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RESUMEN

La psoriasis es una enfermedad dermatoldgica incurable caracterizada por la presencia de placas
rojizas bien delimitadas que afecta aproximadamente a 3 millones de mexicanos. Aungue no es
considerada una enfermedad mortal sus repercusiones sobre la calidad de vida de los pacientes
se han comparado con las del cancer y la hipertension. En la actualidad no se conocen con
exactitud sus bases etiopatogénicas, si bien se considera a la interleucina (IL) 17 como un
mediador clave en su desarrollo y perpetuacion. De hecho, los medicamentos biotecnoldgicos
(secukinumab, ixekizumab, brodalumab) dirigidos a inactivar esta citocina o su receptor, han
mostrado una elevada eficacia, aunque sus altos costos, la imposibilidad de ser administrados
por via tdpica y su toxicidad han propiciado la basqueda incesante por parte de las compaiiias
farmacéuticas de nuevas terapias. El presente trabajo se enmarca en una vision de desarrollo
farmacéutico, donde se siguié un enfoque etnofarmacoldgico para la bldsqueda de nuevos
candidatos terapéuticos de origen natural con posible actividad antipsoridsica. La Meseta
Purépecha se seleccioné como area de estudio para la realizacion del estudio etnofarmacologico
de partida, lo que permitio la identificacion de dos especies candidatas (Urtica subincisa y
Amphipterygium adstringens) con alto valor de uso por esta poblacion. Noventa y siete especies
de plantas pertenecientes a 47 familias fueron documentadas por vez primera para el tratamiento
de 19 afecciones dermatoldgicas en la Meseta Purépecha, siendo la familia Asteraceae la
principal entre las plantas colectadas (20.61%). La comparacion de los resultados con la
literatura etnomedicinal reveld que 8.25% de las plantas utilizadas en la Meseta Purépecha se
registraron por primera vez para tratamiento de afecciones dermatoldgicas. El extracto etan6lico
de U. subincisa, acuoso de A. adstringens, sus fracciones (A-Hexano; B-Acetato de etilo; C-
Agua) asi como los aceites piroliticos 1 y 2 derivados de la biomasa extraida fueron
quimicamente caracterizados (analisis proximal, elemental, FTIR, Fluorescencia-UV, Py-GC-
MS, GC-MS) ademas de que se determind su toxicidad y capacidad para inhibir la produccion
de IL-8 en queratinocitos HaCaT estimulados con IL-17. Los resultados del analisis quimico
permitieron constatar que tanto la composicién quimica de los extractos como de los aceites
piroliticos de ambas especies fue variable. En el caso de U. subincisa, el extracto etandlico y las
fases A y B mostraron ser ricas en esteres, mientras que en la fase C y el aceite pirolitico-2

prevalecieron los compuestos nitrogenados. En contraste, el aceite pirolitico-1 de esta especie
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mostré una preponderancia de fenoles. El extracto acuoso de A. adstringens, asi como sus
fracciones Ay B, presentaron un predominio de fenoles y &cidos, mientras que la fase C mostro
una gran abundancia de acidos. En los aceites piroliticos 1 y 2 de A. adstringens los fenoles
representaron el grupo dominante de moléculas identificadas. Tanto para U. subincisa, como
para A. adstringens la muestra con mayor toxicidad estuvo representada por el aceite pirolitico-
2, mientras que los extractos obtenidos por extraccién convencional presentaron una menor
toxicidad sobre los queratinocitos HaCaT. Respecto a la capacidad de inhibir la accién
proinflamatoria de la IL-17, pudo constatarse diferencias en ambas especies. En el caso de U.
subincisa, los extractos mostraron un efecto generalmente proinflamatorio, mientras que el
aceite pirolitico-2 a una concentracion de 7.5 pg/mL provocé una disminucién significativa de
la produccion de IL-8, en forma comparable a la dexametasona. En cambio, para A. adstringens
el extracto crudo y la fase C, mostraron una accion anti-IL-17 significativamente mayor que la
de la dexametasona y los aceites piroliticos (p<0.05). Aunque los resultados de este trabajo
permitieron demostrar por vez primera el potencial antinflamatorio de los aceites piroliticos de
A. adstringens y U. subincisa, se consider0 al extracto acuoso de A. adstringens como el
candidato mas prometedor, dado su alto rendimiento de extraccion, baja toxicidad y elevada

accion anti-1L17.

Palabras clave: bio-aceites, extractos, fenoles, IL-17, psoriasis, toxicidad



ABSTRACT

Psoriasis is an incurable dermatological disease characterized by well-defined reddish plaques
affecting around 3 million Mexicans. Although it is not considered a fatal disease, its
repercussions on the patients’ quality of life are comparable to those of cancer and hypertension.
At present, its etiopathogenic bases have not been elucidated, although interleukin (IL) 17 is
considered as a key mediator in its development and perpetuation. In fact, biological drugs
(secukinumab, ixekizumab, brodalumab) aimed to inactivate this cytokine or its receptor, have
shown high efficacy, although their high costs, the impossibility of being administered topically
and their toxicity have led to an incessant search by pharmaceutical companies for new
therapies. The present work follows a vision of pharmaceutical development, where an
ethnopharmacological study was performed to identify new therapeutic candidates of natural
origin with possible antipsoriatic activity. The Purépecha Plateau was selected as the study area
for the ethnomedical research, which allowed the identification of two candidate species (Urtica
subincisa and Amphipterygium adstringens) according to the high use value reported by this
population. Ninety-seven plant species belonging to 47 families were documented for the first
time for treating 19 dermatological conditions at the Purépecha Plateau, Asteraceae was the
main family of the collected plants (20.61%). The ethanolic extract from U. subincisa, the
aqueous extract from A. adstringens, their solvent fractions (A-Hexane; B-Ethyl acetate; C-
Water) as well as the pyrolytic oils 1 and 2 derived from the extracted biomass were chemically
characterized (proximal and elemental analysis, FTIR, Fluorescence-UV, Py-GC-MS, GC-MS)
in addition to determining their toxicity and ability to inhibit IL-8 production in HaCaT
keratinocytes stimulated with IL-17. The results of the chemical analysis confirmed that the
chemical composition of the extracts and the pyrolytic oils of both species was variable. In the
case of U. subincisa, the ethanolic extract and phases A and B showed to be rich in esters,
whereas in phase C and oil-2, nitrogenous compounds prevailed. In contrast, oil-1from this
species showed a preponderance of phenols. The aqueous extract of A. adstringens, as well as
its fractions A and B, presented a preponderance of phenols and acids, while phase C showed
high abundance of acids. In oils 1 and 2 from A. adstringens, phenols represented the dominant
group. For both, U. subincisa and A. adstringens, the sample with the highest toxicity was

represented by pyrolytic oil-2, while the extracts obtained by conventional extraction were
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generally less toxic. Regarding the ability to inhibit the pro-inflammatory action of IL-17,
differences were found in both species. As to U. subincisa, the extractives showed a
proinflammatory effect, while pyrolytic oil-2 at 7.5 pg/mL caused a significant decrease in the
production of IL-8, comparable to that of dexamethasone. On the other hand, for A. adstringens
the crude extract and phase C, showed a significantly higher anti-IL-17 action than that of
dexamethasone and pyrolytic oils (p <0.05). Although the results of this work demonstrated for
the first time the anti-inflammatory potential of the pyrolytic oils from A. adstringens and U.
subincisa, the aqueous extract from A. adstringens was considered the most promising

candidate, given its high extraction yield, low toxicity and significative anti-IL17 activity.

Key words: bio-oils, extracts, phenols, IL-17, psoriasis, toxicity



I. INTRODUCCION

1.1. Psoriasis

Las enfermedades dermatoldgicas constituyen un motivo principal de consulta en la atencién
primaria de salud, destacandose entre ellas la psoriasis que es una enfermedad incurable de la
piel caracterizada por la presencia de placas rojizas bien delimitadas y escamas secas de color
blanco-plateado (Boehncke & Schén, 2015). La prevalencia mundial de esta patologia varia de
0.51 a 11.43% en adultos (Michalek et al., 2017); y en México, pese a que hay pocos estudios
epidemioldgicos sobre las enfermedades cutaneas, se ha estimado una prevalencia de 2.9%; lo
que equivaldria a que alrededor de 3 millones de mexicanos estarian afectados (International
Psoriasis Council, 2009). Se estima que del 5 al 30% de los pacientes desarrollan artritis
psoridsica, una enfermedad inflamatoria dolorosa que afecta mayoritariamente las
articulaciones. La psoriasis tiene un impacto negativo en la calidad de vida de los pacientes,
fundamentalmente de aquellos con psoriasis moderada o severa (25-35%), al punto que las
repercusiones sobre sus funciones fisicas y psicoldgicas se han comparado con las del cancer,
la hipertension, las enfermedades cardiovasculares, la diabetes o la depresion (Rapp etal.,
1999).

La etiologia de la psoriasis no esta completamente elucidada, pero la mayoria de los conceptos
aceptados indican que su patogénesis esta impulsada por una interaccion compleja entre los
queratinocitos y las células inmunes en donde las citocinas y quimiocinas juegan un papel
crucial (Fig. 1) (Lowes et al., 2014). Una de las hipétesis aceptadas hasta ahora propone que la
proliferacion acelerada de los queratinocitos psoridsicos comparativamente a los normales (7-
10 dias vs. 28-50 dias) y la diferenciacidén incompleta de estas células, estan relacionadas con
un aumento de la infiltracion de linfocitos T (Thl, Thl7, Th22) y con la liberacién de
compuestos inmunomoduladores y quimioatrayentes en la dermis y la epidermis que generan
circuitos inflamatorios complejos responsables de perpetuar la enfermedad (Fig. 1) (Cai et al.,
2012; Lowes et al., 2007).

Las terapias actuales, dirigidas fundamentalmente hacia el manejo de los sintomas, incluyen
productos topicos, fototerapia y tratamientos sistémicos. Estos se encaminan a: a) inhibir la

hiperproliferacion de los queratinocitos (ciclosporina A, retinoides); b) normalizar el proceso
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de diferenciacion aberrante de los queratinocitos (analogos de la vitamina D, retinoides); c)
disminuir el reclutamiento y la activacion de inmunocitos (ciclosporina A, medicamentos
biotecnoldgicos) y d) neutralizar citocinas proinflamatorias (medicamentos biotecnoldgicos)
(Garcia-Pérez et al., 2012). Desafortunadamente, ninguno de estos medicamentos es curativo,
por lo que la industria farmacéutica continda con la basqueda incesante de nuevos candidatos

terapéuticos para el manejo de la enfermedad (véase Anexo 1).

Diferenclacion de KC Produccion de CXCL 123,y 8 Quimiotaxis células T
Hiperplasia Regulaciona |a alta de AMP Activaciéon STAT1

Activacion STAT3 Amplificacion Th17
Diferenciacion de KC T

Proteinas proinflamatorias Quimiotaxis

S100 nautrofilos
IL-17
w-22 DC IL-26/1L-29

Th2 inhibicidon
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Fig. 1. Circuitos inflamatorios en la psoriasis.
La psoriasis implica la interaccién compleja entre neutrdfilos, células dendriticas (DC), queratinocitos y linfocitos
Thly Th17 quienes producen mediadores inflamatorios (IL-17A, IL-17F, IL-22, TNF-o e IFN-y) que estimulan la
generacion de quimiocinas (CXCL y CCL), citocinas (TNF, IL-26,IL-29), proteinas proinflamatorias (S100) que
contribuyen a la activaciéon de factores de transcripcion (NF-kB, STATS) en los queratinocitos (KC), con la
consecuente produccion de una mayor cantidad de citocinas y quimiocinas que finalmente contribuyen al
reclutamiento de mas inmunocitos en la piel.



1.1.1. Interleucina-17 y la patogenesis de la psoriasis

Numerosas evidencias sugieren que la activacion de la respuesta inmunitaria mediada por
linfocitos Th1/Th17 participa en el desencadenamiento y perpetuacion de la psoriasis. En la piel
psoriasica, los niveles de interleucina (IL)-17 son hasta 6 veces superiores que en la piel normal
y estos correlacionan con el grado de severidad de la enfermedad (Johansen et al., 2009). De
hecho, la eficacia clinica con medicamentos biotecnoldgicos que bloguean la IL-17 o su

receptor, no dejan dudas sobre el impacto de la IL-17 sobre esta patologia.

En el contexto de la piel, la IL-17 es producida, entre otros, por linfocitos Th17, células linfoides
innatas, neutrofilos, y mastocitos. La familia IL-17 esté integrada por 6 miembros (IL-17A-F),
siendo la IL-17A la isoforma maés estudiada. La IL-6 y el TGF  promueven la diferenciacién
inicial de las células ThO a Th17, mientras que la IL-23, producida por las células dendriticas
dérmicas y los macrofagos, estabiliza y expande las células Th17. La IL-23, es un heterodimero
constituido por las subunidades p19 y p40, esta Gltima compartida con la IL-12. Al unirse a su
receptor, la IL-23 activa factores de transcripcion como RORyty STAT3 presentes en las células
Th17, desencadenando la liberacion de la IL-17A-F (Sakkas & Bogdanos, 2017). La familia de
receptores de IL-17 posee cinco miembros: IL-17RA, IL-17RB, IL-17RC, IL-17RD e IL-17RE.
La IL-17A se unen al heterodimero IL-17RA/IL-17RC, favoreciendo la activacién de la proteina
adaptadora (ACT1), quien activa al factor nuclear kB (NF-kB). Una vez que el NF-«kB esta
completamente activado, participa en la regulacion de varios genes diana en las células
epidérmicas y dérmicas, modulando la expresion de citocinas inflamatorias (TNF, IL-1, IL-6),
quimiocinas (IL-8), receptores inmunes y moléculas de adhesion en la superficie celular (ICAM-
1) (Fig. 2). Ademés, la IL-17 también activa otras vias como las relacionadas con las MAPKs
quinasas como la quinasa N-terminal c-jun (JNK), la quinasa regulada por sefial extracelular
(ERK), asi como la ruta JAK/STAT (quinasa Janus/el transductor de sefial y el activador de la
transcripcion) y la de la fosfoinositol 3 quinasa (PI13K) induciendo la formacion de péptidos
antimicrobianos (B-defensina), citocinas y metaloproteinasas de la matriz extracelular (Adami
etal., 2014).
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Fig. 2. Via de sefalizacién de I1L-17.

La sefializacion de IL-17 comienza con la union de las citocinas 1L-17 a sus receptores IL-17RA e IL-17RC. Tras
la union del ligando, Actl activa multiples vias de sefializacion independientes que median a través de diferentes
proteinas TRAF. La activacion de TRAF6 da como resultado la activacion de las vias NF-xB, C/EBP, C/EBPS y
MAPK. EI complejo IL-17R-Actl también se asocia con MEKK3 y MEKS5 a través de TRAF4, lo que resulta en
la activacion de ERKS. Si bien la sefializacion de 1L-17 mediada por TRAF6 y TRAF4 da como resultado la
transcripcion de genes inflamatorios, la sefializacién de 1L-17 a través del complejo ACT1-TRAF2-TRAF5 da
como resultado el control de la estabilidad del ARNm de los genes diana de IL-17 (Hsp: proteina de choque térmico,
TRAF: factor asociado al receptor de TNF, TAK1: quinasa 1 activada por TGF-B, IKK: inhibidor de la quinasa
kappa B, ERK: quinasa relacionada con la sefial extracelular, INK: quinasa Janus, HUR: antigeno humano R, SF2:
factor de empalme 2. Modificado de Amatya et al., 2017).

Los queratinocitos, son células epidérmicas que desempefian un papel crucial en el desarrollo
de la psoriasis mediado por la IL-17. Un estudio reciente en un modelo animal de psoriasis
inducida por imiquimod demostro que la eliminacién de los receptores IL-17RA en células T o

mieloides no tuvo un impacto significativo en el desarrollo de la psoriasis, en cambio la carencia



de este receptor en los queratinocitos resulté en una disminucion del engrosamiento epidérmico
y la inflamacion en los animales estudiados (Moos et al., 2019). La IL-17 no solo es fuertemente
proinflamatoria, sino que también estimula la hiperproliferacion y la diferenciacion aberrante
de los queratinocitos dentro de la epidermis (Ekman et al., 2019). Los efectos de la IL-17 sobre
los queratinocitos no se presentan en forma aislada, sino que actda en sinergismo con otras
citocinas relevantes en la psoriasis como el factor de necrosis tumoral (TNF-a), induciendo la
expresion de numerosos genes proinflamatorios caracteristicos de la enfermedad (psoriasina
S100A7, B-defensina DEFB4, IL-8, CCL20, IL-23 (p19) y CXCL1). Aunque se ha sugerido que
esta accién puede deberse a la activacion conjunta de NF-xB, también es necesaria la
participacién de otros mecanismos post-transcripcionales que no han sido dilucidados
(Chiricozzi et al., 2011).

Una quimiocina fuertemente inducida por la IL-17 en los queratinocitos es la IL-8, también
conocida como CXCL-8 que actla atrayendo a los leucocitos, fundamentalmente a los
neutrdfilos, hacia la piel psoriésica, mediante quimiotaxis (Duan et al., 2001). La acumulacion
de los neutrofilos en la piel, se considera un evento temprano de gran relevancia en la formacién
de las placas psoriasicas, ya que estas células activadas pueden influir no solo en el crecimiento
y la diferenciacion de los queratinocitos epidérmicos, sino también en el estado de activacion
de los linfocitos T (Terui et al., 2000). La produccion de IL-8 es mayor en el suero y la piel de
pacientes con psoriasis (Bai et al., 2017), y sus niveles se correlacionan con la severidad de la
enfermedad (Arican et al., 2005). Recientemente se ha sugerido que la variacion de los niveles
de IL-8 en pacientes con psoriasis podria ser utilizado como un marcador de respuesta
terapéutica (Bai etal., 2017). Los marcadores de respuesta terapéutica son de gran utilidad
durante el desarrollo temprano de medicamentos, ya que facilitan la toma de decisiones respecto

a estudios ulteriores con el candidato terapéutico de interés.

El descubrimiento de productos biotecnoldgicos dirigidos a inactivar a la interleucina IL-17 0 a
su receptor (secukinumab, ixekizumab y brodalumab), han demostrado una eficacia
antipsoriasica superior a la de inhibidores del TNF-a. (Griffiths et al., 2010); aunque los eventos
adversos, los altos costos, la imposibilidad de administracion topica y la falta de respuesta en

algunos pacientes pueden limitar su uso (Bissonnette et al., 2014; Lv et al., 2018).



Para alcanzar el éxito terapéutico la adherencia al tratamiento es esencial, desafortunadamente
en el caso de la psoriasis hay una gran insatisfaccion que conduce a los pacientes al uso de
medicina complementaria o alternativa donde los extractos de plantas y los productos piroliticos
como el alquitran de hulla son ampliamente utilizados (Moscaliuc et al., 2013; Svendsen et al.,
2017; Talbott & Duffy, 2015). Sin embargo, muchos de estos extractos y productos piroliticos
no estan caracterizados quimicamente o bien no cuentan con pruebas toxicoldgicas o
farmacodinamicas pudiendo contribuir a la aparicion de eventos adversos y a la exacerbacion
de la enfermedad (Fleischer et al., 1996). Por lo tanto, la busqueda de agentes terapéuticos anti-

IL-17 mas asequibles, efectivos y seguros sigue en curso (véase Anexo 1).
1.1.2. El desarrollo de farmacos para la psoriasis

El desarrollo farmacéutico puede definirse como un conjunto ordenado de fases que conducen
al desarrollo de un medicamento (King etal., 2010). El esquema clasico de desarrollo de
farmacos estd conformado convencionalmente por el traslado de conocimientos desde la
investigacion basica hacia la investigacion clinica en un sentido unidireccional, involucrando
varias fases: 1) Fase de descubrimiento; 2) Fase de investigacion preclinica; 3) Fase de
investigacion clinica; 4) Fase de registro y aprobacion, y la 5) Fase de desarrollo quimico-
farmacéutico (Fig. 3). Estas fases cuentan a su vez con las etapas siguientes: a) establecimiento
de hipdtesis etiopatogénicas de la enfermedad; b) identificacion de dianas farmacoldgicas; c)
descubrimiento y seleccion de candidatos terapéuticos; d) optimizacion quimica de los
compuestos seleccionados; €) pruebas preclinicas en animales de experimentacion; f)
evaluacion de la seguridad en seres humanos y el establecimiento de las propiedades
farmacocinéticas (fase 1); g) las pruebas de eficacia (prueba de concepto; fase Il) y finalmente
f) los ensayos clinicos multicéntricos a mayor escala para evaluar la seguridad y eficacia (fase
I11) (Turner, 2010). La vigilancia posterior a la comercializacion del medicamento, también
conocida como farmacovigilancia, continda vigente ante cualquier eventualidad que se presente

con el uso no controlado de los farmacos (Turner, 2010).
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Fig. 3. Esquema clasico de desarrollo farmacéutico.
El esquema clésico de desarrollo farmacéutico se inicia por la fase de descubrimiento y termina con la fase clinica
que brindan la evidencia para el registro de aprobacién ante las agencias reguladoras. Pocos farmacos son
aprobados anualmente y estos contintian bajo vigilancia durante su comercializacion.

En los ultimos afios ha nacido el término “medicina traslacional”, que se refiere a un nuevo
paradigma basado en la necesidad de integrar los conocimientos cientificos que se generan
durante la investigacion basica al desarrollo de tratamientos con impacto clinico (bench-to-
bedside). En su acepcién mas amplia el concepto de medicina traslacional puede entenderse
como un proceso bidireccional, donde ademas del traslado de conocimientos desde la ciencia
basica a la clinica, los nuevos hallazgos derivados de la investigacion clinica sirven de base para
la generacion de hipdtesis cientificas utilizadas en ciencia fundamental (bedside-to-bench)
(Guttman-Yassky & Krueger, 2007). La psoriasis constituye un excelente ejemplo de la
importancia de la medicina traslacional para el desarrollo de nuevos tratamientos. De hecho, los
primeros tratamientos antipsoriasicos, como la fototerapia o la ciclosporina, se desarrollaron a
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partir de una aproximacion empirica que partié de la evidencia clinica y se trasladd rapidamente

a nuevos conceptos en ciencia béasica (bedside-to-bench).

La relevancia de los enfoques de medicina traslacional se evidencia en descubrimientos que han
sacudido los paradigmas etiopatogénicos de la enfermedad. Un ejemplo de ello es la reconocida
importancia de la IL-17 y el desarrollo ulterior de medicamentos biotecnoldgicos.
Investigaciones de ciencia basica combinados con comprobaciones clinicas (bench-to-
bedside/bedside-to-bench) permitieron el establecimiento del nuevo paradigma en la
fisiopatologia de la enfermedad relacionado con el eje IL-23/ IL-17. La consecuencia logica de
estas investigaciones fue el desarrollo de dos anticuerpos contra la subunidad p40: el
ustekinumab y briakinumab, asi como de inhibidores de la IL-17 o de su receptor (secukinumab,

ixekizumab, brodalumab) (véase Anexo 1).

En la actualidad, la psoriasis es una de las enfermedades que presenta mayor desarrollo
farmacéutico a escala global (Cervantes-Duran et al., 2020; Esquivel-Garcia et al., 2018a). Sin
embargo, son numerosos los retos a enfrentar para llevar con éxito este proceso, dentro de los
que se destaca: 1) la identificacion de biomarcadores predictivos de toxicidad, farmacocinética
y eficacia farmacoldgica; b) el desarrollo de modelos in vitro e in vivo mas representativos de
la enfermedad, asi como c) la integracion de aspectos farmacogendmicos al proceso del
descubrimiento de farmacos (Esquivel-Garcia et al., 2018a).

Una vez que los farmacos son desarrollados, estos se integran en esquemas clinicos que deben
ajustarse a las caracteristicas y necesidades de los pacientes. Ello implica que durante el
desarrollo farmacéutico se tenga en cuenta la poblacion a la que va a ser administrado el
producto de interés. La individualizacion de las terapias para la psoriasis encuentra algunos
desafios, ya que cada paciente tiene su propia forma de psoriasis, e incluso dentro del mismo
paciente, las caracteristicas de la psoriasis pueden variar considerablemente (van de Kerkhof,
2008). De hecho, se han descrito diferencias inter-paciente en términos del inicio de la
enfermedad, la cronicidad, su ubicacién anatomica, los factores desencadenantes y las
comorbilidades existentes. Ademas, los polimorfismos en los genes que codifican proteinas
importantes para la farmacocinética y farmacodinamica de los medicamentos antipsoriasicos
podrian explicar la variabilidad encontrada en la respuesta a los tratamientos (Lebwohl, 2016;

Woolf & Smith, 2010). Aunque el uso de biotecnologicos anti-1L-17 ha sido bien aceptado por
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pacientes con psoriasis severa, su administracion parenteral, elevados costos y presencia de
reacciones de inmunogenicidad constituyen limitaciones para individuos con psoriasis leve y
moderada (aproximadamente el 80% de los pacientes) (Armstrong etal., 2013), quienes
prefieren el uso de medicamentos topicos (Kim et al., 2017). El desarrollo de medicamentos
anti-1L17 administrados en la piel mejor adaptados a las necesidades de personas con psoriasis
leve y moderada seria una estrategia, que, de lograrse permitiria elevar la adherencia a las
terapias y el éxito de los tratamientos con el consecuente incremento de la calidad de vida de

estos individuos.
1.2. La etnofarmacologia y el desarrollo farmacéutico en la psoriasis

Varias son las estrategias que se utilizan durante la fase de descubrimiento de nuevos
medicamentos para la psoriasis, destacandose el uso de moléculas o mezclas de moléculas
obtenidas por sintesis quimica, a partir de procesos biotecnoldgicos o bien utilizando fuentes
naturales. Los productos naturales presentan numerosas ventajas para el desarrollo de nuevos
medicamentos antipsoridsicos ya que poseen una amplia gama de farmacoforos con alta
complejidad estereoquimica (Harvey etal., 2015), lo que favorece la union sobre dianas
complejas que implican interacciones proteina-proteina como las que se presentan en los
circuitos inflamatorios mediados por citocinas. Otra ventaja del uso de productos naturales para
la psoriasis se relaciona con el hecho de provenir directamente de la naturaleza, ya que se ha
sugerido que numerosos compuestos exitosos como farmacos tienen la propiedad de “semejanza
de metabolitos” (“metabolite-likeness™), que significa que tales compuestos no solo son
biol6gicamente activos, sino que también pueden ser sustratos para uno 0 mas sistemas
transportadores, facilitando la cesion de los compuestos activos a su sitio de accion intracelular
(Hert et al., 2009).

La eleccion de la fuente natural sobre la cual se estructurard el desarrollo farmacéutico es de
crucial importancia para la obtencion de candidatos terapeuticos relevantes. Este proceso puede
seguir varias estrategias: a) estrategia al azar; b) estrategia quimiotaxondmica; c) estrategia
etnofarmacoldgica; d) estrategia ecoldgica (Abreu Guirado & Cuéllar Cuéllar, 2008). La
estrategia etnofarmacoldgica ha sido una de las mas eficaces en el descubrimiento de nuevos
medicamentos, siendo la etnofarmacologia considerada como “la exploracion cientifica

interdisciplinaria de productos bioldgicamente activos utilizados u observados por el hombre”
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(Bruhn & Helmstedt, 1981). En este enfoque cobran extraordinaria importancia las tradiciones
que se consideran como entidades dindmicas de conocimiento experimental en continua
evolucion a medida que las comunidades y los individuos descubren nuevas técnicas que

transforman el uso de las plantas (Patwardhan, 2005).

La etnofarmacologia como un campo de investigacion bien definido tiene una historia de
desarrollo que se inicia en el siglo XX (Heinrich & Gibbons, 2001). Sin embargo, mediante su
interaccion con otras areas del conocimiento como la antropologia, la botanicay la farmacologia
se ha transformado en una herramienta esencial para la bdsqueda de nuevos candidatos
terapéuticos a través del uso, entre otros, de plantas medicinales relevantes para la medicina

tradicional de distintas regiones del mundo (Heinrich et al., 2009).

Siguiendo el enfoque etnofarmacoldgico las especies elegidas para el desarrollo farmacéutico
son aquellas que han demostrado una eficacia terapéutica como consecuencia de su utilizacion
tradicional por la poblacion (Abreu Guirado & Cuéllar Cuéllar, 2008). A partir de estos estudios
se inicia un proceso de validacion cientifica (Fig. 4), en donde las moléculas de origen natural
que se consideran candidatos para el desarrollo de nuevos farmacos son sometidas a rigurosas
pruebas para contar con la evidencia de seguridad y eficacia requerida para su uso en una
patologia determinada (Fabricant & Farnsworth, 2001; Gertsch, 2009). En la psoriasis este
proceso cobra extraordinaria importancia al tratarse de una enfermedad caracterizada por la
presencia de circuitos inflamatorios complejos donde las moléculas naturales podrian ofrecer
alternativas terapéuticas dada su complejidad estructural y accién multidiana (Patwardhan,
2005).

14



Rechazo

Confirmacién

—d

Evaluacion directa

—_—

. Bioprospeccion

Conocimiento
tradicional

Estudios
clinicos
controlados

Evidencia
anecdotica

Cribado guiado
por bioensayo

Andlisis fitoquimico Estudios
: } en
Preparacion de extracto Diania . animales

: ; $ Rechazo
Purificaciéon de compuestos farmacoldgica

Fig. 4. Proceso de evaluacion cientifica en etnofarmacologia.
Fases de validacion en el proceso de evaluacion etnofarmacolégica. Los medicamentos tradicionales a base de
plantas pueden evaluarse directamente en ensayos clinicos, utilizarse como base para la bioprospeccion o someterse
a estudios in vitro relacionados con la indicacion etnofarmacolégica. Las hipétesis farmacoldgicas pueden ser
refutadas en base a estudios in vitro y en animales. Sin embargo, solo los estudios clinicos aleatorizados, doble
ciego y controlados con placebo permiten la confirmacion o refutacion de la evidencia anecdotica (conocimiento
tradicional. Modificado de Gertsch, 2009).

La medicina tradicional mexicana es reconocida a nivel mundial por su gran riqueza cultural,
alta diversidad floristica, y por su contribucion en el desarrollo de medicamentos de gran
impacto en la terapéutica (Heinrich et al., 2014). Los estudios etnofarmacoldgicos realizados en
el territorio mexicano no solo muestran que la préctica de la medicina tradicional continla
vigente (Alonso-Castro etal., 2017; Heinrich etal., 2014), sino que también permiten
resguardar el conocimiento etnomedicinal que desafortunadamente se pierde en el paso de

generacion a generacion (Calvo et al., 2011).

Una de las regiones de interés etnofarmacoldgico en México es la meseta Purépecha, la cual es
un rico reservorio de biodiversidad (Bello-Gonzalez etal., 2015; Medina, 2003). La
participacion de la medicina tradicional como parte de los servicios de salud en esta region es
muy importante, principalmente en aquellos lugares donde el sistema de salud publica aln es
deficiente (BDMTM, 2009; Gallardo Ruiz, 2002). A pesar del vasto conocimiento tradicional
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de la flora medicinal de los terapeutas Purépechas desde tiempos precortesianos, no hay estudios
etnofarmacoldgicos disponibles que reporten el uso de plantas para el tratamiento de afecciones
dermatoldgicas por esta poblacién. Por lo tanto, se considera que la documentacion de este
conocimiento podria contribuir a la identificacion de especies de interés para el desarrollo de

nuevos candidatos terapéuticos o preparaciones herbarias antipsoriésicas.

Uno de los objetivos de la etnofarmacologia durante el proceso de validacion cientifica es
realizar el andlisis fitoquimico de las especies de interés (Gertsch, 2009). Dicho analisis debe
ser congruente con la forma de preparacion reportada en la medicina tradicional (Gupta et al.,
2010). Dada la baja toxicidad de los solventes empleados en las culturas tradicionales, es
frecuente el uso de preparaciones acuosas, alcohdlicas e hidroalcohdlicas de las plantas para
tratar padecimientos de la piel. Estos solventes polares permiten extraer diversos grupos de
metabolitos como polifenoles, azlcares, terpenos y compuestos nitrogenados, implicados en los
sistemas de defensa de las plantas. Muchos de estos metabolitos se han empleado como
candidatos terapéuticos para el tratamiento de la psoriasis (Edeas, 2008).

Una vez que se completa el analisis fitoquimico, los extractos deben evaluarse desde el punto
de vista farmacoldgico y toxicoldgico usando modelos preclinicos in vitro o in vivo relevantes
para la patologia de interés. Esta evaluacion es de extraordinaria importancia ya que permite
corroborar el uso tradicional, y pone en evidencia los riesgos del consumo para la poblacién. En
caso de obtenerse una buena relacién beneficio/riesgo durante el desarrollo preclinico, las
preparaciones analizadas deben ser probadas como parte de estudios clinicos controlados en
seres humanos. Finalmente, un elemento esencial que distingue al desarrollo de medicamentos
siguiendo el enfoque etnofarmacoldgico debe ser una comprension solida de la base
sociocultural del grupo étnico y una integracion de la informacién recopilada a lo largo de los

estudios cientificos con el contexto sociocultural de partida (Heinrich et al., 2009).

1.3. Uso de extractos acuosos y etanodlicos de plantas como candidatos
terapéuticos para el tratamiento de la psoriasis

El uso de extractos acuosos y etanolicos para el tratamiento de la psoriasis en diversos sistemas
médicos tradicionales en todo el mundo esta bien documentado en la literatura cientifica. La
Tabla. 1 muestra los extractos y las especies que han encontrado mayor aplicacién para esta

enfermedad basado en su uso en la medicina tradicional.
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Tabla. 1. Estudios que utilizan extractos acuosos y etandlicos de plantas empleados por la medicina
tradicional para el tratamiento de la psoriasis.

Reduccidn del grosor epidérmico y

Cassia - disminucion de la severidad de las placas  (Vijayalakshmi
- Flores Etandlico - Co o
auriculata L. (eritema, enrojecimiento y descamacion) etal., 2019)
en la piel psoriasica de un modelo animal.
Gentiana lutea Raiz Etanlico Modulacion de la sintesis de ceramidas en (Gendrisch
L. cultivos de queratinocitos. et al., 2020)
Tinospora
cordifolia Mejora la apariencia de la piel en un
(Willd.) Miers modelo animal de psoriasis inducida con
Tallos Acuoso - . - (Aroraet al.,
ex Hook. f. & Raiz Etan6lico Imiquimod, disminuye los niveles de 2016)
Thomson; ARNm de IL-17, IL-23, IL-1y TNF en la
Curcuma longa piel y la sangre de los animales tratados.
L.
Dillenia indica - Reducuor_w de la ortoqueratogls y (Kviecinski
Frutos Etanolico paraqueratosis en un modelo animal de
L. . etal., 2016)
psoriasis.
Inhibidor de la proliferacion de los .
. L . o (Gulliver &
Mahonia queratinocitos. En estudios clinicos se .
e 1 Cortezas Acuoso ; L : Donsky, 2005;
aquifolium 1 demostr6é una mejoria de las lesiones ,
Frutos Etandlico . - Miiller et al.,
(Pursh) Nutt. psoriasicas con un perfil favorable de 1995)
eventos adversos.
En un modelo de cola de ratén, el extracto
estimuld la diferenciacion de la
Aloe vera (L.) Hoias Etandlico epidermis. La actividad antipsoriasica fue (Dhanabal
Burm. f. ! del 81.95% comparativamente al 87.94% etal., 2012)
del grupo que recibi6 el Tazaroteno como
control positivo.
Alta capacidad antioxidante.
Melissa Partes ACUOSO Reestablecimiento de la hidratacion de la  (Dimitris et al.,
officinalis L. aéreas piel y la funcién de barrera epidérmica en 2020)
un modelo murino de psoriasis inducida.
Picea mariana Disminucién de la produccion de IL-8,

: . IL-6, fractalkina, 6xido nitrico y PGE2 en P
(Mill.) Britton, M o (Garcia-Pérez
Cortezas Acuoso queratinocitos normales y psoriasicos
Sterns & imul S etal., 2014)

Poggenb estimulados con TI\_II,:—a via la inhibicion

' de la activacion de NF-«B.

Disminucion de la severidad de la
psoriasis en un modelo animal de

Artemisia psoriasis inducida con Imiquimod.

A Partes - Lo . (Leeetal.,
capillaris aéreas Etanolico Disminucion del engrosamiento 2018)
Thunb. epidérmico y de la expresion de Ki67.

Efectos antiproliferativos en
queratinocitos HaCaT.

La eleccion de estos solventes, ademas de ser aceptables desde el punto de vista toxicoldgico, y

por lo tanto de gran uso en la medicina tradicional, permiten extraer numerosos metabolitos
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secundarios, siendo los fenoles, dada su polaridad, uno de los grupos de compuestos bioactivos

mayoritariamente presentes en este tipo de extractos.

El uso de compuestos fendlicos, extraidos de manera convencional con solventes polares a partir
de plantas medicinales (Edeas, 2008; Stevanovic et al., 2009), ha quedado plasmado en la
medicina tradicional de distintas regiones del mundo, y actualmente diferentes formulaciones
que los contienen son utilizadas en las medicinas convencional, complementaria y alternativa
para el tratamiento de placas psoriasicas (Svendsen et al., 2017; Talbott & Duffy, 2015). Aunque
estos estudios demuestran el potencial farmacologico de estos extractos, las plantas mas
utilizadas son en su mayoria provenientes de sistemas médicos tradicionales de otros paises,
mientras que falta documentacion sobre las propiedades antipsoriasicas de plantas nativas de

México.

Se ha demostrado que los polifenoles del té verde pueden inducir la expresion de la caspasa 14,
una proteasa cuya expresion aparece disminuida en la piel psoriasica y que participa en la
diferenciacion terminal de los queratinocitos y la formacion del stratum corneum (Hsu et al.,
2007). Ademas, polifenoles como la curcumina, presente en la planta C. longa, pueden
disminuir la expresion de citocinas proinflamatorias como la IL-6 e IL-8 en los queratinocitos
(Miquel et al., 2002).

Los polifenoles de P. mariana han demostrado ser potentes antinflamatorios, bloqueando la
accion del TNF-a en queratinocitos psoridsicos, con una actividad incluso superior a la
dexametasona, un farmaco utilizado para el tratamiento de esta enfermedad (Garcia-Pérez et al.,
2014). Aunque estos estudios indican el potencial antinflamatorio de estas moléculas para el
tratamiento de la psoriasis, su efecto farmacoldgico en otras dianas terapéuticas como la IL-17,

de importancia capital para la patogénesis de esta enfermedad, no ha sido elucidado.
1.4. Estructura quimica de los compuestos fendlicos extraibles

Los polifenoles son un extenso grupo de compuestos que se utilizan como agentes
antipsoriasicos a partir de diversas modalidades terapéuticas y que son considerados como
extraibles en las plantas ya que pueden ser obtenidos por extraccién convencional con solventes
polares. Se trata de una gran variedad de metabolitos secundarios que se caracterizan por
contener uno 0 mas grupos fendlicos y reciben el nombre de polifenoles, compuestos fendlicos

0 bien de fenilpropanoides.
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Desde el punto de vista de la estructura quimica, son un grupo diverso que comprende desde
moléculas sencillas como los fenoles simples y &cidos fendlicos hasta polimeros complejos
como los taninos y la lignina, aunque esta ultima no puede ser extraida con solventes por
métodos de extraccién convencional y no pertenece al grupo de los extraibles. En el grupo
también se encuentran los flavonoides, estilbenos y lignanos, muchos de los cuales estan
implicados en las interacciones planta-herbivoro (Schultz et al., 1992). En combinacion con
fototerapia, el psoraleno es uno de los fenoles méas representativos para el tratamiento de la

psoriasis (Lapolla et al., 2011).

La ruta del acido shikimico es responsable de la biosintesis de la mayoria de los fenoles de
plantas. A partir de eritrosa-4-P y de &cido fosfoenolpirivico se inicia una secuencia de
reacciones que conduce a la sintesis del acido shikimico y, derivados de éste, como los
aminoacidos aromaticos (fenilalanina, triptéfano y tirosina). La mayoria de los compuestos
fendlicos derivan de la fenilalanina. Esta ruta esta presente en plantas, hongos y bacterias, pero
no en animales (Garcia & Carril, 2011).

