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iv.

ABSTRACT

Various approaches to the determination of polyamine

(putrescine, spermidine and spermine) levels in urine by

high performance liquid chromatography are described,

including the use of 3,5-dinitrobenzoyl chloride, 1-fluoro

2, ll-dinitrobenzene, benzoyl chloride, p-nitrobenzoyl chlo

ride, dansyl chloride and o-phthalaldehyde as derivatizing

agents, and the use of cation exchange resin and silica gel

for urine cleanup before liquid chromatographic analysis.

Dansylation of polyamines proved to be the most sensitive

method tested. Picomole amount of polyamines can be detected

utilizing a fluorometer. The separation of polyamine

standards was achieved on a reversed-phase LC-8 column at

50°C with gradient elution using acetonitrile and water as

the mobile phase. However, when hydrolyzed and/or unhydro

lyzed urines were analyzed for polyamines, too many other

urinary constituents interfered with the analysis. Cation

exchange resin and silica gel isolation of polyamines from

urines before and/or after derivatization were investigated

With little success.



INTRODUCTION

As early as 1678, Antony van Lewenhoeck discovered

spermine phosphate crystals in human semen (1). However, the

polyamine field drew little attention until the past two

decades. The structures of the three polyamines important to

mammalian Systems are illustrated in Fig–1. Polyamines are

ubiquitous in biological materials. Some aspects of poly

amine biochemistry and physiology are discussed briefly in

the following sections.

1. Biosynthesis

The primary polyamine precursors in both microorganisms

and animal tissues are L-ornithine and L-methionine. The

mammalian biosynthetic pathway of the polyamines is shown in

Fig–2 (2). In mammalian tissues, four enzymes are responsible

for the synthesis of putres cine , spermidine and spermine

L-ornithine decarboxylase (EC 1.1.1.17), S-adenosyl-L-methio

nine decarboxylase (EC 1.1. 1.50) and two propylamine trans

ferases (spermidine and spermine synthases). L–Ornithine is

decarboxylated by ornithine decarboxylase to yield putres cine,

while L-methionine reacts with ATP to yield S-adenosyl-L-

methionine , which is then decarboxylated by S-adenosyl-L-

methionine decarboxylase and finally condenses either with

putres cine to form spermidine or with spermidine to form

spermine (3). Numerous investigations have indicated that a

very large increase in ornithine decarboxylase activity takes
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place during rapid growth. Increases in putres cine and

spermidine parallels the enhancement of ornithine decarboxy

lase activity. When growth declines, the activity of orni

thine decarboxylase decreases, suggesting a modulation of

enzyme synthesis and a rapid turnover. L–Ornithine decarboxy

lase is reported to have a half-life of less than 20 minutes

(l) which is the shortest ever reported for a mammalian

enzyme. This unique property supports the view that L-orni–

thine decarboxylase fulfills an important regulatory role (3).

2. Metabolism

There are two metabolic pathways: oxidative and non

Oxidative.

1) Oxidative pathway.

Putres cine is oxidized by diamine oxidases to Y-amino

butyraldehyde, which then cyclizes spontaneously to A *-pyrro

line, or is further oxidized to Y-amino-butyric acid (GABA)

(l). However, A*-pyrroline can also be formed from putres cine

through transamination of O-ketoglutaric acid to glutamic

acid (3). Putrescine can also be oxidized to GABA by mito—

chondrial monoamine oxidase. Spermidine and spermine are

attacked by two polyamine oxidases of mammalian Origin. The

first one catalyzes the oxidative deamination of the amino

propyl groups of spermidine and Spermine to the correspond

ing mono- and di- aldehyde products. The second one catalyzes

the release of 3-amino-propionaldehyde from Spermidine and

spermine and may also be involved in conversions of Spermine

to spermidine, and of spermidine to putres cine (l).



2) Non-oxidative pathway.

Acetylation of polyamines is one of the important non

oxidative metabolic pathways. Acetyl putrescine, N1-acetyl

spermidine and N*-acetyl spermidine are found to be present

in human urine samples. If they are present in serum, they

are in much lower concentrations than the free polyamines (5).

Abdel-Monem et al. suggested that either the renal clearance

of the acetyl compounds is much greater than that for the

free amines or the acetylation of the polyamines takes place

primarily in the kidneys.

Nakajima et al. (6, 7) has demonstrated the presence of

Small amounts of putreanine and Spermic acid in brain. They

appear to be derived from spermidine and spermine, respective

ly. 2(3) —Hydroxy putres cine, hypusine and is oputreanine

isolated from tissues and/or urine may be derived in vivo

from polyamines. But the enzymatic basis of the formation

of these derivatives is not clear (l).

3. Polyamines and Nucleic Acids

The binding of the positively charged polyamines to

nucleic acids seems to involve noncovalent linkage between

the basic groups of the polyamine and the highly acidic

phosphate groups of the nucleic acids. This binding results

in the neutralization of the negatively charged groups, which

usually repel each other, and thus increases the strength of

the secondary structure, such as the bihelical structure of

DNA. It is therefore understandable why polyamines protect

nucleic acids against thermal denaturation and enzymatic



degradation (3). In 1961, Tsuboi (8) proposed that both

primary and secondary amino groups made a bridge across the

shallow groove in the double helix, while the primary amino

groups were bound to the adjacent nucleoside phosphate along

a single polynucleotide chain. He suggested that the poly

amine may function as a clamp for binding two chains together.

Adopting this model, Liquori et al. (9) presented some X-ray

evidence to suggest that spermine and spermidine can fit the

proposed model.

Polyamines also interact with RNA and ribosomes. Recent—

ly, more sophisticated methods have been employed to study

the interaction of polyamines with nucleic acids. Gabbay

et al. (10–13) found that simple polyamines and spermidine

derivatives were bound to nucleic acids by electrostatic and

hydrogen-bonding forces. On the other hand, the introduction

of an aromatic ring into the polyamines led to intercalation,

While steroidal diamines were bound to nucleic acids through

electrostatic and hydrophobic-type binding.

ll. Clinical Importance

Interest in the determination of the polyamines in physio

logical material has been stimulated by the reports by Russell

et al. (11,15), who reported elevated levels of polyamines in

the urine of patients with various types of solid tumors and

leukemia compared to normal controls. Following this report ,

numerous methods for the estimation of polyamine levels in

biological material such as urine , serum, cerebrospinal fluid,

erythrocytes and bone marrow from cancer patients have appear



ed. A considerable amount of effort has gone into the studies

of the correlation of various types of malignant tumors and

polyamine levels in biological fluids, hoping that the deter

mination of polyamine levels can be used as a clinical test

for the diagnosis of one specific type of tumor. Studies

were reported on patients with carcinoma of the colon and

rectum, carcinoma of the breast , Hodgkin's disease, carcinoma

of the kidney (16), bronchogenic carcinoma, Burkitt's lymphoma

(17), leukemia (18), multiple myeloma, embryonal carcinoma

(19), malignant melanoma (20) and endocrine carcinomas (21).

Abnormal amounts of polyamines were also excreted by some

patients with diseases other than cancer (17). None of these

Studies could pinpoint the usefulness of polyamine levels as

a tumor marker. However, it was found that definite elevation

of CSF polyamine concentrations existed in patients with

untreated malignant CNS tumors, compared with those of

patients without neoplasia. Furthermore , patients with

Successful tumor treatment had CSF polyamine concentrations

similar to those found in the reference group (22). In 1979,

Mart on et al. (23) reported absolute clinical utility for one

use — monitoring recurrence — for one tumor type — medullo

blast Oma. They showed that in 15 of the 16 evaluable

patients, every CSF polyamine determination showed either an

appropriate decrease with response to therapy, or an appro

priate increase with recurrence. In 7 of these 15 patients,

polyamine increases preceded radiographic and/or clinical

recurrence by weeks to months. One example showed that an



increase in the CSF polyamine levels was detected while

clinical Status, neurological examination, radionuclide scan,

computerized tomography, myelography and cerebrospinal fluid

cytology were all negative. Thus, CSF polyamine analysis not

only supplied information regarding those tumors not easily

visualized by radiographic techniques, but also may be the

earliest indicator of the progression of this tumor. It was

Suggested that the assay should become standard procedure for

monitoring patients with medulloblastoma (211).

Currently, CSF polyamine levels of medulloblastoma

patients are determined by cation—ion exchange chromatography

With the use of an amino acid analyzer. However, it takes

more than an hour to analyze one sample for three polyamines,

and is too expensive for every clinical laboratory to have

an amino acid analyzer. Thus, this project was initiated

With the hope that a rapid and sensitive method could be

developed so that any clinical laboratory equipped with a

high-performance liquid chromatograph would be able to

perform this test.



