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FIOCRUZ
Fundag¢do Oswaldo Cruz

RESUMO

O P2X7 é um receptor purinérgico que esta envolvido em importantes funcgdes fisioldgicas
e metabdlicas, mas também tem participacdo em diversas patologias, principalmente aquelas de
cardter inflamatorio. Apesar de sua relevancia, ainda ndo se tém disponiveis antagonistas
especificos que possam ser utilizados na clinica para o tratamento de doencas relacionadas a
ativacdo deste receptor. Muitos farmacos comercializados nos dias de hoje apresentam estruturas
quimicas relacionadas a um produto natural extraido de alguma espécie botanica de uso consagrado
na medicina popular. Baseia-se nisso a relevancia do estudo de produtos naturais para obtencéo de
uma atividade especifica sobre alvos celulares. Logo, esse trabalho teve como interesse o estudo de
extratos vegetais e fungicos obtidos de espécies dos diferentes biomas, cedidos pelo LQPN do
Centro de Pesquisas René Rachou — Fiocruz-MG, visando a identificacdo de antagonistas para o
receptor P2X7. Nosso primeiro passo foi & padronizacdo de uma metodologia que permitiu a
triagem de cerca de 60 extratos ao mesmo tempo, através da utilizagdo de um espectrofotdmetro de
placas. Depois de padronizada, promovemos a aplicacdo dessa metodologia na triagem de 1800
extratos, dos quais apenas trés extratos (8067,8549 e 8568) apresentaram atividade antagonista na
faixa de corte pré-estabelecida [100 pg/mL], com perfis de inibicdo de 65 %, 62 % e 61 %
respectivamente, sobre o P2X7R. Destes extratos foram determinados os IC"sso tanto em células de
linhagem murina (2,1 pg/mL; 2.6 pg/mL e 3.8 pg/mL) quanto em células de linhagem humana
(0.69, 0.92 e 1.5 pg/mL), sendo possivel verificar maior atividade quando testados em células de
linhagem humana. Posteriormente avaliamos a agdo destes sobre funcdes fisioldgicas relacionadas a
ativacdo do P2X7R, nessa etapa, observamos o efeito inibitorio destes extratos sobre a liberacdo de
IL-1beta, ROS e NO, onde os trés compostos foram capazes de inibir estas fungdes numa faixa
entre 50 % a 60 %. Para obtermos uma caracterizagdo do efeito farmacoldgico destes extratos sobre
0 receptor P2X7, realizamos experimentos de eletrofisiologia, caracterizando assim uma acdo
inibitoria dose-dependente destes, sendo que nos respectivos IC sso 0s perfis de inibi¢do da corrente
foram de: 76 %, 47 % e 75 %. Também avaliamos a citotoxicidade in vitro utilizando as células de
ambas as linhagens e verificamos que ndo apresentaram significativa toxicidade quando tratadas por
24 h. em doses até quatro vezes maiores que 0 ICso, Vvisto que os resultados foram semelhantes ao
controle ndo tratado. Depois de avaliarmos a atividade antagonista destes extratos in vitro, partimos
para 0s experimentos in vivo utilizando os modelos de Ulcera induzida por etanol e de dor
neuropatica e inflamatéria, pois existem trabalhos previamente descritos na literatura que
correlacionam a atividade do P2X7R com a evolugdo dessas patologias. No ensaio de dor
neuropatica, apenas dois extratos mostraram atividade analgésica (8067 e 8549) inibindo o estimulo
de dor em 68 % e 66 %, porém no contexto da dor inflamatoria os trés extratos mostraram efeito
analgésico, inibindo o estimulo em: 8067 = 48%, 8549 = 50% e 8568 = 44 %. Os resultados obtidos
do experimento de Ulcera induzida por etanol demonstraram o efeito inibitorio sobre a formagéo de
Ulceras desses extratos em: 88 %, 84 % e 51 %, inclusive foram mais efetivos que o BBG
(antagonista reversivel deste receptor) e que o medicamento utilizado na clinica (Lansoprazol), os
quais inibiram a formagdo de Ulceras em 43 % e 46% respectivamente. Nosso conjunto de
resultados apontam extratos com significativa atividade antagonista sobre o P2X7R, com potencial
para o desenvolvimento de novos farmacos com grande interesse para a industria farmacéutica,
além de contribuir para o conhecimento acerca de propriedades medicinais presentes na
biodiversidade.

Palavras-chave: Receptores P2; Screening; Antagonistas; Produtos Naturais.
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Ministério da Saude

FIOCRUZ
Fundag¢do Oswaldo Cruz

ABSTRACT

The purinergic receptor P2X7 is involved in important physiological and metabolic
functions, but it also participates in pathology, especially when inflammatory in character. Despite
the importance of P2X7, it has no specific antagonists yet available for use in clinical treatment of
diseases related to the receptor's activation. Today, many drugs on the market have chemical
structures related to natural products obtained from botanical species with traditional use in
indigenous medicine, forming the basis for studying natural products to obtain specific activity on
cellular targets. This work focused primarily on the study of plant and fungal species extracts
obtained from different biomes provided by LQPN of the Research Center René Rachou - Fiocruz-
MG, aiming to identify antagonists for the P2X7 receptor. The first step was to standardize a
method that allowed the screening of approximately 60 extracts at the same time through the use of
a plate spectrophotometer. Once standardized, the application of this methodology was promoted in
the screening of 1800 extracts. Of these, only three extracts (8067, 8549 and 8568) showed
antagonistic activity in the pre-established cut range [100 mg/mL], with inhibition profiles of 65%,
62%, and 61% respectively, on the P2X7R. The IC's50 of them were determinate in murine (2.1,
2.6, and 3.8 mg/mL) and human (0.69, 0.92, and 1.5 mg/mL) cell lines. Which an increased activity
was possible to verify when they were tested in human cells. Consequent evaluation of action on
physiological functions related to the activation of P2X7R revealed an inhibitory effect of these
extracts on the release of IL-1beta, NO, and ROS. The three tested compounds were able to inhibit
these functions in a range between 50% and 60%. To obtain a pharmacological characterization of
these extracts on the P2X7 receptor, electrophysiological experiments were conducted, which
characterized the dose-dependent inhibitory effects, exhibiting inhibitory current profiles of 76%,
47%, and 75%, respectively. In vitro cytotoxicity was also evaluated, using both cell strains,
showing no significant toxicity after 24 hours of treatment at doses of up to four times that of the
IC50; the results were similar to the untreated control. After evaluating the antagonistic activity of
these extracts in vitro, experiments using the in vivo models of ethanol-induced ulcers and
inflammatory and neuropathic pain were performed. Previous studies correlate the activity of the
P2X7R with the evolution of these pathologies. In the neuropathic pain protocol experiment, only
two extracts showed analgesic activity (8067 and 8549) by inhibiting the pain stimulation by 68%
and 66%, but in the context of inflammatory pain, the three tested extracts showed analgesic effects
by inhibiting the stimulus by the following percentages: 8067 = 48 %, 8549 = 50%, and 8568 =
44%. The results of the ethanol-induced ulcer demonstrated an inhibitory effect on the ulcer’s
development of 88%, 84%, and 51% by these extracts, and found that the extracts were more
effective than BBG (reversible antagonist of this receptor) and the medicine used clinically
(Lansoprazole), which inhibited the formation of ulcers by 43% and 46%, respectively. The data set
links to extracts with significant antagonist activity on the P2X7R, and potential to the development
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of new medicines of great interest to the pharmaceutical industry and important contributions to the
knowledge of medicinal properties present in biodiversity.

Keywords: P2 receptors, screening, antagonists, natural products.
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INTRODUCAO

1. INTRODUGCAO

1.1 UM BREVE HISTORICO

As purinas e pirimidinas extracelulares sdo moléculas importantes na
sinalizagdo de diversos processos biolégicos como: resposta imune,
neurotransmissao, contragcdo do musculo liso, inflamagao, dor, entre outros. Estas
moléculas atuam via receptores de superficie de membrana denominados
receptores purinérgicos. Entretanto, essa descoberta iniciou-se em 1929, quando
Drury e Szent-Gyoérgyi demonstraram que a adenosina e a adenosina 5'-
monofosfato (AMP) extraidas do musculo cardiaco eram capazes de promover
efeitos biolégicos que incluiam a dilatagao arterial e a diminuicdo da pressao
sanguinea (Drury et al. 1929). Seguindo essa mesma légica, Gillespie, em 1934,
em outro estudo realizado com gatos e coelhos, relatou que o ATP e a adenosina
possuiam agdes funcionais distintas. Logo, ele observou a estrutura da adenosina
e percebeu que a sua desaminacdo era capaz de reduzir a atividade
farmacologica, enquanto que a remogédo do fosfato influenciava tanto na sua
poténcia quanto no tipo de resposta, o que resultou na hipétese de que haveria
diferentes tipos de receptores de adenosina (Gillespie 1934).

Em 1935, Katashi Makino propds a primeira conformagédo estrutural da
molécula de ATP, a qual foi confirmada em 1945 (apud Ralevic & Burnstock 1998).
A partir de entdo diversos grupos de pesquisa dedicaram-se ao estudo da fungéo
da adenosina e do ATP in vitro e in vivo, bem como suas a¢cées em diferentes

tipos de tecidos, observando seus efeitos e respostas. Porém, de todos os
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resultados obtidos, destaca-se um de grande importancia: a descoberta do papel
do ATP na neurotransmissao, atuando possivelmente como um neurotransmissor
ou co-transmissor. Holton e Holton (1953; 1959 apud Ralevic & Burnstock 1998)
observaram que o ATP era liberado de nervos sensoriais na orelha de coelhos
enquanto eles estimulavam a sua vasodilatago.

Sabendo-se dessa diferenca de acao entre a adenosina e o ATP, Burnstock
em 1972 postulou a existéncia dos “nervos purinérgicos” que utilizavam a
molécula de ATP como neurotransmissor. O que norteou os estudos acerca da
existéncia de receptores para purinas e pirimidinas, posteriormente em 1978,
Burnstock propbs uma primeira classificacdo formal para os receptores destas
moléculas, isto &, os receptores purinérgicos. Estes foram divididos em duas
familias: receptores P1, os quais tem a adenosina como principal ligante natural, e
os receptores P2, nos quais esses ligantes sdo o ADP e o ATP. Entretanto, na
medida em que os estudos avangavam, foram descobertos novos subtipos em
ambas as classes, bem como diferencas estruturais dentro do grupo dos
receptores P2, o que levou a sua reclassificacdo em duas classes de receptores:
os P2XR (ionotropicos) e os P2YR (metabotropicos) (Apud Ralevic & Burnstock

1998).

1.2. RECEPTORES PURINERGICOS

Os receptores purinérgicos se dividem em receptores P1 e P2. Os
receptores P1 possuem quatro subtipos: A1, A2A, A2B e AS3. Esses receptores ja

foram clonados a partir de células de vérias espécies, entretanto sua
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caracterizacdo esta de acordo com as propriedades moleculares, bioquimicas e
farmacologicas presentes em células de mamiferos ou em odcitos de Xenopus.
Eles sdo receptores metabotrdpicos, isto €, estdo associados a proteina G, sendo
ativados por adenosina e possuindo por antagonistas nao-seletivos as xantinas e
derivados, incluindo a teofilina e a cafeina, que sao produtos naturais (Ralevic &
Burnstock 1998).

Ja o grupo dos receptores P2 é dividido em duas classes segundo
Abbracchio e Burnstock (1994): receptores P2X que sao ionotropicos € 0s
receptores P2Y, os quais assim como os receptores P1 sdo metabotropicos, como

pode ser observado na fig.1.

1.3. RECEPTORES P2

A distincdo de dois tipos de receptores purinérgicos P2, definidos como
P2XR e P2YR ocorreu em 1985 (Chang et al. 1985), porém somente a partir da
clonagem destes receptores, nos anos 90, foi possivel uma classificagdo mais
detalhada dos seus subtipos (Ralevic & Burnstock 1998). Os P2XR sao receptores
ionotrépicos, ou seja, permitem a passagem de ions de acordo com o gradiente
eletroquimico quando ativados (fig.1). Existem sete subtipos de P2XR
caracterizados em mamiferos até o momento, como demonstrado na tabela 1.

Os P2YR, por sua vez, sao metabotropicos, ou seja, receptores acoplados
a uma proteina G, que ativam segundos mensageiros de diversos processos

bioquimicos e fisiologicos, como por exemplo, a ativacdo da fosfolipase C, MAPK
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e inibicdo de adenilato ciclase. Existem oito subtipos caracterizados em mamiferos

como observamos na tabela 1.
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Tabela 1- Distribuicao dos P2R

Receptor Distribuicao principal Vias de Transducao
P2X
Pox Musculo liso, plaguetas, cerebelo, corno
1 A s . .
dorsal, neurénios espinhais
Musculo liso, SNC, retina, células
P2X, cromafins, ganglios autbnomos e
sensoriais
P2Xs Neurbnios sensoriais, nlcleo do trato Canaljc‘m!co intrirjgeco com
solitario. alguns neurdnios simpéticos preferéncia por cations
P2X, | SNC, testiculo, cdlon (especialmente Ca®")
PoX Células proliferativas: na pele, intestino,
5 . . .
bexiga, timo, medula espinhal
Pox SNC, neurbnios motores na medula
6 ,
espinhal
Células do sistema imunolégico, do Canal ibnico intrinseco com
sistema gastrointestinal, do sistema preferéncia por cations e
P2X7 reprodutor e no sistema nervoso central e | formag&o de um canal de
periférico. larga condutancia através
da ativacéo prolongada
P2Y
P2V, Células epiteliais , plaquetas, células do | Gg/Gy; PLC-B ativagdo
sistema imunoldgico, osteoclastos
P2Y, Células do sistema imunoldgico, células | Gg/Gq1 e possivelmente
epiteliais , tUbulos renais, osteoclastos Gi/Go; ativacao PLC-B
poy Células endoteliais Ga/G11 e possivelmente Gi,
4 ativacdo PLC-B
P2Y, Algumas células epiteliais, placenta, Gq/Gy1; ativagao de PLC-B
células T, timo
poy Baco, intestino, granulécitos Gag/G14 e Gg; ativacao PLC-
11 B
P2Y,, Plaquetas, células da glia Ga;, inibicao da adenilato
ciclase
P2Y13 Bago, cérebro, linfonodos, medula éssea
P2Y,, Placenta, tecido adiposo, estdmago, Gi/Go

intestino e na neuroglia

(modificado de Burnstock et.al. 2007)
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Os P2YR e P2XR possuem mecanismos de ativacao diferenciados de acordo

com a fig.1:
Ca** Na*
cr Na* Na* CI
Receptores P2X ca‘_ CI-
— extracelular
000000000IN A ATPooooooooo 0000000
000000000 000000000 0000000
N Na* CI intracelular
cr N
Ca cr
Receptores P2Y extracelular

intracelular

Fig.1: Mecanismos de ativacao dos receptores (modificado de Burnstock et al. 2009). Os
P2XR sao ativados pelo ATP levando a abertura de um canal cation seletivo na
membrana. Ja os P2YR, quando ativados pelo ATP, levam a ativagao de vias metabdlicas
intracelulares, como por exemplo, a ativagao de uma proteina G.

1.4. RECEPTORES P2X

Os P2XR, quando ativados, formam um canal catidbnico ndo seletivo na
membrana celular de diversas espécies, desde organismos unicelulares até
humanos, porém a sua filogenia ainda n&o foi completamente estabelecida. Dentre

0s organismos que apresentam esses tipos de receptores em suas membranas, o
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mais simples é um tipo de alga verde, um organismo eucariotico denominado

Ostreococcus tauri (Fountain et al. 2008).

Os P2XRs se diferenciam estruturalmente de outros tipos de receptores
ibnicos, como por exemplo, os da familia de receptores para glutamato, ou
acetilcolina e nicotinamida, por serem triméricos, ja que os outros receptores sdo
tetraméricos, pentaméricos ou hexaméricos, com sitio para acdo de uma proteina
quinase e sao acoplados a uma proteina G (Vial et al. 2004). A regiao do “loop”
extracelular possui aproximadamente 30-353 aminoacidos, sendo 93 desses
conservados em cerca de seis membros dessa familia de receptores, podendo
entdo estar envolvidos com a ligacdo com o ATP. Este “loop” extracelular é
glicosilado, possuindo 10 residuos de cisteina conservados, os quais formam
pontes de dissulfeto para formarem a estrutura secundaria do receptor (Vial et al.

2004).

Os subtipos de receptores que constituem essa familia possuem dois
dominios transmembranares (TM1 e TM2), com duas terminacées N e C
intracelulares e um longo “loop” extracelular. (figura 2). O dominio TM1 tem sido
relacionado com a funcdo de abertura e fechamento do canal catibnico e o
dominio TM2 faz parte do canal de larga condutancia. Além disso, os perfis de
fases de sensibilizagdo e dessensibilizacdo desses poros sado distintos, na
presenca do ATP, para cada tipo de receptor (figura 3) (Khakh and North 2012).

Os P2XR séo distintos tanto farmacologicamente como quanto a atividade
fisioldgica exercida através da sua ativacdo, quanto da cinética de ativacdo e

inativagdo. Por exemplo, alguns receptores dessa familia abrem canais mais
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permeaveis aos ions célcio do que outros, uma possivel explicacdo para as
diferencas de funcbes existentes (Burnstock et al. 2004). Coddou et al., 2011,
denominou como “sitios ortostéricos” os sitios de ligacdo do ATP com esses
receptores, devido a necessidade destes para a ligacao e consequente mudanca

conformacional em sua estrutura promovendo assim a abertura do canal catidénico

Dominio Extracelular /

Membrana Celular

nao-seletivo.

Dominio intracelular

Fig.2: Estrutura do P2XR (Gunosewoyo et al. 2010). Os P2X,.¢Rs possuem dois dominios
transmembranares (TM1 e TM2), com duas terminagbées N e C intracelulares e um longo
“loop” extracelular.
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P2X1 pP2x2 P2X3 P2X4 P2X5 P2X7
—— U — U iy sl
r J1 nA
2s

Fig.3: Caracterizagao eletrofisiolégica dos P2XRs através da técnica de “whole-cell” em

—

J1nA

20s

células HEK-293 transfectadas com cada um dos receptores na presenga do ATP [30 uM]
para os receptores P2X1, P2X2, P2X3, P2X4 e P2X5 e [1 mM] para o P2X7R. Os
registros do tempo de dessensibilizacdo de cada receptor na presenga do agonista foram
feitos 2 e 20 segundos ap6s o tratamento. Como observado, o P2X7R possui uma
dessensibilizacédo lenta, quase inexistente em relagdo aos outros receptores. (khakh and
North 2012).

A caracterizacao biofisica dos P2XRs nativos ou recombinados foi
fundamental para formacao da hipotese sobre a qual os canais iénicos formados
por estes receptores sdo homotrimeros ou heterotrimeros através de
experimentos de microscopia de forgca atébmica (Khakh and North 2012). A
participacdo de trés moléculas de ATP para abertura do canal foi observada
através da anadlise da ativacdo dos P2XR de forma dependente da concentragcédo

do agonista, por técnicas de “patch-clamp” nas modalidades “whole-cell” (analise

10
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de todos os receptores expressos na membrana da célula) ou “single-cell” (analise
de um unico receptor). Outras técnicas como eletroforese em gel de
poliacrilamida, microscopia de forca atdbmica e microscopia eletrbénica,
confirmaram a natureza trimérica dos P2XR. Uma série de 11 homotrimeros foi
descrita através de experimentos de imunopreciptacdo. Porém, até agora foram
caracterizados seis heterotrimeros funcionais de P2XRs: P2X1/2R, P2X1/4R,

P2X1/5R, P2X2/3R, P2X2/6R e P2X4/6R (Coddou et al. 2011).

Os homotrimeros e heterotrimeros dos P2XRs respondem de forma
especifica aos estimulos dos agonistas e a acao de antagonistas. Por isso, uma
das formas de caracterizacdo farmacoldgica de cada um desses receptores é a
utilizacdo da ordem de poténcia dos agonistas e antagonistas e de caracteristicas
cinéticas na eletrofisiologia, nos seus respectivos EC’ssg € IC s50, disponiveis em

relacado a cada receptor (tabela 3):

11
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Tabela 3 - Caracterizagéo farmacologica dos P2Rs

P2x1 P2X2 P2X3 P2X4 P2X5 P2X6 P2X7
Gene name P2RX1 P2RX2 P2RX3 P2RX4 P2RX5 P2RX6 P2RX7
Desensitization (Complete in) Fast (<1 g) Slow (>20 s) Fast (<1 s) Slow (>20 s) Slow (>20 s) - Slow (>20 s)
Pore “dilation” No Yes No Yes - - Yes
Pca/Pna 48 2.8 12 4.2 15 — —
Fractional Ca®* current (%) 12.4 5.7 27 11 4.5 — 4.6
KO made Yes Yes Yes Yes — — Yes
Agonist ECg, Values (uM)
ATP 0.07 1 0.5 10 10 12 100
2MeSATP 0.07 1.2 0.3 10 10 9 100
afmeATP 0.3 >300 0.8 >300 >300 >100 =300
BzATP 0.003 0.75 0.08 T =500 — 20
Antagonist IC, Values (M)
Suramin 1 10 3 >500 4 >100 500
PPADS 1 1 1 >500 3 >100 50
TNP-ATP 0.006 1 0.001 15 — — >30
1Psl 0.003 >300 2.8 Potentiation — —
A-317491 >10 >100 0.10 >100 — >100 >100
RO-3 >100 >100 0.10 >100 >100 >100
A-740003 >100 >100 >100 >100 — >100 0.05
AF-353 >10 >10 0.01 >10 >10 >10
A-438079 >100 >100 >100 >100 — >100 0.06
A-804598 >100 >100 >100 >100 — >100 0.01
MRS2179 80 >100 >100 — — >100
NF279 9 30 50 >100 — — 20
NF449 0.7 >100 >100 >100 — — >100
Modulator ECgq Values (uM)
Ivermectin - >30 >30 0.25 - - >30
Zng — Increase — Increase - - Decrease

ECs =7 uM 2 uM IC5p =10 uM

H* Decrease Increase Decrease Decrease - - Decrease

pKa 6.3 pKa7.3 pKa 6.0 pKa 6.8 pKa 6.1

Tabela 3: Caracterizagao farmacolégica dos P2Rs com base no

perfil eletrofisiolégico e o

perfil farmacol6gico dos agonistas e antagonistas para cada subtipo (khakh and North

2012).

Recentemente, tem aumentado de forma significativa a pesquisa para

entendimento das caracteristicas farmacolégicas e fisiologicas dos P2Rs, visando,

dessa forma, buscar a correlagdo destes com diversos processos patolégicos e,

consequentemente, a descoberta de moléculas candidatas a terapia clinica. No

campo da industria farmacéutica, tem havido uma “corrida farmacoldgica” pelos

compostos que possuam atividade antagonista e seletividade

12

sobre um
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determinado P2XR, devido a auséncia de agonistas e antagonistas seletivos para
cada receptor. A descoberta de agonistas e antagonistas seletivos pode auxiliar
no tratamento de desordens fisiopatologicas relacionadas a um receptor
especifico, como por exemplo, Disfungdao Erétil (receptor P2X1); Epilepsia
(P2X2/4R); Cistite Intersticial (P2X2/3R); Dor neuropatica (P2X4R); Esclerose
Muscular (P2X5/6R); Faléncia Coronariana Crbénica (P2X6R); Doencas
Inflamatérias, como, por exemplo, a Artrite Reumatéide, Leucemia Mielbide
Aguda, Alzheimer, Diabetes entre outras e o P2X7R. Dessa forma esses
receptores tém sido alvo de estudo de diversos grupos de pesquisa visando a sua
acao como alvo terapéutico, principalmente o P2X7R, devido a sua caracteristica
Unica de formar um canal de larga condutancia quando ativado, sendo este
relacionado com a progressao de diversas enfermidades, como por exemplo, as
doencgas neurodegenerativas e a inflamagéao (Li et al. 2008). Por estes motivos, o
enfoque deste trabalho esta relacionado com o P2X7R, o qual sera estudado com

mais detalhes.

1.5. RECEPTORES P2X7R

O P2X7R é expresso principalmente em células do sistema imune, tais
como macréfagos, monécitos, células dendriticas, linfécitos, mastécitos e uma
variedade de células da glia no sistema nervoso central e periférico, incluindo
microglia, astrocitos, oligodendrécitos e células de Schwann (Burnstock et al. 2009

& Di Virgilio et al. 1997). Em macréfagos peritoneais e esplénicos, assim como em

13
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células de linhagem macrofagica J774, foi identificada a presengca predominante

de P2X4R e P2X7R, e dos P2Y1, P2Y2 e P2Y4Rs (Coutinho-Silva et al. 2005).

Além disso, o P2X7R possui 595 aminoacidos, apresentando uma
homologia de 35 a 40% com relagdo aos outros seis subtipos. (Evans et al. 1996).
Sua topologia € basicamente semelhante aos demais subtipos, possuindo dois
dominios transmembranas (TM1 e TM2) e uma grande alga extracelular.

Entretanto, seu dominio C-terminal é o maior em comprimento (239 aminoacidos).

(fig. 4).

P2X7R ? / 3
Dominio </ )
Extracelular

Membrana \

celular

Dominio \
intracelular

C~—

Fig.4: Estrutura do P2X;R. Os P2X7Rs possuem dois dominios transmembranas (TM1 e

TM2) e uma grande alga extracelular, com o maior dominio C-terminal.

Alguns estudos vem sendo conduzidos para identificar os residuos que
seriam importantes na formacdo do canal/poro do P2X7R. Principalmente em
relacdo ao seu processo de conversao rapida de canal catibnico de baixa

condutancia (~10 pS) para um poro nao-seletivo de alta condutancia (~400 pS)

14
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(Coutinho-Silva et al. 1997; Persechini et al. 1998; Faria et al. 2005). Esses
estudos tem como objetivo compreender melhor a estrutura/funcado do receptor,
dessa forma, favorecendo ao desenho racional de antagonistas e agonistas.
Devido ao controle diferenciado da expressdo do P2X7R e da sua localizagdo em
varios tipos celulares e estagios de diferenciagcdo, é provavel que existam
multiplos dominios de controle do processo de formacao de canais e poros (canal
de alta condutancia). O poro formado pela ativagcao desse receptor na presenca da
concentracdo acima de 100 puM de ATP extracelular permite a passagem de
moléculas de alto peso molecular de acordo com um gradiente eletroquimico,
como ions de brometo de etidio, iodeto de propidio e YOPRO-1 (Evans 1996).
Com relagédo a esse poro nao-seletivo de alta conduténcia, ainda ndo € sabido se
ele deriva da dilatagdo do canal i6nico, ou, se é uma proteina isolada ou se resulta
da integracdo com outros canais ou transportadores (Cankurtaran-Sayar et al.
2002). Inclusive ha uma teoria sobre a existéncia de dois poros seletivos, um para
moléculas anibnicas e outro para moléculas catibnicas (Schachter et al. 2008).
Esse processo gera alteragbes na morfologia da célula, tais como, aumento do
volume celular e formacao de bolhas na membrana (Egan et al. 2006).

O papel funcional do P2X7R foi melhor caracterizado como sendo um
importante mediador da regulacdo da expressdo e liberacdo de citocinas,
mediadores inflamatérios e metabdlitos inflamatérios incluindo IL-13 (North et al.
2002 & Labasi et al. 2002), IL-1a (Smith et al. 2001), IL-2 (Mehta et al. 2001), IL-4,
IL-6, IL-13, IL-18 (Gudipaty et al. 2003 & Wilson et al. 2004), TNF-a. (Chessel et al.

