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Graphical abstract Abstract
Antifungal effect of endophytic fungal exiracts Endophytic fungi of the medicinal herb, Ocimum sanctum are believed to possess

antifungal activity against pathogenic fungi. Due to the emergence of pathogenic
fungi and antibiotic-resistant strains, the search for alternative antimicrobial agents
is a need. The present study aimed to evaluate the antifungal activity of
endophytic fungi isolated from O. sanctum. Plate-to-plate method, disk diffusion
assay, and Scanning electron microscopic (SEM) were employed in this study. The
finding revealed that fungal isolates Colletotrichum sp. IBRL OS-39, Aspergillus sp.
IBRL OS-65, Muscodor sp. IBRL OS-94 and Muscodor sp. IBRL OS-98 was able fo
produce volatile compounds with antifungal activity against pathogenic fungi. On

Candida albicans treated with 500 ug/mL of the disk diffusion assay, Lasiodiplodia sp. IBRL OS-64, and Muscodor sp. IBRL OS-94
dichloromethane crude extract of Lasiodiplodia displayed good antifungal activity against test fungi with a diameter of inhibition
Sp-IBRLOS64. (a) conirol. b reated zone between 9.6+0.6 - 14.3+0.6 mm and 11.2+1.2 - 15.7+0.6 mm, respectively. SEM

observations revealed remarkable morphological changes in Candida albicans
tfreated with the dichloromethane extracts of Lasiodiplodia sp. IBRL OS-64 and
Muscodor sp. IBRL OS-94 with severe cell damage beyond repair and thus leads to
cell death.

Keywords: Endophytic fungi, Ocimum sanctum, Anfifungal activity, Volatile
compounds, Dichloromethane extracts

Candida albicans treated with 250 ug/mL of
dichloromethane crude exiract of Muscodor sp. IBRL

0OS-94. (a) control, (b) treated AbSil’Ok

Scanning electron microscope (SEM) observation

Kulat endofit daripada pokok herba, Ocimum sanctum dipercayai mempunyai
aktiviti antikulat terhadap kulat pathogen. Disebabkan kemunculan kulat patogen
dan strain rinfang antibiotik, pencarian untuk alternatif agen antimikrob merupakan
satu keperluan. Kajian ini bertujuan untuk menilai akfiviti antikulat oleh kulat endofit
yang dipencilkan daripada pokok O. sanctum. Kaedah plat ke plat, ujian resapan
cakera dan mikroskop pengimbas elektron telah digunakan dalam kajian ini.
Dapatan kajian mendedahkan pencilan Collefotrichum sp. IBRL OS-39, Aspergillus
sp. IBRL OS-65, Muscodor sp. IBRL OS-94 dan Muscodor sp. IBRL OS-98 berupaya
menghasilkan sebatian meruap yang mempunyai aktiviti antikulat terhadap kulat
patogen. Untuk ujian resapan cakera, Lasiodiplodia sp. IBRL OS-64, dan Muscodor
sp. IBRL OS-94 menunjukkan akftiviti antikulat yang baik terhadap kulat uji dengan
diameter zon rencatan masing - masing diantara 9.6£0.6 - 14.3t0.6 mm dan
11.241.2 - 15.7£0.6 mm. Pemerhation SEM mendedahkan perubahan morfologi
yang ketara terhadap Candida albicans yang telah dirawat dengan ekstrak
diklorometana dari pencilan Lasiodiplodia sp. IBRL OS-64 dan Muscodor sp. IBRL OS-
94 dengan kerosakan sel yang teruk dan membawa kepada kematian sel tersebut.

Kata kunci: Kulat endofit, Ocimum sanctum, Aktiviti antfikulat, Sebatfian meruap,
Ekstrak diklorometana
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1.0 INTRODUCTION

Endophytic fungi are a class of fungi that coexist
symbiotically with their host plants inside their tissues
without exhibiting any signs of illness. In their host
plants, they are known to biosynthesize a few
important secondary metabolites [1]. Endophytes are
thought to synthesize plant hormones that help their
host plant develop because of their symbiotic
relationship. In order to protect their host plant
against pathogenic bacteria, many endophytes
have the ability fo secrete bioactive substances [2].
The bioactive substance released by endophytes,
according to Guo [3], has proven effective in the
discovery of new medications. In the meanwhile,
Stierle [4] made the discovery that endophytes might
be involved in the biosynthesis of related plant
chemicals. As a result, many researchers have been
motivated by this discovery fo investigate the
potential of endophytic fungi for their unique
bioactive substances.

