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ARTICLE INFO ABSTRACT

Objective: To isolate, identify and evaluate the antioxidant, antimicrobial, hep-
atoprotective potentials, total phenolic content, flavonoid content, tannin content of ethyl
acetate extract of endophytic fungus Achaetomium sp., isolated from Euphorbia hirta.

Methods: Hepatoprotectivity of ethyl acetate extract of Achaetomium sp., was evaluated
by CCly induced toxicity in HepG2 cells and subsequently analysed for cell viability
using MTT assay. It also demonstrates antioxidant and antimicrobial potentials by DPPH
radical scavenging assay and well diffusion assay respectively. Quantification of total
phenolic content, tannin content and flavonoid content were assessed by spectroscopic
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Achaetomium etate extract of Achaetomium sp., with rich phenolic content exhibited potent hep-
Hepatoprotective atoprotective, antimicrobial and antioxidant aFtiYiFies. The hepatoprqtective activity was
Antioxidant recorded as of 72.13% + 2.948% of cell viability at a concentration of 150 pg/mL,
Antimicrobial whereas the standard silymarin showed 93.260% = 0.784%. It was observed to be dose

dependent, when CCly exposed HepG2 cells were treated with different concentrations of
ethyl acetate extract. Antibacterial activity showed significant inhibition against Staph-
ylococcus aureus, Pseudomonas aeroginosa, and Klebsiella pneumoniae. The antioxidant
activity ranged from 66.890% =+ 1.385% to 87.340% =+ 0.289% with (44.02 = 1.57) pg of
total phenolics, (54.54 + 1.82) g of flavonoid content and (18.790 + 1.018) g of tannin
content. Ascorbic acid, BHT (butylated hydroxyl toluene) Gallic acid and Pyrogallol were
used as standards which showed 98.370% =+ 0.763%; 97.080% =+ 0.636%;
94.890% + 1.103% and 96.980% =+ 0.098% reducing potential respectively.
Conclusions: The results reveal that the metabolites produced by endophytic fungi
isolated from Euphorbia hirta could be novel natural products that could lead to new drug
discovery.

1. Introduction

Endophytes are microorganisms that reside within the plant
without causing any symptomatic changes in the plant. It is not
understood that how these microbial communities impact plant
physiology and function [11. Secondary metabolites produced by
the microorganisms are well enquired and investigated due to
the many antibiotics produced by fungi and bacteria [2].
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Metabolites biosynthesized by the plant endophytes have been
tested for their antimicrobial activities [3].

Natural products from plants had always been of great re-
sources for therapeutics [4]. Endophytic fungus has been
described as store house of various novel pharmaceutical
compounds which have various applications [5]. Host plants
and their endophytes live in a mutualistic or in neutral
relationships [6].

Euphorbia hirta L. (E. hirta), Euphorbiaceae family, is plant
distributed throughout India and also found as a pantropical
weed [7]. The plant has been reported to be used as diuretic, and
has an anti-inflammatory, antispasmodic and antidiarrheals ac-
tions [81. It is used in treating respiratory tract inflammations and
asthma in Africa. In Malagasy it is used in treating cough,
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pulmonary disorders, and chronic bronchitis, and in treating
diarrhoea and particularly amoebic dysentery [91.

While there is more information available about the medic-
inal uses of E. hirta, not many reports are available on medicinal
property of endophytes associated with it. Hence, this study on
endophytic fungus Achaetomium sp., isolated from E. hirta was
conducted in isolation, identification and evaluation of quanti-
tative analysis of phytochemical, antioxidant, antimicrobial and
hepatoprotective potentials.

2. Materials and methods
2.1. Isolation of endophytic fungus

Healthy plants of E. hirta were carefully uprooted and
brought to the lab. The roots of the plant were washed in flowing
tap water to eliminate the soil and dust particles, other microbes
and the samples were sterilized [10]. The root samples were cut
into 2 mm segments surface sterilized by
sequentially immersing in 70% ethanol for 1 min in 4%
sodium hypochlorite for 2 min and then finally rinsed with
sterilized distilled water for 1 min. The moisture was removed
by pressing in the sterilized tissue paper. Then efficiency of
the sterilization was confirmed with the method [11]. The root
explants were transferred and impregnated to the petriplates
containing PDA (Potato Dextrose Agar) supplemented with
chloramphenicol 150 mg/L. The petridishes with the explants
were incubated at 27 °C and were regularly observed for any
fungal growth. The emerging fungus from the sample explants
was carefully transferred to new petriplates with PDA free
from antibiotics.

