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RESUMO

Transtornos de ansiedade determinam condi¢cdes @ertemte morbidade
neuropsicolégica, afetando parte significativa daybacdo. Estima-se que mais de 15
milhdes de pessoas sejam acometidas anualmenkstamos Unidos por algum tipo de
transtorno de humor relacionado a ansiedade. Aoséspansiosa é uma condicdo
normal, uma vez que estimulos ameacadores desémademportamentos de defesa;
ja estados de ansiedade patoldgica sdo caractsipad uma resposta precipitada ou
excessiva a estimulos aversivos ou potencialmesriggsos, de forma que passam a
prejudicar o desempenho e a qualidade de vidaameries. O tratamento das diversas
modalidades de patologias ligadas a ansiedade fergmeialmente baseado em
abordagens psicolédgicas e/ou farmacologicas, sgenea@erca de 40-50% dos pacientes
sao refratarios a esses tratamentos. Fica assidené® o interesse no desenvolvimento
de novos farmacos que sejam mais eficazes, prefahmente com mecanismo de acdo
inovador. Os farmacos utilizados no seu tratamsétg em geral, também utilizados
como antidepressivos e hipnoticos; seus objetiliogcos séo distintos e, portanto, no
tratamento de ansiedade s&o apresentados efeitateras indesejaveis, como
sonoléncia ou sedacao, diminuicdo de reflexos edeoagédo motora. Dessa forma,
esses medicamentos estao longe de ser o trataideatoNesse contexto, o foco atual é
0 sistema glutamatérgico, cuja importancia em tognes psiquiatricos tem sido
melhor caracterizada a partir da década de 80mdwiulador do sistema do sistema
glutamatérgico que mostra interessante acdo erasvedsordens psiquiatricas é a N-
acetilcisteina (NAC), com efeitos positivos tanta enodelos pré-clinicos como em
testes clinicos para condicdes tais como depress@gguizofrenia. O objetivo deste
trabalho é examinar o efeito ansiolitico NAC, ctgdzando-os numa bateria de testes

comportamentais em roedores.

Palavras-chave: ansiedade, N-acetilcisteina, campo aberto, clscare, interacéo

social, hole board.



1 INTRODUCAO

1.1 Ansiedade

Transtornos de ansiedade induzem importante matideseuropsicoldgica,
afetando parte significativa da populacéo. Estimatse mais de 15 milhdes de pessoas
sejam acometidas anualmente nos Estados Unidoslgom tipo de transtorno de
humor relacionado a ansiedade (Lepine et al.,, 2080@m disso, a ansiedade € um
sintoma comum a varias condi¢cfes psiquiatricaaegosamente, nem sempre mostra
um curso de melhora, ou piora paralelo a condiciadpia.

A resposta ao medo € uma condicdo normal, uma wez eptimulos
ameacadores desencadeiam comportamentos de detessarios a sobrevivéncia das
espécies. Estados de ansiedade patolégica sadecamados por respostas precipitadas
ou excessivas a estimulos aversivos ou potencidédmegrigosos, de tal forma que
prejudiguem a qualidade de vida dos pacientes sosiRosen & Schulkin, 1998). De
acordo com a quarta edicdo do Manual DiagnésticBsmtistico de Transtornos
Mentais (DSM-1V), existem seis principais doencasagionadas a ansiedade:
transtorno de ansiedade generalizada (TAG), tremstale panico, transtorno de
ansiedade social (TAS), transtorno de estressetradsyatico (TEPT), fobias
especificas e transtorno obsessivo-compulsivo (TOC)

O diagnostico de transtornos relacionados a ardgedafeito, de acordo com
International Statistical Classification of Diseasad Related Health Problems (ICD-
10), a partir de sintomas presentes diariamepte @elo menos seis meses, tais como:
tensao, preocupacao e medo, seguidos de manifestaedetativas, como taquicardia,
diaforese, tremores e boca seca. Além desses mdaedores, desconforto ou aperto
no peito ou abdominal, e sintomas mentais recasegsbmo tontura, alteracdo de
percepcdo, medo de perda de controle ou morte. dam&io comuns perda de
concentracao, irritabilidade excessiva, agitac@osdo muscular e parestesia, entre
outros.

