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Abstract

Diacerein (DAC) is an antiarthritic drug that shows almost negligible water solubility in
acidic conditions and gets degraded at alkaline pH which restricts its oral bioavailability. The
degradation product also leads to soft stool effect. The aim of the present study was to
enhance the dissolution rate of DAC by solid dispersion (SD) technology and to incorporate
the best SD formula (the one which is able to promote the highest drug release in minimum
period of time) into tablet dosage form. Various binary (containing DAC and polyethylene
glycols i.e. PEGs) and ternary (containing DAC, PEG and a pH modulating agent) SD
formulations were prepared employing different process and formulation parameters. SDs
so prepared were investigated for the dissolution behavior of DAC. The best SD formulation
was characterized by aqueous solubility studies, XRD, ATR, SEM and DCS studies. A series of
tablet dosage forms containing the best SD formula as the drug matrix was prepared using
different concentrations of disintegrating agent. The best tablet (the one that allows the
maximum disintegration in minimum period of time) was compared with the marketed
preparation according to compendial specifications. All binary and ternary formulations
increased drug dissolution rate. Dissolution studies show that there is a trend of increasing
dissolution rate of DAC with decreasing molecular weight of PEGs as well as decreasing
percentage of DAC in the SDs. Ternary SDs show higher dissolution in comparison to binary
SDs, reflecting synergism of PEG4000 with urea. DAC solubility increased 3.39 times by the
best SD formula. Physical characterization revealed the changes in solid state (decreased
crystallinity) of DAC during the formation of SD. The best SD formula loaded tablet gave
significantly higher dissolution compared to commercial product, which indicates its
potential for delivering poorly water soluble drug DAC with enhanced bioavailability and
reduced soft stool effects.

Keywords: Diacerein (DAC), Solid dispersion (SD), Polyethyleneglycol (PEGs), Urea.
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Introduction

The importance of the rate of dissolution and hence aqueous
solubility, in acting as a determinant of oral absorption was
formally recognized with the establishment of the
Biopharmaceutics Classification System (BCS) [1], where, the
active pharmaceutical ingredient (API) was classified into four
categories based on its aqueous solubility and intestinal
permeability. Classes 1 and 3 contain molecules with high
aqueous solubility, and classes 2 and 4 contain molecules with
low solubility. Interestingly, over the past few decades there has
been a significant increase in the number of APIs under
development that have fallen into BSC classes 2 and 4 because of
solubility problems. These API molecules in the development
process generally have larger average molecular weights, higher
melting points and a higher degree of hydrophobicity. API
molecules are generally introduced in their crystalline form into
pharmaceutical development. This is primarily because the
symmetrical three-dimensional long ranges order and the
relatively tight packing of molecules in a crystal lattice which most
often ensures a high level of chemical purity and solid-state
stability. The high lattice energy of an API crystal can further
decrease the solubility of already poorly soluble API. As a
consequence, during the past few years, there have been
significantly increased efforts to develop strategies that might
serve to enhance the rate of dissolution of a poorly soluble API by
means of formulation, chemical modification, or processing. It
has been shown that disorder in the crystal lattice introduced as
crystal defects can serve to improve dissolution performance of
poorly water soluble, crystalline substances [2]. Consequently, it is
not surprising that any approaches that can change, reduce, or
eliminate the long range three-dimensional order in the crystal
can greatly enhance apparent solubility and rates of dissolution.

SD technology is such an approach that can enhance rates
of dissolution of an API by affecting both its crystallinity and
specific surface area. It makes compounds disperse in carriers
or matrixes at solid state and has been widely used as a
successful approach to deliver insoluble compounds [3].
Although SD technique has been extensively confirmed to
enhance the dissolution characteristics of the sparingly soluble
drugs, the practical applicability of the system has remained
limited mainly due to the difficulties in manufacturing process,
such as poor reproducibility of physicochemical properties, the
complexity of dosage form development, problems of aging
and less feasibility of scale up for industrialization [4]. Therefore,
more attempts about searching new carriers or combination of
carriers and innovative techniques or modification of existing
techniques, are needed to meet with above difficulties.

DAC (4,5-bis (acetyloxy)-9,10-dioxo-2-anthracene
carboxylic acid) is a newly developed, oral, slow-acting drug
for the treatment of osteoarthritis (OA). It has moderate anti-
inflammatory and analgesic activity, to about the same extent
as non steroidal anti-inflammatory drugs (NSAIDs) and also
reported to induces structural changes in studies of hip OA
[5-7]. Though Gl side effect, diarrhea, is commonly reported
with DAC, however its use seems to minimize (or even avoid)
the major Gl concerns (pepticulcer) of NSAIDs [8,9].

