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Abstract: Herein, we report a procedure for separating and preconcentrating antibiotics from human
serum using a novel adsorbent of magnetic graphene oxide (MGO) and cadmium sulfide (CdS)
nanoparticles. The adsorbent (MGO@CdS) was characterized using Fourier transformed infrared
spectrometry (FT-IR), energy dispersive X-ray spectroscopy (EDX), and field emission scanning
electron microscopy (FE-SEM). The effective parameters for extraction efficiency were investigated,
including the desorption solvent’s nature, pH, adsorbent dose, salt concentration, extraction time, and
volume of sample solution and desorption solvent. The proposed procedure proved to be fast (20 min),
simple (two stages), and cost-effective (20 mg of nanoparticles). Under the optimum conditions,
satisfactory linearity (R2 > 0.992) was obtained, and limits of detection (LOD) were estimated as
4.5 µg L−1 (for tetracycline) and 5.7 µg L−1 (for penicillin) and a linear dynamic range (LDR) from
20 to 200 µg L−1. The magnetic solid phase extraction (MSPE) method based on MGO@CdS has
achieved a satisfactory recovery (71.5–109.5%) in human serum for the selected antibiotics. Finally, the
antibiotic’s release was studied in simulated fluids of the gastric (pH = 1.2) and intestine (pH = 7.4).
In this light, we demonstrate that the newly introduced adsorbent can be used in drug extraction
from different biological media.

Keywords: magnetic solid phase extraction; cadmium sulfide nanoparticles; penicillin; tetracycline;
biological serum samples

1. Introduction

In recent years, there has been growing concern about the presence of pharmaceutical
residues in various biological mediums and water resources worldwide [1]. Antibiotics, a
class of drugs with powerful antibacterial capabilities, are commonly used to treat bacterial
infections in humans and animals [2]. Antibiotics, which also include tetracyclines and
penicillin, are among the medications that are most commonly utilized for the treatment
of diseases that are caused by bacteria [3]. Tetracycline is widely used with beneficial
properties such as low adverse side effects, low toxicity, a relatively low price, few allergic
indications, and a high therapeutic index [4]. Thus, the US Center for Disease Control
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and Prevention reported that approximately 23,000 Americans die annually of antibiotic-
resistant infections [5]. One of the other extensively used antibiotics is penicillin, which was
discovered by Alexander Fleming in 1928 and was a breakout event in medicine [6]. This
drug inhibits the cross-linkage of an amino sugar in gram-negative and positive bacterial
cell walls when it is bound to the transpeptidase domain of penicillin binding proteins
(PBPs), leading to the cell’s death [7]. To prevent the development of such resistance in
the human body, it is necessary to monitor the penicillin dose in the blood. Therefore, it
is essential to determine the tetracycline and penicillin antibiotics in biological samples,
which is the purpose of this work.

Some useful methods for determining antibiotics include biosensors with great sensi-
tivity and repeatability [8]. However, sample preparation is required before instrument
analysis due to the complex matrices of biological samples (i.e., blood, plasma, saliva, and
urine) and to decrease the interference effects [9]. Several analytical methods based on liq-
uid and solid phase extractions (SPE) have been developed to extract and pre-concentrate
the analytes in biological samples. Liquid-liquid extraction (LLE) was the pioneering
method of sample preparation in analytical chemistry. Its primary drawbacks are its ef-
fective use of organic solvent and several iterations of the extraction process. Because of
this, solid phase extraction (SPE) emerged as a viable replacement for LLE because it is one
of the most widespread sample treatments employed as a cleanup and preconcentration
step [10]. SPE is the most common technique in sample preparation [11,12], due to its
wide variation of sorbents, flexibility, high enrichment factor, noticeable extraction recovery,
good sensitivity, selectivity, and reusability [6]. Although conventional SPE has gained
potential benefits, it is tedious and time-consuming, especially when loading a high sample
volume and requiring a low breakthrough volume [13]. However, the main drawbacks of
“traditional” SPE are the high backpressure generated and the elevated amount of sorbent
necessary. As an alternative, other approaches such as solid phase microextraction (SPME),
dispersive solid phase extraction (DSPE), dispersive solid phase microextraction (DSPME),
and magnetic solid phase extraction (MSPE) have been described. Hence, to overcome
the limitations of SPE, magnetic nanoparticles (MNPs) were doped on solid materials to
improve the SPE procedure and make it a simple and fast extraction method [14]. Thus,
with the presence of MNPs and the application of an external magnet in MSPE, the tedious
cartridge packing, filtration, and centrifuging processes are avoided. In addition, ease,
convenience of use [15], and high enrichment factor and extraction efficiency values are
other benefits of MSPE [16]. The Fe3O4 MNPs are the most common sorbents in MSPE since
they contain a high surface area, quite small particles, excellent paramagnetic properties,
water dispersity, stability, and less toxicity [17]. Moreover, they are easy to synthesize and
functionalize, as well as applicable in biological samples. Nevertheless, to increase the
adsorption capacity and sensitivity, further modification of Fe3O4 MNPs is essential.

