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REsumMmoO

Introdugio: os fungos aneméfilos possuem a capacidade de liberar no ambiente
suas estruturas reprodutivas chamadas de esporos, os quais sio transportadas pelo
ar e a0 encontrarem uma area propicia, depositam-se, colonizam e reproduzem-se.
Diante dos fatos, este trabalho teve por objetivo isolar, quantificar e identificar a
microbiota fungica presente no ar do interior de uma clinica de hemodilise
situada no Rio Grande do Norte. Metodologia: para isso foi utilizado o método
de sedimentacio espontinea para a deposi¢io desses esporos em placas de Petri com
meio de cultura Agar Sabouraud Dextrose as quais foram expostas nos locais por 15
minutos, ¢ incubadas a 28°C por até 14 dias. Apds esse periodo, as colonias foram
contadas, repicadas ¢ identificadas macro ¢ microscopicamente utilizando a técnica
de microcultivo. Resultados: com a identificagio foi possivel notar a presenca dos
fungos filamentosos Cladosporium spp. (42,85%) o qual houve maior prevaléncia,
Aspergillus spp. (7,14%), Bipolaris spp. (3,54%) e Mycelia sterilia (3,57%), além
de uma quantidade de leveduras (42,85%) cujos géneros nio foram identificados.
Além disso, foi utilizada uma equacgio para medir a qualidade do ar, ¢ pode-se
observar que a quantidade maxima de Unidade Formadoras de Col6nias por metro
ctibico (UFC/m?®) encontrada ¢ a relagio I/E (quantidade de fungos no interior
do ambiente/quantidade de fungos no exterior do ambiente) estavam dentro dos

limites estabelecidos pela ANVISA. Conclusio: assim sendo, a qualidade do ar foi

1123


www.farmacia.unal.edu.co
https://doi.org/10.15446/rcciquifa.v52n3.112475
mailto:lauracabralas@gmail.com

Pamela Medeiros Rodrigues ez 4/.

avaliada de acordo com os pardmetros da ANVISA e foi considerada satisfatoria,
pois a quantidade de UFC/m? e a relagio I/E estio dentro dos limites estabelecidos.
Esses dados sdo importantes para monitorar a saude dos pacientes e dos profissionais

que frequentam a clinica, bem como para prevenir possiveis infec¢oes fingicas.

Palavras-chave: Hemodidlise, fungos filamentosos, qualidade do ar.

SUMMARY

Air quality assessment and fungus research in a hemodialysis clinic
in the city of Caic6-RN, Brazil

Introduction: Airborne fungi have the ability to release into the environment their
reproductive structures called spores, which are transported by the air and when
they find a suitable area, they deposit, colonize, and reproduce. Given the facts, this
work aimed to isolate, quantify and identify the fungal microbiota present in the
air inside a hemodialysis clinic located in Rio Grande do Norte. Methodology: For
this, the spontaneous sedimentation method was used for the deposition of these
spores in Petri dishes with Sabouraud Dextrose Agar culture medium, which were
exposed in the places for 15 minutes, and incubated at 28°C for up to 14 days. After
this period, colonies were counted, picked and identified macro and microscopically
using the microculture technique. Results: With the identification it was possible to
notice the presence of the filamentous fungi Cladosporium spp. (42.85%) which had
the highest prevalence, Aspergillus spp. (7.14%), Bipolaris spp. (3.54%), and Mycelia
sterilia (3.57%), in addition to a number of yeasts (42.85%) whose genera were not
identified. In addition, an equation was used to measure air quality, and it can be
seen that the maximum amount of Colony Forming Unit per cubic meter (CFU/
m?) found and the I/E (amount of fungus inside the environment/amount of fungus
outside the environment) ratio were within the limits established by ANVISA.
Conclusion: therefore, the air quality was evaluated according to the ANVISA
parameters and was considered satisfactory, since the amount of CFU/m?® and
the I/E ratio are within the established limits. These data are important to monitor
the health of patients and professionals who attend the clinic, as well as to prevent

possible fungal infections.

Keywords: Hemodialysis, filamentous fungi, air quality.
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RESUMEN

Evaluacién de la calidad del aire e investigacién de hongos en una
clinica de hemodialisis en la ciudad de Caicé-RN, Brasil

Introduccién: los hongos anemofilos tienen la capacidad de liberar en el ambiente
sus estructuras reproductoras llamadas esporas, que son transportadas por el aire y
cuando encuentran una zona adecuada, se depositan, colonizan y reproducen. Dados
los hechos, este trabajo tuvo como objetivo aislar, cuantificar e identificar la micro-
biota fingica presente en el aire dentro de una clinica de hemodidlisis ubicada en Rio
Grande do Norte. Metodologia: para ello, se utilizé el método de sedimentacién
espontdnea para la deposicién de estas esporas en placas Petri con medio de cultivo
Agar Sabouraud Dextrosa que fueron expuestas en los lugares durante 15 minutos,
e incubadas a 28°C por hasta 14 dfas. Tras este periodo, se contaron las colonias,
se trasplantaron y se identificaron macro y microscépicamente mediante la técnica
del microcultivo. Resultados: La identificacién reveld la presencia de hongos fila-
mentosos, Cladosporium spp. (42,85%) con la mayor prevalencia, Aspergillus spp.
(7,14%), Bipolaris spp. (3,54%) y Mycelia sterilia (3,57%), ademds de una cantidad
de levaduras (42,85%) cuyos géneros no fueron identificados. Ademds, se utilizé una
ecuacion para medir la calidad del aire, y se pudo observar que la cantidad maxima
de Unidades Formadoras de Colonias por metro ctibico (UFC/m?) encontraday la
relacién I/E (cantidad de hongos dentro del ambiente / cantidad de hongos fuera del
ambiente) estaban dentro de los limites establecidos por la ANVISA. Conclusién:
por lo tanto, la calidad del aire fue evaluada segin los pardmetros de ANVISA y fue
considerada satisfactoria, ya que la cantidad de UFC/m?y la relacién I/E se encuen-
tran dentro de los limites establecidos. Estos datos son importantes para vigilar la
salud de los pacientes y profesionales que acuden a la clinica, ast como para prevenir

posibles infecciones fungicas.

Palabras clave: Hemodidlisis, hongos filamentosos, calidad del aire.

INTRODUCAO

Os fungos sao microrganismos importantes para natureza, desempenham um papel
indispensavel na decomposi¢ao de materiais orginicos, na degradagao de alimentos,
porém algumas espécies podem atuar como parasitas em seres vivos, podendo, eventu-
almente, causar a morte destes. Estio em contato conosco todos os dias e sio encontra-
dos em praticamente qualquer local que nos cerca, inclusive no ar, o qual representa o
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meio de dispersao mais bem-sucedido para que se reproduzam, espalhando suas estru-
turas reprodutoras em forma de conidios e esporos [1, 2].

Aqueles fungos que possuem a capacidade de dispersio no ar sio chamados de anemofi-
los, ¢ estao intimamente ligados a satide do homem, podendo causar diferentes patolo-
gias respiratorias como asma e rinite, além de irritacao na pele € nas mucosas, infecgées
fangicas ¢ manifestagdes gastrintestinais devido a ocorréncias tdéxico-alimentares [1].
Entre estes fungos que habitam o ar atmosférico, podemos destacar os géneros Alzer-
naria, Aspergillus, Cladosporium, Curvularia, Fusarium e Penicillium (3]. Entretanto,
dependendo do grau de exposi¢ao, outras espécies também podem colonizar o ar [4].

A presenga de infecgoes causadas por fungos anemofilos em ambientes hospitalares ¢
relatada na literatura, devido a pouca circulagio de ar, muitas vezes por esses ambientes
serem parcial ou completamente isolados do ambiente externo. Muitas vezes sao locais
com uso de ar-condicionado, o que contribui ainda mais para a presenca desses organis-
mos, tornando a qualidade do ar interior mais critica, o que reflete na vulnerabilidade
dos pacientes que apresentam uma baixa imunidade [3, 5]. Desta forma, esses fungos
agem de forma oportunista, causando infec¢des principalmente em pacientes debili-
tados e imunodeprimidos, como idosos, criangas, pacientes com doengas cronicas que
fazem uso de cateter, fistula, didlise, pacientes com COVID-19, entre outros [6-10].

No Brasil existe um regulamento estipulado pela Agéncia Nacional de Vigilincia Sani-
téria (ANVISA), a qual visa estabelecer padroes de qualidade do ar interior em ambien-
tes climatizados artificialmente de uso publico e coletivo. A resolucao N° 09 de 16 de
janeiro de 2003 tem o objetivo de garantir a qualidade do ar nestes ambientes climati-
zados, através da manutencio destes equipamentos [11].

Nesse contexto, os pacientes acometidos por doencas renais como insuficiéncia renal
aguda, nos quais os rins podem recuperar-se ou parar de funcionar subitamente e insufi-
ciéncia renal cronica, em que os néfrons perdem sua funcionalidade ao longo do tempo,
a0 se contaminarem em um hospital pode acarretar a perda das fun¢oes renais [12].

Levando em consideragio a gravidade do problema renal, o tratamento inicial pode ser
feito a base de dietas e terapia medicamentosa e controle da pressio arterial, porém se
esses tratamentos nao surtem efeito, o paciente ¢ submetido & hemodiilise pelo resto
da vida ou até que seu quadro possa ser revertido ou ainda que possa ser submetido a
um transplante renal [13].

A hemodiélise ¢ uma operagio para a filtragdo sanguinea que ocorre fora do corpo,
realizado por maquinas. E um processo artificial que pode durar em média, de trés a
quatro horas, trés dias por semana, onde o sangue ¢ retirado do corpo do paciente e
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encaminhado a um filtro, em seguida, ¢ devolvido ao corpo [14, 15]. Um estudo de
caso apontou que os géneros que mais acometem pacientes renais sio Aspergillus, Rhi-
zopus, Candida e Scedosporium, os quais acometem tecido pulmonar e tecido dsseo;
mucosas oral e vaginal, além de outros érgaos se disseminada; e infecgoes localizadas,
respectivamente [16].

Desta forma, levando em consideragao o potencial patogénico de alguns fungos e a
vulnerabilidade desses pacientes com comprometimento renal, este trabalho teve como
objetivo isolar, quantificar e identificar a variedade taxonémica de fungos filamentosos
¢ as leveduras presentes no ambiente de uma clinica de hemodiélise, no municipio de

Caicé, Rio Grande do Norte.
METODOLOGIA

Local de Estudo

As amostras foram coletadas de cinco ambientes (sala de hemodidlise, sala de reproces-
samento, sala de tratamento de 4gua, recepgio e cozinha), da Clinica do Rim, locali-
zada no municipio de Caicd, Rio Grande do Norte ¢ foram analisadas no laboratério
de Microbiologia Clinica da Universidade Federal de Campina Grande (UFCG),
Centro de Educagio e Satde (CES), Campus Cuité. O trabalho possui registro no
Sistema Nacional de Gestio do Patriménio Genético e do Conhecimento Tradicional

Associado (SISGEN), sob o c4digo: AS03E78.

Coleta de Amostras

A coleta foi feita pelo método de sedimentacgio espontinea em placas de Petri com
meio de cultura especifico, utilizando um conjunto de trés placas para cada ambiente,
sendo uma delas o controle, a qual nao foi aberta. Cada placa de Petri contendo o meio
Agar Sabouraud-Dextrose da marca ION acrescido de Ceftriaxona (permitindo o iso-
lamento seletivo de fungos) [17] foi exposta em um suporte com aproximadamente
1 metro do chio, no centro de cada ambiente por aproximadamente 15 minutos.
Seguindo a Norma Técnica 001 da Resolugio n°176 [18]. As placas foram identifica-
das como placa 1 e 2 para cada setor de coleta.

Apbs a realizagio da coleta, as placas foram mantidas em estufa por até 14 dias a tempe-
ratura de 28°C. Durante esse periodo de incubagio, as placas estavam sendo observadas
diariamente quanto ao crescimento fungico [3, 19].
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Anilise Microbiolégica do ar

Finalizado o periodo de incubagio, realizou-se a contagem das Unidades Formadoras
de Colonias (UFC) crescidas nas placas de cada ambiente estudado, calculando a sua
média. Depois calculou-se a relagio entre o ar externo e interno para a avaliagao da
qualidade do ar interno. De acordo com a ANVISA, o valor méximo de contaminagao
microbioldgica permitida para um ambiente fechado ¢ de < 750 UFC/m’® e de < 1,5
para a relacdo entre o ar interior e o exterior [11].

Em seguida, realizou-se a amostragem da sedimenta¢ao do ar de cada ambiente, atra-
vés da equagdo de Frieberg er al., 1999 [20] utilizada por Sobral ez al., (2017) [21]
(Equagio 1), na qual faz a relagao numérica entre o nimero de Unidades Formadoras
de Coldnias (UFC) depositadas na placa pela exposi¢io da mesma sobre a drea da placa
que foi exposta, multiplicada pela razao entre o nimero de microrganismos no ar e na
superficie do meio de cultura (SAR). A drea da placa utilizada corresponde 2 90 x 15 mm,
a qual foi convertida em m* e a propor¢io 1:23 foi atribuida, devido ser um processo de
sedimentagio espontinea, onde representa a razao entre o ar e a superficie do meio de
cultura [21, 22], a qual estd de acordo com a Resolugao n° 9 de 16 de janeiro de 2003.

Equagcao 1. Equacio utilizada para calcular a qualidade do ar:

NeUFC/ m® =

N° de UFC na placa 1
- : * — (SAR)
Area da placa de Petri(m?) 23

Identificagao Fungica

A identificagio macroscopica das coldnias foi desenvolvida em conjunto com a anilise
microscopica dos fragmentos destas coldnias em ldminas, com a adi¢ao do corante azul
de metileno. Quando a identificagao nao era possivel dessa forma citada, realizava-se a
técnica de microcultivo em ldmina, na qual sao semeados fragmentos dos fungos fila-

mentosos em Agar Batata Dextrose (ABD) DIFCOTM (3, 19, 23, 24].
RESULTADOS E DISCUSSAO

Anilise e identificacao das amostras

Apés o periodo de incubagao das placas, observou-se crescimento fingico na maioria
delas, conforme pode ser visualizado na tabela 1 e 2. Destaca-se que nao houve cresci-
mento fungico nas placas tidas como controle, ratificando a esterilidade dos meios de
cultura utilizados.
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Tabela 1. Fungos isolados em cada ambiente no interior da instituigio (+) presenca, (-) auséncia.

Fungos _ Salade Sala de . Sala de
. Recepgio co1 Cozinha  tratamento
isolados Hemodiilise reprocessamento ,
de dgua
Cladosporium
+ - + - -
Spp-
Aspergillus spp. + - - - -
Mycelia sterilia - + - - -
Bipolaris sp. - + - - -
Leveduras + + - + +

Fonte: autores.

Tabela 2. Quantidade total de UFC (%) dos microrganismos.

Fungos identificados Ne UFC (%)
Leveduras 12 (42,85)
Cladosporium spp. 12 (42,85)
Aspergillus spp. 2(7,14)
Mycelia Sterilia 1(3,57)
Bipolaris sp. 1(3,57)
UFC totais 28 (100)

Fonte: autores.

De acordo com Cunha, Souza e Gazola (2021) [25], os géneros Aspergillus, Cladospo-
rium, Penicillium e Candida sao os de maior importincia devido aos altos indices de
casos relatados na literatura médica, sendo destes os géneros Aspergillus e Cladosporium
identificados nesta pesquisa.

Na recepgao foram identificadas nove UFC de Cladosporium spp., duas de Aspergillus spp.,
¢ duas UFC de leveduras. O género Cladosporium (Figura 1) ¢ amplamente associado
as feo-hifomicoses, que sao infec¢oes fingicas causadas por hifas ou pseudo-hifas mela-
nizadas, que d4o uma coloragio negra ao tecido infectado, podendo ser cutineas ou
sistémicas, podendo causar lesao nos olhos, a oculomicose, bolor fungico nos pulmaées
e ainda lesdes no cérebro [25].
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Aspergillus spp. geralmente esta associado as infec¢oes pulmonares oportunistas, mas
podem também causar infe¢des nos seios nasais, canais auditivos e as chamadas onico-
micoses [26].

Figura 1. Colonia de Cladosporium spp, isolada na recepgio da clinica. Fonte: autores.

Na sala onde os pacientes realizam hemodialise, foi identificada apenas uma UFC do
género Bipolaris sp., além de uma outra espécie que nao apresentou estrutura reprodu-
tiva, e assim nao pode ser identificada, sendo classificada como Mycelia Sterilia, e trés
UFC de leveduras. O género Bipolaris esté presente em plantas, sendo patogénico em
varias espécies vegetais. Nos seres humanos pode causar alergias como rinite e sinusite,
e ainda infec¢des pulmonares e cutineas [27]. Sendo o principal ambiente da institui-
¢30, a sala de hemodialise ¢ um espago em constante higienizagao, visivelmente limpo,
ndo apresentou um grande crescimento de coldnias.

Os demais ambientes de coleta (cozinha, sala de reprocessamento e sala de tratamento
de 4gua) apresentaram contaminagio com a presen¢a de um microrganismo cada. Sao
locais que possuem uma limpeza constante, mas uma frequente mudanca de tempe-
ratura, além de uma baixa circulac¢io de ar e presenca de fluidos bioldgicos, deixando
assim o ambiente propicio ao crescimento e proliferagio fungica.

A seguranga do tratamento hemodialitico tem como um de seus principais determinan-
tes a qualidade da 4gua empregada no processo de didlise. O tratamento desta dgua utili-
zada para a hemodidlise deve ser feito em um sistema especifico garantindo que essa dgua
esteja livre de qualquer interferente, seja ele quimico, fisico ou biolégico, uma vez que essa
¢ utilizada para um procedimento invasivo por meio da corrente sanguinea do paciente.
Esse tratamento deve ser feito em um ambiente de uso exclusivo para este fim [28].

Andlise Microbiolégica do Ar

No Brasil,a ANVISA estabeleceu os fungos como marcadores epidemiolégicos da qua-
lidade do ar de um ambiente climatizado artificialmente na norma reguladora n° 09, de
16 de janeiro de 2003. O 6érgao recomenda um padrio de qualidade que estabelece um
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valor méximo para a contaminagao bioldgica do ar interior de < 750 UFC/m? de fun-
gos. Além disso, ¢ estabelecida a relagio I/E = < 1,5, tendo como “I” a quantidade de
fungos no interior do ambiente ¢ “E” a quantidade de fungos no exterior do ambiente.
Essa relagao ¢ reivindicada como uma forma de avaliar a ideia de normalidade represen-
tado pelo ambiente exterior e a predisposicao epidemioldgica de aumento dos poluen-
tes nos ambientes fechados [11].

A anélise do ar foi feita através da equagio utilizada por Sobral ez 4. (2017) [21]. A
tabela 3 representa a quantidade total de Unidades Formadoras de Col6nias em cada
placa obtida na pesquisa ¢ a média calculada de UFC que foram utilizadas na execucio
da equagio.

Tabela 3. Quantidade de UFC coletadas em cada ambiente.

UFC
Ambiente Total UFC Média UFC
Placal Placa2
Ambiente Externo 5 16 21 10,5
Recepgao 6 7 13 6,5
Sala de Hemodialise 4 4 8 4
Salade 5 I 3 1s
Reprocessamento
Cozinha 1 1 2 1
Sal:,i de tratamento 1 ] 5 ]
de 4gua

Apds os dados necessdrios serem obtidos, estes foram aplicados na equagio e foi possi-
vel alcangar os resultados desejados. Como determinado pela ANVISA, a quantidade
méxima permitida de UFC/m? em um ambiente ¢ < 750, ¢ nos ambientes analisados
nenhum chegou a esta quantidade. A relagio entre o ar interior e exterior deve ser < 1,5.
Essa relagio ¢ feita através da soma da média de cada placa e a média da placa de coleta
do ambiente externo a qual foi coletada apenas para que essa avaliagao fosse feita e nao
foi atingida em nenhum ambiente estudado, como pode-se observar na tabela 4.

Tabela 4. UFC/m?® ¢ a relagio I/E dos ambientes analisados.

Ambiente UFC/m? I/E<1,5
Recepgio 209,3 0,62
(Continue)
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Ambiente UFC/m? I/E<1,5
Sala de Hemodialise 128.,8 0,38
Sala de Reprocessamento 483 0,14
Cozinha 32,2 0,10
Sala de tratamento de 4gua 32,2 0,10

Fonte: autores.

A partir da tabela 4 ¢ possivel identificar que todos os ambientes da clinica analisados
estdo de acordo com a norma reguladora (NR 09 de 16 de janeiro de 2003), tanto as
UFC/m? quanto a relagao que analisa o ar dos ambientes internos e externos, nao apre-
sentando risco aos seus usudrios. O valor de UFC total do ambiente externo calculado
utilizando a equagido de Frieberg que na Legislagao diz que deve ser menor ou igual a

750 UFC por ambiente, foi de 338,2 UFC/m?® neste trabalho.

A recepcio foi o ambiente que apresentou o maior crescimento de UFC (Tabela 3), ¢
isso pode estar associado a varios fatores, como o grande fluxo de pessoas entrando e
saindo, uma manutengao inadequada do ar-condicionado que gerou uma devolugio
de umidade ao ambiente, o deixando propicio ao crescimento de fungos, visto que a
temperatura do ar externo era bem maior e a porta estava sempre aberta, esse constante
atrito de temperaturas, a movimentagio de carros, dentre outros.

Ainda na mesma Norma Reguladora, ¢ determinado que em um ambiente fechado
e climatizado artificialmente ¢ inaceitdvel a presenca de fungos patogénicos e toxigé-
nicos, porém, nesta pesquisa, apesar dos fungos identificados apresentarem potencial
patogénico como descrito na literatura, como algumas espécies de Aspergillus, ensaios
mais especificos para detectar o potencial patogénico e toxigénico nio foram realizados
neste estudo, se fazendo necessério futuras pesquisas sobre o tema.

Apesar de nao haver tantos estudos sobre qualidade do ar interior em clinicas de hemo-
didlise para que possa ser feitas comparacoes de dados, em outros estudos em ambien-
tes hospitalares ¢ possivel observar que nem sempre esse resultado vai estd dentro dos
limites aceitdveis, como pode ser observado no estudo feito por Sodré, Tértora e Cor-
réa (2014) [29], o qual analisou o ar interior do Hospital Universitirio Pedro Ernesto
(UERJ-RJ) e foi constatado em diversos ambientes valores acima de 1000 UFC/m?,
podendo chegar a mais de 3000 UFC/m?® e a relagao do ar I/E chegando a mais de 6.
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No estudo de Zenaide e Nascimento (2020) [30] essa andlise foi feita em um hospital
na Paraiba e 12 de 23 amostras foi possivel identificar um nimero de UFC/m? ¢ uma
razao I/E acima do estabelecido. Nas duas pesquisas, o género que teve maior prevalén-
cia foi o Aspergillus e os autores frisaram a limpeza como principal ponto de mudanca
para reverter essa situacao, além de uma fiscalizagio adequada por parte dos érgaos
competentes.

Algumas medidas podem ser adotadas para evitar a propagagao dos esporos e diminuir
a contaminacido dos ambientes, tais quais como: intensificar a manuten¢io dos apa-
relhos de ar-condicionado, adotar uma frequéncia maior de limpeza dos ambientes,
adotar medidas de higiene para os colaboradores e pacientes, como a limpeza de maos
e calcados e providenciar uma limpeza nas superficies que recebem contato frequente-
mente, como maganetas, cadeiras e poltronas, torneiras, entre outros.

CONCLUSAO

Os microrganismos anemoéfilos, apesar de terem sido encontrados em diversos ambien-
tes da clinica em estudo, variando em concentragio, estavam dentro dos limites preco-
nizados pela legislagao brasileira. E isso pode estar relacionado com a limpeza realizada
nas dependéncias da clinica e com a manutengao dos sistemas de ar-condicionado.

Mesmo estando dentro do permitido pelas normas, apds o isolamento e identificacio,
foi possivel observar a presenca dos géneros Cladosporium, Aspergillus, Bipolaris, a espé-
cie Mycelia sterilia e algumas leveduras nio identificadas, havendo uma maior prevalén-
cia dessas leveduras seguido do género Cladosporium.

Com relagao a qualidade do ar, foi possivel observar que o método de sedimentagao
espontinea se demonstrou eficaz ao que se propds ¢ que todos os locais analisados
estao dentro do que a ANVISA determina, tanto para o nimero maximo de UFC/ m’,
quanto para a relagao do ar interior/exterior. Para que haja a manutengao desses para-
metros adequados, sugere-se apenas que os cuidados com higiene continuem. Como
perspectiva, sugere-se que estudos sazonais possam ser realizados na referida clinica de
hemodialise e que ensaios para avaliar o verdadeiro potencial patogénico e/ou toxigé-
nico dos fungos presentes na microbiota anemoéfila possam ser realizados.

CONFLITOS DE INTERESSES

Os autores declaram nao haver conflitos de interesses.
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SUMMARY

Introduction: TRAIL cytokine (TNF-Related Apoptosis-Inducing Ligand) inter-
acts with five receptors, four of which are expressed at the plasma membrane (DR4,
DRS5, DcR1, DcR2), and the fifth is a soluble osteoprotegerin receptor (OPG). Only
the death receptors DR4 and DRS5 contain the cytoplasmic death domain (DD),
which is involved in triggering the apoptotic cascade. These receptors are found in
tumor cells of various types, including ovarian cancer cells. Purpose: The aim of this
article is to describe in a systematic review the presence of death receptors in cancer
cells of patients and to discuss the clinical implications of this approach on various
signs and clinical mechanisms of cancer. Method: The systematic review was
performed on June 1, 2022, using PubMed Central - PMC, SCOPUS (Else-
vier), Web of Science, Cochrane Library, and Biblioteca Virtual em Saide - BVS
(BIREME). The data were summarized in tables and critically analyzed. After
the database search, five relevant studies were identified for review. Results:
Analysis of these studies revealed evidence of increased survival in patients
with ovarian cancer who detected these receptors in cancer tissue. In addition,
we seek to understand the biological mechanisms involved in the resistance of

cancer cells to TRAIL-induced apoptosis.

Keywords: Ovarian cancer, Apoptosis-Inducing, TRAIL, DR4, DRS, Caspase.
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RESUMEN

Receptores TRAIL como marcador de prondstico y predictores de
la supervivencia en el cincer de ovario: una revision sistematica
de estudios clinicos y metandlisis

Introduccién: La citocina TRAIL (Ligando inductor de apoptosis relacionado con
TNF) interactda con cinco receptores, cuatro de los cuales se expresan en lamembrana
plasmética (DR4, DRS, DcR1, DcR2), y el quinto es un receptor de osteoprotege-
rina soluble (OPG). Solo los receptores de muerte DR4 y DRS contienen el dominio
de muerte citoplasmatico (DD), que estd involucrado en el desencadenamiento de
la cascada apoptdtica. Estos receptores se encuentran en células tumorales de varios
tipos, incluidas las células de cincer de ovario. Propésito: El objetivo de este articulo
es describir en una revisién sistemdtica la presencia de receptores de muerte en células
cancerosas de pacientes y discutir las implicaciones clinicas de este enfoque en varios
signos y mecanismos clinicos del cdncer. Método: La revision sistemdtica se realizd
el 1 de junio de 2022, utilizando PubMed Central - PMC, SCOPUS (Elsevier), Web
of Science, Cochrane Library y Biblioteca Virtual em Satde - BVS (BIREME). Los
datos se resumieron en tablas y se analizaron criticamente. Después de la bisqueda
en la base de datos, se identificaron 5 estudios relevantes para su revisién. Resul-
tados: El andlisis de estos estudios revelé evidencia de una mayor supervivencia en
pacientes con cdncer de ovario en quienes se detectaron estos receptores en el tejido
canceroso. Ademads, buscamos comprender los mecanismos bioldgicos involucrados

en la resistencia de las células cancerosas a la apoptosis inducida por TRAIL.

Palabras clave: Céncer de ovario, Inductor de apoptosis, TRAIL, DR4, DRS,
Caspasa.

REsuMO

Receptores TRAIL como marcadores de progndstico e preditores
da sobrevivéncia no cAncer de ovario: uma revisio sistematica
de estudos clinicos e metanalises

Introdugao: A citocina TRAIL (TNF-Related Apoptosis-Inducing Ligand) interage
com cinco receptores, quatro dos quais sio expressos na membrana plasmatica (DR4,
DRS, DcR1, DcR2) e o quinto é um receptor soltvel de osteoprotegerina (OPG).

Apenas os receptores de morte DR4 ¢ DRS contém o dominio citoplasmético de
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morte (DD), que est4 envolvido no desencadeamento da cascata apoptética. Esses
receptores sao encontrados em células tumorais de varios tipos, incluindo células de
cincer de ovirio. Propdsito: O objetivo deste artigo ¢ descrever em uma revisio
sistemdtica, a presenca de receptores de morte em células cancerigenas de pacientes
e discutir as implicacoes clinicas desta abordagem em vérios sinais ¢ mecanismos
clinicos do cincer. Método: A revisio sistematica foi realizada em 1° de junho de
2022, utilizando PubMed Central - PMC, SCOPUS (Elsevier), Web of Science,
Cochrane Library e Biblioteca Virtual em Satide - BVS (BIREME). Os dados foram
resumidos em tabelas e analisados criticamente. Ap6s a busca nos bancos de dados,
cinco estudos relevantes foram identificados para revisio. Resultados: A andlise
desses estudos revelou evidéncias de aumento da sobrevida em pacientes com cAncer
de ovario nos quais esses receptores foram detectados no tecido canceroso. Além
disso, buscamos entender os mecanismos bioldgicos envolvidos na resisténcia das

células cancerigenas 4 apoptose induzida por TRAIL.

Palavras chaves: Cancer de ovério, Indutor de apoptoses, TRAIL, DR4, DRS,
Caspase.

INTRODUCTION

Despite remarkable progress in understanding the biology of cancer and the develop-
ment of new diagnostic and therapeutic strategies, cancer remains one of the leading
causes of death. Worldwide, 225,500 new cases of ovarian cancer are diagnosed each
year, and 140,200 people die from this cancer [1, 2]. Although ovarian cancer was
considered a single entity, it can be divided into different histological subtypes with
different identifiable risk factors, cells of origin, molecular compositions, clinical fea-
tures, and treatments [3].

Effective screening strategies for early detection of ovarian cancer do not exist, but
individuals at high risk for developing ovarian cancer, such as those with germline
mutations in BRCA1 or BRCA2 or other genes associated with high risk for develop-
ing ovarian cancer, can be identified [3, 4]. The discovery of this unique feature among
members of the TNF superfamily has laid the foundation for testing the clinical
potential of TRAIL-R targeted therapies in cancer clinics [5]. However, the efficacy
of TRAIL-based cancer therapies has yet to be demonstrated, as most cancer cells are
TRAIL-resistant or develop resistance after multiple treatments [6, 7].

TRAIL is a multifunctional cytokine produced and secreted by most normal tissue
cells. It acts in the process of cellular apoptosis, mainly in tumor cells [8]. Targeting the
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apoptosis death receptor pathway represents a promising approach for the development
of new cancer therapies, as cell surface death receptors are directly linked to the apoptotic
machinery, preferentially in cancer cells, while sparing non-malignant cells [9].

Therefore, in this study, we aim to summarize the currently available evidence on
whether TRAIL receptors serve as prognostic markers and predict survival in ovar-
ian cancer through a systematic review and meta-analysis, and to present the extent of
clinical relevance of these genes.

This systematic review summarizes the mechanisms of TRAIL-induced apoptosis via
extrinsic and intrinsic apoptotic signaling pathways. It also reviews the mechanisms of
cancer cell resistance to TRAIL-induced apoptosis in ovarian cancer.

METHODS

The presence of death receptors significantly correlated with cancer patient survival
in experimental models was assessed by a systematic review and meta-analysis per-
formed according to the principles described in the Cochrane Handbook [10]. The
steps related to the search and selection of articles and the extraction, analysis, and
interpretation of data of interest, were performed according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [11]. To iden-
tify studies of interest, we applied the PEOS strategy to the articles from the electronic
search as follows: “population,” patients with ovarian cancer; “exposure,” presence or
absence of death receptors; “outcomes,” survival; “study design,” clinical, observational,
and epidemiologic hospital surveillance studies [12].

Search strategy

First, a systematic search was performed in five databases (PubMed Central, SCOPUS,
Web of Science, Cochrane Library, and Biblioteca Virtual em Saiide) using the Medical
Subject Heading (MeSH) term “TNFRSF10A” in conjunction with at least two of
each of the following descriptors: “track R1,” “TNFRSF10A,” “death receptors,” “can-
cer,; “survival, “mortality.” For the search, these descriptors were combined with the
connector “AND” between them, as in the following example: “cancer” AND “track
R1”. The search was conducted through June 1, 2022, and was limited to studies writ-
ten in English, with no date limit. A search for gray literature in theses and dissertations
was also conducted through the Thesis and Dissertation Catalog of the Coordenagio
de Aperfeicoamento de Pessoal de Nivel Superior (CAPES) and the Digital Library of
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Theses and Dissertations of the Universidade Federal de Minas Gerais (UFMG) and
the Universidade de Sao Paulo (USP). In addition, the reference lists of all included
articles and relevant narrative reviews in the field were reviewed for relevant articles.

Study selection

In addition to the electronic search, studies identified as review articles, notes, corre-
spondence, editorials, and letters were excluded. Other studies were excluded based on
the following criteria: (i) in silico and in vitro studies; (ii) studies in which the death
receptor was not identified; (iii) studies in which ovarian cancer was not identified;
(iv) studies in which none of the main outcomes (survival) were examined. In cases
where the article met the inclusion criteria but the full text was not available, the cor-
responding author was contacted three times by e-mail (14 days apart), and articles
were included if received by the last contact. The details of the search strategy for each
database are provided in the supplementary files.

In the first phase of selection, two independent researchers (J.C.M.B. and P.C.)
searched the databases. Duplicate records were deleted using Rayyan (a web and mobile
app for systematic reviews) [13] and the titles and abstracts of the selected studies were
reviewed according to PEOS eligibility criteria. Studies that examined cancer patient
survival in the presence of death receptors were selected and subsequently assessed by
full-text review.

Any disagreements were resolved through discussion with the other investigator
(L.M.S), and the kappa coefficient (with a 95% confidence interval) was used to ana-
lyze the level of agreement between assessors [14].

Data extraction and statistical analysis

After a complete analytical reading, all data of interest were summarized in a table for
further critical analysis and interpretation. Ovarian cancer patient mortality rates with
death were analyzed by meta-analysis using RStudio” software, using the meta package
and metaprop command. Heterogeneity of the primary data was determined using the
I-squared index (%), were I*> 50% was considered to be substantial heterogeneity [15].
To calculate the frequency of death receptors between ovarian cancer patients, either the
fixed effects model low heterogeneity or the random effects model with high heterogene-
ity was used to pool the data [16]. For all methods, the significance level was 5%.
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REsuULTS

Study inclusion

Bibliographic searches of the databases yielded a review of 1,527 articles, including 82
from PubMed/MEDLINE, 756 from Scopus, 545 from BVS, 55 from Web of Science,
and 89 from Cochrane. No additional study was identified in the gray literature search
or by screening the reference list of included studies, Figure 1.

Records identified through database searching
5 on June 01,2022 (n = 1527)
g= e Pubmed Central (n = 82)
é e Scopus (n = 756)
= o Web of Science (n = 55)
"§ e Cochrane (n = 89)
o Additional records identified through other
sources (n = 0) Additional records identified
e Biblioteca Virtual de Saade(n = 545) through other sources (n=0)
Records after duplicates removed
» (n= 1286)
(=]
(9]
g 4
95) Records screened
(n=1286)
Records excluded by title
» | and abstract and keywords
! analysis (n = 1264)
o Full-text articles assessed
:E' for eligibility (n = 22)
= Full-text articles excluded,
Yo} >
= with reasons (n = 17)
53]
o Different study design
(n=3);
e Incomplete text (n = 2);
v ¢ Different outcome
o = 11 H
-~ Studies included in (n. ) .
= o ) o Different population
- qualitative synthesis (n=1);
S (n=5) ’

Figure 1. Flowchart of the selected articles for systematic review according to PRISMA criteria [10].
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After exclusion of duplicate studies, 1,286 records were screened by title and abstract,
leaving 22 studies that met the inclusion criteria. Therefore, 22 full-text articles were
screened for eligibility and 17 were excluded for the following reasons: Different study
design (n=2); or incomplete text (n=2); different outcomes (n=11); and different
population (n=1) (Figure 1). Finally, 5 studies were selected for qualitative analysis
[17-21]. Of these articles, 2 were also included in the quantitative studies and used to
perform the meta-analysis [17, 19], Figure 2. The degree of agreement between the two
researchers was found to be substantial, as indicated by the kappa coeflicient of 0.7963.

Characteristics of the studies

According to Table 1, the studies included 809 patients with ovarian cancer.

Table 1. Main characteristics of included studies

oce Method Receptors/ Outcomes Ref.
(n) Gene
o Favorable overall survival for low
55 OCP with grade (grade 1 versus grade 2-3;
DR4 p-value 0.047) and low stage (FIGO
Immunohistochemical = 49 OCP with /I versus I11/1V; p-value 0.0008)
68 analysis DRSS in OCP with TRAIL. (17]
54 OCPwith , DR4and DR5 expression levels in
TRAIL OCP were predictors for survival
benefit.
245 OCP
with DR4 e TRAIL was associated with low
359 Immunohistochemical = 330 OCP tumor grade and better progression- (19]
analysis with DR S free survival (HR 0.63, p-value
49OCPwith ~ 0.018).
TRAIL
e OCP-10-fold higher mean TRAIL
expression than normal ovarian
epithelial samples (p-value <0.001);
o OCP with high TRAIL expression
Mean prolonged survival 2.2-fold higher
120 QRT-PCR TRAIL gene (p-value 0.03); [20]
cxpression o TRAIL expression was 2.3-fold
higher in cancers from women who
lived >5 years than in cancers from
those who died in <1 year (p-value
0.03);
(Continued)
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oCP
(n)

Method

Receptors/
Gene

Outcomes

Ref.

120

QRT-P

CR

Mean
TRAIL gene

expression

e Advanced-stage (III/1V) cases,
relative TRAIL expression was
2.2-fold higher (1.6 versus 0.9) in
cancers of women who lived >5
years than in cancers from those
who lived <1 year (p-value 0.18);

e Association between high TRAIL
expression and favorable survival

(p-value 0.14).

27

qRT-PCR

19 OCP with
TRAIL-R3

e No signiﬁcant associations were
observed between the TRAIL-3
expression level in primary
ovarian cancer and the cumulative
progression-free survival or the
overall survival.

235

Immunohistochemical

analysis

e DRS5 and DcR1 had higher
expression levels in grade 2 and 3
tumors compared with the levels in
grade 0 tumors (p-value 0.01);

e Trail and DR4 had lower expression
levels in higher grade tumors
(p-value 0.01)

e Lower expression levels of Trail
were observed for grade 3 tumors;

¢ Grade2 tumors expressed
significantly higher levels of Trail
and DR4 compared with grade 3

tumors.

OCP: ovarian cancer patients.

The death receptor was identified by immunohistochemical analysis (427/809;
52.78%), 300 ovarian cancer patients (OCP) with DR4 (300/427; 70.26%), and 379
OCP with DRS (379/427; 88.75%) by [17, 19]. The OCP with TRAIL (103/427;
24.12%) [17, 19], TRAIL-R3 (19/27; 70.37%) [18] and mean TRAIL gene expres-

sion were also quantified [20].
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High expression of DR4 and DRS in OCP were predictors of survival benefit [17].
DRS5 and DcR1 had higher expression levels in grade 2 and 3 tumors compared with
levels in grade 0 tumors (p-value 0.01). TRAIL and DR4 had lower expression levels in
higher grade tumors (p-value 0.01). Lower expression of TRAIL was observed in grade
3 tumors, and grade2 tumors expressed significantly more TRAIL and DR4 compared
with grade 3 tumors [21].

TRAIL was associated with low tumor grade and better progression-free survival (HR
0.63, p=0.018) [19], favorable overall survival in low grade (grade 1 versus grade 2-3;
p-value) and low stage (FIGO I/II versus III/IV; p-value 0.0008) OCP with TRAIL
[17]. Association between high TRAIL expression and favorable survival (p-value
0.14). Tenfold higher mean TRAIL expression than normal ovarian epithelial sam-
ples (p-value 0.001) with high TRAIL expression prolonged survival 2.2-fold (p-value
0.03). TRAIL expression was 2.3-fold higher in cancers from women who lived more
than 5 years than in cancers from women who died in less than1 year (p-value 0.03),
and in advanced stage cases (III/IV), relative TRAIL expression was 2.2-fold higher
in cancers from women who lived more than 5 years than in cancers from women who
lived less than 1 year (1.6 versus 0.9, p-value 0.18) [20]. In addition, no significant asso-
ciation was found between the TRAIL-3 expression level in primary ovarian cancer
and cumulative progression-free survival or overall survival [18].

All five included studies examined the association between patient survival and the
presence of death or TRAIL receptors using Kaplan-Meier curves and log-rank tests.
They found a significant difference in patient survival (p-value of log-rank test<0.05)
when DRS, DR4 and Flip, DcR1 and DRS, Flip and DRS, DcR2 and Cyc, TRAIL
and DRS5, Flip and DcR2 were detected in patients [17, 19, 21]. When TRAIL was
detected, the survival rate of patients was significantly increased [19, 20].

DR4, DRS, and TRAIL incidence in patients with ovarian cancer

Two studies [17, 19] with 427 confirmed DR4 and DRS5 receptors were combined
in this meta-analysis. Consistent with the presence of the death receptor in OCP, the
analysis revealed an incidence of DR4 in OCP of 73% (95% CI: 62% to 81%; p-value
0.04), DR5 in OCP of 85% (95% CI: 67% to 94%; p-value 0.01), and TRAIL in OCP
of 44% (95% CI: 8% to 88%; p-value 0.01), as shown in Figure 2.
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Study Events Total Proportion 95%—Cl Weight
Horak et al., 2005 55 68 —il— 0.81 [0.70; 0.89] e
Duiker et al., 2010 245 359 R 2 0.68 [0.63; 0.73] P
—
Horak et al., 2005 49 68 —— 0.72 [0.60; 0.82] s
Duiker et al., 2010 330 359 : | 0.92 [0.89; 0.95] s
e
Horak et al., 2005 54 68 —F}— 0.79 [0.68; 0.88] sk
Duiker et al., 2010 49 359 % 0.14 [0.10; 0.18] —

Random effects model 1281 — 0.70 [0.44; 0.87] 100.0%
Heterogeneity: /* = 99%, % =1.7491, p <0.01
Test for subgroup differences: x% =3.07, df = 202=0.22% 0.6 08

Figure 2. Forest plot of the incidence of death receptors in ovarian cancer. CI, confidence interval;

heterogeneity (I?); heterogeneity’s p-value (p).

DiscussioN

The most effective therapeutic agents for newly diagnosed ovarian cancer are platinum
analogs (cither cisplatin or carboplatin) to which taxane (paclitaxel or docetaxel) is
added. Recurrence of cancer after initial platinum-based chemotherapy is very com-
mon in women with advanced cancer, but the problem with treating cancer in these
women is the possible development of platinum resistance [3].

Current therapeutic strategies for the treatment of cancer patients aim to overcome
two essential features of cancer, namely excessive proliferation and resistance to apop-
tosis. Apoptosis is an essential process in several basic physiological processes and is
controlled by numerous intracellular and extracellular signals [22].

Endogenous biochemical signaling pathways, which include apoptotic and non-apop-
totic signaling pathways, are activated in cancer cells by TRAIL. Alterations in these
signaling pathways are major hallmarks of ovarian cancer [23]. TRAIL binds to sev-
eral receptors, including TRAIL-R1 (DR4), TRAIL-R2 (DRS), TRAIL-R3 (DcR1),
TRAIL-R4 (DcR2), and OPG (Figure 3). When TRAIL interacts with DR4 and

DRS5 receptors containing a conserved death domain motif (DD), formation of the
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death-inducing signaling complex (DISC) occurs with recruitment of Fas-associated
protein with death domain (FADD). FADD recruits pro-caspase-8 or -10 via its death
effector domain (DED), and the activated caspases-8 or -10 then cleave effector cas-
pases-3, -6, and -7 and directly stimulate the activation of a protease cascade via the
extrinsic pathway of apoptosis, ultimately leading to cell death [24, 25].

< -, Membrane
- Plasmatic

repeat

Transmembrane

Glycosyl-phosphoinositol Death Death
domain .

anchor domain receptor

Figure 3. TRAIL-R system. TRAIL Cytokine interacts with death receptors expressed on the plasma
membrane (TNFRSF10A/DR4, TNFRSF10B/DRS, TMFRSF10C/DcR1, TNFRSF10D/DcR2).
Death receptors DR4 and DRS5 contain the cytoplasmic death domain (DD) involved in triggering
the apoptotic cascade, and decoy receptors DcR1 and DcR2 inhibit TRAIL-mediated apoptosis.

The caspase cascade can also be activated by the intrinsic pathway of apoptosis, through
the formation of a complex called the apoptosome. The apoptosome is formed in the
cytosol when cytochrome c is released from mitochondria in response to a cell death
stimulus and binds the monomer of apoptotic protease activation factor 1 (APAF-1),
promoting the formation of a heptameric APAF-1 complex accompanied by synchro-
nized recruitment of procaspase-9. Activation of apoptosis-initiating caspase-9 also
promotes activation of effector caspases [26].

Members of the Bcl-2 family such as Bid, Bax and Bak provide a link between intrinsic
and extrinsic apoptosis pathways and control the life or death decision of a cell. Smac/
DIABLO, a proapoptogenic mitochondrial protein, is also released into the cytosol
when the TRAIL-caspase-8-tBid-Bax cascade is required to reverse the inhibitory
effect of X-linked inhibitor of apoptosis (XIAP). XIAP consists of three BIR domains,
BIR1, BIR2 and BIR3, with Smac/ DIABLO interacting with the BIR2 and BIR3

domains and allowing the release of caspase-3 and caspase-9, respectively [27, 28].
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In humans, the gene encoding TRAIL is located on chromosome 3q26 and is directly
regulated by the p53 protein. However, the tumor suppressor gene p53 is often inacti-
vated in ovarian cancer cells that develop resistance to TRAIL. Resistance to TRAIL
can be caused by several mechanisms. For example, inactivation of Bax in mismatch
repair (MMR)-deficient tumors may cause resistance to TRAIL because Bax is
required for the release of Smac/ DIABLO and consequently exerts an antagonistic
effect on the IAP protein family. Increased expression of caspase inhibitors such as
XIAP or overexpression of Bcl-2 are mechanisms that mediate resistance to TRAIL-
induced apoptosis [27, 29].

TRAIL death receptors can induce pro-inflammatory, invasion- and metastasis-pro-
moting non-apoptotic signaling pathways under certain conditions [25], as shown
in Figure 4. Indeed, anti-apoptotic signaling pathways such as NF-kB, MAPKs, p38
and other signaling pathways such as ERK1/2, PI3K/AKT and JAK-STAT repair
TRAIL-induced apoptosis [27]. These survival signaling cascades have also been asso-
ciated with resistance to TRAIL therapy in most primary cancer cells [30]. Akt acti-
vation upregulates the level of the c- FLIP protein, which has sequence homology to
caspase-8 and -10 but lacks protease activity. Recruitment of FLIP to DISC instead of
caspase-8 or -10 results in its inhibition, leading to resistance of TRAIL in ovarian can-
cer. Silencing of BID suggests that BID is important for TRAIL-induced cell death,
and as Akt expression increases, BID transcription is downregulated. Activation of the
ERK -signaling pathway leads to upregulation of the anti-apoptotic Mcl-1 protein and
thus also contributes to TRAIL-resistance [31, 32].

Nowadays it has been described that TRAIL-R2 can act as a negative regulator of p53.
TRAIL-R2 facilitates the degradation of p53 and regulates the stability of p53 protein
by interacting with promyelocytic leukemia (PML) protein, which has elucidated an
oncogenic role of TRAIL-R2 in tumorigenesis [33].

The tumor microenvironment (TME) plays an important role in modulating TRAIL
signaling through cellular compounds (e.g., neutrophils, macrophages, NK cells, cyto-
toxic T cells, and stromal cells), hypoxia, increased acidity, mechanical stress, glucose
availability, and changes in the extracellular matrix (ECM). All factors have a direct
effect on tumor cell apoptosis induced by TRAIL [34, 35].

Dynamin-1, a protein involved in clathrin-mediated endocytosis (CME), regulates the
endocytosis of TRAIL-DR in several cancer cells, attenuating apoptotic signals and
increasing cell survival [36].
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Figure 4. Mechanisms that may play a role in TRAIL-R resistance. 1) Autophagy and endocytosis
might be involved in the regulation of TRAIL death receptors DR4 and DRS [37]. 2) The TRAIL-
receptors may be subject to regulation by the UPS (ubiquitin-proteasome system). The E3 ligase
¢c-Cbl has been shown to directly regulate ubiquitination of TRAIL-R after receptor activation.
Stimulation with the ligand TRAIL-induced ¢-Cbl-mediated mono-ubiquitination of TRAIL-R1
and TRAIL-R2, resulting in the degradation of the internalized receptors by the proteasome [38].
3) TRAIL-R2 may be associated with the process of miRNA maturation when it interacts with
the central microprocessor complex Drosha/DGCRS. Through this interaction, TRAIL-R2 inhi-
bits the maturation of miRNA let-7 and consequently increases the levels of let-7 targets Lin28B
and HMGAZ2. In this mechanism, inhibition of let-7 maturation by TRAIL-R2 promotes tumor
cell malignancy by upregulating the Lin28B and HMGAZ2 genes, which increases cell proliferation
[39]. 4) TRAIL-R3 effectively acts as a “decoy” receptor when expressed at much higher concen-
trations or has significantly higher affinity than the two “lethal” receptors (TRAIL-R4 and -R2).
In this mechanism, the higher concentration in ovarian cancer could be due to the increased proli-
feration and apoptosis resistance inherent in this tumor type due to the competitive binding of the
ligand at the cell surface [18].

Recently, it was also reported that TRAIL can induce necroptosis, a programmed form

of necrosis or inflammatory cell death, by recruiting RIPK1 and RIPK3. When RIPK1
is activated, it recruits and phosphorylates RIPK3, which phosphorylates a mixed lin-
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cage kinase domain like pseudokinase (MLKL), resulting in the formation of pores in

the cell membrane [23, 29, 35]

As an example of treatments based on TRAIL-resistance, several reports have shown
that treatment with proteasome inhibitors can upregulate the expression of TRAIL-
R receptors on the cell surface, leading to increased sensitivity to TRAIL-induced
apoptosis. The clinically used proteasome inhibitor bortezomib (Velcade, Millen-
nium Pharmaceuticals, Inc., Cambridge, MA, and Johnson & Johnson Pharmaceutical
Research & Development, L.L.C., Raritan, NJ) has been shown to increase sensitivity
to TRAIL by upregulating TRAIL-R2 expression in NSLCC cells [40]. Inhibition of
the proteasome triggers TRAIL-R2-dependent apoptosis in cells unable to activate the
mitochondrial apoptosis pathway. In response to proteasome inhibition, TRAIL-R2
eventually accumulates in cytosolic complexes containing FADD and RIPK1, which
serve to activate caspase-8 [41]. The importance of extrinsic apoptosis triggered by
caspase-8 activation has been demonstrated in various scenarios, and RIPK1 is a key
component of caspase-8 activating complexes (ripoptosomes) [41].

Similar to other human cancers, ovarian cancer is thought to arise from an accumu-
lation of mutations in genes that regulate cellular proliferation and apoptosis [20].
Characteristic of all cancers is the deregulation of the apoptotic machinery, in which
the extrinsic apoptotic pathway is activated by the binding of death receptors from the
tumor necrosis factor (TNF) family to their corresponding cell surface receptors [19].
The authors also showed that the majority of ovarian carcinomas in their study of 382
patients expressed at least one death receptor as well as caspase 8 and its anti-apoptotic
homologc- FLIP. TRAIL expression was associated with lower tumor grade and better
progression-free survival when all tumors were analyzed. These results suggest that loss
of expression of TRAIL confers a survival advantage to tumor cells, possibly because
they evade apoptosis induction by para- or autocrine-released TRAIL.

A study using real-time quantitative PCR in 120 epithelial ovarian cancer (11 stages I/
I1, 109 stages I1I/IV) and 8 normal ovarian surface epithelial samples found that high
expression of the tumor necrosis factor-related apoptosis-inducing ligand (TRAIL)
gene was associated with prolonged survival in advanced ovarian cancer [20]. TRAIL
has attracted particular interest because of its apparent tumor cell-specific apoptosis-
inducing ability.

Bertsch and coworkers found intracellular localization of the receptors, suggesting that
the intracellular TRAIL-R1/DR4 and TRAIL-R2/DRS5 may provide a growth advan-
tage or other benefits to tumor cells [39]. Correlation of expression status with clini-
cal parameters revealed the predominant prognostic significance of high expression of
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death receptors, with TRAIL-R2 and occasionally TRAIL-R1 in particular identified
as negative prognostic markers. The evaluation of their value as prognostic markers for
cancer mainly took into account the overall expression of TRAIL-receptors in the tis-
sue and occasionally their presence at the cell surface [39].

Immunohistochemical analyzes of a tissue sample from 235 serous tumors of varying
grade and stage to determine if there is differential protein expression for these can-
didates and Trail’s 4 death cell receptors: Dr4, Dr5, DcR1 and DcR2 [21]. This study
showed that TRAIL (Tnfsf10, Apo2L) was overexpressed in LMP tumors (low malig-
nant potential) compared to all invasive tumors and was underexpressed in grade 3
tumors TOV (borderline and invasive) compared to grade 1 and 2 tumors TOV and
overexpressed in early stages. It was observed that high expression of Dr5 was associated
with poorer patient prognosis either when TOV tumors of all grades were included or
when only the subset of grade 3 tumors TOV were included, compared to advanced
stages when all tumors were included in the analysis [21]. Ouellet and coworkers also
observed that high expression of Dr5 was associated with poorer patient prognosis
either when TOV tumors of all grades or when only the subset of grade 3 tumors were

included TOV [21].

The patient cohort studied by Horak and coworkers included 68 women with epithe-
lial ovarian cancer. TRAIL was expressed by epithelial ovarian cancer cells in 40.4%
at different levels. In stromal cells, TRAIL was stained in 43.9% [17]. In both cases,
the staining was cytoplasmic. They found statistically significant higher expression of
DRS5, but not DR4, in the epithelium of ovarian cancer cells, which also had increased

expression of TRAIL (p = 0.041).

However, there was also statistically significant expression of DR4 and DRS in ovarian
cancer cells (p = 0.021). They also investigated the influence of TRAIL and its recep-

tors on the survival of ovarian cancer patients [17].

In a univariate regression analysis, neither epithelial DR4 and DRS5 expression nor the
levels of TRAIL or FLIPL in the epithelium and/or stroma of ovarian cancer were sta-
tistically significant predictors of survival benefit in our study population, but TRAIL
showed a survival benefit at the mRNA level in advanced ovarian cancer [17]. They
observed a loss of DR4 and/or DRS expression in a corresponding number of cases, a
factor that may contribute to tumor cell tolerance to TRAIL. This loss of DR4 and/or
DRS5 was significantly more frequent in tumors that did not overexpress FLIPL, sug-
gesting two independent mechanisms of resistance in the TRAIL-induced apoptotic
pathway in ovarian cancer. These data demonstrate that in addition to downregulation

of DR4/DRS3, the sensitivity of TRAIL can also be significantly altered by overexpres-
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sion of FLIPL, and that increased stromal TRAIL expression confers a survival advan-
tage for patients with advanced-stage ovarian cancer [17].

The resulting heterogeneity of ovarian cancer and the factors underlying clinical
response make it difficult to define prognostic and predictive factors for individualized

treatment. The absence of TRAIL-R2/R1 could be a marker for TRAIL resistance.

This meta-analysis has some limitations. The heterogeneity of our meta-analysis was
high because of the small number of studies. Nevertheless, these results are consistent
with the Kaplan-Meier results, in which the presence of these same death receptors
(DR4 and DRS5) were the only variables significantly associated with patient survival
[17, 19]. Finally, it should be emphasized that the correlation found in the meta-
analysis does not imply a causal relationship and that there is always the possibility of
residual confounding in the included studies.

CONCLUSION

Our findings unveil that the presence of DR4, DR5 and TRAIL was predominantly
identified in OCP using immunohistochemical analysis and qRT-PCR. Furthermore,
we emphasize the crucial role played by elevated levels of DR4 and DRS5 expression in
OCP, predicting a survival advantage. Notably, in cases where TRAIL was detected,
the survival rate of patients was significantly increased. The outcomes of meta-analytic
investigations also validate the prevalence of DR4, DRS, and TRAIL in OCP, as well
as the correlation between patient survival and the presence of death or TRAIL recep-
tors. This underscores the importance of these signaling pathways as pivotal markers in
the context of ovarian cancer. Finally, this study accentuates the necessity for ongoing
research aimed at harnessing the potential of TRAIL in modulating cellular responses
for enhanced health outcomes.
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SUPPLEMENTARY FILE: DETAILS OF THE SEARCH STRATEGY

Search in PubMed Central - PMC:

((((Receptors, TNF Related Apoptosis Inducing Ligand) OR (Tumor Necrosis Factor
Receptor Superfamily, Member 10) OR (TRAIL Receptors) OR (Receptors, TRAIL)
OR (Receptors, Tumor Necrosis Factor, Member 10) OR (TNF-Related Apoptosis-
Inducing Ligand Receptors) OR (TNF Related Apoptosis Inducing Ligand Recep-
tors) OR (Receptors, Tumor Necrosis Factor, Member 10d) OR (Decoy Receptor
2, Tumor Necrosis Factor) OR (Receptor, TRAIL-4) OR (Receptor, TRAIL 4) OR
(TRAIL-4 Receptor) OR (DCR2 Receptor) OR (Receptor, DCR2) OR (TRAIL
Receptor 4) OR (Receptor 4, TRAIL) OR (Receptors, Tumor Necrosis Factor,
Member 10a) OR (Tumor Necrosis Factor Receptor Superfamily, Member 10a) OR
(APO2 Receptor) OR (Receptor, APO2) OR (Receptor, TRAIL-1) OR (Receptor,
TRAIL 1) OR (TRAIL-1 Receptor) OR (TRAIL Receptor 1) OR (DR4 Receptor)
OR (Receptor, DR4) OR (Death Receptor-4) OR (Death Receptor 4) OR (Recep-
tor-4, Death[Title/Abstract])) OR (Receptors, Tumor Necrosis Factor, Member 10b)
OR (TRAIL Receptor 2) OR (Receptor, TRAIL-2) OR (Receptor, TRAIL 2) OR
(TRAIL-2 Receptor) OR (DRS5 Receptor) OR (Receptor, DR5) OR (Tumor Necro-
sis Factor Receptor Superfamily, Member 10b) OR (TNEF-Related Apoptosis-Induc-
ing Ligand Receptor 2) OR (TNF Related Apoptosis Inducing Ligand Receptor 2)
OR (Death Receptor-5) OR (Death Receptor 5) OR (trail) OR (TNFRSF10) OR
(TNFRSF10C) OR (TRAILR3)) AND ((cancer[ Title/Abstract] OR cancers| Title/
Abstract] OR necoplasm[Title/Abstract] OR neoplasms)[Title/Abstract])) AND
(ovary[Title/Abstract] OR ovarian[ Title/Abstract])) AND (survive[ Title/ Abstract]
OR mortality[ Title/ Abstract] OR survivorship[ Title/Abstract] OR (disease free sur-
vival) [ Title/Abstract] OR (overall survival)[ Title/ Abstract]).

