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ABSTRACT

A simple, sensitive and validated HPLC method has been developed to
determine niacin and simvastatin simultaneously in pharmaceutical prepa
ration. Chromatographic separation was achieved on a C-8 column using a
mixture of phosphate buffer pH 3.0 and methanol intheratio of 20:80 (v/v)
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at a wavelength of 237 nm. Linearity of the method was found to be in the
concentration range of 75-525ug/ml for niacin and 1.5 -10.5ug/ml for
simvastatin with correl ation coefficient greater than 0.999. Thetotal eluting
time for the two components is less than ten minutes. The method can be
used for simultaneous determination of niacin and simvastatin.
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INTRODUCTION

Niacin (Figure 1) chemically designated as Pyri-
dine3carboxylicacid reducetriglyceride, levels, isdso
effectiveforincreasingserumHDL level§Y. It hasaso
been demonstrated that thisdrug lowerstheincidence
of coronary heart disease in humang®. A number of
analytical methods have been developed for itsdeter-
minationin pharmaceutica formulaionsor inbiofluids
either aoneor in combination with other drugs. These
include determination of niacin by liquid chromatogra-
phy— mass spectrometry, HPLCIZ®, flow injection
and spectrofluorimetricandysis.

Simvastatin (Figure 2), ahypolipidemic drug be-
longing tothe class of pharmaceuticalscalled satinsis
chemically designated as[(1S,3R,7R,8S,8aR)-8- [ 2-
[(2R, 4R)-4-hydroxy-6-oxo-oxan-2-yl]ethyl]-3,7-

dimethyl-1,2,3,7,8,8ahexahydronaphthalen-1-yl] 2,2-
dimethylbutanoate. It isused for thetreatment of hy-
percholesterolemiaan HM G-CoA reduce aseinhibi-
tor, actsby decreasing cholesterol synthesisand by in-
creasing low density lipoprotein (LDL) catabolismvia
increased LDL receptor activity. Different analytical
methods have been reported for the determination of
smvagatin, whichindudeHPLC™, HPLC-MSM S,

spectrophotometert®,
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Figurel: Niacin Figure2: Smvagatin
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It wasfound that Simvastatin plusniacin provides
marked clinical and angiographic aly measurableben-
efitsin patientswith coronary diseaseand low HDL
levels. The USFood and Drug Adminigtration (FDA)
has approved afixed-dose combination of niacin and
simvastatin for usein patientswith complex lipid ab-
normalitieswheretreatment with niacin or smvastatin
aoneisnot sufficient™ . The FDA hasapproved maxi-
mum doseof niacin 1000mg and 20mg of simvastatin
per tab. The combine dosage form of Niacin and
smvaddinareavailablein market.

Accordingtotheinformation collected fromlitera-
turethereisno reported method for s multaneousde-
terminaion of niacinand Smvadatin. Inthepresent work
we havefocused on deciding the optimum chromato-
graphic conditionsfor the s multaneous determination
of niacinand smvagaininatablet.

We describein this paper asimple, sensitiveand
validated HPL C method with total runtimelessthan
ten minutesfor thesmultaneousdetermination of niacin
and simvastatin the devel oped method can be applied
successfully for quality control and for other ana ytica
purposes.

MATERIALAND METHODS

Chemicalsand reagents

Niacin and S mvastatin reference substances with
claimed purity of 99.70% and 99.65% respectively were
taken from Preci se Pharma (Turbhe, Mumbai) metha-
nol (HPLC grade), triethyl amine and orthophosphoric
acid (anaytical reagent grade) were purchased from
Merck (Mumbai). All excepients used were of phar-
maceutical grade. Mobile phase was filtered using
0.45um cellulose acetate filters made by Millipore
(USA) whereas, Whatmannfilter papersNo.41 (pur-
chased from thelocal market) were usedinthe prepa-
ration of samplesolution.

