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A simple and sensitive HPLC/Q-TOF MS method for simultaneous determination of 1,3-diaminopropane,
putrescine, cadaverine, spermidine, spermine and acetyl-spermine in human urine was developed in
electrospray-ionization source by positive ion mode. The samples were firstly pretreated by 10% HClO4
and then derivatized by benzoyl chloride with 1,6-diaminohexane as internal standard. The derived
polyamines were separated on a Cig column by a gradient elution with methanol-water, and then sen-
sitively detected with Q-TOF MS. The limits of detection for polyamines ranged from 0.02 to 1.0 ngml-!
with excellent linearity within the range from 1 to 1000ngml-! except acetyl-spermine from 5 to
1000 ng mlI~!. The intra- and inter-day R.S.D. for all polyamines were 2.0-14.7% and 3.9-12.9%, respec-
tively. The method was applied to determine the polyamines in human urine from 10 cancer patients and
15 healthy volunteers. Results showed that the mean levels of polyamines in urine of patients were all
higher than those in healthy volunteers. The cluster analysis was used to establish the distinction mode
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between cancer sufferers and healthy individuals.
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1. Introduction

Polyamines are the generic aliphatic compounds possessing two
or more primary and secondary amino groups in their long chain,
mainly including 1,3-diaminopropane (DAP), putrescine (PUT),
cadaverine (CAD), spermidine (SPD), spermine (SPM) and acetyl-
spermine (AcSPM). Polyamines as cations at physiological pH
values can interact electrostatically with anionic macromolecules
like DNA, RNA, acid phospholipids and proteins. Therefore,
polyamines play an important role in growth and proliferation of
cell, synthesis of proteins and nucleic acids. In 1971, Russell et al.
reported the importance of polyamines in cancer diagnosis for the
first time [1]. After that, a great number of literatures demonstrated
that the polyamines’ levels in body tissue and fluid correlated
closely with cancer [2-7]. So the simultaneous determination of
polyamines has become an important task for cancer diagnosis and
antitumor drug monitoring, particularly in the study of metabo-
nomics related with polyamines and cancer [8,9]. Thus, a sensitive
analytical method for quantitative analysis of each polyamine in
biological samples is prerequisite for the further investigation of
the application of polyamines in vivo.
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For the pre-treatment of biological specimens, many methods
had been applied to separate polyamines from the endogenous sub-
stances including solid phase extraction (SPE), single hollow fiber
supported liquid membrane (SLM) extraction and ion exchange
resin procedure [10,11]. Unfortunately, these pre-treatment pro-
cedures were technically demanding and time consuming, so we
sought to develop a simple, efficient and sensitive method in this
study. The derivative procedure was selected since polyamines
do not contain a suitable chromophore or fluorophore group and
posses the properties of low volatility and low molecular weight.
Among the numerous derivative reagents, benzoyl chloride has
been widely adopted for its easy obtaining and high activity in acy-
late reaction. For example, Asotra et al. derived polyamines with
benzoyl chloride in vertebrate and invertebrate tissues (mouse
and sea star) [12], while Ozdestan and Uren [13] and Dadikova
et al. [14] used the same derivatization reagent for the determi-
nation of organic amines in wine and food samples, respectively.
In order to detect the trace concentration of polyamines in biolog-
ical specimens, many chromatographic methods had been used,
such as HPLC separation with fluorometric detection, GC and HPLC
separation with MS detection [10,15-18]. Although these meth-
ods had been applied to determine polyamines in some biological
specimens, the simultaneous determination of very low concen-
tration polyamines in complex biological samples without other
biogenic amines or endogenous interfering was still a problem.
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Q-TOF mass spectrometry had been employed in comprehensive
analysis of complex samples for its high resolution and accurate
detection [19-22]. The coupling of HPLC and Q-TOF MS could
acquire abundant data of analytes and extract the target ions from
the total ion chromatogram (TIC) even they were totally hidden.
Thus, by easy pre-treatment the polyamines in biological speci-
mens could be analyzed selectively and accurately, which greatly
saved the analytical time and made it possible to determine the
low concentrations polyamines in biological samples. To the best of
our knowledge, the method described for the simultaneous deter-
mination of these six polyamines in human urine had not been
reported.