Search in SCOPUS (Elsevier):

TITLE-ABS-KEY ( ( receptors, AND tnf AND related AND apoptosis AND induc-
ing AND ligand ) OR ( tumor AND necrosis AND factor AND receptor AND
superfamily, AND member 10 ) OR ( trail AND receptors ) OR ( receptors, AND
trail ) OR ( receptors, AND tumor AND necrosis AND factor, AND member 10 )
OR ( tnf-related AND apoptosis-inducing AND ligand AND receptors ) OR ( tnf
AND related AND apoptosis AND inducing AND ligand AND receptors ) OR
( receptors, AND tumor AND necrosis AND factor, AND member AND 10d )
OR ( decoy AND receptor AND 2, AND tumor AND necrosis AND factor ) OR
( receptor, AND trail-4 ) OR ( receptor, AND trail 4 ) OR ( trail-4 AND receptor )
OR (dcr2 AND receptor ) OR ( receptor, AND dcr2 ) OR ( trail AND receptor 4 )
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OR (receptor AND 4, AND trail ) OR ( receptors, AND tumor AND necrosis AND
factor, AND member AND 10a ) OR ( tumor AND necrosis AND factor AND
receptor AND superfamily, AND member AND 10a ) OR (apo2 AND receptor ) OR
( receptor, AND apo2 ) OR ( receptor, AND trail-1 ) OR (' receptor, AND trail 1) OR
(trail-1 AND receptor ) OR ( trail AND receptor 1 ) OR ( dr4 AND receptor ) OR
(receptor, AND dr4 ) OR ( death AND receptor-4 ) OR ( death AND receptor 4 ) OR
( receptor-4, AND death ) OR ( receptors, AND tumor AND necrosis AND factor,
AND member AND 10b ) OR ( trail AND receptor 2 ) OR ( receptor, AND trail-2
) OR ( receptor, AND trail 2 ) OR ( trail-2 AND receptor ) OR ( dr5 AND receptor
) OR ( receptor, AND dr5 ) OR ( tumor AND necrosis AND factor AND recep-
tor AND superfamily, AND member AND 10b ) OR ( tnf-related AND apoptosis-
inducing AND ligand AND receptor 2 ) OR ( tnf AND related AND apoptosis AND
inducing AND ligand AND receptor 2 ) OR ( death AND receptor-5 ) OR ( death
AND receptor 5 ) OR (trail ) OR ( tnfrsf10 ) OR ( tnfrsf10c ) OR ( trailr3 ) ) AND
TITLE-ABS-KEY ( cancer OR cancers OR neoplasm OR neoplasms ) AND TITLE-
ABS-KEY ( ovary OR ovarian ) AND TITLE-ABS-KEY (survive OR mortality OR
survivorship OR ( disease AND free AND survival ) OR (overall AND survival ))

Search in Web of Science:

(((TT=(trail OR TNFRSF10 OR Death Receptor)) OR AB=(trail OR TNFRSF10
OR Death Receptor)) AND (TI=(cancer OR cancers OR neoplasm OR neoplasms)
OR AB=( cancer OR cancers OR neoplasm OR neoplasms)) AND (TI=(ovary OR
ovarian) OR AB=(ovary OR ovarian)) AND ((TI=(survive OR mortality OR survi-
vorship)) OR AB=(survive OR mortality OR survivorship)))

Search in Cochrane Library:

#1 - ((receptors, AND tnf AND related AND apoptosis AND inducing AND ligand
) OR ( tumor AND necrosis AND factor AND receptor AND superfamily, AND
member 10 ) OR ( trail AND receptors ) OR ( receptors, AND trail ) OR ( recep-
tors, AND tumor AND necrosis AND factor, AND member 10 ) OR ( tnf-related
AND apoptosis-inducing AND ligand AND receptors ) OR ( tnf AND related AND
apoptosis AND inducing AND ligand AND receptors ) OR ( receptors, AND tumor
AND necrosis AND factor, AND member AND 10d ) OR ( decoy AND receptor
AND 2, AND tumor AND necrosis AND factor ) OR ( receptor, AND trail-4 ) OR
( receptor, AND trail 4 ) OR ( trail-4 AND receptor ) OR ( dcr2 AND receptor ) OR
( receptor, AND dcr2 ) OR ( trail AND receptor 4 ) OR ( receptor AND 4, AND
trail ) OR ( receptors, AND tumor AND necrosis AND factor, AND member AND
10a ) OR ( tumor AND necrosis AND factor AND receptor AND superfamily, AND
member AND 10a ) OR ( apo2 AND receptor ) OR ( receptor, AND apo2 ) OR
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( receptor, AND trail-1 ) OR ( receptor, AND trail 1 ) OR ( trail-1 AND receptor )
OR ( trail AND receptor 1) OR ( dr4 AND receptor ) OR ( receptor, AND dr4
) OR ( death AND receptor-4 ) OR ( death AND receptor 4 ) OR ( receptor-4,
AND death ) OR ( receptors, AND tumor AND necrosis AND factor, AND mem-
ber AND 10b ) OR ( trail AND receptor 2 ) OR ( receptor, AND trail-2 ) OR (
receptor, AND trail 2 ) OR ( trail-2 AND receptor ) OR ( dr5 AND receptor ) OR
(receptor, AND dr5 ) OR ( tumor AND necrosis AND factor AND receptor AND
superfamily, AND member AND 10b ) OR ( tnf-related AND apoptosis-inducing
AND ligand AND receptor 2 ) OR (tnf AND related AND apoptosis AND induc-
ing AND ligand AND receptor 2 ) OR ( death AND receptor-5) OR ( death AND
receptor 5 ) OR (trail ) OR ( tnfrsf10 ) OR ( tnfrsf10c ) OR ( trailr3 ) )

#2 - ( cancer OR cancers OR neoplasm OR neoplasms )
#3 - (ovary OR ovarian )

#4 - ( survive OR mortality OR survivorship OR ( disease AND free AND survival )
OR (‘overall AND survival ) )

#5-#1 AND 2# AND 3# AND 4#

Search in Biblioteca Virtual emSatde - BVS (BIREME):

( ( (receptors, AND tnf AND related AND apoptosis AND inducing AND ligand )
OR ( tumor AND necrosis AND factor AND receptor AND superfamily, AND mem-
ber 10 ) OR ( trail AND receptors ) OR ( receptors, AND trail ) OR ( receptors, AND
tumor AND necrosis AND factor, AND member 10 ) OR ( tnf-related AND apoptosis-
inducing AND ligand AND receptors ) OR ( tnf AND related AND apoptosis AND
inducing AND ligand AND receptors ) OR ( receptors, AND tumor AND necrosis
AND factor, AND member AND 10d ) OR ( decoy AND receptor AND 2, AND
tumor AND necrosis AND factor ) OR ( receptor, AND trail-4 ) OR ( receptor, AND
trail 4 ) OR ( trail-4 AND receptor ) OR (der2 AND receptor ) OR ( receptor, AND
dcr2 ) OR ( trail AND receptor 4 ) OR ( receptor AND 4, AND trail ) OR ( recep-
tors, AND tumor AND necrosis AND factor, AND member AND 10a) OR ( tumor
AND necrosis AND factor AND receptor AND superfamily, AND member AND
10a ) OR (‘apo2 AND receptor ) OR ( receptor, AND apo2 ) OR ( receptor, AND
trail-1 ) OR ( receptor, AND trail 1 ) OR ( trail-1 AND receptor ) OR ( trail AND
receptor 1 ) OR (dr4 AND receptor ) OR ( receptor, AND dr4 ) OR ( death AND
receptor-4 ) OR (. death AND receptor 4 ) OR (receptor-4, AND death ) OR ( recep-
tors, AND tumor AND necrosis AND factor, AND member AND 10b ) OR ( trail
AND receptor 2 ) OR ( receptor, AND trail-2 ) OR ( receptor, AND trail 2 ) OR

1161



Luciana Maria Silva, Kamila de Sousa Gomes, Paula Calaga, Julio Cesar Moreira Brito

( trail-2 AND receptor ) OR ( dr5 AND receptor ) OR ( receptor, AND dr5 ) OR
(tumor AND necrosis AND factor AND receptor AND superfamily, AND member
AND 10b ) OR ( tnf-related AND apoptosis-inducing AND ligand AND receptor 2)
OR (tnf AND related AND apoptosis AND inducing AND ligand AND receptor 2)
OR (death AND receptor-5 ) OR ( death AND receptor 5 ) OR ( trail ) OR ( tnfrsf10
) OR ( tnfrsf10c ) OR ( trailr3 ) ) AND ( cancer OR cancers OR neoplasm OR neo-
plasms ) AND ( ovary OR ovarian ) AND ( survive OR mortality OR survivorship
OR (disease AND free AND survival ) OR ( overall AND survival ) ) )
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REsuMmoO

Introdugio: Serratia marcescens ¢ considerada causa de infecgdes em pacientes
imunocomprometidos ¢ recém-nascidos ¢ o tratamento ¢ desafiador, devido a sua
resisténcia intrinseca a varios antimicrobianos. F encontrada no solo, plantas e 4gua,
nesta tlltima a resisténcia antimicrobiana é menos estudada. Neste trabalho foi inves-
tigada a presenca e a susceptibilidade antimicrobiana de S. marcescens em 4dgua de
um rio urbano. Material e Métodos: Para tal objetivo foi conduzida uma cultura
enriquecida da 4gua sob pressao seletiva da colistina. Os isolados foram identificados
por métodos bioquimicos-fisiolégicos e os testes de perfil de susceptibilidade aos
antimicrobianos e investigacio da producio de betalactamases de espectro esten-
dido (ESBL) e ampicilinase tipo C (AmpC) seguiram o BrCAST 2017 e 2022.
Resultados: 1,9 x 10° UFC/mL (aproximadamente 9%) das bactérias recuperadas
eram S. marcescens. Alta sensibilidade aos betalactimicos (73,7%) foi observada,
mas dois isolados (10,5%) foram ertapenem-resistentes. Todos os isolados foram
amicacina-sensiveis ¢ trés isolados (15,8%) apresentaram resisténcia a gentamicina.

Também resisténcia a fosfomicina (52,6%) e sulfametoxazol-trimetoprima (57,9%)
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foi observada. De particular preocupagio foi o achado de S. marcescens multirresis-
tente (31,5 %), mais frequentemente a sulfametoxazol-trimetoprima, cloranfenicol e
fosfomicina. De acordo com os testes fenotipicos, foi sugerido que nenhum isolado
era produtor de ESBL ¢ AmpC, porém ¢ provavel a producio de carbapenemase
por dois isolados. Conclusdo: Rios urbanos sio um importante reservatério de S.
marcescens resistentes a multiplos antimicrobianos e politicas de vigilincia ambiental
nestes ambientes devem ser estimuladas para minimizar o impacto de achados como

esses sobre a satide da comunidade local.

Palavras-chave: Servatia marcescens, Resisténcia, Antimicrobianos, Meio ambiente.

SUMMARY

Identification and antimicrobial susceptibility assessment of
Serratia marcescens recovered from an urban river

Introduction: Serratia marcescens is considered a cause of infections in immuno-
compromised patients and newborns and treatment is challenging due to its intrinsic
resistance to several antimicrobials. It is found in soil, plants and water, in the latter
antimicrobial resistance is less studied. In this work, the presence and antimicrobial
susceptibility of S. marcescens in water from an urban river were investigated. Mate-
rial and Methods: For this purpose, an enriched water culture was carried out under
selective colistin pressure. The isolates were identified by biochemical-physiological
methods and the antimicrobial susceptibility profile tests and investigation of the
production of extended spectrum beta-lactamase (ESBL) and ampicillinase type
C (AmpC) followed the BrCAST 2017 and 2022. Results: 1.9 x 10* CFU/mL
(approximately 9%) of the recovered bacteria were S. marcescens. High sensitivity
to beta-lactams (73.7%) was observed, but two isolates (10.5%) were ertapenem-
resistant. All isolates were amikacin-sensitive and three isolates (15.8%) were
resistant to gentamicin. Also, resistance to fosfomycin (52.6%) and trimethoprim-
sulfamethoxazole (57.9%) were observed. Of particular concern was the finding
of multidrug-resistant S. marcescens (31.5%), most frequently to trimethoprim-
sulfamethoxazole, chloramphenicol, and fosfomycin. According to the phenotypic
tests, it was suggested that none of the isolates produced ESBL and AmpC, but it
is probable that two isolates produced carbapenemase. Conclusion: Urban Rivers
are an important reservoir of S. marcescens resistant to multiple antimicrobials and
environmental surveillance policies in these environments should be encouraged to

minimize the impact of findings like these on the health of the local community.

Keywords: Serratia marcescens, Resistance, Antimicrobials, Environment.
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RESUMEN

Identificacion y evaluacién de la susceptibilidad antimicrobiana de
Serratia marcescens recuperada de un rio urbano

Introduccién: Serratia marcescens se considera una causa de infecciones en pacientes
inmunocomprometidos y recién nacidos y el tratamiento es un desafio debido a su
resistencia intrinseca a varios antimicrobianos. Se encuentra en suelo, plantas y agua,
en esta ultima estd menos estudiada la resistencia antimicrobiana. En este trabajo se
investigd la presencia y susceptibilidad antimicrobiana de S. marcescens en agua de
un rfo urbano. Material y Métodos: Se realizé un cultivo enriquecido de agua bajo
presioén selectiva de colistina. Los aislamientos fueron identificados por métodos
bioquimicos-fisiolégicos y las pruebas de perfil de susceptibilidad antimicrobiana
y la investigacién de la produccién de betalactamasa de espectro extendido (BLEE)
y ampicilinasa tipo C (AmpC) siguieron el BrCAST 2017 y 2022. Resultados:
1,9 x 10° CFU/ml (aproximadamente el 9%) de las bacterias recuperadas eran
S. marcescens. Se observé una alta sensibilidad a los betalactdmicos (73,7%), pero
dos aislados (10,5%) fueron resistentes a ertapenem. Todos los aislamientos fueron
sensibles a la amikacina y tres (15,8%) fueron resistentes a la gentamicina. También
se observé resistencia a fosfomicina (52,6%) y trimetoprim-sulfametoxazol (57,9%).
De particular preocupacidn fue el hallazgo de S. marcescens multirresistente (31,5%),
con mayor frecuencia a trimetoprima-sulfametoxazol, cloranfenicol y fosfomicina.
De acuerdo con las pruebas fenotipicas, se sugirié que ninguno de los aislamientos
produjo BLEE y AmpC, pero es probable que dos aislamientos produjeron carbape-
nemasa. Conclusién: Los rios urbanos son un reservorio importante de S. marces-
cens resistente a multiples antimicrobianos y se deben alentar politicas de vigilancia
ambiental en estos entornos para minimizar el impacto de hallazgos como estos en la

salud de la comunidad local.

Palabras clave: Serratia marcescens, Resistencia, Antimicrobianos, Medio ambiente.

INTRODUCAO

Serratia marcescens, um bacilo gram-negativo da familia Yersiniacea, ordem Enterobac-
teriales, por adaptar-se facilmente a variagdes de temperatura e pH, ¢ encontrada em
habitats naturais como 4gua, solo, plantas, além de compor a microbiota intestinal de
animais homeotérmicos ¢ humanos [1, 2]. Apresenta como caracteristica particular, a
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produgio de pigmento vermelho (prodigiosina), para o qual tém sido apontadas ativi-
dades biolégicas, incluindo acio pro-apoptética contra bactérias, fungos e linhagens

g §a0 pro-apop 8 8
celulares de cincer [3].

Apesar de ser associada a baixa viruléncia, S. marcescens tem sido considerada um
importante patdgeno para pacientes gravemente comprometidos e recém-nascidos,
causando principalmente infec¢oes do trato urindrio e da corrente sanguinea [4]. No
Brasil, surtos dessa espécie em Unidades de Terapia Intensiva tém sido relatados no Rio
de Janeiro [5] e Distrito Federal [6], com ébitos confirmados.

O tratamento de infec¢oes por S. marcescens é desafiador, uma vez que apresenta resis-
téncia intrinseca a varios antimicrobianos (cefalosporinas de primeira geragio, tetra-
ciclinas, polimixinas e nitrofuranos), além da crescente resisténcia adquirida a outros

firmacos [7, 8].

Dentre os mais frequentes mecanismos de resisténcia identificados em S. marcescens
destaca-se a producio de enzimas betalactamases de espectro estendido (ESBL), supe-
rexpressao de ampicilinase tipo C (AmpC), producio de carbapenemases, bomba de
efluxo ¢ modificacoes das proteinas da parede celular bacteriana [9]. Tornando esse
cendrio mais critico, a maioria desses mecanismos ¢ veiculada por elementos genéticos
mdveis, o que confere alto potencial de disseminacio [10]. Além disso, espécies de S.
marcescens multirresistente apresentando associagao de determinantes de resisténcia
tém sido encontradas, inclusive no Brasil [11].

Deve ser ressaltado que, ao contrario do cendrio clinico, estudos que descrevam o con-
texto da resisténcia antimicrobiana de S. marcescens de origem ambiental s3o escassos.
De acordo com Joutey ez 4. (2013) [12], bactérias ambientais geralmente sao resisten-
tes ¢ conseguem suportar condi¢oes extremas, incluindo a presenga de metais pesados
e outros residuos antrépicos. De fato, resisténcia a aminoglicosideos, carbapenémicos e
quinolonas ja foram descritas em S. marcescens de rio e efluentes nao tratados [13, 14],
além do achado de cepas multirresistentes e de maior viruléncia em peixes [15].

Considerando a perspectiva One Health, reconceitualizado e adotado pela Organiza-
¢3o Mundial da Satde [16] e os relatos de resisténcia antimicrobiana em S. marcescens
recuperadas de ambientes nio clinicos, mais pesquisas sdo necessdrias a fim de ampliar
o conhecimento do perfil de susceptibilidade a antimicrobianos clinicamente relevan-
tes nesta espécie, sobretudo em dguas de rio urbano, o qual tem grande impacto na
vida da populagio que vive a sua margem. Dessa forma, o objetivo deste trabalho foi
investigar a possivel presenca de S. marcescens em agua de rio, bem como determinar
o perfil de susceptibilidade a antimicrobianos sao considerados op¢des importantes na
terapéutica das infec¢oes humanas.
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MATERIAL E METODOS

Amostra de dgua e cultura enriquecida

Amostra de 4gua (um litro) foi coletada em um ponto do Rio Itapecerica préximo a
uma drea residencial, hospitalar ¢ comercial da cidade de Divindpolis-MG (Latitude:
20°2824” Sul, Longitude: 45° 7 36” Oeste) em garrafa de polipropileno esterilizada
levada para o laboratério por transporte refrigerado e processada nas duas horas seguin-
tes 4 coleta, no Laboratério de Microscopia/ Diagnéstico Laboratorial e Microbiolo-
gia Clinica da Universidade Federal de Sao Joao Del-Rei (Divindpolis-MG/Brasil).

Para a selegio de S. marcescens, a amostra de dgua do rio foi inoculada em dois baloes
(20 mL em cada), contendo 100 mL de caldo Brain Heart Infusion (BHI) (TM Media,
India), sem e com colistina (COL) (ABL/Brasil) na concentragio final de 4 pg/mL,
considerando sua resisténcia intrinseca a este fairmaco, e incubados a 35+2 °C por 24
horas. A concentragio da COL foi definida de acordo com os breakpoints do Brazilian
Committee on Antimicrobial Susceptibility Testing (BrCAST, 2022) [17] que considera
como “resistente” Enterobacteriales, cuja concentragio inibitéria minima (CIM) seja
superior a 2 ug/mL.

Quantificagio, isolamento e identificagao de S. marcescens

Apds o periodo de incubagio, os baldes foram observados para a inspe¢ao macroscopica
da turbidez, um indicio do crescimento bacteriano, foi realizada uma diluicio seriada e
100, 10 ¢ 1 uL de cada diluigao foram transferidos para placas de 4gar MacConkey (Iso-
far, Brasil), distribuidos na superficie das placas por meio da técnica de spread plate. O
experimento foi realizado em duplicata e as placas incubadas a 3542 °C por até 48 horas.

Apos o crescimento bacteriano, foi realizada a quantificagio total de bactérias gram-ne-
gativas resistentes a colistina nas placas de 4gar MacConkey onde houve crescimento
de 20 2200 coldnias. O niimero de Unidades Formadores de Colénias (UFC/mL) foi

calculado usando a equagao:
UFC = Numero de colonias x Fator de dilui¢ao / Volume de inéculo

Adicionalmente, colonias com caracteristicas macroscépicas de S. marcescens crescidas
em 4gar MacConkey (coldnias grandes, nao fermentadoras de lactose e produtoras de
pigmento vermelho) foram também quantificadas como citado anteriormente. Apés
quantifica¢io, os morfotipos foram selecionados, inoculados em 1 mL de caldo BHI
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(TM Media, India) e incubados em estufa a 35+2 °C por 24 horas. Apés a incubagio,
foram inoculadas em 4gar MacConkey e incubadas a 3542 °C por até 48 horas para veri-
ficacio da pureza e confirmacio da produgio de pigmentos especificos (prodigiosina).

A seguir, todas as col6nias foram submetidas a colora¢io de Gram para confirmagio
da morfologia e identificadas utilizando provas de identificagio bioquimico-fisiol4-
gicas cldssicas, incluindo provas da produ¢io da enzima oxidase, da fermentagao de
carboidratos (glicose, lactose ¢ sacarose), da produgio de pigmentos, da motilidade, da
descarboxilagao de lisina, da produgao de indol, da produgao de H,S, da utilizacao de
citrato ¢ malonato como fonte de carbono ¢ da produgao urease [18]. Apds finaliza-
¢ao da identificagio da espécie, os isolados obtidos foram transferidos para microtubos
contendo 500 ul de BHI acrescido de 20% de glicerol, sendo entio rotulados e armaze-
nados em freezer 4 -20°C.

Determinacao do perfil de susceptibilidade aos antimicrobianos

O perfil de susceptibilidade dos isolados de S. marcescens frente a fosfomicina (FOS),
aztreonam (ATM), ciprofloxacina (CIP), amicacina (AMI), gentamicina (GEN),
ceftazidima (CAZ), cefepime (CPM), ceftriaxona (CRO), meropenem (MEM),
ertapenem (ETP), imipenem (IPM), cefotaxima (CTX), sulfametoxazol-trimeto-
prima (SUT) e clorafenicol (CIO) (CECON?, Brasil) foi determinado pelo método
de disco difusio de acordo com o BrCAST (2022) [17], considerando os breakpoints
estabelecidos para cada antimicrobiano. S. marcescens resistentes a compostos de pelo
menos trés classes diferentes foram consideradas multirresistentes (MDR) [19].

In6culos em caldo BHI (TM Media, fndia) compativeis com a escala 0,5 de MacFarland
(108UFC/mL) foram realizados a partir das placas de 4gar MacConkey. Posteriormente,
foi realizado o indculo em placas de 4gar Mueller Hinton (MH) (Himedia, India), apli-
cados os discos de antimicrobianos e as placas incubadas a 3542 °C, por 24 h.

Deteccao da producao da enzima betalactamase do tipo ESBL ¢ AmpC

Todos os isolados foram submetidos ao teste fenotipico para investigagio da presencga
de enzimas betalactamases do tipo ESBL usando o método dupla difusio seguindo
orientagdes do BrCAST (2017) [20]. Apés inoculagio de cada isolado de S. marcescens
(10 UFC/mL) em dgar MH (Himedia, India), um disco de amoxicilina com 4cido
clavulanico (30 pg) foi colocado no meio de placa e, a uma distancia de 20 mm entre
os discos, foram posicionados os substratos CTX, CAZ e CPM. As placas foram incu-
badas a 3542 °C por 24h e os resultado avaliados por meio de uma distor¢io de halo
de inibi¢ao observada em qualquer uma das cefalosporinas testadas, o qual indica a

produgio de ESBL pelo isolado.
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A detecgao da produgio da enzima AmpC foi conduzida de acordo com Elsayed ez
al. (2015) [21], utilizando a abordagem do teste de disco com imipenem, cefoxitina
e amoxicilina/4cido clavulanico como indutores e ceftazidima como substrato. Um
achatamento do halo da ceftazidima indica resultado positivo, ou seja, produgao da
enzima AmpC. Além disso, foi utilizado o algoritmo para triagem de producio de
AmpC padronizado pelo BrCAST (2017) [20] com a avaliagao do perfil de suscepti-

bilidade a cefoxitina, ceftriaxona e ceftazidima.

Adicionalmente, triagem da produgao de carbapenemase pelos isolados foi avaliada de
acordo com 0 BrCAST (2017) [20] utilizando os pontos de corte definidos para mero-

penem c crtapcnem.
RESULTADOS E DISCUSSAO

Rios urbanos frequentemente recebem efluentes domésticos, industriais e hospitalares,
o que resulta na composicio de uma microbiota altamente diversificada. Além disso,
neste microbioma, bactérias resistentes e genes de resisténcia podem estar presentes,
fato pelo qual esses ambientes sio considerados hozspot para o desenvolvimento e disse-
minagio da resisténcia antimicrobiana [22].

Neste trabalho, apds anélise da amostra coletada, a carga total de bactérias resistentes a
colistina foi superior a 2,0 x 10> UFC/mL (202 colénias), sendo que 1,9 x 10° UFC/mL
(aproximadamentc 9,0%) eram de S. marcescens, a qual € intrinsecamente resistente a este
farmaco. De fato, espécies de Enterobacteriales estao presentes em ambientes aquiticos,
tais como estagao de tratamento de esgoto, e S. marcescens é relatada em estudos dessas
amostras em propor¢des variadas, tais como 16,0% [23] ¢ 6,2% [24].

No Brasil, a maioria dos estudos aponta para uma baixa propor¢ao ou mesmo auséncia
de 8. marcescens em ambientes aquaticos. Por exemplo, essa espécie nao foi encontrada
em 4guas de uma estagio de tratamento de esgoto [25], nem em rios da Bacia do Rio
Doce [26]. Além disso, um estudo na mesma regiao deste trabalho (centro-oeste de
Minas Gerais) mostrou auséncia de S. marcescens no Rio Pard [27].

A partir da cultura em placas, um total de 19 coldnias produtoras de prodigiosina foi
identificado como S. marcescens. Estes isolados foram submetidos ao teste de suscepti-
bilidade aos antimicrobianos que pode ser observado na Tabela 1.
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Aqui, além da resisténcia intrinseca a colistina, a nitrofuranos e a betalactimicos (ampi-
cilina, amoxicilina/4dcido clavulinico, ticarcilina, cefalotina, cefazolina, cefoxitina,
cefotetan e cefuroxima) CLSI, 2022) [28], alguns isolados de S. marcescens também
exibiram resisténcia a outros compostos antimicrobianos. No entanto, quatro isolados
foram sensiveis a todos os antimicrobianos testados ( Tabela 1).

Com relagao aos betalactimicos, uma taxa geral de sensibilidade de 73,7% (14/19) foi
observada, enquanto dois isolados mostraram resisténcia s6 ao aztreonam e um s6 a cef-
tazidima. Curiosamente, resisténcia a cefepime, uma cefalosporina de quarta geragao,
também foi observada em dois isolados (SRI 17 ¢ SRI 19), no primeiro a resisténcia foi
associada a baixa susceptibilidade a ceftazidima. Resisténcia a trés compostos betalacta-
micos (CAZ, CPM, ERT ou CPM, ATM, ERT), apesar de baixa (2/19, 10,5%), foi
observada entre os isolados, um perfil relevante no contexto clinico uma vez que inutiliza
antimicrobianos de geragoes mais recentes dos betalactAmicos. De fato, tem sido relatado
aumento da resisténcia a betalactimicos em isolados extra-clinicos, como por exemplo,
em S. marcescens recuperadas de animais, na qual altas taxas de resisténciaa CPM e CAZ,
além de isolados com perfil de resisténcia multirresisténcia [29] sio observadas.

Aqui, a taxa geral de sensibilidade aos trés carbapenémicos simultaneamente foi alta
(17/19, 89,5%), mas dois isolados devem ser destacados, ambos apresentando resistén-
cia ao ertapenem. Enterobacteriales, incluindo S. marcescens carbapenem-resistentes
estdo na lista de prioridade critica da World Health Organization (WHO, 2017) [30]
uma vez que tem aumentado o relato de espécies com esse fendtipo no cendrio clinico
humano [31] e, apesar de taxas ainda baixas, também em isolados de origem veteri-
néria [32]. Ao contrario do cendrio clinico, estudos que investigam S. marcescens car-
bapenem-resistentes em ambientes como rio s3o escassos. Dessa forma, o achado deste
estudo ¢ preocupante, uma vez que se trata de antimicrobianos de tltima geragao, utili-
zados para tratar infecgoes por bactérias gram-negativas multirresistentes, além da pos-
sibilidade de disseminagio da resisténcia com limitacao das op¢oes terapéuticas [33].

Outra classe de antimicrobiano investigada neste estudo foi a dos aminoglicosideos,
especificamente gentamicina e amicacina. Todos os isolados foram sensiveis a amica-
cina, mas trés isolados (15,8%) apresentaram resisténcia a gentamicina. Em um con-
texto de sadde animal, S. marcescens causando mastite em bovinos foram sensiveis a
gentamicina e, provavelmente pela sua menor utilizagao para o tratamento dessas infec-
¢coes, apresentou maior eficicia [34]. A sensibilidade dos isolados a amicacina nesse
estudo, de acordo com Gad ez 4/. (2011) [35], pode se dar pelo fato dos antimicro-
bianos aminoglicosideos serem mais antigos e menos utilizados na atualidade. Dessa
forma, a sensibilidade pode estar relacionada a pouca exposicao da S. marcescens a esses
antimicrobianos.
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Ciprofloxacina, fosfomicina e sulfametoxazol-trimetoprima sio antimicrobianos
amplamente utilizados para o tratamento de infec¢oes do trato urindrio causadas por
bactérias gram-negativas [36, 37]. Apesar dos residuos de quinolonas poderem permane-
cer ativos em ambientes aqudticos e com isso favorecer a sele¢io de bactérias resistentes
[38], resisténcia a ciprofloxacina foi observada apenas em um isolado de S. marcescens
(SRI1). No entanto, apesar do perfil de susceptibilidade a esta classe de antimicrobianos
ser pouco estudada em isolados ambientais, ¢ relatada a presenga de mecanismos de resis-
téncia a quinolonas nesta espécie, mais frequentemente bomba de efluxo (superfamily
RND) [39], mas muta¢oes em gyr4 também tém sido descritas [40].

Por outro lado, resisténcia maior a fosfomicina (10/19, 52,6%) e sulfametoxazol-trime-
toprima (11/19, 57,9%) alerta para um risco iminente de impossibilidade de utilizagao
terapéutica desses antimicrobianos. Dados na literatura sobre o contexto da resisténcia
de S. marcescens de ambiente aqudtico a esses fairmacos sio escassos, porém Li ez al.
(2022) [41] relataram que fosfomicina é pobremente degradada em dguas residuais
¢ exerce pressdo seletiva na comunidade bacteriana, o que provavelmente resulta em
resisténcia antimicrobiana. Da mesma forma, de acordo com Obharisi ez /. 2023 [42],
sulfametoxazol foi o antimicrobiano encontrado em maior concentragio em estagoes
de tratamento de esgoto e corpos d’dgua receptores do efluente na Africa do Sul, o que
impde risco ao ecossistema aquatico, inclusive com a possibilidade de aumento da resis-
téncia antimicrobiana.

Resisténcia ao cloranfenicol também tem sido relatada, relacionada a produgao de ace-
tiltransferase, que pode ser disseminada entre as espécies e, neste estudo, 42,1% dos iso-
lados foram resistentes a esse fairmaco. Em 1982, Bartlett ez al. [43] ja relatavam taxas
de resisténcia elevadas (85,0%) a este antimicrobiano em isolados de S. marcescens,
assim como Tomanic’ ez al. (2022) [34], que detectaram resisténcia ao cloranfenicol
em todos os isolados de origem animal estudados.

De acordo com Magiorakos ez al. (2012) [19], bactérias multirresistentes (MDR) apre-
sentam resisténcia a pelo menos um antimicrobiano de trés ou mais classes diferentes.
A resisténcia simultinea a varias classes de antimicrobianos tem aumentado entre iso-
lados bacterianos, desafiando a comunidade cientifica e causando grande preocupagio
na comunidade médica no tocante as opgoes terapéuticas.

No presente estudo, a andlise dos dados mostrou que 31,5 % dos isolados de S. mar-
cescens exibiram fenétipo MDR, mais frequentcmente resistentes a SUT, FOS e CLO.
Destacam-se nesse contexto os isolados SRI1 e SRI20, para os quais resisténcia a com-
postos de cinco classes distintas de antimicrobianos foi observada (Tabela 1). Assim,
nossos achados revelam que . marcescens MDR estao circulando no rio estudado, o
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que leva a uma grande preocupagio uma vez que a resisténcia microbiana é um dos mais
graves e emergentes problemas de satde publica [44]. Em paralelo, Iguchi ez al. (2014)
[45] relataram S. marcescens MDR no cendrio clinico, com a resisténcia simultinea
relacionada as cefalosporinas, como aqui observado, além de aminoglicosideos. Ainda,
um estudo em isolados de S. marcescens de origem animal relatou o achado de espécies
extensivamente resistentes (XDR) [29], o que aponta para um cendrio ainda mais cri-
tico considerando que bactérias XDR sdo susceptiveis a apenas uma ou duas categorias
de antimicrobianos atualmente disponiveis para a terapéutica das infecgoes [19].

Considerando a resisténcia antimicrobiana em ambiente aqudtico, deve ser discutida
a presenga de residuos de farmacos como fator preponderante para o surgimento de
bactérias resistentes. A maioria dos antimicrobianos usados ¢ excretada diretamente
ou indiretamente nos rios, através de esgoto hospitalar ou domiciliar e pelas indus-
trias farmacéuticas. O tempo de biodegradagio desses antimicrobianos varia de meses a
anos dependendo das suas condigoes fisico-quimicas, sendo que a capacidade de resistir
aos processos de degradagio aumenta seu tempo no ambiente e, por consequéncia, a
pressio seletiva exercida [46]. Além disso, ¢ frequente o descarte de antimicrobianos
na sua forma original ou metabdlitos ativos no ambiente, ocasionando acimulo nos
rios, maior exposi¢io microbiana e resisténcia antimicrobiana [47]. Diante do exposto,
além do uso racional de antimicrobianos, politicas de prote¢ao ambiental deveriam ser
implementadas para minimizar o aporte de antimicrobianos e o surgimento da resis-
téncia microbiana.

Vale ressaltar que o rio Itapecerica, objeto desse estudo, recebe esgoto em drenagem
espontinea, sem qualquer tratamento e que a amostra de 4gua incluida foi coletada
proxima a pontos de descarga de esgoto doméstico e hospitalar. Assim, uma hipdtese
para a resisténcia observada nas cepas de S. marcescens seria a alta exposicao a residuos
de antimicrobianos, os quais impactam no desenvolvimento de resisténcia aos firmacos
por exercerem pressao seletiva sobre a comunidade bacteriana [48].

Tao importante quanto conhecer o perfil de susceptibilidade aos antimicrobianos dos
isolados ambientais ¢ a investigacao dos mecanismos de resisténcia bacteriana, sobretudo
aqueles que sdo veiculados por elementos genéticos méveis, com o intuito de conter a
disseminagio dessa resisténcia. Todos os isolados de S. marcescens foram submetidos a
testes investigativos da produgao das enzimas ESBL ¢ AmpC por abordagem fenotipica.

Curiosamente, nenhum isolado foi considerado produtor de ESBL, um importante
mecanismo de resisténcia comum entre bactérias gram-negativas MDR no cenario cli-
nico. De fato, S. marcescens ESBL-positivas de ambientes aqudticos nao tem sido um
relato frequente, apesar de ser considerada a espécie origem de uma classe de ESBL, a
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enzima BES-1 descrita no Brasil [49] em um isolado clinico. Lu ez 4/ (2010) [50] rela-
tam o achado desta espécie com este fenétipo em um rio da China e Rybak ez a/. (2021)
[51] encontraram Serratia fonticola produtora de ESBL em reservatério de dgua na
Pol6nia, no entanto, no Brasil estudos sio escassos e assim como neste trabalho, Cha-
gas et al. (2011) [52] nao detectaram S. marcescens ESBL-positiva em amostras de
esgoto hospitalar no Rio de Janeiro.

Produgio de AmpC nio foi detectada entre os isolados considerando as abordagens
fenotipicas propostas por Elsayed ez al. (2015) [21] e BrCAST (2017) [20]. S. marces-
cens, assim como Citrobacter freundii, Enterobacter spp, Providéncia rettgeri, Providén-
cia stuartii e Morganella morganii que compoem o grupo CESP, sao caracterizadas por
albergarem cromossomicamente o gene ampC, que em uma condi¢io de indugio ou
superexpressao, resulta em perda da atividade e do espectro de agao das cefalosporinas
da terceira geragao, monobactimicos e penicilinas [53, 54].

Por outro lado, o BrCAST (2017) [20] recomenda a triagem da produgio de car-
bapenemase por andlise dos halos de inibi¢ao obtidos para meropenem e ertapenem.
Considerando o proposto (halos de inibi¢ao < 25 mm), a resisténcia ao ertapenem dos
isolados SRI17 e SRI19, pode ser devido a produgao de carbapenemase. E conhecido
que a triagem com ertapenem tem sensibilidade alta, mas especificidade baixa, porém
para descartar a produgio de carbapenemase em isolados ertapenem-resistentes, testes
para ESBL ¢ AmpC fenotipicos devem ser positivos [20]. Valiatti ez /. (2023) [29]
mostraram que S. zarcescens carbapenemases-positiva estdo presentes em fezes de ani-
mais criados para consumo humano, fato esse que pode favorecer a disseminagao desta
bactéria para o ambiente aquético.

A nao detecgao de ESBL e AmpC sugere que a resisténcia aos betalactimicos exibida
pelos isolados estudados nao esté relacionada com mecanismo enzimatico. Porém, apenas
a abordagem molecular, considerada padrao-ouro, pode descartar a auséncia dos genes
produtores destas enzimas nos isolados [55]. Apesar de no ambiente clinico S. marcescens
produtora dessas enzimas ser frequentemente relatada, na literatura pesquisada, dados
sobre a producio dessas enzimas em isolados ambientais nao sio encontrados.

Finalmente, com relagio a resisténcia antimicrobiana de S. marcescens, deve ser lem-
brado que isolados dessa espécie de origem clinica exibem maior resisténcia que aqueles
de origem ambiental, apesar deste ser considerado reservatério de determinantes de
resisténcia antimicrobiana [40]. Estudos que abordam a resisténcia antimicrobiana em
S. marcescens de origem aqudtica sao escassos na literatura, e assim, possivelmente a
distribui¢ao da resisténcia aos antimicrobianos nesta espécie pode estar subestimada.
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CONCLUSAO

Esses resultados mostram que os rios urbanos sio um importante reservatério de
S. marcescens resistentes a multiplos antimicrobianos. Assim, considerando a pers-
pectiva One Health, onde a satde estd diretamente associada a0 ambiente em que as
pessoas estao inseridas, a presenca de S. marcescens MDR deve estimular politicas de
vigilincia ambiental na bacia hidrografica do rio Itapecerica para assim minimizar o
impacto desses achados sobre a satide da comunidade local.
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SUMMARY

Objectives: The reported frequency of self-medication in Colombia ranges from
32.3% to 84.7%, depending on the study sample and time frame. This study aimed to
estimate a pooled prevalence of self-medication and its associated factors in Colom-
bian youth and adults. Method: A comprehensive systematic literature review and
meta-analysis of the studies on self-medication in Colombia published from January
2000 - June 2022 was conducted. Results: Twelve studies (n=5,668) from urban
areas were included, and a pooled prevalence of self-medication of 64.2% (95%
confidence interval [CI] 50.8%-77.5%) was found. However, the prevalence was
lower when self-medication was assessed during the last 30 days (32.3%; 95%CI
25.4%-39.3%) than when longer time frames were used. Female university students
had a higher frequency of self-medication (OR= 1.72; 95% CI 1.17-2.53) than
males. The most common medications were analgesics (37.7%), anti-inflammato-
ries (33.2%), antihistamines (14.8%), and antibiotics/antiparasitics (12.1%). Lack
of time and delays in medical care were reported in 35.2% (95% CI 25.6%-44.7%)

of the cases. Conclusions: The reported frequency of self-medication in urban areas
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of Colombia changed across the studies depending on the time frame used; there-
fore, this should be considered when conducting and comparing studies on self-
medication prevalence. Although over-the-counter drugs were the most frequently
involved (85.7%), the reported use of prescription drugs such as antibiotics/anti-
parasitics was 12.1%. Considering that lacking time and delays in medical care were
reported in a third of cases of self-medication, shortening the long waiting times for

healthcare services might contribute to the proper use of medications.

Keywords: Self-medication, prevalence, Colombia, systematic review, meta-analysis.

RESUMEN

Epidemiologia de la automedicacién en Colombia: revision
sistemdtica de la literatura y metanélisis

Objetivos: La frecuencia reportada de automedicacién en Colombia oscila entre
32,3% y 84,7%, segun la muestra de estudio y el marco temporal utilizado. Este
estudio tuvo como objetivo estimar la prevalencia agrupada de la automedicacién
y sus factores asociados en jovenes y adultos colombianos. Método: Se realizé una
revisién sistemdtica de la literatura y un metandlisis de los estudios sobre automedi-
cacién en Colombia publicados entre enero de 2000 y junio de 2022. Resultados:
Se incluyeron 12 estudios (n=5.668) realizados en 4reas urbanas y se encontré una
prevalencia combinada de automedicacién de 64,2 % (intervalo de confianza [IC]
del 95 % 50,8 %-77,5 %). Sin embargo, la prevalencia fue menor cuando se evalué
la automedicacién durante los tltimos 30 dias (32,3%; IC95% 25,4%-39,3%) que
cuando se utilizaron marcos de tiempo mds prolongados. Las mujeres universitarias
presentaron mayor frecuencia de automedicacién (OR= 1,72; IC 95% 1,17-2,53)
que los hombres. Los medicamentos mds comunes fueron analgésicos (37,7%),
antiinflamatorios (33,2%), antihistaminicos (14,8%) y antibidticos/antiparasitarios
(12,1%). La falta de tiempo y las demoras en la atencién médica se reportaron en el
35,2% (IC 95% 25,6%-44,7%) de los casos. Conclusiones: La frecuencia reportada
de automedicacion en dreas urbanas de Colombia cambid entre los estudios depen-
diendo del marco de tiempo utilizado; por lo tanto, esto debe tenerse en cuenta al
realizar y comparar estudios sobre la prevalencia de la automedicacién. Aunque los
medicamentos de venta libre fueron los mas frecuentemente involucrados (85,7%),
el uso informado de medicamentos de prescripcién como antibidticos/antiparasi-
tarios fue 12,1%. Ademads, considerando que la falta de tiempo y las demoras en la

atenciéon médica fueron informadas en un tercio de los casos de automedicacidn, la
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reduccién de los largos tiempos de espera en los servicios de salud podria contribuir

al uso adecuado de los medicamentos.

Palabras clave: Automedicacién, prevalencia, Colombia, revisién sistemdtica,

metandlisis.

REsumo

A epidemiologia da automedicagio na Colémbia: revisao
sistematica da literatura e metanalise

Objetivos: A frequéncia relatada de automedicagio na Colombia varia de 32,3%
a 84,7%, dependendo da amostra do estudo e do periodo de tempo utilizado. Este
estudo teve como objetivo estimar a prevaléncia da automedicacio e seus fatores
associados em jovens e adultos colombianos. Método: Foi realizada uma revisio
sistemdtica e exaustiva da literatura e uma metandlise dos estudos sobre automedi-
cacio na Col6émbia publicados entre janeiro de 2000 ¢ junho de 2022. Resultados:
Um total de 12 estudos (n=5668) realizados em 4reas urbanas foram incluidos e
encontraram uma prevaléncia agrupada de automedicagio de 64,2% (intervalo de
confianca [IC] de 95%: 50,8-77,5%). No entanto, a prevaléncia foi menor quando
se avaliou a automedicacio nos tltimos 30 dias (32,3%; IC 95% 25,4%-39,3%) do
que quando foram utilizados intervalos de tempo mais longos. As mulheres univer-
sitdrias apresentaram maior frequéncia de automedicagiao (OR=1,72; IC 95% 1,17-
2,53) do que os homens. Os medicamentos mais comuns foram analgésicos (37,7%),
anti-inflamatérios (33,2%), anti-histaminicos (14,8%) e antibidticos/antiparasi-
térios (12,1%). Falta de tempo e demora no atendimento médico foram relatados
em 35,2% (IC 95% 25,6%-44,7%) dos casos. Concluses: A frequéncia relatada de
automedicagio em 4reas urbanas da Coldémbia variou entre os estudos, dependendo
do periodo de tempo usado; portanto, isso deve ser levado em consideragio na
condugio e comparagio de estudos sobre a prevaléncia da automedicacio. Embora
os medicamentos de venda livre tenham sido os mais frequentemente envolvidos
(85,7%), o uso relatado de medicamentos prescritos como antibiéticos/antiparasi-
térios foi de 12,1%. Além disso, considerando que a falta de tempo ¢ a demora no
atendimento médico foram relatadas em um ter¢o dos casos de automedicacio, a
redugio do longo tempo de espera nos servigos de satide pode contribuir para o uso

adequado dos medicamentos.

Palavras-chave: Automedicagio, prevaléncia, Coldmbia, revisio sistemdtica,
metanalise.
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INTRODUCTION

Self-medication involves using medicinal products to treat self-recognized disorders or
symptoms or the intermittent or continued use of a medication prescribed by a physician
for chronic or recurring diseases or symptoms [1]. According to the World Health Orga-
nization, responsible self-medication is carried out with over-the-counter (OTC) drugs,
using medications for the intended indications, and reading and following the manufac-
turer’s instructions on the label and package insert [2]. Unresponsible self-medication
can result in health risks, such as delayed diagnosis and treatment of disease, adverse drug
reactions, drug-drug interactions, and antimicrobial resistance [3, 4].

Although most of the world population self-medicates or has done so at some point,
the frequency of self-medication and its associated factors varies depending on the
population studied. Indeed, a recent global meta-analysis of 69 articles published
between 2000 and 2018, including a total of 27,890 individuals, estimated a preva-
lence of self-medication of 55.9% (95% CI 42.4%-68.5%) in Africa; 71.2% (95% CI
63.0%-78.3%) in Asia; 74.0% (95% CI 56.2%-86.4%) in Europe; and 60.0% (95%
CI 40.2%-77.0%) in South America [5]. In Colombia, different studies about self-
medication have been conducted and reported frequencies ranging from 32.3% [6]
to 84.7% [7], depending on the study sample and time frame used. However, there are
no systematic reviews, nor is there a global quantitative estimate (meta-analysis) of its
prevalence in the Colombian population. Therefore, this systematic review and meta-
analysis aimed to estimate the pooled prevalence of self-medication and its associated
factors in young people and adults in Colombia.

METHODS

Comprehensive systematic literature search

Search strategy. A comprehensive systematic literature review was conducted and
reported according to the standards set out in the PRISMA Preferred Reporting Items
for Systematic Reviews and Meta-Analyses [8] and guided by the overview of Munn and
colleagues [9]. The search was performed to identify studies published from January
2000 - June 2022 in English, Spanish, and Portuguese. The search was conducted in
multiple electronic bibliographic databases: MEDLINE, PubMed, Academic Search,
Web of Science ( including Science Citation Index, Social Sciences Citation Index, and
Arts and Humanities Citation Index), LILACS, the catalog of the Universidad Nacio-
nal de Colombia (UNAL), BIBLAT, and Google Scholar. Multiple combinations of

the following keywords were used: cross-sectional study, statistics and numerical data,

1186



The epidemiology of self-medication in Colombia

prevalence, multivariate analysis, bivariate analysis, and Colombia. In addition, the
citations in the relevant articles were manually screened.

Study selection. The inclusion criteria were: (i) primary and secondary sources stud-
ies; (ii) descriptive studies (cross-sectional, cohort, case-control, and prospective), car-
ried out in Colombia and reporting the prevalence of self-medication in young people
and adults, as well as its associated factors; and (iii) articles, theses, and book chapters.
Studies were excluded if: (i) they were review articles, letters to the editor, editori-
als, comments, expert opinions, case studies, case series, or conference abstracts, and
(ii) they were published in languages other than English, Spanish, or Portuguese. The
selection of the studies was carried out by two investigators independently, and dis-
crepancies were resolved by consensus.

LQuality assessment of studies. Using a standardized form, each study’s bias risk was
assessed using Hoy et al’s criteria [10]. Each criterion was assessed as 0 if the risk of
bias was low; 0.5 if the risk was intermediate or unclear; and 1 if the risk was high. The
sum of the scores for the ten criteria indicated the overall risk of bias of the study, was
defined as criterion 11, and was used to determine whether a study was included in
the analysis. Studies with scores of 0-3 were considered low risk and were included
in the quantitative analysis; studies with scores of 4-6 had moderate risk and were
excluded, as well as those with scores of 7-10, which had a high risk of bias. This process
of assessing the quality and risk of bias of the studies was carried out independently by
two investigators, and when discrepancies were found, the final scoring and the deci-
sion to include or exclude the study was made by consensus. The summary figure of the
studies’ risk of bias was prepared using the RevMan v5.0 package.

Data extraction. Using a standardized format in Microsoft Excel, two authors indepen-
dently extracted data on study characteristics (first author, publication date, character-
istics) and outcomes of interest (sample size, self-medication time frame, prevalence
of self-medication, women who self-medicated, men who self-medicated, lack of time
and delays in medical care as causes of self-medication, and use of analgesics, anti-
inflammatories, antihistamines, antibiotics and antiparasitics). When the prevalence
of self-medication was evaluated in several time frames in the same study, the data were
extracted separately.

Data processing and meta-analysis. Relevant data extracted from the included studies
in the Microsoft Excel format were exported to the statistical package Statav17. A ran-
dom-effects meta-analysis model was used to estimate DerSimonian and Laird’s pooled
effect to show heterogeneity. Subgroup analysis was conducted to adjust random varia-
tion between point estimates of the original studies and investigate how the prevalence
of self-medication fluctuates across subgroups depending on the self-medication time
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frame. The outliers within the included articles were checked using sensitivity analysis.
Publication bias across studies was assessed using a funnel plot, Egger’s regression test,
and Begg’s test (Z statistic) at 0.05. A forest plot format presented the point prevalence
(percent) and 95% confidence intervals (CIs). In this plot, each crossed line referred
to a 95% CI. The odds ratio (OR) was used to determine the association between self-
medication and sex, and point prevalence (percent) was used for causes of self-medica-
tion and medications groups.

REsuULTS

Search results

Initially, the search yielded 31 studies. After removing one duplicate, 30 studies were
screened using titles and abstracts, 24 of which (16 articles and eight theses) under-
went methodological evaluation. Eleven studies with moderate and high risk of bias
were excluded, and the reasons for their exclusion are presented in Supplementary
Table 1. Ultimately, 13 were included for the qualitative and quantitative synthesis: 12
about general self-medication with 5,668 participants were used for the pooled preva-
lence estimation, and one about self-medication with antibiotics and 140 participants
was used only when analyzing medication groups (Figure 1).

Study characteristics

Table 1 shows that 12 studies with 5,668 participants were included in the systematic
review and meta-analysis of self-medication prevalence. One additional study with 140
participants was included to analyze antibiotic and antiparasitic use through self-med-
ication [11]. All the included studies had a cross-sectional design and were published
between 2002 and 2021. All the included studies were conducted in urban areas and
used randomized sampling, except one, whose sample selection was by convenience [12].
The sample sizes ranged from 140 in Cali [11] to 1,127 in Pereira [6]. The prevalence of
self-medication varied from 32.3% in Pereira [6] to 84.7% in Neiva [7]. Regarding geo-
graphical distribution, five studies were conducted in the Caribbean region [12-16], three
in the Andean regién [6, 7, 17], four in the capital city Bogota [18-21], and one in the
Pacific region [11]. There were no studies from the Amazonia and Orinoco regions. Nine
studies included adults from the general population [6, 11-15, 17-19], and four included
university students [7, 16, 20, 21]. Six studies used instruments with no known validity
or reliability [7, 16-19, 21], and seven used instruments with partially documented valid-
ity and reliability [6, 11-15, 20]. The overall risk of bias score of the included studies was
between 0.5/10 and 2.5/10 (Supplementary Figure 1).
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review and meta-analysis (13) not reportthe expected and
observed losses; the instrument
does not have any validation; no
clear definition of self- medication;
and the time frameoof self-
medication is not defined.

Figure 1. Flowchart of study selection.

Each study used a different self-medication time frame (Table 1), so they were catego-
rized into three subgroups. Five studies with 2,344 participants were included in the
subgroup that evaluated current self-medication in the last 30 days. Five studies with
2,355 participants were included in the subgroup that evaluated self-medication in the
previous year and throughout life. Four studies with 1,383 participants were included
in the subgroup that evaluated self-medication in university students during the last
six months and throughout life. Two studies assessing self-medication in various time
frames [12, 17] were simultaneously included in subgroups 1 and 2, and their data
were extracted separately for meta-analysis. One study evaluated self-medication with
antibiotics and was included only in the analysis by medication groups [11].
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Meta-analysis

Self-medication prevalence. The pooled prevalence of self-medication among the
Colombian youth and adult population was 62.4%, with a 95% CI from 47.2 to 77.7%.
As the I* statistic revealed, there was a high degree of heterogeneity across studies (=
99.6%, p<0.001). The random effects model was assumed for this meta-analysis.

Subgroup and sensitivity analysis. No significant change in heterogeneity was observed
when trying to exclude outliers, or one or more studies. For this reason, all the studies
were included in the meta-analysis, and a subgroup analysis was performed according
to the self-medication time frame and the type of population (general population or
university students). The subgroup analysis revealed a lower frequency of self-medication
among the general population when evaluated during the last 30 days (32.3%; 95% CI
25.4%-39.3%). In contrast, the prevalence of self-medication was significantly higher
when assessed in the general population during the last year or lifetime (74.6%; 95% CI
61.3%-87.9%) and in university students in the previous six months or lifetime (84.7%;
95% CI 75.1%-94.3%), with no significant difference between them (Figure 2).
Therefore, the effect of the time frame during which the self-medication behavior is
evaluated seems more important than the effect of age or the university student sta-
tus. We did not find evidence of publication bias (Egger’s regression test, one-tailed,

p=0.2924; Begg’s correlation test, one-tailed, p= 0.381 1).

Prevalence of self-medication according to sex. Data on the frequency of self-medication
in women and men were extracted from 10 studies. In the meta-analysis, no significant
association was observed between sex and self-medication, with a pooled OR of 1.12
(95% CI 0.87-1.44). Moreover, the subgroup analysis showed no association between
self-medication and sex among the general population in the last 30 days (OR= 0.87;
95% CI 0.57-1.32); nor in the previous year or at some point in life (OR= 1.11; 95%
CI 0.61-2.03). In contrast, female university students had a greater probability of self-
medication in the last six months or throughout their lives than males (OR= 1.72; 95%
CI 1.17-2.53) (Figure 3). We did not find evidence of publication bias (Egger’s regression
test, one-tailed, p= 0.7983; Begg’s correlation test, one-tailed, p= 1.00).

Determinants of self-medication. Due to the lack of a standardized and validated instru-
ment to evaluate self-medication, each study addressed different determinants for
this phenomenon. However, among these, the most recurring determinants reported
were the lack of time and delays in medical care. Data on these causes could only be
extracted from eight studies. In the meta-analysis, the lack of time and delays in medi-
cal care were reported with an overall frequency of 35.2% (95% CI 25.6%-44.7%).
Moreover, the subgroup meta-analysis showed that the frequency with which these
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causes were reported by university students who self-medicated in the last six months
or throughout their lives was significantly lower (19.7%; 95% CI 10.3-29.2) than that
of the general population who self-medicated in the last 30 days (47.8%; 95% CI 31.5-
64.2) (Figure 4).

Percent
Study with 95% CI n
Self-medication in the last 30 days
Feria-Mejia, 2021 —— 34.67 [27.05, 42.29] 150
Pefiuela, 2002 —— 40.03 [ 30.36, 49.70] 350
Machado-Alba, 2014 —— 37.10 [ 29.24, 44.95] 414
Lépez, 2009 —— 34.49[27.12, 41.86] 453
Villegas-Cardona, 2014 —— 32.34 [ 25.41, 39.27] 1127
Self-medication in the last year or throughout life
Feria-Mejia, 2021 —&— 88.00[82.80, 93.20] 150
Machado-Alba, 2014 —@—  82.62[72.33, 92.90] 414
Del Toro-Rubio, 2017 —— 85.08[77.53, 92.64] 428
Fajardo-Zapata, 2013 —&—— 77.82[6266, 92.98] 588
Macias-Vidal, 2015 — 74.60[61.29, 87.92] 775
Self-medication in the last six months or throughout life, in university students
Bravo, 2017 - 74.63 [ 68.61, 80.65] 201
Lopez-Cabra, 2016 - 77.32[72.80, 81.85] 270
Oviedo-Cérdoba, 2021 —&—— 83.88[70.36, 97.39] 312
Ortiz, 2019 —&— 84.71[75.11, 94.31] 600

20 40 60 80 100

Figure 2. Subgroup analysis of studies describing the prevalence of self-medication disaggregated by

time frame and the type of population (general population or university students).

Log odds-ratio (women vs. men)

Study with 95% CI p-value n
Self-medication in the last 30 days
Pefiuela, 2002 — -0.14 [-0.56, 0.28] 0.521 350
Machado-Alba, 2014 — 0.04[-0.32, 0.41] 0813 414
Lopez, 2009 1 0.44 [-0.36, 1.24] 0.281 453
Villegas-Cardona, 2014 - 0.41[-0.14, 0.97] 0.142 1127
Self-medication in the last year or throughout life
Feria-Mejia, 2021 — 0.02[-0.97, 1.01] 0968 150
Machado-Alba, 2014 — -0.44 [-0.92, 0.04] 0.074 414
Fajardo-Zapata, 2013 JEE P 0.11[-0.76, 0.97] 0812 588
Macias-Vidal, 2015 —_—t— 0.10[-0.50, 0.71] 0734 775
Self-medication in the last six months or throughout life, in university students
Bravo, 2017 ———— 0.63[ 0.00, 1.26] 0.049 201
Ortiz, 2019 —— 0.54[ 0.16, 0.93] 0.006 600
| E—
-1 0 1 2

Figure 3. The association between self-medication and sex, disaggregated by time frame and the
type of population (general population or university students), with results presented as the nepe-

rian logarithm of the OR.

