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Abstract

A new type of derivatizing agent 2-chloroethylnitrosourea (CENU) has been developed for biogenic amine determination.
The compounds of this family of reagents have a modular structure which alows modification in the type of detection. The
derivatization reaction takes 15 min at about 75°C and is brought about by mixing a basic agueous solution of an amine
(histamine, cadaverine, putrescine) with an acetonitrile solution of 2-chloroethylnitrosourea (CENU). This reaction is simple,
fast and complete. The derivative obtained is very stable (more than ten days). The selectivity and efficiency of the reaction
of CENU on primary amines contribute to the high sensitivity of the method which is thus adapted to the measurement of
very low concentrations of biogenic amines. [0 1998 Elsevier Science BV.
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1. Introduction

Histamine is a biogenic amine present in variable
concentration in foods such as fish, shellfish, wine
and cheese, as well asin biological tissues. Biogenic
amines are formed by the decarboxylation of certain
amino acids. These molecules are currently recog-
nized as indicators of food quality. The measurement
of trace levels of biogenic amines requires a specific
and sensitive technique [1]. Most of these com-
pounds cannot be detected as they lack a suitable
chromophore, whereas others such as histamine are
detected at wavelengths that are not selective. In
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order to prevent matrix interference and so enhance
detection sensitivity when using HPLC, it is neces-
sary to resort to derivatization techniques [2]. The
derivative obtained is detected using ultraviolet or
more commonly fluorescence techniques [3].

OPA (o-phthaldialdehyde) is the derivatizing agent
most commonly used for amino compound determi-
nation [3-14]. However other derivatizing agents
have been described such as dansyl chloride [15—
18], fluorescamine [19], fluorenylmethoxycarbonyl
[2,20,21], fluorenacetyl and benzoyl chloride
[1,22,23]. Most of these reagents give unstable
derivatives. In the case of OPA both the reagent and
the derivative are unstable [3,10-12,14,19,25]. A
number of authors have recently reported on their
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studies of the effect of the derivatization parameters
on the sability of OPA derivatives [3,10,11,14,
25,26]. These all point to the importance of deriva-
tive stability in amino compound determination.
Pawlowska et al. [24] have shown that the deriva
tives obtained with aromatic anhydrides are in this
respect superior to those obtained using OPA. In
addition the derivatization is fast compared to that
using benzoyl chloride or dansyl chloride.

Post-column derivatization is usualy used with
reagents giving unstable derivatives. These methods
are more complicated than pre-column methods due
to the complex and expensive equipment required for
the derivatization [27]. The peaks are broadened and
diluted by the derivatization reagents adding a
further inconvenience [3,25]. Pre-column derivatiza-
tion is widely used [2,5-8,15,20-22,28,29]. This
method is very flexible to use [2] providing deriva
tives are stable [19], otherwise it is necessary to
rigorously control the time and conditions of the
derivatization reaction [3,10,14,19]. On-line derivati-
zation [3,12,14] allows continuous analysis but limits
the choice of the labeling reagents. Moreover this
method requires an expensive set-up in order to
optimize the chromatographic conditions [19].
Nevertheless K. Saito et a. have reported that the
stability of the derivatives is increased with this
derivatization method [3].

We required a method which would allow a rapid
guantization of amines with a high degree of sim-
plicity and decided that the pre-column derivatization
would be the most appropriate method to use. The
search for a new derivatizing agent satisfying the
need for derivative stability and for method sensitivi-
ty led us to an interest in CENUs (Fig. 1). CENU'’s
are studied as active antitumor agents. The com-
pounds decompose rapidly under physiological con-
ditions producing akylant and carbamoylant moi-
eties [30]. Carbamoylation is thought to be caused by
organic isocyanates on proteins [31]. Isocyanates are
known to react with molecules containing primary
amines to form a stable asymmetric urea [32]. Such
derivatives are obtained with 6 aminoquinolyl-N-
hydroxysuccinimidyl carbamate [32—34].

This article presents the use of CENUSs described
in Fig. 2 (a and b) as pre-column derivatizing agents
of amines followed by HPLC separation with UV
detection.