Here we described a new method of determining polyamines
in human urine using benzoyl derivatization by HPLC/Q-TOF MS
detection. It was applied to measure polyamines from 25 people
including 10 cancer patients and 15 healthy volunteers. Based on
contents of the polyamines, the difference between cancer sufferers
and healthy individuals was investigated in this study by cluster
analysis since the cluster analysis is more visible and distinct than
other multivariate data classification [23-26].

2. Materials and methods
2.1. Chemicals, reagents and materials

DAP, PUT, SPM, 1,6-diaminohexane (used as an internal stan-
dard), CAD hydrochloride, SPD hydrochloride, AcSPM hydrochlo-
ride and benzoyl chloride were obtained from Sigma-Aldrich (St.
Louis, MO, USA). Methanol and acetonitrile of HPLC grade were pur-
chased from Fisher Chemicals (Fair Lawn, NJ, USA). All the other
reagents were of analytic grade. Distilled and deionized water was
used throughout the experiment.

The urine samples were collected from 15 healthy volunteers
and 10 cancer patients. Fifteen healthy volunteers were from the
authors’ university and 10 patients were collected from a cancer
hospital in China (from February 2010 to April 2010). Diagnoses
of cancer were made on the basis of usual clinical and laboratory
results and confirmed by tissue biopsy.

2.2. Preparation of standard and calibration solutions

Standards of polyamines were prepared for each analytical run.
A stock solution was diluted in methanol to make a working
mixture of 1 wgml~!. This working mixture was used to prepare
calibration solutions with the ranging concentrations of 1, 5, 10, 50,
100, 500 and 1000 ng ml~! except that acetyl-spermine was from
5 to 1000 ng ml~'. Then concentration of internal standard (IS) was
100ng ml~1. All solutions were stored at 4 °C prior to use.

2.3. Preparation of urine sample

0.5 ml IS solution (100 ngml~1) and 0.3 ml 10% perchloric acid
were added to 0.5 ml urine, then mixed thoroughly for 3 min and
centrifugated at 15,000 rpm for 5 min. The supernatant liquid was
transferred into another clean tube and submitted to polyamines’
derivatization procedure.

2.4. Derivatization procedure

The perchloric supernatants was alkalinized by adding
2 mol ml~! NaOH solution, followed by 250 w1 4% benzoyl chloride
diluted with acetonitrile. After standing for 20 min under ultra-
sonication at 30°C, excess benzoyl was removed by mixing with
the equal volume of saturated sodium chloride solution. Polyamine

derivatives were extracted into diethyl ether, followed by evapo-
rating to dryness under nitrogen. The residue was reconstituted
in 0.1 ml methanol, and the 20l supernatant was injected for
HPLC/Q-TOF MS analysis.

2.5. Instrumentation and chromatographic conditions

HPLC/Q-TOF MS analytical procedures were performed on a
Bruker Daltonics micrOTOF-Q mass spectrometer (Billerica, MA,
USA) with an Agilent 1200 HPLC system. The software micrOTOF
control was applied to system operation and date collection.
Derivative polyamines were separated on a Kromasil ODS Cyg col-
umn (5 wm, 250 mm x 4.6 mm id) held at 35°C. The column was
eluted with a gradient mixture of methanol (phase A) and water
(phase B) at the flow rate of 1mlmin~!. The gradient program
was as follows: 55-74% A from 0 to 14 min and 74% A from 14
to 24 min. Q-TOF MS was operated in the positive ion mode with
an electrospray-ionization source (ESI*). The capillary voltage was
set at 4500V. Nitrogen was used as the desolvation and nebuliz-
ing gas. The desolvation gas temperature of 230°C and the flow of
7.01min~! were employed. The nebulizer pressure was maintained
at 1.3 bar. The analysis data was collected in full scan mode from
m/z 50 to m/z 900.

