












































Abreviatura

Nrf2. actor nuclear eritroide-2
OMS: Organizacién Mundial de la Sall
ORAC: Capacidad de absorbancia del radical oxigeno
PG: Prostaglandina
PGE2: Prostaglandina E2
POMC: pro-opiomelanocortina
s.c: Subcutaneo
SNC: Sistema nervioso central
SNP: Sistema nervioso periférico
SOD: Superoxido dismutasa
SOM: Somatostatina
TEAC: Capacidad antioxidante equivalente al Trolox
TNF: Factor de necrosis tumoral
IF-a: Factor de necrosis tumoral a
TRAP: Determinacién del potencia antioxidante total
TROLOX: Acido 6-hidroxi-2, 5, 7,8  rametilcroman-2-carboxilico
...A2: Tromboxano A2
UV: luz ultravioleta
v.0: via oral
VCAM-1: Molécula 1 de adhesién de células vasculares
XO: Xantina oxidasa
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inmunes al foco inflamatorio, d) regulacién del proceso inflamatorio y e) reparacién de los
tejidos dafiados (Medzhitov, 2008).

El inicio del reconocimiento la infeccion es mediada por macréfagos y mastocitos
residentes en el tejido, conduciendo a la produccién de una variedad de mediadores
inflamatorios, incluyendo quimiocinas, citocinas, vasoactinas, eicosanoides y productos de
las cascadas proteoliticas (Simon y Green, 2005). Estos mediadores contribuyen a los
reconocidos signos médicos de la inflamacién i.e. el calor, el enrojecimiento, la hinchazén,
el dolor agudo y la eventual pérdida de la f cién del tejido (Lawrence et al.,2002). Los
neutréfilos son los primeros en llegar al sitio aquejado e intentan eliminar a los agentes
invasores mediante la liberacion de contenidos toxicos de sus granulos, los cuales
incluyen ERO y ERN. Estos efectos altamente potentes no discriminan entre el agente
infectante y el hospedero siendo el dafio colateral en el hospedero, inevitable (Thomas,
2008).

Estudios recientes indican que las ERO vy el estrés oxidativo estan implicados en el dolor
persistente (Schwartz et al.,2009), incluyendo el dolor neuropatico (Kim et al.,2010;
Yowtak et al,2012) y el dolor inflamatorio (Wang et al.,2004; lbi et al.,2008). Asimismo,
actualmente se reconoce que la administracién de antioxidantes disminuye la inflamacion
(Deng et al,2011), contribuyendo en 1 atenuaciéon de la respuesta al dolor tipo
inflamatorio (Hacimuftuoglu et al.,2006) y crénico (Kim et al,2004). Por esta razén, la
busqueda de antioxidantes se considera a2 prometedora alternativa para el tratamiento
de la inflamaci y el dolor.

En la respuesta inflamatoria se activa la formacién de PG a partir del AA debido a la
accion de la COX. Mientras que la COX-1 es expresada de manera constitutiva y esta
implicada en procesos protectores gastricos, renales, etc., (Katori y Majima, 2000;
Char asekharan y Simmons, 2004), la COX-2 se activa selectivamente en respuesta a
diversos estimulos inflamatorios. Se considera que la expresion de COX-2 desempefia un
papel fundamental en la produccion PG vy el TxA2, productos implicados en la
inflamacién, el dolor y la fiebre. ;tos mediadores quimicos involucrados en la iniciacion
de la inflamacion aguda se asume que son idénticos a los que participan en la inflamacion
crénica y en la fase de resolucién de la inflamacién (Serhan, 2007). La primera familia de
mediadores reconocidos como anti-inflamatorios son las lipoxinas, generados a partir de
AA. Las lipoxinas inhiben la libe ion los neutréfilos y promueven el reclutamiento de
los monocitos, que eliminan las células muertas e inician la remodelaciéon de tejidos.
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tratar « dolor (Méndez Gonzalez et al.,2011). Considerando la importancia de la
informacion etnomédica de estas especies, la flora medicinal de la peninsula de Yucatan
representa una importante fuente de estudio para la bisqueda de productos naturales
bioactivos, con potencial aplicacién como analgésicos y antiinflamatorios.

1ANTECEDENTES.

1.1 MECANISMOS DE LA INFLAMACION DOLOROSA

El sistema nervioso central regula el sistema inmunolégico. Las células del sistema
inmunolégico expresan receptores para hormonas provenientes de diversos ejes y para
numerosos neurotransmisores y mediadores bioquimicos excitatorios (e.g. iglutamato,
sustancia P, factores de crecimiel ) e inhibitorios (e.g. opioides, GABA vy giicina).

A consecuencia de la lesion tisular, las células del sistema inmune liberan mediadores
inflamatorios, incluyendo citocinas, quimiocinas, NGF y PG. Los mediadores inflamatorios
también pueden contrib  a la destruccién celular o ser liberados a la circulacién (e.g.
bradicinina). Varios mediadores inflamatorios actian de forma sinérgica con la
acidificacion de tejidos para aumentar la actividad de las neuronas aferentes primarias de
la via nociceptiva, bajando el umbral de los nociceptores para inducir y mantener la
desarrollo del dolor e hiperalgesia (Hua y Cabot, 2010) (Figura 1.1 a).

La inflamacién estimula rapidamente la extravasacion de células inmunes y la migracion
hacia los tejidos lesionados. Durante las primeras etapas de la inflamacion los
granulocitos (en especial los neutréfilos) expresan un mayor contenido de opioides,
mientras que en las Ultimas etapas de la inflamacién éstos predominan en los monocitos o
macréfagos, los linfocitos T y las células B (Rittner et al.,2008). Las células inmunes
tienen un papel claro en la analgesia |  férica. Los linfocitos activados tienen una mayor
expresién de péptidos opioides, sobretodo los que se encuentran en los tejidos
lesionados, donde se segregan los opioides para reducir el dolor. Ademas la expresion de
los péptidos opiodes aumenta en GRD y en las células inmunes en las ultimas etapas del
proceso inflamatorio. La consecuencia de esta sobreexpresion del péptido opioide dentro
del tejido inflamado es el alivio de  Hlor (Stein y Machelska, 2011),(Figura 1.1 b).

Entre los mediadores analgésicos endoégenos que también se producen dentro del tejido
inflamado para contrarrestar el dolo se encuel an los péptidos opioides, la SOM, los
endocanabinoides y las citocinas antiinflamatorias (Coutaux et al., 2005).
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ERO adicionales. Las ERO también pueden funcionar como segundos mensajeros
involucrados en la activacién del factor de necrosis tumoral NF-kB (Siomek, 2012; Klaunig
y amendulis, 2004). La activaciéon de NF-kB puede también aumentar los niveles de
iNOS, ) que resulta en la generacion de NO (linea azul en la Figura 1.3), la induccién de
mediadores inflamatorios (quimicinas y citocinas) y la expresién de citocinas inflamatorias
(TNF, IL-1, IL-6, IL-8), CAM y ofras moléculas que son iniciadores o potenciadores del
proceso inflamatorio (Siomek, 2012). La combinacién del O, con el NO da lugar a la
formacion del ONOO", capaz de inducir peroxidacién lipidica en las lipoproteinas (Figura
1.3) (Ray et al.,2012; Salvemini et al.,2011).

En el desarrolio de la respuesta inflamatoria, los macréfagos residentes y las células
migratorias tienen un papel amplificador pues son fuente de ON, los aniones O2- y
ONQOO-. La sensibilizaciéon de los  :eptores del dolor es un mecanismo comun a todos
los tipos de dolor inflamatorio y que clinicamente se manifiestan por hiperalgesia. En
estas condiciones, el NO tiene un papel pro-nociceptivo (Lépez-Jaramillo, 2001).

Por otro lado los neutréfilos, al fagocitar bacterias o particulas extrafias, producen grandes
cantidades de ERO (O, HOy H,0,) y 1mentan la expresién de la fosfolipasa A2, 5-
lipoxigenasa (5-LOX), la COX-2 y de INOS (Okamoto et al.,2004). El H,O,, el O, ~, HOYY
ON han sido implicados en perpetuar la lesion tisular y, por consecuencia, en una mayor
respuesta nociceptiva (Khalil y Khodr, 2001).

