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Abstract 
Tuberculosis (TB) remains one of the leading infectious diseases worldwide and is primarily caused by Mycobacterium 
tuberculosis, predominantly affecting the lungs. Although standard chemotherapy with first-line anti-tubercular agents such as 
isoniazid, pyrazinamide, and ethambutol has significantly improved treatment outcomes, prolonged therapy is often associated 
with serious adverse drug reactions, poor patient compliance, and the increasing emergence of multidrug-resistant (MDR) and 
extensively drug-resistant (XDR) strains. These challenges highlight the urgent need for alternative or adjunct therapeutic 
strategies. In recent years, medicinal plants have gained considerable attention due to their diverse bioactive phytoconstituents 
and potential antimycobacterial properties. Several herbal extracts and isolated compounds have demonstrated promising 
inhibitory activity against M. tuberculosis in preclinical studies. Additionally, certain plant-derived compounds exhibit 
immunomodulatory and anti-inflammatory effects, which may enhance host defense mechanisms and improve treatment 
outcomes. This review aims to summarize the pathophysiology of TB, limitations of current synthetic therapies, and recent 
advances in herbal anti-tubercular agents, emphasizing their mechanisms of action, therapeutic potential, and future prospects 
in TB management. The use of allopathic medicine in complex disease like tuberculosis is associated with the problem of 
cross resistance and herbal drugs have proven to be most effective in this context. 
 
Keywords: Mycobacterium tuberculosis, herbal medicine, phytoconstituents, antimycobacterial activity, alternative therapy 

Introduction 
Tuberculosis (TB) is a Chronic Granulomatous disease 
caused by Mycobacterium tuberculosis an acid-fast bacillus 
(AFB). Mycobacterial infections require prolonged 
treatment. Antitubercular medications are a group of drugs 
used to treat tuberculosis [1]. History suggests that TB 
appeared long ago and remained unpredictable until the 
eighteenth century [2]. It then, at that point, reached 
pandemic proportions among the increasing population and 
overwhelming daily situations. In the 20th century, the TB-
afflicted population started to reduce rapidly in developed 
countries with progress in prosperity, food, and dwelling 
conditions. TB cases have decreased since the Bacillus 
Calmette–Guérin (BCG) vaccine was made available in 
1921 and antimicrobial drugs such as streptomycin, 
isoniazid, and rifampicin were made available by 
prescription in 1943, 1952, and 1963. MTB infects 
approximately 8,000,000 people annually, and about 2–3 
million die from the disease. It is estimated that 33% of the 
absolute people are infected with latent TB, with 40% 
coming from India [3]. With a yearly rate of 2,000,000 new 
cases, more than 40% of India’s population is infected with 
latent TB. For about 50 years, counter-TB drugs have been 
depleted. The emergence of multi-drug-resistant (MDR) and 
extensively drug-resistant tuberculosis (XDR-TB) strains is 
a significant challenge in the fight against TB. With the 
emergence of COVID-19, the number of TB cases has been 
increasing abruptly, as it has directly impacted TB treatment 
and diagnosis. With the current situation in mind, the World 
Health Organization (WHO) has moved the goal of 
eradicating TB from the world from 2025 to 2035 [4]. 

Biochemistry of Tuberculosis 
It needs oxygen to grow, which is a requirement for M. 
tuberculosis. Because of the high lipid content of its wall, it 
does not require any bacteriological stain and is never 
classified as either Gram-positive or Gram-negative. Ziehl-
Neelsen staining, also known as acid-fast staining, is 
therefore utilized. The lack of an outer cell membrane 
causes the mycobacteria to be classed as acid-fast Gram-
positive bacteria even though they do not appear to fall 
under the empirically defined category of Gram-positive 
bacteria (i.e., they do not maintain the crystal violet stain). 
In comparison to other bacteria, whose division periods are 
often measured in minutes, M. tuberculosis replicates every 
15-20 hours, which is incredibly slowly. Early endosomal 
auto antigen 1 (EEA1), a bridge molecule, is specifically 
blocked by M. tuberculosis, however this blockage does not 
stop the fusion of vesicles filled with nutrients. 
Consequently, the bacteria multiply unchecked within the 
macrophage. The bacteria also carried the UreC gene, 
whichprevents acidification of the phagosome. The bacteria 
also evade macrophage-killing by causing the neutralization 
of reactive nitrogen intermediates [5]. 
  
