
7

POLAROGRAPHIC INVESTIGATION OP

B-N-Oxalyl-L-a,B-DIAMINOFR.OFRIONIC ACID,
A NEUROTOXIN PROM THE SEEDS OP

LATHYRUS SATIVUS(GUAYA)

A Thesis

Presented to

The School of Graduate Studies
Addis Ababa University y

{

In Partial Fulfillment

of the Requirements for the Degree

Master of Science in Chemistry

•?

/ Teketel Yohannes

June, 1969
/•••V-- I

r
1



TABLE OP CONTENTS

Page

ACKNOWLEDGEMENTS x

LIST OP FIGURES iix

LIST OP TA-bLES e * » O 0 9 « O « « « 4 « » 9 9 o « « O « 9 o o o « » 9 « « « 6 0 ? o « 6 * o « 9 4 9 V

LIST OP SYMBOLS vi

ABSTRACT © vxii

1 « INTRODUCTION # i 9 » 9 9 o «> o » « 4 9 9 « & o « « o * » e 9 « 4 » 9 « o « 9 » « 9 o * 0 9 9 * 1

2 « THEORY X 9

241. Types of Polarographic Limiting Current

2 * 1 o 1 Diffusion Current

2 * 1424 Kinetic Current

2*1 C a t a l y t i c Current

2.1 *4* Adsorption Current

9

© 9 9 0 -9 9

2.2. Reversible and Irreversible Electrode Processes,.

|5 «3. Differential Pulse Polarography

2,4. Polarographic Study of Amino Acids o

5

5

6

8

9

10

10

13

15

2.4.1. Complexation of Amino Acids with Metal

Ions 16

2.4.2. Determination of Stability Constants

by Polarography 0

3. EXPERIMENTAL *.«.e ».« o «.o * 6 »..e o o..«.« ».,..o »........»

4. RESULTS AND DISCUSSIONS

4.1. Composition of Aqueous Solution of ODAP as a

18

26

28

Function of pH 28

I



Page

4*2. Investigation of Aqueous Solution of OPAP

using Polarographic Techniques • » •« * ••• • » » 5 2

4* 5 « Polarographic Investigation of Metal-OPAP
Complexes » » » * * « o.o » * * *.•••• » • » • * • » « •• « 45

4.4# Petermination of Stability constant for

Ni(ll)-OPAP complex in Borax Buffer 55

5. CONCLUSIONS 61

6, REFERENCES 6?



1

ACKNOWLEDGMENTS

It is ray great pleasure to acknowledge my research advisor

Dr * Theodros Solomon for his helpful supervision, constant

guidance, sincere criticisms and fruitful suggestions which he

made during the course of this project*

I v/ish to thank staff members of the Chemistry Department of

Addis Ababa University, Dr, Berhanu Abegaz for giving me sample

of the amino acid, Dr* B* Hundhammer, Ato H^Michael Alemu and

Ato Dawit Gizachew who shared their ideas to me in the ways of

finding the success of this project, Dr * Errnias Dagne, Dr*

Dirshaye Meroberu and Dr * W « Kalies for their valuable comments,

and Dr. Habtamu Zewdie, Dr. T* Forester and Ato Shimelis Admassie

for their continuous encouragements *

My thanks also go to Abinet Teni, Eyualem Abebe, Merhatibeb

Bezabeh, Berhanu Erko, Belay Guta, Taddese Wondimu, Solomon Genet

and Asfaw Debella for their valuable assistance rendered when

ever sought *

I am very greatful to W/ro * Azieb Tsegai and W/t * Haimanot

Negussie for typing the manuscript.
The Swedish Agency for Research Cooperation with Developing

Countries (SAREC) is acknowledged for the financial assistance

obtained through the Ethiopian Science and Technology Commission, •

i



r-

11

DEDICATION

To my father Yohannes Anshebo,
my mother Desta Elemo,

V.

my brothers & sisters.