NO
CENU R-(CHy), NH-C-N-CH CH,-Cl

Physiological pH
and temperature

[R~(CH,),-N=C=0] +

Isocyanate
NH,-R’ H,0

R-(CH,),-NH-CO-NH-R’
Asymetric urea STABLE

NO-NH-CH,-CH,-Cl
2 chloroethyldiazohydroxyde

R-(CH,),-NH-CO-NH-(CH,),-R

Symetric urea

Fig. 1. CENU'’s structure and reactivity.

2. Experimental
2.1. Apparatus

The HPLC system is from TSP (Thermo Sepa
ration Product, les Ulis France) and consists of a
P4000 pump system, an SN 4000 interface, an AS
3000 turnable sampler, and a UV spectra Focus
detector. The detector allows UV spectra to be taken
for the whole period of the chromatogram. During
the design phase of the method, the data acquisition

a). CENU-NO, : (melting point : 131-132 °C

b a d e f g d NO
NOZ@C-NH-CHZ-(CHz)z-CHZ-NH-E—N—CHZ-CHZ—CI
i
¥ a O 0] h Rk

N-pNitrobenzoyl N’[N-(2chloroethyl)-N-nitroso] carbamoyl-1,4-diaminobutane

5ppm/TMS (DMSO-d6) : 1.6 (t, 4H, CH,f); 3.3 (m, 4H, CH,h,1"); 3.6 (t, 2H, CH,g);

4.1 (t, 2H, CH,e); 8.05 (m, 2H, Ha, Ha’); 8.3 (m, 2H, Hb, Hb’); 8.8 (t, 2H, 2NHd).

b). CENU-2NO, : (melting point : 132 °C)

O,N a c d e f g }I‘JO
b ﬁ-NH-CH2-(CHZ)Z-CHZ-NH-|CI-N-CH2-CH2-C1
oN" 2 O O 1w

N-2,4 Dinitrobenzoyl N’[N-(2chloroethyl)-N-nitroso] carbamoyl-1,4-diaminobutane

Sppm/TMS (Aceton-d6) : 1.8 (t, 4H, CH,e); 3.55 (m, 6H, CH,£h,h"); 4.15 (t, 2H, CH,d); 8.1
(t, 1H, NHg); 8.5 (t, 1H, NHc); 9.1 (m, 3H, Ha,a’,b).

Fig. 2. Structure of the CENU used for the amine derivatization.
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was done by sweeping the spectrum between 221
and 301 nm every 2 nm, which corresponds to a
point every 0.5 s. The spectrum of molecules was
stored in a library and serves as a reference for the
identification of spectra acquired in the same chro-
matographic conditions. This also allows information
on the purity of the detected peak. After the first
design phase, al the data acquisition was made in
single wavelength at 271 nm for CENU-NO,, (Fig.
3) (and a 231 nm for CENU-2NO,). The UV
spectrum in Fig. 3 corresponds to the spectrum of the
chromophore part of the CENU-NO, without the
N-NO-CH,-CH,-Cl part which is a leaving group
not implicated in the derivative detection.

The analytical column was a Shandon RP C,; 5

241

An ultrasonic Baudelin Sondex RK 100 bath was
used for the derivatizations. A hydrogen NMR
(Bruker AC 250, 250 MHZz) was used to study the
structure of the standards.

2.2. Reagents

Histamine dihydrochloride, putrescine and cad-
averine were purchased from Aldrich (St Quentin
Fallavier, France). Acetonitrile, acetic acid (Carlo
Erba, Nantaire France) and ammonium acetate
(Merk, Darmstardt, Germany) were used to prepare
the mobile phase. Pure water was produced by a
Millipore Milli-Q Plus System (St. Quentin,
Yvelines, France). Chromatographic runs were car-

pm, 250Xx4.6 1.D. (Shandon Eragny sur Oise, ried out either using a binary isocratic or binary
France). gradient.
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Fig. 3. UV spectrum of the chromophore part of CENU-NO,, without the leaving group (N-NO-CH,-CH,-Cl). 1.4 M in acetonitrile.
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Ammonium acetate buffer (0.1 M) was prepared
by dissolving ammonium acetate in water and titrat-
ing to pH 6 with acetic acid.

