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SUMMARY 

The polyamines spermine, spermidine, putrescine and cadaverine were treated 
with o-phthalaldehyde and ethanethiol. After a reaction time of 90 set, the stability of 
the derivatives was examined in the reaction medium, in an ethyl acetate extract and 
in different mobile phases used for high-performance liquid chromatography on re- 
versed phase columns. The stability of the ethanethiol derivatives was improved 
compared to the 2-mercaptoethanol derivatives. Increasing concentrations of alcohol 
in the reaction medium increased the stability, but a significantly higher stability was 
obtained by including a simple and rapid extraction with ethyl acetate. With a mobile 
phase of N,N-dimethylcyclohe~ylamine (0. I M) and phosphoric acid (0.2 &Q in a 7O- 
90 % methanol gradient, decomposition on the column was minimized and a satisfac- 
tory resolution was obtained. A detection limit of less than 0.5 pmol of each poly- 
amine was obtained by fluorescence detection. 

INTRODUCTION 

The physiological and biochemical significance of polyamines has necessitated 
the development of a series of analytical methods, which has been reviewed by 
Seilerl*‘. High-performance liquid chromatography (HPLC) of the derivatives with 
o_phthalaIdehyde (OPA) and 2mercaptoethano1, combined w&h fluorescence detec- 
tion, has largely been performed as post-column derivatization after separation on 
ion-exchange columns *5 The limits of detection of the different polyamines have _ 

been reported to be 5-20 pmo15. 
The main reason for using post-column derivatization undoubtedly has been 

the limited stability of the OPA-mercaptoethanol derivatives. If the stability could be 
irr.proved, rapid derivatization procedures in combination with the more efficient 
re versed-phase columns could make pre-column derivatization a realistic alternative 
to the post-column procedures_ 

When Simons and Johnsor@*’ studied the reactions between OPA, thiols and 
primary amines, the products with ethanethiol were found to be slightly more stable 
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than the products with Z-mercaptoethanol (Fig. l), due at least partially to the direct 
effect of the hydroxyl group of the mercaptoethanol residue on the conversion of the 
adduct (I) into the lactam (II)_ With amino acids no difference in the stability be- 
tween the adducts of 2-mercaptoetbanol and etbanetbioi was reported8. The reaction 
with amino acids appeared to be complete in 2 min. In another study, which also 
utilized ethanethiol with amino acids, the reaction was reported to require at least 10 

min for completiong. 
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Fig. I. The reaction of primary amines with OPA and thiols. 

In pre-column derivatization procedures the yield of the adduct (I) at the moment of 

detection depends on the synthetic yield, the stability of the adduct in the reaction 
medium and the stability of the adduct during the chromatographic separation. The 
synthetic yield as weil as the stability is known to be pH-dependent6-‘_-In the presence 
of an acid (Fig. 2), the protonated sulphide can undergo hydrolytic cleavage to an 
enol, which subsequently rearranges to the more stable keto form (II). 

Fi,o. 1_ Hydrolytic cieavage of the OP.4 derhstiws in the presence of acids. 

Since a hydrosyl group in the thiol moiety has been found to influence the 
stability of OPA adducts. and since the presence of thiol groups in the amino side- 
chain has resulted in non-fluorescent products’, a similar interaction would be ex- 
pxted with an even better nucleophiIe, an amino group, in the amino side-chain. 
Thus, the two polyamines spermine and spermidine, containing unreacted secondary 
amino groups (Fig. 3), could be expected to be less stable than the polyamines with 
only derivatized primary amino groups. 

