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Abstract
Some microorganisms known as endophytes live in symbiotic relationships in the living tissues of 
plants without posing a health risk. As a result, they synthesize many metabolites which are helpful 
for the plants in many ways. So, these metabolites are known to exhibit many biological properties 
like antioxidant, antidiabetic anti-inflammatory, etc. Currently, many drugs are used to control 
inflammatory diseases like arthritis and, irritable bowel disease; however, they pose a lot of side 
effects. The present study was taken up to explore the anti-inflammatory properties along with the 
phytochemicals present, its quantification, and other in vitro biological activities of the less reported 
Aspergillus melleus, an endophytic fungus, isolated from Premna serratifolia L., a medicinal plant. The 
results of the investigation demonstrated the presence of alkaloids, phenols, terpenoids, flavonoids, 
tannins, cardiac glycosides and amino acids in the methanolic extract of endophytic fungus. It yielded 
25.28 µg GAE/g and 19.465 µg GAE/g of total phenolic and flavonoid content, respectively. The results 
of anti-inflammatory activity showed 84.69+0.82% protein inhibition by BSA and also showed IC50 
values of 68.53 µg/mL and 43.34 µg/mL for COX1 and COX 2, respectively. It exhibited 63.91+0.08% of 
radical scavenging activity by DPPH. The IC50 values of 181.41 µg/mL and 190.62 µg/mL were found for 
the in vitro antidiabetic activity. This study shows that the endophytic fungus A. melleus has exhibited 
considerably good results with respect to its in vitro biological activities. Yet, there is a scope for future 
researchers to isolate the bioactive metabolites to explore for future needs.

Key words: Aspergillus melleus, Anti-inflammatory Activity, COX-1, COX-2, Antidiabetic Activity

https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0007-6857-8035
https://orcid.org/0000-0002-3101-0629
https://orcid.org/0000-0001-5763-7115
https://orcid.org/0000-0003-1027-5385


  www.microbiologyjournal.org1127Journal of Pure and Applied Microbiology

Varsha et al | J Pure Appl Microbiol. 2024;18(2):1126-1136. https://doi.org/10.22207/JPAM.18.2.32

INTRODUCTION

 Inflammation is a bodily response to 
external agents such as wounds, infection and 
other irritants like chemicals. During this process, 
many inflammatory responses are incited which 
are mediated by proinflammatory mediators 
that release certain proteins, prostaglandins, 
nitric oxide, and oxygen free radicals.1 Also, these 
pro-inflammatory mediators like interleukin 1b, 
interleukin-6 and TNF-a initiate the preliminary/ 
primary inflammatory responses.2 Along with 
enzymes like cyclooxygenases, they help in the 
release of prostaglandins, which are responsible 
for inflammatory responses.3 The release 
of free radicals like nitric oxide and oxygen  
enhances oxidative stress and inflammatory 
responses.4 Inflammatory diseases like arthritis, 
lupus or vasculitis are usually treated with 
steroidal anti-inflammatory and non-steroidal anti-
inflammatory drugs. The overuse of these drugs 
leads to serious health concerns like cardiovascular 
or renal failures in addition to gastrointestinal 
disorders and bleeding.5 Hence, there is a need 
to search for safe and effective anti-inflammatory 
molecules.
 In recent years, there has been an 
increase demand for exploring natural and 
safe products with less side effects. As a result, 
pharma companies and agriculture industries 
are continuously screening for microorganisms 
and microbial products.6 Furthermore, there 
is also more inclination towards the products 
from unexplored sources.7 Endophytes are the 
microorganisms residing in the tissues of plants 
without disease conditions. They are in symbiotic 
association with the host plant.8 They are known to 
produce metabolites which protect the host. These 
secondary metabolites possess antimicrobial, anti-
inflammatory and antiviral properties.9,10

 For the present study, the leaves of 
the medicinal plant Premna serratifolia L. were 
selected. It belongs to the family Lamiaceae. The 
tree has various ethnomedicinal values, hence, it 
is used by traditional healers. It is mainly used to 
treat rheumatism, diabetes, hypoglycaemia gout, 
liver problems, cardiac troubles, etc.11 The current 
study was aimed to explore the anti-inflammatory 
activities in addition to studying the in vitro 
biological activities of less explored/reported 

fungal endophyte Aspergillus melleus, isolated 
from the medicinal plant Premna serratifolia L. 

