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Resumen:

Los sarmientos de vides son residuos lignoceluldsico que se producen anualmente en los
vifiedos durante la poda invernal. Debido a los altos niveles de (E)-resveratrol, se han
propuesto a los sarmientos como una fuente de estilbenoides. Debido a la carencia de
estandares de estilbenoides oligoméricos, éstos se purificaron a través de CPC y HPLC-
semi.preparativa desde un extracto de sarmientos de Pinot Noir, obteniéndose 12
estilbenoides: (E)-e-viniferina, (E)-resveratrol, (E)-piceatanol, ampelopsin A, vitisina B,
(E)-o-viniferina, (E)-w-viniferina, pallidol, scirpusina A, isorapontigenina, (E)-trans-cis-
miyabenol C y un nuevo estilbenoide, denominado iso-scirpusina A. La identidad de los
oligoestilbenoides se confirmé a través de HPLC-Q-Tof y mediante ‘H- NMR, *C-NMR,
'H-HCOSY, 'H-*C-HSQC. Los oligoestilbenoides aislados presentaron una mayor
capacidad antioxidante in vitro a través de ORAC-FL que (E)-resveratrol. (E)-piceatannol
exhibe efecto in vitro antiproliferativo a través del ensayo MTT sobre lineas celulares
cancerosas humanas (SK-MES-1, AGS, J82), este efecto no es apreciable sobre la linea
celular humana normal (MRC-5). Ampelopsina A muestra un efecto antiproliferativo
mayor que (E)-resveratrol en la linea celular J82 de cancer de vejiga.

Sorprendentemente, el incremento de los estilbenoides en sarmientos es gatillado por la
poda. La magnitud de dicho incremento en el sarmiento metabdlicamente activo depende
de las condiciones en la guarda post-poda. Para evaluar la evolucion de los estilbenoides asi
como de las procianidinas, una familia de (poli)fenoles asociados con efectos beneficiosos
para la salud, se desarrollé y aplicé en tres cultivares de vides un método HPLC-DAD-FL
para la cuantificacién rapida, selectiva y sensible, empleando tecnologia de columna de
nacleo solido y un método HPLC-DAD-FL-MS/MS para la identificacion. A 60 % de

humedad relativa, se obtiene el doble de (E)-resveratrol para el mismo cultivar en

xiii



comparacion a los sarmientos que se almacenaron en 70 % de humedad relativa. (-)-
epicatequina disminuye sus niveles durante el almacenamiento post-poda hasta un 75%. por
lo que la humedad relativa es una variable importante a considerar en el almacenamiento
post-poda de los sarmientos, ademas del tiempo de guarda, temperatura y longitud del trozo
de sarmiento.

Explorando nuevas opciones con mayor poder de separacion, se desarrollo y optimiz6 un
método cromatografico bidimensional (HILIC x RP)-DAD-MS/MS, obteniéndose con una
buena separacion, capacidad de peak (842) y ortogonalidad (Ao = 78%). Se separaron 81
compuestos, entre los que destacan estilbenoides altamente polimerizados asi como
prodelfinidinas y procianidinas oligoméricas reportadas por primera vez en sarmientos de

vides.
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Capitulo 1: Introduccion.



1.1. Industria vitivinicola en Chile.

En el afio 2015, el area correspondiente a plamteside vides en el mundo alcanzé los 7.5
millones de hectareas, produciéndose 7.5 millometodeladas de uva. El 20 % de esta
produccion corresponde al continente americanoChie hay plantadas 211 mil ha con
vides, las que producen 3.1 X16neladas de uvas y 10.1 millones de hectéliteosido
(OIV 2016).

Las plantaciones de vides en Chile abarcan desdmidn de Tarapacé hasta Los Lagos
(Tabla 1). El 71 % de la superficie plantada cqroeslen a vides para vinificacion, un 24
% para uva de mesa 'y solo el 4 % para produc@&qgusto. La mayor superficie de vides
para vinificacion se encuentra en las regioned/delle (38 %) y de O’Higgins (33 %). La
produccion de vino en Chile se concentra en lagsomeg Metropolitana (1.3 mhl),
O’Higgins (3.2 mhl) y del Maule (4.6 mhl). En elaB016, las exportaciones de vinos de
Chile significaron 1845 millones de USD de ingregasa el pais, por lo que es una
actividad agro-econOmica relevante (Ministerio dgiéultura 2017).

Tabla 1: Resumen de la industria vitivinicola en Chile

Superficie de vides para Produccion
vinificacion 2015 de vino
Region (ha) 2016
Blancas Tintas Total (mhl)
Atacama 44 13 57 0.002
Coquimbo 1636 1654 3290 0.324
Valparaiso 6411 3650 10061 0.190
Metropolitana 1700 11358 13058 1.329
Lib. Bernardo 6752 39663 46414 3.225
O’Higgins
Maule 14775 39063 53838 4.670
Biobio 5009 10098 15107 0.404
Los Lagos 16 9 25 0.000
Total 36375 105544 141850 10.144




mhl: millones de hectdlitros, ha: hectareas. Addptde Boletin del Vino, Ministerio de
Agricultura, 2017.

En Chile, de las 141.850 ha plantadas con vides yiaificaciéon un 30 % corresponde a
Cabernet Sauvignon, seguido de Sauvignon blan&a)]1 Merlot (9 %), Chardonnay (8 %),
Pais (9 %), Carménére (8 %) y Pinot Noir (3 %).cdanto a la producciéon de vino con
denominacién de origen, el mayor volumen correspamdCabernet Sauvignon (33.3%),

seguido por Sauvignon Blanc (13.5%) y Merlot (12 ¢Bainisterio de Agricultura 2017).

1.2. Alternativas de manejo de residuos de la indtr& vitivinicola.

El proceso para la elaboracién de vino incluyeadas etapas, en las cuales se generan
sub-productos o residuos. El escobajo, la raspead&ho sin uva, corresponde al 14 % del
peso de los residuos sdlidos durante el procesandeacion, mientras que el orujo, una
mezcla de pieles, semillas y escobajos residualessponden al 60%. Las lias del vino
contienen etanol, 4cido tartarico, ademas de &tlddevaduras, que corresponden entre el
2 — 6 % del vino producido. Los sarmientos, undwsilignoceluldsico, se generan en las
podas anuales de los vifiedos en el invierno. Derdowal tipo de poda y el vigor de la vid,
se pueden generar 1.4 - 4.2 ton por hectareagr{Sei al., 2017).

Los residuos de la industria vitivinicola son cdesados como desechos de alimentos asi
como sub-productos, dependiendo de la interpratatédlas definiciones actuales (Spigno
et al., 2017). La directiva de la Union Europea&08/EC indica que la prevencién en la
generacion de residuos debe ser la primera probratld manejo de residuos y que la
reutilizacion y reciclaje debe preferirse antesatmbrar energia desde el residuo (Sanchez-
Gobmez et al., 2014). Ademas, la elaboracion de garmera aguas residuales contaminantes

debido a su alto contenido en materia organicanidat, metales pesados y en N, P, K.
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estas aguas requieren tratamiento adicional argesed liberadas al medio ambiente

(Oliveira & Duarte 2016., Spigno et al., 2017).

Diversas estrategias han sido estudiadas paras#iligponplementacion para un manejo de

los residuos, incorporando conceptos de susteittadbily el aprovechamiento integral. En

la tabla 2 se muestra el principal destino de lesiduos o también denominados

subproductos de la industria vitivinicola y lasiptes alternativas de manejo estudiadas.

Tabla 2: destino habitual de los residuos de la industrigvimicola y alternativas

estudiadas para su reciclaje.

Residuo Manejo Alternativas de uso Referencias
tradicional
-destilacion - extracto antioxidante -Antoniolli et al.,
Orujo -agentes -aplicaciones para comida2015.
colorantes fibra antioxidante -Lavelli et al., 2016.
-incineracién -biomasa para la-Romo-Sanchez et al.,
-alimento para | produccion de energia 2015.
animales -Schénnenbeck et al
2016.
Semillas de| -recuperacion de -aplicaciones en alimentog - Kim et al.,, 2014
orujo aceite -extraccion de Correddu et al., 2015
- incineracion antioxidantes -Maier et al., 2009.
-substrato para
-compostaje fermentacion
Escobajo | -alimentos para | -biomasa para la-Spigno et al., 2013.
animales produccion de energia. -Amendola et al
-obtencion de compuesto2012.
-combustion bioactivos y antioxidantes.
-enterrados en e| -carbén activado.
vifiedo
-extraccion de -Delgado de la torre
-Destilacion antioxidantes et al., 2015, Dimou et
Lias de | -extraccion deg al., 2015, Giacobbo et
vino acido tartarico | -aplicaciones en alimentos al 2015, Naziri et a
-agentes -extraccion de 2016, Tao et al|
colorantes nutrientes/subtrato de2014.
-suplemento fermentacion - Sharma et al., 2015




natural -Dimou et al.,, 2015
Pérez.Bibbins et all,
2015.
-antioxidantes / extractos | - Romain et al 2012,
bioestimulantes/actividad | Gorena et al., 2014,

-depositados epantifungica Rahja et al 2015,
el vifiedo Sanchez-gomez et al.,
-saborizantes 2014, Sanchez-
Gbomez et al 20164,

Sarmientos -remocion de compuestodouillé et al., 2014.
-incinerados toxicos -Delgado de la Torre
et al 2014, Séanchez-

-biomasa para laGomez et al 2016b.

produccion de energiat Karaoglu et al.
fraccion lignocélulosica 2010, Vecino et al.
2015.

-Argun & Onaran
2015, Buratti et al.
2015, Cotana et al
2015, San José et @l
2013, Spinelli et a
2012.

Adaptado de Spigno et al., (2017).

La generacion de la mayoria de los desechos \itolias no se puede evitar, pero si deben
aprovecharse integralmente, pues son generadostaen cantidades y ademas pueden
impactar negativamente al medio ambiente. Poo edl imperativo buscar alternativas

sustentables para su manejo. Una de las estratqgmsha suscitado atencion es la
posibilidad de obtener o recuperar compuestos twoac desde los residuos, lo que

conlleva una valorizacion de los residuos y disiygnal impacto negativo que producen

(Texeira et al., 2014, Spigno et al., 2017). Lompoestos bioactivos son principalmente
(poli)fenoles apreciados en la industria cosméfaranacéutica y en el sector nutracéutico.

La cantidad posible de recuperar asi como la poiorrelativa de estos compuestos
bioactivos en los residuos esta condicionada paowv&actores, como la variedad de la vid,

condiciones climéaticas, procedimientos de fertdiaa, propiedades del suelo, entre otros.



Por otro lado, el proceso especifico de producdénvino ademas del tiempo entre la
generacion del residuo y el proceso de extraccgnainpuestos bioactivos, asi como las
caracteristicas del reciclaje y el procedimientaateiperacion de los (poli)fenoles, tienen
directo impacto en su concentracion final, y podesen el potencial del residuo como

fuente de fitoquimicos bioactivos (Texeira et al2p0

1.3. (Poli)fenoles bioactivos eNitis vinifera.

Los (poli)fenoles son metabolitos secundariosasnplantas, son antioxidantes putativos,
ademas confieren propiedades organolépticas. Rueldsificarse de acuerdo a su
estructura eflavonoidesy no flavonoides

1.3.1. Flavonoides:

Poseen una estructura base de 15 carbonos, queermagos anillos aromaticos unidos a
una cadena de tres carbonos-(f3-Cs) que puede ser o no parte de un anillo. Se wasif
de acuerdo al grado de oxidacion que puede tdnaniko pirano. Los flavonoides
comprenden a laBavonas flavonoles flavanonas flavononoles flavanes flavanoles
antocianosy antocianidinas. Se incluyen ademas las chalconas y las dihidloohas.
Debido a la alta complejidad de las estructurastexiotras clasificaciones, dependiendo si

estan conjugadas o no (Garrido & Borges 2013).



Clasificacion de (Poli)fenoles

Flavonoides No flavonoides
COOH
acidos fenolicos
Ce-Cy
COOH
—
Flavona acidos
(Flavonol) hidroxicindmicos

Cs-C3

H
O(OH
oo L
Flavonona O O
(Flavononol) H AN
O(OH) O estilbenos

O C-Cp-Cy
O Flavano
O (Flavan-3-ol)

H(OH) O

O
F

Antocianidina
(Antociano)

H(OGluc)

Figura 1: Clasificacion general de los (poli)fenoles (Adaatae: Jackson 2000, Garrido

& Borges 2013).

1.3.2. Proantocianidinas:

Las proantocianidinasP@AC) son flavanoles que pueden existir en forma momiadael
oligomérica. Fueron descubiertos por Jacques Méeges la década de 1940, quien los
confundié con vitaminas (De La Iglesia et al., 201Q.a clasificacion depende de las
unidades monomericas, del grado de polimerizagiael tipo de enlace interflavan. Las
unidades mondémericas (flavan-3-ol) y el patron delroixilacion para cada
proantocianidina se muestran en la figura 2. Laamocianidinas mas abundantes son las
procianidinas constituidas por unidades de (emipaba y las menos abundantes son
aquellas constituidas por unidades de (epi)afzeleqo (epi)galocatequina, llamadas
properlargonidinas y prodelfinidinas respectivareerntas unidades mondmericas de las
procianidinas pueden poseer la configuracion Rgn3a union GCs, por lo que hay 4
monomeros posibles, que pueden adquirir la cord@an cis o trans. Las unidades

flavan-3-ol pueden poseer una unidad acilo o glicoka substitucion mas comun es acido
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galico, para formar 3-O-galatos. Las unionesanédnlaces interflavan clasifican a las
PAC como B o A. Si la unién es de€Cg 0 G,>C; son tipo B, mientras que si se forma
un enlace éster adicional entrg YCC; es tipo A (Himmer & Schreier 2008, De la Iglesia

et al 2010).

A OH
OH OH

HO o \‘\\\O HO 0 ‘\\\\@OH

OH R, OH R;
R;=OH; R,=H Afzelequina R;=OH; R,=H Galocatequina
R;=H; R,=OH Epiafzelequina R,=H; R,=OH Epigalocatequina
Properlargonidina Prodelfinidina
OH
[£10) o} ‘\\\\Q
OH
\""R;  R,=OH; R,=H Catequina
oH R, R1=I-‘I; R‘szH Epicatequina
Procianidina
B
OH
OH
OH
\\\\\Q
OH
“IOH
Procianidina B2 Procianidina A2
[epicatequina-(4p—8)-epicatequina] [epicatequina-(4p—8,2—O7)-epicatequina]

Figura 2: A: unidades flavan-3-oles, B: estructuras de unzcignidina tipo A y B
(Adaptado de Himmer & Schreier 2008).

Las proantocianidinas poseen una enorme divergdadctural debido a la naturaleza de
sus mondmeros y a los altos grados de polimedragie se pueden encontrar. En frutas
se ha observado procianidinas de grado de poliawéa de hasta 190. En matrices
alimentarias son mas comunes las proantocianidi@dpo B que las de tipo A (Neilson et

al 2016).



Las proantocianidinas afectan el sabor, apariep@bavalor nutricional de los alimentos

(Ou & Gu 2014). Se han reportado variados efectsstipos sobre la salud. Presentan
citotoxicidad frente a diversos tipos de tumor (@inde préstata, seno y colon), son
agentes quimiopreventivos en el caso de canceratalpristata, disminuyen el efecto de
las infecciones bacterianas debido a que poseawmidact anti-adhesiva, ademas de
disminuir los mediadores de inflamacién (De La $i#€2010). Algunas de las propiedades

satribuidas a las proantocianidinas se resumea &la 2.

Tabla 3: Efectos beneficiosos sobre la salud de las proemdinas.

Enfermedad Efecto Referencia
-Antitrombético -Quifionez et al.,
Cardiovascular | - Disminuye la respuesta anti inflamatoria| 2013

-De La Iglesia 2010,
- Martinez-Micaelo
2011.

-Mejora la homoestasis de la glucosa, - Castell-Auvi et al.,
modifica la insulinemia y protege a las 2012.

célulasp pancreaticas del estrés oxidativo| -Yang & Chan 2017

Diabetes -Disminuye la interaccion de los productos-De La Iglesia et al.,
finales de glicosilacion con su receptor 2010.
(RAGE).

-Disminuye los efectos de resistencia a Ig
insulina debido a que aumenta la expresidn
de receptores de insulina y transportadores

de glucosa.
-Promueve la apoptosis, disminuye la - De la Iglesia et al.,
Cancer proliferacion y angiogénesis. 2010. - Tyagi et al.,
- Promueve la citotoxicidad de agentes | 2013.
usados para tratar el cancer - Mao et al., 2016.
-Zhao et al 2013.
Infeccién -Disminuye los efectos de los mediadores|déDe La Iglesia et al.,

bacteriana inflamacion y la actividad antiadhesiva 2010




Los efectos de las proantocianidinas son variaddsc@mo los mecanismos y vias de
sefalizacion en las que intervienen. La absorcélasl procianidinas esta influenciada por
su grado de polimerizacién. Se absorben en su fortaeta hasta tetrdmeros en el intestino
delgado (10% como (-)-epicatequina equivalente),entnas que las de grado
polimerizacion mayor son degradadas por la micraftel intestino a fenilvalerolactonas y
acidos fendlicos, siendo los responsables defados biactivo. Por lo tanto, se puede
deducir que los efectos saludabiesvivo se deben a las procianidinas biodisponibles asi

como a los metabolitos generados por la microfii@antestino (Ou & Gu 2014).

1.4. No flavonoides:
En el grupo de los no flavonoides se encuentramdaios fenolicos que comprende a los
acidos benzoicos ;) y los acidos hidroxicinamicos §C3), y los estilbenoides ¢C,-

Co).

1.4.1. Acidos fendlicos:

Los acidos fénolicos se dividen en: acidos hidremiwicos y acidos hidroxicinamicos
(Figura 3). Entre los &cidos hidroxibenzoicos dmmtael protocatechuico, vanillico,
siringico y galico. Este ultimo es un precursorlde taninos hidrolizables (Garrido &
Borges, 2013). Los acidos hidroxicindmicos mas amwslson orto, meta y para coumarico,
cindmico, cafeico, ferulico y sinapico. Los (panbles son sintetizados a partir de via
fenilpropanoide. Esta ruta se subdivide segun tan@nque actle sobre el substrato para la
sintesis de (poli)fenoles de distinta naturalezan@ se observa en la figura 3, los acidos
hidroxicinamicos poseen un rol relevante y certoaho precursores de varias familias de

(poli)fenoles, incluyendo lo estilbenoides (EI-Se€012).
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COOH R=R;=H; acido p-hidroxibenzoico
R=0H, R;=H; acido protocatecuico
R=0CHj3,R;=H; acido vanillico
R=R;=0H; acido galico

R R,
R=R;=0CHj3; acido siringico
OH
COOH
= R=R;=H; acido p-coumarico
R=0H, R,;=H; acido cafeico
R=0CHj3;,R=H; acido ferulico
R=R=0CHj3; acido sinapico
R R,
OH
B

Via del acido shikimico

Fenilalanina

Chalconas Estilbenoides

Flavonoides<—— 4cidos hidroxicinamicos — Lignanos

Antocianinas J Coumarinas
Ligninas

Figura 3: A: estructuras de acidos fendlicos (Adaptado deiGar Borges, 2013). B:
Representacion esquematica que muestra el rolipainde los acidos hidroxicindmicos en

la biosintesis de polifenoles (Adpatado de El- sexii 2).

1.4.2. Estilbenoides:

Los estilbenoides son metabolitos secundarios preseen un acotado grupo de plantas,
entre las que se encuentra en la familia botanitzcd&be. En esta familia, que incluye 16
géneros, solo ocho contienen estilbenoidaapelopsisCayratia, Cissus Cyphostemma
Muscadinig Parthenocissuy Vitis (Riviere et al., 2012). Los estilbenoides pueesistir

en forma monomérica y oligomérica. El estilbenaitfes popular es el resveratrol (3,5, 4'-
tri-hidroxi-estilbeno), caracterizado por un nacle@-difeniletileno (figura 4) (Jeandet et
al., 2010, Riviere et al., 2012, Keylor et al., 3D1Existen dos formas de clasificar

estructuralmente a los estilbenoides. La propupstaSotheeswaran en 1993, en que
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clasificaba a los oligostilbenoides en dos grupog,B. El grupo A posee un heterociclo
oxigenado con una estructura deahs-arilo-2,3 dihidrofurano, mientras que el grupo B
carece del heterociclo oxigenado. Esta clasificadiiita a los estilbenos oligomeéricos.
Una clasificacion mas reciente, Gtil para los algdos, los clasifica en cinco grupos:
aguellos basados en resveratrol, isorhapontigenmegatanol, oxiresveratrol y de
resveratrol con oxiresveratrol (Shen et al., 2Q@i§ura 4). Los estilbenoides presentes en
Vitaceae son polimerizaciones complejas de resedratxceptuando scirpusina A, que es

un dimero conformado por una unidad de piceatanedveratrol (Riviére et al., 2012).

H
R OH OH
Pz Ry o
- 0

R4 R
R,=OH: R>=R3;=H Resveratrol o S . i Avafararn
R;=OH:R,=OMe. R;=H Isorapontigenina m
R;=R,=0OH. R3=H Piceatanol
R,=R3;=0OH. R,=H Oxiresveratrol

Figura 4: Clasificacion de los estilbenoides (Adaptado derSit al., 2009).

Si bien los estilbenoides son sintetizados a traleéana via que comparte con los acidos
hidroxicinamicos y flavonoides (Figura 5), es ptsilinducir su sintesis a través de
estimulos como irradiacién de luz UV, trauma fisican ataque de patdgenos. Estilbeno
sintasas (STS) es el complejo enzimético respdmskbla produccion deéEj-resveratrol,

el que sufre modificaciones estructurales generanohdmeros modificados o generando
oligbmeros. Estas derivatizaciones o modificacioc@sfieren a los estilbenoides nuevas
propiedades anti-fungicas mas potente queBEgrgsveratrol. La primera vez que se
describié a los estilbenoides en plantas, fue etiétzada del 70 por Langcake & Price,

qguienes describieron lesiones fluorescentes enshd@Vitis vinifera, luego de una
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infeccion con patégenos dgotrytis cinerea(Moho gris) yPlasmapora viticola(Oidio)

(Keylor et al., 2015).

o) o}
7 /\’/LOH PAL f NOH
—
@ NH; HoN

Fenilalanina CaH l acido cinamico
v (o]

(/\’/\/J\OH

o N ‘ acido p-

H A
hidroxicinamico

4CL
(o]
[} 0
HO SCOA  + Lo
3 malonil-CoA 4-coumaroil-CoA
o O
|
HO” \vj
STS CHS

0 OH
| \
N HO

Naringenina
Chalcona

Resveratrol

Figura 5: sintesis de estilbenoides a través de la vihi#ersaato. PAL: fenilamonio liasa,
C4H: cinamato 4-hidroxilasa, 4CL: 4-coumarato Caasa, STS: estilbeno sintasa,

CHS: Chalcona sintasa.

Si bien los estilbenoides pueden ser constitutivasibién son inducibles luego de un
estimulo, por lo cual se consideran fitoalexinaantno propuesto en 1940 por Miller &

Borger. Una fitoalexina es una substancia deferdévhajo peso molecular producida por
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plantas en respuesta a una infeccién (Jeandet,e2(Hl0). Resveratrol a veces no se
considerger séuna fitoalexina, sino como un precursor de ekaylor et al., 2015).
Actualmente existen mas de 300 oligdbmeros de estilidles identificados. Esto es debido
al avance de las técnicas de espectroscopia RMNiyendo las bidimensionales (COSY,
HSQC, HMBC) e IR y HPLC con deteccion UV-vis o DADespectrometria de masas.
Estas técnicas combinadas permiten descifrar lagtmacion de estructuras generalmente
dificiles de resolver. Sin embargo, en oligoestiliides complejos, las constantes de
acoplamiento vecinales son pobres predictores digecmacion relativa. Es por ello que a
veces se requiere NOE(SY) y ROESY. Actualmente dasfiguraciéon absoluta de
oligoestilbenoides sigue siendo un desafio (Kegtal., 2015).

En Vitaceae, los oligdbmeros con un anillo 2,3-dibimenzohidrofurano son comunes y
generalmente se denominan vitisina. Corresponddimaros de K)-resveratrol. [)-¢-
viniferina es el mayor constituyente evitis y posible intermediario para generar
oligbmeros (Riviere et al., 2012). En la familiatatGeae, la diversidad de oligdmeros va
desde dimeros hasta hexameros (Riviere et al.)2012

(E)-resveratrol captoé particularmente la atencidnidieba la “paradoja francesa”, un
término acufiado en 1992 por Renaud & Lorgeril, gwacionaba los datos
epidemiolégicos de la poblacion francesa que pasedabaja incidencia de enfermedades
coronarias, a pesar una dieta alta en grasas dasurRara explicar la discrepancia, se
propuso que el consumo moderado de vino (57% deuwno total de alcohol en Francia
corresponde a vino), podria disminuir la inciderdgaestas enfermedades en la poblacion
(Catalgol et al., 2012). En 1992 Siemann & Creasyeportaron concentraciones
significativas de E)-resveratrol en vino tinto. Esto suscité atencitabido a que es el

mismo principio encontrado en medicina tradicicztdha y japonesa para la prevencion y
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tratamiento de enfermedades cardiovasculaifslygonum cuspidatumy Veratrum
grandiflorum) (Catalgol et al 2012., Gambini et al., 2015, Kedt al., 2015). La relacién
entre un compuesto bioactivo y enfermedad crénic&ransmisible es relevante, debido a
gue implica que el estilo de vida, principalmeraadieta, incida favorablemente sobre la
salud.

Los estilbenoides han sido asociados con efentegro e in vivo para la prevencién y
disminucibn de efectos en diversas enfermedadesmo cocancer, diabetes,
neurodegenerativas, VIH (Delmas et al., 2011, IGakat al., 2012, Pflieger et al., 2013,
Giovanelli et al 2014., Xue et al., 2014).

Ademas se ha reportado un efecto mimético a laaeisin calorica (Timmers et al., 2011).
En la tabla 3 se resumen algunos de los efectos(E)}aesveratrol y algunos
oligoestilbenoides. La evidencia sugiere que lddbegoides ejercen principalmente sus
efectos interfiriendo con las vias o cascadas daligacion o a través de vias epigenéticas,
en vez de alguna inhibiciébn de alguna enzima di®fizara un propdésito especifico
(Keylor et al., 2015).

Tabla 4: Efectos beneficiosos sobre la salud de estilberoide

Enfermedad Efecto Referencia

-Resveratrol 'y algunos oligomer({ -Catalgol et al., 2012,
afectan a los factores de transcripcionXue et al.,, 2014
Cancer vias de sefializacion celular. Espinoza et al., 2017.
-Regulacion del ciclo celular e induccion
de apoptosis.
Virus de inmunodeficiencia Humana| -Pflieger et al., 2013,
(VIH) Chan et al., 2017.
Enfermedades de | -Agentes  activos in  vitro para
transmision sexual| contrarrestar los efectos de la integrasa

retroviral (HIV-1). -Abhijit et al., 2016.
Virus del papiloma Humano (VPH)
-Inhibicién de oncoproteina HPV-16 e
induccion de apoptosis.
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Cardiovascular | -Promueve la agregacion plaquetafieCatalgol et al., 2012,
proliferacion de células endotelialeBonnefont-Rouselot €
diferenciacion de fibroblastos cardiacops)., 2016.
vasodilatacién por produccion de o6xigdo

nitrico e inhibicién de la angiotensinalll
produciendo efectos anti-hipertensivo.
Enfermedad de Alzheimer - Tristan et al., 2011,
-Disminuye la produccion de péptigb| Catalgol et al., 2012.
amiloide, inhibe la p-secretasa y la
generacion de intermediarios reactivos de
Neurodegenerativa| oxigeno, ademas de la agregacion |del
péptidooa/p
Enfermedad de Huntington -Fu et al., 2012.
- Evita la perdida de la membrana
mitocondrial, aumentan SIRT-3

—

mitocondrial.
Diabetes y| Diabetes tipo 1 -Szkudelski &
Obesidad -Disminuye los niveles de glicemia |y5zkudelska 2018,

aumenta los niveles de insulina y pos@&erman et al., 2017.
un efecto protector sobre las células
pancreatica.
Diabetes tipo 2
-Efecto pleiotropico en distintos tejidos
disminuyendo la resistencia la insulina y
aumenta los tiempos para las alzas| de
glucosa luego de la ingesta.
Obesidad

- Induce cambios metabdlicos en

humanos obesos imitando los efectog demmers et al., 2011
la restriccion caldrica.

Resveratrol se encuentra en su fogisa o trans de manera constitutiva, sin embargo la
isoformatrans es la mayoritaria. Es posible la isomerizacionlalésoformatrans a cis
cuando es expuesto a luz UV (254 nm, 366 nm) adler. Resveratrol en ambas isoformas
posee una baja solubilidad en agua (<0.05mg/mLa tdrma de aumentar su solubilidad
es con etanol (50 mg/L) o DMSO (16 mg/mL) (Delmasak, 2010). Debido a su
naturaleza lipofilica la absorcion de){resveratrol depende de la forma de administracio
asi como de la matriz en la que esta contenidgegsar de la pobre biodisponibilidad

vitro, (E)-resveratrol posee una alta eficaciaivo.
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Estudiosin vitro han demostrado que el 90% @-(esveratrol libre se une a lipoproteinas
(LDL), ademas de que puede unirse a albuminas d.ukgingerir resveratrol, éste se
puede encontrar en tres formas en el plasma: glomlado, sulfatado o libre. A nivel
intestinal, es absorbido por difusién pasiva o famdo complejos con los transportadores
de membranas, las integrinas. Resveratrol tambiéractia con acidos grasos, generando
un ambiente favorable para la union de resverditb. Generalmente son usados como
vectores por las interacciones especificas corrdosportadores de transmembrana en el
higado, donde ocurre la metabolizacion del reskarata excrecion urnaria de metabolitos
de €)-resveratrol radiomarcado demostré que el 75 %BE)eesveratrol administrado de
forma oral u intravenosa fue absorbido, lo cuahasualmente alto para un compuesto con

pobre solubilidad en agua (Gambini et al., 2015)

1.5. Sarmientos como fuente de compuestos bioactvo

La poda de las vides es un evento estacional.|8vareia se debe a que afecta la forma y
el tamafio de la vid, contribuyendo en el baland¢eeda parte vegetativa y la frutal, y por
consecuencia la cantidad y la calidad de la prddonate uva (Cetin et al., 2011, Sanchez-
Gbmez et al., 2017). Independiente de la variedadid, los sarmientos se componen
principalmente de hemicelulosa (68%), lignina (202@roteinas (5%). Los componentes
minoritarios en sarmientos corresponden a lipid@smoléculas de bajo peso molecular

como estilbenoides, flavonoides y acidos fendli@anchez-Gémez et al., 2017).

