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ABSTRACT

Flurbiprofen (FP) is a phenyl alkanoic acid derivative and a family of non—steroidal anti-inflammatory drug
used in the treatment of arthritis. The aim of this study was to prepare a new parenteral formulation for FP
that can prolong the biologic half-life of the drug, improve its therapeutic efficacy, and reduce its associated
side effects targeting the inflammation due to arthritis. PEG-anchored (stealth) and non—-PEG-anchored
liposomes were prepared by thin film hydration technique followed by extrusion cycle and characterized for
in vitro and in vivo. Stealth liposomes (SLs) exhibited increase in percent encapsulation efficiency (68%)
and percent drug retention during release studies in 24 h (71%) with good stability for a period of 1 month
at —20°C and 4°C (refrigerated temperature) compared with other liposomes. The maximum percent edema
inhibition (58%) and significant analgesic effect of 13 s were determined for SLs. The pharmacokinetic
parameters after i.v. administration to arthritis induced rats were determined and compared with non-SLs.
The marked differences produced for SLs over those of non-SL (conventional) formulations with an increase
in area under plasma concentration time curve, t, ,, mean residence time, and reduced clearance. The drug
localization in liver, spleen, and kidney were significantly higher for non-PEGylated liposomes than the SLs.
Nearly 3-fold increase in drug concentration was measured in arthritic paw when compared with the other
liposome formulations. Thus SLs may help to increase the therapeutic efficacy of FP by increasing the
targeting potential at the site of action.
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Liposomes are spherical vesicles of different sizes consisting
of a lipid bilayer and aqueous center compartment that
are generated 7z vitro."! These are popular in terms of
biocompatibility, biodegradability, low toxicity, and can
control biodistribution of drug by altering the size,
composition of lipids, and hence the characteristics.” These
are the carriers that are suitable for encapsulation of drugs
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with different lipophilicities, such as strongly lipophilic drugs,
strongly hydrophilic drugs, and drugs with intermediate
log PPl Liposomes can protect the encapsulated drug or
drugs and can target the organ or tissue passively.”! But
it was found that conventional liposomes suffer with 2
major drawbacks as sustained as well as targeted release
system for drugs 7z vive. First one is its attraction toward
reticuloendothelial system (RES), which will cause the
removal of drug from blood stream as well as will result in
adverse effects on the host defense system!”l and will decrease
the availability of entrapped drug to the other tissues. The
next is recognition of conventional liposomes by RES leads
to nonlinear pharmacokinetics for the carrier, which makes
calculating the amount of entrapped drug required to attain
therapeutic drug dose difficult.”® In addition, conventional
liposome formulations containing saturated phospholipids
and cholesterol are more prone to the influence of plasma
proteins and other biologic fluids 7z #ivo, which leads to

o1 To avoid the above-

rapid removal of drug contents.
mentioned difficulties, especially to avoid the RES uptake of
the vesicles it is necessary to have previous administration of
empty liposomes. Moreover, small unilamellar vesicles have
the drawback of low aqueous entrapment volume; the use
of charged liposomes could be toxic. Thus, mechanical or
electrostatic stabilization cannot improve the long circulation
of liposomes in biologic systems." Further attempts to alter
the biodistribution of liposomes resulted in the generation of
new liposomal formulations called as stealth liposomes (SLs),
which have considerably reduced RES uptake, and remain in
circulation for long petiod of time!"!¥ with dose-independent
pharmacokinetics!® and have reduced susceptibility to
protein-induced leakage.">'‘!

Flurbiprofen (FP) is a hydrophobic and potent acidic non—
steroidal anti-inflammatory drug which widely used for
the treatment of rheumatoid arthritis in humans.!>"* FP is
99% bound to human serum albumin and it may bind to
red blood cells at therapeutic concentration.”” Area under
plasma concentration time curve (AUC) of plasma drug
concentration s time curve increases with increasing dose
of drug administration.”™ The most frequently reported side
effects upon oral administration are abdominal discomfort
and other gastrointestinal side effects. Its high log P value
of 4.16 and short elimination half-life of 3.9 h necessitates
the drug to be administered frequently. To avoid the possible
side effects and by considering the fact that FP is generally
used for a prolonged petiods to maintain the therapeutic
activity, numerous delivery systems have been designed,
such as transdermal drug delivery system, microspheres,
microsponges, niosomes, and so on. But there is no
evidence of liposomes, by which the drug can be targeted
directly into arthritic inflammation through the gaps formed
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between the endothelial cells of vasculature. Hence reduced
systemic availability and increased accumulation of drug in
inflammatory area is expected to reduce the side effects and
increase the therapeutic effect. The authors have already
studied and reported the effect of drug-lipid ratio and lipid
composition on the development of FP liposomes.”!! The
present work was aimed at increasing the circulation time
of liposomes by grafting polyethylene glycol (PEG)-2000
to the lipid bilayer surface (SLs) and understanding the
pharmacodynamics, pharmacokinetics, and biodistribution

