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Abstract

In this paper, a new rapid and sensitive method based on sodium dodecyl sulfate modified Fe304@o—Linolenic
acid nanocomposite combined with high-performance liquid chromatography-photo diode array detection (HPLC—
PDA) has been proposed for the extraction and determination of tramadol (TRA) in water samples. The
Fe304@o-Linolenic acid NPs were synthesized and then characterized by Fourier transform-infrared
spectroscopy (FT-IR), scanning electron microscopy (SEM) and X-ray diffraction (XRD). The main factors
influencing extraction and desorption efficiency were optimized. Under optimum conditions, the method was
successfully applied to the determination of TRA in the environmental samples and good linearity in the range of
0.1-500ng.mL%(R?> 0.99) obtained. The detection limit (LOD) and relative standard deviation (RSD)
were0.074ng.mL1 and 2.89 %( n=5) respectively. Finally, the proposed method was successfully applied with the
relative recoveries percentages from 94-103.97% for the extraction and determination of tramadol in aqueous

samples.
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1. INTRODUCTION

Tramadol (TRA);2-[(dimethylamino)methyl]-1-
(3-methoxyphenyl) cyclohexanol, is an opioid
pain medication that used as an centrally acting
analgesic(Fig. 1). It has been shown that a
synthetic analogue of codeine and this analgesic
rapidly metabolized by the cytochrome P450
enzyme system in the liver [1, 2]. It acts as an
opiate agonist with p-opioid receptor agonist
activity.  After oral administration, TRA
demonstrates  65-70%  bioavailability  and
approximately 30% of the main drug is defecated
unchanged in the urine [3]. It is an effective an
algetic that has been used since 1997 to severe
pain, widely prescribed with no clinically relevant
cardiovascular or respiratory depressant activity
[4]. Side effects of TRA include nausea,
dizziness, drowsiness, drymouth, constipation,
low blood pressure, sweating and confusion [5].

HyCO-

Fig. 1. Chemical structure of Tramadol.
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The methods described for the determination of
tramadol involve liquid chromatography (LC)
with ultraviolet [6,7], fluorescence [8,9], or diode
array detectors [10,11]. GC-MS and LC-MS [12-
15], Capillary gas chromatography [16],
electrochemical methods [17,18] etc.

Among these methods HPLC—PDA has been
considered as the specific method due to the
performance and strong separation ability of TRA
in biological fluids and wastewater samples [19,
20].

Solid-phase extraction (SPE) is most popular
techniques widely used for the
extraction/preconcentration of trace amounts of
drugs in various environmental samples due to
factors such as easily use, time saving and
simplicity and it is the most accepted sample
pretreatment method today [21-24]. Lately,
nanoparticles, particularly magnetic nanoparticles
(MNPs), have been evolved as a new type of solid
phase extraction sorbent material. Magnetic
nanoparticle based solid phase extraction
(MNSPE), a magnetic field is used to isolate
analytes in solution without the need for filtration
or centrifugation [25, 26].Among the available
adsorbents, iron oxides have been extensively
used as adsorbent in MNSPE because of their
super para-magnetism, high surface area to
volume ratio, biocompatibility, high magnetic
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saturation, low toxicity, simple preparation
process and low price. The magnetite
nanoparticles are very much susceptible to air
oxidation and are easily aggregated in aqueous
systems.

Recent research indicated that Linoleic acid has
high affinity to Fe304 nanoparticles, and sorption
of o—Linolenic acid on the Fe304 nanoparticles
enhanced the stability of nano-dispersions by
preventing their aggregation [27]. Numerous in
natural aqueous systems, a—Linolenic acid has a
Structure of alkyl and aromatic units that attach
with carboxylic acid and phenolic hydroxyl
functional groups [28-30]. In this study, a simple,
eco-friendly and low-cost magnetic sorbent
material prepared by SDS-coated Fe304@o—
Linolenic acid NPs was developed for the
removal of TRA from wastewater samples. The
physical and chemical characterization of the
synthesized SDS-coated Fe304@a—Linolenic
acid NPs was conducted, and under the optimized
conditions, MNPs modified provided surfactant
free extracts and were shown to be efficient as a
SPE sorbent for the preconcentration TRA from
water samples. To the best of our knowledge,
SDS-coated Fe304@ a—Linolenic acid has not
been employed yet for the extraction and
determination of TRA drug.

In the present work, sodium dodecyl sulfate-
coated Fe304@a—Linolenic acid nanocomposites
were synthesized and employed as sorbent in SPE
of tramadol from water samples and its
determination by HPLC-DAD has been used
because of its admissible sensitivity as well as its
relative low cost. Various factors that influence
extraction performance including adsorption and
desorption conditions were optimized.