and were

2.2. Microscopic and molecular identification of fungal
isolate

Fungal endophyte was identified by microscopic and mo-
lecular [12]. Fungal DNA was isolated using kit (Xcelgen,
Xcelris laboratories, Ahmedabad, India). The partial 28S
rRNA gene, was amplified using the forward primer (5’
ACCCGCTGAACTTAAGC 3) and reverse  primer
(5GTCCGTGTTTCAAGACGG 3'). The PCR amplified
products were then subjected to automated DNA sequencing
on ABI 3730xl Genetic Analyzer (Applied Biosystems, USA).
Consensus sequence of 600 bp of 28S rRNA was generated
from forward and reverse sequence data using aligner
software. Consensus sequences were
GenBank. Multiple BLASTN searches against the sequence
were made at the National Center for Biotechnology
Information (NCBI). Primarily, Multiple Sequence Alignment
was first carried out by Clustal Omega [13] and further,
alignment file was later aligned for trimming using trimAlI tool
[14]. Phylogenetic analysis was carried out with the neighbor-
joining method using MEGA 7.0 software program [15].

submitted in the

2.3. Cultivation and extraction

A small piece of agar plug from fungal colony was cut and
inoculated in 300 mL of PDB in 1000 mL flask and incubated
for 21 d. The Achaetomium sp., has turned the Potato Dextrose
Broth, red due to the production of red pigmented metabolite.

The fungal broth was filtered to separate the broth and myce-
lium. The filtered broth was centrifuged at 3600 rpm for 10 min
and the supernatant was extracted with equal volumes of ethyl
acetate. The organic ethyl acetate extract was evaporated. The
crude extract, a red shiny powder was dissolved in DMSO to
determine total phenol, tannin, total flavonoid, antioxidant,
antibacterial, and hepatoprotective potentials.

2.4. Determination of total phenolic, flavonoid tannins
contents

Total phenolic, flavonoid and tannin content of ethyl acetate
extract was evaluated as described by Siddhuraju and Manian
[16] with a small modifications. About 100 pL ethyl acetate
extract of Achaetomium sp., was pipetted into a test tube and
900 pL of distilled water, 1 mL of 1 N Folin-ciocalteu phenol
reagent and 2.5 mL sodium carbonate solution (20%) were
added sequentially and incubated in dark for 40 min, the read-
ings of the absorbance were recorded at 725 nm against the
reagent blank.

The estimation of tannins was performed for the same extract
by addition of polyvinylpolypyrrolidone (PVPP), with the ca-
pacity to bind with tannin. PVPP (100 mg) was added into a test
tube and 1 mL of dist. water was added followed by addition of
1.0 mL of tannin with phenolic extract. The test tubes were
vortexed and incubated at 4 °C for about 4 h. After incubation
the samples were centrifuged at 3000 rpm for 10 min and the
supernatant was collected. PVPP has precipitated the tannins and
the supernatant has only simple phenols without tannins. The
supernatant with the phenolic content was measured as
mentioned above. The total tannin content was evaluated from
results by calculating the difference between non tannin phenols
and total phenols [17].

The flavonoid content was evaluated by following the
method of Zhishen et al. [18]. The ethyl acetate extract of 0.5 mL
(1 mg/mL) was taken and 2 mL dist. water was added followed
by subsequent addition of 0.15 mL of 5% NaNO, solutions.
About 0.15 mL of 10% AICl; was added after 6 min. The
mixture was set to stand for about 6 min, followed by addition
of 2 mL of 4% NaOH solution to the mixture. The final
volume of the mixture was made to 5 mL by readily adding
distilled water. The mixture was mixed well, and allowed to
stand for another 15 min. Absorbance was recorded at 510 nm
and dist. water was used as blank. Rutin was used as the
standard in the quantification of total flavonoids and the
results were revealed as rutin equivalents (RE).

2.5. Antioxidant assay

DPPH assay has been used to evaluate the antioxidant po-
tentials of the ethyl acetate extract of the strain Achaetomium sp.,
and the experiments were performed in triplicates and the mean
value was taken.

2.5.1. DPPH (1,1-diphenyl-2-picrylhydrazyl) free
radical scavenging activity

Antioxidant activity was determined through free radical
scavenging of ethyl acetate extract from Achaetomium sp.
Change in the optical density of the DPPH radical was moni-
tored by following the method described by Blois [19]. Crude
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extract at various concentrations 50, 100, 125, 150, 400 pg/mL
were measured and the volume was made up to 1 mL with
methanol followed by addition of 5 mL of 0.1 mM DPPH
solution. The test tubes were incubated in dark for 20 min at
room temperature. The absorbance was read at 517 nm. ICsq
values of the ethyl acetate extract were calculated. A lower
ICs value reveals higher activity.

