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ABSTRACT

The objective of the present work was to formul&elid lipid nanoparticles of Lornoxicam. Solid lipi
nanoparticles were prepared by hot homogenizagohnique and characterized by particle size arsl¥gurier
Transform Infrared spectroscopy, Differential SaagnCalorimetry, drug entrapment efficiency, Scagni
Electron Microscopy anth vitro release studies. At highest speed the result Bpidinanoparticles were smaller
in size and their size increased with increasapiu Iconcentration. Smaller size solid lipid nancicées were
obtained with 1 % (1:1 w/v) of lecithin/tween-80rigalmitin Solid lipid nanoparticles showed maximum
entrapment efficiency, Controlled release and slidomeaximum release. Tha vitro release was found to follow
Non-Fickian Diffusion mechanism. The surface chimacwere found to be better with all the lipid reass.
Accelerated stability studies indicated that theege no significant changes when stored betweeC2a8d 75 +
5% RH. The formulations done with Tripalmitin shalMgetter efficiency with controlled release prafile
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are composed of physiological lipid, dispersed in
water or in aqueous surfactant solution. SLNs as
colloidal drug carrier combine the advantage of
polymeric nanoparticles, fat emulsions and
liposome$ 2 The object of drug targeting is to
achieve a desired pharmacological response at a
selected site without undesirable interaction heot
sites. At present drug targeting achieved at one of
two approaches: the first approach involves
chemical modification of the parent compound to a
derivative which is activated only at the targee si
The second approach utilizes carriers such as
liposomes, microspheres, nanoparticles, antibiotics
cellular carriers (erythrocytes and lymphocyteg) an
macromolecules to direct the drug at its site of
actior?. Lornoxicam is a new non-steroidal anti-
inflammatory drug (NSAIDs) of the Lornoxicam
class with analgesic, anti-inflammatory and
antipyretic properties. It is distinguished from
established Lornoxicam by a relatively short half-
life (3 to 5 hours), which may be advantageous from
a tolerability point. Lornoxicam acts by inhibiting
the enzyme (COX). Inhibition of COX-2 is thought
to mediate antipyretic, analgesic and anti-
inflammatory  actions of NSAIDs, while
simultaneous inhibition of COX-1 largely but not
exclusively accounts for unwanted adverse effects
in gastrointestinal tract. Lornoxicam is as effeeti
as the opioid analgesics in relieving postoperative
pain following gynecological or orthopedic surgery.
It was also effective in relieving symptoms of
osteoarthritis, rheumatoid arthritis, ankylosing
spondylitis, acute sciatica and low back fain

MATERIAL AND METHODS

Material
Lornoxicam was obtained from Chimak Health
Care, Himachal Pradesh, India. Glycerol

Monosterate was obtained as a gift sample form
Loba Chemicals, Mumbai. Tripalmitin was a gift

sample from Himedia Pvt Ltd, Mumbai. Stearic

Acid was purchased from Genuine Chemicals,
Mumbai. Lecithin, Tween 80, Sodium Hydroxide,

Potassium Dihydrogen phosphate and Dialysis
Membrane are of analytical grade.
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Methods

Lornoxicam Solid lipid nanoparticles were prepared
by hot homogenization technique using GMS,
Tripalmitin and Stearic acid as lipid carriers, 8oy
lecithin as surfactant and tween 80 as co-
surfactanit Drug was dispersed in molten lipid
(70°C). This dispersion was added into aqueous
medium containing surfactants maintained at same
temperature as that of lipid melt. This warm Pre-
emulsion so formed is subjected to High pressure
homogenization (High pressure Homogenizer IKA
Ltd.,) for 3 homogenization cycles at 900 bars and
cooled to room temperature to form Solid lipid
nanoparticles. The samples were sonicated and
analyzed for particle size. The details of formiglat
designs are tabulated in Table No.1-3.