profile of the drug,

MATERIALS AND METHODS
Materials

FP was gifted by FDH Ltd, Mumbai. Hydrogenated
soy phosphatidyl choline (SPC), distearoyl phosphatidyl
choline (DSPC), PE 18:0/18:0-PEG,, (PE-PEG) were
donated by Lipoid, Germany. High purity cholesterol was
purchased from Sigma—Aldrich (St. Louis, MO, USA). All
the chemicals and solvents used in the present study were
of analytic grade and were supplied by Sigma Chemicals Co.
(St. Louis, MO, USA), Himedia Laboratories Ltd, Mumbai,
India, and S.D. Fine Chemicals Pvt. Ltd. (Mumbai, India).
Deionized water was used throughout the experiment.

Preparation of liposomes

Three batches of liposomes were prepared with SPC:
CH - 4:1 (FL), DSPC: CH - 4:1 (DSPCL) and DSPC:
CH: PE-PEG - 4:1:0.2 (SL) molar compositions by thin
film hydration technique,’* using rotary evaporator
(HS-3001NS). SPC, cholesterol, and drug were weighed
accurately and then dissolved in organic phase, that is,
chloroform and methanol (2:1, v/v) in a 250 mL round
bottom flask. This was attached to rotary evaporator and
otganic phase was removed by evaporating at 45°C + 2°C
for FL. and 55°C % 2°C for DSPCL and SI., which led to
the formation of the film on the wall of the flask. The
other processing conditions, such as rotational speed of
evaporating flask (120 rpm), vacuum (250 mmHg) were
maintained constant. The round bottom flask containing
thin lipid film was left in vacuum desiccator overnight to
remove the solvent residuals if any. Then it was hydrated
with phosphate-buffered saline (PBS) pH 7.4 using vortex
mixture for about 2 min to form conventional liposomes.
This liposomal suspension was allowed to stand at room
temperature for about 2 h to achieve complete swelling.
The resultant suspension was sonicated for 8 min in
probe sonicator (ultrasonic 3000) to obtain small and
homogenous vesicles and extruded through polycarbonate
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membrane of 0.2 Um pore size. In the same manner as
described above FP SLs were prepared using DSPC, PE
18:0/18:0-PEG,,, and cholesterol. These formulations
were used on the same day for further studies.

Separation of unentrapped drug

Unentrapped free FP was separated from conventional
and SLs by centrifugation at 10,000 g at 4°C in refrigerated
centrifuge for 2 cycles of 30 min with 10 min interval. The
pellet obtained was washed with 10 mL of PBS pH 7.4 2
times and recentrifuged.

Determination of percentage encapsulation efficiency

The percentage encapsulation efficiency (%oEE) was
determined by centrifuging 10 mL of liposomal suspension
at 10,000 g at 4°C twice each for 30 min duration with 10
min gap. Thus the pellet obtained was collected and lysed in
absolute alcohol and sonicated for 10 min. The concentration
of I'P was determined after diluting suitably with alcohol
at 247 nm using UV—vis spectrophotometer.?* % EE was
calculated using the following formula:

%EE = Amount of drug in pellet /Total drug X 100
This was calculated for 3 formulations of each formulation
code and average was tabulated.

Fourier transform infrared study

All the excipients, such as DSPC, cholesterol, PE 18:0/18:0-
PEG,,,, pure drug FP individually, and physical mixture of
drug and excipients, were mixed with infrared (IR) grade
KBr in the ratio of 1:100 and corresponding pellets were
prepared by applying 15,000 Ib of pressure in a hydraulic
press. The pellets were scanned in an inert atmosphere
over a wave number range of 4000—400 cm™ in Magna
IR 750 series 1T (Nicolet, USA) Fourier transform infrared
(FTIR) instrument.

Determination of vesicle size distribution and zeta
potential

Average diameter of the liposome vesicles, size
distribution, and zeta potential were determined by
Zeta master apparatus (Malvern Instruments, Malvern,
UK) at a temperature of 25°C%0.1°C after appropriate
dilution with 0.45 wm membrane filtered water to avoid
opalescence. Then the selected formulations were studied
with the help of scanning electron microscopy (SEM) for
26,27]

their morphology.

