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A procedure is described for the npid determination of putrescine. spermhe and 
spemidine in urine and whale blood. The samples are kydrolyzed with barium hydroxide 
and are neutrahed with sulfuric acid. The po!ytmhes are concentr&ed and separated from 
amiuo acids on a small bed of ion-exchange resin that tken serves to load the samples oo a 
‘hm-ckamel, automated ion-exckaoge ckrcmatagrapky appsratus. As many es 100 ampIes 
can ke analyzed in a 24-k period. The metkad kas been skovm to be app!icable to the 
ansly& af urine end vrkole blood samples. hut further development is needed foeapplication 
ta SeNm sarirples. 

Since the initial repczti by Rw.4.l and colleagues [I,23 the evidence has be- 
come well known for elevaki urinary excretion of poiyamines (putrescfne, 
spermine, and spernxidine) by some cancer patients. Evidence is accumulating 
also that some caneez patients have larger than nomat snmwts of spermidine 
in their semm E3-64. Much of what is known of ‘Ae relation between poly- 
amine k&s and exu~cer was summarized ~6 a 1973 symposium ET] and has 
been bziefly reviewed more recently by Savory and Shipe 181. 

Anumberofme&& hwe beerzdevised todetezs~~ine the poEyamfnesin 

biokqical sampks. The analyticd &a&of-tie& is well summarised in the 
symposi~~~~~ voiurce [‘El and the review by Savory and Shipe inckdes several 
references to arm&tic& methods. Most of the recentip described methods have 
been base& on sepamtion by gas chromatography or by ionexchange liquid 
chmma-hy. The separation times by gas chromatography have been rea- 
stmab~ short fZ5-20 minf, but the sample preparation steps have been tedious 
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[9,X0]. Many of the ionexchange chromatograph$ methods have ako teqrra 
t&ioxrs sample prepztratib~~ and column time per analysis has f.ynieaUy been 
from 90 to 120 mm 13, II, 121. 

The limitations of t&e analytical methods have undoubtedly slowed the pro- 
gress of didcal studies on the si@cance of polyamine levels in the diagnosis 
and therapy of cancer. Savory and Shipe [S] concluded their retiew by saying: 
“The reIationship between polyamines and cancer appears to have been well 
established, and there are sufficient data to indicate tkat me%urements of 
polyamines in biological materials could prowide a valuable test in ffie diagno- 
sis of cancer and for-monitoring therapy. At the present time, there is a need 
for the development of precise and accurate methods with ultimate empfzasis 
being placed on simplicity in order that large scale studies can be carried out. 

_. Normal value; of polyamines in serum and urine need to be esteblished and 
further extensive clinical correlations are required.” (italics ours.) 

; It was our pwpose in the work reported here to develop a rapid method 
of analysis to facihtate the clinical studies. The method measures free or total 
(free plus conjugated) polyamines in urine or whoie blood, and with some ad- 
ditional development it should be useful in the analysis of serum+. It employs 
commercially available equipment entirely, except for one module assembled 
from commercial parts. The equipment makes it possible to analyze 100 or 
more sampies per day. 

S-Y OF THE BEETHOD 

The method has severa! features that distinguish it from earlier chromate- 
gmphic metkods for polyamine determination. These include novel prace- 
dums for sample hydrolysis and for separating =d concentrating polyamides 
from the sample, in addition to a rapid ion-exchange column separation. Tke 
details of the procedure are given below, in the Experimental section. In this 
section, the general features of the method are described and discussed briefly. 
The sequence of steps in an analysis are: (1) sample hydrolysis; (2) precon- 
centration and group separation; and (3) chromatography. Tke description 
here is in the inverse of that order, so as to make &arer the relations between 
the steps. 

