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ABSTRACT: A quantitative analysis of polyamines in urine and serum by liquid chromatography–tandem mass spectrometry
(LC-MS/MS) is described. The polyamines were carbamylated with isobutyl chloroformate, extracted with diethyl ether under pH
9.0, and analyzed by LC-MS/MS with single reaction monitoring mode. The limit of quantification was 1 ng/mL based on a signal-
to-noise ratio >3, and the correlation coefficient (r2) for the calibration curves was >0.99 for both urine and serum samples.
The present method was applied to urine and serum samples from 30 breast cancer patients and 30 normal female controls. There
was no significant difference in the urinary polyamine levels between breast cancer patients and controls. However, 1,3-
diaminopropane, putrescine, spermine and N-acetylspermidine levels in serum increased in breast cancer patients. These four
serum polyamines may be a good index to study both production and metabolism of polyamines, and a useful tool in assessment
of the polyamine status of breast cancer patients. Copyright © 2007 John Wiley & Sons, Ltd.
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INTRODUCTION

Polyamines are active biogenic amines which play an
important role in cell growth and proliferation and
the synthesis of proteins and nucleosides (Pegg, 1988).
They are also scavengers of reactive-oxygen species,
thereby protecting DNA, protein and lipids from
oxidative damage (Chattopadhyay et al., 2003), so they
have been investigated as anti-cancer agents or tumor
markers (Lee et al., 1998; Parham and Robertson, 1989;
Seiler et al., 1981; Manni et al., 1995; Suh et al., 1997).
High polyamine levels are also associated with neuro-
degenerateive disease including Alzheimer’s (Morrison
and Kish, 1995; Choi et al., 2001). Polyamine biosyn-
thesis in mammalian cells begins with putrescine derived
from ornithine catalyzed by ornithine decarboxylase
(ODC). The subsequent addition of an aminopropyl
group to putrescine leads to the synthesis of spermi-
dine, and the further addition of another aminopropyl

group synthesizes spermine (Thomas and Thomas,
2001; Casero and Pegg, 1993).

Analysis of major polyamines (putrescine, spermi-
dine, spermine) and their acetyl forms in various bio-
logical specimens obtained from cancer patients has
shown altered polyamine biosynthesis and accumula-
tion (Suh et al., 1997; Kingsnorth and Wallace, 1985;
Seiler et al., 1987; Abdel-Monem and Ohno, 1978;
Della et al., 1983; Russell, 1977; Loser et al., 1990a and
b). In previous studies, increased polyamine levels have
provided a diagnostic tool to evaluate malignant tumor
activity. The accurate detection and identification of all
the polyamines simultaneously in a single analysis is
therefore becoming more important for the study of
their biochemical roles.

Many analytical methods have been developed based
on gas chromatography (GC) and liquid chromato-
graphy (LC) combined with selective detectors or mass
spectrometry (MS) for polyamine analysis (Hiramatsu
et al., 1995; Loser et al., 1988; Leveque et al., 2000; Fu
et al., 1998; Rattenbury et al., 1979; van den Berg et al.,
1986). In GC analysis, it is a prerequisite to block active
hydrogen atoms in amino groups (Suh et al., 1997; Lee
et al., 1998; Smith and Daves, 1977). However, these
procedures are less suitable for polyamines than for the
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other amines. In previous polyamine analysis, extractive
carbamoylation with isobutyl chloroformate was found
to be efficient in the recovery of polyamines (Choi et al.,
2000). The present study was undertaken to perform
extractive carbamoylation of polyamines for the investi-
gation of their biological roles in both urine and serum
samples obtained from breast cancer patients. This was
done by LC-MS analysis and fully validated as an alter-
native analytical technique in clinical applications.

EXPERIMENTAL

Chemicals. 1,3-Diaminopropane [1,3-Dap], putrescine [Put],
cadaverine [Cad], N-acetylputrescine [N-actPut], N-
acetylcadaverine [N-actCad], spermidine [Spd], N-
acetylspermidine [N-actSpd], spermine [Sp], N1-acetylspermine
[N1-actSp] and 1,6-diaminohexane as an internal standard (IS)
were purchased from Sigma-Aldrich (St Louis, MO, USA).
The HPLC-grade diethyl ether, n-pentane and methanol were
obtained from J.T. Backer (Phillipsburg, NJ, USA). Isobutyl
chloroformate was also purchased from Sigma-Aldrich. Each
stock solution of polyamines was prepared at a 1000 μg/mL
concentration in methanol and stored at −20°C until used.
These stocks were used to prepare working solutions of vari-
ous concentrations from 0.01 to 10 μg/mL, with methanol.

