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ABSTRACT

The present investigation aims on the preparation and in-vitro/in-vivo examination of inclusion
complex of Diacerein (DAR) an anthraquinone derivative indicated for treatment of osteoarthritis
by inhibiting interlukin-1 and hydroxypropyl-p-cyclodextrin (HP-B-CD). In this study, the
inclusion complexes of DAR with B-cyclodextrin (B-CD), HP-B-CD, methyl-p-cyclodextrin (M-B-
CD) and y-cyclodextrin (y-CD) were prepared and characterized for phase solubility study and
inclusion efficiency. On the basis of results obtained, HP-B-CD was selected to prepare inclusion
complexes with DAR by physical mixing, kneading method and freeze drying method and
subjected to solid state characterizations. Differential Scanning Calorimetry (DSC), X-ray
Diffraction (XRD) and Infra-red spectroscopy (IR) analysis confirmed the formation of perfect
inclusion complex of DAR with HP-B-CD in solids. In-vitro dissolution and % drug content of
DAR in freeze dried inclusion complex showed its superiority over plain drug and commercial
formulation. . In-vitro cell cytotoxicity studies (MTT Assay) using Caco-2 cell line model
confirmed the bio-tolerability of DAR-inclusion complex. . The relative oral bioavailability of
DAR in Albino rabbits resulted from Freeze dried inclusion complex was found 3.32 fold and 2.03
fold greater than plain DAR and marketed formulation, respectively which ultimately
demonstrated the enhancement of oral bioavailability of DAR in freeze dried inclusion complex
with HP-B-CD.
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INTRODUCTION

Cyclodextrins (CDs) were invented more than 100 years before®. In the beginning only small

amounts of relatively impure CDs could be generated and high production cost prevent their
industrial usage. Recent biotechnological advancements have resulted in surprising improvements
in the efficiency and purity of various CDs and their derivatives and made them at low cost® 3.
Pharmaceutical application of CDs as additive and drug complexing agent is still growing and
successful. CDs are cyclic oligosaccharides with a bucket-like structure having a hydrophobic
internal cavity and a hydrophilic exterior wall. The interior of the toroid is hydrophobic which can
accommodate a variety of lipophilic compounds and form inclusion complexes® ®. This inclusion
of CDs with poor water soluble drugs could greatly enhance the solubility of guest molecule with
improvement in dissolution rate, bioavailability and stability®.

In this investigation, the selected drug named Diacerein (DAR) is a Biopharmaceutical
classification system class 11 drug with low solubility and high permeability” ® DAR is a drug used
in the treatment of osteoarthritis by inhibiting interleukin-1. It is a slow-acting drug that may slow
down the breakdown of cartilage and relieve pain and swelling® *°. There was improvement of OA
induced in animal models when treated with DAR ****. Before reaching to blood circulation, DAR
is completely metabolized or hydrolyzed by humans and animals to rhein, an anthraquinone
derivative and active metabolite of DAR . DAR is a crystalline solid and having low water
solubility (about 3-7ug/ml). Systematic name of DAR is 4,5,-diacetyloxy-9,10-dihydro-9,10-
dioxo-anthracene-2-carboxylic acid. The chemical formula, molecular mass, Log P, pKa and
melting point of DAR are C19H1,0g, 368.294 g/mol, 2.47, 2.98 and 242°C-246°C respectively. The
oral bioavailability of DAR is about 30-55%".

In this research we aimed to report the development and preparation of a stable and efficient
inclusion of DAR with CDs to enhance the solubility, dissolution and bioavailability of drug.

The phase solubility study was performed out in order to examine the effect of B-cyclodextrin, 2-
hydroxypropyl-p- cyclodextrin, Methyl-B- cyclodextrin and y- cyclodextrin on the solubility of
DAR was studied in buffer solutions (pH-1.2 and pH-6.8) and water. The stability constants
between DAR and cyclodextrins were calculated from the obtained phase solubility diagrams. The
extent of inclusion of DAR in various cyclodextrins was evaluated by inclusion efficiency study.
The Diacerein/cyclodextrin inclusion complexes were prepared by physical mixing, kneading
method and freeze drying method. The physicochemical characterization of prepared inclusion

complexes was performed by Differential Scanning Calorimetry (DSC), X-ray Diffraction (XRD)
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and Fourier Transform Infrared (FTIR) spectroscopy. Dissolution studies were carried out in
Distilled water, Phosphate Buffer pH-6.8, Acetate Buffer pH-4.5 and 0.1N HCI. The % content of
DAR in DAR inclusion complexes was checked. In-vitro Cell Cytotoxicity Studies (MTT Assay)
and in-vitro permeability assessment of DAR and its inclusion complex were performed using
Caco-2 cell line model. Pharmacological evaluation was performed in Albino rabbits to assess the
bioavailability and other pharmacokinetic parameters of DAR and its inclusion complex. The
developed formulations were found stable at 5°C+3°C (refrigerator) and at room temperature (RT)
for a period of 6 months.

MATERIALS AND METHOD

Materials

DAR was obtained as gift sample from Wockhardt Research Centre, Aurangabad, India. Marketed
formulation “Dycerin”,(Diacerein IP 50 mg, Glenmark Pharmaceuticals Ltd., Mumbai, India) was
purchased from local pharmacy. Rhein standard was purchased from Sigma-Aldrich, India. -
Cyclodextrin (B-CD) and Methyl-B-Cyclodextrin (M-B-CD) were purchased from Hi—media
Laboratories Pvt. Ltd., Mumbai. Hydroxy propyl -B-Cyclodextrin (HP-3-CD) was obtained as a
gift sample from Sun Pharma Advance Research Company, Vadodara, India. y-Cyclodextrin (y-
CD) was procured as a gift sample from Roquette Pharma, U.S.A. Other chemicals and reagents
were of HPLC or analytical grades.

Caco-2 cell lines were purchased from NCCS, Pune, India. Dulbecco's Modified Eagle's medium
(DMEM), Fetal Bovine Serum (FBS), sodium pyruvate, sodium bicarbonate, penicillin-
streptomycin solution, Trypsin-EDTA solution, Hank’s balanced salt solution (HBSS) and
phosphate buffered saline (PBS) were purchased from Himedia, Mumbai, India. Lucifer yellow
and MTT (3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide) dye were purchased from
Sigma Aldrich INDIA, Bangluru, India. 12-well Transwell inserts were purchased from Nunc,
Denmark. 96-well plates were purchased from Coster, Corning, USA.

Purified HPLC grade water was obtained by filtering double distilled water through nylon filter
paper 0.22 um pore size and 47 mm diameter (Millipore, Bangalore, India).

