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INTRODUCTION

The increase in the use of vitamin D as a feed additive
and as a readily available therapeutic agent has also in-
creased the danger of the overuse of this vitamin. There-
fore, the possible toxic effects of vitamin D become
increasingly important in the dlagnosis and treatment of
animal disease conditions.

In animals, the primary source of natural vitamin D is
in the action of the uvltra violet rays of the sun upon the
sterols contained in the epidermis, Reed et al. (1939). It
is obvious, then, that the vitamin D made available to an
animal varies with the weather, cloud cover, exposure to
sunlight, animal covering, and the season of the year. The
ingestion of animal, fish or vegetable nutrients can further
vary the amount\of vitamin D made available to a given animal.

The feed industry, in an attempt to stabilize the amount
of known vitamin D that 1s available to an animal, has in-
cluded in their formulation of supplements, concentrate, and
complete feeds various forms of vitamin D. Through advances
in manufacturing techniques the industry has developed
vitamin D supplements1 that contain as much as 80,000,000

units of vitamin D, for each pound of base.

2
Injectable products are available which contain 1,000,000

llrradiated Dry Yeast type 178F. Standard Brands, Inc.,
New York, New York.



units of vitamin D per gram, Reed et al. (1939, p. 3). One
gram of this substance contains enough vitamin D2 to supple-
ment the diet of a 100 pound calf for approximately 3,333
days.l

It is fortunate that the range between the therapeutic
dose of vitamin D and the known amount which produces dis-
turbahces in the body is larger than any known potent
pharmaceutical.

Little work has been done on the effects of vitamin D2
in the young calf since the work of Duncan (Duncan and Huffman,
1934). Yet there is clinical evidence to indicate that vita-
min D2 intoxication may be a complicating factor in disease
conditions of the young calf.3

This study was undertaken to determine what possible
effects high levels of vitamin D had on the young calf. The
objectives were to establish a basis for further studies in
regard to clinical diagnosis, histopathologic characteris-

tics, radiographic characteristics, and clinical pathologlc

characteristics.

1The National Research Council recommends the supple-
mentation of 300 I.U. of vitamin Dy to each 100 pounds of body
weight, National Research Council %1958).

2Clinically'up to 1,000,000 units of vitamin D have been
used in so-called shock therapy and no 111 effects observed,

Reed et al. (1939, p. 430).
3Stange Memorial Clinic hospital case number 09649.



REVIEW OF LITERATURE

It is unfortunate that during the early work on vitamin D
and in the experimental work that followed, the unit of
dosage varied and the defined limits of the amount of vita-
min D active product used were confusing. Thls made inter-
pretation of the results of the experimental effort almost
impossible. It was not until the League of Nations Health
Organization established the vitamin D standard unit in 1935
that interpretation of experimental results could follow a
definite pattern, League of Nations Health Organization
(1935).

For this reason the literature review is divided into

two sections -- work prior to 1935 and work since that time.

Part I. Cited Work Prior to 1935

Early recognition that large amounts of cod liver oil
would cause alterations in the metabolic pattern of animals
followed soon after the discovery of the antirachitic property
of the unsaponifiable fraction of the oll by Zucker and
others, Zucker et al. (1922).

The earliest reference to knowledge on the toxic limit
of irradiated ergosterol was made by Rosenheim and Webster who
reported that 10,000 times the effective dose for rickets was
not lethal to rats, Rosenheim and Webster (1927). Kreitmair
and Moll using what was termed tremendous doses described

pathologlical findings for several species and observed



n

differences in species susceptibility, Kreitmair and Moll
(1928). Varela and his collaborators observed that rats

died within 6 weeks when fed a high calcium rickets pro-
ducing diet, plus 50,000 times an overdosage of activated
ergosterol, Varela et al. (1930). Harris and Moore in 1928
noted that rats receiving .1% irradiated ergosterol in their
dally diet lost weight rapidly and were dead after a period
of 20 days. They demonstrated that 1000 times the anti-
rachitic dose was harmless to rats, whereas 100,000 times the
antirachitic dose was rapidly fatal, Harris and Moore (1929).
Light and his associates stated that 100,000 times an over-
dosage was fatal, while 10,000 times the antirachitic dose
had no effect on growth, Light et al. (1929).

In 1930 Bills and Wirick in a long term study involving
large numbers of rats from infancy to maturity found that
1000 times the overdosage was rarely harmful, 4000 times the
overdosage definitely injurious and 40,000 times the over-
dosage definitely toxic to rats on a "normal" diet, Bills and
Wirick (1930).

That the composition of the diet exerts an important
influence upon the effects produced by vitamin D was stated
and confirmed by numerous authors. Calcium salts and high
calcium intake seem to increase the severity of the lesions
produced, Bills and Wirick (1930), Harris (1930), Hoyle
(1930a, b), Duguid (1930a), Harris and Innes (1931), Jones

et al. (1930), Shelling (1931), Hauch (1934),
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Gough et al. (1933), and Underhill (1928).

Toxic levels

Man As much as 40 times the ordinary dose of
irradiated ergosterol has been adminlstered to babies for
periogs of six months with no adverse effects other than a
tendency toward colic and constipation, Hess et al. (1930).
The before mentioned authors did note an increase in appe-
tite over this period, Hess et al. (1930). Three hundred
times the normal dose was administered to patients for
several days to correct parathyrold tetany with the tetany
being alleviated and no toxlc symptoms being observed,

Reed and Seed (1933). It has been shown that doses this
large given to apparently normal adults can induce mild
toxic effects when continued for several weeks, Rappaport
and Reed (1933). These results were confirmed by other
workers, Crimm (1932), Crimm et al. (1933). These inves-
tigators working with tubercular patients found that 150
times the overdosage, continued for a period of time,
resulted 1n a hypercalcemla; further treatment caused toxic
symptoms, Crimm (1932), Crimm et al. (1933).

Shelling and Hopper found that the production of toxiec
symptoms depends upon the daily dosage, duration of dosage,
route of administration, calcium and phosphorus content of
the diet, age and physical activity of the subject, individual

variation in susceptibility and other unknown factors,
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Shelling and Hopper (1934), Bills (1935). In general, the
toxic effects appear at approximately 200 times the ordinary
dose if administered daily over several weeks, Crimm (1932),
Reed and Seed (1933).

The exact lethal dose for man is not known. Large
doses were given by various workers to treat hay fever,
impotency and other ailments. These doses approximated 920
times the ordinary dose of irradiated ergosterol. These
doses produced no cases of serious poisoning, Rappaport and
Reed (1933), Reed (1934). Larger doses were administered
by Spies and Hanzal to terminal patients. The maximum
given was about 6,000 times the ordinary dose, Spies and
Hanzal (1934). This produced a hypercalcemia but no calci-
fication of the tissues, Spies and Hanzal (1934).

Other species Kreitmair and Moll compared the sus-

ceptibility of rats, mice, guinea pigs, rabbits, cats, dogs,
chickens and axolotls. They found that cats and rabbits

were the most sensitive, with chickens and axolotls extremely
resistant, Kreitmair and Moll (1928). Others have compared
rats, mice, chickens, gulnea pigs, rabbits, cats and dogs.
The order of listing 1s the usual order of their increasing
susceptibility, Taylor et al. (1931). The above authors

also stated that the young seemed to be more susceptible

than the old, Taylor et al. (1931). This was confirmed by
Harris and Moore, Harris and Moore (1929). Hauch, however,

felt the older animal to be more susceptible, Hauch (1934).



Freeman and Farmer found that 26,000 rat units were toxic

to rabbits 1f administered for 15 days or longer, Freeman
and Farmer (1930). Reed, in an experiment with dogs, found
12,000 I.U. per kilo of body weight intoxicated 11 out of 14
in 15 days: at 4,000 units per kilo 7 out of 12 were intoxi-
cated in 15 days, Reed (1938).

Bovine Agduhr noted that calves became apathetic
with a concurrent diarrhea upon being fed .6 to 1.6 cec of
cod liver oil per kilogram of body weight, Agduhr (1927).

The interpretation of his results is difficult, however,
because he was using a proprietary product known as "Vigantol"
which 1s known to contain toxisterol and the toxicity mani-
fested may have been due to this product, Bills (1935).

Duncan and Huffman, in experiments with one to two month
old calves noted that the degree of toxicity of irradiated
ergosterol is partially dependent upon the calcium phosphorus
ratio in the diet. They were able to produce death by feeding
25 ml of Viosterol1 for a period of 27 days, Duncan and

Huffman (1934).

The clinical signs of vitamin D intoxication

Man In man the clinical signs have been described as
a sense of well being with an increased appetite changing to

nausea and loss of appetite. Vomition, cramps, diarrhea and

IMead Johnson, New York, New York.



polyuria follow. Dizziness, muscular weakness, headache,
lapse of memory and occasional numbness are usually associated
with the intoxication, Crimm (1932), Rappaport and Reed
(1933), Reed (1934).

Other species In rats, ilnappetence, diarrhea,

greasy hair coat, failure of conception, reabsorption of
fetdi, failure of growth, loss of body weight, weakness,
labored breathing and convulsive tremors, albumin in the
urine, hypercalcemia, and lack of ovulation have been noted
and recorded by many authors, Pfannenstiel (1928), Harris
and Moore (1929), Light et al. (1929), Harris and Stewart
(1929), Harris and Moore (1929), Ashford (1930), Spies and
Glover (1930), Duguid (1930b), Van Donk (1933).

In rabbits further signs were noted such as spontaneous
fractues, soft pliable ribs and skull bones that were soft
and easily damaged, Schmidtmann (1930).

In dogs, Jones found a hypercalcemia and a greatly
increased water consumption, Jones and Robson (1932),

Light et al. (1931).

Bovine Apathy, diarrhea, polyuria, eczema, cardiac
infections, with a tendency toward diseases of the lungs
were noted by Agduhr, Agduhr (1927). Duncan and Huffman
recorded that symptoms were not particularly noticeable
during the first seven days of their experiment. After that
time the calves became drowsy and apathetic. They became

1ndifférent to food. The feces were soft and contained



some blood but a severe diarrhea was not observed. No

other clinical signs were recorded, Duncan and Huffman

(1934).

Necropsy and histopathologic observations

-Mgg During the early years of the discovery of
vitamin D intoxication there was a lack of reports in the
literature of deaths that might have been caused by
vitamin D.

Other species In the rat, excessive growth of the

incisor teeth has been noted, Light et al. (1929). Grossly
observable calcification of the lungs, kidney, aorta, heart
and pylorus of the stomach, Hojer (1926), Harris and Moore
(1929), Harris and Stewart (1929), Duguid (1934), Hoyle
(1930a, b), Spies (1930), Ashford (1930). The spleen and
thymus were found to be atrophic by Hoyle (1930a, b), Harris
and Moore (1929). Calcareous deposits were found in tne
bladder, Harris and Moore (1929), Harris and Stewart (1929).
The histopathologic alterations of the kidney were observed
to be calcareous deposits in the afferent tubules and cal-
cification in the medulla, cortex, and pelvis, Harris and
Moore (1929), Light et al. (1931), Hoyle (1930a, b), Spies
(1930), Gough (1933).

The heart muscle showed areas of calcification with the
small arterles ol the heart thickened and calcified. There

was one calcified mass obscuring all structural detail of the
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heart, Harris and Moore (1929), Hoyle (1930a, b), Spies
(1930), Shohl et al. (1930), Duguid (1930a, 1934), Shelling
and Asher (1932), Gough et al. (1933). There was calcifica-
tion in the cartilagenous tissues of the lungs, Harris and
Moore (1929), Hoyle (1930a, b), Spies (1930).

The duodenum showed calcification of the reticular
tissues, Harris and Moore (1929). Further, calcification of
the ovaries and adrenals was noted by Spies and Glover
(1930).

