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Improved oral bioavailability of novel Antithrombotic S002-333 via chitosan coated liposomes: A pharmacokinetic

assessment

Kiran Khandelwal"’, Shakti Deep Pachauri', Abhishek Arya"* Vivek K. Pawar"’, Trapti Joshi*’, Pankaj Dwivedi',

o

and Anil Kumar Dwivedi' *

Abstract: S002-333, a novel anti-thrombotic agent,
exhibits excellent platelet mediated antithrombotic action
and subsequently has no effect on coagulation cascade.
However, its oral bioavailability is hampered due to
inherent low aqueous solubility. In order to circumvent this
issue, chitosan coated liposomes were prepared by ethanol
injection method. S002-333 loaded liposomes (CH-LIP-
F9) were reproduced with homogeneous particle size. The
liposomal formulation was characterized with respect to
size and surface morphology by transmission electron
microscopy (TEM). The optimized formulation exhibited
spherical shape with a nano-metric size (249.64+10.36
» nm). The percentage entrapment efficiency (%EE) offered
by various developed formulations was found in the range
between72.36+1.76 to 76.87+2.32 %. The in vitro release
experiment demonstrated prolonged release of S002-333
from the optimized liposomal formulation. The
25 cytotoxicity study represented that both blank liposomes
(BLK-LIP) as well as drug bearing liposomal formulation
displayed negligible toxicity towards Caco-2 cells. Results
of pharmacokinetic study indicated that liposomal
formulation significantly enhanced oral absorption of
30 S002-333 in rats (AUC,-t; 7016.02+128.96 h. ng/mL)
compared to its aqueous suspension (AUC,-t;
2382.02+77.17 h. ng/mL). These results together elicited
that developed liposomal formulation would improve
preclinical and clinical application of S002-333.
;s Key words: Antithrombotic, Liposomes, Ethanol injection
method, Pharmacokinetic
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w0 1. Introduction
A clot or a thrombus is a consequence of the interruption to
normal, smooth and efficient blood flow through our
arteries and veins, which results in thrombosis. Diseases
arising from clots in blood vessels include myocardial
infarction, deep vein thrombosis, pulmonary embolism and
stroke, annually affect millions of people worldwide and
are the leading causes of mortality and morbidity in the
developed world " . The current therapies available for
venous and embolic thrombosis include anticoagulants
so such as warfarin and heparin, which are effective, but have
a constricted therapeutic index™ *. The use of anti-platelet
agents; aspirin, ticlopidine, and clopidogrel do not work in
acute conditions and require extended periods of strictly
supervised therapy mainly because of the high risk of
ss bleeding®®. In search for safe and effective antithrombotic
agents, CSIR-Central Drug Research Institute, India have
developed a new compound S002-333 that is chemically
[2-(4-methoxy-benzenesulfonyl)-2,3,4,9-tetrahydro-1H-b-
carboxylic acid amide] (Figure 1) ™''. The S002-333 is
o practically insoluble in water and hexane, where as it is
most soluble in acetone, acetonitrile and chloroform
(>10mg/ml). The partition coefficient of S002-333 was
determined between octanol and water (buffer pH=7.4) and
the information indicates that the compound under
¢s investigation is lipophilic in nature.
LOg P(octanol/water) =3.63
LOg P(octanol/buffer) =4.05
It is a novel anti-thrombotic agent that exhibits platelet
mediated significant antithrombotic action, having no
7 effect on coagulation cascade. A collagen mediated platelet
activation (aggregation and adhesion) and release reaction
is reduced by S002-333, which results in reduction in
human platelet aggregation''. The antithrombotic agent,
S002-333 suffers from poor water solubility, thus
7s presenting major hurdles in the dissolution leading to poor
bioavailability "2,
Liposomes are used for effective drug delivery as they
enclose an aqueous solution within a membrane of
phospholipids. Satisfactory encapsulation of the drug is an
important advantage offered by the liposomal formulations
which is the reason for its extensive use by the
researchers®'®. The liposomes due to their structural
characteristics provided by amphipathic lipids, have also
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been widely investigated to entrap the lipophillic drug
within the lipid bilayer '" '". Few drugs that are
successfully marketed as liposomal formulations include
Sustiva® (efavirenz), Fortovase® (saquinavir), Norvir®
(ritonavir), Lamprene® (Clofazamine). Liposomes act as a
solubilizing agent and they also protect the drug from
degradation against different physiological environment in
the body. Liposomal delivery of the drug can change the
pharmacokinetic behavior and bioavailability resulting in
better delivery at the intended site of action'**'.

