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Abstract: Endophytic fungi are a group of host-
associated fungal communities that benefit their
hosts. According to the conditions of their specific
living environment, plant endophytic fungi produce
many bioactive metabolites with different structural
features. The bioactive compounds isolated from
endophytic fungi, have significant effects on
increasing the compatibility of both endophytic fungi
and their host plants, such as the tolerance to biotic
and abiotic stresses. In addition, some of these
metabolites have indicated medicinal and ecological
importance. In the present investigation, five fungal
endophytes were isolated from the seeds of some
medicinal plants. These endophytic isolates were
characterized by sequencing of Internal Transcribed
Spacer (ITS) regions as Acremonium sp. isolated from
Echium amoenum, Epicoccum nigrum from Rosa
canina, Fusarium sp. and Fusarium equiseti from
Calendula officinalis and Lecanicillium aphanocladii
from Physalis peruviana. To screen the
phytochemical derivatives of ethyl acetate of these
endophytic fungal isolates, the extracts were
subjected to phytochemical analysis by gas
chromatography-mass spectrometry (GC-MS). GC-
MS spectrum of the compounds found in the extracts
of the endophytic fungi was matched with the
standard compounds present in the WILEY8 library
and the National Institute of Standards and
Technology (NIST14) library. The GC-MS analysis
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of extracts from these endophytic fungi revealed the
presence of 49 phytocompounds such as 2,4-Di-tert-
butylphenol, Hexadecane, Eicosane, Octadecane,
Docosane, Nonadecane, Isopropyl  myristate,
Hexadecanoic acid, Undecane, Methyl stearate and so
on. The results of the present study acknowledge that
the endophytic fungi of these medicinal plants are the
potential source of biologically active compounds and
envisage the possible drug discovery using them. In
addition, the compounds 14-Beta-H-Pregna and
Cyclohexane, 1, 1'-(2-methyl-1,3-propanediyl) bis are
reported here for the first time as fungal metabolites.
Keywords: Endophytes, Fungi, Medicinal plants,
Secondary metabolites, GC-MS.

INTRODUCTION

Endophytic fungi are a community of fungi that
colonize internal tissues of higher plants,
asymptomatically (Fouda et al. 2015). Scientific
resources consider fungal endophytes as those that
live at least part of their life cycle inside diverse plant
tissues including leaves, stems, seeds and roots,
without any visible damage to their host plants
(Fouda et al. 2015). A mutualistic interaction occurs
between fungal endophytes and their hosts, the plant
provides nutrition and protection for the fungus in one
hand, the fungus helps with the competitiveness and
growth of the plant by protecting and preserving it
against abiotic and biotic stresses on the other hand
(Strobel & Daisy 2004). Moreover, plants colonized
by endophytes have benefits such as plant growth
promotion by helping in the production of growth
hormones and secondary metabolites, hence, are
generally healthier than those lacking endophytic
interaction  (Faeth & Fagan 2002). The
communication between endophytes and their host
plants can also affect the formation of metabolic
products in both partners (Faeth & Fagan 2002). It
has been revealed that in this mutualistic interactions,
fungal endophytes can produce bioactive compounds
analogous to plant metabolites and accordingly it has
been suggested that, this phenomenon results from
co-evolution (Faeth & Fagan 2002). During co-
evolution, fungal endophytes gently  were
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acclimatized to specific microenvironments using
approaches such as the uptake of plant DNA
fragments into their genomes or the insertion of their
DNA into the host plant genome (Soares et al. 2017).
Although many plant species usually host several
endophyte species, only a few plants have ever been
investigated for their endophytic diversity and
biology, therefore, enormous rich potential resources
exist for the description of novel fungi (Strobel &
Daisy 2004). Some kinds of plant communities such
as plants with an ethnobotany background like those
used as a medicine, have been selected generally for
the isolation of beneficial endophytes (Strobel &
Daisy 2004). It has been revealed that endophytic
fungi have an affecting role in the quality and
quantity of crude drugs through a particular fungus-
host interaction in medicinal plants (Faeth & Fagan
2002). Therefore, endophytic fungi are mostly
isolated from medicinal herbs to acquire bioactive
compounds for remedial activities which are already
obtained from host plants (Soares et al. 2017; Musavi
et al. 2015).

Plants and fungi are wealthy sources of thousands
of bioactive compounds (Musavi et al. 2015). The
bioactive compounds resulting from natural resources
can be reviewed and evaluated for pharmacological
characterization. The triumph of these resources in
finding new and effective drug compounds that can
be beneficial for humans was considered further with
the discovery of biosynthesis of Taxus-derived,
anticancer compound Taxol from endophytic fungi
Taxomyces andreanae Strobel, A. Stierle, D. Stierle
& W.M. Hess and Pestalotiopsis microspora (Speg.)
G.C. Zhao & Nan Li isolated from Taxus wallichiana
Zucc. (Stierle et al. 1993). Taxol, arguably the most
successful anti-cancer drug of all time, is identified
and its source, is the bark of the Taxus species
(Strobel et al. 1996). Capsaicin, an alkaloid of
Capsicum annuum L. which has anti-inflammatory,
thermogenic, anti-lithogenic, gastro-stimulatory, anti-
cancer, anti-diabetic and cardio-protective attributes,
has also been produced by Alternaria alternata (Fr.)
Keissl. isolated from C. annuum as an endophytic
fungus (Musavi et al. 2015). Huperzia serrata
Thunb., a tropical medicinal moss, is used for the
treatment of Alzheimer’s disease and its biologically
active alkaloid huperzine A (HupA) was also isolated
from its endophytic fungus, Acremonium sp. (Musavi
et al. 2015). A bioactive natural compound Silymarin
which has anti-oxidant, anti-hepatitic,
cardioprotective, immunomodulatory, anti-
inflammatory, anti-metastatic and hepatoprotective
activities, found in Silybum marianum (L.) Gaertn
fruits, has also been reported from the endophytic
fungus Aspergillus iizukae Sugiy. isolated from this
plant (EI-Elimat et al. 2014).