ANALYTICAL REVIEW

1. Ion-Exchange Chromatography

Mart on et al. (25) measured polyamines in serum and urine

on an amino acid analyzer by forming ninhydrin derivatives.

Beckman PA-35 cation–exchange resin was used. Amino acids

were bound less strongly to the resin than were the polyamines,

and could be eluted with a buffer of lower ionic strength.

Polyamines were then eluted with the second buffer and detect

ed by the colorimeter. Urine samples were filtered, hydro

lyzed with acid, filtered again and evaporated. The residues

were dissolved in distilled water and then analyzed by the

ion-exchange column. Ninhydrin derivatives were detected at

l, l;0 nm and at 570 nm. The calibration curves were linear over

the range of 1 to lo nmol per sample. Marton and Lee (26)

increased the sensitivity of the assay 6- to 10— fold by

replacing ninhydrin with o-phthalaldehyde. Durrum DC lº–96

cation–exchange resin was used with two or three buffers for

elution. The reaction between o-phthalaldehyde and polyamines

yielded an intense blue fluorescence which was measured

fluorimetrically at an excitation wavelength of 3110 nm and

an emission wavelength of 155 nm. Tissue extracts, cerebro

spinal fluids, amniotic fluids, serum samples and urine

samples were analyzed by this method. Urine samples were

hydrolyzed, lyophilized, reconstituted in sulfosalicylic acid,

and a portion of the supernatant was analyzed for polyamines.

The assay was linear for the polyamines over the range of 8
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to 200 pmol.

Alder et al. (27) determined polyamines in urine and

whole blood on an amino acid analyzer as ninhydrin derivatives.

Urine samples were deproteinized, hydrolyzed with barium

hydroxide, neutralized, and left at room temperature over

night before analysis of the supernatant. The polyamines were

concentrated and Separated from amino acids on a Small ion

exchange column that loaded the samples to a two-channel,

automated ion–exchange chromatographic apparatus. As many

as Six samples could be analyzed in little more than one hour.

However, no linearity studies were reported.

Gehrke et al. (28) measured polyamines in biological

samples as ninhydrin derivatives by an amino acid analyzer

using an internal standard. Beckman AA-20 resin with a bed

size of 110.0 x 2.8 mm was used to separate the polyamines.

Urine samples were first evaporated to dryness. Internal

standard, 3–3 '-diaminodipropylamine , was added before acid

hydrolysis. The buffered hydrolysates were then refrigerated

at 1°C for at least l hours. The samples were then filtered

or centrifuged. The filtrates or supernatants were injected

on the cation ion–exchange column for analysis.

2. High Performance Liquid Chromatography (HPLC)

Sugiura et al. (29) separated polyamine standards as

tosylated derivatives on a Zipax Permaphase ETH column by

HPLC. The tosylated polyamines, together with the internal

Standard, tosylated 1,10-diaminode cane , were washed with

n-hexane and extracted with chloroform at acid pH before
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injecting into the liquid chromatograph.

Samejima et al. (30) determined fluores camine-labeled

polyamines in rat liver, human serum and urine by reversed

phase HPLC using a gradient system of methanol in borate

buffer. The samples, after addition of 1,6-hexane diamine and

N-3-aminopropyl-1,6-hexane diamine as internal standards, were

pretreated by perchloric acid. The resultant filtrate was

subjected to carboxymethyl cellulose column chromatography

utilizing a pyridine-acetic acid buffer. The eluted poly

amine fractions were then evaporated and redissolved in

b Orate buffer and reacted With fluores Camine before HPLC

analysis. It was possible to detect less than 100 pmol of

the polyamines in biological samples. However , spermine was

not detectable With this method.

Vandemark et al. (31) determined polyamines by derivati

zing them with dansyl chloride followed by reversed-phase

chromatography with a methanol and water mobile phase. The

column effluent was monitored at an excitation wavelength of

3|0 nm and an emission wavelength of 515 nm. Vandemark et al.

calculated that less than 500 pg of each polyamine could be

detected at twice the signal-to-noise ratio. However, inter

ference was a problem with urine samples.

Hayashi et al. (32) determined urinary polyamines as

tosylated derivatives on a column of Zipax Permaphase ETH

(1 m x 2.1 mm I. D.) by HPLC. A gradient elution of acetoni—

trile/water was utilized to separate tosylated polyamines.

An Amberlite IRA-1110 (OHT) column (50–100 mesh, 10 x 0.5 cm)
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and a Dowez 50W-X8 (H*) column (50–100 mesh, 5 x 0.5 cm)

were used to isolate the polyamines from a hydrolyzed urine

sample before adding the internal standard, 1, 10-diamino

decane, and derivatizing with tosyl chloride. The tosylated

polyamines were then washed with n-hexane and extracted With

carbon tetrachloride at an acid pH. No linearity Study Was

reported.

Seiler et al. (33) used dansyl chloride to derivatize

tissue polyamines and separated them on a Lichrosorb RP-8

reversed-phase column by HPLC. It was possible to separate

them in less than 110 minutes with a methanol/water gradient.

Dansylation was carried out overnight at room temperature.

The dansylated polyamines and the internal standard, 1,6–

diaminohexane , were extracted into toluene and passed through

a silica gel 60 column for sample cleanup before HPLC sepa

ration. The fluorescence spectrophotometer was set at an

excitation wavelength of 360 nm and an emission wavelength

of 510 nm. The assay was linear over the range from 20 pmol

to 2 nmol.

Saeki et al. (34) determined polyamines in blood as dansyl

derivatives on a reversed-phase Micropak CH-10 column with

water and acetonitrile as the mobile phase. The erythrocytes

were hemolyzed and treated with perchloric acid. After

derivatization with dansyl chloride at room temperature in

the dark for 16 hours, the dansylated derivatives were

extracted with benzene before HPLC analysis. The limit of

detection was 30 pmol. However, Saeki et al. claimed that
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putres cine was not detected in the erythrocytes.

Shipe and Savory (35) measured polyamines in plasma and

erythrocytes by HPLC with post-column derivatization with

o-phthalaldehyde. The polyamines were separated on a stain

less Steel column packed With Amino PA cation-exchange resin.

The erythrocytes and the internal standard, 3–3 '-iminobis

propylamine, were first hemolyzed while plasma samples did

not require any hemolysis step. The samples were then treated

with trichloroacetic acid. The supernatants were extracted

With diethyl ether. The aqueous layers were filtered and

dried and subjected to acid hydrolysis. The hydrolysates

Were dried and reconstituted in Water and filtered before

injecting onto the liquid chromatograph. Sensitivity of the

method was better than 10 pmol of each polyamine.

Redmond and Tseng (36) reported a HPLC separation of

benzoylated polyamine standards. A Brownlee RP-8 column was

used. Polyamines and the internal standard, 1,6-diaminohexane,

were reacted with benzoyl chloride. The reaction mixtures

were then extracted with diethyl ether at alkaline pH. The

Organic phase Was then dried and redissolved in methanol and

analyzed by HPLC. Using a UV detector operating at 251 nm,

a full scale peak was obtained for approximately 200 pmol of

putres cine. However, the method was not applied to the

analysis of polyamines in biofluids.

Kai et al. (37) determined free and total polyamines in

human serum by HPLC. The polyamines and the internal standard,

1,6-diaminohexane, isolated from deproteinized serum by
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Cellex P column chromatography, were converted to their

fluores camine derivatives in the presence of nickel ion,

which inhibited the reaction of interfering biogenic primary

amines with fluorescamine. The derivatives were separated

on a Lichrosorb RP-18 column using a linear gradient elution

with methanol varied between 115 and 80%. The lower limit of

detection was 10 and 5 pmol for spermine and the others,

respectively, in 0.5 mL of serum.

Brown et al. (38) utilized ion-pair HPLC to separate

dansylated polyamines and the internal standard, 1,6-diamino

hexane, on a pHondapak C18 reversed-phase column using a

Solvent gradient system of 1-heptane-sulfonic acid and aceto

nitrile. The hydrolyzed urine and the internal standard were

reacted with dansyl chloride at alkaline pH in the dark at

51*C for 1 hour. The dansylated polyamines were then cooled

and extracted into ethyl acetate. A portion of the ethyl

acetate extract was injected onto the column for analysis.

