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INTRODUCTION

During the last thirty years a large number of papers has been
written about the effects of vitamin A deficiency in cattle. Many of
these reports were based on field cases that occurred during years of
drought and poor plant growth while others were based on controlled
experiments. The ration used in these latter experiments often did not
contain hay or they contained a low quality roughage such as straw.

It is known that the ruminal microflora plays avery important role in

the 8ynthesis of certain vitamins and proteins in the body of ruminants.

It is known thet normally hays and grasses play a very important role

in the general physiology of the rumen. Vhen hay is left out, or a

poor quality straw is used, it is possible to develop multiple deficiencies.

The reported experiment in this thesls was undertaken with the
express idea of providing a ration as near as possible like the one that
an aninal would recelve on the farm, yet be deficient in carotene. This
diet was to include a good grade of ocat hay that was extremely low in
carotene, yet would contain factors that would maintain the ruminal
flora. It was assumed that this would aid in maintaining the appetite
of the animals so that the manlfestations of other deficlencies might
be eliminated.

There has been very little study made of the histopathology of
vitamin A deficliency in cattle. Another purpose of this investigation,
therefore, vas to study the effects of vitemin A deficiency upon some

of the tissues and organs of the body.



REVIEVW OF LITERATURE

For centuries the effects produced by the lack of vitamin A
have been observed both in animals and man without anyone knowing the
cause. It was discovered, many centuries before Christ, that liver
and grass were beneficial to the eyes of man and cattle respectively.
All of the important progress in the fleld of nutrition concerning

carotene and vitamin A has been made in the last thirty years.

Sources of Carotene and Vitamin A.

Cattle are able to convert provitamins A into vitamin A.in the
body. The maln provitamins A are alpha, beta, and gamma carotene, and
cryptoxanthin. Green pasture grasses, green leafy legume hay, alfalfa
sllage, alfalfa meal and carrots are really good sources of carotene
vhile other green grass hays, yellow corn, and corn silage of good quality
are fair sources. Booher and Marsh (1941) pointed out that beta carotene
is the chief source of vitamin A in green leaves.

For years livestock owners have known about the importance of
colostrum to the general health and welfare of new born animals. In-
terest has centered around the carotene and vitamin A content of colos-
trum and whether oxr not these substances could be increased by adequate
feeding. Savage and McCay (1942) reviewed the literature concerning
colostrum and pointed out its importance as a source of immune bodies.
Aschoffsenburg et al (1948) produced evidence that the protective
value of colostrum is associated with its globulin content. Dann (1933)

found the vitamin A concentration in colostrum to be 10-100 times



greater than in the later milk. Maynard (1947) and Sutton et al
(1947) reported that vitamin A and carotene are from 6 to 20 times
greater in colostrum than in later milk, This is somewhat below the
concentration reported by Dann., Stewart and McCallum (1938) found
that vitamin A in colostrum varies from 35 to 1181 I. U. per 100 ml.
According to Hart and Guilbert (1941) and Barron (1942), the calf is
not able to store much vitamin A during fetal life and therefore is
dependent upon colostrum for it.

Moore and Berry (19ul) deterﬁined the amount of carotene and
vitamin A in calves before sucking and each day thereafter for
1 week. The vitamin A content of the blood before sucking varied
from 2.4 to 4.2 ug. per 100 ml. and in 3 days increased to 16.8 to.
57.7 ug. per 100 ml. The carotene content for the Jersey and Guernsey
breeds is 3 to 4 times higher than for the Holstein breed.

Stewart and McCallum (1942) were unable to increase the vitamin
A content of colostrum by feeding 3 pounds of carrots or 1/7 pint of
cod liver oil per day to cows. Parrish et al (1948) could not find
any significant difference in the levels of total protein, casein,
and albumin-globulin fractions in colostrum when heifers and cows re-
ceived a high or low protein diet. Eaton et al (1949) found that
vitamin A of the colostrum could be increased by adding extra amounts
of vitemin A to the diet of cattle. Spielman et al (1946) (1947)
(1949) demonstrated that vitamin A supplementation before parturtion
increased the amount of vitamin A in the blood and liver of the new
born calf and in the colostrum of the dam. Vitamin A alcohol was
found to be the most effective supplement. This increase of vitamin A

resulted in superior performance on the part of calves. Parrish et al
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(1949) reported similar results. They found that feeding tocopherols

prepartum did not help to increase vitamin A or carotene of the colos-
trum. Thomas et al (1947) showed that the vitamin A content of colos-
trum in sows and dairy goats could be increased by supplementing their

rations with vitamin A,

The Effects of Plant Growth and Storage upon

Carotene Content of Hay and Grain.

The carotene content of cattle feed can change materially over a
period of time by oxidative processes. It is of importance to be
aware of the factors that hasten or retard these destructive processes..
Coward (1925) mentioned that when the leaves of plants turn brown
and dry up, their vitamin A value 1s lost. According to Hartman (1931).
this loss of carotene 1s brought about by oxidative processes in drying
hay in sunlight, or during unusually long seasons of dryness, as mentioned
by Hart and Guilbert (1933). Schmidt (1941) revealed thét alfalfa hay
vhen exposed to the sun for 48 hours loses about 98 per cent of its
carotene. Artificial drying of freshly cut green alfalfa preserves much
of the carotene. Savage et al (1942) pointed out that hay may lose carotene
on storage without marked change in color, and conversely that lack of green
color is not necessarily an indication of the absence of carotene.
Virtanen (1938) found that maintaining the acidity of silage below pH. U4
prevented destruction of darotene. Fraps and Treichler (1933) reported
that the vitamin A content of feeds decreased in accordance with the
length of time in storage and that alfalfa leaf meal lost 50 per cent

and yellow corn 30 per cent of the vitamin A potency in 5 months under
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ordinary storage conditions. Guilbert (1935) found that variations
in temperature play an lmportant role in the rate of loss of carotene.
Over a 15 day period the rate of loss of carotene was roughly doubled
for each 10 degree rise in temperature. Baltzer et al (1942) made a
survey of different grades of hay fed to dailry cattle in Michigan and
found that the carotene content varied from 4.3 to 57.4 ug. per gram
of dry matter. Mitchell and Hauge (19465) presented evidence that the
carotene destroying enzyme in alfalfa is a lipoxidase. These workers
in a later report (1946) pointed out that only a small amount of carotene
was lost before willting took place. The cell permeability appeared to
1imit carotene destruction. Enzymic destiruction of carotene during

field curing of hay appeared to be greater than destruction by light.

Absorption of Carotene and Vitamin A

Bicknell and Prescott (1947) reported that fat is necessary for
the efficient absorption of carotene. The probable importance of fat
is due to its dissolving the carotene and making it availaeble for as-
sorption. The transfer of carotene across the wall of the intestine
probably depends on the formation of a water soluble diffusible complex
vith bile acids. After the carotene has passed into the lacteals it is
transported to the liver in colloidal suspension.

In animals the presence of bile is unnecessary for the absorption
of vitamin A because when the common bile duct is tied off, vitamin A
is still absorbed. Fat and fatty aclds are also necessary because vhen
fat absorption is impaired the vitamin A absorption is interfered with.
Vhen vitamin A 1s transferred across the intestinal wall in the form of

an alcohol, the naturally occurting vitamin A esters are first hydrolyzed,
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(by the enzymes of the intestine), like the other esters of the fatty

acids. Before passing into the lacteals, the alcohol is again combined
with fatty acid. The maximum rise in the level of vitamin A in the
blood occurred within 3 to 5 hours after the carotene 1s takéen b; mouth.
There are several factors vhich play an important role in the
amount of carotene or vitamin A which can be absorbed by the intestine.
Breece et al (1942) tested the absorption of vitamin A in 29 patients
with severe pulmonary tuberculosis and intestinal symptoms of varying
severity and found 4t to be only half that of normal patients. Reifman
et al (1943) and Shaw et al (1944) observed that the rate of absorp-
tion of vitamin A and carotene was proportional to the dosage given.
Greaves and Schmidt (1935) proved that bile salts, such as glycodesoxy-
cholic or desoxycholic acid, were required for the absorption of pro-
vitamin A in vitamin A deficient choledochostomized rats as judged by the
vaginal smear technique. Irvin et al (1941) made use of intestinal
loops of dogs to show that very little carotene 1s absorbed in cotton-
seed o0ll solutions. Vhen ox or hog bile or pancreatic lipase was ad-
ministered, significant quantities of carotene were absorbed. Molander
(1949) demonstrated that only 66 per cent of the carotene in an emulsion
of mineral oil was absorbed by the gastrointestinal tract. This was true
when the carotene was dissolved in corn oil. The fatty acids of corn oil
are apparently not efficlent carriers of carotene. The author studies the
distribution of carotene when absorbed in the above vehicles and found
that mineral o0il and corn oll caused a systemic distribution, whereas the

fatty acids of corn oil carried most of the carotene to the liver.



Conversion of Carotene to Vitamin A

Rosenberg (1942) steted that the mech;nism of the conversion of
provitamin A to vitamin A was not knowm. ﬁoreover, exact site for the
conversion of provitemin A was unknown altkough evidence pointed toward
the liver. He claimed that the rat was th; most efficient converter of
provitamin A; chickens, guinea pigs, rabbits, pigs, and cattle were less
efficient. C=ats ere apparently incapeble bf this conversion. Bicknell
and Prescott (1947) reported that the convérsion of carotene to vitamin A
occurred in the liver by the action of an énzyme, carotenase. Incubation
of carotene with fresh liver tissue or agueous extracts changes the
carotene to vitamin A; this conversion is stopped by heat, which suggests
the action of an enzyue.

The thyroid gland apparently plays a role in conversion and
storage of vitamin A and carotene in the bgdy, although experimental .
evidence at times has been contradictory. Drill and Truant (1947) made a
study of the effect of thyroidectomy on the conversion of carotene to
vitamin A and found that the thyrold gland plays a major role in the
conversion. Johnson and Baumann (1947) found that rats were able to
store preformed vitemin A equally well vhether they are hypothyroid
or hyperthyroid. Vhen carotene was fed to hyperthyroid animals they
accumulated larger stores of vitamin A than normal rats receiving equiv-
alent amounts of carotene. They hypothyrold rate stored very little
vitemin A, The addition of thyroxin restored the conversion ability of
these rats. Viese et al (1948), however, demonstrated that rats made
hypothyroid utilized carotene and vitamin A equally well.

Some research work has been done in the last few years which

indicates that the intestine may be the site of conversion of carotene
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to vitamin A. Mattson et al (1947) (1948) concluded that the site of
conversion of carotene to vitemin A in the rat is the intestinal wsll.