EVALUATION PARAMETERS
Pre-formulation Studies

Compatibility  studies (Fourier Transform
Infrared Spectroscopy)
The fourier transform infra-red analysis was

conducted for the structure characterization. FTIR
spectra of the pure drug, polymers and formulations
were recorded by using THERMO NICOLET,
Japan FTIR instrument. Approximately 4 mg of
samples were mixed with 50mg of spectroscopic
grade KBr, samples were scanned in the IR range
from 500 to 3500 cmy, with a resolution of 4 crh
Evaluation parameters of SLNs

Particle Size Analysis

Drug loaded nanoparticles were analyzed by CIS-
L50 Particle Size Analyzer. The suspension is taken
in a cuvette and diluted with distilled water tegia
concentration of 1® particles with a standard
normalizing factor (SNF) value of 1. The
mechanism of working of CFS-L50 is TOT (time of
transition).

Drug content

Lornoxicam loaded SLNs (1 ml) were diluted to 10
ml of pH 6.8. Final dilution is made with pH 6.8 in
its beers range. And total drug content was
determined by using UV spectrophotometer at 376
nm by taking pH 6.&s blank.
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Entrapment Efficiency

Entrapment efficiency of drug loaded SLNs was
determined by centrifugation of samples at 10,000
rom for 10 min. The amount of free drug was
determined in the clear supernatant by UV
spectrophotometer at 376 nm using supernatant of
non-loaded nanopatrticles on basic correction. The
entrapment efficiency (EE %) could be achieved by
the following equation.

W initial drug _W free drug

EE (%) = x 100
W initial drug
Differential Scanning Calorimetry
The compatibility study was analyzed by
differential scanning calorimetry (DSC)

(Q20,V24.4,UniversaUSA) DSC was carried out
by the action of argon purging with 20ml/min where
it is hermetically sealed with aluminium pans. From
this sample of 40ul is used. The programme is run
at 10C/min. The onset peak and end set peaks are
recorded for bulk drug and SLN formulations.
Scanning Electron Microscopy

Surface morphology of the drug loaded
nanoparticles was determined by using a scanning
electron microscope (SEM), Model JSM 6330,
JEOL, Japan. The samples are dried thoroughly in
vacuum desiccator before mounting on brass
specimen studies, using double sided adhesive tape.
Gold-palladium alloy of 128\ was coated on the
sample using sputter coating unit (Model E5 100
Polaron U.K.) in Argon at ambient of 8-10 Pascal
with plasma voltage about 20 mA. The sputtering
was done for nearly 5 minutes to obtain uniform
coating on the sample to enable good quality SEM
images. The SEM was operated at low accelerating
voltage of about 15KV with load current of about
80MA. The condenser lens position was maintained
between 4.4- 5.1. The objective lens aperture has a
diameter of 240 microns and the working distance
WD=39mm.

In vitro release study

In vitro release studies were performed using
modified Franz diffusion cell. Cellophane Dialysis
membrane having pore size 2.4 nm; molecular
weight cut off 12,000-14,000, was used (Membrane
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was soaked in double-distilled water for 12 hrs.
before mounting in a Franz diffusion cell). A
volume equivalent to 2 mg of Lornoxicam
(Practically calculated) loaded SLNs formulation
was placed in the donor compartment and the
receptor compartment was filled with 50 ml of 6.8
pH Phosphate buffer. The content of the cell was
stirred with the help of magnetic stirrer at°G7
Aliquots  were  withdrawn from receiver
compartment through side tube at every hour time
interval up to 12 hours. Fresh medium of 6.8 pH
Phosphate buffer was replaced each time to
maintain constant volume. Samples were analyzed
by UV visible spectroscopy at 376 nm.
Accelerated stability studies for the optimized
formulation
Accelerated stability studies ahe drug loaded
SLNs were carried out for 3 formulations from each
set as per ICH guidelines, at 40 %2/75 + 5% RH
& 2-8°C /75+5% RH by using Thermolab TH 90S
stability chamber for period of 3 month. The
samples were observed for particle size analysis,
Entrapment efficiency anidh vitro release studies.
Mathematical modeling for nonlinear curve
To analyze the mechanism for the release and
release rate kinetics of the dosage form, the data
obtained was fitted in to Zero order, First order,
Higuchi matrix and Krosmeyer and Peppa’s model.
Using Microsoft excel software. Comparing tife r
values obtained, the best-fit model was selected.
Zero order kinetics
To study the Zero order release rate kinetics the
release rate data were fitted to the following
equation.
Qt: Qo + Kot

Where,
Q = amount of drug dissolved in time t,
Q o = initial amount of drug in the solution and
K o= zero order release constant.
First order kinetics

To study the first order release rate kinetics
the release rate data were fitted to the following
equation.