1.5.1. Flavonoides en sarmientos:
Las concentraciones reportadas de flavonoides remes#os se resumen en la tabla 4. En

ellos se ha reportado flavonoles, particularmentercgtina, morina y rutina. Mediante
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HPLC-MS/MS se ha identificado quercetina-O-glucos{issa 2006). Solamente se ha

cuantificado una flavona, luoteolina. Unidades dla3-ol como (+)-catequina y (-)-

epicatequina se han descrito en sarmientos (Fifisdg 2006, Cetin et al., 2011, Lambert

et al 2013).

Tabla 5: Concentracién de compuestos flavonoides reportad@srmientos.

Flavonoides Compuesto Concentracion Referencia.
(mg/kg)
Flavonol Morina 21.8-98.2 Zhang et al., 2013
Quercetina 50.32-88.0 Zhang et al., 2013
Rutina 49.7-90.4 Zhang et al., 2013
400-7400 Delgado-Torre et al., 2012
Procianidinas | Catequina 600-1000 Plssa et al., 2006.
0.8-2.89 Cetin et al., 2011.
306.8-776.1 Zhang et al., 2013
76.4-402.2 Sanchez-Gémez et al., 2014
Epicatequina 600-1300 Pilssa et al., 2006.
0.6-1.1 Cetin et al., 2011.
402.5-656.9 Zhang et al., 2013
62.9-217.7 Sanchez-Gémez et al., 2014
Flavona Luoteolina 8.4x10-0.7x107 Cetin et al., 2011.

La diferencia de los rangos de las concentracidedes compuestos flavonoides presentes
en sarmientos pueden deberse a que no todos egtariados en base seca, el tipo de
cultivar y el método de extraccion.

Usualmente se consideran las semillas de uvaguagprovienen del orujo como fuente de

procianidinas (Maier et al 2009, Khanal et al 20R8¢ckenbach et al., 2011). En semillas
provenientes del orujo, las concentraciones de#tdquina estan en el rango de 177-475
mg/kg (Rockenbach et al 2011), en pieles de wlaodujo desde 0.73-132 mg/kg

(Katalinic et al., 2010, Rockenbach et al 2011)s kancentraciones de (+)-catequina en

sarmientos parecen ser superiores a las de semipjgdes de uva provenientes desde el

orujo.
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En sarmientos, las procianidinas identificadas ar@di HPLC-MS/MS corresponden a B1
y B2 (Plissa 2006). Posteriormente se corroborérdaepcia de (-)-epicatequina y (+)-
catequina en sarmientos a través de LC-NMR y LC{Mnbert 2013). No se ha evaluado
el potencial de los sarmientos como fuente de anidinas de distinto grado de
polimerizacion.

1.5.2 Concentracion de compuestos no flavonoides ssrmientos:

En sarmientos se han cuantificado &cidos fénolidasto hidroxicinamicos como
hidroxibenzoicos. Sus concentraciones son disingifdge si (tabla 6). Los sarmientos son
por excelencia una fuente potencial de estilbesoigancipalmente deEj-resveratrol y
(E)-e-viniferina. Las concentraciones son mayores ggeellas encontradas en otros
residuos vitivinicolas o en el vino (Tabla 6). Lesncentraciones de los estilbenoides
dependen mucho del cultivar. Pinot Noir y GewUlztrenson las variedades en donde se
han reportado niveles de oligestilbenoides mas dlergara et al 2012, Lambert et al
2013, Guerrero et al 2016).

Tabla 6: acidos fenélicos cuantificados en sarmientos.

Acidos fenolicos Compuesto Concentracid Referencia
n (mg/kg)
Acido gélico 11.5-58.8 Zhang et al., 2013
7.2-20.5 Sanchez-Gémez et al.,
2014
Acidos Acido elagico 3.8-14.1 Sanchez-Gomez et all,
hidroxibenzoicos 2014
Acido vanillico 17.8-48.3 Zhang et al., 2013
2.7-8.3 Sanchez-Gémez et al.,
2014
Acido protocatecuico 91.6-167.9 Zhang et al., 2013
3.2-6.94 Sanchez-Gémez et al.,
2014
Acido siringico 71.7-110.9 Zhang et al., 2013
4.6-6.5 Sanchez-Gémez et al.,
2014

19



Acido salicilico 153.5-227.9 Zhang et al., 2013
9x10°-3.5x10° Cetin et al., 2011.
Acido p-coumaérico 70.3-131.6 Zhang et al., 2013
5.6-8.4 Sanchez-Gémez et al.,
2014
Acidos 5.8x10°- Cetin et al., 2011.
hidroxicinamicos Acido cafeico 1.52x10° Zhang et al., 2013
3.1-63.2 Sanchez-Gémez et al.,
1.9-3.4 2014
Acido ferulico 0.92-2.3 Sanchez-Gomez et al|,
2014
Acido (E) caftarico 55.2-77.6 Sanchez-Gomez et all,
2014
Acido (E)-p-coutarico 14.7-19.3 Sanchez-Gémez et al.,
2014

Tabla 7: Concentraciéon de estilbenoides en residuos denthustria vitivinicola

(Modificado de Gorena et al., 2015).

CO

Concentracion | Concentracion Referencia
Fuente total de de E)-
estilbenoides resveratrol
Mark et al.,2005,
Vino 0.361-14.3 mg/}y Boutegrabet et al., 2011, Bavares
2012
Fernandez-Marin et al., 2014.
Hojas 478 -1622u9/g 11ug/g Vrhovsek et al., 2012
3.2-5.3mg/g | 0.71-3.16 mg/g Carre et al., 2017
Orujo 1.0+0.1pg/g Reis et al.,2017
11.2-19.7ug/g 6.9-27.5u9/g Fontana et al., 2016
Lias 3.0 £0.1ug/g Reis et al 2017
Escobajos 14.3-225.8 14.3-225 mg/kg Pifieiro et al.,2013
mg/kg 16-289 mg/kg Ewald et al., 2017
60-480 mg/kg
Semillas -- 1.11-3.75 Rockenbach et al., 2011
mg/100g
Pieles 3.68 mg/kg 0.09-1.02 mg/kg Katalinic et al 2010
Vergara et al.,2012,
Zhang et al., 2013,
Sarmientos 936-10000 41-7545 mg/kg Lambert et al., 2013,
mg/kg Gorena et al., 2014,
Houillé et al 2015,
Ewald et al., 2017.
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El perfil de estilbenoides en sarmientos\d#s vinifera incluye monémeros comde)-
resveratrol , )-piceatanol, habiéndose reportad)-piceido (Sanchez-Gémez et al 2014,
Gorena et al 2014, Houillé 2015, Guerrero et al620dimeros comoH)-e-viniferina
(Gorena et al 2014, Gabaston et al 2017, Ewaltl,e2G17), ampelopsina A (Schnee et al.,
2013, Gorena et al 2014, Guerrero et al 2016) ignéemente se report&)o-viniferina y
(E)-d-viniferina, ademas del trimero miyabenol C (Gatmagt al ., 2017), tetrAmeros como
vitisina B, hopeafenol e isohopeafenol (Vergaralet 2012, Lambert et al., 2013). La
variedad de los oligoestilbenoides depende delvanly del género d¥itis (Pawlus 2013,
Guerrero et al 2016). La¥itis no viniferas poseen en su perfil tambiéh)- (
resveratroldsido H)-ampelopsina E H)-amurensina B (Pawlus et al 2013).

Se ha analizado con relativo éxito a través desasd@le componentes principales (PCA) la
correlacion de la concentracién de un oligoestitiie® a una variedad de sarmiento. La
separacion se logra con dos componentes, pero noB3l de varianza explicada
(Guerrero et al 2013). Ello se puede deber aagiedncentraciones de los estilbenoides en
sarmientos son afectados no sdlo por el cultivao, también por las condiciones de guarda
inmediatamente después de la poda (Gorena et 4).20duillé et al. 2015, Billet et al
2017, Ewald et al 2017) y esto se ve reflejadoosnamplios rangos de concentracion de

los oligostilbenoides reportados en la tabla 8.
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Tabla 8 : Concentraciones de oligoestilbenoides en sarnsatdgwides viniferas

Estilbenoide

Concentracion
(mg/kg Peso Seco)

Referencia

D14

1100-3200 Plssa et al., 2006.
383-6533 Vergara et al., 2012
613.2-1350.9 Zhang et al., 2013
(E)-resveratrol 190-1526 Lambert et al., 2013
1360-4941 Gorena et al., 2014
0.7-28.5 Sanchez-Gémez et al., 2014
41-5100 Houillé et al 2015
441-7532 Ewald 2017
Piceido 0.5-3.8 Sanchez-Goémez et al., 2
Hopeafenol 339-1468 Lambert et al., 2013
32-95 Gorena et al., 2014
859 Guerrero et al., 2016
(E)-¢-viniferina 700-1700 Pilssa et al., 2006.
75-868 Vergara et al., 2012
967-3737 Lambert et al., 2013
94-656 Gorena et al., 2014
2810 Guerrero et al 2016
1743-3504 Ewald et al 2017
(E)-piceatanol 72-457 Vergara et al., 2012
190-1710 Lambert et al., 2013
170-352 Gorena et al., 2014
(E)-vitisina B 88-1116 Lambert et al., 2014
27-232 Gorena et al., 2014
791 Guerrero et al 2016
Miyabenol C 22-174 Lambert et al., 2013

Algunos autores también han reportado ensayosdedeaminar la capacidad de absorcion

de radicales de oxigeno (ORAC-FL) a los extractesarmientos, encontrandose valores

de 1718-5294imol TEAC/g. No se reporto relacion entre los nigade oligoestilbenoides

y la capacidad antioxidante (Guerrero et al 20¥8jemas, los valores de capacidad

antioxidante no eran comparables con estudioggmeque reportaban un rango entre

300-1300umol TEAC/g (Karacabey & Mazza 2010).

El perfil (pendlico de los

sarmientos es variado y complejo, por lo que lacaad antioxidante puede ser reflejo de

un efecto sinérgico entre mas de una familia d&)fpoles. Si bien queda establecido que
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los sarmientos son una fuente de antioxidantesrales para diversos propésitos, se
requiere un estudio de la capacidad antioxidantéoslesarmientos con las muestras en
condiciones rigurosamente controladas, para estblsi la capacidad antioxidante
coindice con el aumento de los estilbenoides, poiflavonoides o es un efecto sinérgico

entre ambas familias de compuestos u otro tip@démeno.

1.5.3. Factores que influyen en la concentraciéon dasstilbenoides en sarmientos ditis
vinifera

Actualmente se conocen tres factores que influyela €oncentracion de los estilbenoides
en sarmientos: tiempo de guarda luego de la podegéva et al., 2012, Gorena et al., 2014,
Ewald et al 2017), temperatura de la guarda (Hbw@t al., 2015) y recientemente la
longitud del corte del sarmiento en la guarda luédgda poda, efecto denominado como
estrés mecanico (Billet et al 2017).

El sarmiento luego de la poda sigue metabdlicamaciigo. El tiempo que se almacena
luego de la poda incide en las concentracionesstienoides, principalmente d&){
resveratrol y en menor medida dg-piceatanol. En sarmientos de la variedad Pinat,No
se reporté un incremento de los estilbenoides d&59n a los dos meses de guarda post-
poda a temperatura ambiente, para luego dismirfos ties meses (Vergara et al 2012). El
aumento es efectivo cuando se guardan intactosmpetatura ambienteE)-resveratrol
aumenta sus niveles hasta cinco veces en 120 eligigsadda luego de la poda. Si la guarda
del sarmiento prosigue hasta los 6 meses, el aomenbs estilbenoides puede llegar hasta
siete veces (Gorena et al., 2014). En una guarstagoola prolongada durante 30 meses, se
reporto que la concentracién d&)-fesveratrol llega a un plateau. Los sarmientos

alcanzaron sus maximos niveles &-resveratrol luego de 6 meses de almacenamiento,
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aumentando 400-1400%. Luego de los seis mesestemdcaer para permanecer en un
nivel mas constante (Ewald et al., 2017).

La temperatura Optima de guarda para el incremdgmtestilbenoides es a 20°C, donde se
registro un aumento deE)-resveratrol de 19 hasta 106 veces. La temperantfiaye
también en el tiempo en que se gatilla el incremeditlos sarmientos se guardan a 28 °C,
éstos demoran sélo dos semanas en alcanzar su ondxdramento de estilbenoides, para
luego no aumentar mas su concentracion y llegar @ateau. Ademas se sefala que si los
sarmientos luego de la poda se someten a 60°Cl poersos una hora, no aumentan sus
concentracién de estilbenoides durante la guadfddaillé et al., 2015). La explicacién de
este fendbmeno estaria en la abundancia transargdgp@ra la expresion de los genes que
participan en la via shikimica. Luego de los seéses de guarda post-poda la abundancia
transcripcional para STS reporta un aumento, paju® es inducida a diferencia de los
otros genes implicados en la via (PAL, 4CL, C4HgtoEmplica que la sintesis dE){
resveratrol en sarmientos @s novo(Houillé et al., 2015).

Recientemente se demostrd que el estrés mecanmurtde los sarmientos en trozos de 0.5
cm luego de la poda estresa al sarmiento, gatdlaod ello un aumento de expresion de la
STS y por consecuencia dé){resveratrol y )-piceatanol en menos tiempo, en sélo seis
dias y no semanas, alcanzando concentracionesug@mituando el sarmiento es guardado
en segmentos mas largos por mas tiempo. Luegaiderato, la concentracion se mantiene
constante llegando al plateau. Si se corta a 0,2eteumento se gatilla antes, pero luego
decrece y para permanecer constante. El usstiésanecanico se propuso recientemente
como una estrategia para aumentar rapidamententzcacion de estilbenos (Billet et al
2017). Sin embargo, si se muelen los sarmientaglde colectarlos, tampoco se observa

un incremento relevante de estilbenoides (Gorera.,e2014). En todos los estudios hay
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concordancia de que el aumento es Eerésveratrol y )-piceatanol, mientras que los

oligoestilbenoides no son inducibles.

PN Bulne
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PN Negrete 1
PN Negrete 2
PN Negrete 3

Tiempo de guarda Temperatura Estrés mecanico.
- g |
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Figura 6: Efectodel tiempo de guardaA: aumento de estilbenoides en sarmientos Pinot

Noir con 2 meses de guarda a 6 meses a tempemtgente, B: aumento dé)
resveratrol y E)-piceatannol en sarmientos Pinot Noir almacenddsta 350 dias post-
poda a temperatura ambientéfecto de la temperaturasobre el incremento de las
concentraciones de estilbenoides en sarmientosestrés mecanicduego de la poda, A:
aumento de estilbenoides en sarmientos almacertadodiferentes longitudes, B: PCR-
RT, aumento transcripcional de STS y PAL de sartoge de 0.5 cm de longitud

(Adaptado y Modificado de Gorena et al., 2014, Héwt al., 2015, Billet et al., 2017).

1.6. Aislamiento de estilbenoides en 6rganos devia
La cromatografia en contracorriente (CCC) ha deradst ser una técnica util para la
purificacion de estilbenoides en gran escala, ésipeente la cromatografia de particion
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centrifuga (CPC), ya que a diferencia de la crograffita flash o semi-preparativa, los
(poli)fenoles no se adsorben irreversiblementes@iset al., 2011), por lo que se puede
recuperar la muestra totalmente, ademas de posaealta capacidad de carga (Michel et
al., 2014). En CPC se emplean sistemas bifasitésseque los (poli)fenoles se separan de
acuerdo a sus coeficientes de particion o a veeasndinado razén de proporciongfK
(Zga et al 2009, Bisson et al., 2011). Es posibiedecir el orden de elucién de los
(poli)fenoles calculando su respectiva (Bisson et al., 2011). CPC posee un sistema de
equilibrio hidrostatico, en el cual se retiene dase a través de una fuerza centrifuga
aplicada de manera constante y la otra fase se domhiravés de la fase estacionaria
(figura 7). Este sistema se caracteriza por teegugfias cadmaras de elucion o canales
interconectadas en discos montados uno sobre agbtagdo en un solo eje (Michel et al.,
2013, Bojczuk et al., 2017). Dependiendo de |l de las fases, se puede operar en
dos modos. Cuando la fase mas ligera (menos desstse movil, se denomina modo
ascendente, mientras que cuando la de mayorddehiiuye a través de la menos densa se
denomina descendente (Bojczuk et al., 2017). Untopuelevante a considerar es la
solubilidad de los compuestos a separar y su rdeorky entre las fases inmiscibles. Si
bien existen diversas combinaciones de sistema®ldentes, una de las mas usadas para
fraccionar extractos ricos en polifenoles se corepda acetato de etilo, heptano, agua y
metanol, formando 23 posibles combinaciones (Adhlast), llamado comunmente sistema
Arizona (das Neves Costa & Leitao 2010, Bojczuklet2017). Debido a la modalidad de
usos, la posibilidad de generar un sistema bifésican amplio rango de polaridades, CPC
es una técnica idonea para la separacion y puidficade (poli)fenoles desde extractos de

plantas.
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Figura 7: Esquema grafico del modo de separacion en sisteithaestaticos mediante
CPC. (Adaptado de Bojczuk et al., 2017).

El principal objetivo de la purificacion es obterles compuestos con un alto grado de
pureza en la menor cantidad de pasos posibles comendimiento adecuado. El
requerimiento es que el extracto debe poseer tma@@hcentracion. Es por ello que raices,
escobajos y recientemente sarmientos de videsusaos como fuente de estilbenoides.
Desde extracto de escobajos de Chardonnay secpur{i)-s-viniferina, (E)-piceatannol,
vitisina C, E)-resveratrol y (-)-ampelopsina A (Zga et al., 2068n el sistema K de la
escala Arizona en modo ascendente y se puede redés@e un solo paso (+)-ampelopsina
A en modo dual. La obtencién de compuestos bicagten modo dual, es cuando la fase
estacionaria pasa a ser la fase movil y vicevgrsaJo que compuestos antes retenidos
ahora son eluidos. Esta es una estrategia elegardeseparar mezclas complejas. Incluso
es posible el uso modo multi-dual, con un aumeettod platos tedricos en el aislamiento,
pero conllevando un aumento de tiempo en la seiar§Bojczuk et al., 2017). El uso del

sistema M ascendente de la escala Arizona sirva gaparar K)-resveratrol de K)-¢-
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viniferina, mientras que el sistema M en modo eedente para la obtencién de vitisina C
(Zga et al., 2009).

Desde un extracto de raices e riparia x V. berlandierique contiene estilbenoides
constitutivamente sintetizados con un alto conteuliel vitisina C, se ensayo el aislamiento
de estilbenoides con un paso previo de concentraei® Amberlita XAD-7 y luego
mediante CPC acoplada con un detector de masagramopa de iones, empleando un
sistema de elucién hibrido (Bisson et al 2011).eSe estudio se implementé el “paso
inverso”. Generalmente en las eluciones en CPCgcadiente se emplea un solvente que
posea menos fuerza de elucién a uno mayor. El poocentrario de uno mayor a uno
menor es lo que se denomina “paso inverso” o “grdadiinverso”. El trabajo esclarece
que el uso del sistema Arizona K y L fue adecuaala fpa separacion de estilbenoides en
particular paraK)-¢-viniferina, (E)-piceatanol y algunos trimeros.

Los trabajos de Pawlus et al., 2013 y Houillé et2014., emplean gradientes de elucion,
con los sistemas L en modo ascendente y luego aKsea en modo ascendente o
descendente para extractos de sarmientos de vad@siferos o para extractos de Malbec,
respectivamente. Luego de separar por CPC, obti@frrtciones de interés, Houillé et al.,
2014 aplican el sistema H a la tercera fraccioremila con M ascendente, separando
ampelopsina A de hopeaphenol. A partir de los etdsadeVitis viniferss y Muscadinia,
luego de obtener 10 fracciones enriquecidas dibestides, separan a través de Sephadex
la primera fraccion para luego utilizar HPLC semregarativa, con ello obteniergE)(y (2)
amurensis B, H)-e-viniferina, [E)-o-viniferina, €) y (2) ampelopsina E,B) y (2
miyabenol C,E) y (2) Vitisin C de las distintas fracciones (Pawlugalet2013).

Otra estrategia es fraccionar el extracto consemugnte en CPC, es decir inyectar

sucesivamente para obtener una alto niumero deidnssc con alta concentracion de
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estilbenoides, para luego volver a fraccionarlas@i®C. Esta estrategia fue adoptada por
Papastamoulis et al.,, 2014, para extractos deieaios de Merlot obtenidos con metil-
ter-butil éter y fue replicada por Pavela et dl20para sarmientos de Cabernet Sauvignon
preconcentrados en Amberlita. Papastamoulis et0a#.2 inyectaron 1.8 g de extracto
cuatro veces sucesivas y obtuvieron 19 fracciodedas cuales 16 fueron en modo M
ascendente y descendente. Los sistemas L, F yahfeenpleados para purificar los aislar
los estilbenoides desde las fracciones.

A pesar del buen funcionamiento de las estratg@ies aislar estilbenoides en gran parte de
las purificaciones fue imprescindible el uso de BPpreparativa para obtener los

estilbenoides con un alto grado de pureza luedoadeionar por CPC.

1.7. Test de reduccién de tetrazolio (MTT) para lanediciénin vitro de viabilidad

celular

Los test de proliferacion celulan vitro son una herramienta para determinar si una
molécula sintetizada o aislada posee efectos dsesmbbre la proliferacién celular o si
poseen efectos citotdxicos que conlleven a la raueelular. Entre estos métodos se
incluyen aquellos que utilizan sales de tetrazoksazurina, marcadores de proteasas y
deteccion de ATP.

El test MTT ((3-[4,5 -dimethylthiazol-2-yl]-2,5 diygnyl tetrazolio bromuro), es un test
basado en sales de tetrazolio, el MTT posee umgm qaositiva y penetra facilmente a las
células viables. Este test ha sido ampliamente tadepy difundido. Ademas es
considerado uno de los test mas sensibles parar miéatioxicidad (Riss et al., 2013;
Vinken & Blaauboer., 2017). El nombre se debe e antiguamente se denominaba metil-

tiozolil-tetrazolio (Storcket et al., 2012). Laélulas viables al estar expuestas a la sal de
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tetrazolio, lo acumulan y lo biotransforman a fordna el cual es de color purpura, por lo
gue la absorbancia a 570 nm es util para sabetau@élulas viables hay luego de la
exposicion a un agente citotoxico o que promuavauderte celular (Riss et al., 2013).

El mecanismo de accidn para la generacion del foimaesde MTT debe incluir dadores
de electrones. Las coenzimas o enzimas como reeoiila adenina dinucleotido de
hidrogeno (NADH) (Figura 8) o succinato deshidraaggen(SDH) respectivamente, podrian
llegar a ejercer este rol (Riss et al., 2013; Vimke Blaauboer., 2017), por lo que una
célula metabdlicamente activa es solamente capaedieir el MTT. EsS comun que en
literatura se sefale que el lugar de reduccionMIET sea la mitocondria y que las
deshidrogenasas mitocondriales sean parte del meeanSin embargo, existe evidencia
de que el lugar donde ocurre la reduccion es astagdlasma y que principalmente por
causa de NADH y de las deshidrogenasas asociadescailo endoplasmatico se forme el

formazan (Stockert et al., 2012).

N NADH NAD+* —
Br A ) 4 »
N-N N-NH
= X ;
= AN .S, r N .S,
TN S—chy C v >—CHs
N N T N N—7 ;
CH; CH;,
MTT Formazan

Figura 8: Conversion de MTT en formazan en test de reducaértetrazolio. (Adaptado
de Riss et al., 2013).

En la tabla 8 se describen los efectos citotoxiepsrtados para algunos estilbenoides en
modelos celulares cancerigenos de humanos expsesamno concentracion minima
inhibitoria (IG) (Tabla 8), es decir, la concentracién requeridaud compuesto para

disminuir en un 50% la poblacion celular.
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Tabla 9: Citotoxicidad de estilbenoides @ en lineas celulares cancerosas humanas a

través del ensayo MTT.

Estilbenoide Linea celular ( modelo celular) 5dC Referencia
(M)
K562 (leucemia) 30 Ha et al., 2009
HCT116 (carcinoma colon rectal) 28 Ha et al., 2009
(E)-resveratrol A549 (carcinoma de pulmon) 33 Chen et al., 2010
MCF-7 (adenocarcinoma mamario 9.2 Wu et al 2010
MDA-MB-23 (adenocarcinoma 12 Wu et al 2010
mamario) 93 Nivelle et al., 2017
HT-144 (melanoma)
(E)-piceatanol WM-266-4 (melanoma) 29 Du et al., 2017
A2058 (melanoma) 15 Du et al., 2017
(E)-¢-viniferina HT-144 (melanoma) 82 Nivelle et al., 2017
SKMEL-28 (melanoma) 86 Nivelle et al., 2017
(E)-piceido K562 (leucemia) 24 Ha et al., 2009
Amurensis G K562 (leucemia) 23 Ha et al., 2009
HCT116 (carcinoma colon rectal) 17 Ha et al., 2009
Ampelopsina A K562 (leucemia) 38 Ha et al., 2009
Scirpusina A MCF-7 (adenocarcinoma mamari¢) 64 Wu et al., 2010
MDA-MB-23 (adenocarcinoma 82 Wu et al., 2010
mamario)

1.8. Analisis de estilbenoides y procianidinas pdiPLC.

Los estilbenoides se han determinado en divers&icesa través de HPLC con columnas
en fase inversa C18 rellenas con particulas poppsasas (Pawlus et al 2013., Gorena et
al., 2014., Guerrero et al., 2016, Esatbeyoghi.€2016) y ademas empleando columnas
con particulas de tamarfos sub 2l en modo UHPLC (Boutegrabet et al., 2011, Xie &
Bolling., 2014, Gabaston et al 2017) acoplado &rmdins detectores DAD (Esatbeyoglu et
al 2016, Guerrero et al., 2016), espectrometrmdsas: triple cuadrupolo (Vergara et al.,
2012, Gorena et al 2014.), Q-ToF (Moss et al., 2@Eabaston et al 2017), tanto en modo

positivo como negativo. El método més empleado paaatificar es a través de DAD.
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Las columnas cortas (5-10 cm) y de diametro ang@siomm) rellenas con particulas sub
2.1 um responden a la demanda de obtener separaciqridasr&n tiempos mas cortos,
obteniendo peaks estrechos y aumentando la efiaieon el inconveniente de un aumento
de presiéon (Formula 1) en el rango de 18000-1950QHekete et al 2012), por lo cual se

requieren bombas especiales para dichas presmemeaninadas de UPLC o UHPLC.

_ 250LQN

AP = dp?dc? ( )

AP: Presion, Q: caudal, L: longitud de columiig, viscosidad de la fase movil, dp:
diametro de la particula, dc: diametro de la colamn

Al ser las particulas tan pequefias, ocurre un fenénde calor friccional, generandose un
gradiente de temperatura en la columna. Esto escnitiitso cuando la columna es mas
corta, perdiendo eficiencia (Fekete et al 2012).

Las particulas porosas poseen una mayor resistengitransferencia de masa (termino C)
(Formula 2) que aquellas no porosas, pero ofrec@nsuperficie mayor por lo tanto una
mayor capacidad de carga de muestra. Una alteanatilas columnas UHPLC son las
columnas de nucleo sdlido, que combinan las ventd@ las particulas porosas y no
porosas. Las particulas poseen un nucleo soligilida (1.7um de didmetro), recubierto
con una superficie porosa para generar una edfeiete et al., 2012, Gbénzalez-Ruiz et
al.,2014). El desarrollo de la tecnologia respamtke necesidad de alta eficiencia en cortos

periodos de tiempos, pero con presiones abordabieana bomba de HPLC convencional.
h=2+4A4+Cv(2)
h: altura reducida de platos, velocidad reducida, A, B y C son coeficientes Btioos

asociados a dispersion por efecto de camino méiltiplefecto de remolino, difusién

longitudinal o axial y transferencia de masa, respamente (Hayes et al., 2014).
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Originalmente, la idea de las particulas de nudélido era aumentar la eficiencia,
disminuyendo los caminos que el compuesto deberregcg por lo tanto mejorar la
transferencia de masas. Se esperaba que la fmdiEwnicleo soélido contribuyera a la
eficiencia debido a la disminucion de la difusiGrdah (término B) y la dispersién de
camino multiple (término A) en la formula 2. Estésminos estan asociados al diametro
externo de la particula, mientras que la transtéaethe masas a la delgada capa fina porosa
qgue recubre el nucleo de la particula (Fekete.eR@l2). Si bien existen varios modelos
matematicos que tratan de explicar el comportamidet las columnas de nucleo sdlido,
s6lo se explican los aspectos relevantes en doayglednsenso. Efectivamente, el termino
A se afecta por la calidad del empaque y el tang&fia particula. La explicacion logica es
gue el empaque es mejor en comparacion a las caeliporosas y de particula sélida
(Fekete et al., 2012., Hayes et al., 2014, GonZRlez et al., 2015).

La reduccion del volumen muerto de las columna®radp eficiencia, a diferencia de las
columnas porosas que sélo ocupan un con rellentengio del volumen interno de la
columna. Al emplear particulas de nucleo sélidojodumen ocupado aumenta entre un
20-30 %, lo que se traduce en una menor difusidgitodinal, disminuyendo el término B.
Si bien el termino C contribuye a la disminucién alecho de banda, no es el coeficiente
mas importante, como originalmente se promovia.cbatribucion del término B es
inversamente proporcional a la velocidad lineded@se y a su vez la difusion longitudinal
reducida se puede expresar como la razén entrérreinb B y C, por lo que a altas
velocidades la contribucion del termino C es mesignificativa (Fekete et al., 2012,
Hayes et al., 2014). La tecnologia de nucleo s@rl@socia a una conductividad térmica
alta, evitando la generacién del gradiente de teatpe y el ensachamiento del peak

(Gbénzalez-Ruiz et al., 2015), por lo que actualmesta tecnologia sustenta la generacién
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de metodologias cromatograficas rapidas con altaeeia para la cuantificacion de
(poli)fenoles, comparable a UHPLC, pero con caidas presion significativamente
menores.

Las proantocianidinas son complejas de analizaawsés de HPLC, en particular en fase
inversa, que es la técnica preferida para seppddidfénoles de extractos vegetales. Sin
embargo, la resolucion solo alcanza hasta tetrandebido a dos fendémenos: el primero
es que las concentraciones de las procianidinasza@r DP en general son menores,
ademas que aumentan las posibilidades de isomiérizgor lo que la capacidad del peak
es reducida. Ademas, al aumentar el DP disminuyabkorbancia asi como la sefial
fluorescente. En fase normal se logra la separat@dmasta DP 14, eluyendo de acuerdo a
su DP, pero con peaks poco definidos (Himmer &réeh 2008). Actualmente, la
cromatografia de interaccion hidrofilica (HILIC)re€e una alternativa para mejorar la
eficiencia y aumentar el grado de separacion derasanidinas en muestras como orujo
(Winterhalter et al.,, 2015), escobajos (Barroslet 2014) y en extractos de manzana
(Hollands et al., 2017). Esto es porgue retiendi){pooles altamente polares, ademas de
ser un método reproducible entre laboratorios @hal$ et al., 2017).