This 1s based on the fact that the intestine is the only organ of the

rat in which an increase of carotene 1s found following its administra-
tion, and vitamin A is found in the intestinel wall only during a periocd
following the feeding carotene or vitamin A. The authors pointed out

quite conlusively that vitamin A is the substance formed in the intes-

tine as it exhibits fluorescence, possesses an absorption curve similar

to that of vitamin A, and shows a single fluorescing band in a mixed
chromatogrem with vitamin A, Stallcup eand Herman (1950) using isolated
loops of intestine, sections of liver and blood plasma from dairy celves
established that conversion of carotene to vitamin A took place in the
intestine and liver but not in the blood plasma. Sexton et al (19u6)
demonstrated that the intestinal wall appears to act as a barrier beyond
wvhich beta-carotene can not pass. Beta-carotene injected intravenously,
intraperitoneally, or intraspenically accusiuleted in the liver without

an increase in the vitamin A content of the liver or plasma. Beta-carotene
could be detected in livers for as long as U6 days after injection. Vhen
beta~carotene was given orally in cottonseed oil, the vitamin A levels

of liver and plasma increased hourly.

Vitamin A and Carotene Reguirements

Guilbert and Hart (1935), Moore (1939) and Vard et al (1940)
reported that the daily minimum carotene requirement of the bovine is
between 24 to 35 ug. per kg. of body weight. Hart et al (1940) sum-

marized their data on the minimum vitamin A and carotene requirements



of various specles.

TABLE 1

Daily Intake per kg. of Body Veight

Vitamin A Carotene
Species Microgrems _ 1.U, Micrograms _ I.U.
dattle 5.1 - 6.4 21-27 26 - 33 43-55
Sheep 4.3 - 6.3 17-26 25 - 35 4e-53
Swine LYy - 5.7 18-24 25 - 39 42-65
Horse 4,2 - 5.3 17-22 20 - 30 33-50

Gallup et al (1941) stated that a plasma carotene value of
less than 150 uvg. per 100 ml. in pregnant Jersey cows indicates a
borderline deficiency of vitamin A. Boyer et al (1942) reported that
a blood plasma vitamin A level of 10 uge. or more per 1CO ml, is
necessary for adequate nutrition of growing celves, The dally caro-
tene requirements necessary to maintain an adequate plasma vitamin A
level and prevent deficiency symptoms are 75 ug. per kg. for Holstein
yearlings and 125 ug. per kg. for Guernsey yearlings. The blood plasma
carotene levels which would maintain an adequate blood plasma vitamin
A are 50-760 ug. of carotene per 100 ml. for Holsteins and 110-140 ug.
of carotene per 100 ml. for Guernseys. Sutton et al (1945) observed
that Holsteins and Ayrshires require less carotene to maintain blood
plasma levele of vitamin A than do Jerseys and Guernseys.

Animals require far more carotene and vitamin A for optimum

growth and reproduction than for maintenance. Loosli et al (1945) re-
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commended the following: calves weighing 100, 150, 200, 400, 500

and 800 pounds should receive 6, 10, 12, 25, and 35 mg. of carotene per
day recpectively for optimal growth. Lewis et al (1945) found that
calves need from 64 to 512 I.U. of vitamin A daily per kg. of body
weight for optimal growth and some storage in the liver. They

found that a high concentration of vitamin A retarded growth. Payne
and Kingmen (1947) stated that for adequate health and reproduction,
Herford heifers and cows should have blood plasma levels of carotene of
at least 117.25 and 82.88 ug. per 100 ml. respectively.

Moore et al (1948) reported the normsl cerebrospinal pressure of
Guerneeys and Jerseys to be around 75 to 120 mm. of water. Increased
spinal pressure was not observed when the animals received 30 ug. of
carotene or more per pound of body weight. WVatkins and Knox (1950)
studied the blood plasma levels of carotene and vitamin A in beef
cattle and concluded that vitamin A deficiency is not apt to occur
except in times of prolonged drought when plant growth is sparse.
Bassett et a1 (1946) established that the vitamin A requirement nec-
essary to prevent nervous symptoms in growing fox pups is between 15
to 25 I. U. per kg. of body weight per day. Storege of vitemin A does
not occur in the liver until 50 to 100 I. U. of vitamin A per kg. are

fed per day.

Storage of Vitamin A and Carotene

The amount of vitamin A and carotene in the blood and in the
tissues is dependent on various factors. TFopper and Steigmann (1943)

list the following: 1. nutritional intake; 2. disturbance of intestinal
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absorption; 3. increased demand; U4. disturbed interaction of
liver and blood; 5. sparing action of vitamin E; 6. 1lipid con-
centration of blood. Barron (1942), Josephs (1943), and editers
of Nutritional Reviews (1943) pointed out that in general diseases
of the lungs, liver, stomach, and intestine reduce the amount of
vitamin A and carotene in the body. However, in one disease, tu-
berculosis, the vitamin appears to be increased. Vendt (1941) re-
ported that in dogs some vitamin A is normally destroyed when the
blood passes through the lungs. Aron et al (1946) observed a depres-
sion of plasma vitamin A and cerotene in man with an artificially in-
duced fever. Pavcek et al (1945) noticed that livers of cattle with
telangiectasis are toxic when fed to rats and stated that it is prod-
ably due to their abnormally high content of vitamin A. Xao and

Sherman (1940), Lewis et al (1941), Bassett et al (1946), and Frey et

[

(1947) showed that the amount of vitamin A stored in tissues depended
on its concentration in the diet.

Guilbert and Hart (1935) found that 93 per cent of the body
stores of vitemin A in cattle is in the liver. The principal stores
of carotene are in the body fat. Szkamoto (1940) determined that
next to the liver the content of vitamin A is highest in the choroid
and retina. 1In the other tissues very little vitamin A is present.
Frey et al (1946) used 140 Herefords for experimentation. Of these,
22 aninals were killed immediately and it was found that the livers
contained 9.68 ug. of vitamin A for each 1 ug. of carotene. Another
group of 98 animals was placed on a fattening ration for 166 days. At

the end of this period their livers contained 1.06 ug. of vitamin A for
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each 1 ug. of carotene. The remalning Herefords were kept on a main-
tenance ration for the same period as the fattening animals and their
livers contained 2.5 ug. of vitamin A for each 1 ug. of carotene.
Spielman et a1 (1946) showed that feeding large amounts of carotene to
cows during gestation increased the content of carotene in the blood
plasma end the liver of new born calves. The addition of 1 million
I,U, of vitamin A dally to the normal ration of pregnant cows resulted
in an average total fetal liver content of 97+177 I.U. of vitamin A.
This vork definitely showed that both vitamin A and carotene can be trans-
ferred from the mother to the fetus by way of the placenta. Johnson and
Baumann (1947) working with rats found that at low levels of carotene
intake, (35 I. U. daily), more vitamin A appears in the kidney than in
the liver; at higher levels more vitamin A appears in the liver than in
the kidney. Coombes et al (1940) stated that foxes do not store carotene
in the liver, whereas storege of vitamin A on a good diet is between
150 and 200 ug. per gram.

Cox (1941) studied three human cases which had passed through a
condition of massive necrosis of the liver and came to tl.e conclusion
thet hepatic cells are not essentiel for storage of vitamin A. The
altered liver tissue had more vitamin A than the normal tissue., He
felt that vitamin A was stored in the Kupffer cells which were mark-
edly increased in disease. Clayton and Baumann (1944) pointed out
that hepatic storage of vitamin A appeared to be relatively independent
of other bilochemical processes taking place in the liver. Dimethylamino-
benzene, hydrc¢ .ycoumarin, vitamin X, high or low fat diets, and severe

choline deficiency did not affect the storage.
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Manifestations of Vitamin A Deficiency.

In the Eyes of Cattle

The symptoms of vitamin A deficiency have been observed for many
years, especially those symptoms involving the eyes. The Blble (601
B. C.) probably gave the first information indicating that the vitamin
A deficiency may have existed in ancient times and involved the eyes.
"And the wild asses did stand in the high places, they snuffed up the
wind like dragons, their eyes did fail, because tnhere was no grass."
Connell and Carson (1896) described a condition called "fat sickness!
vhich is often accompanied by inflammation of the eye or total loss of
sight in cattle.

The presence of night blindness or nyctalopia is one of the earliest
signs of vitamin A deficiency. Hart and Guilbert (1933) observed that
when cattle received dry feed for nine months, night blindness was quite
common in the younger animals., Wald (1934) found that night blindness is
brought about by the lack of vitamin A vhich malntains visual purple.
There 1s a visual cycle in the eye and vitamin A plays an important
part in it. In a normal animal the visual purple of the retinal rods
1s bleached out by bright sunlight. Vitamin A is the precursor of this
substance which is essential to vision in dim light. Visual purple is
bleached to retinene or visual yellow and this in turn is partly recon-
verted to vitamin A. Calves which Moore (1939) placed on a low carotene
ration at 40-90 days of age usually developed nyctalopia in from 48 to
73 days. Schmidt (1941), Jones et al (1943), and Stubbs (1944) also re-
ported night blindness as an early symptom. Some of the other symptoms

reported by workers are dilatation of the pupils, lacrimation, protusion
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of the eye-bslls, xerophthalmia, papillary edema, fading of the
tapetum lucidum, corneal opacity and ulceration, and permanent
blindness. Jones et al (1943) observed that the pupils of the eyes
did not close properly and that the eye-balls appeared to protrude
from their sockets (fish~eyes). Hart and Guilbert (1933), and Jones
et al (1943) reported a very marked lacrimation in vitamin A deficiency.
Xerophthalmia has been described quite widely in man and rats dbut not
in cattle. Mead and Ryan (1931) were the only workers to report this
condition in cattle. De Schweinitz and De Long (1934), and Moore (1939)
using an ophthalmoscope observed definite swelling and clouding of the
optic disc due to papillary edema. The latter author though this edema
was brought about by an increased intracranial pressure. Moore observed
the fading of the tapetum lucidum from a yellow color (when adequate
vitemin A was present) to a pale blue (lack of vitamin A). Hart and
Guilbert (1933), Schmidt (1941), Jones et a1 (1943) and Alvarez (19u7)
reported inflammations of the eyes which led to corneal opacities and
uwlcerations. Moore et al (1934) and Moore (1939) did not find this true
in their experimental animals. Crocker (1919), Moore et al (1934), McNutt -
and Wall (1933), ad Moore (1939) showed that permanent blindness is
brought about by stenosis of tbe optic nerve where 1t passes through
the optic foramen. Wezel and Moore (19MO) discussed some of the theories
given for blindness such as inbreeding, a hereditary condition analogous to
Leber's disease, basterial or protozoal infections, food poisoning,

dietary factors, insidious rachitis, intracranial pressure, and pressure

from overgrowth of bone.
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In the Eyes of Other Mammals and Man

Hostetler et al (1935) fed pige a diet deficient in vitamin A and
noticed the following symptoms: lacrimation or watery discharge from
the eye, slight pus, a protrusion of the eye~ball, clouding of the
iris, temporary blindness in one or both eyes which later became per-
manent. Some of the eyes had a tendency. to ulcerate and finally
rupture. Hale (1935) placed gilts on a diet so that their vitamin A
was depleted to a very low level before breeding and for 30 days after
breeding which is the time during which the eyes develop in the pilg
embryo. The animals then received adequate amounts of vitamin A.