2.6. Validation of the method

To evaluate linearity, seven calibration solutions were prepared
and assayed together with spiked amount of IS (100ngml-') in
triplicate by derivative procedure as described above. The LOD was
assessed by determining the concentration of polyamine at vary-
ing concentrations from 0.01 to 1 ng ml~!. For intra- and inter-day
assays, the samples were prepared individually in triplicate at low
(50 ng ml~1), medium (200ngml~1) and high (1000 ngml-1) con-
centration in methanol. Likewise, the recovery was determined at
three concentrations by comparing the recovered polyamine con-
centrations with the nominal concentrations. In order to evaluate
the matrix effect on the ionization of analytes, i.e., the potential ion
suppression or enhancement due to the matrix components, three
concentration levels of polyamines were tested. The matrix effect
was evaluated by comparing the peak area ratio of post-spiked
derivative polyamines standards in the urinary derivatives and IS
to that of the neat standard solutions. Stability was tested by ana-
lyzing the sample at 200 ng mI~'. The samples were examined at
0, 2, 4, 8, 12 and 24 h after derivatization. During the analysis the
samples were stored at 4°C.

3. Results and discussion
3.1. Derivatization of polyamines

A standard solution of seven polyamines including IS
(10mgml-! each, 10 ul) was used to investigate the optimum
derivatization conditions. During the procedure, alkaline medium
was necessary since hydrogen ion was continuously created dur-
ing the acylate reaction of polyamines and benzoyl chloride. So the
spiked volume of NaOH was of importance and examined first. In
order to remove excess benzoyl chloride, saturated sodium chlo-
ride solution was then added. The peak areas of all polyamines
reached maximum when the amount of derivative reagent was
above 50 times of polyamines. The effect of the reaction time on
benzoyl reaction was also tested at various temperatures from
the room temperature to 50 °C. Various organic solvents, such as
diethyl ether, acetidin, n-butyl alcohol and n-hexane were evalu-
ated. Finally, diethyl ether was found to be optimal for yielding the
highest recovery for polyamines.
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Fig. 1. Base peak chromatogram (BPC), extracted ion chromatogram (EIC) and MS spectra obtained from standard polyamines by HPLC/Q-TOF MS. (A) PUT; (B) DAP; (C)CAD;

(D)ACSPM; (E) DAH (1.S.); (F)SPD; (G) SPM.

3.2. Mass spectrometry analysis and the optimal HPLC/Q-TOF MS
conditions

Benzoyl chloride derivatization procedure significantly
increased sensitivity as at least two benzoyl groups were added.
Accordingly, the benzoyl polyamines were separated from the
endogenous substance. Fig. 1 shows the base peak chromatogram
(BPC), extracted ion chromatogram (EIC) and MS spectra obtained
from the derivatives of standard polyamines. As shown in mass
spectra, the sodium adduct ions [M+Na]* of all polyamines deriva-
tives were identified. The [M+Na]* was most likely formed by

combination of active nitrogen atom of benzoyl polyamines and
sodium ion in reaction medium. The identified ions for quantify
PUT, DAP, CAD, AcSPM, 1,6-diaminohexane, SPD and SPM were
selected at m/z 319.1, m/z 303.1, m/z 333.2, m/z 579.3, m/z 347.2,
m/z 480.2 and m/z 641.3, respectively.

To optimize the Q-TOF MS conditions, a single-factor test was
performed. With the capillary voltage increased from 3700V to
4500V, the peak area increased gradually and had the maximum at
4500V. Different dry gas flows were compared and the 7.0 1 min—!
was found to be optimum. In the same manner, 230 °C was chosen
for the optimum dry gas temperature. The nebulizer pressure was
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Table 1
Validation data for the analysis of polyamines using the proposed method (n=3).

