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Introduction
About 30% of the global morbidity and mortality are caused 
by cardiovascular diseases each year.1,2 Hypertension, high 
cholesterol level or diabetes are some factors that increasing 
the risk of affection to cardiovascular diseases.3,4 All of 
these factors are caused by stress and unhealthy foods.2 
The cardiovascular drugs such as atorvastatin, losartan, 
valsartan, carvedilol, propranolol, verapamil, etc are 
used for the treatment of the mentioned effected factors.5 
Atorvastatin belongs to a drug class named statins. It is one 
of the drugs which is used to help low “bad” cholesterol and 
fats in blood. It works by reducing the amount of cholesterol 
made by liver and decreases the risk of heart diseases and 
helps prevent strokes and heart attacks.6 Losartan and 
valsartan belong to angiotensin-receptor blockers which 
commonly prescribed for the treatment of hypertension 
and high blood pressure.7

In order to assay different families of drugs used in 
cardiovascular therapy, various analytical methods have 
been developed in pharmaceutical and biological samples. 

In most of them high performance liquid chromatography 
(HPLC) equipped with ultraviolet,8 photo diode array 
(PDA),7,9 fluorescence,1,10 or mass spectrometry11-13 have 
been used. Other methods include spectrophotometry,14,15 
electrochemical method,16 gas chromatography,17 and 
capillary electrophoresis.18

Sample preparation is an essential step in most 
analytical procedures which significantly influences the 
final results of the research, especially in the analysis of 
biological samples.19 Solid phase extraction (SPE) was 
introduced in 1970s as a powerful clean–up method.20 This 
method has drawbacks such as: clogging of cartridges, 
being time–consuming, necessity of pump usage, low 
extraction efficiency resulted from particles aggregation 
and impossibility treatment of large sample volumes 
treatment.21-23 New SPE methods have attracted special 
attention in recent years to resolve the mentioned problems. 
Magnetic solid phase extraction (MSPE) is one of the new 
SPE procedures which use magnetic sorbents to adsorb 
analytes. These sorbents can be separated easily using an 
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Abstract

Purpose: In this investigation, a new version of magnetic solid phase extraction (MSPE) performed 
in a narrow–bore tube has been proposed. In this study, hydrophobic octyl (C8) functionalized 
Fe3O4 magnetic nanoparticles (MNPs) stabilized by SiOH groups (Fe3O4@SiO2@C8) are used as 
magnetic nano–sorbents for the extraction of cardiovascular drugs from human plasma prior to 
their determination by high performance liquid chromatography–photodiode array detection.
Methods: After precipitation of the plasma proteins, the supernatant is diluted with deionized 
water and filled into the narrow–bore tube. Then mg–level of the sorbent is added into the tube. 
The sorbent is dispersed and moved down through the solution instead of passing the solution 
from the cartridge. Using an external magnet, the collected nano–sorbents at the bottom of the 
tube are transferred on top of the solution and released to move down through the solution for 
three times to increase the extraction efficiency.
Results: The linearity of the assay was ranging from 0.4–500 mg mL-1. The limits of detection 
and quantification of the method were obtained in the ranges of 0.05–0.07 and 0.16–0.24 mg 
L-1, respectively. The extraction recoveries were obtained in the range of 31–49%. Intra– and 
inter–day precisions were calculated and obtained in the ranges of 5–8 and 7%–9% for 0.5 mg 
L-1 of each analyte, and 5–6 and 6%–8% for 2 mg L-1 of each analyte, respectively.
Conclusion: The proposed method was successfully used in determination of the studied drugs 
in patient’s plasmas.
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external magnetic force from an aqueous solution. Then, 
a suitable solvent is used for desorption of analytes for 
further determination.19,24 Magnetic nanoparticles (MNPs) 
are a kind of nanoparticles (NPs, 1–100 nm) which present 
super-paramagnetism and also possess unique reactivity 
and large specific surface area due to its nano nature.25 
Different NPs like iron, nickel, cobalt, and their oxides26 are 
used as the core of the sorbents in MSPE that among them 
Fe3O4 is often–used NPs.27,28 Bare MNPs are seldom directly 
used in extraction methods because of lack of functional 
groups to interact with the analytes, aggregation tendency 
resulting in loss of their magnetism, quick biodegradation, 
and easily oxidation in air. Thus, MNPs are coated by silane 
groups for preventing aggregation and oxidation by air 
and to functionalize of them with different groups which 
make the sorbents suitable to interact with the analytes.29-31 
MNPs are functionalized by groups such as C18

32 and C8 
alkyl chain,33,34 phenyl,35 graphene,36 etc depending on the 
analytes being extracted.

In this work, an HPLC–PDA method was developed for 
the simultaneous determination of some cardiovascular 
drugs (atorvastatin, losartan, and valsartan) in human 
plasma samples after MSPE performed in a narrow–bore 
tube using the synthesized Fe3O4@SiO2@C8 NPs. In order to 
obtain suitable sensitivity and separation, factors affecting 
the chromatographic procedure, such as the composition 
of mobile phase and its flow rate, and temperature were 
optimized. Furthermore, the effect of various parameters 
influencing the extraction efficiency was investigated 
carefully and the suitable conditions were established. 
The advantages of the proposed method are short time of 
chromatographic separation, consuming small amount 
of biological sample, and eliminating pretreatment of the 
sorbent which is time–consuming and consumes organic 
solvent. Also, pumping or suction, and clogging the sorbent 
observed in the conventional format of SPE were resolved.

