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agar (gel-precipitin) have been carried out respectively. In  a sampling of sera from coh- 
between concentrates of streptococcal culture valescents from scarlet fever the number of 
supernates and sera of various sources. Two bands was found to be no greater 6 weeks 
technics of diffusion in 1 dimension (tube) after the onset of the infection than 3 weeks 
were used: the single-diffusion technic of Ou- after the onset. 
din, and a double-diffusion technic. 2. Sera 
of rabbits previously injected with strepto- 
coccal culture supernates showed increasing 
numbers of bands as the course of injections 
progressed. Sera of such rabbits showed as 
many as 5 bands when tested with such con- 
centrates, indicating that this was the mini- 
mum number of antigen-antibody systems 
present. 3. Sera of Datients with acute rheu- 

1. Harris, T. N., PROC. Sw. EXP. BIOL. AND Mm., 
1955, v90, 33. 
2. Bernheimer, A. W., Gillman, W., Hottle, G. &4., 

and Pappenheimer, A. M., Jr., J .  BacterioZ., 1942, 
v43, 495. 
3. Oudin, J., Methods Med.  Research, 1952, v5, 

335. 
4. Oakley, C. L., and Fulthorpe, A. J., J .  Path. 

and Bact., 1953, v65, 49. 

matic fever and of patients convalescent from 5. Preer, J. R-, Prmona1 communication. 
an acute streptococcal infection (scarlet 6 .  Jennint~,  R. K., J .  Immun0l.J 19537 ~ 7 0 ,  181. 

fever) were also tested by this technic against L*, and c.) J' Exp* 7 .  Halbert7 s* p.9 
Med., 1955, v101, 539. concentrates of streptococcal culture super- 

nates* The group with rheumatic fever 

2-7) than did the group with scarlet fever 

8. , ibid., 1955, ~101, 557. 
9. Harris, T. N., Harris, S., and Nagle, R. L., 

10. &$&arty, M., in Rheumatic Fever, a symposiunz, 
showed a greater number of bands (a range of 

(0-4), when tested by the double-diffusion 
technic. The corresponding ranges found with 
the single-diffusion technic were 1-5 and 0-2, 

Pediatrics, 1949, v3, 482. 

Thom;1s, L., ed., pp 135-149, University of Minne- 
sota Press, Minneapolis, 1952. 
--I___ 

Received July 14, 1955. P.S.E.B.M., 1955, v90. 
- 

Teratogenic Effects of Lathyrus odoratus Seeds on Development and 
Regeneration of Vertebrate Ldmbs." (21934) 

C. Y .  CHANG, E. WITSCHI, AND I. V. PONSETI. 
From the Departments of Zoology and Orthopedic Surgery, State University of Iowa, Iowa City .  

Diets containing Lathyrus odoratus seeds 
fed to young rats produce characteristic de- 
fects of mesodermal structures( 1 ) .  Chemical 
analysis of extracts from the seeds points to 
the p-aminopropionitrile (BAPN) as the ac- 
tive fraction of the teratogenic principle( 2 - 5 ) .  
However other aminonitriles ( 5 )  and p-mer- 
captoethylamine ( 6 )  when given to rats have 
been reported to produce similar lesions. The 
Lathyrus poisons gain in interest through the 
similarity of the induced lesions with certain 
skeletal and vascular diseases in man, such as 
slipped epiphyses, degenerative arthritis, and 
dissecting aneurism of the aorta. Therefore 

*Aided by grants of the National Science Foun- 
dation and the U.S.P.H.S. 

the use of aminonitriles in animal research 
seemed to offer an opportunity for the eluci- 
dation of these human diseases. 

We reported( 7) that BAPN at  a concentra- 
tion of 2 &liter of aquarium water produces 
characteristic deformities in Xenopus larvae. 
The high sensitivity of Xenopus larvae sug- 
gests their use for the detection and quanti- 
tative evaluation of lathyrism-inducing agents. 
The effect of BAPN appears to be highly spe-' 
cific, affecting particularly certain rapidly de- 
veloping mesodermal tissues. In view of the 
similarity between the processes of embryo- 
genesis and of regeneration, the studies were 
extended also on the restitution of amputated 
legs in the newt, Diemictylus viridescens. 