Two gilts farrowed 21 pigs among none of vhich had eye-balls. An-
other gilt that received a single dose of cod liver oil two wecks
before conception farrowed 14 plgs which had various eye defects -
some without eyes, others with one eye, and still others with one
large eye and one small eye. All were blind. Fairbanks (1940) and
Anderson and Hart (1943) observed eye changes in the horse similar to
those described for cattle. Mann et al (1946) showed that the eyes
of rabbits develop metaplasia and keratinization of the cornea with
the final result that this structure gradually became opaque.

Bicknell and Prescott (1947) stated that the first detectable
sign € a lack of vitamin A in man was a slight impaitment of dark
adaptation. The change in the eye that could be observed clinically was
a drylng or xeransis of the eye known as xerophthalmia which is ac-
companied by photophobia. Moore (19&5) reviewed some of the literature
on the relationship of vitamin A, ribvoflavin, and ascorbic acid in

dark adaptation. It was pointed out that when individuals with poor
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adaptation do not respond to vitamin A therapy, often the addition of
riboflavin produces immediate resvonse. Pure ascorbic acid often
brings about improvement in dark adaptation as does vitamin A. Sples
et al (1945) mentioned that in humans with ribdoflavin deficiency, inter-

stitial keratitis is seen in 60 per cent of the patients and corneal

ulceration in 53 per cent. Patients responded to riboflavin therapy.

In the Reproductive System

Male

Reproductive fallure, either permanent or temporary, is one of
the most serious problems confronting dairy herd owmers. In recent
years more attention has been given to the reproductive performance of
the male and its relationship to an adequate diet. Jones et al (1945)
reported the characteristics of 67 normal bull semen samples without
consideration of breed or age. The samples showed excellent motility,
averaging about 5.4 ml. per sample; revealed a sperm concentration of
1,120,000 per cmm.; had 11 per cent abnormal spermatozoa, ead in 70
per cent of the samples gave an initial pH. reading between 6.40 and
6. 80,

The following effects have been observed in bulls when the vitamin
A or carotene was low In the diett 1. 1inability of bulls to mount and
deliver semen although retaining an unusual degree of 1libido; 2. com-
plete or partial fallure of spermatogenesis; 3. a low concentration of
motile spermatozoa; 4. a high percentage of abnormal spermatozoa;
5. a high pH of the semen; 6. variation in the number of sperm fron
the normal amount to none. Guilbert and Hart (1935) reported that

spermatogenesis did not take place in the testes of one of their
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experimental bulls fed a diet low in vitamin A. They mentioned,
however, that this sterility was not permanent because adequate

amounts of vitamin A restored the spermatogenesis. Hodgson et al

(1946), Bratton et al (1948), and Madsen et al (1948) pointed out the
inability of bdbulls to copulate although retsining some 1ibido. These
authors cited changes in the semen such as a low concentration of

motile sperm, a high percentage of abnormal spermatozoa and an increase

in pH. Hodgson et gl (1946) and Erb et al (1947) stated that the formation
of cysts in the anterlor pitultary glands might be the cause of reproductive
failure in vitamin A deficient bulls. Chevrel and Cormier (1948) found
testicular changes in male rabbits on a vitamin A deficient diet al-

though the animals received 10-20 mg. of tocopherol daily.
Female

It has been known for some time that cows suffering from vitamin
A deficiency may show poor reproduction, premature bdirths, may re-
tain their placentae, and give birth to weak or dead calves. In rats
and pigs resorption and malformations of the fetuses have been reported.
Hart and Guilbert (1933) made a study of vitamin A deficlency.in
a herd of 250 head of cattle of which 100 died. In 25 to 30 cows which
calved at the height of the deficlency, all of the offspring were weak
vhen born, had severe diarrheas, and died in one to five days. Hart and
Guilbert (1947) stated that cows may abort if sufficient carotene and
vitamin A are not present in their diet. Cunningham and Addington (1938)
observed abortions in cows on vitamin A deficient rations which were ex-
plained on the basls of edema developing in the placentae and causing

the fetal villl to separate from the maternal crypts of the cotyledons,
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thus cutting off the food supply to the fetus. Hart (1940) cited some
of his early work in 1911 vhere animals were placed on restricted
rations of a single plant such as wheat, oats, or corn, in which it
was shown that fallure of reproduction could be nutritional in origin.
Davis and Madsen (1941) found that heifers receiving 30-U45 ug. of caro-
tene per kg. produced calves that were either blind and weak, or dead
at delivery. 3Braun (1945) and Sutton et al (1945) discovered that
blood plasma vitamin A levels 1n cattle from two to four weeks before
parturition or abortion take a significant sharp drop, and reach their
lowest level a few days after parturition or abortion.

Hughes et al (1928) and Hughes (1934) mentioned that gilts and
sows do not reproduce i1f the vitamin A inteke is not adequate. The
animals not only abort but often the fetuses are partially resorbed.
Hade (1935) reported that in addition to pigs being farrowed with no
eye-balls, they had hare 1lips, cleft palates, accessory earlike growths
at base of ear, malformed hind legs, and kidneys failing to ascend from
their embryonic position.

Mason (1935) stated that fetal death in the rat takes place bve-
cause of pathological alterations in the epithelial cells of the maternal
placenta consisting of focal necrosis in the maternal decidua adjacent
to the fetal trophoblast. This is followed by alterations in the fetal
tissue. Browman (1938) found that reproductive performance is much
lower in rats twlce depleted of vitamin A. MNo eye, limb, or other micro-
scopic abnormalities were observed in the 260 youngz rats born to females
on low levels of vitamin A supplement. Wilson and Varkany (1948) dis-
covered malformation in 42 fetal and newborn rats from mothers deficient

in vitamin A. The malformations consisted of failure of parts to develop,
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organs fusing, and parts being out of position in the body. Warkany
and Roth (1948) fed 260 female rats a basal ration and varied the
amount of carotene in this manner: @28 rats received 25 mg. of carotene
the first month and twice as much the last 2.5 weeks; 165 were given
4 mg. of carotene, 34 received 12 mg. and 33 received 25 mg. every
10 days. The results were as follows: 22 had heat cycles bdbut did
not mate; 124 mated but did not have litters; 114 had litters but
only 30 carried young to term. ZEighty-nine litters were abnormal and
only 25 litters normal. %hen these figures were broken dowm further,
612 rats were abnormal and only 208 normal. Wilson and Warkany (1947)
mentioned that the earliest sign of metaplastic keratinization in rats
is seen in the genitourinary tract of the fetus on the 18th day of ges-
tation in vitemin A deprived mothers. Truscott (1947) revealed that
female rats placed on a vitamin A deficient ration showed a gradual
decline in weight of their ovaries. Fraps (1947) reported that 38.2

mg. of carotene per rat dally is best for breeding.

In Gastrointestinal Tract

Enteritis in calves is quite generally a serious problem and
incites interest, whether its cause be nutritional, infectious, or
otherwise. Hart and Guilbert (1933), Keener et a1 (1942), and Thorp
et al (1942) reported scours in calves fed a diet deficient in vitamin A,
Stewart and McCallum (1938) made a study of the correlation between the
incidence of white scours in calves and the amount of vitamin A in the

colostrum. In 83 calves which received colostrum containing more than

250 blue units of vitamin A., 10.8& per cent developed scours, whereas in
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28 calves which received colostrum containing less than 250 blue units,
25 per cent developed white scours. Phillips et al (1941) and Phillips
(1945) stated that approximately 90 per cent of all scours and allled
diseases of calves were directly related to nutritional causes. They
recommended feeding with high potency shark liver oil and some of the
members of the vitamin B complex group., Krauss et al of Ohio, and
Huffmen et 2l of Michigan (1945) and Spielman (1946) showed that scours
is just as prevalent in calves which receive vitamin capsules as those
vhich receive placebos. Blakemore et al (1948) observed that the ad-
ministration of vitamin A concentrate fails to protect calves from white
scours. Spielman et al (1949), however, found that calves fed a?vitamin
A supplement had less scours than those on the basal ration.

Tilden and Millar (1930) and Verder and Petran (1937) revealed
that diarrhea ( as a symptom of vitamin A deficiency) is more constant
than the eye lesions in the monkey. Ramalingaswami (1949) described
20 cases of vitamin A deficlency in children associated with diarrhea
which responded to vitamin A concentrates. Wheeler (19h5) demonstrated
that a high vitamin A content in the diet of domestic and non~-domestic
animals can accelerate the metabolism to the point where it causes
diarrhea. Seelig (1940-41) selected 13 human patients with gastric ulcers
which had been resistant to medical treatment for more than a year with-
out success, These patients received dally doses of 120,000 to
780,000 1.U. of vitamin A. Radlologlical, gastroscopic and clinical

evidence indicated faevorable results in 3 to 5 weeks in all except 2

cases.
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In the Nervous System

Moore and Sykes (1940) placed calves on a low vitamin A diet
and observed papilledema, syncope, and incoordination. Cerebrospinal
fluid pressures were high and there appeared to be a relationship be-
tween these pressures and the above symptoms. When these calves were
placed on a normal diet the cerebrospinal pressures returned to
normal. Boyer et al (1942) found that normally the intracranial pres-
sure measures from 100 to 200 mmn. of water and the vitamin C content
of the spinal fluid is 2,3 mg. percent. They noticed that as the cere-
brospinal pressure became higher there was a definite drop in the vitamin
C levels. The administration of vitemin C to vitamin A deficient calves
resulted in a rise in the vitamin C content of the cerebrospinal fluid.
A reduction of the cerebrospinal pressure occurred in 3 out of 5 cases,
Moore et al (1943) found that an intake of 62 ug. of carotene per kg.
cf body welght was not sufficient to prevent an increased spinal pres-
sure but a minimum of 66 ug. of carotene prevented it in Holstein and
and Ayrshire calves. Moore (1946) concluded that vitemin C does not

play a role in the mechanism of increased spinal pressure.

In the Connective Tissues

Bechtel et al (1928), OGuilbert and Hart (1935), Cunningham and
Addington (1938) Schmidt (1941), and Hastings (1942) found edema as-
gociated with vitamin A deficiency. The edema appeared to be more
extensive in the extremities. Creech and Seibold (1943) revealed that
there was extensive edema in the subcutaneocus tissues and muscles ac-

companied by an inflammatory process. Madsen and Earle (1947) stated
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651 beef carcasses were condemned for generalized edema or anasarca
by federal meat inspectors during July, 1941 to December, 1946. [Phis
edematous condition occurred in cattle after a long fattening period
in dry lot when fed either stored or new corn in combination with a
roughage of low carotene content such as oat, hay, and straw. Alfalfa
vas highly effective in curing the condition. They were of the opinion

that the edema was not due to lowered colloidal osmotic pressure.

