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ABSTRACT

A simple, sensitive, selective rapid spectrophotomenethod has been developed for the determinadiopost
synapticey- Adrino receptor antagonist Methotrexate in puoeni and pharmaceutical formulations based on the
oxidative coupling reaction with 2, 2- Bipyridineagent, at P-4.0 which is extractable at 510 nm. Beer's law is
obeyed in the concentration ranges 4-24 pd-.rihe developed method was applied directly andyefs the
analysis of the Pharmaceutical formulations. R.&&s found to be 0.2859% and Recovery 98.99% rasphct
The method was completely validated and provenetaulgged. The interferences of the other ingredieand
excipients were not observed. The repeatability thedoerformance of the proved method were estaddiby point
and internal hypothesis and through recovery stadie
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INTRODUCTION

Methotrexate-{(2S)-2-[(4-{[(2,-diaminopteridin-6-thethyl)](methyl)amino}phenyl)formamide]}is a Antinplastic
anti-metabolite. Methotrexate anti-tumor activigy @ result of the inhibition of folic acid reduatadeading to
inhibition of DNA synthesis and inhibition of cel&r replication. It is structurally related to posin (Figurel)
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A survey of the literature revealed that differamtalytical techniques for the assay of MTX havenbesported.
HPLC with fluorimetri¢™ and UV*'® detection methods have been reported. Using thaefo methods, the
derivatization reactions include; photo-oxidatimadiation at 510 nm in the presence of hydroganxide to yield
2,4-diaminopteridine-6-carboxylic aéitt 3 oxidation with permanganate in presence of aediatfer (pH 4.0) to
give 2-amino-4-hydroxypteridine-6-carboxylic al%d and oxidative cleavage using either phosphatefebuf
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containing 0.2 of 30% hydrogen peroxid® or pre-column of cerium (V) trihydroxyhydropeide®’ to get 2,4-
diaminopteridine-6-carboxylic acid. The latter réac has been applied in flow injection technitfue

Early, spectrofluorimetric methods based on oxatetf MTX to pteridine carboxylic acid, using pemganate,
have been describ®d*. The latter has been applied to study plasma deivelcancer patients with a limit of
determination of 100 mg il Spectrophotometric methods including color reacft*** and UV measuremefits
have been described. Polarographic and voltammeteithod&®?° for the quantitation of MTX in pharmaceuticals
and plasma samples have been published.

The main subject of this article is the spectrafionetric determination of MTX through acid-catalgzéegradation
reaction. The latter is based on the hydrolysiossithe amide linkage. The previously describedrithoetric
derivatizatiof***"??has concerned with the oxidative cleavage at teéhilamino Bridge. The present work was
channeled through three approaches. First, to ghelfluorescence and UV-Vis spectral charactesstf MTX
and its acid-degradation product, AMP. Secondntestigate the kinetics of the degradation reactibMTX in
solutions of different acid-strengtislanonizationof methotrexatéy solution-enhanced dispersion by
supercriticalCO2 Ai-ZhengChen.

There is however no reported UV- Visible spectrdaphwetric method for the analysis of Methotrexateitm
technical grade and formulations. UV- visible gpgghotometric method for the quantitative deteration of
Methotrexate. Functional group used for color depgient of Methotrexate was primary amine group. feseilts
obtained in this method was based on complex faamagaction of Methotrexate with Oxidative couplireaction
with 2, 2- Bipyridine.

In the present study an attempt has been made ueloge simple UV-Visible spectrophotometric methaunt f
guantitative estimation of Methotrexate in its teickal grade, formulations and biological sampleo(®l). The
functional group used for the color developmentMsthotrexate was primary amine. The result obtaméhis

method was based on coupling reaction formatioati@aof Methotrexate with2, 2- Bipyridine / Fecl

An attempt has been made to develop and validadé@gare their accuracy, precision, repeatabilégraducibility
and other analytical method validation parametemnantioned in various gradients.

MATERIALS AND METHODS
(A). Preparation of Standard calibration curve wfepdrug.

