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Abstract: In this study, a novel sort of sample preparation sorbent was developed, by preparing
thin layer graphene oxide tablets (GO-Tabs) utilizing a mixture of graphene oxide and polyethylene
glycol on a polyethylene substrate. The GO-Tabs were used for extraction and concentration of
omeprazole (OME) in human saliva samples. The determination of OME was carried out using
liquid chromatography-tandem mass spectrometry (LC–MS/MS) under gradient LC conditions
and in the positive ion mode (ESI+) with mass transitions of m/z 346.3→198.0 for OME and m/z
369.98→252.0 for the internal standard. Standard calibration for the saliva samples was in the range
of 2.0–2000 nmol L−1. Limits of detection and quantification were 0.05 and 2.0 nmol L−1, respectively.
Method validation showed good method accuracy and precision; the inter-day precision values
ranged from 5.7 to 8.3 (%RSD), and the accuracy of determinations varied from −11.8% to 13.3%
(% deviation from nominal values). The extraction recovery was 60%, and GO-Tabs could be re-used
for more than ten extractions without deterioration in recovery. In this study, the determination of
OME in real human saliva samples using GO-Tab extraction was validated.

Keywords: graphene oxide; omeprazole; liquid chromatography; tandem mass spectrometry;
saliva; GO-Tabs

1. Introduction

Omeprazole (OME) is a well-known drug that is used as a proton pump inhibitor to reduce
the amount of acid produced in the stomach. OME is used in the treatment of all acid-related
diseases, and it was introduced into the market for the first time by AstraZeneca under the brand
name Losec® [1]. The pure S-enantiomer of OME was subsequently commercialized under the name
Nexium®. OME is classified as an effective and safe medicine [2]. Gas chromatography (GC) and liquid
chromatography (LC) with mass spectrometric (MS) detection have been used for the determination of
OME, and solid phase extraction (SPE) has often been utilized as a sample preparation technique for
extracting OME from plasma samples [3,4].

Saliva provides a simple and non-invasive sample source compared to blood.
Numerous publications report that saliva can be a good choice for the determination of drugs for
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diagnostic purposes. Several research groups have studied methods for determining (i.e., screening)
different substances in oral fluid [5–7]. Until now OME was measured in saliva and plasma using
HPLC [8] and liquid chromatography-tandem mass spectrometry (LC–MS/MS) [9] with simple
extraction methods. However, developing a simple and novel sample preparation technique for
measuring the OME in saliva samples is a demanding issue.

Sample preparation is the first and, oftentimes, the main step in bioanalytical methods. As a
result, there is an increasing demand for biological sample preparation techniques that are simple,
inexpensive and environmentally friendly, and that permit acceptable recovery and selectivity [10].
During the last two decades, several sample preparation techniques have been developed and directed
towards automation and on-line coupling. Two of these techniques are microextraction by packed
sorbent (MEPS) and molecularly imprinted polymer tablets (MIP-Tabs), both of which were developed
and introduced by researchers in the Abdel-Rehim group. MEPS is a miniaturization form of SPE
that reduces significantly the required amounts of sorbent, solvent and sample volume. The MEPS
technique has been utilized to extract and enrich analytes from different matrices such as water, plasma,
urine and blood [11–15]. MIP-Tabs were prepared using a thin film of MIP polymer on a polyethylene
substrate as a support material, and have been applied to the extraction of methadone in plasma
samples and amphetamine in urine samples with good recovery and precision [16,17].

Nano-materials are of interest in the field of sample preparation due to their unique properties—in
this case, high surface area compared to bulk and microscale materials. High surface area provides
high adsorption capacity and high pre-concentration factor [16]. Additionally, nano-materials can
possess high chemical stability and can be easily functionalized to increase selectivity. In our recent
work, reduced graphene oxide (GO) materials as a solid phase in the MEPS method, was successfully
applied for extraction and measurement of local anesthesia in plasma and saliva samples [18]. GO as a
potential candidate in biomedical application presents a large surface area and proper dispersibility
in most solvents due to the formation of hydrogen bonds between polar functional groups of GO
surface and water molecules [19]. Nowadays, there is still no promising available information about
the in vitro and in vivo toxicity of GO, but it is well approved that the preparation of GO with high
purity is a key factor from a safety aspect [20,21].

