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Abbreviations: TB, tuberculosis; M. Tuberculosis, 
Mycobacterium tuberculosis; HIV, human immunodeficiency virus; 
NPs, nanoparticles; MDR, multidrug-resistant; XDR, extremely 
drug-resistant; PLGA, poly(lactide-co-glycolide); PLA, poly lactic 
acid; PGA, poly glycolic acid; INH, isoniazid; RIF, rifampicin; PZA, 
pyrazinamide; DC’s, dendritic cells

Introduction
Around the world, tuberculosis (TB) remains the second most 

continuous irresistible malady causing dreariness and demise after 
the human immunodeficiency infection (HIV). 33% of the total 
populace is contaminated with Mycobacterium tuberculosis H37Rv 
(M. tuberculosis), the etiologic specialist of TB. In an investigation, 
a gauge is given by WHO that around 8-10 million new TB cases are 
accounted for every year worldwide and the event of TB is at present is 
as yet expanding .1 TB is accounted for to be the ninth essential source 
of death worldwide and the central reason from a solitary and specific 
irresistible operator, notwithstanding positioning over HIV/AIDS. 
Drug resistant TB is a proceeding with danger. In 2016, 6 lacs new 
cases were accounted for resistant from rifampicin (RIF), which is the 
best first-line treatment drug, besides of which 4, 90,000 had multidrug-
resistant TB (i.e. MDR-TB). Half (47%) of these cases were in India, 
China and the Russian Federation. Universally, the TB death rate is 
falling at around 3% every year. TB rate is falling at around 2% every 
year; this needs to enhance to 4-5% every year by 2020 to accomplish 
the initial (2020) points of reference of the End TB Strategy2 TB 
bacilli live and multiply inside lung macrophages, the plain cells that 
have advanced to inundate and wreck microorganisms that achieve the 
surface of the lungs alongside breathed in air.3 A few components have 
developed by M. tuberculosis to beat the foe condition of the essential 
host cell i.e. Macrophage.4 The normal qualities of the TB bacilli 

involve the developement: it develops with a moderate development 
rate; it indicates torpidity; it creates complex cell envelope; it 
maintains through intracellular pathogenesis; characteristic of 
hereditary homogeneity. In aggregation with thick peptidoglycan 
layer, novel biosynthesis pathways deliver an assortment of other 
cell wall components which incorporates mycolic acids, mycocerosic 
corrosive, lipoarabinomannan and arabinogalactan, which intensely 
mean mycobacterial life span, trigger provocative host responses and 
assume a vital job in its pathogenesis.5 TB mortality has diminished 
since 1990; yet considerably additionally difficult circumstance 
has occurred i.e. the expansion of multidrug-resistant (MDR) and 
extensively drug resistant (XDR) strains of M. tuberculosis, which 
is a severe wellbeing challenge. Medication delicate TB can be dealt 
with a half year of chemotherapy with the present four-drug cutting 
edge regimen. MDR-TB can be restored with no less than 18– two 
years of treatment utilizing 4-6 drugs, including a fluoroquinolone and 
one injectable specialist is required. XDR strains of M. tuberculosis 
moreover are impervious to fluoroquinolones and somewhere around 
one second line drug.6 Two types of TB exists i.e. latent TB and active 
TB. In inactive TB, microscopic organisms demonstrates lethargy in 
human body and this stage stays for longer time; it tends to be dealt by 
having one pharmaceutical for 9-10 months and in the event of active 
TB, microbes repeats and spreads in the body, in this way making harm 
the host cells.7 The treatment of tuberculosis and other mycobacterial 
infections with chemotherapy is an exceptionally difficult assignment. 
Nanoparticle-based frameworks have huge planned for determination, 
treatment and aversion of TB.8

Nanotechnology in treatment of tuberculosis

Regardless of the overall accessibility of tuberculosis (TB) drugs, 
long length of the treatment, genuine unfavorable impacts, poor 

Int J Mol Biol Open Access. 2018;3(5):235‒238. 235
© 2018 Verma et al. This is an open access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and build upon your work non-commercially.

Delivery of antituberculosis drugs to Mycobacterium 
tuberculosis H37Rv infected macrophages via 
polylactide-co-glycolide (PLGA) nanoparticles

Volume 3 Issue 5 - 2018

Heena Verma, Shivangi, Laxman S Meena
CSIR-Institute of Genomics and Integrative Biology, India

Correspondence: Laxman S Meena, CSIR-Institute of 
Genomics and Integrative Biology, India, Tel 011-27002200, 
Email laxmansi72@yahoo.com
 
Received: October 10, 2018 | Published: October 19, 2018

Abstract

In the course of 5 decades, tuberculosis stays at its most elevated peak in the event of 
mortal cases revealed. This manuscript is given with an aim to update the information 
on tuberculosis, its pathogenesis and antitubercular chemotherapies which have 
been being used to prevent and cure it currently. Rising rates of tuberculosis and 
its high resistance toward drugs has created a need to discover better diagnostic 
tools and effective vaccines. This article reviews the currently available relevant 
publications elaborating the approach of nanoparticles futuristically in reference to 
diagnosis, treatment and prevention of tuberculosis. This review covers the prospect 
of using nanotechnology-based drug delivery systems for effective eradication of 
mycobacterial infections. Drug loaded polylactide-co-glycolide (PLGA) nanoparticles 
shows long-term stability and target only infected cells without harming the normal 
cells. Drug delivery using nanoparticle was previously successfully used for cancer 
treatment but it may also be used for treatment of tuberculosis. Transferring drug by 
using biodegradable nanoparticles would turn out to be a beneficial approach to stop 
TB epidemic. 

