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Abstract

The aim of this work was indirect determination of anti-cancer drug capecitabine using complexation with platinum (1V)
and determination by graphite furnace atomic absorption spectroscopy (GFAAS). For this aim at first, the complex of
platinum with capecitabine was performed and the ratio of drug to metal was evalutsd with several ways. In the all of
these methods, the ligand to metal ratio of the Potassium hexachloroplatinate (1) and capecitabine complex was found to
be 2:1. The extraction process was carried out by the hollow fiber supported functionalized multiwalled carbon
nanotubes/ polyurethane foam (FMWCNT/PUF) foam as the solid adsorbent in the solid phase microextraction mode. The
amount of desorbed platinum ion has been indirectly used to measure the drug concentrations. Parameters affecting the
hollow fiber-solid phase microextraction (HF-SPME) such as pH of the donor phase, donor phase volume, the sorbent
type and desorption solvent were optimized. Calibration graph was plotted and a curve with a linear response range of the
3.3210 98.17 pg mL - and a detection limit 0.38 pg mL - was obtained.
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1. INTRODUCTION

Cancer phrase refers to a group of tumors in
which cells are abnormal and multiply out of
control. If the normal cells could not be controlled
the rapid growth it can cause even lead to tissue
fractures [1]. Capecitabine (CPT), chemically N-
4-pentoxycarbonyl-5’-deoxy-5-fluorocytidine
(See scheme 1S in the supplementary file), is an

*Corresponding Author: eshaghi@pnu.ac.ir

anticancer agent which usually used in the
chemotherapy of slowly growing solid tumors
such as pancreatic, ovarian, colorectal, and breast
[2-4].

Up to now, various analytical methods have been
used for the determination of capecitabine
hydrochloride include; HPLC, LC-MS, LC-
MS/MS and spectrophotometric methods [5-9].
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Solid phase extraction (SPE) is a separation
technique was found to be effective based on
some properties of solid sorbents adsorption like
ion exchange and chelating, it is used not only to
extract traces of organic compound from
environmental samples, but also to remove the
interfering components of the complex matrices
in order to obtain a cleaner extract containing the
analytes of interest. A large number of sorbents
are available, and the most frequently used group
of sorbents are polymer sorbents and graphitized
or porous carbon. The nature of the base material
and the additional functional groups both affect
the way that the sorbents are used. Generally,
sorbents are three-dimensional  polymeric
materials which are manufactured under
conditions designed to provide a very porous but
rigid material with a high surface area.

Depending on the sample matrix and the task to
be performed, SPE can provide several
advantages over the other techniques, most
remarkably liquid-liquid extraction (LLE),
including; low solvent consumption, better
extraction efficiency, higher selectivity and
reproducibility, the most diverse kind of material,
and emulsion formation does not cause problems
in the SPE on the contrary, the LLE, etc. [10-13].
The polyurethane foam (PUF) is a class of
polymers which due to good properties such as;
high surface area, low cost, steadiness in acids
and bases, thermal stability so that its structure
resistance to heated up to 180 °C, excellent
hydrodynamic characteristics, high retention
capacity, the resilient property is considered as an
excellent ~ sorbent  for  extraction  and
preconcentration of organic and inorganic species
by  conventional  methods [4, 14-17].
Polyurethanes derive from the hard the soft
segments with —-N=C=0 and -OH groups
respectively [19]. They are in the class of
compounds called reaction polymers, which
include epoxies, unsaturated polyesters, and
phenolics. PUFs having the highly reactive
isocyanate group (-N= C= O). This group simply
react with hydrogen atoms that are attached to
atoms more electronegative than carbon.
Carboxyl and hydroxyl groups, which are located
on the surface of the functionalized carbon
nanotubes, are also from this category.

As well as, multi-walled carbon nanotubes
(MWCNTS) due to the unique physical properties
have attracted scientific interest. These properties
include good thermal and electrical conductivity,
high strength, tunable morphology, low density,
chemical and environmental stabilities, high
surface area and mesoporosity [20, 21]. Its
properties greatly improved at the nanoscale due
to the high surface-to-volume ratio [22, 23].

Various methods have been developed to increase
the quantity of surface functional groups and thus
improve the MWCNTs surface which most
important is chemical oxidation with HNO3 or
H.SO4[24-26].

