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ABSTRACT

Background: This study aimed to explore the toxicity and apoptotic potential of Fusarium

solani extracts on cancer cell lines and zebrafish embryo. Materials and Methods:

F. solani was initially extracted with ethyl acetate and methanol. Further purification was

performed using column chromatography. Each fraction was assayed for its cytotoxic

potential against four cancer cell lines using MTT assay. The apoptotic potential of the

HepG2 cells was investigated using Hoechst 33342 dye and caspase 3/7. The in vivo

developmental toxicity of the active fractions was assessed using zebrafish embryos.

Results: The ethyl acetate extract and active fractions affected the cell viability of

tested cell lines on dose dependent manner. The IC,  values of F1 fraction for Jurkat,

HEK 293, MDA-MB-231 and HepG2 cell lines were 48.07, 60.09, 97. 82 and 69.7 ug/ml

respectively whereas, the IC,  values of F7 fraction were 58.17ug/ml and 34.29 for

HepG2 and HEK 293 cell lines respectively. Morphological changes of cell such as

chromatin condensation as well as the expression of caspase 3/7 were observed. In

agreement with cell line data, the active fraction obtained from F. solani were toxic for

zebrafish embryos at =100 ug/ml and lower concentration (<60ug/ml) induced various

developmental defects. Conclusion: The F. solani ethyl acetate extract and its fractions

showed anticancer activity in tested cancer cell lines and induced apoptosis via caspase

3/7 pathway and showed in vivo toxicity in zebrafish embryos.
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INTRODUCTION

Cancer is considered among the top causes
of mortality worldwide. It is accounted for
8.2 million deaths in 2012 and expected to
cause 13.1 million of deaths by 2030." The
increasing demand for life saving medicine
from new sources is an urgent necessity.
The drug discovery via traditional synthetic
chemical methods is not promising as
compared to natural sources. The active
compounds isolated from natural soutrces
are a potential source for cancer
chemotherapy due to their less toxic profile
as compared to synthetic sources and will
remain the main source of inspiration for
chemists. Natural products drug discovery

are never exhausted.”® Of 22 thousand

bioactive secondary metabolites isolated
from micro-organisms about 38% (8,600)
are of fungal origin® Fungal endophytes
area potential source for novel compounds.®
Endophytic fungi survive within plant
tissues causing no disease.” They benefit
their hosts by improving drought tolerance
of the plant,® enhancing plant growth’
and protecting against phytopathogens.'
Between 2000 and 2006 about 322 secondary
metabolites were characterized''* with a
different range of structures™'* and biological
activities.""”

Saudi Arabia flora has about 2281 species
in 853 genera.” Their endophytes as potential
source of novel and bio-active compounds
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are not well investigated. To date, very few reports
have been published on the isolation and evaluation of
endophytes and their bioactive extract from Phoenix
dactylifera (Arecaceae family).”!

Zebrafish is routinely used for the biological screening
of small compounds and natural products and it has
been well documented as the best vertebrate model for
evaluating the toxicity of many compounds targeting
molecular, morphological and safety pharmacological
endpoints.”*** This value was accredited to zebrafish due
to low cost, transparency and their small size that allows
the screening in 96-well plates.” The zebrafish is perfect
model to check the toxicity at the whole animal level
that can be exploited to predict the toxicity on humans.
We believe that this is the first report to evaluate the
toxicity after the exposure of zebrafish embryos to
F solani extract and its fractions.

This study was performed with the objective of using
zebrafish as an embryonic model system to study and
evaluate the anticancer fraction from F solani showing
anticancer property to the HepG2 cell lines. We expect
that our finding will provide insight into the probable
toxicity and help in better understanding the natural
products of therapeutic potential.

MATERIALS AND METHODS

Isolation, Purification and Identification of
F. solani by Cultural and Morphological Methods

Endophytic F. solani was isolated from the roots of
Phoenixc dactylifera obtained from Riyadh. Isolation and
purification of endophytic fungi was accomplished
according to the method described by Abutaha e# a/*
Cultural characters such as color, shape, texture
and type of the growth of were evaluated by visual
observation. Morphological features of the fungus like
conidia, conidiophores and mycelia were evaluated under
microscope (Leica, Germany). Further confirmation
was carried out by sending the fungi to Assiut University
Mycological Centre (AUMC).

