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ABSTRACT

An improved gradient, reversed-phase liquid chromatographic (RP-LC)
method has been devel oped and subsequently validated for the determina-
tion of Fosphenytoin sodium and its process-related impurities. Separation
achieved with Symmetry shield RP-18, 250x4.6mm, 5p1 columnand amobile
phase of buffer (0.05M monobasi ¢ potassium phosphate and 30mL of 0.5M
dodecyltriethylammonium phosphate in 900ml of water, adjust with 1.5M
phosphoric acid to apH of about 3.0.) Acetonitrile with gradient elution at
aflow rate of 1.0mL min™. UV detection was performed at 214nm. The de-
scribed method islinear over arange of LOQ to 6.75ug mL-*(150% of the
specification limit) for all the process-related impurities. The accuracy of
the method demonstrated and the recovery of impurities were found to be
intherange of 85-110%. Themethod issimple, rapid, selective, accurate for
the quantification of process related impurities of Fosphenytoin in its bulk
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INTRODUCTION

Fosphenytoin sodium isan anti-convul sant agent
used for thetreatment of epileptic disorder whichis
avalableinthemarket as Cerebyx*2. Itschemica name
is[2,5-dioxo-4, 4-di (phenyl) imidazolidin-1-yl] me-
thyl dihydrogen phosphate sodium. It preventsthe con-
vulsion by modul ating sodium channels of neurons.
Fosphenytoin asaprodrug that provides phenytoinin
vivo blocks movements of ions through the sodium
channe sduring propagetion of theaction potentid, and
thereforeblocksor limitsthe devel opment of maximal
convulsions. Fosphenytoinisagood exampleof anove

prodrug that can overcomethe parentera delivery prob-
lems associated with asparingly watersoluble, weakly
acidic drug. Inreviewing the history and rationale be-
hind thisexampleit ishoped that the problems associ-
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Figurel: Chemical structuresof processrelated impuritiesof fosphenytoin
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Figure?2: Reference chromatogram asper USP
beavoided inthefuture by prodrug intervention at the
drug designstage. That is, if adrug such asphenytoin
wereto bediscovered today, would it not be better to
develop the parenterd form asfosphenytoinrather than
sodium phenytoin, thusavoidingthe safety and ddlivery
limitationsof the current product®-

Fosphenytoin sodiumislistedin officid USP“ to
estimateitsprocessrel ated impurities. The USP speci-
fied method isnot meeting the specificity criteriaasde-
scribed by ICH guidelinesand also unable addressthe
most probableimpuritiesviz., Impurity —D and Impu-
rity-E (Figure 1). The other literaturereported method
by Michadl J.Cwik; et al.® isonly suitablefor the esti-
mation of fosphenytoin and phenytoininhuman plasma
and plasmaultrafiltrate. Hence the author made an at-
tempt to devel op an appropriate method for therelated
substancesdetermination.
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Figure3: Referencechromatogram of all impuritiessepar ation

Here, we present an improved analytical method
for determination of process-related impuritiesin
Fosphenytoin API, which will serve asarapid and
reliable method for the determination of process- re-
lated impuritiesin Fosphenytoin API. The method
has been thoroughly validated as per the ICH guide-
lineg®.
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EXPERIMENTAL

Chemicals

Samples of Fosphenytoin sodium and itsrelated
substances were received from process devel opment
laboratory of Dr.Reddy’s Laboratories Ltd., IPDO,
Hyderabad, India. Thestructuresand chemica names
of process-related impuritiesand Fosphenytoin sodium
were shown in figure 1. HPLC grade Acetonitrile,
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Figure4: Typical chromatogramsof fosphenytoin degradation samplesand impurity spiked sample

monobasi ¢ potassium phosphate and ortho Phospho-
ric acid purchased from Merck, Germany. 0.5M
dodecyltriethylammonium phosphate, purchased from
Registechnologiesinc, USA and high purewater was
prepared by using Millipore Milli Q pluspurification
Sysem.

I nstrumentation

The LC system, used for method devel opment,
forced degradation studies and method validation was
WatersL C system with adiode array detector. The out
put signal was monitored and processed using waters
empower softwareon Pentium computer (Digital Equip-
ment Co).

Chromatogr aphicconditions

The chromatographic column used wasaSymme-
try shield RP-18, 250x4.6 mm, 5u. Themobile phase
—A contained buffer (0.05M monobasic potassium
phosphateand 30mL of 0.5M dodecyitriethylammonium

phosphatein 900 ml of water, adjust with 1.5M phos-
phoric acid toapH of about 3.0.) and Acetonitrilein
theratio of (75:25, v/v) and mobile phase- B consisted
of Buffer and Acetonitrileintheratio of (25:75, v/v).
Theflow rate of the mobile phase was 1.0mL min™.
The LC gradient program was set as: time (min)/%
mobile phase- B: 0.01/20, 2.5/20, 20/35, 35/50, 50/
50, 52/20 and 65/20. The column temperature was
maintained at 27°C and the detection was monitored at
awavelength of 214nm. The injection volume was
10uL . Buffer and Acetonitrilewas used intheratio of
65:35 asdiluentsfor samplepreparations.

