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Abstract: This study aimed to explore the antioxidant potential and antiviral activity of endophytic
fungi which were isolated from healthy living tissues of medicinal plants. Endophytic strains
(29 different taxa) were isolated from 18 Egyptian medicinal plants collected from Saint Katherine
Protectorate, Egypt. The fungal endophytes were identified based on morphological characters.
All isolates were identified as ascomycetes, except two Zygomycetes strains (Absidia corymbifera and
Mucor fuscus). Isolated endophytes were cultivated on potato dextrose media. The fungal metabolites
were extracted by ethyl acetate and examined for their biological activities. Among 99 total extracts,
only Chaetomium globosum, which was isolated from Adiantum capillus, showed a promising DPPH
(1,1-diphenyl-2-picrylhydrazyl) scavenging activity (99% at 100 µg/mL). Fifteen extracts prohibited
the reproduction of HSV-2 virus. On the other hand, the reproduction of VSV-virus was inhibited by
sixteen endophytic extracts. The promising anti-(HSV-2 and VSV) extract of endophytic Pleospora tarda
strain; that was originally isolated from the medicinal plant Ephedra aphylla, showed viral inhibitory
activity of 40.7% and 15.2%, respectively. Two compounds, for which antiviral activates could be
attributed, were isolated and identified as alternariol and alternariol-(9)-methyl ether using different
NMR techniques from P. tarda extract. For the first time, we report here the ability of the endophytic
fungus P. tarda to produce alternariol and alternariol-(9)-methyl ether. The results indicate that the
endophytic fungi from medicinal plants are promising sources of bioactive compounds.

Keywords: medicinal plants; antioxidant; antiviral; endophytic fungi; alternariol;
alternariol-(9)-methyl ether

1. Introduction

There is a global need for new antiviral compounds to solve drug resistance problems.
The resistance of human disease to well-known (commercial) antibiotics is increasing rapidly nowadays,
so discovering new alternative agents is indispensable required for management those maladies.
Endophytes are relatively not well-studied microorganisms that recently gained importance due to their
different biological activities and bioactive compounds with a high level of structural diversity [1–4].
They are considered as a rich source of novel natural metabolites for exploitation in medicine, industry
and agriculture [1–5].
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The medicinal plants are considered as one of the major reservoirs of endophytic bioactive
metabolites for the use in the medicinal applications [2–4,6]. In the present surveys, we evaluated the
antioxidant potential and the antiviral effect of the total metabolites produced by some endophytic
fungi that inhabited Egyptian medicinal plants. Egyptian medicinal plants are well known for their
applications in traditional medicine to cure many infectious diseases [7,8]. Saint Katherine Protectorate
is an area rich with medicinal plants, but the biodiversity of microbial communities in Sinai is
poorly studied. Nowadays, this area attracts more attention for studying the diversity of endophytic
mycobiota from medicinal plants [8,9]. The importance of compounds with antioxidant activity is their
protective effect against the oxidative stress caused by oxygen-derived free radicals [10]. The culture
filtrate of Pestalotiopsis microspora, which was isolated from combretaceaous plant Terminalia morobensis,
showed promising antioxidant activity [11]. Similarly, graphislactone A, a potent antioxidant agent,
was identified as a phenolic metabolite from the endophytic fungus Cephalosporium sp., that resided in
Trachelospermum jasminoides [12]. Moreover, many endophytes were reported as potent viral inhibitors.
Recently, it was reported that an endophytic Streptomyces sp. strain isolated from the mangrove plant
Bruguiera gymnorrhiza, produced xiamycin, which exhibits selective anti-HIV activity [13]. Additionally,
the endophytic Emericella sp. (HK-ZJ) isolated from another mangrove plant Aegiceras corniculatum,
produces several bioactive isoindolone compounds, for which two of them showed moderate activity
against influenza A virus (H1N1) [14].

In this current report, we set to exploit the Egyptian medicinal plants in an important region
of Sinai to explore the biodiversity and the bioactivity of endophytic metabolites from these
medicinal plants.

