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ABSTRACT
Numerous fungal endophytes produce plant-derived chemicals that are pharmacologically 
useful, making them well-known sources of naturally occurring, biologically active compounds. 
Alkaloids, coumarins, flavonoids, glycosides, lignans, phenylpropanoids, quinones, saponins, 
terpenoids, and xanthones, all produced by endophytic fungi, are common plant-derived 
therapeutic chemicals included in this study. This overview covers research from the initial 
discovery of Taxol production by endophytic Taxomyces andreanae in 1993 to mid-2020. 
The study also discusses the challenges to commercializing this innovative approach in drug 
development, while emphasizing the significant potential for endophyte-based production of 
such pharmacologically active chemicals derived from plants. This potential offers an optimistic 
outlook for future drug development. Thanks to recent advances in the "omics" and "one 
strain many compounds" (OSMAC) methodologies, fungal endophytes have become powerful 
alternatives to traditional methods.
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INTRODUCTION

Microorganisms known as endophytes, including bacteria and 
fungi, live inside healthy plant tissues without causing harm.[1-3] 
With plants, they establish symbiotic relationships in which the 
endophyte and the plant gain from one another. Endophytes 
frequently aid plants in fending off pests and diseases, surviving 
environmental stress, and even improving their growth. The 
endophytes receive nutrients and a secure environment from 
the plants in exchange.[4-6] The capacity of endophytes to create 
secondary metabolites, special chemical substances that are 
not directly engaged in growth or reproduction but play roles 
in defense and survival, is what scientists and pharmaceutical 
researchers find particularly intriguing.[7-11] Many of these 
substances are bioactive, meaning they can interact with 
biological systems to produce beneficial effects, such as reducing 
inflammation, killing germs, or stopping the growth of cancer 
cells.[12-16] It's interesting to note that some of these metabolites 
are quite close to those produced by the host plant, or even 
identical. For instance, it was established that the Pacific yew 
tree's endophytic fungus, Taxomyces andreanae, produces 

the well-known anticancer medication Taxol, which was 
previously believed to originate only from the plant.[17-20] Finding 
beneficial compounds in endophytes has historically involved a 
time-consuming procedure. Using surface sterilization, scientists 
first separate endophytes from plant tissues and cultivate them on 
a nutritional medium.[21-25] After that, they grow these microbes 
in different environments and use solvents to extract the 
metabolites they generate. To determine if these crude extracts 
contain antibacterial, antifungal, anticancer, or other desirable 
properties, bioassays are used.[26-30] In order to identify and 
comprehend the active chemical, additional procedures such as 
purification and structural analysis (using techniques like NMR 
and mass spectrometry) are conducted if a promising activity 
is discovered.[31-35] Despite its effectiveness, this procedure is 
costly, time-consuming, and fraught with difficulties. Numerous 
endophytes are challenging to cultivate in the lab, and some 
cannot generate beneficial chemicals unless they are subjected to 
particular stressors or environmental conditions. Furthermore, 
the discovery process may be slowed down by the sheer volume of 
extracts that must be screened.[36-40] To overcome these obstacles, 
researchers are now using in silico (computer-based) techniques 
to streamline drug discovery. These techniques, even before they 
undergo laboratory testing, can accurately predict, screen, and 
rank potential medication candidates.[41-45] One such method is 
molecular docking, where scientists model how a molecule may 
fit into and interact with a disease-related target protein using 
Three-Dimensional (3D) models. This predictive power aids in 
identifying the most promising chemicals.[46-50]

Received: 28-11-2025;  
Revised: 19-12-2025;  
Accepted: 06-02-2026.

Correspondence:
Dr. Surendra Jugguru
Associate Professor, Pharmaceutical 
Chemistry Division, Jagan’s Institute of 
Pharmaceutical Sciences, Nellore-524346, 
Andhra Pradesh, INDIA.
Email: jsrvcp@gmail.com



Pharmacognosy Reviews, Vol 20, Issue 39, Jan-Jun, 2026 35

Jugguru, et al.: Endophyte-Derived Natural Products in Drug Discovery

ADMET prediction, which stands for Absorption, Distribution, 
Metabolism, Excretion, and Toxicity, is an additional method 
used to assess whether a compound is likely to be safe and 
effective in humans. Recently, researchers have also been 
increasingly utilizing Artificial Intelligence (AI) and machine 
learning models trained on large datasets of known medicinal 
molecules.[51-55] These models can predict biological activity, 
filter out less promising substances, and even suggest structural 
modifications to enhance safety or efficacy. By integrating these in 
silico technologies with traditional in vitro techniques, scientists 
can save time and money.[56-60]

