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ABSTRACT
Objective: The objective of this study was to prepare solid lipid nanoparticles (SLNs) from different lipids and analyze their physicochemical
characteristics.
Methodology: Lornoxicam loaded SLNs were prepared using different lipids (Glyceryl monostearate, Compritol 888, Cetyl palmitate, Precirol ATO5)
by emulsification solvent evaporation method. The effect of different lipids and stabilizers on physicochemical characteristics of lornoxicam loaded
SLNs were investigated.
Results :The entrapment efficiency of different lornoxicam loaded SLNs formulations was found to be ranged from 60.45±2.7 to 94.16±2.1 %.The
results showed that the entrapment efficiency of SLNs dependent on lipophilicity of lipid .SLNs containing poloxamer 188 had smaller particle size
with optimum zeta potential compared with other stabilizers (tween 80 and polyvinyl alcohol) formulated SLNs. The in vitro release of all four SLNs
formulations were shown in similar patterns, within 8 h but the releasing rate of the four formulations were significantly different.
Conclusion: It can be concluded that the choice of lipid and stabilizer played important role on the physicochemical characteristics and in vitro
release of SLNs.
Keywords: Lornoxicam, SLNs, In vitro release, Stabilizers.

INTRODUCTION
Solid lipid nanoparticles (SLNs) have recently attracted increasing
attention as potential colloidal drug carriers system for controlled
drug delivery. SLNs are composed of physiological and compatible
lipids as the solid core, which is coated by nontoxic amphiphilic
surfactants as the outer shell [1]. Studies have shown that the
physiochemical characteristics and stability of drug-loaded SLNs
depend on the properties of drug and ingredients [2]. Suitable choice
of lipids, surfactants, and their composition affect the particle size,
entrapment efficiency, zeta potential, stability during storage, and
release behavior [3]. Lornoxicam is a potent nonsteroidal antiinflammatory drug that is commonly used for the treatment of anti
inflammatory, acute and chronic rheumatoid arthritis. The active
drug substance is 6-chloro-4-hydroxy-2-methyl-N-2-pyridyl-2Hthieno-[2,3-e]-1,2-thiazine-3-carboxamide-1,1-dioxide.It is a yellow
crystalline solid with a pKa of 4.7 [4].Lornoxicam produces
gastrointestinal adverse effect. To avoid these side effects and to get
better efficacy, the drug can be administered in the form of solid
lipid nanoparticles as a delivery system [5]. The short half-life and
poor solubility in water make lornoxicam a suitable candidate for
controlled drug delivery [6]. In the present study, lornoxicam loaded
SLNs were prepared using Glyceryl monostearate (GMS), Compritol
888(COM), Cetyl palmitate (CP) and Precirol ATO5(PRE) as lipid
matrix by emulsification solvent evaporation method. The
emulsification solvent evaporation method for preparation of solid
lipid nanoparticles has been reported by various researchers [7-8].
The effects of lipids, surfactants and ratio between sodium cholate
and lecithin composition on the particle size, entrapment efficiency,
zeta potential and drug release behavior of the resulting lipid
nanoparticles drug delivery systems were investigated for the
purpose of choosing the right lipid matrix for a drug.
MATERIALS AND METHODS
Materials
Precirol ATO5 and Compritol 888 were gift from Gattefosse (Saint
Priest, France). Glyceryl monostearate and Cetyl palmitate, Polyvinyl
alcohol and Polysorbate 80 were procured from Himedia (Mumbai,
India), Lecithin was procured from Acros Organics (New York),
Sodium cholate was procured from Himedia (Mumbai, India),
Poloxamer 188 was a gift from BASF (Germany),. Dialysis tube
(Diameter 17.5 mm, flatwidth of 29.31 mm and pore size 2.4 nm)