Endophytic fungi with pharmacological potentials
such as anficancer, antibiotic, and insecticidal
properties are reported to colonize medicinal plants
with exceptional ethnobotanical histories [5]. In
addition, fungal endophytes from medicinal plants
have the capacity to replicate the bioactive
substances of their hosts [6]. Ocimum sanctum,
sometimes referred to as "selasin” locally, is one of
many plants that have been documented to be
infested by endophytic fungi. Since it has been
utilized for thousands of years in the conventional
Ayurvedic system, this plant is quite well-known [7].
This traditional medicine plant showed a range of
therapeutic properties, including wound healing
activity [8], anfioxidant activity [?], anti-inflammmatory
activity [10], and antibacterial activity [11]. O.
sanctum might be a fantastic source of novel
bioactive fungi because it has been shown to have a
variety of medicinal potentials.

This study's main goal was to assess the antifungal
potential of endophytic fungi that were isolated from
the curative plant Ocimum sanctum. On a variety of
pathogenic fungi, including filamentous fungi and
yeasts, the endophytic fungus isolates' antifungal
activity has been investigated.

2.0 METHODOLOGY

2.1 Fungal Culture and Maintenance

The endophytic fungal isolates that were previously
isolated from Ocimum sanctum leaf, Colletotrichum
sp. IBRL OS-27, Penicilium sp. IBRL OS-39,
Lasiodiplodia sp. IBRL OS-64, Aspergillus sp. IBRL OS-65,
Aspergillus sp. IBRL OS-82, Muscodor sp. IBRL OS-94,
Muscodor sp. IBRL OS-98 were deposited at the
Industrial Biotechnology Research Laboratory (IBRL),
School of Biological Sciences, Universiti  Sains
Malaysia, Penang, Malaysia. With the addition of a

powdered host plant (2 g/L), the fungal cultures were
grown and maintained on potato dexirose agar
(PDA) and incubated at 37°C for 7 days. Prior to
usage, the fungal cultures were stored at 4°C. Every
month, subculturing was carried out to guarantee
their viability and purity. On fresh Sabouraud dexirose
agar (SDA) (Hi-media) and PDA (Hi-media) slants, test
yeasts, and fungi were sub-cultured, respectively. For
yeasts, the cultures were incubated for 24 hours at
37°C, and for fungi, for 7 days at 30°C.

2.2 Inoculum Preparation

In order to make the yeast inoculum, 1 or 2 pure
yeast colonies were selected and suspended in 10
mL of 0.85% (w/v) sterile physiological saline. The
yeast suspension's turbidity was changed to match
the 0.5 McFarland standard (about 1 x 106 CFU/mL).
Spore density for the test fungi was created by
adding 10 mL of 0.85% (w/v) sterile physiological
saline to the agar slant containing the culture that
had been growing for 7 days. The majority of the
fungal spores were suspended in the sterile
physiological saline after vigorous shaking. A slide
chamber hemocytometer (Neubauer, Germany)
was used to measure the density of the spore
solution.

2.3 Fungal Fermentation and Extraction

The culture medium, fermentation, and exiraction
process were prepared and performed according o
the methods described by Jalil [12]. As a culture
media, yeast exiract sucrose (YES) broth was
employed. Two 3-day-old mycelial plugs of a fungus
were placed info 250 mL Erlenmeyer flasks with 100
mL YES broth and left to incubate for 16 days at 30°C
without being disturbed. Using Muslin cloth, the
fermenting broth, and fungal biomass were
separated, and then the filtrate was produced using
filter papers (Whatman, No.1). The filtered broth was
then concentrated using a rotary evaporator, dried
in a fume hood, and extracted three times with an
equivalent volume of dichloromethane (1:1; v/v) to
obtain crude ethyl acetate paste.
2.4 Determination of Volatile Antimicrobial
Compounds (VOCs)

The plate-to-plate method was performed to test
volatile antimicrobial production according to the
method described by Stinson [13]. The 14-day-old
endophytic isolate cultures were physically attached
to the agar plates seeded with test fungi. The two
plates were sealed using two layers of Parafim® and
kept at 4°C for 7 days to allow the complete
fumigation process of the volatile compounds. Then,
the plates were incubated at 30°C for 7 days. The
diameter of the test fungal culture was measured to
indicate the growth rate, whereas the untreated fest
microorganisms were used as a confrol. Data are
presented as the percentage of growth in treated
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microorganisms compared fo untreated
microorganisms. Besides, the mycelia of the test fungi
that showed positive results were transferred o fresh
PDA to maintain their viability.

