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Abstract 

The aim of the present study was to design mannose 
anchored rifampicin nanostructured lipid carrier for active 
targeted drug delivery to alveolar macrophages. Targeting 
ligand, N-octadecyl-mannopyranosylamine was synthesized 
and characterized. Rifampicin loaded nanostructured lipid 
carriers were composed of stearic acid, oleic acid and tar-
geting ligand and were prepared by melt homogenization 
ultrasonication. The N-octadecyl-mannopyranosylamine 
decorated rifampicin loaded nanostructured lipid carriers 
were further characterized for physical state of component, 
In-vitro release, in-vitro lung deposition, drug loading as 
well as drug antimicrobial activity on Bacillus subtilis strain. 
Moreover cytotoxicity and cell internalization ability were 
evaluated on alveolar macrophages RAW 264.7 cell lines by 
confocal laser scanning microscopy. The nanostructured lip-
id carriers exhibited good aerodynamic characteristics and 
sustained drug release profile with preserved antimicrobial 
activity. The studies on cell lines demonstrated non-cytotox-
icity of nanocarriers. The mannose anchored nanocarriers 
were found to internalize efficiently in cell cytoplasm than 
unconjugated nanocarriers. The prepared alveolar mac-
rophages targeted rifampicin loaded nanostructured lipid 
carrier exhibited suitable features for inhaled therapy and 
could be considered as a promising avenue for tuberculosis 
therapy by means of a dry powder inhaler device.
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Introduction

Tuberculosis (TB) has remained, unambiguously, a significant 
health care problem since long times, particularly in develop-
ing and under developed countries. The chemotherapy for the 
treatment of TB is extremely difficult due to the long treat-
ment period and patient noncompliance, leading frequently to 
the emergence of Multidrug Resistant (MDR) strains [1]. The 
therapy becomes more complicated and compromised with the 
emergence of HIV/AIDS pandemic [2]. In this context, new and 
improved drug delivery strategies for existing drugs may play a 
crucial role in the TB management [3,4]. Targeted and sustained 
release chemotherapy offers a great potential in tuberculosis 

ISSN: 2640-1193

treatment by achieving greater specificity of delivery and im-
proved therapy [5]. Because M. tuberculosis is known to infect 
alveolar macrophages (AMs) and affect the pathogenesis of tu-
berculosis, there have been renewed interests in targeting of 
anti- tuberculosis drugs to these cells [6].

The etiological agent of TB is located in the AMs, more spe-
cifically inside the acidic compartments of the phagosomes and 
phagolysosomes. The infected macrophages have been report-
ed to overexpress certain receptors, which can efficiently be 
targeted with appropriate drug delivery systems [7].
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AMs are pivotal regulators of immunological homeostasis 
and key effector cells in first line host defence. Intracellular loca-
tion of bacteria protects them from host defence mechanisms 
and restricts penetration of antibiotics [8]. It is, therefore, nec-
essary to maximize drug uptake by AMs for efficient sterilization 
of microbial load. Once targeted, cells themselves could serve 
as a vehicle from where drug would be released from carrier 
system. However, inadequate specificity for macrophages and 
poor internalization potential of carriers constitute critical ob-
stacles to success of such delivery systems. TB infection leads 
to AMs activation which over express mannose (MR-CD 206 
and CD 163) [9,10] receptors. Such activated macrophages can 
recognize and facilitate internalization of carriers bearing man-
nosylated carbohydrate molecules [11,12]. Therefore an effort 
has been directed towards development of ligand-decorated 
carrier systems for cell-selective targeting. Such carriers are ef-
ficiently phagocytised by AMs and deliver high payload of drug 
[13]. Nanotechnology platforms are currently being explored for 
sustained delivery anti TB drugs to lungs. SLN has emerged as 
promising nanocarriers with superior physicochemical charac-
teristics viz. small size, biocompatibility and deep-lung deposi-
tion ability [14]. Dual effect of prolonged drug release and rapid 
drug transport could be achieved by means of SLNs [15]. Local 
delivery to lungs by inhalation has become one of the most at-
tractive administration routes to target TB infection’s cellular 
reservoir, while reducing systemic adverse effects [16,17]. Lip-
ids used in fabrication of SLNs are biodegradable, non-immu-
nogenic; whose functionality can be easily modified and hence 
enhancing tendency of phagocytic uptake by macrophage cells 
[18]. The benefits of inhalable lectin-targeted carriers could 
lead to greater patient compliance and curtail the emergence 
of drug-resistant M. tuberculosis strains.

