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ABSTRACT

A novel electrochemical sensor was presented for the determination of L-5-hydroxytryptophan (L-5-
HTP) based on a graphene-chitosan molecularly imprinted film modified on the surface of glassy car-
bon electrode (GR-MIP/GCE). The morphology and composition of the imprinted film were observed in
field emission scanning electron microscopy (FESEM), raman spectroscopy and fourier transform infrared
(FTIR). The properties of the sensor were evaluated by electrochemical techniques. Under the optimal
conditions, the peak currents of L-5-HIP were found to be linear in the concentration range of 0.05
—7.0 uM, while the sensor also exhibited great features such as low detection limit of 6.0 nM (S/N = 3),
superb selectivity against the structural analogues, good antidisturbance ability among coexisting
components, excellent repeatability and stability. Moreover, the proposed method had been applied to
the detection of L-5-HTP in human blood serum with a satisfactory recoveries ranging from 90.6% to
105.6%.

© 2017 Published by Elsevier Inc.

Introduction

L-5-Hydroxytryptophan (L-5-HTP) is a naturally occurring aro-
matic amino acid, which is an intermediate precursor in the
biosynthesis of an important neurotransmitter, Serotonin (5-HT)
[1-3]. Studies in past research have proved that L-5-HTP can easily
pass through the blood—brain barrier without requiring transport
molecules, and then efficiently converted into serotonin in the
central nervous system (CNS), leading to the abnormally increased
serotonin level in the brain and CNS [4—6]. The estimation of L-5-
HTP is thus directly related to some clinically important hor-
mones in the living body, such as prolactin and serum corticoste-
rone. Low levels of L-5-HTP are related to several pathological
conditions such as depression, migraine, bipolar disorder, schizo-
phrenia and carcinoid syndrome [7], its excessive use may result in
blood abnormalities (eosinophilia), sexual problems, heart burns,
nausea [5] etc. As a result, monitoring the accurate levels of L-5-
HTP in the body is of great significance for the early diagnosis of
related diseases.

Methods for the quantification of L-5-HTP mainly depend on
ultraviolet visible spectroscopy [1], chromatography [8], capillary
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electrophoresis [9,10]. However, these methods also suffer from
high cost, time-consuming and complicated operation. Electro-
chemical sensors have attracted much attention due to their char-
acteristics of high sensitivity and miniaturization [7,11] and they are
expected to overcome the above shortcomings. Various types of the
surface modified electrodes have been developed to determine 5-
HTP such as CNSs modified GCE [7], Ru"terpyridine-doped com-
posite electrode [12], and gold modified pencil graphite electrode
[13] etc. But the sensitivity and selectivity of them are limited.
Recently, studies have demonstrated that Graphene (GR) can be
used as modified material for the electrode surface to conduct
targets analysis because of its large surface area, high mechanical
strength and electrical conductivity [ 14—16]. Furthermore, owing to
its high specificity and selectivity to the templates, molecular
imprinting technique (MIT) has been widely utilized for the
determination of bio-samples [17,18]. Meanwhile, to the best of our
knowledge, the MIP based sensor hasn't been reported in the
literature. Thus, the attempt to develop a highly sensitive and se-
lective sensor for the analysis of L-5-HTP in biological samples has
been made.

Chitosan (CS), a natural polysaccharide polymer, has been
applied for electrode fabrication due to its good film forming
property [19]. In this work, graphene doped with CS matrix was
used to fabricate a desirable film to improve sensitivity. To achieve
excellent selectivity, MIT was employed and L-5-HTP was used as
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template molecule. Based on this, the molecularly imprinted film
was successfully synthesized on the glassy carbon electrode (GCE)
via constant potential electrodeposition of CS. The results reveal
that the proposed method was validated in terms of the linearity,
sensitivity, repeatability, and accuracy, and it was used for analysis
of real serum samples with a satisfactory recovery. Thus, we believe
this developed sensor is useful for disease-related biomarkers assay
that will provide a prospect in clinical diagnosis and medical
investigation.

