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Effect of Beta-N-Oxalylamino-L-Alanine on Cerebellar 
cGMP Level In Vivo 
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Beta-N-oxalylamino-L-alanine (BOAA), a non-protein amino acid present in the seeds of Lathyrus 
Sativus (LS), is one of several neuroactive glutamate analogs reported to stimulate excitatory 
receptors and, in high concentrations, cause neuronal degeneration. In the present study, the in 
vivo acute effects of synthetic BOAA and LS seed extract were investigated on rat cerebellar cyclic 
GMP following intraperitoneal (10-100 mg/kg) or oral (100 mg/kg) administration of subconvulsive 
doses of toxin. Furthermore, the BOAA content in LS seeds and in the cerebellum of injected rats 
was determined by high performance liquid chromatograph analysis. A dose- and time-dependent 
increase of cerebellar cyclic guanosine monophosphate (cGMP) level was observed after intraper- 
itoneal administration of synthetic BOAA or LS extract. The neurotoxin evoked a maximum 
stimulation 90 min after injection within the dose range of 50-75 mg/kg, elevating cGMP from 
basal levels of 5.3 - 0.5 pmol/mg protein to 15 -+ 1.3 pmol/mg protein. Similarly, the oral intake 
of LS-extracted neurotoxin resulted in the elevation of cGMP content. Kynurenic acid (300 mg/ 
kg i.p.), a non specific excitatory amino acid antagonist, was effective in blocking LS BOAA- 
elicited cGMP enhancement. The data suggest that in the cerebellum acute administration of low 
concentrations of BOAA exert in vivo activation of glutamate receptors involved in the regulation 
of cGMP level. 
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INTRODUCTION 

Excessive consumption of Lathyrus Sativus (LS) 
seeds for a long time period is known to be associated 
with the pathogenesis of lathyrism, a motor neuron dis- 
ease resembling the idiopatic amyotrophic lateral scle- 
rosis. The amino acid beta-N-oxalylamino-L-alanine 
(BOAA) isolated from LS seeds, has been proposed as 
the responsible agent of lathyrism (1-3). 

Administration of BOAA either orally or intraper- 
itoneally induces seizures in neonatal and adult rodents 
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(4-6), as well as glutamate-like lesions in cultured mouse 
cortex (7). 

BOAA has been shown to inhibit both low and high 
affinity uptake of glutamate (8), and facilitate the spon- 
taneous and stimulus-evoked release of glutamate from 
presynaptic elements (9). Both these effects resulted in 
the elevated levels of synaptic glutamate that could par- 
tially account for the neurotoxic properties of this un- 
common amino acid. On the other  hand,  
electrophysiologic and binding studies have clearly sug- 
gested that BOAA is a potent agonist at non-N-methyl- 
D-aspartate (non-NMDA) glutamate receptors (10,11). 
Since the measurement of the cerebellar cyclic guanosine 
monophosphate (cGMP) is a useful approach in assess- 
ing excitatory amino acid receptor function (12,13), in 
the present study we have evaluated the changes of cGMP 
in the rat cerebellum after intraperitoneal and oral acute 
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treatmem with alcoholic extract of LS seeds. In order to 
verify whether the effects of  LS extract on cGMP are 
entirely due to BOAA, ,some experiments were carried 
out in parallel with the ;synthetic compound. Moreover, 
the specificity of the in vivo effects induced by the LS- 
extracted neurotox:in on the glutamatergic transmission 
was investigated by using kynurenic acid, a 'blocker of 
the glutamate rec~tor activity (14). 

EXPERIMENTAL PROCEDURE 

Chemicals. Kynurenic acid was purchased from Sigma Chemical 
Co. (St. Louis, MO, U.S.A.). Cyclic [3H] GMP radioimmunoassay 
:kit "were Obtained :from the Radiochemical International (Amersham, 
U.K,). BOAA was an analytically :pure sample obtained from Tocris 
Neuramin U.K. 

Lathyrus sativus~toxin was prepared using the method of Rao (15), 
with ,miner ;modifications, .and ~the identity of BOAA was verified by 
high ipeffermance 'liquid chromatograph (HPLC) (see below). 