Uma das hipoteses de transtornos de ansiedadeaoggiias € a da ansiedade por
incerteza e antecipacao recentemente ampliad@npe & Nitschke (2013). Segundo
0S autores a ansiedade patogénica envolve cina®egsos principais envolvidos na
adaptacdo inadequada a condicbes ansiogénicasvasersstimativa aumentada do

custo da ameaca, hipervigilancia, deficiéncia magpgéo de seguranca, fuga cognitiva
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e comportamental ao problema a ser enfrentado gioeaxagerada a situagbes de
incerteza. Outro ponto considerado relevante, sicustos e a probabilidade de
desfecho de uma situacédo ansiogénica: evidénciaganoque situacdes que levariam
a um maior dano ou prejuizo sdo mais causadoramsiedade patolégica do que as

situagbes com uma maior probabilidade de real aconénto (Mitte, 2007).
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Figura 1. Processos antecipatérios alterados em respostaacane incerteza
na ansiedade (Adaptado de Grupe & Nitschke 2013).

1.1.1 Circuitos neurais da ansiedade

As areas cerebrais envolvidas com a ansiedadesimciuamigdala, nacleo leito
da estria terminal, coOrtex pré-frontal ventromediabrtex orbitofrontal, cortex
cingulado médio anterior e a insula anterior. Agalala € uma regido de extrema
importancia no controle da ansiedade patologicaptar muito ativada de forma ténica
e indiscriminada (Fox et al., 2008)(Furmark et 2002). O nucleo central da amigdala
possui projecdes colinérgicas para estruturas deepcéfalo basal, as quais podem
modular seletivamente processos sensoriais e dendipado através de projecdes
colinérgicas ascendentes para regides corticarmdais apos situacdes que causem
surpresa (Pessoa, 2010).

Na estimativa aumentada do custo da ameaca estélvidas as seguintes areas

corticais: cortex pré-frontal dorsomedial, giro @agulo rostral e cortex orbitofrontal;



além dessas, também ha participacdo do estriadmalven da insula anterior. No
aumento da atencdo a ameaca e hipervigilancia iérda da atividade da amigdala,
estimulando o prosencéfalo basal, levando a um m@tom#a sensibilidade visual e
outros estimulos sensoriais, resultando em auntentiencao ao perigo. A deficiéncia
na percepcao de seguranca ocorre pela inibicdandgdala pelo cortex pré-frontal
ventromedial (Phelps et al., 2004)(Mobbs et al.1®0 A fuga cognitiva e
comportamental ao problema reflete-se na interdgdamigdala com areas importantes
quanto a tomada de decisdo e concomitante acdoinmhe cortex orbitofrontal, cortex
pré-frontal dorsolateral, estriado, cortex cingolatédio anterior e insula anterior
(Aupperle & Paulus, 2010)(Delgado et al., 20099 aumento na reagao exagerada a
incerteza se deve a hiperatividade do ndcleo tit@stria terminal e da amigdala em
resposta a ameacas imprevisiveis. Esse aumentovidade leva a resposta defensiva,
também mediada pelo hipotalamo, substancia cinpamtaquedutal e outras regides do
mesenceéfalo e tronco encefalico. A insula antedmbém esta associada ao aumento
da intolerancia ao incerto e contribui para a lpeidade do nucleo do leito da estria
terminal e da amigdala.

Disfuncéo no coértex cingulado médio anterior oucdadstruturais a essa area e
suas conexdes levam a prejuizo na identificacaeeugdo de respostas adaptativas ao
desconhecido e contribui para os desfechos patal®giontrolados pelas vias citadas
acima. (Schiller et al., 2008)(Grupe & Nitschkel2p

1.1.2 Tratamento de transtorno de ansiedade

No tratamento farmacolégico de transtornos de dadi as drogas de primeira
escolha sdo os inibidores seletivos da recaptag&ebtonina (ISRSs) (escitalopram,
paroxetina e sertralina, por exemplo), os inibidoda recaptacdo de serotonina e
noradrenalina (IRSNs) (duloxetina e venlafaxina, @eemplo) ou benzodiazepinicos
(como a pregabalina). Medicamentos de segundahestalluem a buspirona (agonista
parcial serotonérgico), imipramina e opipramol i@efressivos triciclicos).

