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ABSTRACT 

 

Endophytic fungi belongs to the group of fungi which Colonizes the plant parts like stem, roots, leaves without 

causing any tissue damage and symptoms. The biggest advantages of endophytic fungi are their fast renewal, 

relatively easy cultivation, cost-effectiveness, and environmental safety. Numerous bioactive substances with a 

wide range of activities have been found in endophytic fungi over the last 20 years. Numerous medically 

important endophytic fungi are isolated from variety of medicinal plant around the world. Hence, this review 

aims at presenting the richness in bioactive antimicrobial compounds of the endophytic fungi isolated from 

different medicinal plants. Importantly, tracing the previous findings would pave the way to forecast the missing 

link for future work by researchers. This review confers the isolated secondary metabolites from different 

endophytic fungi identified and reported along with their reported biological activities and structural aspects 

whenever applicable. This review presents a discussion on some fundamental aspects of phytomedicinal chemical 

production by endophytic fungi with an overview of several medicinal plants that have received considerable use 

and attention over the past decade. 
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INTRODUCTION 

 

Generally plant harbors diverse groups of microbe’s either part of their life cycle or completely as endophytic 

organisms and these organisms are categorized into different domains. These microorganisms encompass bacteria, 

fungi, archaea, algae, and protists. They play a crucial role in the plant's microbiome and can thrive within the healthy 

tissues of the host plant without causing visible signs of disease. They engage in complex physiological relationships 

with their host plants and other microbes, including endophytes and epiphytic pathogens [1]. Endophytes, serving as 

vital microbial allies, have a widespread presence in both medicinal and non-medicinal plants [2]. They serve as 

productive factories for synthesizing bioactive compounds, which play a protective role for the host plants against 

various threats, including plant pathogens, pests, and nematodes. Additionally, they act as growth promoters and 

inducers of tolerance to both biotic and abiotic stress (Lee, Kendall, et al., 2021). Furthermore, they function as 

effective bioremediation agents (Dell’ Anno et al., 2021; Nikolopoulou, et al., 2013). The association between host 

internal tissue and fungal endophytes is extensively connected with adaptations in colonization of the endophyte and 

extraction of its natural bio- active compounds [3,4,5].The vast body of literature provides in-depth insights into the 

chemical compositions and organic properties of the active metabolites produced by medicinal plants [6,7]. However, 

the investigation into active metabolites synthesized by endophytic fungi has been notably limited. These endophytic 

fungi possess the capacity to produce metabolites that are structurally similar and pharmacologically active, either in 

conjunction with their host plant or as exclusive producers [8-10]. 
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Globally, the issue of Antimicrobial Resistance (AMR) has become a severe public health concern. The notable reasons 

behind the rise of drug resistance include the inappropriate use and overuse of chemotherapeutic agents in both 

healthcare and agricultural settings. Key contributors to antimicrobial resistance involve bacterial mutations, 

spontaneous genetic alterations, and the horizontal transfer of resistance genes. The situation is exacerbated by the 

proliferation of resistant strains and the diminishing effectiveness of chemotherapeutic agents. Consequently, there is a 

pressing need to explore safer and innovative drugs derived from plants or microbes, hailing from untapped biological 

resources. This approach is a promising way forward to address the critical healthcare challenges faced by the 

pharmaceutical sector [9-11]. Endophyte biology is imminent scientific domain which satisfies the needs of 

international pharma industry and produces a diversified group of bioactive compounds. 

 

Multidisciplinary research methodologies and the analysis of a multitude of metabolites in the exploration of 

endophytes are still in their early stages, with only a handful of successful endeavors observed in the development of 

commercial applications for bioactive compounds synthesized by endophytic fungi. Consequently, the biotechnological 

utilization of fungal endophytes has become crucial in the fields of agriculture and industry, particularly in the 

extraction of valuable natural plant products. In this chapter, we delve into the pharmacological attributes of secondary 

metabolites originating from endophytic fungi that are isolated from medicinal plants. 

 

FUNGAL ENDOPHYTES AS A TREASURE FOR BIOACTIVE COMPOUNDS 

 

The search for novel pharmaceutical drugs derived from the secondary metabolites of microbes began in 1928, followed 

by  the discovery of the antitumor drug Taxol, obtained from Taxomyces andreanae, and penicillin, isolated from 

Penicillium notatum by W. Flemming [Strobel et al., 1993]. These breakthroughs originally stemmed from Taxus 

brevifolia and Taxus wallichiana, which serve as hosts to endophytic fungi, namely Microspores of Taxomyces 

andreanae and Pestalotiopsis [Strobel et al., 1996]. This marked the dawning of a new era in the pursuit of naturally 

sourced drugs. The secondary metabolites produced by these fungal endophytes, endowed with antimicrobial properties, 

play a pivotal role in their effectiveness against pathogens that have developed resistance to antibiotics. 

 

However, the synthesis and release of these secondary metabolites by fungal endophytes are subject to a multitude of 

influences, encompassing the timing of sample collection, environmental conditions, the plant's specific habitat 

(ranging from saline environments to high-altitude regions, rainforests, deserts, swamps, and marshes), nutrient 

availability, host plant tissues (such as roots, leaves, and seeds), and the type of plant species involved (including both 

angiosperms and gymnosperms) [Gupta et al., 2020; Aldinary et al., 2021]. 

 

Recent scientific literature has unveiled the remarkable ability of the endogenous fungus Alternaria sp to secrete 

bioactive compounds with cytotoxic, antitrypanosomic, and antisamaniotic properties. Notable compounds include 

Cladospirone B, Palmarumycin C6, 1, 4, 7β-trihydroxy-8-(spirodioxy-10, 80-naphthyl)-7,8-dihydronaphthalene, and 

Palmarumycin [Shan et al., 2014]. Furthermore, endogenous bacteria have demonstrated their capacity to produce a 

variety of bioactive compounds employed across pharmaceuticals, food, cosmetics, and agriculture. The secondary 

metabolites generated by these endophytes fall into various functional groups, including alkaloids, terpenoids, steroids, 

polyketones, peptides, flavonoids, furandiones, quinols, perylene derivatives, depsipeptides, and xanthones [Sharaf et 

al., 2022; Omojate Godstime et al., 2014]. 