Linearity was observed from 25 pmol to 1 nmol of polyamines

used.

3. Gas-Liquid Chromatography (GLC)

Gehrke et al. (39) isolated urinary polyamines by means

of a cation-exchange column, converted them to the volatile

N-trifluoroacetyl derivatives and quantitatively analyzed

them by GLC. The hydrolyzed urine was evaporated, pH adjusted,

and polyamines eluted from a small Dowez 50W-X8, 50/100 mesh,

H* form cation-exchange column. The sample eluate was evapo

rated. Acetonitrile and trifluoroacetic acid were added.
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Derivatization was accomplished at 100°C for 5 minutes. A

portion of this was injected on a mixed phase GLC column of

2 w/w? OV-17 and 1 w/w? SP-2101 on 100/120 mesh Gas Chrom Q,

1 m x 2 mm I. D. glas S.

Makita et al. (l,0) determined polyamines in human urine

as pentafluorobenzoyl derivatives by GLC. The hydrolyzed urine

was neutralized and polyamines derivatized with pentafluoro

benzoyl chloride. The mixture was then extracted with ethyl

acetate , and a portion of it injected into the gas chromato—

graph. Putres cine and cadaverine were separated on a 1.5%

Carbowax 20M-TPA column at 250°C and detected with an electron

capture detector. Spermidine was chromatographed on a mixed

phase column containing 1.0% OV-1 and 0.25% SP-1000 at 260°C.

Spermine was chromatographed on a 1.5% OV-1 column at 290°C

and detected with a flame ionization detector. Linear elec

tron capture detector responses for putres cine, cadaverine,

spermidine were observed in the sub-nanogram region.

Beninati et al. (111) developed a method for the determin

ation of polyamines in animal tissues as free bases using a

hydrogen flame detector. 1–Butanol was used for extraction.

The but anol phase was supplemented with an exact amount of

diethyl ether, containing D-amphetamine and benzoamphetamine

as internal standards, and evaporated. The dry residue was

re-extracted With 1-butanol. The but anol extract was then

evaporated and injected into the GLC column. The column of

Corning glass beads (mesh size 60/80), coated with 1% KOH

and 11%, Carbowax 20 M was used. Later on, Beninati et al.
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(112) applied the same method, with some modifications, to the

analysis of polyamines in hydrolyzed human urine.

Makita et al. (113) determined urinary polyamines as iso

butyloxycarbonyl derivatives with dual differential hydrogen

flame detectors after cation–exchange column chromatographic

purification. The urine samples were hydrolyzed and filtered.

The filtrate was dried and re dissolved in Water and diluted

with perchloric acid before loading on to an Amberlite CG-120,

100–200 mesh, H* form cation–exchange resin column. Poly

amines were eluted with 6 N HCl, followed by water, and

1,8-diaminooctane was added to the eluate as an internal

standard. The sample solution was then alkalinized and

derivatized with isobutyl chloroformate. The derivatized

polyamines were extracted with diethyl ether. The diethyl

ether extracts were dried and redissolved in ethyl acetate

and then dried before injecting into the gas chromatograph.

1.5% SE–30–0.3% SP-1000 on silanized Gas Chrom P (80–100 mesh)

column, 0.5 m x 3 mm I. D., was used. However, a 1% SE-30–

0.5% SP-1000 column was used for the determination of cadave

rine. Linearity was in the range of 10 to 250 nmol.

H. Gas Chromatography – Mass Spectrometry (GC-MS)

GC–MS identification of polyamines was first reported by

Walle (l, ll). The GC column was packed with 2% OV-17 on

Chromosorb W HP 80/100 mesh. Mass spectrometry was used as

a highly sensitive and specific detector. Both hydrolyzed

and unhydrolyzed urines were analyzed for polyamines. Some

of the urine extracts were purified prior to trifluoroacetic
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anhydride derivatization by ion–exchange chromatography, while

others were derivatized and injected without any further

cleanup into the GC-MS. Each polyamine was identified by

scanning the total ion current of individual peak and compar

ing it. With the mass spectra of reference compounds. Complete

mass spectra could be obtained from as little as 50 to 100 ng

of material eluting from the gas chromatographic column. If

only partial mass spectra were recorded, the sensitivity

could be enhanced up to approximately 1000 times.

Smith and Daves (115) developed GC-MS analysis using

deuterated analogs as internal standards. The polyamine

standards, together with the deuterated analogs, were tri

fluoroacetylated or trimethylsily lated. The reaction mixtures

Were Sonicated for 10 to 15 minutes. After removal of excess

derivatizing agent , a known volume of methylene chloride was

added prior to GC-MS selected ion monitoring analysis. The

deuterated polyamine analogs, putrescine-2H1, cadaverine-2H1,

spermidine-2H6 and spermine-ºhg Were used as internal Stand

ards for quantitative analyses. A linear response over a

range of 1 pmol to 100 pmol was attained. The enhancement

in sensitivity was accomplished by use of large excess

(2 100 pmol) of the deuterated analogs to improve chromato—

graphic band profiles. The deuterated analogs not only

enhanced sensitivity of the assay , but also served as inter

nal standards for increased accuracy, precluding the necessity

for determining recoveries. Selected ion monitoring analysis

using the high mass (M-CF3]” ions had the advantage of increa—
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sing specificity while decreasing interference from background

ions. Later on, Smith et al. (H6) applied this method to

human Serum. Serum samples and deuterium-labeled Standards

were processed by a silica gel column cleanup. The fractions

containing the polyamines were combined, lyophilized and

derivatized as described above , with a few modifications.

The trifluoroacetylated polyamines were chromatographed on a

column packed with 3% OV-17 on 80/100 Chromosorb W-HP. The

trimethylsily lated polyamines were chromatographed on a column

packed with 1.5% OV-101 on 100/120 Gas Chrom Q. Polyamines

were quantitated from the peak height ratios of labeled to

unlabeled polyamines from a standard curve.

5. Thin Layer Chromatography (TLC)

Seiler and Wiechmann (117) reported the first separation

of the dansyl derivatives of biogenic amines by thin layer

chromatography. Spermidine and spermine along with other

biogenic amines were separated as dansyl derivatives on a

silica gel G plate by two dimensional TLC. Initially, the

plate was developed in a solvent system consisting of ethyl

acetate and cyclohexane (75:50) and subsequently developed

With a solvent system consisting of either benzene, methanol

and cyclohexane (85:5:10) or benzene and triethylamine

(100: 20) in the second dimension. The chromatogram was viewed

under a UV lamp.

Fleisher and Russell (118) separated urinary ammonia,

1,3-diaminopropane, putres cine, 1,5-diaminopentane, Spermidine,

histamine and spermine by TLC. Urine samples were first
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hydrolyzed and then derivatized with dansyl chloride at pH

9.0 + 0.5. The dansylated derivatives were extracted with

benzene and applied to a 250 um silica gel 60 plate. The

plate was developed in chloroform—triethylamine (5:1) and

then sprayed with triethanolamine-isopropanol (2:8) to

enhance and stabilize the fluorescence. Polyamines were

quantitated by a direct scan of the fluorescent intensity of

the spots corresponding to each compound.

Abe and Samejima (119) determined spermidine and spermine

in tissues. The tissue, together with the internal standard,

N-3-aminopropylheptane–1, 7-diamine , was homogenized. The

clear filtrate of the homogenate was purified through a column

of phosphorylated cellulose (H-form). The polyamines and the

internal standard eluted were chromatographed on a silica gel

sintered glass plate in a solvent system of n-butanol-acetic

acid—pyridine-water (12: 3: 6: ll), and the chromatograms were

developed with an acet one solution of fluores camine. Quanti

tation, using a scanning fluorometer, was performed by measur

ing peak area ratio with respect to the internal standard.

The limit of detection was of the order of 100 pmol. A simi

lar method reported by Heby and Anderson (50) incorporated

Sonication of polyamines With dansyl chloride and toluene

extraction instead of benzene extraction. The TLC plate ,

chromatographic conditions, developing solvent and quantita

tion of the spots were essentially similar.

Gittins and Cooke (51) determined urinary polyamines by

high-performance thin layer chromatography. The urine sample
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was hydrolyzed and alkalinized. Air was passed through the

solution to remove ammonia. The dansylated amines were then

extracted into diethyl ether after addition of NaOH. After

the ether layer was dried and redissolved in chloroform, a

portion of this solution was applied to the silica gel 60

HPTLC plate. The plate was developed in a cyclohexane/ethyl

acetate (3:2, v/v) solvent system and then sprayed with tri

ethanolamine/propanol (1:1, v/v). The plate was then scanned

and the concentrations of the polyamines were calculated by

reference to a Standard Solution of known concentration

included on the same plate.