In the present research, the seeds of several
important medicinal plants including Calendula
officinalis L., Echium amoenum Fisch & Mey,
Physalis peruviana L. and Rosa canina L. were used
for the isolation of endophytic fungi. Calendula

officinalis, is a medicinal herb that is used in
traditional systems of medicine for herpes, scars,
ulcers, skin damage and treating wounds, blood
purification and frost-bite. Moreover, it is especially
used because of its diverse biological activities to
treat diseases like gastro-intestinal, gynecological,
diabetic, in some cases of burns, analgesic and anti-
inflammatory. This plant is wealthy in many
pharmaceutic active ingredients like amino acid,
flavonoids, glycosides, volatile oil, steroids and
carotenoids (Ashwlayan & Verma 2018). Echium
amoenum is one of the most significant medicinal
plants in Iranian traditional medicine and its flowers
have been applied as anti-inflammatory, analgesic,
demulcent, sedative and anxiolytic in the folk
medicine of Iran. The antioxidative stress potential of
E. amoenum may be due to its bioactive anti-oxidant
components, especially rosmarinic acid and
flavonoids (Ranjbar et al. 2006). Physalis peruviana
has a wonderful medicinal value for curing various
diseases such as rheumatism, malaria, leukemia,
diabetes, asthma, ulcers, hepatitis, dermatitis and
cancer (Ramirez et al. 2013). The fruit of P.
peruviana was exhibited to have both anti-oxidant
and anti-inflammatory activities and contains high
levels of vitamin A, vitamin B-complex and vitamin
C (Pardo et al. 2008). Rosa canina contains various
vitamins  (especially vitamin C), carotenoids,
polyphenols, fatty acids and carbohydrates.
Moreover, there is evidence of anti-bacterial, anti-
diabetic, anti-cancer and anti-obesity properties of
this medicinal plant (Selahvarzian et al. 2018). The
current study aimed to identify potential bioactive
metabolites of five endophytic fungi associated with
seeds of the above-mentioned medicinal plants

MATERIALS AND METHODS

Sample collection and isolation of endophytic fungi
Plants and seeds of medicinal plants C. officinalis, E.
amoenum, P. peruviana and R. canina were collected
from Mazandaran Province in Iran during the years
2018-2019 and transferred to the laboratory in sterile
Zipper bags in portable cool chambers (4 °C).
Endophytic fungal isolations were carried out
aseptically from healthy seeds as follows: after
primarily washing with tap water, seed samples were
processed for surface sterilization with 75% ethanol
for 1 min, 3% sodium hypochlorite for 5 min, 70%
ethanol for 30 s and, then washed three times with
sterile distilled water. Dried plant seeds were cut into
2-3 pieces under sterile conditions and were plated on
Petri dishes containing potato dextrose agar (PDA,;
Merck, Darmstadt, Germany). The plates were
incubated at 25 + 1 °C for 7-12 days and were
checked daily. Fungal hyphae and fruiting structures
emerging from the plated seeds were subcultured on
water agar (WA) media and maintained as the pure
culture at 4 °C for further use. The effectiveness of
the seed surface sterilization method was evaluated
by placing individual seeds onto Petri dishes
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containing PDA medium and the plates were
incubated at 25 + 1 °C for 7-12 days.

DNA isolation, PCR amplification and sequencing
Mycelium was scraped from the surface of fungal
cultures growing on PDA using a sterile scalpel blade
and DNA was extracted according to the protocol of
Moller et al. (1992). The DNA samples were diluted
50-100 times in preparation for further DNA
amplification reactions. The primers ITS1F (Gardes
& Bruns 1993) and 1TS4 (White et al. 1990) were
used to amplify part of the internal transcribed spacer
regions and intervening 5.8S nrRNA gene (ITS) of
the nrRNA operon. The polymerase chain reaction
(PCR), mixture and amplification condition were
performed in a final volume of 25 pl as explained in
Bakhshi & Braun (2022). The PCR products were
sequenced with the amplified primers at a commercial
sequencing service provided at Microsynth Company
(Balgach, Switzerland). Obtained sequences were
assembled with MEGA v. X software and consensus
sequences were manually generated from the forward
and reverse sequences. The consensus regions of
sequences were compared with the reference
sequences using the BLAST algorithm and submitted
to the NCBI GenBank nucleotide database
(http://www.ncbi.nlm.nih.gov.blast). The obtained
sequences from GenBank and the novel generated
sequences during this study were aligned and
subjected to construct a phylogenetic tree using
MrBayes v. 3.2.6 as elucidated by Bakhshi & Braun
(2022). Melampsora caprearum (DC.) Thim.
(KU550034) was used as the outgroup taxon.
Extraction of metabolites

The metabolites were extracted according to the
method of Siddiquee et al. (2012) as follows. The
pure fungal colonies were cultured onto 50 ml potato
dextrose broth (PDB; Q-LAB) media. After 10 days
of incubation, extraction was performed by adding 20
ml Ethyl acetate (C4HgO;) to the broth culture in
Erlenmeyer flasks and the mixture was incubated at 4
°C for 10 min. Then, flasks were shaken for 30 min at
120 rpm. The Erlenmeyer flasks were placed in a
stationary state to form two phases for 60 min. Taken
the upper phase was transferred to a clean 15 ml
falcon tube. The supernatant was spined for 10 min,
with 4000 rpm, at room temperature in the centrifuge.
Once again, it was taken in the upper aqueous phase
and was transferred to a clean 50 ml falcon tube.
Then, the supernatant (metabolites and C4HgO,) was
separated from the liquid culture and evaporated
using a rotary evaporator at 45 °C. The residue was
dissolved in one ml methanol (CH4OH), filtered
through a 0.2 pm syringe filter (Millipore) and stored
at 4 °C for 24 h before injection to GC-MS. The
chemical composition of the ethyl acetate fractions
was analyzed by GC-MS.

GC-MS analysis of the compounds

An Agilent Technologies 7890 A gas chromatograph
(GC) connected to a 5975 C inert mass spectrometer
(MS) detector (Agilent, USA) was applied for the
detection of secondary metabolites from the crude

extract of fungal isolates. Furthermore, an HP-5MS
fused silica capillary column (Hewlett-Packard, 30
m* 0.25 mm i.d., 0.25 um film, cross-linked to 5%
phenyl methyl siloxane stationary phase) was used.
The software Chemstation (Hewlett-Packard, version
A.01.01) was used to control entire system. Electron
impact mass spectra were documented at 70 electron
voltage and ultra-high pure He (99.999%) gas was
applied as the carrier gas at a flow rate of 1 mL/min.
The injection volume was 1 pL and all the injections
were conducted in a split-less mode. The temperature
of the injector and detector was 250 and 280 °C,
respectively. The column oven temperature was
firstly set at 50 °C for 5 min, then enhanced to 260 °C
(ramp: 4 °C/min) and held for 5 min (Vandendool &
Kratz 1963). The compounds found in the extracts of
the fungi were recognized by computer matching
their GC-MS spectral patterns with the WILEY8
library and the National Institute of Standards and
Technology (NIST14) library.

