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Abstract 

A simple procedure for the precolumn derivatization of toxic and non-toxic non-protein amino acids occurring in 
the legume crop Lathyrus sativus and other Lathyrus species with phenyl isothiocyanate and an HPLC method for 
the separation of the derivatives in the nano- and picomole range are reported. The results are compared with 
those of conventional ion-exchange chromatography for the separation of non-protein amino acids with postcolumn 
ninhydrin reaction. The relative standard deviations for the two methods are compared. 

1. Introduction 

Automated amino acid analysis was pioneered 
by Moore and Stein in the early 1950s Cl]. They 
developed an amino acid analyser that auto- 

matically coupled the amino acid separation on 

anion-exchange columns with quantification 
based on the ninhydrin reaction. This has been 

the standard method for amino acid analysis 
since then, with the main variations being in the 
choice of buffers: sodium citrate-based buffers 

for the rapid determination of protein amino 

acids and lithium citrate buffers for the high- 
resolution anaIysis of physiological fluids or the 
determination of non-protein amino acids. 
Amino acid determination by reversed-phase 
HPLC after precolumn derivatization with Ed- 

man’s reagent, phenyl isothiocyanate (PITC), is 
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now a well established method [2,3]. The chro- 
matographic separation of the amino acid deriva- 
tives is a relatively fast procedure, and applica- 
tions in medical research for the rapid determi- 
nation of some selected amino acids in brain, 

plasma and urine have been reported [4,5]. 
However, for the identification of unknown 
amino acids, more information is available on 
the separation of unusual amino acids by ion- 
exchange methods than by the more recent 
HPLC methods. 

Lathyrus sativus (khesari in India and Ban- 
gladesh, guaya in Ethiopia, san li dow in China, 
pois carrk in France) is a popular drought-toler- 
ant crop and foodstuff for several hundred mil- 
lion people in drought-prone areas of Africa and 
Asia. The overconsumption of L. sativus seed 
can cause an upper motor neurone degenerative 
disease known as neurolathyrism. The major 
neurotoxin present in the seeds and seedlings has 

reserved 
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been determined as 3-N-oxalyl-L-2.3-diamino- 
propanoic acid (P-ODAP, sometimes referred to 

as BOAA or /3-oxalylaminoalanine) [6]. Recent- 
ly, a chromatographic method to determine the 
neurotoxin /3-ODAP and to differentiate it from 

the non-toxic a-isomer has been developed [7]. 
Higher plants produce a great diversity of non- 
protein amino acids, the physiological and 
ecological importance of which is poorly under- 
stood. The genus Lathyrus is especially rich in 
unusual amino acids, some of which contain a 
heterocyclic ring [8]; several have toxic prop- 
erties [9]. The neurotoxin P-ODAP and homoar- 
ginine are the major amino acids in the seeds of 
Lathyrus satiuus, while in the seedlings 

homoserine appears as a major free non-protein 
amino acid along with some heterocyclic amino 
acids derived from the isoxazolin-S-one ring [lo]. 
BIA or P-(isoxazolin-5-on-2-yl)alanine (com- 
pound I) is the precursor for the neurotoxin 
P-ODAP [ll-141, The higher homologue of 

BIA is AC1 or 2-(3-amino-3-carboxypropyl)is- 
oxazolin-S-one (compound VI), which is found 
only in the genus Lathyrus. When AC1 is given 

to young chicks along with food or by in- 
traperitoneal injection, the symptoms of neuro- 

toxicity develop [ 151. AC1 can be hydrolysed or 
photolysed by UV radiation with the formation 
of the neurotoxic compound 2,4-diamino- 
butanoic acid (DABA) [ 161 found in Lathyrus 
sylvestris. Another Lathyrus metabolite, CEI or 

2-cyanoethylisoxazolin-5-one (compound VIII), 
can be hydrolysed, photolysed by UV radiation 
or metabolized with the formation of p-amino- 
propionitrile (BAPN), the osteolathyrogen from 

L. odoratus [16]. These toxic substances in the 
seedlings of L. sativus indicate that, while the 

seeds of L. satiuus are mainly neurolathyritic 

(/3-ODAP), the seedlings also contain an os- 
teolathyritic toxin compound VIII in addition to 
a second neurolathyrogen compound VI [10,17]. 