Lipids have gained much attention as carriers for the
delivery of small molecules with poor water solubility *.
Lipid complexes were also explored to siRNA delivery for
gene silencing »*. The accessibility to novel lipid excipients
with acceptable regulatory and safety profiles coupled with
their ability to enhance oral bioavailability has helped in
the development of lipid based formulations as a means for
drug delivery. Lipid-based drug delivery (LBDD) systems
have gained much importance due to their capability to
improve the solubility and bioavailability of drugs with
poor water solubility ** . A water-insoluble drug can be
formulated as a lipid-based formulation when the drug’s
conventional formulation approaches do not enhance its
oral bioavailability' ",

The purpose of present study was to develop and optimize
a liposomal formulation comprising S002-333 in order to
improve its oral bioavailability. S002-333 loaded
liposomes were prepared by ethanol injection method and
characterized for various physicochemical parameters. A
validated UPLC-MS/MS method was developed for the
determination of S002-333 in rat plasma and its
pharmacokinetic application was investigated.

2. Results

2.1. Preparation and characterization of liposomes
bearing S002-333

Modified ethanol injection method was successfully
employed to develop drug loaded liposomes and the
method was found to be simple and highly reproducible.
2.1.1. Effect of cholesterol concentration

Various batches of liposomes were prepared using
different concentration of cholesterol to find its effect on
mean particles size, PDI and zeta potential. Results
demonstrated that cholesterol has intense effect on the
mean particle size of the liposomes (Table 1). When the
amount of cholesterol was increased from 25mg to 50mg
i.e.14.28%w/w to 25%w/w of total lipid mass, the mean
particles size and PDI were reduced from 259.37+14.37 to
164.34+11.54 nm and 0.4354+0.096 to 0.127+0.032,
respectively. On the other hand, zeta potential of
formulations was not much affected upon increase in the
concentration of cholesterol.

2.1.2. Effect of chitosan concentration

Chitosan was found to have prominent effect on the
particle size and zeta potential of the liposomes. Increased
mean particles size and positive zeta potential of the coated
liposomes suggested that chitosan was successful coated
over the surface of the liposomes. The mean particle size
of the liposomes was increased from 171.24+06.92nm to

&
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us including  acetonitrile or

249.64+10.36nm and the PDI was decreased from

o 0.155+0.045 to 0.258+0.035 whereas zeta potential was

altered from -13.67+0.45mV to 29.34+1.84mV (CH-LIP-
F9) when concentration of chitosan was increased from 0.1
to 1.2 % w/v (Figure 2).

2.1.3. Optimization of drug concentration

To optimize the drug concentration other formulation
parameters such as concentration of lipid (cholesterol, egg
phosphatidylcholine) and chitosan were kept constant and
concentration of drug was varied to notice its effect on the
particle size, zeta potential and entrapment efficiency.
Table 1 is representing change in physicochemical
parameters of the liposomes after drug loading. The mean
particle size was increased and zeta potential was
decreased upon increment in the concentration of the drug.
The percent entrapment efficiency was found in the range
between 72.36+1.76% to 76.87+2.32% for S002-333. On
the basis of results of physicochemical parameters and
drug entrapment efficiency, formulation CH-LIP-F9 was
considered as optimized and utilized for further studies.
2.2. Characterization of S002-333 Liposomes

2.2.1. Transmission Electron Microscope (TEM)

The TEM image of developed formulation is represented
in Figure 3. CH-LIP-F9 has uniform spherical shape with
smooth texture as shown in Figure 3.