Dado que la expresién y la actividad de INOS y COX-2 se asocia con inflamacion
dolorosa, se ha propuesto que | hibicién de ambos podria proporcionar un efecto
antinociceptivo mas potente (Dudhgaonkar et al.,2006).
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molécula muy estable y se puede desproporcionar espontaneamente regenerando el
ascorbato y el dideshidr  scorbato. ste Ultimo se dascompnne en acido oxalico y acido
trednico o es reabsorbido y red  lo por la glui...edoxina y < ywtation. (Figura 1.4 a). El
ascorbato puede rege rarse facilmente .. la accion de r ictasas especificas y con
ayuda de otras moléculas como el NADH, el NADPH o el GSH en el denominado ciclo
Asco  to-Glutatién (ASC-GSH) \. vyer y Noctor, 2011).

El a-tocoferol, en presencia de un radical (lipidico), forma el radical tocoferilo que se
puede reducir con ascorbato = ju 1.4 b), en tanto que el B-caroteno,a través de una
dioxigenasa, genera dos moléculas de retinal que es reducido por la retinaldehido
reductasa y posteriormente el retinol debe ser oxidado hasta componer la forma activa del

acido retinoico (Figura 1.4 c).
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enzima COX que resulta critica en | formacién de las prostaglandinas (Steinmeyer et
al.,2000).

Los antiinflamatorios esteroideos o glucocorticoides son farmacos antiinflamatorios,
antialérgicos e inmunosupresores derivados del cortisol o hidrocortisona, hormona
producida por la corteza adrenal.  ; glucocorticoides ejercen su accién inmunosupresora
y antiinflamatoria principalmente medic : la inhibicién de la expresién de los genes de
interleucina-2 (IL-2) y otros mediadores. También inducen la sintesis de dos proteinas que
afectan 1 traduccién de sefiales, como son la con la familia de cremallera de leucinas
inducida por glucocorticoides, la que inhibe el factor NF-kB y AP-1 (De Bosscher et
al.,2010). Entre los farmacos de )0 glucocorticoides se encuentran la dexametasona,
prednisona, cortisona, (Figura 1.6) (Biju et al.,2011).

a) Ho b)

HO, | WOH

Figura 1.6 Antiinflamatorios esteroideos comunmente utilizados.
a) Dexametasona, b) Prednisona c) Cortiso

1.8 MODELOS ANIMALES PARA EL ~3TUDIO DE TRATAMIENTOS
FARMACOLOGICOS PARA EL DOLOR INFLAMACION

La busqueda de tratamientos farmacoldgicos para remediar el dolor sigue siendo uno de
los principales objetivos y metas de los boratorios de investigacion. El desarrollo de los
modelos animales de dolor han p nitido la investigacion de nuevos farmacos para tratar
el dolor e inflamacion. Debido a la complejidad del dolor en el ser humano, es muy dificil
elaborar un modelo que  =da valorar sus diferentes aspectos. Por ello, los modelos
suelen estudiar aspectos concretos y muy especificos en una gran variedad de

condiciones experimentales.
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en esta primera fase. La Ultima fase (15-45 min) de la liberacién de mediadores
inflamatorios locales como serotonina, histamina, bradicinina y las prostaglandinas
responsables de la sensibilizacion de percepcion primaria del dolor ocurre por medio de la
activacion de neuronas centrales en la medula espinal (Hunskaar y Hole, 1987). En
ambas fases son los receptores de histamina H1 y H3 los responsables de la sensibilidad
nociceptiva (Tjalsen et al.,1992; Corréa y Calixto, 1993). Los medicamentos que actian
principalmente sobre el sistema nervioso central inhiben las dos fases, mientras que los
que inhiben solo la ultima fase son considerados de accién periférica (Corréa y Calixto,
1993). Por esta razén se recomienda usar controles positivos como farmacos de tipo
opioide, e.g la morfina, que logren inhibir ambas fases y otros de tipo AINEs, como el
ASA, que inhiba solamente la segunda fase de este ensayo (Choi, et al.,2001).

Estos ensayos de estimulacion quimica tienen la ventaja de que producen una serie de
signos que son contabilizables y representan una medida del dolor que puede ser aliviado
por la accién de los analgésicos. Uno de los inconvenientes técnicos es que tienen un
periodo de observaciébn amplio y que la estimulacién quimica provoca una conducta
aprendida en  ratén; este hecho hace que los animales tengan que ser sacrificados
inmediatamente tras la realizacién del test (Ortega et al.,2002).

1.9 METODOS EMPLEADOS PARA DETECTAR ACTIVIDAD
ANTIOXIDANTE

Existen numerosos métodos para evaluar la actividad antioxidante in vitro de extractos
crudos y metabolitos secundarios puros. Una de las estrategias mas aplicadas consiste en
determinar la actividad del antioxidante de un extracto organico o un metabolito frente a
un componente cromégeno de naturaleza radical, observandondo ia pérdida de color que
ocurre de forma proporcional con la concentracién de actividad antioxidante.

Entre los diversos agentes cromégenos que se utilizan para evaluar la actividad
antioxidantes estan el ABTS, el DPPH y el FRAP, que determinan la capacidad de los
productos para reducir radicales lib , actuando asi en contra los efectos perjudiciales de

los procesos de oxidacion que implican ; ERO.

Los requisitos que debe presentar cualquier método para evaluar la actividad antioxidante
in vitro son: fac de interpretar, rapido, con un mecanismo quimico, ad able a ensayos
con xidantes de tipo hidrofilicos y lipofilicos, y compatible con diferentes fuentes
gen ras de radicales. Otras caracteristicas importantes son: a) un rango analiticu -
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1.11 LAIMPORTANCIA DE LAS PLANTAS MEDICINALES Y LOS
PRODUCTOS NATURALES

Actualmente la OMS estima que el 80% de la poblacién de paises en desarrollo basa el
cuidado de su salud en la medicina tradicional; el 20% restante de la poblacién usa, en
mas del 25% de los casos, farmacos e han sido derivados de productos naturales
(Fabricant y Farnsworth, 2001). En los Gltimos 30 afios, de los 1,184 productos que se
incorporaron al mercado como nuevos farmacos, el 5% correspondié a productos
naturales, con estructuras novedosas, el 23% se obtuvo como derivados de los mismos,
un 10% correspondié a nuevas moléculas modeladas a partir de productos naturales y el
4% a moléculas de productos naturales obtenidos por sintesis quimica. De estos
farmacos el 2-4% fueron desarrollados para tratar los problemas de inflamacién y dolor
(Newman y Cragg, 2012); lo anterior indica que los productos naturales representan una
alternativa importante para el desarrollo de nuevos farmacos analgésicos y
ar flamatorios.

La exploracién de productos naturales novedosos y con potencial para el desarrollo de
nuevos farmacos se ha centrado en el estudio de especies vegetales ubicadas en las
regiones ricas en biodiversidad y en el uso de la informacién etnobotanica de las diversas
especies en estas regiones. Sin embargo, se ha reportado que, hasta ahora, de las
300,000 especies de plantas superiores que se estima existen en el planeta, tinicamente
entre el 10 y el 15% han sido investigadas en cuanto a su produccién de metabolitos
bioactivos (Harvey, 2000). En México, con su extensa riqueza natural y cultural, menos
d 2% de las plantas han sido estudiadas en cuanto a su produccién de metabolitos
bioactivos (Meckes et al.,1993). Con base a lo anterior, el aislamiento y la identificacioén de
metabolitos bioactivos de plantas mexicanas podria contribuir a resolver problemas de
salud publica.

1.12 FLORA NATIVA CON PROPIEDADES ANALGESIQAS Y
ANTIINFLAMATORIAS L.. LA PENINSULA DE YUCATAN

En la Peninsula de Yucatan, de las 2,500 plantas vasculares reportadas, cerca del 30%
se utilizan en medicinal tradicion y de éstas, el 11% se utilizan para aliviar el dolor
(Méndez Gonzalez et al.,2011).

Dada la diversidad vy la riqueza en la informacién sobre plantas nativas de la peninsula de
Yucatan utilizadas en la medicina tradicional para aliviar diversas enfermedades y
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Figura 1.9 Metabolitos de Acmella brasilensis. a) Acido kaurenoico y b) luteolina.

1.13.2 Calea urticifolia (MILL_R) DC (ASTERACEAE).

Calea urticifolia es conocida como Tok'aban, tsikin, xtokdban o amargo del monte en la
Peninsula de Yucatan y es utilizada en  medicina popular en El Salvador y en México
como bactericida y para el tratamiento de Ulceras géstricas, (Bork et al.,1997). De esta
especie se han reportado lactonas sesquiterpénicas del tipo germacrandlidos con
actividad citotoxica (Bork ef al,1997; Nakagawa et al.,2005), anti-tumoral (Ohguchi et
al.,2009), acaricida (Ribeiro et al.,2008) y de inhibicién de preadipocitos (Matsuura et
al., 2005 ). También se ha reportado que la calealactona C (Figura 1.10a) y la 2,3-
epoxijuanisulamina (Figura 1.10b), tienen una importante actividad citotéxica in vitro
contra células tumorales (Castillo et al.,1981; Matsuura et al.,2005) y de inhibicién de la
biosintesis de melanina (Ohguchi et al.,2009). Asimismo, se ha reportado que partendlido
(Figura 10c), aislado de el extracto de hoja de C. urticifolia, inhibe la sefalizacién del
factor nuclear NF-kB (Bork et al.,1997).