Mobile phases were: A, water 0.5 mM ammonium
acetate buffer, and B, acetonitrile-water—0.5 mM
ammonium acetate buffer (80:20, v/v).

The column was maintained at 40°C and the flow-
rate was 0.8 mimin~' for al chromatographic
separations.

All chemicals were used as received without
further purification.

2.3, Yynthesis of derivatization reagent and amine
standards

CENU (as in Fig. 2) was synthesized following
the protocol described by J. Martinez et a. [35].
CENU NO, and 2NO, are novel. Their physical
properties are given in Fig. 2 (NMR and melting
point).

The production of labeled-amine standards was
assured by mixing a solution of CENU (508 mg of
CENU in 10 ml of acetonitrile) with an excess of
amine (1.8 g of histamine dihydrochloride or 277 mg
of putrescine or cadaverine dissolved in 10 ml of
water). The pH was adjusted to 10 with 10 M sodium
hydroxide solution (NaOH). The mixture was then
shaken in an ultrasound bath a 60°C for 4 h. The
acetonitrile was evaporated under reduced pressure.
The precipitate obtained was filtered. The purity of
the standards thus produced was controlled by NMR
and HPLC. The derivatized amines produced were in
solid form and could be used as standards.

2.4. Derivatization principle

The principle of the derivatization of amines is
equivalent to that of the production of standards. The
amine is dissolved in 10 ml of water and added to a
solution of 10 ml of CENU in acetonitrile. In this
case the derivatization reagent is in excess in com-
parison with the amine whereas in the case of the
production of standards it is the opposite. The pH
was adjusted to 10 with 10 M NaOH, then the
mixture was shaken in a thermostatically controlled
ultrasound bath.

2.5. Assessment method of the influence of
reaction parameters on the level of derivatization

The influence of four parameters — pH, tempera-
ture, time and CENU/histamine ratio — on the
effectiveness of the derivatization was studied by
simultaneously varying the different parameters
using the factorial matrix principle. Two levels,
maximum and minimum, were tested for each pa
rameter. The choice of minimum and maximum
levels was made with the help of preliminary tests
results (which are not detailed in this paper). There
was evidence suggesting that pH and CENU/his-
tamine ratio have a strong influence on the per-
centage of derivatization, whereas temperature and
time did not seem to modify the coupling outputs
significantly.

In the case of the pH the results between pH 9 and
10 were similar, but the level of derivatization went
down below pH 8 and above pH 11.

Table 1 gives the values of the parameters for
each experiment.

The derivatization performance is calculated from
the values of linear regressions obtained over arange
of standard concentrations between 0.1 and 100 ppm.
A labeled amine stock solution (1 gl ™) is prepared
in water—acetonitrile at pH 10 (50:50, v/v). This
solution is then diluted (in order to obtain the
different concentrations) in a mixture of water—ace-
tonitrile pH 10 (50:50, v/v). 10 wl of each standard
solution are injected, which corresponds to 0.2—-29.5
ng of histamine deposited on the column.

The histamine derivatization was first studied
using the technique described here. The feasihility of
this method (with parameters thus determined) on

Table 1

Parameters values for the different experiments

Experiment pH Temperature Min CENU/
number (°C) histamine
1 9 60 15 4

2 10 60 15 6

3 9 75 15 6

4 10 75 15 4

5 9 60 60 6

6 10 60 60 4

7 9 75 60 4

8 10 75 60 6
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putrescine and cadaverine will be presented after-
wards.

3. Resaults
3.1. Histamine

3.1.1. Linearity and detection limits

The linearity of detection was assessed between
0.1 and 100 mgl ™" of histamine derivative (UH)
standards (8 points: 0.1, 0.4, 0.5, 2, 5, 10, 25, 100
ppm).

For a simple and rapid determination of histamine,
the elution was done using an isocratic (0 to 10 min:
68% A, 32% B at 40°C 0.8 ml min™"). The linearity
of the detection is excellent between 0.1 and 100
ppm (10 wl injected) with a linear regression coeffi-
cient (R®) of more than 0.999. The regression
equation Y=aX+b, where X is the concentration of
UH (ppm) and Y the peak height, is Y=891.1X—
239.5. The asymmetry factor (at 10% of the height)
is between 1 and 2 depending on the concentrations,
and the HEPT is 0.05 mm.