Sample collection. Urine and serum samples were collected
from the Samsung Hospital (Seoul, Korea) and College of
Medicine at Hanyang University (Seoul, Korea). Urine samples
including breast cancer patients (ages 50.1 ± 8.0, n = 30) and
normal subjects (ages 50.1 ± 7.9, n = 30) and serum samples
including breast cancer patients (ages 47.1 ± 5.8, n = 30) and
normal female subjects (ages 48.9 ± 8.3, n = 30) were tested.
The Ethics Committee of the Samsung Hospital (Seoul, Korea)
and College of Medicine at Hanyang University (Seoul,
Korea) approved the study. All patients provided written
informed consent before entry into the study. All urine and
serum samples were stored at −20°C until analysis. Urinary
creatinine values were determined using the Jaffé method.

Preparation of urine sample. A 200 μL urine sample was
extracted for 10 min with 1 mL of pentane, and the organic
phase was discarded by centrifugation (2500 rpm, for 5 min).
After 20 μL 1,6-diaminohexane (1 μg/mL) was added, the
sample was adjusted to a pH 9.0 by adding 70 μL sodium-
carbonate buffer (0.1 M, pH 9.0). Amine carbamoylation was
performed by adding 20 μL isobutyl chloroformate followed
by standing for 15 min at 35°C. After cooling, the solution
was extracted with 2 mL of diethyl ether twice, and the
organic solvent combined was evaporated under a gentle
nitrogen steam at room temperature. The residue was recon-
stituted with 100 μL of the mixture of 0.2% acetic acid and
0.2% acetic acid–acetonitrile (50:50, v/v), and a 30 μL aliquot
was injected into the LC–MS system.

Preparation of serum sample. A 200 μL serum sample was
diluted with 1 mL of deionized water and mixed for 1 min.
After heating at 60°C for 20 min to precipitate the protein,
50 μL IS (0.1 μg/mL) was added and the sample was adjusted

to a pH 9.0 by adding 25 μL sodium-carbonate buffer (1.0 M,
pH 9.0). The aqueous sample was extracted and derivatized
in the same manner as described for urine sample.

Liquid chromatography–mass spectrometry. Chromato-
graphy was performed with a Shiseido nanospace SI-2 HPLC
system (Shiseido Co., Tokyo, Japan) coupled to a Shiseido
MG C18 column (5 μm, 150 × 1.5 mm i.d.). A gradient eluent
(A, 0.2% acetic acid; B, 0.2% acetic acid in acetonitrile) at
100 μL/min was used.

All data were recorded on a Thermo LCQ advantage ion-
trap MS equipped with electrospray ionization (ESI; Thermo,
San Jose, CA, USA) operated in the positive ionization
mode. The operating conditions were set as follows: spray
voltage, 6 kV; capillary voltage, 4 V; tube lens offset voltage,
40 V; sheath gas flow rate, 30 units; and capillary tempera-
ture, 250°C. In tandem MS analysis, the protonated molecular
ions were fragmented by helium gas collisions.

Method validation. The urinary concentration ranges for the
calibration curve were 1 to 5000 ng/mL for N-actPut and N-
actSpd, 1–2500 ng/mL for N-actCad and 1–250 ng/mL for the
other six polyamines studied. In serum analysis the range was
set at 1–250 ng/mL for all polyamines. The calibration curves
were calculated by the peak area ratio (compound area/IS
area) and the limit of detection (LOD) was determined at a
signal-to-noise ratio of 3. The low, medium and high concen-
trations were assessed to validate the method in both urine
and serum, and repeated on five different days with three
batches.

Evaluation of matrix effects. The matrix effect using the
standard addition method was investigated based on a previ-
ous report (Cho et al., 2006). Blank and spiked sample with
(blank + X) along with calibration standards were analyzed.
Using the calibration standards, one can obtain the observed
concentration of blank and blank + X. The expected blank +
X can be obtained by adding the observed blank and amount
of X added. The matrix effects can be evaluated by compar-
ing the observed blank + X with the expected blank + X.
Urine and serum samples obtained from normal subjects
were used as blanks. In urine, the matrix effect was per-
formed at 10 and 100 ng/mL for 1,3-Dap, Put, Cad, N1-actSp,
Spd and Sp, and at 100 and 1000 ng/mL for N-actPut, N-
actSpd and N-actCad. In the serum, it was also tested at 10
and 50 ng/mL for all compounds.

