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Abstract

The present study aims to determine the effect of ivermectin on the duration of anaesthesia performed with etomidate and to
find out if there are any interactions between these two drugs at the central nervous system level. For this purpose, 25
Sprague-Dawley female rats were divided into 5 groups with 5 rats in each group. Group | received only subcutaneous saline
at a dosage of 0.1 ml/100 g bw. Group Il received the intraperitoneal injection of propylene glycol at a dosage of 1 mL/100 g
bw. Group Il received the subcutaneously 0.2 mg/kg bw ivermectin. Two hours after these treatments, neuropharmacological
tests (rotarod and open field) were performed. Also, Group IV received 20 mg/kg bw etomidate intraperitoneally. Group V
received subcutaneously 0.2 mg/kg bw ivermectin and 2 hours after the ivermectin administration, 20 mg/kg bw etomidate
was given intraperitoneally. In these two groups, anaesthesia was monitored and the sleep duration was calculated based on
rectal reflexes. Once the animals were fully awake, neuropharmacological tests were performed. Ivermectin that was
administered two hours before the etomidate anaesthesia prolonged etomidate sleeping duration strongly. Also, ivermectin
increased motion and decreased motor coordination, in association with etomidate it potentiates CNS depression (with
prolonged sleep duration and decreased motor coordination).

Rezumat

Studiul isi propune sa evalueze efectul ivermectinei asupra duratei anesteziei cu etomidat si s stabileasca existenta unor
interactiuni intre aceste dousi medicamente la nivelul sistemului nervos central. In acest scop, 25 de sobolani femele Sprague-
Dawley au fost impartiti in 5 loturi. Grupul I a primit solutie salind subcutanat 0,1 mL/100 gc. Grupul Il a primit
intraperitoneal propilenglicol 1 mL/100 gc. Grupul III a primit subcutanat 0,2 mg/kgc ivermectina. La doua ore dupa
administrare, s-au efectuat teste neuro-farmacologice. De asemenea, Grupul 1V a primit 20 mg/kgc etomidat intraperitoneal.
Grupul V a primit subcutanat 0,2 mg/kgc ivermectina si la 2 ore dupa administrarea ivermectinei, 20 mg/kgc etomidat a fost
administrat intraperitoneal. Tn aceste doud grupuri, anestezia a fost monitorizata si durata somnului a fost calculati pe baza
reflexelor rectale. O data ce animalele s-au trezit, s-au efectuat testele neurofarmacologice. Ivermectina care a fost administrata
cu doud ore inainte de anestezia cu etomidat a prelungit durata somnului. De asemenea, ivermectina a influentat mobilitatea
si a scazut coordonarea motorie.
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Introduction recent years due to its wide spectrum, low toxicity
and ease of administration. It is a macrocyclic lactone
and semisynthetic derivative of avermectin which is
produced by Streptomyces avermitilis. It has potent
activity against several parasites and arthropods [26].
It is an agonist for the inhibitory neurotransmitter
gamma-aminobutyric acid (GABA) receptors (GABAA)
[2, 3]. GABAA receptors are the major inhibitory neuro-
transmitter receptors in the brain and are therapeutic
targets for many indications including sedation,
anaesthesia and anxiolysis. The drug acts by binding
GABA-gated chloride (the ion channel receptors, more
specific the ion channel receptors specific for chloride)
and invertebrate-specific glutamate-gated anion channels

A drug interaction is a situation in which a substance
(usually another drug) affects the activity of a drug
when both are administered together. Drug—drug
interactions may generate beneficial or harmful
outcomes. Drug interaction is one of the common
but overlooked problems in medicine. In the clinic,
dangerous interactions such as decreased side
effects of a drug or even death can be seen when
different medications are used together in the
treatment of diseases [31, 34]. Therefore, knowing
how drug—drug interactions occur and how to manage
them is an important part of clinical practice.

Ivermectin is an effective antiparasitic drug widely
used in veterinary medicine and human medicine in
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in peripheral neuromuscular synapses and suppressing
nerve impulse conduction [36].

