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Introduction  

Medicinal plants have long been utilized for 

treating various diseases and health 

conditions across the world. More than 70% 

of the global population still relies on 

traditional medicine systems like Ayurveda 
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Abstract 

Medicinal plants have long been essential in treating various ailments, with 

over 75% of the global population relying on traditional Ayurveda systems. 

The Indian Himalayan Region, especially Uttarakhand, boasts rich 

biodiversity, including numerous medicinal and aromatic plants, though 

overexploitation threatens these species. Fungal endophytes, microorganisms 

living symbiotically within plants, have emerged as a promising source of 

bioactive compounds due to their unique metabolic interactions with host 

plants. These fungi produce diverse secondary metabolites, such as alkaloids, 

flavonoids, and terpenoids, with potent pharmacological attributes viz. 

anticancer, anti-inflammatory, antimicrobial and antioxidant potential. Fungal 

endophytes have demonstrated efficacy against a range of pathogens, 

including bacteria, fungi, and viruses, and show promise in tackling drug 

resistance. Additionally, they contribute to industrial applications through 

enzymes with therapeutic potential. Studies on various plant species from the 

Himalayas have highlighted the antimicrobial and anti-inflammatory 

properties of fungal endophytes, supporting their role in drug discovery and 

bio-prospecting. The increasing isolation and characterization of these fungi 

underline their potential as sustainable sources of novel therapeutic agents, 

offering a valuable alternative to traditional plant-derived medicines. 
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for their healthcare needs (Pandey et al., 

2013; Dubale et al., 2025). In India, 

especially in rural and tribal communities, 

people continue to depend on the Indian 

System of Medicines and other established 

conventional healing practices for 

managing a wide range of health issues 

(Khan et al., 2004, Singh et al., 2012, Deb 

Roy et al., 2023). The Himalayas, known 

for their rich biodiversity, are one of the 

most ecologically diverse regions in the 

world (Bargali et al., 2022). Over 3,000 

plant species, including medicinal plants, 

wild edibles, fodder, aromatic plants, and 

holy plants, have been recorded in the 

Indian Himalayan Region (Sharma et al., 

2018). Uttarakhand, which forms a 

significant part of the western Himalayas, is 

home to high-altitude areas, cold deserts, 

and an exceptional variety of plants, 

including numerous medicinal and 

aromatic species. For centuries, these plants 

have been vital sources of medicine for 

treating various ailments. However, due to 

over exploitation and the destruction of 

their habitats, many valuable medicinal 

plants are becoming increasingly scarce. 

The rapid extinction of some species is a 

growing concern, with improper harvesting 

practices being one of the primary 

contributors to the loss of biodiversity and 

the endangerment of these plants (Kala et 

al., 2004, Godiyal et al., 2024). There is a 

need to conserve it by developing 

alternative sources. In recent years, 

researchers have discovered one way to 

explore the bioactive potential of plants 

through microbial communities, viz. 

bacteria, fungi, and actinomycetes residing 

in the plant’s inter and intracellular 

locations (Pimentel et al., 2011, Singh and 

Dubey, 2015). Among these, a specific 

niche of fungi known as endophytes has 

shown huge potential as a reservoir of 

bioactive substances. This potential arises 

from the co-evolution between endophytic 

fungi and their host plants, which leads to 

the production of bio-active compounds 

that play a significant role in plant-microbe 

interactions and provide various fitness 

benefits to the host plants. The presence of 

fungal endophytes is influenced by factors 

such as the plant species, the specific host 

plant, the type of plant tissue, and the 

phytochemicals found within the plant 

(Alam et al., 2021). Endophytic fungi 

interact with their host plants through 

metabolic exchanges. In accordance to the 

hypothesis of Xenohormesis under 

evolutionary pressure, fungi, as 

heterotrophic organisms, acquire the ability 

to detect stress-induced chemical signals 

from the host plants and begin producing 

similar chemicals. Essentially, these fungi 

replicate the biological functions of the host 

plant. Beyond producing compounds that 

resemble those of the host plant, endophytic 

fungi are also capable of synthesizing a 

wide array of unique secondary metabolites 

(Howitz et al., 2008). 
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Role of Endophyte in Drug Discovery 

Tropical regions are home to many plant 

species, for this they are known for their 

rich plant biodiversity, and India stands out 

as one of these biodiversity hotspots. It is 

believed that India's extensive plant genetic 

resources may harbor a significant diversity 

of endophytic fungi, which could prove to 

be a valuable genetic pool for exploring 

their bioactive properties (Singh, S. K. 