In the Urinary System

There has been much controversy for several years as to whether or
not the lack of vitamin A played an important role in the formation of
urinary calculi. Osborn et al (1917) found a high incidence of calculi
in their vitamin A deficient rats. Newson (1938) and Schmidt (1941) ob-
served urinary celculi in cattle and sheep on vitamin A deficient
rations. Newsom et al (1943) observed that lambs were more likely
to develop urinary celcull on a ration composed of cane fodder, bran,
and white corn than on one containing alfalfa, beet tops and yellow corn.
Bassett et al (1946) placed fox pups on diets deficient in vitamin A
and 21 animals out of 49 developed urinary celculi. In a study of 98
human cases of clinical urolithiasis, Jewett et al (1942) came to the
conclusion that vitamin A deficiency does not play a role in it. Jones
et al (1943) did not report urinary calculi present in their vitamin A
deficient calves and yearlings. Beeson et al (1943) noticed that urinary
calculi developed in the kidneys of sheep that received ample amounts of

vitamin A.
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Other Manifestations

Hughes et al (1929) stated that incoordiration is the most out-
standing symptom of avitaminosis A in pigs, whereas the eye lesions
are not prominent. Patton (1944) (1945) observed a relationship be-
tween acetonemia and vitamin A deficiency in cattle, and pointed out
that in uncomplicated cases animels often responded to vitamin A therapy.
Burt (1944) and Scott (1945) reported that they obtained good results
with vitemin A in the treatment of acetonemia in cattle. Shaw et al
(1945) and Hendershot (1946) found that vitamin A did not play an im-
portant role in ketosis. Langham et al (1944) reported that pneumonia
occurred in 33 calves out of 44 on a vitamin A deficient ration. After
Mayer and Krehl (1948) placed rats on a diet deficlent in vitamin A the
animals developed symptoms resembling those of acute scurvy. The level
of ascorbic acid in the blood was 50 to 66 per cent below normal,
These scurvy symptoms disappeared when iInjections of ascorbic acid were
given. Hassan et al (1948) considered that a deficiency of witemin A in
men causes a physiological leukocytosis, and that the vitamin is, there-
fore, dlrectly concerned in the protective mechanism ageinst infection.

In addition to the symptoms that have been mentioned previously
in. the thesis numerous workers haye reported rough hair coats, scaliness

of the skins, slovness of growth, and difficulty in getting up.

Histopathology

The microscopic study of vitamin A deficiency in cattle has
been rather meager and confined to a very limited number of organs such

as the eyes, pituitaries, kidneys, livers, and intestines. The most
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accurete and thorough work has been done on the rat., Everett (1942)
listed the four most important functions of vitamin A as follows:
1. Maintenance of normal epithelie of the skin, the eye, the upper
respiratory, gastro-intestinal and genito-urinary tracts, and also of
the ducts, and acinar tissues of secretory glands. 2. Maintenance of
normal nerve tisasue. 3. Promotion of normal growth of bone and of
tooth enamel. 4. Participation in the visual cycle of dark adaptation.

Moore et al (1934) in the study of nutritional blindness in
cattle observed mressure atrophy of the optic nerve where it passes
through the optic foramen but sectiong from several cases did not show
eny exostosis of the cenal. The canal gave more of the appearance of
having had messure gpplied from above which caused it to become smaller
as growth proceeded. The authors suggested that intracranial pressure
might produce this condition. Moore et al (1939) (1940) after studying
more cases %' permanent blindness in cattle stated that this condition
is probably brought about by an increased intracranial pressure. Mellanby
(1947) showed that there is extensive nerve degeneration especially in
the cranial nerves such as the olfactory, optic, trigeminal (lst and 2nd
divisions) and auditory in growing puppies in vitemin A deficient rations.
The nerve degeneration is brought about by overgrowth of bone which puts
pressure on the nerves. VWhen vitamin A is low the osteoclasts fail to
absorb bone normally but the osteoblasts continuer to lay down new bone
thus resulting in the overgrowth of bome. Wolbach and Bessey (1942)
concluded from their studies of rats that the nerve lesions are wholly
mechanical in aigin. This condition of degeneration of the nerves,
they reasoned, is brought about by stoprage of growth of the skeleton

while the nerves continue to grow. These investigators confirmed the
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formation of excess periosteal bone in realtion to the bony labyrinth
of the ear in dogs, as reported by lMellanby, and have recorded similar
findings in rats and guinea pigs. They did not find excess bone forma-
tion in any other part of the skeleton of the rat. Copp and Greenburg
(19&5) found that in vitamin A deficient rats the callus is much small-
er in the healing of a fracture than normally and calcification is less
active. There is a delay in fracture healing. Richards (1935) claimed
that growth does not cease in vitamin A deficliency vwhen the animal
ceases to increase in weight. This was proved not only by direct
measurements of body length of the live animal, but by direct meas-
urements of the limd bones after death.

Wolbach and Howe (1925) observed a shrinkage of the gland cells
of the piltuitary in rats but no change in the architecture of the
gland. Sutton and Brief (1939) pointed out that numerous investiga-
tions have shown a relationship, reciprocal in nature, between the
gonad and pituitary gland. They observed a marked increase in the
beta cells of the pituitary from vitamin A deficient rats. They
pointed out that this worl: profided eviience that vitamin A deficiency
exerted a direct effect on the gonads. Madsen et al (1942) studied
some cystic piltultary glands of cattle and observed that a considerabdle
portion of the functional anterior lobe was replaced by a cyst while some
of the remaining portions showed increased amounts of connective tissue.
Some of the glandular tissue contained pyknotic nuclei.

Wolbach and Howe (1925) stated that the specific tissue changes
vhich follow the deprivation of fat soluble vitamin A in albino wvhite
rats and in human beings concerns epithelial tissues. The effect is

the substitution of stratified keratinizing epithelium for normal
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epithelium, These changes are observed in various parts of the respira-
tory tract, alimentary tract, eyes, _parsocular glands, and the genitourin-
ary tract. The replacement of epithelium arose from focal proliferation
of cells arising fram the ariginal epithelium and not by differentiation
or change of pre-existing cells. Wolbach and Howe (1933) made a study
of repair of this keratinized epithelium in rats when sufficient vitamin
A was added to the diet. The repair appears toc take place from the
lower-most cells of the epithelium. These cells, functionally correspond
to the cells of the stratum germinativum of the epidermis. Wolbach
and Bessey (1942) stated "the epitheliums which atrophy and which bee
come replaced by stratified keratinizing epithelium are those having
a secreting (chemical) function in addition to the role of a covering
lgyer and whose functioning cells are without power to divide. Repair,
therefore, takes place from focally dstributed basal cells which mmlti-
ply, spread beneath the original epithelium, and finally, through coales-
cence of areas thus moduced, form a continuous epidermis-like layer.”
The histological sequences observed in the removal of cells above the
stratum germinativum indicate the autolysis as shown by vacuclar degen-
erationyand heterolysis as shown by leucocytic infiltration. Follis
(1946) reviewed the effects of vitemin A upon the trachea. The first
changes appear tc be an atrophy of the columnar cells. This decrease
in size involves the cytoplasm and not the nucleus. Small syncytial
masses of cells begin to arise from these atrophic columnar cells and
these groups rapidly develop into a keratinized type of epithelium,
Thorp et al (1942) noted scme metaplasia of epithelium in the calices
of the kidney and trachea of calves,. They described conspicuous lesions

in the kidney, testicle, liver, and intestine. All of these orgams
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showed some degeneration and necrosis along with same inflammation.
Langham et al (1940) reported some degeneration and necrosis of the
tubular epithelium and focal areas of inflammation in the kidneys of
calves on a vitamin A deficient ration.

Wiolfe and Salter (1931) end Wolbach and Bessey (1942) reported
that the undifferentiated cells of the geminal epithelium are spared
in rats on a vitamin A deficient ration. Bratton et al (1948) found
in bulls degeneration of the geminal epithelium of the seminiferous
tubules, with few spermatogonia, spermatocytes, spermatids, or maturing
spermetozoa in the lumina of the tubules. Moore (1936) observed foci
of inflammation and epithelial metaplasia in the prostatic acini and
ducta.

Creech and Siebold (1943) found in field cases of vitamin A de=-
fi ciency edema end atrophy of the peripheral nerves of the subcutaneous
tissues. The peripheral arterioles eand capillaries were more tortuous
in appearance in the subcutaneous tissuws and muscles, Hydropic and
atrophic changes ocourred in the skeletal muscles. There was thickening
of the walls of the heart arterioleas. Opper (1939) reported changes
in the blood vessels in 21 out of 24 rats on a vitamin A deficient ration.
There was medial degeneration in all vessels down to the larger arterioles.
Necrosis of the smooth muscle cells of the media was accompanied by de-
position of calcium granules in pericellular and perilamellar distribu~
tion. This was followed by the formetion of large calcium plaques and
formtion of granulation tissue in the msdia. Proliferation of con-
nective tissue in the subintima often led to complete closure of small
visceral vessels. 'hen this latter condition took place in the heart

myocardial fibrosis was the result.
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GENERAL EXPERIMENTAL PROCEDURE

Calves of the Holstein, Guernesy, Jersey, Aryshire, and Brown
Swiss breeds from the experimental end dairy herds of Michigan State
College were used in these experiments.

30 ml. of blood were drawn from the jugular vein weskly into
test tubes containing potassium oxalate as an anticoagulant, Fresh
smears on clean glass slides were made immediately, dried with an
electric heater, and stained with Wright's stain. Standard procedures
were employed for the blood counts and cell volumes as described by
Kolmer (1944). The only variation to his mthods was the use of
Leake and Guy diluting fluid in place of Hayem's solution. Hemoglobin
determinations were made using the method of Hoffman (1941). The
mean corpuscular volume &ad pean corpuscular hemoglobin content were
calculated by the formulas of Wintrobe (1942).

The blood plasma values for carotene and vi tamin A were determined
by the method of Boyer et al (1944). Standard carotene and vitamin A
curves were made from the results obtainsd from reading various aliquots
of these substances in the Cenco photelometer. The aliquots were pro-
duced by di ssolving weighed amounts of crystalline carotene and erystal-
line vitamin A acetate into ether and chloroform respectively. A 410 P
blue filter was employed for carotene and a 610 P orange filter was used
far vitamin A,

The calves were examined daily, and treated if necessary for
pneumonia md scours. The weights of the calves were taken every 10
days. The heights of the animals were measured periodically and taken

at the highest point of the withers. The eyes were examined weekly
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with an ophthalmoscope. Night blindness was determinsd by the in-
ability of calves to avoid obJjects in dim 1light.