Em caso de auséncia de resposta em quatro a sesma® de tratamento, é
recomendavel que se aumente a dose do farmacagetssga medicagdo para outro de
primeira escolha, uso de outro farmaco de segusdaha, uso de medicamentof$-

label ou combinacéo de farmacos. E muito comum o acohgmaento psicoldgico e



utilizacdo de terapia cognitiva comportamental aicgnalitica concomitante ao
tratamento farmacolégico. (Bandelow et al., 2013).

Os farmacos utilizados no tratamento farmacolégido também utilizados
como antidepressivos e hipnoticos; seus objetiliogcos séo distintos e, portanto, no
tratamento de ansiedade s&o apresentados efeitateras indesejaveis, como
sonoléncia ou sedacao, diminuicdo de reflexos edeoagédo motora. Dessa forma,

esses medicamentos estdo longe de ser o trataitdeato

1.2 O sistema glutamatérgico em transtornos psiquidcos

A partir da década de 80 o sistema glutamatérghssqu a ser importante alvo
de estudos e vem ganhando crescente interessesgaigze relacionada a disturbios
psiquiatricos e comportamentais. Evidéncia do pdpeblutamato foi marcadamente
destacada pela acdo antidepressiva imediata dgoammta de receptores NMDA
cetamina quando administrada em doses subanestirate et al., 2006). Sendo o
glutamato uma molécula presente em todo o sistamaso central, cuja transmisséo
esta sujeita a uma fina regulacdo e que, ao mesmgotem que é modulado, também
modula varios outros sistemas de neurotransmissees se tornando um alvo
farmacoldgico importante na area de psiquiatrissfitaoto, 2011).

Recentemente, foi verificada a acdo de farmacos mjadulam o sistema
glutamatérgico em transtornos relacionados a amdedO uso de acamprosato (um
antagonista de receptores NMDA) foi capaz de revest ansiedade causada pela
retirada da administragcdo de anfetamina em camgodofKoltunowska et al., 2013).
Em outro estudo, LY354740 (um agonista de receptar@ly,3) teve efeito ansiolitico
no teste de labirinto em cruz elevado. Essas ewi@&nchamam atencdo para o

glutamato como alvo potencial para farmacos anisio$.

1.3 N-acetilcisteina

A N-acetilcisteina (NAC) € um precursor de cistejna age no trocador cistina-
glutamato presente em astrocitos, aumentando a tidade de glutamato
extrassinaptico (Baker et al., 2008). Essa elevagamove uma maior ativacdo de
receptores metabotrépicos m@iuocalizados no espaco extra sinaptico, resultamlo

diminuicdo da liberacdo sinaptica de glutamato resequente reducédo na ativacao de
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receptores glutamatérgicos pos sinapticos, espeside do tipo NMDA (Dean et al.,
2010). A utilidade de NAC em transtornos psiquiasi tanto em modelos pré-clinicos
(Linck et al., 2012) como em estudos clini¢Bserk et al., 2008; Berk et al., 2013) tem
sido documentadas. O uso de NAC também ja foipnmedirmente documentado em
transtornos de ansiedade, como por exemplo, riloimania(Grant et al., 2009). Em
modelos animais, recentemente foi feito um peq@sitwdo utilizando NAC no teste de
marble-burying (Egashira, et al. 2012). Neste estuerificou-se agdo ansiolitica de
NAC.



2 OBJETIVOS

2.1 Objetivo geral

Avaliar o possivel efeito ansiolitico da N-acesteina, numa bateria de modelos
animais reconhecidos como relevantes para ideantifie caracterizar atividade

ansiolitica.

2.2 Objetivos especificos

) Avaliar os efeitos de N-acetilcisteina no teste campo aberto em
camundongos, com tratamento agudo e subagudo.

(i)  Avaliar os efeitos de N-acetilcisteina no &estle hole board em
camundongos, com tratamento agudo e subagudo.

(i)  Avaliar os efeitos de N-acetilcisteina no teesde claro-escuro em
camundongos, com tratamento agudo e subagudo

(iv)  Avaliar os efeitos de N-acetilcisteina (tréssds) no teste de interacdo

social em camundongos, com tratamento agudo e sdbag
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3 ARTIGO CIENTIFICO

Noetzold, G. Herrmann, AP. Elisabetsky Hects of N-acetylcysteine in

experimental models of anxiety in rodents.

