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Abstract

Study of the degradation reaction of methotrexate (MTX) in acidic solution was carried out. Optimization of the
experimental parameters of MTX acid hydrolysis was investigated. Spectrofluorimetric method for determination of
MTX through measurement of its acid-degradation product, 4-amino-4-deoxy-10-methylpteroic acid (AMP), was
developed. Stability of the standard solution of MTX prepared in sulfuric acid was discussed in the view of accelerated
stability analysis. Two other comparative spectroflourimetric methods based on measuring the fluorescence intensities
from either a condensation reaction with acetylacetone—formaldehyde (Hantzsch reaction) or a reaction with
fluorescamine were also described. Beer’s law validation, accuracy, precision, limits of detection, limits of
quantification, and other aspects of analytical merit are presented in the text. The proposed methods were successfully
applied for the analysis of MTX in pure drug and tablets dosage form. The sensitivity of the developed methods was
favorable, so it was possible to be adopted for determination of MTX in plasma samples for routine use in high-dose
MTX therapy.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction acid, MTX), is an antineoplastic which acts as an
antimetabolite of folic acid. It is employed in

Methotrexate (4-Amino-10-methylfolic acid or maintenance programs and in the prophylaxis
4-Amino-4-deoxy-10-methylpteroyl-L-glutamic and treatment of meningeal leukaemia. Metho-

trexate is of value in the treatment of psoriasis. It is
also used in rheumatoid arthritis and in bone
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The USP XXIV [2] and BP 1998 [3] specified
HPLC methods for the assay of MTX in bulk drug
and pharmaceutical dosage forms.

A survey of the literature revealed that different
analytical techniques for the assay of MTX have
been reported. HPLC with fluorimetric [4—13] and
UV [14-19] detection methods have been re-
ported. Using the former methods, the derivatiza-
tion reactions include; photo-oxidative irradiation
at 254 nm in the presence of hydrogen peroxide to
yield  2,4-diaminopteridine-6-carboxylic  acid
[6,11-13], oxidation with permanganate in pre-
sence of acetate buffer (pH 4) to give 2-amino-4-
hydroxypteridine-6-carboxylic acid [10], and oxi-
dative cleavage using either phosphate buffer
containing 0.2 of 30% hydrogen peroxide [4,8,9]
or pre-column of cerium (IV) trihydroxyhydroper-
oxide [5,7] to get 2,4-diaminopteridine-6-car-
boxylic acid. The latter reaction has been applied
in flow injection technique [20].

Early, spectrofluorimetric methods based on
oxidation of MTX to pteridine carboxylic acid,
using permanganate, have been described [21,22].
The latter [22] has been applied to study plasma
levels in cancer patients with a limit of determina-
tion of 100 ng ml ~!. Spectrophotometric methods
including color reactions [23,24] and UV measure-
ments [25] have been described. Polarographic and
voltammetric methods [26—29] for the quantita-
tion of MTX in pharmaceuticals and plasma
samples have been published.

The main subject of this article is the spectro-
fluorimetric determination of MTX through acid-
catalyzed degradation reaction. The latter is based
on the hydrolysis across the amide linkage. The
previously described fluorimetric derivatization
[4-13,21,22] has concerned with the oxidative
cleavage at the methylamino bridge. The present
work was channeled through three approaches.
First, to study the fluorescence and UV-Vis
spectral characteristics of MTX and its acid-
degradation product, AMP. Second, to investigate
the kinetics of the degradation reaction of MTX in
solutions of different acid-strengths. Third, to
optimize the experimental conditions to establish
a simple and sensitive spectroflourimetric method
for the analysis of MTX based on measuring the
fluorescence emission of its degradation product,

AMP. As a continuation of this study, the stability
of MTX in sulfuric acid solution (standard work-
ing solution) was discussed in the view of acceler-
ated stability analysis, based on UV-derivative
spectrophotometric measurement. The latter was
evaluated as a stability-indicating assay. Hitherto,
there has been no spectrofluorimetric or spectro-
photometric study in the literature to evaluate the
stability of MTX in acidic solution or to follow the
kinetic of its hydrolytic degradation reaction.