1. Solvent
Dimethyle Sulfoxide was used as Solvent.

2.Preparation of Calibration curve

Fresh aliquots of Methotrexate ranging from 0.42t4 (4 to24 ug mi) were transferred into a series of 10ml
volumetric flasks to provide final concentratiomge of 4 t024 pg nil To each flask 1 ml of (0.01M) 2, 2-
Bipyridine solution was added followed by 1ml ofZ%) Ferric chloride solution and resulting solativas heated
and finally 1ml (0.2M) Orthophosphoric acid solutizvas added. The solutions were cooled at room destyre
and made up to mark with Dimethyle Sulfoxide. Theabance of orange red colored chromogen was mezhati
510 nm against the reagent blank. The color spegeasstable for 24 h. The amount of Methotrexaes@nt in the
sample solution was computed from its calibratiorve.

3.Procedure for formulations

Twenty tablets containing Methotrexate were weighed finely powdered. An accurately weighed portidrihe
powder equivalent to 100 mg of Methotrexate wasalied in a 100 ml of Dimethyle Sulfoxide and mixieal
about 5 min and then filtered. The Dimethyle Sulfi@exwas evaporated to dryness. The remaining powio
solution was diluted in a 100ml volumetric flasktt®e volume with Dimethyle Sulfoxide up to 100 raldet the
stock solution A. 10 ml of aliquots was pipette b 100 ml volumetric flask and the volume waade up to the
mark with Dimethyle Sulfoxide to obtain the finarentration of 100 pug mMi(Stock solution).
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Subsequent dilutions of this solution were madé Bitmethyle Sulfoxide to get concentration of 44q#y mi* and
were prepared as above and analyzed at the seleatefiength, 510 nm and the results were statibticalidated

4.Procedure for Blood sample

After collection of Blood sample it will be cenuided. For isolation of Methotrexate from plasma glam
Dimethyle Sulfoxide was used for protein precipitat Liquid- Liquid extraction was performed withiapma by

alkalinization with 1M NaOH, followed by extractiomith 30% dichloromethane in Hexane. The uppeanic

layer was evaporated to dryness, and the dry resifl0 mg was dissolved in 100 ml of Dimethyle Sxitle (1000

pg mit). From the above solution 10 ml is taken into & Ml of Volumetric flask and made up to the markhwi
Dimethyle Sulfoxide .(100 pg i)

From the above solution ranging from 0.4 to 2.44a24 g mt) were transferred in to 10 ml Volumetric flask and
to the each flask 1ml of (0.01M) 2, 2- Bipyridieelution was added followed by 1ml of (0.2%) kechloride
solution and made up to the mark with Dimethylef®tutle. Then the resulting solution was heated faraly 1ml
(0.2M) Orthophosphoric acid solution was added. $blaitions were cooled at room temperature and made
the mark with Dimethyle Sulfoxide. The absorbanfemnge red colored chromogen was measured anB10
against the reagent blank. The color species vedesfor 24 h. The amount of Methotrexate preserthé sample
solution was computed from its calibration curve

RESULTS AND DISCUSSION

1. Optical parameters

In order to ascertain the optimum wavelength of imaxn absorption X 1) formed in UV spectrophotometric
method and of the colored species formed in thissible spetrophotometric method, specified amoufit o
Methotrexate in final solution 4-24 pg Ml 2, 2- Bipyridine Method) were taken and the colavere developed
following the above mentioned procedures indivilualhe absorption spectra were scanned on spduitometer

in the wavelength region of 380-800 nm (2, 2- Bigiyre Method) against corresponding reagent blartke regent
blank absorption spectrum of each method was a&sorded against distilled water / Dimethyle Sulféei The
results are graphically represented in (fig- 1).

2.Parameters fixation

In developing these methods, a systematic studthefeffects of various relevant parameters in thethods
concerned were under taken by verifying one paramat a time and controlling all other parametegéd the
maximum color development 2, 2- Bipyridine Methagpnoducibility and reasonable period of stabibfyfinal
colored species formed. The following studies weneducted.

Method:

The results obtained in this method were based xidation followed by complex formation reaction of
Methotrexate with 2,2-Bipyridine, Ferric chloridend Orthophosphoric acid to form an orange red redlo
chromogen that exhibited maximum absorption at %10 against the corresponding reagent blank. Whetibnal
group used for the color development for this médtivas primary amine group. A schematic reactionhraesm of
Methotrexate with 2, 2-Bipyridine reagent was shoimn(fig-4). The effect of various parameters sugh
concentration and volume of 2,2-Bipyridine and refjth of acid order of addition of reagents, solvimt final
dilution were studied by means of control experitaamrying one parameters at a time.