A diferencia de la cromatografia en fase normalH&LIC se utiliza 2-3% de agua en sus
fases méviles, mientras que en la cromatografimabse evita, por lo que HILIC no se
considera como cromatografia de fase normal. Exigigencia de que en HILIC se forma
una capa de agua en las particulas de silica aaslda con fase estacionaria y que el
mecanismo principal seria el de reparto entreda fadvil y la capa de agua que rodea la
fase estacionaria (Guo & Gaiki et al., 2011, Mc&akt al., 2017).

Otra alternativa que ha cobrado importancia paraukntificacion de procianidinas en

matrices alimentarias es el uso de UHPLC-MS/MS, aftece métodos reproducibles, con
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bajos limites de cuantificacion y alta sensibilid@drtega et al., 2010, Jungfer et al., 2012).
Sin embargo, los tiempos de andlisis bordean eb®®5 minutos y emplear un

espectrémetro de masas que encarece el costoldgsandéinarios.

1.8.1. Cromatografia bidimensional

La cromatografia bidimensional es una técnica ¢arseion para componentes de una
mezcla extremadamente compleja, usando dos dinmassitistintas (D), conectadas una
con la otra, pero independientes entre si, comuopgoveen diferentes selectividades. Esta
propiedad se denomina ortogonalidad (Matos et2812, Cacciola et al., 2017). La
definicion de ortogonalidad implica que dos sisterneomatograficos no tengan entre si
correlacion estadistica entre los tiempos de ré&ienen cada dimension, por lo que el
mecanismo de separacion no debe ser necesariadigirieo en la primera y en la segunda
dimensién para poseer ortogonalidad (D’Attoma et2al12).

Existen dos modos de llevar a cabo la cromatogiéajisida bidimensional: recortar el
corazén de las fracciones, conocida como “heatirgyit (LC-LC), en donde se llevan
desde'D a’D las fracciones de interés, mientras que el mtamnprehensive” (LC x LC),
que se puede traducir como exhaustivo, corresparnea la muestra que va deste
hacia’D.

Los puntos criticos a considerar al desarrollar oneodologia LC x LC “on line” los
solventes que compone las fases moévileDegue deben ser compatibles?eny el corto
tiempo de andlisis efD (Stoll et al., 2016, Cacciola et al., 2017). iflplementar una
cromatografia bidimensional se debe optimizar chwfe@nsion por separado. Un detalle no
menor es que elD el analisis debe ser lento, mientras quéledebe ser extremadamente

rapido, por lo que generalmente se acopl€l®mn detector de masas para una rapida
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adquisicion de datos. A veces se considera los addienidos a través de espectrometria de

masas como una tercera dimension (Cacciola (7).
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Figura 9: Representacion esquematica de la separacion vastrde cromatografia
bidimensional para una muestra de 20 compuestpsp(f compuestos que coeluydny
B Cromatografia en una sola dimensiGnSeparacion en serie con las columnas usadas en
A y B, D Separacion bidimensional continua (LC x L(}, y F corresponden a
cromatografia en donde se seleccionan las fracgiankdevar a una segunda dimension

(LC-LC). (Adapatado de Stoll et al., 2016).

La capacidad de peak es un parametro usualmentieadoppara medir la separacion en

cromatografia. Se refiere al nimero de peaks goencan una ventana de tiempo definida.
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Comunmente se considera como cuatro veces la desviestandar del ancho del peak en
la ventana de tiempo en comatografia unidimensi¢dalie 2008., Li et al., 2009). La
capacidad de peak cobra relevancia en cromatodvafimensional, como medida de la
separacién en ambas dimensiones, debido a queesk merder separacién cuando se
transfiere déD a°D. Los rangos pueden ser amplios y no hay unadgpendencia de la
capacidad de peak d®. La productividad de la separacién en la segufideension
(capacidad del peak por unidad de tiempo de greediem la segunda dimensién) debe ser
maximizada para lograr una buena separacion enatognafia bidimensional (Li et al.,
20009).

Las combinacion RP-LC x RP-LC es la mas usada ematografia bidimensional (32.3
%), mientras que HILIC-LC x RP-LC se utiliza ennmoe medida (21.8 %) (Li et al.,
2015, Cacciola et al., 2017). HILIC-LC x RP-LC bka utilizado para elucidar la
composicién (poli)fendlica de cocoa (Kalili et &2013), semillas de uva (Montero et al.,
2013) y vino (Willemse et al., 2015). Esta combi@acse caracteriza por separar en base a
la hidrofobicidad y polaridad, posee una capacidiageak alta (>2000) debido a la baja
correlacion de los mecanismos’€R.2) (Cacciola et al 2017). La configuracién HIELC

X RP-LC es adecuada para el analisis de prociasdiseparandolas de acuerdo a su
incremento en DP elD, siendo el solvente ocupado ¥hen el gradiente compatible en
?D. A través de HILIC con una columna en una dindmsis posible separar procianidinas
< 10 DP, mientras que en C18, sélo es posible aepasta tetrdmeros. En semillas de uva,
usando HILIC LC x RP LC, fue posible la separacidm 46 polifenoles, incluyendo
procianidinas hasta un DP de 7 sin pre-tratamidatmuestra (Montero et al., 2013).
Comparando la separacion unidimensional RP-LC pmoianidinas se obtiene una

capacidad de peak de 300, pero coeluyen isbmesosigual DP. Empleando la
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combinacion HILIC LC x RP LC “on line” se obtuvo aicapacidad de peak entre 200-300
para procianidinas de cocoa. Sin embargo, isomegeoprocianidinas de igual grado de
polimerizacién coeluyeron. En contraste, la cagetide peak es mayor cuando se utilizan
métodos “off line” (fuera de linea) o “stop flowfljo detenido), sin embargo la
reproducibilidad es menor y el gasto de tiempo agam(Kalili et al., 2013).

La cromatografia bidimensional genera un alto venrde datos. Se forma un set de datos
multi- vias de acuerdo al orden del instrumento. dsta cambia en cada una de
dimensiones, de acuerdo con el tiempo, sumadaderiansion espectral y finalmente por

las réplicas de la muestra se puede generar urchipede informacion (Matos et al 2012).
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2. Hipétesis y Objetivos
En base a los antecedentes planteados y disciidiss seccion precedente, se plantea la

siguiente hipétesis para la presente Tesis:

2.1. Hipotesis:

Los sarmientos contienen compuestos fendlicos (pooamnidinas y estilbenoides),
destacando sus altos niveles de estilbenoides. s\fabalias tienen un interés potencial de
aplicacion, debido a su capacidad antioxidante ryspoposible actividad antiproliferativa
en células cancerosas.

El almacenamiento post-poda de los sarmientosnmaméa sus niveles, especialmerig (
resveratrol. Este incremento puede ocurrir por:

- Aumento de su biosintesis gatillada por el stiredigcido por la poda

—~>Envejecimiento de la madera y el concomitante mergo de la extractabilidad de
estilbenos que estaban unidos a estructuras @sular

- Una combinaciéon de ambos procesos

2.2. Objetivo General:

Evaluar la incidencia de las condiciones de guéetaperatura, humedad y tiempo) sobre
las concentraciones o sobre la evolucién de loslesvestilbenoides y proantocianidinas
post poda y caracterizar los compuestos (poli)feaslestudiados mediante una plataforma

analitica avanzada e integrada.
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2.3. Objetivos especificos:
2.3.1.Implementar y validar un método cromatografico qoesidere menor
tiempo de analisis, consumo de fase movil y ad#iecen serie mediante
HPLC-DAD Yy fluorescencia para la cuantificacion distintos compuestos
(poli)fendlicos en sarmientos.
2.3.2. Aislar y caracterizar los estilbenoides en extragé sarmientos a
través de CPC, HPLC-semipreparativa, HPLC-DAD-QTgFRMN
mediante CPC para obtener compuestos purificados fa calibracion
cuantitativa de cada uno y evaluar su actividageoiiferativa en células
cancerosas humanas.
2.3.3.Desarrollar una metodologia cromatografica batisional (LCxLC)
para evaluar cuanto la combinacion apropiada defakes estacionarias y
moviles y mecanismos distintos de separaciéon penmmesolver ain mejor
mezclas muy complejas de (poli)fenoles presentexeacto de sarmientos.
2.3.4.Evaluar la incidencia de lacondiciones de guawkt-poda sobre los

niveles de estilbenoides y proantociandinas.
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3. Estrategia analitica para el analisis de estillb®ides y procianidinas en sarmientos.
La estrategia analitica para dar cumplmiento adtolg general, los especificos detallados

en la seccidn precedente, se puede dividir en gtégmcuales se ilustran en la figura 10.

/  Estrategia analitica \

para el analisis de

estilbenoides y -
/—\ rocianidinas en 5. Perfil '
/ 1. Aislamiento de p s

estilbenoides sarmientos través del LCxLC

)CPC Evaluacién 1D: ZIC-HILIC,
&’ RP-HPLC-semiprep Diol HILIC, Polietilenglicol
" HPLC-DAD-QToF ) HILIC LC x RP LC-
» PH Estilbenos Ms/Ms

HO O
. .z OH
/  2.Elucidacién '\ HO 5 4. Incidencia Humedad
/ OH

estructural e relativa sobre niveles

de estilbenoides et de estilbenoides y
RMN (23C, 'H, NOE, ARG proantocianidinas
COsY) 3. Actividad ) Guarda hasta 140 dias
RMN(*H-3C-HMBC, antiproliferativa y

)IH-“C-HSQC) capacidad antioxdante \ 3 HPLC-DAD-FL-

MS/MS,HPLC DAD-
FL

de estilbenoides in
vitro
Ensayo MTT (J82, SK-
MES-1, AGS, MRC-5)

Y
4 Ensayos ABTS,
ORAC, CUPRAC

Figura 10: Estrategia analitica propuesta.
3.1. Aislamiento de estilbenoides desde sarmientos
Debido a la carencia de estandares y la falta dacteaizacion de los estilbenoides
minoritarios, éstos se purificaran desde sarmieritasvariedad escogida es Pinot Noir,
debido a los altos niveles reportados de estilldEsopara esta variedad, destacando sobre
otras. Las técnicas cromatograficas preparativaeod®PC o HPLC-semi preparativa seran
empleadas, por lo que es imprescindible obtenedsde un extracto enriquecido como un
extracto piloto. Se monitorearan las fraccionetadés cuantificandolas por HPLC-DAD-
FL, mientras que la caracterizara el extracto WBLC-DAD-QToF. Las metodologias

empleadas y los resultados obtenidos se explieitagl Capitulo 2.
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3.2. Caracterizacion y elucidacion estructural delaoestilbenoides

Los estilbenoides que serdn aislados con altazawse elucidaran estructuralmente o se
confirmara su identidad a través de RMRC y ‘H (*H-'H COSY, NOE), RMN
bidimensional'H-**C-HMBC, *H-*C-HSQC Se caracterizara el potencial antioxidainte
vitro de los diversos oligoestilbenoides aislados \#tale distintos ensayos de capacidad
antioxidante en términos de capacidad protecto®A@FL) y reductora (CUPRAC,

ABTS).

3.3. Ensayos de actividad antiproliferante de eskienoides en células cancerosas

Se evaluaran actividad antiproliferante de los lsibides aislados en mayor
concentracién a través del ensayo MTT en distiliteesas de células cancerosas humanas
(adenocarcinoma gastrointestinal (AGS), célulasaressas de cancer de pulmén (SK-
MES-1), carcinoma de vejiga (J82), ademas de umealicelular humana normal de

fibroblasto de pulmén (MRC-5).

3.4. Determinacion cuantitativa de estilbenoides groantocianidinas en sarmientos:
incidencia de condiciones en el proceso de guardagt-poda

Los sarmientos de diversas variedades se reca@actamediatamente después de la poda
en los vifiedos, una muestra de las variedadesastendran sin guarda a -20°C, mientras
gue las otras recolectadas se guardaran en dogicmes distintas de humedad relativa
para muestrear sucesivamente en el tiempo de gpastlgoda (12, 24, 45, 58, 77, 84, 98,
110, 124,140 dias luego del poda). Se implementarenétodo HPLC-DAD-FL-MS/MS
para identificar los (poli)fenoles bioactivos eB lauestras y se desarrollara y validara un

método HPLC-DAD-FL para cuantificar los estilberesd y proantocianidinas
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simultdneamente, debido la complejidad de la maiesst empleara la tecnologia de nucleo

sélido en las columnas.

3.5. Perfil de estilbenoides y procianidinas en sarientos mediante LC x LC

La cromatografia bidimensional es una técnica pas#epara la separacion de (poli)fenoles
en matrices extremadamente complejas como son dawmientos. Se optimizara e
implementard& un método LCxLC que combine HILIC c@18 para generar una
herramienta para caracterizar el perfil de (patigles bioactivo presentes en los sarmientos

de vides.
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Abstract

The following oligostilbenoids were isolated fromxtracts of Pinot Noir grape canes
produced at a pilot-plant scal&){s-viniferin, (E)-resveratrol, [f)-piceatannol, ampelopsin
A, vitisin B, pallidol, E)-d-viniferin, (E)-o-viniferin, (E)-trans-cis-miyabenol C,
isorhapontigenin, scirpusin A, and a new isomer e@mso-scirpusin A. The antioxidant
capacity of the isolated stilbenoids was studiedhrge different assays, and their 50%
inhibition concentration (I16;) against cancer cells was determined by MTT redaoct
assay. Pallidol andE}-trans-cis-miyabenol C showed outstanding antioxidant capdayt
ORAC-FL assay. The strongest antiproliferative @ffe’as observed forEj-piceatannol
and ampelopsin A against the bladder cancer aedl J82. [E)-Piceatannol has inhibitory
effect on human lung cancer SK-MES-1 cells. Morepvihe whole extract has
antiproliferative effect on all tested cell linds. conclusion, besid€E)-resveratrol, grape
cane extract contains oligostilbenoids with potdntiealth benefits. This underexploited
viticultural residue has the potential to produ@uable phytochemicals or nutraceutical

ingredients in functional foods.

Keywords: Grape cane oligostilbenoids, [E)-resveratrol, antioxidant capacity,

antiproliferative effect.

Chemical compounds studied in this article:
(E)-Resveratrol (PubChem CID 445154F)+-Viniferin (PubChem CID 5315233)E}-
Piceatannol (PubChem CID 667639); Ampelopsin A Ghdm CID 182999); Vitisin B

(PubChem CID 71308302)E)-»-Viniferin (PubChem CID 72551484)E)-6-Viniferin
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(PubChem CID 11487842); Pallidol (PubChem CID 48375cirpusin A (PubChem CID

5458896); Isorhapontigenin (PubChem CID 5318650)
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1. Introduction
Stilbenoids are non-flavonoid phenols present exghape family Vitaceag, and they act
as phytoalexins to protect the plant from pathog&kigh (E)-resveratrol t{fans-3,4’,5-
trihnydroxystilbene) being their core structure,dhestilbenoids are biosynthesized through
the phenylpropanoid pathway, a common pathway dhavgh cinnamic acids and
flavonoids. Oligostilbenoids are generated by thgomerization of resveratrol units to
form dimers to octamers with complex and diversecstires (Riviere, Pawlus & Mérillon,
2012). E£)-Resveratrol has been shown to have diverse hieattifits in neurodegenerative
diseases, chronic diseases such as diabetes,\aatitar diseases (Catalgol, Batirel, Taga
& Ozer, 2012), and as a chemopreventive agentnoesaby different cell death pathways
(Delmas, Solary & Latruffe, 2011). However, lessformation is available about
oligostilbenoids due to the unavailability or highice of commercial pure compounds.
Nevertheless, oligostilbenoids have been reporedatein vitro effects against HIV-1
integrase and MOS 1 transposase (Pflieger, Teqauadfamoulis, Subra, Munir & Delelis,
2013), cytotoxic and anti-cancer activity (Xue, Dijo, Cheng, Wei & Shi, 2014; Wang &
Yao, 2015), anti-inflammatory, anti-diabetic effeend antioxidant activity (Wang & Yao,
2015; Nopo-Olazabal, Hubstenberger, Nopo-OlazabaWédina-Bolivar, 2013). These
properties of stilbenoids could be utilized to depenew strategies to prevent (Xue et al.,
2014) and treat diseases such as cancer. They beukdther combined with cytotoxic
agents (Delmas et al.,, 2011; Xu & Tao, 2015) welwvdr side effects, or used as food
complements (Vendrely, Peuchant, Buscail, MoraievjlRousseau & Bedel, 2017).
Grape Vitis vinifera) wastes from the viticulture industry offer a cdexpand wide profile
of oligostilbenoids from dimers to hexamers (Pawlbahli, Bisson, Riviere, Delaunay &

Richard, 2013; Gorena, Saez, Mardones, Vergarateétialter & von Baer, 2014;
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Guerrero, Biais, Richard, Puertas, Waffo-Teguo &N, 2016; Papastamoulis, Richard,
Nassra, Badoc, Krisa & Harakat, 2014). The olidlstioid concentrations in root extracts
is 223-302 g k§ (Esatbeyoglu, Ewald, Yasui, Yokokawa, Wagner & $dgp, 2016;
Gabaston, Cantos-Villar, Biais, Waffo-teguo, Ren@@orio-Coset, 2017), 351 mg'giry
weight in the wood extract (Gabaston et al., 20238-542 mg kg dry weight in stem
residues (Pifieiro, Guerrero, Fernandez-Marin, Gaxiblar & Palma, 2013; Ewald, Delker
& Winterhalter, 2017).

Grape canes are produced during the annual wimenirg of vines. They contain a
relatively high amount (803-8485 mg kglry weight) of oligostilbenoids (Vergara, von
Baer, Mardones, Wilkens, Wernekinck & Damm 2012nbart, Richard, Renouf, Bisson,
Waffo-Téguo & Bordenave, 2013; Gorena et al., 2@derrero et al., 2016; Ewald et al.
2017). Besides containing significant levels &)-fesveratrol (110-6533 mg Kgdry
weight) (Vergara et al., 2012; Houillé, Besseaui@avault, Oudin, Glévarec & Delanoue,
2015; Gorena et al., 2014; Guerrero et al., 2006) &)-piceatannol (190-1710 mg kg
dry weight) (Lambert et al., 2013), this residuen cke an interesting source of
oligostilbenoids (Guerrero et al., 2016) such Bpefviniferin (967—-3329 mg kg dry
weight) (Lambert et al., 2013; Ewald et al., 2017he profile also some minor
oligostilbenoids, including hopeaphenol (287-1468/kg) (Lambert et al., 2013),
ampelopsin A (908-950 mg/kg) (Guerrero, 2016), ieyeol C (22—-174 mg/kg) (Lambert,
2013), vitisin B (88—1116 mg/kg) (Lambert, 2013phopeaphenolEf-piceid, and E)-w-
viniferin (Guerrero, 2016). The profile of oligdsenoids in grape canes depends on the
Vitis genus, the cultivar, and the growing conditionanflbert et al., 2013; Guerrero et al.,
2016). The highest levels of stilbenoids in canesrewreported in Pinot Noir and

Gewdrztraminer cultivarg@Gorena et al., 2015; Guerrero et al., 2016). Funtlore, their

69



concentration range in grape canes also depents®eatorage/treatment of the canes after
pruning (Gorena et al., 2015; Houillé et al., 20RBlet, Houillé, Besseau, Mélin, Oudin &
Papon, 2018). For example, the stilbenoid concgotraan be increased up to 5-7 fold
following at least 3 months of storage at room terafure after pruning (Gorena et al.,
2014). Most of this change is attributed tB)-(esveratrol, whose concentration is
significantly increased in the second month ofager(Vergara et al., 2012; Gorena et al.,
2014). The storage temperature and size of capesrdluenced this change (Houillé et al.,
2015; Billet et al., 2018). The optimal temperatuvas 15-20 °C: among eighitis
varieties, the K)-resveratrol induction can increase to 106-fold2@t°C after 6 weeks
(Houillé et al., 2015). In Cabernet Franc canes,kéy genes involved in the biosynthesis
of (E)-resveratrol constitutively expressed transcripdioactivity with 6 weeks of storage
at 20 °C. Meanwhile, abundant transcripts of stibeynthases (STS) were induced in the
first month of storage, proving that the additio(i8}resveratrol is fronde novosynthesis
(Houillé et al., 2015). Very recently, the cuttiszge was also found to modify the time
delay in which the stilbenoid levels rise up. letbane is immediately cut to short pieces
after pruning, the time needed to accumulate tifesipids is drastically shortened from 6
to 2 weeks, due to a transient expression of pléanjihe ammonia-lyase (PAL) and STS
genes (Billet et al., 2018). On fresh canes aftenipg at room temperature, the major
stilbenoid is E)-¢-viniferin (Gorena et al., 2014), and the concerires of E)-piceatannol
increased with storage time in a fashion similafBEpresveratrol but to a lower extent
(Houillé et al., 2015). Moreover, in grape canés, dligomeric stilbenoids are accumulated
during the growing season, whereas monomeric stilidls are mainly induced after cane

pruning (Houillé et al., 2015).
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The oligostilbenoids can be isolated from extraxft¥itis tissues by centrifugal partition
chromatography (CPC) for stems (Zga, Papastamotbsibio, Richard, Delaunay &
Jeandet, 2009), canes (Pawlus et al.,, 2013; Houdipon, Boudesocque, Bourdeaud,
Besseau & Courdavault, 2014, Pavela, R., Waffo-oedt, Benoit, B., Richard, T &
Mérillon, J-M, 2017), and roots (Bisson, PouparawRis, Pons, Darriet & Mérillon, 2011).
Therefore, while grape canes are commonly burnedcorporated into the soil, they could
also be a source of diverse oligostilbenoids.

In the present study, purified oligostilbenoids ev@btained from Pinot Noir extract at a
pilot-plant scale, by combining CPC with HPLC. Té@mpounds were further identified
by HPLC-Q-Tof and NMR methods. The vitro antioxidant capacity of the isolated
oligostilbenoids, as well the viability of cancells lines in their presence were tested. The
results contribute to increase the scientific baclgd to promote the use of grape cane

extracts in the nutraceutical field, thereby addmlue to this underutilized residue.

2. Material and methods

2.1 Solvents and reagents

The following chemicals were provided by Merck (Batadt, Germany): acetonitrile
(HPLC grade) and formic acid used for quantificatiand isolation of stilbenoids,
methanol, ethanol, heptane, ethyl acetate, copfgrchloride, ammonium acetate,
potassium dihydrogen phosphate, and potassium dggdrphosphate. Acetonitrile (HPLC
grade), water (HPLC grade), and formic acid fornitfecation of stilbenoids were
purchased from Fisher Scientific (Pittsburg, PAAYSotable ethanol (98%) for the pilot
extraction was obtained from Oxiquim S.A. (Conceépg¢iChile). Standards ofE]-e-

viniferin (>99.8%) were from Phytolab (Vestenbergsreuth, Geynand isorhapontigenin
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(>98%) from BOC Sciences (New York, USAE){Resveratrol ¥99%), €)-piceatannol
(>98%), neocuproine hemihydrate, 6-hydroxy-2,5,7t{Bateethylchroman-2-carboxylic
acid (Trolox), 2,2azino-bis(3-ethylbenzothiazoline-6-sulfonic aci@BTS), fluorescein
sodium salt, 2,2-azobis(2-methyl-propionamide)ditoschloride (AAPH), 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetreazolium brada (MTT), and etoposide (E1383)

were provided by Sigma (St. Louis, MO, USA).

2.2 Grape cane extract

Healthy Pinot Noir grape canes were pruned in thrgew of 2014 at De Neira Vineyard,
Bio-Bio region, Chile. After storage for at leastridnths at 20+2 °C, 67.2 kg of the grape
canes was cut to 1 cm in length, and extracted 10GD-L reactor with 672 L of mixed
potable ethanol/water (80:20 v/v) at 80°C for 10@utes. After solvent evaporation, 96.6
L of the extract was obtained. 450 mL of which iragze-dried in darkness and stored at -

20 °C for purification and isolation.

2.3 Purification of extract by centrifugal partition chromatography

The Arizona solvent systems L and K were choseedas the available CPC methods
(Zga et al.,, 2009; Pawlus et al.,, 2013; Houillé akt 2014), the reported partition
coefficients (Bisson et al., 2011), and the faelt thrape canes with post-pruning storage
contain E)-resveratrol andH)-¢-viniferin as the major stilbenoids.

The gradient for purification on an SCPC-250L syst@rmen Glider, 56890 Saint-Ave,
France) used the upper phase of the biphasic syst¢th3:2:3 v/v/v/v heptane: ethyl
acetate: methanol: water) and K (1:2:1:2 v/viv/ptaee: ethyl acetate: methanol: water)

Arizona scale as follows: 142 min for L system stending mode at 1800 rpm, 20 min
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with K system in ascending mode at 1800 rpm, tHemih of extrusion at 1000 rpm. The
flow rates were 6 and 25 ml mirfor the elution and extrusion steps, respectivielyeach
run, 3.5 g of freeze-dried extract was dissolved.@hmL of the L biphasic solvent for
injection. Peak detection was made at 306 and 28@Armen Glider spot prep Il liquid
chromatograph, 56890 Saint-Aveé, France). The eldtactions were evaporated under

reduced pressure below 40 °C, and then freeze-dnddtored at -20 °C.

2.4 ldentity assignment by HPLC-DAD-QToF and quantiication by HPLC-DAD-FL
Identity assignment was carried out using an HPidgdle array detection (DAD) system
(1260 series, Agilent Technologies, Santa Clara, O8A) coupled with a Q-Tof mass
spectrometer (6545 series, Agilent Technologiesté&s€&lara, CA, USA). The separation
used an Ascentis Express C18 column (150 mm x 2nl n7 um particle size, Sigma-
Aldrich). The mobile phases consisted of watehwitL% formic acid (A) and a mixture of
methanol: acetonitrile (30:70 v/v) with 0.1% fornacid (B). The injection volume was 5
uL. The gradient was as follows: 0 min, 15% of Bnih, 20% of B; 20 min, 45% of B; 22
min, 100% of B; 26 min, 100% of B; 28 min, 15% of ) min, 15% of B; post-time, 8
min. The oven temperature was set at 40°C, andldherate was 0.35 ml mih The ion
source used Agilent jet stream electro spray iditag AJS ESI) in the negative mode, and
the capillary voltage was set at 3750 V. Nitrogeaswsed as sheath gas (400 °C and flow
rate of 12 L mifl), drying gas (325 °C), and collision gas. The tieku was set at a
pressure of 40 psi. Accurate mass acquisition wadenbetweem/z100 and 1200, and the
isolation width was 4n/z The MS Tof conditions were set as follows: fragitoe, 150;
skimmer, 45; and Octl RF Vpp, 750. The collisiorrgy (CE) increased linearly in the

range of 30—-45 eV depending on thi&zrange (100-1000).
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The quantification of stilbenoids was made using-a8 core-shell column (150 mm x 4.6
mm, 2.7um particle size, Halo, Advance Materials Technojogy a Shimadzu Nexera
HPLC system (Kyoto, Japan). The injection volumeswvi® uL, and the mobile phases
were (A) 0.1% formic acid in water and (B) acetolat The steps of the gradient are as
follows: at 4 min the mobile phase B was incredsenh 20% to 35%, to 44% at 7.5 min,
and to 100% at 8.5 min. Then, the column was washedacetonitrile for 2 min, and re-
equilibrated using 20% of B for 2 min. The columren temperature was set at 40 °C, and
the flow rate was 1.5 ml mih The DAD detection was set at 306, 323, and 28q$IRD-
M20A, Shimadzu, Kyoto, Japan), and fluorescencedtiein was carried out at 330 nm for

excitation and 374 nm for emission (RF-20 AXS, Sioizu, Kyoto, Japan).

2.5 Isolation of oligostilbenoids by semi-preparatie HPLC-UV

Semi-preparative purification was performed on &8Ccolumn (10 mm x 250 mm, &
particle size, Kromasil, Akzo Nobel, Bohus, Sweden)a YL911S binary HPLC pump
(Young Ling Instruments, Anyang-si, Gyeonggi-dor&a). The mobile phase A was 0.1%
formic acid in water, and B was acetonitrile. Thewf rate was 2.5 ml mily and the
injection volume was 50QiL. The gradient program was described in the liteea
(Vergara et al., 2012). The detection was don®étahd 280 nm with a YL9120S UV/VIS
detector (Young Ling Instruments, Anyang-si, Gyegirdp, Korea). The isolated

oligostilbenoids were stored at -20 °C after freémgng.

2.6 Structural determination of isolated oligostillenoids by NMR spectroscopy
For isolated oligostilbenoids, the protod) and carbon'fC) peaks were assigned using

'H-NMR, 'H-'H-COSY, selective 2D experimentid-*C-HSQC, and'H-*C-HMBC
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experiments in deuterated methanol or acetone.NM& experiments were carried out
using a Varian Inova 500 or VNMRS NMR spectromefgerating at 500 or 400 MHz for

4 and 125 or 100 MHz fdrC.

2.7 Antioxidant capacity of isolated oligostilbenals

Three different antioxidant capacity assays (CUPRABTS, and ORAC-FL) were
performed for the purified oligostilbenoids, as wak for isorhapontigenin andE)
resveratrol as standards. The assays were made B6-well microplate reader
(Synergy/HTX multi-mode reader, BioTeK, Winooskigeiwhont, USA). CUPRAC and
ABTS protocol assays were performed according toefiRd, Magalhées, Reis, Lima &
Segundo (2011) and Ruiz, Hermosin-Gutierrez, MagdpWergara, Herlitz & Vega (2010)
with modifications. An ABTS solution (7.5 mM) witk,S,0g (2.5 mM) was diluted with
ethanol to obtain an absorbance of 0.7 at 734 nne Trolox calibration curve was
determined from 2 to 18OM in ethanol. Into each well was added 1@0of diluted ABTS
radical solution. After 5 minutes at 30 °C, thestfiread was done at 734 nm. The sample or
Trolox calibration point (10uL) was added, then the well-plate was incubated2f@r
minutes at 30 °C. The ORAC-FL assay was realizemrding to Ou, Chang, Huang &
Prior (2013). The Trolox calibration curve was frdnto 70uM. All assays were done in

triplicate, and the oligostilbenoids were protedi®an light to avoid isomerizations.

