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the Mickle tissue disintegrator and the elec- 
tron microscope, was described for the sepa- 
ration of the cell wall and the internal proto- 
plasm from the cells of the yeast phase of 
Histoplasma capsulatuvrr. The cell wall con- 
tained the antigenic activity associated with 
complement fixation, protection and toxins. 
Sensitized animals. on the other hand. showed 
a delayed type of reaction to either fraction. 
The protoplasm was more active than the cell 
wall in the hemolysis of guinea pip erythro- 
cytes. 
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Reproduction in Rats Fed Lnthyrus Peas or Aminonitriles. (22013) 

F. W, STAMLER. 
From the Deptrri t t w ) i t  of Ytrthologg, College of Medicine, S taf f  University o f  Iowa, lowu Ci ty .  

Growth disturbances produced by feeding 
l'athyrus peas vary inversely with age and 
stage of development of the experimental ani- 
ma1(1,2). Profound effects might be ex- 
pected. therefore. during rapid growth and 
development of the fetus. Turney. Salmon? 
and Copeland reported that feeding Lathyrus 
hirsutus peas prevented completion of preg- 
nancy in the rat. but they did not completely 
describe the nature of the disturbance(3). 
They were unable to prevent the effect of peas 
by addition of alpha-tocopherol to the diet (4), 
although i t  has since been reported that large 
doses of that compound give partial protection 
against lathyrism( 5 ) .  For these reasons the 
effect of Lathyms odoratus peas was studied 
in regard to reproduction. During this inves- 
tigation, isolation of the active principle of 
Latkyrus plsiJZus was announced( 6) .  A sim- 

ilar isolation product of Lathyrus odoratus was 
identified as ( P-L-glutamyl-amino) propio- 
nitrile ( 7). The characteristic activity in pro- 
ducing skeletal lesions in rats was also shown 
by P-amino-propionitrile ( 1 ) . This compound 
also profoundly influenced development of 
larval frogs( 2 ) .  Aminoacetonitrile was later 
found to be more toxic to weanling rats than 
any compound previously tested ( 8).  A num- 
ber of aminonitrile compounds were conse- 
quently included in this study. 

Methods. Albino rats of Sprague-Dawley 
strain were used predominantly. The few 
hooded rats of Long-Evans strain used gave 
identical results. The basic diet was ground 
(Rockland) rat pellets. Lathyrus odoratus 
seeds were finely ground, mixed with this diet 
in various proportions, refrigerated at 5"C, 
and fed ad Zibifum. Diets containing syn- 



LATHYRISM AND REPRODUCTION IN RATS 295 

thetic nitrile compounds were stored at  -40'F. 
Feedings were given once daily, and food re- 
maining after 24 hours discarded. All animals 
were kept on wire-mesh floors. The 50% pea 
diet produced skeletal deformities and fataI 
aortic rupture comparable to that reported by 
Ponseti and Baird(9). Females were first 
mated when 10-12 weeks of age, and discarded 
after 3 or 4 matings. Matings were deter- 
mined by vaginal smear. Specimens for his- 
tological examination were fixed in 4% for- 
malin and stained with hematoxylin and eosin. 

Results. Mature rats of both sexes main- 
tained on 5070 pea diet remained in good 
health for several months. Two male rats 
placed on this regimen at 6 weeks of age de- 
veloped extensive skeletal deformities within a 
few weeks, but accomplished numerous fertile 
matings between 3 and 9 months. When sac- 
rificed at  10 months they were moderately 
emaciated and almost helplessly crippled, but 
showed active spermatogenesis, without testic- 
ular atrophy. A third male, started on 50y0 
pea diet at  3 months, was moderately crippled 
but still potent and fertile when sacrificed 10 
months later. This male also showed histo- 
logically normal testes. The numerous off- 
spring obtained by mating these males with 
normal females showed no abnormalities. 