Los fenoles simples, los aldehidos y los acidos fenolicos presentan estructuras quimicas simples,
y poseen un peso molecular bajo respecto a los taninos. Los fenoles simples estan representados
por una estructura Cs formada por un anillo bencénico y sus derivados. Dentro de este subgrupo
se encuentra el pirocatecol, resorcinol y el orcinol (Fig. 5). Las estructuras Cs-C1 constituida por
un anillo bencénico al cual se une un aomo de carbono, son caracteristicas de maultiples
aldehidos fendlicos presentes en el reino de las plantas como la vainillina, el salicilaldehido e
hidroxibenzaldehido, pero también de acidos fendlicos que se han considerado bioactivos como
los &cidos galico y salicilico (Fig. 5) (Stevanovic et al., 2009).

Entre los compuestos fenolicos con estructuras Ce-C2 Se encuentran compuestos relacionados
con el acido fenilacético y las acetofenonas, dentro de los que se encuentran los derivados de la
p-hidroxiacetofenona que han sido identificados en plantas como Populus balsamifera L.
(Stevanovic & Perrin, 2009). Los acidos hidroxicindmicos, por su parte tienen una estructura
Ces-C3 y han sido reconocidos por sus propiedades antioxidantes y antiinflamatorias, dentro de

los que se encuentran los acidos clorogeénico, cafeico y fertlico (Fig. 5) (Stevanovic et al., 2009).
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Fig. 5. Estructuras quimicas de polifenoles encontrados frecuentemente en las plantas.

Los estilbenos son otro subgrupo de compuestos fendlicos que contienen muchas moléculas
bioactivas, siendo el resveratrol (Fig. 5) uno de los mas reconocidas (Shen et al., 2009). Se
sintetizan mediante la adicion de 1 a 3 moléculas de malonil-CoA a los acidos cinamicos. La
estructura méas simple de los estilbenos esta representada por el 1,2-difeniletano. Ademas,
existen también derivados hidroxilados. Juntamente con los bibencilos, que también tienen un

esqueleto C6-C2-C6, forman la familia de los estilbenoides (Stevanovic & Perrin, 2009).

Los lignanos y los neolignanos son dimeros naturales de fenilpropano que también son
reconocidos por sus propiedades bioldgicas. Cuando las unidades de fenilpropano estan unidas
por enlaces C-C en las posiciones 8 y 8', el compuesto se considera un lignano. Si los dimeros
de fenilpropano estan unidos por otro tipo de enlaces, es un neolignano. Por lo tanto, hay
neolignanos que contienen enlaces C-C 8-0-4', 3-O-4' (oxineolignanos), 3-3', 8-3', 1-3, etc.
(Moss, 2000). El (-)-matairesinol (Fig. 5) es un intermediario central en la biosintesis de muchos
lignanos, dentro de los que se encuentra la podofilotoxina, un agente antiviral con propiedades
anticancerigenas obtenido de los rizomas y raices de plantas perennes del género Podophyllum
L. (X. Zhang etal.,, 2018). La podofilotoxina es el ingrediente activo de Condylox® o

Condyline®, utilizado clinicamente para el tratamiento de las verrugas genitales.
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Los flavonoides son uno de los grupos de polifenoles mas distribuidos en el reino de las plantas
y estan representados por compuestos que tienen esqueletos C6-C3-C6, es decir, una parte
basada en el fenilpropano. Su estructura molecular se caracteriza por un esqueleto de carbono
del tipo difenil 1,3-propano que comprende 15 atomos de carbono distribuidos en dos anillos de
benceno, denominados A y B, unidos entre si por la estructura de cromano con tres carbonos.
Existen varios subgrupos de flavonoides segin el grado de insaturacion y oxidacion del
heterociclo: flavonas, flavanonas, flavanos e isoflavonas (Stevanovic & Perrin, 2009). Los
flavonoides generalmente existen en la naturaleza en forma hidroxilada, aunque la presencia de
carbohidratos o grupos metilo en hidroxilos fendlicos es muy frecuente. Dentro de este grupo
se encuentran compuestos como el galato de epigalocatequina y la miricetina (Fig. 5) con
propiedades antipsoriasicas (Lee & Lee, 2016; Zhang et al., 2016).

Los taninos son compuestos polifendlicos, solubles en agua, cuyas masas molares estan entre
500 y 3000 Da. Ademés de exhibir las reacciones caracteristicas de los fenoles, pueden
precipitar alcaloides, gelatina y otras proteinas. Existen dos tipos de taninos, en funcion de su
estructura y propiedades: taninos hidrolizables y taninos condensados. Los taninos hidrolizables
se caracterizan por una parte central que consiste en un poliol (con mayor frecuencia glucosa),
cuyas funciones hidroxilo estan esterificadas con acido gélico o elagico (Stevanovic et al.,
2009). Las proantocianidinas o taninos condensados son oligomeros o polimeros de flavan-3-
ols y flavan-3,4-dioles. Las proantocianidinas se pueden clasificar en dos categorias segun su
grado de polimerizacion de unidades monomeéricas: oligémeros (desde dimeros a pentameros)
y polimeros (a partir de hexameros) (Stevanovic & Perrin, 2009). Los taninos actian como
repelentes alimenticios y también son reconocidos por sus propiedades beneficiosas sobre la

salud humana.

Aunque la lignina es también considerada un compuesto fendlico, no puede ser obtenida por
métodos de extraccion convencional y sus caracteristicas quimicas varian respecto a los

compuestos fenolicos de bajo peso molecular.
1.5. Caracterizacion quimica de la lignina

La lignina es un polimero heterogéneo de alto peso molecular y constituido por unidades de
fenilpropano que comparte la misma via biosintética que los polifenoles extraidos por métodos

convencionales (Stevanovic et al., 2009). Durante la evolucion, la lignificacion de las paredes
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vegetales estuvo relacionada al paso de las plantas del medio acuético al terrestre, de hecho,
especies acuaticas como las algas no contienen lignina como constituyente quimico (Stevanovic,
2005). El desarrollo del sistema de lignificacion estuvo influenciado por la necesidad de un
sistema excretor mejorado en las plantas superiores. La lignina constituye uno de los
componentes vegetales de la pared celular de las células vegetales, en estrecha asociacién con
la celulosa y la hemicelulosa. Los tejidos lignificados presentan una resistencia superior contra
los ataques bioldgicos, sobre todo de microorganismos, lo que asegura la longevidad de las

plantas lignosas.

La lignina no es exclusiva de los arboles, sino que también se presentan en las plantas herbaceas.
Los mondmeros (monolignoles) precursores de la lignina son derivados del alcohol cindmico:
a) el alcohol coniferilico; b) el alcohol sinapilico y, c) alcohol p-cumarilico, cuyas estructuras
se muestran en la Fig. 6. Estos se forman en el citoplasma a través de la ruta del acido shikimico
que produce fenilalanina como intermediario clave. Los monolignoles se generan mediante
reacciones de desaminacion, hidroxilacién, reduccion y metilaciéon catalizadas por diversas
enzimas. Estos monolignoles reaccionan en la pared celular, a través de reacciones de oxidacién

catalizadas por peroxidasas (intermedios radicalarios) para formar finalmente polimeros de

lignina.
OH OH OH
Z / e
OMe MaO OMe
OH
Alcobol Adcohal Akcohot
somilerilico sthapilice ptrmaniiico

Fig. 6. Mondmeros precursores de la lignina.

Los monolignoles son dirigidos (temporal y espacialmente) a diferentes tipos de regiones de la
pared celular, en las que polimerizan formando biopolimeros con propiedades biofisicas

caracteristicas, los cuales en conjunto refuerzan la pared celular. Las ligninas son consideradas

22



mezclas racémicas, como se evidencia por analisis de diversos fragmentos diméricos tales como,

(£)-pinoresinoles y (£)-siringoresinoles (Chavez-Sifontes & Domine, 2013).

En dependencia del tipo de especie, los porcentajes de distribucion de los monolignoles varian
(véase Tabla. 2). Por ejemplo, el monolignol mas abundante de las maderas de especies
coniferas es el alcohol coniferilico, que puede llegar a superar el 95% del total de monolignoles
presentes, en cambio, en las maderas provenientes de especies latifoliadas coexisten los
alcoholes coniferilico y sinapilico (Hon & Shiraishi, 2000). En el caso de plantas herbaceas,
puede haber proporciones similares de los tres monolignoles principales. Ademas, el contenido
de lignina también varia entre arboles y las plantas herbaceas, siendo menor en estas ultimas
(Novaes et al., 2010).

Tabla. 2. Porcentaje de los diferentes monolignoles presentes en la lignina de diversas plantas.

Gimnospermas Coniferas <5 >95 0
Latifoliadas 0-8 25-50 45-75
Herbéceas 5-35 35-80 20-55

(Modificado de Gellerstedt & Henriksson, 2008).

Angiospermas

La lignina, debido a su alto peso molecular, no puede penetrar las membranas biolédgicas y
consecuentemente no puede modular la activacion/desactivacion de vias de sefializacion
implicadas en la patogénesis de enfermedades. Sin embargo, esta puede ser degradada
térmicamente por pir6lisis para producir fenoles de bajo peso molecular (mono y oligo-fenoles),
también conocidos como fenoles piroliticos (Liaw et al., 2013). Estos fenoles piroliticos pueden
ser separados facilmente por precipitacion en agua (Scholze & Meier, 2001). La produccién de

polifenoles por via térmica es un medio de obtencion de estas moléculas a muy bajo precio.

1.6. La pirolisis: un medio para obtener aceites piroliticos ricos en
compuestos fenolicos

La pirdlisis consiste en la descomposicién térmica de un soélido que ocurre en ausencia de

oxigeno o agentes oxidantes, resultando en la produccion de gases, liquidos (aceites piroliticos
o alquitran) y un carbonizado. Durante el proceso, la temperatura se incrementa localmente, por

23



lo que primeramente ocurre la evaporacién de la humedad (etapa de secado), mientras que
posteriormente ocurre la liberacidn de volatiles (primera etapa de la pirélisis). Estos compuestos
volatiles se producen a partir de la ruptura téermica de los enlaces quimicos de la celulosa, la
hemicelulosa y la lignina, asi como los extractivos, cada uno de los cuales tiene sus propias
caracteristicas cinéticas (Oasmaa etal., 2016). La Fig. 7 muestra las reacciones de

descomposicion que tienen lugar en una particula de biomasa sometida a pirdlisis.

Calor por
conveccion

y radiacion Gias

Gras

Capa
Hmite o
térmica

Conduccion v
conveccion
en los poros

Tar = Bioaceite

Biocarbon

Biocarbon

Reacciones secundarias en fase gaseosa
Craqueo de tar

Reacciones de descomposicion primaria

Fig. 7. Pirdlisis de una particula de biomasa.

En el esquema se pueden observar los principales mecanismos de calentamiento, descomposicion y los productos
del proceso de pirolisis de biomasa (Modificado de Montoya Arbeléez et al., 2013).

Considerando la temperatura y la velocidad de calentamiento, la pirdlisis puede subdividirse en:
lenta o convencional, rapida, carbonizacion y torrefaccion. La Tabla 3 muestra las

caracteristicas de cada uno de los tipos antes mencionados.
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Tabla 3. Tipos de pirélisis y productos principales.

Temperatura del reactor: 400-500°C
Lenta/intermedia  Tasas de calentamiento: 1-1000 °C/s 50% 25% 25%
Tiempos de residencia: 1-10 s
Temperatura del reactor: 500 °C
Rapida Tasas de calentamiento: >1000 °C/s 75% 12% 13%
Tiempos de residencia: ~ 1s
Temperatura del reactor: 290 °C
Torrefaccion Tasas de calentamiento: 1°C/s 0-5% 77% 23%
Tiempos de residencia: ~ 30 min
Temperatura del reactor: 400-500°C
Carbonizacion Tasas de calentamiento: 1 °C/s 30% 35% 35%
Tiempos de residencia: horas, dias

(Tomado de Montoya Arbeléaez et al., 2013).

Los aceites piroliticos son mezclas multicomponentes que contienen diferentes tipos de
moléculas primarias derivadas de las reacciones de despolimerizacién y fragmentacion de la
celulosa, la hemicelulosa y la lignina. Una de las aplicaciones industriales mas importantes de
estos aceites es el desarrollo de biocombustibles. El contenido de oxigeno de los aceites
piroliticos suele ser del 35-40% (Czernik & Bridgwater, 2004). La presencia de oxigeno en los
aceites piroliticos es la razon principal de las diferencias en las propiedades y el comportamiento
observados entre los combustibles fosiles y los bio-aceites. El alto contenido de oxigeno da
como resultado un bajo poder calorifico, por lo que esta caracteristica podria considerarse una
desventaja para el uso de aceites piroliticos como biocombustibles. EI oxigeno esta presente en
mas de 300 compuestos identificados en los aceites piroliticos (Czernik & Bridgwater, 2004),
siendo los compuestos fenolicos de los compuestos oxigenados méas importantes (2-20% w/w),
los que se generan principalmente de la despolimerizacién de lignina y que estan representados

por mono fenoles (~5-10 %) y oligdbmeros (~6-15%) (Oasmaa et al., 2016).

Si bien para el desarrollo de combustibles la presencia de estas moléculas en los aceites
piroliticos puede ser un problema y, por lo tanto, se han utilizado mdaltiples estrategias de
desoxigenacion, podria ser ventajoso para el desarrollo de nuevos farmacos. La pir6lisis es una

forma muy econdmica de obtener fenoles a partir de lignina con altos rendimientos. Un aspecto
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interesante es que puede llevarse a cabo después de la extraccion convencional, lo que permite

el uso integral de la matriz vegetal extraida, frecuentemente considerada como un desecho.
1.7. Uso de productos piroliticos para el tratamiento de la psoriasis

La utilizacion de aceites piroliticos en el desarrollo de medicamentos como fuentes valiosas de
moléculas bioactivas ha sido soslayada por la comunidad cientifica. Sin embargo, el uso de otros
productos piroliticos como el alquitran para tratar afecciones dermatoldgicas se remonta a mas
de 2000 afos, mientras que el alquitran de hulla, generado a partir de la pirdlisis lenta del carbon,

se ha utilizado precisamente para la psoriasis durante mas de 100 afios (Zeichner, 2010).

El régimen de Goeckerman, actualmente utilizado para la psoriasis, que consiste en la
exposicion a la radiacion ultravioleta B combinada con la aplicacion de alquitran de hulla, es un
ejemplo de la importancia que los productos piroliticos pueden tener como terapias
antipsoriasicas eficaces. Introducido por primera vez en la terapéutica en 1925, el régimen de
Goeckerman sigue siendo una de las opciones de tratamiento méas antiguas y confiables para
pacientes con psoriasis moderada a severa (Zhu et al., 2016). La ventaja de usar alquitran y
fototerapia juntos es que el alquitran es un fotosensibilizador y cuando se combina con la luz
UVB actua sinérgicamente para producir mejores resultados que cuando se usan cualquiera de
los tratamientos solos. En comparacién con otras modalidades de tratamiento, como los agentes
biotecnolodgicos, los medicamentos sistémicos y los tratamientos topicos, la terapia Goeckerman
sigue siendo extremadamente efectiva con relativamente pocos efectos secundarios. Esto la
convierte en una excelente alternativa para pacientes que pueden haber fracasado previamente
con otras terapias, incluyendo ancianos, pacientes embarazadas, nifios e individuos con

inmunodepresion (Zhu et al., 2016).

Se ha reportado que el 100% de los pacientes que reciben el régimen de Goeckerman durante
un periodo de 12 semanas logran una mejora del 75% 0 mas en sus lesiones de psoriasicas (Lee
& Koo, 2005). Otra ventaja de este tratamiento es el largo periodo de remision después de la
finalizacién de la terapia, que puede durar entre 8 meses y mas de un afio, en dependencia del
tipo de paciente (Koo & Lebwohl, 1999). Los estudios también han demostrado que la terapia
de Goeckerman puede aumentar significativamente la satisfaccion de los pacientes hacia su
tratamiento, mejorando su calidad de vida (Chern et al., 2011). Ademas, puede usarse para tratar

otras enfermedades de la piel, como eccema, prurigo nodular y prurito.
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El alquitran de hulla consta de miles de componentes quimicos, muchos de los cuales no estan
identificados. De estos ingredientes, se ha concedido mayor importancia farmacoldgica a los
hidrocarburos de arilo policiclicos. Se cree que estos hidrocarburos, particularmente el carbazol,
son responsables de la eficacia del alquitran como agente antipsoriasico (Sekhon et al., 2018).
Aunque su mecanismo de accion no esta completamente dilucidado, se presume que el alquitran
de hulla activa el receptor de hidrocarburos de arilo (AhR), lo que resulta en la induccién de la
diferenciacion epidérmica. La eliminacion de AhR en ratones revirtid6 completamente este
efecto, destacando la importancia de este receptor en la homeostasis cutanea (Bogaard et al.,
2013). Un estudio ulterior demostrd que los ligandos activadores de AhR como el alquitran
reducen la inflamacion en la piel psoriasica, mientras que los antagonistas de AhR aumentan la
inflamacion (Di Meglio et al., 2014).

Sin embargo, mucho queda aln por conocer acerca de la sefializacion mediada por este receptor
y se desconoce si otros productos piroliticos como los aceites piroliticos derivados de nuevas
fuentes naturales, podrian tener un potencial antiinflamatorio sobre dianas relevantes para la

psoriasis, como la IL-17.

La presente investigacion siguié una estrategia de desarrollo farmacéutico, usando el enfoque
etnofarmacoldgico con el fin de identificar especies mexicanas prometedoras para tratar la
psoriasis, a partir de la etnomedicina Purépecha. Los aceites piroliticos y extractos acuoso y
etanolico de especies relevantes fueron quimicamente caracterizados y analizados respecto a su
toxicidad y capacidad de inhibir la produccién de IL-8 en queratinocitos HaCaT estimulados
con IL-17. La investigacion presentada aporta elementos que sirven para validar la informacion
etnomédica reportada por la medicina tradicional Purépecha y proponer futuras aplicaciones

para el desarrollo de nuevos tratamientos para la psoriasis.
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Il. JUSTIFICACION

La psoriasis es una enfermedad dermatol6gica inflamatoria incurable que afecta a 120 millones
de personas a nivel mundial y a mas de 3 millones de mexicanos. La psoriasis tiene un impacto
negativo en la calidad de vida de los pacientes, tanto que sus repercusiones en las funciones

fisicas y psicoldgicas se han comparado con las que genera el cancer, la diabetes o la depresion.

Los tratamientos antipsoriésicos actuales se orientan a tratar la sintomatologia, pero su uso a
largo plazo se ve limitado por su falta de eficacia, costo y toxicidad. Por consiguiente, existe
una busqueda incesante por parte de la industria farmacéutica de nuevos candidatos terapéuticos.
Durante este proceso, la identificacion de dianas farmacoldgicas prometedoras resulta crucial.
En los Gltimos afios, se ha considerado que la inhibicién de la IL-17 o su receptor representa
una opcion para tratar la psoriasis, y en consecuencia han sido disefiados medicamentos
biotecnoldgicos novedosos, con alta eficacia. Sin embargo, los eventos adversos, los altos costos
y la falta de respuesta en algunos pacientes limitan su uso. Por lo tanto, la busqueda de agentes
terapéuticos anti-1L17 mas asequibles, efectivos y seguros esta en curso. El desarrollo de nuevos
productos naturales topicos que muestren efectos anti-IL-17 ofrece varias ventajas en
comparacion con los productos biotecnoldgicos con respecto a su administracion, ya que estos
ultimos, a diferencia de las moléculas naturales, no pueden cruzar el estrato cérneo, lo que
impide su uso en formulaciones tépicas, preferidas por los pacientes que tienen psoriasis leve y
moderada (~80 %). En consecuencia, deben identificarse nuevos productos naturales siguiendo
esquemas de desarrollo farmacéutico con vistas a garantizar la caracterizacién quimica rigurosa,

eficacia y seguridad de los candidatos en estudio.

Una de las estrategias mas usadas para este fin, utiliza el enfoque etnofarmacolégico para la
identificacion de especies de interés. Siguiendo esta estrategia, las especies elegidas son aquellas
que han demostrado eficacia terapéutica como consecuencia de su utilizacion tradicional por la
poblacién. México es un pais con una impresionante riqueza cultural y alta diversidad floristica.
Diversas regiones del territorio nacional, como la Meseta Purépecha, son reconocidas por su
conocimiento ancestral de practicas de la Medicina Tradicional, lo que representa una
oportunidad unica para la identificacion de plantas medicinales como candidatas terapéuticas

para la psoriasis. A pesar de la importancia de la medicina tradicional Purépecha, ningun estudio
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etnofarmacoldgico ha sido reportado sobre el uso de plantas para tratar afecciones
dermatoldgicas por esta poblacion. Por lo tanto, se requiere documentar este conocimiento
etnomedicinal y preservarlo para las futuras generaciones. En los sistemas tradicionales, son
frecuentes el uso de extractos acuosos y etandlicos para tratar patologias dermatologicas dada
la baja toxicidad y asequibilidad de los solventes involucrados. Estos solventes permiten extraer
una pléyade de metabolitos secundarios, dependiendo de la planta de que se trate, destacAndose
los compuestos fenolicos. Aunque las propiedades bioldgicas antipsoriasicas de los extractos
etanolicos y acuosos de mdltiples plantas usadas en la medicina tradicional a nivel mundial son
reconocidas, las plantas nativas de México de importancia etnomedicinal para tratar afecciones

dermatoldgicas continGian sin ser suficientemente exploradas.

Los compuestos fendlicos pueden ser obtenidas usando métodos de extraccion convencional
con solventes polares o ser generados como parte de bioaceites a partir de la pirolisis de la
lignina. El uso de aceites piroliticos como fuente valiosa de moléculas bioactivas para el
desarrollo de nuevos tratamientos para la psoriasis ha sido soslayado por la comunidad
cientifica, a pesar de que el alquitran de hulla, obtenido a partir de la pirdlisis lenta del carbén,
se ha utilizado precisamente para esta enfermedad durante més de 100 afios. Hoy dia, las
propiedades antiinflamatorias sobre dianas relevantes para la psoriasis, como la IL-17, de los
aceites piroliticos y de extractos provenientes de plantas mexicanas, son casi desconocidas,
aunque es probable que sean comparables, pero aun se necesitan mas investigaciones

multidisciplinarias para demostrarlo.
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111. HIPOTESIS

Los extractos etanolico, acuoso y los aceites piroliticos de una planta herbacea y un arbol,
nativos de México, de alto valor de uso por la etnomedicina Purépecha, poseen, sobre los

queratinocitos humanos, un potencial antinflamatorio anti-1L17, una diana farmacoldgica

implicada en la patogénesis de la psoriasis.
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IV. OBJETIVOS

IV.1. Objetivo general

Determinar el potencial antinflamatorio anti-IL17 en queratinocitos humanos del extracto
etandlico, acuoso y de aceites piroliticos de una planta herbécea y un arbol con alto valor de uso
por la ethomedicina Purépecha para el tratamiento de enfermedades dermatoldgicas.

IV.2. Objetivos particulares

IvV.2.1. Identificar plantas utilizadas por la etnomedicina Purépecha para el tratamiento de
afecciones dermatoldgicas y seleccionar una especie herbacea y un arbol de alto

valor de uso nativos de México como candidatos antipsoriésicos.

VvV.2.2. Realizar la caracterizacion quimica del extracto acuoso, etandlico, sus fracciones,

asi como de los aceites piroliticos de las especies seleccionadas.

IVv.2.3. Determinar la toxicidad y el potencial antiinflamatorio anti-1L17 de las muestras
obtenidas en queratinocitos HaCaT y seleccionar el candidato terapéutico mas

prometedor.
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V. ESTRATEGIA EXPERIMENTAL

La estrategia experimental llevada a cabo en el presente trabajo de investigacion se representa

en la Fig. 8.

Estudio etnofarmacoldgico de plantas
utilizadas para afecciones dermatol6gicas
en la Meseta Purépecha

I

v

Obtencion de extractos naturales

v

Obtencidn de aceites piroliticos

v

Caracterizacion quimica primaria de polifenoles
totales, analisis proximal y elemental.

v

Estudio toxicoldgico en

queratinocitos humanos (HaCaT)

v

Caracterizacion quimica

exhaustiva: GC-MS, UV-

fluorescencia, FTIR

v

Cribado farmacoldgico: Accion inhibitoria sobre la
produccién de IL-8 en queratinocitos HaCaT

estimulados con IL-17

v

Seleccion del candidato mas

prometedor

Fig. 8. Estrategia metodoldgica empleada en el presente trabajo.
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V1. RESULTADOS

Los resultados generados con la realizacién del presente trabajo se presentan en los capitulos

siguientes:

Capitulo 1. Flora etnomedicinal utilizada para el tratamiento de afecciones

dermatoldgicas en la Meseta Purépecha, Michoacan, México. (Articulo publicado)

Capitulo 2. Extracto etandlico, fracciones y bio-aceites de las partes aéreas de Urtica
subincisa: un analisis comparativo de su composicion quimica, toxicidad y actividad

anti-IL17 en los queratinocitos HaCaT.

Capitulo 3. Aceites piroliticos de la corteza de Amphipterygium adstringens inhiben la
produccién de IL-8 en queratinocitos HaCaT estimulados por IL-17. (Articulo

publicado)

Capitulo 4. Caracterizacion quimica, toxicologia y actividad antiinflamatoria del
extracto acuoso de la corteza de Amphipterygium adstringens y sus fracciones en
queratinocitos HaCaT.

Ademas, se presenta una revision de la literatura que complementa el trabajo desarrollado:

Anexo 1 - La psoriasis: de la investigacion béasica y clinica al desarrollo de nuevos

tratamientos. (Articulo publicado)
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CAPITULO 1. Flora etnomedicinal utilizada para el tratamiento
de afecciones dermatologicas en la Meseta Purépecha, Michoacan,

Meéxico
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V1.1. PREFACIO

Este capitulo es el tema de un articulo titulado: “Ethnomedicinal plants used for the treatment
of dermatological affections on the Purépecha Plateau, Michoacan, Mexico”. El cual fue
publicado en Acta Botanica Mexicana, 125: 95-132. Su identificador de objeto digital es:
https://doi.org/10.21829/abm125.2018.1339

El capitulo se dirige a dar respuesta al objetivo particular # 1, relacionado con la identificacion
de plantas utilizadas en la etnomedicina Purépecha para el tratamiento de afecciones
dermatoldgicas y permitio la seleccion de una especie herbacea (Urtica subincisa) y un arbol
(Amphipterygium adstringens) nativos de México de alto valor de uso como candidatos

antipsoriasicos, los que se utilizaron en el resto de las investigaciones.

Fig. 9. Resumen grafico.
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ABSTRACT:

Background and Alms: Inhabitants of the Purépecha Plateau preserve an excellent ancestral knowledge
on medhcinal plants used for dermatological affections, which has not been documented, An ethnophar-
macological survey was carmed out 1 this region to gather mformation on the use of medicinal plants
and herbal preparations for treating dermatological affections, to disseminate the Purépecha digenous
knowledge and identifymg promising plants for developing new formulations {or cutancous conditions
Methods: The study wis conducted in the 21 municipalities that compose the Purépecha Plateau. A total
of 86 local inhabitants (62 women and 24 men) were mterviewed. The datn were quantitatively analyzed
through the determination of the use value, fidelity level and mformant consensus factor.

Key results: A total of 97 plant species belonging to 47 families were documented for treating 19 der-
matological conditions on the Pusépecha Plateau. Asteraceae was the leading family among the collec-
ted medscinal planis (20.61%5). followed by Lamiaceae (13.40%) and Solanaceae (5,15%), The largest
number of plants was used for the weatment of cuts (40.20%), skin inflammatson (37.11%) and rash
(37.11%). The aenal parts were the most commaonly used (34.75%), The medicinal plant species with
larger use values were Hererotfheca inuloides (0.53). Aloe vera (0.37) and Oenothera rases (0.21). The
compartson of results with ethnomedicinal hiterature worldwide revealed that 8 25% of plants used on
the Purépecha Platean were recorded for the first time for the treatment of denmatological aftections,
Conclusions: This study provides new information on medicinal plants used on the Purépechs Plateau
1o treat cutuneous diseases. Future pharmacological and toxicological investigattons are required to de-
monstrate the efficacy and safety of these species for treating dermatological affections

Key words: dermatological discases, ethnomedscine, herbal prepamtions, Purepecha. skin,

RESUMEN:

Antecedentes ¥y Objetivos: Los habitantes de la Meseta Purépecha conservan un excelente conocimien-
to ancestrnl sobre plantas medicinates utilizadas pam tatar atecciones demmatoldgicas que no ha sido
documentado. Un estudio etmofarmacologico fue realizado cn esta region para recopalar informacion
sobre el uso de plantas medicinales v preparaciones herbanes uiilizadas en la zona para ¢l tratameento
de nlecciones dermatoldgicas. con el objetive de difundir In medicma tradicionnl Purépecha ¢ idennficar
plantas prometedoras en el desarrollo de tratamientos para afecciones cutineas,

Métodos: El estudio se realizd en los 21 mumcipios que componen la Meseta Purépecha. Se entrevistd
2 un total de 86 habitantes locales (62 mujeres v 24 hombres). Los datos se analizaron cuantitativamente
mechante b determmpeaon del valor de uso, mvel de lidelidad v el factor de consenso miormante
Resultados clave: En total 97 especies de plantas pertenccientes a 47 familias fueron documentadas
par ¢l tratamiento de 19 afecciones dermatologicas en la Meseta Purépecha, Astericeae fue 1a furmba
principal entre kas plantas colectadas 20.61%), segurda de Lamiaccae (13.40%) v Solanaceae (5.15%).
La muyor cantidad de plantas se utilizd para tratamiento de heridas (40.20%0), inflamacidn de I piel
(37.11%) ¥ erupciones cutaneas {37.11%). La principal parte utilizada de la planta fue la uérea (34.75%),
Las plantas medicinales con mayores valores de uso fueron Heterotheca imidosides (0.53), Aloe vera
(0.37) v Oenorhera rosen (0.21). La comparacion de los resultados con la literatura etnomedicinal revelo
que 8.25% de las plantas utilizadas en la Meseta Purépechn se registraron por primera vez para trata-
miento de afecciones dermatologicas.

Conclusiones: Este estudio proporcions nueva informacion sobre plantas medicinales utilizadas en In
Meseta Purépecha pam tratamiento de enfermedades cutimenas. S¢ requieren futuras investigociones far-
macologicas v toxicoldgicas para demostrar la eficacia v seguridad de estas especies para ¢l tratumiento
de nfecciones dermatologicas.

Palabras clave: enfermedades dermatoldgicas, etnomedicina, preparaciones herbarias, Purépecha, piel
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INTRODUCTION

Skin diseases have been considered as the founh leading
cause of nonfatal disease burden worldwide {Hay er al..
2014y, These conditions are widespread, being one of
Lhe most prevalem and disabling diseases and a source of
considcrable loss of life quality of patients. In rural popu-
tations, Lhey are supposed 1o be one of the most common
ailments (Policepatel and Manikrap, 2013). Skin affec-
tions have been related (o clinical depression, anxicty and
snicidal idearion. which represent a wajor additional pro-
blem with a significant negative impact for lieatlth svsiems
{Dalgard et al., 2015),

Abtthough in Mexico there are no exlensive stedies
about he prevalence of skin diseases, 1he main reasons
for dermatological consultation in the country ar¢ reluted
with acne vulgaris, followed by psenasis and melzsma
(HGM-SSA, 2012). In rura! zones, the most frequent skin
diseases are parasisic, virat and fungal infections as well
as dermatinis and eczema (Paek et at., 201 2),

Low adherence [o reatments has been described for
skin atlments {Siorm et al., 2008; Angustin e al. 2001),
Consequently, people ftequently use naweal products.
wdily i undeveloped areas in which lraditional herbal
medicines pliv an imporant rofe in e management of
these conditions (Sharma et al., 2014). In addition, muny
dermatological disgases have ne cure (psoriasis, melano-
ma. pemphigs. etc.}. so it is imporant to identify pronui-
sing ptants used in wraditional medical systems 10 develop
new thetapeutic candidates. The ethnomedical studies re-
main very important in the discovery of new drugs and in
the developmens of improved herbal preparaiions for 11se
by local people (Heinrich and Gibbons, 260]),

The state of Michoucd bordered by 1he stalcs
of Colimu. Jalisco, Guanajuate. Querélaro. México und
Guesrere is one aof the regions of Mgxico with Lhe erea-
151 diversity of plant species. many of which used for
medicinal purposes (Meding, 2003). In pre-Hispanic ti-
mes, this region was the home of the Purépecha Empire.
which was ccitered on the Patzcuaro Iake basin, Ar that
1ime. the Purépechas used coppet agriculural rqols in an
exceptional way, conpared 16 other Mesoamerican culis-
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res (Anzcua Luna and Sanchez Diws. 2018). They hud
& social stranfication represented by the king, followed
by kuighs, priesis, and communities of fanmets. fisher-
me. ardsans and metchants ¢Amézcua Luna and Sdnches
Pigz. 2015), Nowadays, Ihe Purépecha poople tive mostly
in the highlands of Central Michoacin. with & very impor-
tant number of them on the Purdpecha Ptateau. The Purc-
pechas preserve their language, traditions and customs,
including an excellent ancestral knowledge of nedicinal
plas w© weat various hwman health problems (INEGI,
20043,

Thie Purépecha Platea is a rich reservoir of bio-
diversity which includes wooedy and herbaceous plams.
the 1ost imponant belonging 10 1w peneru (wercns L,
Sahvia L. Graphafiom L., Senecio L.. Eupatorium L.. Bi-
dens L., Tugefes L., Stevia Cav.. Piuns L., Cirsitz Mill,
Adianaon L. and Dafea L, (Bello-Gonzalez et al., 2015),
Today. the participation of (raditional Purépecha thera-
pists in health services in this region is very imponani.
matnly in those places whete (he public health system is
stilt deficient (tBDMTM, 2009),

Despite the impottance of folk medicine by Puré-
pechas, no ehnephunnacological studies are available
ahout the use of plants for the trcatmcent of dermatoiogical
coadilions by this population. Therefore, it is conside-
red Lhat the documentation of Purépecha ethnomedicinal
knowledee is required (o identify promising plants for de-
veloping new therapeutic candidates or improved herbal
preparations in the future,

Keeping the previously mentioned facts in mind.,
the presem sudy was undetiaken o scientifically ehume-
rawe inedicingl plants and herbal preparations vsed by in-
habitznts of e Purépecha Placau for the treatment of der-
matological affections. Additionally, the cthnomcdicinal
studies perfonned an these plants are discussed to know
wheiher other communiges worldwide use the planis here
reported for ireating skin conditions, 10 estimate the ¢on-
trbution of this investigation to e global ethnoplhurina-
cological inowledge. Additionally. (his study allows for
the identification of pkaums to treat skin pathologies, which
opens few perspectives for performing futute phylochie-
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mical, toxicelogical and pharmacelogical investigations
with extracss or pure compounds from natural prigin,

MATERIALS AND METHODS

Study area

The state of Micheacin formally “Michoacin dc Ocam-
po”, is situated in the westem part of Mexice between
20003727 and PTOSRSOTN latiude: 100°03732" and
14374449 W longitede, with 3 surface of 59864 km',
which represents 3.04% of the Mexicun emitory (Mer-
cado-Vargas and Palmerin Cema, 2012). The slaie is very
rich in biological diversity wilh around 50(W plant specics
described, several of diem with medicinal properiies (Me-
dina. 2003), Additionally, it possesses a unique cultural
Teritage reparding e use of different ratural prepara-
tions {or muny illnesses.

The present study was conducted on Lthe Purépecha
Plateau, which is located in the central-northwestem part of
Michoacdn. belonging o the Frans-Mexican Yolcanic Belr.
The area includes mountains and volcanoes such as Paricu-
1in, Tanckearo, San Marces and Combutrindos. Its height ran-
ges frans 1706k 10 3200 m, The annval mean iemperature va-
ries from 12-t8 °C. with rainfull concentmated in the summer
{OrduAa Trejo et al.. 1999}, The dominant vegetation of this
Zone is mainly composed by Pinres and species of (rwrens
and Ahies Mill, Tn the northern pan and i the northeasiern
itrcd of the Purdpecha Platcuu, tropical deciduous forests sre
fanned by species belonping wa Burvers Jacq. ex L., Acocia
Mill., Opunsio Mill, Tagetes. Melompodinm L. and Erphor-
bia L., samong others (Orduia Trejo e al., 1999),

Twenty-one municipalities compose the Purépecha
Plawau {sucface arca, TI4R.G4 kar'y: (1) Charapan, (2)
Cherin, ¢(3) Chilchota. (4) Erongaricuaro. (5) Los Reves,
16) Nahuatzen, (7) Nuevo Paranparicutire. (8) Pamcho, {9}
Pétzenaro, (101 Peribin, (113 Quiroga, (12 Tancitaro, {13)
Tangamandapio, (14) Tangancicuaro, (15) Tingambato.
(16) Tgiindin, (17) Tecumbe. (18) TznLauntzan, {19)
Uruapan. ¢ 20% Zacapu, and {21 Zimcuaretiro. All ol them
were visited o record the ¢thnomedicinal informittion for
this study {Fig. |}. The most importnt reasons that were

cansidered to choose this zone werce: 1) the important pre-
sence of the Purépecha population on the Plateau (74.86%,
of its tnlusbitants) (CE, 2010y with an inherited krowled-
ge of medicinal plants, $} the high variety of plam species
in this region, ¢) the significant impact of folk medicine on
Lhe healih secviess, and d) the {ace that vo ettmophamuco-
[ogical studics related ta the treatment of dermatolopical
condiions had been perfonned in the zone,

Studied population characteristics

Thirty ips were undertaken all over 1l Parépecha Pla-
leau [rom May 2015 1o October 2016, 10 collect mfor-
wition an cthnomedical planis. This period included both
dry and rainy seasons. The people from this region were
very accessibie, Among municipalities, (here is variation
in the way of dressing, although somie elemetts prevail, Tt
has been noted that the traditional clothing for a woman
cansists in the use of an apron. often cmbroidercd, as well
as an embroidered back strap, woven belt, pleated skirt,
embinidered blouse. and a manile {“"reboza™). Indeed.
the "rebozo™ is more (han a clothing to proiect Purépecha
waomel (ot the cold, is diversity (colorfill, embroidered
or [rayed) is 3 symboi of their ¢ulture (Amézeud Luna
and Sanchez Diaz, 2015). The man’s outfit consists of a
tumd-woven sash, a blanket suit. and a hat for daily use.
The most important economic activities of this region
are the agricubwure, forestry and the craft industsy {BD-
MTM, 2009). On the Platcau, 75% of habitanis uec bi-
tingual. speaking both Spianish and Purépecha, and 25%
speak Purépecha only {Aingzews Luna and Sdnchez Diaz,
2013). This language has been clossified gs isolated. as
o simibinades have been found with other Mesoamerican
[angaages (Cambell, 1597),

Although there arc pablic health scrvices within
the Maleau, most Purépechas trust traditional medicine
as having positive effects on health. Currently. there are
two arganizations of Purépecha physicians: indigepous
doclars from twe 11 towns { Acachuéi, Carapan, Chilcho-
ta, Etdctearo, Hudacio. Ichan, Santo Tomas, Tacuro, Ta-
naquillo. Urén y Zopoco). Tic first institution. based in
Cherdw, is the “Clinica del [nstitute Nactonai Iodigenista™
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Figure 1: Study area, The dismond-shaped symbols mdicate the location where ethnophamucological surveys were conducted.