Due to their high adsorption capacity for organic molecules, C18, fullerenes, car-
bon nanobers, carbon nanotubes, and graphene, as well as their functionalized forms,
have recently been explored as adsorbent materials in MSPE methods [18]. Among them,
graphene oxide is a new allotrope of carbon that is widely used as an MSPE sorbent [19].
Graphene oxide as a low-cost adsorbent provides fascinating properties, including a high
specific surface area (2630 m2 g−1) [6], admirable thermal conductivity, considerable me-
chanical strength, and a free-standing two-dimensional mono-layer sheet of carbon atoms
with a honeycomb structure [19]. The powerful techniques, namely X-ray photoelectron
spectroscopy (XPS), 13C-NMR, and Raman spectroscopy, demonstrated the presence of
various functional groups, such as lactol, epoxy (as bridges), hydroxyl group, and carboxyl
group, on graphene oxide individual planes and the edges [16]. Furthermore, functional
groups establish covalent and non-covalent interactions, such as hydrogen binding [6],
hydrophilic interaction, π-π stacking, and electrostatic interaction [6], with various ana-
lytes. In addition, GO is chemically stable enough, even with hydroxyl radicals, making
GO composites with macroscopic structure a suitable candidate for long-lived recyclable
adsorbents for the enrichment of carbon-based ring structures [18]. Incorporating CdS
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with graphene oxide (GO) enhances its efficiency due to its effective adsorption properties
and high electron mobility with a greater surface area [20]. Cherkashina, Voznesenskiy,
Osmolovskaya, Vakh, and Bulatov [3] used surfactant-coated Fe3O4 magnetic nanoparticles
to separate and preconcentrate tetracycline from human serum samples using magnetic
dispersive micro-solid phase extraction. They reported that the analytical curves were
linear in the ranges of 0.25–10 mg L−1 for tetracycline using relatively small amounts of
nanoparticles (10 mg). Xu et al. [21] also determined tetracycline residues in miniaturized
SPE Using chitosan-modified graphitized multiwalled carbon nanotubes. They reported
R2 > 0.992 of linearity and a LOD range of 0.61−10.34 µg/kg. They showed that the mean
recoveries of the 5 tetracycline antibiotic residues in the real samples were between 81.5
and 101.4%. Wang et al. [22] showed satisfied linearity in the range of 4–70 ng mL−1

and LOD (0.6–3 ng mL−1) and LOQ (2 to 10 ng mL−1) for covalent organic frameworks.
COF-SCU1 incorporated electrospun nanofibers as adsorbent in pipette tip solid-phase
extraction (PT-SPE) of tetracycline antibiotics.

To the best of our knowledge, there is no report about the use of MGO@CdS as a
sufficient adsorbent in the SPE of antibiotics. In the current study, a novel nanocomposite
was synthesized by doping CdS nanoparticles on the surface of magnetic graphene oxide to
produce MGO@CdS. This nanocomposite was successfully applied for the preconcentration
of penicillin and tetracycline from a biological sample (human plasma). The MGO@CdS
has gained high extraction recovery value for selected antibiotics since graphene can form
π-π interactions with the benzene rings of analytes. Additionally, graphene prevents CdS
nanoparticles from aggregation; consequently, a smaller particle size was achieved. Fur-
thermore, CdS nanoparticles have increased the extraction performance through different
electrostatic interactions and H-bonding with analytes. Finally, drug delivery approaches of
MGO@CdS were evaluated for penicillin and tetracycline in simulated fluids of the gastric
(pH = 1.2) and intestine (pH = 7.4).

