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ABSTRACT

Study describes the development of an efficiest;aftective, rapid and sensitive method of analg§ideflazacort,
with a new generation equipment ultra performarigaiti chromatography with photo diode array detecis per
international conference on harmonization guidgdin&@he analytical method validation was compareth wigh
performance liquid chromatography with ultra viagatetector. Chromatography was carried out on anLOP
BEH@C18 column (50%2.1 mm, particle size 1.7 umgreds for high performance liquid chromatographyhwi
ultra violate detector; analysis done on Sunfiré8@blumn (150x4.6 mm, particle sizar) was used. The mobile
phase for ultra performance liquid chromatograplonsisted of methanol: water (70: 30 v/v) with amlmate of
0.25 mL/min, whereas for high performance liquidochatography it was 80: 20 v/v and flow rate 1.0/min
respectively was taken. The detection was achiav@d0 nm for both instruments. The stability iradiicg method
was confirmed by various stress studies like acialkaline, oxidative, photolytic and thermal ag pgernational
conference on harmonization recommendations. Thalytcal method validation was performed on ultra
performance liquid chromatography and all paramseter.g. solution stability, system suitability, aeay,
precision, linearity and range, robustness, linfidetection and limit of quantification and forcddgradation study
met the acceptance criteria as per internationatfesence on harmonization guidelines. The degradatiroducts
were well separated in ultra performance liquid eimatography. Additionally, the major degradatioroguct of
deflazacort was identified by liquid chromatogragigctron spray ionization coupled with mass detect
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INTRODUCTION

Deflazacort is an oxazoline analogue of prednisahlaith anti-inflammatory and immunosuppressive prtips [1].
Its chemical name is (Bl 16B3)-21-(acetyloxy)-11-hydroxy-2'-methyl-5'-pregna4-dieno {17, 16D} oxazole-3,
20-dione [2]. This dual indicative glucocorticoidud is also given to patients suffering from rhetoigharthritis,
asthma and other indications such as myasthenigsgiystemic lupus erythematosus, thrombocytoppuaipura,
Duchenne muscular dystrophy and kidney transplatiepts [3, 4]. This corticosteroid has lower rigkth
minimum side effects. Some of the well known sidfeas of such drugs are bone loss, glucose irdatss or
Cushing’s syndrome etc [5]. Deflazacort is marketsaral suspension and tablet.

Literature survey reveals that some spectrophotaereatd high performance liquid chromatographiagssethods
are reported for the determination of deflazacordifferent formulations and in body fluid [6-9]o®e analytical
techniques like HPTLC and LC-MS are used for thangization of deflazacort and its metabolite 21 #oxg-DF
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are reported [10-12]. The determination of deflazhand their metabolites in biological fluids alwas
dissolution studies by HPLC are reported [13-15].

The recently introduced UPLC has significant adages in speed, resolution, sensitivity, time saang less
solvent consumption, which makes it as a highlicefitt and cost-effective technique for rapid asyn a quality
control lab. Therefore, with a view to reducing tco$ analysis and minimizing run time, vis-a-visneentional
HPLC, a UPLC method was developed for the anabfsgeflazacort. The study also reports comparatata with
respect to HPLC method and method transfer to UPA@litionally, the new degradation product (DP-2jda
degradation product) [16] has been identified byEEl-MS. The one of the stress degradation proaLidtlydroxy
deflazacort is potent molecule and have similatdgjgal activity [17]. This study reports developmef novel
method of analysis of deflazacort with stress ddgfian study and its validation as per ICH guidesifil 8].

MATERIALS AND METHODS

The Deflazacort (API) was gifted by Hetero Labsiled, Visakhapatnam, India. The commercially avdda
deflazacort tablet formulation labeled 6 mg conteat obtained from market. HPLC grade methanol eidained
from Merck India Limited, Mumbai, India. High puwyitde-ionized water was prepared using Milli-Q, Midre
(Milford, USA) water purification system. The othanalytical grade chemicals like hydrochloric acddium
hydroxide pellets and hydrogen peroxide solutioB3@/v) were purchased from Ranbaxy Fine Chemi(idésn
Delhi, India) whereas 0.4tm membrane filters were procured from Pall Lifee®cies (Mumbai, India).

Preparation of stock and standard solutions:

A deflazacort stock solution (500 pug/mL) was pregaby dissolving 50 mg accurately weighed reference
compound in 100 mL volumetric flask with mobile gka The standard solution (50 pg/mL) was prepased b
transferring 5 mL stock solution to 50 mL volumetiiask with the mobile phase.

