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Abstract
In this work, graphene oxide/metal–organic framework-74/Fe3O4/polytyramine (GO/MOF-74/Fe3O4/PTy) nanoporous 
composite was synthesized as a sustainable sorbent for magnetic dispersive micro-solid phase extraction (MD-µ-SPE) of 
prokinetic drugs. The new nanosacle sorbent in combination with high performance liquid chromatography–ultraviolent 
detection (HPLC–UV) was applied for simultaneous trace quantification of target drugs in human plasma. MOF-74 and PTy 
were used as surface modifiers to improve the properties of GO nanosheets, such as surface area-to-volume ratio, adsorption 
capacity, hydrophobic interactions and selectivity. A composite of GO/MOF-74/Fe3O4 was fabricated and then an oxida-
tive polymerization of tyramine was performed on the surface of sorbent using horseradish peroxidaze (HRP) enzyme as 
a catalyst. The characterization of the hybrid sorbent was evaluated using scanning electron microscopy (SEM), energy-
dispersive X-ray analysis (EDX), X-ray diffraction (XRD) and Fourier transform-infrared (FT-IR) spectroscopy. The limit 
of detections (LODs, S/N = 3) for domperidone (DOM) and itopride (ITP) were 0.4 and 1.1 ng mL−1, respectively. Notable 
linearity (0.995 ≥ r2 ≥ 0.991) and practical dynamic concentration ranges of 1.5–1100.0 ng mL−1 and 4.0–1750.0 ng mL−1 
were obtained for DOM and ITP, respectively. Intra-assay (≤ 8.6%, n = 12) and inter-assay (≤ 9.0%, n = 12) precisions along 
with appreciable accuracies (≤ 9.3%) demonstrated satisfactory performance of the current method. Ultimately, this approach 
was utilized for trace monitoring of DOM and ITP in human plasma after low dose administration and some pharmacokinetic 
features were investigated in detail.

Keywords  Magnetic dispersive micro-solid phase extraction · Metal–organic framework · Graphene oxide · Polytyramine · 
Prokinetic drugs · High-performance liquid chromatography

Introduction

Recent attempts in the field of sample preparation are 
focused on improving the sensitivity of analytical data, 
removing the main interferences and launching new techno-
logical developments such as miniaturization, cost-effective 
presentation (Li et al. 2018), on-line coupling with meas-
urement instrument (Kostolanska et al. 2019) and reduction 
of hazardous reagents (Golebiowski et al. 2017; Hagarová 
2017).

Among new sample enrichment protocols, magnetic 
solid-phase extraction (MSPE) as an inventive and well-
organized kind of solid-phase extraction (SPE) has received 
extensive attention and it has been widely applied for the 
analysis of environmental, biological, pharmaceutical and 
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food samples (Musile et al. 2018). Magnetic nanoscale sor-
bents are considered as innovative and promising extractors 
and they revealed wide applications in MSPE for different 
analytical purposes (Li et al. 2017, 2018; Adlnasab et al. 
2018; Corazza et al. 2017).

Graphene oxide (GO), a new class of carbon-based sub-
stance with oxygen containing functional groups, has been 
widely applied as an efficient nanomaterial in sample prep-
aration methods (Georgakilas et al. 2016). GO possesses 
some extraordinary characteristics such as high pore vol-
ume, considerable thermal and chemical stability along with 
excellent ability in adsorption processes through covalent 
and non-covalent interactions involving π–π stacking, elec-
trostatic interactions and hydrogen bonding (Huang et al. 
2012; Liu et al. 2014).

GO has been functionalized with different materials 
including silica (Wang et al. 2017), TiO2 (Sheshmani and 
Nayebi 2017), polymers (Liu et al. 2013) and magnetic nano-
particles (Wierucka and Biziuk 2014; Asgharinezhad and 
Ebrahimzadeh 2016). Some magnetic particles like Fe3O4 
provide significant advantages including simple magnetic 
separation of sorbent without any special tools and appreci-
able reusability of hybrid material. Furthermore, among the 
compounds applied for modification of GO, metal–organic 
frameworks (MOFs) are superior and they reveal individual 
possessions such as uniformity, tunable pore size and facility 
to selective functionalization, which make them good alter-
natives for fabricating hybrid materials (Zhang et al. 2016; 
Ahmed and Jhung 2014; Stock and Biswas 2012). MOFs 
are known as a novel class of highly porous materials and 
they are created through coordination of metal ions with 
bi- or multidentate organic linkers (Li et al. 2017; Ahmed 
and Jhung 2014; Chakraborty and Maji 2014; Doherty et al. 
2014; Janiak and Vieth 2010). The combination of GO and 
MOFs increases the merits of sorbent such as reusability, 

pore volume, dispersion capability, extraction capacity, 
mechanical strength as well as surface area (Li and Huo 
2015; Petit and Bandosz 2009a, b). To date, several com-
posites of MOF-GO including MOF-5 (Lin et al. 2017; 
Karimzadeh et  al. 2019), HKUST-1 (Zhou et  al. 2014; 
Zhao et al. 2014), MIL-100 (Tang and Wang 2017; Petit 
and Bandosz 2011) and ZIF-8 (Zhou et al. 2016; Wang et al. 
2016) have been reported for isolation and quantitation of 
organic and inorganic species. MOF-74 belongs to a class 
of MOFs, in which transition metals are coordinated with 
5-dioxidoterephthalate [M2(DOT)(H2O)2 (M = Mg, Mn, Fe, 
Co, Ni, and Zn; DOT = 2,5-dihydroxyterephthalate)]. MOF-
74 has one-dimensional channels providing different diffu-
sion routes and higher surface area-to-volume ratio (Wang 
et al. 2018; Asgharinezhad and Ebrahimzadeh 2016). In this 
work, MOF-74 was preferred to other MOFs and applied as 
a modifier agent of GO.

