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RESUMO

O meloxicam é um potente farmaco anti-inflamatorio utilizado no tratamento de dor
musculoesquelética, inflamacdo e no manejo pré e pds-operatorio. Apresenta alta
permeabilidade intestinal e baixa solubilidade aquosa, sendo a dissolucéo seu fator limitante
para absorcéo. Os efeitos colaterais mais frequentes incluem problemas gastrointestinais. Os
nanocarreadores tém capacidade de aumentar a biodisponibilidade de farmacos,
consequentemente diminuindo a dose necessaria e efeitos adversos. O presente trabalho tem
como objetivo avaliar meloxicam livre e meloxicam nanoencapsulado como adjuvantes na
analgesia trans e pos-operatoria em cadelas submetidas a ovariohisterectomia (OH). Vinte
cadelas adultas higidas foram distribuidas de forma aleatéria no grupo ML (meloxicam livre)
e no grupo MNano (nanocapsulas de meloxicam). Os dois grupos receberam as formulacdes
na dose de 0,2 mg kg™, via oral, quatro horas antes da cirurgia. Foi realizado o procedimento
cirargico de OH e avaliacdo da analgesia durante todo o transoperatério. A avaliacdo da dor
poOs-operatdria foi realizada nas 48 horas ap6s o procedimento. Na avaliacdo por meio da
Escala de Glasgow Modificada, foi preconizada analgesia suplementar com metadona (0,3mg
kg™) para valores iguais ou superiores a 6/24. Para avaliagdo empregando Escala Visual
Analdgica foi utilizada uma ficha de papel retilinea com 100 mm de comprimento, sendo
30mm o nivel de intervencdo analgésica recomendado. Foi mensurada a funcdo plaquetéaria
através do tempo de sangramento apds puncdo da mucosa labial antes da administracdo do
meloxicam, quatro horas apos, ao final do procedimento cirurgico e 12 horas depois de
ingerido o0 medicamento. Além disso, foi avaliada creatinina uma semana antes da cirurgia, 24
e 48 horas ap6s administracdo do meloxicam. As formula¢Ges ndo excluiram utilizacdo de
analgesia suplementar no periodo transoperatério e ndo houve diferenca significativa entre 0s
grupos gquanto a quantidade de resgatados (p>0,05). Os animais ndo necessitaram de resgate
analgésico no periodo ap0s a cirurgia e ndo houve diferencgas na avaliagdo das escalas de dor
entre 0s grupos nas 48 horas pds-operatorio (p>0,05), bem como ndo houve alteracbes do
tempo de sangramento e nos valores da creatinina. No grupo ML, dois animais apresentaram
vomito e um apresentou aquesia seguida de fezes com estrias de sangue, no periodo pos-
operatorio. A nova formulacdo de meloxicam nanoencapsulado promoveu analgesia poés-
operatoria satisfatoria em cadelas saudaveis submetidos a OH, demonstrando qualidade
analgésica semelhante ao meloxicam livre, quando administrada via oral, em dose Unica, 4
horas antes do procedimento cirtrgico. Ndo houve diferenca entre os grupos na analgesia

transoperatdria e apenas animais tratados com meloxicam livre apresentaram efeitos colaterais



relacionados ao trato gastrointestinal no pds-operatorio. Dessa forma, temos uma formulagdo

nanoestruturada segura e eficaz como formulacdo alternativa aos produtos comerciais.

Palavras-chave: Nocicepcao, dor, AINE, nanotecnologia.



ABSTRACT

Meloxicam is a potent anti-inflammatory drug used in treatment of musculoskeletal pain,
inflammation and pre and postoperative management. This drug has high intestinal
permeability and low aqueous solubility, with dissolution being its limiting factor for
absorption. Common side effects include gastrointestinal problems. Nanocarriers have the
ability to increase the bioavailability of drugs, decreasing the necessary dose and adverse
effects. The present study aims to compare free meloxicam and nanoencapsulated meloxicam
as adjuvants in trans and postoperative analgesia in bitches submitted to ovariohysterectomy.
Twenty healthy adult female dogs were randomly distributed in the “ML” group (free
meloxicam) and in the “MNano” group (nanoencapsulated meloxicam). The dose treatment
was 0.2 mg kg, via oral, four hours before the surgical procedure. The trans operative
analgesia was performed during the surgical procedure. The postoperative pain assessment
was performed during 48 hours after the procedure. The supplemental analgesia was
recommended for values equal to or greater than 6/24 in the Modified Glasgow Scale and
30mm in the Visual Analogue Scale. Buccal mucosa bleeding time was measured before the
administration of meloxicam, after 4 hours, in the end of surgical procedure and 12 hours after
drug administration. In addition, creatinine was measured one week before surgery, 24 and 48
hours after meloxicam administration. The formulations did not exclude the use of
supplementary analgesia in the trans operative period. There was no significant difference
between the numbers of rescued in the two groups (p> 0.05). The animals did not require
rescue analgesia after surgery and there were no clinically relevant differences in the
assessment of pain scales between groups (p> 0.05). There were no changes in mucosa
bleeding time and creatinine. Two animals presented vomiting and one animal presented
aquesia followed by bloody stools in ML group in postoperative period. The
nanoencapsulated meloxicam promoted satisfactory postoperative analgesia in a single dose,
via oral, four hours before the surgical procedure in healthy dogs submitted to
ovariohysterectomy. There was no difference between groups in the transoperative analgesia
and only animals treated with free meloxicam had side effects related to the gastrointestinal
tract in postoperative period. The nanostructured formulation is safe and effective and is an

alternative formulation to commercial products.

Keywords: Nociception, pain, NSAID, nanotechnology.
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1 INTRODUCAO

O reconhecimento e o tratamento da dor s&o deveres morais e éticos dos Médicos
Veterindrios. A dor é um fator biolgico que pode resultar em diferentes alteracbes no
organismo do animal, tais como imunossupressdo, retardo na cicatrizacdo de feridas e
aceleracao de processos patolégicos.

O estimulo doloroso induzido pelo procedimento cirdrgico desencadeia respostas
fisiopatologicas que resultam em alteracOes cardiovasculares, metabolicas, neuroenddcrinas e
comportamentais. A instituicdo de terapia analgésica eficaz torna-se essencial, bem como o
reconhecimento adequado dos sinais indicativos de dor. Entre as estratégias mais utilizadas
para medir e reconhecer a dor, as mais desenvolvidas e pesquisadas ao longo dos ultimos anos
séo as escalas de avaliacdo de dor.

Ao longo da historia, a abordagem farmacoldgica para o tratamento da dor tem
evoluido, incluindo a sintese de compostos quimicos projetados para ativar ou deprimir ampla
variedade de receptores ou canais i6nicos responsaveis por produzir dor. No geral, os
farmacos popularmente usados que tem apresentado eficacia no tratamento de quadros algicos
se enquadram na classe dos opioides, anti-inflamatérios ndo-esteroidais (AINES), agonistas
a2-adrenérgicos, anestésicos locais, inibidores dos recepetores N-metil-D-aspartato (NMDA),
antidepressivos e anticonvulsivantes.

O uso pré-operatorio dos AINES esta associado a uma menor inflamagdo da ferida
cirtrgica, menor amplificacdo dos estimulos nociceptivos periféricos e centrais e menores
escores de dor no periodo pds-operatério, quando comparado ao uso no periodo pés-
operatorio. O meloxicam é um potente farmaco anti-inflamatério, eficaz também como agente
antipirético e analgésico. Tem alta permeabilidade intestinal e baixa solubilidade aquosa,
sendo a dissolucdo seu fator limitante para absorcao.