Here for the first time, a combination of graphene oxide and polyethylene glycol was used to
prepare novel graphene oxide tablets (GO-Tabs) that were evaluated for the extraction of omeprazole
in human saliva samples. GO-Tabs is a novel, straightforward and effective sample preparation
trend which will be presented here for extraction of OME from saliva samples and measurement by
LC–MS/MS.

2. Materials and methods

2.1. Chemicals and Reagents

OME (racemate) and (S)-Lansoprazole (internal standard, IS) were obtained from Sigma-Aldrich
(Steinheim, Germany), and GO was obtained from Sigma-Aldrich (St. Louis, MO, USA).
The polyethylene material (PE), with a pore size of 0.2 µm, was a commercial material and was
obtained from Sigma-Aldrich and its surface was not chemically modified. This material is already
used as filter for aqueous solutions. The tablet form was prepared by a homemade tool. HPLC grade
acetonitrile and methanol were purchased from Merck (Darmstadt, Germany). Analytical grade formic
acid and ammonium hydroxide were obtained from Merck (Darmstadt, Germany). A Milli-Q Plus
water purification system from Millipore (Bedford, MA, USA) was used for water purification.

2.2. Instrumentation

The LC system used in this study included two Shimadzu pumps (LC-10ADvp, Kyoto, Japan)
and an autosampler (CTC-Pal, Analytics AG, Zwingen, Switzerland) with 50 µL sample loop.
The separation column was 100 mm × 2.1 mm i.d. packed with 3.5 µm Zorbax Bonus-RP particles
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(Agilent, Palo Alto, CA, USA). The LC mobile phase A was 0.1% formic acid in acetonitrile/water
(0.5:99.5 v/v) and mobile phase B contained 0.1% formic acid in acetonitrile/water (80:20 v/v).
The mobile phase gradient was 30% to 90% phase B in 5 min, with a final hold at 90% B for 2 min
before resetting at 30% phase B. The mobile phase flow rate was held constant at 0.6 mL min−1.

The MS instrumentation consisted of a triple quadrupole MS analyzer (Quatro-micro, Waters,
Manchester, UK) equipped with an electrospray ionization source (ESI+) operated in the positive ion
mode. The MS source block and desolvation temperatures were set at 150 ◦C and 350 ◦C, respectively.
Nitrogen was utilized as curtain gas (950 L h−1), and argon was utilized as the collision gas (collision
energy of 10 eV for OME and 20 eV for lansoprazole). OME analysis in saliva samples was performed
by using multiple reaction monitoring (MRM) transitions of m/z 346.0 > 198.0 for OME and m/z
369.9 > 252.0 for the IS with a dwell time of 0.2 s/transition. Peak-area ratios (OME/IS) were used for
all calculations. Data analysis was performed using MassLynx software (version 4.1) obtained from
Waters (Manchester, UK).

2.3. Preparation and Characterization of GO-Tabs

Polyethylene substrates in the tablet form (9 mm diameter × 2 mm thickness) were washed with
HCL (1 M) and then NaOH (1 M) in an ultrasonic bath for 10 min, and then they were washed with
water and dried at room temperature. Graphene oxide (20 mg) was added to 10 mL of acetonitrile and
ultrasonicated for 30 min, and then 25 mg of polyethylene glycol (PEG) was added to the graphene
oxide suspension. PEG was used to improve the interfacial adhesion between the GO nano-particles
and the polyethylene tablet surface on which they were coated, and the dispersion of GO in the
resultant film. Blank polyethylene tablets (10 total) were immersed in the GO-PEG suspension and
ultrasonicated for 1–4 h; it was found that 3 h was the optimum time. After ultrasonication, the tablets
were removed and placed in a freeze dryer overnight. Figure 1 shows a photograph of some prepared
GO-Tabs. The GO-Tabs were chemically and mechanically stable.
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Figure 1. Photograph of prepared graphene tablets (GO-Tabs).

2.4. Preparation of Stock, Standard and Quality Control Solutions

Two stock solutions (100 µM each) were prepared in methanol [one for preparing standard
samples and the other for preparing quality control (QC) samples]. The standard and QC samples were
prepared in blank pooled human saliva samples (n = 6). The concentrations of standard compounds
in the saliva were in the range of 2.0–2000 nM. The QC samples were prepared in saliva at three
concentration levels: Low (QCL, 6 nM), medium (QCM, 900 nM), and high (QCH, 1600 nM).
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2.5. Sample Preparation

Standard samples in saliva were freshly prepared for each validation assay, while QC samples
in saliva were prepared and stored at −20 ◦C until needed. A 200 µL volume of each sample was
mixed with a 100 µL of the IS (1000 nM in methanol), then diluted with water (1:4) and centrifuged for
3 min. Then a GO-Tab was immersed in each saliva sample and shaken for 10 min, after which it was
removed and washed with 200 µL of water. Then the analyte and internal standard were desorbed (i.e.,
extracted) by soaking in 1.0 mL of methanol for 1.0 min. The eluates were evaporated to dryness and
redissolved in 200 µL of LC mobile phase. A 30 µL volume of the final sample solution was injected
into the LC–MS/MS for analysis.

