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ABSTRACT

A rapid, simple and sensitive spectrophotometrictho for the determination of lamivudine has been
developed and validated. The method is based omation of lamivudine with alkaline potassium
permanganate. The reaction is Kkinetically studieg imeasuring the rate of change of absorbance at
610nm. The rate constant, fixed absorbance andd fittme methods are investigated. Only the fixede tim
method is utilized for construction of calibratiograph to determine the concentration of the studied
drug. The results are validated statistically antlecked through recovery studies. The method has bee
successfully applied for the determination of lamine in its commercial dosage form.

Keywords: Lamivudine, oxidation, KMn@) kinetic, spectrophotometry.

INTRODUCTION

Lamivudine (LAM), 2’-deoxy-3’-thiacytidine [1], Fig, is a cytosine analog with potent activity again

human immunodeficiency (HIV) and hepatitis B virsise(HBV) through inhibition of reversed

transcriptase activity. LAM is used in the treatineri HBV infections and it has strongly recommended
for the treatment of HIV infections in combinatiomith other antiviral drugs [2]. Moreover, lamivuéin

is active against zidovudine-resistant HIV [3] THdS Department of Health and Human Services’
current guideline for the treatment of establishétlV infection strongly recommends LAM in

combination with another nucleoside reverse trapsge inhibitor and either a protease inhibitor or
efavirenz [4]. The usual dosage of LAM is 150 mgcevdaily or 300 mg once daily in combination with
other antiretroviral agents [5]. Several analyticakthods have been developed for the determinabibn

LAM either individually or in combination with otheanti-retroviral drugs in the dosage forms and in
biological fluids. Examples of these methods areecspphotometric [6-19], high performance liquid
chromatographic (HPLC) [20-28], liquid chromatodgnap mass spectrometric (LC-MS) [29-34] and
capillary electophoretic methods [35-45].

NH,

<3

S
Fig.1. Chemical structure of Lamivudine
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This paper describes the development and validattbna kinetic spectrophotometric method for the

determination of LAM in pure and commercial tableBhe method is based on the oxidation of drug

with alkaline potassium permanganate at 25 °C, anlsequently the rate of appearance of the green
colored product was measured at 610 nm. The ratestmat, fixed time and fixed absorbance methods
are studied for the determination of LAM in comniak¢ablets.

MATERIALS AND METHODS

Materials and Reagents

Reference LAM standard was obtained as a gift fr@iwa Pharm Pharmaceutical Company, Cairo,
Egypt. The purity of LAM was found to be 99.91 +4.(n=6), according to the official method [46].] Al
analytical grade chemicals and solvents were segplly EIl-Nasr Pharmaceutical Chemicals Co., Cairo,

Egypt.

Potassium permanganate (Merck, Germany) 0.1 M iealutwas prepared by dissolving in 1.58 ¢
KMnQO,4 in 100 mlof double distilled water, followed by boiling antiltration through sintered glass.
Potassium permanganate solution should be freshiepaped and its molarity was checked
titrimetrically. Sodium hydroxide (Merck, Germany)).1M NaOH was prepared by dissolving 0.4g
NaOH in 100 ml distilled water. 0.1M perchloric dcivas prepared by dissolving 1.75 ml of HCI@
200 ml of double distiled water. 0.1M NaClOwas prepared by dissolving equal proportions dfMD
NaOH and 0.1M HCIQ Freshly prepared solutions were always employedferent brands of tablets
containing LAM (ZeffiX™ and Lamidin& tablets) were purchased from local market.

Equipment

A dual-beam UV-visible spectrophotometer [Shimadzlgpan] model UV-1601 PC, with 1cm quartz
cells, connected to an IBM compatible computer wased. Bundled, UV-PC personal spectroscopy
software version 2.21 was used to process the ptimor and the derivative spectra. The spectral
bandwidth was 2nm with wavelength-scanning speed 2800 nm.mii. An ultra-sonicator bath (PCI

Analytics Pvt. Ltd.) was used for sonicating thieléa powder.