Other comparative spectrofluorimetric methods
have also been of interest. These include derivati-
zation reactions (Hanztsch reaction and fluoresca-
mine reaction) concerned with the primary amino
group of the intact drug molecule.

Hantzsch reaction has many applications in the
field of pharmaceutical analysis of some amine
drugs. Of the latter, fluorimetric and/or spectro-
photometric assays of beta-lactam antibiotics [30],
gentamycin [31], mexiletine and heptaminol [32],
lisinopril [33] and amikacin, kanamycin, neomycin
and tobramycin [34] have been reported. Determi-
nation of aldehydes using Hantzsch reaction has
also been of some interest [35-37].

Fluorescamine (fluram) is a fluorogenic agent
which has been extensively used in the field of
pharmaceutical analysis. It reacts instantaneously
with primary amines in aqueous solutions to give
highly fluorescent pyrrolinone derivatives [38].
Spectrofluorimetric  assays of, amino acids
[39,40], peptides and proteins [41], catecholamines
[42] and folic acid [43] using fluorescamine deri-
vatization reaction, have been reported. Also,
fluorescamine has been used as derivatizing re-
agent in HPLC, for instances; analysis of
sulfonamides in foods [44] and aniline derivatives
in environmental waters [45], and in
HPTLC [46].

In the above described reactions; degradation-,
Hantzsch- and fluorescamine-reaction, the spec-
trophotometric determination of the respective
reaction product was proposed as an alternative
analytical technique.

The applicability of the developed methods was
evaluated through the determination of MTX in
pure form, tablets dosage form and after a spiking
the plasma samples.
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2. Experimental
2.1. Apparatus

Fluorescence spectra and measurements were
taken on a Perkin—Elmer 650-10S spectrofluori-
meter, equipped with 1-cm quartz cell, a 150 W
Xenon arc lamp, excitation and emission grating
monochromators and a Perkin—Elmer recorder
model 56. Slit-widths for both monochromators
were set at 10 nm.

For spectrophotometric measurements, a
Perkin—Elmer Lambda EZ 201 UV-Vis spectro-
photometer with 1-cm cuvettes was used.

2.2. Reagents and standardlassay solutions

2.2.1. Preparation of stock and standard
methotrexate solutions

Stock solution of MTX containing 200.0 pg
ml~'in 0.1 M sulfuric acid was prepared and kept
in refrigerator. This stock solution was diluted
further with 0.1 M sulfuric acid to obtain working
standard solution. The stock solution should be
freshly prepared daily.

2.2.2. Preparation of methotrexate tablets assay
solutions

A total of 20 tablets were weighed and pow-
dered. A portion of the powder, equivalent to 10
mg of MTX, was weighed accurately and about 20
ml of 0.1 M sulfuric acid was added. Methotrexate
was dissolved using ultrasonic bath and the
mixture was filtered into a 50-ml volumetric flask.
The residue was washed with two 10-ml portions
of 0.1 M sulfuric acid and washings were added to
the filtrate and diluted to volume. Further dilu-
tions were made to appropriate concentrations
(similar to standard solutions).

2.2.3. Preparation of acetylacetone—formaldehyde
solution

Walpole’s acetate buffer solution containing 0.2
M each of acetic acid and sodium acetate in water
was prepared. The pH was adjusted to 5 with
sodium hydroxide, measured by a pH-meter. To a
2.5-ml portion of the buffer, 2.5 ml of colorless
redistilled acetylacetone (Tedia Co., USA) and 5

ml of formaldehyde solution (BDH, 40%) were
added; the mixture was brought to 25 ml with
water and thoroughly mixed. The reagent was
prepared daily.

2.2.4. Preparation of fluorescamine solution

Solution of fluorescamine (Aldrich, 98%) con-
taining 600.0 ug ml~ ' in acetone was prepared and
kept in fridge, to be used for 1 week.

2.3. Analytical procedures for calibration graphs

2.3.1. Assay procedure for acid degradation
reaction

Into a set of glass tubes, aliquots of standard/
assay solution (to give final concentration ranges
specified for spectrophotometric and fluorimetric
measurements, listed in Table 1) were mixed with
1-ml portions of 0.5 M sulfuric acid solution. The
tubes were covered, heated in a boiling water bath
for 75 min, cooled to room temperature, and the
contents were made up to a final volume of 5 ml
with acetonitrile (fluorimetric measurements) or
water (spectrophotometric measurements). The
fluorescence intensities and the derivative values
(spectrophotometry) were measured at the speci-
fied wave-lengths (Table 1) using reagent blank.