Fig. 3. Derivatiws of polytina with OPA and xhiols. a = Spa-mine (SPM). R = 

(CH,);NH(CH,),KH(CH2)3; b = spermidine (SPD), R = (CH,),NH(CH& c = pukne (PUT), R = 
(CHJ,; d = cadaverine (CAD). R = (CH&; e = I$-hexanediamine (HDA), R = (CHJa- The fonna- 
tion of the derivatives (I) is describ& by the general reaction scheme in Fig. 1. 
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The common use of 2-mercaptoethanol in post-column derivatization is 
mainly due to the high solubility of the reagent and the derivatives in aqueous solu- 
tions. With reversed phase columns, high solubility in aqueous solutions is not an 
urgent requirement. Thus, the use of etbanethiol for pre-column derivatization of 
polyamines ought further to he investigated. This report presents an examination of 
the stability of the derivatives of sperrnine, spermidine, putrescine, cadaverine and 
1,Bhexanediamine (used as internal standard) with ethanethiol, compared to the 
derivatives with 2-mercaptoethanol. The stability in the reaction medium as well as in 
diKerent mobile phases has been studied in order to evaluate the rate of degradation 
prior to detection. Since chromatographic methods have heen used to measure the 
yields and since such methods contribute to the degradation processes, no rate con- 
stants have been measured_ The degradation rates have been illustrated by measuring 
the amounts of non-degraded adducts after a specified time. Various reversed phase 
columns were examined since spermine and spermidine were suspected of causing 
problems with some reversed phases. 

EXPERIMENTAL 

Apparatus 
The chromatographic system consisted of Waters Assoc. Model 6000 A 

pumps, a Waters U6K valve loop injector, a Waters Model 660 gradient programmer 
and a Kontron SFM 23 LC spectrofluorometric detector_ The excitation and emis- 
sion bandwidths were 10 nm and 20 nm, respectively. The maximum excitation and 
emission wavelengths were 340 nm and 440 nm, respectively. 

The polyamines and OPA were obtained from Sigma (St. Louis, MO, U.S.A.), 
N,N-dimethylcyclohexylamine, triethylamine, n-propanol, mercaptoethanol and 
boric acid (all puriss.) from Fluka (Buchs, Switzerland), ethyl acetate, sodium acetate 
and phosphoric acid (all p-a.) from E. Merck (Darmstadt, G-F-R.), acetic acid 
(99.5 %) from J. T. Baker (Phillipsbur,, 0 NJ, USA.), ethanol (atsolute) from Vinmo- 
nopolet (Oslo, Norway), ethanethiol (p-a.) from Riedel-de Haen (Seelze-Hannover, 
G-F-R.), potassium hydra.xide (p-a.) from Elektro-Kemiska (Bohus, Sweden) and 
methanol (HPLC) from Rathbum (Walkerbum, Great-Britain). 

The water was distilled twice. The solvents were filtered through a 0.4%pm 
Millipore filter. 

Derivatization with 2-nrercaptoethal:ol 
OPA and 2-mercaptoethanol were dissolved in absolute ethanol to concentra- 

tions of 10 mg/ml and 50 g/ml, respectively. 0.4 _&I boric acid was adjusted with 2 ?d 
KOH to a pH of 9.4, 10.3 or 10.8. The best reproducibility svas obtained at pH 10.8. 
Standard solutions of the polyamines in water were made up to concentrations of 
lo+ M_ 

Nine parts of the borate buffer were added to one part of the OPA-mercaptoeth- 
an01 solution_ A lOO-fl volume of this reagent was added to 25 ~1 of a polyamine 
solution and mixed in a Fision Scientific whirlimixer (30 set), The reaction was com- 
plete after 75 set, but better reproducibility was obtained by extending the reaction 
time to 90-120 sec. 
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Derisatization with etha~ethioi 
The procedure was quivalent to that above, only replacing 2-mercaptoethanol 

with ethanethiol. The pH 9.4 buffer appeared to give slightly higher peaks compared 
to the other buffers. The reagent was stored at +4”C. After storage for 25 days the 
yields of polyamine adducts were reduced by 10 %_ 

For samp!es containing large amounts of other reactive components, a higher 
escess of OPA and ethanethiol is recommended_ In the direct derivatization of 25 fi 
of serum. a ten-fold higher excess was required in order to ensure complete derivatiza- 
tion. 

