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Abstract: This study revealed the identification of emdophytic fungi of Ceriops decandra and to determine
their antioxidant, antimicrobial and cytotoxic activities. Five isolates were identified on the basis of sequencing
the Internal Transcribed Spacer (ITS) region. Four genera viz. Curvularia sp., Colletroticum sp., Chaetomium
sp. and Fusarium sp. were identified. The sequenced data of ITS region was matched with genebank that
revealed the relatedness of each of the isolated in species level. Extract GRN-18 (methanolic extract of Fusarium
solani) showed maximum zone of inhibition (19.0±0.05mm) against Pseudomonas areruginosa at 500g/disc
concentration. However, GRN-18 also showed almost similar zone of inhibition against  all  the  test  bacteria.
To evaluate the DPPH free radical scavenging activity, extracts GRN-16 (methanolic extract of Curvularia
jeniculate) showed better IC value (10.81) comparing with standard as Ascorbic acid (10.96µg/ml). Endophytic50

fungi isolated from the C. decandra have lower cytotoxicity in nature. Extract GRN-7 (ethanolic extract of
Colletroticum gloeosporioides) showed moderate cytotoxicity with LC value (27.45% mortality) against the50

brine shrimp (nauplii) but LC  value (10.96) was found in vincristine sulfate as standard.50
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INTRODUCTION medium-sized straight, columnar, ever green tree,

Mangrove plants are salt-tolerant which produce Bangladesh (specially the Sundarbans), India,
bioactive secondary metabolites unique to the southwestern Thailand and western part of the Malay
environment with various important economic and Peninsula. The sequence of ITS region directs the
environmental functions [1]. Recently, considerable molecular phylogeny which clearly classify fungi, because
attentions have paid to endophytic fungi as they were the ITS exhibits the highest variation.
found to protect their host against insect, pests, Recently, there is thriving interest in endophytic
pathogens and even domestic herbivores. Endophytes fungi, which, in association with host plant, are known to
reside in the intercellular space of healthy host plants are produce a wide range of compounds with diverse
poorly studied group of microbes, but they the available biological activities [4, 5]. Endophytes produce different
and abundant source of potential natural bioactive types of bioactive compounds most likely alkaloids,
compounds for using in the areas of medical, agricultural terpenoids, aliphatic compounds, phenylpropanoids,
and industrial sectors [2]. In addition, symbiotic polyketides and peptides have been reported potential
association with mycorrhizal and endophytic fungi, antimicrobial activities [6-8] and many of them showed
cultivated crops confers salt tolerance and educes yield bioactivity  against  various  types  of  cancer  cell lines
losing saline soils [3]. There is a need to find out new [9-11]. Antimicrobial activity of fungal crude extract has
ecological habitat for potential sources of natural been conducted and proved by many studies. Methanol
bioactive agents for different pharmaceutical, agriculture extract of fungus Pestalotiopsis sp. isolated from the Biota
and industrial applications. Ceriops decandra is a orientalis   and   Maytenusilicifolia,   exhibited  significant

distributed widely throughout the south-east coast of
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antibacterial and antifungal activity are the potential was separated from ethyl acetate and methanol using filter
source for the development of new antimicrobial paper, crude ethanolic and methanolic extracts were
compounds [12, 13]. Endophytic fungi produce diverse obtained by evaporating ethanol and methanol by rotary
chemicals which made them an alternate source for evaporator at 40-45°C and 50-55 °C, respectively.
bioactive compounds. Novel secondary metabolites with
potential bioactivity are expected from endophytes of Antioxidant activity Test: The DPPH free radical
mangrove plants from biodiversity hotspots. Endophytes scavenging activity was performed of the fungal extracts.
of mangrove plant species possess free radical The concentration of the test extracts was adjusted to
scavenging activity and anti-radical metabolites [14]. 3.125, 6.25, 12.5, 25, 50, 100 and 200µg/ml, respectively.
Cytotoxic activity of endophytes has been demonstrated Here, Quercetin was used as standard and diluted as the
cancer [15, 16]. Therefore, this study was designed to test extracts. After making the desired concentrations, 2ml
investigate the bioactivity analysis (antioxidant, of DPPH solution was applied on each test tube
antibacterial and cytotoxicity) of ethyl acetate extracts of containing 1ml of extracts. A blank containing DPPH and
endophytic fungi from Ceriops decandra collected from ethanol only was also run with the experiment. After 30
mangrove, the Sundarbans, Bangladesh. minutes of incubation in room temperature, absorbance