Standard Solution
Stock standard solution of LAM [0.1mg.Hjl was prepared by transferring 10 mg LAM into 10D-m
volumetric flask, dissolving in distilled water andmpleting the volume to 100 mi

Procedure

Selection of wave length of maximum absorbance

1 ml of 0.1M KMnQ, solution and 2 ml of 0.1M NaOH solution were tfansed into 10-ml volumetric flasks then
aliquots of LAM stock solution (0.1mg.M)l were added and the volume was mixed and comptettite mark with
distilled water. After 15 minutes the absorptioespum of the product was scanned from 400 to 80@gainst the
corresponding reagent blank, Fig. 2.
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Fig. 2 UV-Visible spectra of 10.ug.mL™ LAM (—) and its reaction product with alkaline KMnOy (- - -)
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Kinetic Procedure

All kinetic measurements were performed under psetidst order conditions where lamivudine used
were at least 10 fold excess over permanganate @bnatant ionic strength of 0.4 mol drifihe reaction
was initiated by mixing previously thermostatted lusons of KMnQ, and lamivudine, which also
contained the required quantities of H@IGnd NaClQ to maintain the required acidity and ionic
strength, respectively. The temperature maintaired 25 0.1 °C. The course of the reaction was
folowed by monitoring the increase in the absodsarof manganate ion (MP at 610nm for LAM in
alkaline medium.

Optimization of reaction conditions

Effect of KMnO , concentration and volume

The study on KMn@ concentrations and volumes reveals that the react® dependent on KMnO

(Fig.3). The absorbance of the reaction solutiomrdases as the KMnOconcentration and volume
increase up to 1.0 ml after which absorbance deesand the highest absorption intensity is aifaiat

KMnO, concentration of 0.1M.
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Fig. 3: Effect of KMnO, (0.1 M) volume on the absorbance of the reactiorrpduct with LAM

Effect of NaOH concentration and volume

The study on NaOHconcentrations and volumes reveals that the readsodependent on NaOKFig.4).
The absorbance of the reaction solution increasestha NaOH concentration and volume increase, and
the highest absorption intensity is attained at Na®ncentration of 0.1M and volume of 2.0 ml.
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Fig. 4: Effect of NaOH (0.1 M) volume on the absorénce of the reaction product of KMnQ, with LAM
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Effect of Development timefor the reaction

The study on time required for the reaction dewslept reveals that the reaction is dependent on time
(Fig. 5). The absorbance of the reaction producdtreimses as the time increases, and the highest
absorption intensity is attained after 15 minuted @emain constant for at least 1 hour.
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Fig. 5: Effect of time needed for the maximum absaation intensity of the reaction product of LAM with alkaline KMnO 4

Determination of reaction stoichiometry

The stoichiometric ratio between lamivudine andapsium permanganate was evaluated by limiting ithgaic
method [47]. In this method two sets of experimemtse performed. In the first set the concentratbhAM was
varied keeping a constant concentration of KMn@hile in the second set, the concentration of LAds kept
constant and the KMnoncentration was varied. Log absorbance [A] v&teg [LAM] or [KMnQ,] (Fig. 6) was
plotted to evaluate the slope of the respective tm determine the order of reaction of the druthwéspect to
KMnQO, or vice versa.

——a Log [LAM] or KMnO,
b T T

|Log A

Fig. 6: Limiting logarithmic plot for stoichiometri c ratio between lamivudine and KMnQ; (a) log A vs. log [LAM] and (b) log A vs. log
[KMnO 4]

Construction of Calibration curve

1 ml of 0.1M KMnQ solution and 2 ml of 0.1M NaOH solution were trfaned into 10-ml volumetric
flasks and then 1.0 - 4.5ml aliquots of LAM stoctarslard solution (0.1mg.f), were added to each
flask and the volume is made up with distilled watnd kept as such for 15 minutes to form a green
colored product and scanned at 610 nm. The calioraturve representing the relationship between the
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absorbance and the corresponding concentration pladed and the regression equation was calculated
(Fig. 7).
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Fig. 7: Linearity of the absorbance at 610 nm to th corresponding concentrations of LAM (10.0 — 45.0g.ml™%)

Determination of lamivudine in commercial tablets

For sample preparation of different tablets, thexeui contents of 10.0 tablets were weighed and gtoun
The powder equivalent of 10 mg lamivudine was eatirrwell with double distilled water. The solution
was filtered through Whatman No. 42 filter paper h@tman International Limited, Kent, UK) in a 100.0
ml standard volumetric flask and the residue washed well with double distilled water for complete
recovery of the drug. The content of each standasiimetric flask was then diluted to 100.0 ml with
double distilled water. The recovery of lamivudineas calculated from the corresponding linear
regression equation or calibration graphs.

