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ABSTRACT

The main purpose of this report was to develop application of poly-dopamine-beta-cyclodextrin modified
glassy carbon electrode (PDA-B-CD-GCE) towards electrooxidation and determination of L-Tryptophan (L-Trp)
and also the evaluation its kinetic parameters. In continuation of our efforts to use PDA-B-CD-GCE for amino
acids detection, our objective in the present work was to expand application of this sensor for the determination
of L-Trp which is very sensitive.

INTRODUCTION

Tryptophan (Trp) is one of the most important essential amino acids having
biochemical, nutritional and clinical significance in humans and herbivores [1]. Trp
is commonly synthesized in plants and microorganisms from shikimic acid [2]. Trp
is abundantly present in oats, milk, chocolates, bananas, yogurt, dried dates, etc. as
component of dietary protein while it is scarcely present in vegetables. Hence, it has
been supplied through food products to avoid its deficiency [3-5]. Trp is one of the basic
constituents of protein and a requisite in human nutrition to establish and maintain a
positive nitrogen balance [6]. Trp acts as precursor for serotonin, melatonin and niacin
[7]. Improper metabolism of Trp accumulates toxic products in brain which causes
hallucinations, delusions and schizophrenia [8]. An overdose of Trp creates drowsiness,
nausea, dizziness and loss of appetite [9]. The level of Trp in blood closely relates to
serotonin and melatonin level in the brain while the same in plasma relates to hepatic
disease [10]. Hence, Trp is very essential for people with anxiety, sleep deprivation
and the need for mood enhancement. It is also used as a sleep aid, nutraceutical and
antidepressant [11]. Therefore, developing a simple, fast, inexpensive and accurate
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method for the determination of Trp in food products, pharmaceuticals and biological
fluids is necessary and is likely to have great significance in life science research and
drug analysis. Several methods that have been used for the determination of Trp in
different samples include chromatography, chemiluminescence, spectrophotometry,
fluorimetry, flow injection analysis and electrophoresis [12,13]. Nevertheless, these
methods are complex, time-consuming, expensive and often suffer from selectivity
or specificity and pretreatment or require derivatization prior to its determination
[14]. Trp being an electroactive compound, electroanalytical techniques provide an
alternate way to analyze Trp with certain advantages such as quick response, high
sensitivity, high selectivity, and inexpensiveness, amenability to miniaturization, low
power consumption and wide linear dynamic range [15]. However, the electrochemical
detection of Trp faces some problems. At traditional working electrodes, Trp follows
a sluggish kinetics and has very high oxidation overpotential [16,17]. The other
electroactive biomolecules which coexist with Trp in biological matrices interfere
with the determination of Trp due to their similar oxidation peak potentials. These
problems are solved by modifying the electrodes with suitable materials using various
modification methods [18]. Many materials have been used to modify the traditional
working electrodes for the determination of Trp [19].

Most recently, we developed a facile and effective one step electropolymerization
method for the preparation of PDA-S-CD on the surface of GCE [20]. Using this one pot
electrosynthesis, 5-CD can be effectively embedded on PDA to form PDA-B-CD. The
as-prepared PDA-S-CD shows favorable electroactivity towards some amino acids
(L-Cysteine, L-Tyrosine, L-Glycine, and L-Phenylalanine) oxidation.

Based on excellent electroactivity of PDA-S-CD film towards determination of some
amino acids and at continuing our previously report [20], in this report the performance
of PDA-S-CD-GCE was evaluated towards electrooxidation and determination of
L-Trp. The aim of this communication is merely to expand application of PDA-S-CD-
GCE towards the kinetic and analytical investigates of L-Trp. Our objective in the
present work was to develop a simple voltammetric sensor for the determination
of Trp which is free from all interfering molecules. Even though there are several
reports for the fabrication of a sensor for the determination of Trp, the focus happens
to be on complicated procedures of modifications. Hence, a sensor with a simple
method of preparation is much desired. In this study, our aim was to use a simple and
convenient method of modification i.e. electropolymerization PDA-B-CD on a glassy
carbon electrode as the underlying surface in order to fabricate a highly sensitive
sensor with better lower detection limits and free from interferences from other bio-
molecules which coexist with L-Trp. Electrochemical investigation of L-Trp at this
modified electrode reveals its electroactivity towards L-Trp. Analytical applications
of the modified electrode were demonstrated by estimating the L-Trp in the standard
solution.