A busca por farmacos eficientes e com menos efeitos colaterais deve ser constante.
Sao fundamentais maiores investigacdes cientificas ao redor de um farmaco tdo empregado na
medicina veterinaria, como o meloxicam. Nesse sentido, a utilizacdo de novas tecnologias
para formulacdo e otimizacdo de medicamentos torna-se uma estratégia promissora. A
nanotecnologia é utilizada para melhorar a dissolucéo e biodisponibilidade oral de farmacos
pouco sollveis em A&gua, além de protegé-los de degradacdo quimica, fotoquimica ou
enzimética, podendo diminuir a sua toxicidade, melhorar a sua eficacia e distribuicdo cerebral.

Formulag6es com nanocarreadores tendem a ser mais eficazes na entrega da molécula ao sitio
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alvo, aumentando a biodisponibilidade do farmaco e consequentemente reduzindo a dose
necessaria e os efeitos adversos.

O procedimento cirdrgico diminui o volume de distribuicdo do meloxicam e pode
aumentar a concentracdo plasmatica, consequentemente aumentando os riscos de efeitos
colaterais. Tendo em vista uma nova formulacdo de meloxicam eficaz e segura, torna-se de
grande valia o emprego desse medicamento em pacientes que serdo submetidos a
procedimentos cirdrgicos. Deste modo, o presente trabalho traz como objetivo avaliar o
meloxicam livre e 0 meloxicam nanoencapsulado como adjuvantes na analgesia trans e pos-

operatdria em cadelas submetidas a ovariohisterectomia.



14

2 REVISAO DE LITERATURA

2.1 Dor

Os empenhos para melhorar os conhecimentos, o reconhecimento e o tratamento da
dor em animais sdo grandes na medicina veterinaria. A dor foi conceituada pela Associagédo
Internacional para o Estudo da Dor como “experiéncia sensorial ¢ emocional desagradavel
associada a dano real ou potencial ao tecido, ou descrita em termos de tal dano” (MATHEWS,
2001; OTERO, 2005; FANTONI E MASTROCINQUE, 2009).

O estimulo nocivo ativa respostas neuroenddcrinas responsaveis por alteracfes
fisiol6gicas que podem causar graves consequéncias a Orgaos e sistemas (GAYNOR &
MUIR, 2008; FANTONI, 2012). A dor é uma resposta ao dano tecidual e inflamacdo. O
manejo da dor cronica e da pré e pds-operatoria € crucial para a recuperacdo e aceleracdo dos
processos de cicatrizacdo (BUSTI et al., 2005, TSAl et al., 2013).

O estimulo nociceptivo induzido pelo procedimento cirirgico desencadeia respostas
fisiopatoldgicas que resultam em alteracGes cardiovasculares, metabolicas, neuroenddcrinas e
comportamentais (OTERO, 2005). Essas alteragdes contribuem nas complicacdes pds-
operatorias, no aumento nas taxas de morbidade e mortalidade, além de prolongar a
recuperacdo do paciente (GAYNOR & MUIR, 2008). A dor promove 0 aumento nos niveis de
cortisol, podendo prejudicar a cicatrizacdo de feridas e diminuir a capacidade de agdo do
sistema imune (WEISSMANN, 1990).

A dor oriunda de um procedimento cirdrgico é considerada de carater agudo e em
geral é controlada com uso de analgésicos (HELLYER et al., 2007). Algumas cirurgias, como
ovariohisterectomia, apresentam componentes de dor somatica e visceral (LERCHE & MUIR,
2012). A minimizacdo da dor no periodo trans e pos-operatério sdo constantes preocupacoes
dos cirurgides. Por isso, avangos se desenvolveram em torno da criacdo de novas técnicas e
procedimentos operatorios que buscam reduzir o trauma tecidual, os processos inflamatorios,

0s riscos cirurgicos, a dor do paciente e as cicatrizes indesejaveis (OTERO, 2005).

2.2 Reconhecimento da dor em pequenos animais
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A dor nos animais pode causar a¢cdes motoras protetoras, aversao condicionada e pode
modificar tracos de comportamento especificos para a espécie (MORTON et al., 2005). O
limiar de dor dos animais é a intensidade minima necessaria para que o estimulo seja
percebido como doloroso e a tolerancia a dor é uma caracteristica que pode variar entre 0s
individuos de uma mesma espécie (TRANQUILLI et al., 2005). A dor aguda é resultante de
lesdo traumaética, cirurgica ou infecciosa e tem um curto periodo de duracdo (FANTONI E
MASTROCINQUE, 2009; EPSTEIN et al., 2015). Além disso, tem carater fisiologico, fungédo
de defesa e geralmente responde a medicacdo analgesica, desaparecendo com a cicatrizagdo
ou resolucgéo da doenga, tendendo a ser autolimitante (GAYNOR & MUIR, 2008).

Os principais sinais da dor aguda incluem aumento da pressdo sanguinea e da
frequéncia cardiaca e respiratdria, vasoconstricao periférica e tensdo muscular. Esses sinais
frequentemente estdo associados a intensidade de um estimulo nocivo (TRANQUILLI, 2005).
As mudancgas comportamentais como vocalizacdo, agitacédo, agressao, diminuicdo do apetite,
falta de interacdo e posturas anormais também podem indicar a presenca de dor (HOLTON et
al., 2001; YAZBEK, 2008). A avaliacdo do animal deve envolver observacao e interacdo com
0 paciente e o avaliador deve ter conhecimento do comportamento normal do animal, os quais
representam seus parametros basais (HELLYER et al., 2007).

Diversas estratégias sdo utilizadas para mensuracdo da dor em animais de forma
adequada. As mais desenvolvidas e pesquisadas sdo as escalas de avaliacdo de dor
(BUFALARI et al., 2007). As escalas utilizadas em animais foram baseadas em escalas
observacionais desenvolvidas para seres humanos. No entanto, a pouca eficacia na avaliacdo
de dor aguda em cdes ou a limitacdo em medir apenas uma dimensdo de dor, como a
intensidade, revelaram ser inadequadas em medicina veterinaria (HANSEN, 2003;
HELLYER, 2005; SHAFFRAN, 2008). Como alternativa foram criadas escalas
multidimensionais ou compostas, baseadas na expressdo comportamental de determinada
espécie perante a experiéncia de dor, levando em consideracdo caracteristicas sensoriais e
afetivas de dor (HANSEN, 2003; GAYNOR & MUIR, 2008).

A Escala Visual Analdgica (EVA) é uma ferramenta de pontuagdo subjetiva utilizada
para quantificar a intensidade da dor (GAYNOR & MUIR, 2008). Amplamente usada na
medicina, € uma escala simples e unidirecional que consiste numa linha reta de 100 mm, com
descricdo dos limites em suas extremidades, a esquerda nenhuma dor e, a direita, a dor mais
grave possivel (GRINT et al., 2006; FLOR, MARTINS e YASBEK, 2011). Os observadores
fazem uma marca em um ponto ao longo da linha para interpretar o grau de dor e o escore €é

dado pela medicéo da distancia entre o ponto nenhuma dor e o ponto indicado pelo avaliador
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(GRINT et al., 2006). A EVA envolve grande margem de variacdo entre os observadores e
ndo usa categorias definidas, ndo estando limitada a variacdo dentro de categorias restritas
(GRINT et al., 2006; QUINN et al., 2007). Porém, frequentemente é considerada mais
sensivel do que a escala de avaliagdo numeérica e a escala descritiva simples (GRINT et al.,
2006).

