.85
174.80
±2.41

B
Xylazine+Isoflurane
Mean
±SEM
*253
±16.27
164
±10.11
158
±5.05
163
±3.60
162.66*
±4.7796
163
±3.60
161.33
±2.71
168.33
±3.07
168.33
±3.07
168.33
±4.63
173.33
±2.47
173.16
±1.64
174.16
±3.51
180
±5.73
190.83
±2.71
198.33
±4.59

*Indicate significantly lowest value in corresponding column as compared to control, P = Pre anesthetics, I = Induction
of anesthesia

Figure 1. Assessment of heart rate (per minute) after administration of Isoflurane in rabbits.
Monitoring of the respiratory rates
These values were signiﬁcantly (P<0.05)
different from each other.

The mean control respiratory rate of rabbits
with treatments A, B were 145±12.81 and
156 ±7.42 breaths per minute respectively.
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The reduction of respiratory rate (P<0.05)
was seen after the administration of xylazine.
After 5 minutes of induction of anesthesia
respiratory rate decreased significantly
(P<0.05) from control values with all
treatments. The maximum decrease was
recorded at 15 minutes with treatment A, at
10 minutes with treatment B. It then started

to increase and reach the base line values
after 70 minutes in both treatment groups (A
and B).
Comparison of the two treatments showed
that there was a significant difference
(P<0.05) in respiratory rates during
anesthesia (Table 3).

Table 3. Mean values of respiratory rate (Per minute) after administration of drugs in
rabbits
Time
(Minutes)
(Minutes)
Control
5 P
5 I
10
15
20
25
30
35
40
45
50
55
60
65
70

A
Xylazine+Ketamine
Mean
±SEM
*145
±12.81
4.33
±10.08
46.66
±6.21
44.33
±6.66
37*
±2.86
39.66
±5.69
39.66
±5.69
41.66
±5.12
41.66
±5.12
41.66
±5.23
42.66
±5.23
44.66
±4.86
44.66
±4.86
51.66
±5.61
55.5
±10.50
62.5
±13.25

B
Xylazine + Isoflurane
Mean
±SEM
*156
±7.42
61.66
±9.35
45
±2.56
43*
±2.86
40
±2.00
43
±2.86
43
±2.86
43.5
±3.05
47.5
±2.65
50.33
±2.77
58.5
±2.01
71.83
±3,35
78.33
±2.65
84
±5.25
111
±3.33
134.16
±3.51

*Indicate significantly lowest value in corresponding column as compared to control. P = Pre anesthetics, I = Induction
of anesthesia

Rectal temperature: (0F)
The mean control temperature of rabbits with
both treatment A and B were 103◦F. There
was no prominent elevation in the values of
temperature between the two groups with the
administration of pre anesthetic Xylazine
hydrochloride.
The temperature was not decreased after
administering Isoflurane and Ketamine i.e.

Treatment A and B compared to the values of
control group. The body temperature was
remained constant throughout the period of
anesthesia. Comparison of the two treatments
showed that there was no any significant
difference in the body temperature during
anesthesia and recovery period (Table 4).
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Table 4. Mean values of temperature (0F) after administration of drugs in Rabbits
Time
Minutes
Control
5 P
5 I
10
15
20
25
30
35
40
45
50
55
60
65
70

Treatment
A
Xylazine + Ketamine
Mean
±SEM
103
±0.00
103
±0.00
103
±0.00
103
±0.00
103
±0.00
102.83
±0.16
102.80
±0.38
102.97
±0.23
102.97
±0.23
102.97
±0.23
102.83
±0.16
102.83
±0.16
102.83
±0.16
102.50
±0.50
102.5
±0.50
103
±0.00

B
Xylazine + Isoflurane
Mean
±SEM
103.00
±0.00
103.00
±0.00
103.00
±0.00
103.00
±0.00
103.00
±0.00
103.00
±0.00
103.00
±0.00
103.00
±0.00
103.00
±0.00
103.00
±0.00
103.00
±0.00
103.00
±0.00
103.00
±0.00
103.00
±0.00
103.00
±0.00
103.00
±0.00

P = Pre anesthetics, I = Induction of anesthesia

treatments (Figure 2). Xylazine produce mild
degree of sedation (+) with all treatments
having a non-significant difference (P>0.05)
(Table 5).