All other chemicals and solutions used ,were reagent grade. 
.AtCimals. Male albino Wistar rats weighing I80-200 g were used 

in a:|l experiments. They 'were housed under conditions of controlled 
temperature :and lighting, and allowed free access to food and water. 

Extraction and HPLC Identification of LS Seeds Toxin. The finely 
powdered seeds materialwas:extracted by Shaking in c01d 60% ethanol 
/21~20 v,,N) :for 20 h. The supernatant was filtered through Whatman 
.n.t filter :paper and the filtrate reduced by means of evaporation at 50' 
C to g~i ~il~ -required concentrations of the toxin. An aliquot of extract 
was dep-rOteinized with 10% ('v/~)trictiloroacetic acid (121) and cen- 
trifuged (~4,;000,g) 'for 5 rain .at 4 ~ C. 

The supernatant ,was filtered by means of 0.45 um sterile Acrod- 
isc, diluted and finally derivatized with o-phthalatdeyde (OPA) prior 
to Ft-PLC separation and fluorescence detection (excitation • 360 nm 
and emission k :~55 rim) (t-6). The same treatment was carried out for 
BOAA standard analysis. 

:Far the detect/onofthe seed,extract, a Beckman ultrasphere ODS 
5 ~ (4.6 m m x  25 era) column was used. Mobile phase A.consisted 
:of 80 % 0,05 M sodium acetate :bUffer, .pH 6.8, and 20% methanol 
and m0hile!phase B of 80% methanol and 20% 0.05 M sodium acetate 
buffer, ,pH ~28. 

~tdbaini~tration o f  LS Extract and Synthetic BOAA. All solutions 
of BOAA ,were.neutralized and :sterilized by filtration before use. The 
rats ~ere ,divided into 3 groups. 

The first group was given LS extract 4ntraperitoneally ,(LP.) at 
,~arious concentrations (~0-t00 mg/kg) and :killed :at different times 
(3i~}--i80 rain) :after. The second group received synthetic BOAA (Lp.) 
at the same concentrations and was killed 90 min later. Control rats 
.were i/ijected with normal saline. 

To assess the oral 'toxicity of LS extract, the third group was 
given the "neurotoxin ;by garage through a polyefhylene tube without 
anegthesia and without ,mechanical injury to the animals. The rats 
:received :a-single dose of  1200 mg/kg and fhen sacrificed at different 
;times i(90 :mira.--,24 h). Controls were given saline by gavage on the 
same sohedtile. 

The :coutcnt Of :neurotoxin in the cerebellum of the treated rats 
was de'temiined ~by HPLC analysis fin comparison ~to known .BOAA 
standard,concentrations. The~fissue was rapidlyexcised and placed in 
a vial containing ice-cold ~phosphate-buffered saline and sonicated (2 
x 10 s) an ice..An .a/iqaot ,of.the, .homogenate ~as ptaced in a tube 

containing I0% trichloroacetic acid (2:1) and centrifuged at 4 ~ C for 
10 rain at 14,000 g. The supernatant underwent the same treatment 
like the LS extract for HPLC analysis, 

Kynurenic Acid Administration. According to the method of Ger- 
mano et al. (17), kynurenic acid was dissolved in a small amount of 
1 M NaOH on a stirring plate for 5 min. The solution was then diluted 
with 0.9% NaCI. The pH was adjusted to 7.4 with HC1. A group of 
rats was treated with kynurenic acid (300 mg/kg, i.p.) and one hour 
later some of them were immediately sacrificed, the others received a 
single dose of BOAA extract (50 mg/kg, i.p.) and then killed after 90 
rain. 

Neurological Examination. The neurological,status of each :treated 
rat was evaluated by Coombs-D'Alecy ,method (18). 

Cyclic GMP Assay. The animals were killed by decapitation and 
their brain were rapidly removed and dissected. The cerebellum was 
homogenized (1:8 wN) in distilled water containing 4 mM ethylene- 
diaminetetraacetate and boiled in a water bath for 3 rain. The homog- 
enates were centrifuged at 1,000 g at 4" C for 10 min; then the 
supernatants were collected. 