 

Endophytic fungi a valuable resource of secondary metabolites 

 

Compound  Endophytic fungi  Host plant  Reference  Reference  

 

Dicerandrol A, B 

and C  

 

Phomopsis 

longicolla  

 

Dicerandra frutescens  

 

Wagenaar and Clardy 

(2001)  

Wagenaar and Clardy 

(2001)  

Phomol  Phomopsis sp.  Erythrina crista-galli  Weber et al. (2004)  Weber et al. (2004)  

Two Fusarusides  Fusarium sp.  Quercus variabilis  Shu et al. (2004)  Shu et al. (2004)  

Fusapyridon A  Fusarium sp.  Maackia chinensis 

from Gottingen 

(Germany)  

Tsuchinari et al. (2007)  Tsuchinari et al. 

(2007)  

Fusaric acid  Fusarium sp.  Mangrove plant  Pan et al. (2011)  Pan et al. (2011)  

Rhein  Fusarium solani  Rheum palmatum from 

Ruoergai County, 

China  

Tegos et al. (2002)  Tegos et al. (2002)  
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Epoxydine  

 

Phoma sp.   

 

Salsola oppostifolia  

 

Qin et al. (2010)  

 

 

 

 

Pentaketide  Fusarium Selaginella 

pallescens  

Brady and Clardy (2000)  

Glucoside 

derivatives – 

xylarosides  

Xylaria Sordaricin  Pongcharoen et al.(2008)  

Cytosporone B 

and C  

Phomopsis sp Mangroves Huang et.al. (2008) .  

Cryptosporiopsis 

quercin  

Tripterigeum 

wilfordii  

Eurasia Strobel and Daisy (2003)  

Colletotric acid Colletotrichu m 

gloeosporioid es 

Artemisia 

mongolica 

(Zou et al., 2000) Reference  

Cytosporones D, Cytospora sp. and 

Diaporth e sp. 

Conocarpu s 

erecta and Forster 

onia spicata 

(Brady et al., 2000) Wagenaar and Clardy 

(2001)  

Pestalone Pestalotia sp. Cocultured 

endophytic algal 

marine fungus/ 

marine bacterium 

strain CNJ328 

(Cueto et al., 2001) Weber et al. (2004)  

Dicerandrols A, B 

and C 

Phomopsis 

longicolla 

Dicerandra 

frutescens 

(Wagenaar and Clardy, 2001) Shu et al. (2004)  

Phomol Phomopsis sp. Erythrina crista-

galli 

(Isaka et al., 2001) Tsuchinari et al. 

(2007)  

Periconicins A 

and B 

Periconia sp Taxus cuspidate (Weber et al., 2004) Pan et al. (2011)  

Monomethylsuloc 

hrin, Rhizoctonic 

acid, Ergosterol, 

3β, 5α, 6β - 

trihydroxy 

ergosta- 7, 22 - 

diene 

Rhizoctonia s p. Cynodon dactylon (Ma et al., 2004) Tegos et al. (2002)  

1- (2,6-dihydroxy 

phenyl) butan -1 - 

one. Sideritis 

chamaedryf olia 

1-hydroxy -5- 

methoxy 

naphthalene, 1,5- 

dimethoxy -4- 

nitronaphthalene, 

Coniothyrium sp Sideritis 

chamaedryf olia 

 

(Dai et al., 2006) 

 

Dinemasones A, 

B 

Dinemaspori um 

strigosum 

Calystegia sepium (Krohn et al., 2008) 

Chaetoglobosin B Chaetomium 

globosum 

Viguiera robusta (Momesso et al., 2008) 

7-amino -4- 

methyl coumarin 

Xylaria Ginkgo biloba (Liu et al., 2008) 

Monocerin, (12S) 

-12-Hydroxy 

monocerin, 

Isocoumurin 

Microdochiu m 

bolleyi 

Fagonia cretica (Zhang et al., 2008) 

Pseurotin A Penicillium Prumnopity s (SchmedaHirschman n et al., 2008) 
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janczewskii analina 

Ambuic acid Pestalotiopsis sp. Clavaroids sp. (Ding et al., 2009) 

Spiropreussione A Preussia sp Aquilaria sinensis (Chen et al., 2009) 

Xanalteric acids I 

and II, Altenusin 

Alternaria sp Sonneratia alba (Kjer et al., 2009 

Nodulisporins DF, 

benzene- 1, 2, 3 -

triol 

Nodulisporiu m 

sp. 

Erica arborea (Dai et al., 2009) 

Pyrrocidine A Acremonium zeae Zea mays (Wicklow and Poling, 2008) 

Fusi di lactones 

D, E 

Fusidium sp Mentha arvensis (Qin et al., 2009) 

Javanicin Chloridium s p. Azadiracht a 

indica 

(Kharwar et al., 2009) 

Alterporriol D, 

Alterporriol E, 

Alterporriol N 

Stemphylium 

globuliferuma n 

Mentha pulegium (Debbab et al., 2009) 

 

BIOMEDICAL APPLICATIONS OF FUNGAL ENDOPHYTES 

 

Antibacterial activity: 

In a study conducted by Sanjeevan et al. in 2023, eight species of endophytic fungi were identified within G. repens. 

X.fejeensis was specifically examined for its production of specialized metabolites. These metabolites were isolated 

from the culture filtrate and identified as four known compounds, including 6', 7’-didehydro-total acid, 13-carboxy-total 

acid, and holistic acid. Of these, integrin acid was isolated and assessed for its antibacterial activity using a disk 

diffusion test against S. aureus, B. cereus, E. coli, and P. aeruginosa. The Minimum Inhibitory Concentration (MIC) 

was found to be 16 μg/ml against B. subtilis, a methicillin-resistant strain [Zizhong Tang et al., 2020]. 

 

In another study by Zizhong Tang and colleagues in 2020, 21 endophytic fungi were isolated from wild Conyza blinii. 

Among these isolates, six strains were found to produce flavonoids, with CBL11 secreting the highest total flavonoid 

content, reaching 50.78 ± 2.4 mg/L. The antimicrobial activity of CBL9 extracts was evaluated against E. coli, S. 

aureus, B. subtilis, and Pseudomonas. The most significant effect was observed against Escherichia coli, with an 

inhibition zone diameter of up to 24.67 ± 1.15 mm. Additional inhibition zone diameters for CBL9 were as follows: S. 

aureus (19.67 ± 2.52 mm), Bacillus subtilis (23 ± 2 mm), and Pseudomonas aeruginosa (17.33 ± 2.08 mm). 

