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North East Indian Himalayan Region (NEIHR) is endowed with a diverse ecosystem. The indigenous people of this region 

have good traditional knowledge to combat various diseases and physical ailments using ethnomedicinal plants that were gained 

through experience over years. Some of the plants have been incorporated in the conventional medicines. However, many of the 

plants have not been scientifically explored since they remain endemic to a particular region and the traditional healers kept it as 

secret knowledge. The majority of the endophyte of NEIHR belongs to genus Acinetobacter, Bacillus, Microbacterium, 

Pseudomonas, Serratia, and Streptomyces. Endophytic bacteria exhibit antimicrobial activities against important human 

pathogens such as Escherichia coli, Pseudomonas aeruginosa, Salmonella enterica, Streptococcus pyogenes, Staphylococcus 

aureus, etc. Bioactive strains display potential anticancer and antioxidant activities. This review also incorporates some of the 

potential unexplored medicinal plants used by the ethnic population of this region for treating common diseases and the 

importance of exploring bioactive compounds from the associated bacteria. It will also highlight the prospects of discovering 

novel bioactive compounds that will have a new and novel mechanism of actions for combating the drug resistant pathogens. 
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North East Indian Himalayan Region (NEIHR) 

comprises of eight states- Arunachal Pradesh, Assam, 

Manipur, Meghalaya, Mizoram, Nagaland, Sikkim, 

and Tripura. The region is located between 87
o
32’E to 

97
o
52’E latitude and 21

o
34’N to 29

o
50’N latitude. The 

region has different landscape the Eastern Himalayan, 

Northeast hills (Patkai Naga Hills and Lushai Hills) as 

well as valley and plains of Brahmaputra and Barak 

rivers. The region which falls under two mega-

biodiversity hotspots – the Eastern Himalaya and the 

Indo-Burma, is endowed with diverse ecosystems
1
. 

The region is inhabited by around 475 diverse ethnic 

groups, speaking almost 400 ethnic dialects
2
. 

Human exploitation of plants as the major source 

of bioactive metabolites as therapeutic agents in 

combating various diseases is as old as human 

civilization and the search for bioactivity is still 

continuing since, as it has a great potential for 

discovery of novel health beneficial metabolites. Over 

1 million natural compounds have been identified, 

among which 5% is derived from microorganisms
3
. 

The study of endophytic microbes has become an 

emerging field in search of discovering novel 

bioactive compounds for therapeutic application. 

Bioactive compounds extracted from microorganisms 

are the major sources that have been persistently used 

as antimicrobial agents until today
4,5

. Endophytic 

bacteria may be directly or indirectly involved in the 

production of bioactive phytochemicals. A number of 

endophytes have been reported to produce the same 

bioactive phytochemicals as host plants
6
. 

The ethnic people of NEIHR have rich traditional 

knowledge of the medicinal value of indigenous flora. 

The traditional knowledge on the use of 
—————— 
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ethnomedicinal plants in combating various diseases 

or physical ailments has been practiced by indigenous 

tribal people since time immemorial. Medicinal plants 

with ethnomedicinal history from this region are in 

folklore medicine for the treatment of various diseases 

or ailments such as cough, fever, gastrointestinal 

infection, diabetes, hypertension, cancer, malaria, 

ulcer, tuberculosis, urinary disorder, etc. 

Ethnomedicinal plants with their local name used by 

the ethnic people of NEIHR and their medicinal usage 

are given in Table 1. The people in this region are 

well aware of the medicinal properties of the plants in 

combating common diseases that was gained through 

experience from trial and error. The information was 

passed from one generation to the other by oral lore as 

a secret from parent to children
7
.  

Given this background, this review aims to 

highlight the diversity, various antimicrobial, 

antitumor, and antioxidants potential of bacteria 

associated with plants used as medicine by the ethnic 

community of NEIHR. It also deals with exploring 

important endophytes for extraction of the same or 

related bioactive compound(s) to host plants and 

various prospects of discovering novel bioactive 

compounds from a plant endemic to this region.  
 

