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ABSTRACT: Leishmaniasis, a vector-borne disease is caused by intracellular parasite leishmania donovani. Unlike most intracellu-
lar pathogens, leishmania donovani are lodged in parasitophorous vacuoles and replicate within the phagolysosomes in macrophages.
Effective vaccines against this disease are still under development, while the efficacy of the available drugs is being questioned owing
to the toxicity for nonspecific distribution in human physiology and the reported drug-resistance developed by leishmania donovani.
Thus, a stimuli-responsive nanocarrier that allows specific localization and release of the drug in the lysosome has been highly sought
after for addressing two crucial issues, lower drug toxicity and a higher drug efficacy. We report here a unique lysosome targeting
polymeric nanocapsules, formed via inverse mini-emulsion technique, for stimuli-responsive release of the drug miltefosine in the
lysosome of macrophage RAW 264.7 cell line. A benign polymeric backbone, with a disulfide bonding susceptible to an oxidative
cleavage, is utilized for the organelle-specific release of miltefosine. Oxidative rapture of the disulfide bond is induced by intracellular
glutathione (GSH) as an endogenous stimulus. Such a stimuli-responsive release of the drug miltefosine in the lysosome of macro-
phage RAW 264.7 cell line over a few hours helped in achieving an improved drug efficacy by 200-times as compared to pure

miltefosine. Such a drug formulation could attribute to a new line of treatment for leishmaniasis.

More than 20 species of leishmania cause symptomatic leish-
maniasis are responsible for a range of clinical manifestations
varying from cutaneous ulcerations to fatal visceral infections.
The most common one among all these variations is the visceral
leishmaniasis, or kala-azar, is a vector-borne disease and the
majority of parasites reside in macrophages of mammalian
cells.*® Visceral leishmaniasis generally turns lethal if un-
treated. Despite its epidemiological importance, ® leishmania-
sis is classified by WHO as the so-called neglected disease that
has failed to attract adequate financial support as well as the
support of the academic bodies along with the public-health au-
thorities for prevention and control the disease.®” A recent sur-
vey report published by Cloots et. al reveals that the majority
(~95%) of the visceral leishmaniasis in 2017 occurred in just
ten countries, including Bangladesh, India, and Nepal.® Accord-
ing to a recent WHO report, visceral leishmaniasis elimination
has resulted in a substantial decrease (~ 85%) in the caseload in
the Indian subcontinent. Implementation of the elimination
strategy primarily relied on effective case management and dis-
ease surveillance, as well as integrated vector control and avail-
ability of efficient clinical interventions. However, studies have
also established that asymptomatic infection has outnumbered
incident of visceral leishmaniasis by a factor of nine in the In-
dian subcontinent and presumably, this reduction in visceral

leishmaniasis cases may not be the true reflection of the de-
crease in disease transmission.®1° Affected areas constitute foci
of anthroponotic transmission of the parasite and this enhances
the possibility of the fast-spreading of drug-resistant parasites.
Despite its acute need and advancements in clinical insights, ef-
fective vaccine against leishmaniasis is still under development.
Effective treatment primarily relies on the chemotherapeutic
drugs, like antimonials (sodium stibogluconate and meglumine
antimoniate), paromomycin, oral miltefosine and a liposomal
formulation of amphotericin B.** Such prevalent chemother-
apy is far from satisfactory and development of acquired re-
sistance to these drugs has made clinical prognosis and treat-
ment even more challenging.***> Further, recent clinical data
have also shown that the efficacy of the same drug and dosing
regimen differs for different geographical locations. Literature
reports also confirm that leishmania promastigotes enter the
dermal macrophages by utilizing the host CR3 and this prevents
the circulating phagocytes and nonimmune serum to kill the
parasites.’®® This adds to the challenge for the treatment of
leishmaniasis.'”*® To get around this problem, suitably func-
tionalized nanocarrier with encapsulated antileishmanial drugs
could be a promising approach for treating leishmaniasis. Ap-
propriate surface functionalization of the nanocarriers could
help in overcoming the biological barrier and uptake in macro-
phages. This helps in releasing the drug at the targeted site and