Log @ =log @ + Kit/2.303
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Where,
Q: is the amount of drug released in time t,
Qo is the initial amount of drug in the solution and
K1 is the first order release constant.
Higuchi model
To study this model the release rate data arelfitie
the following equation
Qt= KH. t 12
Where,
Q += Amount of drug released in time t,
K w = Higuchi dissolution constant.
Krosmeyer and Peppa’s release model
To study this model the release rate data arelfitie
the following equation
Mt/ Mo =K.t"
Where,
Mt/ M « = fraction of drug release,
K = release constant, t = release time and
n = Diffusion exponent for the drug release that is
dependent on the shape of the matrix dosage form.
Hixson-Crowell model
To study the Hixson — Crowell model the release
rate data are fitted to the following equation
W01/3 _ \Ml/3 = Kst

Where,

W, = amount of drug in the dosage form,

W: = remaining amount of drug in the
pharmaceutical dosage form,

Ks = constant incorporating the surface-
volume relationship.

RESULTS AND DISCUSSION

Compatibility studies

The Fourier transform infra-red analysis was
conducted for the surface structure characterizatio

FTIR spectrum of the pure drug, polymers and
formulations was recorded. The Fourier transform
infrared spectroscopy study reveals that thereois n
interaction between the pure drug, polymers and
formulations. Then all the functional groups found

in the IR spectrum of pure drug, polymers and
formulations. The results are tabulated in Table
No.4 and Figure No.1-4.
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UV Spectroscopy

The drug solution was scanned for absorption
maxima fmay) Spectrophotometrically between
200nm and 400nm. The solution was shown
absorption maxima at 376nm.

Particle Size Analysis

The formulations with GMS such as LOMG
showed wide distribution in particle size ranging
from 780nm to 920nm; similarly formulations with
Tripalmitin such as LOMT showed particle size
ranging from 740nm to 850nm and formulations
with stearic acid such as LOMS showed patrticle
size ranging from 740nm to 800nm. The results are
tabulated in Table No.5-7.

Drug content and Entrapment Efficiency

The entrapment efficiencies of the Lornoxicam
loaded SLNs was in the order of
LOMT>LOMG>LOMS. The higher entrapment
efficiency with tripalmitin is attributed to the dh
hydrophobicity due to the long chain fatty acids
attached to the triglyceride resulting in increased
accommodation of drugdhe results are tabulated
in Table No.8-10.

Differential Scanning Calorimetry

It was found that the thermal peaks of drug are
identical in formulations with those entire lipid
carriers. This indicates that, there is no inteoact

in the formulations. Results are tabulated in Table
No.11.

Scanning Electron Microscopy

The smooth surface of SLNs is because of presence
of Lecithin and it could be attributed to its
proteinous nature. The surface morphology of the
SLNs had not been altered by the type of lipid
carrier, concentration of lipid carrier and sp€eEide
figures are shown in Figure No.5.

In vitro release study

In vitro drug release data from the SLNs were
carried out for 12hrs and graphically represented a
% CDR v/s time profile. The results are shown in
Table No.12.

Accelerated stability studies for the optimized
formulation

There was significant change of particle size |tota
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drug content, entrapment efficiency ama vitro
drug release of formulation which stored at 40 *
20C /75 £ 5% RH than at 2°8. At 2-&C it does
not show this changes due to good stability might
derive from the slow transition of lipid in SLNs,
low temperature and the steric effect of Tween 80.
Mathematical modeling for nonlinear curve

LOMG, LOMS and LOMT were found to follow
the zero order models. From the n values obtained i
can be said that the diffusion followed Non-Fickian
mechanism. Results were shown in Table No.13
and Figure No.6.