Recientemente se reportd que la arucandlida . gura 1.10 d), aislada de extractos de hoja
de C. urticifolia presenta «  toxicidad contra células que cancer y se encontré que esta
actividad era debida principalmente a la apoptosis de las células cancerigenas a traves de
AIF (Nakagawa et al.,2005). También se ha reportado que Ia calealactona A (Figura 1.10
d), aislada de extracto de hoja de C. urticifolia, activa la via del factor relacionado al Nrf2
de ARE (Umemura et al., 2008).
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al.,1984) y la linamarina, identificada como la principal forma de glicésidos cianogénicos
en las hojas de Cnidoscolus spp (Kuti y Konuru, 2004).

a) b)

Figura 1.11 Flavonoides presentes en las hojas de C. aconitifolius, C. souzae y C. spinosus.
a) C-glicosilflavona y b) kaempferol.

1.13.4 Critonia aromatisans (DC.) R.M. KING Y H. ROB.syn. Eupatorium
hemipteropodum Robinson (Asteraceae)

Critonia aromatisans (syn. Eupatorium hemipteropodum) es utilizada en la medicina
tradicional yucateca para el dolor de cabeza y de cuerpo, contra la diarrea y para aliviar el

reumatismo.

Hasta ahora no existen reportes fitoquimicos de esta especie. Sin embargo muchos
metabolitos secundarios con a ‘idad farmacolégica de interés han sido aislados del
género Critonia. Entre ellos se encuentran lactonas sesquiterpénicas, flavonoides,
productos acetilénicos, triterpenos y alcaloides con actividad citotdxica, antitumoral,
antimicrobiana, antioxidan y ai Jflamatoria (Clavin et al,2000; Mifio et al.,2005).
También se ha reportado activ.__.d analgésica en extractos de E. buniifoium, E.
laevigatum, E. arnottianum y E. subhastatum (Clavin et al.,2000), en tanto que los
metabolitos 5,7,5'-trihidroxi-3, 6, 2,4-tetramethoxiflavona (Figura 1.12a), Escopoletina
v igura 1.12b) y centaureidina (Figura 1.12c), aislados de E. buniifoium, se reportan con
actividad antiinflamatoria en el modelo de edema de la oreja de raton (Muschietti et al.,
2001).
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Figura 1.13 Metabolitos aislados de Scuteflaria baicalensis: a) Baicaleina y b) Baicaiina.
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2.1 ANTIOXIDANT AND ANALGESIC ACTIVITY OF SELECTED MEDICINAL
PLANTS FROM THE NATIVE FLORA OF THE YUCATAN PENINSULA®
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2.2 ABSTRACT

Context: Reac e oxygen species contribute to maintain conditions of pain and
inflammation. Accordingly, itioxidants represent an important source for the development
of new pharmaceuticals. Presently plants used in traditional medicine, represent an
important source of secondary metabolites with antioxidant activity. Objective: To evaluate
the antioxidant and analgesic acti. ... 2s of crude extracts from e native plants traditionally
used to alleviate pain. Materials ar = Methods: The DPPH assay and writhing test were
used to evaluate the antioxidant and analgesic activities of the leaf, stem and root extracts
of Acmella pilosa, Calea urticifolia, Cnidoscolus souzae, Critonia aromatisans and
Scutellaria gaumeri. Additionally, the formalin test was used to explore action of
nociception and anti-inflammatory activity of the extracts of S. gaumeri and C.
ar 1atisans. Results and Discussion: Evaluation of all extracts for their antioxidant and
analgesic activities showed that while 2 leaf extracts of all species had the highest
analgesic activity when compared to that of the other extracts of each plant, only the leaf
extracts of C. urticifolia, A. pilosa and S. gaumeri showed significant antioxidant activity.
The extracts of C. aromatisans and S. gaumeri inhibited both phases of formalin test and
suppressed paw edema, indicating that their analgesic effect is both central and
I Iphereal. Conclusions: The results suggest that the analgesic activity of the leaf and
other extracts is not related to their radical scavenging ability. Moreover, the fact that the
leaf extracts of the five plants showed high to moderate analgesic activity suggest that
their traditional use is related to their production of bioactive secondary metabolites.

Keywords: ROS, antioxidant, analgesic, acetic acid writhing test, formalin test

2 Este trabajo sido sometido para su publica n al “Pharmaceutical Biology”
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are . 0 known for their potential as anaigesics, e.g. the neuroprotective activity of
Eucommia ulmoides has been related to its ability to decrease ROS production (Kwon et
al, 2012);, the antioxidant extract of Taxillus liquidambaricola has demonstrated
antinociceptive and anti-inflammatory activities (Deng et al, 2011), while myricitrin, a
flavon:  with antioxidant activity, shows pronounced antinociceptive activity when tested
in chemical and mechanical models pain in rodents (Meotti et al, 2006), and a
combination of antioxidants such as vitamin C and vitamin E show an antinociceptive
efficacy in mouse models of inflammatory and neuropathic pain (Lu et al., 2011).

It has 2en reported that, of the estimated 2,500 vascular plants growing in the Yucatan
Peninsula, about 30% of them have a re., _ ered medicinal use and 11% of these are used
to relieve pain or inflammation _.léndez Gonzéalez et al., 2011). As part of a project
directt  towards the search for bioactive n abolites from plants used in Yucatecan
traditional medicine, we wish to describe the use of tt DPPH radical reduction assay and
the acetic acid writhing and formalin assays to evaluate the antioxidant and analgesic
activities, respectively, of the orge :crude tracts of leaves, stems and roots of Acmella
pilosa K. Cans Cansen (Asteraceae), Calea urticifolia Miler DC (Asteraceae),
Cnidoscolus souzae McVaugh (Euphorbiaceae), Critonia aromatisans R.M. King and H.
Rob. (syn. Eupatorium hemipteropodum) (Asteraceae) and Scutellaria gaumeri Leonard
(Lamiaceae), five medicinal plants used in Yucatecan traditional medicine to treat pain and
inflammation (Table 1) (Ankli et al., 399; Duran et al., 1998; Argueta y Gallardo-Vazquez
1994).
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Highway 40 in Sotuta, Yucatan, México, and plants of Acmella pilosa (P. Sima 3015) were
collected in the town of Nuevo Campeche, Campeche, México.

2.4.1.1 PREPARATION OF PLANT .~:RACTS

Leaves, stems, and roots of each plant were first dried for three days at room temperature
and then for three days in an oven at 50°C. The plant material was ground and extracted
by maceration three times with ethanol (400 mL/20 g of plant material) at room
temperature for 72 h. After separation the plant material by successive filtration
procedures using cheesecloth and filter paper (Whatman No. 1), the solvent was
eliminated under reduced pressure to produce the corresponding crude extracts (Table
2.2).

Table 2.2 Yields of organic crude extracts from five medicinal plants of the native flora of the
Yucatan peninsula used to alleviate pain

%Yield (9)
Plant part
__ Leaves Stems Root

Acmella pilosa 0.84 (58.4) 3.40 (65.2) 21.59 (48.8)
Calea urticifolia 456 ( 1) 2.86 (33.6) 6.23 (46)
Cnidoscolus souzae 8.09 (189.4) 13.3 (124.8) 3.80(100.6)
Critonia aromatisans 3.79 (111.5) 8.11 (146.9) 7.1(115.9)
Scutellaria gaumeri 4.09 (50.5) 7.11 (38.4) 25.7 (77.3)

L: leaves; S: stems; R: roots

2.4.2 DIPHENYL-1-PICRYLHYDRAZYL (DPPH) RADICAL REDUCTION ASSAY

Qualitative antioxidant activity. Crude extracts were spotted on a TLC plate and eluted with
an appropriate solvent system (e.g. chloroform-methanol 9:1). The resulting
chromatograms were sprayed 1 a 2, 2-diphenyl-1-picrylhydrazy! (DPPH, Sigma-Aldrich)
ethanolic solution (0.2% w/v). The p  2nce of antioxidant metabolites was detected four
hours later by observing yellow spots against a purple background (Nguemfo et al., 2009;
Jiang et al., 2008).