Some polymers polythionine, polyaniline and polythio-
phene have been reported in the literature to improve the 
surface quality of carbon-based materials (Babaei et al. 
2018; Mehdinia et al. 2015; Salimikia et al. 2018; Zeeb 
and Farahani 2018). Polytyramine (PTy) could be easily 
formed by an oxidative polymerization in the presence of 
HRP horseradish peroxidaze (HRP) enzyme as a catalyst. 
The alkyl group existing in tyramine facilitates the forma-
tion of macropores in the polymer which increases the rate 
of diffusion (Yoshimura et al. 2012; Levashov et al. 2015). 
Therefore, PTy seems to be an opportune for modification 
of MOF-GO hybrid material, and it significantly improves 
π-stacking length, aromatic–aromatic interactions, the stead-
iness of sorbent and extraction yield of compounds in vari-
ous matrices.

Prokinetic drugs such as itopride hydrochloride (ITP) 
and domperidone (DOM) are considered as newly devel-
oped drug. ITP (Fig. 1a) is able to stimulate gastrointestinal 

Fig. 1   Chemical structure of itopride (a) and domperidone (b)
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motor activity during the synergistic blockade of dopamine 
D2 receptor (Emmanuel et al. 1998; Ptaček et al. 2009; Singh 
et al. 2005; Ibrahim and Nasr 2016; Sisinthy et al. 2015). 
DOM (Fig. 1b) can block metabolization of enzyme ace-
tylcholine esterase, which results an increase in stimulatory 
influence of acetylcholine (Sivakumar et al. 2007; Ali et al. 
2006; Thanikachalam et al. 2008; Patel et al. 2007; Bose 
et al. 2009). As a result, combination therapy benefits from 
the properties of both drugs involving blocking dopamine 
D2 receptor and inhibiting acetylcholine esterase (Bose et al. 
2009). Several analytical protocols such as spectrophotom-
etry, potentiometry and high-performance liquid chroma-
tography with fluorescence detection have been reported for 
quantification of DOM and ITP (Mohamed 2015; Abdel-
Haleem et al. 2016; Ragab et al. 2015; Yoshizato et al. 2014; 
Abdelrahman 2013; Abdel-Ghany et al. 2015). However, 
these methods suffer from some limitations such as low 
sensitivity, tedious sample preparation, high matrix effect 
and lack of simultaneous quantification ability.

In this work, GO was functionalized with MOF-74 and 
then it was magnetized by Fe3O4 particles through a co-
precipitation method. The fabrication process of sorbent 
was followed by an oxidative polymerization of tyramine in 
the presence of HRP enzyme to immobilize polytyramine 
on the surface. The newly designed hybrid material was 
applied as a sustainable and recyclable nanosorbent in mag-
netic dispersive micro-solid phase extraction (MD-µ-SPE). 
Two prokinetic drugs including domperidone (DOM) and 
itopride (ITP) were chosen as the model analytes to demon-
strate the applicability of the fabricated sorbent for simul-
taneous extraction and enrichment prior to quantitation by 
HPLC–UV. Finally, the feasibility of the current approach 
was investigated by analyzing major pharmacokinetic data 
of DOM and ITP in human plasma of healthy volunteers 
after oral administration of fixed-dose combination tablets.

Experimental

Chemicals

All chemicals used in this work were obtained from analyti-
cal grade and used without extra purification. 2,5-Dihydroxy 
triphetalic acid, N,N-dimethylformamide, tyramine, horse-
radish peroxidaze and graphite powder (mesh of 100) were 
purchased from Sigma-Aldrich (St. Louis, MO, USA). Iron 
(III) chloride hexahydrate (FeCl3·6H2O), iron (II) chloride 
tetrahydrate (FeCl2·4H2O), sodium nitrate (NaNO3), potas-
sium permanganate (KMnO4), sulfuric acid (H2SO4, 98%), 
nickel (II) nitrate hexahydrate [Ni(II) (NO3)2·6H2O], sodium 
hydroxide (NaOH), Hydrochloric acid (HCl 5%), hydrogen 
peroxide (H2O2, 30%), ethanol (C2H5OH) and triethyl-
amine were obtained from Merck Chemicals (Darmstadt, 

Germany). The standards of DOM and ITP drugs were sup-
plied from Kusum Healthcare (Punjab, India). In all experi-
ments, ultrapure water was used (Millipore, Bedford, MA, 
USA). Iranian blood transfusion organization (Tehran, Iran) 
provided fresh blood plasma sample and all biological sam-
ples were stored at − 18 °C and they were thawed just before 
use. HPLC grades of methanol, acetonitrile, acetone and 
potassium dihydrogen phosphate were obtained from Merck 
(Darmstadt, Germany). A fixed-dose combination form tab-
lets (50 mg itopride/20 mg domperidone) were purchased 
from Darupakhsh Company (Tehran, Iran).

