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Abstract

Glutamate is the main excitatory neurotransmitter in the brain and plays a leading role in degenerative diseases, such as
motor neuron diseases. Riluzole is a glutamate regulator and a therapeutic drug for motor neuron diseases. In this work, the
interaction between glutamate and riluzole was studied using cyclic voltammetry and square-wave voltammetry at a glassy
carbon electrode (GCE). It was shown that glutamate underwent a two-electron transfer reaction on the GCE surface, and
the electrochemical detection limits of glutamate and riluzole were 483 pmol/L and 11.47 pmol/L, respectively. The results
confirm that riluzole can promote the redox reaction of glutamate. This work highlights the significance of electrochemical
technology in the sensing detection of the interaction between glutamate and related psychotropic drugs.
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Introduction

With the rapid development of the global economy and soci-
ety, mental illness has become an increasingly important
factor affecting human life and health [1, 2]. Research has
shown that glutamate, as the most abundant endogenous
neurotransmitter in the central nervous system, reaches con-
centrations of 67 mM in the synaptic cleft, and in the whole
brain it can reach a concentration of 10,000-12,000 pmol/L
[3]. Glutamate is closely related to neuronal excitability,
prominence, learning, and memory formation. Therefore,
physiological dysfunction of glutamate and its receptors is
closely related to the onset of mental illness [4-8]. Gluta-
mate in cerebrospinal fluid is derived from the conversion
and synthesis of glucose in the central nervous system. There
is a dynamic equilibrium in the concentration of glutamate
in the human body under normal physiological conditions.
When the concentration of glutamate deviates from the
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normal physiological concentration, a high glutamate con-
centration will cause continuous activation of its receptors,
which will lead to nerve cell damage and oxidative stress [2,
9]. Therefore, glutamate can be used as a biomarker for the
diagnosis of Alzheimer’s disease and other neurodegenera-
tive diseases, such as amyotrophic lateral sclerosis, stroke,
and traumatic brain injury [10-13].

The exogenous glutamate in the blood mainly comes from
excessive use of seasonings. Many studies in recent years
have shown that obesity, metabolic disorders, neurotoxic-
ity, and reproductive toxicity are related to the overuse of
sodium glutamate in chicken essence, soy sauce, and other
condiments [6]. A large amount of sodium glutamate intake
causes an increase in glutamate concentration in body fluids,
which then act on glutamate receptors in the nerve center,
disrupting the normal physiological function of neurons,
with possible adverse effects on behavior, especially in
infants with an underdeveloped blood—brain barrier.

At present, in addition to conventional biochemical detec-
tion methods, scientists have been committed to develop-
ing new detection methods for glutamate, including capil-
lary electrophoresis [14—18], optical methods [19-21], and
electrochemical methods [22-30]. Electrochemical methods
have become a major direction of development in recent
years due to their advantages of low cost, high specificity,
and easy operation. Currently, electrochemical technology
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mainly relies on the specificity of enzyme catalysis to detect
glutamate [24-28]. Glutamate oxidase (GLOx) and gluta-
mate dehydrogenase (GLDh) are two important enzymes
commonly used in the electrochemical detection of gluta-
mate. The mechanism driving the enzymatic action of GLOx
is shown in Eqgs. (1) and (2). Under the action of GLOX,
glutamate is oxidized by O, to a-ketoglutaric acid and pro-
duces H,0,. H,0, is decomposed in Eq. (2) to release O,
to achieve molecular balance. Notably, the mechanism of
GLOx detection is through the detection of hydrogen per-
oxide in Eq. (1). However, in aqueous media, oxygen reduc-
tion reaction is inevitable [31], and hydrogen peroxide is
formed in this process. That is, for GLOx detection, part
of the hydrogen peroxide formed by oxygen reduction is
not oxidized by GLOx, which results in inaccurate detection
results for GLOx. Additionally, the structural stability of the
electrode will be damaged as O, gas is released (Eq. 2) on
the surface of the sensing electrode.