RESULTS AND DISCUSSION

Identification of endophytic fungal isolates

The isolates were identified with the DNA sequence
analysis of the ITS region and based on the ITS
phylogenetic tree, were assigned to five species as
Acremonium sp., Epicoccum nigrum Link, Fusarium
equiseti  (Corda) Sacc., Fusarium sp. and
Lecanicillium aphanocladii Zare & W. Gams (Fig. 1).
The detailed identification of these endophytic fungi
with their Genbank accession numbers are presented
in Table 1. There are many studies on endophytic
fungi from various plants. This is the first report of
endophytic fungi associated with seeds of the
medicinal plants C. officinalis, E. amoenum, P.
peruviana and R. canina.

Identified compounds through GC-MS

According to the results of GC-MS analysis, a total of
49 compounds, including 1-Docosanol, 1-Hexanol 2-
ethyl, 2,4-Di-tert-butylphenol, 2-Coumaranone, (2'R)-
2-(2'-hydroxypropyl)-4-methoxyl-1,3-benzenediol,
14-Beta-H-Pregna, Adipic acid, Benzenepropanoic
acid, Bromotetradecane, Cyclohexane,1,1'-(2-methyl-
1,3-propanediyl)  bis,  Cyclonerolidol,  Di-2-
ethylhexylphtalate, Di-epi-alpha-cedrene (1H-3a,7-
Methanoazulene), Diisooctyl phthalate, Di-n-
decylsulfone, Dioxomorpholine, Docosane,
Dodecane, Dotriacontane, Eicosane, Heneicosane,
Heneicosene, Hentriacontane, Heptacosane,
Heptadecane, Heptadecanoic acid, Hexacosane,
Hexadecane, Hexadecanoic acid, Isopropyl myristate,
Lauric acid, Methyl stearate, = N-ethyl-1,3-

dithioisoindoline, Nonadecane, Octadecane,
Octadecene, Pentacosane, Pentadecane,
Pentatriacontane, Propanediol, Tetradecane,

Tetradecyl ester, Tetracosan, Tetratetracontane,
Trichoacorenol, Tridecane, Tritriacontane, Undecane
and Zaragozic acid were identified in this study. Of
these 15, 18, 18, 31 and 7 compounds were identified
in culture filtrates of the endophytic fungi
Acremonium sp., E. nigrum, F. equiseti, Fusarium sp.
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and L. aphanocladii respectively. Some metabolites
were produced similarly by several species such as
Diisooctyl phthalate and Octadecane and some were
produced exclusively in one species like Adipic acid
and Dioxomorpholine in  Fusarium sp., 2-
Coumaranone in F. equiseti, Cyclonerolidol, 1-
Docosanol, Pentatriacontane, Heptadecanoic acid,
Trichoacorenol and Octadecene in Acremonium sp.

and, 14-Beta-H-Pregna in E. nigrum. Details of the
various secondary metabolites produced by each
fungus are presented in Table S1. The retention time
and area of the compounds under the described
conditions in the GC-MS section are shown in Tables
2 to 6 and GC-MS chromatograms of the ethyl
acetate extract of isolates are presented in Figs. 2 to 6.

Table 1. Identification of endophytic fungi isolated from seeds of some medicinal plants using ITS primers.

Endophytic fungal isolates Host source

Collection accession

GenBank accession

number number
Acremonium sp. Echium amoenum AAH5-1 0Q162344
Epicoccum nigrum Rosa canina AAH13-3 0Q162360
Fusarium equiseti Calendula officinalis AAH9-1 0Q162352
Fusarium sp. Calendula officinalis AAH9-2 0Q162353
Lecanicillium aphanocladii Physalis peruviana AAH4-1 0Q162343

Table 2. Identification of most abundant bioactive compounds from Acremonium sp. extract isolated from E.

amoenum by GC-MS.

Compounds Rt Area Compounds Rt Area
min (Maximum) min (Maximum)

2,4-Di-tert-butylphenol 28.951 608147 Dotriacontane 39.83 806720
Hexadecane 31.374 1943814 Pentatriacontane 4710.51 558901
Trichoacorenol 33.299 7344440 Eicosane 5310.67 3121508
Cyclonerolidol 35.302 7344154 ngtadecanoic ?14.60 1812040
Octadecane 35.504 997711 {E)Ccl)?:osane ?16. 15 1884389
Heneicosane 36.013 446423 Eicosane 20.29 2033097
Isopropyl myristate 37.465 6407491 Diisooctyl 53.33 652290683

phthalate 2
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1 KU550034 Melampsora caprearum NYS F-003819
KY742099 Epicoccum nigrum LC 8150
0Q162360 Epicoccum nigrum AAH13-3
KT898766 Epicoccum nigrum A200
MF327375 Epicoccum nigrum DNA20
KY742097 Epicoccum hordei LC 8148

0.99% GU237795 Epicoccum draconis CBS 186.83
0.66|, KY742101 Epicoccum latusicollum LC 5158
KY742116 Epicoccum sorghinum LC 4860
KY742091 Epicoccum camelliae LC 4858
0Q162353 Fusarium sp. AAH9-2
MT428191 Fusarium acuminatum DL215-1-1
MT453281 Fusarium tricinctum DSM100325 DISC RLCS08
—— OP699814 Fusarium paeoniae 196H
.57 MH864974 Fusarium poae CBS 128536
1|~ MH866031 Fusarium oxysporum CBS 132473
MT558597 Fusarium equiseti CB09-3-6
671 0Q162352 Fusarium equiseti AAH9-1
(193 OP002082 Fusarium equiseti BGM 26A
r HMO068344 Fusarium torreyae NRRL 54149
+ HQ897830 Fusarium sublunatum BBA 62431
— MW827611 Fusarium arcochroum CBS 745.79
0.9p MH859538 Lecanicillium fusisporum CBS 164.70
MH861374 Lecanicillium psalliotae CBS 532.81
0Q162343 Lecanicillium aphanocladii AAH4-1
LC553279 Lecanicillium aphanocladii IFM 64743
KC574075 Lecanicillium aphanocladii DP 11LA
MK304173 Lecanicillium aphanocladii N14
MH858887 Lecanicillium aphanocladii CBS 581.66
11 AY632655 Acremonium potronii CBS 379.70
MH860309 Acremonium salmoneum CBS 721.71
MH860815 Acremonium brachypenium CBS 866.73
MH424672 Acremonium alternatum CBS 407.66 Acremonium
0Q162344 Acremonium sp. AAH5-1
1| OQ162344 Acremonium sclerotigenum AAHS5-1
MH859618 Acremonium sclerotigenum CBS 286.70
MH424616 Acremonium egyptiacum CBS 114785