2016). Endophytic fungi have been the 

subject of research for over a century, 

beginning with the isolation of the first 

endophytic strain from ryegrass seeds 

(Lolium temulentum L.) by Vogl et al. in 

1898. The discovery of the paclitaxel-

producing endophytic fungus Taxomyces 

andreanae from the Pacific yew by Stierle 

et al. in 1993, followed by its identification 

in other plant species, sparked significant 

interest among mycologists and 

pharmaceutical chemists. This 

breakthrough highlighted endophytic fungi 

as a promising source of bioactive 

compounds, leading to a growing interest in 

utilizing them as a sustainable source of 

plant metabolites. Numerous endophytic 

fungi from various plants have been found 

to secrete compounds with analogous bio-

activity (Table 1). 

The bio-active compounds 

produced by endophytes primarily belongs 

to diverse classes of organic compounds 

namely alkaloids, steroids, terpenoids, 

flavonoids, polyketides, peptides, tannins 

and phenols (Xu et al., 2021). The 

metabolites have shown a broad spectrum 

of pharmacological activities, including 

antimicrobial, antineoplastic, anticancer, 

antioxidant, anti-inflammatory, 

antidiabetic, and antidepressant effects. In 

the past decade, approximately 51 % of the 

unknown/novel bioactive agents are 

harnessed from fungal endophytes, which 

were patented for novel therapeutic 

attributes, thereby paving the way to 

revolutionize the pharmaceutical industry, 

bio-remediation and bio-medicine sector 

(Gokhale et al., 2017, Cruz et al., 2020). 

Endophytes are recognized as a valuable 

source of various industrially relevant 

enzymes viz. asparaginase, amylase, 

laccase, cellulase, lipase and proteases with 

promising therapeutic potential (Gupta et 

al., 2023, Kapoor et al., 2018). In recent 

years, L-asparaginase has been studied for 

its antitumor activity against tumors of 

lymphoid precursor, acute myeloid 

leukemia, non-Hodgkin's lymphoma, and 

acute lymphoblastic leukemia. A consistent 

supply of asparagine, regulated by 

asparagine synthetase, is essential for 

protein production in the cell. However, 

leukemic cells lack asparagine synthetase 

and rely entirely on the bloodstream for 

their L-asparagine supply (Brumano et al. 

2019). On the other hand, amylases are one 

of the prime industrial enzymes that 

encompass a wide spectrum of functional 
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applications in pharmaceutical, food, textile 

and detergent industries. Approx. 30% of 

the total enzyme production globally 

accounts for amylases (Souza, 2010). 

Cellulolytic enzymes have been a focal 

point of research as a mediator of baggase 

degradation and second-generation ethanol 

production. Cellulase enzymes 

supplementation can improve the 

enzymatic hydrolysis of lignocellulosic 

biomass, in terms of speed and hydrolysis 

yield. Proteases have profound applications 

in bioremediation, cosmetics, silk 

degumming, animal cell culture, therapy, 

diagnosis, pharmaceutical and food 

industry (Singh et al. 2016). 

Therapeutic Insights of fungal 

endophytes 

The rising problem of drug resistance in 

pathogenic microorganisms has become a 

critical global issue that demands urgent 

attention. Infectious diseases continue to 

be a leading cause of death, closely 

followed by cardiovascular diseases and 

cancer. To address this issue, researchers 

are actively seeking new antimicrobial 

scaffolds that are both highly effective and 

have minimal side effects. In this regard, 

endophytic fungi have gained significant 

attention due to their ability to produce a 

wide range of bioactive secondary 

metabolites. The antimicrobial action of 

these fungal-derived metabolites involves 

various mechanisms, such as inhibiting cell 

wall synthesis, altering plasma membrane 

integrity, disrupting cellular energy 

production, interfering with nucleic acid 

and protein synthesis, and modulating key 

metabolic pathways (Singh et al., 2021, 

Pancu et al., 2021, Hards et al., 2018). In 

addition to their antimicrobial potential, 

endophytic fungi possess strong 

antioxidant properties that help combat 

oxidative stress-related diseases, viz. 

cancer, neurodegenerative disorders, 

diabetes, and aging. Reactive oxygen 

species (ROS) and free radicals contribute 

to cellular damage, but fungal-derived 

antioxidants can counteract these harmful 

effects (Sharifi-Rad et al., 2020, Okagu et 

al., 2022). According to the literature 

available on the different Research 

platforms viz., ResearchGate, Google 

Scholar, Science Direct, and PubMed, etc. 

a significant number of antimicrobials, 

antioxidant, anti-obesity, and anti-

inflammatory compounds have been 

isolated from endophytic fungi from the 

different sites of Uttarakhand, 

demonstrating their potential as valuable 

sources of therapeutic agents.  