6. Radioimmunoassay (RIA)

The determination of polyamines in human serum by radio

immunoassay was developed by Bartos and co-workers (52–55).

In 1975, a RIA method using the antispermine antibody from

New Zealand white rabbits was published (52). The assay

mixture contained [3H]-spermine, antiserum, and 0.01–0.02 mL

of serum sample. After a 2-hour incubation at l'C, labeled

bound and free spermine were separated by charcoal adsorption.

Quantitation was made from the standard curve which was

constructed from percentage bound (3H]-spermine plotted

against the corresponding concentration of unlabeled spermine.

A sensitivity of 200 pg of spermine per 0.02 mL of serum was

achieved. The only drawback of the assay was the 22% cross

reactivity of the antispermine antibody with spermidine. In

1978, Bartos et al. (53) developed another RIA method for the

direct determination of serum spermidine. With the specific
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antispermidine antibody, the assay allowed measurements of as

little as 1.5 pmol of spermidine per 20 ul, of serum sample.

Recently, Bartos et al. (511) described a procedure for the

purification of antispermine antibodies using affinity

chromatography. The cross reactivity was significantly reduced

and the sensitivity was increased to 0.05 pmol (55).

7. Enzymatic Methods

Harik et al. (56) developed an enzymatic-isotopic micro

assay for tissue putres cine determination. It was based on

the activating effect of put rescine on yeast S-adenosyl-L-

methionine decarboxylase (EC 1.1.1.50). The radioactivity of

the 1*coa evolved from S-adenosyl-L-(+*C-carboxyl)-methionine

was measured. Putres cine concentrations and evolved 1*CO2
were related linearly over a range of 20 to l O0 pmol of

putres cine.

Bachrach and Oser (57) developed an enzymatic assay for

spermidine based on the formation of A*-pyrroline from spermi–

dine. The A*-pyrroline formed was determined colorimetrically

with O-aminobenzaldehyde. The final product , 2,3-trimethylene

1,2-dihydroquinazolinium, was yellow with an absorption maxi

mum at H35 nm. The assay was linear from 0.05 to 0. l. lumol of

Spermidine.

Bachrach and Reches (58) later reported another enzymatic

assay for combined spermine and spermidine based on the oxi

dation of the polyamines by serum amine oxidase. The amino

aldehydes produced during the oxidation were assayed by N

methyl-2-benzothiazolone hydrazone hydrochloride at 660 nm.
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The concentration of spermidine measured by the enzymatic

method as mentioned above Was Subtracted from the combined

spermidine and spermine concentrations to give the concen—

tration of spermine. The formation of aldehydes was linear

When 0.01–0.06 pmol of polyamines was added to the system.

The method of Unemoto et al. (59) utilized the same principle

as that of Bachrach et al. , except that resorcinol was used

to produce a fluorescent compound which had an absorption

maximum at 520 nm. The assay was linear up to 0.6 pmol for

spermine and 1.0 pmol for spermidine.

Very recently, Braganca et al. (60) reported a micromethod

suitable for the assay of polyamines in concentration of 2 to

30 nmol. It was based on the oxidation of polyamines by puri

fied fractions of crude L-amino acid Oxidase from Russell's

viper venom. By a combination of two enzyme fractions, one

which oxidized only amino acids and another which oxidized

polyamines and amino acids , the amino acid-free polyamines

were oxidized to the corresponding carbonyl derivatives and

the color intensity was measured at 500 nm when reacted with

2, li-dinitrophenylhydrazine.

8. Electrophoresis

Beer and Kosuge (61) identified spermidine and spermine

isolated from preparations of purified turnip yellow mosaic

virus by thin-layer electrophoresis (TLE) and by gas-liquid

chromatography. TLE was performed on layers of cellulose

300 HR, 100–110 u thick, with the power supply operating at

600–900 volts and 15–300 mA for l;0 to 90 minutes. After
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electrophoresis, the plates were dried and the resolved

amines were visualized with ninhydrin or amido black.

Russell et al. (62) modified the methods by McIntire et

al. (63), Raina (611) and J■ nne (65), and applied butanol

tissue extracts to Whatman No. 3 MM chromatography paper and

subjected it to electrophoresis at 80 volts per cm for 1.5

hours in a 0.1 M citric acid—NaOH buffer, pH l. 3. The electro

phoretogram was stained with ninhydrin reagent and read at

505 nm. Ten nmol of each polyamine could be detected.

Lipton et al. (66) analyzed urinary polyamines by high

voltage electrophoresis. The urines were first hydrolyzed

and extracted with but anol. The butanol layer was evaporated

and redissolved in 0.1 N HCl. 50 L.L of each specimen was

spotted on Whatman 3MM chromatography paper and subjected to

3500 volts electrophoresis for 1.5 hours. The paper was then

stained with ninhydrin and read at 505 nm.

9. Nephelometry

Recently, Bonnefoy–Roch and Quash (67) presented their

preliminary studies on the measurement of bound polyamines

by nephelometry. Antibody—latex spheres at 2 pig latex/mL

were mixed with polyamines bound to poly-L-glutamic acid at

different concentrations, and the light diffused at 90° was

measured on a Zeiss PMQ3 spectrophotometer at 560 nm. The

intensity of light diffused was proportional to the concen—

tration of antigen added. The sensitivity for spermine (as

poly-L-glutamic acid-bound spermine) was of the order of

100 pmol/mL with 6 ug latex antibody spheres. The only
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precaution and drawback of the assay was that the whole

procedure should be carried out in a dust-free atmosphere and

all the glassware and reagents, etc. also had to be dust-free.

Quash et al. (68) used latex beads containing antipolyamine

antibodies for cytological studies.

10. COmment S

At present , the method of choice for analysis of poly

amines in biological samples is by cation-exchange chromato—

graphy with the use of an amino acid analyzer. It requires

little sample preparation and thus minimizes losses due to

extractions. However, the analysis time and the cost of

instrumentation are the two limiting factors. HPLC, GLC and

TLC all require cumbersome sample cleanup, extraction and

derivatization. GC-MS with selective ion monitoring analysis

seems to be highly sensitive and specific , but it is not

easily adaptable to the routine measurements in clinical

laboratory due to the cost and the complexity of the instru–

mentation involved. RIA is very sensitive and requires no

sample pretreatment, but so far, only spermidine and spermine

can be measured in unhydrolyzed samples. The development of

an antiputres cine antibody is needed. Of all the enzymatic

methods reported, only the one by Braganca et al. (60) was

applied to human Sera, but putres cine and spermine were not

detectable. Electrophoresis does not give enough sensitivity.

Even high-voltage electrophoresis has been abandoned because

it was recognized that an as-yet-unidentified urinary consti

tuent co-migrated with spermine under the conditions of the
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electrophoretic separation (69). The development of nephe

lometry is still in its preliminary stage. The sensitivity

needs to be improved. The dust-free atmosphere imposes

severe restrictions on this assay as a routine procedure in

most clinical diagnostic laboratories.
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MATERIALS

1. Apparatus

For all liquid chromatography (LC), a Model 601 or a

Series 2 or Series 3 liquid chromatograph was used. The

Model 601 LC was equipped with a temperature controlled oven.

Both the Series 2 and the Series 3 were equipped with LC-100

column ovens. For ultraviolet detection, either a Coleman

LC 55 spectrophotometer or a LC–15 UV detector was used. For

fluorescence detection, either a Model 65–10 LC or a Model

2011—A fluorescence spectrophotometer was used. All of the

above instruments were from Perkin-Elmer Corp. , Norwalk,

CT 06856. The chromatograms were recorded on a Honeywell

Electronic Model 1911 (Honeywell, Inc., Fort Washington, PA

19036). The samples were injected into a Rheodyne 7.105 valve

(Rheodyne, Berkeley, CA 91,710) mounted on the chromatograph.

Several columns tried during this project were "Supelcosil

LC-8 5 um" 150 x 11.6 mm (Supelco, Inc., Bellefonte, PA 16823),

"Spheris orb ODS 5 um" 250 x 1.6 mm, "Spherisorb CN 5 um"

250 x 1.6 mm and "Ultrasphere Octyl 5 um" 250 x 1.6 mm (all

from Altex Scientific, Inc., Berkeley, CA 91710).

