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a b s t r a c t

Electromembrane extraction (EME) as a novel sample preparation technique was firstly applied for the
purification and enrichment of four polyamines mainly present in saliva samples. These four target analytes,
putrescine, cadaverine, spermidine, and spermine, were directly determined by CZE with capacitively
coupled contactless conductivity detection (CZE-C4D) after EME procedure. Several factors affecting
extraction efficiency, electrophoretic separation, and detection were investigated. Under the optimum
conditions, four polyamines were baseline separated within 22 min, exhibiting a linear calibration over three
orders of magnitude (r40.999); the highest enrichment factor could reach 106-fold (for spermidine), and
the LODs were in the range of 1.4–7.0 ng mL�1. The proposed EME/CZE-C4D method has been successfully
applied to analyze human saliva samples with recoveries in the range of 78–97%.

& 2014 Elsevier B.V. All rights reserved.

1. Introduction

Owing to the low levels of target analytes and the complexity of
sample matrix, sample preparation is considered as an important
procedure prior to their analyses [1,2]. Good sample preparation
should provide not only clean-up, but also enrichment of target
analytes prior to their instrumental analysis. In recent years, electro-
membrane extraction (EME) is proposed as a new concept for
analytical sample preparation, firstly introduced by Pedersen-
Bjergaard et al. [3]. In this approach, charged analytes are extracted
from an aqueous sample (donor phase), through an organic solvent
(as a supported liquid membrane, SLM) immobilized in the pores of a
thin polymeric membrane, and into a few microlitres of an aqueous
solution (acceptor phase). The driving force for the extraction is a dc
electrical potential sustained over the SLM. For cationic analytes, the
cathode is placed in the acceptor phase; whereas for anionic
compounds, the polarity of the electrical potential is reversed, with
an anode located in the acceptor phase [3]. Compared with other
extraction methods including liquid–liquid extraction, solid-phase

extraction and hollow-fiber liquid-phase microextraction, EME could
avoid several disadvantages to a certain extent, providing much
easier operation, shorter extraction time, or lower consumption of
organic solvents and analytical cost [1,4]. Several applications of EME
have been published in pharmaceutical, environmental and clinical
analyses [5–8].

Saliva is a readily accessible, informative and non-invasive
biofluid, making it ideal for the early detection of a wide range
of diseases such as cardiovascular, renal, and autoimmune dis-
eases, viral and bacterial infections, and particularly for cancers.
Several papers have demonstrated that the concentrations of some
species in saliva could be used as the indicators for the diagnoses
of physiological and biological conditions [9–11]. For example,
biogenic amines in oral cavity are mainly originated from the
breakdown of proteins and peptides, and the degradation of
precursor amino acids such as ornithine, lysine, and arginine by
bacterial decarboxilase enzymes [12–15]. And, the aliphatic poly-
amines, mainly including putrescine (Put), cadaverine (Cad),
spermidine (Spd), and spermine (Spm), are one of the primary
non-volatile species present in human oral cavity [16,17], which
are probably associated with oral malodour and even oral cancer
[9,14,15,18]. For instance, Cooke et al. [14] reported that the mean
concentrations of Put and Cad found in saliva of healthy human
volunteers, immediately upon waking, are obviously higher than
those of post-brushing. Furthermore, Perez [19] found that these
polyamine levels in buccodental fluids could increase as a result of
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some pathological proliferative processes. Therefore, the determi-
nation of salivary polyamines is particularly meaningful in both
biochemistry and clinical chemistry.

Because of their low volatility and lack of chromophores, deriva-
tization procedure (pre- or post-column) is a commonly used
solution for determining these polyamines. Some chromatographic
methods such as HPLC combined with UV [20,21], LIF [14,18], and CE
with LIF [22], MS [11] have been applied for this purpose, but then,
some problems caused by derivatization are also unavoidable such as
long reaction time, tedious processes, or side products. Due to its
high resolution power, low running cost and environment-friendly
factors, CE has gained prominence among the available separation
techniques. Now, a few direct analytical methods have been reported
for the determination of several biogenic amines in selected food
samples based on CE coupled with amperometric detection [23–25],
conductometric detection [26], capacitively coupled contactless con-
ductivity detection (C4D) [27,28] or electrochemiluminescence detec-
tion [29]. C4D introduced by da Silva and Zemann independently in
1998 [30,31] has been considered as an universal detection technique
for CE, because of its various advantages including elimination of
electrode surface fouling, effective isolation from high separation
voltages, simplified detector design and electrode alignment. In our
previous work, eight biogenic amines originated from foods have
been directly analyzed by CZE with C4D (CZE-C4D) method [27].