Apparatusand chromatogr aphic conditions

HPLC apparatus consisting of Jasco system
equi pped with a pump model PU980, an UV detec-
tor model uv -998 (set at 237nm), and thermostat
column compartment and i njector port model As-2057
ainterface module with Browin HPLC software 1.21
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was used for development and evaluation of this
method. A Water spherisorb C 8 column (150mm,
4.6mm, i.d., 5um particle sizes) was selected. The
mobile phase was composed of a mixture of 0.1%
TEA inwater pH 3.0+ 0.05 with orthophosphoric
acid and methanol intheratio of 20: 80 (v/v). Anex-
ternal standard method was used and the flow rate
was 1 ml/min.and column temp is45°C the HPLC
system was operated at room temperature 25° +
20°C.Anddiluentismixtureof 1% TEA inwater and
methanol intheratio of 20: 80 (v/v).

Prepar ation of standard solution

A stock solution of niacinand Smvastatin waspre-
pared at about 10,000ug /ml and 200ug/ml respec-
tively indiluent. Theworking standard solution 300ug/
ml for niacinand 6ug/ml for smvastatin were prepared
by diluting the stock sol ution with mobile phase.

Deter mination of smvastatin and niacinin there
combined dosageforms

Twenty tabletswere crushed and weighed powder
equivaent to niacin 1000mg and 20mg simvastatinin
100 ml volumetric flask add 50ml of diluent and flask
was sonicated for 5 min . Theflask was sonicated and
thevolumewasdiluted to themark with diluent . The
above sol ution wasfiltered using what man filter paper
No.1. Appropriate volumeof aiquot wasdiluted with
mobile phaseto obtan asol ution contai ning 300ug/ml
for niacinand 6pg/ml for Smvastatin.

Linearity

Linearity of the proposed method was checked
by analyzing seven solutionsin therange of 75-525ug/
ml for niacin (75, 150, 225, 240, 300, 360, 450, 525ug
/ml) and 1.50-10.5ug/ml for ssimvastatin (1.5, 3, 4.5,

6,7.5,9, 10.5ug/ml). Each level wasmadein tripli-
cate.

Accuracy

Method accuracy was performed by adding known
amountsof niacin and s mvastatinto the preanayzed
sampl e and then comparing the added concentration
with thefound concentration. Threelevelsof solutions
were made which correspond to 50, 100 and 150% of
thenominal analytical concentration. Each level was
madeintriplicate.
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Figure3: Chromatogramsof niacin and smvastatin r efer -
encesubstance

Specificity

Commonly used excei pients (starch, microcrys-
talline cellulose and magnesium stearate, lactose,
opadry, BHA, PEG) were spiked into apreweighed
guantity of drugs.The chromatogram wastaken by

appropriate dilution and the quantities of drug were
determined.

Robustness

6.623 - Sim wa statin

Robustness of the method was performed by in-
tentionally modifying the chromatographic conditions
such ascomposition and flow rate of the mobile phase
and pH of the buffer solution. The chromatographic pa-
rametersof each analyte such asretentiontime, tailing
factor, resolution and number of theoretica plateswere
measured at each changed conditions.

Precision

For eval uating thewithin-day precision, results of
fivereplicateanaysesof threedifferent concentrations
of sampleswere calculated on asingle day. The be-

tween-day precision was calculated from the same
samplesanalyzed on different days.

LODandLOQ

For calculating the LOD and LOQ values, solu-
tionswith known decreased concentrationsof anaytes
wereinjected into the HPL C system. Thelimit of de-
tection (LOD) and quantification (LOQ) were then
measured by cd culatingtheminimum|level a whichthe
analytescan bereadily detected (Sgna to noiseratio of
3:1) and quantified (signal to noiseratio of 10:1) with
accuracy, respectively.
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Figure4: Chromatogramsof niacinand smvastatininsample
solution

RESULTS

Inthe present work conditionswere optimized for
the development and validation of asimpleand accu-
rate HPL C method for the Smultaneous determination
of niacinand s mvastatinin pharmaceutica preparation
.Method development was started with water and
methanol intheratio of 50:50 (v/v). At thiscompostion
although both componentswere el uted but retention
timeof Smvagtainwasabout 25 minutes & niacinabout
7min and peak shapewasa so not good. The methanol
contents of the mobile phase were then increased to
decrease resol ution and retention time and pH of water
adjusted to 3 with the help of Orthophosphoric acid
and Triethyl amine .At the composition of 20:80
(0.1%TEA pH 3.0 with OPA and M ethanol) both com-
ponentswere el uted with agood resol ution and good
peak shape. The most appropriate mobile phase com-
position wasthusfound to be 0.1%TEA in water pH
3.0 by OPA and Methanol in theratio of 20:80 (v/v).
Under the Described experimental conditions, sharp
peaksthat bel ong to niacin and simvastatin were ob-
tained at retention times of 3.00and 6.62 minutesre-
spectively asshowninfigure 3.