Pathophysiology of TB 
TB is a severe infectious disease that primarily impacts on 
the pulmonary system. Moreover, it can impact other body 
parts, including the kidneys, spine, bones, lymph nodes and 
brain and is attributed to Mycobacterium tuberculosis (Mtb) 
(Figure 1), a highly specialized human pathogen [6]. 
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Fig 1: Pathophysiology and transmission mechanism of Mycobacterium tuberculosis infection. 
 

Mtb transmission occurs via airborne particles expelled by 
individuals who cough, sneeze or spit, thereby distributing 
the infectious organism. The bacteria can persist in the air 
for several hours, rapidly infecting others [7]. Following 
inhalation, Mtb is primarily engulfed by resident alveolar 
macrophages in the lungs [7]. Macrophages internalize 
pathogens via phagocytosis, which is facilitated by ligand-
receptor interactions involving mannose receptors, 
scavenger receptors, complement receptors (CR1, CR3, 
CR4), Fc receptors, and surfactant protein receptors [8]. Mtb 
skillfully circumvents the bactericidal strategies of 
macrophages through mechanisms that include the 
prevention of bacterial vacuole acidification, inhibition of 
phagolysosome formation and the obstruction of apoptosis 
and autophagy in infected macrophages [8, 9]. After 
internalization, Mtb inhibits phagosome maturation, 
allowing it to merge with lysosome and persist within 
macrophages. Alternatively, it replicates intracellularly by 
preventing phagosome-lysosome fusion and transforming 
macrophages into a protective environment for the 

pathogen [10].  After infection of alveolar macrophages 
within the lower respiratory tract, Mtb infiltrates the 
interstitium of the lung(s), thereby advancing the course of 
the infection process. The incursion of pathogens into the 
parenchyma triggers an immune response, resulting in the 
mobilization of T and B cells to the locus of infection. This 
recruitment precipitates a complex multicellular response by 
the host called granulomatous inflammation. Granulomas 
serve the purpose of efficiently confining the Mtb pathogen 
at the site(s) of infection, thus inhibiting spreading in the 
host. Nonetheless, the progression of dysfunctional 
granulomas may lead to the persistence of pathogens, 
considerable tissue damage and insufficient responses to 
treatment. Mtb utilizes granulomas (Figure 1) as focal points 
of infection, where phagocytic cells congregate, and 
providing ample nutrients for replication [8].  Infected 
individuals who do not present with symptoms of the 
disease cannot transmit Mtb; however, the bacteria persist 
within the body in an inactive or latent form, which if left 
untreated, can advance to become active TB (Figure 1) [7]. 
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Fig 2: Classification of herbal anti-tubercular drugs based on their mechanism of action. 
 

1. Garlic: As Shown in Figure 2, garlic (Allium sativum Linn.) is classified under direct anti-mycobacterial herbs. 
Synonym: Allium sativum Linn. 
Family: Amaryllidaceae 
Biological Source: Garlic consists of the fresh or dried bulbs of Allium sativum Linn. 

 

 
 

Fig 3: Chemical structure and key bioactive constituents of Allium sativum (Garlic). 
 

Chemical Constituents 
Allium savitum bulb contains sulfur compounds such as 
ajoene and derivatives, allicin, allyl-methyl trisulfide and 
derivatives, clicoaliin and derivatives, diallyl disulfide and 
derivatives, dimethyl sulfide, allyl-methyl disulfide and 
derivatives, dimethyl thiosulfonate and derivatives, amino 
acids derived from cysteine and anthocyanins, sulphurated 
amino acids: alliin (by enzymatic oxidation it becomes 
allicin, intermediate in the formation of allyl disulfide 
derivatives, final constituents of essential oil), 5-butyl-
cysteine sulfoxide and derivatives, lipids such as 
cerebrosides, steroids, prostaglandin A, B, E, and F; 
alkaloids such as phosphatidylcholine, nicotinic acid, 
diterpenes (gibberellin A-3 and A-7); car-bohydrates such as 
allium fructans; saponins: derivatives of erubioside, 
sativoside, and tigonine [12]. 