Lipid-based particulate systems for TB inhaled therapy have 
been investigated less deeply though they were generally rec-
ognized as safe, non-swellable upon contact with the lung mois-
ture and, consequently, able to retain the embedded drug be-
fore the target site. Among the lipid-based particulatesystems, 
most of the studies have focused on liposomes [19-24] whereas 
less attention has been paid to the solid lipid particles [25,26] 
although their advantages over liposomes in terms of physical 
stability. Solid Lipid Microparticles (SLM), constituted by a solid 
lipid core stabilized bya surfactant at the surface, represents 
an advantageous approach to improve TB management. SLM 
exhibited several favourable properties as production without 
organic solvents, high drug loading levels and long-term stabil-
ity. Furthermore, they could be considered proper to provide 
values of aerodynamic diameter essential for the particle depo-
sition in the deep lung [27].

Various studies have shown that the mannose receptors 
have high affinity for carbohydrates, are specifically expressed 
by activated macrophages in tuberculosis infection.Therefore, 
drug loaded particulates conjugated to carbohydrate can en-
sure targeting and internalization of drug by lectin positive 
macrophages in pulmonary tuberculosis [11,28]. After internal-
ization of these particulates, release of the drug in sustained 
manner helps in achieving improved therapeutic benefits with 
lower doses. Lipid particulate carriers are one of the antimicro-
bial drug delivery platforms that have attracted much attention 
currently. Lipid particulates can provide a sustained release of 
the carried antimicrobial payloads, which can effectively elimi-
nate the infectious microbes harbored at the lymphatic sites. 
Moreover, currently the pulmonary drug delivery is the pre-
ferred route of administration of aerosolized drugs in the treat-

ment of pulmonary TB, delivering the drug directly to the site 
of infection through inhalation of an aerosolized delivery. On 
the basis of aforementioned key points the present project en-
visaged the development of novel lipid particulate formulation 
in which carbohydrate anchored lipid particulates loaded with 
Rifampicin (RIF) for targeted and sustained delivery via pulmo-
nary route with reduced systemic side toxicities and improved 
patient compliance.

Material and methods

Material

Rifampicin was kindly gifted by Lupin Ltd, India. Soya lecithin 
S-100 was gifted by Lipoid, Germany. Stearic acid was purchased 
from Loba Chem. ltd., India. Tween 20, D-mannose, mannitol, 
L-leucine and oleic acid were purchased from S.D. Fine-Chem 
Ltd. India. Stearylamine was purchased from TCI Chem. Pvt. Ltd. 
India. Nutrient agar and nutrient broth were purchased from 
Himedia, India. Nile red was purchased from Sigma Aldrich In-
dia. Alveolar macrophage cell line (RAW 264.7) was purchased 
from National center for cell science, India. All other regents 
and chemicals were purchased locally. 

Synthesis and characterization of N-octadecyl-mannopyra-
nosylamine

Synthesis was carried out by method as reported by Witoon-
saridsilp W et al [29]. with slight modification. Briefly, a 5 mM of 
stearylamine was dissolved in 15 ml ethanol and heated up to 
70°C, after which 5 mM of D-mannose was added with continu-
ous stirring (200 rpm). This solution was stirred for 15 min till 
mannose was completely dissolved. The solution was cooled to 
40°C and diluted with 35ml n-hexane. The reaction was moni-
tored with thin layer chromatography. Hexane: Ethyl acetate 
(8:2) was used as mobile phase and spots were detected in 
presence of UV light. The obtained crystals were collected at 
room temperature and characterized by FTIR, Mass and NMR 
spectroscopy.

