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ABSTRACT

The aim of this study to investigate the use of liquisolid technique in improving the dissolution profiles of diacerein
in a solid dosage form. This study was designed to improve the dissolution rate of diacerein using liquisolid
technique. The liquisolid systems were formulated with PEG 400 as non-volatile liquid vehicle at three different
drug concentrations, 40, 45 and 50 % W/W using two different carrier/coating ratio (5 and 10). The empirical
method as introduced by spireas and Bolton was applied (1999) strictly to calculate the amounts of carrier and
coating materials required to prepare diacerein liquisolid capsules. Quality control tests i.e. disintegration test,
drug content and in vitro dissolution test were performed to evaluate each batch of prepared capsules. In vitro
dissolution profiles of the liquisolid formulation were studied and compared with conventional formulation. DSC,
FTIR and XRD were used to investigate physicochemical interaction between diacerein and the excipients. It was
found that liquisolid capsules formulated with PEG 400 at lower drug concentration (40% W/W) produced high
dissolution profile than conventional formulation. DSC and XRD revealed that drug particles in liquisolid
formulations were completely solubilized and available in the molecularly dispersed state. In conclusion, the liquid
vehicle used within diacerein liquisolid formulations enhanced drug dissolution rate.
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INTRODUCTION

Drug absorption from the Gl tract can be limited &yariety of factors most significant contributmging poor
aqueous solubility and poor membrane permeabifith® drug molecule. When administered an activenagrally
it must first dissolve in gastric and/or intestitilalids before it can permeate the membranes of@GHeto reach
systemic circulation. Hence, two areas of pharmécauresearch that focus on improving the orablailability of
active agents include; enhancing of solubility digbolution rate of poorly water soluble drugs @he of the most
promising approaches for release enhancement lgjtheolid technique [2].

When the drug dissolved in the liquid vehicle isdrporated into a carrier material which has a psrsurface and
closely matted fibers in its interior as cellulobeth absorption and adsorption take place; i.e.lituid initially

absorbed in the interior of the particles is cagduby its internal structure, and after the saitomadf this process,
adsorption of the liquid onto the internal and ex& surfaces of the porous carrier particles ac@inen, the
coating material having high adsorptive properties large specific surface area gives the liqudssyistem the
desirable flow characteristics. Liquisolid solidstssm is acceptably flowing and compressible powdiéoems of

liquid medications [3-9].
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Due to the rapidly aging population today, ostdwitis is now considered a major public health é&s$u most
developed countries. Up to 10% of the world popafasuffers from osteoarthritis, and it has bedimeged that
more than 50% of those aged over 50 years aretedf¢t0]. Diacerein, a purified compound with aatiwinonic
structure, has been shown to inhibitvitro andin vivo the production and activity of IL-1 and the seicnetof
metalloproteases, without affecting prostaglandymtisesis. In several animal models, diacerein hasws
beneficial effects on cartilage by preventing a@luging the macroscopic and microscopic lesionfi@efdint tissue.
Further, in several clinical trials of 2—6 montharation, diacerein significantly reduced pain anshctional
impairment in patients with hip or knee osteoatithrcompared with placebo [11]. Diacerein is veparngly
soluble in water (0.01 mg/ml). The poor solubiligznd wettability of diacerein give rise to difficals in
pharmaceutical formulation meant for oral or pageait use, which may lead to variation in bioavailgb[12].
The poor aqueous solubility and hence limited digam of diacerein mean that only 35-56% of thagireaches
the systemic circulation [13].

Poor bioavailability of a drug often results inimited therapeutic response. Therefore, the ainthefcurrent
research work is to improve the dissolution rateiaterein via liquisolid technique and consequeintiprovement
of the bioavailability.

EXPERIMENTAL SECTION

Diacerein was kindly gifted by AMI life sciences,ufarat, Avicel PH 102, Aerosil was gifted by (FMC
biopolymers, USA), Propylene glycol (Loba chemiéplliphor EL (BASF - Germany), Tween 80 (RFCL Ltd),
PEG 400 (Merck), Sodium starch glycolate (Rouguébtermany), Magnesium stearate (Otto Kemi), TaR {ide
chem).