In this work, EME as a novel sample preparation technique was
firstly applied for the extraction of four main polyamines (Put, Cad,
Spd, and Spm) in saliva samples, and the extracted solution was
directly analyzed by a developed CZE-C4D method, avoiding
complex sample preparation and derivatization procedures. The
proposed EME/CZE-C4D method has been applied to analyze the
real human saliva samples from healthy people and patients
suffered from oral malodour, dental plaque, or tongue cancer.

2. Experimental

2.1. Materials and reagents

Put (Z98.0%), Cad (Z99.0%), Spm (Z98.0%), and Spd (99.0%)
were purchased from Sigma-Aldrich (St. Louis, MO, USA), and
they were all used as received. 1-octanol and 18-crown-6 were
purchased from J&K Chemical (Shanghai, China), chloride salts
(NaCl, KCl, CaCl2, MgCl2, and NH4Cl) and acetic acid (HAc) were
purchased from China National Pharmaceutical Group Corporation
(Shanghai, China), and 1-ethyl-2-nitrobenzene (ENB), 2-nitrophenyl
octylether (NPOE) and bis (2-ethylhexyl) phosphate (DEHP) were
purchased from Sigma-Aldrich (St. Louis, MO, USA). All chemicals
were of analytical grade, and deionized water with resistivity higher
than 18 MΩ cm was used in this work.

2.2. Standard solution and saliva sample preparation

The stock solution of each analyte (1.0 mgmL�1) was prepared
with deionized water. A fresh mixed standard solution was prepared
daily by diluting the stock solution with running buffer (0.18mol L�1

18-crown-6/0.50 mol L�1 HAc buffer) to the desired concentration.
Before use, all solutions were stored in a 4 1C refrigerator. Stock
solutions of inorganic cations (Naþ , 0.050 mol L�1; Kþ , 0.22 mol L�1;
Ca2þ , 0.020 mol L�1; Mg2þ , 0.020 mol L�1; and NH4

þ , 0.060 mol L�1)
were prepared from their corresponding chloride salts. Artificial saliva
sample used as donor solution for EME consisted of 0.33 mmol L�1

Naþ , 1.5 mmol L�1 Kþ , 0.13 mmol L�1 Ca2þ , 0.013 mmol L�1 Mg2þ ,
NH4

þ 0.40 mmol L�1 and 0.050 μgmL�1 of each polyamine. Saliva
samples of healthy people were collected from volunteers at our
laboratory, and those of patients suffered from oral malodour, dental
plaque, or tongue cancer were obtained from Shanghai Ninth People's

Hospital (Shanghai, China). All samples were stored at �20 1C. Before
use, each thawed saliva sample was diluted 15-fold with deionized
water for EME procedure.

2.3. Electrophoretic conditions

The laboratory-built CZE-C4D system was employed and
described previously [27]. C4D (ER125) instrument was purchased
from eDAQ Pty Ltd. (6 Doig Avenue, Denistone East, NSW 2112,
Australia). The excitation frequency was set to 550 kHz and the
amplitude to 60 Vpp (peak-to-peak voltage) for C4D. The effective
length of the capillary tube (23.5 μm id�360 μm od, Polymicro
Technologies, Phoenix, AZ, USA) was 88.0 cm to C4D. Before its first
use, the capillary was conditioned by washing with 0.1 mol L�1

NaOH for 15 min, deionized water for 15 min, and finally with the
running buffer for 15 min. The running buffer was 0.18 mol L�1 18-
crown-6/0.50 mol L�1 HAc buffer (pH 2.5). The separation voltage
was 12 kV and the injection time was 6 s (at 12 kV). All experi-
ments were performed at room temperature. (The typical electro-
pherogram of a standard mixture solution of four analytes was
shown in Fig. S1 of ‘Supplementary Material’.)

