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ABSTRACT 

A simple routine method for the gas chromatographic determination of methylamine, dimethylamine, ethylamine and methylethyl- 
amine in urine is presented. The method is based on a two-phase derivatization procedure with isobutyl chloroformate as reagent. The 
reaction is quantitative in I0 min. We found no artifact formation of either choline or trimethylamine (dietary amine compounds) or of 
dimethylethylamine or triethylamine (catalyst amines in the industrial setting). The chromatographic behaviour of the amine carba- 
mates was excellent. The recoveries ofmethylamine, dimethylamine, ethylamine and methylethylamine in spiked urine samples were 82, 
89, I00 and 96%, respectively, and the precision (the relative standard deviation) was 3.6, 1.8, 3.3 and 2.0%, respectively. The method 
was linear for the studied amine carbamates up to 250 mg/1. The endogenous amine concentrations in urine samples from ten normal 
subjects were: methylamine, 0.9 mg/l (mean; range 0.3-1.5); dimethylamine, 14.7 mg/1 (mean; range 4.6-27.6); ethylamine, 0.8 mg/1 
(mean; range 0.2-2.3); methylethylamine, less than 0.02 mg/1. 

INTRODUCTION 

There is an endogenous formation of amines in 
the body. Humans excrete aliphatic and hetero- 
cyclic amines, such as methyl- and ethylamines, 
in the urine, the predominant one being dimeth- 
ylamine (DMA). DMA, a secondary amine, is 
also the most studied amine in this group. The 
reports of the concentrations of endogenous 
amines in human urine are limited: methylamine 
(MA), 0.53-4.8 mg/l [1-3]; DMA 5.8-39 mg/1 
[1-3]; ethylamine (EA), ca. 1 mg/1 [2]. No data 
have been reported for methylethylamine 
(MEA). Secondary amines may be converted into 
nitrosoamine, and DMA may be an endogenous 
precursor of the potential carcinogenic com- 
pound nitrosodimethylamine. The low-molecu- 
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lar-mass aliphatic amines excreted in urine most- 
ly originate from conversion of trialkylammoni- 
um-containing molecules in the diet, e.g. choline 
[4] and trimethylamine N-oxide in marine fish 
[5,6]. 

In general, low-molecular-mass aliphatic 
amines are analysed by gas chromatography 
(GC). The samples may be analysed after addi- 
tion of alkali, either by direct injection [7] or by 
head-space analysis technique [1], or they may be 
extracted into an organic solvent before analysis 
[8]. GC analysis of amines is often problematic, 
owing to their high polarity and hydrogen-bond- 
ing tendency, resulting in tailing peaks and mem- 
ory effects [9]. However, primary and secondary 
amines may be derivatized into analytically more 
suitable molecules. Several methods have been 
published in which chloroformate has been used 
to convert amines into carbamates, which exhibit 
good chromatographic properties [10-12]. 
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In studies of the metabolic pattern or the phar- 
macokinetic data of amines it is important to 
have well evaluated analytical methods. We re- 
port here a simple routine method for the deter- 
mination of primary and secondary low-molec- 
ular-mass aliphatic amines in human urine, based 
on reaction with isobutyl chloroformate in a two- 
phase derivatization system. 

EXPERIMENTAL 

Apparatus 
A Varian 3400 gas chromatograph (Varian, 

Palo Alto, CA, USA) with a Varian 8100 auto- 
sampler was employed. For the analytical proce- 
dure, the injection ports were kept at 220°C. A 10 
m x 0.53 mm I.D. fused-silica wide-bore column 
with a chemically bonded stationary phase, CP- 
Sil 8 CB, with a film thickness of 5.0 #m (Chrom- 
pack, Middelburg, Netherlands), was used. Car- 
rier gas and make-up gas were nitrogen, at flow- 
rates of 5 and 25 ml/min, respectively. The col- 
umn temperature was initially 90°C, and then 
programmed to 220°C at 10°C/rain. The amine 
derivatives were detected with a Varian thermo- 
specific detector (Varian TSD; 250°C with flow- 
rates for hydrogen and air of 4.2 and 180 ml/min, 
respectively; bead heating current, 3.03 A; bias 
voltage, - 4 . 2  V) and the peaks were evaluated 
with a Maxima 820 chromatography workstation 
(Millipore, Milford, MA, USA). A Savant 
AS290 automatic Speed-Vac concentrator (Sa- 
vant, Farmingdale, NY, USA) was used for 
evaporation of toluene from the sample solution 
containing the standards of carbamate deriva- 
tives. 