Preparation of RIF NLCs

RIF NLCs were prepared by melt homogenization ultrasonica-
tion method [30]. In practice RIF (25mg) was dissolved in stearic 
acid: oleic acid (500 mg) and melted at 70°C. 0.25 % w/v soya 
lecithin S-100 (25 mg) was transferred in melted lipid. Aqueous 
surfactant solution containing 10 ml of distilled water and 1.5% 
w/v of Tween 20 was injected using syringe (21 gauge) into mol-
ten lipid mass and stirred at 4000 rpm for 10 minutes at 70°C 
using overhead stirrer (Remi, India).The obtained pre emulsion 
was subjected to probe sonication (VCX500, Sonics and materi-
als, U.S.A.) at 20% amplitude for 10 minutes and cooled to room 
temperature. For further particle size reduction, the NLC dis-
persion was subjected to homogenization using high pressure 
homogenizer (Stansted, UK) at 20,000 psi for 3 cycles. Mannose 
conjugated RIF NLCs prepared by NODM addition in molten 
lipid mass (10% w/w of total lipid). NLCs were labelled with nile 
red (0.001% w/v) for cellular uptake studies. 

Particle size, zeta potential and entrapment efficiency de-
termination

Particle size and zeta potential of RIF NLCs were determined 
with the aid of photon correlation spectroscopy (Zetasizer Nano 
ZS, Malvern Instruments, Worcestershire, UK) at 25°C. Sample 
was appropriately diluted with distilled water to prevent inter-
particle scattering. The percentage entrapment efficiency of RIF 
in the RIF loaded NLC dispersions was determined using the in-
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direct method. The RIF loaded NLC dispersions were subjected 
to ultra-centrifugation at 80,000 rpm for 1h at 4°C using Optima 
Max XP ultracentrifuge (Beckman Coulter, U.S.A.) to separate 
the unentrapped drug. Supernatant was diluted and analyzed 
by UV spectrophotometry at λmax of 337 nm using methanol AR 
as blank for quantification of unentrapped or free RIF. Percent-
age entrapment efficiency was calculated by using equation 1.

Percent entrapment efficiency= (WL-WF) × 100 ÷ WL…….. (1) 

Development of RIF loaded NLCs based DPI

Mannitol was used as carrier for pulmonary delivery of NLCs. 
NLC dispersion was mixed with mannitol at 1:2 total lipid to 
mannitol ratio. L-leucine (1%w/v) was added as anti-adherent 
and the resulting NLCs dispersion was spray dried using spray 
drier (Labultima-222, India) [31].

Particle size and morphology

Particle size of spray dried NLCs was investigated using 
Malvern Zetasizer Nano ZS at 25°C. The morphology of the spray 
dray dried NLCs was viewed by means of scanning electron mi-
croscopy (SEM) (Philips XL 30, Japan). The SEM samples were 
loaded on aluminium stub with carbon adhesive tape and gold 
was applied for electron conductivity. Samples were scanned at 
a voltage 10kV and the images were taken.

Assay of RIF in spray dry powder

Spray dried NLCs equivalent to 3mg of RIF (369.23mg) was 
dissolved in 100 ml of methanol AR and maintained in darkness 
for 24 h at room temperature; subsequently the solution was 
subjected to bath sonicator. The concentration of RIF was mea-
sured spectrophotometrically at 337 nm wavelength. (V-530, 
Jasco, Japan). Finally the percentage of RIF in spray dried NLCs 
were compared to initial value and the percentage of RIF en-
trapped in the spray dried NLCs was calculated. The value con-
sidered was average of three determinations. 