Saturation solubility studies

The solubility of diacerein in water, phosphatefbupH 6.8 with 0.03% SLS and four liquid vehickgsempted to
prepare the liquisolid systems, namely tween 80jpkmr EL, propylene glycol and PEG 400 were staadby
preparing saturated solutions of the drug in tregdeents and analyzing their drug content spectrtgphetrically.
Diacerein was mixed in 5ml screw capped vials withh amounts of each of the above solvents in ¢oderoduce
systems containing an excess of drug. The mixtwa® shaken on a mechanical shaker for 24 hoursteerd
settled for another 2 hours. The screw capped wal® centrifuged at 2500 rpm for 15 min and keptftirther
settling of undissolved particles thereby obtainaglear supernatant. After centrifugation, ac@lyameasured
guantities of the filtered supernatant solutionsenrther diluted with phosphate buffer pH 6.8hwit.03% SLS
and analyzed spectrophotometrically at 258 nmHeirtdrug content.

Preparation of diacerein liquisolid formulation and conventional capsules [14]

Diacerein liquisolid formulation were prepared latee different drug concentration viz. 40, 45 af&o5(w/w) in

PEG 400 containing Avicel PH 102 as carrier anadsikas coating material at two different carriedtratio (R) of
5 and 10. The drug liquid system was prepared yngithe previously weighed drug (50mg/capsule) & 400
in beaker, and then the dispersion was sonicatéitl aitnomogenous mixture was formed. The resultiggid

medication was incorporated onto the calculateduarnof the carrier material Avicel PH 102 (Q) witiixing. The
resulting slurry was then blended with the cal@dabmount of the coating material aerosil (q) ustendard
mixing process according to spireas [15, 16] tanfaimple mixture. Conventional capsules of diaceraiso
prepared by the procedure as mentioned above.eBudtant mixture was encapsulated in the emptytigetapsule
(size 0). The composition of each formulation immdestrated in Table 1.

Table 1: Formulation of liquisolid systems

Drug concentration in Liquid . . .
Formulation code qu%id medication R L¢ Drug Veqhicle Avicel PH 102 Aerosil 200  Unit dose
(% wiw) (mg) (mg) (mg) (mg)
DAl 40 5| 0.657 50 75 190.26 38.05 374.70
DA2 40 10| 0.331 50 75 377.64 37.76 573.12
DA3 45 5| 0.657 50 61.11 169.12 33.82 333.06
DA4 45 10| 0.331 50 61.11 335.68 33.57 509.18
DA5 5C 5 [ 0657 | 5C 5C 152.2: 30.4¢ 299.7¢
DA6 50 10 | 0.331 | 5C 50 302.1: 30.27 458.4¢
Conventional capsulg - 10 - 50 - 377.64 37.76 498.1L
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Precompresssion studies of prepared liquisolid povet systems

Angle of reposef):

The frictional forces in a loose powder can be mess by the angle of repose. It is defined as marinangle
possible between the freely sliding surface ofl@ @i powder and the horizontal plane.

0 = tan-1 (h/r)

1)
Where h = height of pile, r = radius of the baséhefpile,6 = angle of repose.

Compressibility index (Cl %):

The compressibility index of the powder blend wasedmined by carr's compressibility index. The fatenfor
carr’s index is as follows

Carr's index (%) = [(Tapped density — Bulk density)00]/ Tapped density (2)

Hausner ratio:
Hausner ratio is an indirect index of ease of paviidev. It is calculated by the following formuldT]

Hausner’s ratio = Tapped density/ Bulk density 3)

Fourier transform infrared spectroscopy (FTIR)

FTIR spectroscopy helps to determine any chemio&traction between drug and excipients used in the
formulation. The FTIR spectra for diacerein, and/gibal mixtures were obtained using JASCO FTIR- 3410
spectrophotometer in the range of 4000-400.cm

Differential scanning calorimetry (DSC)

It was performed using differential scanning catwter (Model NETZSCHSTA 449F3 STA449F3A-1100-M) in
order to assess the thermotropic properties anthdiédehaviours of the drug (Diacerein), and optediliquisolid
system prepared. Samples of diacerein (3.022 md) aptimized formulation (3.88 mg) were weighed and
transferred into the equipment for analysis in egtdlermetically aluminium pans. The instrument walbrated
with indium before running the samples. Thermalawitr of the samples was investigated at a scamaiteg10.0
K/min, from 30 C to 500 C.