The devel oped chromatographic method wasvali-
dated using ICH guiddlines?®!. Validation parameters
performed include linearity, limit of detection and
quantitation, selectivity, robustness, accuracy and re-
peetability thecalibration curvewaslinear over thecon-
centration range of 75-525 pug/ml for niacinand 1.5-
10.5 ug/ml for smvastatin. The correlation coefficient
in both caseswasfound to be greater than 0.999 which
manifestsalinear rel ationship between concentration
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TABLE 1: Accuracy of theproposed HPL C method

TABLE 2: Precision of theproposed HPL C method

Level Added Found Conc. % RSD e i i
Compound (%) Conc.pg/ml ug/mi Recovery (%) Compound Eg/?sl N Within a day precision Between a day precision
0, 0,
50 3 150 14913 9942 0.68 Mean Rsd(%) Mean RSD (%)
o 150 3 147.31 0.14 147.18 0.16
Niacin 100 3 300 302.13 100.71 0.33 o
Niacin 300 3 30524 0.244  304.07 0.12
150 3 450 451.12 100.25 0.35 450 3 45100 0111 45014 0.03
50 3 3.0 3.02 100.66 1.63 3 3 201 0.73 201 0.47
Simvastatin 100 3 6.0 5.96 99.33 0.21 Simvastatin 6 3 6.09 0.872 5.96 0.23
150 3 9.0 9.03 100.33 0.67 9 3 876 0.382 8.70 0.24
TABLE 3a: Robustnessstudy of niacin TABLE 3b: Robustnessstudy of smvagtatin
Condition tR (min) Th%ﬁ;‘fgca' Tailing Condition tR (min) Thep‘?;‘fgca' Tailing Resolution
Methanol : Buffer (86:14) 2.961 8029 1.196 Methanol : Buffer (86:14) 4746 15827 1.069 12.62
Methanal : Buffer (80:20) 2.998 11528 1.099 Methanol : Buffer (80:20) 6.619 16398 0.994 22.71
Methanol : Buffer (74:26) 3.139 11138 1.269 Methanol : Buffer (74:26) 11.769 14365 0.888 33.67
Flow Rate (1.1ml/min) 2.745 6312 1.674 Flow Rate (1.1ml/min) 6.180 13224 1.069 19.45
Flow Rate (0.9ml/min) 3.372 6742 1.720 Flow Rate (0.9ml/min) 7.614 14931 1.089 20.48
Buffer pH (3.2) 3.141 7744 1.285 Buffer pH (3.2) 6.646 14114 1285 19.10
Buffer pH (2.8) 3.108 11131 1.255  Buffer pH (2.8) 6531 15706 0.998 20.95

and the peak area. Thelinear regression equation for
niacinwasfoundtobeY=6.324 X + 6.900 with cor-
relation coefficient equal t0 0.999. Thelinear regres-
sonequationfor smvastainwasfoundtobeY = 34.064
X +0.453 with vaueof correlation coefficient equd to
0.99997. In this study, the LOD was found to be
1.25ug/ml and 0.1416pg/ml for niacin and S mvastatin
respectively. The LOQ wasfound to be 3.75ug/ml and
0.425ug/ml for niacinand S mvastatin respectively. The
recovery and therdative standard deviation for each of
theanaytesaregivenin TABLE 1.

Theresults of within-day and between-day preci-
sionarepresentedin TABLE 2.

Chromatogram of niacinand smvastatinin sample
ingiveninfigure4 showing selectivity of the proposed
method.

Robustness of the method was performed by in-
tentionally modifying the chromatographic conditions.
Theresultsshowed that the variance of the conditions
had no appreciable effectsto that of actual. There-
sultsof therobustnessstudy aregivenin TABLE 3a
& 4b.

