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We describe the first capillary electrophoresis UV detection method to measure serotonin in human whole
blood (WB). Procedural parameters such as concentration and pH of run buffer and injection mode were
investigated. The reverse injection allows to decrease the analysis time by injecting samples at the outlet
end of the silica capillary close to the detection window, so reducing the migration distance. Thus, when
a capillary with an effective length of 10 cm and a 400 mmol/L Tris phosphate as background electrolyte
at pH 3.25 was used, the migration time of the serotonin peak was 2.6 min. These conditions gave a good
reproducibility of migration times (CV, 0.77%) and peak areas (CV, 2.44%). Intra- and inter-assay CV were
3.85% and 7.32%, respectively, and the analytical recovery was between 96.8% and 99.4%.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Serotonin (5-hydroxytryptamine, 5-HT) is an established
neurotransmitter and vasoconstrictor mainly located in the ente-
rochromaffin cells of the intestine, where acts as a regulator of the
intestinal movements [1]. All the blood 5-HT is found in platelets
which do not synthesize it, but take it from plasma where it is
released by enterochromaffin cells [2]. A minor amount of 5-HT
is synthesized in the serotoninergic neurons of the brain, where
5-HT is involved in the elaboration of an adapted response of the
central nervous system to external media [3]. Serotonin is secreted
from platelets at sites of endothelial injury [4] where causes local
vasoconstriction [1] and promotes thrombogenesis, mitogenesis,
and proliferation of smooth muscle cells [5]. The serotonin system
contributes to complex traits, including cognition, affect, endocrine
regulation, neurotrophic effects, pain, appetite, emesis, sex, sleep,
aggression, perception, sensory-motor function, and vascular and
gastrointestinal regulation [6]. Elevated serotonin levels may indi-
cate the presence of a carcinoid tumor [7]. Even within normal
limits, variations of serotonin levels have been associated with var-
ious psychiatric conditions including anorexia, anxiety, depression,
schizophrenia and others [8]. The first consideration when design-
ing a protocol to measure serotonin is the specific blood fraction to
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be assayed. Matrix choices include whole blood, platelets, platelet-
rich plasma (PRP centrifuged at low g), and platelet-poor plasma
(PPP centrifuged at high g). More than 95% of serotonin is found in
the platelets [2], but its release into plasma occurs easily [9]. The
measurement of the much smaller pool of platelet-poor plasma has
been proven much more difficult, with a wide range of reference
values reported [9]. The main difficulties are due to the extremely
low concentrations of serotonin present in PPP and in preparing PPP
without contamination from platelet-derived serotonin. Therefore,
many researchers have focused on the measurement of serotonin
in whole blood because it is simpler than preparing blood frac-
tions and also because this procedure allows to reduce the above
mentioned pitfalls. WB serotonin was measured principally by
HPLC coupled with either electrochemical [10-12] or fluorimetric
detection [7,13] while literature lacks of a capillary electrophore-
sis method for the human whole blood serotonin measurement. At
now, in fact, few CE methods have been described for the quan-
tification of 5-HT in plasma by using complex detection systems
[14-16]. By this work we have aimed to develop the first CE-UV
assay with reverse injection mode for a rapid measurement of WB
serotonin levels.

2. Materials and methods

The blood samples from 20 healthy volunteers were collected
by venipuncture into EDTA-containing tubes and immediately pro-
cessed. 200 L of whole blood were mixed with 400 wL of cold
water and the samples were sonicated for 10 min in a ultrasonic
water bath in the dark. 1.2 mL of cold acetonitrile was added and
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Table 1

Comparison between the electrophoretical parameters obtained by normal and reverse injection mode. Analysis was performed with standard serotonin 2.5 mol/L.

