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SUMMARY 

Using a -Lichrosorb RP-8 reversed-phase &mm and a metEumol--water gradient elution 
program, it is posible to separate within 40 min and +a determine routinely in picomole 
quantities the natural di- and polya~G~~es. The precision of the method is comparabze to 
the thin-layer chromahgraphic procedures, the separations are most efficient, and the 
method can be My automated. A modiEed gradient enables the repeated assay of sper- 
tiding and sp enah within 20 m.& The method is suited for, polyamine ahalyses in &is- 
sus and body-fhxkk 

INTRODUC%ON .- 

Widespread -interest in the natuml’ di- and polyamin& [l; 21 has led td the 
development of a number of me&ods for their rapid and setitive assay. Most 
of these methods have been suuunarized recently .[3-6]_ Separation of the 
amines by ion+xchauge column chromatography with automated instruments 

._[7-171 is the favored method for routine assay of polyamines in urine and 
body fluids. Reactiqn of amines with fluorescamine either before or after 
khek separation by thin-layer _?r high-perfonnauce liquicl~ chromatography 
(HPLC-has- bee n published ‘[I&-21] : HoFever, no practical application of 
t&t+e’~~inetbiioc@ he h&n ‘m$~orted; R@io-imnunological ltiethods [22,- 231 
~kijOl@nke de-&ions in &&al sekn.ing-p+m& seem t-o -be most ,:- ,. - :.. :_ : 

fC!otipondeiice: should be -add&&d. to:. N: S&&r, Cents& de R-echezcbe-Menell ~tema- 
tiolial,M rue d*Ankma, 67064Strasbourg, France. 
i -~-_ -. : ; ..- -:y 
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promising. If the radio-immunoassay be disregarded,the most sensitive method 
is still the estimation of polyamines as their 5-dimethylantinonaphthalene-l- 
sulfonyl (Dns) derivatives 13, 24-291, especially if high-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 mixuues of 
organic solvents for elution (31, 321. During recent years our ‘laboratory has 
made several attempts 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 silic-a cores. Separations were ade- 
quately rapid and reproducible in successive runs with reference samples. 
However, difficulties were encountered with putrescme determinations in 
tissues and body fluids containing only low concentrations (10-20 nmoles/g) 
of putrescine. These difficulties were overcome by a purification step be- 
tween the dansylation reaction and the HPLC separation. This procedure 
and a routine DPLC 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. 5Dimethylamino- 
naphthalene-1-stionylchloride (Dns-Cl) and reference samples of the Dns 
derivatives were prepared in our laboratory according to published proce- 
dures [25] . 1,4-DiaminoS-butyne was a gift of Dr. H. Fischer, Max-Planck- 
Institute for Brain Research, Fm&furt/M., G.F.R. 

Equipment 
A Varian 8500 high-pressure liquid chromatograph was used in combination 

with a Perkin-Ehner fluorescence spectrophotometer 204, equipped with an 
8-~1 flow cell_ 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~run cutoff filter in the emitted light. (Activation of fluorescence 
at 360 nm, fluorescence m easurement at 510 run.) Separations were achieved 
on a 250 X 3 mm Hibar pre-packed column, Lichrosorb RP-8, 7 pm, Merck; 
based on its capacity, mass-transfer properties and selectivi~ this support ia 
especially suited for-the separation of compounds of medium polarity, 

-0DS 

LCample prepurdion- 
Tissues and cells were homogenized with 0.2 N perchloric acid. A known 

amount of l,8diaminohexane~2 HCl was added to the homogenates as internal 
standard. The per&lo& acid extracts were reacted with Dns-Cl by ad@tion 
of 3 volumes of a solution of Dns-Cl in acetone (10 mg/ml), saturation with 
sodium carbonate, and reaction at room temperature overnight., Ekces-s of 
reagent was removed by the addition of a concentrated solution of proline 
in water, as described previously [25] _ The Dns derivatives were extracted 



-by shaking with 6: ml of toluene. Five rnWk= of the toiuene phase tie.& 
evaporated to dryn&s. The residue was redissolved in 3 ml of toluene. 