Prepar ation of solutions
Prepar ation of spiked solution

All theprocessrelated impuritieswerespiked at a
level of 4.5ug mL-1to Fosphenytoin sodium standard
solution, whichisprepared at aconcentration of 3.0mg
mL*indiluent.
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Samplesolution

3.0mg mL* solution of Fosphenytoin sodium
samplewas prepared using diluent andinjected into the
Sysem.

For ced degradation samplesfor specificity study

Fosphenytoin sodium was heated with agueous
0.5N hydrochloric acid solution at 60°C for 18 hours
and separately with aqueous 0.1N sodium hydroxide
at 60°C for 1 hours to study formation of degradation
productsunder acidic and basic conditions, respectively.
Fosphenytoin sodium sampl ewas heated with 3% hy-
drogen peroxide solution at 60°C for 24 hours to study
formation of degradation productsunder oxidative con-
dition. To study degradation productsunder photolytic
and thermd degradations, Fosphenytoin sodium sample
was exposed to ultraviol et light (254nm) for 10days
and another samplewaskept at 60°C temperature for

10 daysrespectively.
RESULTSAND DISCUSSION

Optimization of chromatogr aphic condition

Fosphenytoin sodium isUSPlisted molecule. Im-
puritiesABC (Figure 1) arethe USP specified impuri-
ties. The monograph specified related substances by
HPL C methodisisocratic and also deficient to quantify
therelated impuritiesof fosphenytoin sodium. During
the synthes sof the Fosphenytoin sodium thereisapos-
sibility of formation of impurity D and E (Figure 1) in
additionto USP specifiedimpurities. Initid triadswere
conducted exactly asper the USP specified chromato-
graphic conditions. It isobserved that the Impurity-C
and impurity-D areeluting at the sameretentiontime
and impurity-E not e uting in USP chromatographic
conditions (Figure 2). To overcomethe drawbacks of
the USP method further experimentswere conducted.
Further varioustriad sweremade by us ng different buff-
erslike potass um phosphate, sodium phosphate, tri-
ethylamine and ammonium acetatein mobile phaseto
achievedesired separation between theimpurity-C and
impurity-D. Separation betweentheimp-C andimp-D
did not improve even on varying the different buffers
and column chemidtries. Further experimentswere con-
ducted by varyingthemobile phase pH asthetwo impu-

—= Fyll Paper

ritieswere commonly containing theimidazolidinemoi-
ety. The pH of the USPbuffer varied between 2 and 6.
The separation is achieved between thetwo desired
impuritieswhen the mobile phase pH ismaintained at
pH 3.0witharesolution about 1.4. Further toimprove
theresolution different Stationery phaseswere checked.
Achieved aresolution of greater 2.5 on symmetry shield
RP 18 (2504.6mm, 5micron ) column. Further to elute
theimpurity-E introduced mobile phase-B with aceto-
nitrile solvent under gradient conditions. It isalso ob-
served when the sampleis injected as per the USP
specified diluent, the product isundergoing degrada-
tion and forming theimpurity-D. We could not differ-
entiate thisobservation, upon analyzing thesampleas
per the USP specified chromatographic conditions. With
the above experimentsit isunderstood that the USP
specified buffer pH 5.0 and the diluent are not appro-
priate for the related substances estimation of
Fosphenytoin sodium.

Findly, derived the chromatographic conditionsas
buffer: 0.05M monobasi ¢ potass um phosphate mixed
with 30mL of 0.5 M dodecyltriethylammonium phos-
phatein 900ml of water, adjusted to apH of 3.0 with
dilute phosphoric acid . Theratio of buffer and acetoni-
trilein (75:25, v/v) isused as mobilephase-A and the
ratio of buffer and acetontirlein (25:75, v/v) isused as
mobilephase-B. Thegradient programme set as. time
(min)/% mobilephase- B: 0.01/20, 2.5/20, 20/35, 35/
50, 50/50, 52/20 and 65/20 with aflow rate of 1.0mL
min?t using symmetry shield RP-18 (250x4.6x5.0p)
column . Thewavelength ismonitored at 214nm. In
these conditions all the related substances of
Fosphenytoin arewered uted with good resolution (Fig-
ure3).

Method validation

The LC method devel oped has been extensively
validated for the process-related impurities of
Fosphenytoin sodium using thefollowing parameters.