Experimental
Reagents

GR were ordered from Xfnano (Nanjing, China). 5-Hydroxy-L-
tryptophan, 5-hydroxytryptamine, dopamine hydrochloride (DA),
L-Tyrosine (L-tyr), L-tryptophan (L-try), D-tryptophan (D-try), L-
proline (L-Pro), L-histidine (L-His), Epinephrine hydrochloride (EP),
Norepinephrine (NE) and Chitosan (>90% deacetylated) were pur-
chased from J&K Chemical Ltd. (Shanghai, China). L-Dopa, DL-5-
Hydroxytryptophan (DL-5-HTP) were obtained from Aladdin
Chemistry Co., Ltd. (Shanghai, China). Na;HPO4-12H,0, NaH;.
PO4-2H,0, NaOH, HCl, potassium ferrocyanide trihydrate and po-
tassium ferricyanide were obtained from Guoyao Chemical Reagent
Co., Ltd. (Shanghai, China). Chemicals were all of analytical grades
and used without further purification. Deionized water used in
experiments was obtained from a Milli-Q Plus system (18.2 MQ cm,
Millipore Inc., USA). Human serum was provided by school in-
firmary (Huaqiao University, China). 0.1 M Phosphate buffer solu-
tions (PBS) with different pH values were configurated through
adjusting the mole ratio of NaH,PO4 and NayHPOy4.

Instrumentation

Cyclic voltammetry (CV), electrochemical impedance spectros-
copy (EIS) and differential pulse voltammetry (DPV) were per-
formed on CHI660E workstation (ChenHua Instruments, Shanghai,
China) with a conventional three-electrode system. The bare or
modified glassy carbon electrode (GCE, 2 mm in diameter) were
served as working electrode, a platinum wire electrode and a
saturated calomel electrode (SCE) were served as counter electrode
and reference electrode respectively. A S-4800 Field emission
scanning electron microscope (Hitachi, Japan), a Renishaw inVia
Raman microscope (UK) and a Nexus-470 Fourier transform
infrared spectrometer (Nicolet, USA) were used to characterize the
formation of molecularly imprinted films.

Preparation of electrodeposition solution

Firstly, 0.35 g chitosan was dissolved in 20.0 mL 0.1 M HCl, which
was then diluted with deionized water and adjusted pH to 5.0 with
0.1 M NaOH to get 70 mg mL~' CS solution. GR suspension was
prepared by adding 0.015 g graphene into 8.0 mL CS solution to get
a homogeneous dispersion solution with ultrasonically dispersing
and magnetic stirring. Finally, the electrodeposition solution was
obtained by adding 2.0 mL 5.0 mM L-5-HTP dropwise into the being
stirred GR suspension.

Preparation of the GR-MIP/GCE

To obtain a mirrorlike surface of electrode, the bare GCE was
polished with 1.0, 0.3, 0.05 um alumina slurry, and then rinsed and
ultrasonicated sequentially in 1:1 diluted HNO3, ethanol, deionized
water. To construct GR-MIPs film, the rinsed GCE was immersed
into the electrodeposition solution and applied a potential of —1.1 V

for 120 s. It was then taken out for drying at room temperature.
Finally, the L-5-HTP molecules were removed from the electro-
deposited film via a constant potential of 1.0 V for 800 s in 0.01 M
NaOH solution containing 100 pL ethanol. The schematic diagram
for the preparation of GR-MIP/GCE was illustrated in Scheme 1. As a
comparison, GR-NIP/GCE was prepared in the same way except the
L-5-HTP in the electrodeposition solution. The NIP/GCE and MIP/
GCE were prepared according to the above process without
graphene.