\



iii

LIST OF FIGURES

Figure Page

1, Composition of aqueous solution of ODAP as a

function of PH 31

2» Differential pulse polarography of ODAP in KCl 33

3« do polarogram of ODAP in KCl 34

4. Plot of peak current vs ODAP concentration in KCl 35
ft »

5. Plot of potential _vs log Xd 1 for ODAP in KCl 37
i

A
6. Plot of i1 vs h2 for ODAP in KCl 37

7« Polarograms of ODAP in KCl at various drop time 38

8, Folarograms of ODAP in KCl, HC1 in KCl and

ODAP + HC1 in KCl 40

9» Polarograms of ODAP in KCl at various time 42

10. Polarograms of ODAP in KCl at various PH 44

11. polarogram of ODAP in HC1 46

12. Polarograms of Ni(ll) and Ni(ll)-0DAP in borax 48

13. Polarograms of Co(ll) and Co(ll)-0DAP in borax 49
i A

14. Plot of 1 vs. h2 for Ni(ll)~0DAP in borax 51

15» Plot of potential vs log ’’'d ^ for

Ni(ll)-0DAF in borax ^ 51
* ft

16, Plot of potential vs log d for
ft

Co(II)-ODAP in borax 1 52
A

1.7 « Plot of i]_ vs h2 for Co(ll)-0DAP in borax 52

18, Polarograms of Ni(ll)-0DAP in borax at

various drop time 53



iii

LIST OF FIGURES

Figure Page

1. Composition of aqueous solution of ODAP as a

function of P1I 31

2. Differential pulse polarography of ODAP in KCl 33

3. dc polarogram of ODAP in KC1 34

4. Plot of peak current vs ODAP concentration in KCl 35

5. Plot of potential vs log 1d 1 for ODAP in KCl 37

6.
•1

JL
Plot of i^ vs h2 for ODAP in KCl 37

7. Polarograms of ODAP in KCl at various drop time 38

8. rolarograms of ODAP in KCl, HC1 in KCl and

ODAP + HC1 in KCl 40

9. Polarograms of ODAP in KCl at various time 42

10. Polarograms of ODAP in KCl at various PH 44

11. Polarogram of ODAP in HC1 46

12. Polarograms of Ni(ll)and Ni(ll)~ODAP in borax 48
\

13. Polarograms of Co(ll)and Co(ll)-0DAP in "borax 49

14. 4 i
Plot of 1 vs h2 for Ni(n)-ODAP in borax 51

15.
» *

Plot of potential vs log d for

Ni(ll)-0DAP in borax ^ 51

16.
I •

Plot of potential vs log 1 for
»

Co(II)-ODAP in borax 1 52

17. —Plot of i]_ vs h2 for Co(ll)-0DAP in borax 52

18. Polarograms of Ni(ll)-0DAP in borax at

various drop time 53

\



iv

Figure

19. Polarograms of Co(ll)-ODAP in borax at

various drop time

20. Potential vs log i for Ni(ll)-0DAP
V*

at various concentration of ODAF

21. Dependence of half-wave potential on log (Dj

Page

54

58

58



V

LIST OF TABLES

Table Page

1 * Comparison between(a)ODAP in KC1 o,nd

HC1 in KCl 39

2* Value of Peak potentials and Peak currents

for(a)ODAP in KCl,(b)HC1 in KCl and

(c) ODAP + HC1 in KCl 41

3. Variation of PH and Peak current with time for

ODAP in KCl 43

4« Peak potential dependence on FH for the second

Peak at lower PH region 45

5. Peak potential, Peak current, and Peak-half
width for Ni(ll), Co(ll)and their complex

with ODAP in borax 50

6. Slope, height dependence and half-wave potential

of Ni(ll)-0DAF and Co(ll)-0DAP complexes in

borax 55

7. Half~wave potential, slope and transfer

coefficient of Ni(ll)and Ni(ll)-0DAP complexes

in borax buffer 56

8. Value of lofqfj for Ni(ll)complexes of some

amino acids 59



vi

LIST OF SYMBOLS

= Transfer coefficient
%

Q(= Average transfer coefficient

0 = Overall stability constant

A - Surface area of electrode

C = Concentration

D = Diffusion coefficient

D = Diffusion coefficient of complex
c

D - Diffusion coefficient of the simple metal ion
s

E = Electrode potential referred to some reference electrode

E° = Formal electrode potential

Ei_ = Half wave potential

E_i - Potential where i/i^ ~ ^
E3 » Potential where i/i. » %
4 a

AE = Pulse amplitude

Ep - Peak potential

F = Faraday 1 s constant

h ~ Height of mercury column
*

i = Electric current

= Adsorption current

i = Catalytic currento
i, = Diffusion current
d

l, = Mean diffusion current
d

i, = Kinetic current
k

i

^ = Limiting current



vii

h = peak current

3 i- Ligand number

k - Rate coefficient

g Average rate coefficient

K Equilibrium constant

kb - Rate of backward chemical reaction

kf “ Rate of forward7 chemical reaction

1 — Capillary length

Cl3 s Ligand concentration

m Rate of mercury flow

liw Simple metal ion concentration

H" Complex concentration

n = Number of electrons exchanged

0 Oxidized species

rt = Rate of electrode reaction

R Gas constant / Reduced species

t = Life of mercury drop

T Absolute temperature

Wi =
*2

Peak half width

*



viii

ABSTRACT

Polarographic investigations of £-N-Oxalyl-L-a> 0-Diamino-
propionic acid, ODAP, a neurotoxin from the seeds of Lathyrus

sativus(Guaya) have been made.

Aqueous solutions of ODAP in KC1 supporting electrolyte

gave a single polarographic wave with a half-wave potential of

-1,518V, This wave was found to be due to the irreversible

discharge of hydrogen. The reduction wave disappeared on

standing and may be due to intramolecular rearrangement leading

to lactone formation.

