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ABSTRACT

An accurate, precise, rapid & economical RP-HPLCthod was developed & validated for the estimatidn o
Fingolimod in pharmaceutical dosage forms, using titector. Elution was carried out using a mobileage
consisting of Buffer : Water (60 : 40) and floweatas set on 1.2 ml/ min at 319 nm wave lengtantien time for
Fingolimod was found to be 3.329 min. The methasl found to be linear within the range of 40-12@mlgin the
linearity study, regression equation and correlaticoefficient was found to be y=14744x and 0.9%peetively.
This method was Rugged and Robust in differeribgestiteria, LOD and LOQ was found to be 0.005/pgl &
0.17 pg / ml respectively. Accuracy study was don8 different concentration level i.e 50, 100, ¥%6& %
recovery of the method was found to be 99.7%, 999828% respectively in 3 different levels & meaoavery was
99.8 %, so method was accurate. Results of aliatbn parameter were within the limits as per I@Hideline.
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Figure no 1: Shows Chemical structure of Fingolimod

Fingolimod [1] Chemically designated as 2-amind224-octylphenyl) ethyl] propane-1,3-diol, is a ebwral drug
used for the treatment of relapsing-re-emittingtipld sclerosis(RRMJR] shown inFigure no 1.[3].

According to the information collected from litewa¢ there is no method reported for the deternonatf
Fingolimod[4-7] in HPLC. In the present work, we have thereffocused to achieve the optimum chromatographic
conditions for the determination of Fingolimod inllk dosages form. We have described a simple, themgind
validated HPLC method with total run time less tf@aminutes for the determination of Fingolimod a&s pCH
guideline [8].The developed method can be appliertessfully for quality control and other analytiparposes.
The objective or need of the proposed method etelop simple and accurate methods for the detation of
Artemether by RP-HPLC methods in pharmaceuticahgesorms.
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EXPERIMENTAL SECTION

Chemicals and reagentsWater for HPLC-milli-Q grade (Merck), Potassium hyden phosphate (Merck), Hcl
(Grade LR, Finar Chemical Limited), NaOH (Grade L®D Fine-Chemical Limited), 0, (Alpha Pharma
Limited).

Apparatus: pH meter (Labindia-pH Analyser), Sonicator (Anadgli Technologies Limited- Ultrasonic cleaner),
Weighing machine (Afcoset er-200A)

Instruments: HPLC - (Waters, PDA — 2695), UV/VIS spectrophotoangLABINDIA UV 3200) Column: Phenyl
(4.6 x 250mm, pm, Make: Agilent), Buffer pH: 7.4, Mobile phase: far : Water(60:40), Flow rate: 1.2ml per
min, Pipettes and Burettes Borosil.

Preparation of standard solution: Accurately weighed 10 mg of Fingolimod standard wassfered into a 25 ml
volumetric flask and about 10 ml of diluent was edidsonicated to dissolve it completely and mademe up to
the mark with the same solvent. Further 5 ml ofaheve stock solution was pipetted into a 25ml nadtric flask
and diluted up to the mark with diluents. Filtetetbugh 0.45um filter.

Preparation of sample solution: Accurately weighed 10 mg of Fingolimod sample wasdferred into a 25 ml
volumetric flask. 10 ml of diluent was added andisated to dissolve it completely and made volurpetaithe

mark with diluent. Further 5 ml of the above stadhution was pipetted into a 25ml volumetric flasid diluted up
to the mark with diluent. Filtered through 0.45 filer.

Chromatographic conditions:

Column : Phenyl (4.6 x 250mnund, Make: Agilent)
Buffer pH : 7.4

Mobile phase : Buffer : Water (60:40)

Flow rate : 1.2 ml per min

A max : 319 nm

Preparation of Phosphate buffer:Accurately weighted 1.44 grams ofHPO, was taken in a 1000 ml volumetric
flask, dissolved and diluted up to the mark with l@Pwater and the volume was adjusted to pH 7.4 with
Orthophosphoric acid.