A Escala de Dor de Medida Composta de Glasgow, é uma escala de avaliacdo
multidimensional (HOLTON et al.,, 2001) desenvolvida para avaliacdo de animais em
ambiente hospitalar, com base na observacdo comportamental (MURREL et al., 2008). A
escala em forma de questionario estruturado é preenchida por um observador (HOLTON et
al., 2001) e inclui sete categorias (atitude e resposta ao avaliador, postura, mobilidade,
atividade, resposta a palpacdo, atencdo a area dolorida e vocalizacdo), totalizando 47
descricdes (MURREL et al., 2008). A limitacdo por demandar um tempo consideravel para
sua aplicacdo gerou a criagdo de uma versdo abreviada, com 30 descri¢cGes agrupadas em seis
categorias comportamentais (MURREL et al., 2008; GAYNOR & MUIR, 2008). A vantagem
dessa versdo consiste na objetividade, limitando interpretacdes, reduzindo desta forma a
influéncia subjetiva do avaliador (MURREL et al., 2008).

2.3 Tratamento da dor

O controle da dor de forma adequada promove o bem-estar geral do animal e também
melhor recuperacdo pos-cirurgica. A analgesia preemptiva refere-se a aplicacdo de técnicas
analgésicas antes do paciente ser exposto a estimulos nocivos, como o0s procedimentos
cirurgicos. A analgesia preventiva ndo elimina a dor p6s-operatdria, mas pode ajudar a evitar
a sensibilizacdo dos sistemas nervosos periféricos e centrais durante o procedimento cirurgico
(DUGDALE, 2010; TRANQUILLI et al., 2005).

A analgesia correta pode ser obtida através de terapéutica multimodal, isto é, através
da combinacgéo de analgésicos de diferentes classes farmacoldgicas que atuam em diferentes
locais e receptores impedindo, a diferentes niveis, a transmissdo da dor (LAMONT &
MATHEWS, 2008). Os farmacos popularmente usados no tratamento da dor se enquadram na
classe dos opioides, anti-inflamatérios ndo-esteroidais (AINES), agonistas a2-adrenérgicos,
anestésicos locais, inibidores dos recepetores N-metil-D-aspartato (NMDA), antidepressivos e
anticonvulsivantes (GAYNOR & MUIR, 2008).
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Na categoria dos AINES estdo incluidas drogas que agem através da inibicdo da
ciclooxigenase (COX) (BOTTING et al., 2006), bloqueando a conversdo do 4cido
araquidénico em prostanoides, conhecidos como prostaglandinas, prostaciclinas e
tromboxanos, envolvidos no processo inflamatdrio e na sensibilizacdo dolorosa central e
periférica (LANDONI, 2005; BASSANEZI & OLIVEIRA FILHO, 2006). Os AINEs
constituem um grupo heterogéneo de compostos, que apesar de compartilharem do mesmo
mecanismo de acdo, tém formula estrutural e propriedades quimicas diferentes, resultando em
acao analgésica, anti-inflamatoria e antipirética, podendo ser utilizados tanto na dor aguda
como na cronica (BUDSBERD, 2008; TEIXEIRA, 2010). Eles bloqueiam a liberacdo de
substancias algogénicas e inflamatdrias, agindo na fase de transducdo do processo doloroso
(LANDONI, 2005). O uso pré-operatorio dos AINES esta associado a menor inflamacéo da
ferida cirargica, menor amplificacdo dos estimulos nociceptivos periféricos e centrais e
menores escores de dor no periodo pds-operatério, quando comparado ao uso no periodo pos-
operatério (LEMKE et al., 2002).

As isoformas da enzima COX possuem diferentes estruturas e funcbes, sendo
conhecidas como COX-1 e COX-2. As COX-1 sdo consideradas constitutivas e agem na
citoprotecdo da mucosa gastrica e manutencdo da homeostase renal e plaquetaria. A COX-2
esta presente nos locais de inflamac&o sendo denominada enzima indutiva (HILARIO et al.,
2006). De acordo com essas caracteristicas surgiram os inibidores especificos da COX-2, 0s
quais impediriam o processo inflamatorio sem os efeitos colaterais indesejaveis (ANDRADE,
2008).

Os principais efeitos adversos dos AINEs sobre o trato gastrointestinal sdo vémito,
diarreia e anorexia, podendo ocorrer desde gastrite moderada até severas ulceracdes,
sangramento e, eventualmente, morte (PAPICH, 2008). Também podem ser observados
comprometimentos renais, hepaticos e cardiovasculares (AZEVEDO, 2009). Dessa forma, 0s
inibidores seletivos de COX-2 sdo potencialmente importantes em gatos e cées, pois essas
espéecies parecem ser mais susceptiveis que 0s humanos aos danos gastrointestinais dos

AINESs ndo seletivos, que inibem a COX-1 in vivo, na dose terapéutica (PIRES, 2009).
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2.4 Meloxicam

O meloxicam é um potente farmaco anti-inflamatdrio, pertencente a classe do acido
endlico dos derivados do oxicam (DAVIES & SKJODT, 2006) e eficaz como agente
antipirético e analgésico (KUM et al., 2013). Inibe preferencialmente a COX-2 (KAY-
MUGFORD et al.,, 2000), que é induzida por estimulos inflamatérios em condigdes
fisiopatoldgicas (ENGELHARDT et al., 1995). A farmacocinética varia de acordo com a
espécie animal, podendo apresentar meia-vida de trés a 36 horas (VAN BREE et al., 1994;
TASAKA, 2017; BOOTHE, 2001). Em cies apresenta meia-vida de 22 a 24 horas (TURCK
et al., 1997), o que permite sua administracdo em dose Unica diaria (VAN BREE et al., 1994;
TASAKA, 2017; BOOTHE, 2001). Tem alta permeabilidade intestinal e baixa solubilidade
aquosa (DEL TACCA et al., 2002; HANFT et al., 2001).

O meloxicam é utilizado em tratamento de dor musculoesquelética, inflamacdo e no
manejo pré e pos-operatério (KUM et al., 2013; TASAKA, 2017). Tem sido amplamente
utilizado em estados de dor crénica, como osteoartrite e € um medicamento seguro e eficaz
para controlar a dor aguda p6s-operatéria em cdes submetidos a laparotomia (MATHEWS et
al., 2001; CAULKETT et al., 2003; LEECE et al., 2005; TSAI et al., 2013).

Os efeitos colaterais mais frequentes incluem problemas gastrintestinais, como
gastrite, nduseas, vémitos e diarreia (LAMONT & MATHEWS, 2008). Entretanto, o
meloxicam tem se mostrado mais seguro em relacdo aos efeitos adversos e com pouca acao
sobre as prostaglandinas e COX-1, quando comparado aos anti-inflamatorios mais antigos
(COSTA et al., 2007).

Estudos anteriores demonstram a utilizagdo do meloxicam de forma preemptiva no
controle da dor pos-operatéria. Leece et al. (2005) evidenciaram eficacia analgésica do
meloxicam administrado no momento da medicacdo pré-anestésica para procedimento
cirdrgico de OH, pela via subcutanea na dose de 0,2mg kg™, seguido de uma administracéo
diaria por via oral (0,1mg kg™) durante 72 horas. Tsai et al. (2013) também demonstraram
efeito analgésico do farmaco na OH, utilizado na dose de 0,2mg kg™ por via intravenosa (1V),
5 minutos antes da cirurgia. Da mesma forma, o meloxicam conferiu analgesia a cirurgias
abdominais na dose de 0,2mg kg™ IV apés inducio anestésica (MATHEWS et al., 2001).

No entanto, Bendinelli e colaboradores (2019) demonstraram que o meloxicam
administrado por via subcutinea, na dose de 0,2 mg kg™, antes da inducdo da anestesia,

promove controle da dor por 24 horas apds ovariectomia laparoscopica e gastropexia assistida
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por laparoscopia em cadelas, mas foi necessaria analgesia de resgate em alguns animais. Da
mesma forma que caninos e felinos pré-medicados com meloxicam (0,1mg kg™, via oral) duas
horas antes da cirurgia necessitaram resgate analgésico na fase pds-operatoria de OH e

orquiectomia eletivas (Quarterone et al. 2017).