X-ray diffraction studies (XRD)

X-ray diffraction patterns were determined for digain, Avicel PH 102, Aerosil and liquisolid systgrepared.
The X-ray powder diffraction was obtained using PANALYTICAL x-ray diffractometer. The samples were
exposed to Cu-# radiation (45 k& 30 mA), the results were then obtained as peajhhéintensity) versus@®

Post Compression Parameters

Disintegration time

The disintegration time of tablet was determinethgiglisintegration apparatus in phosphate buffer@® with
0.03% SLS as disintegration medium maintained 3 3When all the six capsules are completely digirteed, the
time was noted.

Drug content

Drug content was calculated by dissolving liquidotiowders equivalent to 50mg drug into 50 ml meagur
cylinder containing phosphate buffer pH 6.8 with3% of SLS and then sonicated for 15 min followgdilbered
through the whatman filter paper. It was then ditluisuitably with phosphate buffer pH 6.8 with 0.08%S. The
absorbance of both standard and sample preparatfter appropriate dilution were measured in UV
spectrophotometer at 258 nm using phosphate bpiffes.8 with 0.03% SLS.

Invitro drug release

The dissolution study of different formulations wéetermined using a USP- type | (basket type) apgparunder
sink condition. The dissolution medium was 900 mbgphate buffer pH 6.8 with 0.03% SLS at 37 + 0.8tG0
rpm, to simulatén vivo conditions. The formulation prepared was subjettedissolution tests for 1 hr. Sample
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(5ml) was withdrawn at predetermined time interyéiltered through Whatmann filter paper and repthdy an
equal volume of dissolution medium. The sample a@tably diluted with phosphate buffer pH 6.8 WittD3%
SLS and drug content in the dissolution samplededsrmined by UV spectrophotometer at 258nm.

RESULTS AND DISCUSSION

Solubility studies
Solubility data of pure drug diacerein in varioiguld vehicles is shown in Table 2. Diacerein appdaa be more

soluble in PEG 400 than other vehicles. The sdtybg an important tool in liquisolid systems, ligher solubility
of drug in liquid vehicle can lead to higher disgain rates since the drug will be more moleculaispersed and
more surface of drug will be exposed to the digsmiumedia. Solubility of diacerein was significnincreased in
presence of PEG 400 i.e. 44.325 mg/ml. As showhign 1 the saturation solubility of diacerein inases in the
order of watex Phosphate buffer pH 6.8 with 0.03% SkSween 80< Kolliphor EL < PEG 400. So PEG 400

was selected as a non-volatile solvent in prepgaratf liquisolid system.

Table 2: Solubility data of diacerein in various lguid vehicles

Solvent Solubility (mg/ml)
Water 0.2928
Phosphate buffer pH 6.8 + 0.03% SLS 1.5345
Kolliphor EL 12.180
Tween 80 3.783
PEG 400 44.325
PG 2.031

Solubility ofdiacerein in various solvents

50 44.325
—. 45
£ 40
50 35
= 30
225
= 20
= P
= 15 12.18
S 10 3
“ 5 0.2928 1.5345 l 3.783 2.031
0 — — - |
Water Phosphate <olliphor EL  Tween 80 PEG 400 PG
buffer pH 6.8
+0.03% SLS
Solvents

Fig. 1 Solubility of diacerein in various Solvents

Precompression studies
Powder flow properties are crucial in handling gmdcessing operations such as flow from hopper icosf

uniformity of both capsule weight and drug content.