 
Materials and Methods
Reagents and standard solutions
All reagents were analytical reagent grade and used 
without further purification. Atorvastatin (as calcium 
trihydrate), losartan, and valsartan were provided from 
Darou Pakhsh Pharmaceutical Company (Tehran, Iran). 
HPLC–grade water, methanol, and acetonitrile were 
supplied from Caledon (Canada). Deionized water was 
from Ghazi Pharmaceutical Company (Tabriz, Iran). 
Phosphoric acid, triethylamine, ammonia, sodium chloride, 
pyridine, hydrochloric acid, and sodium hydroxide were 
from Merck (Darmstadt, Germany). Ferric chloride 
hexahydrate (FeCl3.6H2O) (99.0%–102.0%) and ferrous 
sulfate heptahydrate (FeSO4.7H2O) (99.5%–102.0%) were 
purchased from Merck (Darmstadt, Germany) and used 
in the synthesis of Fe3O4 NPs. Toluene and ethanol were 
obtained from Fluka (Switzerland). Octyltrimethoxy silane 
(OTMOS) and tetraethoxy silane (TEOS) with purity of 
96% and 98%, respectively, were purchased from Sigma–

Aldrich (St. Louis, MO, USA). A magnet (10 × 10 × 0.5 
cm) was used in separation of MNPs. Stock solution of each 
drug (1000 mg L−1) was prepared in methanol and stored 
in a refrigerator at 4°C. A working standard solution (20 
mg L–1 of each analyte) was prepared in HPLC–grade water 
by adding appropriate volumes of the stock solutions. This 
solution was used in preparation of the dilute solutions of 
the analytes.

Instrumentation
The size and surface morphology of the MNPs were 
investigated by scanning electron microscopy (SEM) 
(Tescan, Czech) with an accelerating voltage of 10.0 kV. 
Fourier transform infrared (FTIR) spectra were recorded 
using KBr pellets and FT-IR spectrometer (Bruker, USA) 
in the range of 400–4000 cm-1 with the resolution of 4 
cm-1. X-ray diffraction (XRD) patterns of all samples were 
obtained using a Siemens D500 diffractometer (Germany) 
at room temperature, operating at a voltage of 35 kV. The 
experiments were done at a scan rate of 1° min-1 for a scan 
range of 5 to 80°.

A Hewlett Packard 1090–II HPLC (Palo Alto, CA, USA) 
equipped with a 10-μL injection loop, a PDA, and a C18 
column (25 cm × 4.6 mm i.d.) with a particle size of 5 µm 
(Alltech, Leonberg, Germany) was used for separation of 
the analytes. The mobile phase consisted of 0.25%, v/v, 
triethylamine (adjusted at pH=3.0 by phosphoric acid) 
and acetonitrile (60:40, v/v) at a flow rate of 1.0 mL min−1. 
The column temperature was thermostated at 40°C. 
Detection wavelength was set at 205 nm for losartan and 
valsartan and 200 nm for atorvastatin. The ChemStation 
software was used for the HPLC system controlling. An 
LBS2 ultrasonic bath (FALC Instruments, Treviglio, BG, 
Italy) was used to degas the mobile phase and deionized 
water used in synthesis of NPs. A Metrohm pH meter 
model 654 (Herisau, Switzerland), a Labinco vortex model 
L46 (The Netherlands) and a D–7200 Hettich centrifuge 
(Kirchlengern, Germany) were used. A VELP Scientifica 
heating magnetic stirrer (model ARE, Milano, Italy) was 
used for stirring in MNPs synthesis procedure.

Synthesis of Fe3O4@SiO2@C8 MNPs
This synthesis consists of 3 steps: synthesis of Fe3O4 NPs, 
stabilizing of Fe3O4 NPs using TEOS, and coating of Fe3O4@
SiO2 NPs by C8 reagent (OTMOS).

Fe3O4 NPs were prepared by co–precipitation of Fe3+ and 
Fe2+ oxides. Initially, analytical grade FeCl3.6H2O (4.86 g) 
and FeSO4.7H2O (3.34 g) were added to 50 mL deionized 
water placed into the ultrasonic bath for 10 minutes. Then 
this solution was transferred into a water bath thermostated 
at a temperature of 100°C and vigorously stirred. After 
complete dissolving iron salts, 12 mL concentrated 
ammonia (d = 0.91 mg mL-1, 25%, w/v) was added and 
continued to stir for 2 hours in the mentioned temperature. 
By adding ammonia, the color of mixture changed to dark 
black. This solution was cooled and the obtained black NPs 
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were washed until neutral pH with a mixture of ethanol: 
water (50:50, v/v) in the presence of magnetic field. Finally 
iron oxide NPs were washed with ethanol and dried in an 
oven at a temperature of 80°C.