Method Validation:
The suggested analytical method was validated dowprto international guidelines with respect tdldaing
parameters such as, precision, accuracy, lineaolystness, ruggedness, LOD and LOQ.

Precision: Method precision was determined both in terms péagability (injection and analysis) and interméalia
precision (intra-day and inter-days reproducibjlitin order to determine injection repeatabilitgnmples spiked

with 5 ml of Fingolimod were injected 6 times inttPLC system and repeatability of the retention teme peak

area was determined and expressed as mean and %dRSiated from the data obtained.

Accuracy: Accuracy was determined in terms of percent rego%ample solution spiked with the analytes at three
different concentration levels 50,100,1p6/ml of Fingolimod. Another set of standard mixwrat the same
concentration levels was also prepared with theedils. Sample and standard solutions are injentedhe HPLC
system in triplicate. Percentage recovery of Fimgotl was calculated.

Linearity: The linearity of the method was established by isgika series of standard of Fingolimod (40-120
ug/ml). Above solutions were injected onto the HPk@stem. Calibration curves for standard solutiores w
constructed by plotting their response (peak arfethe analytes) against their respective conceaftrat Linear
regression was applied and slope (@), intercept cbjrelation coefficient (r) and standard errors)(Bvere
determined.

Limit of detection & Limit of quantification: Detection and quantification limits were determingdough
dilution method using Signal/Noise approach bydtijeg a 1@l sample. LOD was considered as the minimum
concentration with a signal to noise ratio of aaskethree (S/N°3), while LOQ was taken as a minimum
concentration with a signal to noise ratio of asteten (S/N™10).
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Robustness: The robustness of the developed method was inatstighy evaluating the influence of small
deliberate variations in procedure variables likevfrate (£5%) and change in organic composition.

Ruggedness:The ruggedness of the method was investigated bjuating the influence of different analyst,
different time intervals.

Degradation studies:The International Conference on Harmonization (I@d)deline entitled stability testing of
new drug substances and products requires thatsstesting be carried out to elucidate the inhestability
characteristics of the active substance. The airthiefwork was to perform the stress degradatiodiss on the
Fingolimod using the proposed method.

Stock Solution Preparation: Accurately weighed and transferred 10 mg Fingolinsaanple into a 25ml dry
volumetric flask, diluent was added and sonicatedissolve it completely and made volume up tortteek with
the same solvent.

Hydrolytic degradation under acidic condition: 5ml of the above stock solution, 3 ml of 0.1N H@re added in
25 ml volumetric flask. Then, the above solutionsveanicated for 30min and then neutralized withN.NaOH
and made the volume to 25ml with diluent and thieiteim was filtered with 0.45 microns syringe andged in
vials.

Hydrolytic degradation under alkaline condition: 5ml of the above stock solution, 3 ml of 0.1N Na®idre
added in 25 ml of volumetric flask. Then, the absetution was sonicated for 30min and then neutedliwith 0.1
N HCL and made the volume up to 25ml with diluemdl ahe solution was filtered with 0.45 microns age filters
and placed in vials.

Oxidative degradation: 5 ml of the above stock solution, 1 ml of 3 % wihgdrogen peroxide added in 25 ml of
volumetric flask. Then above solution was sonicdted30minutes and the volume was made up to thek mith
diluents and the solution was filtered with 0.4%rmns syringe filters and placed in vials.

Heat induced degradation:10mg of the Fingolimod standard was weighed andeplan an oven at 18&for 6hrs.
Then it is taken in a 25ml volumetric flask and tlidume was made up to the mark with the diluebisl of the
above stock solution was pipetted in a 25ml voluindiask and the volume was made with diluent #relsolution
was filtered with 0.45 microns syringe filters guidced in vials.

Sunlight induced degradation:10mg of the Fingolimod standard was weighed amXjgsed to sunlight for about
55hrs and transferred in to 25ml volumetric flagkl she volume was made up to the mark with theediluFurther
5ml of the above solution was pipetted into a 25oiumetric flask and the volume was made with dituehe
solution was filtered with 0.45 microns syringeefis and placed in vials.