3. Results and Discussion

In this study, GO-Tabs were prepared and investigated for the extraction of OME in human saliva
samples. Factors affecting the extraction performance, including desorption solution, extraction time,
desorption time, sample pH, sample concentration and adsorption capacity, were investigated to
obtain the best extraction/recovery efficiency.

3.1. GO-Tab Morphology Analysis

As described above, thin layers of GO-PEG were absorbed into the pores and surface of a
polyethylene film and frozen overnight. The resultant GO-Tabs were 9 mm in diameter and 2 mm in
thickness (Figure 1). SEM images before (Figure 2A) and after (Figure 2B) GO-PEG addition clearly
show pores (Figure 2A) that become covered with the GO-containing polyethylene film (Figure 2B).
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3.2. Optimization of Extraction Protocol

3.2.1. Extraction Time

Because mass transfer is a time dependent process, the extraction time is an important factor.
The effect of time on extraction recovery was investigated for 3.0, 5.0, 10.0, 20.0 and 30.0 min.
The recovery was increased significantly when the time increased from 3.0 to 10.0 min (Figure 3A).

3.2.2. Desorption Time

The effect of desorption time on extraction efficiency was investigated for 1.0, 3.0 and 10.0 min,
and the best result was obtained with 10.0 min (Figure 3B). After 10.0 min, no significant improvement
was observed.

3.2.3. Type of Desorption Solvent

Desorption of extracted analyte from GO-Tabs was studied utilizing different solvents,
including methanol, mixtures of methanol and water, and acetonitrile. Acetonitrile gave the
highest recovery.

3.2.4. Effect of pH

The effect of sample pH on extraction recovery was investigated for three different pH values:
Low (3), neutral (7) and high (12). The highest extraction yield was observed at neutral pH (Figure 3C).
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Figure 3. Effect of extraction time on extraction recovery (saliva sample, 1600 nmol L−1) (A), effect of
desorption time on extraction recovery (saliva sample, 1600 nmol L−1) (B) and effect of sample pH
(saliva sample, 1600 nmol L−1) (C); pH was adjusted by addition of ammonium hydroxide and
formic acid.
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3.3. Adsorption Capacity

The adsorption capacity indicates the ability of the GO-Tabs to adsorb a specific analyte. In order
to study the adsorption capacity of the GO-Tabs for OME, a series of different concentrations of OME
in saliva samples ranging from 0.1 to 10 µmol L−1 were prepared. The extraction recovery was linear
up to 6.0 µmol L−1, and then the GO-Tab became saturated as shown in Figure 4.
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3.4. Selectivity of the GO-Tabs

The GO-Tab selectivity was investigated by comparing the extraction of OME in saliva using
GO-Tabs and bare polyethylene tablets. The extraction recovery (recorded as area) using GO-Tabs was
4-fold higher compared with uncoated polyethylene tablets (Figure 5).
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3.5. Method Validation

Validation of the method described in this study for determination of OME in human saliva was
carried out according to international guidelines [22,23] and included linearity, limit of quantification
(LLOQ), accuracy, precision, recovery, matrix effects, selectivity and carry-over.

3.5.1. Calibration, Selectivity and Extraction Efficiency

A standard calibration curve was constructed using eight OME standards prepared in saliva
over the concentration range from 2.0 to 2000 nmol L−1. A quadratic regression equation with 1/x
weighting was used. The coefficient of determination (R2) was 0.99 or higher for all analyses (n = 3).
The limit of detection (LOD) was found to be 0.1 nmol L−1 and the limit of quantification (LLOQ) was
equal to the lowest standard concentration (2.0 nmol L−1) used to construct the calibration plot.

To evaluate the method selectivity, six different saliva samples were used. A saliva blank without
OME and internal standard was analyzed and compared with a chromatogram obtained using a sample
with OME concentration at the limit of quantification (LLOQ) to confirm the absence of endogenous
interfering peaks at the same retention time of the OME analyte in the chromatograms. No significant
peaks (≥20% of the LLOQ) were observed at the same retention time as OME and the I.S. The method
extraction recovery was found to be between 80 to 90%.

