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SUMMARY. The aim of this investigation was to determine if the production of daidzein, genistein and
coumestrol, compounds reported as antimicrobial principles in this species, is affected by the presence of
the endophyte Phomopsis sp. in the young twigs of Erythrina crista-galli. HPLC profiles of the acetone ex-
tracts from cultivated plants and plants over infected with Phomopsis sp. were obtained. Daidzein, coume-
strol, genistein, biochanin A, and formononetin were identified in all the acetone extracts. Coumestrol and
daidzein content (0.04 and 0.05 %) was higher in over infected plants than in control plants (0.01 and
0.02%). A major peak was observed in the HPLC/DAD profile of the acetone extract from over infected
plants. This was partially identified as a 3-glucosyl-rhamnosyl isorhamnetin derivative.

INTRODUCTION

Endophytes are microorganisms that reside
in the tissues of living plants in a variety of rela-
tionships ranging from symbiotic to pathogenic.
These microorganisms seem to occupy virtually
every living and non-living site in the world but
only a small percentage of the endophyte biodi-
versity has been explored and there is little un-
derstanding of the endophytic biology and its
relation with their plant hosts. The endophytes
produce bioactive substances that are involved
in a host-endophytic relationship and may make
contributions to-their host plant by providing
protection to it by virtue of the antimicrobial
compounds that it produces. Host specificity is a
known phenomenon in endophytic-higher plant
relationships and such specificity implies that
complex interactions are occurring between the
host and its associate microorganisms. Signifi-
cance and implications of endophytes are their
ecological relevance and the potential of yield-
ing metabolites with diverse structure and bio-
logical function 1.

From a natural products perspective, the in-
teractions between plants and endophytes may

lead to the production of certain metabolites of
interesting biological properties. Enhancement
of secondary products accumulation in plants is
of great importance in the medicinal plants cul-
tivation industry 2. The discovery of a taxol pro-
ducing endophyte fungus Taxomyces andreanae
in yew (Taxus brevifolia), points out the eco-
nomic importance of the discovery, since the
production of a given bioactive product by fer-
mentation is much easier and economic than its
obtaining from the plant material. It is conceiv-
able that medicinal plants have microbes that
mimic the chemistry of their respective host
plants and make the same bioactive natural
products 3. Thus investigation in this emerging
area seems promising and has a great potential
in agriculture and medicine.

The genus Erythrina is a rich source of
isoflavonoid compounds. These are a large and
distinctive class of flavonoids, almost entirely re-
stricted in the plant kingdom to the family Papil-
ionatae. These metabolites are usually produced
in the presence of a fungal infection and are
thus called phytoalexins 4.

Erythrina crista-galli L. (Papilionatae) is a
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tree that grows in South America and is used in
folk medicine for wound healing, as astringent,
narcotic and analgesic 7. Alkaloids, ptero-
carpans, cinnamoylphenols and triterpenoids
have been reported as the major compounds in
bark and leaflets 811, Erycristin, sandwisencin
and erythrabyssin II, pterocarpans from the
EtOH extract of its bark, have shown antimicro-
bial activity against Mycobacterium smegmatis
and Staphylococcus aureus 2. Besides, antinoci-
ceptive and anti-inflammatory activities 13 as
well as crown gall tumour inhibition and anti-
fungal activity 415 have been reported for this
species.

The isolation of Phomopsis sp., an endophyt-
ic fungus, from different collections of young
and old twigs of Erythrina crista-galli has al-
ready been reported. Phomol, a compound with
antibacterial, antifungal and in vivo anti-inflam-
matory activities and eight new compounds
have been identified from this same endophyte
16,17, Daidzein, genistein and coumestrol have
been isolated, by bioassay guided fractionation
from the acetone extract of of Erythrina crista-
galliyoung twigs infected with Phomopsis sp. 18.

The aim of this investigation was to deter-
mine if the presence of Phomopsis sp. in the
young twigs of E. crista-galli affects the produc-
tion of daidzein, genistein and coumestrol,
isoflavonoids reported as antimicrobial princi-
ples in this species.

MATERIALS AND METHODS
General Experimental Procedures

HPLC was performed on a Waters equipment
with photodiode-array detector (Waters 2996),
Pump (Waters Delta 600), Waters 600 controller.
THNMR, 13 CNMR spectra were run using a
Bruker Avance 500 NMR equipment and UV
analysis using a Jasco UV 630 spectrophotome-
ter. Coumestrol, daidzein, genistein, for-
mononetin, and biochanin A were purchased
from Sigma-Aldrich Inc., St Louis, USA.