A necropsy was made upon each animal in order to determine the
exact cause of death and to obtain ti ssues from certain cases for
histological study., Parts of the following tissues were saved: skin,
cerebrum, cerebellum, pituitary, optic nerve and foramen, spinal cord,
the eyes, tongue, parotid gland, mandibular salivary gland, sublingual
salivary gland, thyroid, epiglottis, trachea, lung, liver, gallbaldder,
pancreas, rumen, abomasum, esophagus, various portions of intestine,
kidney, urinary bladder, epididymis, testicle, penis, uterus, cervix,
heart, spleen, adrenal gland, bronchial and mesteric lymph nodes,
aorta, and skeletal muscle. The tissues were fixed in 10 per cent
formalin, Zenker's fluid, ard Carnoy's fluid. The formlin fixed
tissues were uscd for fat stains. The Carnoy's fluid was ussd to
preserve the glycogen in tissues so that it could be stained. All
of the other stains used in this work was done on Zenker's fixed tissues.

The following stains were used according to the methods of
Mallory (1938), sudan iv. for fat, hematoxylin and eosin for the
usual histological featurss of all tissues, and Verhoff's stain for
elastic tissues. For connscti ve tissue Mallary's anilin blue (Heiden-
hain's azo-carmine modification) was used as described by MeGregor (1929).

Glycogen was stained by employing the method of Chipps and Duff (1942).



EXPERIMENT I

The Non-Colostrum Group

The Effect Of A Diet Deficient In Vitamin A
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Non-Colostrum Group

Purpose

To study the effects of a vitamin A deficient ration upon
calves that did not receive colostrum at birth but were suvplemented

with dam's whole blood or serum.

Experiment al Procedure

A group of six animals of the Holstein, Jersey, and Brown
Swiss breeds were placed upon a basal ration deficient in vitamin A,
Two of these animals were selected as controls and received 250,000
I1.U. and 100,000 I.U. of vitamin 4 in the form of shark liver oil in
one oral dose, respectively. The other four animals were placed on the
basal ration alone. The first few weeks of life the animals received
whole milk followed by skim milk until they were ecating the basal ration.

Water was then substituted entirely for the milk.

Basal Ration

32 pounds of oats

35 pounds of barley

15 pounds of soybean oil meal
10 pounds of skim milk powder
1l pound of calcium carbonate
1 pound of bone meal

5 pounds of Brewsr's yeast



30
15 grams of irradiated yeast (9000 I. U. per gram)
1 pound of salt mixture, the formula for which consisted of:
307.8 grams of sodium chloride
62.5 grams of ferrous sulphate
77.0 grams of manganese sulphate
6.0 grams of copper sulphate

0.3 grams of cobalt sulphate
Results

The non-colostrum group of calves did not do well as a result

~of the scouring and the pneumonlia. There was little difference be-

tween the calves that received one large dose of vitamin A (controls)

and those that received none at 'all. The average life span for the
controls was 56 days and for the vitamin A deficient calves, 25 days.

The following symptoms were observed among the 6 caelvee; anorexia,
coughing, fever, rales, stretching of the neck, increased respirations

and heart beats, inability to rise, weakness, diarrhea, and rough hair
coat. The control calf C589 after the S4th day of 1ife showed lacrimation,
dilatation of the pupils, and fading of the tapeta lucida. One of the
vitamin A deficient enimals had some bulging of the 'leyés. All but one
animal had pneumonia and scours (see Table II). There were no significant
differences between the controls and the vitamin A deficient calves with
reference to quantity of blood plasma carotene, numbers of erythrocytes
and leukocytes, hematocrits, and differential leukocytic counts. Blood
plasma vitamin A in the controls was higher than in the vitamin A deficient
animals at the beginning. In control animal, C589, the vitamin A content

of the blood plasma dropped to the deficiency range in 27 days (below 8.9
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ug/per 100 ml.) in spite of the fact that this calf had received
250,000 I. U. of vitamin A in the form of shark liver oil the first
dey of life. The hemoglobins were lower than normal. In some of ‘the
calves with pneumonia the leukocyte count increased from normal (7 to
10 thousand) up to as high as 56 thousand. Simultaneously there was a
shift of leukocytes from a ﬁigh number of lymphocytes to a high number
of neutrophiles. In addition there was an increase of non-segmented
polymorphonuclears.

Necropsy revealed a bronchopneumonia in five of the animels
which involved the apicael, cardiac, intermediate, and part of the
diaphragmatic lobes of both lungs. The pneumonia was of the suppurative
type in three of the five cases. The intestines were greatly con-
gested and the lumina conteined very watery feces in the cases which
scoured. Some of the lymph nodes were edematous and enlarged. The
kidneys of three animals showed focal areas of inflammation. Calf C593
had a very marked upper respiratory infectlon manifested by purulent
sinusitis. Control calf, C591, had an enlarged heart due to hypertrophy
and dilatation of the left ventricle. (For complete records of these

calves see non-colostrum group in the appendix).
Discussion

This group of calves was not of much value from the view-point
of learning a great deal about the effects of vitamin A deficiency.
The fact that the animals did not eat well and died early in life
left much to be desired as far as the experiment was concerned. It

did bring out the importance of colostrum from the standpoint of health
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in calves as pointed out by Smith and Little (1924). It wverified some-
vhat the work of Moore (1939) who found that when calves were placed
on a diet low in carotene or vitamin A before the age of U0 days they
usually died from an infection such as pneumonia. The red and white
blood cell counts compared favorably with those of normal cattle
blood as cited by Runnells (1946). The hemoglobins in most of these
animals were somewhat below the normal level of 10 to 12 gm.per cent.
The lower levels of hemoglobin are not surprising when one considers

how poorly some of the calves were eating,
Summary

1. Six calves vhich did not receive colostrum were placed on a basal
ration deficient in vitamin A. Two controls received a vitamin A
supplement of 250,000 and 100,000 I. U. of vitamin A in the form
of shark liver oil respectively.

2. The average length of 1ife for the controls was 56 days and for
the witamin A deficient calves 25 days.

3. The anlmals did very poorly and most of them developed pneumonia

and scours.
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Non-Colostrum Group
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Other
Animal Age at death Am't of Vit., A Pneumonia Scours Conditions
NO . dayB I . U .
Control Calves
C589 86 250,000 £
C591 26 100,000 - Hypertrophy
of Heart
Basal Ration Calves
c588 32 - P £
€593 10 - # - Purulent
sinusitis
AS7 38 - P
A59 20 - P ¢




EXPERIMENT II

Calves Received Colostrum and a

Vitamin A Deficient Ration Without Hay
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Purpose

To study the effects of feeding a vitamin A deficient ration,

wi thout hay, to calves that had received colostrum.
Experimental Procedure

Ten calves of the Holstein, Jersey, and Guernsey breeds were
placed in this experinent at the time of birth. Calves C587 and C582
were used as negative controls and, in addition to the basal ration,
received vitamin A weekly in the form of shark iiver 0il. The follow-
ing calves, A58, €582, C595, C583, and C584 were placed on the basal
ration only. The basal ration had the same formula as the one used in
Experiment I. Three calves, AS4, 455, and 456 were used as positive con-
trols. These were new-born heifers that were going to be used as re-~
placements in the regular experimental herd. They raceived the regular
herd calf rations consisting of hay and grain, All of the animals were
given whole milk until they were able to eat the dry feed. The general

procedures we:e carried out as described earlier in this thesis.
Results

The three pvositive controls were apparently normel throughout
the entire experiment. The two negative controls and the five basal
ration calves displayed the following clinical conditions: anorsexia,
scouring, pnewronia, poor growth, and pityriaesis. The pneumonia was
characterized by coughing, moist rales, discharge of mucopurulent
exudate from the nostrils, fever, increased respirations, inability to

get up, and stretching of the neck, The nityriasis was recognized by
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dryness of skin, loss of hair, and scaliness on the ears, neck, and
withers. One of the controls, C587, developed a severe case of tongue
lolling.

The basal ration calves showed some changes that were not ob-
served in the controls. From the 84th to the 1lU4lst day of 1life these
animals developed the following eye changes: failure of the irises
to contract properly, fading of the tapeta lucide, edeﬁa and swelling
of the optic discs, bulging of the eyeballs from the sockets, and
lacrimation. Calf C584 developed a rolling of the eyes from side to
side (nystagmus). C582 was the only animal in the group that had a
clouding of the corneas which developed after the 253rd day of life.
Two calves, C584 and C582, displayed typical vitamin A syncope, (a
temporary suspension of consciousness for 30 seconds to a minute), at the
110th and 215th days of life respectively. Tympanites was observed only
in the group of vitamin A deficilent animals.

The vitamin A content of the blood plasma of the controls was
well above the 10 ug. per 100 ml. of blood plasma needed for maintenance
of normal health. All of the deficient animals showed blood plasma
vitamin A levels, which were usually merkedly below 6 ug. per 100 ml. There
was little difference between the positive controls, negative controls,
and basal ration calves as far as erythrocyte and leukocyte counts,
hemoglobin content, hematocrit, and differential counts were concerned.

A necropsy was performed on the two negative controls and the
five basal ration calves. All of them had lesions of pneumonia (Chart I1).
There were fibrinous adhesions between the pleurae. Some of the lymoh
nodes of the body were enlarged due to edema, congestion, and hemorrhage.

The stomach and intestines were often congested and presented some
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hemorrhages. The skin showed a pityriasis. The subcuteneous tissues
of several animals were edematous and in one case edema appeared to
involve the muscles. The kidneys often showed small white spots in
the cortex which on section extended dowvm through the depth of the cortex.

Complete records of this group of animals are in the aprendix.
Discussion

This group of calves was not of much value from the standpoint of
getting a true picture of a single deficliency condition. The fact that
the animals did not eat well, scoured a great deal, and were plagued
with pneumonia, probably led to multiple deficiencies. This group did
show many of the symptoms and conditions that have been attributed to
vitamin A deficiency. An examination of the blood picture of the basal
ration calves showed that blood plasma vitamin A was extremely low.

The animals developed extensive scouring similar to the calves
described by Hart and Guilbert (1933). Keener et al (1942) and Thorp
et al (1942). Edema was present in the subcutaneous tissﬁes similar to
that reported by Guilbert and Hart (1935), Schmidt (1941), and Creech and
Siebold (1943). These calves showed some of the eye changes similar to
those reported by Moore (1939), Schmidt (1941), and Jones et al (1943).
Two of the animals had syncopes resembling the cases reported by Moore
(1939).

Ovservations of the positive group of control animals brought out
tvo important factors. First, that hay in the diet appeared to play a
very important role from the standpoint of health in ruminants. Secondly,
that hemoglobin values in calves appear slightly lower than those of

mature animals.
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Summary

Ten animals were used in this experirent, three positive controls
(heifer calves receiving regular herd rations), two controls
(receiving basal ration plus vitamin A), and five animals receiving

only the basal ration low in Vitamin A.

All of the animels except the positive controls developed the fol-
lowing clinical conditions: anorexia, scours, pneumonia, and pity-

riasis.

The calves fed the basal ration low in Vitamin 4 in addition to

having the above clinical conditions, showed eye changes characterized
by failure of the irises to contract properly, fading of the tapeta
lucida, edema and swelling of the optic discs, bulging of the balls,

and lacrimation,

Necropsy of the controls and the calves which received the basal

ration low in Vitamin A revealed pneumonia in all of them.,



TABLE III

Colostrum Group 1

Animal Age at death Am't of Vitamin A Pneumonia Scours

No. days I,U.