Preparation of inclusion complex

Physical mixture

The physical mixtures were prepared for reference by mixing DAR and CDs (B-CD, HP-3-CD, M-
B-CD and y-CD) in 1:1, 1:2 and 1:3 drug-CD molar ratios individually. The specified quantities of

DAR and CD were accurately weighed individually according to the molar ratio, transferred in a
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glass vial, sealed and shaken vigorously to mix the content completely. The mixture then passed
through sieve (mesh # 100) and stored in dessicator over activated silica gel till further evaluation.
Kneading Method

Inclusion complexes of DAR with various cyclodextrins (i.e. y-CD, p-CD, HP-B-CD and M-B-CD)
in different molar ratios like 1:1. 1:2 and 1:3 were prepared using Kneading method. A specified
and accurately weighed quantity of cyclodextrin as per the pre-decided molar ratio was added to
the mortar and small quantity of water was added while triturating to get slurry like consistency.
An accurately weighed quantity of DAR was slowly incorporated in the small parts into the slurry
with continuous trituration for 1 hour. The increased viscosity of the mixture was indicating the
formation of the complex. Finally the mixture was completely dried in an oven at 45°C, ground to
get a fine powder, passed through sieve (mesh # 100) and stored in dessicator over activated silica
till further evaluation.

Freeze drying Method

Inclusion complexes of DAR with various cyclodextrins (i.e. y-CD, 3-CD, HP-B-CD and M-B-CD)
in different molar ratios like 1:1. 1:2 and 1:3 were prepared using freeze drying method. In this
method, the specified quantity of cyclodextrin (as per the DAR:CD molar ratio) was transferred in
a glass vial containing 10 ml of distilled water and sonicated to dissolve. Then the corresponding
quantity of DAR was added and stirred at a high speed magnetic stirrer for 24 hrs at 25°C.
Afterwards, the mixture was centrifuged at 5000 rpm for 15mins and clear solution was separated.
The obtained solution was freeze-dried immediately after preparation. The acquired solution was
filled into glass vials and frozen at -70°C for 24 hr using an ultra cold deep freezer; later the
samples were freeze-dried using a Lyophilizer (Heto Dry Winner, Germany) for 24 hr to yield dry
powder.

Phase solubility study

The preparation of inclusion complexes in liquid state was performed according to the phase
solubility method of Higuchi and Connors'®. An excess amount of plain DAR (50mg) was
suspended in 5 ml aqueous solutions containing successively increased concentrations of CDs (i.e.
B-CD, HP-B-CD, M-B-CD and y-CD) (5-30mM/L) in 15ml capacity stoppered glass tubes,
separately. The suspensions were shaken for 48 hours at 80cycles/min at room temperature using
Rotospin Test tube Rotator (Tarsons Products Pvt. Ltd. New Delhi, India) until the equilibrium
was reached. An excess of DAR was removed by filtration through a 0.45 um membrane filters

(Millipore). Clear solutions were suitably diluted and analyzed by UV spectrophotometer (UV-
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1700, Shimadzu, Japan) at 257nm. The phase solubility studies were also carried out using HCI
pH-1.2 and Phosphate buffer pH-6.8 in place of water.
Apparent solubility constants (Ks) were calculated from the constructed phase solubility diagrams
using the following equation, where Sy is the intrinsic solubility of DAR in absence of CDs
(intercept)!” 2,

Ks = Slope/Sy(1-Slope)
Inclusion efficiency study
All Freeze dried inclusion complexes, kneaded mixtures and physical mixtures of DAR with
cyclodextrins (i.e. B-CD, HP-B-CD, M-B-CD and y-CD) prepared in the selected molar ratios of
DAR:CD (1:1, 1:2 and 1:3) were weighed accurately (50 mg) and transferred in 50 ml volumetric
flasks individually. Methanol was added (30 mL), mixed thoroughly and sonicated for 10 min to
dissolve the content at ambient temperature. The volume was made up to mark with methanol and
resulting solution was suitably diluted with methanol for further analysis. Concentration of DAR in
solutions was determined using UV spectrophotometer (UV-1700, Shimadzu, Japan) at 257nm.

Inclusion efficiency was calculated using the formula®®:-

% Drug ContentExperimental

% Inclusion Efficiency (%IE) = x 100

% Drug ContentTheoretical

Where;

Actual amount of drug added to form inclusion complex % 100

% Drug Content i =
0 g Theoretical Total weight of (Drug + carrier)

and

Amount of drug extracted from inclusion complex % 100

% Drug Content ; =
& Experimental Amount of inclusion complex taken

HPLC method for determination of DAR in formulations/Plasma

A HPLC method was developed for determination of DAR. Chromatographic separation was
achieved using a Phenomenex Hypersil BDS C18 (150x4.6) mm, 5 pm particle size column
attached with Phenomenex Security Guard Standard with C18 cartridge (4.0x3.0) mm. Separation
was attained using a mobile phase consisting of acetonitrile and phosphoric acid buffer in the ratio
of 50:50 (%v/v), pumped at a flow rate of 1.0 ml min™*. The eluent was monitored using UV
detector at a wavelength of 257 nm. The column was maintained at ambient temperature and an
injection volume of 20 puL was used. The mobile phase was vacuum filtered through 0.22 um
nylon membrane filter followed by degassing in an ultrasonic bath prior to use.
CHARACTERIZATION
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FTIR Spectroscopy

IR spectra were recorded using a Bruker ALPHA FT-IR spectrometer equipped with DTGS
detector and OPUS/Mentor software (Bruker Optics, Germany). Data were collected over a
spectral region from 4000 cm™ to 600 cm™ with resolution 4 cm™ and 100 scans.

DSC analysis

Examination of thermal properties and physical state of prepared samples were carried out using
Differential Scanning Calorimeter (DSC 60-A, Shimadzu, Japan). For this purpose, accurately
weighed samples (4-7 mg) were placed in hermatically sealed aluminium pans and thermograms
were obtained at a heating rate of 10 °C min™ over the scan range of 30 °C to 300 °C.

XRD study

The XRD spectra of plain DAR, pure HP-B-CD, physical mixture, Kneaded mixture and freeze
dried inclusion complexes of DAR:HP-B-CD in selected molar ratio were obtained using X-Ray
Diffractometer (X-Pert-PRO, PANalytical, Netherland). The samples were mounted on a sample
holder and XRD patterns were recorded in the range of 3° < 26 < 50° at the speed of 5° min™.
Assay of freeze dried inclusion complex

Accurately weighed sample (equivalent to 25 mg of DAR) was transferred in a 25 ml volumetric
flask and 5 ml DMSO was added. Content was sonicated to dissolve and volume was made up to
the mark with mobile phase. The sample solution was filtered with 0.22 um disposable membrane
filter (Millipore India, Bengaluru) and filtrate was suitably diluted with mobile phase to get the
sample concentration at 10 pg/ml. Standard solution of DAR (10 pg/ml) was also prepared and
both the solutions were injected into the HPLC system (section 2.5) in triplicate

In vitro dissolution study

In vitro dissolution studies were carried out using clear hard gelatin capsules (Size 0) filled with an
accurately weighed quantity of lyophilized DAR:HP-B-CD inclusion complex (DAR-IC) or plain
DAR (DAR-P) (equivalent to 50 mg of DAR) and marketed formulation (Dycerin, Label claim-
50mg: DAR-M) in different dissolution mediums (i.e. Distilled water, Phosphate Buffer pH-6.8,
Acetate Buffer pH-4.5 and 0.1N HCI) using USP dissolution apparatus Il (paddle method).

