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An appreciable difference in the incidence 
of amtic rupture has been encountered when 
Lathyrus odoratus seeds are fed to immature 
rats (1-4). It has been suggested that the 
concentration of protein in semisynthetic 
diets probably exerts some protmtive effect 
against the development of aortic rupture in 
L. odoratus-fed rats ( 2 ) .  In support of this 
hypothesis, supplements orf casein, gelatin, and 
lactalbumin minimize both suppression of 
growth and severity of osteulathyrism ( 5 ,  6) .  
Besides the concentration of protein in the 
diet, it a p p r e d  that the type of protein 
probably also exerts some influence on the 
production of tissue changes in lathyritic rats. 
Protein quality became a consideration when 
it was observed that at  equivalent ccmcentra- 
tions of BAPN, semisynthetic dliets of crude 
casein were more protective against a d c  
rupture than commercial diets ( 7 ,  8 ) .  The 
type of protein also appeared influential in 
another study because only c o t t o n d  meal 
and BAPN were able to prduce  fecal im- 
paction and colonic atony (9). The beneficial 
effect of protein against BAPN intoxicartion is 
supported by other studies where supplements 
of l-cysteine or Z-glutamine were found to be 
protective against growth suppression ;ukd 
osteo1athyri.m (10). Supplements of dZ- 
methionine lin a diet with insufficient cash ,  
however, appeared to enhance the incidence of 
aortic rupture when rats were fed BAPN ( 7 ) .  

* T k  investigation was supported by grant 
AM-064405 from the Division of Research Gmnb, 
Public Health Services. 

The protective influence of d n o  acid sup- 
plements has been questioned in still other 
studies because they did not appear to 
minimize BAPN intoxiation ( 6 ) .  

Additional studies on the relationship of 
amino acids or protein to BAPN intoximtion 
are neederl if this controversy is to 'be re- 
solved. Such studies may alm offer m e  ex- 
planation for the wide variation in the in- 
cidence of aortic rupture which has occurred 
in rats in experimental lathylrism. 

The point of issue in this study was to es- 
bblish whether the incidence of aortic rupture 
which is c a d  by the ingestion of BAPN 
could be reduced by supplementa@ion of amino 
acid. At present, ample justification exists for 
controversy regarding the influence of protein 
or amino acid supplements on the develop- 
ment of a t d a t h y r i s m  or angiolathyrism in 
immature rats. Comparable experimental con- 
ditions have not always been employed in ex- 
perimental lathyrism when evaluating tissue 
akteration in rats. There have been variations 
in the duration of the assay period, mncen- 
tration of lsthymgen, strain, age, and sex 
of rats, as wet1 as the concentration of pn, 
tein. Finally, the observations that suggestled 
a bendicial effeot from protein or amino acid 
supplementation have not satisfied statistical 
oriteria because insufficient numbers of rats 
were employed. 

Before attanpting to study the relationship 
between aortic rupture and dietary manipu- 
lation in BAPN-fed rats, several arbitrary 
limitations seemed essential. We decided to 
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feed the lowest concentration of BAPN cap 
able of producing angiorrhexis in most of the 
rats (1 I). A period in excess of 5 weeks ap- 
peared necessary because appreciable numbers 
of rats continued Ito die from aortic rupture up 
to 49 days. Finally, weanling male Sprague- 
Dawley rats which are known to l b e  sus- 
ceptible to the development of aortic rupture 
were used in these assays (7-9). 

Method. Rats weighing 39-46 gm were used 
in this experiment. Ground commercial diet' 
was fed to 24 control rats. Di-BAPN-fumarate 
(BAPN) 1.5 gm/kg of ground diet was fed 
to 52 m ! .  Fifty-two test rats were given 
0.15% BAPN and 1.5% I-methionine in 
ground diet. A fourth group received 0.15% 
BAPN in ground diet supplemented wi,th 
1.5% Z-cystine. Due to limitations in housing 
space, only one-third of the rats in each group 
were fed at  one time. Intervals between in- 
dividual assays were 28 days. The rats were 
fed ad Zibit!mz for the duration of the experi- 
ment or until they died. Initially, four rats 
were housed in one medium sized open bottom 
cage for 28 days after which 2 rats occupied 
one compartment. The animals were checked 
daily for signs of weakness. Weights were ob- 
tained at ?-week intervals during the first 
month and weekly thereafter. The thoracic 
and peritoneal organs were carefully examined 
for evidence of the cause of death. It was easy 
to rwgnize that aortic perforation had occur- 
red by the presence of blood in the thoracic or 
peritoneal cavities. In addition to the aortic 
alterations, the final weight, the presence of 
hind limb paralysis, prolapsed penis or her- 
niation were recorded when observed. Because 
both the gross and histologic alterations in 
bones and aortas of weanling rats fed BAPN 
have been dmribed previously (1, 2,  5, 8), 
emphasis therefore will now be directed to the 
incidence and time interval during which 
aortic perforation occurred in the three test 
groups which received BAPN in their diet. 
Secondly, the prabable implications of the 
protective effect of 2-cystine supplementation 
in BAPN-fed rats will be considered. 