MATERIALS AND METHODS scavenging activity was calculated using the equation:

Isolation of endophytic fungi: Healthy  young  leaves  of
C. decandra were collected from northern part of the
Sundarbans, Bangladesh. The samples were stored in cool
box and brought to the laboratory. The plant was
identified based on their morphological characters as IC  value (µg/ml) is the inhibitory concentration at which
outlined by [17]. The endophytic fungi were isolated DPPH  radicals are scavenged by 50%. A calibration
according to the protocol described by [18]. curve of Quercetin was developed. IC  value of the

DNA Extraction  and  amplification  of  ITS  region:
Fungal DNA was isolated using fungal DNA  isolation kit Antimicrobial activity test: The antibacterial activity was
(Cat-26200; NORGEN BIOTEK Corp., Canada. The internal performed by disc diffusion technique. Antibacterial
transcribed spacer (ITS) region of the fungi were amplified activity of five isolated endophytes in two solvent
using theprimer ITS4 (5´-TCCTCCGCTTATTGATATGC- systems (ethanol and methanol) was examined. Both Gram
3´) and ITS5 (3´-GGAAGTAAAAGTCGTAACAAGG-5´), positive, Micrococcus and Staphylococcus aureus and
DNA sequencing facilities provided by the Invent Gram negative, Escherichia coli and Pseudomonas
Technologies Ltd,  House  No-119,  Flat  No-B1,  Road aeruginosa were tested against the ethanolic and
No-01, Dhaka-1213.Consensus sequence of about 500bp methanolic extracts at a concentration of 100µg, 500µg
of 5.8S rRNA was generated from forward and reverse and 1000µg of fungal extracts. The discs were air-drying
sequence data using aligner software. Consensus and were placed on seeded agar plates, then plates were
sequences were submitted in the GenBank. Multiple left in a refrigerator at 4°C for 24hrs so that the material
BLASTN searches against the sequence were made at the can defuse from the discs to the surrounding media in the
National Center for Biotechnology Information. Primarily, Petri dishes. The Petri dishes were then incubated
Clustal Omega was used for Multiple Sequence Alignment overnight at 37°C to allow the bacterial growth.
and further followed by trimming using trimAI tool for Antimicrobial activity was evaluated by measuring the
later alignment. zones of inhibition against the tested bacteria. Each assay

Extraction  of  Secondary  Metabolites:  Batch  culture
was done in 250mL conical flask containing Potato Brine Shrimp Lethality Bioassay: Brine shrimp eggs
Dextrose Agar (PDA) media for 25 days.  The  mycelia collected from local hatchery hatched in a small tank
were separated from  PDA  media  using  filter  paper. containing sea water. Two days old napolii were used as
Then mycelia were grinded and soaked with methanol for test organisms. Constant oxygen supply was carried out
3 days or ethyl acetate for 5 days. After that mycelium through the hatching time and continuous light was

was measured at 517nm. Inhibition of free radical

50

50

sample extracts and standard was calculated.