Etomidate is an intravenous general anaesthetic of
carboxylated imidazole used in anaesthetic induction
and short-term anaesthesia techniques [1, 9]. Although,
etomidate is widely used in human medicine, it has
recently entered the field of veterinary medicine [30].
Since it is a lipophilic and weak base character, when
given intravenously, it reaches the highest value in
the brain in less than 1 min. [24]. Etomidate interacts
with GABAA receptors and produces an anaesthetic
effect through the GABAA receptor/chloride channel
complex by inducing a neuron hyperpolarization
followed by a general central nervous system depression
[41, 45].

The mechanisms of action of etomidate and ivermectin
used in this study are related to GABA-sensitive
chlorine channels. In mammals, however, GABA-ergic
receptors are found only in brain. Except for collie
dogs, the blood-brain barrier is not permeable to
ivermectin. However, certain special conditions such
as meningitis and anaesthesia can increase blood-
brain barrier permeability [37, 40].

Itis quite difficult to determine the interactions between
new drugs during clinical trials before these drugs are
introduced to the market. Therefore, it should be kept
in mind that the side effects that occur during the
administration of newly introduced medications may
be related not only to the disease but also to the
interaction of the patient with another medication
taken at the same time [18].

Ivermectin continues to exist in the blood and other
tissues for a long time as a result of routine application
in some animals in veterinary medicine. In general,
the waiting period before slaughter is reported as 28
days for poultry and mammals [46]. In animals where
antiparasitic medication is applied, if other medicines
are used for treatment before the legal purification
period is completed, the risk of interaction between
the drugs used and the antiparasitic drugs in the blood
and tissues is raised. So, in this study, it was aimed to
determine the effect of ivermectin on the duration
of anaesthesia performed with etomidate and to find
out if there is any interaction between these two
drugs at the central nervous system level.

Materials and Methods

Experimental Animals

In this study, 25 Sprague-Dawley female rats with an
average weight of 150 - 250 grams, with 5 rats in each
group, were used. The reason we chose a female rat
for our study is that female animals always performed
better than males on rotarod tests of motor outcome
[25]. Experimental animals were obtained from Van
Yiiziincii Y1l University Experimental Animal Unit,
Turkey. After the necessary permission was received
(number: 2016/04 dated 05.05.2016) from Van YYU
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Animal Experiments Local Ethics Committee, animals
from Van YYU Experimental Medicine Research and
Application Centre were obtained. Rats were housed
in rooms with 12 hours light - 12 hours dark lighting
up, automatically adjusted temperature (22 + 2°C) and
humidity (45 - 50%) and they were fed with city water
supply and standard pellet diet, food and water intake
were made free. Food intake was stopped 4 hours
before the experiment. Asepsis and antisepsis rules
were applied in all the applications. After the experiment,
all rats were euthanized under anaesthesia with
ketamine (90 mg/kg bw)/xylazine (10 mg/kg bw).
Test Procedure

The animals used in this study were divided into the
following groups.

Group I: in this group, neuropharmacological tests
(open field test and rotarod test) were performed two
hours after the rats were given saline 0.1 g/100 g bw
dose subcutaneously.

Group 1l: the same tests were performed on this group
2 hours after the administration of 1 mL/100 g bw of
propylene glycol (because ivermectin is formulated in
propylene glycol formal (60:40)) with intraperitoneal
injection.

Group IllI: the same tests were performed on the
animals in this group 2 hours after the administration
of 0.2 mg/kg bw (0.1 mL/100 g bw) ivermectin
(ivomec®, Merial Saude Animal LTDA, Brazil) sub-
cutaneously. Ivermectin dose was determined for
rat according to ESCCAP [12].

Group 1V: etomidate (Hypnomidate®, Janssen Pharm.,
Belgium) at a dose of 20 mg/kg bw (1 mL/100 g bw)
was administered to this group with intraperitoneal
injection. Anaesthesia was monitored and sleep durations
were calculated based on righting reflexes. After the
animals were fully awake, neuropharmacological tests
were performed.

Group V: in this group, 2 hours after the administration
of ivermectin at a dose of 0.2 mg/kg bw subcutaneously,
etomidate was performed at a dose of 20 mg/kg bw
with intraperitoneal injection. Anaesthesia was monitored
and sleep durations were calculated based on righting
reflexes. After the animals were fully awake, neuro-
pharmacological tests were performed.
Neuropharmacological tests

The rotarod (Mayer, RR0711 model, Turkey) was used
for determining the motor incoordination and Animal
Locomotor Activity Meter (May ACT model 508,
Turkey) was used for open field test.