Methods. In a first series of experiments 
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larvae of the South -4frican toad. ,Yt~tiopus 
Zaevis, were exposed to the natural principle 
by feeding powdered Lathyrus seeds ad lib. 
or weak solutions of BAPK.+ or solutions of 
other related compounds. BAPX is a liquid 
and mixes with water freely; therefore con- 
centrations are expressed in pl per liter of 
aquarium water. Since preliminaq- esperi- 
nients had shown that treatments of early 
stages are without effect on limb development. 
the here reported experiments were all started 
with nearly fullgrown larvae. 10 to 12 days 
hefore the expected breakthrough of the fore- 
limbs. -It this stage the legs are still short 
and not yet movable. Lots of 10 to 20 larvae 
were placed in aquaria containing 5 liters of 
dechlorinated water. In the seroMd series of 
experiments. hen's eggs (\Vhite Rock breed) 
were injected with 20. 1. .2 or . 1  pl of R A P S  
in saline. Penicillin was added at the rate of 
100 units per injection. The injections were 
made into the yolk sac either on the fourth 
or the tenth day of incubation, and the eggs 
were candled to observe the embryos daily 

+ Supplied through the courtesy oi  Dr. S. Waw- 
zonek, who synthesized the compound from acrylo- 
nitrile and ammonia. 
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thereafter. In  the third series of experiments. 
a hind limb of adult newts was amputated at 
the middle of the thigh. Immediately after 
the wound had healed 10 animals were placed 
in water containing BAPN at a concentration 
of 2 $;liter; and 10 served as controls. 

Results. A. Experiments with Xenopus 
larvae (Table I). BAPN in concentration of 
10 p1,'liter causes death of the animals 
during metamorphosis. The limb deformities 
are most severe and frequently subcutaneous 
hemorrhages occur in this group. The larvae 
exposed to lower effective concentrations coin- 
plete their metamorphosis, but they are too 
weak to survive beyond this stage. Fig. 1 
represents a metamorphosing tadpole from a 
lot receiving BAPN at 2 &liter together with 
a control. The legs of tadpoles treated with 
this concentration are so badly twisted that 
it is impossible to prepare longitudinal sec- 
tions for histological studies. At all levels of 
concentration the dislocation of the knee and 
ankle joints represents a most characteristic 
deformity (Fig. 2 ) .  A loosening of leg mus- 
cles. tendons and ligaments is clearly notice- 
able under a binocular microscope after re- 
moval of the skin, The microscopic examina- 
tion of animals treated only 5 to 6 days shows 
wide clefts between cartilage and the cover- 
ing connective tissue in the region of the joints 
( Fig. 3 ) .  In control animals of correspond- 
ing stage a compact embryonic connective tis- 
sue surrounds the cartilages and connects ad- 
joining epiphyseal ends (Fig. 4). Obvious1)- 
this rent formation is the beginning of the 
lesions in the young toads! a process which 
eventually results in dislocation of the joints. 
The cartilage appears normal and the perios- 
teal ossification seems unaffected. 

Lesions also develop in the dorsal mus- 
culature about 10 days following the onset oi 
the experiments. After removal of the dor- 
sal skin of tadpoles treated with BAPX or 
with Lathyrus seeds one observes that the 
intersegmental septa are abnormally wide 
(Fig la,  b) . Detailed microscopic examina- 
tion shows a very loose connective tissue in 
the septa. The muscle segments are atrophic. 

The general body growth of the treated 
larvae becomes increasingly retarded. Es- 
perimental animals are thinner and weaker 



E’lC;. 1. a. Xenopus larva treated for 12 days with BAPN at a concentration of 2 plfiter. 
Skin removed, showing dorsal musculature and widened intersegmental septa. b. Normal con- 
trol of &me age, skin removed. 