Fusarium

Lecanicillium

0.05

Fig. 1. Phylogenetic tree inferred by Bayesian analysis of the ITS sequence alignment using MrBayes v.3.2.6.
The scale bar indicates 0.05 expected changes per site. The tree was rooted to Melampsora caprearum (KU550034).
The isolates of this study are shown in bold.

Table 3. Identification of most abundant bioactive compounds from E. nigrum extract isolated from R. canina by
GC-MS.

Compounds Rt min Area Compounds Rt min Area
(Maximum) (Maximum)

14-. Beta.-H-Pregna 4.128 11135152 Hexadecanoic acid 39.951 3590075
1-Hexanol, 2-ethyl 12.337 84562 Tetradecane 40.516 458115
Hexadecane 31.379 1061704 10-Heneicosene 41.943 595219
Tridecane 34.404 548231 Methyl stearate 44.610 1672585
Octadecane 36.775 2824435 Docosane 44776 1202468
Dodecane 36.947 1125497 Pentacosane 46.167 1288079
Isopropyl myristate 37.471 3916314 Heptadecane 49.280 652177
Eicosane 39.847 1204447 N-ethyl-1,3- 53.410 886316

dithioisoindoline
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Table 4. Identification of most abundant bioactive compounds from F. equiseti extract isolated from C. officinalis by
GC-MS.

Compounds Rt min Area Compounds Rt min Area
(Maximum) (Maximum)
2-Coumaranone 19.974 981915 Hexadecanoic acid 39.946 3862236
Hexadecane 31.374 2428833 Undecane 40.516 615460
Docosane 34.399 561295 Tetracosane 40.854 898019
Octadecane 35.514 850768 Heptacosane 40.999 520550
Heptadecane, 3-methyl- 36.018 611280 Eicosane 41.679 3437782
Nonadecane 36.775 4951791 Methyl stearate 44.600 1827009
Cyclohexane,1,1'-(2- 36.936 1227276 Heneicosane 44,771 1264392
methyl-1,3-propanediyl)
bis
Isopropyl myristate 37.471 6735356 Hexacosane 46.161 2011737
Hentriacontane 39.842 1022517 Diisooctyl phthalate 50.021 351547623

Table 5. Identification of most abundant bioactive compounds from Fusarium sp. extract isolated from C. officinalis
by GC-MS.

Compounds Rrmin Area Compounds Rt min Area
(Maximum) (Maximum)
2,4-Di-tert-butylphenol 28.951 1417127 Bromotetradecane 39.847 849959
Dioxomorpholine 29.957 14833923  Hexadecanoic acid 39.942 6833887
Dioxomorpholine 30.990 1697320 Benzenepropanoic acid 40.340 1182369
Hexadecane 31.369 3458348 Heneicosane 40.345 602905
Adipic acid 32.106 3896169 Dotriacontane 40.859 1323393
Di-epi-alpha-cedrene 32.246 1580966 Heptacosane 40.994 219254
Zaragozic acid 32.775 637333 Eicosane 41.673 3632902
Di-n-decylsulfone 34.155 662795 Tetratetracontane 41.004 510019
Docosane 34.394 1172734 Tetradecyl ester 41.674 3632902
Hentriacontane 35.317 1073510 Octadecene 41.943 929945
Pentadecane 35.509 1345791 Isobutyl methyl 42.467 2904871
phthalate

Nonadecane 36.771 5485589 Hentriacontane 44,776 2317927
n-Tetracosanol-1 36.936 1602275 Heptadecane 46.162 2127231
Propanediol 36.941 1343047 Heneicosane 49.275 872730
Isopropyl myristate 37.465 7793088 Tritriacontane 50.297 1942157

Lauric acid 38.373 5957526 Diisooctyl phthalate 53.283 484429839
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Table 6. Identification of most abundant bioactive compounds from L. aphanocladii extract isolated from P.
peruviana by GC-MS.

Compounds Rt min Area Compounds Rt min Area
(Maximum) (Maximum)
Hexadecane 31.379 3077182 Methyl stearate 44.605 3332974
Octadecane 36.775 4673430 Docosane 46.167 1867239
Isopropyl myristate 37.476 6204609 Hexatriacontane 50.297 1854631
Hexadecanoic acid, 39.946 6263271 Diisooctyl phthalate 53.275 414283706

methyl ester
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Fig. 2. Chromatogram of the active extract from Acremonium sp. showing major volatile compounds by GC-MS.
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Fig. 3. Chromatogram of the active extract from E. nigrum showing major volatile compounds by GC-MS.
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Fig. 4. Chromatogram of the active extract from F. equiseti showing major volatile compounds by GC-MS.
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Fig. 5. Chromatogram of the active extract from Fusarium sp. showing major volatile compounds by GC-MS.
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Fig. 6. Chromatogram of the active extract from L. aphanocladii showing major volatile compounds by GC-MS
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Potential biological activities of compounds
identified in this study