Quantitative antioxidant activity. A calibration curve of the DPPH bleaching rate by
different concentrationsof ascorbic a_ | (Sigma-Aldrich) in methanol was prepared, and a
...zar re_ ssion was performed to correlate ...2 percentage of DPPH discoloration with
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counted over a period of 20 min, starting five minutes (T,) after the administration of the
acid. Control animals received a similar volume of vehicle. The analgesic activity was
calculated using the formula:

% of anti-nociceptive activity:(n — n") + n x 100

Where n is the average number of writhes of the control group and n” is average number
of writhes of test group.

2.5.1.2 FORMALIN TEST

Mice were treated with the organic crude extracts of leaves, roots and stems of C.
aromatisans and S. gaumeri (10 m¢ 3 i.p.), or acetylsalicylic acid (ASA 10-60 mg/Kg i.p.)
used as positive control, 30 min before fi nalin injection. The formalin test was carried out
as des bed by Hunskaar and Hole (Hunskaar y Hole, 1987) with minor modifications.
Each animal was placed in the chamber 5 min before treatment to allow acclimatization to
the new environment; 20 . of a 5% formalin solution in 0.92% formaldehyde were
injecte intraplantarely to the rig hind paw of the mouse. The mice (n = 6-8) were then
placed in the observation funnel with a mirror mounted at 45° beneath the floor to allow an
unobstructed view of the paw. The time spent licking and biting the injected paw was taken
as a measure of nociceptive response. Data col :ted between 0 to 5 min post-formalin
injection represented phase one (early phase) and data collected between 15 to 45 min
after injection of formalin represented phase two (late phase). To evaluate both phases,
the cumulative time during which the animal kept licking was clocked with a stopwatch.
Animals were euthanized  min after formalin injection by cervical dislocation, and both
paws were cut at the ankle joint and imm  ately weighed using an analytical balance. The
maximum percentage of inhibition, i.e. the antinociceptive activity was calculated as
follov

% anti-nociceptive activity:(n — n’) + n x 100
p

Where n is the average of the amount of time spent licking of the control group and n’ is
average of the amount of time spent licking of the test group.
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of S. gaumeri showed a significant presence of well-defined, medium-polarity bioactive
metaboli ; (Figure 2.1).
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Howe' , when the antioxidant activity of the various extracts was quantified using the
same assay, it was the leaf extracts of C. urticifolia and A. pilosa that showed an important
activity, while e leaf extract of S. gaumeri only showed a moderate activity (Table 2.3),
suggesting that the bioa...re metabc...2s of C. urticifolia and A. pilosa were of high
polarity. Alternatively, the . _ >t extract of C. souzae, which showed the presence of several
components with antioxidant activity in the qualitative assay, did not show a significant
activity in the quantital  assay suggesting that the bioar re metabolites are not the
major components of the extract. Finally, none of the extracts of C. aromatisans displayed
antioxidant activity in the qua...._ative assay, which coincided with the results observed in
the qualitative assay.
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mediators such as bradykinin, serotonin, histamine, sympathomimetic amines, and
prostaglandins. This nociceptive effect can be prevented by NSAIDs, as well as by opioids
and analgesics with central action (Ribt ) et al., 2000; Manjavachi et al., 2010).

Evaluation of all extracts for their  algesic activity in the acetic acid-induced writhing test
showed that, with the exception of the leaf extract of C. souzae, the leaf extracts of all
species had the strongest analge  activity when compared to the activity of the other
extracts of each plant (Table 2.4). These results are in agreement with the ethnomedical
use of the plants, but do not coincide with the results of the antioxidant activity assay
(Table 2.3), nor with a number of reports in the literature that correlate the antioxidant
activity detected in the DPPH assay for crude extracts and pure metabolites, with the
analgesic activity detected in the writhing test (Deng et al, 2011; Kumar, 2011,
Hernandez-Ortega et al., 2012). This is par ularly evident in the case of C. aromatisans
since none of its extracts showed a s ificant antioxidant activity (Table 2.3), but the
analgesic activity of both 5 leaf and root extracts proved to be particularly high (Table
2.4). Similarly, while the three extracts of A. pilosa showed a strong antioxidant activity,
their analgesic activity could only 2 considered as moderate. These findings strongly
suggest that, even though is a well-established fact that ROS play an important role in
pain (Gao et al., 2007), in this case the analgesic activity is not related to the radical
scavenging capacity of the bioactive metabolites.

While there are no reports about{ phytc  :mical components or the biological activity in
extracts of C. aromatisans, the analgesic activity shown by its leaf and root extracts is in
agreement with that reported for the aqueous extracts of the aerial parts of Eupatorium
spp (Clavin et al., 2000). Similz , to e there are no reports on the antioxidant or
analgesic activities of C. urticifolia, although a number of investigations describe its
production of sesquiterpene lactones with various biological activities including cytotoxic
(Nakagawa et al., 2005), inhibition of NF-kB (Bork et al,, 1997) and activation of factor
Nrf2/ARE (Umemura et al., 2008).

The genus Scutellaria has been ansively characterized for its antioxidant (Schinella et
al., 2002; Peng-fei et al., 2013), analgesic (Yimam et al., 2012), and anti-inflammatory
(Guo et al., 2013; Isis and Van oon, 1997) activities. Phytochemically, the genus is
known for its production of flavonoids (Sonoda et al., 2004; Yimam et al., 2012) and other
phenolic metabolites (Turkogdlu and Celik, 2010), as well as alkaloids, diterpenoids, volatile
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Table 2.4 Antinociceptive activity (acetic acid writhing test) of leaf (L), stem (S), and root (R)
extracts of five medicinal plants of the native flora of the Yucatan peninsula used to alleviate pain

Plant B ] !nhibition (%) 10 mg/kg,
i.p.
Acmella pilosa L 40.7+ 3.2*
S 5+3.5**
R 36.2¢4*
Calea urticifolia L 57.5¢5.6"**
S 48.314.7**
R 48.3t1.6™
L 41.0+1.33**
Cnidoscolus souzae S 25.211.45™
R 46.810.94*
Critonia aromatisans L 68.210.92***
S 43.710.94**
R 61.8+£0.70 ***
Scutellaria gaumeri L 75.0£1.15***
S 40.5¢1.33**
R 73.0¢1.26***
ASA 35.0
Each group repr;—s—ents the mean + SEM to eight animals. **p values < 0.01 and ** <

0.001compared with corresponding control v

Finally, the low analgesic activity the extracts A. pilosa, in spite of being amongst the
most active in the DPPH reduction assay, is not in agreement with the analgesic activity
reported for the hexane and dichloromethane fractions of the aerial parts and roots of A.
brasiliensis, both of which significantly reduced the number of constrictions induced by

acetic acid. While the analgesic effects of A. brasiliensis have been attributed to the
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isolated phenolic metabolites when tested in the inhibition of ear edema model (Mifio et al.,
2005). Finally, a recent report suggests that the clinical antiinflammatory effects of E.
perfoliatum are correlated with its content of eupafolin and sesquiterpene lactones (Hensel
etal, 2011).

As mentioned before, the biolog  activity of species belonging to the Scutellaria genus
has been widely documen 1 (Schinella et al., 2002; Peng-Fei et al., 2013; Guo et al.,
2013). Recently, it has been reported that the inflammation-modulating action of S.
baicalensis may be attributable to its inhibition of PGE2 production by suppressing COX-2
activity (Kim et al., 2009); furthermore, e oactive flavonoid baicalin, isolated from the
root of S. baicalensis, has been reported to have strong antioxidant activity (Peng-Fei et
al., 2013), as well as both analgesic and antiinflamatory activities (Chou et al., 2003) and
to be associated with NF-kB in various acute and chronic inflammation models (Kim et al.,
2006).
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3.2 ABSTRACT

The bioassay-guided purification the ethanolic extracts of Acmella pilosa and
Cnidoscolus souzae, two plants of the native flora of the Yucatanpeninsula used in
traditional medicine to treat inflammation and pain, resulted in the identification of
rosmarinic acid (1) and caffeic acid (2) as the bioactive metabolites from A. pilosa, and of
7-deoxynimbidiol (4) as the major bioactive metabolite from C. souzae. Metabolites 1, 2,
and 4 Proved to be responsible for the antioxidant activity originally detected in the
corresponding organic crude extracts; 7-deoxynimbidiol (4) showed good analgesic and
antiinflammatory activities, inhibiting 1e pain induced by PGE2 and reducing the oedema
induced by carrageenan, respectively.

