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ABSTRACT

Aim: Due to the urgent need for anticancer agents, investigation of endophytes of
medicinal plants growing in special environments is considered a promising approach
for the search of bioactive natural products. Materials and Methods: The ethyl acetate
extracts of the cultures of twelve endophytic fungi were isolated from the medicinal
plants Calotropis procera fam Apocynaceae, Solanum nigrum fam Solanaceae and
Forsskaolea tenacissima fam Urticaceae growing in one of the richest areas of plant
biodiversity in Saudi Arabia, Najran. All isolated and identified endophytic fungi were
subjected to preliminary screening assays for cytotoxic activity. Results: Four of the
isolated endophytic fungi (Cladosporium herbarum (1), Hortaea werneckii (2), Penicillium
solitum (3) and Eurotium chevalieri (4)) exerted cytotoxic activity against HepG2, T-47D,
HCT-116 and RAW 264.7 in the MTT cell viability assay. The highest cytotoxic effects
were observed for the extract of Penicillium solitum on HepG2 and HCT-116 cell lines
with IC values of 13 ug/ml and 42 ug/ml, respectively. All endophytic extracts showed
rather weak cytotoxic effects against RAW 264.7 cell line with IC_ values of 357, 347,
345 and 420 ug/ml for extracts of endophytes 1,2,3 and 4, respectively. High cytotoxic
effects were observed for the extracts of endophytes 1, 2 and 3 against T-47D cell
line with IC, values of 78, 69 and 94 ug/ml, respectively. Conclusion: These bioactive
endophytes represent candidates for future investigation of bioactive metabolites with
potential medical applications.

Key words: Endophytes, Cytotoxic activity, Medicinal plants, Calotropis procera, Solanum
nigrum, Forsskaolea tenacissima.

INTRODUCTION

Cancer is a life-threatening disease that is
continuously spreading in many countries
around the world. According to previously
conducted studies, an increase in the inci-
dence of cancer cases has been observed in
Saudi Arabia and is expected to grow in the
future. A six to ten-fold increase in cancer
cases compared to the incidence recorded
in 2004 is statistically anticipated by the year
2030." Therefore, there is an urgent need
for new anticancer agents to overcome the
growing incidence of cancer.

Many years ago plants started to represent
a rich source of natural products with
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biodiverse activities. Later on, even the
microorganisms inhabiting these plants,
the endophytes, provided many biologically
active natural compounds.

Several studies reported the detection
of endophytes in different plant species
which indicates the wide distribution of
endophytes in the plant kingdom.? As each
plant might contain several new endophytic
species, it has been concluded that endo-
phytes are a rich source of new bioactive
natural products.’ To identify plants with
promising bioactive endophytes, it is advis-
able to select plants growing in unique
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environments as they are expected to have special
survival strategies. Furthermore, plants used in tradi-
tional medicines are also considered promising sources
of bioactive endophytes. It is also recommended to
search for plants growing in biodiverse environmental
conditions which are expected to contain a high
diversity of endophytes as well.* Most of these critetia
can be fulfilled by investigating bioactive medicinal
plants growing in the Najran region of Saudi Arabia
which is considered as one of the richest areas of
plants and natural biodiversity.” The medicinal plant
Calotropis procera growing in Brazil has been reported to
exert antitumor activities,’ while Solanun nigrum cultivated
in India was found to exert anti-inflammatory and anti-
microbial activities” and Forsskaolea tenacissima growing
in Egypt showed antiviral, antibacterial and cytotoxic
effects.’

However, minimal studies have been performed
on plants in the highly biodiverse region of Najran.
Accordingly, we present in this study the investigation
of the endophytes of the medicinal plants Calotropis
procera, Solanum nigrum and Forsskaolea tenacissima growing
in this region and their anticancer activity. This inves-
tigation shows that this region represents a promising
source of bioactive endophytes and is the first step in
the search for new anticancer agents required to meet
community needs.

MATERIALS AND METHODS
Collection of plants

Plant materials were collected from the Najran region
during February and March 2015. Samples were
selected based on healthy exterior features. Freshly
collected, healthy plant roots were stored in plastic
bags in a cooler with ice during collection until
processing for endophyte isolation. The plant species
were identified by Dr. Hany Gouda, Department of
Pharmacognosy, College of Pharmacy, Najran University,
Saudi Arabia, and Prof. Dr. Mohammed Ammar,
Applied Medical Science College, Najran University,
Saudi Arabia, and maintained for further processing,

Isolation of Endophytic fungi

Samples were rinsed with water to remove soil and
debris. Any dead plant tissue was removed from all plant
parts and the remaining plant roots were dissected into
tissues corresponding to the root crown before surface
sterilization.