Preparation of sample solutions:

Twenty tablets were accurately weighed; averagglhteif tablet was determined and powdered. The wiatsblet

(equivalent to 50 mg of deflazacort) was transfietre100 ml volumetric flask and dissolved in 50mubile phase.
The prepared solution was sonicated for 30 mitergd with 0.45 pm membrane filter then mobile phaas added
up to the mark. The 5 mL solution was transfer@®@ mL volumetric flask and diluted up to markdibtain a

solution of approx 50 pg/mtoncentration.

Instrumentation:

HPLC-UV:

High performance liquid chromatography was perfaiméth Waters equipment 600 quaternary pump, Waters
2489 UV/Vis detector, Waters 600 controller, Waterine degasser AF and manual injector with 20lpdp. The
equipment was connected to a multi-instrument datpsisition and data-processing system (Empowéwacd).

UPLC-PDA:
Similarly, Waters Acquity UPLE" System (Switzerland) comprised of a binary solvemnager, a sample
manager, PDA detector and Empower 2.0 version soévior data acquisition was also used.

LC-ESI-MS:

The LC-ESI- MS method was performed on a Shimad2uwsystem (Shimadzu) equipped with a CBM-20A system
controller, a binary gradient LC-20AD Pump, a Sla2 auto sampler, a CTO-20AC column oven and SPDAVI2
PDA detector. Lab Solution software was used ferdhta acquisition and analysis. The Sartoriusohaance was
used for the weighing purpose.

Chromatographic conditions:

A Waters Acquity UPLC @ BEH C18 column with 50x4rn ID and 1.j@m particle size and Sunfire C18 column
with 150x4.6 mm, particle size jom were used to achieve the best separation on UBIdCHPLC. The mobile
phase consisted of methanol: water (70: 30, vig) @0: 20, v/v), used for the separation at flowe raf 0.25
mL/min and 1.0 ml/min, while the injection volumerfUPLC and HPLC was pL and 20uL respectively. To get
the best result for LC-ESI-MS, flow rate was optied up to 0.5 mL/min. The other chromatographiapeaters
used in the HPLC-UV analysis were used for the L$3-EIS analysis also. Based on the absorption maxima
observed for the component, the detection wavetewgis set at 240 nm. Ultrasonic bath (Spinco Ltd3 wsed for
the mobile phase and sample degassing.
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First of all, the mass spectrometer conditions wapémized with a direct injection (2ug/mL) of daflacort
reference standard solution. The mass spectrompatameter conditions e.g. CID gas, conversion dgnoderface
volt and DUIS Corona needle volt were 230 kPa,0&%, 4.50 kV and 4.50 kV respectively. The magsriace
parameters e.g. interface temperature, DL temperaheat block temperature and nebulizing gas flexe 356,
300, 450 and 3 L/min respectively. Degradation samples vigeested and full scan spectra were acquired betwe
the range of 10.0 to 1000 m/z.

RESULTS AND DISCUSSION

Method development:

The column selection is the most important parhathod development to achieve maximum sensitigigjectivity
and speed. After performing several trials on défe chemistry columns e.g. HSS T3 and BEH Phetind,
maximum separation was achieved on BEH C18 coluwniJPLC whereas Sunfire C18 column was selected for
HPLC. The different mobile phase composition likatev: acetonitrile and water: methanol with theffedent ratio

and pHof mobile phases were explored with a view to exdamgi compatibility of the method as per ICH guidek
and finally the solvent system of isocratic elutisihmethanol: water (70:30 v/v) was chosen for UPAkRereas
(80:20 v/v) ratio of mobile was used for HPLC. Téteomatograms of standard by HPLC and UPLC arengine
fig.1 (a) and (b) respectively.
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Fig. 1. (a) UPLC Chromatogram of standard Deflazacad
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Fig. 1. (b) HPLC Chromatogram of standard Deflazactt

Method transfer from HPLC-UV to UPLC-PDA:

As the term technology transfer suggests that #inkee developed and validated stability-indicatiiBLC method
for the determination of deflazacort was optimizedachieve the more speed, sensitivity and resolutilThe
conventional HPLC method was scale down to atteiteb chromatographic compatibility in order tongssmaller
particle size column and a new generation UPLCpegant.