Diversity and seasonal distribution  

NEIHR bacterial endophytes belong to genus 

Acinetobacter, Bacillus, Bulkholderia, Leifsonia, 

Microbacterium, Microbispora, Micrococcus, 

Paenibacillus, Pseudomonas, Serratia and 

Streptomyces
8-19

. Among the phylum actinomycetes, 

majority belong to genus Streptomyces followed by 

Microbacterium
10-12,15,17,19,20

. For phylum Firmicutes 

and Proteobacteria, the majority of them belong to 

genus Bacillus, Pseudomonas and Serratia
8,9,13,18,21

. 

The distribution of endophytic bacteria has been 

reported mostly in roots followed by stems, leaves 

and other tissue
10-14

. The population of the endophytic 

community also differed significantly between the 

two different sampling seasons, whereby, maximum 

colonization was observed during summer than in 

winter
10

. In North East India, the average temperature 

during summer and winter varies from 18.8
o
C to 

28.5
o
C and from 11.8

o
C to 23.2

o
C, respectively

22
. 

Barman and Dkhar
19

 investigated the influence in the 

population of endophytic actinobacteria due to 

seasonal variation in 6 medicinal plants of 

Meghalaya. Maximum actinobacterial strains were 

obtained during summer followed by spring, autumn 

and minimum during winter. Some species were also 

found to be present solely during the particular season 

for example; strains Brevibacterium sp. and 

Saccharopolyspora tripterygii were isolated from 

Solanum khasianum C.B. Clarke, Costus speciosus (J. 

Koenig) Sm. and Houttuynia cordata Thunb during 

summer but not on other season
19

. Parts of medicinal 

plants used for isolation of endophytic bacteria are 

illustrated in Table 1. 
 

Antimicrobial activities  

The search for bioactive compounds from bacteria 

that lives in the tissue of plants has generated a 

considerable positive impact on human health since 

they are shown to have inhibitory effect to various 

pathogens such as Escherichia coli, Pseudomonas 

aeruginosa, Salmonella enterica, Streptococcus 

pyogenes, Staphylococcus aureus, etc. Various 

antimicrobial characteristics of the bacterial 

endophytes of NEIHR are shown in Table 2 and  

Figure 1. 
 

Antibacterial activities 

Nongkhlaw and Joshi
9 

studied the antibacterial 

activity of endophytic bacteria from 10 medicinal 

plants collected from NEIHR. They observed that the 

crude metabolites of endophytic isolate Bacillus 

subtilis obtained from Centella asiatica inhibit the 

growth of important human pathogens S. pyogenes 

and S. aureus. While the isolate Serratia marcescens 

from the same plant displayed antagonistic activity 

against E. coli. Strains Bacillus sp., Bacillus 

methylotrophicus, Pseudomonas palleroniana and 

Pseudomonas baetica isolated from Potentilla 

fulgens, Houttuynia cordata, Acmella oleracea, and 

Zingiber montanum showed antimicrobial activity 

against E. coli and S. aureus. Similarly, Bacillus 

siamensis associated with Litsea cubeba antagonist 

the growth of E. coli and S. aureus. 

The crude metabolites extracted using methanol 

from endophytic S. marcescens, B subtilis, B. 

methylotrophicus and Bacillus sp. inhibit S. enterica 

ser. Paratyphi. The crude metabolites of S. 

marcescens also inhibited S. pyogenes. Observation of 

the activity of the extracts using scanning electron 

microscopy showed the morphological damages in the 

cell membrane and cell wall of the test pathogens. 

The extract of S. marcescens causes a detached cell 

wall and cell burst in S. pyogenes. Similarly, cell 

blisters on the surface, mostly at the polar and septal 

regions of the S. enterica ser. Paratyphi cell was 

observed when the pathogen was treated with the  
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extracts of S. marcescens, B. subtilis and  

methylotrophicus
18

. Paenibacillus peoriae isolated 

from Piscidia spp., an ethnomedicinal plant used by 

tribal’s of Manipur exhibits antibacterial activity 

against E. coli, B. subtillus, S. aureus, Pseudomonas 

fluorescens, and Klebsiella pneumonia
23

. 