Isolation of endophytic fungi from plant parts was
performed according to the previously published
literature data.”'" Each sample was sutface sterilized
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with 70% ethanol for 1 min and immersed in sodium
hypochlorite (NaOCI) solution for at least 30 sec. Sterile
distilled water was used to rinse the samples for one
minute and then allowed to surface dry on filter paper.
After proper drying, four pieces of roots were inoculated
in potato dextrose agar (PDA) plates amended with
Streptomycin (40-50 mg/1) and incubated at 28 +1°C for
5 to 7 days. The plant fragments were examined for the
growth of endophytic fungi once every 24 hr. Hyphal
tips were quickly transferred into PDA slants and
maintained at 4°C. The fungal isolates were recognized
by identifying their conidiophore structures and morpho-
logical characters using approved identificaion manuals.'?
Pure colonies wete preserved in PDA slants at 4°C with
proper labeling and were sub-cultured from time to
time. Colonization frequency (CF%) was calculated by
dividing the number of individual fungi recorded by the
total number of segments screened and multiplying the
result with 100 according to the following equation:"

CF%= No. of individual fungi recorded/
Total no. of segments screened X 100

Mass cultivation of endophytic fungi

Potato dextrose broth was used to mass cultivate the
selected endophytic fungi (Hortaea werneckiz, Penicillinm
solitum, Eurotinm chevalieri and  Cladosporium  herbarum),
by placing the agar discs of each actively growing
pure culture (3mm in diameter) in Erlenmeyer flasks
(250ml) containing 100ml of the medium. The flasks
were incubated for three weeks at 28°C. After three
weeks of incubation, the cultures’ filtrates with mycelia
were taken out for further extraction.

Preparation of extracts of endophytic fungi

Following mass cultivation of endophytic fungi, ethyl
acetate was used to extract the fungal metabolites
from different cultures of mixed cultural filtrates and
mycelial mats. Equivalent volumes of the solvent and
filtrate were added in a separating funnel and shaken
vigorously for ten minutes. The solution in the sepa-
rating funnel was then allowed to stand, the cell mass
was isolated and the solvent collected. The resultant
crude extracts were dried and collected after evaporating
ethyl acetate in a vacuum evaporator using MgSO, to
yield the crude extracts of 123 mg, 61 mg, 47 mg and
38 mg for Hortaea werneckii, Penicillium solitum, Eurotinm
chevalieri and Cladosporium herbarum, tespectively.'* The
crude extracts (samples 1-4) of all endophytic fungi
under investigation Cladosporium herbarum (1), Hortaea
werneckii (2), Penicillinm solitum (3) and Eurotium chevalieri
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(4), respectively were then subjected to a cytotoxic
assay against HepG2, HCT-116, T-47D and RAW
264.7 cell lines using the MTT Cell Viability assay.

Investigation of anticancer activity

Cytotoxic activity of endophytic samples was examined
by using human ductal breast epithelial tumour cells
(T47D), human hepatocarcinoma cell line (HepG2),
raw murine macrophages (RAW 264.7) and human
colorectal carcinoma cells (HCT-116) purchased from
ATCC, USA. Cells were routinely cultured in Dulbecco’s
Modified Eagle’s Medium (DMEM) for HepG2 and
T47D. RPMI-1640 was used for RAW 264.7 cells and
McCoy’s 5a Medium Modified for HCT-116 which were
enriched with 10% fetal bovine serum, 100 units/ml
streptomycin sulphate, 250 ng/ml amphotericin B and
2 mM L-glutamine containing 100 units/ml penicillin
G sodium. Cells were sustained at sub-confluency at
37°C in humidified air (5% CO,). For sub-culturing,
after trypsin/ EDTA treatment at 37°C, monolayer cells
were harvested, except for RAW 264.7 cells, which were
accumulated by scraping. When confluency reached
75%, the cells were utilised. Samples under investigation
were dissolved in dimethyl sulphoxide (DMSO) and
diluted thousand times. The cell culture materials were
purchased from Cambrex BioScience, Copenhagen,
Denmark. All other chemicals were obtained from
Sigma-Aldrich, USA. Experiments were repeated four
times. The cytotoxic effect of the endophytic samples
was evaluated against HepG2, T-47D, HCT-116 and
RAW 264.7 cells by employing the MTT Cell Viability
Assay according to the literature.”” MTT (3-[4,5-dimeth-
ylthiazole-2-yl]-2,5-diphenyltetrazolium bromide) assay