Zeta potential was determined by taking suitable amount of
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sample (50-100 mL) and diluting it with 5 mL of 0.45 wm
membrane filtered water and injected in the electrophoretic
cell of the instrument, where a potential of £150 mV
was set. The zeta-potential value was calculated by the
instrument software, using Helmholtz—Smoluchosky
equation. All the measurements were taken at 25°C.

Stability studies

The stability of FP-encapsulated SL was evaluated by
storing the liposomal suspension at —20°C, 4°C, and 25°C
for a month. During the studied period, liposomes were
kept in sealed vials of 10 mL capacity. Drug content was
determined every 10 days as given in percent encapsulation
efficiency determination.”

Freeze drying (lyophilization)

For freeze drying, liposomal suspension was prepared with
cryoprotectant (lactose; 1:5 lipid—carbohydrate ratio). The
freshly prepared liposomal suspension was enriched with
lactose solution and quickly frozen with iced acetone, stored
at -80°C overnight and lyophilized for 48 h using freeze
dryer. Before measurements the lyophilized samples were
resuspended in double distilled water. Rehydration process
is completed in 5 min by vortexing.

Differential scanning calorimetric analysis

Differential scanning calorimetric (DSC) studies were carried
out using differential scanning calorimeter (Model number
TA — 60, Shimadzu, Japan) for the samples, such as pure drug
FP, DSPC, cholesterol, PE-PEG, and FP loaded and unloaded
vesicles. For this purpose 2 mg of samples of each were sealed
thermatically in standard aluminum pans. Thermograms were
obtained at a scanning rate of 5°C/min. Each sample was
scanned between 25°C and 225°C using nitrogen as the purge
gas. For calibrating enthalpy, indium was sealed in aluminum
pan with sealed empty pan as a reference. DSC studies were
carried out for drug loaded and unloaded vesicles after freeze
drying using lactose as a cryoprotectant.

In vitro drug release

Modified USP XXI dissolution rate model was used for the
determination of drug release from liposomic preparation.
This model consists of a beaker (250 mL) and a plastic tube
of diameter 17.5 mm opened from both the ends. Sigma
membrane (Sigma 12000 MW cutoff) was tied at one end
of the tube and the other end left free. This assembly was
dipped into the beaker containing 90 mlL of dissolution
medium. The temperature was maintained at 37°C £ 1°C.
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Ten milliliters of liposomal suspension was added to the
tube and a paddle-type stirrer was placed in the center of
the beaker. The speed of the stirrer was maintained at 100
rpm. Dissolution sample of 1 ml was withdrawn periodically
every 1 h up to 24 h and analyzed spectrophotometrically
at 247 nm.” With the help of the standard cutrve prepared
earlier, drug concentration was measured.

Assessment of anti-inflammatory activity

Carrageenan-induced rat paw edema method was used to
study the 7z vivo performance of the prepared liposomes
and the study was approved by Animal Ethical Committee
of Malla Reddy College of Pharmacy, Hyderabad
(CPCSEA/MRCP/1217).

Adult male albino Wistar rats of each weighing 200 & 5 g were
divided into 5 groups with each group comprising 6 animals.
All the animals were marked on the right hind paw just behind
the tibia—tarsal junction to ensure constant paw volume up
to the fixed mark whenever dipped into the plethysmograph.
Initial paw volume of the rats was measured by dipping rat
paw into the electrolyte column just before carrageenan
administration. A 0.1 mL of 1%w/v of carrageenan (in
0.9% normal saline) was injected in the subplantar region
of the right hind paw of rats. Group 1 (ST-saline treated)
(control group) animals were injected with 0.9% normal
saline. Group II (I'S) animals were administered intravenously
with flurbiprofen solution (FS) in the dose of 2.5 mg/kg
body weight through tail vein. Group III (FL), Group IV
(DSPCL), and Group V (SL) were given intravenously FP-
loaded conventional liposomes, liposomes made up of long
alkyl chain lipid, DSPC, and SLs, respectively, in the dose of
2.5 mg/kg body weight. Paw volumes of rats were measured
every 15 min up to 1 h then followed by 2, 3, 4, 5, 6, 7, and
8 h. The edema rate and inhibition rate of each group were
calculated as follows:

Edema rate (E%) = (1, - 17)/17) x 100

Inhibition rate (%) = (E,— E)/E_) x 100

where,

17, - paw volume before carrageenan injection (ml)

7 - paw volume after carrageenan injection (ml.)

E_ - edema rate of control group

E, - edema rate of treated group.””