MATERIALS AND METHODS

Isolation, molecular identification and biomass 
cultivation
 The leaves from the medicinal plant 
Premna serratifolia L. were collected and washed 
in gently running tap water to remove the soil 
particles attached to them. The leaves were 
surface sterilized using 4% sodium hypochlorite 
solution. The cut leaves were placed on the solid 
media for 2-5 days12 and a pure culture of the 
fungus was obtained, which was sequenced using 
18S rRNA sequencing technique. The obtained 
pure culture of endophytic fungus was identified 
by comparing the query sequence in NCBI-BLAST 
and the phylogenetic tree was constructed with 
the help of MEGA X software.13

 Mass culturing of the endophytic fungus 
was done by growing the fungus for 21 days 
in a liquid medium. The methanolic extract of 
endophytic fungus was obtained by maceration 
method using the solvent methanol. The extract 
was concentrated using the Rota evaporator at 
40°C at 60 rpm, and later which was stored for 
further activities. 

Phytochemical analysis
 The presence of secondary metabolites in 
the methanolic extract of the endophytic fungus 
was tested for phenolics, flavonoids, alkaloids, 
saponins, tannins, terpenoids, carbohydrates, 
amino acids, coumarins and cardiac glycosides.14

Total phenolic content 
 The total phenolic content of the 
methanolic extract of endophytic fungus was 
found by using FCR reagent and gallic acid as the 
standard.15 To 2.5 mL of FCR reagent, 0.5 mL of 
endophytic fungal extract was added and was 
incubated in the dark at room temperature for 
30 minutes. Later the absorbance of this mixture 
was read at 765 nm. The phenolic content was 
expressed in terms of µg GAE/g. 

Total flavonoid content 
 Methanolic extract of endophytic 
fungus was subjected for total flavonoid content 
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using quercetin as the standard.16 0.5 mL of 
the fungal extract was added to the mixture of 
10% aluminium chloride, sodium acetate, and 
methanol. The reaction was maintained at room 
temperature for 30 min and the absorbance 
was read at 415 nm. The flavonoid content was 
expressed as µg QE/g. 

In vitro antioxidant activities
 In vitro antioxidant activities of the 
methanolic extract of endophytic fungus were 
carried out by phosphomolybdenum assay, ferric 
reducing activity assay and radical scavenging 
assay using DPPH.

PM (Phosphomolybdenum) assay
 The total antioxidant power of the 
fungal extract was found out using a mixture of 
ammonium molybdate and sodium phosphate. 
Various concentrations of the extract were treated 
with equal volumes of the reagent. It is incubated 
at 95°C for 90 mins. On cooling, the absorbance 
was read at 695 nm.17

FRAP (Ferric Reducing Antioxidant Power) assay
 Using the standard procedure,18 the 
total reducing power of the endophytic fungus 
methanolic extract was determined. Herein, the 
antioxidants included in the endophytic fungal 
extract undergo the reaction such as reduction 
of Fe+3 to Fe+2. The reaction mixture consisted of 
1% potassium ferricyanide, 2.5 mL of phosphate 
buffer, and various quantities of fungal extracts 
were combined and incubated for 30 minutes. 
10% trichloroacetic acid was then added, and 
centrifugation was run for 10 minutes at 3000 rpm. 
To the collected supernatant, 2.5 mL of distilled 
water and 0.5 mL of ferric chloride were added. 
At 700 nm, the absorbance was recorded and the 
standard reference used was ascorbic acid. 

DPPH (Radical Scavenging) assay
 The endophytic fungal extract’s capacity 
for radical scavenging was determined using 
DPPH assay.19 An equal volume of 0.1 mM DPPH 
was combined endophytic fungus’s methanolic 
extract. After 30 minutes of dark incubation at 
room temperature, the absorbance of this mixture 
was measured at 517 nm. Inhibition percentage 

of DPPH was calculated using the formula, % of 
inhibition= [(Ac-As/Ac)] × 100, where Ac is the 
absorbance of the control and As is the absorbance 
of the sample. 