2.4. EME equipment

The equipment for EME mainly consisted of a 8 mL glass vial
(Ningbo Yinzhou Hamai Instrument Technology Co., Ltd., Zhejiang
province, China) with a screw-cap, two 0.2 mm platinum electro-
des (99.95%, Wuhan Gaoss Union Technology Co., Ltd., Hubei
Province, China), and a power supply (0–30 V variable voltage
and maximum current of 1 A, Shanghai Nuoyi Electronic Technol-
ogy Co., Shanghai, China). Two holes were drilled through the cap
in order to accommodate two 10 μL pipette tips acting as leading
channels for the platinum electrodes. The two pipette tips could
insulate the platinum electrodes very well and thereby avoid
possible short circuit of a power supply. Stirring of the solutions
was done by a H01-1B magnetic stirrer (0–1500 rpm, Shanghai
Meiyingpu Instrument Manufacturing Co., Ltd., Shanghai, China).
Q3/2 Accurel PP polypropylene microporous hollow-fiber mem-
brane (200 μm wall thickness, 600 μm inner diameter, 0.2 μm
pore size, 75% porosity; Membrana, Wuppertal, Germany) was cut
into 4.5 cm segments, cleaned in acetone and dried prior to use.
The one end of the hollow fiber was sealed, and its inner lumen
was filled with the acceptor solution using a micro-syringe (with a
needle of 0.3 mm outer diameter and 5.5 cm length, Shanghai
Guangzheng Medical Instruments Co., Ltd., Shanghai, China) with-
out penetration into the wall of the hollow fiber; otherwise, it
would be lost during the extraction. (The illustration of EME
device was shown in Fig. S2 of ‘Supplementary Material’.)

2.5. EME procedure

The optimization of EME procedure was conducted using a
unified standard mixed solution composed of four target poly-
amines (0.010 μg mL�1 each). A volume of 7 mL donor solution
was added into the glass vial, and a magnetic stir bar was placed
into the glass vial to ensure constant stirring of the donor solution.
A one-end-sealed hollow fiber extraction unit was firstly impreg-
nated in the organic solvent (vENB: vDEHP¼30:1) for 5 s to form the
SLM, and filled with the acceptor phase (�8 μL, 0.15 mol L�1 18-
crown-6/0.50 mol L�1 HAc solution). Then the platinum electrode
was carefully inserted into the hollow fiber, and the other open
end was firmly pulled on the pipette tip acting as a leading
channel for the cathode, which was carefully inserted into the
donor phase as well as the anode platinum electrode. The
magnetic stirrer was switched on to start the extraction at
400 rpm. The EME systemwas operated at 10 V by a power supply
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for 20 min. And then, the magnetic stirrer and power supply were
switched off, and the hollow fiber was removed from the sample
solution. The acceptor solution in the hollow fiber was withdrawn
into a syringe, and was ready for CZE-C4D analysis.

3. Results and discussion

3.1. Optimization of EME procedure

To investigate the enrichment factor (EF), various parameters,
including the type of SLM, the pH of donor and acceptor phases,
stirring rate, applied voltage, extraction time, and matrix effect were
optimized by a univariate approach. The EF was calculated according
to the following equation:EF ¼ ca;f inal=cd;initial, where ca;f inal was the
final concentration of the analyte in the acceptor phase, and cd;initial
was the initial analyte concentration within the donor solution.

3.1.1. Selection of organic solvent for EME
The SLM composition plays an important role in EME. Several

factors need to be considered in choosing the organic solvent. It is
critical that the organic solvents used for EME procedure should

have certain polarity, suitable chemical properties to facilitate
electrokinetic migration of the analytes and low vapor pressure
to prevent loss during the extraction process [32]. Considering all
these factors, toluene, 1-octanol, NPOE and ENB were investigated
as the suitable SLM. The experimental results showed that the
acceptor phase was easily lost when toluene was used as the SLM,
and a possible explanation was that the SLM of toluene was
unstable in EME process; 1-octanol and ENB could provide slightly
higher EFs than NPOE, but in general low EFs of all polyamines
could be obtained when only a single organic solvent was used as
the SLM, especially for Spm and Spd.