Keywords: Mycobacterium tuberculosis, alveolar macrophages, nanotechnology, 
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patient consistence and the rise of multidrug safe strains, demonstrates 
that the recognizable proof of novel antituberculars, the adjustment 
of existing medications and the improvement of new medication 
conveyance frameworks to abbreviate TB chemotherapy are direly 
required.9 Nanotechnology gives the best stage to pharmacology 
which gives a conclusion to end answer for the outlining of medication 
conveyance framework which is fit to target phagocytic cells defiled 
by intracellular pathogens, e.g. mycobacteria. Nanocarrier based 
enemy of TB treatment incorporates a controlled and managed drug 
delivery framework, expanding bioavailability of the counter TB 
tranquilize, lessening symptoms, and upgrading blood circulation 
time.10 Nanoparticles as drug transporters encourage higher soundness 
and higher bearer limit related to monstrous advancement of drug 
bioavailability that further coordinates to reduction in dosage 
amounts.11 The fundamental plan to build up these novel medication 
conveyance frameworks is to enhance the patient consistence and 
diminish treatment time. The fruitful utilization of nanoparticle in 
various medication conveyance frameworks relies upon their diverse 
physicochemical properties and their capacity to cross through few 
anatomical hindrances inside body.12 Directed conveyance of solution 
to the lungs is exceedingly attractive, particularly in the patients with 
particular aspiratory infections, for example, cystic fibrosis, asthma 
and tuberculosis; the standard favorable circumstances of utilizing 
nanoparticles for tranquilize conveyance is to diminish orderly 
symptoms and utilization of higher concentration of the drug at the 
focused on the targeted site.13 NP’s can be intended to fortify as 
well as smother the invulnerable reactions. An association between 
NP’s and insusceptible framework can be advantageous for different 
medicinal applications, for example, immunizations and therapeutics 
for some provocative sicknesses.14

Immunology of TB

In people, TB is transcendently an ailment of the lungs. M. 
tuberculosis contamination begins with the inward breath of 

irresistible microorganisms and their residence in the alveolar space 
of the lungs. The microorganisms are taken up by phagocytes in 
the lung, specifically by alveolar macrophages and dwell inside 
intracellular phagosomes.15 In the wake of spreading its disease 
in the alveolar macrophages; these macrophages begin to show 
numerous biomarkers on their surface which initiates the inborn 
resistant framework. These distinctive particular biomarkers help 
the drug stacked nanoparticles to focus on the infected macrophages 
or to join with particular macrophages.16 These receptors are for the 
most part conceivably fascinating for focusing on nanoparticles to 
TB-pertaining macrophages. Under perfect conditions, pathogen-
encasing phagosomes combine successively with ahead of schedule 
and afterward late endocytic organelles to wind up bactericidal 
phagolysosomes. Be that as it may, M. tuberculosis can deflect 
phagosome development and phagosome– lysosome combination, 
therefore maintaining a strategic distance from presentation to 
the lower pH and hydrolytic condition of the phagolysosomes. 
Changed resistant framework will invigorate lymphocytes to deliver 
a multitude of lymphocytes despite the fact that they will most 
likely be unable to obliterate M. tuberculosis, they stay wary to 
counteract dynamic contamination.17 A few components have been 
embroiled in the capacity of M. tuberculosis to capture phagosome 
development; however our comprehension of this procedure is a 
long way from finish. Macrophages are entering into effector cells 
in mycobacterial executing yet can likewise give a specialty to M. 
tuberculosis augmentation. DCs inundating M. tuberculosis relocate 
to the depleting lymph nodes and take effector T cells that in way to 
come back to the lungs to control the contamination. These occasions 
prompt the arrangement of the granuloma at the site of disease. The 
exemplary TB granuloma is comprised of a focal center of tainted 
macrophages encompassed by epithelioid, frothy macrophages and a 
fringe edge of lymphocytes (B cells and T cells) in relationship with 
a tough covering of extracellular network laid by fibroblasts (Figure 
1 & Figure 2).18

Figure 1 Survival methodology of tuberculosis in host macrophages and development of granuloma during tb progression.