2.2.2. In vitro release profile of S002-333 Liposomes
S002-333 release profile from its aqueous suspension and
its liposomal formulation CH-LIP-F9 is summarized in
Figure 4. The rate of release of the drug candidate S002-
333 from its liposomal formulation CH-LIP-F9 is
prolonged as compared to its aqueous suspension in the
same dissolution media.

2.2.3. Cytotoxicity studies

The concentration dependent cytotoxicity (50, 100, 150
and 200 pg/ml) of the formulations was determined by
MTT assay ** *. The cytotoxicity of the developed
liposomes was comparable with free drug when tested
against Caco-2 cell lines. The 50% cytotoxic concentration
(CCsp) of drug loaded liposomes was found to be 629.8
uM which is 1.51 fold higher in comparison to free drug
(CCsp: 417.1 uM). These results might be attributed to
sustained release of drug in culture medium from the
liposomal formulation. Basically the drug is entrapped
within the liposomal bilayer network that acts as hindrance
for free movement of drug. Since the entire amount of drug
is available at a time it results in faster cell death leading to
lower CCs, value for free drug. The blank liposomes
exhibited almost negligible cytotoxicity (CCsy: 1134 uM)
proving the safety of the excipients used in the
formulations. The cell viability of S002-333 loaded
liposomes is represented in the Figure 5.

2.3. Chromatography

S002-333 is a lipophilic compound with poor solubility in
water. The chromatographic conditions were optimized to
obtain chromatograms with better peak shape within a
short time. Different combination(s) of solvents were tried
methanol as the organic
component along with different buffers such as, formic
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acid, acetic acid and ammonium acetate with variable pH
range to get suitable chromatographic resolution of S002-
333 and IS. Studies were conducted with C8 and C18
columns of different dimensions to optimize the
sensitivity,  selectivity ~and  resolution of  the
chromatographic method being developed. Finally, LC
separation of S002-333 and IS was achieved on Thermo
Accucore RP-MS (100 mm % 3 mm, 2.6 pum) with 0.01 M
ammonium acetate : acetonitrile (50:50, v/v) as mobile
phase with a flow rate of 0.5 mL/min, thus enabling the
determination of electrospray response.

2.4. Mass spectrometry

For the optimization ESI conditions for S002-333 and IS,
scans (MS1) were performed in positive ion detection
mode. In direct infusion studies the mass spectra for
compound S002-333 and IS had shown peaks at m/z 386
and 401, respectively as [M+H] . The product ion mass
spectrum for S002-333 clearly shows (Sup figure 1) the
formation of characteristic product ions at m/z 199, 214,
341, and 386. After thorough optimization of mass
spectrometry conditions, the m/z 386 precursor ion to the
m/z 214 was used for quantification for S002-333. In the
same way, for IS m/z 401 precursor ion to the m/z 169 was
used for quantification studies.

2.5. Recovery

The recovery of the compound S002-333 was evaluated by
comparing the peak areas of the analytical samples with
that of the plasma samples after extraction at concentration
level 6.25, 50 and 200ng/mL. The mean recovery for
compound S002-333 and IS was found to be 82.6% and
76.1%, respectively. The recovery of IS was determined at
single concentration of 500 ng/mL.

2.6. Stability

A series of stability tests were carried out on the known
concentrations of compound S002-333 (6.25 and 200
ng/mL) and the outcomes were in the acceptable limits
throughout the experiment (Table 2).

2.7. Dilution integrity

Dilution integrity study was performed at six replicates by
diluting two times with blank plasma and assay precision
and accuracy were determined as mentioned in the
experimental section. The % accuracy and precision
observed for the concentrations for diluted QCs was
104.54 and 4.8% respectively. The outcome of the studies
recommended that the samples where a concentration
exceeded the upper limit of calibration curve could be
analyzed by suitable dilution.