It has been found that addition of hydrophobic ion-pair
reagents to SLM would enable better phase transfer and electro-
kinetic migration of analytes [33]. This is because ion-pair reagents
enhance the solubility of the protonated analytes, which aids in
the permeation of the analytes at the interface between the
sample solution and the SLM. For this purpose, the effects of
different quantities of DEHP added to pure 1-octanol and ENB as
the SLM were investigated, respectively. In general, although the
EFs of all analytes were increased apparently for both ENB/DEHP
and 1-octanol/DEHP SLMs, ENB/DEHP could provide much higher
EFs than 1-octanol/DEHP. Moreover, ENB could provide more
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Fig. 1. Effects of (A) volume ratio of DEHP:ENB, (B) donor phase, (C) acceptor phase, and (D) extraction time on EFs of four polyamines. (A) (1) 0:100; (2) 1:80; (3) 1:50;
(4) 1:40; (5) 1:30; (6) 1:20; (7) 1:10. (B) (1) neutral deionized water; (2) 0.010 mol L�1 HAc solution (pH 3.4); (3) 0.050 mol L�1 HAc solution (pH 3.0); (4) 0.10 mol L�1 HAc
solution (pH 2.9); (5) 0.50 mol L�1 HAc solution (pH 2.5); (6) 1.0 mol L�1 HAc solution (pH 2.4). (C) (1) 0.25 mol L�1 HAc solution; (2) 0.50 mol L�1 HAc solution;
(3) 1.0 mol L�1 HAc solution; (4) 0.50 mol L�1 HAc/0.12 mol L�118-crown-6; (5) 0.50 mol L�1 HAc/0.15 mol L�1 18-crown-6; (6) 0.50 mol L�1 HAc/0.18 mol L�1 18-crown-6.
Optimum EME conditions: SLM: vENB: vDEHP¼30:1; donor phase: neutral solution; acceptor phase: 0.15 mol L�1 18-crown-6/0.50 mol L�1 HAc solution; extraction voltage:
10 V; stirring speed: 400 rpm; and extraction time: 20 min.
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efficient purification in preventing co-extracting cations across the
SLM. As seen in Fig. 1A, the EFs of the analytes were increased with
the increasing volume fraction of DEHP except for Put; as the
volume ratio of DEHP:ENB reached to 1:30, highest EFs of other
three polyamines could be obtained; when the volume ratio was
higher than 1:30, increasing the volume fraction of DEHP could
cause an obvious decrease in EFs. The strong interaction of the ion-
pair complex of target analytes with the organic phase might be
responsible for this behavior [33]. Therefore, 1:30 of the volume
ratio (vDEHP: vENB) was selected as the SLM for further studies.

3.1.2. Effect of pH in donor and acceptor phase
In this part, the effects of donor and acceptor phase on

enrichment efficiency were investigated. Acidic donor and accep-
tor solutions were investigated for EME in order to be compatible
with acidic background electrolyte solution used for CZE-C4D
determination of polyamines. The pKa values of four polyamines
are approximately 7.9, 8.4, 10.1, 10.9 (Spm), 8.4, 9.9, 10.9 (Spd), 9.7,
11.2 (Put), and 9.1, 10.3 (Cad), respectively. Since the driving force
in EME is an applied electrical potential across the SLM, charged
analytes in the donor phase can migrate across the SLM toward the
electrode of opposite charge in the acceptor solution. This means that
these basic polyamines should have cationic forms in donor solution
and could migrate toward the cathode driven by the electrical field.
So, the ionization degree of the analytes influenced their transfer
from the SLM to the acceptor phase, and the completely ionized
forms of analytes could be achieved when the pH value was lower
than their pKa values. As shown in Fig. 1B, the effects of various
concentrations of HAc solutions (0.010, 0.050, 0.10, 0.50, and
1.0 mol L�1) as well as neutral deionized water on EFs of the target
analytes were examined, and neutral water could provide highest EFs
for all analytes, thus neutral water was selected as diluent for
standard solutions for further investigations.