is based on the capability of active mitochondrial
dehydrogenase enzyme of active cells to cleave the
tetrazolium rings of the yellow MTT and produce a dark
blue insoluble formazan crystal. The extent of MTT
reduction was quantified by measuring the absorbance
at 570 nm, as previously desctibed."

A flat-bottom 96-well microplate was used to plate
the cells (0.5 X 10° cells/ well), in serum-free media and
treated with different concentrations of the endophytic
samples for 24 hr at 37°C, in a humidified atmosphere
with 5% CO,. After incubation, the media were separated
and 40 ul MTT solution/well was added and incubated
for an additional 4 hr. By adding 180 pl of acidified
isopropanol/well, the MTT crystals were solubilized and
the plate was agitated at room temperature, followed
by determination of the absorbance at 570 nm using
microplate ELISA reader. Data were expressed as the

percentage of relative viability according to the literature.'>!¢

RESULTS

Twelve fungal strains were isolated from the root sam-
ples of the medicinal plants Solanum nigrum,; Forsskaolea
tenacissima and Calotropis procera (Table 1).

They belong to families Solanaceae, Urticaceae and
Apocynaceae (Table 1). Ten fungal species of the isolated
endophytes were found to belong to .Ascomycota and
one to Basidiomycota. 1dentification of these fungal
strains was carried out using the standard protocol
based on their cultural and microscopic properties'
and was re-confirmed by the Microloge system
(Biolog, Inc., Hayward, CA) at the National Research

Table 1: Characterization and frequencies of endophytic fungi of Calotropis procera, Solanum nigrum and

Forsskaolea tenacissima

Plant species Family Endophytic fungi Fungal classcification F?:;ﬁ:i::;i?‘;))
Aspergillus oryzae Trichocomaceae; Ascomycota 14.10
Penicillium solitum Trichocomaceae; Ascomycota 6.25
Solanum nigrum S P. brevicompactur.:.v Trichocomar.:eae; Ascomycota 7.81
Hortaea werneckii Teratosphaeriaceae Ascomycota 9.38
Petromyces alliaceus Teratosphaeriaceae Ascomycota 6.25
Cladosporium herbarum Dematiaceae Ascomycota 10.94
Scopulariopsis brumptii Microascaceae Ascomycota 6.25
Forsskaolea tenacissima Urticaceae Aspergillus restrictus Trichocomaceae; Ascomycota 10.94
Wallemia sebi Wallemiaceae Basidiomycota 6.25
Fennellia flavipes Trichocomaceae; Ascomycota 7.81
Calotropis procera Apocynaceae Wallemia sebi Wallemiaceae Basidiomycota 6.25
Eurotium chevalieri Trichocomaceae; Ascomycota 7.81
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Central Lab., GSFMO, KSA." Different frequencies
of fungi were calculated (Table 1).

Based on the anticancer screening assay performed on
the obtained endophytic extracts four fungal endophytes
were selected for investigation of their extracts for anti-
cancer activity against the cancer cell lines HepG2,
T-47D, HCT-116 and RAW 264.7.

Using the MTT assay, the effect of samples 1-4 of the
selected 4 endophytic extracts (H. werneckii, P. solitum,
E. chevalieri and C. herbarum extracts) on the prolifera-
tion of four cancer cell lines HepG2, T-47D, HCT-116
and RAW 264.7 was studied after 24 hr of incubation.
As shown in Figures 1-4, the samples showed variable
cytotoxicity on each cell line.

As illustrated in Figure 1, sample 2 (P. solitum extract)
exerted significantly high cytotoxicity against HepG2 cell
line with a very low IC, value of 13 ug/ml. Samples 3
and 4 of the endophytes E. chevalieri and C. herbarnm, on
the contrary, exerted lower cytotoxic activity on HepG2
cells compared to sample 2 which was concluded from
the moderately high IC, values of 100 and 202 pg/ml
obtained for these samples, respectively (Figure 1).
Sample 1 (H. werneckii extract) showed the lowest cyto-
toxic effect against HepG2 cells which was concluded
from its high IC,  value (367 pg/ml).