In-vitro release study

RIF release from NLCs and RIF solution were examined on 
weighed samples using dialysis diffusion technique at 37±0.5°C 
and quantification was carried out by spectrophotometric 
method. Briefly, 3mg of RIF and equivalent of RIF NLCs were 
separately dispersed in 4 ml of simulated lung fluid (SLF) pH 
7.4. The resulting dispersion was added to dialysis bag (MWCO 
13000-14000 Da, Himedia, India) and was dialyzed separately 
against 150 ml of SLF (pH 7.4). At predetermined intervals, 5ml 
aliquots were withdrawn filtered through 0.45 µm membrane 
filter and RIF content was determined spectrophotometrically. 
The release medium was replenished with an equal volume of 
fresh SLF maintained at same temperature. Each experiment 
was performed in triplicate and the mean value of percent 
cumulative release and standard deviation at each time point 
were calculated.

In-vitro lung deposition of spray dried NLCs

Lung deposition of spray dried NLCs was assessed using An-
dersen Cascade impactor (ACI) (Cooply Scientific). NLCs equiva-
lent to 0.3 mg of RIF was filled in each HPMC capsule size 3 
(ACG, India). The flow rate was maintained to 60 ± 5 L/min. The 
spray dried NLCs in each capsule were aerosolized for 10 sec-
onds using inhaler device (Lupihaler®). Methanol AR was used 
to rinse particles deposited on each stage and RIF content was 
determined spectrophotometrically. The mass median aero-

dynamic diameter (MMAD), % fine particle fraction (FPF), fine 
particle dose (FPD) were calculated from the percentage of RIF 
propelled from delivery device.

Differential scanning calorimetry (DSC) of RIF NLCs and 
components

Thermograms of RIF, stearic acid, stearic acid: oleic acid 
(8:2), mannitol, RIF NLCs and NODM conjugated RIF NLCs were 
recorded by DSC (Perkin-Elmer Pyris 1, USA) in order to inves-
tigate the effect of formulation process on the physical state of 
the components. The samples were heated from 30°C to 300°C 
at a heating rate of 10°C/min with nitrogen purging (20 mL/min) 
and endotherms were recorded.

Antimicrobial activity

In-vitro antibacterial activity study of RIF NLCs was performed 
using agar well diffusion technique to investigate whether RIF 
activity was maintained in the lipid particles. Nutrient broth and 
Bacillus subtilis (B.subtilis) ATCC 6633 were used as growth me-
dium and microorganism strain respectively. The wells in agar 
plate were filled with 100μl of sterile RIF solution as reference. 
Each solution was serially diluted (two folds) to construct the 
calibration curve by relating inhibition zone diameter to RIF 
concentration of standard solution. Other well in agar plate was 
filled with RIF NLCs (10 ppm) dissolved in methanol. The plates 
were incubated at 37 ± 2°C and inhibition zone diameter was 
measured. The inhibition zone diameter produced by the RIF 
NLCs was plotted on the calibration curve to calculate concen-
tration of RIF in RIF NLCs.

In-vitro cytotoxicity study

RAW 264.7 cell lines were seeded in 96 well plate at den-
sity 1*104 cells in 100 µl of Dulbecco’s modified Eagle’s Medium 
(DMEM) high glucose with 10 % Fasting blood sugar (FBS) me-
dium. The plates were incubated in anaerobic condition with 5 
% CO2 at 37 °C for 48 h to obtained complete monolayer. Cells 
were then incubated with serial dilutions (1, 10, 50, 100 µM) of 
samples (RIF, unloaded NLCs, RIF NLCs, NODM conjugated RIF 
NLCs), medium as negative control and dimethyl suphoxide as 
positive control for 37 °C, 5% CO2 for 48h. After incubation times, 
the methyl thiazole tetrazolium test (MTT) was performed as 
per procedure described in [32]. The results were expressed as 
percentage of cell viability.

Cell internalization study

The samples (unconjugated NLCs and mannose conjugated 
NLCs) were suspended in phosphate buffer (PBS) and diluted  
using DMEM to a final NLC amount of 0.25mg/ml. RAW 264.7 
cells were plated in 6-well plates (300,000 cells/well) and incu-
bated for 12 h with the sample suspension at 37°C. After 12 h in-
cubation, cells were washed with PBS and observed by confocal 
laser scanning microscopy (DMIRE2, Leica Microsystems GmbH, 
Wetzlar, Germany) [27].