The cyclic GMP content of the aqueous extracts was measured 
by ,a radioimmunoassay kit as described by Steiner et al. (19). The 
tissue pellets were dissolved in 2.0 ml of 0.5 M NaOH for protein 
determination. 

Measurement of Protein Concentration. Protein determination was 
carried out by the method of Lowry et al. ,(20). 

RESULTS AND DISCUSSION 

Determination of BOAA in LS Seeds and Rat Cer- 
ebeltumby HPLC. The HPLC analysis revealed that syn- 
thetic BOAA reacts with OPA to form a derivative with 
retention time (tr) = 6.04 +__ 0.1.3 rain. BOAA was 
linear over the concentration range of 1.5 - 56 Mvl (data 
not shown). When the alcoholic extract of LS seeds was 
chromat0graphed at the same conditions, a peak with a 
similar tr was eluted. The BOAA concentration thus de- 
termined was 1-2 mg/g seeds. 

BOAA content was also estimated in the cerebellum 
of rats receiving LS extract by intraperitoneal injection 
(50 mg/kg) or oral intake (100 mg/kg). The HPLC analy- 
sis was performed at the maximum time increase of cGMP 
(90 rain) and revealed a toxin tissue concentration of 
i00 ~ and 150 p.g/g wet weight tissue, respectively. 

Our findings are consistent with previous :observa- 
tions (6,21) showing that LS neurotoxin can enter the 
CNS, irrespective of administration routes. This further 
indicates ,that a mature blood-brain barrier does not pro- 
vide protection against the neurotoxin. 

Effect of BOAA on Neurological Status. All animals 
were examined before sacrifice. No abnormalities in be- 
haviour or in motor performance were observed. Only 
few rats among i.p. injected group showed clonic jerks. 
This was not surprising since in all the experiments a 
concentration of the toxin was used some eighty-fold 
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lower than the amount able to induce convulsions or 
neurological signs. 

cGMP Response to BOAA. The intraperitoneat 
administration of LS extract produced a dose- and time- 
dependent increase of cerebellar cGMP (Figure 1). LS 
extract evoked a maximum stimulation at doses .of 5:0- 
75 mg/kg, 90 rain after ~njection, elevating cGMP from 
basal levels of 5.3 +- 0.5 pmol/mg protein to 15 _+ 1.3 
pmol/mg protein. Higher concentrations of toxin failed 
to produce further cGMP increase (data not shown). The 
cGMP reached control values 180 rain after LS extract 
injection. 

Since the response to LS extract was maximal at 
90 rain, we used this time to compare the effects of LS 
extract and synthetic BOAA. Dose-response curves 
showed similar ability of both compounds to increase 
cerebellar cGMP levels (Figure 2). So, we can conclude 
that the presence of other molecules in LS extract does 
not have any significant effect on the cyclic nudeodde 
changes. BOAA is a food toxin which crosses Ne i~tes- 
tinal wall without hydrolysis and enters the CNS in .adult 
rodents, .but its oral toxMty has hee~a demonstrated ,only 
when given at elevated doses (6,21/22). We now .report 
that very low doses of toxin oMly a .~inistered a:re able 
to affect cerebellar cGMP comenl.. In :fact, the :oral 
administration of 100 mg&g I~-ext.ra,cted neamagxin in- 
duced marked increase ef  cGM,P levels. The lime ~r 
showed a maximum enhancement at 90 mi~a with a ~o-  
gressive return to control values (data not Shown). More- 
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Fig. I. Dose-response and time course ccrebellar.cOMP levels in&aced 
by LS seeds extract administration. Different concentrations of the 
neuro~oxin extract were given through intraperitoneal injection and the 
animals were killed at d:ifferenl: times (* = saline; �9 = t0 mg/kg; 
�9 = 30 mg/kg; �9 = 50 mg/kg; �9 = 75 mg/kg). 
Each value represents the mean of four experiments done -in triplicate. 
SEM of each point is not shown .because less than 10%. 
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Fig. 2. Comparison of the :effects of different amounts of synthetic 
BOAA (l,) and LS-extracted neuroto:~in (I) on cerebeqhr cyclic ,GMP 
content. :For each experimental peim the concentrations .of synthetic 
BOAA and the neurotoxin present in the LS extract were the same. 
The animals we.~e ~acrificed 90 rain after i,p. administration. 
Each value represents the mean of four experiments done in triplicate. 
SEM of each point is not shown because less than 10%. 