DISCUSSION

Solid lipid nanoparticles of Lornoxicam were

prepared by hot homogenization technique. The
Fourier Transform Infrared Spectroscopy study
reveals that there is no interaction between the pu

drug and individual, composition of polymers. SEM

results showed that their surface of SLNs is
spherical and smooth. In-vitro release study showed
better release for SLNs with tripalmitin as drug

carrier.

Table No.1: Formulation design of Lornoxicam loadedsMS SLNs by hot homogenization technique

Conc. of
Formulation Lipid Drug surfactant/ Speed
S. No Codes Y%w/v (mg) co- surfactant (rpm)
1:1 (wiv)
1 LORG-I 0.5 8 1.0 6,500
2 LORG-II 0.5 8 1.0 9,500
3 LORG-III 1.0 8 1.0 9,500
4 LORG- IV 1.5 8 1.0 13,500
5 LORG-V 1.0 8 1.0 13,500
Available online: www.uptodateresearchpublicatiomc November - December 128
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Table No.2: Formulation Design of Lornoxicam loadedstearic acid SLNs by hot homogenization

technique
Conc. of
S No Formulation Lipid Drug surfactant/ Speed

' Codes %w/v (mg) co- surfactant (rpm)

1:1 (wiv)
1 LORS-I 0.5 8 1.0 6,500
2 LORS-II 1.0 8 1.0 6,500
3 LORS-III 15 8 1.0 9,500
4 LORS- IV 0.5 8 1.0 13,500
5 LORS-V 0.5 8 1.0 9,500

Table No.3: Formulation Design of Lornoxicam loadedripalmitin SLNs by hot homogenization

Technique
Conc. of
S No Formulation Lipid Drug surfactant/ Speed

' Codes Y%w/v (mg) co- surfactant (rpm)

1:1 (wiv)
1 LORT-I 0.5 8 1 6,500
2 LORT-II 0.5 8 1 9,500
3 LORT-II 0.5 8 1 13,500
4 LORT-IV 1.0 8 1 9,500
5 LORT-V 1.5 8 1 13,500
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Table No.4: Data obtained from Compatibility studyof Drug, Lipid and Formulations by FTIR

spectroscopy
Important IR Spectral peaks of different groups, wave length in cm?
ini C-H C-H
(Aromatic) (Aliphatic)
1 Lornoxicam| 3062.56 1593.23 783.35 ------ | cmeem | e | - 1326.99
2 GMS | 1735.29 - 2919.33| 1185.24 -f------- | -
3 | Stearicacid = - 1702.79 -1 2919.87 13®LA-——-| - | -
4 | Tripalmitin | 3497.29 | 1735.1% - 2920.02  cmeeee| oo | e |
5 LORG 3061.83 1734.78 725.27 2918.80 1183.53] ---- ----- 1325.89
6 LORS 3061.93 1702.23 724.97 2919.60 1186.07] --- ----- 1321.68
7 LORT 3061.78 1734.8% 725.05 2920.33 1183.14| - ----- 1326.56

Table No.5: Mean Particle Size of Lornoxicam Loade®&LNs using G.M.S as a lipid carrier

Formulation code

LORG-I

LORG-II

LORG-III

LORG-IV

LO RG-V

Mean Particle Size

790nm

780nm

800nm

920nm

780nr

Table No.6: Mean Particle Size of Lornoxicam loade&LNs using Stearic-Acid as a lipid carrier

Formulation code

LORS-I

LORS-II

LORS-III

LORS-IV

LO RS-V

Mean Particle Size

790nm

800nm

800nm

740n

m 780nm

Table No.7: Mean Particle Size of Lornoxicam loade&LNs using Tripalmitin as a lipid carrier

Formulation code | LORT-I LORT-II LORT-III LORT-IV LORT-V
Mean Particle Size ~ 790nm 780nm 740nm 800nm 850nm
Table No.8: Drug Entrapment Efficiency with GMS asa lipid carrier