1193



Adriana Urbina, Mariana Morales-Cortés, Dario Mendoza Romero, Andrés M. Pérez-Acosta

Study

Lack of time and delays in medical care (%)

with 95% CI

n

Self-medication in the last 30 days

Machado-Alba, 2014
Lépez, 2009

Self-medication in the last year or throughout life

Feria-Mejia, 2021

Del Toro-Rubio, 2017
Fajardo-Zapata, 2013
Macias-Vidal, 2015

Self-medication in the last six months or throughout life, in university students

Bravo, 2017
Ortiz, 2019
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3563[ 574, 6552]
33161568, 5064]
37.16[2252, 51.80]

1476 9.01, 2051]
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Figure 4. The frequency of reporting the lack of time and delays in care as causes of self-medication.

Medication groups used for self-medication. Data on the medication groups used for

self-medication could be extracted from nine studies. The meta-analysis showed that
the pooled frequency of self-medication with analgesics was 37.7% (95% CI 15.8%-
47.6%), anti-inflammatories 33.2% (95% CI 15.4%-51.0%), and antihistamines 14.8%
(95% CI 6.8%-23.0%), while the pooled frequency for antibiotics and antiparasitics
was 12.1% (95% CI7.4%-16.9%) (Table 2).

Table 2. Medication groups used for self-medication.

Effect size (95% CI)
. . Antibiotics
Subgroup Seudies Analgesics Anti- . Antihistamines and
inflammatories ) .
antiparasitics
Machado- 44.3% 36.4% 8.5% 6.3%
Alba, 2014 (395-49.1) (31.8-41.0)  (5.8-112) (4.0- 8.6)
Lopez, 15.0% 18.0% 8.0% 1.0%
2009 (11.7-18.3) (14.5-21.5) (5.5-10.5) (0.1-1.9)
Subgroup 1: Villegas-
Self- Card fna 58.0% 12.0% 12.0% 4.0%
medication 2014 ’ (55.1-60.9)  (10.1-13.9) (10.1-13.9) (2.9-5.1)
in the last 30
days Pefuela, 19.8% 30.1% 5.1% 16.6%
2002 (15.6-240) (253-349)  (28-74)  (127-20.5)
S : : : 7.0%
2014 * (2.8-11.2)
Subgroup 1 34.3% 24.0% 8.4% 6.6%
(119-567) (129-350)  (53-115)  (3.0-10.1)
(Continued)
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Effect size (95% CI)
. . Antibiotics
Subgroup Scudies Analgesics Andi- . Antihistamines and
inflammatories . .
antiparasitics
Subgroup 2:
Self-
medicationin  Macias- 46.1% 74.4% 53.7% 10.2%
the lastyear ~ Vidal, 2015 | (42.6-49.6) (71.3-77.5) (50.2-57.2) (8.1-12.3)
or throughout
life
Bravo. 2017 1.6% 14.5% 11.2% 13.5%
Subgroup 3: ’ (02-33)  (9.6-194) | (68-156)  (8.8-18.2)
Self- Ortiz, 2019 44.0% 67.0% 16.0% 5.0%
medication ’ (40.0-48.0) (632-70.8)  (13.1-189) | (32-67)
inthelastsix ~ Lopez- 14.4% 3.9% 3.6% 4.4%
months or Cabra, 2016  (10.2-18.6) (1.6-6.2) (14-5.8) (2.0-6.8)
ff‘fz’ffh"“t ggf‘;ﬁ;) 42.4% 42.4% 15.8% 58.4%
wniversity 201 (369-479)  (369-47.8)  (11.8-19.9)  (52.9-63.9)
students Sub 3 25.5% 31.9% 11.6% 20.1%
TPEOUP S (158-47.6)  (03-641) | (46-185)  (3.9-364)
Overall 37.7% 332 14.8% 12.1%
(158-47.6)  (154-51.0)  (68-230) = (7.4-169)

*This study only evaluated self-medication with antibiotics.

DiscussioN

A systematic review and meta-analysis were carried out to estimate the prevalence of
self-medication in Colombia and its associated factors in the population over 16. The
pooled prevalence of self-medication found in young people and adults from urban
areas of Colombia (64.2%; 95% CI 50.8%-77.5%) was similar to that recently found
in a global meta-analysis, according to which the prevalence of self-medication was
60.0% (95% CI 40.2%-77.0%) in South America [S]. All the studies included in this
meta-analysis were conducted in the urban population, which, according to the 2018
Colombian population census, constitutes 77% of the total Colombian population
[22]. Additionally, 11 of the 12 included studies used randomized sampling. Only one
study used a convenience sample, which had a low weight on the pooled calculations
because of its small sample size (n= 150 subjects) [12]. Therefore, the pooled preva-
lence could be considered representative of the Colombian population, specifically
those living in municipal capitals.
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On the other hand, since there is no universal and standardized definition of self-med-
ication, most studies use different time frames to measure its frequency [23]. This has
led most of the systematic literature reviews to establish comparisons of the prevalence
of self-medication between diverse populations without analyzing in depth the effect
that these different time frames could have on the reported frequency. To address the
problem of the different time frames used for measuring self-medication, which can
undoubtedly contribute to the high heterogeneity observed, we performed a meta-
analysis by subgroups, according to the time frame and the study population (General
population vs. University students). Our results showed that when self-medication was
evaluated for long periods, such as the previous 6-12 months or throughout life, the
reported frequency was significantly higher, both in the general population (74.6%;
95% CI 61.3%- 87.9%) and in university students (84.7%; 95% CI 75.1%-94.3%).
In contrast, when self-medication was assessed during the previous 30 days, a signifi-
cantly lower prevalence of self-medication was found (32.3%; 95% CI 25.4%-39.3%).
This suggests that, at least in the urban population of Colombia, the time frame dur-
ing which the self-medication behavior is evaluated could be more important than the
effect of age or the university student status. However, the impact that the variables,
time frame, age, socioeconomic status, and educational level have on the frequency of
self-medication is complex and requires in-depth study. Previous studies have already
reported an effect of time frame on the reported frequency of self-medication. This is
the case of a systematic review from Brazil that reported a pooled prevalence of self-
medication in the last 15 days of 35.0% (95% CI 39.0%-40.0%) [24]; meanwhile, a
study evaluating self-medication during lifetime found a frequency of 66.6% (95%
CI 61.3%-71.4%) [25]. In another case, a community-based cross-sectional study
conducted in southwestern Ethiopia reported that the prevalence of self-medication
changed depending on the time frame (58.2% for lifetime vs. 31.2% for current use)
[26]. Indeed, when a behavior is evaluated by self-reporting, a long time frame does
not allow recent changes to be detected and is associated with recall bias. For this rea-
son, to assess the frequency of self-medication through questionnaires, surveys, and
interviews, it is essential to select the recall period appropriately. Generally, a short
recording period is preferable to a long one, especially when asking about recurring or
frequent events [27].

Although the second objective of this study was to evaluate the factors associated with
self-medication in Colombia, only some of the included studies assessed the same
characteristics. However, it was possible to extract and analyze the data related to sex,
groups of medications used for self-medication, and some causes associated with self-
medication behavior. Regarding self-medication in men and women, we did not find
differences within the general population, but we did find a higher frequency of self-
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medication in female university students compared to males (OR=1.72;95% CI 1.17-
2.53), a finding that other authors have previously reported, and that can be explained
as a strategy for relieving headaches, colds, and dysmenorrhea [28].

This meta-analysis found that, within the population that self-medicated, 37.7% used
analgesics, 33.2% anti-inflammatories, and 14.8% antihistamines. Other studies have
also shown these drugs to be the most used for self-medication. For example, in Ethio-
pia, the frequency of analgesics and anti-inflammatories was 46.1% [29], and in Iran,
the frequency of analgesic use was 53.2%, with 39.3% for anti-inflammatories and
24.3% for antihistamines [30]. The non-responsible use of OTC medicines is an essen-
tial cause of adverse effects and severe drug interactions [31-33]. It is favored by selling
in large-area stores without mediating the dispensing process and providing the user
with the required information rather than by the insert that needs to be read.

The use of antimicrobials without a medical prescription is a cause for concern due to
its implications for developing antimicrobial resistance, to which 1.27 million deaths
were attributed in 2019 [34]. We found that antibiotics and antiparasitics were used
for self-medication in 12.1% (95% CI 7.4-16.9%) of the cases, a lower frequency than
that reported in other studies and systematic reviews. Within low- and middle-income
countries, the pooled prevalence of self-medication with antimicrobials has been
found to range from 39 to 78%, depending on the countries included in each analysis
[35-37]. Therefore, given this high heterogeneity, it is essential to conduct investiga-
tions by countries within the same income level group [38]. In Colombia, in particular,
it was observed that by 2011, up to 80% of pharmacies did not comply with the rule
of dispensing antibiotics only with a medical prescription, and the pharmacy staff did
not provide the required information to the user [39]. This phenomenon contributes
substantially to using antibiotics through self-medication and is added to other associ-
ated factors, such as those discussed below.

Finally, some of the determinants of self-medication were explored; however, despite
these causes being so varied and complex, it was only possible to extract information
about two: lack of time and delays in care. These two situations were reported by those
who self-medicated in 35.2% (95% CI 25.6%-44.7%) of the cases, although their fre-
quency in university students was significantly lower (19.7%; 95% CI 10.3%-29.2%).
Another systematic review also reported that the lack of time to see a doctor is reported
recurrently by those who self-medicate [40], reaching a frequency of up to 68% in a
high-income country such as Saudi Arabia [41]. Therefore, shortening the long waiting
times for healthcare services and improving pharmaceutical services might encourage
the proper use of medications [42]. However, these strategies must be accompanied
by others that involve pharmacy staff, who must have the appropriate formation and
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training, comply with the rules for dispensing prescription drugs, and provide the user
with the required information on the adequate use of drugs [43, 44].As limitations
of the present study, it should be considered that some studies included in the meta-
analysis evaluated self-medication by self-report (memory bias). In contrast, others did
so by direct pharmacy observation (information bias), which may contribute to the
observed heterogeneity. Additionally, the studies analyzed did not use a standardized
time frame. These limitations are common to all studies on self-medication and point
to the need for standardized definitions and tools. Therefore, within the recommenda-
tions and prospects for future studies, the need to develop and validate instruments
to assess the occurrence of self-medication, especially responsible self-medication, as
defined by the World Health Organization, is emphasized. These instruments should
set a specified time frame, ideally short, as this minimizes recall bias, allows for popula-
tion assessments, and can detect recent changes in behavior, for example, after an inter-
vention. Additionally, given the impact of self-medication globally, these instruments
must be developed and validated in different languages and cultural contexts, and they
must evaluate the medications used.

CONCLUSION

A systematic review and meta-analysis were carried out to estimate the prevalence of
self-medication in Colombia and its associated factors in the population over 16. A total
of 12 studies with 5,668 were included, and a pooled prevalence of self-medication in
young people and adults in Colombia (64.2%; 95% CI 50.8%-77.5%) was calculated.
However, the prevalence was significantly lower when self-medication was evaluated
during the last 30 days (32.3%) compared to more extended time frames (six months,
one year, or throughout life). The self-medication frequency was higher in female
university students than in males. The most frequently used medications were anal-
gesics (37.7%), anti-inflammatories (33.2%), antihistamines (14.8%), and antibiotics/
antiparasitics (12.1%). As determinants of self-medication, lack of time and delays in
medical care were reported in 35.2% (95% CI 25.6%-44.7%) of the cases. The reported
frequency of self-medication in Colombia changed across the studies depending on the
time frame used; therefore, this should be considered when conducting and comparing
studies on self-medication prevalence. Although over-the-counter drugs were the most
frequently involved (85.7%), the reported use of prescription drugs such as antibiotics/
antiparasitics was 12.1%. Moreover, considering that lacking time and delays in medi-
cal care were reported in a third of cases of self-medication, shortening the long waiting
times for healthcare services might contribute to the proper use of medications.
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Supplementary Figure 1. Risk of bias graph.

Supplementary Table 1. Excluded studies.

First author Year

Reference

Reasons for exclusion

Tobén-

The sample does not represent the Colombian population;
it only partially reports the obtained and expected losses;

2 1

Marulanda 002 (1] the instrument needs to be validated; and it does not
specify the self-medication time frame.
The sample does not represent the Colombian population;
there is no random selection of participants; it does

Mejia 2017 2] not report the expected and observed losses; it does

not establish a clear definition of self-medication; the
instrument does not have any validation; and it only

partially specifies the self-medication time frame.
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First author Year = Reference Reasons for exclusion

The sample is not representative of the Colombian
population; there is no random selection of participants;
Mejia 2018 (3] it does not report the expected' a.nd observed lo.sses.; it
does not establish a clear definition of self-medication; the
instrument does not have any validation; it only partially

specifies the self-medication time frame.

The sample is not representative of the Colombian
Martinez- population; there is no random selection of participants; it

2013 (4]

Dominguez does not report the expected and observed losses; and the

instrument does not have any validation.

The sample does not represent the Colombian population;
there is no random selection of participants; it does not
Gallardo 2011 (5] report the expected and observed losses; the instrument
does not have any validation; and it only partially specifies
the self-medication time frame.

The sample is not representative of the Colombian

Sud 2019 (6] population; there is no random selection of participants; it
udrez

does not report the expected and observed losses; and the

instrument does not have any validation.

The sample is not representative of the Colombian
population; there is no random selection of participants;
, it does not report the expected and observed losses; it
Calderén 2009 (7] . . .
does not establish a clear definition of self-medication;
the instrument does not have any validation; and it only

partially specifies the self-medication time frame.

The sample does not represent the Colombian population;
there is no random selection of participants; it does not
Luna 2021 (8] report the expected and observed losses; the instrument
does not have any type of validation; and it only partially
specifies the self-medication time frame.

The sample does not represent the Colombian population;
there is no random selection of participants; it does not
Atehortiia 2011 (9] report the expected and observed losses; the instrument
does not have any validation; and it only partially specifies
the self-medication time frame.
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First author Year Reference Reasons for exclusion

The sample is not representative of the Colombian
Faiardo- population; it does not establish a clear definition of self-
ZaJ ? . © 2018 [10] medication; the instrument does not have any validation;

apata and it only partially specifies the self-medication time

frame.

The sample is not representative of the Colombian
Flérez- 2020 (1] population; convenience sampling; expected and observed
Molina losses are not reported; and the time frame of self-

medication is not defined.
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REsumo

Introducio: Neste trabalho, pela primeira vez foi analisada, do ponto de vista
tedrico, a possibilidade da determinacio eletroanalitica das micotoxinas muscazona
¢ 4cido iboténico, assistida pelo compdsito de oxihidréxido de vanadio com poli-
mero condutor. Desenvolvimento: O processo eletroanalitico realiza-se mediante
a redugio catédica, e a reagio eletroquimica se realiza de maneira diferente para o

4cido iboténico ¢ para a muscazona. Em virtude disto, a realizacio do comporta-
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mento oscilatdrio em parimetro eletroquimico ¢ muito mais provavel que em casos
mais simples. Resultado: Malgrado o supracitado, o compdsito polimero condutor
- VO(OH) pode ser um modificador eficiente para a detecgio eletroanalitica do

4cido iboténico com a muscazona.

Palavras-chave: 4cido iboténico, muscazona, sensor eletroquimico, polimero

condutor, oxihidréxido de vanadio trivalente, estado estacionario estavel

SUMMARY

The theoretical description for ibotenic acid and muscazone
electrochemical determination, assisted by the vanadium
oxyhydroxide composite with conducting polymer.

Introduction: In this work, the possibility for the electroanalytical determination
of ibotenic acid and muscazone mycotoxin, assisted by a conducting polymer/vana-
dium oxyhydroxide composite has been analyzed for the first time. Proposal: The
electroanalytical process is carried out by cathodic reduction by different manner for
ibotenic acid and for muscazone. For this reason, the oscillatory behavior in elec-
trochemical parameter is far more probable than in the simplest case. Result: the
conducting polymer — VO(OH) composite may be an cfficient electrode modifier

for electroanalytical detection of ibotenic acid and muscazone.

Keywords: ibotenic acid, muscazone, electrochemical sensor, conducting polymer,

trivalente vanadium oxyhydroxide, stable steady-state

RESUMEN

Descripcién tedrica de la deteccién electroanalitica del dcido
iboténico y de la muscazona, asistida por el compuesto de
oxihidréxido de vanadio con el polimero conductor

Introduccién: En este trabajo, por la primera vez, ha sido analizada, del punto
de vista tedrico, la posibilidad de la determinacién electroanalitica de las micoto-
xinas muscazona y dcido iboténico, asistida por el compuesto de oxihidréxido de
vanadio con el polimero conductor. Propuesta: El proceso electroanalitico se realiza

mediante la reduccién catédica, y la reaccién electroquimica se realiza de manera
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diferente para el 4cido iboténico y la muscazona. Por esta razon, la realizacién del
comportamiento oscilatorio en pardmetro electroquimico es mucho més probable
que en casos més simples. Resultado: A pesar de lo arriba dicho, el compuesto poli-
mero conductor — VO(OH) puede ser un modificador eficiente para la deteccién

electroanalitica del 4cido iboténico con la muscazona.

Palabras clave: 4cido iboténico, muscazona, sensor electroquimico, polimero

conductor, oxihidréxido de vanadio trivalente, estado estacionario estable

INTRODUCGAO

O cogumelo Amamita muscaria, conhecido popularmente como mata-moscas, ¢ um
dos cogumelos venenosos mais abundantes na Europa e na América do Norte, princi-
palmente nas zonas climaticas moderada e subtropical [1-4]. Existem também relatos
da expansio do seu habitat para paises tropicais e até equatoriais [4]. Assim como a
maior parte dos cogumelos do género Amamita, o mata-moscas ¢ considerado tdxico e,
por conseguinte, ndo se usa na alimentag:io, mesmo que seja nas formas cozida e assada.

Os sintomas principais da intoxicagio pelo cogumelo [5-8] sdo euforia, sentimento de
felicidade falsa, vivacidade, alucinagoes, seguidos pela depressao repentina, ansiedade,
sonoléncia, entre outros. Mesmo com as doses relativamente pequenas, a desintoxicagao
realiza-se lentamente, nao passando pela “ressaca” As doses altas podem causar danos
cerebrais irrepardveis e mudancas comportamentais permanentes. Os efeitos téxicos do
mata-moscas sao associados a presenca do 4cido iboténico e derivados (Fig. 1):

0
OH o OHZN
(0) -0 j)\COOH
N '*U) Yﬂ J
\ [ N ko

HO

Fig. 1. Da esquerda 2 direita: acido iboténico, muscimol e muscazona
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O 4cido iboténico (Fig. 1, a esquerda) ¢ um aminodcido principal do mata-moscas.
Do ponto de vista quimico, ¢ um aminodcido, substituido pelo anel isoxazdlico, que o
faz um composto com propriedades bésicas predominantes. A sua toxicidade baseia-
-se na sua facilidade de trespassar a barreira hematoenceflica, intervindo na sintese
de proteinas cerebrais, modificando a sua composi¢ao [9-11]. Entretanto, em alguns
paises ele ainda ¢ usado na medicina popular para alcancar a estimulagio cerebral e
espiritual [12]. Outrossim, este cido ¢ usado em testes bioquimicos de resposta neu-
rofisioldgica [13]. A sua decarboxilagio transforma-o numa amina, conhecida como
muscimol, um composto ainda mais tdxico [14].

Por outro lado, a muscazona (Fig. 1. a direita), ¢ um dos isdémeros do 4cido iboténico,
que ¢ produzido dentro do cogumelo a partir deste sob irradiagio ultravioleta. Em
relagao ao acido iboténico e, ainda mais, ao seu isdbmero, a muscazona ¢ menos téxica
[5, 14-16], mas possui um efeito mais duradouro, além de reforcar o efeito deles dois,
provocando perdas de memoria, atengao, orientagio e visao.

Haja vista o supracitado, o desenvolvimento de um método de detec¢io e quantificagao
precisa e exata da concentragao de ambos os dcidos ¢ realmente atual, e os métodos ele-
troanaliticos poderiam servir de boa solugio a este problema [17, 18].

Alguns métodos eletroanaliticos e eletroforéticos tém sido desenvolvidos para a quan-
tificagao do 4cido iboténico [18, 19]. Quanto a muscazona, nenhum método eletroa-
nalitico para a detec¢io deste aminoacido tem sido desenvolvido até agora. Haja vista
o anel isoxazélico, ¢ preferivel usar o processo catddico ao anddico, pois o composto ¢
dificil de oxidar, mas que facilmente se reduz. Um dos modificadores de elétrodo, que
poderiam providenciar esse processo, poderia ser o oxihidréxido de vanadio [20]. E um
composto com comportamento eletroquimico flexivel, mas com maior tendéncia de
ser oxidado [21].

Na pesquisa bibliogréfica, realizada pelo grupo dos autores do presente trabalho, nao se
encontraram citagdes, referentes a trabalhos experimentais acerca da modificagao do elé-
trodo por VO (OH) para fins eletroanaliticos, apesar de este mesmo grupo ter publicado
alguns teéricos [22-24], que comprovam essa possibilidade. O principal ¢ que a introdu-
¢ao de um novo modificador de elétrodo pode acarretar os problemas como:

e Possivel incompatibilidade do modificador com o meio da eletroanilise;

e Possibilidade da apari¢ao das instabilidades eletroquimicas, caracteristicas para
o comportamento do composto semelhante, que ¢ o oxihidréxido de cobalto
[25-28], durante o desempenho mediador de VO(OH). A sua apari¢io pode nio

estar aquém do desiderato de um eficiente processo eletroanalitico.
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Destarte, o objetivo geral deste trabalho ¢ avaliar, do ponto de vista teérico, o compor-

tamento do sistema com a determinacio do 4cido iboténico e muscazona no cétodo,

modificado pelo oxihidréxido de vanddio. A sua realiza¢io incluird o alcance dos obje-
tivos especificos:

Sugerir um mecanismo do desempenho do sensor, incluindo as etapas quimicas
e eletroquimicas, com a expressio clara do papel que o modificador (no caso, o
oxihidréxido de vanddio) desempenha no processo;

Elaborar ¢ analisar um modelo matematico, capaz de descrever de maneira ade-
quada o comportamento do sistema;

Da andlise do modelo, derivar os requisitos do melhor desempenho eletroanali-
tico do elétrodo com o 4cido inoténico, bem como as condi¢des, sob cuja satisfa-
¢ao sao realizadas as instabilidades oscilatéria e monoténica;

Comparar o desempenho do sistema com o dos semelhantes [22-24].

O SISTEMA E O SEU MODELO

A redugio do 4cido iboténico ¢ da muscazona dé-se de mecanismos diferentes. Em

ambos os casos, porém, ocorre a ruptura do anel. No caso do 4cido iboténico, a redugao

realizar-se-4 de duas maneiras. Assim, esquematicamente, 0 comportamento do sistema

serd descrito conforme na Fig, 2:

HO

COOH

VO(OH) VO

Fig. 2. Representacio esquemdtica do sistema eletroanalitico
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Vale a pena mencionar que a redugao de muscazona no processo reproduz o seu meta-
bolismo no organismo humano. Um dos produtos da sua redugio ¢ o metanol, respon-
savel pela cegueira parcial ou total — um dos efeitos da intoxicagio pelo mata-moscas.

Havendo vista o supracitado, para investigar o comportamento do sistema, introduzi-
mos trés varidveis:

m — concentragao do dcido iboténico na camada pré-superficial;
* = 7 .
m* - concentragao da muscazona na camada pré-superficial;

v — grau de recobrimento da matriz polimérica pelo vanidio tetravalente.

Para simplificar a modelagem, supomos que o reator esteja agitando-se intensamente,
de modo que possamos menosprezar o fluxo de convecgao, que o eletrdlito de suporte
esteja em excesso, para menosprezar o fluxo de migra¢ao. Também supomos que a
camada pré-superficial esteja de espessura constante, igual a d, e que o perfil concentra-
cional dos dois analitos seja linear.

E possivel mostrar que o comportamento do sistema serd descrito pelo conjunto de
equagoes diferenciais (1):

dm _ 2 (M
- s\5 (mo - m) - Tiso = T11 ~ T12
dms _ 2 [Mx (1)
= 5l (Mxo= mx)+ 1555 =1,
dv 1
a5 ;(T11+ T+ 12— 1)

Sendo M e M* os coeficientes de difusio de cada um dos aminodcidos 7z, € 72*, sio as
concentragoes de cada um dos aminoacidos, /¢ a concentragio superficial méxima e
os parAmetros 7 s3o as velocidades das reagoes correspondentes, que se podem calcular
conforme (2 - 6):

Tiso = Kisomexp(-am) (2)

i = kllm(l - v)6 exp(_ am) (3)
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r, = k, m(1- v)® exp(-am) (4)
r, = k,mx*(1- v)* exp(-bm) (5)

rou) (6)

T, = k,,vexp(— T

Em que os parAmetros £ s3o as constantes das respectivas reagoes, 2 ¢ 4 sao parAmetros,
que relacionam a concentragio do 4cido iboténico e da muscazona com a DCE, F ¢ o
numero de Faraday, ¢, ¢ o salto do potencial, relativo ao potencial da carga zero, R ¢ a
constante universal de gases, 7'¢ a temperatura absoluta.

Como todas as etapas quimicas e eletroquimicas do processo influem a DCE, o com-
portamento deste sistema ¢ mais dinAmico que nos casos semelhantes [22-24]. Nada
obstante, o sistema eletroanalitico é eficiente, o que serd representado abaixo.

RESULTADOS E DISCUSSAO

Para investigar o comportamento do sistema com a detecgao eletroanalitica do 4cido
iboténico na presenca da muscazona, assistida pelo compésito do oxihidréxido de
vanddio com polimero condutor, analisamos o conjunto de equagdes diferenciais (1),
além das relagoes algébricas (2 — 6) mediante a teoria de estabilidade linear. Os valores
estaciondrios da matriz funcional Jacobiana podem ser expressos conforme (7):

a;; Qi Qi3
Qz1 Gzz azs (8)
az; Az 04s3

Sendo:

2
a1 = 5 (- 5~ kiso exp(- am) + akigomexp(-am) - ky; (1 - v)® exp(- am) +

akyym(1 - v)® exp(- am) - ki (1~ v)® exp(~am) + akyz(1 - v)® exp(- am)) )
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a;z = 0 (10)
a3 = %(6k11m(1 - v)® exp(- am) + 8ky;m(1 - v)7 exp(- am)) (l 1)
az1 = %(kiso exp(- am)) (12)

a2 = 2(= ™ (m #g= m#) - k(1 v)* exp(-bm) + bleym » (1 - v)* exp(-bm))  (13)
Ay = %(4k2m *(1- v)3 exp(- bm)) (14)

azy = %(kll(l - v)%exp(-am) - ak;;m(1 - v)®exp(- am) + ki, (1 - v)8 exp(- am) (15)

- akyz(1- v)° exp(- am))

az, = %[kz(l - v)*exp(- bm) - bkym * (1 - v)* exp(- bm)) (16)

azz = %(— 6ky;m(1 - v)° exp(- am) - 8ky,m(1 - v)7 exp(- am)

(17)
- 4keym * (1 -v)3 exp(- bm) - k, exp (- %) + jkyvexp (- %})

O comportamento oscilatério ¢ passivel de realizar, desde que sejam satisfeitas as con-
di¢oes da bifurcagao de Hopf. A sua condi¢do necesséria ¢ a presenca dos elementos
positivos na diagonal principal da matriz Jacobiana. Como se vé, o comportamento
oscilatério ¢ ainda mais provével neste sistema que nos semelhantes [22-24], por haver
mais de um elemento, que pode ter valores positivos.

Neste caso, a estrutura da DCE estd alterada nio s6 durante a etapa eletroquimica, mas
durante a isomerizagao, que leva a transformagao de uma forma idnica noutra. Essas
alteragdes estruturais provocam, também, as alteragoes nos valores da capacitancia da
DCE, o que pode causar o comportamento oscilatdrio.

Este comportamento se descreve pela positividade dos elementos, ak;, 7 exp(-am) > 0,
akyym(1 - v)exp(-am)>0 e ak,,(1 - v)* exp(-am) > 0sea> 0, bkyn - (1-v)* exp(-bm)
> 0,seb>0ejk,vexp(-(F@y)/RT)>0 se j>0. Estes elementos descrevem as influéncias
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das etapas quimicas nas capacitincias da DCE, que também podem ser responsaveis
pelo comportamento oscilatério. No entretanto, a realizagio de todas essas influén-
cias desestabilizadoras na dupla camada dar-se-4 nos valores paramétricos, afastados do
limite de detecgio, o que se mostrara abaixo.

Para investigar a estabilidade do estado estaciondrio, aplicamos ao conjunto de equa-
coes diferenciais (1) o critério Routh-Hurwitz. Evitando as expressoes grandes, intro-
duzimos as novas varidveis, reescrevendo o determinante conforme (18):

. -k - E-A 0 2
27 = K- X T (18)
A X -X-T-20

Abrindo os parénteses ¢ aplicando o requisito Det J < 0, saliente do critério, obtemos a
condigio de estabilidade do estado estacionério, exposta conforme (19):

-k (K2 + X2+ kyT + k0 + X0Q) - E(12 + kT + k02 + X0Q) - Ak, T + k02 + X0) +
KX < 0 (19)
Ela obtém uma forma mais complexa que nos casos semelhantes [22-24] e descreve
um sistema eletroanalitico eficiente, controlado pela difusio e cinética do processo ao
mesmo tempo.

Haja vista o serem usadas as condi¢des de pH, correspondentes ao ponto isoelétrico do
4cido iboténico, a estabilidade dele e do oxihidréxido de vanddio nao é comprometida.
Assim, o estado estaciondrio estével ¢ eletroanaliticamente eficiente, o que corresponde
a linearidade da dependéncia entre a concentragio do analito e o parimetro eletroqui-
mico (neste caso, corrente).

A condigio da instabilidade monoténica, relativa ao limite de detecgao, para este sis-
tema descreve-se conforme:

K1(KZ + X2+ 1T + k0 + X0Q) - E(1,2 + kT + k0 + XQ) — A(i;T + 100 + X02) +

2}(22 =0 (20)

Caso, em vez do é4cido iboténico, seja usado um analito ciclico, mas que ¢ dificil de
ionizar, os pardmetros a ¢ p anular-se-ao, e 0 comportamento do sistema far-se-4 menos
dinimico. O estado estaciondrio, porém, far-se-4 mais estabilizado. Assim, todas as rea-
¢oes de redugao podem ser apresentadas em suma, e, destarte, o conjunto de equagoes
difereiciais (1) serd andlogo ao j& descrito em [22-24].
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CONCLUSOES

Da andlise do comportamento do sistema eletroanalitico, baseado em oxihidréxido

de vanadio na detecgao eletroquimica do dcido iboténico na presenca da muscazona,

pode-se concluir que:

O oxihidréxido de vanddio pode ser um modificador eficiente na determinagao
de ambos os 4cidos no citodo. Realiza-se a abertura do anel izoxazélico, com
a redugio subsequente do seu produto aciclico. A reversibilidade de VO(OH)
obtém-se na etapa eletroquimica;

O processo eletroanalitico ¢ eficiente e controlado pela difusao e cinética dos
processos;

O comportamento oscilatério neste sistema ¢ mais provavel que nos semelhantes,
haja vista o existirem mais processos a influenciarem a dupla camada elétrica e as
suas capacitincias. A realizago deste tipo de comportamento obtém-se quando
os valores dos parimetros estdo além do limite de detecgao.
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REsumo

Introducio: Pela primeira vez, a possibilidade da deteccio eletroanalitica da nereis-
toxina no elétrodo, modificado pelo compésito de oxihidréxido de cobalto e poli-
meros condutores. Desenvolvimento: A eletrooxidagio déd-se gradualmente pelos
4tomos do enxofre levando 4 rutura do anel e formagio do 4cido dissulfénico, seguida
pela formagao do 4cido dissulfénico. Resultado: A andlise do modelo correspon-

dente, mediante a teoria de estabilidade lineal e de bifurcagdes confirma a eficiéncia
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do oxihidréxido de cobalto e polimero condutor como modificador de 4nodo para
a determinagio eletroquimica da nereistoxina. Por outro lado, a probabilidade do
comportamento oscilatdrio neste sistema aumenta, haja vista a formagao de novas

formas idnicas.

Palavras-chave: nereistoxina, sensor eletroquimico, oxihidréxido de cobalto, poli-

mero condutor, estado estaciondrio estavel

SUMMARY

The mathematical modeling for nereistoxin electrochemical
determination, assisted by cobalt oxyhydroxide/conducting
polymer composite

Introduction: For the first time, the possibility of nereistoxin electrochemical
determination on a CoO(OH)/CP-modified electrode has been given. Proposal:
The electrooxidation is carried out gradually by the sulfur atoms, leading to the ring
cleavage and formation of a disulfenic acid, followed by a disulfonic acid formation.
Result: The analysis of the correspondente model by means of the linear stability
theory and bifurcation analysis confirms the efficiency of cobalto oxyhydroxide
and conducting polymer for nereistoxin determination. On the other hand,
the probability of the oscillatory behavior in this system is enhanced, due to the

formation of the new ionic forms.

Keywords: nereistoxine, electrochemical sensor cobalt oxyhydroxide, conducting

polymer, stable steady-state

RESUMEN

Modelado matematico de la deteccidn electroanalitica de la
nereistoxina, asistida por el compésito de oxihidréxido de cobalto
con polimeros conductores

Introduccién: Por primera vez, ha sido analizada tedricamente la posibilidad
de la deteccion electroanalitica de la nereistoxina en el electrodo, modificado por
el compuesto de oxihidréxido de cobalto y polimeros conductores. Propuesta:

La electrooxidacion se hace gradualmente por los dtomos do azufre, llevando a la
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ruptura del anillo heterociclico y formacién del 4cido disulfénico, seguida por la
formacién del 4cido disulfénico. Resultado: El andlisis del modelo correspondiente,
mediante la teorfa de la estabilidad lineal y de bifurcaciones confirma la eficiencia del
oxihidréxido de cobalto y polimero conductor como modificador de 4nodo para la
determinacion electroquimica de la nereistoxina. Por outro lado, la probabilidad del
comportamiento oscilatorio en este sistema aumenta, puesto que ocurre la forma-

cién de nuevas formas iénicas.

Palavras clave: nereistoxina, sensor electroquimico, oxihidréxido de cobalto,

polimero conductor, estado estacionario estable

INTRODUCGAO

Nereistoxina (4-N,N-dimetil-1,2-ditiolano (IUPAC, Hantzsch — Widmann, CAS:
1631-58-9, M=149,27 g/mol, Fig. 1.) [1-4] é um composto téxico natural, isolado pela
primeira vez dos vermes anelares Lumbriconereis heteropoda em 1934. Os vermes intro-
duzem a toxina, mordendo a vitima ou picando-a pelas espinhas, como dragoes-do-mar.

Fig. 1. Nereistoxina

A nereistoxina possui dois grupos funcionais — ambos, responséveis pela agao tdxica
[5-9]. A amina terndria irrita e bloqueia os receptores nicotinicos, ¢ a “ponte”
dos heterodtomos do enxofre facilmente se irrompe, rendendo os derivados de
2-dimetilamino-1,3-propanoditiol (isto &, 2-dimetilaminotrimetilenoditioglicol ou
2-dimetilamino-1,3-propilodimercaptano) e seus derivados. A nereistoxina deu origem
a vérios firmacos e pesticidas, como a inseticida cartap (Fig. 2):

(o]

\N{S)J\NHZ
£ S —NH,
T

Fig. 2. Cartap

que ¢ de fato o éster do 2-dimetilamino-1,3-propanoditiol e o 4cido aminoférmico, que
¢ instavel a temperaturas superiores a -23°. Destarte, o desenvolvimento de um método
eficaz da determinagio do cartap ¢ realmente atual [10-12].
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Possuindo uma “ponte” dissulfidica, em que os dtomos do enxofre tém niimero de oxi-
dagio como no pireto, o analito pode ser tanto oxidado, como reduzido. Portanto,
tanto os métodos anddicos, como os catdédicos sao aplicaveis a sua determinacao ele-
troanalitica. Um dos modificadores de elétrodo, passiveis de aplicar a determinacio
da nereistoxina, pode ser o oxihidréxido de cobalto [13-15], material semicondutor,
frequentemente usado nos aparelhos semicondutores como substitui¢ao para o di6-
xido de titdnio, porém, ao contrario deste, ¢ eletroquimicamente ativo. Ele, sozinho ou
em compdsito com polimeros condutores [16-20], podia ter um desempenho eficiente
como modificador de elétrodo para a detecgao da nereistoxina.

No entretanto, o seu uso poderia acarretar uma influéncia comportamental, nociva a
estabilidade do sistema e a sua eficiéncia eletroanalitica [21-23]. Destarte, o uso prético
deste sistema eletroanalitico nao pode ser realizado sem uma descrigao tedrica prévia
do comportamento do sistema, o que se faz neste trabalho.

Assim, neste trabalho, pela primeira vez, faz-se uma andlise comportamental do sis-
tema eletroanalitico da deteccao eletroquimica da nereistoxina sobre o oxihidréxido
de cobalto, estabilizado pelo polimero condutor. A anélise comportamental do sistema
eletroanalitico faz-se mediante o desenvolvimento e a andlise do modelo correspon-
dente. Com isto também se faz a compara¢io do comportamento do sistema eletroa-
nalitico com o dos semelhantes [24-28].

O SISTEMA E O SEU MODELO

O oxihidréxido de cobalto oxida a nereistoxina gradualmente. Na primeira etapa,
ocorre a rutura do anel, com a formacao do 4cido dissulfénico. Depois, este se oxida até
ao 4cido dissulfénico (Fig. 3):

O pH do sistema decresce levemente na primeira etapa e bruscamente na segunda, o
que pode prejudicar a estabilidade do oxihidréxido de cobalto depositado na matriz
polimérica. Portanto, ¢ aconselhdvel usar o pH moderadamente alcalino da solugao,
para equilibrar a atividade dos prétons nos produtos de oxidagio.

Haja vista o supracitado, para descrever a detecgio eletroanalitica da nereistoxina,
introduzimos trés varidveis:

n — a concentragio da nereistoxina na camada pré-superficial;
n* — a concentracao do dcido dissulfénico na camada pré-superficial;

¢ — o grau do recobrimento da matriz polimérica pelo éxido de cobalto (II).
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N
N{‘T‘ CoO
# S

CoO(OH)

Fig. 3. A sequéncia das reagdes basilares do processo eletroanalitico

Para simplificar a modelagem, supomos que o reator esteja sob agitagao intensa (des-
tarte, podemos menosprezar o fluxo de convec¢ao), que o eletrélito de suporte esteja
em excesso (destarte, podemos menosprezar o fluxo de migragao). Outrossim, supo-
mos que o perfil concentracional das substincias na camada pré-superficial seja lineal, e
a sua espessura, constante, igual a d.

E possivel provar que o comportamento do sistema pode ser descrito pelo conjunto de
equagdes diferenciais de balango (1):

dn 2 N
o= 5 Mmo-n)-m)
dnx 2
ar =5 M
dc

1
=+ n-m)

Sendo N o coeficiente de difusio, 7, ¢ a concentragio da nereistoxina no interior da
solugio, C ¢ a concentragao superficial méxima do éxido de cobalto (II) ¢ os pardme-
tros 7 30 as velocidades das reagoes correspondentes, que se podem calcular como:

r = kyn(1 - c)? exp(- an) (2)
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r, = kon* (1- c)®exp(-bn %) (3)
r3 = kzcexp (%} (4)

Em que os parAmetros 4 sao constantes de velocidades das respectivas reagoes, 2 € b sao
varidveis, que relacionam as capacitincias da DCE com as transformagdes de formas
idnicas, F ¢ o numero de Faraday, @, ¢ o salto do potencial, relativo ao potencial da
carga zero, R ¢ a constante universal de gases ¢ 7" ¢ temperatura absoluta do vaso.

Haja vista a formagao com a seguinte transformagio de novas formas idnicas, o com-
portamento oscilatério far-se-4 mais provavel que nos casos mais simples do uso do
oxihidréxido de cobalto [24-28]. Malgrado o supracitado, o compésito do oxihidré-
xido de cobalto com o polimero condutor pode ser um modificador eficiente para a
detecgao da nereistoxina por um processo anddico, conforme exposto abaixo.

RESULTADOS E DISCUSSAO

Para investigar o comportamento do sistema com a determinagio eletroanalitica da
nereistoxina, assistida pelo 4nodo, modificado pelo compdsito CoO(OH) - polimero
condutor, analisamos o conjunto de equagdes diferenciais (1), considerando as relagoes
algébricas (2 — 4), mediante a teoria de estabilidade linear. Os elementos estaciondrios
da matriz funcional de Jacobi podem ser expostos como:

ai; Qi 43
a1 Gz 4azs (5)
aszy a4z 4ass

Sendo:
ay = 5(- 5~ ki(1- ) exp(-an) + akyn(1 - c)? exp(- an)) (6)
a;; =0 (7)
ay3 = 2(2kin(1 - c) exp(- an)) (8)
az1 = 3 (k1 (1 - c) exp(- an) - ak;n(1 - c)? exp(- an)) 9)
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ayy = %(— ky(1- c)®exp(-bn ) + bkon * (1 - c)® exp(- bn %)) (10)
az3 = %(Skzn *(1- c)” exp(- bn *) = 2kyn(1 - c) exp(- an)) (11)

azp = %(kl(l - c)? exp(- an) - akyn(1 - c)? exp(- an))

(12)
azy = %(kz(l - c)¥exp(-bn*) - bk,n* (1 - c)8exp(-bn *)) (13)
aszs = %(— 2kin(1- c) exp(- an) - 8k,n * (1 - c)” exp(- bn %) - ks exp (%) + (14)

jkscexp (%n

Observando os elementos da diagonal principal da matriz Jacobiana (6), (10) ¢ (14),
podemos concluir que o comportamento oscilatério neste sistema ¢é passivel de realizar.
Ademais, ele ¢ mais provavel que nos sistemas mais simples [24-28], ja que além do
fator das influéncias da etapa eletroquimica na DCE, descritas pela positividade do
. Foo . . . L
elemento jksc exp |7, | > 0, se j > 0, tipico para os sistemas mais simples, neste caso
existem também as influéncias dos cAmbios na estrutura da DCE, causados pela for-
magio de uma nova forma i6énica (sulfenato) na primeira etapa quimica, descritas pela
positividade do elemento ak,7(1 - ¢)* exp(-an) > 0, se a > 0, ¢ dos cAmbios na estrutura
da camada, causados pela transformacio do fon de um 4cido menos forte (sulfenato
p ¢

para o fon de um 4cido mais forte (sulfonato) na segunda etapa quimica, descritos pela
positividade do elemento bk, 7 = (1 - c)®exp(-bnx) > 0, seb > 0.

Assim como em [22-28], a manifestagio do comportamento oscilatdrio (frequéncia,
amplitude e tipo de oscilagdes), serd dependente da composicio do eletrélito de suporte,
usado para o processo eletroanalitico. De qualquer maneira, esta manifestagio dar-se-a
nos valores de parAmetros afastados do limite de detecgio, como serd exposto abaixo.

A estabilidade do estado estaciondrio, por sua vez, tem uma ampla zona topoldgica de
parimetros, correspondente 2 sua realizagio, embora seja mais estreita que nos casos
mais simples. Para investigd-la, aplicamos ao conjunto de equagoes diferenciais (1) o
critério Routh-Hurwitz e, para facilitar a andlise do determinante, introduzimos as
novas varidveis e reescrevemo-lo conforme (15):
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-k-% 0 P
-A T-P (15),
A -T-P-10

4
8¢

[n) [

O que, conforme as propriedades do determinante, pode ser reescrito como (16)

“Kk-E 0 P
22 0 -2P-0
A -T-P-Q (16)

4

—
=)
—_

Abrindo os parénteses ¢ aplicando a condi¢io Det ] < 0, saliente do critério, obtemos o
requisito de estabilidade do estado estaciondrio expresso como (17):

A(2PK - QP - 05) > 0 (18),

que se satisfaz de forma garantida, sendo positivos os valores dos parimetros A, E
¢ ), o que acontece na esmagadora maioria dos casos, definindo um processo ele-
troanalitico eficiente cineticamente controlado. A zona topoldgica da satisfagao do
requisito (18) far-se-4 mais estreita que nos sistemas mais simples. Ainda assim, ela
permanecera vasta.

Nao havendo reagoes laterais, capazes de comprometer a estabilidade do analito e(ou)
modificador do 4nodo, a estabilidade do estado estaciondrio far-se-4 correspondente
a linearidade da dependéncia entre o pardmetro eletroquimico (no caso, corrente) ¢ a
concentragao da toxina, o que ¢ relacionado com o melhor desempenho do sensor, até
que seja alcancado o limite de detecgao.

Este limite ¢ descrito pela instabilidade monoténica, descrevendo a margem entre os
estados estaciondrios estdveis e instaveis. A sua realizagio ¢ condicionada ao requisito

de Det J=0, ou
AQ2Pk- QP - 05) =0 (19),
Que ¢ satisfeito, caso se satisfaga pelo menos um dos seguintes requisitos:

A=0 (20)
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e(ou):

2Pk = Q(P+ &) (21)

Neste ponto, para o sistema podcm coexistir varios estados instaveis, dos quais o sis-
tema escolhe um. Este se destri facilmente, a0 se mudarem as condigoes e, geralmente,
nao se regenera, se as condigdes iniciais forem restauradas (o sistema passa para um
estado instdvel diferente).

Caso o pH inicial seja neutro, o comportamento do sistema serd complicado por conta
da reducao do pH, causada pela formagao dos 4cidos. No caso, o conjunto de equagdes
diferenciais (1) sofrerd alteragdes, ¢ este conjunto serd descrito ¢ analisado num dos
nossos proximos trabalhos.

CONCLUSOES
A anilise teérica do processo eletroanalitico da detecgio da perilartina, assistida pelo

compdsito CoO(OH) - polimero condutor, deixou concluir que:

e se trata de um processo eletroanalitico eficiente, em que o composto de cobalto
funciona como substancia ativa, ¢ o corante desempenha o papel de mediador;

e o processo eletroanalitico ¢ controlado pela tanto pela cinética do processo;

e arecalizagio do comportamento oscilatério é mas provével que no caso mais sim-
ples e comum, haja vista os cAmbios ciclicos da for¢a iénica da dupla camada elé-
trica, causados pela formagao das formas idnicas dos dcidos sulfénico e sulfonico.
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SUMMARY

Introduction: Tropacolum tuberosum (mashua), is a member of the Tropacolaceae
family, is considered an ecological, millenary crop native in Peru, which began to
be consumed in The Andes for having nutritional and medicinal properties. The
objective of the present literature review is to highlight the importance of mashua
as a source of diverse bioactives and to summarize its pharmacological activities. The
method of the present study is a literature review, where original scientific articles
on pharmacological activity and bioactive compounds of mashua were searched in
the following electronic databases: PubMed, ScienceDirect and Google Scholar,
published during the period 2019 to 2023. Result: After the bibliographic search, a
total of 22 articles were obtained. It is concluded that despite the fact that mashua
is attributed several medicinal uses, there are no studies to date that support the
efficacy and safety of its use in a pathology. The information presented in this docu-
ment will be useful to increase the interest and use in the future of the biological

compounds of mashua, as well as to give it a new pharmacological or clinical use,
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thus, becoming useful for the creation of a new drug formulation in the future, or
through the application of the bioactive compounds of mashua in combination with
existing drugs to optimize the treatment of pathologies such as cancer, anemia, lithi-

asis, among others.

Keywords: Tropaeolum tuberosum, bioactive compounds, biological activity.

RESUMEN

Diversidad de compuestos bioactivos de Tropaeolum tuberosum
(mashua)

Introduccién: Tropacolum tuberosum (mashua), es un miembro de la familia
Tropacolaceae, es considerado un cultivo ecolégico, milenario, originario del Peru,
que comenzd a consumirse en Los Andes por tener propiedades nutricionales y
medicinales. El objetivo de la presente revision de la literatura es resaltar la impor-
tancia de la mashua como fuente de diversos bioactivos y resumir sus actividades
farmacoldgicas. El método del presente estudio es una revisién de la literatura,
donde se buscaron articulos cientificos originales sobre la actividad farmacolégica
y compuestos bioactivos de la mashua en las siguientes bases de datos electrénicas:
PubMed, ScienceDirect y Google Scholar, publicados durante el periodo 2019 al
2023. Resultado: Después de la bisqueda bibliogréfica se obtuvo un total de 22
articulos. Se concluye que a pesar de que a la mashua se le atribuyen varios usos
medicinales, no existen hasta la fecha estudios que avalen la eficacia y seguridad de su
uso en alguna patologia. La informacién presentada en este documento seré ttil para
incrementar el interés y uso en el futuro de los compuestos bioldgicos de mashua, asi
como para darle un nuevo uso farmacolégico o clinico, siendo asi de utilidad para la
creacién de una nueva formulacién del fdrmaco en el futuro, o mediante la aplicacién
de los compuestos bioactivos de la mashua en combinacién con firmacos existentes

para optimizar el tratamiento de patologias como cancer, anemia, litiasis, entre otras.

Palabras clave: Tropaeolum tuberosum, compuestos bioactivos, actividad bioldgica.
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REsumMmoO

Diversidade de compostos bioativos de Tropacolum tuberosum
(mashua)

Introducao: Tropaeolum tuberosum (mashua), membro da familia Tropaeolaceae,
¢ considerada uma cultura ecolédgica, milenar, nativa do Peru, que comegou a ser
consumida na Cordilheira dos Andes por possuir propriedades nutricionais ¢ medi-
cinais. O objetivo da presente revisao de literatura ¢ destacar a importancia do
mashua como fonte de diversos bioativos ¢ resumir suas atividades farmacoldgicas.
O método do presente estudo ¢ uma revisao de literatura, onde foram pesquisados
artigos cientificos originais sobre atividade farmacoldgica e compostos bioativos do
mashua nas seguintes bases de dados eletrénicas: PubMed, ScienceDirect ¢ Google
Scholar, publicados durante o periodo de 2019 a 2023. Resultado: Apés a pesquisa
bibliogréfica, obteve-se um total de 22 artigos. Conclui-se que apesar de serem atri-
buidos vérios usos medicinais 20 mashua, nio existem até o momento estudos que
sustentem a eficdcia e seguranca do seu uso em uma patologia. As informagoes apre-
sentadas neste documento serdo Uteis para aumentar o interesse ¢ utilizagio futura
dos compostos bioldgicos do mashua, bem como para dar-lhe um novo uso farmaco-
légico ou clinico, tornando-se assim util para a criagio de uma nova formulagio de
medicamento no futuro, ou através da aplicacio dos compostos bioativos do mashua
em combina¢io com medicamentos existentes para otimizar o tratamento de pato-

logias como cincer, anemia, litiase, entre outras.

Palavras-chave: Tropacolum tuberosum, compostos bioativos, atividade bioldgica.

INTRODUCTION

Medicinal plants are important resources when it comes to receiving treatment for dif-
ferent pathologies, since they can be used as an alternative or complementary treat-
ment [1]. Conventional treatments are usually good alternatives; however, in the case
of certain pathologies or symptomatology, it is recommended to first exhaust some
type of non-drug treatment [2]. In addition, pharmacological treatments can lead to
dependence, resistance and loss of the sensation of relief when taken for a prolonged
period of time [3]. Approximately for the last two decades, there has been a peculiar
interest in the use and research of medicinal plants as an alternative to conventional
treatments [4, 5]. Despite the strongest criticism of natural therapies such as herbal
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medicine is the lack of scientific evidence of eflicacy, despite which the use of natu-
ral products is increasing in the West, so that herbal medicine has become important

worldwide [6, 7].

Mashua (Tropaeolum tuberosum) is a tuber considered one of the main food sources
worldwide, cultivated in the central zone of the Andes, in countries such as Ecuador,
Venezuela, Argentina, Bolivia, Colombia and Peru, where up to 200 morphotypes of
this species can be found [8]. This tuber is part of the daily diet of the Andean popula-
tion and is cooked after being left to rest in the sun in order to obtain a more pleasant
flavor [9]. On one side, in Peru, mashua is widely used in the pharmaceutical indus-
try [10]; on the other side, a decrease in the commercialization of mashua has been
observed, resulting in low consumer acceptance, especially abroad [11].

An example of an attractive and valuable medicinal plant is mashua (Zropaeolum
tuberosum), a member of the Tropacolaceae family. Consequently, researchers have
been encouraged to choose plants with medicinal use, to study bioactive compounds
and pharmacological activities. The mashua tuber, presents a wide variety of biological
properties such as antibacterial, antioxidant, antifungal, anti-inflammatory, etc. In tra-
ditional medicine it is used for the treatment of skin diseases, urinary disorders and as
diuretic [12, 13]. It has been reported that the mashua tuber has been used until today
as a treatment for diseases related to the lungs, kidneys, bladder, skin and even venereal
diseases [14]. In fact, the bioactive compounds of mashua have been constantly investi-
gated for their biological activity and chemical compounds, however, the most impor-
tant data are fragmented and discontinuous. Therefore, the objective of this review is
to highlight the importance of mashua as a source of various bioactives and to summa-
rize its pharmacological activities.

METHODOLOGY

A literature review was performed by electronic search of original articles in data-
bases such as: PubMed, ScienceDirect and Google Scholar, published during the
period 2019 to 2023. The search was performed with the following combined terms:
“Tropaeolum tuberosum” “medicinal plant”, “bioactive compounds” and “biologi-
cal activities”. Studies detailing the chemical composition and biological activity of
Tropaeolum tuberosum were included, such as: antimicrobial, antioxidant, diuretic,
antineoplastic, hypoglycemic, analgesic, and anti-inflammatory, among others.
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REsuULTS

Table 1 summarizes the main pharmacological indications as well as the chemical com-

ponents and analytical methods employed.

Table 1. Main chemical components and pharmacological activity

Chemical components under study

Pharmacological activity under study/Instrument

Glucosinolates were identified and
quantified in ten mashua cultures.

It was determined whether postharvest cooking and
storage techniques affect the stability of glucosinolates
and myrosinase activity of Andean mashua tubers.
Instrument: UPLC method, UV-visible
spectrophotometer, one-way ANOVA and Tukey
statistical analysis [11].

Total anthocyanins, total flavonoids,
total phenolics, tannin content.

Determination of antioxidant activity. Instrument:
AOAC method, Spectrophotometer, ANOVA and
Tukey statistical analysis [12].

Horsetail aqueous extract:
Flavonoids.

Isafio aqueous extract: Tannins,
flavonoids and anthocyanins.

Evaluation of diuretic and saliuretic activity.
Instrument: Phytochemical screening test, one-way
ANOVA statistical analysis and the Bonferroni post-
test [13].

Alkamides:

- N-oleoyldopamine

» N-(2-Hydroxyethyl)-
72,10Z,13Z,16Z~

docosatetraenamide

Anti-inflammatory activity (Inhibition of TNF-« and
NF-kB production in THP-1 monocyte cells).
Instrument: TLC technique, column chromatography,
FAB ionization technique, cytotoxicity assay, MTT
cytotoxicity assay, LDH cytotoxicity assay, TNF-o
inhibition assay, NF-kB inhibition assay, ANOVA and
Tukey statistical analysis [14] .

Analogues of N-benzyl linoleamide,
Polyphenols.

Cell viability and anti-inflammatory activity (migraine
treatment).

Instrument: Nuclear magnetic resonance techniques and
mass spectrometry [15].

Glucosinolates, alkamides

Analgesic activity mediated by the transient receptor
potential of the vanilloid 1 receptor. Instrument: TLC
technique, Spectrophotometry, cytotoxicity assay,

MTT viability assay, ANOVA and Tukey statistical
analysis [16].

(Continued)
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Chemical components under study

Pharmacological activity under study/Instrument

2 alkaloid components:

> 2-Benzyl-3-
thioxohexahydropyrrolo[1,2-c]
imidazole-1-one

> N-(4-acetyl-5-methyl-5-phenyl-
4,5-dihydro-1,3,4-thiadiazol-2-yl)

acetamide

Cytotoxic activity and capacity for apoptosis.
Instrument: Column chromatography, spectroscopy
method, ANOVA and Tukey statistical analysis [17]

Carbohydrates, phenolic
compounds, anthocyanins,
carotenoids, starch and minerals.

Potential sources of bioactive compounds.

Instrument: Soxhlet method, Tests to determine pH,
Gas Chromatography, HPLC technique, ANOVA and
Tukey statistical analysis [18].

Crude fiber, Protein, Vitamin C,
Phenolic compounds.

Antioxidant capacity.
Instrument: Sensory evaluation through a survey using a
5-point hedonic scale [19].

Macamides isolated from yellow
mashua tubers.

Determination of anti-inflammatory activity
Instrument: NF-kB inhibition assays, viability and
cytotoxicity assays, STAT?3 inhibition assays [20].

Phenols, flavonoids, phytosterols,
triterpenoids, phytosterols and
triterpenoids.

Determination of anti-inflammatory activity
Instrument: Gas chromatography-mass spectrometry
technique.

antioxidant capacity

Instrument: Titration technique, Spectrometric method,
Pearson correlation coefficient test [21-23].

Anthocyanins, glucosinolates
and phenolic compounds.

Anti-inflammatory activity.

Instrument: Gas chromatography technique, mass
spectrometry, ANOVA and Tukey statistical analysis
[24,25].

High content of polyphenols.

Antioxidant activity, ability to induce detoxifying
enzymes and antiproliferative activity.

Instrument: Folin-Ciocalteu method, antioxidant
capacity assay, glutathione S-transferase assay, quinone
oxidoreductase assay, UPLC technique coupled to mass
spectrometer, statistical analysis by homogeneity of
variances, t-test-, F-test [26-28].

Presence of phenols and flavonoids
in three varieties of mashua (pink,

yellow and black).

The antioxidant activity was evaluated. Instrument:
Phytochemical screening, Folin-Ciocalteu method,
aluminum trichloride colorimetric method, mass-
coupled gas chromatography method, DPPH method,
UV-visible spectrophotometer, Duncan statistical
analysis, one-way ANOVA [29].
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Chemical components under study

Pharmacological activity under study/Instrument

Show significant variation in

the basic components of food

in the form of energy sources
(starch and sugars) or functional
elements (essential amino acids,

Functional foods with healthy properties.
Instrument: HPLC technique, ANOVA statistical
analysis, LSD test [30].

vitamins, FOS, glucosinolates and
antioxidants).

. Antioxidant capacity.

Presence of monomeric T . .

Instrument: Folin-Ciocalteu colorimetric method,
DPPH method, Statistical analysis and Least Significant

Difference (LMD) test [31].

anthocyanins, phenolic compounds
in mashua.

Non-flavonoid compounds, such
as hydroxycinnamic derivatives
that represent 100, 26 and 15%

of the total phenolic compounds,
respectively. Presence of flavan-3-ol

The presence of the compounds and the consideration
of the total phenolic content suggest the use of

these Andean tubers as promising sources of natural
antioxidants widely used in the food industry.
Instrument: HPLC-DAD-ESI/MS, Tukey statistical

monomers. The presence of flavonols analysis [32].

was found.