FIG. 2. Longitudinal section through a, hind leg of a Xenopus larva treated with BAPN 
for 10 days; concentration: 1 pl/liter; x 12. 

FIG. 3. Section through the knee joint of a young tadpole, stage 29, fed with sweet pea 
seeds, showing the presence of clefts between the connective tissue and the epiphysis; X 120. 

FIG. 4. Section through the knee joint of a control, stage 29; X 130. 
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TABLE 11. Teratogeiiic Effects of BAPS 011 
Chick Embryos. 

Dosage, No. of 
pl/egg eggs KO. died Survived Effect 

than the controls, probably because food in- 
take is impaired. The minimal dose produc- 
ing noticeable effects is less than .5 pl ’liter. 
It is noteworthy that within each dosage 
group all animals, without exception: were 
affected similarly. 

It is of interest that treatments started 
after metamorphosis remain ineffective even 
if continued over periods of 2 months. Only 
slight deformity of the hind-legs developed in 
a few animals that had been treated over a 
period of 3 months with a high concentration 
of B A P S  (4  pl/liter). However, no disloca- 
tion of joints ever occurred. 

All compounds other than BAPK so far 
tested gave negative results. The high po- 
tency of aminoacetoni trile in producing skele- 
tal lesions in rats as reported by II’awzonek 
c’ f  nZ. ( j )  could not be verified in tadpoles. 

Injections of a-tocopherol (total dose: 50 rng 
per tadpole) into the body cavity of tadpoles 
treated with BAPN did not protect the ani- 
mals from developing the lesions. This re- 
sult differs from that reported by Lee for the 
rats(8). 

B. Deformities produced in chick embr?os. 
In order to test the effect of BAPN on em- 
bryos of warmblooded animals, incubating 
hen‘s eggs were injected with BAPM. Since 
the embryonic development of the chick takes 
place within a closed egg shell, permitting no 
elimination, quantitative assays may be ex- 
pected to give results of highest accuracy. 
The experiments are summarized in Table 11. 
B.4Ph’ has a lethal effect a t  dosage levels of 
1 p1 and more per egg. The lesiops produced 
in lower dosage groups are highly specific, af- 
fecting particularly the development of the 
legs (Fig. 5 ,  6). Size and weight of the ani- 
mals are the same as those of the controls. 
Whether injected on the fourth or the tenth 
day, a bending of the femur end of the pri- 
mary ossification center appears on the 
thirteenth day of incubation (Fig. 6).  No dis- 
location of joints was observed. Cartilage 
and bones are histologically normal. 

C. Deformities in regenerating limbs. 
Sewts were used for this investigation because 

FIG. 5. Chick embryo injected with .2 p1 BAPS; age 17 days of incubation. 
FIG. 6. Longitudinal section through a leg of 3 13-clay chick embryo injected with .2 pI 

BAPN; X15. 
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FIG. 7. Newt treated with BAPN during process of leg regeneration; concentration: 2 
$/liter. Left  side intact limb, normal; right side, regenerated limb, showing dislocation of 
joint; X 2. 

FIG. 8. Longitudiud section through regeneratect uml) i n  above figure. Note severe dis- 
placement at joint and atrophy of muscle; X 10. 

FIG. 9. Longitudinal section through a iioriiial regenerated limb ; X 10. 

of their well-known capacity of regeneration. 
After amputation of a hind limb it regener- 
ates almost completely within about 3 months. 
The results of BAPN treatments are in prin- 
ciple as in the foregoing experimental series 
(Fig. 7). Microscopically the bones appear 
dislocated (Fig. 8, 9).  Studies of serial sec- 
tions also indicate atrophy of the leg muscles 
and loosening of the tendinous insertions. 