2. Results and Discussion

2.1. Collected Medicinal Plants (Sampling)

The Egyptian medicinal plants were collected and identified morphologically as shown in Table 1.
The healthy and disease-free samples were classified into seven families (Adiantaceae, Compositae,
Ephedraceae, Euphorbiaceae, Hypericaceae, Labiatae, and Rubiaceae). Figure 1 shows the selected
medicinal plants.

Table 1. Host plants used for isolation of endophytic fungi.

Plant Family Host Medicinal Plants

Adiantaceae Adiantum capillus-veneris

Asteraceae

Achillea fragrantissima
Artemisia herba alba

Chiliadenus montanus
Launaea spinosa

Pulicaria undulate
Tanacetum sinaicum

Ephedraceae Ephedra alata
Ephedra aphylla

Euphorbiaceae Euphorbia sanctae-catherine

Hypericaceae Hypericum sinaicum

Lamiaceae

Lavandula coronopifolia
Phlomis aurea

Stachys aegyptiaca
Teucrium leucocladum

Teucrium polium
Thymus decussatus

Rubiaceae Galium sinaicum
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isolated fungal endophytes were identified according to Moubasher (1993) [15]. Isolated fungal 
strains were cultivated on potato dextrose agar media, as presented in Figure 2. 

A collection of 10 isolates from the genus Aspergillus was demonstrated. Aspergillus was 
represented by four species, belonging to three groups. Aspergillus flavus (three isolates), Aspergillus 
niger (three isolates), Aspergillus sydowii (two isolates), Aspergillus versicolor (one isolate) and one 
unidentified Aspergillus species, respectively, as in Supplementary Table S1. Furthermore, nine 
isolates from genus Penicillium were purified from the studied desert plants, Penicillium was 
represented by two species, Penicillium chrysogenum and Penicillium corylophilum, which belonged to 
one section: Biverticillata-Asymmetrica (two species belonged to subsection Velutina. Penicillium 
chrysogenum (three isolates), Penicillium corylophilum (two isolates) and unidentified Penicillium 
species (four isolates), respectively, as revealed in Supplementary Table S1. 
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2.2. Isolation and Identification of Endophytic Fungi

Plant samples were used to isolate one hundred and thirty-two endophytic strains, which were
purified from the leaves and stems of 18 medicinal plants (Supplementary Tables S1 and S2).
The isolated fungal endophytes were identified according to Moubasher (1993) [15]. Isolated fungal
strains were cultivated on potato dextrose agar media, as presented in Figure 2.

A collection of 10 isolates from the genus Aspergillus was demonstrated. Aspergillus was
represented by four species, belonging to three groups. Aspergillus flavus (three isolates), Aspergillus niger
(three isolates), Aspergillus sydowii (two isolates), Aspergillus versicolor (one isolate) and one unidentified
Aspergillus species, respectively, as in Supplementary Table S1. Furthermore, nine isolates from
genus Penicillium were purified from the studied desert plants, Penicillium was represented by
two species, Penicillium chrysogenum and Penicillium corylophilum, which belonged to one section:
Biverticillata-Asymmetrica (two species belonged to subsection Velutina. Penicillium chrysogenum
(three isolates), Penicillium corylophilum (two isolates) and unidentified Penicillium species (four isolates),
respectively, as revealed in Supplementary Table S1.
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yeast (one isolate), and fungi with sterile mycelia (white, (25 isolates) and dark, (26 isolates)). All 
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The remaining isolates of different genera and species in the current study, other than
Aspergillus and Penicillium, were listed in Supplementary Table S2. Absidia corymbifora (1 isolates),
Acremonium strictum (two isolates), and one unidentified Acremonium sp., Alternaria alternate (one
isolate), Chaetomium globosum (two isolates), C. spirale (one isolate), Cochliobolus lunatus (one isolate),
Fusarium oxysporum (two isolates) and unidentified Fusarium sp. (one isolate), Mucor fuscus (one
isolate), Nigrospora sphaerica (three isolate), Phoma leveillei (one isolate), Scopulariopsis sp. (one isolate),
Ulocladium chartarum (three isolate), Ulocladium atrum (one species), Pleospora tarda (five isolates)
and yeast (one isolate), and fungi with sterile mycelia (white, (25 isolates) and dark, (26 isolates)).
All endophytic isolates belonged to ascomycetes, except two zygomycetes strains (Absidia corymbifera
and Mucor fuscus). It was obvious that fungi with sterile mycelia represented 51% from the total
number of isolated endophytic strains. Sterile mycelia were common endophytes, 19.69% for dark
sterile mycelia, and 18.93% for white sterile mycelia, and these percentages came in accordance with
many endophytic studies [16,17].