RESULTS AND DISCUSSION

Potassium permanganate as a strong oxidizing abast been used in oxidimetric analytical method for
determination of many compounds. During the reactmpurse, the valence of manganese change. The
heptavalent manganese ion changes to the greem ¢blo™®), while in neutral and acid medium the
permanganate is reduced to colorless ‘®InThe behavior of permanganate was the basis tforuses in

its development of spectrophotometric method. Thésogtion spectrum of aqueous potassium
permanganate solution in alkaline medium exhibited absorption band at 526 nm. The additions of the
studied drug to this solution produce a new charatic band at 610 nm. This band is due to the
formation of manganate ion, which resulted from theidation of LAM by potassium permanganate in
alkaline medium. The intensity of the color incremswith time; therefore a kinetically based method
was developed for the determination of LAM in purlorm and their pharmaceutical dosage
formulations. The different variables that affedhet formation of manganate ion were studied and
optimized. Calibration graph of various kinetic pedures are given below.

Kinetic Procedure for lamivudine

The rate constant, fixed time and fixed absorbanwethods were used for determining LAM, and the
best method was chosen based on applicability, slbpe of the calibration graph, the intercept ahé t
Correlation coefficient (r).

The initial rates of the reaction were determinegdnf absorbance-time plot (Fig. 8) by measuring the
slopes of the initial tangent to the absorbancewneticurves (table 1). The order with respect to
lamivudine was determined from the plot of the hithmn of the initial rate of reaction (Ilog\A/At)
versus logarithm of molar concentration of lamiwnali(log C) and was found to be unity (Fig. 9). Thus
LAM oxidation would obey pseudo first order reaatio
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Fig. 8: Absorbance time plot for oxidation of LAM with KMnO 4 in alkaline medium:
(9) 4.36 x1C, (w) 6.54 x 1CF, (A) 8.72 x 1@, () 10.90 x 16 and (#) 13.09 x 10 M
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Fig. 9: Plot of log reaction rate versus log molaconcentration of LAM at 610 nm

Table (1): Initial rate of reaction at different concentrations of LAM with [KMnO4] =0.1 M and [NaOH]=0.1 M

Initial rate of reaction (mol. 1. s | [ lamivudine] mol. I
-6.62 x10°* 6.54 x10°
-5.12 x107* 8.72 x10°
-4.05 x107* 10.90 x10°
-3.01 x10°* 13.09 x10°

Rate Constant Method

Graphs of log (absorbanceersustime for LAM concentration range from 6.54 x @0 13.09 x 18 M
(15.0-30.0 pg.mt) were plotted and the rate constant for each curmtion was calculated. The
relationship between the rate constant and drugcesdration was established and the correlation
coefficient was calculated (Fig. 10).
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Fig.10: Plot of rate constant K’ (S") versus the molar concentration of lamivudine a610 nm (Rate Constant Method)

Fixed Absorbance Method

A pre-selected value of absorbance was fixed (0T3)e time required for each LAM concentration (6.54
x 10° to 13.09 x 1§ M) to reach this value was measured in seconds fBeiprocal of measured time
(1/ t) was plotted against the initial concentratiomf the drug and the correlation coefficient was
calculated (Fig. 11).
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Concentration of LAM X 10 “°M.

Fig. 11 Plot of reciprocal of time (1 / t) versus the molaconcentration of lamivudine at 610 nm (Fixed Absdance Method)

Fixed Time Method
Graphs of the absorbance versus initial conceaotratif the drug were plotted at fixed times of 5, 1U®
and 20 minutes (Fig. 12). The correlation coeffiti®r each graph was calculated (table 2).

On applying rate constant method, the relationshgtween the molar concentration of LAM (C) and
rate constants (K’) was represented by the follgwaquation:

K’ =-10.05 x 10* + 0.545 C r=0.9913

The value of r indicated that the linearity is patellent which makes it non applicable.
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Fig. 12: Calibration curves of lamivudine at different times at 610 nm
(m) at5min (@) at 10 min (A) at 15 min (x) at 20 min (Fixed time method)

On applying the fixed absorbance method, the wmeiahip between the reciprocal of time required to
reach a pre-selected absorbance value (1 / t) hadinitial concentration of LAM (C) was representby
the following equation:

1/t=-0.011+1.903C r = @®98

The value of r indicated poor linearity and rangé bAM concentrations that give satisfactory
calibration curve was limited so that this methad'tbe used.