Migration time (min) Peak height (AU) Efficiency (N/m) Peak width (min) Peak asymmetry
Normal injection 7.53 5278 96,510 0.253 1.064
Reverse injection 2.63 7494 24,579 0.158 0.969

the samples were vortex-mixed and then centrifuged. 1.5 mL of
supernatant was evaporated under vacuum and the residue was
redissolved with 50 pL of water. The sample was then injected
in CE. A MDQ capillary electrophoresis system equipped with a
diode array detector was used (Beckman instruments, CA, USA).
The system was fitted with a 30kV power supply with a current
limit of 300 pA. The analysis was performed in an uncoated fused-
silica capillary, 40 cm long x 75 pm 1.D., 30 cm (normal injection) or
10 cm (reverse injection), injecting 90 nL of sample (0.5 psi x 105s)
at the capillary end. The separation was carried out in a 400 mmol/L
Tris as background electrolyte (BGE) titrated with 1 mol/L phospho-
ric acid to the pH 3.25,20°Cand 14 kV (250 wA) at reverse polarity.
After each run, the capillary was rinsed with, 0.5 min (at 0.5 psi) of
0.5 mmol/L NaOH, 0.5 min (at 0.5 psi) of water, 0.5 min (at 0.5 psi)
of 0.1 mmol/L HCI and equilibrated with run buffer for 1 min.
All data are expressed as mean = SD.

3. Results and discussion

In order to optimize the electrophoretic separation of sero-
tonin in WB, preliminary experiments were carried out by using
a capillary with an effective length of 30cm. We started from
the electrophoretic conditions of our previous CE assay for the
measurement of small basic analytes in which good separa-
tions were reached by using the Tris phosphate as effective BGE
[17]. Background electrolyte at different concentrations (from
50 to 400mmol/L) and different pH values (from 2 to 4 pH
units) was employed. Moreover, we tested the effect of cartridge
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Fig. 1. Electropherograms of standard serotonin using (A) normal injection and (B)
reverse injection mode (serotonin concentration: 10 wmol/L). Electrophoretic con-
ditions: fused-silica capillary, 40 cm total length, 30 cm effective length for (A) and
10 cm for (B); background electrolyte, 400 mmol/L Tris phosphate, pH 3.25; applied
voltage, 14 kV, temperature, 20 °C; detection, 220 nm. Inset shows the serotonin UV
spectra between 190 and 400 nm.

temperatures by increments of 5°C from 20 to 45 °C. A good sepa-
ration between serotonin and contaminant peaks was obtained by
the use of 400 mmol/L Tris phosphate BGE, pH 3.25, 14 kV and 20°C.
As shown in Fig. 1A, under these conditions, with a normal injec-
tion configuration, the long distance to cross towards the cathodic
detection window caused extended analysis time, so that the sero-
tonin standard was detected in 7.5 min. To reduce the migration
distance as much as possible, we injected the serotonin at the end
of the capillary, near to the detection window, under the same elec-
trophoretic conditions (polarity of the electrodes was obviously
switched over). In this case, the migration distance for serotonin
was reduced to about 10 cm and migration occurred in less than
3 min (Fig. 1B). We compared the analysis time, the peak height,
the efficiency and the asymmetry of peaks obtained in reverse and
in normal injection mode (Table 1). A higher efficiency could be
observed by using the normal injection, but the migration time for
serotonin decreased from 7.5 to 2.6 min and peak heightrose, giving
an increase of 42% in sensitivity when the reverse injection mode
was employed. To evaluate the best wavelength for the detection
we performed an absorbance spectra between 190 and 400 nm in
the selected run buffer for all the analytes. As reported in the inset
of Fig. 1B, a maximum absorbance was observed at 198, 220 and
271 nm. 220 nm wavelength was set for the following experiments
since it allowed a good absorbance for serotonin peak and lower
signal intensity for contaminant peaks, if compared with traces at
198 nm. The signal of serotonin peak at 271 was too low to allow
its quantification in whole blood.

Since the sample analysis needed protein elimination we
evaluated the best condition for the sample processing. Direct
sample filtration with Microcon centrifugal filters was not rec-
ommended due to the elevated costs, while acidic precipitants
like trichloroacetic or metaphosphoric acid were avoided because
their presence in the sample matrix prevented the possibility to
inject large volumes onto the capillary since they might provoke
voltage leak during the CE run. Moreover, the decrease of peak
efficiency after acidic precipitation reduced the peak signal thus
further lowering the assay sensitivity. Hence, we decided to per-
form protein precipitation with acetonitrile. Starting from 200 L
of whole blood after precipitation and evaporation, we redissolved
the dried residue in 50 pL of water thus increasing sensitivity of
about 4 fold. Fig. 2 shows the electropherogram obtained from
a WB sample in the adopted electrophoretical conditions. For
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Fig. 2. Electropherogram of WB sample obtained by CE with reverse injection con-
figuration mode (serotonin concentration: 635 nmol/L).
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identity check, the UV/VIS spectrum of the analyte peak was com-
pared to the spectrum of reference standard.