2.6. Determination of antibacterial activity

Five pathogenic test bacteria such as Klebsiella pneumoniae
(K. pneumoniae), Bacillus subtilis (B. subtilis), Escherichia coli
(E. coli), Staphylococcus aureus (S. aureus), and Pseudomonas
aeruginosa (P. aeruginosa) were used for the antibacterial ac-
tivity using agar well diffusion assay [20l. One hundred
microlitre of 24 h inoculum of the test bacteria were spread on
Muller Hinton agar plates. Wells about 8 mm were made
aseptically and the ethyl acetate extract dissolved in DMSO at
different concentrations of 25 pg/mL, 50 pg/mL, and 75 pg/
mL, were dropped into the 8 mm diameter well made in
petriplates containing Muller Hinton Agar. Antibacterial
activity was evaluated by measuring the diameter of the zone
of inhibition in mm for the pathogenic bacteria and compared
to the standard drug ampicillin.

2.7. In vitro hepatoprotective potentials of ethyl acetate
extract of Achaetomium sp.

HepG2 cell lines were cultured in standard conditions. The
cells were supplemented with DMEM and 10% foetal bovine
serum in a 5% humidified CO, atmosphere at 37 °C. The cells
were trypsinized and as the cells become 90% confluence were
plated in a 96-well microplate, at 1.2 x 10* cells/well. The cells
are left to attach. The hepatoprotective potentials on HepG2 cells
of ethyl acetate extract were as follows. Normal HepG2 cells
were incubated with DMEM and supplemented with (10%)
foetal bovine serum for 12 h. For normal control the cells are
treated only with DMEM and DMSO v/v. The cells were
incubated in DMEM with ethyl acetate extract at 12.5, 25, 50,
75, 100, 150 pg/mL for 12 h and treated with CCly (1%) for
1.5 h. For standard, the cells were incubated in media and
silymarin at 12.5, 25, 50, 75, 100, 150 pg/mL for 12 h and later
treated with CCL4 (1%) for 1.5 h. Each assay was performed in
triplicate.

Cell viability was evaluated using the MTT assay with slight
modifications  [21].  The assay
mitochondrial succinate dehydrogenase which exists only in
live cell where it acts in converting MTT to a purple formazan
derivative. The cells were treated with ethyl acetate extract as
sample, silymarin as a standard and both the sample and the
standard were exposed to CCly as a toxic agent. The medium
was then removed and 100 pL of fresh media with MTT
10 pL (0.5 mg/mL) were added and the cells were incubated
for 2 h and 100 pL DMSO was added to dissolve the
formazan crystals and the absorbance was read at 570 nm.

Percentage of cell survival was calculated by the following
formula:

colourimetric involves

Viability% = (Test OD/Control OD) x 100

Cytotoxicity% = 100 — Viability %

2.8. Statistical analysis

Values are expressed as mean of triplicate deter-
minations + standard deviation and statistical analysis was car-
ried out by analysis of variance (ANOVA) followed by Duncan's
test. P < 0.05 was considered as indicative of significance, as
compared to the control group using the SPSS (version 13.0).

3. Results

3.1. Microscopic and molecular identification of fungal
isolate

Fungal colony was isolated from E. hirta. On the basis of
microscopic examination and molecular characterization, it was
confirmed that the isolate belonged to the genus Achaetomium. It
is evident from the phylogenetic tree that the isolate reveals
maximum homology  with  Achaetomium  strumarium
(A. strumarium) (JX863914). Best BLAST matches for endo-
phytic fungus Achaetomium sp., with maximum homology. On
the basis of 28S rRNA gene homology the fungal isolate is
designated as Achaetomium sp., the 28S rRNA gene sequences
submitted to GenBank with the accession number KY231923
(Achaetomium sp.,) shown in Figure 1.

3.2. Determination of total phenolic, tannin and
flavonoid contents of ethyl acetate extract of
Achaetomium sp.

The total phenolic and tannin contents were expressed in
gallic acid equivalence and the total flavonoid content was
expressed in rutin equivalence. The 250 pg/mL of ethyl acetate
extract of the strain Achaetomium sp. was estimated to have
(44.02 = 1.57) pg of total phenolic content; total flavonoid
content was found to be (54.540 + 1.820) g and the total tannin
content was found to be (18.790 + 1.018) pg. The assay was
performed in triplicates and the mean values were taken and the
results were exhibited in gallic acid equivalents (GAE). Both the
phenolic and the flavonoid contents had contributed for the
antioxidant potentials.

[ LK932708.1 Myeliophthora sexualis
LK932706.1 Myeliophthora sp.

CP003008.1 Myeliophthora thermophilia

-AJ746203.1 Carnynascus kuwaitiensis

LK932709.1 Thielvia terricola

KC335142.1 Achaetomium sp.