2. Materials and Methods
2.1. Materials and Chemicals

Graphite, iron (II) chloride tetrahydrate (FeCl2·4H2O), iron (III) chloride hexahydrate
(FeCl3·6HO), sodium hydroxide (NaOH), polyethene glycol (PEG), cadmium acetate de-
hydrate (Cd(CH3COO)2·2H2O), methanol (CH3OH), sodium thiosulfate pentahydrate
(Na2S2O3·5H2O), hydrochloride acid (HCl), nitric acid (HNO3) 65%, and sulfuric acid
(H2SO4) 97% were analytical grade and purchased from Merck Chemicals (Darmstadt,
Germany). The pharmaceutical standards of tetracycline and penicillin were bought from
Solarbio Science & Technology Co., Ltd. (Beijing, China). Human serum (pooled from
male AB plasma) was procured from Sigma (H4522, Sigma-Aldrich Corporation, St. Louis,
MO, USA).

2.2. Instruments

The morphology and chemical structure of the synthesized adsorbent were studied by
field-emission scanning electron microscopy and energy-dispersive X-ray spectroscopy (FE-
SEM/EDX) at TESCAN MIRA3 (Brno, Czech Republic). The FT-IR spectra were obtained
in the range of 450–4000 cm−1 using KBr pellets and a Bruker EQUINOX 55 FTIR spectrom-
eter (Bremen, Germany). The UV-vis absorption spectra were recorded on a RAYLEIGH
UV-2601 (Beijing, China) double-beam UV-vis spectrophotometer equipped with a tung-
sten lamp as the source and 3.5 mL quartz cuvette cells (Fisher Scientific, Waltham, MA,
USA). The pH values were recorded by a WTW Inolab 720 pH meter (Weilheim, Germany).
The Bruker XRD (Karlsruhe, Germany) was used to study the crystalline nature of the
nanocomposite at 40 kV CuKα. The magnetic properties of freshly prepared magnetic
nanocomposite (MGO@CdS) were identified with a LakeShore 7400 vibrating sample mag-
netizer, VSM (Westerville, OH, USA), under a magnetic field of 16.7 Oe. In this regard,
25 mg of adsorbent is fixed in tape, and the field is swiped in vertical mode.
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2.3. Synthesis of the Adsorbent
2.3.1. Cadmium Sulfide Nanoparticles

The CdS nanoparticles were prepared simply in a one-step procedure: 10 mL polyethene
glycol was added to 10 mmol of cadmium acetate and 10 mmol of sodium thiosulfate. The
resulting solution was subjected to mild heat and stirred simultaneously. Then, the mixture
was washed (with distilled water) and filtered repeatedly to remove byproducts. Finally, it
was oven-dried at 60 ◦C for 24 h [23].

2.3.2. Synthesis of Graphene Oxide

Graphene oxide was synthesized through the Hummers–Offeman method based on
the oxidation of graphite [6,24]. For this purpose, graphite with sodium nitrate, sulfuric
acid, and potassium permanganate were blended gradually in the ice bath for 2 h. Next,
100 mL of distilled water was slowly added, whereas the water bath temperature was kept
at 35 ◦C. After 30 min, the solution was placed in a <100 ◦C water bath, and 5 mL of H2O2
was added to the solution until it changed to yellow. For byproduct elimination, washing
the product several times with excess distilled water is essential. The resulting mixture was
oven-dried at 80 ◦C for 10 h to produce graphene oxide.