The obtained MNPs from the previous step were 
suspended into 300 mL mixture of ethanol and deionized 
water (4:1, v/v) using ultrasonic bath for 15 minutes. 
Then, 15 mL concentrated ammonia and 6.3 mL TEOS 
continuously added into the suspension. The mixture was 
stirred for 12 hours at 40°C and finally the Fe3O4@SiO2 NPs 
were separated from the solution using the magnet. The 
obtained MNPs were dried in an oven at a temperature of 
60°C.37

Finally for interaction of the MNPs by the analytes, one 
more step was required too. In this step, the obtained Fe3O4@
SiO2 NPs from the previous step were suspended into 50 
mL toluene consisted of 2 mL OTMOS by sonicating. After 
15 min ultrasonication, 400 µL pyridine as a catalyst was 
added to the mixture and refluxed for 8 h at a temperature of 
120°C. The modified NPs were separated using the magnet 
and washed by toluene, methanol, and water, respectively, to 
remove the excess of C8 reagent. Finally the produced MNPs 
were died in an oven at a temperature of 60°C for 1 hour. 
This step was done according to the procedure reported 
by Tang et al with partial modification.29 It is noted that in 
this study OTMOS was used instead of phenyltrimethoxy 
silane. Synthesis steps of the MNPs are shown schematically 
in Scheme 1.

Samples 
Drugs–free plasma sample (blank plasma) of a healthy 
human was obtained from the Iranian Blood Transfusion 
Organization (Tabriz, Iran) and was stored at -20°C before 
being spiked and used in optimization of the method. Four 
plasma samples from the patients who received one of the 
studied drugs (three of them have received atorvastatin, 
and one of them has received valsartan) and also 3 other 
plasma samples from the healthy individuals which have 
not received any of the studied drugs were obtained.

Microextraction procedure
For precipitating the proteins, to 0.5 mL plasma (sample 
or blank plasma spiked with 1 mg L-1 of each analyte), 1 
mL methanol was added. After vortexing for 1 minute, 
the mixture was centrifuged at 7000 rpm for 5 minutes. 
The supernatant was transferred into a 12–mL test tube 
and 8.5 mL phosphate buffer (0.1 M, pH = 3) was added 
to it. Then 2 g NaCl (20%, w/v) was added and vortexed 
to dissolve. This solution was filled into a home–made 
set–up. The set–up consisted of a narrow–bore glass tube 
(60×0.4 cm i.d.) which its head was funnel shaped and 
its end was connected to a ground glass joint. The tube 
was connected to a 5–mL ground glass joint test tube 
with the conical bottom. The volume of this set–up was 
about 12.5 mL. In the following the synthesized MNPs 
(20 mg) were added to the solution and the sorbent 
particles were dispersed into the aqueous solution and 
moved down through the tube under the gravity force and 
collected in the bottom of the test tube. Using an external 
magnet, the collected MNPs at the bottom of the tube 
were transferred on the top the solution and released to 
move down through the solution for three repeated times. 
After this step, the test tube was disconnected. By a 5–mL 
syringe, the supernatant solution was removed completely 
in the presence of magnetic field. In the next step, 50 µL 
methanol as an elution solvent was used for eluting the 
analytes from the solid sorbent. This mixture was vortexed 
for 2 minutes and the solution separated from the sorbent 
by the magnet was injected into the separation system for 
analysis. Extraction and preconcentration procedure is 
shown schematically in Scheme 2.

Results and Discussion
Characterization of the sorbent
The characterization of MNPs is usually accomplished 
using techniques such as XRD, SEM, and FTIR.

The XRD patterns of Fe3O4, Fe3O4@SiO2, and Fe3O4@
SiO2@C8 are compared in Figure 1 which display several 
relatively strong reflection peaks in 2θ region of 5-80°. 

Scheme 1. Synthesis of MNPs. Fe3O4 (a), Fe3O4@SiO2 (b), and Fe3O4@SiO2@C8 (c).
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The six characteristic peaks for Fe3O4 (2θ=30.007, 35.601, 
43.239, 53.782, 57.372, and 63.058°) are observed which 
marked by their indices (220, 311, 400, 422, 511, and 440). 
The peak positions are unchanged upon coating of SiO2 
and C8, indicating that the crystalline structure of the 
magnetite is essentially maintained.38

Figure 2 shows the FT-IR spectra of Fe3O4, Fe3O4@SiO2, 
and Fe3O4@SiO2@C8. The strong peak around 570 cm-1 is 
attributed to the characteristic absorbance band of Fe-O 
in Fe3O4 (Figure 2a). In comparison to Figure 2a, Figure 

Scheme 2. Extraction and preconcentration procedure.

Figure 1. XRD patterns of Fe3O4 (a), Fe3O4@SiO2 (b), and Fe3O4@
SiO2@C8 (c).

Figure 2. FTIR spectra of Fe3O4 (a), Fe3O4@SiO2 (b), and Fe3O4@
SiO2@C8 (c).

2b has new peaks at 1052 cm-1 (Si-O in SiO2 stretching 
vibration) and 1626 cm-1 and 3419 cm-1 which are related 
to O-H. A peak at 2923 cm-1 in Figure 2c is related to 
alkane C-H that proves the sticking of C8 to Fe3O4@SiO2. 