Extraction and Isolation of Secondary Metabolites

Ten plates with around 6 mm disks of F solani (4 days
old culture) were incubated at 30°C for 10 days.
10 plates of Potato dextrose agar (PDA) plate cultures
were scrapped and blended in a blender containing ethyl
acetate (500 ml) and transferred to flask and left to mix
for 10 min at 140 x g at 30°C. The extraction process
was repeated thrice and then pooled together and
filtered through what man filter paper no 1. The extract
was condensed and then centrifuged at 12000 x g (5
min). The extract was then evaporated under reduced
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pressure at 45°C. The sample was left at -80°C until
required. The same extraction procedure was repeated
for methanol solvent as mentioned above.

Approximately 500 mg of the ethyl acetate fraction was
suspended in 2 ml of 95% methanol and loaded to a
column filled with Sephardi LH-20 equilibrated with
95% methanol. The extract was eluted with methanol
which yielded four fractions (F1, F2, F3 and F4). Each
extract was further fractionated based on its bioactivity
profile in cancer cell lines. Hence, F1 was dissolved
in chloroform and further fractionated into two fractions
i.e. chloroform soluble fraction (F 5, 51mg, yellow color)
and chloroform insoluble fraction (F6, 9mg, yellow
color). F5 Fraction was separated on silica gel 60 RP2
using CHCIL,, EtOAC and MeOH as an eluent to give
three sub-fractions. Chloroform fraction (F7, 20mg,
green color), ethyl acetate fraction (F8, 15mg, yellow
color) and methanol fraction (F9, 18mg, yellow color)

(Figure 1).

Studying the Morphological Changes by
Apoptosis in Cancer Cells

Liver cancer cells (HepG2) (2 X 10° cells/ml) were left
to attached overnight in 24 well cell culture plates and
then treated at the concentration of 100 ug/ml of the
extract and Methanol (0.01%) for 24 hr. Cells were
assessed morphologically immediately under inverted
light and fluorescence microscope (EVOS F1, USA) at
340-380 nm emissions using Hoechst 33258 (life
technology, USA) staining method following the
procedure of Abutaha.”’

Caspase-3/7 Activity Assay

Cells were grown and treated as mentioned above.
After 24hr of exposure, the caspase—?)/ 7 activity was
assessed using the Cell Event™ Caspase-3/7green

500 mg (Ethyl acetate fraction)

Column chromatography
(Sephadex LH-20)

v - ' v

F1 (80 mg, yellow color) 2 F3 F3

1 Dissolved in chloroform

Chloroform soluble fraction Chloroform insoluble fraction
(F5, 51mg, yellow color) (F6, 9mg, yellow color)

Column chromatography silica gel 60 RP2

v ' v

Chloroform fraction Ethyl acetate fraction
(F7,20mg, green color) (F8, 15mg, yellow color)

Methanol fraction
(F9, 18mg, yellow color)

Figure 1: Bioassay guided fractionation of anticancer active
fraction from Fusarium solani extract against different cancer
cell lines. Each fraction was assessed using MTT assay to
isolate the active fraction from the ethyl acetate extract.
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detection reagent kit (Invitrogen, USA). Briefly, the
cells were incubated for 30 min after adding the
Caspase3/7 Detection reagent and the apoptotic
cells were visualized as green cells using fluorescence
microscope (EVOS F1, USA).

Animals

Wild type zebrafish were maintained in the laboratory
under standard conditions on a 12-hr light/dark
photoperiod in water (28°C). The later consists of
reverse osmosis water augmented with a commercial
salt (0.6% Instant Ocean) using the standard guidelines
that are described in the literature. In this study the
zebrafish embryos that were used were less than 120hpf,
hence it does not need the consent of animal committee
as stated by Strihle ¢ a/*® But all experiments were
performed in accordance with the National and
International Animal Use Guidelines.

Embryo Treatment

The zebrafish embryos (wild type) were obtained by
natural pair-wise mating. All the extracts were dissolved
methanol (HPLC, Sigma-Aldrich) at a
concentration of 20 mg/ml. The embryos at one
cell stage were exposed to serial dilutions of various
extracts and the mock control (0.5% methanol (v/v).
This treatment was repeated at least thrice using a
different batch of embryos from different parents. The
morphological defects and mortalities were evaluated
after 24 hr of exposure.

stock

FTIR Analysis of Bioactive Fractions

The bio-active fraction was evaluated using infrared
(FTIR) spectroscopy, which was achieved by potassium
bromide (KBr) plates (JASCO FTIR model 420, Japan).