2.3.3. Synthesis of Fe3O4@GO

An amount of 0.5 g of FeCl3·6HO and 1 g of FeCl3·4HO (1:2) 1 g of synthesized
graphene oxide (GO) were placed in an Erlenmeyer flask, and 50 mL of distilled water was
added to it. The obtained solution was subjected to ultrasonic treatment for 30 min. Next,
the container was kept in a 50 ◦C water bath with 2 mL of NH3 being injected gradually.
The solution was filtered and washed with ethanol and water. Finally, Fe3O4@GO was
dried in the oven at 80 ◦C for 10 h.

2.3.4. Synthesis of MGO@CdS

The freshly prepared MGO (1 g), 2.6 g cadmium acetate, and 1.58 g sodium thiosulfate
were added to 10 mL of polyethene glycol. The solution was stirred and heated at 60 ◦C for
30 min synchronously to complete the reaction. After washing (with excess distilled water)
and oven-drying at 80 ◦C, the resulting MGO@CdS was employed as sorbent for the MSPE
method [25].

2.4. Magnetic Solid Phase Extraction Procedure

The MSPE method based on Fe3O4@CdS nanoparticles was used for the extraction of
penicillin and tetracycline from human serum samples. The extractions were performed
on a solution containing 20 mg of the adsorbent and 60 mL of 0.1 mg L−1 analyst. To
enhance the adsorption process, the solution was shaken on a circulation shaker at a
constant speed of 400 rpm for 40 min at room temperature. Thereafter, the adsorbent was
separated from the solution using an external magnet, and the supernatant was decanted.
For desorption of the analytes, the adsorbent was agitated in 4 mL of methanol for 5 min
at room temperature. Finally, the concentrations of the analytes were determined using a
UV-vis spectrophotometer.

3. Results and Discussion
3.1. Characterization

The freshly prepared nanomaterials were characterized using FTIR spectroscopy,
EDX, and FESEM. The surface functional groups of the newly synthesized MGO, CdS
nanoparticles, and MGO@CdS were investigated by FT-IR. Figure 1A illustrates several
intensive FT-IR signals for MGO corresponding to graphene oxide at 3432, 2929, 1726,
1629, 1380, 1215, and 1054 cm−1, which respectively attribute to O–H, C–H, C=O, O–H
(bending), C=C, C–O–C (epoxy), and C–OH bands. These are comparable with the FTIR
spectra of graphene oxide that were reported previously. As Tan et al. [26] reported that
graphite does not possess any functional groups but C=C/C–C at around 1490 cm−1, the
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FT-IR spectrum of GO indicates that graphite powder is successfully converted to graphene
oxide. The magnetization of graphene oxide can be substantiated by a sharp and intense
peak at 549 cm−1 (Fe-O). This confirms that Fe3O4 nanoparticles are doped onto graphene
oxide (Figure 1A). The synthesis of CdS nanoparticles was also approved by FT-IR spectra
(Figure 1B). The characteristic peaks at 638 cm−1 ascribe to the Cd–S band [27,28], as well
as peaks at 2900 cm−1 and 500–600 cm−1 are related to S–H stretching and metal-sulfur
bonding, respectively [29]. Figure 1C shows the appearance or disappearance of some
peaks in the spectrum of MGO@CdS regarding those of MGO (A) and CdS (B), as well as
the shifting of peaks at 1731 cm−1 (C=O), 1586 cm−1 (O–H), 1112 cm−1 (C–O), 1005 cm−1

(C–OH), and 635 cm−1 (Cd-S), which are indicating that CdS nanoparticles were anchored
onto the magnetic graphene oxide to produce MGO@CdS nanocomposite.
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Figure 1. FTIR spectra for (A) synthesized MGO, (B) CdS nanoparticles, and (C) MGO@CdS nanocomposite.

The surface morphology of synthesized nanocomposites was studied with scanning
electron microscopy (FESEM). Figure 2A shows the morphology of synthesized CdS
nanoparticles, which clearly illustrates the agglomeration of CdS nanoparticles. Figure 2B
illustrates a clear observation of the 2D plane of GO sheets. It is also shown that Fe3O4/CdS
nanoparticles are well anchored onto the GO plane. These indicate that the GO sheet
effectively decreased the aggregation of the nanoparticles.