Rapid chrwnaiogmphy 

The primary objective of the method development program wss ti speed Up 
the chromatogmphic analysis substantially from the &a-f-the-art c&.mn 
time of 99-120 min per sample. (A newer method [X3] requires only 35 min 
co!umn time for. the separation plus en unst&ed length of time to prepare the 
column for the next sample z&-es each run.) In ffie method described here, the 
column time is 22 mix3 iricKuiing washing and regcneratig the eoIumn for the 
next sample. The ckromatogr&kic separation is ctied out on 8 dualcohzr.nn 
analyser [14] that is equipped for automated, unattended operation. Et is pas- 
sibIe to analyse six sampEes in Utle more than I h. 

The COI= time was reduced by a cqmbination crf improvenxenti aver etu- 
Itier methods: 



needed to elute the amino acids in the sample. In the new method, the amino 
acids are separated from the sample before the clxomatogxqhy_ 

(2) A combmation of factors were optimized to speed up the chromato- 
graphy generally. These included the use of smail, uniform resi.~ particles [X5], 
a short cohunn, moderately fast pumping ~&ES (possible without excessive pres- 
sure because of the short coh~mn and the properties of the resin [I51 ). in- 
creased cokmn temper&we, and high ionic strength buffers. 

(3) The eMion times of the polyamines- were so spaced as to minimize 
“deaca” fime be*eezx peaks. This was done with buffer gradient &.&ion, using 
an iotic strength gradient. 

(4) By gas-segmenting the column effluent stream, band spreading is con- 
siderably Iimited as the stream passes through the hydraulic system where it is 
reacted with ninhydrin reagent. In unsegmented systems that allow some 
spreading of the peaks, the separation achieved in the colwm~ must he greater 
than what is needed at the calorimeter (cf. discussion in ref. 19). 

The amino acid analyzer 1143 incorporates fedures that pemzit reliable UR- 
attended operation, and it can be left running with up to 80 samples in position 
for automatic loading and analysis. It can chromatugraph 100 samples, plus a 
standard after each tenth sample, in only 20 h, leaving up to 4 h a day for rou- 
tine maintenance. (In practice, only a few minutes should be needed for daily 
maintenance.) The instrument will stop itself after the last sample or if certain 
malfunctions occur. 

Fre-concen fration and group sepam fion 
The functions of this part of the procedure are to save time ~EI the chroma- 

tography by avoiding the introduction of am&o acids to the ion-exchange 
cohmn, t-0 enhance sensitivrty by corfcentfating the po@zmGms before the 
sample k loaded on the column, md to protect the column kom degradation 
by extraneous compounds and particerlatxzs in the samples. In doing this, ad- 
vantage is fxken of the cartridge that is the means of automated sample loading 
in the amino acid anaiyzer fk4j. 

The cartridge holds a small amount of a~ ion-exchange resin similar to that 
in the cokmn. A 2-d portion of the sample prepared for analysis is pumped 
through the resin in the cartridge under conditions of pH and ionic strength 
sekckd for quantitative retention of the poIyamties on the resin. Some of 
the amino afzids in the sample wiH also rem&-z on the resin, but they are re- 
moved by rinsing the resin with a Bow of buffer. 

k mOti Of the prior a&yti& methods, the samptes were prepared for 
c!xcXEatographiC bn&yais by hydrolysis at high kmperabre in 6 N hycko- 
ChIork acid ~00fEswed by neukalkation with sodium hydroxide, or by hydrol- 
y&s tith potassium hydroxide and neutralization with hydro&orie acid. 
Samples prep& by either procedure would not be sz&fa&oq for the new 
me*osf, because the high ionic stret&h of the h~drolysate would adversely 
a2fkrA the retenfiion of f&e poIyam.ines on the resm in the precancentration 
md &+Up se~awion step. Hydl-oEysis of sampies containing protein also 
~E&ICES SI&XB acid conGents large enough k~ prevenk qua&k&iv@ COINX~~~- 
tiorr of the po&eaaiEes In the cartridge. . . 