EXPERIMENTAL

All of experimental procedure is similar to our previous report [20]. All chemicals
used were of analytical grade from Merck (Darmstadt, Germany) and were used
without further purification. All solutions were prepared with doubly distilled water.
Electrochemical measurements were carried out in a conventional three-electrode
cell (from Metrohm) powered by an electrochemical system comprising of AUTOLAB
system with PGSTAT302N (Eco Chemie, Utrecht, The Netherlands). The system was
run on a PC using NOVA software. The ac voltage amplitude used was 10 mV and
the equilibrium time was 5 s. An Ag/AgCl-Sat’d KCl (from Metrohm) and a platinum
wire were used as reference and counter electrodes, respectively. The working
electrode was GCE (d=2mm) (from Azar electrode Co., Iran) and PDA-3-CD-GCE. For
DPV measurements, a pulse width of 25 mV, a pulse time of 50 ms, and a scan rate
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of 50 mVs-1 were employed. The surface morphology of the modified electrodes was
evaluated with a Vega-Tescan electron microscope (SEM, Hitachi Ltd., Tokyo, Japan).

RESULTS AND DISCUSSIONS

The cyclic voltammograms of GCE, PDA-GCE and PDA-S-CD-GCE were recorded
between -1.0 and 1.0 V using the scan rate of 100 mVs? in the 0.1 M PBS (pH=7.4) in
the presence of L-Trp. As seen in Figure. 1A-C, on the bare GCE electrode (curve a) no
redox behavior was observed. On the other hand, as well as on the PDA-GCE and PDA-
B-CD-GCE (curves band c) one pair redox peaks was appeared at 0.14V vs. Ag/AgCL
The comparison of recorded CVs using PDA-GCE and PDA-S-CD-GCE in the presence of
L-Trp. Figure 1C shows a new anodic peak at 0.657 V on the surface of PDA-f-CD-GCE
which attribute to the anodic oxidation of L-Trp using PDA-S-CD-GCE. Therefore, PDA-
B-CD is a suitable mediator to shuttle electron between L-Trp and working electrode,
and facilitate electrochemical regeneration following electron exchange with L-Trp.

The electrochemical behaviors of L-Trp at different scan rates were investigated
on the surface of PDA-B-CD-GCE by CV. Scan rate is one of parameters significantly
affecting electrooxidation of various compounds. Thus, the effect of the scan rate on
L-Trp electrooxidation was investigated in the range from 2-1000 mVs? using CV
method (Figure 2A). A linear relationship was obtained between the peak current
and the scan rate in the range of 2-75 mVs™, which revealed that the oxidation of
L-Trp was an adsorption-controlled step (Figure 2B). Two approaches widely used to
study the reversibility of reactions and to determine whether a reaction is adsorption
or diffusion controlled consists of the analyses of dependences: Ip vs v/2 and In
Ip vs In v. Figure 2C shows these plots for the oxidation peak of L-Trp in 0.1M PBS
(pH=7.4). For irreversible systems without kinetic complications, I varies linearly
with v'/2, intercepting the origin. Although, the plot of Ip on v/ presented in Figure
2C is linear (R?=0.9982), it does not cross the origin of the axes. This is characteristic
for the electrodic process preceded by electrochemical reaction and followed by a
homogenous chemical reaction. In the scan rate range from 2-1000 mVs™, peak current
(Ip) of L-Trp electrooxidation depends linearly on square root of the scan rate (v) and
is described by the equation 1:

I,=0.0186 v (V¥ s7).uA + 0.0784 pA (R? = 0.9982) [1].

This dependence does not cross the origin. This fact can suggest that the electrode
process of L-Trp electrooxidation isn’t controlled by diffusion and can be preceded
by chemical reaction. On the other hand, a dependence of In I on In v is linear and
described by the equation 2:

In1 ={0.771Inv (Vs")}-9.122 mA (R? = 0.9963) (2).