3.3 INTRODUCTION

It has been reported that, of the estimated 2,500 vascular plants growing in the
Yucatanpeninsula in Mexico, about 30% them have a registered medicinal use and 11%
of these are used to relier pain or inflar 1ation (Méndez-Gonzalez et al.,2011) Acmella
pilosa R. K. Cansen (Asteraceae) and Cnidoscolus souzae Mc Vaugh (Euphorbiaceae)
are two plants commonly used in Yucatecan traditional medicine for the treatment of
various inflammatory pain diseases.

To date there are no reports on {  phytochemical components of A. pilosa, a plant
commonly known as “tripa de gallina” in Yucatan, where is used as an anesthetic and to
treat toothache and anemia (Duran ef al. )98, Ankli et al.,1999); phytochemical studies of
A. brasilensis (syn Wedelia paludosa) have resul | in the isolation of kaurenoic acid and
luteolin (Block et al.,1998).

Similarly, and although the Cnidoscolus genus is known for its high contents of vitamin C
and B-carotene (Ranhotra et al.,1998) and a number of phytochemical reports describe the
isolation of coumarins and glycositc  flavonoids (Koltermannet al., 1984, Yuan et al.,2007)
little is known about the phytochemical components of C. souzae, an endemic plant to the
Yucatanpeninsula where is commonly known as “chaya silvestre” or “ts'iim Chaay” and
where is used as a traditional remedy for the treatment of rheumatism, gastrointestinal
disorders and inflammation (Duran et al.,1998, An et al.,1999).

F ently, as part of our search for1 v analgesics and anti-inflammatories from medicinal
plants of the endemic flora of the Yucatan peninsula, we reported the presence of both
antioxi nt and analgesic activities in the si | extract of A. pilosa and the root extract of
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3.4.2 PREPARATION OF PLANT EXTRACTS

Dry, ground roots of C. souzae (2641 g) and stems of A. pilosa (1971 g) were extracted
three times (72 h ea) by mace with ethanol (400 mL of solvent/20 g of plant material).
Evaporation of the solvent produced the correspc  ing crude extracts CS-1 (100.6 g) and
AP-1(65.2 g).

3.4.2.1 ISOLATION OF BIOACTIVE METABOLITES OF A. pilosa

The AP-1 extract was suspended in 500 mL of a 3:2 H,O:MeOH mixture and the resulting
suspension was partitioned successively between hexane and EtOAc. A portion (1. 33 g)
of the bioactive EtOAc fraction was passed through a Sephadex LH-20 column eluting with
chloroform:MeOH:hexane 1:1:2 and 1:4 to yield six fractions (C1-C86). Fraction C4 (263.6
mg) was identified as rosmarinic acid (1) by comparing its spectroscopic data to those
reported (Reza-Gohari et al, 2009, Petersen and Simmonds 2003). Purification of a
second portion (5. 25 g) of the EtOAc fraction using column chromatography
(EtOAc:acetone:hexane, 2:3:5) and multiple elution (3x) preparative-TLC
(CH,Cl,:MeOH:hexane, 70:10:20) resulted the isolation and identification of rosmarinic
acid ethylester (3) (5.4 mg) and caffeic acid (2) (5.7 mg), identified by comparing its data
with those in the literature (Olthof et al., )01, Giilgin, 2006).

3.4.2.2 ISOLATION OF BIOAC ..VE ML, ABOLITES OF C. souzae

The CS-1 extract was suspended in 250 ml of a 3:2 mixture of H,O-EtOH and partitioned
successively between hexane ar EtOAc. VLC purification of the active hexane fraction
(15 g), using a gradient elution with mixtures of hexane:acetone:MeOH produced 12 major
fractions (A1-A12). Fraction A6 (2. 32 g) was purified by column chromatography eluting
with hexane:EtOAc:MeOH 80:18:2 to produce nine new fractions (B1-B9). Final
purification of fraction B5 (289. 9 mg) us g flash chromatography and an isocratic elution
with chloroform:hexane:MeOH 60:35:5 resulted in the isolation of pure 7-deoxynimbidiol
(4) (95. mg)ic tified by comparir - its spectroscopic data with those previously reported
{Guginskiet al., 2009).
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initiatingtheexperiment. The vehicle (0.¢  NaCl solution) used to administer the samples
was used as control (10 mL/kg). When administering BK, mice were pretreated with a
subcutaneous (sc) injection of Cc,__pril (5 mg/Kg) 60 min prior to the experiment.
Mechanical hyperalgesia was measured using the von Frey hairs (VFH) as follows: mice
were placed individually in clear plexiglas boxes (9 x 7 x 11 cm), on elevated wire mesh
platforms, to allow access to the ventral surface of the right hind-paw. The animals were
allowed to acclimatize for 30 min before behavioral testing. The withdrawal response
frequency was measured at different times after the injection, following 10 applications (1 s
each) of VFH. The stimuli were delivere . from below, to the plantar surface of the right
hindpaw. The VFH of 0.6 g produces mean withdrawal frequency of about 15%, which is
considered to be an adequate value for the measurement of mechanical hyperalgesia
(Rocha et al.,2006).

3.5 CARRAGEENAN-INDUC.J PAW OEDEMA

Animals were pretreated i.p with root extract of C. souzae (1mg/kg), 7-deoxynimbidiol (4)
(0.1mg /kg) or* icle (0. 9 % NaCl solution, 10 mL/kg); after 30 min they received an i. d
injection of carrageenan (300 ug/paw) in one hindpaw (right paw). The contralateral
hindpaw (left paw) received an i. d injection of saline solution and was used as control.
Oedema was measured using a plethysmometer (Ugo Basile) at different time points after
injection of carrageenan. Inhibition of oedema is expressed as the difference in pL
b reen the right and left paws (Bortalanza et a/.,2002, Posadas et al., 2004).

3.6 STATISTICAL ANALYSES

The percentages of inhibition were calculated using the entire time course of each
experiment and are reported as the mean of inhibitions obtained for each individual
experiment. The statistical significance of differences between groups was evaluated by
means of a one-way analysis of variance (ANOVA) followed by Bonferroni's post hoc test
and Dunnett's post hoc test. P-values lower than 0.05 (P < 0.05 or less) were considered
significant. Statistical analysis was  ried out using the Instant Statistical Package (Graph
pad software, Inc., USA).

3.7 RESULTS AND DISCUSSION

Analyses of the crude extracts of A. pilosa and C. souzae showed, in each case, the
presence on TLC of a major component with antioxidant activity when tested in the DPPH
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both the root extract of C. souzae and 4 for analgesic activity in the inhibition of pain
induced by prostaglandin E2 (PGE2) or bradykinin (BK) (Salvemini et al.,1996) showed
them ing active against the pain induced by PGE2 (63.0 and 52.7 %, p < 0.001,
respectively). Additionally, the purified metabolite caused a significant reduction (40.7%, p
<0.01) in the oedema induced by carrageenan. These results suggest that the anti-
oedematogenic effect of 4 might be due, at least in part, to its antioxidant activity and to
the participation of PGE2. This is the first report of 4 as a secondary metabolite from C.
souzae and as a bioactive metabolite with an important radical scavenging, analgesic and
antiinflammatory activities.
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3,4-O-dicaffeoyl-epi-quinic acid methyl ester (4), and that the analgesic activity of the
dicaffeoylquinic acid methyl ester derivatives depends on the substitution pattern of the
caffeoyl moieties in the quinic acid. Alternatively, the similarity of anti-inflammatory activity
of the dicaffeoylquinic acid deri.__ves 3-5 suggests that this activity is related to their
ability as radical scavengers and that neither the substitution pattern nor the esterification
of the carboxylic acid are critical for e expression of this type of activity.

Keywords: antioxidant; anti-inflc.....natory; analgesic; Asteraceae; quinic acid

4.3 INTRODUCTION

One of the native plants cor.....only used | the practice of Yucatecan traditional medicine
to alleviate pain and inflammation is Calea urticifolia Miller (Asteraceae), commonly known
as “amargo del monte” and used as a traditional remedy for the treatment of stomachache,
malaria and gastric ulcers (Méndez-Gonzdlez et al.,, 2011, Ankli et al.,1999, Duran et al,
1998). Previous phytochemical studies of C. urticifolia have resuited in the isolation of
sesquiterpene lactones, germacranolides, heliangolides, as well as isoeugenol and
phloroglucinol derivatives (Castillo et al., 1981, Yamada et al., 2004). Additionally,
sesquiterpene lactones from C. urticifolia  ve been reported to show various biological
activities including antioxidant (Umemu et al,, 2008), inhibition of NF-kB (Hehner et al.,
1999), induction of apoptosis (Nakag a et al,2005), suppression of adipocyte
differentiation (Matsuura et al.,2005), and inhibition of melanin biosynthesis (Ohguchi et
al., 2009).

