No. ¢
April 1963

Qur grateful thanks are due to Dr. F. B.
Padley of Unilever Research Laboratory, England
and Dr, K. E. Murray of C.5.1.R.O., Australia, for
authentic samples of palmitic acid and the
Director, Indian Lac Research Institute, for a
sample of palas seedlac.

1. Harres, C. C, and Nagel, V.,
6005.

2. Yates, P. and Field, G. F.,
1960, 82, 5764,

Ber., 1927, 60B,

S Am, Chem, Soc.,

] Structural Features & Neurotoxic Action from Lathyrus sativus.Seeds 153

3. Camuthers, W., Cook, J. W., Gilen, N. A. and
Gunstone, F. D., J. Chem. Soc., 1961, 5251,

4, Cookson, R. C,, Lewin, N. and Morrison, A.,
Tetrahedron, 1962, 18, 547.

6, Kamath, N, R,, Report of the Proceedings of the
Symposium on Lac and Lac Products, The Indian

Lac Research Institute, Ranchi, 1968, p. 69,

6. Gidvant, B, S., J. Chem. Soc., 1944, 306,

7. Harries, C. C. and Nagel, W., Ber., 1922, 558,
3833.

8. Dallance, P. E. and Crombie, W. M., Bischem, /.,
1958, 69, 632,

9. Weinberger, H, and Gardner, W. H., /nd. Eng,

Chem., 1938, 30, 454,

SOME STRUCTURAL FEATURES AND NEUROTOXIC ACTION OF A COMPOUND
FROM LATHYRUS SATIVUS SEEDS

P. R. ADIGA, S. L. N. RAO aND P. 8. SARMA

Department of Biochemistry, Indian Institute of Science, Bangalore-12, India

‘ AlJEUROLATHYRISM’ 3 syndrome charac-
terized by such profound neurological
disturbances as weakness, irritability, spasticity
and rigidity of leg muscles, paralysis and at
times death, has been described in humans
subsisting for prolonged periods on the seed-
meal of certain legumes belonging to the genus
of Lathyrus.l.2 The existence of this crippling
disease in an endemic form among the poor
people in certain regions of Central India
accustomed to consume Lathyrus sativus seeds
(Kesari daly as the major dietary constituent
has been reported.3 However, the exact chemi-
cal and biochemical characteristics of the
neurclathrogen(s) present in the pulse have
not been elucidated so far. The lack of a
convenient experimental organism capable of
responding to the neurotoxic principles present
in the seed has been the chief obstacle which
impeded any progress., In a recent communi-
cation from this laboratory,! we have detailed
a procedure for the bulk isolation, from the
aqueous ethanol-soluble fraction of the seed-
meal of L. sativus, of a new ninhydrin-positive
principle, present in the free form and toxic
to several micro-organisms in minute amounts.
Further, some of the physico-chemical properties
of this compound and its degradation products
have also been reported. This communication
deals wilth our further findings on ils structuratl
aspects and profound neurotoxic action in
experimental chicks.
Earlier observationst that the toxie principle
yielded, on acid and alkaline hydrolysis, another
ninhydrin-positive compound, distinctly different

4

from the parent compound in its behaviour cn
paper chromatograms, ion-exchange column
chromatograms (Dowex-50) and in electro-
phoretic mobility, has now been followed up
by the bulk isolation of the degradation pro-
duct by ethanol precipitation from acid hydro-
lysates of the parent compound and crystalliza-
tion from methanol. On the basis of its ele-
mentary analysis, melting point, paper chro-
matographic and electrophoretic characteristics,
and the properties of its dipicrate and difla-
vianate derivatives, it has bheen identified as
a2, p-diamino propionic acid, a C,-diamino
monocarboxylic acid. It had a molar rotation
[M] 2% of + 28:6 (¢ =2, 6N HCIl) establishing
thereby that it 1s of L-configuration. When
tested with ninhydrin according to Rosen® the
colour yield was 33% of that given by leucine
on a molar basis, 1In agreement with the
reported value in literature. A comparison of
the solid-phase infra-red spectra (KBr discy of
its monohydrochloride with that of an authentic
sample of L—ﬂ,ﬁ-diaminm propionic ackd mono-
hydrochloride lends support to its identity with
the proposed structuic,

Absence of a positive reaction with Tollens
reagent ruled out the possibilily of an aldehyde
type of group in the original toxic compound
and its Infra-red spectra did not show any
characteristic peaks corresponding f{o cither «
—CN -function or a lactone ring. The element-
ary analysis indicated a difference of a C.-frag-
ment between the parent compound and the
diamino propionic acid.moiety and this C.-frag-
ment has-since been isolated in a pure form from
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the acid hyvdrolysates bv repeated ether extrac-
tion and crystallization from ethanol. The latter
fragment was identified as oxalic acid on the basis
of its elementary analysis, melting point, the
ability to decolorize acidic permanganate, be-
haviour on paper chromatograms and the colour
reactions with indole' and diphenylamine® and
the properties of its complex with ethanolamine.”
Quantitative estimation of both the diamino
propionic acid and oxalic acid In the acid
hydrolysate of the original compound showed
their presence 1n 1 : 1 molar ratio.

