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SUMMARY

Using a hchrosorb RP-S reversed-phase column and a methanol—water gradient elution
program, it is pessible to separate within 40 min and to determine routinely in picomole
quantities the natural di- and polyamines. The precision of the method is eomparable to
the thin-layer chromatograpbic procedures, the separations are most efficient, and the
method can be fully automated. A modified gradient enables the repeated assay of sper-
midine and spermine within 20 min. The method is smted for, polyamme analyses in tis-
sues and’ hody fluids. -

]NTRODUGE‘ION

: Wzdespread mter&st in the natural di- and polyammes [1, 2] has led to the
development of a number of methods for their rapid and sensitive assay. Most
of these methods have been summarized recently [3—6]. Separation of the
amines by ion-exchange column chromatography with automated instruments
_I7—17] is the favored method for routine assay of polyamines in urine and
body fluids. Reaction of amines with fluorescamine either before or after
their separation by thin-layer or high- performance liquid chromatography
(HPLC) has been published [18—21] -However, no practical application of
thése ‘methods has been reported Radxo-lmmunologlcal ‘methods [22, 23]
for polyamme determmatmns m chmcal sereemng programs seem to be most
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promising. If the radio-immunoassay be disregarded, the most sensitive method
is still the estimation of polyamines as their 5-dimethylaminonaphthalene-1-
sulfonyl (Dns) derivatives [3, 24—29], especially if hlgh-performance thin-
layer chromatography (HPTLC) is used for the separation [30]. To combine
the sensitivity of the dansylation procedure with a method suited for automa-
tion, HPLC was suggested for the separation of the Dns derivatives of poly-
amines. Two systems have been described in the literature, using mixtures of
organic solvents for elution [31, 32]. During recent years our laboratory has
made several attempis to develop a routine procedure of polyamine deter-
mination on the basis of the dansylation reaction, using reversed-phase col-
umns with lipophil molecules bound to silica cores. Separations were ade-
quately rapid and reproducible in successive runs with reference samples.
However, difficulties were encountered with putrescine deferminations in
tissues and body fluids containing only low concentrations (10—20 nmoles/g)
of puftrescine. These difficulties were overcome by a purification step be-
tween the dansylation reaction and the HPLC separation. This procedure
and a routine HPLC system are described in the present work.

MATERIALS

Chemicals

Chemicals were of A grade (E. Merck, Darmstadt, G.F.R.). The methanol
for the preparation of the gradient was distilled before use. 5-Dimethylamino-
naphthalene-1-suifonylchloride (Dns-Cl) and reference samples of the Dns
derivatives were prepared in our laboratory according to published proce-
dures [25]. 1,4-Diamino-2-butyne was a gift of Dr. H. Fischer, Max-Planck-
Institute for Brain Research, Frankfurt/M., G.F.R.

Equir ment

A Varian 8500 high-pressure liquid chromatograph was used in combination
with a Perkin-Elmer fluorescence spectrophotometer 204, equipped with an
8-ul flow celi and a Varian two-channel recorder. To minimize the influence
of scattered light, a Woods filter was adjusted in the path of the activating,
and a 420-nm cut-off filter in the emitted light. (Activation of fluorescence
at 360 nm, fluorescence measurement at 510 nm.) Separations were achieved
on a 250 X 3 mm Hibar pre-packed column, Lichrosorb RP-8, 7 um, Merck;
based on its capacity, mass-transfer properties and selectivity this support is
especially suited for the separation of compounds of medium polarity.

METHODS

Sample preparation i

Tissues and cells were homogemzed with 0.2 N perchlonc acid. A known
amount of 1,6-diaminohexane-2 HCl was added to the homogenates as internal
standard. The perchloric acid extracts were reacted with Dns-Cl by addition
of 3 volumes of a solution of Dns-Cl in acetone (10 mg/ml), saturation with
saodium carbonate, and reaction at room temperature overnight. Excess of
reagent was removed by the addifion of a concentrated solution of proline
in water, as described previously [25]. The Dns derivatives were extracted
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by shaking with 6 'ml of toluene. Five milliliters of the toluene phase were
evaporated to dryness The residue was redissolved in 3 ml of toluene.

Pre-separatzon of the polyamme derivatives )

Disposable 5-ml polypropylene pipettor tips are closed on the constricted
end with a cotton-weol plug and filled with 2 g of silica gel 60 (0.06—0.2 mm).
The toluene solutions of the Dns derivatives are applied to these silica-gel
columns and the columns are first washed twice with 3 ml of toluene, and
then with one 5-ml portion of toluene—triethylamine (10 : 1). The eluates
are discarded. The Dns-di- and polyamines are eluted fogether with other
Dns-amine derivatives with 4 ml of ethyl acetate. Dns-amino acid derivatives
are not eluted under these conditions. The ethyl acetate solutions are evapo-
rated to dryness. The residues are dissolved in 3 volumes of methanol and
then 1 volume of water is added. Dns-amine derivatives of liver extracts equiv-
alent to 100 mg of tissue are dissolved in 0.6 ml of methanol—water (8 : 1),
cell extracts in appropriately smaller volumes.

