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ABSTRACT

The objective of the study was to develop matrixeta for oral controlled release of
Deflazacort. In present study controlled releasdldts of deflazocart were successfully
developed using wet granulation method. To achibetter patient compliance and for
prolonged release of drug from the dosage form.nktdation development of diffusion based
controlled release matrix tablets of Deflazacortings polymers such as HPMC K100M,
Ethylcellulose 50CPS and HPC and their combinatiang selection of the best formulation
among them. Flow properties — Angle of reposesddaulk density, tapped density and also %
Carr's compressibility was determined for all therrhulations which showed good flow
property. The thickness found uniform, hardness fiadbility values of all the formulation
tablets prepared by wet granulation method werdiwithe limits and found to be mechanically
stable. In vitro dissolution results showed thab®@rug release was prolonged in formulation
F12 that is up to 12 hours when compared to otbemtilations. This indicates that the drug
released from the formulation F12 was effectiveaup2 hours.

Key words: Deflazacort, hydroxypropyl methylcellulose (HPME)PC, Ethyl cellulose.

INTRODUCTION [1-5]

Controlled release (CR) technology has rapidly e@@rover the past three decades as a new
interdisciplinary science that offers novel applescto the delivery of bioactive agents into the
systemic circulation for a prolonged period at edetermined rate. The choice of drug to be
delivered, clinical needs, and drug pharmacokisedi® some of the important considerations in
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the development of CR formulations, in additionthe relationship between the rates of drug
release from the delivery system to the maximumieaelble rate of drug absorption in to the
systemic circulation. By achieving a predictabld agproducible bioactive agent release rate for
extended period of time, CR formulations can adkievoptimum therapeutic responses,
prolonged efficacy, and also decreased toxicityer&peutic compounds with short half-life are
excellent candidates for sustained-release prepasasince this can reduce dosage frequency.
Deflazacort(1f, 163)-21-(acetyloxy)-11-hydroxy-2'-methyl- 5'H -pregta-4-dieno[17,16-d]
oxazole-3,20-dione, DEF) is a methyloxazoline darixe of prednisolone, that is used in
rheumatoid arthritis, nephritic syndrome, orgamsgantation rejection and juvenile chronic
arthritis, among other diseases. It is a poorlyewabluble compound with an oral bioavailability
of about 70 %, which exhibits low mineral corticadtivity and was promoted as a relatively
bone-sparing glucocorticoid when compared with otilecocorticoids. The biological half life
of Deflazacort is 1.1-1.9 hrs.

MATERIALSAND METHODS

Deflazacort (Aarthi Chemicals, Bombay), HPMC (Met®# 90 SH 100000 ShinEtsu, USA).
Hydroxy Ethyl Cellulose (Natrosol 250 HHX Pharmauatpn Hercules, USA). HPC (Klucel LF
Pharma), Aqualon Hercules, USA. Povidone (Plasd®®32), ISP India Pvt Ltd., India Micro

crystalline cellulose (Avicel PH 101), FMC Biopolgm USA Purified Water, In-house |,
Magnesium Stearate, Feroo Industries, UK Aeroslgissa, Belgum.

5.3 PRE-FORMULATION STUDIES

Objective

The overall objective of preformulation testing te generate information useful to the
formulation in developing stable and bioavailabbsabe forms.

Reasonsfor Preformulation Studies[6]

Preformulation testing is an investigation of plegsiand chemical properties of a drug substance
alone and when combined with excipients. It is fir& in the rational development of dosage
forms

Scope
The use of preformulation parameters maximizesHances in formulating an acceptable, safe
efficacious and stable product.

Compatibility Studieg[7]

Objective:

To find out suitable compatible excipients withes#éd drug for the formulation development
For this study, based on the innovator data aedaliire data various excipients were selected
for the study. Drug excipients mixtures were predaand exposed to accelerated condition for
selected time period and the excipients mixture ewervaluated for any possible
incompatibilities.