(Gallardo Ruiz, 2002); while the second association, cu-
rrently located in Patzcuaro, is the “Unidad de Medicina
Tradicional™. In descending order of importance for Pu-
répechas, these traditional doctors are: healers, midwives,
masseurs, sorcerers, bonesetters, herbalists and persons
exclusively dedicated o the treatment of baby's fallen
fontanclle (BDMTM. 2009).
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Ethnomedical survey and plant collection

The identification of “key informants™ was performed as
suggested by Bhat et al. (2014), considering the informa-
tion obtained after discussion with local village people, who
recommended these individuals, based on their knowledge
regarding the use of plants for treating dermatological affec-
tions. Participants were clearly informed about the objec-
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tive of the study and the survey was achieved only when
they verbally consented to participate, All of them were also
mformed about their right to withdraw from the study at
any time, Participants were asked about the tissue, method
of preparation and mode of administration of plants used
for the treatment of skin conditions using a semi-structured
questionnaire. Information about age. sex and occupation of
informants was compiled and analyzed as shown in Figure
2. Considering that all participants were bilingual and nobo-
dy requested 10 be interviewed in the Purépecha language.,
the interviews were conducted in Spanish.

The plant specimens collected during the sur-
vey were taxonomically identified. and properly labeled
with the following data: habitat and size of the organism,
flower and fruit color, date of collection, locality, munici-
pality, collection site, altitude, geographical coordinates,
plant uses. collector and collection number.

Gender of informant

Bl 72067 Women
= 2791% Men

Taxonomic identification was realized based on
specialized literature on the sampled taxa and floras of
central and western Mexico. In support of identification,
the specimens were compared to samples of the herba-
rium IEB of the Instituto de Ecologia, A.C.. in Patzcuaro,
Michoacin. Samples identified in the study were deposi-
ted in this herbarium with their respective voucher num-
ber (Appendix).

Statistical analysis and literature review

The use value (UV) was calculated for each of the recor-
ded plant species, as proposed by Ferreira et al. (2009),
This method allows quantitative evaluation of the relative
importance of a determined medicinal plant, considering
its use among informants (Ferreira et al., 2009). Higher
UV values mean that participants attribute a great signi-
ficance to a plant, with the advantage that it does not de-

Tvpe of informant

Bl 3953 Local willagers
1 30 25% Plant sellers
B 3023% Taditional dectors

Total = 86 mdhviduals

Fregueney dhstnbution of informants’ age

D
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Figure 2: Charsctenstics of the participants in the ethnopharmacologscal study on the Purépecha Plateau.
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pend on the rescarcher opinion. The following equation
shows the formuld for (he evaluation of 1His parameter,
where U is the nuntber of uimes a species is cited and n
the informant ouinber.

w=34

To know how representative a plant was [or te
{reamment of a particular dermalological condition, the
fidelity level {FL) was calculaicd as shown in the next
equation {Shanna et al., 2014):

Fl.i'f'nl=:_zx [HE

whee Ip is the pumber ol informants wiio indepen-
dently indicared the use of a pland [or 1he sane particular
dennatological condition and iu the number of infornuonls
whe mentioncd the species for uny dermaiological con-
dition (Shamma et al., 2014). A plant with high FL {close
10 100} is used by waditional healers and people tn the
community for (reating 2 particular disease. Iu comirast, a
plant with low FL (close te 0.0) indicates that the plant is
used to weat diverse diseases {(Newnmsuvan and Bunmee,
2016},

Ta cstimale the level of agrecment between all par-
ticipants along the Purépecha Plateau abowt the plant used
for each catepory, the informant consensus factor (F, } was
detennined as proposed by Ferreita et al. (200%), Higher
yvalues of this [actor. close 10 1, were related 10 2 grea-
er conscnsus between panicipants {Ferreira €1 al.. 200,
Low values of F_indicate thai the participants disaygree on
the specics to be used for ircaling a particular derinatolo-
gical affection. The F_was calculated 25 follows:

_in_-n3
FK—(nﬂ- )

where ri is thie aumber of reports concerning 4 der-
matological cutcgory and n the oumber of specics used
for o dennatolpgica! affection by all the informanis.

When ull informmiion was compiled, a detailed
review was performed to know whether plauts reporied
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in {his study were nalive of Mexico ar not ( Villasefior,
2016). Mareover, theit use it other ettnmtedicinul stu-
dies worldwide for tie weaunent of detiwarological disor-
ders was also recorded. Lieratore was scarched from va-
rious scicnlific dutabases such as Gaogle Schokar, Science
direct, Scopus and PubMed, Besides these bibliographic
sources. the Digital Library of Traditional Mexican Me-
dicine was also consubied 10 know (he contribution of this
work 10 the ethnophannacological knowledge in Mexico
{BDMTM, 20069).

ResuLts
The ethnomedicinal information on plants used to treal
dermatelogical affections was collected from #6 indivi-
duals of the Purépecha Plateau; derailed inforawation on
these persons is shown in Figare 2. They inettioned 731
plant uses and the specimens of collecting plants corres-
ponded to 97 specics belonging to 87 genera and 47 fa-
milies, which were docmmented for the first time [or the
treaiment of dermatetogical conditions in this area, Fa-
milies frequently used by Purépecha Plateau inhabitants
were Asteraceae (20 axa). Lantiaceae (13} and Solang-
ceae (SVIFig. 3V, with (e gevera Sahvia {4 spp.), Tageres
(4), Aftivm L. (2), Artemisia L. (2). Enuphorbia (2), and
Sedruim L. (23 Lhe most represenicd.

The dennatologica! conditions were ciassified into
19 calegories according 10 the symptoms refemmed by par-
ticipants as suggested by Sharma et al, {(2014), These -
cluded blemishes, butns, calluses. cuts, fingal infections,
hair fall. hematomas, infections with abscesses, skin ji-
flamnwation. insect bites, prurints. psoriasis. tash, skin
bumps, skin care, supcrficial infections, varicells. vanco-
se veins and wants. In 1lus study, F values were found
to range between 0.14-0.75 (Table 1). The highest values
were linked wilh hematomas (0.75). skin inflammation
{0.72). varicose veins (0.73) and cais (1).70), whereas
lowest values were found for psoriasis (€. 14) and blemis-
hes (©.149). The highcst numbers of plants were used for
treating cuts (39 spp.). skin inflammation (36} and msh
{36}, whercas the trcammenl of warts (3) ond calluscs (2)
was less reported among pamicipants (Fig. 4).
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Astericeas 20
Lamzaceas 13
Solunaceae
Amaranthacese 3
Malvaceae 3
Rosacene 3
Amarvilidaceac
Anuacurdsuceae
Boraginaceae
Iuphorbasceae
Mystacene
Papaveraceas
Poacene
Rulacene
Verbennceae
Acanthaceae
Adosiceae
Annonaceac
Apraces
Apocy icene
Asphodelaceac
Brassicicen:
Burseraceas
Commehnoccac
Convolyuliceas
Fquisetaceae
Fahuceee
Fagacese
Greraniaceac
Lauracence
Melmcene
Mosuccac
Moringacens
Musaceas
Onagracens
Phviolaccacene
Pmaceae
Plantaginocene
Tolemoniacene
Polvgoenaceac
Proteaceas
Prenidacene
Sulicaceae
Schisindraceas
Scrophnlaruceas
Tropacolaceae
Urticaceae

-
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Figure 3: Famuly distnbution of medicimal plants used on the Purépecha Plareay

As revealed in Figure 3, the aerial parts which con-  proportions for the preparation of pastes. particularly with
sist of a heterogencous mixture of flowers, leaves and  the species Senecio salignus DC. and Sida kaenkeana C,
stems were preferred by participants (34.75%), followed  Presl. Both plants are employed for treating cuts, hemato-
by leaves (27.3%) and flowers (13.24%). In relation to mas. skin mfammation and skin bumps (Appendix).
the preparation modes, the most important were infusions Native and introduced plants (56.7 and 43.3%, res-
(52.36%) and decoctions (15.13%). The present study also  pectively) are a valuable resource for local population for
reports the use of common salt (sodium chloride) insmall ~ treating dermatological ailments (Appendix). According to
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Tuble 1: Consensus factor values foc differeor dermavolovice) affeccson
eatepronivs v e Purépechn Plateay.

Dennarological affveiion segones F.

Hematomus 0.75
Shio infaurmution a3
Faricose veins 10.73
Cus 0,70
Cullyses 067
Warty 067
Huir {al) .66
Kash 261
Bums 0.6
Skan butpy V.59
Skincate 057
Fungal indechons 0.5
Supedicial wkections [1X2.3
lissger bites H.48
Prunivs 036
[nfesniuns with abscesses .40
Varicella N.40
Paugiases 0.6
Bleimishes 013

1he UV the five most preferred plant species 1o real dermato-
loyical disorders on the Purdpechy Plitcau were ffetertiie-
ca imoides Cass. (0.53), Aloe vera (L.) Bum. . (0.37),
Qenothera rosea L'HEr ex Aiton (0.2, Cafendida offici-
nafis L. (0.17) and Urtica subincisa Benth. {0.17) {Fig. 6).

Appendix shows the fidelity levels (FL) for each
plant recorded in the study. The FL indicates which spe-
cies are mostly preferred Jor the study poputation to tregt
a piven discase. In the peesent study, 39 species were de-
termined to have Wi highest fidedity level (FL=100%,) for
different skin ailments {Appendix}. For cuis these planis
wer Azadirechia indico A. hss, Commcling difficio
Bunu, £, Chenopudinm aimbisicides L., Eviobotru japo-
atea {Thunb,) Lindl,, Geraniunt seenannii Peyr,, Leonotis
aeperifofio (.} R, Br. Pigveria trivervta Cay.. Sonclins

0
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alevacens L, fagedes fucida Cav. and fagetes remotitho-
ra Kitnze, for fungal infections Zec says L., for liair fall
Buddieia sessififfora Kunth and Terbena caroltna L., for
infections with abscesses fpomnta minrienides Roe, &
Schult, and Lepidie vieginicram L., for insocl bites fresi-
ne interrpia Beth, and Zanacetunr parthenitm (L) Sch.,
Bip.. for rush Ceiba aescuwfifolia (Kunth) Britten & Baker
., Euphorbia nntans Lap., Luctwea sativa L. Montanoa
ronmentosa Cerv,, Origenim maojorae L, Phyvsalis pubes-
cens L., Prmuy perxica (L) Basch Psichanr scartonmm
{O. Berg) Nied. and Steviar servafa Cav., for skin bumps
Euphorive pefchervinia Willd. ex Klotzsch. Ficus eavica
L., #ficimn vernm Hook. [ and Sida haenkeana C. Presl.
for skin care Safvie fercanthe Cav.. for meating skin in-
Rammzlion Alevsia cirrodora Palhn Artemisia fudovicia-
no Nutt.,, drteniisio mevicana Willd. ex Spreng., Ervnginm
feechevannm Hook, £, & Am,, Marrubim vufgare L, and
Moringe ofeffere Lam,, and finally for supetficial infec-
tions Argemiome achrolenca Sweel, Bursers bipinnela
{DC.) Engl. and Eriobotma joponica.

The Inerawre review retated 10 ettmophiarinaco-
logical studics worldwide, focusing on dermutolopical
conditions (96 published articles) and the information
contqined in Ihe Digital Library of Traditional Mexican
Medicine (Appendix}, shows that several plants here re-
ported (91.25%) are used by other populations for erea-
tisg skin affections. Addaionzily, this study provides new
cthinopharmitcolagical infomuntion about plints vsed for
treating skia ailments in the stody area. as well as at na-
tienul and global level, as no ethnoinedicinal reports were
found for Erpnginm beechevammn, fagetes vemotiflore,
Tvwrefortio nunabitis Vem,, Eguisemmr fvemale L. var,
affinre (Engelm.) AA, Eaton, ¢ finopexting wacrosteninmn
{Moc. & Sessé ¢x Benth.y Kunwee, Seehva karenatha, Stila
haenkeane and Lrtice swhincisa for tanagmy dettmato-
lorical conditions, which represcrit 8.25% of the reported
plants [Appendix).

DiscussioN
Mexico is considered one of'the countrics with the highesi
tlovistic richness i the world. only preceded by Brazil.
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Number of species

Dermatological conditions

Figure 4: Number of plant species used for treating dermatological conditzons on the Purépecha Platea.

Plant parts Mades of preparation

0.71% Roasting and obtaining juice
04T Shampoo and soap

0.38% Jusce

0.24% Nixtamahization

0.12% Ash

0.12% Only extract

L42% Stem
1 18% Resin

1.47% Roots

R 34 75% Aenal part Bl 52 36% Infusson
3 27 30% Leaves 2 15.13% Decoction
B2 6.26% Alcohol extract
B3 13 24% Flowers B 6.03% Pulpa
Bl 650% Bork = 532% Paste
B 496% Fruit TN S22 Clniment
W B 3 06% Dircet use
B 4 49%% Whole plant 2 96% Latex and sap
m 3074 Balb Bl 095% Steam bath *temazcal”
B 260% Seed B 095% Locion and tincture
=
- =
= =
= =
/|
]

Figure 5: Plant pans and preparatson modes used by mhabitants of the Pusépecha Plateau for weating dermaological disorders
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Figure 6: Plants with highest use values (UV) for treatmg dermatologscal ailments on the Purépecha Plateau

China, Colombia and South Africa (Villasedor, 2016). In
this context, the study of ethnomedical systems, including
the identification of herbal medicines, is of great impor-
tance in addressing health problems of traditional com-
munities. On the Purépecha Plateau in the Mexican state
of Michoacdn. the knowledge about medicinal plants not
only has an anthropological significance. it also allows
that people with economic problems solve their health is-
sues.

It is now recognized that the transmission of
knowledge regarding the use of medicinal plants from old
10 new generations is declining (Calvo et al, 2011), This
fact is also a reality in indigenous communities because of
elobalization and the use of orthodox medicine. Therefo-
r¢, it is crucial to rescue this knowledge to prevent the foss
of ethnomedical traditions, which is a precious scientific
and cultural heritage for future generations,
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The results indicate that among the inhabitants of
the Purépecha Platean, middle-aged people are the ones
who best preserve the ethnopharmacological knowledge.
It is suggested that there is a tendency towards the loss
of these traditions among young persons of less than 30
vears (Fig. 2). Juirez-Viazquez ¢t al. (2013) noted that
this is a common trend in Mexico. It is also striking that
almost all knowledge about plants was obtained from wo-
men. This is related to the fact that based on the villager's
recommendations, most of the contributors to this study
were female, This was not unexpected, because it has
been previously reported that among Purépechas, there is
a clear quantitative predominance of women engaged in
activities related to the use of medicinal plants (Gallardo
Ruiz, 2002; BDMTM. 2009).

The present investigation has revealed the medici-
nal plants for treating skin affections and their modes of
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preparation on the Purépecha Plateau, Michoacin, Mexi-
¢0. The most prominent families were Asteraceae. Lamia-
ceae and Solanaceae (Fig. ). These results agree with 2
previous study performed in the indigenous community
of Nuievo Parangaricniito, 4 municipality of the Purépe-
chu Plaleau, which reporied Asicriceac and Lumicenc
as the most importamt familics used for medical parpo-
ses in this region {Bello-Gonzilez and Salgado-Garciglia,
2013y, Quher ethnomedicinal studies performed it Mexi-
co have also suggesied thar ASTEracene are an imponant
source of medicinat plants in the couniry { Andrade-Ceno.
2009; Alonso-Castra ¢l al., 20§2), probably due © the
high diversity of its phytochemical cansiituesits,

The highest F valucs were tinked with hemato-
ms, skin inflammation, varicose yeins and cuts, whereas
lowess values were found for psoriasis and biemishes { Ta-
ble 1), it is considered that higher values of (his factor
are related 1o prevalent illness it e region. which lead
people ta exchange information abom Uwir kntowledge
conceming, plant therapy for a longer time {Gazzsneo ct
al., 2008). As previously mentioned, aimang dermatolo-
gical conditions, a high morbidity las been reporied in
the siate of Michoacin for venous insufficiency {1088
per 1CHLG0C population) and wounds {DGE, 2015). which
conld explain the bigher values obiained for the consen-
sus [actor in these calcgories. Lower F, values for pse-
risdsis and blemishes indicare Lhat plants uscd for these
ailments were chasen randowly or e information about
thean was exchanged among participants {Neamsuwvan and
Bunmeg, 2016).

According (@ (he infonnation referred by the par-
ticipaats, the higher number of teponed plants was used
for weating cwis. skin inflanmztion and rash (Fig. 4). Li-
Icriure review, regarding cthnophiwrmacological studics
worldwide for dermatological conditipns, also shows
that many plants are used for cuss, in comparison with
other skin atlments (Sharma ¢t al., 2014 Ngamsuvan and
Bunmee. 20865, A recenn study perfonned antoog the Zo-
que indigenans peopfe of Chiitpas and Oaxaca, Mexico.
also found War among dermarological conditions. most
plant remedics are used for wound réutment (Geek et al.,

2016}, Another pessibie reason Lhat could explzain the pre-
ponderance of the use of plants in the region for cuts is (he
high incidence in Michoacin of morhidities associnted
with (his ailment due to gunshots and dop bites (54.26 and
R2.11 per LOD.KH population respecuvelyy (DGE. 2015).
Unexpeciedly. some participunts (imaioly sellers
und heafers) referred during semi-structured intervicws to
the use of planis te irgat specific diseases such as psoniasis
{Fig. 4). Psoriasis is considerod 1he second reason for der-
marological consultation in Mexico (HGM-S84, 2012,
As ttis an incurable disease. charactertzed by a low sa-
tisfaction of patiems with weaments (Garcia~Péres ex al..
2002 it 15 likely that the inbabitants of the Purépecha
Platcau scarch ratural alternatives for its Ircatiment, lca-
ding to sellers and healers to know about this ailment. Un-
foriunately, no epidemiological studies were found about
the incidence of his illness in fhis particuiar population.
Fot treating of dermarological disorders. the aerial
parts were preferred by participanis. foltawed by leaves
and Howers {Fig. 5). This result agrecs with provious stu-
dics which bave reported the use of acal parts 1o curc
skin disordess due to their easc access in natural £nvi-
roaments (Sharma et al., 2014 Neamsuvan and Bummnee,
2016}, Jtis interesting (0 note that unlike other ethnophar-
macological studics focusing on skin ailmems (Njoroge
und Busstann, 2007 Abbasi eval.. 2010; Alolayun ¢1al.,
2014: Shanna ot al.. 2013), Purépechas prefer the use of
infusions and decoctions takeu orally instead of topical
adminisiration. applying crushed planss. pastes and jui-
ces, This could be explained by the faci that among Puré-
pechas there is a beliel that dermatological disorders are
manifesitions of blood comamination (BDMTB. 20N9)
Therefore. they belicve U cleansiny 1the blood using
herbal remedies by oral route would lead 10 noprove skin
problems. Anether peculiar aspect te be highlighted is the
fact that ihe popudation under study uses the “temiazcal”
{1.95%) for the (reamment of culaneous conditions, This
is A steam bath of pre-Hispanic origin vised in Mexico
jor curative. prevenrive, hygienic and religious purposes
(Aparicio Mena, 2006). Iis use is supponed by e beliel
that the Ieat of the patient’s bedy 1$ fundamental for hea-
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ling. siece 1he disease is eliminated wrough sweat (BD-
MTM. 200#), The presene sludy also reports the use off
cominon sale in simall proportions for the preparation ol
pastes. Addituonally, Sharma ¢ al. (2014) found the same
wend in a stedy focusing on the use el herbal prepamtions
for dennatological disordess in india. These authors ar-
gued that the possible reasan behind the use of salt wouid
be refared with the fact that it inhibits the aclivity of bac-
terii and (ungi. thereby helping the skin to heal (Sharma
eial, 2014).

Native £56.7%} and imnwodwced (43.3%) planms
wete valuable resources for local population for treating
demmaological ailments (Appendix). Allhough in the
context of medicinal plants. bowh introduced and native
plonts are Jmpontanl. it has been reported what in nural
areas of Mexico. practitioners depend oo the natural envi-
ronmeni rather than cultivated areas to obtain medicinal
plants ¢ Andrade-Cetro, 2009; Alonso-Castro et al., 2012},
indeed, 53.6% of the collecied plawts of this study were
gathered [rom the wild. The extensive use of nauve spe-
cies by Purépechas could now only be related 10 & higher
avadability ol these plams theough the seasons, bul 2iso w0
the inhented knowledge aboul their medicinzl propertics
from the ancestors. 1n facl, it is known thal anong Puré-
pechas the transmission of kmowledge refated 1o traditic-
nal medicing is performed in more than 5005 by weans of
relaives (BDMTM. 2009), However, 0 non-pegleciable
anmount of exoric plants was also repotted in the study
area. The coniribution of these speciss is very ithporuant
as (hey amplify the spectrum of Lherapeutic alternatives
for weating dermatological conditions off the Purépecha
Plateau, reinforcing the locat plant formulary.

Five plants with the highest UY 1o treat dennato-
logical disorders on the Purépecha Plateau were Hete
rotheca inukndey, Aloe vera, Cenothero mses, Calendtilu
officinatis and (itica subutcisa {Fig, 6y, Hetarathtoce inu-
foides 18 knovw as Mexican arnica and is extensively used
for dertnatological problems in Mexico. Additionally, this
planl is vsed alonre or in combination with othet herbs.
for diminishisg the pain associaied to theumatising sto-
mauch ulcers and other painfut conditions associated wilh

ICi
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inflamniarery processes. It is afso seported in the mana-
wentent of kiduey disease, utinary infections, cough, lung
diseases. vagingl infections, gastrointestinal disorders and
cancer {Rodrigies-Chives eral.. 2017).

According fo the present study, Purépechas used
this speeics for cuts, hematomas, infectians with absces-
ses, skin inflammation, insect bites, rash, skin bumps, skin
care, superficial infections, varicella, and varicose veins
tAppendix}, Tts anti-inHanunatory and antimicrobial pro-
pertics in Purépecha traditional medicine are supported
by pharmacological studies. Sesquiterpenes isolated from
this plam exer activity against Baciffus stbiils var. m-
ger Smiith &1 al. {ATCCR 9372™ Brevibactriiom am-
moniagenes (Cooke und Keit) Broed (ATCCik 6872
Fropionibacterium acnes (Gilchrist) Donglas and Gunter
(ATCCR 1 LB27T™) Stap/nviococons awrvns subsp. ourens
Rosenbach {ATCOR [25981M), Staphvfocaccny aitrens
subsp, arereny (ATCCR 3359 | ™), Streploceccins pafens
Clarke (ATCC®R: 251T5™), and Trtchaplivtan mentugro-
phviey (Robin) Blanchard (ATCCR | 8748™) withi mini-
nial inhibitory concentrations rnged from 6,23 10 §12.5
mgmb (Kubo er al.. 1994). Infusions of Feterotheca
imfoides inhibit 1 activity of cyclopxygenase cuzyine
by 40%:., suggesting an anti-iaflaamatory effect of petar
metabolites of this plant (Munoz-Veldzquez et al., 2012).

Aloe vera has been widely wsed for (reating skin di-
seases across the globe, This plant is also very popular for
madlaging cuwaneous conditions in other Megican staes.
such as Ouaxuca and Chiapas (Geek ¢t alb., 2016} Afoe vera
has demonsirated pro-cicatrizing ¢Mects by increasing co-
Ilagen content in wownwds and the degree of colfagen eross
linking (Hegpers o al.. 1996). Additionally, it possesscs 3
protective effect against skin damage induced by radiation,
anti-inflammatory activity, moisturizing and anii-aging
effects (Choi and Chung. 2003), These pharmacologic
properties justify its extensive use in wradirional Purépecha
nedicine. Uemrorhera rosea is a ative plam of Mexico thal
stimulawes the proliferation of normal timan Gbroblasts in
vitro (Takahashi eval. 2012), which could b relied Lo its
use for cuts by Purépechus. This species also reduces chro-
nic and gcute skin inftammation in rats (Villena and Armo-
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vo, 20023, so b can function as ang-inflanunatory agent,
ids referred by the populstion under studv. Calerndrila offi-
ciaafiy has been employed in folk therapy (or weating skin
ailments worldwide. On the Purépecha Platcau, this plant
is used for multiple skia affecrions including blemishes,
burns, ougs, skin totlanunarion, insect bites, poiritus, pso-
riasis. rash, skin bumps and superficial irfections { Appen-
dix). Pharmacological swdies suggest mhat exwmcts from
this plant Gen protect skity against ulwaviolet-induced da-
mage ¢(Fonscca ct al., 2¢11). Morcover, his plant is highly
effective far the prevention of sicute dennutitis of grade 2,
which occurs after postoperative irtadiution for breast can-
cer, demonstrating i¢s anti-inflanunatory properties (Pom-
mier er al,, 214K), The exmacet of the flowers of this plant
is ulso broadly recognized by iis wound-healing promo-
ting cflects (Preethi and Kuoteat, 20115 The mnuhiphicity of
phanmucological activitics of this specics on the skin aprecs
with its wide use on the Purépecha Platezu for denmato-
logical conditions, Surprisingly. Purépechas frequently re-
paried the use of Firficy swiucisa for skin inflammanion,
skin bumps and varicose veins ¢Appendix}, To (he besi of
our knowledge. whis native plant has 101 been previously
reporied neither in Mexico nor i the world for reaing
cutmcous disorders. Furher phytocheniical. toxicological
and phammucologicsl stodies with this species are required
1o estabiish its mporntance for treating skin atlments,
Thinv-pine plants were the most imporiant. accor-
cing 10 their FL ¢ 100%) [or e weatment of L of ke 19
denmatological conditions infonned by the purticipants.
These plants offer very interesting clues as 10 their phar-
macotogical potential for the treatment of a specific skin
alment (Appendix). Additionally, this study provides
new ethnophamacelogical information about plants used
for treating skip ailmenis on the Purépecha Plateaw. Mexi-
co und the world (Appendix). Apan fvom Tagefey renrofi-
fora. all these plants arc native of Mexico. Ervrgévm hre-
chevasmm is a herbaccous plant which has been reporied
by peasanis of the Sierra de Huautla, Morelos, Mexico,
for kidney inflamunation (Maldonado-Atnunza, 1997).
According to its fidelity level, it seems to be a promising
candidate to treas skin inflavnmation (FL= 1K), Tugetes

rematifiors has been reported in the conununmy of Nuevo
Parangaricutira by its anmideutheic effect, as well as aga-
st vomiting, nerves and blood peessure (Beilo-Gonedles
ctal., 2015). Its highest FL for cuts (FL=100"0} indicaies
that it could also be employed for this affection. Tourne-
forvia mmtabilis has beeo reported 0 have antimicrobial
properties {Sharma e al.. 20071, which could be related
1o its use in superficial skin infections by Purépechas
{FL=66.7%). In maditional Mexican imedicine. Eqmsetim
Jrvemaie var. gffine is mainly used for kidiey condilions.
pain, stemach inflammatien, gastntis, ulcers and repro-
ductive woman disorders (BDMTM, 2000). Altbough
its use for weating skin conditions has col beer repor-
ted. results obained in this smdy indicate What i could
probably be effeciive for hair fall and skin otlammation
(FL=50.0%. Satvio fencamtha ts used in Mexico for s10-
wmach pain, respirtory ailments, repreductive disarders
and diagbetes {BDMTM, 200Y; Ronero-Cerecero et al.,
200%), Our resulis poini ont (hat 1his species could also
be used for skin care as the highest FL was obtained in
this category. Although no reports were found regarding
ke use of Climnpadinm macrostemun) {or dermatological
disorders, its use for gastroimtestinal afections and res-
piratery discascs has been dacunmcnted in Mexico (INE-
Gl 2014). As ils higher FL was ¢btained for skin inflam-
mation {FL=H3.3%). it would be interesting that finher
studies be performed to ratify (his acuivity using in vitro
and i vivo retevanl models. To the best of out kirowied-
ge, Sidda haenkeanae and Urtica siebineisa are reporied {or
he ficst time as imedicinal plams. According Lo tleit FL,
Sida haenfrano scems to be a promising candidale 1o
treat skin bumps (FL=1tR%). whereas (rtica subincisa
was catalopied as anti-intlanumatory agent (FL=801¢4).
Traditional uses of the medicinal flora from the Purépecha
Platcau can serve as a staning point for [urther scienrific
analysis, which nay provide nove] compounds or inpro-
ved herbal preparations for treatng skin diseases.

CONCLUSIONS
This sudy demonstraces that herbal remedies play an im-
param role in healing skin by inhabitants of the Purépecha
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Plaweau, staie of Michoacin. Mexice. A ol of 97 spe-
cies were identified to reat 19 skin ailiments. The quan-
ritauive anafysis performed tecugh Gie determination of
the use value, Adeliyy level and ihe infortmint consensus
factor allowed to identify plants 3s promising candidates
for developing new dermatological formulations. This
investigation s atso u guide fo the conservation of fotk
medicinal knowledge frot indizentous people of Mexico,
throuch a vision of sustainable use of ndlurd! resources.
From ihx ethno-phunnacological point of view, it provides
new information sbow plunts whose medicinal properties
for the skin lizd been unknown up to now. Additienally, it
altows for dissemination of the inherited knowledge of Pu-
répechas regarding herbal prepnrations for cutaneons di-
seases. The identificaion of plants usad by this population
to ireat skin pathologies 4iso opeins 1w perspeciives for
performniag phylochenical. toxicological und phartaco-
logical investigations that allow the devclopment of pow
herbal preparations or pew drugs addressed (o improve the
quality of life of patients suffering from these diseases.
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CAPITULO 2. Extracto etandlico, fracciones y bio-aceites de
partes aéreas de Urtica subincisa: un analisis comparativo de su
composicion quimica, toxicidad y actividad anti-IL17 en

gueratinocitos HaCaT
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V1.3. PREFACIO

Este capitulo es el tema del articulo titulado: “Ethanolic extract, solvent fractions and bio-0ils
from Urtica subincisa aerial parts: a comparative analysis of their chemical composition,
toxicity and anti-1L-17 activity on HaCaT keratinocytes”. El cual se encuentra en el proceso de

revision de una revista cientifica.

El presente capitulo se dirige a dar respuesta a los objetivos particulares # 2 y 3. Al contar con
el catdlogo etnofarmacoldgico presentado en el capitulo 1, se seleccion6 a Urtica subincisa
como la planta herbacea que seria considerada como candidata terapéutica para estudios
subsecuentes. Esta planta, nativa de México, presentd un alto valor de uso (0.17), ademas de
que hasta el presente no cuenta con estudios fitoquimicos, toxicoldgicos y farmacolégicos, lo
que garantizo la novedad de la investigacion. La extraccion convencional de las partes aéreas
de la planta se realizé con una mezcla etanol/agua (90:10 v/v), simulando el uso tradicional
reportado en la etnomedicina Purépecha. El extracto crudo obtenido fue posteriormente
fraccionado por extraccion liquido/liquido con vistas a realizar una caracterizacion mas
exhaustiva de las moléculas contenidas en el extracto crudo. La biomasa residual, libre de
extractivos, fue subsecuentemente sometida a un proceso de pirdlisis para obtener aceites
piroliticos. El extracto etandlico, sus fracciones y los aceites piroliticos se caracterizaron
quimicamente, se realizaron pruebas para conocer su toxicidad en un cultivo de células HaCaT,
y finalmente se probd su capacidad para inhibir la produccion de IL-8, a través de la induccion

de su sintesis por IL-17.
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VI1.4.1. Abstract

Ethnopharmacological relevance: Urtica subincisa Benth. has been used to treat
inflammatory skin conditions for centuries by Purépecha traditional medicine, an ancient culture
that has left an important legacy to the knowledge of Mexican medicinal plants.

Aim of the study: This study compares and chemically characterizes the ethanolic extract, its
solvent fractions and bio-oils from U. subincisa aerial parts and analyzes their toxicity and anti-
IL17 properties on HaCaT keratinocytes in order to propose future applications for treating
psoriasis, an incurable, inflammatory, dermatological disorder.

Methods: The aerial parts from U. subincisa were extracted by maceration using 90:10 v/v
ethanol/water and the crude extract (CE) fractionated with hexane, ethyl acetate and water to
obtain phases A, B and C, respectively. The extracted biomass was then pyrolyzed to produce
bio-oils 1 and 2. U. subincisa raw materials, CE, phases A-C, and the two bio-oils were
characterized by Py-GC-MS, proximate, elemental analysis, FTIR, UV-fluorescence and GC-
MS to have an overview of their chemical composition. Toxicity of all samples on HaCaT
keratinocytes was assessed by the MTT assay and the non-cytotoxic concentrations were used
to determine their inhibitory activity on IL-8 production in HaCaT keratinocytes stimulated with
IL-17.

Results: FTIR spectra showed a higher diversity of functional groups in CE and its fractions
than in bio-oils. On the other hand, UV-fluorescence spectra indicated that solvent extracts are
richer in simple phenols, while bio-oils contained a higher number of conjugated and
polycondensed molecules. According to GC-MS, CE and phases A and B were rich in esters,
whereas in phase C and bio-oil-2, nitrogen-containing compounds prevailed. In contrast, bio-
oil-1 showed a preponderance of phenols. CE was characterized by the lowest toxicity on
keratinocytes, followed, in an increasing order, by phase C, bio-oil-1, phases B-A, and bio-oil-
2, respectively. Bio-oil-2 showed a significant inhibitory effect on IL-8 production comparable
to that of dexamethasone at 7.5 pg/mL.

Conclusions: Bio-oil-2 obtained from the extracted biomass, usually considered as a waste,
demonstrated to be the most promising anti-inflammatory sample. Further evaluation of its key
components and the elucidation of the relevant pathways involved in this activity are needed to
confirm its therapeutic potential for psoriasis.

Keywords: bio-oils; psoriasis; pyrazole; toxicity; solvent-extracts; Urtica subincisa.
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V1.4.2. Introduction

In Mexico, the inherited knowledge about the medicinal plants converges with a great floristic
wealth that has been exploited for health purposes since the pre-Columbian times. Several
ancestral cultures have left important legacies to the current information about Mexican
medicinal plants such as the Maya in the southeast, the Mixtec and Zapotec in the south as well

as the Teotihuacan and the Purépecha in the center (Chavarria and Espinosa, 2019).

Purépechas live nowadays in the highlands of Central Michoacan, a state located in the center-
west of Mexico, where they preserve their language and traditions, including an excellent
ancestral inherited knowledge on medicinal plants (Esquivel-Garcia et al., 2018). A recent
ethnopharmacological study conducted at the Purépecha Plateau, a zone characterized by an
important presence of Purépechas (78.86% of its inhabitants), identified 97 promising plants for
treating dermatological conditions (Esquivel-Garcia et al., 2018). Native plants were preferred
by Purépechas (56.7%) over the introduced ones. Urtica subincisa Benth. (Urticaceae) is one of
the most representative native plants which has been widely employed by this population to treat
skin inflammation, skin bumps, and varicose veins (Esquivel-Garcia et al., 2018). To the best
of our knowledge, this herbaceous Mexican plant has not been analyzed, neither from a
phytochemical point of view nor regarding its toxicological and anti-inflammatory properties
on the skin cells. Consequently, further phytochemical, toxicological, and pharmacological

studies are warranted to support its folk use for dermatological conditions.

Psoriasis is one of the most prevalent inflammatory skin diseases, affecting about 3 million
Mexicans (Thorpe and Pandya, 2014). Although its etiology is not fully elucidated,
inflammatory mediators crucially involved in its pathogenesis have been recently identified.
One of the most critical is the interleukin 17 (IL-17), which exacerbates inflammation,
stimulating the hyperproliferation and aberrant differentiation of keratinocytes within the
epidermis (Ekman et al., 2019). IL-17 is known to upregulate the release of pro-inflammatory
chemokines by keratinocytes such as interleukin-8 (IL-8), leading to the recruitment of
macrophages and neutrophils into the epidermis with the consequent flare-up of skin
inflammation (Blauvelt and Chiricozzi, 2018). The discovery of biologicals targeting the I1L-17
or its receptor such as secukinumab, ixekizumab, and brodalumab offers significant psoriasis

improvement; although adverse events, high-costs, and the lack of response in some patients
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can limit their use (Bissonnette et al., 2014; Lv et al., 2018). Therefore, the quest for more
affordable, effective, and safe therapeutic anti-IL17 agents is ongoing. The development of
novel topical natural products showing anti-1L-17 effects offers several advantages compared
to biologicals regarding their administration, as biotech agents unlike natural molecules, cannot
cross the stratum corneum which prevent their use in topical formulations, preferred by patients
having mild-to-moderate psoriasis (Claudia et al., 2020).

The sub-cosmopolitan genus Urtica has around 80 species (Steinmann, 2005); some of which
have medicinal properties such as Urtica dioica L., Urtica massaica Mildbr., Urtica parviflora
Roxb., Urtica pilulifera L., and Urtica urens L. (Kopyt’ko et al., 2012). Phenolic compounds
such as quercetin, isorhamnetin, kaempferol, vicenin-2, isolated from plants of this genus have
shown promising results for treating autoimmune diseases due to their immunomodulatory and

anti-inflammatory properties (Ibrahim et al., 2018).

Phenols and other bioactive molecules can be classically obtained by conventional solvent
extraction but also, they are available as monomers, dimers, and oligomers in bio-oils as a result
of lignin degradation during pyrolysis (Esquivel-Garcia et al., 2020). The pyrolysis involves the
degradation of biomass by heat in the absence of oxygen and has the advantage that can be
performed after conventional extraction, allowing the integral use of the vegetable matrix. In
our previous study bio-oils derived from Amphipterygium adstringens (Schltdl.) Standl. bark,
mainly constituted of phenols, was shown to have an anti-inflammatory potential to be explored
for psoriasis (Esquivel-Garcia et al., 2020). Moreover, pyrolytic products, especially the coal
tar, a dark, oily material produced by slow pyrolysis of coal, have been used for more than 100
years for this disease (Zeichner, 2010). However, much remains to be known about the pathways
involved in the anti-inflammatory properties of these products, the molecules responsible for
such effects, and their safety profiles on the skin. Furthermore, the identification of new natural
sources of active bio-oils is crucial in the search for new promising pyrolytic products as

antipsoriatic agents.

Although the ethanolic macerates of U. subincisa have been extensively used by Purépechas for
dermatological conditions, to the best of our knowledge no research has been carried out to
characterize the chemical, toxicological and anti-inflammatory properties of the solvent extracts

or bio-oils from this plant. Therefore, this study aims to compare and chemically characterize
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the ethanolic extract, its fractions, and the bio-oils from U. subincisa aerial parts and to analyze
their toxicity and anti-inflammatory properties on HaCaT keratinocytes. We hypothesized that
differences in the chemical compositions of bio-oils and the solvent extracts will significantly
affect their toxicity and/or anti-inflammatory properties related to the production of IL-8 in IL-

17 stimulated HaCaT keratinocytes.

V1.4.3. Material and methods

Fig. 10 shows the major stages described in this paper. Firstly, the botanical identification and
extraction by maceration of the aerial parts of U. subincisa were carried out. The residual
biomass resulting from the extraction was then pyrolyzed, to obtain bio-oils (oil-1 and 2).
Subsequently, the crude extract was fractionated by liquid/liquid extraction to achieve phases
A-C. The crude extract, its fractions, and bio-oils were analyzed using a set of analytical
techniques (proximate, elemental analysis, FTIR, UV-fluorescence, GC-MS) to have an
overview of their chemical composition. Finally, an analysis of their toxicity and inhibitory
activity on the 1L-8 production in HaCaT keratinocytes stimulated with IL-17 was performed.

A detailed explanation of each major step is provided in the following sections.
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Fig. 10. Major steps depicted in this paper.