A diverse range of biological activities has been
reported in the literature for different compounds
identified in this research. To give some examples,
Hexadecanoic acid which was produced by all the
fungal endophytes studied in this research has been
confirmed that displays a wide range of biological
activities such as antifungal, antioxidants,
hypocholesterolemic  prevention and anticancer
effects (Anisha & Radhakrishnan 2017). This
metabolite was mainly found in the endophytic
fungus Fusarium sp. obtained from the well-known
medicinal plant Zingiber officinale Roscoe which is
commonly used in traditional medicine (Anisha &
Radhakrishnan 2017). Diisooctyl phthalate is another
compound that was produced by all the fungal
endophytes studied here. Abdel-Motaal et al. (2022),
stated that analysis of GC-MS of extracts from three
fungal endophytes including Aspergillus terreus
Thom., Fusarium solani (Mart) Sacc. and
Penicillium verrucosum Dierckx, isolated from the
medicinal plant Solenostemma argel (Delile) Hayne.,
indicated the presence of Diisooctyl phthalate as the
main compound. Kalavathi et al. (2017) documented
that Diisooctyl phthalate derived from an endophytic
fungus, Penicillium sp., isolated from the medicinal
plant Tabebuia argentea (Bureau & K.Schum.)
Britton, displayed anti-diabetic activity. Isopropyl
myristate which was produced in this study
exclusively by Fusarium sp. isolated from Calendula
officinalis has been shown that depicts cytotoxic
activity against different cancer cell lines (Mo & Lim
2005). Pelo et al. (2021) declared that Aureobasidium
pullulans (de Bary & Loéwenthal) G. Arnaud,
Cladosporium sp., Fusarium sp., Hyalodendriella sp.,
Penicillium chrysogenum Thom. and, Phialophora sp.
which isolated from the medicinal plant Solanum
mauritianum Scop. as endophytic fungi, can produce
Isopropyl myristate. To illustrate more examples,
some of the biological activities reported for all the
compounds identified in this study along with some
examples of other fungi producing similarly these
compounds are listed in Table S1.

To the best of our knowledge, two compounds
including 14-Beta-H-Pregna produced exclusively by
E. nigrum and Cyclohexane,1,1'-(2-methyl-1,3-
propanediyl) bis produced exclusively by F. equiseti
were reported in this research for the first time as
fungal metabolites. Previous phytochemical studies
on volatile oils of medicinal plants have revealed the
production of 14-Beta-H-Pregna by plants (Gharari et
al. 2019). In addition, several reports confirmed the
biological activities of 14-Beta-H-Pregna which
exhibits antibacterial, antifungal and antioxidant
effects (Gharari et al. 2019). Furthermore, previous
reports confirmed the production of the compound
Cyclohexane,1,1'-(2-methyl-1,3-propanediyl) bis by
plants and its biological activities as an antioxidant
(Delaram et al. 2019). Therefore, these data more

confirm that endophytic fungi are a rich source of
novel and bioactive secondary metabolites.
Conclusion

In conclusion, our results reveal the potential of the
medicinal plants C. officinalis, E. amoenum, P.
peruviana and R. canina as a host of important fungal
endophytes which possess a precious source of
bioactive compounds which have diverse biological
activities, such as antioxidant, insecticidal,
antimicrobial and anticancer activities. These
compounds can increase the tolerance of host plants
to biotic and abiotic stresses. Moreover, they can be
used for the treatment of diseases and for
manufacturing new drugs. Furthermore, these
compounds can also be applied in dyeing, polyester,
resin, biofuels and cosmetics industries. Therefore,
further investigation and research will be required on
the structural features and application strategies of
these potent resources and also the influence of
environmental factors when used in different
conditions.

REFERENCES

Abdel-Motaal FF, Kamel NM, El-Sayed MA,
Mohamed Abou-Ellail M. 2022. Biocontrol of
okra-rot-causing Cochliobolus spicifer-CSN-20
using secondary metabolites of endophytic fungi
associated with Solenostemma arghel. Annals of
Agricultural Sciences 67(1): 24-33.

Adongbede EM.  2022.  Bioprocessing  of
pharmacologically important compounds from
edible mushrooms in Nigeria. Arboricultural
Association, World Fungi Day, International
Seminar. https://www.trees.org.uk/Training-
Events/World-Fungi-Day.

Ahamed A, Ahring BK. 2011. Production of
hydrocarbon compounds by endophytic fungi
Gliocladium  species grown on cellulose.
Bioresource Technology 102(20): 9718-9722.

Albratty M, Alhazmi HA, Meraya AM, Najmi A,
Alam MS, Rehman Z, Moni SS. 2021. Spectral
analysis and Antibacterial activity of the bioactive
principles of Sargassum tenerrimum J. Agardh
collected from the Red sea, Jazan, Kingdom of
Saudi Arabia. Brazilian Journal of Biology 83: 1—
10.

Anisha C, Radhakrishnan EK. 2017. Metabolite
analysis of endophytic fungi from cultivars of
Zingiber officinale Rosc. identifies myriad of
bioactive compounds including tyrosol. 3 Biotech
7(2): 1-10.

Ashwlayan VDKA, Verma M. 2018. Therapeutic
potential of Calendula officinalis. Pharmacy and
Pharmacology International Journal 6(2): 149-155.

Asong JA, Amoo SO, McGaw LJ, Nkadimeng SM,
Aremu AO, Otang-Mbeng W. 2019. Antimicrobial
activity, antioxidant potential, cytotoxicity and
phytochemical profiling of four plants locally used
against skin diseases. Plants 8(9): 1-19.



https://www.trees.org.uk/Training-Events/World-Fungi-Day
https://www.trees.org.uk/Training-Events/World-Fungi-Day

64

Mycologia Iranica - Vol. 10, 2023

Bakhshi M, Braun U. 2022. Acericercospora
hyrcanica gen. et sp. nov. (Mycosphaerellaceae)
and Paramycocentrospora acericola gen. et sp.
nov. (Dothidotthiaceae) on maple trees in
Hyrcanian forests. Mycological Progress 21(8): 1—
15.

Bhatnagar VS, Bandyopadhyay P, Rajacharya GH,
Sarkar S, Poluri KM, Kumar S. 2019.
Amelioration of biomass and lipid in marine alga
by an endophytic fungus Piriformospora indica.
Biotechnology for Biofuels 12(1): 1-9.

Bhimba BV, Franco DA, Jose GM, Mathew JM, Joel
EL. 2011. Characterization of cytotoxic compound
from mangrove derived fungi Irpex hydnoides
VB4. Asian Pacific Journal of Tropical
Biomedicine 1(3): 223-226.

Chowdhary K, Kaushik N. 2018. Biodiversity study
and potential of fungal endophytes of peppermint
and effect of their extract on chickpea rot
pathogens. Archives of Phytopathology and Plant
Protection 51: 139-155.