~KY231923 Fungal Endophyte EhR6

JX863914.1 Achaetomium strumarium
strain SG1
Figure 1. Phylogenetic tree inferred using Neighbour-Joining method for
query and control ITS sequence (organism indicated within box).
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3.3. Antioxidant assay (DPPH method)

The antioxidant activity was seen as a change of colour from
purple to yellow. The ethyl acetate extract of Achaetomium sp.,
shows significant antioxidant activity (Table 1). Inhibition
values of the ethyl acetate extract concentrations 50, 100, 150
and 500 pg/mL were found to be 66.89% =+ 1.385%;
71.43% = 1.414%; 79.10% + 1.081% and 87.34% = 0.289%
respectively. The antioxidant capacity of ethyl acetate extract of
Achaetomium sp., was performed with references butylated hy-
droxyl toluene (BHT), ascorbic acid (AA), gallic acid (GA), and
Pyrogallol (PG). In DPPH scavenging assay the ICsy value of
the Achaetomium sp., extract was found to be 32.26 pg/mL.

3.4. Antimicrobial activity

The in vitro antibacterial activity of the ethyl acetate extract
of Achaetomium sp., was evaluated against five bacterial strains
S. aureus, K. pneumoniae, E. coli, B. subtilis, and P. aeruginosa,
with three different concentration 25 pg/mL, 50 pg/mL, and
75 pg/mL. Ethyl acetate extract shows remarkable antibacterial
activity with significant inhibition of 22 mm and a minimum
inhibition 17 mm. There was significant antibacterial action
against S. aureus, P. aeruginosa and K. pneumoniae and a
moderate action against B. subtilis, and P. aeruginosa. Broad
spectrum activity of the ethyl acetate extract against the five
pathogenic bacteria was significant. There was no activity
against any of the bacterial pathogens at low concentrations
25 pg/mL. But at a dose of 50 pg/mL there was a significant
inhibitory activity against K. pneumoniae (18 mm), B. subtilis
(18 mm), and P. aeruginosa (18 mm) and a moderate activity of
(14 mm) against E. coli and (13 mm) against S. aureus. But at a
concentration of 75 pg/mL there was a greater inhibitory action
against S. aureus (22 mm), K. pneumoniae (22 mm), P. aeru-
ginosa (22 mm) and against E. coli (18 mm) and B. subtilis
(18 mm). The results were comparable with ampicillin as stan-
dard drug.

3.5. Hepatoprotective activity

The HepG2 cell lines were pre-treated with hepatoprotective
agents and subsequently treated with CCly which causes damage
in the cells. The CCly (1%) exposed HepG2 cell lines exhibited
cell viabilities in range from 30% to 72% compared with the
standard silymarin from 42% to 93% at concentrations ranging
from 12.5 pg/mL to 150.0 pg/mL respectively in Table 2. CCly
treated cells exhibited viability in a dose dependent manner
when pre-treated with silymarin and ethyl acetate. The untreated
cells were 100% viable. The extract at a low concentration
12.5 pg/mL showed 30.920% = 2.036% whereas silymarin

Table 1

Table 2

Hepatoprotectivity potential of ethyl acetate extract of Achaetomium sp.,

isolated from E. hirta.

Concentration (pLg/mL) Ethyl acetate extract Silymarin

12.5 30.92 + 2.0364 42.02 + 0.141
25 35.80 = 1.718 50.38 = 1.046
50 44.26 = 0.919 63.28 + 0.855
75 53.26 = 1.491 77.11 = 1.230
100 63.39 + 0.714 87.88 + 0.912
150 72.17 = 2.948 93.26 + 0.784

showed 42.0200% =+ 0.1414% viability. Silymarin found to
exhibit significant viability of 93.260% =+ 0.784% and extract
showed 72.17% + 2.94% at high concentration 150 plg/mL. The
ethyl acetate extract + CCly exhibit significant percentage
viability but not as much as standard silymarin + CCly.

4. Discussion

The medicinal herb E. hirta is a medicinal herb with various
phytochemicals and medicinal properties [8.9]. The fungal isolate
Achaetomium sp., was isolated from the roots of the plant.
Achaetomium sp., belongs to Ascomycetes and family
Chaetomiaceae. Thus on microscopic, morphological and
molecular characterization was confirmed that the endophytic
fungal isolate belongs to the genus Achaetomium. It is also
evident from the phylogenetic tree and the 28S rRNA gene
homology with the reference strain the fungal isolate isolate
more homologous with A. strumarium, and so it is confirmed
as Achaetomium sp. The genus Achaetomium was described
with only three species A. strumarium, Achaetomium
globosum and Achaetomium Iluteum. Probably there are only
twenty species of Achaetomium reported till now and over the
past half of the century not much research has been carried
out on the bioactive compounds from Achaetomium sp [22].
Molecular techniques are accurate tools, widely used in the
identification of the fungal endophytes. Sequencing of the
amplified PCR product has enabled to identify the endophytic
fungi at genus level. In this study the endophytic fungus has
more homologous to A. strumarium, but there are no previous
reports on pigment producing A. strumarium. But the
endophytic fungal isolate Achaetomium sp., from E. hirta
produces a red pigmented bioactive compound.