The aorta and smaller arteries were extensively calci-
fied, Vanderveer (1931), Harris and Innes (1931), Hoyle
(1930a, b), Shohl et al. (1930), Spies and Glover (1930).
Hoyle described the lesions in the aorta in this manner,
"The aorta many times was converted into a severe and brittle
tube"”, Hoyle (1930a, b).

A description of the histopathologic alteration was
given by Harris and Moore as follows: 'The calcareous
deposits were found in the kidneys, heart muscle, pylorus
of the stomach and aorta. There was extenslve calcification
of the tunica media. The small arteries of the heart
muscles were thickened and calcified, and calcified car-
tilaginous tissue was found in the lungs. There was cal-
cium deposition in progress in the small intestine',

Harris and Moore (1929).
In further work Harris and Innes found in addition, the

produétion of densely calcified overgrowth at the ends of
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the long bone and the compact bone became spongy, Harris
and Innes (1931). Vanderveer found that the arterial lesions
observed were not those of a specific type but resembled the
lesions produced by the administration of epinephrine hydro-
chloride, barium chloride, and digitalin. Inflammatory
factors did not seem to be a factor in the involvement,
Vanderveer (1931). Duguid described vitamin D arterial
sclerosis as a muscle degeneration and calcification of
the media resembling that seen in Mbnokeberg sclerosis of
the peripheral arteries of man, Duguid (1934). He further
described the kidney alterations as a chronic nephritis
characterized by hyaline degeneration, a thickening of
Bowman's capsule, atrophy and finally calcification,
Duguid (1934), Hoyle (1930a, b).

The changes in the skeletal tissues were described by
Jones and Robson in 1933. Osteoclasts were found to be
very numerous. The inner surface of the bone was covered by
a thin layer of osteoid. The epiphyseal cartilage was un-
changed. The spongy bone of the metaphysis showed irregular
bony spicules with arecas of resorption. The appearance of
cortical bone and spongy bone was one of osteoclastic
resorption with accompanying new bone formation. In none
of the sections studied did they find filling of defects
with fibrous tissue. Where bone disappeared the defect was
filled with marrow. All animals under the conditions of

their experiment showed a definite reduction in ash content
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of the bone when compared to the controls, Jones and Robson
(1932). Shohl and his co-workers found that chemically
there was a demineralization of bone, Shohl et al. (1930).
Schmidtmann found similar lesions in rabbits, Schmidtmann
(1930). Ham and Lewis, however, found that the prolonged
and excessive feeding of vitamin D to young rats not only
prevents calcificatlion from progressing normally but also
prevents the proper development of the long bones. They
did not feel that osteoclasts were the agency respon-
sible in causing decalcification or in preventing normal
calcification, Ham and Lewis (1934).

Reed and his associates found that the calcium content
of any tlssue 1is significantly increased in rats, Reed et al.
(1933).

Bovine On necropsy, Agduhr found that Peyer's
plagues were enlarged, the red bone marrow atrophied with a
disintegration of the blood forming elements. The spleen
was enlarged and pigmented. The adrenal glands showed a
pigment atrophy which appeared with regularity. There were
ulcerations in the mucosa of the fundus and pylorus. Miliary
hemorrhages were present in the lungs. There was chronic
passive congestion present. Nephrosis was usually present.

Histopathologic alterations were observed in the liver
which showed a central necrosis, yellow atrophy of the liver
cells and a degeneration of the Kupffer cells. The pancreas

contained areas of necrosis. There was a pigment atrophy
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of the heart with vacuolization of the muscle cells. The
lungs showed atelectasis and edema, Agduhr (1927). Duncan
and Huffman found a marked hemorrhagic gastritis. The
kidneys of both calves were soft and enlarged: in addition,
there were large reddish gray spots. One animal had
enlarged lymph nodes along the backbone. No abnormal calci-
fication was discernable upon microscopic examination of the

tissues, Duncan and Huffman (193h).

Radiographic observations

Man Review of the literature did not reveal reports
of any radiographic lesions present in humans as a result
of vitamin D intoxication.

Other species In 1933 Jones and Robson used an

undescribed densitometer to demonstrate the comparative
density of the long bones of rats fed large doses of irra-
diated ergosterol, Jones and Robson (1932). They found an
increase in density at the ends of the long bones of those
animals on a high irradiated ergosterol intake, Jones and

Robson (1932), Shohl et al. (1930).

Physlologic observations

Man and other species Early workers on rickets

realized that vitamin D in some way regulates the passage
of calcium and phosphorus across the intestinal wall,
Harris and Innes (1931), Harris (1932). These investigators

held the view that vitamin D exerts its action by regulating
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the blood calcium and/or phosphate, Harris and Innes (1931).
As the dosage of vitamin D becomes larger and larger, it
would seem that there would be an increased absorption from
the gut and an increased retention by the blood with a sub-
sequent increase in excretion by the kidney, Bills (1935).
Crimm and Strayer found that massive doses of vitamin D
increased both the diffusible and nondiffusible fractions

of calcium in human blood, Crimm and Strayer (1934). Crimm
and his associates reported that soon after the administration
of vitamin D there was a decrease in urinary calcium. This
they felt might be related to renal and bladder stones some-
times associated with overdosage, Crimm et al. (1933). The
increase in urlnary calclum has been noted by many investi-
gators in other species, Dixon and Hoyle (1928), Harris and
Moore (1929), Hoyle and Buckland (1929), and Hoyle (1930a, b).
Ashford found that during hypervitaminosis D there is an
increase in the excretion of inorganic phosphorus by the
kidney and a greatly increased excretion of calcium, Ashford
(1930), Watchorn (1930). According to Shohl, blood serum
calcium was higher in groups of rats receiving irradiated
ergosterol, Shohl (1930). Jones found that dogs developed a
hypercalcemia within two weeks after recelving the first oral
administration of irradiated ergosterol, Jones et al. (1930).
Light et al. reported an increase in blood serum calclium and

phosphorus, Light et al. (1929).
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Bovine Duncan and Huffman did not report a hyper-
calcemia in young calves receiving large doses of Viosterol.
The serum calcium increased moderately within 72 hours after
Viosterol was first fed and then returned to its former
level. This finding was also true of blood phosphorus
levels except that phosphorus seemed to peak at about 24
hours after Viosterol was first fed. All returned to pre-
Viosterol feeding levels after 14 days on experiment, Duncan
and Huffman (1934). They further reported an increase in
urinary calcium excretion, Duncan and Huffman (1934).

Hess and co-workers noted a slight increase in serum
calcium and a marked increase in serum phosphorus in adult
‘cows fed varying amounts of vitamin D, Hess et al. (1932).

The only report of blood cellular element changes comes
from Agduhr who reports a decrease in the number of red
blood cells with an increase in hemoglobin and large numbers
of erythroblasts visable. He further reported an increase
in the number of white blood cells and the appearance of a
large form of a blood platelet. There was an increase in
lymphoéytes with a gradual decrease in polymorphonuclear
cells. If dosing continued for a period of time, a leuko-
penia appeared. The white blood cells decrease to 1/10 the

normal value, Agduhr (1927).
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Part II. Cited Work After 1935
Between 1935 and 1940 there is a pronounced gap in the
literature in regard to intoxications due to vitamin D.
Research seemed to be at a standstill until further interest
in vitamin D intoxication was stimulated by the use of
massive doses of the vitamin for the treatment of infant

rickets and arthritis, Reed et al. (1939).

Toxic levels

Man Danowski and Winkler reported on two cases of
hypercalcemia and renal failure produced by massive doses
of vitamin D for arthritis therapy. The two fatal cases
reported received 50,000 I.U. to 500,000 I.U, daily for 8
weeks, Danowski et al. (1945). These workers cautioned
against administering vitamin D to patients in amounts suffi-
cient to produce hypercaicemia, Danowski et al. (1945). Covey
and Whitlock report that vitamin D causes parencymal degenera-
tion in the kidney when doses greater than 150,000 units per
day are used, Covey and Whitlock (1946). Hyde and Hyde re-
ported on a case of an adult who had taken 200,000 units per
day for 17 months with resultant metastatic calcification and
death, Hyde and Hyde (1947). Other deaths were reported due to
overdosage of vitamin D by the following authors: Bevans
and Taylor (1947), Walsh and Howard (1947), Kaufman et al.
(1947), Donegan et al. (1949), Davies (1960). Anning and co-

workers noted that in a series of 200 patients treated with
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large doses of calciferol, 19 per cent developed intoxica-
tion, with no fatalities reported. A dose of more than
1,100 units per kilogram may cause symptoms indicative of
toxicity, Anning et al. (1948).

Other species A case of hypervitaminosis D in

monkeys at the Radiobiological Laboratory of the University
of Texas and the United States Air Force Base, Austin,

Texas is reported by Kent and co-workers, Kent et al. (1958).
An error in making up the diet of the entire colony of
monkeys caused them to receive excessive amounts of calcium,
phosphorus and vitamin D. A number of deaths resulted

before a diagnosis was established. These animals received
162,000 U.S.P. units of vitamin D per animal per day,

Kent et al. (1958).

Clinical signs

Man In man the signs of intoxication due to vitamin D
are a hypercalcemia, vertigo, nausea, diarrhea, and
generalized renal failure, Davies (1960), Donegan et al.
(1949), Howard and Meyer (1948), Kaufman et al. (1947),

Bevans and Taylor (1947), Covey and Wnitlock (1946). 1In
addition, Walsan and Howard reported crystals in the bulbar
conjunctiva with bilateral band keratitis, Walsh and Howard
(1947), Howard and Meyer (1948).

Other species In monkeys the first clinical evi-

dence of nypervitaminosis D is an increased incidence of
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upper respliratory infectlon and dlarrhea, Kent et al.
(1958). There was a welght loss that was progressive until
the toxic diet was terminated, Kent et al. (1958). 1In
gravid rats it has been found that pregnancy offers some
degree of protection from hypervitaminosis D, Potvliege
(1962). 1In dogs, weakness, lassitude, nausea, anorexia,
polydipsia, polyuria, and diarrhea were the clinical signs
produced by Becks in experiments to determine the effect of
high doses of vitamin D on the dental structure, Becks
(1942). These clinical signs were produced while giving the
dogs 10,000 I.U. of vitamin D per kilogram of body weight
per day, Becks (1942). Dogs in another experiment showed a
32-61 per cent loss in body weight, Mulligan and Stricker
(1948).

Bovine Greig noted that when 20 ml of a water

miscible preparation of vitamin D, was given to dairy cows

3
intravenously, they developed a vague discomfort, reduced
appetite and a weak, fast pulse. Later cardiac irregularity
developed. Cardiac output diminished. These signs per-
sisted for a week or more, Greig (1963).

Swan administered orally 10,000,000 units of vitamin D
for 10 days to an adult cow. He observed no clinical symptoms
and no lesions when the animal was killed two months later.

He further gave 20,000,000 units daily for ten days. There

were no symptoms, but lesions of calcification were detected

in thé left heart and aorta when the animal was killed two
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months later. A cow was given 10,000,000 units dally for
three days before calving. There were no symptoms, but
there was a slight calcification of the posterior half of
the aorta when the cow was killed two months later. Upon
subcutaneous injection of equivalent amounts of material,
he noted no symptoms in the animal given 10,000,000 units
of vitamin D but did note lesions of calcification in the
posterior one-half of the aorta. Another animal recelving
20,000,000 units daily for 10 days showed diarrnea, cessation
of lactation and rapid weight loss. The animal was killed
seven weeks after administration of the vitamin D. Lesilons
of calcification were found in the lungs, kidneys, pleura,
peritoneum, both auricles, aorta and pulmonary vein. A
four weeks embryo was present and showed signs of imminent
abortion.