Polyamines Calibration range (ngml~1) Linearity (r) LOD (ng) Urine recovery (%)
50ng ml~! 200ngml-! 1000 ngml-! Mean

PUT 1-1000 0.9995 0.02 91.0 89.0 90.5 90.1
DAP 1-1000 0.9991 0.3 85.0 83.9 80.1 83.0
CAD 1-1000 0.9992 0.1 84.9 87.5 84.5 85.7
AcSPM 5-1000 0.9992 1.0 73.31 71.84 70.13 71.76
SPD 1-1000 0.9992 0.2 843 88.5 82.5 85.1
SPM 1-1000 0.9993 0.4 74.80 75.29 78.10 76.06
Polyamines Intra-day precision (R.S.D.%) Inter-day precision (R.S.D.%)

50ngml-! 200ng ml-! 1000 ng ml-! 50ngml-! 200ng ml-! 1000 ngml-!
PUT 13.2 11.7 6.9 129 10.1 113
DAP 103 2.1 2.0 111 8.5 4.2
CAD 14.7 4.1 44 6.9 9.3 7.4
AcSPM 11.0 4.6 7.6 11.0 54 7.6
SPD 7.2 33 8.8 4.7 7.4 5.3
SPM 10.8 7.3 7.9 7.7 4.6 3.9

tested from 1.2 to 1.4 bar for polyamines to obtain the highest ion
intensity, and 1.3 bar was selected as the incoming pressure of the
nebulizer gas.

3.3. Method validation

As shown in Table 1, the results of method validation were sum-
marized. The calibration curves were obtained by plotting the peak
area ratios of polyamines relative to IS from seven different (i.e., 1,
5,10,50, 100,500, 1000 ng ml~!) concentrations expect that acetyl-
spermine from six different (i.e., 5, 10, 50, 100, 500, 1000 ng mI~1)
and the calibration regression coefficients were ranged from 0.9991
to 0.9995. The LOD was 0.02 ng ml~! for PUT, 0.3 ngml~! for DAP,
0.1ngml~! for CAD, 1.0ngml~! for AcSPM, 0.2ngml-! for SPD,
0.4ngml~! for SPM at S/N=3. The intra- and inter-day precisions
were within 15% and 13%, respectively. Furthermore, the recov-
eries ranged from 70.13% to 91.0% for human urine. In terms of
matrix effect, all the ratios defined in Section 2.6 were between
86.4% and 98.3%, which meant no significant matrix effect in this
method. The stability of derivatization polyamines was found to be
excellent with R.S.D. less than 1.5% within 24 h.

3.4. Determination of polyamines in human urine samples

The proposed method was applied to determine the concentra-
tions of six polyamines in human urine samples obtained from 10

Table 2

cancer patients and 15 healthy volunteers. 10% HCIO4 was chosen
as extraction and deproteinization solvent for it could be combined
with basic group of polyamines to separate from other endoge-
nous substances of samples. The typical mass chromatograms and
mass spectra of polyamines in human urine from cancer suffer-
ers and healthy volunteers were shown in Fig. 2. The derivative
polyamines were identified from the comparison of MS character-
istic of standard polyamines. The amount of urinary polyamines
was calculated with creatinine of each sample. As shown in Table 2,
the mean levels of each polyamine (ngmg-! of creatinine) and the
total polyamines of patients were higher than those of healthy vol-
unteers. The most abundant polyamine was putrescine followed by
spermine in patients and the most abundant polyamine was sper-
mine followed by putrescine in healthy volunteers. To classify the
cancer sufferers and the healthy individuals, the SPSS (version 16.0)
was applied. The between-groups linkage method was adopted and
squared Euclidean distance was chosen to evaluate the similarity of
samples. As displayed in Fig. 3, 25 samples were gathered into two
groups, the samples of healthy volunteers were classified in Group
I and cancer sufferers were classified in Group II. These results
showed that the significant difference between cancer sufferers and
healthy volunteers when using polyamines as indicators.