lead to a much higher local concentration as well as therapeutic
efficiency.*® 192! Use of such suitably functionalized polymeric
nanocarriers has been increasingly used for targeted drug re-
lease and improving its therapeutic efficacy.?>? Polymeric
nanocarriers with core-shell nanocapsule morphology could
carry, store, and release one or a combination of drugs, reporter
molecules for clinical diagnostics or biochemical processes.?-2
Additionally, the chemical versatility of polymers provides an
option for post-functionalization of the outer surface of the
nanocapsules, which play an essential role in the interactions
with their surroundings.?® 2° Furthermore, the stimuli-respon-
sive shell of nanocapsules serves as a smart barrier, which pro-
tects the encapsulated payloads from the surrounding environ-
ment and releases payloads in a pulsatile or selective way.%-3!
There are a few literature reports on GSH-responsive
nanocarriers that undergo an efficient GSH-induced rapture of
the polymeric backbone for programmed site-specific endoge-
nous payload release. However, the majority of such examples
are based on self-assembled macrocycle and such nanocapsules

% . donovani modulates the endo-lysosomal pathway to reside
in a modified early endocytic compartment and inhibits lysoso-
mal transport in macrophages.*® These results indicate the pos-
sibility of selective delivery of an anti-leishmanial drug to lyso-
some could be useful for developing future therapeutic inter-
vention. Miltefosine, the only approved oral drug for treating
visceral and cutaneous leishmaniasis, is the outcome of the ma-
jor therapeutic advancement for clinical management of leish-
maniasis.“>*! Considering these, we designed a redox-respon-
sive polymeric shell with a relatively higher loading capacity of
antileishmanial drug, miltefosine. To the best of our knowledge,
this is the first report on primary amines-acid anhydride reac-
tion chemistry for the synthesis of fully biodegradable poly-
meric nanocarriers (MNCs). Presumably, the presence of acid
functionalities onto the surface of the nanocapsules helped us to
maintain the appropriate lipophilicity for specific localization at
the lysosome of the Raw 264.7 cells.**** This MNC was found
to be non-toxic and effectively internalized in the Raw 264.7
cells. Lysosome specificity and the rapture of the disulfide bond

901 (c) (e)
2]
E
360
(&)
©30
(o]
| Pz
0 =1
‘ 90 120 150 180 0 100 200
Diameter Chemical shift (ppm)
h
(8) HN~S's /\,NH2+ o::@\ @:’; §(w)
— } ¢
5 Mitefosine ® {8z ¢
Soh Y \L ....... <3
2 . Ol E ¢
% ----- HOOC COOH O& ----- + ERR
g HN’\/S S/\/NH NH/\ S\/\N J]. 30 %} t
(0] O .
s h N A
800 Vl(S%ql)moo 3200 -\$\ ’ 0 Tmethoud) 2
HoOC COOH G /
H2N o NH2 ...

Figure 1. (a) TEM image of the nanocapsules, (b) enlarge image of a single nanocapsule with 9 nm wall thickness, (c) size distribution
of the nanocapsules, (d) SEM images of the nanocapsules, () CPMAS NMR spectrum of nanocapsules, (f) FT-IR spectra of the
nanocapsules, (g) schematic representation for the synthesis and GSH-induced degradation of the polymeric backbone of the capsule
shell by GSH, and (h) the GSH-mediated cumulative percentage release of miltefosine at lysosomal pH (pH 5.0). Representative plots
of disulfide-linked nanocapsules (red color) versus non-disulfide-linked nanocapsules (violet) versus time on glutathione treatment,
indicating that the in situ generated GSH (induced by glutathione enzyme) induced rapture of the polymeric backbone of the capsule
shell and release of the encapsulated miltefosine. Scale bar 200 nm.