The relative standard deviation (R.S.D.) for the
peak height (n=3) over the range of concentrations
tested was never more than 7.3% and for the
retention time (N=38) never more than 0.76%.

When histamine is derivatized, the CENU excess
reacts with water (Fig. 1) and gives a degradation
compound (Ud) which is luted in 3.97 min. UH is
eluted in 5.07 min. The isocratic elution used thus
permits an effective and rapid separation of the
different compounds present in the solution (Fig. 4).

The detection limit is 8.4 pmol of injected his-
tamine with a signal to noise ratio of 3:1.

3.2, Derivatization optimization

The results obtained with the factorial fraction
matrix experimental plan (Table 1) are presented in
Table 2. All experiments were carried out twice and
each sample injected twice. The results clearly
showed that the derivatization is reproducible equally
well at the coupling and at the detection stages. The
variation coefficients for each experiment are less
than 1%. The eguation of the derivatization rate DR
as a function of the 4 parameters thus obtained is:

12 1

3.975 UD-NO2-1

101

mV or mAU

5.075 UH-NO2

0 2 4 6 8 10 12 14
Minutes

Fig. 4. Typical chromatogram of histamine determination. Peaks:
UD-NO,=CENU degradation product, UH-NO,=CENU-his-
tamine derivative. Experimental conditions are: 68% A (water—0.5
mM ammonium acetate buffer), 32% B (acetonitrile—water—0.5
mM ammonium acetate buffer; 80/20, v/v); 0.8 mlmin™*, C,, 5
pm, 250X 4.6 mm |.D. maintained at 40°C. The LD =28.4 pmol
(signal / noise=3).

DR = 81.666 + 5.61X, + 3.93X, + 3.89X,
— 0.72X, X, — 1.0125X, X, — 2.49X,X,
— 3.62X,X,X; .

with X, =pH, X,=temperature, X,=reaction time,
X, X, =pH-temperature interaction, X, X;=pH re-
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Table 2

Derivatization rate obtained with experiments presented in Table 1 for histamine

No. Derivatization rate Derivatization rate Mean SD? R.SD’
(%) (%) derivatization (%)
1st and 2nd 1st and 2nd rate
injection injection (%)

1 67.70 68.21 67.63 0.60 0.89
66.62 67.97

2 75.64 75.45 75.06 0.52 0.69
74.32 74.83

3 70.46 79.62 74.71 37 49
71.87 76.9

4 93.79 93.86 93.71 0.35 0.37
93.13 94.07

5 7131 785 75.17 3.85
735 77.38

6 93.65 92.85 93.07 0.38 0.41
93.15 92.62

7 86.18 86.9 86.73 0.62 0.72
87.69 86.16

8 86.26 87.25 87.25 0.79
87.69 88.23

@ Standard deviation.
® Relative standard deviation.

action time interaction, X,X, =temperature—reaction
time interaction, X, X,X;=X,=ratio CENU/his-
tamine.

The parameters studied seem to have a significant
influence on the output of derivatization. The output
equation shows that the pH must be at the maximum
level (pH 10). The reaction time and temperature
should not be simultaneously at their minimum
(Table 3). Table 3 shows that in this case the
calculated outputs are identical for other combina-
tions of these two parameters. This means that the
reaction is complete after 15 min at 75°C and that it

Table 3
Derivatization rate calculated for each time and temperature
combination, with all others parameters constant

Temperature Time Derivatization
(°C) (min) rate (%)
Maximum Maximum 94.48

(75°C) (60)

Maximum Minimum 93.71

(75°C) (15)

Minimum Maximum 93.07

(60°C) (60)

Minimum Minimum 82.29

(60°C) (15)

will not develop further for 45 min. At 60°C it takes
about 45 min to obtain the same resullt.

The pH-temperature interaction and the pH-re-
action time interaction are negligible.