Table (2): Optical Characteristics and analytical dita for fixed time method

P 1 Fixed time method
arameters 5 min 10 min 15 min 20 min

Range fig.mr?) 10.0 - 45.0| 10.0 - 45.0| 10.0-45.0| 10.0-45.0
Slope 0.015 0.020 0.026 0.027
Intercept -0.079 -0.059 -0.082 -0.057
Correlation Coefficient (r)) 0.9992 0.9996 0.9999 0.9997
LOD (ug.mf?) 1.72 1.68 1.44 1.62
LOQ (ug.miY) 5.68 5.54 4.36 5.35
Variance (9 0.23 0.15 0.07 0.10

On applying the fixed time method, the relationshgtween the absorbance after fixed time (A) ardititial
concentration of LAM (C) was represented in tal#le Time of 15 minutes was chosen as the best attetlae
regression equation:

A=-0.082+0.026 C r=0.9999

Different reaction conditions were optimized sucts &MnQO, concentration and volume, NaOH
concentration and volume and the time required foe maximum absorbance. Also stability of the
colored reaction product was studied and it wasdothat it is stable for more than one hour, whwhs
sufficient time to make proper determination of ilaudine drug.

On applying limiting logarithmic method for stoicmetry determination of the reaction between LAM
and KMnQ, the slope was found to be unity in the first éedriable LAM and constant KMn) and it
was two in magnitude in the second set (variablenM and constant LAM) thus confirming the molar
combining ratio of 1:2 between LAM and potassiunrnpenganate. Hence the results indicated that the
two moles of potassium permanganate were consumeddmole of LAM (Fig. 13).

162
www.scholarsresearchlibrary.com



Kareem M. Younes Der Pharma Chemica, 2014, 6 (2):155-166

0Z >N : -
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Lamivudine Oxidation product.
Fig. 13: The proposed oxidation reaction of LAM wih alkaline KMnO 4

Validation of analytical data
The method was validated in accordance with thereatir International Conference on Harmonization
(ICH) guidelines [48-49].

Linearity

Under the described experimental conditions, a dstah calibration curve was constructed by plottitg
absorbance of the formed color against concentratid AM in the range of 10.0 to 4516.mI™* with the regression
equation:

A=0.019C + 0.022 r=0.9996
Where A is the absorbance at 610 nm, C is the etrat®n of LAM inpg.mi* and r is the correlation coefficient.

Accuracy
The accuracy of the proposed method is determingdpreparing different levels of drug concentrations
from independent stock solution and analyzing fellg the mentioned procedure.

Accuracy is assessed as the mean % recovery (T3bldo provide an additional support to the accyrac
of the developed assay method, a standard additiethod is employed, which involves the addition of
different concentrations of pure drug to a knowne panalyzed formulation sample and the total
concentration is determined using the proposed aodetiThe % recovery of the added pure drug is
calculated as % recovery = [(C;) / CJ] x 100, where Cis the total drug concentration measured after
standard addition; £ the drug concentration in the formulation sampéard G, the drug concentration
added to formulation.

Table (3): Recovery of LAM in pure form by applying the proposed spectrophotometric method

Taken (ug.ml™) | Found* (ng.mi?) | Recovery %
10.0 9.92 99.20
15.0 14.92 99.44
20.0 20.02 100.10
Mean + S.D 99.58 + 0.4

* Average of three determinations

Precision

Repeatability is determined by using different lsveof drug concentrations (same concentration tevel
taken in accuracy study), prepared from independstotk solutions and analyzed. Inter-day and intra-
day variations are studied to determine the pracisbf the proposed analytical method (Table 4).
Different levels of drug concentrations are pregatbree different times in a day and studied fotrain
day variation. The same procedure is followed fbre¢ different days to study inter-day variatiorheT
percentage relative standard deviation (% R.S.DR)thle predicted concentrations from the regression
equation is taken as precision.
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Table (4): Determination of Intra-day and Inter-day precision of the proposed spectrophotometric metttb

Taken (ug.mi?). | Found* | Recovery % | RSD % | RSD %°
10.0 9.88 98.80 0.2 0.8
15.0 1475 98.53 0.4 11
20.0 19.66 98.30 0.5 1.2

* Average of three determinations
*ab |ntra-day and inter-day (n=6) relative standardviitions of LAM by the proposed spectrophotometiithod.