Disposable 5-ml polypropylene pipettor tips are closed on the constrict&d 
end with a cotton-wool 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-g& 
columns and the columns are first washed twice with 3 ml of toluene, and 
then with one &ml portion of tohen~ethylamine (10 : 1). The eluates 
are discarded. The Dns-di- and polyamines are eluted together 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 vohune 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 (3 : I), 
cell extracts in appropriately smaller volumes. 

HPLC sepamtion 
After equilibration -of the column at a rate of 60 ml/h with methanol- 

water (57.5:42.5) 10-50-~1 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 minute and it is mer increased 
to 3% per minute after 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 fun the columil is 
equilibrated again with 57.5% meth&ol 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. shois the separation of equivalent amount-s of mono-, his-, tri- and 
tetza-Dns derivatives of amines under conditions described in the Methods 
section and in the legend to this figure. Clearly the retention time increased 
wi+& the number of Dns residue% Only P-phenylethylamine eluted together 
with the group of bis-Dns derivatives, owing to the unsubstituted benzene 
ring. Within the groups of mono-, his-, tri- and tetra-substituted amines, the 
Length of- the &drocarhon chain dictated .the retention tie - as is to be 
expected for reversed-phase elution. This elution pattern is favorable for i;he 
analysis of. di-. and po+mines, since ammonia, which occurs at high con&en- 
&&ion -in .tissues, and Dns-dimethylamine, the most abundairt side-produc% 
of the dmqdation readion [251, were ehted well before the .bis-Dnsderiv- 
atives of the aliphatic diamines; 

Another aspect of the. method is also Ssible in Fig. 1: as pointed ou% pre- 



Pi& IL. se~on of Dns-amin ederivatiPesbyreveffed-phahe~U=.~~~:Hibarpre- 
pack& column (250 x 3.k) Lichrosqrb RP-8 (7 am). C&omatograpb~.~aria.n 8500. 
Detecbr: Perkin-Elmer flu- spectrophotcineter Mode1.204, titb 8qlf!oxv cell. 
Fbakescence~activation at360 nm;fiuowscence m efkremfmt-at.510 nin: El&ion: threfz 
step-~ater--methenolgradient~(60 ml/b). (1) 57.5 fo67.5%, A,&&d = 0.5%/*(20 
H&I). (2)67.5%to82.5%, AmG&oj’ 1.5%~min(lOmin).(3)82.6% t010O%,.A~~~~ 
= SA/mbz (10 min). Equilibration before thenextrun for10 mintitb 57.52metbsmoL 
x= 5-Dbnetbylknin onaphthalene-lsulfo~cacid(Dns-OB);l=Onsgmm o&;2 =‘N-Dns_ 

ethanolamine;3= Dns-metbykunine; 4 = Dns-2-osopyrrolidine (reaction product of 4- 
aminobutyzic acid); 5 = Dns&methyhunine;6 = his-Dns-agmatine;7 = Dns-2-phenyletbyl- 
amine;8 = bi+hs-1,4-&aminobciiaminobutane (p&escine)r9 = his-Dns-1,5&amiaopentaue_diaminopentaae$adav- 
erine);- 10 =- bii-Dns-1;6_diamiirohexane; 11 5 bis-Dns-bistamke; -12 = 0,&i-his-D--B- 
bycIrox#ryptamiue (aerotoniP);23.=_OtN_bib-~-2~~y~~he~y~~~y~e~~-t4rra- 
m&e);.14 =,tris-~spqmidine;15 =.te~Dn~~e~.The der+tivesv+e appljed 
ineq7+olarz=-aou+(1nmol)dissalvedin 20plofm~.thapo~~(3/1,vlv?, .~ 

.: .: _.. -: 
: ._ :- - : 

viously 12.5, -331, fluorescence .intensity of the Dns deriv&ives increases -with 
the number of fiuorophores attached td the mok&e;-‘However, this does not 
apply to -the aryl ethylamine derivatives: even thouglr the dtmsyl fluorop~ores 
are:separated: by -the ethyl sid-hain. ,of &i&mine, iieratoti, tyhmbe; ,etc;; 

