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ABSTRACT 

Within the search for a hit antitubercular remedies, investigators have often became their 

efforts to ethnobotany, ethnopharmacology, and phytochemistry. considering that most of the 

global’s peoples have well-developed systems of traditional remedy with flowers and their 

extracts as a major issue and a lot of those vegetation had been used to treat tuberculosis, 

indigenous herbal remedy is a logical starting point for a research application. The most 

important intention on this review is to phytochemicals used to deal with tuberculosis and their 

mechanism towards selected targets. Traditional medicines using phytochemicals has shown to 

provide remarkable capacity in TB remedy, also phytochemicals have fewer side effects 

specifically inside the eradication of Mycobacterium tuberculosis, growing herbal immunity, 

and dealing with the side outcomes of anti‐TB tablets. 

 

Keywords: Antitubercular, phytochemicals, mycobacterium tuberculosis, multi drug 

resistance (MDR) 



One Day National Conference, Anandi Pharmacy College, Kalambe Tarf Kale, Kolhapur 

 

International Journal of Pharmacy and Pharmaceutical Research 

www.ijppr.humanjournals.com 

196 

INTRODUCTION 

Chemotherapy for the remedy of tuberculosis has evolved over a period of several a long 

times, beginning from the 1950s. [1] Tuberculosis (TB) influences one-1/3 of the sector’s 

populace, with 10.4 million new instances and 1.8 million deaths suggested in 2015. [2] 

according to the WHO, more than one drug- resistant M. tuberculosis strains are observed in 

at the least 72 international locations, accounting for 3–forty one% of TB instances. In 2005, 

it turned into suggested that there were 27,000 cases of extremely drug resistant TB in 

advanced and underdeveloped international locations. [3] The clinical need has at instances 

hastened more modern approaches to be followed; the principle driver for the improvement 

has been the multiplied knowledge of the biology of the pathogen, in addition to its interplay 

with the human host. [1]  

The ailment is presently dealt with a fashionable remedy combination of 4 anti-microbial 

tablets, during a six months direction that doesn't favours affected person compliance. Within 

the past years, resistance to this remedy has risen, creating the brand new labels multidrug-

resistant (MDR) and extensively drug-resistant (XDR) TB, which pose a serious global health 

threat. till today, XDR-TB has no pointers or proof that could guide its remedy, showing a 

treatment price of most effective 26% the use of 2nd and third line pills. [2]  

Drug repositioning thus essentially shortens the drug development process and thus decrease 

the discovery cost18. Current study describes the repositioning of isoniazid, an anti-bacterial 

agent. Isoniazid was synthesized in 1952 for the treatment of tuberculosis19.The use of 

isoniazid as the main scaffold for the synthesis of medicinally important compound. [4]   

Imidazole ring is bioisoster of pyrazole ring means both have 5 membered structures and 2 

nitrogen and in particular some of pyrazole derivatives were in depth investigated as 

nonsteroidal anti-inflammatory drugs (NSAIDs). The mechanism of action of this class of 

compounds is linked to the inhibition of cyclooxygenase COX-2. The presence of a pyrazole 

nucleus is a common feature in the chemical structure of several COX-2 inhibitors. [5]  

 Drug-sensitive M.tb strains are routinely treated with a combination of rifampicin (RIF), 

isoniazid (INH), pyrazinamide (PZA) and ethambutol (ETB). Normally these drugs are given 

in combination for 4-6 months, followed by INH and RIF for the remaining treatment period 

to eliminate any persistent tubercle bacilli. [6]  

Epigallocatechingallate (EGCG) is a promising anti-TB candidate due to its affinity towards 

Pantothenatesynthetase of Mtb. The selected ligand, EGCG, due to its promising affinity 
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towards Pantothenatesynthetase of Mtb with high drug-like properties, justifies its selection 

as a potential anti-tuberculosis compound. [7] 

In Ethiopia, the routine TB diagnosis was mostly relayed on insensitive methods such as 

smear microscopy. Subsequently, the ill diagnosis methods create a diagnostic delay that 

hinders disease control, enhances transmission, and increases healthcare costs. [8]   