Lyophilization was done on a Model CVC concentrator

(Savant Instrument, Inc. , Hicksville, New York). A tempera

ture controlled Temp—Block Module Heater (Scientific Products,

Evanston, Illinois) was used. Tri-Carb liquid Scintillation

spectrometer Model 3390 (Packard Instrument Co., Downers

Grove, IL 60515) was used for the study of the recovery of
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3H-labeled Spermine.

2. Materials

All chemicals used were of reagent grade. Acetonitrile,

methanol, acet one, chloroform , ethyl acetate and hexane , all

distilled in glass , were obtained from Burdick and Jackson

Laboratories, Inc., Muskegon, MI 119 l l 2. Acetonitrile (HPLC

grade) was also obtained from J.T. Baker Chemical Co.,

Phillipsburg, N. J. 08865. Ethyl ether anhydrous (analytical

reagent grade), toluene (analytical reagent grade) and tri

ethylamine (organic grade) were obtained from Mallinckrodt,

Inc., St. Louis, MO 631||7.

Putres cine-2HCl was obtained from Sigma Chemical Co.,

St. Louis, MO 63178, cadaverine-2HCl from Calbiochem, San

Diego, CA 9.2112, Spermidine-3HCl and spermine-l'HCl from

Calbiochem, La Jolla, CA 92037, L-proline from Calbiochem,

Los Angeles, CA 9005 ||. Diaminopropane-2HCl, histamine-2HCl,

*H-labeled spermine, acetyl putres cine and N*-acetyl spermi–

dine were gifts from Dr. Laurence J. Marton, Departments of

Laboratory Medicine and Neurosurgery, University of California,

San Francisco, CA 9 || 1 || 3.

3,5-Dinitrobenzoyl chloride , o-phthaldialdehyde (o-phthal–

aldehyde) and dithioerythritol were obtained from Sigma

Chemical Co., St. Louis, MO 63178, 1-fluoro-2, li-dinitrobenzene

(98%) from Eastman Kodak Co., Rochester, N. Y. 111650, benzoyl

chloride (9.94%) and p-nitrobenzoyl chloride (98%) from Aldrich

Chemical Co., Milwaukee, WI 53233, both liquid form (100 mg/mL)

and powder form of dansyl chloride from Pierce Chemical Co.,
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Rockford, IL 61105.

The cation exchange AG 50W-X8 resin (100–200 mesh, hydro

gen form) was obtained from Bio-Rad Laboratory, Richmond, CA

9|80 l; , the silica gel (60–200 mesh) from Fisher Scientific

Co., Fair Lawn, N. J. 07110. The thin layer plates (250 um

thickness), coated with silica gel G and fluorescence indica–

tor, were obtained from E. M. Laboratory, Elmsford, N. Y. 10523.

Urine specimens were obtained from the clinical laboratory

at Moffitt Hospital, San Francisco, CA 911!!3, regardless of

the age, sex or health conditions of the patients.
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METHODS AND RESULTS

1. 3,5-Dinitrobenzoyl Chloride Derivatization

About 1 mg of each polyamine standard was dissolved in

1 mL of distilled water, pH adjusted to 12 by 2 N NaOH

followed by the addition of 1.25 times the equivalent amount

of 3,5-dinitrobenzoyl chloride in acetone. The reaction

mixture was heated at 709C for 30 minutes. A dark purple

precipitate was formed. When the polyamine standards were

dis Solved in 1 M Na2CO3 (pH 11.5), a pink purple precipitate
Was Obtained.

The same procedure was repeated as mentioned above except

polyamine standards were dissolved in 0.5 M Na2CO3/NaHCO3
buffer (pH 10. H). After reacting for 20 minutes, another mL

Of Na2CO3/NaHCO3 buffer (pH 10. H) was added to obtain an
alkaline pH (around 8 or 9). The content was transferred into

a centrifuge tube, and extracted with 5 mL of ether. After

evaporation of the ether layer , a white dry residue was

obtained in the tube. Even when ethyl acetate was used for

extraction, the White dry residue was still obtained. The

White compound was not soluble in any organic solvent, hence

could not be identified by mass spectrometry. Therefore,

this derivatization was not pursued any further.

2. 1-Fluoro-2, ll-dinitrobenzene Derivatization

About 1 mg of each polyamine standard was dissolved in

1 mL of 0.5 M Na2CO3/NaHCO buffer (pH> 10). A tube contain3

ing 1 mL of buffer was used as a blank. To each tube , 1.2
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times the equivalent amount of 1 M 1-fluoro-2, l-dinitrobenzene

in 0.5 mL of acetone was added. After heating in a 10°C water

bath for 10 minutes, 1 mL of 5 N HCl was added. The polyamine

standards gave light yellow precipitate while the blank gave

no precipitate. The reaction mixture was extracted with 5 mL

of ethyl acetate. The ethyl acetate layer was evaporated and

redissolved in 100 lull of ethyl acetate. It was then spotted

on a thin layer plate and developed in a solvent consisting

of 20% methanol and 80% chloroform. Under a UV lamp, a yellow

spot was observed at the solvent front. However, the blank

also gave a yellow spot at the same Rf of all other compounds.

Before evaporating the ethyl acetate layer , the putres cine

standard and the blank were scanned by a Hitachi 200 spectro

photometer (Perkin-Elmer Corp., Norwalk, CT 06856). The

derivatized putres cine had two absorption maxima, one at l;20

nm and one close to 251 nm. A few microliter of methanol

solution was injected into a liquid chromatograph mounted with

a Spheris orb ODS column at ambient temperature and eluted with

50% acetonitrile and 50% water. No polyamine peak was observ–

ed at 1120 nm. Even with the gradient elution, only the sol

vent peak was observed. The same kind of results were obtain

ed with isocratic analysis using acetonitrile and 0.01 M

phosphate buffer (pH 3.0), or with a gradient analysis chang

ing acetonitrile concentration from 50% to 90%. When the

gradient elution was run from 50% to 99% acetonitrile in

0.01 M phosphate buffer (pH 2.5), a bump was observed with

the putres cine standard while several small peaks were obtain
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ed with the spermine standard. With the same gradient elution

(pH 3.0 phosphate buffer), the putrescine standard seemed to

show some unresolved peaks, no peaks were noted with the

spermidine or spermine standard. However, if the reaction

time was changed to 20 minutes, or the reaction temperature

was modified to 50°C for 15 minutes, putres cine and Spermidine

gave unresolved peaks, and no peak was observed for the sper

mine standard (Fig–3).

3. Benzoyl Chloride Derivatization

About 5 pmol of each polyamine standard was allowed to

react in 1 mL of 2 N NaOH with 5 lull of benzoyl chloride for

20 minutes. After adding 2 mL of saturated NaCl, the mixture

was extracted with 2 mL of ethyl ether. After centrifugation,

the upper ether layer was evaporated under a stream of air.

The residue was reconstituted in 1 mL of methanol (36). 5 to

10 pull of the methanol solution was injected onto an Ultrasphere

Octyl column at ambient temperature, and eluted with 58%

methanol and l;2% water. The benzoylated derivatives were

detected at 251 nm. The three polyamines were separated from

each other but the spermidine and spermine peaks tailed (Fig

li). If the concentration of methanol was changed to 61%,

peak tailing was eliminated. With a gradient elution (58% to

70% methanol in Water) at 2 mL/min flow rate , separation

could also be achieved with three sharp peaks (Fig–5).

A Spheris orb CN column was used for optimum resolution.

The gradient was run as follows: Pump A contained 50% aceto

nitrile and 50% 0.01 M phosphate buffer (pH 11.0), and pump B
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Figure l. Chromatogram of the benzoyl derivatives of the
polyamine standards separated on an Ultrasphere
Octyl column at ambient temperature using 58%
methanol and H2% water as the mobile phase.
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Figure 5. Chromatogram of the benzoyl derivatives
of the polyamine standards separated
with a gradient elution (running from
58% to 70% methanol in water).
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contained 5% acetonitrile and 95% 0.01 M phosphate buffer

(pH 11.0). A concave gradient curvature was set at 900.

Separation of diaminopropane, putres cine, cadaverine , spermi–

dine and spermine was achieved at ambient temperature when

pump B was first run isocratically for 5 minutes, followed by

a gradient elution from 5% to 50% acetonitrile in 15 minutes,

and finally, pump A was run isocratically for another 5

minutes (Fig–6).