3.5.2. Accuracy and Precision

The relative error method (i.e., percent difference between the determined mean concentrations
and the true concentrations) was used to evaluate accuracy, and the precision was calculated as
the percentage of the relative standard deviation for the analysis of the quality control samples.
For validation, three assays were done, and each assay consisted of eight calibration points and
six quality control (QC) sample replicates at three concentration levels: Low (QCL: 6 nmol L−1),
medium (QCM: 900 nmol L−1), and high (QCH: 1600 nmol L−1). The accuracy was found to be in the
range of 88.0–106.0% (n = 18), and intra- and inter-assay precisions were found to be in the range of
4.1–5.4% (n = 6) and 5.6–7.8% (n = 18), respectively (Table 1).

Table 1. Precision of quality control (QC) samples of omeprazole (OME) in human saliva.

Compound Sample (Conc.)
Accuracy (%)
(n = 18)

Precision (RSD%)

Intra-day (n = 6) Inter-day (n = 18)

Omeprazole

QCL (6.0 nM) 105.5 5.4 7.8

QCM (800 nM) 106.4 5.1 7.5

QCH (1600 nM) 87.8 4.1 5.6

3.5.3. Method Selectivity and Matrix Effects

The method selectivity was examined by comparing LC–MS/MS chromatograms of the blank
saliva sample (Figure 6A) and a standard sample spiked with internal standard and OME (Figure 6B).
The blank saliva did not introduce any interfering peaks near the retention time of OME and the
internal standard.
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The effect of the saliva matrix on the MS signal was evaluated using the post-extraction addition
method. Blank saliva was extracted according to the described protocol and OME was added to the
extract at two concentration levels (QCL and QCH). Comparing LC–MS/MS analyses of these and
pure methanol samples containing the same concentrations of OME showed that the saliva matrix did
not affect the detector signal to any noticeable extent. Matrix effects ranged from –3% (using LQC) to
−1% (using HQC).

3.5.4. Carry-Over and Reuse of GO-Tabs

After each extraction, the GO-Tab was washed first with methanol and then with water to
eliminate carry-over into the next extraction. No carry-over could be detected when a blank saliva
sample was extracted immediately after extraction of the highest concentration standard. A single
GO-Tab could be re-used for ten extractions without any observable change in extraction efficiency
(n = 10, SD = 2.4 and %RSD = 4.0).

4. Analysis of Patient Samples

The methodology developed in this study was used for the analysis of saliva samples from healthy
subjects after administration of OME (20 mg dosage). Saliva samples were collected and analyzed for
OME. Figure 7 shows the LC–MS/MS analysis of a patient saliva sample 2 h after administration of
20 mg of OME.
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5. Conclusions

In this study, GO-Tabs were prepared using a novel sample preparation sorbent. GO was mixed
with polyethylene glycol in acetonitrile and absorbed into a film of polyethylene using an ultrasonic
bath. Polyethylene glycol was used to improve the dispersion of GO in the polyethylene substrate
and the interfacial adhesion between GO and the substrate. This resulted in the formation of a
layer of GO on the surface and within the pores of the polyethylene scaffold (Figures 1 and 2).
Validation experiments demonstrated that this method accurately determined OME in human saliva
samples with high precision and good sensitivity. The GO-Tabs could be re-used for at least up to
ten extractions. GO-Tabs are a novel advance in sample preparation sorbent development and as a
potential sorbent, it can be applied in other complex solutions in the near future.



Molecules 2019, 24, 1191 11 of 12

Author Contributions: Z.Z.: labwork and validation; M.H.: co-supervision; A.U.: review and editing; M.M.M.:
review and editing; M.A.-R.: principal investigator, main supervision, visualization.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Goodman, L.S.; Brunton, L.L.; Gilman, A.; Chabner, B.; Knollmann, B.C. Goodman and Gilman′s:
The Pharmacological Basis of Therapeutics; McGraw-Hill Medical: New York, NY, USA, 2011.

2. World Health Organization. WHO Model Lists of Essential Medicines; World Health Organization: Geneva,
Switzerland, April 2015.