Specificity

Specificity istheability of the method to measure
theandyteresponsein the presenseof itspotentia im-
purities. Stresstesting of adrug substancecanhelpto
identify thelikely degradation products, which canin
turn hel p establish the degradation pathwaysand the
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TABLE1: Linearity resultsfor related substancesestima-
tion

Impurity Sope Y- Corrgla_ltion
Name intercept coefficient
Impurity-A  1043.7 264.5 0.9995
Impurity-B~ 789.3 2419.5 0.9991
Impurity-C~ 825.2 1704.3 0.9991
Impurity-D  1108.3  4040.0 0.9992
Impurity-E =~ 757.1 1590.0 0.9997

intring c stability of themolecule. Thesample exposed
totherma and UV light not lead to any traceable deg-
radation. But the sample heated with 0.5N HCI, 0.1N
NaoH and 3% H,O, were mostly converted to de-
graded productsand thesearewe | separated from the
Fosphenytoin peak. Photodiode array detection was
also used asevidence of the specificity of themethod,
andto eva uatethe homogeneity of thepegk. Thesample
exposed to acidic, basic, oxidative, thermal and UV
light stress conditionswere subjected to photodiode
array analysisfor peak purity of Fosphenytoin peak.
The plotswith flat topsin all instances showed that
Fosphenytoin peak had no detectableimpurity peaks
embedded in and arefreeof co € uting degradation com-
pounds. From the above results, it is clear that the
method isspecific and ableto resolveall the process-
related impuritiesand degradation productsand can be
used for determining the processrelated impuritiesin
Fosphenytoin sodiumAPI. A typical chromatogram of
the degradation samplesand spiked sampleare shown
infigure4.
Linearity

Standard sol utionsat different concentration levels
ranging from LOQ to 6.75ug mL (150% of specifi-
cationlimit) were prepared and andyzedin duplicatein
order to demondtratethelinearity for al theimpurities.
Linearity regression analysi sdemonstrated acceptabil -
ity of themethod for quantitative determination range
of LOQ to 150% of specificationlimit. The coefficient
of correlation wasfound to be morethan 0.999. The
valuesof dope, intercept and coefficient corrdationfor
eachimpurity areshownin TABLE 1.

Accuracy

Accuracy of the method was demonstrated at four
different concentration levelsintriplicate. Theanaysis

Hnalytical CHEMISTRY o

TABLE 2: Reaultsof accuracy study

Impurity  Spike Added Recovered (%)
name level (ug mL-1) (ug mL-1) Recovery

50 2.25 2.26 100.3

. 75 3.38 3.44 101.7
Impurity-A

100 4.50 457 101.6

150 6.75 6.79 100.7

50 224 2.32 103.8

. 75 3.38 3.46 1024
Impurity-B

100 4.50 4.65 103.5

150 6.75 6.70 99.3

50 2.23 214 96.4

. 75 3.38 297 87.9
Impurity-C

100 450 3.88 86.3

150 6.75 6.10 90.4

50 2.25 240 106.7

. 75 3.38 3.65 108.2
Impurity-D

100 450 4.93 109.6

150 6.75 6.89 102.2

50 2.25 2.10 93.7

. 75 3.39 321 94.9
Impurity-E

100 450 4.24 94.2

150 6.75 6.47 95.9

carried out at 50%, 75% 100% and 150% of specifi-
cationlimit. Themean recoveriesof all theimpurities
werefoundto beintherange of 85-110% asshownin
TABLE 2.
Precision

Precision was determined through repestability (in-
tra-day) and intermediate(inter-day) precison. Thepre-
cison of therelated substance method was checked by
injecting six individua preparationsof (3.0mgmL-?)
Fosphenytoin sodium spiked with 0.15% of eachim-
purity. The% RSD for percentage of eachimpurity was
calculated. Theintermediate precision of the method
waseva uated by different analyst using different col-
umn and adifferent instrument in the samelaboratory.

L imit of detection and limit of quantification
Sengtivity wasdetermined by establishing thelimit
of detection (LOD) and limit of quantification (LOQ)
forimp-A,imp-B , imp-C, imp-D andimp-E estimated
at asignal to- noiseratio between 2-3 and 9.5-10.4
respectively, by injectingaseriesof dilutesolutionswith
known concentration. Thelimit of detection of acom-
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pound isdefined asthe lowest concentration that can
be detected. LOD vaueswerefound to be0.06, 0.12,
0.12,0.09 and 0.33ug mL* forimp-A, imp-B , imp-C
, imp-D and imp-E, respectively. Thelimit of quantifi-
cation isthelowest concentration of acompound that
can be quantified with acceptable precision and accu-
racy. LOQ valueswerefound to be 0.27, 0.45, 0.45,
0.36 and 1.23ugmL forimp-A, imp-B, imp-C,imp-
D andimp-E respectively. Theprecison study wasa so
carried out at the LOQ leve by injecting six individua
preparations of imp-A, imp-B , imp-C , imp-D and
imp-E and calculating the % RSD for theareas of each
impurity.

Robustness

In order to demonstrate the robustness of the
method, system suitability parameterswereverified by
making deliberate changesin the chromatographic con-
ditions, viz, changeinflow rate by +0.2ml/min, change
inpH of the buffer +0.2 unit and changing the organic
phase in the mobilephase from 100% to 90% and
110%. The method wasdemonstrated to berobust over
an acceptableworking range of itsHPL C operational
parameters.

CONCLUSION

The present paper describesthe devel opment of
anew HPLC method for the determination of pro-
cess-related impuritiesin Fosphenytoin sodium API
and itsvalidation. The method wasfound to be selec-
tive, sensitive, precise and accurate for the determi-
nation of process-related impurities and degradation

—— Fyll Peper

products. This method can be used for the routine
determinationsin pharmaceutica quality control labo-
ratories.
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