typically suffer from the undesired nonspecific leaching loss of
the encapsulated payload.®?-* A target-specific, as well as stim-
uli-responsive nanocapsule could be more appropriate for pre-
cision therapeutic for preclinical studies.? % In our recent re-
ports, we have demonstrated that the appropriate choice of the
polymeric backbone along with surface functionalization of the
polymeric nanocapsules lead to an organelle-specific release of
the payload.?® There are only a few literature reports that have
exploited such a methodology.®

It has been recently shown that after internalization in the
host cells, L. donovani parasitophorous vacuoles are efficiently
fused with lysosomes and hijack host cell lysosomes involved
in plasma membrane repair to induce invasion in fibroblasts.®”

resulted in the release of miltefosine in the lysosome. This
helped in achieving an improvement of the drug efficacy by 200
times.

The redox responsive nanocapsules were synthesized by in-
terfacial inverse mini-emulsion reaction.* The synthesis pro-
cess is shown schematically in Figure S1. The reaction between
—NH2 groups from cystamine and anhydride groups from 4,4'-
oxydiphthalic anhydride in a stoichiometric ratio occurred at the
water-in-oil droplet interface to form a cross-linked polymeric
shell. The drug miltefosine was used as an encapsulated payload
for studying the anti-leishmanial activity. The reaction between
two bifunctional monomers was performed at room temperature
in the presence of triethylamine as a base catalyst for the



nanocapsule formation. The detailed synthesis procedure is
given in supporting information. Briefly, cyclohexane was used
as the continuous phase and the dispersed phase employed con-
sists of cystamine, 2,2-bis(aminomethyl)propane-1,3-diamine,
dimethoxy-sulphoxide, miltefosine and sodium chloride solu-
tion. A sodium chloride solution was used to build up the os-
motic pressure of droplets in the continuous hydrophobic phase
and rhodamine/miltefosine was encapsulated in the hydrophilic
core. After pre-emulsification, entire dispersion was subjected
to probe sonication to obtain the stable nanodroplets of the dis-
persed phase. Subsequently, an additive phase containing the
base catalyst and the 4,4’-oxydiphthalic anhydride monomer in
cyclohexane was slowly introduced into the continuous phase
and then the reaction mixture was stirred for 6 hours to ensure
the completion of the polymerization reaction for the generation
of the nanocapsules having miltefosine trapped inside the core.

The resulting nanocapsules were thoroughly characterized by
dynamic light scattering (DLS), scanning electron microscopy
(SEM), and transmission electron microscopy (TEM). The re-
action efficiency was studied thermogravimetically in the form
of the solid content of the obtained dispersion. As the drug is
hydrophilic, the effective encapsulation efficiency of MNCs in
the aqueous phase (after redispersion)was calculated by a pre-
viously reported protocol and found to be about 95 %.2° Chem-
ical analyses of the insoluble product was performed using
high-resolution solid-state 13C nuclear magnetic resonance
(CPMS) and Fourier-transform infrared (FTIR) spectroscopy.
SEM and TEM images indicated that nanocapsules had a spher-
ical morphology with a mean diameter of 130 + 10 nm with a
narrower size distribution (Figures la-d). The close examina-
tion of these nanocapsules under TEM (Figure 1b) revealed a
hollow interior with a thin shell (~12.0 £ 4 nm thick), which
agreed well with the results of previous reports.** The DLS re-
sults suggested a mean size of 160 nm with a polydispersity in-
dex of ~ 0.07 and this was consistent with TEM/SEM results.
The surface potential was evaluated and zeta potential of —23.7
+ 3 mV was obtained.

