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ABSTRACT

A Smple, selective, rapid, precise and economical RP-HPLC stability - indicating method has been developed and
validated for the Quantitative Estimation of Citicoline monosodium (API) and their degradation products.
Chromatographic separation was accomplished using C18 column with mobile phase consisting of: Thahs Buffer:
Methanol (95:05): Methanol (95:05, v/v), flow rate was 1.0 ml/min. and the detection wavelength was 270nm.The
method was validated for linearity, accuracy, precision, specificity, Robustness. The APl was subjected to stress
condition of Acid Decomposition (1.0 N HCI refluxed for 12 hrs at 80°C) Alkali Decomposition (1.0 N NaOH
refluxed for 12 hrs at 80°C), Neutral hydrolysis (Dist. Water refluxed for 5 days at 80°C) Oxidative decomposition
(30% H202 for 24 hrs at RT), Thermal decomposition (Drug at 100°C for 24hrs) Photolytic Decomposition
(70,000-80,000 lux at 7 days) Percentage assay of degraded products were Acid (20.42, 11.26), Alkali (20.93,8.22),
Neutral hydrolysis (22.42), Oxidative decomposition (23.65) respectively and there is no degradation in Thermal
and Photolytic Decomposition was found in Degradation studies. Forced degradation study shows that Citicoline
monosodium is a labile in acid, alkali, Neutral and oxidative conditions. It is stable to light and dry heat. No
interference of degradation product was found at the RT of principle peak. The assay recommended for analysis of
the API and degradation products in stability samples. It may be applied to a routine analysis in industries.
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INTRODUCTION

According to the international conference on hariration (ICH) guidelines entitled stability testird new drug
substances and products (Q1lA) requires that steting be carried out to elucidate the inhereabikty
characteristics of the active substance. [1] Thertg should also evaluate the susceptibility efdhug substance to
hydrolysis across a wide range of pH values whesolation or suspension. Photo stability testihgudd be an
integral part of stress testing. The standard d¢mmd for photo stability testing are describedl@H Q1B.[2]
Chafetz extensively reviewed the importance of wiwl methodology in drug decomposition. A critica
examination of assay methods for representativegysdnwith respect to their usefulness in establishamgl
monitoring drug stability was provided, and a catireview of some methods for determination obisitg was
presented.[3] Citicoline monosodium Figure (1) igidine 5’ (trihydrogen diphosphate) P’ [2-trimethgnmonio)
ethyl] ester inner salt monosodium salt belongsnedicine known as cerebral vasodilator.[@iticoline
monosodium (CTM) is primarily used in pharmacotipgraf brain Insufficiency and other related neugital
disorders viz., as stroke, brain trauma and Paokiss disease.[5] Citicoline monosodium is a wititgstalline
powder, freely soluble in water but insoluble ihatol, acetone and chloroform.[6] There was no otthased on
selected Mobile phase. The results obtained hage betistically validated in accordance with tGé&llguidelines.
[7] and therefore can be effectively used in qualitytad of CTM for Stability indicating assay as wedlk
pharmaceutical dosage form. A no of methods for determination of Citicoline (CT) were reported time
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literature. There was no method based on selectdull®lphase in the present study attempts were nwadevelop
a rapid, economical, precise and accurate methodhéoStability Indicating Assay of Citicoline Mosadium (API)
and Their Degradation Products by HPLC.
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Figure (1): Chemical Structure of Citicoline Monosodium

MATERIALSAND METHODS

Chemicals and Reagents

All the reagents were of analytical-reagent or HR§i@de unless stated otherwise. Citicoline Monasodivas
kindly supplied by Torrent Pharmaceutical Limitéehdia), Methanol (Merck Itd., Rankem, RFCL Ltd)tfiaeButyl
Ammonium hydrogen sulphate (CDH), Acetic acid amietfhylamine (Sd.Fine Chem. ltd). Sodium hydroxide,
Hydrochloric acid, Hydrogen peroxide, Triple digd water (In-House) was used throughout the ewpert. .
Citicoline Monosodium Tablet (500mg) formulationsyaurchased from the local market.

I nstrumentation

HPLC analysis were performed on YoungLin systemigggrd with quaternary SP930D gradient pump, a vecuu
degasser & mixer, an UV730D UV/VIS detector andhaodyne injector holding 20l loop. The signals were
acquired and analyzed using Windows XP based Youngutochro-3000 software.

