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Abstract: In this study we evaluated the anesthetic effects of ketamine-diazepam (K-D), tiletamine zolazepam (T-Z), and propofol (P)
infusion for one h in rabbits, and also the impact of these anesthetics on physiological and biochemical parameters, and the tissue structure
of the liver, kidney, and lungs. 18 New Zealand white rabbits were allocated to three administration groups. All groups were premedicated
with xylazine. For induction, ketamine and diazepam were administered intravenously in group K-D, tiletamine-zolazepam combination
was administered in group T-Z, and propofol was administered in group P. After induction, infusion anesthesia was continued for one
h by intravenously ketamine and diazepam in group K-D, tiletamine-zolazepam combination in group T-Z, and propofol in group P.
The respiratory rate significantly decreased in the P group at 30, 45, and 60 min compared to the initial values (P<0.05). End-tidal CO,
significantly increased in the P group at 30, 45, and 60 min compared to the initial values (P<0.05). All physiological and serum biochemical
parameters were within the reference ranges. Infusions resulted in varying degrees of degenerative changes in the kidney, lung, and liver,
but these changes did not affect the anesthesia status or biochemical parameters. We suggest that K-D, T-Z, and P can be applied safely as
an infusion for one h anesthesia of rabbits as an alternative to traditional anesthesia regimens.
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Tavsanlarda Infiizyon Teknigi ile Ketamine-Diazepam, Tiletamine-
Zolazepam ve Propofol Anestezi Uygulamalarinin Etkilerinin
Karsilastirilmasi

Oz: Bu alismada tavsanlarda bir saat siireyle uygulanan ketamin-diazepam (K-D), tiletamin zolazepam (T-Z) ve propofol (P) infiizyonunun
anestezik etkilerinin yan1 sira bu anesteziklerin karaciger, bébrek ve akciger dokularinin tizerindeki etkilerini fizyolojik ve biyokimyasal
parametreler yoniinden degerlendirdik. 18 adet Yeni Zelenda tavsani rastgele ii¢ gruba ayrildi. Tiim gruplarda, sedasyon i¢in xylazine HCI,
kas i¢i uyguland1. Indiiksiyon igin intravenéz olarak K-D grubuna ketamin-diazepam kombinasyonu, T-Z grubuna tiletamin-zolazepam
kombinasyonu, P grubuna ise propofol uygulandi. Indiiksiyondan sonra, intravendz olarak K-D grubunda ketamin ve diazepam, T-Z
grubunda tiletamin-zolazepam kombinasyonu ve P grubunda propofol uygulanarak infiizyon anestezisine bir saat boyunca devam edildi.
Solunum hizi P grubunda baslangi¢ degerlerine gére 30., 45. ve 60. dakikada anlamli olarak azaldig: goriildii (P<0.05). End-tidal CO,,
P grubunda baslangi¢ degerlerine gore 30., 45. ve 60. dakikada artis gosterdi (P<0.05). Her {i¢ grupta da bir saatlik infiizyon siiresinden
sonra tiim fizyolojik ve serum biyokimyasal parametreleri referans araliklarindaydi. Infiizyonlar bobrek, akciger ve karacigerde degisen
derecelerde dejeneratif degisikliklere neden oldu, ancak bu degisiklikler anestezi durumunu veya biyokimyasal parametreleri etkilemedi.
Geleneksel anestezi protokollerine alternatif olarak tavsanlarin bir saatlik anestezisi i¢in infiizyon olarak K-D, T-Z ve P’ nin giivenle
uygulanabilecegini 6neriyoruz.

Anahtar sozciikler: fnfﬁzyon anestezisi, Ketamin-diazepam, Tiletamin-zolazepam, Propofol, Tavsan
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INTRODUCTION

Anesthesia is required for many animal experiments and
is often provided by the injectable anesthetics such as
ketamine, tiletamine, or propofol. These agents are also
used for the anesthesia of rabbits ['l. Nevertheless, the
effects of administering these drugs as infusions in rabbits
remain unclear.

