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The goal of this study was to create a molecular imprinting-based sensor on MWCNTs modified
electrode for the selective determination of A%-tetrahydrocannabinol (A°-THC) as doping agent in
biological fluids samples of athletes. as a doping agent in athlete biological fluid samples. The
MWCNTs nanostructures were electrodeposited on the screen printed carbon electrode
(MWCNTS/SPCE), and MIP was electropolymerized on the MWCNTsS/SPCE surface
(MIP/MWCNTSs/SPCE). SEM and XRD analyses revealed that a thin layer of MIP particles covered
MWCNTs without changing their morphology. Electrochemical studies using CV and DPV
measurements revealed that MIP/MWCNTs nanostructured electrodes significantly improved
electrocatalytic activity and electivity. Results demonstrated that the minimal detectable limit for A%-
THC was 0.37 ng/mL (S/N=3), the sensitivity of MIP/MWCNTs/SPCE THC was obtained at 0.00155
uA/ng.mL?, and linearity was over a concentration range of 0-3150 ng/mL with correlation
coefficients of the standard curves > 0.99. The applicability and validity of MIP/MWCNTs/SPCE were
investigated for A>-THC determination level in a cyclist's blood plasma sample, and results showed
that the acceptable relative standard deviation (4.25%) and relative recovery (99.75%) values indicated
that the developed method can be used for A%>-THC determination level in clinical samples.

Keywords: MWCNTs; Molecularly Imprinted Polymers; Specificity; A°-tetrahydrocannabinol;
Cyclist; Differential pulse voltammetry

1. INTRODUCTION

Cannabinoids appear to have anti-inflammatory, neuroprotective, analgesic, anxiolytic, and
pain-relieving properties, suggesting that they could be used as potential recovery mediators in athletes
during regular training and competition [1, 2]. Athletes have been reported to use cannabis for anxiety
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and stress relief, as well as possibly to reduce muscle spasms, and it has been proposed that athletes
were primarily motivated to use cannabis because of its effects on relaxation and well-being,
promoting better sleep [3-5]. As a result, cannabinoids are on the International Olympic Committee's
list of prohibited drugs [6, 7]. The World Anti-Doping Agency forbids the use of any cannabinoids,
natural or synthetic, during competition [8-10].

A%-tetrahydrocannabinol (A%-THC), better known as THC is the chemical that causes the
majority of marijuana's psychological effects [11]. AS-THC is the psychoactive substance responsible
for the "high" associated with marijuana use, and it can also cause central nervous system depression
[12, 13]. According to the National Institute on Drug Abuse, it functions similarly to cannabinoid
chemicals produced naturally by the body (NIDA). AS-THC is used to treat loss of appetite that causes
weight loss in people with AIDS [14, 15]. AS-THC is employed to cure severe nausea and vomiting
induced by chemotherapy for cancer [16]. AS>-THC stimulates neurons involved in pleasure, memory,
and cognition. THC's potential health benefits include pain relief and sleep aid, as well as relaxation,
decreased anxiety, increased appetite, feelings of happiness or exhilaration, heightened imagination,
and improved sensory perception. A>-THC can acutely induce psychotic symptoms and impair
episodic and working memory [17-19].

As a result, identifying and determining the level of A°-THC in pharmaceutical compounds,
body fluids, and tissues is an important criterion, and many studies have been conducted to determine
the concentration of A%THC using high performance liquid chromatography [20-23], gas
chromatography—mass spectrometry [24], liquid chromatography-mass spectrometry [25], fluorescence
guenching method [26], MicroNIR—chemometric platform [27] and electrochemical techniques [28-
35]. Among these methods, electrochemical sensors based on molecular imprinting polymers (MIPs)
demonstrated good stability, a simple and low-cost fabrication method, and high selectivity in
biological sample matrices containing a high number of interference species. MIPs have cavities with
specific spaces that are expected to mimic the exact grooves of the template and act as a recognize
center for target molecules that have the same or similar properties as the template molecules [36, 37].
Furthermore, the use of nanostructures with high conductivity and a large surface area, such as CNTS,
can provide more recognition sites on the surface and facilitate electron transfer kinetics [38-40]. As a
result, the purpose of this research was to develop a molecular imprinting-based sensor based on
MWCNTs modified electrodes for the selective determination of A>-THC as a doping agent in athlete
biological fluid samples.

