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Abstract: Nanotechnology is regarded as the most imminent technology of 21st century and
is contemplated as a big boon in the cosmetic industry. In the present investigation, nonaggregated cationic and unmodified nanoparticles (TT-C-NLPs10 and TTNLPs1) were
prepared .In addition, spherical shape, crystalline architecture and cationic charge were
also noticed. Furthermore, integrity and conformational stability of TT were maintained as
evidenced by symmetrical position of bands and superimposed spectra, in SDS-PAGE and
circular dichroism.
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1. INTRODUCTION
Targeted delivery of antigens to antigen-presenting cells (APCs) is a key requirement for
generation of both humoral and cellular immune responses against infectious diseases,
immunological disorders and cancer [1]. The magnitude of immune response is generally
governed by particle size, surface charge, route of administration and hydrophobicity of
particulate system Various preparation methods for NP from biodegradable polymers are
known, including emulsification/solvent evaporation and interfacial phase deposition induced
by salting out or solvent displacement. The formulation of suitable colloidal antigen carriers,
which must be biodegradable and biocompatible, is a difficult task[2-5].
History and development of nanomaterials
Humans already exploited the reinforcement of ceramic matrixes by including natural
asbestos nanofibers more than 4,500 years ago [6].
The Ancient Egyptians were also using NMs more than 4000 years ago based on a synthetic
chemical process to synthesize ≈5 nm diameter PbS NPs for hair dye [7].
“Egyptian blue” was the first synthetic pigment which was prepared and used by Egyptians
using a sintered mixture nanometer-sized glass and quartz around 3rd century BC [8].
Egyptian blue represents a multifaceted mixture of CaCuSi4O10 and SiO2 (both glass and
quartz). In ancient geographical regions of the Roman Empire, including countries such as
Egypt, Mesopotamia, and Greece, the extensive use of Egyptian blue for decorative purposes
has been observed during archaeological explorations.
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The synthesis of metallic NPs via chemical methods dates back to the 14th and 13th century
BC when Egyptians and Mesopotamians started making glass using metals, which can be
cited as the beginning of the metallic nanoparticle era [9].
2. MATERIAL AND METHODS
Tetanus toxoid was obtained from Panacea Biotec, New Delhi, India.All the materials used
were of analytical grade.
Preparation and characterization of tetanus toxoid-loaded cationic non-aggregated
nanostructured lipid particles
In the present investigation, nanostructured lipid particles (NLPs) of stearic acid were
employed as an immune-adjuvant for delivery of tetanus toxoid (TT) antigen. Further,
cationic lipid (DDAB18) was incorporated in the composition of NLPs to induce the cationic
charge . Cationic nanoparticles have the ability to improve the transport of an antigen in to
the dendritic cells and consequently the humoral and cellular immunity. Hence, TT was
adsorbed on to the surface of non-aggregated NLPs (TT-NLPs1) and non-aggregated CNLPs
(TT-C-NLPs 1–10) by adsorption method [10] that were constructed by solvent diffusion
method [11]. Ethanol and acetone mixture was used as an organic phase to dissolve the
stearic acid and DDAB18. This mixture was then poured into hot distilled water under
mechanical stirring to separate the lipid nanoparticles in aqueous phase. The addition of
trehalose, a cryoprotectant imparted the nonaggregation behaviour in nanoparticles by
preventing the adherence phenomena [12][Table 1]
Characterisation of the formulated nanoparticles
Particle size and zeta potential
Particle size distribution and zeta-potential of nanoparticles were measured by particle size
analyse. In brief, 5mg quantity of each nanoparticle sample was dispersed in 5mL of sterile
normal saline (0.9% w/v NaCl) and both size distribution as well as zeta-potential was
measured. The particles size and surface charge determine the cellular uptake potential of
nanoparticles . The mean particle size of TT-C-NLPs10 was measured to be 50.9 ± 9.6 nm
significantly (Unpaired t-test, p<0.05) higher than 10.8 ± 2.4 nm of TT-NLPs1, with narrow
size distribution owing to prevention of aggregation. Moreover, cationic surface charge of
nanoparticles was increased as a function of the concentration of DDAB18. The zetapotential of TT-C-NLPs10 was measured to be þ +38.1 ± 1.4 mV significantly (Unpaired ttest, p<0.01) higher than –12.4 ± 1.2mV of TT-NLPs1. All measurements were made at 25 0C
in triplicate[13]

Compositions
TT-NLPs1
TT-C-NLPs1
TT-C-NLPs2
TT-C-NLPs3
TT-C-NLPs4
TT-C-NLPs5
TT-C-NLPs6
TT-C-NLPs7
TT-C-NLPs8

Table 1: Different formulations of nanoparticles
Stearic acid: DDAB18
Particle size(nm)
50mg:0mg
50mg:50mg
50 mg:100 mg
50mg:150 mg
50 mg:200 mg
50mg:250 mg
50 mg:300 mg
50 mg;350 mg
50 mg:400 mg

10.8±2.4
44.4±5.1
46.1±4.3
45.4±3.8
46.2±6.4
43.4±3.8
40.8±1.2
56.4±3.4
46.3±2.1

Zeta
potential(mV)
-12.4±1.2
+1.23±2.4
+8.4±3.4
+19.2±2.4
+28.2±3.8
+33.4±9.2
+35.2±2.3
+36.1±2.1
+36.9±2.6
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TT-C-NLPs9
TT-C-NLPs10

50 mg:450 mg
50 mg:500 mg

48.6±3.2
50.9±9.6
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+37.2±2.1
+38.1±1.4