2.3. Antioxidant and Antiviral Activities

More than one hundred endophytic fungi were isolated and purified from Saint Katharine
medicinal plants, and extracted with ethyl acetate. The total extracts at concentration of 50 µg/mL
were investigated for their antioxidant and antiviral activities. Of all the 99 crude extracts,
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only Chaetomium globosum isolated from the internal tissues of Adiantum capillus-veneris revealed
a promising antioxidant activity (99%) DPPH scavenging activity at the level 100 µg/mL of total
extract (Table 2). Genetic identification (18S rDNA) of the active antioxidant isolate was achieved in
our previous report [10]. It showed a high similarity to Chaetomium globosum. The sequence of the
fungus nucleotides was submitted to GenBank to estimate DNA similarities, and was assigned the
accession number JN711454 [10]. In our previous study [10], we attributed the antioxidant potential of
C. globosum to the phenolic compounds. The phenolic hydroxyl groups are considered as functional
and characteristic groups responsible for the main antioxidant activity. Our results were in accordance
with those of Ravindran and Naveenan (2011) [18], who investigated the bioactivity of the aqueous
extracts of C. globosum which exhibited antioxidant activity at different concentrations using different
techniques of DPPH assay, hydroxyl radical scavenging assay, and metal chelating assay. On the
other hand, the moderately antioxidant property of the endophyte, Penicillium sp., was elucidated,
which revealed (28%) DPPH scavenging activity. It is interesting that this strain was also isolated from
the same plant (Adiantum capillus-veneris). Accordingly, we concluded that the host–microbe interaction
is one of the driving forces for endophytic secondary metabolites production [3–5,8]. The previous
results confirmed that C. globosum was considered as a promising source of bioactive metabolites which
could be used in drug industry [10].

The fungal endophytic extracts which showed, in our previous report [8], promising antimicrobial
activities, were selected for investigating their antiviral activities against representative DNA and RNA
viruses. The results of antiviral activity were expressed in form of inhibition percent of cytopathogenic
effects (% of CPE inhibition), as previously described [10]. The results of antiviral activity in the
form of percent of CPE inhibition is shown in Table 2. For simplicity, the VERO cell line was
treated with 50 µg/mL of selected endophytic extracts for 24 h before the viral infection, to test
the potency of fungal endophytic extracts to stop reproduction of the viruses. The negative signs
and zero of inhibition (% of CPE) refer to increase in virus titer in treated cells compared to control
(non-treated cells); these signs mean that the viruses adhered to cells, replicated, and the extract
was inactive. The positive signs indicate that the extracts are active, where they stopped the viral
reproduction machinery, and decreased the viruses’ titer compared to the titer of control [10,18]. Fifteen
extracts inhibited viral reproduction (positive signs), and the remaining tested extracts were inactive.
On the other hand, the coherence and reproduction of VSV virus was inhibited by sixteen endophytic
extracts. The endophytic fungus, Pleospora tarda, associated with medicinal plant Ephedra aphylla,
and sterile mycelia (w9) from host plant Ephedra alata, were the most potent candidates against
HSV-2, with inhibitory activity of 40.7% for both. On the other hand, different endophytic metabolites
interrupted the attack of VSV to Vero cells, for example, Acremonium strictum from Launea spinos,
Penicillium sp. from Phlomis aurea, and Mucor fuscus from Stachys aegyptiaca. The most active strain to
stop the reproduction of the VSV was Aspergillus sp. from Galium sinaicum.