The experiments were performed on 900mL media at 37°C+0.5°C at a rotation speed of 75 rpm.
At preselected time intervals, 5 mL samples were withdrawn, filtered immediately and replaced
with 5 mL of pre-thermostated fresh dissolution medium. Quantitative determination was
performed by UV spectrophotometer at 257 nm. Dissolution tests were performed in triplicate and
graph of percent cumulative drug release vs time was plotted. Dissolution profiles were further

evaluated on the basis of Dissolution efficiency (DE), Dissolution percentage at 5 min and 60 min

WWW.ajptr.com 836



http://www.ajptr.com/

Pathak et. al., Am. J. PharmTech Res. 2016; 6(5) ISSN: 2249-3387

(DPsand DPgp), time required to release 50% and 90% of drug (tsp and tgo), Correlation coefficient
(r%), Mean dissolution time (MDT) and Area under curve (AUC). The DDSolver, an Excel add-in
software package, which is designed to analyze data obtained from dissolution experiments was
used to calculate different dissolution parameters®.

Stability studies

Stability studies of lyophilized DAR-IC in selected molar ratio was carried out at 5°C+3°C
(refrigerator) and at room temperature (RT) for a period of 6 months. Periodically, samples were
withdrawn at 1%, 3" and 6" month and subjected to examine for chemical stability. Chemical
stability was checked by assessing the percentage content of DAR in stored formulations using
HPLC (Section 2.5).

CELL LINE STUDIES OF DAR AND ITS INCLUSION COMPLEX WITH HP-B-CD
USING CACO-2 CELL LINE MODEL

Cell culture

Caco-2 (Human, Epithelial colorectal adenocarcinoma) cells of passages in between 40-45 were
used for in-vitro cytotoxicity study and in-vitro permeability study experiments. Caco-2 cells were
cultured in 25cm? tissue culture flasks. Dulbecco’s MEM medium with 1.5mM/Liter
glutamine, supplemented with 20% FBS, 1mM sodium pyruvate, 1.5gm/Liter of sodium
bicarbonate and 1%penicillin-streptomycin solution was used as culture medium. Cells were
cultured as a monolayer in an incubator which was set at 37°C in a humidified atmosphere of
~85% relative humidity and ~5% CO,. Medium was replenished every alternate day * %.

In vitro cell cytotoxicity study (MTT Assay)

MTT stock solution (1 mg/ml) was prepared by dissolving accurately weighed 10 mg of MTT
reagent powder with 10 ml phosphate buffered saline (PBS) in an amber colored 10 ml volumetric
flask. The stock solution was stored in dark place at 4°C till the further use.

The in vitro cytotoxicity of lyophilized DAR-IC and DAR-P was evaluated for Caco-2 cells using
MTT assay. The cells were cultured in 96-well plates (prelabelled as 4 hour, 24 hour and 48 hour)
at a seeding density of 1.0x10* cells/well for 48 hours. Samples were dissolved in DMSO and
different dilutions were made with DMEM culture medium so that the concentration of DMSO did
not exceed more than 1% v/v in any diluted sample. Experiments were initiated by replacing the
culture medium in each of 96 well of each plate with 100ul of sample solutions (0.1, 1, 10, 100,
250, 500 & 1000 pg/ml) and incubated at 37°C in ~85% relative humidity and ~5% CO;
environment. After 4 hour of incubation, prelabelled 4 hour-96 well plate was removed from
incubator into laminar flow hood area, sample solution was discarded and 100ul of MTT reagent
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(2 mg/ml) in phosphate buffered saline (PBS) was added aseptically. The plate was again
incubated at 37°C in ~5% CO, environment for another 4 hours. At the end of incubation period,
medium was removed carefully and intracellular formazan was solubilized with 100ul DMSO by
agitating cells on orbital shaker for 15 mins. Absorbance was measured at 590 nm with a reference
filter of 620 nm using Micro plate multi detection instrument (680-XR, Bio-Rad Laboratories,
France). The medium treated cells were used as controls. Same procedure was followed for 24
hour and 48 hour plates.

Percentage of cell viability was calculated based on the absorbance measured relative to the
absorbance of cells exposed to the negative control. To compare the sensitivity of cells to the DAR
and its formulation, 1Csy values (concentration of the drug that leads to 50% inhibition in cell
proliferation) were calculated.

In-vitro permeability assessment using Caco-2 cell line model

Caco-2 cell model has been the most extensively characterized and useful cell model in the field of
drug permeability study ?*%’. It has been suggested that Caco-2 cells can be wholly used to predict
the oral absorption of drugs in humans because the permeation characteristics of drugs across
Caco-2 cell monolayers correlates with the human intestinal mucosa permeation charateristics.
Caco-2 cell passages in between 40-45, cultured in 12 well cell culture inserts (pore size-0.4um,
diameter-12/18 mm, area-1.13 cm?, Product code 12565009, NUNC™, Rosklide, Denmark), were
used for in-vitro permeability assessment of DAR-IC, DAR-P and DAR-M after 21 days post
seeding. Prior to the experiment, the inserts were washed twice and equilibrated for 30 min with
pre-warmed transport medium (Hank’s balanced salt solution-HBSS containing 25 mM of HEPES,
pH-7.4). Accurate quantities of samples were dispersed in transport medium and sonicated to
prepare the solutions having DAR concentration at 250ug/ml. The integrity of the monolayer was
checked by monitoring the permeability of para-cellular leakage marker (Lucifer Yellow) across
the monolayer. The cell monolayers were considered tight enough for the transport experiment
enough when the apparent permeability coefficient (P,yp) for Lucifer Yellow was less than 0.5x10™
cm/s. All Transport studies were conducted aseptically at 37°C in an atmosphere of ~85% relative
humidity and ~5% CO,. The 150 ul of transport buffer containing 250 pug/ml test compounds was
added to the apical side while the basolateral side of the inserts contained 1.5 ml of transport
medium. After the 30, 60, 120, 180, 240 and 480 min of incubation, aliquot of 100 pl was
withdrawn from the receiver chamber and was immediately replenished with an equal volume of
pre-warmed transport medium. The samples were stored at -20°C until analyzed. The