Use in traditional medicine

Tropaelum tuberosum, also popularly known as mashua, is a tuber widely used as a culi-
nary input by gastronomic professionals worldwide. Likewise, it is also used by farmers
and consumed by the high Andean population [15] owing the medicinal properties
attributed to it, which can be because of its healing, anti-inflammatory, analgesic,
and antioxidant properties [16, 29]. In Andean medicine it was used for the relief
of kidney problems [17-19]. Moreover, the high Andean population also used it for
liver and skin problems [20] and prostatic affections [31]. Regarding the traditional
use of mashua compresses in decoction, it was only for local use to heal skin wounds
[16-18, 31]. Finally, it was in pre-Columbian times that the indigenous population
used mashua as a treatment for pulmonary, digestive and venereal diseases [16, 17].

Bioactive compounds

The mashua is formed by phytoconstituents such as phenolic compounds [24, 25],
fatty acids, alkamides, glucosinolates [2, 21], as well as flavonoids, tannins, anthocya-
nins and isothiocyanates [18, 21, 24]. The anti-inflammatory property of mashua is
due to the presence of macamides, specifically N-benzyl linoleamide, which are able
to treat soroche also known as altitude sickness [20]. Additionally, there are the alka-
mides N-oleoyldopamine and N-(2-hydroxyethyl)-7Z,10Z,13Z,13Z,16Z-docosa-

tetracnamide, which are also associated with anti-inflammatory effect [14]. On the
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other hand, depending on the genotype of the mashua varies the content of phenolic
compounds such as anthocyanins, as well as tannins, flavonoids, also contains a large
amount of fiber, proteins, carbohydrates, among others [22]. In addition, there are
chemical substances such as antioxidant compounds and ascorbic acid [23]. As well as
glucosinolates, carotenoids [24].

Several authors indicate that mashua shows the presence of triterpenoids, phytoster-
ols and fatty acids [25]. A study conducted in the province of Cotopaxi in Ecuador,
confirmed the amount of total phenolic compounds was 1000 mg gallic acid equiv-
alent (GAE)/100 g dry weight, the total carotenoids was 0.14+0.02 mg/100 g dry
weight and anthocyanins 14.0+1.1 mg/100 g dry weight [26]. A second study was also
conducted in Ecuador, where phenolic compounds were quantified according to the
high-performance liquid chromatography with diode array detection and mass spec-
trometry detection (HPLC-DAD-ESI/MS") technique, finding compounds such as
Quercetin-3-O-rutinoside (40.6 ug/g dry matter), kaempferol-O-dirhamnosyl-hexo-
side (29.5 pg/g dry material (DM)) and kaempferol-O-dihexoside (46.22 pg/g DM),
mashua is one of the high Andean plant species, which has been shown to exhibit anti-
neoplastic properties, since in one study the isolated alkaloids produced apoptosis of
tumor cells under laboratory conditions [27]. There is also a study that found that
total phenolic compounds were found in an amount of 18.2740.83 ig GAE/mg of
extract by ultra-high performance liquid chromatography-tandem mass spectrometry

(UPLC-MS/MS) technique [28, 29].

A study performed in Spain found that Mashua cultivated in Peru had 28.6 ig/g dry
matter of carotenoids, 0.01 mg/g dry matter of anthocyanins and 7.9 mg chlorogenic
acid/g dry matter of phenols; while samples from Bolivia had 21.9 ig/g dry matter of
carotenoids, 3.63 mg/g dry matter of anthocyanins and 22.3 mg chlorogenic acid/g
dry matter of phenols [30]. Likewise, mashua contain. Another study quantified the
glucosinolates (Gls) present in the mashua tuber by means of UPLC coupled to MS,
finding amounts of Gls in the range of 4.9-54.2 imol/g of dry matter [32].

Pharmacological activities

It has been demonstrated that mashua has biological properties, which can be anti-
bacterial, anti-inflammatory [18], antioxidant, anticancer, including protection of the
immune system, due to the presence of isothiocyanate, as well as carotenoids [26], anti-
microbial, and even antitumor [14]. In addition, the local population empirically uses
this product against skin, pulmonary, venereal and analgesic conditions, among oth-
ers. In folk medicine, mashua is widely used for its aphrodisiac properties, as well as to
alleviate kidney and diuretic problems [18].
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It is also used for the treatment of hepatic and metabolic pathologies [22]. It has been
reported that the consumption of mashua protects cells from the carcinogenic activity
of certain substances, as well as preventing the onset of cardiovascular pathologies [23],
in addition to its already known effects against prostate disorders [25].

In the last 5 years, interest in the therapeutic properties of mashua has increased, this
is reflected in the variety of in vivo and in vitro scientific studies that have been car-
ried out to confirm its effects, such as its antioxidant and anti-inflammatory activity
(22, 25,28, 31]. As well as publications where they carry out quantification and puri-
fication studies of their secondary metabolites, responsible for their pharmacological
properties [14, 17,20, 21]. Many of these studies have raised a molecular basis for these
properties, which would justify the consumption of this plant species by the general
population. But it has also been shown that it can be consumed in the form of a drink,
in which it has been shown that it continues to maintain its most important organic
chemical components despite undergoing various manufacturing processes [24]. With
this series of evidence, different sectors of the population can be encouraged to con-
sume this tuber, but they must also be educated so that they do not affect the availabil-
ity of this plant in nature, as well as updated and concise information on its effects on
health to avoid inappropriate use. Finally, the different varieties of this species should
continue to be investigated because the phytoconstituents may vary depending on the
phenotype, as well as their respective therapeutic properties.

CONCLUSIONS

This literature review is a brief summary of articles on bioactive compounds and phar-
macological activities of mashua, where the therapeutic potential of this medicinal
plant is evidenced. The historical aspects of mashua have not fully been addressed
because its long history as a traditional medicine is known.

At present, there are no known studies that cover the efficacy of mashua in some ail-
ments. However, there is new research on medicinal properties such as antineoplastic.
Due to the diverse spectrum of pharmacological effects that “mashua” presents, stud-
ies have been carried out to demonstrate its bioactivity. Each of the constituents have
numerous biological properties including anti-inflammatory, analgesic, antioxidant,
diuretic and antibacterial.

Several studies have shown that mashua has antimicrobial activity from which a potent
antibiotic can be developed, but the biggest problem with mashua is that it is food as
such for the culinary and nutraceutical industry, but it is not suitable as an individual
component. Research should also be conducted on optimal dosage, efficacy and toxicity
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levels. Ultimately, toxicological and clinical trials need to be developed, as mashua is
a potent candidate for its main pharmacological activities, which are neoplastic and
antibacterial. Likewise, mashua should be used as a complementary treatment, to treat
diseases such as cancer, unfortunately there are no studies available that describe its
effective use. The present information reported on mashua with respect to its biological
activities and chemical compounds will be useful to generate more interest towards
mashua and new clinical pharmacological applications can be investigated. Therefore,
the present compilation may be useful in formulating new drugs in the future.
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SUMMARY

Aim: This study aimed to establish an enhanced fluorometric assay for directly
monitoring atracurium in exhaled breath condensate (EBC). The principal of the
technique is the rigidity induced medium in the presence of the sodium dodecyl
sulfate (SDS) surfactant which eliminates quenching results from collisional and
vibrational conversions. This process causes an improvement in the emission inten-
sity of atracurium. Methods: Fluorescence recordings were made on a spectrofluo-

rometer at 15 °C at 310 nm. The crucial factors for reaching to maximum response
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were investigated and optimized. Results: The technique was validated and the cali-
bration curve was linear in the range of 0.01-2.0 pg-mL" of atracurium with a limit
of detection of 0.007 ug-mL". Finally, the proposed technique was used for the atra-
curium analysis in EBC of patients receiving the drug. Conclusion: The validated
technique was found to be accurate and reliable for the quantification of atracurium

from the repeatability and reproducibility points of view.

Keywords: Atracurium; Sodium dodecyl sulfate; Fluorescence enhancement,

Exhaled breath condensate

RESUMEN

Desarrollo de un método mediado por surfactante para la
monitorizacion directa de atracurio en el condensado del aliento

exhalado

Objetivo: Este estudio tuvo como objetivo establecer un ensayo fluorométrico mejo-
rado para monitorear directamente el atracurio en el condensado del aliento exha-
lado (EBC). El principio de la técnica es el medio inducido por rigidez en presencia
del tensioactivo dodecilsulfato de sodio (SDS), que elimina los resultados de enfria-
miento de las conversiones por colisién y vibracién. Este proceso provoca una mejora
en la intensidad de emisién del atracurio. Métodos: Los registros de fluorescencia se
realizaron en un espectrofluorémetro a 15 °C a 310 nm. Se investigaron y optimi-
zaron los factores cruciales para alcanzar la méxima respuesta. Resultados: La técnica
fue validada y la curva de calibracién fue lineal en el rango de 0,01-2,0 ug-mL" de atra-
curio con un limite de deteccién de 0,007 pg-mL™". Finalmente, la técnica propuesta
se utilizé para el andlisis de atracurio en EBC de pacientes que recibieron el firmaco.
Conclusion: La técnica validada resultd ser precisa y confiable para la cuantificacion

de atracurio desde los puntos de vista de repetibilidad y reproducibilidad.

Palabras clave: Atracurio; Dodecil sulfato de sodio; Mejora de la fluorescencia,

condensado del aliento exhalado
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REsumMmoO

Desenvolvimento de um método mediado por surfactante para
monitoramento direto de atractrio no condensado do ar exalado

Objetivo: Este estudo teve como objetivo estabelecer um ensaio fluorométrico
aprimorado para monitorar diretamente o atracurio no condensado do ar exalado
(EBC). O principal da técnica é o meio induzido por rigidez na presenca do surfac-
tante dodecil sulfato de sédio (SDS) que elimina os resultados de témpera de conver-
soes colisionais e vibracionais. Este processo provoca uma melhoria na intensidade
de emissao de atractrio. Métodos: Os registros de fluorescéncia foram feitos em
espectrofluorémetro a 15 °C a 310 nm. Os fatores cruciais para atingir a resposta
mdxima foram investigados e otimizados. Resultados: A técnica foi validada ¢ a
curva de calibragio foi linear na faixa de 0,01-2,0 ug-mL" de atractrio com limite
de detecgao de 0,007 pg-mL™ Por fim, a técnica proposta foi utilizada para andlise
de atractrio em EBC de pacientes que receberam o medicamento. Conclusio: A
técnica validada mostrou-se precisa e confidvel para a quantificacio de atractrio do

ponto de vista da repetibilidade e reprodutibilidade.

Palavras-chave: Atracurio; Dodecilsulfato de sédio; Aumento de fluorescéncia,

condensagio da respiragio exalada

INTRODUCTION

Atracurium besylate, 2,2'- [1,5-pentanediylbis [oxy(3-oxo0-3,1-propanediyl)]] bis[1-
[(3,4-dimethoxyphenyl) methyl] -1,2,3,4-tetrahydro-6,7-dimethoxy-2-methylisoquino-
linium] dibenzenesulfonate, is a highly selective and widely used medication in surgical
operations. Generally, its action mechanism is competition with acetylcholine receptors
of the neuromuscular junction to block the neurons. First of all, the muscles respon-
sible for face fine rapid movements, then muscles of the limbs and torso and finally
diaphragm affect by this drug [1]. Disparate surgical anesthesia, the atracurium’s phar-
macodynamic/pharmacokinetic profile is poorly documented in care unit patients. Its
plasma concentration is about 10 ug-mL~" with half-life of 2-3.4 min (distribution) and
20 min (terminal). The protein binding of this non-depolarizing skeletal muscle relax-
ant is 82% and its volume of distribution is approximately 160 mL/kg (range: 120-
188 mL/kg). It is metabolized to laudanoside using non-enzymatic cleavage method
independent of hepatic/renal function and also ester hydrolysis by nonspecific ester-
ases and Hofmann elimination (retro-Michael addition) [2]. The only dosage form of
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this drugis 10 mg-mL™" injectable solution. Overdosage with this drug may escalate the
risk of cardiovascular effects and histamine release, especially hypotension. Therefore,
the quantification of atracurium is one of the noticeable subjects in clinical and analyti-
cal chemistry. Knowing the exact drug amount in the patient’s body help the physician
to adjust the drug dose more accurately.

Some analytical techniques are revealed in the literature for the determination of atra-
curium in clinical samples including spectrophotometry [3], high-performance liquid
chromatographic (HPLC) with detection system of fluorimetry [4, 5], mass spec-
troscopy [6, 7], and electrochemiluminescence [8]. Despite the acceptable selectiv-
ity reported for the mentioned methods, most of them are time-consuming and need
complex apparatus, also have some disadvantages such as difficult running procedures
and great and expensive material consumption which is not appropriate for routine
clinical applications. It is essential to valid a fast and reliable technique for the analysis
of atracurium concentration in biological samples [9]. Usually plasma, blood, or serum
are the common biological fluids used for determining drug concentrations. However,
exhaled breath condensate (EBC) is an alternative matrix that is accessible, repeatable,
easy to collect, and any considerable threat to the patient [10]. For patients under surgi-
cal operation and mechanical ventilation, there is an easy way to collect the EBC sam-
pler via expiratory circuit of the ventilator. The literature data demonstrate that many
drugs and their metabolites can be exhaled [11] and possibly can be used as diagnostic
biomarkers for various diseases [12, 13]. In comparison with more complicated matri-
ces like urine, blood, and other biological samples, EBC samples decrease the number
of interfering materials due to its diluted matrix. In the current work, we have tried to
improve the inherent atracurium fluorescence employing rigidity-induced substrates
and to estimate their performance for direct atracurium analysis in EBC samples. This
technique has some benefits over present technique with respect to the facility, analysis
range, speed, sensitivity, and less difficulties of operation that has no sample prepara-
tion techniques such as separation, extraction, or preconcentration.

METHODS AND MATERIALS

Reagents and Solutions

The ultrapure deionized water was provided from Shahid Ghazi Pharmaceutical Co.
(Tabriz, Iran). Polyvinylpyrrolidone (PVP, Daana Pharmaceutical Co., Tabriz, Iran),
sodium dodecyl sulfate (SDS, Carlo Erba, Milan, Italy), cetyltrimethylammonium bro-
mide (CTAB, Merck, Darmstadt, Germany), -cyclodextrin (8-CD, Sigma, St Louis
MO, USA), and atracurium besylate (Iran Hormone Pharmaceutical Co., Tehran,
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Iran) were employed in the curent study. Standard stock (1000 pg:-mL") solution of
atracurium was used and diluted work solutions were prepared with ultrapure deion-
ized water before each experiment.

Apparatus and Instruments

The UV-Vis absorption were determined on a double-beam UV-Vis spectrophotom-
cter model UV-1800 (Shimadzu, Japan) with 1.0 cm quartz cells. Fluorescence spectra
were recorded on a FP-750 spectrofluorometer (JASCO Corp., Japan) at 15 °C with
a 10 nm band-pass in emission and excitation paths and the “medium” sensitivity. The
pH adjustments were done by employing a digital pH-meter model 744 (Metrohm
Ltd., Switzerland).

EBC Collection

EBC samples for development and validation of the method were gathered by a home-
made cooling trap method [14]. EBC (drug free) samples utilized for the technique
optimization and validation were collected from healthy sample donors. Real EBC
samples have gotten from the expiratory circuit of the mechanical ventilator [15] of
the patients under ventilation after intravenous administration of atracurium for their
routine surgical operation without any more intervention. Sample donors signed an
agreement form confirmed by the Ethics Committee of Tabriz University of Medical
Sciences (IR”TBZMED.REC.1401.903).

General Procedure

An appropriate amount of sample or standard solution containing atracurium in the
range of 0.01-2.0 ug-mL~" was inserted into a 2 mL vial containing 200 uL of EBC
sample, then 10 pL of phosphate buffer with pH: 9 alongside 36 L of SDS solution
(1.0 mmol-L") was added to the mixture. The solution was reached to 400 L volume
and mixed well. Then, the fluorescence intensity was documented at 315 nm with exci-
tation at 280 nm.

RESULTS AND DISCUSSION

Enhancement of Fluorescence Response

The fluorescence spectraand UV-Visabsorption spectraof the atracurium (1.0 pg-mL™")
in the presence and absence of SDS were shown in Fig. 1. From Figs. 1A and 1B, it can
be realized that atracurium has an emission peak about 310 nm with an excitation peak
of 280 nm in an aqueous solution. There was not any shift in the absorption or emis-
sion peak of atracurium by adding SDS. But their intensity has significantly increased.
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In the SDS present, the inherent fluorescence intensity of atracurium is enhanced in
concentrations higher than a critical micelle concentration value as a rigidity-induced
substance which can form a micelle system. It is a fact that the non-radiative transition
pathways cause usually dramatic decrease and compete or completely quench the radia-
tion pathway. The quantum yield of the fluorophore is reduced in the presence of such
competition [16, 17] which is a crucial subject, particularly in the fluorophore low
concentration and decrease the sensitivity of analyses. Beside, other reason reported
for the atracurium fluorescence improvement is removal of water molecules surround-
ing the atracurium and the reduction of the rotational freedom into the SDS micelle
that provides a protective medium for atracurium in the excited state. The results in the
presence of SDS and other rigidity-induced substance were investigated for benzene
[18], indole [19], 8-hydroxyquinoline [20], dapoxy sodium sulphonate [21], warfarin
[22], graphitic carbon nitride quantum dots [23] and verapamil [24].

Signal intensity in the analyses is considered a challenge and the methods which ampli-
fied response signals have intensely garnered interest. We recognized that emission
intensity of atracurium is enhanced in the SDS present which obtains an improvement
in the limit of detection of atracurium ~ 2.2 orders of magnitude. In this research, we
employed SDS to the amplify inherent emission of atracurium without employing any
preparation or pre-concentration technique which decrease the detection limit (LOD)
values for direct monitoring of atracurium from 0.028 pug-mL™" in the absence of SDS
to 0.0077 ug-mL™" in the SDS present, respectively. Therefore, the concentration of
atracurium could be determined in the EBC of patients by the current technique.

A — SDS B
— Drug — Drug
— SDS+Drug T SDS+Drug

n

Absorbance

Fluorescence intensity (a.u.)

\S

N

' 295 315 335 355 375

150 200 250 300 350 400 N N o b
Wavelength(nm) ‘Wavelength(nm)

Fig. 1. Absorption (A) and emission (B) spectra of atracurium (1.0 pugmL™), SDS, and

SDS+atracurium.
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Optimization

To achieve the maximum response, the impact of factors that affect the response such
as pH, the type of rigidity-induced substance, concentration of the reagents, incuba-
tion time, and temperature were investigated by the one-at-a-time trend. A 1.0 ug-mL™"
solution of atracurium was used for all records, and each test was replicated three times.

Type of Rigidity-Induced Material

In the current work, several rigidity-induced reagents such as -CD, SDS, PVP, and
CTAB were tested as the protecting materials. As shown in Fig. 2A, SDS shows a good
sensitivity in compared to other reagents. It is better to note that, while employing the
studied reagents, there was no any change in the wavelength of 310 nm. We studied
all reagents in various concentrations including the concentrations higher and lower
than the critical micelle concentration for each surfactant. According to the findings
and data, SDS with a concentration of 0.09 mmol-L™" was chosen as a suitable rigidity-
induced reagent for the next actions.

Effect of pH

The pH impact was examined over a pHs of 3-11, by utilizing sodium hydroxide and
hydrochloric acid solutions for pH setting. As seen in Fig. 2B, a maximum response
(AF = F - F,, in which F and F; are the fluorescence intensity in the presence and
absence of SDS) for the atracurium was achieved at pH = 9.0. The pK, of atracurium
with two amino groups is 19.02; hence at pH = 9.0 atracurium is entirely ionized and
supplies the positively charged nitrogen required for strong interaction with negatively

charged surfactant like SDS.

Effect of Temperature and Incubation Time

The effect of temperature was also examined at 10 to 37 °C. As critical micelle con-
centration of surfactants can change with the environmental mediums, the tempera-
ture impact was also investigated in an SDS concentration of 0.09 mmol-L™". As can
be obtained from Fig. 2C, as the temperature increase, the fluorescence response get
decrease. So, 15 °C was suggested as a selected temperature. Moreover, the influence of
the experiment time on the response was examined. There is no significant difference
over time.
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Fig. 2. Effect of the type of rigidity-induced reagent and their concentrations (A), pH (B), and

temperature (C) on the fluorescence intensity of atracurium. Condition: 1.0 pg-mL~" of atracurium.

Study of Interferences

With the analytical process set up at optimized condition that mentioned above, the
probable interference between atracurium and some other co-administered pharma-
ceuticals, ze., acetylsalicylic acid (ASA), losartan, caffeine, nicotinic acid, ibuprofen,
ascorbic acid, and diazepam were investigated. Herein, 2.0 pg:mL™" of these species
was mixed with the EBC sample spiked with a standard solution of 2.0 ug-mL™" atra-
curium. The results are shown in Fig. 3. It can be found that ascorbic acid, ibuprofen,
nicotinic acid, and losartan had almost no interference in the determination of atracu-
rium. However, among the commonly used drugs investigated for selectivity studies,
ASA, diazepam, and caffeine represent significantly decreasing effects demonstrating
interference with atracurium determination. It is suggested that this method could
be performed for atracurium quantification in the EBC of the patients not receiving
ASA, diazepam, and caffeine or an extraction method could be suggested before direct
determination.
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Fig. 3. Selectivity of the probe toward atracurium in the presence of some over-the-counter or some

co-administrated drugs in the concentration of 2.0 pg:mL™"
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Fig. 4. Calibration curves of atracurium with different concentrations in the absence and presence

of SDS
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Analytical Figures of Merit

The equation for the regression line of atracurium without SDS adding was F= 161.83
C +53.263 (R* = 0.9932), where F is the fluorescence intensity in arbitrary unit, and
Cis the concentration of atracurium in pg-mL™". The calibration chart in direct moni-
toring of atracurium in the SDS absent was linear at 0.05-2.0 ug-mL™" with a LOD and
LOQ 0f0.028 pg-mL~" and 0.093 pg-mL™". Whereas, the calibration graph in the SDS
present as an enhancer was linear from 0.01 - 2.0 pg-mL" atracurium with the regres-
sion equation of F = 365.19 C + 115.57 (R* = 0.998) and LOD and LOQ of 0.007
ug-mL™" and 0.023 pug-mL"'. With comparing the slope of regression line (Fig. 4), it can
find that an enhancement about 2.2 was observed for atracurium florescence intensity
in the presence of SDS. This enhancement leads to reach alow LOD for measurements.

Precision

To investigate the method precision, the standard solution having concentration 0.5,
1.0, 2.0 pg-mL" of atracurium were examined during the experiment course on differ-
ent days and on the same day. For both intra-day and inter-day variations, atracurium
solutions were assessed three times and the results are shown in Table 1.

Table 1. Inter-day and intra-day relative standard deviations (%RSD) for replicated determinations

for different levels of ethanol for redox reaction with dichromate in EBC.

%RSD
[atracurium] pg-mL™"
Intra-day Inter-day
0.5 1.87 4.15
1.0 1.28 1.41
2.0 2.53 3.77

Stability

Stability investigations are examined by three concentrations of atracurium. EBC sam-
ples containing atracurium are frozen in -20 °C and thawed three cycles with interval
of 24 hours (24, 48, 72 hours) and then determined. The variations from initial fluores-
cence intensity value are summarized in Table 2. According to the results, samples are
stable for 2 cycles of freeze and thaw and more than 2 cycles, a relatively high deviation
is observed in the results.
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Table 2. Stability study for different levels of atracurium.

Freeze-thaw stability (%RE)
[atracurium] pg-mL™"
After24 h After48 h After 72 h
0.5 3.47 7.63 15.03
1.0 6.21 9.48 17.37
2.0 5.16 10.04 20.90

%RE = [((Iyeasured) — (IF.xpccred)) / (IExp:ctcd)] % 100.

Robustness

To test the potential variability in the experiment conditions when a technique is done
by another analyst or transferred from one laboratory to another, the method robust-
ness was examined and finding are reported in Table 3. As can be achieved, the finding
of this examination demonstrate no significant variation on the analytical results rep-
resenting the method robustness.

Table 3. Robustness study for different levels of atracurium.

RE% for three level of atracurium (ug-mL™")
Condition
0.5 1.0 2.0
One laboratory to another 9.23 8.10 2.98
One researcher to another 1091 9.21 4.97

WRE = [((TIveasured) = (Tespeccea)) / (Tpspeceea)] X 100

Real samples analysis

The method applicability was verified by atracurium analysis in six EBC samples got-
ten from the patients receiving atracurium. The found concentration varied from 0.10
to 0.53 pug:mL™". To investigate the model accuracy, the standard addition was per-
formed and recoveries of the spiked concentrations (in two concentration level 0.5
and 1.0 pg-mL") were obtained (Table 4). It is better to note that this method is a
direct method without any sample preparation technique which can be installed on
the mechanical ventilators as a point of care setup. However, as has be reported in the
interferences studies, some interferents have negative or positive effect on the analyti-
cal response and should be considered in the monitoring procedure. The high varia-
tions in the recovery values of sample 2 and 3 could be assigned into such interferents.
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Table 4. Determination of atracurium in patient EBC samples.

No. Added (pg-mL) Found (ug-mL™") Recovery (%)
- 0.25 -
1 0.5 0.54 108.0
1.0 1.10 110.0
- 0.53 -
2 0.5 091 76.0
1.0 1.41 88.0
- 0.36 -
3 0.5 0.79 86.0
1.0 1.46 110.0
- 0.10 -
4 0.5 0.61 102.0
1.0 1.15 105.0
- 0.10 -
S 0.5 0.57 94.0
1.0 1.14 104.0
- <LOD -
6 0.5 0.48 96.0
1.0 1.16 116.0

*Recovery (%) = [atracurium concentration in samples (after spiking — before spiking)/Added] x 100.

CONCLUSIONS

In the current study, a reliable fluorescence-enhancement method was confirmed for
the direct monitoring of atracurium in EBC of the patients receiving atracurium. The
benefits of the technique are developing a simple fluorometric method including the
least time needed for sample analysis without any pre-concentration or sample prepa-
ration which makes it a valuable technique for routine clinical utilizations. The pro-
cedure is based on an improvement in the emission of atracurium in the SDS present
as an enhancer. We ascribe the detected fluorescence improvement of atracurium to
the viscosity increasing of the microenvironment into the SDS micelle which limits
molecular movements of atracurium and results in a fluorescence improvement. This
technique is fast, reproducible, sensitive, simple, and easy to use in routine utilizations.
The proposed method could be further developed online monitoring system installed
on the mechanical ventilators for providing real time analysis of atracurium.
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SUMMARY

Introduction: Lichens are complex organisms conformed by a symbiotic associa-
tion between algae and fungi; they are haven considerable interest owing to their
pharmacological properties. Objectives: To determine chemical composition of
the fatty acid (FA) and the percentage of usnic acid (UA), and to evaluate the in
vitro antibacterial activity of the ethanolic extract obtained from the lichens Usnea
sp., Thamnolia vermicularis subsp. solida and Ramalina asperula. Materials and
Methods: Organic extracts from the three lichens were obtained using a rotary
evaporator, soxhlet extractor and ultrasound equipment. The chemical composition
of FA was determined by gas chromatography-flame ionisation detector, and the
percentage of UA was quantified by UV-Vis spectroscopy. The iz vitro antibacterial
activity of the lichen ethanolic extracts was evaluated against E. coli ATCC 25922,
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Bacillus subtilis ATCC 11774, Staphylococcus aurens ATCC 43300 and S. aureus
ATCC 29213 using the diffusion and microdilution methods. The minimum inhib-
itory concentration (MIC) was determined. Results: In the three tested lichens, the
identified FAs were palmitic, stearic, oleic, linoleic, and linolenic acids; and the obtained
percentage of UA was between 0.2 and 1.07 %. All the ethanolic extracts obtained from
three lichens showed a high activity against B. subrilis (MIC = 0.5 mg/mL), while the
ethanolic extracts obtained from T vermicularis subsp. solida and R. asperula showed
moderate activity against S. aureus ATCC 43300 (MIC = 3 and 1 mg/mL) and §.
anrens ATCC29213 (MIC = 4 and 1 mg/mL). Conclusions: Our findings found
for the three studied lichens confirmed the presence of some FAs and AU. These
species provide an acceptable nutritional content and besides they can be considered

as potential antibacterial agents.

Keywords: lichens, fatty acids, antimicrobial activity

RESUMEN

Composicién quimica y actividad antibacteriana iz vitro de tres
especies de liquenes (Usnea sp., Thamnolia vermicularis subsp.
solida and Ramalina Asperula) recolectadas en las provincias de

Jauja'y Huaral-Pert

Introduccién: Los liquenes son organismos complejos conformados por una
asociacién simbidtica entre algas y hongos; tienen un interés considerable debido a
sus propiedades farmacoldgicas. Objetivos: Determinar la composicién quimica de
los 4cidos grasos (AG) y el porcentaje de 4cido tsnico (AU), y evaluar la actividad
antibacteriana iz vitro del extracto etandlico obtenido a partir de los liquenes
Usnea sp., Thamnolia vermicularis subsp. solida y Ramalina asperula. Materiales y
Métodos: Los extractos organicos de los tres liquenes fueron obtenidos usando un
rotavapor, extractor soxhlet y un equipo de ultrasonido. La composicion quimica de
los AG fue determinada mediante cromatografia de gases con detector de ionizacién
de llama y el porcentaje de AU fue cuantificado mediante espectroscopia UV-Vis.
La actividad antibacteriana iz vitro de los extractos etandlicos de liquenes fue
evaluada frente a las especies E. coli ATCC 25922, Bacillus subtilis ATCC 11774,
Staphylococcus anrens ATCC 43300y S. aureus ATCC 29213 mediante los métodos
de difusién y microdilucién. Se determiné la concentracién inhibitoria minima

(MIC). Resultados: En los tres liquenes ensayados, los dcidos grasos identificados
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fueron los 4cidos palmitico, estedrico, oleico, linoleico y linolénico; y el porcentaje
de AU obtenido estuvo entre 0,2 y 1,07 %. Todos los extractos etanélicos obtenidos
mostraron una alta actividad frente a la especie B. subtilis (MIC = 0,5 mg/mL),
mientras que los extractos etandlicos obtenidos a partir de 7. vermicularis subsp.
solida y R. asperula mostraron actividad moderada frente a la especie S. aurens
ATCC 43300 (MIC =3y 1 mg/mL) y S. aureus ATCC29213 (MIC =4y 1 mg/
mL). Conclusiones: Nuestros hallazgos encontrados para los tres liquenes estudiados
confirmaron la presencia de algunos AG y AU. Estas especies aportan un aceptable
contenido nutricional y ademas, pueden ser consideradas como potenciales agentes

antibacterianos.

Palabras clave: liquenes, 4cidos grasos, actividad antibacteriana.

REsuMoO

Composi¢ao quimica e atividade antibacteriana in vitro de trés

espécies de liquenes (Usnea sp., Thamnolia vermicularis subsp.

solida e Ramalina Asperula) coletadas nas provincias de Jauja e
Huaral-Peru

Introdugao: Os liquenes sio organismos complexos constituidos por uma asso-
ciagio simbidtica entre algas e fungos; eles sio de consideravel interesse devido as
suas propriedades farmacoldgicas. Objetivos: Determinar a composi¢io quimica
dos 4cidos graxos (AG) e a porcentagem de dcido tsnico (AU), e avaliar a atividade
antibacteriana iz vitro do extrato etanélico obtido dos liquenes Usnea sp., Thamnolia
vermicularis subsp. solida e Ramalina aspérula. Materiais e Métodos: Os extratos
organicos dos trés liquenes foram obtidos utilizando evaporador rotativo, extrator
soxhlet e equipamento de ultrassom. A composi¢io quimica do FA foi determinada
por cromatografia gasosa com detector de ionizagio de chama e a porcentagem
de UA foi quantificada por espectroscopia UV-Vis. A atividade antibacteriana iz
vitro de extratos etandlicos de liquen foi avaliada contra as espécies E. coli ATCC
25922, Bacillus subtilis ATCC 11774, Staphylococcus aurens ATCC 43300 e S.
aureus ATCC 29213 utilizando métodos de difusio e microdilui¢io. A concent-
ragio inibitéria minima (CIM) foi determinada. Resultados: Nos trés liquenes
testados, os 4cidos graxos identificados foram os dcidos palmitico, estedrico, oleico,
linoléico e linolénico; e o percentual de UA obtido ficou entre 0,2 ¢ 1,07%. Todos

os extratos etandlicos obtidos apresentaram alta atividade contra a espécie B. subtilis
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(CIM = 0,5 mg/mL), enquanto os extratos etandlicos obtidos de 7. vermicularis
subsp. solida e R. asperula apresentaram atividade moderada contra as espécies S.
aureus ATCC 43300 (CIM =3 e 1 mg/mL) e S. aunrens ATCC29213 (CIM =4 ¢
1 mg/mL). Conclusdes: Nossos achados para os trés liquenes estudados confir-
maram a presenca de alguns AG e AU. Estas espécies fornecem um contetido nutricional

aceitdvel e também podem ser consideradas como potenciais agentes antibacterianos.

Palavras-chave: liquenes, dcidos graxos, atividade antibacteriana.

INTRODUCTION

In the treatment of some diseases, the drug resistance of pathogenic microorganisms is
attributed to the overuse of drugs by humans [1], generating a public health problem
of major global impact [2]. The World Health Organization (WHO) has published a
list of bacteria resistant to clinical use antibiotics with the aim of motivating research-
ers to discover novel drugs against certain types of bacterial strains, such as E. coli and
S. aureus, and thus avoid the resistance of mentioned strains to drugs [3]. In this sense,
the research has been focused on the study of secondary metabolites present in plants
in order to provide a natural structural model for the discovery of new drugs [4, 5]. In
addition, many primary and secondary plant metabolites constitute a food source due
to their glucose contents [5, 6] and other nutritional components such as fatty acids
(FA) [7-9]. Lichens consist of a symbiotic association of an algae or cyanobacteria and
a fungi [10, 11]. These complex organisms show high adaptability to severe climatic
conditions probably due to the presence of lipids and FAs in their compositions, which
enable cell membranes to continue to function at low temperatures [11]. FAs, such
as linoleic acid, linolenic acid [7, 9] and arachidonic acid 8], are important in the
diet of humans, thus making the study of lichens to be relevant in terms of nutrition
[12]. Additionally, lichens produce other substances such as usnic acid (UA), nostistic
acid and sekiakic acid, among others, which exert a broad spectrum of pharmacologi-
cal properties such as antifungal, antibacterial [13] and antimycobacterial activities
[14]. Recently, 34 lichen species from North American have been shown to be effec-
tive against methicillin-sensitive and methicillin-resistant S. aureus and Pseudomonas
aeruginosa with MIC values ranging from 3.9 to 500 pg/mL. Besides, extracts from
Letharia vulpina, L. columbiana and Vulpicida canadensis were effective against E. coli
[15]. On the other hand, Thamnolia vermicularis acetonic extracts were used as a func-
tional food in obese mice and the results of these tests demonstrated that these extracts
exert anti-obesity activity and they can be considered as a natural resource for control-

ling obesity [16].
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Our research group has previously studied the lichen Thamnolia vermicularis subsp.
vermicularis and identified decarboxythamnolic acid and thamnolic acid by spectro-
scopic (FT-IR, 'H NMR, and *C NMR) and mass techniques [17]. The aim of this
work was to determine the chemical composition of FAs and the percentage of UA in
Usnea sp., Thamnolia vermicularis subsp. solida and Ramalina asperula. The antimi-
crobial activity of ethanolic extracts of these lichen species was also evaluated against
E. coli ATCC25922, S. aureus ATCC29213, S. aureus ATCC43300 (methicillin and
oxacillin resistant) and B. subtilis ATCC11774.

MATERIALS AND METHODS

Microorganisms

Bacterial strains: Gram-negative E. coli ATCC 25922 and Gram-positive S. aureus
ATCC 29213, S. aureus ATCC 43300 (methicillin and oxacillin resistant) and
B. subtilis ATCC 11774 were obtained from the Centro de Investigacién de la Biodi-
versidad y Recursos Genéticos de Ancash, Universidad Nacional Santiago Anttnez de
Mayolo, Huaraz, Peru.

Lichens

Lichen species such as Usnea sp. and Thamnolia vermicularis subsp. solida were col-
lected in the province of Jauja, department of Junin, Peru (4100 m above sea level).
Ramalina asperula Kremp was collected in the province of Huaral, Lima, Peru (2000
m above sea level). The lichens were identified by biologist Daniel Ramos and the sam-
ples were deposited in the Herbarium of Southern Peru (Arequipa).

Preparation of the Lichen Extracts

Fresh and clean lichen samples were placed into an oven with circulating air at 40 °C
for 3 days. Then, the dried material was ground as fine as 20 mesh and stored at 4 °C
in sterilized amber glass bottles. A total of 100 g of each lichen was placed in a beaker
containing 250 mL CHCl;-MeOH (1:1 v/v) and left to stand for three days at room
temperature. The extracts were separated by filtration and then the filtrate was con-
centrated under reduced pressure using a Buchi 110 rotary evaporator. Other lichen
extracts in chloroform or ethanol were obtained by soxhlet extraction [1 g lichen in
chloroform (150 mL); extraction time: 2 h)] and ultrasound extraction [20 g lichen in
ethanol (50 mL); extraction time: 1 h]. The obtained extracts were concentrated.
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Antimicrobial Activity Tests

The antimicrobial activity of the lichen ethanolic extracts was evaluated using diffu-
sion (M02-A7 protocol, CLSI) and microdilution (M07-A8 protocol, CLSI) meth-
ods [18] against E. coli ATCC 25922, S. aureus ATCC 29213, S. aureus ATCC 43300
and B. subtilis ATCC 11774. In a laminar flow cabinet, the samples were prepared by
dissolving the dried ethanolic extracts at 200 mg/L in DMSO. The samples were then
stored at —20 °C for 20 days.

Diffusion Method

Each ethanolic extract (5 pL) were added to sterile filter paper discs (5 mm diameter) and
placed in Petri dishes containing Mueller and Hinton agar previously inoculated with
bacteria prepared as previously described [19]. Disks of Ampicillin (25 pg) were used
as reference antibiotic, and discs with 5 pL of DMSO were used as the negative control.
Four replicates of all samples were prepared and incubated at 35 °C for 24 h. The inhibi-

tion halos were measured in those samples showing clear zones around the discs.

Microdilution Method

Samples showing an inhibition halo in the diffusion test were used in the microdi-
lution assay. Serial dilutions of samples were made in Mueller and Hinton broth II
to obtain final concentrations of 0.1, 0.5, 1.0, 2.0, 3.0, 4.0 and 5.0 mg/mL. Dilutions
were transferred into sterile 96-well plates (100 uL per well) and then inoculated with
10 pL of bacterial suspension [19]. Contamination controls with or without extract
and growth controls without extract were also prepared. Ampicillin (final concentra-
tion of 1 or 5 pg/mL in well) was used as reference antibiotic. Three replicates of all
samples and controls were prepared and incubated at 35 °C for 24 h. To assess bacterial
growth, 10 uL of 1% sterile tetrazolium violet was added to each plate and turbid-
ity was observed [19]. The MIC value was defined as the minimum concentration of
the reference drug or tested compound (in pg/mL) that inhibits bacterial growth. The
assay was repeated for 7 days to evaluate the activity.

Fatty Acid Analysis via gas chromatography-flame ionisation detector

In a 100 mL flask, 10 mL of 0.5 N KOH solution were added to 200 mg of CHCl,/
MeOH organic extract and incubated for 20 min at 55 °C in a water bath. After add-
ing 5 mL of diluted HCI (1:1) solution, the FAs were extracted with 10 mL of petro-
leum ether. The extract was washed with 10 mL water, dried with anhydrous sodium
sulphate and then concentrated to dryness with gaseous N,. The residue was dissolved
in 10 mL of petroleum ether, and 1 mL of aliquot was then evaporated to dryness in
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gaseous N,. This extract was then dissolved in 10 mL of 5% HCIO, methanolic solu-
tion and heated for 5 min at 55 °C. Finally, the esterified FAs of the three samples
under study were extracted with 10 mL of petroleum ether.

Esterified FAs dissolved in petroleum ether were analysed in a GC-2010 Shimadzu
gas chromatograph equipped with a fused silica column (75 m x 0.18 mm x 0.14 pm)
at 140 °C and flame ionisation detector (FID). The injection was performed in split
mode with a flow rate of 6.25 mL/min using an injector temperature of 260 °C. The
carrier gas was helium with a run time of 45 min, and with an injection volume of
1 uL. The esterified FAs were identified by comparison with the retention times of the
FAME standard mixture (Lot: LRAC3241), detected by FID, injected under the same
conditions as the samples [18]. Calculations for the identification and quantification
of esterified FAs by GC-FID were performed with the GCsolution Software (Shima-
zdu, ver. 2.44.00) and the results were expressed in mg FA per g of esterified extract
according to the following formula:

mgFA Asmp Wstd 1
g  Astd Wsmp 200

The percentage value of each FA in relation to the total concentration was determined
using the following formula:

mg FA/g

% FA =
o mgFA g

100

Where:

Asmp: Area of the sample recorded on the chromatogram

Astd: Area of the FAME standard mixture recorded on the chromatogram
Wstd: Weight of the FAME standard mixture

Wsmp: Weight of the sample

% FA: Percentage of the fatty acid

mg FA/g: Concentration of the fatty acid (mg/g)

X mg FA/g: Total concentration of fatty acids (mg/g)

1268



Chemical composition and i vitro antibacterial activity of three lichen species

Quantitative Analysis of Usnic Acid

UA standard (CAS No. 7562-61-0) was quantified using a Shimadzu UV-1601 UV-
Vis spectrophotometer. Briefly, 5 mg of the standard UA were dissolved in 100 mL
of chloroform; then, an aliquot of 100 uL was diluted with 50 mL of chloroform to
obtain a final concentration of 0.1 mg/L. The maximum absorbance was recorded at
284 nm. Dilutions of 1/10, 1/50, 1/100, 1/500 and 1/1000 were made from the chlo-
roformic extract to record absorbance values at 284 nm within the linear range of the
calibration curve, which was previously defined from the analytical standard in the

range of 0-10 ppm [17].
REsuLTS

Antibacterial Activity

From the diffusion method, all samples showed inhibitory activity against B. subtilis
ATCC 11774. In addition, the T. vermicularis subsp. solida and R. asperula ethano-
lic extracts showed a moderate activity against S. aureus ATCC 29213 and S. aureus
ATCC 43300. None of the tested extracts were active against E. coli ATCC 25922.
These results were also confirmed using the microdilution method. All tested samples
(MIC= 0.5 mg/mL) inhibited the growth of B. subtilis ATCC 11774 while the 7.
vermicularis subsp. solida and R. asperula ethanolic extracts stopped the growth of S.
aureus ATCC 29213 and S. aurens ATCC 43300 when registering MIC values in the
range of 1-4 mg/mL, as shown in Table 1 and Figure 1.

Table 1. Antibacterial activity of the lichen ethanolic extracts. The extract discs contained 1 mg
of sample; the ampicillin disc contained 25 pg of ampicillin. * The values represent the means of 4

replicates + the standard deviation.

B. subtillis ATCC S. aureus ATCC S. aureus ATCC
11774 43300 29213

Halo MIC Halo MIC Halo MIC
(mm)* (mg/mL) (mm)* (mg/mL) (mm)* (mg/mL)

Extracts

%amno[i'a vermicularis 34405 05 29404 3 19402 4
subsp. solida
Usnea sp. 6.9+0.6 0.5 - - -

Ramalina

85106 0.5 45+0.6 1 38105 1

asperula Kremp

Ampicillin 33.0+0.8 >0.005 153405 <0.005 240+0.0 0.005
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u B. subtillis ATCC11774

B S, aurens ATCC4330

MIC (mg/mL)

S. aurens ATCC29213

1 1
1 08
05 o5 9f 0.5
05 =0.005
=0.005 0.005
0

Thammolia vermicularis Usnea sp. Ramalia asperula Kremp Ampicillin

Figure 1. In vitro antibacterial activity expressed as MIC value (mg/mL) of lichen extracts and

Ampicillin antibiotic tested

Identification and Quantification of FAs

The identification and quantification of the FAs from the three lichen species were car-
ried out by comparing the retention times and areas of the chromatograms obtained
for the samples (Figures 2-4) with the chromatograms for the FAME standard mixture
using GC-FID. The results are shown in Table 2.

Table 2. Fatty acid (FA) concentration in Usnea sp., Thamnolia vermicularis subsp. solida, and Ra-

malina asperula Kremp. RT: retention time; SFA: saturated fatty acid; UFA: unsaturated fatty acid

Concentration [mg FA/g sample], (% FA)

Payaads ol iy DR e s
subsp. solida Kremp

Palmitic acid Cl6:0 21189 [184],(62) = [31.0},(7.2)  [227),(8.2)
Stearic acid C180 24724  [38],(12)  [123],(2.8) [4.1], (15)
Oleic acid Cl&:1n9 25773 [213],(72)  [360],(84)  [18.8],(6.8)
Linoleic acid Cl82n-6 27344 [1624],(547) [175.8],(40.8) [107.6], (38.8)
Linolenicacid ~ CI8:3n-3 29.116  [484], (163) | [1754], (40.9) [124.1], (44.8)
Arachidonicacid = C20:4n-6 32428 [42.7],(144) ~  -——
Total SFA [223],(7.5)  [43.2],(10.0)  [268],(9.7)
Total UFA [274.8],(92.5) | [3882],(90.0)  [250.4], (90.3)
Total FA [297.1], (100) = [431.4], (100) = [277.2],(100)
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Quantitative Analysis of Usnic Acid

The calibration curve for the quantification of UA was linear in the range of 0-10 ppm
where the obtained linear correlation equation was ¥ = 0.0343 X. The percentages of
UA determined for Thamnolia vermicularis subsp. solida, Ramalina asperula Kremp
and Usnea sp. were 0.2, 1.01 and 1.07 %, respectively.

DiscussioN

The chemical characterization of the lichen extracts and the identification of FAs and
UA were performed by gas chromatography (GC-FID) and UV-Vis spectroscopy,
respectively. For extraction of FA, the volume ratio of the CHCl;:MeOH mixture was
1: 1. This volume ratio was different with respect to that used in the literature (2:1 v/v)
[10]. With the CHCL;:MeOH (1:1 v/v) mixture used in this work, the solubility of
low polarity compounds and the amount of unwanted metabolites dissolved in the
organic extract was decreased. The esterification reaction was carried out using a 5%
HCIO, methanolic solution [20] in order to reduce the reaction time [21].

As shown in Table 2, saturated and unsaturated FAs were identified in the three assessed
lichens (C16:0, C:18:0, C:18:1, C:18:2 and C:18:3). In all three studied lichens, stea-
ric acid (C18:0)—a saturated FA—was found with the lowest concentration level, 3.8
and 4.1 mg/g sample in Thamnolia vermicularis subsp. solida and Ramalina asperula
Kremp, respectively. In the present study, the FAs found are similar to those reported
for the genus Cladonia (7] and Stereocaulon scutelligerum [22]. Furthermore, our
results (2.8—4.1 mg/g sample) are comparable to the stearic acid concentrations found
for others lichens containing the species Cladonia cornuta (L.) Hoft and Cladonia
pyxidata (3.4 and 4.8 mg/g sample, respectively) [7]. In this work, arachidonic acid
(C:20:4 n-6) was only detected in Thamnolia vermicularis subsp. solida and its con-
centration was 42.7 mg/g sample (Figure 1). This acid is one of the major unsaturated
FAs that constitute brain membrane phospholipids and is found in lichens in varying
proportions [8]. As shown in Table 2, the ratio of unsaturated FAs to saturated FAs for
the studied lichens was approximately 10:1. This result could be related to the environ-
mental conditions under which the lichens were collected [10].

The UA levels found in the chloroformic extracts of the tested lichens were in agree-
ment with those previously reported for other lichens [5, 23].
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All three lichen species (MIC = 0.5 mg/mL) showed significant inhibitory activity
with respect to ampicillin (reference drug) against B. subrilis ATCC 11774. Further-
more, these lichen species were ten times more cytotoxic than the acetonic extracts of
Cladonia furcata and Cladonia subulata against B. subtilis [24]. As shown in Table 1,
Thamnolia vermicularis subsp. solida showed a moderate antibacterial activity against
the two resistant S. aureus strains (MIC = 3—-4 mg/mL). Our MIC values are close to
those reported for the acetonic extracts of D. miniatum tested against S. aureus subsp.
aurens ATCC 25923 (MIC = 3.75 mg/mL) [25]. The ethanol extract of Ramalina
asperula Kremp showed a MIC value of 1.0 mg/mL which was similar to that found for
the acetone extract of Acarospora fuscata (MIC = 1.25 mg/mL) tested against S. aureus
ATCC 25923 [26]. The ethanol extract of Thamnolia vermicularis subsp. solida and
Ramalina asperula were highly active against S. aureus compared to other C. crispum,
P squamulosum and L. prophetae-eliae species assayed against S. aurens ATCC 1885
(MIC = 1000, 500 and 125 mg/mL, respectively) [27]. The tested ethanolic extracts
of the three studied species were inactive against the Gram-negative bacterium E. coli.
This result is in agreement with previous reports related with the genus Cladonia,
where none of the 42 studied species showed significant activity against E. coli [28].
The low activity of the lichen ethanolic extracts tested against Gram-negative bacteria
may be attributed to the lipopolysaccharides and lipoproteins present in the bacte-
rial cell wall, preventing easy permeability of external agents compared to the cell wall
of Gram positive bacteria (composed of peptidoglycans (murein) and teichoic acid),
which make them more resistant to certain antibiotics [29, 30].
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Figure 2. Chromatogram of the lichen Thamnolia vermicularis subsp. solida
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Figure 4. Chromatogram of the lichen Ramalina asperula Kremp

CONCLUSION

In this study, the palmitic acid, stearic acid, oleic acid, linoleic acid and linolenic acid
FAs were identified in the three studied lichens. The percentage of UA found was
between 0.2 and 1.07 %. All three ethanolic extracts showed a significant activity
against B. subtilis ATCC 11774 compared to the ampicillin (drug for clinical use) Fur-
thermore, the ethanolic extracts of Thamnolia vermicularis subsp. solida and Ramalina
asperula showed moderate inhibitory activity against S. aureus ATCC 43300 and S.
aureus ATCC 29213. Our obtained results are an important contribution for food and
pharmaceutical industries since the studied lichen species can be considered as poten-
tial nutritional and antibacterial agents.
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SUMMARY

Introduction: Arsenic poisoning in the groundwater in recent times has become a
major problem in the entire world. The exposed subjects exhibit typical symptoms of
arsenicosis such as skin manifestations, gastrointestinal disorders, neurological disor-
ders, hormonal disorders etc. Objective: The present study is focused to combat the
deleterious effect of arsenic toxicity in animal models using honey. Materials and
Methods: The animals (Charles Foster rats) were treated with Sodium arsenite at the
dose of 8 mg per Kg body weight for 90 days to make arsenic model and upon these
arsenic pre-treated rats honey at the dose of 200 mg per Kg body weight (1:1) was
administered for 60 days to study the antidote effects. After the entire treatment, rats
were sacrificed and their blood samples were obtained and analysed for haematological
and biochemical and histopathological study. Results: The study shows that arsenic
induced toxicity caused severe damage to the rats at the haematological level such as
decrease in the RBC counts, WBC counts, haemoglobin percentage, and biochemical
level such as increase in the levels of SGPT, SGOT, ALP, bilirubin, urea, uric acid,
creatinine, and lipid peroxidation. There was also high magnitude of degeneration
observed at the histopathological level in the liver and kidney tissues. But, there was
significant normalization in the honey on arsenic pretreated group of rats at all the
respective studied parameters. Conclusion: The studied parameters denote that
honey possesses antidote properties against arsenic induced toxicity and can be used

for human purpose after dose titration as antidote.

Keywords: Sodium arsenite, honey, antidote effect, Charles Foster Rats.
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Honey as antidote against arsenic induced toxicity in Charles Foster rats

RESUMEN

Efecto antidoto de la miel contra la toxicidad inducida por
arsénico en ratas Charles Foster

Introduccién: El envenenamiento por arsénico en las aguas subterrdneas en los
tltimos tiempos se ha convertido en un problema importante en todo el mundo. Los
sujetos expuestos presentan sintomas tipicos de arsenicosis, como manifestaciones
cutdneas, trastornos gastrointestinales, trastornos neurolégicos, trastornos hormo-
nales, etc. Objetivo: El presente estudio se centra en combatir el efecto nocivo de la
toxicidad del arsénico en modelos animales que utilizan extracto de plantas medici-
nales. Materiales y métodos: Los animales (ratas Charles Foster) fueron tratados
con arsenito de sodio a una dosis de 8 mg por Kg de peso corporal durante 90 dias
para hacer un modelo de arsénico y, sobre estas ratas pretratadas con arsénico, miel
a una dosis de 200 mg por Kg. Se administré peso corporal (1:1) durante 60 dias
para estudiar los efectos del antidoto. Después de todo el tratamiento, las ratas
fueron sacrificadas y se obtuvieron y analizaron muestras de sangre para su estudio
hematoldgico, bioquimico ¢ histopatolégico. Resultados: El estudio muestra que la
toxicidad inducida por arsénico causé dafios graves a las ratas a nivel hematolégico,
como disminucién en los recuentos de glébulos rojos, recuentos de glébulos blancos,
porcentaje de hemoglobina y nivel bioquimico, como aumento en los niveles de
SGPT, SGOT, ALP, bilirrubina. , urea, 4cido trico, creatinina y peroxidacién lipi-
dica. También se observé una alta magnitud de degeneracién a nivel histopatoldgico
en los tejidos del higado y el rifién. Pero hubo una normalizacidn significativa en el
grupo de ratas pretratadas con miel y arsénico en todos los pardmetros estudiados
respectivos. Conclusién: Los pardmetros estudiados denotan que la miel posee
propiedades antidoto contra la toxicidad inducida por arsénico y puede ser utilizada

para fines humanos después de la titulacién de dosis como antidoto.

Palabras clave: arsenito de sodio, miel, efecto antidoto, ratas Charles Foster.

RESUMO
Efeito antidoto do mel contra a toxicidade induzida por arsénico
em ratos Charles Foster

Introducio: O envenenamento por arsénico nas dguas subterrneas tornou-se nos

tltimos tempos um grande problema em todo o mundo. Os sujeitos expostos apre-
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sentam sintomas tipicos de arsenicose, como manifestacoes cutineas, distirbios
gastrointestinais, distirbios neurolédgicos, distirbios hormonais, etc. Objetivo:
O presente estudo tem como objetivo combater o efeito deletério da toxicidade do
arsénico em modelos animais utilizando extrato de planta medicinal. Materiais e
Métodos: Os animais (ratos Charles Foster) foram tratados com arsenito de sédio
na dose de 8 mg por Kg de peso corporal durante 90 dias para fazer modelo de arsé-
nico e sobre estes ratos pré-tratados com arsénico mel na dose de 200 mg por Kg peso
corporal (1:1) foi administrado por 60 dias para estudar os efeitos do antidoto. Apds
todo o tratamento, os ratos foram sacrificados e suas amostras de sangue foram obtidas
e analisadas para estudo hematoldgico, bioquimico ¢ histopatolégico. Resultados: O
estudo mostra que a toxicidade induzida pelo arsénico causou danos graves aos ratos no
nivel hematoldgico, como diminui¢io na contagem de glébulos vermelhos, contagem
de leucdcitos, porcentagem de hemoglobina e nivel bioquimico, como aumento nos
niveis de SGPT, SGOT, ALP, bilirrubina, uréia, 4cido trico, creatinina e peroxidagio
lipidica. Houve também alta magnitude de degeneracio observada em nivel histopato-
16gico nos tecidos do figado e dos rins. Mas houve uma normalizacio significativa no
mel do grupo de ratos pré-tratados com arsénico em todos os respectivos parAmetros
estudados. Conclusdo: Os parAmetros estudados indicam que o mel possui proprie-
dades antidoto contra a toxicidade induzida pelo arsénico e pode ser utilizado para fins

humanos apés titulagio da dose como antidoto.

Palavras-chave: Arsenito de sédio, mel, efeito antidoto, ratos Charles Foster.

INTRODUCTION

Groundwater arsenic poisoning in the recent times has caused serious health hazards
worldwide. A wide population of about 300 million are exposed to arsenic through
groundwater poisoning. Moreover, in Asia, India and Bangladesh share major river
channels Ganga-Meghna-Brahmaputra plains where an estimated 155 million are
exposed to groundwater arsenic poisoning. India and Bangladesh have the cases of arse-
nic poisoning in the different habitations about 70 million and 85 million population
respectively. This arsenic poisoning number is contributed as half of the world’s arse-
nic exposed population. In India, the groundwater arsenic poisoning is being majorly
reported from states — West Bengal, Assam, Bihar and Uttar Pradesh. Moreover, this
is the chunk area where the population of about 510 million reside in the different
habitations [1-6].
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In Bihar, Bhojpur was the first district in 2002, when arsenic poisoning was reported
for the first time and presently, 22 districts of state are affected with groundwater arse-
nic poisoning [7-9]. The exposed population exhibit typical symptoms of arsenicosis
such as skin manifestations, neurological disorders, hormonal imbalance, reproduc-
tive disorders, gastrointestinal disorders, cardiovascular disorders, diabetes, and loss
of appetite and disease of cancer [10-14]. Moreover, in this arsenic exposed area the
magnitude of disease burden has increased many folds in the recent times. Among
the cancer types — skin cancer, lung cancer, colorectal cancer etc. have been reported
from the arsenic exposed population [15-23]. Hence, it becomes very important to
discover natural products which can be recommended to the arsenic exposed popula-
tion which can reduce the disease burden in them.

Plethora of medicinal plants have been documented which have therapeutic effect on
arsenic induced toxicity in animal models [24-26], but their products have not reached
to the exposed population till date. The use of honey has been extensively used against
various types of poisons [27], anti-inflammation, anti-apoptosis, anti-fibrosis [28], car-
diovascular diseases such as anti-arthrosclerosis effects [29], anti-neuroinflammatory
effect [30], and other diseases [31, 32]. Hence, the present study is focused on the
usage of natural wild supplement such as honey. Honey has been used since many years
as source of energy, for wound healing, anti-bacterial, anti-viral and as natural skin
rejuvenators [33-43].

Hence, the present study aims to discover the antidote effect of natural honey against
the arsenic induced model on Charles Faster rats and to validate the efficacy of the
honey against arsenic induced toxicity.

MATERIALS AND METHODS

Animals

For the entire experimentation, n=24, male Charles Foster rats, 8 weeks old of weight
about 150-180 g were provided from the animal house of Mahavir Cancer Sansthan
and Research Centre, Patna, Bihar, India. The animals were acclimatized in laboratory
for 2 weeks before the start of the experiment. All the laboratorial conditions were
maintained with 12 hours of light and dark cycles and room temperatures were main-
tained at 22 + 2 °C with adjusted humidity. The animals had free access to food and
water ad libitum.
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Chemicals

For the experiment, to induce the toxic models in rats, Sodium arsenite (98.5%) man-
ufactured by Sigma-Aldrich, USA (CAS Number: 7784-46-5; S7400-100G), Lot#
SLBH5736V, PCode 1001683292 as the chemical were utilized. The permissible dose
of sodium arsenite was used as 8 mg/Kg/body weight per day for 90 days to make the

arsenic model as per the previous study [23].