Presently, DAC capsules are available in 50 mg strength
and are marketed in various countries under various trade
names as Art 50(R)® and Orcerine® in France and India
respectively. Oral administration of conventional solid dosage
form of DAC is associated with certain problems such as
incomplete and erratic absorption which results in poor and
variable oral bioavailability (35-56%) of DAC, mainly due to
the poor water solubility of DAC. The unabsorbed DAC is
metabolized to rhein in the colon which induces a laxative/
soft stool effect via activating chloride secretion by excitation
of submucosal neurons and release of acetylcholine and
endogenous prostaglandin, but not by release of histamine or
serotonin [10]. Due to poor solubility, the generally
administered oral dose is much higher to achieve the required
drug plasma level which increases the cost of therapy.
Therefore, there exists a need to develop newer formulations
of DAC which can be administered orally, and are likely to
dissolve at a higher rate leading to improved bioavailability
and at the same time shows significant reduction in soft stool
side effects.

This work is based on the investigation of solubility and
dissolution properties of poorly soluble drug DAC with a view
to improve its dissolution rate by SD technology and
incorporation of the best SD formula in tablet dosage form,
from which DAC will dissolve at a higher rate in comparison to
the marketed formulation which has limited ability to dissolve
in the gastro intestinal (Gl) fluids.

To address this challenge, we focused on fusion
technology to form SDs of DAC as this is a "green” production
method that does not involve organic solvents. Early
approaches involved binary formulations using PEGs as
carrier. PEGs were chosen as carrier because in one of our
investigation maximum solubility of DAC, in the co-solvents
investigated, was found in PEG 600. Further PEGs have
solubility parameter value (i.e. 24) [11], which is very close to
the solubility parameter of DAC (i.e. 25.96, calculated using
MolSuite software, ChemSW, California, United States), have
good thermal stability, and have historically proven safety
records. Once the best binary formulation was identified,
other components (pH modulators) were added to further
improve the dissolution properties of DAC in acidic conditions.
DAC is a readily ionizable, weakly acidic drug with a pKa of
4.74, so its solubility in an aqueous solution is strongly pH-
dependent. It is comparatively less soluble at lower pH.
Dissolution of DAC may further decrease the microenvironment
pH inside the pharmaceutical solid dosage form and may
decrease its own solubility and dissolution rate. pH modifiers
(alkalizers) can be added to increase the microenvironment
pH that can increase the release rate of DAC from the
pharmaceutical dosage form. So a pH modulated solid
dispersion of DAC can be developed to overcome the
solubility and dissolution related issues. Sodium carbonate
which is a commonly used alkali and urea which is a common
carrier for SDs, increases both the pH of aqueous solutions
and dissociation of weak acids [12,13], were explored for the
development of pH modulated SDs of DAC.
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Materials and Methods

Materials

DAC was obtained as a gift sample from Macleods
Pharmaceuticals Ltd. (Mumbai, India). Polyethylene glycols
grades 4000, 6000, 8000 and 20000 were purchased from
Sigma-Aldrich (USA). Sodium carbonate was purchased from
Loba Chemie Pvt. Ltd., (Mumbai, India). Urea was purchased
from Ranbaxy Lab. Ltd. (Punjab, India). Marketed DAC capsule
formulation, Orcerine®, was purchased from local market. All
other chemicals and solvents used were of analytical grade.

Methods

Total fourteen (eleven binary and three ternary) formulations
of DAC were prepared using different process and formulation
variables as shown in table 1. Process variables were:

1. Manner of formulation preparation (physical mixing
and preparation of solid dispersion).

2. Manner of cooling in solid dispersion preparation
(Normal cooling and quench cooling).

The formulation variables were:
1. Molecular weight of PEGs (4000, 6000, 8000, 20000),

2. Ratio of % DAC to % PEG (2.5: 97.5, 5: 95, 25: 75, 50:
50, 75: 25),

3. Presence of pH modulator (Sodium carbonate and
urea) and

4. Ratio of % Urea to % PEG (37.50: 37.50, 56.25: 18.75).
After preparation all the formulations were placed in
vacuum desiccator over silica gel for at least one day
before use.

Table 1. Binary and ternary formulations of DAC with different process

and formulation parameters: processing conditions, molecular weight
of PEGs, ratio of DAC to PEG, and presence of pH modulator.