Assessment of analgesic activity

Hot plate test

Animals (mice) were divided into 5 groups with each
group comprising 5 animals and were intraperitoneally
administered with 0.9% saline, F'S, conventional liposomes,
liposomes made up of long alkyl chain lipid, DSPC, and
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SLs, respectively. The hot plate test was performed by
placing the mice on aluminum hot plate at a temperature of
62°C=%0.5°C for a maximum time of 30 5. The reaction
time was noted when the rats were licking their fore and
hind paws or jumped at 0, 0.25, 0.5, 0.75, 1, 2, 3, 4, 5, 6,
7,8, and 24 h.

Tail flick test

Tail flick test was performed on mice of 5 groups, each
group comprising 5 animals by focusing radiant heat on
the dorsal surface of tail. Latency or the time it took for
the mice to withdraw tail from a noxious thermal stimulus
was measured using a tail flick meter. To minimize tissue
damage, a maximum latency of 30 s was imposed. The
nichrome wire was about 1/8 below the tail. Each mouse
was thus tested at 0, 0.25,0.5,0.75,1, 2, 3,4, 5,6, 7, 8, and
24 h after the administration of saline for Group I (ST),
ES for Group 1I (FS), FL, DSPCL, and SL formulations,
respectively, for Group III, IV, and V intraperitoneally.

Pharmacokinetics and biodistribution

Male Wistar rats weighing 200 £ 10 g were selected for
this study. The subplantar region of right hind paw of
rats under study were intradermaly injected with 0.25 mL
of Freund’s complete adjuvant.’ The difference in paw
volume was measured for assessing arthritis. Difference in
thickness of the right and left paw was found to be around
6.83 + 0.26 mm, after 3 weeks of injection. These rats were
used for biodistribution studies.

Arthritic rats were divided into 4 groups. Group I with
free FP solution at a dose 2.5 mg/kg and Group 11 (FL),
Group I1II (IDSPCL), and Group IV (SL) were given
conventional liposomes (FL), liposome preparation with
long alkyl chain synthetic lipid DSPC (DSPCL) and SLs,
respectively, at the same dose via tail vein intravenously.
Blood samples were collected from retro orbit puncture
at specified time intervals. Rats were sacrificed and various
tissues, such as liver, spleen, kidney, and paw were removed,
dried, weighed, and stored at —20°C until further analysis.
Required quantity of methanol was added to each organ,
homogenized for few minutes in ice, and centrifuged
at 4500 rpm. Supernatant was collected and assayed for
drug by high performance liquid chromatography (HPLC;
Alliance HPLC system, Waters, USA) as described by Taro
¢t al. in 1989.% Blank plasma of 60 UL was spiked with 40
UL of standard solutions of FP in a microcentrifuge and
1 mL of ethanol was added. The tubes were vortexed and
then centrifuged at 4000 rpm for 5 min, after centrifugation,
an aliquot 20 UL supernatant solution was injected to
HPLC. The procedure was repeated to prepare resultant
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concentrations of 200-1000 ng. Kromasil C18 (250 nm X
4.6 mm i.d. uL) column was used as stationary phase and
acetonitrile: 20 mM disodium hydrogen phosphate and 20
mM monosodium hydrogen ortho phosphate (pH adjusted
to 3.5 with phosphoric acid) in the ratio of 65:35 v/v as
mobile phase. The mobile phase was filtered through 0.45
wm membrane filter and degassed before analysis. The flow
rate was 1 mI./min and the column effluent was monitored
at 254 nm. Blank plasma of 60 UL was spiked with 40 UL
of standard solutions of FP in a microcentrifuge and 1 mL
of ethanol was added. The tubes were vortexed and then
centrifuged at 4000 rpm for 5 min, after centrifugation, an
aliquot 20 WL supernatant solution was injected to HPLC.
Pharmacokinetic parameters, such as AUC, elimination
half-life, clearance, and mean residence time were calculated
using NCOMP-A Windows-based computer program for
noncompartmental analysis. FP was estimated in tissue
homogenate by taking 100 UL of tissue homogenate in a
microcentrifuge tube and 1 mL of ethanol was added. The
tubes were vortexed, then centrifuged at 4000 rpm for 5
min. After centrifugation, an aliquot 20 UL supernatant
solution was injected to HPLC.

RESULTS AND DISCUSSION
Preparation and characterization of liposomes

%EE of liposomal batches were found to be between
51.54% and 68.32%. It was found that %o EE was increased
for the liposomes prepared with synthetic long alkyl chain
lipid DSPC (16 alkyl chain length) comparatively with
natural phospholipid, SPC (3 alkyl chain length). Thus
the former lipid was identified as the lipid of choice for
formulating SLs [Table 1].

