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ABSTRACT

The simplest, sensitive, less solvent consuming tand saving stability indicating reverse phasecistic
chromatographic separation method of Fingolimod hbeen performed on High performance liquid
chromatography (HPLC) system as well as a new gaiwer high resolution equipment is that Ultra perfance
liquid chromatography (UPLC) as per internationabrderence on harmonization guidelines. Chromatohyap
separation was carried out on an UPLC system bgguaicquity BEH C18 column (100 x 2.1 mm, particte 4.7
pm) and sunfire C18 column (250 x 4.6 mm, partde 5.0 um) was used for HPLC system. The madhélsepfor
ultra performance liquid chromatography consistefdBaffer: Acetonitrile (35: 65 v/v) with a flow mtof 0.35
ml/min, whereas for high performance liquid chroogaaphy same mobile phase have been used with a sam
composition, but flow rate was differ is that 0.Bmin. The detection was achieved at 220 nm foln xétruments.
The stability indicating method was confirmed bylgmg various stress conditions like acidic, bas&idative,
thermal and photolytic as per ICH recommendatiortse different validation parameters have been peréa on
both chromatographic equipments and compared wébheother. By comparison of validation data of both
instruments we found that UPLC system is much nam@urate, precise, sensitive, robust and time savin
equipment.
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INTRODUCTION

Fingolimod (Trade name Gilenya) chemically knowrResmino-2-[2-(4-octylphenyl) ethyl] propane-1, ®id (Fig.

1) is a sphingosine 1- phosphate receptor moduiatlicated and approved for the treatment of retapeemitting
multiple sclerosis. Fingolimod hydrochloride is &ite to almost white crystalline powder which isdty soluble in
water. [1, 2]
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Fig. 1 Chemical structure of Fingolimod

Fingolimod became the first oral disease modifyahgg approved by the Food and Drug Administration a
September 2010 to reduce relapses and delay diggmibgression in patients with relapsing formsrofltiple
sclerosis. Fingolimod is derived from myriocin (I§Pa metabolite of the fungus Isaria sinclairingolimod is
metabolized by sphingosine kinase — 2 and aftesparylation of fingolimod; it is converted inton§olimod
phosphate. Fingolimod phosphate is a sphingosipeebkphate receptor modulator, and binds with higjhity to
sphingosine-1-phosphate receptors 1, 3, 4, antl &anl sequester lymphocytes in lymph nodes, prengthem
from moving to the central nervous system for autoline responses in multiple sclerosis. It has begorted to
stimulate the repair process of glial cells anccprsor cells after injury [3 — 8].

Literature review of fingolimod, it is reveals tha&hrious analytical methods were previously puldisHor
guantification of fingolimod by different spectragometric and chromatographic methods [9-14]. Theae much
stability indicating HPLC methods reported for ats& of bulk and dosage form of fingolimod. Therergvalso
UPLC method reported for the analysis of relatdastance and degraded impurities of fingolimod. Big article
we compared two chromatographic techniques withildeforce degradation and validation study. UPl&tem is
more efficient, specific, accurate, precise ancetsaving process then HPLC method. By UPLC metlubeest
consumption was very less so it is also cheap fuslevestimation of analysis coast. So it is vergfulsin pharma
industry as well as laboratory practices. The \aiah procedure followed the ICH (international favence on
harmonization of technical requirements for registn of pharmaceuticals for human use) guideljt&s17].

EXPERIMENTAL SECTION

Fingolimod API (Potency 99.80) was gifted by Amrielgarmaceuticals limited, Ahmedabad, India. HPLGdgra
Acetonitrile, methanol and other solvents were pased from Merck India Limited, Mumbai, India. Higlrity
de-ionized water was prepared using Milli-Q, Mibiie (Milford, USA) water purification system. Theher
analytical grade chemicals like hydrochloric agddium hydroxide pellets and hydrogen peroxide teniu30%
(v/v) were purchased from Ranbaxy Fine Chemicalsw(NDelhi, India) whereas 0.45m membrane filters were
procured from Krishna Life Sciences (Mumbai, India)

Preparation of Stock and Standard solution:

Fingolimod stock solution (500ug/ml) was prepargditssolving 25 mg drug substance in 50 ml voluiodtask
with diluent. For HPLC system preparation of staddsolution (50ug/ml) was done by taking 1 ml oba stock
solution in 10 ml volumetric flask and dilute upttee mark with diluent, whereas for UPLC standastlition (25
png/ml) was prepared by taking 0.5 ml of above stamliition in 10 ml volumetric flask and diluted twidliluent. In
all stock and standard preparation mobile phaseuses as a diluent.