Forced degradation study:

To perform forced degradation study, the solutiaese subjected to acidic, alkaline and oxidizingditGon for
thermal and photolytic stress study direct powde@upound was exposed to heat (kept in oven) ankigbtt The
chromatographs of alkali, acid and oxidation degtiaxh are given in fig. 2 (a), (b), and (c).
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- a) Alkali
Fig. 2. Chromatographs of Stress degradation studfa) Alkali degradation
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Fig. 2. Chromatographs of Stress degradation studfp) Acid degradation
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Fig. 2. Chromatographs of Stress degradation studfc) Oxidation degradation

In acidic degradation, the drug was subjected fo ND.HCI at room temperature for 6 h and the mixtweas
neutralized with 0.1 N NaOH solutions. For alkalgteess study, the solution was treated with ONa®H at room
temperature for 2 h and the mixture was neutralizid 0.1 N HCI. For degradation under oxidizinghddion, 3%
H,O, solutions was added to stock solution and kepbain temperature for 12 h. For thermal and phawolyt
degradation, the powdered drug was exposed’db7® h in oven and in sunlight for 12 h. Aftemapletion of the
treatment, the solution were left to room temper@nd diluted with mobile phase to furnish appB® pug/mL
solutions. Further, sample was diluted to obtaiu§0mL concentrations. The purity of the drug pebtained from
the stressed sample was measured using PDA det@tterpercentage degradation is calculated withemsto
peak area of standard solution as summarized irltab

Tab. 1. Results for stress degradation study by HRC

Stress Conditions Drug recovered| Drug decomposed
Standard Drug 10000% | @ -
Acidic (0.1 M HCI, RT, 6 h) 80.94% 19.06%
Alkaline (0.1 M NaOH, RT, 2 h 78.85% 21.15%
Oxidative (3% HO,, RT, 12 h) 85.72% 14.28%
Thermal (Oven, 796 h) 87.99% 12.01%
Photolytic (Sunlight, 12 h) 94.59% 05.41%
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Identification of degradation product by LC-ESI-MS:

In the primary stage of the force degradation stud have observed the instability of deflazacoder acidic and
basic conditions using the LC methods developedhferquantification of deflazacort. In order to pose probable
structure of degradation product, LC-ESI-MS measamts were performed. In LC-MS method, retentiometiof
the deflazacort was 2.9 min and retention time ¢ of the major degradation products for alkalidizcand
oxidative conditions eluted before deflazacort @&smin. The molecular ion peaks obtain from LC-E&lysis in
positive scanning mode were m/z 400.6 (mass +H)nadz 417.22 (mass 418.60 +H) for DP-1 (2.39 mirg BP-2
(1.95 min) respectively. Moreover, for the deflamdcit obtained at m/z 442.6 (DFZ, mass 441+H)pasitive
scanning mode. It shows that the degradation ptodu2l-hydroxy deflazacort (structure is givenfiopn 3). LC-
ESI-MS results for acid, alkali degradation produend deflazacort are shown in fig. 4.

o]
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0
wlOH
0.01 M NaOH
-«
o)
(C) DP-2 of deflazacort m/z 417.22 (A) deflazacort m/z 441.5 (B) 21-hydroxy deflazacort (DP-1)
m/z 399.4
Fig. 3. Structures of deflazacort and proposed degdation products
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Fig. 4. LC-MS results of degradation products (b) 2-hydroxy deflazacort 400.6 m/z
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Fig. 4. LC-MS results of degradation products (c) B2 418 m/z

Method validation:

Solution stability:
Stability of solution was evaluated for the standsolution and test preparation. The solutions vetoeed at two

different conditions: one is ambient and secondti§ temperatures without protection of light. All saegpwere
tested after 6, 12, 24, and 48 hours. The respdoséise aged solution were evaluated by companigiom freshly
prepared solution. The assay difference between agesl solution after 48 h and freshly preparedtssi was 0.9
% for UPLC. Similarly, solution stability for HPL@as 1.2 %. Absolute percentage assay differengesofation
stability study are given in tab. 2.

Tab. 2. Absolute percentage assay difference forlation stability study

Absolute difference in assay for HPLC, (%)| Absolutdifference in assay for UPLC, (%)
Time Interval o At room o At room
At5 At 5
temperature Temperature

After 6 hour 0.65 0.97 0.88 0.92
After 12 hours 0.87 1.27 0.97 1.11
After 24 hours 1.13 1.69 1.09 1.30
After 48 hours 1.33 1.90 1.20 1.70

System suitability:
The suitability of the chromatographic system westdd before each stage of validation. Five rejgich standard
preparation were injected and asymmetry, numbéehedretical plates and % RSD of peak area wergrdated.

The comparison of HPLC and UPLC results are givetah. 3.