The morphological characteristics (size and shape) 
of the magnetic Fe3O4@SiO2@C8 indicated by SEM are 
shown in Figure 3 which spherical shape of the MNPs can 
be observed with an average diameter of 35 nm. The most 
distribution of MNPs based on Figure 3b is in the range 
of 30-40 nm. Also, the SEM micrograph shows some 
agglomerates. 
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Optimization of the extraction conditions
In order to find the best conditions for the extraction 
and preconcentration of the studied drugs, different 
parameters affecting the extraction efficiency were 
investigated in details. These parameters were amount of 
the sorbent, ionic strength of the solution, kind and volume 
of the elution solvent, extraction numbers, and ph.

Study of ionic strength
The effect of ionic strength on efficiency of the extraction 
method can be explained in 2 ways: (a) viscosity of the 
aqueous solution increases in high concentration of 
salt which, in turns, results in the decreased diffusion 
coefficients of the analytes and the reduced extraction 
efficiency, and (b) by adding a salt, solubility of the analytes 
in the aqueous phase decreases because of increasing the 
polarity of the aqueous solution, so extraction efficiency 
can be Improved. This phenomenon is called “salting 
out” effect. The ionic strength effect on the extraction 
efficiency was investigated in the presence of 0%, 5%, 
10%, 15%, 20%, and 25%, w/v, NaCl. By increasing the 
salt concentration, the analytical signals increased up to 
20%, w/v, because of salting out effect, and then decreased 
or remained constant at 25%, w/v, as a result of aqueous 
solution viscosity increasing. With regard to these results 
(Figure 4), the further experiments were performed in the 
presence of 20%, w/v, NaCl.

Figure 3. SEM image of Fe3O4@SiO2@C8 (a), and size distribution (b). 

Figure 4. Study of ionic strength: Extraction conditions: sample, 0.5 
mL drug–free plasma was spiked with 1 mg L–1 of each analyte. After 
precipitating its proteins by 1 mL methanol, the supernatant was diluted 
with phosphate buffer (0.1 M, pH=3) to make its volume 10 mL; 
extraction numbers, 3; elution solvent, 100 µL methanol; and vortex 
time, 2 min; sorbent amount: 20 mg. The error bars indicate standard 
deviation of 3 repeated determinations.

Study of aqueous solution pH
For adsorption of the studied analytes onto the sorbent 
containing C8 groups (non–polar groups), the analytes 
should be in molecular forms. For finding the optimum 
pH in extraction of the analytes, different pH values ranged 
in 2-10 were tested. In each case, 8.5 mL of a universal 
buffer (Robinson buffer, 0.12 M) in the mentioned pHs 
was used. The results in Figure 5 show that the high 
extraction efficiency of the studied analytes is obtained 
at pH 3. Regarding to pKa of the studied drugs (valsartan, 
4.37; losartan, 5.5; and atorvastatin, 4.3),39 extraction of the 
analytes in acidic pHs (lower than 4) is logical. Decrease 
of peak areas at pH = 2 may be related to the sorbent 
decomposition. So, phosphate buffer (C=0.1 M) with a pH 
of 3 was used for the next steps.

Optimization of the sorbent amount
Different amounts of the sorbent (10, 20, 30, 40, and 50 
mg) were tested to optimize the sorbent amount. The 
results in Figure 6 indicate that peak areas increase up to 
20 mg and then reach the constant amounts. Therefore 20 
mg was selected as the optimal amount of the sorbent for 
the subsequent experiments.

Study of extraction numbers
After adding the sorbent into the solution placed in the 
extraction device, it moves through the tube based on 
gravity force. Using an external magnet, the collected 
sorbent at the bottom of the tube was transferred on top 
of the solution and let to move again through the tube. In 
this study, the number of times that the sorbent moved 
by the magnet on top of the solution is called as the 
extraction numbers. It is reasonable that high extraction 
numbers lead to high analytical signals. For finding the 
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optimal extraction numbers, 0, 1, 2, 3, 4, and 5 times 
were tested. Figure 7 indicates that the analytical signals 
increase by increasing extraction numbers up to 3 and 
then remain constant. Hence 3 times was selected as the 
optimal numbers for the extraction of the studied drugs.

Selection of elution solvent kind and its volume
Finding a suitable solvent for elution of the analytes sorbed 
onto the sorbent is an important step in the proposed 
method. For investigating this parameter, different 
elution solvents including methanol, acetonitrile, sodium 
bicarbonate solution (0.2 M), ammonia solution (0.2 
M), and mixtures of methanol: 0.2 M ammonia solution 
(70:30, v/v), and methanol: 0.2 M sodium bicarbonate 
solution (70:30, v/v) were tested. Comparison of the 
peak areas obtained using different solvents indicates 
that methanol, acetonitrile, and mixture of methanol: 
sodium bicarbonate solution gave the highest extraction 
efficiencies for the target analytes among the selected 
solvents (Figure 8A). However methanol was chosen for 

Figure 5. Influence of pH on the extraction efficiency of the method. 
Extraction conditions: NaCl concentration: 20%, w/v, and 8.5 mL 
Robinson buffer (C=0.12 M) was used instead of phosphate buffer. 
Other extraction conditions are the same as used in Figure 4. Figure 7. Optimization of extraction numbers. Extraction conditions 

are the same as used in Figure 4, except 20 mg of the sorbent was 
used.