Procedure

The compatibilities were carried out to study thesgble interactions between the active
pharmaceutical ingredients and several inactiveesignts used in the formulations physical
mixtures were kept in 4C / 75% RH and 6T in a 2ml glass vial in exposed condition for 1
month. excipients are mixed with drug.
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At the interval of 2 weeks and 4 weeks the samplese withdrawn and analyzed for the
following parameters at various temperatures amdidiity conditions:

Table 1 Compatibility of Excipients

o Condition
,\Sb Drug+ Excipients | PARAMETER (')Pg;'a\r/nae't‘{ef 40°C+ 75% RH 60°C
2weeks | 4weeks | 2weeks | 4weeks
Moisture
1 | Deflazacort content 2.38 3.68 4.42 1.69 1.54
Assay 100.8% 99% 98.69 100.9% 99.9%
Moisture
2. | Deflazacort + HPMC content 3.40 4.21 4.87 3.79 3.31
Assay 100.7% 100.19 99.89 100.5%  100.2%
Moisture
3. | Deflazacort + HEC content 4.69 519 .75 4.79 4.50
Assay 99.8% 99.1% 98.29 98.99 98.1%
Moisture
4. | Deflazacort + HPC content 2.29 >.63 6.70 548 .09
Assay 101% 100.59 99.49 98.9¢ 98.6%
Moisture
5. | Deflazacort + aerosil content >.62 >.84 6.33 6.63 6.52
Assay 99.9% 99.2% 98.59 98.39 97.9%
s | Deflazacort + Magnesium ('\:"0‘:1'?8“;:6 1.55 4.48 4.63 1.57 0.82
stearate Assay 100% 101.7% 100.9% 99.8%  99.3%

Fourier Transform Infrared Spectroscopy (FTIR)
The FTIR was carried out between drug and the petfgnphysical mixtures. The FTIR was
carried out on the Deflazacort and HPMC, HEC and€CHPhe results obtained by the physical
mixtures are compared with the standard graph.
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FigNo.1 FTIR OF DEFLAZACORT

Differential scanning colorimetry[8-10]
DSC was carried between drug and polymer physicaiunes in 1:1 ratio. The DSC was carried
out on the Deflazacort and HPMC, HEC and HPC.

Preparation of controlled release tabletg11-13]

Controlled release tablets were prepared by wetulmtion method. The composition of various
formulations was shown in Table No 2. Formulati@velopment of diffusion based controlled
release matrix tablets of DEFLAZACORT using polysesuch as HPMC K100M,
ETHYLCELLULOSE 50CPS and HPC and passed through#86h and Magnesium stearate
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through #40 mesh and collect separately in polyetteybag. Tablets were compressed at 287
mg weight on a 16-station rotary tablet punchinginm@e (Cadmach Machinery pvt. Ltd,) with
8mm circular shaped deep concave punches plainotn tivelve different formulae, having
different concentrations were developed to evaltlagedrug release and to study the effect of
polymer concentration on drug release.

5
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Fig No.2 DSC of pure deflazacort

Table 2: batches done for formulation development

Ingredients Trail | Trail | Trail | Trail | Trail | Trail | Trail | Trail | Trail | Trail Trail Trail
1 2 3 4 5 6 7 8 9 10 11 12

Deflazacort 30 30 30 30 30 30 30 30 30 30 30 3(
HPMC 75 10 25 10 25 1126
HEC 75 65 50 65 50 112.5
HPC 75 10 25 65 50 112.5
Povidone 45 | 45 | 45| 45| 45| 45| 45  4°f 45 45 45 45
MCCPH 101 | 30 30 30 30 30 30 30 30 300 306k 30/5 305
Magnesium 15 | 15| 15| 15| 15| 15| 15 15 1.5 15 15 15
Stearate
Aerosi 25 | 25| 25| 25| 25| 25/ 25 28 265 256 255 25
Total tablet i - ] |
weight 1435| 1435 1435 1435 1435 1435 1485 1435 .5143181.5| 1815 181.3

NOTE: All the quantities of Inactive Ingredients aredalon the basis of Trial and Error

Evaluation of blend: [14-16]

The angle of repose was measured by using fixedefumethod, which indicates the flowability

of the granules. Loose bulk density (LBD) and tappalk density (TBD) were measured using
the formula: LBD= height of the powder / volumetbé packing. TBD= weight of the powder /

tapped volume of the packing. Compressibility inaéxhe granules was determined by using

the formula: CI (%) = [(TBD-LBD/TBD)] x100.The phigsl properties of granules were shown
in Table 3.

Evaluation of Tablets:
Thickness:

Thickness of the tablets was determined using aieecalliper (For-bro engineers, Mumbai,

India).
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Weight Variation Test[17]

20 tablets of each formulation were weighed usingekectronic balance (Sartorius electronic
balance: Model CP-2245, Labtronic), and the tess \warformed according to the official
method.