Formation of the amide-bond formation through the amine—
anhydride reaction was confirmed from the **C NMR spectra
recorded for the product. In Figure 1e, the NMR data obtained
for the air-dried nanocapsule sample is depicted. The aliphatic
carbons are observed in the range between 25 - 49 ppm. The 3C
signals ranging from 110 ppm - 150 ppm originate from the ar-
omatic ring of the 4,4’-oxydiphthalic anhydride, which is used
for polymerization. The peak at 164 ppm is attributed to the
C=0Oami¢e functionality. A well-defined intense signal at 181
ppm confirms the formation of -COOH group. Results of the
FT-IR (Figure 1f) spectrum further corroborate this structure
elucidation. The typical bands at 1635 cm—1 and 1525 cm—1 are
assigned to the stretching and bending vibrations, respectively,
for the C=Oamige and N-Hamige Of the amide linkage. The band
at 3500 cm-1 originates from the N-Hamig vibration as well as
the stretching vibration of the -OHcoon.

L. donovani Merged

Figure 2. Confocal microscopic images of intracellular CFSE
stained L. donovani inhibition after 24h of MNCs treatment at
different concentrations: (a) infected macrophages, infected
macrophages incubated with (b) 8 ng/mL MNCs (c) 20 ng/mL
MNC:s (d) 40 ng/mL MNC:s (e) 100 ng/mL MNCs (f) 100 ng/mL
miltefosine. Magnification used 120X. Scale bar 50 pM.

Bright field DAPI

Choice of the set of monomer that was used for the reaction
helped us in having disulfide linkages in the polymeric back-
bone. To initially examine the redox-responsiveness of these
disulfide bonds of the polymeric nanocapsules, MNCs were
first incubated with GSH at lysosomal pH (pH 5.0). And the
payload release profile of MNCs for the dispersion incubated
with GSH was monitored by HPLC. Under lysosomal pH con-
ditions, a release of ~96% miltefosine was observed in 8h. An-
other control experiment using nanocapsule without disulfide
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Figure 3. Effect of ROS on miltefosine and MNCs treatment: Estimation of ROS generation in control, infected and treated (MNCs
and miltefosine) macrophage Raw 264.7 cell line. NAC was used as a ROS inhibitor. (a) changes in the amplitude of fluorescence of
FITC-histogram of DCFDA exposed macrophage Raw 264.7 cell line. (b) bar diagram of median fluorescence index values of DCFDA,
proportional with the ROS generation. All values are expressed as mean + SEM from triplicate assays from three independent

experiments (P values < 0.05 (¥*) or < 0.01 (**) vs. infected panel).

linkages in the polymeric backbone showed insignificant re-
lease of miltefosine (Figure 1g-h), confirming the efficacy of
the GSH-induced redox process in cleaving the disulfide bonds
with subsequent release of the payload. The release of the drug
for 8 hrs also ensured the crucial issue of sustained-release—a
typical factor for better efficacy of any drug.

The biocompatibility of nanocapsules and MNCs was evalu-
ated using MTT assays on macrophage Raw 264.7 (derived
from BALB/c mouse liver) cell lines upon incubation for up to
24h. Typically nanocapsules and MNCs (up to 40 pg/mL)
showed negligible toxicity against RAW 264.7 cell line, sug-
gesting an excellent biocompatibility profile (Figure S2a).

The leishmanicidal activity tests were performed in vitro with
intracellular L. donovani parasites. The macrophage Raw 264.7
cell line was infected with promastigotes of L. donovani (Strain
AG83) at a ratio of 1:10 and the effect of MNCs on the survival
of L. donovani amastigotes was evaluated after 24 hrs of treat-
ment. MNCs was found to be highly efficient in killing the cell
internalized L. donovani in respect to the positive control of
pure miltefosine. LCso value found for MNCs and miltefosine
was 67 + 2 ng/mL and 3 +0.11 pg/mL respectively (Figure S2b-
¢), indicates the higher efficacy of nano formulated miltefosine
against L. donovani amastigotes as compared with the normal
dose of the same drug.