Preparation of honey dose

Raw wild honey was obtained from the local market and its purity was tested in the
laboratory (by vinegar method and light microscopy). The dose of the honey was cal-
culated after LD estimation and was titrated to 200 mg/Kg body weight per day. The
dose was prepared by 1:1 ratio mixed in water as its viscosity was very high.

Experimental Design

The experimental animals were majorly disintegrated into 04 groups and each group
consisted of six rats and were divided in following groups - Group I: Normal Control
group; Group II: Arsenic treated group — The rats were treated orally with sodium
arsenite at a dose of 8 mg/Kgbody weight/day for 90 days; Group III: Honey admin-
istered group- Rats were pretreated with sodium arsenite 8mg/Kg body weight/day
for 90 days followed by administration of honey — 200 mg/Kg body weight/day for
60 days. After the completion of the entire experiment, animals from each group were
properly anaesthetized with 50 mg/Kg ketamine hydrochloride (intra-peritoneally)
and sacrificed. The dissected animals’ blood samples were collected through the orbital
puncture for serum separation and were stored properly for the biochemical assays
such as -Liver function tests, kidney function tests and lipid peroxidation. Further-
more, their tissue samples such as liver and kidney were properly preserved in the 10%
formalin fixative and were processed later.

Haematological study

For the haematological study — RBC counts and WBC counts the Neubauer’s cham-
ber was utilized, while for the estimation of haemoglobin, hemoglobinometer was uti-

lized using the Sahli’s method.

Biochemical analysis

For the biochemical study, standard kit was used (Coral crest) by the Spectrophotom-
eter (UV-Vis) (UV-10, Thermo Fisher, USA) method. The biochemical parameters
used in the present study were - Liver Function Tests- Serum Glutamic Pyruvate Trans-
aminase (SGPT) and Serum Glutamic Oxaloacetate Transaminase (SGOT) estimated
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through the method of [44], Alkaline Phosphate (ALP) assay by the method of [45],
total bilirubin activity by method of [46]. The Kidney Function Tests (KFT) were
assayed as urea by the method of [47, 48], creatinine assay by the method of [49], and
uric acid assay by the method of [50].

Histopathological study

The dissected tissues — liver and kidney which were fixed in 10% formalin for 24 hours
were then processed through the series of graded alcohol and were embedded into par-
affin blocks. Utilizing the digital microtome (Themo-Fisher), fine sections of about 5
um thickness were cut and were processed for double staining method with hematoxy-
lin and eosin (H&E). For the microscopic observations, the stained slides were viewed
under the light microscope [51].

Lipid Peroxidation (LPO)

For the lipid peroxidation method, thiobarbituric acid reactive substances [TBARS]
are the best markers for the evaluation. The assay was evaluated through the double
heating method [52], based on the principle of spectrophotometric measurement of
colour reproduced during the reaction to thiobarbituric acid (TBA) with malondial-
dehyde (MDA). For this study, 0.5 mL of serum were mixed with 2.5 mL of 100 g/L
solution of Trichloroacetic acid (TCA) and then were properly centrifuged at 3000
rpm for 10 minutes, it was then heated in the water bath at 90 °C for 15 minutes.
After cooling at the room temperature, the mixture was re-centrifuged at 3000 rpm
for 10 minutes and the supernatant were obtained. The 2 ml of the supernatant were
measured and were mixed with 1 mL of 6.7 g/L freshly prepared TBA solution in
the test tube which was further heated in water bath at 90 °C for 15 minutes and left
for cooling at the room temperature. The final absorbance was measured using UV-vis
spectrophotometer (Thermo Scientific UV-10, USA) at 532 nm.

Statistical analysis

The results presented in the study were the Mean + Standard Error (SE) for six rats’
individual groups and total variation represented in a set of data which were analyzed
through one-way Analysis of Variance (ANOVA). The differences among mean vari-
ance were analyzed by applying Dunnett’s ‘€’ test at 99.9% (p < 0.05) confidence level.
The final calculations were performed utilizing the GraphPad Prism Program 5.0
(GraphPad Software, Inc., San Diego, USA).

1283



Manisha Kiran, Shobha Shrivastava, Arun Kumar

REsuLTS

Haematological Assay

There were significant changes observed in the studied groups in the haematological
parameters —

a. RBC Counts: In thearsenic treated group there was significant decrease (p<0.005)
in the RBC counts in arsenic treated group of rats as compared to the control
group. There was significant (p<0.005) normalization in the RBC counts after the
administration of honey to the arsenic pre-treated rat group (Figure 1).

RBC Counts

T T
Control Arsenic treated for 90 days Honey treated for 60 Days

Treatment Groups

Figure 1. RBC counts of the treated groups (One way ANOVA Test in various group of rats (n=6),
values are displayed as Mean + SE)

b. WBC Counts: In the arsenic treated group there was significant decrease
(p<0.005) in the WBC counts in arsenic treated group of rats as compared to the
control group. There was significant (p<0.005) increase in the WBC counts after
the administration of honey to the arsenic pre-treated rat group (Figure 2).

WBC Counts
15000-

10000

Cu/mm

5000+

? T
Control Arsenic treated for 90 days Honey treated for 60 Days
Treatment Groups

Figure 2. WBC counts of the treated groups (One way ANOVA Test in various group of rats (n=6),

values displayed as Mean + SE)
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c. Haemoglobin Percentage: In the arsenic treated group there was significant
decrease (p<0.005) in the haemoglobin percentage in arsenic treated group of
rats as compared to the control group. There was significant (p<0.005) decrease
in the haemoglobin percentage after the administration of honey to the arsenic
pre-treated rat group (Figure 3).

Haemoglobin Percentage

——
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atatat, o
e
e
e a, o

1 T
Control Arsenic treated for 90 days Honey treated for 60 Days

Treatment Groups

Figure 3. Hacmoglobin percentage of the treated groups (One way ANOVA Test in various group
of rats (n=6), values displayed as Mean + SE)

Biochemical Study

There were significant changes observed in the biochemical parameters of the studied
groups —

1. SGPT Assay: In the arsenic treated group there was significant increase (p<0.005)
in the SGPT levels in arsenic treated group of rats as compared to the control
group. There was significant (p<0.005) normalization in the SGPT levels after the
administration of honey to the arsenic pre-treated rat group (Figure 4).

SGPT Levels
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Control Arsenic treated for 90 days Honey treated for 60 Days
Treatment Groups

Figure 4. SGPT Levels of the treated groups (One way ANOVA Test in various group of rats (n=6),
values displayed as Mean + SE)
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SGOT Assay: In the arsenic treated group there was significant increase (p<0.005)
in the SGOT levels in arsenic treated group of rats as compared to the control
group. There was significant (p<0.005) normalization in the SGOT levels after the
administration of honey to the arsenic pre-treated rat group (Figure 5).

SGOT Levels
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Control Arsenic treated for 90 days Honey treated for 60 Days
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Figure 5. SGOT Levels of the treated groups (One way ANOVA Test in various group of rats (n=6,

values displayed as Mean + SE)

3.

Alkaline Phosphatase (ALP) Assay: In the arsenic treated group there was sig-
nificant increase (p<0.005) in the ALP levels in arsenic treated group of rats as
compared to the control group. There was significant (p<0.005) normalization
in the ALP levels after the administration of honey to the arsenic pre-treated rat

group (Figure 6).

ALP Levels

K.A Units

Control Arsenic treated for 90 days Honey treated for 60 Days
Treatment Groups

Figure 6. Alkaline phosphatase Levels of the treated groups (One way ANOVA Test in various

group of rats (n=6) values displayed as Mean + SE)

4.

Bilirubin Assay: In the arsenic treated group there was significant increase
(p<0.005) in the bilirubin levels in arsenic treated group of rats as compared to the
control group. There was significant (p<0.005) normalization in the bilirubin lev-
cls after the administration of honey to the arsenic pre-treated rat group (Figure 7).
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Bilirubin Levels

3 _I_
e | i
Arsenic treatéu for 90 ﬂays Honey t.reate:l for 60 Days

Treatment Groups

Figure 7. Bilirubin Levels of the treated groups (One way ANOVA Test in various group of rats,
(n=6) values displayed as Mean =+ SE)

S. Urea Assay: In the arsenic treated group there was significant increase (p<0.005)
in the Urea levels in arsenic treated group of rats as compared to the control group.
There was significant (p<0.005) normalization in the Urea levels after the admin-
istration of honey to the arsenic pre-treated rat group (Figure 8).

Urea Levels

: M% ]
SR ,
Control Arsenic treated for 90 days Honey treated for 60 Days

Treatment Groups

Figure 8. Urea Levels of the treated groups (One way ANOVA Test in various group of rats (n=6),
values displayed as Mean + SE)

6. Uric Acid Assay: In the arsenic treated group there was significant increase
(p<0.005) in the Uric acid levels in arsenic treated group of rats as compared to the
control group. There was significant (p<0.005) normalization in the uric acid lev-
els after the administration of honey to the arsenic pre-treated rat group (Figure 9).
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Uric Acid
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Figure 9. Uric acid Levels of the treated groups (One way ANOVA Test in various group of rats,
(n=6) values displayed as Mean =+ SE)

7. Creatinine Assay: In the arsenic treated group there was significant increase
(p<0.005) in the creatinine levels in arsenic treated group of rats as compared to the
control group. There was significant (p<0.005) normalization in the creatinine levels
after the administration of honey to the arsenic pre-treated rat group (Figure 10).

Creatinine Levels

T T
Control Arsenic treated for 90 days Honey treated for 60 Days

Treatment Groups

Figure 10. Creatinine levels of the treated groups (One way ANOVA Test in various group of rats,
(n=6) values displayed as Mean =+ SE)

8. Lipid Peroxidation (LPO) Assay: In the arsenic treated group, there was signifi-
cant increase (p<0.005) in the LPO levels in arsenic treated group of rats as com-
pared to the control group. There was significant (p<0.005) normalization in the
LPO levels after the administration of honey to the arsenic pre-treated rat group

(Figure 11).
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Lipid Peroxidation Levels

T
Control Arsenic treated for 90 days Honey treated for 60 Days
Treatment Groups

Figure 11. Lipid peroxidation levels of the treated groups (One way ANOVA Test in various group
of rats, (n=6) values displayed as Mean + SE)

Histopathological Study

There were significant changes observed in the histopathological study in the studied
groups — The liver histopathological sections showed normal architecture of hepato-
cytes with central vein. The hepatocytes were well arranged in the sinusoids denotes
the normal functioning of the liver cells (Figure 12A). The arsenic treated rat liver sec-
tion showed high grade of degeneration in the hepatocytes with pyknotic nuclei. There
was manyfolds increase in the number of Kupfter cells denotes the macrophagic activ-
ity. Moreover, the endothelial cells of central vein membrane have ruptured severely by
which haemorrhage in the sinusoidal spaces can be observed. Vacuolations in the sinu-
soidal spaces were also observed in the section. (Figure 12A). But after the administra-
tion with honey for 60 days, there has been significant restoration observation in the
hepatocytes, the central vein and the sinusoids. The hepatocytes were well arranged in
the sinusoids with the normal functioning. Moreover, no Kupfter cells were observed
denotes the normal functioning of the liver. (Figure 12C & D).

The kidney histopathological sections show normal architecture of glomerulus, Bow-
man’s capsule, the convoluted tubules, and distal tubules (Figure 13A). The arsenic
treated section of kidney showed deshaped glomerulus and Bowman’s capsule. Mor-
ever, severe haemorrhage in the kidney tissue were observed denotes the abnormal fil-
tration process in the kidney due to arsenic induced toxicity. (Figure 13B). But, after
administration of honey there was significant amelioration in the nephrocytes, espe-
cially in the glomerulus, Bowman’s capsule and convoluted tubules, denotes the nor-
mal functioning of the nephrocytes (Figure 13C).
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Figure 12. Microphotograph sections of liver of rat stained with haematoxylin and eosin (H&E x
500). [A] Showing control rat liver with normal architecture of hepatocytes (H), central vein (CV),
with sinusoids. The hepatocytes are well arranged in the sinusoids [B]. Showing arsenic treated rat
liver sections with degenerated hepatocytes (H) with central vein (CV). Pyknotic nuclei of the
hepatocytes are also clearly visualized. The increased number of Kupffer cells (pin shaped) can be
seen in the tissue denotes the degree of inflammation in the tissue. Hemorrhage in the sinusoidal
spaces can also be observed. [C&D] After the administration with honey, the rat liver sections show

significant normalization in the hepatocytes (H) with central vein (CV).
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Figure 13. Microphotograph sections of kidney of rat stained with haematoxylin and cosin (H&E
x 500). [A] The control rat kidney sections show normal architecture of glomerulus (G) with
Bowman’s capsules (BC). The endothelial cells of convoluted tubules are also in normal architectu-
re. [B] The arsenic treated rat kidney sections show significant degeneration in the glomerulus (G)
and Bowman’s capsule (G) with haemorrhage in the entire kidney tissue. The convoluted tubules
(CT) are also severely damaged. [C&D] The honey treated rat kidney section shows significant
amelioration in the nephrocytes especially the glomerulus (G), Bowman’s capsule (BC) and convo-

luted tubules (CT) denotes the normal functioning of the kidney tissue.
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DiscussioN

Arsenic ingestion by gastrointestinal tract reaches the blood and other vital organs of
the body, which in turn reflects its impact on the organ system and to the entire body
of the animals. In the present study, in the arsenic treated rats, there was significant
(p<0.005) decrease in the haematological parameters such as RBC counts, WBC
counts and haemoglobin percentage in comparison to the control group of rats. This
denotes that the arsenic toxicity has caused damaged the hematopoietic stem cells of the
rats by which there is significant changes observed in the haematological parameters of
the rats. But, after the administration of honey to the arsenic pre-treated rats, there was
significant normalization in the RBC counts, WBC counts and haemoglobin percent-
age denotes the amelioration at the haematological level. Biochemical parameters are
second level of the indicators which reflects the damage at the biochemical level in the
tissue level. The liver and the kidney function tests are the important enzyme markers of
the body which provide the significant information related to the toxicity in the body.
In the present study, there was significant increase (p<0.005) in the SGPT, SGOT,
alkaline phosphatase, bilirubin, urea, uric acid and creatinine levels, denotes that arse-
nic toxicity causes significant damage to these vital organs. But, after the administra-
tion with honey in arsenic pre-treated rats, there was significant restoration in these
liver functions and kidney function tests levels. The third level of toxicity assessment is
observed through the histopathological studies. In the present study, the histopatho-
logical study of liver and kidney showed severe damage in the liver and kidney tissues.
In the arsenic treated liver tissue sections there was significant damage observed in the
hepatocytes, central vein, portal vein, and sinusoidal spaces. The increase in the num-
ber of Kupffer cells denotes that arsenic toxicity has caused severe inflammation in the
liver cells. Apart from this, there was haemorrhage in the sinusoidal spaces. While in
kidney tissue the damage was caused to glomerulus, Bowman’s capsules, convoluted
tubules and ductal tubules. The degeneration caused due to arsenic toxicity has led
to haemorrhage in the kidney tissue has hampered the glomerular filtration process.
But, after the administration of honey to the arsenic pretreated rats, there was very
significant restoration observed in the liver and kidney tissues observed. The hepato-
cytes, central vein, sinusoidal spaces all have significantly restored in comparison to the
arsenic treated rat liver. Similarly, in kidney tissue also there was significant restoration
in the nephrocytes especially the glomerulus, Bowman’s capsule, convoluted tubules,
distal tubules. This denotes that honey has antidote properties, which can control the
damage caused by the arsenic induced toxicity. The entire restoration in the organ level
observed is due to the honey’s rejuvenating properties, antioxidant properties which
has combat the damage caused by the arsenic induced toxicity [27-43, 53].
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The defense mechanism at the cellular level is maintained by the oxidant- antioxidant
system. In the present study, there was significantly very high lipid peroxidation levels
observed in the arsenic treated group of rats in comparison to the control group of
rats denotes the failure of the defense mechanism in this group. But, after the admin-
istration with honey, there was significant restoration in the lipid peroxidation levels,
denotes that honey possesses antioxidant properties [24-26, 54-60].

The honey possesses active ingredients such as polyphenols which played the vital role
in the normalization in the cellular functions in the arsenic induced toxicity. They reju-
venate the damage caused by arsenic through the antioxidant mechanism normalizing
the body functions at the haematological levels, biochemical levels and histopathologi-

cal level [61-64].
CONCLUSION

From the entire study it can be concluded that honey possesses antioxidant properties,
which has antidote effect against arsenic induced toxicity in rats. The therapeutic effect
of honey can be used as antidote drug against the arsenic induced toxicity.
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RESUMEN

Objetivo: Evaluar el contenido de proteinas y saponinas en genotipos de quinua
es una prictica importante para definir su propdsito de produccién y poder ser
comercializado en mercados que demanden por ejemplo quinuas amargas o dulces.
Razén por la cual, este estudio tuvo por objeto determinar el contenido de estos
componentes en 30 genotipos de quinua producidos en la costa central del Ecuador.
Metodologia: Para ello, se empled un disefio experimental completamente al azar
con treinta tratamientos y tres repeticiones, evaludndose variables como: altura de
la columna de espuma (cm), contenido de saponina (%) y contenido de proteina
(%). La metodologia empleada para la obtencién de datos del contenido de sapo-
nina fue mediante el método espuma de Koziol y para proteina se emple6 el método

Kjeldahl. Resultados: En cuanto a los resultados alcanzados, se registré un mayor
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Contenido de saponina y de proteina en quinua (Chenopodium quinoa Willd)

contenido de saponina en los tratamientos T19 y T30 con 0,86 y 0,78% respec-
tivamente, mientras que, los tratamientos con menor contenido de saponina T23
y T26, ambos con 0,00%. En cuanto al contenido de proteina, los tratamientos
con un mayor registro fueron T26 y T28 con 19,82 y 18,65% respectivamente y
en contraparte, tratamientos como presentaron un bajo valor proteico fueron T20
con 12,23y T5 con 13,54%. Conclusién: Finalmente, se concluye que el 76,67% de
los genotipos se catalogaron como amargos y el 23,3% como dulces. Mientras que,
en relacién a la proteina se registré un promedio general de todos los genotipos de

16,19% lo cual en términos de calidad es relativamente aceptable.

Palabras clave: pseudocereal, metabolitos, alimentacién, semillas, grano andino.

SUMMARY

Determination of saponin and protein content in quinoa
(Chenopodium quinoa Willd) genotypes produced on the central
coast of Ecuador

Purpose: Evaluating the protein and saponin content in quinoa genotypes is an
important practice to define their production purpose and to be able to be marketed
in markets that demand, for example, bitter or sweet quinoa. For this reason, this
study aimed to determine the content of these components in 30 quinoa geno-
types produced in the central coast of Ecuador. Methodology: For this purpose,
a completely randomized experimental design was used with thirty treatments and
three replications, evaluating variables such as: height of the foam column (cm),
saponin content (%) and protein content (%). The methodology used to obtain data
on saponin content was the Koziol foam method and the Kjeldahl method was used
for protein. Results: As for the results obtained, the highest saponin content was
recorded in treatments T19 and T30 with 0.86 and 0.78%, respectively, while the
treatments with the lowest saponin content were T23 and T26, both with 0.00%. In
terms of protein content, the treatments with the highest protein content were T26
and T28 with 19.82 and 18.65%, respectively, and on the other hand, the treatments
with the lowest protein content were T20 with 12.23 and T5 with 13.54%. Conclu-
sion: Finally, it was concluded that 76.67% of the genotypes were classified as bitter
and 23.3% as sweet. Meanwhile, in relation to protein, a general average of 16.19%

was recorded for all genotypes, which in terms of quality is relatively acceptable.

Keywords: pseudocereal, metabolites, food, seeds, Andean grain.
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REsumMmoO

Determinagio do teor de saponinas e proteinas em gendtipos de
quinoa (Chenopodium guinoa Willd) produzidos na costa central

do Equador

Objetivo: Avaliar o teor de proteinas e saponinas em gendtipos de quinoa ¢ uma
prética importante para definir sua finalidade de produgio ¢ poder ser comerciali-
zada em mercados que demandam, por exemplo, quinoas amargas ou doces. Por este
motivo, este estudo teve como objetivo determinar o contetdo destes componentes
em 30 gendtipos de quinoa produzidos na costa central do Equador. Metodologia:
Para isso foi utilizado um delineamento experimental inteiramente casualizado com
trinta tratamentos ¢ trés repeticoes, avaliando varidveis como: altura da coluna de
espuma (cm), teor de saponinas (%) e teor de proteinas (%). A metodologia utili-
zada para obtenc¢ao dos dados sobre o teor de saponinas foi 0 método da espuma de
Koziol e para a proteina foi utilizado o método de Kjeldahl. Resultados: Em relagio
aos resultados alcangados, foi registrado maior teor de saponina nos tratamentos
T19 ¢ T30 com 0,86 ¢ 0,78% respectivamente, enquanto os tratamentos com menor
teor de saponina T23 e T26, ambos com 0,00%. Em relagao ao teor de proteina, os
tratamentos com maior registro foram T26 ¢ T28 com 19,82 ¢ 18,65% respectiva-
mente ¢ em contrapartida, os tratamentos que apresentaram baixo valor de proteina
foram T20 com 12,23 ¢ TS com 13,54%. Conclusio: Por fim conclui-se que 76,67%
dos genétipos foram classificados como amargo e 23,3% como doce. Enquanto, em
relagdo A proteina, foi registrada uma média geral de todos os genétipos de 16,19%,

o que em termos de qualidade ¢ relativamente aceitdvel.

Palavras-chave: pseudocereal, metabdlitos, dieta, sementes, grio andino.

INTRODUCCION

El cultivo de quinua (Chenaopodium quinoa Willd) tiene un gran potencial para con-
tribuir con la seguridad alimentaria a nivel mundial. Posee una notable capacidad de
adaptacion a diferentes regiones agroecoldgicas y gradiente altitudinal debido a su
plasticidad fenotipica. Los principales paises productores de quinua en América Latina
son: Pert, Bolivia y Ecuador; sin embargo, la produccién se estd expandiendo a otros
continentes y actualmente se cultiva en varios paises [1].
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La quinua es considerada un stper alimento por sus excelentes propiedades nutricio-
nales, entre las que destacan su alto contenido proteico, proporcionando un 16% de
proteina por peso seco de quinua, que es mas alta que la mayoria de los cereales [2]
y comparable al de la leche [3]. Las proteinas de la quinua tienen niveles adecuados
de aminodcidos aromaticos (fenilalanina y tirosina) y de contenidos de histidina, iso-
leucina, treonina, fenilalanina, tirosina y valina, de acuerdo con los requerimientos
sugeridos por la FAO (Organizacién de las Naciones Unidas para la Agriculturay la
Alimentacién) — Organizacién Mundial de la Salud (OMS) para el consumo humano
[4], asimismo, posee elementos traza y cantidades significativas de vitaminas [5].

No obstante, la quinua contiene saponinas, mismas que se localizan en la cdscara [6], y
responsables de dar una percepcidn de amargor al gusto [7] si sobrepasan la concentra-
cién >0,11 [2]. Por ello, las semillas de quinua se procesan con la finalidad de reducir
dicho amargor y ser empleadas para la preparacion de diversos platillos gastronémicos
y en la fabricacién de productos alimenticios procesados [6], razén por la cual son més
demandados los genotipos de quinuas dulces (<0,11), cuyo contenido de saponina es
minimo [8].

Por otra parte, es preciso indicar que un mayor contenido de saponinas también puede
ser ventajoso para la industria farmacoldgica [7], debido a que presentan propiedades
antibacteriana y antifungica [9, 10] ademds de emplearse para la fabricacién de productos
para el cuidado del cabello como lo es el champu. Por lo cual, es imperativo estudiar
genotipos que puedan formar parte de sistemas productivos [11] y que a su vez tengan
propositos definidos, es decir encaminados a la alimentacion, con un menor contenido
de saponinas y alto contenido de proteinas y para el aprovechamiento industrial y el
consumo con un mayor contenido de saponinas.

Se han descrito a nivel mundial cinco ecotipos de quinua, de los cuales el ecotipo de los
valles es el predominantemente producido y consumido en Ecuador. Existiendo poca
informacién de la adaptacién de quinua a zonas costeras o tropicales de Ecuador [12].

En virtud de lo anterior, este estudio tuvo por objeto evaluar el contenido de saponinas
y proteina en 30 genotipos de quinua (Chenopodium quinoa Willd) cultivados en el
Campus La Maria, que estén siendo introducidas y adaptadas a las condiciones agrocli-
matoldgicas de la costa central ecuatoriana.
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METODOLOGIA

Localizacién

La determinacion del contenido de saponina y proteina de las muestras se realizé en el
Laboratorio de Bromatologia del Campus La Maria de la Universidad Técnica Estatal
de Quevedo (UTEQ) del cantén Mocache, provincia de Los Rios, Ecuador, ubicada en
el km 7 % delavia Quevedo — El Empalme, empleando 30 genotipos de distintos orige-
nes (Tabla 1) producidos y cosechados en el Campus entre 90 a 143 dias posteriores ala
siembra, durante la época lluviosa, especificamente entre los meses de septiembre/2017
y enero/2018. Las condiciones agroclimdticas presentes en el lugar donde se cultivaron
los genotipos se muestran en la Tabla 2.

Tabla 1. Genotipos de quinua y sus origenes

Tratamientos Genotipos Origen
T1 26 Chile
T2 36 Chile
T3 41 Chile
T4 42 Chile
T5 48 Chile
Té6 49 Chile
T7 52 Chile
T8 54 Chile
T9 0-1 Chile

T10 0-2 Chile
T11 0-3 Chile
TI2 0-4 Chile
TI13 0-5 Chile
T14 0-6 Chile
T15 0-7 Chile
TI16 0-8 Chile
T17 0-9 Chile
T18 0-10 Chile
T19 J4 Argentina
T20 FARO Chile
T21 REG Chile
T22 PV Ecuador
T23 DULCE Chile

(Contindia)
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Tratamientos Genotipos Origen
T24 0-10M Chile
T25 J4-010 Chile
T26 TUNK Ecuador
T27 X2 Chile
T28 X3 Chile
T29 X4 Chile
T30 X5 Chile

Tabla 2. Condiciones agroclimaticas del cantén Mocache

Pardmetros Promedio
Temperatura promedio °C 25,47
Humedad relativa, % 85,84
Precipitacién, anual. mm 2223.85
Heliofania, horas luz /afo 898,66
Zona ecologica bh-T
Topografia Ligeramente Ondulada

Fuente: Departamento Agrometeorolégico del Instituto Nacional de Investigaciones Agropecuarias (INIAP).
Estacion Experimental Tropical Pichilingue (EETP).

Disefio experimental y anlisis estadistico

Los tratamientos (genotipos) estuvieron dispuestos en un disefio completamente al
azar (DCA) con tres repeticiones. Para el anlisis de los datos se realizé un andlisis
de varianza (ANOVA) y para el andlisis de las medias entre tratamientos se realizé la
prucba de Tukey (P<0,05), utilizando el programa estadistico Infostat. Dicho anlisis
se aplicé a todas las variables evaluadas.

Determinacion del contenido de saponina

Para la determinacién del contenido de saponina se realizé el método espuma de Koziol
establecido en la Norma INEN [13], basada en las propiedades tensoactivas de las sapo-
ninas, que al disolverse en agua y agitarse, generan una espuma estable, cuya altura puede
correlacionarse con el contenido de saponinas en los granos. Se realizé pesando 0,50
40,02 g enteros de quinua y se colocaron en un tubo de ensayo. Se anadi6 5,0 mL de
agua destilada y tapé el tubo. Se puso en marcha el cronémetro y sacudié vigorosamente
el tubo durante 30 segundos. Se dejé el tubo en reposo durante 30 minutos, luego se
sacudio otra vez durante 30 segundos. Se repite el proceso. Finalmente se dejé el tubo en
reposo 5 minutos, luego se midid la altura de la espuma al 0,1 cm més cercano [14].
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Para determinar el porcentaje de saponinas en los distintos genotipos de quinua se
empled la siguiente ecuacién:

(0,646 h) — 0,104
5= m-10

Siendo:

Ps = porcentaje de saponina

b = altura de la espuma en cm

m = masa de la muestra, en gramos

Determinacién del contenido de proteina por el método Kjeldahl [15]

Preparacion de la muestra: Se molié 100 g de muestra en un micro molino que con-
tenga un tamiz de abertura de 1 mm. Se transfirié ripidamente la muestra molida y
homogenizada a un recipiente herméticamente cerrado, hasta el momento del analisis.
Se homogeniz6 la muestra interviniendo varias veces el recipiente. El procedimiento a
continuacion:

Digestidn: Se pes6 aproximadamente 0,3 g de muestra sobre un papel exento de nitré-
geno y colocé sobre un microtubo digestor. Se anadié al microtubo una tableta catali-
zadoray 5 mL de 4cido sulfurico concentrado. Se colocé los tubos de digestion con las
muestras en el block digest con el colector de humus funcionando.

La digestion se realizé a una temperatura de 350 a 400 °C y un tiempo de 2 horas. Al
finalizar la muestra oscura se transforma en una solucién translicida. Se dejé enfriar la
muestra a temperatura ambiente. Se evité la precipitacién agitando de vez en cuando.

Destilacion: En cada microtubo adicionar 15 mL de agua destilada. Se colocé el micro-
tubo y el matraz de recepcién con 50 mL de 4cido bérico al 2% en el sistema de desti-
lacién Kjeltec.

Se encendi6 el sistema y la adicién de 30 mL de hidréxido de sodio al 40%. Se recogié
aproximadamente 200 mL de destilado, se retir6 del sistema los accesorios. Titulacién:
Del destilado recogido en el matraz se colocé tres gotas de indicador. Se titulé con
4cido clorhidrico 0,1 N utilizando un agitador mecanico. Se registré el volumen de
4cido consumido.

El porcentaje de proteina se obtuvo mediante el método de Kjeldahl (método directo)
bajo la siguiente formula:
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(VHClL—Vb) -1,401 - NHCI F
g.muestra

%PB =

Siendo:

14,01 = Peso atémico del nitrégeno.

NHCI = Normalidad de Acido Clorhidrico 0,1 N.

F = Factor de conversién.

VHCI = Volumen del 4cido clorhidrico consumido en la titulacién.

Vb = Volumen del Blanco (0,01).

Analisis estadistico

Para el andlisis de los datos se realizd un analisis de varianza (ANOVA) y para el andlisis
de las medias entre tratamientos se realizé la prueba de Tukey (P<0,05), utilizando el
programa estadistico Infostat.

REsuLTADOS

Altura de la columna de espuma en genotipos de quinua.

Paralaaltura dela columna de espuma existié una alta significancia estadistica (p<0,05).
Los genotipos que presentaron los menores promedios fueron T26 y T23 con 0,00 cm;
mientras que, el mayor promedio lo obtuvo el T20 con 6,83 cm. (Tabla 3).

Tabla 3. Promedios de la altura de la columna de espuma en genotipos de quinua.

Tratamientos ~ Genotipos Altura de la columna de espuma (cm)

T1 26 0,77 a b

T2 36 4,17 d e
T3 41 1,93 a b c

T4 42 1,50 a b c

T5 48 2,03 b c

T6 49 1,60 a b c

T7 52 1,07 a b c

T8 54 1,50 a b c

T9 0-1 1,37 a b c

(Contindia)
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Tratamientos  Genotipos Altura de la columna de espuma (cm)
T10 0-2 4,80 [S f
T11 0-3 0,90 a b c
T12 0-4 1,50 a b c
T13 0-5 1,43 a b c
T14 0-6 1,30 a b c
T15 0-7 1,43 a b c
T16 0-8 2,13 b c
T17 0-9 0,97 a b c
T18 0-10 1,53 a b c
T19 J4 2,17 b c
T20 FARO 6,83 g
T21 REG 5,50 e f g
T22 PV 6,13 f g
T23 DULCE 0,00 a
T24 0-10M 6,07 c e f g
T25 J4-010 0,77 a b
T26 TUNK 0,00 a
T27 X2 2,43 b c d
T28 X3 4,30 d e f
T29 X4 2,83 c d
T30 X5 6.23 f g
CV (%) 24,08
Probabilidad
(P<0>05) 0,0001**

Letras iguales no difieren estadisticamente Tukey (p<0,05). C.V: Coeficiente de variacién, NS: No significa-
tivo; *Significativo, **Alta significancia.

Contenido de saponina (%)

En el contenido de saponina se registré una alta significancia estadistica entre trata-
mientos (p<0,05). Los tratamientos: T1,T7, T11,T17,T18,T23,T25 y T26 presen-
taron un contenido por debajo del 0,12%. Mientras que T19 obtuvo el contenido mas

alto de saponina con 0,86% (Tabla 4).

Tabla 4. Promedios de contenido de saponina (%) en genotipos de quinua.

Tratamientos  Genotipos Contenido de saponina (%)
T1 26 0,08 ¢ | h | i

(Contintia)
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Tratamientos  Genotipos Contenido de saponina (%)
T2 36 0,52 c d
T3 41 023 e | f | g
T4 42 0,17 e f g h i
TS 48 0,24 e f g
T6 49 0,18 e f g h
T7 52 0,12 £l g | h | i
T8 54 0,17 e f g h i
T9 0-1 0,16 fl g h | i
T10 0-2 0,60 b c
Til 0-3 0,10 g | h | i
T12 0-4 0,17 e f g h i
T13 0-5 0,16 £l g | h| i
T14 0-6 0,15 f ¢ h i
T15 0-7 0,16 f g h i
T16 0-8 0.26 e  f | g
T17 0-9 0,11 g h i
T18 0-10 0,02 h i
T19 T4 086  a
T20 FARO 0,69 a b c
T21 REG 0,73 a b
T22 PV 0,77 a b
T23 DULCE 0,00 i
T24 0-10M 0,76 a b
T25 J4-010 0,08 ¢ | h | i
T26 TUNK 0,00 i
T27 X2 0,29 e f
T28 X3 0,54 c
T29 X4 0,35 d e
T30 X5 0,78 a

CV (%) 17,86

Probabilidad (p<0,05) 0,0001**

Letras iguales no difieren estadisticamente Tukey (p<0,05). C.V: Coeficiente de variacién, NS: No significa-
tivo; *Significativo, **Alta significancia

Clasificacion de los genotipos en base al contenido de saponina

De acuerdo con los resultados de los treinta genotipos evaluados el 23,3% son dulces,
es decir estuvieron por debajo del 0,11% de contenido de saponina. Mientras que, en
contraparte, el 76,67% correspondi6 a la categoria de amargo, dado que sobrepasaron

el contenido de 0,11% (‘Tabla 5).
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Tabla 5. Clasificacion de los genotipos de quinua producidos en el Campus La Marfa.

Tratamientos Genotipos Dulce < 0,11% Amargo > 0,11%

Tl 26 0,08

T2 36 0,52
T3 41 0,23
T4 42 0,17
T5 48 0,24
T6 49 0,18
T7 52 0,12
T8 54 0,17
T9 0-1 0,16
T10 0-2 0,60
T11 0-3 0,10

TI2 0-4 0,17
T13 0-5 0,16
T14 0-6 0,15
T15 0-7 0,16
T16 0-8 0,26
T17 0-9 0,11

TI18 0-10 0,02

T19 J4 0,86
T20 FARO 0,69
T21 REG 0,73
T22 PV 0,77
T23 DULCE 0,00

T24 0-10M 0,76
T25 J4-010 0,08

T26 TUNK 0,00

T27 X2 0,29
T28 X3 0,54
T29 X4 0,35
T30 X5 0,78

Contenido de proteina (%)

El porcentaje de present alta significancia estadistica entre tratamientos (p<0,05). El
T23 present6 el mayor promedio con 19,82% el cual es estadisticamente igual al T27
con 18,65% de proteina en los granos de quinua. El T20 registré el menor promedio

con 12,23% (Tabla 6).
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Tabla 6. Promedios de porcentaje de proteina en genotipos de quinua.

Tratamientos Genotipos Porcentaje de proteina (%)

T1 26 15,88 b ¢ d e f
T2 36 18,07 a b ¢
T3 41 15,73 b ¢ d e f
T4 42 15,73 b ¢ d e f
TS 48 13,54 £ g
T6 49 16,75 b ¢ d e
T7 52 16,46 b ¢ d e f
T8 54 16,61 b ¢ d e
T9 0-1 16,61 b ¢ d e
T10 0-2 14,13 e f g
T11 0-3 15,44 c d e f
T12 0-4 16,32 b ¢ d e f
T13 0-5 17,48 a b ¢ d
T14 0-6 15,29 c d e f
T15 0-7 16,46 b ¢ d e f
T16 0-8 14,56 d e f g
T17 0-9 14,71 d e f g
T18 0-10 16,02 b ¢ d e f
T19 J4 16,75 b ¢ d e
T20 FARO 12,23 g
T21 REG 15,29 c d e f
T22 PV 17,05 a b ¢ d e
T23 DULCE 18,07 a b ¢
T24 0-10M 15,15 c d e f g
T25 J4-010 17,48 a b ¢ d
T26 TUNK 19,82 a b
T27 X2 15,44 c d e f
T28 X3 18,65 a b
T29 X4 17,78 a b
T30 X5 16,17 b ¢ d e f

CV (%) 5,88

Probabilidad (p<0,05) 0,0001*

Letras iguales no difieren estadisticamente Tukey (p<0,05). C.V: Coeficiente de variacién, NS: No significa-

tivo; *Significativo, **Alta significancia.
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Discusion

Cuando las muestras de quinua se disuelven en agua y se agitan, las saponinas generan
una espuma estable, cuya altura puede correlacionarse con el contenido de saponina
en los granos [16], demostrando que existe excelente correlacion entre la altura de la
columna de espumay el contenido de saponina [2, 17].

El'T26 (TUNK), que es una variedad registrada en Ecuador como quinua de bajo con-
tenido de saponina [18], present valores de 0,00% empleando el método de Koziol,
contenido de saponina al igual a lo reportado en otras investigaciones [12, 19], quie-
nes sefialan un 0,03% para contenido de saponinas. El T22 (genotipo P.V) dio como
resultado 0,77% (clasificado como quinua amarga), contrastando con lo reportado
por el Instituto Nacional de Investigaciones Agropecuarias (INIAP), quienes libe-
raron esta variedad como una quinua de grano dulce [20]. Este resultado, podria estar
influenciado con el manejo inadecuado de la semilla por parte de los agricultores y el flujo
de genes existente con quinuas silvestres de grano amargo contiguas a las plantaciones
de la variedad PV. (Eduardo Peralta, investigados del INIAP, comunicacién persona).

Mediante el método afrosimétrico, las quinuas que contienen 0,11% de saponinas o
menos en base al peso fresco, pueden considerarse dulces [16]. En base a aquello, se
pudo definir que la mayoria de los genotipos utilizados en esta investigacién se catalo-
gan como amargos (76,67%). El promedio del contenido de saponina de los genotipos
de quinua producidos en el Campus La Maria es de 0,32% por lo cual [21], se clasifican
como granos de contenido amargo que van desde 0,12 a 1%. La cdscara de aquellos
genotipos considerados amargos suele ser muy utiles en la elaboracién de productos y
subproductos de la industria farmacéutica [6].

Es preciso indicar que, el hecho de que un genotipo de quinua sea amargo, no significa
que no sirva para el consumo humano, ya que para eliminar el amargor de los granos
es preciso llevar a cabo un proceso de desaponificacion, que consiste en la eliminacién
de la capa delgada que se encuentra en la periferia del grano mediante el lavado y/o
enjuagado constante, de tal manera que el contenido de saponinas en la quinua sin lavar
puede ser de 0,24%, mientras que para la quinua desaponificada solo el 0,01% [22].

El porcentaje de proteina en los granos obtenidos por los distintos tratamientos en
este estudio fluctud entre el 12,33 y el 19,82%. Lo cual, podria considerarse dentro del
promedio, ya que en rasgos generales el contenido de proteina de los granos de quinua
puede a llegar a oscilar entre el 8% al 22%, valores mayores en comparacion a cereales
comunes como el arroz, el trigo y la cebada [12, 23].
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Es preciso indicar que, si la quinua presenta un contenido de proteina entre 17,1 a
18,5% se podria considerar una fuente importante para el desarrollo de productos ali-
menticios [24, 25]. La capacidad de la quinua para producir proteinas de gran calidad
nutricional, bajo condiciones ecolégicamente extremas [12, 26], la convierte en una
planta importante no s6lo para la alimentacién de las comunidades andinas, sino tam-
bién para diversificacién de los sistemas agricolas futuros, siendo un cultivo con alto
potencial para ser explotado en el litoral ecuatoriano.

Las condiciones que favorecen los altos porcentajes de proteina y saponina son: la
especie y el ecotipo, es decir la genética, y la fertilizacién nitrogenada que se aplique
al suelo [27]. De manera especifica, llama la atencién los resultados obtenidos tanto
para saponina y proteinas en los genotipos TUNK y Dulce, quienes presentan un bajo
contenido de saponinas y alto contenido de proteina. Estos resultados podrian estar
relacionados con aspectos involucrados con el uso del nitrégeno para generar cada una
de dichas estructuras [28,29]. Un mayor contenido de proteina y saponina est relacio-
nado con un mayor uso de nitrégeno. No obstante, contenido de saponinas [27] estd
correlacionado con un mayor uso de nitrégeno. No obstante, la genética propia de cada
genotipo condiciona la traslocacién de nutrientes, haciendo que un mayor porcentaje
de nitrégeno se destine para la formacién de proteinas que para la formacién de sapo-
ninas [30, 31]. Razén por la cual podria deberse a que, si un genotipo posee alto con-
tenido de proteinas, poseeria un bajo nivel de saponinas, dado que las dos estructuras
emplean nitrégeno. Aunque también, un bajo contenido de proteinas esté relacionado
con una mayor produccién de aceites [32], aspecto que no fue evaluado en este trabajo.

CONCLUSIONES

Se logré identificar los genotipos dulces y amargos, correspondiendo siete de ellos a la
categoria de dulces lo cual representa el 23,33% del total. Mientras que, en contraparte
23 genotipos se categorizaron como amargos, lo cual representa el 76,67% del total. El
contenido proteico de las semillas de quinua en promedio dio como resultado 16,19%
lo cual en términos de calidad es relativamente aceptable.
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RESUMEN

Introduccién: El tratamiento t6pico en el manejo de la psoriasis es primera opcién
en la psoriasis leve y leve/moderadas y como terapia complementaria en la psoriasis
grave o intensa. La Calendula officinalis L. tiene propiedades antiinflamatoria, cicatri-
zante y antibacteriana. Objetivo: Determinar la eficacia de la pomada de caléndula al
20% en el tratamiento de la psoriasis. Metodologia: Se realizé un estudio cuasi expe-
rimental en 40 pacientes del servicio de dermatologfa del Hospital Juan Bruno en el
periodo enero - mayo del 2019, divididos en grupo control (pomada sin caléndula) y
grupo estudio (pomada de caléndula al 20 %), se clasificaron las lesiones en primera
semana y se evalud evolucién al concluir quinta y décima semana, finalmente se evalué
la respuesta al tratamiento. Resultados: En la quinta semana el 55 %, grupo estudio,
presentaban escamas ligero mientras que en grupo control predominé intenso (75 %)
el eritema en grupo estudio con igual frecuencia (35 %) para ligero y moderado, mien-
tras que en grupo control predominé intenso (75 %); en la décima semana en grupo
estudio, las escamas entre ausente y ligero representd 80 % y 75 % eritema, mientras
en grupo control las ligero y ausente 15%, tanto para escamas como eritemaj el trata-
miento resultd eficaz en el 80 % de los pacientes del grupo estudio a diferencia del
grupo control donde la respuesta excelente fue en un 15 %. Conclusién: La pomada de
caléndula al 20 % es eficaz para el tratamiento de la psoriasis y logra alcanzar la eficacia

méxima entre la quinta y decima semana de tratamiento.

Palabras clave: Pomada de caléndula, psoriasis, micula, eritema, escamas, eficacia
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Eficacia de la pomada de caléndula 20% en el tratamiento de la psoriasis

SUMMARY

Efficacy of marigold pomade to 20% in the treatment of psoriasis

Introduction: The external use treatment in the handling of psoriasis is first option
in the light and light moderated psoriasis and as complementary therapy in severe or
intense psoriasis. Calendula officinalis L. has anti-inflammatory, healing and antibac-
terial properties. Objective: To determine the Efficacy of marigold pomade to 20 %
in the treatment of psoriasis. Methodology: A quasi experimental study was carried
out in 40 patients from the dermatology service at Juan Bruno Zayas Hospital in the
period corresponding to January - May of 2019; divided in a control group (pomade
without Marigold) and a study group (Marigold pomade to 20 %). Injuries in the
first week were classified and evolution was assessed when concluding fifth and tenth
wecks. Finally, response to treatment was also assessed. Results: In the fifth week the
55 % of patients from study group showed light flakes while in the control group
predominated intense erythema (75 %) and in the study group with equal frequency
(35 %) to light and moderated, while the control group predominated intense
(75 %). In the tenth week in the study group, flakes between absentee and light
represented 80 % and 75 % of erythema; while in the control group the light and
missing 15 %, as for flakes as for erythema. The treatment proved to be effective in
80 % of the patients from the study group, in contrast to the control group where
the excellence response was in 15 %. Conclusion: Marigold pomade to 20 % is effec-
tive for the treatment of psoriasis and succeeds in attaining the maximum efficiency

among the fifth and tenth weeks of treatment.

Keywords: Marigold Pomade, psoriasis, sunspot, erythema, efficacy, flakes

REsumMmoO

Eficicia da pomada de caléndula 20% no tratamento da psoriase

Introdugio: O tratamento tdpico no manejo da psoriase ¢ a primeira opgio na
psorfase leve e leve/moderada ¢ como terapia complementar na psorfase grave ou
intensa. Calendula officinalis L. possui propriedades antiinflamatérias, cicatrizantes
e antibacterianas. Objetivo: Determinar a eficdcia da pomada de caléndula 20 % no
tratamento da psorfase. Metodologia: Foi realizado um estudo quase experimental
com 40 pacientes do servigo de dermatologia do Hospital Juan Bruno no periodo

de janeiro a maio de 2019, divididos em grupo controle (pomada sem caléndula)
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e grupo de estudo (pomada de caléndula 20 %). As lesoes foram classificadas na
primeira semana ¢ a evolugio avaliada ao final da quinta e décima semanas e, por
fim, foi avaliada a resposta ao tratamento. Resultados: Na quinta semana, 55 % do
grupo de estudo apresentou escamas leves, enquanto no grupo controle predominou
eritema intenso (75 %) no grupo de estudo com igual frequéncia (35 %) para leve
¢ moderado, enquanto no grupo controle predominou o grupo intenso (75 %); na
décima semana no grupo estudo as escalas entre ausente ¢ leve representaram 80 %
e 75 % de eritema, enquanto no grupo controle as escalas leve e ausente represen-
taram 15 %, tanto para escamas quanto para eritema. O tratamento foi eficaz em 80%
dos pacientes do grupo de estudo, diferentemente do grupo controle onde a resposta
excelente foi de 15 %. Conclusio: A pomada de caléndula 20% ¢ eficaz no tratamento

da psoriase e atinge eficicia mdxima entre a quinta ¢ a décima semana de tratamento.

Palavras-chave: Pomada de caléndula, psoriase, micula, eritema, escamas, eficicia

INTRODUCCION

La psoriasis es una enfermedad inflamatoria crénica de la piel que se caracteriza por
lesiones escamosas y eritematosas en la misma, la prevalencia es variable en diversas par-
tes del mundo, oscila ordinariamente entre un 1y 3 % de la poblacidn, se presentan en
todas las latitudes, es propia de todo sexo, ocupacion y se observa con menos frecuencia
en la raza negra [1].

La historia de la humanidad ha sido testigo de los efectos curativos de las plantas. Por
eso en el siglo XXI la rigurosidad cientifica nos obliga a una visién més exacta y medible
de la eficacia y seguridad de las drogas en la practica médica [2].

En la actualidad el tratamiento tdépico en el manejo de psoriasis, contintia represen-
tando un pilar fundamental en la psoriasis leve y leve/moderadas y como terapia com-
plementaria en la psoriasis grave o intensa, las cremas esteroideas o corticoesteroides,
por su capacidad antiinflamatoria y antiproliferativa constituyen la primera opcién [3].

Estudios quimicos a la Calendula officinalis L (caléndula) arrojan que esta posee nume-
rosas familias quimicas entre las que sobresalen los carotenoides, los flavonoides del
tipo {8 llamados flavonas o xantonas, los triterpenos, las saponinas, los 4cidos fendlicos
y taninos, las coumarinas, los polisacéridos, las sustancias pectidicas, las hemicelulosas,
aceites esenciales o voldtiles, etc. [2, 4-7]; lo cual le da la propiedad antinflamatoria,
accién farmacoldgica que estd valorada experimentalmente en piel y mucosa [8, 9].
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Otros beneficios de la caléndula descritos, son su poder de hidratar, suavizar y reparar
la piel debido a su contenido de betacarotenoides primarios como son la luteina, zea-
xantinas y licopenos todos precursores de la vitamina A; ayuda en la produccién de
coldgeno por lo que estimula que la regeneracién de la piel sea més rapida y por otra
parte los componentes terpénicos junto a los fitoesteroles y el 4cido salicilico otorgan a
la piel proteccién y nutricion [10-13].

Por todo lo anterior la seleccion de nuestra planta, en concordancia con la variedad de
propiedades farmacoldgicas que presenta, basado en los conocimientos etnobotanicos
y estudios experimentales revisados, justificando que la misma es medicinal, oficial y

reconocida por la Farmacopea de los EE. UU, Espafia y estar aprobada por el Ministe-
rio de Salud Publica en Cuba.

En la actualidad muchos especialistas centran sus aplicaciones en su uso tdpico para
diferentes lesiones cutdneas como eccemas, erupciones, ulceras, quemaduras, pieles
agrietadas, picaduras de insectos e inflamaciones ademds de lesiones inflamatorias de la
mucosa oral, rectal y vaginal; pero no se describe su utilidad en inflamaciones crénicas
de piel como la psoriasis, donde por la caracteristicas de la enfermedad, en la que el tra-
tamiento estaria dirigido a espaciar los brotes y retardar su aparicién, la utilizacién de
la caléndula podria constituir una excelente opcion terapéutica debido a sus acciones

farmacoldgicas y a su perfil de seguridad [6, 13, 14].

Teniendo en cuenta lo antes expuesto sobre las caracteristicas de las lesiones de la pso-
riasis, las propiedades antiinflamatoria, cicatrizante y antibacteriana de la Calendula
officinalis L.y el hecho de existir pocas investigaciones sobre el tema nos motivamos a
la realizacién de este estudio con el objetivo de determinar la eficacia de la pomada de
caléndula al 20 % en el tratamiento de la psoriasis.

METODOLOGIA

Se realiz6 un estudio cuasi experimental prospectivo en 40 pacientes diagnosticados con
psoriasis, tratados en el servicio de dermatologia del Hospital Clinico Quirtrgico Juan
Bruno Zayas, de Santiago de Cuba, en el periodo comprendido de enero a abril del 2019.

Asignacion de los tratamientos

Se conformaron dos grupos de tratamiento con 20 pacientes cada uno, el grupo I Tra-
tamiento control y el grupo II Tratamiento estudio, asigndndose al azar los tratamien-
tos, de forma paralela partiendo de una lista unica al que se asigné a los pacientes los
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frascos rotulados con el c6digo de identificacion segun la asignacién de tratamiento
establecida previamente por los investigadores, los médicos y pacientes desconocian el
tratamiento.

Seleccidn de sujetos

Criterio diagndstico o universo de estudio:
e DPacientes con diagndstico de psoriasis.
Criterio de inclusidn:
e Paciente de 18 hasta 60 anos, de cualquier sexo.

e Presencia de lesiones con no mas de dos meses de aparicién del nuevo brote o
cuadro inicial.

o Extensién de las lesiones hasta el 10% de superficie corporal afectada
Criterios de exclusion:

e Paciente que se niegue a participar o no cumplan criterios de inclusion.

e Embarazo o lactancia.

e Pacientes bajo tratamiento con esteroides o citostéticos, tdpico o sistémico,
durante las cuatro tltimas semanas antes del estudio.

o Enfermedades infecciosas agudas.

e DPaciente con alguna condicién que impida adherencia al tratamiento
Criterios de salida:

e Pacientes que abandonen el tratamiento

Tratamiento

Formaron parte del grupo I control aquellos que recibieron la pomada sin principio
activo, placebo, durante 10 semanas y el grupo II los que recibieron el tratamiento con
el fitofdrmaco pomada de caléndula al 20 %, durante 10 semanas, administrado de
forma tépica 2 veces al dia.

Producto control o Placebo

Se utilizé un ungiiento inerte, formulacién con iguales caracteristicas organolépticas
que el producto a evaluar e igual presentacidn para evitar sesgos por efecto psicolégico
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Producto a evaluar

El fitofarmaco caléndula 20 % para uso t6pico se presenta en forma de pomada dérmica
que como base se utiliza la oleaginosa, vaselina, lanolina y partiendo del extracto fluido
se obtuvo el extracto blando 1:4 con un 20 % del principio activo (flor de caléndula).
Esta concentracién se escogié partiendo de las dosis dadas por la Norma Ramal de

Salud Publica (NRSP 323) [15].

Para determinar la intensidad de las lesiones eritemato-escamosa se confeccion6 una
escala por parte del equipo investigador y a partir de las revisiones realizadas donde se
consider6 a partir de los principales indices descritos por el grupo de trabajo de Psoria-
sis AEDV. Los més utilizados son GPs, PASI, PGA, mis recientemente el IGA mod
2011y el BSA [16]. Considerando un palmo de la mano un 1%, nuestra escala segtin
gravedad quedo de la forma siguiente:

Signo ausente: expresion ausente
Ligero: Psoriasis estable, en placas, que afecta a menos del 3 % de la superficie cutanea.

Moderada: Psoriasis que afecta entre el 3 y 8 % de la superficie cutdnea, excepto si afecta
a cara, manos y pies, genitales o pliegues, y siempre que no exista afectacién articular.
Estado psicolégico del paciente no excesivamente afectado

Intenso: Psoriasis que afecta a mas del 10 % de la superficie corporal o si afecta a cara,
manos y pies, genitales o pliegues.

Evaluacion de la eficacia
Respuesta al tratamiento

La respuesta al tratamiento se codifico de acuerdo al tiempo que demoro la desapa-
ricién de las lesiones respecto al tiempo de evolucién designado, estableciéndose las
siguientes categorias:

e Excelente: cuando las lesiones desaparecen en un 90 % a un 100% al finalizar el
periodo del tratamiento.

e Bueno: Las lesiones disminuyen en un 50 a un 89 % al terminar el periodo del
tratamiento.

o Regular: Las lesiones disminuyen en un 30 a un 49 %% al terminar el periodo
del tratamiento.

e Malo: cuando las lesiones no se modifican o desaparecieron menos del 30 %
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Considerdndose eficacia para las categorias excelente y bueno.

Criterio principal de evaluacion de eficacia

Que los pacientes tratados con la pomada de caléndula al 20 % logren que desaparezcan
o disminuyan més del 50 % las lesiones durante el tiempo de tratamiento, 10 semanas.

Recoleccion y procesamiento de datos

Se realizé la revisién documental de fuentes bibliogréficas de bases de datos especia-
lizadas como: PubMed, EMBASE, LILACS, Web of Knowledge, entre otros, de las
cuales se extrajo la informacién concerniente al tema de investigacién. Luego se con-
feccionaron las plantillas para la recoleccién de los datos primarios en Excel, los que se
procesaron y analizaron estadisticamente en un microprocesador personal, los resulta-
dos se muestran en tablas de doble entrada validadas aplicando los estadigrafos de Chi-
cuadrado y Mantel-Haenszel con un nivel de significacién del 5 % (0,05) para probar
homogeneidad.

El andlisis y discusion de los resultados se realizé mediante la triangulacién de los datos
obtenidos en las bibliografias revisadas, los obtenidos en nuestra investigacién y el cri-
terio de expertos, lo cual garantizo dar cumplimiento a el objetivo trazado y con la
utilizacién de procedimientos 16gicos del pensamiento que incluyeron anélisis-sintesis
e induccién-deduccién arribamos a conclusiones.

Consideraciones éticas

De acuerdo a los principios éticos de la Declaracién de Helsinki, la investigacién fue
revisada y aprobada por el Comité de Etica para la Investigacién Cientifica de la Facul-
tad de Medicina No 1 de la Universidad de Ciencias Médicas de Santiago de Cuba.

Los pacientes incluidos bajo su voluntariedad expresaron su intencién de participar
en la investigacién, después de haber comprendido la informacién dada en cantidad y
calidad suficientes, sobre los objetivos, beneficios, riesgos, molestias, alternativas, sus
derechos y responsabilidades mediante del consentimiento informado.

REsuLTADOS

En las tablas 1 y 2 se muestra la clasificacién de las lesiones dermatoldgicas, escamas y
eritemas, en pacientes en ambos grupos en la primera semana del tratamiento, el 100 %
de los pacientes presentaban escamas consideradas como lesiones moderadas e inten-
sas, no ocurriendo lo mismo con el eritema donde el 95 % tenia lesiones intensas y el
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5 % ligera, en el grupo control, mientras que 100 % de los pacientes del grupo estudio
presentaban lesiones eritema moderadas e intensa, con una frecuencia de 15% y 85%
respectivamente.

Tabla 1. Clasificacién de las lesiones (escamas) en la primera semana

Eecama Control Estudio Total

Ne % Ne % Ne %
Ausente 0 0 0 0 0 0
Ligero 0 0 0 0 0 0
Moderado 4 20 6 30 10 25,0
Intenso 16 80 14 70 30 75,0
Total 20 100 20 100 40 100
P=0,0006

Tabla 2. Clasificacién de las lesiones (eritemas) en la primera semana

Ericema Control Estudio Total
Ne % Ne % Ne %
Ausente 0 0 0 0 0 0
Ligero 1 ) 0 0 1 2,5
Moderado 0 0 3 15 3 7,5
Intenso 19 95 17 85 36 90,0
Tortal 20 100 20 100 40 100
P=0,0000

En las tablas 3 y 4 se muestra la evolucién de las lesiones tanto escamosas como erite-
matosas, en la quinta semana de tratamiento y se observa diferencias estadisticas signifi-
cativas en la evolucién de los sintomas en los pacientes del grupo estudio respecto a los
del grupo control, el 55 % de los tratados, grupo estudio, presentaban lesiones escamas
ligeras mientras que en grupo control predominaron los pacientes con estas lesiones
clasificadas como intensas (75 %), es interesante que el 15 % de los pacientes del grupo
estudio no tenfan lesiones (escamas). En cuanto a las lesiones eritema en el grupo estu-
dio predominaron con igual frecuencia (35 %) lesiones ligero y moderado, mientras
que en los pacientes del grupo control en este momento de la evaluaciéon predominaron
con un 75 % las lesiones eritema clasificadas como intensa.