In vitro antidiabetic assay
a-amylase inhibition assay
 Pancreatic amylase was used for this 
experiment. 0.1 mL of phosphate buffer and 0.2 
mL of saline were added to varying amounts 
of methanolic extract of endophytic fungus. 
The mixture was then incubated at 25°C for 10 
minutes, after which 0.4 mL of DNS solution was 
added. This was further incubated at 90°C for 5 
minutes. The absorbance was read at 500 nm after 
cooling. % Of inhibition = (1-As/Ac) × 100 where 
Ac is the absorbance of the control and As is the 
absorbance of the sample, was the formula used 
to determine the percentage of inhibition.20

a-glucosidase inhibition assay
 Various concentrations of endophytic 
fungal extract were added to the mixture of 
phosphate buffer and a-glucosidase and incubated 
for 5 minutes at 37°C. 200 µL of p-nitrophenyl-
alpha-D-glucopyranoside was added and incubated 
at 37°C for 30 minutes which was followed by the 
addition of 500 µL of Na2CO3. The absorbance 
of the end product was read at 405 nm and the 
percentage inhibition was calculated using the 
formula, % inhibition = (1-As/Ac) × 100, where 
As is the absorbance of the sample and Ac is the 
absorbance of the control.21

In vitro anti-inflammatory assay
Protein denaturation assay
 Using BSA, the anti-inflammatory 
properties of the endophytic fungus’s methanolic 
extract were investigated. Different amounts of 
the endophytic fungal extract were added to 1.8 
mL of 1% BSA solution, and the pH was adjusted 
to 6.5. This mixture was heated for 15 minutes 
at 60°C after being incubated for 20 minutes at 
room temperature. The absorbance was measured 
at 660 nm after cooling. The equation used to 
compute the percentage inhibition of protein 
denaturation, is % inhibition= (Ac-As/Ac) × 100, 
As represents the sample absorbance and Ac 
represents the control absorbance.22



  www.microbiologyjournal.org1129Journal of Pure and Applied Microbiology

Varsha et al | J Pure Appl Microbiol. 2024;18(2):1126-1136. https://doi.org/10.22207/JPAM.18.2.32

In vitro cyclooxygenase inhibitory activity
 Varying concentrations of the endophytic 
fungal  extract were treated with equal 
concentrations of enzyme solution. Arachidonic 
acid was added to start the reaction. This 
mixture was incubated at 37°C for ten minutes. 
The extract’s IC50 value was determined to 
determine its strength. The formula used to 
compute the percentage inhibition of the activity 
was, % inhibition=(1-As/Ac) × 100, where As is 
the sample’s absorbance and Ac is the control 
absorbance.23,24

Table 1. Phytochemical analysis of endophytic fungus 
extract

Phytochemicals Endophytic 
 fungus extract

Alkaloids +
Flavonoids +
Phenols +
Terpenoids +
Tannins +
Saponins -
Cardiac glycosides +
Amino acids -
Carbohydrates +
Coumarin -

Figure 1. Phylogenetic tree of Aspergillus melleus (Accession number ON480529) constructed by neighbour joining 
method
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Statistical analysis
 The readings in the graph are given as the 
mean ± standard error, and the experiments were 
carried out in triplicate. One-way ANOVA was used 
to obtain the p-value, and the p-value of less than 
0.05 was deemed statistically significant. 

RESULTS

Isolation, characterization and fermentation
 The results upon subjecting for isolation 
indicate that Premna serratifolia L. represented 
a good source of endophytes. The obtained pure 
culture of endophytic fungus was morphologically 
identified using Barnet and Hunter. The sequence 
of phylogenetically identified endophytic 
fungus Aspergillus melleus was deposited in 
GenBank with accession ID ON480529. With 
the help of 18S rRNA data, the phylogenetic 
tree was constructed by the neighbour joining 
method with boot strap values as shown in  
Figure 1. The concentrated endophytic fungal 
extract extracted by maceration was used for 
future experiments.

Phytochemical analysis
 The pr imary and the secondary 
phytoconstituents such as the flavonoids, 
alkaloids, phenolics, tannins, terpenoids, and 
cardiac glycosides were present in the methanolic 
extract of the endophytic fungus, Aspergillus 
melleus. However, the secondary metabolites such 
as saponins, amino acids and coumarin were not 
detected, (Table 1). 