concentration of the test compounds in the transport medium were analyzed using developed RP-
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HPLC method as described in Section 2.5. The apical to basolateral permeability coefficient (Papp

in cm/sec) was calculated according to following equation:

b dQ/dt

PP AXCyX60
Where, dQ/dt (flux) is the amount of drug transported across the monolayer from apical to
basolateral compartment as a function of time (mg/min), A is the monolayer membrane surface
area (cm?) and Cy is the initial concentration of drug on the apical compartment (mg/ml).
Pharmacological evalation of freeze dried DAR:HP-£-CD inclusion complex using Albino
rabbit animal model
Animals
The pharmacokinetic study was performed in Albino rabbits (NewZealand variety) (weight-1.7 to
2.0 kg, age-09 to 12 months and either sex). Animals were housed into two groups and standard
diet was supplied to animals with free access of water. Animals were kept at general environment
conditions (i.e. 25°C+2°C temperature and 65%+5% RH) under natural light/dark conditions. The
protocol for the animal study was approved by the Committee for the Purpose of Control and
Supervision of Experiments on Animals (CPCSEA), Ministry of Environment and Forest, Govt. of
India.
Experimental: Dosing and sampling
Relative bioavailability of DAR-IC was determined with respect to DAR-P and DAR-M. Animals
were divided in three treatment groups and each group contained 6 rabbits. The animals were
fasted over night prior to the experiment with free access of water. The DAR-IC, DAR-P and
DAR-M (equivalent to 9.25 mg of DAR) were filled in hard gelatin capsule (Capsugel®#size 5)
and administered orally. Blood samples (1.0 ml) were collected through marginal ear vein using
fresh sterilized disposable needles and syringes in heparinized tubes at 0, 0.5, 1, 1.5, 2, 2.5, 3, 3.5,
4,45, 8, 12, 24 and 48 hours after administration. Collected blood samples were vortexd for 1 min
and centrifuged at 20,000 rpm for 10 mins at 4°C (Ultra-centrifuge, 3K 30 Sigma Laboratory
Centrifuge, Osterode, Germany). Separated plasma samples were withdrawn and stored at -20°C
till further processing.
Plasma sample preparation and analysis
Liquid-liquid extraction method was adopted for the extraction of rhein from plasma. 250 pL of
each plasma sample was transferred in separate pre-labeled ria vials. 25 ul of Fenofibrate solution

(100 pg/mL) and 3.5% perchloric acid solution were added to all samples as internal standard and
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buffering agent, respectively. Then 2 ml of ethyl acetate was transferred to all samples
individually, vortexed for about 5 mins and centrifuged at 4000 rpm at 4°C for 10 mins. Organic
layer was carefully transferred to prelabelled ria vials after freezing the aqueous layer at -20°C and
the samples were evaporated to dryness at 40°C under the gentle stream of nitrogen. The dried
residues were further reconstituted with 50 pl of mobile phase and vortexed for 30 second.
Samples of each time point were prepared in triplicate and 20 pL volume of each sample solutions
were injected in the HPLC system under the chromatographic conditions described earlier in
Section 2.5.

Non-compartmental trapezoidal method was employed to calculate the various pharmacokinetic
parameters using the computer based statistical package PKsolver add-in for microsoft excel®.
All data were reported as mean + SD. The statistical significance of the differences between the

groups was tested by one-way ANOVA followed by Bonferroni multiple comparison test.
RESULTS AND DISCUSSION

Selection of inclusion complex

Phase solubility study

Phase solubility analysis has been the very important and initial requirement for optimizing the
development process of an inclusion complex of a drug as it allows the assessment of affinity
between CD and drug molecule in aqueous phase. Phase solubility study provides the stability
constant for drug-cyclodextrin inclusion complex as well as it also present the insight into
stoichiometry of the complex at equilibrium®.

The phase solubility diagrams were constructed between the apparent equilibrium concentrations
of DAR (at Y-axis) and defined concentrations of CDs (i.e. p-CD, HP-B-CD, M-B-CD and y-CD)
at X-axis in water, phosphate buffer pH-6.8 and HCI pH-1.2 as shown in the Figure 1(A), 1(B) and
1(C) respectively. The slopes, intercepts, R? and apparent stability constants (Ks) were tabulated
(Table 1).

(A) Phase solubility of DAR in Distilled Water (B) Phase solubility of DAR in Phosphate Buffer (C) Phase solubility of DAR in 0.IN HCI

0.8 - 0.8 -
0.7 0.7 -
0.6 - 0.6
0.5 0.5

0.4 - 0.4 -

[DAR] (mM/Litre)
[DAR] (mM/Litre)
[DAR] (mM/Litre)

0.3 0.3

02 02 -

X 4
01 01 0.1

== DAR:HP-B-CD
=== DAR:M-B-CD
=== DAR:B-CD

= DAR:y-CD

0 X T T T T T 0 ¥ [ T T T T T
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50

[CD] (mM/Litre) [CD] (mM/Litre) [CD] (mM/Litre)
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Figure 1 Phase solubility diagrams of DAR with CDs in (A) Water, (B) Phosphate buffer and
(C) 0.IN HCI.

Table 1 Comparison of slopes, intercepts, R? and Ks of phase solubility studies in water,
phosphate buffer and 0.1N HCI for DAR with CDs.

Drug:CD Slope Intercept R’ Ks (M™ Type of
Graph
In Distilled Water
DAR: HP-B-CD 0.015+0.001 0.022+0.002 0.992+0.002 711.5+6.9 AL-Type
DAR: M-3-CD 0.012+0.002 0.019%0.003 0.989+0.009 629.3£9.2 AL-Type
DAR: B-CD 0.004+0.001 0.019+0.002 0.887+0.005 207.2+8.4 An-Type
DAR: y-CD 0.003£0.001 0.015%0.004 0.860+0.005 196.7+3.7 An-Type
In Phosphate Buffer, pH-6.8
DAR: HP-B-CD 0.016%0.002 0.021+0.001 0.994+0.002 806.1+11.7 A-Type
DAR: M-B-CD 0.013+0.003 0.018+0.002 0.984+0.003 726.0+8.6 AL-Type
DAR: B-CD 0.005£0.001 0.020£0.002 0.950+0.008 255.01+6.5 An-Type
DAR: y-CD 0.004+0.002 0.015+0.001 0.915+0.006 242.2+6.1 An-Type
In HCI pH-1.2"
DAR: HP-B-CD 0.013+0.001 0.035+0.003 0.986+0.005 366.7+7.4 AL-Type
DAR: M-B-CD 0.009+0.001 0.032+0.002 0.952+0.003 294.84£5.8 AL-Type
DAR: B-CD 0.003+0.002 0.015+0.002 0.840+0.008 173.8+£8.9 An-Type
DAR: y-CD 0.002+0.001 0.013%0.003 0.794+0.004 168.4+9.7 An-Type