The endophytic fungus Chaetomium globosum, which was isolated from host plant Hypericum sinaicum,
showed a weak antioxidant and anti-VSV activities, while the same isolate from another host plant,
Adiantum capillus-veneris, showed only promising antioxidant activity (99% of DPPH scavenging activity).
The same trend was observed also in the activities of Ulocladium chartarum, which was isolated from
Pulicaria undulate, and from Hypericum sinaicum. The first isolate exhibited a weak antioxidant activity,
stopped the contact between the virus and the host cells and prevented VSV reproduction, while the
second isolated strain showed a higher antioxidant, but did not influence the HSV reproduction.

Moreover, Acremonium strictum, which was isolated from different hosts, showed significant
difference in biological activity, as shown in Table 2. From previous results, it was clear that the same
isolates which inhabited different hosts exhibited different and varied biological activities. These results
confirmed that in any ecosystem, the production of secondary metabolites is based on the mutualistic
relationship of the endophyte and its host.
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Table 2. Antioxidant and antiviral activities of different fungal endophytes extracts.

Plant
Family Host Plant Endophyte

% of
Antioxidant

Activity

% of CPE
Inhibition

of HSV

% of CPE
Inhibition

of VSV

Plant
Family Host Plant Endophyte

% of
Antioxidant

Activity

% of CPE
Inhibition

of HSV

% of CPE
Inhibition

of VSV

A
di

an
ta

ce
ae

A
di

an
tu

m
ca

pi
ll

us
-v

en
er

is Chaetomium globosum 99% 0% −15.2

Eu
ph

or
bi

ac
ea

e

Eu
ph

or
bi

a
sa

nc
te

ca
th

er
in

e

White sterile mycelia 3 23% ND ND

Penicillium sp. 28% ND ND White sterile mycelia 4 9% ND ND

A
st

er
ac

ea
e

A
ch

il
le

a
fr

ag
ra

nt
is

si
m

a Dark sterile mycelia 1 4% 14.8% −6.8 Dark sterile mycelia 3 8% ND ND
Dark sterile mycelia 2 15% 0% ND Aspergillus sydowii —- ND ND
White sterile mycelia 1 1% 0% 0 Acremonium strictum 1.5% 2.2% −6.8
White sterile mycelia 2 6% 0% −6.8

H
yp

er
ic

ac
ea

e

H
yp

er
ic

um
si

na
ic

um

Ulocladium chartarum 19% 0% ND
Penicillium

corylophilum —- ND ND Dark sterile mycelia 14% ND ND

A
rt

im
is

ia
he

rb
a

al
ba

Nigrospora sphaerica 14% ND ND Pleospora tarda 16% 0% 8.4
White sterile mycelia 1 15% 0% −6.8 Chaetomium globosum 12% −14.8% 6.8

Dark sterile mycelia 14% 0% −15.2 White sterile mycelia 1 12% ND ND
White sterile mycelia 2 15% 22.2% 0 Yeast 7% ND ND

Aspergillus flavus 8% ND ND White sterile mycelia 2 11% 0% 8.3

C
hi

li
ad

en
us

m
on

ta
nu

s Dark sterile mycelia 10% 14.8% 0

La
m

ia
ce

ae

La
va

nd
ul

a
co

ro
no

pi
fo

li
a

Dark sterile mycelia 1 9% 17.0% ND

Nigrospora sphaerica 13% 14.8% −15.2 Dark sterile mycelia 2 21% ND ND

La
un

ea
sp

in
os

a

Acremonium strictum 6% 14.8% 0 Dark sterile mycelia 3 5% ND ND
Acremonium sp. 7% ND ND Scopulariopsis sp. —- ND ND

Penicillium
chrysogenoum 0.5% −21.5% −22.13

P
hl

om
is

au
re

a

Dark sterile mycelia 1 2% ND ND

Aspergillus niger 0.5% 0% −19.03 White sterile mycelia 8% 0% ND

P
ul

ic
ar

ia
un

du
la

te

Dark sterile mycelia 1 21% ND ND Dark sterile mycelia 2 —- −18.5% 0
Dark sterile mycelia 2 15% 0% 8.4 Chaetomium spirale 2% 0% −15.26
Ulocladium chartarum 8% 0% 8.4 Penicillium sp. —- −18.5% 0

Penicillium sp. 24% 0% −22.12 Aspergillus flavus 5.5% ND ND
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Table 2. Cont.