The enzymatic mechanism of GLDh action is repre-
sented by Eqgs. (3)—(5), where Eq. (3) is the conversion of
glutamate to a-ketoglutaric acid under the action of NAD™,
Equations (4) and (5) describe the conversion process
between NAD™ and NADH [26-30]. Unlike GLOx, the
catalytic process of GLDh does not involve O, and H,0,,
but achieves the conversion of glutamate and a-ketoglutaric
acid through the mutual conversion of NAD' and NADH.
Therefore, the glutamate dehydrogenase-modified electrode
mainly detects glutamate indirectly by detecting NADH
generated by Eq. (3) [28]. GLDh-modified electrodes have
the disadvantages of a complex manufacturing process
and poor sensitivity—for example, the sensitivity of the
oxidase-modified electrode constructed by Maity [24] was
723.08 uA cm~2 mM™!, while the sensitivity of the dehydro-
genase-modified electrode constructed by Martinez-Perifidin
[28] was only 0.2 uA cm™2 mM ™!

GLO
Glutamate + O, + H,0 = H,0, + a — ketoglutarate + NH;
M
H,0, - 2H" + 0, + 2¢” 2)

Gldh
Glutamate + NADY — NADH + a — ketoglutarate 3

NADH + Mediator,, — NAD" + Mediator,,, 4)

Mediator, , — ne” + mH' + Mediator,, (®)]

red

It has been reported that glutamate can be detected
by electrochemical methods, and studies have demon-
strated the reaction mechanism of glutamate in the pres-
ence of enzymes. However, to the best of our knowledge,
there has been no report on the reaction mechanism under
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electrochemical conditions without enzymes. The use of a
stable electrode is essential for studying the redox mecha-
nism of glutamate under electrochemical conditions. In
addition to high stability, the glassy carbon electrode (GCE)
possesses hardness, superior air tightness, excellent conduc-
tivity, biocompatibility, ease of renewal, and good sensitiv-
ity, thus offering advantages over other electrodes for elec-
trochemical sensing detection in aqueous media [32].

Riluzole is a benzothiazole type neuroprotective agent
with anticonvulsant effects, which is capable of glutamate
regulation and antiepileptic and neuroprotective effects
[33]. The serum concentration of riluzole is approximately
3.19 pmol/L [34]. It is typically used as a glutamate release
inhibitor for the treatment of motor neuron diseases, such
as amyotrophic lateral sclerosis [33—-37]. Among its many
uses, riluzole plays a major role in vivo in inhibiting the
release of glutamate, the uptake of the glutamate receptor
on the neurotransmitter glutamate, and the expression of
the glutamate transporter (EAAT?2) [38—42]. In addition, a
large number of studies have shown that riluzole has good
therapeutic effects in the central nervous system and plays
an important role in the treatment of cerebral ischemia [43],
spinal cord injury [44, 45], traumatic brain injury [46], Par-
kinson’s disease [47, 48], and other diseases. However, no
studies have reported whether an interaction between gluta-
mate and riluzole occurs under electrochemical conditions.
Therefore, electrochemical studies of the direct interactions
between glutamate and riluzole are critical for understanding
the metabolism of drugs and the control of drug side effects.

In this work, a GCE was used as the sensing electrode,
and voltammetry and other electrochemical methods were
used to study the electrochemical oxidation mechanism of
glutamate and riluzole at physiological concentrations, and
to determine the mechanism of riluzole with respect to glu-
tamate oxidation under electrochemical conditions.

Experimental
Materials

Glutamate (>99.5%), riluzole (98%), and phosphate-buff-
ered saline (0.1 M PBS; pH 7.4) were obtained from Mack-
lin (Shanghai, China). In our work, 40 mM glutamate and
1 mM riluzole were prepared in ultrapure water as stock
solutions, and kept in a cool, dark place.

Electrochemistry

Electrochemical measurements were conducted in a three-
electrode configuration, using a GCE as the working elec-
trode, with a geometric area of 0.07 cm? (Tianjin Aida
Hengsheng Technology Co., Ltd.). A platinum wire was
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used as the auxiliary electrode and Ag/AgCl (saturated
KCI) was used as the reference electrode. In all experiments,
0.1 M PBS (pH 7.4) was used as the electrolyte. Experi-
mental data were collected using a CHI660C electrochemi-
cal workstation (Shanghai Chenhua Instrument Co., Ltd).
A pH meter (Shunkeda, China) was used to measure the
solution pH. Before conducting the experiment, the GCE
was sequentially polished with 1.0 ym and 0.3 pm Al,O4
slurry to obtain a good mirror surface, and was then elec-
trochemically cleaned and activated by cyclic voltammetry
(scanning rate of 100 mV/s, potential range of —0.1 V to
1.8 V) in 0.5 M dilute sulfuric acid until a steady cyclic vol-
tammogram was obtained. The treated electrode was stored
in a cool, clean place until use. All data in this work were
processed using OriginPro software.