2.3.2. Assay procedure for Hantzsch reaction

Into a set of glass tubes, aliquots of standard/
assay solution (to give final concentration ranges
specified for spectrophotometric and fluorimetric
measurements, listed in Table 1) were mixed with
I-ml portions of the acetylacetone—formaldehyde
solution. The tubes were covered, heated in a
boiling water bath for 15 min, cooled to room
temperature, and the contents were made up to a
final volume of 5 ml with water. The fluorescence
intensities and absorbances were measured at the
specified wave-lengths (Table 1) using reagent
blank.

2.3.3. Assay procedure for fluorescamine reaction
Into a set of 5-ml volumetric flasks, aliquots of
standard/assay solution (to give final concentra-
tion ranges specified for spectrophotometric and
fluorimetric measurements, listed in Table 1) were
mixed with 2 ml acetate buffer of pH 4.8. Then, to
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Table 2
Analytical results of methotrexate in plasma samples
Fluorimetric method Solvent® Spiking (ng ml1~")  Final measured (ug ml~") Found+S.D.>®  Recovery (%)
Acid degradation reaction Acetone 20 0.1 0.09940.0007 99.0

80 0.4 0.405+0.004 101.25
Hantzsch reaction Acetonitrile 4 0.04 0.0398 +0.0002  99.50

20 0.2 0.19540.0009 97.50
Fluorescamine reaction Acetonitrile 40 0.2 0.202+0.002 101.0

120 0.6 0.598 +0.009 99.67

% Organic solvent used for deproteinization process.
b Mean +S.D. of four determinations.
¢ Mean of four determinations.

and carbonates [1]. In accordance with this fact,
the need to prepare solution of MTX in acid or
alkali solution is probable. In this concern infor-
mation about the stability of MTX in sulfuric acid,
which was used for preparation of standard
solution, was of interest.

Scheme 1 presents the degradation reaction of
MTX in sulfuric acid solution. AMP (I) and
glutamic acid (II) are the degradation products.

3.1.2. Spectral characteristics of methotrexate and
its acid degradation product

The yellow fluorescence of AMP exhibits ex-
citation and emission wave-lengths of 405 and 485
nm, respectively. Fig. 1A shows the excitation and
emission spectra of 360 ng ml~ ' solution of MTX
(after degradation reaction) in acetonitrile. The
parent drug has no intrinsic fluorescence emission
in acetonitrile. The UV—Vis absorption spectrum
(Fig. 1B) of AMP (taken in aqueous solution)

shows overlapping spectral features compared
with the parent drug, MTX, in the vicinity of
UV region. Meanwhile, AMP has its own char-
acteristic absorption band with a maximum at 400
nm. The latter is missed in MTX spectrum. Fig. 1C
presents the first derivative spectra of MTX and its
degradation product, AMP. The 'D values at 416
nm (zero-'D value of MTX) allow selective
measurement of AMP. By analogy, MTX can be
determined without any interference from AMP
through 'D measurement at 354 nm (zero-crossing
of AMP).

3.1.3. Study of the degradation reaction in solutions
of different acid-strengths through spectrofluorimet-
ric measurement

The MTX-degradation rate sequence showed
the effect of sulfuric acid strength-reaction time.
The fluorescence of solutions (each at 3 ug ml~!
MTX) was followed over the sulfuric acid strength

OH
M /@Ao
il e g
HOOC NH HZNJ\N 5 CHy
NH, o
N '
N N H*
@@A b —
H,N N N 3

(|:OOH
HOOC—CHZ——CHZ——(liH
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Scheme 1.
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Fig. 1. (A) Excitation and emission spectra of the degradation reaction product of MTX (0.4 pg ml~ ') measured in acetonitrile
(uncorrected spectra for blank). (B) Absorption spectra of (1) the degradation reaction product, AMP (8.0 pg ml ') in 0.05 M sulfuric
acid and (2) MTX (10.0 pg ml~ ") in 0.1 M sulfuric acid. (C) The corresponding first derivative spectra.