Total phenolic and flavonoid content (TPC and 
TFC)
 The methanolic extract of the endophytic 
fungus on determination of the phenolic content 
yielded 25.28 µg GAE/g, while its total flavonoid 
was found to be 19.465 µg QE/g, suggesting that 
flavonoid content was slightly lower than the 
phenolic content (Table 2).

In vitro antioxidant activities 
 The total antioxidant power assay carried 
out using phosphomolybdate showed that the 
values ranged from 0.009+0.17 to 0.181+0.20 
compared to the standard ascorbic acid as seen 
in Figure 2. A similar pattern of values could be 
seen in the total reducing power of the endophytic 
fungal extract carried out using the ferricyanide 
reagent. The values ranged from 0.013+0.17 to 
0.283+0.53, indicating that the values increased 
with the increase in the concentration of the 
endophytic fungal extract as shown in Figure 3. The 
radical scavenging method, the reduction of DPPH, 

Table 2. Total phenolic and flavonoid content

Test Aspergillus melleus

Total Phenolic Content 25.28
(µg GAE/g)
Total Flavonoid Content 19.465
(µg GAE/g)

Figure 2. Total antioxidant capacity. Data were expressed as mean±SE
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Figure 3. Reducing power assay (FRAP). Data were expressed as mean±SE

Figure 4. Free radical scavenging activity (DPPH). Data were expressed as mean±SE

was also used to find out the antioxidant power of 
the methanolic extract of the endophytic fungus. 
The percentage scavenging ranged from 11.40% to 
63% with IC50 value of 96.14 µg/mL as compared 
to the standard ascorbic acid which ranged from 
33% to 83% which showed the IC50 value of 54.88 
µg/mL (Figure 4 and Table 3). 

In vitro antidiabetic assay
a-amylase inhibition assay
 When compared to standard metformin, 
which ranged from 27% to 85% and an IC50 

value of 79.71 µg/mL, the methanolic extract 
of endophytic fungus showed the inhibition of 
enzyme a-amylase, the IC50 value of 181.41 µg/
mL after subjecting it to an in vitro antidiabetic 
analysis (Figure 5 and Table 3).

a-glucosidase inhibition assay
 The in vitro antidiabetic assay using 
a-glucosidase enzyme with methanolic extract 
of endophytic fungus revealed variation in the 
percentage. Figure 6 and table 3 illustrated the 
range of inhibition, which was 12% to 64% with 
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an IC50 value of 190.62 µg/mL for fungal extract, 
in contrast to the typical standard acarbose, which 
was from 40% to 88% and an IC50 value of 47.68 
µg/mL. 

In vitro anti-inflammatory assay
 The methanolic extract subjected to 
in vitro anti-inflammatory activity was done by 
finding out the percentage of denaturation using 
bovine serum albumin with diclofenac sodium 
as the standard, which showed the inhibition 
percentage ranging from 45% to 90% with an 

IC50 value of 60.72 µg/mL. The cyclooxygenase 
inhibitory activity with respect to COX-1 ranged 
from 15-73% and 33-79% for COX-2 with IC50 
values of 68.53 and 43.34 for COX-1 and COX-2, 
respectively (Figures 7, 8, and 9 and Table 3). 

DISCUSSION

 Endophytic fungi are the organisms which 
inhabit the plant by spending their life cycle or 
part of their life cycle. They are the source of 
many novel compounds with many therapeutic 

Figure 5. In vitro anti-diabetic assay by α-amylase inhibition activity. Data were expressed as mean±SE

Figure 6. In vitro anti-diabetic assay by α-glucosidase inhibition activity. Data were expressed as mean±SE
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Table 3. IC50 values of samples

   IC50 values µg/mL

Samples DPPH Alpha Alpha Anti- COX 1  COX 2
  amylase glucosidase inflammatory

Aspergillus melleus 96.14 181.41 190.62 118.20 68.53 43.34
Metformin - 79.71 - - - -
Acarbose - - 47.68 - - -
Diclofenac sodium - - - 60.72 - -
Ascorbic acid 54.88 - - - - -
STD - - - - 49.41 -
STD - - - - - 25.61