 

Table 1 — Ethnomedicinal plants of NEIHR and parts used for isolation of endophytic bacteria 

Ethnomedicinal 

plants 

Local name Collection 

site(s), State 

Parts used for 

isolation of 
endophytes 

Ethnomedicinal usage Reference 

Achyranthes 

aspera L. 

Khujumpere Manipur Stem, leaf Treatment of piles, menstrual disorder, skin sores  [21] 

Acmella oleracea - Forest, 

Meghalaya 

Leaf, stem, flower Treatment of toothache, throat and gum infections, 

dysentery, rheumatism 

[8,9, 25] 

Aloe vera - Forest, 

Meghalaya 

Stem Treatment of burn, skin wounds, rashes, insect bites, 

allergy  

[8, 25] 

Alstonia scholaris Thuamriat Reserve forest, 

Mizoram 

Root, stem Treatment of malaria, diarrhoea, heart disease, 

hypertension 

[12] 

Azadirachta indica Neem  Wild life 

sanctuary, 

Assam 

Root, stem, leaf Treatment of eczema, leprosy, respiratory disorder, 

infections, ulcer, hypoglycemia 

[10] 

Centella asiatica Khliangsyiar, 

Lbongsyia 

Forest, 

Meghalaya 

Leaf, stem, root Used as a liver tonic, treatment of dysentery, wounds 

and skin healing in burn areas, high blood pressure 

[8,9,25] 

Costusspeciosus Sm. Sumbul Meghalaya Rhizome Treatment of leprosy, tonsillitis, kidney, gall bladder [19,25] 

Curcuma longa Aieng National Park, 

Mizoram 

Root, leaf Treatment of cancer, heart diseases and stomach colic [12] 

Emblica officinalis Amlokhi Wild life 

sanctuary, 

Assam 

Root, stem, leaf Treatment of ulcer, scabies, dry and wrinkled skin, 

measles, pediculosis 

[10] 

Eupatorium 

odoratum 

Tlangsam Reserve forest, 

Mizoram 

Root, stem Used as an antiseptic, in removing pinworm from the 

anus 

[12] 

Garcinia lancifolia 

Roxb. 

Rupahi-thekera Assam Root, leaf, bark Treatment of dysentery, diarrhoea, fever, stomach 

problem, jaundice, diabetes, urinary problem 

[25] 

Houttuynia 

cordata 

JaMyrdoh Forest, 

Meghalaya 

Root, leaf, stem,  Used in the Treatment of amoebic dysentery, used as 

an antioxidative, antimutagenic, immunologic and 

anti-inflammatory agent 

[8,9,25] 

Litsea cubeba Sohsyiang Forest, 

Meghalaya 

Leaf, stem, fruit Treatment of neuralgic diseases, indigestion, lower 

back pain 

[8,25] 

Murraya koenigii Norosingho Wild life 

sanctuary, 

Assam 

Root, stem, leaf Treatment of dysentery, vomiting, diabetes, wound, 

microbial infection 

[10] 

Musa superb 

Roxb. 

Changel Reserve forest, 

Mizoram 

Flower Treatment of convulsion, cough, snake bites and bee 

stings 

[12] 

Mussaenda 

roxburghii 

Tangmeng Pasighat, 

Arunachal 

Pradesh 

Root, stem, leaf Used as diuretic, anti-pyretic, mushroom poison 

detoxification 

[13] 

Potentilla fulgens 

 

Lynniang Forest, 

Meghalaya 

Root, leaf, stem,  

flower 

Treatment of diabetes, reduces skin inflammation, 

diarrhoea, used as relief for sore throat 

[9,18,25] 

Rauwolfia 

serpentina 

Sarpagandha Wild life 

sanctuary, 

Assam 

Root, stem, leaf Treatment of gastrointestinal disorders, diarrhoea, 

hypertension 

[10] 

Rubia cordifolia Sohmisem Forest, 

Meghalaya 

Leaf, stem Treatment of lower back pain, headaches, dysentery, 

cancer, wounds  

[8,25] 