The distribution of Fe3O4/CdS nanoparticles on GO sheets was characterized using
EDX elemental analysis. The EDX spectrum (Figure 2C) confirms the elemental composition
of the CdS nanoparticles as O (39%), S (15%), and Cd (44%). Figure 2D shows the existence
of C (26.42%), O (32.23%), and Fe (16.45%) elements from graphene oxide and iron oxide.
Meanwhile, the presence of Cd (17.38%) and S (7.52%) is evidently from CdS nanoparticles.
Hence, such evidence indicates the successful preparation of MGO@CdS nanocomposites.
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EDX spectra of (C) CdS nanoparticles and (D) MGO@CdS nanocomposite (applied voltage for EDX
is 20 keV, and the selected area in EDX is shown in micrographs as 4 µm).

The sorbent’s magnetic properties play a critical role in the MSPE method because
magnetic materials can be collected from aqueous media using an external magnet without
filtration or centrifugation. Thus, the magnetic properties of the newly developed adsorbent
(MGO@CdS) were investigated with VSM. The magnetic hysteresis curve is from the VSM
technique, as shown in Figure 3A. The curve has good magnetic properties for MGO since
its magnetization saturation (MS) plateau is observed at ~30 emu/g. It was evident that
after adding CdS nanoparticles over MGO, the MS plateau level or magnetic properties did
not change significantly. In the case of MS level, ~18 emu/g is well enough to collect the
magnetic material in water aqueous media with the assistance of an external magnet.
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The magnetic nanocomposite crystallinity was examined with XRD (Figure 3B). Ac-
cording to the XRD pattern, the signals at 30◦, 35◦, 42◦, 54◦, and 64◦ are performed by the
mixture of iron oxide nanoparticles (Fe2O3 and Fe3O4). The low intensity of the proposed
signal is due to the low number of MNPs in the nanocomposite. The sharp signals at 23◦,
31◦, 33◦, 42◦, and 48◦ correspond to the CdS nanoparticles. The broad peak at 24–27◦

reflects the presence of amorphous graphene oxide.

3.2. Optimization of Key Parameters for Extraction Efficiency

Effective parameters for MSPE performance, namely type of solvent, solvent volume,
desorption time, pH, NaCl salt, adsorbent dosage, extraction time, and sample volume,
were optimized as follows:

3.2.1. Type of Solvent

The choice of desorption solvent is a significant step in extraction because the extrac-
tion efficiency directly depends on the type of solvent [30]. In this work, ethanol, methanol,
acetonitrile, basic ethanol, basic methanol, and glycine (with different polarities) were
employed for the desorption of selected analytes from the adsorbent. Figure 4A shows that
methanol has the most significant performance among the examined solvents, probably
due to the higher polarity of methanol, which can overcome the attraction force between
adsorbent and analytes [30].

3.2.2. Effect of Eluent Volume

The volume of elution solvent plays an important role in extraction efficiency because
it can directly affect the enrichment factor [31]. Thus, different volumes of MeOH (4–10 mL)
were examined for desorption of penicillin and tetracycline from the sorbent surface. Based
on the obtained data (Figure 4B), maximum extraction efficiency is obtained at 4 and 5 mL
for tetracycline and penicillin, respectively. Thereafter, the extraction efficiency decreased,
probably due to the dilution effect. Hence, 5 mL was selected as the optimum volume.

3.2.3. Effect of Desorption Time

The desorption time (while the sample solution is shaking) is another important factor
in the extraction process that should be taken into account. Therefore, the desorption time
was studied in the time range from 1 to 20 min. Figure 4C shows that increasing the time
from 1 to 7 min improves the extraction efficiency value for the target analytes. Up to
10–15 min, the value for tetracycline stays almost constant, and that of penicillin also shows
no significant change. Afterward, the extraction efficiency decreases noticeably for both
analytes. This is probably due to the reactivation of the adsorption sites followed by an
increase in the sorption affinity of adsorbent toward the analytes. Thus, 7 min was used as
the best desorption time for both analytes.
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3.2.4. Effect of pH