Instrumentation

Scanning electron microscopy (SEM) images and energy 
Dispersive X-ray (EDX) spectra were recorded via a TES-
CAN-Vega 3 machine (TESCAN, Czech Republic) and Ziess 
Sigma VP machine (Jena, Germany). The X-ray diffraction 
(XRD) spectra were recorded by applying Kα radiation 
(λ = 1.54 Å) provided by Cu element on a D8 Advance X-ray 
diffractometer (Bruker, Germany). Fourier transform infra-
red (FT-IR) spectral studies were done using Perkin Elmer 
FTIR spectrometer (RXI, Germany).

Chromatographic condition

Chromatographic analyses were carried out using a waters 
alliance e2695 (Massachusetts, USA) under the following 
conditions: A waters 2487 dual wavelength detector and 
C18 TMS end capping/reversed phase column (luna 5 µm 
C18 100A HPLC column 250 × 4.6 mm id, phenomenex Co, 
Torrance, CA) at 40 °C temperature. The elution process 
was performed in an isocratic mode while mobile phase 
was composed of acetonitrile–phosphate buffer (KH2PO4, 
pH 4) (40:60, V/V). Flow rate of pump was adjusted at 
1.5 mL min−1 for all analyses. The mobile phase was filtered 
by applying a 0.2 µm membrane filter made of polytetra-
fluoroethylene (PTFE) (Millipore, Bedford, MA, USA) and 
it was degassed each day before separation. UV wavelength 
and the injection volume were set at 220 nm and 20 µL, 
respectively.

Synthesis of GO

Nanosheets of GO were simply synthesized by Hummer’s 
method with some minor modifications (Marcano et al. 
2010). In this modified procedure, 3 g graphite powder was 
mixed with 1.5 g NaNO3 and 69 mL H2SO4 and the result-
ant mixture was placed in a bath of ice water and cooled to 
0 °C. Then, 9 g KMnO4 as an oxidizing agent was added 
to the above mixture and its temperature was raised up to 
20 °C. The obtained solution was kept constant for 5 min 
and after that it was heated to 35 °C and stirred for 60 min. 
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The resultant material was poured into a beaker containing 
400 mL ice and 3 mL H2O2 30%. Afterwards, for phase sep-
aration, it was centrifuged within 5 min at rate of 4000 rpm. 
The upper solution was poured off and the resulting solid 
phase at bottom of the sample vessel was washed twice with 
HCl 5% and water and afterwards ultrasonic irradiation was 
utilized to obtain particle uniform distribution. Finally, 
to separate GO particles from the supernatant, centrifuga-
tion was applied again and the remaining compound was 
dried at 100°C (Fig. S1).

Synthesis of GO/MOF‑74

0.25 g GO, 0.23 g 2,5-dihydroxytriphetalic acid and 1.13 g 
Ni(NO3)2·6H2O (Nickel (II) nitrate hexahydrate) were mixed 
together and then it was added to a mixed solvent composed 
of N,N-dimethylformamide-ethanol-deionized water (1:1:1, 
v/v/v %, 100 mL). To make a suspension, ultrasonic irra-
diation was applied for 10 min (Ahmed and Jhung 2014). 
The mixture solution was transferred into an autoclave and 
kept there for 24 h at 100 °C and then it was cooled at room 
temperature (approximately 1.1 g). To remove the remaining 
impurities, the supernanent was taken away and the sediment 
was washed 4 times per 2 days with methanol.

Synthesis of GO/MOF‑74/Fe3O4

To fabricate GO/MOF-74/Fe3O4, 0.8 g FeCl3·6H2O and 
0.3 g of FeCl2·4H2O were dissolved in 25 mL water. The 
previously synthesized GO/MOF-74 was added to the above 
solution under nitrogen flow and the pH was adjusted at ten 
using ammonia. The mixture solution was transferred into 

an autoclave and kept there for 24 h at 100 °C and then it 
was cooled at room temperature. To eliminate the residual 
impurities, the supernanent was taken away and the sediment 
was washed 4 times per 2 days with methanol. The result-
ant material was placed into an autoclave and kept there at 
250 °C for 2 h, to obtain a brown powder (Fig. S1).

Synthesis of GO/MOF‑74/Fe3O4/Polytyramine

For preparing GO/MOF-74/Fe3O4/PTy, an oxidative polym-
erization of tyramine was carried out on the surface of GO/
MOF-74/Fe3O4 using HRP enzyme as a catalyst. HRP is a 
hemoprotein containing two different kinds of metal center 
(usually referred as the ‘heme group’) iron (III) protopor-
phyrin IX and two calcium atoms. Figure 2a, b shows the 
structure of HRP (a) and its catalytic reaction with tyramine 
(b), respectively, where decomposition of hydrogen peroxide 
is catalyzed. Synthesis procedure was as follow: 200 mg GO/
MOF-74/Fe3O4, 160 mg tyramine, 1 mg HRP, 8 mL acetone 
and 4 mL phosphate buffer (0.1 M, pH 7) were dissolved 
together. 240 µL hydrogen peroxide was added to the mix-
ture at a temperature of 30 °C. The precipitated were filtered 
and dried in the oven (Fig. S1) [8]. A schematic diagram of 
synthesis routes is provided in Fig. 3.