 India accounts for nearly 27% of the global tuberculosis (TB) burden. The road map for TB 

elimination is outlined in National Strategic Plan (2017-2025) for eliminating TB, it is 

essential to diagnose and treat all TB cases occurring in the community. In countries like 

India, involvement of private health care providers is one of the quintessential processes to 

achieve TB elimination. [9]    

Mechanism of tuberculosis:  

This ailment is caused by Mycobacterium tuberculosis, which may be transmitted through 

aerosols from a contaminated character. Once within the lungs, M. tuberculosis generates an 

immune response and a number one respiratory infection. Neutrophils, monocytes, 

macrophages and dendritic cells are recruited, incorporating the bacteria as a try and do away 

with the risk. M. tuberculosis has the potential to continue to exist this environment by way 

of manipulating its cellular host and preventing the fusion between the phagosomes and the 

lysosomes. whilst inner leukocytes, the mycobacteria begin to proliferate, leading to necrotic 

mobile dying and recruitment of extra macrophages. The pathogen is then phagocytized and 

initiates a brand new cycle. The microorganism is also able to inhibiting the host mobile 

apoptosis, assuring its extended survival and leading to accumulation of a massive wide 

variety of microorganism earlier than its launch. This entire system is referred to as latent 

tuberculosis, in the course of which the patient indicates no signs. The danger of development 

into the lively disease might also vary from person to person, increasing in the presence of 

danger factors such as HIV or different co-infections. [2]  

Phytochemicals goals in tuberculosis: 

Plumbagin:  

Plumbagin derived from the plant Plumbago indica, known as Chitrak in India, is an example 

of a medicinal compound used traditionally to treatment a variety of illnesses. Plumbagin 

should bind to ThyX and inhibit it. To look at the possibility that plumbagin acts as an 

inhibitor of MtbThyX, a recombinant version of the enzyme became overproduced in E. coli 

and purified to near-complete homogeneity. The homogeneous training of MtbThyX as a 

consequence received changed into then used for inhibition experiments the usage of the 
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NADPH oxidase assay approach [10]. Increasing concentrations of plumbagin have been 

added to a reaction aggregate wherein unload, NADPH, and ThyX had been all gift. 

Plumbagin inhibits mycobacterial growth the anti-mycobacterial belongings of plumbagin 

changed into then examined via appearing increase inhibitory assays. Plumbagin features as 

an powerful inhibitor of mycobacterial boom Expression of the MtbThyX gene in Msm 

confers plumbagin resistance The effects provided above indicate that the intracellular degree 

of dTTP changed into adversely affected upon plumbagin treatment due to inhibition of 

ThyX. [10] 

 
Fig. 1 Plumbagin 

Epigallocatechin: 

Epigallocatechin-3-gallate (EGCG) is the foremost polyphenolic compound maximum 

abundantly (> forty%) observed in green tea extract which is assumed to be answerable for 

essential fitness advantages linked with inexperienced tea consumption14. This molecule has 

been validated to own excellent pharmacological activities, such as anti-oxidative, anti-

inflammatory properties 15 n recent in-vitro efficacy research, EGCG has proven promising 

bactericidal pastime towards M. tb with the aid of modulating various crucial mobile 

mechanisms12, 16-21. As a survival strategy, M. tb inhibits phagosomes-lysosome fusion in 

the host macrophages via the help of TACO protein present in phagosomes22. EGCG is 

thought to down-regulate the gene transcription of TACO protein12, 21 and it also inhibits 

mycobacterial cell wall synthesis20-21, 23. Because of the non-precise mechanism of EGCG, 

it can be a brand new arsenal to combat in opposition to MDR/XDR TB. Despite the fact that 

in-vitro research show promising efficacy of the EGCG as an anti-inflammatory activity, 

antioxidative property.[10]  

 
Fig. 2 Epigallocatechin 
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Flavonoids:  

Phenolic compounds from few plant extracts possess a excessive amount of 

antimycobacterial flavonoids and most of them belong to lessons of flavones and flavonones. 