An endophytic Hyphomycetes 

Anguillospora longissima, isolated from a 

riparian pteridophytic plant Equisetum sp., 

from Nainital, Uttarakhand exhibited 

antibacterial activity against five bacterial 

strains, namely, Bacillus subtilis, 

Agrobacterium tumefaciens, Escherichia 
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coli, Erwinia chrysanthemum, and 

Xanthomonas pseudomonas (Sati et al., 

2014). Apart from this, Bhardwaj et al. 

2015 isolated 17 endophytic fungi 

including Alternaria alternata, 

Geptrichium albida, Penicillium 

frequentans, and Thielaviopsis basisola 

from spikes of Pinus roxburghii plant in 

Pauri, Garhwal region of Uttarakhand, and 

demonstrated antimicrobial activity 

against E. coli, S. aureus, Salmonella 

typhimurium, Candida albicans, 

Rhizoctonia solani, and Cladosporium 

herbarum by agar well diffusion assay. 

Furthermore, A total of six different 

endophytic fungi which morpho typically 

and genotypically identified as Alternaria 

alternata, Daldinia sp., Penicillium 

oxalicum, and Pestalotiopsis neglecta were 

isolated from the leaf of Cupressus 

torulosa D. Don. The fungus P. neglecta 

BAB-5510 was potent because the 

methanolic and ethyl acetate extract of 

crude showed antimicrobial activity 

against bacteria such as S. typhimurium, E. 

coli, S. aureus and B. subtilis. Further the 

extracts also showed the good cytotoxic 

effect on HEK cell line after 48 h of 

treatment (Sharma et al., 2016). Another 

systematic study on Cupressus torulosa D. 

Don plant was conducted in Govind 

Ballabh Pant Engineering College 

Campus, Pauri Garhwal, Uttarakhand for 

the evaluation of their extracellular 

enzyme production and its role in 

biocontrol activity. A total of eight 

endophytic fungi were isolated from the 

leaves of C. torulosa D. Don by using 

different media. The Majority of the 

isolated endophytes belongs to the phylum 

Ascomycota. The Endophytic fungi 

PCTS25, WCTS33 and PCTS21 identified 

as Penicillium oxalicum, Pestalotiopsis 

versicolorand and Alternaria alternata 

respectively exhibited antifungal activity 

against Aspergillus niger, and Fusarium 

solani (Mahfooz et al., 2017).  

In a similar line, An 

endophytic fungus, Alternaria alternata 

was isolated from Picrorhiza kurroa 

Royale ex Benth., a member of the 

Scrophulariaceae family, commonly 

known as "Kutki". This herb, which is an 

important angiospermic species, naturally 

grows across the Western to Eastern 

Himalayan regions of the Indian 

subcontinent. The antimicrobial properties 

of methanolic and ethyl acetate extracts 

from Alternaria alternata were tested. The 

ethyl acetate extract showed activity 

against three bacterial species, with the 

highest effectiveness against Gram-

positive bacteria, including Bacillus 

subtilis and Staphylococcus aureus. 

However, no antimicrobial effects were 

observed against Escherichia coli or 

Serratia marcescens. The methanolic 

extract exhibited lower antimicrobial 

activity compared to the ethyl acetate 
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extract, with the greatest inhibition of 

growth observed for B. subtilis and S. 

aureus. Additionally, when compared to 

broad-spectrum antibiotics like gentamicin 

and amoxicillin-clavulanate, the ethyl 

acetate fraction showed comparable 

antibacterial activity against 

Staphylococcus spp. and B. subtilis 

(Chandra et al., 2021).  

Throughout the ages, Curcuma longa L. 

commonly known as turmeric has a 

renowned nutritional and therapeutic 

importance. Each part of the turmeric like 

rhizome, roots, stems, and leaves has its 

own medicinal properties. A study was 

conducted to optimize techniques used in 

the surface sterilization method for 

isolating fungal endophytes associated with 

different parts (rhizome, roots, stem, and 

leaves) of Curcuma longa L. and their 

antibacterial activity. A total of 38 

endophytic fungi of different genera and 

species were isolated from the different 

parts of healthy plants. Out of 38, only 11 

fungal isolates viz. Aspergillus sp., 

Penicillium sp., Cladosporium sp., and 

Fusarium sp., showed antimicrobial 

activity. Three species of Aspergillus, one 

sterlia mycelia, and two unidentified 

species showed broad spectrum activity by 

inhibiting pathogens, i.e., E. coli, 

Staphylococcus aureus, Pseudomonas 

aeruginosa, and Bacillus cereus. 

