Acta Poloniae Pharmaceutica — Drug Research, Vol. 69 No. 6 pp. 1342-1346, 2012

ISSN 0001-6837
Polish Pharmaceutical Society

METHODS FOR METHOTREXATE DETERMINATION IN
MACROMOLECULAR CONJUGATES DRUG CARRIER

JAROSEAW CIEKOT"*, TOMASZ GOSZCZYNSKI' and JANUSZ BORATYNSKI'

'Polish Academy of Sciences, Institute of Immunology and Experimental Therapy (IITD),
Laboratory of Biomedical Chemistry “Neolek” Rudolfa Weigla 12, Wroctaw 53-114, Poland
*Jan Dlugosz Academy, Al. Armii Krajowej 13/15, Czgstochowa 42-201, Poland

Abstract: In this paper, two simple, cost-effective and fast methods for quantification of methotrexate (MTX)
in the macromolecular conjugates are presented. The method for analysis of total MTX in preparations was
based on absorption spectrophotometry. Validation was performed by measuring absorbance at 372 nm of the
sodium bicarbonate solution. Curve describing drug concentration against absorption had a linear character in
the range of 1.204-40.13 uM. The reproducibility and precision of method was 0.1558 to 3.086%. The recov-
ery of the method was between 99.56 and 104.7%. The limit of quantitation method was 1.050 uM. The method
for free MTX determination was based on size exclusion chromatography and UV-VIS detection at the wave-
length of 302 nm. Superdex® Peptide column (150 X 4.6 mm) and a mobile phase 0.1 M sodium bicarbonate
with a flow rate of 0.4 mL/min was used. In the free drug determination method, the curve had a linear char-
acter in the range of 2.006-200.6 pM. The reproducibility and precision of method was 0.3761 to 2.452%. The
recovery of the method was between 93.18 and 104.5%. The limit of quantitation method was 0.9203 pM.
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Methotrexate [(2S5)-2-[(4-{[(2,4-diaminopter-
idin-6-yl)methyl](methyl)amino }benzoyl)amino]
pentanedioic acid] (MTX) is one of the oldest and
still used drugs (Fig. 1). It is an antimetabolite of
folic acid, and a specific inhibitor of dihydrofolate
reductase (DHFR), having an indirect and direct
effect on other molecular targets, influencing DNA
replication and cell proliferation (1). MTX has a
wide use in the treatment of tumor and autoim-
munological diseases (2). However, this drug
demonstrates a range of disadvantages, characteris-
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tic for low molecular compounds such as fast metab-
olism and fast excretion from an organism, as well
as adverse biodistribution and a low selectivity of
therapeutic use. Solving these problems involves the
copuling MTX with macromolecular carriers, which
results in enhancement of the delivery, selectivity
and improvement in pharmacological properties of
MTX (3). Research on MTX conjugates with natu-
ral and synthetic polymers such as dextrans, albu-
min, fibrinogen, polyethylene glycol, and others, is
in progress (4-7). In order to study for potential
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Figure 1. Structure of methotrexate
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MTX carrier, a fast and precise method is needed to
determine the total amount of the drug bound and
free in investigated preparation.

EXPERIMENTAL

Materials

MTX was purchased from Ebewe Pharma
(Austria). Sodium bicarbonate (POCH Poland) was
of analytical grade.

Method for analysis of total MTX in preparations
Instrumentation

UV-VIS spectrophotometric method was per-
formed on double beam UV-VIS spectrophotometer
(Analityk Jena Specord 250, Germany) equipped
with the quartz cells with 1-cm light path.

Chemicals and reagents

Sodium bicarbonate (0.1 M) was used through-
out UV-VIS spectrophotometric method. Dilution of
MTX stock solution (199.5 mM) was performed
with sodium bicarbonate to prepare different con-
centrations of MTX.

Absorbance

Linearity and range

The linearity of the method was determined
by measuring nine independent concentrations of
calibration curve in the range of 1.204—40.13 uM.
Each concentration was measured in the wave-
length range of 220-500 nm. Validation was per-
formed by using absorbance at 372 nm. The cali-
bration curve of absorbance at 372 nm vs. concen-
tration was plotted and regression parameters were
determined.

Accuracy

Accuracy was determined by comparing a
known concentration of the drug in the sample rela-
tive to the concentration calculated by the method
for analysis of total MTX in preparations used. The
result was presented as a percent of recovery.

Reproducibility

The reproducibility of the method was calcu-
lated by comparing the signals for three independent
measurements of one MTX concentration. The
result was presented as coefficient of variations.
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Figure 2. Overlay spectra of methotrexate by UV spectroscopy in 0,1 M sodium bicarbonate

Table 1. Chromatographic conditions.