was carried out in triplicate.
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provided with electric bulb. Stock  solutions  were made matching with reference number of the BLAST match.
for both methanolic and ethanolic fungal extracts by These fungi extracts were used for clarification of
dissolving  the  powder in dimethyl sulfoxide (DMSO). antioxidant, antibacterial and cytotoxic potential.
The working concentration was adjusted to 5, 10, 20, 40, Endophytes are ubiquitously present in plant tissues
80, 160 and 320µg/ml, respectively. In the present study, with populations dependent on host species and location
vincristine sulfate was used as positive control and the [2]. Endophytic fungi isolated from Ceriops decandra
final concentration was adjusted to 3.2, 1.6, 0.8, 0.4, 0.2, 0.1 (Bangali name ‘Goran’) leaves were coded as ‘GRN’.
and 0.05µg/ml, respectively. For negative control, DMSO Therefore, for 5 isolates, the  extracts  are  as  GRN-7,
(10 µg/ml) was used. All the treatments were repeated GRN-10, GRN-16, GRN-17 and GRN-18, respectively.
three times (three replications). After 24 hours, the test Antioxidant activity of the five fungal extracts (5 ethanolic
tubes were observed and the number of survived nauplii and 5 methanolic) were subjected to antioxidant activity
in each test tube was recorded. The percentage (%) of by DPPH free radical scavenging assay. The antioxidants
lethality of the nauplii (brine shrimp) was calculated for react with the stable free radical DPPH (deep violet color)
each of the concentration tested. and convert it to 1,1-diphenyl-2-picryl hydrazine with

RESULTS AND DISCUSSION ethanolic and methanolic) increased with their

Genomic DNA of all 5 endophytic  fungi  was extracts, gradual increased activity was found with
extracted and ITS region of ribosomal gene was amplified increased concentration of the extract GRN-10 with IC50
by ITS4 and ITS5 universal  primers  and  sequenced. value 12.73 and the IC50 value of the standard (Ascorbic
DNA sequences obtained from amplification were acid) was 10.96. The maximum free radical scavenging was
submitted to Genbank and accession numbers for each 79.03% in case of GRN-17 with IC50 value 25.11, which is
fungus were obtained. A range of 548 to 591 nucleotide almost double of extract GRN-10. Methanolic extracts of
pair sequences were obtained. In this study, 5 fungal the GRN-16 showed maximum 82.15% free radical
species were identified viz. Curvularia jeniculate scavenging activity with IC50 10.81. The free radical
(genebank accession number MH517581 and reference scavenging potential of the methanolic extracts GRN-7
accession number KX022497.1),  Colletroticum (IC50 value 11.29) and GRN-10 (IC50 value 16.82) are
gloeospozioides (genebank accession number MH517583 followed by GRN-16  (Table  1).  Methanolic  extracts
and reference accession number KX022505.1), seems better than ethanolic extracts of the studied
Colletroticum horii (genebank accession number endophytic fungi.
MH517596 and reference accession number LC186039.1), Endophytic fungi use the antioxidant activity as their
Chaetomium globosum (genebank accession number mutualistic life style with their host along with
MH517676 and reference accession number KX926579.1) antimicrobial activity [19]. Therefore, endophytes of
and Fusarium solani (genebank accession number plants are being explored as an alternative source of
MH517680 and reference accession number antioxidants. There are many reports on free radical
KF186039918580.1).  The   DNA sequence   showed  99% scavenging  activity  of  endophytic fungi [20-23]. But this

decoloration. The scavenging effect of extracts (both

concentrations to similar extents. Among the ethanolic

Table 1: Antioxidant activity of fungal extracts measured by DPPH free radical scavenging
% inhibition of ethanolic extract % inhibition of methanolic extract

Conc. Log ------------------------------------------------------------------------------- ---------------------------------------------------------------------------
(µg/ml) Conc. GRN-7 GRN-10 RN-16 GRN-17 GRN-18 GRN-7 GRN-10 RN-16 GRN-17 GRN-18
3.12 0.4942 14.10 42.74 27.21 12.04 27.23 31.31 44.00 41.57 0.38 35.17
6.24 0.7952 27.95 47.85 31.02 17.45 32.41 40.22 44.44 46.53 2.22 41.25
12.50 1.0969 37.44 51.33 36.75 30.04 32.05 50.56 45.32 47.73 15.58 45.44
25.0 1.3979 40.13 51.84 39.76 56.56 36.27 68.69 47.06 51.20 23.69 48.29
50.0 1.6989 52.95 57.19 44.07 68.88 54.23 71.63 50.62 64.80 24.80 52.09
100.0 2.0000 53.46 59.71 44.88 74.56 56.27 76.29 57.23 68.13 28.78 52.85
200.0 2.3010 66.03 65.43 71.69 79.03 71.57 78.82 82.06 82.15 34.34 55.51
IC 51.52 12.73 61.51 25.11 43.25 11.29 16.82 10.81 131.21 44.5150