2005), o6xido nitrico (NO) (Loomis et al. 2003; Sluyter et al. 2004) e anions

15



INTRODUCAO

superoéxidos (Bulanova et al. 2005). A correlagéo entre o P2X7R e o processo de
liberagao de IL-1B esta bem descrita na literatura, mostrando o envolvimento da
rapida ativacdo da caspase-1 através de mecanismos dependentes do complexo
inflamassoma, conforme observado na fig.5 . Também podemos destacar a
formacdo de células gigantes multinucleares (Hu Y et al.1998 & Sperlagh et al.
1998), inducado da morte do Mycobacterium tuberculosis (Saunders et al. 2003),
reorganizacdo do citoesqueleto (Sikora et al. 1999) e ativacdo de caspases
(Friedle et al. 2010). As atividades biolégicas do P2X7R tém sido relacionadas

com o dominio C-terminal (residuos 353 a 595)(Watters et al. 2001).

AP ix_II:Pracellular K efflux
Bacterial pore- DAMFs
cell forming toxin Pannexin 1 I\A@} -
membrane =
Cytoplasm C j C [:
PARPS
Ceffia] . LDAME
\ l J
r'd

MLRP3

Caspase | activation

Infl _—
riammaseme § % IL-1B and IL-18 production
ASC % g

| Pro-caspase 1

Fig.5: Via de liberacdo da IL-1B através da ativagdo do P2X7R. O P2X7R ao ser ativado
pelo ATP, permite a passagem de ions potassio através do canal ibnico ativado que leva
a ativacdo do NLRP3 e consequentemente da Caspase 1. Esse processo induz a
clivagem de pré-IL13 em IL-1B madura, uma potente citocina pré-inflamatéria, sendo esta
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secretada pela célula para ativar a resposta imune adaptativa (Tschopp & Schroder et al.
2010).

1.6. DOENGCAS RELACIONADAS AO RECEPTOR P2X7

A artrite reumatoide é uma doenga inflamatéria crdénica que apresenta
prevaléncia mundial de 0,4 a 1,9 %, sendo que no Brasil essa caracteristica se
encontra entre 0,2 e 1 %. Sua evolugao ocorre em graus variaveis, 0s quais
podem levar os pacientes, muitas vezes, a um quadro de incapacidade funcional
(Torigoe 2006).

As principais células envolvidas no desenvolvimento das lesdes
cartilaginosas sao os fibroblastos, os macréfagos e os linfocitos ativados. Eles
expressam receptores purinérgicos, incluindo o P2X7R, que sofrem ativacdo em
decorréncia do aumento de nucleotideos pirimidinicos e purinicos no meio
extracelular, como o ATP, que sdo encontrados no liquido sinovial de pacientes
portadores da artrite reumatoide (Toulme et al. 2010).

Uma vez ativado, esse receptor medeia a produgdo e consequentemente a
liberacdo de citocinas pré-inflamatérias, como a IL-6, IL-18 e TNF-a, as quais
possuem a capacidade de induzir e perpetuar a inflamacéo. Além disso, devido a
presenca de macréfagos no liquido sinovial, como demonstrado na fig. 6, ocorre a
liberacdo da citocina IL-1B, que estd envolvida na infiltracdo de leucdcitos
produzindo assim, hiperplasia sinovial, além da promocéao da ativagéo celular e da
degradacao ou inibicado da sintese de cartilagem (Lister et al. 2007; Al-Shukaili

2008).
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Osteoclasto

Fibroblasto
Macréfagoc
Célula dendritica
Células T
Plasmécito
Células B
Angiogénese
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Cépsula Sinovial
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Espago articular
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Fig.5: Comparacao entre uma articulacdo normal (a) e uma com artrite reumatoide (b). A
destruicao do tecido cartilaginoso devido a a¢ao de células do sistema imune.
Imagem disponivel em: <http://dc229.4shared.com/doc/BS2Ax0ic/preview.html>.

O P2X7R também ja foi observado como participante da dor neuropatica.
Essa é definida por Kobayashi et al. 2011, como uma “dor iniciada por leséo ou
disfungdo do sistema nervoso, sendo melhor compreendida como resultado da
ativagdo anormal da via nociceptiva (fibras de pequeno calibre e trato
espinotalamico)”. Além disso, € sabido que o ATP é um mediador importante na
cotransmissdo da informacdo sensorial do sistema nervoso periférico para o
sistema nervoso central, o que revela um papel-chave do P2X7R nessa doenca
(Skaper et al. 2009).

Dessa forma, em virtude das lesdes nas células neuronais periféricas
participantes da via nociceptiva, ocorre a liberacdo do ATP e, consequentemente,

a ativacdo do P2X7R expresso nas células da micrédglia. Esse, por sua vez,
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promove entre outros efeitos, a liberacao da citocina IL-13, a qual além de ser uma
potente citocina pré-inflamatéria, também promove uma cascata de eventos que
irdo gerar produtos de anions superéxidos, como o perdxido de hidrogénio, que
participam ativamente na manutencao da dor (Toulme et al. 2010).

Assim, além de promover a dor e a inflamacao, esses receptores podem
ainda induzir estados crénicos, como pode ser observado devido a sua ativacao
excessiva que pode estimular a reorganizacao do citoesqueleto e,
consequentemente, a abertura do poro membranar, 0 que eventualmente leva a
morte das células imunes (Toulme et al, 2010). Nessa perspectiva, diversos
trabalhos, in vivo, como o de Kobayashi et al. 2011, tém demonstrado que o0 uso

de antagonistas para esse receptor promove um efeito antinociceptivo.

1.7. P2X7R E APLICAGOES CLINICAS

No contexto que relaciona o P2X7R com suas aplicacdes clinicas, estudos
ainda em fase experimental, relatam o uso do ATP, in vitro, para aumentar a
capacidade microbicida de macréfagos infectados com Mycobacterium
tuberculosis (Fernando et al. 2007). Em 2006, Yoon e colaboradores
demonstraram que o tratamento de células humanas de leucemia mieloide, in
vitro, com diferentes concentracées de ATP induziu apoptose e permitiu o controle
do crescimento celular destas células. Por esses resultados, os autores sugeriram
que o tratamento com nucleotideos extracelulares pode significar uma via
terapéutica alternativa e potente para a leucemia mieloide (Yoon et al. 2006).

Outros autores demonstraram que o antibidtico natural polimixina B nao
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apresentou efeitos sobre a viabilidade de linfocitos de pacientes com leucemia
linfocitica crénica, mesmo durante incubag¢des prolongadas. Entretanto, esse
efeito foi fortemente sinergizado em presenca de ATP. A polimixina B, em
concentracoes 6étimas e dependendo do tipo celular, potenciou fortemente o efeito
da estimulacdo do P2X7R mediado por nucleotideos. Com esses resultados, os
autores sugeriram que a potenciacao do efeito da polimixina B, quando usada
sinergicamente com o ATP, pode ter aplicacbes praticas no desenvolvimento de

uma terapia baseada no uso de ATP (Ferrari et al. 2004).

Visando a busca de compostos que possam ser candidatos a um potencial
antagonista para o P2X7R, com seletividade de acédo e possivel aplicabilidade
clinica (Gunosewoyo et al. 2010), varios compostos tém sido descobertos como,
por exemplo, os tetrazoles disubstituidos, as cianoguanidinas (Nelson et al. 2006),
a A-438079, 3-((5-(2,3-diclorofenil)-1H-tetrazol-1-il)metil piridina, um antagonista
seletivo e competitivo com perfil de inibicdo em concentragdes submicromolares
para os receptores rP2X7R (Rato), hP2X7R (humano) e mP2X7R (camundongo)
(Nelson et al. 2006). Assim como outro composto com acdo antagonista seletiva, o
A-740003 (N-cianoguanidina) (5 -quinolinilamino) metil] amino} - 2,2 - dimetilpropil)
— 2 - (3,4 - dimetoxifenil) acetamida) com IC’ssp = 18 nM para o rP2X7R e 40 nM
para o hP2X7R e submicromolar para o mP2X7R. J& o composto A804598, 2-
ciano1-[(1S)-1-feniletil]-3-quinolina-5-guanidina, apresentou perfis de inibicdo
sobre os receptores rP2X7R, hP2X7R e mP2X7R, em baixas concentragdes, na

faixa de 9-11 nM (Coddou et al. 2001).
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Recentemente foi publicado um estudo que demonstrou a eficacia e a
tolerdncia, em humanos com artrite reumatoide, do composto CE-244,535 (um
antagonista seletivo em teste in vitro e in vivo). Porém, esse composto nao
apresentou significativo aumento da eficacia em relacdo ao tratamento atual
(Stock et al. 2012). Pesquisas utilizando moléculas seletivas e com potencial
inibitério sobre o P2X7R tém oferecido novos “insights” sobre a farmacologia deste
receptor, e seu potencial terapéutico . Cabe ressaltar que existem poucos estudos
sobre a acao de produtos naturais sobre esse receptor, sinalizando, dessa forma,
a necessidade de explorar mais 0 campo acerca do potencial farmacolégico de
moléculas com atividade antagonista obtidas da natureza, para o tratamento de

doencas relacionadas a este receptor.

1.8. PERFIL FARMACOLOGICO DO P2X7R

O perfil farmacolégico do P2X7R encontra-se bem descrito na literatura
(tTabela 3). Tal perfil caracteriza-se por ter o BzATP (ECsp = 25 uM), seguido do
ATP (ECsp > 100 uM) seu agonista fisiologico. Cabe ressaltar que a poténcia do
ATP aumenta quando retiram-se os ions calcio e magnésio da solugdo (Coddou et
al. 2011). Além desses, existem os agonistas parciais, como o 2-meSATP e o
ATPyS e também os que possuem baixo efeito de ativacao sobre o receptor, como

0 a-meATP e o By-meATP (Coddou et al. 2011).

Em relacdo aos antagonistas, o rP2X7R, assim como o rP2X4R, possuem
um perfil de resisténcia ao antagonista de ampla acdo sobre os P2Rs, a suramina

(Surprenant et al. 2006). Porém, um andlogo da suramina, o composto NF279,
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possui um [ICso = 3 uM] para ohP2X7R, entretanto € necesséria uma concentragao
maior para o rP2X7R, [ICso = 100 uM] (Klapperstuck et al. 2000). Existem outros
antagonistas ja conhecidos, como o PPADS, que possuem a funcado de
antagonizar os sinais e correntes de calcio nas células de mamiferos, com 1Csg
que varia de 1 a 60 pM (Gunosewoyo et al. 2007), merece destaque o MRS2159,
um potente antagonista para rP2X1R, que respondeu efetivamente em inibir os
rP2X7R, hP2X7R e o mP2X7R. Além desses, podemos mencionar o o ATP
oxidado, um antagonista irreversivel, que requer um periodo de mais de uma hora
para o inicio do seu efeito em concentragdes em torno de 100 uM a 300 uM
(Gunosewoyo et al. 2010). O BBG é caracterizado como sendo um antagonista
reversivel para o rP2X7R [ICso = 15uM] e para o hP2X7R [ICso = 250uM] (Coddou
et al. 2011). Até o momento o ICsy do BBG para o P2X7R de camundongo néo foi
determinado, porém, no nosso primeiro manuscrito determinamos este valor [ICsg
=1.2 uM].

Além dos compostos caracterizados farmacologicamente com atividade
inibitéria sobre o P2X7R, existem outros tipos de compostos que agem em outras
vias e/ou receptores, mas também demonstram atividade antagonista sobre esse
receptor. Dentre os quais podemos citar os bloqueadores de calmodulina
dependente de proteina quinase |l, como por exemplo, o 1[N,O-bis(5-
isoquinolinosulfonil)-N-metil-L-tirosil]-4-fenilpiperazina (KN62) e o calmidazdlio,
ambos inibem a corrente de influxo de célcio induzida pelo BzZATP no hP2X7R

(Brown et al. 2002).
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1.8. PRODUTOS NATURAIS

Os produtos naturais oriundos de plantas, animais e microrganismos vém
sendo utilizados ha milhares de anos no tratamento de doencas humanas,
constituindo assim, a base da medicina tradicional conhecida em todo 0 mundo. A
Medicina Tradicional Chinesa e a Medicina Nipo-Chinesa, na Asia, bem como a
Medicina Alternativa na América constituem alguns exemplos desse uso (Koehn.
2005; Balunas. 2005; ltokawa et al. 2008).

As informagbes sobre 0 do uso medicinal dessas plantas foram transmitidas
de geracdo a geracdo ao longo do tempo. Dessa forma, essas propriedades
instigaram a curiosidade cientifica e ja no inicio do século XIX, no ano de 1805,
ocorreu o descobrimento da morfina, seu isolamento e purificacdo. A partir desse
acontecimento, diversas moléculas ativas tém sido descobertas para o tratamento
de diferentes patologias diretamente ou na forma de analogos semissintéticos
(Njuguna et al. 2012). Temos como exemplos disso, a descoberta e 0 uso clinico
da quinina e da artemisina, as quais representam apenas dois dos inUmeros
compostos naturais que possuem atividade antiplasmodial, e que séo utilizadas
como farmacos de primeira linha até hoje. Além disso, elas serviram de base para
pesquisa e sintese de diversos compostos antimaléricos semissintéticos (Njuguna
et al. 2012).

No contexto da flora brasileira, o Brasil detém cerca de 20 % da
biodiversidade mundial, a qual se concentra principalmente na floresta Amazénica,
a maior floresta do Planeta e fonte de matérias-primas (Pereira 2004). Embora

exista uma imensa diversidade bioldégica na Amazbnia, o conhecimento sobre as
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espécies que a constituem e suas relagdes filogenéticas € muito restrito. Assim
como sobre os microrganismos e as interacoes entre 0s seres que a compoem
(Pereira 2004). Por isso, estudos acerca da exploragéo do potencial da nossa flora
contribuem para o enriqguecimento do conhecimento académico sobre a
biodiversidade brasileira.

Na busca por novos medicamentos eficazes, e potencialmente menos
toxicos, para enfermidades que afligem a populagdo, a pesquisa com produtos
naturais vem aumentando e recebendo investimentos. Atualmente, estima-se que
cerca de 30 % dos medicamentos utilizados na medicina moderna provém de
produtos naturais. Exemplos interessantes dessa aplicabilidade sdo a morfina e os
salicilatos (Calixto 2005). Também podemos citar os agentes antineoplasicos,
visto que cerca de 75 % deles provém de produtos naturais, como por exemplo, o
taxol e a vincristina (Mann 2002).

No entanto, na literatura existem trabalhos que caracterizam o emprego
clinico de extratos e fragdes vegetais no tratamento de doencas e
consequentemente para descoberta de suas agdes sobre alvos especificos como
enzimas, transportadores ou canais idnicos envolvidos em processos fisioldgicos e
patoldgicos importantes (Barbosa-Filho et al. 2006). No trabalho de Barbosa-Filho
et al. 2006; foi feita uma revisdao quanto as plantas e as substancias encontradas
que possuem atividade inibitéria sobre a acetilcolinesterase. Foram relatadas 309
plantas e 260 substancias isoladas, evidenciando assim a relevancia do estudo de
produtos naturais para obtencao de uma atividade especifica sobre alvos celulares

ou enzimaticos.
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1.8.1 MICRORGANISMOS E METABOLISMO SECUNDARIO

Desde a descoberta da penicilina em 1928, por Fleming, a partir do fungo
Penicillium chrysogenum, tém ocorrido avancos e descobertas no campo da
ativididade biolégica de microrganismos e seus metabodlitos secundarios.
Posteriormente, outra descoberta importante, a da ciclosporina em 1979, a partir
do fungo Tolypocladium inflatum, levou a um avanc¢o fundamental na medicina no
campo do transplante de 6rgdos. Antes da descoberta desse farmaco, a
durabilidade de um enxerto era curta, muitos ndo passavam das primeiras horas
pbs-operatérias, pois o sistema imune do receptor atacava o enxerto
intensamente, promovendo a rejei¢cdo. Devido a acao imunossupressora sobre 0s
linfécitos T, a ciclosporina age impedindo que o sistema imune do receptor ataque
o 6rgao enxertado, prevenindo assim, a rejeicdo, um fator indesejavel para o

sucesso do transplante (Starzl et al. 1981).

Na atualidade, os estudos acerca de microrganismos e de seus metabdlitos
secundarios tém sido considerados uma fonte rica para o isolamento de moléculas
com atividade microbicida. Um recente trabalho foi publicado por Mohandas et al.
(2012), que caracteriza a atividade inibitéria de metabdlitos secundarios
produzidos por um grupo de bacilos (Bacillus thuringiesis, Bacillus subtilis, Bacillus
stearothermophilus, Bacillus licheniformis, Bacillus megaterium e Bacillus cereus)
sobre a B-Lactmase de bactérias resistentes a meticilina. Além desse dado, o
mesmo trabalho também relata a atividade microbicida de produtos obtidos do
metabolismo secundario de fungos (Actinomicetos), os quais sdo responsaveis por

cerca de 80 % da producdo de moléculas com potencial atividade antibidtica
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(Mohandas et al. 2012). Outro artigo publicado por Al-Sohaibani et al. (2012),
também relata a atividade inibitéria de compostos isolados de Streptococcus
mutans sobre a formacdo do biofiilme oral e no controle da colonizacdo e
acumulacao da carie. A atividade antiviral de extratos fungicos e seus compostos
sobre o virus da Influenza A, também foram relatados recentemente (Teplyakova

et al. 2012).

Um estudo in vitro também demonstrou a atividade antioxidante de 49
extratos de fungos endoliticos isolados de uma planta (Scapania verrucosa Heeq)
(Zeng et al. 2011). Anteriormente, Guo et al. (2008), ja havia relatado as atividades
microbicida e antitumoral, in vitro, de compostos isolados do extrato etéreo de
Scapania verrucosa Heeg e do fungo endofitico isolado (Chaetomium fusiforme)

(Guo et al. 2008).

Nesse contexto, podemos citar o recente trabalho de Santiago et al. 2012,
no qual foi evidenciada a atividade antitumoral e leishmanicida de fungos
endoliticos originarios da Antartica, onde ha a prevaléncia de basidiomicetos no
solo e no ambiente subglacial das geleiras, como por exemplo, Cryptococcus
liquefaciens, uma levedura constituinte do género Cryptococcus sp. Ascomicetos
sdo raramente encontrados em ambientes extremamente gelados, embora eles
sejam reconhecidos como contaminantes de comidas congeladas (Butinar et al.
2011). Entretanto, Butinar et al. (2011), descreveram a presenga de ascomicetos
em regides articas, como por exemplo, da espécie Metschnikowia bicuspidata do

género Metschnikowia sp. Além desses, existem outros fungos que colonizam
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regides com temperatura baixa, como por exemplo, a Acarospora algicola, que

habita ambientes gelados, como o sul do Brasil, em especial o Parana.

1.8.2 PRODUTOS NATURAIS E RECEPTORES P2X7R

Em relagédo aos receptores P2, ha poucos trabalhos que relatam a atividade
antagonista de produtos naturais sobre esses receptores (Quadro 1); Shemon et
al. (2004), relataram o bloqueio do fluxo de cétions mediado pelo P2X7R por
quelaritrina, um alcal6ide benzofenantridinico. Essa a¢ao, porém, nado foi seletiva,
visto que os compostos apresentavam efeito inibitério sobre enzimas, como a PKC
e a alanina aminotransferase. Buchanan et al. (2006) evidenciaram o efeito
antagonista possivelmente especifico para P2X7R por uma nova classe de
alcalbides pirrolo-imidazois tetraméricos obtidos por estudos de relacao estrutura
atividade (SAR) (Buchanan et al. 2007). Em 2007, esse mesmo grupo isolou a
nifatoxina C, um alcaloide, a partir de uma espécie de esponja do mar
(Callyspongia sp). Também podemos relatar o estudo de Said et al. (2007), o qual
estudou a acao de Oleos vegetais de Olea europaea L; Capsicum sp; Zea mays;
camelina sativa e Aleurites moluccana, sobre a ativacdo de morte celular
relacionada ao P2X7R. Somente o éleo de Capsicum sp demonstrou atividade
agonista e levou a intensa ativacao da morte celular via esse receptor (Said et al.
2007). Ainda nesse contexto, Marques-da-Silva et al. 2011 relataram a inibicdo do
poro associado a ativagdo do P2X7R pela colchicina, com inibicdo na produgao de

citocinas (IL1-B e INF-y), assim como de mediadores inflamatérios (ROS e NO).
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Recentemente, foi relatado o significativo efeito antagonista sobre o P2X7R
das fracoes do extrato metandlico de Rheedia logifolia, promovendo uma acao
analgésica do extrato sobre a dor de origem inflamatoria (Santos et al. 2011). Liu
et al. 2010 descreveram a agao antagonista da emodina, um derivado
antraquinénico da Rheum officinale Baill sobre esse receptor. Gunosewoyo et al.
2009 sugeriram o estudo da quimica de compostos sintéticos e naturais e o
screening biolégico como ferramentas para a descoberta de antagonistas do
P2X7R (Gunosewoyo et al. 2009). Uma descricdo mais detalhada sobre produtos
naturais com agao antagonista sobre o P2X7R pode ser vista nos manuscritos em
anexo (vide anexo 1 e 2).

No contexto do “screening”, in vitro, de novas moléculas com possiveis
atividades antagonistas sobre o P2X7R, as metodologias mais utilizadas
atualmente nao permitem a triagem de varios compostos ao mesmo tempo. Nao
sdo accessiveis € demandam tempo na obtencdo e andlise dos resultados.
Podemos citar como exemplos: a citometria de fluxo, a microfluorimetria para
deteccao da corrente de calcio intracelular, a microscopia de fluorescéncia e a
eletrofisiologia. No presente trabalho, desenvolvemos um ensaio adequado para a
avaliacao seletiva e viavel da atividade do P2X7R, utilizando uma metodologia

espectrofotométrica (primeiro manuscrito).
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Quadro 1. Compostos naturais com acao antagonista sobre P2X7R

Artigo

Espécie Biolégica

Composto Estudado/ICsg

Shemon et al. 2004

Chelidonium majus

Quelaritrina

(Papaveraceae) (Alcal6ide benzofenantridinico)
|C5o =10 [J.M
Buchanan et al. 2006 | Stylissa flabellata Estilissadinas A e B

(Esponja do mar)

|C50 =0.7 [J.M el.8 HM

Buchanan et al. 2007

Callyspongia sp

(Esponja do mar)

Nifatoxina C (Alcaloide)
ICso = N.D

Said et al. 2007

Olea europaea L;
Capsicum sp; Zea
mays; camelina

Oleos Vegetais

sativa; Aleurites ICs0= N.D
moluccana
Massadina
Gunosewoyo et Alcaloides obtidos (ICso = N.D)
al.2009 de estudos Protoberberina
sobreestrutura - (ICs0 = 0.3 puM)
atividade
(SAR)
Santos et al. 2011 Rheedia longifolia Amentoflavona
(Guttiferae) ICs0 = 2 pg/mL
Liu et al. 2010 Rheum officinale Emodina
Baill ICs0 = 500 nM
Marques-da-Silva Colchicum.sp Colchicine
et. al. 2011 ECso = 540 uM
Macrofago peritoneal murino
ECso = 290 uM

Odbcitos de Xenopus laevis
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OBJETIVOS

2. OBJETIVO GERAL

Identificar extratos e/ou fracdes bioativas que possam ser candidatas a

obtengdo de um potencial antagonista do receptor P2X7.

2.1. OBJETIVOS ESPECIFICOS

1.

Padronizar a metodologia para o “screening” dos extratos e suas fracdes a
serem testados;

Identificar extratos dos diferentes biomas com atividade antagonista para o
receptor P2X7 in vitro;

Determinar o ICsy dos extratos e suas fracbes com atividade antagonista
para o receptor P2X7;

Avaliar a acao dos extratos e suas fracdes sobre a atividade do ATP
extracelular, liberacdo de citocinas e outras vias moduladas pelo receptor
P2X7, utilizando a 1Csp dos mesmos, na tentativa de encontrar um

antagonista;

Avaliar a atividade dos extratos e suas fracdes sobre o receptor P2X7

através do ensaio de eletrofisiologia;

Avaliar a agado dos extratos e suas fragbes em modelos in vivo de dor

neuropatica e inflamatéria e de ulcera gastrica.
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3. METODOLOGIA



1 - Cultura de Células: Utilizamos placa opaca de 96 pogos (Corning), onde
foram plagueadas em triplicata células J774.G8 ou U-937 na concentracao de
4X10° células/poco, e foram cultivadas em meio RPMI com 10% de SFB em
estufa de 37°C com atmosfera de 5% de CO2 por 24 h. ApoGs este periodo, o
meio de cultivo foi trocado por uma salina extracelular (em mM: 150 NaCl, 5
KCIl, 1 MgCI2, 1 CaCl2 e 10 HEPES; pH 7.4) e entdo foram feitos os

tratamentos.

2 - Tratamento das células: Nos testes utilizamos dois antagonistas
conhecidos para o receptor P2X7. As células foram tratadas ou com BBG
(Brilhant Blue G), que é um antagonista competitivo reversivel, numa
concentracéo de [100 uM]. No caso do antagonista irreversivel ATPox. (ATP
oxidado), utilizamos a dose descrita na literatura [300 uM]. As células foram
tratadas com BBG por 15 minutos, ou por 60 minutos com o ATP ox. Em estufa
B.O.D a temperatura de 37 ¢ C, com atmosfera de 5% de CO2 antes da
estimulacdo com o agonista (ATP). No tratamento com os extratos, as células
foram plaqueadas em placas de 96 pocos opaca e receberam o tratamento de
100 pg/ml de cada extrato por 15 min, antes da estimulacdo com o agonista
(ATP). O tratamento com ATP consistiu na incubagdo das células com 5mM

desse agonista por 10 min.

3 - Obtencao dos extratos fungicos: As fracbes que foram analisadas sao
oriundas da colaboracao cientifica com a Dra. Tania Maria de Almeida Alves,
chefe do Laboratério de Quimica de Produtos Naturais do CPgRR. As amostras

foram coletadas dos biomas brasileiro e antartico. As fragdes foram enviadas
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na forma de filme seco, em placas de polipropileno, com 96 pocos de 250-300
microlitros de capacidade, fundo em “V”, ndo estéreis. Cada po¢o continha dois
miligramas de cada amostra na forma de filme seco; As placas foram
submetidas a irradiagdo por microondas visando minimizar contaminacao

microbiolégica.

4 - Triagem da atividade dos extratos sobre o P2X7R: O experimento se
baseou na quantificacdo da incorporacdo do iodeto de propideo (IP) [50nM]
pelas células utilizadas (J774.G8 e U-937), através da abertura do poro
membranar pelo receptor ativado, a partir da leitura em espectrofotdmetro
(Spectramas M5) com A emissdo = 488nm e A absorbancia = 590nm. Foram
utilizadas células tratadas com os extratos [100 pg/ml]. Alguns pocos foram
tratados com extratos e 5 mM de ATP, para averiguar a agdo antagonista dos
extratos isoladamente e outros pocos foram tratados somente com as fragdes
para averiguar a citotoxicidade das mesmas. O controle do experimento foi
tratado com brilhant blue G (BBG) [100 nM] e o controle positivo foi tratado com
Triton X-100 [0.01%]. Os extratos que demonstraram atividade foram
submetidos a avaliagdo dos seus respectivos I1C ssg através do tratamento das
células com cada extrato [100 ug/mL - 2 ng/mL], onde a dose que promoveu
uma inibicdo de 50% sobre a ativacao do receptor foi eleita como sendo seu
respectivo ICso. Esta analise foi feita através do teste estatistico descrito no

item 15.