2.5 Nanotecnologia

A nanotecnologia é conhecida como a utilizacdo de nanomateriais com dimensdes
entre 1-1000 nm (SOPPIMATH et al, 2001). E uma tecnologia pertencente a uma ciéncia
multidisciplinar com varias aplicabilidades e sua utilizacdo como dispositivos de entrega de
medicamentos é um mercado em expansdo (MELO & PIMENTA, 2010).

Nanocarreadores sdo formulacfes de nanomateriais utilizadas pela industria
farmacéutica (SOPPIMATH et al, 2001; SONDI & SALOPEK-SONDI, 2004; MISHRA et
al.,, 2010) que podem ser definidos como particulas farmacologicamente ativas com
capacidade de carrear farmacos (SOPPIMATH et al, 2001; CABAN et al.,, 2014).
FormulacGes com nanocarreadores tendem a ser mais eficazes na entrega da molécula ao sitio
alvo, aumentando a biodisponibilidade do farmaco e consequentemente diminuindo a dose
necessaria e reduzindo os efeitos adversos (SOPPIMATH et al, 2001; MISHRA et al., 2010).

As formulacdes de nanocarreadores sdo nanocapsulas, nanoesferas e nanoemulsdes,
sendo as nanocapsulas sistemas vesiculares onde o farmaco esta em uma cavidade envolta por
um involucro polimérico (SOPPIMATH et al, 2001; ANTON et al., 2008). As nanocapsulas
de nacleo lipidico sdo um subtipo de nanocéapsulas demonstradas para agir como droga de
transporte através da barreira hemato-encefalica (CARRENO et al., 2016) e tém ganhado uma
atencdo superior pelo seu potencial para transportar drogas para o sistema nervoso central.

Estudos comprovaram eficacia de nanoformulagioes contendo meloxicam avaliadas
em modelos experimentais, entretanto ndo foram encontrados estudos em cées. Estudos in
vivo em ratos demonstraram que a nanoencapsulacdo ndo conferiu toxicidade adicional ao
meloxicam co-encapsulado, tornando-o um sistema de entrega de medicamentos altamente
promissor (NAKAMA et al., 2018). Nanocéapsulas contendo meloxicam apresentaram efeito
anti-inflamatorio superior ao ativo livre em um modelo de pleurisia induzido pela carragenina
em camundongos (IANISKI, 2016). O tratamento com nanocapsulas contendo meloxicam

apresentou efeito benéfico sobre o déficit cognitivo em um modelo da Doenca de Alzheimer
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em camundongos, enquanto que o farmaco na forma livre ndo teve esse efeito (IANISKI,
2011). A eficicia da entrega de meloxicam por via transdermal em ratos também foi
observada através do desenvolvimento de um gel de nanoparticulas lipidicas solidas,
demonstrando adequada penetracdo do farmaco, além de uma liberacdo controlada e
sustentada (KHURANA et al., 2015).
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3 OBJETIVOS

3.1 Objetivo geral

Avaliar a eficdcia do meloxicam nanoencapsulado e do meloxicam livre como

adjuvantes na analgesia trans e pds-operatoria em cadelas submetidas a ovariohisterectomia.

3.2 Objetivos especificos

Os objetivos especificos do estudo consistem em:

- Comparar a eficacia analgésica do meloxicam nanoencapsulado e do meloxicam
livre em cadelas submetidas a OH.

- Verificar a ocorréncia de possiveis efeitos colaterais causados pelas formulagdes no
pos-operatdrio imediato.

- Quantificar a necessidade de analgesia suplementar em ambos os grupos no
transoperatério.

- Quantificar a necessidade de resgate analgésico no pds-operatério em ambos 0s

grupos.
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4 ARTIGO CIENTIFICO

Os resultados desta dissertacao estdo apresentados sob a forma de artigo cientifico. As
secOes Introdugdo, Métodos, Resultados, Discussdo, Conclusdo e Referéncias Bibliograficas
encontram-se no manuscrito a seguir. O manuscrito esta formatado de acordo com as normas

da Veterinary Anaesthesia and Analgesia, revista a qual sera submetido o trabalho.
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Meloxicam livre e meloxicam nanoencapsulado como adjuvantes na analgesia trans e

pds-operatoria em cadelas submetidas a ovariohisterectomia

Free meloxicam and nanoencapsulated meloxicam as adjuvant in intraoperative and

postoperative analgesia in bicthes submited to ovariohisterectomy

Gabriela Lugoch, Jorge Abrdo Pinto Vilela, Giovanna Bauer, Helloine Mariane Ribeiro
Antunes, Flavia Elizabete Guerra Teixeira, Sandra Elisa Haas, Diego Vilibaldo Beckmann,

Marilia Teresa de Oliveira
ABSTRACT

Objective: To evaluate the analgesia provided by free meloxicam and nanoencapsulated
meloxicam in intraoperative and postoperative periods in female dogs submitted to

ovariohysterectomy (OH).
Study design: Prospective, randomized, double-blind, controlled, and clinical study.

Animals: Twenty healthy, intact female dogs, aged 21.20 + 15.96 months, weighing 13.60 +
1.74 kg.

Methods: The animals were randomly distributed into the FM group, who received oral free
meloxicam (0.2 mg kg™) and into the MNano group, who received meloxicam nanocapsules
in the same dose and route of administration. Both groups received the formulations four
hours before the surgical procedure. OH was performed and transoperative analgesia was
evaluated based on elevated heart rate and average arterial pressure. Subsequently, a pain
assessment was conducted in the first 48 hours after surgery. In the pain assessment,
supplemental analgesia with methadone (0.3 mg kg™) was recommended for values equal to
or greater than 6 using the Glasgow Coma Scale (GCS) and 30mm on the Visual Analog
Scale (VAS). Platelet function was measured through a buccal mucosal bleeding time test
before meloxicam administration, 4 hours after that administration, at the end of the
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ovariohysterectomy, and 12 hours after taking the medication. In addition, creatinine was

measured one week before surgery as well as 24 and 48 hours after meloxicam administration.

Results: The distribution of rescue analgesia in the transoperative period showed no
difference between groups. No patient required supplemental analgesia in the postoperative
period. There was no difference in postoperative pain assessment scales, buccal mucosal
bleeding time, or creatinine between the two groups. However, two dogs of FM group

presented vomiting and one presented constipation followed by blood in stool.

Conclusion and Clinical Relevance: Free meloxicam and the new formulation of
nanoencapsulated meloxicam promoted satisfactory postoperative analgesia in healthy dogs
submitted to OH when administered orally, in a single dose, four hours before the surgical
procedure. There was no difference between the groups in transoperative analgesia. Only
animals treated with free meloxicam had side effects related to the gastrointestinal tract in the
postoperative period, indicating that the nanostructured formulation is safe and effective as an

alternative to commercial products.

Keywords: Meloxicam, nanotechnology, analgesia, dogs.
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Introduction

The efforts to improve pain recognition and treatment are great in veterinary medicine
since professionals are responsible for the health and welfare of animals (Fantoni 2012;
Aleixo et al. 2016). Pain is a biological factor in response to tissue damage and inflammation,
which can result in different changes in the animal's body, such as immunosuppression,
delayed wound healing and acceleration of pathological processes (Fantoni & Mastrocinque
2009).

The nociceptive stimulus induced by the surgical procedure triggers
pathophysiological responses that result in cardiovascular, metabolic, neuroendocrine and
behavioral changes (Paul-Murphy 2007). Adequate pain control promotes the animal's general
well-being and better postoperative recovery. Preemptive analgesia refers to the application of
analgesic techniques before the patient is exposed to harmful stimuli, such as surgical
procedures. This technique does not eliminate postoperative pain but can help prevent
sensitization of the peripheral and central nervous systems during the surgical procedure
(Tranquilli et al. 2005).