Results and discussion

Synthesis and characterization of NODM

FTIR spectrum of D-Mannose, stearylamine and synthesized 
(NODM) were recorded and shown in Figure 1. In spectrum of 
D-Mannose, broad peak at 3398 cm-1 and intense peak at 2926 
cm-1 indicate the presence of –OH stretching and –CH2 stretch-
ing vibrations. Vibrational signals at 1064 and 1638 cm-1 indicate 
C=O stretching of either alcohol or aldehyde groups in mannose. 



In the spectrum of stearylamine, sharp lower intensity peak at 
3331 cm-1 indicate –NH2 stretching of primary amine group of 
stearylamine. Vibrational signals at 2917 and 2849 cm-1indicate 
–CH2 stretching of long alkyl chain. These two peaks were found 
to be more intense than that of mannose due to presence of 
long alkyl chain in stearylamine. Vibrational peaks at 1606 and 
1471 cm-1 indicate presence of –NH2 and –CH2 bending. Spec-
trum of NODM showed lower intensity peak at 3383 cm-1. 
This is due to combination of –NH2 stretching of stearylamine 
and –OH stretching of mannose. Peak at 1606 cm-1 observed 
in stearylamine appear at lower intensity in NODM, indicating 
the conversion of primary amine (stearylamine) to secondary 
amine (NODM). Reduced intensity of peaks at 1606 cm-1 and 
3383 cm-1 indicates the secondary amine linkage between man-
nose and stearylamine.

NMR and mass spectrum of synthesized NODM is shown in 
Figure 2 & 3 respectively. In proton NMR spectrum, presence 
of lower intensity -NH proton signal at 2.7 ppm indicates the 
secondary amine linkage between mannose and stearylamine. 
In mass spectrum, M+1 peak at 432.4 indicates the presence of 
desired compound, since the molecular weight of NODM was 
431.

Preparation and evaluation of RIF NLCs

NLCs loaded with RIF were developed in perspective of a pul-
monary therapy of tuberculosis with an objective to investigate 
the suitability of lipid carrier to target the RIF inside the alveolar 
macrophages. A major advantage of these lipid particles as drug 
carrier is related to the biocompatibility and preparation tech-
nique that avoids organic solvents. The particle size and zeta 
potential of prepared NODM conjugated NLCs were found to be 
240.9 nm (PDI: 0.135) and -43.3 mV. High negative value of zeta 
potential indicates formation of stable NLC dispersion. It was 
found that RIF could be entrapped with relative high efficiencies 
in NLCs dispersion (52±0.88 %.) due to careful selection of lipids 
and surfactants as well as partial lipophilic nature of RIF.

 Development and characterization of RIF loaded NLCs 
based DPI

 Physical properties of spray dried RIF NLCs 

Particle size of spray dried RIF NLCs was found to be 409.5 
nm with PDI 0.324 which indicates, NLCs are able to redisperse 
in water after dissolution of carrier. The NLCs dispersion showed 
particle size of 240.9 nm and after spray drying, particle size 
of NLCs was 409.5 nm; the increase in particle size after spray 
drying could be due to melting and aggregation of lipid matrix 
during spray drying.

 SEM photomicrographs of RIF and RIF NLCs are shown in Fig-
ure 4a & 4b. RIF is reported to be crystalline, rod shaped crys-
tals. This was evident from the SEM image of RIF which showed 
clear elongated crystals ranging from 10-20 μm in size. The spray 
dried NLCs were observed to be nearly spherical in shape and 
smooth surface which is suitable for lung delivery. Moreover, 
the entrapment of RIF did not modify the NLCs morphology.