5 — Avaliacao da liberacao de IL-1B via P2X7R: As células J774.G8 e U-937

foram tratadas com os extratos nos seus respectivos IC"sso na presenga ou nao
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do tratamento com ATP [5 mM], também foram utilizados como controles,
pocos tratados com BBG [100 nM] na presenca ou ndo do ATP. Ap6s uma hora
de tratamento os sobrenadantes das culturas foram coletados e foi realizado
um ELISA para deteccao de IL-13 de acordo com as especificagdes do kit da
RD Systems. O resultado foi obtido a partir da leitura das amostras no

comprimento de onda de 450 nm em espectrofotometro (Spectramax M5);

6 — Ensaio de citotoxicidade: As células J774.G8 e U-937 foram tratadas com
os extratos em concentragbes até quatro vezes maiores que 0s seus
respectivos IC sso por 24 h. Apds este periodo essas células receberam ou nao
o tratamento com ATP [5 mM] por 1 h., também foram utilizados como
controles, pocos tratados com BBG [100 nM] por 24 h. na presenca ou nao do
ATP por 1 h. e pocos tratados com Triton 0. 1 % por 1 h. Apbs todos os
tratamentos e periodos de incubacdes, os sobrenadantes das culturas foram
coletados e foi realizada a deteccdo da LDH, uma enzima presente no
citoplasma da célula, uma vez rompida a membrana plasmatica, essa enzima é
detectavel no sobrenadante da cultura, indicando dessa forma que houve dano
celular. Foi feita a deteccdo da LDH de acordo com as especificacdes do kit da
Doles, Goiania, GO — Brasil. O resultado foi obtido a partir da leitura no

comprimento de onda de 510 nm em espectrofotometro (Spectramax M5).

7 - Ensaio para deteccao de Nitrito: Utilizando o mesmo protocolo citado nos
itens 4 e 5, o Nitrito, um produto estavel da oxidacao de NO, foi medido através
de espectrofotbmetro apds adicdo do reagente Griess (Sigma) no

sobrenadante das células previamente tratadas. Apdés 10-15 min em
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temperatura ambiente, a absorbancia do cromoéforo foi medida no comprimento

de onda de 540 nm (Spectramax M5).

8 - Ensaio para deteccao de ROS: Células J774.G8 e U937 foram submetidas
ao tratamento com os extratos e os controles segundo a metodologia descrita
no item 2, por uma hora. Apds este periodo o estresse oxidativo foi avaliado
utilizando-se o corante dihidroetideo (DHE). Este protocolo se baseou no
tratamento das células com DHE [10 nM] por 20 minutos e a fluorescéncia foi
determinada através da analise pelo espectrofotémetro (Spectramax M5) nos

comprimentos de onda para excitagao (490 nM) e emissao (570 nM).

9 - Medida da atividade dos P2XRs por eletrofisiologia: A técnica de patch-
clamp permite a avaliacdo dos P2XRs que sao ionotrépicos. As correntes
ibnicas foram registradas em condi¢cdes de alto selamento elétrico entre a
membrana da célula e o microeletrédio utilizado para realizar os registros. De
forma simplificada, uma micropipeta, contendo o eletrédio, preenchida com
solucdo salina toca a superficie celular e, posteriormente, foi aplicada uma
sucgdo. Em condigdes apropriadas surgiu um selamento Giga Ohmico (GQ) a
partir do qual foi possivel registrar correntes de canais unitarios ou correntes
macroscopicas de baixa condutancia. Essa configuracdo é denominada de
cell-attached. As pipetas utilizadas para o experimento na configuracédo cell-
attached foram preparadas de capilares de borossilicato com filamento 1,2 mm
(World Precision Instruments, Inc; New Haven, E.U.A.), utilizando um puxador
de pipetas (Microelectrode Puller, Narishe Group, NY, E.U.A.). As avaliacbes

foram feitas utilizando um amplificador eletrénico (Axopatch-1D Axon
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Instruments, Inc; San Mateo; E.U.A.) que permitiu fixar o potencial e medir as
correntes dos canais ibnicos. Este amplificador foi controlado por um
computador padrdao IBM, através do programa Axoscope 8.0 (Axon
Instruments, Inc; San Mateo, E.U.A.), que realizou os protocolos de pulso e
armazenou as medidas do amplificador. O amplificador foi ligado ao
computador, através de uma interface AD/DA Digidata 1320 (Axon Instruments,
Palo Alto, CA, E.U.A.), que digitalizou os registros numa freqtiéncia de 50 KHz.
A resisténcia em série da pipeta foi corrigida até (75-85%) em todos os
experimentos e a capacitdncia da célula foi anulada (20-30%) pelo
amplificador. O valor de capacitdncia utilizado para essa anulagao
correspondeu ao valor da capacitancia da membrana celular que foi utilizado
para normalizagdo das correntes, ja que apresentou uma relagdo direta com a

area da membrana celular.

10 — Avaliacao da incorporacao de corante anidnico via P2X7R: O
experimento se baseou na quantificacdo da incorporagdo do Lucifer Yellow
(LY) [BmM] pelas células utilizadas neste trabalho, através da abertura do poro
membranar pelo receptor ativado, a partir da leitura em espectrofotdmetro
(Spectramas M5) com A emissdo = 485nm e A absorbancia = 528nm. Foram
utilizadas células tratadas com a dose correspondente ao ICsy dos extratos.
50% foram tratadas com extratos e 5 mM, de ATP para averiguar a acao
antagonista dos extratos, e 50% foram tratadas somente com os extratos
como controle. O controle do experimento foi tratado com brilhant blue G (BBG)

[100 nM] e o controle positivo foi tratado com Triton X-100 [0.01 %)].
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11 - Teste da Formalina: camundongos receberam injecdo subplantar de 20
UL de formalina 2,5% para a medida da reatividade em segundo(s) dos animais
em lamber ou morder a pata de 0-5 min (1 fase) e de 15-30 min (2 fase) apéds
injecdo de formalina. Os tratamentos foram realizados oralmente, através da
gavagem dos extratos ativos in vitro [200 pg/kg], ou com BBG [100 mg/kg].
Tivemos também como controles, um grupo tratado com morfina [10 mg/kg] via
intraperitoneal (para dor neuropatica) e outro grupo tratado com diclofenaco de

sédio [50 mg/kg] via oral (gavagem) para dor inflamatéria.

12 - Avaliacao da atividade gastro-protetora: Foram utilizados
camundongos Swiss (20-30 g), de ambos os sexos para os estudos da
atividade gastro-protetora, os animais foram mantidos em ciclo claro e escuro
de 12/12 horas, mantidos em jejum por 24 h com livre acesso a agua. Os
extratos que demonstraram acdo antagonista via P2X7 in vitro, foram
administrados via oral por gavage (200 pg/k), 30 minutos antes de receberem o
estimulo ulcerogénico (200 pL de Etanol 70% v/v). BBG [100 mg/kg]
(antagonista), ou Lansoprazol [25 mg/kg] (agente gastro-protetor
comercializado) foram utilizados como controles. Apo6s trés horas, os animais
foram eutanasiados e seus estbmagos foram extraidos e abertos, para

contagem e registro fotografico do niumero de lesées geradas.

13 - Animais — Foram utilizados camundongos Swiss (20-30 g), de ambos os
sexos para os estudos de dor e inflamagdo Os animais foram mantidos em
ciclo claro e escuro de 12/12 horas, com livre acesso a racdo e agua. Os
animais foram fornecidos pelo Biotério Central da Fundacdo Oswaldo Cruz. Os

procedimentos experimentais estdo devidamente registrados e autorizados
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pela Comissdo de Etica no Uso de Animais — CEUA/FIOCRUZ sob o

Certificado de Licenga numero 0118/02.

14 - Analise Histoldgica: Foram realizados cortes histolégicos dos estdbmagos
dos animais submetidos ao protocol de Ulcera por etanol. Os cortes foram
fixados em formol tamponado a 10 % e foram processadas por técnica rotineira
de inclusdo em parafina e enviadas para processamento histologico e
confecgcédo de laminas com cortes de 4 um. As secgdes obtidas foram coradas

com Hematoxilina e Eosina.

15 - Analise Bioquimica: Com o soro obtido dos animais submetidos ao
protocolo de inducao de ulcera por etanol foram feitas as analises bioguimicas.
Estas analises permitiram a avaliacdo de uma possivel toxicidade aguda, ja
que para determinacdo de uma toxicidade cronica, seria necessario o
tratamento destes animais por um tempo maior e em doses diferentes. Foram
analisados os niveis séricos das transaminases hepaticas (AST e ALT) e da
creatinina, pois sdo parametros utilizados para avaliacao de toxicidade hepatica
e renal. Utilizamos para estas analises os Kits da Labtest, Lagoa Santa, Minas

Gerais, Brasil.

16 - Analise Estatistica: Primeiramente analisamos se os dados obtidos
seguiam uma curva gaussiana, para que de acordo com a analise fosse
utilizado um programa paramétrico ou nao paramétrico adequado. Os dados
obtidos foram analisados estatisticamente através de testes t-Student e analise
de variancia ANOVA, utilizando-se como parametro de significancia p < 0,05

(Instat Graph Pad).
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Abstract

The P2X7 receptor (P2X7R), a member of the P2X ionotropic receptor family, is
physiologically activated by ATP. When activated by high concentrations of ATP (i.e., at
inflammation sites), this receptor is capable of forming a pore that allows molecules of up
to 900 Da to pass through. This receptor is upregulated in several diseases, particularly
leukemia, rheumatoid arthritis and Alzheimer's disease. A selective antagonist of this
receptor could be useful in the treatment of P2X7R activation-related diseases. The major
difficulty in evaluating drug screening is measuring P2X7R activity in cell cultures and
biological systems, and some methods use flow cytometry and/or fluorescence microscopy
to measure the uptake of fluorescent dyes with molecular weights of up to 900 Da, such as
propidium iodide (PI) and Lucifer Yellow (LY). Several fluorometric assays have been
described, but the applicability, reproducibility and accuracy of these methods has not been
properly evaluated. In the present study, we evaluated several parameters using in vitro
protocols to validate a high-throughput screening (HTS) method to identify P2X7R
antagonists. We generated dose-response curves to determine the ECsp value of the known
agonist ATP and the I1Csso values for the known antagonists Brilliant Blue G (BBG) and
oxidized ATP (OATP). The values obtained were consistent with those found in the
literature (0.6-0.9 mM, 0.9-1.2 uM and 100 uM for ATP, BBG and OATP, respectively).
The Z-factor, an important statistical tool that can be used to validate the robustness and
suitability of an HTS assay, was 0.635 for Pl uptake and 0.867 for LY uptake. No inter-



operator variation was observed, and the results obtained using our improved method were
reproducible. Our data indicate that our assay is suitable for the selective and reliable
evaluation of P2X7 activity in multiwell plates using spectrophotometry-based
methodology. This assay method might improve the high-throughput screening of
conventional chemical or natural product libraries for possible candidate P2X7R antagonist

or agonist compounds.

Keywords: P2X7R, antagonist, screening, drug discovery, spectrophotometry

Introduction

Drug Discovery

Herbal medicines have been used worldwide for millennia to treat many
diseases. Just over 200 years ago, the first pharmacologically active compound, morphine,
was isolated from a plant; since then, it has been used as a potent analgesic. It has been
estimated that more than 400,000 plant species exist. Plants have formed the basis of
therapeutic medical interventions throughout human history. Despite the availability of
modern technology, plants are commonly used to treat various ailments and continue to
serve as the basis for many pharmaceutical products [1]. The development of drugs to treat
human diseases has been based mainly on a variety of plant-derived compounds. Well-
known examples include aspirin, morphine, reserpine, digitalis and quinine. We observed
an era during which drugs could be isolated, purified, studied and administered in precise
doses. Pharmaceutical research expanded after the 1940s, and approximately 80% of drugs
developed since then have been derived from natural sources and their analogs or identified
through micro-organism screening [2]. In contrast, the focus of drug discovery efforts has
shifted from natural products to synthetic compounds in recent decades [3]. Although the
expansion of synthetic medicinal chemistry in the 1990s resulted in a decrease in the
proportion of new drugs obtained directly from natural products, some synthetic drugs
continue to be based on molecules obtained from natural compounds.

Structure-Activity Relationship (SAR) studies, combinatorial chemistry and

molecular modeling based on receptor structure are other means by which molecules with
2



selective agonistic or antagonistic activity toward cellular targets can be rationally obtained
and synthesized [4].

A wide variety of screening methods can be used for drug discovery; however,
only some of these methods are inexpensive, rapid and efficient. Therefore, the approval of
new molecular entities has decreased over the past 15 years [5]. An increase in successful
drug discovery, especially for drugs targeting difficult chronic targets, is clearly desirable.

Thus, it is important to improve drug discovery screening methods.

P2X7R antagonists as promising therapeutic tools

The roles of ATP and its receptors in physiological and pathophysiological
processes have been recognized [6].

Purines and pyrimidines are widely distributed in organisms, where they can act
as signaling mediators, promoting various biological effects through purinergic receptors
(P1 and P2 receptors). P2 receptors are divided into two families: P2Y and P2X. P2Y
receptors (P2YR) are G protein-coupled receptors, whereas P2X receptors (P2XR) are
ionotropic receptors [7].

Seven mammalian P2XR subtypes (P2X1-7) have been cloned [8]. P2X7R is
expressed in many physiological systems, including the endocrine, cardiovascular, immune,
nervous, respiratory, reproductive and digestive systems, as well as in muscular tissues. In
the immune system, P2X7R is expressed in several cell types, including macrophages,
monocytes, dendritic cells, lymphocytes and mast cells [8].

When activated, P2XR allows for the passage of ions based on an
electrochemical gradient. P2X7R is unique in its ability to act as either a low conductance
channel (approximately 10 pS) or as a nonselective pore with high conductance
(approximately 400 pS). The open pore conformation allows the passage of molecules of up
to 900 Da [8]. Based on this property, fluorescent dyes are used in functional assays that
evaluate the activation of this receptor; such dyes include ethidium bromide (EB) (mw =
394.31 Da), Lucifer Yellow (LY) (mw = 457.24 Da), YO-PRO-1 (mw = 629 Da) and
propidium iodide (P1) (mw = 668.39 Da). Several authors have reported that the formation

of a large conductance channel following P2X7R activation is related to the interaction of



this receptor with the Pannexin 1 channel; to date, this finding remains controversial [9]. A
recently published study by our group found no correlation between P2X7R and the
Pannexin 1 large conductance channel in macrophages [10].

P2XT7R plays a crucial role in many physiological processes, including activation of
the inflammatory response during pain transduction [11,12] as well as apoptotic and
necrotic processes. Moreover, P2X7R participation has been suggested to play a role in
several pathologies, including acute leukemia in children [13], neurodegenerative [14] and
parasitic diseases [15] and renal diseases, such as glomerulonephritis [16]. Additionally,
upregulation of this receptor has been observed in tumor cells [17,18].

Due to the findings outlined above, these nucleotide receptors are attracting
attention for use in the development of drugs for the treatment of a number of disorders
[19-23]. In addition, purinergic receptors have received increasing attention as potential
therapeutic targets [24]. The pharmaceutical industry has made a significant investment in
researching novel, selective and potent antagonists for these receptors that might be useful
as therapeutic agents. Existing antagonists of these receptors are not fully specific, acting
on different cellular targets or on both P2R subtypes [8].

Several fluorometric methodologies that can be used to screen for molecules with
P2X7R antagonistic activity have been described in the literature [25-28]. For example,
Baxter et al. (2003) described the use of a 96-well plate and ethidium bromide in the
context of an HTS assay to identify antagonistic compounds, but no essential information
regarding the evaluation of the methodology used was published [25]. In the same year,
Alcaraz et al. described a method using a white 96-well plate and ethidium bromide, in
which the analyses were performed using a plate fluorimeter [26]. However, the protocol
required a 90-minute incubation at room temperature, and cell viability, possible
fluorimetric interference between the white wells and ethidium bromide, and the
standardization of this method were not discussed. Another study published in 2009 by
Michel et al. described an HTS method using a 96-well plate fluorescence reader (Flex
Station, Molecular Devices, Sunnyvale, California, United States); the protocol involved
treating cells with antagonists for 40 minutes. Prior to the agonist or EB applications, all

treatments were performed at room temperature; however, the median incubation time after



treatment, the cell viability, the doses of the agonists or antagonists used and the accuracy
and reproducibility of this method were not described [28]. Recently, Namovic et al. (2012)
described a functional HTS assay evaluating P2X7R-induced pore formation using a
fluorescence imaging plate reader (FLIPR) and an expensive automated platform, which
allowed YO-PRO-1 uptake to be detected in the presence of P2X7R-specific agonists and
antagonists in different species. However, the uptake of other dyes (e.g., anionic dyes) and
agonist molecules was not tested, nor was possible interference of the Pannexin 1 channel
on dye permeation through a P2X7R-induced pore [27].

The purpose of the present study was to develop a fast and low-cost protocol for the
identification of natural compounds with potential P2X7R antagonistic or agonistic effects.
To that end, we used a spectrophotometric microplate reader, which allowed us to
simultaneously test between 96 and 386 compounds. We took advantage of the ability of
this receptor to open a non-selective pore that promotes the uptake of fluorescent dyes
under stimulation with high doses of ATP (> 100 uM). We used J774.G8 cells that natively
express P2X7R [10] to evaluate the ATP-dependent dose-response (ECsg) and the
inhibitory concentration (ICso) of Brilliant Blue G (a reversible blocker). To verify that dye
uptake was occurring through the Pannexin 1 channel, we assessed an experimental
protocol using a Pannexin 1 antagonist (mefloquine) and found no correlation between the
pore activity of P2X7R and Pannexin 1 channel activity, as previously reported [10]. Thus,
we developed a method that has high sensitivity and reproducibility and low cost and may

be useful for testing many compounds simultaneously.

Experimental Section

Reagents

ATP (adenosine 5'-triphosphate), Brilliant Blue G (BBG), PI, Triton X-100,
HEPES, NaCl, KCI, MgCl,, CaCl, and RPMI 1640 were purchased from Sigma Chemical
Co., St. Louis, MO (USA). Fetal bovine serum (FBS) was obtained from Gibco BRL
(USA).



Cells

The J774.G8 macrophage cell line, which was previously demonstrated by us to
natively express P2X7R and the Pannexin 1 channel [10], as well as other P2 subtypes,
including P2X4R and P2Y1, P2Y2 and P2Y4 receptors [29], was routinely maintained in
RPMI 1640 medium supplemented with 10% fetal bovine serum at 37°C under an
atmosphere containing 5% CO.. Every three days, the medium was changed, and the cells
were adjusted to a density of 4x10° cells per 150 cm? cell culture flask (Corning). Prior to
evaluating the method that was improved upon in this study, cell viability was assessed
using Trypan Blue exclusion. Once the range of viability exceeded 90%, the

spectrophotometric assay was conducted.

Spectrophotometric measurement of P2X7R pore activity

Our experimental approach consisted of the measurement of Pl or LY uptake by
J774.G8 cells through the P2X7R-associated pore. J774.G8 cells (4x10°/well) were plated
in opaque 96-well plates (Corning) and maintained in culture with RPMI 1640 medium
supplemented with 10% fetal bovine serum at 37°C under an atmosphere containing 5%
CO2 for 24 h. After this time, the medium was exchanged for an extracellular saline
solution (in mM): 150 NaCl, 5 KCI, 1 MgCl,, 1 CaCl; and 10 HEPES, pH 7.4. The
following protocol was then performed: The cells were stimulated with ATP [5 mM] for 15
minutes at 37°C under an atmosphere containing 5% CO.. Pl [50 nM] or LY [3 mM] was
then added to the cell cultures for 5 minutes (to avoid the uptake of these dyes via other
mechanisms, such as pinocytosis) in the treatments using LY. After this incubation, the
saline solution was exchanged to eliminate interference from non-permeated dye. The
plates were then assessed using a spectrophotometer (SpectraMax M5, Molecular Devices,
Sunnyvale, California, United States); Pl uptake was measured by excitation at 488 nm -\
and emission at 590 nm A, whereas LY uptake was measured by excitation at 485 nm -A
and emission at 528 nm A. Three wells were used for each control group: The positive
control group was treated with Triton X-100 [0.1%] (which was directly added to the

control wells), the negative control group was treated only with extracellular saline
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solution, and the remaining groups were treated with ATP [5 mM] following exposure to

dye (Pl or LY) for longer than 5 minutes.

Drug Treatments

The protocols including treatment with the P2X7 antagonist (the competitive
antagonist, BBG [0.048-100 uM]) or the irreversible antagonist (oxidized ATP (OATP),
[0.048-400 um]) were the same as those described above. Three wells were used to test
each concentration. BBG-treated wells were incubated for 15 minutes at 37°C under an
atmosphere containing 5% CO,, whereas OATP-treated wells were incubated for 60
minutes at 37°C under an atmosphere containing 5% CO,. After both treatments, ATP
stimulation was applied for 15 minutes; then, Pl or LY was added for an additional 5
minutes before spectrophotometric analysis.

Imaging analysis

In addition to the spectrophotometric analyses, we also performed fluorescence
microscopy analyses (Nikon Eclipse TE2000S) as previously described to verify dye
uptake in ATP-activated cells. Images were captured using a Nikon digital camera system.
Lactate Dehydrogenase (LDH) detection assay

The supernatants of J774.G8 cells that had been previously treated for 15 minutes

with five different concentrations of ATP were performed according to the instructions

included in the LDH detection kit, which was purchased from Doles (Goiania, GO, Brazil).



Cytotoxicity assay using the MTT technique

J774.G8 cells (4x10° cells/well) were treated for 15 minutes with five different
concentrations of ATP, after which point, the medium was changed and 3-[4,5-
dimethylthiazol-2-yl]-2,5-diphenyl-tetrazolium bromide (MTT) was added. After
incubation for 3 h at 37°C, the reactions were interrupted with DMSO, and the absorbance
was measured using a spectrophotometer (SpectraMax M5, Molecular Devices, Sunnyvale,
California, United States) at 450 nm.

Data analysis

Each sample was measured in triplicate, and all experiments were repeated a
minimum of three times by each operator. In the present study, two operators participated
in all of the experimental steps. The fit was evaluated using the R? coefficient [33]. The
data are expressed as the means + standard deviation. To determine whether the samples
followed a Gaussian distribution, we used two normality tests: D’ Agostino's K-squared test
and Pearson's chi-squared test. When the data followed a Gaussian distribution, they were
compared using one-way ANOVA, followed by Tukey's post-hoc analysis. Data that did
not follow a Gaussian distribution were compared using the Mann-Whitney U test. P values
of 0.05 or less were considered significant. The tests used are specified in the figure
legends and were two-tailed and paired. We also assessed the quality of our improved HTS
assay by calculating the Z-factor, which is a valuable tool that can be used to evaluate the
robustness and suitability of HTS assays and that can be useful for assay optimization and
validation [34]. This parameter is calculated using the following equation:

_ 38D of sample + 3SD of control
imean of sample — mean of control\

Z=1

The SD values represent the standard deviation values (of the control or sample).
We calculated the Z-factor using ATP as a control, and the means of the samples were

calculated using the dye uptake assay values for Pl or LY, accordingly.



Results and Discussion

Effects of ATP on Pl uptake in J774.G8 cells

To determine whether our screening method is reliable and reproducible, we
established a dose-response curve using ATP. We plated cells in opaque 96-well plates and
added various concentrations of ATP from 0.321 to 25 mM. After 15 minutes, we added PI
and measured the absorbance using a spectrophotometer. The calculated ECso of ATP using
our method was 0.7389 + 0.02 mM. The dose-response curve for ATP using two different
operators is shown in Figure 1. This value of ECsp was similar to that described in the
literature for the activation of selective dye permeation pathways by P2X7R [35]. Our
method resulted in a low ECso value compared to values obtained using other
methodologies described in the literature (Table 1), confirming the high accuracy of this
method. Inter- and intra-operator mensurements did not differ significantly, and the median
difference between the daily measurements made by the two operators was 0.877 (p<0.05)
(Figure 1). We evaluated the cytotoxicity of the ATP treatments at the concentrations
described above for 15 minutes using the LDH and MTT assays. No toxicity was observed

until 1 hour had elapsed (as shown in Figures 6 and 7).

Antagonist-mediated inhibition of the P2X7 receptor

We next determined whether the main P2X7R competitive antagonist, BBG, could
block the pore associated with the receptor in a dose-dependent manner and with a similar
ICso value. Brilliant Blue G (BBG) is an analog of FD&C blue dye, a widely used food
additive that is commonly used as a selective P2X7R antagonist [36]. Some authors have
suggested that the low toxicity and high selectivity of BBG make this compound useful for
blocking the potential adverse effects of P2X7R activation in several pathological
conditions [36].



As expected, BBG blocked PI transport, and the ICso value ranged from 0.9 to 1.2
UM (Figure 2). As mentioned previously, the inter- and intra-operator variations in the I1Cso
value were not significant, and the dose-response curves did not differ significantly (Figure
2). An ICsp value of 6.71+ 0.05 uM for mP2X7R is reported in the literature [27], and we
compared this value to our results because our model was based on a mouse macrophage
cell line (J774.G8). Using our improved methodology, we obtained ICso values for BBG
and mP2X7R that ranged from 0.9 to 1.2 uM. These values are lower than those reported
previously, indicating a more sensitive and specific antagonistic action on this receptor.

After examining the antagonistic activity of BBG on P2X7R using our
methodology, we evaluated the activity of other antagonist molecules on this receptor. For
this purpose, we used a specific irreversible antagonist, oxidized ATP (OATP). As shown
in Figure 3, we established an ICso value [100 uM] and an inhibitory curve for oxidized
ATP [0.048-400 uM]; these values are less than those obtained using other methods (Table
1). To confirm the data that we obtained using other methodologies that are currently used
to screen molecules with activity at this receptor, we used a dye uptake protocol based on
J774.G8 cells treated with known P2X7R agonists and antagonists at specific
concentrations that are known to activate only P2X7R [9] prior to conducting fluorescence
microscopy analyses (Figure 4). The images confirmed that the P2X7 pore was activated by
ATP and that it was blocked by both BBG and OATP. When we compared the 1Cso and
ECso values obtained using this improved methodology with values obtained using other
methodologies, our results were more sensitive and accurate than those obtained using
methods that are usually used to screen compounds with P2X7R activity (Table 1).

Some authors have described the existence of two activated pores that are related to
P2X7R activation, one of which allows for the passage of cationic molecules and the other
of which allows for the uptake of anionic molecules [35]. We conducted an experiment to
assess our method of evaluating the inhibition of anionic dye uptake by the P2X7R pore. As
shown in Figure 5, we treated J774.G8 cells with ATP [5 mM], the antagonists BBG [100
nM] and OATP [300 uM] and an anionic dye, LY [3 mM]. The results show the inhibitory
effects of these antagonists on dye uptake, thereby validating our method of investigating

compounds with P2X7R antagonistic activity by inhibiting the uptake of anionic molecules
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by the activated pore. To confirm the robustness of our HTS assay, we used a statistical
parameter termed the Z-factor, which is used to evaluate the suitability of a high-throughput
screening assay based on the range of the signal and the internal variation of the equipment.
A score of 1>7>0.5 indicates a good assay, and a score of Z=1 indicates a perfect assay.
Our calculated Z-factor for the HTS assay was 0.635 using Pl and 0.876 using LY [34].

Pannexin 1 has been implicated as the protein associated with the P2X7R pore [30].
For this reason, we examined whether our methodology was specific for P2X7R pore
activity. As seen in Figure 6, treatment with the Pannexin 1 antagonist, mefloquine, and the
P2X7R agonist ATP did not block dye uptake, indicating that this uptake may have
occurred via the open P2X7R pore rather than via the Pannexin 1 channel. This result
reinforces the applicability of our standardized methodology to verify the blockage or non-
blockage of dye uptake through P2X7R activation only. When taken together, our results
validated the improved methodology developed in this study and demonstrated its
applicability to P2X7R antagonist screening. P2X7R is primarily expressed in immune cells
and cells of hematopoietic origin, such as mast cells and microglia, and has a longer
carboxy-terminal tail than the six other members of the P2X receptor family. As mentioned
previously, this receptor plays a crucial role in a significant number of pathophysiological
conditions.

