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RESUMO

Introduciao: A lesao medular (LM) € uma condigao clinica grave que pode causar perda parcial ou total da fungéo
sensorial e motora, com formacgéao de cicatrizagao glial e estabilizagdo do ambiente inflamatorio no local da lesao.
Estudos recentes exploram terapias inovadoras para o tratamento, como o extrato hidroalcéolico de propolis
vermelha brasileira (EHPV), que possui potencial anti-inflamatério e antioxidante, o nanotubo de carbono de
parede multipla (NTCA), que favorece a ressinalizagdo sinaptica e demonstra potencial eletrocondutivo e a
gelatina metacrilada (GelMA), biomaterial derivado do colageno biocompativel que funciona como suporte para
o crescimento celular. A combinacao desses trés elementos (EHPV, NTCA e GelMA) forma um nanocompdsito
promissor para terapias no tratamento da LM. Objetivo(s): Este estudo busca validar a eficacia de
nanocompositos contendo extrato hidroalcéolico de prépolis vermelha na promogao da neurorregeneragéao (fase
cronica poés lesdo) em modelo murino de lesdo medular. Metodologia: Para os ensaios in vivo, foram utilizados
40 ratas para o procedimento cirurgico de laminectomia e da indugéo a lesdo medular por hemissecgao bilateral.
O trabalho foi aprovado pela Comissao de Etica no Uso de Animal (CEUA) registrado com n° 010916. Os animais
foram distribuidos em grupos experimentais, sendo esses grupos, Laminectomia (controle positivo), Lesao
(controle negativo), GelMA, GelMA-NTCA e GelMA-NTCA-EHPV. Apds a hemissecgédo bilateral, os animais dos
grupos lesionados receberam 2 uL das formulagdes correspondentes em cada hemissecgao, sendo, em seguida,
submetidos a radiacao UV para fotopolimerizagéo in situ por 60 segundos, resultando na formacéao dos hidrogéis
fotopolimerizaveis. As avaliagbes das fungdes motoras foram realizadas antes e apds os procedimentos
cirurgicos. Foram aplicados sete testes: Basso, Beattie e Bresnahan (BBB), reflexo de Endireitamento (RE),
Posicionamento Tatil (PT), Posicionamento Proprioceptivo (PP), Sensibilidade Dolorosa (SD) e Capacidade
Motora (CM). Os dados foram analisados por ANOVA de duas vias seguida do teste de Tukey (a = 0,05). Apds
a conclusdo dos experimentos (60 dias), os animais foram anestesiados, submetidos a retirada da medula e em
seguida, receberam superdosagem anestésica para eutanasia. Resultados: Todos os grupos lesionados
apresentaram queda inicial dos escores nos primeiros dias, refletindo o déficit funcional agudo. O grupo Lesao
manteve valores baixos ao longo de todo o experimento, confirmando auséncia de recuperagao espontanea. O
grupo LAM atingiu rapidamente os escores maximos, caracterizando fungéo preservada. Entre os tratados, o
GelMa-NTCA-EHPV apresentou melhor desempenho, com recuperagéo progressiva da fungdo motora (CM e
BBB) e sensorial (PT, PP e SD), atingindo valores estatisticamente semelhantes ao grupo LAM (p > 0,05) e
significativamente superiores aos grupos GelMA e GelMA-NTCA (p < 0,05). Além disso, houve restauragéo do
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reflexo postural (RE) e melhora sustentada na coordenacao e equilibrio, sugerindo regeneragao funcional efetiva
das vias neuromotoras.
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ABSTRACT

Introduction: Spinal cord injury (SCI) is a serious clinical condition that can cause partial or total loss of
sensory and motor function, with glial scar formation and stabilization of the inflammatory environment at the
injury site. Recent studies explore innovative therapies for treatment, such as the hydroalcoholic extract of
Brazilian red propolis (EHPV), which has anti-inflammatory and antioxidant potential; multi-walled carbon
nanotubes (MWNTSs), which promote synaptic resignaling and demonstrate electroconductive potential; and
methacrylated gelatin (GelMA), a biocompatible collagen-derived biomaterial that acts as a scaffold for cell
growth. The combination of these three elements (EHPV, MWNTs, and GelMA) forms a promising
nanocomposite for therapies in the treatment of SCI. Objective(s): This study seeks to validate the efficacy of
nanocomposites containing hydroalcoholic extract of red propolis in promoting neuroregeneration (chronic
post-injury phase) in a murine model of spinal cord injury. Methodology: For the in vivo assays, 40 female
rats were used for the surgical procedure of laminectomy and induction of spinal cord injury by bilateral
hemisection. The study was approved by the Ethics Committee on Animal Use (CEUA), registered under
number 010916. The animals were distributed into experimental groups: Laminectomy (positive control), Injury
(negative control), GelMA, GelIMA-NTCA, and GelMA-NTCA-EHPV. After bilateral hemisection, the animals in
the injury groups received 2 pL of the corresponding formulations in each hemisection, and were then
subjected to UV radiation for in situ photopolymerization for 60 seconds, resulting in the formation of
photopolymerizable hydrogels. Motor function assessments were performed before and after the surgical
procedures. Seven tests were applied: Basso, Beattie and Bresnahan (BBB), Righting Reflex (RE), Tactile
Positioning (PT), Proprioceptive Positioning (PP), Pain Sensitivity (DS) and Motor Capacity (CM). Data were
analyzed by two-way ANOVA followed by Tukey's test (a = 0.05). After completion of the experiments (60
days), the animals were anesthetized, subjected to spinal cord removal and then received an anesthetic
overdose for euthanasia. Results: All injured groups showed an initial drop in scores in the first few days,
reflecting the acute functional deficit. The Injury group maintained low values throughout the experiment,
confirming the absence of spontaneous recovery. The LAM group rapidly reached maximum scores,
characterizing preserved function. Among the treated groups, GelMa-NTCA-EHPV showed the best
performance, with progressive recovery of motor (CM and BBB) and sensory (PT, PP, and SD) function,
reaching statistically similar values to the LAM group (p > 0.05) and significantly higher than the GelMA and
GelMA-NTCA groups (p < 0.05). Furthermore, there was restoration of the postural reflex (SR) and sustained
improvement in coordination and balance, suggesting effective functional regeneration of the neuromotor
pathways.
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