The physical state of NLCs were evaluated by DSC and com-
pared with those of corresponding components (Figure. 5). RIF, 
stearic acid and mannitol displayed sharp endothermic peaks 
at 196.8°C, 63.2°C and 172.3°C due to their melting [33,34]. Fur-
thermore, the endothermic peak for the mixture of stearic acid 
and oleic acid was shifted to 55.5°C and with lesser intensity 
than that for pure stearic acid. This indicates reduction in crys-
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tallinity of the lipid, which may be attributed to the formation 
of liquid lipid pockets within the solid lipid. The thermograms 
of RIF loaded NLCs displayed the presence of diminished and 
broad peaks of stearic acid and mannitol (Figure 5b) [33]. This 
was due to a transition of crystalline to amorphous state in the 
NLCs. The absence of sharp endothermic peaks related to the 
stearic acid in the DSC thermograms confirmed this hypothesis. 
This will possibly minimize the RIF expulsion form the lipid ma-
trix facilitates the drug retention in the lipid matrix.

In-vitro release study

In-vitro drug release study is a measurement of release of 
Active Pharmaceutical Ingredient (API) from the formulation 
matrix, is important evaluation parameter for product develop-
ment and quality control. In present study in-vitro release study 
of spray dried RIF NLCs was performed using dialysis tube diffu-
sion technique by using dissolution apparatus. All studies were 
performed in triplicate and results are expressed in mean ± SD. 
Percent cumulative release of RIF from RIF solution and spray 
dried RIF NLCs is graphically represented in Figure 6. 

Spray dried RIF NLCs show sustained release profile up to 
96 h whereas RIF solution showed 10 h release profile. This 
could be due to poor wettability of lipid nanocarriers particles 
and high lipid solubility of RIF. Similar result was reported by 
[35,36], where RIF release from RIF lipid microparticle showed 
sustained release profile in SLF pH 7.4 over a period of 100 h.

In-vitro lung deposition of spray dried NLCs

ACI separates a sample into fractions based on inertia, which 
is a function of particle density, shape and velocity. Three im-
portant parameters determined from ACI study are MMAD, 
geometric standard deviation (GSD), FPF less than 5 μm [37]. 
FPF indicates respirable fraction and it is a fraction of total in-
haled drug that reaches the stage corresponding to cut off di-
ameter of 5 µm. In- vitro lung deposition studies of spray dried 
RIF NLCs was performed using ACI. The amount of drug depos-
ited on each stage was calculated and represented in Figure 7. 

Based on drug deposited on device, capsule and stages of 
ACI, Recovered Dose (RD), Emitted Dose (ED), FPD, FPF, MMAD 
and GSD were calculated. MMAD of spray dried formulation was 
4.71, which is suitable for lung deposition. Approximately 34% 
of drug was deposited in the preseparator and induction port. 
This may be due to particle aggregation in presence of humidity. 
Higher emitted dose indicates good flow properties of powder.

Antimicrobial activity

The microbiological assay was performed on RIF NLCs dis-
solved in methanol: water mixture. Methanol was selected for 
complete extraction of RIF from NLCs without reducing biologi-
cal activity. The B. subtilis ATCC 6633 strain was chosen because 
of its susceptibility to RIF [38,39]. The zone of inhibition pro-
vided by dissolved NLCs was compared with those produced by 
standard RIF solution (Figure 8). NLCs produced inhibition zone 
diameter corresponding to the RIF loading value (5 ppm), thus 
providing evidence of antimicrobial activity preservation after 
entrapment of RIF in lipid matrix. The unloaded NLCs did not 
provide zone of inhibition indicating that lipid matrix did not 
interfere with the assay.

Cytotoxicity and internalization capacity by RAW 264.7 cell 
lines

Both cytotoxicity and capacity of NLCs to interact with alveo-



lar macrophages were studied by means of macrophages RAW 
264.7 cell lines. RIF loading level was considered for the selec-
tion of sample amount. To make NLCs fluorescent, nile red was 
embedded into the lipid matrix. Nile red is lipid soluble dye and 
it is a vital stain for the detection of intracellular lipid material 
by confocal laser scanning microscopy [40].

