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Further Studies on Lathyrisin in the Rat.* (22480) 

I. I*. POSSETI, S. IVAU-ZOSEK, R. S. SHEPARD,+ T. C. EVASS, ASD GENEVIEVE STEARNS. 
Stcitc C'ui iwsi ty  of I o w a ,  I o x a  Citj l ,  l a .  

It was reported( 1) that p-aminopropioni- 
trile and aniinoacetonitrile fed to weanling 
male rats produced extensive skeletal lesions 
similar to those found in rats fed Lath?,rus 
adorattrs seeds( 2 ) .  Bis(p-cyanoethy1)amine 
produced minimal skeletal lesions when fed for 
an extended period; the behavior of rats on 
this compound was suggestive of cerebellar 
lesions as reported by Bachhuber rf a L ( 3 ) .  
p-Aminopropionitrile and aminoacetonitrile, 
when injected subcutaneously, are at  least as 
active in the production of skeletal lesions in 
rats as when given orally. Daily injections of 
.02 g and .01 g of P-aminopropionitrile and 
.003 g and -005 g of aminoacetonitrile hydro- 
sulfate to weanling rats fed the standard lab- 
oratory pellet diet produced very severe skele- 
tal lesions in 15 to 20 days. P-aminopropioni- 
trile injected in daily doses of .005 g and .001 
g produced only slight skeletal lesions in 27 
days. Three rats fed diets: containing 0.1% 
methyleneaminoacetonitrile developed very 
severe skeletal lesions within a week. These 
animals died with severe inanition from 6-11 
days after the onset of the diet. The roent- 
genograms demonstrated extremely abundant 
periosteal new bone formations in the femurs 
and humeri and extensive clefts in the wid- 
ened epiphyseal plates of the long bones were 
observed in the histological sections. Another 
group of 3 weanling rats was fed a diet con- 
taining 0.05 % of me thyleneaminoacetonitrile 
for 64 days. These rats developed extensive 
degenerative arthritis, periosteal new bone 
formations in the femurs, and moderate 
widening and dfisarrangement of the epiphys- 
eal plates. A diet containing 0.01% of the 
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$ The control diet consisted of casein, 18%; 
yeast, 10%; Crisco, 5%; Wesson Oil, 5%; sucrose, 
29.6% ; starch, 29.7% ; salt mixture, 2.5% ; balker 

same compound was fed to another group of 
3 weanling rats for 64 days. The roentgeno- 
logical and histological examinations of the 
skeleton of these rats did not reveal any le- 
sions. It is possible that after ingestion the 
methyleneaminoacetonitrile hydrolyzes into 
aminoacetonitrile and formaldehyde. How- 
ever, this appears unlikely because the study 
of the severity of the skeletal lesions in rela- 
tion with the daily intakes of these two 
nitriles indicates that the methyleneamino- 
acetonitrile is probably more active than the 
arninoacetonitrile. The report that p-mer- 
captoethylamine (4) produces the skeletal 
lesions of lathyrism could not be verified. Six 
weanling rats placed on a diet+ containing 
0.3% of this compound for 35 to 64 days did 
not develop any skeletal lesions detectable in 
the roentgenograms or in the histological sec- 
tions. In a previous paper( 1) a number of 
nitriles were reported which did not produce 
lathyrism when fed to rats. Similarly, no 
lesions have been observed after feeding to 
weanling rats the following diets4 for periods 
of 5 to 10 weeks: 0.5% succinonitrile, 0.5% 
hydroacrylonitrile, 0.2 % acrylamide, 0.1 % 
acrylamide, 0.1 % cyanamide, 1 % a-cyano- 
acetonitrile, and 1 % cyanoguanidine. It has 
been reported that diets high in vit. E(S), in 
casein(6), and in gelatin(7) give partial pro- 
tection from the lesions of lathyrism. We 
have not been able to corroborate these re- 
ports. .4 group of 20 four-week-old rats fed 
a diet containing 50% Lathyrus odoratus 
seeds ;I were given alpha-tocopherol by mouth 
in doses of 120-300 mg per week for a period 
of 13 weeks. Another group of 20 rats of 
the same age and fed the same diet but with- 
out the supplementary feeding of alpha-toco- 
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Q Same diet as in footnote $. 
I! The 50% Lathyrus odoratus diet used in these 

experiments was as follows: casein, 10% ; yeast, lO(yo ; 
Crisco, 5 % ;  Wesson Oil, SyO; sucrose, 8.6%; starch, 
8.7%; salt mixture, 2.5%; haliver oil, 0.2%; Luthy- 
YUS odorutus ,ma. 50% : choline. 0.04%. oil, .2%; choline, 04%. . .  - ,  , .  
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TABLE I. A4ntioxidants Incorporated into 50% 
La.thyrus odoratus Diet. 