Pharmaceutical companies have expressed great interest in the development of
new medicines, and the rate of patent protection loss is significantly greater than the rate of
new drug discovery. Given this consideration, the market for new pharmaceutical
compounds is relatively fragile because a small number of products represent a significant
portion of the market. For example, eight products accounted for 58% of Pfizer’s annual
worldwide sales of $44 billion in 2007 [2]. When such drugs lose their patent protection,
the associated sales revenue can decrease by 80%. In addition, the competition from
generic drug manufacturers, who do not participate in the drug discovery process, is
intense; generic manufacturers produce 67% of all drugs prescribed in the United States [2].

Many methodologies are used to screen currently available drugs. However, some
features, such as the speed of execution and reliability, are critical. Furthermore, it is

important that these screening methods are able to test a large number of candidates.
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Currently, high-throughput screening (HTS) programs in drug discovery rely mainly on
combinatorial chemistry libraries. When compared to the very large number of natural
products, combinatorial chemistry libraries are relatively limited with respect to molecular
diversity. Our improved methodology might possess great advantages over currently
available methodologies because it can easily be used to screen a wide spectrum of

compounds of synthetic or natural origin.
Conclusions

Synthetic compounds are currently being tested and patented by the pharmaceutical
industry as potential antagonists for clinical use [37]. There is a strong clinical and
industrial interest in specific P2X7R antagonists for use in the treatment of many diseases,
such as those related to inflammation or pain, as well as cancer. Advances in the selection
and development of new P2 receptor antagonists will certainly be relevant and is of
significant technological interest. To facilitate and speed the discovery of potential
antagonists, the development of a simple, rapid and relatively inexpensive method for
testing compounds on a large scale is necessary. In the present study, an improved method
was standardized and tested using known P2X7R antagonists, generating results that
validated this protocol; this method is applicable to the selection of new compounds with
P2XT7Y inhibitory activity.
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Figure legends:

Figure 1: ATP dose-response curve. J774.G8 cells were plated in opaque 96-well plates
and treated with various concentrations of ATP from 0.321 to 25 mM in combination with
PI [50 nM]. The data represent the means + S.D. of three independent experiments. The

results were analyzed using the Mann-Whitney U test; * p<0.05.
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Figure 2: BBG dose-response curve. J774.G8 cells were plated in opaque 96-well plates
and treated with various concentrations of BBG from 0.048 to 100 uM in combination with
PI [50 nM] and ATP [5 mM]. The data represent the means + S.D. of three independent

experiments. The results were analyzed using the Mann-Whitney U test; * p<0.05..

Figure 3: OATP dose-response curve. J774.G8 cells were plated in opaque 96-well plates
and treated with various concentrations of OATP from 0.048 to 400 uM. The data represent
the means + S.D. of three independent experiments. The results were analyzed using the

Mann-Whitney U test; * p<0.05.

Figure 4: Evaluation of the inhibitory activity of BBG on P2X7 using fluorescence
microscopy. J774.G8 cells were treated as follows: (a) Control (J774 plus PI [50 nM]), (b)
control (0.1% Triton-X 100), (c) control cells plus ATP [5 mM], (d) cells treated with BBG
[100 nM] plus ATP [5 mM] and (e) cells treated with OATP [300 uM] plus ATP [5 mM].
The profiles are representative of three to seven independent experiments that were
performed in triplicate. The images were captured using a Nikon digital camera system

with a total magnification of 43.8X.

Figure 5: Anionic dye uptake. J774.G8 cells were plated in opaque 96-well plates after
the following treatments: a) Cells + LY [3 mM], b) cells + ATP [5 mM] + LY [3 mM], c)
cells + 0.1% Triton X-100 [3 mM], d) cells + BBG [100 nM] + ATP [5 mM] + LY [3 mM]
and e) cells + OATP [300 uM] + ATP [5 mM] + LY [3 mM]. The data represent the means
+ S.D. of three independent experiments. The results were analyzed using ANOVA,

followed by Tukey's post-hoc test; * p<0.05.

Figure 6: MTT cytotoxicity assay. J774.G8 cells that were treated for 15 minutes with
five concentrations of ATP were analyzed. (a) Untreated cells, (b) cells + Triton X-100
[0.1%)], (c) cells + ATP [5 mM], (d) cells + ATP [10 mM], (e) cells + ATP [15 mM], (f)
cells + ATP [20 mM] and (g) cells + ATP [25 mM]. The data represent the means £ S.D. of
three independent experiments. The results were analyzed using ANOVA, followed by

Tukey's post-hoc test; * p<0.05.
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Figure 7: LDH assay in J774.G8 Cells. The supernatants of cells that had been treated for
15 minutes with five concentrations of ATP were analyzed. (a) Untreated cells, (b) cells +
Triton X-100 [0.1%], (c) cells + ATP [5 mM], (d) cells + ATP [10 mM], (e) cells + ATP
[15 mM], (f) cells + ATP [20 mM] and (g) cells + ATP [25 mM]. The data represent the
means + S.D. of three independent experiments. The results were analyzed using ANOVA,

followed by Tukey's post-hoc test; * p<0.05.
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Table 1. 1Cso or ECso values for P2X7R agonists or antagonists using different methods.

ATP (ECso) BBG (ICs0)* OATP (ICso) Reference
Coddou et al.
Cytometry 2-4 mM N.D.** 300 uM 2011
Coddou et al.
Electrophysiology 2-4 mM N.D.** 300 uM 2011
Namovic et al.
FLIPR N.D.** 6.71+0.05uM | N.D.** 2012
Spectrophotometry | 0.6-0.9 mM 0.9-1.2 uM 100 uM Present study

*|Cso for natively expressed mP2X7R in J774.G8 cells.

**N.D. = Not determined
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Abstract

P2X7R is a purinergic receptor that is involved in important physiological
and metabolic functions and also in pathological processes, principally those
related to the inflammatory process. Despite its relevance, until recently there has
not been a selective agonist or antagonist compound useful in the treatment of
diseases linked to P2X7R. In this context, the research for a selective, safe, and
potent compound that can be used in clinical trials has received special attention
from the pharmaceutical’s companies. In this sense, many drugs that are used
today in the treatment of any pathology have chemical structures based on natural
products of some botanical species that have been used in popular medicine for
years. The majority of medicines are extracted from natural products;
approximately 120 pharmaceutical products are derived from plants, and 75% were
discovered from popular medicine. This work was based on a vast investigation of
plant and fungi extracts from different biomes, searching for antagonistic activity on
P2X7R. As a result, after testing 1800 different extracts, we found three from fungi:
8067, 8549, and 8568. Two are from the Antarctic continent: 8549 and 8568, and
another: 8067, is from the Parana coast of- Brazil. First, the IC50 of these extracts
was identified, and with these values tests were performed on some physiological
and metabolic functions of P2X7R, such as the capacity of anionic or cationic pore
formations, release of IL-1B, and production of NO and ROS. The in vivo activity
was also performed in pain and ulcer models. The results showed a promising
antagonistic activity of these extracts on P2X7R, which can be future candidates for
a Bioproduct with potential clinical applicability for treatment of diseases related to
P2X7R.

Keywords: P2X7R, antagonist, Natural Products, drug discovery.



Introduction

P2XR were discovered in the decade of the 90’s with the advance of
molecular biology. There are seven subtypes (P2X1, P2X2, P2X3, P2X4, P2X5,
P2X6, and P2X7) cloned in mammalian cells [1]. P2X7R is expressed in many
systems, including the endocrine, cardiovascular, immune, nervous, respiratory,
reproductive, and digestive systems, in addition to muscular tissues. In the
immune system many cell types were identified, including macrophages,
monocytes, dendritic cells, lymphocytes, and mast cells [1].

When activated, the P2XR allows the passage of ions according to
the electrochemical gradient. The P2X7 receptor (P2X7R) is unique for its ability
to convert from a low conductance channel (~15 ps) to a nonselective pore with
large conductance (~400 PS), which allows the passage of molecules up to
900Da, such as fluorodyes (Yo-Pro 1, Propidium iodide, Lucifer yellow, and
ephedrine bromide) [2].

Until nowadays, the known antagonists of the P2X7 receptor were not
fully understood as they act with different targets in the cell [3]. Research for
new antagonists with specificity for this receptor is necessary due to its crucial
role in many physiological processes, such as the activation of the immune and
inflammatory response; [3], and in the apoptosis and necrosis processes.
Moreover, the participation of P2X7R was suggested in several pathologies,
including Alzheimer’s, Inflammatory diseases, Neuropathic pain, Rheumatoid
Arthritis, Myeloid Acute leukemia, and Diabetes [5]. Additionally, in tumor cells

there is an up-regulation of this receptor [6]; [7];[8].

Since the discovery of Penicillin by Fleming in 1928 from the Penicillium

chrysogenum fungus, the research for biological activity of microorganisms and
3



their secondary metabolites has advanced. Years later, another important
discovery, that of Cyclosporin in 1979, arose from the Tolypocladium inflatum
fungus. This new drug brought a large advance in the medicine of organ
transplantation, as it has an immunosuppressive action on T lymphocytes,

preventing graft disease [9].

Recently, activity against Leishmania and tumor cells was found in an
endophitic Antartic fungus [10]. There is a prevalence of basidiomicetes in the
soil and subglacial enviromment of glaciers, where Cryptococcus liquefaciens
p.e, a yeast of Cryptococcus sp is found. Ascomicetes are rarely found in cold
environments, although they are encountered on frozen contaminated food [11].
On the other hand, a study published by Butinar et al.,, 2011, described the
presence of Ascomicetes in Arctic environments, such as the Metschnikowia
bicuspidata yeast from the Metschnikowia sp genus. Other types of fungus
colonize cold enviromments, like Acarospora algicola, which is present in the
south of Brazil, spefically in Parana [11].

In this study we found three fungus extracts that had promising in
vitro and in vivo activities on the inhibition of P2X7R. This can be applied in the
scenario of the research for a selective compound that can be useful in the

treatment of inflammatory diseases related to P2X7R.



Materials and Methods

Reagents

ATP (adenosine 5'-triphosphate), oxidized ATP (OATP), Brilliant Blue
G (BBG), Propidium lodide (Pl), Lucifer yellow (LY), Triton X-100, HEPES,
NaCl, KCI, MgCl,, CaCl,, Griess reagent modified, LPS from Escherichia coli,
Dihidroetidium (DHE), and RPMI 1640 were purchased from Sigma Chemical
Co., St. Louis, MO (USA). Fetal bovine serum (FBS) was obtained from Gibco
BRL (USA), ELISA Kit for detection of IL-13 was purchased from R&D Systems,
Minneapolis, MN (USA). kit for detection of LDH was purchased from Doles

(Goiania, GO, Brazil).

Cells
J774G8 macrophage murine cell line and U937 human monocyte cell
line were routinely maintained in culture with RPMI 1640 medium supplemented

with 10% fetal bovine serum, at 37°C in a 5% CO, atmosphere.

Animals
In this study utilized male Swiss Mice (20-30 g), obtained from the
central institutional bioterium, and all experimental procedures utilized were

approved by the Ethics Committee for Animal Use of FIOCRUZ (N. 0118/02).

Extracts Treatment
The experimental approach consisted of the measurement of Pl or LY

uptake by J774G8 or U937 cells through P2X7R associated pore. Based on
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this, 4x10° cells/well were plated in a 96 well opaque plate (Falcon), and the
cells were treated with the extracts [100 pg/mL] or the P2X7R competitive
antagonist: BBG [100 uM]. After all treatments, the plate was incubated at 37°C
with atmosphere of 5% of CO, for 15 min. The next step was the treatment with
or without the P2X7R agonist, ATP [5mM], for 10 min at 37°C with an
atmosphere of 5% CO.. Later, Pl [50 nM] or LY [3mM] was added to cell culture
for more 5 minutes, and the plate was read in a spectrophotometer
(SpectraMax M5 -\ of excitement 488 nm and A of reading 590 nm for PI read,
and-A of excitement 485 nm and A of reading 528 nm for LY read). Before each
experiment the medium was changed using an extracellular saline solution (in
mM): 150 NaCl, 5 KCI, 1 MgCI2, 1 CaCl2, and 10 HEPES, pH7.4. The
maximum permebilization control was made using Triton X-100 [0,1%] directly
over the cells. The viability control was made with a cell in the presence of
saline solution only. The extracts that showed a positive activity were tested

again to determinate the ICsy value by a dose-response curve.

Extracts

The extracts tested in this work were obtained by a scientific
collaboration with Dr. Tania Maria de Almeida of the Natural Products
Chemistry Laboratory of Centro de Pesquisas Quimicas René

Rachou/FIOCRUZ, Minas Gerais, Brazil.



ELISA assay for detection of IL-13

The detection of IL-1B in the supernatants of cells previously
incubated by 1 h in the presence or absence of the test extract’s I1Cso and was
performed by the instructions from the ELISA Kit for detection of IL-13 from

R&D Systems, Minneapolis, MN (USA).

Assay for detection of Lactate Dehydrogenase (LDH)

The detection of LDH activity in the supernatants of cells previously
incubated by 24 h in the presence or absence of four times the extract’s 1Cs
and/or more 1h in the presence of ATP was performed by the instructions from

the kit for detection of LDH purchased from Doles (Goiania, GO, Brazil).

Assay for detection of Nitrite

Nitrite, a stable oxidation product of NO, was measured
spectrophotometricaly by adding Griess reagent (Sigma) in the same volume of
cell culture supernatants previously incubated in the presence or absence of the
extract’s 1Cso. After 10-15 minutes at room temperature, the absorbance of the

chromophore was measured at 540 nm (Spectramax M5).

Assay for detection of ROS

The oxidative stress in the J774.G8 and U937 cells after treatments
with the extracts or antagonist (BBG) or agonist (ATP), was measured using the
dihidroetidium (DHE) dye. The protocol was based on the treatment with DHE

[1OnM] for 20 minutes, after all treatments previously described. The



fluorescence was determined using a spectrophotometer (Spectramax M5) at

excitation and emission wavelengths of 490 and 570 nm, respectively.

Electrophysiologic measurements

Whole-cell patch clamp experiments were performed at 37°C by
using an Axopatch-1D amplifier (Axon Instruments). Cells were transferred
to a chamber mounted into a microscope stage. Patch pipettes (with 1.2-mm
outer di-ameter) were pulled from IBBL borosilicate glass capillaries (World
Precision Instruments). Whole-cell configuration was performed as
previously described [14].

Series resistance was 5-11 MQ for all experiments in standard saline
(solution A), and no compensation was applied for currents less than 1500
pA. Above this level, currents were compensated by 88%. Measurements
were discarded when the series resistance increased substantially. MPM
(mean—standard deviation, 34.98-11.03 pF; n=31) cell capacitance was
measured by applying a 20-mV hy-perpolarizing pulse from a holding
potential of 20 mV; capacitive transient was then integrated and divided by
the amplitude of the voltage step (20 mV).

Currents were filtered with a corner frequency of 5 kHz (8-pole
Bessel filter), digitized at 20-50 kHz using a BNC-2110 interface (National
Instruments), and acquired on a personal computer by using Axoscope
software and pCLAMP 9.0 (Axon Instruments). Recordings were then
filtered by using a low-pass digital filter with a cut-off fre-quency of 500 Hz in

the software (WinEDR V2.6.6.; Uni-versity of Strathclyde).



Saline solutions for electrophysiology

Different saline solutions were used in the pipette or in the bath,
depending on the protocol. The bath solution (in mM) consisted of the
following: 150 NaCl, 5 KCI, 1 MgCI2, 1 CaCl2, and 10 HEPES (pH, 7.4); the
pipette solution (in mM) consisted of the following: 150 KCI, 5 NaCl, 1 MgCI2

10 HEPES, and 0.1 EGTA (pH, 7.4).

Drug application

Patch clamp experiments were carried out under perfu-sion (RC-24
chamber, Warner Instrument Corp.) to confirm the data obtained by
micropipette application. All drugs were dissolved in saline solution
immediately before use. lon currents were studied by pulse application of

ATP (from 1 t0 30 s).

Data analysis
All experiments were performed at least three times. The data
presented are mean + S.E.M. Statistical analysis was performed by 1-way

ANOVA. P values of 0.05 or less were considered significant.

Results

Extracts Treatment

In order to verify whether if the extracts had an inhibition of pore
formation of P2X7R, we tested the extracts [100ug/mL] Figure 1, and the
extracts that showed inhibitory activity. Afterward the ICso in J774.G8 Cells:

9



Figure 2, 3 and 4, and in U937 Cells (Figure 5, 6 and 7) was determined. As a
result, observed values obtained from U937 cell treatments were less than
obtained from J774.G8 cells. This demonstrates a possible sensitivity of human
cells to these fungus extracts, which suggests that future treatments in humans
will require only low dosages of these compounds. We also tested the capacity
of the compounds to antagonize the anionic pore, Figure 8. The three studied
fungical extracts showed a pattern of antagonism of this receptor that is
significantly the same as the BBG for both cationic or anionic pore formation,

the known antagonist.

ELISA assay for detection IL-13

As a result, our data suggest a significant inhibition of the release of IL-
18 by the treatment on the ICsy of each fungus extract in relation to control
treated with ATP. These patterns were observed on both J774.G8 and U937,

Figures 9 and 10.

Assay for detection of Lactate Dehydrogenase (LDH)

Our next step was to verify if these fungus extracts could be cytotoxic for
the cells in the 1Cso concentrations. Our data show no significant cytotoxicity of
the three extracts on the J774.G8 or U937 cells, and neither do treatments with

ATP Figures 11 and 12.

Assay for detection of Nitrite
The next step was to evaluate the activity of these three fungical extracts

on a physiologic function related to P2X7R, the production of Nitric Oxide, when

10



the macrophages are activated. As expected, the treatment with our extracts
inhibited the NO production significantly. As such we can conclude that these
compounds antagonize this receptor and its physiologic function, Figure 13 and

14.

Assay for detection of ROS

In Figure 15, as observed in the previous results of assays for detection
of the release of other inflammatory mediators analyzed in this paper, the fungi
extracts tested also demonstrated significant inhibitory activity on the release of

ROS, confirming their anti-inflammatory activity by antagonism of P2X7R.

Electrophysiologic measurements

As shown in Figure 16, the three fungi extracts inhibited the ionic current
formation by the P2X7R activated with ATP [1mM], in a dose dependent
manner, but it is shown that higher or less doses than the 1Cs, values of each
one also had an inhibitory effect. This demonstrates the antagonistic activity of

the extracts in the pore formation of their activated receptor.

Discussion

Nowadays the research for new antagonistic compounds for the P2X7
receptor is more powerful and selective, and has low side effects. The research
has been growing and has gained high financial support from the
pharmaceutical industry [4]. The receptor is implicated with many pathological
processes, and a new antagonist with high security and efficacy could be useful

in the treatment of a diverse set of diseases, including cancer [6].

11



Currently there are many compounds synthesized and patented by large
industry groups, such as the anticonceptional masculine pill (NF449), that acts
on P2X1 receptor that is present in the vas deferens, acting on the contractile
function, preventing the flow of spermatozoa (study in rats). The Clopidogrel:
An antiplatelet currently on the market with action on P2Y2R and the
Minodronic Acid (Astellas Pharma): used for pain treatment, acting on P2X3R.
There are also three compounds that are on clinical trial for the rheumatoid
arthritis treatment, acting on P2X7R (Pfizer: CE-224535, AstraZeneca: AZD-
9056, and Evotec: EVT-401 [4]; [3]. These compounds must be submitted to
clinical trials to elucidate the side effects and toxicicity. Thereby, any advance
on the research for new antagonists to P2X7R will certainly gain the clinical and

pharmaceutical interests.

In this context, our study has high relevance and is supported by the
antagonistic potential activity to P2X7R related to the fungus extracts studied
(8067, 8549, and 8568). We confirm the previous statement based on the
results in this work, which showed the significant inhibitory activity of the
extracts on the cationic or anionic pore formations, as the inhibition of the IL-1
release, which pathway is also modulated by the P2X7R receptor [12]. Another
pathway related to the activation of P2X7R, that of Nitric Oxide production [13],
was also inhibited by these fungical compounds; the same result was observed
in the ROS detection assay. And to evaluate a putative pharmacological
inhibitory effect of these extracts on the P2X7R, we performed an
eletrophysiological measurement, which reveals a significant inhibition of its

extracts on the ionic current formation by the P2X7R associated pore, which

12



reveals an inhibitory effect in the opening of this pore. Together, our results

demonstrated an inhibitory effect of these compounds with low cytotoxicity until

four times the ICs of each extract, as it was shown by the LDH release test.

These results certainly will take the attention of pharmaceutical

companies to elaborate a bioproduct in the future, which could be useful in the

clinic for the treatment of diseases modulated by its receptor.
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Legends to figures:

Figure 1: Extracts Treatment. J774.G8 cells were subjected to the following treatment
scheme: (a) Cell + Pl., (b) cell + Triton 0.1% + PI., (c) Cell + ATP [5 mM] + PI., (d) Cell
+ BBG [100 nM] + ATP [5 mM] + PI., (e) Cell + BBG [100 nM] + PL., (f) Cell + DMSO
0.05% + PL., (g) Cell + extract 8067 [100 ug/mL] + PI., (h) Cell + extract 8067 [100
pg/mL] + ATP [5 mM] + PL., (i) Cell + extract 8549 [100 ug/mL] + PIL., (j) Cell + extract
8549 [100 pg/mL] + ATP [5 mM] + PL., () Cell + extract 8568 [100 pg/mL] + Pl., (m)
Cell + extract 8568 [100 pg/mL] + ATP [5 mM] + PI. Date present as mean + S.D. Of
three independent experiments. The result was analyzed by ANOVA and Turkey *
p<0,05

Figure 2: Curve dose-response of 8067 in J774.G8 Cells. Cells were treated with the
extract in a range of [100 pg/mL — 2 ng/mL] + ATP [5 mM] + PI. Date represents mean
+ S.D. Of three independent experiments. The result was analyzed by ANOVA and
Turkey * p<0,05.

Figure 3: Curve dose-response of 8549 in J774.G8 Cells. Cells were treated with the
extract in a range of [100 pug/mL — 2 ng/mL] + ATP [5 mM] + Pl Date represents mean
+ S.D. Of three independent experiments. The result was analyzed by ANOVA and
Turkey * p<0,05.

Figure 4: Curve dose-response of 8568 in J774.G8 Cells. Cells were treated with the
extract in a range of [100 pg/mL — 2 ng/mL] + ATP [5 mM] + PI Date represents mean
+ S.D. Of three independent experiments. The result was analyzed by ANOVA and
Turkey * p<0,05.

Figure 5: Curve dose-response of 8067 in U937 Cells. Cells were treated with the
extract in a range of [100 pg/mL — 2 ng/mL] + ATP [5 mM] + PI Date represents mean
+ S.D. Of three independent experiments. The result was analyzed by ANOVA and
Turkey * p<0,05.

Figure 6: Curve dose-response of 8549 in U937 Cells. Cells were treated with the
extract in a range of [100 pg/mL — 2 ng/mL] + ATP [5 mM] + PI Date represents mean
+ S.D. Of three independent experiments. The result was analyzed by ANOVA and
Turkey * p<0,05.

Figure 7: Curve dose-response of 8568 in U937 Cells. Cells were treated with the
extract in a range of [100 pg/mL — 2 ng/mL] + ATP [5 mM] + PI Date represents mean
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+ S.D. Of three independent experiments. The result was analyzed by ANOVA and
Turkey * p<0,05.

Figure 8: Lucifer Yellow uptake assay of J774.G8 Cells. J774.G8 cells were subjected
to the following treatment scheme: (a) Cell + LY., (b) Cell + DMSO 0.05% + LY., (c) cell
+ Triton 0.1% + LY., (d) Cell + ATP [5 mM] + LY., (e) Cell + BBG [100 nM] + LY., (f)
Cell + BBG [100 nM] + ATP [5 mM] + LY., (g) Cell + extract 8067 [100 pg/mL] + LY., (h)
Cell + extract 8549 [100 pg/mL] + LY., (i) Cell + extract 8568 [100 pg/mL] + LY., (j) Cell
+ extract 8067 [100 pg/mL] + ATP [5 mM] + LY., (I) Cell + extract 8549 [100 pg/mL] +
ATP [5 mM] + LY, (m) Cell + extract 8568 [100 pg/mL] + ATP [5 mM] + LY. Date
represents mean + S.D. Of three independent experiments. The result was analyzed
by ANOVA and Turkey * p<0,05.

Figure 9: ELISA for IL-18 detection of J774.G8 Cells. The supernatant of Cells
previously treated with the following scheme were analyzed: (a) Cells without
treatments., (b) Cells + DMSO 0.05%., (c) Cells + ATP [5 mM]., (d) Cells + BBG [100
nM]., (e) Cells + BBG [100 nM] + ATP [5 mM]., (f) Cells + extract 8067 [2.1 pg/mL]., (9)
Cells + extract 8549 [2.6 ug/mL]., (h) Cells + extract 8568 [3.8 ug/mL]., (i) Cells +
extract 8067 [2.1 ug/mL] + ATP [5 mM]., (j) Cells + extract 8549 [2.6 ug/mL] + ATP [5
mM]., (I) Cells + extract 8568 [3.8 pg/mL]. Date represents mean + S.D. Of three
independent experiments. The result was analyzed by ANOVA and Turkey * p<0,05

Figure 10: ELISA for IL-1B detection of U937 Cells. The supernatant of Cells
previously treated with the following scheme were analyzed: (a) Cells without
treatments., (b) Cells + DMSO 0.05%., (c) Cells + ATP [5 mM]., (d) Cells + BBG [100
nM]., (e) Cells + BBG [100 nM] + ATP [5 mM]., (f) Cells + extract 8067 [0.69 ug/mL].,
(g) Cells + extract 8549 [0.92 ug/mL]., (h) Cells + extract 8568 [1.5 ug/mL]., (i) Cells +
extract 8067 [0.69 ug/mL] + ATP [5 mM]., (j) Cells + extract 8549 [0.92 ug/mL] + ATP
[5 mM]., () Cells + extract 8568 [1.5 ug/mL]. Date represents mean + S.D. Of three
independent experiments. The result was analyzed by ANOVA and Turkey * p<0,05.

Figure 11: Assay for LDH of J774.G8 Cells. The supernatant of Cells previously
treated by 24 h with four times the IC5 of each extract were analyzed: (a) Cells without
treatments., (b) Cells + DMSO 0.05%., (c) Cells + Triton 0.1%., (d) Cell + ATP [5 mM].,
(e) Cell + BBG [100 nM]., (f) Cell + BBG [100 nM] + ATP [5 mM]., (g) Cell + extract
8067 [8.4 pug/mL]., (h) Cell + extract 8067 [8.4 ug/mL] + ATP [5 mM]., (i) Cell + extract
8549 [10.4 ug/mL]., (j) Cell + extract 8549 [10.4 ug/mL] + ATP [5 mM]., (I) Cell + extract
8568 [15.2 pg/mL]., (m) Cell + extract 8568 [15.2 pg/mL] + ATP [5 mM]. Date
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represents mean + S.D. Of three independent experiments. The result was analyzed
by ANOVA and Turkey * p<0,05.

Figure 12: Assay for LDH of U937 Cells. The supernatant of Cells previously treated
by 24 h with four times the ICsy of each extract were analyzed: (a) Cells without
treatments., (b) Cells + DMSO 0.05%., (c) Cells + Triton 0.1%., (d) Cell + ATP [5 mM].,
(e) Cell + BBG [100 nM]., (f) Cell + BBG [100 nM] + ATP [5 mM]., (g) Cell + extract
8067 [2.76 pg/mL]., (h) Cell + extract 8067 [2.76 pg/mL] + ATP [5 mM]., (i) Cell +
extract 8549 [3.68 ug/mL]., (j) Cell + extract 8549 [3.68 pg/mL] + ATP [5 mM]., (I) Cell +
extract 8568 [6.0 pug/mL]., (m) Cell + extract 8568 [6.0 ug/mL] + ATP [5 mM]. Date
represents mean + S.D. Of three independent experiments. The result was analyzed
by ANOVA and Turkey * p<0,05.