Electrochemical measurement

Different modified electrodes were characterized by EIS at a
frequency range from 0.1 Hz to 100 kHz in 10 mL 5.0 mM K3
[Fe(CN)g] containing 0.1 M KCl. Cycle voltammetric experiments
were performed in the potential range from 0.0 to 1.0 V at different
scan rate and DPV measurements were carried out in PBS of pH 6.0
with a potential range of 0.1-0.7 V, pulse width 50 ms, an ampli-
tude of 50 mV and a pulse period of 0.5 s.

Results and discussion
Electrochemical properties of different modified electrodes

The CV and EIS experiments have been carried out for investi-
gating interfacial electron transfer between solution and the
modified GCE. The experiments were carried out in 10 mL 5.0 mM
Fe(CN)2 /4~ containing 0.10 M KCl solution. The equivalent circuit
model in the inset of Fig. 1B is used to fit the Nyquist plots. R is the
electrolyte resistance, Ret is the charge transfer resistance, and Cq is
the double-layer capacitance. EIS consists of two parts, semicircle
part at high frequency corresponds to the electron transfer resis-
tance (Re¢) on the surface of the electrode and linear part at low
frequency is related with the solution of the diffusion resistance
(Rs). From Fig. 1A and B, a pair of well-defined redox peak with a
peak potential difference (AEp) of 116 mV appears at the bare GCE
and the electron transfer resistance (Ret) of it is 37.01 Q. However,
the peak currents at the NIP/GCE and MIP/GCE decrease signifi-
cantly and the AE; increase to 161 mV and 141 mV respectively,
while the Re; from the fitting equivalent circuit are 46.09 Q and
39.37 Q. The larger AE, and the greater Re at NIP/GCE and MIP/GCE
imply that the CS modified film was poor conductor. But small AE,
and high peak currents at the GR-NIP/GCE (AE, = 82 mV) and GR-
MIP/GCE (AEp = 76 mV) in accordance with the reduction of Re; for
GR-NIP/GCE (Ret = 36.85 Q) and GR-MIP/GCE (Ret = 35.72 Q) verify
that the addition of GR was conducive to the reversibility of GCE.
That maybe the large specific area and high electrical conductivity
of graphene facilitates the electron transfer. In addition, it can be
seen that the smallest AE, and the least Ree at GR-MIP/GCE,
showing that both imprinted cavities and graphene contributed
to the sensitivity.

The electrochemical behaviors of L-5-HTP

The electrochemical behaviors of L-5-HTP at NIP/GCE (a), MIP/
GCE (b), bare GCE (c), GR-NIP/GCE (d), GR-MIP/GCE (e) were also
investigated by DPV, as shown in Fig. 2. The order of the peak
currents at the modified GCE is NIP/GCE < MIP/GCE < bare < GR-
NIP/GCE < GR-MIP/GCE. Comparing e and b, d and a, it is found that
the peak current increases significantly at the sensor decorated
with graphene, which demonstrates that the special nanostructure
of graphene with a large surface area and countless active sites
catalyzed the L-5-HTP oxidation process. Furthermore, the peak
currents at MIPs based sensor (b, e) are higher than those at the
NIPs (a, d), imply that the nanopores structure helped more L-5-
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Scheme 1. Schematic illustration of the preparation of the GR-MIP/GCE.
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Fig. 1. Cyclic voltammograms (A) and EIS (B) of NIP/GCE (a), MIP/GCE (b), bare GCE (c), GR-NIP/GCE (d) and GR-MIP/GCE (e) in 10 mL 5.0 mM Kj [Fe(CN)s] containing 0.10 M KCl.

Frequency range: 100 KHz to 0.1 Hz.
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Fig. 2. DPVs of NIP/GCE (a), MIP/GCE (b), bare GCE (c), GR-NIP/GCE (d) and GR-MIP/
GCE (e) in 10 mL 0.1 M PBS (pH = 6.0) containing 5.0 uM L-5-HTP.
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HTP reacting on the electrode surface. The above results show that
the graphene can amplify the response signal and the imprinting
process is more beneficial to L-5-HTP identification.