Preparation of Sample solution:

Fingolimod sample stock solution (500pg/ml) waspared by dissolving 25 mg API in 50 ml volumettizsk with
diluent. For HPLC system preparation of sampletsmiu50.g/ml) was done by taking 1 ml of above glEnstock
solution in 10 ml volumetric flask and dilute upttee mark with diluent, whereas for UPLC test solut(25pg/ml)
was prepared by taking 0.5 ml of above sample stobtlktion in 10 ml volumetric flask and diluted idliluent. In
all stock and sample preparation mobile phase wed as a diluent.

I nstrumentation:

HPLC-UV:

The chromatographic HPLC system was used to perftavelopment and validation of this assay methatisted
Waters equipment 600 quaternary pump, Waters 2489/ig detector, Waters 600 controller, Waters imeli
degasser AF and manual injector with 20 loop. The equipment was connected to a multirimeent data-
acquisition and data-processing system (Empowes®tvare).
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UPLC-PDA:
Similarly, Waters Acquity UPLE" System (Switzerland) comprised of a binary solvernager, a sample
manager, PDA detector and Empower 2.0 version softior data acquisition was also used.

Chromatographic conditions:

A Waters Acquity UPLC @ BEH C18 column with 100 X.2nm ID and 1.dm particle size and Sunfire C18
column with 250 x 4.6 mm ID, particle sizaubh were used to achieve the best separation on WPHGIPLC. The
mobile phase consisted of Buffer: Acetonitrile @&: v/v) with a composition of buffer: 0.1% triethgnine in
water and adjust pH 3.0£0.05 with diluted orthogdtawic acid, used for the separation at flow rdt6.85mL/min
and 0.9 ml/min for UPLC and HPLC respectively. Thebile phase was filtered through 0.22 um micrdierfi
paper prior to use. Injection volume for HPLC systeras fixed 20 pL due to manual injector, while tdPLC
system injection volume has been kept 5.0 pL. Basethe absorption maxima observed for the compipriea
detection wavelength was set at 220 nm. The tdtaioa time was selected 8.0 min for HPLC and 3.id for
UPLC system. Column oven temperature was keptesttt0 °C for both instruments. Ultrasonic batpiriSo Ltd)
was used for the mobile phase and sample degassing.

RESULTSAND DISCUSSION

M ethod development and Optimization:

Before optimized rugged, sensitive, precise ancetsaving HPLC and UPLC methods there were manis trai
should be taken. The most essential part of metlealopment is column selectivity. After performisgveral
trails on different types of column chemistry é4§6S T3, BEH phenyl, BEH C8; the best resolutiomrptpeak and
shorter run time were achieved by using BEH C18mol (100 x 2.1 mm i.d; 1.7 um particle size) forlldPand
Sunfire C18 column (250 x 4.6 mm i.d; 5.0um paetisize) for HPLC system. There are many phosphatégic
and basic buffers were used for trails; but begassion of product peak of their degraded impesitivas achieved
by buffer: 0.1% TEA in water having pH 3.0£0.05 hvililuted OPA, having mobile phase composition wfffdr:
acetonitrile (35:65 v/v) for both HPLC and UPLC w&ym. For wavelength selection the standard solutvas
screened over 190-400 nm using the advantage db ghiode array detector. On the basis of peak altisor
maxima and peak purity index, the 220 nm was decitethe detection wavelength which provided th&imam
chromatographic compatibility to the method. Thengard chromatogram of fingolimod on HPLC and UPLC
methods are shown in fig. 1 and 2 respectively.
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Fig. 1 HPL C chromatograph of standard Fingolimod
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Fig. 2 UPL C chromatograph of standard Fingolimod

M ethod transfer from HPL C to new generation UPLC:
As the term technology transfer suggests that #énkee developed and validated stability-indicatid§LC method
for the determination of fingolimod was optimizeal &chieve the more speed, sensitivity and resalufithe
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conventional HPLC method was scale down to attatteb chromatographic compatibility in order tongssmaller
particle size column and a new generation UPLCpegent. By using smaller particle size column we eahance
the surface area that helps to improve separationr@solution. Moreover, factors like column lengibw rate,
elution time and peak with also decreases.