2.5 Antagonist Activity of Endophytic Fungal Isolates

The antagonistic activity of the endophytic fungal
isolates was determined using the dual culture
technique against fungi on PDA plates [14]. The 5
mm diameter of the 5-day-old test fungal mycelia
was placed on one corner of the PDA medium. The
selected endophytic fungi were then inoculafted on
the other corner of the plates. The plates were
incubated for 5 days at a temperature of 37°C. The
antagonistic activity was determined according to
the following formula,

Antagonistic activity (%) =

R. — R4
(Re=Ra) 159
Rc
whereby, Rc = Fungal radius in control plates, Rq =
Fungal radius in dual culture plates.

2.6 Antifungal Activity of Endophytic Fungal Filirates

The antifungal activity of the fungal filirates was
determined according fo the poison food techniques
of Grover and Moore [15]. The fermentative broth
was filtered with filter paper (Whatman, No. 1). One
milliliter of the filtfrate was then introduced into molten
potato dextrose agar (PDA). The test fungi were then
inoculated into previously prepared PDA and
incubated at a temperature of 37°C for 5 days. For
control, the test fungi were inoculated in PDA without
being supplemented with filtrates. The percentage of
growth inhibition was calculated according to the
following formula:

Percentage of growth inhibition (%) =

(dc - dt )
—— x 100

dc
whereby dc = diameter of fungal colonies in control,
di = the diameter of fungal colonies in freatment
plates.

2.7 Antifungal Activity of Endophytic Fungal Exiracts

This assay was employed to determine the antifungal
activity of the endophytic fungal isolate extracts
according to the standard method by CLSI [16]. The
fungal crude exiracts were dissolved in  50%
dichloromethane (v/v) for the exiract from the
fermentative broth. Twenty percent of
dichloromethane and 30 ug/mL ketoconazole were
used as negative and positive controls, respectively.

The plates were subsequently incubated at 37°C for
24 hours.

2.8 Broth Microdilution Assay

This assay was performed to verify MIC and MFC
values of the endophytic fungal isolate exfracts
according fo the method described by CLSI [16]. The
microbial colonies were suspended in double-
strength RPMI 1640 medium (Sigma) containing 0.2%
dexirose buffered with 0.165 M 3-(N-morpholino)
propanesulfonic acid (MOPS) and Sabouraud
Dextrose broth (SDB), respectively, to create the
microbial inoculum for the test fungus and yeast. An
amount of 100 ul of the extract was added into 100 pl
microbial suspension to obtain a final volume of 200
ul in each well and the final concentrations of the
fungal extracts ranged from 8000.00 ug/ml to 15.63
pg/ml. The sterility and negative confrols were
included. To identify microbiological growth, p-
lodonitrotetrazolium Violet (Sigma) was employed at
a dosage of 0.2 mg/ml. The colour change from
yellow to purple denotes the presence of microbial
growth. The MIC value was established as the lowest
amount of dichloromethane crude exiract that
prevents the test bacteria from growing visibly during
the incubation period. Reading the MIC values led to
the following determination of the MFC for the
dichloromethane crude exiract. The fungal growth
was reduced by 99.9% when MFC was used as the
lowest concentration of dichloromethane crude
extract compared to the growth control.

2.9 Scanning Electron Microscopic (SEM)

A volume of 0.1 mL of yeast cell suspension was
infroduced info a 50 mL Erlenmeyer flask containing
18.9 mL of sterile RPMI 1640 medium and 1.0 mL of
extract to give a final extract concenfration of at 2 x
MIC level (2.0 mg/mL) and final yeast cell suspension
of 5 x 104 CFU/mL. Control cells were grown in a
growth medium without a fungal extract. The
mixtures were then incubated at 37°C, 150 rpm for 48
hours. Yeast pallets were subjected to the primary
fixation, post-fixation, and dehydration methods as
reported by lbrahim [17]. After that, the specimen
was examined with a scanning electron microscope
(Leica Cambridge, S-360, UK). All experiments were
performed in friplicate.