Onset and degree of sedation
Xylazine produced mild degree of sedation
within 1.75±0.25 minutes with both
treatments A and B. There was no
recumbency observed in any animal with all

Table 5. Mean values for scoring of onset of sedation (minutes) and degree of sedation after
administration of xylazine in rabbits
Animal No

1
2
3
4
5
6
Mean±S.E

Onset of sedation
A
B
Xylazine
Xylazine
2
1
1
2.5
2
2
2.5
1
2
2
1
2
1.75±0.25
1.75±0.25

Degree of sedation
A
Xylazine
1
1
1
1
1
1
1.00±00

B
Xylazine
1
1
1
1
1
1
1.00±00

*Indicate significant difference (P<0.05) between corresponding parameter, Scoring of degree of sedation
0 = zero degree sedation, 1= less sedation than normal and more than zero, 2= sedation degree is high then normal,
3= deep sedation
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Figure 2. Onset of sedation (minutes) after administration of xylazine in rabbits
(Figure 3). The induction was equal, rapid
and non-significant at (P>0.05) with both
treatment groups. The induction was smooth,
rapid and excitement free in all rabbits (Table
6).

Induction of anesthesia
Induction of anesthesia after administration
of different anesthetic drugs was 30±0.97 and
30±0.97 seconds with treatments A and B
respectively. All animals were in standing
position before induction of anesthesia

Table 6. Induction of anesthesia (seconds) after administration of anesthetic agents in rabbits
Induction of anesthesia
Treatment

Animal No.
1
2
3

A
30
28
32

B
30
34
32

4
5
6
Mean± S. E

26
34
30
30±0.97

28
30
26
30±0.97

*Indicate significant difference (p<0.05) between corresponding parameter
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Figure 3. Induction of anesthesia (seconds) after administration of ketamine anesthetic
agents in rabbits
respectively. The duration of anesthesia of
treatment B was significantly (P<0.05)
longer as compared to treatment A. Surgical
anesthesia (stage 3 – plane 3) were observed
in all animals with treatments A and B (Table
7).

Duration and degree of anesthesia
Table 7 represents the data regarding the
duration and degree of anesthesia in rabbits
administered inhalational and parenteral
anesthetics. The mean duration of anesthesia
after introduction were 52.64±7.76 and
60.00±00 minutes in Group A and B

Table 7. Duration and degree of anesthesia (minutes) with anesthetic agents
Animal No.
1
2
3
4
5
6
Mean ± S.E

Duration of anesthesia (minutes)
Degree of anesthesia
Treatment
A
B
A
B
55
60
3
3
50
60
3
3
65
60
3
3
55
60
3
3
60
60
3
3
55
60
3
3
52.64±7.76
*60.00±00
3.00±00
3.00±00

*Indicate significant difference (P<0.05) between corresponding parameter

treatment groups.
Degree of muscles
relaxation was found statistically significant
(P<0.05) with treatment B as compared to
treatment A after administering Isoflurane
and Ketamine anesthetics respectively (Table
8).

Degree of muscle relaxation
One of the major target of anesthetics is to
achieve maximum muscle relaxation to
smoothly proceed any sort of surgical
intervention in majority of veterinary
procedures. Table-8 depicts the comparative
degree of relaxed muscle tone in both
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Table 8. Degree of muscle relaxation
Degree of muscle relaxation
Treatment
A
2
2
2
2
2
2
2.00±00

B
3
3
3
3
3
3
*3.00±00

*Indicate significant difference (P<0.05) between corresponding parameters
Degree of muscle relaxation, 1= Mild, 2= Moderate 3= Deep

way ANOVA revealed significantly longer
(P<0.05) duration of analgesia with treatment
B as compared to treatment A, However the
degree of analgesia was found deeper
(Grade-3) in both treatment groups i.e
Treatment A and B (Table 9).