As for the cytotoxic activity exerted on T-47D cells,
samples 1, 2 and 3 were highly cytotoxic by exhibiting
IC, values of 78,69 and 94 ug/ml respectively. Sample 4
(C. herbarum extract) exerted the weakest cytotoxic effect
on T-47D cells by demonstrating the highest calculated
IC,  value (196 pg/ml) as shown in (Figure 2).

sample 1 sample 2
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Figure 1: Cytotoxic effect of the extracts of endophytes (1-4)
against Hep-G2 cell line. Results are represented as mean
value (M) = S.E.M of at least three independent experiments
(3 replica each).
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Figure 2: Cytotoxic effect of the extracts of endophytes (1-4)
against T47-D cell line. Results are represented as mean value
(M) = S.E.M of at least three independent experiments
(3 replica each).
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Figure 3: Cytotoxic effect of the extracts of endophytes (1-4)

against HCT-116 cell line. Results are represented as mean

value (M) = S.E.M of at least three independent experiments
(3 replica each).

Sample 2, on the contrary, showed highest cytotoxic
activity with an IC, value of 42 ug/ml against the cancer
cell line HCT-116, while samples 4, 3 and 1 exhibited
lower cytotoxic effects against this cell line with IC|
values of 160, 212 and 243 ug/ml recorded for them,
respectively (Figure 3).

All samples showed very close and weak cytotoxic
activities against the cell line RAW 264.7 with IC_ values
of 357, 347, 345 and 420 pg/ml for samples 1, 2, 3 and
4 respectively (Figure 4). A comparison between the
obtained IC, values of the four samples on the four cell
lines is shown in Figure 5.

875



Attia, et al.: Cytotoxic endophytes of medicinal plants
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Figure 4: Cytotoxic effect of the extracts of endophytes (1-4)
against RAW-264.7 cell line. Results are represented as mean
value (M) = S.E.M of at least three independent experiments
(3 replica each).
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Figure 5: Different IC, values of samples (1-4) on different cell
lines.

DISCUSSION

As there is a need to explore new ecological niches with
the potential of discovering bioactive natural products
for pharmaceutical applications, this study has been
conducted to isolate and characterize endophytes from
rarely investigated plants growing in southern Saudi Arabia,
which harbors a wide variety of medicinal plants. Endo-
phytic fungi are one of the most promising groups of
microorganisms that make symbiotic relationships and
produce useful natural products.”®?' But many plants
have not been yet investigated for their endophytic
content.”** In our study, mainly Aspergillus and Penicillium
species were isolated as endophytes of high frequency
from the medicinal plants Solanum nigrum, Forsskaolea
tenacissima and  Calotropis procera. Different cytotoxic
activities were exerted by the endophytic extracts on
each cell line. These data indicate that the isolated
bioactive endophytes provide promising sources of
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anticancer agents with therapeutic potential and are in
accordance with previously published studies performed
on these fungal species. A previously conducted study
on Hortaea werneckii showed that it has the potential for
melanin production which showed significant anti-
bacterial effects against 1zbrio parabaemolyticus and
Klebsiella pneumoniae.” Furthermore, Hortaea werneckii was
previously isolated as an endophyte from the mangrove
plant Acanthus ilicifolius var. xiamenensis and was shown to
produce nitric oxide that contributes to the anti-inflam-
matory activity and high cell viability of the endophyte.*
The endophyte Penicillinm  solitum is an anamorph,
mesophilic, salinity-tolerant and psychrotolerant species.”’
The fungus Eurotinm chevalieri isolated from the medicinal
plant Calotropis procera occurs mainly in indoor environ-
ments and food. Five new meroterpenoids, chevalones
A-D were isolated from it and exhibited antimalarial
and antimycobacterial activities as well as cytotoxicity.”

Cladosporinm species are often detected in indoor and
outdoor environments, spoiled organic matter, are
regarded as food toxicants® and can grow even on glass

fiber sutrfaces and water pipes.”

Many species of
Cladosporium were reported to produce antimicrobial
agents’ and are effective biological insecticides, especially
against those insects that have acquired resistance against
chemical insecticides.”

