PREVENTION OF PROGERIA-LIKE SYNDROME

infusion of calcium chloride.

Although in the present study, direct meas-
urements of the diffusible calcium were not
obtained, the previous investigation(1) did
not demonstrate a significant difference be-
tween the per cent diffusible calcium in in-
dividuals receiving infusions of calcium glu-
conate and calcium chloride. However, the
accuracy of ultrafiltration technics are such
that small, but possibly physiologically sig-
nificant, changes in per cent diffusible cal-
cium could not be detected. If the diffusible
component of serum calcium were slightly
greater during the calcium gluconate infusion
this would contribute to the differences ob-
served between the two salts in the present
study.

Following infusions of calcium gluconate
in man there is a rise in urinary organic acid,
primarily gluconate(7). It has been sug-
gested that the gluconate ion may restrict the
reabsorption of calcium from the tubular fluid
(3), and this is the most likely explanation
for the greater clearance of calcium during
the gluconate infusion,

Summary. A calcium infusion of either the
chloride or gluconate salt raised the filtered
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load of calcium an equivalent amount. At
comparable filtered loads the clearance of cal-
cium during the infusion of calcium gluconate
was higher than during the infusion of cal-
cium chloride. The interpretation of results
of tests utilizing calcium infusions should take
into consideration the type of calcium salt in-
fused.
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Calciphylaxis enables the organism to de-
posit calcium selectively in certain areas.
Thus, following pretreatment with parathy-
roid hormone or dihydrotachysterol (DHT),
various calciphylactic challengers (egg white,
metals, serotonin, etc.) can induce selective
calcification—often with inflammation, sclero-
sis, necrosis or degeneration—-in the skin,
muscles, cardiovascular system, pancreas,
salivary glands, or uterus. The phenomenon
represents an induced hypersensitivity reac-
tion to certain compounds not known to be
antigenic in the usual sense(1-5).

* Fellow of U. S. Nat. Inst. Health.

However, under given circumstances, calci-
phylaxis can also exert a considerable pro-
phylactic effect against certain toxic com-
pounds. Thus, the fatal generalized soft-tis-
sue calcinosis, normally induced by acute
overdosage with DHT, fails to occur if a cal-
ciphylactic challenger is brought into contact
with a large connective-tissue surface. For
example, if, after sensitization with DHT, al-
bumen or iron compounds are injected into
a subcutaneous air sac (granuloma pouch
technic), enormous amounts of calcium pre-
cipitate in the directly challenged area and
are thereby deviated from the more vital or-
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gans (heart, kidney), in which they would
otherwise produce fatal damage(6).

Chronic DHT-intoxication causes no gen-
eralized soft-tissue calcinosis, but a syndrome
reminiscent of progeria. There is marked ca-
tabolism, loss of appetite, muscular weakness,
wrinkling of the skin with loss of hair, cata-
racts, dental decay, collapse with calcifica-
tion of intervertebral discs and kyphosis, but
gross calcinosis is limited to the arteries and
some cartilages (ribs and larynx). The ques-
tion arose whether calciphylaxis could also
protect against this progeria-like syndrome
and, if so, whether such a prophylactic effect
could be accomplished without any massive
calcium deposition in a directly challenged
area.

Materials and methods. Twenty female
Holtzman rats with a mean initial body
weight of 215 g (range 200-228 g) were sub-
divided into 2 equal groups, both of which re-
ceived dihydrotachysterol, or “DHT” (Cal-
camin®, Wander) at the dose of 50 ug in 0.5
ml corn oil per os daily. Group 1 received no
other treatment. Group 2 was given, in ad-
dition to DHT, a preparation of ferric hy-
droxide with dextran, or “Fe-Dex” (Im-
posil®, Benger) in amounts equivalent to 50
mg of metallic iron in 1 ml water i.p. every
5 days, beginning on the fifth day after initia-
tion of DHT treatment. The rats were kept
on ground ‘“Purina Laboratory Chow” and
tap water. The food had to be ground be-
cause the animals receiving no Fe-Dex soon
developed dental anomalies, which prevented
them from chewing the hard Purina cubes.
All survivors were killed on the 50th day.
Representative specimens from various or-
gans were fixed in alcohol-formol (4 parts of
absolute alcohol and one part of 10% for-
malin) for subsequent embedding in paraffin
and staining with hematoxylin-phloxine (gen-
eral structure), PAS (hyaline deposits), me-
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thylene blue (metachromatic material), Prus-
sian blue (iron deposits) and celestin blue as
well as the von Kdssa technics (calcified foci).

Results. During the first 10 days of the
experiment, the animals of both groups lost
approximately 30 g of body weight. Group 2
soon regained and in many instances even ex-
ceeded their original weight. Group 1 con-
tinued to lose weight during the entire obser-
vation period and, under the influence of
DHT alone, the skin became wrinkled, the
hair ruffled and sparse, the incisor teeth de-
veloped malocclusion and became separated
along the midline, while the gingivae showed
erosions, often exposing the proliferating edge
of the alveolar processes. In addition, every
animal of this group developed a pronounced
xiphosis in the lower thoracic region and the
deformed spinal column could not be reduced
even by strong pressure (Fig. 1). Six ani-
mals of Group 1 died and the survivors were
moribund by the end of the experiment; one
rat developed a cataract. Conversely, the
rats of Group 2 remained in perfect health
and showed no visible anomaly apart from
the brownish discoloration of the skin charac-
teristic of iron deposition and occasional ab-
scesses in cervical lymph nodes.