S
=) aRX |u ORX = S [SR=N
BPM1 |[DAC |10 |PEG4000|90  |Physical mixing |-
BSD1 |[DAC |10  |PEG4000|90  |Normal cooling |- -
BSD2 |DAC |10 |PEG4000|90  |Quench cooling |- -
BSD3 |[DAC |10 |PEG 6000 |90  |Quench cooling |- -
BSD4 |DAC |10 |PEG 8000 |90  |Quench cooling |- -
BSD5 |DAC |10 EggOO 90  |Quench cooling |- -
BSD6 |[DAC |25 |PEG 4000 |97.50 |Quench cooling |- -
BSD7 |IDAC |5 PEG 4000 |95  |Quench cooling |- -
BSD8 |DAC |25 |PEG4000|75 |Quench cooling |- -
BSD9 |DAC |50 |PEG4000|50 |Quench cooling |- -
BSD10|DAC |75 |PEG4000 |25 |Quench cooling |- -
TSD1 |DAC |25 |PEG4000|65  |Quench cooling i;’ggr'gte 10
TSD2 |[DAC |25 |PEG 4000 |37.50 |Quench cooling |Urea 37.50
TSD3 |DAC |25  |PEG 4000 |18.75 |Quench cooling |Urea 56.25

Preparation of binary formulations

For the preparation of binary physical mixture (BPM1),
DAC and PEG (previously triturated and passed through sieve
no. 44) were weighed and gently mixed for 5 min using a
mortar and spatula. For the preparation of binary SDs (BSD1-

BSD10), weighed amount of carrier i.e. PEG was taken in a
China dish, heated on steam bath till it melted completely.
PEG melt was combined with the weighed amount of DAC
and triturated with the help of a small glass pestle to make a
homogenous dispersion. The China dish was removed from
steam bath and cooled in two ways i.e.

1. The melted mixture was triturated at room temperature
continuously till the mixture solidifies completely
(normal cooling, BSD1).

2. The China dish was immediately put into the crushed
ice bath, and the mixture was triturated continuously
till it solidifies completely (quench cooling, BSD2-
BSD10).

Preparation of ternary formulations

For the preparation of ternary SD containing sodium
carbonate (TSD1), weighed amount of PEG 4000 was melted
in a China dish by heating on a steam bath; weighed amount
of sodium carbonate was added into melted PEG 4000 and
triturated. Water was added drop wise till homogenous
dispersion of PEG 4000 and sodium carbonate forms. Weighed
amount of DAC was added and triturated to make a
homogenous dispersion. The resultant mixture was solidified
by quench cooling.

For the preparation of ternary SDs containing urea (TSD2-
TSD3), weighed amount of urea was melted in a China dish
using a glycerin bath, weighed amount of PEG 4000 was
added into melted urea. When PEG 4000 and urea were mixed
completely, weighed amount of DAC was added and mixture
was triturated with the help of a pre heated small glass pestle
to make a homogenous dispersion. The resultant mixture was
solidified by quench cooling.

Determination of Drug Content

To determine the content of DAC in various binary and
ternary formulations, accurately weighed quantity of finely
powdered formulations, equivalent to 50 mg DAC, was mixed
with 5 ml dimethyl sulfoxide and made up the volume 50 ml with
methanol in a volumetric flask. The volumetric flasks were
sonicated for 30 min to affect complete dissolution. The
dispersions were filtered through 0.45 um filters, suitably diluted
with distilled water and analyzed by taking the absorbance
readings on a UV/VIS spectrophotometer (Shimadzu Corp,
Japan, model: UV-1800 with UV Probe software) at 342 nm.

In-vitro Dissolution Studies

Dissolution tests were performed using USP dissolution
test apparatus Type Il (Electrolab Dissolution Tester USP
model TDT 06L, India). 900 ml of distilled water was used as a
dissolution medium for binary SD formulations. The best
binary SD formulation and subsequently developed ternary
SD formulations were studied using 900 ml of 0.1 M HCl
containing 2% sodium lauryl sulphate (SLS) (pH 1.2) as the
dissolution medium. The dissolution medium was set at 37.0
+ 0.5°C and the paddle speed of 75 rpm was used. The
prepared formulations were passed through sieve no. 44
(triturated, if required) to control the particle size range. The
samples equivalent to 50 mg of DAC (based on formulation
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composition) were used for dissolution experiments. Aliquots
(5 ml each) were drawn from the dissolution media at regular
intervals and replaced with equal amounts of the blank
dissolution medium. The withdrawn samples were passed
through a 0.45 y membrane filter and analyzed by taking the
absorbance readings on a UV/VIS spectrophotometer
(Shimadzu Corp., Japan, model: UV-1800 with UV Probe
software). All the dissolution tests were performed in triplicate
(n=3, mean + SD).

Dissolution studies were performed under nonsink
conditions, as nonsink conditions are more discriminating
than the sink condition, since the ability for a formulation to
maintain supersaturation can only be tested under nonsink
conditions [14]. The formulation which is able to promote the
highest drug release in minimum period of time was selected
as best SD formulation (i.e. TSD2).

