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Abstract

Varenicline is a medication used for smoking treatment that acts as a partial agonist for nicotinic
cholinergic receptors a4p2 and a3p4 and as a total agonist of receptor a7 in the central nervous
system. Pharmacokinetic is important information for medications that acts in the central
nervous system. This kind of assay is commonly done by expensive and complex analytical
techniques. Therefore, the aim of this study was to evaluate the possibility of using the open
field test as a pharmacokinetic model for varenicline in male rats exposed to a single dose of
varenicline. Male rats received a single dose orally (gavage) of three different concentrations
of varenicline: 0.03 (therapeutic dose for humans), 0.1 and 0.3 mg/kg or water (control group).
The open field observations were recorded 30 min, 1, 2, 4, 6, 24, 48, 72 h and 7 days after the
administration of varenicline or water. The results showed alterations in locomotion and rearing
frequencies, as well as in immobility time observed in open field, which is consistent with this
drug’s plasma peak. Consequently, this behavioral test apparently can be considerate as a model
for pharmacokinetic evaluation of varenicline.
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Proposta de utilizacéo do teste de campo aberto como modelo de estudo farmacocinético
de vareniclina em ratos

Resumo

A vareniclina € um medicamento usado para o tratamento do tabagismo que atua como um
agonista parcial dos receptores colinérgicos nicotinicos a4p2 e a3B4 e como um agonista total
do receptor a7 no sistema nervoso central. A farmacocinética &€ uma informagdo importante
para medicamentos que atuam no sistema nervoso central. Este tipo de ensaio € comumente
feito por técnicas analiticas caras e complexas. Assim, 0 objetivo deste estudo foi avaliar a
possibilidade de utilizar o teste de campo aberto como modelo farmacocinético para a
vareniclina em ratos machos expostos a uma dose Unica de vareniclina. Ratos machos
receberam uma dose Unica por via oral (gavagem) de trés diferentes concentragdes de
vareniclina: 0,03 (dose terapéutica para humanos), 0,1 e 0,3 mg/kg ou agua (grupo controle).
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As observagdes de campo aberto foram feitas 30 minutos, 1, 2, 4, 6, 24, 48, 72 horas e 7 dias
apos a administracdo de vareniclina ou agua. Os resultados mostraram alteracbes nas
frequéncias de locomocdo e de levantar, bem como no tempo de imobilidade observado em
campo aberto, o que é consistente com o pico plasmatico deste farmaco. Consequentemente,
este teste comportamental aparentemente pode ser considerado como um modelo para avaliagdo
farmacocinética da vareniclina.

Palavras-chave: Receptores Colinérgicos Nicotinicos; Campo Aberto; Farmacocinética;
Vareniclina.
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1 INTRODUCTION

Varenicline is a medication used for smoking treatment (FAESSEL et al., 2010) that
acts as a partial agonist for nicotinic cholinergic receptors a4p2 and a3p34 and as a total agonist
of receptor a7 (CRUNELLE et al., 2009), promoting the same effects as nicotine, but at a lower
intensity, without the effects of withdrawal, and prevents exogenous nicotine from binding to
the receptors, blocking the reinforcing effects of its continuous use (ROLLEMA et al., 2010;
IIDA et al., 2012).

Researchers have indicated the possible use of varenicline for the treatment of drug
abuse, such as alcohol (ERWIN; SLATON, 2014), cocaine (MELLO et al., 2014),
amphetamines (VERRICO et al., 2014) and opioids (HOOTEN et al., 2015), due to its
modulation in nicotinic cholinergic receptors, which results in different effects in dopaminergic

activity and other neurotransmitters systems (MELLO et al., 2014).

Pharmacokinetic is important information for medications that acts in the central
nervous system (HENCHOZ et al., 2009). This kind of assay is commonly done by expensive
and complex analytical techniques. Therefore, the aim of this study was to evaluate the
possibility of using the open field test as a pharmacokinetic model for varenicline in male rats

exposed to a single dose of this drug.

The open field is a behavioral test developed by Calvin Hall in 1934 (HALL, 1934). It
is widely used to assess motor activity, environmental exploration, anxiety-like behavior,

animal emotionality, and other behaviors of several animal species (WALSH; CUMMINS,
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1976, CHOLERIS et al., 2011, PRUT; BELZUNG, 2003). Considering its wide application,
this test can be used to evaluate the plasma decay of drugs that act directly on the general

activity, through reducing behavioral parameters.

2 MATERIALS AND METHODS

Male Wistar rats (90 days old) were used from the Department of Pathology, School of
Veterinary Medicine and Animal Science, University of Sdo Paulo. All rats were housed in
pairs in 43 x 23 x 16 polycarbonate cages that were maintained in the specific conditions of a
constant 12-hr light/dark cycle (light: 06:00 — 18:00), a controlled temperature (22 + 2°C) and
free access to food and water (ZACCARELLI-MAGALHAES et al., 2018).

All animal manipulations followed the Ethical Principles in Animal Research that were
adopted by the Ethics Committee on the Use of Animals by the School of Veterinary Medicine
and Animal Science of the University of Sdo Paulo (protocol no. 3304041214).