Standard solutions and quality control samples 
of DOM and ITP

Two stock solutions of DOM and ITP were prepared inde-
pendently at a concentration level of 200.0 mg L−1 by dis-
solving the calculated amount of each prokinetic drug in 
HPLC grade methanol. To avoid decomposition of these 

Fig. 2   Structure of iron heme group in horseradish peroxidase (a) and the catalytic reaction of horseradish peroxidase with tyramine (b)
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drugs, they were prepared once a week. The stock solutions 
were diluted with deionized water step by step to prepare 
desirable concentration levels of working standard solu-
tions. Human plasma samples were spiked with different 
concentrations of the working standard solutions, to obtain 
standard calibration samples and subsequently plot calibra-
tion curve. To assess accuracy and reproducibility of the 
analytical method, quality control samples of target drugs 
at concentration values of 20, 200, 750 and 1000 ng mL−1 
were prepared and kept in dark sample vessel at a tempera-
ture of − 18 °C.

Protein precipitation of human plasma

Frozen human plasma samples were thawed at room tem-
perature and transferred into a sample tube. Acetonitrile was 
applied as a deproteinizing agent to precipitate all proteins 
prior to the extraction process. For this purpose, 1.9 mL 
of plasma was spiked with 100.0 µL of working standard 
solutions to obtain the proper concentration level of each 
drug and then 2.0 mL acetonitrile was added to the sample. 
The resultant real sample was vortexed for 2 min and cen-
trifuged for 6 min at 4000 rpm. The existing acetonitrile in 

Fig. 3   a Schematic diagram of 
the fabrication of GO/MOF-74/
Fe3O4/PTy. b Schematic dia-
gram of the MD-µ-SPE-HPLC 
method in extraction and quanti-
fication of DOM and ITP
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the upper phase was evaporated using a nitrogen flow and 
the acetonitrile-free sample was poured into 4.0 mL buffer 
solution at pH 5.0 to obtain approximately a total volume of 
6.0 mL. 5.0 mL of the obtained sample was analyzed using 
MD-µ-SPE followed by HPLC–UV.

The procedure of MD‑µ‑SPE‑HPLC–UV

The experimental arrangement of MD-µ-SPE-HPLC–UV 
for extraction, preconcentration and trace determination of 
target drugs is illustrated in Fig. 3. To perform the extraction 
process, firstly 5.0 mL of deproteinized plasma sample was 
moved into a glass sample tube and second 15.0 mg of GO/
MOF-74/Fe3O4/PTy was added to the sample. Then, ultra-
sonic irradiation was applied for 5 min for complete dispers-
ing of magnetic nanosorbent throughout the sample media 
and subsequent extracting of the analytes. The sample vessel 
exposed to a strong magnet composed of neodymium (Nd), 
iron (Fe) and boron (B) (0.8 T) to isolate and separate the 
drug-loaded nanosorbent from the solution. Afterwards, the 
sample solution was decanted and the sorbent was washed 
with 1.5 mL (0.5 mL in each elution) while ultrasonic irra-
diation was applied within 2 min. The Nd–Fe–B–Nd magnet 
was utilized again and the solution containing the desorbed 
drugs was collected and heated under a stream of nitrogen 
to obtain dried residue. Remaining materials was dissolved 
in 100.0 µL of the applied mobile phase of HPLC and finally 
20.0 µL of the sample was injected into HPLC column for 
further separations and analyses.

Results and discussion

Characterizations

Figure 4a–c presents the FTIR spectra of GO, GO/MOF-
74, GO/MOF-74/Fe3O4/PTy, respectively, within the range 
of 4000–400 cm−1. Due to the presence of oxygen-con-
taining functional groups and aromatic carbon bonds in 
the hybrid material, the FTIR spectrum of sorbent exhib-
its some absorption peaks located at 1100–1200  cm−1, 
1650–1680  cm−1 and 1410–1450  cm−1 which can be 
assigned to stretching vibrations of epoxy C–O, C=O 
and aromatic C=C, respectively. Furthermore, broad 
peak at 3200–3648 cm−1 shows the stretching vibrations 
of hydroxyl groups (O–H) in the GO structure. The peak 
located around 500–580 cm−1 is attributed to Fe–O stretch-
ing vibration, which displays that GO has been appropri-
ately modified with magnetic Fe3O4 particles and hydrogen 
bonds have been attached to iron oxide bonds. In addition, 
two sharp peaks around 850–950 cm−1 can be assigned to 
the (OH)− mode, corresponding to the µ-hydroxo groups 
presents at the corner-sharing hexagonal units of MOF-74 
(Adhikari and Lin 2013). The FTIR spectrum of GO/MOF-
74/Fe3O4/PTy reveals vibration peaks at 1210–1250 cm−1 
and 1550–1570 cm−1, which can be corresponded to the 
C–N and N–H bonds. The latter results show that proper 
immobilization of PTy has been conducted on the surface of 
GO/MOF-74/Fe3O4 and the monomer conversion to polymer 
has been done perfectly.