2.10 Statistical Analysis

All the experiments were performed in friplicates
(n=3) and the experimental data were expressed as
mean * standard deviation (SD). The data were
analysed by means of the One-Way ANOVA using
SPSS 15.0 and the Duncan test was used to access
the differences between means. The results were
considered statistically significant if p< 0.05.
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3.0 RESULTS AND DISCUSSION

A set of chemically varied organic molecules with
low molecular weight and vapour pressure in
ambient environments are known as volatile organic
compounds (VOCs). These volatile substances are
typically produced by plants to protect themselves
from diseases and pests and to draw pollinators [18].
Recently, it has come to light that endophytic fungi
are among the VOC makers with the highest
concentrations of alkaloids, cyclohexenes,
flavonoids, and terpenes. These substances displayed
anfi-inflammatory, anticancer, antiproliferative, and
antioxidant properties [19]. The results of the plate-to-
plate method used to assess the generation of
volatile antimicrobials by endophytic fungal isolates
are displayed in Table 1. Only four of the seven
endophytic fungal isolates were shown to have
volafile anfifungal activity against test fungi,
according to the current investigation. Fungal isolate,
Colletotrichum sp. IBRL OS-3? showed antifungal
activity against M. fulvum, T. rubrum, and Rhizopus sp.
with inhibition percentages of 23.2+1.2, 35.2+0.6, and
17.8+1.2, respectively. Besides, three test fungi were
inhibited by volatile compounds of Aspergillus sp. IBRL
0S§-65 with inhibition percentage of 34.4+1.2 (M.
fulvum), 28.2+1.6 (M. gypseum), and 41.4+0.6 (C.

albicans). Endophytic fungal isolate, Muscodor sp.
IBRL OS-94 inhibited six out of eight test fungi with an
inhibition percentage in the range of 33.4+1.6 to
53.611.2%. Another Muscodor sp. isolate, IBRL OS-98
inhibited M. gypseum, Rhizopus sp., C. albicans, and
C. utilis with inhibition percentages of 30.2%1.6,
41.6%1.2, 35.240.8, and 31.2+1.2%, respectively.

A recent study found that the test fungus Fusarium
sambucinum and Phytophthora erythroseptica were
significantly inhibited in their ability to develop
mycelial by the volatile compounds produced by
Aspergillus flavus and A. niger [20]. The volatile
antifungal activity of Muscodor sp. was discovered
by several researchers. For instance, Strobel [21]
observed that the Muscodor albus voldtile
compounds, which were isolated from the
Cinnamomum zeylanicum cinnamon tree, exhibited
anfifungal action against human pathogenic
Aspergill and Candida. Additionally, it has been
noted that Muscodor camphora produces volatile
chemicals that have anfifungal activity against a
number of test fungi, including Fusarium solani,
Rhizoctonia solani, Colletofrichum gloeosporioides,
and C. albicans [22]. Pena [23] reveadled the
antifungal activity of volatile compounds synthesized
by Muscodor brasiliensis LGMF1256 against Penicillium
digitatum LGMF1507 with 100% growth inhibition.

Table 1 Volatile antifungal activity endophytic fungal isolates against test fungi

Fungal isolates

Growth Inhibition (%)

M. T. M.
fulvum rubrum gypseum

F. Rhizopus A. C C

solani sp. niger albicans utilis

Colletotrichum - - -

sp. IBRL OS-27

Colletotrichum 23.2+1.2 35.2+0.6 -

sp. IBRL OS-39

Lasiodiplodia sp. - -
IBRL OS-64

Aspergillus sp. 34.4+1.2 - 28.2+1.6
IBRL OS-65

Aspergillus sp. - - -
IBRL OS-82

Muscodor sp. 45.7+3.6 37.6+2.6 -
IBRL OS-94

Muscodor sp. - - 30.2+1.6
IBRL OS-98

- 17.8+1.2 - -

- - - 41.4+0.6 -

- 33.4£1.6 35.241.2 53.6£1.2 46.240.6

- 41.6£1.2 - 35.2+0.8 31.2#1.2

Any organism that can obstruct or suppress the
activity or typical growth of plant pathogens, such as
bacteria or fungus, is said to be engaged in an
anfagonistic activity. The current investigation aimed
to ascertain the antagonistic activity of several
pathogenic fungi against fungal endophytes. As
indicated in Table 2, different levels of antagonistic
endophytic fungal isolates inhibited test fungi's
mycelium growth. The endophyte isolate, IBRL OS-39,
showed a growth reduction of more than 50% in
comparison to control against M. fulvum, T. rubrum,

