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SUMMARY

Putrescine can be quantitatively estimated in tissue after its extraction by
pre-separation of the amine misture by jon-exchange chromatography on small
columns, reaction of the putrescine fraction with r-dimcethyluninonaphthalene-3-
sulphonyt chloride, two-dimensional thin-layver chromatographic separation of the
dansylited amines, and fluorimetry of the bis-DANS putrv:«.’imr extracted from the
carrier. Recovery of putrescine from tissue is 93-94 2, independent of the amount
of putrescine applied to the columns, Losses oceur during ion-exchange chromito-
graphy. The sensitivity of the method is higher by o factor of 50--100 compared with
existing methods, Reproducibility is - 1.3 2, for reference samples. Concentrations
of putrescine were determined in mouse brain and liver.

INTRODUCTION

Putrescine (1,4-diciminobutane) is supposced to be as generally distributed in the
living world as are spermidine and spermine, since it is the physiological precursor of
these polviomines, Although quite a number of methods have been desceribed for the de-
termination of putrescine in tissue, quantitative data are relatively scarce and
many cases not very reliable. One reason for this may be that general interest in the
naturidly oceuring polvamines has grown only recently !, despite the fact that remark-
able features of these amines have been known for some time2, Another reason for the
lnck of data on putrescine may be sought in the relative insensitivity of the available
methods. Most of them clopum] on the colour reaction with ninhy ch‘m-" ; some authors
suggested the use of 2,4-dinitropheny! derivatives for photometric determination? =11,
and the recently described gas-ligquid chromatographic method™ can measure only
microgram quantities. The unreliability of the data derives from the fact that the
spots-on clectropherograms and the fractions cluted from columns were normally
investigated for uniformity only by the use of further chromatographic procedures,
and not by independent methods, so that in some cases even the identity of tlu,
substances determined with putrescine may be questionable. ,

During the last few years we have devised in our laboratory solvent systems
for the thin-layer o lnnm.ltngr iphic (TLC) separation of the highly fluorescent 1-di-
methy l.un|nmmphtlmlcnc—a sulphonyl (DANS) derivatives of more than 100 biogenic
amines and of amines of ph.u mite nlngxcnl interest, including aseries of polyvamines!® 14,
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The principles of the quantititive determination of the DANS derivatives on thin-
laver plates have been deseribed? One-dimensional systems for the separation of
the DANS derivatives of spermidine and spermine, among others, front all other
Nuorescent spots of comparable intensity in dansvlated tissue extracts were used as
the basis for the quantitative determination of spermidine and spermine in different
tissuesto-, _

In the present work, o sensitive fluorimetric method based on the same prin-
ciples is deseribed for the determination of putrescine in tissue, W\ similare procedure
to that deseribed here his been applied recentlys to the separation of putrescine and
some of its metabolites on o farge scalest,

MATERINL AND METHODS

IEvperintental animals
Male albino mice (NMRI) (Stiddeutsehe Versuchstierfarm, o Voss KOG, Tatt-
lingen, GUIFLURY) of weight 3035 ¢ were tsedd.

Preparation of the tissue extracls

The animals were Killed by decapitation, The brain and liver were removed as
quickly as possible and immedintely homogenized with ice-cold o.2 N HCIO, (1:25
wiv), Samples of the homogenates (2 ml, corresponding to ca. 77 mg ol tissue) were
centrifuged for 15 min at Soo ¢ and the sediments reé-extracted with 2 ml of o2 N
HCIO,. The combined supernatints were mised with 1o ml ol ethanol and stored at
37 for 10 I to complete protein precipitation,

Ton-cxchange chromalogra phy

The clenred tissue extracts were applicd to small columns (60 60 mm) with
z.0 ml of Dowex 50-\W NS, 100-200 mesh (Ft form), at o flow rate of 1.5-2 mi/h.
The columns were wiashed with 2o ml of 1.V HCL at o flow rate of 3 ml/h. These
cluntes were discarded. Puatrescine and some other aimines were eluted frony the resin
with toml of 3.5N FICH at a low rate of ca. 1.5 ml/h, The putrescine {ractions were
evaporated almost to drvness by astream of air at bo -7o7,

“Dansylation

The residues of the putrescine fricctions were dissolved in 1 ml of distilled water.
To these solutions, 10 mg of DANS-Cl dissolved in 2.5 ml of acetone were added, and
the reaction mistures saturated with Na,COyc 10H L0, After completion of thoe dansyl-
ation (normally by reaction overnight at room temperature), 10 mg of proline dis-
Csolved in 0.2 ml of witter were added in order to react with the excessive DANS-CL,
After zh, the dansylated amines were extracted from the reaction mixtures with
2 < 10 ml of benzene or toluene. The organic layers were taken to dryness in i stream
of air at 40 and the residues were dissolved in o1 ml of toluene -cthyl acetate (7:3).