Cladosporium sp. showed potential 

inhibitory activity against E. coli, while 

Fusarium sp. was able to inhibit only gram-

positive bacteria (Deepak et al., 2022). 

Furthermore, A study conducted in 2023 to 

explore the bio-prospection of endophytic 

fungi from high-altitude medicinal plants 

viz. Eclipta prostrata, Myrica esculenta, 

Vitex negundo, and Withania somnifera to 

assess their antibacterial and anti-

inflammatory properties. A total of 33 

endophytic fungi were isolated, with the 

highest colonization observed in the leaves 

of Myrica esculenta. Notably, this is the 

first study to report endophytic fungal 

colonization in Eclipta prostrata and 

Myrica esculenta. The fungal isolates were 

evaluated for antibacterial activity against 

Staphylococcus aureus, Escherichia coli, 

Bacillus subtilis, and Proteus vulgaris. 

Among them, four isolates 

#50MEBUKLG, #28(a)MEBUKLG, 

#42EPCUKLG, and #39WSCUKLG 

exhibited strong antibacterial effects.
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Table 1 Showing details of endophytic fungi secreting compounds analogous to their host plants 

S. 

No 
Endophytic fungi Host plant Compound Structure Activity Reference 

1.  Lophiostoma sp. 
Eucalyptus 

exserta 
Scorpinone 

N

CH3 OCH3

OCH3O

O  

Antibacterial 

Mao et al.,2021 

2.  Mycosphaerella sp. 
Myrciaria 

floribunda 
Myriocin 

O

OH

O

OH

OH

OH

NH2

 

Antifungal 
Pereira et al., 2015 

3.  Mucor sp. Centaurea stoebe Terezine E 

 Antiproliferative 

and antifungal 

activity 

Abdou et al., 2020 
NH

N

O

NH

COOH

OH
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4.  
Aspergillus 

calidoustus 

Acanthospermum 

australe 

Ophiobolin K 

6-epi-ophiobolin 

K 

Me

H
Me

Me

OH

H

H

O

O

H

 

Antifungal and 

Cytotoxic 

activity 
Carvalho et al., 

2016 

5.  
Aspergillus 

nidulans 

Nyctanthes 

arbor-tristis Linn 

Sterigmatocystin 

 

 Anticancer 

activity 
Sana et al., 2019 

6.  
Phyllosticta 

elongata 

Cipadessa 

baccifera 
Camptothecin 

N

N

O

O

O

OH

 

Cytotoxic 

activity Dhakshinamoorthy 

et al., 2021 

7.  Fusarium solani Cassia alata Anhydrofusarubin 
O

H3CO

OH

CH3

O

O

OH  

Antibacterial, 

antioxidant, and 

Cytotoxic 

activity 

Khan et al., 2018 

O
O

O

H
H

O OCH3OH



9 
 

Fusarium solani Cassia alata Fusarubin O

H3CO OH

CH3

OH

OHO

O  

Antibacterial, 

antioxidant, and 

Cytotoxic 

activity 

Khan et al., 2018 

Fusarium solani Cassia alata 3-deoxyfusarubin 
O

H3CO

OH

CH3

O

O OH  

Antibacterial, 

antioxidant, and 

Cytotoxic 

activity 

Khan et al., 2018 

Fusarium solani Cassia alata Bostrycoidin 
N

H3CO CH3

O

OOH

OH  

Antibacterial, 

antioxidant, and 

Cytotoxic 

activity 

Khan et al., 2018 

8.  Fusarium solani 
Podophyllum 

hexandrum Royle 
Podophyllotoxin 

O

O

O

O

CH3 O CH3

O

OH

CH3

O

 

Anticancer 

activity 
Nadeem et al., 

2012 
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9.  
Corynespora 

cassiicola 

Gongronema 

latifolium 
Corynesidone D 

O

OOH

O

COOH
H

 

Anti-

inflammatory 

and anticancer 

activity 

Okoye et al., 2013 

10.  Phomopsis sp. 
Garcinia kola 

(Heckel) nut 
Cytochalasins H 

 

Cytotoxic and 

antibacterial 

activity  
Jouda et al., 2016 

NH

O
OH

OH

O

O



11 
 

The most potent activity against S. 

aureus was observed in #50MEBUKLG, 

while #28(a)MEBUKLG demonstrated the 

highest inhibition against E. coli. 

Additionally, #28(a)MEBUKLG exhibited 

the strongest inhibitory effect against B. 

subtilis and P. vulgaris.  Also, the extract of 

28(a)MEBUKLG also shows potent anti-

inflammatory activity by the maximum 

denaturation of albumin with 81.4%, 

denaturation inhibition (Tyagi et al., 2023). 

