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Abstract

Context: The usage of Lornoxicam is mainly constrained 
by its shorter biological half-life and associated side effects 
like gastric irritation and peptic ulcer when given orally. 
The present research is primarily focused on formulation 
of GMO based liquid crystalline nanoparticles for percuta-
neous administration of lornoxicam for sustaining the drug 
release and amelioration of profound side effects leading to 
better therapy.

Objective: The main objective of this research activity is 
to formulate GMO based liquid crystalline nanoparticles for 
percutaneous administration of Lornoxicam for better man-
agement against musculo-skeletal and joint disorders like 
rheumatoid arthritis and osteoarthritis.

Methods: Lornoxicam liquid crystalline nanoparticles 
were formulated by employing emulsification followed by 
high-speed homogenization technique. Particle size, zeta 
potential and polydispersity index were determined using 
photon correlation spectroscopy whereas particle mor-
phology and structural organization were determined using 
TEM. Percentage entrapment efficiency and cumulative % 
drug release were assessed.

Conclusion: Based on the results it could be concluded 
that formulation F4 can be considered as the better formu-
lation for the effective management of rheumatoid arthritis 
and osteoarthritis.

Keywords: Lornoxicam; Nanoparticulate carriers;
Anti-inflammatory.

Introduction

Lornoxicam is a non-steroidal anti-inflammatory drug cat-
egorised under oxicam derivatives which is used in treatment 
of mild to moderate pain and inflammation for musculo-skeletal 
and joint disorders like rheumatoid arthritis, osteoarthritis and 
ankylosing spondylitis [1]. Inspite of its profound side effects 
like gastric irritation and peptic ulcer, Lornoxicam is preferred 
over other oxicam derivatives piroxicam, tenoxicam and other 
NSAIDS like tramadol as it has great analgesic potency [2,3]. 
Lornoxicam acts by inhibition of cyclooxygenase enzyme and 
interferes with the prostaglandin synthesis at peripheral cell 

damage sites and it also has a direct action on spinal nocicep-
tive processing which boosts up the peripheral mechanism at-
tributing to inhibition of COX activity [4,5]. Percutaneous deliv-
ery of Lornoxicam will avert the aforementioned side effects as 
well as provide better therapeutic efficacy. Although there are 
other approaches for sustaining the drug release like formu-
lating as PLGA Microspheres [6], the aqueous solubility could 
be enhanced by formulating as GMO based liquid crystalline 
nanoparticles.Since their inception, LCNP’s have been quite in-
triguing for many scientists due to their unique capability of in-
corporating amphiphilic, hydrophilic and hydrophobic drugs [7]. 
Luzzati and Hasson first identified the presence of liquid crys-
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talline phases in self-assembly lipid-water systems [8]. These 
liquid crystalline phases existed in sponge, bicontinuous cubic, 
reverse micellar cubic and reverse hexagonal phases. Among 
which the aqueous dispersions of bicontinuous cubic (cubo-
somes) [9] and reverse hexagonal phases(hexosomes) [10] 
gained attention as they exhibited a cavernous honey combed 
structure offering large interfacial area for accommodating va-
riety of drugs [11]. Glyceryl monooleate has been selected as 
key excipient due to its biocompatible, biodegradable and non-
toxic properties [12,13] .Moreover the GMO acts as penetration 
enhancer by promoting ceramide extraction and enhancement 
of lipid fluidity in the stratum corneum [14]. The penetration of 
the drugs through the skin and their percutaneous delivery are 
limited by the barrier function of the highly organized structure 
of stratum corneum [15]. Liquid crystalline nanoparticles in par-
ticular cubosomes and hexosomes have shown to improve the 
topical delivery of drugs. The more penetration of cubosomes 
is due to the structural similarity with that of stratum corneum 
[16] where as in case of hexosomes it may be attributed to the 
extraction of lipids present in the skin [17].

Materials & Methods

Materials

Lornoxicam was obtained as a gift sample from Glenmark 
Pharmaceuticals Ltd, Mumbai, India. Glyceryl Monooleate was 
procured from Sigma-Aldrich, Bangalore, India and Lutrol F-127 
was procured from Himedia Laboratories, Mumbai.