RESULTS AND DISCUSSION

Derivatization of polyamines

Carbamoylation with isobutyl chloroformate was intro-
duced to analyze polyamines in both urine and serum
samples. When sample preparation is employed for the
polyamine analysis in urine and serum samples, com-
plex purification steps are required to reduce inter-
ference coming from the sample matrices (Suh et al.,
1997; Lee et al., 1998; Smith and Daves, 1977). In our
recent experiment (Choi et al., 2000), carbamoylation
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was effective for polyamine analysis, but it required
additional derivatization in GC-MS analysis. Accord-
ingly, it was desirable to improve the detectability
without complex sample preparation steps and the
carbamoylation was accomplished with LC-MS analysis
in this study (Fig. 1). Under the present extraction
using diethyl ether, all polyamines were derivatized and
analyzed without significant interference from both
urine and serum samples (Fig. 2).

LC-ESI-MS/MS analysis

All polyamines were protonated in the mass spectra as
their carbamoyl derivatives. The [M + H]+ ions were
used as precursor ions in the MS/MS analysis (Table 1).
For the generation of MS/MS spectra, [M + H]+ precur-
sor ions were fragmented at an optimal collision energy
of 25% (Fig. 3).

Method validation

In urine, the calibration curves showed correlation
coefficients (r2) > 0.995 in the range 1–250 ng/mL for
1,3-Dap, Put, Cad, Spd, Sp and N1-actSp, 1–2500 ng/mL
for N-actCad and 1–5000 ng/mL for N-actPut, N-actSpd
(Table 2). The coefficient of variation (CV, %) for
intra-day and inter-day variations ranged from 1.0 to

Figure 1. The carbamoylation with isobutyl chloroformate of
N1-acetylspermidine.

Figure 2. The LC-MS/MS chromatograms for 9 polyamines
and 1,6-diaminohexane as an internal standard in the positive
ionization mode. This figure is available in colour online at
www.interscience.wiley.com/journal/bmc

Table 1. Collision-induced dissociation of the protonated
polyamine derivatives in the positive ionization mode

Precursor ion MS/MS product
Polyamines (m/z) ion (m/z)

N-actPut 231.0 157.0
N-actCad 245.0 171.1
N-actSpd 388.0 314.1
1,3-Dap 275.0 201.0
Put 289.0 215.0
Cad 303.0 229.0
N1-actSp 545.3 471.3
Spd 446.1 372.1
Sp 603.0 529.2
IS 317.0 243.0

Table 2. Calibration curves for urinary polyamines analysis

Calibration curve
Y = aX + b

Polyamines a b Linearity (r2)

N-actPut 0.0007 0.0082 0.9949
N-actCad 0.0009 0.0135 0.9994
N-actSpd 0.0094 0.0189 0.9997
1,3-Dap 0.0058 0.0271 0.9952
Put 0.0034 0.0059 0.9994
Cad 0.0053 −0.0134 0.9959
N1-actSp 0.0044 −0.0034 0.9958
Spd 0.0152 −0.0163 0.9991
Sp 0.006 0.0045 0.9996

www.interscience.wiley.com/journal/bmc
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Figure 3. The MS/MS spectra of (A) N-acetylputrescine, (B) N-acetylcadaverine, (C) N-
acetylspermidine, (D) 1,3-diaminopropane, (E) putrescine, (F) cadaverine, (G) N1-
acetylspermine, (H) spermidine, (I) spermine and (J) 1,6-diaminohexane as an internal
standard.
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14.9%, and from 1.2 to 15.0%, respectively (Table 3).
In the serum, the calibration curves showed correlation
coefficients (r2) > 0.994 in the range 1–250 ng/mL for
all polyamines (Table 4). The coefficient of variation
(CV, %) for intra-day and inter-day variations ranged
from 3.1 to 13.7%, and from 3.1 to 15.0%, respectively
(Table 5). The limit-of-quantification (LOQ) was 1 ng/
mL based on a signal-to-noise ratio of >3 in both urine
and serum analysis.

Matrix effects

The matrix effect ranged from 0.04 to 13.8% in urine
and from 2.4 to 14.7% in serum. The matrix effect was
less than 15% in both urine and serum samples, and
the present method was therefore conducted for quan-
titative analysis of polyamines.