Comparison of solubility of the selected SD formulation
TSD2 with pure DAC

In order to determine the DAC solubility, an excess
amount of pure drug or the formulation TSD2 were weighed
and added to 25 ml of distilled water. Samples were kept on
magnetic stirrer and stirred at 1000 rpm till equilibrium was
achieved. At predetermined intervals, aliquots were
withdrawn, filtered through 0.45 um filters, suitably diluted
and analyzed by taking the absorbance readings on a UV/VIS
spectrophotometer at 342 nm [15].

Solid state characterization of selected
SD formulation TSD2

Differential scanning calorimeter (DSC)

Differential scanning calorimeter (Perkin Elmer, USA) was
used to study the thermal transitions in DAC and the formulation
TSD2. Pure DAC and the formulation TSD2 were accurately
crimped in aluminium pans and heated from 30 to 380°C at an
increment of 10°C/min under nitrogen atmosphere.

Powder X-ray diffractometry (PXRD)

PXRD was performed to evaluate the crystalline variability
of DAC and the formulation TSD2, using a PXRD diffractometer
(Bruker-D8 advance, Germany). The patterns were recorded
with Cu Ka radiation (A=1.54056 A) as X-ray source, operated
at a current of 40 mA in the range of 26 = 10-80°.

Scanning electron microscopy (SEM)

The shape and surface morphology of pure DAC and the
selected best SD formulations (i.e. TSD2) were studied using
SEM (SEM, EVO18 special edition, Carl Ziess). Samples were
mounted on metal stubs and were observed for morphology,
at an acceleration voltage of 20 kV.

Attenuated total reflectance spectroscopy (ATR)

Powdered samples of pure DAC, PEG 4000, urea and the
selected best SD formulation TSD2 were analyzed by using an
ATR spectrophotometer (Bruker, ALPHA-E/T) to check the
possible interactions of the DAC with the PEG 4000 and/or
urea in the SD formulation TSD2. The scanning range was

between 4000 and 400 cm~.

Preparation and characterization of SD based tablets

The selected best SD formulation TSD2 was formulated
into tablets by using four different concentrations of starch as
disintegrant. Four different types of tablet dosage forms
containing 200 mg of the SD formulation TSD2, equivalent to
50 mg DAC, were prepared according to the formulation
design depicted in table 2, by direct compression. The
respective powders, namely the SD formulation TSD2,
microcrystalline cellulose and starch were passed separately
through sieve no. 44. Mixing of powders was carried out using
a pestle and mortar for 10 min. Talc and Magnesium Stearate
were then added to the mixed powders. Mixing was continued
for another 3 min. Finally, each formulation was compressed
using 1.2 mm, biconcave punches on a rotary tablet press
(CPMD3-10, Chamunda Pharma Machinery Pvt. Ltd., India).
Various properties (i.e. hardness, uniformity of weight and
disintegration time) of the prepared tablets were tested [16].
Thetablet dosage formthatallows the maximum disintegration
in minimum period of time was selected as best tablet dosage
form (i.e. ITR4).

Table 2. Formulation of different batches of DAC tablets containing
the best SD formula as the drug matrix.

Ingredients IRT1 IRT2 IRT3 IRT4
(mg) (mg) (mg) (mg)
TSD U2 200 200 200 200
MCC 164 144 124 104
Starch 20 40 60 80
Talc 12 12 12 12
Magnisium stearate 4 4 4 4
Total tablet weight 400 400 400 400

Dissolution profile comparison of the selected tablet ITR4
with the marketed preparation (Orcerine®, 50 mg Diacerein)

For the comparison of dissolution profile of the selected
best tablet dosage form (ITR4) with those of marketed DAC
capsule formulation (Orcerine®), in-vitro dissolution studies
were performed as described in section In-vitro Dissolution
Studies using conditions given in IP 2010 (Paddle apparatus,
dissolution medium 900 ml of citrate buffer pH 6, temperature
37.0 + 0.5°C, paddle speed 75 rpm). Samples were analyzed
by taking absorbance on UV/VIS spectrophotometer at 344
nm. All the dissolution tests were performed in triplicate.