IC  of the standard (Ascorbic acid) 10.9650

GRN-7= Colletroticumgloeospozioides; GRN-10= Colletroticumhorii; GRN-16= Curvulariajeniculate; GRN-17= Chaetomiumglobosum; GRN-18=
Fusariumsolani
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Table 2: Antibacterial activity of fungal extracts against bacteria by disc diffusion method
Zone of inhibition (mm)

Concentration --------------------------------------------------------------------------------------------------------------------
Extracts (µg/disc) Staphylococcus aureas Pseudimonasareruginosa Escherechia coli Micrococcus
Ethanolic extract (GRN-7) 100 - - - -

500 1.20±0.08 - 1.90±0.85 -
1000 3.50±0.03 - 2.50±0.90 -

Methanolic extract (GRN-7) 100 - - - -
500 - - - -
1000 - - - -

Ethanolic extract (GRN-10) 100 - 3.70±0.20 - -
500 - 4.20±0.80 - -
1000 2.70±0.09 5.10±0.30 3.20±0.52 -

Methanolic extract (GRN-10) 100 - - - -
500 3.50±0.20 7.80±0.32 6.80±0.62 4.00±0.05
1000 - - - 4.00±0.52

Ethanolic extract (GRN-16) 100 5.21±0.10 - 6.51±0.15 -
500 7.80±0.53 - 8.30±0.21 -
1000 12.55±0.36 - 12.50±0.16 10.50±0.12

Methanolic extract (GRN-16) 100 5.21±0.34 4.40±0.25 3.80±0.69 3.80±0.35
500 8.85±0.38 10.00±0.31 7.80±0.18 8.85±0.95
1000 10.50±0.70 11.58±0.39 11.00±0.24 10.80±0.54

Ethanolic extract (GRN-17) 100 - - - -
500 3.81±0.23 2.40±0.20 5.10±0.09 -
1000 7.86±0.28 8.52±0.22 6.80±0.20 8.30±1.00

Methanolic extract (GRN-17) 100 10.50±0.34 9.00±0.56 8.50±0.08 8.00±0.64
500 3.50±0.36 9.90±0.46 8.96±0.09 10.25±0.86
1000 8.00±0.01 11.55±0.05 9.00±0.00 13.38±0.40

Ethanolic extract (GRN-18) 100 - - - -
500 3.80±0.01 2.45±0.50 5.10±0.07 -
1000 7.50±0.20 8.52±0.03 6.00±0.75 8.30±0.02

Methanolic extract (GRN-18) 100 10.50±0.18 9.00±0.16 8.50±0.27 8.00±0.00
500 16.00±0.30 19.00±0.05 17.00±0.42 16.50±0.15
1000 17.00±0.14 17.50±0.14 17.55±0.16 17.50±0.24

Blank - - - - -
Erythromycin (Control) 10 µg/disc 18.50±0.08 20.50±0.05 14.00±0.00 15.00±0.51
GRN-7=  Colletroticum   gloeospozioides;   GRN-10=   Colletroticum   horii;   GRN-16=  Curvularia  jeniculate;  GRN-17=  Chaetomium  globosum;
GRN-18= Fusarium solani

is the first report on the antiradical activity of any methanolic extracts of  five  endophytic  fungi. Extract
endophyte of Ceriops decandra. DPPH radicals are GRN-18  (methanolic  extract  of  Fusarium  solani)
universally accepted for screening of free radical showed maximum zone of  inhibition  against  all  the
scavenging activity though they are not physiological tested bacteria ranged from 16.00±0.30mm to
radicals. The free radical scavenging activity of the 19.00±0.05mm at the concentration 500µg/disc. On the
endophytic extracts could be attributed to the presence of other hand, at 1000µg/disc concentration the zone of
phenolic compounds. inhibition  was   found   17.00±0.14   to  17.55±0.16   mm.