A comparison between the XRD patterns of GO, MOF-
74, GO/MOF-74, GO/MOF-74/Fe3O4 and GO/MOF/
Fe3O4/PTy has been provided in Fig. 5. The result of this 
comparison exhibited the appearance of a diffraction 
peak (101) of GO at 2θ = 11/28° in XRD patterns indi-
cating successful synthesis of GO. Moreover, the XRD 

Fig. 4   The FT-IR spectra of GO 
(a), GO/MOF-74 (b) and GO/
MOF-74/Fe3O4/PTy nonporous 
composite (c)
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patterns of Fig. 5 represent MOF-74 as a unique crystal-
line framework, observed in all patterns except for GO, 
with X-ray reflections indexed to (110) to (300) planes 
and diffractions peaks of 2θ = 7°, 12°, which notably 
denotes the crystallite structure of MOF-74. The XRD 
patterns of GO/MOF-74/Fe3O4 and GO/MOF-74/Fe3O4/
PTy presented in Fig. 5 exhibit some observed charac-
teristic X-ray diffraction peaks at 2θ = 30.3°, 35.7°, 
43.3°, 57.3° and 62.9° indexed to (220), (311), (400), 
(511) and (400), which showed the formation of Fe3O4. 
Furthermore, other diffraction peaks at 33.2°, 40.8° and 
35.6° can be assigned to the (104), (110), (113) planes 
of Fe2O3, respectively (Ahmadi Daryakenary and Zeeb 
2017; Zhou et al. 2017). These results revealed that both 
Fe3O4 and Fe2O3 have been created through magnetiza-
tion procedure. The obtained data are in agreement with 
the Joint Committee on Powder Diffraction Standards 
(JCPDS card). By comparing these two patterns, it can 
be concluded that magnetic properties of the sorbent has 
been remained approximately unchanged during surface 
modifications. In the XRD pattern of GO/MOF-74/Fe3O4/
PTy, a compound called naphthalimide composed of an 
aromatic core along with N-imide was observed. This 
compound has been probably formed due to the inter-
action between MOF-74 and PTy (Gopikrishna et  al. 
2018). To analyze elements and confirm the success-
ful modification of the nanosorbent, EDX spectrum of 
GO/MOF-74/Fe3O4/PTy was recorded (Fig. S2). This 

spectrum illustrated the existence of N, Fe, O, Ni, and 
C confirming proper adjustment of GO with MOF-74, 
Fe3O4 and PTy. Furthermore, the morphology and particle 
size of the nanoporous composite was evaluated using 
SEM images. Figure 6 shows SEM images of GO (a, b), 
MOF-74 (c), GO/MOF-74 (d), GO/MOF-74/Fe3O4 (e) and 
GO/MOF-74/Fe3O4/PTy (f). As it can be seen in Fig. 6a, 
GO nanosheets have been clearly formed with lamellar 
morphology. Also, in Fig. 6b, the robust agglomeration 
of graphene sheets are observed with wrinkles and folds, 
which consists of multiple stacked layers of graphene, 
mainly driven by the strong interactions of surface groups 
on the graphene-like layers. When MOF-74 is attached 
to GO, as shown in Fig. 6d, crystalline MOF-74 (Fig. 6c) 
can be clearly seen to be evenly dispersed over the surface 
of GO sheets. When the SEM image of MOF-74 is com-
pared with GO-MOF-74 image, i.e. Figure 6c, d we notice 
a great similarity. To confirm the successful immobiliza-
tion of MOF-74 upon the process, EDX analyses of SEM 
images of MOF-74 and GO/MOF-74 were performed and 
the obtained data proved the homogenous distribution of 
element contents of Ni, C and O in both groups, confirm-
ing the successful attachment of MOF-74 with GO layers. 
The mass percentage of the carbon material is increased 
from 31.2 to 49.2%, which proves the presence of GO in 
GO/MOF-74 composite. Thus, the obtained results deter-
mine that MOF-74 has been prosperously dispersed over 
the GO sheets. Figure 6e exhibits that crystalline MOF-74 

Fig. 5   XRD patterns of GO, 
MOF-74, GO/MOF-74, GO/
MOF-74/Fe3O4 and GO/MOF-
74/Fe3O4/PTy
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and Fe3O4 particles have grown on the nanosheet of GO 
and resulted sphere-like morphologies with appropriate 
distribution on the GO surface. Figure 6f shows SEM 
image of GO/MOF-74/Fe3O4 modified with PTy, as it can 
be seen the layers of polymer have been created on the 
surface of sorbent and a significant increase in thickness 
can be observed revealing suitable coating of GO/MOF-
74/Fe3O4 with the modifier polymer.

Effect of magnetic nanosorbent amount

In extraction methods based on nanocomposite materials, 
the dosage of sorbent is a critical parameter, which signifi-
cantly affects the extraction performance and subsequent 
analytical features (Badragheh et al. 2018). To obtain the 
best sensitivity and reproducibility in the analysis of DOM 
and ITP, different dosages of nanosorbent ranging from 

Fig. 6   SEM images of GO (a, 
b), MOF-74 (c), GO/MOF-74 
(d) and GO/MOF-74/Fe3O4 (e) 
and GO/MOF-74/Fe3O4/PTy (f)
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2.0 to 35.0 mg were subjected to MD-µ-SPE. As it can be 
seen in Fig. 7a, peak area increases rapidly as the amount 
of nanoscale sorbent varies from 2.0 to 15.0 mg and after 
that it decreases. Due to the nanoporous structure of GO/
MOF-74/Fe3O4/PTy and its large surface area, the maxi-
mum extraction efficiency is obtained at approximately low 
amounts of extractor (15 mg), which can be considered as 
an important advantage of the current enrichment method. 
However, by expanding the dosage of GO/MOF-74/Fe3O4/
PTy from 15.0 mg the extraction yields of DOM and ITP 
declines faintly. The later results are due to this fact that 
at higher dosages, separation and isolation of nanosorbent 
may not be performed effectively and they remained sus-
pended in sample media. In addition, due to the aggregation 
of the sorbent at higher dosages, the available surface for 

nanosorbent–analyte interactions decreases, thus a signifi-
cant reduction in extraction efficiency is observed (Farajvand 
et al. 2018). Consequently, 15.0 mg of GO/MOF-74/Fe3O4/
PTy was chosen as the optimum value and utilized for the 
rest of the work.