Results and Discussion

Percentage drug content

Percentage drug content of the binary and ternary
formulations was found to be in the range of 97.05 + 3.31
(w/w) to 102.51 + 1.65 (w/w). In case of TSD1 discoloration
(reddish-brown) of mixture takes place. As sodium carbonate
was not dissolved in liquefied PEG 4000, there was need of
addition of water to make a homogenous dispersion of
sodium carbonate in melted PEG 4000, so discoloration in
TSD1 formulation may be attributed to added water and
sodium carbonate which gave an alkaline aqueous solution
having high temperature (i.e. 53 to 56°C, which is the melting
range of PEG 4000) [17], in which DAC degrades. Though the

Madridge ] Nov Drug Res.
ISSN: 2641-5232

Volume 2 « Issue 1 1000112 82



Madridge Journal of Novel Drug Research

formulation TSD3 does not contain added water but contain
relatively higher amount of urea. As the melting point of urea
is high, it solidify at a very fast rate when pestle is used to
triturate them and it becomes difficult to get a homogenous
mass, on the other hand increasing the temperature, in an
attempt to get a homogenous mass, leads to discoloration of
the product. Thus the process became uncontrollable as the
amount of urea was increased. So these two formulations
(TSD1 and TSD3) were not investigated further.

In-vitro dissolution studies

Influence of the processing conditions

Figure 1 shows the in-vitro dissolution profiles of pure
DAC, its physical mixture with PEG 4000 (BPM1) and the
corresponding SDs prepared using normal cooling (BSD1)
and quench cooling method (BSD2). Untreated DAC exhibited
a relatively very slow dissolution rate, in which only about 3%
drug was dissolved within the first 15 min and only about 13%
of the loaded drug was dissolved after 90 min. These results
can be ascribed to the fact that during dissolution testing,
drug particles were found floating on dissolution medium
even at the end of test, which were visually observed. It shows
poor wetting property of DAC. The simple mixing of DAC with
PEG 4000, effectively improved the drug dissolution rate. In
physical mixture formulation BPM1, about 40% and 63% of
the drug was dissolved within the first 15 min and 90 min
respectively. PEG 4000 encircling the DAC, decreases
aggregation and agglomeration of DAC particles and causes
water to contact and wet the DAC particles and so increase its
dissolution rate. Furthermore, the dissolution rate of binary
SDs (BSD1 and BSD2) increased significantly compared to the
physical mixture (Similarity factor f2=16 and 15 respectively),
but almost similar dissolution profiles were observed for SDs,
BSD1 and BSD2, prepared by normal cooling and quench
cooling respectively (Similarity factor f2=73). Interestingly
these findings are different than those reported in literature
[18], where SDs prepared by cooling at room temperature,
had a low dissolution in comparison to the SDs prepared by
quench cooling. This might be attributed to the cooling at a
very low temperature in case of reported results and the
continuous trituration used during solidification in the present
investigation, which is not there in the case of reported results.
Continuous trituration also leads to faster solidification of the
melt. The figure 1 shows that about 90% DAC were dissolved
from the SD formulations, within the first 15 min. The
dispersion of the DAC in the PEG 4000 matrices caused a
pronounced enhancement of DAC dissolution rate. The
increase in dissolution rate by SDs might be due to the
improved wettability, increase of the specific surface, the
change in solid state of DAC in SDs and solubilization effect
of the carrier. Though quench cooling doesn't significantly
increase the dissolution rate of DAC in comparison to normal
cooling but it was still decided to choose quench cooling
method in rest of the experiments, because of slightly higher
dissolution rate observed, and because it avoids variability of
room temperature.

120 -

100 -

80

8 —+—Pure DAC
g% ——BPM1
40 BSD1
——BSD2

20

0 + T T T T )
0 20 40 60 80 100

TIME (MIN.)

Figure 1. Comparative In-vitro dissolution profiles of DAC binary
formulations prepared using different processing conditions.