Botanical Analysis, extraction, and solvent fractionation

Botanical analysis. The aerial parts of U. subincisa (flowers+seeds+leaves+stems) were

collected at Michoacan state, Mexico. The plant was botanically identified by Dr. Emmanuel

Pérez-Calix and deposited

in IEB herbarium at Patzcuaro, Michoacan (voucher number:

256906). Before used, the plant material was washed and oven-dried (temperature 40+2 °C for

48 h).
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Maceration. Aerial parts from U. subincisa were extracted by maceration. The choice of the
aerial parts and the extraction method was made to simulate the ethnomedicinal use of U.
subincisa as reported by Purépechas which use the alcoholic extract from the aerial parts as
fomentations for skin inflammation (Esquivel-Garcia et al., 2018). Fifteen grams of dry aerial
parts powder (DAPP) was grounded to a particle size of <800 um. Then DAPP was extracted
by maceration using Lab Companion SI-600 Benchtop Shaker (25 °C) with 90% aqueous
ethanol (150 mL) in two 48-hour rounds. The residual biomass (RB) was separated by filtration
with a Whatman No. 4 filter paper and washed with an additional 150 mL of 90% aqueous
ethanol. The crude extract (CE) was concentrated under vacuum (35 °C, 29 kPa) while the RB)

was recovered for pyrolysis experiments.

Solvent fractionation: Thirty grams of CE were resuspended in 300 mL water. Liquid-liquid
extraction was performed with hexane, ethyl acetate, and water as previously described (Garcia-
Pérez et al., 2018) to obtain the phases A, B and C, respectively. The CE and its fractions were
kept under refrigeration (4 °C) until further analysis.

V1.4.3.2. Pyrolysis experiments

Pyrolysis was performed in a quartz-tube furnace reactor of 50 mm outer diameter x 44 mm
inner diameter x 1000 mm length. Sixteen grams of the oven-dried RB were introduced into the
furnace under nitrogen flow for 5 min at 25 °C where the slow pyrolysis at 500 °C was performed
as previously described (Esquivel-Garcia et al., 2020) to obtain oils 1 and 2. The oils were kept

under refrigeration (4 °C) until further analysis.

V1.4.3.3. Chemical analysis

Pyrolysis was performed in a quartz-tube furnace reactor of 50 mm outer diameter x 44
mm inner diameter x 1000 mm length. Sixteen grams of the oven-dried RB were introduced
into the furnace under nitrogen flow for 5 min at 25 °C where the slow pyrolysis at 500 °C was
performed as previously described (Esquivel-Garcia et al., 2020) to obtain oils 1 and 2. The oils

were kept under refrigeration (4 °C) until further analysis.
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2.1 Chemical analyses

Pyrolysis gas chromatography mass spectrometry (Py-GC/MS). Considering that the DAPP and
RB were the starting materials for obtaining the solvent extracts and bio-oils respectively, a
chemical characterization of both samples was carried out by Py-GC-MS using an Agilent
Technologies 6890N gas chromatograph linked to the Agilent 5975B mass selective detector
(column: 30 m x 250 pum % 0.25 um; mass spectral search program NIST 2.0 f). Both samples
(=0.5 mg) were introduced into the probe interface using a CDS Analytical Pyroprobe 5000
following the method described by Ayania et al. (Ayiania et al., 2019). The compounds were
identified by combining the data from the Mass Spectra Library and the literature and classified

into different chemical groups as previously described (Esquivel-Garcia et al., 2020).

Proximate and elemental analyses. The proximate analysis of the bio-oils, CE, and phases A-C
was performed to determine the fixed carbon, volatiles, and ash content with a Mettler Toledo
thermogravimetric analyzer (SDTA851e) equipped with the STARe data analysis software to
obtain thermogravimetric (TGA)/derivative of thermogravimetric curve (DTG) data curves. The
total contents of carbon (C), hydrogen (H), nitrogen (N), and sulfur (S) in the samples were
determined using a Leco TruSpec Micro elemental analyzer. The oxygen (O) content was
obtained by difference after considering the dry ash content. Both analyses were performed

according to the methods previously described (Esquivel-Garcia et al., 2020).

Fourier transform infrared spectroscopy (FTIR) analysis. Small amounts of pyrolytic oils, CE,
and phases A-C were deposited in the sample container and FTIR spectra were obtained using
a Shimadzu IRPrestige 21 spectrometer. For the analysis of the functional groups, background
correction was performed on each spectrum as previously described (Esquivel-Garcia et al.,
2020).

Ultraviolet (UV) fluorescence. The UV fluorescence analysis was performed based on a
previous methodology (Garcia-Pérez et al., 2018). Briefly, bio-oils, CE, and phases A-C were
diluted in high performance liquid chromatography (HPLC) grade methanol at 10 ppm and
analyzed on the Shimadzu RF 5301 pc spectrometer with Panorama Fluorescence 2.1 software.

Gas chromatography mass spectrometry (GC-MS). The 1% (w/w) ethanolic solutions of the

bio-oils, CE and phases A-C were analyzed by GC-MS using an Agilent Technologies 7890 A
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GC set up (Agilent 19091S-433 HP-5MS column: 325 °C: 30 mx250 umx0.25 um, Agilent
5975 C MS with NIST 2.0 f Mass Spectral Search Program) and following a method previously
described (Esquivel-Garcia et al., 2020).

Determination of total phenols. Total phenol contents of bio-oils, CE, and phases A-C were
determined using Folin-Ciocalteu method with some modifications as previously described
(Garcia-Pérez et al., 2010). The absorbance was measured at 750 nm on a Spectronic 20 Genesys
instrument. Results were expressed as mg gallic acid equivalents (GAE)/g of pyrolytic oils, CE,

and phases A-C, respectively.

V1.4.3.4. Toxicity on HaCaT keratinocytes

The toxicity of CE, phases A-C and bio-oils was evaluated by (3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) assay. Human HaCaT keratinocyte cell line was
purchased from AddexBio and cultured in DMEM high glucose with sodium pyruvate (Sigma
Aldrich) and supplemented with 100 U/mL penicillin (Sigma Aldrich), 100 pg/mL streptomycin
(Sigma Aldrich), and 10% fetal bovine serum (Thermo Fisher Scientific) in a humidified
incubator containing 5% CO. at 37 °C. MTT assay was performed with cells at 80% confluence.
Bio-oils, CE and phases A-C (25-1600 pg/mL) were diluted in DMEM medium with 0.2%
ethanol and the MTT assay performed as previously described (Esquivel-Garcia et al., 2020;
Garcia-Pérez et al., 2010). The toxicity was evaluated through the determination of the initial
toxicity value (ICq0) which represents the minimal toxic dose of extract causing a 10% reduction

of cell viability compared to untreated cells (Esquivel-Garcia et al., 2020).

V1.4.35. Anti-inflammatory effects on IL-17-induced IL-8 production

HaCaT cells were seeded into 24-well plates and cultured under the aforementioned conditions
until 80% of confluence. Subsequently, the cells were synchronized by serum deprivation during
12 h. After this time, the cells were pre-treated or not for 10 h with dexamethasone (dex, 5 uM,
Sigma Aldrich), bio-oils, CE, and phases A-C at concentrations lower than 1Cqo predetermined
values. Later, IL-17 (50 ng/mL, Thermo Fisher Scientific) was added to cell cultures for 14 h to

induce IL-8 production. IL-8 amounts in IL-17 HaCaT supernatants were measured using
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Human IL-8/CXCL8 DuoSet ELISA kit (R&D Systems) according to the manufacturer’s
protocol. The detection limit for IL-8 production was 30 pg/mL.

V1.4.3.6. Statistical analyses

The Shapiro-Wilk and Levene tests were conducted to compare the analyzed variables.
Afterward, variables were analyzed by one-way analysis of variance (ANOVA) followed by a
Tukey post-hoc test or Kruskal-Wallis and Holm-Bonferroni tests. The non-parametric
Spearman’s correlation test was used for establishing the association between the phenol content
and the 1Cq0 values at p<0.05. The statistical analyses were performed employing R and RStudio
using the R commander package.

V1.4.4. Results and Discussion

The composition of the raw materials determines the quality, reproducibility, and chemical
characteristics of the derived extracts and bio-oils to be used for therapeutic purposes.
Considering that the aerial parts of U. subincisa constitutes the starting material for obtaining
the crude extract and its fractions, while the residual biomass was used for pyrolysis, the
chemical characterization of these materials was first performed by Py-GC-MS. This technique
is rapid, sensitive, and widely used for simultaneous mass spectrometric detection and
identification of pyrolysis products in a vegetable matrix employing small amounts of sample
and has been used to evaluate the quality of U. dioca raw material for pharmaceutical purposes
(Cuinica and Macédo, 2018).

Fig. 11 shows the obtained pyrograms of the dried aerial parts and residual biomass of U.
subincisa. The names of the identified compounds are reported in Table 4. As expected, a higher
diversity of compounds was found in the dried aerial parts powder (DAPP) than in the residual
biomass (RB). Predominantly identified compounds from DAPP were aromatics (~34 %), acids
(~14 %), and ketones (~14 %), while in the RB, the aromatics (~36 %) and the acids (~18 %)
were also the main identified molecules. Among the aromatics, phenols were the major
compounds in both samples (62-66 %). Py-GC-MS was used in previous studies to assign the

detected compounds to their biochemical origin (Biller and Ross, 2014; Kebelmann et al., 2013).
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For example, indole and toluene (compounds 22 and 7 in Table 4 respectively) have been linked
to the proteins, whereas the alkanes (compounds 28 and 33, in Table 4) have been related to
both fatty acids and triglycerides. Moreover, levoglucosan (compound 27 in Table 4) is linked
with carbohydrates and phenols with lignin (Biller and Ross, 2014). The hexadecanoic and
octadecanoic acids (compounds 32 and 36, Table 4) were the main identified molecular
fragments from the dried aerial parts and residual biomass of U. subincisa, which is consistent
with a previous study that used Py-GC-MS to chemically characterize U. dioica (Cuinica and

Macédo, 2018).
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Fig. 11. Pyrograms of the dried aerial parts and residual biomass of U. subincisa.

List of compounds are in Table 4.

Table 4. Compounds identified by Py-GC/MS in U. subincisa aerial parts and residual biomass.

1 Carbon dioxide 1.69 v v o]
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No. Identified compounds RT (min) DAPP RB Groups
2 2,3-Butanedione 2.04 v K
3 Acetic acid 2.34 v AC
4  2-Propanone, 1-hydroxy- 2.55 v K
5 2-Butenal 3.09 v v AD
6 Pyridine 3.54 v N
7  Toluene 4.11 v v *
8 3-Furaldehyde 5.01 v AD
9 1,2-Ethanediol, diacetate 5.77 v A
10  Unknown 6.31 v v -
11 Cyclohexanone 7.09 v K
12 Benzaldehyde 8.05 v v AD*
13 Phenol 8.57 v 4 pP*
14  Limonene 9.50 v v @)
15 Phenol, 4-methyl- 10.87 v 4 p*
16 Phenol, 2-methoxy- 11.08 v p*
17  Mequinol 11.17 v 4 p*
18 Maltol 11.74 4 K
19 Phenol, 2-methoxy-4-methyI- 13.61 v v p*
20 Catecholborane 14.48 v @)
21  Phenol, 4-ethyl-2-methoxy- 15.62 v p*
22 Indole 16.02 v v N
23 2-Methoxy-4-vinylphenol 16.42 v v p*
24 Phenol, 2,6-dimethoxy- 17.26 v p*
25 1H-Indole, 3-methyl- 18.05 v v N
26 Benzoic acid, 4-hydroxy-3-methoxy- 19.30 v p*
27 1,6-Anhydro-p-D-glucopyranose 20.49 v v S
28 Hexadecane 21.68 v v AK
29  Unknown 24.24 4 -
30 9-Dodecenol 26.52 v v A
31 2-Heptadecanone 27.59 v v K
32 n-Hexadecanoic acid 28.68 v v AC
33 Cyclopentadecane 30.46 v 4 AK
34 Unknown 31.24 v v -
35 14-Pentadecenoic acid 31.36 v v AC
36 Octadecanoic acid 31.81 v v AC
37 Methyl salicylate 33.82 v v E*
38 Eicosanoic acid 34.51 v 4 AC

Dry aerial parts powder (DAPP); residual biomass (RB); retention time (RT). Groups: Alcohol (A); Ketone (K);
Alkanes (AK); Phenol (P); Aromatic (*); Sugar (S); Acid (AC); Aldehyde (AD); Ester (E); Nitrogen-containing
Compound (N); Others (O).
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Table 5 shows the yields of CE, its fractions, and the pyrolytic products (bio-oils and char) with
respect to the dried powder from U. subincisa aerial parts. The extractive free biomass, which
represents an important component of the initial vegetable matrix (73.5+3.3 wt.%), was used to
obtain the pyrolytic products (chars and bio-oils). As observed, the char, the crude extract, and
oil-2 exhibited higher yields compared to other samples. The recovery of char was higher than
that reported for nine other herbaceous plants such as Bromus marginatus Nees and Trifolium
pratense L., whereas lower yields of pyrolytic bio-oils (oil-1 + 0il-2) were obtained compared
to the plants mentioned above (Hlavsova et al., 2016) which can be explained both, by the lack
of filters and electrostatic precipitators to collect aerosols in our pyrolytic system, but also by
differences in the chemical composition among plants. It is known that cellulose and
hemicellulose are the primary components responsible to produce bio-oils, whereas lignin is
associated with the char yield (Stefanidis et al., 2014). Therefore, differences in the chemical
composition of the feedstock and secondary reactions of bio-oils and char account for the
recovery of pyrolytic products (Hlavsova et al., 2016). Regarding the yield of the crude extract,
it was similar to that reported for the ethanolic extract of Urtica circularis (Hicken) Soraru

(Gorzalczany et al., 2011).

Table 5. Yields of the crude extract, its fractions, and pyrolytic products from aerial parts from U.

subincisa.
~ Sample  Recovery(%)*

Crude extract 13.4+0.6°

Phase A 5.5+0.1¢

Phase B 1.6+0.2°

Phase C 6.2+0.5¢

Char 31.1+2.12

Qil-1 5.0+0.5¢

Qil-2 10.0+0.6°

*Percentages determined from the dry powder of aerial parts (wt.%). Data represent the Mean = SD of three
experiments. Statistical: one-way ANOVA followed by Tukey's post hoc test. Means without a common letter
differ (p<0.05).

Table 6 illustrates the proximate and elemental analyses of all samples. Bio-oils showed the
highest water content (17-25 wt.%) compared to the crude extract and its fractions (0.5-3.4

wt.%). This finding can be explained by the dehydration of carbohydrate fractions during
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pyrolysis (Mohan et al., 2006). On the contrary, the content of volatiles was similar for all
samples, but not the fixed carbon, which was higher for phase B and bio-oils than for the
reminder of samples. A previous study also showed a high content of fixed carbon for the ethyl
acetate fraction obtained from Petiveria alliacea L. aerial parts (Garcia-Pérez et al., 2018). On

the other hand, the ash content was higher in phase C than that in the other samples.

The elemental analysis revealed higher contents of carbon, nitrogen, and sulfur in bio-oils than
in the crude extract and its fractions. Conversely, a higher content of hydrogen was constated in
phase A, while the oxygen was significantly higher in the crude extract and its fractions than in
the bio-oils. The oxygen content is related to the contribution of oxygen to the total mass of the
sample and indicates an important presence of oxygenated metabolites likely polyphenols,
oxygenated fatty acids, carotenoids. In bio-oils, oxygen has been linked to the presence of water,

phenols, carboxylic acids, hydroxy ketones, and hydroxy aldehydes (Han et al., 2017).

Table 6. Proximate and elemental analysis of the crude extract, its fractions, and pyrolytic products from

U. subincisa.
~ Proximateanalysis(wt.%)

Sample Moisture” Volatiles™ Fixed carbon™ Ash™
Crude extract 3.4+1.2b¢ 94.8+1.1 2 1.3+0.6° 3.9+1.7°P
Phase A 0.5+0.3°¢ 95.6+0.9 2 2.8+0.0 2P 1.6+0.8°
Phase B 2.4+0.6°¢ 86.6+5.52 8.7+3.22 4.7+2.3°P
Phase C 4.241.1°¢ 85.9+2.1 2 0.2+0.1° 13.9+2.1%
Oil 1 17.645.2 &b 96.5+2.9 2 4.9+1.2 2P 0.9+0.8 P
Qil 2 25.5+6.9 2 94.4+0.7 @ 4.9+1.2ab 0.740.5°
Sample c” H™ N™ s o™

Crude extract 34.4+0.2°¢ 6.9+0.07°¢ 4.7+0.00¢ 0.06x0.01° 50.04+1.5%
Phase A 68.0+0.32P  10.4+0.32 1.0+0.09f 0.06+0.00¢  18.94+0.8°

Phase B 60.742.9>  8.6+0.53" 2.4+0.05¢ 0.00+0.00°¢ 23.6+1.2°
Phase C 18.4+0.1¢ 3.8+0.15¢ 7.7+0.21°¢ 0.03+0.04¢  56.17+1.92
Oil 1 77.4+32%  7.5+0.15°¢  10.4+0.23%  0.34+0.03%  3.46+2.8°
Oil 2 76.843.92  85+0.18°  9.4+0.54° 0.18+0.01° 4.42+35°

* As-received basis. ™ Dry basis. " By difference. Data represent Mean * SD of two experiments. Statistical: one-
way ANOVA followed by Tukey's post hoc test. Means without a common letter differ (p<0.05).
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The thermogravimetric analyses of all samples are presented in Fig. 12. TGA and DTG provide
information about the volatility and thermal stability of a sample. As observed, bio-oils had
lower thermal stability than solvent extracts, as the evaporation and thermal degradation of their
components occurred faster at lower temperatures. It is worth noting that the crude extract and
phase C showed the highest thermal stability, which can be observed from the presence of three
main decomposition steps. The first step at <200 -C corresponds to dehydration. In the second
step (200-450 °C) the devolatilization and decomposition of organic matter occurs, whereas at

temperatures higher than 450 °C, the decomposition of residues resulting from the previous steps

takes place (Marcilla et al., 2009).

DTG (Mass %/min)

200 400 600 800
Temperature {°C'}

Fig. 12. TGA (A) and DTG (B) curves of the crude extract, its fractions, and pyrolytic products from U.
subincisa.

FTIR has been used to analyze the presence of functional groups in natural extracts and its
findings complement data obtained using other analytical assessments (dos Santos Grasel et al.,
2016; Esquivel-Garcia et al., 2020; Nunes Oliveira et al., 2016). Fig. 13 shows the infrared
spectrum of the crude extract, its fractions, and pyrolytic oils from U. subincisa. Stretching
vibrations of the O-H bond (3600-3100 cm™), usually assigned to water, carboxylic acids,
alcohols, and phenols (Stankovikj and Garcia-Perez, 2017) were more intense for oil-1 followed
by phase A than the reminder of samples. GC/MS, UV-fluorescence, and the total phenol
content results showed that oil-1 is abundant in phenols. As such, vibrations observed in the

spectrum are likely related to the presence of phenols. Stretching signals for the C-H bond
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(3000-2800 cm™) could be linked to saturated and unsaturated aliphatic and aromatic
compounds. These records were more intense for the ethyl acetate fraction (phase B). Similarly,
the carbonyl stretching signal (C=0, 1780-1680 cm™) typically related to aldehydes, ketones,
carboxylic acids, and esters was also more intense for phase B, which agrees with the analysis
of this fraction by GC-MS. The stretch signal for C=C (1680-1530 cm™), is linked to conjugated
aromatic systems (Esquivel-Garcia et al., 2020). This signal was more dominant in phases A
and C likely due to the presence of flavonoids or even proanthocyanidins which are widely
distributed in the plant kingdom and characterized by their aromatic conjugated structures
(Kumar and Pandey, 2013). It is worth noting that the intense signal between 1520-1250 cm™
associated with the C-O bond, observed for both bio-oils and the crude extract, could indicate
the presence of terpenes and acetates, while the signal at 1050 cm™ could be related to the
occurrence of anhydrides (Stankovikj and Garcia-Perez, 2017). The vibrations observed
between 900-800 cm™ could be considered complementary to those of C-O and C-N (Esquivel-
Garcia et al., 2020). Overall, FTIR spectra showed a higher diversity of functional groups in the
crude extract and its fractions than that of the bio-oils, although the O-H and C-O signals suggest

that the latter are rich in phenols, terpenes, and acetates.
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Fig. 13. FTIR spectra of the crude extract, its fractions, and bio-oils from U. subincisa.
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UV-fluorescence has been used to characterize natural extracts and bio-oils (Bolea et al., 2016;
Garcia-Pérez et al., 2018; Mourant et al., 2013) as molecules such as phenols that are widely
distributed in the plant kingdom are fluorescent. Phenols occur in nature as simple phenols, short
conjugated systems, and polycondensed structures. In a previous study, it was demonstrated that
conformers having different dihedral angles between aromatic rings related to the presence of
simple structures, dimers, oligomers, and polymeric molecules have their own contribution to
the absorption in the fluorescence spectra (Barsotti et al., 2016). Thus, as the number of aromatic
rings in the molecule increases, the wavelength of fluorescence emission also raises (Dieguez-
Alonso et al., 2015). Fig. 14 shows the UV-fluorescence spectra of all samples. In the range
from 260-300 nm, the crude extract showed a more intense peak, followed by phase C, and then

oils 1 and 2. The intensity of the peak reveals that crude extract is rich in monophenols. At an
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excitation wavelength of around 310 nm, dimers and short conjugated structures can be
observed, whereas around 323 nm, large conjugated systems occur (Stankovikj et al., 2017).
According to Fig. 14, the presence of these compounds is higher in oil-1 than in the other
samples. In summary, these results indicate that solvent extracts are generally richer in simple
phenols, while bio-oils contain a higher number of conjugated molecules and polycondensed
structures, likely related to lignin decomposition during pyrolysis. Further studies using nuclear
magnetic resonance (NMR) spectroscopy should be performed to determine the chemical

structure of these molecules in the studied samples.
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Fig. 14. UV-Fluorescence spectra of the crude extract, its fractions, and bio-oils from U. subincisa.
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GC-MS has been used to perform the phytochemical analysis of volatile compounds from
solvent extracts and bio-oils (Ezhilan and Neelamegam, 2012; Mourant et al., 2013). GC-MS
chromatograms of all samples are presented in Fig. 15, whereas the list of the numbered
compounds is shown in Table 7. The number of identified molecules was higher in CE, followed
by phase B and then the bio-oils. As observed, depending on the solvent extraction or pyrolysis,
the relative compositions of samples changed. The crude extract and phases A and B showed a
higher concentration of esters (25, 56, and 20% of the identified molecules, respectively)
whereas, in phase C and oil-2, nitrogen-containing compounds prevailed (26 and 40%,
respectively). In contrast, oil-1 showed a preponderance of phenols (33%) and nitrogenous
compounds (28%). These results agree with the elemental analysis which demonstrated that
oxygen was significantly higher in the crude extract and its fractions than in the bio-oils, whereas
the nitrogen was higher in bio-oils than in solvent extracts. These findings are in good agreement

with the previously reported FTIR results.

As expected, the nature of the main compounds in each sample changed. Linoleic acid ethyl
ester was the dominant compound in CE and phase A, while 2-cyclohexen-1-one, 4-hydroxy-
3,5,5-trimethyl-4-3-0x0-1-butenyl- was the major molecule within phase B. Acetamide N-(3-
methyl-2-buten-1-yl)- on the other hand, predominated in phase C. Indole and phenol were
prevalent within oil-1, while 0il-2 proved to be rich in 3,4,5-trimethylpyrazole and phenol. The
presence of fatty acids in the form of ethyl esters, as linoleic acid ethyl ester has been

documented in U. dioica (Lapinskaya and Kopyt’ko, 2008).

It is worth noting the significant occurrence of nitrogenous compounds in both solvent extracts
and pyrolytic oils. Although to the best of our knowledge this study is the first to analyse the
chemical composition of U. subincisa, it is known that other species of this genus such as U.
dioica and U. urens are nitrophilic weeds (Garmendia et al., 2018; Rosnitschek-Schimmel,
1985a) as they compete with most other herbal plants for nitrogen. It has been documented that
the excess of nitrogen supply led to the accumulation of nitrogenous compounds such as nitrate
and free amino acid in those plants. Proteins can function as nitrogen stores too, particularly in
seeds (Rosnitschek-Schimmel, 1985b). Our results suggest that U. subincisa could also be
considered a nitrophilic species, but further studies should be accomplished to determine its

capacity to store this compound and the impact of seasonal variations on this process.
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Fig. 15. GC-MS chromatograms of the crude extract, its fractions, and bio-oils from Urtica subincisa.
Phase A (hexane); B (ethyl acetate) and C (aqueous fraction) (the list of numbered compounds is provided in Table

7).

Table 7. Compounds identified by GC-MS in the crude extract, phases A-C and bio-oils obtained from

aerial iarts of U. subincisa.

1 Acetic acid 12.30 v v v 4 AC
2 Propanoic acid, 2-oxo- 14.12 v v AC
3 Pyrrole 21.32 v v N

4 Pyruvic acid 24.11 v v AC
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5  4-Methyl-2-hexene 26.37 v v HD
6  Acetamide 27.32 v v N
7  2-Furanmethanol 27.65 v v F
8 2-Cyclopenten-1-one, 2-methyl- 28.12 4 K
9 Propanenitrile, 2-hydroxy- 32.18 v N
10  2-Cyclopenten-1-one, 3-methyl- 33.65 v v K
11  Butyrolactone 34.02 v v E
12 1-Methyl-2-piperidinemethanol 35.21 v N
13  1H-1,2,4-Triazol-3-amine, 5-methyl  35.24 v N
14  Glycolaldehyde dimer 36.14 v AD
15  2-Cyclopenten-1-one, 2,3-dimethyl-  36.62 v v K
16 Phenol 38.54 v 4 p*
17  Phenol, 2-methoxy- 39.17 v v p*
18 2-Cyclohexen-1-one, 4-(2- 39.25 v K
oxopropyl)-
19  Cyclohexanone, 3-methyl- 39.50 v v K
20  dI-Glycerldehyde 40.52 v v AD
21 Phenol, 2-methyl- 40.87 v v p*
22 2-Hydroxy-gamma-butyrolactone 41.45 v E
23  Benzeneacetic acid, methyl ester 42.29 v v AC*
24 Phenol, 4-methyl- 42.60 4 v p*
25  Phenol, 3-methyl- 42.70 v 4 p*
26  Ethanol, 2-(2-butoxyethoxy)- 43.10 v v A
27  Vinyl butyrate 4353 v v E
28  Cyclobutanol 44.33 v A
29  1H-Imidazole, 2,4-dimethyl- 44,54 v v N
30  L-Prolinamide 44.73 v N
31  Tetradecane 46.45 4 HD
32  Phenol, 4-ethyl- 46.62 v v p*
33  Unknown 47.42 v -
34  Phenol, 4-ethyl-2-methoxy- 47.99 v p*
35  3,4,5-Trimethylpyrazole 48.06 v v N
36  1,3-Benzenediamine 48.62 v N*
1H-Pyrrole-2,5-dione, 3-ethyl-4-
sr eth))/ll- y 4920 v v N
38  Benzenepropanenitrile 49.27 v N*
39  2,3,5-Trimethylanisole 50.50 v v o
40  Unknown 50.54 v v -
41  Pyrazine, 2,5-dimethyl- 51.56 v N
42 Indole 53.04 v 4 4 4 N
43  Unknown 56.23 v -
44 Vanillin 56.95 v v p*
45  Benzeneacetamide 58.84 v v N*
6 C\Ic):fztamide, N-(3-methyl-2-buten-1- 6172 v v N
47  Unknown 63.11 v v v -
48  Mannitol, 1,4-anhydro- 63.20 v A
2-Hexadecene, 2,6,10,14-
49 {oramethyl- 63.37 v v HD
50 2-Hexadecene, 3,7,11,15- 63.74 v v v HD
tetramethyl
51  3-Eicosyne 64.07 v v v HD
52  Tetradecanoic acid, ethyl ester 64.31 v v E
53  7-Octadecyne, 2-methyl- 64.89 v v v HD

(o]
(o]




Propanoic acid, 2-methyl-, 2-

54 64.99 v v E*
phenylethyl ester
2-Cyclopenten-1-one, 4-hydroxy-3- v v

&9 methyl-2-(2-propenyl)- B X

56  B-D-Glucopyranose, 1,6-anhydro- 65.55 v v S

57  1,4-Eicosadiene 65.67 v v v HD

58  Unknown 66.33 v v -

59  Unknown 66.99 v v -
3-(1-Methylhept-1-enyl)-5-methyl- v v

60 2,5-dihydrofuran-2-one 67.06 F
2-Pentadecanone, 6,10,14-

1 Yy 3 / ‘/

& trimethyl- Bl X
3-Buten-2-one, 4-(5-hydroxy-2,6,6- v v

62 trimethyl-1-cyclohexen-1-yl)- 67.95 K
3-Buten-2-one, 4-(4-hydroxy-2,2,6-

63  trimethyl-7-oxabicyclo[4.1.0]hept- 68.30 v v K
1-yl)-

64  Hexadecanoic acid, methyl ester 68.77 v v v E
3,7-Cyclodecadiene-1-methanol, v v

& 4,8-tetramethyl- B2y g

66  Unknown 70.43 v v -

67 4-3-Hydroxy-1-propenyl)-2- 70,58 v v p*
methoxyphenol

68  Hexadecanoic acid, ethyl ester 70.80 v v v E
2-Propanone, 1-hydroxy-3-(4- v v -

& hydroxy-3-methoxyphenyl)- 122 7

70  Benzamide, N-(2-hydroxyethyl)- 72.05 v v v N*

71 11,14-Eicosadienoic acid, methyl 74,65 v v E
ester

72 Adenine 74.69 v v N

73 Phenethy! alcohol, 2,5-dihydroxy- 7470 v v p
a-methyl, (-)-

74 Phytol 75.56 v v v A
2-Cyclohexen-1-one, 4-hydroxy- v v

& 3,5,5-trimethyl-4-3-ox0-1-butenyl)- leiy X

76  Ethyl oleate 76.32 v v E

77  Linoleic acid ethyl ester 76.49 v v v E

78  Methyl 17-methyl-octanoate 76.73 v v E

79 géngS-Octadecatrlenmc acid, ethyl 76.99 v v v E

80  Eicosanoic acid, ethyl ester 82.18 v v E

Retention time (RT). Groups: Alcohol (A); Furans (F); Ketone (K); Phenol (P), Aromatic (*); Sugar (S);
Hydrocarbon (HD); Acid (AC); Aldehyde (AD); Ester (E); Nitrogen-containing Compound (N).

The preponderance of nitrogenous compounds in bio-oils, determined by elemental analysis and
GC-MS, among which indole and 3,4,5-trimethylpyrazole distinguish, could be related to
protein pyrolysis (Biller and Ross, 2014). Phenols, also identified as major compounds in these
oils, could result from lignin pyrolysis (Fu et al., 2014). Indeed, bio-oils were found to be
significantly richer in total phenols than solvent extracts as determined by the Folin-Ciocalteu
method (see Table 8).
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Table 8. Total phenols and initial toxicity values (1Cq) of different fractions of U. subincisa.

Sample Total phenols (mg GAE/Q) 1Cg0 (Lg/mL)

Crude extract 13.5+0.1¢ 1614.8+67.0%
Phase A 13.9+0.1¢ 116.7+3.5°
Phase B 18.5+0.5¢ 194.9+5.8¢
Phase C 13.4+0.2¢ 443.9+5.0°
Oil-1 30.6+1.22 284.2+5.6°
Qil-2 25.4+1.3° 33.8+3.0f

Statistical: one-way ANOVA followed by Tukey’s post hoc test. Means without a common letter in the same
column differ (p<0.05).

Although the GC-MS provides valuable information on the chemical composition of the studied
samples, it could be considered as a preliminary phytochemical study as it only determines the
nature of volatile molecules. Further in-depth chemical analyses (HPLC, NMR) should be
performed to provide more information about other non-volatile compounds present in U.

subincisa extracts and bio-oils.

To evaluate the potential of the samples as anti-inflammatory agents, it is not only indispensable
to determine their capacity to inhibit the production of crucial mediators involved in psoriasis,
but it is also imperative to assess their toxicity on keratinocytes in advance as they should
demonstrate low toxicity at pharmacological concentrations. In this study, the toxicity of all
samples was evaluated through the determination of the initial toxicity value (ICg0) which
represents the minimum toxic dose causing a 10% reduction of the cell viability compared with
untreated keratinocytes (Garcia-Pérez et al., 2010; Teepe et al., 1993). MTT assay has been
considered as a sensitive test to evaluate the toxicity of natural extracts, drugs, and excipients
used for pharmaceutical goals (Garcia-Pérez et al., 2010; Hundie et al., 2016; Scherlief3, 2011).
Table 8 shows the 1Cg values obtained for all samples. The crude extract had the lowest
toxicity, followed in increasing toxicity order by phase C, oil-1, phases B-A, and oil-2,
respectively. In rationalizing the initial toxicity of the samples in terms of the total phenol
content, it became clear from the Spearman’s correlation data that higher content of phenols in
samples, the lower ICqo values and higher toxicity on keratinocytes (r=-0.5209; p=0.0266). It is
well known that phenols used in household and pharmaceutical formulations can produce a rash,
dermal inflammation, and contact dermatitis (Murray et al., 2007). The toxicity of phenol on
keratinocytes depends not only on its concentration and hydrophobicity (Newby et al., 2000)

but also on the generation of organic radicals and reactive oxygen species (Gami, 2014). One of
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the main compounds identified by GC-MS in oil-2 (the most toxic sample) was phenol
(compound 16, Table 7) The metabolism of phenol in the skin results in the formation of the
phenoxyl radicals which can modify proteins, DNA, and lipids. A potential mechanism for
phenol’ cutaneous toxicity is also linked to the glutathione and protein thiols oxidation.
Moreover, this compound decreases vitamin E, thereby reducing the antioxidant capacity of the
skin (Murray et al., 2007).

Although the presence of phenols could impact the toxicity, their sole occurrence cannot explain
the overall observed toxic effects of samples. Indeed, oil-1 which shows a preponderance of
these compounds according to the total phenol content assessment, GC-MS, FTIR, and UV-
fluorescence analyses, was less toxic on keratinocytes than the phases A-B and oil-2. Thus, we
hypothesized that the toxicity on keratinocytes is also related to the relative proportion of the
chemical compounds within the sample, which could lead to interactions between molecules
that would ultimately translate into harmful effects on cells. Our hypothesis was tested though
exploration of the GC-MS data (Fig. 15, Table 7). GC-MS analysis showed the important
occurrence of nitrogenous compounds in the samples. The CE (the sample with the least
toxicity) showed a relatively low proportion of nitrogenous compounds (14%), while oil-2 (the
most toxic sample) showed the highest proportion of these compounds (36%). On the contrary,
the CE presented a high proportion of esters (25%), while oil-2 showed the lowest proportion
(4%) of these molecules. The major ester in CE was linoleic acid ethyl ester (compound 77,
Table 3), which is a neutral, lipid-soluble form of linoleic acid. In the skin epidermis, mainly
composed of keratinocytes, linoleic acid is transformed in 13-hydroxyoctadecadienoic acid
which exerts antiproliferative and anti-inflammatory activities (Ziboh et al., 2000) thereby
protecting skin against toxicity. The dominant nitrogenous compound in oil-2 was 3,4,5-
trimethylpyrazole (compound 35, Table 7). Although the toxicity of this compound on
keratinocytes is not documented, the pyrazole derivative 3,4-dimethyl-1-H-pyrazole has been
demonstrated to be irritant for the skin (Jirova et al., 2010) and other pyrazole-based compounds
have been shown to have slight toxicity to dermal fibroblasts (Nada et al., 2018). More in vitro
and in vivo toxicological studies should be carried out to accurately determine the nature of the

molecules impacting the toxicity on keratinocytes and their threshold doses.

The critical role of IL-17 is now recognized in psoriasis and the impact of keratinocytes as
crucial targets for its inflammatory effects on the skin is also documented (Moos et al., 2019).
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The production of IL-8, a potent neutrophil chemoattractant, was found to be higher in the serum
and skin of psoriasis patients compared to healthy ones (Bai et al., 2017) and its levels were
correlated with psoriasis severity (Arican et al., 2005). Consequently, in this work, it was
considered that the inhibition of IL-8 production by IL-17 stimulated HaCaT keratinocytes
would be a good in vitro model for screening the anti-inflammatory potential of the solvent
extracts and bio-oils and their possible application for psoriasis. For this, all samples were tested
at non-cytotoxic concentrations, under their respective 1Cqo values. Fig. 16 shows their effect

on IL-8 production.
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Fig. 16. Effect of the crude extract, phases A-C, and bio-oils on the IL-8 production in keratinocytes

HaCaT stimulated with IL-17.
A) Solvent extracts, B) Bio-oils. The confluent HaCaT cells were pre-treated or not with the crude extract (400-
1600 pg/mL), phase A (27.5-110 pg/mL), phase B (47.5-190 pg/mL), phase C (110-440 pg/mL), oil-1 (70-280
pg/mL), oil-2 (7.5-30 pug/mL) or Dex (5 uM) for 10h, then cells were stimulated with I1L-17 (50 ng/mL) for 14 h.
IL-8 production in HaCaT supernatants was assessed by ELISA. Results are expressed in pg/mL and correspond
to 10° cells. Histograms represent the mean + SD. A) statistical: Kruskal-Wallis followed by Holm’s post hoc test.
B) statistical: one-way ANOVA followed by Tukey’s post hoc test. In all cases, means without a common letter
differ (p < 0.05).

As observed, the solvent extracts did not inhibit the IL-8 production, except when phase A was
used at the lowest concentration, which decreased IL-8 to basal concentrations. Conversely, a
significant and unexpected proinflammatory effect of phase B was noted, whereas
dexamethasone, a corticoid used for psoriasis (Le and Howard, 2013) significantly decreased
the IL-8 under basal levels. In the case of bio-oils, oil-1 failed to induce an anti-inflammatory

effect, while oil-2 at 15 and 7.5 pg/mL significantly decreased the IL-8 production. It should be
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noted, that, unlike solvent extracts, this effect at 7.5 pg/mL was comparable to that of
dexamethasone. Interestingly, oil-2 at intermediate and higher concentrations (15 and 30 pug/mL,
respectively) showed lesser anti-IL17 activity than did the lowest tested concentration (7.5
ug/mL). This opposite effect was also observed for the anti-inflammatory activity of pyrolytic
oils from A. adstringens bark (Esquivel-Garcia et al., 2020). A possible explanation could be
related to the fact that at higher concentrations close to the minimum toxic concentration, the
bio-oils trigger cellular defense mechanisms, which counteract the anti-inflammatory effect, but

further research is needed to prove it.

Our results demonstrate that differences in chemical composition, as observed between phase B
and oil 2 (the samples with highest pro-inflammatory and anti-inflammatory effects,
respectively) could be associated with changes in the anti-IL17 activity. The most important
differences in the relative composition of phase B and oil-2 according to GC-MS data are related
to the presence of esters (20 vs. 4%); nitrogenous compounds (16 vs. 36%), hydrocarbons (13
vs. 8%) and phenols (13 vs. 24%), respectively. One of the major identified compounds in phase
B is phytol (compound 74, Table 7) which has been shown to have pro-inflammatory and tumor-
promoting activities on mouse skin (Kagoura et al., 1999). Phytol derivatives are strong inducers
of cytokines such as IL-17 (Roy Chowdhury et al., 2013) and can stimulate the NF-kappaB
transcription factor (Ghosh and Chowdhury, 2013) linked to the IL-8 production. Phytol-based
immunostimulants can boost the expression of CXCL1,a murine equivalent of IL-8 (Chowdhury
and Ghosh, 2012) so we think that the important presence of phytol in Phase B could explain,
at least partially, the unexpected pro-inflammatory activity. Furthermore, the significant
occurrence of hydrocarbons in this phase compared to oil-2 is striking. Hydrocarbons have been
associated with immune activation and development of autoimmune disease (Yau et al., 2017),
so it is likely that these compounds act alone or in synergism with phytol to stimulate the 1L-8

production, but further research is warranted to confirm it.