Results and discussion
Electrochemical detection of glutamate

GLOx and GLDh enzyme-modified electrodes only detect
glutamate indirectly, which can affect the detection results in
aqueous media. Here, the GCE was used for direct detection
of glutamate. Cyclic voltammetry (CV) was used to detect
9.8 mM Glu solution at a scanning rate of 100 mV/s, and the
results are shown in Fig. 1a. It can be seen that in the potential
range of 0.6 V<E ,,<1.2'V, the glutamate sample showed
an oxidation peak of 3.24 pA at 0.33 V and a reduction peak
of —2.86 pA at 0.22 'V, compared to the blank voltammogram
in Fig. 1a. In addition, in order to further verify that these two
peaks are the detection peaks of Glu, square-wave voltamme-
try (SWV) was used to detect Glu at a detection potential of
—0.1 Vto 1.1V (Fig. 1b). Compared to the blank square-wave

the characteristic detection peaks of Glu on the surface of the
GCE, which is basically consistent with the glutamate poten-
tial results reported in the literature [49]. The origin of these
glutamate redox peaks will be further discussed in the follow-
ing section, “Electrode kinetics of glutamate.” Additionally,
in Fig. 1a, the CV curve after glutamate was added showed
a reduction peak of —11.77 pA at —0.46 V. This peak can be
attributed to the reduction of dissolved oxygen to HO,*® and
OHT™ in glutamate aqueous solution [50, 51].

Electrode kinetics of glutamate

In order to explore the mechanism of its reaction, an in-depth
study was conducted on the glutamate (Glu) redox dynam-
ics. We performed CV detection of Glu using the same
electrode at a scanning rate of 25-200 mV/s (Fig. 2). Fig-
ure 2a shows the cyclic voltammograms of Glu at different
scanning speeds. It can be seen that the potential difference
(AEp) increased from 0.076 V to 0.177 V as the scan rate
was increased from 25 mV/s to 200 mV/s, indicating that
the electrochemical reaction of glutamate on the GCE is a
quasi-reversible reaction. The relationship between peak cur-
rent and scanning rate is shown in Fig. 2b, which reveals that
the redox peak current exhibits a linear relationship with the
scanning rate. The linear fitting equation for the oxidation
reaction is Ip,=0.152340.001v (mV/s), and R(8)>=0.998,
and the linear fitting equation for the reduction reaction is
Ip.=-0.0232—-0.0065v (mV/s), R(8)>=0.997; in these equa-
tions, s is defined as the scan rate. The above results show good
linearity between the sweep rate and peak current, and dem-
onstrate that the electro-oxidation of glutamate on the GCE
surface is controlled by adsorption, so the kinetic parameters
can be calculated by the Laviron equation [52]:

) S 2.3 RT
voltammogram, it can be seen that the oxidation peak at 0.33V ~ Epc = — 7 log v + constant 6)
in the positive scan (green curve) and the reduction peak at an
0.22 V in the negative scan (red curve) are in agreement with
the results of CV (Fig. 1a). Therefore, it is preliminarily deter-
mined that the redox peaks at 0.33 V and around 0.22 V are
Fig. 1 Electrochemical voltam- 10 4
detection of 9.8 mM glu- Blank e
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Fig.2 Electrode kinetic studies of glutamate: (a) cyclic voltammet-
ric detection of 9.8 mM Glu in PBS (pH=7.4) at different scan rates,
potential range —0.6 V to 1.2 V; (b) linear fitting plot between peak

23 RT

Epa= =281
P = A= anF

log v + constant (7)
where R is the ideal gas constant 8.314 J/(mol K), T is
293 K, F is the Faraday constant 96,485 C/mol, o is the
electron transfer coefficient, and n is the number of reac-
tion electrons. Figure 2c establishes the redox peak poten-
tial (Epa, Epc) and the logarithm of the scan rate (log v).
The linear relationship between the cathode process and the
anode process is as follows:

Epc = —0.07169logv + 0.33728 (R* = 0.991) ®)

Epa = 0.07326l0gv + 0.19098 (R* = 0.982) )

Based on Egs. (6) and (7), the values of o and n are 0.51
and 1.6 (= 2), respectively. It can be concluded that the Glu
redox under the action of the electric field may be a double-
electron transfer reaction.