Limit of detection (LOD) and limit of quantificatio n (LOQ)

The LOD and LOQ for lamivudine by the proposed rodthare determined using calibration standards.
LOD and LOQ are calculated as 38/ S and 10c / S respectively, where 3s the slope of the
calibration curve and o is the standard deviation of-intercept of regression equation. The limit of
detection (LOD) and Ilimit of quantification (LOQ) rea calculated according to the current ICH
guidelines.

Ruggedness

Ruggedness of the proposed method was carried asuB fdifferent analysts. The result did not showy an
considerable statistical difference suggesting thie method developed was rugged. Validation
parameters (Table 5) complies that the applied tsmawotometric method is simple, sensitive, acaurat
and reproducible.

Table (5): Analytical and validation parameters forthe assay of LAM with the proposed methods

Parameters Spectrophotometric method | Fixed time method
Range (ug.mf). 10.0 - 45.0 10.0 - 45.0
Slope 0.019 0.026
Intercept 0.022 -0.082
Correlation Coefficient 0.9996 0.9999
Mean + S.D (Accuracy. 99.38 + 0.47 99.34 +0.43
LOD (ug.ml%) 1.37 1.44
LOQ (ug.mt 4.15 4.36
RSD%* 0.24-0.41 0.48-0.52
RSD%" 0.84-1.1 0.65-0.72
Ruggedness RSD% 0.9 0.7

*ab|ntra-day and inter-day (n=3) relative standardvi&tions of samples of concentrations (10.0, a6 20.0 pg.rf) of LAM by the
proposed methods.

The applicability of the proposed method for thesags of lamivudine in tablet formulation was exandiine
by analyzing commercial formulations and the reswte tabulated in table 6. The results obtainede we
in a good agreement with the label claims. The ltesof analysis of the commercial tablets and the
recovery study of the drug suggested that therendsinterference from any excipients such as starch,
lactose, magnesium stearate etc. which are commpnigent in tablets. Thus, the proposed method is
applicable for the quality control and routine gsa.

Table (6): Standard addition method for the determnation of lamivudine in commercial tablets by the poposed methods

%0 Found * o
Dosage form Found * % Added (ng.mi) Recovery %
Spectro Fixed time | (ug.ml®) | Spectro | Fixed time Spectro Fixed time
method method method method method method
Zeffix™ 100 mg tablets 98.66 * 98.31 + 15.0 14.89 14.86 99.27 99.07
(batch no. 070053) 0.46 0.67 200 | 1962 19.67 98.10 98.35
25.0 24.74 24.69 98.96 98.76
Mean £ S.D 98.78 + 0.60| 98.73 £0.36
Lamidiné® 150 mg tablets 98.45 + 98.29 + 15.0 14.75 14.74 98.33 98.27
(batch no. 701050) 0.54 0.52 20.0 19.81 19.75 99.05 98.75
25.0 24.63 24.55 98.52 98.20
Mean + S.D 98.63 +0.37| 98.40 +0.30

* Average of three determinations.

Statistical evaluation of the results of analysis pure LAM by the proposed methods and the official
one [46] showed that there is no significant défeze between them in terms of accuracy and precisio
Table 7.
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Table (7): Statistical comparison of the proposed ethods with the official one at 95 % confidence berval

Iltem Spectrophotometric method | Kinetic method | Official method [46]
Mean 99.38 99.34 99.91
S.D. 0.42 0.43 0.47
Variance. 0.18 0.19 0.22
N 6 6 6
F [5.05]* 1.22 116 | L
t[2.23]* 2.06 219 | L

*The figures in parenthesis are the correspondafytated values at P=0.05.
[46] Official USP method is HPLC.

CONCLUSION

In this study a simple, precise, accurate, selectand rugged spectrophotometric method for the
determination of LAM in bulk and in tablet dosagermis has been developed and validated. The
developed method is based on the oxidation of LAMhwKMnO, in alkaline medium. The developed
method is cheaper and simpler than HPLC, LC-MS aagillary electrophoresis methods for analysis of
LAM. Also kinetics of the reaction was studied attte proposed fixed time method is appreciable waith
view that the oxidation of drug can be exploited tbe routine quality control analysis of LAM in qgu
form and in pharmaceutical formulations. The methedsensitive with a simple calibration system that
does not require any laborious clean up proceduier o analysis. Therefore it can be frequentlyeds
in the laboratories of research, hospitals andrpheeutical industries.
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