2.8 Antiproliferative assay in human cell lines
The antiproliferative effect was determined by gsiB-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT). Four adherentrtaun cell lines were obtained from

the American Type Culture Collection (Manassas, M4SA): MRC-5 normal lung
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fibroblasts (ATCC ®, CCL-171"), AGS gastric adenocarcinoma cells (ATCC®, CRL-
1739™), SK-MES-1 lung cancer cells (ATCC ®, HTB-58), and J82 bladder carcinoma
cells (ATCC ®, HTB-I™). MRC-5, J82, and SK-MES-1 cells were grown in [Eag
minimum essential medium that contained 2 mM Layhihe, 1 mM sodium pyruvate, and
1.5 g L* NaHCQ. AGS cells were grown in Ham’s F-12 medium coritajn2 mM L-
glutamine and 1.5 g't NaHCQ. All media were additionally supplemented with 10%
heat-inactivated fetal bovine serum, 100 IU/mL pélm G, and 10 mg mL streptomycin.
The cells were sub-cultured once a week, and trdtumewas changed every two days. For
the assay, cells were plated in 96-well plates (1DQvell) at a density of 50,000 cells mL
! One day after seeding, the cells were treateld thi#¢ medium containing the compounds
at concentrations ranging from 0 to 100 pg ‘mlf compound to be tested was not
completely soluble in culture medium, DMSO was abdeaching a final concentration of
1%, diluted with complete medium, and incubated7®rh in a humidified incubator with
5% CQ in the air at 37 °C. Untreated cells were used(¥% viability controls. Control
cells were grown with complete medium with 1% DM3®the end of the incubation, the
MTT reduction assay was performed as previouslgriesd (Rodriguez & Haun, 1999).
The final concentration of MTT was 0.5 mg thLand etoposide (E1383) was used as
reference compound. Each experiment was carriednogtiadruplicate. The results were
transformed to percentage of controls, and thg @lue was obtained by adjusting the
dosage-response curve to a sigmoidal model.

3. Results and Discussion

3.1.Purification of grape cane extract by CPC
The purpose of this step is to obtain enrichedtifvas of the major stilbenoids and the

minor oligostilbenoids in the same run in the shsirfpossible time. The Arizona solvent
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scale offers a wide biphasic composition with difg polarities and elution strengths.
Systems L and K are suitable for the fractionatboligostilbenoids from extracts ®fitis
tissues (Zga et al., 2009; Bisson et al., 2011;lf=et al., 2013; Houillé et al., 2014).

In the 14.416 g of the extract injected succesgit@ CPC, 5.6% corresponded to three
major and known stilbenoidsE)-resveratrol (1.7%), H)-¢e-viniferin (3.5%), and [)-
piceatannol (0.4%), as shown in the HPLC chromaimgof the whole extract (Figure 1).
By CPC, five stilbenoid-rich fractions were obtaingTable 1 and Figure 1 in
Supplementary Material). Each pooled fraction hademiominant oligostilbenoid (Table 1,
Supplementary Material). Fractions 1, 2, and 3 @ioetd mainly E)-resveratrol (64.9%),

(E)-¢-viniferin (58.4%) andk) piceatannol (16.9%), respectively.
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Figure 1: HPLC-DAD-FL chromatograms on the core-shell C18ucm. (A): Scale-up
extract at 280 and 306 nm. (B): Fluorescence tleteat 330 and 374 nm for excitation

and emission, respectively. For the peak numbeesTable 1.

The low percentage oEjf-piceatannol is a consequence of the co-elutiofEpE-viniferin

and E)-piceatannol in Fraction 3 by CPC separation. Thiitical for obtaining a fraction
enriched in E)-piceatanol compared t&)-¢-viniferin, due the low amount of the former
stilbenoid in the initial pilot plant-scale extra€ractions 4 and 5 corresponded to enriched

fractions of two minor oligostilbenoids in the eadt, namely vitisin B and ampelopsin A.
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Since commercial standards are not available ftin bbgostilbenoids, they are quantified
as resveratrol equivalents in this step, therebgertestimating the proportion of these
minor oligostilbenoids (Lambert et al., 2013). Td@centration of vitisin B in the extract
is 1.3 + 0.1 mg g (expressed asEJ-resveratrol equivalents) and reached 2.5% in the
fraction. Fraction 5 had 5.4% ampelopsin A and wabected in the extrusion mode,
making it free of the co-eluting major stilbenoids the pilot plant extract, the
concentration of ampelopsin A is low and considexg@ trace. Ampelopsin A is a dimeric
oligostilbenoid present in grape cane extract atlevels (Gorena et al., 2014; Guerrero et
al., 2016). As shown in Table 1, in the differersctions obtained by CPC there were also
some minor oligostilbenoids that required furtharification. It is possible to tentatively
assign the identity of oligostilbenoids based oe MS/MS literature data, although
unequivocal identification requires the confirmatidody NMR spectra. The minor
monomeric stilbenoid isolated along wittE){resveratrol from Fraction 1 has a
deprotonated [M-H]Jion atm/z 257, and the most abundant fragmennig 241, which is
probably formed for the neutral loss of a methydlical (16 Da) (Ferndndez-Marin,
Guerrero, Garcia-Parrilla, Puertas, Richard & Ryukz-Werner, 2012). Based on literature
data, two isomeric stilbenoids were consistent witb obtained MS/MS data, namely
rhapontigenin  (3,3’,5’-trihydroxy-4-methoxystilbene and isorhapontigenin  (3,4’,5-
trihydroxy-3’-methoxystilbene). They have similaMthbsorbance maxima near 325 nm

(Hui, Li & Chen, 2011; Fernandez-Marin et al., 2p12
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Table 1: HPLC-DAD-QToF of oligostilbenoids the different fractions of CPC separation.

Fraction Peak tR; tR2 A max [M-H]" Fragments Assignation of oligostilbenoid
(min) (min) identity
1 4 3.86 9.17 306, 318 227.0713 185.0606,143.0500 [E)-resveratrol
1 5 4.29 10.30 324  257.0828 241.0511224.0485, 172.0532 Monomer

(Rhaphontigenin*,
Isorhapontigenin®)

2 8 5.56 14.71 322 453.1349 411.1220, 359.092347.092,, (E)-g-viniferin
253.0521, 225.0555

2 10 6.07 17.62 323 453.1282 359.0928347.0924, (E)-6-viniferin*
225.0549, 197.0615

2 12 6.51 18.73 322 453.1352 435.1241411.1234385.1451, (E)-o-viniferin*
369.1126, 359.0925

3 2 2.80 6.57 323  243.0665 201.0555159.045! (E)-Piceatannol

3 13 7.35 20.25 317, 332 905.2620 799.2191 359.0926 Tetramer
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4 6
4 7
4 11
4 14
5 1
5 3

5.83

4.77

4.87

6.48

7.71

2.65

3.33

15.71

12.04

12.79

18.38

20.59

6.07

8.10

297, 323 679.1982

323  469.1304

327  469.1297

294, 322 679.1992

326 905.2619

280  469.1306

280  453.1354

573.1550451.1183, 345.0768

385.1091, 375.0851, 347.0925,
359.0931241.0511 333.1150,
253.0625, 227.0549

375.0955359.0931, 347.0925
341.1125, 265.0497, 241.0502,
109.0292, 227.0713, 213.0562

573.1562451.1194, 345.0779,
225.0718

799.2170, 451.1155, 359.0921

451.119,, 423.1238, 375.0812,
345.0765

359.0929265.050993.0343

Miyabenol C*

Dimer

(Scirpusin A*)

Dimer

(heterodimer)

Trimer

Vitisin B

Ampelopsin A

Pallidol*

tR1: Retention time withHPLC-DAD-FL., tR Retention time withHPLC-DAD-QToF., *Assignatiofi lolentity based on

literature data.

81



The identity assignments for dimeric oligostilbed®with the molecular formula gH,,0s

and deprotonated ion at/z453 were made according their MS/MS spectra (Tapldhe
homodimeric stilbenoid forms based on resveratral have two different rings in their
structure: an indane ring or a 2,3-dihydrobenzafurag (Moss et al., 2013). Pallidol is a
symmetrical oligostilbenoid with an indano ring, @8e MS/MS data agrees with that for
the minor oligostilbenoid in Fraction 5 (Moss et @&013). Ampelopsin A and pallidol do
not have an olefinic double bond, so they are daitée at 280 nm in the absorbance mode
but not in the fluorescence mode.

Two homodimeric stilbenoids were identified &-(-viniferin and E)-d-viniferin based

on their MS/MS spectral data (Moss et al., 2013&Ston et al., 2017). The neutral loss of
water (18 Da), phenol (94 Da), 4-methylenecycloh2¥adienone (106 Da), or.8,0 (42
Da) generates fragments for these homodimers mi#%35, 359, 347, and 411. (Kong et
al., 2011; Moss et al., 2013). Two heterodimersewsolated from Fraction 4 (Table 1).
The MS/MS data of one fits with scirpusin A (Moss a&., 2013). For the other
heterodimer, it was not possible to assign a temtatlentity with the DAD and MS/MS
data. One of the trimers could possibly BE¢-ifhiyabenol C (Moss et al., 2013; Gabaston,
2017), which exhibits fragments at/z 573, 451, and 345. This fits with the fragment
pathway described by Moss et al. (2013). Howevareg exist at least three stereocisomers
of miyabenol C: E)-trans-cis-miyabenol C, E)-cis-cismiyabenol C, andH)-cistrans

miyabenol C (Papastamoulis, Bisson, Temsamani,ariciMarchal & Mérillon, 2015).
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3.2. Purification of the major and minor oligostilbenoids by semi-preparative HPLC-
uv

The amounts ofH)-resveratrol isolated by semi-preparative HPLC-pMification were
81.7 mg from Fraction 1 and 20.1 mg from Fractiowith 99% purity. Their combined
yield of (E)-resveratrol in the initial pilot extract was 4%7In addition, 197.2 mg oEl-
e-viniferin was isolated, 182.3 mg (98% purity) ohmeh from Fraction 2 and 14.9 mg
(94% purity) from Fraction 4. The total yield df)fe-viniferin, calculated as its content in
the pilot plant extract, was 39.4%. In the caséEpfpiceatannol, 13.4 mg was isolated by
semi-preparative HPLC, of which 10.9 mg (93.9%) asn Fraction 3 and 2.5 mg came
from Fraction 4. The recovery dE)-piceatannol from the starting material was 23.6%.
Vitisin B (14.8 mg, purity 94.4%) and ampelopsi}/.5 mg, purity 94.2%) were isolated
from Fractions 4 and 5. Their identities were cbamated with théH and**C NMR data.
In the case of ampelopsin A, it was fundamentause the data obtained by HMBC
experiment (Supplementary data, Table 2).

The identities of the minor oligostilbenoids wemnfirmed by NMR. Isorhapontigenin was
isolated and confirmed as the minor stilbenoid tbateluted with E)-resveratrol in
Fraction 1. Despite the low amount isolated (<1 ,nitglvas possible confirm the identity
through’H-NMR (Supplementary Material, Table 3). Isorhajgenin had been detected
in wine grapes (Ferndndez-Marin et al., 2012) dachs of Sauvignon Blanc vines (19.8
mg/kg dry weight) collected after destemming precés winemaking (Pifieiro et al.,
2013). To the best of our knowledge, isorhaponiigéas not been previously reported and
isolated from grape cane extracts.

The homodimers were isolated from CPC Fractionad®5 3.3 mg of £)-o-viniferin, 1.1

mg (E)-o-viniferin, and 2.13 mg of pallidol with puritiesf ®0%. Their identities were
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unequivocally corroborated BY1 and**C NMR and HMBC experiments (Supplementary
Material, Tables 4 and 5)E)-o-Viniferin was reported in leaves of hybndtis vinifera
(Merzling x Teroldego) infected witRlasmopara viticola(Mattivi et al., 2011). Later, it
was reported and quantified in canes of Muscadjnape species (65-365 mg/kg dry
weight), and just detected but not quantified @abernet Sauvignon cane extract (Pawlus
et al., 2013). E)-5-Viniferin was reported in stressed leavesvitis (Pezet, Perret, Jean-
Denis, Tabacchi, Gindro & Viret, 2003) and alsowime (Moss, 2013). RecentlyE)-6-
viniferin, (E)-o-viniferin, and pallidol were reported in extradtem viticulture residues
like wood, roots, and grape cane extract (Gabast@h., 2017). In contrast to pallidol and
(E)-o-viniferin, (E)-o-viniferin was detected but could not be quantifisdhese extracts

due the low concentration.
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Table 2:*H, ¥ C and HMBC data for scirpusin A and its structural isomer in acetone-gand methanol-d..

Scirpusin A* Iso-scirpusin A* Iso-scirpusin A**
o'H  Jun &%C HMBC HMB | &'H JHH "C  HMBC
(ppm) (Hz) (ppm) H Juw 8°C  C |(ppm) (H2)  (ppm)
(ppm) (Hz) (ppm)
Benzenic A
la 1349 H-5a; 134.0 H-3a,5a;
H-7a, H-8a
H-8a 147.8 H-8a
2a 6.83d 2.0 113.4 H-6a; 7.13d 8.7 128.2 H-7a
H-7a | 7.20d 8.8 127.6 H-7:
3a 146.0 H-52 | 6.83d 88 1158 6.76 d 8.8 116.1
4a 1459 H-2a; H- 158.3 H-2a,6a
H-6a 157.9 2a,6a
5a 6.80d 7.8 116.0 6.83d 8.8 115.8 6.76 d 8.8 116.
6a 6.70 7.8; 118.1 H-2a; 7.13d 8.7 128.2 H-7a
dd 2.0 H-7a | 7.20d 8.8 127.6 H-7:
Dihydropyran
A
7a 536d 49 939 H-2a; 5.34d 59 94.7 H-2a,6a;
H-6a; H-8a
H-8a | 542d 54 64.1
8a 445d 4.9 57.1 H-72 H- 4.34d 5.9 57.8 H-
10a,1 10a,14a
447d 54 57.4 4a
Benzenic A
9a 147.6 H-7a; 147.5 H-7a; H-
H-8a 1475 H-7a 8a
10a 6.23 106.9 H-12a; H- 6.14 d 19 107.3 H-12a;
brs H-8a | 6.25d 2.0 106.6 12a; H-8a
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1lla

12a

13a

14a

Benzenic B
1b

2b

3b
4b

5b

6b

Olefin B
7b

6.23
brs

6.23
brs

7.19d

6.73d

6.73d

7.19d

6.91d

8.3

8.3

8.3

8.3

16.6

159.8 H-
10a,144
: H-12a
102.0 H-
10a,144
159.8 H-
10a,144
: H-12a
106.9 H-12a;
H-8a
130.1 H-8b;
H-
3b,5b
128.7 H-7b
116.3
158.2 H-
2b,6b;
H_
3b,5b
116.3
128.7 H-7b
129.9 H-

6.22t

6.25d

6.89 d

6.69-
6.71
m
6.69-
6.71
m

6.85d 16.6 115.8

2.0

2.0

15

H-8a

10a,1
1019 4a

H_

12a;
106.6 H-8a
H-8b;
H-5b;
130.5 H-6b

113.7 H-7B

104.1

115.8

6.17 brt

6.14 d

6.69d

6.63 d

6.57 dd

6.76 d

159.8 H-12a
1.9; 102.1 H-
2.5 10a,14a
159.8 H-12a
1.9 107.3 H-12a;
H-8a
130.9 H-5b; H-
8b
1.9 113.9 H-7b; H-
6b
146.5 H-5b
146.5 H-2b; H-
6b
8.3 116.1 H-7b
8.3; 1199 H-7b; H-
2.0 2b
161380.8 H-2b
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8b
Benzenic B
9b

10b

11b

12b
13b

14b

6.72d 16.6
6.32d 2.0
6.72d 2.0

123.4

136.4

119.8

162.5

96.7
159.5

104.1

2b,6b
H-14K

H-7b;
H-8b;
H-14b

H-8b;
H-8a;
H-12b;
H-14b
H-12b;
H-7a;
H-8a

H-14hb
H-12b;
H-14b

H-8b;
H-12b

6.68d 16.0 119.6 H-
1342 H-8a
130.5 H-8b

6.32d 20 96.5

6.69-

6.71

m 104.1

14b6.53 d 16.6 123.9 H-14b
137.0 H-7b

119.7 H-14b:;
H-8b; H-

8a
162.5 H-8a
6.24 d 256.79 H-14b
ND
6.62d 2.4 104.4 H-8b

* data acquired in acetong-dnd ** methanol-gl ND: not detected, brs: broad singlet
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Additionally, two stilbenoid heterodimers were si@d from CPC Fraction 4. One on them
was confirmed to be scirpusin A (2.8 mg, 92.4%tyuby *H-, *C-NMR and HMBC data
(Table 2). Scirpusin A was previously described @&udated from stems of wine grapes
(Kong et al., 2011), Merlot stalks (Pflieger et, &013; Papastamoulis et al., 2014), and
canes olV. rotundifolia (Pawlus et al., 2013). The unknown heterodimed (ig, 93.4% of
purity) has a MS/MS fragmentation pattern simistirpusin A (Table 1):*C- andH-
NMR data obtained in deuterated acetone (Tablei@jest that this oligostilbenoid has the
same structural core skeleton as scirpusin A: dlédtans bond, a benzohydropyran ring,
and three phenolic rings in concordance with MSM&&. When the solvent is changed to
deuterated methanol (Table 2), fileNMR spectra confirmed the core structure, anaais
possible to avoid the overlapping of some signal®laserved in the spectra recorded in
acetone-gl The data indicate that this oligostilbenoid isarpusin A structural isomer
(Figure 2). The HMBC experiments confirmed thatphenol rings Aand A are bound to

a benzohydropyran ring in position 7a (correlatiath H-2a, 6a; H-8a) and 8a (correlation
with H-10a, 14a). The HMBC data also confirmed tBatind B rings are joined through
an olefin. The key is the long-range coupling oBblwith C-1b, C-10b, and C-14 b. The
stereochemistry of this structural isomer of H-7d &-8 could not be resolved, despite the
Ju-n values for H-7 and H-8 for scirpusin A (4.9 Hzdahe isomer (5.4 Hz) are closer for
the analogous nucleus in the spectrum acquired¢etone-d. NOESY experiments could
resolve the uncertainty of isomer stereochemidity,they were not possible here due to
the low quantity of the isolated compound. Nevddb® evidence of this kind of
heterodimer was provided by accurate MS/MS (Mosd.e2013). These authors discussed
the possibility of an unreported isomer of scirpusi, since the fragmentation of both

dimers is similar to or perhaps is ampelopsin A.
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Based on the fragmentation pathway proposed forddamers (Kong et al., 2011; Moss et
al., 2013), a fragmentation pathway for heterodsrierproposed and shown in Figure 2.
Iso-scirpusin A has intensity for the fragmentsret 375 andm/z 359, which very likely
correspond to the losses of phenol (94Da) and ecasxr(110 Da), respectively. However,
for both heterodimers these fragments are charstiteias well as the fragmentrafz347.
The fragment atn/z265 observed for iso-scirpusin A could be causethb loss of phenol
(94 Da) and resorcinol (110 Da), and is consisiatit that proposed by Moss et al. (2013).
The fragment atn/z241 is characteristic for scirpusin A, but not ifisrisomer. This is due
to the neutral loss of resveratrol (228 Da), asl wed fragment am/z 333 due to the
successive neutral loss of 94 DgaKigO) and 42 Da (&H,0). The fragment ah/z385 may
be formed by the elimination of 84 Da (twgHZO). A structural isomer of scirpusin A was
reported only in red wine (Moss et al., 2013). Tie best of our knowledge, it is the first
time that such isomer of scirpusin A is reportedrape cane or other parts of grapevines.
The identity of E)-miyabenol C (6.2 mg, 90.4% purity) was confirmad**C-, *H-NMR
and HMBC data (Supplementary data, Table 6). Itesponds toH)-trans-cis-miyabenol

C according to the NMR data reported for this digbenoid isolated from Merlot
grapevine stalks (Papastamoulis et al., 2015)Vilis tissues, E)-miyabenol C was
reported and identified iN. viniferaroot extract (Esatbeyoglu et al., 2016; Gabastal. et
2017), wood (Gabaston et al., 2017), and extrach fa mixture of Cabernet Sauvignon and
Merlot canes (Gabaston et al., 2017). However, rnbshese studies did not specify the
stereoisomer. An unknown trimer (1.4 mg) and atagr (6.8 mg) were also isolated in the
present work (Peaks 11 and 13 in Figure 1), bwtas not possible to elucidate their

structures due the low quantity for the trimer émelinstability of the purified tetramer.
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R, | R, Heterodimer 5 \2.>
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H | OH | Igo-scirnusin A

OH OH
m/z 241 —

m/z265 m/z 227

Figure 2: Chemical structures of heterodimers isolated fthenpilot plant extract of Pinot

Noir grape canes, and the proposed fragmentatithwpgs.

3.3 Antioxidant capacity of stilbenoids

The in vitro antioxidant capacity of isolated oligostilbenoidss determined by three
different assays (Table 3). They measure the rhdintoxidant scavenging potential
(ABTS™), the CG" reducing power (CUPRAC), and protective effechingt oxidation

produced by a radical generator (ORAC-FL).
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ABTS and CUPRAC are considered electron-transfdr) (Based methods with similar
characteristics and closer reduction potential,l@vRIRAC-FL is considered a hydrogen
atom-transfer (HAT) method. The antioxidant capaeitas evaluated by increasing the
concentrations of purified oligostilbenoids (Suppéntary data, Figure 3). As shown in
Table 3, the purified oligostilbenoids exhibitedstionger antioxidant capacity thaB){

resveratrol by ORAC-FL. Pallidol an&E)-trans-cissmiyabenol C showed similar and the
greatest antioxidant capacity among the isolatggbolers, while those of ampelopsin A
and €)-6-viniferin were also similar. There is no relatibis between the number of
hydroxyl groups in the structure of oligostilbern®@nd their antioxidant capacity. This fits
with data reported recently by Rodriguez-Bonillaan@-Herrero, Matencio, Garcia-

Carmona & Lopez-Nicolas (2017).
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Table 3: TEAC cuprac, astsand ORAC-FL for oligostilbenoids isolated

ABTS CUPRAC ORAC-FL
Oligostilbenoid TEAC TEAC TEAC
(nM) (nM) (nM)
(E)-resveratrol 24.89 +3.85 17.28+0.95 5.40%0.37,
Isorhapontigenin 51.62+4.12 24.88+1.28 11.08 +0.32
(E)-piceatannol 73.00£9.28,pcq  24.2242.29  6.63 +0.09
(E)-g-viniferin 46.56+8.55, 18.72+0.78  9.93 +0.2Q4
(E)-o-viniferin 60.89+3.47 19.90+0.87 14.04+ 2,52
(E)-o-viniferin <LoQ <LoQ 8.00 +0.5Q
Ampelopsin A 56.33+1.67% 19.43+0.20 14.29+ 0.G6
Scirpusin A 25.85+4.04 23.12+2.26 16.46+0.84
Pallidol 32.57+6.23 10.90+1.25 25.56 +1.57
(E)-trans-cisimiyabenol C 34.0045.15 25.06+2.43 27.68 £5.84
Unknown Tetramer 45.38+3.29 25.26%1.75 12.30+ 5.62
Vitisina B 43.95+3.59 26.17+1.06 8.49 +0.48

TEAC: Trolox equivalent antioxidant capacity. Thetal presented are the mean + standard
deviation (SD) of three replicates, TEAGrs cuprac for oligostilbenoid at 10M. For
ORAC-FL at 1uM. LoQ: limit of quantification. Lower letters incated significative

differences (P<0.05).

In a quantitative structure-antioxidant activityudy of diverse stilbenoids based on the

density functional theory, Mikulski & Molski (201@oncluded that these compounds are

capable of scavenging radicals mainly by HAT anskléy ET mechanism. This was

confirmed by the present results (Table 3), in Wwhéc higher antioxidant capacity was

observed with the ORAC-FL test based on HAT, comgao those tests based on ET.
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If the oligostilbenoid radical has a planar stilbehmoiety and a quinone or semi-quinone
form, then it contributes favorably to scavengiraglicals (Mikulski & Molski, 2010).
Pallidol has a symmetrical structure, differing nfrathe other tested stilbenoids. The
absence of the typical resveratrol core in pallicah help to explain its high antioxidant
capacity by ORAC-FL assay. Previous theoreticallissishowed that the octane skeleton
bends in the radical form, and the plat@ns-stilbene moiety is lacking. However, the
symmetric geometry gives similar stability to alldnoxyl bonds, therefore the hydroxyl
groups have similar reactivity to scavenge radigaldiological systems (Mikulski &
Molski, 2010). Results of the present work are gneament with the high efficiency of
pallidol to scavenge free radicals. The assaysit@in B had to be repeated, because a
HPLC-DAD-MS/MS reanalysis revealed the presence aofsecond tetramer after
purification, freeze drying, and storage at -20 ifCdarkness. To eliminate this new
tetramer, which affected the antioxidant capacBygplementary data, Table 8), vitisin B
was re-purified and its antioxidant capacity imnagelly determined (Table 3).

For ABTS and CUPRAC assays (Table 4), the antioxidapacity was measured at i

for each compound. In both assays)-iesveratrol exhibited one of the lowest antiorida
capacities compared with other tested stilbenaidigreas E)-piceatannol (73.0 £ 9.GM
TEAC) and E)-6-viniferin (60.9 £3.5uM TEAC) showed the strongest antioxidant
capacity in ABTS assay.EJ-Piceatannol andH)-¢-viniferin have higher antioxidant
capacity thang)-resveratrol with the ABTS method, in agreementhvdata reported by
Nopo-Olazabal et al. (2013E)-Resveratrol (24.8 = 3.8 TEA@M) and scirpusin A (25.8
+ 4.0 TEACuM) have the lower values.

In the case of CUPRAC assay, the higher values=#( were observed foE]-trans-cis-

miyabenol C and vitisin B. Differing from the othstilbenoids, E)-o-viniferin did not
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exhibit any appreciable antioxidant capacity whexasured in the ET methods, in contrast

with the other homodimers having a similar skeleton

3.4 Antiproliferative assay in human cell lines

The in vitro antiproliferative activity of stilbenoids on foulifferent cell lines (MCR-5,
AGS, SK-MES-1, and J82) was determined by meanhefVTT reduction assay. The
results are expressed asdQug mL?Y), defined as the concentration that inhibits thl c
growth by 50%. As shown in Table 4, for normal MB&ells, no significant difference
was observed between ampelopsin A dadefviniferin, whereas K)-resveratrol had the
lowest 1G,. It was not possible to obtain thes§Gor (E)-piceatannol, which is less active
in MRC-5 cells.

(E)-Resveratrol was more active in the inhibition oftga adenocarcinoma cells (AGS)
than the oligostilbenoids tested. In previous g@sdvith these cell linesEf-resveratrol is
postulated as a possible gastric cancer chemogreseagent. It suppressed the cell
proliferation by the stimulation of caspase 3 agtbchrome oxidases, the breakdown of
nuclear proteins, and also the loss of cell vigb@ind increased cell senescence (Zulueta,
Caretti, Signorelli & Ghidoni, 2015). The wholegtilplant extract could also suppress the
proliferation of AGS cells, which can be attribut@dinly to its high resveratrol content.

As shown in Table 4, for the human squamous cely lasarcinoma (SK-MES-1),Ej-
piceatannol showed a significantly lowers¢@han E)-¢-viniferin. The whole pilot plant
extract showed an intermediate activity, wher&gs¢sveratrol and ampelopsin A showed
no appreciable effect. Contrasting with these tssubrevious publications reported
inhibitory effects (by MTT assay) on these cellsated with pterostilbengréns3,5-

dimethoxy-4-hydroxystilbene), a dimethylated anatdgE)-resveratrol, although no data
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has been reported foE)-resveratrol with this cell line. Pterostilbeneais antiproliferative
agent by caspase-dependent apoptosis (Schneidesi, McDonald & McFadden et al.,
2010).

In the case of piceatannol, it has to be pointedtloat while in the present work it was
more active in inhibiting SK-MES-1 cells, for anetHung cancer cell line (non-small cell
type, A549) it also enhanced the cytotoxic and &map effects of gemcitabine. This
synergistic combination increased the expressiaheBcl-2 pro apoptotic protein family.
However, there is no evidence of the alterationscytochrome c expression and the
caspases for the apoptotic process in A549 camedisr(Xu & Tao, 2015).

For the J82 cell line of bladder cancer, the lowé€sp values were observed foE)¢
piceatannol and ampelopsin A. Surprisingly, the Mhpilot plant extract showed the
lowest growth inhibiting concentration with J82IselThis trend was not observed for the
other tested cell lines, indicating that J82 is ensusceptible to the whole pilot plant
extract. In 2017, more than 70000 new cases ofleladancer and 16870 associated deaths
are expected in the USA alone (Cancer facts & régu2017). As far as we know, this
study is the first one on this cell line treatedhnstilbenoids. The mechanism and signaling
pathway for the current inhibiting effects are uowm, and therefore further study is
needed for the potential applications. However, #rgiproliferative activity of the
oligostilbenoids is lower on all tested cancersétlan the synthetic drug etoposide used as

positive control.
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Table 4 ICsovalues for isolated stilbenoids, whole cane extaact synthetic etoposide on different cell lineprezsed img mL™*

anduM (in parenthesis).

Cell lines
Stilbenoid MRC-5 AGS SK-MES-1 J82
(E)-resveratrol* 10.1 +0.6 (44.6 +2.9) 4.29+0.7(18.8+0.8) >22.8 (>100) 10.1 + 0.4 (44.5 + 2.9)

(E)-e-viniferin ~ 22.6+1.2(49.9+3.0) 19.3+0.°(42.6+1.7) 358=1.478.8+3.3) 257+0.°(56.7+1.2)

(E)-piceatannol  >45. (>100) 10.8+0.°(44.4+3.2) 7.64+0.°(31.3+2.1) 6.7+0.° (27.7+1.4)
Ampelopsin A 21.0+ 1.°(44.8+29) 22.7+2.7(48.3+4.6) >47 (>100) 14.1 + 1. (30.0 + 2.3)
Whole extract ** 57.5+2.F 23.3+1.7 45.0 + 3.6 9.6 +0."

Etoposide 22+0. (3.9+0.2) 0.23+0.(0.4+0.0) 15+0.( (26+0.1) 1.6+0. (2.8+0.2)

MRC-5: normal lung fibroblast.

AGS: human gastric adenocarcinoma.

SK-MES-1: human lung cancer.

J82: human bladder carcinomaBE)-resveratrol standard. In each column for isolaséitbenoids in upper letters indicated the
significative difference (p<0.001) by Tukey-Kramaultiple comparison test, after one-way ANOVA. WtiFthe whole extract the

significance test was made between the differdhtices
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4. Conclusions

Grape canes could be a source of valuable, higitymligostilbenoids that have prominent
antioxidant capacity and antiproliferative activity cancer cell lines. From a Pinot Noir
grape cane extract were isolated maildy-{-vinifera, (E)-resveratrol, )-piceatannol, and
also ampelopsin A and vitisin B. Additionally, somménor oligostilbenoids, such ag)¢s-
viniferin, (E)-o-viniferin, pallidol, scirpusin A, isorhapontigeninand E)-trans-cis-
miyabenol C were isolated. Furthermore, a new bdiarer and structural isomer of
scirpusin A, named iso-scirpusin A, was isolated.