Terminalia arjuna Arjun Wild life 

sanctuary, 

Assam 

Root, stem, leaf Used for controlling blood sugar, cardio-tonic, and 

treatment of cough, diarrhoea, asthma 

[10] 

Terminalia chebula Silikha Wild life 

sanctuary, 

Assam 

Root, stem, leaf Treatment of asthma, fever, cough, diarrhea, urinary 

disease 

[10] 

Zingiber 
montanum 

Syingblei Forest, 
Meghalaya 

Leaf, stem, root Treatment of asthma, rheumatism, joint pain, 
intestinal disorders 

[9,25] 
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Table 2 — Various health beneficial bioactivities of bacterial endophytes of NEIHR 

Endophytic isolate Host plant Antimicrobial Tested pathogen Other bioactivity Reference 

Bacillus sp. Houttuynia cordata Antibacterial Escherichia coli, 

Staphylococcus aureus,  

Antioxidant [8-9] 

Bacillus siamensis Litsea cubeba Antifungal Emericella nidulans  [8] 

Bacillus subtilis Centella asiatica Antifungal Candida albicans, 

Emericella nidulans 

 [8] 

Bacillus subtilis, 

Serratia marcescens  

Centella asiatica Antibacterial Escherichia coli, 

Staphylococcus pyogenes, 

Staphylococcus aureus 

Antioxidant [9,18] 

Bacillus sp. Potentilla fulgens Antibacterial Escherichia coli, 

Staphylococcus aureus 

 [9] 

Pseudomonas 

palleroniana 

Acmella oleracea Antibacterial Escherichia coli, 

Staphylococcus aureus 

Antioxidant [9] 

 

Streptomyces olivaceus,  Rhynchotoec-hum 

ellipticum 

Antibacterial Escherichia coli, 

Staphylococcus aureus, 

Pseudomonas aeruginosa 

 [17] 

Streptomyces sp., 

Streptomyces 

thermocarboxy-dus 

Rhynchotoec-hum 

ellipticum 

Antibacterial Escherichia coli, Bacillus 

subtilis 

 [17] 

Streptomyces sp., 

Streptomyces 

thermocarboxy-dus 

Rhynchotoec-hum 

ellipticum 

Antifungal Candida albicans  [17] 

Streptomyces olivaceus, 

Streptomyces 

thermocarboxy-dus, 

Streptomyces sp. 

Rhynchotoec-hum 

ellipticum 

  Anticancer and 

antioxidant 

[17] 

Paenibacilluspeoriae Piscidia spp. Antibacterial Escherichia coli, Bacillus 

subtillus, Staphylococcus 

aureus, Pseudomonas 

fluorescens, Klebsiella 
pneumonia 

 [23] 

 

 
 

Fig. 1 — Various bioactivities of the endophytic bacteria isolated from NEIHR 
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Passari et al.
12

 studied the antibacterial activity  

of the endophytic actinobacteria isolated from 

Mirabilis jalapa, Alstonia scholaris, Musa superb 

Roxb., C. asiatica, Curcuma longa, Clerodendrum 

colebrooklanum, and Eupatorium odoratum, 22 strains 

exhibited antibacterial activity against at least two of 

the four tested pathogens; S. aureus, P. aeruginosa and 

E. coli. About two-thirds of the 22 isolates inhibit the 

growth of all the tested pathogens. All strains 

demonstrated positive results against S. aureus and E. 

coli. Streptomyces thermocarboxydus showed activity 

against S. aureus and E. coli. Brevibacterium sp., 

which is considered a rare endophytic isolate  

exhibited antimicrobial activity against S. aureus and  

P. aeruginosa.  

To study the endophytes possessing antimicrobial 

potential, Passari et al.
17 

collected the endemic 

medicinal plant Rhynchotoechum ellipticum used for 

the treatment of various types of cancers by ethnic 

tribes of Mizoram. The authors also studied the 

production of various important antibiotics by the 

bioactive strains. All the endophytic bacteria (169) 

could inhibit E. coli. Out of these, 81 isolates 

showed antibacterial effect to S. aureus, B. subtilis 

and P. aeruginosa. Streptomyces olivaceus displayed 

maximum antimicrobial potential against S. aureus 

and P. aeruginosa whereas; S. thermocarboxydus, 

Streptomyces sp. BPSAC101 and Streptomyces sp. 

