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A B S T R A C T   

Methotrexate, as a folate antagonist, is one of the first anti-neoplasm drugs offered and is still used as an effective 
drug in the treatment of various malignancies. Methotrexate has a narrow treatment index and is associated with 
numerous side effects.In thisresearch, for the first time a double-solvent supramolecular system (DSS) was 
developed as an extractant without disperser solvent for dispersive liquid–liquid microextraction (DLLME). DSS 
− DLLME was applied to the extraction of methotrexate in plasma of children with acute leukemiaprior to its-
determination by high-performance liquid chromatography–ultraviolet detection (HPLC − UV). In the present 
method, two long normal chain alcohols are mixed in a particular ratio, and then it is injected into the sample 
solution, which is on the magnetic stirrer. In this case, the mixture of the two alcohol changes to new supra-
molecular aggregate. This new supermolecule is used as an extractant, which has a higher extraction power than 
any of its components alone. Under the optimum conditions, the calibration graph was linear in the rage of 
0.1–150 µg L− 1 with detection limit of 0.03 µg L− 1. Relative standard deviations (RSDs) including intra–day and 
inter–day of method based on7 replicate determinations of 100.0 µg L− 1of methotrexate were 2.6% and 4.8%, 
respectively. The results proved that DSS − DLLME is a sensitive, very simple, inexpensive, environmental 
friendly, rapid and efficient method for the preconcentration of trace amount of drugs in biological samples.   

1. Introduction 

The accuracy of prescribing drugs, especially drugs with a narrow 
treatment index (NTI), is one of the most critical health system issues. 
Despite the problems that arise in the field of irrational use of drugs, it is 
less systematically and scientifically addressed [1]. One of the most 
important goals of drug use evaluation (DUE) studies can be mentioned 
to increase the quality of health care through the accurate prescription 
of drugs, improving the quality of life of patients and training physicians 
in health, timely prevention of side effects and drug interactions and 
proper use of resources and facilities [2]. Methotrexate, as a folate 
antagonist, is one of the first anti-neoplasm drugs offered and is still used 
as an effective drug in the treatment of various malignancies [3]. 
Methotrexate, in addition to its anti-tumor activity, has anti- 
inflammatory and immunomodulatory effects and is used in various 

doses for various therapeutic indications, including psoriasis, rheuma-
toid arthritis, and malignancies [4]. Methotrexate has an NTI and is 
associated with numerous side effects. In some cases, it is life- 
threatening if the recommended dosage is not followed or if moni-
toring is not observed during treatment [5]. Gastrointestinal side effects 
commonly occur with methotrexate, and renal toxicity due to drug 
deposition in the renal tubules and glomeruli may occur. Methotrexate 
also causes renal failure by contracting afferent arteries or mesangial 
cells [6]. Hematologic side effects, hepatotoxicity, and pulmonary 
toxicity are other side effects of methotrexate [7]. Therefore, accurate 
measurement of methotrexate concentrations in patients’ plasma is 
necessary to generate an optimized dose and minimize toxicity. The 
therapeutic dose varies in different diseases and different phases of 
treatment and is between 10 mg and 12 g/m2. In leukemia in the 
consolidation phase, it is 2 to 5 g/m2. Serum methotrexate levels depend 

* Corresponding authors at: School of Medical, Kermanshah University of Medical Sciences, Kermanshah, Iran (M.R. Golpayegani). 
E-mail addresses: n.fattahi@kums.ac.ir (N. Fattahi), mrgolpayegani@yahoo.com (M.R. Golpayegani).  

Contents lists available at ScienceDirect 

Journal of Chromatography B 

journal homepage: www.elsevier.com/locate/jchromb 

https://doi.org/10.1016/j.jchromb.2021.122628 
Received 28 August 2020; Received in revised form 20 February 2021; Accepted 23 February 2021   

mailto:n.fattahi@kums.ac.ir
mailto:mrgolpayegani@yahoo.com
www.sciencedirect.com/science/journal/15700232
https://www.elsevier.com/locate/jchromb
https://doi.org/10.1016/j.jchromb.2021.122628
https://doi.org/10.1016/j.jchromb.2021.122628
https://doi.org/10.1016/j.jchromb.2021.122628
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jchromb.2021.122628&domain=pdf
his
Highlight

his
Highlight

his
Highlight



Journal of Chromatography B 1171 (2021) 122628

2

on the dose prescribed. For example, in the administration of 2 g/m2, 
after 24 h, the serum level of methotrexate is on average about 4.54 mg/ 
L [8].In general, the expected concentration of methotrexate in clinical 
samples of children from previous studies is greater than 3.5 mg/L 
[3,5,7]. 