Hardness
Hardness generally measures the tablet crushieggtlr. Hardness of the tablets was determined
by using a hardness testing apparatus ( Monsete)Typ

Friability[18]
The friability of the tablets was measured in a IRodriabilator (Camp-bell Electronics,
Mumbai, India). Tablets of a known weight (W0) osample of tablets are dedusted in a drum
for a fixed time (100 revolutions) and weighed (#gain. Percentage friability was calculated
from the loss in weight as given in equation a®WwelThe weight loss should not be more than
1% w/w.10

% Friability = (WO0-W)/ W0 x 100

Tablet properties of the different formulations2éflazacort controlled release core and coated
matrix tablets were shown in Table No. 4.

In Vitro Release Studies[18,19]

In vitro dissolution studies were carried out usth§P apparatus type Il (at 50 rpm. Dissolution
medium consisted of deairated water from 30mink2dours maintained at 37°C + 0.5°C. Drug
release at different time intervals was measured\Wyisible spectrophotometer at 265 nm.

RESULTSAND DISCUSSION

FORMULATION DEVELOPMENT

In the present study, deflazacort was selectednasdel drug in the design as controlled release
tablet using HPMC as matrix forming polymer. Colied release tablet of deflazacort was
developed, in order to avoid fluctuations in thegpha drug concentration as well as for
increasing bioavailability of deflazacort. Conteall release tablets each containing 30 mg of
Deflazacort were prepared using three differenymers, HPMC, HPC, EC by wet Granulation
method Formulation F1 and F10 were prepared bygudiaC polymer. Drug release from these
two formulations was found to be 97.68+0.09%, aBB33+0.06 respectively. Formulation F2
and F11 were prepared by using HPC polymer.

Drug release from these two formulations was fotodbe 98.45+0.14%, and 99.84+0.02
respectively. Formulation F3 and F12 were prepdngdising HPMC polymer. Drug release
from these two formulations was found to be 98.093%, and 99.57+0.07 respectively.
Formulation F4 and F5 were prepared by using HPE€ HMEC polymers. Drug release from
these two formulations was found to be 99.86+0.H# 99.17+0.12 respectively. Formulation
F6 and F7 were prepared by using HPMC and HEC paignDrug release from these two
formulations was found to be 99.53+0.14%, and 2803R respectively. Formulation F8 and F9
were prepared by using HPMC and HPC polymers. Delgpse from these two formulations
was found to be 99.34+0.14%, and 98.60+0.09 res@bgt
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Evaluation of tablet:

(a) Precompression parameters.

(i) Compressibility index:

Percent compressibility of powder mix was determifg Carr's compressibility index. The
percent compressibility for all the twelve formudeus lies within the range of 13.1 to 14.6. All
formulations show good compressibility

(ii) Angle of repose:

Table No.3 shows the results obtained for angleepbse of all the formulations. The values
were found to be in the range of 28c527.8 All formulations showed angle of repose within
31° which indicates good that showed little higherlaraf repose above 3indicating fair flow.

(iii) Bulk Density:

Both loose bulk density (LBD) and tapped bulk dgnsesults are shown in Table No.2. The
loose bulk density and tapped bulk density forttal formulations varied from 0.52 gm/tio
0.59 gm/crmiand 0.60 gm/crito 0.69 gm/chrespectively.

The values obtained lies within the acceptable easgd not large differences found between
loose bulk density and tapped bulk density. Thssiltehelps in calculating the % compressibility
of the powder.

(iv) Hausner ratio:
Table No.3 shows the results obtained for Hausm@ of all the formulations. The values were
found to be in the range of 1.14to 1.16 All forntidas showed that the powder was having free
flow in nature.