Urine samples were run under the same conditions without

pretreatment. The chromatogram is shown in Fig–7 at sensiti

vity 0.016 A.U.F.S. . There was substantial interference and

the polyamine peaks were masked. Urine samples were then

treated with an equal amount of concentrated HCl at 110°C for

16 hours to yield free unconjugated polyamines. Fig-8 shows

the chromatogram of a hydrolyzed, lyophilized and derivatized

urine sample. The chromatogram shows a number of interfering

peaks.

A cleanup procedure was instituted for urine samples using

a cation exchange resin (Bio-Rad AG 50W-X8). A glass Pasteur

pipet was packed with resin to about 1 cm in height. The

recovery of polyamines was determined from the eluate by using

3H-labeled spermine. One ml of Water solution containing

10 uD of the radioactive spermine (0.1 M., 67310 CPM/10 HL)

was passed through the column. The column was eluted with

5 mL of 1 N HCl followed by 10 mL of concentrated HCl. It

was found that radioactive spermine was eluted When concentra

ted HCl was added, and the recovery of spermine was 103%.
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Figure 7. Chromatogram of an unhydrolyzed urine
derivatized with benzoyl chloride
without pretreatment.
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Figure 8. Chromatogram of a hydrolyzed urine Sample,
lyophilized and derivatized with benzoyl
chloride.
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Since spermine is the most polar compound among the three

polyamines, if Spermine was eluted with concentrated HCl, the

other two polyamines should elute under the same condition.

Thus, 1 mL of unhydrolyzed urine was loaded on the column,

the column Was Washed with 5 mL of 0.5 N HCl and 5 mL of 1 N

HCl, and then the polyamines were eluted with 3 mL of concen—

trated HCl. The concentrated HCl eluate was collected, lyophi

lized and derivatized. The chromatogram was still not very

clean (Fig–9). Fig–10 shows the chromatogram of a hydrolyzed,

ly ophilized urine processed through the ion–exchange column,

ly ophilized and derivatized. The cation exchange resin did

not eliminate the background interferences.

A cleanup procedure using silica gel (60–200 mesh) was

also instituted (70). 0.3 g of silica gel was suspended in

5 mL of 0.1 N HCl and transferred to a Pasteur pipet with a

Small glass fiber plug at the bottom. Urine samples were

adjusted to pH 9 by adding 2 N NH|OH. 3H-spermine Was again

used to determine the recovery. 10 mL of water and 10 mL of

0.03 N HCl were added to the silica gel column after the

radioactive spermine solution or the urine sample was loaded

On the column. The 0.03 N HCl eluate was collected in 1 mL

fractions. It was found that 82% of the radioactivity appear

ed from fraction 2 to fraction 5 of the 0.03 N HCl eluate .

Therefore , 5 mL of the 0.03 N HCl eluate was collected for the

urine Samples, and pH was adjusted to 11 before derivatization

With 15 uD of benzoyl chloride. The same chromatographic

conditions were still used. Fig–11 shows the chromatogram of



l;0

I | | l l

10 15 20 25 30O 5

Time (min)

Figure 9. Chromatogram of an unhydrolyzed urine after
cation exchange resin cleanup, lyophilization
and benzoyl chloride derivatization.
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Figure 10. Chromatogram of a hydrolyzed urine after
lyophilization, cation exchange resin
cleanup, lyophilization and derivatization
with benzoyl chloride.



l!2

L_ { ■ t |

10 15 20 25 30O 5

Time (min)

Figure 11. Chromatogram of an unhydrolyzed urine after
silica -gel cleanup, lyophilization and
derivatization with benzoyl chloride.
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an unhydrolyzed urine after the silica gel cleanup, lyophili–

zation and derivatization. Fig-12 shows the chromatogram of

a hydrolyzed, lyophilized urine after the Silica gel cleanup

and derivatization. Fig–13 shows the chromatogram of the

same urine sample spiked with the three polyamines to confirm

their retention times. No spermidine or spermine were detect—

ed (Fig-12), though a very small amount of putres cine might

be present. Other investigators have reported that spermidine

is usually present in significant amounts in urine. This

method was not investigated any further because of the failure

in detecting spermidine.

l!. p-Nitrobenzoyl Chloride Derivatization

2.78 g of p-nitrobenzoyl chloride was dissolved in 3 mL

of acet one. However, upon standing, crystallization occurred.

About 1 mg of each polyamine standard was dissolved in 1 mL

of 2N NaOH. 15 lull of p-nitrobenzoyl chloride was added.

After allowing the reaction to proceed for 25 minutes, 2 mL

of saturated NaCl and 2 mL of ethyl ether were added. The

ethyl ether layer was evaporated to dryness and reconstituted

in 1 mL of methanol before injecting into the liquid chroma—

tograph. The chromatographic conditions were the same as

those utilized for the benzoyl derivatives. Two peaks appear

ed for each polyamine Standard. Although the peaks had

different retention times, the positive identity of the

polyamines could not be ascertained. Possibly the p-nitro

benzoyl chloride derivatives had disintegrated into two

products.
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Figure 12. chromatogram of a hydrolyzed urine after silica
gel cleanup, lyophilization and derivatization
with benzoyl chloride.
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Figure 13. Chromatogram of the same urine sample as in
Figure 12 spiked with the three polyamine
standards.
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5. Dansyl Chloride Derivatization

The method of Vandemark et al. (31) was utilized to form

dansylated polyamines. About 1 mg of each polyamine standard

was dissolved in 10 mL of 0.1 N HCl . 50 lul, of each standard

solution was placed into a screw cap tube, and dried at 70°C.

20 lu■ , of saturated Na2CO3 and 80 uI, of 1.25 mg/mL dansyl
chloride in acet One Were added. The mixture Was vortexed for

15 seconds and allowed to react at 70°C for 15 minutes. After

the mixture had cooled to room temperature, it was evaporated

to dryness under a stream of air at room temperature. After

adding 0.5 mL of water, the mixture was extracted with 2 mL

of toluene, the top (toluene) layer was transferred to another

centrifuge tube, evaporated at 70°C to dryness and reconsti

tuted in 0.5 mL of acet one. 10 ul, of the solution was spotted

on a thin layer plate and developed in a solvent consisting

of 2% methanol and 98% chloroform. Three distinct fluorescent

spots were observed at different Rf's under a UV lamp. There

fore , 1 p L of each dansyl chloride derivative was injected into

the Model 601 liquid chromatograph. Chromatographic separation

was achieved on a Supelcosil LC-8 column at 50°C. Gradient

elution was completed in 11.6 minutes varying the acetonitrile

concentration from 15% to 80% in water. The gradient was

held for 5 minutes at 80% acetonitrile before retracing back

to l; 5%. The fluorescence detector was set at an excitation

wavelength of 3110 nm and an emission wavelength of 515 nm, at

sensitivity 1. Fig–11 shows the chromatogram of the separa

tion of diaminopropane, putres cine, cadaverine, Spermidine
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Figure 111. Chromatogram of the dansyl chloride deri
vatives of diaminopropane (DAP), put rescine
(PU), cadaverine (CAD), spermidine (SD) and
spermine (SP) standards separated on a
Supeleosil LC-8 column at 50 °C. Each peak
represents about 10 ng of each polyamine
injected.
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and spermine under the above chromatographic conditions.

Each peak represents about 10 ng of polyamine injected.

Various approaches to the determination of polyamine levels

in urine are described below.

1) 1 mL of an unhydrolyzed urine specimen was first

adjusted to pH 9 or 10 by adding 0.1 mL of 2 N NH|OH before

the silica gel cleanup procedure. The silica gel column was

prepared as described before in the benzoyl chloride deriva

tization procedure. The 5 mL 0.03 N HCl eluate was collected

and evaporated to dryness at 70°C, before derivatization with

dansyl chloride. For urine samples, H0 uI, of Saturated Na2CO3
was added to adjust the pH to alkaline before derivatization,

and the toluene residue was reconstituted in 100 || L of acetone.

Fig–15 shows the chromatogram of an unhydrolyzed urine after

silica gel cleanup and derivatization with dansyl chloride.

In this sample, a peak was observed at the same retention

time as that of spermidine. However, for other urine samples,

only background noise was observed where spermidine should

elute. Putres cine was detected in some urines, but not in

others. Spermine was undetectable in all urine samples tested.

When the polyamine standards were processed using the same

procedure (silica gel cleanup and derivatization), only a

very small amount of spermidine and no spermine was recovered

(Fig–16).