M. gypseum, and Rhizopus sp. Only one endophyte
fungal isolate, Lasiodiplodia sp. IBRL OS-64, was able
tfo exert an inhibitory impact with an antagonistic
index of 42.92.6% on Fusarium solani, which was the
least inhibited by the endophyte fungal isolates. In
addition, M. fulvum and T. rubrum's mycelial growth
was significantly inhibited by four different fungi,
Colletotrichum sp. IBRL OS-39, Lasiodiplodia sp. IBRL
0S-64, Muscodor sp. IBRL OS-94, and Muscodor sp.
IBRL OS-98, with growth reductions ranging from 15 to
50%. Colletofrichum gloeosporioides has a promising
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antagonistic impact against strong fungal infections,
according to Rabha [24]. The antagonistic behaviour
of Colletotrichum sp. toward the test pathogens may
be aftributed to diffuse metabolites, volatile
chemicals, and excessive isolate development that
inhibits pathogen growth. It has been previously
documented that the fungus Colletotrichum sp.,
Lasiodiplodia  sp., and Muscodor sp. can
demonstrate antagonistic activity towards. Against

kashayum demonstrated antagonistic action [25].
Besides, L. theobromae JF766989, Colletotrichum sp.
JF766996, C. gloeosporioides JF767002,
Colletotrichum sp. JF767006, Colletotrichum sp.
JF767004, Colletotrichum sp. JF766999, endophytic
fungi isolated from Piper hispidum, have shown
antagonistic activity against phytopathogenic fungi
including Alternaria alternata, Collefofrichum sp.,
Phyllosticta citricarpa, and Moniliophthora perniciosa

Fusarium oxysporum, for instance, Muscodor [26].

Table 2 Antagonistic activity endophytic fungal isolates against test fungi

Fungal isolates Antagonistic index (%)

M. T. M. F. Rhizopus A. C. C.
fulvum rubrum gypseum solani sp. niger albicans utilis

Colletotrichum sp. - - - - 13.5%1.6 - - -
IBRL OS-27
Colletotrichum sp.
IBRL OS-39
Lasiodiplodia sp.
IBRL OS-64
Aspergillus sp. - - - - - - R -
IBRL OS-65

Aspergillus sp. - - - -
IBRL OS-82
Muscodor sp.
IBRL OS-94
Muscodor sp.
IBRL OS-98

50.0+0.0 40.0£1.0 62.5+0.4 - 57.2£1.7 - - -

41.420.4 35.0£0.4 50.4£0.4 42.912.6 - 56.9£1.2 46.5£0.6 44.810.9

26.5£0.4 - - -

15.240.6 20.6£0.8 - - 23.942.6 65.611.6 43.8£1.0 50.310.3

31.410.4 26.1£2.6 - - - - - -

The current finding also demonstrated that
different endophytic fungal isolates have different
antagonistic indices for pathogenic test fungi. This
might be brought on by the rate of growth of the
isolates or test fungus. The pace and development
rate of the colony were significant in defining
anfagonistic activity, according to Campanile [27].
Most of the fungal isolates were able to suppress the
slow-growing test fungi since some of them were fast-
growing fungi. Contradictory, rapidly proliferating fest
fungi also had an impact on the antagonistic index,
making it difficult for slow-proliferating fungal isolates
to inhibit them.

The primary screening of antifungal activity of
fungal endophytes was determined using fungal
filtrates. Five culture filfrates of endophytic fungal
isolates, Colletofrichum sp. IBRL OS-27, Colletotrichum
sp. IBRL OS-39, Lasiodiplodia sp. IBRL OS-64, Muscodor
sp. IBRL OS-94 and Muscodor sp. IBRL OS-98 exhibited
antfifungal activity against test fungi. As shown in
Table 3, fungal isolate, Colletotrichum sp. IBRL OS-39
showed a broad spectrum of antifungal activity
against seven out of eight test fungi including M.
gypseum (44.9+4.6%), M. fulvum (71.8+4.2%), T.
rubrum (36.5+2.4%), Rhizopus sp. (47.5£1.7%). A. niger
(82.410.7%), C. albicans (32.8£0.7%) and C. utilis
(24.6£1.2%). It is crucial to note the potential of
Colletotrichum sp. IBRL OS-39 in inhibiting the growth
of dermatophytes fungi including M. gypseum and T.