Figure 13: Nitrite Detection of J774.G8 Cells. The supernatant of Cells previously
treated with the following scheme were analyzed: (a) Cells without treatments., (b)
Cells + DMSO 0.05%., (c) Cells + LPS [1 pg/mL]., (d) Cell + ATP [5 mM]., (e) Cell +
BBG [100 nM]., (f) Cell + BBG [100 nM] + ATP [5 mM]., (g) Cell + extract 8067 [2.1
pg/mL]., (h) Cell + extract 8067 [2.1 pg/mL] + ATP [5 mM]., (i) Cell + extract 8549 [2.6
pg/mL]., (j) Cell + extract 8549 [2.6 ug/mL] + ATP [5 mM]., (I) Cell + extract 8568 [3.8
pg/mL]., (m) Cell + extract 8568 [3.8 pg/mL] + ATP [5 mM]. Date represents mean +
S.D. Of three independent experiments. The result was analyzed by ANOVA and
Turkey * p<0,05.

Figure 14: Nitrite Detection of U937 Cells. The supernatant of Cells previously treated
with the following scheme were analyzed: (a) Cells without treatments., (b) Cells +
DMSO 0.05%., (c) Cells + LPS [1 pg/mL]., (d) Cell + ATP [5 mM]., (e) Cell + BBG [100
nM]., (f) Cell + BBG [100 nM] + ATP [5 mM]., (g) Cell + extract 8067 [0.69 pg/mL]., (h)
Cell + extract 8067 [0.69 ug/mL] + ATP [5 mM]., (i) Cell + extract 8549 [0.92 ug/mL]., (j)
Cell + extract 8549 [0.92 pg/mL] + ATP [5 mM]., (I) Cell + extract 8568 [1.5 ug/mL]., (m)
Cell + extract 8568 [1.5 pg/mL] + ATP [5 mM]. Date represents mean + S.D. Of three
independent experiments. The result was analyzed by ANOVA and Turkey * p<0,05.

Figure 15: ROS Detection of J774.G8 Cells. After the following treatments, the cells

were labeled with DHE and the ROS detection was assayed. (a) Cells without

treatments., (b) Cells + H,O, 20%., (c) Cell + ATP [5 mM]., (d) Cell + BBG [100 nM].,

(e) Cell + BBG [100 nM] + ATP [5 mM]., (f) Cell + extract 8067 [2.1 ug/mL]., (g) Cell +

extract 8549 [2.6 ug/mL]., (h) Cell + extract 8568 [3.8 ug/mL]., (i) Cell + extract 8067

[2.1 pg/mL] + ATP [5 mM]., (j) Cell + extract 8549 [2.6 ug/mL] + ATP [5 mM]., (I) Cell +
16



extract 8568 [3.8 pg/mL] + ATP [5 mM]. Date represents mean + S.D. Of three
independent experiments. The result was analyzed by ANOVA and Turkey * p<0,05.

Figure 16: Electrophysiologic measurements. The J774.G8 cells were treated with
diferent concentrations of each fungi extracts to evaluate te inhibitory effect of them on
the ionic current formation by the opened pore related to the activation of the P2X7R.
Date represents mean + S.D. Of three independent experiments. The result was
analyzed by ANOVA and Turkey * p<0,05.
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Fig.3

Dose-response curve 8549
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Fig.5

Dose-response curve 8067
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Fig.7

Dose-response curve 8568
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Fig.11
LDH ASSAY (J774.G8 Cells)
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Fig.13

Griess Assay (J774.G8)
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Fig.15

ROS (J774.G8)
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Abstract

The search for new drugs with less side effects and more efficacy to treat
inflammatory diseases continues to be a challenge difficult to solve. Among the
drugs used today to treat these diseases, nonsteroidal anti-inflammatory drugs
are widely used as the first line treatment for these diseases, although their
major side effect is ulcer formation in the gastric system, which is another
disease that is related to an increase in the patient’s morbidity and mortality
rates, and its treatment is based on the prescription of less safe drugs. In this
context, we analyzed the analgesic, anti-inflammatory, and gastroprotective
activities of three fungi extracts that showed an antagonistic activity /n vitro on
the P2X7R, which is a purinergic receptor that is physiologically activated by
ATP released from apoptotic or necrotic cells during an inflammatory process.
The activation of its receptor is related to the release of pro-inflammatory
citokines, i.e. IL-1B and other inflammatory mediators as NO and ROS. We
tested these extracts using in vivo mice models to the neuropathic and
inflammatory pain and ulcer by 70% ethanol. Our results demonstrated both
analgesic and anti-inflammatory activities, in addition to a protective effect on
the gastric epithelium of the treated animals. Our results could take the attention
of pharmaceutical laboratories that are searching for a compound with these
activities to synthesize a byproduct that could be useful in the clinical

treatments.

Keywords: P2X7R, analgesic, anti-inflammatory, ulcer, antagonist.



Introduction

The Purinergic receptors are activated by extracellular purines and
pyrimidines, are subdivided into two classes, the P2Y and P2X receptors.
Among the P2X receptors is included the P2X7 receptor, which is widely
expressed in hematopoietic lineage cells and in some Central Nervous System
cell types. Among these cell types, we can cite: mast cells, erythrocytes,
monocytes, macrophages peripheral dendritic cells, B and T lymphocytes,
Langerhans cells, microglia, Schwann cells, and astrocytes [1].

There are many agonists featured to P2XR [2], but ATP is the only one
that activates the P2X7 receptor under physiological conditions, and with no
pathological conditions its concentration in the extracellular environment is low.
The higher concentrations of ATP in the extracellular space are related to
pathological conditions, when cells that store ATP in the cytoplasm at higher
concentrations than the extracellular space tend to release it, leading to an
activation of the P2X7 receptor. This release represents a danger signal, since
its activation occurs in the process where cellular death is occurring by
apoptosis, or necrosis that are typically related to the inflammatory process.
Beyond that, the P2X7R is activated in the range of millimolar concentration,
differently from the other P2X receptors, which are activated in the range of
micromolar concentrations [3];[1];[2].

The activation of its receptor is related to activation of many intracellular
signal pathways, some of which result in the release of inflammatory mediators
such as cytokines IL-1B, IL-6, IL-18, and tumor necrosis factor-a (TNF-a). This
also mediates the apoptosis in polymorph nuclear cells and induces the
formation of giant multinucleated cells. The exposure of the P2X7R to high
concentrations of ATP [>100Mm] or for a long period of time results in the
opening of a membrane pore that allows the uptake of molecules up to 900 Da
[4].

The release of these inflammatory mediators by the P2X7R activation

contributes to the intensification of certain destructive processes, leading to the
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destruction of tissue and structures such as cartilage, as it occurs in the context
of rheumatoid arthritis [5]. In this case, that are many studies reporting the use
of synthetic compounds with antagonistic effects on the P2X7R in the treatment
of rheumatoid arthritis [2] [10].

The role of ATP as a neurotransmitter is already known, as is its
participation in the acute and chronic nociception context [2] [10]. Among the
P2X receptors involved in this process, the P2X7R is seen as a promising target
since its activation leads to the superoxide products released, which act on the
peripheral nerve cells, thereby contributing to the sensorial transduction of
neuropathic pain [6]. Previous studies have shown the participation of the
P2X7R in the context of pain and inflammation [4];[7], and our group also
studied the participation of its receptor in the context of inflammatory pain and

ulcers [8].

Gastric ulcers are intrinsically related to an imbalance between the
production of chloridric acid and pepsin and the secretion of protective factors
that protect the gastric mucosa, i.e. bicarbonate, mucus, prostaglandins,
polyamines, nitric oxide, dopamine, and sulphydryl compounds. However, the
major factors that lead to the development of gastric ulcer are associated with
the H. pylori infections and the use of nonsteroidal anti-inflammatory drugs [9].
The search for safer drugs to treat this disease has taken special attention, and
natural products have been identified as a source to find new safer
gastroprotective compounds [10]. In the context of purinergic signaling, the
activation of P2 receptors, their relationship with gastric ulcer pathology, and
their contributions on the nociceptive signaling were also described [10].

The search for an antagonistic molecule has been the focus of many
research groups and pharmaceutical laboratories around the world [10]. Thus,
the natural products emerge as a source for discovery of novel effective
molecules with inhibitory effects on the P2X receptors. In this study, we
described the anti-inflammatory, analgesic and the gastroprotective activities of
three fungi extracts, two obtained from the Antartic environment (8549 and
8568) and one from the south coast of Brazil (8067). The search for a molecule



with these characteristics is the current goal of many scientific groups and
pharmaceutical companies to elaborate an effective compound that could be
useful in the clinical treatments of inflammatory diseases, pain disorders, and

gastroprotection [11].
Materials and Methods

Extracts

Natural Products Chemistry Laboratory of Centro de Pesquisas Quimicas René
Rachou/FIOCRUZ - Minas Gerais — Brazil.

Biochemical Analysis

We collected the blood from the animals submitted to the ulcer
experimental protocol and after centrifugation. The serum was acquired and
utilized for the biochemical analysis to evaluate the subclinical toxicity through
the investigation of the hepatic and renal damage on their functions. We
analyzed the blood levels of AST (Aspartate Aminotransferase), ALT (Alanine
Aminotransferase), which are two markers to evaluate the hepatic function.
Also investigated were creatinine (an ammonia byproduct, which is excreted by
the functional kidneys) blood levels. These assays were performed using
biochemical assay kits pursached from Labtest, Lagoa Santa, Minas Gerais,
Brasil.

Animals

Adult male Swiss Webster mice weighing 20—30 g were obtained from
the Animal Breeding Unit, Oswaldo Cruz Foundation and housed in the animal
facilities of Pavilhdo Hélio Peggy, Oswaldo Cruz Institute, Oswaldo Cruz
Foundation with free access to food and water. All experimental protocols were
approved (protocols L-002-08 and L-0260-05) by the Institutional Animal
Welfare Committee



Ulcer Model

The animals (male Swiss mice with 20-30g) were maintained by
deprivation of food and free access to water for 24 h. After which these animals
were separated into groups of eight animals each. One group was orally treated
with 8067’s extract [200 pg/mL]; another with 8549’s extract [200 pg/mL] and
another with 8568’s extract [200 pg/mL]. The control groups were treated with
25 mg/Kg of Lansoprazole or saline or the P2X7R antagonist: BBG [100
mg/Kg]. After 30 minutes of treatment, they were orally treated with 200 pL of
Ethanol [70% v/v]. Then, three hours later, all animals were euthanatized and

the stomachs were opened and examined to count the number of ulcerations.

Pain Model

The animals (male Swiss mice with 20-30Qg), were separated by groups with
eight animals each. The treatments with the extracts were orally as described in
the ulcer protocol. We utilized as controls: one group orally treated with Sodium
Diclofenac [50 mg/Kg], an anti-inflammatory drug, and another group
intraperitoneally treated with Morphin [10 mg/Kg], an analgesic drug. After one
hour of treatment, all animals received a formalin injection into the hind paw (the
pain inductor agent) and the time that each animal spent licking the hind paw
was counted at 0 to 5 minutes to analyze the activity of these extracts on the
neuropathic pain, and again after 15 to 30 minutes to evaluate the activity of the

treatments on inflammatory pain.
Histological assessment

Stomachs from ulcer model were fixed at 10% neutral-buffered formalin,
then sectioned and embedded in paraffin. Sections (4um ) were deparaffinized,
stained with haematoxylin and eosin, and then examined under a light

microscope to evaluate the occurrence of ulcer areas in the tissue slices.

Results

With the aim to investigate the action of these three fungi extracts in the

context of neuropathic pain, inflammatory pain and gastric ulcer formation
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through the inhibition of the P2X7R. We applied the methodologies previously
described and obtained the following results: as shown in the Figure 1, the
fungus extracts: 8067 and 8549 demonstrated a significant inhibitory effect on
the neuropathic pain, and this effect was more potent than that promoted by the
commercial drug (Sodium Diclofenac) or the competitive antagonist of P2X7R
(BBG). But in the context of the inflammatory pain, the three extracts: 8067,
8549, and 8668, were significantly efficient on the inhibition of this pain. This
shows an analgesic effect related to these extracts, probably by inhibition of the
release of inflammatory mediators, as shown by previous studies [4]; [5].
Further, all extracts tested in this work, as shown in Figure 2, demonstrate a
significantly gastroprotective activity, and it was more effective than that of the
commercial drug (Lanzoprazole) or that of the competitive antagonist (BBG) in
the presence of 70% Ethanol. These results were confirmed with the pictures of
stomach lesions Figure 6-7 and also through the histological assessment
Figure 8-9, which demonstrated that the previous treatment with the three
fungus extracts, significantly decreased the ulcer formation evoked by 70%
Ethanol. The BBG had a clear gastroprotective activity, which was the same as
that of Lanzoprazole, indicate a possible mechanism which links the P2X7R and
the mechanisms that lead to the development of ulcers. Additionally we
performed some tests of subclinical toxicity with the blood collected from the
animals in the experimental day, and we utilized them to evaluate the
biochemistry dosage of creatinine, AST, and ALT. As illustrated in Figures 3
and 4, these extracts did not damage the liver, since the blood levels of these
hepatic enzymes shown no difference in relation to the saline control group. The
same was observed with the blood levels of creatinine Figure 5. Thus, the
tested extracts here were not toxic to the animals, and these natural
compounds demostrated efficacy and security in vivo.

Discussion

The search for a safe new molecule to effectively treat inflammatory
diseases, pain disorders, and gastric ulcers, without increased side effects has

been the main interest of many research groups a pharmaceutical laboratories



worldwide [6]. In this context the natural products emerge as a source of
molecules that can be applied in these treatments [6].

Based on the reasons above, our main interest of these studies was to
evaluate the activity of three fungi extracts by inhibition of a purinergic receptor
(P2X7), whose activation is known to correlate with the development process of
diseases that afflict a high percentage of the worldwide population: the
inflammatory diseases, pain disorders, and gastric ulcers [6]; [8];[9].

The activity and half inhibitory concentration of these extracts were
accessed in one of our previous studies (unpublished data). In the mentioned
study we evaluated the activity of these extracts in animal models that mimic
the context of inflammation, pain, and gastric ulcers. Regarding the neuropathic
pain, only two extracts demonstrated inhibition (8067 and 8549), but in the
inflammatory pain context, all three extracts (8067,8549, and 8568) showed a
significant inhibition of this pain. The data confirm our previous findings that
showed the inhibitory activity of these extracts on physiologic pathways related
to the activation of P2X7R, i.e. the release of IL-1beta and other inflammatory
mediators (NO and ROS). Based on these data, we can confirm the
participation of the receptor in the inflammatory context and the anti-
inflammatory activity of these extracts, in addition to the antagonistic effect on
P2X7R. The extract 8568 was not able to inhibit the neuropathic pain because
the mechanisms and the context between the neuropathic and inflammatory
pain are different, them this extract can be selective to act in the inflammatory

context, including the pain.

Neuropathic pain can be evoked by the action of superoxide radicals in
peripheral nervous terminations, as we noted in our previous study, and the
antagonistic activity of these extracts on P2X7R are capable of inhibiting the
release of superoxide radicals by inhibition of the receptor. This suggests the

inhibitory mechanism of the extracts 8067 and 8568 in neuropathic pain.

One of the factors that leads to gastric ulcer formation is the use of
nonsteroidal anti-inflammatory, which causes an inhibition on the secretion of

prostaglandins that act on the protection of the gastric epithelium. The extracts
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tested in this study show a significant inhibition of gastric ulcer formation,
showing a possible mechanism through the inhibition on the acid gastric
secretion or other mechanism, including the overt release of production’s

factors, like mucus, as we observed in the gastric epithelium photographs
(fig.7).

Together, our findings indicate the discovery of three natural compounds
with potential activities, which could be applicable in the scenario of drug
discovery and treatment of inflammatory diseases, with analgesic and
gastroprotective actions.

Legends

Figure 1: Pain Model. In this model both neuropathic and inflammatory pain
were analyzed, with the count of the paw licking. The animal groups were
subdivided as: a) Saline; b) Morphin [10mg/kg]; c) diclofenac [50mg/kg]; d) BBG
[100mM]; e) Extract 8067 [200uL/mL]; f) Extract 8549 [200uL/mL]; and G)
Extract 8568 [200uL/mL]. Date represents mean + S.D. of five independent
experiments. The result was analyzed by ANOVA and Turkey * p<0,05.

Figure 2: Ulcer Model. The protective effect of the three fungi extracts was
tested by challenge with 70% Ethanol. The animal groups were subdivided as
a) Saline; b) Ethanol 70%; c) Lansoprazole + 70% Ethanol; d) BBG [100nM]; e)
BBG [100nM] + 70% Ethanol; f) Extract 8067 [200uL/mL]; g) Extract 8549
[200uL/mL]; h) Extract 8568 [200uL/mL]; i) Extract 8067 [200uL/mL] + 70%
Ethanol; j) Extract 8549 [200uL/mL] + 70% Ethanol ; I) Extract 8568 [200uL/mL]
+ 70% Ethanol . Date represents mean + S.D. of five independent experiments.
The result was analyzed by ANOVA and Turkey * p<0,05.

Figure 3: AST quantification was made with the blood collected in the
experimental day of the ulcer assay. As shown, the extracts 8067,8549 and
8568 were not toxic to the animals, even with co-treatment with 70% Ethanol.
Date represents mean + S.D. of three independent experiments. The result was
analyzed by ANOVA and Turkey * p<0,05.



Figure 4: ALT quantification was analyzed in the blood collected in the
experimental day of the ulcer assay. The same pattern showed in the AST
quantification result was present here, confirming the non-hepatic toxicity of
these extracts. Date represents mean + S.D. of three independent experiments.
The result was analyzed by ANOVA and Turkey * p<0,05.

Figure 5: Creatinine quantification assay was performed to evaluate a possible
renal toxicity. Interestingly, it was not found, and it confirmed the non toxicity
and the security, in vivo, of the future use of these compounds in other animal
models. Date represents mean + S.D. of three independent experiments. The
result was analyzed by ANOVA and Turkey * p<0,05.

Figure 6: Image of Ulcer Lesions in the Stomach Epthelium of control groups: a)
Saline; b) Lansoprazole [25mg/Kg] + 70% Ethanol; ¢) 70% Ethanol; d) BBG
[100mg/Kg]; e) BBG [100mg/Kg] + 70% Ethanol. We recorded by photography
of the stomach of animals after 30 min. Of treatment with the extracts and the
challenge with 70% Ethanol. Date represents mean + S.D. of three independent
experiments. The result was analyzed by ANOVA and Turkey * p<0,05.

Figure 7: Image of Ulcer Lesions in the Stomach Epthelium of extract treated
groups: a) 8067 [200 pg/mL]; b) 8067 [200 pg/mL]; + 70% Ethanol; c) 8549
[200 pg/mL]; d) 8549 [200 pg/mL] + 70% Ethanol; e) 8568 [200 ug/mL]; f) 8568
[200 pg/mL] + 70% Ethanol;. We recorded by photography of the stomach of
animals after 30 min. of treatment with the extracts and the challenge with 70%
Ethanol. Date represents mean + S.D. of three independent experiments. The
result was analyzed by ANOVA and Turkey * p<0,05.

Figure 8: Histological assessment of Ulcer Lesions in the Stomach Epthelium of
control groups: a) Saline; b) Lansoprazole [25mg/Kg] + 70% Ethanol; ¢) 70%
Ethanol; d) BBG [100mg/Kg]; e) BBG [100mg/Kg] + 70% Ethanol. Of treatment
with the extracts and the challenge with 70% Ethanol. Date represents mean +
S.D. of three independent experiments. The result was analyzed by ANOVA
and Turkey * p<0,05.
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Figure 9: Histological assessment of Ulcer Lesions in the Stomach Epthelium of
extratct treated groups: a) 8067 [200 ug/mL]; b) 8067 [200 ug/mL]; + 70%
Ethanol; c) 8549 [200 ug/mL]; d) 8549 [200 pg/mL] + 70% Ethanol; e) 8568 [200
ug/mL]; f) 8568 [200 pg/mL] + 70% Ethanol. Of treatment with the extracts and
the challenge with 70% Ethanol. Date represents mean + S.D. of three
independent experiments. The result was analyzed by ANOVA and Turkey *
p<0,05.
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Discussao

Neste trabalho, primeiramente, foi padronizada uma metodologia que
servira de ferramenta para o campo da pesquisa de novos antagonistas, ou
agonistas, para o P2X7R. Essa nova metodologia esta baseada na propriedade
desse receptor de abrir um poro seletivo para moléculas de até 900 Da quando
exposto a concentragcdes de ATP extracelular acima de 100 uM (Burnstock
2009). Ainda nao se sabe a origem desse poro, se € o canal ibnico que se
dilata, ou uma proteina diferente do canal, porém, estdo interligados de alguma
forma. Também, alguns autores relatam a ligacao desse poro com a Panexina-
1 (Locovei et al. 2007), se sdo poros com mecanismos distintos e seletivos
para moléculas catiébnicas ou anidnicas (Schachter et al. 2008). Porém nos
nossos dados observamos que nossa metodologia ndo evidenciou a correlacéo
entre o poro ativado pelo P2X7R e o canal de Panexinal, de acordo com um
experimento de permeabilizacdo, onde utilizamos um antagonista para
Panexina 1, a mefloquina. Esse dado corrobora com um trabalho publicado por
Cankurtaran-Sayar et al. (2009), onde observaram a permeabilizacdo de
corantes em macrofagos nocautes para Panexina 1 quando tratados com o
ATP, o que evidenciou a atividade do poro formado pelo P2X7R na auséncia
do canal de Panexina 1. Além disso, eles utilizaram células HEK-293
transfectadas com o P2X7R e o mesmo perfil foi obtido. Também cabe
ressaltar que apenas a ativacdo do poro formado pelo P2X7R ativa vias de
sinalizacao intracelular, que leva a producdo e liberacdo de citocinas e

mediadores pro-inflamatorios (Pelegrin 2011).

Atualmente, baseando-se na propriedade de formacdo do poro desse
receptor, existem diversas técnicas ja padronizadas, ou sendo padronizadas,

para determinacao do ICsy de moléculas com possivel atividade antagonista.
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As mais utilizadas, porém, sdo a analise de incorporagdo de corantes de até
900 Da através da microscopia de fluorescéncia ou por citometria de fluxo.
Essas técnicas ndo permitem uma andlise de varios compostos ao mesmo
tempo com rapidez na obtencdo e analise dos resultados. Logo, para a
montagem de uma metodologia baseada no “high throughput screening” (HTS)
triagem de alta eficiéncia, essas técnicas nao poderiam ser utilizadas.
Pensando nisso, padronizamos uma metodologia que pode ser aplicada numa
plataforma de HTS, a qual foi validada quando os dados obtidos através do
experimento com esse novo protocolo demonstrou resultados semelhantes aos
obtidos com a técnica de microscopia de fluorescéncia, como demonstrado no

NOSSO primeiro manuscrito.

Além disso, observando o quadro 1 do primeiro manuscrito, os valores
de ICso € EC5p obtidos para os respectivos antagonistas e agonista utilizados
neste trabalho, ficaram dentro do valor descrito na literatura para inibicao
especifica do P2X7R. Adicionalmente, nosso resultado de microscopia de
fluorescéncia prova que, na presenca do antagonista especifico para o P2X7R
(ATP Oxidado), nao houve a incorporacao do corante catibnico pelas células
tratadas com 5mM de ATP, assim como houve a inibicdo significativa da
incorporagcdo na presenca do outro antagonista reversivel na dose
correspondente a utilizada para inibir o P2X7R. Esses dados confirmam o perfil
agonista e antagonista desses compostos para o P2X7R, como ja descrito na
literatura (Burnstock 2009), o que permite a aplicabilidade desse novo método

para avaliar a possivel inibicao deste receptor.

Logo, podemos concluir que esta técnica € mais accessivel, pois

dispensa um investimento pesado na aquisicdo de equipamentos e permite a
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analise simultanea de varios compostos ao mesmo tempo em relagdo a outras
metodologias, pois se baseia na técnica de espectrofotometria com a utilizacdo
de uma placa opaca de 96 pocos. Dessa forma, acreditamos que a publicacao
desse manuscrito podera ajudar na pesquisa por novos e seletivos agonistas
e/ou antagonistas para o P2X7R, que possam ser futuramente aplicados na
clinica para o tratamento de doencas relacionadas a este receptor, o que tém
sido o objetivo de muitos grupos de pesquisa e laboratérios farmacéutico pelo

mundo (Gunosewoyo et al. 2010).

Apos a padronizagdo da metodologia, testamos 1800 extratos cedidos
através de colaboracao cientifica com o Laboratério de Quimica de Produtos
Naturais (LPQN) — CPgRR — FIOCRUZ - MG. O LPQN possui uma extratoteca
com mais de 12.000 extratos cedidos no regime de confidencialidade. Os
extratos foram plaqueados em placas de polipropileno de fundo “v’ na
concentracdgo de 2 mg por poco. Ao chegarem, os extratos foram
ressuspendidos em solucdo salina extracelular com 1% DMSO para que
fossem utilizados nos tratamentos em células J774.G8, na concentracdao de
100 pg/mL. Os extratos que demonstraram atividade nessa concentragao foram

eleitos para a segunda fase da triagem, para determinacdo dos valores de

ICs0, seguindo o organograma abaixo:
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Quadro 2: Organograma da metodologia utilizada

Extratos
na concentragao
de 100 ug/mL

Leitor de placas 12 Triagem

permeabilizagao
Extratos sem
atividade

Extratos com
atividade

Identificacao
de IC5

Eletrofisiologia

Dos 1800 extratos testados, apenas trés extratos apresentaram

22 Triagem

atividade nessa faixa de corte, inibindo significativamente a captacéo de iodeto
de propideo, em relacao ao controle tratado com 5 mM de ATP (agonista) e
ndao mostrando significativa diferenca com o controle tratado apenas com o
corante. Os trés extratos ativos foram obtidos de fungos, dois originarios da
Antartica (8549 = Cryptococcus vitoriae e 8568 = Metschnikowia australis) e um
do sul do Brasil (8067 = fungo algicola a ser identificado). Esse resultado
possui uma caracteristica altamente inovadora, pois até 0 momento so6 existe o
trabalho de Santiago et al. (2012), que demonstrou as atividades dos extratos
de fungos antarticos pertencentes aos géneros Alternaria, Antarctomyces,
Cadophora, Davidiella, Helgardia, Herpotrichia, Microdochium, Oculimacula,
Phaeosphaeri, em modelos usando promastigotas de Leishmania amazonensis

e células tumorais UCC-62 (melanoma), MCF-7 (mama) e TK-10 (renal).
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Porém, ndo ha, até o presente momento, nenhum trabalho na literatura que

relate a acdo biolégica dos fungos estudados no presente trabalho.

Para determinacdo dos valores de ICso utilizamos, além de células
J774.G8, células de linhagem humana (U937), para avaliar a possivel diferenca
no perfil inibitério desses extratos fungicos entre espécies diferentes, e se eles
seriam ativos sobre a linhagem humana, o que despertaria o interesse no
prosseguimento na pesquisa destes com possibilidade de futura aplicabilidade
clinica. Os valores de ICs, obtidos nos testes in vitro com células de linhagem
humana U937 foram menores dos que encontramos nos testes com a linhagem
de células macrofagicas murinas J774.G8, conforme demonstrado no segundo
manuscrito e na tabela abaixo. Esse dado prova que células humanas sao
mais sensiveis ao tratamento com esses extratos; sendo assim, serdo
necessarias doses minimas para se obter o efeito desejado, caracteristica vital
que um bioproduto ou composto sintético deve ter para atrair a atencao da

pesquisa clinica e da industria farmacéutica.