Currently, the main utilization of bio-oils is related to fuel’s development, while their use as
valuable sources of bioactive molecules has been largely neglected. However, the tar’s use as a
treatment for dermatological conditions dates back to over 2000 years, whereas coal tar has been
used precisely for psoriasis for more than 100 years (Zeichner, 2010). The Goeckerman
regimen, presently used for this illness, which consists of the ultraviolet B exposure combined

with the coal tar application is an example of the importance of pyrolytic products as effective
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antipsoriatic therapies. Nevertheless, the mechanism of action of coal tar in psoriasis remains to
be elucidated and it is unknown whether other pyrolytic products derived from new natural
sources, as U. subincisa, could have an anti-inflammatory potential for this cutaneous condition.
Results here presented demonstrate that oil-2 has an inhibitory effect on the IL-8 production
triggered by IL-17 comparable to that of dexamethasone. The major compound detected by GC-
MS in oil-2 was 3,4,5-trimethylpyrazole. The pyrazole scaffold provides varied stereochemical
complexity and functionality due to the presence of two nitrogen atoms and aromaticity. This
complexity explains its wide range of drug-like properties including anti-inflammatory activity
(Ansari et al., 2017). Pyrazole derivatives can ameliorate psoriasis-like dermatitis in mice by
inhibiting IL-17 mRNA expression (Seki et al., 2014). Moreover, these compounds can inhibit
NF-kappaB (Fu et al., 2017) linked to IL-8 production. Another bioactive nitrogenous
compound present in oil-2 is pyrrole (compound 3, Table 7). Pyrrole derivatives have been
proposed for the prophylaxis and treatment of inflammatory diseases involving the over-
production of cytokines such as IL-8 (Zablocki et al., 2003). Moreover, the significant
proportion of phenols in oil-2 could also be linked to its anti-inflammatory potential as these

molecules are recognized by their anti-psoriatic activity (Dzialo et al., 2016).

Even though our results show the potential of oil-2 as an anti-IL-17 agent for psoriasis,
additional research should be performed to elucidate the mechanisms involved in this activity.
Also, since this oil at concentrations higher than those showing anti-inflammatory activity
proved to be toxic on keratinocytes, further studies should be carried out to comprehensively
evaluate its pharmacodynamic and toxicity-related compositions to ensure its efficacy and safety

on skin.

V1.45. Conclusions

Overall, results here presented allowed for the first time to compare the chemical composition,
toxicity, and anti-inflammatory character of the crude extract, its fractions, and bio-oils from U.
subincisa. The use of aerial parts of the plant and the extracted residual biomass to obtain solvent
extracts and bio-oils allowed the integral use of this medicinal plant employed by Purépechas
for dermatological conditions. The relative chemical compositions of the samples were assessed

using a set of analytical techniques. FTIR spectra showed a higher diversity of functional groups
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in the crude extract and its fractions than in bio-oils. UV-fluorescence indicated that solvent
extracts were generally richer in simple phenols, while bio-oils contained a higher number of
conjugated molecules and polycondensed structures. According to GC-MS, the crude extract
and phases A and B showed a higher concentration of esters (25, 56, and 20% of the identified
molecules, respectively) whereas, in phase C and oil-2, nitrogen-containing compounds
prevailed (26 and 40%, respectively). In contrast, oil-1 showed a preponderance of phenols
(33%). These results agree with the elemental analysis which demonstrated that the oxygen was
significantly higher in the crude extract and its fractions than in bio-oils, whereas the nitrogen
was higher in bio-oils than in solvent extracts. As to the toxicity, the crude extract had the lowest
toxicity on HaCaT keratinocytes, followed in increasing toxicity order by phase C, oil-1, phases
B-A, and oil-2, respectively. Regarding the anti-IL-17 activity, only oil-2 showed a significant
inhibitory effect on IL-8 production and this effect, at 7.5 ug/mL, was comparable to that of

dexamethasone.

The evidence presented in this work does not support the traditional topical use of the ethanolic
extract from aerial parts of U. subincisa by Purépechas as an anti-inflammatory agent for
treating psoriasis. However, this folk preparation could possess other anti-inflammatory
properties not linked to IL-17’s inhibition useful for other cutaneous conditions, but further
investigations should be performed to prove it. Our results demonstrate for the first time that
oil-2 obtained from the extracted biomass, usually considered as a waste, has anti-1L-17
properties that deserve to be studied in detail in the future to elucidate the involved mechanisms.
The significant proportion of nitrogenous compounds in this bio-oil, particularly 3,4,5-
trimethylpyrazole, opens the door for a more exhaustive analysis of the anti-IL17 effects of this
molecule and its possible application in psoriasis. As the toxic effects linked to the use of oil-2
on the skin could be a concern, it is expected that preclinical dermal toxicological evaluations
can be performed to asses any complication arising during its topical exposition to anticipate

adverse events in humans.
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CAPITULO 3. Los aceites piroliticos de la corteza de
Amphipterygium adstringens inhiben la produccion de I1L-8 en

gueratinocitos HaCaT estimulados con IL-17.
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V15. PREFACIO

Este capitulo es el tema de un articulo titulado: “Pyrolytic oils from Amphipterygium
adstringens bark inhibit IL-8 production of IL-17-stimulated HaCaT keratinocytes”. El cual fue
publicado en Journal of Analytical and Applied Pyrolysis, 145: 104749. Su identificador de
objeto digital es: https://doi.org/10.1016/j.jaap.2019.104749

El presente capitulo se dirige a dar respuesta a los objetivos particulares # 2 y 3. La especie,
nativa de México, Amphipterygium adstringens fue escogida como un &rbol prometedor, dado
su valor alto valor de uso por la etnomedicina Purépecha (0.15), que se demostrd durante el
estudio etnofarmacoldgico. La especie fue sometida a una extraccion con agua caliente,
siguiendo el uso tradicional reportado y posteriormente la biomasa residual fue sometida a un
proceso de pir6lisis para obtener aceites piroliticos. Estos aceites fueron caracterizados
guimicamente, se hizo un andlisis de su toxicidad en un cultivo de queratinocitos HaCaT, y
finalmente se prob6 su capacidad para inhibir la produccion de IL-8 en queratinocitos

estimulados con IL-17.
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ARTICLEINFO ABSTRACT

Keyweonts: Pyrolytic products have been histoncally used ns a therapeutic treatment for psoriasis, @ dermatological -
Amphiseryplum adiringm flammatocy disease. However, little is known about the mechanisms involved in thelr pharmacological activity.
Slaw pyrotysis The main goals of this work were to chameterize pyrolytic fractions derived from Amphipreryglum adstringens
g;:nol bark, a plant used in Mexican traditional medicine, and 1o study the effects of pyrolytic olls as anti-IL-17 agents
HaCaT on HaCaT keratinocytes. A, adsenngens blomass and pyrolytic fractions were first characterized by proximate,
L17 elemental analysis, FTIR, Py-GC-MS, GC-MS, UV-fluorescence and HPLC-DAD to determine its physicochemical
composition. Toxicity of pyrolytic oils was further assessed on HaCaT keratinocytes by the MTT method and the
noa-cytotoxic concentrations were ised to determine thelr effects on IL-8 production of 1L-17-stimulated HaCaT
keratinocvtes. The result obtained show thiat pyrolytic olls are very rich In phenols, some of then recognized by
their snti-inflammatory properties. Pyrolytic vils showed significant inhibitory effects on IL-8 production, sug-
gesting that they could be potentially explored for treating [L-17 driven dermatological diseases such as psor-
nsss,
1. Introduction pathophysiology of psoriasis is now widely recognized by the scientific

Psoriasis is a cutaneous disorder charactenzed by the presence of
desquamative erythematous plaques [1). The prevalence of this disease
in adults worldwide ranges from 0.51 o 11.43 % [2]. The estimated
prevalénce in Mexico is 2.9 %, so more than 3 million Mexicans are
affected [3], 12.4-25.9 %, of them having moderate to severe forms of
the disease [4). The incidence of death directly caused by this disease is
low, but its physical and psychological manifestations are comparable
to those observed in cancer, diabetes, and depression [3]. Although
psoniasis’ pathogenests has pot been fully elucidated; it Is-recognized
that the disturbances in keratinocytes and the hyperproliferation of
these cells are distinctive features of this disorder [6]. In recent years, it
has been shown that the pathogenesis of this disease involves o complex
interaction between neutrophils, dendritic cells (CD), T lvmphocytes
(malnly Thl and Th17) and keratinocytes 7).

The crucial role of cytokines, such as interleukin (ILF17 in the
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Bl Cludad Universitaria, Morelin, Michoacin, 58030, Mexico,
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community. Indeed, it has been postulated that psoriasis is an [L-17-
driven disease (8], In psoriasis, 11-17 is mainly produced by T cells,
mast cells and neutrophils [9.10]. Once released, [L-17 cytokines bind
their respective transmembrane 1L-17 receptor (TL-17R) which is ex-
pressed, among others, on Reratinocyte surface, making these cuta.
neous cells important targets for [L-17 promeoting effects [11]. IL-17
induces the keratinocyte proliferation with a negative impact on their
differentiation [12]. contributing to the skin barrier disruption. Ad-
ditionally, IL-17 cvtokines amplify the psoriasis inflammatory network
as they can promote the keratinocyte release of other proinflammarory
chemokines such as IL-8 [11] {a potent neutrophil chemoattractant),
overexpressed in psosiatic lesions [17]. In psoriasis context, Keratino-
cytes have been suggested to be a major IL-8 source [15,14] und
psoriasis improvement correlates with the diminution of this chemo-
kine in the skin [15].

Biological agents that neutralize 1L-17 {secukinumab, ixekizumab)
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or antagonize its receptor (brodalumab) have besn demonstrared (o be
highly efficacious in clinical studies for psoriasis [16]. However, some
adverse events have been described with these drugs such as naso-
pharyngitis, hendache, upper respiratory tract infection, arthralgia,
hypertension, back pain and cough [17,18],

Global surveys have clearly shown that some psoriasis patients are
dissatisfied with blological treatments (10-25 %), mainly due to ad-
verse events {12-28 %), lack of effectiveness and high costs {19,20]. As
their quality of life is affected, those patients usually use altemative
therapies [21] such as coal tar and medicinal plants 1o treat their dis
ease [22). The use of distillation and pyrolysis products from coal, such
as tar and pitch, became popular after 1925 when W.H. Goeckerman
established @ method 1o use them as a thempeutic option for psoriasis
treatment [23), Nowadays, research on the use of coal tar as an anti-
psoriatic drug continues, due to its efficacy and safety [24,25], Despite
its wide use, little is known about its exact mechanism of action [26],
Some compounds isolated from the coal tar such as carbazole and its
derivatives have shown antipsoriatic sctivity in human cell lines [27].
Tar from other sources such as pinewood has also been used as part of
the therupy to trear this skin illness because of its antipruritic, antl-
microbial and ant-inflammatory properties [26].

Amphipterygiian adstringens (Schltdl,) Standl, is a species endemic to
Mexico belanging to the Anacardiaceas family that inhabits the tropical
deciduous forest region [29). The bark from this tree is widely used in
Mexican triditional medicine for the treatment of various diseases,
including dermatological disorders [29,90]. The chemical character-
ization of A. adstringens bark has been performed using conventional
natural extracts obtained by ebullition or maceration [31-13]. Some
compounds have been Isolated from bark extracts; such as anacardic
ackd, masticadienonic ackd, and [l-sitosterol [32], which have shown
anti-inflammatory and gastroprotective properties [31,33). During the
Altration process of these conventional extracts, the recovered residual
biomass has been considered waste and nothing s known about its
chemical characterization and/or biological properties.

Considering that it has not been described if pyrolytic fractions of
the bark from this tree have biological actions, the aims of this study
were to chemically characterize the pyrolytic fractions and residual
biomass from A. adstringens bark and to evaluate the capacity of pyr-
olytic oils to inhibit IL-8 production of [L-17-stimulated HaCaT kerati-
nocytes in order to propose future applications of pyrolytic oils of this
species for psoriasks treatment.

2. Material and methods

This work is divided into four major parts (see ¥ig. 1). In the first
one A. adstningens bark was subjected 1o hot water extraction and the
residual biomass was retained to be pyrolvzed. In the second part, re-
sidunl biomass and pyrolytic fractions were thoroughly characterized
by a tandem of analytical techniques, The third part consisted of tox-
icological evaluation of the effects of pyrolytic oils on HaCaT kerati-
nocytes, whereas In the fourth part, the anti-inflammatory activities of
these oils on HaCaT cells were analyzed. Each of these major parts will
be explained n more detall In the sections to follow.

2.1. Materials

Barks from A. adstningens trees were collected from San Francisco,
Municipality of San Lucas, Michoacin state, Mexico, The bark samples
were taken in a single strip approximately 30 cm Jong by 8 em wide and
fess than 3.cm thick from 20 trees that had not been previously barked
with an age between 20-25 years (20~ 25 cm diameter) avoiding af-
fecting its viability. The trees were identified botanically, and a sample
deposited in the IEB herbarium located in Patzeuaro, Michoacin,
Mexico (voucher number 256881). Before used, the bark was washed
with water at 25°C, oven-drled {temperature 40 = 2°C) and grounded
at o particle size <800 pm, The bark powder was then subjected to an
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Fig- 1. Schematie representation of mayor tasks described In this paper.

aqueocus extraction by boiling under reflux for 1h, the extract filtered
under vascuum and the residual biomass recovered for pyrolysis studies.
The residual biomass revovered after hot-water extraction of the dry
bark powder from A. adstringens was 66,2 + 2.9 wt.%. Valorization of
this residue, which represents more than half of the original biomass, Is
very important to Improve the economic viability of A. adseringens
commercialization [34,35). The molsture content of the resldual bio-
mass was 4.4 = 0.9 %, whereas the volarile content determined by
proximate analysis was 76.0 = 0.8 wr.%. The contents of fixed carbon
and ash were 17.2 = 0.3 and 6.8 = 1.1 wi.% respectively. Its ele.
mental composition was the following: carbon (C): 46.9 = 0.3 wt.%;
hydrogen (H): 5.2 + 0.1 w.%; nitrogen (N): 0.8 = 0,02 wt.%; sulfur
(83 0.02 = 0.0 wr.%; oxygen (O) 40.2 = 0. 9wt N

2.2 Pyrolysis experiments

Pyrolytic samples were obtained by slow pyrolysis at a temperature
of 500 °C from 16 g of residual biomass in a quartz-tube furnace reactor
of 50 mm outer diameter (OD) x 44 mm inner diameter (ID) x1000 mm
length (L) (0.05m D x1 mL) (see Fig, 2), The sample containers were
introduced into the fumace under nitrogen flow for 5 min at 25 °C. The
temperature was Increased from 25°C to 500 °C at u heating rate of
10°C per min. After the final temperature had been reached, the reactor
was then cooled 1o room temperature under o nitrogen gas before ex-
posure o air. Biochar was obtained in sample containers, After re-
cording the weight differences of the quartz tube, oil-1 was recovered
from inside the tube with a spatula. Oil-2 samples were collected in two
vacuum traps (Sigma-Aldrich SYNV164034), The traps were connected
in series and placed in an ice bath to condense the volatile phase. Each
trap was washed using ultrasonic agitation for three 2-min periods
using a total of 500 mL of methanol. The solvent extract was con-
centrated under vacuum (30 °C, 26 kPa). Oil samples were weight and
kept under refrigeration (4 °C) until further analysis,

2,3. Chemical characterizanon of residual biomass and pyrolytic fracrions

2.3.1. Praximate and elemental analyses
The characterization of the blomass pyrolyzed. its pyrolytic olls and
char was carrled out according to methodologles described elsewhere
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To exhaust

Fig. 2. System usexd foc pyrolytic collection of oil-1 and oil-2.

Table 1

Pyrolytic products yield of residual biomass from

A audstringens,
Sumgle Recovery (')
Char M99 = 27
el 101 = 0.5
oul 138 .= 04

Data repeesent mean = SD of foar experiments,

Tabie 2

P and ¢l | analyses of A adsmingens pyrolytic products,
Pammeter Sample

Chat 0il-1 02

Provenate analysts (Wi.%)
Moisture* A5 = 06 161 = L5 269 = 22
Volatiles” 261 = 09 956 = 0.8 G918 4 28
Frved crbon” a6 = 00 42= 08 69 = 28
A" 173 = 09 2= 03 4 = 00
Elomental analysis (wr.ms)
[-4 636 = UN 7 =12 .7 + 09
H 27 = 005 75 =03 80 = 04
N* L1+ 000 11 = 003 14 = 003
s 000 = 0.0 0.03 = DO 001 + 00
o 153 =01 194 = 18 25 = 05

" Asreceived basis.

* Dry busis.

* By difference. Carbon (C), Hydrogen (H), Nitrogen (N). Sulfur (S), Oxygen
{0). Data represent mean = SD of two experiments.

[36]. Fixed carbon, volatiles, and the ash content of samples were de-
termined with a Mertler Toledo thermogravimetric analyzer
(SDTAS851e) equipped with STARe data analysts software for obtaining
thermogravimetric/differential thermal data curves (TGA/DTG). The
elemental composition (contents C, H, N and §) of pyrolytic olls, char
and residual biomass was determined using a Leco TruSpec Micro ele-
mental analyzer 628 serles Instrument. The oxygen content was ob-
tained by difference after considering the ash content on a dry basis.

2.3.2 FTIR of residucl biomass and pyrolytic fractions

FTIR spectra were obtained using a Shimadza IRPrestige 21 spec.
trometer. A small fiquid or solid sample from pyrolytic oils, char, and
residunl biomass was applied to cover the crystal window, and spectra
of 32 scans with a resolution of 4em ™" within the range 4000 to
600cm " were acquired. The spectra were bassdine corrected with a
multi-point interactive method using version 1.30 of [Rsolation soft-
ware and absorbance wavenumbers that can be corredated to certain
characteristic functional groups were selected (37

2.3.3. Py-GC-MS of restdual biomass

The method was conducted using Agilent Technologies 6890 N Gas
Chromatograph linked to Agilent 59758 Mass Selective Detector with
NIST 2.0 f Mass Spectral Search Program, GC was equipped with
Agilent 190015433 column with dimensions of 30m x
250 um x 0,25 pm {38). Approximately 0.5 mg of residual biomass was
loaded into a clean quart tube. The sample was introduced in the probe
interface using a CDS Analytical Pyroprobe 5000 Series, The initial and
final temperatures of pyroprobe were adjusted to 500 "C, with a probe
run time of 1 min, The sample was injected using a split ratio 5001,
Front Inlet parameters were set as: 250°C, 7.06 psi, total flow He

g 2 ; 0il-2
% 50 é = f
s S [
5 ™ 4 \
2 1094 7 % A,
c ¥ L . - ""‘ G ~ e r-.'.-\.‘.‘n{' : X
200 400 600 800 200 400 600 800
Temperature (°C) Temperature (°C)

Flg. 3. TGA (A} and DTG (B) curves for the resilunl blomass and pyredytic products from A, adstringens bark.
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O-H C-H

2000
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Fig. 4, FTIR spectr of residual biomass and pyrolytic fractions from A ad-
stringens bark,

53.8 mL/min, seprum purge flow and 1.0 mL/min, 7.07 psl, 36 cm/s of
column fow. Oven temperature was set at 40°C for 1 min and then
increased to 280 °C at the rate of 6 °‘C/min and the final hold time was
58 min. Compounds were identified by a combination with literture
data, and the data provided by the Mass Spectral Library. Additionally,
the chemical nature of the A, adsringens biomass and the previous
chemical characterization performed in Anacardiaceae family were
considered. The assignment of chemical groups to each compound was
performed as previously described [39,40],

2.3.4. GC-MS of pyrolytic oils

Oil samples were analyzed to identify compounds by GC-MS using
an Agilent Technologies 7890 A GC set up (Agilent 190015-433 HP-
S5MS column: 325°C: 30m » 250 pum = 0.25um, Agilent 5975 C MS
with NIST 2.0 f Mass Spectral Search Program). Small samples (1.8 mL)
were collected with a filter unir for syringe (Miller* GP Filter Unit
0.22 ) from the stock solutions (1 % w/w In methanol) for the
GC-MS analysis. The GC-MS analytical method used was that described
by Han et al. [41]). The structural assignments were performed as pre-
viowsly described for Py-GC-MS analysis.

2.3.5. UV fluorescence of pyrolytic ofls

Oil samples were diluted in HPLC grade methanol (Fisher
Scientific), at a 10 ppm and analyzed on Shimadzu RF 5301 pe spec-
trometer with the software Panorama Fluorescence 2.1, The analysis
was based on the methodology of Garciu-Pérez and collnborators [36].
Briefly, the excitation wavelength was constant and scanned from 250

Jourmad of Analyrical amf Apygdied Pyvolysis 145 {2020) 104749

to 500 nm, and emission wavelengths were recorded with a 5nm dif-
ference (from 260 to 510 nm; excitation and emission slit widths. of
5nm).

2.3.6. HPLC-DAD analysts of pyrolync oils

Compounds” separation was performed vin Agilent Technologles
HPLC 1200 series using an Agilent Technologles Poroshell C18 column
(150 x 4.6mm LD, 2.7 pm particle size), operated at 30 °C. The multi.
wavelength detector was set to 280 and 325 nm. The flow-rate was
0.3 ml/min and the mobile phases 1 of 0.1 % formic acid in
warter (Solvent A} and 0.1 % formic acid in acetonitrile (Solvent B) [42].
The elution program included a gradient as previousty detailed by Berry
and Henderson [42]. Compounds were identified by comparing the
retention times and UV spectra with those of pure standards: gallic acid,
epigallocatechin, chlorogenic acid, catechin hydrate, caffeic acid, syr-
ingic acid, eflagic acd, p-coumaric acid, (-}-epicatechin gallate, sco-
poletin, ferulic acid, naringin, salicylic acid, resveratrol, quercetin ind
naringenin (all standards were purchased from Sigma Aldrich, St. Louis,
MO, USA). Calibration curves served to quantify the identified com-
pounds (r > (L99).

2.4, Toxicity of pyrolytic oils on HaCaT cells and effects an IL-17-induced
11-8 production

Consldering that a successful drug candidate for psoriasis treatment
should demonstrate low toxiclty at pharmacologieal concentrations
[43), the toxicological properties of the pyrolytic ails oblained here
were evalusted on HaCaT Keratinocytes through the determination of
the initial toxicity value (ICyo) by the MTT method [44,45]. The 1Cyq
value represents the minimal toxic dose of the extract causing a 10 %
reduction of cell viability compared with untreated cells [44], MTT test
is considered to be a measure of toxicity effects on mitochondria [46].

2.4.1. Cell cufture

Human HaCaT keratinocyte cell line was purchased from AddexBio
San Diego, CA, USA. HaCaT cells were cultured in Dulbecco's Modified
Eagle's Medium (DMEM) high glucose with sodlum pyruvate (Sigma
Aldrich, St. Louis, MO, USA) and supplemented with 100 U/mL peni-
cillin {Sigma Aldrich, St. Louis, MO, USA), 100 pg/mL streptomycin
(Sigma Aldrich, S1. Louis, MO, USA), and 10 % fea) bovine serum
[Thermo Fisher Scientific, Waltham, MA, USA) in a humidified in-
cubator containing 5 % 05 at 37 'C. Only cells at 80 % conflnence
were used in experiments as previously described [44].

242, MTT assay

Approximately, 2.0 x 10* cells were seeded in 96-well microplate
and maintained in a supplemented medium for 24 h. Fresh medium
without supplements was added to wells and was left 12k to allow for
cell synchronization, Oil samples obtained from pyrolysis of A

— —
30.0 40,0 0.0

Time {min)
Fig. 5. Py.GC-MS analysis ch gram of residual bi from A adsimingens (list of the numbered compounds is shown in Table 3).

113



R Esguwvel Gorein, ot nl

Table 3
PyGC-MS characterizatson of the main compounds found in the residual bio-
mass from A adsringens.

No.  Mdeanfisd compounds RT (min)  Geoups
1 Carbon diovide 149 (8]
2 sec-Burylamine 172 AM
3 Cyclopropyt carbinol 188 A
] Cyclobatanal 1.9% A
5 Butanal 210 AD
o Pentanal 216 AD
7 Toluene 378 .
L] CHHS alkane 623 C
4 Phenol B4 o
10 Phenol, Zanethyl- 1033 »
11 Phemol. d-methyl 1083 P
12 Meguinol 1130 I
13 Phenol, Z4-dimettiys. 1259 |
14 Phesol, 25dimethyd 1264
15 Pheool, dethyl- 13 »
16 Phenol, 3ethyl 1212 |
17 2-Dodecene, (Z)- 1348 (4]
18 Pheool, Z-mechoxy-d-coethyl- 1261 L
19 2-Methary-4-vinylphwool 1642 ™
20 Phesol, Zedimettsoxy- 1726 »”
21 3.Phenyl-2propyn-1.al 1743 Ar
20 2-Methyd-5-hydroxybenzobarn 1856 F
23 Beszensmitw, 2-methoxy-4-nitro- 1928 .
24 Unknowa anhydrosugse w01 5
25 Ethyl anglucopyranoside w024 R
26 15 Anhydro-$o-glucopy 2035 5
27 Unknown 247 -
28 Unkoown 2438 -
20 p-Hexadecinow acd B57 AC
30 Oxacyeloheptadecan-2-one nxy K
31 Retinol n» A
32 Octadecanodc acsd 3164 AC
33 Cyclobexane, decyl- 3434 C
34 Phemol, S-pentadecy) 622 »
35 Thenmol; 4.4-methylenabis[2,6-dimethosy 9,21 P
36 Carbamic acid, methyl, J.methylphenyl ester 4116 £
37 L77tnmethylbecyelolZ 2.1 Theptan-Z-one 4122 K
38 1435 Dumechyl 2 py 1)-3-amethy)-1-b 129 K
A9 Phewol, -methyl- 4173 P
40 dkEryrhro-1-phenyi-1,2-peopanadiol 4158 A
41 2542 Hydroxy-propyi)fusan-2-y1 ) peopan- 1ol LES L] ¥
42 2-Amino-4.4,0,6-1etramethyl 4.6 dibydro theencf 2.3 4371 F
Jtwran 3«arbanitnile
41 Unknown 4298 -
44 Ricyclofs.1.0nonane-9-carboxylic scid 445 C
45 Carbamsic acid, 3-methytphenyt:, butyl ester 4“rs £
4 3Cyclop 1 ldehyde, 223 thyl s AD
47 1.2Echanediol, 1.2-diphenyl- 4509 AT
48 TH-dndole, L-methyl-2-pheny)- 4527 PAC
49 359 Trimethyl-deca-2.4,8-Lriem 1-04 4544 A
50 2-Ethylacridise 4671 PAC
51 Bemo(h]gunaline, 24 dimethy) A7.08 PAC
51 Carb acid, 3-methylphenyl:, vl ester 4785 E*
53  Unknown 4856 -
54 Progusal. 2-(4-ethonyphenyl-2-methyl- 437 AD*

Groaps: Alcohol (A); Furans (F); Ketone (K); Phenol (P), Aromatic (*); Amine
LAM); Sugar (Sk Acid (AC); Polyeyelic aromatic compound (PAC); Aldehyde
(AD); Cyclic (C); Ester (E), Others (O),

adsoringens bark {25 — 1600 pg/mL) diluted in DMEM medium with 0.2
% ethanol were added to HaCaT cells and incubated for 24 h. The ceils
were washed with phosphate-buffered saline (PBS) and a solution of
MTT  (3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium  bro-
mide; R&D Systems, Minneapolis, MN, USA} (1 mg/mL in PBS) was
addded to each well with fresh medium and incubated for 4 h at 37 °C,
Formazan crystals were dissolved with 0.2 mL of acidic isopropanol and
absorbances were read at 570 nm with an Accuris SmartReader 96, The
cytotoxicity 1Cyg values on HaCaT cells were estimatesd from the dose-
response curve, using a non-linear regression algorithm (GraphPad
Software, Inc., San Diego, CA, USA) considering triplicate independent
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experiments and the mean of three wells for each oil concentration
tested. Results were presented as o Mean + SD.

2.4.3. Effects of pyrolytic oifs on IL-17-induced [1L-8 production of HaCaT
cell

IL-8 amounts in 1117 HaCaT supernatants were measured using
Human 1L-8/CXCLS DuoSet ELISA kit (R&D System, Minneapolis, MN,
USA) according to the monufactures’s protocol.  Approximately,
8.0 x 10* HaCaT cells were seeded into 24-well plates until 80 % of
confluence and subsequently synchronized by serum deprivation during
12h, After this time, the cells were pre.reated for 10k with dex.
amethasone (Dex, 5 pM, Sigma Aldrich, St. Louis, MO, USA} as an anti.
inflammatory positive control or oil samples from A. adstringens bark at
concentrations lower than [Cgg values (17.5, 35, 70 ug/ml oil-1; 15, 30,
60ug/mL oil-2), Later, IL-17 (50ng/mL, Thermo Fisher Scientific,
Waltham, MA, USA) was added to cell cultures for 14 h to Induce IL-8
production. IL-8 amount is ealculated by interpolation wsing a four-
parameter logistic (4-PL) curve-fit as specified by the manufacturer. The
detection limit for IL-8 production was 30 pg/ml.

3. Results and discussion
3.1, Recovered pyrolytic fractions

Table 1 shows the yields of the pyrolytic fractions of extractive free
blomass (63.8 = 3.6 wt.\), The [ncreasing order of recavery was oll-1,
oll-2 and char; The pyrolytic gases formed, and non-collected aerosols
accounted for close to 36.2 wt.%. The recovery of char was higher than
that reported for eucalyptus bark [47], but lower yleld of the pyrolytic
fractions (oll-1 + 0il-2) was obtained likely due to the lack of filters and
electrostatic precipitators to collect the aercsols [47]. Stll, high vields
of charcoal and comparable Tow vield of oil are reported in slow pyr- -
olysls systems processing feedstock with high lignin content (such as
bark) [48].

3.2, Chemical characterization of the pyrolytic fractions and the residual
biomass

3.2.1. Proximate and elemental analyses

The moisture content in the resédual biomass less than 10 % makes
this suitable for a thermochemical conversion process [49]. Its volatile
content is comparable with values reported in the literature for other
lignocellulosic materials [44]. Regarding the ash content of the residual
biomass, the obtained value to that reparted for eucalyprus bark [47],
and higher to those determined for pine and oak barks (2.9 and 5.3 wt.
%, respectively) [50], Contents of O, H, and S of A, adstringens residual
biomass were similiar to those reported for pine and oak bark [501.
However, the C content was lower thin those reported for eucalyptus,
pine and oak barks (52.5, 54.9 and 52.6 wt.%h, respectively) [47,50],
while the N content was greater than those of the sforementioned barks
[47,50].

Table 2 shows the proximate and elemental analyses of A. adstrin-
gens pyrolytic products. The oil-1 and 0il-2 have 16,1 and 26,9 wi.% of
water, respectively. This water is mostly formed from the dehydration
of carbohydrate fractions [35,51]. In both cases, the content of volatiles
wis greiter than 90 wiL%. The fixed carbon content wiss in both cases
close 1o 5wt [25). Carbon content was higher in pyrolytic fractions
than 1o residual bi Cand N cont were higher in 0il-2 than
those obtained for oil-1, while oxygen content was greater for the oil-1.
The O content is related to the presence of warer and oxygenated
compounds in the oil such as hydroxvaldehydes, hydroxyketones and
carboxylic acids [35,41,51]).

The small moisture content observed in the char is likely 1o be re.
adsorbed warer from the environment. [ts volatile content (26,1 wi.%),
fixed carbon (56.6 w.%) and ash (17.3 we%) are comparable to values
reported for other chars [38,49.52). The C contenrt in the char was
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Fig. 6. GC-MS analysss chromatograms of pyrolytic oils from A. adsiringens (list of the numbered compounds is shown in Table 43

lower than those reported for chars derived from waste woody fractions
(381,

The thermogravimetric analyses of residual biomass and pyrolytic
fractions from A. adstringens are presented in Fig 3. TGA curve re-
presents the weight loss depending on the volatility and thermal sta-
bility ‘of the chemlcal compounds present in the sample [37], As ex-
pected, the mass loss is greater in the oils than n the char as the
evaporation and thermal degradation of their components occurs faster
at Jower temperatures, which has a direct relationship with the content
of the volatile compounds previously discussed,

Unlike the char and the residual bi the oils p 1o large
peak in the range of 2002300 °C, a region detectable for the GC-MS
analysis [53). In this region, volatile cc ds such as phenol
monosugars, and furans can be identified [17,53). Around 400 °C, the
DTG analysis shows the presence of another large peak for olls and
residual biomass. The compounds found in this region have a greater
mass, lower volatility and may corsespond to lignin oligomeric fractions
that cannot be analyzed by conventional GC-MS [37,53]. For the
analysis of these heavy compounds other lechniques can be used, such
s Py-GCMS, LC-MS, among others.

3.22 FTIR

The FTIR analysis provides information on certain functional groups
of chemical families and complements the data of other analytical
techniques [15,97] Pig. 4 shows the infrared spectrum of oils, char and
residual biomass from A, adstringens. Stretching vibrations of the O-H
bond (3600 —53100 em ™) are typically assigned to phenols, aleohols,
water, and carboxylic acids [357]. Based on our Py-GC/MS, GC/MS and
UV-fluorescence we can confirm that these olls are rich [n phenols. The

vibrations between 3600 and 3100 are likely to be associated with
phenols, Stretching signals for the C-H band (3000 —2800¢m ") could
correspond to several saturited and unsaturated aliphatic and aromatic
compounds, These records were more Intense for oils and were similar
to those reported for other pyrolytic oils [47). The carbonyl stretching
signal (C=0) between 1780-1680 cm ', characteristic for aldehydes,
ketones, carboxylic acids, and esters was not visible In the char spec-
trum. The stretch signal for €€ at 1680-1530 em ™" indicates the
presence of conjugated aromatic systems, The most intense stretching
region for the oil spectra between 1520— 1250 cm ™ associated with
C-0 bond could indicate the presence of terpenes and acetates,
whereas the sssociated signal at 1050 em ! could indicate the presence
of other oxygenated compounds such as anhydrides [37]. Vibrations
between 900 -800cm ™' can be considered complementary 1o some
stretches such as C-0 and C-N.

The functional groups estimated In the FTIR spectrum of the re-
sidual biomass coincide with those reparted for other barks and in-
dicate the presence of hemicellulose, cellufose and lignin components
[54], while the thermal conversion of these macromolecules can be
seen at higher wavelengths [27]. Oils showed a strong signal of C-0
and C—H bonds, these may correspond to the abundance of aromaric
and cyelical compounds such as alkyiphenols or terpenes recognized by
thelr antloxidant, antiproliferative and anti-inflammatory properties
[32,39.55). As observed, FTIR analysis for the char shows a lower di-
versity of functional groups than the oils [34,52].

3.23. Py GC-MS
The Py-GC-MS analysis of residual blomuss I8 useful to identify
compounds that cannot be identified by GC-MS in pyrolytic olls. Fig. &
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Table 4
GC-MS charactesization of the main compounds found in the pyrolytic oils from
A. adsmngens,

Noo Ientified compounds RT (min) Oakl  OiL2  Groups
1 Mothanot 50 v A
2 Exhanal S8 v v A
T 2Furanmmetbanol o6 v v F
4 Llyciopenten-1-one, 3-pethy). 36 v K
5 1, 20ycdopentasedione, S-meshyl- b6 v v K
6 Phenol 385 v v |
T Phenol, Zmethoxy- »2 v v [
8 Phenol, 2-methiyh 402 v v P
o Maleal 408 v K
10 Phenol, 4 methyl a6 v v L
I Phwenol, S-methyl- 427 v v P
12 2Methoxy-S-methyiphenct 440 v v P
13 2 Heptanamine, 5 method 443 v v AM
14 Pwnol, 2,5-dinswthy) 45 v v -
15 Plwnol, 2-ethyl- 46.6 v v | o
16 Phenol, &ethyl-2 methoxy- 480 v v P
17 126 Dianhydro-o o glucopymnose 494 v v H
18 2-Methoxy-4-vinylphensd 505 v P
19 Phwnol, 2.6-diswthoxy- 528 v v L
20 1,24 Trimethoxybeazens %69 v v ¥
21 Hydoqumone S73 '4 P
22 Sec-Batylpyrogalial 595 v v P
&3 Uoknown anhydsosugar 656 v v 5
24 Phenol, 2 6.dimethoxy4-(2-prop 665 v v P
2 THFuro[3.2.g](1]benzopyran 7 -one 667 v v F
26 12 Reazenedicamboxylic ackl, dilsomcty]l  B9.0 v v E*
ester
7 Docosinole acid QL4 v AL
28 12 1%Dihydro- | 2Z-methyl L3 1 4-dioxo- 918 v PAC

TARnaphthed 1,255,6)pyranod3,2-<)
Juincline

Groups: Alcohol (A); Furans (F); Ketone (K); Phenol (P), Aromatic (*); Amine
(AMY Sugar (S); Ester {Ex; Acid {AC): Polycyclic aromatic compound (PACH

= Monophenols  Dimers and Pohcondensed
“a shol

250 300 350 400
Wavelength (nm)

Fig. 7. UN-fluorescence spectrn of the ol samples from A. adsringers.

shows the chromatogram from Py-GC-MS and the list of major Identi-
fied peaks Is given in Table 3, Of the total identified compounds be-
longing to various chemical families, twenty-six were aromatic com-
pounds, Of these approximately 53 % corresponds to phenols which can
be associated with lignin degradation. Indeed, their presence was
greater than that of the sugars (6 %) derived from the pyrolysis of
cellulosehemicellulose. This result coincides with what was observed
1 the GC-MS analysis for bic-oils.

The identification of alkylphenols stich as phenol, 3-pentadecyl- has
been desceibed in species of the Anscardiacese famlily [31,55,56).
These compounds are related to the presence of cardanols (cardol and
cardanol), which have shown cytotoxic activity in cancer cell lines
[56,57). Octadecanoic acid (stearic acid) and hexadecanoic acid
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{palmitic acid) identified in this analysis were also reported in an
ethanolic extract from A. adseringens bark and have been related to its
anti-inflammatory sctivity [J1]).

3.2.4, GC-MS analysis

The pyrolytic olls from A. adstringens were apalyzed by GC-MS. The
chromatograms correspanding to vach fraction are shown in Fig 6,
these chromatograms are very useful in the identification of compounds
associated with the DTG curves and the chemical groups described in
the FTIR and UV fluorescence analyzes [17,51.58); As shown in
Fable 4, there is o great similarity between the compounds present in
oil-1 and oil-2, although the areas of the peaks differ when both oils are
compared. The number of Identified GC-MS peaks was higher (n oll-2
regarding oil-1. Additionally, the relative proportion of compounds
chinges between oils. For example, phenol, 2-methoxy- (guaiacol) a
product of lignin [35] i5 present in greater proportion in 0il-2 regarding
oil-1, while the opposite occurs with phenol, 2,6-dimethoxy- (svringol)
which is present in a higher concentration in oil-1. Cresols such as
phenol, Zmethyl. (ocresol), phenol, 3.methyl (m-cresol) and phenaol,
d4-methyl- (p-eresol) are among the phenols identified in oils. These
compounds have antlseptic activity but have also shown moderate
toxleity {59] and can be found In the coal tar [26). Hydroquinone
present [n oil-2 has been used In the treatment of various hy-
perpigmentation skin disorders [60],

In both oils, phenols (51-54 %) represent the dominant group of
molecules, as compared with other groups such as sugars (7<9 %) or
ketones (4.11 %), It could be explained by the chemical compasition of
structural components of barks [35].

325 UV-fluorescence

UV-fluorescence has been used for the chemical characterization of
pyrolytic olls and herbal drugs in order to identify compounds capable
of emitting fluorescence [55]. At wavelengths that range from 260 to
290 nm, molecules could be compounds with carbonyl groups and one-
ring aromatic compounds, mainly phenolics [61]. The wavelengths of
fluorescence emission increase with the increase of the number of
aromatic rings, being ablé to observe short conjugated systems fiest and
then polycondensed structures in the range of 290-360 nm [55,61].