There are previous studies of phenols in extracts of endo-
phytic fungus Chaetomium sp., Aspergillus niger, Fusarium sp.,
Curvularia lunata isolated from Eugenia jambolana [23]. The
redox properties of phenols mainly contribute to their
antioxidant potentials which play a vital role as reducing
agents, singlet oxygen quenchers and hydrogen donor [24].
Ethyl acetate selectively extracts high phenolic and selectively

DPPH radical scavenging activity of ethyl acetate extract of Achaetomium sp., isolated from E. hirta.

Concentration ([Lg/mL)

Concentrations ([Lg/mL)

50

100

150

500

Ethyl acetate extract

Ascorbic acid
Gallic acid
BHT
Pyrogallol

66.890 + 1.385
83.030 + 0.685
85.510 = 1.145
91.260 * 0.707
89.090 + 0.452

71.430 = 1.414
90.240 £ 1.173
88.920 + 0.692
93.250 + 1.286
90.840 + 0.374

79.100 = 1.081
91.210 = 1.414
92.10 + 0.48
95.540 = 0.855
92.39 + 0.89

87.340 + 0.289
98.370 + 0.763
94.890 = 1.103
97.080 + 0.636
96.980 = 0.098
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removes non phenolic compounds [25]. On the other hand, ethyl
acetate allows the highest phenolic content and allows selective
removal of non phenolic compounds [26]. It is evident that the
ethyl acetate extract from Achaetomium sp., could be phenols.
The fermentation broth was extracted with various solvents in
increasing polarity with petroleum ether, dichloromethane,
butanol, and ethyl acetate. But there were only traces of the
extract from the other solvents except ethyl acetate. With
respect to this fungus ethyl acetate was the only solvent which
could effectively extract the pigmented culture media. The
pigment from the cultivation media was only soluble in ethyl
acetate and so the choice of solvent for extraction was ethyl
acetate.

Previously, flavonoids 2/, 4’-Dihydroxy-6'-
methoxy-3’ 5’-dimethylchalcone was produced by an endophytic
fungus Ceriporia lacerate isolated from Cleistocalyx oper-
culatus 127]. Flavonoids also play a role in chelation of trace
elements involved in free-radical production, protection of
antioxidant defences, scavenging reactive species and sup-
pressing reactive oxygen species formation [28]. Previous tannin
from the endophytic fungus Chaetomium sp., and Tricoderma
sp. from the leaves of Azadirachta indica Juss (Neem) [29] are
reported. This is the first time that a pigment producing
endophytic fungus Achaetomium sp., is being isolated from
E. hirta.

Radical scavenging activity of the ethyl acetate extract was
evaluated by DPPH assay and it was observed that, there was a
notably reduction in DPPH radical and it also clearly shows, that
as the concentration of ethyl acetate extract increases there is an
increase in free radical scavenging activity. DPPH free radical
scavenging assay is a basic, most widely and regularly used
method in the evaluation of antioxidant potentials of sample [30].
Four standards Gallic acid, BHT, ascorbic acid and Pyrogallol
have been used in the assay. There is almost an equipotent
effect of the ethyl acetate extract of Achaetomium sp., in the
inhibition of free radical production with that of the standard
antioxidant ascorbic acid at 500 pg/mL. Pestacin and
isopestacin, the two antioxidants, produced by
Pestalotiopsis microspora an endophytic fungus isolated from
Terminalia morobensis in (31]. There are previous reports on
21 endophytic fungus with antioxidant potentials from five
Sudanese medicinal plants, where the Aspergillus sp., from
Trigonella foenum showed significant antioxidant potential
[321. Chaetomium sp., from Eugenia jambolina shows 80%
radical  scavenging activity = with  phenolic  content
(60.13 = 0.41) mg/GAE. In this study the Achaetomium sp.,
shows 87% radical scavenging activity with phenolic and
flavonoid content of 44.02 + 1.57 and 54.540 = 1.820,
respectively.

The antimicrobial activity of the ethyl acetate extract showed
to inhibition at a lower concentration of but showed a significant
inhibition at a concentration of 75 plg/mL. It is more prominent
that the ethyl acetate extract inhibits the gram negative bacterial
pathogens which are the causative factors for most of the in-
fectious diseases. There are previous reports on antibacterial
activity from endophytes Colletotrichum gloeosporiodes and
Fusarium oxysporum from Pinguicula acuminata and Peper-
omia obtusofolia have significant antibacterial activity [33]. The
flavonoids are produced by many endophytes and the flavonoids
as well as phenols play an important role as antimicrobial agents
[34]. So phenols and the flavonoids could have contributed to the
antibacterial activity.