Solution pH is an important parameter in the extraction process as it changes both the
degrees of adsorbent ionization and analyte dissociation [32]. To study the influence of
pH on extraction performance, the solution pH was altered from 3 to 10 (Figure 4D). As
shown in Figure 4D, the extraction efficiency value of target analytes in an aqueous solution
is highly dependent on the solution pH. At low pH (<5) or high ones (>7), the level of
extraction decreases significantly. This is probably due to the cleaving of the β-lactam ring
in the penicillin structure [33]. At pH levels around 6, penicillin can reach its maximum
structural stability. Because at this pH, the penicillin-free energy of decomposition is
extremely high [34]. Thus, the extraction of penicillin was conducted in phosphate buffer
due to the high stability of penicillin in the buffer. Furthermore, phosphate, as an invisible
compound in UV-visible spectroscopy, does not interfere with the experiments [35].

The highest extraction efficiency value for tetracycline is obtained at pH 7. This is
because, at low pHs, the amine groups and dissociation constants (pKa = 9.7) give rise to
positive net charges. This would cause an increase in the electrostatic attraction between
tetracycline and the adsorbent [36]. Furthermore, π-π interactions can form between the
benzene ring of tetracycline and graphene oxide sheets. Occurrences of H-bonding and
cation-π bonding are also possible. In this light, pH 7 is selected for further experiments.
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3.2.5. Salt Addition

The addition of salt can affect the extraction performance by changing the sample
solution’s ionic strengths and the analytes’ solubility [37]. Hence, different NaCl salt
contents (0.1 to 10 w/v) were added to the aqueous solutions of penicillin and tetracycline
to determine the salt effect on extraction efficiency. As shown in Figure 5A, it is clear
that the addition of salt up to 2% w/v leads to improving the extraction efficiency value.
This is due to the increase in the distribution constant between the sample solution and
adsorbent and also to the enhancement in the ionic strength. The increase in salinity from 2
to 10% w/v does not change the efficiency value significantly. This is probably due to the
decrease in mass transfer and diffusion coefficients and the occupation of the adsorbent
active sites by excessive salt.
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3.2.6. Effect of Adsorbent Dosage

The quantity of MNPs is an important extraction efficiency metric [3]. The effect of
adsorbent dosage on the extraction performance was examined by adding six different
amounts (5–50 mg) of adsorbent to the sample solutions (Figure 5B). It indicates that the
extraction efficiency value increases with an increase in the amount of adsorbent from
5 to 40 mg. This is because of the availability of more active sites in high dosages [38]. By
further increasing the adsorbent amount from 40 to 50 mg, the extraction efficiency did
not change significantly and remained slightly constant. This is because of the occupation
of the sorption sides by the selected analytes. Hence, 20 mg was selected as the optimum
dosage for the adsorbent.
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3.2.7. Effect of Extraction Time

The optimized extraction time factor is the required time to guarantee the equilib-
rium partition (between analytes and adsorbent), high precision, and sensitivity of the
method [39]. Thus, shaking time varied from 5 to 40 min (Figure 5C). As shown in Figure 4C,
only 20 min are needed to complete the extraction of penicillin and tetracycline from sample
solutions. Furthermore, this proposed time indicates the occurrence of a mass transfer
process very quickly. Afterward, the extraction efficiency value remains almost constant
by increasing the time from 20 to 40 min. Finally, 20 min was obtained as the optimum
extraction time.

3.2.8. Sample Volume

Sample volume can impact extraction sensitivity and performance by affecting the
enrichment factor and breakthrough volume [40]. Furthermore, by increasing the sample
volume, the enrichment factor also increases [41]. The effect of sample volume on extraction
efficiency was investigated in the range of 20–100 mL. Figure 5D shows that the extraction
efficiency increased by increasing the sample volume from 20 to 80 mL and thereafter
remained almost constant up to 100 mL. Hence, 80 mL was selected as the sample volume
for further experiments.