Its slope is 0.771 and indicates adsorption-control of the electrode process. A slope
close to 0.5 is expected for diffusion-controlled electrode processes and close to 1.0 for
adsorption-controlled processes [21-24].

Figure 2D presents a dependence of E on scan rate determined from cyclic
voltammograms recorded for the L-Trp electrooxidation. If electrochemical reaction is
irreversible, then Ep is independent on v. Thus, it can be concluded that heterogeneous
electron transfer in L-Trp electrooxidation is irreversible because E increases with
an increase in the scan rate. In addition, the value of the overall electron transfer
coefficient for the reaction can be obtained from the equation 3 [25,26]:

RT
Ep = (M) Inv + constant (3)

where Ep-peak potential (V), R-universal gas constant (8.314 ] K mol?), F-Faraday
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constant (96,487 C mol?), T-Kelvin temperature (298 K), Bn-anodic transfer coefficient,
v-scan rate (V s!).

Using the dependence of anodic peak potential on the logarithm of the potential
scan rate, the value of the overall electron transfer coefficient (fn) was obtained as
0.13 for L-Trp electro-oxidation.

In order to obtain information on the rate-determining step, Tafel slope (b = RT/
nF) was determined as 6.77 mV.

According to Bard and Faulkner [23], current-potential characteristic of the
oxidation irreversible process is described by the equation 4 [23]:

Ip =0.227FAC = [exp(fnf) (Ep)] (4).

where Ip-peak current (A), f = F/RT, A-electrode area (cm 2), C-bulk concentration
of L-Trp (mol cm3), and. This equation allowed obtaining dependence:

Lnlp =Lna—(nf)Ep
A dependence of In (Ip) Vs, (Ep) is linear and described by the equation 5:

InIp ={6.26[(EP)V]} mA-12.68 mA (R?=0.9856) [5] and its slope is 2.33. Therefore,
anodic transfer coefficient (8n) of L-Trp electrooxidation, calculated from the a Eq. (3)
totals 100 mV. This result is close to obtained from previous method (E vs. In v). This
slop indicates also the three electron transfer to be rate-limiting, assuming a charge
transfer coefficient of $=0.18.

In order to develop a voltammetric method for determining of L-Trp, we
selected the DPV mode, because the peaks are sharper and better defined at lower
concentrations of L-Trp than those obtained by CV, with a lower background current,
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Figure 1: CVs of GCE (A), PDA-GCE (B) and PDA-B-CD-GCE(C) in the presence of 5 ml PBS (0.1M, pH=7.4) + (0.004
g/ml) L-Trp.
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resulting in improved resolution. According to the obtained results, it was possible to
apply this technique to the quantitative analysis of L-Trp. As mentioned previously,
the PBS (pH 7.4) was selected as the supporting electrolyte for the quantification of
L-Trp. The linear range for the determination of L-Trp in the standard samples was
investigated under optimal conditions. The linear range for L-Trp was 0.08-150 pM.
In addition LLOQ values were 0.08 puM, respectively. Figure 3 illustrates the DPVs for
determination of L-Trp samples.

Analytical performance of PDA-B-CD-GCE has been compared with other reported
electrodes and the results are shown in Table 1 [27-38]. Binuclear manganese (II)
complex modified CPE requires 60.0 s accumulation times prior to the determination
of Trp and moreover, the energy required to oxidize Trp at this electrode was more
as compared to PDA-B-CD-GCE [28]. The preparation of carbon nanofibers (CNFs)
needs sophistication and apart from that none of the analytical applications of CNF-
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Figure 2: A) CVs of PDA-B-CD-GCE in the presence of 0.1 M PBS (pH=7.4) and 0.005g/ml of L-Trp in different scan
rates (from inner to outer): 2-1000 mV s”, respectively. B) Dependence of anodic peak current (Ip) on the scan rate.
C) Dependence of anodic peak current (Ip) on the square root of potential scan rate. D) Dependence of the anodic
peak potential on Ln v for the oxidation of L-Trp at PDA-B-CD-GCE.

Table 1: Comparison of PDA-B-CD-GCE with other working electrodes.

