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Abstract. The fungal endo-1,3-
B-glucanase plays a physiological role in
morphogenetic processes during development and
differentiation in some fungi. Additionally, this
enzyme has been implicated in fungal attack during
fungus-plant interactions. Therefore, fungal endo-
1,3-B-glucanase has been used as a target site for
the directed search of antifungal compounds. Using

enzyme

PUBLICACION EN LINEA, ENERO 2020

Resumen. La enzima endo-(1,3)-B-glucanasa
tiene una funcion fisioldgica en los procesos mor-
fogenéticos durante el desarrollo y diferenciacion
en algunos hongos. Adicionalmente, esta enzima
ha sido implicada durante el ataque de hongo en la
interaccion hongo fitopatdogeno-planta. Por lo que
la endo-(1,3)-p-glucanasa fungica, se ha utilizado
como sitio-objetivo para la blisqueda dirigida de
antifingicos. Utilizando un aislamiento bio-dirigi-
do de compuestos bioactivos, se aislaron dos aci-
dos fenolicos de tallos de Turnera diffusa, los cua-
les inhiben la actividad de endo-(1,3)-B-glucanasa
fingica. Los compuestos identificados como api-
genina y luteolina inhiben la actividad del enzima
en 90 y 60%, respectivamente. Consistente con el
efecto de la inhibicion de la enzima flingica, la api-
genina a concentracion milimolar, fue capaz de in-
hibir completamente la germinacion de esporas de
Botrytis cinerea. Con estos resultados se infiere que
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the biodirected isolation of bioactive compounds,
two phenolic compounds were isolated from
Turnera diffusa stems that inhibited the activity
of fungal endo-1,3-B-glucanase. The identified
compounds apigenin and luteolin inhibited the
activity of the enzyme by 90 and 60%, respectively.
Consistent with the inhibitory effect of the fungal
enzyme, apigenin at millimolar concentrations was
able to completely inhibit the spore germination of
Botrytis cinerea. It is inferred that the antifungal
action of apigenin is due to its ability to inhibit the
fungal endo-1,3-B-glucanase enzyme.

Key words: antifungal, apigenin, luteolin, phenol
acids.

Plant developed
resistance mechanisms to synthetic fungicides
(Dooley et al., 2016), which has promoted the
search for new fungicide agents; moreover,
fungicide agents isolated from natural sources are
especially valued (Mishra et al., 2010). Compounds
that exert fungicidal action on a target site are of
particular interest because they affect the essential
processes involved in fungal growth, specifically
those ones required to maintain pathogenic cell
viability (Arroyo et al., 2016).

The fungal cell wall is one of the most important
target sites because it is a fundamental structure for
the viability and pathogenicity of fungi (Arroyo et
al., 2016). Antagonistic microorganisms produce
enzymes that degrade the components of the cell
wall of other microorganisms (Mouyna et al.,2013).
Consequently, agents that inhibit the synthesis of
fungal cell wall components must be very selective
(Balasubramanian et al., 2012). The cell wall of
ascomycetes, basidiomycetes, deuteromycetes and
some oomycetes is composed of 1,3-B-glucans,
1,6-B-glucans, chitin and proteins (Kagimura et al.,

pathogenic fungi have
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la accion antifingica de la apigenina es una con-
secuencia de su capacidad para inhibir la enzima
endo-(1,3)-B-glucanasa.

Palabras clave: antifingico, apigenina, luteolina,
acidos fenolicos.

Los hongos fitopatégenos han creado meca-
nismos de resistencia a los fungicidas sintéticos
(Dooley et al., 2016) y esto ha generado la busque-
da de nuevos agentes fungicidas. Ademas, los agen-
tes fungicidas que se aislan de fuentes naturales
son especialmente valiosos (Mishra et al., 2010).
Los compuestos que ejercen accion fungicida en
un sitio-objetivo son de interés porque afectan los
procesos esenciales involucrados en el crecimien-
to de los hongos, especificamente aquellos que son
necesarios para mantener la viabilidad celular del
patogeno (Arroyo et al., 2016).