was obtained from Himedia (Mumbai, India), All other chemicals
used in this research were of analytical grade.
Methods
Partition coefficient of drug in different lipids and phosphate
buffer pH 7.4
10 mg of lornoxicam was added in a mixture of melted lipid (1 g)
and 1 mL of hot pH 7.4 phosphate buffer (PB) and shaken for 30
minutes in a mechanical shaker (Remi,Mumbai) using a hot water
bath maintained 10oC above the melting point of the lipid [9]. The
aqueous phase of the above mixture was separated from the lipid by
centrifugation at 25000 rpm for 20 minutes in a high-speed cooling
centrifuge. The clear supernatant was suitably diluted with pH 7.4
PB and the lornoxicam content was quantified using UV-visible
spectrophotometer (Spectrascan UV2600, Thermoscientific) at 378
nm against a solvent blank. The partition coefficient of lornoxicam in
lipid/ pH 7.4 PB was calculated using Equation:
Partition coefficient = CL/CA(1)
CL is the amount of lornoxicam in lipid and CA is the amount of
lornoxicam in pH7.4 PB.
Preparation of SLNs
SLNs were prepared by emulsification solvent evaporation
technique with slight modification [7]. The amount of different
ingredients for preparation of SLNs as shown in Table 1. Lornoxicam
(7.5mg) was dissolved in 3 ml of dichloromethane in which lipid and
lecithin were previously dissolved. The inner oil phase was
emulsified at 15000rpm (Ultra Turrax T-25 IKA Labortechnik) for 7
minutes with 15 ml of outer aqueous phase containing stabilizers
and sodium cholate to prepare O/W emulsion. The emulsion was
stirred at 700rpm for 3.5 hours using mechanical stirrer for
complete evaporation of organic solvent. The lipid was precipitated
out in the aqueous medium and formed solid lipid nanoparticles
dispersion.
Purification of SLNs suspensions
Purification of lornoxicam loaded SLNs were carried out by dialysis bag
method. The SLNs dispersion was taken in the dialysis bag and tied at
both ends. The dialysis bag was kept into 50 ml of double distilled water
containing 0.2% w/v sodium lauryl sulphate and stirred at 100 rpm for
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20 minutes. 5 ml of sample was withdrawn at 5 minutes time intervals
for 20 minutes. The samples were diluted appropriately and quantified

the amount of drug by UV-VIS spectrophotometer (Spectrscan UV 2600,
Thermo Fisher Scientific Inc, USA).

Table 1: Preparation of lornoxicam loaded SLNs.
Formulations

GMS
(%)
1

SLN-1
SLN-2
SLN-3
SLN-4
SLN-5
SLN-6
SLN-7
SLN-8
SLN-9

COM
(%)

CP
(%)

PRE
(%)

LEC
(%)
1.33
1.33
1.33
1.33
1.33
1.33
1.5
1.6
1

1
1
1
1
1
1
1
1

SC
(%)
0.67
0.67
0.67
0.67
0.67
0.67
0.50
0.40
1

POL
(%)
0.5
0.5
0.5
0.5

POS
(%)

PVA
(%)

0.5
0.5
0.5
0.5
0.5

GMS: Glyceryl monostearate; COM: Compritol888; CP: Cetyl palmitate; PRE: Precirol ATO5; LEC: Lecithin; SC: Sodium cholate; POL: Poloxamer 188;
POS: Polysorbate 80; PVA:Polyvinyl alcohol
Characterization of SLNs

the drug was measured by UV-Visible spectrophotometer at 378 nm.
The experiments were performed in triplicate.

The mean particle size and polydispersity index of the SLNs
dispersions were determined by dynamic laser light scattering
technique (90Plus Particle size analyzer, Brookhaven, New York,
USA). The measurements of particle size were made in triplicate.
Zeta potential of the formulations were determined by laser light
scattering technique using Malvern zetasizer ver 6.00 (Malvern
Instruments, Malvern, UK) after appropriate dilution with double
distilled water. For the determination of Entrapment Efficiency (EE)
and Drug Loading (DL) the lornoxicam loaded SLNs suspension (1
ml) was aggregated by acidifying to pH 1.2 with 0.1M HCl [10] and
the admixture solution was immediately separated by using
ultracentrifugation (Remi, Mumbai) at 10oC and 11000 rpm for 60
min. The clear supernatant was collected and the lornoxicam
content in lornoxicam loaded SLNs was measured after dilution with
methanol. The percentage EE was calculated by the following
equation [11]:
%EE= 𝑊𝑎 − (𝑊𝑠 + 𝑊𝑝)/𝑊𝑎 X100

In vitro release kinetics
In vitro release kinetics of different SLNs formulations were
determined and analyzed with a view to find the drug release
patterns. The first order and higuchi equation were determined by
using the following equations [9].

Total amount of lipid

X100

Higuchi model = Q vs. t1/2

(5)

Q= amount of drug (mg) released at time t hour.
Stability study
Different formulations of lornoxicam loaded SLNs were stored at
4±20C and 25±20C for 90 days. The mean particle size and zeta
potential of Lornoxicam loaded SLNs were determined.

(2)

Statistical analysis
All results were expressed as the mean value ±S.D. Statistical data
were analyzed, one-way analysis of variance, followed by Dennett’s
t-test was performed and P < 0.05 was considered to be significant.

Drug loading was calculated by using following equation:
Amount of entrapped drug

(4)

Where Q0 = amount of drug (mg) released at zero hour.