HPLC separation ‘ '

After equilibration of the column at a rate of 60 ml/h with methanol—
water (57.5:42.5) 10—50-ul1 aliquots of the Dns derivative solutions are ap-
plied to the Hibar pre-packed column via the stopped-flow injection system.
Gradient elution is started with the same methanol concentration, which is
then increased linearly by an increment of 0.5% per minute. From 20 to 30
min the methanol increment is 1.5% per minufe and it is further increased
to 3% per minute affer 30 min. Elution with pure methanol is continued
for 4 min to elute impurities (see Fig. 1). At 40 min the gradient is switched
to the initial methanol—water mixture. Before the next un the column’ is
equilibrated again with 57.5% methanol for 10 min.

- When only spermidine and spermine are to be determined, a two-step meth-
anol—water gradient can be used, as indicated in Fig. 2. This allows the re-
petitive separation of tissue samples within 20 min.

RESULTS

Fig. 1 shows the separation of equivalent amounts of mono-, bis-, tri- and
tetra-Dns derivatives of amines under conditions described in the Methods -
section and in the legend to this figure. Clearly the retention time increased
with the number of Dns residues. Only g-phenylethylamine eluted together ‘
with the group of bis-Dns derivatives, owing to the unsubstituted benzene
ring. Within the groups of mono-, bis-, tri- and teira-substituted amines, the
length - of the hydrocarbon chain dictated the retention time — as'is to bhe
expected for reversed-phase elution. This elution pattern is favorable for the
analysis of di- and polyamines, since ammonia, which accurs at high concen-
tration -in- tissues, and Dns-dimethylamine, the most abundanht side-product
of the dansylation reaction [25}, were. eluted well before the bis-Dns deriv-
atives of the aliphatic diamines. = -

Another: aspect of the methaod is also v151ble in Flg 1: as pomted ouf pre-
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Fsg. 1. Separa!aon of Dns-amme denvahves by teversed—phase HPLC Column Hibar pre-
packéd column (250 X 3 mm) Lichrozorb RP-8 (7 zm). Chromatograph: Varian 8500.
Detector: Perkin-Elmer flucrescence specu:ophotometer Madel 204, with 8l flow cell.
Fluozescence: activation at 360 nm; fluorescence measurement at 510 nm. Elution: three
step water—methanol gradient (60 ml/h). (1) 57.5 to 67.5%, Amethanol = 0-6%/min (20
min). (2) 67.5% to 82.5%, Amcihanol = 1-5%/min (10 min). (3) 82.56% to 100%, Amethanel
= 3%/mia (10 min). Equilibration before the next run for 10 min with 57.5% methanol.
X = 5-Dimethylaminonaphthalene-1-sulfonic acid (Dns-OH); 1 = Dns-ammonia; 2 = N-Dns-
ethanolamine; = DPns-methylamine; 4 = Dns-2-oxopyrrolidine (reaction product of 4-
aminobutyrie acid); 5 = Dns-dimethylamine; 6 = bis-Dns-agmatine; 7 = Dns-2-phenylethyl-
amine; 8 = bis-Dns-1,4-diaminobutane (putrescine); 9 = bis-Dns-1,5-diaminopentane (cadav-
erine); - 10°' = bis-Dns-1,6-diaminchexane; 11 = bis-Dos-histamine; 12 = O,N-bis-Dns-5-
hydroxytryptamine (zerotonin); 13 = _ON-bis-Dns-2(4-hydroxyphenyl}ethylamine (p-tyra:
mine); 14 = tris-Dns-spermidine; 15 = tetrakis-Dng-spermine. The derivatives were applxed
in eqmmolar ?‘nounhs (1 nmol) dxssolved in 20 el of methanol—water (3/1 vlv)