Lathyrine or P-(2-aminopyrimidin-4-yl)alanine, 
which is metabolically linked to homoarginine, is 
another heterocyclic amino acid that is specific to 

Lathyrus species [l&l. 

taneously determine these various metabolites, 

and which is more sensitive and much faster than 
the conventional ninhydrin method. 

2. Experimental 

2.1. Materials 

Phenyl isothiocyanate (99%) and triethyl- 

amine (99i- %) were purchased from Aldrich, 
lithium citrate, citric acid and HCl from Merck, 
lithium chloride, lithium hydroxide and EDTA 

from Sigma and ammonium acetate from UCB. 
Acetonitrile and methanol were of HPLC grade. 
HPLC-grade water was obtained with an Elga- 

stat UHQPS deionizing system. P-ODAP was 
purified from plant extracts [12] and also ob- 
tained by chemical synthesis [19]. The isox- 

azolinone compounds I, VI and VIII and 

lathyrine were purified from appropriate 

Lathyrus species. Standard amino acids were 

obtained from Pierce and Sigma. 

.?.I. Chromatographic systems 

A Sykam S432 amino acid analyser with a 

postcolumn ninhydrin reactor was used for con- 
ventional amino acid analysis. The instrument 
was connected with an on-line WV detector 

(Linear UV-106), followed by the postcolumn 
ninhydrin reactor and then by detection at 570 
nm. Two Chromatopac C-R6A (Shimadzu) inte- 
grators were used for data acquisition of the 
signals at 254 nm before postcolumn derivatiza- 
tion and 570 nm after postcolumn derivatization 

with ninhydrin. For the Sykam amino acid ana- 
lyser an amino acid column (150 x 4 mm I.D.) 

packed with sulphonated polystyrene-divinyl- 
benzene (LCA K04), a strong cation exchanger, 
in the lithium form was used. This set-up and the 

buffers used [17] can be considered as a newer 

version of the system used previously for the 
identification and determination of UV-absorb- 
ing non-protein amino acids [20]. 

In order to determine more correctly the For the determination of precolumn-derivat- 
overall toxicity of Lathyrus species, we have ized amino acids a Waters-Millipore Model 625 
developed an HPLC method that can simul- LC system, equipped with a column oven (Wa- 
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ters) to optimize the separation conditions was 
used. This HPLC system was connected with a 
Waters Model 991 photodiode-array detector 
with a scanning range from 200 to 800 nm to 
detect compounds of interest which did not react 
with PITC, and allowing identification of some 
peaks from the absorption spectrum. Data acqui- 
sition and integration for the Waters system were 
effected with Millennium 2010 chromatography 
manager software. For reversed-phase HPLC an 
Alltima C,, column (250 x 4.6 mm I.D.; 5-pm 
particle size) from Alltech was used. A guard 
column cartridge (Alltima CIXr 5 Frn) was direct- 
ly connected to the column. 

2.3. Precolumn derivatization procedure 

The derivatization reagents were freshly pre- 
pared every day by mixing methanol-water-tri- 
ethylamine-PITC (7: 1: 1: 1, vi v) . Volumes of 100 
~1 of standard amino acids or samples were dried 
under vacuum. The residue was dissolved in 40 
~1 of the coupling buffer methanol-water-tri- 
ethylamine (2:2:1, v/v/v), immediately dried 
under vacuum and then mixed with 60 ~1 of 
PITC derivatization reagent and allowed to stand 
at room temperature for 20 min. Excess reagent 
was then removed in vacua. Before analysis the 
PITC derivatives were dissolved in 1 ml of buffer 
A, centrifuged for 10 min at 47 000 g, and 
filtered through a 0.45~brn Millipore filter. 

2.4. Preparation of standard solutions 

The standard amino acid solution for the ion- 
exchange amino acid analyser contained 0.5 mM 
of each amino acid in lithium buffer (pH 2.2) 
(injection buffer). A 4O-l,~1 volume was used per 
injection, containing 20 nmol of each amino 
acid. For the PITC derivatization, a stock solu- 
tion, containing 6.25 mA4 of each amino acid in 
water, was used. After PITC derivatization and 
dissolution in buffer A, 20 ~1 were used per 
injection, containing 12.5 nmol of most amino 
acids, except aspartic acid, tyrosine and 
tryptophan (5 nmol each) and compound VIII 
(0.08 nmol). A standard mixture of ten non- 
protein amino acids occurring in Lathyrus 

species, i.e., P-ODAP, compounds I, VI and 
VIII, Hse, Har, GABA, DAPRO (L-2,3- 
diaminopropanoic acid), BAPN and DABA was 
derivatized to evaluate the reproducibility and 
linearity of the method (Table 1). 