Effect of pH

The pH value of sample solution in one of the most impor-
tant variables managing the kind of interactions and follow-
ing adsorption of analytes on the surface of sorbent (Aghaei 
et al. 2017; Roto et al. 2016).The effect of pH solution 
on the extraction and quantitation of ITP and DOM was 
investigated in the range of 2.0–12.0 using 0.01 M HCl and 
NaOH. The obtained data are summarized in Fig. 7b. As 

Fig. 7   a Impact of GO/MOF-74/Fe3O4/PTy composite amount, 
experimental conditions: concentration level of each drug 
250.0  ng  mL−1; pH 4.0; extraction time 5  min; eluting solvent ace-
tonitrile; desorption time 2 min. b Impact of sample pH, experimental 
conditions: concentration level of each drug 250.0 ng mL−1; sorbent 
amount 15.0 mg; extraction time 5 min; eluting solvent acetonitrile; 
desorption time 2  min. c Impact of extraction time, experimental 
conditions: concentration level of each drug 250.0 ng mL−1; sorbent 

amount 15.0 mg; pH 4.0; eluting solvent acetonitrile; desorption time 
2 min. d Impact of ACN volume, experimental condition: concentra-
tion level of each drug 250.0 ng mL−1; sorbent amount 15.0 mg; pH 
4.0; extraction time 5 min; desorption time 2 min. e Impact of ionic 
strength, experimental conditions: concentration level of each drug 
250.0  ng  mL−1; sorbent amount 15.0  mg; pH 4.0; extraction time 
5 min; eluting solvent acetonitrile; desorption time 2 min
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it can be seen, analytical sensitivities were approximately 
steady in the range of 4–7 and then decreased at higher pH 
values. The fabricated sorbent has hydrophobic characteris-
tics, so the dissociated forms of drugs at different pH values 
should be considered according to their acid dissociation 
constants (pKa values). ITP and DOM are ionizable com-
pounds and they have acid dissociation constant (pKa) above 
7 (Khan et al. 2016), consequently they can be considered 
as weak acids. By changing the pH value of sample media 
the molar ratio of uncharged species to charged species var-
ies resulting a significant change in hydrophobic properties 
of drugs. As the pH decreases the uncharged forms of ITP 
and DOM (molecular forms) become prevalent and hydro-
phobic–hydrophobic interaction between drugs and GO/
MOF-74/Fe3O4/PTy happen, which it causes a noteworthy 
improvement in extraction yield. Ultimately, according to 
these criteria, pH 5.0 was selected as the optimum value in 
all extraction and measurement steps to obtain a compromise 
between stability and sensitivity of signals.

Effect of extraction time

The ultrasonic irradiation was applied as a disperser means 
for the entire dispersion of nanoscale sorbent throughout 
the sample media, and its time was defined as the extraction 
time. Extraction time is a notable variable affecting mass 
transfer performance and extraction yield (Asgharinezhad 
et al. 2015). The impact of the current variable on the peak 
area of ITP and DOM was investigated from 0 to 10 min 
(Fig. 7c). Enrichment of analytes showed a notable improve-
ment by rising the extraction time from 0 to 5 min. Based 
on these data, 5 min seems to be proper for complete disper-
sion of nanosorbent and subsequent adsorption equilibrium. 
Rapid adsorption of target drugs takes places because of the 
application of ultrasonic irradiation, and high surface area 
of nanosorbent. By increasing the extraction time a negative 
effect on analytical signals was observed which it may due 
to this fact that some parts of analytes come back to sam-
ple media during higher time values, so 5 min is enough to 
obtain desirable extraction efficiency.

Desorption condition

To obtain an optimum desorption condition, some eluting 
solvents including methanol, acetonitrile, acetone, ethanol, 
propanol and chloroform were subjected to the extraction 
method. Among these organic agents, acetonitrile exhibited 
a different and powerful eluting capability and it causes a 
higher extraction yield of the drugs, so it was preferred to 
other organic solvents. The impact of volume of eluting 
agent was taken to the account and it was assessed in the 
range of 0.5–5.0 mL. The data obtained in this investigation 
showed that by growing the volume of acetonitrile up to 

1.5 mL enrichment efficiency amplified, which is due to the 
sufficient desorption and dispersion in this volume of solvent 
(Fig. 7d). At higher amounts of eluting agent, no consider-
able improvement was observed. In further evaluations, it 
was indicated that three times elution (0.5 mL in each time) 
caused better extraction recoveries and provided more steady 
signals, so three times elution with total volume of 1.5 mL 
was selected as the optimum condition. Furthermore, the 
impact of desorption time on elution of drugs was evaluated 
within the range of 1–7 min and better presentation of elu-
tion was achieved in 2 min.