Upon intramuscular injection, an animal receiving
10,000,000 units daily for 10 days falled to show symptoms
or leslons. Another animal received 20,000,000 units of
vitamin D daily intramuscularly for 10 days and conceived
one month after treatment but aborted three months prior to
term. Leslons of calcification were present in the posterior

portion of the aorta, Swan (1952).

Necropsy and histopathologlc alterations

Man The main necropsy and histopathologic observa-

tions in humans was an overwhelming metastatic calcification
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with extensive renal damage, Walsh and Howard (1947),
Donegan et al. (1949), Davies (1960), Bevans and Taylor
(1947), Kaufman et al. (1947), Covey and Whitlock (1946),
Howard and Meyer (1948).

Other species Kent and his co-workers reported that

in monkeys the characteristic lesions found consisted of
mineral deposits with and without associated inflammation.
These deposits were found in kidney, heart, lungs, and, in
two animals the liver was also affected in this manner.

The kldneys of each animal that died showed some mineral
deposition. The earliest lesions consisted of occasional
small deposits in the tubules, often in the basement mem-
branes. As the intoxication progressed, severe lesions were
noted. These consisted of grossly visible yellowish, white
flecks in the cortex which were visible on postmortem
roentgenograms. Microscopically the deposits appeared in the
tubules or the surrounding interstitlial tissue, the thinner
portion of the loop tubules was involved more frequently. No
discernable lesions were found in the proximal tubules and
medullary collecting tubules. Foreign body type giant cells
and mononuclear cells were found most frequently in the
surrounding tissue. In several cases deposits were noted in
the glomerull and walls of small arterles and veins. No
stones were found in the urinary tract. The lungs were

often affected but not as regularly as were the kidneys.

Mineral deposits were seen in the basement membranes of the
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small bronchi and alveolar ducts. The cell types found were
mononuclear and foreign body gilant cells. Further multiple
granulomas were found in many advanced cases. In older
animals laryngeal cartilages were often calcified.
Bronchial cartilages were frequently calcified.

The cardiovascular system showed a greenish yellow
mottling of the myocardium. Myofibril reactlion was demon-
strated microscopically. Lesions were found more fre-
quently on the left ventricle, never in the right atrium.
Mineral deposits were also found in the aortas of many of
the animals. The deposits were in the media along the
elastic fibers. Small vessels were not frequently affected.

The submaxillary sallvary glands were frequently
mineralized. Mineral deposits were also noted in the
mucosa of the stomach in some animals.

No mineral deposits were noted in the pituitary,
thyroid or pancreas. However, laminated deposits were fre-
quently noted in the cortex of the adrenal gland.

Few changes were noted in the musculoskeletal system,
Kent et al. (1958).

In the rabbit, hypervitaminosis D induced widespread
calcification unaccompanied by increase in serum calcium
according to experiments conducted by Elsenstein and others,
Eisenstein et al. (1962).

Experiments in rabblts conducted by Hass and his

assoclates showed that hypervitaminosis D caused the bones to
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become more brittle than normal due to resorption of cortical
bone. It resembled human osteosclerosis. In animals
severely affected, there were calcium deposits in the aorta
and its major branches. The deposits were most frequently
found in the media. Calcium deposits were less frequently
found in the kidneys. Tracheal and bronchial cartilages,
gastric mucosa, and muscle were often rigid and calcified.
Thin plaques of calcium were often found in the mucosa of

the larger respiratory passages.

The deposition of calcium in the heart was associated
with the internal elastic membrane of the coronary arteries,
smooth muscle of the coronary arteries and the fibroelastic
tissue of the endocardium.

The cardiac orifice of the alimentary tract contalned
calcium deposits. The kidneys showed calcification of the
convoluted tubules. There were calcium deposits in the
thyroid and thymus, Hass et al. (1958).

In rats, Thomas and Morgan reported extensive bone
changes in animals fed 400,000 units per kilogram per day.
Examination of the tibia showed some decrease in the zone
of proliferative cartilage due to persistence of calcified
cartilage matrix surrounded by new bone and excessive
osteold tissue. The metaphysis were much wider than normal.
In rats on experiment 14 days, active bone resorption had

rendered the mid-metaphyseal area almost devoid of bone.
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This process was characterized by the presence of partially
destroyed trabeculae, large vascular spaces and numerous
osteoclasts. Throughout the tibla there was abundant
osteoid tissue. These changes were less marked in those
animals on experiment for 7 days.

Rats given 100,000 I.U. per kilogram per day were hyper-
calcemic, but the changes in the bones were much less
striking, Thomas and Morgan (1958).

In 1942 Becks conducted a series of experiments on
dogs to determine the effect of overdosage of vitamin D
on the dental and paradental structures. He concluded
that overdosage of vitamin D leads to malocclusion and mal-
formation of the teeth, osteosclerosis of the jaw bone and
paradental structures. He found the formation of multiple
pulp stones. Further, the marrow cavities were closed by
increased bone formation or amorphous calcium deposits.
There was calcification of the peridental membrane and gum
tissue, Becks (1942), Becks et al. (1945), Hendricks (1947).

In monkeys, Kent et al. reported a significant rise in
serum calcium and phosphorus as well as blood urea nitrogen
in those animals accidentally poisoned, Kent et al. (1958).

Rats showed increased serum calcium levels, Eisenstein
and Groff (1957), Opper (1941), Potvliege (1962), Williams
et al. (1962).

In rabbits, Eisenstein noted an increase in serum

phosphorus but no increase in serum calcium levels,
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Eisenstein et al. (1962).

Swine Quarterman and co-workers made these observa-
tions in swine fed 250,000 I.U. of vitamin D daily: "The
aorta was the only organ that showed microscopic lesions.
These were infrequent and took the form of small irregular
raised areas roughly elliptical in shape and each with a
slightly depressed center. The vascular endothelium remained
smooth and the lesions evidently subintimal."

The microscopic lesions observed by these investigators
were described as follows, "All kidneys from pigs killed at
time O showed pathological depositions of calcium salts in
the cortex and in the medulla. Numerous small foci were
present, most commonly in/or adjacent to the epithelial
cells of the renal tubules. Areas of calcification in the
wall of a tubule were commonly overgrown by epithelial
cells of normal appearance, resulting in the development of
knob-like protuberances into the lumen. There was calcifi-
cation of glomerular capillaries of the epithelium of
Bowmans capsule and also in the interstitial tissue. There
were foci of calcification in the walls of the larger renal
arteries which showed local necrosis of smooth muscle cells
in the vessel wall in the affected areas. The noncalcified
tubular epithelium appeared normal, but cystic dilation of
the renal tubules was common and there was considerable dis-
organization of the renal cortex. There were occaslonal

groups of monohuclear cells and a general enlargement of
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interstitial cells of fibroblast type. Sections stained
by Van Gieson's method showed an early, diffuse fibrosis",
Quarterman et al. (1964). These same investigators found
focl of calcification in the bronchial cartilage, bronchilal
mucosa and the bronchial smooth muscle of all animals
recelving vitamin D. The aortas of two of six pigs showed
calcified areas in the vessel wall. These foci caused a
distortion of the vessel wall but did not affect the endo-
thelium. The hearts of four out of six of those pigs
recelving vitamin D showed cardiac damage. This consisted
of multiple lesions in the coronary arteries'in all chambers
of the heart. The auricles were most severely affected and
the left ventriéle least severely. Adjacent elastic mem-
brane was destroyed.

Clinically the animals showed periods of inappetence,
a poor growth rate and elevated blood citrate and blood
calcium levels, Quarterman et al. (1964).

Bovine Conrad and Hansard, after feeding 5,000,000
units of vitamin D for 5 days to six month old Hereford
calves, observed increased deposition of calcium in areas
of new bone formation and increased calcium deposition in
the kidney and esophagus, Conrad and Hansard (1957).

Mac Donald, after feeding a baby calf 1,000,000 units a day
for 60 days noticed active and fibrosing medullary lesions
in the kidney. Glomerull appeared to be affected. 1In

another calf,; glomerull were severely affected, Mac Donald
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(1958). Cole and his associates reported a case of
Viosterol polsoning in a Jersey cow as a result of over-
dosage of vitamin D in studies on the prevention of milk
fever. The animal was glven 30,000,000 units of Viosterol
per day for 20 days prior to calving, Cole et al (1957).
Hibbs and ‘co-workers reported no increases in serum
calcium or serum phosphorus levels of the blood in cows
fed 1,000,000 units per day of vitamlin D, Hibbs et al.
(1946). When the dosage was increased to 2,000,000 units
per day, there was an increase in serum calcium and phosphorus
values, Hibbs et al. (1946). 1In the latter trial, there was
a concurrent increase in magnesium with the decrease in
phosphorus and calcium, Hibbs et al. (1946). Alkaline
phosphatase is variable under both levels of feeding,
Hibbs et al. (1946). Conrad and Hansard, in six month old
calves fed 5,000,000 units for a 5 day period noted a
transitory increase in blood calcium, Conrad and Hansard
(1957). They did observe an increase in blood phosphorus
which was also transitory and preceded the blood serum
calcium increase, Conrad and Hansard (1957). Greig noted
that inJjections of vitamin D were invarliably followed by an
increase in serum calcium reaching its peak in about 7 days
but returning to normal in two to three weeks. The serum
inorganic phosphorus also increased, reaching a peak in about
14 days and dropping slowly after that time. Serum magne-

sium concentration showed an inverse trend, Greig (1963).
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Blood cellular elements

In monkeys, a decrease 1in erythrocytes and hemogzlobin
occurred during and after the period of excessive vitamin D
intake, Kent et al. (1958), Melville et al. (1960). A
similar finding has been reported in humans, Scharfman and
Proff (1956). Melville and others reported a lower white
blood cell count in monkeys subject to acute hypervitaminosis

D, Melville et al. (1960).
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MATERTIALS AND METHODS

Clinical Materials and Methods

Three groups of six each, uncastrated grade Holstein
male calves ranging in age from three to four days and
weighing from 80 to 100 pounds were purchased from Woodland
Dairy Farms, Skory City, Iowa.

The calves had all received colostrum for three days,
were weaned and transported to the Stange Memorial Clinic on
the third or fourth day after birth.

As the calves were unloaded from the truck they were
selected at random to determine whether they would be con-
trols, high level (1,250,000 I.U, of Vitamin D2 per day) or
low level (300,000 I.U. of Vitamin D, per day). Two calves
were placed in each classification (two controls, two low
level, two high level). The experimental number was tattooed
on the inside of the left ear. The calves were started on
treatment 12 hours after being placed on experiment (Figure 1)

Upon arrival they were given a complete physical examina-
tion which consisted of the followlng:

I. General appearance

A. Behavior
B. Condition
C. Posture

D. Locomotion

E. Visible deformities
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Department of Amount of vitamin Number of

Experimental pathology Do adminlistered days on
number number per day experiment
il 64-P-853 1,250,000 I.U. 14
2 64 -P-854 300,000 I.U. 14
3 64 -P-855 CONTROL 14
0 64-P-856 1,250,000 I.U. 14
5 64 -P-857 300,000 I.U. 14
6 64-P-858 CONTROL 14

64 -P-859 1,250,000 I.U. 28
o4 -P-860 1,250,000 I.U. 28
9 64-P-861 300,000 I.U. 28
10 6l -P-862 300,000 I.U. 28
11 64-P-863 CONTROL 28
12 - 64-pP-864 Calf died on experimental day 2
13 64 -P-865 1,250,000 I.U. 56
14 64 -P-866 1,250,000 1I.U. 56
15 64-P-867 300,000 I.U. 56
16 64-P-868 300,000 I.U. - 56
17 64 -P-869 CONTROL 56
18 64-P-870 CONTROL 56

Figure 1. Identification of experimental calves
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F. Appetite

G. Mastication

H. Rumination

I. Weight

Physical inspection

A. ﬁectal temperature

B. Pulse
C. Head
1. Mouth
2. Salilvation
3. Breath
4., Teeth
5. Tongue and pharynx
6. Eyes
T. Ears
8. Poll
9. Intermandibular space
10. External lymph glands
11. Nostrils
D. Neck
1. Jugular pulse
2. Prescapular lymph nodes
3. Larynx
E. Thorax
1. Heart

a. Rate
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b. Character
c. Abnormal sounds
2. Respiration
a. Rate
b. Character
c. Abnormal sounds
Abdomen
1. Size
2. Ausculation
a. Right paralumbar fossa
b. Left paralumbar fossa
3. Palpation
4. Prefemoral lymph nodes
5. Umbilicus
Skin
1. Hair coat
2. Parasites

3. Condition

Testes
1l. Shape
2. Size

Feet and legs

1. Joints

2. Abnormallties
Character of feces

Character of urine
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The calves were housed in pens four feet wide by ten feet
long. Two calves, each receiving the same level of vitamin
D2, were put in each pen. They were bedded with a liberal
guantity of mixed wood shavings which were cleaned of gross
debris twice daily. The calves received fresh water, changed
twice daily, ad libitum. A good quality alfalfa-brome grass
hay was fed free choice after the first seven days on
experiment. A grain mixture designed by Iowa State University
Department of Animal Science for use in a dairy calf heifer
replacement program was weighed and fed ad libitum after the
first seven days on experiment, Van Horn and Jacobson (1963).
The milk replacer was purchased through a commercial source
and fed according to the directions on the label.