rubrum. Among tested pathogenic fungi, Rhizopus
sp. was most inhibited by culture filirates of
endophytes with growth inhibition ranging from 35 to
48%. Moreover, it is noteworthy that culture filtrates of
isolate Colletofrichum sp. IBRL OS-39 and Muscodor
sp. IBRL OS-94 inhibited the Aspergillus niger with high
inhibition percentages of 82.4+0.7 and 85.4+1.1,
respectively. The ability of Colletotrichum sp. to inhibit
pathogenic fungi has been previously reported.
Packiaraj [28] reported the antifungal activity of
Colletotrichum  gloeosporioides  isolated  from
endemic free Cinnamomum malabatrum against
Candida albicans. Besides, an endophytic fungus of
Vaccinium dunalianum var. urophyllum,
Colletotrichum sp. has been reported to possess
antifungal activity against C. albicans [29].
Additionally, the fest fungus Rhizopus sp. is highly
susceptible to fungal filtrates. This might be due to
the mechanism of antifungal compounds that can
disrupt any metabolism in the cell of pathogenic
fungi. Shirazi and Kontoyiannis [30] reported the

potential of antifungal compounds such as
posaconazole and itfraconazole fto inhibit the
mitochondrial respiratory pathway of Rhizopus
oryzae. On the other hand, the filirates of

Colletotrichum sp. IBRL OS-39 showed significant
antifungal activity against filamentous fungi. This
might be due to the bioactive compound produced
by the isolate having a special mode of action that
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can restrict filamentous fungi. According to Parks and
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ergosterol, which is a prominent component in the

Casey [31], antifungal compounds such as polyenes,
azoles, and allylamine can inhibit the synthesis of

cell membrane of fungi.

Table 3 Antifungal activity of culture filirates of endophytic fungi against pathogenic fungi

Fungal isolates

Growth inhibition (%)

M. M. T. F. Rhizopus A. C. C.
gypseum fulvum rubrum solani sp. niger albicans utilis

Colletotrichum sp. - - - - 23.4+0.8 - -
IBRL OS-27
Colletotrichum sp. 44.9+4.6 71.8+4.2 36.5£2.4 - 47.5%£1.7 82.4+0.7 32.8+0.7 24.6%1.2
IBRL OS-39
Lasiodiplodia sp. 59.1x2.7 - - 26.3+1.8 36.9+0.7 40.4+0.6 57.6x1.2 42.4+0.6
IBRL OS-64
Aspergillus sp. - - - - - -
IBRL OS-65
Aspergillus sp. - - - - - -
IBRL OS-82
Muscodor sp. - - 34.8+0.8 - 34.7+2.2 85.4x1.1 62.9+0.9 58.6%1.2
IBRL OS-94
Muscodor sp. - - - - 30.2+1.2 - -
IBRL OS-98

Table 4 lists the findings of the disc diffusion assay
used fo determine the endophytic fungal extracts'
antifungal activity. All of the ftest fungi were
unaffected by the dichloromethane extract of
Colletotrichum sp. IBRL OS-27 and Aspergillus sp. IBRL
0OS§-82. Furthermore, Aspergillus sp. IBRL OS-65 only
inhibited M. fulvum with a diameter of inhibition zone
of 11.30.6 mm, whilst Colletotrichum sp. IBRL OS-39
and Muscodor sp. IBRL OS-98 were only acftive

antifungal activity against all test fungi except A.
fumigatus and M. fulvum with inhibition zone in the
range of 9.6+0.6 - 14.3+0.6 mm and 11.2+1.2 - 15.70.6
mm, respectively. In order to extract bioactive
compounds from the fermentative broth of fungal
isolates, a variety of solvents were employed. This was
done because, according fo Kandasamy and
Arunachalam [32], the extraction solvent is important
because it influences the existence and activity of

against Rhizopus sp. with a diameter of inhibition
zone of 17.81.2 mm and 10.60.8 mm, respectively.
Meanwhile, endophytic fungal isolates, Lasiodiplodia
sp. IBRL OS-64 and Muscodor sp. IBRL OS-94 exhibited

bioactive compounds.