The properties of the following columns were examined: ODS-Hypersil(25 cm 
x 4.6 mm) and SAS-Hypersil(30 cm x 3.9 mm) from Shandon Southern (Runcorn, 
Great Britain); SpherosiliC,, Normatom (20 cm x a.6 mm) from Prolabo (Paris, 
Frttnce) and Spherisorb-C, ( I5 cm x 4.6 mm) and Spherisorb-Phenyl (10 cm x 4.6 
mm) from Phase Separations (Queensferry, Great Britain)_ All the packing materials 
had a particle diameter of 5 m. 

Mobile phases 
All the columns above were examined in combination with the following 

mobile phases: 0.1 M acetic acid in 80 “/;; methanol (pH 2.9); 0.04 _M acetic acid + 0.01 
_cI sodium acetate in 85 % methanol (pH 3.7); 0.01 M acetic acid + 0.01 M sodium 
acetate in S5 % methanol (pH 6.7); 0.01 M sodium acetate in 85 % methanol (pH 8.6); 
0.04 %acetic acid f 0.01 Msodium acetate + 2 % tetrahydrofuran in 85 % methanol 
and O.Oi-O.04 ~$1 pyridine i 0.01 M acetic acid in S5 o? methanol (pH 5.3-5.5). 

Based on the results obtained. the ODS-Hypersil column was selected to be 
used in further studies with the following mobile phases: 0.02-0.10 Al triethylamine 
(TEA) in 85 y/, methanol; 0.02-0.10 M triethylamine and 0.1-0.5 111 phosphoric acid 
in SO% methanol; 0.1 M triethylamine and O-5 M phosphoric acid in a 70-50% 
methanol gradient; O.O%O.lO M N,N-dimethylcyclohesylamine (DCA) and 0.1-0.5 
M phosphoric acid in 80 y0 methanol or 0.1 M DCA and 0.2 M phosphoric acid in 
gradients with 60-90 (or 7%90) 7; methanol. 

Stability in the deriratization nzediunt 

After an initiai reaction time of 90-120 set, IO-~1 sampIes were injected on the 
column and the peak heights of the OPA adducts were determined_ Further samples 
were withdrawn and injected at different times. The yield after a specified time inter- 
val was determined by the peak height, relative to the peak height after the initial 
reaction, in per cent. 

The stability as a function of the content of alcohols was measured by adding 
alcohols prior to or after the initial reaction. 

The effect of storage at low pH was determined by the addition of an equal 
volume of 0.5 M phosphoric acid to the medium after the initial reaction. 

Stabi@- in the nlobile phases 

A 100-d volume of each mobile phase was added to 10 ~1 of the adduct 
solution directly after the initial reaction time of 90-120 set_ The amount of each 
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polyamine was 1 nmol. The peak height of each polyamine adduct was measured with 
time and compared to the peak height directly after addition of the mobile phase. 
Dilution effects were examined by using water blanks. The yields (in %) at a specific 
time were calculated as the amount relative to the amount directly after addition_ 

The relative precision (in %) was determined on the basis of three to five 
independent experiments. 

Eli~-l acetate estrartion 
After reaction for 90 set, 125 ,ul of the reaction misture containing 10-200 

pmol of each polyamine were mixed for 1 min with 125 ~1 of ethyl acetate on the 
whirlimixer, then centrifuged for 1 min at 2000 g. IO-p1 samples were withdrawn 
directly from the ethyl acetate phase. The quantitative transfer of derivatized poly- 
amines to the ethyl acetate was controlled by injecting a sample from the aqueous 
phase. 

RESULTS AND DISCUSSION 

Stability of the tnercaptoethanol derivatives in the reaction medium 
At pH 1023 the adduct yields were higher than at pH 9.4 (Table I). This was not 

due to a lower synthetic yield, but to a higher decomposition at pH 9.4. The de- 
composition rate was considered too rapid to assure a satisfactory reproducibility, 
even only with a reaction time of l-2 min, 8 min after adding the reagents, more than 
50 “/, of the spermine and spermidine adducts had decomposed (Table I)_ An example 
of the rapid degradation of spermine is shown in Fig. 4. The stability of the putrescine 
adduct was remarkably higher. The difference is believed to be caused by an intra- 
molecular attack of the secondary amino group in spermine and spermidine (Fig. 5). 
This hypothesis is supported by the fact that lysine is known to give a lower yield of 
fluorescent OPA-mercaptoethanol adducts than other amino acids”. 

in order to examine the stability of significantly lower pH, an equal volume of 
O-5 Af phosphoric acid was added to the reaction products_ To adjust for a dilution 
effect, measurements were also conducted with a water blank (Table I). With phos- 
phoric acid the decomposition of putrescine was increased compared to spermine and 
spermidine (Table I). 