bioactive

were

Hepatoprotective effect of the ethyl acetate extract was
evaluated using HepG2 cell lines. In vitro cytotoxic and hep-
atoprotective potentials of the bioassay guided fractions has
gained more importance for screening at the preliminary levels.
CCly is very often used toxic agent to evaluate the hep-
atoprotective effects of drugs and plant extracts in in vitro or
in vivo models and CCly toxicity is concentration and time
dependent [35]. HepG2 cell line is the most commonly used and
an efficacious in vitro model for evaluating hepatoprotective
potential of many bioactive compounds [36l. The (3-(4,5
dimethylthiazole-2 yl)-2,5diphenyltetrazolium bromide) tetra-
zolium salt is taken up into the cells and reduced to a blue
coloured formazan derivative in a mitochondria. This derivative
accumulates in the cells, as it is not permeated through the
plasma membrane. On solubilisation, the accumulated derivative
is liberated which can be readily detected and quantified by
colourimetric method. The ability of cells to reduce MTT reveals
the mitochondrial integrity and the functions of the live cells
which can be interpreted as a measure of viability of the cells
[37].

Result showed as the concentration of the sample is increased
there is an increase in the percentage viability of the cells and it
also indicates a positive correlation between the phenolic,
flavonoid and tannin content. The hepatotoxicity of CCly is
caused by the cleavage of bond between carbon and chlorine to
generate a trichloromethyl free radical (CCl3) which is oxidised
to form a trichloromethyl peroxyl radical (CCl30;). This
oxidized metabolite may react with membrane polyunsaturated
fatty acids and causes lipid peroxidation. Another study on
hepatoprotective activity from the extracts of endophytic fungus
from Ocimum sanctum Linn has been reported [38]. This is the
first report on endophytic fungal extract on hepatoprotective
activity from E. hirta.

The fungal isolate from E. hirta was identified as Achaeto-
mium sp., and the result reveals that it produces the secondary
metabolite with high content of phenolics including flavonoids
and tannins which contributed for the significant biological po-
tentials. The phenolic rich ethyl acetate extract of Achaetomium
sp., exhibited remarkable antibacterial, antioxidant, hep-
atoprotective potentials and also can serve as a substantially
sustainable resource for novel secondary metabolites.

Conflict of interest statement
We declare that we have no conflict of interest.
References

[1] Azevedo JL, Maccheroni JRW, Pereira JO, Araujo WL. Endo-
phytic microorganisms: a review on insect control and recent ad-
vances. Electron J Biotechnol 2000; 3(1): 40-65.

[2] Strobel GA. Endophytes as sources of bioactive products. Mi-
crobes Infect 2003; 5(6): 535-544.

[3] Strobel GA, Dirksie E, Sears J, Markworth C. Volatile antimicro-
bials from a novel endophytic fungus. Microbiology 2001;
11(147): 2943-2950.

[4] Newman DJ, Cragg GM. Natural products as sources of new drugs
over the last 25 years. J Nat Prod 2007; 70(3): S461-S477.

[5] Tan RX, Zou WX. Endophytes: a rich source of functional me-
tabolites. Nat Prod Rep 2001; 18: 448-459.

[6] Carvalho JM, Paixao LKO, Dolabela MF, Marinho PSB,
Marinho AMR. Phytosterols isolated from endophytic fungus
Colletotrichum gloeosporioides (Melanconiaceae). Acta Amaz
2016; 46(1): 69-72.

Please cite this article in press as: Uma Anitha KPG, Mythili S, Antioxidant and hepatoprotective potentials of novel endophytic fungus Achaetomium sp., from Euphorbia hirta, Asian Pacific Journal of
Tropical Medicine (2017), http://dx.doi.org/10.1016/j.apjtm.2017.06.008



http://refhub.elsevier.com/S1995-7645(17)30396-6/sref1
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref1
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref1
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref2
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref2
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref3
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref3
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref3
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref4
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref4
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref5
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref5
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref6
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref6
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref6
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref6

[7] Ogueke CC, Ogbulie JN, Okoli IC, Anyanwu BN. Antibacterial
activities and toxicological potentials of crude ethanolic extracts of
Euphorbia hirta. J Am Sci 2007; 3(3): 11-16.

[8] Huang L, Chen S, Yang M. Euphorbia hirta (Feiyangcao): a re-
view on its ethno pharmacology, phytochemistry and pharma-
cology. J Med Plant Res 2012; 6(39): 5176-5185.

[9] Huang L, Naikwade NS, Magdum CS. Review on phytochemistry
and pharmacological aspects of Euphorbia hirta Linn. J Med Plant
Res 2012; 6(39): 5176-5185.

[10] Dobranic JK, Johnson JA, Alikhan QR. Isolation of endophytic
fungi from eastern larch (Larix lancina) leaves from New Bruns-
wick, Canada. Can J Microbiol 1995; 41(2): 194-198.

[11] Schulz B, Guske S, Dammann U, Boyle C. Endophyte-host in-
teractions II. Defining symbiosis of the endophyte-host interaction.
Symbiosis 1998; 25: 213-227.