The effect of ionic strength

In this study, the effect of salt content of sample media on 
the quantitation of ITP and DOM by means of MD-µ-SPE-
HPLC was tested within the range of 0–10% w/v (Fig. 7e). 
NaCl salt was selected as an electrolyte to adjust the ionic 
strength of the sample. As the salt content of sample raises 
the sensitivity of signals increases, which is due to a known 
phenomena called salting out effect (Shen and Lee 2002). 
But here different results were observed and by increasing 
the ionic strength a significant reduction in analytical signals 
was obtained. It seems that at higher salt concentrations, 
the viscosity of sample media increases and it makes dif-
ficult mass transfer of analytes towards the nanosorbent. As 
a result, no salt was used for the rest of the work.

Reusability

To reduce the cost of analysis and provide better stability 
of the extraction process, it is essential that the fabricated 
nanosorbent shows a considerable reusability. So, the reus-
ability of GO/MOF-74/Fe3O4/PTy was examined in detail 
and after the extraction of analytes, the sorbent was washed 
with 1.5 mL acetonitrile and 2.0 mL double-distilled water 
while sonication was applied within 5 min. After that, the 
sorbent was dried at room temperature and applied again 
through MD-µ-SPE. The extraction recoveries of analytes 
were assessed and it was indicated that after 15 cycles of 
enrichment procedure, the extraction recovery decreased 
around 10% which exhibited a minor loss of the adsorption 
capability.

Analytical feature

Main analytical figures of merits involving linear dynamic 
range (LDR), correlation coefficient (r2), limit of detection 
(LOD), limit of quantification (LOQ), extraction recovery 
(ER) along with enrichment factor (EF) for trace quanti-
fication of DOM and ITP by MD-µ-SPE-HPLC–UV were 
investigated (Table 1). The spiked human plasma sam-
ples with different amounts of drugs were subjected to the 
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proposed method to plot the calibration curves of DOM 
and ITP. EF value of each drug was calculated based 
on the slope ratio of calibration curves before and after 
extraction method. Furthermore, ER was defined accord-
ing to the following equation (Asadi et al. 2015):

The limit of detections (LODs, S/N = 3) for DOM and 
ITP were 0.4 and 1.1 ng mL−1, respectively. Remarkable 
linearity (0.995 ≥ r2 ≥ 0.991) and convenient dynamic con-
centration ranges of 1.5–1100.0 and 4.0–1750.0 ng mL−1 
were obtained for DOM and ITP, respectively. A calibra-
tion curve using spiked human plasma samples was plotted 
and the obtained data showed that the calibration curve 
plotted from spiked samples did not exhibit an acceptable 
correlation compared to that for aqueous standard samples. 
Hence, the quantitation of DOM and ITP in real samples 
could not be performed using calibration curve of aqueous 
standard solutions at the same instrumental conditions. 
This fact is due to the difference between plasma matrix 
and aqueous standard solution matrix. Figure 8 illustrates 
the HPLC chromatograms for blank sample and two differ-
ent spiked levels of human plasma. Furthermore, extrac-
tion recoveries of DOM and ITP at the concentration level 
of 250.0 0 ng mL−1 without application of MOF-74 were 
examined and significant reductions of 14.6% and 19.0% 
were observed for DOM and ITP, respectively.

ER % = EF ×
(

VFinal volume∕VInitial volume of plasma

)

× 100.

Precision and accuracy

For recoveries assessments, desirable practice is to define 
recovery values at three or four levels (QC samples) indi-
cated as close to the LOQ, a middle value and a high 
value with respect to the requirements of the analysis. 
Different quality control (QC) samples (20, 200, 750 and 
1000 ng mL−1) were subjected to the current method to 
assay intra-day (within 1 day) and inter-day (within 3 days) 
precisions and accuracies. Relative standard deviations 
(RSDs) of intra-day and inter-day as well as corresponding 
accuracies are summarized in Table 2. Intra-assay (≤ 8.6%, 
n = 12) and inter-assay (≤ 9.0%, n = 12) precisions along 
with noticeable accuracies (≤ 9.3%) confirmed reasonable 
performance of the current method for trace quantification 
of prokinetic drugs in complex matrices.

Applicability of the method

The validated method was utilized to quantify DOM and ITP 
concentrations in six healthy volunteers within the age range 
of 25–40 years after oral administration of a fixed dose com-
bination of tablet (50 mg ITP/20 mg DOM) to assess main 
pharmacokinetic data. Blood samples were collected into 
ethylenediaminetetraacetic acid (EDTA) tubes at 0, 1, 2, 3, 4, 
5, 6, 8, 10, 12 and 24 h after drug administration. Each blood 
sample was centrifuged at 4000 rpm for 7 min to obtain 
human plasma and then they were transferred into polypro-
pylene tubes and stored at − 18 °C. All examinations were 

Table 1   Analytical figures of merits of the proposed MD-µ-SPE-HPLC–UV

a Linear dynamic range; bcorrelation coefficient; climit of detection; dlimit of quantification; erelative standard deviation for determining 
250.0 ng mL−1 of each prokinetic drug through three independent measurements; fenrichment factor; gextraction recovery

Analyte LDRa (ng mL−1) Linear equation (r2)b LODc 
(ng mL−1)

LOQd 
(ng mL−1)

RSDe% (n = 3) EFf (%) ERg % (n = 3)

DOM 1.5.0–1100.0 Y = 281X + 307 0.995 0.4 0.4 4.6 18.0 90.0
ITP 4.0–1750.0 Y = 168X + 115 0.991 1.1 1.1 5.2 17.6 88.0

Fig. 8   HPLC–UV chroma-
tograms of DOM and ITP 
in human plasma: blank (a); 
spiked human plasma with con-
centration level of each proki-
netic drug at b 150.0 ng mL−1, 
c 500.0 ng mL−1 and d 
750.0 ng mL−1
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conducted and approved by “The Committee for Research 
Ethics” of Department of Pharmacy and Pharmaceutical Sci-
ences Research Center, Tehran University of Medical Sci-
ences. Deproteinized plasma samples were analyzed using 
the proposed protocol and the curve involving the mean con-
centration level of each drug versus time was plotted. Some 
major pharmacokinetic characteristics, such as Tmax, Cmax, 
AUC​0–t, AUC​0–∞, and T½ were tested (Table 3). Success-
ful application of the MD-µ-SPE followed by HPLC–UV to 
pharmacokinetic study demonstrated the appropriate capa-
bility of the method for simultaneous quantitation of drugs 
after low dose administration.