RESULTS AND DISCUSSION
Mobile Phase Preparation: Initially the mobile phase tried was Methanol: Wat&hen tried with Water:
Phosphate buffer in varying proportions. Finallhie tmobile phase was tried with di potassium hydnoge

orthophosphate buffer (pH 7.4) and water in prapar60:40v/v respectively and then it was optimiztwn in
Figure 2.

Figure no: 2. Shows spectrum for standard of Fingahod
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Figure no 3: Shows Chromatogram for Fingolimod in jire form
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Figure no 4: Shows Sample Chromatogram for Fingolirad

Table no 1: Shows Results for Chromatogram for Finglimod in pure form

Retention Timg Area | Height | USP Tailing| USP Plate Count
3.329 1464631] 231124 1.53 6638

Method validation:
Precision: Precision data representing both repeatabilitye¢itign and analysis) and intermediate precision
(different analyst) are summarizedTiable no. 2, 3, &4espectively.

The %RSD values for both Precession & ID Precisi@re less than 2.0%, which indicates that the pego
method is precise.

Table no 2: Shows Results of Method precision forifgolimod

S.no Sample name] RT Area
1 Precision 1 3.29] 147209B
2 Precision 2 3.281 147501
3 Precision 3 3.284 147319p
4 Precision 4 3.290 147636B
5 Precision 5 3.290 147746p
6 Precision 6 3.29] 147061JL
Mean 1474124
S.D 2618.748
%R.S.D 0.18

Table no 3: Shows Results of System precision foirfgolimod:

S.no Sample Name| RT Area
1 Precision 1 3.359 1460340
2 Precision 2 3.353 1466508
3 Precision 3 3.343 1466796
4 Precision 4 3.335 146237}
5 Precision 5 3.332 146349
6 Precision 6 3.329 146463[L
Mean 1464024
SD 2480.325
%RSD 0.16
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Table no: 4 Shows Results of Intermediate precisiofor Fingolimod

S. No Sample name RT Area
1 Precision 1 3.29 1473145
2 Precision 2 3.287 147551
3 Precision 3 3.284 147321p
4 Precision 4 3.291 147736B
5 Precision 5 3.284 147546[L
6 Precision 6 3.287 147461
Mean 1475889
S.D 2806.115
%R.S.D 0.19

Accuracy: Average recoveries of Fingolimaate 100.03%, 99.8%, 99.3%, at 50%,100% & 150% aunatons
level respectively. The percentage recoveries efdtug is within the limits 99-101%. So the methi®dccurate,
accuracy data for Fingolimaate presented ifable no. 5

Table no 5: Shows Accuracy (recovery) data for Finglimod

% level | Sample Area| pg/ml added| pg/mlfound %Rec@ry | %mean

50% 730548 40 39.92 99.8

50% 731463 40 39.97 99.9

50% 730232 40 39.87 99.7 99.7
50% 730548 40 39.92 99.8 '
50% 731829 40 39.98 99.5

50% 731646 40 39.98 99.6

100% 1461279 80 79.85 99.8

100% 1462743 80 79.93 99.9 99.8
100% 1460181 80 79.79 99.7

150% 2194023 120 119.89 99.6

150% 2198781 120 119.98 99.9

150% 2194572 120 119.96 99.6 99.9
150% 2196585 120 119.95 99.8 '
150% 2195121 120 119.95 99.8

150% 2197500 120 119.97 99.9

Linearity:
The response was found linear over a concentragioge of 40-12@g/mL of Fingolimod.

The correlation co-efficient were found to be 0.988 Fingolimod So the method is linear, data is presented in
Table no. 6,Linearity graph of Fingolimod is given Figure no. 5

Table no 6: Shows Linearity results for Fingolimod

s.no | Sample Name Co_ncentratlon RT Area
in pg/ml
1 Linearity50% 40 3.370  73793¢
2 Linearity75% 60 3.349 1103009
3 Linearity100% 80 3.335 1474027
4 Linearity125% 100 3.322 1842896
5 Linearity150% 120 3.307 2211006

Limit of detection: The LOD for Fingolimod standard solutions werarfd to be 0.26.g/ml given inFigure no. 6.