Electro-oxidation mechanism of glutamate

It is well established that a glutamate molecule contains
one amino group and two carboxyl groups, so the gluta-
mate solution is acidic. In this work, we obtained the num-
ber of transferred electrons of glutamate electro-oxidation
by experimental calculation, and the pH of the glutamate
solution was observed in the range of 3.5-4.3 during the
electrochemical detection process. It has been reported that
the oxidation process of Glu mainly involves the conversion
of a-ketoglutaric acid [9]. According to the above calculated
electron transfer number and the literature reported, it may
be inferred that the electro-oxidation mechanism of gluta-
mate mainly includes the following steps (Scheme 1). First,
combining a proton with lone pairs of N, the amino group
(-NH,) of glutamate forms a positively charged ammonium
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Scan rate (mv/s)

logv (mv/s)

current and scan rate; (c) linear fitting plot between the logarithm of
the peak potential of the redox peak and the scanning rate

salt a, and then loses one electron for deamination reac-
tion to generate glutamate positive ion b [53]. The carbonyl
oxygen on 1C strongly attracts electrons, which causes a
significant lack of electrons in 2C. The ortho transfer of an
electron-rich atom forms a double-bond glutaric acid posi-
tive ion c. Then ¢ forms d by hydroxylation in acidic media.
The enol structure in d is unstable, and is finally transformed
into a-ketoglutaric acid [54].

Sensitivity of glutamate detection

In order to determine the glutamate (Glu) detection sensitiv-
ity, SWV was used to detect low concentrations (0.9-3 mM)
of Glu (as shown in Fig. 3a), and the linear relationship
between the oxidation peak current and the natural logarithm
of the concentration of Glu (Inc) is shown in Fig. 3b. A good
linear relationship can be seen between the natural logarithm
of the concentration of Glu and the oxidation peak current.
The linear equation is Ip, (1A)=0.965Inc (mmol/L) +1.961,
R%=0.994, where its slope is defined as the sensitivity coef-
ficient (N) of the sensor; the sensitivity can be obtained by
the ratio of N to the electrode surface area, and the sensitiv-
ity of the GCE to glutamate reaches 13.66 pAcm™> mM~".
The limit of detection (LOD) calculation formula uses the
concentration of Glu corresponding to Ip,=Ip,,+3S, where
S is the standard deviation of the oxidation peak current for
10 blank PBS solution detections, and Ip,, is the average
current value at 0.33 V for 10 blank PBS solution detections.
After detection, Ip,,=1.19% 10°A and S=2.39x 108 A, so
Ip, is 1.26x 107° A, substituting the value of Ip, into the con-
centration logarithmic current fitting curve. In this work, the
detection limit is calculated to be 483 pmol/L, and the detec-
tion limit is less than 6 mM [3, 55]. Therefore, the electro-
chemical detection of glutamate using the GCE can achieve
detection under physiological concentration conditions, and
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with the use of GCEs, the electrochemical system has higher
stability than with enzyme electrodes.

Electrochemical detection of riluzole

During electrochemical measurement in aqueous media, an
oxygen reduction reaction is inevitable, which leads to H,0,
formation (Eq. 10). In addition, H,0O, plays an important role
in the electro-oxidation of riluzole. For instance, a study on
riluzole as a pollutant treatment has shown that the com-
plete oxidation of riluzole in aqueous solution begins with
the opening of the triazole ring, and releases nitrate, sulfate,
and fluoride ions. The opening of the triazole ring will gener-
ate aromatic substances such as 4-(trifluoromethoxy)aniline
(4-TFMA), aniline, and 4-aminophenol (Eq. 11). These aro-
matic substances will eventually be oxidized to generate CO,

and water under the action of hydrogen peroxide (as shown in
Eq. 12) [56]. In the above process, H,O, plays a key role in
electrochemical sensing.

In this work, a GCE was used to detect 25 pmol/L rilu-
zole by CV, and the results are shown in Fig. 4a. It can be
clearly seen that riluzole has two oxidation peaks, RI (0.5 V)
and RII (1.06 V), and a reduction peak, RIII (0.37 V). The
0.5 V oxidation peak RI and 0.37 V reduction peak RIII form
a pair of redox peaks. Related research [57] shows that this
pair of redox peaks corresponds to the process of the rilu-
zole molecule releasing fluoride ions and oxidizing methoxy
group benzene under electrochemical conditions, while the
oxidation peak RII at 1.06 V corresponds to an irreversible
oxidation process, due to the opening of the triazole ring and
the oxidation of 2-aminothiazole releasing nitrate, sulfate, etc.

