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Doxorubicin is an anticancer drug that prevents the growth and
progression of cancer cells. Considering that in some samples the
amount of doxorubicin is very low, choosing a preconcentrative
method is very important and necessary. In this study, dispersive
solid phase extraction, by using graphene oxide nano particles, was
used as an efficient preconcentration method. Different effective
parameters such as adsorption time, desorption time, amounts of
adsorber, type and volume of organic solvent (desorbing solvent) and
pH were investigated and optimized. After optimization of the
experimental conditions, doxorubicin concentration was measured at
awavelength of 478.5 nm. The calibration curve was linear in the 0.06
to 6.5 mgL! doxorubicin concentration range, and the detection limit
(at an S/N ratio of 3) was 0.018 mgL™. Relative standard deviation
(RSD%) for ten replicate measurements of doxorubicin solution was
2.8%. The enrichment factor and recovery of the extraction method
were 58 and 78%, respectively. The proposed method was applied to
the determination of doxorubicin in real samples with satisfactory
analytical results.
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EXTENDED ABSTRACT

Introduction

Doxorubicin is an anti-cancer drug that prevents the growth and development of cancer
cells. The cancer that interferes with the body fights for cancers such as breast cancer,
bladder, ovary, stomach, bone, nerve tissues, muscles, joints and soft joints used.
Doxorubicin is also used in the treatment of Hodgkin's lymphoma and certain types of
leukemia. The main use of this drug is the chemotherapy of various cancers such as blood
malignancies, carcinoma and soft tissue saroma. Measurement of this drug in patients’
bodies is important for diagnosis of its effectiveness, but due to its low concentration in
blood or urine, it is lower than the detection limit of the conventional analytical methods, so
the use of a pre-condensation method before measurement is necessary.

Solid phase extraction (SPE) is one of the efficient methods for separation and extraction
of analytes from the possible interferents in the sample by using an adsorbent. Common
compounds used as adsorbents for solid phase extraction include organic chelating resins,
activated carbon, activated alumina, micro-crystalline material, molecular mold materials
or ion, porous compounds, materials with limited access, integrated materials, magnetic
material and organic-metal frameworks, which perform well to extract unknown samples.
In recent years, nanoparticles have been used as adsorbents in solid phase extraction.
Graphene oxide has attracted a great deal of attention in analytical chemistry because of its
very high absorption capacity compared to other recently reported adsorbents. Some of the
special properties of graphene and its derivatives include high surface area and chemical
purity, easy factorization, availability of non-settled electrons for easy solubility and
bonding with molecules such as medicine, high absorption capacity of the drug for both
sides of graphene plates, its fat-friendly nature to help penetrate the cell membrane barrier
to transport the drug in place as well as from graphene and its derivatives for
pharmaceutical carriers. Graphene has also been proposed in nonmedicated applications
[22]. In addition, by applying hydro-fat-friendly properties, modified graphene interaction
with the biological surface of the membrane increases and the drug is inserted into the cell
for delivery [23]. Considering that in some samples the amount of analyte measured is very
low, selecting a pre-condensation method is of greatimportance and necessity. In this study,
solid phase extraction technique based on graphene oxide was used to extract and
preconcentrate doxorubicin and to determine it by visible-ultraviolet spectrophotometry.

Experimental

Extraction procedure
The magnetic solid phase extraction procedure was carried out as follows: 25 mL of
water was placed in a 50 mL vial and spiked at the appropriate concentration of the
doxorubicin. Then, 50 mg of graphene oxide nanoparticles was added into the sample
solution and stirred for 12 min. Subsequently, the adsorbents were collected and
supernatants were discarded. In order for desorption of target analytes from the surface of
the nanoparticles to occur, 300 pL of methanol were added and stirred for 8 min. Finally,
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nanoparticles were isolated again, and desorbed analyte was introduced into the microcell
of UV-Vis spectrophotometer for determination of doxorubicin.

Results and discussion

To obtain a high preconcentration factor, high recovery and the best analytical
performance, the effect of different parameters on the extraction of doxorubicin by
graphene oxide such as pH, sorbent amount, desorption condition were examined and
optimal conditions selected. The optimization was implemented using 25 mL of sample
spiked with analyte at the concentration of 1 mg L.

The weight of sorbent is an important factor on the extraction performance. Therefore,
different amounts of graphene oxide in the range of 0.01- 0.07 mg were investigated.
According to Figure (1), the extraction efficiency increased by enhancing the amount of
adsorbent by up to 0.05 mg and leveling off at higher amounts. Therefore, 0.05 mg was
selected for further experiments. Extraction was accomplished under the following
conditions: extraction time of 12 min; stirring rate of 800 rpm; eluent, methanol; volume of
eluent of 300 pl and desorption time of 8 min. The influence of pH on extraction of
doxorubicin was studied in the range of 2.0-12.0 using a HCl solution of 0.1M or a NaOH
solution of 0.1 M. The results indicated that the absorbance of doxorubicin was increased
by increasing the pH by up to 6 and then decreased by further increasing of pH. Thus, the
buffer solution of pH 6 was adapted.

Analytical performance

Under the optimized conditions, the analytical features of the proposed method were
validated. The calibration graph was linear in the range of 0.06-6.5 mg L-1 with correlation
coefficient of 0.995. The preconcentration factor (PF) was calculated to be 58 based on slope
ratio of calibration graph after and before extraction and recovery was approximately 87%.
The detection limit based on the 3Sy (LOD=3Sb/slope) criterion was 0.018 mg L1, and the
limit of quantification (LOQ) based on 10Sy, was 0.06 ug L. The precision (RSD) for ten
replicate measurement of doxorubicin (0.5 mg L-1) was 2.8%.

Conclusion

Solid phase extraction is a method for preconcentration and extraction of analytes. In
the present research, graphene oxide was used as an adsorbent and simple devices and a
small amount of organic solvent were used to extract doxorubicin. A visible-ultraviolet
device was used to identify doxorubicin. The linear range of the method was between 0.06
and 6.5 mg/liter.
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