Where Wa is the quantity of drug presented in system, Ws is the
quantity of drug presented in supernatant after the centrifugation,
and Wp is the quantity of drug presented in the purification medium.

%DL=

First order release model= ln (Q0-Q) vs. t

(3)

RESULTS AND DISCUSSION:

In vitro release study

Partition coefficient

In vitro drug release study of lornoxicam suspension, Lornoxicam
loaded SLNs was studied by dialysis bag diffusion method [12]. SLN
suspension equivalent to 2.5 mg Lornoxicam was taken in dialysis
bag and tied at both ends. The dialysis bag was immersed in a
receptor compartment containing 50 ml of pH 7.4 PB stirred at 100
rpm and temperature of 37± 0.5oC. The receptor compartment was
covered with aluminum foil to prevent evaporation of the medium. 5
ml
of
aliquots
were
withdrawn
at
various
time
intervals(0.5,1,2,3,4,5,6,7,8h) for 8h and replaced with fresh volume
of dissolution medium, diluted appropriately, and concentration of

Partition coefficient of lornoxicam is shown in Table 3 and the
Partition coefficient was in the order of PRE (2.80) >CP (2.27) > COM
(1.70) > GMS (1.45). PRE is the most lipophilic among the 4 lipids
and had a higher affinity for lornoxicam. PRE SLNs (SLN-4) exhibited
the highest entrapment of lornoxicam (94.16%), while GMS SLNs
(SLN-1) showed the lowest entrapment efficiency (60.45%). Hence,
an initial study of the partitioning nature of the drug between the
melted lipid and aqueous media can provide some idea about the
entrapment in the SLNs formulation.

Table 2: Characterizations of lornoxicam loaded SLNs.
Formulations
SLN-1
SLN-2
SLN-3
SLN-4
SLN-5
SLN-6
SLN-7
SLN-8
SLN-9

MPS
(nm)
318.5±4.1
289.6±4.7
246.1±4.9
228.6±3.4
352.2±5.1
274.5±4.9
206.9±4.1
240.7±5.1
252.6±4.3

PDI
0.286±0.004
0.274±0.006
0.234±0.005
0.294±0.008
0.329±0.009
0.316±0.007
0.261±0.005
0.266±0.007
0.272±0.005

EE
(%)
60.45±2.7
67.21±3.6
73.34±2.5
80.26±3.2
66.51±2.4
71.45±3.9
94.16±2.1
86.25±4.1
85.11±3.2

ZP
(mV)
-32.7±3.1
-35.2±2.7
-37.6±1.9
-31.4±2.1
-24.1±2.4
-16.3±3.2
-36.3±2.5
-36.8±2.9
-37.0±3.1

MPS: Mean particle size; PDI: Polydispersity index; EE: Entrapment efficiency; ZP: Zeta potential Data presented as mean ± S.D (n = 3).
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Table 3: Effect of partition coefficient of different lipids on entrapment efficiency of lornoxicam.
Formulations

Lipids

SLN-1
SLN-2
SLN-3
SLN-4

GMS
COMPRITOL 888
CETYL PALMITATE
PRECIROL ATO 5

Characterization of SLNs
Lornoxicam loaded SLNs were prepared by using emulsification
solvent evaporation method. The mean particle size and entrapment
efficiency of different lornoxicam loaded SLNs formulation is shown
in Table 2. The mean particle size of lipid nanoparticles was found to
be ranged from 206.9±4.1 to 318.5±4.1nm and polydispersity index
was found in between 0.234 and 0.329. The choice of stabilizers is
an important parameter to be considered in optimizing any
nanoparticles formulation, not only to control the particle size but
also to stabilize the SLNs dispersions. SLNs containing poloxamer
188 showed smaller in particle size as compared with tween 80 and
polyvinyl alcohols. The entrapment efficiency of different
lornoxicam loaded SLNs formulations was found to be ranged from
60.45±2.7 to 94.16±2.1 %.The entrapment efficiency of the four
SLNs(SLNs-1to SLNs-4) were significantly different and they were in
the order of SLN-4 > SLN-3 > SLN-2 > SLN-1. The entrapment
efficiency of SLNs was enhanced with increasing the lipophilicity of
lipid, since the higher lipophilicity of the lipid resulted in increased