3. Cairns, A.M.; Chiou, R.H.Y.; Rogers, J.D.; Demetriades, J.L.J. Enantioselective high-performance liquid
chromatographic determination of omeprazole in human plasma. Chromatogr. B: Biomed. Sci. Appl. 1995,
666, 323–328. [CrossRef]

4. Ishii, M.; Sato, M.; Ogawa, M.; Takubo, T.; Hara, K.i.; Ishii, Y. Simultaneous Determination of Omeprazole
and its Metabolites (5′-Hydroxyomeprazole and Omeprazole Sulfone) in Human Plasma by Liquid
Chromatography-Tandem Mass Spectrometry. J. Liquid Chromatogr. Relat. Technol. 2007, 30, 1797–1810.
[CrossRef]

5. Pfaffe, T.; Cooper-White, J.; Beyerlein, P.; Kostner, K.; Punyadeera, C. Diagnostic potential of saliva:
Current state and future applications. Clinic. Chem. 2011, 57, 675–687. [CrossRef] [PubMed]

6. Abdel-Rehim, A.; Abdel-Rehim, M. Screening and determination of drugs in human saliva
utilizing microextraction by packed sorbent and liquid chromatography–tandem mass spectrometry.
Biomed. Chromatogr. 2013, 27, 1188–1191. [CrossRef]

7. Liu, J.; Duan, Y. Saliva: A potential media for disease diagnostics and monitoring. Oral Oncol. 2012,
48, 569–577. [CrossRef]

8. Tamminga, W.J. Polymorphic Drug Metabolising Enzymes: Assessment of Activities by Phenotyping
and Genotyping in Clinical Pharmacology. Ph.D. Thesis, University of Groningen, Groningen,
The Netherlands, 2001.

9. Donzelli, M. Development, Validation and Application of the Basel Phenotyping Cocktail. Ph.D. Thesis,
University of Basel, Basel, Switzerland, 2015.

10. Ashri, N.; Abdel-Rehim, M. Sample treatment based on extraction techniques in biological matrices.
Bioanalysis 2011, 3, 1993–2008. [CrossRef]

11. Vita, M.; Abdel-Rehim, M.; Nilsson, C.; Hassan, Z.; Skansen, P.; Wan, H.; Meurling, L.; Hassan, M.J. Stability,
pKa and plasma protein binding of roscovitine. Chromatogr. B 2005, 821, 75–80. [CrossRef]

12. Klimowska, A.; Wielgomas, B. Off-line microextraction by packed sorbent combined with on solid support
derivatization and GC–MS: Application for the analysis of five pyrethroid metabolites in urine samples.
Talanta 2018, 176, 165–171. [CrossRef]

13. Said, R.; Kamel, M.; El Beqqali, A.; Abdel-Rehim, M. Microextraction by packed sorbent for LC–MS/MS
determination of drugs in whole blood samples. Bioanalysis 2011, 29, 197–205. [CrossRef]

14. Noche, G.G.; Laespada, M.E.F.; Pavón, J.L.P.; Cordero, B.M.; Lorenzo, S.M.; Noche, G.G.; Laespada, M.E.F.;
Pavón, J.L.P.; Cordero, B.M.; Lorenzo, S.M. Determination of chlorobenzenes in water samples based on fully
automated microextraction by packed sorbent coupled with programmed temperature vaporization–gas
chromatography–mass spectrometry. Anal. Bioanal. Chem. 2013, 405, 6739–6748. [CrossRef] [PubMed]

15. Daryanavard, S.M.; Jeppsson-Dadoun, A.; Andersson, L.; Hashemi, M.; Colmsjö, A.; Abdel-Rehim, M.
Molecularly imprinted polymer in microextraction by packed sorbent for the simultaneous determination
of local anesthetics: lidocaine, ropivacaine, mepivacaine and bupivacaine in plasma and urine samples.
Biomed. Chromatogr. 2013, 27, 1481–1488. [CrossRef] [PubMed]

16. El-Beqqali, A.; Abdel-Rehim, M. Molecularly imprinted polymer-sol-gel tablet toward micro-solid phase
extraction: I. Determination of methadone in human plasma utilizing liquid chromatography–tandem mass
spectrometry. Anal. Chim. Acta 2016, 936, 116–122. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/0378-4347(94)00587-U
http://dx.doi.org/10.1080/10826070701360590
http://dx.doi.org/10.1373/clinchem.2010.153767
http://www.ncbi.nlm.nih.gov/pubmed/21383043
http://dx.doi.org/10.1002/bmc.2925
http://dx.doi.org/10.1016/j.oraloncology.2012.01.021
http://dx.doi.org/10.4155/bio.11.201
http://dx.doi.org/10.1016/j.jchromb.2005.04.014
http://dx.doi.org/10.1016/j.talanta.2017.08.011
http://dx.doi.org/10.4155/bio.09.187
http://dx.doi.org/10.1007/s00216-013-7112-x
http://www.ncbi.nlm.nih.gov/pubmed/23780226
http://dx.doi.org/10.1002/bmc.2946
http://www.ncbi.nlm.nih.gov/pubmed/23832864
http://dx.doi.org/10.1016/j.aca.2016.07.001
http://www.ncbi.nlm.nih.gov/pubmed/27566346