Figure 6. Effect of the sorbent amount on the method efficiency. 
Extraction conditions are the same as used in Figure 4 except 
phosphate buffer (0.1 M, pH=3) was used instead of Robinson 
buffer. 

Figure 8. Selection of elution solvent type (A), and its volume (B). 
Extraction conditions are the same as used in Figure 4, except 
extraction numbers of 3 were used.

the further studies. 
Also, volume of the elution solvent (methanol) can 

be another parameter that should be considered. For 
optimization of this parameter 30, 50, 75, 100, and 125 
µL methanol were tested. According to the obtained data 
in Figure 8B, in the case of 30 µL the highest analytical 
signals are achieved but repeatability of the method is not 
satisfied. This can be concluded from the error bars. Also, 
separation of the sorbent from the solution was difficult. 
So, 50 µL was chosen as the optimal volume of the elution 
solvent.

Optimization of vortex time
In this study, different vortexing times (0.5, 1.0, 1.5, 2.0, and 
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2.5 minutes) were investigated under a constant rotational 
speed for dissolving the dried analytes in methanol. The 
extraction efficiency increased up to 1.5 minutes and after 
that, no considerable change was observed. Therefore, 2 
minutes as the vortexing time was selected for the further 
studies.

Investigation of other drugs interferences
An interesting aspect of each analytical method is 
determination of trace concentration of analytes in the 
presence of the other species that their presence in real 
samples is plausible. So the effect of different drugs on the 
relative recoveries of the studied analytes was investigated 
by spiking 2 mg L-1 of each amiodarone, propranolol, 
verapamil, carvedilol, atenolol, acetaminophen, ibuprofen, 
diclofenac, and amoxicillin into the blank plasma fortified 
with 500 µg L-1 of each studied drug. The obtained results 
are gathered in Table 1. As it can be seen the obtained 
relative recovery are between 93% and 104%. These results 
indicate that the proposed method can be used for the 
determination of the analytes in plasma in the presence of 
other selected drugs.

Quantitative features of the method 
To evaluate the proposed method, linear range of the 
calibration graph, coefficient of determination (R2), limit 
of detection (LOD), limit of quantification (LOQ), relative 
standard deviation (RSD), and extraction recovery (ER) were 
investigated under the optimized conditions. The results are 
listed in Table 2. The linearity of the assay was evaluated 
by constructing the calibration curves with different 
concentrations of the analytes (n=11) ranging from 0.4–500 
mg mL-1. The R2 for losartan, valsartan, and atorvastatin were 

Table 1. Interferences study

Drug
Relative recovery (%) ± standard deviation (n=3)

Losartan Valsartan Atorvastatin

Amiodarone 94 ± 2 97 ± 4 96 ± 3
Propranolol 97 ± 3 97 ± 2 95 ± 3
Verapamil 102 ± 3 104 ± 5 96 ± 2

Carvedilol 96 ± 4 95 ± 3 97 ± 1

Atenolol 96 ± 3 93 ±4 95 ± 3

Acetaminophen 96 ± 2 97 ± 1 98 ± 3

Ibuprofen 97 ± 4 94 ± 4 93 ± 3

Diclofenac 99 ± 4 97 ± 3 97 ± 2

Amoxicillin 101 ± 2 98 ± 3 99 ± 2

Table 2. Analytical features of the proposed MSPE–HPLC–PDA method in human plasma

Analytes
LODa 

(mg L−1)
LOQb 

(mg L−1)
LRc (mg L−1) R2 d Calibration curve 

equation
ER±SDe

RSD %f RSD %g

Intra–day
(n=6)

Inter–day
(n=3)

Intra–day
(n=6)

Inter–day
(n=3)

Losartan 0.07 0.24 0.4–500 0.997 Area = 128.38C+39.362 31 ± 5 8 9 6 8

Valsartan 0.07 0.23 0.4–500 0.998 Area = 461.18C+54.632 38 ± 5 7 7 6 7

Atorvastatin 0.05 0.16 0.4–500 0.998 Area = 786.35C+54.631 49 ± 4 5 7 5 6

a Limit of detection, (S/N = 3), bLimit of quantification, (S/N = 10), c Linear range, d Coefficient of determination, e Extraction recovery ± standard deviation 
(n= 3), f Relative standard deviation (C = 0.5 mg L-1 of each analyte), g Relative standard deviation (C = 2 mg L-1 of each analyte).

0.997, 0.998, and 0.998, respectively. The LODs and LOQs of 
the method were estimated based on signal intensity 3 and 
10 times more than baseline noise (S/N=3) and (S/N=10), 
respectively. Based on these definitions, the LODs and 
LOQs were obtained in the ranges of 0.05–0.07 and 0.16–
0.24 mg L-1, respectively. It is noted that therapeutic plasma 
concentrations of atorvastatin, losartan, and valsartan are 
0.2–1.2, 0.8–6, and 0.032–0.103 mg L−1, respectively which 
are higher than the method LODs, except for atorvastatin 
in low range.9,40 The ERs were obtained in the range of 31%-
49%, which are acceptable in plasma matrix. For assessment 
of the method precision, replicated analysis of the analytes 
at two concentrations (0.5 and 2 mg L-1 of each analyte in 
plasma) were done within a same day (n=6) and different 
days (n=3). Intra– and inter–day RSDs were calculated and 
obtained in the ranges of 5–8 and 7%–9% for 0.5 mg L-1, and 
5–6 and 6%–8% for 2 mg L-1, respectively.