range of 0.2—1 M, for a heating time up to 3 h at
100 °C. At adequate time intervals, certain volume
of each reaction solution was withdrawn and
diluted to volume with acetonitrile to get a final
concentration of 0.3 pg ml ~', and the fluorescence
intensity was measured at 485 nm (A, =405 nm).
The graphical presentation of the data in term of
relative fluorescence intensity—time curve (Fig.
2A), for different strengths of sulfuric acid,
indicated a first order reaction. It is clear from
the curve that the formation of the fluorogen,
AMP, is much faster with 1 M sulfuric acid than
the others. On the contrary, the fluorescence

intensity obtained after the completion of reaction
was maximum for 0.2 M sulfuric acid reaction
solution.

3.1.3.1. Kinetic considerations. Considering the
acid-catalyzed hydrolysis of MTX in solution,
the apparent rate law [49] of the product forma-
tion (AMP) is given by:

dAMP/dt =k, [MTX]
in which

kobs = kl[H+]
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Fig. 2. (A) Time courses of the acid catalyzed hydrolysis of
MTX (0.3 pg ml ™) at different sulfuric acid strengths, 1.0 M
(1), 0.5 M (2) and 0.2 M (3). (B) First order plot for the acid
catalyzed hydrolysis of MTX (0.3 pg ml~') in 0.5 M sulfuric
acid.

dAMP/dt = k,[MTX][H"]

where ks denotes the reaction rate constant. The
hydrogen ion concentration term in the previous
equation indicates that the process is a specific
hydrogen-ion-catalyzed reaction. This was proved
by the aforementioned study.

Applying Beer’s law to fluorescence data, the
AMP formation reaction (i.e. MTX degradation
reaction) was found to be described as the first-
order model:

logF,/(F,—F,) =k,,/2.303t

obs

where F, and F, are the fluorescence of the
degradation reaction system at a given time t and
at the end of the experiment when a constant value
is reached, respectively. The plot of this equation
(log F/(F, —Fy) vs. t) (Fig. 2B), for MTX degra-
dation reaction in 0.5 M sulfuric acid solution
heated at 100 °C, gives a straight line with a slope
of 0.014, from which kops equals 0.032 min ~'. The

corresponding kps values for 1 and 0.2 M sulfuric
are 0.058 and 0.014 min — ', respectively.

3.1.4. Derivative spectrophotometry as a stability-
indicating assay

Referring to Fig. 1C, the first derivative peak of
MTX, 'Dsss, (zero-crossing of AMP) allows
selective measurement of MTX. Accordingly the
first derivative technique (‘D354 measurement) was
suggested for the assay of the intact drug, MTX, in
presence of its degradation product, AMP. The
linearity of calibration graph and conformity of
the 'Dss4 measurement to Beer’s law were proved
by the high value of the correlation coefficient, r,
(r=0.9999) of the regression equation; 'Djss =
0.0077+0.0395C. The calibration curve is linear
over the concentration rang of 1.0-20.0 pg ml '
of MTX.

In order to assess the precision, as percentage
relative standard deviation (R.S.D.%) and the
accuracy, as percentage relative error (Er%) of
the proposed method, five replicate determinations
were carried out on synthetic mixtures. The data
shown in Table 3 indicated good accuracy and
precision of the proposed derivative spectrophoto-
metric method as a stability-indicating assay. So, it
was important to use this method to evaluate the
stability of MTX in 0.1 M sulfuric acid solution at
room temperature.

3.1.4.1. Accelerated stability analysis. According
to the method based on the principles of kinetics
demonstrated by Garrett and Carper [50], the &k
value (reaction rate constant) for the decomposi-
tion of a drug in solution at various elevated
temperatures are obtained from the linear expres-
sion in equation (logc =logcy— kt/2.303) where
the slope of the line is — £/2.303. In view of the
derivative spectrophotometric method, the latter
equation can be rewritten as follows:

Log 'D, = Log 'D, — k/2.303t

where 'D, and 'Dj refer to 'D;s4 values measured
for MTX solution at a given time t and at zero
time, respectively.