Quantification of polyamines in clinical
applications

The polyamine concentrations in urine and serum
obtained from 30 patients with breast cancer were

Table 3. Intra- and inter-day assays of urinary polyamine analysis

Intra-day (n = 3) Inter-day (n = 5)

Concentration Amount found Amount found
Polyamines added (ng/mL) (mean ± SDa) CVb (%) (mean ± SDa) CVb (%)

1,3-Dap 5.0 5.5 ± 0.7 13.1 5.9 ± 0.9 14.6
50.0 46.9 ± 2.8 6.0 48.5 ± 3.6 7.3

100.0 99.7 ± 3.4 3.4 100.1 ± 1.8 1.8
Put 5.0 7.0 ± 0.7 10.3 6.7 ± 0.5 7.2

50.0 44.7 ± 4.5 3.7 46.0 ± 4.0 8.6
100.0 97.3 ± 6.0 6.2 98.2 ± 6.1 6.2

Cad 5.0 4.3 ± 1.8 14.8 4.3 ± 0.6 14.5
50.0 45.5 ± 1.5 3.2 47.1 ± 3.6 7.7

100.0 101.8 ± 13.8 13.6 100.9 ± 10.1 10.0
N1-actSp 5.0 5.0 ± 1.3 10.0 5.0 ± 0.5 9.9

50.0 51.5 ± 3.8 7.4 49.0 ± 2.1 4.4
100.0 101.3 ± 1.0 1.0 101.0 ± 1.4 1.4

Spd 5.0 4.8 ± 0.6 12.2 3.3 ± 0.5 15.0
50.0 50.5 ± 4.8 9.5 46.2 ± 6.2 13.4

100.0 92.9 ± 8.5 8.6 95.4 ± 8.4 8.8
Sp 5.0 5.7 ± 0.8 14.9 5.6 ± 0.8 13.4

50.0 45.9 ± 4.7 10.3 47.7 ± 4.2 8.9
100.0 102.1 ± 2.4 2.3 101.9 ± 1.7 1.7

N-actPut 50.0 44.9 ± 1.9 4.1 48.8 ± 7.0 14.3
250.0 230.6 ± 17.2 7.5 246.4 ± 27.7 11.2

1000.0 1015.9 ± 97.4 9.6 1096.6 ± 42.4 3.9
2500.0 2470.4 ± 80.7 3.3 2469.9 ± 79.9 3.2

N-actCad 50.0 43.6 ± 3.3 7.7 45.8 ± 5.1 11.1
250.0 214.0 ± 25.8 12.1 231.5 ± 30.0 13.0

1000.0 1026.2 ± 87.0 8.5 1037.2 ± 74.2 7.2
2500.0 2603.8 ± 179.2 6.9 2504.6 ± 29.0 1.2

N-actSpd 50.0 53.0 ± 0.8 1.5 51.9 ± 7.4 14.3
250.0 240.0 ± 25.4 10.6 247.2 ± 29.0 11.7

1000.0 1061.2 ± 112.8 10.6 1091.7 ± 60.7 5.6
2500.0 2557.3 ± 131.9 5.2 2527.4 ± 153.6 6.1

a SD = standard deviation. b CV = coefficient of variation.

Table 4. Calibration curves for polyamines in serum

Calibration curve
Y = aX + b

Polyamines a b Linearity (r2)

N-actPut 0.0021 −0.0340 0.9968
N-actCad 0.0034 −0.0059 0.9983
N-actSpd 0.0409 −0.0197 0.9981
1,3-Dap 0.0245 −0.034 0.9963
Put 0.0518 0.1184 0.9978
Cad 0.0238 −0.0365 0.9966
N1-actSp 0.0181 0.0289 0.9939
Spd 0.0650 −0.1586 0.9960
Sp 0.0210 0.0058 0.9972

measured, and compared with 30 normal controls. In
previous results, the polyamine levels in tissue, urine
and serum of patients were significantly higher than
in normal tissue, urine and serum. In contrast, the
polyamine levels of breast cancer patients were higher
only in tissue, and there was no significant difference
in the urine between breast cancer patients and the
controls in other reports (Leveque et al., 2000; Romano
et al., 1981). In this study, the results from urinary
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Table 5. Intra- and inter-day assays of polyamine analysis in serum

Intra-day (n = 3) Inter-day (n = 5)

Concentration Amount found Amount found
Polyamines added (ng/mL) (mean ± SDa) CVb (%) (mean ± SDa) CVb (%)

1,3-Dap 5.0 5.3 ± 0.7 13.4 4.9 ± 0.7 15.0
50.0 53.3 ± 4.8 9.0 56.1 ± 4.7 8.4

100.0 103.7 ± 9.5 9.1 106.0 ± 7.3 6.8
Put 5.0 6.3 ± 0.9 14.2 5.2 ± 0.7 13.8

50.0 48.7 ± 5.0 10.3 51.3 ± 2.7 5.2
100.0 101.3 ± 8.4 8.2 104.6 ± 10.0 9.6

Cad 5.0 4.6 ± 0.6 13.5 5.2 ± 0.7 13.2
50.0 51.9 ± 4.9 9.5 53.3 ± 6.8 12.7

100.0 99.3 ± 12.2 12.2 97.4 ± 10.5 8.6
N1-actSp 5.0 5.0 ± 0.6 12.7 5.6 ± 0.7 13.1