Plant material

Young twigs (CS) and seeds samples from
Erythrina crista-galli were collected at the sur-
roundings of Ciudad Universitaria, Buenos Aires,
Argentina on November 2003. A voucher speci-
men is deposited at the Herbarium of Museo de
Farmacobotanica. Facultad de Farmacia y Bio-
quimica, Universidad de Buenos Aires, Series
2012 N°11.

Seed treatment

Ten seeds were submitted to successive
washes with EtOH 70% during 1 min, 5% CIONa
3 min and EtOH 70% for 30 s, in order to steril-
ize the seed surface. Seeds were finally washed
with sterile distilled water.

Cultivation of Erytbrina crista galli

Sterilized and non-sterilized E. crista-galli
seeds were separately wrapped in sterile gauze,
submerged in sterile water and kept for 24 h
under a constant air flow. Seeds (3-4) were
placed in 10 flower pots (25 x 15 c¢m). Plants
were grown in separate green houses for 6
months and watered regularly. Plants obtained
from non-sterilized and sterilized seeds were la-
beled CC and CE respectively.

Preparation of Phomopsis suspension
Phomopsis strain was isolated from CS sam-
ples and grown as described by Weber et al. 1°.
Spores were scrapped from the plates with a
loop and suspended in a 0.9% NaCl solution.

Contamination of CE plants with
Pbomopsis sp.

A group of plants from CE group, consisting
of 6 individuals in the 12t month of growth,
was sprayed with a suspension of Phomopsis
spores twice every fifteen days. This group of
plants was named CI.

Determination of the presence of
Pbomopsis sp.

Young twig samples were collected from the
cultivated plants at 12th (CC and CE) and 18th
month of growth (CC and CD. Isolation of the
endophytic fungi from CC, CE, and CI young
twigs was performed as previously described 10.

Extraction of the plant material

Samples of young twigs from each set of
plants CC and CI were harvested 6 months after
the starting of the spraying treatment. Young
twigs from both control CC and over infected
samples CI (5 g) were dried and ground and
were separately extracted with acetone (3 x 50
mL) at room temperature for 24 h each. CC ace-
tone extract (CCA) and CI acetone extract (CIA)
were taken to dryness under pressure in a rota-
tory evaporator. Also, 5 g of powdered young
twigs from CS samples were extracted using this
same procedure and the CS acetone extract was
labeled CSA.



HPLC analysis

The acetone extracts CSA, CCA and CIA
were re-suspended in MeOH at 1 mg/mL con-
centration. Then they were filtered through sy-
ringe filters non-sterile RC-membrane (Minisart
RC 15, Sartorius). The samples were submitted
to HPLC analysis employing a Cyg reverse phase
column (Luna 5 p, 250 x 4.60 mm, Phe-
nomenex) operated at 1 mL/min. Elution was
accomplished with a gradient of H,O/MeOH
50:50 (v/v) up to 100% MeOH in 30 min.

Eluted compounds were monitored by UV
detection at 210, 280, and 344 nm. The injection
volume was 20 pL. Coumestrol, daidzein, genis-
tein, formononetin and biochanin A were used
as standards. Each sample was injected by tripli-
cate. The concentration of coumestrol and
daidzein were calculated by the external stan-
dard calibration method. Peak areas were calcu-
lated using the Empower software. Standard de-
viation was calculated and was < 0.02%.

Isolation and identification of Compound 1
This compound was isolated from CIA ex-
tract by analytical HPLC/DAD using a C;g col-
umn eluted with 95% H,O during 3 min to 40%
ACN in 40 min during 10 min, back to initial
conditions in 5 min. Detection was made at A
260 and 340 nm. Sample injection 100-pL of CIA
(10 mg/mL). Flow rate: 1 mL/min. Fractions
were collected manually as peaks came out of
the column according to their UV spectrum.
Three fractions were obtained CIA<1, CIA-2, and
CIA-3. The major fraction CIA-2 was re-chro-
matographed on a C18 column eluted with
100% H,O during 3 min; 40% ACN in 10 min up
to 98% ACN in 30 min for 10 min, back to initial
conditions in 5 min. Detection was made at A
260 and 340 nm. Flow rate: 1 mL/min. Sample
injection: 100-pL of CIA-2 (5 mg/mL). Peaks
were collected manually according to their UV
spectrum. A yellow precipitate was obtained. Its
purity was checked using three different chro-
matographic systems by HPLC/DAD.