Drug—excipients interaction was studied before developing
the formulation by using FTIR-spectroscopy, which is one
of the most important analyses to describe the stability
of formulation, presence of drug, and drug release
[Figure 1]. FTIR spectrum of physical mixture of excipients
shows minor shifting of some peaks compared with FTIR

Table 1: Physicochemical characterization of prepared
liposomal batches

Liposome formulation %EE +SD % Drug  Vesicle size
(mole ratio) release (nm) = SD
SPC/cholesterol 4:1 (FL) 51.5440.9 49.6 168%0.78
DSPC/cholesterol 4:1 (DSPCL) 62.3120.5 36.6 18240.36
DSPC/cholesterol/DSPE-PEG 68.321+0.8 29.1 19240.62

4:1:0.2 (SL)

%EE, % encapsulation efficiency; SPC, hydrogenated soy phosphatidyl choline;
DSPC, distearoyl phosphatidyl choline; DSPCL, liposomes with long alkyl chain
lipid DSPC; DSPE,; PE-PEG, PE 18:0/18:0-PEG
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spectrum of individual excipients and pure drug like O—H
stretching of aliphatic acid from 3422.91 to 3426.74, C-H
stretching of aliphatic methyl group from 2918.34 to
2918.43, C=0 stretching of acid from 1740.48 to 1740.61,
C—H bending of methyl group from 1468.42 to 1468.52,
C-O stretching of acid from 1236.17 to 1235.05. These
minor shifts observed may be due to the formation of
hydrogen bonds, van der Waals attractive forces or dipole
moment, which are weak forces seen in the polar functional
groups of drugs and excipients. The shifts seen due to the
above mentioned interaction may, however, support the
formation of favorable vesicle shape, structure with good
stability, and sustained drug release.

Vesicles were found to be spherical in shape when the
liposomal dispersion was observed through an optical
microscope. The mean vesicle size of conventional
liposomes (FL) was 168  0.78 nm, which was increased
to 182 * 0.36 nm when lipid DSPC was used to
prepare the liposomes (DSPCLs) and the vesicle size
was found to be 192 £ 0.62 nm for PEG grafted/ SLs
[Table 1, Figure 2].

Zeta potential for SLs was found to be —24.3 + 0.00 and

)
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Figure 1: (a) Fourier transform infrared (FTIR) spectrum of distearoyl
phosphatidyl choline, (b) FTIR spectrum of cholesterol, (c) FTIR
spectrum of PE 18:0/18:0-PEG, (d) FTIR spectrum of flurbiprofen,
(e) FTIR spectrum of physical mixture of flurbiprofen and excipients
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—24.88 £ 3.72 at 0 and 24 h, respectively, with good result
quality. This showed that SL was found to be appreciably
stable.

The selected PEGylated liposome was evaluated for physical
and chemical stability by storing the liposomal formulation
for 1 month at 4 different temperatures as previously
described. There are no significant changes in %EE for the
formulations stored at —20°C and 4°C. But it was found that
there was a considerable reduction in %EFE of the liposomes
stored at room temperature as well as 37°C £ 2°C [Figure 3].

The 3 months comparative stability studies of lyophilized
form and colloidal liposomes at refrigerated temperature
showed that there are negligible drug loss and changes in
vesicle size without any change in color in both the forms
of liposomes at the end of first month. At the end of the
second month, percent drug loss was increased (25.73%)
for colloidal liposome compared with freeze dried form
(1.58%0) with a marked increase in vesicle size (0.230 Wm and
0.323 um, respectively, for lyophilized form and colloidal
liposomes). After the third month, the colloidal liposome
has shown drastic increase in drug loss (39.56%) and vesicle
size (0.823 wm), whereas the freeze dried form showed only
4.83% of drugloss with vesicle size of 0.289 um. Thus the
freeze dried form of liposomes was found to be stable for
nearly 3 months. There were no noticeable color changes
observed for both colloidal liposome and freeze-dried form
of liposome at the end of the 3 months.

The DSC analysis showed a single sharp peak that
corresponds to phase transition (54.9°C £ 0.1°C for DSPC,
150.5°C * 0.1°C for cholesterol, and 56.1°C % 0.1°C for
PE-PEG,,,). FP showed a sharp peak at 121°C £ 0.1°C
corresponding to the melting point of drug in crystalline
form. DSC curves for FP-loaded and -unloaded liposomes
observed at 67°C + 0.1°C and 71°C % 0.1°C, respectively.
The peak of DSPC was found to be shifted from 54.9°C to
67°C signifying that DSPC and cholesterol interacted with
each other to a great extent while forming the lipid bilayer.
The absence of FP peak and shifting of components peak
to 71°C suggested that there was significant intercalation
of IFP with bilayer leading to enhanced entrapment of drug
and decreased rate of release. The peaks corresponding
to FP-loaded and -unloaded liposomes were found to
be above 40°C, being the prerequisite for liposomes to
maintain, which is necessary to remain in the solid state at
body temperature. The peak for FP-loaded liposomes was
atlower temperature than the peak for unloaded liposomes,
which allowed the anticipation of solublization of FP in
the lipid matrix [Figure 4].
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In vitro release performance of the formulations was found
to be in the following order SL<DSPCL<FL. This may be
because increase in alkyl chain length of lipids increases
the phase transition temperature, due to stronger van der

