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RESUMO

Introdugédo: A espasticidade muscular € uma desordem do controle sensério-motor resultante da lesdo do
primeiro motoneurénio, causando ativagao muscular intermitente ou sustentada’. Essa condi¢ao é observada
em doengas como traumatismo cranioencefalico, lesdo medular e acidente vascular cerebral>. Quando nao
tratada, pode ser dolorosa, angustiante e uma causa potencial de incapacidade®. Diante disso, a fitoterapia
surge como alternativa promissora, destacando-se o 6leo essencial de Alpinia zerumbet (OEAz). Estudos
relatam que o uso tépico do OEAz, associado a cinesioterapia, reduz a espasticidade e melhora o
recrutamento muscular apds dois a sete meses de tratamento*. Seus principais monoterpenos sdo o terpeno-
4-ol, o 1,8-cineol (eucaliptol) e o y-terpineno °. Esses compostos modulam canais de célcio tipo L de maneira
dose-dependente®8. As caveolas, pequenas invaginagdes da membrana plasmatica, participam da endocitose
e transcitose’, e sdo formadas pelas caveolinas CaV1, CaV2 e CaV3. As proteinas CaV1.1, CaV1.2 e CaV1.3
sdo canais de calcio tipo L essenciais para a fungdo muscular e neuronal®®10, A docagem molecular é uma
técnica computacional que permite prever a interagdo entre moléculas e proteinas, sendo amplamente
utilizada no desenvolvimento de farmacos''-12. Objetivo: Validar a agdo dos monoterpenos do 6leo essencial
de Alpinia zerumbet (terpeno-4-ol, eucaliptol e y-terpineno) sobre alvos terapéuticos reconhecidos como
caveolinas (CaV1.1, CaV1.2 e CaV1.3), por meio da docagem molecular. Metodologia: As folhas de Alpinia
zerumbet foram coletadas no Biotério da Universidade Tiradentes, lavadas, secas e submetidas a
hidrodestilagdo em aparelho de Clevenger para extragao do 6leo essencial. As estruturas das proteinas e
compostos foram obtidas no Protein Data Bank e preparadas no programa PyMol, com adi¢gdo de hidrogénios
polares e cargas de Kollman. O programa AutoDockTools 1.5.7 definiu a area de ligagéo, e o AutoDock Vina
realizou a docagem molecular. A andlise e visualizagéo tridimensional foram feitas no BIOVIA Discovery
Studio. Resultados: As energias resultantes da docagem dos monoterpenos terpeno-4-ol, eucaliptol e y-
terpineno com as proteinas cristalizadas cav1.1, cav1.2 e cav1.3 variaram entre -5,0 kcal-mol e -6,2 kcal-mol.
Energias de ligacdo inferiores a -5,0 kcal'mol™ indicam boa atividade de ligagdo's. Os monoterpenos
apresentaram boas afinidades com as proteinas. A distancia molecular é outro indicador importante de forgcas
entre as interagdes de receptores e compostos. Quanto menor for a distancia, maior pode ser a repulsao
devido a sobreposigéo de elétrons. Enquanto em distancias muito grandes, a forga de interagao tende a ser
insignificante. Nas distancias intermediarias surgem forgas atrativas. As distancias obtidas entre as docagens
dos compostos supracitados resultaram em distancias entre 5,96 A° e 3,39. A° representando interacdes
estaveis e atrativas'. Concluséo: Esses resultados reforcam a importancia das interagbes intermoleculares
entre compostos bioativos do 6leo essencial de Alpinia zerumbet e 0s canais de calcio na regulagédo da
musculatura espastica, contribuindo para o desenvolvimento de terapias fitoterapicas e novos farmacos
seletivos.
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ABSTRACT

Introduction: Muscle spasticity is a sensory-motor control disorder resulting from upper motor neuron injury,
causing intermittent or sustained muscle activation'. This condition is observed in diseases such as traumatic
brain injury, spinal cord injury, and stroke?. When untreated, it can be painful, distressing, and a potential cause
of disability®. In this context, phytotherapy emerges as a promising alternative, with emphasis on the essential
oil of Alpinia zerumbet (EOAz). Studies report that the topical use of EOAz, associated with kinesiotherapy,
reduces spasticity and improves muscle recruitment after two to seven months of treatment®. Its main
monoterpenes are terpinen-4-ol, 1,8-cineole (eucalyptol), and y-terpinene®. These compounds modulate L-
type calcium channels in a dose-dependent manner®.®. Caveolae, small invaginations of the plasma
membrane, participate in endocytosis and transcytosis” and are formed by caveolins CaV1, CaV2, and CaV3.
The proteins CaV1.1, CaV1.2, and CaV1.3 are L-type calcium channels essential for muscular and neuronal
function?®.®,"°. Molecular docking is a computational technique that allows the prediction of interactions between
molecules and proteins, widely used in drug development''.'2?. Objective: To validate the action of the
monoterpenes of Alpinia zerumbet essential oil (terpinen-4-ol, eucalyptol, and y-terpinene) on therapeutic
targets recognized as caveolins (CaV1.1, CaV1.2, and CaV1.3) through molecular docking. Methodology:
The leaves of Alpinia zerumbet were collected from the Animal Facility of Universidade Tiradentes, washed,
dried, and subjected to hydrodistillation using a Clevenger apparatus to extract the essential oil. The structures
of the proteins and compounds were obtained from the Protein Data Bank and prepared in the PyMol software,
with the addition of polar hydrogens and Kollman charges. The AutoDockTools 1.5.7 program defined the
binding site, and AutoDock Vina performed the molecular docking. The three-dimensional analysis and
visualization were conducted using BIOVIA Discovery Studio. Results: The binding energies resulting from
the docking of the monoterpenes terpinen-4-ol, eucalyptol, and y-terpinene with the crystallized proteins
CaV1.1, CaV1.2, and CaV1.3 ranged from -5.0 kcal-mol™ to -6.2 kcal-mol™. Binding energies lower than -5.0
kcal-mol™ indicate good binding activity*®. The monoterpenes showed good affinity for the proteins. Molecular
distance is another important indicator of the forces between receptor—compound interactions. The shorter the
distance, the greater the potential repulsion due to electron overlaps, whereas at very large distances, the
interaction force tends to be negligible. At intermediate distances, attractive forces arise. The distances
obtained from the docking of the compounds ranged from 5.96 A to 3.39 A, representing stable and attractive
interactions™. Conclusion: These results reinforce the importance of intermolecular interactions between
bioactive compounds of Alpinia zerumbet essential oil and calcium channels in the regulation of spastic
musculature, contributing to the development of phytotherapeutic treatments and new selective drugs.
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