Molecules 2019, 24, 1191 12 of 12

17. El-Beqqali, A.; Andersson, L.; Dadoun Jeppsson, A.; Abdel-Rehim, M.J. Molecularly imprinted
polymer-sol-gel tablet toward micro-solid phase extraction: II. Determination of amphetamine in human
urine samples by liquid chromatography–tandem mass spectrometry. Chromatogr. B 2017, 1063, 130–135.
[CrossRef] [PubMed]

18. Ahmadi, M.; Moein, M.M.; Madrakian, T.; Afkhami, A.; Bahar, S.; Abdel-Rehim, M.J. Reduced graphene
oxide as an efficient sorbent in microextraction by packed sorbent: Determination of local anesthetics in
human plasma and saliva samples utilizing liquid chromatography-tandem mass spectrometry. Chromatogr. B
2018, 1095, 177–182. [CrossRef] [PubMed]

19. Ahmadi, M.; Madrakian, T.; Abdel Rehim, M. Nanomaterials as sorbents for sample preparation in
bioanalysis: A review. Anal. Chim. Acta. 2017, 958, 1–21. [CrossRef] [PubMed]

20. Seabra, A.B.; Paula, A.J.; Lima, S.S.; Alves, O.L.; Durán, N. Nanotoxicity of graphene and graphene oxide.
Chem. Res. Toxicol. 2014, 27, 159–168. [CrossRef] [PubMed]

21. Faria, A.F.; Martinez, D.S.T.; Moraes, A.C.M.; Maia da Costa, M.E.H.; Barros, E.B.; Souza Filho, A.G.;
Paula, A.J.; Alvez, O.L. Unveiling the role of oxidation debris on the surface chemistry of graphene through
the anchoring of Ag nanoparticles. Chem. Mater. 2012, 24, 4080–4087. [CrossRef]

22. Guidance for Industry: Bioanalytical Method Validation; U.S. Department of Health and Human Services,
Food and Drug Administration, Center for Drug Evaluation and Research, Center for Veterinary Medicine:
Rockville, MD, USA, 2001.

23. Moein, M.; El Beqqali, A.; Abdel-Rehim, M. Bioanalytical method development and validation:
Critical concepts and strategies. J. Chromatogr. B 2017, 1043, 3–11. [CrossRef] [PubMed]

Sample Availability: Samples of the compounds are not available from the authors.

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.jchromb.2017.08.027
http://www.ncbi.nlm.nih.gov/pubmed/28863334
http://dx.doi.org/10.1016/j.jchromb.2018.07.036
http://www.ncbi.nlm.nih.gov/pubmed/30077098
http://dx.doi.org/10.1016/j.aca.2016.11.062
http://www.ncbi.nlm.nih.gov/pubmed/28110680
http://dx.doi.org/10.1021/tx400385x
http://www.ncbi.nlm.nih.gov/pubmed/24422439
http://dx.doi.org/10.1021/cm301939s
http://dx.doi.org/10.1016/j.jchromb.2016.09.028
http://www.ncbi.nlm.nih.gov/pubmed/27720355
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and methods 
	Chemicals and Reagents 
	Instrumentation 
	Preparation and Characterization of GO-Tabs 
	Preparation of Stock, Standard and Quality Control Solutions 
	Sample Preparation 

	Results and Discussion 
	GO-Tab Morphology Analysis 
	Optimization of Extraction Protocol 
	Extraction Time 
	Desorption Time 
	Type of Desorption Solvent 
	Effect of pH 

	Adsorption Capacity 
	Selectivity of the GO-Tabs 
	Method Validation 
	Calibration, Selectivity and Extraction Efficiency 
	Accuracy and Precision 
	Method Selectivity and Matrix Effects 
	Carry-Over and Reuse of GO-Tabs 


	Analysis of Patient Samples 
	Conclusions 
	References