Graphite furnace atomic absorption spectroscopy
technique (GFAAS) used to measure trace
amounts of metals and semi-metals. We have to
use indirect determination procedure due to in
many drugs, like studying the drug, there is no
metallic element. The possibility of indirect
determination of trace element of drugs even
without metal or semi-metal ion is provided with
the help of complexation of the drug with a metal
ion.

In the present work, an indirect method for detect
the trace amounts of capecitabine by GFAAS
technique is performed with the use of a sorbent
prepared from fMWCNT/PUF supported by
hollow fiber with the help of complexation by
platinum (IV). The nanocomposite (MWCNTs-
PUFIX) increase the extraction efficiency
significantly due to increasing the active sites of
sorbent. With the aid of the proposed method, we
can be abandoned of chromatographic methods
problems such as; costly, long analysis time, the
need for modern equipment, require purification
steps and high purity materials and solvents. The
method is used for the determination of tracing
amounts of capecitabine drug in real biological
samples.

2. EXPERIMENTAL

2.1. Instruments

The sonication of the mixtures and solutions was
performed by an Ultrasonic Processor, model UP
400S (Germany) and a Shimadzu FTIR-8400
Fourier transform infrared spectrophotometer
(Japan) was used to record the spectra. The
voltammetry studies carried out using a Metrohm
Model797computrace (Switzerland) with
Ag/AgCI, wire platinum and a graphite electrode
as a reference, auxiliary and working electrode
respectively. A  Metronm pH meter 827
(Switzerland) was used for the pH measurements.

2.2. Chemicals and reagents

The capecitabine awarded from Osvah pharma Co
(Tehran, Iran). All reagents and organic solvents
were purchased from Merck (Darmstadt,
Germany) and Sigma-Aldrich (United States) in
analytical grade. For preparing of stock drug
solutions, necessary amount of the drug was
dissolved in ethanol. Multi-walled carbon
nanotubes were purchased from Research
Institute of the Petroleum Industry (RIPI),
(Tehran, Iran) with specifications contains10-40
nm diameters, core diameter 5-10 nm, BET
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surface area (SBET) 40-600 m? gV, bulk density
0.1 g cm 3 with 98% < purity. And the
polypropylene hollow fiber membrane obtained
from Membrana (Wuppertal, Germany) with wall
thickness 200 nm, the inner diameter 600 nm.

2.3. Preparation of the fMWCNT/PUF adsorbent
After several attempts at fabricating a MWCNT
coating on PUF, it was apparent the as-received
MWCNTSs would not yield an appropriate coating
on PUF. Attempts to coat using raw MWCNT
solution resulted in a substrate with an
inhomogeneous light gray color, which indicated
a coating with a low concentration of un-
distributed MWCNTs. To improve MWCNT
stability in water and improve adhesion to the
substrate,

MWCNTSs were acid functionalized.

The acid functionalized MWCNT-PUF formed a
suspension that remained stable in water for more
than a week. The functionalized MWCNT -based
coated PUFs where a homogenous dark gray
color, indicating that using the fMWCNT/PUF
increased both MWCNT retention and degree of
distribution.

For functionalization of the MWCNT, 1.0 g of
this powder was sonicated in a mixture of (30:70)
nitric and sulfuric acid for 6h by 60% amplitude
and 0.5 S cycles. For the treatment of commercial
PUF, 1 g of foam was shaved so fine and soaked
in HCI 3M. After 24h washed with distilled water,
sprinkled on HCI 0.1 M solution and was cooled
in an ice bath.

For preparing ion exchange polyurethane foam
(PUFIX), during strong stirring, 10 mL of ethyl
iodide added dropwise to PUF and was left for 24
h in the fridge [10]. The product after drying at
the room temperature completely powdered with
an opal mica.

In the last step, the PUFIX and functionalized
MWCNT were refluxed in 40 mL of ethanol for
6h at 50 ° C. The black powder MWCNT-PUFIX
was obtained and washed with distilled water and
acetone respectively. It was dried at room
temperature and blended in an agate mortar.

The FTIR spectra of synthesized sorbent steps by
step were investigated, the structure of
nanocomposite was studied by SEM imaging. The
synthesized nanocomposite used for extraction
and measurement of anti-cancer  drug,
capecitabine.