Recently, as part of our search for new analgesics and anti-inflammatory agents from
medicinal plar  of the native flora of the Yucatan peninsula, we reported the presence of
both antioxidant and analgesic activities | the root extract of C. urticifolia (Zapata-Estrella
et al.,2014); we wish to report herein on the isolation and identification of the bioactive
metabolites r . onsible for the logical activities ¢ ected in the organic crude extract of
...2 plant.
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times by maceration with ethanol (14 L, 4 mL of solvent/20 g of plant material) at room
temperature for 72 h. The solvent was + minated under reduced pressure to produce the
corresponding crude extract CUR (46 g, 6.23%).

4.4.2.1 ISOLATION OF BIOACTIVE METABOLITES OF C. urticifolia

The CUR (46 g) extract was suspenc  in 370 ml of 3:2 H,O-MeOH and the resulting
suspension was partitioned successively tween hexane (2.5 L) and ethylacetate (2.5 L).
The active hexane fraction (Hex; 23.79 g, 51.71 %) was fractionated by VLC on silica gel
(5 x 20 cm) using a gradient elution with mixtures of Hex-CH.Cl, (1 L) to produce 6
fractions (1A-F). Final purification of action 1E (1.90 g, 7.98 %) using column
chromatography (3.5 x 3 cm) on silica gel eluting with Hex-An 9:1 (800 mL) resulted in the
isolation of a fraction (140.7 mg, 7.73%) containing an inseparable mixture of components
identified by GC-MS as 2-isopropyl-5-methylphenol (thymol, 1) and 3-methyl-4-
isopropylphenol (2) (Figure 4.1). The active ethylacetate fraction (EtOAc; 8.59 g, 18.76 %)
was fractionated by VLC (5 x 20 cm) using a gradient elution with mixtures of CH,Cl,-Hx-
MeOH (3 L) and CH,Cl,-MeOH-H,0 (1.5 L). The fractions were monitored by TLC (CH,Cl.-
MeOH-H,0 14:7:1) and those showing similar composition were combined to produce
eight major fractions (2A-H). Fraction 2G (6.52 g, 79.90 %) was purified by VLC (5 x 20
cm) using an isocratic elution with CHCl;-MeOH-AcOEt-H,0 2:2:4:1, to yield eight major
fractions (3A-H). Fraction 3D (2 g, 30.67 %) was purified by column chromatography (3.5 x
3 cm) using an isocratic elution with CHCl,-MeQH-H,0 70:30:10 + 50 u! of formic acid for
each 10 ml of solvent mixture to  »duce 3,, )-dicaffeoylquinic acid methyl esther (3, 98.2
mg, 4.91 %) and 3,4-O-dicaffeoyl-epi-quinic acid methyl ester (4, 50.2 mg, 2.51 %) in pure
form, together with a fraction 4A (0.57 g, 8.78 %) which was purified to yield 3,5-O-
dicaffeoyl-epi-quinic acid methyl ester (5, 108 mg, 5.40 %) and 3,5-O-dicaffeoylquinic acid
(6, 30.9 mg, 1.54 %) (Figure 4.1).
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d, J = 8.20 Hz, H-5"), 6.88 (1H, dd, J = 60, 8.20 Hz, H-6"), 6.91 (1H, dd, J = 1.65, 8.20
Hz, H-6"), 7.02 (1H, d, J = 1.85 Hz, H-2"), 7.03 (1H, d, J = 1.80 Hz, H-2'), 7.54 (1H, d, J =
15.85 HZ, H-7"), 7.55 (1H, d, J = 15.85 Hz, H-7)"C-NMR (125 MHz, CD,0D): & 176.12
(C-7), 168.52 (C-9'), 168.44 (C-9"), 149.68 ( C-4’), 149.64 (C-4"), 147.39 (C-3', 3"), 146.81
(CH, C-7',7"), 127.70 (C-1"), 127.63 (C-1"), 123.25 (CH, C-6'), 123.14 (CH, C-6"), 116.53
(CH, C-5), 116.46 (CH, C-5"), 114.94 (CH, C-2', 2"), 114.80 (CH, C-8', 8"), 75.56 (C-1),
75.12 (CH, C-4), 69.82 (CH, C-3), 66.03 (CH, C-5), 53.00 (CH,, C-8), 41.00 (CH,, C-6),
36.40 (CH,. C-2); HRESIMS (p tive n mode) m/z 569.1055 [M+K]* (Calcd. for
C26H26012K: 569.1061).

3,5-O-dicaffeoyl-epi-quinic acid methyl ester (5); yellow powder; spectral data identical
to those reported in the literature (Zhar et al,,2000). Copies of the original spectra are
obtainable from the corresponding author. Spectroscopic data listed as Supporting
Information.

3,5-O-dicaffeoylquinic acid (6); yellow powder; spectral data identical to those reported
in the literature (Wald et al, 1989, PaL et al,1998). Copies of the original spectra are
obtainable from the corresponding author. Spectroscopic data listed as Supporting

Information.
4.5.2 ANTIOXIDANT ACTIVITY
Diphenyl-1-picrylhydrazyl 'PH) radical reduction assay. The assay was carried out as

previously described (Zapata-Est 1 et al.,2011).

4.5.3 IN VIVO ASSAYS.

Animals. Conditions were similar to ose previously described (Zapata-Estrella et
al.,2011).

4.5.3.1 MECHANICAI HYPERALGESIA INDUCED BY CARRAGEENAN,
PROSTAGLANDIN 2 (PGE2) OR BRADYKININ (BK).

The assay was carried out as previously described (Zapata-Estrella ef a/.,2011).

4.5.3.2 CARRAC _ :NAN-INDUC.J PAW OEDEMA.

The assay was carried out as previt sly described (Zapata-Estrella et al.,2011).
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The strong antioxidant activity observed for the dicaffeoylquinic acid methyl ester
derivatives 3-5 when tested in the DPPH radical scavenging assay, suggested their being
responsible for e antioxidant activity detected in the crude extract and the medium
polarity EtOAc fraction (Table 4.1). These results are in agreement with literature reports
desc ing caffeoylquinic acid derivatives as the major antioxidant metabolites commonly

lated from Asteraceae plant species (Fraisse et al.,2011, Thuong et al., 2009). It is

.eresting to point out that the ar..._<dant activity observed for the terpenoid mixture (1
and 2) is lower than that reported for thymol alone (Masteli¢ et al., 2008).

The antioxidant activity of the dicaffeoylquinic acid methyl ester derivatives 3-5 and of the
root extract from C. urticifolia, isin _re ent with previous reports which have found that
there exists a significant correlation between the total content of caffeoylquinic acid
derivatives and the DPPH-radical scavenging ability of crude extract from plants of the
Asteraceae family (Fraisse et al., 2011) It has also been reported that the catechol moiety,
combined with the unsaturated ester moiety in the structure of the caffeoylquinic acid
derivatit is essential for the radical-scavenging activity of these metabolites (Parejo et
al., 2004, Jie et al.,2008).
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Furthermore, it is interesting to point out that while 5 did not show analgesic activity in the
persistent pain induced by carrageen: model, 3,5-O-dicaffeoyl-epi-quinic acid has been
reported to show analgesic activi hent ed in the acetic acid writhing induction test
(Dos Santos et al.,2011); these findings suggest that for the dicaffeoylquinic acid methyl
€ r derivative 5, esterification of e carboxylic acid results in a significant reduction of
activity.

The investigation of the effect of metabolites 4 and 5 in the mechanical hypernociception
induced by PGE2 and ..{, recognized as important mediators involved in pain and
inflammation (Vasquez et al.,2011, V et al.,2005, Dutra et al., 2013), showed that the
strong analgesic activity of 4 can be explained, at least in part, by its ability to inhibit PGE2
(50.9 %, p < 0.01) but not BK (30% , p < 0.01). Furthermore, the lack of analgesic activity
of 5 can be explained by s low inhibition of both PGE2 and BK (30% ea, p < 0.01)
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the curve. B: baseline withdrawal threshold. The symbols denote significant difference: * p < 0.05
and "™ p < 0.01 and *** p < 0.001 PBS. Each group represents the mean and + S.E.M of 5 to 8 of
animals.