At more positive potential a second peak appears for pH’s
less than 2. The reduction wave shifts towards more positive

values as the pH decreases. This reduction wave could be due to

a direct reduction of the protonated amino acid,

Polarograms of qqueous solution of Cu(ll), Ni(ll), Zn(ll),
Cd(ll), Pb(ll) and Co(ll) in KC1 supporting electrolyte were not

affected by the addition of ODAP, However, in ammonia buffer

(pH = 8,2) and when ODAP was added only Ni(ll) and Co(ll) showed

larger shifts in the differential pulse polarographic peak

potentials after one day,

Polarographic behavior of complexes of ODAP with Ni(ll) and

Co(ll) in borax buffer (pH = 9.2) have been studied. The reduc-
tion of both complexes were polarographically irreversible.

The stability constant and ligand number of the Ni(ll)~ODAP
complex in borax (pH = 9,2) were determined. The simple and

complex metal ions were reduced irreversibly. The ligand number

was determined to be 2 and the stability constant calculated to

be log $= 7.4.



1. INTRODUCTION

Lathyrus sativus is one of the 150 species of the genus

Lathyrus, found mainly distributed over north temperate zones

but centered on the Eastern Mediterranean Region. The legume

is also found in Ethiopia with a local name "Guaya", the main

area of cultivation being concentrated in the northern half of

the country (19 2).

"Guaya" is used in the preparation of local foods such as

roasted seeds "Kolo", boiled seeds "Nifro", flour made into

bread "Kitta", and the flour made into a kind of gravy knov/n as

"Sh|ro", used in the preparation of traditional "Shiro V/ot"(2),

Lathyrus sativus has been used by people when there is

acute shortage of other staples during times of famine. The

crop can be grown with very little agricultural attention and

has a high degree of adaptability under extreme conditions such

as drought, water-logging and invasion of certain pests. It

also gives fairly good and stable yields with practically no

inputs in conditions where other crops fail (2-4)•
Lathyrus sativus seed provides a nourishing diet of high

quality protein and carbohydrates. It contains proteins ranging

from 21% to 33%« Lathyrus sativus is deficient in methionine,

rich in lysine, and the concentration of the amino acids is
/

within acceptable limits * Its vitamin A and ascorbic acid

content is low (2,4-6)0

The excess consumption of Lathyrus sativus has been asso-
ciated for more than 2000 years with an irreversible disease of

the nervous system known as human lathyrism or neurolathyrism

(7-9) The use of Lathyrus sativus one-third to one-half of

the diet for two or three months was considered enough to cause

the disease, although not all persons eating the diet seemed to

be affected|in families only certain members were attacked.
Males were said to be more suceptible than females (2,4*

*10)*

%
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Neurolathyrism is characterized by loss of muscular control,
spasticity of leg muscles, convulsions, head retraction,
stiffening of neck and in extreme cases, death. In some cases,
only a mild effect, such as a slight bending of the knees was

observed. In severe cases symptoms such as loss of control of

bladder and rectum, and complete impotence, were quite pro-
nounced # In extreme cases, the severity of the disease was of

such a high order that patients were reduced to crawling (4»7?

11-16).

The occurance of neurolathyrism has been reported in many

parts of the v/orld, including, Afghanistan, Algeria,
Bangladesh, China, Ethiopia, Prance, Germany, Greece, India,
Italy, Russia, Spain and the U #S # A # (2,6,10,12,17)«

A number of substances have been isolated from Lathyrus

sativus seeds including /̂ ~N-Oxalyl-L-oC -Diarninopropionic
acid, water soluble alphatic amino acid glycoside with a

nitrile group, phenolic compounds, a toxic alkaloid, unusual

amino acids, glucosides of diaminopropionic anid and Di-N-
-Oxalyl Diarninopropionic acid (11,18)#

The principal causative ag'ent of neurolathyrism isolated

from seeds of Lathyrus sativus has been identified aSyfi -N-
-Oxalyl-L-^,^?-Diarninopropionic acid by Rao et al*(l9) and

Murti et al # (20) independently* The compound in solution

(2mg/ml) is highly acidic (pH=2* 5) and forms oxalic acid and

diarninopropionic acid on acid hydrolysis * It has a specific

r o t a t i o n ? of -36.9 (c,0.66|4N HGl) and its apparent pK

values are 1.959 2.959 and- 9 «25, corresponding to the two
carboxyl and one amino functions, respectively (19)*

Three different nomenclatures have been suggested for the

neurotoxins/3-N-Oxalyl Amino-L-Alanine (BOAA),/§ -N-Oxalyl-L-«C,
-̂Diarninopropionic acid (ODAP or Ox-dabro), and L-5-0xalyl-
amino-2-Aminopropionic acid (OAP), (21,22),
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Different methods of detoxification were used such as steeping

the seed in hot water for several hours and boiling the seed in

water and draining out the supernatant. These methods of reduc-
tions of the neurotoxin causes loss of soluble proteins and

vitamins(4)#

The electrochemical behaviour of ODAP has not been studied

so far. Therefore, in this project, an attempt was made to

undertake an electrochemical study of the compound using

different technique. Accordingly, normal dc and differential

pulse polarography were used to investigate the processes taking

place leading to the appearance of reduction waves in aqueous

solutions of the arnino acid at different pH values. Also, the

formation of a complex with Ni(ll)and an estimate of the ligand

number and stability constant has been made.

i




























































































