2.4. Extraction process of platinum and its
complexes

For study of the extraction process at first,
platinum (IV) solution with the concentration of
10 pg mL ' was prepared from potassium
hexachloro platinate (KzPtClg). The 2 cm

segments of polypropylene hollow fibers packed
ultrasonically with the mixture of
octanol/nanocomposite, and then was placed in
the donor phase and the solution stirred for 30
minutes at 200 RPM. In the desorption process
hollow fiber was transferred to the extraction
solvent and stirred for 15 minutes at 300 RPM.
Desorption solvent was injected into the GFAAS.
Since the objective of this study was indirect
measurement of the drug capecitabine via
complexation with the platinum, the ratio of metal
to ligand complex by taking three methods of
UV-Vis  spectroscopy,  differential  pulse
voltammetry and GFAAS was investigated.

2.4.1. Determining the stoichiometry of metal-
drug complexes

One of the most common methods for defining
the stoichiometry of the metal-ligand complexes
is the mole-ratio method in which the amount of
one component, proved to be kept, while the
amount of the other substance changes. To
perform the mole ratio method, the moles of
capecitabine in the solution was constant and the
platinum ion mole was changed. Absorbance is
monitored at the maximum complex wavelength.
Using the mole ratio method, 1:2 complex of
platinum (1V): capecitabine was proposed.

2.4.2. Investigation of the composition of complex
with GFAAS technique

To study thestoichiometry of complex, extraction
process was done in the presence of various
metal-drug ratios: 1: 1, 1: 2, 1: 3 and 2: 3 metal to
drug ratios. The adsorption and desorption
processes were done under the optimum
conditions. The 1:2 ratio of metal to drug was
confirmed due to the best extraction efficiency
was achieved in this ratio. The best extraction
efficiency is achieved in this ratio. The results are
summarized in Table 1S in the supplementary
file.

2.4.3. Determination of the stoichiometry of
complex by differential pulse voltammetry (DPV)
For this study, 2 mL of 10 ug mL ! capecitabine
was transferred to the voltammetry cell and then
regular amounts of platinum were added
sequentially. The results showed increasing the
platinum ion from 0 to 1 mL (concentration of 10
ug mL 1) led to decrease the peak current of free
capecitabine, But after the 1:2 metal / drug mole
ratio, increasing the metal ion did not affect the
peak height. The result was shown in the
supplementary file, Fig. 1S.

3. RESULT AND DISCUSSION
3.1 Characterization of
nanocomposite by FT-IR and SEM
The FT-IR spectrum of MWCNT- PUFIX has
performed for verification the functional groups

synthesized
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(Fig. 1a). As it can be seen in spectrums of PUF
and PUFIX, the feature of 1580.4 cm?
corresponds to the absorption of urethane (-
NHCOO -) group stretching. The bands of 1724.2
and 1072.3 cm ** refer to carbonyl group that
shifted to lower energy because of conjugation;
two bands at 1527.5 and 1410 correspond to the
NO: group.

The MWCNTSs have some peaks, bands at 1519.8
and 1415.2 cm?, indicating that NO; group
introduced to the sidewall of MWCNTS. The NH;
stretching band appears at 3480 cm [27]. Some
of the bonds between the MWCNT and PUFIX
disappeared in the spectrum of MWCNT -PUFIX,
reflecting joining of these groups of the surface
functional groups of carbon nanotubes [28].
Scanning electron microscopy (SEM) imaging
provided for observing the particle size and
surface morphologies of synthesized
nanocomposite (Fig. 1b). As expected, after
reflux, PUFIX particles coated by a layer of
MWCNTs. The porous structure provides the
bunch of sites for capturing analyte, which results
in the increase of the pre-concentration and
extraction efficient.

3250 2000 1750 1500 1350 1000 750 500

Wavenumber (cm)

B
Datel

...................

Fig. 1. a) FTIR spectrum and b) SEM imaging of
synthesized MWCNT-PUFIX nanocomposite. The
average size of nanocomposite is 53 nm.

3.2. Optimization of experimental factors

3.2.1. Effect of pH

The effect of pH on the extraction recovery was
studied by GFAAS technique on the range over
the 3.0- 9.0. The results showed the

environmental pH is effective in the extraction
recovery of the complex. As can be observed in
Fig 2, the most extraction recovery was observed
at pH 5.0.

The reason for this result can be the value of pH
ZPC that is in the basic region (about pH 8.0- 9.0)
for the PUFIX-MWCNT and is based on terminal
groups. At pH lower than that of pH ZPC, the
surface of the PUFIX-MWCNT is positively
charged and the hydrogen bonds can occur
between the nitrogen atoms of the PUF and the
protons of the CH, groups in the capecitabine
chain, which can increase the extraction
efficiency [10, 29]. Therefore, it was considered
for further experiments.