La pared celular del patégeno es uno de los si-
tios-objetivo porque se trata de una estructura fun-
damental de la viabilidad y la patogenicidad de los
hongos (Arroyo et al., 2016). Los microorganismos
antagonistas producen enzimas que degradan los
componentes de la pared celular de otros microor-
ganismos (Mouyna et al., 2013). En consecuencia,
los agentes que inhiben la sintesis de la pared ce-
lular fungica deben ser muy selectivos (Balasubra-
manian et al., 2012). La pared celular de los as-
comicetos, basidiomicetos, deuteromicetos y algu-
nos oomicetos estd compuesta de 1,3-f-glucanos,
1,6-B-glucanasa, quitina y proteinas (Kagimura et
al., 2015) ordenados en una estructura multicapa.
Los 1,3-B-glucanos son los polisacaridos mas abun-
dantes en la pared celular fungica (Gastebois et al.,
2010; Papaspyridi et al., 2018). La reorganizacion
estructural dinamica de la pared fungica durante los
cambios morfoldgicos, como el crecimiento celular
(ramificacion), la division celular y la germinacion
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2015) in a multilayered structure. 1,3-B-glucans
are the most abundant polysaccharide of the fungal
cell wall (Gastebois et al., 2010; Papaspyridi et al.,
2018). The dynamic structural reorganization of
the fungal cell wall during morphological changes,
such as cell growth (branching), cell division and
germination in filamentous fungi or budding of
yeast, are morphogenetic events in which endo-f-
1,3-glucanases play an essential role in the synthesis
of the cell wall (Gastebois et al., 2010; Hartl et al.,
2011). Because all of these important morphogenetic
events involve the B-1,3-glucans of the fungal wall,
a strategy to discover antifungal agents of natural
origin is to identify substances that inhibit endo-
B-1,3-glucanases at specific target sites of fungi
whose cell walls contain B-glucans, specifically
at the B-1,3-glucan linkage (Balasubramanian et
al., 2012; Mouyna et al., 2016). During the search
for antifungal substances in plant extracts that
selectively inhibit the synthesis of the fungal cell
wall, it has been previously reported that the crude
extracts of Turnera diffusa, effectively inhibited the
activity of endo-1,3-B-glucanase (Vargas-Arispuro
et al., 2017). Therefore, this work was focused on
the identification of the components from crude
extract of 7. diffusa that have the inhibitory effect
on the fungal endo-1,3-B-glucanase activity.

To reach this objective, leaves and small stems
of T diffusa (Passifloraceae), were collected from
natural populations located near to Tonichi Sonora
(28°3556” N, 109° 33° 56” W).

Plant samples were identified the Botanical
Herbarium of the Sonora University (Mexico), and
avoucher specimen was deposited at the herbarium.
The leaves and small stems were separated and
air-dried at room temperature for two weeks.
Dried material (500 g of leaves or 300 g of small
steams) was macerated in methanol (1 L), at room
temperature (25 °C) for 7 days in darkness. The
filtrates of each extract were evaporated to dryness
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en hongos filamentosos o en la gemacion en la le-
vadura, son eventos morfogenéticos en los que las
endo-B-1,3-glucanasas desempefian un papel esen-
cial en la sintesis de la pared celular (Gastebois et
al., 2010; Hartl et al., 2011). Por todos estos im-
portantes eventos morfogenéticos en los cuales los
B-1,3-glucanos de la pared fingica estan implica-
dos, una estrategia para descubrir agentes antifun-
gicos de origen natural, es la busqueda de sustan-
cias inhibidoras de endo-fB-1,3-glucanasas como un
sitio-objetivo especifico de los hongos cuyas pare-
des celulares contienen B-glucanos, especificamen-
te en el enlace B-1,3-glucano (Balasubramanian et
al.,2012; Mouyna et al., 2016). Durante la busque-
da de sustancias antifungicas en extractos vegetales
que inhiben de manera selectiva la sintesis de la
pared celular fingica, con anterioridad se han re-
portado que los extractos crudos de Turnera diffusa
inhiben de manera eficaz la actividad de la endo-
1,3-B-glucanasa (Vargas-Arispuro et al., 2017). Por
tanto, el presente trabajo se concentrd en la identi-
ficacion de los componentes del extracto crudo de
T. diffusa, que tiene un efecto inhibidor de la acti-
vidad de la endo-1,3-B-glucanasa. Para lograr este
objetivo, se recolectaron hojas y tallos pequefios de
T. diffusa (Passifloraceae) de poblaciones naturales
en un sitio cercano a Tonichi, Sonora (28° 35° 56”
N, 109° 33’ 56” O).