Formulation of Glyceryl monooleate based liquid crystal-
line nanoparticles loaded with lornoxicam:

LCNP dispersions were produced by Emulsification of varying 
concentrations of Glyceryl monooleate and Lutrol F127 in water 
(95% w/w), followed by subsequent sonication and homogeni-
zation as described by Esposito.et al [8]. In the present study, 50 
mg of drug was added to molten GMO (4-4.8% w/w) and Lutrol 
F127 (0.2-1% w/w) [19] (Table 1) solution and solubilized com-
pletely prior drop-wise addition into 47.5ml of water (95% w/w) 
under mechanical stirring using a stirrer (Remi instruments ltd, 
Mumbai, India) at 1500 rpm. Stirring was continued for 2 hours 
at room temperature. Later the dispersions were subjected to 
sonication using tip probe sonicator (Vibra cell) at (80% energy 
intensity, 30 seconds pulse on and 30 seconds pulse off) for 20 
minutes with ice water bath maintained at 4○C for uniform mix-
ing, followed by subsequent homogenization at 15000 rpm (Ika 
Ultra turrax T25, Mumbai) at 60○C for 5 minutes. After cooling, 
the dispersions were stored in glass vials covered with alumini-
um foils and maintained at room temperature.

Physical characterization of Dispersions

Photon correlation spectroscopy

The mean hydrodynamic diameter (Z-average,nm), Polydis-
persity index and zeta potential(mV) were investigated using 
Nanoparticle Analyzer (Nanopartica SZ-100, Horiba scien-
tific, Japan). The dispersion samples were diluted appropriately 
with deionized water and measurements were carried out at 
25ºC at a laser wavelength of 659.0nm and a scattering angle 
of 173º with a run time of 60 seconds [20]. The samples were 
vortexed prior measuring the particle size, Polydipersity index 
(PDI) and zeta potential. The values obtained were represented 
in Table 1. The data was interpreted by method of cumu-
lants. Based on National Institute standard, a sample with a 
PDI<0.05 was considered to be monodispersed [21]. Polydis-

persity index is given by the following equation:

PdI = (σ/d)2

σ – Standard deviation

d – Mean diameter (Z-average)

Transmission Electron Microscopy

Samples were vortexed for half an hour prior placing a 
5µl sample on 300 mesh carbon grids. The excess fluid was 
removed by wicking it off with an absorbent paper. The sam-
ples were negatively stained with 1% uranyl acetate. These 
grids were given enough time for drying up before viewing in 
Transmission electron microscope [22]. The electron pho-
tomicrographs of samples were taken using Tecnai 20T (FEI) 
TEM at 200kV. Photomicrographs were taken in both imaging 
and diffraction modes.

Determination of Drug Entrapment Efficiency

10 ml of dispersion was transferred into 15ml centrifuge 
tube and subjected to centrifugation at 16,000 rpm at 4ºC us-
ing remi cooling centrifuge, Model-C23 (Remi instruments Ltd, 
Mumbai, India) for 1hr .The clear supernatant was diluted ap-
propriately with 7.4 pH phosphate buffer and the	 amount	
of the drug unentrapped	 was estimated at 376nm using UV-
Visible spectrophotometer (Shimadzu-1700).The Entrapment 
Efficiency (Table 1) was determined as follows [19]:

% Entrapment efficiency (%EE) = (Amount of entrapped drug/
Amount of feed drug) x 100.

Invitro diffusion studies: Invitro diffusion studies of pre-
pared dispersions were performed using Modified Franz diffu-
sion cell with a receiver compartment

Volume of 15ml and effective diffusion area of 2.50cm2. A 
dialysis membrane having a pore size of 2.4nm with a molecu-
lar weight cut-off range of 12000-14000daltons was used in the 
present study. The membrane was soaked in double distilled 
water for 12 hours prior mounting horizontally between recep-
tor and donor compartments. The receptor compartment was 
filled with 15ml of 7.4pH phosphate buffer and thermostated 
at 37±0.5 ○C. This solution was stirred using a magnetic bar at 
100rpm during entire experiment. A volume of LCNP’S disper-
sion of Lornoxicam was placed in the donor compartment. Ali-
quots (3ml) were withdrawn at regular intervals for 72 hours 
from receptor compartment and replaced by fresh medium to 
maintain sink conditions. The samples were diluted appropri-
ately with buffer medium and analysed by U.V-Visible spectro-
photometer (Shimadzu-1700, Mumbai) at 376nm [18,23].