2. EXPERIMENTAL

2.1. Apparatus

HPLC analysis consisted of a Shimadzu (Tokyo,
Japan) LC-6AVP pump, SPD-M10AVP diode
array detector (DAD), a Rheodyne model 7725i
injector with a 20pL loop was used to inject the
samples. The chromatographic system was
composed of an isocratic Waters pump, a Waters
2996 photodiode array detector and an online
degasser. Chromatographic  separation was
attained on an ACE 5um, C18 4.6mmx250mm
column. The mobile phase was a mixture of
water—acetonitrile (30/70, v/v) with a flow rate of
1.0 ml min~! and PDA detection wavelength used
for quantification. The retention time for
methanol as a solvent was 2.2min, and retention
time for TRA was 7.2 min.

A Metrohm model 713 pH-meter (Herisau,
Switzerland) with combined glass electrode was
used for pH measurements. And Fourier-
transform infrared (FT-IR) spectroscopy (Perkin—

Elmer model Spectrum GX) was applied for
studying the surface of synthesized Fe304
nanoparticles in the frequency range of 4000—400
cm™! by the homogeneous mixed powder of the
sample and KBr. A permanent magnet of Nd Fe B
(10x5%x4cm), model N48, with the magnetic field
of 1.4 T was used for sorbent collection and
magnetic decantation. X-ray powder diffraction
(XRD) measurements were performed using a
Bruker diffractometer model D8 Advance
(Germany) with monochromatized Cu Ka
radiation (A= 1.5406 A).The morphology of
synthesized Fe304@a—Linolenic acid NPs was
characterized with scanning electron microscope
(LEO 1450VP SEM).

2.2. Reagents and materials

Ferrous sulfate(FeSO4, 99%), ferric chloride
(FeCI3, 99%), Sodium Hydroxide(NaOH),
sodium dodecyl sulfate(SDS), HPLC-grade
acetonitrile, ~ methanol,  acetone,  ethanol,
chloroform, acetonitrile, hydrochloric acid and
NaCl were all purchased from Merck(Darmstadt,
Germany). flaxseed oil (fatty acid) was received
from Zaradand pharmaceutical (Yasooj, Iran).
Double distilled water (DDW) was used
throughout. Distilled waterMilli-Q system using
Distiller was prepared on a daily basis. All
glassware were soaked in a mixture of dilutenitric
acid and sulfuric acid for overnight and then
rinsed again five times with deionized water and
dried in hot air oven. Tramadol was obtained
from Daroo Pakhsh pharmaceutical Co. (Tehran,
Iran) and used without further purification.

2.3. Preparation of standard solutions and real
samples

The TRA stock solution tramadol monthly
prepared at concentration of 1000 mg L' in
methanol and kept at 4 °C. Working standard
solutions of different TRA in the appropriate
concentrations were prepared daily with dilution
of the stock standard solution with deionized
water.

The calibration graph was constructed in the
range of 0.1-500 ng.mL?* for TRA. the water
samples were filtered and adjusted to pH 7 with
the addition of NaOH or HCI solutions (0.1 M).
Tap water samples were collected freshly from
our laboratory (Bojnord, Iran). River water was
collected from the Besh Ghardash River in
Bojnord, north Khorasan, Iran. Standard addition
method was applied for the measurement of TRA
in all of the real samples.

2.4. Synthesis of o—Linolenic acid-Fe304NPs

Fe30O4nanoparticles were synthesized by the
chemically  co-precipitation  method  [31].
Typically, 100 ml of 0.4 mol.L*FeCl; and 100ml
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of 0.2 mol.L! FeSO, were mixed and dissolved in
deionized water and degassed (with ultrasonic).
Then 2 mol.L! of sodium hydroxide was added
into the above solution and the pH value was
maintained between10-11 with continuous stirring
using a magnetic stirrer (600 rpm) forl hour and a
dark precipitation was formed. Then 5 ml of
flaxseed oil (o—Linolenic acid) was taken and
heated to 80°C in hot air oven and nitrogen gas
was used to prevent the intrusion of oxygen. After
achievement of the reaction, the precipitated
Fe304 NPs was separated from the supernatant
by magnetic field and washed successively with
double  distilled water (DDW)(3x50mL),
methanol(3x50 mL), DDW(5x50 mL) and then
filtered. Finally, a—Linolenic acid-Fe304NPs was
dried in vacuum at 150°C for 12 hour and grinded
to fine powder. The obtained MNPs were stable
up to one month.