TABLE I 

YIELDS (“/_) OF THE OPA-MERCAPTOETHANOL ADDUCTS OF SPERMNE. SPERMIDINE 
AND PUTRESCINE AFTER S min IN THE DERIVATIZATION MEDIUM 

The mobile phase for the analysis consisted ofO.1 M triethylamine and 0.5 M phosphoric acid in 7CkSO “/A 
methanol. 

Po[ramine Deriraiization pfi tVarer added IO pH 10.8 H,PO, added after 
medium after 2 nrin of reaction 2 min. Final pH- 2.5 

pH 9.1 pH IO.8 

Spermine 15 2 4 4054 35 f 5 25 + 5 
Spermidine 20 & 6 45 + 3 40*4 30 + 5 
Putrescine 55 f 9 70 5 4 6054 (10 
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Fig_ a Desomposition of the OPA-mercaptoethanol derivative of spermine. The first sample was injected 
after 2 min (at pH 9-d), the second sample after S.-l5 min. The mobiie phase consisted of 0.1 _li TM f 0.5 
.II H,PO& in 707; methanol and the column was ODS-Hypersil (25 cm x 4.6 mm)_ 

Fig_ 5. Suggested intramolecular cleavage of the OPA derivatives of spermine (A) and spermidine (B) at 
high pH or in non-aqueous media. 

At Iow pH the protonated secondary amino group cannot participate in an 
introamolecular nucleophilic attack. On the contrary, a protonated amino group in 
the side-chain would be espected to slow dowr, the acid-catalyzed decomposition by 
reducing the rate of protonation of the vinyl sulphide (Fig. 2). thereby esplaning the 
higher stability of spermine and spermidine compared to putrescine. 

In ageement with the findings of Simons and Johnson’, the stability was 
increased by increasing the amount of an alcohol in the solution. After 30 min there 
was only IO-ISo;/, decomposition (Table II). The use of n-propanol unfortunately 
resulted in interfering peaks in the chromatograms, probably from decomposition 

T_4BLE II 

YIELDS (“/) OF THE OPA-MERCAPTOETHANOL ADDUCTS OF SPERMINE AND SPER- 
MIDINE AS A FUSCfION OF THE CONTENT OF XLCOHOLS. MEASURED AFTER 50 min 

The mobile phase for the anaIysis consisted of 0.1 M DC.4 and O-2 _W H,PO, in 60-W “/;; methanoi. EtOH 
= Ethanol; PrOH = n-propanol. 

Spermine 20 * 3 6055 ss _L 5 
Spxmidirie 20 5 3 70 & 4 90 5 5 
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products_ High amounts of alcohols also caused precipitation in derivatization of 
serum samples. When the ethanol concentration was increased to more than 50 %. the 
borate salts from the buffer started to precipitate. 

Stability of the ethanethiol derivatives in the reaction medium 

The stability of the derivatives was significantly improved by replacing 2-mer- 
captoethanol with ethanethiol. At pH 9.4, which now resulted in slightly higher peaks 
than at pH 10.8,70-75 % of the adducts was still intact after 20 min, compared to the 
40-70x after 8 min with Zmercaptoethanol. With the increased stability the effects 
of increasing concentrations of alcohols were better demonstrated after 30 min (Table 
III)_ 

TABLE III 

YIELDS (7;) OFTHE OPA-ETHANETHIOL ADDUCTS OF POLYAMINES AS A FUNCTION OF 
THE CONTENT OF ALCOHOLS, MEASURED AFTER 30 min 

The mobile phase for the analysis consisted of 0.1 M DCA, 0.2 M H,PO, and 70-90 % methanol. 