0, +2H* +2¢~ — H,0, (10)
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Fig.4 Electrochemical detection plot of riluzole: (a) the cyclic voltammogram of riluzole in PBS solution (pH=7.4), potential range 0-1.6 V;
(b) linear fit between oxidation peak I-II and scan rate; (c) plot of the relationship between the number of CV and the pH of the solution

V4 s
FsC />—NH2

an

N + H,0, — Aromatic compounds + NO3 + SO~ + F~

Aromatic compounds + H,0, — CO, + H,0 (12)

Next, taking two oxidation processes as examples, the
electrode kinetics of riluzole were studied by CV. The exper-
imental data are shown in Fig. 4a, and a linear correlation
between the oxidation peak current and the scanning rate
is shown in Fig. 4b. From Fig. 4b, it can be seen that there
is strong linearity between oxidation peak current and the
scanning rate. Ipg;=0.0166v (mV/s) +0.245, R?=0.984 for
the oxidation peak R, and Ipg;;=0.0385v (mV/s)+0.908,
R%=0.996, for the oxidation peak Ry;. Oxidation peak II is
the main detection peak of riluzole, which does not have
a corresponding reduction peak during the reverse sweep
in the CV detection curve, so the main oxidation of rilu-
zole is considered an irreversible electrochemical catalytic
oxidation reaction controlled by adsorption. In addition,
fluorine ions are hydrolyzed into hydrofluoric acid and

Fig.5 Detection curves of rilu- 3.0

hydroxide ions, which causes the pH to increase. Interest-
ingly, by measuring the pH of riluzole solution after CV
with different scanning times, it is found that the solution
pH decreases, not increases, and the final pH is about 6.9
(Fig. 4c). This may be due to the further catalytic cracking of
the benzene ring structure in the solution by H,0,, generat-
ing organic acids, as shown in Eqgs. (13)—(15) [56], resulting
in a decrease in the overall pH of the solution.

Aromatic compounds + H,0, - C,H30, (13)
CH,COOH + H,0, —» CO, + H,0 (15)

In addition, the different concentrations of riluzole were
detected by SWV as shown in Fig. 5a, b shows the good
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E,=4 mV, pulse amplitude :\::\_
0.025 V, f=4 Hz; (b) plot of the E 154
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linearity of the currents of riluzole versus concentrations
in the range of 12.5-62.5 pmol/L. In order to calculate the
detection limit of the GCE for riluzole, the detection char-
acteristic peak of riluzole—that is, the oxidation peak [I-was
used as the main peak of the riluzole oxidation reaction, and
the fitting curve was Ipy (RA)=0.675Inc (pmol/L)-0.121,
R%2=0.985, where its slope is defined as the sensitivity coef-
ficient (N) of the sensor. The sensitivity can be obtained
by the ratio of N to the electrode surface area, and the
sensitivity of GCE to riluzole reaches 9.55 p A/cm?pM,
using the detection limit calculation formula Ip;=1Ip,+2S,
where S=2.833x107’A, and Ip,=9.592x 10~’A for
the blank sample. Substitution results in a value of
Ip;=1.52571x 107°A. When this value is inserted into the
above concentration current linear fitting curve, it can be

Aromatic compounds

H
4-aminophenol

HO
NH,

N,
/@ \}NHQ
FiC
o s

Riluzole
Aniline

HNg,,

HO 0

Adsorption

o-ketoglutarate acid

Ploymerization
—_—

Glutamate

0 12 14 s 10 5 20 2

Concentration of riluzole (umol/L)

concluded that the detection limit of the GCE for riluzole
is about 11.47 pmol/L. This is close to the average plasma
concentration for riluzole, indicating the potential for drug
monitoring [34].