Figure 2: Scanning electron microscope picture of liposomal
formulation stealth liposomes
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Figure 3: Extent of drug leakage from SLs at different storage
temperatures. (FT, freezer temperature (-20°C); RT, room temperature;
RF, refrigerated temperature; SLs, stealth liposomes)
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Figure 4: Differential scanning calorimetric (DSC) thermograms of
pure drug flurbiprofen (FP) (a) cholesterol (b) distearoyl phosphatidyl
choline (DSPC) (c) PE 18:0/18:0-PEG,, (PE-PEG,, (d) FP-loaded
liposomes (e ) FP-unloaded liposomes (f)
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Waals interaction between the lipid chains. Thus higher
energy is required to disrupt the ordered pack.”! On the
other hand, great lipidic area of longer alkyl chain lipids
may enhance the drug binding with lipid bilayer resulting
slower or sustained drug release. When compared with the
release profile of DSPCLs, the SLs prolonged further the
drug release. This slower release in SLs could be because
of the fast hydration process of PEG presence on the
surface of the vesicle [Table 1, Figure 5].

Assessment of anti-inflammatory activity

The zn vivo performance of the liposomal group, such as FL,
DSPCL, and SL were carried out in carrageenan-induced
rat paw edema model in comparison with group treated
with free drug solution and 0.9% saline (ST; control).
It was found that all the liposomal batches reduced the
inflammation to the larger magnitude and also sustained the
magnitude. Both FLs and DSPCLs have shown statistically
significant anti- inflammatory effect with slight increase in
inhibitory effect for DSPCLs. In both the cases maximum
inhibitory effect was observed at 4 h and more than 40%
of the anti-inflammatory effect was maintained at 8 h.
But in case of SLs, maximum inhibition of 58.28% was
observed at 4 h and above 50% was maintained at even
8 h. However, in case of free drug solution maximum
inhibitory effect was found to be at 4 h with the magnitude
of 51.50% and just after 4 h it reduced drastically and at 8
h only 5% of the effect was observed. Thus SLs resulted
in larger as well as sustained inhibitory effect throughout
the studied period. This was attributed to the longevity of
SLs in blood stream and enhanced accumulation of drug
in inflammatory area [Table 2.

Data were expressed as mean + SD. The data were analyzed
using one-way analysis of variance (ANOVA) followed by
Dunnett’s ~test. P < 0.05 was considered significant.
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Figure 5: Plots of in vitro cumulative percentage drug released versus
time for various flurbiprofen liposomes
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The Anti-inflammatory Activity of conventional and stealth liposomes of flurbiprofen compared to the control and free drug solution. Presented

values are means of 6 determinations *+ SD

(Batch)

Table 2

Edema Rate (%) £S.D. [Inhibition Rate (%)]

8h

44.93+2.73
42.5542.65%

7h
47.63+1.51

6h
52.44+4.72
47.18+6.74%*

5h
60.73+5.56

4h
68.87+5.39
52.2542.91*

3h
66.87+6.54
33.40+2.80*

2h
55.16£2.73
28.88+4.29%*

1h
51.69+£3.62
28.884+4.29*

0.75h
51.03£2.03
29.4742.70%*

05h

50.08+4.13

0.25h
49.66+2.43

ST
FS

43.89+5.43*

52.2542.91*

29.444.14*

29.38+1.24*

(5.30)
26.57+2.95*

(51.50) (13.96) (10.03) (7.85
30.7042.58%  27.35£2.69%  26.57+2.95*

31.92+1.73*

(50.05)
31.92:+1.73%

(41.21) (42.24) (44.12) (47.64)
28744345 %  28.74+3.45%  27.49+6.23%

28.74+3.45%

(40.84)
29.47+3 23*

CL

[40.86]
24.48+5.71%

[44.21]

25.14+4.66*

[47.84]
26.51+4.21%

[53.65] [49.45]
29.93+4.45%

32.09+5.47*

[52.27]
31.43+6.25%

[44.40] [50.16]
26.54+5.86*

27.26+6.65*

[43.68]
27.93+5.94*

[42.61)