Table I. Effect .of Intraperitoneal (i.p.) and Oral Administration of 
LS Seeds Extract ,o~ ,Rat 'Cerebellum ~rMP :Level 

Route ,of administration r, GMP (pmol/mg pt) 

comroJ .5.l - ~%6 
i.p. ,(50,mg/kg) 13,6 +- 1.1" 
.oral (1~0 .mg/kg) 16.1 2 L2* 

The animals Were killed 90 rain later. 'The values represent :the ,mean 
_ $EM of four experiments done in triplicate. 
*p < 0.0t vs control (Student';s tqest) 

over, as can be seen in Table I, the extent :of cGM'P 
enhancement obse~ed at 90 rain was essentially iden- 
tical to that induced by i.p. injection, even when the :oral 
dose was doubled. On the other hand, the amount of 
BOAA that reached the cerebellum when the LS-extrated 
neurotoxin was administered intraperitoneally (100 # ~  
g wet weight) was similar ~o that obtained with the oral 
administration .(150 Ixg/g wet we!ght). There is, indeed, 
a digestive tract loss of the neurotoxin befor.e the intes- 
tinal absorption (6). 

These results suggest that non-convulsive doses oI 
LS aeurotoxin like .the synthetic BOAA can modify in 
vivo a sensitive biochemical parameter such as cerebellar 
cyclic GMP, a second messenger modulated by NMDA 
and non-NMDA excitatory ~amino acid receptors 
(13,23,24). 

Since BOAA appears to interact in vitro wish non- 
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NMDA type glutamate receptors (10,11), the in vivo 
BOAA-induced cGMP increase we report herein may be 
due to a selective activation of excitatory neurotrans- 
mission. Therefore, the response of cGMP to LS neu- 
rotoxin was investigated in the presence of kynurenic 
acid, a broad-spectrum excitatory amino acids antago- 
nist. Kynurenate, when given by i.p. injection at the 
dose of 300 mg/kg, per se did not alter basal cGMP 
levels whereas completely antagonized the increase of 
the cyclic nucleotide elicited by BOAA (Figure 3), thus 
revealing a clearcut specificity in the effects of toxin. 

CONCLUDING REMARKS 

BOAA, a non protein amino acid present in LS 
seeds, is one of several neuroactive glutamate analogs 
reported to be involved in certain neurodegenerative dis- 
orders (25,26). This molecule, in high concentration is 
able to cause convulsant activity and neuronal damage 
in experimental animals. 

Our findings show that BOAA extracted from LS 
seeds when administered acutely at low, non convulsant, 
doses, specifically activates in vivo the excitatory amino 
acid neurotransmission as suggested by cerebellar cGMP 
changes without inducing in the animals behavioural or 
motor abnormalities. 

A question arises whether a chronic administration 
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Fig. 3. Cerebellar cyclic GMP content of rats receiving kynurenic acid 
(300 mg/kg, i.p.) or saline 60 min before i.p. LS seeds BOAA extract 
administration (50 mg/kg). Rats were killed 90 min after neurotoxin 
administration. Kynurenic acid per se did not induce cGMP changes. 
Each point is the mean _+ SEM of four determinations done in tripli- 
cate. 
* p < 0.01 vs control; ** p < 0.01 vs BOAA-treated rats (Student's 
t-test). 

of the neurotoxin, at doses usually present in the LS 
seeds, can induce, after a long-latency period, a gluta- 
mate pathway degeneration supported by biochemical 
alterations. If so, the BOAA model appears to be a use- 
ful tool for studying the neurodegenerative process in 
which an overstimulation of excitatory amino acid neu- 
rotransmission plays an important etiological role. 
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