 In a similar line,  A total of 5 fungal 

endophytes were isolated from the leaves 

and stem of Hibiscus rosa-sinensis, 

collected from Dehradun, Uttarakhand. Out 

of 5 fungal endophytes, Collectotrichum 

gloeosporioides recovered from the stem 

demonstrated potent antifungal and 

antibacterial activity against Klebsiella 

pneumoniae, and Staphylococcus aureus 

respectively (Juyal et al., 2023). In line with 

previous work, five endophytic fungi 

GBPITWR_F1 (Penicillium sp.), 

GBPITWR_F1 (P. daleae), GBPITWR_F1 

(Penicillium sp.), GBPITWR_F1 

(Aspergillus versicolor), and 

GBPITWR_F1 (Aspergillus sp.) were 

isolated from the roots of T. wallichiana. 

Solvent extraction was carried out using 

four different solvents: hexane, chloroform, 

ethyl acetate, and methanol. All the isolated 

endophytes exhibited antibacterial activity 

against several bacterial species, including 

Bacillus subtilis, Bacillus megatherium, 

Escherichia coli, Serratia marcescens, 

Pseudomonas chlororaphis, and P. 

palleroniana. The Endophytic fungi 

Penicillium sp., and Aspergillus versicolor 

show the lowest Minimum inhibitory 

concentration (MIC) against Pseudomonas 

chlororaphis, and P. palleroniana with the 

MIC value of 300 μg/mL (Adhikari et al., 

2024).  In the same year, a total of 15 

endophytic fungi were isolated from the 

leaves, inflorescence, and stem of 

Nardostachys jatamansi and screened for 

their anti-obesity and anti-inflammatory 

potential. Among these, the highest 

albumin denaturation inhibitory activity of 

74.8% was recorded in isolate -22JTM(I), 

which was later identified as Fusarium sp. 

through morphological and taxonomical 

analysis. Additionally, six isolates 

exhibited anti-obesity properties, with four 

isolates 6(b)JTM (L), -7JTM (S), -23JTM 

(I), and -25JTM (I) showing complete 

(100%) lipase inhibition (Kapoor et al., 

2024). 

Conclusion  

The present study has focused on the 

therapeutic insights of fungal endophytes 

residing in plants of the Uttarakhand 

region. Endophytic fungi, which are 

microorganisms living within plant tissues, 

have emerged as a promising source of 

bioactive compounds with significant 

therapeutic potential. These fungi produce 

a wide variety of secondary metabolites, 

including alkaloids, terpenoids, flavonoids, 
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and polyketides, which exhibit potent 

antimicrobial, antioxidant, anti-

inflammatory, anticancer, and antidiabetic 

properties. Studies have identified 

numerous endophytes from medicinal 

plants, particularly from the Indian 

Himalayan region, that show promising 

activities against various pathogens, 

including bacteria, fungi, and viruses. 

Additionally, these fungi contribute to 

plant fitness by producing compounds that 

enhance plant defense mechanisms. With 

the growing issue of drug resistance, 

endophytic fungi are increasingly 

recognized as sustainable sources of novel 

therapeutic agents. The exploration of 

these fungi offers valuable opportunities 

for the development of new 

pharmaceuticals and biotechnological 

applications, including drug discovery and 

bioremediation, making them crucial to the 

advancement of medicine and industrial 

applications. 

References  

1. Pandey, M. M., Rastogi, S., & 

Rawat, A. K. (2013). Indian 

traditional ayurvedic system of 

medicine and nutritional 

supplementation. Evidence-based 

complementary and alternative 

medicine: eCAM, 2013, 376327. 

https://doi.org/10.1155/2013/37632

7 

2. Khan, Z. S., Khuroo, A. A., & Dar, 

G. H. (2004). Ethnomedicinal 

survey of Uri, Kashmir Himalaya. 

Indian Journal of Traditional 

Knowledge, 3(4), 351-357. 

3. Singh, A. G., Kumar, A., & Tewari, 

D. D. (2012). An ethnobotanical 

survey of medicinal plants used in 

Terai forest of western 

Nepal. Journal of ethnobiology and 

ethnomedicine, 8, 1-15. 

4. Deb Roy, A., Das, D., & Mondal, H. 

(2023). The Tribal Health System in 

India: Challenges in Healthcare 

Delivery in Comparison to the 

Global Healthcare 

Systems. Cureus, 15(6), e39867.  

5. Bargali, H., Kumar, A., & Singh, P. 

(2022). Plant studies in 

Uttarakhand, Western Himalaya–A 

comprehensive review. Trees, 

Forests and People, 8, 100203. 