Besides, the effects of acceptor solution composition on enrich-
ment efficiency were also investigated as shown in Fig. 1C. In
considering enrichment efficiency and compatibility with back-
ground electrolyte solution used for CZE-C4D, 0.50 mol L�1 HAc
solution was selected as basal acceptor solution. Meanwhile, the
effects of concentrations of buffer additive 18-crown-6 on EFs of
the analytes were also tested. The results showed that the
maximum EFs for all polyamines were achieved when the acceptor
solution consisted of 0.15 mol L�1 18-crown-6 in 0.50 mol L�1 HAc
solution. So, 0.15 mol L�1 18-crown-6/0.50 mol L�1 HAc buffer
was selected as the optimum acceptor phase.

3.1.3. Effect of the applied voltage
In EME, the electrokinetic migration of the analytes across the

SLM into the acceptor phase is largely dependent on the applied
voltage. So, a series of experiments with extraction voltage ranging
from 3 to 30 V was conducted. As expected, the EFs of four analytes
were increased with increasing the applied voltage in the range of
3–10 V; when the applied voltage was higher than 10 V, the EFs of
the analytes leveled off, and some of them even began to decrease.

Therefore, 10 V of extraction voltage was selected for subsequent
experiments, which presents a possibility to utilize a common dry
cell battery for the EME of these polyamines. (The effects of
extraction voltage on EFs of the analytes were shown in Fig. S3A of
‘Supplementary Material’.)

3.1.4. Effect of stir rate
Stirring is essential in most diffusion-based microextraction

techniques to ensure properly mixing of the sample in order to
reduce the thickness of the boundary layer at the interface
between sample solution and SLM [3]. So, the effect of stir rate
on the extraction efficiency was also investigated in the range of
0–600 rpm. It was found that when the stir rate was lower than
400 rpm, the EFs of the analytes increased with increasing the stir
rate because of the convection effect; while EFs decreased at
higher rates. A possible reason was that excessive agitation could
disturb the directional migration of the analytes toward the
cathode. So, stirring at 400 rpm was used for the rest of the
experiments. (The effect of stir rate on EFs of the analytes was
shown in Fig. S3B of ‘Supplementary Material’.)

3.1.5. Effect of extraction time
Extraction time is a key parameter determining the total

amount of ions transferred from donor to acceptor phase, provided
the extraction voltage is constant during the whole extraction
process. To investigate the electrokinetic migration over time, the
EFs of the analytes were examined as the extraction time was
varied from 5 to 25 min. As shown in Fig. 1D, the EFs of four
polyamines were almost linearly increased from 5 to 20 min; as
the extraction time was longer than 20 min, the EFs of all analytes
leveled off, or even slightly decrease. Considering the enrichment
efficiency and analysis time, the EME was performed in 20 min for
the subsequent experiments.

Based on above described experiments, following optimum
experimental conditions were obtained for EME of polyamines:
SLM: vENB: vDEHP¼30:1, donor phase: neutral solution, acceptor
phase: 0.15 mol L�1 18-crown-6/0.50 mol L�1 HAc solution,
applied voltage: 10 V, stirring speed: 400 rpm, and extraction
time: 20 min. Under the above optimum EME conditions, the EFs
of four polyamines could achieve 264-fold (Spm), 490-fold (Spd),
198-fold (Put), and 482-fold (Cad), respectively.

3.1.6. Effect of sample matrix
As we all know, human saliva contained various inorganic

cations, mainly including Naþ , Kþ , Ca2þ , Mg2þ and NH4
þ[34],

and their average concentrations in whole unstimulated saliva are
5, 22, 2, 0.2, and 6 mmol L�1, respectively. In the EME process,
these inorganic cations to a certain extent could hinder the target
analytes transport across the SLM, as these above ions also
partially migrated into the lumen. Therefore, under the above
optimum EME conditions, the effects of sample matrix on the
extraction efficiency were also conducted, and the concentrations
of inorganic cations in artificial saliva samples (used as donor

Table 1
The regression equations, linearity and LODs of four polyamines.a

Analyte Regression equationb Correlation coefficient Linear range (μg mL�1) EFc LOD (ng mL�1) LOQ (ng mL�1) Repeatabilitya (n¼5, %)