All the crude extracts (5 ethanolic and 5 methanolic) In comparison  with  the  standard  antibiotic
of the endophytic  fungi  isolated  from  Ceriops erythromycin (10µg/disc) GRN-18 at concentration
decandra, tested for antibacterial activity against both 500µg/disc and 1000µg/disc showed larger zone of
Gram positive and Gram negative bacteria. Standard disc inhibition against  Escherichia  coli  and  Micrococcus
of Erythromycin  (10µg/disc)  was  used  for  comparison but slightly small zone was  found  against
of the   antibacterial  activity  of  the   fungal   extracts. Staphylococcus aureas and Pseudomonas areruginosa
The antimicrobial activity of all the extracts exhibited (Table 2). The methanolic extract showed better than
different  clear  zones  of  inhibition. Table 2. represents ethanolic extracts which is also supported by the reports
the antibacterial activities of both ethanolic and [24, 25].
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Table 3: Cytotoxity activity of fungal extracts via Brine Shrimp lethality bioassay
% Mortality of ethanolic extract % Mortality of methanolic extract

Conc. Log --------------------------------------------------------------------------- -------------------------------------------------------------------------------
(µg/ml) Conc. GRN-7 GRN-10 RN-16 GRN-17 GRN-18 GRN-7 GRN-10 RN-16 GRN-17 GRN-18
5.0 0.699 17.83 3.54 10.68 3.53 10.68 14.26 10.68 7.11 3.53 7.11
10.0 1.000 32.12 21.40 17.83 17.83 28.55 28.55 17.83 21.40 17.82 24.97
20.0 1.301 39.26 39.26 24.97 32.12 42.84 39.26 28.55 32.11 28.55 39.26
40.0 1.602 57.13 49.98 42.84 42.84 57.13 53.55 46.41 42.83 46.41 53.55
80.0 1.903 71.42 67.84 49.98 67.85 64.27 74.99 60.70 67.82 60.70 71.42
160.0 2.204 85.71 85.70 67.85 82.85 74.99 82.14 71.42 89.28 71.42 74.99
320.0 2.505 92.85 96.42 89.28 100.0 85.71 89.28 82.14 96.43 85.71 85.71
LC 27.54 36.30 56.23 38.01 37.15 30.90 51.28 38.01 51.28 37.1550

LC  of the standard (vincristine sulfate) 10.9650

GRN-7= Colletroticum gloeospozioides; GRN-10= Colletroticum horii; GRN-16= Curvularia jeniculate; GRN-17= Chaetomium globosum; GRN-18=
Fusarium solani

A new screening test for toxicity of biologically active REFERENCES
materials using brine shrimp (Artemia salina) larvae has
been reported [26]. This technique is safe, efficient and
economical for the determination of bioactivities of natural
and synthetic chemical compounds [27]. All the 10
extracts of 5 endophytes (5 ethanolic and 5 methanolic)
identified by DNA sequencing were subjected to Brine
Shrimp lethality bioassay for possible cytotoxic action of
the extracts. 

In this study, both ethanolic and methanolic extracts
of 5 tested extracts demonstrated the cytotoxic action.
The percent of mortality increased with the increased
concentration of the extracts. Fungal extract
concentrations at 160µg/ml and 320µg/ml showed 70-80%
and 90-100% mortality of Brine Shrimp nauplii. The LC  of50

the extracts were determined and ranged from 27.54µg/ml
to 56.23µg/ml, whereas, vincristine sulfate as standard
showed LC  10.96µg/ml (Table 3). This concentration50

dependent increment in percent mortality of Brine 
Shrimp nauplii (Table 3) observed in all the extracts of

endophytic fungi indicated the presence of cytotoxic
compounds in the extracts. In toxicity evaluation of plant
extracts against Brine shrimp lethality bioassay LC50

values lower than 1000µg/ml are considered bioactive [27].
However, we evaluated cytotoxic activity of endophytic
fungal extracts and in all the cases we obtained LC  value50

lower than 1000µg/ml in Brine Shrimp Lethality Bioassay.
Thus, it indicates that all the fungal extracts are rich in
cytotoxic active components. It is reported that alkaloids
and steroids play role in cytotoxic activity of fungal and
plant extracts [28-30].
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