Figure 7. In vitro anti-inflammatory activity by protein denaturation method. Data were expressed as mean±SE

applications. Thus, the secondary metabolite 
synthesized by endophytic fungi are used in 
agricultural and pharmaceutical industries.25 These 
endophytic fungi produce metabolites which 
are very much similar to the host plant. Premna 
serratifolia L. is an important medicinal plant with 
medicinal properties like anti-inflammatory,26 
antidiabetic,27 antioxidant,28 and anti-parasitic.29 
These properties indicate that the plant possesses 
the various phytoconstituents which impart them 
the above-mentioned qualities.
 The presence of  a lmost  a l l  the 
phytochemicals can be seen in the crude 
methanolic extract of the endophytic fungus 
Aspergillus melleus. The quality and the quantity 
of bioactive substances reduced by the endophytic 
fungus depends on the type of media used and 
also the environmental interaction.30 In the 
current study, a crude extract of the endophytic 
fungus confirmed the presence of almost all the 

phytochemicals like phenolic, flavonoid, alkaloids, 
tannins, terpenoids, cardiac glycosides and 
carbohydrates. Previous studies report that there 
is a direct correlation between phenolic content 
and the antioxidant property.31

 Synthesis of harmful free radicals 
has shown to have a deleterious effect  
on human health and hence, to combat the 
effects, they need to be supplied with therapeutic 
bioactive molecules. The bioactive molecules 
from endophytic fungi have been proven to be 
safer alternatives in the drug formulations.32 The 
present work suggests that the total phenolic 
content was higher than the flavonoid content 
suggesting that it may exhibit higher antioxidant 
properties. Our results show that the organism 
A. melleus exhibited a dose-dependent increase 
in the antioxidant properties concerning total 
reducing power assay and total antioxidant assay. 
In the case of radical scavenging by DPPH, the 
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fungus exhibited 63.91+0.08 per cent of inhibition 
with an IC50 value of 96.14 µg/mL. Our findings are 
consistent with the results on other endophytic 
fungi. Huang and his coworkers reported moderate 
antioxidant activity in most of the endophytic fungi 
isolated from Nerium oleander.33 The endophytic 
fungi Colletotrichum tropicale, Colletotrichum 
gloeosporioides and Fusarium solani isolated from 
Justicia gendarussa showed moderate activity.34

 T h e  a l p h a - a m y l a s e  i n h i b i t i o n  
assay revealed that our organism was exhibited 
66.24+0.23%. This result was consistent with 
the results obtained in the study. Aspergillus sp. 
isolated from Ficus religiosa showed 91± 0.06% 

inhibition.35 In another study, Curvularia lunata 
isolated from Ficus religiosa exhibited the IC50 
value of 0.35± 0.46 mg/mL.36

 Our study shows that the organism A. 
melleus exhibited good anti-inflammatory activity 
with respect to the protein denaturation method 
by BSA and also with respect to the enzymes COX-1 
and COX-2 which are released in response to the 
body's reaction during the inflammation process. 
Our results show that the organism, Aspergillus 
melleus exhibited inhibition ranging from 31% 
to 85% in comparison with standard diclofenac 
sodium. Interestingly, much better activity was 
exhibited when subjected to cyclooxygenases with 

Figure 8. In vitro anti-inflammatory activity by COX-1. Data were expressed as mean±SE

Figure 9. In vitro anti-inflammatory activity by COX-2. Data were expressed as mean±SE



  www.microbiologyjournal.org1135Journal of Pure and Applied Microbiology

Varsha et al | J Pure Appl Microbiol. 2024;18(2):1126-1136. https://doi.org/10.22207/JPAM.18.2.32

IC50 values of 68.53 µg/mL and 43.34 µg/mL for 
COX-1 and COX-2 respectively. This result shows 
that our organism fared better in comparison 
with the endophytic fungi Aspergillus, Penicillium, 
and Alternaria exhibited around 78+1% of anti-
inflammatory activity.22,37 This activity with respect 
to other fungi are less reported.

CONCLUSION

 The medicinal plant Premna serratifolia L. 
is a host to many endophytic fungi. The organism, 
Aspergillus melleus exhibited considerable 
phytoconstituents as evidenced by its the 
phytochemical analysis, quantitative and flavonoid 
evaluations which was revealed in its phenolic 
content and also its antioxidant activities. In 
addition to these, the organism exhibited good 
anti-inflammatory activities and moderate 
antidiabetic activities. However, there is a need 
for further research to explore for bioactive 
compounds present in the organism which could 
be exploited for pharmaceutical and agricultural 
needs for future. 
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