Non-steroidal anti-inflammatory drugs (NSAIDs) have antipyretic, anti-inflammatory
and analgesic properties (Botting et al. 2006). They are used in veterinary medicine especially
to treat musculoskeletal and abdominal pain (Karademir et al. 2016). In the management of
chronic pain, NSAIDs are the drugs used most for the treatment of mild to moderate pain
(Andrade 2008). The preoperative use of NSAIDs is associated with less inflammation of the
surgical wound, less amplification of peripheral and central nociceptive stimuli and lower
pain scores in the postoperative period, when compared to postoperative use (Lemke et al.
2002).

Meloxicam, a potent anti-inflammatory drug (Kum et al. 2013), presents high
intestinal permeability and low aqueous solubility. Dissolution is its limiting factor for
absorption (Del Tacca et al. 2002). The main limitations associated with the use of oral
NSAIDs are the gastrointestinal side effects, which result from the inhibition of the
isoenzyme COX-1 (Khan & Mclean 2012). The preferential inhibitory activity of the COX-2
enzyme in meloxicam minimizes its side effects, usually characterized by vomiting and
diarrhea (Tasaka, 2017).

The search for efficient drugs with minimal adverse effects such as vomiting and
diarrhea must be constant, especially for medications such as meloxicam that are used

frequently in veterinary medicine. Several strategies have been used to prevent gastric damage
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induced by NSAIDs and one of the proposed alternatives is the use of carriers so the asset can
reach the site of action and be selectively released at the target site (Shahiwala et al. 2002).
Therefore, the use of new technologies for drug formulation becomes a promising strategy.
Nanotechnology improves the dissolution and oral bioavailability of drugs that are
poorly soluble in water, in addition to protecting them from chemical, photochemical or
enzymatic degradation and thereby reducing their toxicity, improving their effectiveness and
brain distribution (Vieira et al. 2016). Formulations with nanocarriers tend to be more
effective in delivering the molecule to the target site, increasing the bioavailability of the drug
and consequently decreasing the required dose and its adverse effects (Mishra et al. 2010).
Nanoencapsulated meloxicam is evaluated in several experimental disease models in
rats and mice (laniski 2011, laniski 2016, Nakama et al. 2018), but there are no studies of this
formulation in dogs in the researched databases. Thus, the present study aims to evaluate the
analgesia provided by free meloxicam and nanoencapsulated meloxicam in trans- and post-

operative periods in female dogs submitted to OH.

Materials and Methods

Committee on Animal Research and Ethics

The experiment was carried out after the approval of the Ethics Committee on the Use
of Animals in Research of the Federal University of Pampa (UNIPAMPA), according to
protocol n® 037/2017.

Animals

Owners who were interested in having their dogs spayed at a low cost provided the
animals for the study after receiving an explanation of the procedure and signing a written
authorization. Twenty healthy female dogs aged 21.20 + 15.96 months, weighing 13.60 + 1.74
kg were selected. Of the 20 animals included in the study, 18 (90%) were mixed breed, 1
(5%) was a beagle and 1 (5%) was a border collie. The animals were submitted to clinical and
laboratory evaluation one week before the surgical procedure, including complete blood count
and serum biochemical analyses of creatinine and alanine aminotransferase. During the week
of the study, the dogs were hospitalized, underwent a 24 hour adaptation period to the

experimental environment, and had contact with the observer before the surgical procedure
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was performed. During this period, vaginal cytology was performed to confirm anestrus and
inclusion in the study.

Medication administration and formulation

The animals were randomly divided into two groups. The FM group received free
meloxicam (0.2 mg kg-1, orally), while the MNano group received meloxicam nanocapsules
(0.2 mg kg, orally, four hours before the surgical procedure. Then, OHs were performed,
intraoperative analgesia was evaluated, and, soon after, postoperative pain was assessed.

Free meloxicam solution (0.5 mg mL™) was composed of meloxicam, low molecular
weight polyethylene glycol (PEG 400) and MILLI-Q water. The preparation consisted of
solubilizing meloxicam in PEG 400 under magnetic stirring and heating in a water bath at
37°C. As soon as it was solubilized, the previously heated water began to drip and was
subsequently stirred for another 10 minutes. If necessary, the solution was taken to ultrasonic
bath for another 10 minutes to complete the solubilization.

The preparation of the nanocapsules (NC) was carried out by the nanoprecipitation
method and standardized. The organic phase, consisted of meloxicam, surfactant (span 60),
polymer (poly-and-prolactone), oil (medium chain triglycerides-mct), co-solvent (ethanol),
and solvent (acetone) heated in a water bath (37 to 40 °C) until the constituents were
completely dissolved. Afterwards, it was slowly poured under moderate stirring at room
temperature through a narrow funnel under an aqueous solution of polysorbate 80
(hydrophilic surfactant). After the immediate formation of NC, the solution was kept under
moderate stirring for 10 minutes. Then, the suspension was placed inside an evaporator flask
and concentrated on a rotary evaporator to eliminate the organic solvent and final adjustment

of the drug concentrations (1 mg mL™).
Perianesthetic period

To perform the surgery, an eight-hour preoperative fast was instituted. Patients
received acepromazine (0.03 mg kg*, intramuscular) and morphine (0.3 mg kg™,
intramuscular) as preanesthetic medication. After 15 minutes, clipping and skin preparation
were performed followed by transportation to the surgery room. Anesthetic induction was
performed after 30 minutes of preanesthetic medication, through propofol administration (4

mg kg, intravenously) or sufficient dose to allow orotracheal intubation) and maintenance
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was performed with isofluorane on oxygen 100%, in adequate concentration to keep the
animals in moderate anesthetic plan (V% 1.5 — 2), compatible with ventral rotation of the
eyeball, absence of swallowing reflexes, absence of eyelid reflexes, and loss of mandibular
tone.

The respiratory rate was adjusted during anesthesia so the partial pressure of CO2 at
the end of expiration (ETCOZ2) remained between 35 and 45 mmHg. Monitoring was
performed throughout the transanesthetic period and data were recorded every five minutes.
During anesthesia, mean arterial pressure (MAP) in mmHg (obtained by the invasive
method), heart rate (HR) in beats per minute (bpm), oxygen saturation in circulating
hemoglobins (%) and central temperature (0C) were also measured. In a situation of severe
hypotension (MAP < 60mmHg) an intravenous dopamine infusion (5 pg.kg-1.min-1) was
established until normotension was established.

The stages of monitoring HR and MAP were divided into phases. Phase 0
contemplated the period between anesthetic induction and a brief moment before the skin
incision. Phase 1 covered from the skin incision to the brief moment prior to celiorraphy.
Finally, phase 2 represented celiorraphy. The surgery was started after the establishment of a
moderate anesthetic plan, with HR and MAP values at that time being computed as baseline.
In patients who reached a value greater than 20% of the parameters considered baseline for
more than 1 minute, supplemental analgesia (Bustamante et al. 2018) with 2.5ug.kg-1 of
fentanyl was performed.

The same surgeon operated on all of the patients, which performed the OH by
modified three-clamp technique (Fossum 2014), based on retro-umbilical celiotomy covering
the cranial third of the distance between the umbilical cord scar and the cranial border of the
pubis. During the surgical period, all patients received antibiotic prophylaxis (cephalothin, 30
mg kg, intravenously), in a single dose. After the interruption of the supply of isofluorane
and extubation, the dogs were sent for recovery in a room destined for the study, without

external stimuli.

