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Maes~ @ aliphatic d&nines ai~d po~yamines”was stimulated by fhereports 
of .RusselI et al. [lb 21 %hat t&se amjnes .iire present at elevated concentra- 
tions in the urine. of ~patientswith cancer. The compounds under co&den&ion 

areputxescine,spermidineaudspermine. .I. 
In a previous Paper [3], we establisfied-a high-speed lEqui+ chromatographic 

method for the determination of polyamines, based on the .formation of the 
tosylated derivatives. It was found, however, that co-e&fig compounds in 
urine inixzrfered in this -method_ This paper describes .a procedure for pre- 
tzeatment of the urine consisting in the hydrolysis of conjugated poiya&.nes 
and the purification of the polyamines. A grzidient elution technique for the 
$osyl.ated polyamines is also described. 
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This werk.was c&r&d o&t in a Du Pon& 840 liquid chromatograph equipped 

with. + ~ultx+i$et absorp&n detect& (254 nm) and .a h&h-pressure pump 
(MqdeJ _.JCl&‘U 32H &&m&r0 ‘pump, Ky&wa &eim&u); The separ@on was 
carried -out.- with. .a >- m X- .Z.Z_ e_ I..@ ++nn of Zipax Pe.rmaphase ETH 
(30-59. ,ttm)..pyh*- ftom Shimadzu se-o (Kyoto, Japan). Gradient 
e+ltion W%: tzzUTI@. out in .thg app&ra@s sh9w.n in Fig. 1. other experimental 
~e~:~gmen b.*e.@gendstq_tie f@=s.. 
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Fig. 1. Schematic diagram of gradient system. & reservoir (75% acetxmitrile); B, funnel; C, 
cock; D, mixing vessel; E, magnetic stirrer; F, pm gauge(60-70 kg/cm%, flow-rate 
0.6 ml/min); G, damper; H, pump; I, injection port; J, column (l-m Zipax Permaphase 
ETH): K, column jacket; L, constant-temperature circul.&or (400); M, recurder; N; W 
detector (254nm). The gradient was prepared in the following manner. 1. About 25 ml 
of 25% aqueous acetonitrile solution is placed in the mixing vessel (D) from the funnel (B). 
2. Aqueous acetonitrile, 25% solution, is pumped through the column. 3. V&en 25% aque- 
ous acetonitrile solution is d ecreased to 20 ml, thy pump is stopped and the sample ia in- 
jected. ‘4_ The cock C, -is closed and the cock C, is opened so as to connect the &ing 
vessel with reservoir in which 75% aqueous acetonitrile solution is placed. The pump is 
then started. 5. When the separation cornea to end, the pump is stopped. 6. The cock C, 
is clcaed and the cocks C, zind C, are opened. The mixing vessel is washed with 25% aque- 
ous acetonitrile solution before next run_ 

(Osaka, Japan). Acetone, n-hexane and methanol were redistilled before 
use. The other organic solvents and reagents used were of reagent gmde. 

Procedure 
Three milliliters of urine are mixed with 4 ml of hydrochloric acid in a 

screw-&p tube and hydrolyzed for 3 h at 120” in an autoclave. The hydrol- 
yzate is transferred to a lo-ml cenkifuging tube, diluted t.0 10 ml with water 
and centrifuged (1000 g, 5 min). Then 8.0 ml of the supematant are taken 
and evaporated to dryness on a row etraporator- The dried residue is $lis- 
solved in 10 ml of water, applied on a 10 X 0.5 cm ctilumzxof~50-100 m& 
Amberlite IRA-410 (OE), and thti column is washed with water= The first 
20 ml of eluate aFe collected. To this eluate, 10 ml- of 0.1 N Qdiochloric 
acid are added and the solution is appkd on to a 5 x~ 0.5 CZI ‘column of 56- 
100 -mesh Dowex 5OW-X8 (H’). After the column has been washed -witi 
30 ml of 1 N hydrochloric acid, the polyamines adsorbed .ixx the coluti 
are eluted with 6 N hydrochloric acid. The first 10 ml of eluate are colkcted. 
A lOO+l portion of the aqueous internal standard (l,lO-diaminode~e)~ s@u- 
&ion is added to this eluate aridthe &ture isevapotited to be% on a-row 
evaporator. .The residue is kskolveii in I ml Of water. To this soltif+on, l- & 
of 0.5 M sodium hydrogen carbonate and 20. mg of. T&l dissolved in 2 ml 
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of acetone are added. The mix- is then warmed in a water-bath a& about 
70’ for 1 h. The mixture is cooled, then 10 ml of a 1 N sodium hydroxide 
solution are added. The mixture is washed with four 5-ml volumes of-n-he&me, 
and after the adclition of 15 ml of 1 JV hydrochloric acid, the tosyktted poly- 
amines me extract with 10 ml carbon tetrachloride. The organic phase is 
dried on sodium sulfate, and carbon Mracbloride is evaporated tq dryness on 
a rotary evaporator. The residue is redissolved in a few drops of methanol, 
and 10 ,ul of the resulting solution are subjected to the high-speed liquid 
chromatograph. 