Results

Different formulations of lornoxicam liquid crystalline 
nanoparticles were prepared by emulsification followed by ho-
mogenization technique by varying the concentrations of GMO 
and Lutrol F-127 and evaluated for Particle size distribution, 
Zeta potential, Entrapment efficiency, Cumulative drug release 
and particle morphology respectively. The composition data is 
represented in Table 1. The values obtained for Particle size dis-
tribution (Figure 1(A)to 1(I)), Zetapotential (Figure 2(A) to 2(I) 
and % Entrapment efficiency are represented in Table 1 and the 
responses for % Cummulative drug release (Figure 5) and dif-
fusion kinetics are represented in Table 2 and Table 3 respec-
tively. TEM micrographs are represented in Figure 3(A) to 3(H) 
respectively and selected area diffraction pattern of formula-
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tion F9 is represented as Figure 4.

Table 1: Composition, Z-average, PDI, Zetapotential & % Entrapment efficiency of formulations (F1-F9).

Formulation code Drug (mg) GMO (% w/w) Lutrol F127 (% w/w) Water (% w/w) Z-average (nm) PDI Zeta potential %EE

F1 50 4.8 0.2 95 367.9 0.0594 -23.3 60.92

F2 50 4.7 0.3 95 366.2 0.0614 -26.1 58.28

F3 50 4.6 0.4 95 304.3 0.083 -28 56.9

F4 50 4.5 0.5 95 263.9 0.0758 -32.1 54.75

F5 50 4.4 0.6 95 256.2 0.1054 -33.1 52.03

F6 50 4.3 0..7 95 234.9 0.2635 -34.4 50.69

F7 50 4.2 0.8 95 234 0.1707 -36.4 48.17

F8 50 4.1 0.9 95 210.3 0.099 -41.3 46.53

F9 50 4 1 95 202.6 0.0713 -47.5 43.98

Table 2: IN-VITRO DIFFUSION STUDIES DATA OF FORMULATIONS (F1 to F9): % Cummulative drug release (Mean ± S.D) [n=3].

F1 F2 F3 F4 F5 F6 F7 F8 F9

0 0 ± 0.00 0 ± 0.00 0 ± 0.00 0 ± 0.00 0 ± 0.00 0 ± 0.00 0 ± 0.00 0 ± 0.00 0 ± 0.00

1 0.72 ± 0.26 0.98 ± 0.43 1.38 ± 1.63 1.60 ±1.12 3.70± 01.98 6.61 ± 0.55 4.07 ± 0.39 4.99 ± 0.40 6.23± 0.12

2 1.86 ± 1.07 2.02 ± 1.36 2.16 ± 0.66 2.35 ±0.16 5.57 ± 1.35 8.41±0.56 5.83 ± 1.73 7.17 ± 1.30 8.37 ± 0.68

3 3.10 ± 1.63 3.55 ± 2.09 3.25 ± 1.56 3.54 ±1.32 7.20 ± 0.28 10.04±0.17 8.04 ± 0.61 9.47 ± 1.36 11.02 ± 0.39

4 4.48 ± 2.42 4.977± 0.13 4.73 ± 1.32 5.02 ±2.16 9.57 ± 1.55 11.86±1.26 10.28 ± 2.06 12.10 ± 1.45 13.68 ± 1.01

5 5.92 ± 1.18 6.88 ± 2.69 6.73 ± 0.44 7.10 ±1.02 11.99± 2.67 14.63±2.51 12.48 ± 0.23 14.76 ± 0.70 16.50 ± 0.99

6 7.80 ± 1.42 8.55 ± 1.23 8.47 ± 0.12 9.44 ±1.58 14.51± 0.30 16.72 ±0.43 15.48 ± 0.19 17.84 ± 1.15 19.78 ± 0.16