" Data are shown as Mean+SD, n=3

The results indicated that the low solubility of DAR was increased linearly with all the CDs in all
the mediums and the value of Ks for inclusion complex increased in the order of (DAR:HP-B-
CD)>(DAR:M-B-CD)>(DAR:B-CD)>(DAR:y-CD). The smaller values of Ks (less than 200 M™)
indicate a week interaction between drug and CD, while larger values of Ks (more than 1000 M™)
are symptomatic of an incompatible drug release from the inclusion complex®. The resultant
values of K predicted that HP-B-CD and M-B-CD formed sufficiently stable inclusion complex
with DAR where as the stability of DAR:B-CD and DAR:y-CD were not found good,
comparatively. The linear increase in solubility of DAR with increase in CDs concentration, giving
rise to A_-type phase solubility diagram for DAR:HP-B-CD and DAR:M-B-CD while DAR:B-CD
and DAR:y-CD showed An-type of solubility curves at different pH values. The R? values were
also increased in the order of (DAR:HP-B-CD)>(DAR:M-B-CD)>(DAR:B-CD)>(DAR:y-CD). It
can be seen that DAR:HP-B-CD and DAR:M-B-CD possess good stability but Ks for DAR:HP-p-
CD was greater in all the mediums and found highest in phosphate buffer pH-6.8. This may be due
to acidic nature of DAR which was completely unionized at this pH and lead to formation of a
stable complex with HP-B-CD. The pH value has significant influence on the interaction mode

between drug and CDs, indicating the different affinity of acidic, neutral and basic drugs for the
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inclusion complex formation and additionally the increase in drug ionization at particular pH
resulted in decrease of the complex stability constant®* *. On the basis of phase solubility study, it
can be concluded that DAR:HP-B-CD formed most stable inclusion complex with highest
solubility, among the four.

Inclusion efficiency study

Inclusion efficiencies (%IE) of all Freeze dried inclusion complexes, kneaded mixtures and
physical mixtures of DAR:B-CD, DAR:HP-B-CD, DAR:M-B-CD and DAR:y-CD in the selected
molar ratios of DAR:CD (1:1, 1:2 and 1:3) were determined and results were presented in Table 2.
The results clearly showed that the %IE of DAR:HP-B-CD inclusion complex in molar ratio of 1:2
was found higher for physical mixture (72.39%+2.87%), kneaded mixture (84.61%=1.28%) and
freeze dried inclusion complex (99.32%=+1.41%) than the other inclusion complexes prepared by
respective mode of preparation. It indicated that DAR was uniformly distributed in DAR:HP-B-CD
inclusion complex in molar ratio of 1:2 and others did not show satisfactory drug incorporation.
Table 2 Inclusion efficiency values of all Freeze dried inclusion complexes, kneaded mixtures
and physical mixtures of DAR:B-CD, DAR:HP-$-CD, DAR:M--CD and DAR:y-CD in
molar ratios of 1:1, 1:2 and 1:3.

DAR:CD % Inclusion Efficiency (% IE)”
For molar ratio (1:1) For molar ratio (1:2) For molar ratio (1:3)
Physical Mixtures

DAR: HP-B-CD 40.18+1.52 46.39+2.87 32.44+1.63
DAR: M-B-CD 31.98+3.66 35.21+2.54 29.21+1.92
DAR: B-CD 22.27+4.12 28.36+2.96 29.15+2.03
DAR: y-CD 25.68+0.98 27.57+2.74 31.62+1.28
Kneaded Mixtures

DAR: HP-B-CD 57.63+£2.51 64.61+1.28 53.29+1.92
DAR: M-B-CD 51.64+1.97 56.23+3.02 49.89+2.14
DAR: B-CD 40.14+1.75 45.35+1.84 50.98+1.98
DAR: y-CD 43.56+1.58 48.87+1.76 50.25+2.31
Freeze dried inclusion complex

DAR: HP-B-CD 81.37+1.03 99.32+1.41 71.18+3.22
DAR: M-B-CD 73.74+4.08 91.59+1.67 62.31+1.53
DAR: B-CD 46.28+1.49 53.36+2.28 57.96+1.64
DAR: y-CD 51.63+2.37 58.93+2.16 60.19+1.78

" Data are shown as Mean+SD, n=3

Based on the results obtained from phase solubility studies and inclusion efficiency estimation,
DAR:HP-B-CD in the molar ratio of 1:2 was selected as best fitted inclusion complex for further
studies due to its superior solubilizing capacity and greater inclusion efficiency. Moreover, earlier

reports suggest that the modified B-cyclodextrins (HP-B-CD) have enormous applicability in
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development of solid oral dosage forms due to their higher complexation efficiency and lower
cytotoxicity than the B-cyclodextrin®,

Characterization

FTIR Spectroscopy

The FTIR Spectroscopy of Plain DAR, pure HP-B-CD, physical mixture, kneaded mixture and
freeze dried inclusion complex for DAR: HP-B-CD::(1:2)M was carried out and result had been
represented in Figure 2.

The IR studies of DAR exhibited peaks at 3452.33 cm™ and 3071.08 cm™ were due to O-H and
aromatic stretching. Peaks at 1768.81 cm™, 1694.88 cm™ and 1211.30 cm™ were due to C=0
stretching of carbonyl group, C=0 stretching of keto group and C-O stretching of ester group,
respectively. Aromatic bending was observed from 760.1 cm™ to 705.65 cm™. These bands
confirmed the structure of DAR. However, the FTIR spectra of HP-B-CD showed a large and
broad band at 3381.51 cm™ corresponding to absorption by hydrogen bonded O-H groups.

The IR spectrum of physical mixture of DAR:HP-B-CD::1:2M had shown peaks at 1771.16 cm™,
1676.74 cm™ and 1209.98 cm™ were due to C=0 stretching of carbonyl group, C=0 stretching of
keto-group and C-O stretching of ester group, respectively. The intense appearance and little
shifting of these peaks indicate week interaction between drug and excipients.

The IR spectrum of kneaded mixture of DAR:HP-B-CD::1:2M had shown peaks at 1770.86 cm™,
1678.26 cm™ and 1210.95 cm™ were due to C=0 stretching of carbonyl group, C=0 stretching of
keto-group and C-O stretching of ester group, respectively. The intense appearance and little
shifting of these peaks indicate week interaction between drug and excipients but more than the
physical mixture. Whereas in the IR spectrum of freeze dried inclusion complex of DAR:HP--
CD::1:2M, all the characteristic peaks of DAR disappeared which indicate a good inclusion and
interaction of DAR with HP-B-CD at the selected molar ratio. Moreover this study also proved the

efficiency of selected method of preparation.
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Figure 2 IR spectrums of (A) Plain DAR, (B) HP-$-CD , (C) Physical Mixture for DAR: HP-
B-CD::(1:2)M, (D) Kneaded Mixture for DAR: HP-g-CD::(1:2)M and (E) Freeze dried
inclusion complex of DAR: HP-B-CD::(1:2)M.