28.65+7.1%

[40.65]
29.31+6.75*

DSPCL

[45.51]
22.05+4.34*

[47.21]
22.64+4.49%

[49.44]
24.36+1.15%

[50.71]
26.34+531%

[53.40]

28.73+3.27*

[53.00]
28.73+3.27*

[47.26] [51.89]
25.10+5.90*

25.10+5.90%*

[45.26]
25.70+5.63*

[42.79]

27.48+2.86%

[40.97]
28.1243.62*

SL

[49.63] [51.44] [54.50] [57.04] [58.28] [56.62] [53.54] [52.46] [50.92]
ST-Saline treated (Control), FS- Flurbiprofen solution, FL-Conventional liposomes, DSPCL- Liposomes with long alkyl chain lipid DSPC, SL-Stealth liposomes. *P< 0.05 compared to control group

[45.12]

[43.37]
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Assessment of analgesic activity

Administration of FP in liposomes (FL, DSPCL, and SL)
increased tail flick and hot plate latency when compared
with control (ST). There was no change in latent period of
control group animals in both hot plate and tail flick tests.
The SL has shown maximum analgesic response of 13 s at
3 h and the response of 7 s was maintained at even 24 h.
For FLL and DSPCL the responses were found to be lesser
than SLs. However, they were also able to maintain 4 s of
response at 24 h. In drug suspension analgesic, response
peaked at 3 h, that is, 11 s, after that it reduced drastically
and minimum response was observed at 24 h [Table 3|.

Pharmacokinetic study

The decrease in plasma FP concentration with time for the
drug solution and various liposomes followed a biexponential
clearance model. After i.v. bolus administration of liposome
formulations to arthritis induced rats, a fall in plasma drug
level was found up to 8 h followed by a pattern of slow
clearance up to 24 h [Figure 6]. The biphasic clearance
was more pronounced in case of both the non-PEGylated
liposomes than SLs. This may be due to the slow release
of drug from PEGylated (stealth) liposomes and could
be explained by better stability (7 vivo) achieved by PEG-
grafting, which might have decreased the drug release from
liposomes and interaction with plasma components, and
thus reduced the clearance of the drug, The pharmacokinetic
parameters derived from plasma concentration time profile
are summarized in Table 4. There was a marked increase
in area under FP concentration 17, time curve of SLs, that
is, 7,04,408.3 ng/mL/h than the other liposomes, such as
FL and DSPCL. The AUC of IS was significantly lower
than all the liposome formulations (1,51,650.7 ng/ml/h).
It denotes the slow and steady clearance of the drug when
intercalated in liposomes and the clearance further slowed
down when encapsulated in PEGylated (stealth) liposomes.

| il n i A -~
B | uFL
W DSPCL
1 WL
025 05 075 1 2 4 5 L}

Figure 6: Plasma concentration—time profile of various liposomes and
free drug solution
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Elimination half-life and mean residence time (MRT) were
found to be increased for liposome formulations, such as
FL and DSPCL, compared with drug solution and these
parameters were found to be increased enormously for long
circulating liposomes [Table 4]. The clearance was 16.47
mL/h/kg for FS and it was 5.67, 4.85, and 2.96 mL/h/
kg for CL, DSPCL, and SL formulations. Thus increase in
AUC and reduction in clearance rate with SLs signifies the
extended bioavailability of the drugin blood for longer period
of time. Data were expressed as mean + SD and statistically
assessed by ANOVA followed by Dunnett’s t test. P < 0.05
was considered significant.

Biodistribution study

Biodistribution study of liposome formulations in
comparison with free drug solution was performed up to
24 h. Conventional liposomes (FL) and DSPC liposomes
(DSPCL) were found to be distributed mainly in liver within
1 h post administration. This may be due to the attraction
of the liposomes toward reticuloendothelial system and
to be cleared off from the blood. It was observed that the
percentage of injected drug localized in liver was increased
up to 4 h to a maximum of 42.98% and 42.05% for FL and
DSPCL, respectively. But only 16.95% of injected dose was
found to be localized in liver at 4 h for SLs. In case of free
drug solution, interestingly only 9.205% was found to be
mounted maximum at 1 h. Maximum drug was mounted in
spleen also at 4 h for all liposome formulations; 9.98% and
9.06% of injected dose were found to be in spleen for both
FL and DSPCL, respectively. It scored only 1.8% in case of
SLs. and 1.82% and 1.55% of injected dose, respectively, were
mounted in kidney at 4 h for FL. and DSPCL. This was only

0.61% in case of SLs ata £ of 4 h. In contrast to this Cmax
was achieved within 1 h in case of free drug solution.