7 9.51 ± 2.02 10.93 ± 2.16 10.67± 1.60 11.44 ±0.77 17.28± 0.51 19.48±1.13 18.09 ± 0.70 21.23 ± 0.11 22.91 ± 0.85

8 11.67 ± 2.69 13.75 ± 3.63 12.59±0.97 1345 ±1.13 20.18± 1.71 22.52±1.40 20.81 ± 0.53 24.58 ± 1.39 26.47 ± 1.32

9 14.36 ± 1.25 16.24 ± 2.14 15.0 ± 1.41 15.97 ±1.44 23.12± 2.73 26.57±1.75 24.05 ± 1.34 28.45 ± 0.91 30.31 ± 2.21

10 16.98 ± 3.12 19.33 ± 1.17 17.44± 2.42 18.22 ±2.12 26.52± 2.26 29.76±3.06 27.19 ± 2.41 32.06 ± 0.13 34.32 ± 0.36

11 20.05 ± 0.10 22.73 ± 0.87 19.84± 1.49 20.77 ±0.45 29.65± 1.78 33.26±0.29 30.46 ± 0.66 35.06 ± 0.14 38.24 ± 0.46

12 23.12 ± 3.36 26.11 ± 3.13 22.75± 1.13 23.88 ±0.91 33.27± 3.11 37.18±1.76 34.14 ± 2.45 39.81 ± 0.46 42.96 ± 0.69

24 34.49 ± 0.32 34.14 ± 1.06 31.96± 0.36 32.15 ±3.21 42.22± 0.18 42.75± 0.61 45.13 ± 3.40 50.76 ± 2.31 53.38 ± 2.61

48 44.85 ± 0.17 45.75 ± 2.42 42.91± 0.13 43.75 ±1.56 54.20± 1.15 55.73± 2.30 57.00 ± 2.59 62.04 ± 2.65 65.14 ± 3.44

72 56.10 ± 1.47 59.46 ± 1.02 62.48± 1.33 65.39±1.63 67.58± 0.62 70.95±0.95 72.19 ± 2.07 75.72 ± 1.92 78.26 ± 2.41

Table 3: IN-VITRO DRUG DIFFUSION KINETICS OF FORMULATIONS (F1- F9).

  Correlation coefficient (r2) Release kinetics Exponential Coefficient

Formulation Code Zero Order First Order Higuchi Peppas K (Hr-1) T50% (Hr) K (Hr) (n)

F1 0.9187 0.9702 0.9448 0.9692 0.0126 55.1 182.9 0.6898

F2 0.9041 0.9677 0.951 0.9658 0.0135 51.2 170.2 0.9999

F3 0.9404 0.9835 0.9466 0.976 0.0136 50.9 169 0.9499

F4 0.9387 0.9827 0.948 0.9754 0.0145 47.9 159.1 0.9258

F5 0.8082 0.9442 0.9751 0.9754 0.0174 32.1 71.8 0.7307

F6 0.7339 0.928 0.9801 0.9755 0.0189 40.5 73 0.9258

F7 0.8223 0.9591 0.9765 0.979 0.0192 30.3 68.2 0.7235

F8 0.7482 0.9413 0.9747 0.9733 0.0218 30.1 97.5 0.6898

F9 0.7076 0.9378 0.9755 0.974 0.0263 27 87.4 0.6489
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Figure 1: Particle Size distribution of the formulation F9.

Figure 2: Particle Size distribution of the formulation F8.

Figure 3: Particle Size distribution of the formulation F7.

Figure 4: Particle Size distribution of the formulation F6.

Figure 5: Particle Size distribution of the formulation F5.

Figure 6: Particle Size distribution of the formulation F4.

Figure 7: Particle Size distribution of the formulation F3.

Figure 8: Particle Size distribution of the formulation F2.

Figure 9: Particle Size distribution of the formulation F1.
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Figure 10: Graph representing the percentage of drug release 
of various formulations F1 to F9.

Figure 11: Transmission Electron microscopy of different for-
mulations F1 to F9.

Figure 12: Zeta potential of the different formulations F1 to F9.