Chemicals 
MA, dimethylethylamine (DMEA), triethyl- 

amine (TEA) and isobutyl chloroformate were 
obtained from Janssen (Geel, Belgium), DMA, 
EA and trimethylamine (TMA) from Sigma (St. 
Louis, MO, USA) and MEA and dibutylamine 
(DBA) from Fluka (Buchs, Switzerland). Tolu- 
ene and methanol were from Labscan (Dublin, 
Eire) and sodium hydroxide, hydrochloric acid 
and disodium hydrogenphosphate dodecahy- 
drate from Merck (Darmstadt, Germany). 

Preparation of standard derivatives 
The isobutyl carbamates of MA, EA, DMA, 

MEA and DBA (for internal standard) were syn- 
thesized by adding 10 ml of MA, EA, DMA, 
MEA or DBA to 200 ml of toluene and 50 ml of 
12 M NaOH. Isobutyl chloroformate (10 ml) was 
added dropwise under magnetic stirring, and the 
mixture was continuously stirred for 1 h. The or- 
ganic layer was separated and treated with 50 ml 
of alkaline methanol (methanol saturated with 
NaOH) and stirred for 10 min, then 100 ml of 5 
M NaOH were added and the mixture was stirred 
for another 10 rain. The toluene solution was 
washed twice with 100 ml of 1 M HC1 to remove 
unreacted amine, and the toluene was then evap- 
orated from the carbamates in a Speed-Vac sys- 
tem. 

Urine samples 
Urine samples were collected in polyethylene 

bottles, acidified with concentrated HC1 (37%; 2 
ml per 100 ml of urine) and stored at 4°C until 
analysis. The stability of amines in urine samples 
under acidic conditions has been reported else- 
where [8]. 

Analytical procedure 
In a 10-ml test-tube, 2 ml of urine were added 

to 2 ml of toluene containing the isobutyl chloro- 
formate derivative of DBA as internal standard 
and 20/~1 of isobutyl chloroformate. The mixture 
was made alkaline with 2 ml of phosphate buffer 
(0.5 M, pH 12.0), after shaking for 10 min and 
centrifuging (1500 g, 10 rain), the toluene layer 
was transferred to a second test-tube, and 1 ml of 
alkaline methanol was added. The tube was shak- 
en for 5 min, then 3 ml of 5 M NaOH were added. 
The mixture was shaken for a further 5 min, then 
1 #1 of the toluene layer was injected into the gas 
chromatograph. Aliquots were analysed with and 
without addition of the investigated amines. The 
concentrations of the amines in the samples were 
calculated according to the following formula: 
Co = CA[ao / (aA -- ao)], where Co =- concentra- 
tion of the amines in the sample, ao = peak-area 
ratio of the sample, CA = concentration of the 
added amines in the sample and a~ = peak-area 
ratio of the sample with addition of amines. 
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RESULTS AND DISCUSSION 

Standard derivatives 
The identities of the standards and internal 

standard were confirmed by GC-mass spectrom- 
etry (MS), and the purity was tested by GC using 
thermospray detection (TSD) and flame ioniza- 
tion detection. The purity was found to be better 
than 98%. The standards were stable for more 
than four weeks without any noticeable degrada- 
tion when stored in a refrigerator. 

stored by the addition of alkaline aqueous solu- 
tion. The same technique, with minor modifica- 
tions, for the elimination of reagent residues in 
the analysis of  plasma samples has been reported 
by Hartvig et al. [14]. 

The absence of reagent residues in the final tol- 
uene layer was confirmed by using this toluene 
for a second derivatization step. Toluene treated 
with alkaline methanol was not able to cause any 
further derivatization, but the untreated toluene 
could quantitatively derivatize a second sample. 