Several studies have indicated that medicinal plants have
a higher possibility of hosting endophytes that produce
pharmacologically active natural products.” Therefore,
it makes sense to refer specific medicinal properties
of plants to their harbored endophytes.” Scientific
literature infers that natural bioactive compounds
derived from endophytes may provide an alternate
source for the discovery of novel anticancer agents.”
Isolation and screening of natural bioactive compounds
for pharmacological properties offer a route for the
discovery of unique drug candidates and cytotoxic

anticancer agents.”

CONCLUSION

This is the first report of endophytes isolation from the
rare medicinal plants Calotropis procera, Solanum nigrum and
Forsskaolea tenacissima growing in Najran region which
have been found to exert significant cytotoxicity against
several cancer cell lines. The current study shows that
the above-mentioned plants possess a broad spectrum
of endophytes with vital biological activities. Thus,
collective efforts should be taken up for bioprospecting
the rare medicinal plants found in this region, to preserve
the microbial resources of this vital biodiversity.
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ABBREVIATIONS

PDA: Potato dextrose agar; MgSO,: Magnesium
sulphate; HepG2: Human liver cancer cell line;
HCT-116: Human colon cancer cell line; T-47D:
Human ductal breast epithelial tumour cells;
RAW 264.7: Raw murine macrophages; MTT:
(3- (4,5-dimethyl thiazol -2-yl)-2,5-di phenyl tetrazolium
bromide; DMEM: Dulbecco’s Modified FEagle’s
Medium; CO,: Carbon dioxide; EDTA: Ethylenedi-
aminetetraacetic Acid; DMSO: Dimethyl sulfoxide;
IC,: concentration inhibiting 50% of growth.

SUMMARY

In order to find new sources of anticancer agents,
endophytes of the medicinal plants Calotropis procera,
Solanum nigrum and Forsskaolea tenacissima growing in one
of the richest areas of plant biodiversity in KSA, Najran,
were investigated. Twelve endophytic fungi were isolated
from the selected medicinal plants and four of them
(Cladosporinm berbarum (1), Hortaea werneckii (2), Penicillinm
solitum (3) and Eurotinm chevalieri (4)) were found to exert
cytotoxic activity against HepG2, T-47D, HCT-116 and
RAW 264.7 cell lines in the MTT cell viability assay.
Highest cytotoxicity was observed for Penicillinm solitum
extract on HepG2 and HCT-116 cell lines with IC,
values of 13 pg/ml and 42 pg/ml, respectively. All
endophytic extracts showed rather weak cytotoxic effects
against RAW 264.7 cell line with IC_ values of 357, 347,
345 and 420 pg/ml for extracts of endophytes 1,2,3 and
4, respectively. High cytotoxic effects were observed for
the extracts of endophytes 1, 2, and 3 against T-47D cell
line with IC,  values of 78, 69 and 94 ug/ml, respectively.
Accordingly, these results indicate the presence of a rich
source of bioactive endophytic fungi in the selected area
and provides candidates for future investigation of

anticancer metabolites with potential therapeutic
applications.
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SUMMARY

In order to find new sources of anticancer agents,
endophytes of the medicinal plants Calotropis procera,
Solanum nigrum and Forsskaolea tenacissima growing
in one of the richest areas of plant biodiversity in KKSA,
Najran, were investigated. Twelve endophytic fungi were
isolated from the selected medicinal plants and four of
them (Cladosporium herbarum (1), Hortaea werneckii
(2), Penicillium solitum (3) and Eurotium chevalieri (4))
were found to exert cytotoxic activity against HepG2,
T-47D, HCT-116 and RAW 264.7 cell lines in the MTT
cell viability assay. Highest cytotoxicity was observed
for Penicillium solitum extract on HepG2 and HCT-
116 cell lines with IC, values of 13 pg/ml and 42 g/
ml, respectively. All endophytic extracts showed rather
weak cytotoxic effects against RAW 264.7 cell line with
IC, values of 357, 347, 345 and 420 ug/ml for extracts
of endophytes 1,2,3 and 4, respectively. High cytotoxic
effects were observed for the extracts of endophytes
1, 2, and 3 against T-47D cell line with IC_ values
of 78, 69 and 94 ug/ml, respectively. Accordingly,
these results indicate the presence of a rich source of
bioactive endophytic fungi in the selected area and pro-
vides candidates for future investigation of anticancer
metabolites with potential therapeutic applications.
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