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Voltammetric determination of tryptophan (Trp) and seroto-
nin (5-HT) was successfully conducted. To do this, we analyzed
the redox peaks of their oxidation products at glassy carbon paste
electrodes (GCPEs) in phosphate buffer solutions in the presence
of interfering substances. The oxidation products of Trp and 5-
HT provided redox couples at more negative potentials than
for that of the interfering substance: fivefold tyrosine (Tyr) did
not hinder the determination of Trp, and 200-fold uric acid
(UA) and acetaminophen (APAP) did not hinder the determina-
tion of 5-HT.

Tryptophan (Trp, shown in Scheme 1) is an essential amino
acid, an important building block for the construction of proteins
and serves as a precursor for biosynthesis of biologically signif-
icant molecules such as serotonin (5-HT, shown in Scheme 1).
As such, 5-HT availability in the brain should depend on blood
Trp levels.1 Blood 5-HT has been recognized as a useful indica-
tor for a variety of clinical diagnoses. Specifically, the mean fast-
ing blood 5-HT concentration in normal subjects has been shown
to range from sub-mM to low-mM, while patients with diseases
such as carcinoid syndrome display markedly elevated levels
of blood 5-HT.2,3 Based on above reasons, reliable, efficient,
inexpensive analytical methods are valuable for the determina-
tion of Trp and 5-HT in blood or foods.

Voltammetry constitutes an interesting procedure as an al-
ternative to separation-based methods for the analysis of biomo-
lecules due to its sensitivity and simplicity. Catalytic effects
have been observed for Trp and 5-HT on certain electrodes,
including hemin-4 and acetyl choline-modified5 electrodes.
Voltammetric determinations especially suffer from interference
that exist in vivo in high concentrations and have oxidation po-
tentials close to that of Trp and 5-HT. Tyr often limits this ana-
lytical technique for this reason. Due to the proximal isoelectric
points of Trp (5.89) and Tyr (5.66), it is difficult to detect only
one species of interest selectively and simply by utilizing differ-
ences in their charges. Several papers have reported for the de-
termination of Trp in the presence of Tyr. Large peak separation
between Trp and Tyr was obtained on a diamond electrode in an
alkaline solution.6 Trp was selectively determined by a stripping
voltammetric technique in the presence of Tyr on an overoxi-
dized polypyrrole film-modified electrode.7 Similarly, UA and
APAP have oxidation potentials close to that of 5-HT, and as

such often limit its analysis. In a healthy human being, typical
concentrations of UA in the blood are 120–450 mM. APAP has
been widely used as an analgesic and antipyretic agent. Although
the interfering substance of UA was eliminated or improved on
several electrodes, including a DNA-,8 a Nafion/ruthenium-ox-
ide-,9 and a carbon-nanotube coated-electrode,10 the influence
of APAP has not been discussed to date.

When indoles such as Trp and 5-HT are oxidized, new redox
couples are observed in their voltammograms, and the peak
potentials of the new redox couples are significantly more neg-
ative than that of Trp and 5-HT. Herein, we report the successful
determination of Trp and 5-HT levels by implementation of nov-
el redox couples in the presence of large amounts of interfering
substances. Since the electrode surface would be deactivated by
the irreversible adsorption of oxidation products, disposable
electrodes have distinct advantages compared to other types of
electrodes. Carbon paste electrodes (CPEs) were employed in
the present work due to their ease of preparation and facile reuse.

Trp, 5-HT, Tyr, UA, and APAPwere purchased from Sigma.
Glassy carbon powder (1–12mm), mineral oil, and poly(sodium
4-styrenesulfonate) (PSS) were purchased from Aldrich. Milli-Q
water (� ¼ 18M� cm�1) was used for the preparation of all the
solutions. A 0.1M phosphate buffer solution (pH 7.0) was em-
ployed as a supporting electrolyte. Differential pulse voltamme-
try (DPV) was performed with a BAS 100 analyzer. A platinum
(Pt) wire and Ag/AgCl (3M NaCl, BAS) were used as a counter
and a reference electrode, respectively. All experiments were
conducted at room temperature (22� 2 �C). Unmodified glassy
carbon paste electrodes (GCPEs) were prepared by mixing
90wt% GC powder with 10wt% mineral oil. The mixture
was introduced into a Teflon tube (1-mm diameter) with a stain-
less wire used for electrical contact. PSS-modified GCPEs were
prepared by grinding GC powder with 0.5wt% PSS prior to the
addition of mineral oil. The electrode surface was renewed by
cutting the top of the electrode.

Selective determination of Trp in the presence of Tyr is
often difficult because of the close peak potentials of Trp and
Tyr. As shown in Figure 1 by the solid line, Trp provided the sin-
gle oxidation peak O at 0.62V in the first anodic sweep and the
single reduction peak R0 at 0.11V in the cathodic sweep. These
voltammetric behaviors can be described by the equations:

Trp(red)� e ! Trp(ox) (O)

Trp(ox) ! Trp(ox)0

Trp(ox)0 þ e ! T(red)0 (R0)

As shown by the dotted line in Figure 1, Tyr provided the clear
oxidation peak O at 0.64V in the first anodic sweep. However,
no clear peaks were observed in the cathodic scan for Tyr. There-
fore, we can detect Trp selectively in the presence of Tyr by an-Scheme 1.
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alyzing the reduction peak of the oxidation product of Trp. Trp
levels were selectively determined in the presence of a fivefold
excess of Tyr.

Since 5-HT is cationic under neutral conditions (pKa ¼
9:97), GCPE was modified by PSS as a cation exchanger to en-

hance the sensitivity of 5-HT. The solid line in Figure 2 shows
the DPV of 5-HT at a PSS-modified GCPE. 5-HT provided the
oxidation peak O at 0.32V on the first anodic sweep, but the cor-
responding reduction peak was not observed for the cathodic
scan. The reduction peak R0 at �0:11V and reoxidation peak
O0 at �0:16V were observed on the cathodic sweep and second
anodic sweep, respectively. When UA and APAP were present
in the solution, large oxidation peaks were observed in the poten-
tial range between 0.2 to 0.5V, as shown by the broken and dot-
ted lines in Figure 2; the peak O overlapped with those of the in-
terfering substances. On the other hand, the peak potential of R0

and O0 was significantly more negative than those of the interfer-
ing substances. As such, 200-fold UA and APAP did not affect
the peak current of 5-HT at R0 and O0.

For Trp, although the sensitivity decreased as the concentra-
tion increased, 2mMTrp showed almost twofold larger peak cur-
rent than that of 1mM Trp. For 5-HT, the detection limit should
be below 50 nM, and the calibration curve was linear up to
500 nM as shown in Figure 3.

In summary, we succeeded in selective detection of Trp and
5-HT by using redox reaction of oxidation products of samples
in the presence of interfering substances.
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Figure 1. DPVs of 2mM Trp (solid line) and 5mM Tyr (dotted
line) at a GCPE in a PB solution for 1st anodic (top) and the
cathodic scan (bottom). Quiet time: 60 s.

Figure 2. DPVs of 2mM 5-HT (solid), 50mM UA (broken),
50mM APAP (dotted line) at a PSS-modified GCPE in a PB so-
lution for 1st anodic (top), the cathodic (middle), and 2nd anodic
scan (bottom). Preconcentration time: 5min. Quiet time: 20 s.

Figure 3. Calibration plot of 5-HT using O0 on DPVs.
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