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In connection with structural studies of components of the outer membrane 
of Gram negative bacteria’, it became necessary for us to estimate the levels of 
diamines and polyamines in various membrane fractions. 

Recently published procedures for analysis of these amines by high-pressure 
liquid chromatography (HPLC) have relied on separation of tosyK3 or S-dimethyl- 
aminonaphthalene-I-sulphonyl (Dns) derivatives - 4 ‘. The tosyl derivatives are pre- 
pared by a simple, but lengthy, procedure and allow good separation of putrescine, 
spermidine and spermine using either an isocratic or wadient system. Cadaverine 
was not included in these studies. The Dns derivatives provide excellent sensitivity 
and allow fairly good estimation of both putrescine and cadaverine, provided rather 
complex gradient profiles are used. It is, however, desirable to carry out derivative 
purification prior to chromatography’s’. 

Since preliminary experiments had indicated the presence of significant 
amounts of cadaverine in our materials*, it was essential that we had available a 
routine HPLC system which providid good separation of putrescine and cadaverine. 

A re&nt publication reports elevated blood levels of cadaverine, and more 
particuIarIy acykadaverines, in schizophrenic patient$‘. These amines were estimated 
to be the DNS derivatives by a combination of thin-layer chromatography and mass 
spectrometry. We report here a simple method for estimation of biological amines, 
including cadaverine, which lends itself readily to routine analysis. 

EXPERIMENTAL 

Equipment 
Two LDC Constametric pumps (Models I and IIG) with a dynamic gradient 

n:ixer were operated in conjunction with an LDC Gradient Master. A Rheodye 
hrodel 7120 syringe-loading injector was used and detection was by means of an 
L DC UV III monitor (Model 1203) operating at 254 nm. A 2%cm Brownlee RP-8 
c 3lumn (10 pm) was used. 

r” ‘aterials 
Amines were purchased from Sigma (St. Louis, MO., U.S.A.). Analytical-grade 
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methanol was distilled from 2&dinitrophenylhydrazine through a IOO-crn helix. 
packed column. The absorbance at 254 nm was CQ. O-01_ 

Procedure 
To a sample (0.1-l ml) containing up to 0.5 pmole amines and no more than 

.l mequiv. mineral acid, was added a solution of l&-diaminohexane (as internal 
standard) and 2 N sodium hydroxide (1.0 ml) followed by henzoyl chloride (5 ~1). 
The mixture was shaken briefly using a vortex mixer and allowed to stand for 20 
min. Saturated sodium chloride solution (2 ml) was added and the soiutiqn extracted 
with diethyl ether (2 ml). After centrifugation to separate the layers, the upper 
organic phase was removed and evaporated in a stream of nitrogen. The residue 
was clissqlved in methanol (100 ~1) and aliquots examined by HPEC (see Fig. 1). 

RESULTS AND DISCUSSION 

The benzoyl derivatives of the amines were chosen for study because of their 
chemicaI simphcity. It was hoped then that separation of benzoylated putrescine 
and cadaverine might be less difficult than with the more complex Dns derivatives. 
Furthermore, the classical Schotten-Baumarm benzoyIation procedure is simple, rapid 
and economical_ The excess benzoyl chloride is readily destroyed in the alkaline 
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Fig. I. Separation of benzoylated polyamines by HPLC. Operating conditions: column, 25 cm RI’-5 
(IOpm); mobile phase, methanol-water (58:42); column temperature, ambient: flow-rate, 1.5 1n1/ 
min. Peaks: a = putrescine; b = cadaverine; c = l$-diaminohexane (internal standard): d = 
spermidine; e = spermine. . 
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medium and the side product, benzoic acid, is retained in the aqneo-ns layer d-g 
ether extraction. The benzoyi derivatives are stable and no special precautions are 
required for storage- 

By comparison with the purif&zd reference benzamides, it was shown that-a 
single derivatization, using 5~1 of be~oyl chloride, takes place_ with 94% ef: 
ficiency. Treatment with an additional amount of benzoyl chloride achieves complete 
acylation. The degree of incompleteness of derivatization is the same for each of 
the amines studied. Therefore, apart from a marginal improvement in sensitivity~ 
there is no advantage in using larger amounts of benzoyl chloride. 

The BP-8 reversed-phase column proved particulariy-suitable for these beti- 
amides and complete separation of the putrescine and cadaverine derivatives was 
achieved using an isocratic system. Moreover, the precise methanol-water proportions 
are not critical and a range of mixtures gives good separations_ Furthermore, the 
dependence of the height equivalent to a theoretical plate (HETP) on flow-rate is 
not great: flow-rates of up to 3 ml/mm still allow good separation of the putrescine 
and cadaverine derivatives. 

The use of an isocratic system provides optimal baseline stability so that 
sensitive detector settings can be used. This advantage, in addition to excehent peak 
shape, confers good sensitivity on the method. Using the maximum detector sen- 
sitivity (0.002 a.u.f.s.), a full scale peak is obtained for 16 ng (approx. 200 pmoles) 
of putrescine. 

REFERENCES 

1 C. Galamos, 0. Liideritz, E. T. Rietschel and 0. Westpbal, in T. W. Goodwin (Editor). Bio- 
~hemisrty of Lipids ZZ, Vol. 14, Lhiversity Park Press, F3altim0~ Md.. 197’7, p. 294. 

2 T. Sugiura, T. Hayashi, S. Kawai and T. Ohno, J. Chomutogr., 110 (1975) 385. 
3 T- Hayashi, T Sugiura, S. Kawai and T. Ohno, J. Cfwonzaogr., 145 (1978) 141. 
4 N. Seiler, B. Kn&zlgea and F. Eisenbeiss, f_ chmmafogr., 145 (1978) 29.. 
5 M. M. Abdel-Monem and K. O&to, 1. Chromtogr., 107 (1975) 416. 
6 N. E. Newton, K. Ohno and M. M. AbdeEMonem. J Chrom~fu~.. 124 (1976) 277. 
7 Y. Saeki_ N. Uehara and S. Shirakawa, J. Chromurog~., 145 (1978) 221 
8 J. W. Redmond, C. Gakmos and M. El Sabbagh, unpublished re&ts. 
9 H. Dole&ova, M. Stepita-Uuco, J. Kucera, H. Uchimura and M. Hirano, J- Chrmr&bgr.. I46 

(1978) 67. , 

i ., 