Analytical procedure 
We found that with a phosphate buffer (pH 12) 

the reaction was quantitative in 10 min. Other 
studies show that addition of ammonia may have 
a catalytic effect on the derivatization of 1,6- 
hexamethylenediamine [12] or piperazine [13] 
and increase the recovery. We found that ammo- 
nia did not enhance the recoveries of the amines 
that we studied. On the contrary, the addition of 
ammonia caused an additional peak in the chro- 
matogram. 

Because of the high pKa values of the investi- 
gated amines, a strongly alkaline solution may be 
preferable for the extraction of the amines into 
the toluene layer, the medium for the derivatiza- 
tion. However, there is a potential risk of hydro- 
lysing other nitrogen-containing compounds in 
biological samples that may contribute to the 
original amine content in the sample. 

Artifact formation. Additions of 250 mg/1 cho- 
line, 100 mg/1 TMA, 100 mg/1 DMEA or 100 
mg/l TEA were used to test for artifact forma- 
tion. No formation of the conceivable carba- 
mates was detected. 

Reagent residues. In accordance with other 
studies, chloroformate reagent residues in the tol- 
uene intended for GC analyses caused adverse 
effects on the analytical column and influenced 
the detector sensitivity [12]. The elimination of 
the reagent residue by evaporation, reported in 
other studies [12,13], could not be performed be- 
cause of the volatility of the investigated deriv- 
atives. Instead, alkaline methanol was used to 
eliminate the residue amounts of reagent in the 
toluene. The volume of the toluene layer was re- 

Analysis 
Chromatography. The chromatographic beha- 

viour of the amine carbamates was excellent, and 
there was no sign of decomposition in the chro- 
matographic system. The chromatograms of a 
urine sample, spiked and non-spiked with the in- 
vestigated amines, are shown in Fig. 1. Our deriv- 
atization method transforms the polar amines in- 
to much less polar derivatives. This makes it pos- 
sible to use a wide range of analytical columns for 
the separation. 

Calculations. The urine samples contained en- 
dogenous MA, EA and DMA. Thus, for the cal- 
culations of derivatization efficiency, recovery, 
linearity and precision, the urine samples were 
analysed before and after the amine addition. 
For the calculations of the extraction yield, the 
urine samples were analysed before and after the 
amine carbamate addition. 

Derivatization efficiency. Urine samples col- 
lected from ten subjects were spiked with MA, 
EA, DMA and MEA. The derivatization efficien- 
cy, amine carbamate formation, was evaluated 
by comparing the amounts of amine carbamate 
formed from the added amines with amine carba- 
mate standards added to the toluene layer prior 
to derivatization (Table I). The two primary 
amines had a lower derivatization efficiency com- 
pared with the secondary amines. An increase in 
the reaction time from 10 to 60 min did not in- 
crease the derivatization efficiency of the primary 
amines. 

Extraction yieM. The partition of the amine 
carbamates in the two-phase (toluene-buffer) 
system is favourable. Studies of amine carbamate 
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Fig. 1. Chromatograms of (I) a toluene blank in which urine was replaced by 0.1 M HC1 in the work-up procedure, (II) a urine sample 
spiked with methylamine (A, 10.4 mg/1), dimethylamine (B, 19.0 mg/1), ethylamine (C, 9.8 mg/l) and methylethylamine (D, 9.1 rag/l), 
and (III) an unspiked urine sample. The internal standard (IS) is the isobutyl chloroformate derivate of di-n-butylamine. 
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TABLE I 

DERIVATIZATION EFFICIENCIES, EXTRACTION YIELDS AND RECOVERIES OF METHYLAMINE, ETHYLAMINE, 

DIMETHYLAMINE AND METHYLETHYLAMINE IN URINE SAMPLES 

Amine Concentration Derivatization efficiency (%) Extraction yield (%) Recovery (%) 
added 
(mg/l) Mean R.S.DY Mean R.S.DY Mean R.S.DY 

Methylamine 10.4 87 2.3 94 1.7 82 3.6 
Ethylamine 9.8 91 2.2 98 1.6 89 1.8 
Dimethylamine 19.0 99 2.4 102 1.7 101 3.3 
Methylethylamine 9.1 97 1.9 99 1.6 96 2.0 

Relative standard deviation; n = 10. 

standards added to toluene prior to the analytical 
procedure showed almost complete partition into 
the toluene layer (Table I). However, the volume 
of the toluene layer after the addition of alkaline 
methanol must be restored with an alkaline aque- 
ous solution, because the carbamate derivatives 
of the primary amines are slightly basic. 