2.5. Mobile phases 

Solvent A consisted of 0.1 M ammonium 
acetate and was prepared freshly every other 
day. Solvent B was 0.1 M ammonium acetate in 
acetonitrile-methanol-water (46:10:44, v/v/v). 
Both buffers were adjusted to pH 6.5 with glacial 
acetic acid, filtered through a 0.22~pm mem- 
brane filter and degassed by purging with 
helium. The column temperature was optimized 
at 43°C. The buffers for the amino acid analyser 
were prepared as described previously [17]. 

3. Results and discussion 

Standard non-protein amino acids were de- 
rivatized using the procedure described for pre- 
column derivatization. The separation of 30 
compounds is shown in Fig. 1. Most of the amino 
acids in the standard were clearly resolved. Only 
phenylalanine and DABA were not separated 
under the conditions used and co-eluted at 45.3 
min in peak 27. GABA and threonine, which 
co-eluted in peak 13, were only separated with a 
new column under optimum conditions. An 
unnatural amino acid, DL-allylglycine, was in- 
cluded as an internal standard, eluting at 34.5 
min and not interfering with any of the com- 
pounds used. 

The same standard solution was also analysed 
with the conventional amino acid analyser using 
postcolumn ninhydrin reaction and detection at 
570 nm. The relative standard deviations for 
peak areas and retention times of the PITC 
amino acids are compared with the data for the 
ninhydrin reaction of ten amino acids in Table 1. 
The regression coefficients were calculated for 
twelve derivatizations of amino acid standards, 
ranging in amount from 100 pm01 to 15 nmol, 
and they indicate a good linearity in this range. 

All the selected non-protein amino acids, 
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Fig. 1. Chrornatogram of an amino acid standard mixture derivatized with PITC. Column temperature, 43°C. Peaks: 1 = Asp; 
2 = compound VIII; 3 = P-ODAP; 4 = Glu: 5 = a-aminoadipic acid: 6 = Ser; 7 = Asn; 8 = Gly; 9 = Gin; 10 = Hse; 11= His; 
12 = Arg; 13 = Thr + GABA; 14 = Ala; 15 = Har: 16 = compound I; 17 = lathyrine; 18 = compound VI; 19 = Tyr; 20 = 
allylglycine (internal standard): 21 = Val; 22 = Met: 23 = BAPN; 24 = Ile: 25 = Leu; 26 = DAPRO; 27 = DABA + Phe; 28 = Trp; 
29 = Lys. 

Table 1 

Relative standard deviations for peak areas and retention times (RT) of PITC amino acids compared with ninhydrin reaction 

Amino acid R.S.D. (46) for R.S.D. (%) for 

ninhydrin PITC 

peak area peak area 

(II = 8) (n = 10) 

R.S.D. (%) for 

ninhydrin 

RT (min) 

(n = 8) 

R.S.D. (%) for 

PITC 

RT (min) 

(n = 10) 

Regression 

coefficients 

for PITC 

(n = 12)” 

P-ODAP 

Compound I 

Homoserine 

Compound VI 

GABA 

DAPRO 

DABA 
BAPN 

Compound VIII’ 

Homoarginine 

6.72 
Y.3 

Il.551 

3.h8 

12.85 

3.87 

4.18 

- 
11.29 

1.72 

2.07 

2.50 

1.90 

2.08 

3.01 

2.38 

2.67 

3.66 

2.60 

11.40 

1.8s 
(I.72 

0.54 

0.17 

0.19 

0. 19Y 

0.37 

1.28 0.99826b 

0.73 0.92606 

1.13 0.98782 

0.63 0.98632 

1.22 0.99824 

0.33 0.99885 

0.17 0.99112 

0.45 0.99953 

1.24 0.98035 

0.56 0.97600 

’ Regression coefficients are from twelve derivatizations between 100 pmol and 15 nmol, except where indicated 

’ Linear regression between 20 pmol and 3 nmol. 