The interaction between riluzole and glutamate
under electrochemical conditions

In vivo, riluzole regulates the glutamate system by affecting
Glu-related receptors [44—47], but there is no consensus on
whether riluzole can directly interact with Glu. In this work,
in order to investigate the effect of riluzole on the electro-
chemical detection of Glu, SWV was used to study the inter-
action between the two substances. As shown in Fig. 6a, for
the Glu-free riluzole solution, a glutamate oxidation peak Gy

HZN‘@“’ i
o
1 ° °
o
OH or
o HO NH
H
HO
o
OH

-

0
(o]
O:

oF

H

Electro-oxidation

OH

NI
H

Z

o
HN
n

o

PGlu

Scheme 2 Effect of riluzole oxidation products on glutamate oxidation products under electrochemical conditions
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obviously appeared at 0.33 V. Then the riluzole solution was
added into the above Glu solution, and the concentration of
riluzole in the entire detection system was increased from
5 pM to 25 pM, with a concentration gradient of 5 pM. In
addition to the glutamate oxidation peak Gj, two oxidation
peaks R; and Ry; were observed at 0.7 V and 1.1 V, respec-
tively, corresponding to the electro-oxidation of riluzole.
Compared with the oxidation peak of riluzole solution alone
(Fig. 5a), the two oxidation peaks of riluzole in the mixed
solution (Fig. 6a) both moved 0.2 V toward a higher poten-
tial, which indicates that in this system, its oxidation reaction
does not occur as easily as that in the absence of Glu. And
compared to the same concentration (25 pmol/L), the area of
the oxidation peaks Ry; of riluzole in Fig. 5a is approximately
536.6 mA- V larger than that of the mixed solution of riluzole
in Fig. 6a. This may be due to the presence of Glu, which
leads to a more intense oxidation reaction of the oxidation
peak Ry;. With the increase in the concentration of riluzole in
the system, the peak current of the oxidation peak G; shows
a linear upward relationship with the concentration of rilu-
zole, corresponding to Ipg;=0.04998C (pmol/L)-0.05591,
R%=0.990 (black line in Fig. 6b). Additionally, the oxidation
peak IIT with better linearity is used as the characteristic peak
of riluzole, Ipgy;=0.02919C (pmol/L)+ 1.14203, R*=0.984
for the riluzole within the concentration range of 5-25 pM
(red line in Fig. 6b). It can be seen from Fig. 6b that with
the increase in the concentration of riluzole, the oxidation
peak current of Glu and the concentration of riluzole show
a highly linear fit, which further verifies that riluzole may
promote the oxidation reaction of Glu under electrochemical
conditions; that is, the presence of riluzole can accelerate the
oxidation conversion or consumption of Glu. In this work, we
found that the glutamate oxidation was not affected by the
other interferences including serine, glycine, and aspartate
(see ESIt S1). In addition, when the concentration of rilu-
zole is relatively low, a shoulder peak GR; appears after the
oxidation peak Gy, indicating an electrochemical interaction
between the two to generate new substances. With the further
increase in the concentration of riluzole, the shoulder peak
GR; is covered by the rapidly growing oxidation peak G;. The
stability and repeatability of the sensor are shown in ESI{ S2.

Here, from the perspective of the molecular structure of the
oxidation product of glutamate and the oxidation product of
riluzole (Scheme 2), it can be seen that a-ketoglutaric acid (the
oxidation product of Glu) can react with aromatic intermedi-
ates during the oxidation reaction of the riluzole, as shown in
Scheme 2, reactions (1)—(2). The main reaction is esterification
or dehydration condensation reaction. In the reactant solution
with a low concentration, the dominant reaction promoting the
oxidation of Glu may be the amino and carboxyl groups carried
by a-ketoglutaric acid which undergo dehydration and conden-
sation reactions, shifting the reaction balance of Glu toward the
right and catalyzing its oxidation reaction. In addition, some
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studies in recent years have shown that fluoride ions will be
adsorbed by organic substances in aqueous solution; for exam-
ple, glutamate can generate polyglutamate (PGlu) under elec-
trochemical conditions, and PGlu has an adsorption effect on
fluoride ions [58—60]. This may lead to a decrease in the concen-
tration of fluoride ions in the solution, as shown in reaction (3)
in Scheme 2, which can cause the oxidation reaction of riluzole
to shift to the right, and promote the electrochemical redox of
riluzole, thus leading to an increase in the oxidation peaks G,
R}, Ry;, and the shoulder peak GR; as shown in Fig. 6a.

Conclusions

In conclusion, in this work, electrochemical detection of
low-concentration glutamate and the psychotropic drug rilu-
zole was studied using CV and SWYV, and the redox reaction
mechanism of glutamate under electrochemical conditions
was explored. In addition, it was found that under electro-
chemical conditions, the glutamate inhibitor riluzole may
interact with glutamate in aqueous solution and bind to inter-
mediate products, thereby promoting the redox reaction of
glutamate.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00216-024-05175-2.
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