2. EXPERIMENT
2.1. Fabrication of modified electrodes

In an electrochemical cell with a working electrode, an auxiliary electrode (Pt plate), and a
reference electrode (Ag/AgCl), MWCNTSs nanostructures were electrodeposited on the surface of a
screen printed carbon electrode (SPCE). The electrochemical deposition was performed at a fixed
potential of -1.0 V in 0.1 M KCI (99.0%) solution with 1 mg/mL dispersed MWCNTSs (95%) for 400s
[41]. For preparation of the MIP-based sensor, the electropolymerization technique was used in the
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potential range from 0.15 to 1.35 V at a scan rate of 50 mV/s for 20 cycles on the MWCNTs/SPCE
surface through the CV in the potential range from 0.0 to 1.0 V at a scan rate of 50 mV/s for 5 cycles
[42]. The electrolyte was contained 1.4 mM of methacrylic acid (99.0%, Sigma-Aldrich) as functional
monomer, 0.4 mM of A9-THC (Sigma-Aldrich) as template molecule and 7 mM of ethylene glycol
dimethylacrylate (95%, Sigma-Aldrich) as cross-linking monomer dissolved in 1 mL of methanol (>
99.9 %, Merck Millipore, Germany), and added in 5 mL of 01 M PBS [43]. After
electropolymerization, the electrode was immersed in ethanol solution (5% v/v) for the removal of
target molecules (A%~ THC). Finally, the electrode was rinsed with deionized water and dried at room
temperature.

2.2. Instrument and characterization methods

On an SEC1106 electrochemical workstation, cyclic voltammetry (CV) and differential pulse
voltammetry (DPV) measurements were performed in 0.1M phosphate buffer solution (PBS)
electrolyte (pH 7.0) electrolyte prepared from a mixture of 0.1M NaxHPO4 (99%, Merck Millipore,
Germany). X-ray diffraction (XRD; Rigaku MiniFlex 600X radio diffractometer, Japan) and scanning
electron microscopy (SEM; LEO 1525, Carl Zeiss, Oberkochen, Germany) were used to investigate
the structural and morphological properties of nanostructured electrodes.

2.3. Preparation of the actual sample from the blood plasma of a cyclist

MIP/MWCNTSs/SPCE as a sensing system for A>-THC analysis in real samples were investigated
using samples of cyclists' blood plasma. The cyclist was given Dronabinol 10 mg capsules (10 mg
Danazol). The initial half-life is approximately 4 hours, while the terminal half-life is approximately
25-36 hours. Thus, blood plasma samples were collected 4 hours after taking Dronabinol. The blood
plasma samples were centrifuged for 10 minutes at 1500 rpm, filtered, and then used to prepare 0.1 M
PBS. Finally, 0.1 M PBS prepared from blood plasma samples was used as an electrochemical
electrolyte. The A°-THC Quantitative ELISA technique was also used to determine the concentration
of AS-THC in human blood plasma.

3. RESULTS AND DISCUSSION
3.1. SEM and XRD studies

Figure 1 shows SEM images of MWCNTs/SPCE and MIP/MWCNTSs/SPCE. Figure 1a shows a
SEM image of MWCNTSs/SPCE that shows 1D nanostructures of MWCNTSs with an average diameter
of 45 nm and small bundles electrodeposited on the SPCE surface, resulting in a nest-like structure
with a large surface area and high porosity. In the SEM image of Figure 1b, the porous thin polymeric
film with polymer webbing morphology is formed onto the electrode surface for
MIP/MWCNTs/SPCE, and MIP nanoscale particles can scatter on the entire surface of the
MWCNTS/SPCE. The average diameter of MIP/MWCNTs on SPCE is 60 nm, and the surface of
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MIP/MWCNTSs/SPCE is rougher than MWCNTSs/SPCE, indicating that MWCNTSs are covered by a
thin layer of MIP particles without changing the morphology of MWCNTSs [44, 45].