Das M, Prakash HS, Nalini MS. 2020. Antibacterial
metabolites from Bipolaris specifera, an
endophytic fungus from the endemic medicinal
plant, Zingiber nimmonii (J. Graham) Dalzell. 3
Biotech 10(7): 1-8.

Delaram J, Esmaeilzadeh Bahabadi S, ljbari HA.
2019. Study on phytochemical composition and
antioxidant activity of different organs of 3 species
of Chenopodium in Sistan region. Journal of Plant
Research (Iranian Journal of Biology) 32(3): 570-
582.

Dhankhar S, Yadav JP. 2013. Investigating
antimicrobial properties of endophytic fungi
associated with Salvadora oleoides decne. Anti-
Infective Agents in Medicinal Chemistry 11(1):
48-58.

El-Amrani M, Debbab A, Aly AH, Wray V,
Dobretsov S, Muller WEG, Lin W, Lai D, Proksch
P. 2012. Farinomalein derivatives from an
unidentified endophytic fungus isolated from the
mangrove plant Avicennia marina. Tetrahedron
Letters 53(49): 6721-6724.

El-Elimat T, Raja HA, Graf TN, Faeth SH, Cech NB,
Oberlies NH. 2014. Flavonolignans from
Aspergillus iizukae, a fungal endophyte of milk
thistle (Silypbum marianum). Journal of Natural
Products 77: 193-199.

El-Zawawy N, Metwally M, El-Salam A. 2020.
Antitumor and antimicrobial activities of
endophytic  fungi  obtained from Egyptian
Urospermum picroides. International Journal of
Cancer and Biomedical Research 4(3): 187-199.

Faeth SH, Fagan WF. 2002. Fungal endophytes:
common host plant symbionts but uncommon
mutualists. Integrative and Comparative Biology
42: 360-368.

Fouda AH, Hassan SED, Eid AM, Ewais EED. 2015.
Biotechnological applications of  fungal
endophytes associated with medicinal plant

Asclepias sinaica (Bioss.). Annals of Agricultural
Science 60(1): 95-104.

Gardes M, Bruns TD. 1993. ITS primers with
enhanced  specificity  for  basidiomycetes-
application to the identification of mycorrhizae and
rusts. Molecular Ecology 2(2): 113-118.

Gharari Z, Bagheri Kh, Danafar H, Sharafi A. 2019.
Essential oil composition of two Scutellaria
species from Iran. Journal of Traditional Chinese
Medical Sciences 6: 244-253.

Hegazy MMS, El-Hela AA, Ismail SK. 2015.
Isolation and structure elucidation of bioactive
secondary metabolites from Kalanchoe tomentosa
and some of its endophytic fungi. Thesis of the
requirements of the Ph.D. Degree In
Pharmaceutical Sciences, Pharmacognosy
Department Faculty of Pharmacy of Al-Azhar
University, Nasr City, Cairo: p.327.

Huang L, Zhu X, Zhou SH, Cheng Z, Shi K, Zhang
C, Shao H. 2021. Phthalic acid esters: natural
sources and biological activities. Toxins 13(7): 1-
17.

Jayaram H, Marigowda V, Saraswathi KJT. 2021.
Secondary metabolite production and terpenoid
biosynthesis in endophytic fungi Cladosporium
cladosporioides isolated from wild Cymbopogon
martinii (Roxb.) Wats. Microbiological Research
12: 812-828.

Kalavathi MK, Chandrappa CP, Channabasava R,
Ramachandra YL, Padmalatha RS, Ravishankar
RV, Govindappa M. 2017. Anti-diabetic activity of
endophytic fungi, Penicillium species of Tabebuia
argentea; in silico and experimental analysis.
Research Journal of Phytochemistry 11(2): 90—
110.

Kandasamy S, Sahu SK, Kandasamy K. 2012. In
silico studies on fungal metabolite against skin
cancer  protein  (4,5-diarylisoxazole  hsp90
chaperone). International Scholarly Research
Network, Dermatology 3.
https://doi.org/10.5402/2012/626214

Kanjana M, Kanimozhi G, Udayakumar R,
Panneerselvam A. 2019. GC-MS analysis of
bioactive compounds of endophytic fungi
Chaetomium globosum, Cladosporium
tenuissimum and Penicillium janthinellum. Journal
of Biomedical and Pharmaceutical Sciences 2(2):
1-10.

Kaur N, Arora DS, Kalia N, Kaur M. 2020. Bioactive
potential of endophytic fungus Chaetomium
globosum and GC-MS analysis of its responsible
components. Scientific Reports 10(1): 1-10.

Khiralla A, Spina R, Varbanov M, Philippot S,
Lemiere P, Slezack-Deschaumes S, André P,
Mohamed I, Mohamed Yagi S, Laurain-Mattar D.
2020. Evaluation of antiviral, antibacterial and
antiproliferative activities of the endophytic fungus
Curvularia papendorfii, and isolation of a new
polyhydroxyacid. Microorganisms 8(9): 1-21.

Kouipou Toghueo RM, Eugénie Kemgne AM, Eke P,
Mbekou Kanko MI, Dize D, Sahal D, Boyom FF.




ASGHARI ET AL.,: Extracts from endophytic fungi associated with seeds of some medicinal plants 65

2019. Antiplasmodial potential and GC-MS
fingerprint of endophytic fungal extracts derived
from Cameroonian Annona muricata. Journal of
Ethnopharmacology 235: 111-121.

Kumari N, Menghani E, Mithal R. 2019. Bioactive
compounds characterization and antibacterial
potentials of actinomycetes isolated from
rhizospheric soil. Journal of Scientific and
Industrial Research 78: 793-798.

Li Y, Kumar PS, Tanb Q, Tana X, Yuana M, Luoc J,
Hea M. 2021. Diversity and chemical
fingerprinting of  endo-metabolomes  from
endophytes associated with Ampelopsis
grossedentata (Hand.-Mazz.) W. T. Wang
possessing antibacterial activity against multidrug
resistant bacterial pathogens. Journal of Infection
and Public Health 14: 1917-1926.

Luo YP, Zheng CJ, Chen GY, Song XP, Wang Z.
2019. Three new polyketides from a mangrove-
derived fungus Colletotrichum gloeosporioides.
The Journal of Antibiotics 72: 513-517.