Furthermore, CBL12, CBL12-2, and CBL1-1 exhibited remarkable antioxidant activity. Notably, CBL12 exhibited high 

radical scavenging rates for DPPH and ABTS, with values of 94.56 ± 0.29% and 99.88 ± 0.27%, respectively. Its IC50 

values were a mere 0.11 ± 0.01 mg/mL and 0.2 ± 0.01 mg/mL [Zizhong Tang et al., 2020]. In a separate research 

endeavor led by Hiran Kanti and colleagues in 2022, a multitude of potent secondary metabolites were isolated from 

Cochliobolus sp. APS1, an endophyte of Andrographis paniculata. The primary compound among them was the 

alkaloid Aziridine, 1-(2-aminoethyl)-, which exhibited antibacterial, anti-biofilm, and anti-larval activities. The ethyl 

acetate culture filtrate displayed MIC and MBC values ranging from 15.62 to 250 µg/mL against 10 pathogenic 

bacteria, including MRSA and VRSA. Data related to killing kinetics, along with the leakage of macromolecules into 

the extracellular environment, support the bactericidal activity of these antibacterial principles [Hiran Kanti et al., 

2022]. 

 

A total of 113 endophytic strains were isolated from  a leaf and steam samples of Zanthoxylum simulans and cultured, 

among which 23 were found to possess antimicrobial activity which belongs to 6 fungal genera: Penicillium (26.09%, 

6), Colletotrichum (21.74%, 5), Diaporthe (21.74%, 5), Daldinia (17.39%, 4), Alternaria (8.70%, 2), 

and Didymella (4.34%, 1). In addition, fungal endophytes produce antimicrobial agents, which may protect their hosts 

against pathogens and could be a potential source of natural antibiotics and their compositions differed between summer 

and winter[Jimmy Kuo et.al., 2021. In an another study Hongying Wu et.al., 2020 a total of 26 endophytic fungi were 

isolated, and out of which 21 isolates were 

identifiedandclassifiedinto8differentgenera,whichincludes Briansuttonomyces, Glomerella, Pleosporales, Diaporthe, Ph

oma, Penicillium, Periconia and Colletotrichum. The  extract of Penicillium sp. exhibited greater potential for 

antibacterial activity, with the minimum inhibitory concentration (MIC) values against seven bacteria ranging from 1.25 

to 6 mg/mL. The ethyl acetate extract of the  Diaporthe phaseolorum Stdif6 displayed the most significant antifungal 

activity against all tested phytopathogens, with EC50 values ranging from 0.0138 to 0.3103 mg/mL 

[Hongying Wuet.al., 2020]. 

https://link.springer.com/article/10.1007/s12223-021-00854-4#auth-Jimmy-Kuo-Aff1-Aff2
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/glomerella
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/pleosporales
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/diaporthe
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/phoma
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/phoma
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/phoma
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/penicillium
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/periconia
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/colletotrichum
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Extracts from five different endophytic fungi, coded as CR-MR1B, CR-MR1, CR-MR3, CR-MRB2, and CR-LC, 

isolated from pink catharanthus, demonstrated substantial antibacterial activity against various microorganisms. CR-

MR1 exhibited inhibition against S. typhi, E. coli, A. fumigatus, and C. albicans, while S. aureus and B. subtilis were 

not affected. CR-MR1B displayed a MIC of 1 mg/mL against S. aureus, B. subtilis, S. typhi, and A. fumigatus, with a 

MIC of 0.5 mg/mL for C. albicans. CR-MRB2 had a MIC of 1 mg/mL against B. subtilis only. CR-MR3 demonstrated 

a MIC of 0.25 mg/mL against S. aureus, B. subtilis, S. typhi, C. albicans, and E. coli, with a MIC of 0.5 mg/mL for A. 

fumigatus. CR-LC exhibited MICs of 0.0625 ng/mL against S. aureus, 0.03125 mg/mL against B. subtilis, 0.25 mg/mL 

against S. typhi, and 0.125 mg/mL against E. coli. However, neither A. fumigatus nor C. albicans exhibited inhibition at 

any concentration. Consequently, CR-LC and CR-MR3 demonstrated antibacterial properties, while CR-MR1 and CR-

MR1B hold promise for further development as antifungals [Akpotu et al., 2017].In another study by Abba et al. in 

2018, endophyte pseudofusicoccum spp. isolated from Anona muricata exhibited moderate antibacterial activity. It 

inhibited B. subtilis at a concentration of 1 mg/mL, with inhibition zone diameters (IZDs) of 2 mm, 3 mm, and 2 mm 

against S. typhi, and C. albicans, respectively. However, it did not inhibit S. aureus, E. coli, and A. niger. The standard 

drug, ciprofloxacin, at a concentration of 50 μg/mL, inhibited all tested organisms with IZDs ranging from 5 to 14 mm 

[Abba et al., 2018]. Furthermore, an extract from Psidium guajava, labeled as HA-labeled endogenous fungal extracts, 

demonstrated antibacterial activity against pathogenic microorganisms. At a concentration of 1 mg/mL, HA inhibited all 

tested organisms, including E. coli, S. aureus, B. subtilis, and S. typhi, with IZDs of 5 mm, 6 mm, 5 mm, and 4 mm, 

respectively. However, GA exhibited an IZD of 7 mm against S. aureus [Author Name et al., Year]. 

