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Introduction 

Plants have acted as a source of medicinal bioactive compounds against numerous forms of 

diseases for many years. Ironically, recently micro-organisms which are residing inside plants 

or are associated with plants have proven to be more efficient in production of bioactive 

compounds than plants themselves. 

Endophytes are known as  endosymbiotic group of microorganisms – bacteria or fungi – that 

colonize the intra or inter cellular tissue systems of plants (Pimentel et al., 2011; Singh and 

Dubey, 2015). Endophytes resides within host organism for a part or sometimes whole life 

cycle  without causing any adverse symptoms. They are ubiquitous in nature. Endophytes 

interacts with the host either by mutualism, antagonism and in certain rare cases parasitism 

(Nair and Padmavathy, 2014). Entophytes have proven to provide immense advantages to the 

host plants by increasing tolerance to diseases, abiotic or biotic stress, heavy metals and they 

are also famously known to increase nutrient uptake as well. More than one type of 

endophytes are known to be existing in plants and has been discussed as well as proven by 

many researchers in their studies (Strobel and Daisy, 2003). Endophytes are known to 

colonize in various plant parts such as the petioles, stems, roots, leaf, inflorescences of 

weeds, bark, seeds. Although isolation of endophyte from seeds is a well known tedious 

process and if endophytes are known to inhabitant of seed portion of a plant then they can be 

passed on from generation to generation as well. The population of endophytes in a plant 

species is variable and depends on various parameters, such as host species, host 

developmental stage, density of the inoculum and environmental condition (Dudeja and Giri, 

2014). 

Endophytic microorganisms play an important role in this search for natural bioactive 

compounds, with potential use in the health sector and in drug discovery (Lam, 2007). This 

review highlights the various sources of endophytes, their secondary metabolites and role as 

source of drugs. Such studies may improve the understanding of endophytes and address the 

need for new and useful compounds necessary to combat various pathogens associated with 

human health and other possible medicinal uses. 

Though the endophytes were avoided for a long time and were assumed to be  pathogens or 

contamination many that inhabit inside the plants are often recognized as symbionts, with a 

distinctive and cherished interaction with the plants with whom they grow (Mitter et al., 

2013; Berg et al., 2014). 

Endophytes can be isolated on any frequently used medias , such as agar, potato dextrose 

agar and any nitrogen- or carbon-containing media. The most frequent method used to detect 

and enumerate endophytes involves isolation from surface-sterilized host plant tissue. 

Endophyte colonization within a plant  is dependants upon many factors such as include the 
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Plant genotype, plant’s growth stage, the physiological status of the plant, types of tissue in 

which the colonization is occurring, the environmental condition of the soil in which it is 

grown, the sampling season, the surface sterility, selective media and culture conditions as 

well as different agricultural practices (Gaiero et al., 2013; Golinska et al., 2015)  

Medicinal plants are well known sources of important class of compounds which have greater 

applications in medical, chemical or food industry etc. Since ancient times medicinal plants 

have been the most prominent source of new medicines. With the increase in disease 

resistance microorganisms and introduction of new type of diseases there is a desperate need 

of bioactive compounds which can serve as the new lead in pharmacological industry.   

Main examples of drugs obtained from the medicinal plant are paclitaxal an anti-cancer drug 

isolated from a tree called Taxus brevifolia. Artemisinin which is an anti-malarial drug 

isolated from Artemessia annua, quinine which is another anti-malarial drug extracted from 

bark of Cinchona officinalis are among the few drugs which are obtained from medicinal 

plants and till date are the most frequently and popularly used in medicine.  

Since it is widely observed that fungal endophytes have a potential to produce same 

compounds as their host plants there has been an increase interest in isolation of fungal 

endophytes from medicinal plants to meet the increasing demand in the field of medicine. It 

is relatively easy to perform an upscale fermentation on fungi and reuse it for longer period as 

well as to a certain extent preserves its characteristics and also It also protects the plant from 

getting extinct. 

Extraction of metabolites from endophytes is affected by various factors, such as the season 

of sample collection, climatic condition and geographical location (Shukla et al., 2014). 

However, with a revolutionary synthetic process that has been developed during the past few 

years, extraction from plants and other natural sources has now become more feasible, 

efficient and convenient (Hussain et al., 2012).  

Taxol (paclitaxol), a complex diterpene alkaloid produced by the endophyte Metarhizium 

anisopliae found in the bark of Taxus tree, is one of the most promising anticancer agents 

developed or synthesized to date (Zhang et al., 2009; Visalakchi and Muthumary, 

2010; Jalgaonwala et al., 2011) and is known as the blockbuster drug in the field of 

pharmaceuticals. Various other classes of compound such as terpenoids, alkaloids and tannins 

(condensed or saturated tannins) are also obtained from endophytes nowdays and have a 

extensive applications. 