Selection of Separation Variable
Considering the theoretical information and aftevesal trials separation variables were selectetthwivere
constant during whole experiment Table (1)

Table (1): Selection of separation variable

Variable [ Condition
Column Nucleosil
Dimension. 250mm x 4.60mm
Particle Size 5u
Bonded Phase OctadecylsilanggC
Mobile Phase
Buffer : Methanol 95: 05
Flow rate 1.00 mL/min
Temperature Ambient
Sample Size 20ul
Diluents Mobile phase
Detection wavelength  270nm

M obile Phase Selection and optimization

Initially several exploratory runs given to estimatiticoline Monosodium, a number of mobile phaselifferent
ratio were tried and the mobile phase found to lestrsuitable for analysis was: Thahs Buffer: MettgA5:05).
Tbhahs Buffer prepared by dissolve 1.697gm of T8yl Ammonium Hydrogen Sulfate Dissolve in 1000ofl
water, add 2.5 ml Triethylamine and adjust pH 6ithwliluted acetic acid, taking into consideratitie system
suitability parameter like Resolution, tailing fatNo. of theoretical plates. The mobile phase fifesed through
a 0.45 filter to remove particulate matters anahttiegassed by sonication. Flow rate employed falyais was 1.0
mi/min.

Preparation of Stock solutions

Accurately weighed 50mg Citicoline Monosodium waansferred into 50 ml volumetric flask and dissdia
Mobile phase, then volume was made up to 50 ml mitivile phase to get a concentration of 1000 gBtddk-A).
10 ml of stock-A was taken in 25 ml volumetric afitlited up to 25ml to get concentration of 400 g(8tbck-B).
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Finally from stock-B solution different of, 20, 460, 80 and 100pg/ml were prepared for analysisediity was
observed by the linear regression equation Fige)arfd correlation coefficient was found to be 099

y = 53.442x + 7.4158
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Figure (2): Calibration Curve of Citicoline Monosodium

Chromatographic Conditions

Before the mobile phase was delivered into theesystmobile phase were filtered through 048 filter and
degassed using vacuum. For analysis of sampledqaim®geneity was expressed in terms of peak paritywas
obtained directly from the special analysis repofttained using the above mentioned software. The
chromatographic conditions used for the analysisevgéven below.The separation of the compound wadenon a
nucleosil-C 18 column (250 mn x 4.6 mmu® particle size) using isocratic elution. Wavelédnd@t70 nm, Injection
volume: 20ul, Flow rate: 1.0 ml/min, Column temperature: 25Ron time: 10 min [Fig.3].
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Figure (3): Chromatogram of Citicoline Monosodium (API)

Procedur e for Forced Degradation Study

Stress studies were carried out under the conditioantioned in ICH Q1A (R2) viz dry heat, hydro$/sbxidation
and photolysis. Regulatory guidance in ICH Q2A, QZE3B and FDA 21 CFR section 211 all requires the
development and validation of stability indicatiagsays. Drug at a concentration of 50ug /ml wasl useall
degradation studies. Conditions employed for perfog stress studies were as follows:

Acid decomposition

Acid decomposition was performed by taking the &iint Concentrations (0.01N, 0.1N, 1N, 2N, 5N) &l kith
drug (Citicoline Monosodium) at varied temperat(28°C, 40C, 7C, 80C and 100C) and time period (2, 8, 12,
24 hr). The resulting solution was neutralized lagdto avoid any interference of acid and suitaldlyted with
diluent’s to obtain solution of concentration of igdml. All samples were injected into HPLC and the
chromatograms were recorded [Fig.4]. At the entheke studies 1.0 N HCI was used and refluxed Zohrs at
80°C in dark in order to exclude the degradative eftédight.
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Figure (4): Chromatogram of Citicoline Monosodium and Acid Degradation products