At autopsy widespread calcification with
dilatation and hardening was observed not
only in the aorta but in the entire arterial sys-
tem (bamboo stick vessels) of every rat in
Group 1. The coronary arteries were also
markedly affected, while the cardiac muscle
itself as well as the skeletal musculature and
the renal parenchyme—all of which show ex-
tensive metastatic calcification as a result of
acute DHT-overdosage—remained free of
macroscopically visible calcium deposits.
There was also intense calcification in the
costal cartilages, xiphoid cartilage, trachea,
vocal cords and intervertebral discs. The lat-
ter became very narrow and rigid, especially

TABLE I. Prevention by Caleiphylaxis of (‘ironie Dihydrotachysterol Overdosage.

Gross ealeification
(arbitrary seale: 0 to 3)

Body wt (g) G.I. Mortality
Group  Treatment Initial TFinal Heart Vessels Kidney tract (%)
1 DHT 214.6 + 2.78 108.8 + 1.44 3 3 0 1 60
2 DHT + Fe-Dex 2154 + 2.19 227.6 + 3.20 0 0 0 0 0
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in the region of the kyphosis. Throughout
the skeleton there was marked osteosclerosis
with both endosteal and periosteal prolifera-
tion but, apart from Monckeberg sclerosis of
the arteries, soft-tissue calcification was vir-
tually limited to the smooth musculature and
the mucosal stroma of the stomach. None of
these lesions could be detected in any of the
animals that received Fe-Dex in addition to
DHT.

Histologic study confirmed the predomi-
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nantly arterial localization of the calcinosis
in Group 1, while in Group 2 the arteries were
either free of calcium or contained only dust-
like, minute granules of von Kossa-positive
material, usually in close asscciation with
Prussian-blue-positive iron deposits, masto-
cytes and free metachromatic mastocyte
granules (Fig. 1).

Discussion. Most of the early work on cal-
ciphylaxis was concerned with the production
of soft-tissue calcification. Only when, using

FIG. 1. Prevention of DHT intoxication by Fe-Dex. A: General appearance of a rat from
Group 1 (DHT alone). Marked kyphosis. Pelvic bones and ribs visible through wrinkled, in-
elastic skin, B: Rat from Group 2 (DHT -+ Fe-Dex) of essentially normal appearance. Both
these rats were shaved for better visnalization of body. C: Aorta near arch and E: Left cir-
cumflex coronary artery of rat treated with DHT alone shows intense calcinosis and distortion.
D and F: Corresponding vessels of rat treated with DHT 4 Fe-Dex are essentially normal, but
adventitia contains many iron-storing (here dark) phagoecytes and mast cells. (All sections
von Késsa X 84.)
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the granuloma pouch technic, extensive areas
of connective tissue were exposed to chal-
lengers, was it possible to show that the re-
action can also protect against the general-
ized calcinosis of acute DHT-overdosage.
However, there, the prophylactic value of the
response was attributed merely to a shift of
the available calcium to the challenged gran-
uloma-pouch area, leaving no calcium salts
available for deposition elsewhere. By con-
trast, in the present experimental series a pro-
phylactic effect was obtained without produc-
ing a calcium-fixation focus. Here, the intra-
peritoneally injected iron, administered in the
readily diffusible and absorbable form of Fe-
Dex, did not cause any selective massive chal-
lenge and calcium fixation at the injection
site; it formed innumerable minute iron de-
posits fairly evenly distributed throughout
the body, but none of these was apparently
so much larger than the others as to compete
with them successfully by attracting unab-
sorbable massive deposits of calcium salts,
It should be mentioned, incidentally, that it
is quite possible that challengers other than
Fe-Dex may possess a similar effect, but up
to now neither dextran alone nor any of the
iron preparations tested (e.g., ferric oxide
saccharate, FeCls, FeCly) equalled the highly
diffusible Fe-Dex in this respect.
Histochemical observations revealed that
the iron granules are phagocytosed by count-
less reticulo-endothelial cells and fibroblasts
in all parts of the organism, especially in and
around metachromatically staining mastocyte
granules. It has been shown that phagocy-
tosis of other particulate substances (e.g., In-
dia ink or even calcium granules) also tends
to occur in the vicinity of disrupted masto-
cytes(1). The protection offered by Fe-Dex
against DHT-intoxication might be due to
formation of innumerable “calcium turnover
points” at sites where minute iron granules
are deposited under the influence of masto-
cytes. This hypothesis is still far from being
proven, but if it were correct, it would explain
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the prevention of massive organ calcification
by the widespread distribution of calcium to
numerous dust-like granules, from which it
can be easily mobilized for subsequent excre-
tion, without formation of massive unabsorb-
able deposits at any one point.

The many similarities between chronic
DHT-intoxication and the clinical syndrome
of progeria in children (Hutchinson-Gilford
syndrome) and adults (Werner’s disease) has
often been emphasized. Both in the child and
in the adult progeria is frequently accom-
panied by wrinkling of the skin, cataracts and
Monckeberg’s sclerosis of the arteries, as
shown by the many case reports which we
have recently surveyed(1). These similari-
ties in appearance do not prove any funda-
mental relationship in pathogenesis, but it is
noteworthy that experimentally produced
manifestations of this type can be consis-
tently prevented by a calciphylactic technic.

Summary. Experiments on rats indicate
that the syndrome of chronic intoxication
with dihydrotachysterol (DHT), including
mortality, the Monckeberg-type of arterio-
sclerosis, the loss of weight, and the loss of
skin elasticity, can be prevented by repeated
intraperitoneal administration of ferric hy-
droxide with dextran (Fe-Dex).
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