The rotarod test

One of the most widely used tests for determining
motor incoordination is the rotarod test. This device
was first used by Dunham and Miya [10] to test
neurological damage in mice and rats. Today, rotarod
is still widely used. Since the Rotarod test aims to
assess the sensorimotor coordination of the animals, it
determines the damage in the brain and the effects
of some substances on motor function. Motor
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coordination consists of complex behaviours such as
balance, muscle strength, gait, and sensory competence.
The loss of motor coordination is one of the most
characteristic features of many neurological disorders
and the easiest observable effects of drug toxicity [23].
Rotarod apparatus consisted of a bar with a diameter
of 5.6 cm, subdivided into five compartments by a
disc 19 c¢cm in diameter. The motor coordination was
assessed on the basis of the endurance time of the
animals on the rotating rod. The day before the test,
the animals were trained twice. On the day of the test
only the rats able to stay balanced on the rotating rod
between 60 and 120 sec (cut-of time) were selected.
Rats were placed on a Rotarod apparatus at a fixed
speed (20 rpm) on the day of the experiment after
the administration of the drugs. The fall-off latency
(time spent until the rat fell off from the rotarod) was
recorded. The maximum latency time was set at 300
sec. Three measurements were performed with an
interval of 15 minutes.

Open field test

The open field test is used to assess locomotor activity
and to measure normal anxiety indirectly [22, 33].
First, in 1936, the circle-based one was described by
Hall et al. [14] to test the emotional state of animals.
Later, Soubrie [39] developed a square shape. Today,
it is one of the most popular tests used in animal
neurophysiology. The studies conducted to date have
revealed that mice/rats tend to escape when they enter
a new area. At the beginning of the experiment, they
typically begin to explore the environment along the
edge of the wall and avoid going out into the open
space. This is because rodents do not feel secure in
open and wide environments. During this time, movements
of the animal in the horizontal plane (from one tile
to another), movements of the animal in the vertical
plane (rising on their hind limbs), and the number of
defecations are determined. The locomotor activity
is directly proportional to the number of passing
lines while the exploration of the environment is
directly proportional to the number of rising on the
hind limbs. The number of defecation is also an
indicator of autonomic functions [33]. An animal
which is taken outside the environment where it is
accustomed to live will probably avoid moving
towards the centre of the field and will move less.
The purpose of the evaluation of the number of
defecations in the open field test is to determine the
level of stress in experimental animals. A number
of studies have shown that stressful animals are less
able to enter the central compartment and have more
defecations [11]. The open field consisted of 72 cm x
72 cm Plexiglas square with 36 cm walls. For analysis,
the chamber was divided into sixteen 18 cm x 18 cm
squares. A central square was withdrawn in middle
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of the open field with red line for counting the
crossings in case of high locomotor activity. Each
rat was placed in the centre of the open field area
and allowed to explore it for 5 min. During the 5
min test session, the variables of locomotor activity
(number of black line crossings and central square
entries), basic movements, fine movements (such as
head-twitching and grooming), and time spent in
periphery and central zones were recorded. Open field
area was cleaned with 70% ethanol solution and let
dry after testing each rat.

Statistical calculations

All the data were expressed as mean + SEM. All
analysis was determined at significance levels of p <
0.05. The calculation and comparison of the results
were performed with the SPSS® version 13 statistical
package program. The groups were compared using
One-way ANOVA followed by Tukey’s multiple
comparison test as post hoc test.

Results and Discussion

The results obtained from the two anesthetized groups
are given in Table I. The mean duration of anaesthesia
was measured as 94.8 minutes in the etomidate group
and 156.4 minutes in the ivermectin group with
etomidate. The 61.6 minutes difference between the
periods of anaesthesia was statistically significant
(p <0.05).
Table |
Anaesthesia (sleep) duration

Groups N | Anaesthesia time (minutes)
Group IV 5 94.8 +4.17
Group V 5 156.4 £ 20.74*

*indicates the difference with other group, p < 0.05

Spontaneous locomotor movement test and the number
of defecations are given in Table II. A very significant
difference was observed in fast movements and
indirectly total movement activities in the Groups
IV and V and a decrease in activity was determined
due to anaesthesia in these groups. In group Ill, there
was an increase in fast, slow movement and total
movement activities. But this increase isn’t statistically
significant. There was no difference between the groups
in terms of the number of defecations.