Coinpound 
7 0 i n  Dayson 
diet diet 

2,6-Di-tert-but~lplie1iol 1 
~ordiliyclroguaiaretic acid .5 

2,6-Di-tert-but~l-p-cresol .5 
Gum guaiar .5 
n-Propyl gallate .5 
Butylatecl liyclrosyanisole .5 

K,S'-Diplieiiyl-p-phenylenediamine .5 

4-tert-But~-lpyrocatechol .23 
I)L-p-3,4 nih!.~lros~phenylalanine .28 
Tyrosine ethyl ester .29 
~ordiliydroguaiaretic acid + 
1,- Met hioni I ie 
I'ordih?--clrogiiniar~tic acid + 
Citric acid 

f : ; I  
] ::I 

p-Coniclenrlr ol 1 
a- Tocol~llc~rol 120-300 

mg/wk 

35 
63 
49 
49 
49 
49 
49 
42 
42 
42 

35 

35 

23 
91 

~ 

pherol served as controls. The incidence of 
dissecting aneurysm of the aorta and the se- 
verity of the skeletal lesions as judged from 
the roentgenograms and the histological ex- 
aminations was similar in these two groups. 
In another experiment a group of 22 weanling 
male rats was fed a synthebicfi vit. E deficient 
diet for a period of 4 to 7 months. All these 
rats developed severe testicular atrophy with 
degeneration of the germinal epithelium. The 
animals not sacrificed until the sixth or 
seventh month of this diet developed muscular 
dystrophy with paralysis and some died sud- 
denly. Histological and roentgenographic 
studies of these animals revealed no lathyrism- 
like lesions. 

To evaluate any possible curative or pro- 
tective effects of other antioxidants on the de- 
velopment of lathyrism, the compounds listed 
in Table I were tested. Groups of 3 to 9 
weanling rats were used for every compound. 
Roentgenograms of the rats under ether anes- 
thesia were taken every 2 weeks and at the 
postmortem examination the femurs and up- 
per tibiae were obtained for histological 
studies. Hematoxylin and eosin and Mallory 
stains were used. In no instance could a pro- 
tective effect be demonstrated. Of interest, 
however, is the observation that the rats on 
these compounds often ate less than control 

C; The tocopherol deficient diet was obtained from 
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rats. In these cases lesions in experimental 
animals were less severe than in controls. 
When 'the intake of control animals was lim- 
ited to that of the experimental, no difference 
in severity of lesions could be demonstrated. 
To increase the intake of the Lathyrus pea 
diet plus the antioxidant, lower concentrations 
of nordihydroguaiaretic acid were used with 
the synergists citric acid and methionine. No 
protective effect could be demonstrated. 

A high concentration of casein (27.3% of 
diet), when incorporated into 35% and 50% 
L ~ t h y r u s  odoratus diet, showed no demon- 
strable protective effect on development of 
skeletal lesions. No rupture of the aorta oc- 
curred in the 7 weanling rats fed the high 
casein diet. However, a similar number of 
controls fed Lathyrus diet alone likewise did 
not show this lesion. 

Other compounds tested for possible pro- 
tective effects on lathyrism in the rat are 
listed in Table 11. Rutin was tested because 
of its possible antifragility action; sodium 
thiosulfate, for its effectiveness in cyanide 
poisoning; y-arninobutyronitrile, pantothenic 
acid, taurine, cystine, propylamine, ethyl- 
amine, propionaldehyde oxime, and acetalde- 
hyde oxime as possible competitive inhibitors 
of aminonitriles; glucuronolactone, as a de- 
toxifying agent for amines; sodium salicy- 
late, because of its known clinical action in 
arthritis: glucosamine because of its impor- 
tance in connective tissue structures. Groups 
of 3 to 9 rats were used for every compound 

TABLE 11. Compounds Incorporated into 50% 
Lathyrus odoratus Diet. 

