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Abstract

Ms. P Deeksha is a B.Sc. lll-year student, Department of Medical Bionanotechnology, Faculty of
Allied Health Sciences, Chettinad Academy of Research and Education, Kelambakkam - 603103,
Tamilnadu. Her area of interest is targeted drug delivery.

Tuberculosis (TB) is a chronic disease which is one of the reasons behind millions of deaths all over the
world. This infectious disease is contagious and can be transmitted via sputum, aerosol droplets, thus it is
an air-borne disease. TB can be treated using certain drugs to inhibit the bacterial growth, but the main
drawback is that they provide less bioavailability and show toxicity to normal cells. Another challenging part
is the diagnosis of TB at its early stage though many techniques and equipment’s are developed. In this
context, the present short review describes how nanotechnology can be utilized as a diagnostic and thera-
peutic tool to detect TB at developmental stage and treat it through targeted drug delivery.
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Overview

Tuberculosis (TB) is an air-borne disease which is
caused majorly by Mycobacterium tuberculosis and
Mycobacterium bovis.! It does not infect only the
lungs but if left untreated it reaches the
bloodstream and affect other parts of the body such
as spine, kidney, liver, brain, etc. where such type of
infection is called as military TB. Patients with active
TB shows symptoms like chronic cough,
mucus-containing blood, fever, night sweats, loss of
appetite, fatigue, etc.Patients with latent TB show
no symptoms and fail to spread infection from one
person to another person so they are said to be
non-contagious.?2 Active TB mostly occurs in
patients with low immunity, or patients with primary
infections like HIV/AIDS, people who smoke and also
in young children. Active patients can spread
infection via cough and sneeze where a single
sneeze approximately releases about 40,000
droplets containing disease causing agents, so they
are found to be contagious. Transmission depends
on some factors such as number of infectious
droplets expelled by the carrier, effectiveness of the
ventilation, duration of the exposure, virulence of
bacterial strain, level of immunity in the uninfected
person, etc. There are many types of TB infections
depending on the area at which it is affected such as
pulmonary  TB, extrapulmonary TB, TB
lymphadenitis,  skeletal TB, military TB,
genitourinary TB, liver TB, gastrointestinal TB, TB
meningitis, TB peritonitis, TB pericarditis, cutaneous

TB and so on2 TB infection begins when
Mycobacteria enters the alveolar air sacs of the
lungs and starts to replicate within the endosomes
of alveolar macrophages. Macrophages identify the
foreign bacteria and try to eliminate it by
phagocytosis. In this process, the bacteria are
enfolded by macrophage and remain in the
membrane bound vesicle called phagosome.
Phagosome combines with lysosome to form
phagolysosome. Phagolysosome wuse reactive
oxygen species and acid to kill the bacteria.
However, the bacteria with thick lipid and mycolic
acid present in the cell membrane protect them
from immunity response enabled by
phagolysosome. Therefore, the bacteria present in
the phagolysosome are able to replicate without any
trouble and weakens the immune system.

Development of diagnostic tool using
nanotechnology

Some of the current diagnostic tools used for the
detection of tuberculosis are acid fast bacilli
(AFB), loop mediated isothermal amplification
diagnosis of pulmonary TB, gene Xpert MTB/RIF
assay, lipoarabinomannan urine test for TB
diagnosis in HIV infected patients, culture for TB
diagnosis, molecular line probe assays diagnosis
of TB, TB skin test for diagnosis of latent TB
infection, etc.3 These diagnostic techniques show
low sensitivity towards bacterial infection and
may provide false conclusion. The major problem
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in the treatment of tuberculosis is the diagnosis
at its early stage.3 Using nanotechnology-based
sensing devices, the detection of Mycobacterium
tuberculosis at early stage can be performed.4 In
the field of nanomedicine, nanoparticles (Nps) are
considered to be effective carriers. Solid lipid Nps,
polymeric Nps, dendrimers, nano emulsions,
nanosuspensions and other nano systems which
have provided unique properties to improve the
sensitivity in diagnosis.4 Some of the Nps based
diagnostic tools are discussed here. Quantum
dots (QD) are semiconductor nanocrystals with
the size ranging between 2 nm to 10 nmJ5>
Depending upon on the size of the particle, it
illuminates different colors which are used to
identify Mycobacterium tuberculosis.5 The
traditional methods like AFB and microscopic
techniques detect specific antigen Ag85B for
diagnosis TB infections. To diagnose the presence
of TB, samples are visualized by conjugating
antibodies with organic or inorganic dyes and
observe them under fluorescent or electron
microscope. However, this method has limited
specificity and low sensitivity.3 To give a complete
diagnosis without any false confirmation,
quantum dots are used. Kim et al.® developed a
sandwich-based assay to detect TB by
antigen-antibody interaction using silica coated
QDs. Genetically engineered antibody GBP-50B14
and SiBP-8B3 are used to functionalize the
surface of QDs. The targeted antigen Ag85B bind
to the specific antibody and interaction takes
place between them which shows quenching
effect. Quenching refers to the decrease in
fluorescence effect of QDs owing to the
interaction of antigens to antibodies which are
attached over its surface. The detection limit is
found to be 13.0 pg mL~".
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Silicon Nps having fluorescence property along with
the help of immunofluorescence microscopy
provides high sensitivity detection of Mycobacterium
tuberculosis. Qin et al.7 utilized two-color flow
cytometric technique by combining fluorescent silica
Nps and SYBR green | for the detection of Mycobac-
terium tuberculosis. Anti-Mycobacterium tuberculo-
sis is immobilized over Nps by (2,2 bipyridyl)
dichlororuthenium(ll) hexahydrate,treated with the
sample containing Mycobacterium tuberculosis,
stained with SYBR dye which acts as nucleic acid
stain to remove the influence of unwanted waste
particles. The presence of Mycobacterium tuberculo-
sis is detected using mutiparameter determination
with flow cytometry. This method provides high
sensitivity with detection limit as low as 3 x 104 cells
ml™ in spiked urine. Likewise, there are many nano-
systems which can enhance the sensing ability of
diagnosis systems which are summarized in Table 1.