Concerning cytotoxicity of NLC samples at four different con-
centrations of RIF, MTT test results expressed as percent cell vi-
ability are shown in Figure 9. Rifampicin loaded NLCs exhibited 
a dose dependent cytotoxicity that increased with the concen-
tration. However only negligible cytotoxicity with cell viability 
over 85% was found at 100 Mmol concentrations. These results 
are consistent with those observed for stearic acid based lipid 
carriers.

In order to clarify the location of NLCs in the cell, confocal 
microscopy was performed. The image obtained under filter 
set for red and blue fluorescence from the cells incubated with 
mannose conjugated NLCs (Figure 10) was compared with that 
of non-conjugated NLCs. RAW 264.7 cells incubated with man-
nosylated NLCs revealed the presence of marked red fluorescent 
spots around the respective nuclei having size corresponding to 
that of nanoparticles indicating presence of NLCs inside the cell 
cytoplasm. Conversely, a negligible or slight fluorescent spots 
were observed from the cells incubated with unconjugated 
NLCs. Concerning mechanism of cell entry, receptor mediated 
endocytosis is established for efficient entry of mannosylated 
NLCs over unconjugated NLCs. 

Due to lipophilic nature of RIF that is able to retain drug with-
in NLCs matrix, as demonstrated by the in-vitro release study, it 
could be hypothesized that RIF remains embedded within the 
NLCs during the uptake process. Although release of RIF was 
negligible, there could be a possibility of leakage from NLCs, 
inside the macrophages to exert anti-tubercular activity, as ob-
served both in-vivo and iv-vitro by other authors [41] owning to 
the intracellular biodegradation of the lipid matrix. Therefore, 
an anti-tubercular activity inside infected alveolar macrophages 
can be expected. 

This preliminary phase of the study is not sufficient to pre-
dict the in-vivo effectiveness of the lipid based system in human 
TB treatment. The next step of the study will consider effective-
ness in infected cells and animals.
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Figure 1: FTIR spectrum of D-mannose, strearylamine and 
NODM.

Figure 2: Proton NMR spectrum of synthesized NODM.

Figure 3: Mass spectrum of synthesized NODM.

Figure 4: SEM images of a) RIF b) Spray dried RIF NLCs.

(A)

(B)
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Figure 5a: DSC thermograms of oleic acid, stearic acid and phys-
ical mixture stearic and oleic acid.

Figure 5b: DSC thermograms of oleic acid, stearic acid and 
physical mixture stearic and oleic acid.

Figure 6: In-vitro release profile of RIF suspension and RIF NLCs

Figure 7: Comparative plot of % of drug deposited on each 
stage of ACI.

Figure 8: RIF antimicrobial activity from spray dried NLCs.

Figure 9: MTT test on RAW 264.7 cell line incubated with differ-
ent concentrations of RIF, RIF NLCs and mannosylated RIF NLCs.

(A)

(B)

Figure 10: Confocal microscopy images of RAW 264.7 cells after 
nuclei staining and incubation with a) Mannosylated RIF NLCs b) 
Unconjugated RIF NLCs.
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Conclusion

Thus aim of the present study was to develop ligand conju-
gated RIF loaded nanostructured lipid carrier (NLCs) based dry 
powder for inhalation to provide AM targeting, reduce dose re-
lated side effects and formulate an acceptable dosage form. The 
major outcomes of this study was the successful synthesis of 
mannose conjugated lipid, entrapment of RIF within a lipid core 
and spray drying of optimized RIF NLCs dispersion. The RIF NLCs 
dispersion showed good quality control parameters (particle 
size below 300nm, PDI 0.135). The spray dried NLCs were found 
to be spherical, micron size particles thus showing suitability for 
pulmonary administration. The spray dried formulation showed 
efficient release of nanoparticles after dispersion in water. The 
formulation also showed antibacterial activity, in terms of zone 
of inhibition as compared to RIF solution. However, in-vivo or-
gan distribution studies are necessary to confirm distribution 
of NLCs inside the alveolar macrophages. Thus, the developed 
RIF loaded NLCs based dry powder for pulmonary drug delivery 
may prove to be useful in the therapy of tuberculosis.
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