Results. Response of rats to BAYN feeding 
in a ground commercial diet with and without 

1 Lab-Blox, Allied Mills Inc., Chicago, U. 

amino acid supplements is tabulated in 
Table I. 

Controls. The growth in the 24 rats was 
satisfactory- Nothing abnormal was seen on 
gross examination of the tissues. Weight gains 
were most rapid from the third to the fifth 
week. 

BAPN. Fatal thoracic aortic rupture was 
most frequent from 21 to 35 days. However, 
an appreciable number also died during the 
following 14 days. Two of 43 rats which died 
of aortic perforation developed hemoperit+ 
neum. Herniation o c c u d  in one animal, 
seven developed prolapse of the penis and 
five manifested hind Iimb paralysis. 

BAPN and mettrionine. The response was 
comparable tro that seen in rats fed BAPN 
alone. Again, most of the rats died of angiorr- 
hexis before day 35. Of 36 rats which died of 
aortic rupture, two had hemoperitoneum. The 
incidence of herniation, penile prolapse and 
hind limb paralysis was comparable to that 
seen in the BAPN-fed rats. While there is a 
suggestion of a decreased tendency for rats to 
die in the ldmethionine supplemented group, 
the difference in the incidence of aortic rup- 
ture was not statistically significant, when 
compared with the BAPN-fed rats. 

BAPN and cystine. The kystine supple- 
mentation definitely reduced the incidence of 
fatal aortic rupture in 52 BAF'N-fed rats. In 
contrast to the previous two assays, more rats 
now died after than before day 35. Further- 
more, only 17 of 52 test rats did of aortic 
rupture. This difference in the incidence of 
aortic rupture was found to be significant 
when m p r e d  with the two previous groups. 
Interestingly, the reduction in aortic rupture 
was aktained despite the fact that the cystine 
supplemented rats gained more grams/day 
than the other two test groups. We believe this 
latter o k a t i o n  is important because the 
increased growth excludes the possibility that 
in the I-cystine supplemented rats, the de- 
creased incidence of zortic rupture is due to 
a diminished consumption of the diet. On the 
other hand, more rats developed herniation 
and penile prolapse in the l-cystine sup- 
plemented group. I t  is not posible to resolve 
whether these soft tissue alterations are due 
to the longer survival of more test rats or the 
cystine supplementation. 
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TABLE I. The Incideiice of Aortic Rupture and Other Soft  Tissue Complications Which 
Occurred at Various Times. 

Experimental days 
No. of Total 

Animal group animals Gross changes 14 28 35 42 49 observed 

Control 

BAPNb 

24 

52 

BAPNb and niothioriiie 52 

BAPN and cystine 52 

Growth gm/day 
Death 
Miscellaneous 

Growth gm/day 
Hemothorax 
Hemoper i toileum 
Miscellaneous 
Herniation 
Penile prolapse 
Hind limb paralysis 

Growth gm/day 
H emo th o r ax 
Hemoperi toneum 
Miscellaneous 
Herniation 
Penile prolapse 
Hind limb paralysis 

Growth gm/day 
Hemo thor ax 
Hemoperitoneum 
Miscellaneous 
Herniation 
Penile prolapse 
Hind limb paralysis 

4.8 

3.8 

3.3 

3.9 

6.3 

4.5 
13 

1 

4 

4.6 
10 

1 
2 

1 

5.0 
3 

1 
2 

5.8 

2.1 
18 

1 

1 

2.7 
15 

1 
1 
1 

1 

3.7 
5 

1 
1 
1 
1 

4.3 

0.3 
5 
1 
2 

6 

1.7 
7 
1 
2 

5 
2 

2.3 
5 

3 
3 
7 
1 

3.3 
0 
0 

0.4 
5 41" 
1 2" 

3" 
1 

1 7 
5 

0.3 
2 34" 

2" 
4" 
3 

2 7 
4 

1.0 
4 17" 

0" 
2 7" 

6 
4 12 

2 

a Number of animals which died. 
bThe  difference in  mortality from aortic rupture was significant when compared with the 

cystine BAPN group; p<0.005. 