RESULTS AND DISCUSSION

HPLC fingerprint is a highly recommended
analysis for metabolic profiling of secondary
metabolites of fungi-infected plants to determine
relevant changes in the metabolite pattern in
comparison to non-infected plants 2. Erythrina
crista-galli cultivated plants, obtained under dif-
ferent experimental conditions, were investigat-
ed for their coumestrol and daidzein content by
means of HPLC-DAD analysis.
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Two groups of cultivated plants were ob-
tained: a control group (CC) and a group of
plants obtained from sterilized seeds (CE), in or-
der to demonstrate if the induction or accumula-
tion of daidzein and coumestrol in E. crista-galli
is influenced by the presence of Phomapsis sp.
in the young twigs of the plant. Samples of
these groups were taken at the 12t and 18t
month of plant growth and the presence of Pho-
mopsis sp in their young twigs were investigat-
ed. The endophytic fungus was detected in both
groups, CC and CE, demonstrating that though
seeds had been sterilized on their external sur-
face, the vertical transmission of the endophytic
fungi could not be avoided since this may be
present in the inner tissues of the seeds. As no
cultivated plants free from Phomopsis sp. could
be obtained a group of CE plants were sprayed
with a fungal suspension and samples of the
young twigs were taken 6 months later.

HPLC profile of the acetone extracts CCA
and CIA were compared with an acetone extract
obtained from young twigs from wild plants
(CSA) and daidzein and coumestrol contents
were calculated. The presence of biochanin A
and formononetin were also investigated in
these extracts. Results are shown in Fig. 1-3.
The HPLC profile at 260 nm was quite similar
for CSA (Fig. 1), CCA (Fig. 2) and CIA (Fig. 3).
Daidzein, genistein, coumestrol, formononetin
and biochanin A were identified in all of the
three samples.

Quantitative evaluation of coumestrol and
daidzein in CCA (0.02 % and 0.01%, respective-
ly) and CIA (0.04 and 0.05 %, respectively) indi-
cated that CIA plants present a higher content of
daidzein and coumestrol than control plants,
thus indicating that the presence of the endo-
phyte increases the production of these
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Figure 1. Chromatographic profile of the acetone ex-
tract (CCA) from cultivated Erythrina crista-galli
plants.
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Figure 2. Chromatographic profile of the acetone ex-
tract (CSA) of Erythrina crista-galli young twigs wild
sample.

samples Coumestrol Daidzein Genistein
(% p/p) o p/p) (% p/p)
CCA 0.02 0.01 n.q.
CIA 0.04 0.05 n.gq.
CSA 0.12 0.02 n.q.
Rt (min) 18.0 18.9 18.2

Table 1. Isoflavone content of wild and cultivated E.
crista-galli young twigs samples as determined by
HPLC. n.q.: not quantified.

isoflavonoids in the over infected plants. Be-
sides, CSA extract showed a higher content of
coumestrol and daidzein (0.12 and 0.02 %, re-
spectively) than cultivated control plants: This
may be probably due to infections produced by
other fungal organisms, besides Phomopsis sp.,
in the natural environment. Genistein was pre-
sent in traces and could not be quantified in any
of the extracts, under these experimental condi-
tions (Table 1).

A major peak was observed in the
HPLC/DAD profile of CIA extract. Characteriza-
tion of this compound was based on chromato-
graphic (TLC, HPLC) and spectroscopic analysis
(UV, H-NMR, 13C-NMR spectra and bidimen-
sional experiments).

Compound 1. UV (A max., nm): MeOH:
257, 267 (sh), 296 (sh), 361 nm; UV (A maix.,
nm): MeOH + NaOMe: 274, 321 (sh), 416 nm;
UV. (A max., nm): MeOH + AICI3: 274, 316 (sh),
362, 429 nm; UV (A max., nm): MeOH + AICl; /
HCI: 268, 306 (sh), 362 nm; UV (A mix., nm):
MeOH + NaOAc : 267, 400 nm; UV (A max.,
nm): MeOH + NaOAc / H3BOj: 271, 414 nm.
1H-NMR (500 MHz) (MeOD): 1.33 ppm (3 H);
3.63 ppm (3 H); 4.54 ppm (1 H); 5.14 ppm (1 H,
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Figure 3. Chromatographic profile of the acetone ex-
tract (CIA) of Erythrina crista-galli cultivated plants
over infected with Phomaopsis sp.