For ce degradation study:

The degradation study was performed to measuresttdality indicating study and selectivity of thetaonized

method. The degradation study was performed torerntbat fingolimod peak separate from differentrdegtion

products with high resolution. The degradation gtofifingolimod was carried out using differentests conditions
such as acidic, basic, oxidative, thermal and gdioto

In acidic degradation, 500 pg/ml concentrate drlgt®on with 1ml 1N HCI was kept at room temperatfor 6 h

and the mixture was neutralize with 1 N NaOH. Otiidadegradation was carried out by adding 1ml 3gdridgen

peroxide solution in the drug sample and kept atrrdemperature with 6 h. Fingolimod drug was vezgsitive

towards basic stress conditions. For alkaline stretsidy, the solution was treated with 1IN NaOH adnr

temperature for 1 h and the mixture was neutralizikd 1N HCI. Thermal degradation was performedezposing

solid drug at 70 °C for 24 hrs in hot air oven. phptolytic degradation powder drug has been exptssunlight

for 36 hrs (Day hrs only). After applying all thesteess conditions the solutions were kept in roéemperature and
diluted with diluent to make a final concentratie® ug/ml. The degradation response of Fingolimolath HPLC

and UPLC system with different stress conditionseareported in Table 1 and Fig. (3 to 12).

Table 1 Results of stress degradation study by HPLC and UPLC

HPL C Degradation study UPL C Degradation study
Stress Conditions % Drug recovered | % Drug decomposed | % Drugrecovered | % Drug decomposed

Standard drug 100 100 -
Acidic (AN HCI, RT, 6 h) 99.24 0.76 99.28 0.72
Basic (1IN NaOH, RT, 1 h) 90.10 9.90 90.82 9.18
Oxidative (3% HO,, RT 6 h) 99.21 0.79 99.58 0.42
Thermal (Oven, 70 °C, 24 h 99.07 0.93 99.01 0.99
Photolytic (sunlight, 36 h) 99.48 0.52 99.33 0.67
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Fig. 3 Chromatograph of acid degradation study of Fingolimod by HPLC
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Fig. 4 Chromatograph of basic degradation study of Fingolimod by HPL C
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Fig. 5 Chromatograph of oxidaive degradation study of Fingolimod by HPLC
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Fig. 6 Chromatograph of Thermal degradation study of Fingolimod by HPLC
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Fig. 7 Chromatograph of Photo stability study of Fingolimod by HPLC
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Fig. 8 Chromatograph of acid degradation study of Fingolimod by UPLC
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Fig. 9 Chromatograph of alkali degradation study of Fingolimod by UPLC
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Fig. 10 Chromatograph of oxidative degradation study of Fingolimod by UPLC

02

0x 4

0.6 4 Fingolimod
AU

0.1C

0DE

o T 5

Dl[. o l‘k‘ T IZ&‘ o ‘3&. o lok‘ T IS&‘ o ‘G&. o lTk‘ T IS&‘ T ‘9&‘ T l|IJZ:

Mrues
Fig. 11 Chromatograph of Thermal degradation study of Fingolimod by UPLC
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Fig. 12 Chromatograph of Photo stability study of Fingolimod by UPLC

METHOD DEVELOPMENT

Method validation includes several parameters Baution stability, System suitability, AccuracyreRision,

Linearity, Robustness, Limit of detection (LOD) dalnimit of quantification (LOQ). These all validati parameters
have been performed systematically on both HPLCWRHC instruments. All validations have been perfed as
per ICH guidelines Q2A and Q2B. [15]
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Solution stability:

Solution stability study was performed by storechgke solution at room temperature without protectid light

and injected at different time interval. The resgenfor the aged solution were evaluated by imjgadrug solution
at initial to 4 h time interval for two days andnepared with freshly prepared standard solution.tRerduration of
the study of the stability of stored solutions gssas determined. The evaluation data of soluttabilty study of

both HPLC and UPLC instruments were given in Table

Table 2 Summery of solution stability study on HPLC and UPLC

Solution stability of sample | Fingolimod HPLC method | Fingolimod UPL C method
at different timeinterval Mean Area | Assay (%) Mean Area | Assay (%)
Initial 1834212 99.72 542801 99.26
4h 1841513 99.64 541723 99.62
8h 1842707 99.94 547478 99.87
12h 1816685 99.40 546727 99.66
16 h 1826616 99.86 543532 99.79
20 h 1831756 99.82 542521 99.45
24 h 1851422 99.85 544987 99.58
36 h 1840162 99.64 543540 99.55
48 h 1841406 99.63 541950 99.66
Mean 1836275 99.72 543918 99.61
% RSD 0.56 0.17 0.38 0.18

System suitability:

The System suitability test was performed to meathe resolution and reproducibility of the systé&iwe replicate
injection of standard preparation and duplicatedtipn of sample were injected and system suitglpliarameters
like Theoretical plates, USP tailing and %RSD oélparea were calculated. The comparison betweeermys

suitability data of HPLC and UPLC were reported able 3.