3.3. Method Validation

The analytical performance of the proposed MSPE method in the extraction of peni-
cillin and tetracycline was evaluated in terms of the limit of detection (LOD), the limit of
quantitation (LOQ), the linear dynamic range (LDR), the determination of coefficient (R2)
and enrichment factor (EF), precision, and reusability under the optimized experimental
conditions, and the results are given in Table 1. The calibration curves were constructed
using the standard solutions of the analytes at five concentration levels (20–200 µg L−1) of
tetracycline and penicillin. The enrichment factor was calculated using Equation (2). The
limit of detection was calculated based on 3 × Sd/m (where Sd is the standard deviation
of the blank and m is the slope of the calibration graph). The limit of quantitation was
obtained with a LOQ of 10 × Sd/m. The repeatability and reproducibility of the work
examined under intra-day and inter-day precision protocol relative standard deviation
(RSD%), which are listed in Table 1.

Table 1. MSPE method validation parameters and precision RSD%.

Compound Equation R2 a LOD b LOQ c LDR d EF e
RSD%

Intraday Interday

Tetracycline y = 0.6758 × −0.0044 0.997 0.045 0.153 0.02–0.2 20 3.1–4.77 8.41–10.5

Penicillin y = 0.582 × −0.0008 0.992 0.057 0.191 0.02–0.2 20 3.49–5.8 8.21–12.3
a Limit of detection (µg L−1). b Limit of quantification (µg L−1). c Linear dynamic range (µg L−1). d Determination
coefficient. e Enrichment factor.

The precision of the proposed method was assessed by using intra-day (three anal-
yses, n = 3) and inter-day (three days, n = 9) experiments. This yielded appropriate
RSDs% values for both antibiotics for intraday (3.1–5.8%, n = 3) and inter-day (8.2–12.3%,
n = 9) experiments.

In analytical approaches, the stability of the adsorbent is important because it is highly
influential economically. Accordingly, the stability of the newly synthesized MGO@CdS
nanocomposite was continuously examined by the extraction of penicillin and tetracycline
(0.2 µg L−1) antibiotics from spiked water. After each extraction process, the analytes were
washed off the adsorbent using methanol for 10 min. After repeating the extraction 5 times,
the percent adsorption values obtained from tetracycline and penicillin were 86.5% and
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80.4%, respectively. All parameters’ enrichment factor (EF) and extraction efficiency (E%)
are calculated based on Equations (1) and (2), respectively.

EF = (
C f ound

Cspiked
)× 100 (1)

E% = (
C f ound

Cspiked
)× (

Veluant
Vsample

)× 100 (2)

where Cfound is the final concentration of the analytes in eluent (instrument analysis) and
Cspiked is the initial concentration of analytes in the sample solution.

3.4. Real Sample Analysis

To measure the reliability and applicability of the developed MSPE MGO@CdS for
real samples, it was effectively applied to human serum with complex matrices. The serum
was spiked with a dosage of 600 units per milliliter of penicillin. The serum samples were
analyzed under spiked and unspiked conditions (Table 2). The unspiked experiment was
carried out as explained in Section 2.4 without any addition of analytes to the standard
solution. The spiked experiment was performed by adding 0.1 µg mL−1 (100 µg L−1) of
each analyte to 100 mL of serum samples. The proposed procedure was applied to both
non-spiked and spiked water samples, and the relative recoveries (RR%) were calculated
using Equation (3). Extraction recovery values are listed in Table 2 for the triple analysis
of tetracycline and penicillin in the serum sample. Hence, appropriate relative recovery
values (RR%) were obtained for selected antibiotics, ranging from 71% to 110%.

RR% = (
Cextracted − C f ound

Cspiked
)× 100 (3)

where Cfound, Creal, and Cadded are the concentrations of analytes in the spiked real sample,
the concentration of analytes in the real sample, and the concentration of standard solution
added to the real sample, respectively.

Table 2. Results for the extraction of tetracycline and penicillin from human serum using the proposed
MSPE method.

Sample Antibiotics Spiked (µg L−1) Found (µg L−1) RR% RSDs%

Human serum
Tetracycline 0.0 nd — —

100 109.5 109.5 7.1

Penicillin
0.0 1.03 — —
100 71.59 71.5 11.6

RR—relative recovery; nd—not detected; RSD—relative standard deviation.