Tab. 3. Summary of method validation parameter foHPLC and UPLC

Deflazacort UPLC method Deflazacort HPLC method
Method . .
b b
Zfi‘gfse ('\;MOT) (NLT® | (NMT® (NZMOT) (NLT® | (NMT®
limits) 4200) 2.0) 4200) 2.0)
Specificity 0.38 6486 1.70 0.26 8428 1.5¢
Linearity 0.23 6356 1.62 0.48 8256 1.68
LOQ 0.98 6289 1.67 0.68 8369 1.69
Method
Precision 0.76 6337 1.63 0.75 8248 1.52
Intermediate| g ¢q 6249 1.65 0.86 8453 1.63
Precision
Accuracy 0.89 6327 1.63 0.85 8385 1.68
Solution 0.44 6298 1.68 0.56 8326 1.69
Stability
Robustness 0.63 6325 1.69 0.60Q 8487 1.8
2Relative standard deviation
®Not more than
‘Not less than

Accuracy:
The accuracy of the assay method was evaluateddmapng three different concentration levels ceponding to

50%, 100 %, 150 % (25, 50, 75 ug/mL of deflazacespectively) of test preparation concentratiotriplicate and
injecting it in duplicate. The recovery found wastween 99-101% and 98-101% for UPLC and HPLC ih dinder
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which is suitable as per ICH guideline Q2 (A). TWeLC and HPLC data for the percentage recoverghoan in
the tab. 4.

Tab. 4. Percentage recovery data for UPLC and HPL@ccuracy study

Amount
Instrument || o\ 9% | No of drug ofc/?rTOl;ngnd Recovery (%) Mean RSD* (%)
Used 0 added 9 Y1) | Recovery (%) 0
(ng/mli)
(ng/ml)
1 25.52 25.45 99.73
50 2 25.42 25.33 99.65 99.69 0.057
1 50.18 50.22 100.08
UPLC 100 > 5026 5014 99.76 99.92 0.051
1 74.89 75.21 100.43
150 2 76.95 76.35 99.22 99.83 0.860
1 25.02 24.97 99.80
50 2 25.03 25.01 99.92 99.86 0.084
1 50.04 49.76 99.44
HPLC 100 > 5006 2986 9960 99.52 0.113
1 75.09 74.68 100.03
150 2 75.05 74.56 99.21 99.62 0.582

RSO Relative Standard Deviation

Precision:

The drug product was examined in same day andebglts were subjected to statistical analysis teckhthe
repeatability and reproducibility in the means adthod precision. The % RSD for deflazacort drugdpod ware
0.76 and 0.75 using UPLC and HPLC respectivelyermediate precision was confirmed with inter day an
intraday testing of drug tablet. The intra-day B0 study was performed in a same day by anadyttinee times
with six independent assays of test sample aga@fstence material. Inter-day precision of the rodthwas
determined by performing the same procedure o ttifferent days.

Linearity:

The linearity of the method was assessed by seifaretht level concentrations ranging from 20 to |8§/mL
deflazacort test solutions (40 to 160 % respect)jvplepared using stock solution. The slope, Yericgpts and
correlation coefficient were calculated by plottipgak area versus concentration curve. These at8N53x +
15478 and Y= 13851x + 530.7 for HPLC and UPLC retpely. The results obtained were used to caleulat
equation of the regression line by using the lineast squares regression equation.

Limit of detection (LOD) and limit of quantificatio n (LOQ):

LOD and LOQ for deflazacort were determined at aign noise ratios of 3:1 and 10:1 respectivelyifjgcting
series of dilute solutions prepared by serial d@ihg of the known concentration. The concentraiéhpg/mL and
0.03 pg/mL are LOD level for HPLC and UPLC methedpectively. Moreover, 0.16 pg/mL and 1.8 pg/mLthee
LOQ level for UPLC and HPLC respectively. A preoisievaluation was also carried out at LOQ leveldkyng six
individual preparations and calculating the %RSRrefa for deflazacort by both the LC methods.

Robustness:

Robustness study for the developed method wasedaout by assaying test solution after slight befiberate
changes in the experimental conditions. The infbeéeaf chromatographic parameter (k) was investiyébe flow
rate, different column lot, amount of methanol,wwnh temperature and amount of water. Changes itersys
suitability parameters such as theoretical plagng factor and %RSD were evaluated for the méthAll the
results were found within the acceptance critavizich suggest that both the methods were highlusbb

CONCLUSION

The intensive approach described in this manusevgs used to develop and validate a liquid chrograjghic
analytical method that can be used for both assal determination of content uniformity of deflazetcn
pharmaceutical formulation. Deflazacort is very mgensitive to pH and degraded immediately aftelitimoh of
alkaline solution in very mild concentration andrguaratively less sensitive to acid solution. Degtah products
produced as a result of stress did not interferth wetection of deflazacort and the assay methadtlcas be
regarded as stability indicating. The degradatioodpct 21-hydroxy deflazacort and a new DP-2 degfiad
product obtained from alkali and acid degradationditions respectively. These products are confiriog their
molecular ion peaks by LC-ESI-MS. However, chrorgedphic conditions of both methods are almost sdnesto
method transfer from HPLC to UPLC. Some change® wequired to obtain suitability of method by theams of
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asymmetry, number of theoretical plates and % RBi&. lower concentration for LOD and LOQ in UPLC hut
compare to HPLC method shows the greater sengitilite total analysis time required by HPLC meti@0 min
whereas in UPLC method it reduced to 3 min. whilthree fold less than HPLC method. This rapid il
method establishes the more efficient workflow vtith new generation instrument UPLC.