Plant
Family Host Plant Endophyte

% of
Antioxidant

Activity

% of CPE
Inhibition

of HSV

% of CPE
Inhibition

of VSV

Plant
Family Host Plant Endophyte

% of
Antioxidant

Activity

% of CPE
Inhibition

of HSV

% of CPE
Inhibition

of VSV
Dark sterile mycelia 3 14% 26% 8.4

St
ac

hy
s

ae
gy

pt
ia

ca

Mucor fuscus —- 14.8% 0%
Ulocladium atrum 14% ND ND White sterile mycelia 1 2% ND ND

White sterile mycelia 16% ND ND Pleospora tarda 1% ND ND
Ta

na
ce

tu
m

si
na

ic
um

White sterile mycelia 1 6% −14.8% 8.39 White sterile mycelia 2 —- ND ND
White sterile mycelia 2 2% ND ND Aspergillus flavus 0.2% 14.8% −9.9%
White sterile mycelia 3 1% ND ND

Te
uc

ri
um

le
uc

oc
la

du
m

White sterile mycelia 1 15% 18.5% ND
Penicillium

chrysogenoum —- ND ND White sterile mycelia 2 15% 0% 0

Penicillium sp. 6% 0% 15.2 Dark sterile mycelia 1 16% −11.1% −6.8

Aspergillus sydowii 2% ND ND Dark sterile mycelia 2 17% ND ND

Ep
he

dr
ac

ea
e

Ep
he

dr
a

al
at

a

White sterile mycelia 1 9% 40.7% 15.2 Dark sterile mycelia 3 14% ND ND
White sterile mycelia 2 15% 0% 8.3 White sterile mycelia 3 15% ND ND
Dark sterile mycelia 1 2% ND ND

Te
uc

ri
um

po
li

um

Alternaria alternata 11% 0% 15.2
Dark sterile mycelia 2 7.5% ND ND Nigrospora sphaerica 1% 0% −15.4
Dark sterile mycelia 3 1% −14.8% 0 White sterile mycelia 1 10% 0% 8.4
White sterile mycelia 3 —- −11.1% −6.8 White sterile mycelia 2 18% ND ND

Dark sterile mycelia 4 22% ND ND Penicillium
corylophilum —- 0% −15.2

Dark sterile mycelia5 4% ND ND Penicillium
chrysogenoum —- ND ND

Unidentified bacteria —- ND ND Aspergillus niger 0.5% 0% 0

Ep
he

dr
a

ap
hy

ll
a Pleospora tarda 17% 40.7% 15.2%

Th
ym

us
de

cu
ss

at
es

Unidentified bacteria 4% ND ND

Dark sterile mycelia 1 —- 0% ND

R
ub

ia
ce

ae

G
al

iu
m

si
na

ic
um

Pleospora tarda 1 0 0% −15.2%
Aspergillus versicolor 11% ND ND Fusarium oxysporum —- ND ND

Dark sterile mycelia 2 6% ND ND Ulocladium chartarum —- ND ND
Aspergillus niger —- ND ND Aspergillus sp. —- −3.7% 23.66%

Eu
ph

or
bi

ac
ea

e

Eu
ph

or
bi

a
sa

nc
te

ca
th

er
in

e Dark sterile mycelia 1 21% 0% 0 Cochliobolus lunatus 5% ND ND
White sterile mycelia 1 17% 0% ND Pleospora tarda 2 —- NA ND

Phoma leveillei 19% 14.8% 15.2 Absidia corymbifora —- ND ND
White sterile mycelia 2 6% ND ND Fusarium sp. 1% 11.1% ND

Dark sterile mycelia 2 8% ND ND

ND: Not determined.
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2.4. Identification of the Secondary Metabolites Compounds of Pleospora tarda