Partition
coefficient
1.45
1.70
2.27
2.80

Entrapment
efficiency
57.11
63.28
67.89
71.26

accommodation of lipophilic drugs [13-14]. The Sodium
cholate/lecithin ratio influenced on the entrapment efficiency and
average size of lornoxicam loaded SLNs.There highest entrapment
efficiency and narrowest size distribution of lornoxicam loaded SLNs
showed when the sodium cholate/lecithin ratio was maintained at
0.33. However further Increase of sodium cholate fraction which
resulted in the low entrapment efficiency and increase in average
particle size of lornoxicam loaded SLNs. Zeta potential is a key factor
to evaluate the stability of colloidal dispersion. The zeta potential
values of different SLNs formulations are shown in Figure 1. The
zeta potential values of different SLNs formulations were found to
be ranged from −16.3 mV to −37.6 mV. The nanoparticles are
thermodynamically unstable systems and for the stability of
nanoparticles, a zeta potential value should be above +30 mV or
below -30 mV [15]. The range of zeta potential obtained for SLNs
with Polyvinyl alcohol was not high enough to provide a strong
electrical field around the particles. This could explain the
aggregates of SLNs that contained polyvinyl alcohol as stabilizer
during the storage of a long period of time.

Fig. 1: Zeta potential of (A) SLN-1,(B)SLN-2,(C)SLN-3,(D)SLN-4,(E)SLN-5,and (F)SLN-6.
In vitro release study and release kinetics
Solubility of lornoxicam was more in alkaline medium so pH 7.4 PB
was used as the diffusion medium to study the release patterns
between the different SLNs formulations. The release profiles

indicated that SLNs dispersions showed a sustained release of the
lornoxicam from the lipid matrix when compared with lornoxicam
suspensions. In vitro releases of lornoxicam from the four SLNs
formulations in pH 7.4 PB are shown in Figure 2. The four different
SLNs showed a similar biphasic drug release pattern with a faster
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release within the initial 3h and a sustained release afterwards. The
lipid affected the release significantly and the higher lipophilic lipid,
the slower the release rate [16]. Comparative t25, t50 (time taken for
25%, and 50% of lornoxicam to be released) of lornoxicam
suspension and the lornoxicam loaded SLNs in pH 7.4 PB is shown in
Table 4. The sustained release is probably due to diffusion of drug
from the lipid matrix. PRE is the most lipophilic lipid in this study,

had the highest sustained release effect [16]. All the lornoxicam
loaded SLNs formulations (SLN-1 to SLN-4) were found to be linear
with first order release rate with R2 values in the range of 0.96-0.98.
The amount of drug released vs. square root of time were plotted for
different SLNs formulations (SLN-1 to SLN-4) and R2 value of each
SLNs formulation was found to be 0.99.Thus the rate of drug release
from SLNs were by diffusion controlled process.

Fig. 2: In vitro release profiles of lornoxicam suspension and different SLNs formulations.
Table 4: Comparative t25 and t50 of lornoxicam loaded SLNs.
Parameters

Time (in minutes)
Lornoxicam suspension

SLN-1

SLN-2

SLN-3

SLN-4

21
56

58
187

69
236

90
270

112
320

t25
t50
Stability study
The mean particle sizes of SLNs formulations stored at 4±2 oC and
25±2oC are shown in Figure 3. The Mean particle size of the SLN-4
stored at 4±2oC increased from 228.6 nm to 319.3 nm in 90 days,
whereas the SLN-4 stored at 25±2oC increased from 228.6 nm to

347.6 nm. But the CP SLNs (SLN-3) showed good stability when
compared with other SLNs formulations. The zeta potential of
different SLNs formulations measured after 90 days of storage at
4±2oC and 25±2oC are shown in Table 5. The changes in the zeta
potential were more prominent for all the lornoxicam loaded SLNs
stored at 25±2oC when compared with those stored at 4±2oC.

Table 5: zeta potential values of the lornoxicam loaded SLN dispersions stored at 4oC and 25oC after day1 and day90.
FC

SLN-1
SLN-2
SLN-3
SLN-4

Zeta potential (mV)
4±2oC
Day 1
-32.7
-35.2
-37.6
-31.4

Day 90
-29.5
-32.1
-34.6
-30.7

25±2oC
Day 1
-32.7
-35.2
-37.6
-31.4

Day 90
-26.1
-28.1
-32.7
-28.2

Fig. 3: Mean particle size of the lornoxicam loaded SLNs dispersions stored (A) at 4oC and (B) at 25oC after 0, 30, 60, and 90 days.
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CONCLUSIONS
Lornoxicam loaded SLNs were prepared by using emulsification
solvent evaporation method. The highly lipophilic lipid had
significant influences on the physicochemical characteristics of
lornoxicam-loaded SLNs. The highly lipophilic lipid resulted in
higher drug incorporation and in vitro sustained release. SLNs
containing poloxamer 188 had smaller particle size with optimum
zeta potential when compared with other stabilizers. Thus the
appropriate selection of lipid and stabilizer is important in the
formulation of lornoxicam loaded SLNs.
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