Various analytical instrumentals such as high performance liquid 
chromatography (HPLC) [9–12],liquid chromatography − mass spec-
trometry/mass spectrometry (LC − MS/MS) [13–15], capillary electro-
phoresis (CE) [16], fluorimetry [17] and electrochemical techniques 
[3,7] have been used for the determination of methotrexate in different 
matrices.LC-MS and especially LC-MS/MS are usually employed for 
determination of drugs in biological samples because of high sensitivity, 
but due to the high cost, the use of these techniquesis limited. On the one 
hand, HPLC − UV has less sensitivity and specificity than LC-MS and LC- 
MS/MS and can not detect trace amounts of drugs in biological samples. 
On the other hand, the HPLC − UV is known to be simple, inexpensive, 
and found in most laboratories. However, due to the extraction and 
preconcentration of the samples by the microextraction methods, 
acceptable results were obtained by HPLC-UV. Isolation and extraction 
of methotrexate is an important stage for its determination in biological 
fluids. These samples are very complex due to the large number of 
different compounds and the selectivity of the method may have a 
problem. However, spite the use of a suitable analytical instrument, an 
extraction procedure is required before the methotrexate analysis. 

The sample preparation step is the most critical part of the analysis 
process, often associated with spending much time, high consumption of 
organic solvents, and inaccuracy. To overcome these problems, minia-
ture extraction techniques based on liquid–liquid extraction (LLE) have 
been developed today. One of the best of these techniques is dispersive 
liquid–liquid microextraction (DLLME), the conventional mode of which 
was first introduced by Assadi and co-workers [18]. The advantages and 
disadvantages of this technique are mentioned in the articles [19–23]. 
Selecting the extraction solvent type and high consumption of disperser 
solvent (in milliliters) are problems of DLLME technique [24,25].To fix 
these disadvantages, innovations have been made on DLLME, such as 
DLLME based on solidification of floating organic droplet (SFO)[26–28] 
and DLLME based on the deep eutectic solvent (DES) [29–32]. These 
innovations are aimed at further reducing the consumption of organic 
solvents and using organic extraction solvents lighter than water with 
less toxicity, cheaper, and more environmentally friendly. 

In recent years, attention has been paid to the use of alternative 
solvents, such as supramolecular solvents in order to higher extraction of 
target analytes and mitigate pollution of the environment by organic 
solvents [32,33]. Supramolecular solvents are green water-immiscible 
solvents that are composed of amphiphile aggregates [34]. Some re-
view articles have been published already on supramolecular solvents 
that the history and stages of their formation are mentioned in these 
review articles [35-37]. 

In the present work, a double-solvent supramolecular system (DSS) 
was developed as an extractant without disperser solvent for DLLME. 
The DSS − DLLME was evaluated to determine the level of methotrexate 
in plasma by HPLC − UV. High extraction recovery, lower organic sol-
vent consumption, ease of operation, environmentally friendly and low 
cost are some of the advantages of this method. Compared to the-
conventional DLLME, DSS − DLLME does not require a disperser solvent 
and centrifugation. 

2. Experimental 

2.1. Reagents and solutions 

Methotrexate (purity ≈ 99%) and 8-chlorotheophylline (purity ≥
98%) as an internal standard (IS) were purchased from Sigma–Aldrich 
Inc. (St. Louis, MO, USA). The methotrexate stock standard solution was 
prepared in distilled water and methanol (50:50, v/v) at the concen-
tration level of 1000 mg L− 1 and was stored at − 20 ◦C. More diluted 

working solution were obtained by diluting the stock standard solution. 
Stock solution of internal standard was prepared by dissolving an 
accurately weighed amount of 8-chlorotheophylline in 0.2 M phosphate 
buffer with pH 6.0, to obtain a final concentration of 1000 mg L− 1, then 
stored at 4 ◦C. The ultra-pure water was purchased from Shahid Ghazi 
Pharmaceutical Co. (Tabriz, Iran). Methanol, acetonitrile, phosphate 
salt (analytical grade), 1-undecanol, 1-dodecanol, 1-decanol, sodium 
dodecyl sulfate (SDS), Na2HPO4 and NaCl were obtained from Merck 
(Darmstadt, Germany). 