The log of the rates of decomposition are then
plotted against the reciprocals of the absolute
temperature (Arrhenius plot) [49]. The K>s-c is
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Table 3

Precision and accuracy for the derivative spectrophotometric determination of methotrexate in presence of its degradation product
Intact/degraded ratio Added intact (nominal value) (ug ml— 1) Found +S.D.* R.S.D. (%)° Er (%)°
0.5:1 2.5 2.52+0.02 0.87 0.68

1:1 5 5.01+0.04 0.72 0.22

2:1 10 9.9940.05 0.58 —0.04
3:1 15 14.88 +0.09 0.60 —0.80
4:1 20 20.154+0.09 0.45 0.75

2 Mean+S.D. of five determinations.
® Percentage R.S.D.
¢ Percentage relative error.

used as a measure of the stability of the drug at
room temperature.

A set of three solutions of MTX, prepared in 0.1
M sulfuric acid at concentration level 200 pg ml ',
were heated at adjusted temperatures of 100, 80,
and 60 °C, separately. The reaction sequence was
followed. At a time, 0.5-ml volume was withdrawn
from each solution, diluted to 5 ml with water and
the 'Dss4 values were measured for the solutions.
The first-order plots were derived and the corre-
sponding k values were calculated from the slopes.
Arrhenius plot is presented in Fig. 3. By extra-
polation on the plot, the K>s-c obtained has the
value of 0.0001 min "'

The time required for the drug concentration to
fall to 95, 90, 80% ... etc, of original value is
calculated from the equation:

t =2.303/k,s .clog ¢,/c

According to this equation, it was found that
5% of MTX solution will degrade within 7.8 h or

1T x10°

Fig. 3. Arrhenius plot for the degradation of MTX in 0.1 M
sulfuric acid using first derivative measurement.

1% within 1.6 h (t;;, half life-time, =108 h).
Finally it could be concluded that MTX solution
prepared in 0.1 M sulfuric acid can be used for the
analytical purpose within the few working hours.
Longer life-time is expected if the solution is kept
in refrigerator at 4 °C. So, it is advised that the
stock solution to be kept in the refrigerator over
the day and on time the working solutions, needed
to be used, are prepared by suitable dilution.

3.1.5. Spectrofluorimetric and spectrophotometric
determination of MTX through acid-catalyzed
degradation reaction

3.1.5.1. Optimization of the analytical procedure.
The reaction conditions with respect to the sulfuric
acid strength, the reaction time and temperature,
and the diluting solvent were optimized to achieve
maximum possible sensitivity. The first prelimin-
ary experiments indicated that 100 °C is just
adequate to activate the reaction. Lower tempera-
tures do not meet the rapidity requirement. So all
the studies were carried out at 100 °C.

With reference to the previous study in Section
3.1.3, obviously, the sulfuric acid strength, needed
to be selected, did not give by necessity the highest
fluorescence intensity to avoid long reaction time.
Accordingly, 0.5 M sulfuric acid was chosen as the
most appropriate to compromise between short
reaction time and reasonable fluorescence inten-
sity.

To attain better fluorescence intensity enhance-
ment, the fluorescence of the solutions as a
function of the diluting solvents was compared.
Water, ethanol, methanol, acetonitrile, dimethyl-
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formamide and acetone were tested. Decrease in
fluorescence intensity was in the order; acetoni-
trile, acetone, ethanol, methanol, dimethylforma-
mide, water. Therefore, acetonitrile was chosen as
the most appropriate solvent.

3.1.5.2. Measurements. The proposed spectro-
fluorimetric and spectrophotometric methods
deal with the measurement of the fluorescence
intensity at 485 nm (A =405 nm) and the first
derivative value at 416 nm (Fig. 1C), respectively,
for the degradation reaction product solution.