Table 3 Summery of method validation parametersof HPLC and UPLC

HPL C Method UPL C method
Method Validation % RSD? Theoretical Peak % RSD? Theoretical Peak
Results (in-house (NMT 2.0)° Plates tailing (NMT 2.0)° Plates tailing
limits) (NLT 2000)° | (NMT 2.0)° (NLT 2000)° | (NMT 2.0)°
Accuracy 0.21 6287 1.06 0.15 3856 1.20
Method Precision 0.14 6310 1.05 0.16 3945 1.25
Intermediate Precisio 0.21 6325 1.10 0.09 3875 612
Linearity 0.36 6163 1.08 0.20 3695 1.21
LOQ 0.44 6200 1.06 0.38 3860 1.18
Robustness 0.52 6402 1.05 0.33 3978 1.20
Solution stability 0.56 6369 1.05 0.38 3878 1.23
3Relative standard deviatioP\ot more than‘Not less than
Table 4 Percentage recovery data for UPLC and HPL C accuracy study
Instrument o é)fnzjoruurg];t Amount o Mean a0
Used Level (%) | Set No added of drugfound | Recovery (%) Recovery (%) RSD®(%)
(ng/ml) (ng/ml)
1 12.60 12.59 99.88
50 2 12.62 12.58 99.68 99.95 0.30
3 12.64 12.67 100.28
1 24.96 24.93 99.89
UPLC 100 2 25.30 25.27 99.89 99.84 0.08
3 25.14 25.08 99.75
1 37.53 37.42 99.71
150 2 37.53 37.41 99.68 99.73 0.06
3 37.62 37.54 99.80
1 25.20 25.20 99.99
50 2 25.30 25.26 99.86 99.94 0.07
3 25.18 25.17 99.98
1 50.16 50.14 99.96
HPLC 100 2 50.04 49.91 99.74 99.71 0.27
3 50.08 49.79 99.43
1 75.06 74.65 99.45
150 2 75.30 75.25 99.94 99.79 0.30
3 74.94 74.93 99.98

“Relative standard deviation
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Accuracy:

The accuracy of an analytical procedure is the oreasent of closeness values between the valueugf sample
and accepted standard value. The accuracy of thayasethod was evaluated by preparing three differe
concentration levels corresponding to 50%, 100 80, % of test preparation concentration in tripkcahd injecting

it in duplicate. The recovery was found betweeraffl 100% for both HPLC and UPLC, which is betweadeu
the acceptance criteria of ICH guideline Q2 (A)eTWPLC and HPLC data for the percentage recover\shown

in the Table 4.

Precision:

Precision study was performed by evaluating methetision and intermediate precision study. Methoetision
study of Fingolimod drug was carried out by injegtifive standard and six sets of test solution uplidate.
Intermediate precision of the analytical method w@sfirmed with inter day and intraday testing afigl substance.
The intra-day precision study was performed inraesday by analyzing three times with six independssays of
test sample against reference material. Inter-dagigion of the method was determined by perforntivegsame
procedure on different day or by different analysby different chromatographic instruments. Thaleation data
for precision study of HPLC and UPLC are shown ablE 5.

Table5 Evaluation data for precision study by HPL C and UPL C method

HPL C method UPL C method
Set Mean RSD? Mean RSD?
Precision study No. Assay (%) Assay (%) | (%) Assay (%) Assay (%) | (%)
1 99.60 99.78
2 99.74 99.84
Method precision 3 99.52 99.92
2 9976 99.60 0.14 99.94 99.81 0.16
5 99.40 99.51
6 99.57 99.85
1 99.75 99.74
2 99.30 99.77
. - 3 99.69 99.83
Intermediate precision 2 99.67 99.66 0.21 99.60 99.75 0.09
5 99.93 99.69
6 99.64 99.84

*Relative standard deviation

Linearity:

Linearity for the analytical method was assessedhf@cted nine level different concentrations fr@@po - 180%
concentration range of the actual analyte conceotr&0 pug/ml for HPLC method and 25 pg/ml for UPhtethod.
Each level of concentration was injected in dupécand the slope, Y- intercepts and correlatiorffiment were
calculated by plotting peak area versus conceatraturve. Linear regression equation was found 36863x +
1446 for HPLC and Y = 10398x + 12689 for UPLC. Thethod was linear in all above concentration reavbthe
regression coefficient’f) was found to be 0.999 and 0.998 respectivelyHBL.C and UPLC method. Linearity
curve of Fingolimod by HPLC and UPLC methods areegiin Fig. 13 and 14 respectively.
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2000000+
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1000000
500000 -