The vitamin D2 used in this experiment wag obtained from
Standard Brands, Inc. and designated type 178F containing

80,000,000 international units of vitamin D_ per pound.

2
The determined daily dose of vitamin D2 for each calf was
weighed, placed in a gelatin capsule and administered with

a balling gun. The controls received empty gelatin capsules.

The vitamin D was given lmmediately after each morning's

feeding of milk replacer.

1Doughboy calf milk replacer - Formula number 308,
Doughboy Industries Inc., Ames, Iowa.

2Standard Brands, Inc., New York, New York. Potency con-
firmed by Pnharmatox Laboratories, Ames, Iowa.
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All utensils, water and feed containers used for the
calves, were washed with soap and water, rinsed with hot
water and immersed in a 1:1000 solution of chlorhexidine.l

The milk replacer contained twenty per cent milk pro-
tein, twenty per cent fat, 20,000 I.U. of vitamin A per
pound’, 50 grams of chlortetracycline per tonz, and 4000 I.C.
units of vitamin D3 per pound. The specific ingredients
of the milk replacer were dried skim milk, dried buttermilk,
animal fat (preserved with butylated hydroxyanisole, propyl
gallate, citric acid, prophylene glycol), soy lethicin,
vitamin A palmitate (in gelatin) D-activated animal sterol
(source of vitamin D3), dicalcium phosphate, riboflavin,
niacin, D pantothenic acid, vitamin B12 supplement, vitamin E
supplement, 0.25 per cent salt, choline chloride, copper
oxide, cobalt carbonate, calcium iodate, ferrous carbonate,

zinc oxide, and dried whole whey.

The directions on the label for feeding were:

Age of calf Cups of Pints of
milk formula warm water
5-7 days 1 2
8-14 days 1 2
15-21 days 1 2 1/2
22-28 days 1 3
29-34 days X 3
35-37 days 1 3
38-56 days i 3

1Nolvasan, Fort Dodge Laboratories, Fort Dodge, Iowa.

2Aureomycin, American Cyanamide Inc., Princeton,
New Jersey.
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Thesé amounts were fed twice daily.

In general, the feeding and management instructions
were followed as set forth in the cooperative extension ser-
vice pamphlet 253, Van Horn and Jacobson (1963).

The pens were of the open variety constructed of two
feet by ten feet wood planks with four inches of spacing
between each plank. The door closure was solid core three-
fourths inch construction plywood. The size was four by
ten feet with a small hay manger in one end. Two calves
were placed in each pen. The building in which they were
kept was heated by a steam blower and kept at a temperature
of 560 F. There were six windows and a large door the
width of one end of the bullding, which was half glass panes
eight inches by eight inches square.

Two calves from each group were placed on 1,250,000 I.U.
of vitamin D2 per day per os. Two were placed on 300,000 I.U.
of vitamin D2 per day per os. Two calves were designated as
controls and received the basal ration plus an empty gelatin
capsule per os.

Calves from Group I were kept on experiment 14 days.
Calves from Group II were kept on experiment 28 days. Calves
from Group III were kept on experiment for 56 days.

The calves were killed and necropsied the day following
the last dose of vitamin De. In the first group, final
physipal examination, clinical laboratory procedures and

radiographic examination were concluded approximately eight
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hours before necropsy. These animals were killed on day 15
of the experiment. For Group II and III the same procedure
was followed. However, they were killed and necropsied on

the 29th and 57th days respectively.

Radiographic Materials and Methods

Radiographs were taken of all calves prior to the
initial administration of vitamin DE’ at each weekly physical
examination and immediately after termination of the experi-
ment. The areas radiographed were the radius and ulna,
carpus and metacarpus of the left leg, anterlior-posterior
view.

A Picker Meteor x-ray machinel, style F10 was used to
take the radiographs. Par speed intensifying screens mounted
in cassettes were utilized. Kodak medical x-ray film2 was
used in all insﬁances.

The time-temperature method of development as described
by Carlson was used in processing the film, Carlson (1961).
The films were fixed for at least one-half hour and washed

3

for at least one hour before being dried~.

lPicker X-Ray Corporation, White Plains, New York.

2Eastman Kodak Company, Rochester, New York.

3All radiographs were developed by Mrs. Ellen Houser.
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The radiographs were taken with the calves in a
standing position and from an anterior posterior view.l

A densitometer was used for all radiographs after the
first series of pilctures of Group I calvesg. (Figure 2).
For purposes of radiographic study the radiolucent area
between the metaphyseal side of the diaphysis and the distal
epiphysis of the left ulna was measured. Cortical thick-
ness measurements were taken of the left large metacarpal
bone (mec 3 and 4) at a point half the distance in length
and opposite the fusion of the third and fourth metacarpals.
The measurements were made at the thickest part of each
cortex of the radiographs of the left metacarpus and the
results averaged. Density measurements were taken with a

3

Densometer Photometric Scale™.

Pathologic Materials and Methods

Necropsy procedure

Each animal was destroyed by electrocution and exsan-
quinated by an incision in the right Jjugular vein.
Samples of tissue were taken from the distal end of the

metacarpus, adrenal glands, kidneys, aorta (abdominal and

: |
Radliographs were taken by Dr. Paul Neubauer.
2Emmerson, M. A. Iowa State University Department of
Clinical Sciences. Personal Communication. October, 1964.

3Photove1t Corporation, New York, New York.



Figure 2. Densitometer used to evaluate portions of the
radiographic parts of this experiment. It
consisted of a bar of rolled aluminum, 13
centimeters long and one centimeter wide. The
thickness was graduated in one millimeter steps

and progressed from 1 millimefter up to 12 milli-
meters in depth
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thoracic), liver, proximal end of the tibia, costochondral
junction of the 5th and 6th rib, right central incisor
tooth, parathyroid glands, thyroid gland, pituitary gland
and thymus gland. These were immedlately placed 1n a solu-
tion of 10 per cent buffered formalin. Tissues were left
in this solution for 10 days. At this time the collected
samples were trimmed and the bone samples placed into
nitric acid decalcifying solution under a negative pressure
of approximately 18 mm of mercury.l The other samples
(1iver, adrenals, pitultary, heart, aorta, thyroids, para-
thyroids, kidneys and thymus) were embedded in paraffin.

After imbedding, samples were cut to a thickness of
six microns. One sample of the soft tissues was stained
with Harris hematoxylin and eosin. A sample of kidney,
aorta (abdominal and thoracic) and heart was stained with
Von Kossa's stain.

VSamples of lung tlssue were preserved, embedded,
stained and examined only if the lung showed gross pneumonic
leslions.

All staining procedures were performed as outlined in the
Armed Forces Institute of Pathology Manual, Armed Forces

Institute of Pathology (1960).

lE. D. Roberts, Assistant Professor, Department of

Veterinary Pathology, Iowa State Universlty of Science and
Technology, Ames, Iowa. A faster method of decalcifying bone.
Personal communication, October 1964.
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Bacterlologic examinations were made only if experimental
animals died during the experiment or showed gross evidence

of' a disease process at necropsy.

Areas of evaluation

For purposes of microscopic evaluation the following
tissues were used: Sections of bone were studied from the
central one-third of the distal end of the left metacarpus,
the central one-third of the proximal end of the left tibia
and the costochondral junctions of the left 5th and 6th rib.
The trabecular portions of the rib were taken from approxi-
mately three inches dorsal to the epiphyseal plate. The
zona compacta of the left tibia was evaluated from pieces
of bone removed three to four inches ventral to the proximal
epiphyseal plate.

Alveolar bone formation and tooth development were
evaluated from sections of the right central incisor tooth.

The articular surfaces were mlcroscopically examined
from the central one-third of the proximal articulating

surface of the tibia.

Clinical Pathologic Materials and Methods
Thorough physical examinations were conducted prior to
placing the animals on experiment, at weekly intervals while
on experiment and at the termination of the experiment.
Included in the examination were blood studies. Thirty ml of

whole blood were taken by an aseptic venipuncture of the
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right Jjugular vein from each calf. Fifteen cc of the blood
were prepared with an anticoagulant and the remaining blood
was allowed to clot at room temperature for one hour and
then refrigerated at 42° F until the following day. The
blood prepared with the anticoagulant was used for PCV,
hemoglobin determination by acid hematin method, total
leukocyte counts and differential leukocyte counts.

The cells were classified according to the Committee
on Classification of Cells and Diseases of the Blood and
Blood Forming Organs of the American Society of Clinical
Pathologists, American Socilety of Clinical Pathologists
(1948).

All tests were performed in duplicate and the results
averaged.

The serum fraction of the nonoxalated blood sample was
used for serum calcium determinations according to the method
of Harper, Harper (1959); inorganic phosphorus according to
the method of Fiske and Subbarow, Fiske and Subbarow (1925);
and serum magnesium based on the method of Hirschfelder,
Hirschfelder (1934). These tests were also run in duplicate
and the results averaged.

Sectlons of the thoracic aorta at the thoracic arch and
the abdominal aorta three to four inches caudad to the aortic

hiatus were examined histologically.

Vacutailner, Becton, Dickenson and Company, Columbus,
Nebraska.
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Further sections for microscopic examination were taken
from the kidney, liver, adrenal gland, parathyroid, thyroid,

thymus, pitultary gland, and heart.
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RESULTS

Radiographic Interpretationsl

The calves in the first group (two weeks experimental
administration of 1,250,000 I.U. of vitamin Dy per day)
showed a progressive reduction in mineral content of the
metacarpals (Me. 3+4). However, one calf (experimental calf
number one) had a greater density in the distal ulnar
epiphysis at the end of the experiment than at the beginning
(Figure 8).

The calves in Group 2 (four weeks of experimental ad-
ministration of vitamin Dy, 1,250,000 I.U. per day) showed an
increased mineralization (increased density) in the area of
the epiphyseal plate on the diaphyseal side. This increased
density began to show at the end of the second week of the
experiment. Thé density increased on each succeeding radio-
graphlc examination and was most pronounced at the end of the
experiment. The epiphyseal plate was beginning to ossify at
the time the last radiograph was taken (four weeks).

Group 2 calves on the low level (300,000 I.U. Dy)
showed a detectable widening of the epiphyseal plate at the
end of the first week of the experiment. This widening con-
tinued through the third week, but began to disappear during

the last week of the experiment. The distal epiphyseal line

i I
All radiographic opinions were confirmed by Dr. M. A.
Emmerson, Dept. of Radiology, Iowa State University, Ames, Iowa.
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of the radius showed signs of closure at the time the last
radiograph was taken (four weeks).