Tabela 4: 1Csy dos fungos estudados nesse trabalho.

J774.G8 U937
FUNGO (Camundongo)| (Humano)
Cryptococcus vitoriae |3.8 pg/mL 1.5 ug/mL
Metschnikowia
australis 2.6 ng/mL 0.92 ug/mL
fungo Algicola (UFMG-
3270) 2.1 ug/mL 0.69 pg/mL

Vale ressaltar que ha estudos na literatura que também relatam a
diferenca de ICso entre espécies diferentes, como por exemplo, o trabalho de

Hibell et al.2001, no qual o autor faz uma comparacdo entre respostas de
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células transfectadas com P2X7R de rato, camundongo ou humano ao
tratamento com os principais antagonistas utilizados para esse receptor. Como
conclusdo, ele relata as diferencas de poténcia desses antagonistas (ICso)
entre essas espécies. O mesmo perfil de diferenca de poténcia entre espécies
foi observado em outros artigos, inclusive, quando tratam de moléculas novas

com promissora agao sobre o P2X7R. (Coddou et al. 2011).

Apo6s a determinacdo dos IC’ssp, foi avaliado se o extrato também
poderia inibir a passagem de moléculas aniénicas pelo poro do P2X7R ativado,
na concentracdo de ATP extracelular acima de 100 puM, no nosso caso
utilizamos 5mM de ATP. Esse protocolo serviu para respondermos duas
questdes. A primeira era saber se a nossa metodologia padronizada serviria
também para detectar a atividade de um possivel segundo poro seletivo para
moléculas anibnicas, assim como funcionou para detectar a inibicado ou nao da
captacao do corante catidnico (iodeto de propideo). A segunda questao era
saber se os extratos tinham acdo inibitéria sobre os dois poros, ou somente
sobre o poro catibnico, conforme sugerido por uma das teorias acerca deste

poro (Schachter et al. 2008).

A possibilidade do P2X7R modular vias diferentes para captagdo de
corantes anidnicos e catidnicos foi postulada em 2008 (Schachter et al. 2008).
Desde entdo, diversos trabalhos tém sido publicados abordando
experimentalmente essa possivel origem do poro, inclusive citando a diferenca
na modulacdo da captacdo de moléculas catidnicas e anibnicas durante
processos inflamatérios e infecciosos, como por exemplo, no trabalho de
Marques-da-Silva et al. 2011, onde os autores relatam a diferenga na

permeabilizacdo entre corantes anidnicos e catibnicos, durante a infeccdo de
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macréfagos murinos por Leishmania amazonensis. Os autores observaram que
durante esse processo infecioso, a captagdo de corantes aniénicos aumentou
enquanto que a de corantes catibnicos diminuiu surpreendentemente. Dessa
forma, foi comprovada a modulacédo diferencial na captacdo de moléculas

catibnicas e anidnicas promovida pelo P2X7R durante um processo infeccioso.

Contudo, esse padrao pode mudar de acordo com o tipo de processo
inflamatério ou infeccioso, o que ainda cabe ser avaliado (Marques-da-Silva et
al. 2011). Entretanto, nossos resultados mostrados no segundo manuscrito,
mostram que os extratos flngicos inibiram a captacdo do corante aniénico
(lucifer yellow), no mesmo padréo de inibicdo observado em relagdo ao corante
catiénico (iodeto de propideo). Foi demonstrado o mesmo perfil de inibicado da
captacao do corante aniénico por células J774.G8 tratadas previamente com os
extratos 8067, 8549 e 8568 em seus respectivos 1Csy, em relagcdo ao controle
tratado com ATP e o corante somente. Dessa forma, conseguimos comprovar o
envolvimento de um possivel poro aniénico, além de mostrar que os extratos

fungicos testados também agem inibindo a captag¢éao de corantes aniénicos.

Para confirmar os resultados obtidos até essa fase e comprovar a agéao
antagonista dos extratos fungicos sobre o P2X7R, se fez necessaria a
avaliacdo da acao desses extratos sobre a ativacdo de funcgdes fisioldgicas

relacionadas a esse receptor.

O papel da sinalizacado purinérgica nas respostas inflamatéria e imune,
mediado pelo ATP, tem sido amplamente descrito na literatura, assim como a
sua correlacdo com o P2X7R, em especial no processo de maturagdo e
liberacao de IL-1 (Pelegrin et al. 2009; Clark et al. 2010; Gunosewoyo et al.

2010; Coddou et al. 2011). Além da IL-1B3, também esta descrita na literatura a
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acdo do P2X7R sobre a maturacdo e liberacdo de outras citocinas pro-
inflamatérias, como por exemplo, a IL-8 (ldzko et al. 2003), IL-18 (Mehta et al.
2001) e o TNF-a (Suzuki et al. 2004) por varios tipos de células, incluindo

macréfagos, mondcitos, células da micrdglia e outros (Gourine et al. 2005).

Experimento com camundongos que nao expressavam o P2X7R, apds
silenciamento génico, mostrou que os macréfagos peritoneais retirados desses
camundongos nao liberavam IL-1B depois de estimulados com ATP (Solle et al.
2001). Quando estes mesmos camundongos foram submetidos a um processo
de artrite induzida por colageno, houve uma significativa reducao no perfil de
resposta inflamatéria sistémica (Labasi et al. 2002). Esses dados sugeriram a

participacdo do P2X7R na via de liberacao desta citocina.

Também ja € descrita a relagdo do P2X7R com a liberacado de citocinas
pirogénicas (Gourine et al. 2005), assim como macrofagos, linfécitos e outras
células do sistema imune liberam grandes quantidades de ATP no espaco
extracelular (Dubyak et al. 1993), o que promove a ativacao deste receptor
durante um evento inflamatério, ativando assim, a liberacdo de citocinas

relacionadas a atividade do P2X7R.

Com base nesses achados, esse receptor foi eleito um alvo promissor
para o tratamento de doencas inflamatérias que afligem a populagéo, como por
exemplo, a artrite reumatoide, uma doenca incapacitante, onde o paciente sofre
um processo inflamatério cronico nas articulacbes. Esse processo gera
deformagdes, e implica na qualidade de vida do paciente devido ao constante

estado doloroso desencadeado pela inflamacgéao intensa.

Devido a participagdo do P2X7R no processo inflamatério (Coddou et al.

2011), a pesquisa de antagonistas seletivos e com baixo indice de efeitos
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adversos, podera gerar compostos ativos a serem utilizados, futuramente, para
o tratamento clinico de doencas inflamatérias, principalmente da artrite
reumatoide. Atualmente, ja existem compostos sintéticos sendo testados para o
tratamento da artrite reumatoide via antagonismo desse receptor (Gunosewoyo
et al. 2010; Coddou et al. 2011). Porém, até o momento nenhum composto

passou da fase clinica Ill.

Com base no papel do P2X7R na via de liberagao da IL-13, uma citocina
pro-inflamatéria relacionada com a evolugéao da artrite reumatoide, analisamos
o efeito dos extratos fungicos sobre a liberacdo desta citocina, em células de
linhagem J774.G8 ou U937 tratadas com os ICsy destes extratos, na presenca
ou ndo de ATP. Utilizando os sobrenadantes foram analisados os niveis de IL-
18 por ELISA (R&D Systems; Minegpolis; EUA). Os resultados obtidos
mostraram um significativo efeito inibitério desses extratos sobre a liberagédo
desta citocina, na presenca do agonista (ATP), em relacdo ao controle tratado
com ATP somente. Isto comprova a possivel acdo destes extratos sobre o
P2X7R, pois mesmo na presenca do seu agonista fisiolégico (ATP), nao
ocorreu um aumento na liberacdo desta citocina. Embora existam outras vias
fisiologicas de maturacdo desta citocina, como por exemplo a via classica
através da ativacao do Toll Like Receptor 4 (TLR-4) por lipopolissacarideos de
bactérias gram-negativas, neste experimento nos utilizamos o ATP, visando a
liberacdo da IL-1p via P2X7R. Esses dados confirmaram o perfil antagonista e
anti-inflamatério desses extratos fungicos via P2X7R, o que sinaliza para a
candidatura desses como possiveis bioprodutos com possivel atividade

terapéutica, este dado consta no segundo manuscrito.
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Na continuidade do nosso entendimento da relevancia dos extratos em
estudo, avaliamos os seus potenciais efeitos sobre otras vias moduladas pelo
P2X7R, a fim de confirmar essa atividade antagonista observada via inibicao

desse receptor.

A via de producao de NO por células macrofagicas do sistema imune e
sua correlacdo com o P2X7R, também ja esta bem descrita (Sperlagh et al.
1998). Com relacdo aos radicais nitrogenados produzidos pela célula
fagocitica, o principal é o 6xido nitrico. A formagédo do NO, além disso, requer
um estimulo de um agente indutor, tais como algumas citocinas: TNF, IFN-y ou
IL-1 para sua atividade, que sdo formados quando o macréfago é ativado (Cho
et al. 1992). Recentemente, foi descoberta a via de modulacao da producao e
liberacdo do NO via complexo inflamassoma com a participacdo do P2X7R

(Bours et al. 2011).

O NO é um importante e versatil mediador nos sistemas biol6gicos. Esta
molécula é conhecida por executar importantes funcées na regulagdo de uma
ampla gama de processos fisioldgicos. Este radical é biossintetizado a partir da
L-arginina pela enzima 6xido nitrico sintase (NOS), em uma reacao de duas
etapas de oxidacao, sendo os produtos formados a L-citrulina e o NO, este
ultimo com uma vida extremamente curta (Stamler et al. 1992).

A localizacao de uma NOS no interior da célula pode influenciar a fungéao
biolégica do NO produzido (Kelm et al. 1992). O papel fisiolégico do radical NO
envolve imunidade celular, inibicdo da agregacdo plaquetaria e
neurotransmissao (Bredt et al. 1994; Wynn et al. 1994). Em células do sistema
imune o NO tem acao citotéxica ou citostatica na destruicdo de patdgenos e

células tumorais, num mecanismo importante na imunidade nao especifica
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(Wynn et al. 1994). A ativacdo de macréfagos por IFN-y, lipopolissacarideos
bacterianos (LPS), IL-1, fator de necrose tumoral a (TNF «) leva a inducao de
uma isoforma de NOS para produzir altos niveis (micromol) de NO

continuamente por algumas horas (Green et al. 1994).

Uma vez que o NO formado em baixas concentragdes é altamente reativo
com agentes fisioldgicos como tidis e radicais de oxigénio, a dosagem direta
em amostras biolégicas é dificil (Marzinzig et al. 1997). Apds cumprir sua
funcdo biolégica, ele desaparece espontaneamente, transformando-se em
nitrito (NO2) e nitrato (NO3). Dessa forma, um método para a determinacao
indireta de NO é a dosagem espectrofotométrica de seus produtos de
oxigenacao. Algumas células produzem diretamente NOj; que precisa ser
reduzido a NO. e esta reducdo pode ser enzimatica (através da nitrato
redutase), sendo o produto da reacdo, o NO,, detectado pelo reagente de

Griess (Green et al. 1994).

Para avaliar se os extratos fungicos aqui testados também agiriam sobre
a via do NO, os sobrenadantes das culturas de células J774.G8 e U937,
tratadas com os extratos nos respectivos IC sso foram submetidos ao método
descrito por Green et al. (1994), utilizando o reagente de Griess. Os resultados
obtidos também foram promissores, mostrando significativa inibicdo na
liberacdo de NO pelas células tratadas com estes extratos na presenca do ATP
em relacdo ao controle tratado com ATP, o que pode estar diretamente
relacionada com o perfil de antagonismo sobre o P2X7R, desses extratos
fungicos. Esse efeito possivelmente relacionado a inibicdo da ativacdo do
complexo Inflamassoma e liberagdo da IL-1B via antagonismo deste receptor,

como observado no resultado anterior, o que levou a inibicdo de outras
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respostas inflamatérias, como por exemplo, a liberacdo de 6xido nitrico. Cabe
ressaltar que o percentual de inibicdo das vias funcionais relacionadas ao
P2X7R, observado através dos resultados dos ensaios de ELISA para IL-1(,
Liberacdo de NO e ROS, demonstraram serem diferentes dos percentuais de
inibicdo dos extratos sobre a abertura do poro relacionado ao P2X7R devido a
estas vias ndo serem exclusivamente ativadas por este receptor. Existem
outras vias intracelulares que ativam estas fungbes, como por exemplo, a via
da MAPK, PKC, TLR-4, entre outras. Porém quando comparamos O0s
resultados de cada experimento isoladamente com seus respectivos controles,
notamos que foi confirmada a inibicdo do P2X7R com inibicdo das funcdes a

ele relacionadas.

Com o intuito de fazermos uma caracterizacao farmacoldgica do efeito
inibitério destes extratos sobre a formacao do poro associado ao P2X7R, nds
realizamos um experimento de eletrofisiologia com o 1Cso de cada um deles,
utilizando células J774.G8. Por ser um receptor ionotrépico, abre um canal
catibnico seletivo quando ativado, 0 uso dessa técnica permite o registro das
correntes ibnicas da membrana da célula. Logo, se este receptor estiver
inibido, havera uma diminuicdo dessa corrente ibnica. Utilizamos a
configuracao “Whole-Cell”, o que permitiu a aquisicdo dos dados de todos os
canais ibnicos ativados, ou ndo, na membrana das células. Nossos resultados
confirmaram o efeito antagonista destes sobre a formacédo dessa corrente,
além de mostrar que esse perfil inibitdério ocorre também em doses acima e
abaixo do valor das suas concentracdes inibitérias, mostrando um efeito

farmacolégico dose-dependente com perfil especifico para o P2X7R.
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Com este conjunto de resultados que apontaram a atividade inibitéria
sobre funcbes biolégicas relacionadas ao P2X7R, buscamos avaliar se o0s
extratos seriam toxicos para as células utilizadas nesse trabalho. Embora
nossa metodologia padronizada também seja capaz de detectar compostos
citotdxicos, através da leitura de incorporacao de corantes na auséncia de ATP,
utilizamos o ensaio de deteccdo de LDH para avaliacdo da citotoxicidade
(Doles; Goiania; GO; Brasil). A LDH, lactato desidrogenase, € uma enzima
localizada no interior das células, na mitocondria, e catalisa a interconversao de
piruvato e lactato com uma concomitante interconversdo de NADH e NAD".
Converte o piruvato, o produto final da glicélise em &cido lactico quando o
oxigénio esta ausente ou em pequenas quantidades, e realiza a reacao reversa
durante o ciclo de Cori, via glicolitica anaerdbica, no figado. Existem isoformas
dessas enzimas distribuidas pelo organismo humano: LDH-1: masculo cardiaco
e eritrdcitos; LDH-2: miécitos cardiacos e leucécitos; LDH-3: pneumdcitos;

LDH-4: rins, placenta e pancreas; LDH-5: hepat6citos e midcitos esqueléticos.

o] OH
I LDH
CI-IB_— C—CoOOoH ———r C!I-IB_— CH—COOH
NADH NaAD+
Pyruvate Lactate

Via da Lactato Desidrogenase (KIT LDH; Doles; Go; Brasil)

Os resultados obtidos mostraram que os trés extratos (8067,8549 e

8568) nao demonstraram atividade citotoxica apés o tratamento por 24 h em
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concentragdes quatro vezes maiores ou menores que 0S Seus respectivos
IC s50, mesmo na presenca do tratamento com ATP (agonista do P2X7R) por 1
h. mostrando que foram capazes de antagonizar o evento de morte celular via
P2X7R assim como os efeitos deletérios do ATP. Os resultados obtidos foram
estatisticamente semelhantes ao controle composto somente por células. Além
disso, os valores obtidos foram significativamente menores do que o controle
tratado com ATP somente. Esse resultado foi semelhante tanto em células
J774.G8, quanto em células U937, demonstrando assim uma faixa de

seguranca destes extratos, o que viabilizou os testes in vivo.

Nossos testes in vivo demonstraram a potencial atividade analgésica dos
trés extratos fungicos estudados aqui, conforme demonstrado no terceiro
manuscrito. Utilizamos para a avaliacdo do efeito destes extratos sobre a dor
de origem neuropatica e inflamatéria, o experimento do desafio com formalina,
o qual ja se encontra estabelecido em nosso grupo de pesquisa e inclusive
tém sido utilizado por diversos grupos de pesquisa como parametro para estas
andlises (Onasanwo et al. 2012; Pinheiro et al. 2013 & Silva et al. 2010). Os
extratos 8067 e 8549 demonstraram inibicdo na dor neuropatica nos primeiros
5 minutos do experimento com formalina (um agente indutor da dor), porém os
trés extratos (8067,8549 e 8568) apresentaram inibicao da dor nos 15 a 30
minutos finais desse experimento, indicando uma analgesia também sobre a
dor de origem inflamatéria. Demonstraram, inclusive, serem mais ativos que o
farmaco comercialmente disponivel (Diclofenaco de Sédio) e o BBG
(antagonista reversivel do P2X7R). Esse dado confirma os nossos resultados
anteriores, que mostraram a inibicdo da liberacdo de uma citocina pro-

inflamatéria (IL-1B) e mediadores inflamatérios (NO e ROS), através do
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tratamento in vitro com esses extratos, sinalizando, assim, uma acéo anti-
inflamatoria destes extratos via inibicdo do P2X7R. O extrato 8568 demosntrou
efeito anti-inflamatério, tanto in vitro quanto in vivo, entretanto nao apresentou
acao sobre a dor neuropatica, o que o diferencia dos outros dois extratos, essa
diferenca pode se dever ao fato desse extrato nao apresentar principios ativos
capazes de interferir com a transducdo da dor neuropética, que é
conhecidamente diferente da dor inflamatéria (Toulme et al. 2010), o que talvez
tenha refletido uma seletividade de acédo deste composto sobre somente um
tipo de dor.

No experimento de gastroprotecao in vivo através da inducao de Ulcera
por Etanol 70%, o tratamento prévio dos animais com os trés extratos
demonstrou significativa inibicdo sobre a formacao de Ulceras, inclusive sendo
mais eficaz que o antagonista para o P2X7R (BBG) e o farmaco utilizado na
clinica (Lansoprazol). Nesse experimento, também observamos uma possivel
participacdo deste receptor no contexto da Ulcera, visto que o antagonista
utilizado (BBG) também promoveu gastroprotecdo semelhante ao Lansoprazol.
O que necessita de estudos futuros mais aprofundados, para confirmar a
participacao do P2X7R nesta patologia.

Com o objetivo de obter uma maior quantidade de informacdes sobre a
acao destes extratos in vivo, utilizamos os animais submetidos ao protocolo de
ulcera induzida por etanol, para avaliarmos se o tratamento com estes
extrados, via oral, poderia levar a um quadro de toxicidade aguda, pois para
termos um dado seguro sobre uma possivel toxicidade crbnica, os animais
teriam que receber o tratamento por um periodo mais prologando e em doses

maiores. Porém devido a quantidade que possuiamos de cada extrato, foi
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possivel somente avaliar uma possivel toxicidade aguda. Com base nos
resultados do terceiro manuscrito sobre a avaliagdo dos parametros
bioquimicos da funcdo hepdtica, através da andlise sérica dos niveis de
transaminases (AST e ALT), podemos comprovar que o0s extratos nao
promoveram uma toxicidade hepdatica aguda. A toxicidade hepatica pode
ocorrer, pois os farmacos orais sdo biotransformados pelo Figado, podendo
assim, causar alguma toxicidade neste érgao. Também avaliamos os niveis
séricos de creatinina, que esta relacionada com a funcao renal, importante para
a excrecao de grande parte dos farmacos. Como demostrado também no
terceiro manuscrito, estes extratos nao promoveram toxicidade renal aguda.

Com base nos resultados in vitro e in vivo obtidos no nosso trabalho,
podemos concluir que os 3 extratos fungicos (8067, 8549 e 8568),
demonstraram atividade antagonista no nosso método padronizado de analise
da atividade do P2X7R, confirmaram este perfil de antagonismo do P2X7R,
tanto nos testes funcionais in vitro, quanto nos experimentos In vivo, inclusive
sinalizando uma participacao deste receptor no contexto da ulcera. Portanto, ha
um potencial inovador que poderd despertar a atencdo do campo clinico e
farmacéutico, o que podera sinalizar a formulacao de novos fitoterapicos com
base nos principios ativos obtidos a partir desses extratos.

Nesse intuito, os resultados obtidos nesse trabalho geraram trés pedidos
de registro de patente, um relacionado com cada extrato fungico aqui testado,
0s quais se encontram na fase de analise de patenteabilidade pelo GESTEC-
FIOCRUZ. Porém, devido a lei da propriedade industrial (9279/96) — Art.10, ndo
se permite, no Brasil, patentear extratos obtidos de produtos naturais, nem

suas fracbes ou principios dela isolados. Por isso iremos requerer a patente
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internacional desses extratos nos Estados Unidos da América, onde se permite

o patenteamento de produtos naturais [FD&C 201(g)(1)(b)]-
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CONCLUSOQES

Mediante os resultados obtidos nesta Tese, pode-se concluir que:

Baseado nos resultados obtidos foi padronizado um método rapido e mais
acessivel, que permite fazer a triagem de quantidades maiores de extratos
(cerca de 60 por placa) ao mesmo tempo em relacao aos métodos atuais;

Essa nova metodologia padronizada permite a avaliacdo da atividade do
receptor P2X; utilizando-se corantes cati6nicos e anidnicos, contemplando
as teorias acerca da abertura do poro membranar pelo receptor P2Xz;

Com a aplicacdo dessa nova metodologia padronizada foi possivel
identificar a atividade antagonista de trés extratos testados: 8067, 8549 e
8568;

A acao inibitéria dos extratos sobre uma funcao atribuida ao receptor P2X7
foi observada através do ensaio de ELISA para IL-1B, sobre a expressao e
liberacdo do NO (através do método de Griess) e eletrofisiologia,
confirmando a provavel agdo antagonista desses extratos sobre esse

receptor;

Os extratos que demonstraram atividade antagonista “in vitro” ndo foram

significativamente citotdxicos;

Os extratos demonstraram atividade analgésica “in vivo”, tanto na dor

neuropatica quanto na inflamatoéria;

Os extratos demonstraram atividade gastroprotetora “in vivo”, no modelo de

Ulcera induzida por etanol;

Nossos resultados apontam a obtencédo de trés bioprodutos patenteaveis
que possam contribuir futuramente na formulagao de possiveis novos
fitofarmacos.
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Abstract: Natural products contribute significantly to available drug therapies and have
been a rich source for scientific investigation. In general, due to their low cost and
traditional use in some cultures, they are an object of growing interest as alternatives to
synthetic drugs. With several diseases such as cancer, and inflammatory and neuropathic
diseases having been linked to the participation of purinergic (P2) receptors, there has been
a flurry of investigations on ligands within natural products. Thirty-four different sources of
these compounds have been found so far, that have shown either agonistic or antagonistic
effects on P2 receptors. Of those, nine different plant sources demonstrated effects on
P2X2, P2X3, P2X7, and possibly P2Y12 receptor subtypes. Microorganisms, which
represent the largest group, with 26 different sources, showed effects on both receptor
subtypes, ranging from P2X1 to P2X4 and P2X7, and P2Y1, P2Y2, P2Y4, and P2Y6. In
addition, there were seventeen animal sources that affected P2X7 and P2Y1 and P2Y12
receptors. Natural products have provided some fascinating new mechanisms and sources
to better understand the P2 receptor antagonism. Moreover, current investigations should
clarify further pharmacological mechanisms in order to consider these products as potential
new medicines.

Keywords: P2 receptors; natural products; antagonists
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1. Introduction

Natural products have long been used in traditional Western and Eastern medicine, and they are
being actively pursued for drug therapies today. Natural products, which are derived not only from
plants, but also from fungi, bacteria, and marine organisms, present distinctive characteristics in their
secondary metabolites [1]. The unique properties of these secondary metabolites are often involved in
defense and interaction with the environment, and as such they have often given rise to extraordinarily
useful drugs, such as penicillin and morphine. These secondary metabolites, which the body can
properly digest and process, have been and will likely continue to be, a rich source of alternatives to
synthetic drugs [2]. Several factors have facilitated the search for natural products as potential new
drug therapies. These factors include, but are not limited to, isolation techniques, such as
spectroscopic, chromatographic, biosynthetic, and synthetic methods, and the fact that these isolates
can now be obtained by synthetic or combinatorial chemistry and molecular modeling [3—5]. These
advances have allowed for the investigation of natural products to become much easier and more time
efficient as a source of therapeutic strategies.

One relevant area of investigation is the group of ionotropic (P2X) and metabotropic (P2Y)
receptors, which have been found in all studied cells so far. These purinergic receptors, also known as
P2 receptors, are crucial for the normal function of an organism, and they have been associated with
some disease processes, such as rheumatoid arthritis [6], pain [7,8], and cancer [9] development. In the
search for understanding the role of P2 receptors in these diseases, selective agonistic and antagonistic
ligands have been designed and used as therapeutic agents and pharmacological tools [10]. In this
context, many effective ligands have been found, but selective targeting of some receptor subtypes still
remains elusive. This is the case for P2Y4, P2X2, and P2X5 receptors, where no such ligands have
been discovered. This article focuses on some of the basic properties of these P2 receptors and the
natural products that act on them as either agonists or antagonists. Herein, we discuss and give
evidence of the large potential of natural products as possible modulators of P2X and P2Y receptors.

2. The P2—ATP Activated Receptors

Since the 1970s, it has been clearly demonstrated that ATP and other analogues are extracellular
messengers, acting on purinergic receptors. ATP can be released without cell lysis by specific
mechanisms such as: exocytosis, ABC transporters, and membrane channels (e.g., pannexins,
connexins, maxi-anion channel, and others) [11,12]. Once in the extracellular fluid, nucleotides can
activate the P2X and P2Y families of purinergic receptors. The P2X group comprises of seven
inotropic receptors found in mammalian cells: P2X1, P2X2, P2X3, P2X4, P2X5, P2X6, and P2X7.
The P2Y family is composed of metabotropic receptors, having eight subtypes in mammalian cells:
P2Y1, P2Y2, P2Y4, P2Y6, P2Y 11, P2Y12, P2Y13, and P2Y14. The P2Y1, P2Y2, P2Y4, P2Y6, and
P2Y11 receptors are coupled to Gq, activating phospholipase C-B. The P2Y12, P2Y13, and P2Y 14
receptors are coupled to Gi, inhibiting adenylyl cyclase. The P2Y11 receptor has the unique property
of coupling with both Gq and Gs.

In general, the P2X receptors are more structurally restrictive than P2Y in agonist selectivity. There
is a cross-reactivity of P2Y receptor probes with P2X receptors, meaning that some of these probes are
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not altogether selective. More specifically, ATP acts as the active ligand for P2X receptors, whereas in
addition to ATP, P2Y receptors respond to naturally occurring nucleotides such as UDP, ADP, UTP, and
UDP glucose. Among P2X receptors, subtypes P2X2, P2X4, and P2X7, in the presence of millimolar
ATP concentrations and prolonged activation time, form a nonselective pore with a cut of up to 900 Da,
depending on cellular type and specie analyzed [13]. So far, it is an open question whether these ion
channels dilate or activate another protein responsible for high conductance channels to allow the
passage of small molecules, such as Lucifer yellow, Yo-pro, and propidium iodide. Up until now, there
have not been specific compounds to discriminate between low and high conductance channels [13,14].

So far, less than one hundred natural products have been identified that act on P2 receptors. They
are divided by species and classified as being of animal, plant, or microorganism origin as described in
next sections.