The results of rotarod test performed to determine
the disturbances in motor coordination capacity are
shown in Figure 1. Ivermectin caused a decrease in
motor coordination both Group Il and Group V.
Although the decrease in Group Il is not
statistically significant, the incoordination of Group
V was found to be significant when compared with
other groups. Moreover, time-related improvements
were observed.
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Table Il

Spontaneous locomotor movement test results
Groups N Fast NSI,(I)S:/(\)IH Total Defecation
Group | 5 3989.2 + 684.25% 574.2 + 92,222 4563.4 + 759,82 4.4+0.75

Group Il 5 3793.8+911.97° 470.4 £107.032 4264.2 +997.91° 1.8+£0.8

Group 111 5 5555.0 + 353.482 810.4 £ 94.322 6365.4 + 397.312 1.4+£1.17
Group IV 5 901.8 +216.18° 343.0 + 98.58° 1244.8 + 293.16° 2.8+0.86
Group V 5 1073.6 £ 243.02° 309.6 + 72.7° 1381.2 £ 288.44¢ 24+1.17

a, b, ¢ indicates the difference between groups, p < 0.05
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Figure 1.
Rotarod test results (* — indicates the difference with other groups, p < 0.05)

Anaesthesia is a procedure that must be performed
very carefully and also the doses of anaesthetic drugs
must be calculated very well. A small overdose
may result in death. Anaesthetic drugs are generally
dangerous because their therapeutic indices are low.
Depending on the dose, the transition from surgical
anaesthesia to medullary paralysis can be easy. The
view that the effect of anaesthetics is shaped in bio-
membrane and that the anaesthetic effect is caused by
swelling, volume change and fluidization in excitable
membranes is still valid today [13].

In this study, the mean duration of anaesthesia in
Group V was significantly (p < 0.05) increased
according to Group IV (Table I). In the study where
mice received etomidate at a dose of 7.5 mg/kg bw
[21], the duration of anaesthesia was found to be
11.6 min in wild-type mice and 4 min in mutants.
In this study, shortness of anaesthesia period can be
attributed to the fact that the animal species is
different and the dose is very low. Trailovic et al.
[43] found that sub-depressant doses of ivermectin
significantly prolonged the duration of thiopental
anaesthesia. Anaesthesia duration with 35 mg/kg bw
thiopental was 34.13 + 3.24 min., when 7.5 mg/kg bw
ivermectin was administered, anaesthesia duration
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resulted in 232.13 £ 9.53 min. Ceylan and Yilmaz
[5] reported that the mean duration of pentobarbital
sodium anaesthesia in rats was 27.2 + 3.47 min; in
the case of administered ivermectin 30 minutes before
the anaesthesia group, this duration was found to be
59 + 8.4 min; in the case of administered ivermectin
2 hours before anaesthesia group, this duration was
found to be 68.33 £ 9.74 min, and in the case of
administered ivermectin 24 hours before anaesthesia
group, it was found to be 29 + 3.47 min. Also, Ceylan
et al. [4] determined that the duration of anaesthesia
with a volatile anaesthetics halothane (2.86 min) in
mice was 7.16 min when ivermectin was administered,
and the duration of the ether anaesthesia (3.4 min)
was 7.41 minutes when ivermectin was administered.
The findings obtained in this study are compatible
with those of other studies. In this study, it is thought
that GABA-mediated inhibition might be the reason
for ivermectin treatment to increase sleep time in
etomidate anaesthesia.

A very significant difference was observed in fast
movements and indirectly total movement activities
in the Groups IV and V, and a decrease in activity
was determined due to anaesthesia in these groups
at spontaneous locomotor movement test (Table I1).
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In another study [6], etomidate (4 and 10 mg/kg bw)
caused a similar reduction in spontaneous movement
at 30 min in the wild-type (WT) and a5 null mutant
mice. Also, Diaz-Gil et al. [8] determined that doses
of 2 and 4 mg/kg bw etomidate caused hypo-locomotion
in the open field test in rats. Wang et al. [47]
reported that etomidate caused a slow recovery of
spontaneous activity in open field test. In another
study [35], it was observed that low doses of etomidate
(0.3 - 7.5 mg/kg bw) decreased spontaneous locomotor
activity in wild-type mice. But, at higher doses of
etomidate (10 and 12.5 mg/kg bw) showed low spontan
locomotor activity in both wild-type and 2 N265S
mice. These results are in correlation with our study.
In this study, the animals which were administered
treatment dose of ivermectin were more active than
the other groups during the spontaneous locomotor
movement test. Therefore, ivermectin caused increased
movement rather than CNS depression.