Discussion. The results of the present 
series of studies indicate that BAPN is the 
teratogenic agent of Lathyrus seeds. In 
earlier experiments it was observed that 10 
&'liter of BAPN did not visibly affect cleav- 
age and gastrulation of Xenopus eggs. How- 
ever, the dorsal musculature and the skin of 
the hatched larvae were severely damaged. 
Further studies on the effect of myotome de- 
velopment are in progress. At the present it 
may be concluded that BAPN affects a defi- 
nitely limited stage of the process of muscle 
and tendon differentiation. The action of this 
compound is tissue specific, affecting mainly 
the mesodermal tissues, probably the intercel- 
lular ground substance; but it is not species 
specific, producing similar lesions probably in 
all vertebrates. The severe teratogenic effect 
on embryonic and regenerating tissues sug- 
gests that the formation or normal activity of 

some essential morphogenic agent is inhibited 
by the presence of this compound. 

Attempts at comparing the value of am- 
phibians and of birds as bioassay animals are 
made difficult by the difference in the mode 
of administration of the compound. The 
chick as well as the amphibians are highly 
responsive and might be used for assay pur- 
poses in clinical work. 

Summary. The evidence presented indi- 
cates that /I-aminopropiunitrile is the terato- 
genic agent of the seeds of Lathyrus odoratus. 
It produces dislocation of joints and loosen- 
ing of intersegmental septa in amphibians, and 
bending of the femurs in chick embryos. The 
minimal teratogenic concentration for Xeno- 
pus larvae is .5 &'liter, the minimal dose for 
chick embryos is .1 pLI per egg. The ef- 
fects are highly tissue specific but not species 
specific, The available evidence suggests that 
a single morphogenic process is interfered 
with by the presence of this compound during 
differentiation. 
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There is a growing body of experimental 
evidence demonstrating the effect of cortisone 
on enzyme systems ( 1-3 ) . These investigations. 
for the most part biochemical in nature, have 
been carried out on a variety of cellular en- 
zymes (4-6). Much emphasis has been placed 
on the effect of cortisone on alkaline phos- 
phatase. A number of workers( 7 )  , utilizing 
histochemical methods. have observed an in- 
ciease in the alkaline phosphatase content of 
the brush border of the kidney tubule after 
injection with cortisone. Moog( 8-10), ob- 
tained a precocious increase of intestinal phos- 
phatase upon injection of fetal or newborn 
mice with cortisone. She interprets these re- 
sults as indicating that cortisone influences 
the basic metabolic processes which are re- 
sponsible for phosphatase synthesis. 

Ribonucleic acid ( RS-4)  has also received 
iiiuch attention as a substance involved in 
cortisone action. Decreases in hepatic RKA 
after cortisone injection have been observed 
by several investigators ( 1 1 ) . although there 
is some conflict on this point( 12,13). One 

___ - 
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group(7) noted an increase in renal tubule 
Rh7A after cortisone injection. 

In view of the widespread interest in the 
mode of action of cortisone, it was decided to 
extend and correlate the above-cited findings. 
Because of the importance of the functional 
relationships existing between alkaline phos- 
phatase. RNA and polysaccharide-protein 
complexes, histochemical methods were em- 
ployed to follow the changes induced by corti- 
sone on these materials. 

,$faterials and Methods. Two series of 
animals were employed. The first series con- 
sisted of 24 female Wistar rats. Each female 
was placed with a male and daily vaginal 
smears were made until fertilization occurred 
(as evidenced by sperm in the smear). Be- 
ginning with the seventh day of pregnancy. 
the mothers were divided into 3 equal groups. 
Group I animals received 75 mg of cortisone 
per kilo of body weight daily throughout preg- 
nancy: Group I1 animals received 100 mg and 
Group I11 served as controls. The cortisone 
was divided into 2 daily doses, given 8 hours 
apart. 

Each of the above groups was subdivided 
into 2 sub-groups of equal size. In one 
C'aesarian sections were performed on the 
fourteenth day and in the other on the six- 
teenth day of gestation. The uterine horns 
were exposed under moderate nembutal anes- 
thesia, a tally of the number of fetuses present 
was taken and one-half of the number was 
removed. The incisions were then closed and 