Las muestras fueron identificadas en el Herba-
rio Botanico de la Universidad de Sonora (México)
y se depositd una de las muestras en el herbario.
Las hojas y los tallos fueron separados y secados al
aire a temperatura ambiente por dos semanas. Una
vez seco (500 g de hojas o 300 g de tallos), fueron
macerados en metanol (1 L), a temperatura ambien-
te (25 °C) por 7 dias, en obscuridad. Los filtrados
de cada extracto fueron evaporados a 40 °C bajo
presion reducida (450 mmHg) hasta que se elimind
todo el solvente. El residuo viscoso que se obtu-
vo se denomind extracto crudo de hojas o extracto
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at 40 °C under reduced pressure (450 mmHg). The
viscous residue resulted, were called the crude
extract of leaves or crude extract of stems of 7.
diffusa. The effect of the crude extract on endo-1,3-
B-glucanase (Trichoderma sp, SIGMA) activity
was determined using
digitata, SIGMA) by coupled procedure previously
described by Vargas-Arispuro et al. (2017). The
procedure was carried out in 250 pL of a reaction
mixture containing 100 mM potassium acetate
buffer (pH 5.0), 0.5% (w/v) laminarin, 10 pL of
endo-fB-1,3-glucanase (0.05 U) and 50 pL of plant
crude extract (3 mg mL™") or pure compounds (10
and 25 mM). The reaction was run for 40 min at
37 °C and then stopped by boiling for 5 min. The
amount of reducing sugars released was measured
with a spectrophotometer (BioSpec-1601) at
540 nm. Enzyme and substrate blanks were also
included. A calibration curve with glucose was
used. One unit of enzyme activity was defined as
the amount of enzyme that catalyzed the release 1
umol of glucose equivalent per minute under the
reaction conditions used. The following equation
was used to calculate the enzyme activity. Units
mL" of enzyme = (uM of glucose released) (0.410)
/(40)(0.01)(0.01), where 0.410 is the total volume
of the sample in mL; 40 is the reaction time in min;
0.01 is the volume of the enzyme used in mL and
0.01 is the adjustment volume of the colorimeter
in mL. Protein concentrations were determined by
the Bradford method, with bovine serum albumin
as the standard.

The active compounds in the plant extract
were purified by chromatographic techniques.
For this procedure, plant crude extract (100 mg)
was dissolved in 5 mL of methanol for analysis
by preparative thin-layer chromatography (TLC).
Preparative TLC plates coated with a GF-254
fluorescent silica gel 60 (5 x 20 cm, 250 pm,
EM, Science, Germany) and spotted with plant

laminarin (Laminaria
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crudo de tallos de 7. diffusa. El efecto del extracto
crudo sobre la actividad de la endo-1,3-p-glucanasa
(Trichoderma sp, SIGMA) se determiné utilizando
laminarina (Laminaria digitata, SIGMA) mediante
el procedimiento acoplado anteriormente descrito
por Vargas-Arispuro et al. (2017). El procedimien-
to se realiz6 en 250 pL de una mezcla de reaccion
preparada con 100 mM de solucion amortiguadora
de potasio (pH 5.0), 0.5% (w/v) laminarina, 10 pL
de endo-p-1,3-glucanasa (0.05 U) y 50 puL de ex-
tracto vegetal crudo (3 mg mL™") o de compuestos
puros (10 y 25 mM). La reaccion se corrié durante
40 min a 37 °C y luego se detuvo por ebullicion por
5 min. La cantidad de azlcares reductores obtenida
se midid con un espectrofotometro (BioSpec-1601)
a 540 nm. También se incluyeron los controles de
la enzima y el sustrato. Se utiliz6 una curva de ca-
libracion con glucosa. Una unidad de la actividad
enzimatica se definié como la cantidad de la enzi-
ma que cataliz6 la liberacion de 1 pmol de glucosa
equivalente por minuto en las condiciones bajo las
cuales se produjo la reaccion. Para calcular la acti-
vidad de la enzima se utilizo la siguiente ecuacion:
unidades mL"! de enzima = (uM de glucosa libe-
rada) (0.410) / (40)(0.01)(0.01), donde 0.410 es el
volumen total de la muestra en mL; 40 es el tiempo
de reaccion en min; 0.01 es el volumen utilizado de
la enzima en mL y 0.01 es el volumen ajustado del
colorimetro en mL. Las concentraciones de protei-
na se determinaron utilizando el método Bradford,
con albiimina bovina como estandar.