Alkali decomposition

Alkali decomposition was performed by taking théf&ent concentrations (0.01N, 0.1N, 1N, 2N, 5N)N&OH
with drug (Citicoline Monosodium) at varied tempere (25C, 40C, 7¢C, 80C and 100C) and time period (2
hr, 8 hr, 12 hr, 24 hr). The resulting solution wasitralized by acid to avoid any interference addand suitably
diluted with diluent’s to obtain solution of condeation of 5Qug/ml. All samples were injected into HPLC and the
chromatograms were recorded [Fig.5]. At the endhete studies 1IN NaOH was used and refluxed fdnrd2at
80°C in dark in order to exclude the degradative effédight.
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Figure (5): Chromatogram of Citicoline Monosodium and Alkali Degradation productsin 1 N NaOH

Neutral decomposition:

Drug (Citicoline Monosodium) was subjected to nautrydrolysis by subjecting to J@ at varied temperature
(25°C, 40C, 7¢C, 8C and 10C) and time period (2 hr, 8 hr, 12, hr, 1day, 2sjaand 5 days) the resulting
solution with diluent’s to obtain solution of comteation of 5Qug/ml. All samples were injected into HPLC and the
chromatograms were recorded [Fig.6].
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Figure (6): Chromatogram of Citicoline Monosodium and Neutral Degradation productsin H20

Oxidative decomposition:

Oxidative decomposition was performed by takingdhgg (Citicoline Monosodium) in 1%, 3%, 10%, ar@% of
H,0, v/v at different temperature and time period (3 @ hr, 6 hr, and 24 hr). All samples were injelctato
HPLC and the chromatograms were recorded [Figit]the end of these studies 30 % afddwas used for 24 hrs
at RT.
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Figure (7): Chromatogram of Citicoline Monosodium and H202 Degradation productsin 30%H202

Thermal decomposition:

Thermal studies were also conducted on solid d@iicoline Monosodium), which were heated at varied
temperature (A€, 60°C, 80°C, and 100C) and time period (2hrs, 4hrs, 8hrs, 12hrs & 2 hr hot air oven Al
samples were injected into HPLC and the chromatograere recorded [Fig.8].
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Figure (8): Chromatogram of Citicoline Monosodium Thermal Degradation productsin 100°C

Photolytic decomposition:

Photo degradation studies were performed by exgasia drug (Citicoline Monosodium) to sunlight fbday, 2
days, 3days and 7days. Samples were withdrawrpabpipate time period and all samples were injeaténl HPLC
and the chromatograms were recorded. [Fig.9].
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Figure (9): Chromatogram of Citicoline Monosodium and Photolytic Degradation productsin sun light

Preliminary Separation Studies

The initial analysis of different stressed samples performed on HPLC system using a C-18 colunthraobile
phase composed of Thahs Buffer (pH 6): MeOH (95t0&)as filtered through 0.4hm nylon filter and sonicated
before use. The injection volume wagiP@nd the flow rate was set at 1ml/min. The detectvas carried out at
270nm.

Optimization Studies

The separation of drug from their degradation poteluwvere optimized by varying the ratio &/or natefeorganic
modifier. Finally method was developed using mobileise composed of Thahs Buffer (pH 6): MeOH (9bi05
that drug and degradation products showing goatibelu
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RESULTS

Results of Forced Degradation Study

Degradation of Citicoline Monosodium (CTM) was obss in Acid hydrolysis, Alkali hydrolysis, Neutral
hydrolysis, Oxidative conditions there was no ddgtmn seen in Thermal and Photolytic conditionfie T
degradation behaviour of Citicoline Monosodium (CJTikl various stress conditions was shown in Fig4r8) and
the results were shown in Table (2).

Table (2): Degradation characteristics of Citicoline Monosodium.

Stressed Par ameter Results of stress degradation
AUC of AUC of % Assay of
S. No. Stress Condition Stress Temp. StressTime AP % Assay of APl | Degraded | Degraded
Products Products

Acid Decomposition (i) 545.62 20.42

1 (1.ON HCL) 80°c 12hrs 1804.59 67.53 (il) 300.86 11.26
Alkali Decomposition (i) 559.24 20.93

2 (1.0N NaOH) 80°c 12hrs 1871.54 70.03 (i) 219.63 8.92
Neutral Hydrolysis

3 (Dist. Water) 8d’c 5 days 2051.96 76.79 599.04 22.42
Oxidative Decomposition

4 (30% H202 ) RT 24hrs 2000.52 74.87 631.92 23.65
Thermal decomposition 160 24hrs 2651.96 99.25 | - | e

6 Photolytic Decompositior) 70,000 to 80,000 lux aysl 2641.07 9884 | @ - | -

Each reading is the mean of three replicates.