2.8. Pharmacokinetics:

The blood concentration- time profile of liposomal
formulation CH-LIP-F9 and its comparison with aqueous
suspension of S002-333 is shown in figure 6. Data has
been subjected to non-compartmental analysis. The area
under curve (AUC) in case of CH-LIP-F9 (AUC,-t
7016.02+128.96 h. ng/mL) and AUCy-0 (8576.10+158.33
h. ng/mL) was significantly higher (p <0.05) than aqueous
suspension of S002-333 (AUC,-t 2382.02+77.17 h. ng/mL)
and AUC,., (2644.61+£82.20 h. ng/mL). t;,, of CH-LIP-F9
was found to be 25.75+0.58 h whereas S002-333 aqueous
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suspension has t;, of 17.83+0.46 h. The C,,,x of CH-LIP-
F9 (531.55+36.2 ng/mL) was also higher than S002-333
aqueous suspension (241.39£29.72 ng/mL) whereas T.x
of CH-LIP-F9 and S002-333 aqueous suspension was
2.0+0.74 h and 1.0+0.23 h respectively. The
pharmacokinetic parameters have been illustrated in Table
3.

3. Discussion

The oral route remains a preferred route for administration
of drugs and delivery systems due to high patient
compliance offered by it. The lipid based technologies
especially liposomal formulations put forward a promising
approach to deliver active molecules with poor water
solubility and low bioavailability to the site of action and
several such formulations are either introduced in the
market or have entered the clinical testing stage **. We
have prepared the chitosan coated liposomes bearing novel
S002-333 for the treatment of thrombosis via oral
administration. S002-333 is a lipophilic drug candidate
having inadequate physicochemical properties in terms of
pharmaceutical acceptability such as poor aqueous
solubility with consequent retardation of its oral
bioavailability. Chitosan coated liposomes have been
investigated to improve the aqueous solubility of S002-333
by diminishing its precipitation in the gastrointestinal fluid.
For the preparation of liposomes various methods are
available in the literature including micro emulsification,
sonication, membrane extrusion, lipid film hydration,
French pressure cell, ethanol injection, and ether injection
19.24.30.31 'We have opted for ethanol injection method for
the preparation of liposomes based on its versatility and its
suitability to be employed for large scale production which
is an essential requirement for tapping into the commercial
market. The method is cost effective and generates quality
product acceptable by the regulatory authorities™ ** **,

The mean particle size and PDI of optimized liposomes
were found to be 249.64+10.36 nm and 0.258+0.035,
respectively which describes the deviation (smaller in our
case) of the measured auto-correlation function from that
of a dispersion of mono disperse spheres with the same
diameter. The above facet provides large surface area
exposing greater amount of S002-333 for absorption and
thus, can improve its oral performance. The CH-LIP-F9
size has also been confirmed by TEM study.

Entrapment efficiency was found to improve with increase
in the cholesterol content up to a considerable and
optimum extent followed by decline. Rigidity of the
bilayer membrane depends on the concentration of
cholesterol and at lower concentration vesicles with leaky
bilayer structure are produced with consequent lower
entrapment. Increasing the concentration of cholesterol
prevented leakage with subsequent high entrapment
efficiency of S002-333. In-vitro release study has
demonstrated that the release of S002-333 from CH-LIP-
F9 is prolonged which might enhance the solubility of drug
and is also desirable to protect S002-333 from being
degraded in the gastrointestinal tract.

This journal is © The Royal Society of Chemistry [year]
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Cytotoxicity studies depicted that blank liposomes
exhibited almost negligible cytotoxicity exposing the
safety profile of the excipients used in the formulations,
whereas CCs, of drug loaded liposomes was found to be
1.51 fold higher in comparison to the free drug suggesting
improved safety profile of S002-333 after being
incorporated in liposomes.