2.5. Extraction Procedure

Extraction procedure was accomplished according
to the following steps: (1) 20mL TRA solution in
distilled water(10ng.mL™?) was transferred to a
glass vial,(2) 10mg of Fe304@a—Linolenic acid
NPs was added to the TRA solution and the pH
was adjusted to 3.0, (3) 0.5mL of the SDS
10mgmL~'was added and the mixture was shaken
for 5 min to enhance the TRA adsorption
efficiency,(4) by use of a strong magnet with 1.4
Tesla (10x5x4cm) Fe304NPs placed at the
bottom of the beaker was separated quickly from
sample solution and the supernatant was
decanted, (5) Finally the TRA was desorbed with
50puL methanol from MNPs and 40 pL of this
solution was injected into the HPLC system for
analysis. The Schematic presentation of TRA
removal mechanism by SDS-coated Fe;Os@o—
Linolenic acid NPs that was used in this research,
have been shown in Fig. 2.
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Fig. 2. Schematic presentation of TRA removal
mechanism by SDS-coated Fe3Os@o~Linolenic acid
NPs.

3. RESULT AND DISCUSSION

3.1. Characterization Fe304@ao—Linolenic acid
NPs

The existence of a—Linolenic acid on the surface
of iron oxide particles was examined by infrared
spectroscopy. The dried nanoparticles were mixed
and pressed together with KBr. The presence of
absorption peaks in the region of wavenumbers
550-630 cm* corresponding to the Fe-O vibration
which confirmed the successful synthesis of
Fe304 nanoparticles. The peak 3442cm-1 was
related to the vibration of OH vibrations,
indicating that the surface of Fe304 nanoparticles
was covered with hydroxyl groups. The peaks at
1706 cm-1 and 1631 cm-1 were due to the
overlapping of the absorption bands of the
carboxyl groups (COO-) and double bond of o—
Linolenic acid and Fe atoms. It was indicated that
the o—Linolenic acid was absorbed on the surface
of magnetite particles. So, o—Linolenic acid
existed as a carboxyl group when it chemically
interacted with the Fe304 nanoparticles. The
interaction between carboxyl groups and metal
atoms can be such as monodentate, bridging
bidentate, chelating bidentate, and ionic.
Therefore, these interactions specially the
bridging bidentate interactions, where the
covalent bonds and may be attributed to the COO-
group and Fe interaction [32].

The other peaks observed in the region of 882 cm-
11366 cm™ were due to additional compounds
(Polyphenols, Peroxides, Polycyclic Aromatic
Hydrocarbons (PAHS), vitamin K and vitamin E)
present in the oils [31]. The FTIR Spectra of
synthesized Fe304@a—Linolenic acid NPs that
was used in this research has been shown in Fig.
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Fig.3. FT-IR spectrum of: FesOs@o-Linolenic acid
NPs.

The size and morphology of the fabricated
sorbent were examined through a scanning
electron180 microscope (SEM). The SEM images
of Fe304@oa~Linolenic acidNPs were shown in
Fig. 4. It was clear of MNPs had a good
dispersion and the size of most products was
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about 48nm. Also, the nanoparticles were
spherical particles with a smooth and uniform
surface morphology and had consistent size. The
prepared Fe304 NPs were stabilized against
agglomeration by a monolayer of o—Linolenic
acid.

Fig.4. The scanning electron microscopy (SEM) of:
FesOs@o—Linolenic acidNPs.

XRD analyses confirmed that the synthesized
nanoparticles were Magnetite(Fe304 ) as shown
in Fig. 5. Six characteristic peaks were marked by
their indices (22 0),(311),(400),(422),(51
1) and (4 4 0) were observed for both samples
reveal that the resultant nanoparticles were Fe304
with inverse-spinel structure [31]. No other
characteristic peaks corresponding to the
impurities of the Fe304@oa—Linolenic acid NPs.
In the pattern of XRD diffraction, the broad
nature of the diffraction bands indicated that
SPIONs have small particle sizes. The particle
average crystallite size can also be quantitatively
evaluated from the XRD data using the Scherrer
formula: D= kM Pcosf, where D is the average
crystallite size, A is the X-ray wavelength, [ is the
full-width at half maximum, and 0 is the
diffraction angle. Here is a constant equal to 0.94
for spherical shape. the particle size of the
flaxseed oil stabilized Fe304 nanoparticles is 20-
40 nm.
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Fig.5. The X-ray diffraction (XRD) of: Fe30s@o—
Linolenic acidNPs.