The coupling of the parent compound with
fluorodinitrobenzene (FDINB) of Sanger,1? yielded
a DNP-derivative from which a free amino
group could Dbe liberated on hydrolysis wilk
6 N HCl. Further reaction with FDNB yielded
a di-DNP amino-acid with characteristics
identical with those of di-DNP diaming pro-
pionic acid., This, together with the loss of
colour reaction with ninhydrin on treatment
with Cu(NO,). reagent,!! suggests the presencs
of only one free primary amino group in the
original compound, the other being involved Iin
the form of an acid-labile group possibly in the
nature of —CONH function. In support of this
is its solid state infra-red spectra showing
strong peaks characteristic of such a group.
That, it is the e-amino group which 1s free, 1S
indicated by ninhydrin colour reagent yield
obtained with the original compound, which
corresponds to 93% of that obtained with
leucine on a molar besis, assuming the mole-
cular weight of 175 for C.N,H,0;. On the
basis of these observalions, the following tenta-
tive structure for the toxic compound has been
proposed.

CH,NHCOCOOH

|
CHNH,

|
cooH

5-N-oxalyl, 2, g-diamino propionic acid.
The total chemical synthesis to provide
unequivocal proof for the proposed structure is
currently in progress in this laboratory.

In view of the pronounced toxicity of this
pure compound towards several micro-organ-
isms,* its influence on the development of the
larva of Corcyra cephalonica St. has also been
investigated, since in earlier experimentst this
organism has been shown to respond to the
toxic principles of L. sativus seeds,

inhibited the larval growth by over 609%.

It was
found that the inclusion of the pure compound
at 0-5% level in the basal wheat flour diet?2

Current
Science

In conformity with our earlier observa-
tions! that the toxic principles reside in the
aqueous ethanol-soluble fraction of L. sativus
seeds, is the recent observation of Roy et al.l3
who have demonstrated the development of
neurological symptoms in chicks following in-
jection of the concentrates of the aqueous
ethanol-soluble fraction of L. sativus seeds.

The pure toxic principle isolated from the pulse
has. therefore, been examined for its nsuro-
lathrogenic action in chicks and was found to
possess pronounced neurotoxic action.

FIG. 1

FIG. 2
Fi1Gs. 1-2. No. 1. Control Chick. No= 2-5.
Progressive symptoms ie chicks administered toxic
compound.

White Leghorn chicks, one day old and
weighing 35-40 g./chick, obtained from the
Central Pouliry Farm, Hesserghatta, Bangalore,
and maintained on the stock diet in electrically
heated brooders were administered the toxic
compound in aqueous solution (sodium salt,
PH 6-8-7-0y) at the level of 20 mg./chick. The
chicks receiving the same amount of distilled
water or the same molar concentration of
L-glutamic acid in distilled water (pH 7:0)
served as controls. Within 20-30 mins. after
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a single intraperitonial injection, all chicks (36
in number) developed typical and acute neuro-
toxic symptoms like inability to stand, head
retraction, stiffening of the neck and extensor
paralysis of the legs (Figs. 1, 2, Nos, 2-5).
Administration through oral and subcutaneous
roufes required Ilonger time (2-6 hours) to
precipitate similar symptoms. At lower dosages
(20-30 mg./chick) the birds recovered within
8-12 hours, while with larger dosages (30-
60 mg./chick) or with continued daily dosage
at lower levels the symptoms persisted even
after 24 hours and became chronic in some
and proved lethal to others. Injection of
thiamine as hydrochloride (2 mg./chick) either
before or after administration of the toxic
principle neither prevented nor alleviated the
toxic symptoms. It was also found that unlike
the toxic substance intraperitonial injection of
either <, §~diaminopropionic acid or L-homo-
arginine (recently isolated and characterized
from L. satiwusld) at comparable levels did not
bring about any visible neural developments in
experimental chicks. Dethiled investigations
are currently in progress in this laboratory to
elucidate the biochemical and pharmacological
basis of its neurotoxic action in this and other
organisms.
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TRAINING PROGRAMME IN PHYSIOLOGY OF REPRODUCTION

M. R. N. PRASAD
Department of Zoology, University of Delhi, Delhi-6

E Department of Zoology, University of

Delhi, organised in collaboration with
Dr. S. J. Segal, Ford Foundation Consuliant in
Reprcductive Biology. a series of seminars on
Physiology of Reproduction as part of the train-
ing programme envisaged in the Ford Founda-
tion grant to the Department, The programme
was organised in order fo enable scientists with
varied background 11¢ acquire a competient
appreciation of the advances in the different
fields of reproductive biology. The series began
on the 22nd October 1952 and was concluded
on the 11th March 1963. The participants n
the programme were drawn from the different
medical colleges in Delhi, Directorate-General
of Health Services, Directorate of Family Plai-
ning, Vallabhbhai Patel Chest Institule and il
staff and students of the different depariments
of the Delhi University. A training programme

of this magnitude and coverage was the first of
its kKind to be organised in India. The speakers
in the series were drawn from the U.S.A..
Israel, United Kingdom, Australia, Switzerlanil
besides those from the All-India Institute of
Medical Sciences and the Departments of
Chemistry and Zoology of the Delhi University,

The series was I1nauguraled by Dr. C. D,
Deshmukh, Vice-Chancellor, Delhi University,
on the 22nd Oclober 1962, Inaugurafing the
series, Dr. Deshmukh {raced the development
of the family planning programme in India as
a Government-sponsored enterprise and strossed
the need for research and training in cffectively
combating population growth. The series began
with a seminar by Dr. B. R. Scshachar who
discussed the cytological vaitants of the sex-
determining mechanism in animals and con-
cluded with a description of recent methods of