The 50% pea diet given to nursing female 
rats produced no evident toxic effect. In  one 
case this diet was given to the dam of 6 young. 
beginning on the 3rd day after parturition. 
In 2 instances this diet was begun on the 20th 
day of pregnancy, and continued until litters 
were weaned. Large litters were born, of 
which 3 in one litter and 5 in the other sur- 
vived the early neo-natal period. The high 
peri-natal mortality was typical of results ob- 
tained when pea diets were given late in preg- 
nancy, and will be discussed in detail later. 
The nurslings of all 3 litters made normal 
weight gains, with no physical or x-ray evi- 
dence of skeletal deformity at  weaning at  22  
days. Three males and 3 females given 50% 
pea diet after weaning quickly developed 
severe skeletal deformities, and 2 animals of 
each sex died of ruptured aortic aneurisms 
within a month. Those given control diet grew 
to normal maturity. 

Mature female rats on SOY, pea diet passed 

TABLE I. E8'ec.t of 50% Pea. Meal. 
~ ~~ 

Days of gestation 
No. rats diet given 

9 1-22 
4 1-16 
fi 1-li 
4 16-18 
ti 19-22 
I 30-22 
4 21-82 

- 

- - _  - 

Avg No. 
viable young 

0 
9.5 

___. - 

-67 
.25 

0 
4 

12 
. - 

through normal estrous cycles. and mated 
freely. Conception occurred in a high per- 
centage of matings, with bloody vaginal 
"placental sign" on about the 13th day. 
Weight gains were comparable to control ani- 
.mals until the 19th or 20th day, but then 
weight rapidly decreased, and no living young 
were born. Pregnant females sacrificed on or 
before 19th day of pregnancy contained living 
fetuses, but during the succeeding 3 days there 
was death and rapid decomposition of all un- 
born young. Passage of dead fetuses or pla- 
cental tissue was seldom observed, although 
vaginal bleeding was often seen at  the 22nd or 
23rd day. Animals killed within a few days 
after this time showed involuting uteri with 
numerous placental sites. Those kept on SO$% 
pea meal soon displayed normal estrous cycles 
culminating in fertile matings. If the control 
diet was then given, normal gestations re- 
sul ted. 

The final few days of gestation constituted 
the critical period for exhibition of the toxic 
effect of the pea (Table I). Normal litters 
were born to females on 50% pea diet during 
the first 16 days of pregnancy, but giving this 
diet for one more day resulted in death of al- 
most all fetuses. Giving the diet for as short 
a time as 3 days after the 16th day was also 
highly toxic for the unborn young. 

Diets containing 20% Lathyrus odoratus 
meal were lethal for the rat fetus, if begun by 
the 17th day of gestation (Table TI). The 



296 LATHYRISM AND REPRODUCTION IN RATS 

1 _ _  - - - -~ - __- _ _  
FIG. 1 (top left). l\licrol~liotogrspli, yostcrior thorax of still-born rat. Includes tissues from 

$kin surface to parietal pleura, with cross stbc.tioii of rib, loiver right. Tlicre is extreme general- 
ized edema. with paucitg of conncctirc tissiie and skeletal niusclr. 

FIG. 2 (top right ) . ~~icrophotogi.ap1i. parasagittal wetioil, thoracic syiiie of 19-day rat 
fetus, d i r e  a t  timr of sacrifice of clzini. ivho had received 30% pea diet from first day of preg- 
nancy. Sote lack of colicision between c;irtilatginous spinal structures and perichondrial con- 
nective tissue. 

FIG. 3 (bottom left ). Microphotograph. cross section of dissecting aneurisni, thoracic aorta 
of still-born rat i\-hose clniii received 50% Iiea diet from 17th day of pregiianclv. The intima is 
ruptured and a large illilsti of blood has forced apart the layers of the media. Complete rupture 
( I f  the vessel, with niassivt! hemothoras, has not taken place in this case. 