DSC analysis

The thermal behavior of plain DAR, pure HP-B-CD, physical mixture, kneaded mixture and freeze
dried inclusion complex for DAR: HP-B-CD::(1:2)M were studied using Differential Scanning
Calorimetry (DSC) in order to confirm the formation of solid inclusion complexes (Figure 3).

The DSC thermogram of DAR showed a sharp endothermic peak for at 251.8°C corresponding to
its melting point. The DSC thermogram of HP-B-CD exhibited a broad endothermic peak at 88.7°C
which corresponded to the loss of hydration water of the material. The HP-3-CD decomposed at
the temperature of 300°C hence not showing any melting peak of HP-B-CD in between 30°C to
300°C.

In the DSC thermogram of physical mixture in DAR:HP-B-CD::1:2 molar ratio showed two sharp
endothermic peaks, corresponding to HP-B-CD and DAR indicated that inclusion of drug within
CD was not achieved. The DSC thermogram of kneaded mixture for DAR:HP-B-CD::1:2M also
showed two endothermic peaks corresponding HP-B-CD and DAR but the height of DAR

endothermic peak was reduced considerably in comparison with pure DAR and physical mixture
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indicating the interaction between DAR and HP-B-CD but true complex had not been formed. The
occurrence of DAR peak also reflected the existence of few DAR crystals in the preparation.

The DSC thermogram of freeze dried inclusion complex of DAR:HP-B-CD::1:2M had shown an
endothermic peak for HP-B-CD but the disappearance of characteristic endothermic peak due to
DAR with this system, clearly indicated the formation of true inclusion complex. The absence of
DAR peak might also be attributed to the amorphous form of the drug in the complex formation.
After this study, it can be concluded that preparation of inclusion complex followed by freeze

drying was the best suitable method for formation of inclusion complex of DAR.

"=

.....

x
Temp [*C)

Figure 3 DSC thermograms of (A) Plain DAR, (B) HP-B-CD , (C) Physical Mixture for DAR:
HP-g-CD::(1:2)M, (D) Kneaded Mixture for DAR: HP-B-CD::(1:2)M and (E) Freeze dried
inclusion complex of DAR: HP-B-CD::(1:2)M.

XRD study

The Powder X-Ray Diffraction (XRD) Study of Plain DAR, pure HP-B-CD, physical mixture,
kneaded mixture and freeze dried inclusion complex for DAR: HP-B-CD::(1:2)M was carried out
and result had been represented in Figure 4.

XRD study was carried out to investigate the crystalline state of drug which is influencing the

dissolution and stability behaviour of compound. The preservation of the crystal structure of the
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drug in the formulation is crucial for the sustained stability of the drug during its shelf-life. The
peak position (diffraction angle) is an identification tool of a crystal structure, where as the number
of peaks is a measure of sample crystallinity in a diffractogram®. The development of an
amorphous form confirmed that the drug was dispersed completely in a molecular state with
cyclodextrin. It had been investigated by several researchers that the occurrence of a diffused
diffraction pattern, appearance of new peaks and elimination of characteristic peaks of the drug
molecule, evident for the formation of an inclusion complex of drug with cyclodextrins*®*,

The XRD pattern of pure DAR exhibited various diffraction peaks at 10.3, 17.2, 21.3, 24.9 and
27.6 °20 indicating the crystalline nature of drug. No diffraction peaks were observed in the
diffractogram of HP-B-CD, showed the amorphous form of HP-B-CD. The XRD patterns of
physical mixture and kneaded mixture showed sufficiently visible characteristic peaks of DAR,
pointing toward the insufficient inclusion or lack of inclusion of DAR in HP-B-CD. The XRD of
freeze dried inclusion complex of DAR: HP-B-CD::(1:2)M showed a halo pattern, with the
disappearance of all characteristic peaks of DAR which indicated the complete incorporation of
DAR in HP-B-CD cavity and formation of complete and stable inclusion complex. The results

obtained from XRD analysis were in good agreement with DSC observations.
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Figure 4 XRD patterns of (A) Plain DAR, (B) HP-B-CD , (C) Physical Mixture for DAR: HP-
B-CD::(1:2)M, (D) Kneaded Mixture for DAR: HP-B-CD::(1:2)M and (E) Freeze dried
inclusion complex of DAR: HP-B-CD::(1:2)M.
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Assay of freeze dried inclusion complex

Percentage assay of DAR in lyophilized inclusion complex of DAR:HP-B-CD in (1:2) molar ratio
was found to be 100.02+1.62% which indicate the suitability of freeze drying method for
production of inclusion complex.

In vitro dissolution study

The disolution profiles of DAR-P, DAR-M and DAR-IC in phosphate buffer pH-6.8 (PB), acetate
buffer pH-4.5 (AB), 0.1N HCI and water are graphically presented in Figure 5. It was evident
from the graphs that optimized inclusion complex of DAR-IC served better dissolution profile and
drug release than the DAR-P and DAR-M in all the dissolution mediums. The DAR-IC, DAR-M
and DAR-P showed better dissolution profile in phosphate buffer pH-6.8 and water as compared to
acetate buffer pH-4.5 and 0.1N HCI which may be due to low solubility of drug in acidic medium?®.
The significant improvement in dissolution characteristics of inclusion complexes may be due to
the formation of readily soluble inclusion complex in the dissolution medium, increased drug
particle wettability and reduction of the crystallinity of the drug product.

Various dissolution parameters were calculated using DDsolver, an excel add-in program and
reported in Table 3. The Dissolution efficiency (DE), Dissolution percentage at 5 min and 60 min
(DPs and DPgg) and Area under curve (AUC) values were increased in the following order: DAR-
P<DAR-M<DAR-IC; while time required to release 50% and 90% of drug (tso and tgg) and mean
dissolution time (MDT) were increased in vice versa i.e. DAR-P>DAR-M>DAR-IC. The t5, and
tgo for DAR-IC were significantly reduced to 7.2-14.8 mins and 23.9-48.3 mins respectively as
compared to DAR-M and DAR-P in all the dissolution mediums but these were found least in
phosphate buffer pH-6.8. This may be due to acidic nature of DAR which was completely
unionized at this pH.