Thin-layer chromatography

IZach sample with the dansylated amine mixture was quantitatively applied
on to o separate 20 < 20 cm thin-layer plate (200 gm layers of Silica Gel G, E. Merck,
Darmstadt, G.I®.R). The plates were developed in two directions in the manner
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described in detail carlier™, The solvents for the flirst direction were: (1) trichloro-
cthylencmcethanol (19:1) and (b)) benzene-methanol (1g:1). The solvent for the
seeond direction wias chloroform -tricthylamine (ro: 1), which should be prepared
immediately belore use. ' ‘

Reference siumples of pure his-DANS-putrescine were run on the plate edges
to allow the localization of the putrescine spot on the two-dimensional chromatogran,

ucititation :

The thin-layer pliates were dried for 1o min at room temperature. After the
putrescine spot was marked under o UV lamp, the corresponding plate arean wis
seraped out quamtitativelys with the zone extractor described carlier®?!, and the silica
gel was collected in ro-ml centrifuge tubes, DANS-putrescine wias extracted from the
carrier by shaking with 5 ml of henzene -acetic acid (9o )M 1ae3t After centrifugation
at Soo g for 15 min, the fluorescence intensity of 3-ml portions of the extracts was
mensured at 300 nimng Tuorescence was excited, at o wavelength of 305 nm. (A Zeiss
spectrophotometer PNIOTL was used for the fluorescence measurements in combination
with the fluorescence necessory Z19NMy).

Standardisation

FEach determination of putrescine in tissue was made on at least two parallel
siomples: to two further homogenate samples, known amounts of putrescine: 2HC|
(I'h. Schuchardt, Mimmchen, GUFUIRY) were added as internal standards, Caleulations
of the wmounts of endogenous putrescine were based on these internal standards,

Mass spectromelry

Mass spectra were prepared with o Varian MAT CH3S mass spectrometer under
the usual conditions, with an clectron beam energy of 7oeV. For details of the mass
spectrometry of DANS-umides; sce ref. 2z,

RESULTS

Fig. 1 shows the chromatogram obtained from o dansylated brain extract
prepared as described above and subscquently separated by two-dimensional TLC,
The chromatogriuns obtained from liver tissue were of comparable complexity. The
fluorescing spot  corresponding in its chromatographic behaviour to bis-DANS-
putrescine exhibited a mass spectrum identical with the spectra of authentic samples
of bis-DANS-putrescine, M+ at mfe = 554 (ref, 22). It was ensured in this way that
only putrescine was determined by our quantitative procedure.

It is well established that simple primary or secondary amines react quantita-
tively with DANS-Cl under favourable reaction conditionsth 15,2088 [Pyrther it has
been demonstrated that a linear relationship is obtained between fluorescence in-
tensity and the amount of DANS-derivative, This is demonstrated for bis-DANS-
putrescine in Fig. 2 not only for reference samples, which were directly dansylated
and measured after their TLC separation (curve A), but also for putrescine that was
added to tissue homogenates in known amounts and then recovered from the tissue
together with the endogenous putrescine in the manner described (curve B). From
the slope of this curve and from Table it can be calculated that the recovery of
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Figd 1w vdimensional chromatogram of DANSGimides from the putrescine fraction of mouses
brain extract, Solvents: st dimension, (o) trichlorocthylene cmethanol (ron), (b) benzene - metha-

nol Cra: 0 2md dimension, chloroform tricthyhonine (1orn), S, 808, - starting points N = spot
Gorresponding to endogenous patrescine: 17 12, reference sinnples of hissDANS-putrescine,
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FFig. & Reltionship between relative tluorescence intensity and amount of l»is-l).~\'.\'S-putrvscinv,
Curve A direetly dansylated reference sampless curve B recovered putrescine from tissae siomples,
Ordinnte relative Muoreseence intensity (aebitrary units) @ abscissa: amount of putrescine 21107
(nw). o

/
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TECOVERY O PUTRESCINTE FROM THIE TON-ESUCITANGIE COLUMNS

sinples were applied to the ion-exchange columns with knowninounts of putrescine: 2HCT tissue
sxtriets corresponding to 77 mge of tissue (See MATERIAL AND METHODS section), and tissue eNtricts
vith known amounts of added putrescine: 2HCL Calealations of recovery are based on the rel-
itive Huorescence intensitics of the reference samples that were directly dansyianted without
nssing the columns,