During pharmacokinetic study in rats, protein precipitation
method was used for the extraction of S002-333 from
blood samples and the method proved to be robust. The
mean recovery for compound S002-333 and IS was found
to be 82.6% and 76.1%, respectively. UPLCMS/MS
method was developed and validated for S002-333 to
analyze it at low blood levels which aided in the evaluation
of pharmacokinetic parameters. The AUC of CH-LIP-F9
was found to be higher in comparison to aqueous
suspension of S002-333 indicating improved oral
bioavailability of CH-LIP-F9.

AUC reflects the extent of drug absorption and is an
important parameter for the comparative bioavailability
studies. AUC of CH-LIP-F9 was 3.24 times more than that
of S002-333 in aqueous suspension which might be due to
the increased absorption of S002-333 in its liposomal form.
The sustained drug release pattern and chitosan coating
over lipid core also significantly enhanced the oral
absorption of S002-333 from CH-LIP-F9 by improving the
affinity between the particles and intestinal membrane®°.
This improved oral bioavailability would present optimum
amount of drug in systemic circulation which would
contribute in the effective treatment of thrombus
formation.

4. Materials and methods

4.1. Chemicals and reagents

S002-333  and  methyl 2-(4-methoxyphenylsulfonyl)-
2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole-3-carboxylate
(IS)(Fig. 5f) were supplied by the Medicinal and Process
Chemistry Division of our Institute. HPLC grade
acetonitrile, ammonium acetate and glacial acetic acid
(GAA) AR were purchased from E Merck Limited
(Mumbai, India). HPLC grade methanol was purchased
from Thomas Baker Pvt. Ltd (Mumbai, India). LIPOID E
80 S (Egg phosphatidylcholine) was received as generous
gift from Lipoid GmbH, Germany. Chitosan (low
molecular weight), cholesterol and dextrose were
purchased from Sigma-Aldrich (St. Louis, USA).
Beparine, a heparin sodium injection I.P. with 25,000 I.U.
in 5 ml was obtained from Biological E. Limited
(Hyderabad, India). Ethanol was purchased from Merck
(India). Purified Millipore water used during the study was
obtained from a Millipore Elix water purification system
purchased from Millipore India Pvt. Ltd. (New Delhi,
India). Sprague Dawley rats were used for the study after
the prior permission of Institutional Animal Ethics
Committee. Blank plasma sample was collected from
healthy male Sprague Dawley rats by centrifuging the
heparinised blood (25 TU/mL) at 2000 x g for 15 min at
20°C.
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4.2. Fabrication of Liposomes

o Chitosan coated liposomes were prepared by a two step

process. Initially, ethanol injection method was employed
to develop the drug loaded liposomes with slight
modifications®® *"* *2. Accurately weighed amount of egg
phosphatidylcholine (LIPOID E 80 S), cholesterol and
drug were dissolved in ethanol (3 ml) to prepare pro-
liposome concentrate mixture. Subsequently, organic phase
was heated up to 60 °C for 5 min and rapidly introduced
into the 40 ml aqueous phase containing dextrose (5%) to
instantly form drug loaded liposomes. In second step,
chitosan coated liposomes were prepared by dissolving
chitosan in 1% v/v acetic acid solution followed by
dilution with acetate buffer to make different working
concentrations of chitosan (0.1, 0.3, 0.6, and 1.2 % w/v).
Liposomes developed in previous step were incubated with
chitosan solutions in equal volume up to 10 h for
generation of chitosan coating over the liposomes. Finally,
chitosan coated liposomes were recovered through
ultracentrifugation (30000 x g). Various batches of
liposomes were prepared in order to optimize the
concentration of cholesterol, drug and chitosan (Table 4).
4.3. Characterization of S002-333 Liposomes

4.3.1. Particle size and zeta potential

Photon correlation spectroscopy was utilized to measure
the particle size and polydispersity index (PDI) whereas a
laser-based multiple angle particle electrophoresis was
performed to assess the zeta potential of the developed
liposomes. Samples were diluted with Milli-Q water prior
to analysis. All the measurements were carried out in
triplicate using a Nano-Zs zetasizer (Malvern Instruments,
Malvern, UK) at 25°C.