Potential intra- and postoperative mortality have been
observed with various anesthetic drugs and therefore
developing safe and effective anesthesia methods has often
been difficult in rabbits. Rabbit anesthesia has always
been considered a high-risk procedure, however, when
done properly, the risks are low and do not outweigh the
benefits. Rabbits are common companion animals widely
used in experimental surgeries and biomedical research 121,

Ketamine and xylazine are two widely used anesthetics.
Ketamine, a dissociative anesthetic, produces a state
of cataleptic sedation and is usually administered in
combination with xylazine or diazepam for inducing
surgical anesthesia in rabbits P°. Animals have been
successfully immobilized with ketamine hydrochloride and
sedative drugs. Inadequate muscle relaxation, convulsions,
and prolonged recovery periods are the most common side
effects of these drugs in animals. Diazepam is frequently
used in anesthesia due to its muscle relaxant effect. When
this positive effect is used together, it is beneficial to
eliminate the cataleptic effects of ketamine [,

Tiletamine and zolazepam have dissociative anesthetic
and tranquilizing properties, respectively. Tiletamine-
zolazepam has been used alone or in combination with
other anesthetic agents in rabbits. Tiletamine does not
relax the muscles or affect the cranial nerve and spinal
reflexes, however the combination with zolazepam results
in muscle relaxation °.. This combination is commonly
used as part of the anesthetic management of domestic
animals. But, tiletamine is not an anesthetic substance
with an antidote such as ketamine ',

Propofol is a lipophilic anesthetic used widely for the
induction and maintenance of anesthesia in humans and
animals. It has acquired worldwide acceptance because of
its rapid onset, short duration of action and clinical effect,
and quality and rate of recovery. Its pharmacokinetics in
most species makes it the preferred agent for induction
and continuous infusion. It can maintain stable anesthesia
for prolonged periods and the recovery is rapid "2\

In veterinary medicine, there is no alternative method to
the intramuscular dissociative anesthesia for medium-term
anesthesia (45 min-1 h) in rabbits under field conditions.
The most significant disadvantage of dissociative
anesthetics is that they do not have an antidote for use when
complications occur. During monitorization of the infusion

anesthesia, when deep anesthesia appears reducing the dose
of anesthetic will prevent complications %,

This study compares the anesthetic effects of intravenous
infusion of ketamine-diazepam, tiletamine-zolazepam,
and propofol for one h to create medium-term anesthesia
in rabbits. We also investigated the effects of these
anesthetics on the physiological, hepatic and renal
biochemical parameters, and the histology of the liver,
kidney, and lungs.

MATERIALS AND METHODS
Ethical Statement

The study was started after the approval of the Ethics
Committee on Animal Research of Bursa Uludag
University (Approval No: 2021-03-01)

Animals

In this study we applied three anesthesia protocols on 18
clinically healthy male adolescent New Zealand white
rabbits weighing 2.30-2.90 kg. The rabbits were single-
housed in cages for at least 14 days for acclimatization
before the experiments and were given commercial pellet
food (Purina®) and water ad libitum. Before initiating the
experiments, the animals were fasted for 12 h and water
was removed 2 h in advance. The rabbits were randomly
assigned to one of the three groups: Ketamine-diazepam
(K-D), tiletamine-zolazepam (T-Z), and propofol (P) with
six rabbits in each group.

Anesthesia and Monitorization Period

On the day of the experiment, rabbits were weighed and
transferred from the housing room to the operating
room using a covered pet carrier. The catheters (Vasofix®,
24-gauge, B. Braun, Istanbul, Turkey) were applied to the
lateral ear veins for taking blood samples and for intravenous
infusion administration. Rabbits were immobilized in
sternal recumbent position, supplied with blow-by-nose
oxygen, and sedated with xylazine (5 mg/kg IM, Rompun®,
Bayer, Leverkusen, Germany) injected into the longissimus
muscle. The following indicators determined sedation:
absence of pedal withdrawal reflex in response to a toe
pinch, stable reduced frequency of respiration (from more
than 150 breaths per min to 30-60 evenly paced breaths per
min), reduction of smooth muscle tone, and loss of righting
reflex when placed in a lateral recumbent position. Once
sedation was confirmed, rabbits were transferred to lateral
position on the pad with a heating feature to maintain
body temperature. One of the catheters was used for the
anesthetic infusion when animals were completely sedated.
The other catheter was used to provide warmed 0.9%
sodium chloride at a dose of 10 mL/kg/h during anesthesia.
First blood samples for the measurement of enzyme levels
were obtained before infusion. Blood was placed into
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heparinized tubes and centrifuged (Minifuge RF, Heraeus,
Hannover, Germany) at 1200 g at 4°C for 20 min. Plasma
was separated and stored frozen at -20°C until assayed. The
second blood sample was taken with a similar procedure
after the termination of infusion anesthesia.