3.2. Other comparative methods

3.2.1. Spectrofluorimetric and spectrophotometric
methods using Hantzsch reaction

Based on Hantzsch reaction method, MTX was
condensed with formaldehyde and acetylacetone
to form a yellow fluorescent dihydrolutidine
derivative. The latter shows characteristic excita-
tion and emission spectra presented in Fig. 4A.
The spectrofluorimetric method is based on fluo-
rescence emission measurement at 485 nm (excita-
tion at 425 nm). The absorption spectrum of the
reaction product exhibits a maximum at 338 nm
(Fig. 4B). The influence of some variables on the
reaction was tested to establish the most favorable
conditions to achieve maximum fluorescence sen-
sitivity and obedience to Beer’s law. In this
concern, the buffer pH (Fig. 4C), the reagent
concentration, the time—temperature and the di-
luting solvent were optimized in accordance with
the experimental Section 2.3.2. A 15-min reaction
time at 100 °C was necessary for the completion of
the reaction. Of the diluting solvents examined are,
water, methanol, ethanol, acetone, acetonitrile and
dimethylformamide. No significant difference in
fluorescence emission was observed. Water was
chosen as an appropriate working diluting solvent.

3.2.2. Spectrofluorimetric and spectrophotometric
methods using reaction with fluorescamine

The amine derivative MTX, reacts instanta-
neously with fluorescamine to yield a yellow
fluorescent derivative. The developed method
deals with the measurement of the fluorescence

emission at 495 nm (A, =405 nm) and of the
absorbance at 409 nm (Fig. 5A and B).

The early work with fluorescamine indicated
that its reactions with primary amines occur in
aqueous solutions of pH 8 to 9.5 [38]. Later,
studies carried out by Silva et al. [51] showed that
the primary aromatic amino compounds favored
acidic pH (3—-4) for optimal reactivity. Conse-
quently the influence of pH of the buffer solution
on MTX-fluorescamine reaction was tested. Of
the buffers used, to cover the pH range from 2 to
10, are Sorensen’s phosphate buffer (monopotas-
sium phosphate/disodium phosphate), Walpole’s
acetate buffer (0.2 M acetic acid/0.2 M sodium
acetate), borate buffer (0.1 M boric acid in 0.1 M
potassium chloride/0.1 M sodium hydroxide) and
Britton Robinson buffer (0.04 M in each of acetic,
o-phosphoric and boric acids). The experiments
clarified that maximum fluorescence intensity was
obtained at pH 4.8 (Fig. 5C). Such a finding
agreed with the study reported for the structurally
related compound, folic acid [43].

To achieve better sensitivity, the fluorescence
intensity for MTX—fluorescamine reaction using
different diluting solvents, was followed. The
solvent’s efficiency was of the order; acetonitrile,
dimethylformamide, methanol, ethanol, acetone,
water. Accordingly, acetonitrile was used as a
working solvent.

3.3. Stability concern

The stability of the reactions products (degrada-
tion reaction, Hantzsch reaction and fluoresca-
mine reaction) was examined. The fluorescence
measurements (15-min interval) show no variation
over at least 2 h.

3.4. Statistical analysis of results

3.4.1. Concentration ranges and calibration graphs

Using the optimized reactions conditions, the
spectrofluorimetric and the spectrophotometric
measurements at the working wave-lengths were
found to be linearly correlated to the MTX
concentration. Data recorded in Table 1 sum-
marizes the characteristics of the calibration plots.
These include linear regression equations, concen-
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Fig. 4. (A) Excitation and emission spectra of the reaction product of MTX (0.1 pg ml~') with acetylacetone—formaldehyde in
aqueous solution (uncorrected spectra for blank). (B) The corresponding absorption spectrum (13.0 ug ml ™~ ! MTX). (C) Effect of pH

on the reaction (0.1 pg ml~' MTX), blank was subtracted.

tration ranges, correlation coefficients (r), and
standard deviations (S.D.) of the intercept (S,)
and slope (Sp).

