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Abstract: A linear, precise, accurate and robustic RP-HPL@&otwhas been developed and validated for the
quantitative determination of methylphenidate hygtiioride in active pharmaceutical ingredient.
Chromatography was carried out on enahlg3Ccolumn (250%4.6mm, 5u) with a mobile phase ot@utile-
methanol-0.1% formic acid in the ratio of 45:45(4v/v). UV detection was performed at 220 nm. larity
was observed in the concentration range of 20-4Bnjgith a correlation coefficient {r of 0.9981. The
retention time for methylphenidate was found tdbbémin. The proposed method can be successfulliyeap

for the estimation of methylphenidate in bulk. Mgfghenidate hydrochloride was subjected to stress
conditions including acidic, alkaline, and therrdafradation. Methylphenidate hydrochloride is nsgesitive

to wards acidic and alkaline degradation. The nethas validated as per ICH guidelines.
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Introduction

Methylphenidate is a psycho-stimulant drug approf@dthe treatment of attention deficit hypersawagit
disorder (ADHD), postural orthostatic tachycardimdrome and narcolepsiethylphenidate is the most
commonly prescribed psycho-stimulant and works ihgréasing the activity of central nervous system.
Chemically, methylphenidate is methyl-2-phenyl-B&pidin-2-yl)acetate (Fig 1). It blocks dopamingake in
central adrenergic neurons by blocking dopaminesfrart or carrier proteins. Methylphenidate acthatorain
stem arousal system and the cerebral cortex ansesancreased sympathomimetic activity in the eéntr
nervous syster.

http://sphinxsai.com/frameijpharmtech.html
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Fig 1: Chemical structure of Methylphenidate

Some researchers have theorized that ADHD is camsaddopamine imbalance in the brains of thosectdtl.
Methylphenidate is a norepinephrine and dopamioptede inhibitor, which means that it increasedehel of
the dopamine neurotransmitter in the brain by plytblocking the dopamine transporter (DAT) thatoves
dopamine from the synapses. This inhibition of D#ldcks the reuptake of dopamine and norepineplinitoe
the presynaptic neuron, increasing the amount péahine in the synap$g.

Literature survey revealed that only few analytitathods like spectrophotometric, RP-HPLC and LC-
MS method$® have been reported for the determination of metigmidateAll these methods are expensive,
time consuming, complex in nature. Consequentlgreghwas still a need to develop a simple, less time
consuming and economical method for the deternanatf Methylphenidate in APl Methylphenidate.
Therefore, we attempted to develop a fast and depible RP-HPLC method for the estimation
Methylphenidate in API form by following ICH methodalidation guideline$.In the present work, we
developed a simple, precise, accurate, selectideabust liquid chromatographic method for the dateation
of Methylphenidate in active pharmaceutical ingeatlias an alternative method.

Materials and Methods:

Methylphenidate was obtained as gift sample fronh ZLhemicals Ltd. Ankleshwar, Gujarat. All the sali®
used like methanol, acetonitrile and formic acidiockhare of HPLC grade were purchased from SD Fine
Chemicals.

Instrumentation and analytical conditions

The analysis of the drug was carried out on SchamatPLC model with LC-10 software containing LC-ZDA
pump, UV/Visible detector (SPD 20 A), and hamiltegringe (20 ul). Chromatographic analysis was
performed by using enable; G column (250x4.6mm, 5u). Schimadzu electroniamed was used for
weighing. Isocratic elution was performed by ustngiobile phase acetonitrile : methanol : 0.1% foragid
(45:45:10) at a flow rate of 1.0 ml/min. Detectimas carried out at 220 nm with a run time of 20.nfihe
mobile phase was prepared freshly and it was smuida degas the solvent for 5 min. The column ldR{C
system were maintained at ambient temperature.

Preparation of stock, working standard and sample @utions

An accurate quantity of powder equivalent to 100ahgethylphenidate was weighed and transferrexd 160
ml volumetric flask containing methanol and dilutgaito the mark with methanol, shaken for 5 mimicated
for 15 min and filtered through 0.45 p membranteffito obtain a clear solution. From the primaryckt
solution, 10 ml was taken in a 100 ml volumetrask and dilute up to the mark with methanol andcsded.
This secondary stock sample solution was dilutedntjtatively with methanol to obtain suitable waordi
sample solutions for chromatographic measurements.
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Method Validation

The proposed chromatographic method was validateges ICH guideline.Peak calibration curve was
constructed by plotting peak area Vs concentrataeuracy was determined by recovery studies wiibwvin
concentration of drugs and the percentage recovaerfiethe added drugs were determined. Precision was
evaluated in terms of intra-day and inter-day @iea. The precision was investigated using sixicaps of
same concentrations of standard solutions. LODL&D@ values were calculated from the calibrationveur
Robustness of the method was determined by delédgrzarying certain parameters like flow-rate, Igtieal
wavelength and column temperature.

Forced Degradation Studies:

The study was intended to ensure the effectiveraipa of methylphenidate and its degradation peatks
formulation ingredients at the retention time ofthyphenidate. Forced degradation studies wereopadd to
evaluate the stability indicating properties anecsficity of the method® Methylphenidate standard solution of
concentration 1000 pug/ml was prepared with mobilase and treated with 5 ml of 1N HCI. The resultant
solution was analysed for every 24 h after pridutdin. For alkaline degradation studgethylphenidate
standard solution of concentration 1000 pg/ml waepgred with mobile phase and treated with 5 milNf
NaOH. The resultant solution was analysed for ex&nh after prior dilution. Methylphenidate powdeas
exposed to dry heat at 5C@ and powder was removed for every 24 h and dila® mentioned above and
analysed for thermal degradation study.