Positive Control Calves

A54 living * - -
A55 " * - -
A58 " * - -

Control Calves

586 30 50,000** y, /

~

cs87 170 50,000** £

Basal Ration Calves (low in Vitamin A)

A58 42 - Y y;
cs82 372 - Y, Y,
€585 100 - v, £
€583 140 - 4 #
Cc584 180 - £ /

* Received vitamin A in form of Carotene from alfalfa hay.

** Given weekly in the form of shark liver oil.



EXPERIMENT II1

The Study of Vitamin A Deficiency in Calves that
Received Colostrum at Birth. These Animals Received a Basal

Ration Containing a Hay Low in Carctene.
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Purpose

To study the effects of a vitamin A deficient ration which con-
tained oat hay low in carotene upon calves that received colostrum.

Procedure

Six calves of the Ayrshire, Brown Swiss, and Ho’3stein breeds
were used in this experiment. Calves C616 and CG6l7 were employed as
controls. These latter animals, in addition to the basal ration, were
given 250,000 I. U. of vitamin A weekly in the form of shark liver oil.
Calves C6ll, C613, C6l4, and C615 were given only the basal ration.

The basal ration consisted of 1 pound of oat hay per day, 1
pound of skim milk per 10 pounds of body weight until 12 pounds was
fed, and 10,000 I. U. of vitamin D in the form of viosterol weckly. The
oats and barley were fed according to the amounts of total digestible
nutrients needed by the calves. 10 grams of calcium carbonate were
given daily with a salt mixture containing 38L.8 gm. sodium chloride,
65.5 gm. ferrous sulphate, and 6.0 gm. of copper sulphate. (The salt
mixture made up 1 per cent of the grain mixture.)

The amount of the grain mixture fed was based on the weight of
the animgl and the total digestible nutrients needed for growth., The
amount of digestible protein and totel digestible nutrients in each
feed substance was determined by using Mgrrison's Standerds (1948). The
digestible protein in each ingredient was as follows: skim milk 3.4,
oats 9.l, barley 10.C, and oat hay 4.9 per cent. The totel digestible
nutrients in these feeds were as follows: skim milk 8.7, oats 70.1,

barley 77.7, and oat hay 4.7 per cent. The amount of nutrients to be
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fed was carried out according to the recommendations of the National
Research Council (1945). The calves received skim milk during the
entire experiment, except at birth, when they were allowed to nurse the
cows in order to obtasin colostrum. The oat hay contained Y ug. of
carotene per gm. throughout the experiment, except for one month when
it contained only 1.2 ug. per gm. All of the animals were given 10
mg. of cobalt sulphate dally sterting at about 7 months of age. 1In the
last 3 months of this experiment oats were used almost exclusively for
grein as barley was not avallable. The general procedures were carried

out as described previously in this thesis (see page 27).
Results

The celves in Experiment III did not consume enough total di-
gestible nutrients during the firet 6 months of 1life to make satis-
factory gains even though they appeared very healthy. (Table IV).
Control calf C617 consumed about 1 pound less than the normal recom-
mendation for digestible nutrients during the first 6 months. During
this period the animal gained only 0.78 pounds per day, but after 10
mg. of cobalt sulphate was supplemented to the diet deily, the gain in
weight increased to 1.55 pounds per day. The amount of total digestible
nutrients needed per pound of gain in weight varied from 1.97 to 5.63
pounds. C6l6 followed practically the same pattern except that during
the first 6 months the total digestible nutrients intakes were only
one-half pound below normal, yet the gain was only 0.55 pounds per day.
After cobalt was added the gein was 1.5 pounds per day. The amount
of totsl digestible nutrients needed for these gains varied from 2.5
to 5.37 pounds. Calf CO6lU of the vitamin A deficient group gained
0.62 pounds per day during the first 6 months and 1.2 pounds per day

after cobalt supplementation. The amount of total digestible nutrients



Calf No.

ce17

C616

C614

C613

Cell

C615



TABLE IV
Feeds, digestible protein, total digestible nutrients consumed
FEED INTAKE
Digestible Protein

Calf No. 3 Nonth Oat Hay Oats Barley Skim Milk Rec'd/day Req./day
Periods

pounds pounds pounds pounds pounds pounds
Control Calves

Ce617 3 45. 36.7 34.2 940 +46 0.56
6 91 118 141 1050 .72 0.70

9 91 468 126 1092 1.08 0.74

12 90 979 - 1080 1.46 0.81

C616 ] 37 36.6 34.12 926 0.42 0.45
6 91 78.5 101.5 1050 0.63 0.62

9 91 423.0 302.5 1092 1.21 0.70

i2 89 717.0 - 1068 1.20 0.75

Vitamin A Deficient Calves

C614 3 29 31 22 810 <39 0.51
6 91 78 107 1050 .64 0.65

9 91 375 169 1080 1.02 0.73

12 91 728 8 1102 1.22 0.78

C613 3 32 19 19 726 0.33 0.48
6 82 69 69 1072 0.62 0.65

9 92 246 172 1068 0.80 0.73

12 90 489 - 1080 0.97 0.79

C61l 3 34 18.25 18.25 975 0.44 0.66
6 90 84 93 1116 0.66 0.72

8 65 149 149 780 0.90 0.75

C615 3 26 32 24 818 0.28 0.49
6 91 63 92 1050 0.65 0.59

9 91 381 177 932 0.99 0.68

12 93 511 - 1104 0.97 0.74
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iigestible nutrients consumed, and efficiency of feed utilization.

FEED 1INTAKE

Digestible Protein Total Digestible Nutrients
Lk Rec'd/day Req./day Rec'd/day Req./day Req.per pound Daily gains
of gain in wt.
pounds pounds pounds pounds pounds

Control Calves

046 0.56 1.5 2.30 1.97 0.76

72 0.70 3.16 4.14 3.90 0.81
1.08 0.74 5.77 5.3 3.61 1.60
1.46 0.81 8.62 7.3 5.63 1,53
0.42 0.45 1.50 1.9 2,50 0.6
0.63 0.62 2.56 3.1 5.33 0.48
1.21 0.70 7.00 4.9 4.07 1.72
1.20 0.75 6.70 6.4 4,75 l.41

tamin A Deficient Calves

.39 0.51 1.22 2.5 1.97 0.62

.64 0.65 2.58 3.4 4,09 0.63
1.02 0.73 5.38 4.8 3.71 1.45
1.22 0.78 6.77 6.3  6.64 1.02
0.33 0.48 1.2 2,13 2.11 0.57
0.62 0.65 2.34 3.50 2.69 0.87
0.80 0.73 4.43 4.9 4,03 1.10
0.97 0.79 4.89 6.2 4,33 1.13
0.44 0.66 1.79 3.9 2.06 .87
0.66 0.72 4,03 4.5 4,03 1.0
0.90 0.75 4.50 5.3 4,29 1.05
0.28 0.49 1.24 2.3 2,38 0.52
0.65 0.59 2,33 3.0 3.88 0.60
0.99 0.68 5.38 4.0 5,03 1.07

0.97 0.74 4.93 4.9 - -
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needed per pound of gein varied from 1.97 to 6.64 pounds. C613 of
the vitemin A deficient group vwas interesting in that its total digest-
ible nutrients intake never quite reached the normal requirement yet
it gained 0.72 pounds per day during the first 6 months and after
cobalt was added to the diet it gained 1.11 pounds per dey. The total
digestible nutrients needed per pound of gain varied from 2.11 to Y4.373
pounds. Calf C61l1l of the vitamin A deficient group only lived 8 months
as a result of breaking its back during a feinting spell (syncope). This
calf made the best gains in early life when compared with the other
calves. During the first 6 months it gained 0.93 pounds per day.
During the next 2 months it geined 1.05 pounds per day. The total di-
gestible nutrients needed for the gain per pound of weicht varied
from 2.06 to 4.29 pounds. C615 of the vitamin A deficient group
followed the same pattern as the other animals until the 9th month
when pneumonia developed and it gradually lost weight. It showed,
however, a gain in welght as a result of adding cobalt. The first 6
months it gained 0.55 pounds and from the 6th to the 9th months the
gain was 1.07 pounds per day. The total digestible nutrients needed per
pound of gain varied from 2.38 to 5.03.

The body weights and heights at withers were compared with
normal velues (see Table V). Normal growth values are not availabdle
for Brown Swiss cattle, which accounts for the lack of data in case of
calf C615. The animals in both groups made fair gains in body weight,
yet were below the Ragsdale standards. The helghts at withers for the
animals in both groups were slightly below the standards.,

The blood picture showed very little difference betwecen the



TABLE V

Growth and Carotene 1

Per Cent of
Animal Age Wieight Standard ‘eight Normal Vieight Hei ght

No. Month Pounds Pounds Inches
Control Calves

Holstein ] 168 214 79 33.4

cel7

Male 6 252 399 . 64 37.¢

9 294 563 70 41 ,:

12 532 741 71 45.¢

Aryshire 3 124 173 78 3l.:
C616

Vale 6 177 221 56 3.0

9 344 488 70 38.¢

12 467 675 70 42,(

Vitamin A Deficient

Holstein 3 146 193 76 T 32,."
C6l4

Female 6 203 355 57 34 ,¢

9 334 509 66 38.¢

12 427 632 66 42,1

Aryshire 3 14] 173 82 30."
€613

Male 6 219 321 68 34.]