2) When a hydrolyzed urine sample was lyophilized, passed

through the Silica gel column, lyophilized again and derivati

zed with dansyl chloride using the same procedure, neither
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Figure 15. Chromatogram of an unhydrolyzed urine
after silica gel cleanup and dansyl
chloride derivatization.
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Chromatogram of the three polyamine
standards after silica gel cleanup
and dansyl chloride derivatization.
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putres cine nor spermine could be detected (Fig–17). Although

there was a peak eluting in the spermidine region, it was also

found in the chromatogram from a blank solution.

3) Since urine specimens had different pH values, it was

difficult to adjust the pH to alkaline with the same amount

Of Saturated Na2CO3 before derivatization. Therefore , 2 N

NaOH and 0.1 M Na2CO3/NaHCO3 buffer (pH 10.8) were used
together. The amount of dansyl chloride used was also changed

to 200 pil, for the urine samples. However, the polyamines

Were Still undetectable.

l!) Urine sample was derivatized first before passing

through the Silica gel column. 0.3 g of silica gel was

Suspended in 5 mL of chloroform. The toluene layer contain

ing the dansylated derivatives was passed through the silica

gel column. 7 mL of chloroform/methanol (98: 2) was used to

elute the polyamines. However, when the eluate was evaporat

ed, reconstituted and injected into the liquid chromatograph,

too many interfering peaks were observed and the polyamines

could not be positively identified.

5) Silica gel was suspended in 5 mL of hexane instead of

chloroform. The urine sample was derivatized with 100 li L of

5 mg/mL dansyl chloride and extracted with toluene. The

toluene layer was dried and reconstituted in 1 mL of hexane/

ether (3:1) mixture. The mixture was then passed through the

silica gel column, washed with two 10 mL hexane and finally

eluted with 7 mL of chloroform/methanol (98: 2). Using the

Series 2 liquid chromatograph, the chromatographic conditions
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Figure 17. Chromatogram of a hydrolyzed urine
after lyophilization, silica gel
cleanup, lyophilization and dansyl
Chloride derivatization.
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were slightly modified. The gradient was run from 15% to 99%

acetonitrile in Water with 11% change in acetonitrile/min at

a flow rate of 3 mL/min. There was no apparent difference in

the chromatograms whether a hydrolyzed urine was derivatized

or the same unhydrolyzed urine was derivatized. Polyamines

Still could not be detected.

6) To increase the detectability of spermine , polypropyl

ene tubes were used to minimize losses due to adsorption to

glass tubes. The reaction time was also extended from 15

minutes to 30 minutes to insure that spermine would be

completely derivatized. Fig–18 indicates that there is no

great improvement when these changes were made.

7) In the original method described by Vandemark et al.,

hydrolyzed urine was derivatized without further cleanup and

the ratio of aqueous solution (Na2CO3) to organic solvent

(acetone) was maintained at 1: ll. Therefore, the amount of

0.2 M Na2CO3/NaHCO buffer (pH 10.7) and 5 mg/mL dansyl3

chloride solution was kept at a ratio of 1:ll for each urine

specimen. Fig–19 shows the chromatogram of a hydrolyzed urine

derivatized in this manner without cleanup procedure. Still,

the polyamine peaks were not detectable.

8) To insure that the derivatized products were not degrad—

ed by light , aluminum foil was wrapped around the test tubes

during and after reaction with dansyl chloride. To determine

the detection limit of this method, 50 lul, of each polyamine

standard (107" g/mL) was diluted 100 times. Fig–20 shows the

chromatogram of the three polyamine standards; 1 ng of each
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Figure 18. Chromatograms of an unhydrolyzed urine deri
vatized with dansyl chloride in (a) glass
tubes (b) polypropylene tubes. The deriva
tization reaction time was extended to 30
minutes.
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Figure 19. Chromatogram of a hydrolyzed urine
derivatized with dansyl chloride
according to the 1:1 ratio of
aqueous solution to organic solvent ,
Without cleanup procedure.
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Figure 20. Chromatogram of the three polyamine
Standards derivatized with dansyl
chloride and detected at higher sensi
tivity. Each peak represents about
1 ng of each polyamine injected.
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polyamine was injected (approximately 6. 21 pmol for putres cine,

3.93 pmol for spermidine and 2.87 pmol for spermine). At

higher sensitivity, the baseline was too noisy. Although

picomoles of polyamines could be detected by this method,

there were also many interfering peaks in the chromatogram of

the blank solution (Fig-21). When an unhydrolyzed urine was

derivatized, cleaned-up by silica gel as described in section

H) and injected into the liquid chromatograph, too many

interfering peaks masked the putres cine peak, and spermine

was still undetectable. The identity of the spermidine peak

was uncertain when compared to the retention times of the

polyamine standards (Fig–22).

9) After dansyl chloride derivatization, 100 pil of 250

mg/mL proline was added to react with excess dansyl chloride

at room temperature for 20 minutes. Fig–23 shows the chroma—

togram of a hydrolyzed urine derivatized in this manner.

Spermidine and spermine might be present but putres cine was

masked by the interfering peaks.

10) Fig-21 shows the chromatograms of a hydrolyzed urine

derivatized and passed through no silica gel, 0.3 g of silica

gel and 0.6 g of Silica gel without adding proline. No

appreciable difference was observed in the chromatograms no

matter how much silica gel was used.

11) Proline was again added after the dansyl chloride

derivatization. However, it was reacted with the excess

dansyl chloride at 70°C for 20 minutes. The reaction mixture

was then extracted with toluene and passed through the Silica
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Figure 21. Chromatogram of a blank solution deri
vatized with dansyl chloride and detect
ed at higher sensitivity.
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Figure 22. Chromatogram of an unhydrolyzed urine
derivatized with dansyl chloride before
Silica gel cleanup.
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Figure 23. Chromatogram of a hydrolyzed urine
treated with proline at room temperature
for 20 minutes after dansyl chloride
derivatization, and then cleaned up by
Silica gel.
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gel column. Polyamines were eluted with 7 ml of methanol/

chloroform (1:99). There were still too many interfering

peaks, even when the ratio of the eluting solvent was changed

from 1:99 to 2: 98.

12) To determine if more proline was needed to bind the

excess dansyl chloride , 100 ul, and 200 li L of 250 mg/mL proline

were added respectively to the same urine specimen and reacted

at 70°C for 20 minutes. There was no apparent difference.

13) Bio-Rad AG 50W-X8 cation exchange resin was tried again

for urine cleanup. The resin was packed into a Pasteur pipet

to about 2 cm in height , with a glass fiber plug at the

bottom. A hydrolyzed urine neutralized to pH ll by the addition

of 6 N NaOH and 1 N CH3COONa/CH COOH buffer (pH 3.6) was placed3

on the top of the resin bed. The neutralized urine was passed

through the ion–exchange column. The column was then washed

with 5 mL of water and 5 mL of 1 N HCl. The polyamines were

eluted with 7 ml, Of concentrated HC 1. The concentrated HCl

eluate was then evaporated at 70°C to dryness and the pH

adjusted to between 9 and 10 with 1 M Na2CO3/NaHCO3 buffer

(pH 10.6) before derivatization. Different amounts of 5 mg/mL

dansyl chloride were used , i.e. 150 ul, and 200 pil. However,

the two chromatograms did not differ much from each other.

Although spermidine and spermine could apparently be detected

in some urines, the problem of putres cine peak being masked

by urinary interferences still existed.

1 || ) Hydrolyzed urine was passed through the cation

exchange resin first as mentioned in section 13). It was
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then derivatized and the toluene extract was passed through

the Silica gel column as described in Section 5). Essentially,

two cleanup procedures were used, one before and one after

derivatization. Fig–25 shows the resultant chromatogram.

Spermine could still not be detected.

15) According to Seiler et al. (33), dansylated polyamine

derivatives could be separated from other compounds on a silica

gel column. The column was washed twice with 3 mL of toluene

and then with one 5 mL portion of toluene/triethylamine (10: 1).

The eluates were discarded. The dansylated polyamines were

eluted together with other dansyl-amine derivatives with l, mL

of ethyl acetate. Dansyl-amino acid derivatives were not

eluted under these conditions. Therefore, this method was

adopted to clean up urine samples. 1 g of silica gel was

Suspended in 5 mL of toluene and packed into a glass column.

However, when polyamine standards were derivatized and chroma—

tographed through this silica gel column, it was found that

they were eluted even with toluene/triethylamine (10: 1) alone.

Alternatively , methanol was tested to Wash the column and

acetonitrile to elute the polyamines, and vice versa.