6. Sharma, S., Gupta, S., Dhar, M. K., 

& Kaul, S. (2018). Diversity and 

bioactive potential of culturable 

fungal endophytes of medicinal 

shrub Berberis aristata DC.: a first 

report. Mycobiology, 46(4), 370-

381. 

7. Kala, C. P., Farooquee, N. A., & 

Dhar, U. (2004). Prioritization of 

medicinal plants on the basis of 

available knowledge, existing 

practices and use value status in 



13 
 

Uttaranchal, India. Biodiversity & 

Conservation, 13, 453-469. 

8. Godiyal, S., Kumar, A., Kumar, V., 

Uniyal, A., Gupta, S., Kumar, V., & 

Allen, S. (2024). A Review On 

Threatened Medicinal Plants In 

Uttarakhand And Their Genetic 

Diversity Assessment Through 

Molecular Markers. Journal of 

Advanced Zoology, 45.  

9. Pimentel, M. R., Molina, G., 

Dionísio, A. P., Maróstica Junior, 

M. R., & Pastore, G. M. (2011). The 

use of endophytes to obtain 

bioactive compounds and their 

application in biotransformation 

process. Biotechnology research 

international, 2011(1), 576286. 

10. Singh, R., & Dubey, A. K. (2015). 

Endophytic actinomycetes as 

emerging source for therapeutic 

compounds. Indo Global J Pharm 

Sci, 5(2), 106-116. 

11. Alam, B., Lǐ, J., Gě, Q., Khan, M. 

A., Gōng, J., Mehmood, S., ... & 

Gǒng, W. (2021). Endophytic 

fungi: From symbiosis to 

secondary metabolite 

communications or vice versa?. 

Frontiers in Plant Science, 12, 

3060. 

12. Howitz, K. T., & Sinclair, D. A. 

(2008). Xenohormesis: sensing the 

chemical cues of other 

species. Cell, 133(3), 387-391. 

13. SINGH, S. K. (2016). Studies on 

fungal endophytes in India: A brief 

review. Indian 

Phytopathology, 69(4), 323-327. 

14. Vogl, A. E. (1898). Mehl und die 

anderen Mehlprodukte der 

Cerealien und 

Leguminosen. Nahrungsm. Unters. 

Hyg. Warenk, 12, 25-29. 

15. Stierle, A., Strobel, G., & Stierle, D. 

(1993). Taxol and taxane production 

by Taxomyces andreanae, an 

endophytic fungus of Pacific yew. 

Science, 260(5105), 214-216. 

16. Mao, Z.L.; Zhang, W.H.; Wu, C.Y.; 

Feng, H.; Peng, Y.H.; Shahid, H.; 

Cui, Z.N.; Ding, P.; Shan, T.J. 

Diversity and antibacterial activity 

of fungal endophytes from 

Eucalyptus exserta. BMC 

Microbiol. 2021, 21, 155. 

17. Pereira, C.B.; Oliveira, D.M.; 

Hughes, A.F.; Kohlhoff, M.; 

Vieira1, M.L. Endophytic fungal 

compounds active against 

Cryptococcus neoformans and C. 

gattii. J. Antibiot. 2015, 68, 436–

444. 

18. Abdou, R.; Shabana, S.; Rateb, 

M.E. Terezine E, bioactive 

prenylated tryptophan analogue 

from an endophyte of Centaurea 

stoebe. Nat. Prod. Res. 2020, 34, 

503–510. 



14 
 

19. Rodrigues de Carvalho, C., Vieira, 

M. D. L. A., Cantrell, C. L., Wedge, 

D. E., Alves, T. M., Zani, C. L., ... & 

Rosa, L. H. (2016). Biological 

activities of ophiobolin K and 6-epi-

ophiobolin K produced by the 

endophytic fungus Aspergillus 

calidoustus. Natural product 

research, 30(4), 478-481. 

20. Sana, T.; Siddiqui, B.S.; Shahzad, 

S.; Farooq, A.D.; Siddiqui, F.; 

Sattar, S.; Begumet, S. 

Antiproliferative activity and 

characterization of metabolites of 

Aspergillus nidulans: An 

endophytic fungus from Nyctanthes 

arbor-tristis linn. against three 

human cancer cell lines. Med. 

Chem. 2019, 15, 352–359. 

21. Dhakshinamoorthy, M., 

Ponnusamy, S. K., Kannaian, U. P. 

N., Srinivasan, B., Shankar, S. N., & 

Packiam, K. K. (2021). Plant-

microbe interactions implicated in 

the production of camptothecin–An 

anticancer biometabolite from 

Phyllosticta elongata MH458897 a 

novel endophytic strain isolated 

from medicinal plant of Western 

Ghats of India. Environmental 

Research, 201, 111564. 