 

Antifungal activity: 

In one study conducted by Tejesvi et al. in 2007, a total of 32 ethyl acetate extracts collected from Pestalotiopsis spp. 

isolated from four medicinal plants, namely Azadirachta indica, Holarrhena antidysenterica, Terminalia arjuna, and T. 

chebula, were quantitatively evaluated for their antifungal activity by observing the presence or absence of inhibition 

zones. Among these extracts, 20 (62.5%) isolates exhibited significant antifungal activity against a range of pathogenic 

fungi. The maximum inhibitory zone was observed against Alternaria carthami, Fusarium verticilloides, and Phoma 

sorghina, with inhibitory zones ranging from 4 to 25 mm. Notably, isolates 4, 9, 11, and 15 displayed significant 

inhibitory zones, while fewer inhibitory zones were observed for the isolates obtained from Terminalia chebula, 

Azadirachta indica, and Holarrhena antidysenterica, isolated from different locations, across all tested fungi [Tejesvi et 

al., 2007].In a separate scientific study conducted by Hong Wing et al. in 2020, over 25 fungal endophytes were isolated 

from the medicinal plant Stephania dielsiana and classified into eight different genera, including Briansuttonomyces, 

Glomerella, Pleosporales, Diaporthe, Phoma, Penicillium, Periconia, and Colletotrichum. Among these isolates, the 

ethyl acetate extract of Diaporthe phaseolorum exhibited the most significant antifungal activity against 

phytopathogens, with EC50 values ranging from 0.0138 to 0.3103 mg/mL [Hong Wing et al., 2020].Noha Kamel et al. 

in 2019 isolated 22 different fungal species from various plant parts of Euphorbia geniculata and categorized them into 

15 fungal genera. Aspergillus was the most frequently isolated genus. They evaluated the antimycotic activity of these 

isolates against common fungal pathogens such as Eupenicillium brefeldianum, Penicillium echinulatum, Alternaria 

phragmospora, Fusarium oxysporum, Fusarium verticilloides, and Alternaria alternata in dual culture assays. Their 

findings showed that Aspergillus flavus, A. fumigatus, and Fusarium lateritium exhibited the highest antagonistic 

activity, while Cladosporium herbarum, F. culmorum, and Sporotrichum thermophile exhibited the lowest antagonistic 

activity. They also noted elevated levels of secondary metabolites, especially terpenes and alkaloids, in comparison to 

their host E. geniculata. These secondary metabolites were extracted using organic solvents like ethyl acetate and n-

butanol from all six endophytes and evaluated for their antimycotic activity at three different concentrations (0.5, 1.0, 

and 2.0 mg/mL) against three pathogenic fungi, E. brefeldianum-EBT-1, P. echinulatum-PET-2, and A. phragmospora-

APT-3, which were isolated from tomato plants, and they exhibited promising antifungal activity [Noha Kamel et al., 

2019]. 

 

In another study led by Xingli Zhao et al. in 2020, 183 isolates were classified into 13 genera based on their 

morphological features and internal transcribed spacer sequence analysis. Among these, Alternaria, Botryosphaeria, and 

Talaromyces were dominant communities. Dual culture studies were employed to evaluate their antifungal activity 

against the four primary fungal pathogens of C. officinalis for 75 representative endophytes. The study found that nine 

strains exhibited antibiosis, and eight strains displayed an inhibition rate of over 50% [Xingli Zhao et al., 2020]. 

 

Antiviral activity: 

The urgent need for the development of novel antiviral drugs arises from the growing concern over microbial resistance 

to antibiotics. Endophytic fungi offer a promising avenue for researchers as they provide opportunities for the isolation, 

identification, and purification of secondary metabolites, which may serve as potential candidates for the development 

of antiviral drugs. This field of study has garnered significant interest due to the limited knowledge available, making it 

a captivating area of research. However, the development of antiviral compounds faces several challenges, primarily 
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linked to the inefficiency and inadequacy of antiviral screening methods in many metabolite discovery programs. It is 

worth noting that numerous metabolic compounds derived from endophytic organisms have shown potent antiviral 

properties against a variety of human infecting viruses, including HIV (Human Immunodeficiency Virus), 

cytomegalovirus, and H1N1 influenza A virus. These findings highlight the potential of endophytic fungi in the search 

for effective antiviral agents [Farooq et al., 2016; Raekiansyah et al., 2017; Liu et al., 2019]. 

 

In a study conducted by Han et al. in 2019, Trichoderma harzianum SWUKD3.1610 was isolated from Kadsura 

angustifolia, and a compound with the same TLC Rf value and HPLC retention time as authentic nigranoic acid was 

identified. This compound exhibited exceptional antiviral activity by inhibiting the reverse transcriptase enzyme in 

HIV-1. Another promising discovery was made when an ethanol extract of Curvularia papendorfii, an endophytic 

fungus isolated from Vernonia amygdalina, a medicinal plant from Sudan, displayed antiviral activity against two 

human viral pathogens: coronavirus HCoV 229E and a norovirus surrogate, the feline coronavirus FCV F9. At a lower 

multiplicity of infection (MOI) of 0.0001, a 40% reduction in virus-induced cytopathogenic effect was observed [Afra 

Khirala et al., 2020]. Si-si Liu et al. in 2018 isolated a rare 14-nordrimane-type sesquiterpenoid named phomanolide, 

along with five other known compounds, from the culture filtrate of an endophytic fungus, Phoma sp., isolated from the 

roots of Aconitum vilmorinianum. These compounds exhibited antiviral activity with IC50 values of 2.96 ± 0.64 μg/mL 

against the influenza virus (A/Puerto Rico/8/34, H1N1).Furthermore, in a study by Raekiansyah et al. in 2017, antiviral 

substances were investigated in the extracts of the Penicillium sp. FKI-7127 strain. The researchers identified brefeldin 

A as a novel antiviral compound with activity against dengue viruses of various serotypes, as well as other related 

viruses such as Zika virus and Japanese encephalitis virus. Brefeldin A exerts its antiviral effect at an early stage of the 

dengue virus (DENV) life cycle [Raekiansyah et al., 2017]. 

3.4. Anti- diabetic activity: 

 

Numerous natural resources offer abundant opportunities for harnessing their potential in therapeutic applications [62]. 

Diabetes, a metabolic disorder characterized by elevated blood glucose levels due to insufficient insulin production or 

an inadequate response of the body's cells to insulin [63], presents a growing global health challenge. Traditional 

chemotherapy may entail undesirable side effects for diabetic patients. Consequently, ongoing research endeavors aim 

to discover effective anti-diabetic drugs derived from microorganisms. In light of these circumstances, there is a 

pressing need for the development of novel and alternative therapies with minimal or no side effects. As a result, 

numerous researchers have documented the anti-diabetic and anti-lipidemic properties of secondary metabolites derived 

from fungal endophytes [66]. 