9 319 488 66 36,¢

12 422 675 63 41 ,¢

Holstein S 182 214 85 336t
Cé611

Male 6 274 399 69 37 o

8 342 514 67 40,

Brown Swiss 3 132 Yol
C615

Male 6 188 84.¢

9 287 93.(

12 280 94.¢

* Calves compared with Ragsdale Standards for weight: and height at wi th
** The minimum normal requirement is 16 ug of carotene per pound of body
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. and Carotene Intake*

- Per Cent of
ight Hei ght Standard Height Normal Height Carotene** Vitamin A

Inches Inches ug/per pound I.U.per pound
Control Calves

33.4 34.8 96 10.7 1488.0
37.2 40.5 92 7.2 992.0
41.2 44,2 93 5.0 638.0
45.9 47.5 97 3.4 469.0
31.2 32.7 95.5 13.5 1894,0
34,7 37.9 92 10.3 1413.0
38.2 41.8 91 5.5 727.0
42,0 45,5 92 3.9 535,0
iin A Deficient Calves
32.7 34,3 95 12.3 -
34.4 39,7 87 8.8 -
38.6 43.5 89 5.4 -
42,3 46.0 92 4.2 -
30.7 32.7 94 12.3 -
34,1 37.9 90 8.7 -
36.8 41.8 88 5.6 -
41,9 45.5 92 4.3 -
33.3 34.8 96 10.0 -
37.6 40.5 93 6.6 -
40.1 43.1 93 5.3 -
77 om. 13.6 -
84.5 9.6 -
93.0 6.6 -
94.5 6.6 -

height at wi thers.
» pound of body weight,



44

controls and the deficient calves (see Table VI). The vitamin A
levels of the 2 controls, C617 arnd C616, veried between 8.6 and
13.69 ug. per 100 ml, of blood plasmas. The deficient calves showed
levels of vitamin A varying between 3.88 and 10.3 ug. per 100 ml.
of blood plasma. The hemoglobin levels in the calves of Zxperiment
IIT varied from 8.74 to 13.4 grams per 100 ml. of blood vhile the
hemoglobins in the calves of Experiments I and II veried from 4.4
to 11.6 grams per 100 ml. of blood. The high leukocyte count in
calves C617 and C6l4, which occurred in the last 2 months of 1life,
could be accounted for on the basis of an infection, but in C613 no
pathological condition was observed that might explain the high count.
The lack of vitamin A apparently had no definite effect on the blood
picture other than the low levels of vitamin A in the plasma, A
summary of the blood data is given in Table VI,

The most important menifestations of vitamin A deficiency ex-
hibited by the calves in the low vitamin A group involved the eyes.
A summary of these changes with the time that eech change first occurred

are presented in Table VII,



TABLE VI

Summary of Blo

Animal Age Carotene Vitamin A, ReB.C. H.B.Cs Hb., R.B.C.V,
No. Months ug/100ml. ug/100ml. ¥/mmS T/mm® gm.% %
Controls
Ccel7 3 6.32 8.65 8.03 9.2 8.74 27.59
6 8.9 12.76 8.32 12,35 9.95 32.14
9 8.4 9.70 9.54 14.79 11.67 35.44
12 9.5 9.84 9.53 21.28 12.02 36.55
C616 3 12.03 13.69 6.67 8.49 9.67 3l.2
6 7.19 13.49 6.30 8.76 8.89 28,37
9 8.37 11.96 6.06 11.70 9.66 28,5
12 8.28 10.67 6.57 13.48  10.77 3.7
Experimental 4
Cé6l4 3 7.0 10,23 9.43 9.48 9.37 31.42
6 8.99 6.7 9.43 11.65 9.77 32.86
9 6.5 5.17 8.81 16.92 9.79 30.63
12 6.36 4.12 9.23 24,84 10.57 33.9
C613 3 12.62 9.77 8.28 11.00 10.37 34,1
6 8.57 8.78 7.00 10.00 9.8 31.75
9 7.49 6.99 7.88 15.46 9.63 29.88
12 9.77 5.49 7.56 24,03 11.08 33.59
C615 3 5.48 7.60 8.25 7.58 9.7 30,66
6 5.63 6.1 8.16 10,37 9.1 29.26
9 6.2 4,98 8.06 12,38 9,77 27.44
12 5.0 3.88 8.02 12.49 9.77 28,5
C6ll 3 11.4 9.04 12.34 12.54 13.4 42,78
6 6.79 7.44 9,59 11,67 9.7 30.81
9 6.0 6.5 8.90 15,35 10.16 29.69

* 3 month summaries of weekly determinations.
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Summary of Blood Data*

S

Hb, R.B.C.V. M.C.H. M.C.V. Lymph. Polys. Eosin., Juv, Stabs. MNon

Zm % % gm.x10-12  cu/ug % % % % % %
Controls
8.74 27.59 10.89 33.78  65.3 32,1 0.8 0.0 0.0 2.2
9.95 32.14 12.17 40.75 58,57 38.43 0.1 0.1 0.0 1.3
11.67 35.44 12.54 37.96  60.00 37.43 0.2 0.0 0.2 2.0
12.02 36.55 12.3 38,18  52.63 44,0 0.2 0.1 0.2 2.0
9.67 31.2 14.06 45.05  78.8 17.88 0.8 0.1 0.0 1.6
8.89 28.37 14.05 45.3 78.0 19.25 0.4 0.5 0.2 1.4
9.66 28.5 16.6 49.4 74,7 22.86 1.5 0.0 0.2 1.0
10,77 31.7 16.49 49.8 75.0 21.80 0.5 0.0 0.5 1.5

Experimental Animals

9.37 3l.42 10.25 35.48 67.6 28.4 0.7 0.9 0.1l 1.3
9.77 32.86 10.33 35.16 80.63 17.0 0.2 0.0 0.0 1.5
9.79 30.63 11,31 35.45 66.75 30.5 0.2 0.2 0.0 2.0
10,57 33.9 11.54 37.05 66.18 28.88 0.5 0.3 0.7 2.4
L0.37 3.1 12.75 44,05 82.11 15,55 0.3 0.1 0.0 0.7
9.8 31.75 13.95 45.8 80.14 16.43 0.1 0.1 0.4 2.0
9.63 29.88 12.13 38,7 74.5 22.75 1.7 0.3 0.3 1.7
11.08 33.59 14.75 44,79 65.64 28.18 1.0 0.1 0.9 25
9.7 30.66 1l.3 36.68 77.20 20.4 0.3 0.1 0.0 1.1
9.1 29.26 11.08 36,03 67.25 29.2 0.2 1.3 0.3 1.2
9.77 27.44 12,57 38.87 70.0 26.6 0.7 0.1 0.0 1.7
9.77 28.5 12.24 36.21 70.55 24.7 0.1 0.6 0.4 243
13.4 42.78 10.76 35.31 72.50 24.0 1.2 0.0 0.1 1.7
9.7 30.81 10.298 33.29 69.67 26.8 0.7 0.4 0.5 1.8

L0.16 29.69 11.59 34.73 71.25 25.25 0.5 0.2 0.0 1.7
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TABLE VII

Summary of Eye Chenges

Calf No. C61l C613 Cel4 C615
Day Day Day Day
Iris not contracting properly. 245 136 71 58
Night blindness. 247 65 - -
Fading of the tapetum lucidum. - 200 193 87
Blurring of the optic disc. 245 287 89 69
Total blindness. - 288 246 260
Bulging of the balls, - 289 295 311
Nystagnus, - - 293 262

Level of Vitamin A at time of
first symptom. ug/per 100 ml. 4,8 7.2 4.8 1.9

Level of Vitamin A at death.
ug/per 100 ml. 6.5 5.49 4,12 3.88

In addition to the above changes, after the animals were totally
blind the diameter of the blood vessels around the optic dise became
smal ler and appeared more tortuous. Calf C615 also developed hemorrhages
around the blood vessels,

The next important gy stem that showed clinical manifestation of
the deficiency was the nervous system. Calves C611l, C613, C6l1l4, and
C615 which received the vitamin A deficient ration, developed syncope
or incoordination for the firat tim= at 236th, 260th, 191st, and 254th
day respectively. This syncoﬁe was characterized by fainting spells
which lasted from 30 to 60 seconds,

The male calves, C613 and C615, in the deficient group apparently
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had no libido since they were not interested when placed with a
cow in heat. This latter condition was not true among the controls.

The only lesions found at necropsy in the controls were numerous
areas of necrosis in the liver, and congestion, edema, and hemorrhage
of the lymph nodes in C6El7. There was no pinching of the optic nerve
vhere it passed through the optic foramen in the controls (fig. 1).
The most important lesion in the deficient group was the pinching of
the optic nerve vwhere 1t passed through the optic foramen (fig. 2)
and edema of the optic discs. Animals C614 and C615 had some chronic
pneumonia. The pneumonia in C614 was confined to one small area in
the right apical lobe, while C615 had it in several lobes. In addition,
the latter 2 animals had small greyish-white spots in the cortex of
their kidneys which on section extended down through the depth of the
cortex. 0613 was the only animal with a cyst in the pituitary gland.
This cyst measured about 6 mm. in diameter.

The histopathologicel changes were confined to a few structures
of the body. The part of the optic nerve that passed through the optic
foramen had undergone marked atrophy and necrosis, and had been re-
placed by fibrous connective tissue (figs. 3 and 4)., The testes of
the control animals showed active spermatogenesis (fig. 5). The testes
of the deficlent group were characterized by complete absence of
spermatogenesis (fig. 6). There were a few germinal cells left in the
seminiferous tubuvlees next to the basement membrane. The interstitial
cells appeared to be intact.

Some metaplasia was observed in the epithelial stiructures of a
few organs in the deficient animals. This condition was observed in

the cervix (fig. 7), the ducts of the mandibular salivary glands (fig. 8),
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and in the bdbronchi of the lungs vhere inflammatory processes were
present (fig. 9). Two of the calves had microscopic changes in
their pituitary glands. The changes were produced by pressure atrophy
due to cystic fluid. Atrorhy and necrosis of cells adjacent to the
cyst both in the anterior and posterior lobes were observed. There
were numerous desquamated cells in the cyst cavities. T?e pars nervosa
of C614 had meny more hysline bodies than are normally seen. The
greyish-vhite areas observed microscopically in the kidneys of C61M
and C615 were characterized by atrophy and necrosis of the tubules.
Surrounding these zreas were increased amounts of connective tissue

accompanied by increased numbers of lymphocytes and macrophages.
Discussion

The ration of skim milk, oat hay, barley, oats, viosterol, calcium
cerbonate, and salt mixture probably would have been adequate if cobalt
had been in the diet in sufficient amounts at the beginning of the ex-
periment. All of the animals in the experiment except C615 appeared to
be in good health and outwardly were eating well, but were not consum-
ing enough feed to keep up the total required digestible nutrient intakes.
Table IV shows very adequately the story of these calves. In the first
6 months the total digestible nutrients and the digestible protein
consumed were below the standards and the gains made by the controls
and the vitamin A deficient calves were between O.€ and 1.0 pounds per
day. After the cobalt was added the galns ranged from 1.07 to 1.72
pounds per day. Cobalt is very important for the health of cattle. This
has been brought out by numerous workers such as A. C. Baltzer et al (1941)

and H. A, Keener et 21 (194li), Bowstead and Sackville (1939) (1942) showed
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that the addition of cobalt to the diets of ewes incresased appetite
and body weight. Narginal deficiency of cobalt is very difficult to
detect in cattle. It was not until these calves actually quit eating
between the 6th and 7th months that cobalt deficiency was realized.
There was a marked increase in awpetite which occurred about the 3rd
day after cobalt supplementation.

The calves of Experiment iII were very efiicient in their ability
to produce gains when the total digestible nutrients were below normal.
Both C617 and C614 required only 1.97 pounds of total digestible nutrients
per pound of gain for the first 3 months., C617, however required 5.63
pounds of digestible nutrients for 1 pound of gain in the 9 to 12 month
pariod. This increased requirement might be exrlained on tle basis of
the liver damage that developed in the lest month. C615 required 5.03
pounds of total digestible nutrients for each pound of gain during the
6 to 9 month period. This inefficiency may have been due to the chronic
pneumonia which occurred in the late stage of life. In this period
(9th to 12th month) the calf lost weight.