RESULTS

The fungal strain grown on PDA medium showed
the following feature: raised, circular, white, compact
and, reverse light brown, hyphae profusely branched,
hyaline, smooth, septate, phialide arising laterally on
hyphae.”” The fungal strain produced three types of
spores chlamydospores, microconidia and macroconidia.
Most of the morphological features of the strain
(AUMC No. 10181) agree with the known features of
F solani.
Mycological center, faculty of science, Assuit, Egypt,
further confirmed the identification of the fungal strain.
The F. solani deposit number is (AUMC10181).

However, an expert microbiologist at

Cell Growth Inhibition

The crude ethyl acetate extract of F solani exhibited
percent survival (20£0.012%) whereas the crude methanol
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extract showed 91.69% 0.24 percent survival at the
concentration of 200ug/ml for HepG2 cell lines.
Therefore, we fractionated the crude ethyl acetate
extract and monitored the activity by bioactivity-guided
fractionation to isolate to the active principles. In the
first fractionation process, we used sephadex as
stationary phase. The ethyl acetate extract was divided
in four distinct fractions of which F1 exhibited the
anti-proliferative activity. Human breast cancer cell lines
(MDA-MB-231), human hepatocarcinoma (HepG2)
were treated with different concentration (25-200 pg/ml)
of F1 extract. After 24hr of exposure percent survival
was measured by MTT assay. The F1 fraction resulted
in dose dependent decrease in the viability of the entire
cell line tested but with different response. The L.C,
value of F1 fraction was 99.62 and 72.03pg/ml
(Figure 2) for MDA-MB-231 and HepG2 cell lines
respectively. However, the other fractions obtained
(F2-F4) were almost inactive and the percent survival
ranged between 90-100%. F1 was further split yielding
two fractions F5 and F6. Only one concentration of F5
was tested and exhibited anti-proliferative activity. The
sub-fractionation of F5 on a reverse phase silica gel
RP2 column yielded two fractions (F6-F7) among the
fractions obtained fraction F7 exhibited anti-proliferative
activity in HepG2 with the LC_ value 54.06ug/ml.

Apoptotic Potential of F7 Fraction on HepG2 Cell
Lines

The apoptotic potential of the F7 fraction was checked
by observing the alterations in morphological features
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Figure 2: Dose response studies of the F1 fraction of F. solani
extract on four cancer cell lines: MDA-MB-231 and HepG2 cell
lines. The cells were treated with various concentrations
(25-200 pg/ml) of F1 fraction for 24 h. The anti-proliferative
effect was measured by MTT assay. Results were expressed
as the means +SD from three independent experiments.
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of human liver cancer cells (HepG2). The treated
HepG2 cells by F7 fraction at the concentration of
100ug/ml exhibited the typical features of apoptosis
asmentioned by Moongkarndieza/* These morphological
changes ate commonly used for the identification
of apoptosis. The morphology of untreated cells
(Figure 4A) revealed that control cells maintained their
normal shape and were adhered to the cell culture
plates. In contrast, HepG2 cells treated with F7 fraction
(24 hr) showed that they were detached from the cell
culture flask and lost contact with nearby cells. The
cells changed to round shape and membrane blebbing
and shrinkage was evident which the typical feature of
apoptosis (Figure 3B). The Hoechst 33342 dye staining
showed that, the control cells were normal shape and
nuclei stained with a less bright blue fluorescence with
no signs of fragmentation (Figure 3C). However, the
nuclei of treated cells with F7 tested fraction clearly
displayed highly fragmented chromatin (Figure 4D).

Activation of Caspase 3/7 on HepG2 Cell Lines

Program cell death is initiated via different pathways.
A key part of this initiation is mediated by caspase-3,
the enhancer of apoptosis. To assess the effect of F7
on the activities of caspases 3/7 in HepG2 cells, the
cell line was treated the with F7 fraction for 24 hr. As
it can be clearly visualized from florescent microscopy
image (Figures 4E and F) that the cells, treated with
F7 fraction, exhibited activation of caspase-3/7 activity
(intense staining) whereas untreated cells without
activated caspase 3/7 showed minimal fluorescence
signal. These findings confirmed that F7 fraction
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Figure 3: Dose response studies of the F7 fraction of F. solani
on HepG, cell lines. The cells were treated with different
concentrations (10-100 pg/ml) of F7 fraction for 24 h. The

antiproliferative effect was measured by MTT assay. Results
were expressed as the means +SD from three independent
experiments.
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Figure 4: (A-F) Photomicrograph reveals the morphological
changes of HepG2 cell line. Cells were treated with F7 fraction
for 24 hr at the concentration of 100pg/ml and visualized by
inverted light and florescent microscope (magnification 200x).
A, C, D control and B, D, F treated cells for light microscopy,
Hoechst staining and Caspase 3/7 activity respectively.

induced apoptosis by activation of caspase 3/7 in
HepG2 cells.