Spm y¼4.1x�1.4 0.9999 0.5–100 80 1.7 5.7 6.3
Spd y¼4.8xþ0.3 0.9993 0.5–100 106 1.4 4.7 4.1
Put y¼5.4x þ1.4 0.9998 0.5–100 17 7.0 23.3 9.6
Cad y¼6.0x�4.6 0.9991 0.5–100 72 1.6 5.3 4.8

a EME/CZE-C4D conditions were the same as those in Figs. 1 and 2.
b In the regression equation, the x value was the concentration of analytes (μg mL�1), the y value was the peak area (mV.s).
c The concentrations of inorganic cations in the donor phase were 0.33 mmol L�1 Naþ , 1.5 mmol L�1 Kþ , 0.13 mmol L�1 Ca2þ , 0.013 mmol L�1 Mg2þ , and

0.40 mmol L�1 NH4
þ , respectively.
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solutions) correspond to 15-fold diluted human saliva samples. As
expected, there was a clear decrease in the EFs of polyamines as
shown in Table 1, however, this method still provide enough
sensitivity for the simultaneous determination of the target
analytes. Furthermore, as seen from Fig. 2A and 2B, the SLM used
in this EME procedure could effectively reduce the migration of
most inorganic cations except for Kþ , and that four polyamines
could be well separated from the co-extraction ions under the
optimized CZE-C4D conditions. Besides, under this EME conditions,
other interferences such as anions and neutral molecules present
in saliva could have no or ignorable effect on the extraction and
electrophoretic separation of the target analytes.

3.2. Method validation

3.2.1. Linearity and LODs of four polyamines
To determine the linearity of four polyamines, a series of the mixed

standard solutions containing 0.20 μgmL�1 to 0.10 mgmL�1 of each
analyte was tested. The correlation between peak area and concentra-
tion of each analyte was subjected to regression analysis to obtain the
calibration equations and correlation coefficients, as listed in Table 1.
The results showed an excellent linearity (r 40.999) between peak
area and analyte concentration at three orders of magnitude. The LODs
and LOQs of four analytes were in the range of 1.4�7.0 ngmL�1 (S/
N¼3) and 4.7–23.3 ngmL�1 (S/N¼10), respectively, based on EME
procedure. The four polyamines could be pre-concentrated up to 106-
fold taking the matrix effects of co-extraction inorganic cations into
consideration. Compared with reported methods including HPLC-FD
[18], HPLC-UV [20], CE-AD [24], CE-CD [26] and CZE-C4D [27], the
proposed EME/CZE-C4D method could obtain either equivalent or

superior LODs for the target polyamines (Spd: 1.4 ng mL�1 vs
7.3–44.3 ng mL�1; Spm: 1.7 ng mL�1 vs 8.1–80.9 ng mL�1; Put:
7.0 ng mL�1 vs 5.3–176.3 ng mL�1; Cad: 1.6 ng mL�1 vs 20.4–
204.4 ng mL�1).

3.2.2. Precision
The reproducibility of the CZE-C4D method was evaluated by

intraday precision and interday precision at three different con-
centrations (10, 2.0, and 0.5 μg mL�1), respectively. The RSD was
used as a measure of precision (as shown in Table S1 of ‘Supple-
mentary Material’). The intraday precision was assessed by making
seven repetitive injections of the mixed standard solution under
the selected optimum conditions. The assay results showed that
the RSDs of peak area and migration time were within 1.1%, 1.1%
for Spm, 0.8%, 1.2% for Spd, 1.4%, 1.3% for Put and 1.2%, 1.4% for Cad,
respectively. Besides, the interday precision was also estimated by
making repetitive injections of a mixed standard solution for five
consecutive days with three replicates, and the RSDs of peak area
and migration time were within 3.4% and 3.2%, respectively. The
results indicated that it was feasible to simultaneously determine
the polyamines based on the proposed CZE-C4D method.

Besides, the reproducibility of the EME procedure was also
evaluated by making five repetitive extractions of the standard
analytes (0.050 μg mL�1 each) in the artificial saliva samples
under the selected optimum conditions. As shown in Table 1, the
RSDs of four polyamines were in the range of 4.1–9.6%, which

Fig. 2. Electropherograms of acceptor phases of standard mixture solution of four
polyamines (A) in deionized water and (B) in sample. Experimental conditions:
effective length of the capillary tube, 88.0 cm (23.5 μm id�360 μm od) for C4D;
excitation frequency for C4D, 550 kHz; peak-to-peak voltage for C4D, 60 Vpp;
running buffer, 0.18 mol L�1 18-crown-6/0.50 mol L�1 HAc buffer (pH 2.5); separa-
tion voltage, 12 kV; injection time, 6 s (at 12 kV); peak identification: (1) Spm,
(2) Spd, (3) Put, and (4) Cad; concentrations of four polyamines: (A) 0.010 μg mL�1,
each; (B) 0.050 μg mL�1, each.