Influence of PEG molecular weight

Figure 2 shows the in-vitro dissolution profiles of binary
SDs of DAC with PEGs of different molecular weights
(formulations BSD2, BSD3, BSD4 and BSD5) prepared using
guench cooling method. The binary SDs of DAC with PEGs
effectively improved the drug dissolution rate. The
dissolution of the DAC from the formulation BSD2 at the
end of 15 min was 90.55%, which are 1.22, 1.06 and 1.29 fold
higher than the formulations BSD3, BSD4 and BSD5
respectively (which show 74.52%, 85.35% and 70.41 % drug
release respectively at the end of 15 min). Table 3 shows the
f2 values for comparison between in-vitro dissolution of
DAC from SDs prepared using PEGs of different molecular
weights. In comparison to BSD2, the f2 values of the products
BSD3 and BSD5 was found to be less than 50 (38 and 33
respectively), which is a sign of dissimilarity between
dissolution profiles. It explains a significant improvement in
dissolution profile of DAC from SDs with PEG 4000 when
compared to the SDs with PEG 6000 and PEG 20000. On the
other hand the f2 value of the product BSD4 was found to be
greater than 50 (i.e. 57), which is a sign of similarity between
dissolution profiles. One of reasons of low dissolution rate
of BSD5 may be the fact that the formed product has softer/
waxy consistency due to which it can't be converted to
powder form, and the sample used for dissolution studies
remained in a lump form which was submerged in dissolution
medium, which was visually observed. The results indicate
the trend of decreasing dissolution rate of DAC with
increasing molecular weight of PEGs with the exception of
BSD3 (PEG 6000) which shows lower dissolution rate then
BSD4 (PEG 8000). An earlier study of phenylbutazone/PEGs
SDs also indicated that the drug release is dependent on the
PEG molecular weight. Further, in this study, also the PEG
6000 shows anomalous behavior of least dissolution among
the investigated PEGs (1500>4000>20000>6000) at drug
loading of 3% and more [19]. According to these results PEG
4000 seems to be the better carrier in comparison with PEG
6000, 8000 and 20000 because of higher dissolution rate
observed with SD samples prepared using PEG 4000. That is
why; it was decided to choose PEG 4000 as carrier in rest of
the experiments.
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Figure 2. Comparative In-vitro dissolution profiles of DAC binary
formulations prepared using PEGs of different molecular weight

Table 3. f, value data for comparison of In-vitro dissolution profiles
of DAC binary formulations prepared using PEGs of different
molecular weight

Comparison with BSD2 BSD3 BSD4 BSD5
f, Value 38 57 33

Influence of drug load

Figure 3 shows the in-vitro dissolution profiles of DAC-
PEG 4000 SD containing different percentage of DAC (BSDS,
BSD7, BSD2, BSD8, BSD9 and BSD10) and prepared by quench
cooling method SD containing very low concentration (i.e. <
5%) of DAC i.e. BSD6 and BSD7 exhibited a very high
dissolution rate, in which more than 90% DAC was dissolved
within the first 10 min. The dissolution rate of DAC decreases
with the increasing drug load. These results can be attributed
to the increasing proportion of poorly soluble crystalline form
of DAC in the resultant product and the decreasing amount of
PEG 4000 which became insufficient to encircle the increasing
amount of DAC, particularly above 50% load of DAC.

——BSD6  —=—BSD7
g ——BSD2 ——BSDS
o
o
o

——BSD9  —e—BSD10

0 20 40 60
TIME (min.)

Figure 3. Comparative In-vitro dissolution profiles of DAC binary
formulations containing different percentage of DAC.

Table 4 shows the f2 values for comparison between in-
vitro dissolution of DAC from SDs prepared using different
percentage of DAC. In comparison to BSD2, the f2 values of
the products BSD9 and BSD10 was found to be less than 50
(34 and 11 respectively), which is a sign of dissimilarity
between dissolution profiles. It explains a significant
improvement in dissolution profile of DAC from SDs with
drug load of 10 % when compared to the SDs with drug load
of 50% and 75%. On the other hand the f2 value of the product
BSD8, with drug load of 25%, was found to be greater than 50
(i.e. 63), which is a sign of similarity between dissolution
profiles. So lower drug load, resulted in improved dissolution

of DAC from the resultant product, but lower the drug load,
bigger will be the size of resultant formulation, which may be
difficult to administer. Though the drug load upto 50% gives
satisfactory dissolution but by keeping the stability of the
product and size of drug product in mind BSD8 was chosen
for further investigations.
Table 4. f, Value data for comparison between dissolution of DAC
from solid dispersion with PEG4000 at different drug load.

Comparison with BSD2 BSD8 BSD9 BSD10

f, Value 63 34 11

Influence of dissolution medium on dissolution of DAC
from the formulation BSD8

Figure 4 shows the comparision of in-vitro dissolution
profiles of the formulation BSD8 in distilled water and 0.1 M
HCl containing 2% SLS (pH 1.2) as dissolution medium.
Though the formulation BSD8 exhibited a high dissolution
rate of DAC in distilled water, in which more than 80% drug
was dissolved within the first 10 min but the same formulation
shows a comparatively very slow dissolution in 0.1 M HCl
containing 2% SLS (pH 1.2), in which less than 40% drug was
dissolved even after completion of 60 min. The f2 values of
the formulation BSD8 in distilled water in comparison to 0.1
M HCI containing 2% SLS (pH 1.2) was found to be 14 (less
than 50), which is a sign of dissimilarity between dissolution
profiles. These results are in complete agreement with the pH
dependent solubility of DAC, which show decreasing solubility
with decreasing pH. So to improve the dissolution of DAC in
acidic pH, addition of pH modulator in binary SD was
investigated.

