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ABSTRACT

A simple, reliable and stability indicating revetdsphase high-performance liquid chromatographic hodt has
been developed and validated for the simultaneaisrohination of citicoline and piracetam in theiynshetic
mixtures and combined tablet formulations. Bothgdruwere separated on a Chromatopajs £50 mm x 4.6mm
Column packed with 10um particles. The optimizetilmg@hase was a 90:10 (v/v/v) mixture of 10 mMapsium
phosphate buffer (pH 3.5), pumped at a flow rat®.8fml/min. UV detection was performed at 215 fine method
was validated in the concentration ranges of 12%Rg/ml for citicoline and 28-52ug/ml for piracetawhere it
demonstrated good linearity with=0.999 and 0.998 (n = 3), respectively. The mettiethonstrated to be robust,
resisting to small deliberate changes in pH, flaterand composition (buffer: organic ratio) of tirmbile phase.
The applicability of the method was demonstratedidtgrmining the drug content of commercial pharensical
formulations, where it exhibited good performance.
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INTRODUCTION

Citicoline sodium (Figure 1) (Cytidine-5'-diphosptiwmline monosodium salt, CDP-coline) is an esskptiecursor
in synthesis of phosphatidyl choline. Citicolineecently became available in the United States aletary
supplement. [1] Upon oral administration, citicaligets hydrolyzed and absorbed as choline andimgtighich
enter systemic circulation and then crosses blaaghbarrier. In the central nervous system cy&damd coline

rejoined to form citicoline by CTP-phosphocolingdytyl transferase. [1]
NH,

be

Figure 1: Chemical structure of citicoline sodium
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CDP-coline has shown beneficial effects in ceremethemia, traumatic brain injury, cognitive impaent, acute
ischemic stroke, vascular dementia, [3-7] Citicelis tolerated well & side effects are rare, nateseand consist
mainly of digestive intolerance, gastrointestinacdmfort and restlessness. [4] Piracetam (Figyré2z2oxyl-1-
pyrrolidinoacetamide) is acyclic derivative of newransmitter GABA {-aminobutyric acid) used as nootropic
psychopharmacological agent to improve cognitivpdirments in patients with brain injuries.

Figure 2: Structure of piracetam

With low toxicity and few side effects, piracetameéffective in treating dementia and cognitive impant [8],

stroke [9] and ischemia [10]. Piracetam enhancesamtasticity, neuroprotection and brain metabolidr], has
anticonvulsant effects [12], as well as reducespgms of clinical depression, anxiety and alcohithadrawal [13,
14]. Piracetam acts mainly by increasing membréuidify in the brain, which may affect receptor #hing, and
neurotransmitter release [15]. Another proposedhaugism suggests action of piracetam at the berzeygiiae site
of the GABAA receptor because flumazenil inhibits éffects [16]. Piracetam can also interact willtagnate
receptors, suggesting another potential mechanisritsf nootropic action [15]. Several methods wexgorted in
the literature for the individual determinationaificoline and piracetam like UV [17, 20], HPLC [181], HPTLC
[19]. Simultaneous HPLC determination of citicoliaed piracetam were also published [21] but nabédi cheap,
stability indicating method reported ever beforeiocihcan simultaneously detect both the drugs withgmiting

interfered from degradation products. Therefore, dibjective of the reported research was to devstapility

indicating assay method and to study degradatiorcit€oline and piracetam under different Interoatl

Conference of Harmonization (ICH) recommended stoesditiong22-23].

MATERIALS AND METHODS

Chemicals and Reagents

Citicoline & piracetam combined tablets (Brand Nansgrocit Plus) were manufactured by Akums Drugs &
Pharmaceuticals Ltd. Ranipur, Haridwar. CiticolifRurity 99.8%) and piracetam (Purity 99.5%) staddawnere
obtained from Mepro Pharmaceuticals Pvt. Ltd. Sdreamagar, Gujrat. Analytical reagent grade potassiu
dihydrogen phosphate monobasic (#Ry), Orthophosphoric acid 85% solution and HPLC gritéthanol were
purchased from Merck Mumbai, India Limited. Highatjty HPLC water was prepared by Milipore purificeat
system.

