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RESUMO

FORMULA(;AO FARMACEUTICA A BASE DE EPIISOPILOTURINA,
ALCALOIDE DE Pilocarpus microphyllus, REDUZ A HIPERNOCICEPCAO
INFLAMATORIA: PAPEL DA VIA NO/GMPC/PKG/K*atpe E MODULAC}AO DA
RESPOSTA IMUNE. Aluna: Talita Magalhdes Rocha. Orientador: Profa. Dra. Luzia
Kalyne Almeida Moreira Leal. Tese de doutorado. Programa de Pds-Graduacdo em
Farmacologia. Departamento de Fisiologia e Farmacologia. Universidade Federal do
Ceara, 2021.

Epiisopiloturina (EPI) € um alcaloide imidazdlico obtido do residuo industrial gerado pela
extracdo de pilocarpina das folhas de Pilocarpus microphyllus, conhecida popularmente
como jaborandi. Diante do exposto, o objetivo do presente estudo foi investigar o efeito
da epiisopiloturina (EPI) e formulacdo farmacéutica (Gotas EPI) em modelos
experimentais de nocicepcdo aguda e persistente com descricdo do possivel mecanismo
de acdo. Para tanto, foi utilizado o método de pressdo crescente na pata dos animais
através do Von Frey eletrénico para avaliar hipernocicepcdo mecanica induzida por
carragenina (Cg), epinefrina ou adjuvante completo de Freund (CFA). Foram utilizados
camundongos Swiss (n = 5-8 / grupo, 25-30g). Inicialmente, avaliou-se o efeito da EPI
nas formas sal e base (0,5 a 50 mg/kg, v.0.) na hipernocicepc¢édo inflamatdria induzida por
Cg (300 pg/pata) e a avaliagdo ocorreu em 1, 3 e 5Sh apds a administracdo da Cg.
Avaliando o uso racional dessa molécula, a forma e a dose escolhida para seguir o estudo
foi a EPI base na dose de 1 mg/kg que reduziu 50,13% a hipernocicep¢do mecanica e a
migracdo neutrofilica mensurada pela atividade da enzima mieloperoxidase (MPO) em
aproximadamente 45% no tecido subplantar. Esse efeito mostrou-se relacionado com a
modulacdo da producéo de citocinas pré- e anti-inflamatorias (TNF-a, IL-1B, IL-6, KC e
IL-10). Para avaliar a participacdo da via NO/GMPc/PKG/K™ate, foram administrados,
previamente ao tratamento com EPI, os inibidores da NOS (L-NAME, 30 mg/kg, i.p.), do
GMPc (ODQ, 10 mg/kg, i.p.), da PKG (KT5823, 0,5 ug/pata) ou bloqueador dos canais
de K'arp (glibenclamida, 5 mg/kg, i.p.), que reverteram significativamente
hipernocicepcdo mecanica, mostrando assim a participacdo dessa via no efeito
antinociceptivo da EPI. Na hipernocicepcdo mecanica induzida por epinefrina (100
ng/pata), o tratamento com EPI (1, 5 e 10 mg/kg, v.0.) reduziu a hipernocicepg¢do em até
52,2%. No modelo de dor persistente induzida por CFA, a hipernocicep¢do mecénica e
0 edema de pata foram avaliados durante 7 dias. Animais foram tratados com salina
(controle, v.0); EPI (1, 5 e 10 mg/kg, v.0.) e dexametasona (5 mg/kg, v.0.) diariamente
antes e apos a administracdo de CFA (20 pL/pata, i.pl, administracéo Unica, dia 0). No 7°
dia, o tecido subplantar foi coletado para quantificacdo de citocinas, atividade da MPO,
expressao da enzima iNOS (Western blotting), bem como a coleta de tecido/estbmago,
para avaliar efeito da EPI sobre a mucosa gastrica. A administracdo diaria de EPI reduziu
a hipernocicepcdo mecanica, o edema de pata, a migracdo neutrofilica, a producdo de
citocinas pré-inflamatorias (IL-1p e IL-6) e a expressdo de iNOS ndo associados a danos
na mucosa gastrica, bem como ao desenvolvimento de tolerancia. A formulagdo liquida
oral a base de epiisopiloturina (Gotas EPI) mostrou incremento de 40% no efeito
antinociceptivo quando comparado ao tratamento da EPI (Insumo Farmacéutico Ativo).
Com base nos resultados obtidos, o efeito antinociceptivo da EPI esta relacionado ao
bloqueio no curso da sensibilizagdo e ativacdo dos nociceptores pela ativacdo da via
NO/GMPc/PKG/K*aTp € também de forma indireta prevenindo a sensibilizacdo dos
nociceptores pela modulacédo da resposta imune/inflamatéria. A formulacéo liquida a base
de EPI (IFA), mostrou-se promissora para o tratamento da dor inflamatoria aguda e
persistente.
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ABSTRACT