As demonstrated by the GC-MS analysis, phenols are the dominant
molecules identified in pyrolytic oils. In nature, these compounds can
be present in plants as simple phenols, short conjugated ring systems
with different dihedral angles in their aromatic structures and conse-
quently, different fluorescence spectra [62], As shown in Vig. 7, the
peak intensity at 281 nm was greater in oil-1 than in oil-2 This in-
dicates that oil-1 is very rich in phenols of small str , which
15 In accord with results of proximare analysis here presented which
demonstrated & higher content of volatile compounds in this sampte.
With an excitation wavelength of =305nm, dimers and short con-
Jjugated systems such as polyphenols and large conjugated ring systems.
can be observed [58,61]. The presence of these compounds was also
lower in 0il-2. Around 321 nm, a greater presence of large conjugated
systems was observed in oil-1 compared to the oil-2 [58). Further stu.
dies using NRM are needed 1o determine the nature of the multi-aro-
matle systems present n pyrolytic oils from A adseringens bark.

3.26 HPLC-DAD analysis

In order to obtain a comprehensive charactenzation of the non-
volatile and thermal unstable analytes present in pyrojytic oils, an
HPLC-DAD analysis was performed considering molecules previousty
described in Anacardiaceae family [63]. HPLC chromatograms of oils
are shown in Fig. % Nine phenolic compounds were identified by
comparing the retention times and UV spectra with those of the stan-
dards (Tuble 5). Pyrolytic oils were very abundant in epigallocatechin,
catechin, and quercetin, A previous study had also Identified the pre-
sence of catechin and naringin in an ethanolic extract of A. adstringens
bark [31]. Most of the molecules identified in A, adsringms pyrolytic
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Fig. 8. HFLC-DAD profiles of liquid pyrolyss samples from A adstringens. Dotted lines represent the sandards vsed and the list of numbered compounds is shown in

Table 5.

Table 5
HPLC-DAD quali-quantitative analysis of phenolic compoands in A, adstrimgens
oils.

No. Phenolic compoand AT (min) Oil-t (mg/L) 082 (my L)
1 Gallic acid 1341 0005 0013
2 Epigallucatechin 17.29 0191 0150
3 rloregenic acid 1865 ND ND

4 Catechin hydmte 1913 0126 0,249
5 Caffies acud 2380 ND ND

6 Svrmgs ackd 2425 ND ND

7 Ellagic scid 28.58 02 0,035
8 p Coumaric ncud 2554 ND ND

9 (-»-Epteatechin gallate 29.25 ND ND
1o Scopoletin 3043 Q045 0.045
n Fevubic acid 337 ND ND
2 Naringin 3184 0011 0.033
i3 Salicylie acid 37.99 0004 0001
" Resvesatml K00 ND N
15 Quercwtin 4147 006 0.077
16 Naringenin 4631 ND ND
7 Kaempferol 4714 0oz 0,000

NI = not detected,

oils have demonstrated positive effects on skin diseases such as mela-
noma and psoriasis. The cateching (epigall hin, hin or epi-
gallocatechin-3-gallate) have shown anti-melanogenic activity on B16
murine melanoma cells stimulated with c-melanocyte-stimulating
‘hormone in a dose-dependent manner {5 - 20 uM) [64]. In HaCaT cells.
quercetin showed antiproliferative activity (6242 = 10.2pg/mL),
whereas in a murine psoriatic mosdel quercetin inhibited leukocyte
migration and exhibited an anti-inflammatory effect (50 mg/kg) [65].
Duercetin decreases reactive oxygen species (ROS) generation and in-
flammation caused by UV.B radiation in human keratinocytes by sup-
pressing NFall pathway [66] and the expression of proinflammatory
cytokines such as TNF.a, IL-1f, 1L-6 and IL-8 [66). Because the HPLC-
DAD is 4 quallqquantitative technique, NMR ("H and **C) and LC-MS-
MS analysis-are necessary to confirm the presence of these compounds
In pyrolytic oils from A. adstringens bark.

0

IL-17

($118)

Oil-2

Dex
Fig. 9. Effect of pyrolytic olls on the IL-17-induced production of IL-8 on HaCaT
keratinocytes. The confluent HaCaT cells were pretreated or not with pyrolytic
fractions (17.5, 35, 70 pg/ml odl-1: 15, 20, 60 pg/ml 0il-2) or Dex {5 uM) for
10 b, then cells were stimulated with IL-17 (50 ng/ml) for 14 k. IL-8 production
in HaCaT sup was | using ELISA kit. Results are expressed in
py/mL and correspond to 10° celis. The histogram represents the wan =
stundard deviation, Statistical: one-way ANOVA followed by Tukey s post hoc

test. Means without a commeon letter differ (p < 0.06),
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3.3, Toxicity of oils on HaCaT cells and effeces on IL-17-induced [L-8
production

Cell viability was determined by treating three wells of cells with
different concentrations of oil samples (25— 1600 ug/mL) during 24 h
of culture [67]. 1Cag values were (60 = 4pug/mL) and (78 = 3pg/ml)
for 0il-2 and oil-1 respectively, As observed, oil-2 was more toxic on
HaCaT cells than oil-1, likely due to a significantly higher proportion of
compounds such as hydroquinone and guaiacol, In HaCaT keratino-
cytes, quinones have been demonstrated to induce reactive oxygen
species formation and depletion of cellular glutathione, leading to the
accumulation of DNA strand breaks [65], Repeated exposure to
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guaincol produces irritation, suggesting that keratinocytes could be
toxicological targets for these compounds [69].

Flg. @ shows that the basal production of 1L-8 in HaCaT cells was
252 = 4 pp/mL whereas [L-17 stimulated 1.5 times the production of
IL-8 after 14h of treatment (p < 0.05). Interestingly, at higher and
[ntermediate concentrations tested for both pyrolytic olls, IL-8 pro-
duction did not significantly change regarding the control, but it sig-
nificantly decreased at lower concentrations of both oils. This opposite
effect could be explained considering that at the higher concentrations
close to the minimum toxicity value (1Cg), pyrolytic oils will not be
able to promote an anti-inflammatory anti-IL17 response since other
collular defense mechanisms are taking place, Interestingly, ©il-2 at a
15y/mL had an inhibitory effect on IL-8 production similar to dex-
amethasone, a drug used for psoriasis treatment [70], suggesting that
pyrolytic oils have a potential to be explored for treating this disease,

The antipsoriatic effect of pyrolytic fractions for psoriasis is complex
and mostly unknown [26], It has been proposed that most biocactive
compounds from tar are oxygenated polveyclic aromatic hydrocarbons
[26,71] and that its antipsoriatic action is mediated by the activation of
asyl hydrocarbon receptor resulting in induction of the epidermal dif
ferentiation [26.72]). Carbazole has been hypothesized to be the re-
sponstble for antipsorlatic effect of tar as it can reduce the IL-17 levels
by Inhiblting the signal transducer and actlvator of transcription 3
(STAT3) [27] but further research is necessary to elucidate other pos-
sible mechanisms mediated by relevant cytokines present in psoriasis
by which pyrolytic fractions can exhibit anti-inflammatory effects,

As described in the HPLC analysis section, some of the phenolic
compounds identified in this study.such as epigallocatechin, catechin,
and quercetin have anti-inflammatory properties [65]. Moreover, other
compounds here identified such as docosahexaenoic acid can inhibit the
secretion of the IL-8 in TNF-stimulated HaCaT cells [73]. Future studies
are necessary 1o elucidate the mechanism by which pyrolvtic oils in-
hibit the 11-8 production by blocking IL-17 pathways and the molecules
responsible for these effects.

Though the Its here p d d 1 the anti-IL17 ac-
tivity of the pyrolytic oils i vitro, these results cannot be extrapolated
to thelr use in humans, One aspect that should be evaluated on animal
models in the future Is the toxicity, mainly considering the presence of
hydroquinone and guatacol In pyrolytic olls with a recognized toxie
potential on the skin. Therefore, further investigations are needed to
determine the acute, subchronic and chronic toxicity of these pyrolytic
olls on the skin In order to prevent side effects in humans. Additlonally,
the stability of pyrolytic oils overtime should be verified to ensure the
reproductbility of the obtained results.

4. Conclusions.

The present work allowed for the first time to perform the physi-
cochemical characterization of pyrolytic fractions from extracted A
adstringens bark, This is a plant used in Mexican traditional medicine to
treat dermatological affections. The obtained results from a tandem of
analytical techniques were ¢ d in order 1o give an overview of
the molecules present in pyrolytic oils and residual biomass. Pyrolytic
oils showed significant inhibitory effects on IL-8 production, suggesting
that they have the potential to be explored for treating [L-17 driven
dermataloglieal diseases such as psorissis. [t Is worth mentioning that
oil-2 at 15pug/mL had a similar inhibitory effect on IL-8 as dex-
amethasone, o drug used for managing this disease. Results of this
work. also demonstrated that the residual biomass from A, adstringens
bark obtained after conventlonal extraction, commonly considered as a
waste, Is a valuable source of bioactive molecules. Pyrolysis of biomass
after extraction can thus be an interesting alternative that allows the
rational use of this waste for developing new therapeutic candidates
with high added value, Although these findings are encouraging, fur-
ther research is still necessary before establishing the therapestic use of
pyrolytic oils from A, adstringens bark for psoriasis. Notably, it would be
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important to identify and quantify the molecules responsible for the
anti-inflammatory activity and 1o study their impact on IL-17 related
pathways.

When compared with other groups of compounds such as sugars or
heterovyellc compounds, phenols represented the dominant group of
molecules in pyrolytic oils from A. adstringens bark. Although poly-
phenols present In solvent extracts are recognized by thelr pharnmaco-
logical properties, little is known about the action of pyrolytic phenols
ws therapeutic candidates. Therefore, this work opens the door for a
more exhaustive study of their mechanism of action,
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CAPITULO 4. Caracterizacion quimica, toxicologia y
actividad antiinflamatoria del extracto acuoso de la corteza de
Amphipterygium adstringens y sus fracciones en queratinocitos

HaCaT.
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V1.7. PREFACIO

Este capitulo es el tema del articulo titulado: “Chemical characterization, toxicology and anti-
inflammatory activity of the Amphipterygium adstringens aqueous bark extract and its solvent

fractions on HaCaT keratinocytes”. El cual se enviara proximamente a una revista cientifica.

El presente capitulo se dirige a dar respuesta a los objetivos particulares # 2 y 3. Como se explicd
en el capitulo anterior, la especie nativa de México Amphipterygium adstringens fue escogida
como un arbol prometedor. Las cortezas del arbol fueron sometidas a una extraccion con agua
caliente, siguiendo el uso tradicional reportado, y el extracto acuoso fue fraccionado por
extraccion liquido/liquido para una caracterizacion mas exhaustiva de su composicién quimica.
El extracto y sus fracciones fueron quimicamente caracterizados, se determino su toxicidad en
queratinocitos HaCaT y se evalud su capacidad para inhibir la produccion de IL-8 en un modelo
de induccion por IL-17. Los resultados mostraron un alto rendimiento de extraccion, potente
efecto anti-IL17 y una baja toxicidad del extracto crudo, por lo que fue considerado el candidato

mas prometedor.
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VI1.8.1. Abstract

Previous ethnopharmacological research on the Purépecha Plateau, Michoacan, Mexico
demonstrated that its indigenous population used topically the aqueous extract from
Amphipterygium adstringens bark to treat dermatological disorders. However, no exhaustive
investigations exist about the chemical characterization of the aqueous extract from the bark of
this tree, its toxicology and anti-inflammatory properties on skin cells. In this work, this extract
and its solvent fractions were chemically characterized by a tandem of analytical techniques
(proximate, elemental analysis, FTIR, GC-MS and UV-fluorescence). Its toxicity and potential
anti-inflammatory activity on IL-8 production of IL-17-stimulated HaCaT keratinocytes was
studied by MTT and ELISA methods respectively. Acids and aromatics were the predominant
compounds identified in all samples whereas the flamenol was the major molecule present in
the crude extract, the ethyl acetate, and the aqueous fractions. The crude extract and the aqueous
fraction were less toxic on keratinocytes and exhibited a significantly higher inhibitory activity
on IL-8 production than dexamethasone (p<0.01), a drug used for treating inflammatory skin
conditions such as psoriasis. These results support the traditional topical use of A. adstringens
bark’ decoctions by Purépechas for treating dermatological inflammatory diseases and open the

door for a more exhaustive study of its anti-IL17 mechanism.

Keywords: Amphipterygium adstringens, Anacardiaceae, aqueous extract, IL-17, psoriasis.
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V1.8.2. Introduction

Amphipterygium adstringens (Schltdl.) Standl. is an endemic tree from Mexico commonly
known as “cuachalate” and belongs to the Anacardiaceae family [1]. This medicinal plant is
widely prescribed by Mexican traditional healers since, in the pre-Hispanic period, its bark was
used to treat gastrointestinal disorders, skin affections, and respiratory problems [2].

Our recently conducted ethnopharmacological survey at the Purépecha Plateau, Michoacan,
Mexico demonstrated its ancestral population, locally recognized by its inherited knowledge on
medicinal plants, has used the aqueous extract from the bark of this specie orally and topically
to treat dermatological disorders [3]. This pharmacological potential warrant further chemical

characterization, toxicology and anti-inflammatory evaluation on skin cells.

Although previous studies report the medicinal properties of bark extracts from this tree, most
of them use organic solvent extraction methodologies with ethanol, hexane or methanol [4-9].
These extraction protocols do not reflect the traditional decoction usage form of this plant by
the Mexican population [3,10]. The anti-inflammatory effect of the aqueous extract has been
reported in two models of acute inflammation: the 12-O- tetradecanoylphorbol-13-acetate
(TPA)-induced ear edema and the carrageenan-induced paw edema (CIPE) [11]. The CIPE
represents a biphasic inflammation reaction where multiple mediators participate, whereas the
TPA-induced ear edema can be used to study the skin inflammation. The aqueous extract was
inactive to inhibit the cutaneous inflammation in TPA-model [11] which is contradictory with
the extensive use of the decoctions from the A. adstringens bark by the Mexican population to
treat dermatological conditions. The lack of data about the effects of the extracts from this specie
on the skin prompted us to evaluate the anti-inflammatory potential of the aqueous extract on
HaCaT keratinocytes.

Psoriasis is a common inflammatory skin disease that affects 2.9 % of the Mexican population
[12]. In a psoriasis context, an intricate interaction occurs between hyperproliferative
keratinocytes and the innate and adaptive immune cells [13]. Although the exact cause of this
condition is not yet known, the significant role of pro-inflammatory cytokines such as
interleukin (IL)-17 is now recognized and psoriasis is currently considered to be an IL-17 driven
disease [14]. When IL-17 binds to its receptor on the keratinocyte surface (IL-17RA), it can
induce an accelerated division of these cells, their aberrant differentiation [15], and the release
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of other pro-inflammatory mediators such as the neutrophil-attracting chemokine IL-8 which
contributes to the exacerbation of the cutaneous inflammation [15].

Biological agents that neutralize 1L-17 (secukinumab and ixekizumab) or antagonize its receptor
(brodalumab) have been demonstrated to be highly efficacious in clinical studies for psoriasis
[16]. However, some adverse events have been described with these drugs [17,18], which has
lead patients to search for complementary and alternative therapies [19]. Nowadays, the
pharmaceutical industry continues the pursuit of new therapeutic antipsoriatic candidates

effective and safe for patients [20].

Some phytochemical studies performed with A. adstringens bark have shown that the
dichloromethane  fraction contains gastroprotective triterpenoids such as 3o-
hydroxymasticadienonic acid and B-sitosterol and 3-epi-oleanolic acid [6]. Masticadienonic, a-
hydroxymasticadienonic and masticadienonic/isomasticadienonic acid mixtures were also
identified in the hexanoic bark extract from these species [21]. The presence of masticadienonic
acid and 3-hydroxymasticadienonic acid has also been reported in the methanolic bark extract
from this tree [22]; whereas anacardic acids, recognized by their anti-inflammatory properties

have been identified in the ether fraction [23].

Up to date, most of the phytochemical investigations to characterize the bioactive compounds
present in A. adstringens bark have been made in the nonpolar extracts and little is known about
the identity of the major compounds present in the aqueous extract. This constitutes an important
limitation since Mexican traditional medicine mostly employs aqueous preparations from this
plant [3,10].

Regarding the toxicology studies, the methanol-chloroform extract (1:1) from A. adstringens
bark showed no toxic effect against Artemia salina (LCs0>1000 pg/mL) or against a mice model
(LDso>5000 mg/kg) [24]. The toxicity of the aqueous extract from this plant on the skin or

cutaneous-related cells is unknown.

Taking into account the traditional dermatological use of A. adstringens by Purépechas and the
Mexican population and the fact that little is known about the phytochemistry, toxicology and
anti-inflammatory character of the aqueous extract on the skin cells, this study aimed to the
chemical characterization of the A. adstringens aqueous bark extract and its solvent fractions

and to analyze their toxicology on HaCaT keratinocytes. Moreover, their capacity to inhibit the
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IL-8 production on IL-17-stimulated HaCaT keratinocytes was also studied to propose future
applications for treating inflammatory skin conditions such as psoriasis.

VI1.8.3. Material and methods

The experiment procedure of the present work is divided into four major steps. In the first step,
A. adstringens bark was subject to a hot water extraction and afterward fractionated with hexane,
ethyl acetate and water to obtain the phases A, B, and C respectively. In the second step, the CE
and the fractions were chemically characterized by a tandem of analytical techniques to have an
overview of the molecules present in each sample. As the DBP is the starting material, and its
composition can affect the chemical composition of the extract and its fractions, it was also
characterized in this step. The third step consisted of the analysis of the toxicology of the CE
and its fractions on HaCaT keratinocytes. Finally, the anti-inflammatory character of the CE
and the solvent fractions on the I1L-8 production on HaCaT keratinocytes stimulated with 1L-17
was determined and compared to that of dexamethasone. Each of these major parts will be more

exhaustively explained in the sections that follow.

V1.8.3.1. Botanical identification and solvent extraction

Botanical identification: The bark from A. adstringens was collected from Michoacén state,
Mexico. Bark samples were taken in a single strip approximately 50 cm long by 8 cm wide and
less than 3 cm thick from 20 trees that had not been previously barked with an age between 20—
25 years (20—25 cm diameter) avoiding affecting its viability. Botanical characterization was
performed by Dr. Emmanuel Pérez-Calix and a sample deposited in the IEB herbarium located
in Patzcuaro, Michoacan, Mexico (voucher number: 256881) (collection date 07/01/2017).
Before extraction, the bark was washed and oven-dried (40+2 °C) by 48 h, then it was grounded

at a particle size of < 800 um.

Solvent extraction: Considering that the decoction was reported to be used to treat
dermatological conditions by Purépechas [3], in this work the DBP (40 g) was subjected to hot
water extraction (400 mL) for 1 h to simulate this traditional use. The CE was then concentrated

under vacuum (60 °C, 29 kPa) and solvent fractionated. Thirty grams of CE were resuspended
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in 300 mL water, decanted through a 100-mL Gooch crucible (Pyrex®, 40-60 um, coarse
porosity) and the filtrate collected in a 500 mL Erlenmeyer flask. In a separation funnel, the
aqueous solution was first extracted with hexane (3 x 100 mL, phase A) and ethyl acetate (3 x
100 mL, phase B) whereas the remained aqueous solution was called phase C. The three phases
were evaporated under vacuum to remove hexane (40 °C, 23 kPa), ethyl acetate (60 °C, 21 kPa)
and water (60 °C, 29 kPa). The CE and fractions were kept under refrigeration (4 °C) until

further analyses.

V1.8.3.2. Chemical analysis of the starting material, the CE and its fractions

Py-GC-MS of the starting material: The Py-GC-MS analysis was conducted on the DBP using
an Agilent Technologies 6890N Gas Chromatograph linked to Agilent 5975B Mass Selective
Detector (column: 30 mx250 umx0.25 um) with NIST 2.0 f Mass Spectral Search Program.
The DBP sample (=0.5 mg) was introduced in the probe interface using a CDS Analytical
Pyroprobe 5000 Series and the analytical method used was described by Ayania et al. [43]. The
compounds were identified by combining the data from the Mass Spectral Library and literature

data, and these were classified into the different chemical groups as previously described [30].

Proximate and elemental analyses: Fixed carbon, volatiles, and the ash content of DBP, CE and
phases A-C were determined with a Mettler Toledo thermogravimetric analyzer (SDTA851e)
equipped with STARe data analysis software for obtaining TGA/derivative of
thermogravimetric curve (DTG) data curves. The carbon, hydrogen, nitrogen and sulfur contents
of the aforementioned samples were determined using a Leco TruSpec Micro elemental
analyzer. The oxygen content was obtained by difference after considering the ash content on a

dry basis. Both analyses were performed according to the methods previously described [30].

FTIR analysis: FTIR spectra of DBP, CE, and phases A-C were obtained using a Shimadzu
IRPrestige 21 spectrometer. For the analysis of functional groups, a background correction was

done on each spectrum [30].

GC-MS: The CE and phases A-C were analyzed by GC-MS using an Agilent Technologies
7890 A GC set up (Agilent 19091S-433 HP-5MS column: 325 °C: 30 mx250 umx0.25 pum,
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Agilent 5975 C MS with NIST 2.0 f Mass Spectral Search Program) using a method previously
described [29].

UV-fluorescence: The analysis was based on the methodology described by Garcia-Pérez and
collaborators [29]. CE and phases A-C were diluted in HPLC grade methanol at 10 ppm and
analyzed on Shimadzu RF 5301 pc spectrometer with the software Panorama Fluorescence 2.1.

V1.8.3.3. Toxicological evaluation of the CE and its fractions on HaCaT cells

CE and phases A-C were evaluated on HaCaT keratinocytes by the MTT method (R&D
Systems) through the determination of the initial toxicity value (ICg0) [38]. The ICqo represents
the minimal toxic dose of extract causing 10% reduction of cell viability compared with

untreated cells. MTT test is a measure of toxicity on the mitochondria.

Cell culture and MTT assay: Human HaCaT keratinocyte cell line was purchased from
AddexBio. HaCaT cells were cultured in DMEM high glucose with sodium pyruvate (Sigma
Aldrich) and supplemented with 100 U/mL penicillin (Sigma Aldrich), 100 pg/mL streptomycin
(Sigma Aldrich), and 10% fetal bovine serum (Thermo Fisher Scientific) in a humidified
incubator containing 5% CO> at 37 °C. Only cells at 80% confluence were used in experiments
as previously described. MTT assay was performed as previously described [30]. CE and phases
A-C from A. adstringens (25-1600 pg/mL) diluted in DMEM medium with 0.2% ethanol was
added to HaCaT cells and incubated for 24 h. The cells were washed with PBS and a solution
of MTT (1 mg/ml in PBS) was added to each well with fresh medium and incubated for 4 h at
37 °C. Formazan crystals were dissolved with 0.2 mL of acidic isopropanol and absorbance was
read at 570 nm with an Accuris SmartReader 96. The 1Cq values were estimated from the dose-

response curve, using a non-linear regression algorithm.

V1.8.34. Anti-inflammatory activity on HaCaT cells

HaCaT cells were seeded into 24-well plates until 80% of confluence and subsequently
synchronized by serum deprivation during 12 h. After this time, the cells were pre-treated or not
for 10 h with dex (5 uM, Sigma Aldrich), CE and phases A-C from A. adstringens bark at
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concentrations lower than 1Cgqo values. Later, 1L-17 (50 ng/mL, Thermo Fisher Scientific) was
added to cell cultures for 14 h to induce IL-8 production. IL-8 amounts in [I-17 HaCaT
supernatants were measured using Human IL-8/CXCL8 DuoSet ELISA kit (R&D Systems)

according to the manufacturer’s protocol. The detection limit for IL-8 production was 30 pg/mL.

VI1.8.4. Results and Discussion

This study presents novel results regarding the chemical characterization, the toxicological and
anti-inflammatory analyses of the aqueous extract from the A. adstringens bark and its solvent
fractions on HaCaT keratinocytes.

The yield of crude extract (CE) was 28.6+2.1% (w/w respect to the dry bark powder (DBP)).
This recovery was higher than that previously reported (14.4%) [11]. As to the liquid-liquid
fractionation, the phase C (aqueous fraction) exhibited a higher recovery (10.2+1.9%) than the
phase A (hexanoic fraction, 5.3+0.1%) followed by the phase B (ethyl acetate fraction,
4.9+0.1%). In a previous study in which the methanolic extract from A. adstringens bark was
fractionated with hexane, ethyl acetate and water, higher yields were also observed in the
aqueous phase [6], probably due to the presence of polar molecules with high molecular weight

such as tannins.

Considering that the A. adstringens bark was the starting material and that biomass composition
may change according to the collection site with the consequent variation of the chemical
composition of the extract and its fractions, a characterization of the DBP by pyrolysis—gas
chromatography mass spectrometry (py-GC/MS) was firstly performed. Fig. 18 shows the
pyrogram whereas the list of major identified peaks is presented in Table 9.
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Fig. 18. Py-GC/MS analysis chromatogram of dry bark powder from A. adstringens.
List of the numbered compounds is shown in Table 9.

Table 9. Py-GC/MS characterization of dry bark from A. adstringens.
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Carbon dioxide

Nitrous oxide
n-Hexylmethylamine

Butanal

Toluene

Benzaldehyde

Phenol

Cyclotetrasiloxane, octamethyl-
Phenol, 2-methyl-

Phenol, 4-methyl-

Phenol, 2,4-dimethyl-
Naphthalene, 2,6-bis(1,1-dimethylethyl)-
Phenol, 2,6-dimethoxy-
1,6-Anhydro-B-D-glucopyranose
Ethyl-a-d-glucopyranoside
Unknown

n-Hexadecanoic acid

2.10
212
2.24
3.11
412
8.06
8.65
8.84
10.38
10.90
12.64
15.28
16.97
20.07
20.08
24.42
28.56

o
0
AM
AD
.
AD*
p
0
p
p
p
x
p
S
S

AC

Groups: Phenol (P), Aromatic (*); Amine (AM); Sugar (S); Acid (AC); Aldehyde (AD); Others (O)

Aromatic compounds related to lignin degradation reached 43% from the total identified

compounds with 71% of them being phenols.

In  contrast,

sugars derived from

cellulose/hemicellulose degradation represented only 12.5% from the total compounds. This
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correlates with previous studies that highlighted the importance of lignin content in barks [25].
Indeed, the predominant peaks (7 and 10) were phenols.

The pyrogram also showed the presence of the fatty acid, hexadecanoic acid, in the A.
adstringens bark. The anti-inflammatory activity of an ethanolic extract from A. adstringens
bark has been related to the content of fatty acids [5]. The ethyl-a-d-glucopyranoside, here
identified has been previously reported in rice wine and showed photoprotective activity in rat
skin exposed to UVB-radiation [26]. Similarly, when it was isolated from Stichopus japonicus
Sel., it inhibited the activity of tyrosinase, an enzyme that participates in cutaneous

hyperpigmentation [27].

Table 10 presents the proximate and elemental analysis of the A. adstringens bark, CE, and
fractions. The volatiles' content of this bark was similar to those reported for pine (68.21%) and
eucalyptus (68.73) barks, whereas the fixed carbon content was comparable to that of pine park
(25.27%) [28]. In contrast, A. adstringens bark had a higher ash content than those of the pine
and eucalyptus bark (1.52 and 4.22%, respectively). In terms of the elemental analysis, the
content of oxygen was greater in A. adstringens bark than in the aforementioned barks, which
could be related to the presence of oxygenated compounds such as phenols previously described
in this species [10]. in the A. adstringens bark, the sulfur content was not detectable while in the
pine and eucalyptus barks a minimal presence of it (0.03 and 0.04, respectively) has been
reported [28]. However, as shown in Table 10 when fractionating the CE with hexane, ethyl
acetate and water, the sulfur concentration increased compared to the starting extract and the
bark. This noted surge in sulfur content after fractionation is in agreement with results
previously described for other species such as Petiveria alliacea L. [29].

Thermogravimetric analysis (TGA) of the dry bark, the crude aqueous extract and its fractions
are presented in Fig. 19. TGA curve represents the weight loss depending on the volatility and
thermal stability of the chemical compounds present in the samples [30]. The greater weight
loss from the DBP could be related to a higher concentration of volatiles as compared with the
CE and the fractions (Fig. 19-A). All these samples showed a faster change in the range of 200
to 300 °C (Fig. 19-B), which can be related to the presence compounds such as monophenols,

monosugars and furans [31], some of them identified in the GC-MS analysis.
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Table 10. Proximate and elemental analysis of A. adstringens bark, crude extract and fractions.

Proximate analysis (wt. %)
Moisture? 6.7+0.1 3.9+0.5 6.1+0.2 5.5+0.1 6.4+0.3
Volatiles® 69.4+0.9 54.5+0.4 56.9+0.4 55.24+0.8 53.3+0.8
Fixed carbon® 22.1+0.1 36.5+1.0 31.4+3.4 35.5+0.0 33.7£0.5
Ash® 8.5+1.0 9.0+1.4 11.7+3.0 9.3+0.9 13.0+0.3
Elemental analysis (wt. %)
CP 45.2+0.03 18.6+0.21 42.6+0.08 45.1+0.11 43.3+0.74
HP 5.1+0.01 8.4+0.05 4.7+0.00 4.2+0.03 3.9+0.14
NP 0.6+0.01 0.1+0.02 0.2+0.00 0.2+0.00 0.2+0.01
sP 0.00+0.00 0.01+0.00 0.32+0.02 0.26+0.00 0.24+0.02
oc 40.55+1.0 63.85+1.5 40.47+2.8 40.94+1.0 39.28+1.17

aAs-received basis. PDry basis. °By difference. Carbon (C), Hydrogen (H), Nitrogen (N), Sulfur (S), Oxygen (O).
Data represent mean + SD of two experiments.
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Fig. 19. TGA (A) and DTG (B) curves for the dry bark, crude aqueous extract and its fractions from A.
adstringens.
DBP (dry bark powder), CE (crude aqueous extract), phase A (hexane), phase B (ethyl acetate), and phase C
(aqueous fraction).

The FTIR analysis provides information on certain functional groups of chemical families in the
studied natural samples [31]. Fig. 20 (supporting information) shows the infrared spectrum of
the DBP, CE and phases A-C. O-H and N-H bonds generated stretching vibrations between
3600-3100 cm™ which correspond to water, alcohols or some amines [31]. Aliphatic and

aromatic compounds presented stretching signals for the C-H bond in the range of 3000 to 2800
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cmt. These peaks were more intense in phase B, which agrees with the GC-MS analysis that
showed a higher proportion of aromatic compounds in this phase (44.4% of the identified
compounds from phase B). The C=0 signal characteristic for aldehydes, ketones, carboxylic
acids and esters was less visible in the CE and phases A and B between 1780-1680 cm™
regarding DBP and phase C. In all samples, the stretch signal for C=C at 1680-1530 cm™ was
intense and was associated with conjugated aromatic systems. The C-O bond had the most
intense signals in the spectra between 1520-1250 cm™ associated with another signal at 1050
cm* which could indicate the presence of oxygenated compounds such as terpenes, acetates or
anhydrides [31]. Overall, the FTIR spectrum revealed an abundance of functional groups in the
DBP, CE and fractions linked with the presence of bioactive aromatic or cyclical compounds

such as phenols or terpenes previously described for this species [5].
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Fig. 20. FTIR spectra of the dry bark, aqueous crude extract and fractions from A. adstringens.
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The CE and the A-C phases from A. adstringens bark were analyzed by GC-MS. Fig. 21 shows
the chromatograms of each sample and Table 11 reports the name of the numbered compounds.
Acids and aromatics were the predominant identified compounds in all samples. Within the
aromatics, phenols represented the most extracted compounds, mainly in CE and phase B (=
62%). Flamenol, one of the major compounds was concentrated in a greater proportion in phases
B and C. This is the first report for this phenolic compound in the Amphipterygium genus, but
it has also been described in seeds of Terminalia chebula Retz. [32] and in Sinapis alba L., a
plant recognized by its antibacterial activity [33]. Hydroquinone, identified in the CE and phases
B and C, has been used for the treatment of various skin hyperpigmentation disorders [34]
whereas pyrogallol, present in the CE and phase A has been topically used for psoriasis
treatment [35].
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Fig. 21. Chromatograms obtained by GC-MS in aqueous bark extract from A. adstringens and its solvent
fractions.

Phase A (hexane); B (ethyl acetate) and C (aqueous fraction) (list of the numbered compounds is shown in Table
11).
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Table 11. Compounds identified by GC-MS in the crude aqueous extract from A. adstringens bark and its

fractions.

1 Metil formate 9.56 v v v v E
2 Hydrazine, ethyl- 12.41 v )
3 Acetic acid, methyl ester 14.15 v v v v AC
4 3,3-Dimethylacrylic acid 19.48 v v v AC
5 Pyruvic acid 21.32 v v v v AC
6 Glycoaldehyde dimethyl acetal 23.11 v v AD
7 Propanoic acid, 2-oxo-, methyl ester 24.11 v v v v E
8 Proline, 2-methyl-5-0x0-, methy| ester 31.23 v E
9 Acetic acid, hydrazide 33.53 v v v v AC
10  2-Propanone, 1,3-dihydroxy- 36.13 v v v v K
11  Picolinic acid N-oxide 38.51 v v AC
12 (S)-(+)-3-Hydroxytetrahydrofuran 41.43 v 4 v v F

4H-Pyran-4-one, 2,3-dihydro-3,5-
13 dinydroxy-6-methyl- sl g Y X
14 Thiophene-3-ol, tetrahydro-, 1,1-dioxide 44,31 v v 4 A
15  7-Octen-2,6-diol, 2,6-dimethyl- 47.02 4 v A
16 eBSLtJ;?nEdiOiC acid, methoxy-, dimethyl 50.68 v v v AC
17  Unknown 50.88 v v -

3,5-Dimethyl-1-
18 dimethylphenylsilyloxybenzene 5379 Y Y Y o~
19  11-Tricosene 54.41 v v 0

Carbonic acid, ethyl 3-(1-
20 methylethoxy)phe?:yl e(ster 5726 Y Y Y E*
21  Hydroguinone 58.48 v v v p*
22 2-(Methylmercapto)-benzothiazol 59.63 v v v o*
23 Benzeneethanol, 4-hydroxy- 61.28 v v v v p*
24 Homovanillyl alcohol 62.55 v v v p=*
25  Pyridine, 4-tert-butyl-2-(tert-butylthio)- 63.21 v v 0
26 Unknown 66.12 4 v -
27  Flamenol 68.34 v v v v p*
28  Pyrogallol 75.74 v v p*

Retention time (RT, min). Groups: Alcohol (A); Furans (F); Ketone (K); Phenol (P), Aromatic (*); Acid (AC);
Aldehyde (AD); Ester (E); Others (O)

UV-fluorescence has been used in the analysis of natural extracts to identify compounds capable
of emitting fluorescence, mainly phenolics [29]. Phenolic compounds can be present in plants
as monomers, short conjugated ring systems and as polycondensed structures [36]. Fig. 22
shows that the spectra of all samples had the highest intensity peak in the range from 260 to 290
nm, which could be related to a greater amount of monophenols of a small structure. The higher
proportion of monophenols in the CE could be explained by the presence of a larger diversity
of molecules in this CE compared to its fractions. It is worth noting the significantly more
intense signal related to the monophenols of phase B as compared with phases A and C (Fig.

22). Ethyl acetate has been described as a good solvent to extract phenols of low molecular
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weight [37]. Interestingly, phase C presents signals from short conjugated systems and
polycondensed structures in the range of 290 to 340 nm. It could indicate a higher diversity of

polyphenolic structures as tannins in this phase as compared with phases A and B.

Monophenols — CE
¢ --=-= Phase A (hexane)
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conjugated
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Wavelength (nm)

Fig. 22. UV-fluorescence spectra of the crude extract and its fractions from A. adstringens bark.

The toxicological MTT test performed on HaCaT cells through the determination of the
minimum toxic dose (ICe0) showed that phase C had the lowest toxicity with an
1C90=911.3£10.8 ug/mL followed by phase A (ICgo= 283.2+7.2 ug/mL), the CE (IC90=22316
pg/mL) and then phase B (ICg0=74.0+£5.5 pg/mL), respectively. According to the UV-
fluorescence analysis, phase C presents a higher abundance of dimers, short conjugated
molecules, and polycondensed structures when compared to phases A and B. Proanthocyanidins
are a group of biologically active oligomeric and polymeric bioflavonoids which can be obtained
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in the aqueous fraction [38]. These compounds have protective effects on keratinocyte’s UV-
induced oxidative stress and could be related to the lower toxicity observed in phase C compared

to phases A and B [39].

Fig. 23 shows the anti-inflammatory activity of CE and its fractions at concentrations lower than
ICg oOn IL-17-induced IL-8 production on HaCaT keratinocytes. Results were compared with
dexamethasone (dex), a drug used for psoriasis treatment. Dexamethasone has demonstrated to
decrease the deleterious Th17 immune response in a model of arthritis [40] showing anti-1L17
activities on articular chondrocytes [41]. As shown in Fig. 23, the CE and all fractions
significantly decreased (p <0.05) the IL-8 release from keratinocytes. Interestingly, the CE and
phase C, at all tested concentrations, demonstrated to be more potent than dexamethasone by

significantly decreasing the IL-8 production under basal concentrations.
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Fig. 23. Effect of crude extract and phases A-C from A. adstringens bark on the 1L-17-induced production
of IL-8 on HaCaT keratinocytes.

The confluent HaCaT cells were pretreated or not with crude extract and phases A-C (ug/mL) or dexamethasone

(dex, 5 uM) for 10 h, then cells were stimulated with IL-17 (50 ng/mL) for 14 h. IL-8 production in HaCaT

supernatants was measured by ELISA. Results are expressed in pg/mL and correspond to 108 cells. The histogram

represents the mean + standard deviation. Statistical: one-way ANOVA followed by Tukey’s post hoc test. Means

without a common letter differ (p<0.05).
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In a previous study, it was demonstrated that a pyrolytic oil from the bark of this tree had a
comparable anti-inflammatory effect as dexamethasone [30]. However, the results here
presented show a more important anti-inflammatory effect of CE and fraction C on the IL-8
production (p<0.01). This can be explained by the higher diversity of chemical structures present
in both samples. Most of the identified compounds with variable structures are present in CE,
while phase C is rich in dimers, small conjugated structures and polycondensed molecules which
could significantly contribute to the IL-17 inhibition. It has been reported that proanthocyanidins
inhibit the IL-17 in human pulmonary epithelial cells by blocking mitogen-activated protein
kinases and nuclear factor-xB-mediated signaling pathway [42]. Further research is needed to
elucidate the involved anti-inflammatory mechanism from CE and phase C and the molecules

responsible for this activity.

Overall, our results demonstrate for the first time the significant anti-inflammatory effect and
low toxicity of the CE and aqueous fraction on HaCaT keratinocytes, which supports the
traditional topical use of A. adstringens bark’ decoctions by Purépechas for the treatment of
dermatological diseases and opens the door for an exhaustive study of their anti-1L17
mechanism. Acids and aromatics were the predominant compounds identified in all samples.
Moreover, flamenol, a phenol identified for the first time in the Amphipterygium genus, was the
major compound in CE and phases B and C. Other investigations should be performed to
determine the anti-inflammatory properties of flamenol and quantify this molecule into the

analyzed samples.
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VI1.DISCUSION GENERAL

El presente trabajo se enmarca en una vision de desarrollo farmacéutico, donde se sigui6 un
enfoque etnofarmacolodgico para la busqueda de candidatos terapéuticos de origen natural con
posible actividad antipsoriasica. La region de la Meseta Purépecha se seleccion6 como area de
estudio para la realizacion del estudio etnofarmacoldgico de partida (Fig. 1-Capitulo 1), ya que
las caracteristicas culturales de su poblacion y la diversidad bioldgica de su territorio favorecen
que la préctica de la medicina tradicional continle vigente. Ademads, ninglin estudio
etnofarmacoldgico habia sido reportado con relacion al tratamiento de enfermedades

dermatoldgicas por esta poblacion, lo que garantizé la novedad de la investigacion presentada.