Radiographs of the control calf failed to show widening
of the epiphyseal plate at the distal end of the radius, and
there was no evidence of beginning closure when the experiment
was terminated.

Two calves in Group 3 had a definite widening of the
distal radial epiphyseal plate that began to appear within
two weeks of initiation of experiment. These calves received
high levels of vitamin D, (1,250,000 I.U. per day). In calf
number 13, this widening appeared at the end of the second
week of the experiment, whereas in calf number 14, it
appeared at the end of the third week of the experiment.

The epiphyseal plate was about doubled in width at the
end of the fifth week of the experiment in calf number 13.

In calf number 14, the doubling width of the epiphyseal plate
did not occur until the seventh week of the experiment. The
undulations of the distal radial diaphyseal-epiphyseal
Junction plus the increased width of the epiphyseal plate

made the eighth week radiograph of calf number 13 appear as
though three epiphyseal plates were present (Figures 5 and 6).
This apparent triple plate was not seen in the radiographs

of calf number 14.

Beginning closure of the distal radial epiphyseal-
diaphyseal Jjuncture was radiographically detectable at the

end of the third week .of the experiment in calf number 13,
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but did not become evident in calf number 14 until the end
of the fourth week.

In the two calves receiving 300,000 units of vitamin D2
per day, a well defined epiphyseal zone appeared at the end
of the second week, with a double transverse zone appearing
in the terminal radiograph (end of eighth week of experi-
ment). The beginning closure of the epiphyseal line was
vislble at the end of the third week.

In the control animals, a double epiphyseal density
zone appeared in the radiograph of calf number 17 at the end
of the sixth week. Thls was a sharp clean area without the
waffling effect that appeared in the radlographs of the
animals on vitamin D2 supplementation. In calf number 18,
no double zone was apparent in the radlographs. The beginning
of the epiphyseal line closure was visible at the end of the
fourth week in calf number 17, and at the end of the sixth

week in calf number 18.

Radiographic Measurements
There was no appreciable difference between the width
of the ulnar gap of the control animals and the same area in
those whose diet was supplemented with vitamin DE'
Measurements of the thickness of the shaft cortex did
not demonstrate any marked difference between those calves
on supplemental vitamin Dy, and the control animals (Figures 3

and 4),
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In Group 2, the animals that had been given the highest

level of vitamin D, (1,250,000 I.U. per day) showed a

o (
decrease 1In the density of the cortices as determined by the
use of the densitometer or aluminum step ladder when com-
pared with cortical densities in the control animals

(Figure 4).
Pathologic Results

Macroscopic observations

No gross abnormalities were observed in the skin,
subcutis or speclal sense organs of the calves.

Small pneumonic lesions were seen in experimental calf
number 6 (Pathology number 64-P-858), calf number 1
(Pathology number 64-P-853), experimental calf number 15
(Pathology number 64-P-867), calf number 18 (Pathology
number 64-P-870), and calf number 14 (Pathology number
64-P-866). A severe lobar pneumonia was observed involving
the intermediate, right apical, right cardiac, the ventral
one-half of the left apical and left cardliac lobes of
experimental calf number 3 (Pathology number 64-P-855).
Little evidence of any gross abnormalities was found in
the cardiovascular system except in experimental calf number
16 (Pathology number 64-P-868). A small plaque was observed
in the abdominal aorta. Experimental calf number 18
(Pathology number 64-P-870) displayed a red mottling of the

aorta in the region adjacent to the heart. Experimental calf



Figure 3. Results of density measurements conducted on
Group 3 calves
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Figure 4. Results of density measurements conducted on
control and experimental animals on Group 2
calves
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Figure 5.

Photographic reproduction of radiograph showing
the distal ends of the left radius and ulna,
the carpus and the metacarpals of calf number
13. This calf received 1,250,000 I.U. of
vitamin Do per day for four weeks. Note the
layered appearance (three layers visible) of
the widened eplphyseal-diaphyseal plates at

the distal end of the radius with intervening
areas of increased density (arrow)
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Figure 6.

An enlargement of the radlograph in Figure 5.

A photograph of a radiograph of the carpus of
experimental calf number 13. This calf was

given 1,250,000 I.U. of vitamin Dy per day for

28 days. Note the outlined irregular triple lines
of density in the epiphyseal zone and the
increased density on the epiphyseal side of the
ulnar gap (arrow
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Figure 7.

A photograph of a radiograph of the distal end of
the radius and ulna, carpus and left metacarpus
of experimental calf number 3 - a control animal.
Note the lack of increased density at the distal
ulnar epiphysis as compared to Figure 8



\D




Figure 8.

A photograph of a radiograph of the distal end
of the left radius and ulna, carpus and meta-
carpus of experimental calf number 1. The arrow
points to the area of increased density on the
distal side of the ulnar epiphyseal plate
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Figure 9.

A photograph of a radiograph of the carpus of
experimental calf number 18. This calf was a
control animal. There is a lack of a triple
epiphyseal zone and a decrease in density on

the epiphyseal side of the ulnar gap when com-
pared to calf 13 (Figure 6)
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number 13 (Pathology number 64-P-865) displayed a small
plague on both the thoracic and abdominal aorta. A few
scattered plaques in the thoracic aorta were observed in
experimental calf number 14 (Pathology number 64-P-866).

There were no gross abnormalities detected in the
hemopoietic system.

Experimental calf number 18 (Pathology number 64-P-870)
had a few mahogany colored spots on the liver. A mild
enteritis was observed in experimental calf number 3
(Pathology number 64-P-855).

A focal ulcerative area 10 mm in diameter was observed
at the distal articulating surface of the left radius in
experimental calf number 6 (Pathology number 64-P-858).

The distal metaphysis of the left tibia of experimental calf
number 1 (Pathology number 64-P-853) appeared white in color
with a wide irregular outline.

A generalized white mottling of both kidneys was observed
in experimental calf number 13 (Pathology number 64-P-865),

No gross lesions were observed in the nervous systems

or endocrine systems in any of the calves.

Microscopic alterations

Enchondral ossification

Vesicular zone In the two control animals, the

vesicular zone was even in outline and varied from five to

seven cells in thickness. The cells were arranged in
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columns of neat orderly rows. The blood vessel penetration
of the hypertrophied cartilage cells was in an orderly
manner.

In all animals supplemented with vitamin D2 the
veslicular zone was uneven and irregular. The hypertrophic
cartilage cell layer varied from eight to twelve cells in
thickness and was arranged in a haphazard fashion. The
cartilage cells were active with evidence of mitosis and
proliferation. The blood vessel penetration of the zone
of hypertrophic cartilage and provisional calcification was
irregular. At the costochondral junction of one animal,
there was a marked vascularization on the diaphyseal side
of the epiphyseal plate resulting in a broadening of the
zone of vascular penetration. The vessels penetrated
irregularly from two to ten cells into the zone of hyper-
trophy.

Metaphysis The metaphysis of the control

animals contained one matrix trabeculae projecting distally
from each two or three columns of hypertrophied cells. New
bone formation was observed in the trabeculations. Osteo-
clasts were present but not in great numbers. Arrangement
of the trabeculae in the metaphysis of the animals whose
diet was supplemented with vitamin D, varled, but the same
alterations were seen in both groups. The most severe
alterations were seen in those calves on the highest

supplement of vitamin D, (1,250,000 I.U. per day)
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(Figures 10 and 11). Bone formation of cartilage trabecular
splcules appeared depressed. The osteoclasts were fewer 1in
number than those present in the metaphysis of control
animals. The metaphysis contained matrix trabeculae that
projected distally from each two to eight columns of hyper-
trophied cartilage. In one animal (experimental animal
number 1, Pathology number 64-P-853) the secondary sponglosa
of the fifth rib was marked by a line of necrotic cartilage
approximately 20 cells wide that extended the entire width
of the shaft.

Intramembraneous ossification The circumferential

periosteal surface of the control animals consisted of
regularly dispersed osteoblasts on the longitudinally disposed
ridges and grooves. Haveréian systems were present through-
out the substance of the cortex. The fibrous layer,
osteogenic layer and outer circumferential lamellae of the
periosteum could be differentiated.

In experimental animals it was difficult to distinguish
the various layers of the periosteum. There was a notable
lack of osteoblasts 1in those animals receiving the vitamin D
supplement. The Haversian systems were less numerous than
those of the control group.

Articulating surface The articular surfaces of the

distal end of the tibla and distal end of the metacarpus
were altered in the tangential layers. In those animals

receiving supplemental vitamin D, the cells of the tanzential



Figure 10. The epiphyseal plate of the distal metacarpus
of experimental calf number 8 (Pathology number
64-P-860). This calf received 1,250,000 I.U.
of vitamin Dy per day for 28 days. Note the lack
of trabeculation x 6l

Figure 11. The epiphyseal plate of the distal metacarpus.
From experimental calf number 18 (Pathology number
64-P-870). This calf did not receive vitamin Dp
supplement x64
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layer were flattened into a narrower zone than that of
the control animals. Isolated areas of erosion were present
along the articulating surfaces of the tibla and metatarsus
of the experimental animals. Just beneath the tangential
zone in the compact cartilage of the articulating surface,
vacuoles appeared at irregular intervals (Figures 12 and 13).
Teeth Differences 1n the teeth of the control
animals and the animals receiving vitamin Dy were not
apparent as determined by examination of the enamel, dentin
and pulp. The alveolar bone of the experimental animals
did have an excess deposition of osteoid with an increase in
osteoblastic activity in adjacent mandibular bone (Figure 14).
The most severe alterations were seen in those animals
on experiment for 14 days, whereas changes were less severe
in the more prolonged experiments (28 days and 56 days
respectively).

Nonskeletal tissues Significant microscopic altera-

tions were not observed in any of the experimental calves
in the sections examined of the pituitary, adrenals, thymus,
thyroids, parathyroids, heart or liver.

In experimental calves 8 (Pathology number 64-P-860)
and 13 (Pathology number 64-P-865) chronic diffuse inter-
stitial nephritis characterized by lymphocytic infiltration

and plasma cells, flbroplasia of interstitial tissue, atrophy



Figure 12.

Figure 13.

The tangential layer of the articulating sur-
face of the distal tibial articulation of
experimental calf number O (Pathology number
64-P-856). This calf received 1,250,000 I.U.
of vitamin D, per day for 14 days. Note the
eroded articulating surface and the vaculoiza-
tion of the cartilage cells in the zone of
cartilage immediately below the surface x160

The tangential layer of the articulating surface
of the distal tibial articulation of control
animal, experimental calf number 3 (Pathology
number 64-P-855). Note the smooth articulating
surface and the lack of vaculoization in the
cartilage immediately beneath the articulating
surface x160
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Figure 14. Note the excess osteoild of the mandibular bone

adjacent to the left central incisor tooth. -
Experimental animal number 1 (Pathology number
64-P-853). This calf was given 1,250,000 I.U.
of vitamin D, per day for 14 days x 64

Figure 15. This flgure demonstrates the mineralization of

the abdominal aorta found in experimental calf
number 13 (Pathology number 64-P-B865) x 6l
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of tubules, hypertrophic tubules and fibrous thickenings
of Bowman's capsule was found. Distorted and shrunken
glomerull were also observed. Areas of focal nephritis
characterized by multiple discrete focl were present in
experimental calves number 14 (Pathology number 64-P-864)
and number 16 (Pathology number 64-P-868).

Foci of bronchial pneumonia characterized by lympho-
cytic infiltration, emphysema and consolidation were observed
in experimental calves numbers 1, 6, 14, 15 and 18
(Pathology numbers 64-P-853, 858, 866, 867 and 870).
Experimental calf number 3 (Pathology number 64-P-855) had
a pneumonia characterized by a lobular pattern of consolida-
tion, catarrhal exudation of the alveolli, atelectasis, and
an infiltration of mononuclear cells with cellular cuffing
about the bronchioles and blood vessels.