Duration of analgesia (minutes) and
degree of analgesia
The mean duration of analgesia were
51.66±7.76 and 60.00±00 minutes after the
administration of Ketamine (Group A) and
Isoflurane (Group B) anesthetics treatment
respectively. The statistical analysis with one

Table 9. Duration of analgesia (minutes) and degree of analgesia
Animal no

1
2
3
4
5
6
Mean ± S.E

Duration of analgesia (minutes)
A
50
45
60
50
55
50
*51.66±7.76

B
60
60
60
60
60
60
*60.00±00

Degree of analgesia
Treatment
A
3
3
3
3
3
3
3.00±00

B
3
3
3
3
3
3
3.00±00

*Indicate significant difference (P<0.05) between corresponding parameters,
1= Mild
2= Moderate 3= Deep

Recovery from anesthesia
Recovery from anesthesia was almost safe
and excitement free with both treatment
groups i.e A and B. Complications such as
cardiac arrest, respiratory arrest, respiratory
depression, excitement, nerve paralysis and
vomiting were absent during anesthesia and
recovery period.

Recovery period
The data regarding the recovery phase from
the anesthetic effect are displayed in (Table
10), the mean values for recovery time with
treatment A and B was 19.66±2.45 and
1.00±0.00 minutes respectively. Duration of
recovery with treatment B (Isoflurane) was
shorter than treatment A (Ketamine),
showing a statistically significant difference
(P<0.05) between the two groups (Table 10).
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Table 10. Recovery period from anesthesia in rabbits
Animal No.
1
2
3
4
5
6
Mean± S. E

Recovery from anesthesia (minutes)
Treatment
A
B
14
1
25
1
20
1
11
1
26
1
22
1
*19.66±2.45
*1.00±0.00

*Indicate significant difference (p<0.05) between corresponding parameter

anesthesia period in both treatment groups.
Palpebral reflexes were present in treatment
A but absent with treatment B, however all
other reflexes were not seen in both groups
(Table 11).

Other observations
Besides recording of basic physiological
parameters during the course of the study
other observations such as, palpebral reflex,
corneal, ear pinch, toe pinch and jaw tone
were also observed in the animals ongoing

Table 11. Summary of other observations/reflexes distinguished during treatment A and B
Reflexes
Palpebral
Corneal
Ear pinch
Toe pinch
Jaw tone

Treatment
A
Seen
Unseen
Unseen
Unseen
Unseen

B
Unseen
Unseen
Unseen
Unseen
Unseen

Ketamine anesthesia then it was treated with
injection of Amoxicillin 0.5ml (I.M) and was
found normal on next day. The increase in
temperature in one rabbit in case of ketamine
administration might be attributed to an
idiosyncratic response towards ketamine.
General anesthetics are considered safer for
rabbits, when all safety measure are adopted
which are achieved on complete physical and
routine examinations before any anesthesia.
Intramuscular route is commonly used in
rabbits and Intravenous is the best route for
anesthesia via ear vein. However,
inhalational anesthesia is also considered a
safer protocol for induction in rabbits. Many
safe and effective anesthetics have been
studied in rabbit model. It is well known that
inhalation anesthesia is safer as compared to