However, both solvents were too strong and they eluted every

thing, including the polyamines. The chromatogram for the

polyamine Standards was not clean even after the test tubes

had been Washed with 0.5 N HCl and rinsed With distilled

water. Acetonitrile/water (110:60) was also tried to wash the

column and acetonitrile to elute the polyamines. Even aceto

nitrile/water was found to be strong enough to elute a large
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Figure 25. Chromatogram of a hydrolyzed urine
passed through the cation exchange
resin, derivatized with dansyl chloride
and passed through silica gel before
liquid chromatographic analysis.
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amount of polyamines.

16) Attempts were made to pack a column of Lichroprep

RP-18 to clean up the urine sample, however, Lichroprep RP-18

was too hydrophobic to be packed without high pressure.

Reacti-vials (Pierce Chemical Co., Rockford, IL 61105) were

tried for handling small volumes, but they only complicated

the procedure by adding more transfer steps.

6. O-Phthalaldehyde Derivatization

o-Phthalaldehyde reagent was made by first dissolving 1 g

of boric acid in 38 mL of water and adjusting the pH to 10. l.

with 6 N NaOH. Then 0.1007 g of o-phthalaldehyde was dissolv–

ed in 1 mL of methanol followed by the addition of 0.220 li g

of dithioerythritol. The two solutions were combined and

stored in the refrigerator.

To l mg of each polyamine standard dissolved in 1 mL of

0. 5 M Na2CO3/NaHCO3 buffer (pH 10. ll), 3 mL of o-phthalaldehyde

reagent was added. 5 mL of ethyl acetate was used for extrac

tion. The ethyl acetate layer was dried and reconstituted in

100 ul, of ethyl acetate and spotted on a thin layer plate

which was then developed in a solvent consisting of 20%

methanol and 80% chloroform. Putres cine showed a tailing

fluorescence while the other two compounds did not produce

any fluorescent spot when viewed under a UV light.

About li mg of each polyamine standard was reacted directly

with 3.25 mL of o-phthalaldehyde reagent. Putres cine and

Spermine standards gave a white precipitate while the diamino

propane Standard gave a yellow precipitate. Ethyl acetate
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again Was used for extraction. When the ethyl acetate residue

Was Spotted on a thin layer plate and developed in a solvent

consisting of 20% methanol and 80% chloroform, only the

putres cine standard exhibited fluorescence under a UV light.

The diaminopropane Standard had very weak fluorescence, while

the blank Solution also had a spot fluorescing at the solvent

front. This was confirmed When the ethyl acetate extract was

injected into a liquid chromatograph with the fluorescence

detect or set at an excitation wavelength of 3110 nm and an

emission wavelength of H55 nm. A Spherisorb ODS column was

used with 50% acetonitrile and 50% water as the mobile phase

and a flow rate of 1.5 mL/min. The putres cine standard gave

a huge asymmetrical peak while the other two polyamines gave

In One .

50 uD of each polyamine standard (107" g/mL) was evaporat

ed at 70°C to dryness. 50 uD of 1 M Na2CO3/NaHCO3 buffer

(pH 10.6) was added to adjust the pH. 10 ul, of o-phthal–

aldehyde reagent was added to each standard shortly before

injection. The reaction mixture was vortexed for 15 seconds

and injected into the liquid chromatograph after a one-minute

reaction time and again after a two-minute reaction time. A

Supelcosil LC-8 column was used with gradient elution from

H0% to 90% acetonitrile in water. The fluorescence detector

Was Set at the Wavelengths mentioned above. However, only

putres cine could be detected.

According to Davis et al. (71), some of the o-phthal–

aldehyde derivatives were stable for at least 20 hours once



67

they were extracted into ethyl acetate. Therefore , 5 pil of

each polyamine standard (107" g/mL) was derivatized with 1 mL

of o-phthalaldehyde reagent. The reaction mixture was vortex

ed for 15 seconds and 0.2 g of NaCl was added. It was then

extracted twice with 2 mL of ethyl acetate and centrifuged

for 15 seconds. 110 uD of the ethyl acetate layer was injected

into the liquid chromatograph immediately. The chromatographic

conditions were the same as mentioned above except the fluo

rescence detector was set at an excitation wavelength of 325

nm and an emission wavelength of H18 nm. Unfortunately ,

putres cine was still the only polyamine that could be detected.

Lindroth and Mopper (72) observed that the fluorescence

responses of the amino acid derivatives were linear as long

as at least 200 times excess of reagent was maintained for a

fixed reaction time by pre-column derivatization with o-phthal—

aldehyde. The excess o-phthalaldehyde reagent was utilized

for the high concentrations of reagent consuming amines

generally present in various physiological fluids. Endo (73)

also reported that in the absence of Brij in the o-phthal–

aldehyde reagent, the fluorescence intensities of the amines

were very weak. These two observations were not investigated

at this time.
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DISCUSSION

Polyamines are straight chain aliphatic amines with no

distinct chromophores. Thus, they cannot be detected by UV

or fluorometric detection. Hence, derivatization to attach

a chromophore is essential. Among all the derivatizing agents

tested, dansyl chloride and benzoyl chloride were the two

agents that reacted best with the polyamines to form fluore

scent or UV absorbent derivatives, respectively. However,

dansyl derivatives gave much better sensitivity (pmol range)

than benzoyl derivatives. O-Phthalaldehyde is a good fluore

scent derivatizing agent for primary amines. In this work,

o-phthalaldehyde was investigated for pre-column derivatiza

tion. However, only putres cine gave a fluorescent product

that could be detected. Neither spermidine nor spermine

could be detected. It was possible that these derivatives

were so unstable that they decomposed prior to detection.

Dansylation proved to be a very sensitive method for the

determination of polyamines. However, the formation of side

products from dansyl chloride is one of the drawbacks of this

reagent (72, 7 l). Dansyl chloride reacts not only with primary

and secondary amines, but also with phenols, imidazoles, some

alcohols and choline. Most biological sampls are rich in

amines. Urinary polyamines have to be selectively isolated

fºr Om the matrix before derivatization with dansyl chloride.

This was the major problem encountered during this work.

Neither cation exchange resin nor silica gel cleanup gave
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satisfactory results. Silica gel was not selective enough for

the isolation of polyamines. Seiler et al. (33) suggested the

use of toluene-triethylamine (10: 1) to wash the silica gel

column before eluting the polyamines with ethyl acetate.

This method was tried, and it was found that even toluene—

triethylamine eluted a considerable amount of polyamines.

Several other organic solvents or combination of solvents

were tried to isolate the polyamines from silica column

Without Success.

The two main problems encountered in the determination of

urinary polyamines were (a) spermine was not detectable, and

(b) some unidentified urinary constituents co-eluted with

putres cine. To minimize these urinary interferences, both

cation exchange resin and silica gel were employed. L-Proline

was also used to react with the excess dansyl chloride, but

with little success. To improve the detectability of Spermine ,

polypropylene test tubes were used to prevent adsorption of

polyamines to glass surfaces. This made little difference.

The adjustment of hydrolyzed urine to alkaline pH was a

difficult task because of the inadequate buffering capacity

of the Na2CO3/NaHCO3 buffer. Very often, additional amount
of base was needed to adjust the pH to 9 or 10. Different

amounts of base (or buffer) were added to different specimens.

Consequently, in order to keep the ratio of aqueous solution

to organic solvent constant , different amounts of dansyl

chloride reagent were added for each urine specimen.

Brown et al. (38) reported the use of ion-pair HPLC for
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determining urinary polyamines. It did not require any prior

column cleanup procedure and the reported sensitivity was

1 pmol. Still the chromatogram was not very clean. Some

investigators (35,66) reported the adsorption of polyamines

to glass , polycarbonate , polyethylene, polypropylene, nylon

and teflon Surfaces, and suggested the use of polystyrene

equipment. Therefore, these two modifications deserve future

investigations.
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CONCLUSION

The dansylated polyamine standards can be separated on

a reversed-phase LC-8 column using a gradient elution. Pico–

mole amount of polyamines can be detected utilizing a fluo

rometer. However, the method could not be utilized for the

analysis of polyamines in urine samples because of endogenous

interferences. The isolation of polyamines from biofluids

using either a silica gel or a cation exchange resin column

deserves further investigations. The use of ion-pair HPLC

needs further evaluation for the polyamine analysis. The

Separation of benzoylated polyamine standards can be achieved

On a CN column using a gradient elution, although the sensi

tivity is not as high as that of the dansylated polyamines.

Pre-column derivatization with o-phthalaldehyde needs to be

investigated for the optimum reaction conditions and the

stability of the derivatives.
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