22. Khan, N., Afroz, F., Begum, M. N., 

Rony, S. R., Sharmin, S., Moni, F., 

... & Sohrab, M. H. (2018). 

Endophytic Fusarium solani: A rich 

source of cytotoxic and 

antimicrobial napthaquinone and 

aza-anthraquinone 

derivatives. Toxicology reports, 5, 

970-976. 

23. Nadeem, M., Ram, M., Alam, P., 

Ahmad, M. M., Mohammad, A., Al-

Qurainy, F., ... & Abdin, M. Z. 

(2012). Fusarium solani, P1, a new 

endophytic podophyllotoxin-

producing fungus from roots of 

Podophyllum hexandrum. Afr. J. 

Microbiol. Res, 6(10), 2493-2499. 

24.  Okoye, F. B. C., Lu, S., Nworu, C. 

S., Esimone, C. O., Proksch, P., 

Chadli, A., & Debbab, A. (2013). 

Depsidone and diaryl ether 

derivatives from the fungus 

Corynespora cassiicola, an 

endophyte of Gongronema 

latifolium. Tetrahedron 

Letters, 54(32), 4210-4214. 

25. Jouda, J. B., Tamokou, J. D. D., 

Mbazoa, C. D., Douala-Meli, C., 

Sarkar, P., Bag, P. K., & Wandji, J. 

(2016). Antibacterial and cytotoxic 

cytochalasins from the endophytic 

fungus Phomopsis sp. harbored in 

Garcinia kola (Heckel) nut. BMC 

Complementary and Alternative 

Medicine, 16, 1-9. 

26. Xu, K., Li, X. Q., Zhao, D. L., & 

Zhang, P. (2021). Antifungal 

secondary metabolites produced by 

the fungal endophytes: Chemical 



15 
 

diversity and potential use in the 

development of 

biopesticides. Frontiers in 

microbiology, 12, 689527. 

27. Gokhale, M., Gupta, D., Gupta, U., 

Faraz, R., & Sandhu, S. S. (2017). 

Patents on Endophytic Fungi. 

Recent patents on biotechnology, 

11(2), 120–140. 

28. Cruz, J. S., da Silva, C. A., & 

Hamerski, L. (2020). Natural 

Products from Endophytic Fungi 

Associated with Rubiaceae Species. 

Journal of fungi (Basel, 

Switzerland), 6(3), 128. 

29. Gupta, A., Meshram, V., Gupta, M., 

Goyal, S., Qureshi, K. A., Jaremko, 

M., & Shukla, K. K. (2023). Fungal 

endophytes: Microfactories of novel 

bioactive compounds with 

therapeutic interventions; A 

comprehensive review on the 

biotechnological developments in 

the field of fungal endophytic 

biology over the last 

decade. Biomolecules, 13(7), 1038. 

30. Kapoor, N., Rajput, P., Mushtaque, 

M. A., & Gambhir, L. (2018). Bio-

prospecting fungal endophytes of 

high altitude medicinal plants for 

commercially imperative 

enzymes. Biosci Biotech Res 

Comm, 1(3), 370-375. 

31. Brumano, L. P., da Silva, F. V. S., 

Costa-Silva, T. A., Apolinário, A. 

C., Santos, J. H. P. M., 

Kleingesinds, E. K., ... & Junior, A. 

P. (2019). Development of L-

asparaginase biobetters: current 

research status and review of the 

desirable quality profiles. Frontiers 

in bioengineering and 

biotechnology, 6, 212. 

32. Souza, P. M. D. (2010). Application 

of microbial α-amylase in industry-

A review. Brazilian journal of 

microbiology, 41, 850-861. 

33. Singh, R., Kumar, M., Mittal, A., & 

Mehta, P. K. (2016). Microbial 

enzymes: industrial progress in 21st 

century. 3 Biotech, 6, 1-15. 

34. Singh, S. P., Qureshi, A., & Hassan, 

W. (2021). Mechanisms of action by 

antimicrobial agents: A 

review. McGill Journal of 

Medicine, 19(1). 

35. Pancu, D. F., Scurtu, A., Macasoi, I. 

G., Marti, D., Mioc, M., Soica, C., 

... & Dehelean, C. (2021). 

Antibiotics: conventional therapy 

and natural compounds with 

antibacterial activity—a pharmaco-

toxicological 

screening. Antibiotics, 10(4), 401. 

36. Hards, K., & Cook, G. M. (2018). 

Targeting bacterial energetics to 

produce new antimicrobials. Drug 

Resistance Updates, 36, 1-12. 