Comparison with other methods

Major analytical features of the current method were com-
pared with some of the superior techniques for the extrac-
tion and determination DOM and ITP (Table 4). This com-
parison exhibits several notable advantages of the method 

including low LODs, wide dynamic linearity ranges, com-
parable RSDs and reasonable recoveries of target drugs. 
Many reported methods in literature have been designed for 
quantification of only one drug and the lack of simultane-
ous determination capability could be considered as negative 
point of these methods. Furthermore, it is notable that the 
fabricated hybrid material benefited from not only proper 
extraction capacity of GO, but also noteworthy extraction 
characteristics of MOF and PTy, which resulted higher sen-
sitivity, acceptable reusability of sorbent, short extraction 
time and successful interferences removal.

Conclusion

In this study, a promising hybrid material based on GO/
MOF-74/Fe3O4/PTy was successfully fabricated and applied 
as a new and effective sorbent for MD-µ-SPE. Surface 
modification of GO nanosheets with MOF-74, PTy and iron 
oxide particles merged all unique properties of these mate-
rials which results noteworthy improvements in π-stacking 
length, diffusion routes, aromatic–aromatic interactions and 
pore volume. Furthermore, the newly designed nanosorb-
ent revealed some other significant merits including simple 
magnetic separation without any special tools, appreciable 
reusability (at least 15 cycles) and good enrichment factors 
(EF). After evaluation of the extraction conditions, MD-µ-
SPE was followed with HPLC–UV for simultaneous quan-
tification of DOM and ITP, as prokinetic drugs, in human 
plasma. Notable accuracies and precisions were obtained 
through pharmacokinetic analyses and recovery experiments 
while the sample matrices had no considerable interferences 
with the performance of GO/MOF-74/Fe3O4/PTy. The 
advantages show that this technique has remarkable poten-
tial in trace screening of drugs in complex matrices and it 

Table 2   Intra-day and inter-day precision and accuracy for trace monitoring of DOM and ITP in human plasma

a Standard deviation. bThe average of three independent measurements.cRSD (%) defined as 100 × SD/mean; accuracy (%) defined as 100 × (mean 
concentration found − known concentration)/(known concentration); inter-day (n = 12) = triplicate measurement for every concentration on differ-
ent days

Drug Concentration 
(ng mL−1)

Intra-day, n = 12 Inter-day, n = 12

Found 
value ± SDa 
(ng mL−1)b

RSDc (%) Accuracy (%) R (%) Found 
value ± SD 
(ng mL−1)

RSD (%) Accuracy (%) R (%)

DOM 20.0 21.0 ± 1.0 4.8 + 5.0 105.0 21.5 ± 1.1 5.1 + 7.5 107.5
200.0 211.9 ± 12.9 6.0 + 5.9 105.9 186.3 ± 10.7 5.7 − 7.0 93.1
750 697.0 ± 31.8 4.6 − 7.1 92.9 692.2 ± 40.5 5.8 − 7.7 92.3
1000 1066.4 ± 57.6 5.4 + 6.6 106.6 913.1 ± 60.2 6.6 − 8.7 91.3

ITP 20.0 21.4 ± 1.0 4.7 + 7.0 107.0 21.8 ± 1.4 6.4 + 9.0 109.0
200.0 213.0 ± 14.6 6.8 + 6.5 106.5 215.8 ± 19.5 9.0 + 7.9 107.9
750 806.5 ± 69.1 8.6 + 7.5 107.5 680.0 ± 58.9 8.7 − 9.3 90.7
1000 946.7 ± 59.0 6.2 − 5.3 94.7 1052.7 ± 63.3 6.0 + 5.2 105.3

Table 3   Pharmacokinetic data evaluation of DOM and ITP after oral 
administration of a fixed-dose combination tablet (50 mg ITP/20 mg 
DOM)

Tmax time required for reaching maximum plasma concentration, Cmax 
maximum plasma concentration, AUC​0–24 area under curve, AUC​0–∞ 
area under curve at infinite time, T½ (h) time required for reaching to 
half concentration

Pharmacokinetic feature Mean ± SD

ITP DOM

Tmax (h) 0.9 ± 0.3 0.8 ± 0.2
Cmax (ng mL−1) 257.3 ± 36.0 61.0 ± 11.5
AUC 0–24 (ng h mL−1) 801.6 ± 107.4 198.6 ± 49.1
AUC 0–∞ (ng h mL−1) 829.5 ± 119.2 227.9 ± 53.8
T½ (h) 5.1 ± 1.1 6.3 ± 1.5
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is a good alternative for toxicodynamic and bioequivalence 
studies.
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