Varenicline tartrate was obtained from the commercial product Champix® (Pfizer) and
was dissolved in tap water. The rats were divided in four groups: three experimental groups that
received a single dose of varenicline (0.03, 0.1 or 0.3 mg/kg) and a control group that received
water by gavage (n=10 animals/group) in volumes that did not exceed 1.0 ml/kg body weight.
The administration occurs between 9 and 10 p.m.

The open field test was conducted in a round arena as described by Sandini et al., 2014.
Hand-operated counters were used to score locomotion frequency (the number of floor sections
entered), rearing frequency (the number of times the animal stood on its hind legs) and
grooming frequency (the number of times the animal touched its forepaws to the head and
snout). A chronometer was used to measure the duration of immobility (the total time in seconds

without spontaneous movement).

Each rat was placed in the center of the arena, and its behavioral parameters were
recorded for 5 min. The observations were recorded 30 min, 1, 2, 4, 6, 24, 48, 72 h and 7 days
after the administration of varenicline or water. The arena was cleaned with a 5% ethanol
solution before each test. Control and experimental rats were intermixed for all observations.

The videos were analyzed later by two double-blinded observers.
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The data were analyzed with the software GraphPad Prism 6 for Windows (GraphPad
Software, Inc., San Diego, CA, USA). The Bartlett test was used to verify the homoscedasticity
of the data. Two-way ANOVA with repeated measures were used followed by the Bonferroni
post-test, for two factors (treatment and time) evaluation. The results were expressed as the
means + standard errors, and the differences among the means were statistically significant at
p<0.05.

3 RESULTS

There were no significant differences in the locomotion frequency of rats between the
treatments (F (3,36) =2.374, p>0.05), but there were significant differences in time (F (8,288)
=51.900, p<0.0001) without interaction (F (24,288) =1.195, p>0.05). Results showed increase
in locomotion frequency of animals that received 0.3 mg/kg 6 h after the drug administration
compared to the control group (p<0.05) — Figure 1.

Regarding rearing frequency, there were no significant differences between the
treatments (F (3,36) =1.298, p>0.05), but there were significant differences in time (F (8,288)
=73.410, p<0.0001), without interaction (F (24,288) =1.494, p>0.05). Results showed increase
in rearing frequency of animals that received 0.1 mg/kg 30 min after the drug administration

compared to the control group (p<0.05) — Figure 1.

Regarding immobility time, there were significant differences between treatments (F
(3,36) =3.652, p<0.05), time (F (8,288) =29.380, p<0.0001) with interaction (F (24,288)
=1.647, p<0.05). Results showed decreased immobility time of animals that received 0.1 mg/kg
2 (p<0.05), 4 (p<0.05) and 6 (p<0.01) h after drug administration and of animals that received
0.3 mg/kg 4 (p<0.01), 6 (p<0.0001) and 72 (p<0.05) h after drug administration compared to
the control group — Figure 1. The grooming frequency did not show significant differences

between groups (data not showed).

Figure 1 — General activity in the open field of rats that received or not (control) a single
dose of varenicline (0.03, 0.1 or 0.3 mg/kg) by gavage. The means and their standard

errors are displayed. n=10 animals/group.
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*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001, two-way ANOVA with repeated-measures

followed by Bonferroni post-test.

4 DISCUSSION

The parameters used to evaluate the animals in the open field were locomotion, rearing,
grooming and immobility. Locomotion and rearing are related to exploratory behavior; an
increase in these parameters may indicate greater general activity and lower degree of
emotionality. Grooming is a behavior expressed in situations where the animal is not afraid,
being related to animal emotionality (VALLE, 1972). Immobility reflects a high degree of
anxiety and fear, since the longer the animals remains immobile, the greater the degree of
anxiety (BERNARDI; PALERMO-NETO, 1980).

The results show that a single dose of varenicline was able to cause few changes in the
behavior of rats observed in the open field. There was an increase in the locomotion frequency
of the animals that received 0.3 mg/kg 6 h after administration and a decrease in immobility
time of animals that received 0.1 mg/kg (2, 4 and 6 h after administration) and 0.3 mg/kg (4, 6
and 72 h after administration). These data indicate a slight increase in the general activity of
animals that received the highest doses of varenicline, probably due to this drug’s plasma peak,

since it is known to occur around 3 to 4 h after administration in rats (FAESSEL et al. 2008).

Turner et al. 2010 showed that 1 mg/kg of varenicline resulted in hyperlocomotion of
rats in the homecage. Zaniewska et al., 2008 showed that varenicline (0.3-3 mg/kg,
subcutaneous) by itself enhanced the basal locomotor activity in rats. Our results are in

accordance with these studies. Consequently, this behavioral test apparently can be used as a
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model for evaluation of medication pharmacokinetics, as long as the substance acts on animal’s
general activity. This new proposed of open field use would reduce the cost and complexity of
pharmacokinetics studies for new drug and also reduce animal suffering, since the current tests

are very invasive.
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