the fluorescence qLttmt4lm j&Id -of these wninesis lIlK&~iQW~:th8il that oahe 

corresponding N-mono-D= derivatives, presUmably-Q~g-~~riq-~~-Q~~ 

Charfse-transfer: &b?r&tioi~ of - tit? fluorophtxes, L Since. the comen~ti~m~ of. 
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Fig. 2; Sep&ficm oftbe Dns -amine derivatives of a normat mouse liver using an ebztion 
progmm suited far the rapid determination of spermidine and speze.. The sample was 
identical with that skown in FsZ 4; however, .abotit 0.3 m.noks of hi~-Dris-1,4-diaaino- 
iiutaue and 1 mnok of-bis-Dns-1,6~ah~ were added. -Tire .sensiti&y of read- 
ing was iderkical with that shown in Fig. 4, dotted Erie. El&ion program: two step water- 
y”“f”’ gradient (7.5 to 32%, A&e~~~=I%/min; 82to ~004p,A&~ol=4%bh 

= Brs-Dns-1,4-dsammob&ane (putrescine); 2 = his-Dns-l,fk3zammohexane fintermal~stan- 
dard); 3=tris-Dns -qxamidine;4=~~-~~rminemine;5= DNS9mmonia. 
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Fig.3.Separation ofthe his-Dns derivatives oftbe homologous dinmines byreversed-phase 
HPLC.Column,~~~graphaaddetectorasdegcdbedintheregendtoFig. l.E=Lution: 
.xzaWeethaaol gradienis;~60 ml/b. *o-step gradient (57.5 to 67.5 Ame~o~ =.0.5%/ 
min (20 min); md 67.5% to 82.5%,Ame&ol= 1.5%/min(lOm.in). (B)Lineargradient 
(57.5 to 67.596, A,eol = 0_25%/min (40 min). 1 = Bis-Dns-1,2_diaminoethane;-2 = 
his-Dns-1,3+iamikopropane; 3 = his-Dnsl,a-diaminobutane (putrescke);4 = his-Dns-1.5- 
diaminomtane (cadaveriue);-5 = bk-Dns-1.6-diamInohexane. The amine derivatives-were 
applied in equimohr amounts (1 nmol) dissolvzd~in 20 pl ofmethanoFxvater(3:1;v/v). 
Detector~ensitivits~~identiealin(A)and(B). 

-_- 

the same compound proved to be useful as standard for the mass spectrometric 
determination of putrescine and- cadaverine [34] .)- Although the peaks of,-his- 
Dns-putxescine and biiDns-l,$diaminopropane overlap, their separation is 
nevertheless adequate for-, most purposes. By-using a -fiat @en&, .the sep&a- 
tion of these overlapping-compounds -can be somewhat improved at the ex- 
pensepf sen+vi~.(Eig_3B)i. .:-: : : :- -..‘-’ 1 _ :. 

The method was. appljed. for the deter&na &ion--of putrescine, sperm&Sine 
&d spegnine-lin. @e livers qf n0pn.a.l and- 1,4-diamincy2~butyne+eatetSmice, 

_ apd jn ’ chick embryo . . fibroblasts tie&d with: : the same ; pu&scine am&g. 
(A &script&n of the results of this work. vC@ be_givenelsewhere;) The s6para- 
t&g 0%: A&sue-- samples were, ,rqcorde& at- two: diffent..etiWtiesensitivities,. -in.-brdfk 
to. COWS the. enormous;concentratrionI.differeuce- between :putresctie -and the 
pelyamines spermSue. and. sp erinine. As +n ,be s&n hx Fig;. 4, a‘p&k is bareljt 
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visible be&de the peaks of &+u.mnoti aud the Dns derivatives of the-poIy- 
amines, when recordirig is perforEned at reduced (l/20) seti%&. This f+lows 
impmssively the quantit&ive_ sinnificance of ‘the po&mines in tisues. At.‘a 
detector sen&iviQ sufficient to measure less thm 20 pxmks of the bis-Dns- 
rlinmines, there is stilz little b&qr&nd noise. Et also appears from &is fig& 
that 1,34iaminop$tjp~e aud; 1,5&ian+opentaue (cadaveriue)..are present in 
this t&sue, if at all, .only in -very low concentratious. Pre&eatment of the 
animals with l&diamino-2-bu~~ (100 mg/kg, iutraperitone@y) elevated 
pukeseine concentration in Ever.considerably, probably owiug to its inhibitiry 
effect on dbmine oxidase 135) (Fig. 5). Eight hours after its admiG&ation 
the compound was skill detectable iu the Iiver in amounts of 20 nmoks/g_ 
Futrescine and polyamine concentrations of normal and tramformed chick 
embryo fibroblasts were comparable (Fig. 6). Cadaveriue was not detxxted in 