Stationary phase

Superdex Peptide
(150 x 4.6 mm, 5 pm)

Mobile phase 0.1 M sodium bicarbonate
Mode Isocratic flow rate 0.4 mL/min
Column temperature 22°C
Detector Diode array detector
Detection wavelength 302 nm
Injection volume 10 pL

Run time

20 min




1344 JAROSEAW CIEKOT et al.

Table 2. Summary of validation parameters for analysis of total methotrexate in preparations.

Parameters Results
Mnax 372 nm
Molar absorptivity (€) 8571
Linearity 1.204-40.13 pM
Regression line equation y = 0.008571x
Correlation coefficient (R*) 0.9999

Reproducibility (% coefficient of variation)

0.1558-3.086%

Accuracy (% recovery)

99.56-104.7%

LOD 0.3150 pM
LOQ 1.050 yM
Table 3. Summary of validation parameters of free methotrexate determination.
Parameters Results
Linearity 2.006-200.6 pM

Regression line equation

Y =0.5850x — 0.6730

Correlation coefficient (R?)

0.9993

Reproducibility (% coefficient of variation)

0.3761-2.452%

Accuracy (% recovery)

93.18-104.5%

LOD

0.2761 yM

LOQ

0.9203 pM
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Figure 3. Calibration curve of total drug determination

Limit of detection (LOD) and limit of quantitation
(LOQ)

The LOD was based on signal-to-noise ratio of
3:1. The LOQ was based on signal-to-noise ratio of
10:1.

Method of free MTX determination
Instrumentation

A Dionex Ultimate 3000 (USA) liquid chro-
matography system equipped with DAD 3000 detec-
tor and auto sampler was used. The chromatography
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Figure 4. Overlay HPLC chromatogram of methotrexate
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Figure 5. Calibration curve of free drug determination

column was a 150 x 4.6 (i.d.) millimeter Superdex
Peptide. Chromatographic conditions are shown in
Table 1.

Solutions of external standards

Dilution of MTX stock solution (199.5 mM)
was done with sodium bicarbonate to prepare differ-
ent concentrations of MTX.

Linearity

The linearity of the method was determined by
measuring of 19 independent concentrations of cali-
bration curve in the range of 2.006-200.6 uM. Ten
microliters of each concentration of drug were
injected separately into high performance liquid

chromatography (HPLC) column and peak area was
measured at 302 nm. The calibration curve of peak
area vs. concentration was plotted and regression
parameters were determined.

Accuracy

The accuracy was determined by comparing a
known concentration of the drug in the sample rela-
tive to the concentration calculated by the method of
free MTX determination used. The result was pre-
sented as a percent of recovery.

Reproducibility
The reproducibility of the method was calcu-
lated by comparing the signals for independent
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measurements of one methotrexate concentration.
The result was presented as coefficient of variations.

Limit of Detection (LOD) and Limit of Quantitation
(LOQ)

The LOD was based on signal-to-noise ratio of
3:1. The LOQ was based on signal-to-noise ratio of 10:1.

RESULTS

Method for analysis of total MTX in preparations
The results of the method validation are pre-

sented in Table 2.

Linearity: The linearity of the method was found to

exist in a concentration range of 1.204—40.13 uM

with a correlation coefficient of 0.9999. Figure 2

shows the absorbance spectrum of MTX in sodium

bicarbonate with the wavelength range 220-500 nm.

Calibration curve is shown in Figure 3.

Accuracy: % recoveries of the method were found to

be 99.56-104.7%.

Reproducibility:% coefficient of variation was

found to be 0.1558-3.086%.

Limit of detection and limit of quantitation: LOD of

this method was found to be 0.3150 uM. LOQ was

found to be 1.050 pM.

Method of free MTX determination

The results of the method validation are pre-
sented in Table 3.
Linearity: The linearity of the method was found to
exist in a concentration range of 2.006-200.6 yM
with a correlation coefficient of 0.9993. Figure 4
shows the chromatogram of MTX in sodium bicar-
bonate. Calibration curve is shown in Figure 5.
Retention time was 6.955 + 0.016 min.
Accuracy: % recoveries of the method were found to
be 93.18-104.5%.
Reproducibility: % coefficient of variations were
found to be 0.3761-2.452%.
Limit of detection and limit of quantitation: LOD of
this method was found to be 0.2761 uM. LOQ was
found to be 0.9203 uM.

DISCUSSION AND CONCLUSION

Several methods of determination of MTX in
biological fluids have been described thus far. All of
these methods are based on reverse-phase HPLC
(8-13). Determination of free MTX in a reverse-
phase chromatography is not recommended,
because it may co-elute with the conjugate drug-car-
rier. These problems arose the need to develop a
new method for MTX determination in a conjugate.

JAROSEAW CIEKOT et al.

A specific, accurate, reproducible isocratic HPLC
method has been developed for the determination of
the free drug in conjugate. Chromatography method
with sample preparation took about 20 minutes for
each analysis. A simple, economic, specific, accu-
rate UV spectrophotometric method has been devel-
oped for the determination of total drug in the con-
jugate. The proposed methods can be used for the
drug analysis in any type of conjugate.
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