Plasma samples analysis
The proposed method was applied in the analysis of plasma 
samples of the patients under cardiovascular treatment (four 
plasma samples from the patients who received atorvastatin 
and valsartan orally) for demonstrating the applicability of 
the method. Also three other plasma samples obtained from 
healthy volunteers received none of the studied drugs were 
analyzed by the method. In the cases of drug–free plasma 
samples and plasma of the patient received atorvastatin, 
no peak was found in the retention times of the analytes. 
In patient sample, the found concentration was calculated 
0.72 mg L−1 for valsartan sample. Typical HPLC–PDA 
chromatograms corresponding to a standard solution of the 
analytes (20 mg L−1 of each), drug–free plasma sample, and 
plasmas of the patients under treatment with valsartan are 
shown in Figure 9.

Conclusion 
In this study, a new version of MSPE performed in a 
narrow–bore tube was proposed for the simultaneous 
determination of atorvastatin, losartan, and valsartan 
(cardiovascular drugs) in human plasma prior to their 
HPLC–PDA analysis. The major advantages of the 
method are its short separation time (<8 minutes), small 
quantity of the required solvents, and avoiding cartridge 
format. There are other exclusive advantages in this 
method compared to traditional SPE method such as 
elimination of vacuum pump and conditioning step of the 
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sorbent. Also, the analytical features of the method show 
satisfactory linearity, precision, LOD, and ER under the 
optimized conditions. 

Acknowledgments
The authors thank the Research Council of University of 
Tabriz and Iran National Science Foundation (Science 
Research No. PHD 96000434) for the financial support.

Conflict of Interest
There is no conflict of interest for this work; all authors are 
in agreement with the submission of this research paper to 
this journal.

Ethical Issues
Not applicable.

References
1.	 Gonzalez O, Iriarte G, Ferreirós N, Maguregui MI, Alonso 

RM, Jiménez RM. Optimization and validation of a spe-
hplc-pda-fluorescence method for the simultaneous 
determination of drugs used in combined cardiovascular 
therapy in human plasma. J Pharm Biomed Anal 
2009;50(4):630-9. doi: 10.1016/j.jpba.2008.10.037

2.	 De Backer G, Ambrosioni E, Borch-Johnsen K, Brotons 
C, Cifkova R, Dallongeville J, et al. European guidelines 
on cardiovascular disease prevention in clinical practice. 
third joint task force of european and other societies on 
cardiovascular disease prevention in clinical practice 
(constituted by representatives of eight societies and by 
invited experts). Atherosclerosis 2004;173(2):381-91. 

3.	 Assal J, Groop L. Definition, diagnosis and classification 
of diabetes mellitus and its complications. Geneva, 
Switzerland: World Health Organization (WHO); 1999.

4.	 Grundy SM, Brewer HB Jr, Cleeman JI, Smith SC Jr, 
Lenfant C. Definition of metabolic syndrome: report of 

Figure 9. HPLC–PDA chromatograms of: (A) standard solution (20 
mg L-1 of each analyte), (B) plasma sample of patient treated with 
valsartan, and (C) drug–free plasma of a healthy person. In all cases, 
except (A) the proposed method was performed and the enriched 
analytes were injected into the separation system. In chromatogram 
(A) direct injection was carried out. Detection wavelength was 
205 nm. Peaks identification: (1) losartan, (2) valsartan, and (3) 
atorvastatin.

the national heart, lung, and blood institute/american 
heart association conference on scientific issues related to 
definition. Circulation 2004;109(3):433-8. doi: 10.1161/01.
ATV.0000111245.75752.C6

5.	 Chrysant SG, Chrysant GS, Dimas B. Current and future 
status of beta‐blockers in the treatment of hypertension. 
Clin Cardiol 2008;31(6):249-52. doi: 10.1002/clc.20249

6.	 Kodama Y, Kitta Y, Nakamura T, Takano H, Umetani K, 
Fujioka D, et al. Atorvastatin increases plasma soluble fms-
like tyrosine kinase-1 and decreases vascular endothelial 
growth factor and placental growth factor in association 
with improvement of ventricular function in acute 
myocardial infarction. J Am Coll Cardiol 2006;48(1):43-50. 
doi: 10.1016/j.jacc.2006.03.035

7.	 Vishnuvardhan C, Radhakrishnanand P, Navalgund SG, 
Atcha KR, Satheeshkumar N. Rp-hplc method for the 
simultaneous estimation of eight cardiovascular drugs. 
Chromatographia 2014;77(3-4):265-75. doi: 10.1007/
s10337-013-2598-0

8.	 Soltani S, Jouyban A. Optimization and validation of an 
isocratic hplc-uv method for the simultaneous determination 
of five drugs used in combined cardiovascular therapy in 
human plasma. Asian J Chem 2011;23(4):1728-1734. 