 

In a study conducted by Singh and Kaur in 2016, thirty-six endophytic fungi were isolated from Acacia nilotica and 

screened for their ability to produce metabolites with enzymatic inhibition properties against both alpha-amylase and 

alpha-glucosidase. Among the isolates, Aspergillus awamori demonstrated the capacity to produce an inhibitory 

substance, which was subsequently purified using Sephadex LH-20 column and semi-preparative HPLC methods. This 

substance was identified as proteinaceous in nature with an approximate molecular weight of 22 kDa. It exhibited 

remarkable inhibition against both alpha-amylase (81%) and alpha-glucosidase (80%), with IC50 values of 3.75 and 

5.625 μg/ml, respectively.Additionally, Ye et al. in 2021 isolated ten alkaloids, including six new diketopiperazine 

alkaloids, from the endophytic fungus Aspergillus sp. 16-5c, obtained from mangrove plants. The structure of these new 

compounds was identified through 1D/2D NMR spectroscopic and HR-ESIMS data analyses. The antidiabetic activity 

of these compounds was evaluated against α-glucosidase and PTP1B enzyme. Results from the bioassay revealed that 

compounds 1 (C21H25O3N3) and 9 (brevianamide K) exhibited significant inhibitory activity against the α-glucosidase 

enzyme, with IC50 values of 18.2 and 7.6 μM, respectively. Compounds 3, 10, 11, and 15 displayed moderate α-

glucosidase inhibition, with IC50 values ranging from 40.7 to 83.9 μM, while no compounds exhibited significant 

PTP1B enzyme inhibition.Furthermore, Govindappa et al. in 2015 reported on Alternaria spp, an endophyte isolated 

from Viscum album, which had the ability to secrete a lectin compound (N-acetyl-galactosamine) into the extracellular 

environment. This compound, a 54 KDa protein molecule, was partially purified and assessed for its anti-diabetic 

efficacy in vitro and in vivo. It demonstrated robust antidiabetic activity in both scenarios, strongly inhibiting three 

significant diabetic enzymes, namely α-amylase (85.26 ± 1.25), α-glucosidase (93.41 ± 1.27), and sucrase (81.61 ± 

1.05) [Govindappa et al., 2015]. 

 

In a separate investigation,researchers identified an endophytic fungal metabolite capable of activating the insulin 

receptor, specifically the tyrosine kinase, a non-peptidal fungal metabolite known as L-783,281. In vitro assessments of 

this compound following oral administration resulted in a significant reduction in blood glucose levels [Zhang et al., 

1999]. These findings have paved the way for the discovery of novel receptor activators for insulin protein, holding 

promise for the development of innovative diabetes therapies.Furthermore, in another study, three biosynthetic 

compounds were partially purified from the culture filtrates of Nigrospora oryzae, an endophyte isolated from 
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Combretum dolichopetalum leaves. These compounds, namely (S)-(+)-2-cis-4-trans-abscisic acid (1), 7'-hydroxy-

abscisic acid (2), and 4-des-hydroxyl altersolanol A (3), were evaluated for their potential antidiabetic properties in 

vitro using alloxan-induced diabetic mice. The study involved monitoring their fasting blood sugar levels for 9 hours, 

and it was observed that these compounds significantly (p<0.001) reduced fasting glucose levels in diabetic mice 

[Philip et al., 2017].The authors also noted that β-amylase inhibitors had a significant impact on reducing the glucose 

content of complex carbohydrates and slowing glucose absorption. Previous reports have highlighted the screening of 

endogenous fungi as potential sources of alpha-glucosidase inhibitors [89], including Fusarium spp. and Alternaria spp. 

These findings underscore the multifaceted potential of some fungal endophytes as valuable sources of pharmaceutical 

compounds, including those with antidiabetic properties. 

 

Future Aspects:  

Recent scientific literature on plant associated fungi (Endophytic fungi) has exposed their wide ecological distribution, 

its bio-diversity and multidimensional interactions with its host organisms and other micro biome in the symbiotic 

range. The specific relation between endophytic fungi and its host had lead to the generation of numerous compounds 

which can be categorized in too many groups; each can exhibit a broad range of effects against number of pathogens. 

Exploration of the uncharted realm of plant-associated microorganisms represents an intriguing and auspicious avenue 

for offering solutions in the realms of agriculture, pharmaceuticals, and medicine. Scientists have increasingly turned 

their focus to the potential utility of endophytes found in medicinal plants, examining their secondary metabolites with 

significant pharmacological promise. 

 

 Relationship among newly introduced endophytes and inhabitant plant endobiome. 

 Limited knowledge on plant-endophyte communications, chemical agents which suppress the plant immune 

response, regulation of gene expression, and signaling pathway (Ma et.al. 2016, 2019).  

 

REFERENCES 

 

[1]. Bacon, Charles W., and James F. White. "Functions, mechanisms and regulation of endophytic and epiphytic 

microbial communities of plants." Symbiosis 68 (2016): 87-98 

[2]. Abd_Allah, E. F., Hashem, A., Alqarawi, A. A., Bahkali, A. H., and Alwhibi, M. S. (2015). Enhancing growth 

performance and systemic acquired resistance of medicinal plant Sesbania sesban (L.) Merr using arbuscular 

mycorrhizal fungi under salt stress. Saudi. J. Biol. Sci. 22, 274–283. doi: 10.1016/j.sjbs.2015.03.004 

[3]. PubMed Abstract | CrossRef Full Text | Google Scholar  

[4]. Uzma, Fazilath, et al. "Endophytic fungi: promising source of novel bioactive compounds." Advances in 

endophytic fungal research: present status and future challenges (2019): 243-265 

[5]. Verma, Satish K., et al. "Fungal endophytes representing diverse habitats and their role in plant protection." 

Developments in fungal biology and applied mycology (2017): 135-157.  

[6]. Aly, Amal Hassan, Abdessamad Debbab, and Peter Proksch. "Fungal endophytes: unique plant inhabitants with 

great promises." Applied microbiology and biotechnology 90 (2011): 1829-1845. 

[7]. Alamgir, A. N. M., and A. N. M. Alamgir. "Cultivation of herbal drugs, biotechnology, and in vitro production 

of secondary metabolites, high-value medicinal plants, herbal wealth, and herbal trade." Therapeutic Use of 

Medicinal Plants and Their Extracts: Volume 1: Pharmacognosy (2017): 379-452. 

[8]. Hao, Da-cheng, and Pei-gen Xiao. "Pharmaceutical resource discovery from traditional medicinal plants: 

Pharmacophylogeny and pharmacophylogenomics." Chinese Herbal Medicines 12.2 (2020): 104-117. 