viously :[25, 33}, fluorescence .intensity  of the Dns derivatives increases with
the number of fluorophores attached to the melecule."However, this does not
apply to the aryl ethylamine derivatives: even though the dansyl fluorophores
are separated: by the ethyl sidechain. of histamine, serotonin, tyramine; efc., -
the fluorescence quantura yield of these amines is much lower than that of the
corresponding N-mono-Dns derivatives, presumably owing to:an intramolecular
charge-transfer: interaction of:the- ﬂuorophozes. Since:the concentrations of .
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Fig. 2. Separation of the Dns-amine derivatives of a normal mouse liver using an elution
program suited for the rapid determination of spermidine and spermine.. The sample was
identical - with that shown in Fig. 4; however, about 0.3 nmoles of his-Dns-1,4-diamino-
butane and 1 nmole of his-Dns-1,6-diaminohexane were added. The sensitivity of record-
ing was-identical with that shown in Fig. 4, dotted line. Elution program: two step water—
methanol gradient (75 to 82%, A’inethanol = 1%/min; 82 to 100%, Amethanol = 4%/min.
1 = Bis-Dns-1 4-diaminobutane {putrescine); 2 = bis-Dns-1,6-diaminohexane (internal stan-
dard); 3 = tris-Dns-spermidine; 4 = tetrakis-Dns-spermine; 5 = DNS-ammonia.

th&se amines are normal!y low in t:ssues, they do not mterfe:e mf.h the poly-
amine deferminations. .

“'The effectivity ‘of. i:he siandard separaf.lon pmcedure and the mﬂuence
of the steepness of the water—methanol gradient on the separation and peak
‘form is demonstrated in Fig. 3. The separation of the homo!ogous bis-Dns
diamines by the standard procedure was not complete (Fig. 8A). Bis-Dns-1,2-
diaminoethane;: bis-Dns-1,3-diaminopropane, - and bis-Dns-1,4-diaminobutane
(put!%cme) ‘overlapped. Bis-Dns-1,2-diamincethane and" ‘bis-Dns-1,6-diamino-
‘hexane ‘are non-natural‘ compounds. “They can be ‘used as internal standards.
The former compound -was’ ‘suggested -for ‘this purpose by Newton et al. [32].
Since bis-Dns-1,6-diaminohéxane ‘elutes: between bis-Dns-cadaverine and iris-
,Dns‘-spermldme,_ ‘we prefer this:compound-as standard.(Another reason is that



W
>

21001 - 00T
a 13 o x
§ _ -k
= H B -
o] g
b :
g ol
¢ 90 5
a - £
2 <
ro 3
2 ]
5 1o,
é‘v 3
23 A 80
Ve
/
S0 k
/|
O
1 L7
/ 0
/ N
//
1 -
/,//

60

:J-L_J

e 7§50

16 22 8B 6 22 28 36

Time (min.)

Fig. 3. Separation of the bis-Dns derivatives of the homologous diamines by reversed-phase
HPLC. Column, chromatograph and detector as described in the legend to Fig. 1. Elution:
water—methanol gradients;-60 ml/h. Two-step gradient (57.5 to 67.5 Amethanol = 0.5%/
min (20 min); and 67.5% to 82.5%, Amethancl = 1.5%/min (10 min). (B) Linear gradient
{(57.5 to 67.5%, Amethanal = 0-25%/min (40 min). 1 = Bis-Dns-1,2-diamincethane; 2 =
bis-Dns-1,3-diaminopropane; 2 = bis-Dns-1,4-diamincbutane (putr&cme), = bis-Dns-1,5-
d_ammopentane (cadaverine); 5 = bis-Dns-1,6-diaminchexane. The amine derivatives were
applied in equunolar amounis (1 nmol) dissolved in 20 ul of: methanol-watet (3 1 vlv)
Detector sens;txvxty is identxeal in (A) and (B) . :

the same compound proved to be useful as standard for the mass spectromeiric
determination of putrescine and cadaverine [34].) Although the peaks of bis-
Dns-putrescine and bis-Dns-1,3-diaminopropane - overlap, their. separation is
revertheless adequate for most purposes. By using a flat gradient, the separa-
tion of these overlapping - compounds can be somewhat lmproved at the ex-
pense of sensitivity (Fig. 3B).

- The method was. applied f.ox: the determmatlon of putrescme, spemndme
and spermine:in the livers of normal and 1, 4-dmmmo—2-butyne—ttea€ed mice,
_and -in- chick. embryo fibroblasts- treated with' the same . puirescine. -analog.
A descnpmon of the results of this work will be given .elsewhere.) The sepata-
tion of tissue samples were. recorded at- two: dlfferent sensitivities, in order
to cover the: enormous: concentratlon difference between putrescme and the
polyamines spermidine and spermine. Ascan be seen in Fig. 4, a peak is barely
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_visible beside the peaks of Dns-ammonia and the Dns derivatives of the-poly-
amines, when recording is performed at reduced (1/20) sensitivity. This shows
impressively the quantitative significance of the polyamines in tissues. At a
detector sensitivity sufficient fo measure less than 20 pmoles of the bis-Dns-
diamines, there is still little background noise. It also appears from this figure
that 1,3-diaminopropane and-1,5-diaminopentane (cadaverine).are present in

- this tissue, if at all, only in very low concentrations. Pre-treatment of the
animals with 1,4-diamino-2-butyne (100 mg/kg, intraperitoneally) elevated
putzescine concentration in liver considerably, probably owing fo its inhibitory
effect on diamine oxidase [25] (Fig. 5). Eight hours after its administration
the compound was still detectable in the liver in amounts of 20 nmoles/g.
Putrescine and polyamine conecenirations of normal and transformed chick
embryo fibroblasts were comparable (Fig. 6). Cadaverine was not detected in
these cells.