This significant difference of polyamines could be inter-
preted due to the appearance of tumor tissue. The most notable
characteristic of tumor tissue was the rapid reproduction of

Amounts of polyamines (ng mg~' of creatinine) in urine form 10 cancer patients and 15 healthy volunteers.

Urine of patients (n=10)

Urine of healthy volunteers (n=15)

PUT? DAP? CAD? AcSPM?®  SPD? SPM? Total polyamines ~ PUT? DAP*  CAD*  AcSPM?*  SPD? SPM? Total polyamines
460.0 39.76 6421 4391 41.08 133.6 782.6 89.7 9.38 4.49 1.82 0.69 0.50 106.5

4445 37.83 2989 43.82 38.27 93.3 687.6 351  6.70 3.42 3.77 452  36.62 58.54
1921  37.62 2051  28.46 2134 1009 401.0 339 0.70 2.18 2.83 2.69 2049 3227
1793 27,62 4184  22.05 40.14 87.1 398.0 695 135 9.54 4.65 325 3821 63.96
248.7 2481 3249 35.06 3232 75.53 4489 225 218 141 1.73 0.86 38.44 46.87
3327 3776 3574  15.00 26.63 40.12 4879 796 739 6.49 3.19 233 1639 43.73
2921 3125 2590 1240 23.71 4334 4287 345 030 1.59 5.13 550 31.14 47.11
2295 3099 2644 2201 28.18 52.89  390.0 467 1.65 9.06 3.53 176 1833 38.98
2721 2518 3009  21.09 25.12 36.62 410.2 2210  5.00 6.05 3.29 10.31 4.43 51.17
191.6  22.01 2048 17.65 26.08 4393 3217 1.07  2.40 2.30 6.10 121 29.79 42.88
19.17  2.04 1.61 3.84 4.69 3.27 34.62
48.10 5.55 1.46 3.61 9.87 9.38 77.98
396 1.53 1.82 1.91 351 37.83 50.56
544  0.62 2.62 243 460 37.89 53.59
632 220 1.16 2.19 10.26 8.58 30.71
Mean 2843 3148 3276 26.14 30.29 70.74  475.7 1520  3.27 3.68 3.34 440  22.08 51.97

2 Polyamines.
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Fig. 2. Base peak chromatogram (BPC), extracted ion chromatogram (EIC) and MS spectra obtained from the human urine by HPLC/Q-TOF MS. The separation of derivatization

polyamines in plasma within 10-18 min. (I) for healthy volunteers and (II) for cancer sufferers, (A) PUT; (B) DAP; (C) CAD; (D) AcSPM; (E) DAH (I.S.); (F) SPD; (G) SPM.
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Fig. 3. Result of the cluster analysis, the between-groups linkage method was
adopted and squared Euclidean distance was chosen as measurement. Group I for
healthy volunteers and group II for cancer sufferers.

RNA. Polyamines could enhance RNA polymerase activity and
involve in the regulation RNA metabolism. Therefore, putrescine
as the precursor of spermidine and spermine, coupled with
other metabolites like 1,3-diaminopropane, cadaverine and acetyl-
spermine obviously increased rapidly in tumor tissue than in
normal tissue. Our findings were compatible with the conclu-
sion in application of other analysis methods in previous papers
[13,27,28].

4. Conclusion
This paper described the simultaneous determination of six

polyamines in human urine after derivatization with benzoyl chlo-
ride by HPLC/Q-TOF MS. In comparison with conventional methods

of polyamines analysis, the proposed method was superior to
use for its simple pre-treatment produce and perfect separation
of polyamines and acetylated polyamines in biological samples.
Meanwhile, derivative polyamines were effectively identified by
highly selective and sensitive Q-TOF MS. Cluster analysis could
divide samples into the cancer patient group and healthy people
group. Data obtained in this study indicated that the polyamine
levels in patients were higher than those in healthy volunteers. So
this method may be a useful tool in early diagnosis of cancer in
patients.
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