In view of the analgesic acti .., shown by the CUR extract and the bioactive metabolites 1-
§, and taking into account that pain is a characteristic of inflammatory process (Guillot et
al., 2012), e anti-inflammatory effect of the pure metabolites was evaluated in the
carrageenan-induced paw oedema, an animal model where the inflammatory response
induced by carrageenan is characterized mainly by the rapid production of inflammatory
mediators such as histamine, prostaglandins, kinins, nitric oxide, and cytokines, among
others (Seibert et al, 1994, Salvemini et al.,, 2011, Posadas et al., 2012, Cunha et al,
2005, ocha et al., 2006). The resl showed similar levels of activity for all the
nm abolites (Figure 4.4), with a slightly higher activity observed for the dicaffeoylquinic
acid methy! ester derivatives. These results showed a clear correlation with those
corresponding to the antioxidant a._...ity described previously (Table 4.1), suggesting that,
in this ca:  the anti-inflammatory activity of the purified metabolites is related to their
ability as radical scavengers. The observed correlation between antioxidant and
antiinflammatory activity of metabolites 3-5 is in agreement with that previously reported
for metabolites 3 and 5 (Beattie,2009); additionally, the results obtained in this study,
together with the anti-inflammatory activity reported for 5-O-caffeoylquinic acid methyl
ester (Lee et al., 2013) and 4,5-O-dicaffeoylquinic acid (Toffoli-Kadri et al., 2014), indicate
that, unlike analgesic activity, neither the substit n pattern nor the esterification of the
carboxylic acid are critical for the expression of antiinflammatory activity.

The results of this study suggest that the terpenoid mixture of metabolites 1 and 2, and
particularly the dicaffeoylquinic acid derivatives 3-6, are the metabolites responsible for the
biological activities detected in the crude extract of the root of C. urticifolia and for the
traditional use of the plant. The dicaffeoylquinic acid derivatives represent an important
class of secondary metabolites v 1 potential to develop novel ant-inflammation and
analgesic agents.

99






. Capitulo IV
i — T —

4.9 REFERENCES

Aeschbach R, Loliger J, Scott BC, Murcia A, Butler J, Halliwellt B, Aruoma O! (1994). Antioxidant
a s of thymol, carvacrol, 6-gingerol, zingerone and hydroxytyrosol. FOOD and
CHEMICAL Toxicology; 3: 31-36.

Agung N, Kim KH, Lee KR, Badrul-Alam M, Choi JS, Kim WB, Park HJ (2009). Qualitative and
Quantitative Determination of the Caffeoylquinic Acids on the Korean Mountainous
Vegetables Used for Chwinamul and Their Peroxynitrite-Scavenging Effect. Archives of
Pharmacal Research, October doi:10.1007/s12272-009-2003-6.

Ankli A, Sticher O, Heinrich M (1999). Medical Ethnobotany of the Yucatec Maya: Healers
Consensus as a Quantitative Criterion. Economic Botany, 53: 144—160.

Beattie KD (2009). Phytochemical  dJies and bioactivity of Centipeda and Eremophila species.
Lismore, NSW: Southern Cross University,.

Castillo, JB, Manresa-Ferrero MT, Rodriguez L, Vazquez-Bueno P (1981). Research Article
Salvadorian Compositae. Il. Juanislamin and 2,3-Epoxy-Juanislamin, Two New
Sesquiterpenic Lactones From Calea Urticifolia. Journal Natural Products, 44: 348-350.

Cunha TM, Verri WA. Jr, Silva JS, Poole S, Cunha FQ, Ferreira SH (2005). A Cascade of
Cytokines Mediates Mechanical Infla  atory Hypernociception in Mice. Proceedings of the
National Academy of Sciences of the United States of America, 102: 175560

Dan T, Li HJ, Chen J, Guo CW, L  (2008). Rapid and Simple Method for Screening of Natural
Antioxidants from Chinese Herb Flos Lonicerae Japonicae by DPPH-HPLC-DAD-TOF/MS.
Journal of Separation Science, 31: 3519-26.

Dos Santos MD, Gobbo-Neto L, Albarella L,  Souza GE, Lopes NP (2005). Analgesic Activity of
Di-Caffeoylquinic Acids from Roots of Lychnophora Ericoides (Arnica Da Serra). Journal of
Ethnopharmacology, 96: 545-9.

Dos Santos, MD, Chen G, Almeida MC, Soares DM, de Souza GE, Lopes NP, Lantz RC (2011).
Effects of Caffeoylquinic Acid Derivatives from Lychnophora Ericoides on in Vitro
Inflammatory Mediator. Natural Product Communications,5: 733-740.

Duran, R, Trejo-torres, JC, |barra-manriquez G (1998). Endemic Phytotaxa of the Peninsula of
Yucatan. Harvard University Herbaria, 3: 263-314.

Dutra RC, Bento AF, Leite DF, Manjavachi MN, Marcon R, Bicca MA, Pesquero JB, Calixto JB
(2013). The Role of Kinin B1 and B2 Receptors in the Persistent Pain Induced by
Experimental Autoimmune Encephalomyelitis (EAE) in Mice: Evidence for the Involvement of
Astrocytes. Neurobiology of Disease, 54: 82-93.

Esmaeili A, Khodadadi A (2011). Antioxidant Activity of a Solution of Thymol in Ethanol. Zahedan
Journal of Research in Medical Sciences; 14; 14-18.

Fraisse D, Felgines C, Odile T, Lamaison JL (2011). Caffeoyl Derivatives: Major Antioxidant
Compounds of Some Wild Herbs of the Asteraceae Family. Food and Nutrition Sciences,
181-192.

101






Capitulo IV
- ] ] C——

Park | (2010). Chemistry and Pharmacological Action of Caffeoylquinic Acid Derivatives and
Pharmaceuticai Utilization of Chwinamul (Korean Mountainous Vegetable). Archives
Pharmacal Research; 33: 1703-1720.

Park KH, Park M, Choi SE, Jeong , Kwon JH, Oh MH, Choi HK, Seo SJ, Lee MW (2009). The
iti-Oxidative and Anti-Inflammatory Effects of Caffeoyl Derivatives from the Roots of
Aconitum Koreanum R. RAYMOND. Biological y Pharmaceutical Bulletin, 32: 2029-33.

Pauli GF, Poetsch F, Nahrstedt A (1998). Structure assignment of natural quinic acid derivatives
using proton nuclear magnetic resonance techniques. Phytochemical Analysis, 9: 177-185.

Peluso G, De Feo V, De Simone F, Bresciano E, Vuotto ML(1995). Studies on the Inhibitory Effects
of Caffeoylquinic Acids on Monocyte Migration and Superoxide lon Production. Journal of
Natural Products, 58: 639-46.

Posad I, Bucci M, Roviezzo F, ssi A, Parente L, Sautebin L, and Cirino G (2012).
Carrageenan-induced Mouse Paw lema Is Biphasic, Age-Weight Dependent and
Displays Differential Nitric Oxide _,clooxygenase-2 Expression. British Journal of
Pharmacology, 142: 331-8.

Riella KR, Marinho RR, Santos JS, Pereira-Filho R  Cardoso JC, Albuquerque-Junior RLC,
Thomazzi SM (2012). Anti-Inflammatory and Cicatrizing Activities of Thymol, a Monoterpene
ol e Essential Oil from Lippia Gracilis, in Rodents. Journal of Ethnopharmacology, 143:
656—63.

Rocha AC, Fernandes ES, Quintdo NL, Campos MM, Calixto JB (2006). Relevance of Tumour
Necrosis Factor-Alpha for the Inflammatory and Nociceptive Responses Evoked by
Carrageenan in the Mouse Paw. British Journal of Pharmacology, 148: 688-95.

Salvemini D, Little JW, Doyle T, Neumann WL(2011). Roles of Reactive Oxygen and Nitrogen
Species in Pain. Free Radical Biology y Medicine, 51: 951-66.

Seibert K, Zhang Y,Leahy KHauser S,Masferrer, Perkins W,Lee L, Isakson P (1994).
Pharmacological and chemical d onstration of the role of cyclooxygenase 2 in
inflammation and pain. Proceedings of the NATIONAL ACADEMY of Sciences, 91: 12013-7.

Spectral Database for Organic Compounds SDBS. hitp:/sdbs.db.aist.go.jp/sdbs/cgi-
bin/cre_index.cgi.

Thuong, PT, Su ND, Ngoc TM, ing TM, N. H.,, Da  ND, Thuan K, Bae KH, Oh WK (2009).
Antioxidant activity and principles of Vietnam bitter tea llex kudingcha. Food Chemistry; 113:
139-145.