For quantitative assessment of intracellular leishmanicidal
activity of MNCs, Raw 264.7 cell line was infected with car-
boxyfluorescein N-succinimidyl ester (CFSE)-labelled para-
sites, monitored by FACS as well as confocal microscopy. The
infected Raw 264.7 cells were treated with MNCs (20, 40, and
100 ng/mL) and pure miltefosine (8 pg/mL) was used as a pos-
itive control. FACS results demonstrated the dose-dependent
depletion of parasite count signified by the decrease of fluores-
cence intensity as well as the reduction in the infected Raw

264.7 cells count (Figure S3). The resulting confocal micro-
graphs (monitored at 480/30 nm) also depicted the reduction in
green fluorescence emitting parasite count in the MNCs treated
panels (Figure 2). The decrease in fluorescence intensity signi-
fied the increase in recovery from L. donovani parasitemia. The
confocal microscopy results together with the flow cytometry
data unambiguously confirmed the higher efficacy of nanofor-
mulated miltefosine against intracellular L. donovani as com-
pared with miltefosine alone.

Reactive oxygen (ROS) and nitrogen (RNS) species-medi-
ated apoptosis-like cell death, induced by miltefosine, in leish-
mania infected cells is widely accepted as one of the most ac-
cepted mechanistic pathway associated with the antileishmanial
activity of miltefosine.*® To encounter host defence, leishmania
parasites implement strategies to overcome the stress induced
by the oxidative environment and preserve redox homeostasis.*
Two important molecules that are vital in controlling leishma-
nia are superoxide anion (O, ) and nitric oxide (NO).*® At the
early phase of infection by leishmania, O, is produced as part
of the oxidative burst of macrophages in response to phagocy-
tosis.*” Whereas the second oxidant produced by macrophages
is NO, which, in contrast to O, , is generated after activation of
macrophages by Interferon-gamma and tumour necrosis factor.
The importance of oxidative burst, triggered by miltefosine in
intracellular L. donovani removal, is well appreciated and ac-
cepted.®® The ROS generation in control and leishmania co-cul-
tured macrophage Raw 264.7 cell line was
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Figure 4. (a) Quantitative evaluation of phagolysosomal maturation during the anti-leishmanial activity of MNCs by using flow
cytometry: Lysotracker red is used as marker for lysosomal maturation. The four quadrants denote different subpopulations of
exposed Raw 264.7 macrophages, i.e. Q1 (CFSE-tagged L. donovani), Q2 (Lysotracker red and CFSE-tagged L. donovani expressing),
Q3 (Double negative, not expressing any of the Lysotracker red and CFSE-tagged L. donovani), Q4 (Lysotracker red expressing
cells). (b) Bar diagram of median fluorescence index values of LysoTracker Red. Infected Raw 264.7 macrophages denoted
compromised lysosome maturation which was increased in the treated panels’per their anti-leishmanial activity. All values are
expressed as mean + SEM from triplicate assays from three independent experiments (P values < 0.05 (*) or < 0.01 (**) vs. infected

panel).

estimated by staining with 2’,7'-dichlorofluorescin diacetate
(DCFDA). Cellular ROS oxidizes non-emissive DCFDA to a
strongly fluorescence dye 2°,7’ —dichlorofluorescein (DCF, Agms
~ 529nm; Aems = 0.96 in Water/ 10 mM PBS, fluorescein was
used as reference) and this fluorescence ON response is directly
proportional to the amount of the formation of DCF.** ROS
level in L. donovani infected cells was significantly lower than
untreated controls (P<0.001) (Figure 3). Subsequent to miltefo-
sine (8pug/mL) and MNCs (20, 40, 100 ng/mL) exposure, mac-
rophages infected with L. donovani showed a significant in-
crease (>2-fold, P<0.01) in ROS levels (Figure 3). The pre-
treatment of cells with the glutathione precursor with N-acetyl
cysteine (NAC; an efficient ROC scavenger) successfully in-
hibited the miltefosine induced ROS level. The miltefosine in-
duced ROS generation pattern for the present study is compara-
ble to values reported in the literature.*®