Table 3: evaluation of pre compression parameters

S.No| Formulatio| Angle of | bulk | Tapped bulk| Hausners| Compressibility
n code repose | density density ratio index
1 F001 275 0.56 0.65 1.16 13.84
2 F002 26.8 0.54 0.63 1.16 14.28
3 F003 26.5 0.53 0.62 1.15 14.51
4 F004 27.8 0.52 0.60 1.15 13.5
5 FO05 27.6 0.53 0.61 1.15 13.1
6 F006 26.9 0.58 0.63 1.14 14.6
7 F007 26.6 0.55 0.66 1.16 14.32
8 F008 274 0.51 0.60 1.15 13.55
9 F009 27.8 0.59 0.69 1.14 13.67
10 F010 27.6 0.55 0.62 1.15 14.1
11 FO11 26.9 0.50 0.65 1.14 14.4
12 F012 27.1 0.54 0.69 1.16 13.98

(b) Post-compression Parameters:

1. Thicknesstest:

The thickness of the tablets from each formulati@as measured by using vernier calliper by
picking the three tablets randomly. The mean valresshown in Table No.4 the values are
almost uniform were found in the range from 3.81 tom.33mm.

2. Hardness Test:
Table No.4 shows results of hardness. Hardnesswast performed by Monsanto tester.
Hardness was maintained to be within 2.38 kg/¢m4.16 kg/cr, the hardness of all the
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formulations were almost uniform and possess goazthamical strength with sufficient
hardness.

3. Friability Test:
The study results are tabulated in Table No.4 wasd well within the approved range (<1%) in
all the formulation. Formulation F1 to F12 possesgeod mechanical strength.

Table 2: evaluation of post compression parameters

S.No| Formulation cod¢ Thickness Hardness(N) Hiigl§do w/w)

min | max| min | max min max
1 FO01 3.89 4.11 67.8 80.1 0.52 0.98
2 F002 3.99 433 704 7583 0.43 0.86
3 F003 3.87] 412 61.3 786 0.48 0.92
4 F004 3.95 4.23 645 793 0.59 0.91
5 FO05 3.95 4.14 69.9 776 0.41 0.89
6 F006 3.96 4.21 688 76.9 0.53 0.85
7 FOO07 3.88 4.28 724 799 0.42 0.88
8 F008 3.84 4.17 748 783 0.49 0.94
9 F009 3.87, 410 712 764 0.44 0.91
10 FO10 3.91 429 634 752 0.59 0.9p
11 FO11 3.93 420 695 765 0.57 0.90
12 F012 3.81 422 634 7711 0.51 0.81L

4. In vitro Dissolution Studies:

All the 12 formulations were subjected for vitro dissolution studies using tablet dissolution
tester USP XXIIl. The samples were withdrawn affedént time intervals and analyzed at
265nm. The results obtained in ihevitro drug release for the formulations F1 to F12are
tabulated in Fig No.3

Fig No.3
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Curvefitting analysis:

In order to establish the mechanism of drug rel¢asexperimental data was fitted to 5 popular
exponential equations. The drug release was foare followed zero order kinetics which was
indicated slightly by higher “r’ values of zero erdrelease model (0.843 to 0.992) when
compared to those of first order release modeB@t6 0.930). The relative contribution of drug
diffusion and matrix erosion to drug release wathir confirmed by subjecting the dissolution
data to Higuchi model and Erosion model. It wasfbthat trial 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12
followed diffusion mechanism (0.857 to 0.994) an@lT1, 6, 7 followed Erosion mechanism as
indicated by their respective™values was shown in Table No.5.

Table5: Correlation Coeffient Values (R?)

Trials | Zeroorder | First order | Higuchi Eros_on Relef_;\se exponent

equation (nin peppas)
1 0.980 0.892 0.981 0.994 0.599
2 0.882 0.803 0.941 0.793 0.504
3 0.952 0.894 0.969 0.951 0.443
4 0.948 0.825 0.981 0.979 0.472
5 0.959 0.897 0.997 0.993 0.497
6 0.916 0.904 0.995 0.967 0.568
7 0.971 0.774 0.948 0.953 0.460
8 0.955 0.787 0.968 0.928 0.421
9 0.843 0.581 0.857 0.736 0.320
10 0.930 0.837 0.990 0.984 0.398
11 0.944 0.902 0.995 0.990 0.526
12 0.992 0.930 0.994 0.915 0.505

CONCLUSION

From the foregoing investigation it may be conchlideat the release rate of drug was found to
be followed zero order kinetics from the matrix l&b. The relative contribution of drug
diffusion and matrix erosion to drug release wathr confirmed by subjecting the dissolution
data to Higuchi model and Erosion model.vitro dissolution results showed that % of drug
release was prolonged in formulation containing HPPtat is up to 12 hours when compared to
other formulations. This indicates that the drulgased from this formulation was effective up
to 12 hours.
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