Mechanism of Action: 
As Mentioned in figure [4], Allicin exerts its 
antimycobacterial activity primarily through inhibition of 
sulfhydryl (–SH) containing enzymes essential for bacterial 
metabolism. It interacts with thiol groups of key metabolic 
enzymes, leading to enzyme inactivation and disruption of 
cellular function. Additionally, allicin induces oxidative 
stress within Mycobacterium tuberculosis by modulating 
reactive oxygen species (ROS) pathways. It enhances host 
immune defense by stimulating macrophage activation and 
promoting Th1-mediated immune responses. Allicin has 
also been reported to increase glutathione peroxidase 
activity and interfere with intracellular survival and entry of 
M. tuberculosis, thereby reducing bacterial burden [13]. 
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Fig 4: Mechanism of action of allicin against Mycobacterium tuberculosis. 
 

Uses 
Garlic has been used as herbal medicine to treat asthma, 
bronchitis, influenza, and colds. Besides, it serves as a 
treatment for respiratory infections [14]. It is commonly used 
to treat bronchopulmonary diseases as expectorant antiseptic 
and asthma. Likewise, it is used as a hypotensive, 
diaphoretic, and vermifuge [15]. 
 

2. URMERIC: As shown in Figure 2, turmeric (Curcuma 
longa Linn.) is classified under direct anti-
mycobacterial herbs. 

Synonym: Curcuma domestica Valeton 
Family: Zingiberaceae (ginger) 
Biological Source: Turmeric consists of the dried or fresh 
rhizomes (underground stems) of Curcuma longa Linn. 
 

 
 

Fig 5: Chemical structure and active constituents of Curcuma longa (Turmeric). 
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Chemical Constituents 
The medicinal properties of turmeric, the supply of 
curcumin, were regarded from many years; but, the 
capability to decide the exact mechanism(s) of action and to 
decide the bioactive compounds have only these days been 
investigated as follows: Curcumin is also referred as 
diferuloylmethane, is the principle herbal polyphenol 
observed inside the rhizome of Curcuma longa (turmeric) 
and in others Curcuma spp [16]. Curcuma longa has been 
historically used in Asian countries as a medical herb 
because of its antioxidant, antimutagenic, 
antimicrobial [17] and anticancer properties [18]. The energetic 
parts of turmeric are the flavonoid Curcuminoids that 
aggregates curcumin (diferuloylmethane), 
monodexmethoxycurcumin and bisdesmethoxycurcum in 
Curcumin makes up approximately 90% of the curcuminoid 
content material in turmeric. Other elements encompass 
sugars, proteins, and resins. The best-researched energetic 
constituent is curcumin, which comprises 35.4% of 
uncooked turmeric [19]. 
 
Mechanism of Action 
As Mentioned in Figure [6], Inhibition of Pro-inflammatory 
Signaling, Curcumin downregulates the NF-KB signaling  

pathway, leading to decreased expression of inflammatory 
mediators such as: Cyclooxygenase-2 (COX-2), Inducible 
nitric oxide synthase (INOS). By suppressing NF-кВ 
activation, curcumin reduces chronic inflammation, which 
plays a crucial role in TB pathogenesis. 
 
Activation of Antioxidant Pathways 
Curcumin upregulates the Nrf2 pathway, enhancing cellular 
antioxidant defenses. This reduces oxidative stress-induced 
tissue damage during TB infection. 
 
Induction of Apoptosis and Autophagy 
Curcumin promotes apoptosis in infected macrophages, 
facilitating intracellular killing of M. tuberculosis. 
Additionally, it enhances autophagy-related gene 
expression, improving bacterial clearance mechanisms. 
 