9.	 Farajzadeh MA, Khorram P, Pazhohan A. Simultaneous 
determination of atorvastatin and valsartan in 
human plasma by solid-based disperser liquid–liquid 
microextraction followed by high-performance liquid 
chromatography–diode array detection. J Chromatogr B 
Analyt Technol Biomed Life Sci 2016;1017-1018:62-9. doi: 
10.1016/j.jchromb.2016.02.039

10.	 Macek J, Klima J, Ptácek P. Rapid determination of 
valsartan in human plasma by protein precipitation and 
high-performance liquid chromatography. J Chromatogr 
B Analyt Technol Biomed Life Sci 2006;832(1):169-72. doi: 
10.1016/j.jchromb.2005.12.035

11.	 Kristoffersen L, Øiestad EL, Opdal MS, Krogh M, Lundanes 
E, Christophersen AS. Simultaneous determination 
of 6 beta-blockers, 3 calcium-channel antagonists, 4 
angiotensin-ii antagonists and 1 antiarrhytmic drug in post-
mortem whole blood by automated solid phase extraction 
and liquid chromatography mass spectrometry. Method 
development and robustness testing by experimental 
design. J Chromatogr B Analyt Technol Biomed Life Sci 
2007;850(1-2):147-60. doi: 10.1016/j.jchromb.2006.11.030

12.	 Gadepalli SG, Deme P, Kuncha M, Sistla R. Simultaneous 
determination of amlodipine, valsartan and 
hydrochlorothiazide by lc-esi-ms/ms and its application to 
pharmacokinetics in rats. J Pharm Anal 2014;4(6):399-406. 
doi: 10.1016/j.jpha.2013.12.003

13.	 Levi M, Wuerzner G, Ezan E, Pruvost A. Direct analysis 
of valsartan or candesartan in human plasma and urines 
by on-line solid phase extraction coupled to electrospray 
tandem mass spectrometry. J Chromatogr B Analyt Technol 
Biomed Life Sci 2009;877(10):919-26. doi: 10.1016/j.
jchromb.2009.02.030

14.	 Tatar S, Sağlık S. Comparison of uv-and second derivative-
spectrophotometric and lc methods for the determination 
of valsartan in pharmaceutical formulation. J Pharm 
Biomed Anal 2002;30(2):371-5. 

15.	 Patil PR, Rakesh SU, Dhabale PN, Burade KB. Simultaneous 
uv spectrophotometric method for estimation of losartan 
potssium and amlodipine besylate in tablet dosage form. 
Asian J Res Chem 2009;2(2):183-7. 



Farajzadeh et al

Advanced Pharmaceutical Bulletin, 2019, Volume 9, Issue 1146

16.	 Bagoji AM, Patil SM, Nandibewoor ST. Electroanalysis 
of cardioselective beta-adrenoreceptor blocking agent 
acebutolol by disposable graphite pencil electrodes with 
detailed redox mechanism. Cogent Chem 2016;2(1):1172393. 
doi: 10.1080/23312009.2016.1172393

17.	 Gibson DM, Stern RH, Abel RB, Whitfield LR. Absolute 
bioavailability of atorvastatin in man. Pharm Res 
1997;14(2):253. 

18.	 Williams RC, Alasandro MS, Fasone VL, Boucher RJ, 
Edwards JF. Comparison of liquid chromatography, capillary 
electrophoresis and super-critical fluid chromatography in 
the determination of losartan potassium drug substance in 
cozaar tablets. J Pharm Biomed Anal 1996;14(11):1539-46. 

19.	 Wierucka M, Biziuk M. Application of magnetic 
nanoparticles for magnetic solid-phase extraction in 
preparing biological, environmental and food samples. 
Trends Anal Chem 2014;59(2):50-8. doi: 10.1016/j.
trac.2014.04.007

20.	 Andrade-Eiroa A, Canle Lopez M, Leroy Cancellieri V, 
Cerdà V. Solid-phase extraction of organic compounds: A 
critical review: (part i). Trends Anal Chem 2015;80:641-54. 
doi: 10.1016/j.trac.2015.08.015

21.	 Fontana AR, Camargo A, Martinez LD, Altamirano JC. 
Dispersive solid-phase extraction as a simplified clean-up 
technique for biological sample extracts. Determination of 
polybrominated diphenyl ethers by gas chromatography–
tandem mass spectrometry. J Chromatogr A 
2011;1218(18):2490-6. doi: 10.1016/j.chroma.2011.02.058

22.	 Rial-Otero R, Gaspar EM, Moura I, Capelo JL. 
Chromatographic-based methods for pesticide 
determination in honey: An overview. Talanta 
2007;71(2):503-14. doi: 10.1016/j.talanta.2006.05.033

23.	 Sajid M, Basheer C. Layered double hydroxides: Emerging 
sorbent materials for analytical extractions. Trends Anal 
Chem 2016;75:174-82. doi: 10.1016/j.trac.2015.06.010

24.	 Naing NN, Yau Li SF, Lee HK. Magnetic micro-solid-
phase-extraction of polycyclic aromatic hydrocarbons in 
water. J Chromatogr A 2016;1440:23-30. doi: 10.1016/j.
chroma.2016.02.046