Pallidol and E)—trans-cis-miyabenol C showed a remarkably high antioxidaygacity in
the ORAC-FL assay, in which all other oligostilb&i® performed better tharE)
resveratrol. The whole extract has antiprolifemteffect by MTT assay in three human
cancer cell lines, with the strongest effect agai@2. To the best of our knowledge, it is
the first time that the J82 bladder cancer ce# Imtreated with stilbenoid€)-Piceatannol
and ampelopsin A also showed better antiprolifeeateffects on J82 cells thark){
resveratrol andH)-e-viniferin. Interestingly, E)-piceatannol affects the SK-MES-1, AGS,
and J82 cancer cell lines, but showed no apprexiafiect on the MRC-5 normal lung
fibroblast cells. Therefore, the grape cane extrastwell as the oligostilbenoids isolated
from it, can have potential applications in theracéutical field.

Acknowledgments

This work received financial support from FONDECYdrant 1150721, FONDEQUIP
Grant EQM150025, PhD scholarship, and PFB-27 Giahfrom CONICYT, Chile); and

CORFO Grant 14 IDL2-30156.

97



References:

1. Billet, K., Houillé, B., Besseau, S., Mélin, C., @n, A., Papon, N., Courdavault,
V., Clastre, M., Giglioli-Guivarc’h, N., & Lanouéi. (2018). Mechanical stress
rapidly inducesE-resveratrol ande-piceatannol biosynthesis in grape canes stored
as a freshly-pruned byprodu€nod Chemistry240(July 2017), 1022-1027.

2. Bisson, J., Poupard, P., Pawlus, A. D., Pons, Arriex, P., Mérillon, J. M., &
Waffo-Téguo (2011). Development of hybrid elutiorystems for efficient
purification of stilbenoids using centrifugal pédn chromatography coupled to
mass spectrometryournal of Chromatography,A21836), 6079-6084.

3. Cancer facts & figures 2017. https://www.canceyi@search/cancer-facts-
statistics/all-cancer-facts-figures/cancer-facggHfes-2017.html Accesed:
29.10.2017

4. Catalgol, B., Batirel, S., Taga, Y., & Ozer, N. KR012). Resveratrol: French
paradox revisited=rontiers in Pharmacologyd JUL(July), 1-18.

5. Delmas, D., Solary, E., & Latruffe, N. (2011). Resatrol, a phytochemical inducer
of multiple cell death pathways: apoptosis, autgghand mitotic catastrophe.
Current Medicinal Chemist\8(18) 1100-1121.

6. Esatbeyoglu, T., Ewald, P., Yasui, Y., Yokokawa, Wagner, A. E., Matsugo, S.,
Winterhalter, P., & Rimbach, G. (2016). Chemicah@cterization, free radical
scavenging, and cellular antioxidant and anti-mft@atory properties of a
stilbenoid-rich root extract oWitis vinifera Oxidative Medicine and Cellular

Longevity 2016 1-11.

98



7. Ewald, P., Delker, U., & Winterhalter, P. (2017)udptification of stilbenoids in
grapevine canes and grape cluster stems with & fonuong-term storage effects
on stilbenoid concentration in grapevine canEeod Research International
100(August), 326-331.

8. Fernandez-Marin, M. I., Guerrero, R. F., Garciaifa M. C., Puertas, B.,
Richard, T., Rodriguez-Werner, M. A., Winterhaltr, Monti, J. P., & Cantos-
Villar, E. (2012). Isorhapontigenin: A novel bioeet stilbene from wine grapes.
Food Chemistry]135 1353-1359.

9. Gabaston, J., Cantos-villar, E., Biais, B., Wafeglio, P., Renouf, E., Corio-Coset
M.F., Richard, T., & Mérillon, J. M. (2017). Stilbes fromVitis viniferaL. waste:
A sustainable tool for controllinglasmopara viticolaJournal of Agricultural and
Food Chemistry65, 2711-2718.

10.Gorena, T., Saez, V., Mardones, C., Vergara, Cnt&kalter, P., & Von Baer, D.
(2014). Influence of post-pruning storage on stitlid levels inVitis vinifera L.
canesFood Chemistryl55 256-263.

11.Guerrero, R. F., Biais, B., Richard, T., Puertas \Baffo-teguo, P., Merillon, J., &
Cantos-villar, E. (2016). Grapevine cane’s wasta source of bioactive stilbenes.
Industrial Crops & Products94, 884-892.

12.Hui, Y., Li, X., & Chen, X. (2011). Assessment fbre light-inducedcis — trans
isomerization of rhapontigenin and its glucosideapdnticin by capillary
electrophoresis and spectrometric methadsirnal of Chromatography ,AL218

5858-5866.

99



13.Houillé, B., Papon, N., Boudesocque, L., Bourdedtigd Besseau, S., Courdavault,
V., Enguehard-Gueiffier, C., Delanoue, G., Guékin.Bouchara, J-P., Clastre, M.,
Giglioli-Guivarc’h, N., Guillard, J., & Lanoue, A(2014). Antifungal activity of
resveratrol derivatives again€andida SpeciesJournal of Natural Products77,
1658-1662.

14.Houillé, B., Besseau, S., Courdavault, V., Oudin, @lévarec, G., Delanoue, G.,
Guérin, L., Simkin, A.J., Papon, N., Clastre, Migl®li-Guivarc’h, N., & Lanoue,
A. (2015). Biosynthetic origin oE-resveratrol accumulation in grape canes during
postharvest storagéournal of Agricultural and Food Chemis§3, 1631-1638.

15.Kong, Q. J., Ren, X. Y., Hu, N., Sun, C. R., & Pan,J. (2011). Identification of
isomers of resveratrol dimer and their analoguesfwine grapes by HPLC/MS
and HPLC/DAD-UV.Food Chemistryl272), 727—734.

16.Mattivi, F., Vrhovsek, U., Malacarne, G., Masuel, Zulini, L., Stefanini, M.,
Moser., C, Velasco, R., & Guella, G. (2011). Pin§l of resveratrol oligomers,
important stress metabolites, accumulating in #evés of hybriavitis vinifera
(Merzling x Teroldego) genotypes infected wRtasmopara viticolaJournal of
Agricultural and Food Chemistrp9, 5364-5375.

17.Mikulski, D., & Molski, M. (2010). Quantitative gsicture-antioxidant activity
relationship of trans-resveratrol oligomers, trdm-dihydroxystilbene dimer,
trans-resveratrol-3-O-glucuronide, glucoside$ranspiceid, cis-piceid, trans
astringin and trans-resveratrol-4'{9D-glucopyranoside.European Journal of

Medicinal Chemistry45(6), 2366—2380.

100



18.Moss, R., Mao, Q., Taylor, D., & Saucier, C. (2Q1B\vestigation of monomeric
and oligomeric wine stilbenoids in red wines byrathigh-performance liquid
chromatography/electrospray  ionization  quadrupoleéme+of-flight mass
spectrometryRapid Communications in Mass SpectromeiijMay), 1815-1827.

19.Nopo-Olazabal, C., Hubstenberger, J., Nopo-Olazdbhal& Medina-Bolivar, F.
(2013). Antioxidant activity of selected stilbensidnd their bioproduction in hairy
root cultures of muscadine grap#&/it{s rotundifolia mich x.). Journal of
Agricultural and Food Chemistry1(48), 11744-11758.

20.Lambert, C., Richard, T., Renouf, E., Bisson, Jaffé/Téguo, P., Bordenave, L.,
Ollat, N., Mérillon, J-M., & Cluzet, S. (2013). Cqarative analyses of stilbenoids
in canes of majowVitis vinifera L. cultivars. Journal of Agricultural and Food
Chemistry 61, 11392-11399.

21.0u, B., Chang, T., Huang, D., & Prior, R. (2013gt€rmination of total antioxidant
capacity by oxygen radical absorbance capacity (OR#ésing fluorescein as the
fluorescence probe: first actiodournal of AOAC Internationab6 (6), 1372—1376.

22.Papastamoulis, Y., Richard, T., Nassra, M., Badbg,Krisa, S., Harakat, D.,
Monti, J-P., Mérillon, J-M., & Waffo-Teguo, P. (28]l Viniphenol A, a complex
resveratrol hexamer from Vitis vinifera stalks:#tural elucidation and protective
effects against amyloifi-induced toxicity in PC12 cellsJournal of Natural
Products 77(2), 213-217.

23.Papastamoulis, Y., Bisson, J., Temsamani, H., RichR, Marchal, A., Mérillon J-

M, & Waffo-Téguo, P. (2015). New-miyabenol isomer isolated from grapevine

101



cane using centrifugal partition chromatographydgdi by mass spectrometry.
Tetrahedron71, 3138-3142.

24.Pavela, R., Waffo-Teguo, P., Benoit, B., Richar& Mérillon, J-M. (2017). Vitis
vinifera canes , a source of stilbenoids against8ptera littoralis larvaelournal
of Pest Scien¢®0, 961-970.

25.Pawlus. A., Sahli. R., Bisson. J., Riviere C., belay, C., Richard, T., Gomes, E.,
Bordenave, L., Waffo-Téguo. P., & Mérillon. J-M.0@3). Stilbenoid profiles of
canes fromVitis and Muscadinia species.Journal of Agricultural and Food
Chemistry61, 501-511.

26.Pezet, R., Perret, C., Jean-Denis, J., TabacchiRdro, K., & Viret, O. (2003)5-
Viniferin, a resveratrol dehydrodimer: one of thajan stilbenes synthesized by
stressed grapevine leavekurnal of Agricultural and Food Chemisir1(18),
5488-5492.

27.Pflieger, A., Teguo, P. W., Papastamoulis, Y., &ulst., Munir, S., Delelis, O.,
Lesbats, P., Calmels, C., Andreola, M-L., MerillahM., Auge-Gouillou, C., &
Parissi, V. (2013). Natural stilbenoids isolateohirgrapevine exhibiting inhibitory
effects against HIV-1 integrase and eukaryote M@&aisposasa vitro activities.
PLOS ONES8(11), 1-13.

28. Pifieiro, Z., Guerrero, R. F., Fernandez-Marin, MClantos-Villar, E., & Palma, M.
(2013). Ultrasound-assisted extraction of stilbdadrom grape stemgournal of
Agricultural and Food Chemistrg1, 12549-12556.

29.Ribeiro, J. P. N., Magalhdes, L. M., Reis, S., LimaL. F. C., & Segundo, M. A.

(2011). High-throughput total cupric ion reducingiexidant capacity of biological

102



samples determined using flow injection analysid amcroplate-based methods.
Analytical Sciences: The International Journal bé tJapan Society for Analytical
Chemistry 27(5), 483-488.

30.Riviere, C., Pawlus, A. D., & Meérillon, J.-M. (202 Natural stilbenoids:
distribution in the plant kingdom and chemotaxonoimterest in VitaceadNatural
Product Reports29, 1317-1333.

31.Rodriguez-Bonilla, P., Gandia-Herrero, F., Matenég Garcia-Carmona, F., &
Lépez-Nicolas, & J. M. (2017). Comparative studytleé antioxidant capacity of
four stilbenes using ORAC, ABTS+, and FRAP techegu~ood Analytical
Methods 10(9), 2994-3000.

32. Rodriguez., J & Haun, M. (1999). Cytotoxicity afts-dehydrocrotonin from
Croton cajucaraon V79 cells and rat hepatocytes. Planta Medi@9;165(6): 522-
526.

33.Ruiz, A., Hermosin-Gutierrez, |., Mardones, C., §am, C., Herlitz, E., Vega, M.,
Dorau, C., Winterhalter, P., & von Baer, D. (201Bplyphenols and antioxidant
activity of calafate Berberis microphylla fruits and other native berries from
southern ChileJournal of Agricultural and Food Chemistr§8, 6081-6089.

34.Schneider, J. G., Alosi, J. A., McDonald, D. E., McFadden, D. W. (2010).
Pterostilbene inhibits lung cancer through inductiof apoptosis.Journal of
Surgical Researcli61(1), 18-22.

35.Vendrely, V., Peuchant, E., Buscalil, E., Moraneiljil., Rousseau, B., Bedel, A.,
Brillac, A., de Verneuil, H., Moreau-Gaudry, F.,[Zabernat, S. (2017). Resveratrol

and capsaicin used together as food complementseadmor growth and rescue

103



full efficiency of low dose gemcitabine in a paraiie cancer modelCancer
Letters 390, 91-102.

36.Vergara, C., Von Baer, D., Mardones, C., Wilkens,\Wernekinck, K., Damm, A.,
Macke, S., & Winterhalter, P. (2012). Stilbene levin grape cane of different
cultivars in southern Chile: Determination by HPD&D-MS/MS methodJournal
of Agricultural and Food Chemistyg0(4), 929-933.

37.Wang, X., & Yao, C. (2015). Naturally active oligidisenes.Journal of Asian
Natural Products Researc602(Q 1-30.

38.Xu, B., & Tao, Z. (2015). Piceatannol enhances #mitumor efficacy of
gemcitabine in humai®ncology Resear¢i22, 213-217.

39.Xue, Y. Q., Di, J. M., Luo, Y., Cheng, K. J., W&, & Shi, Z. (2014). Resveratrol
oligomers for the prevention and treatment of cemd®xidative Medicine and
Cellular Longevity2014 doi:10.1155/2014/765832

40.Zga, N., Papastamoulis, Y., Toribio, A., Richard, Delaunay, J. C., Jeandet, P.,
Renault, J.H., Monti, J.P., Mérillon, J.M., & Waffacdguo, P. (2009). Preparative
purification of antiamyloidogenic stilbenoids fromitis vinifera (Chardonnay)
stems by centrifugal partition chromatograpi@purnal of Chromatography B:
Analytical Technologies in the Biomedical and 1St@ences877(10), 1000-1004.

41.Zulueta, A., Caretti, A., Signorelli, P., & GhidonR. (2015). Resveratrol: A
potential challenger against gastric cand#forld Journal of Gastroenterology

21(37), 1063610643,

104



Supplementary material:
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Figure S.1:HPLC-DAD-FL chromatogram on core shell C18 coluidnoled fractions by

CPC: Fraction 1 (F1), Fraction2 (F2), Fraction 3)(F-raction 4 (F4) and Fraction 5 (F5).

Peak number are indicated in table 1
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Table S.1:Collected fractions by CPC of oligostilbenoids frdm grams of Pinot Noir

grape cane extract.

Major Stilbenoid
Fraction stilbenoid A max (M) mg (%)
280, 306,
1 (E)-resveratrol 318 187.6 64.9+0.7
2 (E)-e-viniferin 289, 336 518.0 58.4+ 0.3
3 (E)-piceatannol 329 171.7 16.9 0.3
4 Vitisin B 329 103.9 2.58+0.1*
548+ 0.1

5 Ampelopsin A 280 332.0 *

* The Percentage was calculated Bsresveratrol equivalents.
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Vitisin B

Figure S.2:Chemical structure of stilbenoids isolated frorapg canes.
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Table S.2:NMR data in acetone d6 for vitisin B 500 MHz amdpeelopsin A at 500 MHz.

Vitisin B Ampelopsin A

o'H Jun o'H  Juy o6°C

(ppm)  (Hz) (ppm) (Hz) (ppm) HMBC
Benzenic
A1 Benzenic A
2a 7.26d 8.3 la 130.1 H-3a,5a; H-7a
3a 6.91d 8.3 2a 6.88d 8.8 1279 H-7a
5a 6.91d 8.3 3a 6.63d 8.8 114.6 H-2a,6a
6a 7.26d 8.3 4a 155.2 H-2a,6a; H-3a,5a
Pyran A 5a 6.63d 8.8 1146 H-2a,6a
7a 541d 4.4 6a 6.88d 8.8 1279 H-7a
8a 4.54d 4.4 Cycloheptan
Benzenic
Az 7a 544d 4.8 43.0 H-2a,6a; H-8a
10a 6.12d 2.0 8a 540d 44 703 H-14a; H-7a
12a 6.19d 1.9 Benzenic A
14a 6.12d 2.0 9a 139.6 H-7a; H-8b
Benzenic
B1 10a 117.5 H-8a; H-14a; H-12a
2b 6.85 brs 1lla 159.3 H-12a; H-8b
5b 6.76 d 7.8 12a 6.14d 24 96.2 H-14a
6b 7.14 dd 8.3;

15 13a 158.0 H-14a

Olefin B 14a 6.60d 2.0 109.6 H-8a;H-12a
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7b
8b

Benzenic
B2

12b
14b

Benzenic
C1

2c
3c
5C
6C
Pyran C
/C

8c

Benzenic
C

12c

14c

Benzenic
D,

2d
3d

6.64 d
6.77d

6.32 brs

6.66 d

6.62 d
6.58 d
6.58 d

6.62 d

5.53d
4.32d

6.32 brs

6.21 brs

7.20d

6.83d

16.4

17.0

2.0

8.3
8.8
8.8

8.3

4.9

4.9

8.3
8.3

Benzenic B

1b

2b
3b

4b

5b

6b
Hydropyran B
7b

8b

Benzenic B

9b

10b

11b

12b

13b

14b

7.11d

6.76 d

6.76 d

7.11d

5.75d

4.15d

6.42d

6.22
brd

8.8

8.3

8.3
8.8

11.2

11.7

2.4

H-3b,5b; H-7b; H-
131.8 8b

129.1 H-7b
115.1 H-2b,6b

157.6 H-2b,6b; H-3b,5b

115.1 H-2b,6b

129.1 H-7b

87.6 H-8b

48.7 H-14b; H-7b

142.2 H-7a; H-7b; H-8b
H-8a; H-12b; H-
118.0 14b; H-8b

158.0 H-7a; H-8b

100.6 H-14b

156.4 H-12b; H-14b

104.6 H-12b; H-8b
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5d
6d
Pyran D
7d
8d

Benzenic
D>

10d
12d

14d

6.83 d
7.20d

5.42d

4.46 d

6.21 brs
6.23 brt

6.21 brs

8.3
8.3

5.4

5.4
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Table S.3 H-NMR data in acetonesdfor isorhapontigenin at 500 MHz.

o'H Jun

(ppm)  (Hz)
1
2 6.52d 1.9
3
4 6.25d 1.9
5
6 6.52d 1.9
7 6.91d 16.1
8 7.00d 15.6
9
10 7.20 brs
11
12
13 6.99d 84
14 6.79d 83

OCHj3; 3.88d
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Table S.4: NMR data for E)-6-viniferin at 500 MHz andH)-w-viniferin at 400 MHz in

acetone-gl
(E)-o-viniferin ( E)-®-viniferin
oH  Jun  8%C 2D- NOE | &H Jun &°C
(ppm) (Hz) (ppm) HMBC (ppm) (Hz) (ppm)  2D-HMBC
Benzenic A
la 132.15 H-3a; H-
5a 129.3 H-8a
2a 7.24 8.3 128.55 B:C;F|7.21 127.9
(7.22) 8.7 (128.6)
3a 6.85 8.8 116.10 6.74 115.5
(6.74) 8.7 (116.1)
4a 158.38 H-2a; H-
6a 158.5 H-2a; H-6a
5a 6.85 8.8 116.10 6.74 115.5
(6.74) 8.7 (116.1)
6a 7.24 8.3 128.55 B:C;F|7.21 127.9
(7.22) 8.7 (128.6)
Dyhydropyran
A
7a 5.45 8.3 94.02 A;:C; |5.85 89.8
E (5.86) 8.2 (90.1)
8a 4.46 8.3 57.83 B: D; 4.68 52.1
E (4.70) 8.2 (53.3)
Benzenic A
92 145.18 H-7a; H-
8a 143.0 H-8a; H-7a
102 6.19 2.5 107.34 A;D; |5.81 108.0
F (5.80) 3.0 (108.4)
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112

122

132

142

Benzenic B
1b
2b
3b

4b

5b
6b

Olefin B

7b

8b

Benzenic B

9b

10b

11b

6.28

6.19

7.26

6.87

7.43

7.06

6.90

6.53

159.71 H-10a;
H-14a
1.7 102.29
159.71 H-10a;
H-14a
2.5 107.34
131.73 H-8b
brs 123.90
132.50 H-8a
160.58 H-2b; H-
6b
9.0 110.12
8.3; 128.59
2.0
16.1 129.07
16.6 127.21
140.74 H-7b
2.0 105.63
159.51 H-10b;
H-14b

G;H

5.96
(5.96)

5.81
(5.80)

6.71
(6.72)

6.36
(6.32)

6.94
(6.94)

6.75
(6.76)

7.02
(7.03)

6.61
(6.60)

3.0

3.0

2.1

2.5

16.6

16.6

8.7

8.7

159.0

101.3
(101.4)

159.0

108.0
(108.4)

122.2
124.3
162.4

104.5
(104.3)

136.5

96.4
(96.9)

129.6
(130.4)

122.8
(123.6)

129.3

128.1
(128.8)

114.5
(114.9)

H-8a; H-8b
H-4b; H-7b

H-8a

H-7b

H-10b; H-14b;
H-7b
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12b

13b

14b

6.25

6.53

2.2

2.0

102.63

159.51 H-10b;
H-14b

105.63

6.61
(6.60)

7.02
(7.03)

8.7

8.7

157.21

114.5
(114.9)

128.1
(128.8)

H-10b; H-14b
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Table S.5: NMR data for pallidol at 500 MHz in acetong-d

o'H Jun 8'°C 2D-HMBC
(ppm)  (Hz)  (ppm)
Benzenic A
la 139.9 H-3,5; H-7; H-8
2a 6.98 d 8.8 128.7
3a 6.71d 8.3 1154
4a 156.3 H-2,6; H-3,5
5a 6.71d 8.3 1154
6a 6.98 d 8.8 128.7
Cyclopentane
A
7a 4.57 53.6
brs
8a 3.82 60.2
brs
Benzenic A
9a 150.6 H-7; H-12
10a 123.3 H-7; H-8; H-12; H-
14
1lla 155.3 H-7; H-8
12a 6.19d 19 102.1
13a 1594 H-12; H-14
14a 6.62d 2.0 103.1

Benzenic B
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1b
2b
3b
4b
5b
6b

Cyclopentane
B

7b

8b

Benzenic B
9b
10b

11b
12b
13b

14b

6.98 d

6.71d

6.71d

6.98 d

4.57
brs

3.82
brs

6.19d

6.62 d

8.8

8.3

8.3
8.8

brs

brs

=y

2.0

139.9
128.7
1154

156.3
1154

128.7

53.6

60.2

150.6

123.3

155.3
102.1
159.4

103.1

H-3,5; H-7; H-8

H-2,6; H-3,5

H-7; H-12

H-7; H-8; H-12; H-
14

H-7; H-8

H-12; H-14
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Table S.6:NMR data for E)-trans-cismiyabenol C at 500 MHz.

d'H (ppm) Jun(Hz) d™C (ppm) 2D-HMBC
Benzenic A
la 133.4 H-3a,5a; H-8a
2a 7.15d 8.8 127.8 H-7a
3a 6.80 d 8.8 116.4
4a 158.2 H-2a,6a; H-3a,5a
5a 6.80d 8.8 116.4
6a 7.15d 8.8 127.8 H-7a
Dihydropyran A
7a 5.37d 5.3 94.5 H-2a,6a
8a 4.62d 5.3 57.1 H-10a,14a
Benzenic A
9a 147.6 H-7a; H-8a
10a 6.15d 2.0 106.9 H-12a
11la 160.3 H-12a
12a 6.20t 1.9;25 102.5 H-10a,14a
13a 160.3 H-12a
14a 6.15d 2.0 106.9 H-12a
Benzenic B
1b 133.3 H-3b,5b; H-8b
2b 6.49d 8.7 127.4 H-7b
3b 6.54 d 8.8 115.6
4b 157.5 H-2b,6b; H-3b,5b

117



5b

6b
Dihydropyran B
7b

8b
Benzenic B
9b

10b

11b

12b

13b

14b
Benzenic G
1c

2C

3c

4c

SC

6C

Olefin C

7c

8c
Benzenic G
9c

10c

6.54d

6.49d

5.19d

4.30d

6.28 d

6.06 d

7.11d

6.72d

6.72d

7.11d

6.87d
6.60 d

8.8

8.7

0.9

1.4

1.9

2.0

8.8

8.8

8.8
8.8

16.1

16.1

115.6

127.4

92.2

51.0

143.4
118.6
162.3
96.3
162.1*

107.6

129.3
128.7
116.6

158.3
116.6

128.7

131.1

122.8

136.0

121.2

H-7b

H-2b,6b

H-14b

H-7b; H-8b

H-8b; H-12b; H-14b

H-8a
H-14b
H-12b

H-12b

H-3c,5c; H-8c

H-7c

H-2c,6¢; H-3c,5¢

H-7c

H-2c,6¢

H-14c

H-7c

H-8c; H-12c; H-14c
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11c

12c

13c

14c

6.33d

6.65 d

2.0

1.4

162.1*
97.1
159.5**

104.3

H-8b; H-7b

H-14c

H-8c
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Table S.7:Calibration curves for TEAGupras TEAC agrs and ORAC-FL using TROLOX

Antioxidant Equation R"2 | LOD | LOQ Trolox
capacity Range
assay (M) | (uM)
(M)

ABTS Y=0.0007X+0.0492 0.990| 3.96 | 11.9 [1-180]

CUPRAC Y=0.0037X+0.13540.998| 1.82 | 6.07 [1-150]

ORAC-FL Y=22.34X+765.52| 0.9961.39 | 4.33 [1-70]
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Figure _S.3: Antioxidant capacity measured by ORAC-FL assay focreased
concentrations of oligostilbenoids isolated froragg cane extract: monomeric stilbenoids
(A), oligostilbenoids (B), comparison between wti®8 after isolation and vitisin B with

presence of second tetramer (C).
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Table S.8: HPLC-DAD-MS/MS for isolated vitisin B after fege drying and storage at -

20°C in darkness and compared with vitisin B refpedi

tR A tR [M-H] fragments Stilbenoid

max
(min) (min)

6.7 284 20.3 905 888, 8120(, 781, 705, 690, 676, 56946 Unknow
528, 451, 439, 434, 39359, 347345 333 tetramer
317, 240

7.7 325 227 905 888, 870, 8BA(, 781, 705, 676, 572, 545, Vitisin B
528, 451, 439359 345, 333, 303279, 241,
197

tR1: HPLC-DAD-FL method,tR,: HPLC-DAD-MS/MS method. The chromatographic
conditions as described in section 2.4. The ideatibn was made under conditions

described by Gorena et al 2014 in mass spectroregigpped with a triple cuadrupole

(Applied Biosystem).

122



Capitulo 3: Seccién 1

Title:

C18 core-shell column with in-series absorbance andluorescence detection for
simultaneous monitoring of changes in stilbenoid ah proanthocyanidin
concentrations during grape cane storage

Vania Sae% Camila Gayosh Sebastian Riquelielulie Pére% Carola Vergara Claudia

Mardone& and Dietrich von Baér

®Facultad de Farmacia, Departamento de Andlisisrumgntal, Universidad de
Concepcién, Chile

Unidadde Desarrollo Tecnoldgico (UDT), Universidad de Ggpcion, Coronel, Chile

"Corresponding author: Dietrich von Baer

E-mail: dvonbaer@udec.cl

Formato manuscrito aceptado el 22 de diciembr@@Er a Journal of Chromatography B.

DOI:10.1016/j.chromb.2017.12.028

123



Abstract

Grape canes, the residues from the annual pruriimmes, contain high levels of inducible
(E)-resveratrol and also oligomeric stilbenoids anolpthocyanidins. These two families
of phenolic compounds are bioactive, but to quartiem in a single chromatographic run
using only ultraviolet detection is a difficult tasTo overcome this limitation, a
chromatographic method was developed using a doed solumn for separation, an
ultraviolet-visible diode array detector (DAD) aadluorescence (FL) detector connected
in series for quantification, with an electrospriayization interface (ESI) and a triple
guadrupole mass spectrometric detector (MS/MS) ddoleidentification of the analytes.
The proanthocyanidins (+)-catechin, (-)-epicateclurocyanidins B1, B2, and C1, an
unknown dimer and trimer, two prodelphidin dimeasd monogallate procyanidin dimers
were detected in the tested grape cane samples.sfilbenoids detected werdE)¢
resveratrol, )-piceatannol, E)-piceid, €)-e-viniferin, vitisin B, a glycosylated monomer,
three oxidized dimers, an unknown dimer and a r&ra pallidol, hopeaphenolE)-6-
viniferin, and E)-o-viniferin. However, this method required 60 mim gach analysis. A
faster and more efficient method for quantitativalgsis was developed based on HPLC-
DAD-FL, reducing the time required to 24 min foretlsimultaneous quantification of
proanthocyanidins and stilbenoids in Cabernet $gnori, Pinot Noir, and Tintorera grape
canes stored at controlled temperatures and rjyativmidities for 134 days after pruning.
To the best of our knowledge, this is the firstdimprodelphidin dimer has been quantified
in grape canes. The incorporation of fluoresceretedtion in series with DAD not only
allowed the quantification of proanthocyanidinsaléo improved the detectability of some
minor stilbenoids present in the canes, suchBEagiteid. The E)-resveratrol andE)-

piceatannol levels increased significantly duriage storage, while those &){ec-viniferin
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and ampelopsin A did not show significant increasése relative humidity had a
determining effect on the levels dE)fresveratrol andH)-piceatannol in the canes of all
varieties studied; their concentrations were hightea relative humidity of 60% than at
70%. This is the first time that the proanthocyanigrofiles of canes stored after pruning
were monitored. The concentration of (-)-epicateclecreased during storage under both
relative humidities. Furthermore, the levels ofgnthocyanidin B1 and the prodelphinidin

dimer also decreased to a certain extent.

Keywords: stilbenoids, proanthocyanidins, core-shell colum@AD detection,

fluorescence detection, grape cane
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1. Introduction

Grape canes, the residues from the pruning of sy have diverse (poly)phenolic
profiles, comprising stilbenoids [1-5] phenolic @i [1,6-7], flavonols [6], and
proanthocyanidins such as procyanidins [1,6-8], g@mddelphinidins [8]. Stilbenoids
belong to the nonflavonoid family of phenolic compds present in plant€E)resveratrol

is the metabolic precursor and structural core haf stilbenoids present in Vitaceae.
Resveratrol monomers form oligomers consisting-&f @nits [9]. Furthermore, it has been
reported that stilbenoids, mainli)resveratrol, have a range of health benefitduding
anti-inflammatory, cardioprotective, anticancerg amtidiabetic properties [10]. This is due
to their capacity to interfere with signal transtioic cascades and epigenetic pathways in
cells, rather than having any particular enzymgegor specific mechanism [9].
Proanthocyanidins are formed by the oligomerizatérilavan-3-ol units linked through
interflavan bonds. Proanthocyanidins also havetigabmoting properties. For instance,
they can help prevent complications arising fromet? diabetes, cardiovascular disease,
and bacterial infections, [11] and exhibit antimimatory activities [12].