Characterization of the GR-CS-MIP sensor

FESEM images

The GR-MIP electrodes were characterized by field emission
scanning electron microscopy (FESEM) which can display a series of
regular patterns on the surface of the modified electrodes [20]. As
shown in Fig. 3a, a smooth surface is observed for the bare GCE. The
FESEM images of the electrodeposited GR-CS-L-5-HTP films on GCE
is shown in Fig. 3b. It is found that the surface morphology of
electrodes are uneven and wrinkled, showing that modified
membrane was formed. After the removal of template molecules
from the electrodeposited films, as shown in Fig. 3c, the films

exhibit a rough and multihole surface topography, which maybe
the recognition sites left in the composite.

Raman spectra

Raman spectra were recorded to prove the existence of gra-
phene on the modified electrode surface. As shown in Fig. 4A, a
strong diamondoid (D) band at 1359 cm~! and a weak graphitic (G)
band at 1591 cm~! are both appeared for the Raman spectra of GR-
CS-L-5-HTP composite (curve a) and GR-CS composite (curve b)
compared to CS composite (curve c), which are related to two vi-
bration modes of GR [21]. The D-band and G-band are assigned to
the breathing mode of k-point phonons of Aj¢ and the Ez phonon
of sp? carbon atoms respectively [11]. The results indicate that
graphene can be dispersed in CS and was successfully modified
onto the surface of GCE via CS electrodeposition.

FTIR spectra

The FTIR was used to investigate the composition of the modi-
fied films and the interaction of the functional group. As can be seen
in Fig. 4B (curve a), the band at 1654 cm™! (C=0 stretching vibra-
tion) and 1560 cm~! (N-H in-plane bending) are corresponding to
the amide I and the amide II of CS respectively [22]. C3-OH (C-O
stretching vibration) of CS is located at 1077 cm™ In Fig. 4B (curve
b), C=0, N-H and C3-OH band have shifted to 1637 cm},
1518 cm~and 1086 cm™! respectively, that indicate CS has reacted
with graphene during the electrodeposition process [23]. From
Fig. 4B (curve c), the characteristic bands of L-5-HTP are observed at
1738 cm~! and 704 cm™! for carboxyl groups and C-H of benzenoid
rings stretching vibrations respectively [23], and the 1518 cm™!
band of -NH; in CS shifted to 1505 cm™}, showing that a chemical
bond exists between L-5-HTP and CS. Moreover, the identification
of a wide and weak band for C=C at 1580-1600 cm ! shows that GR
was decorated in the sensing membrane [24,25]. FTIR data indicate
that GR-CS-L-5-HTP was modified on GCE successfully.
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Fig. 4. (A) Raman spectra of GR-CS-L-5-HTP (a), GR-CS (b) and CS (c) composite; 532 nm radiation was used for excitation. (B) FTIR spectra of CS (a), GR-CS (b) and GR-CS-L-5-HTP

(c) composite.

Optimization studies

Optimization of experimental conditions

Several important factors including GR doping quantity, elec-
trodeposition time, eluent, elution time were optimized to get a
highly sensitive, selective and stable GR-MIPs based sensor. Pivotal
steps are GR doping quantity in deposition solution which in-
fluences the amount of GR in imprinted films and electrodeposition
time which affects the thickness of GR-MIPs films. The results
showed that 1.5 g L"'GR and 120 s electrodeposition time would
met the require.

Furthermore, the eluent and elution time were optimized.
Ethanol-NaOH (1:100,V/V) was considered as an ideal extract sol-
vent for removing the template molecules completely from the
polymer matrix. And 800 s was taken as the optimum elution time,
because the DPV oxidation peak of the template molecule dis-
appeared (see Fig. S1 in the Supporting Information) after the
polymer film was treated in elution solution at a potential of 1.0 V
with stirred for 800 s.