50.0 48.3 ± 5.5 11.4 48.3 ± 4.2 8.7
100.0 94.6 ± 12.9 13.6 93.6 ± 4.0 4.2

Spd 5.0 5.6 ± 0.6 10.4 4.7 ± 0.2 3.4
50.0 48.6 ± 5.1 10.5 47.6 ± 3.6 7.5

100.0 91.4 ± 6.7 7.3 99.1 ± 8.8 12.0
Sp 5.0 5.0 ± 0.7 13.3 5.0 ± 0.6 12.6

50.0 47.0 ± 3.8 7.8 47.1 ± 5.2 11.0
100.0 109.2 ± 3.3 3.1 105.6 ± 6.5 6.2

N-actPut 5.0 4.9 ± 0.7 13.7 4.9 ± 0.2 3.1
50.0 52.8 ± 5.0 9.4 53.6 ± 7.5 13.9

100.0 98.9 ± 9.3 9.4 99.0 ± 8.5 8.6
N-actCad 5.0 5.3 ± 0.7 12.7 4.4 ± 0.3 7.5

50.0 50.5 ± 3.1 6.2 54.5 ± 4.7 8.7
100.0 95.1 ± 7.0 7.4 101.8 ± 8.8 8.6

N-actSpd 5.0 6.1 ± 0.6 9.3 6.0 ± 0.8 12.7
50.0 51.0 ± 7.0 13.7 51.5 ± 5.8 11.3

100.0 100.1 ± 8.3 8.3 99.5 ± 9.5 9.5

a SD = standard deviation. b CV = coefficient of variation.

actSpd levels significantly increased in breast cancer
patients (Table 7). These results are well matched with
previous reports that the serum concentrations of Put
and Sp in breast cancer patients are higher than in
controls (Nishioka and Romsdahl, 1974; Inamdar et al.,
1988). In our study, the serum level of N-actSpd was
also higher in breast cancer patients. From these
results, 1,3-Dap, Put, Sp, and N-actSpd in serum could
be potent diagnostic biomarkers of breast cancer.

polyamine analysis were in accordance with previous
reports (Leveque et al., 2000; Romano et al., 1981).
Breast cancer is a local disease and exhibits low
polyamine concentrations in comparison with prostatic
(Cipolla et al., 1990) and colonic tissues (Loser et al.,
1990a,b). Therefore, in the case of breast cancer, the
urinary polyamine level would not be a good tumor
marker in diagnosis or prognosis, unlike in other
cancers (Table 6). In serum, 1,3-Dap, Put, Sp, and N-

Table 6. Concentrations of urinary polyamines measured (n = 30)

Concentration (mean ± SDa)
(μmol/g of creatinine)

Polyamines Normal (n = 30) Patients (n = 30) p-Value

N-actPut 16.9 ± 12.9 9.4 ± 9.4 <0.05
N-actCad 7.1 ± 17.4 0.9 ± 1.1 NS
N-actSpd 9.22 ± 2.69 1.8 ± 2.1 <0.05
1,3-Dap 0.02 ± 0.01 0.04 ± 0.04 NS
Put 0.4 ± 0.6 0.4 ± 0.5 NS
Cad 0.5 ± 1.3 0.2 ± 0.3 NS
N1-actSp 0.04 ± 0.05 0.01 ± 0.03 <0.01
Spd 0.2 ± 0.3 0.08 ± 0.06 <0.02
Sp 0.08 ± 0.1 0.04 ± 0.09 NS

a SD = standard deviation.
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CONCLUSION

In the present study, we developed a quantitative method
for urinary and serum polyamine combining carba-
moylation and LC-MS/MS analysis. This method is very
simple and rapid with reliable accuracy and precision,
while the limits of quantification were down to 1 ng/mL
in both urine and serum analysis. The method was used
for monitoring the polyamine concentration range in
urine and serum samples obtained in 30 breast cancer
patients and 30 age- and gender-matched normal con-
trols. There was no significant difference between the
urine of breast cancer patients and the controls in
urinary polyamine levels. In contrast, the concentra-
tions of 1,3-Dap, Put, Sp, and N-actSpd levels in serum
were significantly increased in breast cancer patients.
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