Marrufo T, Nazzaro F, Mancini E, Fratianni F,
Coppola R, De Martino L, Agostinho AB, De Feo
V. 2013. Chemical composition and biological
activity of the essential oil from leaves of Moringa
oleifera Lam. cultivated in Mozambique.
Molecules 18(9): 10989-11000.

Meshram V, Kapoor N, Chopra G, Saxena S. 2017.
Muscodor camphora, a new endophytic species
from Cinnamomum camphora. Mycosphere 8(4):
568-582.

Mishra VK, Passari AK, Chandra P, Leo VV, Kumar
B, Uthandi S, Thankappan S, Gupta VK, Singh
BP. 2017. Determination and production of
antimicrobial ~ compounds by  Aspergillus
clavatonanicus strain MJ31, an endophytic fungus
from Mirabilis jalapa L. using UPLC-ESI-MS/MS
and TD-GC-MS analysis. Plos One 12(10): 1-24.

Mo Y, Lim LY. 2005. Preparation and in vitro
anticancer activity of wheat germ agglutinin
(WGA)-conjugated PLGA nanoparticles loaded
with paclitaxel and isopropyl myristate. Journal of
Controlled Release 107: 30-42.

Moller EM, Bahnweg G, Sandermann H, Geiger HH.
1992. Simple and efficient protocol for isolation of
high molecular weight DNA from filamentous
fungi, fruit bodies, and infected plant tissues.
Nucleic Acids Research 20(22): 6115-6116.

Musavi SF, Dhavale A, Balakrishnan RM. 2015.
Optimization and kinetic modeling of cell-
associated camptothecin production from an
endophytic ~ Fusarium  oxysporum  NFXO06.
Preparative Biochemistry and Biotechnology 45:
158-172.

Pardo JM, Fontanilla MR, Ospina LF, Espinosa L.
2008. Determining the pharmacological activity of
Physalis peruviana fruit juice on rabbit eyes and
fibroblast  primary  cultures.  Investigative
Ophthalmology and Visual Science 49: 3074
3079.

Pelo SP, Adebo OA, Green E. 2021
Chemotaxonomic profiling of fungal endophytes
of Solanum mauritianum (alien weed) using gas
chromatography high resolution time-of-fight mass
spectrometry (GC-HRTOF-MS). Metabolomics
17(5): 1-13.

Pinto ME, Araujo SG, Morais MI, Sa NP, Lima CM,
Rosa CA, Siqueira EP, Johann S, Lima LA. 2017.
Antifungal and antioxidant activity of fatty acid
methyl esters from vegetable oils. Anais da
Academia Brasileira de Ciéncias 89: 1671-1681.

Raimundo K, de Campos Bortolucci W, Luiz Rahal I,
Marko de Oliveira HL, Piau Junior R, de Araujo
Almeida Campo CF, Eduardo Goncalves J, Andrea
Linde G, de Barros Colauto N, Cristiani Gazim Z.
2021. Insecticidal activity of Gallesia integrifolia
(Phytolaccaceae) essential oil. Boletin
Latinoamericano y del Caribe de Plantas
Medicinales y Aromaticas 20(1): 38-50.

Ramirez F, Fischer G, Davenport TL, Pinzén JCA,
Ulrichs C. 2013. Cape gooseberry (Physalis
peruviana L.) phenology according to the BBCH
phenological scale. Scientia Horticulturae 162: 39—
42,

Ranjbar A, Khorami S, Safarabadi M, Shahmoradi A,
Malekirad AA, Vakilian K, Mandegary A,
Abdollahi M. 2006. Antioxidant activity of Iranian
Echium amoenum Fisch & CA Mey flower
decoction in humans: a cross-sectional before/after
clinical trial. Evidence-Based Complementary and
Alternative Medicine 3(4): 469-473.

Robey MT, Ye R, Bok JW, Clevenger KD, Islam
MN, Chen C, Gupta R, Swyers M, Wu E, Gao P,
Thomas PM, Wu CC, Keller NP, Kelleher NL.
2018. Identification of the first diketomorpholine
biosynthetic pathway using FAC-MS technology.
ACS Chemical Biology 13(5): 1142-1147.

Sarsaiya S, Jain A, Fan X, Jia Q, Xu Q, Shu F, Zhou
Q, Shi J, Chen J. 2020. New insights into detection
of a dendrobine compound from a novel
endophytic Trichoderma longibrachiatum strain
and its toxicity against phytopathogenic bacteria.
Frontiers in Microbiology 11: 1-12.

Sawant A, Rodrigues BF, Sardessai Y. 2018. Anti-
microbial and anti-cancer activity of Setosphaeria
monoceras, an endophytic fungus associated with
Tropical mangrove plant. World Journal of
Pharmacy and Pharmaceutical Sciences 7(6):
1315-1329.

Saxena S, Strobel GA. 2021. Marvellous Muscodor
spp.: update on their biology and applications.
Microbial Ecology 82: 5-20.

Selahvarzian A, Alizadeh A, Baharvand PA,
Eldahshan OA, Rasoulian B. 2018. Medicinal
properties of Rosa canina L. Herbal Medicines
Journal 3(1): 77-84.

Siddiquee S, Cheong BE, Khanam T, Hossain K.
2012. Separation and identification of volatile
compounds from liquid cultures of Trichoderma
harzianum by GC-MS wusing three different



66

Mycologia Iranica - Vol. 10, 2023

capillary columns. Journal of Chromatographic
Science 50(4): 358-368.

Soares DA, Rosa LH, Silva JFM, Pimenta RS. 2017.
A review of bioactive compounds produced by
endophytic fungi associated with medicinal plants.
Boletim do Museu Paraense Emilio Goeldi
Ciencias Naturais 12(3): 331-352.

Sridharan AP, Thangappan S, Karthikeyan G,
Nakkeeran S, Uthandi S. 2021. Metabolites of
Trichoderma longibrachiatum EF5 inhibits soil
borne pathogen, Macrophomina phaseolina by
triggering amino sugar metabolism. Microbial
Pathogenesis 150: 1-9.

Stierle A, Strobel G, Stierle D. 1993. Taxol and
Taxane production by Taxomyces andreanae, an
endophytic fungus of Pacific Yew. Science 260:
214-216.