25.	 Rocío-Bautista P, Pino V, Ayala JH, Pasán J, Ruiz-Pérez 
C, Afonso AM. A magnetic-based dispersive micro-
solid-phase extraction method using the metal-organic 
framework hkust-1 and ultra-high-performance 
liquid chromatography with fluorescence detection for 
determining polycyclic aromatic hydrocarbons in waters 
and fruit tea infusions. J Chromatogr A 2016;1436:42-50. 
doi: 10.1016/j.chroma.2016.01.067

26.	 Li XS, Zhu GT, Luo YB, Yuan BF, Feng YQ. Synthesis and 
applications of functionalized magnetic materials in sample 
preparation. Trends Anal Chem 2013;45:233-47. doi: 
10.1016/j.trac.2012.10.015

27.	 Kazemi E, Dadfarnia S, Haji Shabani AM, Abbasi A, 
Rashidian Vaziri MR, Behjat A. Iron oxide functionalized 
graphene oxide as an efficient sorbent for dispersive 
micro-solid phase extraction of sulfadiazine followed by 
spectrophotometric and mode-mismatched thermal lens 
spectrometric determination. Talanta 2016;147:561-8. doi: 
10.1016/j.talanta.2015.10.033

28.	 Amoli-Diva M, Pourghazi K, Hajjaran S. Dispersive micro-
solid phase extraction using magnetic nanoparticle modified 

multi-walled carbon nanotubes coupled with surfactant-
enhanced spectrofluorimetry for sensitive determination of 
lomefloxacin and ofloxacin from biological samples. Mater 
Sci Eng C mater Biol Apple 2016;60:30-6. doi: 10.1016/j.
msec.2015.11.013

29.	 Tang M, Wang Q, Jiang M, Xu L, Shi ZG, Zhang T, et al. 
Magnetic solid-phase extraction based on methylcellulose 
coated-fe3o4-sio2-phenyl for hplc-dad analysis of sildenafil 
and its metabolite in biological samples. Talanta 
2014;130:427-32. doi: 10.1016/j.talanta.2014.07.006

30.	 Aguilar-Arteaga K, Rodriguez JA, Barrado E. Magnetic 
solids in analytical chemistry: A review. Anal Chim Acta 
2010;674(2):157-65. doi: 10.1016/j.aca.2010.06.043

31.	 Rocío‐Bautista P, Pino V. Extraction methods facilitated by 
the use of magnetic nanoparticles. Analytical separation 
science. 1st ed. U.S.: Wiley-VCH Verlag GmbH & Co. 
KGaA; 2015.

32.	 Sha Y, Deng C, Liu B. Development of C18-functionalized 
magnetic silica nanoparticles as sample preparation 
technique for the determination of ergosterol in 
cigarettes by microwave-assisted derivatization and gas 
chromatography/mass spectrometry. J Chromatogr A 
2008;1198-1199:27-33. doi: 10.1016/j.chroma.2008.05.049

33.	 Chen H, Xu X, Yao N, Deng C, Yang P, Zhang X. Facile 
synthesis of c8‐functionalized magnetic silica microspheres 
for enrichment of low‐concentration peptides for direct 
maldi‐tof ms analysis. Proteomics 2008;8(14):2778-84. doi: 
10.1002/pmic.200700892

34.	 Liu S, Li Y, Deng C, Mao Y, Zhang X, Yang P. Preparation 
of magnetic core‐mesoporous shell microspheres with 
c8‐modified interior pore‐walls and their application 
in selective enrichment and analysis of mouse brain 
peptidome. Proteomics 2011;11(23):4503-13. doi: 10.1002/
pmic.201100101

35.	 Saraji M, Khaje N. Phenyl‐functionalized silica‐coated 
magnetic nanoparticles for the extraction of chlorobenzenes, 
and their determination by gc‐electron capture detection. J 
Sep Sci 2013;36(6):1090-6. doi: 10.1002/jssc.201200863

36.	 Kazemi E, Dadfarnia S, Haji Shabani AM. Dispersive solid 
phase microextraction with magnetic graphene oxide as 
the sorbent for separation and preconcentration of ultra-
trace amounts of gold ions. Talanta 2015;141:273-8. doi: 
10.1016/j.talanta.2015.04.024

37.	 Mehdinia A, Baradaran Kayyal T, Jabbari A, Aziz-Zanjani 
MO, Ziaei E. Magnetic molecularly imprinted nanoparticles 
based on grafting polymerization for selective detection 
of 4-nitrophenol in aqueous samples. J Chromatogr A 
2013;1283:82-8. doi: 10.1016/j.chroma.2013.01.093

38.	 Li Y, Li X, Chu J, Dong C, Qi J, Yuan Y. Synthesis of core-
shell magnetic molecular imprinted polymer by the surface 
raft polymerization for the fast and selective removal of 
endocrine disrupting chemicals from aqueous solutions. 
Environ Pollut 2010;158(6):2317-23. doi: 10.1016/j.
envpol.2010.02.007

39.	 Drugs. http://www.Drugbank.Ca/drugs. Accessed 
November 2017.

40.	 Regenthal R, Krueger M, Koeppel C, Preiss R. Drug levels: 
Therapeutic and toxic serum/plasma concentrations of 
common drugs. J Clin Monit Comput 1999;15(7-8):529-44. 

http://www.Drugbank.Ca/drugs