Chromatographic Equipments and Conditions

Method development and validation work was perfatme Shimadzu LC2010HT, system consisting of quatesr
gradient pump, auto sampler and PDA detector ctedrdy computer with ClassVP 5.032 software. Chatopak
C18 (250x4.6mm, 10u) column was used as a statigutzse. The isocratic mobile phase consists ofurgxof
Buffer (0.01M KH,PO, pH adjusted to 3.5 with orthophosphoric acid) amethanol in the ratio of 90:10 (v/v) was
used in the analysis. Flow rate of the mobile pHasget at 0.8 ml/min with ambient column tempemat@Opl
injection volume and UV detection at 210nm.

Standard solutions

Citicoline sodium equivalent to 25mg of citicolimed 40mg of piracetam working standard were weighet
transferred in 100ml volumetric flask. Dissolve ttantent by sonicating then make up the volumeoumark with
mobile phase. Take 1 ml of above solution and mpkelume up to 10ml with mobile phase to obtairusoh
containing citicoline 25pg/ml and piracetam 40pg/ml

Sample solution

Twenty tablets were weighed and crushed into fimeder. Take powder equivalent to 25mg of citicolame 40mg
of piracetam. Transfer it into 100ml volumetricsllathen add mobile phase. Sonicate for 10 minutescaol to
room temperature make up the volume 100ml with tegitase. Filter through 0.45u whatman filter papeke 1
ml of this filtrate & makeup the volume 10ml withofrile phase.
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Figure 3: Chromatogram showing well resolved peaksf citicoline and piracetam
VALIDATION
Linearity

Linearity of the proposed method was evaluated raicg to the ICH guidelines by the analysis of wogk
solutions of citicoline sodium and piracetam affed#nt concentrations. Taking into account the psepof the
assay, the linear ranges were 17.5-32.5pg/ml faotine and 28-52ug/ml for piracetam. These codelee range
from 70% to 130% of the expected concentratiorth@fanalytes in the tablet samples.

Precision

System precision was determined by performing tigecrepeatability test and % RSD was calculate@éthdd
precision (intra-day precision) was evaluated byryiag out six independent assays of test sampigsnat a
reference standard. The percentage of RSD of sixyaglues obtained was calculated. The intermegiacision
(inter-day precision) of the method was also evaldiaising two different analysts and different dayshe same
laboratory.

Accuracy

The accuracy of the method was determined by miemsthre drug recoveries by the standard additiothaw in
order to determine eventual positive or negativerfarences produced by the excipients in the ftatimn. Known
amounts of each drug, corresponding to 80%, 10080120% of the label claim were added to placebothaut
percentage recovery calculated. Each set of additias repeated five times.

Robustness

Robustness was performed by deliberately chandiagchromatographic conditions. The flow rate of thebile

phase was changed from 1.0 mL/min to 0.8 mL/min A2dmL/min. The organic strength was varied by +2¥4

was varied by +0.2 units, Detection wavelength esarby +5nm. Standard solution was injected six ginme
replicate for each change. Percentage RSD valuiesagsd were found to be less than 2 indicate rmmss of the
method.

FORCE DEGRADATION STUDIES

Selectivity of the method was demonstrated afteseobing that the excipients did not produce absmmpteaks in
the chromatogram and did not interfere with the cexdetermination of the analyte in the accuracyawnss
Interference from the degradation in the analytterdeination was studied by observing sample undgious
stressed conditions. The purpose of stability iatiiiyy assay method is to provide evidence thatathaytical
method is efficient in determination of drug substs in commercial drug product in the presencatof
degradation products. Stress study was carrieduondér the degradative conditions of acid, basepx@de and
Photo degradation.

Acidic degradation:

Tablet powder (equivalent to 25 mg of citicolinela#0 mg of piracitam) and placebo was weighed eamisferred
in two separate 50ml flasks. Then 50 ml of 1M H@svadded to it and solution was kept for 1 holBC8C after
which 5 mL of solution was neutralized with 1M Hdlhe solution was then diluted with mobile phaseyitee
working solution of 25ug/ml of citicoline and 40pug/of piracetam.
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Figure 4: Chromatogram of acid degraded sample

Alkaline Degradation:
Tablet powder (equivalent to 25 mg of citicolin a4l mg of piracetam) and placebo was weighed antsterred

in two separate 50ml flasks. Then 50 ml of 0.5N NaWas added to it and solution was kept for 1 retu80°C
after which 5 mL of solution was neutralized witfb®l HCI. The solution was then diluted with mobjibase to
give working solution of 25ug/ml of citicoline ad@pg/ml of piracetam.
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Figure 5: Chromatogram of base degraded sample