%. Dayson 
Compound in diet diet 

Rutin 1 35 
Sodium thiosulf ate .5 49 
Casein 27.3 63 
Cystine 2 63 
7-Aminobutyronitrile 4 42 
(1-Pantothenic acid 1 39 
D-Glucosamiiie 1 39 
Tau rine 8.9 42 
Glucuronolac tone 10 41 
Sodium salicylate 1 21 
Propylamine" 1 24 
E thylamine* 2 24 
Propionaldehyde oxime 2 12 
Acetaldehyde oxime 2 10 

the Nutritional Biochemical Corp., Cleveland, Ohio. * Fed as  salt of HC1 with NaHCO,. 
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TABLE 111. Excretion of Sulfur in Rats Fed 
Control (Stock Rocklniid Pellet! Diet, Latlr!/rus 
Pea Diets, and Latlryrrcs Pea plus 0.5y0 Sordihy- 

dropuaiaretic ,Acid ( S G A )  Diet. 

Total S, Total S, 
S o .  of S o .  of mg/day/rat, S0,-S, 

Diet I.:\ta dn?-s mean 111e:111 

Series I 
3 COllt rol - 10 11.2.5 S T . l  

30:,; 1'";' 4 3 I 5.95 65..5 

C'Ollt 1.01 2 1 5.31 76 
3.5(/; pea 2 4 4.1 7 8.5 
.jO(/C " 4 4 3.3; 69 
3% SG-4 3 4 4.00 43.5 

50% pea 3 - 3.10 53.5 
3% SGA 2 1 3 . i l  4.3 

Series I1 

Series 111 (intake controllecl) * 
Control 2 4 3.30 61.4 

3 

*In Series 111, intake of all 3 groups was lim- 
ited to that of group ingesting the least food. 
Series I and I1 were permitted unlimited intake. 

incorporated into a 50% Lathyrus odoratus 
diet. Roentgenograms of the animals under 
ether anesthesia were obtained every 2 weeks 
and at  postmortem examination the femurs 
and upper tibiae were obtained for histologi- 
cal studies. S o  protective action could be 
demonstrated with any of these compounds. 

The urinary excretion of sulfur in rats fed 
a Lathyrus pea diet and the same diet plus 
0.5% of nordihydroguaiaretic acid was 
studied together with the sulfur excretion in 
control rats fed standard laboratory pellet 
diet (Rockland) (Table 111). Total sulfur 
excretion by 3 series of control rats varied 
with their intake; 57 to 76% of the total 
sulfur was excreted as sulfate. The rats fed 
Lathyrus pea diets excreted 53 to 85% of the 
sulfur as sulfate. \\'hen nordihydroguaiaretic 
acid diet was fed to rats for one day (series 
111) only 4% of the excreted sulfur was in 
the oxidized form, compared to 53.5 and 
61.4% in rats on pea and control diets re- 
stricted to the same intake of food as rats 
fed the antioxidant. However, rats fed nor- 
dihydroguaiaretic acid for 4 days showed con- 
siderable recovery of their ability to oxidize 
sulfur. excreting 43.57, of the total as sul- 
fate. Partition of urinary sulfur by rats fed 
Lathyrus peas, in comparison with control 
rats, gave no evidence of altered sulfur metab- 
olism in lathyrism. 

The deposition of sulfur-35 in the epi- 
physeal plates, bones, and aorta of rats with 
Lathyrism was investigated by radioautog- 
raphy. Five 7-week-old male rats were used. 
Three rats received a 5Oyc Lathyrtis odoratus 
diet since 2 2  days of age. Two rats received 
the standard laboratory pellet diet and served 
as controls. Approxiniately 60 pc of carrier- 
free sulfur-35 in the form of sodium sulfate in 
0.3 ml distilled water was injected intraperi- 
toneally into each animal. They were sacri- 
ficed with chloroform 20 hours later. One 
rat on the pea diet was found dead with a 
hemothorax due to ruptured dissecting 
aneurysm of the aorta. The knees including 
lower femur and upper tibia. shoulders. hip 
joints, lower thoracic and upper lumbar verte- 
brae, and thoracic aorta were removed from 
each animal. Preservation was in neutral 
formalin and decalcification was done with 
versene. Sections were mounted on auto- 
graph emulsion (8) with exposures of about 
one week. The S{*j  is chiefly in the form of 
chondroitin sulfate (9) .  