Po&amine InixiaI concn_ of alcohol t min of reaction in IV/, EtOH 
~ followed by 28 min in: 
40”/, PrOH 500/, ErOH ~ 

SoA ErOH 55% ErOH 5% EtOH f 
joO/, PrOH 

Spermine 68 f 7 62 2 6 63 f 6 75 5 7 84 &- 7 
Spermidine !32 5 s 8455 53 * 7 84 f 7 101 * 5 
Putrescine 91 & 5 87 f 4 89 f 5 88 + 5 105 * 5 
Cadaverine 52 + 6 84 * 5 86 & 5 85 2 5 107 f 5 
1,6_Hexanediamine 84 f 7 56 f 5 86 * 5 s9 * 5 107 * 5 

Due to the higher stability of the ethanethiol derivatives, the stabilizing effect 
of higher alcohol concentrations was much Iess pronounced. Actually, a better detec- 
tion Iimit was obtained by using the original reaction medium (with 10% ethanol). 
since higher sample volumes could be injected on the reversed phase columns with the 
more aqueous solutions_ 

Choice of colmms and mobile phases 

Two different C,, columns, with 7 o/0 and 20 0/0 carbon, respectively, two short- 

alkyl-chain columns and one phenyl column were examined with a set of mobile 
phases at pH values ranging from 2.9 to S-6. A significantly better resolution was 
obtained on the two C,, coiumns, compared to the short alkyl chain and the phenyl 
columns_ Little difference was observed between the two C,s columns. Since the 
ODS-Hypersil column was better packed and showed the highest efficiency, this 
column was used throughout this study and all the results described herein originate 
from this column_ After IS months of regular use, the properties of the old column 
were compared with a freshly prepared column of the same packing. No differences in 
the chromatographic behaviour of the polyamine adducts were observed. 

All the chromatograbhic conditions were examined first with the mercaptoeth- 
au01 derivatives, then adjusted to the ethanethol derivatives_ The choice of the 
additives to the mobile phase was found to be imperative for a satisfactory resolution. 
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With acetic acid or mixtures of acetic acid and sodium acetate in 85 % methanol the 
spermine derivatives were totally retained. Similar behaviour has been observed with 
amines on this packing and other C ra packings, with the exception of PBondapak 
C,,, which Save less retention and better preak shape”. 

With O_ 1 M TEA in 85 y0 methanol ah the polyamines were eluted, but the high 
pH (I I) and the appearance of interfering peaks from other products of the deriv- 
atization made this solvent fess attractive_ 

By adding phosphoric acid the pH was reduced and the desired resolution was 
obtained_ Al1 the poIyamine derivatives with 2-mercaptoethanol were eluted as sym- 
metrical peaks within 20 min by isocratic elution with 0.1 M TEA and 0.5 M phos- 
phoric acid in 75% methanol. The ethanethiol derivatives were more strongly re- 
tained, but with 55 o/o methanol all the poIyamines were eluted with good resolution 
within 15 mm (Fig. 6) With TE_4 and phosphoric acid the elution order was opposite 
to that with the acetate mobile phases, the two polyamines with secondary amino 
groups now eluting prior to the others. The detection limit was determined to be M 
pmol. A linear relationship between injected amount and the fluorescence response 
was found for ah the poiyamines in the IO-200 pmol range_ The stability of the 
derivatives was still not regarded as satisfactory, possibly due to the low pH. The 
apparent pH was measured as ‘27. The concentration of phosphoric acid could, 
however_ not be reduced, since this resulted in tailing peaks. 

J l . 

15 72 e L 0 
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Fis 6. Isocr;, tic separation of OP_&cthanerhiol dtrinrixc; ofpolyamines (100-200 pmol) Riiirh TEA (0.1 

_\I) and phosphoric acid (0.5 -If) in SST; methanol on ODS-HypersiI (IS cm x 4.6 mm), with 8 flow-rate of 
1 dklin. 