All the results indicated that the DAR-IC prepared by freeze drying technique was having superior
characteristics to plain drug and marketed formulation, indicating a major prospect to enhance the
bioavailability of such drugs by inclusion complexation for oral administration where solubility
and dissolution are rate limiting factors in bioavailability in the body. Thus inclusion complexation
of poor soluble drug with hydrophilic cyclodextrin is an effective and successful technique in order

to improve their biopharmaceutical properties.
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Table 3 Comparision of various dissolution parameters of plain DAR (DAR-P) marketed
formulation (DAR-M) and Freeze dried inclusion complex of DAR: HP-$-CD::(1:2)M (DAR-
IC) in phosphate buffer pH-6.8 (PB), acetate buffer pH-4.5 (AB), 0.1N HCI and water.

DE DPs DPgo ts0 oo MDT AUC
In Phosphate Buffer, pH-6.8"
DAR-IC 0.90£0.06 38.9+0.9 99.2+05 7.2+0.1 23.9+0.7 11.0+0.4 10847+61
DAR-M 0.84+£0.04 36.4+0.5 93.5x05 9.7£0.4 48.3%£0.7 14.840.2 10036+35

DAR-P 0.42+0.01 8.1+0.2 49.840.3 >60 >60 32.0+0.4 5009+28
In Acetate Buffer, pH-4.2"

DAR-IC 0.48+0.02 13.8+0.6 54.2+0.4 48.4+0.4 >60 19.4+0.7 5743%+42
DAR-M 0.36+x0.02 14.4+0.3 40.1+0.7 >60 >60 18.9+0.7 4264+19
DAR-P 0.11+0.02 1.9+0.4 12.8+0.2 >60 >60 39.7+0.5 1324+25
In 0.IN HCI”

DAR-IC 0.40+0.05 10.2+0.6 45.9+0.5 >60 >60 18.2+0.4 475341
DAR-M 0.31+0.01 8.3+0.8 35.6+x0.3 >60 >60 20.8+0.3 376129
DAR-P 0.09+0.05 1.240.1 11.2+0.2 >60 >60 37.5+0.6 110617
In water”

DAR-IC 0.88+0.03 30.1+0.5 98.3+0.6 8.9+0.6 30.4+0.1 13.2+0.3 10609+52
DAR-M 0.76x0.03 25.8+0.2 85.6+0.2 14.840.7 >60 20.5+0.8 9078+31
DAR-P 0.37+0.04 7.24#0.5 44.1+05 >60 >60 26.8+0.3 439715

" Data are shown as Mean+SD, n=3. DE: Dissolution efficiency, DPs: Dissolution percentage at 5
min, DPgo: Dissolution percentage at 60 min, tso: time required to release 50% of drug (min), tgo:

time required to release 90% of drug (min), MDT: Mean dissolution time (min), AUC: Area under
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Figure 5 Graphical representation of % Cumulative drug release versus sampling time of
plain DAR (DAR-P) marketed formulation (DAR-M) and Freeze dried inclusion complex of
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DAR: HP-$-CD::(1:2)M (DAR-IC) in phosphate buffer pH-6.8 (PB), acetate buffer pH-4.5
(AB), 0.1N HCI and water.

Stability studies

The stored formulations were found physically and chemically stable at 5°C+3°C and at room
temperature over the period of 6 months. No change in physical appearance of formulation was
observed during the 6 months at both the storage conditions. The % DAR content in stability
samples of DAR-IC were matched with initial value (100.02%) and found more than 99.45% at
both the conditions over the period of 6 months

Cell line studies of DAR and its inclusion complex with HP-£-CD using Caco-2 cell line model
In vitro cell cytotoxicity study (MTT Assay)

Cytotoxicity study of Freeze dried inclusion complex of DAR: HP-B-CD::(1:2)M (DAR-IC)and
DAR-P was accomplished in Caco2 cells by mitochondrial activity (MTT assay) to assess the
safety/tolerability of prepared formulation on viability of cells. As Caco2 cells were used as
absorption model, biocompatibility and tolerability of DAR-P and DAR-IC on absorption barrier
was necessary. Cytotoxicity graphs at 4 hours, 24 hours and 48 hours were constructed and
presented in Figure 6(A), 6(B) and 6(C). At initial 4 hr and 24 hr, the % cell viability is more than
80% at the 250 pg/ml concentration of DAR-P and DAR-IC. Hence for permeability studies, the
drug and formulation concentration was fixed at 250 pg/ml. It can be observed that the DAR-IC
showed very less cytotoxicity than the plain DAR upto 48 hours at all the concentrations. This
confirms the biocomatibility of DAR-IC and explains that composition of inclusion complex did
not contribute to toxicity of Caco2 cells*® **. At initial 4 hours, 24 hours and 48 hours, DAR-IC
was found to have less cytotoxicity with more than 80% cell viability as compared to DAR-P at
all the concentrations except at 1000ug/ml in 48 hours condition. This could be attributed to
protective action of HP-B-CD due to cavitization of drug molecule in CD. ICso values were
calculated for DAR-P and DAR-IC and displayed in Table 4. The higher ICs values for DAR-IC
than DAR-P at all the incubation time conditions concluded to lack of cytotoxicity due to

formulation of a bio-tolerable inclusion complex.
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Figure 6 In vitro cytotoxicity studies of DAR-P and DAR-IC in Caco2 cell lines at (A) 4
hours, (B) 24 hours and (C) 48 hours.
Table 4 1Cs values of DAR-P and DAR-IC in Caco?2 cell lines at 4 hours, 24 hours and 48

hours.

Conditions 1Cs Values (ug/ml)”

DAR-P DAR-IC
At4 hours 3010.96+19.62 4129.75+29.74
At 24 hours 1878.42+14.11 3646.95+35.17
At 48 hours 1408.16+15.18 2316.70+19.67

*Data are shown as Mean+SD, n=3.

In-vitro permeability assessment using Caco-2 cell line model

In this study, in vitro permeability assessment of DAR-IC, DAR-P and DAR-M was done by
calulating  apparent permeability coefficient (Papp) from apical to basolateral (Table 5).
Transepithelial permeability of DAR was measured at concentration of 250ug/ml, as negligible
toxicity towards Caco-2 cells was found at this concentration during MTT assay of the same. The
average Papp for Lucifer yellow with Caco-2 cells was found (0.87+0.07) x 10°® cm/sec, confirmed
the integrity of monlayers and suitability of monolayers for further experiment. The Py, for DAR-
P and DAR-M were calculated and found to be (5.95+0.24) x 10 cm/sec and (8.73+0.82) x 10
cm/sec respectively while the P4, for DAR-IC was observed at (30.26+0.38) x 10 cm/sec which
is about 5.09 fold and 3.47 fold higher than the DAR-P and DAR-M, respectively. The found
results were very much satisfacory and matching with the aim of the project. It can be concluded
that the higher Pap, for DAR-IC was because of molecular state of drug and presence of HP--CD
in the formulation®® *. Whereas the lower permeability coefficient of DAR-P can be attributed to
hydrophobicity and low permeation (log P 2.47) of drug. If the P4y, value of a compound is less

than 1 x 10 cm/sec, in between 1-10 x 10® cm/ sec, and more than 10 x 10° cm/sec can be
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classified as poorly (0-20%), moderately (20-70%) and well (70-100%) absorbed compounds,
respectively’* ',

Table 5 Apparent permeability coefficient (Papp) from apical to basolateral for DAR-P, DAR-
M and DAR-IC using Caco-2 cells model.