’ Compound VIII does not react with PITC but can be detected at 253 nm. 
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Table 2 

Gradient program for PITC amino acid analysis 

Time Solvent A Solvent B 
(min) (%) (%) 

0 100 0 

15 90 10 

30 60 40 

40 50 50 

50 0 100 

55 0 100 

57 100 0 

65 100 0 

except the isoxazolinone derivative compound 
VIII, reacted with PITC under alkaline con- 
ditions to yield PITC derivatives, The reaction is 
rapid and quantitative and can take place at 
room temperature. The gradient programme 
used for the chromatographic separation of the 
selected non-protein amino acids, toxins and 
some protein amino acids is given in Table 2. 

Q.00- 

0.70; 

0.60- 

Higher temperatures decreased the retention 
times and altered some peak resolutions; op- 
timum resolution for this method was achieved 
at 43°C. 

With the conventional amino acid analyser the 
amino acids in Lathyrus sativus seedlings were 
separated on the cation-exchange resin column 
(Li’ form) using stepwise elution with five 
lithium buffers of increasing pH until the fourth 
buffer, and then by increasing the ionic strength. 
Selectivity effects in this system are primarily 
due to changes in the ionization of the amino 
acids and the general order of elution is acidic -=z 
neutral <basic amino acids. Li’ buffers show a 
better selectivity than Na+ buffers [21]. 

On the amino acid analyser compound VI 
elutes from the column at pH 3.30 and can be 
easily detected because of its absorbance at 254 
nm before reacting with ninhydrin and at 570 nm 
after reacting with ninhydrin. Compound VIII is 
slightly retained and elutes at pH 2.75. Com- 
pound I, homoserine and homoarginine eiute at 

2o:oo roloo 
Minute8 

Fig. 2. Free amino acids and toxins in 3-day-old seedlings of Lathyrus sativrrs, without cotyledons, after PITC derivatization. 

Peak numbers as in Fig. 1. 
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Fig. 3. Free amino acids in dry seeds of Lathyrus sariws after PITC derivatization. Peak numbers as in Fig. 1. 

pH 2.75, 3.10 and 3.30, respectively. Homoar- 
ginine has a retention time of 195 min on the 
amino acid analyser with the buffer system used 
for high resolution, whereas on a reversed-phase 
column with PITC derivatization the retention 

time is 28.4 min. Compound VIII has a retention 
time of 11 min on the reversed-phase column. 
Although compound VIII does not react with 
PITC, it can be easily detected at 254 nm owing 

to the isoxazolinone ring. Compound I-PITC, 
VI-PITC and the osteotoxic P-aminopropionit- 

rile (BAPN-PITC) have retention times of 28.9, 
29.9 and 41.1 min, respectively. In addition to 
the shortened time of analysis, the relative 
standard deviation being 2-3s (2.47 -+ 0.56%) 

for PITC and 4-13% (7.94 +- 3.80%) for the 
ninhydrin method, the reproducibility of quanti- 
fication is superior to the ion-exchange method 
followed by ninhydrin reaction. The reproduci- 
bilities of the retention times are similar (Table 

1). 
Compound VIII is present in the seedlings 

and, when fed to vertebrates, it can be metabo- 
lized to BAPN [15]. Skeletal lesions that have 
been reported in neurolathyrism patients have 

recently been linked to the habit of consuming 
the young shoots of Lathyrus sativus and the 

presence of compound VIII [22,23]. 
Recent advances in the understanding of neu- 

ronal degeneration caused by overactivation of 
excitatory amino acid receptors has raised in- 

triguing questions regarding additive or synergis- 
tic actions of compounds present in Lathyrus 
sativus. This exciZotoxic process is perhaps not 

confined to the action of p-ODAP on neurones 
but may also extend to the toxic action of LY- 
amino adipic acid on astrocytes [24]. 

Homoarginine in the seeds of Lathyrus sativus 
(up to 0.7%) [lo] has been considered as a 
positive factor because it can be converted into 
the essential amino acid lysine by the mam- 

malian liver. However, it is also a precursor of 
nitric oxide (NO), and as NO mediates gluta- 

mate neurotoxicity [25], a new direction for 
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research on and understanding of neuronal dam- 
age on consumption of the seeds of Lathyrus 

sativus is opened up. 

The method reported here for the rapid de- 
termination of all the metabolites that may play 

a role in this toxicity should be useful for 
determining the overall toxicity of the seeds and 
seedlings (Figs. 2 and 3) of the many varieties of 

Lathyrus sativus and related Lathyrus species 
available, and of culinary preparations made 
from Lathyrus. 
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