Artigo preparado segundo as normas da revista &88gr in
Neuropsychopharmacology & Biological Psychiatry.
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Abstract

Anxiety disorders cause neuropsychological conagtiowith significant
morbidity, and affects an important part of the glagon. It is estimated that over 15
million people are affected annually in the Unittdtes by some sort of mood disorder
related to anxiety. Though anxious response is @nalocondition in coping with
threatening stimuli that should trigger defensiwhdwviors, pathological anxiety states
are characterized by a hasty or excessive resgoreeersive or potentially dangerous
stimuli. The maintenance of such overactive stateumines professional performance
and the overall quality of life of pathologicallydous patients. The treatment of the
different types of pathologies linked to anxietypiseferably based on psychological
and/or pharmacological approaches, but it is es@ichahat 40-50% of patients are
refractory to these treatments. Therefore thergrésit interest in the development of
new and more effective drugs, preferably with iretoxe mechanism of action. The
purpose of this study is to evaluate N-acetylcy&tNAC) in a battery of mice tests
useful to identify anxiolytic properties. The effeof NAC were evaluated (single or 4
days ip treatment) in the open field, hole boaightidark and social interaction mice
models. Models were validated with Diazepam. Theadavas analyzed by
ANOVA/SNK. N-acetylcysteine (NAC) is modulator ohd glutamatergic system
shown to possess interesting effects in varioustpayric disorders, in both preclinical
models and clinical trials, including depressiord athizophrenia. This study shows
that NAC was able to reduce anxiety-like behaviomsice models. The effective acute
dose is higher than those active with repeated midtration. The study suggests that
NAC has anxiolytic properties potentially of intstdfor the clinical effects already
identified for this drug, and deserves a more cai@nsive evaluation for treating

anxiety disorders. .

Keywords: anxiety, N-acetylcysteine, open field, light-dadqcial interaction, hole

board.
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1. Introduction

Anxiety disorders induce important neuropsycholabimorbidity, affecting a
significant portion of the population. It is estited that over 15 million people are
affected annually in the United States by some @onhood disorder related to anxiety
(Lepine et al., 2002). Furthermore, anxiety is emgwn symptom of various psychiatric
conditions and, interestingly, does not always showcourse of improvement or
worsening parallel to the primary condition. Theians answer to fear is a normal and
necessary condition, since threatening stimulgergdefensive behaviors necessary for
survival of the species. However, pathological atwistates are characterized by a
hurried and/or excessive response to aversive t@npally dangerous stimuli, so that
anxiety rather than being protective underminesfgssional performance and the
quality of life of these patients. Among the valeaBpectrum of disorders, obsessive
compulsive disorder (OCD) and trichotilomania are be highlighted for its
prevalence. Anxiety disorders therapy includes pslagical and/or pharmacological,
means, but it is estimated that approximately 4%50f patients are refractory to
treatments (Wu et al. 2012).

The primary drug class used in the treatment ofeaydisorders is the selective
serotonin reuptake inhibitors and benzodiazepiaks®, widely used as antidepressives
and hypnotics. Though clinical goals are distintbgse drugs possess various side
effects such as drowsiness or sedation, decreastmt mneflexes and coordination. It is
thus of great interest to explore new drugs, egligthose with innovative mechanism
of action that might be better effective and/orserd fewer adverse effects than those
currently available.

Since the 80s the glutamatergic system has becanmaportant subject of studies
and gained greater interest in research relatggbyohiatric and behavioral disorders.
Long known to be off normal in epileptic and newrgdnerative disorders, it is now
considered central to most neural and mental desofeividence of the importance of
glutamate in mediating behavior is highlighted byriediate antidepressant action of
the NMDA receptor antagonist ketamine administenesubanesthetic doses (Zarate et
al., 2006). Glutamate is an ubiquous molecule mtesethe central nervous system,
where it represents the primary excitatory transmrs through ionotropic and
metabotropic receptors. Glutamate transmissionligested to fine adjustment, by the

inhibitory gama-amino butyric acid (GABA) as wal other neurotransmitters. At the
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same time that glutamate is modulated, it is nogepted that glutamate also regulates
several neurotransmitter systems, and has incigdgdiecome an important target for
drug development in the field of psychiatry (Hasbio) 2011).

