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What is claimed is:

1. A delivery system comprising a gel microparticle, a
plurality of nanoparticles associated with the gel micropar-
ticle. and one or more hydrophobic drugs associated with at
least one of the nanoparticles. wherein the gel microparticle
includes aqueous soluble polymers or copolymers that are
gelled by a crosslinking reaction selected from the group
consisting of free radical polymerization, mannich reactions,
hydrophobic association, metal ion mediated complexation,
amide formation reactions, ester formation reactions, and
azide alkyne Huisgen cycloaddition, and the nanoparticles
include PEG protective coatings.

9. The delivery system claim 1, wherein the one or more
hydrophobic drugs includes a substance selected from the
group consisting of an asthma therapeutic agent, a chronic
obstructive pulmonary disease therapeutic agent, a tubercu-
losis therapeutic agent, a cancer therapeutic agent, a non-

ptosis-inducing agents, a TB therapeutic agent. ethambutol,
isoniazid, pyrazinamide, rifampicin, streptomycin, ami-
noglycosides, amikacin (AMK), kanamycin (KM), polypep-
tides, capreomycin, viomycin, enviomycin, fluoroquinolo-
nes, ciprofloxacin (CIP), levofloxacin, moxifloxacin (MXF),
thioamides, ethionamide, prothionamide, cycloserine, p-ami-
nosalicylic acid (PAS or P), rifabutin, macrolides, clarithro-
mycin (CLR), linezolid (LZD), thioacetazone (T), thior-
idazine, arginine, vitamin D, R207910, SQ641. a COPD
therapeutic agent, short-acting selective beta,-adrenoceptor
agonists, adrenergic agonists, anticholinergic medications
and long-acting f3,-agonists, or a pharmaceutically accept-
able salt of one of the foregoing.
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(i)  TMC207

TMC207 formerly known as R207910 is the first
anti-tubercular drug in the diarylquinoline class,
with the MIC ranging from 0.002 to 0.06 pg/mL.
In Phase |l trials for the treatment of smear-
positive pulmonary MDR-TB, TMC-207 was
examined at 400 mg/day for 2 weeks, followed
by 200 mg thrice weekly. It was found effective
and safe [43]. In guinea pigs, TMC-207 was
given for 6 weeks resulted in nearly complete
elimination of MTB from body [44]. In 2008, Anil
Koul has demonstrated an increased
susceptibility of dormant mycobacterium toward
TMC-207 as compared with actively growing
bacteria. TMC-207 at 10 pg/mL was highly
potent and killed dormant bacilli, as no bacteria
could be detected by 14th day [45]. The
remarkable activity of the combination of TMC-
207 with PYZ in reducing the bacillary count by
5.6 logso CFU after 1 month of treatment that is
higher by more than 2 log;o CFU which obtained
with the most effective drug combination without
TMC-207, i.e., RIF-INH-PYZ [46).
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Figure 5 Synthesis of R207910.

Diarylquinolines (R207910 and congeners)
Table 2 Activity of R207910 against M. tuberc

The diarylquinolines, exemplified'® by R207910 (Fig. 5), in mice

are an exciting new class of compounds with a novel Mean CFU (log10)
MOA, defined by modern genomic and structural tech-

niques. In vitro studies showed potent activity (MICs Dose (mg/kg) spleen lungs
from 0.030-0.120 ug/mL) against M. tuberculosis H37Ryv, Control (0) 5.77 5.19
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It is understood. however, that the invention is not limited to
the precise arrangements and instrumentalities shown. In the
drawings:

FIG. 1 illustrates a gel microparticle trapped in a lung
capillary with drug loaded nanoparticles embedded in the gel
microparticle. The nanoparticles may be released overtime in
the lung to kill cancer cells, TB mycobacteria or to treat
asthma.

FIG. 2 illustrates passive lung accumulation of IV injected
3, 6 and 10 pm fluorescently labeled polystyrene MPs in
healthy rats.

FIG. 2(a) illustrates TEMs of PEG nanogels.

FIG. 2(b) illustrates micron-sized aggregated nanogel par-
ticles (ANPs).