3.Optical Characteristics

The reference method adhere to beer’s law therlfisoe at appropriate wave length of a set of molstcontains
different amounts of Methotrexate and specified ammf reagents (as described in the recommendsckgure)
were noted against appropriate reagent blank.

The beers law plot of the system illustrated greglhy (fig: 2) least square regression analysis easied out for
the slope. Intercept and Correlation Coeffiti®eer’s law limits, Molar absorptivity & Sandglsensitivity for
Methotrexate with each of mentioned reagents veadculated. The optical characteristics were preigetie table-
1.1
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Table-1.1: Optical characteristics and precision by2, 2-B.P)

Parameter Visible method
Absorption maximgnm) 510
Beer's law limits (ug mt) 4-24
Molar absorptivity (I mofcm™) 5.269x10
Sandell's Sensitivity (g c?) 0.045:
Regression equation (Y*)
Slope (b) 0.219
Intercept(a) 0.0016
Standard deviation(SD) 0.0008
Correlation coefficient & 0.9999
%RSD (Relative Standard deviati 0.285¢
Range of erro
Confidence limits with 0.05 level 0.0006
Confidence limits with 0.01 level 0.0008
Limits of detection (LOD)(ug rif) 0.0109
Limits of quantification (LOQ) (ug i) 0.0365

RSD of 6 independent determinations

Table-1.2: Assay results of Methotrexate in formul&ions by visible Method

Amount found by Amount found by
Name of the Formulation | Formulation in (mg) | the proposed method| the reference method| % Recovery
(mg) (mg)
248.75
FOLITRAX - 5 250 t=0.0029 246.25 98.98
F=8.5765
248.00
RHEUMATREX 250 t=0.0028 245.5 98.99
F=8.5678

¢ tand F- values refer to comparison of the propasethod with reference method.
* Theoretical values at 95% confidence limits t= @90 and F = 7.6177.

Table-1.3: Determination of accuracy of Methotrexag

Amount of MET in | Amount of Standard MET | Total amount found %
Formulation (mg) added (mg) (mg) Recovery
248.33 200 446.99 99.33
247.91 200 446.23 99.16
247.7( 20C 445 .8¢ 99.0¢
248.25 250 496.5 99.3
248.33 250 496.66 99.33
248.83 250 497.66 99.53
248.33 300 546.32 99.33
248.47 300 546.63 99.32
248.60 300 546.92 99.44

Table-1.4: Statistical data for accuracy determinabn

Total amount found (mean) | Standard deviation| % RSD
247.98 0.3207 0.1293
248.4% 0.314: 0.126¢
248.46 0.1350 0.0543

The results are the mean of three readings at é&aaH of recovered

Table-1.5: Repeatability data for MET at 510 nm

(pcgorr:l‘i'l) Abs 1 Abs2 Abs3 Mean| Std. deviation F(;ysof)
4 0.087¢ | 0.087< | 0.087: | 0.087¢ 0.000: 0.114¢
8 0.17¢ | 0.172 | 0.171 0.17: 0.001 0.581:
12 0.262 0.265 0.264 0.263 0.0015 0.5703
16 0.350 0.351 0.353 0.351 0.0015 0.42373
20 0.439 0.438 0.436 0.437 0.0015 0.3432
24 0.526 0.525 0.524 0.52% 0.001 0.1904

Average of six determinations
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Table-1.6: Color stability data for 2, 2- Bipyridine Method

Conc. in (ug mb)

Time in Hours

12

4 8

12 16 20

24

28

0.262

0.262

0263 0.268 0.2¢3 O

.2p4  0.184 149

Table-1.7: Assay results of Methotrexate in Bloodanple

Amount found by N
Name of the Formulation | Formulation in (mg) Amount found by_ the reference method % of
the proposed method in (mg) (mg) Recovery
2.98
FOLITRAX -5 5 t=0.0029 2.86 95.80
F=0.0004
2.97
RHEUMATREX 5 t=0.0028 2.88 96.87
F=0.0003!

¢ tand F values refer to comparison of the propasethod with reference method.
» Theoretical values at 95% confidence limits t=0.965and F=0.00039.