2.2. Instrumentation 

The analysis of methotrexate was achieved on a HPLC Knauer 
equipped with a quaternary pump, online degasser, detector Smartline- 
UV-2500 variable wavelength programmable (Berlin, Germany) and a 
20 µL injection loop injector (model 7725i, Rheodyne, Cotati, CA, USA). 
Separation wascarried out with H5-ODS C18 column (15 cm × 4.6 mm, 
with 5 µm particle size) from Anachem (Luton, UK), preceded by a Se-
curity Guard Cartridge C18(Anachem, Luton, UK).The mobile phase 
consisted of 85% buffer containing 10.0 mM Na2HPO4 and 0.70 mM SDS 
with pH 6.5 and 15% acetonitrile. A mobile phase flow-rate of 0.8 mL 
min− 1 was used in isocratic elution mode and the analytes were detected 
at 305 nm. The Metrohm pHmeter Model 692 (Herisau, Switzerland) 
was used for the pH values measurement. 

2.3. Sampling and preparation of sample 

Blank plasma samples (drug-free) was provided by healthy volun-
teers, not exposed to any drug for at least 10 months for method 
development and validation. Real plasma samples were taken from pa-
tients with acute leukemiawho were admitted and treated in the Dr. 
MohammadKermanshahi Hospital from Kermanshah, Iran. In this 
way2girls and 2boys (aged 8 to 13 years) were randomly chosen and 1.0 
mL blood of each of them was taken and transferred to advanced 
research laboratory. This research is approved by the ethics committee 
of Kermanshah University of Medical Sciences. (Approved code of 
ethics: IR.KUMS.REC.1398.531). For preparation and clean up of sam-
ples, 400 μL of whole blood was placed in EDTA-contained glass test 
tube and one mLmixture of acetonitrile and ZnSO4(15%, w/v)(2:3) was 
added to a test tube and vertex for 12 min. For better separation of 
colloidal particles in centrifugation stepthe test tubewas kept at 4◦Cfor a 
few minutes andit was centrifuged at 5000 rpm for 4 min. The obtained 
supernatant were transferred to another clean tube andwas reached to a 
volume of 5 mL by distilled water to reduce the effects of matrices. The 
resulting solution was then subjected to the presented procedure. 

2.4. Extraction procedure 

An aliquot of 5.0 mL of a pretreated and diluted plasma sample 
(spiked or not with methotrexate) containing 10.0 μg L− 1of 8-chloro-
theophylline (IS) was placed in a 10-mLsamplevial. The sample solu-
tions pH were adjusted to areasonable amount 5 by using phosphate 
bufferand vial fixed on a magnetic stirrer. Forty-fivemicroliter of double 
extractant (1-undecanol/1-dodecanol; 1:2 v/v) was injectedinto the 
diluted plasma sample and the magnetic stirrer was turned on at 1200 
rpm for 30 min. The double extractant diffused in tiny droplets with a 
very high contact surface (without the need for a disperser solvent) in 
the sample solution. In this case, the extraction of analytes with different 
polarities is done through intermolecular hydrogen bonding or high- 
efficiency hydrophobic interaction. When the stirring stops, the super-
molecules, which also contain analytes slowly accumulate on the surface 
of the sample solution and float in a droplet. The sample vial was 
thereafter put into afreezer for a few minutes; at this time, the floated 
double extractant was solidified because of the low melting point. The 
solidified double extractant was transferred into a conical glass test tube 
where it was melted at room temperature. Finally, 30 μL of the solution 
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was used for HPLC analysis. 