Los compuestos activos en el extracto vegetal
fueron purificados mediante técnicas cromatogra-
ficas. Para este procedimiento, cada uno de los
extractos crudo (100 mg) se disolvid por separa-
do en 5 mL de metanol para su analisis median-
te cromatografia de capa fina preparativa (TLC),
recubiertas con gel silica fluorescente 60 GF-254
(5 x 20 cm, 250 um, EM, Science, Alemania) en
las que se colocaron muestras de extracto vegetal
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crude extract in methanol were developed in
dichloromethane. The TLC plate was marked under
ultraviolet (UV) light at 254 nm, and each band
was carefully scraped off the plate. The scrapings
were dissolved in methanol, filtered through filter
paper (Whatman N° 1) and centrifuged at 5,000
rpm for 10 min. The methanol filtrates of each
band were evaporated to dryness at 40 °C under
reduced pressure. A portion of each residue from
the separated TLC bands was dissolved (1:1 w/v)
in methanol and subjected to an enzyme assay.
The fraction that retained the compounds with
inhibitory activity was subjected to high pressure
liquid chromatography (HPLC) purification process
(1260 AgilentTechnology, USA) on an instrument
coupled to a photodiode array detector (HP-1260,
Germany), with a Nucleosil 120 C18 (250 x4 mm, 5 p,
Cronus) reverse-phase column. HPLC separation
was performed using a gradient program with the
mobile phase of 1% formic acid (solvent A) and
100% acetonitrile (Solvent B) and beginning
with 80% A in 40 min, 50% A in 60 min, 10% A
in 80 min and 0% A in 85 min. The flow rate was
0.3 mL min”', detection was performed at 254, 280
and 320 nm, and spectral data were collected from
240 to 550 nm. Subfractions were collected under
254 nm and subjected to the enzyme assay. The
compounds were identified by comparing the data
with the UV spectrum of pure compounds from a
database of phenolic compounds.

The antifungal evaluation of both plant
extracts and the isolated compounds was carried
out on spores from Botrytis cinerea (a fungus
isolated from grape, GenBank accession number
AY568636) grown at 25 °C on potato dextrose agar
(PDA, Difco, Sparks, MD, USA) in 9-cm diameter
petri dishes until sporulation. The spore suspension
was prepared by adding 5 mL of sterile water with
0.01% Tween 20 to each plate, and the surface was
scraped gently with a glass rod to release spores.
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crudo en metanol, fueron procesadas en diclorome-
tano. La placa TLC se reveld con luz ultravioleta
(UV) a 254 nm, y cada banda fue cuidadosamente
separada de la placa. Los raspados se disolvieron
en metanol, se filtré con papel filtro (Whatman N°
1) y se centrifugaron a 5,000 rpm por 10 min. Los
filtrados recuperados fueron evaporados at 40 °C a
presion reducida hasta que se eliminé todo el sol-
vente. Una porcion de cada fraccion fue disuelta
(1:1 p/v) en metanol para la evaluacion enzimatica.
La fraccion que retuvo los compuestos inhibidores,
fue sometida proceso de purificacion por croma-
tografia liquida de alta resolucion (HPLC) (1260
AgilentTechnology, EE. UU), acoplado a un detec-
tor de arreglo de diodos (HP-1260, Germany), con
una columna Nucleosil 120 C18 (250 x 4 mm, 5 p,
Cronus). La separacion por HPLC se realizo utili-
zando un programa de gradientes con la fase movil
de 4cido formico al 1% (solvente A) y acetonitrilo
al 100% (solvente B) y comenzando con 80% de
A en 40 min, 50% de A en 60 min, 10% de A en
80 min y 0% de A en 85 min. La tasa de flujo fue
de 0.3 mL min’, la deteccion se llevd a cabo a 254,
280 y 320 nm, y se obtuvieron datos espectrales de
240 a 550 nm. Las subfracciones se recolectaron a
254 nm y se sometieron a un ensayo enzimatico.
Los compuestos activos se identificaron por com-
paracion de espectro UV de compuestos puros de
una base de datos de compuestos fendlicos.