By replacing TEA with DCA”. a 0.2 M concentration of phosphoric acid and 
0.1 M DC.4 was sufficient to obtain symmetrical peaks. Since material from samples 
of biolo&al origin may accumulate on the columns during isocratic eiution, the 
conditions for gradient elution were investigated_ The mercaptoethanol derivatives 
eluted within 18 min with 60-90 “/d methanol (Fig_ 7) and the ethanethiol derivatives 
with 70-90 7; methanol within 27 min (Fig. 8). The retention time reproducibility for 
the ethanethiol derivatives was determined to be + 2.8 % for spermine and 2 6.8 “/, 
for putrescine over a 3 month period. The apparent pH of the DCA mobile phase was 
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Fig 7. Separation of OPA-mercaptoethanol derivatives of pol~amincs (200 pmol) with DCA (0.1 _\I) and 
phosphoric acid (0.2 l\i) in 60-90 % methanol on ODS-Hypersd (25 cm x 4.6 mm), with a flow-rate of 1 
ml/min and a gradient time of 15 min with gradient curve 3 of the Waters 660 gradient programmer. 

Fig. 8. Separation of OPA-ethanethiol derivatives of polyamines (200 pmol) with DCA (0.1 &f) and 
phosphoric acid (0.2 z%f) in 70-90 % methanol on ODS-Hypcrsil(25 cm x 4.6 mm), with a flow-rate of 1 
mijmin and a -gradient time of 15 min xvith gradient curve -$ of the Waters 660 _mdient programmer. 

measured as 3.8. In this medium the stability and the peak height reproducibility were 
satisfactory_ By using 1 ,Qhexanediamine as internal standard, a peak height precision 
better than f 2.6 % was obtained_ The detection limits were between 1 and 2 pmol. 

Stability ir2 the mobile phases 

In order to determine the conditions for minimum degradation on the col- 
umns, stability tests in the mobile phases mentioned above were performed_ With a 
total elution time of 18 min for the mercaptoethanol derivatives, Table IV shows that 
the DCA solvent was the only acceptable mobile phase. The higher stabihty of the 

TABLE IV 

YIELDS (>;) OF THE OPA-MERCAPTOETHANOL ADDUCTS OF POLYAMINES DISSOLVED 
IN VARIOUS MOBILE PHASES AFTER AN INITIAL REACTION TIIME OF 2 min 

The equkalent mobi!e phases were used for the analysis. NaOAc = Sodium acetate; HOAc = acetic acid; 
MeOH = methanol. n-m_ = Not measured. 

Spermine n-m. <30 14 f 3 45 2 5 
Spermidine Joi4 n-m. 18 2 1 50 f 5 
Putrescine 65 f 5 n-m. 73 2 5 55 5 6 
Cadaverine 6055 nm. 65 + 6 55 + 6 
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TABLE V 

YIELDS ( y;) OF THE OPA-ETHANETHIOL ADDUCTS OF POLYAMINES DISSOLVED IN 0.1 M 
DC.4 0.2 _tf H,PO, AND SO% METHANOL, AFTER AN INITIAL REACTION OF 2 min 

The mobile phase of Table III was used for the analysis. 

Pol_mmine Smh 30 min 

Speimice 89 + 3 70 5 4 
Spemdine 89 f 3 70 & 4 
Putrexine 9024 62 2 3 
Cadaverine 89 * 3 60&3 
1,6-He.xanediamine 93 f 5 61 f 3 

ethanethiol derivatives resulted in better precision of the peak height measurements 
(Table V)_ 