Radioau tographs demonstrated deposition 
of S'35 in the epilphyseal plates in about equal 
amounts in experimental as in control ani- 
mals. A high concentration oi F5 was ob- 
served in experimental rats at the site of peri- 
osteal detachments overlying areas of new 
bone formations. This, of course, was not 
seen in control rats. S3*? was deposited in 
small amounts in the thoracic aorta of both 
control and experimental animals. S o  greater 
concentration of S35 was observed in the 
aorta with the dissecting aneurysm. The 
uptake of S3*> by chondroitin sulfate was the 
same in experimental as in control animals 
and. therefore, it may be assumed that the 
sulfur content of the chondroitin sulfate is 
not greatly altered in lathyrism. These find- 
ings appear to be in accordance with the work 
of Bauer e t  al. (10). 

Sum.tnnry. 1. Male rats injected subcu- 
taneously with p-aminopropioni trile and 
aminoacetonitrile developed the same skeletal 
lesions of lathyrism as did those fed these 
compounds. 2. Methyleneaminoacetonitrile 
fed to rats produced very severe skeletal le- 
sions and is probably more active than the 
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aminoacetonitrile. 3. Diets high in casein, 
gelatin. vit. E. and other antioxidants did not 
protect the rats fed Lathyrus odoratus seeds 
from developing skeletal lesions. 4 .  Radio- 
autographs of the skeleton after injection of 
S35 and studies on sulfur excretion of rats fed 
Lathjlrus odoratus peas and rats fed a control 
diet showed that the metabolism of sulfur is 
probably not altered in lathyrism. 
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Some Clinical Conditions Affecting Urinary Excretion of Non-Dialyzable 
Hexosamine.* (22481) 

J. STASTOS KING, JR. AND NELTA H.  WARNOCK. (Introduced by Georg Cronheim.) 
Research Department, S .  E .  Massengill Co., Bristol, Tenn. 

I n  a preceding communication ( 1 ) , the nor- 
mal levels of adult human urinary excretion 
of non-dialyzable conjugated hexosamine 
were reported to be 32.4 t 7.2 mg/day for 
males and 25.9 t 5.8 mg/day for females. 
The hexosamine appeared to be principally 
glucosamine. Other recent publications (e.g., 
2-5)  related to this subject indicate or suggest 
that more than one conjugate contributes to 
the total hexosamine present in the non-dia- 
lyzable fraction of both normal and patho- 
logical urine. part being present as a result of 
glomerular filtration and part originating 
from the urinary epithelium. 

This communication reports the results of 
investigations of "bound" hexosamine excre- 
tion in certain clinical conditions. These de- 
terminations were undertaken in an effort to 
distinguish some aberrations affecting bound 
hexosamine excretion, which in turn might 

* W e  gratefuly acknowledge the courtesy of the 
following in supplying urine specimens and  case his- 
tories: Drs. William H. Boyce and Emery C. Miller, 
Bowman Gray School of Medicine of Wake Forest 
College. Dr. Robert Quinn, Vanderbilt University 
Medical School. 

further elucidate its origin and nature. 
Methods. The procedure was the same as 

that previously described ( 1 ) . Twenty-four- 
hour urine specimens were accurately col- 
lected and preserved with phenylmercuric 
nitrate. As a check on the entire procedure, 
samples of urine from healthy individuals 
were included at intervals. 

Results. The results are expressed as mg 
glucosamine per 2 4  hours. Initially, urines 
from patients with some selected conditions 
were examined. These preliminary experi- 
ments indicated an increase in bound hex- 
osamine in several of these (Table I). Uro- 
lithiasis, atherosclerosis, and pregnancy were 
further studied. 

Urolithiasis. Neither the chemical type of 
urolite, a low-calcium diet, nor the presence 
of infection (in each of these cases minimized 
by concurrent antibiotic or chemotherapy) 
appeared to influence the results. An elevated 
bound hexosamine excretion was found in all 
cases (Table 11). This was particularly 
striking in cases with large or actively grow- 
ing stones. 

Three male patients were included who had 