120
100 -
——Dissolution medium-
80 distilled water
S
= 60
o
© 40 —a— Dissolution medium-
0.1 M HCl + 2% SLS
20 4
0 T T 1
0 20 40 60
Time (min.)

Figure 4. Influence of dissolution medium on dissolution of DAC
from the formulation BSD8

Influence of addition of urea in binary SD formulation

The addition of urea in the DAC-PEG 4000 SD lead to
formation of ternary SD (TSD2) with softer/waxy consistency
at room temperature (Figure 5), which are difficult to convert
to powder form by trituration. Addition of urea at 37.5% level
leads to increased dissolution of DAC in 0.1 M HCI containing
2% SLS (pH 1.2). In the ternary formulation TSD2 the initial
release of DAC was slow in comparison to the binary
formulation BSD8 (Figure 6). This can be attributed to softer/
waxy consistency and lack of powder form in case of ternary
formulation TSD2, which remained in lump form which was
submerged in dissolution medium, which was visually
observed. In comparison to the binary formulation BSD8, the
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f2 values of the ternary formulation TSD2 was found to be 48
(less than 50), which is a sign of dissimilarity between
dissolution profiles. It explains a significant improvement in
dissolution profile of the ternary formulation TSD2 when
compared to the binary formulation BSD8, so TSD2 it was
selected as best SD formulation.

Figure 5. The photograph of the prepared solid dispersion TSD2

= BSD8
=== TSD2

O w T T 1
0 20 40 60

Time (min)

Figure 6. Comparative In-vitro dissolution profiles of binary
formulations BSD8 and ternary formulation TSD2.

Comparison of solubility of the selected SD formulation
TSD2 with pure DAC

The results of solubility studies indicated that the DAC
have poor solubility in distilled water (6.74 x 102 mg/ml).
Significant improvement (3.39 folds) in solubility of DAC was
achieved by formulating it as ternary SD formulation TSD2
which has 22.84 x 102 mg/ml DAC solubility in distilled water.
The increased solubility of DAC in the ternary SDs could be
due to complexation, increased pH and/or supersaturation.

Solid state characterization of selected
SD formulation TSD2

Differential Scanning Calorimetry (DSC)

DSC thermograms of DAC powder and the selected best
formulation TSD2 are shown in figure 7. The thermo grams of
DAC powder show the sharp endothermic melting peak of DAC

at 255.33°C, corresponding to the melting point of the
crystalline form of DAC. The thermogram of the selected best
formulation TSD2 shows two sharp endothermic peaks at
58.69°C and 142.55°C which may be attributed to fusion of PEG
4000 and urea respectively. The thermogram of formulation
TSD2 doesn't shows the sharp endothermic melting peak of
DAC at 255.33°C, which is present there in the thermogram of
DAC powder, which is indicative of absence or change in
crystalinity of DAC, rather the thermogram shows a broad
endothermic peak of low intensity at 205.69°C which may be
attributed to the thermal degradation of urea to biuret and
cyanic acid. The peak at 350.66°C might be due to the further
degradation of already degraded products of urea.
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Figure 7. Differential scanning calorimetric thermograms of (a) DAC
powder and (b) selected formulation TSD2

Powder X-Ray Diffractometry (PXRD)

Figures 8a and 8b shows the PXRD crystallograph of DAC
and the selected best formulation TSD2 respectively. Powder
X-Ray Diffraction (PXRD) studies helps in confirming the
results suggested by the DSC studies. The diffraction patterns
of pure diacerein shows sharp peaks indicating the crystalline
state of pure DAC [20]. TSD2 shows the presence of
characteristics peaks of urea and PEG 4000, and the absence
or much reduced intensity of the characteristics peaks of DAC
suggesting that the drug present might be in its amorphous
form.
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Figure 8. Powder X ray diffraction patterns of (a) DAC powder and (b) best selected formulation TSD2
Scanning Electron Microscopy (SEM) pictures for the drug DAC shows the crystalline nature of the

SEM studies were performed to study the characteristics  drug. The images for the SDs reveal structures that look like
and surface morphology of DAC and the SD formulation  aggregated pieces of sphere which seems porous and has a
TSD2. Figures 9a and 9b shows the SEM spectra of DAC and ~ comparatively large surface area.
the selected best formulation TSD2 respectively. The SEM
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Figure 9. Scanning electron micrographs of (a) DAC powder and (b) best selected formulation TSD2
Attenuated total reflectance spectroscopy (ATR) stretching of the carbonyl groups of the benzoquinone ring) and