Limit of quantification : The LOQ Fingolimodstandard solution was found to be O&Iml given inFigure no. 7.
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Figure no 6: Shows LOD Chromatogram of Fingolimod
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Figure no: 7 Shows LOQ Chromatogram of Fingolimod

RobustnessMinor deliberate changes in different experimeptiameters such as flow rate (+5%) and wavelength
(x5units) did not significantly affect the retemtidime & peak area of Rilpivirine indicating thatet proposed
method is robust which is mentionedTiable no. 7 & 8.

Table no 7: Shows Results of effect of flow rate

Flow RT Area USP Tailing | USP Plate count
Iml/min | 4.178| 1843975 1.613 7039
1.4ml/min | 2.805| 1188834 1.550 6289

Table no 8: Shows Results of effect of temperature

Temperature RT Area USP Tailing | USP Plate count|
Temperature 1| 3.348 1743825 1.528 6680
Temperature 2 3.328 1448613 1.576 6686
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Forced degradation studies

Table no 9: Shows results of forced degradation stiies

Degradation studies Sample area % Assay
Acid degradation 1305909 89.2
Base degradation 1368862 93.5
Peroxide degradation 1266381 86.5
Temperature degradation 1405754 96.02
Sunlight degradation 1428887 97.6)

Table no 10: Shows Validation summary for Fingolimd

S.NO Parameter Acceptance criteria HPLC
1 Linearity range((ng/ml) - 40-120(png/my)
2 Correlation coefficient NLT 0.999 0.999
3 No. of Theoretical plateg NLT 2500 6638
4 Method precision %RSD (NMT 2%), 0.18
5 System precision %RSD (NMT 2% 0.16
6 Intermediate precision %RSD (NMT 2% 0.19
7 % recovery 98-102% 99.8 %
8 LOD - 0.26(ug/ml)
9 LOQ - 0.81(pg/ml)
CONCLUSION

Method development & validation of Fingolimod wasne by RP-HPLC method. The estimation was done by
using Phenyl & (4.6 x 150 mm, gm, Make: Aligant). Mobile phase was used as BuiféWater in (60:40) ratio at

a flow rate 1.2 ml/min, retaintion time was 3.32nat) 5 319 nm. The linearity range of Fingolimod was fdun
to be within 40-120 pg/ml. Mean recovery was 99.8/ich is within 98-102%. Correlation coefficievdlue was
0.999, % RSD was 0.18 % which is within the linfihese results show the method is accurate, presgesijtive,
economic & rugged. The HPLC method is more raplte proposed method can be successfully appliestitmage
bulk drug & Tablet dosage form. The method was fbtm be having suitable application in routine lattory
analysis with high degree of accuracy and precision

Acknowledgement
We are very thankful to authorities of Nalanda €gdl of Pharmacy for providing the facilities to qdete this
research work.

REFERENCES

[1] Available at: http://www.drugbank.ca/search?utf8=2#9 C%93&query=fingolimod&commit=Search,
retrieved on 4 February2013

[2] Jerold C, Hans-Peter &lin Neuropharmacol33 (2)201091-101.

[3] Available at: http://www.chemspider.com/Chemicalu®ture.97087.html, retrieved off #ebruary2013

[4] C Emotte, F Deglave, O Heudi, F Picard, O Kietf Pharm. Biomed. Anab82012 102-112.

[5] K Kathiresan, MB Kumar Reddy, C Moorthi, NA Dawo8tia, K Krishnan, R Manavalamt. J. of Pharm. and
Pharm. Sci4 (1) 012 289-292.

[6] SN Razzaq, IU Khan, | Mariam, SS Razz@hem. Cen. B (94) 012 1-10.

[7] HO Kaila, MA Ambasana, RS Thakkar, HT Saravaia, 3#&ahIndian. J. of Pharm. Scv2 (5) 010 592-598.
[8] Validation of analytical procedures: text and melblogy, in: International Conference on Harmonizati
(ICH), Q2(R1), IFPMA, Geneva, Switzerlari2)05

29