Figure 1. SEM images of () MWCNTSs/SPCE and (b) MIP/MWCNTSs/SPCE.

Figure 2 depicts XRD patterns of MIP, MWCNTs, and MIP/MWCNTSs deposited powder.
MWCNTs and MIP/MWCNTs XRD patterns show strong diffraction peaks at 25.3°, 43.7°, 51.0°,
72.75°, and 67.31°, which correspond to the (002), (101), (004), and (110) planes of MWCNTSs with
hexagonal graphite structure (JCPDS card no. 41-1487) [46-48], respectively. As can be seen, the
intensities of diffraction peaks in MIP/MWCNTSs are smaller than those found in MWCNTS, and the
XRD pattern of MIP does not display any apparent diffraction peak, implying that MIP
electropolymerized effectively on MWCNTS [49].
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Figure 2. XRD pattern of the deposited powder of MIP, MWCNTs and MIP/MWCNTSs.
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3.2. Electrochemical studies

Figure 3 depicts the CV curves of SPCE, MWCNTSs/SPCE and MIP/MWCNTSs/SPCE in 0.1 M
PBS pH 7 at a scan rate of 30 mV/s at the potential between 0.10 and 0.80 V. The CV curves were
recorded in 0.1 M PBS with and without of A%-THC solution. For the electrolyte solution without A°-
THC, as seen, the CV curves of all electrodes do not present any redox peak. After adding the 300
ng/mL of A°-THC solution in electrochemical cell, the well-defined peaks at 0.51 , 0.50 and 0.47 V
are appeared in CV curves of SPCE and MWCNTSs/SPCE and MIP/MWCNTS/SPCE, respectively that
it may be related to the anodic oxidation of A°~THC through deprotonation hydroxyl group attached to
C-1 mechanism and formation phenoxide anion which followed by oxidation and creation of a
phenoxy radical as shown in Figure 4 [33, 50, 51]. Furthermore, MIP/MWCNTSs/SPCE peak currents
are observed at a lower potential with higher current intensity than SPCE and MWCNTS/SPCE. It
demonstrates a significant increase in the electrocatalytic activity of MIP/MWCNTSs nanostructures
due to a synergistic effect between MWCNTSs nanostructures and MIP molecules [52-54]. MIPs are
biomimetic materials with the specific purpose of recognizing target molecules. The shaped complex
between functional monomers and template molecules would provide analogues with related analyte
structure during the electropolymerization procedure, and reduction of the embedded template
molecules induces the memory cavities within the polymer matrix to regrow with homogeneous
binding sites, imbuing the polymer with high selectivity [55, 56]. The large surface area of
MIP/MWCNTSs nanohybrids, combined with MWCNTS' excellent electrical conductivity, provides a
direct channel for electron transfer from the recognition cavities to the electrode surface, improving the
response signal [57, 58]. Electroolymerization of MIPs on MWCNTSs improves the proximity of the
imprinted sites to the material surfaces, facilitating electron transfer kinetics and increasing specificity
and sensitivity [52, 59]. As a result, MIP/MWCNTSs/SPCE were used in subsequent electrochemical
studies.
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Figure 3. CV curves of SPCE, MWCNTSs/SPCE and MIP/MWCNTS/SPCE in 0.1 M PBS pH 7 with
and without of 300 ng/mL of A%-THC solution by a scan rate of 30 mV/s at the potential
between 0.10 and 0.80 V.



Int. J. Electrochem. Sci., 17 (2022) Article Number: 221185 6

HsC
HsC
-e
OH )
- = C
o O CH3

Figure 4. Mechanism of oxidation of A%>-THC [33].