For induction, 10 mg/kg ketamine (Alfamine®, Alfasan,
Woerden, The Netherlands) and 0.25 mg/kg diazepam
(Diazem®, Deva, Istanbul, Turkey) were administered
intravenously in group K-D, 10 mg/kg tiletamine-zolazepam
(Zoletil®, 1.E. Ulagay, Istanbul, Turkey) combination
was administered in group T-Z, and 10 mg/kg propofol
(Propofol®, Fresenius Kabi, Austria) was administered in
group P to achieve induction. All rabbits were then intubated
via the orotracheal route with a size 2.5 cuffed endotracheal
tube (Bicakcilar, Istanbul, Turkey) after the disappearance
of the swallowing reflex by using the premature blade. After
intubation, the animals were connected to the anesthesia
device (Espire®, General Electric, Boston, MA, USA),
and only oxygen ventilation was provided. After that, the
infusion of the anesthetic substance was started by an
infusion pump (Infusomat® Space - B. Braun Medical Inc,
Melsunger, Germany). The infusion pump was operated
for one h to administer the anesthetics determined for
each group. For infusion administration, 25-30 mg/kg/h
ketamine and 2.5-3.0 mg/kg/h diazepam were administered
intravenously in group K-D, 25-30 mg/kg/h tiletamine-
zolazepam combination was administered in group T-Z,
and 30-50 mg/kg/h propofol was administered in group P
for one h. Separate syringe infusion pumps were used for
each drug for the suitable dose adjustment.

Monitoring devices were attached after induction, but
before the infusion of anesthesia. The end-tidal CO,
collector of the monitor (Cardiocap 5°, Datex-Ohmeda,
Helsinki, Finland) was placed between the endotracheal
tube and the anesthesia device’s Y pipe. Then, the end-
tidal CO, value was measured. At the same time, oxygen
saturation (SpO,) probe of the monitor was placed on the
rabbit’s tongue, and the saturation value was measured.
Heart rate was determined from a lead II ECG recording
by ECG electrodes (3M°, Istanbul, Turkey). Electrodes
were placed on the skin on the medial aspect of the rabbits’
upper forelegs and left hind leg. The respiratory rate was
recorded along with the end-tidal CO, value. A rectal
thermometer measured body temperature. Heart rate,
respiration rate, SpO,, and end-tidal CO, were recorded
every 15 min using the monitor during anesthesia.

The depth of anesthesia was monitored utilizing pedal
withdrawal, ear pinch, palpebral, and corneal reflexes.
When assessing these reflexes, any movement was
considered a positive response. A desired surgical plane
of anesthesia was determined by the absence of a corneal
or laryngeal response under maintenance of independent
diaphragmatic breathing.

The anesthetic drug infusion was terminated after one h.
After the infusion was completed, 1 mL of blood sample
was taken for blood serum analysis. The levels of BUN,
creatinine, AST, and ALT were determined from serum
samples. Euthanasia was established by rapid intravenous
administration of six times the induction dose of the drugs
administered in each group.