[9]. Caruso, Gianluca, et al. "Linking endophytic fungi to medicinal plants therapeutic activity. A case study on 

Asteraceae." Agriculture 10.7 (2020): 286.  

[10]. Rai, Nilesh, et al. "Plant associated fungal endophytes as a source of natural bioactive compounds." Mycology 

12.3 (2021): 139-159. 

[11]. Sarsaiya, Surendra, Jingshan Shi, and Jishuang Chen. "A comprehensive review on fungal endophytes and its 

dynamics on Orchidaceae plants: current research, challenges, and future possibilities." Bioengineered 10.1 

(2019): 316-334. 

[12]. Ogunkunle, Tunde, Aderiike Adewumi, and Adeyinka Adepoju. "Biodiversity: Over-Exploited but 

Underutilized Natural Resource for Human Existence and Economic Development." Environment & Ecosystem 

Science (EES) 3.1 (2019): 26-34. 

[13]. Culligan, Eamonn P., et al. "Metagenomics and novel gene discovery: promise and potential for novel 

therapeutics." Virulence 5.3 (2014): 399-412.  

[14]. Kadidal, Shayana. "Plants, poverty, and pharmaceutical patents." Yale LJ 103 (1993): 223.  

[15]. Strobel, Gary, and Bryn Daisy. "Bioprospecting for microbial endophytes and their natural products." 

Microbiology and molecular biology reviews 67.4 (2003): 491-502.  



                                   International Journal of Enhanced Research in Medicines & Dental Care (IJERMDC), 

                                      ISSN: 2349-1590, Vol. 10 Issue 10, October 2023, Impact Factor: 7.125 

 

Page | 46 

[16]. Aydin, Ece, et al. "Biotechnological and Epigenetic Applications in Medicinally Important Plants." 

Biotechnological Advances for Epigenetics (2022): 157.  

[17]. Yadav, Garima, and Mukesh Meena. "Bioprospecting of endophytes in medicinal plants of Thar Desert: An 

attractive resource for biopharmaceuticals." Biotechnology Reports 30 (2021): e00629.  

[18]. Sharaf, Mohamed H., et al. "Antimicrobial, antioxidant, cytotoxic activities and phytochemical analysis of 

fungal endophytes isolated from ocimum basilicum." Applied biochemistry and biotechnology (2022): 1-19. 

[19]. Fahad, Shah, et al. "Phytohormones and plant responses to salinity stress: a review." Plant growth regulation 75 

(2015): 391-404. 

[20]. War, Abdul Rashid, et al. "Mechanisms of plant defense against insect herbivores." Plant signaling & behavior 

7.10 (2012): 1306-1320.  

[21]. Omojate Godstime, C., et al. "Mechanisms of antimicrobial actions of phytochemicals against enteric 

pathogens–a review." J Pharm Chem Biol Sci 2.2 (2014): 77-85. 

[22]. Pooja Sharma, Sunil Kumar, Bioremediation of heavy metals from industrial effluents by endophytes and their 

metabolic activity: Recent advances,Bioresource Technology, Volume 339,   

[23]. 22.K.Clay,J.Holah,andJ.A.Rudgers,“Herbivorescausearapidncreaseinhereditarysymbiosisandalterplantcommunit

ycomposition,”ProceedingsoftheNationalAcademyofSciencesoftheUnitedStatesofAmerica,vol.102,no.35,pp.124

65–12470,2005 

[24]. Linnakoski, H.Puhakka-tarvainen, and A.Pappinen,“Endo-phytcfungi isolated from Khayaanthothecain Ghana, 

”FungalEcology,vol.5,no.3,pp.298–308,2012 

[25]. Torres, M.S., White Jr, J.F., Zhang, X., Hinton, D.M. and Bacon, C.W., 2012. Endophyte-mediated adjustments 

in host morphology and physiology and effects on host fitness traits in grasses. Fungal Ecology, 5(3), pp.322-

330.. 

[26]. A.E.Arnold,“Understandingthediversityoffoliarendophyticfungi:progress,challenges,andfrontiers,”FungalBiolog

yReviews,vol.21,no.2-3,pp.51–66,2007. 

[27]. R. N. Kulkarni, K. Baskaran, R. S. Chandrashekara, and S. Kumar, “Inheritance of morphological traits of 

periwinkle mutants with modified contents and yields of leaf and root alkaloids,” Plant Breeding, vol. 118, no. 1, 

pp. 71–74, 1999.View at: Publisher Site | Google Scholar. 

[28]. Panchal P, Parvez N (2019) Phytochemical analysis of medicinal herb (ocimum sanctum). Int J Nanomater 

Nanotechnol Nanomed 5(2): 008-011. DOI: 10.17352/2455-3492.000029  

[29]. Mukherjee, P.K.; Kumar, V.; Kumar, N.S.; Heinrich, M. The Ayurvedic Medicine Clitoria ternatea-From 

Traditional Use to Scientific Assessment. J. Ethnopharmacol. 2008, 120, 291–301. [Google Scholar] [CrossRef] 

[PubMed] 

[30]. Osorio-Tobón JF, Carvalho PI, Barbero GF, Nogueira GC, Rostagno MA, de Almeida Meireles MA (2016) Fast 

analysis of curcuminoids from turmeric (Curcuma longa L.) by high-performance liquid chromatography using a 

fused-core column. Food Chem 200:167–174  

Brady S. F., Wagenaar M. M., Singh M. P., Janso J. E., Clardy J. (2000). The cytosporones, new octaketide 

antibiotics isolated from an endophytic fungus. Org. Lett. 2, 4043–4046. 10.1021/ol006680s [PubMed] 

[CrossRef] [Google Scholar] 

[31]. Weber D., Sterner O., Anke T., Gorzalczancy S., Martino V., Acevedo C. (2004). Phomol, a new 

antiinflammatory metabolite from an endophyte of the medicinal plant Erythrina crista-galli. J. Antibiot. 57, 

559–563. 10.7164/antibiotics.57.559 [PubMed] [CrossRef] [Google Scholar  

[32]. Shu, R.G., Wang, F.W., Yang, Y.M. et al. Antibacterial and xanthine oxidase inhibitory cerebrosides from 

Fusarium sp. IFB-121, and endophytic fungus in Quercus variabilis . Lipids 39, 667–673 (2004). 

https://doi.org/10.1007/s11745-004-1280-9  

[33]. Tsuchinari M., Shimanuki K., Hiramatsu F., Muratama T., Koseki T., Shiono Y. (2007). Fusapyridons A and B, 

novel pyridone alkaloids from an endophytic fungus, Fusarium sp. YG-45. Z. Naturforsc. B Chem. Sci. 62, 

1203–1207. [Google Scholar.  