1327



Ana Flena Sierra Morales, Kenia Rosa Sollet Medina

Tabla 3. Evolucién de las lesiones (escamas) a la quinta semana de tratamiento

Escama Control Estudio Total
Ne % Ne % Ne %

Ausente 0 0 3 15 3 7,5
Ligero 2 10 11 55 13 32,5
Moderado 3 15 5 25 8 20,0
Intenso 15 75 1 5 16 40,0
Total 20 100 20 100 40 100
P=0.0000

Tabla 4. Evolucién de las lesiones (eritemas) a la quinta semana de tratamiento

Eritema Control Estudio Total
Ne % Ne % Ne %
Ausente 0 0 4 20 4 10,0
Ligero 1 5 7 35 8 20,0
Moderado 4 20 7 35 11 27,5
Intenso 15 75 2 10 17 42,5
Total 20 100 20 100 40 100
P=0,0000

Al mostrar la evolucién de las lesiones en la décima semana (tablas 5 y 6), observamos
que se alcanza una evolucidn de las lesiones en el grupo estudio, entre ausentes y ligeras
de un 80% en el caso de las escamas y un 75 % el eritema, mientras que en el grupo con-
trol evolucionaron las lesiones a ligeras y ausentes el 15 % de los paciente, tanto para las
escamas como para las lesiones eritema, evolucién clinica estadisticamente significativa
entre ambos grupos, P = 0,00012 y = 0,00006 respectivamente.

Tabla S. Evolucién de las lesiones (escamas) en la semana 10 segn tratamiento

Escama Control Estudio Total
Ne % Ne % Ne %
Ausente 1 b) 10 50 11 27,5
Ligero 2 10 6 30 8 20
Moderado 3 15 3 15 6 15
Intenso 14 70 1 S 15 37,5
Total 20 100 20 100 40 100
P=0,00012
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Tabla 6. Evolucién de las lesiones (eritema) en la semana 10 segtn tratamiento

Ericema Control Estudio Total

Ne % Ne % Ne %
Ausente 1 5 11 55 12 30
Ligero 10 4 20 15
Moderado 10 4 20 6 15
Intenso 15 75 5 16 40
Total 20 100 20 100 40 100

P=0,0006

La respuesta final de los pacientes segun tratamiento, se muestra en la tabla 7 donde
podemos observar que en el grupo estudio el 50% de los pacientes estuvieron una
respuesta excelente pues se eliminaron en su totalidad las lesiones, mientras que en el

rupo control esto ocurrid en el 5% de los pacientes.
grup p

Tabla 7. Respuesta final de los pacientes segtin tratamiento

Respuesta al Control Estudio Total
tratamiento Ne % Ne % Ne %
Excelente 5 10 50 11 27,5
Bueno 2 10 6 30 20
Regular 15 15 15
Malo 14 70 1 5 15 37,5
Total 20 100 20 100 40 100
P=0,0001
DiscusionN

La fitoterapia hasta mediados del siglo XIX constituyé una importante alternativa tera-
péutica para el tratamiento de la psoriasis, a la luz de los conocimientos de estos dfas
donde se exploran cientificamente las plantas medicinales, no solo en paises de recursos
limitados sino también en paises desarrollados el uso de la fitoterapia constituye mas
que una medicina alternativa un tratamiento coadyuvante de disimiles enfermedades.
Este es el caso de la planta de caléndula con sus propiedades antinflamatorias, cicatri-

zantes y antibacteriana [17].
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Se ha encontrado que la accién antiinflamatoria de la Calendula officinalis L. es de la
misma magnitud que la de la indometacina, se atribuye, principalmente, a la presencia
de triterpenos (especialmente del faradiol), la que parece ser mediada por la inhibicién
de citoquinas proinflamatorias, de la ciclooxigenasa-2 y la subsecuente sintesis de prosta-
glandinas que intervienen en el proceso inflamatorio; ademas, se ha evidenciado en estu-
dios el poder cicatrizante de los extractos de caléndula en animales de experimentacién y
en humanos, pues con el extracto se ha incrementado el contenido de hidroxiprolinay de
hexosamina, sustancias presentes en el tejido de granulacién, lo que pudiera incrementar
la sintesis del coldgeno debido a la presencia de flavonoides en el extracto potenciando, de
ahi la epitelizacién y la regeneracién de la piel que esta ofrece [17, 18].

La caléndula posee la presencia de los dcidos fendlico, tanino, oleandlico y salicilico; se
responsabilizan de la actividad antibacteriana algunos de estos ejemplo el 4cido oleans-
lico, que inhibe el crecimiento bacteriano y provoca la autolisis de las bacterias Gram
positivas, mientras que la accién emoliente y antimicética se le atribuye al dcido salici-
lico que forma parte de los componentes de su flor [19, 20].

Estas propiedades podrian responder a las acciones farmacoldgicas del producto de nues-
tra investigacion, que ademads es una preparacion relativamente no irritante formada prin-
cipalmente por componentes oleosos (lanolina y vaselina), al igual que el placebo que solo
carece de la carece de la flor de caléndula, elementos que a juicio de los autores contribuye
a la evolucidn satisfactoria de la mayoria de los pacientes en nuestro estudio, indepen-
dientemente de la intervencién recibida, con la presentacién que contenia el principio
farmacolégicamente activo (Calendula officinalis) o no (el placebo) [20].

En nuestra investigacién hubo una respuesta eficaz al tratamiento en el 20 % de los
pacientes del grupo estudio quienes no presentaban lesiones eritematosas a la quinta
semana de tratamiento y las mejores respuestas se presentaron en la décima semana,
cuando el 80% de los pacientes tratados con el fitofarmaco, logré mejoria o ausencia de
los sintomas, por lo que en este estudio la eficacia méxima se evidencid entre la quintay
la décima semana de tratamiento; al compararlo con la investigacién de Carracosa ez al.
[21], donde con tratamientos tdpicos con corticoesteroides se logra alcanzar la eficacia
maxima entre la segunda y la cuarta semana de tratamiento, se impondria entonces a
partir de los criterios de seleccién de los medicamentos el fitofarmaco en estudio en lo
referente a la seguridad entre ambos farmacos.

Es importante conocer que el éxito del tratamiento exige adherencia por parte del
paciente, quien debe tener conocimiento de que se trata de una enfermedad cronica
cuyo objetivo terapéutico es aliviar los sintomas y espaciar los brotes.
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La novedad estd en que no se ha encontrado estudios similares en nuestro entorno y
encontramos pocos trabajos publicados, es el caso del estudio de Hurtado-Pérez ez al.
[22] con la tintura de caléndula al 20% en afecciones dermatoldgicas; y la pomada en
estudio podria constituir mas que una alternativa terapéutica un coadyuvante del trata-
miento tépico de la psoriasis. La principal limitacién de esta investigacion es su cardcter
no controlado, ni aleatorizado.
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RESUMEN

Introduccién: Colombia se sitiia en una posicién desfavorable y poco alentadora
respecto a politicas puiblicas relacionadas con Medicamentos para Enfermedades
Huérfanas (MEH), por tanto, la definicién de un listado de MEH es un primer
paso para generar un avance mejorando el contenido de los requisitos que una poli-
tica ptblica de enfermedades huérfanas (EH) debe considerar. Objetivo: definir el
listado de MEH en Colombia a partir de la revisién del listado de enfermedades
huérfanas establecido por la Resolucién 023 de 2023. Metodologia: se realizd
una revision de la Resolucién 023 de 2023, que permiti6 la relacién de las indica-
ciones alli descritas con las indicaciones de las bases de datos de medicamentos del
INVIMA. Resultados: se encontrd tratamiento farmacoldgico para 338 (15,1%)
sobre un total de 2236 EH. Respecto a los tratamientos farmacolégicos, se evidencia
que la mayoria estdn disponibles para las enfermedades endocrinas, nutricionales y
metabdlicas con un 37,6% sobre la oferta farmacéutica y respecto a la clasificacién
ATC la que se sittia en primer lugar son los agentes antineoplasicos ¢ inmunomodu-
ladores. Conclusiones: se obtuvo el primer listado de medicamentos para enferme-
dades huérfanas para Colombia con su respectiva metodologfa de actualizacién, el

cual serd sometido a consulta publica para lograr una construccidn colectiva.

Palabras clave: Medicamentos para enfermedades huérfanas, politicas publicas,

enfermedades huérfanas, acceso, regulacion.
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SUMMARY

Proposal of list of drugs for orphan diseases for Colombia

Colombia is in an unfavorable and discouraging position regarding public policies
related to drugs for orphan diseases, therefore, the definition of a list of medications
for orphan diseases as a first step is necessary to generate progress by improving the
content of the requirements related with public policy on orphan diseases. Aim:
to define the list of drugs for orphan diseases in Colombia based on the review of
the list of orphan diseases established by Resolution 023 of 2023. Methodology: A
review of Resolution 023 of 2023 was conducted which allowed the relation of the
indications described there with the indications of the INVIMA drug databases.
Results: pharmacological treatment was found for 338 (15,1%) out of a total of
2236 Orphan Diseases. Regarding pharmacological treatment, it is evident that
the majority of medications are available for endocrine, metabolic and nutritional
diseases, with 37.6% of the pharmaceutical market and regarding the Anatomical
Therapeutic Chemical Classification (ATC) the drugs that ranks first are antineo-
plasticand immunomodulatory agents. Conclusions: the first list of drugs for orphan
diseases for Colombia was obtained with its respective updated methodology which

will be submitted for public consultation to achieve collective construction.

Keywords: Drugs for orphan diseases, public policy, orphan diseases, access,

regulation.

REsumo

Proposta de lista de medicamentos para doencas 6rfas na
Coloémbia

Introdugio: A Colémbia encontra-se numa posi¢io desfavordvel e pouco inspira-
dora no que diz respeito as politicas publicas relacionadas com Medicamentos para
Doengas Orfas (MEH), portanto, a defini¢io de uma lista de MEH ¢ um primeiro
passo para gerar progresso através da melhoria do contetdo dos requisitos. Uma
politica ptiblica sobre doengas 6rfas (DH) deve ser considerada. Objetivo: definir a
lista de MEH na Colémbia com base na revisao da lista de doencas 6rfas estabelecida
pela Resolugio 023 de 2023. Metodologia: foi realizada uma revisao da Resolugo
023 de 2023, que permitiu a relagao das indicagoes ali descritas com as indicagoes
das bases de dados de medicamentos INVIMA. Resultados: foi encontrado trata-
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mento farmacolégico para 338 (15,1%) de um total de 2.236 HE. Em relagio aos
tratamentos farmacoldgicos, fica evidente que a maioria estd disponivel para doengas
enddcrinas, nutricionais ¢ metabdlicas com 37,6% da oferta farmacéutica e com
relagio A classificagio ATC, os que estdo em primeiro lugar sio os antineopldsicos e
imunomoduladores. Conclusées: foi obtida a primeira lista de medicamentos para
doengas 6rfas para a Colémbia com sua respectiva metodologia de atualizacio, que

serd submetida a consulta publica para alcangar uma construgio coletiva.

Palavras-chave: Medicamentos para doengas 6rfas, politicas publicas, doengas 6rfas,

acesso, regulagzio.

INTRODUCCION

Las enfermedades huérfanas (EH) son patologias extremadamente raras que tienen
una baja prevalencia. Su definicién varfa de un pais a otro ya que, por ejemplo, en la
Uni6n Europea se define como las enfermedades que afectan a menos de 5 personas
por cada 10.000, en Estados Unidos menos de 5 personas por cada 200.000, en Japon
menos de 5 personas por cada 50.000, en Taiwdn menos de una por cada 10.000 y por
tltimo para Colombia se define como 1 por cada 5.000 personas [1].

Por su parte, un medicamento para una enfermedad huérfana (MEH) puede definirse
como un producto medicinal destinado al manejo de una EH la cual no tiene métodos
de diagnéstico, prevencion y tratamiento claramente definidos [2]. Al igual que para
las EH, existen diferentes definiciones para MEH, sin embargo, en Colombia no hay
una definicidn concertada.

En cuanto a acceso y cobertura, a nivel mundial es posible dividir en dos estas variables
en los diferentes paises: a) aquellos que no tienen politicas puiblicas claramente estable-
cidas o las tienen, pero son incipientes y b) aquellos que las tienen claramente definidas
brindando un panorama claro para los pacientes con este tipo de patologias. Es impor-
tante reconocer que desde la expedicién de la Ley 1392 de 2010 “Por medio de la cual
se reconocen las Enfermedades Huérfanas como de especial interés y se adoptan normas
tendientes a garantizar la proteccion social por parte del Estado colombiano a la poblacién
que padece de Enfermedades Huérfanas y sus cuidadores”, en Colombia se han generado
avances sustanciales en cuanto a politicas de EH; sin embargo, en comparacién con
otros paises es evidente que Colombia atn cuenta con oportunidades de mejora en la
materia, y que las experiencias exitosas en otras latitudes, podrian guiar el desarrollo de
dichas politicas publicas relacionadas con el tema.
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Dentro de las politicas ptiblicas para MEH, en la publicacién realizada por Chan ez al.
[3] se analizan las dimensiones para medicamentos huérfanos en 194 paises, en donde
se ubica a Colombia en una posicién desfavorable en la evaluacién de dichas dimen-
siones al tener pocos avances en los temas de designacién de medicamentos huérfa-
nos, autorizacién de comercializacidn, e incentivos y pocos avances en la dimensién de
requerimientos de seguridad y eficacia, regulacion de precios de entrada e incentivos
que fomenten la I&D.

A pesar de lo anterior, Colombia ha avanzado en los tltimos 10 afios en la definicién
de politicas publicas encaminadas a proteger los derechos de las personas que padecen
EH. El primer avance especifico fue la expedicién de la Ley 1392 de 2010 “Por medio
de la cual se reconocen las Enfermedades Huérfanas como de especial interés y se adoptan
normas tendientes a gavantizar la proteccion social por parte del Estado colombiano a la
poblacién que padece de Enfermedades Huérfanas y sus cuidadores” cuyo objeto es reco-
nocer que las personas con EH merecen especial interés en salud, reconociendo la baja
prevalencia en la poblacién colombiana pero que por su elevado costo requieren un
mecanismo de aseguramiento diferente al de las enfermedades generales y procesos de
atencion especializados [4].

Posteriormente se expide la Resolucion 1438 de 2011 [S] “Por medio de la cual se
reforma el Sistema General de Sequridad Social en Salud y se dictan otras disposiciones”la
cual en su articulo 2 define las EH asi:

Articulo 2°. Denominacion de las enfermedades huérfanas. Las enfermedades
huérfanas son aquellas cronicamente debilitantes, graves, que amenazan la vida y
con una prevalencia menor de 1 por cada 5.000 personas, comprenden, las enferme-
dades raras, las ultrahuérfanas y olvidadas. Las enfermedades olvidadas son propias
de los paises en desarvollo y afectan ordinariamente a la poblacion mds pobre y no
cuentan con tratamientos

Luego de la Resolucién 1438 de 2011, se expide el Decreto 1954 de 2012 “Por el cual se
dictan disposiciones para implementar el sistema de informacion de pacientes con enferme-
dades buérfanas” [6]. Seguido de este decreto se han expedido una serie de actos adminis-
trativos adicionales relacionados con los criterios técnicos de reporte que permiten tener
un censo de los pacientes con EH, sin embargo, exceden el alcance de la presente revision.

Teniendo en cuenta lo anterior, se entiende en el marco normativo del Sistema General
de Salud que las personas con EH tienen especial proteccién por parte del Estado y no
debe presentarse ningtin tipo de restriccion administrativa o econémica.
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A partir de lo anterior, se han expedido una serie de Resoluciones que definen el listado
de EH, entre ellas la Resolucién 5265 de 2018 “Por la cual se actualiza el listado de
enfermedades huérfanas y se dictan otras disposiciones” [7] siendo la tltima la Resolu-
cién 023 de 2023 “Por medio de la cual se actualiza el listado de enfermedades huérfanas
— raras” [8] en la cual se disponen en su Anexo Técnico 2236 EH con su respectivo
nombre y CIE-10.

Es importante considerar que en Colombia no existe como tal un listado de MEH [9],
sin embargo, existe el Listado de Medicamentos Vitales no disponibles -MVND- que
se encuentran definidos por el Decreto 481 de 2004 como “un medicamento indispen-
sable e irremplazable para salvaguardar la vida o aliviar el sufrimiento de un paciente o
un grupo de pacientes y que, por condiciones de baja rentabilidad en su comercializacion,
no se encuentra disponible en el pais o las cantidades no son suficientes. [10]” Toda la
normatividad relacionada con los MVND estd bajo la responsabilidad del Instituto
Nacional de Vigilancia de Medicamentos y Alimentos —- INVIMA, encontrando que la
definicion de MVND es la que mds se aproxima a las reconocidas a nivel internacional
“aquellos que se utilizan para el tratamiento y diagndstico de enfermedades de baja preva-
lencia o enfermedades huérfanas” [11].

El listado de MVND podria considerarse entonces como una base de partida para la
construccién del listado de MEH teniendo en cuenta su definicidn, sin embargo, no
es posible afirmar que sea el listado oficial de MEH en Colombia. Asi las cosas, se rea-
liz6 una revisién del estado de los MH en Colombia mediante un estudio observacio-
nal descriptivo de tipo indicacién - prescripcion de corte transversal con recoleccion
retrospectiva de informacién con el objetivo principal de proponer el primer listado de
MEH para el territorio colombiano.

METODOLOGIA

Esta investigacion fue de cardcter observacional descriptivo de tipo indicacién - pres-
cripcidn de corte transversal con recoleccién retrospectiva de datos para el ano 2022.
Se revis el listado de EH establecido en la Resolucion 023 de 2023 y su Anexo Téc-
nico, para realizar la busqueda por medio de la indicacion alli descrita, en las bases de
datos de medicamentos de INVIMA y el listado de medicamentos con Usos No Indi-
cados en el Registro Sanitario - UNIRS (ultimo disponible), con el objetivo de identi-
ficar los Cédigos Unicos de Medicamentos — CUMS con indicaciones aprobadas que
incluyan la enfermedad huérfana en revisién considerando ademds variables como cla-
sificacién anatémico terapéutica quimica (ATC) por grupo relevante definidos como
el conjunto de medicamentos pertenecientes a la misma clasificacién ATC a nivel 5
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(principio activo) e igual forma farmacéutica si tienen otras indicaciones diferentes a
EH o son exclusivas, fuente de financiacién (con recursos de la UPC) y si se encuentran
sujetos a control directo de precios por parte de la Comisién Reguladora de Precios de
Medicamentos y Dispositivos Médicos.

Es importante considerar que el listado de MVND no tiene descripcién de indica-
cién por lo que, para la revision del mismo, se realizé una revisién de tipo indicacién-
prescripcion en la cual se examinaron todas las actas del INVIMA que permitieron la
inclusién de estos medicamentos al listado respecto a la indicacién aprobada de uso y la
norma farmacoldgica colombiana, para hacer la respectiva comparacién con el listado
de EH descrito en la Resolucién 023 de 2023. Por otro lado, para el caso del listado de
los medicamentos importados bajo la modalidad de MVND, se descargd la respectiva
base de datos de la pdgina de datos abiertos y se revisé si la indicacién alli contenida
corresponde a alguna incluida en el listado previamente descrito.

Finalmente, se realizd un analisis comparativo con el Informe de evento 362 “Enferme-
dades huérfanas — raras. Colombia, 2022 (hasta periodo epidemioldgico XII)” con el
objetivo de caracterizar el tratamiento farmacolégico de las EH disponible en el terri-
torio colombiano.

RESULTADOS Y DISCUSION

La definicién que a nivel internacional se ha aceptado para Medicamento Huérfano
(MH) corresponde a “aquellos que se utilizan para el tratamiento y diagndstico de enfer-
medades de baja prevalencia o enfermedades huérfanas” [11], por lo cual es posible
adoptar para la presente investigacion la definicién de MEH o MH y proponer para
el territorio colombiano como “aguellos medicamentos que se utilizan para el trata-
miento y diagndstico de enfermedades huérfanas definidas por la Resolucion 023 de 2023
0 aquella que la modifique o sustituya’.

La fuente oficial de informacién de Enfermedades Huérfanas en el pais es el “Regis-
tro Nacional de Pacientes con Enfermedades Huérfanas” que agrupa todas las fuentes
de informacién en el tema, incluido el Sistema de Vigilancia en Salud Publica -SIVI-
GILA- y es administrado por el Ministerio de Salud y Proteccién Social [12].

El Instituto Nacional de Salud tiene dentro de los eventos de vigilancia de interés en
salud publica el evento 342 “Enfermedades Huérfanas — Raras” el cual considera el
listado de enfermedades huérfanas segun la Resolucién 5265 de 2018 actualizada por

la Resolucion 023 de 2023 “Por medio de la cual se actualiza el listado de enfermedades
huérfanas - raras” en su Anexo Técnico, se encuentran 2236 enfermedades reconoci-
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das como enfermedades huérfanas para el territorio colombiano. En el tltimo informe
del evento Colombia, 2022 (hasta periodo epidemiolégico XII) reportan 13227 casos
notificados al SIVIGILA desde el 2016 hasta el periodo epidemiolégico XII de 2022
en donde las enfermedades del sistema nervioso son las EH mais frecuentes en el terri-
torio colombiano seguidas de malformaciones congénitas, deformidades y anomalias
cromosomicas y enfermedades del sistema osteomuscular y del tejido conectivo cen-
trando en estas tres primeras categorias el 50,1% de la poblacién colombiana con EH.
En la revision de los medicamentos con indicaciones para EH en Colombia, se encon-
tré tratamiento farmacoldgico para 338 (15,1%) sobre un total de 2236 definidas por
la Resolucién 023 de 2023.

La mayorfa de tratamientos farmacoldgicos estin disponibles para las enfermedades
endocrinas, nutricionales y metabdlicas las cuales no son las mas prevalentes en el terri-
torio colombiano, por el contrario, se localizan en el sexto lugar en su orden segun el
informe del evento 342. Al revisar al interior de esta categoria, el medicamento que mas
tiene mayor disponibilidad de oferta comercial es la ATORVASTATINA-TABLETA O
CAPSULA para Hiperlipoproteinemia no especificada, Hiperlipoproteinemia tipo 3
e Hipercolesterolemia familiar homocigota seguido de ESOMEPRAZOL-TABLETA
O CAPSULA para Sindrome de Zollinger-Ellison. Con los anteriores resultados, se
concluye que son las indicaciones de los medicamentos que se consideran como huér-
fanas’, ya que un principio activo con indicaciones de alta prevalencia como por ejemplo
Atorvastatina y esomeprazol para dislipoproteinemias y reflujo gastroesofigico respecti-
vamente pueden ser considerados como medicamentos para enfermedades huérfanas ya
que segun la autoridad competente también tienen indicacién para EH [13].

Asi mismo, se encuentran con mayor disponibilidad de tratamientos farmacoldgicos
las enfermedades del sistema nervioso las cuales se ubican en primer lugar de preva-
lencia. Dentro de esta categoria se halla, en primer lugar, la TOXINA BOTULI-
NICA-POLVO PARA RECONSTITUIR A SOLUCION O SUSPENSION
INYECTABLE para el tratamiento de todas las paraplejias espésticas seguido de
MEMANTINA-TABLETA O CAPSULA para el tratamiento de enfermedad de

Alzheimer autosémica dominante de aparicion temprana.

Continuando con el andlisis del tltimo informe del evento 342 (hasta periodo epidemio-
l6gico XII), resultan las siguientes 21 enfermedades como las mas prevalentes [14], para
las cuales se analizé si se encontraba tratamiento farmacolégico disponible o no asi:
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Tabla 1. Proporcién de notificacién de enfermedades huérfanas raras, Colombia, 2022 (hasta

periodo epidemiolégico XII)

No. Enfermedad Huérfana - Rara Casos % Tratami?n.to
Farmacoldgico*
1  Reumatismo psoridsico 891 6,7 NO
2 Esclerosis sistémica cutidnea limitada 760 5,7 NO
3 Sindrome de Guillain-Barre 494 3,7 SI
4 Esclerosis Multiple 489 3,7 SI
5 | Displasia broncopulmonar 449 3.3 SI
6 Drepanocitosis 341 2,5 NO
7 Esclerosis sistémica cutanea difusa 288 2,1 SI
8  Esclerosis lateral amiotréfica 279 2,1 SI
9  Enfermedad de Von Willebrand 255 1,9 SI
10 | Fibrosis pulmonar idiopética 248 1,8 ST
11 | Hipertension arterial pulmonar idiopética 239 1,8 SI
12 Enfermedad de Devic 219 1,6 NO
13 Art,riti‘s juvenil idiopética de inicio 217 16 SI
sistémico

14 | Miastenia grave 210 1,5 ST
15  Dermatomiositis 188 1,4 NO
16  Enfermedad de Crohn 188 1,4 SI
17  Microtia 174 1,3 NO
18  Polimiositis 172 1,3 SI
19 | Hepatitis crénica autoinmune 169 1,2 ST
20 I(-:Iigili'zznsio’n Pulmonar Tromboembélica 161 12 SI
21  Déficit congénito del factor VIII 159 1,2 SI

Fuente: Tomado de Instituto Nacional de Salud. Informe de evento 342. Enfermedades huérfanas — raras.
Colombia, 2022 (hasta periodo epidemiolégico XII) y *adaptacién propia.

Para estas 21 enfermedades se encuentra tratamiento farmacoldgico para 15 de ellas
lo que muestra que al analizar de forma individual y detallada cada una de las enfer-
medades, hay tratamiento farmacoldgico para el 71% de las EH mas prevalentes en
Colombia. En cuanto al reumatismo psoridsico, en la resolucién 023 de 2023 ya no se
encuentra definida como una EH para Colombia.
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Cumpliendo con el objetivo de definir el listado de medicamentos para enfermeda-
des huérfanas en Colombia a partir de la revision del listado de EH establecido por
la Resolucién 023 de 2023, se encontraron 331 grupos relevantes (GR), asi como
los mercados relevantes regulados por la Comisién Nacional de Precios de Medica-
mentos y Dispositivos Médicos — CNPMDM [15 - 16]. Para el analisis de los medi-
camentos identificados, la clasificacion AT'C muestra que los agentes antineoplasicos e
inmunomoduladores se encuentran en primer lugar de frecuencia, siendo el de mayor
importancia el IMATINIB-TABLETA O CAPSULA para el tratamiento de la Mas-
tocitosis, Mielodisplasia con hipogammaglobulinemia y sindrome del injerto contra
huésped seguido de METOTREXATO-SOLUCION O SUSPENSION INYEC-
TABLE para artritis juvenil idiopética de inicio sistémico, enfermedad de Crohn,
esclerosis sistémica cutdnea difusa, enfermedad de Behget, micosis Fungoide y osteo-
sarcoma. En este punto, es conveniente especificar que la designacion de MEH en
regiones como Europa y Norte América se realiza mediante la solicitud directa a las
respectivas agencias reguladoras EMA (European Medicines Agency) y la FDA (US.
Food & Drug Administration) respectivamente por parte de los Titulares de los Regis-
tros Sanitarios a los Grupos técnicos de enfermedades raras con el objetivo de obtener
incentivos como proteccion de patentes, beneficios tributarios, obtencién de registro
sanitario de manera rdpida (conocido como fast-track) [3, 17], entre otros, procedi-
miento que no esté establecido en Colombia de esta manera por lo cual la definicién de
un primer listado de MEH es un avance en el marco de una politica ptblica de EH. Por
otro lado, al comparar a Colombia con paises de ingresos similares en la regiéon como
por ejemplo Argentina, Brasil y Ecuador la situacién es parecida respecto a politicas
publicas para MEH, por lo que se espera que los resultados de esta investigacion sean
considerados a nivel regional, siguiendo a Chile como el tnico pais que muestra politi-
cas relacionadas claramente definidas en la region [3, 17].

Respecto a la financiacién de los MEH en el Sistema General de Seguridad Social en
Salud - SGSSS, puede estar dada en primer lugar con recursos de la UPC [18] la cual
es una prima que mancomuna los riesgos derivados de las necesidades en salud de las
personas utilizando instrumentos para inferir y reconocer un presupuesto de manera ex
ante, en segundo lugar se presenta el reconocimiento del Presupuesto Méximo que busca
gestionar el riesgo en salud de manera integral financiando aquellos servicios y tecno-
logfas en salud que no son financiadas con cargo a la UPC y en tercer lugar se cuenta
con otro componente a través del cual se financia el acceso a servicios y tecnologias que
atin no hacen parte del aseguramiento, los cuales son financiados con recursos dispuestos
por la Administradora de Recursos del Sistema General de Seguridad Social en Salud
(ADRES). Teniendo en cuenta lo anterior, independientemente del mecanismo de finan-
ciacion, el Estado colombiano garantiza a la poblacién del territorio nacional el acceso ala
totalidad de servicios y tecnologias de salud autorizados en el pais.
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Respecto al acceso a MEH, se muestran escenarios diferentes al realizar comparaciones
entre los paises en donde para la mayoria, el acceso es limitado por el alto costo de los
mismos y por no contar con alternativas terapéuticas, lo que permite que se cree una
demanda inel4stica que propicia los altos precios en un mercado con competencia limi-
tada o monopdlica para la mayoria de ellos [17]. En general, los paises con PIB altos
son los que presentan un mejor acceso alos MEH considerando que como se menciond
anteriormente, ya tienen implementadas politicas publicas al respecto, ademds que la
industria farmacéutica prefiere canalizar esfuerzos en el mercado de estos paises consi-
derando mejores escenarios de negociacion en comparacion con paises con PIB bajos,
haciendo que puedan negociar precios mas altos debido a la disponibilidad a pagar,
que luego servird como referenciacién de precios internacionales cuando presenten los
MEH en otros paises [19]. En otros casos, los MEH no estan financiados por los siste-
mas de salud, generando problemas de acceso paralos pacientes [17, 20] o, en el caso de
estar financiados, el paciente debe asumir un porcentaje del valor del mismo (Canads,
Suiza, EEUU); sin embargo, y afortunadamente para otros gobiernos, el acceso a los
MEH es visto como un derecho adquirido, que debe ser garantizado por los sistemas de
seguridad social en salud [2], como es el caso de Colombia, que independientemente
de la fuente de financiacién o de su precio, los MEH estdn garantizados para las perso-
nas que los requieran.

Asi las cosas, al realizar la respectiva clasificacion de los GR se tiene que la mayoria
(58%) de los MEH son financiados con recursos de la UPC lo que supone una mayor
eficiencia en la gestién integral de los medicamentos para este tipo de enfermedades

por parte de las EPS/EOC.

En lo relacionado con la regulacién directa de precios en Colombia, la Circular 13 de
2022 “Por la cual se establece el listado de los medicamentos sujetos al régimen de control
directo de precios, se fija el precio mdximo de venta y el precio por unidad de regulacién
de Medicamentos Vitales No Disponibles y se dictan otras disposiciones” [16] permite
establecer cudles de los 331 GR identificados tienen un precio regulado (PRI) para
lo cual la mayoria con el 55% no cuentan con un control de precios directo, lo que
puede generar un cobro deliberado por parte de los titulares de los Registros Sanitarios.
Sin embargo, en este punto es importante destacar que a pesar que la mayoria de estos
medicamentos no cuentan con PRI, en el marco de la Resolucién 1139 de 2022 se fijan
los valores de referencia (VR) para el cilculo del Presupuesto Méximo considerandolos
como un insumo fundamental para que los agentes de la cadena de formacién de valor
puedan acordar las condiciones de los esquemas de gestion y prestacién de los servicios
de salud. Al revisar dentro de los GR no financiados con recursos de la UPC (139), 105
(75,5%) tienen PRI 0 VR lo que indica que la mayorfa de ellos estin siendo monitorea-

dos por parte del SGSSS.
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Los medicamentos son bienes de consumo, sin embargo, desde el punto de vista econé-
mico poseen algunas particularidades que los hacen especificos. En general, la informa-
cién relacionada con la toma de decisiones econdmicas alrededor de los medicamentos
es asimétrica relacionada con la alta dispersién e inelasticidad de precios y el poco
conocimiento de quienes los eligen, es decir quien los prescribe no los financian y quie-
nes los consumen y financian no los prescriben [21].

Los MEH habitualmente son tecnologias en salud con reciente llegada al pafs, con
patentes de uso vigentes y altos costos relacionados con su adquisicion. Es por esto
que para garantizar la sostenibilidad financiera del aseguramiento en Colombia y ante
la llegada de nuevas e innovadoras tecnologias sanitarias al pais, es imprescindible la
generacion de politicas pablicas que optimicen el uso de los recursos publicos para
su eficiente adquisicién. Esta tendencia se inicié en paises europeos y miembros de la
OECD ante la presencia de nuevas tecnologias en salud que hicieron necesario el uso
de mecanismos innovadores para su adquisicién, debido a su impacto financiero y a la
incertidumbre sobre sus resultados. Por lo anterior, se debe adoptar y desarrollar un
componente regulatorio normativo que permita su implementacién y operacién en el

contexto del Sistema General de Seguridad Social en Salud -SGSSS-.

Un ejemplo de estos mecanismos innovadores son los acuerdos que se realizan entre
el productor o comercializador de una tecnologia en salud y el pagador o la autori-
dad regulatoria. Este tipo de arreglos son conocidos como Acuerdos de Acceso Admi-
nistrado (AAA) y son herramientas que permiten a los afiliados al SGSSS acceder de
manera mds oportuna a tecnologfas recientemente incorporadas en el mercado, y a los
pagadores (publicos o privados) introducir mecanismos que permitan mitigar el riesgo
financiero y propender por la sostenibilidad del sistema de salud. A causa de lo anterior,
se reviso si los GR tienen dentro de sus indicaciones exclusivamente EH o si tienen
otras indicacién aparte de EH, para los cuales se encontré que 75 GR (29%) mostra-
ron incluir dentro de sus indicaciones aprobadas solo EH, por lo que cobran especial
atencién considerando que todo el uso relacionado con los mismos refleja de forma
exclusiva el contexto de tratamiento farmacoldgico sin sesgos por otras indicaciones.
Teniendo en cuenta las variables previamente analizadas, respecto a la financiacién,
60 GR (80,0%) no estdn financiados con recursos de la UPC y 54 GR (72,0) tienen
regulacién directa de precios. De lo anterior es posible concluir que se presenta una
gran oportunidad de realizar AAA para estos 75 GR o centrar esfuerzos para disefiar
mecanismos de financiacién expeditos que no representen barreras de acceso a este tipo
de tecnologias.

Las publicaciones relacionadas con EH en Colombia son escasas. En una publicacién
realizada por Pareja (2017) [22] se describe la situacién de las EH para ese afio y se

1344



Propuesta del listado de medicamentos para enfermedades huérfanas

concluye que a pesar de la Ley 1392 de 2010 y demas actos administrativos posteriores
vigentes, aun falta la definicién de modelos y rutas integrales de atencién en salud para
los pacientes con EH, considerando falencias tanto en el talento humano especiali-
zado que atiende este tipo de poblacidn, deficiencias en las IPS especializadas, escaso
diagndstico, seguimiento y dificultades en el acceso de los tratamientos farmacoldgi-
cos y no farmacoldgicos para tal fin. Por otro lado, en una publicacién realizada por
Olivares, Vargas y Lopez (2022) se realiza un andlisis comparativo de la normatividad
colombiana de medicamentos vitales no disponibles con la regulacion de otros paises
concluyendo que para el caso de paises latinoamericanos la regulacién se ha centrado
en los procedimientos que faciliten la importacion de este tipo de medicamentos. Se
observan para estos mismos paises falencias en el sistema como falta de seguimiento a
los resultados de los tratamientos, conocimiento por parte del paciente y responsabili-
dad por parte del médico prescriptor [11].

Finalmente, teniendo en cuenta lo anterior, es posible concluir que el resultado de este
trabajo permite avanzar hacia la construccién de una politica publica para EH conside-
rando que: 1) se propuso una definicién de MEH y 2) fue posible definir el listado de
medicamentos para enfermedades huérfanas en Colombia y su metodologia de actuali-
zacion. Para esta ultima, se propone que se mantenga en constante estudio por parte del
Ministerio de Salud y Proteccién Social mediante el proceso de revisidn de las bases de
datos de medicamentos relacionadas en la metodologia y que sea sometido a consulta
publica que permita la construccion colectivay de este modo asemejarse a la metodolo-
gia de construccién de agencias reguladoras como EMA y FDA.
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ANEXO

Tabla Al. Propuesta de listado de medicamentos para EH en Colombia y su clasificacion si tiene

otras indicaciones diferentes a EH

GR

Descripcion

Tiene otras
indicaciones diferentes

aEH

ACETIL SALICILICO ACIDO-TABLETA O CAPSULA

St

[\ ]

ACETIL SALICILICO ACIDO-TABLETA O CAPSULA
DE LIBERACION MODIFICADA

SI

ACIDO ALENDRONICO-TABLETA O CAPSULA

SI

ACIDO CARGLUMICO-TABLETA O CAPSULA

NO

ACIDO COLICO-TABLETA O CAPSULA

NO

N N R W

ACIDO FOLICO-TABLETA O CAPSULA

SI

ACIDO IBANDRONICO-SOLUCION O SUSPENSION
INYECTABLE

SI

ACIDO IBANDRONICO-TABLETA O CAPSULA

SI

ACIDO QUENODESOXICOLICO-TABLETA O
CAPSULA

SI

10

ACIDO RISEDRONICO-TABLETA O CAPSULA

11

ACIDO TRANEXAMICO-SOLUCION O
SUSPENSION INYECTABLE

12

ACIDO TRANEXAMICO-TABLETA O CAPSULA

13

ACIDO URSODEOXICOLICO-TABLETA O CAPSULA

14

ACIDO ZOLEDRONICO-POLVO PARA
RECONSTITUIR A SOLUCION O SUSPENSION
INYECTABLE O SOLUCION O SUSPENSION
INYECTABLE

15

ACITRETINA-TABLETA O CAPSULA

16

ADALIMUMAB-SOLUCION O SUSPENSION
INYECTABLE

SI

17

AGALSIDASA ALFA-SOLUCION O SUSPENSION
INYECTABLE

NO

18

AGALSIDASA BETA-POLVO PARA RECONSTITUIR A
SOLUCION O SUSPENSION INYECTABLE

NO

19

ALEMTUZUMAB-SOLUCION O SUSPENSION
INYECTABLE

NO
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GR

Descripcion

Tiene otras
indicaciones diferentes
aEH

20

ALFA 1 ANTITRIPSINA-POLVO PARA
RECONSTITUIR A SOLUCION O SUSPENSION
INYECTABLE O SOLUCION O SUSPENSION
INYECTABLE

NO

21

ALGLUCOSIDASA ALFA-POLVO PARA
RECONSTITUIR A SOLUCION O SUSPENSION
INYECTABLE

NO

22

ALOPURINOL-TABLETA O CAPSULA

SI

23

AMBRISENTAN-TABLETA O CAPSULA

SI

24

ANAGRELIDA-TABLETA O CAPSULA

SI

25

ANAGRELIDA-TABLETA O CAPSULA DE
LIBERACION MODIFICADA

S

26

ANAKINRA-SOLUCION O SUSPENSION
INYECTABLE

SI

27

ANFOTERICINA B-POLVO PARA RECONSTITUIR A
SOLUCION O SUSPENSION INYECTABLE

S

28

ANFOTERICINA B-POLVO PARA RECONSTITUIR
A SOLUCION O SUSPENSION INYECTABLE O
SOLUCION O SUSPENSION INYECTABLE

SI

29

ARGININA-POLVO PARA RECONSTITUIR A
SOLUCION O SUSPENSION ORAL

St

30

ARGININA-SOLUCION O SUSPENSION ORAL

S

31

ARMODAFINILO-TABLETA O CAPSULA

S

32

ASFOTASA ALFA-SOLUCION O SUSPENSION
INYECTABLE

NO

33

ATALUREN-POLVO PARA RECONSTITUIR A
SOLUCION O SUSPENSION ORAL

SI

34

ATORVASTATINA-TABLETA O CAPSULA

S

35

ATORVASTATINA-TABLETA O CAPSULA DE
LIBERACION MODIFICADA

SI

36

AZACITIDINA-POLVO PARA RECONSTITUIR A
SOLUCION O SUSPENSION INYECTABLE

St

37

AZATIOPRINA-TABLETA O CAPSULA

SI

38

BACLOFENO-SOLUCION O SUSPENSION
INYECTABLE

S

39

BACLOFENO-TABLETA O CAPSULA

SI
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40

BETAINA-POLVO PARA RECONSTITUIR A
SOLUCION O SUSPENSION ORAL

NO

41

BETAMETASONA
DIPROPIONATO+BETAMETASONA FOSFATO-
SOLUCION O SUSPENSION INYECTABLE

SI

42

BETAMETASONA FOSFATO+BETAMETASONA
ACETATO-SOLUCION O SUSPENSION INYECTABLE

SI

43

BETAMETASONA-SOLUCION O SUSPENSION
INYECTABLE

44

BETANECOL-TABLETA O CAPSULA

SI

45

BEXAROTENO-TABLETA O CAPSULA

S

46

BICARBONATO DE SODIO-SOLUCION O
SUSPENSION INYECTABLE

SI

47

BOSENTAN-TABLETA O CAPSULA

48

BOSENTAN-TABLETA O CAPSULA

49

BRIVARACETAM-SOLUCION O SUSPENSION
INYECTABLE

50

BRIVARACETAM-SOLUCION O SUSPENSION ORAL

51

BRIVARACETAM-TABLETA O CAPSULA

52

BROMOCRIPTINA-TABLETA O CAPSULA

53

BUDESONIDA-EMULSION RECTAL

54

BUDESONIDA-TABLETA O CAPSULA DE
LIBERACION MODIFICADA

55

BUROSUMAB-SOLUCION O SUSPENSION
INYECTABLE

56

CABOZANTINIB-TABLETA O CAPSULA

57

CALCITRIOL-TABLETA O CAPSULA

58

CANAKINUMAB-POLVO PARA RECONSTITUIR
A SOLUCION O SUSPENSION INYECTABLE O
SOLUCION O SUSPENSION INYECTABLE

NO

59

CANNABIDIOL-SOLUCION O SUSPENSION ORAL

NO

60

CANNABIDIOL-TABLETA O CAPSULA

NO

61

CAPECITABINA-TABLETA O CAPSULA O TABLETA
O CAPSULA DE LIBERACION MODIFICADA
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& CAPLACIZUMAB-POLVO PARA RECONSTITUIR A NO
SOLUCION O SUSPENSION INYECTABLE

63 CARBONATO DE CALCIO-TABLETA O CAPSULA SI

64 CARBONATO DE CALCIO-TABLETA O CAPSULA SI

6 CASIMERSEN-SOLUCION O SUSPENSION sf
INYECTABLE
CERLIPONASA ALFA-POLVO PARA RECONSTITUIR

66 A SOLUCION O SUSPENSION INYECTABLE / NO
SOLUCION O SUSPENSION INYECTABLE

. CERTOLIZUMAB PEGOL-SOLUCION O s
SUSPENSION INYECTABLE

68 CIANOCOBALAMINA-SOLUCION O SUSPENSION of
INYECTABLE

6o CICLOFOSFAMIDA-POLVO PARA RECONSTITUIR s
A SOLUCION O SUSPENSION INYECTABLE

70  CICLOFOSFAMIDA-TABLETA O CAPSULA St

71 | CIPROFIBRATO-TABLETA O CAPSULA SI

o CISPLATINO-SOLUCION O SUSPENSION sf
INYECTABLE

73  CISTEAMINA-TABLETA O CAPSULA NO

74  CLADRIBINA-TABLETA O CAPSULA NO

75  CLOBAZAM-SOLUCION O SUSPENSION ORAL SI

76 CLONAZEPAM-SOLUCION O SUSPENSION ORAL St

77  CLONAZEPAM-TABLETA O CAPSULA SI

78  CLORAMBUCILO-TABLETA O CAPSULA SI

79 CLORMETINA-CREMAS O GELES O UNGUENTOS of
O POMADAS O PASTAS O JALEAS

80 COLCHICINA-TABLETA O CAPSULA SI

a1 CONESTAT ALFA-SOLUCION O SUSPENSION NO
INYECTABLE

% CONESTAT ALFA-SOLUCION O SUSPENSION s
INYECTABLE

%3 CREATINA-POLVO PARA RECONSTITUIR A sf

SOLUCION O SUSPENSION ORAL

84

CREATINA-SOLUCION O SUSPENSION ORAL

St
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85

DAPSONA-TABLETA O CAPSULA

SI

86

DEFERASIROX-TABLETA O CAPSULA

SI

87

DEFEROXAMINA-POLVO PARA RECONSTITUIR A
SOLUCION O SUSPENSION INYECTABLE

SI

88

DEFLAZACORT-TABLETA O CAPSULA

SI

89

DESMOPRESINA-SOLUCION O SUSPENSION
INYECTABLE

SI

90

DESMOPRESINA-SOLUCION O SUSPENSION PARA
INHALACION

S

91

DESMOPRESINA-SOLUCION O SUSPENSION
SUBLINGUAL

SI

92

DESMOPRESINA-TABLETA O CAPSULA

93

DEXAMETASONA-SOLUCION O SUSPENSION
INYECTABLE

94

DEXAMETASONA-TABLETA O CAPSULA

95

DEXTROSA-SOLUCION O SUSPENSION
INYECTABLE

96

DEXTROSA-TABLETA O CAPSULA

97

DIAZOXIDO-SOLUCION O SUSPENSION ORAL

98

DIMETILFUMARATO-TABLETA O CAPSULA

99

DONEPEZILO-TABLETA O CAPSULA

100

DORNASA ALFA-SOLUCION O SUSPENSION PARA
INHALACION

101

DOXORUBICINA-POLVO PARA RECONSTITUIR
A SOLUCION O SUSPENSION INYECTABLE/
SOLUCION O SUSPENSION INYECTABLE

102

DOXORUBICINA-SOLUCION O SUSPENSION
INYECTABLE

103

ECALANTIDA-SOLUCION O SUSPENSION
INYECTABLE

104

ECULIZUMAB-SOLUCION O SUSPENSION
INYECTABLE

105

EDARAVONA-SOLUCION O SUSPENSION
INYECTABLE
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106

EDROFONIO CLORURO-SOLUCION O
SUSPENSION INYECTABLE

SI

107

ELEXACAFTOR/TEZACAFTOR/IVACAFTOR-
TABLETA O CAPSULA

SI

108

ELIGLUSTAT-TABLETA O CAPSULA

NO

109

ELOSULFASA ALFA-SOLUCION O SUSPENSION
INYECTABLE

NO

110

EMICIZUMAB-SOLUCION O SUSPENSION
INYECTABLE

NO

111

EPOPROSTENOL-POLVO PARA RECONSTITUIR A
SOLUCION O SUSPENSION INYECTABLE

112

ESOMEPRAZOL-POLVO PARA RECONSTITUIR A
SOLUCION O SUSPENSION ORAL

113

ESOMEPRAZOL-TABLETA O CAPSULA

114

ESOMEPRAZOL-TABLETA O CAPSULA DE
LIBERACION MODIFICADA

115

ETANERCEPT-POLVO PARA RECONSTITUIR
A SOLUCION O SUSPENSION INYECTABLE O
SOLUCION O SUSPENSION INYECTABLE

116

ETEPLIRSEN-SOLUCION O SUSPENSION
INYECTABLE

117

EVEROLIMUS-TABLETA O CAPSULA

118

EVEROLIMUS-TABLETA O CAPSULA

119

EVOLOCUMAB-SOLUCION O SUSPENSION
INYECTABLE

120

EZETIMIBA-TABLETA O CAPSULA

121

FACTOR DE COAGULACION HUMANO XI-POLVO
PARA RECONSTITUIR A SOLUCION O SUSPENSION
INYECTABLE

122

FACTORII DE COAGULACION+FACTOR

VII DE COAGULACION+FACTOR IX

DE COAGULACION+FACTOR X DE
COAGULACION+PROTEINA C+PROTEINA
S+HEPARINA-POLVO PARA RECONSTITUIR A
SOLUCION O SUSPENSION INYECTABLE

NO
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123

FACTOR IX DE COAGULACION PROTEINA DE
FUSION FC [RFIXFC]-POLVO PARA RECONSTITUIR
A SOLUCION O SUSPENSION INYECTABLE

SI

124

FACTOR IX DE LA COAGULACION-POLVO PARA
RECONSTITUIR A SOLUCION O SUSPENSION
INYECTABLE

125

FACTOR VII DE LA COAGULACION ACTIVADO-
POLVO PARA RECONSTITUIR A SOLUCION O
SUSPENSION INYECTABLE

SI

126

FACTOR VII DE LA COAGULACION-POLVO PARA
RECONSTITUIR A SOLUCION O SUSPENSION
INYECTABLE

NO

127

FACTOR VIII DE LA COAGULACION PEGILADO-
POLVO PARA RECONSTITUIR A SOLUCION O
SUSPENSION INYECTABLE

NO

128

FACTOR VIII DE LA COAGULACION+FACTOR DE
VON WILLEBRAND-POLVO PARA RECONSTITUIR
A SOLUCION O SUSPENSION INYECTABLE

129

FACTOR VIII DE LA COAGULACION+FACTOR DE
VON WILLEBRAND-POLVO PARA RECONSTITUIR
A SOLUCION O SUSPENSION INYECTABLE

130

FACTOR VIII DE LA COAGULACION+FACTOR DE
VON WILLEBRAND-POLVO PARA RECONSTITUIR
A SOLUCION O SUSPENSION INYECTABLE

131

FACTOR VIII DE LA COAGULACION-POLVO PARA
RECONSTITUIR A SOLUCION O SUSPENSION
INYECTABLE

NO

132

FACTOR VIII INHIBIDOR ACTIVADO POR BYPASS-
POLVO PARA RECONSTITUIR A SOLUCION O
SUSPENSION INYECTABLE

133

FACTOR VON WILLEBRAND-POLVO PARA
RECONSTITUIR A SOLUCION O SUSPENSION
INYECTABLE

134

FACTOR XIII-POLVO PARA RECONSTITUIR A
SOLUCION O SUSPENSION INYECTABLE

135

FAMOTIDINA-TABLETA O CAPSULA
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136

FAMPRIDINA-TABLETA O CAPSULA DE
LIBERACION MODIFICADA

NO

137

FEBUXOSTAT-TABLETA O CAPSULA

138

FELBAMATO-SOLUCION O SUSPENSION ORAL

139

FELBAMATO-TABLETA O CAPSULA

140

FENILACETATO-SOLUCION O SUSPENSION
INYECTABLE

141

FENILBUTIRATO DE GLICEROL-SOLUCION O
SUSPENSION ORAL

S

142

FENILBUTIRATO DE SODIO-POLVO PARA
RECONSTITUIR A SOLUCION O SUSPENSION
ORAL

NO

143

FENOFIBRATO DE COLINA-TABLETA O CAPSULA
DE LIBERACION MODIFICADA

Si

144

FENOFIBRATO DE COLINA-TABLETA O CAPSULA
DE LIBERACION MODIFICADA

145

FENOFIBRATO-TABLETA O CAPSULA

146

FIBRINOGENO COAGULABLE-POLVO PARA
RECONSTITUIR A SOLUCION O SUSPENSION
INYECTABLE

147

FIBRINOGENO HUMANO-POLVO PARA
RECONSTITUIR A SOLUCION O SUSPENSION
INYECTABLE

148

FILGRASTIM-SOLUCION O SUSPENSION
INYECTABLE

149

FINGOLIMOD-TABLETA O CAPSULA

150

FLECAINIDA-TABLETA O CAPSULA

151

FLUDARABINA-POLVO PARA RECONSTITUIR A
SOLUCION O SUSPENSION INYECTABLE

152

FLUDROCORTISONA-TABLETA O CAPSULA

153

FOLITROPINA ALFA-SOLUCION O SUSPENSION
INYECTABLE

154

FOLITROPINA BETA-SOLUCION O SUSPENSION
INYECTABLE

155

FOSFATO DE SODIO Y POTASIO EQUIVALENTES A
FOSFORO-TABLETA O CAPSULA
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156

GALANTAMINA-SOLUCION O SUSPENSION ORAL

SI

157

GALANTAMINA-TABLETA O CAPSULA DE
LIBERACION MODIFICADA

SI

158

GALSULFASA-SOLUCION O SUSPENSION
INYECTABLE

NO

159

GEMCITABINA-POLVO PARA RECONSTITUIR
A SOLUCION O SUSPENSION INYECTABLE O
SOLUCION O SUSPENSION INYECTABLE

160

GIVOSIRAN-SOLUCION O SUSPENSION
INYECTABLE

161

GLATIRAMERO ACETATO-SOLUCION O
SUSPENSION INYECTABLE

162

GLUCAGON-POLVO PARA RECONSTITUIR A
SOLUCION O SUSPENSION INYECTABLE

163

GOLIMUMAB-SOLUCION O SUSPENSION
INYECTABLE

164

GOLODIRSEN-SOLUCION O SUSPENSION
INYECTABLE

165

GONADORELINA ACETATO-SOLUCION O
SUSPENSION INYECTABLE

166

GONADOTROPINA CORIONICA-POLVO PARA
RECONSTITUIR A SOLUCION O SUSPENSION
INYECTABLE

167

GONADOTROPINA MENOPAUSICA HUMANA-
POLVO PARA RECONSTITUIR A SOLUCION O
SUSPENSION INYECTABLE

S

168

HEMINA HUMANA-POLVO PARA RECONSTITUIR
A SOLUCION O SUSPENSION INYECTABLE/
SOLUCION O SUSPENSION INYECTABLE

NO

169

HIDROCORTISONA (ACEPONATO)-CREMAS O
GELES O UNGUENTOS O POMADAS O PASTAS O
JALEAS

170

HIDROCORTISONA-TABLETA O CAPSULA

171

HIERRO BISGLICINA %JELATO-SOLUCION @)
SUSPENSION ORAL
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172 HIERRO GLICINATO QUELATO-SOLUCION O sf
SUSPENSION ORAL

73 HIERRO POLIMALTOSADO-SOLUCION O s
SUSPENSION ORAL
HORMONA LIBERADORA DE CORTICOTROPINA

174 (CRH)-POLVO PARA RECONSTITUIR A SOLUCION St
O SUSPENSION INYECTABLE

175 IBRUTINIB-TABLETA O CAPSULA SI

176 ICATIBANTO-SOLUCION O SUSPENSION NO
INYECTABLE

177 IDEBENONA-TABLETA O CAPSULA SI

178 IDURSULFASA-SOLUCION O SUSPENSION NO
INYECTABLE

IFOSFAMIDA-POLVO PARA RECONSTITUIR A

179 SOLUCION O SUSPENSION INYECTABLE

180 IMATINIB-TABLETA O CAPSULA SI

IMIGLUCERASA-POLVO PARA RECONSTITUIR A

181 SOLUCION O SUSPENSION INYECTABLE

INFLIXIMAB-POLVO PARA RECONSTITUIR A P

182 SOLUCION O SUSPENSION INYECTABLE

INHIBIDOR C1 ESTERASA -POLVO PARA
183 RECONSTITUIR A SOLUCION O SUSPENSION NO
INYECTABLE

INHIBIDOR C1 ESTERASA -POLVO PARA
184 RECONSTITUIR A SOLUCION O SUSPENSION NO
INYECTABLE

INMUNOGLOBULINA HUMANA G-SOLUCION O p

185 SUSPENSION INYECTABLE

INMUNOGLOBULINA HUMANA G-SOLUCION
O SUSPENSION INYECTABLE/POLVO PARA .
RECONSTITUIR A SOLUCION O SUSPENSION
INYECTABLE/

186

INMUNOGLOBULINA HUMANA NORMAL-POLVO
PARA RECONSTITUIR A SOLUCION O SUSPENSION :
INYECTABLE O SOLUCION O SUSPENSION
INYECTABLE