CONCLUSION

A simple and accurate reverse phase HPLC

method has been devel oped for the s multaneousde-
termination of niacin and smvagtatin. Themethod was
validated by testing itslinearity, accuracy, precision,
limits of detection and quantization, selectivity and
robustness. Theruntime of lessthanten Minutesal-
lowsitsapplication for the routine determination of
niacin and Ssmvastatin.

ACKNOWLEDGEMENT

Theauthorsaregreat full to precisepharmafor pro-

viding gift sampleof smvastainand niacin.
REFERENCES

[1] E.D.Susman; Niacin Reduces Triglycerides, In-
creases Good Cholesterol in Diabetics, DG News,
20 March, (2001).
Khor Swan-Choo, Tee E-Siong; Mal.J.Nuitr., 2, 49-
65 (1996).
S.Lahely, M.Bergaentzle, C.Hasselmann; Food
Chemistry, 65,129-133 (1999).
[AGAL],Australian Government Analytical Labo-
ratories, Determination of Niacin after Acid Extrac-
tion, from Selected Foods by Capillary Electrophore-
sisand High Performance Liquid Chromatography
Report Series Number 2000-2, May (2000).

[2]
[3]
[4]

Hnalytical CHEMISTRY o
A Tndéan W



ACAIJ, 9(1) March 2010

Pravish Kumar Tiwari and P.A.Sathe 79

[5] PPfuhl, U.Karcher, N.Haring, A.Baumeister, Mona
Abdel Tawab, M.Schubert-Zsilaveez; J.Pharma-
ceut.Biomed.Anal., 36, 1045-1052 (2005).

Haitao Yanga, Ya.N.Fengb, Yiwen Luana; J. Chro-

mat.B, 785 (2003).

Dave Thomas, Diab Elmashni; Thermo Fisher

Scientific, San Jose, CA USA, Thermo Scientific,

Application Note, 405 (2007).

Muhammad Ashfag, 1dam Ullah Khan, Syed Shanaz

Quatab, Syed Naeem Razz; J.Chil. Cem.Soc., 52,

3 (2007).

[9] MuhmmadAshfag, Islam Ullah Khan, Muhammad
Ndeem Asghar; J.Chil.Chem.Soc., 53, 3 (2008).

[10] Kanakapura Basavaiah, Kasang Tharpa; [Cl &
CEO] Chemical Industry & Chemical Engineering
Quarterly, 14(3) 205-210 (2008).

[11] B.Greg Brown, Xue-Qiao Zhao, Alan Chait, L1oyd
D.Fisher, Marian C.Cheung, Josh S.Morese, Alice
A.Dowdy, Emily K.Marino, Edward L.Bolson, Petar
Alaupovic, Jiri Frohlich, John J.Albers; N.Engl
JMed., 22, 345 (2001).

(6]
[7]

(8]

—— Fuyl] Paper

[12] O.Michael Riordan, Yael Waknine; Fda Approves
Combination Niacin and Simvastatin, Meds Cape,
Medical News, 28 Feb, (2008).

[13] Vijay Kumar, P.Ravi Shah, Saranjit Singh;
J.Pharmaceut.Biomed.Anal ., 47, 508-515 (2008).

[14] B.G.Chaudhari, N.M.Patel, PB.Shah; J.Pharma-
ceut.Sci., 69(1), 130-132 (2007).

[15] N.Jain, R.Raghuwanshi, Deepti Jain; J.Pharma-
ceut.Sci., 70(2), 263-265 (2008).

[16] Lucie Nova'kova, Dalibor S ati'nsky’; PetrSolich
Trendsin Anaytical Chemistry, 27(4), (2008).

[17] M.Jemal, Z.Ouyang, M.L.Powell; J.Pharmaceut.
Biomed.Anal., 23, 323-340 (2000).

[18] N.Zhang, A.Yang, J.D.Rogers, J.J.Zhao; J.Pharma-
ceut.Biomed.Anal., 34, 175-187 (2004).

[19] Ramakrishna Nirogi, Koteshwara Mudigonda,
Vishwottam Kandikere; J.Pharmaceut.Biomed.
Anal., 44, 379-387 (2007).

[20] I.C.H (Q2A), Note for Guidance on Validation of
Analytical Methods, Definition and Terminology,
Internationa Conferenceon Harmonization, (1994).

— a%a['yttaa[’ CHEMISTRY
A ndian W