BPSAC121 showed significant antimicrobial  

activity against E. coli and B. subtilis. Majority of 

the antibacterial activity was shown by  

Streptomyces species. Some of the important 

antibiotics such as fluconazole, chloramphenicol, 

erythromycin, ketoconazole, rifampicin, and 

miconazole were produced by S. olivaceus and 

Streptomyces sp.  

Gohain et al.
10

 obtained 76 putative actinomycetes 

from 6 medicinal plants of Assam to study the 

diversity and antibacterial activity. Azadirachta 

indica, Rauwolfia serpentina and Emblica officinalis 

were found to be a good habitat for endophytes. The 

majority of the isolates belong to the genus 

Streptomyces and were found to be present in all the 

plant species. Of 76 isolates, 21 displayed 

antimicrobial activity against the tested pathogens. 

The maximum antibacterial activity against S. aureus 

and Pseudomonas syringae was shown by 

Microbispora rosea followed by Streptomyces 

antibioticus against S. aureus. Similarly, bacteria 

isolated from Garcinia lancifolia Roxb. of Assam 

have been reported to inhibit important human 

pathogens K. pneumoniae, B. subtilis and E. coli
24

 
 

Antifungal activities 

Endophytes associated with medicinal plants used 

by the ethnic community of Meghalaya
25

 were 

isolated to investigate the antimicrobial potential of 

the bacterial strains. The crude compounds extracted 

from B. siamensis and B. subtilis associated with  

the host plants Litsea cubeba and C. asiatica 

respectively exhibited antagonistic activity against 

two fungal pathogens viz., Emericella nidulans and 

Candia albicans
8
.  

In another study, 22 bacterial isolates associated 

with A. cholaris, C. asiatica, C. colebrooklanum, C. 

longa, E. odoratum, M. jalapa, and M. superba 

showed an inhibitory effect against C. albicans
12

. 

Bacterial strains S. thermocarboxydus and 

Streptomyces sp. BPSAC101 isolated from R. 

ellipticum demonstrated considerable growth 

inhibition against C. albicans by producing antifungal 

antibiotics ketoconazol, fluconazole, rifampicin, and 

miconazole
17

. Bacterial isolates isolated from 

medicinal plants used by the ethnic community of 

Assam such as A. indica, E. officinalis, Garcinia 

lancifolia Roxb. Murraya koenigii, R. serpentine, 

Terminalia chebula and Terminalia arjuna are 

reported to inhibit the growth of C. albicans
10,24

.  
 

Antioxidant and anticancer activities  

Mankind has been exploring ethnomedicinal plants 

for combating various diseases. Many times, 

endophytes are assumed to be involved directly or 

indirectly, in the manufacturing of bioactive 

compounds by host plants with phytotherapeutic 

properties. Since endophytes and host plants have a 

close biological association, they may produce the 

same or related health beneficial bioactive metabolites 

as their host plants
26

. For instance, an endophytic 

fungus Taxomyces andreanae can also produce 

anticancer compound taxol same as their host plant 

Taxus brevifolia
27

. Since endophytes symbiotically 

live in the tissue of host plants the bioactive 

metabolites extracted from them may have very less 

or not have a negative effect on eukaryotic cells.  
 

Antioxidant activities 

There is a vast array of literature reported on 

antioxidant and antimicrobial potential of the 

endophytic fungi isolated from ethnomedicinal plants 

of NEIHR
28-33

. However, there are only a few reports 
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on endophytic bacteria and some of them with 

antioxidant activities are discussed here. For example, 

extracts of S. olivaceus, Streptomyces sp.101, 

Streptomyces sp. 121, and S. thermocarboxydus 

isolated from R. ellipticum exhibited DPPH radical 

scavenging activity
16

. R. ellipticum extracts have been 

reported to exhibit antioxidant, antibacterial and 

cytotoxic effects
34

. 