The F. solani Metabolites Induced Stunted Growth
and Teratogenesis upon Exposure in Zebrafish
Embryos

Presently, the developmental toxicity of F. solani was
assessed in zebrafish embryos. The embryos were
treated with different dilutions of the extracts and the
numbers of affected embryos were counted in each
case in order to assess the relative biological activity of
each extracts. A consistent concentration of the tested
extracts, which induced the prominent developmental
defects, was chosen to evaluate the comparative
biological activity between treated and untreated
zebrafish embryos. The zebrafish embryos showed
major developmental defects when they were treated at
<60ug/ml with either of the extracts, so this
concentration has been reported (Table 1) for the
comparative biological activity of different fractions of
F. solani in zebrafish embryonic development. We did
not observe any developmental toxicity when embryos
were treated below the concentration of 20 pg/ml. As
shown in Figure 5. The developmental defects, which
were seen in this study, are given in Table 1. The crude
EtOAC extract showed mild level of activity by inducing
bent spine and shorter yolk extension and larger yolk
area as compared to mock (methanol) treated embryos.
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The embryos exposed to crude I solani extract did not
hatch normally. The brain and notochord developed
normally in crude extract treated embryos. The F1
fraction induced severe bending of the tail and notochord
(Figure 5C). The yolk extension was also much smaller

Figure 5: (A-F) induced severe developmental delay in treated
Zebrafish embryos. Representative live images of zebrafish
embryos after one day treatment; mock treated (A) and treated
with various fraction of F. solani (B-F). It is evident from
these images that solvent to solvent fractions of FS induced
more embryonic abnormalities as compared to EtOAC crude
extract (B). The overall development and organ formation in
control embryos (A) was normal, whereas, EtOAC crude ex-
tract treated embryos also developed normally except they
lack pigmentation. A severe bending of tail (due to undulated
notochord is evident in fraction F1 treated zebrafish embryos
(C). The zebrafish embryos treated with fraction F7 showed
most severe developmental delay. The embryos were arrested
at 5 somite stage (D). There were also severe developmental
abnormalities observed in fraction F7 treated embryos which
induced cardiac and yolk sac edema (arrow in E). The zebrafish
embryos treated with fraction F9 (F) did not show any
developmental abnormalities and were very much similar to
control embryos.

as compared to control. The fraction F7 (Figure 5D)
induced most severe developmental delay in zebrafish
embryos. The embryos were exposed to F solani
fractions at one cell stage, soon after spawning, The
treated embryos did not develop propetly and seem to
be arrested at 5 somite stage (a stage after 9 hr of
fertilization), whereas the mock treated embryos
reached to 5 prim stage (almost 24 hr after fertilization)
within same duration of time. The F7 treated embryos
stayed in this arrested growth stage even up to 48 hr
of post fertilization and died. As revealed in Figure 4,
the F8 treated embryos did not show a significant level
of developmental delay but all the embryos had enlarged
yolk sac and also cardiac edema. The brain of F8 treated
embryos did not formed normally (compare the images
A and E, brain). The embryos, which were treated with
F. solani F9, did not show any prominent abnormality at
60ug/ml concentration.

IR Spectroscopic Analysis

The IR spectral data from F. solani F7 fraction showed
broad band in the region 3396 cm™ that was ascribed
to hydroxyl (-OH) and amide (-NH) groups stretch.
C-H stretch was seen in the region of 2926 cm™. The
aromatic ring (C=C) group stretch was observed in the
region of 1633 cm™. A peak observed in the region 1084
cm’ is due to the presence of aromatic C, H bends.
Bands observed at 2366 cm™ and 2337.6 cm™ region
were due to the absorption of —COOH and enols. The
band at 1741 cm™ was due to the absorption of ketone
(Figure 0).

Table 1: Detail of embryonic abnormalities induced by F. solani crude extract and fractions exposure in

zebrafish embryos Hatching, growth, Brain deformation, Tail malformation, notochord defects and pericardial

edema.
Control Crude F1 F7 F8 F9
(EtOAC)
0.5% 60pg/ml 60pg/ml 60pg/ml 60pg/ml 60ug/ml
methanol

Number of embryos 150 150 150 150 150 150
Stunted or delayed growth 0 0 0 150 0 0
Shortened bodies 0 50 0 NA 0 0
Pericardial edema 0 0 0 NA 150 0

Yolk sac malformation 0 120 100 NA 150 0
Bent spine (notochord defects) 0 150 150 NA 150 0
Brain deformation 0 0 0 NA 150 0

Eye development 0 0 0 0 150 0

Tail malformation 0 150 150 NA 150 0
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Figure 6: Infrared spectrum of F7 fraction of F. solani.