3. Natural Products from Plant Sources Acting on P2 Receptors

Among all types of natural products, plant extracts have received the greatest attention until now. In this
section, we describe and discuss plant extracts that act by modulating the activity of P2X and P2Y
receptors. As can be seen in Table 1, there are three purified compounds and seven crude extracts derived
from from plants. As their number is small, we will provide a more detailed description of their effects.

Table 1. Natural products from plant sources.

Receptor
Compound T Effects (IC5¢/ECs) * Tested Model Reference
ype
Participation in sensitization in
. ] . ] Male Sprague-Dawley
Mustard oil P2X3 nociceptive neurons following MO [15]
L adult rats

application to the tooth pulp. ND
Decreases participation of these

Sodium Ferulate P2X3 receptors in pain after primary sensory Rat dorsal root ganglion [16]
afferent chronic injury ND
Inhibition of depolarization, burn

Tetramethylpyrazine P2X3 injury pain and neuropathic pain Rat dorsal root ganglion [17-20]
induced by a,p-methylene-ATP ND

. ) ) ) Dorsal root ganglion
Puerarin P2X3 Impairment of neuropathic pain ND [21,22]

neurons

) Inhibition of the transmission of
Emodin P2X2/3 . L . Sprague-Dawley male rats [23]
neuropathic pain stimuli ND

. Inhibits ATP/BzATP-activated P2X7  Rat peritoneal
Emodin P2X7 [24]
receptor ICso = 200 nM (cell death) macrophages

Inhibits ATP/BzATP-activated P2X7 )
Rat peritoneal

Emodin P2X7 receptor ICso = 500 nM (BzATP- and [24]
. macrophages
induced dye uptake)
Inhibits ATP/BzATP-activated P2X7

Emodin P2X7 receptor ICsp = 3.4 uM HEK 293 [24]

(BzATP-evoked current)




Molecules 2012, 17 13012
Table 1. Cont.
Receptor
Compound T Effects (IC5¢/ECsp) * Tested Model Reference
ype
Inhibits P2X7 receptor-associated
Rheedia.longifolia PIXT pore opening, currents and dye uptake = Mouse peritoneal 25]
methanol extract functional assay ICso = 2 pg/mL macrophages
(functional assay)
Fl id Potent antagonism and inhibition of
avonol P2Y2 . SOmST NG108-15 cells [26]
molecules intracellular calcium release ND
Tri 1l P2Y12 Inhibition of ADP-induced platelets
rigonella foenum , P Rabbit platelets [27]
leaf extract ? aggregation ICso = 1.28 mg/mL
. 7 Inhibits o,B-methylene-ATP (30 pM)
rigonella foenum P2X induced isometric contraction Mouse vas deferens [27]
leaf extract
ICs50 = 1.57 mg/mL
. Inhibits P2X7 receptor-associated .
Colchicine P2X7 . Xenopus laevis oocytes [28]
pore opening ECsy =290 uM
.. Inhibits P2X7 receptor-associated Peritoneal mouse
Colchicine P2X7 ) (28]
pore opening ECsy = 540 pM macrophages
* ECsp = half maximal effective concentration; ICs, = half maximal inhibitory concentration;

ND = Not Determinated; MO = Mustard oil; BZATP = 3'-O-(4-benzoyl)benzoyl adenosine 5'-triphosphate.

P2X2/3 (heterometric receptor) and P2X3 receptors in trigeminal subnucleus caudalis are involved
in the initiation and maintenance of central sensitization in subnucleus oralis nociceptive neurons
induced by mustard oil application to the tooth pulp in anesthetized rats, this effect is possible
associated with the neuroplastic changes in receptors NMDA (N-methyl-D-aspartate receptors) [15]. In
chronic pain mediated by P2X3 receptors, sodium ferulate, an active principle from Chinese herbal
medicine with anti-inflammatory activities, inhibited the nociceptive facilitation of the primary sensory
afferent neurons after chronic constriction injury [16,29]. In this context, there are several papers
describing the effects of Chinese herbal medicines on P2X3 and P2X2/3 receptors on reducing pain.
The ligustrazine alkaloid tetramethylpyrazine has been studied with analgesic purposes in the context
of nociceptive responses [17,18], burn injury pain [19], and neuropathic pain [20] induced by
a,B-methylene-ATP. The burn injury pain transmission mediated by P2X3 receptor may be reduced by
puerarin, which is one of the three major isoflavonoid compounds and has been widely used in
treatment of myocardial and cerebral ischemia [30]. Puerarin may also impair the neuropathic pain
mediated by P2X3 receptor in dorsal root ganglion neurons [22].

In 2004, Shemon observed that chelerythrine, a benzophenanthridine alkaloid, blocks the ATP-
induced cation fluxes mediated by the P2X7 receptor, as well as the ATP induced stimulation of
phospholipase D in human B lymphocytes [31]. Said, in 2007, described the in vitro and in vivo
toxicity of four vegetable oils compared to castor oil to validate their use as vehicles of lipophilic
drugs in eye drops [32]. P2X7 receptor activation was a parameter analyzed to assess the cytotoxicity
induced by these oils. They observed that only castor oil promoted P2X7 receptor activation. In
addition, Coutinho-Silva’s group investigated the effect of mineral oil and thioglycolate, substances
capable of recruiting macrophages into mouse peritoneal cavity, on P2X7 receptor expression and
function. They found that mineral oil induced P2X7 down regulation associated with reduced
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functional activity of this receptor [33]. In the paper published by Liu and colleagues in 2010, the authors
studied the anti-inflammatory and immunosuppressive mechanisms of emodin (1,3,8-trihydroxy-6-
methylanthraquinone), an anthraquinone derivative from Rheum officinale Baill. The P2X7 receptor
activities induced by ATP or BZATP were inhibited by emodin pre-treatment in native macrophages or
transfected HEK-293 cells with P2X7R [24]. Interestingly, emodin was able to impair P2X2/3 receptor
role in transmission of neuropathic pain stimuli of primary sensory neurons in Sprague-Dawley rats [23].
Santos and coworkers have demonstrated that the extract and fractions of Rheedia longifolia inhibited
the P2X7 receptor-induced dye uptake and ionic currents. After chromatography analysis, they
identified the bisflavonoids as the most probable active compounds responsible for P2X7 inhibitory
effects present in the R. longifolia extract and fractions [25].

The Colchicum sp. secondary metabolite colchicine is traditionally associated with gout treatment
because of its ability to disturb cytoskeletal microfilaments, inhibiting inflammatory cell activation.
Marques-da-Silva and colleagues showed that in vitro dolchicine was able to inhibit pore opening, but
not the P2X7 receptor low-conductance channel. Furthermore, dolchicine also diminished the
maturation and release of IL-1 and production of nitric oxide and reactive oxygen species induced by
ATP. Interestingly, these effects were specific to dolchicine and were not found with other mitotic
inhibitors, such as taxol and vincristine [28].

In relation to P2Y receptors, Mendes and colleagues, in 2003, observed P2Y1 or P2Y2 receptors’
participation in the mechanism of the vascular relaxation produced by polyphenolic substances from
red wine [34]. Kaulich and colleagues evaluated a series of 40 flavonoids as antagonists at P2Y?2
receptors expressed in NG108-15 cells. By measuring the inhibition of UTP-stimulated intracellular
calcium release, they identified diverse flavonoids as potent antagonists at P2Y2 receptors, with ICsg
values in the low micromolar range and potency similar or higher than the standard P2Y2 antagonists
Reactive Blue 2 and Suramin [26]. Polyphenolic compounds extracted from Aronia melanocarpa
fruits have been reported to be cardioprotective agents. The Luzak group examined the ability of
Aronia melanocarpa extract to increase the efficacy of human umbilical vein endothelial cells to
inhibit platelet functions in vitro. They observed that only at low concentrations (5 pg/mL) did
Aronia melanocarpa extract significantly improve antiplatelet action of human umbilical vein
endothelial cells towards ADP-activated platelets in the aggregation test [35]. In another work,
ADP-activated platelet aggregation was inhibited by ethyl acetate extract from Opuntia humifusa raf.
This extract inhibited ADP-induced intracellular calcium mobilization and ATP release [36].

Parvizpur and collaborators observed that Trigonella foenum (TFG) leaf extract can exert analgesic
effects in both formalin and tail flick tests [37,38]. In another paper [27], they studied the involvement
of purinergic receptors in the formalin and tail flick tests. The TFG extract [0.5, 1, 1.5, 3 mg/mL]
inhibited ADP [10° mol] induced platelet aggregation [ICso = 1.28 mg/mL]. a,B-methylene-ATP
[30 mM] induced isometric contraction in the vas deferens was inhibited by Suramin, a P2 receptor
antagonist or TFG extract [ICso were 91.07 uM and 1.57 mg/mL, respectively].

4. Natural Products from Animal Sources Acting on P2 Receptors

Animal sources of natural products have received less attention in the search for discovering new
medicines. Nevertheless, new medicines, most of which are of invertebrate origin, have been approved
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for human use. According to Table 2, there are sixteen purified compounds from animal origin, which

are discussed below.

Table 2. Natural products from animal sources.

Receptor
Compound T Source Effects (IC5i/ECsg) * Tested Model Reference
ype
Halistanol Binds to P2Y 12 t
alistano inds to receptor 1321N cells [39]
sulfate . 1C50=0.48 uM
P2Y12 Topsentia sp. .
Sterol sulfate Binds to P2Y12 receptor
1321N cells [39]
Sch 572423 IC5p=2.2 uM
lanthell Activates P2Y11 t 1321N1 wild-t
Iso-iantheran-A  P2Y11 antieria crvates e RIS [40]
quadrangulata  ECsy = 1.29 uM cells
lanthell Activates P2Y11 t 1321IN1 wild-t
Iso-iantheran-B P2Y11 aniterta chivates receptor wiepe [40]
quadrangulata  ECsy= 0.48 uM cells
Inhibits BZATP-induced THP-1 cells.
Stylissadines A , s e e ceeLs [41]
PIX7 Stylissa formation ICsy = 0.7 uM (Human Monocytes)
: : flabellata Inhibits BZATP-induced pore
Stylissadines B . THP-1 cells [41]
formation ICsp = 1.8 pM
Call j Impai t of P2X7 t
Niphatoxin C P2X7 aryIpongia m?a} rment o receptor THP-1 cells [42]
Sp. activity ND
Human Induces IL-1f maturation and
LL37 P2X7 neutrophils and  release in LPS-primed Human monocytes [43]
epithelial cells ~ monocytes ND
Rat Induction of IL-6 expression and
atus
rCRAMP P2Y . ERK 1/2 in glial cells, blocked Rat glial cells [44]
novergicus .
by P2Y receptor antagonists ND
CRAMP PIXT Mus musculus Inhibition of all.responses related Peritoneal [45]
to P2X7 activation ND macrophages
Cellul . Prevents and reverses X laevi
ellular prion enopus laevis
i P P2X4 Homo sapiens Copper-inhibited ATP-evoked P [46]
protein oocyte
current ECsy = 4.6 uM
Ant ists of both t
PIX2/3 o ntagonists o : 0. receptor Male Sprague-
. Apitoxin (bee suppressed melittin-evoked .
Melittin and ) stent ¢ Dawley albino rats [47]
venom ersistent spontaneous .
P2X3 P . P weighing 180-250 g
nociception ND
: Human Inhibits M-CSF-induced CD14/CD24~
Alphadefensin _ N . .. _ +
13 P2Y6 CD14/CD24 differentiation of CD14 /CD24 monocytes human [48]
cells cells through P2Y6 receptor ND  cells
. PIXI/3 Inhibits P2X2/3 receptor Rat d?rsal root [49]
Q-Conotoxin response I1Csyp = 3.84 uM ganglion neurons
Conus sp. .
GVIA PIX3 Inhibits P2X3 receptor response  Rat dorsal root [49]
IC50=21.2 nM ganglion neurons
. . Inhibition of ionic currents in the = Rat dorsal root
Purotoxin-1 P2X Lycosa spider ) [50]
sensory neurons of rats ND ganglion neurons
Geol .
Purotoxin-1 P2X3 e.o bR Potent inhibitory effects ND Sensory neurons [51]
spider venom
* ECsy = half maximal effective concentration; ICsy = half maximal inhibitory concentration;

ND = Not Determinated.
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Several research groups consider marine organisms as a reliable source of new drugs. On par
with this idea, a diverse array of compounds obtained from marine animals are under clinical
trials [52]. Bioassay-guided fractionation of an active fraction of the marine sponge Topsentia sp.
(Halichondriidae) obtained from a marine fraction library led to the isolation and identification of
halistanol sulfate and of a new sterol sulfate compound, denominated Sch 572423. Both compounds
inhibited the P2Y 12 receptor [39]. Greve and collaborators isolated three new iantherans (iso-iantheran
A, 8-carboxy-iso-iantheran A, and iso-iantheran B) composed of a rare dimeric benzofuran skeleton,
including a 2,3-dihydroxy-1,3-butadiene disulfate moiety, obtained from the marine sponge, lanthella
quadrangulata. Biological assays demonstrated an agonist effect of iso-iantheran-A and iso-iantheran-B
on P2Y11 receptors with ECs values of 1.29 uM and 0.48 uM, respectively [40].

In 2007, Buchanan and colleagues [41] published three papers on P2X7 receptor function, based on
a natural product high throughput screening effort to discover selective P2X7 receptor antagonists
using marine sponge derivatives. Initially, they observed that the Australian marine sponge
Stylissa flabellata was related to the blockage on the cationic current trough the P2X7 receptors by
benzophrenatridins alkaloids (stylissadines A and B). This action was not selective however, and they
noted the inhibition of some enzymes by this phytochemistry compound, such as protein kinase C and
alanine aminotransferase. Both compounds inhibited P2X7 receptor function with ICsy values of
0.7 uM and 1.8 uM, respectively [41]. In another paper, these authors used the Australian marine
sponge Callyspongia sp. (Callyspongiidae) and isolated the bioactive constituents the Niphatoxin C,
which belongs to the 3-alkylpyridinium class of alkaloids. This constituent impaired the P2X7 receptor
activity on THP-1 cells [42].

Melittin is the principal active component of apitoxin (bee venom) and is a powerful stimulator of
phospholipase A2. The subcutaneous injection of melittin could induce persistent spontaneous
nociception and primary thermal or mechanical hyperalgesia, but the exact peripheral mechanisms
remain unclear. Post-treatment of the primary injury site with subcutaneous injection of A-317491
(P2X3 and P2X2/3 receptor antagonist) and Reactive Blue 2 (general P2Y receptor antagonist)
suppressed the melittin-evoked persistent spontaneous nociception and hypersensitivity (thermal and
mechanical) responses [47].

Grishin and colleagues demonstrated that the spider venom purotoxin-1 can inhibit P2X3 receptor
function and delay the recovery rate from its desensitization [51]. Moreover, this 35-amino acid
single-chain peptide also down regulates primary afferent sensory neurons leading to antinociceptive
states with attractive 12 nM concentration. It is noteworthy that the concentration of purotoxin-1 was
3-fold lower than the P2X3 and P2X2/3 receptor antagonist A-317491, which encourages development
of novel pain killer drugs. In 2009, Savchenko and colleagues studied the modulatory effect of peptide
compounds of Lycosa spider venom on the ionic currents in the sensory neurons of rats through P2X
receptors in rat dorsal root ganglion neurons [50].

Antimicrobial peptides (also called host defense peptides) are an evolutionarily conserved
component of the innate immune response and are found among all classes of organisms. In general,
these peptides are potent, broad-spectrum antibiotics, but in some cases, as we describe below, these
peptides may modulate the ionic channels.

The human cathelicidin-derived peptide LL37 is a potent antimicrobial peptide produced
predominantly by neutrophils and epithelial cells. LPS-primed monocytes stimulated with LL37 lead
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to the maturation and release of interleukin-1beta (IL-1beta) via the P2X7 receptor. IL-1beta release
and cell permeability were suppressed by pretreatment with the P2X7 receptor inhibitors oxidized
ATP, KN04, and KN62 [43]. LPS-primed monocytes, stimulated with LL37, resulted in P2X7 receptor
maturation and release of IL-beta.

Another peptide, the antibacterial cathelicidin rCRAMP (homologue of the human LL-37), not only
exhibits potent bactericidal activities in rats, but also functions as a chemoattractant for immune cells.
Brandenburg and colleagues [44] showed that rCRAMP-induced IL-6 expression and ERK1/2
phosphorylation in glial cells. This effect might be mediated by P2Y 11 and was not mediated by P2X
receptors since those that block the P2X receptors did not affect the production of IL-6. On the other
hand, Seil and collaborates described that CRAMP, also in mice, inhibited all the responses coupled to
P2X7 receptors in macrophages [45].

Another family of peptides denominated as conotoxins, which belong to a group of neurotoxic
peptides isolated from the venom of the marine cone snail, genus Conus, was found to modulate
several types of ionic channels, including N-type calcium channels, which selectively act in the
ascending pain pathway [53,54]. Extracted from Conus snails, Q-conotoxin GVIA inhibits P2X3 and
P2X2/3 receptor-mediated responses with ICsy values of 21.2 nM and 3.84 uM, respectively [49].

The human alpha-defensin 1-3, which is a small arginine-rich peptide, participates in the host
immune defense, and is secreted by CD14 /CD24" cells. This peptide has been shown to inhibit
macrophage-colony stimulating factor induced differentiation of CD14 /CD24" cells, at least in part
through P2Y6, a receptor involved in macrophage differentiation [48].

Cellular prion protein physiological function remains unknown, but there is evidence supporting its
role in copper homeostasis. Lorca and his group have shown that the perfusion of this domain prevents
and reverses the inhibition by Cu”" of ATP-evoked currents of the P2X4 receptor subtype, highlighting a
modulatory role for cellular prion protein in synaptic transmission through regulation of Cu?" levels [46].

5. Natural Products from Microorganisms Acting on P2 Receptors

Substances produced by microorganisms that modulate tissues, cell types, and protein function,
have long been known as shown in Table 3. To this effect, ivermectin, a semisynthetic derivative of
the natural fermentation products of Streptomyces avermitilis, is widely used in human and veterinary
medicine as an antiparasitic agent [55]. In 1999, Khakh showed that ivermectin is a specific positive
allosteric effector of heterologously expressed P2X4, but not of P2X2, P2X3, P2X2/3, or P2X7 receptor
channels in rats [56]. This result was confirmed by other groups in humans [57], mice [58], and rats [59].
Recently, however, Norenberg et al. 2012 [60] described a positive allosteric effector of ivermectin
also on human P2X7 receptor.

The natural peptide polymyxin B is a well-known and potent antibiotic that binds and neutralizes
bacterial endotoxin lipopolysaccharide. Ferrari demonstrated that polymyxin B increased the responses
mediated by the P2X7 receptor in HEK293 and K562 cell lines transfected with P2X7 receptor cDNA,
as well as in mouse and human macrophages [61].
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Table 3. Natural products from microorganism product sources.
Receptor Effects
Compound Source Tested Model Reference
Type (IC5/EC5) *
) Positive allosteric effect Xenopus laevis
Ivermectin P2X4 Streptomyces avermitilis [56]
ECso =250 nM oocyte
i Blockage of ethanol-inhibitory Xenopus laevis
Ivermectin P2X4 Streptomyces avermitilis [62]
effects ND oocyte
Positive allosteric effect
. . Macrophage
Ivermectin P2X7 Streptomyces avermitilis  ECsy =50 nM (ECs, from high [60]
S from humans
affinity-binding site)
) Mouse and
i Enhanced P2X7 responses in
Polymyxin B P2X7 Bacillus polymyxa human [61]
transfected-HEK293 and K562 cells ND
macrophage cells
) ) Activation of cell permeabilization GHA4CI1 rat
Pfiesteriatoxin ~ P2X7 Pfiesteriapiscicida o o o [63]
similarly to ATP activation ND pituitary cells
Induction of toxic and c-fos luciferase
. . . GH4C1 rat
Pfiesteriatoxin ~ P2X7 Pfiesteriapiscicida that is blocked by oxATP and PPADS o [64]
pituitary cells
ND
) Human, mouse
P2X1 and Antagonists of both receptor blocked ]
HIlyA Escherichia coli . ) and equine [65]
P2X7 HlyA induced hemolysis ND
Erythrocytes
Cytotoxic 5 Pseudomonas P2X7 receptor participation in J774 macrophage (6]
factors aeruginosastrain 808 ATP-dependent pathway ND cell line
Leukotoxin-induced proinflammatory
) Aggregatibacter Human
Leukotoxin P2X7 responses, release of IL-1p and IL-18 [67]
actinomycetemcomitans macrophages
are blocked by oxATP ND
P2Y2 and Inhibits P2Y?2 and P2Y4 expression in HTGS cell line
Oxo-AHL Pseudomonasaeruginosa . ) [68]
P2Y4 cystic fibrosis IC 5o = 0.3 pM MM39
Murine
) ) P2X7 receptor modulates )
LPS P2X7 Gram-negative bacteria ) Peritoneal [69]
LPS-induced responses ND
Macrophages
. ) P2X7 receptor inhibition in
LPS P2X7 Gram-negative bacteria HEK293 cells [70]
TLR-4-defficient cell ND
Vascular inflammation following
LPS P2Y6 Gram-negative bacteria selective induction of endothelial P2Y6 ~ HMEC-1 [71]
receptor ND
Inhibition of P2X receptor decrease Primary bovine
LOS P2X Gram-negative bacteria LOS-induced caspase-8 activation and pulmonary artery  [72]
apoptosis ND endothelial cells
* ECsp = half maximal effective concentration; ICsy = half maximal inhibitory concentration;

ND = Not Determinated; LOS = Lipooligosaccharide.

Pfiesteria piscicida is a dinoflagellate that produces the putative bioactive substance Pfiesteria

toxin, which displays toxicity in fishes and humans. This substance induced cell permeabilization in a

similar manner as ATP in culture of GH4Cl1 rat pituitary cells expressing functional P2X7 receptors.
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This effect was inhibited by the P2X7 receptor antagonist oxidized ATP [63]. In addition,
Kimm-Brinson examined the pharmacological activity of the Pfiesteria toxin on the signaling pathway
that induces the c-fos luciferase construct in GH4Cl1 rat pituitary cells. ATP-, BZATP-, and Pfiesteria
toxin-induced cytotoxicity, and c-fos luciferase activity was inhibited by pyridoxalphosphate-6-
azophenyl-2',4'-disulfonic acid and the P2X7 irreversible antagonist oxidized-ATP [64].

Escherichia coli, which exhibits facultative and invasive strains, is the dominant facultative
bacterium in the normal intestinal flora, but it is also responsible for the majority of serious
extraintestinal infections. Alpha-hemolysin (HlyA) is a virulence factor produced by invasive E. coli
strains, which causes hemolysis by forming pores in the erythrocyte membrane and triggers purinergic
receptor activation to mediate the full hemolytic action. General P2 antagonists (pyridoxalphosphate-6-
azophenyl-2',4'-disulfonic acid and suramin) and ATP scavengers (apyrase, hexokinase) inhibited
HlyA-induced lysis of equine, murine, and human erythrocytes. P2X1 and P2X7 receptors antagonists
indicated both receptors to be involved in the HlyA-induced hemolysis [65].

Cytotoxic factors released by a nonmucoid clinical isolate of Pseudomonas aeruginosa, strain 808,
produced ATP-dependent and -independent responses. The ATP dependent pathway utilizes the P2X7
receptor to exert its effects, in contrast to the ATP-independent pathway [66].

Aggregatibacter (Actinobacillus) actinomycetemcomitans is a facultative anaerobic Gram-negative
bacterium associated with severe forms of periodontitis and several virulence factors. Among those,
the leukotoxin is suggested to have an important role in its pathogenicity [73,74]. This toxin is able to
lyse human immune cells and induces significant secretion of the pro-inflamatory cytokines IL-1 and
IL-18 in human macrophages [67,75]. This pro-inflammatory response was inhibited by oxidized ATP,
which indicates the involvement of the P2X7 receptor [67].

Cystic fibrosis is a genetic disease characterized by the hypersecretion of mucus, inflammation in
the airways, and especially by persistent severe bacterial infections, generally by the gram-negative
bacterium Pseudomonas aeruginosa [76]. ATP or UTP analogues were shown to induce chloride
secretion by cystic fibrosis epithelial cells [77] and also to induce bronchial relaxation [78].
P. aeruginosa virulence factors can be regulated by two unique quorum sensing systems [79]
composed by a small diffusible signal molecule (N-acylhomoserine lactone [AHL]) and a
transcriptional activator protein [80]. In this work, the authors tested the effects of AHLs on HTGS
cells regarding its action upon P2 receptors. Oxo-AHLs treatments repressed the stimulatory effects of
secretory leukocyte proteinase inhibitor secretion by nucleotides, possibly due to the repression of
P2Y2 and P2Y4 receptor expression, in cystic fibrosis but not normal HTGS cells [68].

Components of gram-negative bacteria have been studied in the context of the purinergic signaling
in inflammation processes that promote an increase of nucleotide concentrations. The bacterial
endotoxin LPS is one of the strongest stimuli for the immune response, and several papers have shown
that P2X7 receptor activation can modulate LPS-induced responses [69,81]. Interestingly, a binding
site for LPS within the P2X7 receptor C-terminus has been proposed. Accordingly, Leiva-Salcedo and
colleagues investigated if LPS can directly modulate the activity of the P2X7 receptor. They found that
LPS alone was unable to induce any P2X7 receptor-related activity, suggesting that the receptor is not
directly activated by the endotoxin. On the other hand, pre-application of LPS inhibited P2X7 receptor
ionic channel and pore function in HEK293 cells [70]. Compellingly, another bacterial product
lipooligosacharide also is able to promote the release of ATP and its derivatives, which can enhance
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the processes of cell activation and apoptosis. These lipid A-containing compounds stimulate
endothelial cells to take part in several inflammatory steps, such as production and release of reactive
oxygen species, cytokine, and again, the “universal” danger-associated molecule pattern, ATP [72].

Some microorganisms, such as yeast and bacteria, are capable of producing alcohols; as such, the
effect of short alcohols was described [82,83]. ATP-activated ionic currents in presynaptic and
postsynaptic membranes, due to P2X4 and P2X2 receptor activation, were reduced by ethanol
treatment [83]. In 2011, Ostrovskaya demonstrated that ethanol inhibits ATP-gated currents mediated
by P2X4 receptor in a rapid manner, and the inhibition does not depend on voltage or ATP
concentration [84].

In another paper, Asatryan showed that ivermectin may reverse the inhibitory effects of ethanol in
P2X4 receptor in dose-dependent manner [62]. Fischer and collaborates demonstrated that P2X3, a
receptor widely expressed in dorsal root ganglion neurons, seems to be distinctly modulated by
2,2,2-thicloroethanol. As compared to ethanol, 2,2,2-thicloroethanol inhibited current responses and
intracellular calcium elevation of ATP and its analogue o,B-methylene-ATP [85]. Davies, in 2005,
transfected the hP2X3 and hP2X4 receptors to Xenopus oocytes and studied the ionic current after
ATP treatment. Ethanol reduced P2X4 receptor responses and increased the maximal response of
P2X3 receptor ionic currents [86].

During a systemic inflammatory response, endothelial-expressed surface molecules have been
strongly implicated in regulating immune responses. Based on previous studies about exhibiting
enhanced extracellular nucleotide released during acute inflammation, Riegel postulated that
endothelial nucleotide receptors could play a role in vascular inflammation. Pharmacologic or genetic
in vivo studies showed attenuated inflammatory responses in P2Y6 '~ mice or after P2Y6 antagonist
treatment during LPS-induced vascular inflammation [71].