Postoperative pain assessment

The evaluation of postoperative analgesia was performed by an experienced observer
in pain assessment, who was not aware of the analgesic protocol used. In parallel, the
evaluator used a sedation scale in the first four postoperative hours, whose numerical score

ranged from O (without sedation) to 3 (intense sedation) (Lambertini et al. 2018). The
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Glasgow Coma Scale (GCS) and the Visual Analogue Scale (VAS) were used for
postoperative pain assessment, starting at 60 minutes after extubation, at one-hour intervals,
in the first four hours (M1 to M4), at 6 h (M6), at 8 h (M8), at 12 h (M12), at 24 h (M24), and
48 h (M48) post-extubation (Fig. 1). The assessment of patients prior to the anesthetic
procedure was adopted as baseline (MBasal).

Meloxicam

o M1 M2 M3 M4 M6 M8 M12 M24 M48
MBasal = | [ I
= Y 1
=
E ES EGM
i EGM EVA
EVA

Figure 1 Assessment moments (M) of Sedation Scale, Glasgow Coma Scale (GCS) and Visual Analogue Scale
(VAS) in hours after extubation.

The evaluation of postoperative pain by GCS was performed according to the usage
guidelines by Murrel et al. (2008). The evaluation of postoperative pain by VAS was
performed with the help of a rectilinear paper sheet with 100 mm in length, with the left end
considered as absence of pain (0 mm) and the right as the worst possible pain (100 mm). The
observer made a mark at a point along the line to interpret the degree of pain and the score
was given by measuring the distance between the point of no pain and the point indicated by
the evaluator. If the patient reached a value equal to or greater than 6 points on the GCS or 30
mm on the VAS, methadone (0.3 mg kg™, intramuscular) as rescue analgesic and
reassessment in half an hour after administration was recommended. All animals were
hospitalized and were under monitoring during the first 72 hours after surgery, to evaluate the
surgical wound and check for possible side effects, such as vomiting, diarrhea and lack of

appetite. Subsequently, they were discharged from the animal hospital.
Other measurements
Platelet function was evaluated by buccal mucosal bleeding time before meloxicam

administration (PBasal), four hours after (P4), at the end of the surgical procedure (Pfinal),
and 12 hours (P12) after taking the medication. In addition, 0.5 mL of blood was collected
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from the jugular vein to measure creatinine one week before surgery (CBasal), 24 (C24) and
48 (C48) hours after meloxicam administration.

Statistical analysis

Statistical tests were performed with the SPSS Software. The Shapiro-Wilk test was
used for testing the normality of data. The variables that presented normal distribution were
evaluated by the ANOVA test of variance and later were compared by the t test. For variables
that did not show normal distribution, analysis of variance was performed using the Kruskal-
Wallis non-parametric test. For evaluation between pain and sedation scale variables, the
Spearman’s correlation test was performed. Fisher's exact test was used to compare the need
for supplemental analgesia in the intraoperative period between groups. The significance level

adopted for all tests was 5%.

Results

All animals showed anesthetic recovery without excitement. Anesthesia duration
varied from 82 to 119 minutes in the FM group and from 87 to 131 minutes in the MNano
group. The surgical procedure time varied from 40 to 70 minutes in the FM group and from
44 to 76 minutes in the MNano group, without complications.

The evaluation of the phases of the transanesthetic period revealed a difference in the
HR values (Fig. 2a) between phase 0 of the MNano group and phases 1 and 2 (p<0,05). MAP
(Fig. 2b) showed no difference between groups in each phase (p>0,05), however, there was a

difference when the phases of each group were compared (p<0,05).
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Figure 2 Heart rate (a) and mean arterial pressure (b) in dogs who
received FM and MNano in the different anesthetic phases. (*) The
MNano group had lower HR in phase 0 (p<0.05). (**/***[****)
There was no difference between groups in each of the phases,

however, there was a difference between the three anesthetic

phases (p<0.05).

During the surgery, eight animals, three from the FM group (3/10) and five from the
MNano group (5/10), received supplemental analgesia with fentanyl. The distribution of the
need for supplemental analgesia showed no difference between the groups (p=0.650). The
three animals in the FM group received three, two, and one administrations of fentanyl during
surgery, respectively. Of the five animals in the MNano group, three received two
administrations, the fourth animal received one administration, and, finally, the fifth received
six administrations of fentanyl.

The median of the sedation score in the FM group at M1 consisted of 1 and the
MNano group 1.5. At M2, M3 and M4 the median obtained was 0 for both groups. The values
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of the sedation scale showed a strong correlation (p=0.71) with the GCS values of the
patients. However, VAS showed a weak correlation (p=0.38) with the sedation scale.

In the evaluation of postoperative pain, no animal reached the score for rescue
analgesia. The scores obtained using the GCS and VAS scales showed no difference between
the FM and MNano groups (p>0.05). Nonetheless, there was a difference between the
moments of evaluation (p<0.05), as represented in Table 1.

Table 1 Median and interquartile range of scores obtained using GCS and VAS in the evaluation of postoperative

pain after OH in dogs who received free meloxicam (FM) or nanoencapsulated meloxicam (MNano).

GCS VAS

FM MNano Pvalue FM MNano Pvalue
MBasal  0b(0-0) 0b(0-0) 1.000 0b(0-0) 0b(0-0) 1.000
M1 3a(2-5) 3a(2-5) 0.844 | 0.3a(0.2-0.4) 0.3a(0.1-0.6) 0.654
M2 2a(1-3) 3a(1-5) 0.615 | 0.2a(0.1-0.5) 0.2a(0.1-0.3) 0.950
M3 0.5ab(0-2)  2a(0-4) 0.048 | 0.2a(0.1-0.2) 0.2a(0.1-0.3) 0.479
M4 0b(0-1) 1ab(0-2) 0.240 |0.15a(0.1-0.3)  0.1ab(0.1-0.2) 0.723
M6 0b(0-0) 0b(0-1) 0.285 | 0.1ab(0-0.2) 0.1ab(0.1-0.1) 0.674
M8 0b(0-0) 0b(0-1) 0.722 | 0.1ab(0-0.2) 0.1ab(0-0.2) 0.818
M12 0b(0-0) 0b(0-0) 1.000 | 0.1ab(0-0.2) 0.1ab(0-0.2) 0.818
M24 0b(0-0) 0b(0-0) 1.000 0b(0-0.1) 0b(0-0.1) 0.786
M48 0b(0-0) 0b(0-0) 1.000 0b(0-0.1) 0b(0-0.1) 0.786
Pvalue <0.05 <0.05 <0.05 <0.05

Medians followed by equal letters in the same column do not differ from each other by the Kruskal-Wallis test at
the level of 5% significance.

Bleeding time averages (seconds) in the FM group were 47.70 + 17.85 in the PBasal,
57.20+16.98 in P4, 66.80£17.81 in Pfinal, and 47.80+13.94 in P12. In the MNano group,
41.60+13.31 in PO, 49.10+22.59 in P4, 70.70+43.63 in Pfinal, and 46.20+20.10 in P12.
Preoperative administration of the drugs did not induce significant changes in buccal mucosal
bleeding time (p=0.08).

The creatinine averages (mg/dL) in the FM group were 0.79+0.28 in CBasal,
0.84+0.16 in C24, and 0.84+0.11 in C48. In the MNano group, 0.99+0.15 in CBasal,
0.86+0.13 in C24, and 0.88+0.13 in C48. The creatinine evaluation did not show any
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difference between the groups and no animal obtained a value that exceeded the reference for
the canine species (p=0.157).

During the postoperative evaluation, only 3/20 animals presented gastrointestinal side
effects, all of them in the FM group. Two patients had an episode of isolated vomiting in the
postoperative period, one at 14 and the other at 36 hours after administration of meloxicam.
One animal defecated for the first time 36 hours after taking the drug and streaks of blood
covering the stool were observed. Fecal exam was negative and the ultrasound examination
showed stomach and colon irritation. A wet food diet was instituted and the feces returned to
normal 36 hours after the diet change.