Oxidative degradation:

Tablet powder (equivalent to 25 mg of citicolin a4l mg of piracetam) and placebo was weighed antsterred
in two separate 50ml flasks. Then 50 ml of 3%Okwas added to it and solution was kept for 8 hduR@om
temperature. The solution was then diluted with iegbhase to give working solution of 25pg/ml doficdline and
40ug/ml of piracetam.
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Figure 6: Chromatogram of peroxide degraded sample

Photo degradation:

Tablet powder (equivalent to 25 mg of citicolin a#d mg of piracetam) and placebo was exposed tcltloet
wavelength (254 nm) and long wavelength (366 nm) lig¥it for 48 h. The working solution was then paegd
using mobile phase to give concentration 25ug/nditadoline and 40ug/ml of piracetam.

RESULTS AND DISCUSSION

Method Development

Various solvent compositions were tested to obieli resolved sharp peaks of citicoline and piraoet Buffer:
methanol (90:10 v/v) was found to give well resdhand sharp peaks for citicoline and piracetam waitietention
time of 3.44 & 6.65 min respectively. A wavelengih210 nm selected for quantification of both drugeod
resolution of peaks with good selectivity. The opsed chromatogram is shown in figure 3.

Optimized Chromatographic Conditions:

Column- Chromatopak C18 (250x4.6mm, 10u)

Mobile phase Buffer pH 3.5 (0.01M Potassium dihydrogen phosghamethanol ( 90:10 v/v).
Flow rate- 0.8ml/min

Run Time- 10min

Detection wavelength210 nm

Linearity study

The calibration curve for citicoline sodium andguietam was found to be linear in the range of B2.51g/ml and
28-521g/ml with a correlation coefficient of 0.999 an®@8 respectively. The equation obtained for thécation

curve of citicoline and piracetam was y = 2749735846 and y = 30719x — 9720 respectivdlle statistical data
of linearity is shown in Table 1.

Table 1: Statistical analysis for the calibration arve of Citicoline and Piracetam

Sr. no. | Concentration in [ug/ml] Mean Peak area % D
Citicoline Piracetam | Citicoline | Piraceatm | Citicoline | Piracetam
1 17.5 28 445317 856414 0.67 0.22
2 20 32 513313 971910 0.70 0.24
3 22.5 36 577426 1080681 0.70 0.75
4 25 40 656502 1220775 0.38 0.77
5 27.5 44 725622 1354851 0.20 0.43
6 30 48 789445 1466174 0.51 0.54
7 32.5 52 853427 158234( 0.63 0.38

Precision

The relative standard deviations in repeatabilitglgsis (% R.S.D.) were 0.19 for citicoline sodiamd 0.20 for
Piracetam, which are well within the acceptabléitliofi less than 2.0%. The % R.S.D’s. values foicoline and
piracetam were found to be 0.24 and 0.39 for idag-precision and 0.22 and 0.38 for inter-day ieni The
Intra-day and Inter-day precision data shown inl@&h
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Table 2: Results of precision studies (Intra-day ash Inter-day)

Sample No. Assay as % of Label claim
Analyst 1 (Intra-day precision) | Analyst 2 (Inter- day precision)
Citicoline Piracetam Citicoline Piracetam
1 99.7 100.0. 101.5 100.2
2 100.2 99.8 100.0 99.8
3 101.0 99.9 99.9 100.7
4 99.9 100.1 100.2 100.5
5 99.8 100.8 99.7 101.3
6 100.3 99.7 100.1 99.8
Mean 99.95 100.05 100.0333 100.15
% RSD 0.24 0.39 0.22 0.38

Accuracy

The accuracy of the method was determined by ciagl recoveries of citicoline and piracetam by moeit of
standard addition. The mean recoveries found td@#33 and 100.10 for citicoline and piracetam eetipely
(Table 3). The high recovery values indicate thatrhethod is accurate.