Formulation code LORG-l | LORG-II | LORG-IIl  |LORG-IV LO RG-V
Practically total drug content 88.42% 87.58% 89.40% 86.74% 87.30%
Drug entrapment efficiency 46.12% 45.23% 48.80% 15% 47.42%
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Table No.9: Drug Entrapment Efficiency with StearicAcid as a lipid carrier

Formulation code LORS-I LORS-II LORS-II LORS- IV L ORS-V
Practically total drug content 89.68% 89.96% 87.44% 90.24% 90.52%
Drug entrapment efficiency 38.229 42.60% 45.49% 23% 37.92%

Table No.10: Drug Entrapment Efficiency with Tripalmitin as a lipid carrier

Formulation code LORT-l | LORT-lIl | LORT-III LORT-IV LO RT-V
Practically total drug content 88.56% 88.04% 87.16% 86.60% 89.68%
Drug entrapment efficiency 50.129 49.87% 47.52% 14% 53.21%
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Table No.11: Data obtained from Compatibility studyof drug and polymer by DSC

S No Drug/Ponmer/ Peaks
Formulation
1 Lornoxicam | = - | - 217 |
52.97C
2 G.M.S Known) | T | U | o
, " 72.63C
3 Tripalmitin Known) | | |
4 Stearic acid s31PC | | |
(Known)
5 Lecithin 63.29C | @ | | e
52.97C 59.33C 213.46C
6 LORG (G.M.S) (Lecithin) | (Lornoxicam)|
7 LORS 53.17C 55.3%C 68.79C 223.97C
(Stearic acid)| (Lecithin) (Lecithin) (Lornoxicam)
72.52C 60.33C 220.46C
8 LORT (Tripalmitin) (Lecithin) | (Lornoxicam)
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Table No.12:1n vitro drug release study of formulated SLNs

% Cumulative drug release
S.No Time

: (hrs) [ LOR | LOR | LOR | LOR | LOR | LOR | LOR | LOR | LOR | LOR | LOR | LOR | LOR | LOR | LOR

G G G G G S S S S S T S S S S

I I I IV \Y I I Il IV \Y I I Il v \Y
1 1 1099 | 12.16| 1143 1187y 7.76 1281 1055 1187348 | 14.21| 9.82| 9.08  9.39 791 850
2 2 19.95| 21.15 19.0§ 18.4 16.8 1845 19/05 19352352 22.95| 17.1| 151§ 1755 14f 1444
3 3 26.85| 29.1| 2479 228 22 25.65 252 2505 429.2955| 23.7| 2085 241% 207 17.85
4 4 31.35| 3555 31.04 304 2925 3255 318 31055.853| 36.3 | 3195 246 31.05 268 2115
5 5 384 | 4095 36.9| 327 357 4245 37835 36|75 3:43. 43.05| 39.15| 316§ 374 3375 2783
6 6 444 | 4755| 417 412 4245 4777 4018 414 $49.348.75| 46.35| 3645 424 39 327
7 7 50.4 | 54.75| 4729 456 4845 525 489 474 59.655.35| 54.15| 40.05 5025 4515 35/1
8 8 55.35| 60.6| 53.1| 49.2 5445 588 5445 53.1 5654.661.65| 60.45| 4515 56.77 50.85 40.65
9 9 615 | 657| 5779 57.0 6045 64p 58p5 582  68.168.7 | 67.05| 50.1| 6374 555 46.35
10 10 669 | 73.2| 6313 6045 654 69.J5 648  63.3 9573 744 | 738| 5535 729 612 5055
11 11 723 | 786| 68535 663 7215 7545 702 70.350.558| 80.85| 81.75 6169 78.75 6645  54/3
12 12 78.75| 84.45 729 741 792 8115 749 786 786 873 | 891| 657| 867 7275 588
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Table No.13: Mathematical modeling for nonlinear cuve of LORT-I

Zero order | First order | Higuchi Peppa’s Hixon

Crowell B
) est

S.No Formulation e
Code fitting
R2 R2 R2 R2 n R? model
Zero
1 LORT 1 0.9991 0.9207 0.9351 0.9986 0.8783 0.9685 order
2 LORT 2 0.9953 0.9841 0.9496 0.9973 0.7987 0.9932 gggr
Zero
3 LORT 3 0.9981 0.9218 0.9304 0.9981 0.8836 0.9649 order
Zero
4 LORT 4 0.9972 0.9812 0.945( 0.9997 0.8821 0.9933 order
Zero
5 LORT 5 0.9952 0.9892 0.9449 0.9919 0.7863 0.9946 order
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Figure No.1: FTIR spectra of Lornoxicam

Available online: www.uptodateresearchpublicatiomc November - December

134




Sumalatha CH. et al. / International Journal of Research in Pharmaceutical and Nano Sciences. 1(2), 2012, 124 - 138.