The method was revealed to be selective, precesssitsse, rapid and linear that was confirmed bg thethod
validation results. The proposed both the chromrafdgc methods represent good sensitivity, resmiutind
selectivity in bulk drug as well in pharmaceutidasage forms. UPLC method is faster and sensiveoenpare to
HPLC method. The major degradation products obseirvacid, alkali and oxidation conditions are etlit same
retention time. The probable structures of both degradation products are meat with the LC-MS tesdlhe
method can be used for the estimation of deflazaedhe form of drug substance as well as druglpch

Acknowledgements

The authors are grateful to the Hetero Labs, Mumiogiia and Department of Chemistry, Saurashtravérsity
(UGC-SAP sponsored and DST-FIST funded) Rajkot &@atj India) respectively for the gift sample oflaeacort
API and for providing instrumental facilities. Theyso thank to formal VP (Zydus research centedjalnand
Adjunct Professor NFDD Complex, DOC, SU, Rajkotditn Dr. Bipin Pandey, for their help for structure
elucidation of degradation products. Special thearesdue to “National Facility for Drug Discovetyough New
Chemicals Entities (NCE'’s) Development and Instrotagon Support to Small Manufacturing Pharma kit
program under Drug and Pharma Research Support $PR&ntly funded by Department of Science &
Technology, New Delhi, Government of Gujarat, Indes Commissionerate and Saurashtra UniversitjkdRa

REFERENCES

[1] SC Sweetmen, Martindale. The Complete Drug RefereBsth ed., Pharmaceutical Press, London (2R)7
pp.1374.

[2] F Luigi, C Calogero., AU707409B2999

[3] WD Biggar, VA Harris, L Eliasoph, B AlmaftNeuromuscul Disord?006 16, 4, 249-255.

[4] C Angelini,Muscle Nerve2007, 36, 424-435.

[5] Anti-allergic, anti-asthmatic and steroid productsttp://www.solacebiotech.in/other-files/anti-afier-anti-
asthmatic.pdf

[6] A Scremin, M Piazzon, MAS Silva, G Kuminek, GM Gearr N Paulino, SG Cardod8raz J Pharm Sci201Q
46, 2, 281-287.

[7] A Bagchi, P Mukherjee, | Kaur, R Singh, A Semwalt,J Drug Dev Re012 4, 3, 369-373.

[8] Y Fang, G ZhengYaowu Fenxi ZazhR012 32, 9, 1669-1672.

[9] GM Correa, LP Belle, SHM Borgmann, SG Cardoso, @8faimgraphia (Springer2007, 65, 9-10, 591-594
[10]M Selvadurai, SN MeyyanathaRharml Methods2011, 2, 2, 106-111.

[11]R Gonzalo-Lumbreragd, Chrom Scil997, 35, 9, 439-445.

[12] SA Patel, NJ Patel, Appl Pharm Sci2011,1, 7, 94-98.

[13]NR Sperandeo, DE Kassulgci Pharm2009 77, 3, 679-693.

[14]H Hirata, T Kasama, Y Sawai, RR FikeChrom B: Biomed Sci Apdl994 658, 1, 55-61.

[15]A Santos-Montes, R Gonzalo-Lumbreras, Al Gasco-kope Izquierdo-HornillosJ Chrom B: Biomed Sci
Appl, 1994 657, 1, 248-253.

[16]GMW Peter and WG Theodora, editors. Protective @sdn Organic Synthesis, 4th ed. Hoboken, Johnyile
and Sons, Inc., Press; New Jerse807 pp.870-871.

[17]1AS Paulino, G Rauber, AM Deobald, N Paulino, AC Sg&y MN Eberlin, SG CardosBharmazie2012 67,
6, 495-499.

[18]ICH, Q2B, Hamonised Tripartite Guideline, Validati@of Analytical Procedure: Methodology, IFPMA, in:
Proceedings of the International Conference on ldaination, Geneva, Marc2005

149
Scholar Research Library