Histopathological Examination

After euthanasia, tissue samples from the liver, kidneys,
and lungs were taken into neutral, buffered formalin from
all rabbits for histopathological examination. After routine
tissue processing, 4 um sections were cut and stained with
hematoxylin&eosin. Four randomly selected areas were
examined in each section under x400 magnification.
Livers were examined for hepatocellular degeneration,
and the presence of sinusoidal or portal inflammatory
cell infiltrations. Kidneys were evaluated for tubular
degeneration and inflammatory cell infiltrates. The
lung tissues were examined for hyperemia, intraalveolar
edema and hemorrhages, presence of inflammatory cells,
and atelectasis. All parameters were scored as 1: mild, 2:
moderate, and 3: severe. Other significant findings in the
organs were also noted.

Statistical Analysis

Data for plasma BUN, creatinine, ALT, AST con-
centrations, and heart and respiratory rates, end-tidal
CO,, SpO, levels were analyzed using a one-way analysis
of variance (ANOVA) and then Tukey’s HSD post hoc test
for equal variences with repeated measures in each group
to assess changes with time, followed by Dunnett’s t-test
when a significant difference was indicated. Scores of the
histopathological changes were analyzed using ANOVA.
Differences were considered significant when P<0.05. A
statistical software was used for the calculations (SPSS
v22.0 Statistical Software, IBM Corp, CA, USA).

RESULTS

All anesthetized animals survived the one-h infusion
anesthesia. In each group, unconsciousness occurred
in a brief time (4248 sec [mean+SD]) with intravenous
induction doses. No additional doses were needed in any
group for induction.

Physiological Parameters During Infusion

The mean heart rate (beats per min) was lower in the T-Z
group at the beginning of the infusion period than in the
K-D group and in the P group. The heart rate increased
slightly until the 30" min and returned to the initial value
at the 60" min in the K-D group, whereas a slight decrease
was observed over time in other groups (P>0.05). In any
of the groups, the changes in heart rate over time could
not be statistically substantiated (P>0.05) (Table 1).
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The respiratory rate significantly decreased in the P
group at 30, 45, and 60 min compared to the initial values
(P<0.05); the most significant decrease being observed
at 60 min. There was no significant difference in the
respiratory rates during the infusion period in the K-D
and T-Z groups (Table 1).

End-tidal CO, significantly increased in the P group at 30,
45, and 60 min compared to the initial values (P<0.05).
There was no significant difference in oxygen saturation
(SpO,) during the infusion periods in any of the anesthesia
groups (P>0.05) (Table 2).

Reflexes Monitored

Anesthesia evaluation was based on reflex examinations
without surgical intervention. Pedal withdrawal, ear pinch,

and palpebral reflexes were abolished entirely in all groups.
When a slight presence of the corneal reflex was observed,
the infusion doses of the anesthetics was increased to their
upper limit, maintaining the depth of anesthesia to the
desired level.

Body Temperature

No significant changes were observed and the body
temperature remained between 37.8-39.4°C in all rabbits.

Biochemical Parameters

The results of the plasma biochemical parameters are
shown in Table 3. The hematological findings were within
the reference values in all groups (P>0.05).

Table 1. Heart rate and respiratory rate at various times in the ketamine-diazepam, tiletamine-zolazepam, and propofol groups during infusion periods *

“ 171.17+15.33 149.17+20.63 189.33+6.90 41.17+4.28 42.33+3.63 48.67+1.45°
183.17+11.60 135.17+16.26 173.83+8.80 43.17+4.19 40.17+1.74 41.17+1.89*

60 168.50+9.58 120.17+9.80

169.50+5.43

41.00+4.90 39.00+2.82 37.83+2.25"

T-Z: tiletamine-zolazepam, P: propofol

* Data presented as mean + SEM. Different superscripts within a column indicate a significant difference among the anesthesia groups (P<0.05). K-D: ketamine-diazepam,

Table 2. End-tidal CO,and SpO, (saturation) at various times in the ketamine-diazepam, tiletamine-zolazepam, and propofol groups during infusion periods*

n 25.67+4.00 26.67+2.30 27.50+1.48%° 96.17+1.01 97.50+1.72 91.16+1.25
25.83+3.56 24.17+4.12 31.83+1.56¢ 93.00+2.51 94.50£2.08 90.83+1.51