Peaks were evaluated by messurement of peak height and pezk width at
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Fig 4. Sepamtxon of the Dns-amine denvatwes of a normal mouse liver in the gystem described
in the legend to Fig. 1.1 = Bxs-Dns—l 4-dxammobutane (pu&escme), 2 = bis-Dns-1,6-diamino-
hexane (internal standard; 16.6 pmoles); 8 = mx—Dns-spermxdme-' = tetrakis- Dns-spenmne
5 =:Dns-ammonia. The sepan.ted gample. coz:esponded mth 2.7 mg of lzver. Dof:ted lxne.
recordmgat -reddced (1/20) se'ﬁsif:ivity EER ) sl . .
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Fig. 5. Separation of the Dns-amine derivatives of mouse liver, 8 h after {reatment of the
animal with 1,4-diamino-2-butyne at 100 mg/kg. Separation conditions are identical with
those in Figs. 1 and 3. Peaks: 1 = bis-Dns-1 4-dmmmobutane (putreseine); 2:= bis-Dns-1,6-
diaminohexane (internal standard, 16.6 pmoles); 3 tris-Dns-spermidine; 4 = tetrakis-
Dns-spermine; 5 = Dns-ammonia; 6. = bis-Dns-1 4-dxammo-2—buﬁyne The separated sample
corresponded with 2.7 mg of Hver. Doﬁ:ed line: recording at reduced {1/20) sensitivity.

half height. Although this method is of limited accuracy, the mean standard
deviation (S.D.) of measurements répeated on three different days was never- .
theless less than +7%. Table I summarizes these results. It appears from this
table that the S.D. was about the same . for the whole concenf:ratlon range
from 20 pmoles-to 2 nmoles: of amine. The relatmnshlp between amount of
substance and recorded peak areas was linear over this range (linear regression
coefficient > 0.988). The S.D. of the measured values ftom the calculated
regtessmn curve was mthm *2% forallammes. Conen s LI

DISCUSSION

Eshmatlon of polyammes as theu' Dns dewafnons m t].ssues and body ﬂmds
by thmlayer chromatography has proved . its. usefulness as' a sensitive. and
reliable :method : {26, 28,:29].:Using. automated application of: sample ‘and
fluorescence scanning in situ, especially of HPTLC -plates {30}, makes-the
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Fig. 6. Separation of the Dns-amine derivatives of chick embryo fibrohlasts transformed
with Rous sarcoma virus (Schmidt—Ruppin) and treated with 0.1 m2f 1 4-diamino-2-butyne
for 24 h. The separated sample corresponded with 0.044 mg of cell protein.. Separatmn
conditions were identical with those described in the legend to Fig: 1. Pesks: 1 = bis-Dns
1,4-diaminobutane (putrescine); 2 = bis-Dns-1,6-diaminohexane (internal standard, 125
pmoles); 3 = iris-Dns-spermidine; 4 = tetrak:s-Dns-spemme' 5 = Dns-ammonia; 6 = bis-
Dns-1,4-diamino-2-butyne. Dotted line: recording at reduced (1/5) sensif:ivity.

method very rapid. Many samples ean be handled in parallel. From tins pomt
of view, sequential separatlon methods, such as. HPLC are of comparable
usefulness .only if their superior separatory quahty is decisive or if they are
automated. For various reasons the method described in this paper is a favor-
able alternative fo TLC. (1) Adequate separations of the homologous diamines
and polyamines are achieved within a short time. TLC of these amines is not
adeguate in a one-dimensional separation. For complete separatmn a.two-
dimensional separation is required {25, 36]. (2) The reversed-phase column
allows rapxd regeneration. Repeated separations are possible within a short
time. This is an advantage over the otherwise highly effective. lon-exchange
column ‘separations with advanced technology [15——17] (3) _The Dns deriv-
atives can be collected from the column outflow and characterlzed by mass
spectrometry and by other suitable methods. (4) Since radmacmty measure-
- ments can be aehxeved on collected fractions, HPLC separations of Dns—ammes
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may prove useful in metabolic studies and for quantitation using double-
isotope methods [6]. Although the equipment used in the present work was
not automated, the separation method is suitable for full automation. The
ease with which the separations can be adapted to special requirements may
be a further aspect in favor of reversed-phase HPLC ss a routine method.
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