Linear Detection limit Technique

Electrode. pH range (uM) M) used Refs
CPE/binuclear manganese(ll) complex 4.1 0.1-1 0.08 LSV 29
CNF-CPE 7.0 0.1-119 0.1 Amperometry 30
CILE 2.8 8-1000 0.48 cv 31
CPE/SiO, 2.0 0.1-5 0.36 Lsv 32
ERGO/GCE 6.5 0.2-40 0.1 33
PAA/GCE 7.4 1-500 0.081 34
CoSal-CNTPE 4.0 0.5-50 0.1 DPY 35
Ag@C/GCE 2.0 0.1-100 0.04 LSV 36
BDD NWs 11.0 0.5-50 0.5 DPV 37
GNP/CILE 7.0 5-900 4 SWV 38
PDA-B-CD-GCE 7.4 0.08-150 0.08 DPV This work
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CPE have been reported [29]. Acidic medium was required for the electrocatalysis of
CILE towards Trp [30]. An accumulation time of 1100.0 s and 180.0 s was required for
the determination of Trp at CPE/SiO, [31] and ERGO/GCE [32] respectively. PAA/GCE
suffers serious interference from tyrosine (Tyr) [33]. This setback was not observed
at MCPE/MWCNTs. Trp oxidation at CoSal-CNTPE required a very high oxidation
over potential [34]. Ag@C core-shell nanocomposites preparation was tedious and
it required an electrochemical pre-treatment of glassy carbon electrode prior to the
preparation of Ag@C/GCE [35]. The oxidation overpotential at expensive BDD NWs
[36] was very high and it required a highly basic medium for the electrocatalytic
oxidation of Trp. A two-step procedure was involved in the preparation of GNP/
CILE [37]. The PDA-B-CD-GCE has certain advantages as compared to glassy carbon
(GC) electrode modified with MWCNTs; GC/MWCNT [38]. The GC/MWCNT requires
an accumulation time before each measurement while PDA-S-CD-GCE has an
advantage of easily preparation and accumulation time is not required before any
measurement. The electrochemical oxidation of Trp was observed at 0.97 V by GC/
MWCNT while the same by PDA-B-CD-GCE were observed at 0.657 V. Hence, L-Trp
requires less oxidation over potential at PDA-S-CD-GCE as compared to GC/MWCNT.
The detection limit of Trp at GC/MWCNT was 27 nM. The detection limit achieved at
PDA-B-CD-GCE was comparable with that achieved at GC/MWCNT apart from having
an additional advantage of achieving it at physiological pH. Comparing with most of
the aforementioned modified electrodes, a much better current sensitivity and wide
linear dynamic range is achieved at PDA-B-CD-GCE without involving any complicated
and time-consuming methods of preparation. The oxidation over potential of Trp was
considerably reduced at PDA-S-CD-GCE under physiological conditions and so we can
easily extend its applications to biological fields. These facts make PDA-S-CD-GCE a
potential electrochemical sensor for the determination of Trp for various applications.

CONCLUSIONS

In conclusion, we have expanded application of poly-dopamine-beta-cyclodextrin
modified glassy carbon electrode (published in Materials Science and Engineering C
69 (2016) 343-357) towards detection and determination of L-Try. In this work, we
have described a simple and rapid voltammetric method for the quantification of L-Trp
under physiological pH by modifying the GCE with PDA-B-CD. Decrease in oxidation
overpotential and enhancement in current proved the electrocatalytic activity of
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Figure 3: DPVs of PDA-B-CD-GCE in the presence of L-Trp at different concentrations (0.01, 0.02, 0.03, 0.04, 0.05,
0.07,0.08,0.09,0.1,0.2,0.4,0.5,0.8, 1, and 2 uM (From inner to outer).
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PDA-f-CD-GCE as a sensor. Importantly, by this simple method of fabrication a much
lower detection limit was achieved without involving any pre-treatment or activation
steps. The analytical applicability of the modified electrode has been evaluated by
successfully employing it for the determination of L-Trp in the standard solution. The
low cost, simple method of preparation, high efficiency and quick response time makes
employing this electrode convenient for routine analysis of L-Trp in different fluids.
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