Table 4 Antifungal activity of endophytic fungal isolates against test fungi on disc diffusion assay

Diameter of inhibition zone (in mm)

Fungal isolates

Test Fungi

T. A. M.
rubrum fumigatus fulvum

A.
niger

Rhizopus
sp.

C.
albicans

C.
utilis

Colletotrichum sp. - - -
IBRL OS-27

Colletotrichum sp. - - -
IBRL OS-39
Lasiodiplodia sp.
IBRL OS-64
Aspergillus sp. - -
IBRL OS-65

Aspergillus sp. - - -
IBRL OS-82
Muscodor sp.
IBRL OS-94
Muscodor sp. - - -
IBRL OS-98

11.3+0.6

14.0+1.0 - -

10.5+1.2

14.5+0.6

9.240.6

9.6+0.6

11.2+1.2

10.6+0.8

11.7£0.6

15.740.6

14.3+0.6

14.7+1.2

(+) control 19.740.6  15.3%0.6 18.7+1.0

14.530.3

19.520.3

20.3%0.6

21.3%1.2
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Since dichloromethane is a mid-polar solvent and
has the ability to extract molecules with antifungal
activity, it was the subject of the current study. The
polarity of the organic solvent affects the
antimicrobial activity of the fungal extract, and mid-
polar solvents are optimum for isolating compounds
with antimicrobial activity from fungi, claim Taufig
and Darah [33]. The majority of antibacterial
substances in nature, according to Tong [35], exist as
mid-polar molecules and can therefore be extracted
using either dichloromethane or ethyl acetate. The
current research indicated that a variety of test fungi
were resistant to the dichloromethane produced by
Lasiodiplodia sp. and Muscodor sp. It is notable that
all test fungi except Rhizopus sp. were unaffected by
the dichloromethane exiract of Colletotrichum sp.
IBRL OS-39. The outcome was in contrast to the earlier
research, which showed that Colletotrichum sp. IBRL
0S§-39 fungal filtrates exhibited antifungal efficacy
against all test fungi. The various polarity of the
bioactive compounds may be the cause of this
phenomenon. Solvents such as methanol and
hexane, which are either polar or non-polar, can be
used to extract some chemical molecules. A variety
of chemical compounds with various functions are
present in natural goods, and any alterations to those
functionalities may have an impact on the polarity of
those molecules. The presence of bioactive
compounds in natural products and their activity
may therefore be impacted by the choice of
organic solvent used in the extraction process [33].

To ascertain the in vitro activity of novel antibioftics
and their MIC breakpoint, evaluation of minimum
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inhibitory  concentration (MIC) and minimum
bactericidal concentration (MBC) is widely used.
According to Jdlil [12], the assessment of the MIC
and MBC values of the fungal exfract may serve as a
helpful signal when choosing the right therapeutic
agents and their optimal dosage in pharmaceutical
procedures. Lasiodiplodia sp. IBRL 0OS-64 and
Muscodor sp. IBRL OS-94, two endophytic fungal
isolates, were tested against five different fungi,
including Trichophyton rubrum, Aspergillus niger,
Rhizopus sp., C. albicans, and C. utilis. Lasiodiplodia
sp. IBRL OS-64 extract had MIC and MFC values
against test fungi in the ranges of 250-500 and 500-
4000 g/ml, respectively, as shown in Table 5. The
Muscodor sp. IBRL OS-94 extract's MIC and MFC
values, meanwhile, ranged from 125 to 500 and 250
to 4000 g/ml, respectively. Since the MFC/MIC ratio
was under 4, the fungal extracts from Lasiodiplodia
sp. IBRL OS-64 and Muscodor sp. IBRL OS-94 had a
fungicidal impact on C. albicans and C. utilis, but
fungistatic action on A. niger, T. rubrum, and Rhizopus
sp. since the MFC/MIC ratio was above 4. If the
MFC/MIC values are less than 4, according to Ganan
et al. [35], the bioactive compounds have fungicidal
activity rather than fungistatic activity.

Clinically, it has been widely accepted that
fungicidal/yeastocidal drugs are more potent
anfibiotics  than  fungistatic/yeastostatic ~ ones
because they can kill fungi and yeast instead of just
inhibiting them and because most of them work well
in the freatment of critically ill and
immunocompromised patients [36].