Targeted drug delivery through nano-
technology

Even though, the disease is diagnosed, conventional
medications used to treat TB involve long-term
medication, high dosage, low bioavailability, low
bio-absorption, poor drug solubility and non-
targeted drug delivery which also affects the healthy
cells and causes side effects. To treat TB,
anti-infectious drugs are administrated, but reach
the circulatory system and damages healthy cells. To
overcome this drawback, researchers have been
utilizing nanoparticles (Nps) for targeted drug
delivery. Nps that are engineered using polymers,
proteins, lipid, etc. are widely used as drug delivery
carrier system which is usually conjugated with
imaging and therapeutic compounds for
simultaneous diagnosis and therapeutic effect.4

chemiluminescence

Sl. No. Nanosystems Description
] Dual labeled Au Nps as Enzyme probe and detection probes are used.
' electrochemical biosensor Detection limit is 1.25 ng/ml genomic DNA.2
5 Magnetic nanoparticles with Magnetic nanoparticles capture target DNA and intensifies

chemiluminescence signal.®

Surface plasmon resonance
3. sensing chip with graphene -
ssDNA-gold nano urchin

Graphene lay ers placed on the surface of the chip. ssDNA -gold
nano urchin binds to the graphene by stacking force. In the
presence of cssDNA from Mycobacterium tuberculosis

disrupts the ssDNA which is bounded to gold nano -urchin
resulting the change in SPR.™

4. Au Nps

Direct detection of MTB 16s rDNA"

Graphene modified iron -oxide
5. chitosan nano -composite film
coated over fluorine tin oxide

Table 1: Nanobiosensor for TB diagnosis

Using streptavidin biotin interaction, DNA aptamer sequence
specific to the MPT64 antigen is immobilized onto composite
film which acts as a voltammetric biosensor having low
detection of limit 0.9 fg.mL"."
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Sl Nanoparticles in drug
No. delivery

Drugs

Virulent organisms

. .
B Alginate Nps pyrazinamide

Isoniazid, rifampicin and

Mycobacterium tuberculosis

id lini 18
2. Solid lipid Nps pyrazinamide

Isoniazid, rifampicin and

Mycobacterium tuberculosis

3. Liposomal aerosols ™ Rifampicin

Mycobacterium smegmatis

4. Liposomal Nps *° Rifampin

Mycobacterium tuberculosis

Poly (lactic -co-glycolic
5 acid)®

Isoniazid, rifampin, pyrazinamide

Mycobacterium tuberculosis

Nano-suspension of (385

- Clofazimine
nm) clofazimine **

Mycobacterium avium

Table 2: Nanoparticles used for target TB causing pathogens

Using Nps as drug carriers have many advantages
such as good bioavailability, required dosage which
ultimately reduce the side effects, preventing the
damage caused to healthy cells. Liposomal Nps
loaded with drug has the ability to bind with
microorganism’s cellular membrane, penetrate into
microorganism’s surface and deliver drugs into the
organism.’> Therefore, drug loaded liposomal Nps
can be used to kill the pathogenic organisms which
causes disease. For selectively, Nps are targeted
towards surface receptors of the microorganisms by
functionalizing Nps surface with complementary
antibodies which further improves the therapeutic
efficiency.

Rifampicin is one of the most effective anti-TB drugs
used as oral administration. Grotz et al.'4 used
polymeric micelles made up of co-polymer of poly
(vinyl  caprolactam), poly(vinyl-acetate) and
poly(ethylene glycol) as nanocarrier to encapsulate
rifampicin. The size of the nanocarrier ranges about
107nm. This type of nanocarrier can able to
penetrate deep into the lungs to deliver drug at the
target site through inhalation. Similarly, Bashaet al.'s
loaded rifampicin and levofloxacin drugs in
cyclodextrin and conjugated with curdlan Nps for
controlled and sustain release of both the drugs for
a long period which does not destroy normal cells.
The main advantage of this system is that they are
non-cytotoxic to both RAW264.7 and Lg29 cell
lines. Another route of drug delivery is the use of
magnetic chitosan Nps as drug carrier.’® The drug
chosen is isoniazid which is considered to be the
first line of anti-tuberculosis drug that are
incorporated into the magnetic chitosan Nps
through ionic gelation method. The prepared system
provides a gradual sustained release of drug in the
targeted site avoiding contact with the normal cells,
provides good biocompatibility and display
non-toxicity. There are many literatures that dealt
with the targeted drug delivery for TB infection
some of which are summarized in Table 2.

Conclusion

From the discussions provided in this review, it is
clear that nanomedicine can diagnosis and treat
tuberculosis with safety, efficacy, biocompatibility,
less toxicity, prevent drug degradation and enable
sustained drug release at targeted site. So, it can be
concluded that even though there are many deadly
diseases that persist within human community, with
the advancement of nanotechnology in medicine, it
is possible to diagnosis the disease at its early stage
and treat it with at most care without damaging the
normal cells.
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