Figure 5 shows the results of DPV measurements of MIP/MWCNTSs/SPCE under consecutive
injections of a solution containing 150 ng/mL A°-THC solution in 0.1 M PBS pH 7 electrolyte solution
at an applied potential between 0.18 and 0.72 V with a scan rate of 30 mV/s. Results reveal that the
DPV peak current is linearly increased by increasing the A>-THC concentration in an electrochemical
cell. The calibration plot in the inset of Figure 5 demonstrates that the minimal detectable limit for A°-
THC is 0.37 ng/mL (S/N=3), the sensitivity of MIP/MWCNTs/SPCE THC is obtained at 0.00155
nA/ng.mL?, and linearity is over a concentration range of 0-3150 ng/mL with correlation coefficients
of the standard curves > 0.99. Table 1 shows the performance of the proposed method and some of the
previously reported A%-THC sensors in litertures. As can be seen, MIP/MWCNTS/SPCE exhibit
superior or comparable electrocatalytic performance to previously reported A>-THC sensors because
MWCNTSs in MIP/MWCNTSs nanohybrids behave as electronic bridges to enhance electron transfer
among complex MIP films [60, 61]. Electroolymerization of MIP nanoparticles on MWCNTSs
indicates great specific surface area, and provides extremely abundant imprinting sites [60, 62].
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Figure 5. The results of DPV measurements of MIP/MWCNTs/SPCE under consecutive injections of

a solution containing 150 ng/mL A®-THC solution in 0.1 M PBS pH 7 electrolyte solution at an
applied potential between 0.18 and 0.72 V with a scan rate of 30 mV/s
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Table 1. The performance of electrochemical sensor for determination of A%~ THC in present work and
released outcomes of A%-THC sensors in literetures.

Electrode Technique | Linear range | limitof | Ref.
(ng/mL) detection
(ng/mL)
MIP/MWCNTs/SPCE DPV 0to 3150 0.17 This
work
THC infused into carbon paper Chronoamper 1.25 [28]
electrode ometry
Disposable screen printed electrode Chronoamper | 0.25 to 10*3 0.25 [32]
ometry
AuNPs/screen printed carbon SWV 102 to 10*3 0.007 [29]
Electrodepositied THC on carbon SWv 2to 25 1.6 [31]
electrode
Screen Printed Electrode CVv 1257 to 6289 314 [30]
Glassy carbon electrdoe LSV 24t011.3 0.34 [33]
C18 column HPLC 0to 10*3 [20]
CN and C8 columns HPLC 0.002 to 200 5 [21]
C18 column HPLC 110 150 1 [22]
XTerra®RP18 column HPLC 10 to 100 0.5 [23]

SWV: square wave voltammetry; LSV: linear sweep voltammetry; HPLC: high performance liquid
chromatography

The selectivity of the MIP/MWCNTS/SPCE as A%-THC sensors was investigated in the
presence of interfering substances in biological fluids. Table 2 summarizes the obtained data from
DPV measurements of MIP/MWCNTSs/SPCE under consecutive injections of a solution containing 100
ng/mL AS%-THC and 500 ng/mL interfering substances solutions in a 0.1 M PBS pH 7 electrolyte
solution at an applied potential between 0.18 and 0.72 V with a scan rate of 30 mV/s. Results in Table
2 show that a considerable electrocatalytic peak current is formed after the addition A°-THC solution
in an electrochemical cell, and no detectable electrocatalytic responses are observed for the addition of
interfering substances. The result reveals that the MIP/MWCNTSs/SPCE can be great specific sensor
for the determination A°-THC in biological fluid samples.

The applicability and validity of MIP/MWCNTSs/SPCE was investigated for determination
level of AS-THC in cyclist's blood plasma sample. Figure 6 and Table 2 exhibit the obtained data from
DPV measurements of MIP/MWCNTSs/SPCE under consecutive injections of a solution containing 50
ng/mL A®-THC solutions in 0.1 M PBS pH 7 electrolyte solution prepared from cyclist's blood plasma
sample at an applied potential between 0.18 and 0.72 V with a scan rate of 30 mV/s and determination
results by A°-THC Quantitative ELISA analyses which demonstrated the average level of AS-THC in
the cyclists’ blood plasma sample are 1.84 ng/mL and 1.95 ng/mL by a DPV measurements and
ELISA analysis, respectively, illustrating the great agreement and validity between electrochemical
and ELISA analyses. Additionally, the findings of analytical studies obtained from DPV analysis by
standard addition method are exhibited in Table 2. As seen, the acceptable relative standard deviation
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(>4.25%) and relative recovery (>99.75%) values indicated the developed method can be utilized for
determining the level of A°-THC in clinical samples.