The effect of pH

Different pH can effect the electrochemical behavior of L-5-HTP.
The pH ranging from 5.0 to 7.5 on GR-MIP/GCE was investigated
because the isoelectric point of L-5-HTP is 5.89. From the Fig. 5A, it
is found that pH affect both the oxidation peak current and the peak
potential of L-5-HTP, it also can be found that a negative potential of
the broad oxidation peak shifts with increasing pH, and a linear
relation between Ep and pH can be expressed by the equation:
E, = —0.04021 pH + 0.5806 (R? = 0.9975). A slope of —0.0402 mV
pH~! is close to the Nernst equation value of —0.0591 mV pH~',
which indicates that equal numbers of electrons and protons were
participated in reaction [26,27]. It also suggests that the electro-
oxidation of L-5-HTP proceeds with a mechanism as shown in
Scheme 2 [28,29]. Fig. 5B (curve b) confirms that proton transfer
and electron transfer reached an equilibrium in the process of the

oxidation of L-5-HTP, and the maximum current can be got when
the pH is 6.0.

The influence of scan rate

The influence of scan rate on the redox reaction of L-5-HTP at
GR-MIP/GCE was observed by cyclic voltammetry under the con-
dition of changing scanning rate. As can be seen from Fig. 6A, when
scan rate changes from 0.01 V s~! to 0.27 V s~ ', the oxidation peak
currents increase gradually and vary linearly with the square root of
the scan rates (inset in Fig. 6A), and the linear regression equation is
I (uA) = 1.823 v1/2 (V12 s-1/2).0.1207 (R?> = 0.9852). The linear
relationship between peak current and the square root of scan rate
indicates that the oxidation of L-5-HTP on the GR-MIP/GCE was a
diffusion-controlled process.

The relationship between the oxidation peak potential and the
scan rate was also explored in the Fig. 6B. It can be seen that the
oxidation peak potentials shift positively with the increasing scan
rate, and the linear regression equation is got as Epa(V) = 0.02901
log v (V s~ 1)+0.4275 (R*> = 0.9642). For a diffusion-controlled
process, the information about the rate determining step can be
obtained by a Tafel plot using the following equation [11,30]:

Ep = (2.303RT/2naF)log v + cos tant (1)

where o is the electron-transfer coefficient, n is the electron-
transfer number, v is the scan rate. The slope of E, vs. log v for
GR-MIP/GCE was found to be 0.02901. For the oxidation of L-5-HTP
is a completely irreversible electrode process,  is assumed to be 0.6
[30]. Thus, n is calculated to be 2.

Specific recognition studies

Selectivity is the most important performance for GR-MIP/GCE.
The recognition to structural analogues and the anti-interference
ability among coexisting components were investigated as follows.
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Firstly, specific recognition of a series of structural analogues (5-
HT, L-trp, D-trp and L-tyr) of L-5-HTP were carried out. Fig. 7A re-
veals that the current of L-5-HTP is the highest of all and changes
significantly with the increasing concentration. However, there are
small current response and low sensitivity to the other structural
analogues. The obvious distinction maybe attribute to the com-
plementary cavities in the polymer which are in match with the L-
5-HTP stereo structure and multiple interactions between func-
tional groups in the imprinted polymer and template are to
improve the specificity [31].

Secondly, some possible coexisting components such as L-pro,
L-His, L-tyr, EP, L-dopa, DA, NE, 5-HT, D-5-HTP were selected as
interferents to evaluate the selectivity performance of the prepared
sensor. The currents change ratio I/lp represents the anti-
interference ability of GR-MIP/GCE. A series of I values were
recorded for the current response of 5.0 uM L-5-HTP after adding
different concentrations of interferents and Iy was recorded
without interference. As shown in Fig. 7B, when L-Pro, L-His, L-tyr,
EP, L-dopa, DA, NE, 5-HT, D-5-HTP are 1000, 1000, 10,4,1,1,4,1 and
1 times larger than L-5-HTP, respectively, the I/ly changes not more
than 18%. Nevertheless, an obvious increase of the I/l is observed
after adding an equivalent amount of 5-HT. This distinct

interference from 5-HT maybe due to its high electrochemical ac-
tivity and structural similarity with L-5-HTP, but 5-HT will not in-
fluence on the detection of L-5-HTP in real samples at low
concentration levels (0.01 uM-0.1 uM). Above results imply that the
GR-MIP based sensor has excellent anti-interference capability in
practical testing.