FIG. 4 (bottom right). Microphotograph, mid-sagittal section, 19-day rat fetus, littermate 
of fetus shown in Fig. 2. There is acute angulation of the lower thoracic and lumbar spine, 
with apparent compression of the spinal cord. Diffuse hemorrhage is seem, particularly about 
great vessels at base of heart. The fetus was alive a t  time of sacrifice of the dam. 
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‘J’AKLE 111. Toxicity of Aminonitriles Beguii 17th 
Ikq of Gestation. 

little toxicity was shown during the first 16 
days of gestation. Thus, normal litters were 

Avg No. 
%in  No. viablr 

Compound diet rats young 
- . _ _  I -- - 

An I i noacet onit rile‘ .0167 4 0 
.0125 10 3.1 

.I 9 0  
-05 6 0 
.025 9 6.2 

.05 2 10 

~-iiniinopl.opionitri 111 .3 3 0  

]<is (p-cyanoethyl) aiiiiiir .1 3 0  

Tris (8-cyanoethyl) iiniiiic .3 3 8  
pdimethylaminopropioni t rj le .3 2 9  
S-inercaptoethylai~ii IN’ . .5 5 3.4 

2 5  3 5.7 
__ - - . - . - _--- - 

.x Fed as a salt of H,SO,. 

15% level was incompletely lethal, and lesser 
concentrations apparently harmless. At 2Q7& 
level many young were born dead, with little 
evidence of decomiposition, while others were 
feebly alive at  birth, but succumbed soon 
thereafter. Both living and dead were fragile 
and hydropic in character (Fig. 1). Muscles 
and connective tissues were poorly developed. 
There was scanty formation of collagen, and 
cohesion of various skeletal and connective 
tissues appeared faulty (Fig. 2 ) .  Poor vascu- 
lar tone, with capillo-venous dilatation and 
diffuse hemorrhage was commonly seen. Mas- 
sive hemothorax from aortic rupture was a 
frequent demonstrable cause of death (Fig. 3 1. 
The dissecting aortic aneurisms followed the 
same pattern seen in weanling rats( 1,9). 
Severe spinal deformities seen in several in- 
stances included kypho-scoliosis similar to 
those typically produced in weanling rats on 
Lathyrus pea diets (Fig. 4). 

Several nitrile compounds were toxic for the 
rat fetus (Table 111). Their effect appeared 
to be qualitatively identical with that of pea 
diets. Fetal death was readily produced by 
feeding diets containing p-aminoprqionitrilel. 
bis (P-cyanoethyl ) amine, or aminoacetonitrile 
during the latter part of pregnancy. Amino- 
acetonitrile was the most toxic of these com- 
pounds, as shown by Wawzonek and cowork- 
ers (8). Lesions produced by these compounds 
mimicked those produced by pea meal diets, 
including a high incidence of aortic rupture 

As with pea meal ,diets. 

born to female rats fed a diet containing 0.170 
p-aminopropionitrile during the first 16 days 
of pregnancy, whereas diets with 0.05% of 
this compound proved uniformly lethal to 
fetuses when given beginning the 17th day of 
pregnancy (Table IIT). It is perhaps signifi- 
cant that the obvious developmental defects 
produced involved mesodermal tissues, and 
that development of these lesions occurred 
during the period of rapid mesodermal growth 
and differentiation of late fetal life. A pos- 
sible difference in placental permeability in 
regard to the toxic compounds might also ac- 
count for differences in toxicity shown during 
early and late fetal life. 

Two nitrile compounds tested, tris (p-  
cyanoethyl) amine and p-dimethylaminopro- 
pionit rile, showed no toxicity a t  concentrations 
used. These results are in accord with pre- 
vious reports of the detoxifying effect of meth- 
ylation or acetylation of aminonitrile com- 
pounds(l0). The final compound listed in 
Table 111, P-mercaptoethylamine, while not 
an aminonitrile, has produced skeletal growth 
disturbances typical of lathyrism ( 11 ) . This 
cornpound was found to be relatively innocu- 
ous for the pregnant rat and her unborn 
young, although at comparatively high concen- 
trations many fetuses did die in utero. None 
of these fetuses, however, showed skeletal de- 
formity, ruptured aortae, or other lesions 
characteristic of lathyrism. 