Flavonoids are secondary poly phenolic plant metabolites with several fitness selling 

outcomes inclusive of anticancer, anti-inflammatory, analgesic, antimicrobial, antioxidant 

and many others. Flavonoids with right inhibitory potentials at the Mtb H37Rv. Quercetin 

and rutin are two easy flavonoids typically discovered in greens, fruits, herbs, leaves, seeds, 

crimson wine, tea, espresso, beer, and numerous medicinal flowers. [12] 

Mechanism of Flavonoid:  

The boom inhibitory assets of the flavonoids (quercetin and rutin) in opposition to sluggish-

developing mycobacteria (M. tuberculosis H37Rv) changed into determined the use of the 

microplate alamar blue assay (MABA), luciferase reporter phage assay (LRPA) and broth-

microdilution technique (BMDM) respectively. 

In a preceding look at with flavonoids, chalcones confirmed excessive antituberculosis hobby 

and flavones, flavonones and flavonols mild pastime in opposition to M. tuberculosis H37Rv 

and M. bovis BCG [13]. Organic assay studies and quantitative structure–interest relationship 

(QSAR) research of chalcones, flavones, flavanones and their derivatives show superb 

inhibition potentials against M. tuberculosis H37Rv stress [14]. The loose hydroxyl 

organization and overall lipophylicity of the compounds were the 2 most important structural 

traits answerable for in vitro anti-TB pastime.  

 

 

 

 

 

 

 

                               Fig. 3 Quercetin          Fig. 4 Rutin 

Quercetin:  

The common structural functions are quercetin—hydroxyl institution at the C earrings in C-3 

function; rutin—at C-three hydroxylation with disaccharide rutinose (α-l-rhamnopyranosyl-

(1→6)-β-glucopyranose)           

Quercetin mechanism of action: 

Numerous proposed mechanism of action for quercetin in opposition to Mycobacterium spp 

had been involved in inhibition of the mycobacterial mobile wall biosynthesis via enzyme 

inhibition. In M. smegmatis and M. tuberculosis, quercetin inhibits the subunit B of DNA 
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gyrase [15]. thru docking studies, quercetin turned into shown to inhibit beta-ketoacyl ACP 

synthase III, which is concerned inside the synthesis of mycolic acid [16] and also docking 

analysis suggested that quercetin-3-O-β-d-glucoside inhibits the M. tuberculosis glutamine 

synthetase (MtGS) enzyme (MtGS enzyme play an crucial position in its pathogenesis and 

changed into diagnosed as a potential drug target) and related to its position inside the 

manufacturing of the poly-l-glutamate–glutamine: a first-rate aspect of the mobile wall in 

pathogenic mycobacteria [17]. Quercetin additionally inhibits isocitratelyase, a key enzyme 

of the glyoxylate shunt, important for the intracellular survival of bacteria in macrophages. 

Quercetin exhibited true inhibition and affinities for flavoenzyme of uridine 

diphosphategalactopyranosemutase (UGM). This enzyme is an essential biocatalyst 

concerned inside the mobile wall biosynthesis of M. tuberculosis. Moreover, it additionally 

regulates the ammonia ranges inside infected host cells and so facilitates the pathogen within 

the inhibition of the phagosome acidification and phagosome–lysosome fusion. It also has 

been suggested that quercetin inhibits 74.forty% of mycobacteria proteayosomes with IC50 

seventy one.29 μM, while rutin did no longer inhibit. The quercetin suppressed the 

hyaluronan-structured increase of M. tuberculosis complex inside the lungs by means of 

inhibiting the hyaluronidase enzyme which makes use of hyaluronan as a carbon supply for 

multiplication. Reduced sulfur-containing metabolite, coenzyme A (CoA), is heavily applied 

for lipidmetabolism and biosynthesis of mycolic acid, which is an essential constituent in 

mycobacterial cellular wall. Quercetin inhibits the sulfotransferase enzyme which leads to the 

blockading of sulfur metabolism (Bhave et al. 2007). Flavonoids can inhibit enzymes 

involved inside the biosynthesis of fatty acid and mycolic acid that's important for 

mycobacterium survival. [12]  