Nine CENU/histamine ratios between 2 and 114
were tested. The concentration of histamine was
fixed a 100 ppm. The level of derivatization was
aways within the range of 84% to 123.6%; no
significant differences appeared between the nine
CENU/histamine ratios. The mean level of deri-
vatization calculated (n=42) is 100.3% *14.2%.

The results obtained with the experiment plan
seem to indicate that with a ratio CENU/histamine
of 2, the output is better than with aratio of 4. This
isin contradiction with the precedent results and the
ratios tested in the experience plan (2 and 4) are not
sufficient for the quantification of an unknown
concentration of histamine. The rest of the work was
carried out using a minimum CENU/histamine ratio
of 8.

3.3. Derivatization rate and histamine derivative
stability

Increasing concentrations of histamine (between
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18-270 pmol I™') were derivatized in the same
conditions: 15 min, pH 10, 75°C, with a minimum
ratio of CENU/histamine of 8. The CENU solution
used is the same for each sample of histamine,
consequently the CENU/histamine ratio increases as
the histamine concentration decreases. Each experi-
ment was repeated twice. After derivatization, the
samples were immediately injected, kept for two
days in daylight and at ambient temperature, then
stored for 20 days in a refrigerator at 4°C.

The results presented in Table 4 show that the
level of derivatization is constant and repeatable
whatever the concentration of histamine. This con-
firms that the ratio CENU/histamine has no effect.
The mean output is therefore 101.9%=7.07. In order
to ensure the stability of the derivatives, the samples
were reinjected 22 days later. The derivative con-
centration was recalculated (the calibration was done
for each series of injections). The results obtained
after 22 days enabled a comparison to be made with
the initial results by calculating the derivatization
output. It appears clear that the derivative remains
stable for 22 days without taking any particular
precaution concerning exposure to light (Student’s
test «<<0.001).

3.4. Modulation of the chromophore intended to
improve detection limits

In order to increase the sensitivity of the method, a
CENU carrying a different chromophore was tested.
This new molecule (CENU-2NO,) was no different
than the previous one except for the addition of an

Table 4
Histamine derivatization rate results

NO, group (Fig. 2b). A standard was produced using
the method already described. The linearity observed
between 0-100 ppm (0.0 at 26 pg of injected
histamine) was excellent with a correlation coeffi-
cient (R higher than 0.999. The regression of the
peak height Y (CENU-2NO,) as a function of the
concentration X of CENU-2NO, in mgl ™' is Y=
1129.46X +32.64. In this case, with the same iso-
cratic as previously, the Ud—2NO, is eluted at 5.2
min and the UH-2NO,, at 7.4 min (Fig. 5). The new
molecule brings about a slightly less rapid detection
than previously but with a better resolution R, of the
peaks (RSNOZ =4 and R32N02=6.54 with R;=2t,, —
t..)/ (o, + w,) wheret , and t , are the peak retention
times and w, and w,, the widths of the peaks
obtained by the tangent methods). The limit of
detection calculated for a signal-to-noise ratio of 3:1
is 0.18 pmol for 10 pl injected. Detection using this
new derivative agent is 43 times more sensitive. This
difference could be explained by the molar adsor-
ptivity of the two compounds (¢ CENU-NO,
(methanol)=11558 dm®mol *cm™ a 271 nm
and £ CENU-2NO, (methanol) = 20914
dm®mol *em™ a 231 nm), and by a higher
column efficiency with CENU-2NO, derivatives
with a reduced background noise.

3.5. Derivatization rate with CENU—-2NO,

We have verified that the reactivity of the CENU—
2NO, was not affected by a change in the chromo-
phore part. To do this we studied the coupling output

Initial [histaming] wM

Derivatization rate

Derivatization rate (%)

and (CENU/histamine (%) at T=0 after 22 days
ratio)
18 (120) 102.59 101.95
106.81 108.43
45 (48) 90.31 97.23
89.06 95.13
135 (16) 103.82 111.97
108.85 114.35
270 (8) 107.58 107.92
105.85 116.31
Mean (%) 101.9+7.07 106.6+6.78