[34]. Pan J. H., Chen Y., Huang Y. H., Tao Y. W., Wang J., Li Y., et al.. (2011). Antimycobacterial activity of fusaric 

acid from a mangrove endophyte and its metal complexes. Arch. Pharm. Res. 34, 1177–1181. 10.1007/s12272-

011-0716-9 [PubMed] [CrossRef] [Google Scholar] 

[35]. Tegos G., Stermitz F. R., Lomovskaya O., Lewis K. (2002). Multidrug pump inhibitors uncover remarkable 

activity of plant antimicrobials. Antimicrob. Agents Chemother. 46, 3133–3141. 10.1128/AAC.46.10.3133-

3141.2002 [PMC free article] [PubMed] [CrossRef] [Google Scholar] 

[36]. Qin, S., Hussain, H., Schulz, B., Draeger, S., and Krohn, K. (2010). Two new metabolites, epoxydine A and B, 

from Phoma sp. Helv. Chim. Acta 93, 169–174. doi: 10.1002/hlca.200900199CrossRef Full Text | Google 

Scholar 



                                   International Journal of Enhanced Research in Medicines & Dental Care (IJERMDC), 

                                      ISSN: 2349-1590, Vol. 10 Issue 10, October 2023, Impact Factor: 7.125 

 

Page | 47 

[37]. Brady S. F., Wagenaar M. M., Singh M. P., Janso J. E., Clardy J. (2000). The cytosporones, new octaketide 

antibiotics isolated from an endophytic fungus. Org. Lett. 2, 4043–4046. 10.1021/ol006680s [PubMed] 

[CrossRef] [Google Scholar 

[38]. Pongcharoen W., Rukachaisirikul V., Phongpaichit S., Sakayaroj J. (2007). A new dihydrobenzofuran derivative 

from the endophytic fungus Botryosphaeria mamane PSU-M76. Chem. Pharm. Bull. 55, 1404–1405. 

10.1248/cpb.55.1404 [PubMed] [CrossRef] [Google Scholar] 

[39]. Huang, W. Y., et al. "Biodiversity of endophytic fungi associated with 29 traditional Chinese medicinal plants." 

Fungal diversity (2008).  

[40]. Morales-Sánchez V, Díaz CE, Trujillo E, Olmeda SA, Valcarcel F, Muñoz R, Andrés MF, González-Coloma A. 

Bioactive Metabolites from the Endophytic Fungus Aspergillus sp. SPH2. J Fungi (Basel). 2021 Feb 2;7(2):109. 

doi: 10.3390/jof7020109. PMID: 33540793; PMCID: PMC7913058. 

[41]. Zhang, H. C., Ma, Y. M., Liu, R., & Zhou, F. (2012). Endophytic fungus Aspergillus tamarii from Ficus carica 

L., a new source of indolyl diketopiperazines. Biochemical systematics and Ecology, 45, 31-33. 

[42]. Goutam J, Kharwar RN, Tiwari VK, Singh R, Sharma D (2020) Efficient production of the potent antimicrobial 

metabolite “terrein” from the fungusAspergillus terreus. Nat Prod Commun 15(3):1–5. 

[43]. Sun, Ran‐Ran, et al. "Three new xanthone derivatives from an algicolous isolate of Aspergillus wentii." 

Magnetic Resonance in Chemistry 51.1 (2013): 65-68.  

[44]. E.A.A. Pinheiro, J.M.C. Carvalho, D.C.P. Santos, A.O. Feitosa, P.S.B. Marinho, G.M.S.P. Guilhon, L.S. Santos, 

A.L.D. Souza, A.M.R. MarinhoChemical constituents of Aspergillus sp EJC08 isolated as endophyte from 

Bauhinia guianensis and their antimicrobial activity  

[45]. Angelini, Paola, et al. "The endophytic fungal communities associated with the leaves and roots of the common 

reed (Phragmites australis) in Lake Trasimeno (Perugia, Italy) in declining and healthy stands." Fungal Ecology 

5.6 (2012): 683-693 

[46]. Pan J. H., Chen Y., Huang Y. H., Tao Y. W., Wang J., Li Y., et al.. (2011). Antimycobacterial activity of fusaric 

acid from a mangrove endophyte and its metal complexes. Arch. Pharm. Res. 34, 1177–1181. 10.1007/s12272-

011-0716-9 [PubMed] [CrossRef] [Google Scholar]  

[47]. Tsuchinari M., Shimanuki K., Hiramatsu F., Muratama T., Koseki T., Shiono Y. (2007). Fusapyridons A and B, 

novel pyridone alkaloids from an endophytic fungus, Fusarium sp. YG-45. Z. Naturforsc. B Chem. Sci. 62, 

1203–1207. [Google Scholar] .  

[48]. Dai.C.C., Chen, Y., Tian, L.S.,Shi, Y. 2010. Correlation between invasion endophytic fungus Phomopsis sp. and 

enzyme production. African Journal ofAgricultural Research 5(11) : 1324-1340 . 

[49]. Lai D., Broetz-Oesterhelt H., Mueller W. E. G., Wray V., Proksch P. (2013). Bioactive polyketides and alkaloids 

from Penicillium citrinum, a fungal endophyte isolated from Ocimum tenuiflorum. Fitoterapia 91, 100–106. 

10.1016/j.fitote.2013.08.017 [PubMed] [CrossRef] [Google Scholar] 

[50]. Weber D., Sterner O., Anke T., Gorzalczancy S., Martino V., Acevedo C. (2004). Phomol, a new 

antiinflammatory metabolite from an endophyte of the medicinal plant Erythrina crista-galli. J. Antibiot. 57, 

559–563. 10.7164/antibiotics.57.559 [PubMed] [CrossRef] [Google Scholar]  

[51]. 51.Isaka M., Jaturapat A., Rukseree K., Danwisetkanjana K., Tanticharoen M., Thebtaranonth Y. (2001). 