6. Conclusions

The association of diseases with expression of purinergic receptors should prompt further search for
pharmacological compounds with selective action on P2X and P2Y receptors. Accordingly, the results
described here revealed that several promising natural products present significant agonist or
antagonist activities for P2 receptors. A better understanding of the role of P2 receptors in
physiological and pathological processes will be a key element in the discovery of new medicines for
several pathological conditions such as cancer, rheumatoid arthritis, and pain.
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Abstract

Abstract

P2 receptors, purinergic receptors, are expressed in all human cell types and are
activated by extracellular purines and pyrimidines. They have been found in all
mammalian cells studied thus far. P2 receptors are subdivided into two groups: the P2Y
receptors, which are metabotropic receptors, i.e. they activate intracellular metabolic
pathways, and P2X receptors, which are ionotropic (promote the opening of an ion
channel in the cell membrane). Among the P2X receptors has the P2X7 subtype, which
is involved in many important physiological and metabolic functions, as well as in
several diseases, especially inflammatory diseases. Based on this, the P2X7 receptor is
considered a possible therapeutic target. However, there are no selective antagonists for
P2X7 that could be useful in clinical treatments of a variety of diseases, which are
related to this receptor. In this context, natural products emerge as a source of
bioproducts, that can be utilized to obtain new molecules with antagonistic activity, or
to become the base for synthesis of new antagonistic compounds. These new molecules
may be used in clinical trials, to discover new selective antagonists for P2X7 receptors.
In this chapter, we will discuss the use of natural products as a source for screening of

new antagonists to P2X7 receptors.

Key Words: Natural Products, Antagonism, Purinergic, P2X7R.



Introduction

Antagonists for P2X7R: Why have they become necessary?

At times, the bridge between basic research and clinical practice is a long road that
is difficult to imagine. However, in the case of P2X7R, Burnstock, an Australian
researcher, discovered the P2 receptors in 1970’s, however only in the 1980’s they were
differentiated as P2X and P2Y receptors. These receptors were further delineated into
subtypes, of which P2X7 has been the focus of growing research. More than 500

articles were published in the previous 5 years about this receptor alone.

Within the immunological system, the P2X7R appears to be a key component to
mediate responses related to inflammatory disease. These receptors are found in diverse
species. In humans, more specifically in the immune system, P2X7R was found in
mastocytes, erythrocytes, monocytes, macrophages, peripheral dendritic cells, T and B
lymphocytes, Langerhans cells, microglia, Schwann cells, and astrocytes (Skaper;
Debetto; Giusti, 2010). The activation of this receptor has been implied in ischemia,
diabetes, cancer, Alzheimer’s, cardiovascular disease, neuropathic pain, protozoa and
bacterial diseases, acute pancreatitis and colitis (Coddou et al., 2011). The P2X7
receptor is found at the center of much of the regulation of these diseases. It has
become the target for not only treatment, but also the understanding of the mechanisms

involved in the processes.

Current researches on P2X7 receptor have focused on the development of
antagonists in both basic and therapeutic applications. The goal of this research is to
combat side effects while creating more directed and safer intervention with minimal
side effects, which can be applied in clinical practice. In turn, the search includes all
involved antagonists, from both synthetic and natural products. The key challenge
regarding a P2X7R antagonist remains passing from the level of in vitro to in vivo, due
to the drastic ramifications that an intervention at this molecular level would imply
within a living system. As synthetic antagonists have hit several roadblocks, hopes have
turned to natural products to discover new molecules with innate natural antagonist

properties of this receptor.



Possible Implications of an Antagonist in Medicine

The relevance of the study of an antagonist’s usefulness in clinic is based on its
biological characteristics: an antagonist is a molecule that will bind to a receptor
without inducing any physiological response. Generally, an antagonist has more affinity
to the receptor than an agonist, and high concentrations of an antagonist lead to a
blockage on the agonist binding to the receptor. However, this inhibition effect can be
reversible with a decrease of the antagonist’s concentration. Otherwise, if the affinity
between an antagonist and a receptor is high, the inhibitory effect becomes irreversible,
which prevents the binding with an agonist molecule. Summarizing, an antagonist can
be reversible or irreversible, depending on the affinity and/or its concentration (Katzung

9" edition).

The P2X7 receptor is involved in many diseases, and approximately 317 articles
have been published relating this correlation as of June of 2012. There seems to be an
effective participant along with the evolution of these pathologies. As such, the
antagonist inhibition of its receptor emerges as a promising target to treat these diseases,

calling special attention to the scientific community.

The majority of the aforementioned articles is linked to inflammatory diseases
and the P2X7R. The participation of the P2X7R in the IL-1p release pathway, a pro-
inflammatory cytokine, has been studied as a potential target for the treatment of
pathologies in relation with the inflammatory process, i.e.: Rheumatoid Arthritis,
Neuropathic and Inflammatory Pain. Recently, there has been an international joint
effort between researchers and pharmaceutical industries to discover compounds that
could be potential antagonists for the P2X7R, with selective action and possible clinical

applications.

Other possible clinical applications include diseases such as diabetes, which
became a public health problem in many countries around the world, leading to
secondary incapacitating pathologies or death. Current treatments are based on
subcutaneous injections of insulin and/or the administration of anti-diabetogenic drugs
that cause several side effects including: insomnia, hypoglycemia, headaches, and
anorexia. The P2X7R was found in pancreatic alpha cells (Coutinho-Silva et al., 2007),

and it the correlates with the increase in the expression of this receptor during diabetes



in pancreatic alpha cells. Another disease that showed an increase in the expression of
the P2X7R receptor was cancer, signaling a promising new target for the discovery of
antagonist molecules, given 75% of anti-cancer drugs originate from natural products

(Mann et al. 2002).

The location of P2X7R in the nervous system has been described as well (Tsuda
et al., 2012), and it became a recent target for the treatment of neuropathic pain.
Injuries in a peripheral nerve lead to an up-regulation in the expression of its receptor in
dorsal horn microglia (Tsuda et al., 2012). In addition, the expression of the P2X7R in
microglia was implicated with the neuronal damage in the cortex by the release of ROS,
which could be a cause leading to Alzheimer’s disease (Lee ef al., 2011). Alzheimer’s is
still without a cure and has expensive and irresolute treatment, which leads to many side
effects. Recently, the P2X7R has been looked to as a promising target for treatment and
research has been growing with the support of many companies industry-wide, which

are searching for an antagonist with clinical applicability.

Pharmacology of P2X7R

Of all agonists, ATP is the only one that is physiological and activates the P2X7R
under physiological conditions, and normally in the extracellular, its concentration is
low (in the nanomolar range) (Chen et al., 2009). However, in pathological conditions,
cells that store ATP in the cytoplasm at higher concentrations than the extracellular
medium tend to release ATP, which will activate the P2X7R. The activation of this
receptor represents a danger signal, since it occurs in situations of high exposure to
extracellular ATP, which is typically found in the processes of cytolysis, tissue trauma
and hypoxia/ischemia caused by inflammation. Although, the P2X7R is the only
receptor that is activated in the millimolar range of concentration of ATP, in despite of
the other P2X receptors, which are activated at micromolar concentration levels (Lister

et al., 2007; Skaper; Debetto; Giuski, 2010; Coddou et al., 2011).

Once activated, the P2X7R triggers an intracellular signaling cascades, which result

in the release of inflammatory mediators such as cytokines IL-1B, IL-6, IL-18, NO,

4



ROS, and tumor necrosis factor-a (TNF-a), mediates apoptosis in polymorph nuclear
cells, and induces the formation of multinucleated giant cells. Furthermore, a prolonged
stimulation of this receptor results in the opening of a membrane pore, which allows

passage of molecules up to 900 Da, as shown in Figure 1 (Lister et al., 2007).

. Ethidium bromide — 394.31 Da
LY TLucifer Yellow—457.24 Da
¥ YO-PRO-1-629Da

. Propidium iodide — 668.39Da

Figure 1: Expression of the P2X7 receptor on the cell membrane. In (a) the receptor is activated by its
agonist, ATP and then opens an ion channel (b), which allows the passage of cations such as Na + and
Ca2 +. If this stimulation is extended, it is capable of forming a membrane pore (c) allowing the passage
of high molecular weight molecules such as ethidium bromide, Lucifer Yellow, propidium iodide and YO-
PRO-1

Currently there some molecules described with agonist or antagonist activity on the
P2X7R, between the agonists for this receptor. These include BZATP (ECsp: 10 nM),
and ATP (ECsp: 3-4 mM), the first being more potent than the last, since 50% can

promote the biological effect in a nanomolar concentration (Coddou et al., 2011).

In despite of the antagonists, a selective antagonist for P2X7R is not yet known,
because many antagonists interact with other receptors of the P2X family and the few
that shows specificity to P2X7R, they still in the trial phase (Gunosewoyo et al., 2010)
(as shown in the Table 1).



Table 1: Agonists and antagonists to P2X7R.

Classification

Powerfull Agonists

ATP

BzATP

Parcial Agonists

of-meATP

By-meATP

2-meSATP

Antagonists

A438079

A740003

A804598

AZ10606120

AZ11645373

BBG

KN-62

MRS2159

NF279

0ATP

PPADS

PPNDS

Suramin

Concentration

ECso

2-4 mM

10 pM

ECsy

> 300 uM

> 300 uM

200 uM

ICso

0.2-1 yM

20-700 nM

10 nM

10-200 nM

5-10 nM

15-250 nM

10 yM

5uM

3-20 pM

100-300 pM

10-45 uM

1-10 pM

> 300 uM

Relation with others P2X receptors

P2X,, P2X,, P2X;, P2Xy, P2X5 e P2X,,

P2X,, P2X,, P2X;, P2Xy, P2X5 e P2X,,

P2X1, P2X2, P2X3, P2X4, P2X5 (S PZX(,

P2X1, P2X2, P2X3, P2X4 (S P2X5

P2X1, P2X2, P2X3, P2X4, P2X5 (S PZX(,

P2X;

P2X;

P2X;

P2X;

P2X;

P2X4 (S P2X5

P2X;

P2X1 (S P2X3

P2X,, P2X;e P2X;3.

irreversible antagonist

P2X,, P2X,, P2X;, P2Xy, P2X5 e P2X,.

P2X;.

P2X1, P2X2, P2X3, P2X4, P2X5 (S PZX(,
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Current research for P2X7R antagonists:

Synthetic Compounds:

Recently, the discovery of synthetic selective antagonists for the P2X7R have
been related with SAR (structure-activity relationship) studies and synthesis of
semisynthetic compounds, based on molecules obtained from natural compounds

(Matasi et al., 2011).

Currently, some compounds have been described with potential antagonistic
activity, such as, the cyanoguanidines, disubstituted tetrazoles, (Nelson, Gregg et al.
2006), A-438 079, 3 - ((5 - (2,3-dichlorophenyl) 1H-tetrazol-1-yl) methyl pyridine, a
selective and competitive antagonist with inhibition on submicromolar concentrations to
rP2X7R, hP2X7R and mP2X7R (Nelson, Gregg et al., 2006). Another compound, A-
740 003 (N-cyanoguanidine) (5-quinolinilamino) methyl] amino} -2,2-dimethylpropyl)
-2 - (3,4-dimethoxyphenyl) acetamide), other selective and competitive antagonists with
IC's50 to rP2X7R = 18nM and 40 nM and the hP2X7R with submicromolar
concentration to mP2X7R. Other compounds showed antagonistic activity as well, such
as the compound A804598 (2-cyano-1-[(1S)-1-phenylethyl]-3-quinoline-5-guanidine),
which demonstrated inhibition at low concentrations [9-11nM] on receptors: rP2X7R,
hP2X7R and mP2X7R (Coddou Yan et al., 2011). Recently, a study published by Stock
et al., 2012, showed the efficacy and safety of a compound (CE-224,535) in the
treatment of patients with Rheumatoid Arthritis, but this compound demonstrated to be

less potent than the usual clinical drugs.

Research on the discovery of selective inhibitory molecules to P2X7R has
offered new insights into the pharmacology of the P2X7R and its therapeutic potential
(Donnelly-Roberts, Namovic et al., 2004).



Natural Products

Natural products from plants, animals, and microorganisms have been used for
thousands years for the treatment of various human diseases, becoming the known basis
of the traditional medicine throughout the world. The traditional Chinese medicine and
Japanese-Chinese Medicine in Asia, as well as alternative medicine in the Americas, are
examples of its use (Koehn, Carter, 2005; Balunas; Kinghorn, 2005; Itokawa et al.,
2008).

Information about the medicinal use of plants was acquired and transmitted over
centuries. These properties piqued scientific curiosity, and at the turn of the nineteenth
century in 1805, the first pure form of a natural compound with pharmacological
activity was isolated: morphine. Since then, other numerous molecules have been
discovered and utilized in many pharmacological treatments, such as aspirin, digitoxin,

pilocarpine, and quinine (Butler, 2004; Njuguna; Masimirembwa; Chibale, 2012).

Nowadays, medicine has some other examples of drugs provided from natural
products, as the discovery and clinical use of quinine and artemisin, which represent just
two of many natural compounds that have activity against Plasmodium falciparum, and
have been used as a first-line drug treatment until today. Additionally, they serve as the
basis for research and synthesis of various synthetic antimalarial compounds (Njuguna,
Masimirembwa et al., 2012). The discovery of penicillin by Fleming in 1928 from the
fungus Penicillium chrysogenum can also be cited. Since then, there have been
advancements and discoveries in the identification of biological activity of
microorganisms and their secondary metabolites for synthesis of numerous antibiotics

(Mohandas et al., 2012).

Subsequently, another important discovery emerged, Cyclosporine in 1979 from the
fungus Tolypocladium inflatum, leading to a fundamental improvement on the organ
transplantation. Before the discovery of this drug, the durability of a graft was short,
generally only few hours after surgery due to the intense onslaught of recipient's
immune system against the graft, promoting rejection. Due to the immunosuppressive

action on T lymphocytes, cyclosporine acts preventing the recipient's immune system



from attacking the organ graft, thus preventing the rejection, an undesirable factor for

the success of the transplant (Starzl, Iwatsuki et al., 1981).

Currently, it’s estimated there are roughly 200,000 known compounds isolated from
natural products, and many are used in modern medicine. Interesting examples of this
applicability are morphine and salicylate (Marienhagen et al., 2012; Calixto et al.,
2005). Antineoplastic agents can also be included, as around 75% come from natural
products, i.e., taxol and vincristine (Mann, 2002) as shown in Table 2. These natural
products are not obtained exclusively from plants, but also from fungi, marine
organisms, and bacteria. Based on the enormous biological wealth worldwide, Brazil
accounts for about 15 to 20% of naturally-based pharmaceuticals, being the country
with largest number of endemic plant species. Knowledge of this pharmaceutical

potential however, remains low.

Finally, research of natural products leads to an increased knowledge about their
potential properties. Research in this area shows to be promising, offering many

highlights to be explored.

Table 2: Drugs from Natural Products.

DRUG USE DISEASE SOURCE REFERENCE
Resveratrol Antiplatelet Cardiovascular Plant Vasanthi et al.,2012
Galantamine Cholinesterase Alzheimer’s Plant Yanagisawa., 2012

Inhibitor Disease
Mefloquine Antimalarial Parasitic Plant Barreto., 2009
Magnolol Modulate Neurological Plant Alexeev et al.,
GABAAR 2012
Taxol Antimitotyc agent Oncologycal Plant Mann et al.,2002
Codeine Analsegic Pain Plant Eban K., 2011
Isoflavone Estrogen Therapy Metabolic Plant Eden J.A., 2012
Cyclosporine Antiproliferative Graft Disease Fungus Starzl, Iwatsuki et
activity on T cells al. 1981
Penicillin Antibiotic Bacterial Fungus Mohandas et
infections al.2012

Natural Products and P2X7R antagonists: An overview

Currently there are a few articles published that make a correlation between

P2X7 receptors and natural products as a source of new possible antagonists, as shown

in Table 3. One of these articles, Shemon et al., 2004, related the block on the cationic
9



efflux trough the P2X7 receptors by benzophenanthridine alkaloids, but this action was
not selective. They noted the inhibition of some enzymes by this Phytochemistry
compound, as well as PKC and alanine aminotransferase. Buchanan et al., 2007 noted
the specific antagonistic effect on P2X7 by a class of tretameric pirrazolyc imidazoles
(Stilissadines A e B). In the same year, this scientific group also isolated the Niphatoxin

C from a marine sponge (Callyspongia sp).

Further, the Said et al., 2007 study can also be cited, as it related the action of
vegetable oils on activation of cell death through P2X7R. These oils were obtained
from: Olea europaea L ; Zea mays, camelina sativa, and Aleurites moluccan. Only the
Castor oil, which is currently used as a eye drops vehicle, showed an agonistic action

leading to an intense cell death process by the activation of the P2X7 receptor.

Gunosewoyo et al., 2009 suggested the study of chemical properties of synthetic
or natural compounds and the biological screening to effort the discovery of new
antagonists for P2X7. Liu et al., 2010 described the antagonistic activity of Emodin, an
antraquinonic compound obtained from Rheum officinale Baill on this receptor. The
antagonistic effect of the methanolic extract of Rheedia logifolia was described as

promoting an analgesic activity on inflammatory pain (Santos et al., 2011).

Since these bioproducts have a great demand for testing, it becomes necessary to
develop techniques which are capable of solving the problem of screening the samples,
of which only between 10-15% are used for therapy. In addition, some screening
processes consume time and can lead to many months before implementation.
Therefore, the development of new techniques for screening should be focused on one
specific molecular target, allowing the analysis of many samples quickly and efficiently

(Balunas; Kinghorn, 2005; Saklani; Kutty, 2008).
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Table 3: Natural compounds with antagonistic activity on P2X7R

Isolated compound/*ICs,

Article Biological specie
Shemon et al., 2004 Chelidonium majus Chelerytrine
(benzophenanthridine
(Papaveraceae) .
alkaloid )
ICS() = 10 HM
Buchanan et al., 2007 Stylissa flabellata Stilissadines A and B

(Marine sponge)

IC50:0.7}1M and 1.8 HM

Buchanan et al., 2007

Callyspongia SP

(Marine Sponge)

Niphatoxin C (Alkaloids)

ICso- ND

Said et al., 2007

Olea europaea L;
Capsicum sp; Zea
mays,; camelina sativa;

Aleurites moluccana

Vegetable oils

ICso- ND

Gunosewoyo et al., 2009

Alkaloids obtained
from SAR studies

Massadine
(IC50 = ND)
and Protoberberine

(IC50 =0.3 IJM)

Liu et al., 2010 Rheum officinale Baill Emodin
IC50 - 500 nM
Rheedia longifolia Bisflavonoids

Santos et al., 2011

(Guttiferae)

ICS() = 2pg/mL

*1Cso = half maximal inhibitory concentration; ND = Not Determined
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Concluding Remarks

As shown previously, natural products can be a rich resource in the search of
new medicines, or other active compounds that can be useful in the clinical treatment of
various diseases. Focusing on the P2X7 receptor, some published works regard the
activity of natural compounds as a potent and selective antagonist, which could be used

for the treatment of pathologies that are in relationship with the activation of P2X7R.

Many trial studies have been conducted to discover new drugs that act on
P2X7R, namely those based on synthetic compounds. These studies are primarily on
trial phase one or three and have used patients with Rheumatoid Arthritis, demonstrating
the importance of the quest to find a new compound that could act on inflammatory
diseases by P2X7R (Coddou et al., 2011). These studies are occurring in the scientific
centers of pharmaceutical companies, such as Merck, Astra Zeneca, and Glaxo, which

shows the great interest that the pharmaceutical industry has in this research area.
Under this scenario, natural products can emerge as a source to discovering new

molecules with antagonistic activity, or those that could be used as a base for the

synthesis of new synthetic compounds with P2X7R activity.
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ANEXO 3

Resultado de Alguns dos
1800 Extratos Triados
Através da Metodologia
Padronizada Neste
Trabalho



1 2 3 4 5 6 7 8 9 10 11 12
A 0,635 438| 4447 5606| 10981| 6842 3168] 3,088 5,24 434 4,104 CEL
B 5328| 7447| 4212| 2437| 2185 3208| 3056| 4,101] 4881] 2,567
TRITON
Cc 5851| 3026| 2624| 4029 3354 2073 4299| 3858| 3331 2728|  3223|0.1%
D 0682 5819| 6464] 4,063 465| 2646] 2322 2854| 4157| 3465| 2,798 |BBG
E 8,767 547| 4511] 5311] 2231 2726| 4354| 3269 2287| 6,837
DMSO
F 0734| 5364| 5087| 5767 5412 3581|2397 2,21 235 3858 9,79 0.05%
G 5994| 4,498 486| 4225 2899| 2748 2678 2503 2408| 10,981
H 6,879 8214| 2767 3363 5512 3223 3371| 2413|  4463| 4,443
A 0,873 1.895| 42564| 10,012] 11,063 21.119] 26,626| 28972| 28961| 23333| 5993 | CEL
B 73,791| 45528| 43,382 49322 49454| 2257| 38405| 41,645| 42244| 7,536
TRITON
C 20,515| 97,898| 61,008| 48696| 52,107| 64,311| 44444| 2272| 40,929| 36,097| 9,269 |0.1%
D 0,995 19,957| 26,453| 19,986 9,006| 11,643 21,19 21,121] 10,859| 10,863| 10,068 | BBG
E 2928| 4474| 5309| 11,574| 11,647 11,06] 10,853| 10,964| 10,953| 10,92
DMSO
F 0982| 38953| 17,673| 4.265| 4,075| 22578| 41,202] 31,152| 31,26| 11,119| 21,118|0.05%
G 110,274 | 21584| 5092| 22464| 41875 21239| 31238 5228 10,965 10,808
Extrato ¢/
H 21,022  6999| 31,066 5044| 9964| 10,654| 11,899| 12,917 9.818| 9,897 | Atividade
A 0587 4366| 3,324 4355| 3377| 5327| 3,703 3,83 3871| 2972| 3,406|CEL
B 5633 4206] 3268| 3339 4673 3463 4,051| 4178 2261| 2,39
TRITON
Cc 12428| 4515 4543 5829| 2191| 4975| 5391 3266 3951 3348| 2347|0.1%
D 0,608 5.256| 4772 742| 2898| 3.166| 4223 6392 3779] 3422] 5316|BBG
E 4208| 4531 4278 4399| 4371| 4301| 3,733 3,793| 4612| 4,388
DMSO
F 0621| 5152 5764| 3851 2559| 3678| 3,708| 3,258 3,71| 5402 3,310.05%
G 4718 6115 3162] 2136] 4211| 2944| 3433 276] 3,085| 2367
H 5327| 5334| 4824| 3934| 3945 4176] 3198| 3447 3814] 5349
A 0607 4384| 5382| 3358| 5385 4399| 3635 11,721| 10,918 2943| 4,307 | CEL
B W  s5632] 4292 3548  3607| 4,69 368| 47165| 3994 2208| 3,348
TRITON
C 8,107| 4462| 4594 561| 12,141| 4972 546| 3287| 3863| 3371 4393]0.1%
D 0,716] 5036| 4574| 7,407| 3.187| 2966] 3.816] 6,568 3,941 3,303| 4,335 |BBG
. E | 0818] 396 459| 3921| 5436 4279| 4425| 3817 3615 4249 4344
DMSO
F 062 519 6,04| 4,008 125| 3881 3841 3354| 3531 526| 4,383 0.05%
G 4677 5944 3199] 20013 3861| 2923] 3318 2,779] 3093] 2,395
H 5,651 511| 4673 3976 3775 4261| 3229 3339 3543 3,376
A 0286] 2793 1,756| 1,419 278| 1896| 1.286] 1,792] 1,758] 1,569] 1,516 CEL
B 2,272 16| 1251 1473] 1614] 1,755| 1351| 2358| 1,946] 1,633
TRITON
C 3,326 2426 1,75  1444| 1351|1406 2517| 1,793 205  2134]  1,929/0.1%
D 0295| 2843| 1357 1442| 1401 1318 1,293| 1494 2913| 1579| 2461 |BBG
E 1,336| 1,474 1,748| 1456 1404] 1,703| 1509| 1,921 2] 2,056
DMSO
F 0,33| 1,383| 1567 145 1649| 1413| 1485| 1,709| 2191| 1631 1,689 0.05%
G 1,377  1214| 1321 1353 1287 1,333 1653 1,629 1,7] 1,088
H 1,359 2962| 1503] 1,285| 1,291 153 1482 1574| 1432 1642
A 0211] 2799] 3966] 1805 1.468] 1,921 1,18 161] 1,712 143] 1,539 CEL




B | 0865 23| 1369] 1,389| 1488| 1638 1,699 121] 2352 1,902| 1,708
TRITON
C 2472| 0489| 1743| 1547 1385| 1461| 2343| 1844| 2176| 2208|  1,891|0.1%
D 029 2819] 1416] 1487 1453 1,352 1,115 1,537| 3223 1,559| 2,325 |BBG
E 1,316] 1554 1,795] 1,344 1422| 1664| 1646] 1,923 1,952] 2078
DMSO
F 0283| 1.396| 1.876] 0509 1473 1,195 1,361| 1,699| 2068| 1,751|  1,556|0.05%
G 1,266 1,355 1,341 1,385 1,333| 1253| 1,693| 1659| 1,776] 1,155
Extrato ¢/
H 1,306 297| 1501| 1,436 1,14 155| 1545 1518 145| 1,649 | Atividade
A 0,153| 5,971 303| 1,794| 1489| 1583 126 1519 1,744 1495 1,528 |CEL
B8 OB 22| 1461 1206| 1532] 1,678 1,792] 1347| 2,458 1,84 1,798
TRITON
C 2405| 2357| 1,599| 1,351| 1.467| 1442 2635 1,913 219|  2176|  1,944[0.1%
D 0,205 2944| 1475| 1544| 1319] 1,324 1226 1,504] 3,057 1,63  2447|BBG
. E | 026 1426] 1431 1691] 1407| 1,331 1769| 1465| 1,654 2082| 2,088
DMSO
F 019| 1,394 153|  1455| 1332 1225| 1447 1643| 2349| 1715| 1,701]0.05%
G 1,206] 1239 1353] 1375| 1358| 1,177| 1,701| 1584| 1,581] 1,029
H 1246 1,386 1558 1,363 1235| 1488 1,352 163 1427 1,465
A 0608| 4603] 4603] 6084| 4941 6557 2638 3,078 5756| 4,464| 2,851 |CEL
B 3,152| 8402| 3,973 2218 2414| 3427 3182] 3892| 4926] 2,592
TRITON
C 12587 | 3529| 2758| 4265 3236| 2872 4915 4395 3439| 2917 3533[0.1%
D 077 7225| 7267| 4505 4709| 3915 3177| 4119] 4372 4228| 3,388 |BBG
E 9448| 6519| 4869| 4203 2969| 3677 5224| 438| 2535 7,298
DMSO
F 0,685 562| 4797| 6325 4371| 4822 2504| 2714 2239| 3,698 10,639 |0.05%
G 8,127| 6,454 58| 4335| 2243| 4p88| 3474| 2818 251] 2385
H 6952| 9448| 2587| 3694| 5326 354| 3253| 2223| 4732| 4393
A 0402| 4448| 5768| 4729 6526 577] 2446] 2991| 5711| 4104| 3,508 |CEL
B 3405 9065| 3,838 2215 2528 3595| 3319 4078| 4819] 2,666
TRITON
C 12419| 3941| 2809| 4192| 3807| 2409| 4494 4136 3355| 2789 3,102|0.1%
D 0577 6717| 7615 4533 4643 3393 3,119] 3,332 4465 3,672 3,11 |BBG
E 92| 6025 4602] 4484 2661] 3,321 497|  4406] 2137] 7,104
DMSO
F 0447| 5633| 4857| 6345 4689| 4452 2416| 2429| 2273| 3933| 10,267 |0.05%
G 7.83 679| 5278| 4551| 2212| 3923 3076] 2909 2436] 2,581
H 735 8806| 2581 349| 6382] 3346 364| 2348| 4852| 4706