Table 3: Flow parameters of liquisolid formulation

Formulation code| Angle of reposeB) | Compressibility index (%) Hausner’s ratjo
DAl 25.9¢ 14.81 1.17
DA2 24.44 14.29 1.11
DA3 29.76 12.50 1.14
DA4 26.02 15.79 1.19
DA5 27.76 22.22 1.29
DA6 25.2( 6.67 1.07
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The flow properties of the granules are vital foe performance of the capsules. Hence the flowptbperties of
the liquisolid powders were analysed before fillingp the empty gelatin capsules. The powder fldlitglzan be
measured by evaluating parameters such as the ahgkpose, compressibility index and hausner'sorakhe
results of various flow parameters are shown inl§@&Carr’'s index (Cl %) is commonly used paraméter
evaluation of powder flow properties, hence reftegtthe magnitude of interparticulate interactiomishin the
powder mass. Generally, Cl below 15% indicates ditmd, whereas values above 25% suggest poor fldityab
[18]. The flow properties of the prepared liquisopowders were evaluated using Cl% and the refult®AL,
DA2, DA3, DA4, DA5 and DA6 were 14.81%, 14.29%, 3%, 15.79%, 22.22% and 6.67%, respectively, aleha
Cl below 25%, which indicate adequate flow projgstt The powder has a good flowability when theshau's
ratio is lower than 1.25, while it indicates potowability when the value exceeds 1.25. The resoiitmined for
evaluation of hausner’s ratio is given in the TaBle Except DA5 remaining formulae shows within the
aforementioned range. In general angle of reppsdaracteristic of the internal frictional foroafsthe particles.
Angle of repose will be high if the particles amhesive. Values of angle of repose&(° indicate free flow and
angles> 4 indicate poor flow [19]. Diacerein liquisolid poers (DA2-DA6) showed angle of repose values are
within the< 30° hence all formulations shows a good flow property.

Post compression studies

The disintegration time test revealed that thdigllisolid formulae disintegrated in less than 5raimd the values
ranged between 125.40 min to 208.80 min intendedrimediate drug release. Drug content valuesldigaiisolid
formulae were ranged between 98.12 — 99.46% (T.dbple

Table 4: Evaluation of post-compression parametersf diacerein formulations

Formulation code| Disintegration time (sec) Drugteon (%)
DAl 128.04 98.12
DA2 208.80 99.46
DA3 125.40 99.38
DA4 133.2( 98.5%
DA5 145.6¢ 99.27
DA6 136.80 98.91

Fourier transform infrared spectroscopy (FTIR)

Samples of diacerein, Avicel PH 102, Aerosil, sadigtarch glycolate, magnesium stearate, and tafthgsical
mixtures were subjected to FTIR spectroscopic amnd their spectra are shown in Fig. 2. FTIRyses provide
information on physicochemical properties of subsés with respect to compatibility [20]. IR speatrwof
diacerein exhibits characteristic peaks at 2926 cfmsymmetric Chl stretching), 2843 cnt (symmetric CH
stretching), 1753 crit C=0 (stretching of ester), 1638 ¢chC=0 (stretching of ketone), 1413 ¢h{C-O-H in plane
bend), 3053 crit (C-H aromatic stretching), 3557 ¢i[OH stretching phenolic (ketoenol)] 3300-2500 ¢r(OH
stretching of COOH). All characteristic relevangge are observed in all formulation. It clearlyicades that there
was no interaction found between diacerein witlep#xcipients.

2264.98 cm-1
RS e e/
309326 ] ¥ 2030.65 crn-1 '

1753.94

100

Poufuy et

a0

\

1405 e v'u 498 ot
1214.45 cm-1 EEB.EEA‘ _1‘ F

%7 B0

\

"
3270‘4 cm-1

163871 o1
161798 cm-1

618042 %681 fm-

419,924 cr

40

3557 .06 km-1
3478.95 gm-1

28 em

1

20
4000

3000

2000
Wavenurmber [crm-1]

a) Diacerein

213

1000

400



. Padmapreetha and K. S. G. Arulkumaran J. Chem. Pharm. Res,, 2016, 8(7):209-219

100
B16. 766 cr-1

15 cr‘h\

D\ ﬂvr\

a0 Ju::lo.5t‘3(|.
2973.07 crn-1 1765 45 mﬁm_
%T w1 519.038 gdo]
0 ek )
! 1213.97 cm-1
323934 em-1 1617.02 crm-1
a0 3551.75%m-1
- 347385 Ym-1 : : :
4000 3414.38 cm-1 3000 2000 1000 400
YWavenumber [cm-1]
b) Diacerein with Microcrystalline cellulose PH102
100