N-acetylcysteine (NAC) is a cysteine precursor @@t on the cystine-glutamate
exchanger present in astrocytes, increasing theuamof extrassinaptic glutamate
(Baker et al., 2008). This elevation of glutamatenpotes a greater activation of the
metabotropic receptors mGly located in the extrassynaptic space, resulting in
decreased synaptic release of glutamate and cosrsecgduction in the activation of
post synaptic glutamatergic receptors, especialyNMDA type (Dean et al., 2011).
The usefulness of NAC in psychiatric disordershhaotpreclinical models (Linck et al.,
2012) as in clinical trials (Berk et al., 2008; Beat al., 2013) has been increasingly
documented. Specifically for anxiety disorders, theefulness of NAC has been
documented in a small clinical trial for trichédiinania (Grant et al., 2009).
Reinforcing the potential use of NAC in anxietyateld conditions, a short
communication reported the effect of N-acetylcystein marble-burying behavior,
considered a model of OCD in rodents, (Egashied. e2012).

However, the anxiolytic profile of NAC is still notvell characterized in
experimental models or human patients. In traizslat research it is accepted that
animal models can be instrumental to identify sjieaises, as well as potential adverse
effects. In this context, the present study isaatisiy point on the warranted evaluating

of the potential anxiolytic effect of N-acetylcyste.

2. Methods

Animals: Adult albino CF1 mice from Fundacéo Estadual dedB¢éo e Pesquisa em
Saude (FEPPS) were used. Mice were maintaineceaDéipartment of Pharmacology
animal facility, in 30 x 19 x 13 cm cages, 3-5 aalsicage, under controlled
environment (22 £ 2 ° C, 12-h light/dark cycle, floand water ad libitum). The animals
were kept in our animal facility sector for at &8 days before experiments. Cleaning
and maintenance are the responsibility of the usityestaff and meet the standards of
this university.The project was approved by thadstiCommittee (#22308).

Treatments: N-acetylcysteine and other reagents were purchdsaeh Sigma.
Diazepam is used from injectable ampoules (Diazepbenito, Brazil). The animals

were divided into the following treatment groups<ri0): saline, diazepam 2 mg/kg,
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NAC (60, 100 or 150 mg/kg) for acute tests; salthazepam 2 mg/kg, NAC (60 or 100
mg/kg) for subchronic (four days) tests. N-acetgteyne is dissolved in saline and
diazepam in distilled water. All solutions were nadistered intraperitonially in a
volume of 1 ml/100 g of body weight. NAC was admiered 60 min before
experiments; diazepam was administered 30 min befgperiments. When given for
four days, experiments were done right after tls¢ ¢hug administrationMice were
habituated to the experimental room for at leasin@#®before the experiments.
Behavioral Tests

Open Field: To discard non-specific reactions of pharmacoldgicaatments or
changes in locomotion, mice were tested in a gragden apparatus (40 x 40 x 40 cm).
In addition to the locomotor activity (locomotionihe time spent in the central squares
(as opposed to peripherals) will be assessed asaaure of anxiety (Saitoh et al. 2004).
The experiment was video taped by a digital canrestalled above the arena for 15
minutes, considering the first five minutes as erqlory behavior and the last ten
minutes as locomotion,. Videos were analyzed u8imgrmaze software (Stoelting Co.,
Wood Dale, IL, USA).

Hole Board: The hole board apparatus consists of a gray pi&te @0 x 2.2 cm thick)
with 16 holes equally spaced (3 cm diameter), eacitaining photocells that count the
number of head-dips. The plate is positioned 15atave the table and it has been
divided into 9 squares of 10 x 10 cm. Animals webserved for 5 minutes and the
following parameters assessed: number of head-dipsncy to the first head-dip,
number of rearings and spontaneous ambulationn{tineber squares crossed with all
four paws) (Costa-Campos et al. 2004).

Light-Dark: The light-dark apparatus consists of a rectangutayden box (46 x 27 x
30 cm) divided into a smaller area (18 x 27 cm) ardrger area (27 x 27 cm) with a
door-like opening (7.5 x 7.5 cm) between them. Shwller compartment is painted
black and not lighted, while the bigger is paintadwhite and lightened by a 60 W
lamp. Mice were individually placed in the dark qmmment facing the door-like
opening. The experiment was video taped for fivautgs by a digital camera installed
above the arenas for 5 minutes and the time spetitei light compartment was later
noted (Piato et al., 2010).