It has been argued that the NO (produced in situ) in miltefo-
sine treated L. donovani infected macrophages attributes to the
effectiveness of miltefosine for anti-microbicidal activity. The
NO metabolism was assessed by FACS using a fluorescence
dye 4,5-Diaminofluorescein diacetate (DAF-2DA). Low basal
levels of NO were detected in the cell-free culture supernatants
of L. donovani infected macrophages, correlating with the pro-
gression of the disease. Two-fold higher NO levels were found
in infected macrophages treated with a higher dose of MNCs
(100 +0.41 ng/mL; P<0.001uM) as compared to infected con-
trol and the response was dose-dependent (20, 40, 100 ng/mL;
P<0.001; Figure S4), harmonizing with the previous reports.>
The pre-treatment of infected cells with N-monomethyl-L-argi-
nine (L-NMMA), an efficient NO inhibitor, significantly down-
regulated miltefosine controlled NO production (Figure S4).
Thus, these results indicate that the in vitro leishmanicidal ef-
fect of MNCs occurred via an increase in production of NO
without adverse effects on macrophages.®

Since the MNCs shows better efficacy than that of miltefo-
sine alone, the possibility that the MNCs manipulate the phag-

olysomal machinery of macrophages to restrict leishma-
nia growth.%? A phagolysosome, is a cytoplasmic body formed
by the fusion of a phagosome with a lysosome in a process that
occurs during phagocytosis. L. donovani parasites reside inside
the  macrophages and delays phagosome matura-
tion.>® Phagosome maturation causes a severe drop in lumen pH
that significantly alters the biochemical nature of phagosome
lumen that ultimately destroy pathogens.®* The intracellular
pathogens modulate the phagosomal maturation at the very
early stage, either by avoiding the fusion of the pathogen con-
taining phagosomes with lysosomes or by escaping from phag-
osomes to replicate in the cytosol.®® Therefore, the improved
performance of MNCs in intracellular anti-leishmanial activity
can be revealed by monitoring the dynamics of fusion of phag-
osome with the lysosome. The phagolysosomal maturation is
broadly divided into four stages; (i) early phagosome stage hav-
ing the molecular marker Rab-5, (ii) phagolysosomal fusion
stage with molecular marker V-H+ ATPase, (iii) late phago-
some stage characterized by molecular markers Cathepsin-D,
Rab-7 and (iv) endosome recycling stage with molecular
marker Rab-9 (Figure S5).55%

The attenuated phagolysosomal maturation in L. donovani-
infected macrophages may lead to an impaired acquisition of
parasitic features. Concomitant with phagosome maturation is
the progressive acidification of the phagosome lumen, which
aids the killing and digestion of intracellular L. donovani in the
lysosome.®

The study of the dynamics of lysosomal vesicle during MNCs
treatment is important for evaluating the efficiency of MNCs
and comparing that with pure miltefosine to ascertain its im-
proved performance in an intracellular anti-leishmanial activity.
LysoTracker was utilized during flow cytometry and confocal
microscopy for estimating the lysosomal incorporation during
L. donovani infection and MNCs treatment. The flow cytometry
and the confocal microscopic analysis of macrophages depicted



the dose-dependent clearance of the intracellular parasites (in-
tracellular parasites are inversely proportional with the number
of lysosomal vesicles) (Figure 4 and Figure 5).

The sequential propagation of phagolysosomal maturation
has been verified with visualization of Rab-5, V-H+ ATPase,
Cathepsin-D, Rab-7, and Rab-9. The Rab-family GTPases are
known to mediate the progression between the early, late, and
lysosome fusion stages. Specifically, Rab5 is a characteristic
marker of the early phagosome that drives the transition to the
late phagosome stage, which is defined by the presence of
Rab7.%8 Low basal levels of Rab-5 expression was observed in
L. donovani infected macrophages. The expression of RAB5
was profoundly higher in MNC treated infected macrophages,
which is an essential and rate-limiting component for early en-
dosome fusion (Figure 6).