Table 3: Recovery analysis of Citicoline and Piradcam

Level of Addition % Amount added [mg] Percentage Reovered Average recovery
Citicoline | Piracetam | Citicoline | Piracetam | Citicoline | Piracetam
80 20 32 99.90 99.50
100 25 40 100.14 100.67 100.33 100.1
120 30 48 100.94. 100.14

Robustness

The robustness of the proposed method was exanaigethst small, deliberate variations of criticatgraeters
suchas the pH, composition of the mobile phase thadflowrate.The pH was varied in the range 3.3-8ié
composition of mobile phase (90:10 buffer:Methane§is changed from 88:12 to 92:8% (v/v) and the flate
effect was evaluated between 0.9 and 1.1ml/min.detail data of robustness study is shown in tdble

Table 4: Robustness of the method

Parameters %RSD for Peak Area of Citicoline* | %RSD br Peak Area of Piracetam*
Mobile phase composition (+ 2% organic phase) 0.54 0.72
Flow rate (= 1ml) 0.94 0.81
Detection Wavelength (x 5nm) 0.79 0.67
pH of Mobile Phase (£ 2 pH) 0.81 0.92

* mean of three estimations

4.6 System suitability

System suitability tests were performed in accocdamith USP 30 [26] to confirm that the equipmeiasvadequate
for the analysis to be performed. The test wasiezhrout by injecting five replicates of a standawlution
containing 25 pg/ml and 40ug/ml of citicoline arichpetam respectively. The corresponding obsen®D Ralues
were 0.26% and 0.70% which were considered satBfganeeting the requirements of USP 30 (R.S.RYR.

Force Degradation Studies

Selectivity of the method was demonstrated afteseoling that the excipients did not produce absmmgteaks in
the chromatogram and did not interfere with thecexdetermination of the analytes in the accuracsapsn
addition, chromatograms were completely super imbleswith those recorded by simultaneous deteaion10
nm, all of which served as indication that the deiration was not interfered by any of the ingretie No
degradation was observed during UV exposure. Dagicadwas observed in acidic, basic and oxidateditions.
In each condition peak purity is higher than 99@idate that citicoline and piracetam peak is homogs in all
conditions. The table 5 indicates the degradat@ition and peak purity data.

Table 5: Forced Degradation Study

Stress Type Duration | Peak Purity of Citicoline| PealPurity of Piracetam
Acidic (1M HCI, 80°C) 1 hour 999 998
Alkali (0.5M NaOH, 80°C)| 1 hour 999 999
Peroxide (3% Peroxide) 8 hours 998 999
Photo degradation 48 hours 999 999
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Thus method is capable in determination of exantentration of citicoline sodium and piracetam iaggnce of its
degraded products. The chromatograms of degradsdimples are shown on figure 4-6.

Assay of marketed formulation

The drug content of Marketed Dosage form (StrokisfCiticoline 500 mg & Piracetam 800 mg) werecoédted
six times using proposed method. The percentageeigbof Citicoline and Piracetamin the tablet fotation was
determined as 99.67-100.75% and 99.46-101.73%cteply. Assay results shown in table 6 indicates imethod
is suitable for analysis of marketed formulation.

Table 6: Marketed Formulation Assay

Brand Name: StrocitPlus Mfg. By: Akums Drugs & Pharmaceuticals Ltd. Haridwar.
Drugs Label claim | Amount found | Amount found
[mg] [mg] (%]
Citicoline 498 99.6
503 100.6
500 500 100.0
501 100.2
504 100.8
502 100.4
Mean = SD 501.33+ 0.31 100.260.23
% RSD 0.28 0.21
Piracetam 800 100.0
802 101.25
800 799 99.87
803 100.37
798 99.75
801 100.12
Mean + SD 800.5:0.23 100.22 0.31
% RSD 0.31 0.30
CONCLUSION

A simple, specific, precise and accurate HPLC netthas been developed for quantitative determinatibn
Citicoline & Piracetam in Tablet formulation. Thewtloped method was validated based on ICH guiglin
Statistical analysis proves that the method isagycible and selective for the analysis of Citiceland Piracetam
as bulk drug and in pharmaceutical formulationse Tlegradation study was performed to show the Bgigciof
the method. The advantages of the proposed metinwdb/e a simple procedure for sample preparatiod a
relatively short time of analysis. The proposed BRhethod is suitable for the simultaneous analgkiSiticoline
and Piracetam in presence of its degradation ptedacommercial tablets.
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