R.S.D. 6.9%

6.3%
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re

124

7.419 UH-2NO2

10

mV or mAU

N
5.248 UD-2NO2

04

68 8 10 12 14
Minutes

0 2 4

Fig. 5. Typica chromatogram of histamine determination with
CENU-2NO, as derivatising reagent. Peaks: UD—-2NO,=CENU
degradation product, UH-2NO,=CENU-histamine derivative.
Experimental conditions are: 68% A (water—0.5 mM ammonium
acetate buffer), 32% B (acetonitrile—water—0.5 mM ammonium
acetate buffer; 80/20, v/v); 0.8 mimin™*, C,, 5 wm, 250x4.6
mm |.D. maintained at 40°C. The LD =0.18 pmol (signal / noise=
3).

over a scae of histamine concentrations under
exactly the same conditions as those used for
CENU-NO.,.

The mean output calculated for CENU-2NO, is
101.71+18.4%. The stability of the new derivative

was tested after 7 days (2 days at daylight and
ambient temperature and 5 days at 4°C in the dark).
After seven days the output measured was
98.4%+19%. This result is identical to that obtained
at the time of the measurement immediately after
derivatization (Student’s test «<<0.001). The prop-
erties of the CENU (affinity of the reagent and
stability of the derivatives) are not changed by a
modification of the chromophore.

3.6. Application of the method for the
determination of putrescine and cadaverine with
CENU-NO,

3.6.1. Chromatographic separation and linearity of
the detection

The separation of the three amines has been
realised using a simple linear gradient (t=0: 80%A—
20% B; t=20: 82%A—-18%B). The putrescine de-
rivative (UP) was eluted in 17.4 min, UH in 19.664
min and the cadaverine derivative (UC) in 21.035
min. The resolution factors R, calculated on this
gradient are R(Ud-UP)=9.9; R (UP—UH)=2.2;
R(UH-UC)=157.

The linearity was verified on a scale of con-
centration of UP and UC between 0 and 50 mg|~*
which corresponds to 0-1.42 nmol of injected put-
rescine or 0-1.36 nmol of injected cadaverine. The
regression equation of the relative peak height (Y)
versus the amount of labeled amine injected (X) is
Y(UP)=359.74 X(UP)+181.76 and Y(UC)=302.78
X(UC)—78.46 with a correlation coefficient of more
than 0.9999 in both cases. The detection limit
calculated with a signal-to-noise ratio of 3:1 is 2.2
pmol injected for putrescine and 9.11 pmol injected
for cadaverine.

3.7. Derivatization output and derivative stability

The derivatization output was calculated on in-
creasing concentrations of amines (in a similar
manner to that described for the histamine) using the
previous parameters (pH 10, 75°C 15-60 min,
CENU/histamine =8).

3.7.1. Results with putrescine
The results presented in Table 5 show a strong
replicability (variation coefficient less than 5%). The



O. Vandenabeele et al. / J. Chromatogr. A 795 (1998) 239-250 247

Table 5
Derivatization rate for putrescine

[Putrescing] (mM)

Derivatization rate (%)

Derivatization rate (%)

aT=0 after 14 days
0.022 97.2 89.7
103.1 96.4
0.056 106.9 100.9
114.0 106.5
0.113 106.2 100.1
112.0 104.77
0.17 104.0 97.7
108.8 101.3
0.34 104.3 100.31
106.1 105.1
Mean (%) 106.26+4.7 100.26+4.9
R.S.D. 4.4% 4.88%

mean output of derivatization calculated (106%) for
the analysis done immediately after treatment is
within the confidence interval established for his-
tamine. After 14 days, the mean output is in the
region of 100% when it was 106%. A Student’s test
showed that this difference is significant with a risk
a of 5%. This tendency is the opposite to that of
histamine. The stability over this 14 day period has
to be defined.

Putrescine is a symmetrical diamine which can, in
theory, form two compounds by derivatization: a
mono-derivative molecule and a double-derivative
molecule. In principle these two molecules do not
have the same chromatographic behavior. However a
single peak only has been observed on chromato-
gram. Furthermore in the standard preparation stage

Table 6
Derivatization rate for cadaverine

a precipitate formed (in particular conditions) and
was identified by NMR as the double-substitute
amine. This insoluble (in acetonitrile—water, 1:1)
double-substitute amine is therefore not measurable
during HPLC analysis. It is therefore plausible to
suggest that the form detected with an output of
100% is the mono-derivative putrescine. Currently
the mechanism of this reaction is not precisely
known, but it would be very interesting to study it.