FIG. 3 illustrates ANP accumulation in rats.
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NANO CARRIER SYSTEMS

Nanotechnology and Nano science studies are a
-heartedly welcomed revolution in a modem
era of advancement. These studies have

warm

Table 2: Nanoformulations of anti-TB drugs

dramatically emerged during the last few
decades in a vast field of product domains and
have captured enormously generous attention
due to their compact size properties [7].

Route of Drug delivery Animal Observation Significance of study Ref
administrati system model
on
Oral SULN Mice RIF, INH & PYZ SLNs were 5 oral doses of SLNs at every [8]
detected 8 days in plasma and 10" day completely
10 days in organs rich in MPS ~ suppressed bacterial load.
Improved biocavailability and
reduced dosing frequency
Oral SLN Rats ty2. Chex @and AUC increased There was 6 times increased [9)
with respect to that achieved bioavailability in plasma and 4
with the free drug times in brain. INH-SLN
showed a 3 times higher
LDs; in comparison to free
INH
Aerosol SLN Rats The viability of alveolar RIF-SLN exhibited low toxicity [10]
macrophages and Iveol. comp ively to free drug
epithelial type Il cells was
above 80% with RIF-SLNs
Oral PLGA Mice Encapsulated RIF was No TB was detected in tissues [11]
Polymeric detected in plasma up to 6 after administration of 5 doses
nanoparticles days whereas INH and PYZ for  of drug-loaded nanoparticles
9 da
Oral PLG Guinea Nanopbamdos increased Increase in bioavaiabilty of [12]
Polymeric pigs plasma concentration of RIF drugs and therapeutic effects
nanoparticles for 6-7 and 13-14 days for INH were achieved even at low
and PYZ frequent dosing
Oral Alginate Mice Therapeutic concentration of 3 oral doses of polymeric [13]
based RIF, INH and EMB formulations at 15 days
Polymeric nanoparticles was observed interval resulted in complete

A U L9 J o
FUN 9 uandeyaeninwialsanianunsariluguuuuunly

liposomes containing an active targeting ligand
O-steroyl amylopectin for encapsulation of RIF
and INH. The formulation also exhibited a
sustained drug release for more than 120 h,
compared to 10 h for the free drugs and reduced
the daily administration to only once a week [21].
Liposomes as nanocarrier drug delivery systems
have also shown significant development in
vaccines design for the treatment and prevention
of TB. DNA vaccine combination expressing
MTB heat shock protein 65 (HSP 65), IL-12,
Ag85B-ESAT-6/CAF01 are the well-known
examples of a vaccine liposomal-based
technology with promising results [22].

(i) Nanoemulsions

Nanoemulsions are defined as transparent or
translucent water-in-oil (w/o) or oil-in-water (o/w)
droplets with 10-100 nm mean droplet diameter
[23].

Thermodynamically stable nanoemulsion of
ramipril with mean particle size of 80.9 nm and
polydispersity index of 0.271 was developed for
oral administration. The relative bioavailability of
ramipril nanoemuision to that of conventional

A a U 1 £ U U
JUT 10 uananatiansimungasuluwaenssaidssne lumsvherfnwdadsaluguuuuuily

(iv) Polymeric nanoparticles

Most of the polymeric nanoparticles are bio-
degradable and biocompatible and are preferred
for the delivery of nano materials. Polymeric
nanoparticles have been scrutinized to deliver a
variety of antimicrobial agents to medicate
various infectious diseases and have shown
great therapeutic efficacy [30].