This fusion of phagosome with lysosome is the crucial step
for intracellular removal of the L. donovani through phagolyso-
somal maturation,> can be monitored by quantitative and qual-
itative evaluation of V-H+ ATPase.®’ A significant increase of
V-H+ ATPase marker has been observed for both miltefosine
and MNCs treated infected macrophages (>2 fold, P<0.01).
Among these, the increment of V-H+ ATPase marker is slightly
more for MNCs than that of miltefosine alone (Figure S6). The
confocal microscopy images depicted the upregulation of Rab-
7 and Cathepsin-D marker for the MNCs treated panels, sup-
ports the phagolysosomal maturation and parasite elimination
in a dose-dependent manner (Figure 5 and 6). The expression
of Rab-9, a characteristic marker of late phagosomes and phag-
olysosomes,®! was also significantly upregulated at 4 h follow-
ing MNC treatment (Figure 6), indicates reduced parasitic load.
Altogether, these results suggest the MNCs initiate and regulate
the phagolysosome maturation mechanism in controlling the
parasitic load in L. donovani infected macrophages.
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Figure 5. Confocal microscope images of lysosomal Maturation
in L. donovani infected Raw 264.7 macrophages (incubated
with Rab-7 antibodies and Lysotracker-Red): Raw 264.7
macrophages were infected with L. donovani at a ratio of 1:10
for 4 hrs, washed and treated with MNCs for 24 hrs. (a)Raw
264.7 macrophages (b) Raw 264.7 macrophages infected with
L. donovani (c) miltefosine 8 pg/mL, as positive control (d) 20
ng/mL MNCs (e) 40 ng/mL MNCs. Scale bar 10 pm.
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Figure 6. Confocal microscope images of lysosomal Maturation
in L. donovani infected Raw 264.7 macrophages (incubated
with Rab-5, Cathepsin-D and Rab-9 markers): Raw 264.7
macrophages were infected with L. donovani at a ratio of 1:10
for 4 hrs, washed and treated with MNCs for 24 hrs. (a) Raw
264.7 macrophages (b) Raw 264.7 macrophages infected with
L. donovani (c) miltefosine 8 ng/mL, as positive control (d) 20
ng/mL MNCs (e) 40 ng/mL MNCs. Scale bar 10 yum.

Miltefosine is the only approved oral drug for treating vis-
ceral and cutaneous leishmaniasis. However, miltefosine re-
sistance, or rather drug non-susceptibility, is reported for L. do-
novani promastigote clones owing to a defect in drug internali-
zation into the parasite and increased drug efflux from the par-
asite is believed to be the most plausible mechanism that attrib-
utes to this resistance. To get around this problem, we have de-
signed a lysosome-specific polymeric nanocarrier that allows a
stimuli-responsive release of the drug miltefosine. The poly-
meric backbone of the physiologically benign nanocarrier is
susceptible to a certain redox environment and participates in a
stimuli-responsive reductive rapture (induced by GSH) for the
lysosome-specific release of the drug miltefosine. This also
helped in improving the drug efficacy by 200 times and lower-
ing the drug-induced cell mortality when compared with the
identical dosage of pure miltefosine. The design aspect and the
results achieved could help in successfully demonstrating the
scope for developing new drug formulations for treating critical
diseases with lesser deleterious secondary effect(s) that occurs
in addition to the desired therapeutic effect of a drug or medi-
cation. This work is also expected to stimulate further interest
and investigations of organelle-specific, as well as stimuli-re-
sponsive nanocapsules for various biomedical applications, in-
cluding theranostics.
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