Fig 1: transmission electron microscopy (TEM) of Non-aggregated TT-C-NLPs10

Fig 2: transmission electron microscopy (TEM) of Non-aggregated TT-NLPs1
Transmission electron microscopy (TEM)
The surface topography of nanoparticles was examined by using TEM maintained at the
voltage of 80 kV. In brief, an aqueous dispersion of each sample of nanoparticles was drop
cast onto a carbon coated copper grid and grid was air dried at room temperature before
loading it into the microscope[14].TEM was employed to determine the shape and surface
morphology of nanoparticles. We observed that both TT-NLPs1 and TT-CNLPs 10were
smooth and spherical in shape. The particle size distribution in both samples was measured
below<100 nm, consistent to the result of particle size analysis. [Fig 1,2].
Powder X-ray diffraction
The powder X-ray diffraction (PXRD) pattern was recorded using Ni filtered, CuKaradiation, voltage of 60 kV and current of 50 mA.[15] The scanning rate employed was
10/min over the 100 to 600 diffraction angle (2h) range. The PXRD pattern of NLPs1 and CNLPs10 was recorded. The crystalline architecture of nanoparticles was elucidated using
PXRD technique. The PXRD pattern of NLPs1 showed diffused peaks with low intensities,
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indicating the amorphous architecture. In contrast, this amorphous architecture was slightly
altered upon the addition of cationic surfactant, DDAB18 in C-NLPs10 that exhibited few
sharp peaks[fig3]

Fig 3: Powder X-ray diffraction (PXRD) pattern of (A) Non-aggregated NLPs1, and (B) Nonaggregated C-NLPs10 scanned between 10 and 60 0 at 2h range. The PXRD pattern of NLPs1
exhibited diffused peaks with low intensities, indicating the amorphous geometry whilst CNLPs10 exhibited somewhat crystalline architecture due to the presence of few sharp peaks.
Antigen-loading capacity and adsorption isotherm
The antigen-loading capacity of TT-C-NLPs10 was measured to be 350.9 ± 6.6 lg/100mg of
nanoparticles, significantly (Unpaired ttest, p<0.001) higher than 55.8± 2.4 lg/100mg of TTNLPs1 . Hence, CNLPs10 generated remarkably higher affinity for TT.[Table 2]

Compositions
TT-NLPs1
TT-C-NLPs1
TT-C-NLPs2
TT-C-NLPs3
TT-C-NLPs4
TT-C-NLPs5
TT-C-NLPs6
TT-C-NLPs7
TT-C-NLPs8
TT-C-NLPs9
TT-C-NLPs10

Table 2: Antigen-loading capacity
Stearic acid: DDAB18
Protein
loading
capacity(µg/100 mg of NLPs)
50mg:0mg
55.8±2.4
50mg:50mg
92.4±5.1
50 mg:100 mg
110.1±4.3
50mg:150 mg
121.4±3.8
50 mg:200 mg
139.9±6.4
50mg:250 mg
213.4±3.8
50 mg:300 mg
240.8±7.2
50 mg;350 mg
256.4±3.9
50 mg:400 mg
266.3±2.1
50 mg:450 mg
298.6±3.2
50 mg:500 mg
350.9±6.6
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Gel electrophoresis
The SDS-PAGE was used to ascertain the stability and integrity of TT adsorbed on to the
lipid nanoparticles[16] The structural integrity of TT isolated from TT-NLPs1 and TT
CNLPs10 was compared with pure TT. The stability of TT was maintained in both TTNLPs1 and TT-C-NLPs10, as evident by symmetrical position of bands. Moreover, the
absence of additional bands in both formulations further confirmed the stability of TT
throughout the adsorption process.[Fig 4]
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Fig 4: SDS-PAGE of TT isolated from non-aggregated TT-NLPs1, TT-C-NLPs10 and pure
TT. The stability of TT was maintained in both TT-NLPs1 and TT-C-NLPs10, as evident by
symmetrical position of bands.
Sample1-Marker,sample 2-pure TT,Sample 3-TT-NLPs1,Sample 4-TT-CNLPs10
Circular dichroism
The far-ultraviolet circular dichroism (CD) spectrum of pure TT(100 lg/mL) and TT (100
lg/mL) isolated from non-aggregated TTNLPs1 and non-aggregated TT-C-NLPs4 was
scanned between 190 to 300nm at 4 0C with constant nitrogen flushing using instrument in
PBS (pH_7.4)[16]. The specifications of instrument were 0.5s scan speed; 200 nm/min
sensitivity; 100 m degree and 1 nm spectra bandwidth. Three scans per sample were taken
and results were expressed as residual ellipticity [h](deg cm2 dmol/1).
½h_ ¼ h=10 C l MRW
habs is measured ellipticity in degrees, C is concentration in mg/mL, l is light path length in
cm and MRW is mean residual weight.
Far-UV CD is a refined approach for examination of secondary structure of antigens. Overlay
CD spectra of pure TT and TT isolated from TT-NLPs1 and TT-C-NLPs10 are presented
below. We observed that TT antigen was conformationally stable throughout the adsorption
process as apparent by superimposed CD spectra of test samples with the CD spectrum of
pure TT[fig 5]

Fig 5: Circular dichroism (CD) spectrum of pure TT and TT isolated from nonaggregated TTNLPs1 and TT-C-NLPs4,8,10 The antigen was observed to be conformationally stable
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throughout the adsorption process as apparent by superimposed CD spectra of test samples
with the CD spectrum of pure TT. Each experiment was carried out in triplicate (n¼3).
3. CONCLUSION
In conclusion, we have demonstrated that tailoring non-aggregated cationic lipid
nanoparticles may be an efficient immune adjuvant for antigens like TT. Particularly,
cationization and induction of non-aggregation behaviour in lipid nano particles intensified
the sensibility for macrophage cells and possess less diffusivity and restricted movement.
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