Drug/Formulation Apparent permeability coefficient (Papp)+SD (10° cm/sec)*

DAR-P 5.95+0.24
DAR-M 8.73+0.82
DAR-IC 30.26+0.38

*Data are shown as Mean+SD, n=3.

Pharmacological evaluation of freeze dried DAR:HP--CD inclusion complex using Albino
rabbit animal model

The pharmacological characteristics and in-vivo availability of DAR from DAR-IC, DAR-M and
DAR-P was studied in Albino rabbits. The DAR is completely metabolized in rhein before
entering in the systemic blood circulation, after oral dosing. The mean plasma concentration of
rhein versus time course graph was constructed and presented in Figure. 7 whereas the
pharacokinetic parameters for DAR calculated by PKsolver add-in in microsoft excel, after in-vivo
study of DAR-IC, DAR-M and DAR-P were tabulated in Table 6. It was found that the prepared
inclusion complex DAR-IC generated higher maximum rhein plasma concentration (Cpmax)
compared to DAR-M and DAR-IC with numerical values of (7.81+0.42)ug/ml, (3.44+0.31)pg/mi
and (2.91+0.26)pg/ml, respectively. The time to reach Cmax (Tmax) for the DAR-IC was shorter
which was 2.50+0.04 h compared to 3.50+0.23 h and 3.00£0.17 h for DAR-P and DAR-M,
respectively. The shortest Tmax for DAR-IC may be due to fastest dissolution rate and
amorphization of drug due to formation of inclusion complex and the highest T of DAR-P could
be attributed to crystalline nature of drug*®. The extent of absorption of DAR from the DAR-IC, as
represented by the total area under curve (AUCy.) was also higher than the AUC produced by
DAR-P and DAR-M. AUC,.; of rhein was found 25.96+1.25 pug*h/ml for DAR-IC which was 3.32
fold and 2.03 fold higher with that of DAR-P (7.83+0.19 pg*h/ml) and DAR-M (12.81+0.62
pHg*h/ml), respectively. The area under momentum curve (AUMC.a) Showed significantly higher
value for DAR-IC (194.75+7.83 pg*h?ml), compared to DAR-P (50.47+2.31 pg*h?ml) and
DAR-M (89.95+2.59 pg*h?ml). The enhancement in AUC and Cpax of DAR-IC compared to
DAR-P and DAR-M could be due to the quick absorption of drug molecule by gastrointestinal wall
due to the tremendous increase in solubility and improved dissolution rate of DAR present in form
of inclusion complex with HP-B-CD***!. Mean residence time (MRT) for DAR-IC was found
almost same as for DAR-P and DAR-M. The relative bioavailability (F) of DAR in DAR-IC was
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increased by 3.32 fold and 2.03 fold compared to DAR-P and DAR-M, respectively. These results
could be explained by greater dissolution rate, increased wettability, increased hydrophilicity and
reduced crystallinity of DAR in DAR-IC when compared to DAR-P and DAR-M. These findings
indicated that a correlation between in-vitro dissolution of the DAR from DAR-IC and the results
obtained from in-vivo study.

Table 6 Pharmacokinetic parameters after oral administration of DAR-P, DAR-M and DAR-
IC in Albino rabbits.

Pharmacokinetic parameters* DAR-P DAR-M DAR-IC

Crax (Mg/ml) 2.91+0.26 3.44+0.31" 7.81+0.42"
Tnax () 3.50+0.23  3.00£0.17"  2.5+0.04"
AUCq (ug*h/ml) 7.83+0.19 12.81+0.62" 25.96+1.25™
AUCq., (Hg*h/ml) 8.09+0.36  13.19+0.91" 27.02+1.74™
AUMC oo ((ug*h?/ml) 50.4742.31 89.95+2.59" 194.75+7.83™
MRT (h) 6.16+0.14  7.12+0.09"  7.50+0.09"
Ty () 7.94+0.42 10.65+0.57" 10.21+0.26™
Ketimination (™) 0.12+0.02  0.07+0.01"  0.07+0.01"

F (%) w.r.t DAR-P 100 163.60° 331.55"

* Data are shown as Mean+SD, n=3, 'P<0.05 compared with DAR-P, *P<0.05 compared with
DAR-M.
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Figure 7 Graphical representation of rhein plasma profile for DAR-P, DAR-M and DAR-IC
in Albino rabbits following oral administration.
4. Conclusion
The results of phase solubility studies demonstrated that DAR formed more stable inclusion
complex with HP-B-CD than those formed with B-CD, M-B-CD and y-CD. Additionally the results

of inclusion efficiency also stated that DAR:HP-B-CD inclusion complex in molar ratio of 1:2 was

WWW.ajptr.com 852



http://www.ajptr.com/

Pathak et. al., Am. J. PharmTech Res. 2016; 6(5) ISSN: 2249-3387

having superior solubilizing capacity and greater inclusion efficiency while others did not show
satisfactory drug incorporation.
The results obtained by FTIR, DSC and XRD studies were in excellent agreement and confirmed
the formation of true inclusion complex of DAR with HP-B-CD in 1:2 molar ratio by freeze drying
method. Percentage assay of DAR in lyophilized inclusion complex of DAR:HP-B-CD in (1:2)
molar ratio predicted the suitability of freeze drying method for peoduction of inclusion complex.
The prepared formulation was found physically and chemically stable at 5°C£3°C and at room
temperature over the time period of 6 months. The freeze dried inclusion complex DAR:HP-3-CD
in (1:2) molar showed a good performance in dissolution profile. The MTT assay of prepared
formulation indicated the formaton of a bio-tolerable inclusion complex. The Pq,, for Freeze dried
inclusion complex was found 5.09 fold and 3.47 fold higher than the plain DAR and marketed
formulation, respectively. The relative oral bioavailability of DAR in Albino rabbits resulted from
Freeze dried inclusion complex was found 3.32 and 2.03 fold greater than plain DAR and
marketed formulation, respectively.
The obtained reults justified the selection of cyclodextrin, molar ratio and method of preparation
for the formulation of efficient and stable inclusion complex of DAR with cyclodextrin. The
outcome was supported by FTIR, DSC and XRD studies which further lead to enhanced
dissolution properties, low cytotoxicity and improved bioavailability of DAR in inclusion complex
with HP-B-CD.
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