3. Results and discussion 

3.1. Type of double extractant 

Selecting anappropriate double extractant is crucial in the present 
method. The double extractant must have melting point close to RT, 
high extraction efficiency, less toxic and low solubility in the aqueous 
phase. For this purpose, 1-decanol, 1-dodecanol and 1-undcanol solvents 
were selected. At first, each of the solvents was used as an extraction 
solvent, and then their double mixture with a specific ratio was used. 
Average extraction recoveries (three riplicate measurements) and stan-
dard deviations (SD) for different extractants alone and double extrac-
tants are shown in Fig. 1A. The results showedthat the ER% of 
methotrexatewith each solvent alone is not more than 60%, but when 
two of the solvents are mixed in a particular ratio, the ER% increases. 
Although the extraction recoveries are comparable in all double 
extraction systems, in the 1-undcanol/1-dodecanol double extraction 
system, the extraction recoveries are slightly better, and the standard 
deviation is low. As a result, 1-undcanol/1-dodecanol double system was 
selected as the optimal double extraction system. 

3.2. Proportion of double extractant 

In the presentstudy, the most suitable proportion of double extrac-
tant was obtained to achieve bestER%. To this end, the double extrac-
tants wereobtained by using 1-undecanol and 1-dodecanol with 
different ratios of 1:1, 1:2, 1:3, 2:5, 3:7, 2:1, 5:2 and 7:3. Experiments in 
Fig. 1B show that 1-undecanol and 1-dodecanol at a 1:1, 2:1, 5:2 and 7:3 
M ratios could not form DSS. The mixture of 1-undecanol and 1-dodec-
anol in other ratios has a positive effect on the extraction of the meth-
otrexate. However, double extractant obtained from a mixture of 1- 
undecanol and 1-dodecanol in a 1:2 ratio, has higherER% and lower 
SD. So, the 1:2 ratio was chosen as the bestratio of 1-undecanol and 1- 
dodecanol. 

3.3. Type of double extractant volume 

Section 3.2 showed that 1-undcanol and 1-dodecanol with a 1:2 vol 
ratio were the best double-solvent supramolecular system. The double 
extractant volume plays a important role in the extraction recovery of 
methotrexate. To study the effect of double extractant volume on the 
extraction recovery of methotrexate, different volumes of double 
extractant (25, 35, 45, 55, 65 and 75 μL) were tested to select the op-
timum volume of double extractant to be applied in subsequent tests. 
According to the results in Fig. 1C, At volumes less than 45 µL, the 

Fig. 1. Effect of the different types of extractant (A), 
proportion of double extractant (B), double extrac-
tant volume (C), sample solution pH (D), extraction 
time (E) and stirring speed (F) on the extraction 
recovery of the methotrexate. Extractionconditions: 
types of extractant, 1-undecanol/1-dodecanol; pro-
portion of 1-undecanol/1-dodecanol, 1:2; volume of 
the samplesolution, 5 mL; sample solution pH, 5; 
volume of the extraction solvent, 45 μL; stirring-
speed, 1200 rpm; extraction time, 30 min; room 
temperature.   
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contact surface is not high, and the extraction recovery is low. Also, not 
enough volume is obtained for injection into the HPLC, and the 
repeatability is significantly reduced. At volumes more than 45 µL, the 
dual extractant cannot quickly accumulate on the surface of the sample 
solution, and the ER% decreases due to the dilution effect. Thus, in order 
to have a high ER% and good repeatability, 45 μL of double extractant 
was chosen as the optimum volume. 

3.4. Effectof sample solution pH 

The pH of sample solution will affect the existence form of the 
methotrexate in the sample solution, so the pH will play an significant 
role in the ER%. To evaluate the effect of sample solution pH, several 
experiments were carried out by different pH of sample solution (1–10). 
Other experimental conditions were kept constant. Fig. 1Dshows that 
the methotrexate can hydrolyze in strong acidic and alkaline environ-
ment while itis stable at pH = 5. Thus the pH of sample solution was 
fixed at 5by a phosphate buffer. 