3.4.2. Detection and quantification limits

In accordance to the official compendial meth-
ods [2] and TUPAC [52], the limit of detection,
LOD =3s per slope, where s is the S.D. of
replicate blank responses (under the same condi-
tions as for sample analysis). Using this formula,

the detection limits obtained for the investigated
spectrofluorimetric and spectrophotometric meth-
ods are listed in Table 1. The limits of quantifica-
tion, LOQ, defined as 10s per slope, were found to
be 0.06, 0.03 and 0.11 pg ml~' for the spectro-
fluorimetric measurements of the fluorogenic pro-
ducts following acid degradation reaction,
Hantzsch condensation reaction and fluoresca-
mine reaction, respectively. The corresponding
values for the spectrophotometric measurements
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Fig. 5. (A) Excitation and emission spectra of the reaction product of MTX (0.2 pg ml ~ ") with fluorescamine measured in acetonitrile
(uncorrected spectra for blank). (B) The corresponding absorption spectrum (6.5 pg ml~! MTX). (C) Effect of pH on the reaction

(0.33 ug ml~! MTX), blank was subtracted.

of the reactions products, as in the latter sequence,
are 0.70, 2.0 and 1.5 pg ml— ", respectively.

3.4.3. Precision and accuracy

In order to assess the precision, as percentage
R.S.D.% and the accuracy, as Er% of the proposed
methods, five replicate determinations were car-
ried out on calibration samples. The data obtained
from this investigation is summarized in Table 4.
The results can be considered adequate for the
quality control analysis of pharmaceutical pre-
parations.

3.4.4. Specificity and interferences

It is well known that the reaction with fluor-
escamine and Hantzsch condensation reaction
with acetylacetone—formaldehyde are specific for
primary amino group-containing compounds.
However, because of the dependence of (a) the
previous reactions on the presence of primary
amino groups attached to the pteridine nucleus
in MTX molecule and (b) the acid degradation
reaction on the break down of the amide link
followed by determination of the pteroic acid
derivative (AMP), the impurities of closely related
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Table 4

Precision and accuracy for the determination of methotrexate by the proposed methods

Method Nominal value (ug ml~ 1) Found+S.D.* R.S.D. (%)° Er (%)°

Spectrofluorimetry

Acid degradation reaction 0.1 0.101 +0.0002 0.21 1.0
0.4 0.402+0.002 0.57 0.50

Hantzsch reaction 0.04 0.041 +0.0006 1.14 1.5
0.2 0.203+0.0003 0.14 1.50

Fluorescamine reaction 0.2 0.201 +0.001 0.55 0.50
0.6 0.599+0.003 0.55 —0.02

Spectrophotometry

Acid degradation reaction 1 1.003+0.005 0.48 0.30
20 20.1040.08 0.40 0.50

Hantzsch reaction 3 2.9540.01 0.41 —1.67
15 14.93+0.08 0.50 —0.47

Fluorescamine reaction 3 2.99+0.02 0.70 —0.23
8 7.9940.03 0.39 —0.13

% Mean +S.D. of five determinations.
® Percentage R.S.D.
¢ Percentage relative error.

compounds [53] which commonly found in com-
mercial MTX samples will interfere.

In USP [2], MTX is defined as a mixture of 4-
amino-10-methylfolic acid and closely related
compounds (specified to be not more than 2%).
So, the possible interference from such impurities
with the developed assays will not exceed 2%. In
pharmaceutical industry, samples of bulk powder
of MTX have to pass the pharmacopeial chroma-
tographic purity test to check that these related
compounds do not exceed 2% of the content of the
examined sample. Accordingly, it could be con-
cluded that the proposed methods are suitable for
routine analysis in control laboratories for the
purpose of content uniformity of MTX in tablets
formulated from MTX powder agreed with the
pharmacopeial purity requirements.

It was also shown that excipients and diluents
such as starch, talc, magnesium stearate, and
microcrystalline cellulose, which are commonly
formulated in tablets, do not interfere with the
proposed methods.

3.5. Analysis of pharmaceutical formulation

The proposed spectrofluorimetric and spectro-
photometric methods were applied to the determi-

nation of MTX in tablets dosage form. From the
results shown in Table 5, the methods gave
satisfactory recovery data. Also the S.D. for the
assays results show good precision.

To compare the average results of the spectro-
fluorimetric and spectrophotometric methods, the
statistical procedure, one-way analysis of variance
(ANOVA test) was used. The data from Table 5
was used for a comparison of the methods apply-
ing six replicates (three replicate determinations at
each concentration level) per method. The ob-
served ANOVA F ratio [54] was compared with
the theoretical F value (table of F distribution) at
1% significant level. Since the calculated F (3.40) is
smaller than the table value for F (3.69), therefore,
there is no significance difference between the
methods compared.