187
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188

INMUNOGLOBULINA HUMANA NORMAL-
SOLUCION O SUSPENSION INYECTABLE

SI

189

INMUNOGLOBULINA HUMANA NORMAL-
SOLUCION O SUSPENSION INYECTABLE

SI

190

INMUNOGLOBULINA HUMANA NORMAL-
SOLUCION O SUSPENSION INYECTABLE

SI

191

INOTERSEN-SOLUCION O SUSPENSION
INYECTABLE

192

INTERFERON ALFA 2 BETA-POLVO PARA
RECONSTITUIR A SOLUCION O SUSPENSION
INYECTABLE O SOLUCION O SUSPENSION
INYECTABLE

SI

193

INTERFERON BETA-1A PEGILADO-SOLUCION O
SUSPENSION INYECTABLE

NO

194

INTERFERON BETA-1A-SOLUCION O SUSPENSION
INYECTABLE

NO

195

INTERFERON BETA-1A-SOLUCION O SUSPENSION
INYECTABLE

NO

196

INTERFERON BETA-1B-POLVO PARA
RECONSTITUIR A SOLUCION O SUSPENSION
INYECTABLE

NO

197

INTERFERON GAMMA-1B-SOLUCION O
SUSPENSION INYECTABLE

NO

198

IVACAFTOR + LUMACAFTOR-TABLETA O
CAPSULA

199

IVACAFTOR + TEZACAFTOR-TABLETA O CAPSULA

w
—

200

IVACAFTOR-TABLETA O CAPSULA

w
—

201

LAMOTRIGINA-TABLETA O CAPSULA

w
—

202

LANADELUMAB-SOLUCION O SUSPENSION
INYECTABLE

NO

203

LANREOTIDA-SOLUCION O SUSPENSION
INYECTABLE

St

204

LANSOPRAZOL-TABLETA O CAPSULA

205

LANSOPRAZOL-TABLETA O CAPSULA DE
LIBERACION MODIFICADA

St
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206

LARONIDASA-SOLUCION O SUSPENSION
INYECTABLE

NO

207

LEFLUNOMIDA-TABLETA O CAPSULA

SI

208

LENALIDOMIDA-TABLETA O CAPSULA

SI

209

LEVOCARNITINA-SOLUCION O SUSPENSION
ORAL

NO

210

LEVOCARNITINA-TABLETA O CAPSULA

SI

211

LEVODOPA+CARBIDOPA-TABLETA O CAPSULA

SI

212

LOMITAPIDA-TABLETA O CAPSULA

NO

213

MACITENTAN-TABLETA O CAPSULA

SI

214

MECASERMINA-SOLUCION O SUSPENSION
INYECTABLE

NO

215

MEMANTINA-SOLUCION O SUSPENSION ORAL

%]
—

216

MEMANTINA-TABLETA O CAPSULA

[%2)
—

217

MERCAPTAMINA-SOLUCION O SUSPENSION
OFTALMICA

NO

218

MESALAZINA-POLVO PARA RECONSTITUIR A
SOLUCION O SUSPENSION ORAL

219

METILFENIDATO-TABLETA O CAPSULA

220

METIRAPONA-TABLETA O CAPSULA

221

METOTREXATO-POLVO PARA RECONSTITUIR
A SOLUCION O SUSPENSION INYECTABLE O
SOLUCION O SUSPENSION INYECTABLE

222

METOTREXATO-TABLETA O CAPSULA

223

METRELEPTIN-POLVO PARA RECONSTITUIR A
SOLUCION O SUSPENSION INYECTABLE

224

MICOFENOLATO-TABLETA O CAPSULA

225

MIFAMURTIDA-POLVO PARA RECONSTITUIR A
SOLUCION O SUSPENSION INYECTABLE

226

MIGALASTAT-TABLETA O CAPSULA

227

MIGLUSTAT-TABLETA O CAPSULA

228

MODAFINILO-TABLETA O CAPSULA

229

MULTIENZIMAS (AMILASA, LIPASA, PROTEASA)-
TABLETA O CAPSULA DE LIBERACION
MODIFICADA

1360



Propuesta del listado de medicamentos para enfermedades huérfanas

GR

Descripcion

Tiene otras
indicaciones diferentes
aEH

230

NADOLOL-TABLETA O CAPSULA

SI

231

NATALIZUMAB-SOLUCION O SUSPENSION
INYECTABLE

NO

232

NEOSTIGMINA METILSULFATO-SOLUCION O
SUSPENSION INYECTABLE

S

233

NIFEDIPINA-TABLETA O CAPSULA

SI

234

NINTEDANIB-TABLETA O CAPSULA

NO

235

NITISINONA-SOLUCION O SUSPENSION ORAL

SI

236

NITISINONA-TABLETA O CAPSULA

NO

237

NUSINERSEN-SOLUCION O SUSPENSION
INYECTABLE

NO

238

OCRELIZUMAB-SOLUCION O SUSPENSION
INYECTABLE

NO

239

OCTREOTIDE-POLVO PARA RECONSTITUIR
A SOLUCION O SUSPENSION INYECTABLE O
SOLUCION O SUSPENSION INYECTABLE

240

OFATUMUMAB-SOLUCION O SUSPENSION
INYECTABLE

241

OMEPRAZOL-POLVO PARA RECONSTITUIR A
SOLUCION O SUSPENSION INYECTABLE

242

OMEPRAZOL-TABLETA O CAPSULA

243

OMEPRAZOL-TABLETA O CAPSULA DE
LIBERACION MODIFICADA

244

ORNITINA-POLVO PARA RECONSTITUIR A
SOLUCION O SUSPENSION ORAL

245

OSILODROSTAT-TABLETA O CAPSULA

246

PALIVIZUMAB-SOLUCION O SUSPENSION
INYECTABLE

247

PANTOPRAZOL-TABLETA O CAPSULA DE
LIBERACION MODIFICADA

St

248

PASIREOTIDA-POLVO PARA RECONSTITUIR
A SOLUCION O SUSPENSION INYECTABLE/
SOLUCION O SUSPENSION INYECTABLE

NO

249

PEGVISOMANT-POLVO PARA RECONSTITUIR A
SOLUCION O SUSPENSION INYECTABLE

NO
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250

PENICILAMINA-TABLETA O CAPSULA

SI

251

PIRFENIDONA-TABLETA O CAPSULA

NO

252

PIRIDOSTIGMINA-TABLETA O CAPSULA

S

253

PIRIDOXINA-TABLETA O CAPSULA

SI

254

PLASMA HUMANO-SOLUCION O SUSPENSION
INYECTABLE

SI

255

POCAPAVIR-TABLETA O CAPSULA

S

256

PREDNISOLONA-SOLUCION O SUSPENSION ORAL

SI

257

PROPRANOLOL-TABLETA O CAPSULA

St

258

QUINIDINA-TABLETA O CAPSULA

SI

259

RABEPRAZOL-TABLETA O CAPSULA DE
LIBERACION MODIFICADA

St

260

RANITIDINA-SOLUCION O SUSPENSION
INYECTABLE

261

RANITIDINA-TABLETA O CAPSULA

262

REGORAFENIB-TABLETA O CAPSULA

263

RETINOL ( VIT A)-SOLUCION O SUSPENSION
INYECTABLE

264

RIBOFLAVINA-POLVO PARA RECONSTITUIR A
SOLUCION O SUSPENSION ORAL

265

RIBOFLAVINA-TABLETA O CAPSULA

266

RILUZOL-TABLETA O CAPSULA

267

RIOCIGUAT-TABLETA O CAPSULA

268

RITUXIMAB-SOLUCION O SUSPENSION
INYECTABLE

269

RIVASTIGMINA-PARCHE

270

RIVASTIGMINA-TABLETA O CAPSULA

271

ROMIDEPSIN-POLVO PARA RECONSTITUIR A
SOLUCION O SUSPENSION INYECTABLE

272

ROSUVASTATINA-TABLETA O CAPSULA

273

ROSUVASTATINA-TABLETA O CAPSULA DE
LIBERACION MODIFICADA

274

RUFINAMIDA-TABLETA O CAPSULA

NO

275

SAPROPTERINA-TABLETA O CAPSULA

NO
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276

SEBELIPASA ALFA-SOLUCION O SUSPENSION
INYECTABLE

NO

277

SELEXIPAG-TABLETA O CAPSULA

SI

278

SILDENAFILO-SOLUCION O SUSPENSION
INYECTABLE

SI

279

SILDENAFILO-SOLUCION O SUSPENSION ORAL

SI

280

SILDENAFILO-TABLETA O CAPSULA

SI

281

SIMVASTATINA-TABLETA O CAPSULA

SI

282

SIPONIMOD-TABLETA O CAPSULA

283

SIROLIMUS-TABLETA O CAPSULA

284

SODIO BENZOATO-SOLUCION O SUSPENSION
INYECTABLE

285

SODIO BENZOATO-TABLETA O CAPSULA DE
LIBERACION MODIFICADA

286

SOMATROPINA-POLVO PARA RECONSTITUIR A
SOLUCION O SUSPENSION INYECTABLE

287

SOMATROPINA-SOLUCION O SUSPENSION
INYECTABLE

288

SUCCIMERO-TABLETA O CAPSULA

289

SULFASALAZINA-TABLETA O CAPSULA DE
LIBERACION MODIFICADA

290

SULFATO DE MAGNESIO-SOLUCION O
SUSPENSION INYECTABLE

291

SULFATO DE MAGNESIO-SOLUCION O
SUSPENSION INYECTABLE

292

SUNITINIB-TABLETA O CAPSULA

293

TACROLIMUS-SOLUCION O SUSPENSION
INYECTABLE

294

TACROLIMUS-TABLETA O CAPSULA

295

TACROLIMUS-TABLETA O CAPSULA DE
LIBERACION MODIFICADA

296

TADALAFILO-TABLETA O CAPSULA

297

TAFAMIDIS-TABLETA O CAPSULA

298

TALIDOMIDA-TABLETA O CAPSULA
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GR

Descripcion

Tiene otras
indicaciones diferentes
aEH

299

TALIGLUCERASA ALFA-POLVO PARA
RECONSTITUIR A SOLUCION O SUSPENSION
INYECTABLE

NO

300

TEDUGLUTIDA-POLVO PARA RECONSTITUIR A
SOLUCION O SUSPENSION INYECTABLE

NO

301

TEMOZOLOMIDA-POLVO PARA RECONSTITUIR A
SOLUCION O SUSPENSION INYECTABLE

302

TEMOZOLOMIDA-TABLETA O CAPSULA

303

TERIFLUNOMIDA-TABLETA O CAPSULA

304

TESTOSTERONA-CREMAS O GELES O
UNGUENTOS O POMADAS O PASTAS O JALEAS

305

TESTOSTERONA-SOLUCION O SUSPENSION
INYECTABLE

306

TESTOSTERONA-SOLUCION O SUSPENSION
INYECTABLE

307

TESTOSTERONA-TABLETA O CAPSULA

308

TETRABENAZINA-TABLETA O CAPSULA

309

TETRACOSACTIDA ACETATO O HEXAACETATO-
SOLUCION O SUSPENSION INYECTABLE

310

TIAMINA-SOLUCION O SUSPENSION INYECTABLE

311

TIAMINA-TABLETA O CAPSULA

312

TINIDAZOL-SOLUCION O SUSPENSION ORAL

313

TINIDAZOL-TABLETA O CAPSULA

314

TIOTEPA-POLVO PARA RECONSTITUIR A
SOLUCION O SUSPENSION INYECTABLE

315

TIZANIDINA-TABLETA O CAPSULA

316

TIZANIDINA-TABLETA O CAPSULA DE
LIBERACION MODIFICADA

317

TOCILIZUMAB-SOLUCION O SUSPENSION
INYECTABLE

318

TOLVAPTAN-TABLETA O CAPSULA

319

TOPIRAMATO-TABLETA O CAPSULA

320

TOXINA BOTULINICA-POLVO PARA
RECONSTITUIR A SOLUCION O SUSPENSION
INYECTABLE
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GR

Descripcion

Tiene otras
indicaciones diferentes
aEH

321

TOXINA BOTULINICA-POLVO PARA
RECONSTITUIR A SOLUCION O SUSPENSION
INYECTABLE

SI

322

TREOSULFANO-POLVO PARA RECONSTITUIR A
SOLUCION O SUSPENSION INYECTABLE

323

TRIENTINA CLORHIDRATO-TABLETA O CAPSULA

324

TRIHEXIFENIDILO-TABLETA O CAPSULA

325

UBIDECARENONA-SOLUCION O SUSPENSION
ORAL

326

USTEKINUMAB-SOLUCION O SUSPENSION
INYECTABLE

327

VASOPRESINA-SOLUCION O SUSPENSION
INYECTABLE

328

VEDOLIZUMAB-POLVO PARA RECONSTITUIR A
SOLUCION O SUSPENSION INYECTABLE

329

VELAGLUCERASA ALFA-POLVO PARA
RECONSTITUIR A SOLUCION O SUSPENSION
INYECTABLE

330

VOLANESORSEN-SOLUCION O SUSPENSION
INYECTABLE

331

WARFARINA-TABLETA O CAPSULA

Fuente: Elaboracién propia
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SUMMARY

Introduction: The broad applications of lipolytic enzymes in various industrial
processes have led to increased interest in esterases with distinctive features. Thermo-
philes are promising source of esterases with inherent thermal and chemical stability.
Thermoanaerobacter tengcongensis esterase (TTE) is one of such esterases with ther-
mostable potential, however, its resistance to protein denaturants, detergents and
molecular docking studies are yet to be fully characterised. Aim: Therefore, this
study investigated the iz vitro and in silico effects of urea and sodium dodecyl sulfate
on TTE activity. Experimental: TTE activity was determined spectrophotometri-
cally at 405 nm. TTE was active over a pH range of 3.0 to 12.0 and its activity was
optimal at alkaline range of 9.0 and 12.0. Results: TTE was found to be most active
at 60 °C with the highest thermal stability at the same temperature. Ureaat 0.1 to 4.0
mM had a concentration dependent activating effect on TTE; SDS (0.5 to 4.0 mM)
had similar effect on the enzyme. Urea at 0.5, 1.0 and 2.0 mM increased maximum
reaction rate (V,,,), catalytic constant (K_,,) and Michaelis constant (K,,) of TTE.
All concentrations of SDS (0.5 to 2.0 mM) investigated increased V,,, and K,
while the K, value of TTE reduced in the presence of 1.0 and 2.0 mM SDS. Struc-

tural characterization of TTE substantiates the iz vitro thermostability claim. The
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molecular docking analysis revealed that donepezil demonstrated optimal binding
with TTE. Conclusion: the findings from this study showed that TTE strongly

resists denaturation by optimal concentrations of urea and SDS.

Keywords: Thermoanaerobacter tengcongensis, esterase, thermopbhiles, protein dena-

turants, para-nitrophenyl dodecanoate

RESUMEN

La esterasa de Thermoanaerobacter tengcongensis resiste la
desnaturalizacion por la urea y el dodecilsulfato de sodio

Introduccién: Las amplias aplicaciones de las enzimas lipoliticas en diversos procesos
industriales han llevado a un mayor interés en esterasas con caracteristicas distintivas.
Los terméfilos son una fuente prometedora de esterasas con estabilidad térmica y
quimica inherente. La esterasa de Thermoanaerobacter tengcongensis (TTE) es una de
esas esterasas con potencial termoestable; sin embargo, su resistencia a los desnatura-
lizantes de proteinas, los detergentes y los estudios de acoplamiento molecular atn no
se han caracterizado por completo. Objetivo: Por lo tanto, este estudio investigé los
efectos in vitro ¢ in silico de la urea y el dodecilsulfato de sodio sobre la actividad del
TTE. Parte experimental: la actividad TTE se determiné espectrofotométricamente
a 405 nm. El TTE estuvo activo en un rango de pH de 3,0 a 12,0 y su actividad fue
dptima en un rango alcalino de 9,0 y 12,0. Resultados: Se encontrd que el TTE era
mds activo a 60 °C y tenia la mayor estabilidad térmica a la misma temperatura. La urea
de 0,1 2 4,0 mM tuvo un efecto activador dependiente de la concentracién sobre el
ETT; SDS (0,5 2 4,0 mM) tuvo un efecto similar sobre la enzima. La urea en concen-
traciones de 0,5, 1,0 y 2,0 mM aument? la velocidad de reaccién mixima (V,,,), la
constante catalitica (K,,,) y la constante de Michaelis (K,,) de TTE. Todas las concen-
traciones de SDS (0,5 a 2,0 mM) investigadas aumentaron V. y K, mientras que el
valor de K,, de TTE se redujo en presencia de SDS 1,0 y 2,0 mM. La caracterizaciéon
estructural de TTE fundamenta la afirmacién de termoestabilidad iz vitre. El anélisis
de acoplamiento molecular revelé que donepezilo demostrd una unién 6ptima con
TTE. Conclusidn: los hallazgos de este estudio mostraron que el TTE resiste fuerte-

mente la desnaturalizacion por concentraciones 6ptimas de ureay SDS.

Palabras clave: Thermoanaerobacter tengcongensis, esterasa, termoéfilos, desnaturali-

zantes de proteinas, dodecanoato de paranitrofenilo
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REsuMmoO

A esterase de Thermoanaerobacter tengcongensis resiste a
desnaturagao pela uréia e dodecil sulfato de sédio

Introdugio: Asamplasaplicagdes de enzimas lipoliticas em diversos processos indus-
triais tém levado ao aumento do interesse em esterases com caracteristicas distintivas.
Os termofilos sao fontes promissoras de esterases com estabilidade térmica e quimica
inerente. A esterase de Thermoanacrobacter tengcongensis (TTE) é uma dessas este-
rases com potencial termoestdvel, no entanto, sua resisténcia a desnaturantes de
proteinas, detergentes e estudos de acoplamento molecular ainda nio foram total-
mente caracterizadas. Objetivo: Portanto, este estudo investigou os efeitos 7 vitro e
in silico da uréia e dodecilsulfato de sédio na atividade do TTE. Parte experimental:
A atividade do TTE foi determinada espectrofotometricamente a 405 nm. O TTE
foi ativo em uma faixa de pH de 3,0 a 12,0 ¢ sua atividade foi 6tima na faixa alcalina
de 9,0 € 12,0. Resultados: Descobriu-se que o TTE ¢ mais ativo a 60 °C, com maior
estabilidade térmica & mesma temperatura. A uréia em concentragoes de 0,1 a 4,0
mM teve um efeito ativador dependente da concentragio no ETT; SDS (0,5 a 4,0
mM) teve efeito semelhante na enzima. A uréiaa 0,5, 1,0 e 2,0 mM aumentou a taxa
mixima de reagio (V,,,,), a constante catalitica (K_,,) e a constante de Michaelis (K,,)
do TTE. Todas as concentragées de SDS (0,5 a 2,0 mM) investigadas aumentaram
Ve € Ko enquanto o valor de Km de TTE reduziu na presenca de 1,0 ¢ 2,0 mM de
SDS. A caracterizagio estrutural do TTE fundamenta a alegagio de termoestabili-
dade in vitro. A andlise de acoplamento molecular revelou que o donepezil demons-
trou ligacio ideal ao TTE. Conclusio: os resultados deste estudo mostraram que

o TTE resiste fortemente 2 desnaturagio por concentragdes dtimas de uréia e SDS.

Palavras-chave: Thermoanaerobacter tengcongensis, esterase, terméfilos, desnatu-

rantes de proteinas, para-nitrofenil dodecanoato

INTRODUCTION

Esterases (E.C 3.1.1.x) are lipolytic enzymes of the «/f hydrolases superfamily that
catalyse the hydrolysis of a variety of substrates containing ester linkages, such as aryl
esters, carboxylic esters and acylglycerols, resulting in the formation of an alcohol and
carboxylic acid [1, 2]. Esterases are widely distributed in nature and have been isolated
from various species, however, a significant amount of the enzymes originates from
bacteria [3, 4]. The structural analyses of microbial esterases revealed that they consist
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of a “cap” domain that participate in substrate binding and a catalytic domain which
contains a functional serine in a conserved pentapeptide Gly-Xaa-Ser-Xaa-Gly [3, 5].
The serine of the catalytic domain together with aspartate and histidine make up the
highly conserved catalytic triad (Figure 1) [4]. Esterases can catalyze three basic types
of reactions: esterification, interesterification and transesterification reactions [6]. Fur-
thermore, esterases are independent of cofactors and have been observed to be active
in aqueous and non-aqueous solvents [7]. Although having preference for short to
medium chain monoesters, esterases are able to hydrolyse long chain water insoluble
triglycerides up to twelve carbon atoms [4, 6].

Typically, esterases display a wide pH, temperature and substrate spectra, and they also
exhibit tolerance to metal ion, salt and solvent to varying extents [4]. These features in
addition to their regio- and enantio-selectivity make esterases attractive as a biotrans-
former for the synthesis of optical prodrugs, additives and polyesters [3]. Esterases are
widely used in food, pharmaceutical, detergent, pulp and paper industries, biodiesel
production, fats and oils production, as well as environmental applications for the

degradation of lipid wastes [4, 8, 9].

Figure 1. The overall structure of the C-terminal domain of esterase D. The central #-sheet and surroun-

ding a-helixes are shown in black and grey, respectively. Catalytic triad residues are indicated [10].

Most industrial lipolytic hydrolase and esterification reactions occur under harsh
conditions (i.e. at high temperature and presence of organic solvent) which constrain
enzyme stability, thus the demand for esterases with intrinsic thermal and chemical sta-
bility has increased [3]. Extremophiles, particularly thermophiles have overtime been
observed to be a promising source of esterases with high inherent stability, and over
the years, some esterases with the aforementioned features have been characterised

from thermophiles and hyperthermophiles such as Archaeoglobus fulgidus, Pyrococcus
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furiosus, Pyrobaculum calidifontis, Thermoanaerobacter tengcongensis and Thermotoga
maritima |3, 10].

Urea and Sodium dodecyl sulfate (SDS) are well established protein denaturants with
denaturing effects similar to thermal denaturation above protein’s melting tempera-
ture (T,,) of 75 °C [11-13). For Thermoanaerobacter tengcongensis esterase (TTE) to
maintain industrial relevance and competitiveness, it is necessary for it to be stable and
effective in complex mixtures of compounds such as organic compounds and anionic
detergent [14]. The thermostability of TTE has been established but its resistance to
protein denaturants, urea and SDS, is yet to be elucidated. In this study, we investigated
both in vitro and in silico the effects of protein denaturants, urea and sodium dodecyl
sulfate (SDS) on Thermoanaerobacter tengcongensis esterase (TTE) activity.

MATERIALS AND METHODS

Materials

Homogenous Thermoanaerobacter tengcongensis esterase (TTE) was synthesized and
purified at Institute of Molecular Cell and Systems Biology, University of Glasgow,
Bower Building, Glasgow G12 8QQ, Scotland, UK. Para-nitrophenyl dodecanoate
(pNPD) also known as 4-Nitrophenyl ester (C,sH,,NO;) and sodium dodecyl sulfate
(Lauryl Sulfate) sodium salt (C;,H,;0,SNa) were products of Sigma-Aldrich Co, St.
Louis, USA. Urea (NH,CONH,) is a product of NAAFCO, Scientific Supplies Led.
New York. All other reagents used in this study were purchased from Fisher Scientific,
UK, and were of analytical grade.

Methods
Overexpression and purification of Thermoanaerobacter tengcongensis esterase

The gene coding for putative esterase from 7. zengcongensis was expressed using E. coli
BL21 (DE3) pLysS competent cells, this produced His-tagged fusion protein. E. coli
BL21 (DE3) pLysS culture induced with Isopropyl f-D-1-thiogalactopyranoside (IPTG)
showed the over-production of His-tagged TTE. His-tagged TTE was extracted from
BL21 (DE3) pLysS cells through cell lysis with the aid of a Sonicator according to the
procedure earlier described by Olorunniji ez a/. [15]. His-tag purification was carried out
using immobilized metal affinity chromatography (IMAC) technique. His-tagged TTE
was eluted with a buffer containing imidazole since it competes with his-tag for binding
to the nickel charged resin leaving the protein of interest [15].
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Determination of Thermoanaerobacter tengcongensis esterase activity

Thermoanaerobacter tengcongensis esterase (TTE) activity was determined by moni-
toring the rate of hydrolysis of para-nitrophenyl dodecanoate (pNPD) as previously
described by Gopinath ez al. [16] with some modifications. TTE hydrolyses the
colourless synthetic substrate, pPNPD, to produce a yellow-coloured, para-nitrophenol
(pNP). Reaction mixture containing 0.1 M Glycine-NaOH buffer (pH 9.4) and 0.001
uM TTE was pre-incubated in water bath at 37 °C for 10 minutes. The reaction was
initiated by the addition of 0.08 mM pNPD and the mixture was incubated at 37 °C
for 10 minutes. The reaction was then terminated by the addition of 0.5 M TCA and
0.5 M NaOH. The amount of the para-nitrophenol (pNP) released from the hydroly-
sis of pNPD catalysed by TTE according to Beer-Lambert’s law were measured spec-
trophotometrically at 405 nm. All assays were carried out in triplicates.

Eﬁff O_prO}’l Ybermoanaerobacter l’€7’lg€07’lg€7l$i§ esterase ﬂCtiUit}/

Reaction mixture containing 0.1 M Glycine-NaOH buffer at varying pH (3 - 12) and
0.001 uM TTE was firstly pre-incubated in a water bath at 37 °C for 10 minutes. The
reaction was initiated by the addition of 0.08 mM pNPD and then incubated for 10
minutes at 37 °C. The reaction was terminated by the addition of 0.5 M TCA and 0.5
M NaOH.

Effect of temperature and thermal stability of Thermoanaerobacter tengcongensis esterase
activity

To the reaction mixture containing 0.1 M Glycine-NaOH buffer (pH 9.4) and
0.001 uM TTE, 0.08 mM pNPD was added to initiate the reaction. The reaction

mixture was incubated for 10 minutes at varying temperatures (20 - 100°C) and then

stopped by the addition of 0.5 M TCA and 0.5 M NaOH.

For the effect of high temperatures on stability of the enzyme, reaction mixture con-
taining 0.1 M Glycine-NaOH buffer (pH 9.4) and 0.001 uM TTE was pre-incubated
in water bath at varying temperatures (30, 35, 40, 45, 50, 60, 70, 80°C) for 10 minutes
and then placed on ice to cool. Reaction was initiated by the addition of 0.08 mM
pNPD and then incubated for 10 minutes at 37 °C. Reaction was terminated by the
addition of 0.5 M TCA and 0.5 M NaOH.

Effect of urea and sodium dodecyl sulfate on Thermoanaerobacter tengcongensis esterase

activity

Reaction mixture containing 0.1 M Glycine-NaOH buffer (pH 9.4), varying concen-
trations of urea or SDS (0.1 — 4.0 mM) and 0.001 uM TTE was pre-incubated in a
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water bath at 37 °C for 10 minutes. Reaction was initiated by the addition of 0.08 mM

pNPD and then incubated at 37 °C for another 10 minutes. Reaction was terminated
by the addition of 0.2 ml of 0.5 M TCA and 0.25 ml of 0.5 M NaOH.

Kinetics of Thermoanaerobacter tengcongensis esterase catalysed hydrolysis of para-

nitrophenyl dodecanoate

Reaction mixture containing 0.1 M Glycine-NaOH buffer (pH 9.4) and 0.001 pM
TTE was pre-incubated in water bath at 37 °C for 10 minutes. Reaction was initi-
ated by the addition of 0.01 — 0.50 mM pNPD separately and incubated at 37 °C for
another 10 minutes. Reaction was terminated by the addition of 0.2 ml of 0.5 M TCA
and 0.25 ml of 0.5 M NaOH.

Kinetics of Thermoanaerobacter tengcongensis estevase catalysed hydrolysis of para-
nitrophenyl dodecanoate in the presence of urea/sodium dodecyl sulfate

Reaction mixture containing 0.1 M Glycine-NaOH buffer (pH 9.4), with 0.5, 1.0 and
2.0 mM urea or SDS and 0.001uM TTE was pre-incubated in a water bath at 37°C for
10 minutes. Reaction was initiated by the addition of 0.01 — 0.50 mM pNPD sepa-
rately and incubated at 37 °C for another 10 minutes. Reaction was terminated by the

addition of 0.2 ml of 0.5 M TCA and 0.25 ml of 0.5 M NaOH.

In silico study

In silico study was done to gain better insight on the binding affinity of TTE active
site to urea, SDS and pNPD compared to donepezil. The selected ligands (urea and
SDS) are known molecules with high enzyme denaturation potentials, while done-
pezil is a standard inhibitor. The protein and ligands were converted into dockable
pdbqt format using Autodock tools. Pdbqt format of the protein, as well as those of
the ligands, was dragged into their respective columns and the software was run. Blind
docking of the ligands to the protein target was done and binding scores determination
was carried out using PyRx-Python Prescription 0.8 (‘The Scripps Research Institute)
[17]. The dimensions for TTE were set as grid center: x = -21.9200, y = 10.7710,
z = -41.6009 and size: x = 66.7970, y = 61.4321, z = 39.3460. The binding scores of
evaluated ligands and pNPD were compared to the binding score of donepezil.

Ligands and protein preparation

The three-dimensional (3D) SDF structures of urea, SDS, pNPD and donepezil with
CIDs: 1176, 8778, 74778 and 3152 respectively were retrieved from PubChem data-
base (www.pubchem.ncbi.nlm.nih.gov) [18]. The direct investigation of TTE through
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in silico approach was hindered due to non-availability of its 3D crystal structure in
the protein data bank. Thus the theoretical characterization of TTE was carried out.
The TTE primary sequence with UniProtKD ID: Q8RC83 was retrieved from Uni-
Prot database (https://www.uniprot.org/) [19]. The obtained primary sequence was
used for the modeling of the TTE tertiary structure using the swiss model webserver
(hteps://swissmodel.expasy.org/interactive/) [20]. The quality of the foreseen TTE
model for structural characterization was checked using the online PROCHECK
webserver (https://saves.mbi.ucla.edu/) [21, 22] via the Ramachandran plot.

RESuULTS

Effect of pH on Thermoanaerobacter tengcongensis esterase activity

The pH dependency of Thermoanaerobacter tengcongensis esterase (TTE) was inves-
tigated at different pH ranging from 3.0 — 12.0 in this study. TTE was observed to
be active over a pH range of 3.0 — 12.0 and the activity of the enzyme progressively
increased with increase in pH from 3.0 to 9.0. Between pH 9.0 and 12.0, there was
no noticeable increase in TTE activity (Figure 2). The TTE activity at pH 9.0 was
observed to be 12% higher when compared with the activity at pH 3.0.

650
640
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570
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Figure 2. Effect of varying pH on Thermoanaerobacter tengcongensis esterase catalysed hydrolysis of

para-nitrophenyl dodecanoate. Data are the means of three independent assays.
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Effect of temperature on Thermoanaerobacter tengcongensis esterase activity

The effects of varying assay temperatures (20 — 100 °C) and varying pre-incubation tem-
peratures (30 — 80 °C) at assay temperature of 37 °C on TTE activity were investigated
in this study. TTE activity increased steadily with increase in assay temperature from
20°Ct0 60 °C, at 60 °C activity spiked up by 124% when compared with activity at 20 °C
(Figure 3). As assay temperature approached 100 °C, TTE activity declined by approxi-
mately 17% when compared with the peak observed at 60 °C. Increasing the pre-incu-
bation temperature from 30 °C to 60 °C resulted in a corresponding increase in activity,
which peaked at 60 °C with a 44% increase when compared with the activity recorded at
30 °C (Figure 4). At 80 °C pre-incubation temperature, TTE activity was observed to
have dropped by approximately 30% when compared with the peak at 60 °C.
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Figure 3. Effects of varying assay temperatures (20 — 100 °C) on Thermoanaerobacter tengcongensis
esterase catalysed hydrolysis of para-nitrophenyl dodecanoate. Data are the means of three indepen-
dent assays.

700

600

500

TTE Activity""

(mmol/min)
300

200
100
0

0 20 40 60 80 100
Temperature (°C)

Figure 4. Effects of varying pre-incubation temperatures (30 — 80 °C) at assay temperature of 37 °C
on Thermoanaerobacter tengcongensis esterase catalysed hydrolysis of para-nitrophenyl dodecanoate.

Data are the means of three independent assays.
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Effect of urea and sodium dodecyl sulfate on Thermoanaerobacter tengcongensis esterase activity

In this study, the modulatory effect of varying concentrations of urea and sodium dodecyl
sulfate (SDS) on TTE activity was examined in the presence of 0.08 mM pNPD. In the
presence of 0 to 4.0 mM urea, TTE activity increased in a concentration dependent man-
ner (Figure 5). TTE activity peaked in the presence of 4.0 mM urea with an 82% increase
compared with the activity observed in the absence of urea. Similarly, SDS also had a con-
centration dependent activating effect on TTE; activity peaked in the presence of 4.0 mM
SDS with 119% increase when compared to activity in the absence of SDS (Figure 6).
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Figure 5. Effects of varying concentrations of urea on Thermoanaerobacter tengcongensis esterase ca-
talysed hydrolysis of para-nitrophenyl dodecanoate. Data are the means of three independent assays.
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Figure 6. Effects of varying concentrations of sodium dodecyl sulfate (SDS) on Thermoanaerobac-
ter tengcongensis esterase catalysed hydrolysis of para-nitrophenyl dodecanoate. Data are the means

of three independent assays.
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Figure 7. Michealis-Menten curve of Thermoanaerobacter tengcongensis esterase catalysed hydroly-

sis of para-nitrophenyl dodecanoate. Data are the means of three independent assays.

1/TTE
Activity
(mmol/min)™!

0.018
Vmax = 1,250 mmol/min
0.016 Km =0.125 mM y=10.0001x + 0.0008
0.014
0.012 *
0.01

0.008
0.006
0.004

0.002

20 40

1/[pNPD] mM!

60

80 100 120

Figure 8. Lineweaver-Burk plot of Thermoanaerobacter tengcongensis esterase catalysed hydrolysis of

para-nitrophenyl dodecanoate. Data are the means of three independent assays.

Kinetics of Thermoanaerobacter tengcongensis esterase catalysed hydyolysis of para-

nitrophenyl dodecanoate in the presence of urea

The substrate kinetics of TTE catalysed hydrolysis of pPNPD in the presence of urea fol-

lows the classical Michealis-Menten hyperbola curve (Figure 9). From the Lineweaver-

Burk plot in Figure 10, V.., K, and K, values were calculated and are shown in Table 1.
The result showed that 0.5 and 1.0 mM urea concentrations, had similar effect on TTE
with both showing approximately 14.3% increase in V,,,, and K., when compared with
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what was observed in the absence of urea. The K, value of TTE was also observed to
increase slightly with 0.5 and 1.0 mM urea. At 2.0 mM concentration, urea had peak
effect on TTE, yielding 33.3 and 33.5% increase in V,,,, and K, respectively.
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Figure 9. Michealis-Menten curve of Thermoanaerobacter tengcongensis esterase catalysed hydroly-
sis of para-nitrophenyl dodecanoate in the presence of urea. Data are the means of three indepen-

dent assays.
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Figure 10. Lineweaver-Burk plot of Thermoanaerobacter tengcongensis esterase catalysed hydrolysis
of para-nitrophenyl dodecanoate in the presence of urea. Data are the means of three independent

assays. Correlation coefficient (R?) values > 0.90.
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Kinetics of Thermoanaerobacter tengcongensis esterase catalysed hydyolysis of para-

nitrophenyl dodecanoate in the presence of sodium dodecyl sulfate (SDS)

The substrate kinetics of TTE catalysed hydrolysis of pNPD in the presence of
sodium dodecyl sulfate (SDS) follows the classical Michealis-Menten hyperbola
curve (Figure 11). V.., K,, and K_,, values were calculated from the Lineweaver-Burk
plot in Figure 12 and are shown in Table 1. SDS at 0.5, 1.0 and 2.0 mM increased the
Vonax and K, values of TTE catalyzed hydrolysis of pNPD. Also, SDS at 0.5, 1.0 and
2.0 mM increased the V,,, of TTE, with the peak in the presence of 0.5 mM (approxi-
mately 300% increase) when compared to the V,,,, in the absence of SDS. Similarly,
the K,, value of TTE was also observed to be the highest (with about 300% increase)
in the presence of 0.5 mM SDS; concentrations beyond this resulted in decrease in K,
up to 20%. The K, of TTE also increased in the presence of SDS when compared to
its absence, highest at 0.5 mM with 300% increase.
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Figure 11. Michealis-Menten curve of Thermoanaerobacter tengcongensis esterase catalysed hydroly-
sis of para-nitrophenyl dodecanoate in the presence of sodium dodecyl sulfate (SDS). Data are the

means of three independent assays.
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Figure 12. Lineweaver-Burk plot of Thermoanaerobacter tengcongensis esterase catalysed hydrolysis
of para-nitrophenyl dodecanoate in the presence of sodium dodecyl sulfate (SDS). Data are the

means of three independent assays. Correlation coefficient (R?) values > 0.88.

Table 1. Kinetic parameters of Thermoanacerobacter tengeongensis esterase catalysed hydrolysis of

pNPD in the presence of urea and sodium dodecyl sulfate

Reaction V pax (mmol/min)*! K,, (mM) K, (sec!) x 10%

TTE 1,250.000 0.125 3.940
TTE + 0.5 mM Urea 1,428.570 0.143 4510
TTE + 1.0 mM Urea 1428.570 0.128 4510
TTE + 2.0 mM Urea 1666.67 0.15 5.26

TTE + 0.5 mM SDS 5000.000 0.500 15.780
TTE + 1.0 mM SDS 1666.670 0.117 5.260
TTE + 2.0 mM SDS 1666.670 0.100 5.260

Theoretical characterization of Thermoanaerobacter tengcongensis esterase

The swiss model for TTE with GMQE and QMEAN Z-Scores 0.15 and -3.58 using
Burkholderia stabilis cholesterol esterase (PDB ID: 7COG; resolution 3.0 A) as tem-
plate was used for the modeling (Figure 13). Also, the PROCHECK summary result
for TTE without refinement via Ramachandran plot is 91.1% with 123 amino acid
residues (91.1%) found in favored region (A, B, and L; Red color), 10 amino acid
residues (7.4%) found in the additional allowed region (a, b,  and p; yellow color), 1
amino acid residue (0.7%) found in the generously allowed region (~a, ~b, ~I,and ~p;
light green and cream colors) and 1 amino acid residue (0.7%) found in the disallowed
region (white color) (Figure 14).
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Molecular docking

The molecular docking study was carried on the predicted TTE model where the bind-
ing scores and interacting residues were obtained as well as the type of non-covalent
interactions between the respective ligand towards the TTE model as shown in Table
2 and Figures 15a and 15b.

Table 2. Molecular docking binding scores of pNDP, urea, SDS, and donepezil towards TTE and

the non-covalent interacting residues

Parameters/ Binding Scores  Conventional Hydrogen

Ligands CIDs  (Kcal/mol) Bond Other non-covalent bonds

Thr126, His179

74778 -5.37+0.21¢ Leul05, His107, Phel 15,
1176 32040200 | AsP122,Gly249, Tyr252, Phell6
Asn253
Leul05S, Met129, Alal41,
8778 -47040.00°  Serl24, Thr126 His179
3152 73740.15°  Thrl26 Leul05, His107, Phel 16,

Aspl122, Leul28, Vall177

ANOVA followed by Duncan multiple range test for correlation. Different superscript indicates significant
different at P < 0.05

DiscussioN

The ongoing global demand for novel biocatalyst with impeccable biochemical char-
acteristics was expected to have reached approximately $6.2 billion as 0o£ 2020 [4]. The
bid to meet the continuous high demand for sustainable and environmental-friendly
biocatalyst has driven the need to explore new environments for these enzymes [23].
Microbial communities which are adapted to extreme environment such as tempera-
ture, salinity, pressure, and low levels of light have overtime been proven to be promis-
ing source of enzymes that may be uniquely suited for various industrial processes [24].
One of such extreme environment is the Tengcong hot spring in China where extreme
thermophile, Thermoanaerobacter tengcongensis, was isolated [6].
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iii Iv

Figure 15b. 3D molecular binding structures of TTE with pNPD (i), urea (ii), SDS (iii) and
Donepezil (iv)

Esterases from thermophilic sources present higher industrial potentials than those
from other sources and are usually stable in a broad pH range [25]. pH stability in
addition to reasonable thermostability reinforces esterases suitability for various indus-
trial applications [6]. In this study, Zhermoanacrobacter tengcongensis esterase (TTE)
was active over a range of acidic and neutral pH and also showed excellent stability in
pH range of 9.0 — 12.0. This result is in agreement with the findings of Rao ez 4/. [6],

1383



Adedoyin Igunnu ez al.

where the activity of TTE was reported to peak at pH 9.5 and stable within the pH
range of 8.0 — 10.0. Similarly, Zhang ez al. (2005) reported optimal activity for TTE
at pH 9.0; however unlike the findings here, no activity was recorded at pH below 6.0.
Similar to the findings herein, Borchert ez al. [4] reported Stelletta normani esterase
activity at all pH values investigated, however, 80 % activity was observed at alkaline

pH of 9.0 and 10.0.

Esterases typically exhibit a broad temperature spectrum and several research groups
have reported successful identification and development of thermostable esterases
from extremophiles particularly thermophiles [4, 6]. This coupled with other factors
such as tolerance to metal ion, salts and solvent, regio-, chemo-, and stero-selectivity
make esterases desirable industrial biocatalyst [26]. Thermoanaerobacter tengcongensis
esterase (TTE) displayed optimal activity at 60 °C and like other esterases from ther-
mophiles, TTE maintained high and stable activity between 70 to 90 °C, however
at 100 °C, TTE maintained 83 % of its maximal activity. The optimal temperature
obtained in this study falls within the survival temperature range for Thermoanaero-
bacter tengcongensis which is between 50 to 80 °C [27]. In this study, the optimal
temperature reported for TTE was 10 °C lower than what was reported by Rao ez
al. [3], where optimal activity for 7. tengcongensis esterase was reported at 70 °C, and
this might be due to the difference in other assay conditions. Similar to the findings
in this study, Geobacillus specie esterase, a thermostable enzyme, has been reported to
display optimal activity at 60 °C [25]. Thermostability assays in this study showed that
TTE was most stable at 60 °C after 10 minutes pre-incubation and displayed moderate
stability at higher temperatures, 70 and 80 °C, where it maintained 74 and 70 % of its
maximal activity, respectively. The findings of this study are in line with earlier reports
on the thermostability of 7. tengcongensis esterase by Rao et al. [3] where the enzyme
was reported to have retained its original activity at 60 °C for longer duration.

Besides being thermostable, the structural characteristics of esterases from thermo-
philic organisms enables them to have high resistance against organic solvents as well
as different denaturing conditions [25]. This, in addition to other factors, reinforces
the suitability of esterases for application in detergent industry, waste treatment, oil
biodegradation, biodiesel production and pharmaceutical industry [26]. Small organic
molecules in aqueous solutions have been observed to have significant effect on the
structure, stability and function of proteins and one of such is urea [11]. Overtime,
urea has been used to access protein stability and its characteristic denaturing effect has
been attributed to its ability to cause unfolding of polypeptides [11]. Many manufac-
turing industries especially those involved in the production of fertilizers, detergent,
glue and feed supplements make use of urea, as such potential biocatalysts are required
to have certain degree of stability to be effective in these industries [28]. Findings of
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this study showed that concentrations of urea from 0.1 to 4.0 mM progressively acti-
vated TTE activity (Figure 5). This finding showed that TTE resisted denaturation
by urea up to 4.0 mM and as opposed to denaturation, urea in this test condition acti-
vated the enzyme. Urea is known to cause polypeptide unfolding and denaturation at
high concentrations [11]; as such the low concentration dependent activating effect
on TTE observed in this study might be as a result of mild urea-induced unfolding of
TTE thereby exposing the active site to substrate. Similarly, Igunnu and co-researchers
reported the activating effect of urea within the concentration range of 0.1 to 4.0 mM
on Thermomyces lanuginosus lipase [29]. Zhu et al. [25] also reported the stability of
Geobacillus sp. esterase in the presence of urea, with the enzyme maintaining 79.4 %
of its activity in 2.5 M urea. High concentrations of urea (1 to 5 M) were reported to
induce conformational changes at the active site of Exignobacterium antarcticum ester-
ase resulting in progressive activity decline [1].

The kinetic analysis of Thermoanaerobacter tengcongensis esterase in the absence of dena-
turant/detergent showed that the enzyme had a high turnover of product per unit time
and appreciable affinity for the alternative substrate (pNPD). The K_,, and K, value of
TTE reported here, 0.125 mM and 3.9 x 10*s”, respectively, were observed to be higher
than those reported by Rao e 4/. [6] and this might be as a result of the difference in
experimental conditions. In similar manner, Levisson ez al. [10] reported a low K. and
K., value of 1.3 s* and 0.072 mM, respectively, for Thermotoga maritima esterase.

Furthermore, the kinetic analysis of TTE revealed that urea at 0.5 and 1.0 mM had
same impact on maximum reaction rate (V) and catalytic constant (K,) with a
noticeable 14.2% increase when compared with those recorded in the absence of urea
(Table 1). However, in the presence of 1.0 mM urea, TTE had higher affinity (lower
K,,) for pNPD as a result of increased unfolding. Urea at 2.0 mM had the highest
increasing effect on V,,,, and K, this implies that at this concentration of urea, TTE
had the highest turnover of product per seconds.

With the emergence of biotechnology, esterases have been widely used in various indus-
trial processes; however, their use is restricted by industrial conditions that require the
use of complex mixtures of compounds including anionic and nonionic detergents
[14, 30]. Therefore the ability to remain stable in the presence of detergents confers
an advantage and might be crucial for certain industrial applications [14]. Anionic
surfactant such as sodium dodecyl sulfate (SDS) is able to destroy non-covalent bonds
within enzyme molecules, thereby resulting in conformational changes that lead to loss
of activity [30]. For TTE to be eflicient in detergent industry as a facilitator of fat
stain removal in washing powders, its ability to be stable in detergents is imperative.
From this study, it was observed that TTE was stable at all tested concentrations of
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SDS with 0.5 to 4.0 mM showing a concentration dependent activating effect on the
enzyme. The findings in this study showed that TTE strongly resisted denaturation
by SDS up to 4.0 mM and may be applicable in industries where moderate concentra-
tions of anionic detergent are necessary for manufacturing. The activating effects at
low concentrations of detergents have earlier been reported for Thermomyces lanugi-
nosus lipase, where concentrations between 0.1 to 5.0 mM were observed to have led
to increase in activity [29, 31]. The increased TTE activity observed in the presence of
SDS in this study might be due to the increased exposure of the active site as the surfac-
tant unfolds the protein. In a like manner, a recombinant esterase from Geobacillus sp.
was reported to show good tolerance for SDS [25]. Zhang ez al. [5] reported that TTE
was unstable in 1% SDS which shows that TTE was unable to resist the denaturing
effect of SDS at a concentration as high as 34 mM. Similarly, the presence of 1% SDS
was reported to completely inhibit Thermotoga maritima esterase [10]; likewise, Gao
et al. [30] reported the strong inhibitory effect of SDS on alkaline-stable esterase from
Stenotrophomonas maltophilia.

Furthermore, the findings in this study showed that in the presence of abundant supply
of pNPD, all concentrations of SDS (0.5 to 2.0 mM) increased the maximum reaction
velocity and turnover rate of TTE. This finding is in line with the previous observation
here in that SDS within concentration 0.5 to 4.0 mM had activating effect on TTE.
It was also deduced from the kinetic analysis that 0.5 mM had the highest impact on
the turnover of product. Similar to the findings here in, Igunnu ez 4/. [29] had ear-
lier reported that 2.0 mM SDS increased the V., and K., of Thermomyces lanuginosus
lipase. On the other hand, the K, value of TTE increased in the presence of 0.5 mM
SDS and decreased as concentration approached 2.0 mM. This finding shows that in
the presence of 0.5 mM SDS, the affinity of TTE for pNPD was slightly reduced indi-
cating that at this concentration, the surfactant reduced enzyme binding affinity but
enhanced its catalytic power.

To substantiate the thermostability study, the structural characterization result revealed
closest GMQE, QMEANDisco (between 0 and 1) and QMEAN Z-score (between
-4.0 and 0) values for TTE model suggesting a good quality, reliability and the degree
of nativeness of the built model to the experimental structure of similar size [32-34].
In addition, the TTE model quality check result using Ramachandran plot depicted
a good quality check with 91.1% amino acid residues in the favored region and less
than 1% in the disallowed region. Interestingly, the amino acid residue (THR221) in
the disallowed region did not interact with any of the docked molecule towards TTE.
This result suggested that the phi and psi backbone dihedral angles in the predicted
structure of TTE model is reasonably accurate [35, 36]. Furthermore, the molecular
docking study showing the molecular interactions between the investigated ligands
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and TTE complement its homology assessment. It is evidence from the docking result
that none of the investigated compounds (urea and SDS) showed better binding score
than pNPD except donepezil (-7.37 + 0.15 Kcal/mol), a known inhibitor for esterase.

CONCLUSION

In conclusion, findings from this study showed that TTE strongly resists denaturation
by optimal concentrations of urea and SDS. In fact, moderate concentrations of the
denaturants (urea and SDS) increased the activity of Thermoanaerobacter tengcongensis
esterase. More so, T'TE was stable within a broad range of temperature and pH values;
these impeccable biochemical characteristics make it an ideal enzyme for use in deter-
gent industry, waste treatment, oil biodegradation, biodiesel production, glue and feed
supplements industry where harsh operating conditions might be required.
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RESUMEN

Introduccidn: los antibidticos en el medio acudtico son un problema importante
debido a la aparicién de resistencia bacteriana. Se desconoce el impacto ecolégico
a largo plazo en el medio ambiente acudtico. Muchas fuentes permiten la entrada
de antibiéticos al medio ambiente, incluidas las plantas de tratamiento de aguas
residuales (PTAR), la escorrentia agricola, los efluentes hospitalarios y los lixiviados de
vertederos. Objetivo: se presentaun estudio que evaltala degradacion dela sulfadiazina
(SD), sulfamerazina (SMR) y sulfametazina (SMT) al ser expuesta a condiciones de
estrés por radiacion UV, ozonificacién y UV + ozonificacion. Metodologia: todos
los andlisis se realizaron mediante espectrofotometria UV/Vis luego de verificar
mediante andlisis de HPLC que los productos de degradacién no interferfan de
manera significativa la absorbancia de los firmacos en estudio. Resultados: se
demostrd que las tres sulfonamidas son sensibles a todos los métodos de degradacion
estudiados, siendo el método més eficiente la combinacién de radiacién UV+O;, y

el menos eficiente el tratamiento con ozono.

Palabras clave: contaminantes emergentes, firmacos, tratamiento de aguas, ozoniza-

cién, radiacién UV.
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SUMMARY

FEvaluation of the use of UV radiation and ozone in the
degradation of some sulfonamides

Introduction: antibiotics in the aquatic environment are an important problem
due to the emergence of bacterial resistance. The long-term ecological impact on
the aquatic environment is unknown. Many sources allow antibiotics to enter the
environment, including wastewater treatment plants (WWTPs), agricultural runoff,
hospital efluent, and landfill leachate. Objective: a study is presented that evaluates
the degradation of sulfadiazine (SD), sulfamerazine (SMR) and sulfamethazine
(SMT) when exposed to stress conditions due to UV radiation, ozonation
and UV + ozonation. Methodology: all analyzes were performed by UV/Vis
spectrophotometry after verifying by HPLC analysis that the degradation products
did not significantly interfere with the absorbance of the drugs under study. Results:
it was shown that the three sulfonamides are sensitive to all the degradation methods
studied, the most efficient method being the combination of UV+O; radiation, and

the least efficient being the treatment with ozone.

Keywords: emerging contaminants, drugs, water treatment, ozonation, UV radiation.

REsumMoO

Avaliagao do uso da radiagio UV e do 0z6nio na degradacio de
algumas sulfonamidas

Introdugio: antibidticos no ambiente aqudtico sio um problema importante
devido ao surgimento de resisténcia bacteriana. O impacto ecoldgico a longo prazo
no ambiente aqudtico ¢ desconhecido. Muitas fontes permitem que antibiéticos
entrem no meio ambiente, incluindo estagoes de tratamento de dguas residuais
(ETEs), escoamento agricola, efluentes hospitalares e lixiviados de aterros sanitarios.
Objetivo: ¢ apresentado um estudo que avalia a degradagio da sulfadiazina (SD),
sulfamerazina (SMR) e sulfametazina (SMT) quando expostas a condi¢des de
estresse devido a radiagio UV, ozonizagio e UV + ozonagio. Metodologia: todas
as andlises foram realizadas por espectrofotometria UV/Vis apds verificagio por

andlise de HPLC que os produtos de degradagio nio interferiram significativamente
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na absorbéncia dos firmacos em estudo. Resultados: foi demonstrado que as trés
sulfonamidas sio sensiveis a todos os métodos de degradacio estudados, sendo o
método mais eficiente a combinagio da radiacio UV+Q;, e 0 menos eficiente o

tratamento com Ozonio.

Palavras-chave: contaminantes emergentes, drogas, tratamento de 4gua, ozonizagao,

Radiagiao UV.

INTRODUCCION

Ademis de tratamiento de patologfas en humanos, los antibiéticos se utilizan en sec-
tores como la acuicultura, la agricultura y la veterinaria [1, 2], lo cual ha causado un
aumento de la presencia de estas sustancias en aguas superficiales [3-5].

Se esperarfa que una vez ingeridos, los antibiéticos sean totalmente metabolizados, sin
embargo, una fraccién de los mismos es excretados sin cambios [5-8]. Asi, inicialmente,
una vez los antibidticos lleguen al sistema de drenajes y posterior entrada a plantas de
tratamiento (PTAR) pueden tener tres destinos: Biodegradacion, adsorcién en lodos
o salida sin cambios [9-11], por lo cual tanto la principal entrada de antibiéticos a los
ecosistemas acudticos es la fraccion no metabolizada que pasa a través de las PTAR sin
sufrir cambios, debido a que los sistemas de tratamientos no cuentan con tecnologfas
que eliminen completamente los antibiéticos [12].

Otras fuentes de contaminacién por antibiéticos son los lixiviados vertederos de basura
y la eliminacién inadecuada de medicamentos no consumidos [13, 14], al ingresar al
medio ambiente, el destino de los antibidticos estd condicionado a las propiedades fisi-
coquimicas del medio, como pH, composicién del suelo, ademas de las condiciones
ambientales del entorno, teniendo el potencial de transformarse en metabolitos lo que
dificulta predecir el comportamiento y destino final de los antibiéticos [6, 13].

Los antibidticos se clasifican de manera general en agentes bactericidas y agente bacte-
riostaticos, los primeros destruyen las bacterias y los bacteriostaticos evitan la prolifera-
cién bacteriana impidiendo su divisién [15].

Dentro del grupo de los agentes bactericidas, las sulfonamidas (Figura 1) son unos de
los antibidticos més utilizados sobre todo en medicina veterinaria; sin embargo, debido
al aumento de la resistencia bacteriana a los antibidticos de primera linea, las sulfami-
das han vuelto a tomar protagonismo en tratamientos en humanos [16, 17], lo que a
su vez ha generado alertas ambientales por la presencia de estos firmacos en sistemas
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acudticos, a tal punto que organizaciones como la red NORMAN, haya clasificado ala
Sulfadiazina (SD), la sulfamerazine (SMR) y la sulfametazina (SMT) como contami-
nantes emergentes de alta peligrosidad ambiental [18].

N\ > N—
O

Figura 1. Formula quimica de las sulfonamidas (Sulfadiazina: R;: H, R,: H; Sulfamerazina: R;:
CH,;, R,: H; Sulfametazina R;: CH;, R,: CH,).

En este contexto, el objetivo de la presente investigacion es evaluar el uso de la radia-
cion UV y el ozono en la degradacion de la SD, SMR y SMT como alternativa de
tratamiento adicional de aguas residuales, dos métodos de bajo costo y de facil imple-
mentacién en PTAR ya construidas.

METODOLOGIA

Reactivos

Sulfadiazina, sulfamerazina y sulfametazina (Sigma—Aldrich), Metanol, Etanol

(Merck), Acetonitrilo (Merck). Agua destilada
Equipos

Espectrofotémetro UV-Vis (EMC-11- UV), Equipo de HPLC (Agilent 1200 Series),
con automuestrador Agilent 1260 Infinity, desgasificador Agilent 1200 Series, bomba
cuaternaria Agilent 1200 Series, Detector UV-Vis con arreglo de diodos e integrados
Agilent 1200 Series, Columna Eclipse XDB-C18 (150 mm X 4,6 mm, 3,5-5 um).
Reactor ozono, Lampara UV ECOFILTER, bomba de recirculacidn, Bafo de recircu-
lacién (Medingen K22/T100), Balanza analitica (RADWAG AS 220.R2, sensibilidad
10,1 mg).

Evaluacion de técnicas en la degradacion de fairmacos

Se preparé una solucién acuosa de 25 pg/mL de cada una de las sulfonamidas evaluadas
(SD, SMR y SMT) teniendo en cuenta la solubilidad de cada firmaco 2 20 °C (Tempe-

ratura de laboratorio 25 °C) garantizando una sola fase [19-23]
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Cada firmaco fue sometido a tres métodos de degradaciéon 1) Radiacién UV, 2)
Ozonificacién y 3) Radiacién UV + O;. Para el primer andlisis, en un erlenmeyer de
1000 mL se tomaron 500 mL de cada una de las soluciones, los cuales fueron recircu-
lados continuamente por un sistema comercial de lampara de luz ultravioleta, el cual
consiste en un contenedor de acero inoxidable de 52 cm de largo por 7 cm de didmetro,
con dos conexiones de ¥ pulgada, el cual contiene en su interior un tubo de vidrio de
46 cm de largo y 2,5 cm de didmetro el cual a su vez contiene una lampara que irradia
luz UV entre 200 y 295 nm de acuerdo a especificaciones comerciales. El segundo
andlisis, en un frasco de color &mbar de capacidad de 1000 mL, se depositaron 500 mL
de cada una de las soluciones y se burbujeo 0zono mediante un generador ozono, final-
mente para el tercer ensayo, se acoplé el generador de ozono al sistema de ldmpara UV
y se recirculd la solucidn de cada una de las sulfonamidas estudiadas [24].

La degradacién de cada uno de los firmacos se evalu6 contrastando la concentracién de
la solucién de cada sulfonamida en funcién del tiempo de exposicién a cada uno de los
factores, es decir luz UV, ozono, y UV + ozono. Debido a que la exposicién de las sulfo-
namidas a la radiacién UV y/o al ozono puede generar productos de degradaciéon que
interfieran en la cuantificacion del fArmaco, se evaluaron dos técnicas para la determi-
nacién del cambio de concentracién. La primera técnica de cuantificacién fue HPLC,
se determind la concentracién cada muestra de muestras sometidas a radiacion + ozo-
nificacién durante 5, 15, 30 y 60 minutos a 268 nm, evaluando la altura de pico, el
tiempo de retencién y la pureza de pico.

La segunda técnica analitica, fue la de espectrofotometria UV-Vis, una técnica rapida,
sencilla y que requiere menos recursos en comparacién al HPLC, sin embargo, no es
posible identificar de forma precisa la interferencia de posibles productos de degrada-
cién. En este ensayo la concentracion se determind a 268 nm sin realizar diluciones de
acuerdo al método reportado por Delgado ez al. [25].

Condiciones HPLC

Se empled un cromatégrafo liquido modular Agilent 1200 Series, con automuestrea-
dor Agilent 1260 Infinity, desgasificador Agilent 1200 Series, bomba cuaternaria Agi-
lent 1200 Series, detector UV/VIS con arreglo de diodos e integrador Agilent 1200
Series, asi como una columna Eclipse XDB-C18 (4,6 mm x 150 mm, 3,5-5 um) cuya
temperatura de operacion fue de 25 °C. El volumen de inyeccion fue de 10 pL; la fase
movil utilizada fue sistema de gradiente lineal de dos solventes con agua/acetonitrilo,
ambos con 4cido trifluoroacético (TFA) al 0,05% cuya composicién de partida fue
90/10 a cero minutos, luego se cambié a 85/15 alos diez minutos. La velocidad de flujo
fue de 2,5 mL/min, y la longitud de onda de cuantificacion fue de 268 nm.
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RESULTADOS Y DISCUSION

La degradacién de cada una de las sulfonamidas se evalu6 analizando los cambios de
concentracién en funcion del tiempo de exposicion de cada farmaco a las diferentes
condiciones de estrés. En principio, para evaluar el uso de espectrofotometria UV en el
andlisis de degradacién se realizé un estudio de degradacién mediante radiacién UV +
ozonificacién, la cuantificacidn de cada fairmaco se realizé median HPLC con el fin de
identificar posibles interferencias de los productos de degradacién en la cuantificacion.
Asi, se tomo una solucién de 25 pg/mL de cada sulfonamida y se someti6 a estrés por
radiacién UV + Ozonificacién.

En la tabla 1 se muestran los resultados, a partir de los cuales se pude demostrar que
los tres firmacos son sensibles a radiacion UV + Ozonificacién, puesto que a medida
que aumenta tiempo de exposicion el drea de pico se reduce manteniendo el tiempo de
retencion, indicando degradacién del farmaco, en los primeros 5 minutos de exposi-
ci6n aradiacién UV y ozono, la SD, se degrada en un 12%,la SMR 21% y la SMT 17%,
a los 15 minutos de exposicion la SD aumenta su degradacién a 28%, la SMR 37% y
la SMT 33% siendo nuevamente la SMR el firmaco que presenta mayor porcentaje de
degradacion. A los 30 minutos, la SD alcanza el 57% de degradacién, la SMR 63% y
la SMT 53%, pasados 60 minutos, la SD se degrada 71%, la SMR 76% y la SMT 73%,
demostrado la eficiencia del tratamiento UV + Ozonificacién en la degradacién de los
tres farmacos; otro andlisis importante es la pureza de pico, la cual en el caso de la SD
pasa de 99,9% a 98,7% variando tan solo 1.2%, en cuanto al SMR, factor de pureza de
pico varia 1,1% y en la SMT 1,6%, porcentajes que permiten concluir que los produc-
tos de degradacién no interfieren de forma significativa en la cuantificacién del firmaco
luego de someterlo a estrés por radiacién UV + Ozonificacion, por lo que el estudio
de degradacién por radiaciéon UV, O3, o ambas técnicas combinadas, puede realizarse
mediante espectrofotometria UV-Vis. Si bien mediante espectrofotometria UV-Vis o
HPLC no es posible identificar los productos de degradacién, Garceia-Galan ez 4/. indi-
can que muchos de estos productos de degradacion son el resultado de la ruptura de los
anillos aromdticos por lo no tienen grupos croméforos que permitan su cuantificaciéon
mediante técnicas espectrofotométricas [5], lo cual es respaldado por Li ez al. [26].
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Tabla 1. Areas, tiempo de retencién (TR) y factor de similitud o de pureza de pico del estindar de
cada sulfonamida y de las muestras expuestas a condiciones de estrés (radiacién UV + Ozonificacién;
solucién 25 pg/mL).