Toffoli-Kadri MC, Carollo CA, Lourengo LD, Felipe JL, Néspoli JH, Wollf LG, Resende GM, de Lima
JR, Franco VN, Vieira MC, de Siqueira JM (2014). In vivo and in vitro anti-inflammatory
properties of Achyrocline alata (Kunth) DC. Journal of Ethnopharmacology, 153: 461-468.

Uma M, Jothinayaki S, Kumarave! S, Kalaiselvi P (2011). Determination of Bioactive Components of
Plectranthus amboinic  _our by GC-MS Analysis. New York Science Journal, 4: 66-9.

Umemi K, ltoh T, Hamada N, Fujita Y, Akao Y, Nozawa Y, Matsuura N, linuma M, Ito M (2008).

Preconditioning by Sesquiterpene Lactone Enhances H,0,-Induced Nrf2/ARE Activation.
xchemical and Biophysical Research Communications, 368: 948-54.

103












Capitulo V
- -] 1

Los extractos con mayor actividad antioxidante fueron los de hojas de C. urticifolia, A.
pilosa y S. gaumeri, seguidos de los extractos de raiz de A. pilosa,C. souzae y C.

urticifc identificandolos como una buena fuente de productos con actividad
antioxidante.

Los extractos de hojas de todas las especies presentaron también la mayor actividad
analgésica en comparacién con los extractos de tallo y raiz; siendo en los extractos de C.
aromatisans y S. gaumeri el efecto analgésico central y periférico. La bioactividad
reportada por la etnobotanica yucateca podria fundamentarse no sélo en los diferentes
mecanismos ejercidos por los metabolitos, sino ademas al efecto sinergistico del conjunto
de etabolitos secundarios lo que cont _.iria a explicar los usos otorgados en la
medicina tradicional.

Sin embargo los resultados observados indican que la capacidad de captacién de
radica de estos extractos no ta relacionada con su actividad analgésica. Estos
resultados no concuerdan con lo reportado en la literatura donde la actividad antioxidante
del extracto de Taxillus liquidambaricola esta relacionada con su actividad antinociceptiva
y anti-inflamatoria.Considerando la diversidad de la composicién quimica de los extractos
de hoja de C. urticifolia, A. pilosay S. gaumeri, posiblemente los metabolitos con actividad
antioxidante no necesariamente son los mismos que poseen actividad analgésica.

Considerando los resultados previos se determiné que los metabolitos responsables de la
capacidad de atrapar radicales libres de extractos de raiz de A. pilosa y C. souzae, son el
acido rosmarinico, el acido cafeico y el 7-deoxinimbidiol, respectivamente.
Especi amente, los metabolitos con grupos funcionales fenélicos son reconocidos como
poseedores de actividad antioxidante lo que confirma lo observado. Acidos tales como
caféico, fertlico y vainillico, entre otros, son de amplia distribucién en el reino plantae y
reconocidos por su papel antioxidante. En general se afirma que los fitofendlicos exhiben
actividad antioxidante/prooxidante, dependiendo de factores como el potencial reductor de
metales, el comportamiento quelante, pH, las caracteristicas de solubilidad, de su
conformacion estructural, de la cantidad de grupos hidroxilos disponibles en la molécula.

El 7-deoxynimbidiol no presentd una ac idad analgésica en el modelo de dolor inducido
carragenina, pero si en el ¢ 'ma en el mismo modelo. Interesantemente el metabolito 7-
deoxynimbidiol es capaz de inhibir el dolor inducida por PGE2.

En este trabajo se determiné también que la actividad antioxidante del extracto de raiz de
C. urticifolia es debida a la mezcla de monoterpenos timol y 3-metil-4-isopropil fenol, asi
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activida antinflamatoria. La accion captadora de radicales libres generados en los
procesos inflamatorios, es considerada como uno de los tantos mecanismos de accion
mediante los cuales una compuesto puede ejercer un efecto antiinflamatorio. Estos
resultados demuestran correlacién entre la capacidad de reducir los radicales libres con
su actividad anti-inflamatoria.

En este estudio las especies de C. souzae y C. urticifolia que mostraron promisoria
actividad, antioxidante, analgésica y antiinflamatoria, y éstos constituyen la base de
futuros estudios encaminados hacia el planteamiento de los posibles mecanismos de
acciéon implicados en sus efectos farmacolégicos.

5.2 CONCLUSIONES

El presente estudio demostrdé que las especies C. urticifolia, A. pilosa, S. gaumeriy C.
souzae representan una buena fuente de antioxidantes naturales con posible uso
medicinal. Por otra parte, es importante una mayor comprensién de las propiedades
antioxidantes de los extractos de C. urticifolia, A. pilosa, S. gaumeri y C. souzae, que
podria obtenerse aplicando una amplia variedad de sistemas antioxidantes teniendo en
cuenta que la efectividad de los extractos antioxidantes es, en gran medida, dependiente
de las propiedades fisicas y quimicas del sistema al cual se les evalGia y de los métodos

analiticos in vitro utilizados.

La actividad analgésica de s metabolitos de C. urticifolia esta determinada por el sitio de
unién de las unidades de acido cafeico al esqueleto del acido quinico.

La bioa ridad reportada po! ... etnomedicina Yucateca podria fundamentarse no solo por
los metabolitos bioactivos sino ademas al efecto sinergistico del conjunto de metabolitos
secundarios que pudieron evidenciarse en las plantas en el tratamiento y remedio de dolor

e inflamacion.

5.3 PERSPECTIVAS

Determinar si la capacidad de atrapar radicales libres de los metabolitos 7-deoxynimbidiol,
y los ésteres isoméricos del acido 3,4-O-dicafeoilquinico, 3,4-O-dicaffeoil-epi-quinico y
3,5-O-dicaffeoil-epi-quinico esta relacionada con la inhibicién del factor transcripcional NF-
Kb o el factor NFr/ ARE.
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Calea urticifolia (Mill. ) DC.

Familia: Asteraceae.

Nombres comunes: Tok'aban, tsikin, xtokaban, amargo del monte.

Descripcién: arbusto de 1 a 3 m de altura, algunas veces lefioso en la base del tallo, con
hojas y ramas opuestas. Hojas estrecha 0 ampliamente ovadas, rara vez lanc iladas, de
5 -11 cm de longitud por 2-5 cm ¢ ancho, agudas o semiagudas, redondeadas en la
base, margenes aserrados o crenado-serrados con 6 a 12 dientes en cada lado, lustrosas
en ambos lados. Flores en cabezuelas :cuentemente muy numerosas, en fasciculos o
agrupaciones parecidas a umbelas en pedunculos delgados de 0. 5 a 2. 5 cm de longitud,;
cabezuelas campanuladas, de 6 a ) mm de longitud. Flores liguladas, amarillo brillante
obovadas; flores del disco de 10 a 25, de color amarillo palido; corola del disco de 4. 5 a
5. 5 mm de longitud, tubo 2 mm de longitud, I6bulos angostos de 2 mm de longitud;
ar as ame....is. Fruto en aguenios negros, comprimidos o triangulares de 2 a 2. 8 mm
delong d, lisos.

Distribuciéon: amplia en México y Centroamérica.

Habitats en la Peninsula de Yucatan: Selva Baja Caducifolia con Caceas Columnares,
Matorral de Duna costera, Selva baja caducifolia.

Cnidoscolus souzae McVaugh.
Familia: Euphorbiaceae.
Nombres comunes: chaya silvestre, mala mujer, ts'iim, ts'iim chaay.

Descripcion: arbusto arborescente perenne de hasta 6 m de altura, tallos delgados, posee
abundantes espinas delgadas, rectas, de color blanco, savia lechosa. Hojas alternadas
palmadamente lobuladas de hasta  cm de largo y 30 cm de ancho, con peciolos hasta
de 28 cm de largo; lamina con pe s urticantes, glandulas petiolares. Flores blancas en
racimos terminales de ramificacién dic6tomica; monoicas, con flores masculinas vy
femeninas separadas, cada una con p es no funcionales del otro sexo; bracteas y
bractéolas pequefias. Fruto una capsula, ovoide o subglobosa, hispida;, columela
presente, delgada. Semillas globos  con arilo y cariincula. Aunque la floraciéon es mas
comun en los meses de verano, se 2dee ntrar flores y frutos todo el affo.
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Habitats en la Peninsula de Yucatdn: Selva Baja Caducifolia, Selva Mediana
Subcaducifolia, Selva Mediana Sunpereni olia.
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