Summary. Lathyrus odoratus peas and cer- 
tain aminonitrile compounds chemically re- 
lated to the active extract of the pea, when 
added to the diet of pregnant rats, caused 
death of the fetal rat late in intrauterine life. 
Death was associated with poor development 
of the skeleton and other mesodermal tissues, 
and commonly resulted from rupture of the 
thoracic aorta at  or near the time of birth. 
No harmful effects on the fetus were demon- 
strated by feeding these substances to the 
pregnant female before the 17th day of gesta- 
tion. Lathyrus odoratus peas in 50% dietary 
concentration did not affect fertility of the 
adult male or female rat, and males maintained 
on the diet for as long as 10 months showed 
no histological evidence of testicular atrophy. 
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S o  toxic substance was demonstrated in the 
milk of nursing females on the pea diet. The 
feeding procedure employing pregnant female 
rats preyed to be a reasonably accurate and 
sensitive method for the toxicity assay of 
aminonitriles. ,4minoacetonitrile was the most 
toxic of the compounds tested. 
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Effect of Diet on Betaine-Homocysteine Transrnethylase of Rat Liver.” 111. 
B-Vitamins Other Than Vitamin BI2. (22014) 

L.-E. ERIC SO^:^ AND A. E. HARPER. (Introduced by c‘. .A. El~e~hjern.) 
Froin DPpnrtriwnt o j  Riochamistry, Collagc oi .-l.gricuLture, Universit? of I.l‘i.sronsilz, Madison. 

In the rat, a dietary deficiency of vit. B1. 
causes a decrease in the betaine-homocysteine 
transmethylase activity of the liver ( 1-4). The 
addition of a purified “coenzyme” preparation 
of the transmethylase, to liver homogenates 
prepared from rats fed a diet deficient in vit. 
B12, has recently been shown to restore the 
transmethylase activity( 4 ) .  To ascertain 
whether this effect is specific for vit. B12 the 
effect of a deficiency of each of the other B- 
vitamins on the transmethylase activity oi 
rat liver has been investigated. 

Methods. .\lbino rats of the Sprague-Daw- 
ley strain were used throughout the investiga- 
tion. The rats were kept in individual cages 
and were fed ad Eibitum, unless otherwise 
stated. The complete vitamin mixture used 
for the various basal diets described below 

. - - - ._ - -_ - - 
*Published with approval of the Director of the 

Wisconsin -4gric. Exp. Station. Supported in part 
by grants from the Nutrition Foundation, New York, 
the National Livestock and Meat Board, Chicago, 
Ill. The crystalline vitamins were kindly provided 
by Merck and Co., Rahway, N. J., and the Sulfa- 
smidine by Sharp and Dohme, Philadelphia, Pa. 

t Present address: Royal Institute of Technology, 
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provided in mg per 100 g of ration: thiamine 
hydrochloride, 0.5 ; riboflavin, 0.5 ; niacin, 1 ; 
calcium pantothenate. 2 ; pyridoxine, 0.25: 
folic acid, 0.02; biotin, 0.01; vit. B12, 0.002: 
inositol, 10; and choline chloride, 150. Each 
week each rat was given orally 2 drops of 
halibut liver oil fortified with vit. E and K 
( 5) .  For the deficient diets the vitamin under 
study was omitted and in some cases suc- 
cinyl sulfathiazole (.*sulfasuxidine”) or the 
corresponding antivitamin was added to the 
diet as described in the tables of results. All 
diets contained 4% of salts 4(6) and 5% of 
corn oil. The basal diets contained the follow- 
ing percentages of protein, sucrose and supple- 
mentary amino acids: Diet I. Casein 25, 
sucrose 65.8. Diet 11. Casein 25, DL-meth- 
ionine 0.2, sucrose 65.6. Diet 111. Casein 12, 
DL-methionine 0.2. DL-threonine 0.36, su- 
crose 78.2. Diet IY. Egg white 24, sucrose 
66.8, the biotin content of the complete diet 
was increased to 0.1 mg per 100 g of ration. 
Diet V. Casein 9, gelatin 12, sucrose 69.8. 

_it the end of the experimental period the 
rats were killed by decapitation and were 
bled, and their livers were removed immed- 
iately and chilled in ice. Pooled homogenates 