The metabolite extracts isolated from endophytic 

bacterial strains Bacillus mycoides, Bacillus sp. B. 

subtilis, B. methylotrophicus, Citrobacter youngae, 

Herminiimonas saxobsidens, P. palleroniana, P. 

baetica, and S. marcescens showed antioxidant 

properties. The IC50 of 2,2-diphenyl-1-picrylhydrazyl 

(DPPH) scavenging activity was in the range of 50 to 

20 mg/mL. While the total phenolics and flavonoids 

produced by these endophytes were in the range of 

10.5 to 16.0 and 0.611 to 1.2 mg/g respectively
9
. 

The expression of higher antioxidant activity of the 

plant primed with beneficial endophytic bacteria was 

demonstrated by Devi et al
21

. The authors inject the 

non-pathogenic strain P. aeruginosa having plant 

growth promoting (PGP) traits into the host plant 

Achyranthes aspera L. and studied the antioxidant 

activity and compare it with the untreated plant. 

Bioinoculant-treated plants reveal higher DPPH 

radical scavenging activity with IC50 value of 6.41 

mg/mL, while the control plant showed 8.11 mg/mL. 

Similarly, higher β-Carotene-linoleic acid content was 

found in plants inoculated with the endophytic strain 

P. aeruginosa. Bioinoculant-treated plant leaf extract 

also showed higher reducing power than that of the 

control plant. The values ranged from 0.452 to 

1.122% in the inoculated plant but in the control 

plant, the values were found in the range from 0.342 

to 0.951%.  
 

Anticancer activities 

NEIHR is becoming the cancer hub of the country. 

The most common cancer in the region is the 

esophagus, stomach, lung, and breast caused by the 

consumption of tobacco, smoked meat and fermented 

vegetables
35,36

. The leaf decoction of R. ellipticum is 

consumed orally for treating various types of cancers 

by ethnic tribes of Mizoram. Passari et al.
17

 studied the 

anticancer and antioxidant compounds present in the 

extract of bioactive isolates showing good 

antimicrobial activities. An anticancer compound, 

Gallic acid (3,4,5-trihydroxybenzoic acid) was detected 

in 4 bioactive strains S. olivaceus, S. 

thermocarboxydus, Streptomyces sp. BPSAC101, and 

Streptomyces sp. BPSAC121. Gallic acid is a 

phenolic compound that can induce cell apoptosisin 

several types of cancer cells such as lung and 

prostrate
37,38

. Another antitumor compound phenolic 

ferulic acid was quantified in Streptomyces sp. 

BPSAC 121. The compound has been reported to 

possess antitumor activity by promoting apoptosis, 

inducing cell arrest and autophagy of breast, liver, 

cervical, and colon cancer cells
39,40

. Additionally, 

paclitaxel an anticancer compound used was 

extracted from S. olivaceus (23.4 µg/g), 

Streptomyces sp. BPSAC101 (18.2 µg/g) and 

Streptomyces sp. BPSAC121 (10.2 µg/g). Paclitaxel 

inhibits the growth of cancer cells by polymerization 

of microtubules thereby blocking the progression of 

mitosis. It also induces cytotoxicity to cancer cells in 

a time and concentration-dependent manner
41,42

. Due 

to its ability to arrest cell cycle, it can act 

synergistically when combined with radiation
43

. The 

supernatants of S. olivaceus and Streptomyces sp. 

BPSAC121 was detected for the presence of 

anticancer compound, chebulagic acid (CA). CA has 

been reported to show broad-spectrum anticancer 

effects on colon cell lines, inhibit cell growth, and 

induce apoptosis in retinoblastoma cells
44

.  
 