No edema or redness was observed at the incision site after surgery. There was no
seroma formation or wound dehiscence. All animals showed good healing, allowing stitches

removal 10 days after surgery.

Discussion

Intraoperative analgesia is extremely important since general anesthesia does not
inhibit the neuronal processes of the peripheral and central nervous system that are responsive
to pain (Duarte & Saraiva 2005). In the study, eight patients received supplemental analgesia
during surgery, based on the monitoring of HR and MAP, however, the need for rescue
analgesia did not differ between groups, demonstrating similarity in the quality of
transoperative analgesia between the formulations. Preemptive administration of morphine, a
potent opioid analgesic (Grider & Ackerman 2008) and meloxicam as an adjuvant, did not
exempt the need for supplementary analgesia in the intraoperative of all patients, which
reinforces the importance of constant and careful monitoring of each individual.

The division of the monitoring phases was adequate according to a study of HOglund
et al. (2011), in order to allow the identification of changes during different stages of the
procedure. Although HR differed only in the MNano group in phase 0, the lowest values were
observed at that time, corresponding to the period between induction of anesthesia and the
establishment of a moderate anesthetic plan. Anesthesia can influence heart rate variability
(Ledowski et al. 2005), since the reduction in cardiovascular parameters is considered an
expected effect due to central depression caused by anesthetics (Haskins 2015). However, the
mean values remained within the typical physiological values for the species (Haskins 2015).

The lowest MAP values were computed in phase 0, showing a difference between the

phases of each group. However, there was no difference between FM and MNano groups.
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When considering the physiological values for canine species, approximately 80-120 mmHg
(Haskins 2015), hypotension was noticed in both groups. According to Redondo et al. (2007),
this condition is one of the most frequent hemodynamic complications in transanesthetics.
The transient hypotension observed in most animals in this study in phase 0, right after
induction, was linked to the vasodilator effect of the drugs previously administered, such as
propofol (Berry 2015), acepromazine (Rankin, 2015) and isofluorane (Mutoh et al. 1997,
Valverde et al. 2012), because in the following phases the average values had already been
restored.

After the surgical procedure, behavioral responses to pain can be affected by the
sedative effect of anesthetics (Tsai et al. 2013). The postoperative pain scale assesses
spontaneous and evoked behaviors of the animal in the cage, interactions with the animal and
clinical observations (Holton et al. 2001). In addition, manipulation of recovering patients can
induce a change in sedation status and interfere with the observation of pain-related behavior
(Tsai et al. 2013). In order to minimize the failures in the interpretation of pain scales,
observational data were collected before the procedures that required interaction with the
animals and sedation scores were used in the first four hours after surgery. Sedation scores
have shown to have direct interference in GCS because the higher the sedation scores, the
higher the GCS scores.

In the assessment of postoperative pain, by GCS and VAS, the animals did not obtain
values for rescue analgesia and there was no difference between FM and MNano groups,
demonstrating that the nanoencapsulated meloxicam used in the study has analgesic qualities
similar to free meloxicam. However, the highest values on the scales were observed in the
first postoperative hours, what diverges from Hansen (2003) that describes postoperative pain
presenting expected course, with a peak between 6 and 24 hours after surgical intervention,
decreasing progressively. The degree of sedation associated with little movement in the room
and minimal sound stimulus may have contributed to the attribution of the highest scores in
the first hour.

The early return to baseline values on pain scales, which by GCS was at 3 hours
postoperatively in FM and at four hours postoperatively in MNano, may be related to
preemptive administration of meloxicam. The use of meloxicam 4 hours before surgery was
intended to achieve a higher concentration of drug in the plasma at the time of the surgical
procedure, based on study of pharmacokinetics of meloxicam administered orally in Beagle
dogs (Yuan et al. 2009).
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Previous studies have also shown efficacy in the analgesia provided by commercial
meloxicam in a preemptive way in controlling postoperative pain (Mathews et al. 2001; Leece
et al. 2005, Tsai et al. 2013;). Leece et al. (2005) showed analgesic efficacy of meloxicam
administered at the time of pre-anesthetic medication for OH surgical procedure,
subcutaneous, at the dose of 0.2 mg kg™, followed by daily oral administration (0.1 mg kg™)
for 72 hours. However, in the present study, analgesia was considered adequate with only a
single dose administered orally, of both meloxicam formulations, bringing an alternative to
the veterinary routine by reducing stress due to less manipulation of animals for medication
administration, lower cost of treatment and less exposure to the medication that is known to
have side effects.

Bendinelli et al. (2019) demonstrated that meloxicam administered at a dose of 0.2 mg
kg, subcutaneous, before anesthetic induction, demanded the use of rescue analgesia in some
dogs after laparoscopic ovariectomy and laparoscopic-assisted gastropexy. Canines and
felines that received meloxicam (0.1 mg kg™, orally) two hours before surgery needed rescue
analgesia in the postoperative phase of OH and elective orchiectomy (Quarterone et al. 2017).
Such results differ from the present study, where the effectiveness of the two formulations
was evident when used in the dose of 0.2 mg kg™, 4 hours before the procedure, orally, as a
single administration, which can be justified by the time when meloxicam was administered.
Thus, it is suggested that the formulations reached desired concentrations at the time of
surgery and promoted a reduction in the production of prostaglandins that sensitize
nociceptors to inflammation mediators (Rang et al. 2016), contributing to postoperative
analgesia.

Regarding side effects, 30% of the animals in the FM group showed signs of
gastrointestinal tract injury. However, the degree of intensity was considered mild, since there
were isolated episodes. The most common adverse effects found with the use of NSAIDs are
gastrointestinal and renal injuries (Khan & Mclean 2012). Even at therapeutic doses, this class
of drugs can cause damage to the gastric and intestinal mucosa, predisposing to emesis, occult
intestinal bleeding and diarrhea (Boothe, 2001). The milder results may be associated with the
selective action of meloxicam by COX-2. Selective NSAIDs are considered safer for the
gastrointestinal tract of dogs (Mathews 2002), since they have minimal action on COX-1,
considered to be primarily responsible for the maintenance of the defense mechanisms of the
mucosa (Costa et al. 2007). However, it was possible to observe that the animals in the
MNano group did not show any clinical signs related to the gastrointestinal tract,
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demonstrating the possibility of nanocarriers reducing the adverse effects of drugs through the
effectiveness in delivering the molecule to the target site.

Suppression of prostaglandin synthesis caused by NSAIDs associated with
hypovolemia during surgery can lead to ischemia and kidney damage. Kidney injuries are
generally associated with the use of high doses or with possible risk factors (Elwood et al.
1992). Meloxicam has been shown to be safe from adverse effects and with little action on
prostaglandins and COX-1 (Costa et al. 2007). In this study, despite being a late marker of
renal function, the serum creatinine of all dogs evaluated after 48h of the surgical procedure
was within the typical reference parameters for the species. The glomerular filtration rate
could represent a better assessment of renal function, because it represents a good marker of
progression of kidney disease or kidney injury, even in the early stages (Raekallio et al.
2006).

Inhibition of COX-1 activity by non-selective NSAIDs can also reduce platelet
aggregation, altering or even inhibiting hemostasis. However, selectivity for COX-2 appears
to preserve canine platelet function and have no relevant effect on thromboxane production or
platelet aggregation (Jones & Budsberg 2000). The bleeding time performed in the study
remained within the normal standards for the species in both groups, suggesting that the
formulations and dose administered do not demage primary hemostasis in healthy dogs
submitted to elective OH. The same results have been observed in other studies in healthy
dogs treated with preemptive meloxicam, submitted to OH (Fresno et al. 2005) and
laparotomy, splenectomy and cystotomy (Mathews et al., 2001).