In one calf (experimental calf number 13, Pathology
number 64-P-865) a large calcified plague was observed in

the thoracic aorta (Figure 15).

Clinical Results

Group 1

In general, the clinical signs observed in the calves
on supplemental Dy did not vary markedly from those animals
used as controls in this group.

The first deviation from the control animals that was

noted was an increase 1n the amount of water consumed by



those calves on vitamin DE' This amount was not measured,
but it was observed that the water pails of those calves on
supplemental D2 had to be fillled three times daily whereas
it was necessary to fill the water pails of the control
calves of this group once daily.

After seven days on experiment, it was observed that
the pasterns of those calves on 1,250,000 I.U. of vitamin Do
per day seemed to have dropped or become more parallel to
the ground when compared with their stance upon initial
examination and with the stance of the control calves
(Figure 16). At the termination of the experimental period
both those calves on 300,000 I.U. of vitamin D2 per day and
those calves on 1,250,000 units of vitamin Do were exhibiting
this peculiarity.

The control pen of calves consumed 11 pounds of grain
daily, the calves on 300,000 I.U. of vitamin Do consumed
20 pounds of grain daily and those calves on 1,250,000 I.U.
of vitamin D, consumed 9 pounds of grain daily.

Of the control calves a weight gain did not occur in
calf number 3, but calf number‘6 gained 20 pounds. Of those
calves on low level supplementations, calf number 2 galned
17 pounds and calf number 5 gained 12 pounds. Of the
highest level, calf number 1 lost 6 pounds and calf number O

gained 3 pounds (Figure 18).



Figure 16. A schematic illustration of the relative position
of the pasturn in the controls in comparison to
those calves on supplemental vitamin Do,

Drawing A is the control. Drawing B represents
the pasterns of those calves on vitamin D,

First phalanx
Second phalanx
Third phalanx
Metacarpus
Proximal sesamoids
Distal sesamoids

oo Fwnnp
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A schematic illustration of the
relative position of the pastern

in the controls in comparison to
those calves on high supplemental
vitamin D,.
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Group 2
Those calves on supplemental vitamin D, for 28 days

exhibited the same peculiarity of pastern position as did
those in Group 1. It did not become progressively more
pronounced with the increase in the length of time the
calves were on experiment,

The control calf in this group consumed 22 pounds of
grain, the calves supplemented with 300,000 I.U. of vitamin
D, consumed 48 pounds of grain and those calves supplemented
with 1,250,000 I.U. of vitamin Dy per day consumed 21 pounds
of grain over the 28 day experimental period (Figure 17).

Those calves whose diets were supplemented with
vitamin D2 consumed about twice as much water as the controls.

Calf number 1l galned 20 pounds as did calf 10. Calf
number 9 gained 15 pounds and calves number 7 and 8 gained

12 and 15 pounds, respectively (Figure 18).

Group 3
The calves receiving supplemental vitamin Do for 56 days

exhibited the same position of the pastern as did Groups 1
and 2. However, 1t did not become.more pronounced as the
length of time the anlimals were on experiment increased.

The control pen of calves consumed 192 pounds of grain,
the calves receiving 300,000 I.U. of vitamin Do for 56 days
consumed 238 pounds of grain and the calves receiving

1,250,000 I.U. of vitamin Do for 56 days ingested 130 pounds
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of grain (Figure 17).

In comparison to the controls, water consumption was
doubled in those pens of calves 1n which the diet was
supplemented with vitamin D2.

Calf number 18 gained 61 pounds in the 56 days it was
on experiment, calf number 17 gained 78 pounds, calf
number 16 gained 95 pounds, calf number 15 gained 55 pounds,
calf number 14 gained 41 pounds and calf number 13 gained

38 pounds (Figure 19).

Clinical Pathologic Results

Hematologic studies

The results of the hematologlc studies are reported in

Figures 20, 21, 22, 23, 24 and 25,

Blood serum chemilstry

The results of the blood serum chemistry studies are

reported in Figures 26, 27 and 28.



Figure 17. Total feed consumptlion of all calves on
experiment
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Figure 18. A graph of the weight gains at the various
levels of vitamin D supplementation
(Groups 1 and 2)
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Figure 19. A graph of the weight gains at the various levels
of supplementation (Group 3)
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Group 1 e o e ewtE) - (EOR)

Calf No. 3 1 8.16 31
CONTROL 7 8.16 47

14 7.16 26

Calf No. 6 1 8.51 38
CONTROL 7 8.86 32

14 7.6 30

Calf No. 2 - 11.15 4y
300,000 I.U. 7 10.35 46

of vitamin D, 14 9.22 35
Calf No. 5 1 10.35 4o
300,000 I.U. 7 10.74 43

of vitamin DE 14 9.96 4L
Calf No. 1 1 7.49 27
1,250,000 I.U. 7 7.16 26

of vitamin D2 14 6.84 26
Calf No. O 1 10.35 45
1,250,000 I.U. 7 9.58 39

of vitamin D, 14 9.96 40

Figure 20. Clinical pathologic studies of group 1 calves.
Part 1 - hemoglobln and hematoecrit
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s il S W
Calf No. 11 i 12.77 4g
CONTROL 7 12.37 Ly
14 12 .77 50
21 11.15 55
28 11.15 46
Calf No. 10 1 9.58 35
300,000 I.U. 7 8.86 4o
of vitamin D, 14 11.56 Lo
21 8.86 37
28 7.83 34
Calf No. 9 1 10.35 35
300,000 I.U. Vi 9.22 38
of vitamin D, 14 9.22 35
21 8.86 3.5
28 T.83 35
Calf No. 8 1 8.86 32
1,250,000 I.U. T 8.51 33
of vitamin D, 14 8.16 32
21 8.16 38
28 7.49 29

Figure 21.

Part 1 - hemoglobin and hematocrit

Clinical pathologic studies of group 2 calves.
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Experimental Hemoglobin Hematocrit
Group 2 day (gm. per cent) (PCV)
Calf No. 7 1 10.35 41
1,250,000 I.U. 7 9.96 Ly
of vitamin D2 14 9.95 36
' 21 9.58 4o.5
28 8.51 36

Figure 21 (Continued)
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orous 3 e (g mer o)
Calf No. 18 1 7.16 31
CONTROL g 11.15 41
14 8.16 29.5
23 8.86 34
28 T .16 28
35 8.86 33
42 7.83 34
L9 9.58 38
56 8.51 40
Calf No. 17 1 10.35 L7
CONTROL T 10.35 4o
14 9.40 37.5
21 9.22 4o
28 9.22 L7
35 8.86 43
42 9.58 4o
hg 9.22 43
56 9.22 Ly
Figure 22. Clinlical pathologic studies of group 3 calves.

Part 1 - hemoglobin and hematocrit
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Group 3 R lam: pEn wmmb) Y]
Calf No. 16 1 8.51 38
300,000 I.U. T 9.22 38
of vitamin Dy 14 8.68 37
' 21 7.49 32
28 8.66 37
35 10.35 36
Lo 10.35 4o
49 11.15 46
56 9.96 )
Calf No. 15 1 11.15 46
300,000 I.U. 7 10.74 42.5
of vitamin D, 14 10.74 4o
21 9.58 42
28 10.35 bs
35 11.15 48
ho 9.96 4o
49 11.15 49
56 10.74 46

Figure 22 (Continued)
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Group 3 Expe§;$ental (gg?mggiogigt) He?%gggrit
Calf No. 14 1 9.22 46
1,250,000 I.U. T 8.86 4o
of vitamin D, 14 9.84 36
21 8.86 38
28 8.86 38
35 8.51 25.5
4o 7.83 30
49 8.16 33.5
56 8.16 36
Calf No. 13 1 9.22 4o
1,250,000 I.U. T 9.58 4o
of vitamin D2 14 9.96 38
21 9.58 41
28 7.83 3r
35 8.51 33
lo 7.83 33
49 8.16 33
56 T 16 34

Figure 22 (Continued)



Experi- Total Segmented Band Mono- Eosin-
mental white cell Lymphocyte neutrophil cell cyte ophil

Group 1 day count count count count count count

Calf No. 3 3 T.850 41 2L 9 1 -
CONTROL 1 8,800 L8 28 12 - -

14 8,100 11 30 10 - -

Calf No. 6 1 7,600 ST 12 5 2 -
CONTROL 7 T+5H50 43 25 i 4 - -

14 11,050 L9 45 15 i | -

Calf No. 2 1 7,000 Lo 21 9 ~ ~
300,000 I.U,. T 9,700 3T 40 19 1 -

of vitamin DE 14 7,600 50 22 3 1 -
Calf No. 5 1 12,050 50 42 28 - -
300,000 I.U. 7 7,100 b2 20 8 1 -

of vitamin D2 14 9,950 57 32 10 - -

Figure 23. Clinical pathologic studies of group 1l calves. Part 2 - total white
and differential
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Experi- Total Segmented Band Mono- Eosin-
mental white cell Lymphocyte neutrophil cell cyte ophil

Group 1 day count count count count count count
Calf No. 1 L 12,650 4o 43 38 - -
1,250,000 I.U. i 8,500 30 ) 12 = =
of vitamin D, 14 8,450 Ly 26 14 - -
Calf No. O v | 19,400 37 117 45 - _
1,250,000 1.U. T 12,500 93 17 12 3 o
of vitamin D, 14 10,700 58 36 12 1 -

Figure 23 (Continued)
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Experi- Total Segmented  Band Mono- Eosin-
mental white cell Lymphocyte neutrophil cell cyte ophil

Group 2 day count count count count count count

Calf No. 11 1 9,250 Iy 33 15 - -
CONTROL 7 8,950 57 24 7 - -

14 13,850 53 50 29 - -

21 7,750 Ul 27 6 - -

28 6,900 54 9 4 - -

Calf No. 10 1 7,650 43 25 8 - -
300,000 I.U. T 6,750 46 h 9 - -

of vitamin D, 14 6,650 43 17 T 1 -

21 9,900 56 36 L - -

28 9,150 52 34 5 = =

Calf No. 9 i} 9,050 67 13 i - -
300,000 I.U. T 7,800 54 18 5 - 2

of vitamin D2 14 5,500 50 9 9 i § -

21 9,400 68 21 u - 1

28 6,750 UV i 8 - -

Figure 24. Clinical pathologic studies of group 2 calves. Part 2 - total white
and differential
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Experi- Total Segmented Band Mono- Eosin-
mental white cell Lymphoeyte neutrophil cell cyte ophil

Group 2 day count count count count count count

Calf No. 8 L | 12,750 67 40 19 1 -
1,250,000 I.U. / 9,550 69 s3 5 " 4

of vitamin Dy 14 7,400 60 11 3 - ” -

21 7,450 46 25 3 - "

28 9,000 48 31 13 - _

Calf No. 7 1 9,200 57 27 7 1 1
1,250,000 I.U. 7 7,550 62 9 5 5 -

of vitamin D, 14 6,100 45 13 3 - -

21 9,350 59 30 D = a

28 10,550 85 14 6 - -

Figure 24 (Continued)
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Experi- Total Segmented Band Mono- Eosin-
mental white cell Lymphocyte neutrophil cell cyte cphil

Group 3 day count count count count count count

Calf No. 18 1 6,250 38 17 7 - .
CONTROL 7 6,450 50 8 l . N

14 7,725 52 18 8 . -

21 6,250 41 17 L " -

28 6,900 52 11 5 - 1

35 5,850 42 13 3 - 5

U2 T 150 54 9 8 - -

49 9,800 64 26 8 - =

56 6,550 46 14 5 - -

Calf No. 17 i 6,750 30 29 8 - -
CONTROL 7 5,500 40 12 3 . -

14 7,500 L7 ol 5 - -

21 5,800 43 12 3 - -

28 5,900 49 7 3 - »