Extraction info ediyi acetate 
In order to examine whether the stability prior to the injection could be im- 

proved further without the not-so-attractive addition of ethanol, the ethanethiol de- 
rivatives were extracted into ethyl acetate after reaction for 90 sec. As is seen from 
Table VI, the stability was significantly improved. Even after more than 6 h, the yields 
varied between 31 y0 (spermine) and 93 y0 (cadavrerine). The difference in the stability 
of the spermine and the spermidine adducts in this non-aqueous medium clearly 
demonstrates that the decomposition process is dominated by the intramolecular 
process The assumed degradation product of spermine (Fig. 5) is non-fluorogenic, in 
contrast to the decomposition product of spermidine where the fluorescence is re- 
duced but not absent. SampIes from the ethyl acetate solution were injected directly 
on the reversed-phase column with no problems, and the peak height precision varied 
between 22% and f 5% by using the internal standard method. The transfer of 
polyamine adducts to the ethyl acetate phase was quantitative (> 95 %)_ 

An impurity {peak X) which could interfere with spermine at a large excess of 
reagents was quantitatively removed by the ethyl acetate extraction (Fig. 9). The 
impurity appeared to be a primary amine contaminant from one of the reagents of the 
derivatization, since reaction with 2-mercaptoethanol gave a simiiar peak and since 
the peak also appeared in blanks without the addition of polyamines The detection 

TABLE VI 

YIELDS (73 OF THE OPA-ElXANETHIOL ADDUCTS OF POLYAMINES AFl-ER AN INITIAL 
RE4CTION TIME OF 90 SEC, FOLLOWED BY EXTRACTION INTO ETHYL ACETATE 

The mobile phase in TabIe III was used for the analysis. 

Fo~nmine 2’1 h -2 6l.!= h 23 h 

Spermine SO ir 6 31 f 3 t5 
Spermidine 93 i 4 S3 & 6 67 + 7 
Putrscine 96 g: 92 5 5 9056 
Cadaverine 97 f 5 93 f 5 85 5 7 
I&He.xanediamine 97 f 5 92 f 5 90*6 
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Fig_ 9. Separation of OPA-ethanethiol derivatives of polyamines (4.5 pmol) after extraction aitd injection 
in ethyl acetate (10 ~1). with chromatogaphic conditions as in Fig. 3. Note the disappearance of the 
impurity (peak X). compared to Fi_g. 8. 

limit of the polyamines, using a 1: 1 volume ratio of ethyl acetate and the derivatiza- 
tion solution, was less than 0.5 pmol of each polyamine. It was determined by inject- 
ing 10 ~1 or less of extracts after derivatization of 5 p&f solutions of polyamines and 
was based on a s&al/noise ratio of at least 3: 1. 

iMore concentrated extracts could he obtained by using a volume ratio of 1:3 

between the ethyl acetate and the derivatization solution. Between the 1: 1 and the I:3 
volume ratios, a linear relationship was obtained between the initial concentration 
and the detector response. 

If mixtures of amino acids and polyamines were derivatized and chromato- 
aaphed, the extraction process removed most of the amino acids which could inter- 
fere with the spermine peak. Preliminary experiments with direct derivatization of 
serum showed that a prepurification was required in order to determine normal 
polyamine IeveIs in serum, due to the appearance of other interfering peaks. 

With injection volumes of 10 ~1 or less, the injection of ethyl acetate extracts on 
the reversed phase columns caused no peak-broadening. 

Ethanethiol gave mor stable derivatives with OPA and polyamines, compared 
to 2-mercaptoethanol. With a simple and rapid (K 5 min) extraction into ethyl ac- 
etate, the stability was improved sufficiently to enable the use of automatic injectors 
overnight for extracts prepared durin g the day. Spermine should, however, be ana- 
l_yzed within 6 h after derivatization, since two thirds had then decomposed_ The 
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extraction removed an interfering contaminant and also partially removed deriva- 
tized amino acids which would otherwise interfere with the spermine peak in bio- 
logical samples. 

If the extraction step is to be avoided, the injections could be performed after 
reaction for 90 set or -within approximately 30 min after derivatization, with satisfac- 
toq yields, good-reproducibility and excellent resolution of the polyamines on C,, 
columns. The highest stability and the lowest detection limit was obtained by using a 
mobile phase consistins of 0.1 hf DCA and O.- 3 M phosphoric acid in 70-90 oY metha- 
nol_ 
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