Parisi et al. [29] administered 0.2 mg/kg bw and 1
mg/kg bw ivermectin to rats, and they determined
0.2 mg/kg bw dose of ivermectin did not change
locomotor activity, but 1 mg/kg bw dose increased
ivermectin locomotor activity in the open field test
performed 48 hours after this application. The mechanism
of the effect of ivermectin on open field testing has
not yet been established. It is known that the anti-
helminthic effect of ivermectin occurs with a systemic
release of GABA, although it has been reported that
ivermectin cannot cross the blood brain barrier and
thus cannot reach GABAergic synapses [32]. It has
also been shown that a small concentration of ivermectin
can cross the sufficient blood brain barrier for the
CNS movements. Lipophilic drugs that alter cell
membranes (like anaesthetics) may also alter the
blood-brain barrier [29]. Furthermore, recent studies
show that ivermectin can function as a positive
allosteric modulator of nicotinic Ach receptors in the
mammalian brain [19]. Another possible pharmacological
effect of ivermectin is thought to be that it affects
the peripheral nervous system or a peripheral organ
and can transmit sensory information that will affect
the behavioural parameters to the brain [7]. Although,
there was no statistical difference between the groups,
the number of defecation decreased especially in the
group 11 and group 111 (Table I1), because ivermectin
and propylene glycol may have caused damage to
autonomic functions and consequently have reduced
the response to stress as defecation.

Rotarod performance test is a method used to test
whether motor coordination, balance, physical condition
and motor functioning in rodents are disturbed [16].
After the application of the anaesthetic agent has
ended, the response to the verbal stimulus takes less
time to recover than cognitive and motor coordination.
This is important since motor and cognitive coordination
show that the patient undertakes his own functions.
In this study, regarding the rotarod performance in
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Group IV (etomidate), there was no difference with
other groups. But, Ozcan and Barigkaner [27] determined
that 5 mg/kg bw and 10 mg/kg bw doses of etomidate
decreased motor coordination in male Sprague-Dawley
albino rats at 15" and 30" minutes in the rotarod
test. Another anaesthetic, propofol, did not affect motor
activity in rats [28] and in mice [20]. Also, in different
studies, it was observed that rotarod performances
did not change in mice and rats anesthetized with
isoflurane [15, 38, 48]. Ivermectin decreased rotarod
performance in Group Il (ivermectin) and especially
in Group V (etomidate + ivermectin) (Figure 1). So,
it can be said that there is an interaction between
etomidate and ivermectin in the rotarod test. Unlike
our results, Davis et al. [7], administered
ivermectin to mice with drinking water at 0.008
mg/mL for 8 weeks and they determined that
ivermectin does not affect rotarod performance and
therefore has no effect on motor activity. Janko and
Geyer [17] administered ivermectin orally in
increasing doses to mice and found that the
therapeutic dose of 0.2 mg/kg bw was not affected
by the rotarod performance of animals. In addition,
there are different studies that determine GABA
agonists reduce motor activity [42]. In a study,
Trailovic et al. [43] found that sub-depressant doses
(14 - 41% of LDso) of ivermectin decreased motor
coordination. Trailovic et al. [44] applied
ivermectin to the isolated rat diaphragm (1.25, 2.5,
3.75, 5.0, 6.25 and 7.5 mg/kg bw) and they reported
that motor activity was impaired in increasing
doses. Our findings are compatible with their
results.

Conclusions

As a general conclusion, ivermectin that was administered
two hours before the etomidate anaesthesia prolonged
etomidate sleeping duration strongly. Also, ivermectin
increased motion (Table Il) and decreased motor
coordination (Figure 1), in association with
etomidate it potentiates CNS depression (with
prolonged sleep duration and decreased motor
coordination).

Our results show that ivermectin changes the duration
of anaesthesia and behavioural parameters. So, if
anaesthesia is to be performed on animals that are
administered ivermectin, the dose of the anaesthetic
must be well adjusted, otherwise there is a risk of
negative consequences.
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