Table 2. The obtained data from DPV measurements of MIP/MWCNTSs/SPCE under consecutive
injections of a solution containing 100 ng/mL A°-THC and 500 ng/mL interfering substances
solutions in in 0.1 M PBS pH 7 electrolyte solution at applied potential between 0.18 and 0.72
V with scan rate of 30 mV/s.

Substance Added DPV peak current RSD
(ng/mL) (WA) at 047V
A%-THC 100 0.1553 +0.0024
11-nor-9-carboxy-A%-tetrahydrocannabinol 500 0.0339 +0.0021
11-Hydroxy-A®-tetrahydrocannabinol 500 0.0227 +0.0017
Norepinephrine 500 0.0346 +0.0014
6-acetylmorphine 500 0.0262 +0.0012
Stanozolol 500 0.0333 +0.0012
Ascorbic acid 500 0.0250 +0.0015
Hydrocodone 500 0.0152 +0.0017
Buprenorphine 500 0.0225 +0.0018
Serotonin 500 0.0309 +0.0013
Dopamine 500 0.0222 +0.0011
Norbuprenorphine 500 0.0211 +0.0014
Ethylmorphine 500 0.0122 +0.0015
Acetaminophen 500 0.0175 +0.0012
Uric acid 500 0.0129 +0.0011
Amphetamine 500 0.0128 +0.0010
Methamphetamine 500 0.0101 +0.0011
0.6
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Figure 6. The results of DPV measurements of MIP/MWCNTSs/SPCE under consecutive injections of
a solution containing 50 ng/mL A®-THC solution in 0.1 M PBS pH 7 electrolyte solution
prepared from cyclist's blood plasma sample at an applied potential between 0.18 and 0.72 V
with a scan rate of 30 mV/s.
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Table 2. Findings of analytical studies obtained from DPV measurements and ELISA analysis for
determination of A°-THC in real sample prepared from cyclists's blood plasma.

DPV measurements by MIP/MWCNTSs/SPCE ELISA

Spiked detected Recovery RSD (%) AS-THC Content in cyclists's blood RSD
(ng/mL) (ng/mL) (%) plasma sample (ng/mL) (%)
0.00 1.84 3.38 1.95 3.76
50.0 51.34 99.00 3.75

100.0 101.54 99.70 4.25

150.0 150.74 99.26 4.05

200.0 201.34 99.75 3.23

4. CONCULUSION

In summary, the goal of this study was to create an electrochemical biosensor based on
MIP/MWCNTSs/SPCE for the selective detection of A°-THC as a doping agent in athlete biological
fluid samples. For MIP/MWCNTSs/SPCE fabrication, MWCNTS nanostructures were electrodeposited
on the SPCE, and MIP was electropolymerized on the MWCNTS/SPCE surface. SEM and XRD results
confirmed that a thin layer of MIP particles covered MWCNTSs without changing their morphology.
Electrochemical studies revealed a significant increase in electrocatalytic activity and electivity of
MIP/MWCNTSs nanostructured electrodes due to the synergistic effect of MWCNTS nanostructures
and MIP molecules. Results demonstrated that the minimal detectable limit for A>-THC was 0.37
ng/mL (S/N=3), the sensitivity of MIP/MWCNTSs/SPCE THC was obtained at 0.00155 pA/ng.mL?,
and linearity was over a concentration range of 0-3150 ng/mL with correlation coefficients of the
standard curves > 0.99. When the proposed method's performance was compared to that of some
previously reported 9-THC sensors in the literature, it was discovered that MIP/MWCNTs/SPCE
exhibited better or comparable electrocatalytic performance than previously reported A®-THC sensors
because the MWCNTSs in MIP/MWCNTSs nanohybrids act as electronic bridges to accelerate electron
transfer among the complex MIP film. The applicability and validity of MIP/MWCNTs/SPCE were
investigated for AS-THC determination level in a cyclist's blood plasma sample, and the results
demonstrated the great agreement and validity between electrochemical and ELISA analyses, as well
as the acceptable relative standard deviation and relative recovery values, indicating that the developed
method can be used for A>-THC determination level in clinical samples.
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