Method Validation
The optimized chromatographic conditions were aéd by evaluating specificity, linearity, precisjaccuracy,
robustness and system suitability in accordande MiH guidelines Q2A (R1).

Linearity

The curve proved to be linear over a concentratemmge of 20-10Qug mL-1 (Fig.2). Standard solution were
prepared at five concentrations (20, 40, 60, 80,A90mL-1) were injected in triplicate. Linear regriess of
concentration Vs peak area resulted in an averagiicient of determination (R2) 0.9999. The Regies equation
is Y= 53.442X+7.4158, Figure. (2).

Precision

The precision of the method was evaluated by aagryiut six independent assays of test samples tafoldie
Monosodium. The precision of the method was alsaluated in same day for repeatability of precisamd in
different days. The results shown in Table.(3)jdates that the method is reproducible.

Table (3): Resultsof Precison

Precision % Found | SD | % CV
Repeatability 99.62 0.185 0.18y
Intermediate Precisio 99.89 0.130 0.13

Accuracy

Accuracy was calculated as the percentage recookmhe known added amount of Citicoline Monosodium
reference substance in the sample solutions ubieg tconcentration levels (50%, 100%, and 150%)eriog the
specified range (20, 40, and G mL-1). The accuracy of the method ranged fron89B9.75% indicating that
this assay is reliable Table (4).

Table (4): Results of Recovery Study

Percentage Level | % Recovery SD %CV
50 97.85 0.2030  1.045%
100 99.45 0.075Q 0.11
150 99.75 0.170§  0.28f

Robustness

To determine the robustness of the developed methguerimental conditions were purposely alterdte Tatio of
mobile phase was change 95:05 by + 2 to 97:03 8@/qTBAHS Buffer: Moochv/v) and Changed flow rate by +
0.1 ml/minute [use flow rate 0.9 ml and 1. 1 ml]hN& the other parameters were held constant iarshtographic
condition. The % CV was not more than 2% in bothditions, Table (5).

114
Pelagia Research Library



Shailendra Bindaiyaand Ameeta Argal Der Pharmacia Sinica, 2013, 4(3):109-115

Table (5): Resultsof Robustness study

M obile Phase Composition Change Robustness study when Flow rate Change
Parameterg 95:05 | 97:03 | 93: 07 | 1.0ml/min 0.9 ml/min 1.1 ml/min
S.D. 0.8215| 0.8729 0.861F 0.9530 0.9880 0.946%
%CV 0.038 | 0.041| 0.040 0.045 0.046 0.044

Results of Laboratory samples & Tablet Formulation

In order to confirm the validity of the method, tabtory and Tablet samples containing Citicolinendsodium
were prepared in the range of 20pg/ml — 100pg/mhé @mount of drug present in the standard and siastion
was calculated by using the selected linearity #quand the results are tabulated in the Table (6)

Table (6): Resultsof Laboratory samples & Tablet Formulation

Parameters L aboratory samples | Tablet Formulation
% Mean Found 99.74 99.54
S.D. 0.196 0.410
%CV 0.197 0.413
DISCUSSION

Stability-indicating assay method for Quantitatestimation of Citicoline Monosodium (API) and thdigradation
products and its validation in Tablet Dosage foBhowed good specificity, sensitivity, linearity,epision and
accuracy over the entire range of significant,ébgrenabling its use in LC-MS/MS

CONCLUSION

Forced degradation study on Citicoline Monosodiuaswarried out under the conditions of Acid, alkileutral

hydrolysis, oxidation, Thermal and Photolytic cdratis and the study shows that Citicoline monosmdis a labile

in acid, Neutral, alkali, and oxidative conditioris.is stable to light and dry heat. Based on thf@rimation

generated by forced degradation, a stability-inihigaassay method was developed and validated,hwdeparates
all the degradation products formed under variétyomditions. The method was found sufficientlydar, precise,
accurate, sensitive, robust and specific to thg.dNo interference of degradation product at thentioon time of
principle peak was found in degradation study. Heiitcis recommended for analysis of the drug aegradation
products in stability samples by the industry.
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