PHARMACEUTICAL FORMULATION BASED ON EPIISOPILOTURIN,
ALKALOID FROM Pilocarpus microphyllus, REDUCES INFLAMMATORY
HYPERNOCICEPTION: ROLE OF THE NO/GMPC/PKG/K*atr ROUTE AND
MODULATION OF THE IMMUNE RESPONSE. Author: Talita Magalhdes Rocha.
Advisor: Profa. Dra. Luzia Kalyne Almeida Moreira Leal. Doctoral thesis. Program of
Pos-Graduate in Pharmacology. Department of Physiology and Pharmacology. Federal
University of Ceara, 2021.

Epiisopiloturine (EPI) is an imidazole alkaloid obtained from industrial waste generated
by extracting pilocarpine from the leaves of Pilocarpus microphyllus, popularly known
as jaborandi. Given the above, the aim of the present study was to investigate the effect
of epiisopiloturine (EPI) and pharmaceutical formulation (EPI drops) in experimental
models of acute and persistent nociception with description of the possible mechanism of
action. For this purpose, the method of increasing pressure on the animals' paws through
the electronic Von Frey was used to evaluate mechanical hypernociception induced by
carrageenan (Cg), epinephrine or complete Freund's adjuvant (CFA). Swiss mice (n = 5-
8 / group, 25-30g) were used. Initially, the effect of EPI in the salt and base forms (0.5 to
50 mg/kg, po) on inflammatory hypernociception induced by Cg (300 pg/paw) was
evaluated and the evaluation occurred at 1, 3 and 5h after administration of Cg. Assessing
the rational use of this molecule, the form and dose chosen to follow the study was the
EPI based on a dose of 1 mg/kg which reduced 50.13% mechanical hypernociception and
neutrophil migration measured by the activity of the enzyme myeloperoxidase (MPO) in
approximately 45% in the subplantar tissue. This effect was related to the modulation of
the production of pro- and anti-inflammatory cytokines (TNF-a, IL-1p, IL-6, KC, and IL-
10). To assess the participation of the NO/cGMP/PKG/K+ATP pathway, NOS inhibitors
(L-NAME, 30 mg/Kkg, ip), and cGMP (ODQ, 10 mg/ kg, ip), PKG (KT5823, 0.5 pg/paw)
or K*ate channel blocker (glibenclamide, 5 mg/kg, ip), which significantly reversed
mechanical hypernociception, thus showing the participation of this pathway in the effect
antinociceptive of EPI. In mechanical hypernociception induced by epinephrine (100
ng/paw), treatment with EPI (1, 5 and 10 mg/kg, p.0.) reduced hypernociception by up to
52.2%. In the CFA-induced persistent pain model, mechanical hypernociception and paw
edema were evaluated for 7 days. Animals were treated with saline (control, p.o); EPI (1,
5 and 10 mg/kg, p.o.) and dexamethasone (5 mg/kg, p.o.) daily before and after
administration of CFA (20 uL/paw, i.pl, single administration, day 0). On the 7th day,
subplantar tissue was collected to quantify cytokines, MPO activity, iNOS enzyme
expression (Western blotting), as well as tissue/stomach collection, to assess the effect of
EPI on the gastric mucosa. Daily administration of EPI reduced mechanical
hypernociception, paw edema, neutrophil migration, production of pro-inflammatory
cytokines (IL-1p and IL-6) and expression of iNOS not associated with gastric mucosal
damage, as well as to the development of tolerance. The oral liquid formulation based on
epiisopiloturine (EPI Drops) showed an increase of 40% in the antinociceptive effect
when compared to the treatment of EPI (Active Pharmaceutical Ingredient). Based on the
results obtained, the antinociceptive effect of EPI seems to be related to a block in the
course of sensitization and activation of nociceptors by activating the
NO/GMPc/PKG/K*atp pathway and also indirectly preventing nociceptor sensitization
through modulation of the immune/inflammatory response. The liquid formulation based
on EPI (API), showed promise for the treatment of acute and persistent inflammatory
pain.

Keywords: Alkaloid, Pilocarpus microphyllus, Nociception, Cytokines, Nitric Oxide.
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