3.5. Salt effect 

For evaluating the salt effect on the efficiency of DSS–DLLME, vari-
oustests were carried out by different concentrations of salt (0–10% 
NaCl). The results indicated that with increasing NaCl from 0 to 5%, the 
extraction recovery of methotrexate remain nearly constant, because on 
the one hand, the salting-out effect increases the ER%. On the other 
hand, the solubility of the DSS in the sample solution decreases and the 
volume of the extraction phase increases. As a result, due to the dilution 
effect, the ER% decreases. At concentrations higher than 5%, the dilu-
tion effect prevails on salting-out effect and the ER% decreases. There-
fore, the experiments were carried out in the absence of any salt. 

3.6. Effect of extraction time 

The time of extraction is an important parameter that may affect the 
analytes’ ER% from sample solution into the extractant phase (DSS) 
[30]. In the present method, extraction time is defined as the time be-
tween injecting the double extractant and turn off the magnetic stirrer. 
The extraction time must be high enough to achieve an effective re-
covery of the target analyte. On the other hand, it must be low enough 
not to waste time. Thus, the effect of extraction time on the ER% of 
methotrexate was examined in the range of 10–60 min with constant 
experimental conditions. When the extraction time increased from 10to 
30 min, the extraction recovery of methotrexatewas increased due to the 
mass transfer of analyte from cellular material to double extractant by 
diffusion and osmosis. However, the extraction recovery is kept constant 
upon further increase in extraction time (Fig. 1E). Therefore, the 
extraction timeof 30 min was chosen as the optimum extraction time. 

3.7. Effect of stirring speed 

Magnetic stirring can accelerate mass transfer and promote the 
dispersion of the double extractant into the sample solution; thus, stir-
ring improves the ER% of the analyte in the double extractant [28]. As 
the stirring speed increases, the extraction recovery of methotrexate 
improves. However, if the stirring speed is too high, the solution will 
spatter and organic droplets will be destroyed. Different stirring speeds 
(500, 800, 1000, 1200, 1500 and 2000 rpm) were investigated. The 
stirring speed of 1200 rpm obtained the highest extraction recovery 
(Fig. 1F). Thus, 1200 rpm was chosen as the stirring speed. 

3.8. Quantitative analysis and method validation 

The DSS–DLLME procedure was validated with respect to selectivity, 
linearity (LR), limit of quantification (LOQ), limit of detection (LOD), 
accuracy, precision including repeatability (intra–day) and 

reproducibility (inter–day), extraction recovery (ER), enrichment factor 
(EF), carry-over and stability. Method validation was carried out ac-
cording to the US Food and Drug Administration (FDA) bioanalytical 
validation guidelines [38]. The characteristics of the calibration curve 
summarized in Table 1. 

Six drug-free human plasma samples from different sources were 
selected randomly to investigate the selectivity of the method devel-
oped. Interferences were assessed by comparing chromatograms of the 
blank plasma and the plasma samples spiked with the methotrexate and 
internal standard. The acceptance criteria for the experiment were 
achieved. The retention times of methotrexate and internal standard, 
were 9.12 and 13.63 min, respectively. No other peaks corresponding to 
these retention times were observed in the chromatograms of the blank 
plasma samples. The method is selective as it was able to differentiate 
and quantify the methotrexate in the matrix. 

Fig. 2. Chromatograms of blank plasma sample (A) and plasma at LLOQ (B) 
obtained by using DSS − DLLME combined HPLC − UV. Peak identification: 
(MTX) methotrexate, (I.S.) internal standard. 

Table 1 
Analytical characteristics of DSS − DLLME − HPLC − UV for determination of 
methotrexate.  

Parameter Analytical 
feature 

Linear range (µg L− 1) 0.1–150 
RSD% (Intra-day, n = 7) 2.6 
RSD% (Inter-day, n = 7) 4.8 
Accuracy% ((Intra-day, n = 7) 92–104 
Accuracy% (Inter-day, n = 7) 91.6–107.5 
r2 0.9991 
Limit of detection (µg L− 1) (S/N = 3, n = 7) 0.03 
Limit of quantification (µg L− 1) (S/N = 10, n = 7) 0.1 
Extraction recovery (%) 91.2 
Enrichment factor 152 
Stability of plasma after 12 h at room temperature (Mean 