Biosynthetic gene clusters (BGCs) 

Biosynthetic gene clusters comprise two or more 

genes clustered in a group that collectively encode a 

biosynthetic pathway for the production of a 

secondary metabolite. The major structural classes of 

BGCs are non-ribosomal peptide synthetases (NRPS), 

polyketide synthases (PKS), terpenes, and 

bacteriocins. Among these NRPS and PKS are the 

most targeted gene clusters
45

. Some of the endophytes 

isolated from NEIHR were studied for the presence of 

NRPS and PKS gene clusters. For instance, Passari et 

al.
12

 have reported biosynthetic gene clusters PKSI 

(Polyketide synthase Type I) and NRPS 

(Nonribosomal Peptide Synthetase) in 23 endophytic 

isolates of which, 10 isolates displayed PKS type I 

while 13 isolates displayed NRPS gene cluster. The 

majority of the endophytic strain that displayed the 

presence of antibiotic synthetic genes belongs to the 

genus Streptomyces. Further Passari et al.
17

 have 

investigated 81 bioactive endophytes isolated from a 

medicinal plant R. ellipticum. Of these strains, PKSI 

was found in 25 strains, PKSII in 41 strains, and 

NRPS in 32 strains. Similarly, Gohain et al.
10

 

demonstrated the presence of PKSII in 18 endophytic 

strains and PKSI in 3 strains. Genus Streptomyces was 
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found to be the most prominent bioactive strain 

inhibiting against most of the pathogens and also 

displayed the highest biosynthetic gene cluster.  
 

Unexplored medicinal plants of NEIHR  

Since there is a high chance of discovering the 

same and or novel bioactive metabolite present in 

plants from the associated endophytes, it is 

noteworthy to highlight some of the medicinal plants 

used by the ethnic community for treating the 

common diseases of the region. This will help in the 

selection of the plants for isolation, study on the 

mitigation of the disease and identification of 

endophytes having health-beneficial activities. As 

endophytes are closely associated with the host plants, 

there is great potential to discover bioactive 

compounds that may be less toxic to eukaryotic cells 

due to their close association with plants. Endophytes 

may also produce the same health-beneficial 

compounds as the host plant due to gene transfer 

between the host and bacteria
27

.  

Cancer, malaria and tuberculosis are the three most 

prevalent diseases in NEIHR
46,47

 and many plants in 

this region have been documented for combating such 

diseases. Medicinal plants viz., A. aspera, Adhatoda 

vasica, Ageratum conyzoides, Clerodendrum 

infortunatum, Croton tiglium, C. longa, Leonurus 

japonicas, Mikania micrantha, Panax ginseng, Paris 

polyphylla, Phyllanthus emblica, P. fulgens, R. 

ellipticum and Vitex trifolia used by ethnic people of 

NEIHR for treating cancer have been documented to 

demonstrate cytotoxic/anti-tumor activity against 

human cancer cell lines in vitro and in vivo 

conditions
48-61

. Ginsenosides, anti-cancer compounds 

present in P. ginseng induce apoptosis and inhibit the 

proliferation of tumor cells. It also inhibits the 

invasion of tumor cells to different tissue and the 

development of metastasis
62

. Yan et al.
63

 investigated 

the endophytic bacteria associated with P. ginseng 

plant and found that Agrobacterium sp. could produce 

various ginsenoside compounds in high quantities. 

Endophytic bacteria isolated from the same plant have 

also been reported to enhance the accumulation of 

ginsenoside in ginseng plant
64

. From the above 

scientific research findings, further exploration needs 

to be done to discover important anti-cancer 

compounds for application in pharmaceutical industries 

from bioactive endophytes that can produce the same 

or related anti-cancer compounds as host plants.  

Endophytic Streptomyces sp. obtains from Shorea 

ovalis tree used by the native of Malaysia for treating 

malaria showed the ability to inhibit the growth of 

Plasmodium berghei. Treatment of the crude 

metabolites protects the disease development in mice 

infected with the parasites
65

. Similarly, bioactive 

compounds; cyclohexane, butyl propyl ester and 2,3-

hepanedione produced by endophyte Streptomyces sp. 

demonstrate growth inhibition against P. berghei 

larva
66

. The anti-plasmodium activity of the common 

medicinal plants used by the ethnic people of 

Northeast, has been reported in the literature
67-73

. 

However, no systemic scientific study has been done 

on the mitigation of malarial disease by 

ethnomedicinal plants of NEIHR. Systematic study of 

the antimalarial activity of these medicinal plants and 

also a further investigation on the endophytes 

colonising in their inner tissue for a similar activity to 

fully realised the therapeutic potential of the plants 

used by the ethnic community of the region. 