Due to the potential activity of the endophytic Pleospora tarda strain, isolated from the medicinal
plant Ephedra aphylla, against HSV-2 and VSV viruses, it was selected for further chemical investigation
to identify the major secondary metabolites produced by that strain. It was cultivated on potato
dextrose agar (PDA) media, and the ethyl acetate extract was subjected to extensive purification using
silica gel chromatography followed by purification on HPLC using C-18 column. Two compounds
were obtained and identified as alternariol and alternariol-(9)-methyl ether (Figure 3).
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The compound (1) was identified based on 1H NMR and 13C NMR, and 2D NMR correlation
HMBC (Supplementary Figures S1–S3). 1H NMR (400 MHz, (CD3)2SO): δ 7.19 (1 H, d, J = 2.4 Hz,
H10), 6.66 (1 H, d, J = 2.0 Hz, H2), 6.58 (1 H, d, J = 2.4 Hz, H4), 6.32 (1 H, d, J = 2.0 Hz, H8), 2.65 (3 H, s,
CH3 at C1) ppm. 13C NMR (100 MHz, (CD3)2SO): δ 166.0 (C6), 165.2 (C7), 164.5 (C9), 158.9 (C3), 153.1
(C4a), 138.8 (C10a), 138.6 (C1), 118.0 (C2), 109.4 (C4b), 104.8 (C10), 102.1 (C4), 101.4 (C8), 97.8 (C10b),
25.7 (CH3 at C1) ppm. Based on HMBC correlation, the compound (1) was identified as alternariol [19].

Compound (2) was identified as a derivative of compound 1 with methoxy group attached to
(C9) based on 1H NMR (Supplementary Figure S4). 1H NMR (400 MHz, (CD3)2SO): δ 7.20 (1 H, d,
J = 2.4 Hz, H10), 6.69 (1 H, d, J = 2.0 Hz, H2), 6.61 (1 H, d, J = 2.4 Hz, H4), 6.59 (1 H, d, J = 2.0 Hz,
H8), 3.88 (3 H, s, OCH3 at C9), 2.71 (3 H, s, CH3 at C1) ppm. Hence, compound (2) was identified as
alternariol-(9)-methyl ether [19,20].

To the best of our knowledge, this is the first time the isolation of alternariol (compound 1)
and alternariol-(9)-methyl ether (compound 2) from the endophytic fungus Pleospora tarda has been
reported. It was demonstrated before that heptaketide compounds isolated from three endolichenic
fungal strains had antiviral activity [21]. The potency of alternariol and alternariol-(9)-methyl ether
to inhibit herpes simplex virus (HSV), in vitro, has been previously reported. They showed an
inhibition with IC50 values of 13.5 and 21.3 µM with selective index of 26.5 and 17.1, respectively.
Thus, we referred the antiviral activity of endophytic P. tarda extract to these compounds. The isolated
compounds inhibited, previously, the viral replication, either by acting as a polymerase inhibitor,
or via inhibiting pre-integration steps. However, it was reported previously that the alternariol and
alternariol-9-methyl ether are the main mycotoxins of fungi of the genus Alternaria, which limit the
usage of alternariol based compounds in pharmaceutical industry. Several research studies indicated
that Alternaria mycotoxins are directly related to the increased incidence of esophageal cancer. Besides,
alternariol and alternariol-9-methyl ether were able to induce gene mutations and DNA damage in
animal cell lines, and to inhibit topoisomerase I and IIα [22].

From the previous, it was obvious that endophytes represented an abundant and dependable
source of bioactive agents, which could be explored for exploitation in pharmaceutical applications.
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In this current study, light was shed on the bioactivity of some important metabolites from endophytes
which were isolated from representative medicinal plants of the Sinai region. We also elucidated the
chemical purification and identification of some compounds from these active strains. These results
indicated the importance of Egyptian medicinal plants as a new possible source of active compounds
which can be used in pharmaceutical drug industries.