Discussion
Anesthesia and sedation methods are the
most important elements to perform safe and
painless surgical dealings. Effective
anesthetic protocols are important for
experimental animals as well as other clinical
patients, not only for surgical procedures but
also for safe handling and diagnostic
procedures [12]. In this study two general
anesthetic protocols were used and their
anesthetic effects were compared using six
rabbits receiving two treatments. No
mortality was observed in any group during
the experiment trial. All rabbits were kept
under hygienic condition in the indoor patient
ward of Department of Surgery and
Obstetrics. Only one animal (Rabbit No 5)
had shown hyperthermia on second day of
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injectable anesthesia in rabbits. But due to
limited facility of gas anesthesia and the lack
of equipment in hospitals they are neglected.
In this study one injectable and one
inhalational anesthetic were administered to
rabbits with xylazine as pre-anesthetic as
followed by [13].
Heart rate of rabbits administered with
Isoflurane (3-5 %) were significantly
increased as compared to Ketamine
(35mg/kg). These findings are analogous to
another study who observed that heart rate
increased continuously in anesthetic with
ketamine 200 which was seen in first ten
minutes [14]. The effect of heart rate and
minimal alveolar pressure co-relation are
much stable in ketamine 100 and ketamine
200 [15]. In another study 2mg/kg of
ketamine showed non-significant alteration
in parameters relating hemodynamics [16].
Ketamine and xylazine combination used I/V
at 35 mg/kg (K) and 5 mg/kg (X) showed a
significant increase in vessel diameter and
considerably decreased heart rate, although
mean arterial blood pressure primarily
increased in rabbits [17].
Respiratory rate of rabbits administered were
significantly higher in Isoflurane (3-5 %) as
compared to Ketamine (35 mg/kg) our results
did not correspond with [18], who reported
that ketamine causes depression in
respiration. The increase in respiratory rate
with Isoflurane might be due to its
formulation for inhalational route and large
surface area for absorption [19]. When
ketamine infusion administered it shows little
bit respiratory depression along with
hypercapnia. Hypoxia occurs as reported by
[20, 21], in the present study there were no
signs of hypoxia that might be due to the
availability of Oxygen during anesthesia. In
another study a significant decrease in
respiratory rate found between 5 – 30 minutes
reading time [16], this decrease respiratory
rate may be due to mixing more than one
anesthetic drugs which causes inhibition of

brain stem respiratory centers and alteration
in blood flow [22]. The present fact is also
supported by [23]. All anesthetic methods
used along with the administration of oxygen
in rabbit which shows alteration of lungs and
ventilation process is depressed due to
ketamine [24].
Rectal temperature was not affected
significantly in both groups using Isoflurane
and Ketamine. The present findings were in
agreement with [16]. Our results are in line
with [25] who showed non-significant
difference (P>0.05) in rectal temperature in
all groups when used different anesthetic
protocol in rabbit, and disagreement with
[26] who showed increase rectal temperature,
however they used xylazine alone.
In current study, xylazine produced slight
degree of sedation (+). This is parallel with
the study [16] they observed significant deep
analgesia, and muscle relaxation between 2060 minutes with xylazine. Early induction of
anesthesia at (30±0.97 second) in rabbits
were observed with the administration of
Isoflurane and, while late induction of
anesthesia at Ketamine in rabbits were
examined. [15, 18, 27]. Ketamine effects the
central nervous system in human and
increase peripheral vascular resistance [28].
Duration of anesthesia (60.00±.00 minutes)
were observed longer after administration of
Isoflurane in rabbits while shorter for
Ketamine (52.46±7.76 minutes). These
findings are in agreement with [16].
Early recovery from anesthesia at (1.00
minutes) was noted in rabbits administered
with Isoflurane, while medium recovery from
anesthesia (16.6 minutes) was examined in
rabbits administered with ketamine. These
results are in line with [29] and in contrast
with [30]. They found recovery time with
ketamine at 120 minutes. This variation
might be due to formulation difference of
ketamine, handling and administration
protocols. Furthermore sex, health, age,
strain and nutritional status of individual
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animal also contribute to different responses.
The use of Ketamine and Isoflurane shows
the rapid response for maintenance in present
study. The recovery time in all animals of
both groups was smooth, with no signs of
pain at the site of injection.
Conclusion
It is concluded that Isoflurane was the safest
anesthesia in rabbits for all surgical
procedure as it has smooth induction, good
and faster recovery and no complications.
Ketamine have the disadvantages like
tachycardia and longer duration of recovery.
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