RESULTS AND DISCUSSION 

For the pre-purification of the polyamines from a hydrolyzed urine sam- 
ple, an Amberlik IRA-410 (0Ei ) column (50-100 mesh, 10 X 0.5 cm) 
and Dowex 5OW-X8 (H’) column (50-100 mesh, 5 X 0.5 cm) were used. 

’ Fig. 2 is an elution graph of the polyamides from the Dowex 5OW-X8 
column with 6 N hydrochloric acid. But 1,lOdiaminodecane (IS.) adsorbed on 
the column Was not eluted with 6 N hy&ochloric acid. These amines could 
not be eluted with hydrochloric acid diluted below 1 N. 

Fig. 3A shows the effect of the pre-purification of a hydrolyzed urine 
sample from a patient with cancer, with the Dowex 5OW-X8 column. The 
chromatogram shown in Fig. 3B was obtained by passing the hydrolyzed 
urine sample through the Amberlite IRA-410 column before application 
to the Dowex 5OW-X8 column. Unfortunately, a poor separation of the tosyl- 
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Fig.: .2, lihtion graph of the poiyasnks. from D&vex SOW-X6 az&xn~ (5 x 0.5 cm) with 
6NHC.X 
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Fig. 3. Eff&t of p&purification of zx hy&I$zed rrrine sample OP the Iiquid 
Operating comiitions: colnmq 1-m zipax Permaphie glzE (particle size, 30-50 -pm); 
mobile phase, 40% acetonitrile; coti temperature, 35” ; flow-rate, 9.40 ml/min (pm, 
50 kg/cm* ); detector, W photometer. (254 nm). Pea&: e = Ts-putrescine;~b. = Ts-epermi- 
dine; c = Ts-l,lO-diaminodecaue; d.= Ts-sperzSne_ 
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Fig. 4. Gradient elution of Ts-po~ya~G~~~ and ‘@-l,lO-dkminod&aue. For operat$xg con& 
tioas,‘see legend to Fig_ 1. Pea&: a = Ts-pu~ b = T&permidiixe; c~~:Ts-~;BNii&i& 
decane; d = Tsspermiue. 
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Fig. 5. Cbromatogram obtained for the- dete rmkation of polyamines in the urine from a 
patient with.cancer. For opera&q conditions, see legend to Fig; 1. @s&s: a = Ts-putrepcine; 
b = Tsspermidbte; c. = ‘Es-l,lO-dizminodecane; d = ‘ikqermine. 

RELATIONSHIPBETWEEN THREXTENTOFHYDROLYSlSOFCONJUGATRDPOLY- 
AMIN3ZSANDIiYDROLYSISTIMR 

Resultsareexpressedinpe&heightratios.Pu = putrescine;Spd=spermidine,andSP= 
6permine. 

'Sample Hydro&sistime (h)at 120" Hydrolysis time(h)atllO" 

1 2 3 5 15 1 2 15 20 
._ 

i?u 1.73 1.81 1.82 182 1.85 
A Spd 0.46 0.51 0.59 0.50 0.51 

Sp_ - - - - 

B &d 1:::: 
9.60 9.72 9.72 10.12 6.00 7.88 9-76 9.92 

21.24 21.36 21.44 21.40 16.80 19.48 21.64 21.32 
sp 1.48 1.73 1.74 1.68 1.64 1.26 1.61 1.72 1.73 

gd $i 
2.40 2.85 2.66 2.67 

C 
SP 0.07 

1.36 l-43 1.51 l-43 
0.99 0.09 0.09 0.08 

Pu x.74 1.77 1.80 - l-79 1.82 1.04 1.47 1.80 1.82 
D Spd- 0.82 0.90 0.94 0.88 0.95 0.54 0.68 0.94 0.93 

SP 0.11 0.17 0.17 0.17 0.17 0.10 0.13 0.17 0.17 
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ated polyamines from other compounds present in the. urine sample tvas 
occasionally observed. The gradient elution-technique for the tosylated pbly- 
amines was tried by using the apparatus shown in Fig. 1. Fig. 4 shows a Qp- 
ical c-hromatogram of tosylated polyamines and the gradient curve of the 
acetonitrile concentration in the eluent. The chromatogram shown in Fig. 
5 was obtained for the determination of polyamines in the urine from a pa- 
tient with cancer. 

h most methods reported, conjugated polyamines have been hydrolyzed 
by the procedures of Marton et al. 141 with some modifications. We have 
investigated the hydrolysis conditions of conjugated polyamines in urine. 
Table I shows that the conjugated polyamines could be hydrolyzed for 3 h 
under our conditions. 

To check .the precision of this method, seven 3-ml portions of the same 
urine sample, supplemented each with 10 pg each of putresciue, spermidine 
and sp ermine were analyzed by the over-all procedure_ The mean recoveries 
were 90.7% (S.D. 3.5%), 87.4% (SD. 3.2%) and 67.0% (SD. 5.2%), respec- 
tively. . 

_ . 
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