The severity of osteolathyrism was con- 
sidered to be moderate to severe in degree in 
all three test groups. The hind lilmb paralysis 
invariably developed suddenly which sug- 
gests that dislwtion of sthe vertebral body 
and hemorrhage into the spinal cord had oc- 
curred (4, 12) .  Dwths which were observed 
in the miscelh.nmus group were found to be 
due to the presence of bronchopneumonia and 
starvation. Rats dying of other causes were 
not included in calculations of death from 
aortic rupture. 

Discussion. Weight gains in 24 control rats 
indicate <that 'the commercial diet is nutri- 
tionally adequate. As has been observed on 
numerous occasions, any concentration of 
BAPN in the diet which produces any tissue 
alterations will also suppress gmwth in 

weanling rats. I t  is not certain whether growth 
retardation is caused by BAPN inltoxication 
per se, or is due to the inadvation of m e  
dietary essential in the diet. It has )been 
suggested that protein supplements in BAPN- 
fed rats may produce a reversal of interference 
with amino acid metabolism ( 6 ) .  It has not 
been decided, however, whether all protein 
sources are equally protmtive when fed with 
BAPN. Comparisons made with diets con- 
taining cottonseed meal, crude casein or fish- 
meal with BAPN suggest (that cottonseed meal 
is the least protective (9). There is a sug- 
gestion that some amino acids m y  be par- 
tially protective during the ingestion of 
lathyrogenic agents. Supplements of Z-histi- 
dine and Z-arginine in a commercial diet 
lessened the weight suppressing effect of 
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BAPN ingestion without altering the in- 
cidence OIf aortic rupture (9).  Insufficient 
numbers of animals, however, were employed 
to be statistically significant. For this reason, 
i t  was considered essential to include sufficient 
numbers of rats in each BAPN assay so that 
valid statistical comparisons might be drawn. 

We purposely selected a concentration of 
dietary BAPN which on the basis of past ex- 
perience would produce angiorrhexis in most 
of the rats with the least effect on weight s u p  
pression (11). Observations in this study 
therefore do not imply that supplements of 
I-cystine will {be equally protective against 
greater concentrations of BAPN in the diet. 
Within the limitations which have been im- 
posed by >this study, a statistically significant 
degree of protection against angiorrhexis has 
been demonstraited with a supplement of I- 
cystine when 1.5 gm of BAPN,lkg is fed in a 
commercial diet to weanling rats. While it was 
possible to show that I-cystine is protective 
against angiorrhexis, it is questionable 
whether a maximum diminution in BAPN in- 
toxication has as yet been attained by amino 
acid supplementation. I t  may be of interest 
to point out that diets with insufficient I-  
cystine have been observed to promote an- 
other type of experimental arterial injury. A 
deficiency of Z-cystine has been shown to ac- 
centuate the development of athemsclerosis in 
cholesterol-fed &bus monkeys (13) and rats 
(14). Mann has suggested that the arterial 
lipid accumulation was secondary to a disturb- 
ance of sterol metabolism which is mediated 
by a deficiency of Z-cysteine precursosrs in the 
diet (15). 

It is fairly obvious that the feeding of 
BAPN in m e  manner increases the require- 
ment of Z-cystine in the diet for rats. The 
mechanism responsilble for an increased quan- 
tity of I-cystine in the diet is also of m e  
nutritional importance. For example, is the 
requirement for more Z-cystine caused by its 
direct reaction with BAPN in the intestinal 
tract or does the lethyrogen somehow interfere 
with the carrier mediated transport of Z-cys- 
tine across the intestinal mmibrane? Other 

equally probable biochemical possibilities re- 
quiring experimental investigation are: Does 
a metabolic block in the conversion of I-  
methionine to I-cystine occur in the liver? Or 
is the resorption of I-cystine in the renal 
tubules reduced because of the presence of 
BAPN in the glomerular filtrate? 

Summary. The I-cystine supplementation 
when fed with a proper concentration of 
BAPN in a commercial diet will prolong the 
survival of treated rats, reduce the incidence 
of death from aortic rupture and partially 
counteract the weight suppressing influence of 
this lathyrogcn. Some of the BAPN in- 
toxication therefore is mediated 'by the pro- 
duction of an increased need for more Gcys- 
tine. The mechanisni by which the require- 
ment for dietary I-cystine is increased by the 
ingestion of BAPN remains to be clarified. 
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