Social Interaction: Mice were tested in a wooden gray apparatus (40 x 40 cm),
containing two small metal barred cages placedpposite corners of the apparatus.

Pairs of mice unknown to each other were placdtierapparatus, one inside one of the
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barred cages. The animal under observation wasglat the apparatus facing the
caged animal and the experiment was video tapetefominutes by a digital camera
installed above the arenas. Social interactionnéédfias sniffing and grooming the
partner and was analyzed using the software Thee@és ® XT 5.0 (Noldus
Information Technology, Wageningen, The Netherlandsnck et al. 2010).

Statistical analysis: Data were analyzed by one-way analysis of varigdd¢OVA)
followed by the Newman—Keuls post hoc. The progte®d in the analysis was Graph
Pad Prism 5.0 and the statistical significance sedsat 0.05. Values were expressed as

mean and standard error of mean

3. Results

Figure 1 and 2 show results from the open fieltl ¥&th acute administration,
there were no significant differences in the tifkgs{ = 2.598, p>0.05) (Fig. 1A) or
distance traveled ¢R1 = 2.311, p>0.05) (Fig. 1B) in the center square®rgg the
various treatment groups. The experiment shows ribae of the treatments altered
locomotion (G 41 = 3.124, p<0.05) (Fig. 1C). With subchronic admsiration, NAC 60
mg/kg significantly increased the times@ds = 4.543, p<0.01) (Fig. 2A) and distance
traveled (335 = 3.799 p>0.05) (Fig. 2B) in the central arealwf arena. There was no
statistical difference in the locomotor activity safb chronically treated animals;@s =
1.752, P>0.05) (Fig. 2C). Of note, diazepam did imotease the time spent in the
central zone of the arena after acute or sub ch@ministration.

Figures 3 and 4 show data from the hole board Wgh acute administration,
only NAC 150mg/kg and diazepam were able to inad¢he number of head-dipss{do
= 3.722 p<0.05) (Fig. 3A); no differences wererfdun latency to the first head-dip
(Faa9= 2.141, p>0.05) (Fig. 3B). With subchronic adrsiration significant increase in
the number of head-dips were observed with 60 @f@rig/kg NAC (k36 = 6.991,
P<0.01) and diazepam (Fig. 4A), accompanied byifsggntly reduced latency to first
head-dip (E3s = 3.250, p>0.05) (Fig. 4B). No differences werersen the number of
crossings with acute (3C) or subchronic (4C) trestis.

Figure 5 shows data from the light-dark test. WAttute administration (5A),
only NAC at 150mg/kg and diazepam significantlyreased the time spent in the
illuminated part of the box (s = 6.214, p<0.01). With subchronic administratiéB)
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NAC 100 mg/kg and diazepam increased the time spernhe lit box (B35 = 5.366,
p<0.01).

Figure 6 shows the effects of NAC in the socidkinaction test. With acute
administration (6A), only NAC 150 mg/kg and diazepavere able to increase
interaction time with an unfamiliar mice {lr = 7.383, p<0.01); with sub chronic

treatment (6B) only diazepams(s = 4.165, p<0.05) was active.

4. Discussion

The main finding of this study is that NAC showsxiatytic properties in
various mice models. After a single administratiba data suggest that NAC shows
anxiolytic properties only in higher doses. Whea #uministration is repeated, in this
case for four consecutive days, doses ineffectivgedy shows anxiolytic effects. This
pattern of dose-effect in acute versus repeatedirggsination was observed for the
open-field, hole-board and light-dark tests. Furégeriments and neurochemical data
is needed to clarify the factors that underline ttenges observed with repeated
administration, that can include a mobilization tbe cystine-glutamate antiporters
resulting in increased expression in astrocytes Ipnanes, in synaptic and/or
extrassynaptic sites.

. The classic validity values applicable to bebeadi pre clinical models are
predictive, face and construct validities (Willn@ég897). One of the limitations in this
study is that the tests used have good predictaeiey but do not contemplate
ethiological factors or the course of this disord®rpotential strategy to complement
the data is the use of stressor (such as restraisblation), to promote anxious states
against which the effects of NAC could be assessed.