Figure 25. Clinical pathologic studies of group 3 calves. Part 2 - total white
and differential
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Experi- Total Segmented Band Mono- Eosin-
mental white cell Lymphocyte neutrophil cell cyte ophil
Group 3 day count count count count count count
Calf No. 17 35 5,650 b7 8 3 - -
CONTROL U2 5,050 &r 19 5 - -
(Continued) 49 9,050 51 28 10 - 1
56 6,900 43 19 7 - -
Calf No. 16 1 8,750 59 25 2 2 -
300,000 I.U. 7 6,350 34 15 3 - 1
of vitamin D2 14 8,600 61 16 9 - -
21 6,000 40 XT 3 = -
28 5,850 50 6 2 - -
35 5,300 42 4 # .
42 10,750 90 8 - -
4o 9,000 49 31 10 - -
56 7,600 53 20 3 - B

Figure 25 (Continued)
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Experi- Total Segmented Band Mono- Eosin-
mental white cell Lymphocyte neutrophil cell cyte ophil
Group 3 day count count count count count count
Calf No. 15 1 8,150 A 8 2 - -
300,000 I.U. T 8,450 ol 18 3 - -
of vitamin D, 14 12,000 - 80 35 12 1 -
el 6,850 54 10 2 0 2
28 7,900 69 6 0] 1
35 6,950 51 11 0 ;!
b2 8,600 54 28 4 - -
49 14,450 73 51 18 - =
56 10,150 Th 16 2 - 9
Calf No. 14 . | 8,100 56 16 8 - -
1,250,000 I.U; 7 8,050 56 15 9 - -
of vitamin D2 14 10,000 80 6 3 - ¥
21 6,750 Ly 13 9 = 1
28 7,700 66 6 5 = %
35 5,250 L6 3 3 - *

Figure 25 (Continued)
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Experi- Total Segmented Band Mono- Eosin-
mental white cell Lymphocyte neutrophil cell cyte ophil
Group 3 day count count count count count count

Calf No. 14 42 7,650 49 12 16 - ”
1,250,000 I.U. 49 14,500 87 37 20 1 1
of vitamin D, 56 10,900 83 20 5 1 -
(Continued)

Calf No. 13 8,500 33 38 16 = =
1,250,000 I.U. 7 7,600 42 26 8 - -
of vitamin D2 14 11,000 73 26 9 1 i ¥

21 8,750 by 32 10 1 -
28 6,150 46 12 3 a -
35 7,150 50 14 - -
U2 9,100 66 19 - =
49 10,100 54 3T 10 - -
56 10,600 50 Ly 12 - =

Figure 25 (Continued)
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Blood Blood Blood

Experi- Blood serum serum REFIn
awoup 3 el N ey
phatase
Calf No. 3 1 7.92 3.2 1.18 22.85
CONTROL 7 9.36 2.85 1.55 9.6
14 8.94 3.15 2,33 5.85
Calf No. 6 1 9.03 3.0 1.76 6.55
CONTROL 7 10.22 3.0 1.41 2.37
14 9.19  2.64 1.91 11.1
Calf No. 2 1 9.1 3.6 1.92 16.7
300,000 I.U. 7 8.72 3.45 1.45 3.75
vitamin D, 14 8.3% 3.1  1.74 5.85
Calf No. 5 1 10.1 2.18 .87 5.74
300,000 I.U, 7 10.50  3.35 1.08 3.83
vitamin D, 14 10,50 2.7 .95 184
Calf No. 1 1 9.1 3.6 1.92 9.83
1,250,000 I.U. 7 8.57 3.63 1.47 8.7
vitamin D, 14 11.3 3.5 1.22 6.35
Calf No. O 1 9.42 3.3 1.50 . 18.0
1,250,000 I.U. T 9.36  3.44 1.84 5.15
vitamin D, 14 10.95 L.05 1.23 12.25

Figure 26. Clinical pathologic studies of group 1 calves.
Part 3 - blood serum chemistry
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Blood

Experi- Blood E;ggg Eiggﬁ alﬁ:§?ﬁe
Group 2 mg;;al c:iggﬁm gggi;s mz%g;— pggg;;e
Calf No. 11 | 30.15 3.75 1.03 4.84
CONTROL ) 7 8.51 3.84 1.31 5.28
14 9.03 3.69 2.57 3.64

i 8.78 .31 1.97 4.69

28 9.45 3.76 1.59 5.36

Calf No. 10 1 10.4 3.69 1.04 11.67
CONTROL T 8.51 3.79 L35 8.20

14 9T 4.86 2.57 3.46

2l 8.74 4 .47 2.42 5.16

28 8.78 3.83 1.67 5.94

Calf No. 9 1 9.94 4.43 1.06 8.56
300,000 1.U, 7 8.62 Sl 3.01 5.89
vitamin D2 14 8.93 4 .46 2.35 4 .81

21 8.05 3.98 < 4.36

28 8.05 3.98 2.27 4 .36

Calf No. 8 1 10.8 309 %], 5.76
1,250,000 I.U. T 8.95 5.40 .53 5.94
vitamin Dy 14 9.48 5.TT 1.67 2.35

2l 8.45 5.94 1.74 2.82

28 9.40 5.38 1. 87 4 .31

Figure 27. Clinical pathologic studies of group 2 calves.
Part 3 - blood serum chemistry
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Blood

Blood Blood serum

Experi- Blood serum serum alkaline

mental serum phos- magne - phos-

Group 2 day calcium phorus sium phatase
Calf No. 7 | 11.95 4.03 I 1 4 .36
1,250,000 I.U, T 8.75 5.00 1.02 6.77
vitamin D2 14 10.07 5.15 1.59 2.25
210 ) 9.56 5.03 /I 5.63
28 9.22 1% 3 1.59 6.43

Figure 27 (Continued)
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Blood
Experi- Blood giggg Eigﬂg aligigge
mental serum phos- magne - phos-
Group 3 day calcium phorus sium phatase
Calf No. 18 1 10.85 3.85 1.67 20.05
CONTROL i i ] 9.67 4,07 8 10.85
14 10.8 4.65 1.67 10.4
- 13.TH 4 .68 1.78 9.62
28 10.5 4.36 1.89 25.3
x5 9.62 4.82 1.46 24 .85
e 10.4 3.88 187 15.9
49 9.65 4.03 1.89 20.4
56 7 .68 4.70 1 :23 26.0
Calf No. 17 1 8.87 3.30 T7.08 .  8.57
CONTROL T 8.95 3.55 5.62 8.10
14 8.80 3.91 5.0 10.00
21 8.95 4 .35 6.87 14.65
28 9.26 4.31 T.81 24 .95
35 8.18 4 .17 7.50 11.6
) 9.26 4 .20 8.05 20.T
49 8.72 4 .45 8.3 24.0
56 8.80 4 .85 8.25 21.4

Figure 28. Clinical pathologic studies of group 3 calves.
Part 3 - blood serum chemlstry
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Blood
Blood Blood serum
e o om Siple
Group 3 day calcium phorus sium phatase
Calf No. 16 1 8.40 4,03 3.06 9.10
300,000 I.U. 7 8.40 3.78 3.06 12.50
vitamin D, 14 8.01 L4.63 2.23 13.4
21 8.11 3.82 2.62 13.3
28 7.88 L.u3 2.75 18.4
35 8.17 4 .47 1.93 20.4
b2 7 .94 4,06 2.19 11.6
49 8.45 4.79 ZeB 20.4
56 8.33 4,83 2.44 19.70
Calf No. 15 i 11.4 3.96 2.19 10.7
300,000 I.U. e 11.05 L .08 2.11 13.15
vitamin D, _ 14 10.4 4 .23 1.35 17.2
21 7.83 4 .46 1.37 19.5
28 T.74 .87 1.25 17.0
35 10.35 4 .26 1.96 15.4
ho 11.T 4 .23 1.94 . 18.45
L9 10.45 3.69 2.03 8.45
56 11.0 4.11 1.85 6.48

Figure 28 (Continued)
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Blood

Blood Blood serum

et 2R T po e

Group 3 day calcium phorus sium phatase
Calf No. 14 1 k4 3.46 1.94 24 .2
1,250,000 E.U, 7 9.51 4.35 2.23 13.9
vitamin D, 14 9.74 4 .96 2.2 10.4
21 9.82 5.00 1.92 9.58
28 9.38 4 .45 1.92 13.8

25 8.82 4 .49 2.1 13.25

4o 9.24 3.28 2.4 23.79

L9 7 .56 4.5 1.76 10.80

56 T.74 4.33 1.48 22 /25
Calf No. 13 1 11.1 3.8T 2.26 19.1
1,250,000 1.U, T 11.6 4.18 1.09 17.4
vitamin D, 14 11.5 L.60 2.96 14 .2
21 11.5 L .63 2.96 4.0
28 42 ] 4 .28 A 11.6

35 12.4 L .39 332 16.35
) 115 4.07 B 12 19.1
49 T.92 h.5 2.87 24 .3
56 et 4 .46 2.84 27.3

Figure 28 (Continued)
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DISCUSSION

A visual examination of the radiographs of the animals
on supplemental vitamin D2 suggested a reduction in the
mineral content of the cortex of the metacarpus. This could
not be confirmed by photoelectric measurements, however.

This visual observation was confirmed by the lack of trabecu-
lation observed on histologic examination of the tissues.

It is suggested that the method of photoelectric measurement
used was not sufficiently sensitive to detect this difference.

The closure of the radiolucent line of the diaphyseal
epiphyseal separation of the distal end of the tibia was
approximately the same in both the control animals and those
on supplemental vitamin Dy. In one control calf the line
appeared to close at six weeks instead of four weeks as in
the other calves. In as much as this occurred in one calfl
out of 18 studied, this is not considered significant and can
be ascribed to individual variation. It is well to note
that the more severe radiographic alterations were apparent in
those calves on experiment for the shortest period of time.
This suggestis that a tolerance to high levels of vitamin Dy
may be developed or a cumulative effect of continued oral
dosage is not apparent radiographically.

The increased radiodensity of the epiphyseal plate and
the broadening of the epiphyseal zone that was visually

apparent in the radiographs of those animals whose diet was
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supplemented with vitamin D, for four weeks and eight weeks

2
respectively, would indicate an increase in mineralization
in this area. One of the normal functions of vitamin D is
the proper mineralization of bone, McLean and Urist (1961,
p. 117). This haphazard mineralization would indicate an
abnormal activity in this area. This is in contrast to the
lack of trabeculation that was observed in this area in
histologic sections studied of the metaphyseal part of the
epiphysis.

There were few macroscopic alterations that could be
considered significant to the results of the experiment.
Pneumonic lesions were observed in control calves as well
as the calves receiving supplemental vitamin DE'

Fissure of the joint articulating surfaces appeared in
control as well as experimental calves. The plaques in the
aorta with one exception were soft and mineral deposition
could not be demonstrated by histopathologic techniques.
Because mineral deposition in aortic plagues was demonstrated
in one animal only (experimental calf number 13) no conclu-
sions could be drawn from this finding.

On the basis of this experiment, the gross lesions
described by Agduhr could not be confirmed, Agduhr (1927).
The presence of calcified plaques in the aorta, as reported
by Greig, Swan, and Cole were not observed with any consis-
tency in these calves, Cole et al. (1957), Greig (1963),

Swan (1952).
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Any discussion of the histopathologic findings in
hypervitaminosis D is usually prefaced by the point that
elevated blood serum calcium has existed. The massive
metastatic calcification reported by Quarterman in swine
was accompanied by high blood serum calcium, Quarterman
(196L). The extensive calcification reported by Conrad and
Hansard in calves was accompanied by elevated blood serum
calcium levels, Conrad and Hansard (1957). Greig reported
calcification in various tissues and also a rise in serum
calcium in adult cows, Greig (1963). At the levels of
vitamin D2 fed in this experiment there was not a marked
rise in blood serum calcium. Neither was metastatic calci-
fication noted as a consistent finding. Three calves (calf
numbers 13, 14, and 16) displayed small plagues in the aorta.
One of these (calf number 13) was a mineralized plaque.