37. Sharifi-Rad M, Anil Kumar NV, 

Zucca P et al (2020) Lifestyle, 



16 
 

Oxidative Stress, and Antioxidants: 

Back and Forth in the 

Pathophysiology of Chronic 

Diseases. Front Physiol 11:694. 

38. Sharifi-Rad M., Lankatillake C., 

Dias D. A., Docea A. O., 

Mahomoodally M. F., Lobine D., et 

al. (2020). Impact of natural 

compounds on neurodegenerative 

disorders: from preclinical to 

pharmacotherapeutics. J. Clin. 

Med. 9:1061. 10.3390/jcm9041061. 

39. Okagu IU, Ezeorba TPCC, 

Aguchem RN, et al (2022) A 

Review on the Molecular 

Mechanisms of Action of Natural 

Products in Preventing Bone 

Diseases. 23:8468.  

40. Okagu, I. U., & Udenigwe, C. C. 

(2022). Transepithelial transport 

and cellular mechanisms of food-

derived antioxidant 

peptides. Heliyon, 8(10). 

41. Sati, S. C., & Singh, L. (2014). 

Bioactivity of root endophytic 

freshwater hyphomycetes 

Anguillospora longissima (Sacc. & 

Syd.) Ingold. The Scientific World 

Journal, 2014(1), 707368. 

42. Bhardwaj, A., Sharma, D., Jadon, 

N., & Agrawal, P. K. (2015). 

Antimicrobial and phytochemical 

screening of endophytic fungi 

isolated from spikes of Pinus 

roxburghii. Arch clin 

microbiol, 6(3), 1-9. 

43. Sharma, D., Pramanik, A., & 

Agrawal, P. K. (2016). Evaluation 

of bioactive secondary metabolites 

from endophytic fungus 

Pestalotiopsis neglecta BAB-5510 

isolated from leaves of Cupressus 

torulosa D. Don. 3 Biotech, 6(2), 

210. 

44. Mahfooz, M., Dwedi, S., Bhatt, A., 

Raghuvanshi, S., Bhatt, M., & 

Agrawal, P. K. (2017). Evaluation 

of antifungal and enzymatic 

potential of endophytic Fungi 

isolated from Cupressus torulosa D. 

Don. Int J Curr Microbiol App 

Sci, 67, 4084-4100. 

45. Chandra, H., Kumari, P., Prasad, R., 

Gupta, S. C., & Yadav, S. (2021). 

Antioxidant and antimicrobial 

activity displayed by a fungal 

endophyte Alternaria alternata 

isolated from Picrorhiza kurroa 

from Garhwal Himalayas, 

India. Biocatalysis and Agricultural 

Biotechnology, 33, 101955. 

46. Deepak, H., & Virk, V. (2022). 

Optimization of surface sterilization 

method for the isolation of 

endophytic fungi associated with 

Curcuma longa L. and their 

antibacterial activity. Journal of 

Advanced Biotechnology and 



17 
 

Experimental Therapeutics, 5(2), 

334-346. 

47. Tyagi, G., Kapoor, N., Sharma, G., 

Sharma, A., Rayal, R., & Gambhir, 

L. (2023). Bioprospecting 

endophytic fungi inhabiting high-

altitude medicinal plants for anti-

microbial and anti-inflammatory 

activities. Biochemical & Cellular 

Archives, 23(2). 

48. Juyal, P., Jabi, S., Kumar, R., Thapa, 

M., Bijalwanb, A., Rawat, A., ... & 

Gaurav, N. (2023). Isolation and 

Identification of Bacterial and 

Fungal Edophytes from Leaves and 

Stems of H. rosa-sinensis and 

Production of Secondary 

Metabolites from Isolated 

Endophytes. Uttar pradesh journal 

of Zoology, 44(22), 117-131. 

49. Adhikari, P., & Pandey, A. (2024). 

Phytochemicals, and antioxidants 

and antibacterial activities of Taxus 

wallichiana Zucc. root associated 

endophytic fungi. Biologia, 1-13. 

50. Kapoor, N., Farooq, M., & 

Gambhir, L. (2024). Anti-

inflammatory and anti-obesity 

activity of endophytic fungal 

isolates of Nardostachys jatamansi. 

Indian Journal of Natural Products 

and Resources, 15(4), 491-499. 

51. Dubale S, Usure RE, Mekasha YT, 

Hasen G, Hafiz F, Kebebe D and 

Suleman S (2025) Traditional 

herbal medicine legislative and 

regulatory framework: a cross-

sectional quantitative study and 

archival review perspectives. Front. 

Pharmacol. 16:1475297. doi: 

10.3389/fphar.2025.1475297  

 

 