Se identificaron 97 plantas medicinales para el tratamiento de afecciones dermatoldgicas
utilizadas por los habitantes de esta region (Esquivel-Garcia et al., 2018b) y 19 condiciones
dermatoldgicas entre las que destacaron el tratamiento de heridas (40.20%), inflamacion de la
piel (37.11%) y erupciones cutaneas (37.11%) (Fig. 4-Capitulo 1, Apéndice-Capitulo 1).
Ademas, se constato que las partes aéreas, las hojas y las flores son los tejidos mas empleados,
los que se usan preferentemente por via oral en forma de infusiones y cocimientos (Fig. 5-
Capitulo 1). Una observacion interesante es que a diferencia de otros estudios
etnofarmacoldgicos centrados en enfermedades de la piel (Afolayan et al., 2014; Njoroge &
Bussmann, 2007; Sharma et al., 2014) los Purépechas prefieren el uso de preparaciones por via
oral en lugar de la administracion tdpica, esto debido a que poseen la creencia de que las

enfermedades dermatoldgicas se deben a una contaminacion sanguinea interna.

La comparacion con la literatura etnomedicinal permitio registrar por primera vez 8 nuevas
plantas utilizadas para tratar afecciones de la piel (Eryngium beecheyanum, Tagetes remotiflora,
Tournefortia mutabilis, Equisetum hyemale var. affine, Clinopodium macrostemum, Salvia
leucantha, Sida haenkeana y Urtica subincisa). Desde el punto de vista etnofarmacoldgico, se
trata de una nueva informacion que podria servir para el desarrollo de nuevos candidatos
orientados a tratar este tipo de patologias. Ademas, permite la difusién del conocimiento
heredado de generacion en generacion por los Purépecha sobre las preparaciones herbolarias

para enfermedades cutdneas. Lo anterior sirvio para confeccionar un catadlogo
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etnofarmacoldgico de la zona con caracteristicas similares a los ya publicados en otras regiones
del mundo (Prashantkumar & Vidyasagar, 2008; Sharma et al., 2014).

A partir de la informacidn etnofarmacoldgica, se determinaron las 10 plantas con mayor valor
de uso (Fig. 6-Capitulo 1). De estas plantas se seleccionaron dos especies mexicanas (una
herbacea y un &rbol) que se emplearon en etapas sucesivas de la investigacion para la busqueda
de compuestos prometedores como tratamientos antipsoriésicos. Tres criterios fundamentales
se consideraron en la eleccion de ambas plantas: 1) ser altamente reportadas por los Purépechas;
2) ser nativas de México; 3) no haber sido farmacoldgicamente estudiadas para el tratamiento
de enfermedades dermatologicas. La logica tras la eleccion de una planta herbécea y un arbol
estuvo motivada por las diferencias en cuanto a la composicidon quimica de ambas especies,
respecto al tipo de compuestos extraibles y lignina, con el consiguiente impacto en la diversidad
de moléculas obtenidas en los extractos convencionales y aceites piroliticos, asi como en su
actividad bioldgica. En consecuencia, la especie herbacea conocida cominmente como ortiga
(Urtica subincisa), identificada como la quinta planta con mayor valor de uso, y el arbol de
cuachalalate (Amphipterygium adstringens), séptimo reportado con mayor valor de uso, fueron

seleccionados para etapas subsecuentes de la investigacion.

El cuachalalate (Fig. 17) se utiliza desde tiempos prehispanicos en el tratamiento de Ulceras
gastricas y hay registro en la literatura cientifica de que algunos de sus compuestos tienen accion
antimicrobiana y antiinflamatoria (Mata et al., 2019). En la region de la Meseta Purépecha su
corteza es preparada como cocimiento, tomada oralmente y/o usada para lavar las areas de piel
afectada por cortaduras, inflamacion, quemaduras, sarpullido, infecciones con abscesos,
picaduras de insectos (Apéndice-Capitulo 1). Con respecto a la ortiga (Fig. 10) en la literatura
solamente se menciona el uso de las partes aéreas en la medicina tradicional sin una aplicacién
en particular (Steinmann, 2005), y no hay estudios de su composicion quimica, acciones
farmacoldgicas o toxicoldgicas. En la etnomedicina Purépecha se describe que el extracto
etanolico de sus partes aéreas es utilizado por via topica en forma de fomentos, mientras que la
infusion se administra oralmente para el tratamiento de inflamaciones cutaneas, varices y

erupciones (Apéndice-Capitulo 1).

Posterior a la recoleccion, preparacion de las muestras y depésito en el herbario del Instituto de

Ecologia del Bajio (IEB) de ambas plantas se obtuvieron los extractos crudos convencionales
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apegandose a la forma de uso tradicional, los que fueron fraccionados utilizando tres solventes
de menor a mayor polaridad (hexano, acetato de etilo y agua) con vistas a caracterizarlos mas
exhaustivamente desde el punto de vista quimico. Las fracciones resultantes fueron
denominadas fases A, B y C, respectivamente. La biomasa residual libre de extractivos (mas del
60% de la muestra inicial) fue sometida a un proceso de pirdlisis lenta (Fig. 2-Capitulo 3). Este
procedimiento permitié el aprovechamiento integral del material bioldgico y se amplié la
cantidad de compuestos bioactivos obtenidos, ya que los aceites piroliticos presentaron en su
composicion compuestos provenientes de la degradacion de la celulosa, hemicelulosa y lignina,
imposibles de obtener con métodos convencionales de extraccion (Mohan et al., 2006). Los
extractos crudos, sus fracciones y los aceites piroliticos de ambas plantas fueron caracterizados
guimicamente, ademas de que se determino su toxicidad y efecto sobre la produccién de IL-8

en queratinocitos HaCaT estimulados con IL-17.

Con respecto al rendimiento de extraccion, el extracto crudo de A. adstringens presento el mayor
rendimiento de extraccion (28.6 %) comparativamente a 13.4 % del extracto etandlico de U.
subincisa. Con relacién a la extraccion liquido/liquido en ambos casos, la fraccion acuosa
gener0 los mayores rendimientos, mientras que el aceite pirolitico 2 comparativamente al aceite
pirolitico 1 fue el que se obtuvo en mayores cantidades (13.8 y 10.0 % para A. adstringens y U.
subincisa respectivamente). El andlisis realizado por GC-MS permitié constatar que la
composicion quimica de los extractos convencionales de ambas plantas fue variable tal y como

se esperaba dada su naturaleza (Stevanovic, 2005).

El extracto etandlico de U. subincisa presentd una alta concentracion de esteres (25% de las
moléculas identificadas), mientras que los compuestos fendlicos y acidos prevalecieron en el
extracto acuoso de A. adstringens (19 % de las moléculas reportadas para ambos grupos).
Ademas de las variaciones en las proporciones relativas de los compuestos identificados, los
compuestos mayoritarios fueron diferentes en ambos extractos convencionales. El extracto
etanolico de U. subincisa demostro ser rico en linoleato de etilo, mientras que el extracto acuoso
derivado de cortezas de A. adstringens mostro altas concentraciones del compuesto fendlico
flamenol. La presencia de esta molécula es documentada por vez primera para el género

Amphipterygium.
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Las moléculas mayoritarias de los aceites piroliticos también mostraron variaciones
relacionadas con la especie analizada. En el caso de U. subincisa, el indol y el fenol mostraron
una prevalencia en el aceite pirolitico-1, mientras que el aceite pirolitico-2 demostro ser rico en
3,4,5 trimetilpirazol y fenol. En el caso de A. adstringens existe una gran similitud entre los
compuestos presentes en el aceite pirolitico-1 y el aceite pirolitico-2, aunque las areas de los
picos difirieron cuando se compararon ambos aceites. Por ejemplo, el guaiacol, un producto de
degradacion de la lignina (Mohan et al., 2006) estuvo presente en mayor proporcion en el aceite
pirolitico-2, mientras que ocurre lo contrario con el siringol que estuvo presente en una

concentracion mas alta en el aceite pirolitico-1.

Las diferencias observadas en cuanto a la composicién quimica de los extractos convencionales
y aceites piroliticos de U. subincisa y A. adstringens podran explicarse por la propia naturaleza
de las plantas estudiadas. En general se considera que las plantas lefiosas tienen un contenido
elevado de compuestos fendlicos como taninos, lignanos y estilbenos, mientras que las
herbaceas suelen ser ricas en flavonoides y acidos fendlicos (Gomez-Fuentes-Galindo et al.,
2017). Ademas, los aceites piroliticos pueden contener compuestos diferentes dadas las
diferencias en cuanto a la composicion de la lignina, el tipo de planta, la etapa de desarrollo,

lugar de crecimiento y anatomia propia de la especie analizada (Sykes et al., 2009).

El andlisis de la toxicidad de las muestras analizadas sobre los queratinocitos HaCaT se realiz6
siguiendo el método de MTT mediante la determinacion de la concentracion toxica minima
(ICg0). Tanto para U. subincisa, como para A. adstringens la muestra con mayor toxicidad estuvo

representada por el aceite pirolitico-2.

Comparando la toxicidad de las muestras con el contenido de compuestos fendlicos
identificados por las distintas técnicas analiticas se puede apreciar que a mayor concentracion
de fenoles se constatd una mayor toxicidad sobre los queratinocitos. De hecho, en el caso de U
subincisa se encontr6 una correlacion indirecta entre el contenido de fenoles totales y el valor
de la ICqo, representativo de una mayor toxicidad (r=-0.5209; p=0.0266). De igual manera, para
A. adstringens, pudo apreciarse que las muestras con mayor toxicidad correspondian a aquellas
con altos contenidos de fenoles, segun el analisis por GC-MS y FTIR. Es conocido que fenoles
utilizados en formulaciones tradicionales y farmacéuticas pueden producir erupciones cutaneas,

inflamacion dérmica y dermatitis de contacto (Murray et al., 2007). La toxicidad de estos
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compuestos fendlicos dependerd no solo de su concentracion e hidrofobicidad (Newby et al.,
2000), sino también de la generacion de radicales libres y especies reactivas de oxigeno (Gami,
2014).

Aunque la presencia de fenoles podria afectar la toxicidad, su sola aparicion no es suficiente
para explicar en su totalidad los efectos toxicos observados en las muestras analizadas. Si bien
en el caso de A. adstringens la mayor toxicidad estuvo en la fase B y los aceites 1-2, que
mostraron el mayor contenido fendlico, el aceite pirolitico-1 de U. subincisa que mostré una
preponderancia de estos compuestos de acuerdo con la evaluacion del contenido de fenoles
totales, GC-MS, FTIR y analisis de UV fluorescencia, fue menos toxico que las fases A-B y el
aceite pirolitico-2 de esta misma planta. Por lo tanto, se propuso la hipdtesis de que la toxicidad
en los queratinocitos pudiera también estar relacionada con la proporcion relativa de los
compuestos quimicos dentro de la muestra, lo que podria conducir a interacciones entre las
moléculas que finalmente se traducirian en efectos nocivos para las células. Otros estudios
toxicoldgicos in vitro e in vivo deben ser realizados para determinar con precision la naturaleza

de las moléculas que impactan sobre la toxicidad en los queratinocitos y sus dosis umbral.

Los extractos crudos de ambas plantas, sus respectivas fracciones (fases A, By C), asi como los
aceites piroliticos 1 y 2 de cada una de las especies analizadas fueron evaluados a
concentraciones no citotdxicas con relacion a su efecto inhibitorio sobre la produccion de 1L-8
en un modelo in vitro de induccién por IL-17 en queratinocitos HaCaT. Se escogio este modelo
por varias razones: a) el reconocimiento del papel significativo de la IL-17 en la patogénesis de
la psoriasis; b) el papel de los queratinocitos como células cruciales que promueven los efectos
proinflamatorios de esta citocina a nivel epidérmico (Moos et al., 2019); c) la correlacion de los
niveles de IL-8 con la gravedad de la psoriasis (Arican et al., 2005). En consecuencia, para el
cribado farmacologico, se considerd que la inhibicion de la produccion de IL-8 por los
queratinocitos HaCaT estimulados por IL-17 seria un buen modelo in vitro para detectar el
potencial antiinflamatorio de los extractos solventes y bio-aceites y su posible aplicacion para

la psoriasis. Lo anterior con el objetivo de seleccionar la especie mas prometedora.

La produccion basal de IL-8 en células HaCaT fue de 252+4 pg/ml, mientras que la IL-17
estimul6 1.54 veces la produccién de IL-8 después de 14 horas de tratamiento (p <0.05). En el

caso de U. subincisa (Fig. 16), los extraibles mostraron un efecto proinflamatorio y no
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inhibieron la produccién de 1L-8, excepto cuando la fase C fue probada a la concentracién mas
baja de 27.5 ug/mL, generando una disminucion en los niveles de IL-8 hasta las concentraciones
basales; mientras que el aceite-2 a una concentracion de 7.5 pg/mL provoco una disminucion
significativa de IL-8 inferior a las concentraciones basales en forma comparable a la
dexametasona. Uno de los resultados mas inesperados fue el significativo efecto proinflamatorio
observado en la fase B de U. subincisa. Uno de los principales compuestos identificados en esta
fase es el fitol, al que se le han demostrado actividades proinflamatorias y promotoras de
tumores en piel de raton (Kagoura et al., 1999). Los derivados de fitol son inductores potentes
de citocinas como la IL-17 (Roy Chowdhury et al., 2013) y pueden estimular al factor de
transcripcion NF-xB (Ghosh & Chowdhury, 2013) vinculado a la produccion de IL-8. Los
inmunoestimulantes basados en fitol pueden aumentar la expresion de CXCL1, un equivalente
murino de 1L-8 (Chowdhury & Ghosh, 2012), por lo que creemos que la importante presencia
de fitol en la Fase B podria explicar, al menos parcialmente, la actividad proinflamatoria
encontrada. Ademas, la presencia significativa de hidrocarburos en esta fase pueden generar
activacion inmunitaria (Yau etal., 2017), que podria estar relacionada con los efectos
observados ya que estos compuestos podrian actuar solos o en sinergia con el fitol para estimular
la produccidn de IL-8, pero nuevas investigaciones deben aun ser realizadas para confirmar tales
efectos. El efecto antinflamatorio mostrado por el aceite pirolitico-2 de U. subincisa sugiere que
este bioaceite posee un potencial farmacolégio a ser explorado en el tratamiento de la psoriasis.
El compuesto mayoritario detectado por GC-MS en el mismo fue el 3,4,5-trimetilpirazol. Se ha
demostrado que derivados pirazélicos pueden mejorar la psoriasis inducida en ratones al inhibir
la expresion del ARNm de la IL-17 (Seki et al., 2014). Ademas, estos compuestos pueden inhibir
la activacion de NF-xB (Fu et al., 2017), factor de transcripcion vinculado a la produccion de
IL-8. Otro compuesto nitrogenado bioactivo presente en el aceite-2 es el pirrol, quien se ha
sugerido para la profilaxis y el tratamiento de enfermedades inflamatorias que implican la

sobreproduccién de citocinas como IL-8 (Zablocki et al., 2003).

A diferencia de los resultados presentados para U. subincisa, las muestras mas antiinflamatorias
en el caso de A. adstringens resultaron provenientes de la extraccién convencional, aunque los
aceites piroliticos mostraron también efectos anti-IL17. De hecho, el extracto crudo y las fases
A-C disminuyeron significativamente la liberacion de IL-8 (p<0.05). Un resultado notable fue

el constatar que el extracto crudo y la fase C, a todas las concentraciones probadas, demostraron
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ser significativamente méas potentes que la dexametasona (p <0.05). El analisis realizado por
fluorescencia UV mostro6 que la fase C presentaba sefiales de sistemas conjugados y estructuras
policondensadas en el rango de 290 a 340 nm, lo que podria indicar una mayor diversidad de
estructuras polifenolicas como las proantocianidinas en esta fase en comparacion con las fases
Ay B. Se ha reportado que las proantocianidinas tienen actividad anti-IL17 en el epitelio
pulmonar humano (H. Kim et al., 2011), por lo que podrian estar relacionadas con esta actividad.
El aceite pirolitico-1 de A. adstringens a una concentracion de 17.5 pug/mL disminuyo la
produccién de IL-8 hasta el valor basal (p <0.05), mientras que el efecto antiinflamatorio fue
mayor en el aceite pirolitico 2, pues a una concentracion de 15 pg/mL provoco la disminucion
de la produccién de IL-8 por debajo de los valores iniciales y en forma comparable a la
dexametasona (p <0.05). Algunos de los compuestos fendlicos identificados por HPLC en los
aceites pirolicos de A. adstringens, como la epigalocatequina, la catequina y la quercetina,
poseen propiedades antiinflamatorias (Vijayalakshmi et al., 2012). Ademas, otras moléculas
también identificadas, como el &cido docosahexaenoico, pueden inhibir la secrecion de la IL-8
en las celulas HaCaT estimuladas por TNF (Storey et al., 2005). Nuevas investigaciones son
necesarias para dilucidar el mecanismo por el cual los aceites piroliticos inhiben la produccion

de IL-8 al bloguear las vias de IL-17 y las moléculas responsables de estos efectos.

Los resultados anteriormente presentados permitieron seleccionar la muestra mas prometedora.
Dicha seleccion se realizo considerando tres elementos principales: a) baja toxicidad sobre los
queratinocitos HaCaT; b) alto rendimiento de extraccién y 3) efecto anti-IL17 (Fig. 24). Estos
tres elementos llevaron a considerar como el candidato mas prometedor para continuar con
estudios farmacodinamicos, toxicoldgicos y farmacocinéticos al extracto acuoso de A.

adstringens.
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Fig. 24. Esquema representativo de los resultados obtenidos en este trabajo.

Los extractos crudos de A. adstringensy U. subincisa se obtuvieron simulando su uso tradicional por la
etnomedicina Purépecha y fueron fraccionados por extraccion liquido/liquido en las fases A-C. La biomasa residual
libre de extractivos de ambas plantas fue pirolizada, permitiendo la obtencién de los aceites piroliticos 1 y 2.
Después de conocer la composicidn quimica y la concentracion minima téxica (ICy) de cada una de las muestras
estudiadas, se evalud el potencial antiinflamatorio de las muestras en un modelo de induccién de inflamacion por
IL-17 en queratinocitos HaCaT. El aceite pirolitico-2 de U.subincisa, asi como el extracto crudo, las fases A-C y
los aceites piroliticos 1 y 2 de A. adstringens mostraron un efecto antiinflamatorio. El alto rendimiento de
extraccion, la baja toxicidad y el efecto antiinflamatorio mostrado por el extracto crudo de A.
adstringens permitieron seleccionarlo como la muestra mas prometedora.
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VII1.CONCLUSION GENERAL

El extracto acuoso, las fracciones y el aceite pirolitico-2 derivados de la corteza de A.
adstringens, asi como el aceite pirolitico-2 de U. subincisa mostraron efectos anti-1L17 en el
modelo de induccidn en queratinocitos humanos HaCaT. El extracto acuoso de A. adstringens
fue considerado el candidato mas prometedor dado su alto rendimiento de extraccion, baja
toxicidad y accidn anti-IL17; lo que respalda su uso tradicional por via tdpica reportado por la

poblacion Purépecha, al menos en el modelo in vitro empleado.
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IX. PERSPECTIVAS

La investigacion presentada podré probablemente contribuir al desarrollo de nuevas terapias
utilizando extractos convencionales y aceites piroliticos de especies utilizadas en la
etnomedicina Purépecha para tratar la psoriasis, lo que podria tener repercusiones significativas

en la calidad de vida y la salud de los pacientes afectados con esta enfermedad.

151



X. BIBLIOGRAFIA

Abreu Guirado, O. A., & Cuéllar Cuéllar, A. (2008). Estrategias en la seleccion de las plantas medicinales a
investigar. Revista Cubana de Plantas Medicinales, 13(3), 0-0.

Adami, S., Cavani, A., Rossi, F., & Girolomoni, G. (2014). The role of interleukin-17A in psoriatic disease.
BioDrugs, 28(6), 487-497. https://doi.org/10.1007/s40259-014-0098-x

Afolayan, A. J., Grierson, D. S., & Mbeng, W. O. (2014). Ethnobotanical survey of medicinal plants used in the
management of skin disorders among the Xhosa communities of the Amathole District, Eastern Cape,
South Africa. Journal of Ethnopharmacology, 153(1), 220-232. https://doi.org/10.1016/j.jep.2014.02.023

Alonso-Castro, A. J., Dominguez, F., Maldonado-Miranda, J. J., Castillo-Pérez, L. J., Carranza-Alvarez, C.,
Solano, E., Isiordia-Espinoza, M. A., del Carmen Juarez-Vazquez, M., Zapata-Morales, J. R., Argueta-
Fuertes, M. A., Ruiz-Padilla, A. J., Solorio-Alvarado, C. R., Rangel-Velazquez, J. E., Ortiz-Andrade, R.,
Gonzélez-Sanchez, 1., Cruz-Jiménez, G., & Orozco-Castellanos, L. M. (2017). Use of medicinal plants by
health  professionals in Mexico.  Journal  of  Ethnopharmacology, 198, 81-86.
https://doi.org/10.1016/j.jep.2016.12.038

Amatya, N., Garg A. V., Gaffen S. L. (2017). IL-17 signaling: the yin and the yang. Trends in immunology, 38(5),
310-322. https://doi.org/10.1016/j.it.2017.01.006

Arican, O., Aral, M., Sasmaz, S., & Ciragil, P. (2005). Serum levels of TNF-alpha, IFN-gamma, IL-6, IL-8, IL-12,
IL-17, and IL-18 in patients with active psoriasis and correlation with disease severity. Mediators of
Inflammation, 2005(5), 273-279. https://doi.org/10.1155/M1.2005.273

Armstrong, A. W., Robertson, A. D., Wu, J., Schupp, C., & Lebwohl, M. G. (2013). Undertreatment, treatment
trends, and treatment dissatisfaction among patients with psoriasis and psoriatic arthritis in the United
States: Findings from the National Psoriasis Foundation surveys, 2003-2011. JAMA Dermatology,
149(10), 1180-1185. https://doi.org/10.1001/jamadermatol.2013.5264

Arora, N., Shah, K., & Pandey-Rai, S. (2016). Inhibition of imiquimod-induced psoriasis-like dermatitis in mice
by herbal extracts from some Indian medicinal plants. Protoplasma, 253(2), 503-515.
https://doi.org/10.1007/s00709-015-0829-y

Bai, F., Zheng, W., Dong, Y., Wang, J., Garstka, M. A, Li,R., An, J., & Ma, H. (2017). Serum levels of adipokines
and cytokines in psoriasis patients: A systematic review and meta-analysis. Oncotarget, 9(1), 1266-1278.
https://doi.org/10.18632/oncotarget.22260

BDMTM. (2009). Biblioteca Digital de la Medicina Tradicional Mexicana [Base de datos]. Biblioteca Digital de
la  Medicina Tradicional Mexicana - Universidad Nacional Auténoma de México.
http://mww.medicinatradicionalmexicana.unam.mx/index.php

Bello-Gonzalez, M. A., Hernandez-Mufioz, S., Lara-Chavez, M. B. N., & Salgado-Garciglia, R. (2015). Plantas
Gtiles de la comunidad indigena Nuevo San Juan Parangaricutiro, Michoacan, México. Polibotanica, 39,
175-215. https://doi.org/10.18387/polibotanica.39.10

Bissonnette, R., Nigen, S., Langley, R. G., Lynde, C. W., Tan, J., Fuentes-Duculan, J., & Krueger, J. G. (2014).
Increased expression of IL-17A and limited involvement of 1L-23 in patients with palmo-plantar (PP)
pustular psoriasis or PP pustulosis; results from a randomised controlled trial. Journal of the European
Academy of Dermatology and Venereology, 28(10), 1298-1305. https://doi.org/10.1111/jdv.12272

Boehncke, W.-H., & Schén, M. P. (2015). Psoriasis. The Lancet, 386(9997), 983-994.
https://doi.org/10.1016/S0140-6736(14)61909-7

Bogaard, E. H. van den, Bergboer, J. G. M., Vonk-Bergers, M., Vlijmen-Willems, I. M. J. J. van, Hato, S. V., Valk,
P. G. M. van der, Schrdder, J. M., Joosten, I., Zeeuwen, P. L. J. M., & Schalkwijk, J. (2013). Coal tar
induces AHR-dependent skin barrier repair in atopic dermatitis. The Journal of Clinical Investigation,
123(2), 917-927. https://doi.org/10.1172/JC165642

Bruhn, J. G., & Helmstedt, B. (1981). Ethnopharmacology: Objectives, principles and perspectives. Natural
products as medicinal agents.

Cai, Y., Fleming, C., & Yan, J. (2012). New insights of T cells in the pathogenesis of psoriasis. Cellular and
Molecular Immunology, 9(4), 302-309. https://doi.org/10.1038/cmi.2012.15

Calvo, M. ., Akerreta, S., & Cavero, R. Y. (2011). Pharmaceutical ethnobotany in the Riverside of Navarra (Iberian
Peninsula). Journal of Ethnopharmacology, 135(1), 22-33. https://doi.org/10.1016/j.jep.2011.02.016

Cervantes-Durén, C., Veldzquez-Hernandez, M.-E., Valentin-Escalera, J., Bartolomé-Camacho, M., Rodriguez-
Orozco, A.-R., & Garcia-Pérez, M.-E. (2020). Small molecules under development for psoriasis: On the

152



road to the individualized  therapies. Archives  of  Dermatological Research.
https://doi.org/10.1007/s00403-020-02056-3

Chavez-Sifontes, M., & Domine, M. E. (2013). Lignina, estructura y aplicaciones: Métodos de despolimerizacion
para la obtencion de derivados aromaticos de interés industrial. Avances en Ciencias e Ingenieria, 4(4),
15-46.

Chern, E., Yau, D., Ho, J.-C., Wu, W.-M., Wang, C.-Y., Chang, H.-W., & Cheng, Y.-W. (2011). Positive effect of
modified Goeckerman regimen on quality of life and psychosocial distress in moderate and severe
psoriasis. Acta Dermato-Venereologica, 91(4), 447-451. https://doi.org/10.2340/00015555-1096

Chiricozzi, A., Guttman-Yassky, E., Suarez-Farifias, M., Nograles, K. E., Tian, S., Cardinale, I., Chimenti, S., &
Krueger, J. G. (2011). Integrative responses to IL-17 and TNF-o in human keratinocytes account for key
inflammatory pathogenic circuits in psoriasis. The Journal of Investigative Dermatology, 131(3), 677-687.
https://doi.org/10.1038/jid.2010.340

Chowdhury, R. R., & Ghosh, S. K. (2012). Phytol-derived novel isoprenoid immunostimulants. Frontiers in
Immunology, 3. https://doi.org/10.3389/fimmu.2012.00049

Czernik, S., & Bridgwater, A. V. (2004). Overview of applications of biomass fast pyrolysis oil. Energy & Fuels,
18(2), 590-598. https://doi.org/10.1021/ef034067u

Dhanabal, S. P., Dwarampudi, L. P., Muruganantham, N., & Vadivelan, R. (2012). Evaluation of the antipsoriatic
activity of Aloe vera leaf extract using a mouse tail model of psoriasis. Phytotherapy Research, 26(4),
617-619. https://doi.org/10.1002/ptr.3589

Di Meglio, P., Duarte, J. H., Ahlfors, H., Owens, N. D. L., Li, Y., Villanova, F., Tosi, I., Hirota, K., Nestle, F. O.,
Mrowietz, U., Gilchrist, M. J., & Stockinger, B. (2014). Activation of the Aryl Hydrocarbon Receptor
Dampens the Severity of Inflammatory Skin Conditions. Immunity, 40(6), 989-1001.
https://doi.org/10.1016/j.immuni.2014.04.019

Dimitris, D., Ekaterina-Michaela, T., Christina, K., loannis, S., loanna, S. K., Aggeliki, L., Sophia, H., Michael,
R., & Helen, S. (2020). Melissa officinalis ssp. Altissima extracts: A therapeutic approach targeting
psoriasis in mice. Journal of Ethnopharmacology, 246, 112208. https://doi.org/10.1016/j.jep.2019.112208

Duan, H., Koga, T., Kohda, F., Hara, H., Urabe, K., & Furue, M. (2001). Interleukin-8-positive neutrophils in
psoriasis. Journal of Dermatological Science, 26(2), 119-124. https://doi.org/10.1016/s0923-
1811(00)00167-5

Edeas, M. (2008). Les polyphénols et les polyphénols de thé. Phytothérapie, 5(5), 264-270.
https://doi.org/10.1007/s10298-007-0268-9

Ekman, A.-K., Bivik Eding, C., Rundquist, 1., & Enerbéck, C. (2019). IL-17 and IL-22 Promote Keratinocyte
Stemness in the Germinative Compartment in Psoriasis. Journal of Investigative Dermatology, 139(7),
1564-1573.e8. https://doi.org/10.1016/j.jid.2019.01.014

Esquivel-Garcia, R., Estévez-Delgado, G., Rodriguez-Orozco, A.-R., Ochoa-Zarzosa, A., & Garcia-Pérez, M. E.
(2018a). La psoriasis: De la investigacién basica y clinica al desarrollo de nuevos tratamientos. Gaceta
Médica de México, 154(4), 502-508. https://doi.org/10.24875/GMM.17003182

Esquivel-Garcia, R., Pérez-Calix, E., Ochoa-Zarzosa, A., & Garcia-Pérez, M.-E. (2018b). Ethnomedicinal plants
used for the treatment of dermatological affections on the Purépecha Plateau, Michoacan, Mexico. Acta
Botanica Mexicana, 125, 95-132. https://doi.org/10.21829/abm125.2018.1339

Fabricant, D. S., & Farnsworth, N. R. (2001). The value of plants used in traditional medicine for drug discovery.
Environmental Health Perspectives, 109(Suppl 1), 69-75.

Fleischer, A. B., Feldman, S. R., Rapp, S. R., Reboussin, D. M., Exum, M. L., & Clark, A. R. (1996). Alternative
therapies commonly used within a population of patients with psoriasis. Cutis, 58(3), 216-220.

Fu, Y., Ma, J., Shi, X., Song, X.-Y., Yang, Y., Xiao, S., Li, J., Gu, W.-J., Huang, Z., Zhang, J., & Chen, J. (2017).
A novel pyrazole-containing indolizine derivative suppresses NF-kB activation and protects against
TNBS-induced colitis via a PPAR-y-dependent pathway. Biochemical Pharmacology, 135, 126-138.
https://doi.org/10.1016/j.bcp.2017.03.013

Gallardo Ruiz, J. (2002). Medicina tradicional P 'urhépecha. El Colegio de Michoacan A.C.

Gami, A. A. (2014). Phenol and its toxicity. Journal of Environmental Microbiology and Toxicology, 2(1), Article
1. https://journal.hibiscuspublisher.com/index.php/JEMAT/article/view/89

Garcia, A. A., & Carril, E. P.-U. (2011). Metabolismo secundario de plantas. REDUCA (Biologia), 2(3), Article 3.
http://revistareduca.es/index.php/biologia/article/view/798

Garcia-Pérez, M. E., Allaeys, I., Rusu, D., Pouliot, R., Janezic, T. S., & Poubelle, P. E. (2014). Picea mariana
polyphenolic extract inhibits phlogogenic mediators produced by TNF-a-activated psoriatic keratinocytes:

153



Impact on NF-xB  pathway. Journal of Ethnopharmacology, 151(1), 265-278.
https://doi.org/10.1016/j.jep.2013.10.034

Garcia-Pérez, M. E., Jean, J., & Pouliot, R. (2012). Antipsoriatic drug development: Challenges and new emerging
therapies. Recent Patents on Inflammation & Allergy Drug Discovery, 6(1), 3-21.
https://doi.org/10.2174/187221312798889248

Gellerstedt, G., & Henriksson, G. (2008). Chapter 9 - Lignins: Major sources, structure and properties. En M. N.
Belgacem & A. Gandini (Eds.), Monomers, Polymers and Composites from Renewable Resources (pp.
201-224). Elsevier. https://doi.org/10.1016/B978-0-08-045316-3.00009-0

Gendrisch, F., Novackova, A., Sochorova, M., Haarhaus, B., Vavrova, K., Schempp, C. M., & Wdlfle, U. (2020).
Gentiana lutea extract modulates ceramide synthesis in primary and psoriasis-Like keratinocytes.
Molecules, 25(8). https://doi.org/10.3390/molecules25081832

Gertsch, J. (2009). How scientific is the science in ethnopharmacology? Historical perspectives and
epistemological problems. Journal of Ethnopharmacology, 122(2), 177-183.
https://doi.org/10.1016/j.jep.2009.01.010

Ghosh, S. K., & Chowdhury, R. R. (2013). Synthetic adjuvants for vaccine formulations: Phytol derivatives. Expert
Opinion on Drug Delivery, 10(4), 437-450. https://doi.org/10.1517/17425247.2013.757591

GOmez-Fuentes-Galindo, T., Gonzélez-Rebeles, C., Lopez-Ortiz, S., Ku-Vera, J. C., Albor-Pinto, C. de J.,
Sangines-Garcia, J. R., Gébmez-Fuentes-Galindo, T., Gonzéalez-Rebeles, C., Lopez-Ortiz, S., Ku-Vera, J.
C., Albor-Pinto, C. de J., & Sangines-Garcia, J. R. (2017). Dominancia, composicion quimica-nutritiva
de especies forrajearas y fitomasa potencial en una selva secundaria. Agricultura, sociedad y desarrollo,
14(4), 617-634.

Griffiths, C. E. M., Strober, B. E., van de Kerkhof, P., Ho, V., Fidelus-Gort, R., Yeilding, N., Guzzo, C., Xia, Y.,
Zhou, B., Li, S., Dooley, L. T., Goldstein, N. H., Menter, A., & ACCEPT Study Group. (2010).
Comparison of ustekinumab and etanercept for moderate-to-severe psoriasis. The New England Journal
of Medicine, 362(2), 118-128. https://doi.org/10.1056/NEJM0a0810652

Gulliver, W. P., & Donsky, H. J. (2005). A report on three recent clinical trials using Mahonia aquifolium 10%
topical cream and a review of the worldwide clinical experience with Mahonia aquifolium for the
treatment of plaque psoriasis. American Journal of Therapeutics, 12(5), 398-406.
https://doi.org/10.1097/01.mjt.0000174350.82270.da

Gupta, A., Nagariya, A. K., Mishra, A. K., Bansal, P., Kumar, S., Gupta, V., & Singh, A. K. (2010). Ethno-potential
of medicinal herbs in skin diseases: An overview. Journal of Pharmacy Research, 3(3), 435-441.

Guttman-Yassky, E., & Krueger, J. G. (2007). Psoriasis: Evolution of pathogenic concepts and new therapies
through phases of translational research. The British Journal of Dermatology, 157(6), 1103-1115.
https://doi.org/10.1111/j.1365-2133.2007.08135.x

Harvey, A. L., Edrada-Ebel, R., & Quinn, R. J. (2015). The re-emergence of natural products for drug discovery in
the genomics era. Nature Reviews Drug Discovery, 14(2), 111-129. https://doi.org/10.1038/nrd4510

Heinrich, M., Edwards, S., Moerman, D. E., & Leonti, M. (2009). Ethnopharmacological field studies: A critical
assessment of their conceptual basis and methods. Journal of Ethnopharmacology, 124(1), 1-17.
https://doi.org/10.1016/j.jep.2009.03.043

Heinrich, M., Frei Haller, B., & Leonti, M. (2014). A perspective on natural products research and
ethnopharmacology in Mexico: The eagle and the serpent on the prickly pear cactus. Journal of Natural
Products, 77(3), 678-689. https://doi.org/10.1021/np4009927

Heinrich, M., & Gibbons, S. (2001). Ethnopharmacology in drug discovery: An analysis of its role and potential
contribution. Journal of Pharmacy and Pharmacology, 53(4), 425,
https://doi.org/10.1211/0022357011775712

Hert, J., Irwin, J. J., Laggner, C., Keiser, M. J., & Shoichet, B. K. (2009). Quantifying biogenic bias in screening
libraries. Nature chemical biology, 5(7), 479-483. https://doi.org/10.1038/nchembio.180

Hsu, S., Dickinson, D., Borke, J., Walsh, D. S., Wood, J., Qin, H., Winger, J., Pearl, H., Schuster, G., & Bollag,
W. B. (2007). Green tea polyphenol induces caspase 14 in epidermal keratinocytes via MAPK pathways
and reduces psoriasiform lesions in the flaky skin mouse model. Experimental Dermatology, 16(8), 678-
684. https://doi.org/10.1111/j.1600-0625.2007.00585.x

International Psoriasis Council. (2009). IPC Psoriasis Review. 5, 1-12.
http://www.psoriasiscouncil.org/docs/ipcpsoriasisreview _dec 2009 _english.pdf?LanguagelD=EN-US

Jirova, D., Basketter, D., Liebsch, M., Bendov4, H., Kejlova, K., Marriott, M., & Kandarova, H. (2010).
Comparison of human skin irritation patch test data with in vitro skin irritation assays and animal data.
Contact Dermatitis, 62(2), 109-116. https://doi.org/10.1111/j.1600-0536.2009.01640.x

154



Johansen, C., Usher, P. A., Kjellerup, R. B., Lundsgaard, D., Iversen, L., & Kragballe, K. (2009). Characterization
of the interleukin-17 isoforms and receptors in lesional psoriatic skin. The British Journal of Dermatology,
160(2), 319-324. https://doi.org/10.1111/j.1365-2133.2008.08902.x

Kagoura, M., Matsui, C., & Morohashi, M. (1999). Phytol is a novel tumor promoter on ICR mouse skin. Japanese
Journal of Cancer Research: Gann, 90(4), 377-384. https://doi.org/10.1111/j.1349-7006.1999.tb00758.x

Kim, H., Kim, J. Y., Song, H. S., Park, K. U., Mun, K.-C., & Ha, E. (2011). Grape seed proanthocyanidin extract
inhibits interleukin-17-induced interleukin-6 production via MAPK pathway in human pulmonary
epithelial  cells.  Naunyn-Schmiedeberg’s — Archives of  Pharmacology, 383(6), 555-562.
https://doi.org/10.1007/s00210-011-0633-y

Kim, W. B., Jerome, D., & Yeung, J. (2017). Diagnosis and management of psoriasis. Canadian Family Physician,
63(4), 278-285.