0

y = 369631 + 1446.9
R2 = 0.9997

10.03 19.98 30.19 40.19 50.12 60.14 70.28 80.00 90.'.4

Fig. 13 Linearity curve of Fingolimod by HPL C method
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Fig. 14 Linearity curve of Fingolimod by UPL C method

Limit of detection (LOD) and Limit of quantification (LOQ):

LOD and LOQ for fingolimod were determined at sigt@noise ratios of 3:1 and 10:1 respectively bjedting
series of dilute solutions prepared by serial @ihg of the known concentration. The reproducipitf LOQ was
measured by injecting six replicate injections @fiést concentration of analyzed standard. The cdratéon 0.15
pg/ml and 0.005ug/ml are LOD level for HPLC and WPimethod respectively. Moreover, 0.015ug/ml and 0.5
png/ml are the LOQ level for UPLC and HPLC respediiv

Robustness:
The Robustness is an analytical procedure whiciméasured by small but deliberate change in analytic

parameters like Flow rate, Mobile phase compositfi value of mobile phase, use different typesuwdlytical
columns and column oven temperature. Robustnegmoigding its reliability during normal usage. Thariables
evaluated in the study were Column oven temperaklosv rate and Mobile phase composition. The daled to
robustness study by HPLC and UPLC methods werectiepin Table 6 and 7 respectively.

Table 6 Evaluation data for robustness study by HPL C method

. System suitability parameters

Robustness parameters % Assay | RT, Minute Theoretical Plates | USP Tailing
Flow rate 0.85 ml/min 99.46 2.756 6105 1.05
Flow rate 0.90 ml/min 99.48 2.740 6098 1.06
Flow rate 0.95 ml/min 99.16 2.734 6258 1.05
Buffer: Acetonitrile (34:66) 99.59 2.738 6130 1.04
Buffer: Acetonitrile (35:65) 99.33 2.740 5980 1.10
Buffer: Acetonitrile (36:64) 99.77 2.748 5900 1.08
Column Temperature 25°Q 99.29 2.745 6040 1.07
Column Temperature 30°C 99.61] 2.742 6184 1.05
Column Temperature 35°Q 99.78 2.736 6078 1.05

Table 7 Evaluation datafor robustness study by UPL C method

. System suitability parameters

Robustness parameters % Assay | RT, Minute Theor etical Plates pUSP Tailing
Flow rate 0.34 ml/min 99.89 1.064 3856 1.26
Flow rate 0.35 ml/min 99.75 1.039 3815 1.26
Flow rate 0.36 ml/min 99.91 1.004 3720 1.27
Buffer: Acetonitrile (34:66) 99.88 1.062 3822 1.28
Buffer: Acetonitrile (35:65) 99.89 1.036 3785 1.25
Buffer: Acetonitrile (36:64) 99.94 1.009 3807 1.25
Column Temperature 25°Q 99.75 1.034 3792 1.26
Column Temperature 30°C 99.71] 1.038 3856 1.27
Column Temperature 35°Q 99.77, 1.032 3872 1.27

CONCLUSION

The intensive approach described in this manusevgs used to develop and validate a liquid chrograjghic
analytical method that can be used for both buligdras well as in pharmaceutical dosage form ofjdfimod.

484



Ranjan C. Khunt et al J. Chem. Pharm. Res., 2016, 8(7):476-485

Fingolimod is very much sensitive towards basiestrcondition and comparatively less sensitivectd solution.
Degradation products produced as a result of sttessiot interfere with detection of Fingolimod atite assay
method can thus be regarded as stability indicatitmwever, chromatographic conditions of both mdthare
almost same due to method transfer from HPLC to ©®P&ome changes were required to obtain suitalnlity
method by the means of asymmetry, number of thieatgilates and % RSD. The lower concentratiorLfob and
LOQ in UPLC method compare to HPLC method showsgtieater sensitivity. The total analysis time reegiby
HPLC method is 8.0 min whereas in UPLC method duoed to 3 min. The method was revealed to be thedec
precise, sensitive, rapid and linear that was cowil by the method validation results. The propdsetth the
chromatographic methods represent good sensitivigplution and selectivity in bulk drug as well as
pharmaceutical dosage forms. UPLC method is fastel sensitive as compare to HPLC method. The major
degradation products observed in acid, alkali atdation conditions are eluted at same retentime ti
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