MERCAPTOETHYLAMINE AND CYSTAMINE IN LATHYRISM

bryo, when grown in vitro for several days,
became altered from a simple respiratory
membrane into a multilayered keratogenic
tissue. The precise identity of the stimuli
directly involved in causing this metaplasia
remains to be examined. One possible as-
sumption is presence in the culture environ-
ment of metabolic requirements, not avail-
able to the CE in ovo but essential for mani-
festation of the keratogenic properties of the
CE cells. Alternatively, the existence in ovo
of inhibitory conditions, affecting the CE so
as to prevent it from expressing its kerato-
genic potentialities, should be considered.
Clarification of these and other possibili-
ties, might also relate to the general problem
of keratinization. The CE, in being a nor-
mally non-keratogenic tissue, appears to be a
particularly suitable material for studying
processes and events by which cells may ac-
quire capacities for rapid and voluminous
production of keratin; it thus provides a use-
ful source of comparison with the properties
of skin. In view of the mucogenic metaplasia
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of embryonic skin demonstrated by Fell and
Mellanby(2) and the role of Vit. A in this
process(3), the reaction of the CE to this
vitamin might be of interest. In this connec-
tion, one should also like to know if condi-
tions might be found which would cause the
CE to undergo in ovo keratogenic changes
similar to those displayed in culture. These
questions are being presently investigated.
Summary. A keratogenic metaplasia in
vitro of chorionic epithelium of the chick
embryo is described. Explants of chorionic
epithelium from 8-day embryos. cultured for
8 days on a plasma clot, became altered from
an attenuated, one-cell-thick respiratory
membrane into a multilayered, squamous epi-
thelium in advanced phases of keratinization.
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Beta-mercaptoethylamine, when fed to
weanling rats, was found to produce gross
osteolathyric lesions similar to those produced
by diets containing sweet peas or B-amino-
propionitrile (BAPN)(1). Ponseti et al.(2)
were unable to confirm this finding. Results
of studies on wound healing(3) and of studies
using pregnant rats(4) appear to be in agree-
ment with the negative report of Ponseti et al.
We have now repeatedly produced osteolathy-
ric-like lesions not only with different lots of
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mercaptoethylamine but with closely-related
cystamine as well.

Methods. Beta-mercaptoethylamine was
fed as the hydrochloride; cystamine as the
dihydrochloride. Three different lots of g-
mercaptoethylamine - HCl were purchased
from California Fn. for Biochemical Research
over a period of 18 months and were stored in
vacuum desiccator. Iodometric titrations for
—SH as well as chloride determinations indi-
cated a purity of 96% or more for each of the
lots. Cystamine 2HCl was purchased from
Nutritional Biochemicals Corp. Iodometric
determination of —S—S— following reduction(5)
and chloride determination indicated a purity
of 999%. These supplements were incorpo-
rated into finely milled Rockland Rat Stock
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Diet and fed to male albino rats of Sprague-
Dawley strain weighing 50-62 g. Selected
rats were sacrificed after 3 weeks or more on
these diets. The entire aorta and one hind
extremity were fixed in 109% buffered forma-
lin. The knee regions (distal femur, joint
proper. proximal tibia and fibula) were decal-
cified in equal parts of 109 formic acid and
209¢ sodium citrate. Aortas were cut into
8 segments of equal length, dehvdrated.
cleared and embedded in paraffin. Six to
8 p sections were stained with hematoxylin
and eosin. and with Hornowski’s combined
elastic and Van Gieson stains.

Results. Because of the severe growth-
depressing effect of mercaptoethviamine - HCl,
it was found advisable not to use rats too
light in weight. Best results were obtained
with rats weighing about 60 g and fed diets
containing about 0.45% of the hydrochloride.
Development of osseous lesions in difierent
rats was not as uniform as when salts of
BAPN were fed, but all rats which survived
sufficiently long showed skeletal changes.
Gross skeletal effects are shown in Fig. 1.
No gross lesions of the aorta were seen in any
of these animals. Perhaps because of its
greater stability. osteolathyrogenic effects
were somewhat easier to demonstrate with
cystamine - 2HCI. Small differences in dietary
levels. however. gave rise to marked differ-
ences in response. On a diet containing 0.29%
cystamine * 2HCI, rats weighing 50-60 g
gained weight at a rate only slightly less than
that of control rats receiving the unsupple-
mented diet. The only gross symptom ob-
served over a period of 7 weeks was a slight
kyphosis detectable by careful palpation or
by roentgenological examination. Rats re-
ceiving 0.5% cystamine - 2HC1 exhibited an
immediate loss in weight and some died within
one week on the diet. Those that survived
12-14 days or longer had spinal curvatures.
prominent. palpable exostoses on the man-
dibles, and showed marked skeletal lesions
both grossly (Fig. 1) and microscopically.
Only 1 of § rats survived beyond 19 days on
this level. On a 0.4% level, 1 rat in 6 sur-
vived beyond 24 days. At 0.3%, all rats sur-
vived beyond 5 weeks at which time some of
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animals were sacrificed. All rats on 0.3%
and 0.49% levels developed gross skeletal
changes typical of osteolathyrism, palpable
skeletal lesions becoming detectable in about
3 weeks and 2 weeks respectively at these
levels.