Recovery. The recoveries of MA, EA, DMA 
and MEA were quantitative. The mean recover- 
ies of the amines added to urine samples collected 
from ten subjects are shown in Table I. The re- 
coveries are expressed as the product of the deriv- 
atization efficiency and the extraction yield. The 
calculations were performed by comparing the 
amounts of derivatives formed from the added 
amines with known amounts of the amine carba- 
mate standards. 

Linearity. Urine samples spiked with the 
amines under investigation in the concentration 
range 0.5-1000 mg/l showed a linearity of the 
amine carbamates formed from the added amines 
up to 250 mg/l (MA, y = 0.082x - 0.051, r = 
1.00; DMA, y = 0.12x - 0.25, r = 1.00; EA, y 
= 0.16x - 0.081, r = 1.00; MEA, y = 0.16x - 
0.29, r = 1.00). In practice, dilution of the sam- 
ples eliminates the upper limit. 

Because of the endogenously formed amines, 
the detection limits for the method were not de- 
termined. The minimum detectable amount, for 
all amines studied, was estimated to be 0.02 mg/l. 

Precision and accuracy. Urine samples from 
ten subjects were spiked with MA, DMA, EA 
and MEA. The within-day precision for the de- 

TABLE II 

WITHIN-DAY PRECISION FOR THE DETERMINATION OF METHYLAMINE, ETHYLAMINE, DIMETHYLAMINE 
AND METHYLETHYLAMINE IN URINE SAMPLES 

Amine Concentration Concentration found a (mg/l) Precision b 
added (%) 
(rag/l) Mean Range 

Methylamine 10.4 10.3 10.2-10.4 1.0 
Ethylamine 9.8 9.6 9.3-9.8 2.1 
Dimethylamine 19.0 18.8 18.2-19.3 1.9 
Methylethylamine 9.1 8.6 8.3-8.7 1.9 

a The calculations were performed by use of amine standard addition. 
b Relative standard deviation, n = I0. 
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TABLE III 

CONCENTRATIONS OF ENDOGENOUS METHYL- 
AMINE, ETHYLAMINE, DIMETHYLAMINE AND 
METHYLETHYLAMINE IN URINE 

Amine Endogenous concentration (mg/1) 

Mean a Range 

Methylamine 0.9 0.3-1.5 
Ethylamine 0.8 0.2-2.3 
Dimethylamine 14.7 4.6-27.6 
Methylethylamine < 0.02 - 

a n =  I0. 

termination was good (Table II). Urine samples 
analysed within a two-week interval showed no 
significant differences (Studen[s t-test; p > 0.05). 
The calculations were performed by analysis of  
samples with and without the addition of amine 
standards. 

Endogenous amine concentration. The concen- 
trations of endogenous MA, DMA, EA and 
MEA in the urine samples from ten normal sub- 
jects are shown in Table III. The concentrations 
are in accordance with data reported in other 
studies [1-3]. 

CONCLUSION 

A GC method has been developed for the de- 
termination of primary and secondary low-mo- 
lecular-mass aliphatic amines. The two-phase de- 
rivatization with isobutyl chloroformate as re- 
agent improved the chromatographic behaviour 
of the compounds under study, and offers a sim- 
ple method for the accurate and precise determi- 
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nation of amines in urine. There was no artifact 
formation originating from the endogenous 
TMA. Because the carbamate reference stan- 
dards are not commercially available, we recom- 
mend that the evaluation is performed with the 
addition of amine standards. 
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