Analytical model and application

Adsorption kinetics curve can be used to study the dynamic
adsorption performance of the established sensor. The models that
best fit our data are the Langmuir adsorption model [32] with the
following formula:

t
Ip :Ipm'm (2)

where I, (uA) is the current response of L-5-HTP, I (nA) is the
current value at saturation capacity, t (s) is the adsorption time and
K (s~1) is the kinetic rate constant.

The absorbance of L-5-HTP at different modified electrodes was
carried out in 10 mL PBS containing 5.0 pM L-5-HTP. As is shown in
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Table 1
The fitted parameters based on Langmuir adsorption model at different modified
electrodes.

Sensor Type R? Ipm/1A Kfs~!
NIP/GCE 0.998 0.019 7.87

MIP/GCE 0.962 0.12 1717
GR-NIP/GCE 0.984 0.29 13.59
GR-MIP/GCE 0.990 0.92 59.27

Fig. 7C. It can be seen that the I, has a dramatically increase within
the first 30 s, and then it increases slowly. One minutes later, the I,
reaches equilibrium. The reason of this phenomenon is that the L-
5-HTP adsorption is fast in the surface of the cavity at the begin-
ning, but after the adsorption on surface is saturated, the pene-
tration of L-5-HTP molecule into the internal cavity becomes much
more difficult.

The fitted parameters based on Langmuir adsorption model at
different modified electrodes are shown in Table 1. The order of the
I,m at the modified sensor is GR-MIP/GCE > GR-NIP/GCE > MIP/
GCE > NIP/GCE. Clearly, the I, at the imprinted based sensor is
higher than that at nonimprinted. It easily demonstrates that MIP is
effective for the determination of L-5-HTP. Besides, the increment
of I, at the sensor doped with graphene is larger than the sensor
modified with CS means that the existence of graphene is in favor of
gaining more reaction sites, improving binding stability, and
accelerating the accumulation rate.

To further illustrate specific recognition performance of the
imprinted sensor, the imprinting factor (IF) [33] can be calculated
by the fitting parameters of Iym.

L1 (1A) = 0.04943 C (uM) +0.001740 (R*=0.9970)

- 0 2 6

07 L 2 1 2 L 2 1 " L 2 L
0.1 0.2 0.3 0.4 0.5 0.6 0.7
Potential / V vs. SCE

Fig. 8. DPV responses of the GR-MIP/GCE for L-5-HTP from 0.05 uM to 7.0 uM. The
inset is the corresponding calibration plots of increasing L-5-HTP concentration ob-
tained at GR-MIP/GCE.

r
C/uM
1 A

Iym (MIP)
IF =Pl 3
Tom (NIP) ®
I,m(MIP) is the response signal of GR-MIP/GCE to the analyte and
I,m(NIP) is corresponding to GR-NIP/GCE. A higher IF means a better
selectivity of the GR-MIP/GCE. As shown in Fig. 7D, the current of
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Table 2

Comparison of the different sensors for the detection of L-5-HTP.
Method Modified electrode linear range (pM) Detection limit (uM) Ref.
Differential pulse voltammetry CNSs modified GCE 0.05-1.0 0.03 [7]
Amperometric detection Ruterpyridine-doped composite electrode 1.0-40 0.05 [34]
Linear scan voltammetry ITO/npSG/CoHCF® electrode 10—1000 2.1 [12]
Square wave voltammetry PdNPs:MWCNTs/GCE 1-100 0.077 [5]
Linear sweep voltammetry NGDP/PGE 0.02—2.0, 4.0-10.0 0.006 [35]
Differential pulse voltammetry GR-MIPs/GCE 0.05—-7.0 0.006 This work

2 Indium tin oxide/nanoscale pores sol—gel/cobalt hexacyanoferrate.
b Nanomixture of graphite-diamond film.

Table 3
Results of L-5-HTP in human blood serum samples.