Role of Endophytes in Drug Discovery

Endophytes, the microorganisms that live inside plants, are a 
rich source of bioactive chemicals with potential applications 
in drug development (Figure 1). These organisms produce 
many secondary metabolites with antibacterial, anticancer, 
anti-inflammatory, and other medicinal properties. Studying 
these endophytes not only offers a promising way to discover 
new medicines but also gives hope in the fight against drug 
resistance.[61-66]

A Treasure-trove of Bioactive Compounds

Alkaloids, flavonoids, terpenoids, polyketides, and peptides are 
among the many natural products that endophytes can produce, 
as shown in Figure 2. These compounds have biological activities 
such as antibacterial (killing or inhibiting bacteria), antifungal 
(fighting fungal infections), antiviral (blocking viruses), and 
anticancer (inhibiting or killing cancer cells).[67-71]

Alternative and Sustainable Sources of Plant-Based 
Drugs

Endophytes offer a sustainable alternative to large-scale production 
of plant-derived drugs. Many medicinal plants are slow-growing, 
rare, or endangered, but the ability to cultivate endophytes in labs 
provides a new source of important compounds. This promising 
avenue of research offers hope for the future of medicinal research, 
especially for drugs that are expensive or difficult to synthesize 
chemically, as shown in Figure 3.[72-77]

Chemical Diversity and Novelty

Endophytes frequently inhabit distinct ecological niches and 
generate substances that are not found elsewhere. A few of these 
are completely novel chemical structures that have never been 
documented before. Because of this, endophytes are a promising 
source of "first-in-class" drug candidates, which are entirely novel 
treatments for illnesses for which there is currently no cure.[78-82]

Symbiotic Evolution and Metabolic Potential

Over millions of years, endophytes have co-evolved with their 
host plants, which is thought to have an impact on the types of 

metabolites they produce.[83,84] Some scientists even believe that 
endophytes "learn" to mimic the chemistry of their host plants, 
leading to similar or complementary pharmacological effects 
(Figure 4). This evolutionary relationship gives endophytes an 
additional layer of value in drug discovery.[83-85]

Potential in Drug Lead Optimization

Endophytes are also crucial in the early phases of drug 
development, which are sometimes referred to as "lead discovery." 
Scientists can identify lead compounds with promising activity 
that can be chemically altered to enhance their drug-like qualities 
(such as solubility, stability, and selectivity) by isolating and 
testing endophytic metabolites.[86-91]

Use in Combination Therapies

For instance, compounds that improve the action of antibiotics or 
decrease resistance in cancer cells may be derived from endophytes 
and used as adjuvants in combination therapy. Other compounds 
derived from endophytes may also work well in combination with 
existing medications, increasing the effectiveness of treatments or 
lowering the dosage needed.[92-94]

Industrial and Pharmaceutical Applications

With the aid of genetic engineering and fermentation technologies, 
it is now feasible to scale up the production of specific metabolites 
from endophytes. Several pharmaceutical companies and 
research institutions are investigating endophytes for their 
potential to produce commercial drugs, food preservatives, 
cosmetic ingredients, and agricultural biopesticides.[94-96]

Figure 1:  Role of entophytes in producing bioactive compounds. 
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In silico Approaches in Endophyte Research

With computational tools to anticipate and study the behavior of 
these helpful microbes and their interactions with host plants, in 
silico techniques are becoming increasingly valuable in endophyte 
research. These techniques speed up the identification of new 
bioactive compounds, clarify dophyte-host interactions, and 
potentially maximize their uses in medicine and agriculture.[97-99]

Genome mining

Genome mining is a computational approach that analyzes 
an organism's genetic information (genomes) to discover new 
natural products, such as potential medicines. It emphasizes 
identifying and describing the Biosynthetic Gene Clusters 
(BGCs) that produce these natural compounds within genomes 
(Figure 5).

Tools

antiSMASH [antibiotics and Secondary Metabolite Analysis 
Shell].

PRISM [Prediction Informatics for Secondary Metabolism].