Table-1.8: Determination of accuracy of Methotrexag

The results are the mean of two megslat each level of recovered

Name of the Formulation in Amount of Drug in Blood Amount of Standard Drug Total amount found %
(mg) sample (mg) added in (mg) (mg) Recovery
5 2.97 10 8.91 59.40
5 2.9¢ 10 8.97 59.8(
Table-1.9: Repeatability data for Methotrexate at 30nm
Concentration in (ug mr?) Absl Abs2 Abs3 Mean Std. Deviation (%) RSD
. 0.066 0.065 0.067 0.066 0.0001 0.1511
1.0 0.132 0.131 0.139 0.134 0.0004 0.3204
15 0.198 0.197 0.197 0.197 0.0005 0.2534
2.0 0.264 0.265 0.267 0.265 0.0015 0.566(
25 0.33 0.321 0.324 0.325 0.0004 0.123
3.C 0.39¢ 0.39¢ 0.39¢ 0.39¢ 0.000¢ 0.126¢
Average of six determinations
Fig-1: Absorption spectrum of Methotrexate with 2,2-Bipyridine/FeCl;
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In order to test whether the colored species forimetdhe method adhere the beer's law the absoebatc
appropriate wavelength of a set of solutions conthifferent amounts of Methotrexate and specifietbant of
reagents ( as described in the recommended pragedwre noted against appropriate reagent blankiistiied
water. The beers law plots of the system illusttggraphically (fig — 2&3) least square regressinalysis was
carried out for the slope, intercept and correfatomefficient, beer's law limits molar absorptivit Sandells
sensitivity for Methotrexate with each of mentidneeagents were calculated. The optical charatityigre
presented in the tables -1.1.

4.Precision

The precision of each one among the five propopedtsophotometric methods were ascertained sepafaden
the absorbance values obtain by actual determimatia fixed amount of Methotrexate in 4 ug'méspectively -
in final solution. The percent relative standardidi&on and percent range of error (at 0.05 and)1 @onfidence
limits) were calculated for the proposed method$@mesented in table — 1.1.

5.Analysis of formulations

Commercial formulations of Methotrexate were susfidyy analyzed by the proposed methods. The values
obtained from the proposed and reference methods emnpared statistically by the t and F testswaacke found
that those proposed methods do not differ signitigafrom the reported methods and they were piteskim table-
1.2. The proposed methods also applied for Biokigitamples (Blood) for good recoveries are obtaiwwbith
were recorded in table-1.7.

Fig-2: Beer's law plot of Methotrexate with 2, 2-Bpyridine/FeCl;
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Accuracy

Recovery studies were carried by applying the Steetladdition method to Drugs sample present imdidations

for the known amount of Methotrexate the recovetydies were carried .By applying the same method to
Biological sample (Blood) to which known amountMéthotrexate correspond to 2 mg Formulations tdkethe
patient. By the follow of Standard addition meth®ddng of label claim was added. After the additafnthese
standards the contents were transferred to 100hametric flash and dissolved in solvent. Finalg volume was
made up to the mark with solvent. The solution filtered through Whitman No. 41filter paper. Thexed sample
solutions were analyzed and their absorbance wafisedetermined. At each level of recovery fiveed®inations
were performed and present in Table — 1.3. Thelteesibtain were compared with expected results \apde
statistically validated in Table-1.4.
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6.Linearity and Range

The linearity of analytical method is its ability €licit test results that are directly proportibttathe concentration
of analyze in sample with in a given range. Thegeanf analytical method is the interval between upper and
lower levels of analyze that have been demonstraitiiih a suitable level of precision, accuracy #indarity.

7.Specificity and Selectivity

Specificity is a procedure to detect quantitativibly analyze in the presence of components thatbmaxpected to
the present in the sample matrix. While selectiisty procedure to detect the analyze qualitatiielyresence of
components that may be expected to present inatih@le matrix. The excipient in formulations wasksgli in a pre
weighed quantity of Drugs and then absorbance weasuored and calculations were done to determinguéetity

of the Drugs.

Fig.3: Beer's law plot for Methotrexate In Blood sasmple
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Fig.4: A Schematic reaction Mechanism of Methotrexig with 2, 2-Bipyridine

Methotrexate + FeCj

-le”| -H*

F& + 2,2-Bipyridine

Colored Complex

8.Repeatability

Standard solutions of Methotrexate were preparetadosorbance was measured against the solvene ddathk.
The observance of the same concentration solutias measure five times and standard deviation waslated
and presented in table -1.5&1.9.
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9.Interferences Studies

The effect of wide range of inactive, ingredienssially present in the formulations for the assajethotrexate
under optimum conditions was investigated. Nonghef interfered in the proposed methods even wheyn are
present in excess fold than anticipated in fornohest.
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