60 30.50+4.25 25.50+5.30

36.33£1.80°

94.00+2.06 96.50£2.01 94.50+1.72

T-Z: tiletamine-zolazepam, P: propofol

* Data presented as mean + SEM. Different superscripts within a column indicate a significant difference among the anesthesia groups (P<0.05). K-D: ketamine-diazepam,

Table 3. Plasma ALT, AST, BUN, CRE concentrations, and BUN/CRE ratio in the ketamine-diazepam, tiletamine-zolazepam, and propofol groups before and

after the infusion period*

* Data presented as mean = SEM. A column without superscripts indicates no significant difference among the anesthesia groups. K-D: ki p
zolazepam, P: propofol, ALT: alanine aminotransferase, AST: aspartate aminotransferase, BUN: blood urea nitrogen, CRE: creatinine

m 29.67+1.65 27.0%1.12 16.61+ 1.29 0.84+0.04 19.80+1.32 (10-27)/(9-34)/(12-22)/(0.8-2.6) 1412
17.67+1.67 BIISEES100) 18.31+ 1.86 0.71+0.12 33.35+10.39 (10-27)/(9-34)/(12-22)/(0.8-2.6) 11415
36.33+3.29 20.13+2.32 20.13+2.32 0.89+0.03 22.48+1.99 (10-27)/(9-34)/(12-22)/(0.8-2.6) [1419]

el i,

, T-Z: tilet
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Histopathological Findings

Histopathology scores and the results of statistical analysis
are shown in Table 4. Briefly;

Kidney: In all groups, varying degrees of vacuolar
degeneration in the tubules and inflammatory cell
infiltrates in the intertubular regions were observed.

Table 4. Scores (mean + SEM) and the comparison of the histopathological changes in the kidney, lung, and liver after the administration of ketamine-
diazepam, tiletamine-zolazepam, and propofol

2.67+0.21° 2.33+0.21° 2.67+0.21° 2.00+0.26" 1.1740.21° | 1.00+0.00" 1.17£0.17* 1.50+0.22* | 1.00+0.00*

P Value 0.014 0.000 0.004 0.051

0.022 0.090 0.149 0.116 0.255

b Values within a column with different superscripts differ significantly at P<0.05. K-D: k

di 1, T-Z: tiletamine-zol,

pam, P: propofol

i

Liver: Significantly more severe vacuolar degeneration
was observed in the livers of the T-Z administered
animals than in the K-D and P administered animals.
It was determined that hepatocytes were swollen and
sinusoids were narrowed in these animals. In all groups,
vacuolar degenerations affected hepatocytes especially
around the vena centralis, while hepatocytes close to the
portal area had a healthier appearance (Fig. I). In terms
of inflammatory cell infiltrates in the sinusoids, the
animals in the T-Z group were more severely affected. The
infiltrates were predominantly composed of lymphocytes.
Inflammatory cell infiltrations in the portal areas were
observed in almost all groups, but the infiltration severity
was higher in the T-Z group than in the other groups.
Multifocal necroses were observed in the liver parenchyma
in two animals administered T-Z.

P 2
Fig 1. Vacuolar degeneration was the most significant change in the livers
of all groups. Hepatocytes especially around vena centralis were more
severely affected (right and bottom of the arrow), while hepatocytes close
to the portal area (left of the arrow) were less affected. Animal from the T-Z
group, hematoxylin&amp;eosin staining, bar=200 um

When evaluated in terms of both tubular degeneration
and inflammatory cell infiltrations in interstitial areas,
the effect was greater in animals treated with T-Z. It
was also noted that in some areas the tubular epithelium
was swollen, tubule epithelium nuclei were karyorhectic
and karyolytic, and the tubule lumens were narrowed
(Fig. 2).