Table 5 Determination of minimum inhibition concentration (MIC) and minimum fungicidal concentration (MFC) of

endophytic fungal isolates extracts

Fungal isolates

Lasiodiplodia sp. IBRL OS-64

Muscodor sp. IBRL OS-94

Test fungi MIC MFC Ratio MIC MFC Ratio
T. rubrum 500 4000 8 250 2000 8
A. niger 500 4000 8 250 2000 8
Rhizopus sp. 500 4000 8 500 4000 8
C. albicans 250 500 2 125 250 2
C. utilis 250 1000 4 250 1000 4

The current study also showed that compared to
other test fungi, the Candida species is more
vulnerable to fungal endophytes. This might be
caused by a little variation in the concentration of
chitin in candida.

Despite having a similar origin for their cell walls, fungi
have a higher chitin content than yeast [37].

The impact of the dichloromethane exiract of
fungal endophytes on Candidal cells was examined
using scanning electron microscopy (SEM). Candida
albicans was chosen in this study due to its prominent
susceptibility to fungal extract. The dichloromethane
extracts of Lasiodiplodia sp. IBRL OS-64 and
Muscodor sp. IBRL OS-94 is shown to have different
effects on C. albicans in Figures 1 and 2, respectively.

Unfreated candidal cells with oval, smooth surfaces
and some buddings are depicted in Figure 1a. Figure
1b, on the other hand, shows C. albicans cells that
had been exposed to the Lasiodiplodia sp. IBRL OS-
64 extract and had undergone dramatic
morphological changes, including some
invaginations, cavitation, and shrinking of the cell
surfaces. Most of the C. albicans cells in Figure 2a
looked to have a smooth surface and an oval shape,
and some of them were in the budding stage
(control cells). On the other hand, after a 48-hour
exposure period, most of the cells tfreated with the
fungal extract (Figure 2b) shrank and lost their intact
oval shapes, along with some cell debris.
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Overall, the results showed some significant
morphological alterations, including invaginations
and cavitation that developed on the treated cells'
surfaces. In addition, there has also been cell
shrinkage and damage, which ultimately result in cell
death. According to Shraideh et al. [38], who made
a similar observation, date extract induced severe
cell damage to C. albicans cells, resulting in cell
collapse and the discharge of cytoplasmic debris, as
well as eventual cell death. The candidal cells
treated with the fungal extract, however, showed the
existence of abnormalities such as disintegrating and
wrinkled structures, according to a different earlier
study [39].

Numerous earlier research described a potential
mechanism or mode of action for how fungal
extracts can affect yeast cells. According to
Mu'azzam and Darah [37], candidal cells exposed o
fungal extract suffered a number of injuries as a result
of decreased DNA/protein synthesis, increased
membrane permeability and cytoplasmic leakage,
and altered cell wall/cell membrane components.
According to Selitrennikoff [40], the extract had an
impact on the fungal cells by impairing the structure
of their cell walls and membranes, leading to cell
lysis. According to Bush [41], the presence of the
extract changed the organelles in the cell
membranes, and any membrane breakdown
caused the major metabolic system to fail, resulting in
ireversible cell death. Overall, Lasiodiplodia sp. IBRL
0OS-64 and Muscodor sp. IBRL OS-64 and IBRL OS-94
fungal extracts induced severe cell damage that
was irreparable and most of the cells lost their
metabolic function, which resulted in cell death.

Figure 1 C. albicans freated with 500 g/mL of
dichloromethane-crude extract of Lasiodiplodia sp. IBRL OS-
64 is shown in SEM photomicrographs. (a) 0 hour [control]
(b) 48 hours. Scale bars: 200nm.

s

s 94’
e

Figure 2 C. albicans treated with 250 g/mL of Muscodor sp.
IBRL OS-94 crude dichloromethane extract in  SEM
photomicrographs. (a) 0 hour [control] (b) 48 hours. Scale
bars: 200nm

4.0 CONCLUSION

In this study, it was discovered that endophytic fungi
isolated from the medicinal plant Ocimum sanctum
have antifungal efficacy against a number of test
fungi, including C. albicans and C. utilis. Two fungal
endophytes, Lasiodiplodia sp. IBRL 0OS-64 and
Muscodor sp. IBRL OS-94, demonstrated notable
antifungal activity with a fungicidal effect against C.
albicans and C. utilis. According to SEM analysis,
candidal cells exposed to fungal endophyte
dichloromethane exiracts suffered severe damage
that ultimately resulted in cell death.
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