3.7.2. Results with cadaverine

The results are presented in Table 6. The mean
output calculated immediately after derivatization is
50.87% with a weak variation coefficient. The
derivatization output obtained whatever the concen-
tration of CENU is surprising. Cadaverine shows two

[Cadavering] (mM)

Derivatization rate

Derivatization rate (%)

(%) a T=0 after 14 days
0.020 50.16 50.02
53.27 52.69
0.052 45.47 48.34
50.14 49.6
0.104 48.67 53.24
54.59 53.96
0.156 52.25 51.71
52.6 52.43
0.313 54.84 54.03
50.17 49.99
Mean (%) 50.0+2.58 51.60+1.99
R.S.D. 5.08% 3.86%
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symmetrical amine functions. As mentioned above,
there are, therefore, in theory, two different deriva
tized molecules. As with putrescine, the double-
derivative compound identified by NMR proved to
be insoluble in the reaction medium. The compound
detected with HPLC would therefore be the mono-
substitute cadaverine. The results seem to show that
in the derivatization conditions studied 50% of the
molecules are not derivatized or are derivatized
twice.

During the phase where the synthesis of standards
was perfected, the disubstitute form of putrescine
was obtained under certain conditions, while in the
derivatization condition this compound has not been
formed. This shows that the formation of the double-
derivative compound depends more on the deri-
vatization conditions than on the tridimensional
conformation of the amine. It should be the same for
cadaverine.

In the derivatization condition of pH, 50% of
cadaverine is protonated twice and 50% protonated
once (pK,;=10.96, pK,~10.02). The most probable
reactive form of the amine seems to be the non-
protonated form. The level of derivatization with
histamine and putrescine (100%) in the derivatiza-
tion conditions used is in accordance with their
basicity (histamine: pK,=~9.68, pK,=5.88; Putres-
cine: pK,=10.8, pK,=9.35).

The cadaverine derivative is very stable (identical
results after 14 days according to Student’s test).

4. Discussion

The purpose of this study was to establish asimple
and reliable method of quantifying biogenic amines
and in particular to provide an improvement in the
stability of the derivatives compared to existing
methods.

The first thing studied concerned the feasibility of
detection as well as its characteristics of specificity
and linearity. The UV spectrum of the CENU-NO,
chromophore part (see Fig. 3) shows two absorption
maxima, one at 210 nm and the other at 271 nm. The
271 maximum alows a more specific detection with
the least background noise. The detector response at

271 nm is linear between 0 and 100 ppm histamine
(R*>0.999). The peak is well defined with an
isocratic elution which alows relatively short chro-
matogram runs. In these respects, this method is
equivalent to those referred to the literature.

The later stage of this study shows that the level of
derivatization is nearly 100%. This rate of deri-
vatization is reached after 15 min a 75°C. The
conditions for the derivatization are easy since the
only strict constraint is that a pH of 10 is required. It
is not worth rigorously controlling the reaction time
since at 75°C this will be between 15 to 60 min.
Equally, it is possible to lower the temperature if the
reaction time is increased (60 min at 60°C is
equivalent to 15 min at 75°C). This flexibility is
much more superior to classica methods in which
the reaction time is critica due to the instability of
the derivatives [3,14,19]. It is thus easy to carry out
pre-column derivatization.

With other methods, the need to rigorously respect
the derivatization conditions is a constraint. In order
to improve the replicability, researchers
[3,12,14,20,36] have perfected new line chromato-
graphic methods, but these, unfortunately, require
further investment. The methods are particularly
difficult to perfect. In the case of on-line derivatiza-
tion methods, the derivatization time must be kept to
a minimum. The reaction length with CENU is on
average situated between the few seconds necessary
for the derivatizations with OPA and the many hours
required for the derivatizations with acetylacetone
[37]. Shorter reaction time has not particularly been
investigated here. It is thus possible to envisage one
day the automation of this method on condition that
a reaction time of less than 1 min can be obtained.
Pre-column derivatization is already easy to imple-
ment with the operational conditions described here.
This alows one to work with a series of samples,
which is not possible with the other methods. The
material needs here are minimal.