La evaluacion antifingica de ambos extractos
vegetales y los compuestos aislados se realizd en
esporas de Botrytis cinerea (un hongo aislado de
uva, numero de accesion AY 568636 del GenBank)
cultivadas a 25 °C en un medio de papa-dextrosa-
agar (PDA, Difco, Sparks, MD, EE. UU.) en cajas
Petri de 9 cm de diametro hasta la esporulacion.
La suspension de esporas se prepar6 agregando 5
mL de agua estéril con 0.01% de Tween 20 a cada
caja, y la superficie se rasp6 ligeramente con una
varilla de vidrio para liberar las esporas. La suspen-
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The water-spore suspension was filtered through
glass wool to remove the mycelium. The collected
filtrate was centrifuged at 5000 x g for 15 min
and adjusted to a density of 1 x 10* spores mL"!
using a hematocytometer. The spore germination
assay was performed on microwell strips (Nalge,
Nunc, Naperville, IL, USA). Sabouraud dextrose
broth (SDB) (Difco, Sparks, MD, USA) (900 pL)
containing HPLC fractions (50 and 100 mM) or
water (control) was pipetted into each well of a strip
of 8 wells per treatment. A spore suspension
(100 pL) containing ~100+15 spores of B. cinerea
was added, the well contents were gently mixed, and
the strips were incubated at 25 °C. The germinated
spores in each well were counted by microscopic
examination until the control spores reached 100%
germination. These bioassays were conducted
four times. The data were analyzed by analysis of
variance of one way using NCSS software (version
2007). The means were compared by Tukey’s test
(p=0.01).

The effect of the plant crude extracts on fungal
endo-1,3-B-glucanase is shown in Figure 1. The
stem extract showed greater inhibition of enzymatic
activity than the leaf extract. Thus, by preparative
thin layer chromatography, the crude extract from
stems was separated, and four fractions were
obtained (Table 1). After evaluating the effect of the
fractions on the enzyme, it was determined that the
inhibitory compounds of the enzyme were retained
in fraction 2 (Table 1). The inhibitory effect of
this fraction against fungal endo-1,3-B-glucanase
displayed the same inhibition percentage to that of
the crude extract of stems (Figure 1).

Based on these results, were separated the
compounds from fraction 2 using HPLC. Fifteen
identified compounds were classified as phenolic
compounds. The evaluation of the effect of
each isolated compound on the activity of the
fungal endo-1,3-B-glucanase revealed that only 2
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sidon agua-esporas fue filtrada sobre fibra de vidrio
y el filtrado fue centrifugado a 5000 g por 15 min
y ajustado a una densidad de 1 x 10*esporas mL™,
usando un hematocitometro. El ensayo de germina-
cion de esporas se realizo en tiras de micropocillos
(Nalge, Nunc, Naperville, IL, EE. UU.). Con una
pipeta, se agrego6 caldo Sabouraud dextrosa (SDB)
(Difco, Sparks, MD, EE. UU.) (900 uL) que con-
tenia fracciones de HPLC (50 y 100 mM) o agua
(control) a cada pocillo de una tira de 8 pocillos por
tratamiento. Se agregd la suspension de esporas
(100 pL) que contenia ~100+15 esporas de B. cine-
rea, el contenido de los pocillos se mezclo suave-
mente, y se incubaron a 25 °C. Las esporas germi-
nadas en cada pocillo se cuantificaron mediante un
examen microscopico hasta que las esporas control
alcanzaron el 100% de germinacion. Los bioensa-
yos se realizaron cuatro veces. Los datos se some-
tieron a un analisis de varianza de una via con el
software NCSS version 2007. Las medias se com-
pararon con la prueba de Tukey (p<0.01).

El efecto de los extractos vegetales crudos sobre
la endo-1,3-B-glucanasa fingica se muestra en la
Figura 1. El extracto de tallos mostré mayor inhi-
bicidon de la actividad enzimatica que el extracto de
hojas. Por tanto, se separo el extracto crudo de los
tallos, mediante cromatografia de capa fina prepa-
rativa, y se obtuvieron cuatro fracciones (Cuadro
1). Después de evaluar el efecto de las fracciones
sobre la enzima, se determin6é que los compues-
tos inhibidores de la enzima fueron retenidos en la
fraccion 2 (Cuadro 1). El efecto inhibitorio de esta
fraccion contra la endo-1,3-B-glucanasa fingica
mostro el mismo porcentaje de inhibicion que el
del extracto crudo de los tallos (Figura 1).