The main goal of entrapping FP into SLs is to reduce the
RES uptake and increase the therapeutic availability of the
drug at the inflammatory site of arthritic joints. Therefore,
drug concentration in arthritic joint was measured up to 24
h. Maximum drug levels were attained in paw after 1 h of
administration for all the formulations. In paw only 0.08%
of drug was found 1 h after administration of free drug,
whereas 0.88% of administered drug was found for FL
and DSPCL groups. However, 2.23% of drug was localized
in paw for SLs. This may be because of PEG coating of
SLs and steric hindrance on its surface, which sufficiently
prevent opsonization of liposomes with plasma components,
resulting in enhanced passive targeting into inflamed region.
Biodistribution profile of the drug as percent recovery of
administered dose in liver, spleen, kidney, and paw with
respect to time are shown in Figure 7 for various liposome
formulations and free drug solution. A comparative profile
of biodistribution parameters, such as AUC, C__(ug/g) and
¢ of different liposomes and free drug in various organs,
such as liver, spleen, kidney, and paw are reported in Table 5.

Overall, conventional liposomes and DSPCLs were
accumulated intensely in the liver and in the spleen,
although the size of liposomes was only 168 and 182 nm,
respectively. It indicated that SLs could remain in blood for
prolonged time, reduce the uptake of liposomes to RES,
and be less concentrated in kidney, thereby reducing the
possibility of the risk of toxicity to RES and renal organs
and increase the accumulation of drug in inflammatory
area by passive targeting,
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Figure 7: % Recovery of administered dose—time profile of flurbiprofen-free drug solution and various liposomes after i.v. administration

Table 4: Pharmacokinetic parameters of free flurbiprofen solution (FS), Conventional liposomes (FL), DSPC
liposomes (DSPCL), Stealth Liposomes (SL) in arthritic rats. Dose:2.5mg/kg. (n=3; P< 0.05)

Parameter FS FL DSPCL SL

AUC (ng/ml/h) 151650.7+16.760 439254.1+27.440 512669+21.640 704408.3+77.430
Elimination half life(T, ) (h) 2.31+0.033 7.36+0.007 7.84+0.006 19.87+0.002
Clearance ml/h/kg 16.47+0.002 5.67+0.003 4.85+0.0007 2.96+0.0004
Volume of distribution ml/kg 42.99+0.079 79.56+0.003 69.84+0.0013 81.92+0.004
Mean residence time (h) 2.609+0.006 14.02+0.002 14.39+0.003 27.68+0.003
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Table 5: Biodistribution parameters of various flurbiprofen liposome formulations in arthritis-induced rats at a dose

of 2.5mg/kg (n = 3; P < 0.05)

Biodistribution parameters Liver Spleen Kidney Paw
FS
AUC | (ng/g/h) 4,77,846.4+£116.94 7331,192+97.92 96,859.84+27.60 1768,81+159.9
C,. (ng/g) 46025+176.77 2075+106.07 15550+14.42 410+14.14
t () 2 1 2 1
FL
AUC | (ng/g/h) 25,53,663+134.72 7,61,336.8+86.57 96,314.4+51.66 44340.,46+89.61
C .. (ng/g) 2,14,900+141.42 49,900+141.42 9125+17.77 44254247
t .. (h) 4 4 4 1
DSPCL
AUC | (ng/g/h) 21,83,744+118.09 5,84,897.3+161.32 80,171.15+£70.95 45,642.49+39.45
C,.(ng/g) 2,10,250+35.55 45,300+42.26 7750+21.13 4400+14.42
t . (h) 4 4 4 1
SL
AUC | (ng/g/h) 8,15,918.3+73.21 91,000.86+44.74 45,513.43+61.81 1,48,844+224.92
C . (ng/g) 84,750+35.55 9000+35.35 3050+35.35 11,150+63.39
b () 4 4 ) 1

AUC-Area under plasma concentration time curve; FS-Free flurbiprofen solution; FL-Conventional liposomes; DSPCL-Liposomes prepared with long alkyl chain lipid DSPC;
SL-Stealth liposomes. P < 0.05

CONCLUSION

In conclusion, our study indicates that FP-loaded liposomes
show favorable pharmacokinetics and biodistribution from

the

free drug. Targeting potential of sterically stabilized

liposomes was increased 3 times than conventional and
liposomes prepared with long alkyl chain synthetic lipid,
DSPC. Furthermore, the results show that SLs may serve
as suitable parenteral dosage form and replace oral therapy,
which has poor bioavailability, short half-life, and require
frequent dosing. This mode of targeting of I'P at the sites
of inflammation may also reduce the associated side effects.
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