3.2. Optimization method
3.2.1. Effect of sample pH
The charge density of sorbent surface is a key
factor that affects the adsorption of analytes and it

fluctuates with pH. Moreover, pH is one of the
factors influencing the adsorption behavior of the
system due to the change of the charge density on
the MNPs surface [33-35]. The surface charge of
Fe304 NPs is neutral at pHp., which is about 7
[36]. But in the presence of Linolenic acid, pHpz
is different from the bare Fe304 NPs and is lower
than 7. Below the pHp;c, the surface charge of the
sorbent (Fe304@o—Linolenic acid NPs) is
positive and an electrostatic repulsion can occur
between the cationic forms of the basic analyte
(TRA) and the sorbent's particles. Charge of the
surface of MNPs is positive in the acidic
condition, consequently an anionic surfactant
such as SDS can be adsorbed onto surface.
Therefore, cationic form of TRA can interact with
negative charge head group of SDS (via ion-pair
formation) and interact through hydrophobic
interaction with carbon chain of SDS and o—
Linolenic acid. The effect of pH on the adsorption
of drug was considered over a pH range of 2-10
for Fe304@a-—Linolenic acid NPs. The
adsorption behavior of TRA is explained in Fig.
6a.The results show that maximum adsorption
occurs in the pH 3.Thus, the extraction study at
pH <3 was not executive because of inconsistency
of the MNPs resulting from the dissolution of
magnetite nanoparticles in acidic conditions and
leaching, oxidizing and reduction of SDS ion
adsorption, due to protonation of their sulfate
groups.

3.2.2. Effect of the amount of SDS on adsorption
of TRA

SDS has a most important factor in the extraction
mechanism of the TRA. The results showed that
adsorption amount of TRA increased remarkably
by amount of SDS. So, to evaluate the surfactant
effect, five amounts of SDS within the range of 5-
25 mg were tested. In the optimum pH(acidic
pH), TRA is adsorbed via negative head group of
SDS and TRA is adsorbed through hydrophobic
chain of SDS and o—Linolenic acid on the surface
of NPs. Maximum adsorption was obtained when
SDS amount was 10 mg. When SDS amount was
above 10 mg, the adsorption of TRA decreased
slowly, which may be credited to the formation of
SDS micelles in the bulk of aqueous solution and
the micelles caused TRA to restructure into the
solution over again. Based on the results, 10 mg
of SDS was added into the solution in the later
experiments.

3.2.3. Effect of the adsorbent amount and
extraction time

In order to study the effect of the adsorbent
amount on the extraction efficiency, different
amounts of sorbent within the range of 10-30 mg
were added to the solution. The obtained results
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Fig.6. The Optimization of experimental conditionson
the extraction efficiency of tramadol: (a)Effect of
sample pH; (b) Effect of the adsorbent amount;(c)
Effect ofextraction time;(d) Effect of eluent solvent; (e)
Effect ofeluent's volume;(f) Effect of sample.

showed that the best extraction efficiency of
drugs could be obtained using 10 mg of sorbent(in
25.0 mL of the feed solution). The obtained
results showed that by increasing the adsorbent
amounts up to 10mg; due to the increase of
accessible sites, extraction recovery slowly
increased, and then remained constant. Therefore
satisfactory results can be obtained by lower
amounts of nano-sized sorbents.

Also, the effect of the extraction time on the
adsorption of TRA was investigated in the range
of 5-30 min. Based on the obtained results,
adsorption of TRA increased to 20 min and then
remained constant. Therefore, extraction time of
20 min was applied in the following MSPE
procedure.

3.2.4. Selection of proper eluent

After extraction, the analyte should be desorbed
using an eluent solvent from the sorbent. Thus,
desorption of TRA from the SDS-coated
Fe304@a-—Linolenic acidNPs was studied using
different water miscible organic solvents, i.e.
methanol, acetonitrile, ethanol, methanol-acetic
acid(10:1), methanol-water(50:50). Between the
different eluents, desorption capability of
methanol-water (50:50) was found to be higher
than the other solvents. This can be explained by
suitable solubility of TRA in methanol-water.

3.2.5. Effect of eluent's volume and desorption
time

The effect of volume of the eluent on desorption
efficiency was studied in the range of 0.2-1.5mL.
Based on the obtained results when the volume of
eluent increased, peak areas decreased because of
dilution effect. Therefore, 0.2mL of the methanol-
water(50:50) was selected as the optimal volume.
Also, the effect of desorption time was also
examined in the range of 1-10 min. The results
showed that adsorption of analyte increased to 5
min and then remained constant. Therefore, the
time of 5 min appeared to be the optimum value
for desorption of analyte.