Fig. 3. Electropherograms of (A) healthy volunteer’s saliva sample (a. blank saliva
sample, b. saliva sample spiked with 0.020 μg mL�1 of each polyamine, and c. saliva
sample spiked with 0.10 μg mL�1 each polyamine) and (B) patients’ saliva samples
with different oral diseases (a. tongue cancer, b. dental plaque, and c. oral
malodour). The EME/CZE-C4D conditions were the same as in Figs. 1 and 2.
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indicated that the EME method could provide relative good
repeatability.

3.2.3. Accuracy
To further evaluate the reliability of the proposed method,

recovery experiments were also conducted by a standard addition
method. Under the optimum conditions, recovery data were
determined with the saliva samples of No. 1 healthy volunteer
(before brushing) and patient with dental plaque (as shown in
Table S2 of ‘Supplementary Material’). The average recovery data
at the levels of 0.10 μg mL�1 and 0.020 μg mL�1 were in the range
of 78–97% with corresponding RSDs of 2.9–4.2%, which indicated
that the EME/CZE-C4D method was sufficiently accurate for the
simultaneous determination of the four polyamines.

3.3. Applications to real samples

Under the optimum conditions, the proposed EME/CZE-C4D
method was applied for determining four polyamines in human
saliva samples collected from different volunteers including
healthy human and patients who suffered from oral malodour,
dental plaque, and tongue cancer. The typical sample electropher-
ograms of healthy volunteers and patients were shown in Fig. 3A
and 3B, respectively; and three electropherograms (as shown in a–
c) in Fig. 3A represented blank saliva sample, spiked saliva sample
at 0.020 μg mL�1 level, and spiked saliva sample at 0.10 μg mL�1

level, respectively. By a standard addition method and comparing
the migration time of target analytes with those of the mixed
standard solution electropherogram (Fig. 2B), four polyamines
were determined in different saliva samples. From the sample
electropherograms, we can see that the target polyamines could
be well separated from the main co-extraction substances in the
saliva samples under the optimum experimental conditions.

The detailed data for the tested saliva samples were summar-
ized in Table 2. The assay results showed that the contents of three
main polyamines, Put, Cad and Spd, in the saliva samples of
patients with oral diseases were significantly higher than those
of healthy volunteers. Besides, in terms of healthy volunteers, the
contents of four polyamines in saliva samples collected before
brushing were 3–4 times higher than those sampled after brush-
ing, which was similar to the assay results found by Cooke et al.
[14]. So, the assay results indicated that the polyamines could be
recommended as the biomarkers of oral diseases in early non-
invasive diagnosis. Besides, the concentrations of Put and Cad
obtained in our work were lower than those reported by Cooke
[14] and Goldberg et al. [15], and a possible reason was that in
their studies, the saliva samples were firstly extracted and then
centrifugated, so the assay results were the total contents of both
the free amines and the amines bound with proteins and the
cellular elements; whereas in our work biological macromolecules
could not transfer into SLM of EME, and only the free amines in
saliva samples were determined by the proposed EME/CZE-C4D
method.

4. Conclusions

This work demonstrated the capability of EME/CZE-C4D
method for sensitive determination of four main polyamines in
human saliva samples. The LODs of four polyamines obtained by
the proposed method were either equivalent or superior to those
of most of reported methods; and relatively good recoveries (78–
97%) were obtained for the saliva samples. Furthermore, the EME
procedure could provide good purification and relatively high
extraction efficiency in the analysis of complex biological samples.
The proposed method may provide an alternative for early non-
invasive diagnosis of several oral diseases. In order to collect
statistically significant biological data, further investigations were
suggested to discriminate between the pathological state of oral
disease patients and physiological conditions of healthy subjects,
using the simple, rapid and economic method here reported for
the quantification of salivary polyamines.
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