4.3.2. Transmission Electron Microscope (TEM)

The S002-333 liposomes were further characterized with
TEM studies. A drop of the fresh CH-LIP-F9 formulation
was placed onto a carbon-coated copper grid, forming a
thin liquid film. The film on the grid was negatively
stained with drop of 1% (w/v) phosphotungstic acid. The
excess staining solution was drained off with a filter paper
followed by air drying. After drying the grid was placed in
the machine, scanned in various zones and photographed.
4.3.3. % Entrapment efficiency (%EE)

For determination of entrapment efficiency, lyophilized
liposomes (10 mg) were dissolved in 0.5 ml DMSO
followed by centrifugation at 15000 X g and estimation of
drug candidate S002-333 using a RP-HPLC method.
Waters HPLC system (Milford, MA, USA) consisting of a
Waters 515 pumps, a Waters pump-control module, a
Waters 2707 Auto-sampler, a Waters 2998 photodiode
array detector, Empower-2 software, and an online
degasser was used in this study. HPLC was carried out on
a C18 column (Lichrocart®, 250 X 4 mm, 5um, MERCK)
using a mobile phase consisting of acetonitrile-0.1 % acetic
acid in water (60:40, v/v) at a flow rate of 1 ml/min and the
elution was monitored by photo diode array detector at 225
nm. Mobile phase was duly filtered through 0.2 pm
(Billerica, USA) and degassed
ultrasonically for 15 min before use. The column oven
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temperature was maintained at 30 °C and injection volume
was 20 pL.

The percent entrapment efficiency was calculated using the
following formula:

Percent entrapment = [Amount of drug in liposomes/Total
amount of drug added] x100

4.3.4. In vitro release of S002-333 Liposomes

The in vitro release of S002-333 from its aqueous
suspension and the liposomal formulation CH-LIP-F9 was
conducted using dialysis bag diffusion technique at 37°C
as described previously with minor modifications
(Singodia et. al,, 2012). In vitro release studies were
conducted in USP type II apparatus using phosphate buffer
pH 6.8 containing Tween 80 (0.5%) and ethanol (10%) as
dissolution medium. Optimized formulation (5 mg
equivalent of S002-333) was filled into dialysis bag
(Sigma, USA, MWCO: 12000) and suspended in 200 ml
dissolution medium. Temperature was maintained at 37°C
at 50 rpm in dissolution apparatus. The samples were
collected at different time durations viz. 0, 30 min., 1h, 2h,
3h, 6h, 8h, 12h, 24h, 36h, 48h and 72h. The release
medium was exchanged with equal volume of fresh
dissolution medium to maintain the complete sink
condition. The concentration of released S002-333 was
determined by HPLC as described previously.

4.4. Cytotoxicity studies

In vitro cytotoxicity of blank liposomes, free S002-333 and
optimized formulation was studied using Caco-2 cells
through a  (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
s tetrazolium bromide) MTT assay. Caco-2 cells were
maintained in sulforhodamine B growth medium
supplemented with 10% heat inactivated in FBS, 2 mM L-
Glutamine, Penicillin 100 U ml-1, Streptomycin 100 pug
ml”. Cells were grown in incubator (5% CO,, 37 °C) for
the stated length of time. Briefly, cells (4 X 10° cells/well)
were cultured in 96 wells plate and treated with free drug,
blank formulation, and drug loaded liposomes at different
equivalent concentrations of S002-333 up to 24 h. At the
end of incubations, 10 uL. of MTT (10 mg/mL) was added
to the wells and incubated for 3 h followed by addition of
dimethyl sulfoxide (100 pL/well) to dissolve developed
formazan crystals ** *’. Absorbance was recorded at 540
nm using Elisa Plate Reader. All the experiments were
repeated at least thrice independently and the data reported
in the manuscript represents mean values from three
different experiments.