Other evidence of mineralization or calcification was lacking.

The view on the role of vitamin D in bone formation has
changed in the past few years. Formerly it was thought
that the vitamin promoted the deposition of calcium directly.
It is now thought that its main function is in the absorption
of calcium from the intestinal tract and its direct effect
is in mobilization of calcium rather than in its deposition,
MeLean and Urist (1961, p. 117). Because of this influence
on the mobilization of calcium it is reported in other
specles that new bone 1s calcified poorly or not at all in

spite of the hypercalcemia found in hypervitaminosis D,



106

Thomas and Morgan (1958), Hass et al. (1958). The lack of
trabecﬁlation of the bone in the experimental calves would
tend to substantiate this finding in the bovine. The car-
tilage in the zone of provisional calcification becomes
necrotic and the trabeculae fall to calcify properly causing
the variation in the number of trabeculae from one trabe-
culae to each two to three columns of hypertrophied cartilage
cells 1n the control animals to one trabeculae for each two
to eight columns of hypertrophied cartilage cells in the
anilmals receiving vitamin D. Further, there were fewer
osteoclasts found in those animals receiving vitamin D than
in the metaphysis of the control animals.

Under the conditions of the experiment vitamin D also
seemed to affect the intramembraneous ossification. In the
control animals the layers of the periosteum were quite
distinect whereas in the experimental animals these layers
were not distinct and there was a lack of osteoblasts in the
cortical bone of the experimental calves. The entire histo-
pathologic pattern in regard to the bone formation in these
calves was one of a lack of proper calcification of bone.
This is consistent with the findings in other species, Thomas
and Morgan (1958), Hass et al. (1958), Becks (1942). This
has not been previously reported in the bovine, however.

The histopathologic observations of the articulating
surface have not been previously reported in other species

or in the bovine. It has been previously noted that the
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calves on supplemental vitamin D assumed a peculiar stance.
This stance could have been caused by the pain associated
with the flattening of the tangential layer of the articu-
lating surface or this lesion may also have been caused by
the shifting of the articular surface due to the stance.
Alteration of cartilage has not been reported in previous
studies of nypervitaminosis D.

The formation of excess osteoid with an increase in
osteoblastic activity of adjacent bone has been reported in
the dog by Becks, Becks (1942). The formation of excess
osteoid around the tooth roots of the experimental calves
was the only place this occurred in the sections sampled.
This then would be consistent with the observations made
by Becks in the canine but not previously reported in the
bovine.

The massive alterations of nonskeletal tissues reported
in many species and the alterations of the kidney, heart and
thymus reported by other investigators in the bovine was
not observed in the calves under the conditions of this
experiment, Greig (1963), Duncan and Huffman (1934), Swan
(1952).

The National Research Council recommendation for the
supplementation of vitamin D to the diet of calves up to
200 pounds of body welight is 300 I.U. per 100 pounds of body
weight, National Research Council (1958), Bechdel (1938),

Hibbs (1962). The oral amounts supplemented in this
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experiment approximate 1000 times and 4000 times this

amount. This figure was arbitrarially selected after re-
viewing the work of Bills and Wirick in a long term experi-
ment involving large numbers of rats, Bills and Wirick (1930).
This work indicated that no effects were noted at 1000 times
the normal level and minimal effects of intoxication were
noted at 4000 times the normal level with fatalities evident
at 10,000 times the normal level, Bills and Wirick (1930).

The amount of vitamin D2 that 1s produced by the action
of ultraviolet light upon the skin could not be measured.

The amount that was in the hay, grain, and milk supplement
was not calculated. It is doubtful that the amount of
vitamin D2 supplied by these sources affected the outcome of
the experiment.

Increased consumption of water has been observed by
various investigators in other species in which vitamin D
intoxication has been reproduced, Jones and Robson (1932),
Light et al. (1931). Polydipsia was not reported in calves
by Agduhr (1927) or Duncan and Huffman (1934). Greig did not
mention this in attempts to produce intoxication in adult
cows, Greig (1963). Drinking large quantities of water is a
common mechanism of the body in an attempt to dilute irritating
substances that are ingested. It does not follow therefore
that polydipsia is peculiar to vitamin D intoxication.

There was a marked increase in water consumption in the

calves whose diets were supplemented with vitamin Do when
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water consumption was compared to the controls in this
experiment. It is a part of the clinical picture established
but is not peculiar to this condition.

The position of the pasterns of all of the calves
receiving supplemental vitamin D was the most pronounced
and consistent clinical finding. To achleve this position
it would be necessary for a complete relaxation of the
flexor muscles or a lack of tone in the flexor tendons.

This effect could also be observed if the extensor muscles
were in a continuous state of contraction with a corres-
ponding exhaustion of the flexor muscles. After examination
of the tissue sections of the articulating surfaces of the
joints another explanation might be hypothesized. The
erosion and vaculoization that had taken place on the arti-
culating surfaces of the Jjoints would cause pain and dis-
comfort if the animals stood in a normal position. The
posture that was affected by the animals on supplemental
vitamin D could be an attempt to shift the articulating
surface to other areas on the tangential surface of the
articulation.

Feed consumption varied with each individual group and
pen. In the group on experiment for 14 days, those calves
on the highest level of vitamin D, recorded the lowest grain
consumption. Those on the lowest level of supplementation
consumed the largest amount of grain (Figure 17). These

results were .repeated for those groups on experiment 28 days
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and 56 days respectively. Under the conditions of this
experiment it would seem that 1000 times the recommended
supplemental amount of vitamin D2 stimulates feed consumption
whereas 4000 times the recommended amount depresses the
appetite. Appetite stimulation has been observed in man by
Crimm (1932), -Rappaport and Reed (1933) and Reed (1934).
Appetite depression was observed in the bovine by Greig
(1963), Duncan and Huffman (1934), Agduhr (1927).

Weight gains were variable with each group of calves.
In Group 1 one of the control calves developed clinical
signs of a severe pneumonia. This was confirmed upon necropsy.
This animal made no gains during the 14 day experimental
period. The other calf in this group outgained all others in
the experiment. Of those calves on the highest levels of
vitamin D2 calf number 1‘showed a severe weight loss while
calf number O made minimal gains. These results were not
duplicated in those calves on experiment for 28 days.
Although the coﬁtrol calf outgained the calves that were
supplemented with the vitamin the differences in weight gain
were not as pronounced as in the first group.

In the third group of calves which were on experiment
for 56 days the weight differences between the control calves
and those calves on the highest level of vitamin Do were
marked. There was a well defined fallure of those calves
on the highest level of D2 to gain weight. However, those

calves on the lowest level of D2 in one case exceeded the
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gains of the control calves and in the other approximated
the gains of the controls (Figure 19). These results would
indicate that 4000 times the recommended level of vitamin
D2 depresses the weight gain when compared to the controls
whereas at 1000 times the recommended level the gains are
variable but do approximate those made by the controls.
These weight gains or lack of galn are necessarily related
to the amount of appetite and feed consumed by the animals.

The length of time on experiment did not increase the
signs of intoxication and other than lack of weight gain,
increased consumption of water and the peculiar posture; the
animals supplemented with vitamin D2 appeared to be normal,
healthy animals.

At the level of oral vitamin D2 that was administered
signs reported in other species and in the bovine by Agduhr,
Greig and Swan were absent or not pronounced in this experi-
ment, Agduhr (1927), Greig (1963), Swan (1952). These findings
suggest that severe or acute clinical signs are not observed
when vitamin D2 is fed at a rate of 4000 times the recommended
level but that the manifestations are those of a subclinical
disease.

The hemoglobin, packed cell volume, total white cell and
differential studies did not reveal any marked irregulari-

ties when the calves on supplemental vitamin D2 were compared

to the controls. These results did not vary markedly from
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the accepted normal ranges as described by Benjamin and by
Greatorex, Benjamin (1961, p. 51), Greatorex (1954). The
variations that did occur can be ascribed to the young
animals violent reaction to even mild infections. Because
the diet of the calves conslsted primarily of milk, the
anemia that was evident at various times in both the con-
trols and the experimental calves could be expected.

Blood serum calcium did not reveal any abnormal trends
in the experimental animals. All of the calves dropped in
blood serum calcium levels after the first week on experi-
ment. With diurnal variations the levels remained relatively
constant in both the experimental animals and the controls.
In Hibb's experiment on adult cows, feeding one million units
of vitamin D2 daily did not seem to affect the serum calcium
and phosphorus. When this was increased to two million
units of vitamin D2 per day there was a rise in both serum
calcium and phosphorus and a decrease 1n serum magnesium,
Hibbs et al. (1946). Greig using injectable vitamin D and
administering the material by intravenous injection at the
rate of 10,000,000 units found that the serum calcium rose for
seven days and then returned to normal, Greig (1963).

The oral dosage chosen for this experiment did not seem
sufficient to raise the blood serum calcium in the calves.
Others have reported a transient rise in blood serum calcium
which returned to normal in a few days, Duncan and Huffman

(1934), Conrad and Hansard (1957).



113

The serum phosphorus levels as reported by numerous
investigators increased concurrently with the rise 1n serum
calcium but preceded it by a short period of time. This
rise was transient in nature, Duncan and Huffman (1934),
Conrad and Hansard (1957), Greig (1963). 1In this experiment
the dosage level was not high enough to produce the effects
of a frank intoxication and the above results were not
recorded .

Investigators have demonstrated that the blood serum
magnesium levels decrease as the calcium and phosphorus
levels increase, Conrad and Hansard (1957), Greig (1963).
The blood serum magnesium of seven calves receiving supple-
mental vitamin Dy decreased during the experimental period
although the serum calcium and serum phosphous did not rise
significantly.

The alkaline phosphatase levels of the control and the
experimental calves were so erratic that no conclusion

or discusslion could be drawn from these results.
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SUMMARY

1. Twelve three-day old calves were fed vitamin D,
at the following levels: two calves were fed 1000 times
the recommended daily intake, two calves were fed 4000 times
the daily intake for a period of 14 days. Two calves were
fed 1000 timeé the recommended daily intake and two were fed
LOOO times the recommended intake for 28 days. Two were
fed 1000 times and two 4000 times the recommended level for
a period of 56 days.

2. The calves at both levels of vitamin D2 intake
demonstrated alterations when compared to the control animals
of each group. These alterations consisted of:

A, Radlographic alterations.

1. Decreased mineralization of cortical bone.
2. Increased activity of the epiphyseal plate on
the diaphyseal side.

B. Pathologic alterations.

1. Enchondral ossification of trabecular cartilage
was depressed.

2. Intramembraneous ossification was disturbed
and irregular.

3. The articulating surface of the distal end of
the tibia and distal end of the metacarpus was
flattened with isolated areas of erosion and

generalized vacuolization below the tangential
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surface.

There was excess deposition of osteoid on alveolar
bone surrounding the central incisors.

In one calf a large calcified plaque was found

in the thoracic aorta.

C. Clinical manifestations.

1
2.

Polydipsia.

Dropped pasterns.

At the high level of vitamin D2 supplementation.
a. Depressed appetite.

b. Depressed weight gains.

At the low level of vitamin D2 supplementation.
a. Appetite stimulation.

b. Increased weight gains.

D. There were no significant alterations in hematology

or blood serum chemistry.

3. The severity of the alterations was not compounded by

the length of time the calves were fed vitamin D2. The most

severe leslons were observed in those calves on experiment for

the shortest length of time.
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