Peaks were evhated by m easurexnent of peak height and pe& width at 
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Fig. 5. Separation of tbe Dns-amin & derivatives of clause liver, 8 h after treatment of the 
animal with 1,4-diamin&2-butyne at 100 mg/kg. Separation conditions areidentical titb 
those in Figx 1 and 3. Peaks: 1 = bis-Dns-1,4-diaminobutane (pufzescine); 2 = bis-Dns-1,6- 
diaminohesane (internal standard, -16.6 pmoles); 3 = tris-Dnsspermidine; 4 = tetraks -_ 
Dnsspermine; 5 = Dns-ammonia; 6 = his-Dns-1,4-o-2-butyne. The separated ganiple 
corresponded with 2.7 mg of liver. Dotted line: recording at reduced (l&O) sensitivity. 

half height. Although this met&oh is of limited accuracy, the mm standard 
deviation (SD.) of m easure~ents repeated on three different days was new+- 
theless less than +7%. Table 1; .sunkuarizes these results. It app&k from this 
tible that the S.D. irras about he. same : for the wfiole cokent&on range 
from 20 pmoks-to 2- nmolks of amine, The fiatioixhip. between &nou& of 
substance and recorded peak areas was ti&x~o&r this ran&e (line&re&ession 
coefficient > 0.988). The Sa. of: the measured values from thi- calcylated 
regressionc~~was:~~-lr2%forall-amines:-.- -: :. . . -L - .’ .-.-~_.I-_: :: 

: .; 

DISCUSSION 
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Fig. 6. Separation of the Dns -amine derivatives of chick embryo fibzobksts transformed 
with IRous sarcoma virus (S&mid+Ruppin) and treated with 0.1 W 1,4-&asuino-2-buCyue 
for 24 h. The separated sample corresponded x&h 0.044 mg of celi protein. -Separation 
conditions were identical with those described ia the legend io Figz 1. P&: 1 = his-Dns- 
lp-diaminobutane (pukeseine); 2 = his-Dus-1,6_diaminoherane (inM standard, 125 
pmoks); 3 = &ris-Dussaparm -dine; 4 = tetmkis-Dns-spemine; 5 = W-ammonia; 6 = bis- 
Dns-1,4&auGno-2-butyne_ Dotted tie: regarding at redneed (l/5) sensitivitj~. \ 

: ._ 

method very rapid. Many samples can be handled in &k%eL .From this point 
of view, sequential sepa.&ion metit&, such .:a~.‘ HPLC; are,’ of comparable 
usefuln~ -only if their superior eeparatory qualiky ‘is de&iv& or if they are 
automated. For various reasons the method described in this paper is a faxor- 
able &ematie to TLC. (2) Adequate separati_ons of the.homologoti ninmines 
and po~yamims are achieved w&bin a s&x% time. .T&C of these -es is not 
adequate in .a one-dimensional separafion. For cotipiet& sepGatio9 a :&we 
d.imensi&a.E separ&i& is requimi 125, 361. (2) The reversed-$ase cohmm 
allows rapid regeneration. Eepeak$ +par&qns are possible @21& a_-,&ort 
time. This is an advantage over the‘otli ezmis@~bigM~ izff@ive~ion-exchange 
column -septiions with advanced technoiogy’~15-17]_ (3)..The Pm deriv- 
atives can be coUe&ed from the cohnn ~+flow ‘and @xza~;eo’ b~inastj 
spe&ome&y +nd by. other suitable m$,hoijls. (4) Sig+z radio&@iQ~j’me&mr& 
men& can be acbiewed on colle@ed &ctio~& HpLe sep8rfkions 0fDzisgamines 
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may prove useful in metabolic &udies and for quantitation using double- 
isotope methods IS] _ &thou& the eaui~ment used in the ~&sent work was 
not automated, the separation method is suitable for full-a&on&ion. The 
ease with which the separations can be adapted to special requirements may 
be .a further aspect in favor of reversed-phase EiPLC as a routie method. 
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