4.5. Instrumentation and
conditions

ACQUITY UPLC H-Class System (Waters Corporation,
Milford, United States) was employed for analytical
estimation of the samples. Chromatographic separation
was achieved on a Thermo Accucore RP-MS (100 mm X 3
mm, 2.6 pum) using a mobile phase consisting of
acetonitrile-0.01M ammonium acetate buffer (50:50, v/v)
at a flow rate of 0.5 mL/min. Mobile phase was duly
filtered through 0.22 pm Millipore filter (Billerica, USA)
and degassed ultrasonically for 15 min before putting into

chromatographic

a5
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S

the system. The column temperature was maintained at 30
°C using a column oven and injection volume was 10 pL.
Mass spectrometric detection was performed on a
ACQUITY UPLC TQD bench-top, ultra-compact, tandem
quadrupole,  mass  detector-based  system (Waters
corporation, Milford, USA) equipped with an API electro
spray ionization (ESI) source. The ion spray voltage was
set at 5500 V. The instrument parameters viz., nebulizer
gas, curtain gas, auxillary gas and collision gas were set at
50, 35, 45 and 12, respectively. Compounds parameters viz
capillary voltage (CPV), cone voltage (CV) and collision
energy (CE) were 3.5 KV, 25V, 12 Vand 3.5KV, 30V,
20 V for S002-333 and internal standard (IS), respectively.
Zero air was used as source gas while nitrogen was used as
both curtain and collision gas. The mass spectrometer was
operated at ESI positive ion mode and detection of the ions
was performed in the multiple reaction monitoring (MRM)
mode, monitoring the transition of m/z 386.0 precursor ion
[M+H]" to the m/z 214.0 product ion for S002-333 and m/z
401.0 precursor ion [M+H]" to the m/z 169.0 product ion
for IS. Quadrupoles Q1 and Q3 were set on unit resolution.
Data acquisition and quantitation were performed using
MassLynx 4.1 SCN 714 software (Waters, Milford, MA,
USA).

4.6. Preparation of stock and standard solutions
The primary stock solutions of S002-333 and IS were
prepared by dissolving the compounds in acetonitrile to
achieve concentration of 1 mg/mL for both the solutions.
These solutions were further diluted with the mobile phase
to achieve suitable dilution as working stock solutions (8,
2, 0.5, 0.25, 0.0625 and 0.0312 pg/mL) and resultant
solutions were used to prepare dilutions for the calibration
curve (CC). An additional set of working stock solutions of
compound S002-333 with concentrations 4, 1, 0.125 and
0.025 pg/mL were made for the preparation of quality
control (QC) samples. Individually QC and CC working
stock solutions of S002-333 were spiked into blank plasma
to prepare QC and CC samples. The concentration of the
working stock of IS was 10 pg/mL prepared in acetonitrile.
On the day of analysis the calibration standards were
prepared by spiking 190 puL of rat plasma with the suitable
working stock solution of S002-333 (10 uL) and IS (10
puL). QC samples were prepared by spiking rat plasma at
four concentration levels [1.25 ng/mL (lower limit of
quantitation, LLOQ), 6.25 ng/mL (QC low), 50 ng/mL
(QC medium) and 200 ng/mL (QC high)] and stored at —80
4+ 10°C until analysis.

4.7. Sample preparation

For the extraction of S002-333 from rat plasma, simple
protein precipitation method was used. The samples were
analyzed after thawing the frozen samples and allowed to
equilibrate at room temperature. To an aliquot of 200 uL
of spiked plasma sample; 10 pL internal standard (10
pg/mL) was added and vortexed for 20 sec. The plasma
proteins were precipitated by adding 800 pL of
acetonitrile. The mixture was then vortexed for 2
min, followed by centrifugation at 3000 x g for 5

ns min at 4°C on Sigma 3-18K (Frankfurt, Germany).
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The supernatant was transferred to a clean test tube, dried
and finally reconstituted with 200 pL of mobile phase. The
reconstituted solution was transferred to an auto-sampler
vial and 10 pL was injected into UPLC-MS/MS.