Phomoxanthones A and B, novel xanthone dimers from the endophytic fungus Phomopsis species. J. Nat. Prod. 

64, 1015–1018. 10.1021/np010006h [PubMed] [CrossRef] [Google Scholar] 

[52]. Khrawar R. N., Verma V. C., Kumar A., Gond S. K., Harper J. K., Hess W. M., et al.. (2009). Javanicin, an 

antibacterial naphthaquinone from an endophytic fungus of Neem, Chloridium sp. Curr. Microbiol. 58, 233–238. 

10.1007/s00284-008-9313-7 [PubMed] [CrossRef] [Google Scholar] . 

[53]. A. Alvin and others, Combined genetic and bioactivity‐based prioritization leads to the isolation of an 

endophyte‐derived antimycobacterial compound, Journal of Applied Microbiology, Volume 120, Issue 5, 1 May 

2016, Pages 1229–1239, https://doi.org/10.1111/jam.13062  

[54]. Zou W. X., Meng J. C., Lu H., Chen G. X., Shi G. X., Zhang T. Y., et al.. (2000). Metabolites of Colletotrichum 

gloeosporioides, an endophytic fungus in Artemisia mongolica. J. Nat. Prod. 63, 1529–1530. 10.1021/np000204t 

[PubMed] [CrossRef] [Google Scholar]  

[55]. Cueto M., Jensen P. R., Kauffman C., Fenical W., Lobkovsky E., Clardy J. (2001). Pestalone, a new antibiotic 

produced by a marine fungus in response to bacterial challenge. J. Nat. Prod. 64, 1444–1446. 

10.1021/np0102713 [PubMed] [CrossRef] [Google Scholar]  

[56]. Pongcharoen W., Rukachaisirikul V., Phongpaichit S., Sakayaroj J. (2007). A new dihydrobenzofuran derivative 

from the endophytic fungus Botryosphaeria mamane PSU-M76. Chem. Pharm. Bull. 55, 1404–1405. 

10.1248/cpb.55.1404 [PubMed] [CrossRef] [Google Scholar]  

[57]. Sanjeevan Rajendran, Luke.P.Robertson, Lakmini Kosgahakumbura a b, Chathurika Fernando b, Ulf Göransson 

a, Helen Wang c, Chamari Hettiarachchi b, Sunithi Gunasekera a 



                                   International Journal of Enhanced Research in Medicines & Dental Care (IJERMDC), 

                                      ISSN: 2349-1590, Vol. 10 Issue 10, October 2023, Impact Factor: 7.125 

 

Page | 48 

[58]. Santra, Hiran Kanti, Santanu Maity, and Debdulal Banerjee. "Production of bioactive compounds with broad 

spectrum bactericidal action, bio-film inhibition and antilarval potential by the secondary metabolites of the 

endophytic fungus Cochliobolus sp. APS1 isolated from the Indian medicinal herb Andrographis paniculata." 

Molecules 27.5 (2022): 1459.  

[59]. Xin Hui Wang a, Xue Jian Song a, Dong Jie Zhang a, Zhi Jiang Li a, Hong Jiang Wang  

[60]. Tejesvi, Mysore V., et al. "Bioactivity and genetic diversity of endophytic fungi in Rhododendron tomentosum 

Harmaja." Fungal diversity 47 (2011): 97-107.  

[61]. Farooq, Tahir, et al. "Antiretroviral agents: looking for the best possible chemotherapeutic options to conquer 

HIV." Critical Reviews™ in Eukaryotic Gene Expression 26.4 (2016). 

[62]. Raekiansyah M, Mori M, Nonaka K et al (2017) Identification of novel antiviral of fungus-derived brefeldin A 

against dengue viruses. Trop Med Health 45:32. https://doi.org/10.1186/s41182-017-0072-7 Article PubMed 

PubMed Central Google Scholar 

[63]. Wu M-D, Cheng M-J, Lin R-J et al (2019) Chemcial constituents of the fungus biscogniauxia cylindrospora. 

Chem Nat Compd 55:924–926. https://doi.org/10.1007/s10600-019-02848-8 Article CAS Google Scholar  

[64]. Han, MeiJun, et al. "An endophytic fungus from Trichoderma harzianum SWUKD3. 1610 that produces 

nigranoic acid and its analogues." Natural product research 33.14 (2019): 2079-2087. 

[65]. Baker DD (2007) The value of natural products to future pharmaceutical discovery. Nat Prod Rep 27:1225–1244 

Article Google Scholar  

[66]. Furukawa S, Fujita T, Shimabukuro M, Iwaki M, Yamada Y, Nakajima Y, Nakayama O, Makishima M, 

Matsuda M, Shimomura I. Increased oxidative stress in obesity and its impact on metabolic syndrome. J Clin 

Invest. 2004;114:1752–1761. [PMC free article] [PubMed] [Google Scholar]  

[67]. Omomowo, Iyabo Olunike, et al. "A review on the trends of endophytic fungi bioactivities." Scientific African 

(2023): e01594.  

[68]. Singh, Bahaderjeet, and A. Kaur. "Antidiabetic potential of a peptide isolated from an endophytic Aspergillus 

awamori." Journal of Applied Microbiology 120.2 (2016): 301-311.  

[69]. Govindappa M, Sadananda TS, ChannabasavaRamachandra YL, Chandrappa CP, Padmalatha RS, Prasad SK 

(2015) In vitro and in vivo antidiabetic activity of lectin (Nacetylgalactosamine,64 kDa) isolated from 

endophytic fungi, Alternaria species from Viscum album on alloxan induced diabetic rats. Integr Obesity 

Diabetes 1(1):11–19 Google Scholar 

[70]. Uzor, Philip F., Patience O. Osadebe, and Ngozi J. Nwodo. "Antidiabetic activity of extract and compounds 

from an endophytic fungus Nigrospora oryzae." Drug research 67.05 (2017): 308-311. 

[71]. Zhang, N., Wang, L., Luo, G., Tang, X., Ma, L., Zheng, Y., ... & Jiang, Z. (2019). Arachidonic acid regulation of 

intracellular signaling pathways and target gene expression in bovine ovarian granulosa cells. Animals, 9(6), 

374. 

 

https://doi.org/10.1186/s41182-017-0072-7
https://doi.org/10.1007/s10600-019-02848-8