: 
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It is a common procedure to follow hydrolysis by extraction of the poly- 
amines into n-butanol, followed by evaporation of the butanol and dissolution 
of the residue in aqueous buffer. This procedure is effective in controlling the 
ionic strength of the sample and in concentrating the polysmines. However, it 
is time consuming, and it does not remove the amino acids from the sample. 

In the present work, the samples were first deproteinized with sulfosahcylic 
acid and then hydrolyzed in the presence of barium hydroxide. Neutrdizing 
the hydrolysate with sulfuric acid formed insoluble barium sulfate, so that the 
final solution did not have a high ionic strength. Freshly precipitated barium 
&fate is well kuown to co-precipitate other compounds, and we found that 
as much as half of the polyamines were being lost in this way. We circumvent- 
ed this potential problem by the conventional expedient of allowing the pre- 
cipitate to stand overnight before taking off the clear supernatant. 

Basically the same sample preparation method has been used to determine 
total polyamines in urine, serum or plasma, and whole blood samples, except 
that the whole blood samples are hemolyzed before being deproteinized. Data 
given below suggest that the procedure must be modified for the analysis of 
serum samples. When the free polyamines are to be determined, the only modi- 
fication in the method is the elimination of the hydrolysis and neutralization 
steps. 

EXPERIMENTAL 

Equipment 
The chromatography was conducted on a Technicon TSM Amino Acid Ana- 

lyzer [ld, 151 under the conditions Ii&& in Table I. A buffer gradient was es- 
tablished as shown disgmmmaticslly iu Fig. 1. The chromatograms were in- 
tegrated with an Autolab System AA Amino Acid Data Analyzer with two 
Analyzer Modules. 

The apparatus shown in Figs. 2 and 3 was employed in loading the car- 
tridges in the preconcentration and group separation step. It was built up from 
the turntable assembly, positive displacement pump and pressure gauge of the 

TABLE I 

CHROMATOGRAPHY CONDITIONS 

Resin: Technicon C-2, 8- 
Part No. T15-0356-42). 

A cross-linked. sulfonic acid type, S-12 srn diameter (Technicon 

Column: 45 x 4 mm I.D. 

Temperature: 80°_ 

Tie (min) Solution pumped Flow (mllmin) Volume in gradient 
fiask (ml, start/end) 

o-2 Buffer 1 to co!umn 0.9 5.6156 
2-13.5 Buffer 2 to gradient 0.8 5.614.4 

gradient to column 0.9 
13.5-14 1.5 M NaOH to column 0.9 4:4/O 

gradient to waste 10 
14-22 Buffer 1 to gradient 1.6 015.6 

gradient to column 0.9 
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Fig. 1. Hydraulic diagram of the gradient buffer system. Tbe peristaltic valve is a standard 
part of the amino acid anaiyzer. 

Fig. 2. Hydraulic diagram of the cartridge loader, showing the two V&S positions. 

Fig. 3. The cartridge Loader. lPre turntable for the cartridges is on the right, the pump 
Iovxr Iefk and the v&e and sample toop at upper left. 

at 
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Technicon Amino Acid Andyzer, a Chromatronix pKieUmati&Y ZiCtuated Sax- 

pling valve, and a mechanical tier to control the sequence of op+?rations. In 
using the cartridge loader, the operator sets the valve in the LOAD position and 
fills the sample loop 9 means of the syringe. The sample loop’s length ami di- 
ameter are chosen so that when the system is filled and the waive moved to the 
IN*cT position it wi?J contain 2.0 ml of sample. After the sample loop is fill- 
ed, the operatap presses the START button, with the valve still in the LOAD 
position. The pump starts, and brrffer passes through the cartridge at 2 ml/min 
for 30 sec. The timer then causes the valve to switch to the IN&XX’ position, 
Cand the sample is pumped through the cartridge in 1 min. The pump operates 
for 4 rnin more, passing buffer through the cartridge ‘;o remove the amino 
acids from the E&I-L The timer then causes the pump to turn off, the turntable 
assembly to move f&e next cartridge into position, and the system to stop in 
the STANDBY mode until the operator is ready to load the next sample. 

