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Abstract-Variations in the concentrations of isoxazolin-5-ones and of some non-protein amino acids in the dry seeds, 
seedlings and various parts of mature Lathyrus odorutus plants were examined. The lathyrogenic compounds aamino- 
y-(isoxazolin-5-on-2-yl)-butyric acid, 2-cyanoethyl-isoxazolin-5-one and y-glutamyl+aminopropionitrile were major 
products during development and growth. 

INTRODUCTION 

Some legume seedlings belonging to the genera Pisum, 
Lathyrus and Lens, contain high concentrations of 
isoxazolin&one derivatives [l]. In sweet pea (Lathyrus 
odoratus) a-amino-y-(isoxazolin-5-on-2-yl)-butyric acid 
(1) can reach a concentration of 3.5 y0 of the dry weight 
[l]. This product is metabolized to the neurolathyrogen, 
2+diaminobutyric acid (DABA) in young chicks and can 
cause neurolathyrism [2]. In the same plant species 2- 
cyanoethyl-isoxazolin-5-one (2) can reach a concentration 
of 0.8% of the dry weight. Compound 2 causes osteo- 
lathyrism in rats [3]. It is also a major constituent of the 
sweet pea seedlings exudate [4]. and can be degraded to /?- 
aminopropionitrile (BAPN) [3]. 

In this paper we describe the variations in the concen- 
trations of isoxazolin-5-ones, particularly the lathyro- 
genie compounds 1 and 2 in Lathyrus odoratus during 
development and growth. 

RESULTS AND DISCUSSION 

The variations in the concentrations of isoxazolin-5- 
ones in seedlings of Lathyrus odoratus during the germi- 
nation are given in Fig. 1 on a logarithmic scale. The 
concentrations of these compounds and of some other 
non-protein amino acids in different parts of the mature 
plant and in seedlings of different ages are given in 
Table 1. 

Seedlings of Lathyrus odorutus contain fl-(isoxazolin-5- 
on-Zyl)-alanine (3), fi-(2-/?-D-glucopyranosyl-isoxazolin- 
5-on-4-yl)-alanine (4), 2-aminoethyl-isoxazolin-5-one (5) 
and its y-glutamyl derivative (6), 1, 2 and 2-fi-D-@UCO- 

pyranosyl-isoxazolin-5-one (7). These different hetero- 
cyclic nitrogen compounds increased during 3 to 12 days 
growth and then gradually de-creased (Fig. 1). Virtually no 
3,4,5 and 7 were found in extracts of dry seeds and of l- 
day-old seedlings. Dry seeds contain low concentrations 

tTo whom correspondence should be addressed. 

of l(O.006 % of the dry weight) and 2 and 6 (both 0.001% 
of the dry weight). 

During imbibition of the seeds, 2 leaks out of the seeds 
and is absent from nnbibed seeds. In the extracts from 12- 
day-old seedlings, 1 is the major free amino acid, making 
up 2.73 % of the dry weight, while 3 (0.59 %), 6 (0.64 %) 
and 2 (0.09 %) are present in lower concentrations. 

Table 1 also gives the distribution of isoxazolin-5-ones 
and some other non-protein amino acids in different parts 
of L. odoratus at the flowering stage. The highest concen- 
trations of the lathyrogens 1 and 2 are found in young 
seedlings, flower buds, petals and immature pods. In the 
roots, only 1 is a major constituent (together with smaller 
concentrations of 3, 6, 7 and y-glutamyl-BAPN). While 
the highest concentrations of 1 are found in young 
seedlings, the highest concentrations of 2 are found in the 
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Isoxazolin-5-one derivatives in Lathyrus 1569 
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Fig. 1. Variations in the concentrations of isoxazolin-5-one 
derivatives in Lathyrus odoratus during development and 
growth. (0) Comp. 1; (0) Comp. 2; (A) Comp.3; (L1) Comp.4; 

( W) Comp. 6; (0) Comp. 7. 

petals and in the immature pods; in these parts the 
concentration of 2 on a fresh weight basis is about 10 
times greater than in 12-day-old seedlings and ca 100 
times greater than in the dry seeds. 

In the immature seeds three lathyrogens: 1, 2 and y- 
glutamyl-BAPN are major soluble compounds. During 
the ripening process 80 % or more will disappear from the 
seeds. During germination the concentration of these 
three compounds again rises 10 to 20-fold. 

In the flowering stage these compounds are present 
mainly in the reproductive parts of the plant. Other 
isoxazolin-5-one derivatives (3,4,5 and 7) are important 

soluble compounds in the seedling stage and disappear in 
older plants. 

Both 2 aud y-glutamyl-BAPN are toxic in experimental 
animals [5,6] and can be regarded as bound forms of 
BAPN. Free BAPN has been reported to inhibit seed 
germination [7]. Compound 2 is present in the seedlings 
of about one fifth of the species in the genus Lathyrus [8] 
and in the sweet pea seedling root exudate [4]. From our 
results it seems likely that these compounds may play a 
role in the chemical ecology of the genus Lathyrus. An 
unknown acidic isoxazolin-S-one derivative was also 
found in the immature seeds and pods. 

EXPERIMENTAL 

Pkznt materials. Sweet pea (Lathyrus odoratus L. cv Spencer) 
seeds were germinated in the dark at 25-26”. After 1,3,7,12,16 or 
21 days, the seedlings were collected (cotelydons removed), 
ground with a chilled mortar and pestle and then extracted with 
70 % EtOH overnight at 24”. Sweet pea seeds were also grown in 
our botanical garden and collected at the flowering stage in 
October, 1981. 

Determination of isoxazolin-5-ones and some free amino 

acids. The 70% EtOH extracts were coned in uacuo to 2 ml and 
then examined by 2-D TLC using n-BuOH-HOAc-HZ0 
(12: 3 : 5) in one direction and PhOH-HI0 (80% by wt) in the 
other, and by using an automated amino acid analyser (JEOL, 
model JLC-SAH) coupled to a UV-monitoring flow system 
(JEOL) with detection at 260 nm according to the method of ref. 

141. 
Identification ofhomoarginine. The presence of homoarginine 

was confirmed also by HPLC of the o-phthalaldehyde derivatives 
with fluorescence detection after partial purification and separ- 
ation from lysine by PC. After hydrolysis in 2.5 M LiOH at 105” 
for 18 hr the formation of lysine was shown by 2-D TLC, 
automated amino acid analysis and by HPLC. 
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