Con base en estos resultados, se separaron
los compuestos de la fraccion 2 mediante HPLC.
Quince de los compuestos identificados fueron cla-
sificados como compuestos fenolicos. La evalua-
cion del efecto de cada compuesto aislado sobre la
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Figure 1. Effect of the leaf and stem crude extracts of
Turnera diffusa on the activity of fungal endo-
1,3-p-glucanase evaluated at 3 mg mL! expressed
as a percentage of inhibition related to control
(means = SD, n=6).

Figura 1. Efecto de los extractos crudos de hojas y tallos
de Turnera diffusa en la actividad fungica de
la endo-1,3-p-glucanasa evaluado a 3 mg mL",
expresado como porcentaje de inhibicién con
respecto al control (media = SD, n=6).

actividad de la endo-1,3-B-glucanasa fungica reve-
16 que solo dos compuestos, identificados como lu-
teolina y apigenina, evaluados a 25 mM, inhibieron
la enzima fungica en 60 y 89%, respectivamente.
Los otros 13 compuestos no tuvieron efecto sobre
la actividad de la enzima fungica (Cuadro 2). La
apigenina y la luteolina mostraron efectos inhibi-
torios sinérgicos sobre la actividad de la enzima,
y cuando se evaluaron juntas a la misma concen-
tracion mostraron 100% de efecto inhibitorio de
la enzima con respecto al control (Cuadro 2). En
estudios anteriores se ha reportado que la actividad
antifungica de algunos extractos de plantas se debe
al contenido de compuestos inhibidores enddgenos
de tipo fendlicos (Kaushik et al., 2015); algunos de
estos compuestos inhiben la actividad de las celu-
lasas. La endo-1,3-B-glucanasa es miembro de este
grupo de enzimas (Takeda et al., 2015; Menget et
al., 2016).

El potencial fungicida de las flavonas se calculo
con base en el efecto que produjeron sobre la ger-
minacion de esporas de B. cinerea. Los resultados
muestran que la apigenina inhibié completamente
la germinacion de esporas a una concentracion de
100 mM, en tanto que la luteolina inhibié 90% de
la germinacion de esporas a la misma concentra-
cion (Figura 2). Estos resultados se correlacionan
con el efecto de las flavonas sobre la inhibicion de

Table 1. Residual activity and inhibition of fungal endo-1,3-B-glucanase by fractions of Turnera diffusa
stems extract obtained from preparative thin layer chromatography evaluated at 3 mg mL™!
expressed as a percentage of germination related to control.

Cuadro 1. Actividad residual e inhibicién de la enzima endo-1,3-B-glucanasa flingica por fracciones

de extracto de tallos de Turnera diffusa obtenidas mediante cromatografia de capa fina
preparativa evaluadas a 3 mg mL"', expresada como porcentaje de germinacion con respecto

al control.

Retention factor

Residual activity of fungal

Inhibition of fungal endo-1,3-

TLC Fraction (Rf) endo-1,3-B-glucanase (%) p-glucanase (%)
1 0.7 100 0
2 0.5 15 85
3 03 97 3
4 0.2 100 0
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compounds, identified as luteolin and apigenin,
evaluated at 25 mM, were able to inhibit the
fungal enzyme by 60 and 89 %, respectively. The
remaining 13 compounds had no effect on the
activity of the fungal enzyme (Table 2). Apigenin
and luteolin showed synergistic inhibitory effects
on the enzyme activity, when were evaluated
together at the same concentration, they showed an
inhibitory effect of the enzyme of 100 % compared
to the control (Table 2). Previous works have
reported that the antifungal activity of extracts of
some plants is due to the content of endogenous
inhibitory phenolic compounds (Kaushik et al.,
2015); some of these compounds inhibit the activity
of cellulases. Endo-1,3-B-glucanase is a member of
this group of enzymes (Takeda et al., 2015; Menget
et al.,2016).