Results and discussion
Method development:

Proper selection of the method depends upon theenaf the sample (ionic/ionisable/neutral moleguits
molecular weight and solubility. The drug seleciedhe present study is polar in nature. The regkzhase
HPLC was selected for the separation because siniglicity and suitability. The sensitivity of HELmethod
which uses UV detection depends upon the propecteh of wavelength. An ideal wavelength is onat th
gives good response for all the drugs to be dateétéJV spectrum for methylphenidate was recordetivieen
200-400 nm. The.x Was obtained at 220 nm by using 1cm quartz céffefi2nt mobile phases were tried but
satisfactory separation and symmetrical peaks wiet@ned by using a mobile phase consisting ofomdteie :
methanol : 0.1% formic acid in the ratio 45:45:10.

Linearity:

Appropriate aliquots of standard methylphenidatetimn were taken and diluted up to the mark witALK
grade methanol to obtain final concentrations nagdgrom 20-45 pg/ml. These solutions were injedted
chromatographic system. The chromatograms wereinaglskaand peak area was determined for each
concentration of drug solution. The correlation fioent was found to be 0.9981. Results of lingagdre
shown in Table 1, Fig 2.

Table 1.Linearity data of methylphenidate hydrochloride

S.No Concentration(ug/ml) Peak area
1 20 858200
2 25 1154211
3 30 1387440
4 35 1668846
5 40 2003083
6 45 2256898
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Fig.2 Calibration curve for methylphenidate hydrocHoride (20-45 pg/ml)

Accuracy

Accuracy of the method was determined by recoveqyeements. Two types of recovery studies were
performed. They are standard addition and percemagpvery methods. The amount of the each drusepte
percentage recovery, percentage relative standaidttbn (% RSD) were calculatetihe percentage recovery
was found to be 99.13%-99.76%.

Precision

Precision of the method was demonstrated by inégr @hd intraday variation studies. It was checkgd b
injecting replicate injections of 25 pug/ml of thalion for three times in a day as intraday precistudy of
methylphenidate and for three consecutive days@sday precision. % RSD was calculated. The % RSD
obtained for intraday and interday precision was kan 0.9% as shown in Table 2.

Sensitivity

The sensitivity of measurement of methylphenidateisge of the proposed method was estimated in tefms
Limit of Detection (LOD) and Limit of Quantitatiof.OQ).

The LOD and LOQ were calculated by use of the eqnsit
LOD = 3.3 xo/S
LOQ =10 xo/S

Limit of Detection (LOD) and Limit of QuantitatiofLOQ) were estimated from signal-to-noise ratianltiof
Detection is defined as the lowest concentratiselleesulting in a peak height of three times tlasdiine
noise. Limit of Quantitation is defined as the I®tveoncentration level that provided a peak heigith a
signal-to-noise ratio higher than 10. The LOD af) values for methylphenidate are reported in #isld 3
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Table 2.Intra and inter day precision of Methylphenidate

%RSD
Sample Concentration (pg/ml) Intra Inter
20 0.7 0.4
Methylphenidate 25 0.6 0.7
hydrochloride 30 0.7 0.4
35 0.9 0.7
40 0.2 0.6
45 0.6 0.9
Table.3LOD and LOQ results of methylphenidate hydrochlerid
Sample LOD (ug/ml) LOQ (ug/ml)
Methylphenidate
hydrochloride 1.50 454
Robustness

The robustness of an analytical procedure is a wneasf its capacity to remain unaffected by smait b
deliberate variations in method parameters andiges\van indication of its reliability during normagage. For
the determination of a method’s robustness, deltkechange in the flow rate, wavelength and tentpera
variation was made to evaluate the impact on thiode Results of robustness are summarized in Hablbe
method was found to remain unaffected by chandmegmiethod parameters. Hence, the method was faund t
be robust.

Table 4: Robustness results for methylphenidate hydroctdorid

Factor %RSD
Flow rate 0.8 0.56
(ml/min) 1 0.67
1.2 0.42
Wavelength 218 0.61
(nm) 220 0.83
222 1.20
Column 28 0.87
temperature 30 0.83
(°C) 32 0.61

Forced degradation studies:

All the stressed samples in acid, alkaline degiadatudies were decomposed completely. No decsitiqo
was seen on exposure of solid drug to dry heae fdtted degradation studies data are summarizédhle 5.
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Table 5.Data of forced degradation studies

S:NO Stress condition Time Degz(;)c;atlon
1 Acid hydrolysis (1N HCI) 24 h 100
2 Alkaline hydrolysis (1N NaOH) 48 h 100
4 Thermal degradation (BD) 7 days Stable
Conclusion

A simple, sensitive, specific, accurate and prestsdility indicating RP-HPLC method was develoeai
validated for the routine analysis methylphenidat@PIl. The % RSD for all parameters were found¢dess
than two, which revealed the validation of new rodthre fairly satisfactory. The results of forceychdation
studies reveal that the method is stability indigat The proposed method has the capability to re¢pahe
analyte from their degradation products obtainetdhduorced degradation studies. Hence, it candmeladed
that the developed RP-HPLC method is stabilitydatihg and can be employed successfully as amatiee
for HPLC and LC-MS methods for the quantitativaraation of methylphenidate.
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