95 | KLESCOPH N
o0 | LOR + GMS 1

S

863.51-

725.27

% Transmittance
e —

o538 =———

\
55
=

\

o
338638 |
306183

25 | — e _

==

984.82

|
" L
\ |

S
——

118353 <
82857

1593.13
154287
unn
1380.55
1325.89
1238.20
1082.01
1036.00

3500 3000 2500 2000 1500 1000 500
Wavenumbers (cm-1)

Figure No.2: FTIR spectra of LORG

KLESCOPH I/
50 | LOR + STEACID

.52
494.42

50 AN

Y Transmittance
Y
(4]
o S5
=
544,91

-

=
1035.12
94147

2363.41

6

8
1186.07
787.19

1083.97

w
o
1645.44

NN

o o

~—
_

1236.96

06193 )
1149.72

1702.23
1593.36

2919.60
2849.14

3500 3000 2500 2000 1500 1000 500
Wavenumbers (cm-1)

Figure No.3: FTIR spectra of LORS

Available online: www.uptodateresearchpublicatiomc November - December 135



Sumalatha CH. et al. / International Journal of Research in Pharmaceutical and Nano Sciences. 1(2), 2012, 124 - 138.

100
95 | kKLESCOPH
so |LOR+ TRI
85
80 /
75 /
70 "
65 //
60
55 /- b
38 7 §
% s0 J',,\/ ]
E ™ [ 8 =8
= e I g B g
ss| ~ g L= e
i g, =i
2 =
* = VL wE @
20 B 5= / = ]
15 = ol b= S
2'e o3 38
10 . RgBgs 8 8
- FEEEERE
— e
o
-5
3500 3000 2500 2000 1500 1000 500
Wavenumbers (cm-1)
Figure No.4: FTIR spectra of LORT
LORG -1 LORS -1 LORT-1

Figure No.5: Scanning Electron Microscopy

Available online: www.uptodateresearchpublicatiomc November - December

136




Sumalatha CH. et al. / International Journal of Research in Pharmaceutical and Nano Sciences. 1(2), 2012, 124 - 138.

Figure No.6: Compartive in vitro drug release study of SLNs formulations
(LORG-II,LORS-V and LORT-I)

100
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% cumulative drug release
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Time in hrs

Figure No.6: Compatrtivein vitro drug release study of SLNs formulations
(LORG-II, LORS-V and LORT-I)
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Figure No.7: Zero order plot of LORT-1
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CONCLUSION 4. Balfour JA, Fitton A, Barradell L B.
Solid lipid nanoparticles of lornoxicam were Lornoxicam: A review of its pharmacology
prepared with various colloidal carriers by hot and therapeutic potential in the management
homogenization technique. Tripalmitin had shown of painful and inflammatory conditions,
controlled release and maximum entrapment than Drugs, 51(4), 1996, 639-657.

others lipid carriers which can be attributed te th 5. Pandey R, Sharma S, Khuller GK. Oral solid
hydrophobic long chain fatty acids of the lipid nanoparticle-based antitubercular
triglyceride that retain drugs and also increased chemotherapy National centre  for
accommodation of drugs. Thus, from the above biotechnology inf, 85(5-6), 2005, 415-420.
studies it can be concluded that the current 6. Labhasetwar V, Song C, Levwy R J.
investigation illustrates the effect of lipid natur Nanoparticles drug delivery system for
on the entrapment efficiencyn vitro release of restenosisAdv. Drug Ddliv, 24(1), 1999, 63-
drug. 85.
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