3. Conclusions

The total metabolites of a large number of endophytic fungi exhibited different bioactivities.
The Adiantum capillus-veneris isolate, Chaetomium globosum, was the most potent antioxidant strain,
while Pleospora tarda, from the medicinal plant Ephedra aphylla, showed promising antiviral activity.
However, other isolates of the endophytic fungi stopped reproduction of HSV-2and VSV viruses in
cells. The great biodiversity and promising bioactivities of endophytic isolates from medicinal plants
indicated the importance and requirement for further investigations of pure compounds from the
active strains. Therefore, the usage of the endophytes would be crucial approach to search for novel
natural products and will help in conservation of medicinal plants and maintenance of environmental
biodiversity. Interestingly, it seems that the host–endophytic interaction plays a crucial role in the
direction of the endophytes secondary metabolites production.

4. Materials and Methods

4.1. Plant Material

The medicinal plants were collected from Saint Katherine Protectorate, Sinai, Egypt, in September
2010. Only apparently healthy and disease-free plants were collected, to minimize the presence of
pathogenic and saprophytic microbes. The plants were stored in separate plastic bags at 4 ◦C in an ice
box until isolation procedures were conducted [8].

4.2. Isolation of Endophytic Fungi

The endophytic fungi were isolated from fresh medicinal plants leaves by the method described
by Selim and coworkers in 2011 [8].

4.3. Identification of Endophytic Fungi

Taxonomic identification of endophytic isolates was performed on the basis of morphological
characters of fungal culture, colony, hyphae, and the characters of reproductive structure of endophytic
fungus, according to identification keys [15].

4.4. Fermentation and Extraction of Fungal Secondary Metabolites

The isolated strains were cultivated over rich standard potato dextrose agar (PDA) medium,
(peeled potato 200 g, dextrose 20 g, agar 20 g, and 1 L distilled water). The media were statically
incubated at 30 ◦C, for 3 weeks. Then, the mycelia mat and the media were extracted with ethyl
acetate by using an ultrasonic bath for 30 min. The extraction procedures were performed in triplicate.
The extract was evaporated to dryness under reduced vacuum [10].

4.5. Identification of Secondary Metabolites

The total ethyl acetate extract of active Pleospora tarda strain grown on PDA media, was subjected
to extensive purification using silica gel chromatography, followed by purification on HPLC using
C-18 column. The pure compounds were identified on the basis of 1H NMR, 13C NMR, and 2D NMR
correlation HMBC.
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4.6. Antioxidant Potential of Fungal Extracts

The antioxidant activities of the extracts were assessed using free radical scavenging (FRS)
model [23]. Concentrations of fungal extract in DMSO (1000 µg/mL) and DPPH (0.004%) in methanol
were prepared. Different concentrations (5–25 µg) of (vitamin C and quercetin) were used as standard
controls. In a 96-well plate, 20 µL of (samples or standard) solutions and 180 µL of (0.004%) DPPH
were added in each well. The reaction mixture was incubated for 30 min, the assay was run in triplicate,
and repeated at least once for active extracts. The absorption was measured at 540 nm by microplate
reader. The percentage of scavenging activity was calculated from the following equation:

% of Scavenging Activity = [(A Blank − A Sample)/A blank] × 100

where A Blank is the absorbance of DPPH only, and A Sample is the absorbance of reaction mixture in
presence of test samples.

4.7. In Vitro Antiviral Assay of Endophytes Total Metabolites Using EPTT

The end point titration technique (EPTT) bioassay was used to evaluate the antiviral potential
of the ethyl acetate extracts of endophytic fungi [24,25]. Two different viruses were chosen for this
technique: herpes simplex virus type-2 (HSV-2) as a DNA virus, and vesicular stomatitis virus (VSV)
as an example of an RNA virus. Both viruses were obtained from the Holding Company for Biological
Products and Vaccines (VACSERA), Egypt. Investigation of the antiviral activity was accomplished
according to the previously fully described method [10]. The antiviral activity was calculated based on
the ability of the extracts to inhibit the viral cytopathogenic effects (% of CPE inhibition) [10,17,18],
according to the following calculation:

% of antiviral activity in form of CPE inhibition % = [1 − (CPE test/CPE control)] × 100

Supplementary Materials: Supplementary materials can be found at http://www.mdpi.com/2311-5637/4/3/49/s1.
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