accuracy ± RSD, %)a 
98 ± 8.5 

Stability of plasma after 12 h at 4 ◦C (Mean accuracy ± RSD, %) 104 ± 7.6 
Stability of freeze–thaw plasma (Mean accuracy ± RSD, %) 101 ± 9.2 
Stability of post-preparative plasma after 24 h at 10 ◦C (Mean 

accuracy ± RSD, %) 
96 ± 5.1  

a The concentrations of plasma samples for stability were 10 and 100 µg L− 1. 
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The linearity of methotrexate was obtained in the blank plasma 
spiked with different amounts of methotrexate. The concentration of 
internal standard was maintained at 10 μg/L. The samples were 
analyzed in triplicate, and calibration curve was constructed by plotting 
concentration against peak area ratio of analyte to internal standard. 
Linear range was 0.1 to 150 μg L− 1 for methotrexate with coefficient of 
determination (r2) of 0.9991. 

The method was evaluated for accuracy and precision by analysis of 
quality control (QC) sample at four concentration levels(including 10, 
20, 50 and 100 μg L− 1) within the calibration range in plasma. The 
prepared samples were analyzed in seven replicates on the same day for 
intra-day, and the same samples were analyzed on three consecutive 
days, for inter-day. For this purpose, specific quantity of methotrexate 
was added to the known concentration of plasma samples. Then the 
methotrexate was extracted using above mentioned procedure and the 
samples were analyzed by optimized HPLC procedure. The quantity 
recovered from plasma was estimated using respective regression 
equations. The accuracy was expressed as percent recovery and preci-
sion was depicted as percent relative standard deviation.Relative stan-
dard deviations (RSDs) including intra–day and inter–day of method 
based on 7 replicate determinations of methotrexate were 2.6% and 
4.8%, respectively. The inter-day and intra-day accuracy ranged from 
92.0 − 104.0% and 91.6–107.5, respectively. 

The LOD (S/N = 3) and LOQ (S/N = 10) were 0.03 µg L− 1 and 0.1 µg 
L− 1, respectively. The LLOQ was defined as the lowest concentration in 
the calibration curve that can be measured with acceptable accuracy and 
precision (≤20%). The LLOQ for methotrexate was 0.1 µg L− 1 with ac-
curacy 94.6%. Fig. 2 shows the chromatograms of blank plasma sample 
(A) and plasma at LLOQ (B). 

The enrichment factor (EF) was defined as the ratio between the 
analyte concentration in the floated phase (Cflo) and initial concentra-
tion of analyte (C0) within the sample. 

EF =
Cflo

C0 

The extraction recovery (%ER) was defined as the ratio between the 
amount of the analyte in the floating phase (nflo) and the initial amount 
of the analyte (n0) within the sample. 

ER% =
nflo

n0
× 100 =

Cflo.Vflo

C0.Vsample
× 100  

where Vflo and Vsample are the volumes of the floating phase and sample, 
respectively. The EF and ER% of the method were 152 and 91.2%, 
respectively, at the concentration level of 100 μg L− 1 of methotrexate. 

Sample carry-over was evaluated by running a blank plasma sample 
after the highest calibrator on calibration curves during the validation 

period. The average carry-over was < 10% of the calculated response of 
the LLOQ for methotrexate. LLOQ was determined to be 0.1 μg L− 1 for 
methotrexate. 

The stability of the analyte in plasma samples was assessed under the 
following three conditions: (1) after storing the plasma for 12 h at room 

Table 2 
Determination of methotrexatein plasma samples and relative recovery of spiked 
methotrexatein these samples.a  

Plasma samples Added (mg 
L− 1) 

Found, mean ± SDb 

(n = 3) (mg L− 1) 
Relative 
recovery (%) 

Taken from a 12-year-old 
boy (diluted 100 times) 

0 8.6 ± 0.4 –  

5 13.8 ± 1.1 104 
Taken from a 7-year-old 

girl (diluted 200 times) 
0 11.3 ± 2.8 –  

10 21.1 ± 1.5 98 
Taken from a 9-year-old 

boy (diluted 300 times) 
0 5.5 ± 0.3 –  

15 20.8 ± 1.6 102 
Taken from a 13-year-old 

girl (diluted 500 times) 
0 17.2 ± 1.2 –  

20 35.6 ± 2.4 92  

a These data are based on the diluted volumes of blood samples and dilution 
effect was considered for calculation of them. 

b Standard deviation. 