Tisstue  Nuher of et of Relative fluorescenee indensity (arbitrary wnits Necovery of
cxperiments  pulres- " e e - putreseine
(tisstirs from cines 2HCE Weferenee lissue extract Chromatographed — grpn the
ditferent (12 samples withou! added . samples colitnis
it inls) putreseines 2HCU  with added .
pitrescine s 2HCE
. Tu 0. 17.4 40 0,27 oo thor i ooy 03.4 2 087
3 0.h EHTE SR I - 2304 0045 5.2 2 143
Liver ! 0,2 NN 1.4.0 207 G923
to 0. 17.3 40020 (3.0 -2 0.0y 20.0 143 93.<
5 [(EN) 3.9 0 1,3 2,50 410 0N 3.7
| o8 b0 t1.0 g a7.7
1 1.0 G 3 1.0 5.5 O3.8
! [ 534 1.0 00,8 3.8
[ tog ol 10,0 07.7 L.
I3rain 1t O KT R Ly o 20 O1,0 - 3,38 Q3.4 o 181

putrescine from the columns was 3-04 ¢, independent of the amount of putrescine
applied to the columns and also independent of whether putrescine solutions were
separiated by ion-exchange chromatography or whether the putrescine was added
to tissue, The reproducibility of the determinations was also independent of these
parameters for reference samples: s s== - 137, (for o.4 g of putrescine-2HCl).
This value is in agreement with previous results for quantitative determinations of
different amines by the extraction procedure!s 13,2124,

Since the DANS derivative of putrescine bears two independently (luorescing
dansvl groups per molecule of amine, its molar fluorescence efficiency is twice that
of o monowmine'™, The detection sensitivity: for putrescine is therefore high. The
detection limit of the deseribed method is, however, dependent on several parameters,
<0 that no absolute values can be given, With the fluorimeter used in our experiments,
o1 nmole of bis=-DANS-putrescine could be determined without difficulty. Concen-
tration of the bis-DANS-putrescine solution to 0.5 ml and the use of microcuvettes
cun lower the detection limit by approximately one order of magnitude.

In mouse brain and liver, the following values for putrescine content were de-
termined from o total of 15 animals: for brain, 1o.9 = 1.2 nmoles/g of fresh tissue;
and for liver, 25.2 -4- 3.0 nmoles/g of fresh tissue,

DISCUSSTON
The suggested pre<separition of the tissue extracts by jon-exchange chromaito-
graphy can be performed with almost unlimited numbers of samples without any

difticulty, The two-dimensional separation of each sample on a separate plate, how-
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ever, is somoewhat laborious and expensive, since for a duplicate determination four
pliates are needed: two plates for the samples without added putrescine and two for
the internal standards, TLC s therelore the rate-limiting step in our procedure,
However, the speciticity of anadsvtical methods that use non-specific physical or
chemical detection methods relies only on the efficiences of the separation technigques
used, The careful separation of bhis-DANS-putrescine from other (lnorescent spots of
comparable intensity by two-dimensional TLC therefore seems necessary to us for the
quantitative determination of putrescine, One-dimensional chromatography ol the
DANS derivatives, as suggested by Diox axn Herpst™ for the determination of
putrescine as well as spermidine and spermine, should give satisfying results onlyin
special cases, since the amine mistures present in tissues are normally very comples.
On the same grounds, we think it is further necessary in the case of chromatographic
procedures to ensure the identity and uniformity of the substincees to be determined
by independent methods, For the identification of the small amounts of DANS
derivatives normally available from tissue, mass spectrometry wiss the most suitable
method, sinee it gives additional information about the presence and the type of other
compounds in the chromatographically separated spots,

Putrescine has been identified in brain extricts by several authors? 2 Quan-
titative data have only been published recently by KreyMzNer of al'V for sheep
brain. More data are available on liver putrescine® #3080 ospecially in it liverd st
Ourdation the putrescine content of mouse brain and liver cannot be compared with
existing data for the mouse, Compared with the published figures for sheep brain!!
and rat liver?, the concentrations of putrescine found by us in the mouse organs were
lower by o factor of 0.25-0.3.

A comparison of the presently available methods for the determination of
putrescine reveils that the sensitivity of detection of the dansyh method is higher
compared with those of the other procedures by a factor of ca. 50100,
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