3.2.6. Effect of sample volume

Sample volume is a major factor affecting
extraction efficiency. To achieve better extraction
efficiency with shorter operational time, sample
volume was evaluated by extracting the drug from
5- 200mL aqueous solutions spiked with fixed
5ppm of TRA. According to the optimal
conditions, the recoveries for TRA were still
above 90% with sample volumes up to 25 mL.

3.3. Evaluation of analytical performance
Under the optimal experimental conditions
mentioned above, quality features of the proposed
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method were evaluated such as limit of detection
(LOD) and quantification (LOQ), regression
equations, correlation of determination (r?),
dynamic linear ranges (DLRs) and
preconcentration factor (PF) were obtained. The
calibration curve was obtained by plotting the
peak areas of TRA against the concentration of
the drugs in the aqueous sample. A broad
dynamic linear range (DLR) with good
determination coefficient (r>> 0.99) was obtained.
The LOD and LOQ were calculated based on the
standard deviation of the response and the slope
of calibration curve from the following equations:
LOD = 3.3Sp/m, LOQ =10Sy/m where Sy is the
standard deviation for five blank measurements
and m is the slope of calibration curve [37]. In
this study, the LOD and LOQ values were 0.074
and 0.1 ng.mL?, respectively. The results are
summarized in Table 1.

The preconcentration factor, calculated as the
chromatogram peak area after extraction of
10ng/mL of analyte was divided by the peak area
before extraction under the same conditions was
134. In order to assess the repeatability of the
method, three replicate determinations were
carried out at concentration of 10ng/mL and the
relative standard deviation (RSD) was calculated
2.89%.

Table 1. Figures of merit of the proposed method for
the determination and extraction of TRA.
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a) Relative recovery (%)= (The found amount in the spiked sample - The found
amount in the sample/The added amount) x 100
b) ND: not detected

3.4. Real sample analysis

To evaluate the applicability and investigate
matrix effects of the proposed method, waste
water ,Besh Ghardash river water and tap water
samples were analyzed. The results are listed in
Table 2.

Un-spiked water samples and water samples
spiked with TRA at the concentration level
10ng/mL were analyzed by the proposed method
(n = 3) for TRA. The results showed that recovery
ranged between 94 and 103 with RSD values
between 1.2% and 5.195%. Also Fig. 7 shows the
HPLC chromatograms obtained from before and
after spiking wastewater samples at the spiked

levelwith the SDS-coated Fe304@o—Linolenic
acid NPs.

Thawe |

Fig. 7. HPLC Chromatograms of TRA in water
samples (a) before spike, (b) after spiked with 10 ng
mL! of TRA

3.5. Comparison with other related methods
Table 3 compares the figures of merit of the
proposed method and several other methods for
the extraction and determination of TRA water
samples [38-41].In comparison with the other
conventional sample preparation methods, the
developed method has the merits of considerable
wider linear dynamic range, lower detection limit,
rapid extraction dynamics, short extraction time
and small amount of organic solvent.

4. CONCLUSION

In this paper, for the first time, procedure based
on SDS-coated Fe304@oa—Linolenic acid NPs
sorbents combined with HPLC has been
developed to extract TRA in real water samples.
Due to the use of MNPs sorbent the mentioned
method is easy and time-saving. Also MNPs offer
has the merits of considerable short analysis time,
wide linearity, good separation efficiency |,
elevated pre-concentration, notable precision and
high sensitivity.

Additionally, this technique was positively used
to examine TRA in real water samples giving
good qualitative and quantitative results. Based
on the obtained results, the proposed method has
a great analytical potential in preconcentration of
the drug without any matrix interference in real
samples.
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Table 2. Determination of TRA in different real water samples.

Sample Cinitial Cadded Cfound Relative RSD
(ng.mL") (ng.mL1) (ng.mL1) recovery?%

River water NDb 10 9.95+ 0.2 99.5 2.01
60 60.33+2.5 100.5 4.14

Tap water ND 10 10.4+0.3 104 2.88
60 58.2+0.7 97 1.2

Wastewater 5.1 10 15.7+0.66 103.97 4.2
60 56.4+2.93 94 5.195

a) Relative recovery (%)= (The found amount in the spiked sample - The found amount in the sample/The added amount) x 100
b) ND: not detected

Table 3. Comparison of the proposed method with other reported methods for TRA determination.

Method Sample LOD (ng.mL™) Ref.

SPE/HPLC Plasma 50 [37] SPE-
GC-MS Hair 10 [38] HS-
SPME?¥GC-MS Plasma 0.2 [39] MMIPNPs
Urine 15 [40] MNPs-SPE/HPLC-PDA Waste
water 0.07 Proposed method

a) Head space-solid phase microextraction.
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