™ A W O

&0 o/ 20465 o1 ! 137 51
o585 em-1 1753.46 - B19.52 ey

%T

473.439 dm-

5O \ £oom
I 121262
3551 78%em-1
2473.55.cfn-1
40 J 1108.39 cri-1
- 34158 cme1 ; ; ;
4000 3000 2000 1000 400

YWavenumber [cm-1]
C) Diacerein with Aerosil

100

/,_\_/"\n f\ A N
V. AAATSV A

1373.07 cm- ! g20.003 4 g Merr
LA 024.02 crme1

%T

121445 cm=1

1817.02 cm-1

b
3414.35 cm-1

an i i i i
4000 3000 2000 1000 400

YWavenumber [cm-1]
d) Diacerein with sodium starch glycolate

214



J. Padmapreetha and K. S. G. Arulkumaran J. Chem. Pharm. Res,, 2016, 8(7):209-219

100

= ' A /™

_ 33;@/- [ !'I L\,[\'\\ / 523M4
=] v\ 3244 65t A 05 con-1 1374.05crm fl\

2903 58 o f

I f 176394 ¢
. ! 21493 G BB5.66-crm-1

F 355?.D%m-1/ 1617 .02 crr-1 \
] A

\i
3473.65 gm-1

e

%T

465.725 dm-

50 3413.39 crm-1 i I .
4000 3000 2000 1018 7grn-1 400
YWavenumber [cm-1]
e) Diacerein with talc
Fig. 2 FTIR spectra of Diacerein (a), Physical mixires — Diacerein with Microcrystalline cellulose PH02 (b), Physical mixtures -
Diacerein with Aerosil (c), Physical mixtures- Diaerein with sodium starch glycolate (d) and Physicahixtures - Diacerein with talc (e)

Differential scanning calorimetry (DSC)

The pure Diacerein showed a sharp endothermicatlip&t peak at 257°9C and it indicates the high crystallinity of
diacerein.Such sharp endothermic peak signifies that diacerséd was in pure crystalline state. On the dihed,
liquisolid system (b) thermogram displayed complisappearance of characteristic peak of diaceeefiact that
agrees with the formation of drug solution in tigeiisolid powdered system, i.e. the drug was mad&budispersed
within the liquisolid matrix. Such disappearancetiodé drug peak in formulation of the liquisolid ®m was in
agreement with Mura et al who declared that thmpiete suppression of all drug thermal featuresloubtedly
indicate the formation of an amorphous solid soluti
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a) DSC thermogram of diacerein
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b) DSC thermogram of optimized formulation DA2

Fig. 3 DSC thermogram of diacerein (a), Optimizediduisolid formulation DA2 (b)

X-ray powder diffractometry (XRD)
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b. XRD diffractogram of optimized formulation DA2
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Fig. 4 X-ray diffractogram of Diacerein (a) and Opimized liquisolid formulation DA2 (b)

Numerous sharp intense peaks were observed betvéerdO theta positions. The characteristic pedks, &,
14,22,26,28,32,34,36, and 40 C. It indicates tlgstallinity of diacerein. In the formulation specit can be notice
that the all the characteristic peaks are founbré@dened at the base, number of peaks reductshitycindicates

that the crystallinity has been reduced in the fdation.
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In vitro dissolution studies
The dissolution profiles of the prepared liquisdigstems and the dissolution profile of the diaicecenventional
capsules, are presented in Fig. 5, Fig. 6 respsgtiv

Invitre drug release for liquisolid systems (DA1-

DAG)
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Fig. 51n vitro drug release for liquisolid systems (DA1-DAG)
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Fig. 61n vitro drug release for optimized liquisolid systems DA2nd conventional system

Table 5: Percentages of diacerein dissolved afte®Inin and 10min dissolution rates from the conventinal capsules of diacerein and
formulations