Sample Added (uM)  Found (uM) Recovery (%) RSD (%) (n = 3)
blood serum-1 0 0.0657 - 1.0
0.1 0.163 97.1 29
0.3 0.362 98.7 1.2
0.5 0.519 90.6 1.9
blood serum-2 0 0.0770 - 1.8
0.1 0.175 98.4 3.1
0.3 0.390 104.3 43
0.5 0.568 98.2 1.5
blood serum-3 0 0.0500 — 1.7
0.1 0.155 105.6 2.1
0.3 0.360 103.6 1.6
0.5 0.529 95.9 1.7

GR-MIP/GCE for L-5-HTP at a concentration of 5.0 pM shows much
higher when compared with 5-HT, L-trp, D-trp and L-tyr, and the
GR-MIP/GCE exhibits significant selectivity for L-5-HTP with the
highest IF of 4.8.

Determination of L-5-HTP

Under optimal conditions, DPV responses of L-5-HTP were
performed on the GR-MIP/GCE with various concentrations. As
shown in Fig. 8, the current gradually increases with the increase of
L-5-HTP concentration and fine linear relationships are obtained in
the concentration range of 0.05—7.0 puM. The linear regression
equation of I, (uA) = 0.04943 C (uM) +0.001740 (R? = 0.9970) and
the detection limit (LOD) is calculated to be 6 nM (S/N = 3). In
addition, fine linear relationships are also obtained at the NIP/GCE,
MIP/GCE and GR-NIP/GCE in the ranges of 0.7—7.0 uM, 0.5—10.0 uM
and 0.1-5.0 uM, respectively, and the linear regression equations
are as following: I, (pA) = 0.009283 C (pM) +0.003430
(R? = 0.9889), I, (1A) = 0.01906 C (uM) +0.006950 (R* = 0.9877), I,
(A) = 0.02507 C (uM) +0.001381 (R? = 0.9986) (see Fig. S2 in the
Supporting Information). It can be seen that GR-MIP/GCE offers
higher sensitivity and wider linear range than other modified
Sensors.

The repeatability of GR-MIP/GCE was investigated by contin-
uous determinations of 5 uM L-5-HTP in PBS (pH = 6.0) for 10 times
with a RSD of 4.7%, which demonstrated an excellent repeatability
for the sensor. What is more, the GR-MIP based sensors could be
reused for 5 times, and its RSD was 3.4%, indicating good practi-
cability for this sensor. Comparision to other literature listed in
Table 2, the proposed sensor also displays many merits of low
detection limit, wide detection range and specific recognition.

Real sample analysis

In order to evaluate the applicability of GR-MIPs based sensor in
real sample, the sensor was applied to human blood serum for the
determination of L-5-HTP. The samples were diluted with 0.1 M PBS

(pH = 6.0) for 500-folds before measurement. As shown in Table 3,
the recoveries from the three samples were in the range from 90.6%
to 105.6%, with the RSD ranged from 1.0% to 4.3%, illustrated that
the proposed sensor is effective and reliable for determination of L-
5-HTP in blood serum.

Conclusion

In summary, owing to imprinted process and graphene magni-
fied ability, an expected sensor was obtained for selective recog-
nition and sensitive detection of L-5-HTP. The prepared procedure
of the sensor was simple but exhibited many advantages, including
good sensitivity, selectivity, repeatability, a wide linear range with
low detection limit. It has been applied to detect L-5-HTP in human
blood serum successfully which indicates that it has the potential to
exploit medical diagnosis and practical analyses for related
diseases.
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