Beagents 
Stock &r&e. Dissolve 420 g citric acid monohydrate and 165 g sodium 

hydrogide in approz~ 1.5 1 watep, cool, and make up to 2.0 I with water. 
25% Pheirol. Mix 25 g phenol with sufficient water- give a total volume of 

100 ml. This forms a two-phase liquid, that must be shaken well before use. 
Buffer I (.I4 5.25, 2.0 M Nu’). Dissoke 210.4 g sodium chloride in 600 ml 

water, add 200 ml stuck citrate and 2 ml 25% phenol, and adjust to pH 5.25. 
Add 2 ml Brij-35 wetting agent (Technicon Part No. T21-0110-15) and make 
up to 2.0 1 with water. 

EWfer 2 (pH 5.25, 3.5 M Nu’ 1. D&solve 362.2 g sodium chloride in 600 ml 
water, add 200 ml stuck citrate and 2 ml 25% phenol, and adjust to pR 5.25. 
Add 2 ml Brij-35 and make up to 2.0 f. with v&er. 

Buffer for the ccrrzridge lauder (pi3 5.25. fM5M Na*J. Dissolve 17.5 g so- 
dium chloride in 600 ml water, add 200 ml stack citrate and 2 ml 25% phenol 
and adjust to pH 5.25. Add 2 ml Brij-35 and make up to 2.0 I with water. 

&4lf0§mcyh2 fzdi2?. 3% (w/w) in water. 
T%on X-100. Tech&on Part No. T21-0188-06. 
Ninhydrin reugent. Dissolve IO g ninhydr& (Tedmicon Part MO. TII-0X02- 

25) in 500 ml mxthsd cellos&e and 250 ml buffered radium ZBZ&~~ (Tech- 
nicon Part PJo. T2UHO5-16,4 M. pH 5.5). make up to 1000 ti with water. 

*Hydmttie surfate mwszf. Dissolve 0.2623 g hydra&e &a& in GC0 ti 
water, add 5 ml Erij-35, make up to 1.0 1 w%h water, and abd one drop cont. 
sulfuric z&d_ 

Putrescine, c&ave.ke, spemidine and 6permine were used es received from 
Aldrich, Milwaukee, Wise., U.S.A. TO 750 ml saater were added 3.Q mg pM.res- 
tine, 10.0 mg cadaverine, 1.5 mg spermidine and 2.0 mg spermine.- The pH.of 
the solution was adju&e$ to between 3 and 4 with hydrochloric acid, and ffie 
solution was made up ti LO I with water. .:. 

,. 

.- 



serum or plasma, and 24-h urine coHectiam wze obtied 
em@loyees. Patient samples were pravicied by I&. M. EL 

Schwartz and Y. EIkshaut of the Memo~M Hospital and Sloan-Kettering In- 
stitute, New York, N-Y., U.S.A. 

Urine. Test 1 ml of clear wine for protein with. a few cry&is of suIfos&- 
CyEic zcid. If a precipitate forms, depFo&inize IQ ml urine with 100 mg 
SulfosaEcyiic acid, mix, and centrifuge. For free polyamines, add 0.3 mE stack 
Cik&e to 3.0 d urine or tie deproteinized supernatmt, and adjust to pH 
3-4 with 0.1 M sodium hydroxide or hydrocbIoric acid solution. -For fmtaJ 
po~ysmims, hydrolyze the sample as follows: To 5.0 ml of clear mine or de- 
proteinized supernatmt in a 15 ti glass centrifuges tube add 1.0 g barium 
hydroxide, mix, znd he.& 4 h at 100’ in an oiI b&h. CooE, add 2 or 3 drops of 
phenolphthaalein soIution, and neutraI.ize titi concentrated suifuric acid &au- 
tion: add zcid dropwise with cooling) to disappearance of piF_k color. Leave at 
toom tempera& at least overnight (24 h is be&~) ad cenfirifuge. To 3.0 ml 
of the clear supernatmt add 0.3 ml stock citrate and adjust to pH 3-4. 