[12] Barnett HL, Hunter BB. [llustrated genera of imperfect fungi. 4th
ed. St. Paul, Minnesota: APS Press; 1998, p. 192.

[13] Capella-Gutiérrez S, Silla-Martinez JM, Gabaldén T. Trimal: a tool
for automated alignment trimming in large-scale phylogenetic an-
alyses. Bioinformatics 2009; 25(15): 1972-1973.

[14] Tamura K, Dudley J, Nei M, Kumar S. MEGA4: molecular
evolutionary genetics analysis (MEGA) software version 4.0. Mol
Biol Evol 2007; 24(8): 1596-1599.

[15] Thompson JD, Higgins DG, Gibson TJ, Clustal W. Improving the
sensitivity of progressive multiple sequence alignment through
sequence weighting, position-specific gap penalties and weight
matrix choice. Nucleic Acids Res 1994; 22(22): 4673-4680.

[16] Siddhuraju P, Manian S. The antioxidant activity and free radical
scavenging capacity of dietary phenolic extracts from horse gram
(Macrotyloma uniflorum (Lam.) Verdc.) seeds. Food Chem 2007,
105(3): 950-958.

[17] Siddhuraju P, Becker K. Studies on antioxidant activities of
mucuna seed (Mucuna pruriensvar. utilis) extracts and certain non-
protein amino/iminoacids through in vitro models. J Sci Food
Agric 2003; 83(14): 1517-1524.

[18] Zhishen J, Mengecheng T, Jianming W. The determination of
flavonoid contents on mulberry and their scavenging effects on
superoxide radical. Food Chem 1999; 64(4): 555-559.

[19] Blois MS. Antioxidants determination by the use of a stable free
radical. Nature 1958; 181: 1199-1200.

[20] Valgas C, Souza SM, Smania EFA, Smania A. Screening methods
to determine antibacterial activity of natural products. Braz J
Microbiol 2007; 38(2): 369-380.

[21] Mossman T. Rapid colorimetric assay for cellular growth and
survival-application to proliferation and cytotoxicity assays.
J Immunol Methods 1989; 65: 55-63.

[22] Zhaoa L, Menga K, Shia P, Baia Y, Luoa H, Huanga H, et al.
A novel thermophilic xylanase from Achaetomium sp. Xz-8
with high catalytic efficiency and application potentials in
the brewing and other industries. Process Biochem 2013; 48:
1879-1885.

[23] Yadav M, Yadav A, Yadav JP. In vitro antioxidant activity and
total phenolic content of endophytic fungi isolated from Eugenia
Jjambolana Lam. Asian Pac J Trop Med 2014; 7(1): S256-S261.

K.P.G. Uma Anitha, S. Mythili/Asian Pacific Journal of Tropical Medicine 2017; u(m): 1-6

[24] Rice-Evans CA, Sampson J, Bramley PM, Holloway DE. Why do
we expect carotenoids to be antioxidants in vivo? Free Radic Res
1997; 26(1): 381-398.

[25] Scholz E, Rimpler H. Proanthocyanidins from Krameria triandra
root. Planta Med 1989; 55(4): 379-384.

[26] Conde E, Moure A, Dominguez H, Parajo JC. Fractionation of
antioxidants from auto hydrolysis of barley husks. J Agric Food
Chem 2008; 56(22): 10651-10659.

[27] Wang J, Yao L, Lu Y. Ceriporiala cerata DMC1106, a new
endophytic fungus: isolation, identification, and optimal medium
for 2/, 4’-dihydroxy-6'-methoxy-3’,5'-dimethylchalcone production.
Biotechnol Bioprocess Eng 2013; 18: 669-678.

[28] Govindappa M, Channabasava R, Sunil Kumar KR,
Pushpalatha KC. Antioxidant activity and phytochemical screening
of crude endophytes extracts of Tabebuia argentea Bur. & K. Sch.
Am J Plant Sci 2013; 4(8): 1641-1652.

[29] Kumaresan S, Karthi V, Senthilkumar V, Balakumar BS,
Stephen A. Biochemical constituents and antioxidant potential of
endophytic fungi isolated from the leaves of Azadirachta indica A.
Juss (Neem). J Acad Ind Res 2015; 3(8): 355-361.

[30] Brand-Williams W, Cuvelier ME, Berset C. Use of free radical
method to evaluate antioxidant activity. LWT-Food Sci Technol
1995; 28(1): 25-30.

[31] Harper JK, Arif AM, Ford EJ, Strobel GA, Porco JA Jr, Tomer DP.
Pestacin: a 1, 3-dihydro isobenzofuran from Pestalotiopsis micro-
spora possessing antioxidant and antimycotic activities. Tetrahe-
dron 2003; 59(14): 2471-2476.