80

60

40

Recovery %

pH of donor phase
Fig. 2. The investigation of pH of donor phase
influence on the complex recovery by GFAAS
technique.

3.2.2 Effect of donor phase volume and the
sorbent amounts

To study and compare its performance of
nanocomposite filled hollow fiber with the
calcined graphite rod, experiments were
performed in which 2cm pieces of graphite and
hollow fiber was used. The calcined graphite rod
had good performance for extraction of metal
alone and the complex, although the preparation
process of this was simple. But nanocomposite
filled hollow fiber showed more recovery of
extraction due to functional groups at
nanocomposite while connected to terminal
groups of the complex. Results are displayed in
Table 2S in the supplementary file.

As is clear from the results, filled hollow fiber
with nanocomposites performed better in different
situations so that is almost twice the efficiency of
calcined graphite. The volume of donor phase was
investigated and the results showed that the
volume of 2 mL was the best. So in the next steps
were used filled hollow fiber as a sorbent and a
volume of 2 mL donor phase.

3.2.3 Effect of desorption solvent
Desorption solvent in extraction process has an
important role because if properly selected,
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Table. 1. Figures of merit for capecitabine determined by the proposed method.

Analyte Linear range Correlation curve (R?) LOD LOQ RSD
(Mg mL ) (Mg mL 1) (Mg mL )
Capecitabine 3.3210 98.17 0.965 0.38 1.28 0.059

Table. 2. Comparison between previous studies and proposed method.

Method LOD LOQ R? RSD % Ref
pgmL* pgmL*
Electrochemistry by Glassy Carbon Electrode 1.13 X 107 3.78 X 107" - 1.01 29
RP-HPLC 0.005 0.014 0.9990 2.0 5
improved RP-HPLC 0.169 0.513 - 2.0 30
Eco friendly HPLC-UV - 0.050 0.9999 6.9 31
Bioanalytical RP-HPLC 0.300 0.600 0.9987 5.0 32
RP-HPLC 0.05 0.190 0.9990 - 33
RP-HPLC 0.088 0.260 0.9970 0.5 34
RP-HPLC 0.600 1.900 0.9990 0.1 35
pH independent spectroscopic 0.662 2.000 0.9987 - 36
Indirect determination by GFAAS 0.380 1.280 0.9650 5.9 Present
work
*Molarity

facilitate the final analyte transition to receiver
phase. Organic solvents can usually have a good
effect. In this process, different solvents were
investigated. As can be seen in Fig. 3, the highest
extraction efficiency was observed in the presence
of methanol as a solvent so it was determined as
optimum desorption solvent.

80

60

40

ANl
0

Methanol ~ Aceticacid  Ethanol  Nitric acid
M) (2M)
Desorption solvent

Fig. 3. Results for desorption solvent effect on the
extraction efficiency.

Recovery %

3. 3. Method validation

After optimizing the important factors in the
extraction process, the calibration curve was
plotted for this study, in about 10 concentrations
with three times repeated. The results are shown
in Table 1 while important figures were
calculated such as; LOD and LOQ, the
Correlation curve and RSD. A study was also
carried out to compare the current method with

previous methods and the results are shown in
Table 2.

3. 4. Real samples

The pH of bulk urine was adjusted to pH of 5.0
with HCI 4M and then was diluted tenfold with
the phosphate buffer at pH 5 [37].

The nail sample was prepared by washing the 0.1
grams of nail with deionized water and acetone
respectively, and drying and solving in the 1M of
sulfuric acid.

Specified amounts of analyte were spiked to nail,
urine and laboratory wastewater and the
extraction process were performed. The results
are presented in Table 3.

Table. 3. Investigation of real samples by the proposed

method.
Sample RR %" RSD
Urine 101.74 0.047
Nail 74.14 0.101
Laboratory waste 87.98 0.064

*Relative Recovery%

4. CONCLUSION

Nowadays the ways to study and measure very
low doses of anticancer drugs has special
importance. Often medication review by
chromatography and especially HPLC have done
that are requiring high purity solvents, ultra-pure
gasses, different columns and different detectors.
The proposed method in this study provided
possibility by the indirect measure of anticancer
drug capecitabine to help with the platinum
complex by furnace atomic absorption method. In
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the process parameters affecting the extraction
and determination of drug were studied and
optimized. Finally, to ensure the true method of
drug real samples was measured with good
precision and accuracy.
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