Endophytes from microbes- producing drugs against diseases. 

infectious and parasitic diseases account for approximately half of the deaths worldwide 

(Menpara and Chanda, 2013). Natural sources have been proven as the best source for drug 

discovery. Medicinal plants and their endophytes are an important source of precious 

bioactive compounds and secondary metabolites that contribute to more than 80% of the 

natural drugs available in the market (Singh and Dubey, 2015).  
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Endophytes can result in various needful activities such as- antimicrobial, anticancerous, 

antitumor, antioxidant, anti-inflammatory and certain cases antivirus as well. Antimicrobial 

activity of most endophytes is mainly due to alkaloids and terpenoids class of compounds and 

antixodative is further due phenolics and flavanoids class of compounds. Endophytes are 

known to undergo co-evolution and results in specific interaction with the host plant or microbe. 

(Garcia et al., 2012).  Class of compounds such as lignans and resins are being used and isolated 

extensively from endophtyes for their anti-cancerous activity. Emetics and cholagogue, isolated 

from endophytic fungi Podophyllum hexandrum, are reportedfor their action as  anticancer 

agents. Resins like etoposide and teniposide extracted from Podophyllum emodi,  have strong 

anticancer activity (Konuklugil, 1995). Antimicrobial activity has been shown by ampicillin, 

catechin, oxacillin and and gallic acid ( which is also known for its antioxidant potential) and 

all these compounds are nowdays isolated from endophtytes fungi or bacteria on a industrial 

scale. 

Scale up of Endophtyes for bioactive compounds production. 

Depending upon the strain and type of endophyte one can form a perlimnary estimation of the 

yield of bioactive compounds in scale up fermentation process such as fungal strains are 

known to have more production yield than bacterial strains. And depending upon strains 

fermentation process can be chosen i.e continuous stiired tank fermentation, batch 

fermentation or dark fermentation as well. Usually endophytes are fermented in stationary or 

static conditions because that is the phase where the growth curve hit’s the exponential phase 

where the organisam starts releasing metabolites and enzymes as well. 

Endophytes as promising organisms  

The first definition of endophytes was provided by De Bary (1866) stating that any organism 

that grows inside the plant tissue is termed as endophyte. But the correct definition of 

endophytes was given by Petrini (1991) stating that any organism that at any part of its life 

cycle has lived inside the plant without causing any symptoms is termed as an endophyte. 

Endophytes are ubiquitous in nature, presence of one or more type of endophytes in each 

plant is shown in research. Endophytes are found in leaves, petioles, roots, stems and other 

parts of the plant. The endophyte population in any plant is highly variable it depends upon 

many factors like the species of plant, the development stage of plant, the environmental 

conditions in which the plant is growing (Siakkonen et al, 1998). 

Metabolites produced by endophytic fungi 

 Amongst all the endophytic organisms, endophytic fungi are the most studied group of 

organisms. A lot of research work is going on endophytic fungi. The impact of endophytic 

fungi on our lives is seen in many ways, from production of mycodiesel as an alternate source 

of fuel from Gliocladium roseum (Strobel et al, 2008) to insecticide production against potato 

tuber moth larvae and adult, from Muscodar albus (Lacey and Neven, 2006). In these 

extremes, endophytes are seen producing numerous important pharmacological compounds 

like antimycotics ambuic acid (Li et al, 2001) and cryptocin (Li et al, 2000), ergoflavin 

having anti inflammatory activity (Deshmukh et al, 2009), torreyanic acid (Lee et al, 1996) 
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acid and taxol (Strobel et al, 1996) having anticancerous activity, pestacin having anti oxidant 

activity (Harper et al, 2003), Cytonic acids A and B showing antiviral activity (Guo et al, 

2000), subglutinols A and B as immunosuppressive agents (Lee et al, 1995). Endophytes are 

shown to produce various bioactive compounds that are used against various diseases and 

also used in cosmotology, agriculture and food industry. 

Conclusion  

There is a persistent battle between pathogens and drugs and thus, a constant urgency to 

discover novel antibiotics against these microorganisms, particularly the rapidly developing 

drug resistant strains of M. tuberculosis. The critical first step in discovering novel bioactive 

compounds ispin-pointing themost suitable source material. According to Professor Gary 

Strobel, one of the pioneers of endophyte studies, there are three important criteria for 

bioprospecting: significant biodiversity, a history of long-term human habitation, and the 

presence of native healers with a knowledge of local medicinal plants (Gordon, 2007). 

Endophytes are a poorly investigated group of microorganisms capable of synthesizing 

bioactive compounds that can be used to combat numerous pathogens. These have been 

dependable sources of bioactive and chemically novel compounds and have proven to be 

useful for novel drug discovery. Biotransformation methods have a wide range of uses, 

particularly in the production of numerous bioactive compounds, as antimicrobial (vanillin, 

essential oils), antifungal and antiviral (alkaloids), antioxidant(eugenol), antiinflammatory 

(cineole) etc.  
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