DISCUSSION

Natural products are considered the undoubted leaders
among the different therapeutic tools humans have
used to fight several diseases including cancer.”®”
Endophytic fungi are a potential source for promising
and novel compounds that are the focus of numerous
research groups across the wotld. Moreover, the
increasing demand of promising drugs to face the
increasing resistance to the anticancer drugs and sides
effects brought these micro-organisms to spotlight. In
the present study, an endophytic fungus F  solan:
isolated from the P. dactylifera was investigated for its
anticancer potential and zebrafish toxicity.

In this study, ethyl acetate and methanol solvent were
used to extract FS compounds because these two
solvents possess different polarities. Ethyl acetate has
medium polarity while methanol has a high polarity.
Therefore, extracting with solvents of different polarity
increases the chances of isolating different compounds.
The results demonstrated that the extract possessed
potent cytotoxicity against HepG2 and MCF-7 cell
lines. Induction of apoptosisisanimportantcharacteristic
feature of many anti-cancer drugs.”’ Our results also
revealed that the extract of F solani also induced
apoptosis in HepG2 cells when analyzed using different
techniques including inverted light microscope, Hoechst
33342 stain and Caspase 3/7 activity.

Several reports have shown that fungal extracts are
toxicand causeorganandtissuedamage.” Thus,assessment
of fungal extract toxicity is imperative for human
health. Unluckily, the assessment of fungal extract
their and compounds isolated
remains limited. The process of studying the toxicity
on mammalian animal model such as monkeys,
rabbits and rats is expensive and slow resulting in long
process in drug discovery and development. Zebrafish

toxicity, fractions
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is an ideal vertebrate model for drug screening and
assessing the toxicity and the safety use of chemical
compounds.”

In the present study, zebrafish embryos were used as a
model for toxicity assessment of F. solani crude extract
and its fractions. No developmental toxicity and toxic
effects were observed when embryos were treated below
the concentration of 20 pg/ml for all the extract tested
However, this study showed that the F solani extract
has potential toxic effects as shown by the major
developmental defects as well as the changes observed on
the organs studied therefore caution should be exercise
when using the extract. These results showed the diverse
biological activity of different fractions of F solani on
zebrafish embryonic development. The diverse biological
activity associated with each fraction clearly means that
each fraction might contain different compounds/
active principles. The toxicity, which has been observed
in zebrafish embryos, is in agreement with cell line data
where the apoptosis was observed in HepG2 cell lines.

Natural products from different sources have been
used for the treatment of many diseases. Therefore,
quality control of natural products and their fractions
are of major importance. For this reason, Infrared
Spectroscopy (IR) is a rapid and non-destructive tool
commonly used to validate unrefined crude extract and
to determine natural extract biomatkers based on their
functional groups and specific fingerprints.

CONCLUSION

Our results demonstrate that F7 caused concentration-
dependent toxicity in cell lines as well as in zebrafish
embryos. I solani exerted cytotoxicity in tested cancer
cells through activation of caspase-3. Although many
reports are published using zebrafish model for drug
screening and drug discovery, no studies have evaluated
the toxicity of F solani extract and its fractions using this
model. Here, we report for the first time developmental
toxicity of I solani extract and its fractions. However, in
future work, further investigation is required to find out
the exact mechanism of action.
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ABBREVIATIONS

IC,: Half maximal inhibitory concentration; MCF-7:
Human breast cancer cell line; HEK 293: Human
embryonic kidney 293 cell; MDA-MB-231: Human
mammary cancer cell line; MTT: 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide; EtOAC: Ethyl
acetate; OD: Optical density; IR: Infrared radiation.
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SUMMARY

*  Endophytic I so/ani was isolated from the roots of P. dactylifera from Riyadh region.
* The solvent extract of I solani showed apoptotic potential against HepG2 and MDA-MB-231 cancer
cell lines using Hoechst 33342 dye staining and caspase-3/7 activity

* The zebrafish embryos showed major developmental defects when they were treated at <60ug/ml
by inducing bent spine and shorter yolk extension and larger yolk area as compared to mock treated

embryos.

*  The IR spectroscopy showed the presence of different functional group.
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