To minimize the potential bias due to sample matrix effects, cali-
bration curves were prepared by spiking to 0.2 mL of WB increasing
amounts of standard serotonin (between 0.25 and 2 pmol/L).

The calibration curve Y=612X— 14 showed a linear response
over the concentration tested with a regression coefficient
R? =0.999. The injection reproducibility was calculated by injecting
ten times consecutively the same sample. The within-run preci-
sion (intra-assay) of the method was evaluated by measuring the
same biological sample 10 times in the same sample set, while the
between-run (inter-assay) precision was determined by measur-
ing the same biological sample on 5 consecutive days. The precision
testsindicate a good repeatability of our method, both for migration
times (CV=0.77%) and areas (CV =2.44%). Moreover, a good repro-
ducibility of intra- and inter-assay tests was obtained (CV=3.85%
and CV=7.31% respectively). For the assessment of the analytical
recovery, WB was spiked with standard solutions of serotonin at
three different concentrations (0.25, 0.5, 1 pmol/L), and the mean
of recovery, evaluated by five different experiments, was between
96.8% and 99.4%. The lowest limit of quantification (LOQ) for a S/N
of 10, determined on a real WB sample prepared as above described
(after four fold concentration), was 100 nmol/L while the LOQ for
the standard serotonin directly injected was 350 nmol/L.

The suitability of the method was tested by measuring 5-
HT levels in 20 healthy volunteers (12 females, 8 males; mean
age 57 + 18 years). The obtained values of 722 4312 nmol/L were
similar to those recently reported in literature by Hara et al.
(7134287 nmol/L) [18] and by Hirowatari et al. (774 & 249 nmol/L)
[19]. To evaluate the assay accuracy and selectivity we com-
pared WB serotonin levels obtained when analyzing samples using
reverse or normal injection. The data were then evaluated by spe-
cific statistical methods for the measurement comparison. The
Sotgia regression was performed in order to evaluate the agree-
ment between the two procedures [20]. The output of this test is
displayed in Fig. 3A, which reports graphically the difference in
magnitude between the two analytical methods and provides an
agreement degree expressed as determination coefficient (R2) of
0.99. Moreover the Bland-Altman test, obtained by plotting the dif-
ference between the analyte concentrations measured by the two
procedures, against the average of the two values, demonstrated
the absence of bias (3B). The Passing and Bablok regression analy-
sis showed a close agreement of both slope and intercept, with the
target values of 1 and 0 within the +95% confidence limits. More-
over, the Cusum test for linearity showed no significant deviation
from linearity (p > 0.10) for the analyte tested (data not shown). In
summary, the statistical comparison demonstrated that the data
obtained by the two methods were equivalent thus suggesting that
the reverse injection does not lead to co-migration of unwanted
endogenous compounds.

4. Conclusion

The present study shows the possibility to use capillary elec-
trophoresis UV detection with reverse injection configuration for
rapid analysis of serotonin in WB samples. We demonstrate the
advantages of the reverse injection mode that allows both an
improvement in the analyses times and sensitivity. The migration
time of serotonin is of about 2.6 min, and each sample analysis
needs about 5 min. Acetonitrile precipitation allows a quantitative
recovery of 5-HT and after evaporation the dried samples should be
concentrated thus improving the sensitivity of four times. There-
fore, the relative short time of both sample pre-treatment and
analysis time, the good sensitivity and the low analysis costs make
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Fig. 3. Sotgia plot (A), Bland-Altman test (B) and Passing-Bablock regression (C) of
data obtained by reverse injection and normal injection.

this novel assay suitable for routine analyses both in research and
in clinical applications.
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