RIF, INH and STR Iloaded polymeric
nanoparticles with elevated antimicrobial activity
were prepared by Anisimova et al where
encapsulated INH showed increased intracellular
concentration of 4-8 folds, STR 7 folds and RIF
22-25 with respect to the extracellular
concentration [31]. Correspondingly moxifloxacin
loaded poly (n-butyl cyanoacrylate) nanoparticles
delayed intracellular MTB growth at 0.1 pg/mL,
whereas free moxifloxacin has same effect at 1
pg/mL [32]. Clemens et al employed meso-
porous silica nanoparticle drug delivery systems
either coated with a polyethyleneimine to release
RIF or equipped with cyclodextrin based pH-
operated nanovalves that open only at acidic pH
to release INH into MTB-infected macrophages.

wiu laluley unludladu wazmaieynmeulumeisindueia Wudu
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Present Status of WNanoparticle Research for Treatment of
Tuberculosis

Shegokar Ranjita' Al Shaal Loaye', Mitri Khalil'?
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NutriCosmetics, Kelchstrasse 31, Berlin, Germany.
? Centre of Cosmetic Science and Technology, University of Siena, Via della Diana, Siena Italy.
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ABSTRACT - Nanotechnology has offered enormous improvement in field of therapeutics by means of
designing of drug delivery systems and opened the possibility of controlling infections at the molecular
level. Nanocarriers can cross biological barriers and are able to target cellular reservoirs of Mycobacterium
tuberculosis (M. tuberculosis). Nanoparticle-based systems have significant potential for treatment and
prevention of tuberculosis (TB). A variety of nanocarriers have been widely evaluated as potential drug
delivery systems for various administration routes. Targeting the drugs to certain physiological sites such as
the lymph nodes has emerged as a promising strategy in treating TB with improved drug bioavailability and
reduction of the dosing frequency. Nanotechnology based rational targeting may improve therapeutic
success by limiting adverse drug effects and requiring less frequent administration regimes, ultimately
resulting in more patients compliance and thus attain higher adherence levels. The development of
nanoparticle based aerosol vaccine is undergoing which could serve as new platform for immunization.
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Figure 2. Proposed mechanism by which Nanoparticle encapsulated drug can be released in infected macrophage for
anti-Tubercular treatment.
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Table 2. Final M. tuberculosis lung CFU count data.

Mean (SD) logio M. tuberculosis CFU/Mung at the following time points. Total dose
LTBI treatment B8CG M.tb Treatment During treatment B over 12
immunization | challenge initiation
regimen® weeks
Week -19 Week -13 Day 0 Week 4 Week 8 Week 12 a
{Mmgg)
Untreated ! na 12.11 (0.09)] 4.75(0.27) |4.71 (0.48)| 4.60 (0.27)| 4.94 (0.29) | na
Ry (57) | | 3.39 (0.46) | 2.74 (0.62) | 1.27 (0.85) | na
PioHeo (1/7) 2.67 (0.25)| 0.79 (0.80) | 0.28 (0.41) na
B.s (57) 3.01 (0.45)| 0.82 (0 49)‘007‘0 09) 1500
Bs (577) | | 3.30 (0.12) | 2.42 (0.26) |[0.69 (0 43)' 480
Bsx (577) 3.83 (0.25)| 3.15 (0.47)| 1.98 (0.17) 320
Bz e (517) 3.96 (0.35) | 3.52 (0.38) | 3.16 (0.24) 160
Biaseo(1/28) x 3 l1 23 (0 IG)I 480
[ S—
Buaseo (1728)x 2 | | 12.31 (0.40)| 1.63 (0.40) | 320
Buaseo (1/28) x 1 3.55(0.32)3.31 (O 38)‘ 1.83 (0.34) 160
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3.2) angUT 13 Teyaen B6 (5/7) Jemnefis Bedaquiline 1Aeq azwuinmdesney 480
me/kg WILATT 12 AW Bamseu BLA-160 (1/28) x 3 7iwansiia BLA = Bedaquiline long acting Fanuin
wideeeg 480 mg/kg uunin 12 AUaAguReITY Lanad1 Bedaquiline 1henq Alimnuanunsaegly
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3.3) 91n3UT 13 WislUSeuiileudseaninnvesdaen B uay fe1 BLA sswudndleruluiia
dUavin 12 fen B Inuidewiesy 0.69 CFU aag?ifngn BLA fiTuiuiemasey 1.23 CFU Fauansly
wiudaszansnmesen BLA Tunissiiietalsadesninden B st aguléan &1 Bedaquiline 91l
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