After having characterized the chromatographic
conditions and those for derivatization, the stability
of the derivatives was studied. The results show that
after reaction the derivative obtained is stable, not
reacting to light or temperature change (22 days for
the derivatized histamine). This stability arises from
the flexibility of handling [36]. The stability of the
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derivatives obtained using CENU is much greater
than that of the derivatives obtained with OPA (afew
hours) [7,10,26], acetylacetone (7 days at ambient
temperature without any protection against light)
[37], fluorescamine (7 days away from light without
any other protection) [19] and aromatic anhydrides
(several days at ambient temperature) [24]. The
stability of the derivatives is due to the formation of
ureas which are known to be very stable compounds
[32]. The stahility is independent of the derivatized
amine.

The derivatives being stable, it is possible to
dissociate in time the derivatization phase from that
of the chromatographic measurement. The derivati-
zation stage is thus no longer considered as being
necessarily linked to the chromatographic injection.
The stability of the derivatives aso allows one to
implement a control a the measurement stage
through reinjecting at intervals sample derivatives
that have been stored. This method can thus be
adapted to al types of laboratory practices and
allows implementation of quality control.

The detection limit is directly related to the nature
of the chromophore, the column efficiency and the
background noise. This method uses CENU agents
of derivatization, the chromophore part of which can
be modularized. A second chromophore was tested
in this study. This chromophore while differing from
the previous one through the addition of NO, had
both the same reaction properties of the derivatizing
agent and the stability of the derivative. This modi-
fication alowed a reduction in detection limit (DL)
by a factor of about 40. This reduction in DL is due
to an increase of the ¢ of the derivative, an increase
of the column efficiency and a reduction of the
background noise. The detection limit of 0.18 pmol
of histamine injected (10 wl) is low. It is difficult to
compare different data in this field in view of the
large number of ways used in presenting such
results.

The ease of modification of the chromophore
without changing the reactivity of the molecule
allows one to envisage a further reduction in de-
tection limit as well as changing to another detection
method (fluorometry).

The modification of the chromophore brings out
the possibility of modifying the chromatographic

condition as the detection with CENU-2NO, was
dightly less rapid than with CENU-NO,. The
CENUs have a modular structure which allows
modifications in both chromatographic conditions
and type of detection.

This method has made it possible to derivatize 3
different biogenic amines and detect them on the
same chromatogram. The output of derivatization
obtained with putrescine is equivalent to that of
histamine, while with cadaverine it is 50%. The
reaction mechanisms are still badly understood. Such
results are probably related to the basicity of the
amines and to the derivatization conditions (pH).
Depending on the pH conditions it should be pos-
sible to obtain a derivatization output of 100% with
cadaverine. A deeper study of the different reaction
paths is needed.

The specific manner of the reaction of the iso-
cyanates on amines is a further advantage of the
derivatization by CENUSs. This selectivity allows one
to think that within the frame of complex matrices,
this method will perform better than those which are
less selective. To increase selectivity means to
decrease interactions with the matrix, and thus to
facilitate the measurement and purifications. We
envisage using this type of derivatization agent for
the measurement of other molecules carrying pri-
mary amine functions.

The reactivity of CENU depends on the pH of
derivatization. Therefore it is possible to derivatize
amines having different natures in basicity if the pH
of the derivatization is adapted. As the stability is
independent of the amine, further investigation on
catecholamine and amine biological response modi-
fier would be very interesting.

In concluson CENUs seem to be interesting
derivatizing agents owing to their reactivity and their
modular structure. The method presented here would
seem to offer important possibilities compared to
other current methods. In particular, the simplicity of
implementation makes it easy to put into wide use
with different laboratories producing results which
allow comparability. The number of critica parame-
ters is reduced to a minimum which makes the
method very robust. Because of the flexibility of the
derivatization reagent the field of investigation is
wide.
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