d, /= 7.5 Hz); 6.24 ppm (1 H, d, j= 2H2z); 6.43
ppm (1 H, d, = 2 Hz); 6.90 ppm (1 H, d, /= 8.5
Hz); 7.64 ppm (1 H, d, /= 8.5 Hz); 7.69 ppm (1
H, d, J = 2Hz). 13C-NMR (500 MHz) (MeOD):
16.47 (-CH;, rhamnose), 59.42 (~OCH3), 93.45
(C-8), 98.55 (C-6), 101.02 (Cy-rhamnose), 103.28
(C-10), 104.22 (C,-glucose), 114.65 (C-5"), 116.26
(C-2), 121.72 (C-6"), 122.13 (C-17), 133.00 (C-2),
144.46 (C-47), 148.42 (C-3), 157.16 (C-1), 157.49
(C-4), 161.61 (C-7), 164.68 (C-9), 178.03 (C-3).
HMBC spectrum revealed significant correlations
of: H-6 with C-7; H-7 with C-6; H-8 with C-10;
H-5 with C-1’, 3, 4 and ¢’; H-6' with C-3;
anomeric glucose proton with C-3. HSQC spec-
trum showed correlations of H-6 with C-6; H-8
with C-8; H-2'with C-2’; H-5" with C-5’; H-6" with
C-0’; glucose protons with its anomeric carbon;
rhamnose protons with its anomeric carbon.
This compound showed an Rf corresponding
to a glycoside in AcH 15%. UV spectrum of the
compound in MeOH indicated its structure as
corresponding to a flavonol derivative with hy-
droxyl functions at C5, C7, C3’ and C4. Two
metacoupled protons at § 6.24 and 6.43 correlat-
ed with the 13C-NMR signals at & 98.55 and
93.45 in the HSQC spectrum and were charac-
teristic of a 5,7-disubstituted A ring. Signals at §
7.69, 7.64, and 6.90, corresponding to B ring
protons, were assigned to protons at 6, 2, 5,
respectively. A signal at 8 3.63 in the 'H-NMR
spectrum, which integrated for 3 protons, corre-
sponded to a methoxyl group which was as-
signed to the 3’ position of B ring. Two signals
corresponding at least to two anomeric protons
were present in the BC-NMR spectrum, one at
104.22 and another at 101.02 ppm correlated
with the signals at 5.14 (J = 7.5 Hz) and 4.54 (J
= 1Hz) in the 'H-NMR spectrum. These signals



could indicate a fB-glucosyl and a a-rhamnosyl
linkage, since a methyl signal at § 1.33 in the
TH-NMR spectrum, typical of a rhamnosyl moi-
ety, was also observed. A crossed correlation
between signal at 133 ppm and signal at § 5.14
in the HSQC spectrum indicated the glucose
moiety was linked at C3 of the flavonoid nucle-
us. Other signals in the 'H-NMR and 13C-NMR
spectra could not be fully assigned. MS peak in
the MS spectrum (70 ev) corresponded to the
aglycone isorhamnetin.

Based on spectroscopic evidence, the agly-
cone was identified as isorhamnetin and the
sugars as glucose and rhamnose. Thus the com-
pound was partially characterized as a 3-O-glu-
cosyl-rhamnosyl glycoside, with at least two or
three sugar moieties. Identification of the com-
pound could not be completed since not
enough amount of it was isolated. Further stud-
ies need be undertaken (FABS-MS) in order to
determinate the number of sugars attached to
the C-3 position of the flavonoid and the type of
sugar linkages.

Flavonoids are a group of secondary
metabolites that are generally involved in plant
defense mechanisms. Pathogenic microorgan-
isms interact with these compounds in response
to the fungitoxic effect of flavonoids and trans-
form them into less toxic metabolites 19. Glyco-
sylation is one of these detoxification mecha-
nisms adopted by fungi. So the presence of the
isorhamnetin glycoside in the young twigs of E.
crista-galli may be explained as a consequence
of the over infection with' Phomopsis sp. in this
species.

CONCLUSIONS

The results obtained in this study indicate
that coumestrol-and daidzein are constitutive
metabolites in Erythrina crista-galli young twigs
and the presence of the endophyte, Phomopsis
sp., increases their production in the plant. Gly-
cosylation of flavonol compounds may also oc-
cur in response to an over infection with Pho-
mopsis sp.
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