3.5. Antibiotics Release Study

The release of penicillin and tetracycline from MGO@CdS was examined in simulated
gastric (pH = 1.2) and intestinal (pH = 7.4) fluids. For this purpose, 100 µg L−1 of penicillin
and tetracycline were loaded on MGO@CdS. Afterwards, the adsorbent (including loaded
analytes) was shaken in simulated gastric and intestinal fluid for 24 h, followed by sampling
at scheduled time intervals. Each sample was determined by UV-vis spectrophotometry.
Figure 6 shows the releasing profiles of both antibiotics in simulated gastric and intestinal
fluids. As can be seen, for 24 h, tetracycline was released more efficiently at pH 1.2 (gastric)
compared to its release at pH 7.4 (intestinal). Penicillin-releasing profile at pH 7.4 (intestinal)
is more effective than at pH 1.2 (gastric). This is probably due to the β-ring cleavage of
penicillin at an acidic pH [33]. Overall, tetracycline was released more effectively than
penicillin in both simulated fluids for 24 h. Hence, Figure 6 indicates that both drugs were
released slowly. The drug release rate is important in the determination of toxicity and
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therapeutic activity [42]. Accordingly, it can be claimed that the synthesized MGO@CdS
adsorbent can be used as an efficient material for drug delivery approaches.
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3.6. Comparison with Other Studies

Table 3 shows the comparison study of different adsorbents used to determine different
antibiotics in terms of LOD values, extraction methods, and detectors used. The carbon-
based adsorbents (OMWCNTs and graphene oxide) provided satisfactory LODs. This is
probably due to the presence of π-π interactions between the adsorbent and antibiotics.
Furthermore, lower LODs of OMWCNTs and MIP also correspond to a sensitive detector.
Hence, MGO@CdS provides a lower LOD value compared with RP-C8 and C18. This is
due to the large active sites and hydrophilic nature of MGO@CdS. Nevertheless, this newly
synthesized MGO@CdS is comparable with the previously reported adsorbents. However,
the MSPE method is faster than SPE and dSPE and also provides appropriate LODs for
antibiotics in real samples.
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Table 3. Comparison study of the proposed MGO@CdS MSPE with other published materials
and methods.

Adsorbent Analytes LOD (µg L−1) Method Analysis Ref.

MGO@CdS
Tetracycline 0.045

MSPE UV-vis This study
Penicillin 0.056

OMWCNTs a Quinolone 0.028–0.094 d-SPE b CE-DAD c [43]
Graphene oxide Tetracycline 0.89 SPE MALDI-TOF MS d [44]

C18 Tetracycline 1.5–100 SPE HPLC-DAD [45]
RP e-C8 Tetracycline 31 SPE HPLC-DAD [46]

MIP f Tetracycline 0.2 SPE LC-MS/MS [47]
a Oxide multi-walled carbon nanotube. b Dispersive solid phase extraction. c Capillary electrophoresis-diode
array detector. d Matrix-assisted laser desorption/ionization-time of flight mass spectrometry. e Reversed phase.
f Molecularly imprinted polymer.

4. Conclusions

In this study, a novel magnetic graphene oxide-based adsorbent decorated with CdS
nanoparticles was successfully synthesized and employed as an appropriate sorbent for
the extraction of penicillin and tetracycline from human serum samples. In the cases
of penicillin and tetracycline, the adsorption efficiency value is improved by the CdS
nanoparticles doped on magnetic graphene oxide. At pH 7, the proposed MSPE methods
exhibited acceptable linearity (20–200 µg L−1), sufficient precision, satisfactory repeatability,
and a notable enrichment factor (20). Furthermore, it was concluded that the MSPE method
based on MGO@CdS provides satisfactory recovery values of 71.47% (for penicillin) and
109.52% (for tetracycline) for human serum samples. The proposed procedure proved to
be fast (20 min), simple (two stages), and inexpensive (20 mg of nanoparticles) and was
applied as a promising candidate for the determination of antibiotics in human serum
samples. The experiments on drug-releasing profiles for penicillin and tetracycline also
indicated that the newly synthesized sorbent is suitable for drug-delivery approaches.
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