ATR spectroscopic analysis was carried out to assess any possible 1769 cm™ (for two carbonyl groups of the acetate groups). In the
interactions between DAC, PEG 4000 and urea. Figures 10a-10d ~ case of PEG 4000, peaks were observed at 3420 cm™ (O-H stretching)
shows the ATR spectra of DAC, PEG 4000, urea and the selected ~ and at2890 cm™ (C-H stretching). While for urea, characteristic peaks
formulation TSD2 respectively. The spectrums (a), (b) and () shows ~ Were observed at 3360 cm™! (N-H stretching) and 1668 cm™' (C=0
the characteristic peaks of pure DAC, PEG 4000 and urea respectively,  stretching). In the formulation TSD2, all of the characteristic peaks for
The spectrum of pure DAC shows the characteristic peaks at 1210 the DAC, PEG 4000 and urea are overlapped and show no substantial
cm-T (for C-O stretches of acetate group), 1679 cm-" (for stretching shifting of the positions of the characteristic peaks indicating the
of the carbonyl group of the carboxylic group), 1690 cm™" (for absence of major interactions between these compounds.
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Figure 10. ATR spectra of (a) DAC, (b) PEG 4000, (c) urea and (d) selected formulation TSD2.
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Characterization of SD based tablets

All the formulations of prepared tablets exhibited
uniformity of weight (data not shown). Hardness was found in
the range of 3-3.5 Kg/cm?. Increasing amount of starch leads
to decrease in in-vitro disintegration time (Table 5) and the
formulation ITR4 have the least disintegration time i.e. 6 min,
so ITR4 tablet dosage form (Figure. 11) was selected as best
tablet dosage form.

Table 5. Disintegration time of SD based tablets
Formulation IRT1 IRT2 IRT3 IRT4

Disintegration time (min)
(Mean + S.D, n =6)

27+376 | 22+213

» D
> D

14+201 | 06£179

»
d»

Figure 11. Photograph of the prepared solid dispersion TSD2 based
immediate release tablet, IRT4, of diacerein.

3

b

Dissolution profile comparison of the selected tablet ITR4
with the marketed preparation (Orcerine®, 50 mg Diacerein)

The in-vitro dissolution profiles of DAC from test product
i.e. ITR4 tablets and reference product i.e. commercially available
marketed capsule (Orcerine®, 50 mg Diacerein) are shown in
figure 12. Both the formulation complied with the dissolution
specification, D, stated in the I.P. 2010 [16], as dissolution not
less than 75% of the labeled amount of DAC within 45 min. The
developed tablet dosage form showed a higher dissolution rate
of DAC (about 85% dissolved at 15 min and almost complete
dissolution at 30 min) compared to the marketed capsule form
(75.84% dissolved at 45 min and complete dissolution don't
occur even at the end of 1 hr). The value of similarity factor f2
between the reference and test product were found to be 22
which ensure difference of the two products. Such enhancement
in dissolution rate is well documented when using SD as
formulation technique [21], wherein the altered, more soluble
physical form of drug rather than the poorly soluble crystalline
form which is found in the conventional tablet dosage form,
leads to enhancement in dissolution rate.

100

;E 80 —— Marketed
~— 60 capsule
E 40 (Orcerine)
< 30 —e—Optimized SD

0 + . " . based tablet

0 20 40 60
TIME (min.)

Figure 12. Comparison of In-vitro dissolution of DAC from the best
selected tablet dosage form ITR4 with marketed capsule (Orcerine®,
50 mg Diacerein).

Conclusions

Binary and ternary SDs composed of poorly water-soluble
drug DAC were successfully obtained through fusion technique.
The enhancement of the biopharmaceutical properties of the
DAC was achieved for all formulations, although the best
results were attributed to the ternary formulations TSD2
composed of DAC/PEG4000/UREA at a weight ratio of
25/37.5/37.5 respectively. This SD formulation was able to
significantly improve the dissolution rate and also the aqueous
drug solubility (by 339%). All of the solid-state characterization
techniques demonstrated the altered solid state of DAC in the
developed ternary SD TSD2. ATR data verified the absence of
interaction of the DAC with PEG 4000 and urea. Unlike other
conventional SD systems, DAC loaded ternary SD does not
use any organic solvent, used a lower ratio of carrier to drug
and prepared by simpler processing steps which offers a
number of economical and environmental advantages and
the relative ease of scaling up the process. Furthermore,
ternary SD loaded IR tablets gave significantly higher
dissolution compared to commercial product, which indicates
its potential for delivering poorly water soluble drug DAC
with enhanced bioavailability and reduced soft stool effects.
These results highlight the future perspectives for these
systems, especially for the optimized ternary SD, which
include the obtainment of floating dosage forms (to further
improve the bioavailability as the drug absorb preferentially
in the upper part of GIT) and the determination of their
bioavailability compared with commercial formulations.
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