Formulation code Qu DR (pg/min)

DAl 73.3¢ 1466.8(
DA2 77.30 1546
DA3 72.10 1442
DA4 71.07 1421.40
DA5 64.93 1298.60
DA6 68.69 1373.80

Conventionz capsuli 52.9¢ 1058.8(

It was apparent that formula DA2 has the highessalution pattern in both the rate and the extdntirag
dissolved. The percentage of diacerein dissolvechfDA2 reached 92.71% after only 60 min, while camional
formulation had a maximum diacerein content (75.1d%solved after 60 min. The percent of drug dissb from
each formula after 10min g and the drug release gpwere taken as a measure of the extent and teefatrug
dissolved from the prepared capsules respectiveprasented in Table 5. The results in the tatdarbt affirm that
the liquisolid capsules DA2 had the highest pemgatof drug dissolved in 10 min it dissolved 77.36%ts
diacerein content during first 10min. As well,stdlear from the table that DA2 had the highesteti@in dissolution

217



J. Padmapreetha and K. S. G. Arulkumaran J. Chem. Pharm. Res,, 2016, 8(7):209-219

rate of all the formulae. In Fig. 7 shows comparisaf the 10 min dissolution rate of optimized lispiid
formulations (DA2) and conventional capsules.

Another formulation parameter that may be optimizethe ratio of carrier to coating materi&).(An increase in
the R-value results in an enhanced release rate if wigstalline cellulose and colloidal silica are usedcarrier
and coating materials, respectively. Liquisolid @awts with high R-values contain high amounts of
microcrystalline cellulose, low quantities of catlal silica, and low liquid/powder ratios. This associated with
enhanced wicking, disintegration and thus, enhadced release. In contrast, if high amounts ofaidll silica are
used, which means that tievalue is low, the liquisolid compact is overloadeih liquid formulation due to a
high liquid load factor. In such cases, even thodghg diffusion out of the primary particles may kapid,
oversaturation might occur resulting in local ppéeition/ recrystallization of the drug and thusidased release
rates [21-22]. Moreover, as colloidal silica is yfophobic material high amounts of it can caugardation of
drug release.

Moreover, it was previously established that thghbi dissolution rates displayed by liquisolid eyss, in
comparison with conventional capsules may also yngsihanced oral bioavailability due to increasedting
properties and surface of drug available for dissah. Therefore, they proved that the liquisokdhnique can be
promising alternative for the formulation of watesoluble drugs.

Comparison of the 10 min dissolution rate of optimized
formulation (DA2) and Conventional capsule
1800
1600
1400

1516

1200 1058.8
1000

800

600

400

200

DR{pg/min)

DA2 Conventional capsule

Formulation code

Fig. 7 The comparison of the 10 min dissolution rat of diacerein showed by liquisolid formulations cetaining PEG 400 (DA 1 and DA 6)
and conventional capsules

CONCLUSION

In the present work six formulations of diacereiapsules were successfully developed by using ljdis
technique. Dissolution of diacerein capsules wenproved by liquisolid technique thereby to enhanties
bioavailability of diacerein. From the results iasvconcluded that, percent drug release was dedreath increase
in the concentrations of diacerein. It has beerwshitat the solubility of the drug in the liquid dieation of the
liquisolid compacts is directly proportional to thdiacerein dissolution rates.

From thein-vitro drug release studies the optimized formulation BARwed 92.71% drug release in the 60 min
whereas the conventional capsules showed 75.140 imif. Thus the formulation DA2 was considered etie
formulations among the other formulations to pragiamst release of the diacerein. The percent dzlease in 10
min (Qoe) and dissolution rate (DR) for optimized formutetiwas 77.30% and 1546 pg/min respectively. These
were very much higher compared to conventionaletaf2.94 % and 1058.80 pg/min). The improvemerthée
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dissolution characteristics of liquisolid systemedo changes the properties of diacerein partiolesnon-volatile
liquid vehicle which in turn increase the wettingperties and surface area of drug particles andeéhamprove the
dissolution profile and might be oral bioavailatyili
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