King, L., Jurima-Romet, M., & Ichhpurani, N. (2010). Biomarkers in pharmaceutical development: The essential
role of project management and teamwork. En Pharmaceutical Sciences Encyclopedia (pp. 1-22).
American Cancer Society. https://doi.org/10.1002/9780470571224.pse278

Koo, J., & Lebwohl, M. (1999). Duration of remission of psoriasis therapies. Journal of the American Academy of
Dermatology, 41(1), 51-59. https://doi.org/10.1016/s0190-9622(99)70406-8

Kviecinski, M. R., David, I. M. B., Fernandes, F. de S., Correa, M. dos R., Clarinda, M. M., Freitas, A. F., da Silva,
J., Gava, M., Miiller, S. D., Florentino, D., Petronilho, F., Moterle, D., Kanis, L. A., & Pedrosa, R. C.
(2016). Healing effect of Dillenia indica fruit extracts standardized to betulinic acid on ultraviolet
radiation-induced psoriasis-like wounds in rats. Pharmaceutical Biology, 55(1), 641-648.
https://doi.org/10.1080/13880209.2016.1266672

Lapolla, W., Yentzer, B. A., Bagel, J., Halvorson, C. R., & Feldman, S. R. (2011). A review of phototherapy
protocols for psoriasis treatment. Journal of the American Academy of Dermatology, 64(5), 936-949.
https://doi.org/10.1016/j.jaad.2009.12.054

Lebwohl, M. (2016). Psoriasis therapy: Breakthroughs in pharmacogenomics or in pharmacology? Journal of
Investigative Dermatology, 136(12), 2339-2340. https://doi.org/10.1016/j.jid.2016.07.019

Lee, D. H., & Lee, C. S. (2016). Flavonoid myricetin inhibits TNF-a-stimulated production of inflammatory
mediators by suppressing the Akt, mTOR and NF-kxB pathways in human keratinocytes. European Journal
of Pharmacology, 784, 164-172. https://doi.org/10.1016/j.ejphar.2016.05.025

Lee, E., & Koo, J. (2005). Modern modified ‘ultra’ Goeckerman therapy: A PASI assessment of a very effective
therapy for psoriasis resistant to both prebiologic and biologic therapies. Journal of Dermatological
Treatment, 16(2), 102-107. https://doi.org/10.1080/09546630510033140

Lee, S. Y., Nam, S., Hong, I. K., Kim, H., Yang, H., & Cho, H.-J. (2018). Antiproliferation of keratinocytes and
alleviation of psoriasis by the ethanol extract of Artemisia capillaris. Phytotherapy Research, 32(5), 923-
932. https://doi.org/10.1002/ptr.6032

Liaw, S.-S., Zhou, S., Wu, H., & Garcia-Perez, M. (2013). Effect of pretreatment temperature on the yield and
properties of bio-oils obtained from the auger pyrolysis of Douglas fir wood. Fuel, 103, 672-682.
https://doi.org/10.1016/j.fuel.2012.08.016

Lowes, M. A., Bowcock, A. M., & Krueger, J. G. (2007). Pathogenesis and therapy of psoriasis. Nature, 445(7130),
866-873. https://doi.org/10.1038/nature05663

Lowes, M. A., Suérez-Farifias, M., & Krueger, J. G. (2014). Immunology of psoriasis. Annual Review of
Immunology, 32, 227-255. https://doi.org/10.1146/annurev-immunol-032713-120225

Lv, J., Zhou, D., Wang, Y., Zhao, J., Chen, Z., Zhang, J., Di, T., Hu, J., Li, B., Li, P., & Huang, F. (2018).
Quantitative evaluation to efficacy and safety of therapies for psoriasis: A network meta-analysis.
Molecular Pain, 14, 1744806918762205. https://doi.org/10.1177/1744806918762205

Mata, R., Figueroa, M., Navarrete, A., & Rivero-Cruz, 1. (2019). Chemistry and Biology of Selected Mexican
Medicinal Plants. En A. D. Kinghorn, H. Falk, S. Gibbons, J. Kobayashi, Y. Asakawa, & J.-K. Liu (Eds.),
Progress in the Chemistry of Organic Natural Products 108 (pp. 1-142). Springer International
Publishing. https://doi.org/10.1007/978-3-030-01099-7_1

Medina, C. (2003). La flora: Riqueza, diversidad y sus relaciones fitogeogréficas. En Las ensefianzas de San Juan
(1a ed., pp. 165-200). INE-SEMARNAT.
http://www?2.inecc.gob.mx/publicaciones2/libros/420/ocho.html

Michalek, 1. M., Loring, B., & John, S. M. (2017). A systematic review of worldwide epidemiology of psoriasis.
Journal of the European Academy of Dermatology and Venereology, 31(2), 205-212.
https://doi.org/10.1111/jdv.13854

155



Miquel, J., Bernd, A., Sempere, J. M., Diaz-Alperi, J.,, & Ramirez, A. (2002). The curcuma antioxidants:
Pharmacological effects and prospects for future clinical use. A review. Archives of Gerontology and
Geriatrics, 34(1), 37-46.

Mohan, D., Pittman, Charles U., & Steele, P. H. (2006). Pyrolysis of wood/biomass for bio-oil: A critical review.
Energy & Fuels, 20(3), 848-889. https://doi.org/10.1021/ef0502397

Montoya Arbelaez, J. I., Chejne Janna, F., Castillo Monroy, E. F., Acero Reyes, J. R., Gomez Gutiérrez, C. A,
Sarmiento Chaparro, J. A., Valdés Renteria, C. F., Garzon Fuentes, L. L., Osorio Velasco, J., Fernando
Tirado, D., Blanco, L. A., Moreno Safra, N., Marrugo, G., & Ospina Aguirre, E. Y. (2013). Pirolisis
rapida de biomasa (1.2 ed.). Universidad Nacional de Colombia.

Moos, S., Mohebiany, A. N., Waisman, A., & Kurschus, F. C. (2019). Imiquimod-induced psoriasis in mice
depends on the IL-17 signaling of keratinocytes. Journal of Investigative Dermatology, 139(5), 1110-
1117. https://doi.org/10.1016/j.jid.2019.01.006

Moscaliuc, M. L., Heller, M. M., Leg, E. S., & Koo, J. (2013). Goeckerman therapy: A very effective, yet often
forgotten treatment for severe generalized psoriasis. Journal of Dermatological Treatment, 24(1), 34-37.
https://doi.org/10.3109/09546634.2012.658014

Moss, G. P. (2000). Nomenclature of lignans and neolignans (IUPAC recommendations 2000). Pure and Applied
Chemistry, 72(8), 1493-1523. https://doi.org/10.1351/pac200072081493

Miiller, K., Ziereis, K., & Gawlik, 1. (1995). The antipsoriatic Mahonia aquifolium and its active constituents; II.
Antiproliferative activity against cell growth of human keratinocytes. Planta Medica, 61(1), 74-75.
https://doi.org/10.1055/s-2006-958005

Murray, A. R., Kisin, E., Castranova, V., Kommineni, C., Gunther, M. R., & Shvedova, A. A. (2007). Phenol-
induced in vivo oxidative stress in skin: Evidence for enhanced free radical generation, thiol oxidation,
and antioxidant depletion. Chemical Research in  Toxicology, 20(12), 1769-1777.
https://doi.org/10.1021/tx700201z

Nada, A., Al-Moghazy, M., Soliman, A. A. F., Rashwan, G. M. T., Eldawy, T. H. A, Hassan, A. A. E., & Sayed,
G. H. (2018). Pyrazole-based compounds in chitosan liposomal emulsion for antimicrobial cotton fabrics.
International Journal of Biological Macromolecules, 107(Pt A), 585-594.
https://doi.org/10.1016/j.ijbiomac.2017.09.031

Newby, C. S., Barr, R. M., Greaves, M. W., & Mallet, A. I. (2000). Cytokine release and cytotoxicity in human
keratinocytes and fibroblasts induced by phenols and sodium dodecyl sulfate. Journal of Investigative
Dermatology, 115(2), 292-298. https://doi.org/10.1046/j.1523-1747.2000.00056.x

Njoroge, G. N., & Bussmann, R. W. (2007). Ethnotherapeautic management of skin diseases among the Kikuyus
of Central Kenya. Journal of Ethnopharmacology, 111(2), 303-307.
https://doi.org/10.1016/j.jep.2006.11.025

Novaes, E., Kirst, M., Chiang, V., Winter-Sederoff, H., & Sederoff, R. (2010). Lignin and Biomass: A Negative
Correlation for Wood Formation and Lignin Content in Trees. Plant Physiology, 154(2), 555-561.
https://doi.org/10.1104/pp.110.161281

N-S Hon, D., & Shiraishi, N. (2000). Wood and cellulosic chemistry. Marcel Dekker Inc.
https://www.nhbs.com/wood-and-cellulosic-chemistry-book

Oasmaa, A., Fonts, I., Pelaez-Samaniego, M. R., Garcia-Perez, M. E., & Garcia-Perez, M. (2016). Pyrolysis Oil
Multiphase Behavior and Phase Stability: A Review. Energy & Fuels, 30(8), 6179-6200.
https://doi.org/10.1021/acs.energyfuels.6b01287

Patwardhan, B. (2005). Ethnopharmacology and drug discovery. Journal of Ethnopharmacology, 100(1-2), 50-52.
https://doi.org/10.1016/j.jep.2005.06.006

Prashantkumar, P., & Vidyasagar, G. M. (2008). Traditional knowledge on medicinal plants used for the treatment
of skin diseases in Bidar district, Karnataka. Indian Journal of Traditional Knowledge, 7(2), 273-276.

Rapp, S. R., Feldman, S. R., Exum, M. L., Fleischer, A. B., & Reboussin, D. M. (1999). Psoriasis causes as much
disability as other major medical diseases. Journal of the American Academy of Dermatology, 41(3), 401-
407. https://doi.org/10.1016/S0190-9622(99)70112-X

Roy Chowdhury, R., Fitch, R. W., & Ghosh, S. K. (2013). Efficacy of phytol-derived diterpenoid immunoadjuvants
over alum in shaping the murine host’s immune response to Staphylococcus aureus. Vaccine, 31(8), 1178-
1186. https://doi.org/10.1016/j.vaccine.2012.12.069

Sakkas, L. I., & Bogdanos, D. P. (2017). Are psoriasis and psoriatic arthritis the same disease? The I1L-23/IL-17
axis data. Autoimmunity Reviews, 16(1), 10-15. https://doi.org/10.1016/j.autrev.2016.09.015

156



Scholze, B., & Meier, D. (2001). Characterization of the water-insoluble fraction from pyrolysis oil (pyrolytic
lignin). Part I. PY-GC/MS, FTIR, and functional groups. Journal of Analytical and Applied Pyrolysis,
60(1), 41-54. https://doi.org/10.1016/S0165-2370(00)00110-8

Schultz, J. C., Hunter, M. D., & Appel, H. M. (1992). Antimicrobial activity of polyphenols mediates plant-
herbivore interactions. En R. W. Hemingway & P. E. Laks (Eds.), Plant Polyphenols: Synthesis,
Properties, Significance (pp. 621-637). Springer US. https://doi.org/10.1007/978-1-4615-3476-1_35

Sekhon, S., Jeon, C., Nakamura, M., Afifi, L., Yan, D., Wu, J. J., Liao, W., & Bhutani, T. (2018). Review of the
mechanism of action of coal tar in psoriasis. Journal of Dermatological Treatment, 29(3), 230-232.
https://doi.org/10.1080/09546634.2017.1369494

Seki, N., Shimano, K., Kondou, T., Murase, M., Mitamura, M., Kataoka, H., Sugahara, K., Nakamura, H., &
Yamada, M. (2014). OP0105 Pyrazole-anilide derivatives, a new class of immunomodulator which
inhibits IL-17 production, ameliorate CIA and psoriasis-like dermatitis in mice. Annals of the Rheumatic
Diseases, 73(Suppl 2), 100-101. https://doi.org/10.1136/annrheumdis-2014-eular.3054

Sharma, J., Gairola, S., Sharma, Y. P., & Gaur, R. D. (2014). Ethnomedicinal plants used to treat skin diseases by
Tharu community of district Udham Singh Nagar, Uttarakhand, India. Journal of Ethnopharmacology,
158(Part A), 140-206. https://doi.org/10.1016/j.jep.2014.10.004

Shen, T., Wang, X.-N., & Lou, H.-X. (2009). Natural stilbenes: An overview. Natural Product Reports, 26(7), 916-
935. https://doi.org/10.1039/b905960a

Steinmann, V. W. (2005). Urticaceae. Flora del Bajio y de Regiones Adyacentes, 134, 1-74.

Stevanovic, T. (2005). Chimie du bois. U. Laval.

Stevanovic, T., Diouf, P. N., & Garcia-Perez, M. E. (2009). Bioactive polyphenols from healthy diets and forest
biomass. Current Nutrition & Food Science, 5(4), 264-295.

Stevanovic, T., & Perrin, D. (2009). Extractives. En Chimie du bois. EPFL PRESS.
https://www.epflpress.org/produit/448/9782880747992/chimie-du-bois

Storey, A., McArdle, F., Friedmann, P. S., Jackson, M. J., & Rhodes, L. E. (2005). Eicosapentaenoic acid and
docosahexaenoic acid reduce UVB- and TNF-a-induced IL-8 secretion in keratinocytes and UVB-induced
IL-8 in  fibroblasts. Journal of Investigative Dermatology, 124(1), 248-255.
https://doi.org/10.1111/j.0022-202X.2004.23543.x

Svendsen, M. T., Jeyabalan, J., Andersen, K. E., Andersen, F., & Johannessen, H. (2017). Worldwide utilization
of topical remedies in treatment of psoriasis: A systematic review. The Journal of Dermatological
Treatment, 28(5), 374-383. https://doi.org/10.1080/09546634.2016.1254331

Sykes, R., Yung, M., Novaes, E., Kirst, M., Peter, G., & Davis, M. (2009). High-throughput screening of plant cell-
wall composition using pyrolysis molecular beam mass spectroscopy. Methods in Molecular Biology
(Clifton, N.J.), 581, 169-183. https://doi.org/10.1007/978-1-60761-214-8 12

Talbott, W., & Duffy, N. (2015). Complementary and alternative medicine for psoriasis: What the dermatologist
needs to know. American Journal of Clinical Dermatology, 16(3), 147-165.
https://doi.org/10.1007/s40257-015-0128-6

Terui, T., Ozawa, M., & Tagami, H. (2000). Role of neutrophils in induction of acute inflammation in T-cell-
mediated immune dermatosis, psoriasis: A neutrophil-associated inflammation-boosting loop.
Experimental Dermatology, 9(1), 1-10. https://doi.org/10.1034/j.1600-0625.2000.009001001.x

Turner, J. R. (2010). New Drug Development—An Introduction to  Clinical  Trials.
http://www.springer.com/la/book/9781441964175

van de Kerkhof, P. C. M. (2008). Options for the treatment of psoriasis: A multifactorial approach. Clinics in
Dermatology, 26(5), 419-423. https://doi.org/10.1016/j.clindermatol.2007.10.029

Vijayalakshmi, A., Priyanka, M., Priyadharshini, S., Kumar, S. S., & Jayakumari, S. (2019). Antipsoriatic activity
of Cassia auriculata L. flowers in Freund’s adjuvant-formaldehyde induced animal model. IINPR
Vol.10(4) [December 2019]. http://nopr.niscair.res.in/handle/123456789/54201

Vijayalakshmi, A., Ravichandiran, V., Malarkodi, V., Nirmala, S., & Jayakumari, S. (2012). Screening of flavonoid
“quercetin” from the rhizome of Smilax china Linn. For anti-psoriatic activity. Asian Pacific Journal of
Tropical Biomedicine, 2(4), 269-275. https://doi.org/10.1016/S2221-1691(12)60021-5

Woolf, R. T., & Smith, C. H. (2010). How genetic variation affects patient response and outcome to therapy for
psoriasis. Expert Review of Clinical Immunology, 6(6), 957-966. https://doi.org/10.1586/eci.10.74

Yau, A. C. Y., Lénnblom, E., Zhong, J., & Holmdahl, R. (2017). Influence of hydrocarbon oil structure on
adjuvanticity and autoimmunity. Scientific Reports, 7(1), 14998. https://doi.org/10.1038/s41598-017-
15096-z

157



Zablocki, J. A., Tarlton, E., Rizzi, J. P., & Mantlo, N. B. (2003). Aryl and heteroaryl substituted fused pyrrole anti-

inflammatory agents (United States Patent N.° US6605634B2).
https://patents.google.com/patent/US6605634B2/en

Zeichner, J. A. (2010). Use of topical coal tar foam for the treatment of psoriasis in difficult-to-treat areas. The
Journal of Clinical and Aesthetic Dermatology, 3(9), 37-40.

Zhang, S., Liu, X., Mei, L., Wang, H., & Fang, F. (2016). Epigallocatechin-3-gallate (EGCG) inhibits imiquimod-
induced psoriasis-like inflammation of BALB/c mice. BMC Complementary and Alternative Medicine,
16(1), 334. https://doi.org/10.1186/s12906-016-1325-4

Zhang, X., Rakesh, K. P., Shantharam, C. S., Manukumar, H. M., Asiri, A. M., Marwani, H. M., & Qin, H.-L.
(2018). Podophyllotoxin derivatives as an excellent anticancer aspirant for future chemotherapy: A key

current  imminent  needs. Bioorganic &  Medicinal  Chemistry, 26(2), 340-355.
https://doi.org/10.1016/j.bmc.2017.11.026

Zhu, T. H., Nakamura, M., Farahnik, B., Abrouk, M., Singh, R. K., Lee, K. M., Hulsg, S., Koo, J., Bhutani, T., &
Liao, W. (2016). The patient’s guide to psoriasis treatment. Part 4: Goeckerman therapy. Dermatology
and Therapy, 6(3), 333-339. https://doi.org/10.1007/s13555-016-0132-7

Ziboh, V. A., Miller, C. C., & Cho, Y. (2000). Metabolism of polyunsaturated fatty acids by skin epidermal
enzymes: Generation of antiinflammatory and antiproliferative metabolites. The American Journal of
Clinical Nutrition, 71(1), 361s-366s. https://doi.org/10.1093/ajcn/71.1.361s

158



XI. ANEXOS

XI1.1. ANEXO 1 - La psoriasis: de la investigacion basica y clinica al
desarrollo de nuevos tratamientos

X1.1.1. PREFACIO

Este anexo corresponde a un articulo de revision titulado “La psoriasis: de la investigacion
béasica y clinica al desarrollo de nuevos tratamientos”. El cual fue publicado en Gaceta Médica
de  México. 154: 502-508. Su identificador de  objeto  digital es:
https://doi.org/10.24875/GMM.17003182

El articulo consiste en una revision de la informacion cientifica para analizar el impacto de la
medicina traslacional en el desarrollo de medicamentos antipsoriasicos asociados a nuevas

dianas farmacologicas.
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Introdu ccion

La psonasis 83 una anfermedad cutnea incurable
de naluralaza inflamaloria caraclerizada por placas
ertematosas. Se estima que afectade 2a3 % de la
pablacidn mundial; as menos Irecuenle en las regio-
nes ecuateriales que en as nordicas.’ En México hay
pacas esludios epidemiolégicos sabre |a anfermadad,
por lo que la magnitud real del problema sigue siendo
desconocida. En un simposio calebrado en 2009 en
Dallas, Texas, se estimd que la prevalsncia en México
seria de 2.9 %7 lo que equivaldria a mas de 3 milio-
ngs da mexicanos alectades. La incidencia de muerle
debida direciamenle a la pseriasis ¢s baja, pero sus
manifestaciones lisicas y psicoidgicas ta hacen inca-
pacilanle, comparable al cancer, [a diabeles y la
daprasion.?

1 0s tratamignlos antipsoridsicos acluales ss dirigen
tundamentatmente al manejo de los sinlomas e Inclu-
yen lotolerapia, asi como medicamenlos tdpicos y
sistémicas orientados a. *

- Intibir k2 hiperproliferacidn de log guaratinocilos

tanalogos de la vilamina D).

~ Nomalizar e! proceso de dilareaciacion de los
queralinecitos (analogos de la vliamina D,
retinoides).

— Disminuir ol reclutamienle y activacidn de log
inmunacilos (ciclosporina A, medicamentos
biotacnoldgicos).

— Neutratizar 1as citocinas preinllamatorlas (medl-
camentos biotecnotogicos).

Sin ambargo, su vlihzacidn a larga plazo esta fimi-
tada por la perdida de elicacia, 1a Wxicidad y los ele-
vados costos. Como consecuencia. de 31 a 70 % de
los pacientes con psoriasis se encuentran altamenls
Insatisfechos 5 La industria lammacéutica esia cada
vez mas intargsada en ¢l desamollo de nuevos
tratamientos.

En Igs ultimos anos ha nacido gl término “medicina
traslaclonal”, que se refiere a un nuevo paradigma
basado an la nacasidad da integrar los egnacimisnios
cignlificos que se generan duranle la investigacion
bésica al desarrollo de tralamienios con impacto cli-
nico (bench-to-badside). Se trata de un conceplo bi-
direccional, donde los nuevos hallazgos derivados de
la investigacion ¢linica sitven de base para la gene-
racién de hipblesis cienlificas utitizadas en cigncia
lundamental (bedsida-to-bench). Bsjo este modelo se
ulilizan saberas dervados de la gendmica, protedmi-
ca, madicina y farmacologia en aras de canaces con

mayor profundidad [z lisiopalologia de las enlermeda-
des, deflnir los posibles objelivos farmacologicos y
abtenar molécutas prometedoras, apariando una vi-
sion realisia orientada a [a transferencia de conoci-
misntos entre diferentes arsas del conocimiente, para
genacar [Amacos cada vaz mas sflcaces.

La psonasis consliluye un excelente sjemplo de la
impartancia de {2 medicina trasiacional para el desa-
rrotla @ nuevos tratamigntos. De hacho, los primeros
lratamientos antipsarlasicos, como la loloterapla o 1a
cicfosparina, se desarrollaran a parlir de Lna aproxi-
macidn gmpirica que parli¢ de la evidencia ¢linita.
Eslo conlleve 2 la genesacion de hipolesis atiopalo-
génicas slucidadas postariorments en Investigacion
basica.f

En la actualidad. &l desarrollo da tratamlanlos para
la psoriagis ha experimariada Un cambic da paradig-
mg, Promovido par un mayor conocimiento sobre las
causas da la enfermedad, i gque so ha avidenciado
con le salida al mercado de madicameéntos biotecno-
logices difigidos a neulralizar quimiocinas y cilotinas
aspecificas.

La presenls revision liena como objetive anatizar el
impacts de Iz madicina irasiacional en ¢l desarrollo
de medicamantos antipsoriasicos. La [isiopalologia
de la psoriasis 5e @xamina con base en Ios conceptos
acluales. Ademas, se explora fa literatura cientifica
sobrg nuevds medicamantos en desarrgllo ¥ sus oh-
jetivos fammacoldgicos para ofrecer una visién actua-
lizada del desarrollo tarmacéutico en esta patolagia,
Finalmente, s presenia un analisis critico sobra fas
perspectivas fuluras en el desarrello de nuevos teala-
migntos para esta enfermedad,

Conceplos etiopatogénicos actuales de la
psorlasls

Lz elioiogia de Ia psonasis es compleja y multifac-
lgrial, ya que implica !a inleraccidn complgja entre las
células constilutivas de la pial y las respueslas innata
y adaptativa del sistema inmunologico (Figura 1}.7 Las
primgras hipdtesis consideraban que e! defscto pri-
mario causante de fa enfermedad consistia en los
queratinocitos. B'e hecho, hasta hoy dia se considera
que k3 hiperprolifaraciér de estas caélulas es una ca-
racleristica dislinliva de |a patelogra. La division rapi-
da de los queratinocites psoridsicos comparativamen-
le a los normales {siele a 10 dias versus 28 a 50 dias)
conlleva aumento del gresor de Ia epiderm|s y cambios
en la expresion de los marcadores de diferenciacion.®
La capa granulosa de la piel, donde comienza la
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Figura 1. Patogenesis de \a psonasis e implicacion de los nuevos farmacos en desanmollo. La psonasis implica &3 interaccion complefa entre ne
frofilps, células dendriticas {CD), infocitos T (Th1 y Th17) y queratinpcitos. La achivacion de Ins queratingaitos por una lesion inicial induce I& pr
duccion de péptidos antimicrobianos (PAM), propiciandd que las CD hberen citocinas {(IFN<e y B, IL-12 e IL-23) implcadas en Iz diferenciack
e finfocitos Th1 y Th17, que producen mediadores (IL-17A, IL-17F, IL-22, TNF« e IFN} que estimuian la generacion de quimiocinas (CXCL
CCL) en Ins queratinocitos, con e consecuente reckiamiento de mds NMunocitos en (a piel. Algunos de Jos Nuevos fFAmacos antipsordsicos |
investigacion actuan en' aj el biogueo de ia via de sefializackn JAK/STAT (baricitini, MOL4239, BCX-4208), b) (a inhibicidn de enzimas con
(2 PDE4 (AN2728) y Ja PNP (BCX-4208); ¢} ef bioqueo de los receptores TLR (IMO-8400), d) [a inhibicion del receptor de fa TikA (CT327); o)
activacion de la SIRTT (SAT2104) y del ASAR (CF101). 2-DG = 2-dexosiguanosing, ASAR = receptor de adenosina A3, AMPr = monofosfa
de adenosina clolico, D1P = dexosiibosa- 1-fosfato, JAK = Janus cinasa, NF-xB. factor nuclear potenciador de las cadenas lgevas kappa de |
celulas B activadas, NGF = factor de cregimiento nervioso, PNF = fasforlasa de nuciedsidos de puring, STAT = transductor de sefial y activad
de la transenpeion, SIRTY = simuna-1, TLR = recaptores fipe Tol, TrkA = tropormiosing cinzsa A

diferenciacion terminal de los queralinocitos, esta dis- unos 8 billones de células T en la sangre, mientre
minuida o ausente en la piel psoriasica, con una capa que 20 millones se localizaran en la dermis y la ep
cornea formada por células no diferenciadas.’ dermis.” Los estudios inmunohistoquimicos confirma

En los ultimos anos se ha puesio en evidencia el que la dermis alberga predominaniemente linfociic
papel del sistema inmune en la psoriasis, lo que ha T CD4+, macréfagos y células dendriticas (CD), miet
facilitado la comprension de las bases fisiopatologi- Iras gue los linfocitos T CD8 predominan en la ep
cas de la enfermedad. Las lesiones psoridsicas se dermis.” A pesar de la indudable importancia d
caracierizan por aumento de la infiliracion de linfoci-  sistema inmunitario en la psoriasis, el debate sob
tos T. Se esfima que un paciente con 20 % de la su causa primaria continua y numerosas dudas debe
superficie corporal afectada con psoriasis tendra resolverse, en particular respecto a la identificacic
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de anligenos {exdgenos ¢ snddgenns) y su interac-
cidn ¢on las célvlas spidémicas e inmunolugicas en
gl contexto de las lesiones cutdneas.?

Por estudios gendticos se han identilicado nueve
locus de susceptibilidad para la psonasis (PSCRS! a
PSORSE). Une de los principales determinantes geng-
livos us PSOAST, una regidn da 220 kb en el complejo
mayor de histocompalivilidad Iocalizado an el cromoga-
ma 6p21, con ol cual sa oxplica de 35 a 40 % de here-
dabiidad da la enfermedad.® Qlos genas especilicos
lambign han sido identificados en distinlas pobtaciones;
sus polimorfismos se han asociado con NUMerosos pro-
cesos inmunolégicas, incluyenda la diferenciacion de
queratinocitas. la prolferacion de célufas T, la modula-
cién de vias de senahizatdn, asi came la regulacion y
adhesidn de leucocilos por células T ¢aoperadaras (Th)
1y 17."" En fechas recientes lamblén se ha destacado
la parlicipacion de divide the waord as: micro-ANA en la
ragulacion Inflamatoria de la enlermedad.'

De la investigacién basica y clinica al
desarrollo de tratamientos antipsoriasicos

El desarrollo da nuevps iralamienlos desda una
yision convencional involucra las siguientes elapas.:

- Eslablgcimienio de hipdlesis sliopaiogsenicas de
la enfermedad.
tdentificacion de objelivas farmacolbgicos.
Seleceion ds candidatos tarapéulicos.
Oplimizacién  quimica de  Ivs  compuestas
salsceionados.

Pruebas praclinicas ¢n animalas de exparimen-
tagion.

— Ewvaltuacién de la seguridad en seres humanos y
gstablacimiento da {as propiedades tarmacecing-
ticas (fase I}

— Pruebas da sficacia {prueba ds concepto, Jase Il).

— Ensayos ¢linicos mullicénlnicos a mayor escala
para evaluar la seguridad vy slicacia (fase lI).

En esle esquema clasico, ol traslado de conoci-
mientos se realiza desde la investigacion basica hacia
la clinica en un senlido unidireccional.

El desarrollo de medwcamentos antipsaniasicos a lo
largo de su hislora rompe con esag modeto. ya que el
(raslade de conocimientos no siempra ha partido das-
de la ciencia basica, sino gue muchas hipalesis han
surgido a partir de |a experiencia clinica pudiendo ser
varificadas en investigacion Jundamental para luego
Iraslagarse nuevamenlie hacia escenarnos clinicos.
Asi. aungue el canceplo de madicina traslacional as
relativamenta recionte, su implemaentacion en o

desarrollo de tfralamientos antipsoridsicos 0o es
novedesa.

De hacho, uno de los primerps cambios en ctanto
a los paradigmas sobre ia patogenesis de¢ la enferms-
dad se produjo cuando una observacion accidental
demostrd que pacianlas lrasplantadas que racibian
ciclosparina evigenciaban mejoria de su psonasis.”
Esta experiencia clinica propicio el inicio da nugvas
inveslinaclones que demoslraron que ta accion de
aste madicamenio reducia ol nimare de linfacilos T,
células presenladoras de antigenos, monotilos y ma-
crofages.? En consecuancia, los linfecitos T sa con-
sidararon blances lerapduticos, lo cual propicié el
desamolla de una proleina dg fusidn que $electiva-
ments bloqueaba su aclivacion sin atectar a los que-
ratinocitas.” Curiosamente se ulilizaron estralegias
de la medicina traslacional que conllevaron a la ge-
neracion de nuavas hipdlesis a partir de las axperien-
cias clinicas (bedside-lo-bench},

La hipdtesis que consikleraba 1a activacién de linfoeitos
T como un gvenlo cantral an la sliclogia de la enferme-
dad fue posienommente conlimada ton [8 realizaciin da
experimentos en fos qua el rasiado de conocimientos se
realizé  bidireceionalmenle  (bench-lo-betsidebedsi-
de-to-bench). En uno de slios se uliizargn ratongs inmu-
nosuprimidos en los que se injertdé piel no lesionada
provenienie de paclentes con psoriasis. Esla pled adqui-
rd caracterislicas de placas psoriasicas daspuds de la
inyaccion de leucocitos.® Para probar la misma hipotesis
se usaran anlagenistas especiicos (anticuespos an-
CD80 y proteina de fusidn CTLAZ-1G) de moldculas da
sperficia implicadas en la acfivacidn dae los Imlocitos 1.7
Eslos fueron exparimentos ¢finicos acoplades con inves-
gacones basicas que condujeron a la skucklacion de
vias de sefalizacitn vinculadas con la patagénesis de la
enfarmedad.

En esta época se exlendio la idea de que la pre-
sencia de una rad de citocinas generadas por los
linlocites en individuos gandlicamanta pradispuesios
tenia inlluencia en {a hiperproliferacion de tos
queratinaciloa. Como consecuencia se diseiaron pro-
duclas biolecholégicas para bloquear la accién de
dichas cilo¢ings. Un gjemplo de ello fug gl daclizu-
mab, un anticusrpo meneocional dirigido cenira el re-
caplorde 12 IL-2 y la salida al mearcado de dos nuevas
agentas dirigidos a inaclivar a los linfocitos T: alefa-
cept y elalizumab. Aungue efalizumab fus relirado
mas larde por generar efectos adversos graves, su
uso constiluyé olra prueba de le importancia de tas
linlocilos T on esla patologta.
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En |a década de 1990 ya se habia demosirado que
el faclor de nacrosis tumoral {TNF) se encontraba en
altas concentraciones en [as placas psoriasicas.® La
remisian de las iesianes culdaneas en pacientes con
artrilis psonasica luego de! uso de un agents anti-TNF
(etanercept)'® puso en evidencia sl papel relevante de
esla cilocina y de fa respuesia inmunologlca innata
en la psoriasis.? Estudlos clinlcos poslerlores, com-
plementados con herramientas de biclegia celular y
molecutas, conflrmaren qua los agentas anti-TNF tam-
bién teman efeclos sobre la profiferacion de ctros
lInfocitos, ios Th17.#* Estos abordajes bldlreccicnalas
de madicina traslacional contribuyeren a {a idenlifica-
cién de mediadores clave en la enfermedad, perml-
tiendo 1a salida al mercado de farmacos con mayor
seleclividad sobre citocinas especificas.

Aunque los primeros medicamentos anli-TNF sur-
gieron a principios del sigio XX| {etanercept, adallmu-
mab, Inlliximab), nuevas estralegias larmacolégicas
han permitido el desarrcllo de otros agenles anti-TNF
novedosos. E6 el case del certolizumab pegol, que
difiere de olros fanmacos anti-TNF por su estructura.
Esle medicamento estd compuesto por un fragmento
Fah de un anticuarpo manoclonal muring humanizado
anti-TNF combinade con dos moksculas de polisti-
lenglicol,? fo que incrementa su tiempo de vida media
a aproximadamenie 14 dias con mayor dislabucion
tisular.?? Al estar libre de ia porcion Fc, el certalizu-
mab pego!l no forma complejos Inmunes ni induce
citoloxicidad mediada por anlicuerpos ni por comple-
menlo, Ademds, posee una afinidad por el TNF supe-
rior @ olros medicamenlos como inffiximab y agalimu-
mab,** sin inducir apaplosis en linfocitos T y monocilos
de ingdividugs 52nos.

1a imporlancia de las céluias Th17 an |a psoriasis
fue también eslablecida ufilizande enloques de medi-
¢ina traslacional. Primeramenle, la existencia de ests
grupo de celulas productoras de IL-17, su impaclo en
anfarmedades inflamatorias aulginmuras y su impor-
lante prasencia en piel y sangre parilérica de indivi-
duos con psoriasis se demoslsa an modelos animales
¥ pacignlgs.®* Qlras investigaciones evidanciaron
que Ia activacion de las células Th17 gstaba influida
por {a IL-23* y que asta compartia la subunidad p40
con i IL-12.% Eslos estudios de ctancia bésica com-
binados con comprobaciones chinicas permiligron of
eslablacimignto de un nugve paradigma en la fisiopa-
tologia de 1a enformedad relacionado con el gje -23¢
IL-17.7 La consecuencia [dgica da aslas investigacio-
nas fue el desarrolin de dos anlicusmpos canlra la
svbunidad p49: al ustekinumab y brigkinumab, asi
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como de inhibldores da la IL-17 ¢ de su receplor (se-
cukinumab. ixeklzumab, beodalumab).

Un anélisls exhaustivo de lo sucedido hace dos
décadas con |a genaracion ds nuaves medicamenias
para la psorlasis permile comprender el impaclo de
la medicina lraslacioeal sn aste procese. Da hecho,
ol éxlio de los biotecnoldgicos se debit a fa realiza-
cion de investigaciones en las que se estahlecleron
hipdlesis an modelos biologicas con poslbllidad de
lrasladarse rapidamente al campo clinica, al misme
Lampo que osla experiencia clinica servia de base
para reflnar tos conceptos etiopatogénicos.

Esle proceso bldireccional ha garantizado el éxilo
an {a genaracion de tratamlenlos y, avngque muchaes
de ellos han quedado an el camino {anficuerpo an-
L-1L8, anticuerpa anti-CD5, anticusrpo anti-L sedecti-
naj, no cabe duda de que esta esirategia ha permitido
fa salida al mercado de nuevos larmacos, conlribu-
yendo a la majoria en |a calidad de vida de les
pacienles.

Nuevos farmacos antipsoriasicos en
desarrollo

l.a compransidn mas profunda de 1os eventos celu-
fares y moleculares implicados en la etiologia de la
psofiasis ha pemitide que se haya producido un salip
considerable en cuanlo al numere de farmacos en de-
sarrolle asoclados con nuevos objelivos terapeutices
{Figura ). Deslacan los que activan ¢ hloguean la
loslodiesterasa 4. el raceplor de 1a tropomigsina cinasa
A. ta lostorilasa de nucléosidos de purina, €l receplor
de adenosina A3, ol receptior ds esfingosina-1-foslalo
y la familia de las Janus cinasas, enire olros (Tabta 1).

Perspectlvas futuras en ¢l desarrollo de
nuevos medicamentos antipsoriasicos

El uso da psiralegias de medicina {raslacional en &l
desarralle dg madicamenlos anlipsoniasicos ha permi-
lido en los ltimos 20 afios Incrementar signilicativa-
mentg gl numera de los disponibles para asta palalo-
gia. La salida 2l mercado de lps productos
bintecnoldgicos conskituyd un hita an ips asquemas de
desarrollo da esle lipg de lammacaes, ya que combing
conscigntemenle una esiratagia bidireccional donde
fos conocimienlos derivados de la ciencia basica se
neorporanin rdpidamante & la investigacion clinica, al
misrha tismpo que ki experiancia clinica sirvid de base
para aceplar o relutar hipolasis de la ciencia bésica.
Por ellp, no resulta somrendenie gue existan 18
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Tehls 1, Nueves medicamantgs en degarrolio pars sl Iretemienio de |s psorisgis

Férmaca Mecan|smp de scclan/Qbjetivo lerepdutica (Compafiia famecéutice) Fasa de] dasarrollo

AN2724 Intwbidee salacivo de m lesledeslierasa 4 {Phzor) Fasa |1

CT327 Ireider selechvo del recoptor Ao 13 tropeniosing fvasa A {Trkd | {Creatulis, S A) Fage 1|

IMO-8400 Blogw2o de 1a actwvacion de los recspiaores de boo T8 (TLR) 7.8 y 9 (ldeca Fase lI*
Phrarmacoulsals)

SAT2104 Active a |3 giuina- 1 ¢SIAT1 | mooulanda la tuncion de NF-+2 y pa3. inhibe la Fase |I!
PIONIBIBGIoN o aueratmpndos (GlexcSmimKlinet

AZD0284 Agoresla inverso del receplar de acido etinoide 3saciade oon el teceplor ruckear Fasa |I¥
nuérfeno [Aziralaneca)

CFitn Angorysla del eeeplor de adenostna A3 (A3AR] (Can-Frie SBioPhamma Lid) Fasa I

BCX-4205 Irrditice ds la fosfontasa de nuclebzidos da purina (PNP) (BieCrve! Pharmacautials. Fasa |
Irc;Hottman2.a Roche)

Namilurhih ANtcuerpo INOCONAl que heuraliza de [0rma posents ¥ 25pecica al factor asinudante Fase [1¥

(MT-203) de calunigy de granulocilus y macritayas (GM-CSF) {Takeda Pharmecsullcal)

Penasrhod Aucrisla calacivg dal racepiot de estingosing- 1-leslatd (S*P) racuts la digpombliigad Fasg 1™

I1ACT-1265(K) o célulae slacloras BiT circulenles. (Acialion Pharmaceuticass)

RWviJ-455360 Ireutidor de la calepsina S{Alza Corporataon, DE} Faga ||+

Ruxclitmib Iteolder de ia familia g 1as ¢Inasas Janus JAR JAKZ (Hyle Corporztion] Faso 1

Barizilinle Inilaer de la famila de las cinasas Janus JAK 1:JAK2 (En Lilly) Fasa ™

G5K2586 184 Blnmesador selectivo os JAK 1 (GlaxaSmithKline) Fase [I%

INCBRED110 Bloguaador eslective de JAK1 {Incyle Carporahon) Faze |1V

Lestauriinit Irédvider del receplor de firosing cunasa AT v de JAK2 {Teve Phemmaceuticat) rase |1

ASPO1SK Intvdider selectivo da JAKA (Aztalles Pharma) Fasa |14

MOLa234 Iewider de la foslonlacién del franeduclor de sefal y sctvacce de la transcripoén 3 Fase |14
(STAT3) (Moeculin. LLC)

KCC28 Irtbidor de la quanaaa 2 ascoiacta can Aha JRCCK2) bloquesndo Ie foskorkacion da Fase |I*

STAT3 y |a produccidn de IL-17 e IL-21{Kedmon Hoidings, Inc)

tarmacos anlipsoridsicos asociados con nuevos obje-
lives, los cluaies que eslan siendo desarrollados por
multiples companias farmacéuticas an al munde.

A pesar de sstas algntadoras noticias, la psariasis
sigue siendo una enfermedad incurable y axislen (-
davia varios aspectos que puaden dificultar el desa-
rrollo fulure de farmacos. que deben ser profundiza-
dos an su inlegracitn con ssquamas do medicina
trastacionat. Como gjemple podrian anumararse 103
siguientes:

— La caraclerizacidon da antigenos aspaciicas res-
ponsables de la activacion de la respuesla
inmunolggica.

- La identificacion da biomarcaderss predictivos de
{oxicdad. fanmacocinélica y eficacia farmacologica.

— El desarnallo de modelos in vivo 8 i vilro mas
rgprasentalivos da la anfermedad.

- La integracién de aspaclos genomicos al proce-
50 del descubrimiento de larmacos,

Mucho gueda por comprender las causas de esta
enfermedad, asi comg |p inlluencia de marcadores
gendlicos on la respliesta a nuevos tratamigntos, pero
seguramanis el traslado bidireccional de conocimien-
1os permiticd la introduccion futura de nuevas opcio-
nas individualizadas en las qug la conperacion anlra
lados los acloras (cientilicay, médicus, pacianias)
serd necesarna para e cambio de paradigmas.
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