The hypothesis that modulating glutamate can ra@suwlinically relevant anxiolytic
effect is reinforced by studies using glutamatands: Koltunowska and collaborators
(2013) tested acamprosate (an antagonist of NMzAptrs) in amphetamine-evoked
withdrawal anxiety with positive results. Moreovéinden and collaborators (2004)
tested LY354740 (an agonist of mGhureceptors) in the elevated plus maze test, again
with positive results.

Of note, NAC has established uses in medicine (agoigtic and antidote for
acetaminophen intoxications) and possess low tiyxemnd is nearly devoid of side

effects. Additionally, inexpensive formulations aneilable in the market.
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5. Conclusion

This study shows positive effects of N-acetylcysteiin mice tested in
established models that predict anxiolytic progsttiAs a starting point it reveals
different dose-effects relationships when acutetyrepeatedly administered, other
studies are obviously necessary to better charaetehis effect and ultimately a
confirmation is needed by clinical trials. Experme with other doses and time of
administration need to be completed, preferablyrigshe effect of NAC administered

before and after the anxiety-induced scenarios.
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Figure 1. Effects of acute N-acetylcysteine in the open figlst. (A) Exploration time
in the central zone, (B) distance travelled in teatral zone, and (C) Total distance
(locomotion). (n = 9-10). NAC = N-acetylcysteiné®(@00 and 150 mg/kg), and DPZ 2
= diazepam 2 mg/kg. ANOVA/SNK.
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Figure 2. Effects of subchronidl-acetylcysteine in the open field te@) Exploration
time in the central zone, (B) distance travelledthe central zone, and (C) Total
distance (locomotion). (n = 9-10). NAC = N-acet@tsine (60, 100 and 150 mg/kg),
and DPZ 2 = diazepam 2 mg/kg. *=p<0.05 and, *=®40vs SAL, ANOVA/SNK.
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Figure 3. Effects of acute N-acetylcysteine in the hole bddast. (A) Number of head-
dips. (B) Latency to first head-dip. (C) Number avbssings. (n = 9-16). NAC = N-
acetylcysteine (60, 100 and 150 mg/kg), and DPZd2zazepam 2 mg/kg. *=p<0.05 vs

SAL, ANOVA/SNK.
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Figure 4. Effects of sub chronic N-acetylcysteine in the hobard test. (A) Number of
head-dips. (B) Latency to first head-dip. (C) Numbg&crossings. (n = 10) NAC = N-
acetylcysteine (60, 100 and 150 mg/kg), and DPZ dazepam 2 mg/kg. *=p<0.05
and ** =p<0.01 vs SAL, ANOVA/SNK.
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Figure 5. Effect of acute (A) and subchronic (B) N-acetyleyse in the light-dark test.
(n = 9-15). NAC = N-acetylcysteine (60, 100 and ba@kg), and DPZ 2 = diazepam 2
mg/kg.*=p<0.05 and ** =p<0.01 vs SAL, ANOVA/SNK.
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4 CONCLUSAO E PERSPECTIVAS

Esse estudo mostrou efeitos ansiolitcos de NAC amundongos, verificado
em Varios testes experimentias com valor predps@ atividade ansiolitica. Ainda que
esses dados sejam iniciais e devem ser complenosntadh mais estudos para melhor
caracterizar esse efeito e confirma-lo, o estudopciu o objetivo de dar um primeiro
passo na avaliagao da potencial atividade ansmlite NAC.

Pretende-se realizar testes utilizando outras desesnpo de administracao,
bem como outros modelos que permitam a inducdondedade exacerbada, como
estresse por contengao ou isolamento, que podendecer dados importantes sobre o
efeito de NAC na prevencdo ou reversdo de estadsfsas provocados por
circunstancias especificas.

Além disso, pretende-se realizar testes bioquimiammo dosagens de
corticosterona, neurotransmissores ou marcagao edeptores e transportadores
celulares a fim de esclarecer as bases neuroqiniea atividade ansiolitica
identificada. Dessa forma, teremos uma base desdados robusta para subsidiar
provas clinicas que podem verificar a validade de potencial novo tratamento

transtornos relacionados a ansiedade.
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