Firmaco Tiempo d.e exposicion Area /mAU Tiemp c.)/de Pureza de pico
/minutos retenciéon

0 745 3,52 999,21+0,85

S 652 3,41 995,25+0,58

Sulfadiazina 15 532 3,65 992,54+0,25
30 321 3,55 989,14+0,21

60 213 3,42 987,15+0,12

0 801 4,32 999,78+0,75

625 421 997,45+0,32

Sulfamerazina 15 502 4,35 993,47+0,95
30 298 4,42 990,64+0,75

60 189 4,25 988,85+0,37

0 754 5,12 999,56+0,28

625 5,21 996,18+0,24

Sulfametazina 15 498 5,24 991,75+0,69
30 351 5,28 985,72+0,74

60 201 5,32 983,78+0,45

Evaluacién de métodos de degradacién

Se analizaron tres métodos para degradar las sulfonamidas, el primero consistié en irra-
diar la muestra mediante una lampara de UV, recirculando la muestra mediante una
bomba a una rapidez de flujo 4 L/min, por entre un reactor UV; el segundo método,
consistié en burbujear O; ala muestra y el tercer método consistié en una técnica com-

binada de radiacién UV + O,.

En todos los casos de tomaron 500 mL de solucién de 25 pug/mL de cada una de las
sulfonamidas estudiadas. Cada muestra se sometié a estrés durante 80 minutos, una
vez se inici6 el proceso de degradacion se tomaron muestras cada 5 minutos durante los
primeros 30 minutos y cada 10 minutos durante los restantes 50 minutos.

En la Figura 2, se muestra el porcentaje de degradacién en funcién del tiempo, el trata-
miento con ozono, mostro ser el método menos eficiente, sin embargo, la SMRy SMT
alcanzan porcentajes de degradacién cercanos al 50%, y en cuanto a la SD solo se logra
degradar aproximadamente un 30%.
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Al irradiar las muestras con luz ultravioleta, se alcanzan porcentajes de degradacién
entre 62-65%, mayores a las alcanzadas mediante burbujeo de ozono en donde el por-
centaje de degradacién no supera el 50% para la SMR y SMT vy tan solo llega a un
30% en la SD, sin embargo, al someter las muestras a la técnica combinada UV + O,
el porcentaje de degradacién de las tres sulfonamidas alcanzan valores entre el 80 y el
83%. Al analizar el porcentaje de degradacion de las tres sulfonamidas en funcién de su
estructura molecular solo se notan diferencias en el tratamiento por Os, posiblemente
debido a que la longitud de onda de méxima absorbancia de las tres sulfonamidas es
similar (263-264 nm), por lo que en los métodos de radiaciéon UVy UV + O; los resul-
tados sean mas homogéneos en relacién al tratamiento por Os.

100

90

% Degradaciéon

Tiempo (min)

Figura 2. Porcentaje de degradacién de la SD (A: Ozono, 0: Radiacién UV, 0: Radiacién UV +
Ozono.) SMR (e®: Ozono, ¢: Radiacién UV, 0: Radiacién UV + Ozono.) SMT (+: Ozono, =: Ra-
diacién UV, A: Radiacién UV + Ozono).

Al determinar la cinética de degradacién (Tabla 2, Figura 3) se puede establecer queel
mejor orden que describe la degradacién de las sulfonamidas es la cinética de orden 2.
Indicando dos principios importantes, el primero es que la velocidad de degradacién
depende la concentracién inicial, y el segundo, la vida media de los agentes terapéuti-
cos aumenta a medida que la concentracién disminuye, es decir, para eliminar trazas es
necesario mayor tiempo de tratamiento [27].

Esto demuestra la dificultad relacionada con la eliminacién total de estos firmacos, més
atin cuando se ha demostrado que concentraciones del orden de 2,9 ng/mL presentan
efectos bioldgicos graves [1, 28-30].
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Al verificar los datos de r* para la cinética de las sulfonamidas expuesta a radiaciéon
UV, se observa un posible seudo orden 2, a diferencia de los tratamientos con ozono y
radiaciéon UV + O; en donde se obtienen tendencias lineales con r* aproximados a 1,0
conservandose claramente una cinética de orden 2.

Tabla 2. Cinética de degradacién de la SD, SMR y SMT expuestas a diferentes condiciones de

estrés.

Tratamiento Sulfonamida Ecuacién R?

SD 1/C(ug/mL)=0,00022 t(min) + 0,04027  0,9794

Ozono SMR 1/C(ug/mL)= 0,00050 t(min) + 0,03860 0,9933
SMT 1/C(ug/mL)= 0,00050 t(min) + 0,03962  0,9982

SD 1/C(ug/mL)= 0,00093 t(min) + 0,04447  0,9495

Radiacién UV SMR 1/C(ug/mL)=0,00103 t(min) + 0,04384 0,9560
SMT 1/C(pg/mL)= 0,00092 t(min) + 0,04004  0,9796

SD 1/C(ug/mL)= 0,00189 t(min) + 0,04323 = 0,9953

Radiacién UV + O, SMR 1/C(ug/mL)= 0,00249 t(min) + 0,03765 0,9981
SMT 1/C(ug/mL)= 0,00207 t(min) + 0,03819  0,9976

1/pg

Tiempo (min)

Figura 3. Cinética de degradacién dela SD (A: Ozono, 0: Radiacién UV, ¢: Radiacién UV + Ozono.)
SMR (A : Ozono, ®: Radiaciéon UV, 0: Radiacién UV + Ozono.) SMT (+: Ozono, =: Radiacién UV,
¢: Radiaciéon UV + Ozono).
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CONCLUSIONES

Las tres sulfonamidas son sensibles a la degradacién por radiacién y ozono, en todos
los casos, se muestra un minimo del 50% de degradacién en un lapso de tiempo de 80
minutos. El método de tratamiento menos eficiente es la ozonificacién sin embargo al
combinar este método con radiacién UV se obtienen mejores resultados.

Sibien los tres métodos permiten degradar las sulfonamidas (SD, SMR y SMT), el que
el proceso siga un orden cinético de segundo orden sugiere que la eliminacién del 100%
de residuos de estos farmacos es un proceso complejo, puesto que la vida media de los
firmacos aumentaria a medida que su concentraciéon disminuye como consecuencia de
la degradacion.
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SUMMARY

Introduction: Due to lack of effective and fast-acting therapy, depression can
become a life-threatening condition if not treated adequately. In fibromyalgia
animal models, pregabalin has shown antidepressant properties. Compared to
fluoxetine, the unusual fast-acting antidepressant properties of pregabalin offers the
possibility to explore this GABA analogue in the context of depression. Objective:
we evaluated the acute effect of pregabalin in a reserpine-induced animal models
of depression. Method: rats were organized into four groups regarding their
planned drug regimen: control (C), reserpine (R), reserpine + fluoxetine (RF) and
reserpine + pregabalin (RP). The C group received only saline throughout the study.
Depressive and anxiety-like behavior were tested using the force swimming test
(FST) and the open field test (OFT), respectively. Results: Our data shows that
both RP and RF groups have a significant longer mobility time (seconds) than the C
group during the FST (RP: 44.76 + 8.37 and RF: 65.86 + 34.10vs C: 21.80 + 11.10,
p<0.05 for both). No significant differences were observed in immobility time and
climbing across all groups (p>0.05). On the other hand, RF and RP groups showed

a reduced time spent in the center of the arena compared to control (p<0.05) in
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OFT, suggesting increased anxiety-like behavior. Conclusion: Our results show that
pregabalin has an acute effect on depressive and can also acutely exert an unexpected
anxiety-like behavior as well. Our work reveals an unexpected outcome in the search

for fast-acting antidepressants.

Keywords: Reserpine; pregabalin; depression; anxiety; animal model.

RESUMEN

Efecto agudo de la pregabalina sobre los comportamientos tipo
depresivo y ansioso en ratas adultas en un modelo farmacoldgico
de depresion

Introduccién: Debido a la falta de un tratamiento eficaz, el trastorno depre-
sivo puede ser riesgoso para la vida si no es tratado adecuadamente. En modelos
animales de fibromialgia, la pregabalina ha demostrado propiedades antidepresivas.
En comparacién con la fluoxetina, la inesperada accién antidepresiva aguda de la
pregabalina ofrece la posibilidad de explorar este andlogo del GABA en el contexto
de la depresion. Objetivo: evaluar el efecto agudo de la pregabalina en un modelo
animal de depresion inducida por reserpina. Método: las ratas fueron agrupadas en
cuatro grupos segin su régimen terapéutico: control (C), reserpina (R), reserpina
+ fluoxetina (RF) y reserpina + pregabalina (RP). El grupo C recibié sélo solucién
salina durante el estudio. Los comportamientos tipo depresivo y ansioso fueron
evaluados mediante la prueba de nado forzada (PNF) y la prueba de campo abierto
(PCA), respectivamente. Resultados: Nuestros datos mostraron que tanto el grupo
RP como el RF tienen un tiempo de movilidad significativamente mayor que el
grupo C durante la PNF (RP: 44,76s + 8,37 y RF: 65,865 + 34,10 vs C: 21,80s +
11,10, p<0,05 para ambos). No se observaron diferencias significativas en el tiempo
de inmovilidad y escalada entre los grupos (p>0,05). Por otro lado, en la PCA, los
grupos RF y RP mostraron una reduccién del tiempo en el centro de la arena en
comparacién con el control (p<0,05), lo que sugiere un mayor comportamiento
tipo ansioso. Conclusién: Nuestros resultados sugieren que la pregabalina tiene un

efecto agudo sobre los comportamientos tipo depresivo y ansioso.

Palabras clave: Reserpina; pregabalina; depresion; ansiedad; modelo animal.
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REsuMmoO

Efeito agudo da pregabalina nos comportamentos depressivos
e ansiosos em ratos adultos em um modelo farmacolégico de
depressao

Introdugio: Devido a falta de terapia eficaz e de agao rdpida, a depressio pode
tornar-se uma condi¢io potencialmente fatal se nio for tratada adequadamente.
Em modelos animais de fibromialgia, a pregabalina demonstrou propriedades
antidepressivas. Em comparagio com a fluoxetina, as propriedades antidepressivas
incomuns de agdo répida da pregabalina oferecem a possibilidade de explorar este
andlogo do GABA no contexto da depressio. Objetivo: avaliamos o efeito agudo
da pregabalina em modelos animais de depressao induzidos por reserpina. Método:
os ratos foram organizados em quatro grupos quanto ao regime medicamentoso
planejado: controle (C), reserpina (R), reserpina + fluoxetina (RF) e reserpina +
pregabalina (RP). O grupo C recebeu apenas solugio salina durante todo o estudo.
Os comportamentos depressivos e ansiosos foram testados por meio do teste
de natagio forcada (FST) e do teste de campo aberto (OFT), respectivamente.
Resultados: Nossos dados mostram que ambos os grupos RP ¢ RF apresentam
um tempo de mobilidade (segundos) significativamente maior do que o grupo
C durante o FST (RP: 44,76 + 8,37 ¢ FR: 65,86 + 34,10 vs C: 21,80 + 11,10,
p<0,05 para ambos). Nio foram observadas diferencas significativas no tempo de
imobilidade e escalada em todos os grupos (p>0,05). Por outro lado, os grupos RF
e RP apresentaram redugio do tempo gasto no centro da arena em comparagio ao
controle (p<0,05) no OFT, sugerindo aumento do comportamento semelhante 4
ansiedade. Conclusdo: Nossos resultados mostram que a pregabalina tem um efeito
agudo na depressio ¢ também pode exercer de forma aguda um comportamento
inesperado semelhante 4 ansiedade. Nosso trabalho revela um resultado inesperado

na busca por antidepressivos de acao rapida.

Palavras-chave: Reserpina; pregabalina; depressio; ansiedade; modelo animal.

INTRODUCTION

Depression is a complex mood disorder shaped by an imbalance in the interaction
between monoamine networks in the brain. Consequently, individuals struggling with
depression tend to display behaviors of helplessness, negativity, and despair that ulti-
mately impact their physical health as well. This disorder is characterized by changes
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in appetite, abnormal social behavior, insomnia, fatigue, lack of energy, headaches, and
inability to enjoy life [1]. Depression prevalence affects up to of 350 million people
around the world; however, this condition has not yet been treated successfully due to
the lack of effective therapeutic modalities and the social stigma that this entails [2].

One of the main reasons why depression remains poorly responsive to antidepressant
treatment is its heterogeneous actiology [3]. Studies have shown that close to 50% of
depression cases are mediated by genes [4, 5]. This has provided a potential explanation
for recurrent patients where vulnerability to depressive events constantly triggers the
resurgence of the pathology. On the other hand, there are also clear sex differences [6].
Evidence has shown that women are 2-3 times more likely to develop Major Depressive
Disorder (MDD) compared to men [7]. Even worse, it is the female sex who presents
a greater severity of symptoms, greater functional impairment, more atypical depres-
sive symptoms, and higher rates of comorbid anxiety [8, 9]. Recent investigations have
evidenced the existence of denoted sexual dimorphism at the transcriptional level in
MDD and highlight the importance of studying sex-specific treatments [6, 10, 11].
This clear evidence at the transcriptional level has not only shed new light on the
understanding of the body’s response to depression but has also helped explain the
resistance to treatment present in many patients.

Through the last years depression symptoms have been largely associated with mono-
amine neurotransmitters. Among the main symptoms, sadness, appetite, aggression,
suicidal ideation, guilt, and feelings of worthlessness are mainly associated with sero-
tonin while motivation and sociability are dopamine-related. Moreover, it is impor-
tant to note that many other symptoms are not caused by a single neurotransmitter,
but rather the result of the interaction between them. This is the case of mood, sleep
disturbances, psychomotor retardation, anhedonia, anxiety, fatigue and concentration
deficiency that arise as a result of the imbalance between serotonin, dopamine and
norepinephrine [12]. This central knowledge has dictated the path mainly used for the
development of pharmacological treatments against depression in the last 30 decades.

Unfortunately, the current antidepressant treatments present drawbacks. People must
wait at least 4 weeks before the treatment to produce significant results, meanwhile,
they must also deal with the occurrence of side effects. Constipation, decreased vision,
sexual dysfunction, high blood pressure, cognitive impairment, loss of libido, head-
ache, agitation, and anxiety are just some of the most common reported after the use of
monoamine modulators [13].

Interestingly, a recent study suggest that antiepileptic drugs, such as pregabalin, could
ameliorate depressive symptoms [14]. Pregabalin is advised as first-line pharmacologi-
cal agent for neuropathic pain [15], being intensely used for fibromyalgia syndrome
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(FMS). Despite pregabalin prescriptions have increased over the last few years [16] yet
our knowledge is still scarce about its potential application on mood disorders such as
depression and anxiety. Initial investigations showed that while pregabalin significantly
reduces the symptoms and side effects of many drug treatments, it does not have a sig-
nificant effect in relieving depressive states [17-19]. Nevertheless, recent strong meta-
analysis evidence has suggested a crucial role of pregabalin in the treatment of anxiety
disorders [20], demonstrating its key influence in many of the most related symptoms
and characteristics that also configure depression spectrum. Here, we evaluated the
acute effects of pregabalin in a well stablished depression animal model induced by
reserpine in rats.

METHOD

Animals

A total of twenty-four male adult Wistar rats of 3 — 4 months of age were purchased
from “Instituto Nacional de Salud (INS)”, Lima, Peru. Rats weighed in average
between 300 — 400 g. The animals were housed in conventional plastic-steel cages in a
12 h light/dark cycle at room temperature of 22 + 1 °C. Water and food were given ad
libitum during all the procedures.

Experimental design

Upon arrival at our colony space, adult rats were randomly assigned to 4 groups (6 ani-
mals each) and acclimated for 5 days before experiments were performed. Groups were
named regarding with planned drug regimen (Table 1): control (C) group, Reserpine
(R) group, Reserpine + Pregabalin (RP), and Reserpine + Fluoxetine (RF).

Table 1. Drug regimen of the study

Groups N:::;Il::l:f Reserpinization (s) Drug administration (o)
Control 6 Saline solution Saline solution
Reserpine 6 1 mg/kg Saline solution
Reserpine + Pregabalin 6 1 mg/kg Pregabalin 30 mg/kg
Reserpine + Fluoxetine 6 1 mg/kg Fluoxetine 10 mg/kg

Abbreviations: s: subcutancous route; o: oral route. Saline solution was administrated subcutancously in all
cases.

1410



Acute effect of pregabalin on depressive- and anxiety-like behaviors in adult rats

On day 6, reserpine (Sigma-Aldrich, Buchs, Switzerland) was diluted in saline solu-
tion and administered subcutancously (1 mg/kg) three consecutive days [14]. All ani-
mals received reserpine, except those in the C group. Two days after reserpinization,
saline and treatments were administered orally (oral gavage technique). No fasting was
required to proceed with oral gavage. RP mice was treated with pregabalin (Lyrica™;
Pfizer, Madrid, Spain) with a single oral dose of 30 mg/kg [14], while the RF mice
received fluoxetine (Prozac™, Eli Lilly Interamerica, Indianapolis, USA) in a single
oral dose of 10 mg/kg [21, 22]. Behavioral assessment including forced swimming and
open field testing were performed 2 hours after treatment administration. Finally, the
animals were euthanized with two anesthetics: 100 mg/kg of ketamine and 10 mg/kg of
xylazine injected intraperitoneally. Biological waste was discarded according to national
policy following the ‘Norma Tecnica de Salud’ from the Peruvian Ministry of Health
(NTSN°144-MINSA/2018/DIGESA). The experimental design is resumed in Figure 1.

od 5d 6d 8d 10d 1d

| N
I T | | |

Rando- o Euthanasia
mization =——Reserpinization e

—Acclimation.

Drugs administration +
Behavioral assessment

k

FST OFT

Figure 1. The experimental design for the study. Abbreviation: rand: randomization; FST: forced

swimming test; OFT: Open field test.

Behavioural assessments

Forced swimming test (FST): 24 hours after the last reserpinization, all animals were
individually placed for 5 minutes in a 23 litters glass cylinder of 34.1 cm in diameter
and 38.1 cm in height, previously filled with water acclimated to 25 °C. This session
prior to the test allows us to eliminate acute stress and the reaction to novelty in the
animals, in addition to allowing them to know the challenging conditions of the task
before their actual evaluation. One day after, the test was repeated rand immobility,
climbing and swimming behaviors were evaluated during the first 3 minutes using a
video camera located above the cylinder [23].

Open field test (OFT): animals were individually placed in the center of an arena
(94 cm x 42 cm) and allowed to explore freely for 10 minutes. Total distanced travelled
and velocity average were measured to study locomotor activity. On the other hand,
the number of entrances to the center and time spent in the center were considered
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to evaluate anxiety-like behavior [24]. The recordings were analysed using EthoVision

video tracking software (Noldus, Leesburg, USA).

Statistical plan

All data were expressed as average + standard deviation (SD). One-way analysis of vari-
ance (ANOVA), followed by Tukey posz-hoc tests, were used with GraphPad Prism ver-
sion 6 (GraphPad Software Inc., San Diego, CA, USA) to evaluate differences between

groups. p<0.05 was considered statistically significant.

Ethical Considerations

All procedures were approved by “Comité Institucional de Etica para el Uso de Ani-
males (CIEA)” de la Universidad Peruana Cayetano Heredia (UPCH), Lima, Peru
(Protocol number 205561).

RESULTS AND DISCUSSION

Forced swimming test

We found significant differences between all groups in swimming time (p=0.021). I
Tukey post-hoc test, RP and RF groups showed a longer swimming time compared to
C group (p=0.047 and p=0.037, respectively). On the other hand, immobility and
climbing time did not differ across all groups (p>0.05) (Figure 2).
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Figure 2. Effect of pregabalin and fluoxetine in reserpine pharmacological model. Forced swim-
ming test: a) swimming time, b) immobility time, and c) climbing time. Bars represents mean + SD.

Legend: *p<0.05 in comparison to C group. ANOVA followed by Tukey posz-hoc test.
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Open Field Test

Regardinglocomotor activity, we found differences in total distance travelled and average
velocity during the test between all groups (p=0.003 for both). In Tukey post-hoc analy-
sis, animals from RF and RP groups showed a lower traveled distance than C group
(p=0.004 and p=0.022, respectively) and R group (p=0.001 and p=0.005, respec-
tively). Similarly, RF and RP groups also displayed a reduction in average velocity in
comparison that C group (p=0.004 and p=0.021, respectively) and R group (p=0.001
and p=0.006, respectively) (Figure 3).
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Figure 3. Effect of pregabalin and fluoxetine in reserpine pharmacological model. Open Field test
(locomotor activity): a) total traveled distance, and b) average velocity. Bars represents mean + SD.
Bars represents mean + SD. Legend: *p<0.001 and *p<0.05 in comparison to C group. **p<0.001
in comparison to R group. ANOVA followed by Tukey posz-hoc test.

In relation to anxiety-like behavior, all groups exhibited differences in the number
of entrances to the center (p<0.0001) and the time spent in the center of the arena
(p=0.002). In multiple comparison analysis, the RF and RP groups showed a reduc-
tion in the number of entrances to the center compared to control (p=0.0006 and
p=0.0003, respectively) and the reserpine group (p=0.006 and p=0.0028, respec-
tively). On the other hand, in another parameter, the RF and RP groups only dis-
played a decrease of time spent in the center with respect to the C group (p=0.006 and
p=0.005, respectively, but not to the R group (p>0.05 for both) (Figure 4).
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Figure 4. Effect of pregabalin and fluoxetine in reserpine pharmacological model. Open Field test
(Anxiety-like behavior): a) spent time in the center, and b) amount of entrances in the center. Bars
represents mean + SD. Legend: **p<0.0001 and **p<0.001 in comparison to C group. **p<0.001
in comparison to R group. ANOVA followed by Tukey posz-hoc test.

Major depression steadily increases in prevalence worldwide with more than 75% of
the population from low- and middle-income countries without adequate treatment.
A major barrier to treat patients with depression includes extant ineffective antidepres-
sant drugs [25]. In this study, we set to investigate the acute effect of pregabalin in a rat

model of reserpine-induced depression using the FST and OFT.

Molecularly, reserpine-induced depression may stem from the irreversible inhibition
of the vesicular monoamine transporter 2 receptor leading to leakage and degrada-
tion of biogenic amines stored in pre-synaptic vesicles [26]. The degradation of these
amines includes neurotransmitters such as serotonin, dopamine and norepinephrine
and causes depletion of transmitters at pre-synaptic terminals.

Serotonin has been implicated in depression for decades due to the pharmacological
properties of antidepressants such as fluoxetine [27]. The FST was developed to test
depressive-like states and the well-characterized effects of fluoxetine on this behavioral
assay provides a proxy to serotonin involvement.
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In the FST, we only observed longer swimming time in the RP and RF group com-
pared to C group. Notably, pregabalin mimicked fluoxetine antidepressant effect as
swimming time in both groups were similar. Even though the R group did not show
the expected behavior in this test, we attribute it to inter-strain variability, animal age,
and reserpine dose.

We followed Gonzalez-Soler’s protocol [14] to acutely induce depressive-like behav-
ior using a 3-consecutive day regime of 1 mg/kg reserpine subcutaneously on male
Sprague-Dawley rats. On her study, it is possible to assume that rats showed depressive-
like behavior because duloxetine improved swimming time and reduced immobility
time; however, the authors did not show a vehicle group without reserpine to set a
baseline level for the forced swimming test. Even though it has been shown that acute
administration of reserpine can induce depressive-like behavior using appropriate con-
trol groups [28], we speculate that 1 mg/kg of reserpine for 3 consecutive days may not
exert a profound impact on learned hopelessness on the FST compared to no reser-
pine. The acute administration of reserpine in adult Wistar rats may differently affect
depressive-like and anxiety-like behaviors with certain degree of variability. This vari-
ability can depend on the susceptibility of rats to reserpine due to maturation of brain
circuitry. For instance, Ruiz et al. has recently explored the effects of reserpine-induced
depression and fluoxetine on adolescent alcohol intake [29]. They showed that 1 mg/
kg of reserpine for 4 days drove depressive-like behaviors on adolescent post-weaned 1
month-old male and female Wistar rats.

The effect of reserpine may be affected by dose. Ahmed and col. used a high-dose of
reserpine to induce depressive-like behaviors acutely in adult male Wistar rats [30].
In the study, rats receiving reserpine intraperitoneally 6 mg/kg showed a significant
increase in immobility time in the forced swimming test compared to control, 1 day
after the injection. Another study that aimed to use a reserpine-induced model of
depression also showed acute depressive-like behaviors only 1-hour post-injection with

reserpine doses from 4 to 8 mg/kg [28].

Ahmed ez al. [30] showed that fluoxetine administered for 3 days after reserpiniza-
tion restored immobility time suggesting that this drug can acutely display antidepres-
sant effects. Despite the paradoxical effect of reserpine in the FST, the intervention
with fluoxetine and pregabalin acted on learned helplessness and behavioral despair.
To extensively dissect the effects of reserpine and pregabalin, we recommend coupling
behavioral analysis to molecular correlates.

Given the dopamine depleting effects of reserpine and the known co-morbidity of
depression and anxiety, we extended our analysis to the open field test. Reserpine
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at 1 mg/kg dose in our study did not reduce overall traveled distance or speed sug-
gesting that dopamine signaling still acts to perform motor activity primarily via
striatum [31]. In addition, no significant effects were observed in the time spent at the
center between the R and C groups strengthening the notion that lack of complete dopa-
mine depletion may explain no notable effects on anxiety-like behaviors. Interestingly,
acute treatment with pregabalin in our model exerted an unexpected anxiogenic effect.

In the study of Ruiz ez al. [29], they showed that 4 consecutive doses of reserpine at
1 mg/kg reduced travelled distance and reduced the time spent in the center of the open
field chamber. The levels of dopamine in the insular cortex were also reduced point-
ing out that lack of dopamine signaling could explain locomotor deficits and anxio-
genic behavior [29]. In the work of Ahmed ez /. [30], the lack of overall motor activity
could be explained by ablation of dopaminergic signaling due to high-dose reserpine
(6 mg/kg). The reason for the lack of effect on anxiety-like behaviors in the reserpine
group may lie on remaining dopaminergic signaling.

High doses of fluoxetine administered acutely may also have a sedative effect reducing
locomotor activity shown in the elevated plus-maze test [32]. This also explains the
reduced activity in our study. We need to note that pregabalin shows a similar effect
as acute fluoxetine treatment increases anxiety-like behavior. Even though both drugs
act on different targets, acute pharmacological effect may converge in the nucleus for
motor and anxiety control.

Our limitations in this work were related to the lack of molecular, histological, and
electrophysiological studies, which would offer more information about potential tar-
gets or molecule that could explain these outcomes. Another limitation was that we
cannot observed differences in depressive or anxiety-like behavior between R and C
group. This fact could be explained because reserpine acts on multiple pathways and
not only those related to depression [33].

Our results suggests that acute pregabalin administration can ameliorate depressive-
like behavior in a pharmacological model in rats. This could be explained by an acute
action on 5-HT, DA, NA or GABA system. However, further studies are needed in
order to confirm these results and elucidate monoaminergic pathways that could par-
ticipate in this process.
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RESUMEN

Introduccién: la busqueda computacional de nuevos compuestos para futuras
terapias farmacoldgicas contra la leishmaniasis se ha enfocado en la tripanotiona
reductasa. Esta enzima es esencial para la supervivencia de Leishmania infantum,
su ausencia en el huésped y su alta farmacobilidad la convierten en un buen objetivo
para el desarrollo de nuevas drogas. El uso de plantas como fitoterapéuticos ha sido
ampliamente investigado debido a que han demostrado importantes actividades
leishmanicidas. Objetivo: analizar las interacciones de los compuestos de Moringa
oleifera con el sitio catalitico y de unién a FAD-NADPH de la tripanotiona
reductasa de L. infantum empleando el acoplamiento molecular. Método:
fueron evaluados treinta compuestos descritos en la especie de M. oleifera, estas se
sometieron a ensayos computacionales de acoplamiento molecular semiflexible con
el sitio catalitico de la enzima y el dominio de unién FAD-NADPH. Resultados:
se evidencia que los compuestos que demostraron valores favorables de energia
de unién con el sitio catalitico de la enzima fueron la apigenina, la quercetina, la
miricetina y la isorhamnetina. Mientras que los compuestos que presentaron

uniones favorables con el dominio FAD-NADPH fueron la rutina y el 4cido
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5,6,7,8-tetrahidrofélico. Conclusién: estos hallazgos sugieren que los compuestos
de M. oleifera mencionados presentan afinidades de unién por el sitio catalitico y
el dominio de unién FAD-NADPH de la tripanotiona reductasa de L. infantum,

pudiendo ser utilizados para pruebas iz vitro.

Palabras clave: moringa, fitoconstituyentes, acoplamiento molecular, leishmania,

tripanotiona reductasa

SUMMARY

In silico molecular docking of Moringa oleifera Lam. compounds
with the catalytic and FAD-NADPH-binding site of
trypanothione reductase from Leishmania infantum

Introduction: Computational search of new compounds for future drug therapies
against leishmaniasis has focused on trypanothione reductase. This enzyme is
essential for the survival of Leishmania infantum, the absence in the host and its high
druggability make it agood target for the development of new drugs. The use of plants
for phytotherapeutics purpose has been widely investigated due to its important
leishmanicidal activities. Aim: The aim of this study was to analyze the interactions
of Moringa oleifera compounds to the catalytic and FAD-NADPH binding site of
L. infantum trypanothione reductase using molecular docking. Method: Thirty
compounds described in M. oleifera species were evaluated and subjected to
computational semi-flexible molecular docking assays with the catalytic site and the
FAD-NADPH binding domain of the enzyme. Results: The results show that the
compounds that demonstrated favorable binding energy values with the catalytic
site of the enzyme were apigenin, quercetin, myricetin and isorhamnetin. While
the compounds that exhibited favorable binding with the FAD-NADPH domain
were rutin and 5,6,7,8-tetrahydrofolic acid. Conclusion: These findings suggest that
mentioned M. oleifera compounds present binding affinities for the catalytic site
and the FAD-NADPH binding domain of L. infantum trypanothione reductase

and could be used for i vitro assays.

Keywords: moringa, phytoconstituents, molecular docking, leishmania, trypa-

nothione reductase.
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REsumMmoO

Docking molecular 7 silico de compostos de Moringa oleifera
Lam. com o sitio catalitico e de ligagio FAD-NADPH da

tripanotiona redutase de Leishmania infantum

Introducio: a busca computacional por novos compostos para futuras terapias
farmacoldgicas contra a leishmaniose tem se concentrado na tripanotiona
redutase. Esta enzima ¢ essencial para a sobrevivéncia de Leishmania infantum, sua
auséncia no hospedeiro ¢ sua alta farmacobilidade a tornam um bom alvo para o
desenvolvimento de novos farmacos. O uso de plantas como fitoterdpicos tem sido
amplamente investigado por apresentarem importantes atividades leishmanicidas.
Objetivo: o objetivo deste estudo foi analisar as interagdes dos compostos da
Moringa oleifera com o sitio catalitico e de ligagio FAD-NADPH da tripanotiona
redutase de L. infantum usando docking molecular. Método: foram avaliados
trinta compostos descritos na espécie M. oleifera, os quais foram submetidos a testes
computacionais de docking molecular semi-flexivel com o sitio catalitico da enzima
e o dominio de ligagio FAD-NADPH. Resultados: fica evidente que os compostos
que demonstraram valores de energia de ligagio favordveis com o sitio catalitico
da enzima foram apigenina, quercetina, miricetina e isorhamnetina. Enquanto 0s
compostos que apresentaram ligacoes favordveis com o dominio FAD-NADPH
foram a rutina e o 4cido 5,6,7,8-tetraidrofélico. Conclusao: esses achados sugerem
que os compostos de M. oleifera mencionados possuem afinidades de ligagio para o
sitio catalitico e 0 dominio de ligagio FAD-NADPH da tripanotiona redutase de L.

infantum, ¢ podem ser usados para testes iz vitro.

Palavras-chave: moringa, fitoconstituintes, acoplamento molecular, leishmania,

tripanotiona redutase

INTRODUCCION

Paraguay forma parte de uno de los 13 paises a nivel mundial en dénde esta enferme-
dad se considera endémica. Segtin un reporte de control de Leishmaniasis Visceral,
ocasionado por el pardsito Leishmania infantum, en humanos y caninos en Paraguay,
entre el 2016 al 2018 por el Programa Nacional de Control de Zoonosis y Centro Anti-
rrabico Nacional (PNCZyCAN), la ciudad de Asuncién reporté el 90% de los casos,
siguiendo con cifras menores pero relevantes los departamentos; de Central, Paraguari

y Cordillera [1].
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La comunidad cientifica ha dirigido su mirada en la enzima tripanotiona reductasa
(TR) en la busqueda por nuevos compuestos y nuevas posibles terapias farmacoldgi-
cas para combatir a la leishmaniasis, esta oxidorreductasa es caracteristica de la fami-
lia Trypanosomatidae y su relevancia recae sus funciones en la supervivencia de estos
parésitos, ya que protege al pardsito contra el dano de los oxidantes, xenobidticos y
metales pesados toxicos, ademds de estar ausente en el huésped y de que presenta una
alta farmacobilidad [2, 3]. Esta enzima es una flavoproteina, un homodimero simétrico
doble donde cada subunidad consta de una cadena polipeptidica que se dispone en tres
dominios; el dominio FAD (residuos 1-160 y residuos 289-360), el dominio de inter-
faz (residuos 361-488) y el dominio NADPH (residuos 161-288) [4, 5].

El tratamiento farmacoldgico depende de factores como la presencia de patologias de
base, el estado inmunitario del paciente y principalmente la susceptibilidad del proto-
zoario a los medicamentos [6]. Los firmacos empleados generalmente en la terapia son
antimoniales pentavalentes y anfotericina B, en sus formas convencional y liposomal,
sin embargo, los tratamientos disponibles no erradican la infeccién y por lo regular las
contraindicaciones son graves, dafiando 6rganos como el corazdn, higado y rindn, asi
como pérdida de la eficacia de los medicamentos, su compleja administracion se suma
a las tantas contrapartidas en el uso de estos firmacos [7].

La ineficacia, los efectos secundarios y el alto costo, revelan la necesidad urgente de
encontrar y desarrollar potenciales compuestos con posibles aplicaciones terapéuticas
con una menor toxicidad y mayor eficacia. En esto el uso de las plantas como fuentes de
fitoterapéuticos ha sido ampliamente estudiado por la comunidad cientifica, asi como
por las industrias farmacéuticas debido a los compuestos presentes en diferentes érga-
nos (raices, tallo, hojas, flores, frutos) como los alcaloides, los flavonoides, las quinonas,
las, chalconas, los terpenos, entre otros, que han demostrado actividades antiparasita-
rias iz vitro [8, 9). En este punto, se han reportado que la Moringa oleifera podrian tener
potencial para el tratamiento de la leishmaniasis [10, 11].

Debido a los registros generados acerca de las actividades beneficiosas de la M. olefera
contra la leishmaniasis y a los posibles principios activos presentes en esta especie, se ha
propuesto como objetivo analizar las afinidades de interaccién de los compuestos de
M. oleifera con el sitio catalitico y de unién a FAD-NADPH de la tripanotiona reduc-

tasa de L. infantum empleando el método iz silico del acoplamiento molecular.
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METODOLOGIA

Cribado virtual y acoplamiento molecular de fitoconstituyentes de M. oleifera con

sitios activos de tripanotiona reductasa de L. infantum

Se emplearon las estructuras moleculares de treinta compuestos descritos en M. oleifera,
los cuales fueron obtenidos de la base de datos PubChem [12-15]. La estructura
molecular de la enzima tripanotiona reductasa de L. infantum (PDB: 2X50, 4ADW)
fue obtenida de la base de datos Protein Data Bank [16].

La preparacién y minimizacién de energia de las estructuras de los compuestos de M.
oleiferay de la tripanotiona reductasa fueron llevadas a cabo con el algoritmo de campo
de fuerza universal (UFF) empleando cuatro pasos por actualizacién y gradientes con-
jugados con un ciclo consistente en 50.000 pasos y un criterio de convergencia de 0,001
kcal-mol ™A', también se anadieron cargas parciales y dtomos de hidrégeno polares a

pH 7,4, para ello se utilizé el programa Avogadro [17].

El cribado virtual se llevé a cabo empleando los programas AutoDock Vina V.01 [18]
y PyRx [19], evaluando la afinidad de unién de los fitoconstituyentes de M. oleifera
con los sitios activos de la tripanotiona reductasa (sitio catalitico y dominio de unién
FAD-NADPH) para ello se utilizé una caja de interaccién de 96x95x70 A3, y como
controles se emplearon las moléculas de tripanotiona y de NADPH [20].

Aquellos compuestos que demostraron valores de energia libre de unién menor o igual
alos obtenidos con los controles fueron seleccionados para llevar a cabo ensayos exhaus-
tivos (exhaustividad = 16) de acoplamiento molecular, los cuales se llevaron a cabo en
diez repeticiones de cada simulacién, para ello se utiliz6 el programa AutoDock Vina
V.01 [18] y cajas de interaccidn de dimensiones 15,1x15,2x15,2 A3 y31,7%26,6%x41,2
A3 para el sitio catalitico y el dominio de unién FAD-NADPH, respectivamente. Los
célculos de energia libre de unién (AG) se llevaron a cabo teniendo en cuenta variables
de contribuciones energéticas en términos estéricos gaussianos, aportes energéticos de
repulsiones, hidrofébicos, puentes de hidrégenos y el nimero de enlaces rotables del

complejo [18].

El andlisis y visualizacién de los resultados se realizaron empleando los programas Chi-
mera 1.15 [21], Chimera X [22] y PoseView [23, 24]. La validacion de la simulacién
se llevé a cabo con el re-acoplamiento de los ligandos co-cristalizados (tripanotiona y

NADPH) mediante la medicién del RMSD de los ligandos.

1425



Shirley Ferndndez, Elvio Gayozo

Predicciones de biodisponibilidad, absorcidn, distribucién, metabolismo, excrecion y
toxicidad (ADMET)

Las predicciones de las propiedades farmacocinéticas y toxicas (ADMET) de los com-
puestos de M. oleifera, ast como la biodisponibilidad mediante la regla modificada
de Lipinski (peso molecular<500 g-mol”, nimero de aceptores de puentes de hidré-
geno<10, numero donadores de puentes de hidrégeno<5), coeficiente de reparto

agua:octanol de Moriguchi<4,15 [25], estos andlisis predictivos fueron llevados a cabo
mediante el uso de la herramienta SwissADME [26-28] y ProTox-II [29].

Analisis de datos

Los datos de energia libre de Gibbs de interaccién que fueron obtenidos en las simula-
ciones de acoplamiento molecular fueron analizados mediante el test de Kruskal-Wallis
[30] y el test post-hoc de Dunn [31], todos los andlisis se realizaron con 5% de nivel de
significancia. Las pruebas y graficos estadisticos se llevaron a cabo con el programa Past

v.4.12 [32].
RESULTADOS Y DISCUSION

Los resultados obtenidos en el cribado virtual llevados a cabo entre las estructuras de
los fitoconstituyentes de M. oleifera y los sitios activos de la tripanotiona reductasa se
pueden observar en la Tabla 1.

Estos compuestos fueron seleccionados y sometidos a simulaciones exhaustivas para iden-
tificar a las moléculas que presentan valores de energia de interaccion significativamente
favorables en comparacién alos controles empleados (Figura 2). Los controles empleados
en este estudio fueron la tripanotiona y la molécula de NADP (Nicotinamida Adenina
Dinucleé6tido Fosfato), los mismos son sustratos naturales de la enzima [20]. La tripa-
notiona se localiza en el sitio catalitico y es una analoga de la molécula de glutatién, la
cual protege al parasito del estrés oxidativo generado por el hospedero mediante reaccio-
nes redox mediadas por la tripanotiona reductasa y con la participacién de la NADP/
NADPH, la cual se encuentra en el dominio de unién a NADP-FAD [20].

Las simulaciones de acoplamiento molecular que fueron llevados a cabo entre los fito-
constituyentes seleccionados en unién con el sitio catalitico revelé que los compuestos
que demostraron valores significativamente favorables (2<0,001) de energfa de unién
con el sitio catalitico de la enzima fueron la apigenina, la quercetina, la miricetina, la
luteolina, el kaempferol y la isorhamnetina, en comparacién a lo obtenido con la tripa-
notiona (Figura 1A).
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El complejo formado entre la apigenina y la tripanotiona reductasa en el sitio catali-

tico revel6 una energia de unién promedio de -8,8+1,87x 10" kcal-mol™. Las interac-

ciones presentes entre el compuesto y los aminoacidos, entre estos se identificaron la
formacién de puentes de hidrégeno y los residuos de Thr335, Ala365, Lys60 y Ser178,
también se registrd interacciones de Van der Waals con los residuos Cys57 y Gly56. El

complejo quercetina-tripanotiona reductasa demostrd una energfa libre de interaccién
de -8,77 £ 0,095 kcal-mol™. En el mismo se identificaron puentes de hidrégeno con los
residuos Met333, His461 y Ala365, ¢ interacciones de Van der Waals con el residuo

Leu334 (Figura 2.A,B).

Tabla 1. Resultados obtenidos en el cribado virtual de los fitoconstituyentes de M. oleifera y la tri-

panotiona reductasa de L. infantum.

AG de union (kcal-mol™!)
Compuestos PubChem CID Sitio Dominio
catalitico NADPH-FAD
Tripanotiona* - -6,6 -
NADPH* - - -10,6
Acido 5,6,7,8-tetrahidrofélico 135444742 -6,3 -10,8
Acido 5-metil-5,6,7,8-tetrahidréf6lico 135415868 -5,8 -10,3
Acido 10-formilfélico 135405023 -7,7 -10,6
Acido a-linolénico 5280934 -5,6 -6,8
Apigenina 5280443 -8.8 -8,8
Bencilamina 7504 -4,7 -5,0
Ftalato de bis(2-etilhexilo) 8343 -7,0 74
Acido cafeico 689043 -6,1 -7,1
Acido clorogénico 1794427 -8,2 -9,0
Acido cumarinico 10752 7,2 7.4
Daidzeina 5281708 -8,3 -8,3
D-alose 439507 -S54 -6,1
Epicatequina 72276 -8,2 -8,2
Eugenol 3314 -5,2 -6,3
Acido fertlico 445858 -5,9 7,1
Acido gélico 370 -5,7 -6,6
Genisteina 5280961 -84 -84
Hexadecanal 984 -5,1 -5,0
(Contintia)
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AG de union (kcal-mol™)
Compuestos PubChem CID Sitio Dominio
catalitico NADPH-FAD
Isorhamnetina 5281654 -8,6 -9,2
Kaempferol 5280863 -8,6 -9,0
|-galactosa, 6-desoxi 3034656 -5,0 -5,5
Acido linoleico 5280450 -6,0 -5,7
Luteolina 5280445 -8,9 -9,0
Miricetina 5281672 -8,9 -8,6
Acido palmitico 985 -5.5 -6,1
Quercetina 5280343 -8,5 -9.3
Rutina 5280805 -3,7 -10,9
Acido sindpico 637775 -6,3 -7,3
Acido siringico 10742 -5,9 -7,0
Vanilina 1183 -5,6 -6,0

*Control

En el complejo formado entre la miricetina y la tripanotiona reductasa evidencié valo-
res promedio de energia de unién de -8,84 + 0,13 kcal-mol”, también se registré la
formacién de puentes de hidrégeno con los residuos His461, Lys60, Ser14, Ser 162 y
Asp327, e interacciones de Van der Waals con los residuos Thr335 y Cys57. Asi tam-
bién se el complejo isorhamnetina-tripanotiona reductasa revel6 un promedio de ener-
gia de unién de -8,6+1,87x10" kcal-mol™, donde se registraron puentes de hidrégeno
con los residuos Ser162, Ser14 y Lys60, ¢ interacciones de Van der Waals con el residuo

Cys57 (Figura 2.C,D).

Asi también, entre los fitoconstituyentes que demostraron afinidades de interacciéon
con el dominio de unién FAD-NADPH en el cribado virtual, fueron solo el 4cido
5,6,7,8-tetrahidrofélico y la rutina los compuestos que presentaron valores de energia
significativamente favorables (£<0,05) en comparacién a lo detectado con el control

(NADPH) (Figura 1.B).

En el complejo formado por el 4cido 5,6,7,8-tetrahidrofélico y el dominio de unién
FAD-NADPH de la tripanotiona reductasa se registré valores de energia de interac-
cién de -10.65 + 0.23 kcal-mol”, en el mismo se registraron puentes de hidrégeno con
los residuos Ser14, Thr51, Cys52, Gly16, Gly15, Asp35 y Gly127, interacciones hidro-
fobicas con el residuo Phel26 y uniones de Van der Waals con el residuo Thr160. El
complejo rutina-tripanotiona reductasa reveld valores promedios de energia de unién

1428



Acoplamiento molecular 77 silico de compuestos de Moringa oleifera Lam.

de -10,78 + 0,063 kcal-mol™, en el mismo se identificaron puentes de hidrégeno con los
residuos Ser178, Val55, Lys60 y Ala365, uniones hidrofdbicas con el residuo Tyr198 e
interacciones de Van der Waals con los residuos Leu334, Tyr198 y lle199 (Figura 3.A,B).
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Figura 1. Andlisis estadisticos de las pruebas de acoplamiento molecular entre fitoconstituyentes
seleccionados de M. oleiféra y la tripanotiona reductasa. A. Fitoconstituyentes en interaccidén con
el sitio catalitico de la tripanotiona reductasa. B. Fitoconstituyentes en interaccion con el sitio de
unién FAD-NADPH de la tripanotiona reductasa. Cont: Tripanotiona, Apig: apigenina. Ac. Clor:
4cido clorogenico Ac. Cum: 4cido cumarinico Ac.10-F: 4cido 10-formilico, Daid: daidzeina, Epi-
cat: epicatechina, Querc: quercetina, Miric: miricetina, Lut: luteolina, Kaemp: kaempferol, Isoh:
isohramnetina, Genis: genisteina, NADP: nicotinamida adenina dinucledtido fosfato, ATHF: 4ci-
do 5,6,7,8-tetrahidrofélico, MTH: 4cido 5-metil-5,6,7,8-tetrahidrofélico, AF10: Acido 10-formil-
félico, Ru: rutina. * P<0,05, **P<0,001.
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Figura 2. Representaciones tridimensionales y bidimensionales de los compuestos con el sitio cata-
litico de la tripanotiona reductasa. A. Apigenina. B. Quercetina. C. Miricetina. D. Isorhamnetina.
Linea punteada negra: puente de hidrégeno, linea punteada verde: interacciones hidrofébicas, linea

continua verde: interacciones de Van der Waals.
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Figura 3. Representaciones tridimensionales y bidimensionales de los compuestos en unién al do-
minio FAD-NADPH de la tripanotiona reductasa. A. Acido 5,6,7,8-tetrahidrofélico. B. Rutina.
Linea punteada negra: puente de hidrégeno, linea punteada verde: interacciones hidrofébicas, linea

continua verde: interacciones de Van der Waals.

Las validaciones de re-docking del sistema empleado evidenciaron valores de RMSD
de 0,82 A en interaccién entre la enzimay la tripanotiona.

Las predicciones de biodisponibilidad de los compuestos seleccionados, segtn la regla
modificada de los cinco de Lipinski, revelaron que el 4cido 5,6,7,8-tetrahidrofélico y
la rutina infringen con dicha regla, en ambas moléculas se observa un numero mayor
de grupos donadores de puentes de hidrégeno recomendados por la regla (<5), sin
embargo, la rutina también presenta otras infracciones como un peso molecular mayor
a lo indicado en la regla (<500 g-mol), y un numero mayor de grupos aceptores de
puentes de hidrogeno (<10), esta abundancia en grupos donadores y aceptores de
puentes de hidrogeno se debe principalmente a la abundancia de grupos hidroxilos
(-OH), aminos (-NH, -NH,), y de 4&tomos de oxigeno (O) en la estructura molecular
del compuesto [33]. La miricetina presenta una infraccién en la cantidad de grupos
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donadores de puentes de hidrégeno, el cual también resultd ser mayor a lo establecido
en la regla empleada (<5), debido a la presencia de un grupo hidroxilo (-OH) demds

en la molécula [34].

En cuanto a la quercetina, la apigenina y la isorhamnetina no demostraron infracciones
ala regla resultando favorable para su biodisponibilidad en el organismo (Tabla 2).

A su vez, la evaluacién de las propiedades farmacocinéticas (ADME) de los compues-
tos evaluados demostrd que tanto el acido 5,6,7,8-tetrahidrofélico, la miricetina y la
rutina presentaron una baja absorcion gastrointestinal, lo cual representa una barrera
para la eficiencia del consumo oral de estas moléculas con fines farmacoldgicos, de
entre los cuales solo la miricetina demostr6 capacidades de ser inhibidoras de las isofor-
mas del citocromo P450 CYP1A2 y CYP3A4, lo cual nos indica que este compuesto
podria interactuar con ambas proteinas, en cuanto a sus actividades tdxicas la mirice-
tina demostré probabilidades de presentar actividades mutagénicas y carcinogénicas, lo
cual fue reportado por Hobbs ez /. en el ano 2015 [35] quienes reportaron actividades
mutagénicas de la miricetina empleando el test de AMES (Tabla 3).

Por lo demas, las moléculas de quercetina, la apigenina y la isorhamnetina presenta alta
absorcién gastrointestinal, sin embargo, presentan probabilidades de ser inhibidores
de las isoformas CYP1A2, CYP2D6 y CYP3A4 del citocromo P450, siendo solo la
molécula de quercetina la que demuestra probabilidades de ser mutagénica y carcino-
génica, lo cual fue anteriormente descrito por Vrijsen e /. en el afio 1990 [36] quienes
reportaron actividades mutagénicas iz vitro de la molécula de quercetina (Tabla 3).

A su vez, las predicciones de actividades inhibitorias de isoformas de citocromo P450
(CYP) nos da un indicio de que los compuestos capaces de inhibir alguna de cllas
podrian interferir con las funciones enzimdticas de estas proteinas alterando el meta-
bolismo de otros firmacos/compuestos, dando paso a la acumulacién de xenobidticos
en el organismo pudiendo generarse efectos adversos [37].

El andlisis de los complejos formados entre los compuestos evaluados de M. oleiferay la
estructura de la tripanotiona reductasa de L. infantum, revel afinidades de interaccién
tanto por el sitio catalitico y por el dominio de unién FAD-NAPH.

En los complejos se registraron interacciones moleculares importantes, uno de ellos
fueron los puentes de hidrégeno, con un aporte energético en la formacion de los com-
plejos de entre 0,25 kcal-mol” a 40 kcal-mol”, estas son interacciones electrostaticas
entre un atomo donante de hidrégeno y un dtomo aceptor de hidrégeno en una molé-
cula vecina. Estas interacciones son importantes para la estabilizacién de la conforma-
ci6n de la proteina y para la formacién de complejos proteicos, impactando en gran
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medida sobre la accién farmacoldgica de ligandos [38-40]. Esta interaccion se da prin-
cipalmente entre grupos hidroxilos (-OH), aminos (-NH, -NH,) y 4&tomos de oxigeno
(O) presentes principalmente en los fitoconstituyentes evaluados, asi como también
presentes en los residuos activos involucrados en la formacién en la formacién de los

puentes de hidrégeno [33, 34, 41-43].

Otra interaccidén importante registrada fueron las interacciones hidrofébicas en las
moléculas de acido 5,6,7,8-tetrahidrofélico y rutina, los cuales contienen grupos aro-
maticos hidrofébicos que permiten interactuar con los residuos de igual propiedad fisi-
coquimica, como la fenilalanina (Phe) y la tirosina (Tyr), los cuales presentan también
en sus cadenas laterales grupos aromdticos, estas interacciones son débiles con aportes
de entre 1,5 a 2 keal-mol™, sin embargo, son importantes para la unién especifica de la
proteinay el ligando y para la estabilizacién de la proteina [44].

A su vez, las fuerzas de Van der Waals son interacciones débiles entre moléculas que
surgen debido a las fluctuaciones en las cargas eléctricas de estas. Estas interacciones
son importantes para la estabilizacién de la estructura de la proteina y para la forma-
cién de complejos proteicos [45].

Tabla 2. Evaluaci6n de la regla de los cinco modificada de Lipinski de los compuestos evaluados.

Compuesto Peso Donadores Aceptores MlogP ‘Nl,lmel"o de
Molecular de PH de PH infracciones
Kaempferol 270,24 3 5 0,52 0
l-galactosa, 6-desoxi 164,16 4 5 2,1 0
Ftalato de bis(2-etilhexilo) 390,56 0 4 5,24 1
Hexadecanal 240,42 0 1 4,31 1
bicatiion 596 7 7| e
Acido 5,6,7,8-tetrahidrofélico 445,43 8 7 -1,12 1
Acido 10-formilfélico 469,41 5 10 -0,39 0
Quj:rcetina 302,24 5 7 -0,56 0
Apigenina 270,24 3 5 0,52 0
Isorhamnetina 316,26 4 7 -0,31 0
Acido a-linolénico 278,43 1 2 4,38 1
Acido linoleico 280,45 1 2 4,47 1
Acido palmitico 256,42 1 2 4,19 1
Acido clorogénico 354,31 6 9 -1,05 1
(Continita)
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Compuesto Peso Donadores Aceptores MlogP ‘Nlimeljo de
Molecular de PH de PH infracciones
Miricetina 318,24 6 8 -1,08 1
Bencilamina 107,15 1 1 1,54 0
Rutina 610,52 10 16 -3,89 3
Acido galico 170,12 4 5 -0,16 0
Acido cumarinico 190,15 1 4 1,22 0
Acido cafeico 180,16 3 4 0,7 0
Acido siringico 198,17 2 5 0,49 0
Luteolina 286,24 4 6 -0,03 0
Genisteina 270,24 3 ) 0,52 0
Daidzeina 254,24 2 4 1,08 0
D-Alose 180,16 5 6 22,75 0
Epicatequina 290,27 5 6 0,24 0
Acido fertlico 194,18 2 4 1 0
Acido sindpico 224,21 2 5 0,73 0
Vanilina 152,15 1 3 0,51 0
Eugenol 164,2 1 2 2,01 0

PH: puente de hidrogeno; MlogP: coeficiente de reparto octanol-agua de Moriguchi.

En el sitio catalitico unos de los residuos activos identificados fueron la Cys57 y la
His461, estos residuos cumplen un papel fundamental en la transferencia de electrones
desde NADPH hasta la tripanotiona [46]. La Cys57 forma parte del puente disulfuro
Cys52-CysS57 que se reduce durante la catélisis, mientras que His461 actiia como un
4cido/base en el proceso de transferencia de protones que acompana la transferencia de
electrones [47].

Con respecto al dominio de unién FAD-NADPH, los residuos activos importantes
fueron Glyl1, Gly13, Serl4, Gly15, Val34, Asp35, Val36, Ala46, Ala47, Gly50, Thr51,
Cys52, Lys60, Phel26, Glyl127, Alal59, Thrl68, Gly161, Gly196, Gly197, Tyr198,
lle199, Glu282, Tyr221, Arg222, Arg228, Asn254, Ala284, 11e285, Gly286, Arg287,
Arg290, Leu294, Gly326, Asp327, Met333, Leu334, Thr335, Pro336, A1-365, Phe367.

Fonseca et al. (2011) [48] estudiaron la actividad leishmanicida de la quercetina y des-
cribi6 su actividad frente a promastigotes de Leishmania amazonensis, ya que este bio-
activo tiene una amplia gama de efectos bioldgicos informados que incluyen actividades
antioxidantes, antihipertensivas, antiinflamatorias, antimicrobianas y antiprotozoarias.
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Asi también Mercado-Camargo ez al. (2020) [49], mencionaron que los flavonoides
poseen actividad leishmanicida, entre ellos, a una concentracién de 45 uM, la querce-
tina mostré una reduccion del 70% en la carga intracelular.

Por otro lado, Das ez /. (2013) [50] demostraron la actividad antileishmania de la
quercetina en nanoparticulas de oro conjugadas con el compuesto, los cuales fueron
expuestas a macrofagos infectado con L. donovani, obteniendo una ICs, de 1543 pM.
La concentracién inhibitoria para el aglicén de quercetina en amastigote de L. dono-
vani fue de (ICs, 3046 uM) [50]. Sousa ez al. (2017) [51] evaluaron la eficacia oral
mejorada de la quercetina en la leishmaniasis cutdnea después de la encapsulacién en
nanocépsulas de nucleo lipidico a ratones infectados con Leishmania amazonensis, el
tratamiento redujo el tamafio de las lesiones y la carga parasitaria en un 38% y un 71%,
respectivamente.

En una actualizacién de las actividades leishmanicidas de hierbas medicinales y fito-
constituyentes 7 vitro ¢ in vivo realizado por Hassan ez al. (2022) [52] mencionaron
que la apigenina podria ser un compuesto prometedor para el desarrollo de nuevos
fairmacos contra la leishmaniasis.

Asi también, Chandrasekar ez /. (2018) [53] plantearon la accién de este flavonoide
para luchar contra la L. infantum y L. amazonensis. Otros reportes sefialan tam-
bién que la isorhamnetina demuestra potencial antiprotozoario contra L. donovani

(IC5, 1,20 uM) [54].

De igual manera, Tasdemir ez al. (2006) [55] validaron a la quercetina como agente
leishmanicida contra amastigotes L. donovani en forma in vitro con un ICs, de
1,0 ugrmL" y descubrié también que la miricetina puede tener la misma actividad anti-
protozoaria con un valor de (ICy, de 1,3 pg-mL™"), esto también fue mencionado por
Neto et al. (2022) [56] y Vidal (2019) [57]. Ensayos llevados a cabo por Vila-Nova
et al. (2012) [58] con flavonoides (quercetina y rutina) presentaron resultados en con-
tra L. infantum comparables al firmaco de control positivo que fue la anfotericina B,
frente a las formas amastigotes con ECs, para quercetina y rutina de 10,6 ug.mL'y
43,3 ug-mL", respectivamente.
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CONCLUSIONES

Los hallazgos i silico encontrados en este estudio evidenciaron que los compuestos
descritos en la M. oleifera que presentaron potenciales afinidades de interaccion con la
tripanotiona reductasa de L. infantum y con valores de energia libre de unién significa-
tivamente favorables fueron la apigenina, la quercetina, la miricetina y la isorhamnetina
en el sitio catalitico de la enzima, y las moléculas de rutina y de 4cido 5,6,7,8-tetrahidro-
folico en el dominio FAD-NADPH. Los resultados de biodisponibilidad y ADME-
Tox demuestran infracciones, sin embargo, pueden ser considerados candidatos para
llevar a cabo pruebas iz vitro sobre las actividades enzimaticas de la tripanotiona reduc-
tasa de L. infantum, asi como continuar llevando a cabo estudios i% silico para el diseno
de nuevos derivados de estos compuestos con la finalidad de optimizar a los compues-
tos mediante herramientas QSAR (relacidn cuantitativa estructura-actividad).
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