Considering the possible benefits of nanoencapsulated meloxicam, such as reducing the
adverse effects of drugs through the effectiveness in delivering the molecule to the target site,
and its incipient use in canines, the authors encourage the development of further studies, to

obtain clarifications that support the expansion of its indications, mainly for its long-term use.

Conclusion

Free meloxicam and the new formulation of nanoencapsulated meloxicam promoted
satisfactory postoperative analgesia in healthy dogs submitted to OH when administered
orally, in a single dose, 4 hours before the surgical procedure. There was no difference
between groups in intraoperative analgesia. However, only animals treated with free
meloxicam had side effects related to the gastrointestinal tract in the postoperative period,

demonstrating the possibility of the presence of nanocarriers in the formulation of
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nanoencapsulated meloxicam to reduce the adverse effects of drugs through the effectiveness
in delivering the molecule to the target site. Thus, a safe and effective nanostructured

formulation was developed as an alternative formulation to commercial products.
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5 RESULTADOS E DISCUSSAO

Os dados coletados nos periodos trans e pos-operatério das pacientes estdo

representados abaixo em forma de tabela.

5.1 Dados dos parametros das pacientes durante anestesia

As meédias (média + desvio padrdo) da pressdo arterial média (PAM) e frequéncia
cardiaca (FC) estdo esquematizadas em trés fases na Tabela 2. A fase O contemplou o periodo
entre a inducdo anestésica e breve momento anterior a incisdo de pele. A fase 1 abrangeu
desde a incisdo de pele até breve momento anterior a celiorrafia. Por fim, a fase 3 representou

a celiorrafia.

TABELA 1: Média e desvio padrdo da pressdo arterial média (PAM — mmHg) e da frequéncia cardiaca (FC —
bpm) mensuradas e divididas em fases durante anestesia para procedimento cirirgico de OH em cadelas que
receberam meloxicam livre (ML) ou meloxicam nanoencapsulado (MNano).

Fase 0 Fase 1 Fase 2

PAM FC PAM FC PAM FC

ML 56,77+2,61 | 93,67+2,86 | 87,08+2,47 | 95,42+2,35 | 68,04+3,00 | 101,67+2,35

MNano | 51,19+1,07 | 73,60+1,28 | 80,15+1,93 | 92,63+2,76 | 67,73+ 1,50 | 100,62+3,71

Os valores de frequéncia cardiaca se mantiveram dentro do considerado fisioldgico
para a espécie canina. De modo geral, 0s anestésicos inalatorios podem deprimir o sistema
cardiovascular e respiratorio de maneira dose dependente (STEFFEY et al., 2015). Além
disso, a anestesia pode influenciar a variabilidade da frequéncia cardiaca (LEDOWSKI et al.,
2005), uma vez que a reducdo nos parametros cardiovasculares é considerada um efeito
normal devido a depressao ocasionada pelos anestésicos (HASKINS, 2015).

A pressdo arterial dos animais teve maiores variagdes, demonstrando valores abaixo e
acima do fisioldgico para a espécie. A pressao arterial pode se alterar conforme nivel de
stress, posicdo do paciente e técnica utilizada para afericdo (HASKINS, 2015). Farmacos
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como o propofol e a acepromazina podem causar hipotensdo, uma vez que causam
vasodilatacdo (BERRY, 2015; RANKIN, 2015).

5.2 Creatinina

A mensuracdo da creatinina (mg/dL) foi realizada antes do procedimento cirargico

(CBasal) e 24 e 48 horas ap6s administragdo das formulagdes, conforme tabela 3.

TABELA 2: Dados de creatinina (mg/dL) realizados antes e depois
do procedimento cirdrgico de OH em cadelas que receberam
meloxicam livre (ML) ou meloxicam nanoencapsulado (MNano).

Creatinina CBasal 24h 48h
MNano 0,72 0,65 0,69
MNano 1,05 0,86 0,94
ML 1,11 0,88 0,94
MNano 0,9 0,86 0,84
ML 0,81 0,75 0,71
MNano 1 1,09 0,96
MNano 0,98 0,92 0,94
ML 0,6 1,10 0,94
MNano 0,89 0,81 0,92
MNano 1,25 1,03 1,10
MNano 0,9 0,83 0,68
ML 0,89 0,86 1,03
ML 0,88 0,56 0,9
ML 0,11 0,7 0,74
ML 0,69 - -
MNano 1,06 0,72 0,81
ML 0,99 0,92 0,73
ML 1,02 0,93 0,80
ML 0,8 0,90 0,81
MNano 1,18 0,85 0,95




45

A administracdo das formulages ndo alterou os valores de creatinina, uma vez que
ndo diferiram da creatinina basal. A cirurgia, a hipovolemia e a supressdo da sintese de
prostaglandinas causada pelos AINEs podem levar a isquemia e dano renal (ELWOOQOD et al.,

1992) e por isso a importancia da mensuragdo desta enzima.

5.2 Tempo de sangramento da mucosa labial

A tabela esquematizada abaixo (Tabela 4) demonstra os dados do tempo de
sangramento da mucosa labial das pacientes antes da administracdo das formulacbes (S0), 4
horas apds (S4), ao término do procedimento cirurgico (SF) e 12 horas (S12) apds o

meloxicam.
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TABELA 3: Tempo de sangramento da mucosa labial (TS) em minutos de
pacientes antes e depois do procedimento cirdrgico de OH em cadelas que
receberam meloxicam livre (ML) ou meloxicam nanoencapsulado (MNano).

TS SO S4 Sfinal S12
MNano 01:37 01:20 02:54 00:40
MNano 00:25 00:29 01:43 01:02
ML 00:46 01:41 01:41 00:53
MNano 00:47 01:15 01:35 01:30
ML 00:30 01:24 01:33 00:26
MNano 00:44 00:32 01:25 00:55
MNano 00:36 00:58 01:20 00:45
ML 01:05 00:49 01:10 01:02
MNano 00:36 01:03 01:05 00:43
MNano 00:40 00:45 01:02 00:35
MNano 00:48 01:01 01:01 01:07
ML 00:53 00:41 00:59 00:43
ML 01:19 00:45 00:55 1:10
ML 01:21 01:03 00:51 00:48
ML 00:56 01:25 00:50 00:48
MNano 00:37 00:31 00:48 00:29
ML 00:39 00:42 00:43 00:30
ML 00:31 00:35 00:38 00:32
ML 00:37 00:40 00:35 00:36
MNano 00:26 00:24 00:27 00:26

O tempo de sangramento realizado no estudo permaneceu dentro dos padrdes normais
para a espécie nos dois grupos, sugerindo que a administracdo das formulacBes néo
prejudicou a hemostasia priméaria das pacientes. Acredita-se que maior seletividade do
meloxicam pela COX-2 ndo influencie a funcdo das plaquetas, conforme estudos também
realizados em cadelas submetidas a OH (CAULKETT et al., 2003; FRESNO et al., 2005).



47

6 CONSIDERACOES FINAIS

A nova formulacdo de meloxicam nanoencapsulado apresentou resultados satisfatorios
no controle da dor pds-operatéria em cdes saudaveis submetidos a OH, demonstrando
qualidades analgésicas semelhantes ao meloxicam livre, quando administrada via oral, em
dose Unica, 4 horas antes do procedimento cirurgico. Ndo houve diferenca entre 0s grupos na
analgesia transoperatoria. Apenas animais tratados com meloxicam livre apresentaram efeitos
colaterais relacionados ao trato gastrointestinal no pos-operatério. Dessa forma, desenvolveu-
se uma formulagdo nanoestruturada segura e eficaz como formulagéo alternativa aos produtos

comerciais.
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