Histopathologically, similar aortic and
skeletal lesions were observed in both groups
of animals. Although no gross aneurysms
were seen in aortas of any rats fed mercapto-
ethylamine or cystamine, aortas of animals in
both groups showed swelling and degenera-
tion of tissues between elastic fibers of the
media. In most animals the elastic fibers re-
mained intact. Some showed multiple small
areas of destruction involving the outer 23
of the media and sparing the inner portion.
All elastic fibers were destroyed in these areas
with considerable replacement by collagen.
These changes (Fig. 2) were similar to elas-
tolytic changes observed in the aortic media
of rats and mice receiving sweet peas or
BAPN(6,7,8,9). In the aorta of one rat re-
ceiving mercaptoethylamine + HC], calcium
deposition had taken place in areas of medial
destruction. No evidence of dissecting hemor-
rhage or aneurysm was seen in any of the
animals.

Periosteal lesions were observed in all speci-
mens from both groups. These showed: 1,
fibroblasts with collagen formation, 2, osteo-
blasts with osteoid formation, 3, chondro-
blasts with cartilage formation, 4, basophilic
granules or globules in new bone and cartilage
matrix (Fig. 3). Similar changes have been
produced by sweet peas, BAPN, and amino-
acetonitrile(10,11,12,13). Extensive recent
hemorrhage in the proliferating periosteum
was seen in one animal receiving cystamine ¢
HCI. Periosteal hemorrhage has been re-
ported in rats fed sweet peas(14).

Changes observed in the epiphyseal carti-
lage were: 1) irregular thickening and broad-
ening of the plate, 2) balloon degeneration of
cartilage cells, 3) abnormal proliferation of
cartilage cells, 4) disruption of parallel rows
of cartilage cells to form irregular groups or
masses, 5) fibrillar degeneration of cartilage
matrix, 6) areas of complete destruction of
both cells and matrix with space or cleft for-
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FIG. 1. Rat femurs and mandibles, left to right: normal; .45% g-mercaptoethylamine « HCI,
22 days; .5% cystamine - 2HCI, 22 days; .45% g-mercaptoethylamine, 84 days.

FIG. 2. Aorta of rat receiving .49 merecaptoethylamine - HCI for 37 days. X 200.

FIG. 3. Periosteal proliferation in same rat as Fig. 2. X 300.

FIG. 4. Epiphyseal cartilage in rat receiving .5% cystamine « 2HCI for 22 days. X 300.

mation (Fig. 4). Sweet peas, BAPN and
aminoacetonitrile produce similar changes
(11,12,15).

Specimens from all experimental rats ex-
amined showed fatty transformation of bone
marrow. This was generally more evident in
the epiphysis than the metaphysis. Fatty
transformation of bone marrow has been de-
scribed as an occasional finding in osteo-
lathyrism induced by feeding sweet peas(14).
In osteolathyrism resulting from ingestion of
semicarbazide, fatty transformation of bone
marrow is even more marked than when mer-
captoethylamine or cystamine is fed (unpub-
lished).

In the joint proper, no definite changes in

synovial membranes or articular cartilage were
observed.

No hernias were seen. However, the inci-
dence of hernias in hundreds of rats receiving
sweet peas or BAPN has been well under 1%
in contrast to its high incidence in other lab-
oratories(6,16).

Discussion. The fact that gross skeletal
lesions and histopathological changes in peri-
osteum, epiphyseal cartilage, and aortic me-
dia of rats fed B-mercaptoethylamine « HCI
or cystamine « 2HCI seem identical to lesions
observed in rats fed sweet pea toxin (BAPN)
appears to indicate that the syndromes are
identical. The use of the term osteolathyrism
(13) for these conditions therefore seems jus-
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tified. Whether these different substances af-
fect the same specific metabolic reaction or
act at different points in the same metabolic
sequence remains to be determined. There
are, however. differences between manifesta-
tions of mercaptoethylamine or cystamine
toxicity and those produced by osteolathyro-
genic nitriles. The former have a much nar-
rower range of osteolathyrogenic activity be-
tween lethal and totally ineffective levels.
Aortic lesions were also much less severe
when compared on the basis of severity of
bone lesions. In fact. no evidence of dissec-
tion or aneurvsm formation was observed in
any animals.

Since B-mercaptoethylamine (cysteamine)
and cystamine are readily interconvertible by
oxidation and reduction respectively. it is
likely that the in vivo toxic compound is the
‘same in both instances. The more consistent
results obtained with cystamine are probably
due to its greater stability in the diet.

In view of our findings. the results of tox-
icity experiments reported by Bacq(17) are
entirely inexplicable. He fed cystamine -
2HCT at levels up to 19 for periods up to 2
months. His rats grew well and showed no
symptoms of lathyrism. Although his rats
were somewhat larger than ours. our experi-
ence with cystamine would lead us to expect
a high mortality and 1009 incidence of os-
teolathyrism in rats surviving as long as 2
weeks.

Summary. The osteolathyrogenic action of
B-mercaptoethylamine (cysteamine), when
fed to rats as the hydrochloride, was con-
firmed. Cystamine was found to have simi-
lar properties. Gross and microscopic skele-
tal changes were similar to those produced by

MERCAPTOETHYLAMINE AND CYSTAMINE IN LATHYRISM

osteolathyrogenic nitriles. Aortic lesions were
much less severe than when B-aminopropioni-
trile is fed, but medial swelling and lysis of
elastic fibers were observed. These substances
showed a narrow range of osteolathyrogenic
activity, a dietary level of 0.2% cystamine *
2HCI causing only very slight spinal curva-
tures, while a level of 0.5% was rapidly lethal
to most animals.
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