Whole bbod. Add I drop T&an X-1(10 to 1.0 ml whoIe blood ‘md agitate 
ultrasonically to effect hemoIysis_ Add 9.0 ml su@saIicyiic acid solution, mix. 
and centrifuge. Treat tie clear supernatant according ta the pmcedtues de- 
scribed above for urixe samples. 

Serum or plasma. The prucedure for serum oh plasma is fike @xit for Mote 
Mood, except that the hemoiysis with ‘Eton X-100 is omitfx+@. If 1 ml of se- 
rum is maiabie, deproteinize and follow the rest of the steps exactly as for 
whole blcmd. If 2 ml of serum is available, deproteinize with 8 ml SuIfosaiicyEc 
acid solution and proceed as for whole blood. 

Cartridge I.m&cmg. The cartridges contain a suifo-tic acid-Qpe ion exchange 
resin (Teehnieon Type C-4, Part No. T15-0361-42) similar to the one used in 
the chromatography column, but with a larger particle size. A desaiption of 
the cartridge IOader and iti mefJmd of use are given above in the Eqdpment 
section. The cartridges may be re-used, but gmwth of afgxe in the resin bedrnrry 
F&nit tfreir uset Me. We routi.neIy add a ssnatl amoitnt of phenol to the buffers 
to inhibit growth of SIgae, and stare the c&ridges in a phenol sd~tic~~. 

Fig. 4%~ 8 &s.mxmbgram of 8 synthetic solution approximating the poly- 
amine compc&ion of hy&oIyzed norm& w&e. The time scaIe on the crbscissrp 
is for the .f&xie of emergence of the ebzafzz from the cofm, and tie times 
&ove the-peaks indicate when each arrives at the cokxbxeter~the time differ- 



en&, about 10 min, is the refiideke tie of the cohnnn effluent in the fiow 
Sfzeam where it is mixed with reagents and incubated for cofor development. 
This residence time is n&y half the toa anziysis cycle, and it is not possible 
to change sznple cartridges until the last peak has passed thrarrgh the colori- 
meter. However, the interval is used to wash and regenerate the cokmn. There 
would be Little pmtical benefit if the chromatqmphy conditions were 
changed to reduce the elution times. Cutting ffie elution time in half would 
only reduce the complete cycle from 22 to 16 min. 

pii_ 4. Ckomatogmm of a standard solution. 

Fig. 5. Chrosnatogntm of a hydralyzed urine sample. 

Figs. 5 and 6 show examples of ehromatograms of samples of urine and 
whole blood after hydrolysis. The only significant difference from the chroma- 
togram in Fig. 4 is that residual amino acids t&t remain on the cz3rtridge sppesr 
at the beghming of the tmce. These represent ody trace amounts of the amino 
acids; it is advisable to hmdle the cartridges careMlJT zfter loading or the ami- 
no acid peak may incnzzse due to contamin&kn by these compounds from the 
operator’s fingers. 

The chromatogzam of Fig. 7 ilk&&es the performance of the instrument 
under higbsek - tkty conditions. Nonm3.l se- Ievels of spermidine are report- 
ed La.51 to be near l/3 nmole/ml, or &out 50 r&ml. The figure shows tha% 
this amount of sperm&We would he dete&&le in the chzomatogram. Efowever, 
we have not foun4 spermSine in normsI plasma samples or samples f3om cancer 
patients. Some poss&le reasons for this are dkussed fat43 in this publication. 