Stilbenoids and proanthocyanidins are synthesizedthe phenylpropanoid pathway.
Phenylalanine, a product of the shikimate pathwaylergoes a series of enzymatic
reactions resulting in secondary metabolites, saghproanthocyanidins and stilbenoids
(Fig. 1). The (poly)phenolics generated by the isidte pathway have p-coumaroyl-CoA
as a central metabolite in their pathway [9,13]lb8hoids are generated by an enzymatic
reaction through stilbene synthase (STS). The Srfe@ g@ncoding is transcribed only when
induced by stimuli, such as ultraviolet (UV) radbat pathogen invasion, or physical

trauma [9].
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Fig. 1: Schematic diagram illustrating the formation tfbgnoids and proanthocyanidins
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derived from the phenylpropanoid pathway. Adaptedifreferences 9, 13, 27 and 28.

The high levels of stilbenoids (2858—8485 mg/kdd][resent in this viticultural residue

have, until now, been the main the focus of divetselies into grape cane as a source of

bioactive stilbenoids with potential biotechnolagi@pplications [2-5,7,14]. To revalorize

this residue, it is necessary to know also the emtst of the other phenolic compounds

present in it, including (+)-catechin (76—1000 ngg/lnd (-)-epicatechin (62—1300 mg/kg),

which exhibit significantly high concentrations 76-15].

Even a few months after pruning, grape canes remaitabolically active. Following the

pruning process, the canes undergo modificatiorierms of their stilbenoid composition,

with increasing levels off)-resveratrol. This increment can be as high asralted-fold

[16]. The increases in the levels &){piceatannol andH)-resveratrol during storage have

biosynthetic origin and are attributable to STSukcttbn. The temperature during storage
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plays a key role, with the optimal temperature eabging 15-20 °C [16]. On the other
hand, the effect of relative humidity (RH) on tleweéls of inducible stilbenoids in pruned
grape canes has not been studied. Furthermoree tae no data on how the
proanthocyanidin content is affected during storaier pruning. This is relevant given the
potential of grape cane extract for use in the fdation of nutritional supplements as well
as in cosmetics and the biotechnology industry.

Due to their structural complexity, it is only pdsde to separate proanthocyanidins by
hydrophilic interaction liquid chromatography (H{L) according their degree of
polymerization, or by reverse-phase chromatograpbwever, some of them coelute. It is
possible to separate 81 bioactive (poly)phenolsluding proanthocyanidins and
stilbenoids, in 81 min by comprehensive bi-dimenalochromatography, using a diol
stationary phase in the first dimension and a GaBosary phase in the second dimension
[8].

Core-shell column technology allows for the fagiagation of complex samples over short
times using high-performance liquid chromatogragH?LC) [17]. A core-shell column
contains solid silica core particles (0.9—3uh in diameter) covered with a chemically
modified porous coat on the solid nucleus to gearetagether a spherical particle. The
porosities and sizes of the particles influenceoctatographic behavior; each core-shell
particle has a solid core to reduce longitudindfudion and mass-transfer resistance
without any dramatic increase in backpressure, eviém small particles, when compared
to alternative porous ultra-high-performance ligwldromatography (UHPLC) particles
used to obtain better resolution. Compared to poomlumns, the reduced porous region of
each core-shell particle helps to increase perrigadnd is associated with a high thermal

conductivity, which contributes to reducing bandditening [17,18].
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In the case of procyanidins, the primary detectgstem used for quantification is based
on fluorescence, as it is more selective and pesval stronger signal than UV absorption
[19]. In the case of stilbenoids, detection is ligtarough a diode array detector (DAD) or
mass spectrometry/mass spectrometry (MS/MS). Therdkcence-based detection of
stilbenoids such asEjJ-piceatannol is more sensitive than photometridect®n.
Furthermore, signal interference is weaker in tbemér case [20], allowing for the
quantification of stilbenoids at low concentrations the present work, a rapid
chromatographic method is developed that combinesatlvantages of core-shell particle
technology with serial absorbance and fluoresceletection for monitoring the changes in
the levels of these bioactive and antioxidant phemompounds during grape cane storage

under different RH conditions.

2. Materials and methods

2.1Chemicals used

Acetonitrile, water, formic acid, and ethanol wegrarchased from Merck (Darmstadt,
Germany). E)-e-Viniferin (>99.8%), procyanidin B2 (96%), procyanidin B1 (93%ind
procyanidin C1 (91%) were provided by Phytolab (éabergsreuth, Germany). (+)-
catechin hydrate=Q8%), (-)-epicatechinr>00%), €)-resveratrol ¥99%), and piceatannol
(>98%) were supplied by Sigma (St. Louis, MO, USAmgelopsin A (94%) and vitisin B
(94%) were isolated from a pilot-scale plant extrad Pinot Noir grape canes.
Hopeaphenol was provided by the research groupaidf Br. Peter Winterhalter (Institute

of Food Chemistry, Technical University Braunschyy&ermany).
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2.2Plant material used

Grape cane samples were collected during the vimeipy season in July-August 2016.
Three red grape cultivars were sampled in vineyafdke Itata Valley, Bio-Bio Region in
South Chile. Cabernet Sauvignon (CS) and Pinot (RRIN) canes were collected at Viia
Chillan in Bulnes and those of Tintorera (TN), mtigrier grape cultivar that accumulates
anthocyanins in the grape skin and pulp, were mratethe De Neira Vineyard. In each
case, were collected randomly around 2 kg of cdreem 5 different rows in the same
vineyard as one composed sample. Immediately pftering, canes were cut into pieces
25 cm in length. One representative fraction oheaariety (approx. 250 g) was kept under
cold conditions (4 °C) and then stored at —20°@lastic bags (0 days after pruning). Two
other randomly selected fractions of each variegyenpromptly stored under two different
RH conditions (1 kg for each variety), namely at£2@ °C and 70% RH (Memmert HPP
110 constant climate chamber), and at 21 + 2 °C60% RH (Clima Veneta, AXO 10
constant climate chamber); these two RH conditiomgresent the range commonly
observed during cane storage practice. Every 2 sydéek/ pieces of cane (30-40 g) were
removed from the controlled ambient chamber, froztored at —20°C, and subsequently

subjected to extraction.

2.3 Extraction method used

The extraction was performed as described by Vargaal. in 2012 [2] and Gorena et al.
in 2014 [3]. Before extraction, frozen canes weue into 2-cm-long pieces, freeze-dried
and ground. A 2-g sample of the milled cane wasaet¢d over 5 min with 16 mL of an
80:20 (v/v) ethanol/water mixture using an ultrasomar at 50 Hz (Cole Parmer, CPX

130). The extraction process was repeated fourstifoe each sample and successive
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fractions were pooled together. An aliquot of ghaoled extract was diluted with a mixture
composed of 90% mobile phase A (0.1% formic aciadvater) and 10% mobile phase B

(70:30 (v/v) acetonitrile:water) and filtered (PE&22um).

2.4 ldentification of analytes using HPLC-DAD-FL-ES-MS/MS

The phenolic compounds in the extract were idesgtifuising an HPLC system coupled in
series to a DAD, a fluorescence detector (FL), &ndlly, a triple-quadrupole mass
spectrometer. The overall sequence of the system asafollows: SIL-30 AC Nexera
Autosampler, an LC-30 AD Nexera liquid chromatodrap CTO 20 AC column oven, a
SPD M 20 A Prominence DAD, a RF 20Axs Prominencedétector, and a CBM 20A
communication bus (all from Shimadzu, Kyoto, Japdit)je mass spectra were acquired
using a QTrap3200 LC/MS/MS system (Applied Biosyst8VIDS Sciex, Framingham,
MA, USA). A C-18 core-shell particle column (1%04.6 mm i.d. with 2.7um particles;
Halo, Advanced Materials Technology, Inc., Wilmiogt DE, USA) was used. Mobile
phases A and B, described in par8 (above), were used at 30 °C and at a flow rate 0.4
mL/min. The injection volume was 1. The following gradient was used: 0.1 min 10%
B, 3 min 15% B, 6 min 20% B, 11 min 28% B, 16 mid¥3 B, 25 min 35% B, 28 min
38%, 33 min 40% B, 43 min 70% B, 48 min 100% B. t\dke %B value was kept
constant for 5 min and subsequently changed at B3tan10% B for 7 min. Detection
using the DAD was performed at 306 nm and 280 nodétection was performed in two
different channels. The excitation and emissionelengths were 230 nm and 320 nm for
the proanthocyanidins and 330 nm and 374 nm for stilbenoids. To improve the
detection of oligostilbenoids, the emission anditation spectra of ampelopsin A and

vitisin B were measured using a detector (RF-20 Rs@minence FL detector, Shimadzu,
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Japan). Identities were assigned by comparing étention times and mass spectra of the
analytes with those of reference compounds whesetbempounds were available, and by
comparison with literature data otherwise. The ngssctrometer employed electrospray
ionizationn (ESI) and was operated in negative mdde source temperature was set to
450 °C, the nebulizer gas pressure to 2.7 bartteduxiliary gas pressure to 3.4 bar. The

m/zmass range was set to 100-1200.

2.5 HPLC-DAD-FL conditions for quantitative determination of analytes

A C-18 column (150« 4.6 mm) packed with 2.dm fused-core particles (Halo, Advanced
Materials Technology, Inc., Wilmington, DE, USA)tvil.7 um nucleus and carbon load
of 7.7% was used to separate the stilbenoids apahgrocyanidins. An 8.Q4L aliquot of
the sample was injected and analyzed at a flowafate4 mL/min at a column temperature
of 30 °C. The gradient used was: from 10 to 15%plodse B increased in 0.25 min,
reaching 20% at 1.8 min, 27% at 2.6 min, 29% ain@) 32% at 8.0 min, 38% at 8.6 min,
40% at 10.6 min, and 65% at 14 min. The column thvas washed with 100% B for 4 min
and equilibrated for 6 min with 10% B. A second & ebre-shell column was tested for its
chromatographic effiency to rapidly quantify prdamtyanidins and stilbenoids

(Supplementary Material).

2.6 Calculations
The plate number (N), plate height (H), and retenfactor K) values were calculated as
specified by the instrument manufacturer while tpeak resolution between the

neighboring peaks was calculated as follows [21]:
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Ry = 118 x (SZ2EL) (1)

Wh2+Whi
On the other hand, the limit of detection and liofiquantification values were calculated
by estimating the typical error using the leastesga method from a low-concentration

calibration curve [22-23].

3. Results and discussion

3.1 Identification of analytes using HPLC-DAD-FL-ES-MS/MS

The low-mobile-phase-flow-rate (0.4 mL/min) methibescribed in section 2.4 was used to
identify the 30 phenolic compounds detected in PNwir grape canes subjected to storage
for 14 weeks. The obtained results are summarizdéble 1. By combining three different
detectors in series, 11 proanthocyanidins coulddparated and identified. These included
procyanidin B1, C1, and B2, (+) catechin, (-) ef@chin, an unknown procyanidin dimer
and a procyanidin trimer, two prodelphidin dimeasyd two monogallate procyanidin
dimers. The respective chromatograms are availabtee Supplementary Material (Fig.
S1). The stilbenoids identified were ampelopsin(B);resveratrol, [E)-piceatannol, )-¢-
viniferin, vitisin B, and hopeaphenol. PallidoE){3-viniferin, and E)-o-viniferin were
tentatively identified based on a comparison of measured data with the MS/MS data
reported in the literature [3,5,24]. Two glycosglat stilbenoid monomers were also
detected, one of which correspondedBp{giceid [3,24]. The other glycosylated stilbenoid
monomer exhibited a fragment corresponding®erésveratrol ih/zof 227) as well asH)-
piceid but exhibited high-intensity/z peaks at 269 and 241 (Table 1). This suggests that
this compound is possibly a structural isomer ahaps Z)-piceid. An unknown stilbenoid

dimer, a tetramer, a methoxy-stilbenoid monomehvah m/z peak at 258, and three
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oxidized dimers, each with an/zpeak at 471, were also detected. It is knowndkitized
stilbenoid dimers undergo fragmentation [24], exing fragments atn/z values of 349
and 255. Compounds 12 and 21 exhibited the sangménats but showed different
intensities, which indicates that they may be isam@n the other hand, compound 17 had
a more complex fragmentation pattern. Similar aedi dimers have been reported in the
case of wine [24] and grape skin [25]. To the bafsbur knowledge, this is the first
instance where oxidized dimers have been deteatgplaipe canes. Finally, based on the
MS/MS data, the two flavonols were tentatively itfeed as quercetin pentoside and

guercetin hexoside.
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Table 1: Identity assignation of phenolic compounds in grapne extract using HPLC-DAD-FL-MS/MS

peak =2 Amax tR” Aexclem [M-H]~ Fragments Phenolic compound

(min) (nm)  (min)  (nm)

1 5.95 230/320 593 423407, 339,289 245, 177, 161, 125 Prodelphinidin dimer

2 10.02 230/320 593 467, 423407, 30E, 28€, 273, 245, 217, Prodelphinidin dimer

177,137,125
3 11.48 230/320 577 559, 451, 425407, 381, 339289 245, Procyanidin B1*
205, 161, 151, 125
4 12.51 230/320 577 559, 451, 425407, 381, 33928€, 273, Procyanidin Dimer
245, 205, 161, 151, 125
5 13.13 279  13.33 230/320 289 245, 205, 137 (+)-Catechin*
6 1452 230/320 577 451, 425407, 339, 32928¢€, 245, 203, Procyanidin B2*
161, 125
7 15,56 279 15.76 230/320 289 245, 205, 179, 137 (-)-Epicatechin
8 16.67 230/320 865 577,543, 525, 449, 42807, 381, 339, Procyanidin C1*
289,261, 245, 175, 161, 13125
9 16.87 17.08 330/374 389 281,269 251,241, 227, 163, 147 Glycosilated stilbenoid
283, 320 monomer
10 17.37 230/320 865 587,577, 525, 44407, 425, 341, 289, Procyanidin trimer
261, 243, 175, 161, 125, 137

11 17.98 311,358 433 300, 283 Quercetin-pentoside

12 18.55 230/320 471 349,255 Oxidized stilbenoid dimer

13 279 729 603, 451, 437407, 381, 363, 339, 299, Procyanidin dimer
18.33 289 271, 245, 187, 161, 125 monogallate

14 286 729 433,407, 389, 323, 30%28¢, 271, 253, Procyanidin dimer
18.766 187, 161125 monogallate

15 19.97 20.19 330/374 389 227,175, 147 (E)-piceid

304, 315
16 20.73 330 463 300,243, 175, 159 Quercetin-hexoside
17  20.80 283,305 21.50 330/374 471 453349, 287, 219, 201153 121 Oxidized stilbenoid dimer
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18 21.78 288, 322 509 465, 331 n.i

329
19 23.35 280 23.57 230/320 469 451, 407, 375, 357, 316, 301, 229 Ampelopsin A*
20 24.10 324 24.33 330/374 243 225, 201, 159, 147 E)-piceatannol*
21 27.15 230/320 471 349,255 Oxidized stilbenoid dimer
22 280 453 359,265 Pallidol
23 32.20 306 32.43 330/374 227 199, 185, 143 E)-resveratrol*
24 34.80 324 34.93 330/374 258 241, 224,172 Metoxy monomer of
stilbenoid
25 35.82 320 35.95 330/374 287 269241 n.i.
26 43.81 280 44.92 230/320 905 811, 717, 649, 481451, 423,35¢, 345, Hopeaphenol*
329, 265
27 44.18 324  44.42 330/374 453 411, 359,347,333, 253225 199, 119 [£)-¢-viniferin*
28 45.55 324 45.78 330/374 453 435 359 347, 345, 305, 255, 225 E)5-viniferina
29 46.47 324 46.70 330/374 453 435, 411 343, 333, 317 H)-w-viniferina
30 47.05 324 47.26 330/374 453 369,359 Stilbenoid dimer

31 47.89 326 48.10 330/374 905 887, 869, 811799 793, 705, 692, 637, Stilbenoid tetramer
557, 545, 451, 43859, 347, 333, 265
32 48.51 326 48.75 330/374 905 887, 811,/9€, 726, 665, 611, 571, 545, (E)-Vitisin B*
451, 439359 347, 333

tr® DAD detectortgr”: fluorescence detector, * confirmed by MS/MS datd standard; n.i.: not identified. Fragments presim
bold indicated those that were the most intense.
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3.2 Chromatographic separation

Under the conditions described in the precedingii@®ecthe proanthocyanidins and
stilbenoids could be separated even though a smgleook approximately 60 min. To
quantify the evolution of the analytes in the gragme samples stored for different
durations, a faster HPLC-DAD-FL method was devetbgeor this method the flow rate
was increased from 0.4 to 1.4 mL/min, which reslite an increase in the pressure drop
from 90 to 360 bar. The gradient was optimized #agdchromatographic parameters were
calculated using the cane extract of Pinot Noirpgsastored for three methods after
pruning; the extract was injected three times (@&)land the chromatograms obtained are
shown in Fig. 2. The critical peak pairs correspomd+)-catechin and procyanidin B2,
which were detected in fluorescence mode, andherstilbenoids ampelopsin A and){
piceatannol, which were detected at 280 nm in &aswe mode. The most critical
separation is in (+) catechin from procyanidin B2=(1.50), is possible to separate these
proanthocyanidins using another core-shell C18 maolwith similar characteristic and
different gradient (Table 1 and figure 2, SuppletagnData). However, it was not possible
to resolve with it all stilbenoids. The backpregsaf the developed method was 360 bar; a
pressure this low is advantageous for core-shéligatechnology. The method is suitable
for the quantification of major proanthocyanidingdat resolves dimers and trimers, even

dimers of prodelphidins; it also enables the qui@ation of major and minor stilbenoids.
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Fig. 2: HPLC-DAD-FL quantitative chromatograms for grame extracts. Peak numbers
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Table 2: Chromatographic parameters calculated for devedmpmmethod in core shell
column.

Critical tr' Rs N H k
peak pairs (min) (um)
(+)-Catechin  2.53 +0.02 6170 +157 24.31+ 0.43 2.09+0.01
Procyanidin  2.95 +0.01 150+ 6735198 22.27+0.65 2.45+ 0.00
B2 0.14
Ampelopsin A 6.06 + 0.05 50205 +1062 2.99+0.12 5.37+ 0.00
(E)-picetannol 6.31+0.05 1.93+ 50928+ 1033 2.94+0.11 5.59 +0.08
0.05

N: number of theoretical plates; HETP: Height E@lewt to a Theoretical Platgr), k:
retention factor.

3.3 Quantification of proanthocyanidins and stilbemids in grape canes

The linearity of the method was evaluated using external calibration curve for
stilbenoids and proanthocyanidins obtained in tlw@réscence and absorbance modes
using the DAD. Calibration was performed at the &lamgths indicated in Table 3 at the
maximal of absorbance of each compound. The cosftiof regression was 0.994-0.999,
indicating good linearity. For the stilbenoids, gensitivity of the fluorescence mode was
higher than that of the absorbance mode. The pyisiabenoids, namely H)-resveratrol,
(E)-piceatannol, andH)-¢-viniferin, were quantified in absorbance modejtadlowed for

a comparison of the results with previously repbdata [3-4,16]. However, in the case of
the stilbenoids with lower concentrations, quacdfion was performed in fluorescence
mode. The fluorescence spectra of vitisin B and edlogsin A were acquired (Fig. S3,
Supplementary Material). In contrast to the oth#benoids, it was not possible to detect

ampelopsin A in fluorescence mode using the exeratnd emission wavelengths
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typically used for the other stilbenoids. This waso the case for hopeaphenol. The
absence of olefin bonds in both oligostilbenoidg/ a the reason for the difference in the
fluorescence behavior. To quantify ampelopsin Asitaxion and emission wavelengths of

230 and 320 nm, respectively, are more appropmnelech are the same as those used to
detect the proanthocyanidins; the latter exhibiyew absorptions at 280 nm.

The intraday and interday repeatabilities (on thdékerent days) were evaluated based on
the relative standard deviation (RSD) of three ptioacyanidins and four stilbenoids using

Pinot Noir grape cane extract (Table 4). The RSB lgas than 7% for all analytes, which

is considered acceptable for the proposed methudu@ing the extraction process and

chromatographic analysis), because the biologieakbility of the analyzed material, as

observed in previous studies, is greater than én@mility of the analytical method [2,3].
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Table 3: Calibration curves and limits of detection (LOD)daquantification (LOQ) for stilbenoids and proamtianidins using DAD

and fluorescence detection.

DAD detection

Fluorescence detection

Phenolic
compound A max Equation® R? LOD  LOQ | Aexcem Equation® R® LOD LOQ
(nm) mg/kg  mg/kg (nm) mg /kg mg /kg
(E)-Resveratrol | 306 y=22048 x-8657.2  0.999 2.13 7.08 | 330/374 y = 41065 x -11609 0.999 1.38 4.59
(E)-¢-Viniferin 323 y=9313.8 x-9340.3 0.998 5.84 19.46 330/374 0462 x-11671 0.998 4.07 13.55
(E)-Piceatannol | 323 y=21358x-28861 0.994  3.83 12.77  330/374 y=7885H41 0.995 2.69 8.96
Ampelopsin A 280 y=2052.7x-641.8 0.999 6.06 20.19 230/321 y=92@R-73015 0.998 4.43 14.76
Vitisin B 326  y=3820.5x-2338.3 0.997 5.94 19.80 330/374 2$63x-18365 0.999 5.12 17.08
Hopeaphenol 280 y=1526.7x-528.61  0.999 8.18 27.27 | 230/321 y=13408x-7582.7 0.998 6.24 20.80
(+)-Catechin 280 y=1977.3x+6.0826  0.998 6.81 22.11  230/323 yFOZ8x+360402 0.998 4.35 14.50
(-)-Epicatechin | 280  y=2040.2x+250.41 0.999 3.88 12.94 230/323 $638x+ 379016 0.997 2381 9.35
Procyanidin B 1 230/323 y=114508x+19915 0.996 2.22 7.39
Procyanidin B 2 230/323 y=229244x+59657 0.998 1.47 4.90
Procyanidin C 1 230/323 y=183588x+20946 0.998 2.39 7.95

% x: mg L, y: area units.
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Table 4: Interday and intraday repeatability for stilbenoahd procyanidin

concentrations in Pinot Noir grape canes (n= 3).

Inter-day Intra-day

Phenolic Average | RSD | Average | RSD %

compound (mg/kg) % (mg/kg)
Procyanidin B1 636.1 1.6 635.2 2.4
(+) Catechin 782.9 1.4 795.9 0.9
(-) Epicatechin 187.9 2.0 190.9 2.4
Ampelopsin A 204.5 0.7 207.0 1.4
(E)-Piceatannol 374.1 5.5 376.0 6.4
(E)-Resveratrol 3655.3 4.3 3703.9 3.2
(E)-&-Viniferin 1445.4 1.0 1473.9 1.0

RSD: relative standard deviation.

3.4. Effect of relative humidity during post-pruning storage on stilbenoid
concentrations

As illustrated in Fig. 3A(E)-resveratrol, the main stilbenoid present in grapees
during storage at 60% RH, increased from 75 + 2kmglry weight (DW) in fresh
pruned Pinot Noir canes to 5453 + 24 mg/kg afted&$s of storage. This implies that
storage increases th&){resveratrol level by up to a factor of 68. In thase of
Cabernet Sauvignon, the increase at 60% RH waster faf 42 while for the Tintorera
canes, it was a factor of 49. However, at an 70%(RH. 3B), the increase in thE&)¢
resveratrol levels for Pinot Noir and Tintorera wagproximately only half that
observed at an RH of 60%, whereas for Tintoreraas less than one-third, suggesting
that for €)-resveratrol, storage at 60% RH is more favorémeénducing biosynthesis
after pruning than is storage at 70% RH. Theseltesanfirm the findings of Gorena
(2014) [3] and Houillé (2015) [16] who reported tthacreases in E)-resveratrol
concentration during storage are variety dependentever, they did not evaluated the

effect of RH.
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Fig. 3: Stilbenoid levels (mg/kgry weight) as functions of time during grape cane
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storage at 60% and 70% relative humidity (RH). @raprieties: PN: Pinot Noir; CS:
Cabernet Sauvignon; TN: Tintorera. ConcentratiohgE)-piceid as E)-resveratrol

equivalents. Error bars correspond to analytiGaidard deviations.

The concentration ofH)-piceatannol also increased during storage ofcameler both
RH conditions. This increase for the canes stote&80% RH was higher (Fig. 3C) than
those for the canes stored at 70% RH; concentsaiimecreased by factors of 6.8, 3.5,
and 4, respectively, in the cases of Pinot Noihe&Eaet Sauvignon, and Tintorera after
storage at 60% RH.

The concentrations of the two compounds, namé&)yrdsveratrol andg)-piceatannol,
increased after pruning and then plateaued. Ircdlse of E)-resveratrol, the plateauing
occurred approximately 58 to 75 days after prumuhgn the canes were stored at 60%
RH, whereas for Tintorera and Cabernet Sauvignatadurred between 45 and 75 days
at 70% RH. Hence, there is good evidence to sugpertonclusion that the observed
increases in concentrations were duedef novo biosyntheses. After pruning, the
stilbene synthase transcription gene is inducegtape canes [16]. The known variables
responsible for the increase in th€)-(esveratrol andE)-piceatannol levels are the
duration of storage after pruning [3] and the terapee [16]. Very recently, it was
reported that mechanical stress on freshly pruaee< overinduces the biosyntheses of
(E)-resveratrol andg)-piceatannol [26] within a short period after pnm When fresh
canes are cut at small lengths (1 cm), the stopaged after which increase in the
stilbenoid levels plateaus is reduced from 42 days4 days [26]. Our data suggest that
a new variable must be considered with respedte@ddrmation of stilbenoids in canes,
namely, the RH. The humidity of the environmentnich canes are stored determines

the levels of [)-piceatannol andH)-resveratrol. A difference of only 10 percentage
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points in the RH can increase the concentratiorifersame variety significantly, with
the concentrations of the stilbenoids at 60% RHhidpdiigher than those at 70% RH. To
develop a strategy for maximizing the levels ofucithle stilbenoids more quickly, it is
necessary consider the relative humidity, alonghwite length of the cut, the
temperature, and the storage period following prani

The change in the concentration Bj-piceid during post-pruning storage has not been
reported before. In this study, its concentratianrdy the post-pruning storage of canes
did not increase as much as those Efresveratrol (by a factor of 100) an#&){
piceatannol (by a factor of 10), changing 19-21 kmgfo 32-44 mg/kg asE}-
resveratrol equivalenp€0.05) at both RH for all the studied varietiesg(RBE and F);
the highest level was observed at 44 days aftaripguvhen stored at 70% RH, and at
78 days after storage at 60% RH.

In contrast to the previously mentioned monomeritbenoids, the oligomeric
stilbenoids E)-e-viniferin (Fig. 3G, 3H) and ampelopsin A (Fig. 31) did not exhibit
significant increases in their levels during carerage after pruning; this was
irrespective of RH during storage. This confirmsttithese oligostilbenoids are not
biosynthesized after pruning, consistent with tesults of Gorena (2014) [3] and
Houillé (2015) [16].

In addition to the stilbenoids discussed abovdyeogylated monomer and an oxidized
dimer were also observed after storage; howeves, tould not be further identified.
The oxidized dimer (compound 17) was present iriceable concentrations in the
Pinot Noir canes (up to 868 + 14 mg/kg DW B¥£-viniferin equivalent) but not in the
other varieties.

The induction of stilbenoid biosynthesis in prureathes is triggered by stress. Canes

activate an intricate defense strategy in resptmsestress stimulus. In addition #®){
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resveratrol, E)-piceatannol, andH)-piceid, a few other stilbenoids may also be
involved in the responses of canes to stress. fidhaction of glycosylated and oxidized
stilbenoids that act as phytoalexins has been tegpd27]. The accumulation oEj-
piceid inin-vitro-grown Vitis cells induced by an elicitor such as methyl jasn®as
also been reported [27], as has the glycosylatiod peroxidation of phenolic

compounds to yield phytoalexins as part of a defenschanism [27].

3. 5. Changes in proanthocyanidin levels in canesidng post-pruning storage

The change in the concentration of flavan-3-ol sudiiring the post-pruning storage of
grape canes differ in their levels in canes aftanmg (Fig. 4). While the concentration
of (-)-epicatechin showed a distinct decrease aftedays of storage at 60% RH in all
the varieties (Fig. 4A), there was a certain détathis decrease in the case of storage at
70% RH (Fig 4B). The level of (+)-catechin in Tintoa, the teinturer variety, was
much higher than those in the other varieties, shight variations in the level observed
during storage. On the other hand, the other vesiegtontained (+)-catechin in lower
levels, with the level decreasing in some cases.

The concentration of procyanidin B1 also varie®@% RH (Fig. 4E), with no distinct
trend being observed. On the other hand, at 70 % iRitally, the concentration
increased after 15 days of storage and then dextg#dg. 4 F). However, the final

concentrations in both cases were similar.
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A prodelphidin dimer was quantified for the firstne in grape canes. The highest
concentration observed for this dimer in the stddiarieties was 288 + 4 mg/kg as
procyanidin B1 equivalents, while that for procydiniB1 was 829 *+ 18 mg/ kg and that
for the procyanidin dimer (compound 4) was 281 *rhdg/kg as procyanidin Bl
equivalents. The concentration of the latter desgdaslightly during storage in some
cases (Fig. 41 and 4J).

A decrease in the proanthocyanidin level and allehracrease in the stilbenoid levels
has been reported for winegrape skins subjecteghgdration [28]. In these skins, the
flavan-3-ol levels were measured under both fadtsdow dehydration. (-)-epicatechin
was depleted after slow dehydration but not afiprd dehydration. Furthermore, when
the amount of water lost was low, the level of ép)eatechin increased [28]. The
present data show that the levels of (—)-epicatechthe grape canes stored at higher
RH (70%) increased, probably because the amoumiatér lost over this period (15
days of storage) was low. On the other hand, thel ldecreased significantly after

longer storage.

4. Conclusions

In this study, HPLC-DAD-FL-MS/MS was used to idéptstilbenoids such asEf-
resveratrol, [E)-piceatannol, )-e-viniferin, (E)-piceid, ampelopsin A, andE)-vitisin B,
and hopeaphenol in pruned grape canes stored fimdpeof up to three months. The
compounds tentatively identified were palliddE){w-viniferin, and E)-5-viniferin. In
addition, a glycosylated stilbene monomer, a methamonomer, and three oxidized
dimers were also detected. Flavan-3-ol units such+gcatechin, (-)-epicatechin, and

the proanthocyanidins procyanidin B1, B2, and Glwall as an unknown procyanidin
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dimer, a trimer, two prodelphidin dimers, and maatade procyanidin were also
identified.