TB is transmitted in droplet aerosols and has waxy coat that protects it from drying out. Inhaled viable M. tuberculosis bacilli are internalized by alveolar 
macrophages and instead of forming phagolysosomes, the bacilli are protected in alveolar macrophages & undergo rapid replication. Active bacilli trigger a pro-
inflammatory response which leads to the recruitment of neighboring lymphocytes & neutrophils, thus forming a cellular matrix of Granuloma. A lymphocytic 
cuff that is largely comprised of B and T cells characterizes the periphery of the granuloma, including neutrophils, foamy macrophages, dendritic cells & natural 
killer (NK) cells. Reactivation of infection occurs in the case where the core enclosing the bacilli breaks & releases infectious active M. tuberculosis into lungs 
airways
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Figure 2 Advancement of nanoparticle in case of drug delivery.

Macrophages are particularly effective in internalizing foreign particles & delivering the particles to the acidified endosomes. Drug loaded PLGA nanoparticles 
are internalized by M. tuberculosis infected macrophages and drug by is then to be released intracellulary into the macrophages to kill bacterium more effectively 
than an equivalent amount of free drug. Nanoparticle-mediated targeted delivery of therapeutic agents induces selective apoptosis of targeted cells without 
harming the normal cells. This would reduce treatment related side effects & enhance the quality of life in infected person.

Mycobacterial growth in macrophages is restricted by 
PLGA nanoparticles

Biodegradable poly (lactide-co-glycolide) (PLGA) polymers have 
been considered broadly for the controlled arrival of peptide and 
protein drugs. It is the most alluring competitor used to manufacture 
gadgets for controlled drug conveyance applications.19 PLGA is the 
most ordinarily utilized FDA endorsed polymer for biodegradable and 
biocompatible controlled discharge molecules.20 Polyester PLGA is a 
copolymer of poly lactic acid (PLA) and poly glycolic acid (PGA). It 
is the best characterized biomaterial accessible for drug transfer as for 
plan and execution.21 PLGA copolymer experiences corruption through 
cleavage of its spine ester linkages into oligomers, lactic and glycolic 
acid monomers. This has been appeared in both in vivo and in vitro for 
different drug composes and proteins with different polymer extents.22 
The drug conveyance particular vehicle, i.e., PLGA, can pass on its 
payload with fitting length, biodistribution and center for the proposed 
supportive effect.23 PLGA NPs are successfully phagocytosed by 
human alveolar macrophages24 and we have seen ground-breaking 
microbicidal impacts when they convey a payload of hostile to TB 
drugs.25 In spite of the fact that the macrophage is the effector cell in 
the host reaction to M. tuberculosis, it is likewise the specialty cell for 
the bacillus; where the bacterium can reproduce before causing cell 
mortality and proceeding onward to taint different cells.26 Along these 
lines, Phagocytosis of NPs by macrophage allows the executed focused 
killing of intracellular bacilli. Such a breathed in approach can improve 
the feasibility of TB treatments by diminishing the repeatation of 
dosing and growing neighborhood testimony of the counter tubercular 
specialist.27 PLGA is most outstanding among the different accessible 
biodegradable polymers by virtue of its long clinical experience, 
ideal corruption attributes and potential outcomes for maintained 
medication conveyance.28 The other essential central purposes of 
PLGA based nano plan are their long-time span of usability, their 
ability of all courses of organization and adaptable debasement energy 
of the polymer; this polymer go about as archive and discharges the 
medication gradually after some time interval.29 Nanoparticles (NPs) 
on entering the living structure instantly associate with proteins which 
serve various employments of nanoparticles including bio-signaling, 

therapeutics and drug delivery system.30 In one of the examinations, 
wheat germ agglutinin-functionalized PLGA nanoparticles were used 
for in vivo conveyance of INH, RIF, and PZA for deferred entry 
of drug, allowing less continuous dosing to accomplish a remedial 
impact in cells.16 Nanoparticles of PLGA are having estimation lower 
than 10 microns in measurement and therefore accordingly could be 
accessible for coordinate phogocytosis into monocytes, leukocytes 
macrophages and different cells of endothelium framework.31 Drugs 
can be combined into PLGA nanoparticles by three techniques. 
Drugs can be joined inside the PLGA nanoparticles over the span of 
arrangement, medications might be consumed on performed PLGA 
nanoparticles or medication might be synthetically bound to PLGA 
Nanoparticles.32,33 This component of conveyance of medications by 
utilizing nanoparticles made up of biodegradable material decidedly 
helps in showing signs of improvement treatment against tuberculosis 
by encouraging the delivery system using nanoparticles decreases 
toxicity and other cell harm.

Conclusion
Nanoparticle drug delivery system can possibly overhaul the 

momentum of TB ailment treatments, these particles having various 
special attributes which make them most encouraging stages for 
conveyance of medication. Nanoparticles can be thought to be the 
most favorable material as a medication conveyance vehicle; one 
nanoparticle can be used by various bioactive atoms, these particles 
can be connected on to the surface of particular biomolecules to 
deliver focused on cells and to discharge sedate. PLGA nanoparticle 
as a medication conveyance vehicle for the counter tuberculosis 
drugs thought to be more practical to slaughter M. tuberculosis more 
adequately than a comparable measure of customary medication.
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