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Serotonin (5-hydroxytryptamine, 5-HT) is one of the

important neurotransmitters in brain.1 Much attentions have

been paid on the detection of 5-HT and electrochemical

methods are preferable among the traditional methods, due

to their simplicity and high sensitivity, for the detection of 5-

HT.2,3 However, the interference by co-existing ascorbic acid

(AA) and uric acid (UA) is one of the major problems in the

electrochemical sensing of 5-HT. 

Various approaches, such as using polymer film modified

electrode,4 applying chemical modification,5 employing nano

materials and molecularly imprinted polymers,3,6 have been

developed to detect 5-HT selectively from interferences. The

polymer-modified electrodes have widely been used because

of their enhanced selectivity and sensitivity for many analy-

tes.7 Previously, we have reported the role of poly(thionine)

film (PTH) deposited on the electrochemically preanodized

glassy carbon electrode (GCE) for the separation of the

voltammetric signal of dopamine (DA) from that of AA and

UA.8 In this communication, we are presenting the pre-

liminary results of the electrochemical signal separation of

5-HT by suppressing those of AA and UA on another type

PTH modified GCE (PTHGCE) which is prepared by elec-

trochemical deposition of PTH directly on the mechanically

polished GCE. 

The electrochemical polymerization process of thionine

by cyclic voltammetry (CV) in a phosphate buffer solution

(PBS, pH 7.0) containing 0.5 mM thionine is shown in

Figure 1. It is known that cationic monomers of thionine,

essential for electrochemical polymerization of thionine, are

formed at the potentials higher than 0.8 V vs. Ag/AgCl.9

When the potential was lower than this value, only the redox

peak for the monomer was seen and no sign of further

polymerization was observed (inset of Figure 1). Here we

applied wide potential range for sweeping (from −0.4 to 1.1

V) to induce the electrochemical polymerization on the

surface of GCE. At the very first potential sweep, only one

redox peak for the monomer was seen at ca. −0.18 V, where-

as the second peak was developed at ca. 0.1 V after the

second sweep. It kept growing on successive sweeping

while the first peak was not growing anymore as reported in

literature.9 The monomeric cation was expected to be

formed during the first potential sweep at or above 0.8 V and

it caused the following electrochemical polymerization,

which was responsible for the growth of the second redox

peak. This result indicated the growth of PTH, with light

violet color, on the GCE surface to form PTHGC. 

Figure 2 shows the CVs of AA, UA, and 5-HT, respec-

tively, along with that obtained from the mixture (50, 50, and

10 µM, respectively) in 0.1 M PBS (pH 7.0) at bare GCE. It

is obvious that AA, UA, and 5-HT are electrochemically

active at bare GCE.4,8 The anodic oxidation peaks were

observed at ca. 0.32, 0.43, and 0.43 V for AA, UA, and 5-

HT, respectively (Figure 2, ii, iii, iv). However, only a single

oxidation peak was observed at ca. 0.48 V from the mixture

Figure 1. CVs for the electropolymerization of 0.5 mM thionine in
0.1 M pH 7.0 PBS at GCE. Inset shows CV of thionine without
polymerization.
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solution (Figure 2, v). This indicates that 5-HT cannot be

resolved from the AA and UA at the bare GCE. On the other

hand, the signals from AA and UA were almost completely

suppressed at the PTHGC as shown in Figure 3 (ii, iii), even

if the concentrations of them (50 µM) were 5 times higher

than that of 5-HT (10 µM). A very small response corresponds

to the oxidation of UA was detected when the concentration

of UA was higher than 200 µM but it was still insignificant.

AA did not show any traceable response even at the concen-

tration range up to 5 mM (data not shown). The rationale of

the signal suppression is unclear at this stage and it is still

under investigation. It is very likely that the electron-rich

nitrogen atom of the PTH film hinders the anionic AA and

UA in a PBS at pH 7.0 from approaching to the PTHGC

surface. However, one anodic oxidation peak was clearly

observed at ca. 0.43 V for 5-HT (Figure 3, iv). Furthermore,

this peak overlapped with the oxidation wave obtained from

the solution containing AA, UA, and 5-HT together (Figure

3, v). This clearly indicated that the peak observed from the

mixture could be attributed solely to the oxidation of 5-HT

with no interference by AA and UA at the PTHGC. The

response of 5-HT might be attributed to the strong hydrogen-

bonding between the analyte and nitrogen atoms on PTHGC.

To verify the applicability of the PTHGC for the selective

determination of 5-HT, we investigated the current responses

of 5-HT at various concentrations in the presence of 50 µM

of both AA and UA, respectively. 5-HT showed linear

responses, independently, in the concentration range up to

ca. 45 µM, with the correlation coefficient (R2) of 0.99 along

with the detection limit (3s) of 0.3 µM, as shown in Figure 4.

The linear range and detection limit of 5-HT are comparable

to the values reported elsewhere.1,6 

In this communication, we have shown that the newly pro-

cessed PTHGC can separate the electrochemical response of

5-HT from the interferences of AA and UA. Further useful

applications of this electrode for the simultaneous detection

of DA and 5-HT in the presence of AA and UA are under

investigation in our laboratory. 
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Figure 2. CVs of blank PBS (i); 50 µM AA (ii); 50 µM UA (iii);
10 µM 5-HT (iv) and a mixture of 50 µM AA, 50 µM UA, and 10
µM 5-HT (v) at bare GCE. Scan rate: 50 mV/s.

Figure 3. CVs of blank PBS (i); 50 µM AA (ii); 50 µM UA (iii);
10 µM 5-HT (iv) and a mixture of 50 µM AA, 50 µM UA, and 10
µM 5-HT (v) at PTHGC. Scan rate: 50 mV/s. 

Figure 4. Calibration plots for 5-HT in 0.1 M pH 7.0 PBS contain-
ing 50 µM of both  AA and UA.