Discussion

Liquid crystalline nanoparticle dispersions of lornoxicam us-
ing GMO and Lutrol F127 were prepared by employing emul-
sification followed by high speed homogenization technique. 
The prepared formulations showed a decrease mean particle 
size from 367.9nm (F1) to 202.6nm (F9) with a narrow range 
of polydispersity index. The change in particle size may be at-
tributed to increase in concentration of Lutrol F127 and swell-
ing of phases caused by the excipients used. The zeta potential 
values of formulations increased gradually from F1 (-23.3mV) to 
F9 (-47.5mV) indicating moderate to good stability. The length 
of the hydrophobic chain and type of the head group is vital in 
determining the structure of liquid crystalline nanoparticles.24 
The influence of the concentration of excipients on morphologi-

cal structure of LCNP’S were determined by performing TEM 
analysis for F1, F4 and F9 formulations which were selected 
with respect to high (F1), intermediate (F4) and low (F9) con-
centrations of GMO used. The TEM micrographs of formulation 
F1 revealed cubic shaped LCNP’S along with amorphous blobs 
whereas the micrographs of formulations F4 and F9 showed 
predominant number of cubic shaped LCNP’S along with fewer 
reverse hexagonal shaped LCNP’S. The presence of amorphous 
blobs in F1 may be attributed to the melting of LCNP’S under 
high energy beam of Transmission electron microscope. Se-
lected Area Electron Diffraction studies were performed for de-
termining the structural organization of LCNP’S, which showed 
inter planar spacing (d-spacing) of 3.155 Å, 2.422 Å,1.554 Å, 1.4 
Å, and 1.293 Å calculated from rings (inner to outer) in the dif-
fraction pattern. From these values it can be deciphered that 
the particles in formulation (F9) have an FCC (Face Centered 
Cubic) or HCP (Hexagonal Close Packing) structure. Further 
validation of structural organization has to be done in order to 
confirm symmetry. The concentration of GMO had a direct im-
pact on the entrapment efficiencies of the formulations as the 
entrapment efficiency values decreased from F1 (60.92%) to F9 
(43.98%) with respect to decreasing concentrations of Glyceryl 
monooleate. Whereas the % drug release was vice- versa to 
entrapment efficiency as it increased from F1 (56.10%) to F9 
(78.26%), substantiating that the decrease in concentration of 
GMO had a impact on entrapment efficiency Both the GMO 
and Lutrol F127 has a vital role in drug release of Lornoxicam 
from LCNP’S. The 47% cumulative drug release of lornoxicam 
from LCNP’S was found to be increased upon increase in the 
concentration of Lutrol F127 which is attributed to the anchor-
ing of Lutrol F127 at the interface of the lipid bilayer and aque-
ous phase [9,25]. However the release was slowed down with 
the increasing proportion of GMO which strongly withholds the 
drug within the hydrophobic domain of bilayer. Invitro diffusion 
studies of Lornoxicam LCNP’S revealed that drug release from 
all the formulations followed first order kinetics ascertaining 
Peppas mechanism for formulations( F1, F2, F3, F4, F5 &F7) and 
Higuchi mechanism for formulations (F6, F8 & F9) respectively. 
Application of Korsmeyer-Peppas equation to the data revealed 
that mechanism of Lornoxicam liquid crystalline nanoparticles 
is governed by predominant Non-fickian diffusion (0.5< n < 
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0.85) for formulations (F1, F5 &F7) and Case-II transport (1 > n 
> 0.85) for formulations (F2, F3 & F4).The release behavior may 
be attributed to the type of liquid crystalline phases formed, 
loading capacity and electrostatic interactions between drugs 
and lipid bilayer [26].

Conclusion

GMO based Liquid crystalline nanoparticles of Lornoxicam 
were successfully prepared by employing emulsification fol-
lowed by homogenization for percutaneous delivery of lornoxi-
cam. The % entrapment efficiency, zeta potential and particle 
size were directly influenced upon change in concentration of 
GMO and Lutrol F-127 used. The in-vitro diffusion studies in-
dicated sustained release behavior of lornoxicam from LCNP’S. 
This approach could provide better penetration of lornoxicam 
through stratum corneum for the effective management of 
musculoskeletal and joint disorders like rheumatoid arthritis 
and osteoarthritis.
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