BAGEL.[100-104]

Molecular Docking and Virtual Screening

Molecular docking

Molecular docking is a computational method that predicts the 
binding pose and affinity of a small molecule (ligand) to a protein 
target.

Purpose

Molecular docking is a computational method that predicts the 
binding pose and affinity of a small molecule (ligand) to a protein 
target.

Applications

Structure-based drug design

Docking is a core component of structure-based drug design, 
where the 3D structure of a protein target is known.[105-109]

Virtual screening

Docking is used to screen large libraries of molecules against the 
target protein to identify potential drug candidates.

Understanding protein-ligand interactions

Docking helps researchers understand the nature of interactions 
between a drug and its target protein, which can be useful for 
optimizing drug properties.[110-113]

Virtual Screening

Virtual Screening (VS) is a computational method that uses 
computational techniques to sift through large collections of 
chemical compounds to identify those that are likely to bind to a 
specific protein target (Figure 6).

Purpose

VS aims to identify promising drug candidates from a vast library 
of compounds, reducing the number of compounds that need to 
be tested experimentally.

Applications

	 •	 Drug discovery: VS is a crucial step in modern drug 
discovery, helping to identify potential drug candidates 
for various diseases.

	 •	 Lead optimization: VS canals can be used to optimize 
the properties of existing drug leads.

	 •	 Identifying new drug targets: VS can help identify new 
proteins that could be targeted by drugs.[114-117]

Figure 2:  Role of entophytes in producing secondary metabolites for treating 
different diseases.
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In vitro Methods for Identifying Drug Lead 
Bioactivity

Mechanisms and pharmacological potential are confirmed by in 
vitro experiments, which validate in silico predictions. Important 
techniques include:

HTS, or high-throughput screening

HTS quickly filters either refined chemicals or crude extracts. 
For instance, in HCT-15, chloroformic extracts of Chaetomium 
globosum decreased cell viability to 9.26%-16.3% in La cell 
lines for cancer. A 19.93 mm zone of inhibition was observed 
in extracts from Albophoma sp. BAPR5 against Staphylococcus 

epidermidis. Methods: Ames’s test, disc diffusion (antimicrobial), 
and MTT assay (cytotoxicity).[118-120]

Fractionation Guided by Bioactivity
This technique uses chromatography (e.g., HPLC) to separate 
active chemicals from complicated mixtures. For instance, 
Polyhydroxy anthraquinones from Penicillium restrictum were 
isolated and tested for quorum-sensing inhibition against 
MRSA.[121,122]

Enzyme Inhibition Assays
These assays evaluate compounds against specific enzymes. For 
example, Tripalmitin from Zasmidium sp. inhibited α-glucosidase, 

Figure 5:  Genome Mining.

Figure 3:  Alternative and Sustainable Sources of Plant-Based Drugs.

Figure 4:  Symbiotic Evolution and Metabolic Potential.
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supporting its use in antidiabetic treatments. Cowpea-derived 
peptides (IAF, QGF, QDF) inhibited HMG-CoA reductase by 
69%-78%, validating their cholesterol-lowering effects.[123-125]

Antimicrobial and Anticancer Assays

Compounds are tested against pathogens or cancer cells. 
For example, Taxomyces andreanae Taxol exhibited potent 
cytotoxicity against breast cancer cells. Albophoma sp. BAPR5 
extracts showed antifungal and antibacterial activity.[126-128]

Antioxidant and Anti-inflammatory Assay

Antioxidant activity is assessed using DPPH or ABTS assays, while 
anti-inflammatory effects are tested via cytokine suppression. For 
example, Chaetomium globosum extracts showed IC50 values of 
45.16-50.55 µg/mL.[129,130]

CONCLUSION

In conclusion, fungal endophytes are a highly promising and 
underexplored source of natural bioactive compounds with 
great potential for drug lead discovery. The discovery of key 
plant-derived compounds, such as paclitaxel, produced by 
endophytic fungi, has opened new pathways for sustainable 
and alternative production methods. Despite challenges like 

unculturable strains, loss of metabolite biosynthetic capacity 
during preservation, and reliance on host plant diversity, advances 
in co-cultivation, genomics, and chemical elicitation techniques 
are increasing the yield and diversity of pharmacologically 
important metabolites. Ongoing exploration and technological 
innovations will promote the development of endophyte-based 
drug candidates, establishing fungal endophytes as a valuable 
resource in the pharmaceutical industry for novel therapeutic 
agents.
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