Pharmacology of Quercetin: 

Unfastened radicals are produced by means of the frame for the duration of metabolism and 

are among the causes of many diseases. They can cause cell membrane harm and gene 

mutation, quickens aging of the body and induce diverse sicknesses. Quercetin is the handiest 

unfastened radical scavenger inside the flavonoid circle of relatives. via investigating the 

chemical structure of quercetin, it become found that there are four hydroxyl companies at 

the benzo-dihydropyran ring of the polyphenol, so quercetin has a robust antioxidant 

capability, can dispose of unfastened radicals produced in the body the antibacterial 

mechanism of quercetin especially includes destroying the cellular wall of microorganism 
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and changing the cellular permeability, affecting protein synthesis and expression, lowering 

enzyme activities, and inhibiting nucleic acid synthesis. [18]  

The microbial cellular equipment mainly objectives cell wall synthesis, gene expression and 

metabolic pathways. Some of the limited alternatives of targets, cellular wall biosynthesis 

keeps the utmost massive scientific application efficacy for inhibitor designing. Targeting 

mobile wall synthesis makes bacteria at risk of rupture by osmotic strain and therefore, 

inhibitors targeting mobile wall biosynthesis prove to be bactericidal. The full-size 

complicated shape of the mycobacterial cellular wall with the presence of virulence factors 

makes MTB exclusive from the opposite bacteria. The mycobacterial cell wall accommodates 

of three layers which collectively shape mycolyl-arabinogalactan-peptidoglycan (mAGP) 

complex. The innermost layer, Peptidoglycan (PG) layer is ordinary to bacterial country and 

had been nicely-concept-out as an attractive target for drug designing. primarily based on the 

cellular localization of the enzymes, PG layer is synthesized in three distinct levels (I-III)6 

and maximum of the medication that have been clinically accredited act by using inhibiting 

the segment-III of cellular wall biosynthesis. Isoniazid and Ethambutol are the handiest 

authorized tablets which goal cell wall biosynthesis via appearing on mycolic acid and 

arabinogalactan layer respectively7–nine. With accelerated bacterial resistance to compounds 

concentrated on segment III biosynthesis, section-I pathway of PG biosynthesis is now 

contemplated as an alternate target for drug design10. MurI gene encodes for Glutamate 

racemase enzyme concerned within the initial levels of PG biosynthesis and therefore, 

becomes an attractive target for drug designing. Glutamate racemase involves inside the 

inter-conversion of L- to D-glutamate (DGL), wherein DGL is a essential constituent of the 

PG layer formation11,12. Similarly, Glutamate racemase (MurI) also has a profound function 

in sequestering DNA gyrase enzyme. Such proteins with features are referred to as 

Moonlighting proteins. Furthermore, amassed proof has shown that glutamate racemases are 

ubiquitous and are pretty conserved across bacterial nation. Furthermore, its absence in 

human beings and other Eukaryotes 13 makes it an appealing target for drug discovery.[19]  

Flavonoids set off cellular loss of life and membrane damage of Mycobacteria:  

To delineate the mechanism behind the antimycobacterial interest of naringenin and 

quercetin, the potential of those compounds to permeabilize the bacterial membrane and 

inducing the cell demise [20] 

Flavonoids exert no profound cytotoxicity in mammalian cells: 
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Seeing that, Mycobacterium tuberculosis specially resides inside the host macrophages, 

therefore, the effect of selected flavonoids on mammalian THP-1 (human monocytic 

macrophage) cells was investigated by MTT assay. As the effects indicated, we observed 

subtle cytotoxicity of the 2 flavonoids on these cells. [20] 

CONCLUSION 

In this review, recent discoveries of natural products active against Mycobacterium 

tuberculosis were categorized by their chemical structures. Overall, traditional herbal 

medicine has been used to treat tuberculosis for decades. 
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