Occasionaf chroma’Lograns have shown peaks -other than those shown iz 
F&. 5-T. A @ is some&= o&d jusi befor+*e pe& for putzeseine. 
VeeGng et aL II21 found ~;3_diaminopropane in sdme samples, Xh~-we ad- 



Fig. 6. CX~ro~togrulr of a hydrolyzed whole blood sample. 

ded this compound to stand&s, it gave a peak just before pukes&e. In a few 
samples, the peak due to 1,3-diaminopropane has been larger than the putres- 
tine peak and has interfered with its quantitation. Modi@ug the method by 
reducing theionic strength of Buffer 1 would resolve ehzese tpFo peaks without 
greatly increasing tit.& analysis time. We have also, quite rarely, observed an 
extra peak near the peak for cadaveriue. This pezk has RCA i&erfezd with the 
determinatiora of putrescine, s-e, or spermidine, and we have made no 
effort to identify the-compound responsible. 

Hydrolysis codifions 
Hydrolysis with barium b@.roxide was adopted as a means to avoid build- 

up of ionic stren@ of the hydrolysate, which would have interfered with the 
absorption of the po&mines in the ion-change resin in the sample cartridge. 
During the developmerkt of the method, it was found that recoveries of the 
pO@iUI2ineS were low when staEldarrf so~~timS were hydrolyzed with barium 
hydradie, the base was neuWed witr sulfuric acid, tke clear supernat.a~t 
wzs remov& before the precipitate had aged. it was thought that the loss 
could he caused by either coprecipitatioa or by degradation of the polyamides 
dm&g heating of the saWion in the presence of the base. However, Zosses 
were found even I&!US &be he&&g sfzep was Pfiminati; t&t is, when bak.un 
l&mirfe oIF8s addecf fit2 thepoiyminesoiution andimmediat.eIy neutiizecE 

tifh&l.&MCacid. 



losses (5-109;) that are rather constant ftom sample to sample and can thus be 
adequately compensated for in the calibration. 

Other hydrolysis variables studied were the amount of barium hydroxide and 
the length of heating. Pr&minary trials showed that hydrolysis is slow with 
only 0.5 g of base per 5 ml of sample. With 1 g of base per 5 ml of sample, 
heating for 4 h gave the best results. Hydrolysis was incomplete with 2 h 
heating, and with 6 h heating there was evidence of degradation of the poly- 
amines; recoveries were found to be lower for putrescine and spermidine, and 

_ the cadaverine peak developed a shOLddeF_ 

polyamine kvek found 
only limited smrnmary data are included in this report OII ZBI&@.~ of samples 

from cancer patients and controls_ The analysis results have been men to Dr. 
~irshaut at MemotiaI hospital for correlation with clinical information and 
eventual publication. 

Ur&_ bdyscs foF free and total polyEimmeS were done on 24h -mine COl- 

l&ions from 21 ambulatory controls. The results (mg excreted per 26 h) zre 
given here as the range of toeal amounts found and the mean. Putrescine: 0.02 
-2_55,0_89; cadaverme: trace-2.98,0_55; speFmidme: 0.02-1.32,0.53;sperm- 
me; not detected (2 samples)-O_38, 0.14. Statistical keatient of the 
analysis results showed that the data are not normzdly distributed, and perhaps 
have a log-normal diskibution. Individuals who excreted larger amounts of one 
polyamine did not necessarily excrete large amounts of others. The total 
amount of the four polyamines excreted per day ranged from 0.28 to 6.5 mg, 
with a mean of 2.0 mg. The fraction in conjugated form was also highly vari- 
able from one person to another, and no relation was apparent between the 
fractions of different polyemines present as conjugates nor between the total 
amount excreted and the fractions conjugated. P-any of the czmcer patient& 
but not all by any means, excreted considerably larger amounts of the poly- 
amines than weFe found in the urine of the ambulatory confzojs. 