The commonly used medicinal plants for treating 

tuberculosis by ethnic communities of NEIHR such as 

A. vasica, C. asiatica, Cinnamomum zeylanicum, 

Nasturtium officinale, P. ginseng, and V. trifolia have 

been reported to exhibit anti-tuberculosis activity
74-79

. 

Growth inhibition of Mycobacterium tuberculosis 

strains by fungi isolated from C. asiatica, C. 

zeylanicum have also been reported
30,80

. However, 

there are limited reports on antimycobacterial activity 

of bacteria associated with such medicinal plants. 

Further investigation for antimycobacterial activities 

of such plants documented for treating tuberculosis by 

the people of NEIHR and the endophytes need to be 

done, since, scientific evidence for mitigation of the 

disease has not been reported.  
 

Future perspectives and conclusions 

Some of the important ethnomedicinal plants have 

been included in the well-documented medicines 

based on the scientific shreds of evidence of 

medicinal properties
81

. However, many of the folk 

medicinal plants remain endemic to a certain part of 

the region and further exploration and/ scientific 

research is needed to extract and identify the bioactive 

compound for pharmacological application. Hence, to 

mitigate the emergence of drug-resistant pathogens to 

conventional antibiotics with less adverse effects, 

there is a need to explore for unusual bacteria having 

a new and novel mechanism of action in containing 

the diseases. The need of the hour is to explore the 

bacteria that live in the tissue of plants growing in 

under and or unexplored ecosystems, peculiar 

endemic regions, extreme ecosystems
82,83

. There is a 
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possibility of isolating billions of bacteria since about 

30,000 different plant species have been discovered 

and each plant (in billions) is expected to be 

associated with one or more beneficial bacteria
84

. 

Interestingly, only 1 to 2% of the plant species have 

been studied for association with endophytes
83

. 

Since NEIHR is endowed with diverse ecosystems 

there is a need to further explore health beneficial 

endophytic bacteria from unexplored or 

underexplored sources endemic to NEIHR for 

extracting a new bioactive compound from the novel 

bacteria that can find application in pharmaceutical 

and other important industries. 

For large scale extraction of bioactive metabolites 

from plants, large quantities are required and 

continuous production is not possible as plants are 

slow-grower and are found only in a particular region. 

To supply human needs, plant tissue culture may offer 

a solution however; the techniques may not be 

feasible due to high cost
85

. Since endophytes and host 

plants have a close biological association, they may 

produce the same or related health beneficial 

bioactive metabolites as their host plants. Extraction 

of compounds using endophytic bacteria for large-

scale production will be comparatively easier, cost-

effective and can be done in a short period which will 

also save the endemic medicinal plants from 

overexploitation. 

As indicated earlier, there are vast arrays of 

research literature reports on the antimicrobial, 

cytotoxicity and antioxidant activities of fungi 

isolated from medicinal plants of NEIHR. However, 

reports on the same from endophytic bacteria are 

scanty. Researchers need to study the bioactivity of 

the endophytic bacteria isolated from ethnomedicinal 

plants used by the ethnic healers to prove the health 

claim of treating various diseases especially 

tuberculosis, and cancer which are common in India, 

particularly in NEIHR. They also need to search for 

bioactive compounds that can mitigate mosquito-

borne diseases such as Japanese encephalitis, malaria 

and dengue which are common in the region
86

. 

Researchers must take urgent initiatives to extract, 

identify and understand the underlying molecular 

mechanisms of action of the compound that facilitated 

the mitigation of the disease to control the rise in 

multi-drug resistant pathogens. The therapeutic 

potential of endophytes has not been fully realized by 

the pharmaceutical industry. Hence, the preliminary 

works which have been successfully carried out in-

vitro need to be carried forward for their in-vivo 

appraisal including a clinical trial. Endophytic 

bacteria hold a good promise for the discovery of 

novel bioactive compounds of pharmaceutical 

importance which in turn will ensure healthy living. 
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