The proposed chromatographic method, which is shahd faster, allows for the
simultaneous quantification of the primary proamtfanidins and stilbenoids present in
grape canes within 24 min using an HPLC column dbase core-shell particle
technology. The combined use of a DAD and a FLaeten series helped to improve
sensitivity for €)-piceid and proanthocyanidins.

Using the developed method, we observed that theerdrations of monomeric
stilbenoids among the canes stored at 60% RH werad twice that of those stored at
70% RH. We conclude, therefore, that the relativenidity has an inducing effect on
the biosyntheses of monomeric stilbenoids duringecgtorage. On the other hand, the
levels of (—)-epicatechin, and to a smaller exténdse of procyanidin B1 and the
prodelphidin dimer, decreased progressively duigage storage. At 70% RH, the
concentration of (—)-epicatechin first increased dnen decreased, with the overall
concentration being lower than that observed at B8%

Hence, these results confirm that the proposedtgatve HPLC-DAD-FL method is
suitable for monitoring changes in the concentrstioof proanthocyanidins and
stilbenoids in stored canes owing to its high daiitsi. Furthermore, because it allows
for the simultaneous quantification of proanthogglars and stilbenoids, it can also be
used to quantify these two types of antioxidantstirer matrices.
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Supplementary material Capitulo 3 seccion 1:
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Figure S.I HPLC-DAD-MS/MS chromatogram for identification stilbenoids and
proanthocyanidins for cane extract. (A) absorbasic806 nm, (B) absorbance at 280
nm, (C) fluorescence detection at 330 nm and 374(Bijnfluorescence detection at 230
and 320 nm.
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Table S.1 Chromatographic parameters calculated for a skrgngradient for grape

cane extract development in a second C-18 coré-ablamn (150 x 4.8 mm, 2.6m of

particle size, 1.6m of nucleus and 12% of carbon load).

Critical t' Rs N H k
peak pairs (min) (nm)
(+)-catechin 2.63 % 5167+ 950 29.04+ 2.11+0.02
0.02 1.11
Procyanidin 3.01+ 222 + 10051+ 212 14.92+ 2.42+0.03
B2 0.01 0.19 0.31
Ampelopsin 7.25+ 38820+ 1932  3.87+£0.18 6.23+0.01
A 0.00
(E)- 7.40 £ 1.05+ 39940+ 1980 3.8+£0.57 6.37£0.08
picetannol 0.00 0.01

N: number of theoretical plateRs: resolution,H: Height Equivalent to a Theoretical

Plate k: retention factor.

Separation conditions: The injection volume was 104L at 30°C and the flow rate

was 1.3 mL/min. The %B increased from 10% to 15%.3 min and subsequently to

20% at 1.8 min, 24% at 2.6 min, 28% at 5.0 min, 28%.0 min, 30% at 9.0 min, 40%

at 13.00 min, and 70% at 17 min. Next, the colunas washed with 100% B for 3 min

and equilibrated with 10% B for 3 min.
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Capitulo 3: Seccion 2
Hidrdlisis alcalina, enzimatica y golpe de calor djcados en sarmientos de vides:
evidencias claves que apoyan el origen biosintétide estilbenos monomeéricos en

sarmientos con guarda post-poda.

Resumen:

Los sarmientos son residuos lignocelulésico com gratencial debido a los altos
niveles de estilbenoides. La guarda luego de la pledos sarmientos de vides es clave
para gatillar el incremento de estilbenoides, po@mente E)-resveratrol y [E)-
piceatanol. Se aplic6 a sarmientos con 2 dias @edguprocesos de autohidrélisis,
hidrolisis enzimética y alcalina. Estos procesogmmentaron los niveles de estilbenos
monomeéricos en sarmienos. Ademas se monitoreniVeses de los estilbenoides en
sarmientos a los que se aplicé un golpe de calgrg@°C) previo a la guarda post poda
en condiciones de temperatura y humedad controladaniveles de oligoestilbenoides
no aumentaron significativamente luego de la pgdajue no se registré un aumento de
(E)-resveratrol ni deE)-piceatanol. Los resultados apoyan el origen deftilbenoides

monoméricos se deba a la biosintegisiovo
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1. Materiales y métodos:

1.1.Muestras de sarmientos para hidrdlisis:

Los sarmientos de vides de la variedad Pinot Mgeron recolectados en la vifia
Chillan, valle del Itata, region del Bio-Bio en iemno de 2016, luego de 2 dias
almacenados a temperatura ambiente fueron congegd@0°C en bolsas plasticas,
mientras que otra fraccion de sarmientos fueromdgukns luego de la poda por 92 dias
a 70% de humedad relativa a 20°C (camara de ciMaxmmert HPP 110).

1.2.Muestras para monitorear estilbenoides luego den golpe de calor:

Los sarmientos de vides de la variedad Pinot Noardn recolectados en la vifia
Chillan, valle del Itata, region del Bio-Bio en iewmno de 2016. Inmediatamente
después de la poda fueron dejados en una estufa poras a 60°C. Posteriormente
fueron almacenados (camara de cultivo Memmert HRI én temperatura y humedad
controladas (70% humedad relativa, 20°C) por aloadi2 semanas luego de la poda.
1.3. Extraccion:

Los sarmientos fueron liofilizados, molidos y fim@nte se procedié a extraer los
estilbenoides acorde a la metodologia descritd eapdtulo 3 en el numeral 2.3 de la
seccion 1.

1.4. Autohidralisis :

Los sarmientos fueron pre-tratados para ser enziamd¢nte hidrolizados. El
pretratamiento consiste en una autohidrélisis (de) residuo de la extraccion del
sarmiento. Para autohidrolizar se autoclavo pornama y media a 100°C.

1.5. Hidrolisis enzimética e hidrolisis bésica:

La figura 1 ilustra los procesos hidroliticos reatlos. Una mezcla de celulasas,
hemicelulasasf-glucosidasas comercial (Cellic Ctec3, Novozyme)usiézo para

hidrolizar el residuo de sarmiento. Para sabeaftdidad de enzimas a emplear acorde
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al substrato, se emple6 el método de reactivo ddfBrd (Biorad-Sigma) en el lector
de microplacas (Synergy/ HTX). La hidrolisis enziité se realizd en oscuridad.

Se siguieron las recomendaciones de proveedorllde@c 3 para hidrélisis. Para 0.5
g de sarmiento seco se agrego Cellic Ctec 3 (38BWp en 5 mL de buffer citrato (pH:
4.8). Se dejo sellado en agitacion continua (188)rp 50°C por 3 y 6 horas. Se
centrifugo por 1600 rpm durante 5 minutos extrapdecel sobrenadante del sarmiento.
Posteriormente se procedio a realizar una extraccio

Para la hidrélisis basica se utilizé 1g de resideosarmiento, se adicioné 8 mL de
NaOH (1.13N) por 30 minutos a una temperatura@€ 7 con agitacion constante a
160 rpm. Posterior a la hidrdlisis basica se pmcentré con sephadex LH-20 previo

analisis por HPLC-DAD-FL.

Sarmientos Ao
Pinot Noir ﬁs
et

E — Z—
2y 92dias 2y 92 dias de
guarda post-poda guarda post-poda
\\/ / \\_//

w AL | 2
Extraccién * ' Extraccién
EtOH:H20 (80:20 v/v) | | EtOH:H20 (80:20 v/v)

i | | 1 1
Auto hidrélisis del residuo <5
100°C, 90 min Hidrélisis basica del residuo
(8 mL, NaOH 1.13N, 30 min,
05g 160 rpm, 70°C)
Hidrdlisis enzimatica del residuo ﬂ HA1.0N

(3.5 % w/w, 185 rpm, 50°C,

pH=4.8) Extraccion *
EtOH:H20 (80:20 v/v)
3hr 6 hr ﬂ

‘ * Preconcentracion con Sephadex LH-20,

Extraccion

elucion con acetona:agua ( 75:25 v/v)
EtOH:H20 (80:20 v/v)

* La concentracion corresponde a la suma de los estilbenoides por HPLC-DAD-
FL de los extractos etanélicos.

Figura 1: esquema ilustrativo de las hidrélisis efectuadasesiiluos de sarmientos de

vides.
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1.6. Cuantificacion de (poli)fenoles por HPLC-DAD-FL:
La cuantificacion de los estilbenoides se realiegus la metodologia descrita en la

seccion 1 del capitulo 3 numeral 2.5

2. Resultados y discusion:
Dado que en sarmiento fresco los estilbenoidesigmodencontrarse unidos a otras
moléculas como celulosa, lignina o taninos, fue ueeglo hidrolizar
enziméaticamente. Con este fin se contemplé unaaew@ pre tratamiento
equivalente a una autohidrdlisis. Ademas se efeetzdhidrdlisis alcalina. Esto se
realiz6 tanto para sarmientos con 0, 2 y 92 diagudeda post-poda. Los resultados
se resumen en la figura 2.
El incremento de los estilbenoides totales en sanos sometidos a procesos
hidroliticos no es significativo. EI aumento de loiseles de E)-resveratrol en
sarmientos con dos dias de guarda hidrélizadosnétizamente o con hidrolisis
alcalina corresponde al 1.4 % de los niveles E)erdsveratrol cuantificados en
sarmientos con 92 dias de guarda post poda.
Si el residuo de extraccion se somete a autohsis@in o con hidrdlisis enzimatica,
se observa esencialmente la aparicién de un dioxédado de estilbenoide, pero no
de los principales compuestos de interés, coB)e-{iniferina, (E)-piceatanol o
(E)-resveratrol. Este Ultimo estda practicamente aeseat sarmientos recién
cortados (0 dias guarda), e incrementa a los dus @ guarda, gatillado por la
poda. Existe un incremento de niveles muy sigrificade E)-resveratrol luego de

92 dias de guarda.
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Figura 2: Niveles de estilbenoides sin y con procesos Hiilros del residuo de
extraccién de sarmientos de vides Pinot Noir catirdbs tiempos de guarda post-poda.
Solo Extr: extraccion con etanol: agua (80:20 v/v) asistida cltrasonido,Au:
Autohidrolisis, H. Enz: hidrdlisis enzimaticaH. Bas: hidrdlisis basica. La barra de

error corresponde a la desviacion estandar dena sle los estilbenoides.

Los sarmientos de vides aumentan los nivele€geeSveratrol y )-piceatanol luego
de la poda (Vergara et al., 2012, Gorena et al42Bwald et al., 2017). Los sarmientos
de vides de Pinot Noir provenientes de la vifia l@hikin el golpe de calor aumentan
sus niveles de estilbenoides, principalmenteEjadsveratrol (2274 £62 mg/kg) y de
(E)-piceatanol 179+ 6 (mg/kg) (Capitulo 3, seccion 1)

Al exponer los sarmientos a 60°C y luego almacesah condiciones de temperatura y
humedad relativa controlada no se evidencia aumedestoE)-resveratrol vy E)-
piceatanol en las semanas posteriores a la poda.niveles de K)-resveratrol se

mantienen en 80 mg/kg ¥)-piceatanol en 30 mg/kg (Figura 3).
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Figura 3: Estilbenoides monitoreados luego de la poda enisatos expuestos a un
golpe de calor previo a la guarda post-poda a 7@%udnedad relativa y 20°C.

Estos resultados apoyan a lo reportado por Hoefil., 2015. EIl golpe de calor en los
sarmientos estaria afectando a la enzima respendalta biosintesis de estilbenoides:
la estilbeno sintasa (STS). Por lo tanto el sartoies incapaz de sintetizar estilbenos
inducibles como K)-resveratrol y [)-piceatanol manteniendo los niveles bajos y
constantes a diferencia de los niveles de estildeaao inducibles como ampelopsina
Ay (E)-e-viniferina que se mantienen constantes semaegs lde la poda.

3. Conclusiones:

El monitoreo de los estilbenoides luego de la gu@akt poda en sarmientos a los que
se aplico un golpe de calor apoya la evidenciaute ()-resveratrol y E)-piceatanol
son estilbenoides inducibles. El proceso de auttséhisis, hidrolisis enzimética e
hidrélisis basica no favorece el aumento de loslas/de estilbenoides monomeéricos.
Estos resultados sumado a los antecedentes bifimag (Houillé et al., 2015, Ewald et
al., 2017, Billet et al., 2017) llevan a concluimeqel aumento de los niveles de los

estilbenoides monoméricos no se deben a que estdalmente unidos a estructuras
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celulares en sarmientos, sino a que son biosiatkizde novo La clave para
aprovechar integramente el potencial del sarmigrgatillar la biosintesis esta en una

guarda post-poda apropiada.
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Abstract.

Grapevine canes, a pruning-derived by-product, ggss& great amount of bioactive
(poly)phenolic compounds belonging to different i@l classes, thus, having a good
potential for further valorization. However, in erdto properly design valorization
strategies, the precise chemical composition of thaterial has to be known. Up to
now, this chemical characterization has been basednalysis of different groups of
components individually due to difficulties relatedtheir huge chemical variability. In
this work, a comprehensive two-dimensional liquidraznatography-based method
(LCXLC) is developed to obtain the profiles of (pghenolic compounds present in
grapevine canes from several varieties. Three rdifiteset-ups have been tested and
compared; the combination of diol angs€olumns produced the best results, allowing
the characterization of the (poly)phenolic profite around 80 min. This way, 81
different components were detected in the samphest of them could be tentatively
assigned using the information provided by the DADJ MS detectors employed.
Indeed, it has been possible to detect in a simgle components belonging to
stilbenoids, procyanidins and prodelphinidins ofyitrag degrees of polymerization,
some of them not formerly described in this natw@lirce. The method has shown
extremely good separation capabilities, and is attarized by high practical peak
capacity (842) and orthogonalitgg= 78%). The obtained results demonstrate iz
vinifera L. canes may retain a great potential to be usednaunderexploited natural

source of bioactive compounds, with potential aggtlons in different fields.

Keywords: LCxLC; Grapevine canes; Stilbenoids; Phenolic coomals;

Proanthocyanidins
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1. Introduction.

Management of agricultural and food-related by-pidg and wastes is an important
issue nowadays worldwide. Industrial practices teelato food production are
responsible for the generation of a huge amountirefanted materials at different
levels. Traditionally, these wastes have been efseenergy generation and/or feed
production [1]. Nevertheless, this approach isrtyeaot efficient enough to deal with
such a high amount of different by-products. Fas teason, different alternatives have
appeared in the last years proposing new wayshiwvalorization of agricultural and
food industry by-products [2], considering thatigngicant part of those wastes are still
rich on interesting components, such as bioactilmdeed, at present, the complete
valorization of all the residues and by-productseyated is a particular production
chain is ideally sought, through the applicatiorth@& modern concept of biorefinery [3].
Among the different agrofood-related by productgpgvine Yitis viniferaL.) canes
are a promising source of different bioactive comgus, basically, phenolic
compounds. Canes are a pruning residue which is pnotessed for extensive
valorization as they are normally burnt or compdgtd. Among the bioactives present
in this material, stilbenoids are commonly pointaat [5], although others such as
proanthocyanidins are also present. Stilbenoidsiareflavonoid phenolic compounds
which are related to defense mechanisms in plasis @esponse to different stresses.
The basic structure of those found in grapevinesbased on theef-resveratrol (3,5,4
trinydroxystilbene) chemical structure, which isalthe most abundant compound in
grapevine canes after post-pruning storage. Howeveractions such as
photoisomerization, glycosylation and oligomeriaatiare responsible for the complex
chemical pattern that can be found in the plant [6Fluding monomers K)-

piceatannol, K)-piceid), dimers @)-¢-viniferin, (E)-o-viniferin, ampelopsin A,
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vitisinol C), trimmers (E)-miyabenolC), and tetramersE}¢vitisin B, (2)-vitisin B,
hopeaphenol, isohopeaphenol), among others. Moretve levels of (E)-resveratrol
and some other related minor stilbenoids are slyotgpendent on storage conditions
of canes (time, temperature) after pruning. It b@sn observed that pruning triggers a
very significant increase in stilbenoids levelsjmha(E)-resveratrol, in grapevine canes
[6,7], which is induced by the stress affecting Wegetal material during post-pruning
storage. The increase of the activity of the stithd synthesizing enzyme during this
period has been already reported [7], indicatingt tthe biosynthesis is activated.
Interestingly, this increase is not observed ifibgetal material is not cut or if it is kept
frozen or ground after soon after collection [S5Bifferent beneficial health effects and
bioactive activities have been ascribed Ep-resveratrol as well as to other stilbenoids
[8], thus, highlighting the interest on these nateomponents.

On the other hand, proanthocyanidins, are flavah-Belymers which can be linked
through multiple ways and degrees of polymerizatgiving rise to extremely complex
patterns [9]. As for stilbenoids, proanthocyanidare regarded as responsible for a
number of bioactivities, including antioxidant, la¢gprotective, anti-inflammatory,
antibacterial or anticancer effects, among othd&]. [ Different proanthocyanidins,
mainly procyanidins, have been already describedjyrapevine [11], although the
natural chemical variability may still be concealhak to difficulties in their analysis.
Consequently, the presence of this complex arraypaly)phenolic compounds makes
grapevine canes a potentially interesting matdaalthe development of valorization
processes.

However, to produce an efficient valorization of st&s, not only environmentally
friendly extraction and processing techniques aeded to obtain the compounds of

interest, but also an exhaustive chemical chaiaateyn of those materials is required.
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In fact, it is of utmost importance to preciselyolnthe chemical composition of a
particular by-product in order to devise stratedadts valorization. In this regard, the
already mentioned extremely complex pattern ondtieas present on grapevine canes
implies that typically used one-dimensional sepanaapproaches may not provide the
separation and identification power enough to reveare in detail the chemical
composition of these wastes. It is precisely ons Kind of complex natural samples
where comprehensive two-dimensional liquid chromgetphy (LCxLC) may provide
with the required additional separation capabditieCxLC is based on the coupling of
two independent separation mechanisms that allaynifsiant improvements on
resolving power and peak capacity [12]. By using tbn-line approach, the entire
sample is subjected to two independent separatechanisms continuously; although
different combinations between separation mechanieay be applied, the one
involving hydrophilic interaction chromatography I(HC) coupled to reversed phase
(RP) separations has shown a very good potentigidtyphenols analysis [13]. In any
case, the application of this coupling is not gfinfiorward due to multiple factors that
should be optimized [14,16], being one of the nmiwgtortant the transfer from the first
dimension D) eluent to the second dimensiofD) continuously, due to solvent
incompatibility. Although, this technique has bedready employed for the analysis of
different types of polyphenols and matrices [17,ta now, it has not been used for the
profiling of grapevine canes. Thus, the aim of thgk is to profile and characterize the
complex mixture of (poly)phenolic compounds congginin grapevine canes, mainly
stilbenoids and proanthocyanidins, in a single tlwough the use of a HILICxRP
method coupled to tandem mass spectrometry. Thelaj®d method is then applied to
reveal differences on the chemical composition betwtwo red grapevine varieties

stored for 3 months after pruning to foster aruanalation of stilbenoids.
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2. Materials and methods.

2.1. Samples and chemicals.

Grapevine Yitis vinifera L) canes from the varie®inot Noirwere collected from Itata
Valley (Concepcion, Chile) and canes from the wgrgabernet Sauvignowere from
Maipo Valley (Santiago, Chile) in the winter of Z)JAfter pruning, both samples were
stored at room temperature during three monthsn,Tihe grapevine canes were ground
and frozen at -20°C. Extraction of (poly)phenolempounds from dried canes was
carried out by solid/liquid extraction. Briefly, 50L of acetone/water (80:20/v) were
added to 5 g of ground grapevine canes. The salwtias sonicated (Elma, Singen,
Germany) for 15 min. After that, the mixture wapkim darkness during 2 h and then it
was again sonicated for 15 min. Finally, the solutivas centrifuged for 20 min at 8000
rpm, the acetone was evaporated under vacuum (&mawR-210, Buchi Labortechnik
AG, Flawil, Switzerland) and lastly, the agueousrast was freeze-dried (Labconco
Corporation, MO).

HPLC grade methanol, acetonitrile and acetone \warehased from VWR Chemicals
(Barcelona, Spain), whereas acetic and formic as@le acquired from Sigma-Aldrich
(Madrid, Spain) and ammonium acetate was from Ra&n(Barcelona, Spain). Water

employed was Milli-Q grade obtained from a Milligosystem (Billerica, MA).

2.2. Instrumentation.

The LC x LC-DAD instrumentation consisted on atfitsnension {D) composed by an
Agilent 1200 series liquid chromatograph (Agilenechnologies, Santa Clara, CA)
equipped with an autosampler. In order to obtaimemeproducible low flow rates and
to minimize the gradient delay volume of the purapProtecol flow-splitter (SGE

Analytical Science, Milton Keynes, UK) was placedtkeen théD pump and the
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autosampler. Additionally, a LC pump (Agilent 129@inity) performed the second
dimension D) separation. Both dimensions were connected byelaotronically-
controlled two-position ten-port switching valveh@dyne, Rohnert Park, CA, USA)
acting as modulator equipped with two identicabBdnjection loops. Modulation time
of the switching valve was 1.3 min. A diode arr&yettor was coupled after the second
dimension in order to register evéfy analysis. Besides, an Agilent 6320 lon Trap
mass spectrometer equipped with an electrosprayface working under negative
ionization mode was coupled in series using thiefiohg conditions: dry temperature,
350 °C; dry gas flow rate, 12L min nebulization pressure, 40 psi; mass
range,m/z 90-2200 Da; ultra scan mode (2606@/s). The LC data were elaborated

and visualized using LC Image software (version Zdex Corp., Houston, TX).

2.3. LCxLC separation conditions.

The'D separation was optimized using three sets ofreofu The best conditions for
each column after optimization were:

i) ZIC-HILIC column (150 x 1 mm, 3.am, Merck, Darmstadt, Germany) eluted using
acetonitrile (A) and 10 mM ammonium acetate pH % &8 mobile phases, using the
following gradient at 1pL min~% 0 min, 3% B; 5 min, 3% B; 10 min, 5% B; 15 min,
10% B; 30 min, 20% B; 45 min, 20% B; 50 min, 30%@8; min, 30% B; 70 min, 40%
B; 80 min, 40% B.

if) PEG column (150 x 2.1 mm, Bn, Supelco, Bellefonte, CA) eluted using methanol
(0.1% formic acid, A) and water (0.1% formic adg), at 20uL min™ according to the
following gradient: 0 min, 40% B; 50 min, 10% B; in, 2% B.

iii) Lichrospher diol-5 (150 x 1.0 mm, jom, HiChrom, Reading, UK) column eluted

using acetonitrile (1% formic acid, A) and methadh@ImM ammonium acetate/acetic
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acid (95:4:1, B) at 18L min * using the following gradient: 0 min, 2% B; 10 m¥%

B; 15 min, 5% B; 30 min, 20% B; 45 min, 20% B; 5thm30% B; 60 min, 30% B;
70 min, 40% B; 80 min, 40% B.

On the’D, a pentafluorophenyl column (Kinetex PFP colurBfi,x 4.6 mm, 2.7im,
Phenomenex, Torrance, CA, USA) and g lumn (Ascentis Expressigxolumn,
50 x 4.6 mm, 2.um, Supelco, Bellefonte, CA) were used. For LC x &€alysis, the
Cigcolumn was employed under optimized conditionsedéljng on the stationary
phase used itD, as follows:

i) diol x Cig and PEG x g set-ups: water (0.1% formic acid, A) and acetdri{{0.5%
formic acid, B) were selected as mobile phaseste@liat 3 mL mift* using the
following gradient: 0 min, 2% B; 0.1 min, 2% B; h#n, 10% B; 0.5 min, 25% B;
0.7 min, 40% B; 1 min, 60% B; 1.01 min, 2% B.

i) ZIC-HILIC x C1g set-up: mobile phases employed were composed gr 1%
formic acid, A) and acetonitrile (0.5% formic acid) and were eluted at
3 mL min ‘using the following gradient: 0 min, 0% B; 0.1 m&% B; 0.3 min, 5% B;
0.5 min, 15% B; 0.7 min, 25% B; 1 min, 50% B; 1.0% B.

Independently of the column combinations, 2D aredysere performed maintaining a
column temperature of 25 °C. UV-vis spectra werbected in the range of 190-—
550 nm using a sampling rate of 20 Hz, while 2580 and 330 nm signals were also
independently recorded. The effluent from tBecolumn was splitted before entering
the MS instrument, so that the flow rate introdudadthe MS detector was ca.
0.6 mL min*. MS detection was performed as above indicatecti®e2.2).

2.4. Calculations.

2.4.1. Peak capacity

Individual peak capacitynf) for each dimension was calculated according to(Eq
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nC=1+%G (1)

where ¢ is the gradient time and w is the average peakhwihuivalent to & For'D
peak capacity'(l) calculations, the average peak width was obtafnem 10 to 15
representative peaks selected along the analyisswise, for’D peak capacity’(l), as
much as possible peaks were considered (14-22 ,pdakending on the analysis).
Additionally, 'n. was also calculated considering the broadeningifa$>, giving rise
to a correctedD peak capacity (Eq.2), considering the influenéethe deleterious
effect of undersampling. To estimatg> the sampling time Jtas well as the average

width of 'D peaks before modulation were considered:

— Nc
N¢,corrected = - 2)
1+0.21(%)

For each two-dimensional set-up, different pealacép values were estimated. First of
all, theoretical peak capacity was obtained follayvthe so-called product rule, using
Eq. (3), considering the individual peak capacigbtined in each dimension:

2Dn theoretical = 1nc X 2nc (3)

As Eq. (3) does not take into consideration theteelous effects due to the modulation
process as well as possible undersampling, a neaistic peak capacity value was
obtained from the equation proposed by Li et @],[Henominated here as practical

peak capacity (Eqg. 4):

IngX2n,

2
2 1
1+3.35x[ e "¢
1tG

being“., the?D separation cycle time, which is equal to the niaiilon time. This latter

(4)

2Dnc,practical = j

equation also includes thedx parameter accounting for undersampling. Moreotger,
more precisely compare among set-ups and in oocdewadluate possible peak clusters

along the 2D analysis and, thus, to estimate 2xrespaverage, the orthogonality
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degree Ay) was considered to offer the denominated 2D cttk¢also known as

effective) peak capacity, as follows:

2D1¢ corrected = Me,practical X Ao (5)

2.4.2. Orthogonality

Different approaches have been developed and peblito quantify the orthogonality
degree of a two-dimensional set-up [19]. In thesprg work, system orthogonalitol
was calculated according to the method proposed Gamenzuli and
Schoenmakers [20], taking into account the sprehdeaxh peak along the four
imaginary lines that cross the 2D space formin@gsterisk, that is £ Z, (vertical and
horizontal lines) and ZZ. (diagonal lines of the asterisk). Z parameter<iiles the
use of the separation space with respect to thesmwonding Z line, allowing to semi-
guantitatively diagnose areas of the separatiomwespehere sample components are
clustered, thus, reducing in practice orthogonalikgr the determination of each Z
parameter, th&, value was calculated, as the measure of spreadmgd the dine,

using the retention times of all the separated p@&akach 2D analysis.

3. Results and discussion.

Although some previous works dealt with the idecdifion of some stilbenoids [5,21]
and proanthocyanidins [22] by one-dimensional resdrphase HPLC in grapevine
canes, no comprehensive method has been developetb mow to obtain the

(poly)phenolic profile of this material. Consequgnta LC x LC method has been
developed to this aim. Based on the literature aad own experience, as well as
considering the nature of the compounds expectdak tpart of that profile (see Fig.1
for examples), the combination between HILIC x RBuld be a promising

alternative [17,23-25], although the applicatiorR&f x RP has also been explored [17].
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Fig.1. Chemical structure of some representative polyplsepresent in grapevine
(Vitis vinifera L.) canes. A) Resveratrol tetramer (Vitisin A); Byocyanidin trimer
digallate; C) Prodelphidin tetramer (3(E)C-(E)GC).

To perform a proper method optimization, differezdnditions have been tested
independently, firstly looking at the performancehiavable by three different
stationary phases in thB and then, studying their potential when combiméth a
Cus column in théD. This method optimization has been performed idemg the
available materials and instruments, which impas®aesimportant constraints, mainly
related to the maximum pressure borne by the eqnpr(®#00 bar) as well as to the
scanning speed of the available detectors (DAD M&). Thus, method development
has been guided taking some compromises, as deddogow, not only in terms of
theory but also in terms of practice (instrumelitaltations). Finally, in order to select
the most appropriate set-up for the separationhef grapevine cane samples, the
obtained results were critically compared in terofisseparation capabilities (overall

resolution, peak capacity and orthogonality).
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3.1 Separation method optimization

Unlike other previously investigated samples wharphenolic group of compounds
was clearly predominant [23-25], the studied samidhe present work are composed
of complex mixtures of varying degrees of polymatian of two different groups of
polyphenols, i.e., stilbenoids and proanthocyamidibue to this different pattern,
several stationary phases compatible with HILICasafions were evaluated for their
use in'D separation, namely, diol, ZIC-HILIC and PEG (petlyylene glycol) columns.
Diol stationary phases have repeatedly shown twigheogood retention under HILIC
mode [17], whereas ZIC-HILIC particles carry zwiitgic functional groups
(sulfobetaine) with a charge balance 1:1, alsabletfor that separation mode. On the
other hand, PEG columns were initially developed RP, although it has been
demonstrated that they can also be run under Hitd@ditions with satisfactory
results [26]. For this reason, in this work, thefpenance of the PEG column was
studied under both separation modes, as RP x RERl$@apreviously shown relatively
good performance in phenolic compounds analysidfd3 An independent
optimization of the separation conditions was panfed for each column, keeping in
mind the basic requirements imposed by the 2D geataed. This LC x LC set-up is
based on the use two identical volume samplingdoogtalled in the switching valve in
order to allow the continuous collection and inj@atof 'D effluent on théD. Hence,
separations as slow as possible in'heare preferred (from 10 to 1@ min™,
typically) while very fast separations are needegérform quickD separations (3—
4 mL mint) and to maintain the modulation time (and transfelume) as short as
possible. The use of such low flow rates in‘fBdimits, in turn, the morphology of the
column. It has been repeatedly reported that mamehand narrow columns can provide

with the needed efficiency at low flow rates. ThHe@cteristics of the columns tested
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are shown in Table 1. One of the studied grapesamples was used as a model, and
different mobile phases, gradients and flow rafesy( 15 to 25iL min™) were tested
for each column, including acetonitrile/formic acidacetonitrile/acetic acid,
methanol/water/acid or methanol/ammonium acetatéfebumixtures in different
proportions. After careful study of the obtainedsulés, the optimum separation
conditions for each studied column are reportedéttion 2.3. The best conditions
involving the use of the PEG column were found uriRlé conditions. When operated
under HILIC-compatible conditions, the PEG columid diot produce satisfactory
retention of the studied compounds. In any caseé worth noting that the internal
diameter of the available PEG column (2.1 mm) wadewthan those from the other
tested columns. This fact implies that the useeflinvelocity is far from optimal values,
which means that the obtained separation couldheeretically further improved,
although higher flow rates, which are not practigal this application, would be
required. Fig. 2 shows typicdD chromatograms obtained under optimum separation
conditions for each column. As can be observeddgmak distributions were obtained
with the three tested columns, although the didlirom was the only one allowing a
separation between stilbenoids and proanthocyamidieak capacity values were
calculated for the three optimized separations.ufesare given in Table 1. The
undersampling correction factopxwas also considered to reduce the theoreligals

a result of undersampling (Eqg. (2)), including #aanpling time ¢ later on applied in
LC x LC experiments (see below). As can be obsertee diol column produced
higher peak capacity values, followed by the PE@ AIC-HILIC columns (25, 23 and
19, respectively). However, this value should na& the only one taken into
consideration to select the b&Btseparation method, as increment&Drpeak capacity

do not produce enhancements in the two-dimensipeak capacity beyond a certain

177



point because undersampling get worse as a rekuatiroower'D peaks (unlesYc is

significantly increased) [27].