Strobel GA, Hess WM, Ford E, Sidhu RS, Yang X.
1996. Taxol from fungal endophytes and the issue
of biodiversity. Journal of Industrial Microbiology
and Biotechnology 17: 417-423.

Strobel G, Daisy B, Castillo U, Harper J. 2004.
Natural Products from Endophytic
Microorganisms. Journal of Natural Products
67(2): 257-268.

Sun Y, Wang C, Du G, Deng W, Yang H, Li R, Xu
Q, Guo Q. 2022. Two nematicidal compounds
from Lysinimonas M4 against the pine wood
nematode, Bursaphelenchus xylophilus. Forests
13(8): 1-14.

Tanapichatsakul C, Khruengsai S, Monggoot S,
Pripdeevech P. 2019. Production of eugenol from
fungal endophytes Neopestalotiopsis sp. and
Diaporthe sp. isolated from Cinnamomum
loureiroi leaves. PeerJ 7: 1-21.

Thelma J, Balasubramanian C. 2021. Screening and
bioactivity profiling of marine Bacillus species
against human pathogens. Journal of Scientific
Research 65(5): 72-95.

Vandendool H, Kratz PD. 1963. A generalization of
the retention index system including linear
temperature programmed gas-liquid partition
chromatography. Journal of Chromatography A
11: 463-471.

White TJ, Bruns TD, Lee SB, Taylor JW. 1990.
Amplification and direct sequencing of fungal
ribosomal RNA Genes for phylogenetics. In Book:
A Guide to Methods and Applications, New York
:315-322.

Wu SH, Zhaoa LX, Chena YW, Huang R, Miaoa CP,
Wang J. 2011. Sesquiterpenoids from the
endophytic fungus Trichoderma sp. pr-35 of
Paeonia delavayi. Chemistry and Biodiversity 8:
1717-1723.

Zhang M, Zhao J, Liu JM, Chen R, Xie KB, Chen
DW, Feng KP, Zhang D, Dai J. 2017. Neural anti-
inflammatory ~ sesquiterpenocids  from  the
endophytic fungus Trichoderma sp. Xy24. Journal
of Asian Natural Products Research 19(7): 651—
658.

Zhang Y, Zhao J, Wang J, Shan T, Mou Y, Zhou L,
Wang J. 2011. Chemical composition and
antimicrobial activity of the volatile Oil from
Fusarium tricinctum, the endophytic fungus in
Paris polyphylla var. yunnanensis. Natural Product
Communications 6(11): 1759-1762.

Zhao F, Wang P, Su Z, Li S. 2020. Natural sources
and bioactivities of 2,4-di-tert-butylphenol and its
analogs. National Center for Pharmaceutical
Crops. Toxins 12(1): 1-26.

Zhao J, Shan T, Huang Y, Liu X, Gao X, Wang M,
Jiang W, Zhou L. 2009. Chemical composition and
in vitro antimicrobial activity of the volatile oils
from  Gliomastix murorum and  Pichia
guilliermondii, two endophytic fungi in Paris
polyphylla var. yunnanensis. Natural Product
Communications 4(11): 1491-1496.



ASGHARI ET AL.,: Extracts from endophytic fungi associated with seeds of some medicinal plants 67

(GC-MS) (02 (Ziww b 5 (558 SIS 95keg,S (wis, b

‘ob‘gs%lglg 4&1!“;5*‘;&.‘5;3 g0 J= S8 Sl Aevoxo a“s)ﬁbd ad,le
Olnlis)be (sl sk mlio g (55,9l pole olRisls o ol )5 pole aslisls ¢ S alS 0g,5-)
Ol Ol 16555 LaS g g Uhgel wliniod lojls )5S (SyelS Dlidod duhe da i) Dlasiod (LY

slog B anilioe wedge 093 (e lp Jl ne )3 g wes Gl b LS pe ()8 @elsx ) (o895 Cudgnil lag B touaSy
) Oolite s kmlo sl Sy b Jd oy lacdgplio 5l eoiie slvog,S o ohg (S Lo Luld 4 a5 b alS cudguil
ol lalS ¢ Ll )85 il Glp g BB S5l 5 ccadanil slag BB lawgs oo oy Jlad Cans; OloS 5 0iS o o)y
o e Gy g 29,0 Caedl Glyls e gplio cpl 51 B ecpl g odle 510,95 1 005 pué g 00 (sla i Ay Jeow e 5l eyl
Sl sosls Lolul 5 odel Cawd wr slaasloz ol (gjlulas ol bS5l ol [d 5l cudgusl 2,8 my Lols Gudod (o s
Epicoccum nigrum «(Echium amoenum) .L;4l5 5 % 5L Acremonium sp. slaa!)l cou ITS o935 4l sosselSs
5 (Calendula officinalis) . «ien ,4 ;| Fusarium equiseti ; Fusarium sp. (Rosa canina) sss s &
SluS 5 6,y sk 4 was oluls (Physalis peruviana) os,, e Swg,e ,4 51 Lecanicillium aphanocladii
(GC-MS) o)> omiw b — 555 3l Soileg,S 5l oolitusl b o Lae cudgail > B slaaslar opl oliwl Ll o)lae  olondgid
s WILEY8 ;5 55290 0 lasliwl luS 5 b o > )8 sloaslos olewl L5l o lae GC-MS (il 0z 5 )13 olaasignd Lioloj] 5,40
Hexadecane 2,4-Di-tert-butylphenol J.s ;I als oS5 £ 092y daools ol Julow g 4550 .0 eols cuillas NIST14
Methyl .Undecane .Hexadecanoic acid Isopropyl myristate .Nonadecane .Docosane .Octadecane .Eicosane
5 logill ais « 29,ls HlalS 5l easlaz cudsnil slag B a5 o aul adlhas opl bs oges a1 aalax> ool o 1, .. 4 Stearate
Cyclohexane,1,1'-(2-methyl-1,3- 4 14-Beta-H-Pregna .S 5 5o nl » opdle aiiws oo Lolo> sl oluS 5

g (o Byma (7B slacplio Glgie 4 allas cpl b sl sl Propanediyl) bis

Email: m.tajick@sanru.ac.ir ¢ ,=3 ol Jedoss 0aiS a5l
IAERVARFAREERSJUR VIR SR VRL VAR ROt R


mailto:hmohammadi@uk.ac.ir