Direct Antimicrobial Activity 
Studies demonstrate dose-dependent inhibition of 
intracellular growth of M. tuberculosis (H37Rv strain), 
suggesting both host-directed and direct antibacterial effects 
(20 to 22). 

 

 
 

Fig 6: Mechanism of action of curcumin in tuberculosis management. 
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Uses 
Turmeric is widely used for medicinal purpose such as helps 
to relieve gas, improves digestion, dispelling worms, 
regulates menstruation, relieves arthritis, dissolving 
gallstones and overall energy of the body.Turmeric and its 
paste are also used in many ayurvedic applications like 
blood purification, remedial for skin conditions in Indian 
country. Turmeric paste is beneficial for hair to remove 
superfluous hair.  
In some parts of the -India, Pakistan, Bangladesh turmeric is 
applied on the bride and groom skin before marriage to 

make skin glow,  shine, and helps to keep harmful bacteria 
away from the body [23]. 
 
3. Guduchi: As shown in Figure 2, Guduchi (Tinospora 

cordifolia Linn.) is classified under immunomodulatory 
herbs. 

Synonym: Tinospora cordifolia (Willd.) Miers. 
Family:  Menispermaceae 
Biological source: Guduchi (giloy) is derived from the 
dried or fresh stem of Tinospora cordifolia (willed). Miers, a 
climbing shrub belonging to the family Menispermaceae. 
 

 

 
 

Fig 7: Phytochemical constituents of Tinospora cordifolia (Guduchi). 
 

Chemical Constituents 
The different classes of compounds which are found in this 
plant are classed in groups like alkaloids, steroids, 
Terpenoids, polysaccharides, glycosides and different 
aromatic and aliphatic compounds that are present in their 
phytoactive form that are responsible for the wide range of 
medicinal and therapeutic properties. The presence of these 
compound is found in various plant parts but highly 
concentrated in the stem, leaves and root part of the 
plant [24]. 
 
Mechanism of Action 
As Mentioned in figure [8], 
1. Active Phytochemicals Glycosides: Cordifolioside A, 

B, Cordioside, Cordiol 
Others: Syringin, Magnoflorine, Tinocordiside 
Novel compounds: N-formylannonain, 11-
hydroxymuskatone [25] 
Effect: 

↑ IgG antibody production, ↑ Neutrophil & macrophage 
phagocytosis, ↑ Reactive oxygen species (ROS) 
 
2. Polysaccharides G1-4A (Arabinogalactan) Targets: 
Macrophages (major), B-cells (minor) Acts as TLR4 agonist 
Pathway: TLR4 → MyD88 → NF-κB / MAPKs (ERK, 
JNK, p38) [26]. 
Effects: ↑ Th1 cytokines (TNF-α, IL-1β), ↓ Th2 response, ↑ 
M1 macrophage activation (↑ MHC-II, CD86), ↓ TB 
bacterial load 
 
3. β-Glucans Bind receptors: CD11b, TLR2, TLR6 [27] 
Effect: Promote Th1 immune response. 
 
4. Guduchi immunomodulatory Protein: 
Effects: 
↑ Splenocyte & thymocyte proliferation, ↑ Macrophage 
phagocytic & bactericidal activity 

 

 
 

Fig 8: Immunomodulatory mechanism of Tinospora cordifolia in tuberculosis. 
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Uses 
Tinospora cordifolia (willed). Miers, commonly known as 
guduchi is one of the highly valued vine useful in a wide 
range of diseases. Satva is aqueous extractable starchy 
substance collected from herbal drug. Guduchi Satva is 
commonly used and prescribed Ayurvedic medicine in Daha 
(burning sensation), Pitta predominant disorders. Its method 

of preparation has been mentioned initially in yoga 
Ratnakara, followed by Rasa Yoga, Sagara, Sidhha Yoga 
Sangraha, Bhavprakasha, etc; however, no text emphasizes 
on the impact of the season on quantitative and qualitative 
aspects of Satva [28]. 
  