Lung: The vessels were hyperemic in all groups and the
hyperemia was more prominent in the K-D and P groups
than in T-Z group. No significant differences were observed
regarding the edema and intraalveolar hemorrhage,
interalveolar septal infiltration, and atelectasis scores
among the groups. Besides these parameters intra-
alveolar macrophages (Fig. 3), hemosiderinophages and
emphysematic areas were observed in all groups.

groups. Cytoplasms of the tubular epithelium are vacuolar and some
nuclei are karyolytic (arrow). Lumens are narrowed due to the swollen
tubular epithelium. Animal from the T-Z group, hematoxylin&amp;eosin
staining, bar=100 pm
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Fig 3. Hyperemia of the interalveolar caplllarles was the most 51gn1ﬁcant
change in all groups. Intraalveolar hemorrhages (*) and intraalveolar
macrophages (arrows) were also observed in some animals. Animal from
the K-D group, hematoxylin&amp;eosin staining, bar=100 pm

Di1SCcuUSSION

Anesthetics may affect the physiological parameters,
structure, and function of organ and biological systems,
and these effects have been extensively studied. However,
there is limited information about the effects of the
infusion anesthetics in rabbits. We applied three different
infusion anesthesia protocols and the results showed no
negative effects on hematological and biochemical values
and only minor changes on tissue structure of the liver,
kidney, and lungs.

In experimental studies in rabbits, the effects of
intramuscular ketamine and tiletamine anesthesia on
different parameters were investigated ¢, Numerous
studies present data from infusion anesthesia with
propofol. Results of previous studies suggest that the
necessary infusion rate for propofol in rabbits varies
from 24-100 mg/kg/h "7, We found that the propofol
infusion rate of 30-50 mg/kg/h was sufficient to provide
an optimal anesthesia level. Only in two rabbits corneal
reflex was present, revealing superficial anesthesia, and
the anesthetic dose was increased to 50 mg/kg/h.

Since the doses administered for induction were sufficient
in all anesthetic groups, orotracheal intubation was
achieved without the aid of topical lidocaine by using a
disposable plastic endotracheal tube in our study. Then,
the rabbits assumed lateral recumbency.

Heart rates were well-maintained in rabbits in the K-D and
T-Z groups and there was no need for any anticholinergic
drugs in any group. The heart rate decreased slightly
over time in all groups, but the difference could not be
substantiated statistically.

Ketamine or tiletamine administration increases heart rate
in animals %, It has been reported that the slightly higher

heart rate in the K-D and T-Z groups is due to the heart
frequency-enhancing effects of the enhanced vagal activity
of dissociative anesthetics-induced sympathomimetic
effect '®.. In our study the heart rate increased slightly until
the 30" min and returned to a slightly below initial value
at the 60" min in the K-D group, while a slight gradual
decrease was observed in the T-Z group. The difference
between the aforementioned studies and our study can be
due to the administration route of the anesthetics. While
the anesthetics were used as a single dose intramuscularly
in the studies mentioned, we applied the anesthetics in the
form of an infusion for one h in our study.

An Another study revealed that propofol reduces
sympathetic tone more than the parasympathetic tone,
thus resulting in bradycardia from an unopposed para-
sympathetic response !"". Heart rates were slightly lower
in rabbits in the P group than in the K-D and T-Z groups
throughout our study, but the statistical difference was
insignificant.

Respiratory rates did not change in the K-D and T-Z
groups from the beginning to the end of the infusion.
However, a significant decrease in respiratory rate was
observed from the 30™ min of infusion in the P group,
which affected the end-tidal CO, level in this group. The
oxygen saturation did not change significantly over time
in any of the groups.

Varying degrees of histopathological changes were
observed in liver, kidney, and lung after all infusions. In the
liver, T-Z infusion resulted in significantly more damage
than in the other groups, as demonstrated by more severe
vacuolar degeneration and inflammatory cell infiltrates
both in the sinusoids and portal areas. In the kidney T-Z
infusion resulted in slightly more severe changes than in
the other groups. In the lungs all infusions resulted in
similar edema and intraalveolar hemorrhage, interalveolar
septal infiltration, and atelectasis scores. However, none of
these organ changes unfavorably affected the anesthesia or
biochemical parameters.

As a result of our study, we believe that ketamine-
diazepam, tiletamine-zolazepam, and propofol can be
safely administered as an intravenous infusion in healthy
rabbits as an alternative to the single-dose intramuscular
administration according to the hematological, serum
biochemical and histopathological data.
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