3.6. Analysis of plasma samples

Very high doses of MTX have been given by
intravenous infusion as part of combined therapy
in patients with osteosarcoma. Following intrave-
nous infusion of 50-250 mg kg~ over 6 h to 14
subjects, peak plasma concentration of 45-450 pg
ml~! were attained [55]. It is thought that the
higher blood concentration achieved with high
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Table 5

Assay results for the determination of methotrexate in emthexate tablets®

Method Declared (ug ml™") Found+S.D.° Recovery®

Spectrofluorimetry

Acid degradation reaction 0.1 0.0994+8.0E — 5 99.94
0.4 0.398 +0.002 99.50

Hantzsch reaction 0.04 0.0395+0.0004 98.75
0.2 0.198 +£0.0008 99.00

Fluorescamine reaction 0.2 0.2004+0.001 100.00
0.6 0.590 +0.009 99.95

Spectrophotometry

Acid degradation reaction 1 1.00240.003 100.20
20 20.01+0.07 100.05

Hantzsch reaction 3 2.95+40.01 98.33
15 14.93 +0.1 99.26

Fluorescamine reaction 3 2.96+0.03 98.50
8 7.9540.05 99.38

ANOVA test F = 3.40¢

Mean +S.D. of three determinations.
Mean percentage recovery.
The tabulated value at a significance level 1% is 3.69.

b

d
dose MTX will result in greater anti-tumor effect
[56]. However, high blood levels of MTX if
maintained for prolonged periods can result in
the development of severe toxicity. So, there is a
need to monitor blood MTX levels following this
dosage regime to indicate whether a patient is able
to rapidly eliminate the drug, or whether toxicity
may arise as a result of maintained blood levels.

It can be seen that the sensitivity of the
developed spectrofluorimetric methods is adequate
and promising. So, it was advantageous to evalu-
ate the applicability of these methods to analyze
MTX in plasma samples. The analytical proce-
dures described in the experimental Section 2.3, for
the spectrofluorimetric methods, were applied to
plasma samples, spiked with varying amounts of
MTX (4-120 pg per 1 ml plasma), after a prior
purification step of protein deposition with suita-
ble organic solvent. Determination of MTX at the
previously mentioned levels showed errors be-
tween ~ 1 and 3% (Table 2). It should be noted
that the dilution (100-fold) of plasma samples
following the purification step and before applying
the considered reaction is necessary. The dilution
cancels the high background fluorescence mea-

Labeled to contain methotrexate sodium equivalent to 2.5 mg MTX per tablet. It is manufactured by Pharmachemie, Netherlands.

sured for blank samples. This interference results
from extraneous substances in plasma samples
even after the purification step.

To assess the reproducibility, four determina-
tions for each concentration examined were con-
ducted and the S.D. was calculated. The results
obtained are listed in Table 2. The method is quite
effective for determination of MTX in plasma and
meeting the requirement of rapidity for routine use
in high-dose MTX therapy. Also, the advantage of
a low-cost and easily handling instrument should
be taken into consideration.

4. Conclusion

The proposed methods introduced a promising
approach to the fluorimetric analysis of MTX. A
concentration down to 40 ng ml~' could be
measured. Therefore, analysis of plasma samples
spiked with MTX at a level of 4 ug ml~' was
possible. The sensitivity of the fluorimetric method
following Hantzsch reaction is somewhat better
than that of acid-catalyzed degradation method.
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However, the latter keeps the advantage of no
need for special chemical reagent.

The methods are cheap to operate compared
with alternative HPLC [4—13] methods currently
available. They are, therefore, suitable for routine
clinical analysis and in control laboratories, to be
applied for the analysis of MTX in pure form and
in tablets. However, the reported HPLC-fluori-
metric detection methods offered a highly sensitive
technique for quantification of low-therapy MTX
plasma levels.

The spectrophotometric measurements were
more sensitive than [24,25] or at least as sensitive
as [23] the reported spectrophotometric methods.
A potential advantage appears in the stability-
indicating derivative spectrophotometric study,
the matter, which has not been discussed in the
previously reported spectrophotometric methods.
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