Table 1. Comprehensive two-dimensional method parametqaiealto the profiling of

(poly)phenolic compounds from grapevine canes.

Diol x Cqg PEG x Cg ZIC-
HILIC x C 15
L (mm) 150 150 150
.D. (mm) 1.0 2.1 1.0
Particle size um) 5 5 3.5
D Flow rate (uLmin™) | 18 20 15
w (min) 3.01 3.60 3.40
n 32 27 23
<p> 1.28 1.20 1.22
'n; corr. 25 23 19
D w(s) 1.4C 1.4C 1.4¢
’n, 44 44 41
Analysis time (min) 92 92 75
ts 1.73% 1.446 1.5%
Modulation time (min) | 1.3 1.3 1.3
LC x LC | &inj (V 'D effluent) | 30puL (23.4pL) | 30pL (26 uL) | 30uL (19.5uL)

Z

Z;

Z.

Z

Ao

2Dn. theoretical
2D, practical
2Dn. corr.

0.93

0.95

0.91

0.75

78%

1408
1080
842

0.85
0.91
0.42
0.60
45%
1188
961
432

0.97
0.91
0.72
0.77
70%
943
768
538

<p>, averag€D broadening factorn. corr.: calculated according to Eq. (2) t

sampling time A, orthogonality?°ne meoretical "Ne X “Ne; *"Ne praciical Calculated according

.2D .2D
to Eq. (4);7"nc COIT.:“"Ne practicalX Ao
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ZIC-HILIC
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Diol

10 20 30 40 50 60 70 80 90

1D time (min)
Fig. 2. First dimension chromatograms (280 nm) correspunth the separation of the
polyphenols found in a grapevine cane extract uragimum conditions for each
column. For separation conditions, see Section 2.3.
The three columns studied iB were then tested in a LC x LC set-up in combaorati
with a short partially porousigcolumn (50 x 4.6 mm, 2,/m). The use of relatively
short columns with partially porous materials alboabtaining high efficiency values
and fast separations, significantly reducing baekpure compared to subg®
columns. In our application, control of pressureaassult of théD separations is of
utmost importance, as the available switching vadwel DAD are not designed to
operate at pressures above 400 bar. As can be atbduem the literature [17],
Ciscolumns offer unparalleled retention for most oblmhed applications involving a
RP separation ifD. In spite of this, we also studied the possipilif using a PFP

(pentafluorophenyl) stationary phase’h maintaining column morphology, although
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that column did not provide comparable results gdadt shown). For each of the
studied set-ups, tHf® separation conditions were independently detezdhimptimum
separation conditions are shown in Section 2.3 Fekte was always maintained as fast
as possible in order to redut® analysis time, although gradients shorter thamirl
did not produced successful separations. On ther dthnd, highe?D flow rates were
avoided due to increased pressure drop and laekadigh sampling rate in the DAD.
For these reason, to@ analysis times were kept at 1.3 min, in ordealtow column
re-equilibration for 18 s. Moreover, the transf@lume, determined by the available
sampling loop volume was also considered. For tineet couplings, two 30L loops
were employed, which provided higher volume thamcty required according to
the'D flow rate and modulation time employed (Table Hpwever, we previously
demonstrated that by using this additional spaaeh éraction being transferred was in
practice diluted at the head of iz column with?D initial mobile phase. This dilution
effect has been demonstrated to be effective tocef peak distortion related to
solvent incompatibility between dimensions [23]nsimering that there was a solvent
strength mismatch in every LC x LC coupling studiede.

The results obtained after the application of eaghtimized LC x LC set-up are
illustrated in Fig. 3. To make a quantitative conmaan of the separation capabilities of
each combination, the number of separated peak®wardll resolution, peak capacity
values, as well as orthogonality were considerédtl¥, it is important to note, that
although 1.3 min cycles may seem too long, the itiomd applied in both dimensions
allowed to minimize possible negative effects daeuhdersampling. Considering
peak widths before modulation, sampling times ff@nto ?D were estimated; obtained
values in the three studied set-ups were alwayerfalsan the recommended rate by

Murphy, Schure and Foley [28] (i.e., 4 cuts perkpehus, 2), as it can be observed
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in Table 1. Theoretical peak capacity values derivem the application of Eq. (3) are
shown in Table 1. As it can be noted, the set-wpluing the use of the diol column
provided the highest value(. = 1408). Moreover, in order to give more realistic
values, the practical peak capacity (accordingdo(&)) was also calculated. This way,
the effects of undersampling are also considefrese deleterious effects are related to
the re-mix of already separated compounds in‘Eheluring the collection of thD
effluent in the modulator. Although one of the press of LC x LC is that none of the
resolution obtained in th® is lost in theé’D, in practice this can never be completely
achieved [27]; for this reason, the estimation eflp capacity should include the
possible losses dD peak capacity related to undersampling. Using #gproach,
practical peak capacity values of the diol 26, PEG x Ggand ZIC-HILIC x Gg set-
ups were 1080, 961 and 768, respectively. Stilis iimportant to keep in mind that
these peak capacity values are not the real numibpeaks that could be separated
along the 2D space because there are areas ob thigr@matogram where peaks do not
appear. To evaluate the 2D separation space cajevepogonality degree in each set-
up was calculated. This parameter gives a meagube separation quality and allows
the comparison between different 2D approachesteBysrthogonality A)) was
calculated taking into account the spread of eadk@long the four imaginary lines
that cross the 2D space forming an asterisk, taf,iZ, (vertical and horizontal lines)
and Z Z. (diagonal lines of the asterisk) [20]. The ZIC-HILx C;g coupling provided
anAo of 70%, due to a good spread of the peaks aroyrahd@ 2 lines (97 and 91%,
respectively). The PEG x;gset-up possessed Ap- 45%. This moderated value is
related to the poor spread of peaks around thand Z lines (42 and 60%,
respectively) as can be observed in Fig. 3B, wlaepeak clustering occurs on the Z

axis with a low spread. The best orthogonality rdegwas achieved with the
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diol x C;g coupling obtaining al, of 78% (Fig. 3A) corresponding to a high peak
spreading around the four axis (93% 95% 24, 91% Z and 75% 24). Interestingly, as
expected from theory, those set-ups involving al8lk RP coupling (Fig. 3A and C)
provided with higher orthogonality values than Rié x RP set-up involving the use of
the PEG column (Fig. 3B), for this application. Gumlering orthogonality values,
corrected peak capacities (€q?%)cor) attained in the diol x {§ PEG x Ggand ZIC-
HILIC x Cygset-ups were 842, 432 and 538, respectively. Thdicapion of this
correction factor allows a fairer comparison amaeg-ups, as the whole coupling is
evaluated, not only in terms of each dimension isgply but also looking at the 2D
separation obtainable once coupled. Consequerstlgaa be deduced from Fig. 3, the
best conditions were produced using HILIC x RP gisirdiol column in théD coupled

to a Ggcolumn in theD. Moreover, as it can also be inferred from Figthe bestD
peak distribution along the available analysis tiwas obtained using the diol column,

thus, further justifying the use of the mentionetgp in the present application.
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(min)

10 20 30 40 0 'DZIC-
HILIC
(min)

Fig. 3:Two-dimensional plots and orthogonality valuég)(obtained using each first
dimension column studied (A, diol; B, PEG; C, ZICEKC) coupled to the partially
porous Gg column in the second dimension under optimizedditimms. Dotted lines

define area occupied by peaksr detailed separation conditions, see section 2.3
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3.2. Characterization of the (poly)phenolic profile of grapevine canes by
HILIC x RP

The optimized method was then applied for the attarzzation of the (poly)phenolic
profile of canes of two different grapevine vamsti specificallyPinot
Noir andCabernet SauvignonThe analyzed canes were derived from the pruning
different vineyards. After pruning, the canes wetered at ambient temperature for
three months. This period was demonstrated to ekil® promote the synthesis of the
bioactives present [6]. The 2D plots of the studsmmples under the optimum
conditions are shown in Fig. 4. In order to chaedze the separated components, a MS
detector was also hyphenated to the LC x LC inséntmThe MS used consisted of an
ion trap equipped with an electrospray (ESI) irsteef working on the negative
ionization mode. Although this analyzer providedhaiseful MS data, this instrument
does not provide with high scanning speeds, whiehvery desirable in LC x LC,
considering the fast separatiodB) that are carried out just before detection. &abl
summarizes the tentatively identified compoundsdth grapevine cane extracts as well
as the corresponding data related to their UV—ui S spectra. As can be observed
from this Table 2 and Fig. 4, most peaks were deteinn both varieties, although some
others were uniquely found in just one of them. Anahe assigned compounds, two
families were mainly present, namely proanthocyasidandstilbenoids. In general,
compounds eluted from tH® according to increasing degree of polymeriza(ipR);
monomers and smaller oligomers were predominaoiyd in the first section of the
2D plot (first 23 min). These compounds were theshabundant in both samples with
higher intensities.

Catechin and epicatechin (peaks 5 and 6, respgdtiveere the only flavan-3-ol

monomers detected in the studied samples. Thesectmgpounds are the basic
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components of procyanidins; as can be observedilieT2, the chemical pattern of
procyanidin oligomers in grapevine canes was vemalex. Moreover, catechin and
epicatechin, together with (epi)gallocatechin, aeet of prodelphinidins, the other
group of proanthocyanidins found in the studied @as Several procyanidins with DP
2 and DP 3 could be tentatively assigned thankghe&ir typical molecular ions
atm/z577, 579 and 865, depending on the type of linkdgese compounds also
presented characteristic fragment ions correspgndimetro-Diels-Alder (RDA) fission
(-152Da), heterocyclic ring fission (HRF126Da), and quinone methide (QM)
fission 289Da) [29]. Moreover, other mono- and digalloylatdichers and trimers
were also found (peaks 42, 62, 66 and 67). An elawipthe MS and MS/MS spectra
of a procyanidin trimer digallate as well as it®grsed fragmentation pattern can be
observed in Fig. S1. The typical fragmentationgrattof these components which was
already described for other samples [23] was thefée their identification, including
the presence of fragments derived from differessifin pathways [29]. It has to be
pointed out that procyanidins are extensively presm different grape-related
components, such as skins, seeds and even wine [B@ other type of
proanthocyanidins identified in these samples wasdgiphinidins. In this case,
different compounds containing a DP from 2 to 5Idobe assigned, having also
different degree of galloylation. In Table 2, tleatative monomer composition of each
prodelphinidin is included in agreement with thel@calar ion and main MS/MS
fragments detected. For instance, both prodelpinimiothers detected (peaks 39 and 41)
possessed identical molecular ionmét 593 ([M-H]), producing MS/MS fragments
revealing the presence of (epi)catechinz(289) and (epi)gallocatechinm(z 305)
(through QM fission). However, in the case of highmlecular weight components, the

chemical variability was more complex. For prodéfudin trimers, three different
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structures appeared, formed by: two (epi)catechoneties and one (epi)gallocatechin
(peaks 52, 53, 56 and 58) witizat 881 ([M—HJ); a (epi)catechin unit with two
(epi)gallocatechin moieties (peak 61) witfkzat 897 ([M-H]), and; a galloylated
trimer (peak 65). Likewise, different tetramers lcobe described in the samples with
different basic structure and degree of galloyfati(peaks 68, 70, 71 and 72).
Interestingly, some of these components were deleas doubly-charged ions. It is
important to remark that this is the first workvitnich prodelphinidins are described in
grapevine canes. In any case, the clarificatioproflelphinidin oligomers is sometimes
not possible only with the information provided tye MS and MS/MS spectra due to
the fact that these complex molecules may preséfereht degrees of galloylation as
well as different number of (epi)gallocatechin noolles. This implies that some
different oligomers may have the sam& and main MS/MS fragments, making the
unequivocal assignment very difficult. This is ttese of peak 72 that presents a [M-
2H]* atmyz 828.6 and could correspond to a prodelphinidirateer trigallate or to a
prodelphidin pentamer monogallate. The MS and MS/8p®ctra of this peak are
shown in FigS1C and D, as well as the tentativebppsed fragmentation pattern of
both identification options. The use of a high feson MS analyzer would potentially
improve the attainable results as well as the ifleation certainty through the

acquisition of accurate mass values
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Table 2: Main polyphenols detected in the grapevine caaeges using the optimized

HILICXRP-DAD-MS/MS method. (E)C, (epi)catechin; &F, (epi)gallocatechin;

(E)GCG, (epi)gallocatechin gallate.

Total

2 .
Peak t, t D [M-H] - M]:';un MS/MS Identification proposed
(min) (s) ragments

1 10.0355.80 227.2 210, 185, 159 trans-Resveratrol
435, 413, 361, 34¢ )

2 10.11 60.60 453.0 335 293, 239, 228 Resveratrol dimer

3 11.26 51.50 245.0 igg 225, 201, 175, trans-Piceatannol
435, 411, 369, 359, .

4 12.70 60.05 453.7 347, 253 Resveratrol dimer

5 13.70 41.70 289.7 246, 205, 179, 162 Catechin

6 13.73 43.90 289.2 246, 206 Epicatechin

7 15.1953.20 5233 222’ DA —

8 15316040 5232 gfé o, b e N

9 16.27 40.05 433.7 igg 223,88 17 n.i.

10 16.4047.75 533.5 n.i.

11 16.42 48.85 475.0 gg% 429,379, 3515 n.i.

12 16.4349.95 508.4 463, 441, 349, 193 n.i.
485, 476, 387, 357, 4

13 16.5154.80 521.1 349 177 n.i.

14 16.5456.35 559.6 gég RN n.i.

15 16.5456.55 469.3 375, 241 Stilbenoid dimer

16 18.9947.50 475.1 454, 377, 349, 255 n.i.

17 19.0349.65 469.4 ‘212525 376, 364, 349, Stilbenoid dimer

18 19.0550.70 469.4 453, 432, 418, 255 Stilbenoid dimer
659, 586, 520, 452, .

19 19.2361.65 679.4 413, 345, 257 Resveratrol trimer
427, 402, 333, 30: )

20 21.62 48.85 444.60 291, 285, 231, 150 n.i.

21 21.8160.70 695.2 g?&’ 575,467,453, ¢

22 29.57 58.10 906.5 Resveratrol tetramer

23 29.67 64.30 906.0 Resveratrol tetramer
561, 535, 453, 42°

24 33.2545.00 579.9 408, 332, 289, 246, Procyanidin dimer
205

25  33.3048.15 5494 221,506,421,388, ¢

311, 242
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26
27

28

29
30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45
46

47

48

49

50
51

34.66 57.75
40.02 61.35

41.05 45.05

42.57 58.00
42.63 61.45

46.16 39.30

46.18 40.80

46.21 42.45

46.24 44.15

46.46 57.25

46.47 57.95

49.04 56.55

51.48 46.85

53.96 39.50

54.20 53.90

55.2840.75

55.36 45.25

55.52 55.05

55.67 64.25

56.63 43.65
56.79 53.55

58.2261.40

59.44 56.25

59.5261.20

60.49 41.35
59.52 43.35

906.3
905.9

577.6

905.8
905.8

S77.7
S77.7
577.6

S77.7
579.7

923.4
923.8
757.1
593.6
939.8

593.4
729.3
839.0

1045.1

745.3
839.8

790.9

777.6

781.8

865.6
865.8

559, 451, 425, 407,
289

559, 533, 469, 451,
425, 332, 290

560, 469, 452, 426,
332, 290, 233

560, 469, 452, 426,
332

559, 469, 452, 42¢
332, 290

560, 547, 532, 48¢
452, 425, 407, 289,
274, 187
827,708, 612, 473,
415, 363

829, 696, 633, 452,
364

605, 509, 405, 34¢
295

575, 467, 441, 42¢
407, 305, 289, 177
906, 840, 746, 645,
578, 482, 357, 294
575, 467, 441,
425,305, 191

711, 619, 603, 577,
559, 451, 441, 407,
289

821, 795, 746, 73t
677, 611, 549
1027, 1007, 999, 92
873, 812, 722, 688,
595

645, 592, 453, 341
820, 679, 593, 532
1443, 13551222,
1131, 1038, 1009,
906, 792, 743, 697,
679, 604, 545, 451
615, 454

1439, 1351, 1040,
949, 887, 825, 774,
735

847, 739, 713, 695,
577, 449, 287, 245
848, 821, 801, 715,

Resveratrol tetramer
Resveratrol tetramer

Procyanidin dimer

Resveratrol tetramer
Resveratrol tetramer

Procyanidin dimer
Procyanidin dimer
Procyanidin dimer

Procyanidin dimer

Procyanidin dimer

Stilbenoid tetramer
Stilbenoid tetramer
n.i.

Prodelphinidin dimer
n.i.

Prodelphinidin dimer

Procyanidin dimer monogallate

n.i.

n.i.

Procyanidin dimer
n.i.

Resveratrol heptamer

Viniferin diglycoside
n.i.
Procyanidin trimer
Procyanidin trimer
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52

53

54

55

56

57

58
59
60

61

62

63

64

65

66

67

68

69

70

71

60.54 44.30

59.80 47 15

60.63 49.95

60.74 56.25

61.87 46.00

61.97 52.00

64.26 33.75
64.50 47.80
64.70 59.90

65.7142.60

65.74 44.25

65.76 45.35

66.01 60.60

69.53 37.95

69.65 44.65

70.90 42.05

76.06 39.70

76.14 44.10

77.3036.15

78.7142.80

881.3

881.5
897.7

1359.7

881.5

1195.7

881.3
1027.6
1175.1

897.9

1017.0

1015.2

922.7

1035.2

1169.6

1167.7

1171.8

751.9

1186.5

735.0

663, 591, 518, 4.
861, 753, 727, 711
591, 577, 547, 439,
287

729, 711, 591577,
559, 547, 439

877, 801, 725, 605,
589, 578

1265, 1196, 1043,
937, 906, 813, 722,
628, 523, 480

861, 753, 727, 709,
791, 547
1043, 997, 948, 90
803, 743, 707, 547,
357

863, 755, 729, 711
695, 593, 575, 287

Prodelphinidin trimer (2
(E)C-1 G(E)C)

Procyanidin dimer digallate
Dp-3-p-coumaroilglucoside-
(epi)catechin
Resveratrol hexamer

Prodelphinidin trimer (2
(E)C~(E)GC)

n.i.

Prodelphinidin trimer (2
(E)C-(E)GC)

905, 782, 724, 659, 575, 313

1137, 1027, 944, 843,

729, 592, 493, 381
838, 769, 743, 727,
607, 591, 467, 303
999, 955, 891, 866,
847, 740, 729, 696,
678, 602, 559, 451,
407, 289

997, 967, 851, 78¢
713, 610, 427

Prodelphinidin trimer ((E)C+
2(E)GC)

Procyanidin trimer monogallate

1811, 1555, 905, 875 4

827, 799

1015, 907, 881, 863,

847, 755, 745, 729

1151, 1043, 1017,
999, 881, 865, 847,
729, 577

1152, 1017, 999, 87

865, 742, 729, 591

1241, 1129, 993,

Prodelphinidin trimer
monogallate (2 (E)G(E)GCG
or (E)CG-(E)C-(E)GC)

Procyanidin trimer digallate

Procyanidin trimer digallate

Prodelphinidin tetramer (3
(E)C~(E)GC)

834, 753, 733, 674, n.i.

586, 528, 445

1443, 1339, 1154,

1017, 865, 651, 578,

455, 289

Prodelphinidin tetramer (2
(E)C-2(E)GC)
Prodelphinidin tetreame
digallate
(2(E)CG-(E)C-(E)GC or
(E)CG-2(E)C-(E)GCG)
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72

73

74

75

76

77

78
79
80
81

78.7545.20

81.34 44.45

82.66 45.55

82.67 46.05

83.9243.30

84.66 45.60

86.54 44.25
86.57 46.30
86.44 38.10
89.16 45.35

828.6

917.9

884.3

894.9

881.4

886.0

1163.7
1171.7
1028.9
1163.5

1576, 1492, 1370,
1291, 1178, 1080,

1016, 865, 831, 811,

745, 571, 487

1541, 1487, 1361,
1255, 1087, 1029,
983, 918, 841, 762,
678, 629, 576, 480
1647, 15681483,
1426, 1316, 1192,

1065, 995, 864, 807,

739, 591, 531, 465,

413, 246

1746, 1618, 1495,
1375, 1316, 1179,

1062, 816, 749, 603,

530, 465, 332
1490, 1425, 133¢

1191, 989, 881, 863,

806, 755, 728, 711
695, 594, 577, 543,
287

1648, 1618, 1579,
1483, 1354, 1179,
1169, 1153, 1017,
995, 887, 865, 808,
741, 666, 615, 598,
577, 453, 386, 244

Prodelphinidin tetrame
trigallate
((E)CG-2(E)GCG-(E)GC or
(E)C-3(E)GCG // Prodelphidin
pentamer monogallate
((E)CG-4(E)GC or
(E)C—-(E)GCG-3(E)GC)

n.i.

n.i.
n.i.
n.i.
n.i.

n.i., Not identified; *ions detected as [M-2H)]
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Fig. 4: Two-dimensional HILIC x RP plots (280 nm) corresgimg to the (poly)phenolic profile of Pinot Noik) and Cabernet Sauvignon (B)

grapevine canes under optimum separation conditfeorspeak identification, see Table 2. For detbdeparation conditions, see Section 2.3.
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The other main group of phenolic compounds in graqgecanes are stilbenoids. As can be
observed from Table 2, the chemical compositiontlsese compounds was also very
complex, involving a great number of different mlbsely related chemical structures.
These components eluted from fideaccording to their increasing size. The most dlanh
among them wasE{j-resveratrol (3,5/4rihydroxystilbene, peak 1), which was also the
most intense peak in general in both samples. Riceal (peak 3) was also present in high
amounts. Stilbenes monomers, such as resveratul paeatannol, present the same
MS/MS fragmentation behavior. The fragmentationussdn the resorcinol ring, which
loses two consecutive ,8,0, corresponding to one and two neutral losses 20D&,
respectively [31]. This way, the fragmentation afsveratrol (peak MWz 227) is
characterized by the production of fragmentsmal87 and 143. Likewise, the
fragmentation of piceatannol (peakn3z 243) produced fragmentsratz 201 and 159. The
rest of stilbenoids detected in the grapevine caaesples were formed by more complex
structures, with varying degree of polymerizatidfV—vis maxima were also useful to
assign the separated components as resveratr@npsea UV absorption maximum at
310 nm, whereas, as the size of stilbenoid oligemareases, the UV maximum shifts to
ca. 280-290 nm [32]. The above-commented loss,EHbQ under MS/MS fragmentation is
also characteristic of stilbenoid oligomers; besittee neutral loss of 42 Da, oligomers may
also present typical loses corresponding to 94 Q#&ldO), 106 Da (GH¢O) and 110 Da
(CeHsOo) [31]. For instance, peak 4nz 453.7, [M—HJ) was tentatively identified as a
resveratrol dimer, being the most important fragimederived from this ion those
with m/z411 (loss of 42 Da), 359 (loss of 94 Da) and 348s(of 106 Da). In the same

way, peak 2 was also assigned as a resveratrol.dithese two compounds were related to
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viniferin, although an unequivocal identificatiooutd not be reached with the available
tools.

Interestingly, a di-glycosylated derivative of thi®mpound was also found knot
Noir canes (peak 48). This compound, not reported gusly in grapevine canes, has been
detected in Riesling wine [33]. Viniferin diglycol® was characterized by a molecular ion
atm/z 777, showing MS/MS fragments corresponding toltiss of one or both glycosidic
residuesfyz 615 and 454). Moreover, three other dimeric stithé derivatives were also
detected (peaks 15, 17 and 18). These possessed aim/z 469, which was in agreement
of a structure based on the combination Bf-résveratrol and piceatannol. Only one
resveratrol trimer was detected (peak 19) inRlmot Noir sample vz 679, Fig. 4A) which
contrasts with the detection of 6 different restretdetramers (peaks 22, 23, 26, 27, 29 and
30). All these possessed molecular ionsVato05 and their structure would be related to
hopeaphenol and vitisin [34]. Additionally, two ethstilbenoid tetramers were detected
atm/z 923 (peaks 36 and 37); their fragmentation pattedicated that were related to
viniferol E, including an additional hydroxyl groum their structure compared to the other
tetramers. Moreover, two bigger oligomers, i.ereaveratrol hexamer (peak 55) and a
resveratrol heptamer (peak 47, Fig. S1A), wereatietein these samples. The generated
fragments corresponding to less polymerized regnadrderivatives helped to assign these
components. This is the first report of the preseatthese big oligomers in grapevine
canes.

Besides these components, other compounds wereasgpand their MS and MS/MS
information collected, although no specific assigmincould be obtained (see Table 2).
Comparing both samples, quite similar profiles weehieved (Fig. 4), beingE}-

resveratrol, piceatannol and resveratrol dimersihst abundant compounds. Although the
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precise composition changed betw&smot NoirandCabernet Sauvignocanes, from a
gualitative point of view all the groups of compdsnwere similarly represented on both
samples. In any case, the variability on the (gafgholic composition and content in
grapevine canes from different varieties has bderady reported [5,34]. However, this
method allows to obtain the (poly)phenolic profidethese complex materials involving
different groups of polyphenol oligomers, which g€gva clear idea of the satisfactory
separation power of the developed HILIC x RP methedrthermore, this application
confirms the good possibilities that grapevine sameay have for valorization and
attainment of valuable natural components with pidé applications in the food,

nutraceutical and cosmetic industries.

4. Conclusions

In this work, a new HILIC x RP-DAD-MS/MS method aeveloped for the profiling of
(poly)phenolic compounds present in grapevine cémoes several varieties. By combining
a diol column in théD with a Ggcolumn in theéD, it is possible to obtain their
(poly)phenolic profile in around 80 min. The methwak shown extremely good separation
capabilities, and is characterized by high effectipeak capacity (842) and orthogonality
(Ao = 78%). 81 different components were detectedhénsamples; most of them could be
tentatively assigned using the information provideyl the MS and DAD detectors
employed. Two main (poly)phenolic groups are repmésd, proanthocyanidins and
stilbenoids. Thanks to this development, some corapts, such as prodelphinidins as well
as some highly polymerized stilbenoids have beecrdeed for the first time in grapevine
canes. Consequently, the interest of the applicaifd_C x LC-based approaches to study

complex natural mixtures has been once more coafltrirom the obtained results, it can
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be deduced thatitis viniferaL. canes have a great potential to be used asdearexploited
natural source of bioactive compounds, with po&rapplications in different fields. The
developed methodology might also be a very effedibol to better understand the ongoing
mechanisms in grapevine canes triggering the sogmif increase of the concentrations of
some stilbenoids after pruning and during caneagirthanks to its improved separation

capabilities.
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Fig.S1. MS spectra and MS/MS fragmentation patterns as$ ageltentatively proposed

chemical structure of A) resveratrol heptamer (pé@k B) procyanidin trimer digallate
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(peak 67), and C) prodelphinidin tetramer trigalafpeak 72) and its alternative

identification D) prodelphinidin pentamer monogtlépeak 72).
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Capitulo 5 :Conclusiones finales.
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Desde sarmientos de Pinot Noir se aisl6 e idedtifidg)-resveratrol, E)-e-
viniferina, (E)-piceatanol, ampelopsina A y vitisina B (94-99 Yokstilbenoides
minoritarios como como pallidolEj-trans-cismiyabenol C, E)-w-viniferina, E)-
d-viniferina, isorapontigenina, scirpusina A y untdredimero, no reportado
anteriormente, denominado iso-scirpusina A

Mediante ensayosin vitro se demostré6 la capacidad antioxidante de los
estilbenoides de sarmientos. La capacidad antinted@RAC-FL)in vitro de €)-
resveratrol es sobrepasada por los oligdmeros ritarios aislados.

En un ensayoin vitro con lineas celulares cancerosas destaca el efecto
antiproliferativo de [)-piceatanol. Este no es apreciable en una lindalace
normal. Ampelopsina A y el extracto de sarmientanpleto poseen efecto
antiproliferativo en una linea celular de adendocaroa de vejiga (J82).

La combinacion de una columna de nucleo sélida wodetector de absorbancia
DAD y uno de fluorescencia en serie son una heeataianalitica muy util en el
monitoreo de la evolucién de los niveles de esmtittides y proantocianidinas
durante la guarda de los sarmientos.

Estos son una fuente de estilbenoides, cuyo paeledepende directamente de las
condiciones de guarda post-poda. Los monoémédippiCeatanol, )-resveratrol y
(E)-piceido aumentan notablemente durante la guaaagsi los oligbmeros.

Un incremento de 60 % a 70% de humedad relativantieirla guarda afecta la
concentraciéon de estilbenoides, disminuyen el miénde utilizacion de los
sarmientos, pues la concentracion maxima, printipate de )-resveratrol y [)-

piceatanol son significativamente menores. Se kes@abasi una nueva variable,
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aparte de tiempo, temperatura y longitud del saroigara lograr un adecuado
manejo del residuo luego de la poda.

. La humedad relativa también afecta los niveles deargocianidinas. (-)-
epicatequina disminuye hasta un 75 % en sarmigntasiados luego de la poda, en
menor grado procianidina B1 y un dimero de prodiglina, tiende a disminuir
progresivamente sus niveles en sarmientos. (+jjoata no presenta una tendencia
definida.

. Por LC x LC (HILIC (diol) x RP (C18)) de mayor pardde resolucion ademas de
las proantocianidinas ya descritas, se detectanomerosos dimeros y trimeros de
procianidinas, dimeros mono-galoilados y di-gakhds. ElI grado de
polimerizacion de las prodelfinidinas presentedees? hasta 5, con diferente grado
de galoilacién, ademas de estilbenoides complejos elevado grado de
polimerizacién (hasta heptameros), viniferinas mgleosiladas y di-glicosiladas,

ademas de heterodimeros.
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