The amounts of individual polyamines found are similar to results reported 
for the analysis of normal mines by gas chromatography 191, and somewhat 
lowkr than but ov_‘Flapping the results by liquid chromatography [3] _ Savory 
and Shipe [S] Femarked: “Many more normal sera and urines need to be ana- 
lyzed and a rigorous stewcal analysis of the data made before a true normal 
range can be established_” 

Whole blood. We have analyzed whole bfaod from only a few ambulatory 
controIs, besides the more extensive a&yses on samples from hospiti patients. 
Very little has been reported on polyamine levels in whole bioad. Ekina II-61 
reported the followig means and standard deviations f&m the analJisis of 
blood samples from 30 normal individuals: &errnme, I.34 5 9.3, spermidine, 
0.96 f 8.16 ~g/ml. (Note: ?Zaina*s publication lists the standard error of the 
mean, from which we-have computed the standard dewiatim.) I&v et 1. [Ia] 
reported results nearly identical with those of Raina Data from the present 
study e.z corkstent v&h the earlier &k_ we .md m wefe 
fomc? in ail blood samples The concentrations for the few ambuktory controls 
were at the l&As previously found, with consid&rab&&~&o~-m- Moo& 

._ from some ofthe cancer patients; The whoIe blood concentr&ons are 80 much 



larger than what has been reported for serum 13-61 that it is apparent that 
pofyamines in whole blood occur primarily in the ceBs. The data in the fitera- 
fXre and our data have not been COrreMed with cell counts. 

Phzsm and serum. The resuks of analysis of plasma by this method are not 
in agreement with previously published results 13-61. A.miys& of synthetic 
solutions (Fig. 7) demon&rated that the method is adequately sensitive to 
dekct the polyamines at the concentrations that have been reported in serum. 
Apparently, polyamines are lost during the sample preparation. We interpret 
the available evidence to suggest that polyamines in serum are bound to a spe- 
cific: protein - possibly an antibody or a carrier proteim - fkniy enough to 
be carried down with the protein when the sample is treated with sulfosali- 
cylic acid. 

We investigated non-specific coprecipitation of potyamines with protein 
during the development of the analytica method. Serum albumin was added 
ti a standard cont&Grzg z?B of the poly amiRes atnormd uzzeleveIs,and the 

protein was then precipitated. The polyamines were recovered quantitatively 
In the supematant. It is significant also that exkaction with trichloroacetic 
acid is a common procedure to solubilize p&yam&es from &sue samples. 
Marton et al. [I33 extracted polyarnhes from tissue sampEes with a solution 
of sulfosalicyk acid. We cannot account for the losses of the polyamines by 
assuming that volatiization occurs during hydrolysis, as this would have af- 
fected standards can-&d through the procedure. 

it is well known that many small mokules in plasma are heId by specific 
binding proteins, and this biding has been shown to cause serious errors in 
some radioimmunoassay procedures. Procedures are available to reIea5.2 sma.U 
molecules from the binding proteins. For example, Fang and Refeetoff [18] 
tested the release of triiodothyronine (‘F3 ) from binding proteins by heat in- 
actiw~tion of the protein, by 8-anilino-2-naphthaIen~~o~~ acid, and by 
ethanol t&ra&ion. They also mentioned some other simple procedures that 
have been applied to release T3 from &ding proteins and that are presumably 
not specific to Ts. We have not been able to test the .effectiveness of any of 
these proc~tuesinthegnalysisofise~orplasma forpolyamines. 

We believe that the procedures described here meet the need for a more 
rapid analysis method than has previously been ava&ible for the deternina- 
tion of the puZya&nes, so that normal and patlmlogical IeveIs of poIyamines 
in u&e and blood can be studied in defail. Some fixther work is needed to 
adapt the method to the analysifz of serum or pkisma sampies. 

This work was perfomred under Contract No. NOl-CM_-33746 from the 
Nation& Qncer Institute. Nation& Enstitutes of Efeakh, U.S. Department of 
E&z&t&, Edwakion, and W&f&m We thank Drs_ M.K. S&w&z and Y. Hirshaut, 
Memorial E%os@ttx.E and szoan-ffettering Fnstitutee, New York, who provided 
+ine* blood, and plasma samples from selected patients. 
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