[32] Khiralla A, Mohamed I, Thomas J, Mignard B, Spina R, Yagi S,
et al. A pilot study of antioxidant potential of endophytic fungi
from some Sudanese medicinal plants. Asian Pac J Trop Med
2015; 8(9): 701-704.

[33] Ramesha A, Srinivas C. Antimicrobial activity and phytochemical
analysis of crude extracts of endophytic fungi isolated from
Plumeria acuminata L. and Plumeria obtusifolia L. Eur J Exp Biol
2014; 4(2): 35-43.

[34] Chandrappa CP, Anitha R, Jyothi P, Rajalakshmi K,
Mahammadi SH. Phytochemical analysis and antibacterial activity
of endophytes of embelia tsjeriam cottam linn. Int J Pharm Bio Sci
2013; 3(1): 467-473.

[35] Gonzalez LT, Minsky NW, Espinosa LEM, Aranda RS,
Meseguer JP, Perez PC. In vitro assessment of hepatoprotective
agents against damage induced by acetaminophen and CCly. BMC
Complement Altern Med 2017; 17(39): 1-10.

[36] Pareek A, Godavarthi A, Nagor BP. In vitro hepatoprotective ac-
tivity of Corchorus depressus L. against CCly induced toxicity in
HepG2 cell line. Pharmacogn J 2013; 5(4): 191-195.

[37] Gnanasekaran D, Reddy UC, Jaiprakash B, Narayanan N,
Elizabeth H, Kiran RY. In vitro hepatoprotective activity of a
selected siddha medicinal plant Sida cordata using chang liver
cells. Am J Pharm Tech Res 2012; 2(1): 467-472.

[38] Shukla ST, Kulkarni VH, Habbu PV, Jagadeesh KS, Patil BS,
Smita DM. Hepatoprotective and antioxidant activities of crude
fractions of endophytic fungi of Ocimum sanctum Linn in rats.
Orient Pharm Exp Med 2012; 12(2): 81-91.

Please cite this article in press as: Uma Anitha KPG, Mythili S, Antioxidant and hepatoprotective potentials of novel endophytic fungus Achaetomium sp., from Euphorbia hirta, Asian Pacific Journal of
Tropical Medicine (2017), http://dx.doi.org/10.1016/j.apjtm.2017.06.008



http://refhub.elsevier.com/S1995-7645(17)30396-6/sref7
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref7
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref7
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref8
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref8
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref8
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref9
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref9
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref9
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref10
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref10
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref10
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref11
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref11
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref11
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref12
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref12
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref13
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref13
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref13
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref13
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref13
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref14
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref14
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref14
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref15
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref15
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref15
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref15
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref16
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref16
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref16
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref16
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref17
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref17
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref17
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref17
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref18
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref18
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref18
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref19
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref19
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref20
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref20
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref20
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref21
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref21
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref21
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref22
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref22
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref22
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref22
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref22
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref23
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref23
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref23
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref24
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref24
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref24
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref25
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref25
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref26
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref26
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref26
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref27
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref27
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref27
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref27
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref27
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref27
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref27
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref27
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref27
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref28
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref28
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref28
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref28
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref29
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref29
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref29
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref29
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref30
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref30
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref30
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref31
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref31
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref31
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref31
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref32
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref32
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref32
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref32
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref33
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref33
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref33
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref33
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref34
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref34
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref34
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref34
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref35
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref35
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref35
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref35
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref35
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref35
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref36
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref36
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref36
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref36
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref37
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref37
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref37
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref37
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref38
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref38
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref38
http://refhub.elsevier.com/S1995-7645(17)30396-6/sref38

	Antioxidant and hepatoprotective potentials of novel endophytic fungus Achaetomium sp., from Euphorbia hirta
	1. Introduction
	2. Materials and methods
	2.1. Isolation of endophytic fungus
	2.2. Microscopic and molecular identification of fungal isolate
	2.3. Cultivation and extraction
	2.4. Determination of total phenolic, flavonoid tannins contents
	2.5. Antioxidant assay
	2.5.1. DPPH (1,1-diphenyl-2-picrylhydrazyl) free radical scavenging activity

	2.6. Determination of antibacterial activity
	2.7. In vitro hepatoprotective potentials of ethyl acetate extract of Achaetomium sp.
	2.8. Statistical analysis

	3. Results
	3.1. Microscopic and molecular identification of fungal isolate
	3.2. Determination of total phenolic, tannin and flavonoid contents of ethyl acetate extract of Achaetomium sp.
	3.3. Antioxidant assay (DPPH method)
	3.4. Antimicrobial activity
	3.5. Hepatoprotective activity

	4. Discussion
	Conflict of interest statement
	References