Glance of Herbal anti-tubercular drugs 

 

 
 

Fig 9: Overview of herbal anti-tubercular drugs and their therapeutic roles. 
 

Current Drug Therapy 
To boost the body’s ability to adapt to care and decrease the 
period of treatment, current pharmaceutical therapy utilizes 
a cocktail of drugs. Two of the most often given first-line 
treatments are rifampicin and isoniazid. Rifampicin is a 
more significant part of the regimen since it reduces 
recovery time and assures the best results. A nine-month 
therapy includes rifampicin and isoniazid, as well as 
streptomycin and ethambutol [33]. According to one study 
done by the Medical Research Council of the United 
Kingdom, utilizing pyrazinamide in the first two months of 
the therapy regimen reduces the treatment period to six 
months while maintaining a cure rate of 95% or better [34]. 
Stopping the virus from spreading is the most effective way 
to eliminate tuberculosis, which may be achieved by 
prioritizing treatment for sputum smear-positive patients or 
anyone who can spread the illness. DOTS (Directly 
Observed Treatment) may be used to assess and manage 
these individuals. The short course is a very successful and 
cost-efficient strategy to TB care that is widely 
recommended across the globe [35]. DOTS consists of five 
elements: ongoing political and financial 
commitment,quality-assured diagnostic protocols, consistent 
delivery of superior anti-TB medications, supervised 
documentation and reporting, and systematic short-course 
(SCC) anti-TB care provided under clear and supportive 
observation (DOT) [36]. 

Problems with the Current Drug Therapy 
Patient compliance is hampered due to the extended period 
of TB treatment, and the large number of drugs utilized will 
make it difficult for patients to take their regular dosages. 
The present treatment is still prone to side effects and has 
been demonstrated to interact negatively with other drugs. 
In addition, the lengthy operation involves a large financial 
commitment in the pharmaceuticals required for treatment. 
The new multidrug therapy has little to no effect on latent 
tuberculosis. It has also led in the development of MDR-
TB [37]. When the improper or inefficient medications are 
utilised, drug tolerance develops. This might be due to drug 
delivery confusion, stopping the process in the middle, or 
leaving just one of the medicines delivered in the protocol 
(standard treatment is at least two drugs) [38]. MDR-TB may 
be treated with second-line drugs such fluoroquinolones, 
aminoglycosides, and others, but they are ineffective, 
dangerous, and costly. Second-line drugs are more 
expensive than first-line drugs, but the main issue is their 
treatment duration, which is nearly double that of standard 
TB treatment, making it much more difficult for some 
patients to afford treatment, continue treatment for the full 
duration, and increase the risk of disease spread, leading to 
further resistance development [39]. 
  
Conclusion 
With increasing rates of tuberculosis worldwide and the rise 
of MDR-TB and XDR-TB, there is a need for novel 
antimycobacterial agents. Using the MRA as a screening 
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tool, this study assessed the antimycobacterial properties of 
traditional medicinal plants [40]. The side effects associated 
with the allopathic drugs have remarkdly necessities the 
need of herbal drugs. In this review, authors have tried to 
make a complete description of all the antitubercular drugs 
around the globe. The various constituents present in plants 
makes them as an effective antitubercular drug. The 
discovery of new drugs has finally begin to emerge, the 
standard of care for tuberculosis might become possible 
soon, and the framework for classification of drug-resistant 
cases will need to be explored. Although the prevalence of 
TB in the society exists from large decades, still research 
needs to be explored for the benefit of the society. Herbal 
medicinal plants used for treatment and alleviate the many 
diseases [41]. The World Health Organization (WHO) has 
estimated that up to 70% of the world's population is purely 
depends on the traditional system of medicine for their 
preliminary health care. A number of factors can be 
attributed by dependence of large portion of the population 
on traditional medicine like: comparatively good 
approachability to the plants and wide-ranging of local 
information and knowledge amongst the societies [42]. 
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