Fig. 3. Chromatograms of direct injection of methotrexateand 8-chlorotheo-
phylline standards at concentration level of 1.00 mg L− 1 (A), plasma sample 
taken from 7-year-old girl (B) and the corresponding spiked ones at concen-
tration level of 10.0 µg L− 1 for methotrexate (C) obtained by using DSS −
DLLME combined HPLC − UV. Peak identification: (MTX) methotrexate, (I.S.) 
internal standard. 
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temperature and 4 ◦C (short-term), (2) after three repeated freeze and 
thaw cycles, (3) after storing the post-preparative plasma for 24 h at 
10 ◦C. All of the stability studies were conducted at two concentrations 
(10 and 100 μg L− 1) with three determinations each. The stability 
experiment confirmed that plasma sample was stable through three 
repeated freeze and thaw cycles. Short-term stability was also confirmed 
for 12 h at 4 ◦C and room temperature.Post-preparative plasmastability 
was stable 24 h at 10 ◦C. 

3.9. Analysis of blood samples 

The efficiency of the DSS–DLLME procedure with HPLC–UVinstru-
ment was validated with the monitoring of the methotrexate in plasma 
of patients with acute leukemia. Blood samples were taken from patients 
with acute leukemia who were admitted to and treated at Dr. Mohamad 
Kermanshahi Hospital. The results in Table 2 show that all blood sam-
ples contained methotrexate with different concentration levels in the 
range of 5.5 ± 0.3 to 17.2 ± 1.2 mg L− 1. It should be noted that the 
concentration of methotrexate in the blood samples was out of the 
calibration range. Therefore, before DSS–DLLME procedure, the blood 
samples were diluted for 100 to 500 times. Fig. 3 shows the chromato-
grams of direct injection of methotrexate and 8-chlorotheophylline 
standards at concentration of 1.00 mg L− 1 (A), plasma sampletaken 
from 7-year-old girl (B) and the corresponding spiked ones at concen-
tration of 10.0 µg L− 1 for methotrexate (C).To evaluate the matrix effects 
and validation of the method, blood samples were spiked with different 
concentration of standard solution of methotrexate. Relative recovery of 
methotrexate in spiked samples at different concentrations is shown in 
Table 2, ranging from 92 to 104%.These results demonstrate that the 
plasma matrices, in our present context, have no significant effecton 
DSS − DLLME–HPLC–UV for determination of methotrexate. 

3.10. Comparison of DSS − DLLMEwith other methods 

The DSS − DLLMEcombined with HPLC–UV is compared with other 
procedures for determination of drugs in biological samples and the 
results are summarized in Table 3.According to Table 3, the detection 
limit of DSS − DLLME combined with HPLC–UV is lower than other 
techiques andconsumption of toxic organic phase is greatly reduced. The 
RSD and linearity of the DSS − DLLME are superior to those reported 
before. Compared to other methods, the extraction time is relatively 
short except for the DLLME method. However unlike the DLLME 
method, in this method the disperser solvent are not required and no 
centrifuge is required for the separation of phases. All these results 
indicate thatDSS − DLLME is a simple, inexpensive and reproducible 
technique that can be used for the extraction and preconcentration of 
methotrexatein plasmay samples. 

4. Conclusions 

In this study for the first time, a double-solvent supramolecular 
system as a novel extractant for dispersive liquid–liquid microextraction 
(DSS − DLLME) combined with HPLC − UV has been proposed for the 
determination of methotrexatein plasma of children with acute leuke-
mia. The advantages of this method include a simple operational pro-
cedures, inexpensive, environmental friendly, dispersive-solvent-free 
and low organic solvent consumption. We expected this method will be a 
breakthrough in separation science for the extraction of various-
drugsinblood samples. In this method, the first two long normal chain 
alcohols are mixed in a particular ratio, and then it is injected into the 
sample solution, which is on the magnetic stirrer. In this case, the 
mixture of the two alcohol changes to new supramolecular aggregate. 
This new supermolecule is used as an extractant, which has a higher 
extraction power than any of its components alone. 
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