la actividad de la endo-1,3-B-glucanasa fingica (=
0.98) (Cuadro 2) y, por tanto, es posible inferir que
la apigenina tiene un mayor efecto fungicida que la
luteolina. Szewczyk y Zidorn (2014) y Sarris et al.
(2013) reportaron el aislamiento de apigenina de
un extracto de 7. diffusa en el que identificaron la
apigenina como un compuesto activo que protege
contra la ansiedad. Asimismo, Willer et al. (2019)
reportaron que encontraron luteolina y apigenina
en 24 compuestos fendlicos aislados de T diffusa
y que la apigenina tenia actividad estrogénica. La
apigenina es reconocida en la medicina tradicional
y alternativa porque tiene diversas actividades far-
macologicas (Si et al., 2009), como la inhibicion
de la enzima 17-B-hidroxiesteroide deshidroge-
nasa (Choi y Kim, 2009; Hasegawa et al., 2013).
No existen reportes publicados sobre el efecto

Table. 2. Phenolic compounds identified in the stem extract of Turnera diffusa and their
effects on fungal endo-1,3-B-glucanase activity evaluated at 25 mM expressed
as a percentage of germination related to control.

Cuadro 2. Compuestos fenélicos identificados en el extracto de tallos de Turnera diffusa
y sus efectos en la actividad de la endo-1,3-p-glucanasa fingica evaluada a 25

mM, expresada como porcentaje de germinacion con respecto al control.

Inhibition of fungal
Compound Name endo-1,3- B-glucanage (%)
1 Hydrated catechin 0
2 Epicatechin 0
3 Luteolin 60
4 Kaempferol 0
5 Cinnamic acid 0
6 Quercetin 0
7 Trans-4-hydroxy-3-methoxycinnamic acid 0
8 P-coumaric acid 0
9 3,4-Dihydroxycinnamic acid 0
10 Chlorogenic acid 0
11 Ferulic acid 0
12 Sodium 4-hydroxybenzoate 0
13 Trans-cinnamic anhydrous acid 0
14 Apigenin 89
15 Gallic acid 0
3+14  Luteolin + apigenin 100
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The fungicidal potential of the flavones was
calculated based on their effect on the germination
of B. cinerea spores. The results show that
apigenin completely inhibited spore germination
at a concentration of 100 mM, while luteolin
inhibited 90 % of spore germination at the same
concentration (Figure 2). These results correlated
with the effect of flavones on the inhibition of the
activity of fungal endo-1,3-pB-glucanase (= 0.98),
presented in Table 2; thus, it is possible to infer
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Figure 2. Effect of apigenin and luteolin isolated from
Turnera diffusa on spore germination of Botrytis
cinerea, expressed as a percentage of germination
related to control (means £+ SD, n=12). Asterisks
indicate significant differences (Tukey test p<0.1).

Figura 2. Efecto de la apigenina y luetolina aisladas de
Turnera diffusa sobre la germinacion de esporas
de Botrytis cinerea, expresado como porcentaje
de germinacion con respecto al control (media
+ SD, n=12). Los asteriscos indican diferencias
significativas (prueba de Tukey p<0.1)
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inhibidor de la apigenina en enzimas endo-1,3-p-
glucanasa fungicas; por tanto, el presente trabajo
constituye el primer reporte sobre esta actividad.
Con base en los resultados de esta investigacion, se
concluye que el compuesto fendlico de apigenina
aislado de extractos de tallos de T diffusa inhibe la
enzima endo-1,3-B-glucanasa fungica y, en conse-
cuencia, disminuye la germinacién de esporas de
B. cinerea.

~~~——~~~—Fin de la versién en Espaiiol ~—~—————

that apigenin has a greater fungicidal effect than
luteolin. Szewczyk and Zidorn (2014) and Sarris et
al. (2013) reported the isolation of apigenin from
an extract of 7. diffusa, identifying apigenin as
an active compound that protects against anxiety.
Additionally, Willer et al. (2019) reported that
among the 24 phenolic compounds isolated from
T diffusa, luteolin and apigenin were found, and
the latter exerted estrogenic activity. Apigenin is
recognized in traditional and alternative medicine
to have diverse pharmacological activities (Si
et al., 2009), including the inhibition of the
17-B-hydroxysteroid dehydrogenase enzyme (Choi
and Kim, 2009; Hasegawa et al., 2013). There have
been no published reports on the inhibitory effect of
apigenin on fungal endo-1,3-f-glucanase enzymes;
hence, this work is the first report of this activity.
Based on these research findings, it is concluded
that the phenolic compound apigenin isolated
from stem extracts of 7. diffusa inhibits the fungal
enzyme endo-1,3-B-glucanase and consequently
decreases the germination of B. cinerea spores.
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