4.8. Recovery

The recovery of compound S002-333 and IS was
accessed by comparing the responses of the
analytes extracted from QC of the samples (spiked
blank plasma) with the response of analytes of the
analytical standards (n=6)*"*". Recoveries of S002-
333 were evaluated at QC low, QC medium and QC
high concentrations, viz., 6.25, 50 and 200 ng/mL
whereas the recovery of the IS was accessed at a
concentration of 500 ng/mL.

4.9. Stability experiments

The stability experiments were performed at two
concentration levels (QC low and QC high) with six
replicates at each concentration. The peak areas of analyte
and IS during first cycle were used as the reference to
establish the stability at consequent points. Replicate of the
processed samples were analyzed up to 18 h to ascertain
auto-sampler stability of analyte.

Freeze thaw stability was assessed up to three cycles. For
each cycle, samples were frozen for 12 h at —80 + 10-°C.
The (bench top) stability of S002-333 in the biological
matrix was determined by exposing the drug candidate to
rat plasma for a period of 4 h at ambient temperature (25 +
2,C). Freezer stability of S002-333 in rat plasma was
evaluated by analyzing the QC samples stored at —80 +
10°C for at least 15 days. Samples were considered to be
stable if assay values were within the acceptable limits of
accuracy (i.e., £15% S.D.) and precision (i.e., *15%
R.S.D.).

4.10. Dilution integrity

Dilution of biological matrix becomes essential where
concentration of some samples in the experiment may be
higher than the upper limit of quantitation (400ng/mL).
These dilution studies were performed on plasma sample
whereas concentration 400 ng/mL of S002-333 was diluted
two times with blank plasma to obtain samples with
concentration 200 ng/mL of the compound S002-333.
4.11. Application to a pharmacokinetic study in
rats

In vivo oral pharmacokinetic study was carried out in male
Sprague-Dawley rats (weight range 180-200 g) to put on
display the purpose of the developed and validated bio-
analytical method as well as to evaluate the efficiency of
the developed liposomal formulation. Optimized liposomal
formulation and  S002-333 in  0.25%  sodium
carboxymethyl cellulose (CMC) suspension were
administered orally at an equivalent dose of 20 mg/kg. The
blood samples from SD rats were taken through its retro-
orbital plexus under light anesthesia into micro centrifuge
tubes containing heparin at 0.25, 0.5, 1, 2, 4, 8, 12, 24, 48
and 72 h after the oral dosing.

Plasma was collected by centrifuging the blood at 2000xg
for 15 min at 4°C and stored frozen at —80+10 0C until
analysis. Rat plasma (200 pL) samples were spiked with IS

60

100

105

1

S

115

and further processing was done as mentioned in section
2.4 and data was accepted as per FDA guidelines for bio-
analytical method validation. Plasma concentration-time
data of S002-333 in its liposomal formulation and aqueous
suspension were analyzed by non-compartmental method
using WinNonlin Version 5.1 (Pharsight Corporation,
Mountain View, USA).

5. Conclusions

To the best of our information, this is a first report on the
liposomal formulation of the candidate drug S002-333.The
liposomal formulation CH-LIP-F9 was well characterized
and evaluated for its efficacy. UPLC-MS/MS method
developed for the quantification of S002-333 was
reproducible, simple, specific and sensitive. The method
developed and validated has an advantage that it requires
small volumes of rat plasma along with its short time of
analysis. The method is economical, simple and time
saving, thus suitable for pharmacokinetics and preclinical
studies. UPLC-MS/MS assay method was effectively
applied to a pharmacokinetic study performed on oral
administration of S002-333 in rats both in aqueous
suspension as well as liposomal formulation. The current
liposomal formulation CH-LIP-F9 has offered significant
improvement in plasma drug concentration in comparison
to the native drug candidate S002-333 in aqueous
suspension, and therefore this formulation technique could
be used to reduce the therapeutic dose of drug to be
administered.
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