It was of interest tc compare these animals with the Hagsdale
Standards. (Table V). C616, a control calf, was tie [lirst animal to
develop anorexia and about 18 days elapsed before cobalt was given. 1t
was interesting tc observe tle response to cobalt. 4t 6 months the
weight of this calf was only 56 per cent of normal end by 1l year of
age the vody weight had increased to 70 per cent of normal. Control
C617 was only 64 per cent of normal ané after cobalt wes sdded, body
weight gradually increased to 71 per cent of normal. Calf C614 of
the vitemin A deficient group showed a weight of 56 per cent of normal

at 6 months which gradually increas:d to 66 per cent at 9 months and stay-
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ed at that level. The body weight of C613 only dropped to 68 per
cent of normal at 5 months of age. Cobalt supplementation did not
appear to accelerate growth since at 1 year of age the weight had
been reduced to 63 per cent of normal. If Table IV is examined one
will see that C613 was making its best gain during the 9th to the
12th month period, (1.13 pounds per day), yet lost 3 percentage points
in weight wvhen compared to the Ragsdale Standards. C611, another calf
in the vitamin A deficient group, was 69 per cent of normal in weight.
This animal broke i1ts back in the 8th month of life and had to be
destroyed before the full effects of cobalt could be observed. C615
in the deficient group did not make good gains in welght which was
probably due in part to cobalt deficiency and chronic pneumonia.

The long bones of the body of vitamin A deficient calves apparent-
ly continued to grow since the height at the withers of these animals
was 92 per cent of the Ragsdale Standards. This compares with the
work of Richards (1935), who reported that growth does not cease in
vitamin A deficiency vhen the animal ceases to increase in welght.
| There was no significant difference between the controls and
vitamin A deficient animals in growth at height at withers.

The vitamin A deficient calves showed the eye changes that have
been described by Moore et al (1934), Moore (1939), and Jones et al
(1943).  (Table VII). The earliest manifestation of vitamin A deficiency
appeafed to be the fallure of the irises to contract properly. This
condition varied with each eye of the animal. Sometimes one iris
closed properly while the other did not. Night blindness, blurring
of the optic discs, and fading of the tapeta lucida were the next con-

ditions observed. The lacrimation, and the opacity and ulceration of
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the corneas which have been reported by Hart and Guilbert (1933),
Jones et al (1943), and Alvarez (1947) were not observed in these
calves. This work confirmed the report of De Schweinitz and De Long
(1934) that the caliber of the blood vessels was reduced. The optic
nerves showed the pinching vhere they passed through the optic foramen
as reported by Moore et al (1934), MclMutt and Wall (1933), Moore (1939),
and Vetzel and Moore (1940). This pinching of the optic nerve produced
atrophy and necrosis of the nerve fibers and lead to replacement fibro-
sis. The destorying of the nerve at this polnt accounts for the total
blindness.

Night blindness was only observed in two of the calves, C61ll and
€613, vhich occurred at the 247th and 65th day, respectively. 1In 2 of
the deficient animals, COGl4 and C615, this condition could not be
demonstrated. Night blindness was determined by attempting to run
calves into objects in semi-darkness; apparently C611l must have obtained
more vitamin A in colostrum than C6l3, as it took 192 days longer to
produce night blindness in C61l1l than C6l3. Of course, there was a
very good chance that night blindness was overlooked at an earlier time
in C611 although this animal showed the eye changes much later than the
other vitamin A deficient calves.

The deficient calves showed the characteristic syncope or in-

coordination that was reported by Moore and Sykes (1940), Boyer et al

(1942), and Schmidt (1941), and Hodgson et al (1946). The reproductive
ability of the male calves C6ll, C613, and C615 was greatly impaired

and the testes microscopically showed that spermatogenesis had not taken
place. This latter condition corresponded to the work reported by such

investigators as Guilbert and Hart (1935), and Bratton et al (1948).
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Chevral and Cormier (1948), and Sutton and Brief (1939) reported
similar changes in the testes of rabbit and rats respectively.
Two animals, C613 and C615 showed some atrophy and necrosis of the
piltuitary gland adjacent to the cyst. This was similar to the changes
reported by Madsen, et al (1942) except no increase in connective
tissue was observed.

The greylish-vhite lesions that have been reported in the kidneys
of vitamin A deficient animals is probably due to the action of toxins
from a chronic inflammatory process rather than the lack of vitamin A.
Calves C6l4 and C615 had these lesions in the kidneys and also had
small chronic areas of yrneumonia in thelr lungs. The author has ob-
served this latter condition on numerous occasions vhen calves with
chronic pneunonia were necropsied.

This investigation showed that if calves are eating and grow-
ing well, even though the vitamin A and carotene are extremely low,
many of the changes vhich have been attributed to the lack of vitamin
A are eliminated. The oat hay in the diet probably kept the rumen
functioning and increased the general appetite of the calves. The hay
apparently produced a hay type of flora in the rumen of young
calves rather than a grain type oi flora when grain is fed ac-
cording to Pounder and Hibbs (1949). It is this microflora that in-
creases the digestibility of food substances and also synthesizes
dietary factors such as the vitamins of the so called vitamin B-complex
and vitamin K. Burroughs and associateé (1949). showed that the digest-
ibility of the dry matter of corn cobs was depressed by addition of
starch, but when the same amount of starch was added to alfalfa hay

the depression in the digestibility of the dry matter did not occur.
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They explained these results on the basis that alfalfa hay contained

more essential nutrients than corn cobs in promoting growth of rumen
microrganisms. Quin (1943) ead Elsden (1945) both pointed out that
good quality hay increased the fermentation of glucose in the rumen of
sheep, They pointed out that the difference was due to the microflora
of the rumen. Louw et sl (1948), using a concentrate composed of starch,
casein, brever's yeast, and a mineral mixture as a supplement to poor
hay, observed that the depression of cellulose digestion by this supple-
ment was overcome by adding fresh alfalfa. Vhen the basal ration of Ex-
periment III was compared with the basal ration of Experiment II, about
the only difference was the presence of oat hay in the former. Vhen
this hay was present some of the clinical changes which were observed in
Experiment II and many of those reported in the literature were elimin-
ated. The rough hair and dermatitis, that were reported by Hart and
Guilbert (1933), Schmidt (1941), and Keener et al (1942), had been elim-
inated. Scours was not a problem in this experiment as observed by such
workers as Hert and Guilbert (1933), Stewart and McCallum (1938), and
Keener et al (1942). Subcutaneous edema was not present in the vitamin
A deficient animaels although this condition has been reported by many
research workers such as Bechdel et al (1928), Guil bert and Hart (1935),
Cunningham and Addington (1938), Schmidt (1941), Hastings (1942), Creech
and Siebold (1943) and Madsen ad Earle (1947). No urlnary calculi were
found in the vitamin A deficient animals used in this investigation.
Urinary calculi have been repcorted by Newsom (1938) and Schmidt (19u1)
in cattle. Osborn et al (1917), and Bassett et al (1946) reported a
high incidence of calcull in rats and fox pups respectively. Other
investigators such as Moore (1939) and Jones et al (1943) did not find

calculi in their vitamin A deficient calves,



Summary

Six calves of the Holstein, Ayrshire, and Brown Swiss breeds were
placed on a basal ration deficient in vitamin A, Two of these
animals (controls) received 250,000 I. U. of vitamin A weekly.

The calves during the firet 6 months of 1ife did not consume

enough nutrients to bring the total digestible nutrients up to

the recommendations of the National Research Council. During the
last 6 months, the total digestible nutrients were aporoximately
normal or above.

The addition of cobalt increased the appetites of these animals and
their weight gain per day increased two to three fold. The in-
crease in appetite occurred about the 3rd day.

The most important manifestations of vitamin A deficiency involved
the eyes. These changes were characterized by dilatation of the
pupils, blurring of the optic discs, fading of the tapeta lucida,
night blindness, bulging of the balls, nystasmus, total blindness,
and decreased diameter of the blood vessels.

The vitamin A deficient anlmals showed periods of unconsciousness
(syncope) which lasted from 30 to €0 seconds.

Spermatogenesis was not present in the vitamin A deficient male
animels.

Metaplasia of the epithelium was observed only in a few organs such
as the cervix, ducts of mandibular salivary glands, and the bronchi
of vitamin A deficient calves.

The following manifestetions of vitamin A deficiency which have been
reported in the literature were absent in these calves: rough hair

coats and skin lesions, lacrimation, scours, anorexia, edema, weak-
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ness, urinary calculi, and opacity and ulceration of the cornea.
The elimination of these menifestations of vitamin A deficiency
was probably due tc the presence of oat hay in the diet.

The role of hay in mainteining a normal rumen termentation wes

pointed out.



Fig. 1. Normal syes and optic nerves of control
calf C6l16. iote that there is no pinch-
ing of thre optic nerve., Life size.
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Fig. 2, dves and optic nerves of calf C6l4
that vwas on vitamin A deficient
diet. ILote the severs pinching of
the optic nerve antericr to ontic
chiasre, Life size.
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Fige 3

Longitudinal section of one of the
optic nerves shown in figure 2.
Note the replacement of the nerve
by collagenous fibers at the point
where the nerve passed through the
optic foramen. Azocermine and
aniline blue stain. X6






Cection of the same optic nerve through
the point of constriction to show the
increase in cocllagenous Tibers and the
di sappearance of nerve structure.

Hematoxylin and Xosin stain., X176,
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Fig, O Cross section of a seminiferous tubule
of control celf C817 tc show normal
ective sperretogenesiz. IHematoxylin
gnd Zosin. L700,
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ig. 6. Crcus section of a seminiferous tubule

of vitamin A deficient calf C613 tc
dermonstrate the lack of spermatogenesis.,
dematoxylin and Zosin., X700.
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ige 7

A portion of the carvix of vitamin 4 do-
ficient calf C6l4., Note the replacement
of the columnur epithelium by stratified
squamous ~plthelium, .ilso observe how
the stratified esquamous epithelium sturts
beneath the columnar spithelium and
pushos it toward the lumen, Hematoxylin
and Eosin., X1442.
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8.

Aa eross section of a auct of the
mandibular salivery -land of
vitamin a4 deficienrt calf ChK15,.
Ikcte the replacement of the
columnar tvye enitheliur. by
stratified sguamous epithelium,
Lematoxylin and Zosin., AR13.
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e, @, A saction tnrcueh a portially collapsed
breonchus of vitamin a deficient cglf
C6l4, 1In the lower portion of the
rhotomicrogravh ti.e normal appeuring
resriratory epithelium is lined by
cilia. In the upper portion of thre
photomicrograrh tihe stratified
sguamous epithelium has replaced the
normal epithelial structures. Jote
the intercellular bridges that are
mesent in this eypitheliun,
Hematoxylin and Zosin, X10Z7,.



Y
-

I,LA.
0. ®

EIRA-” Ao




65
LITERATURE CITED

Alvarez, J. G.
1947. Vitamin A deficiency of Cattle in Columbia, S.
America.
Jour. Amer. Vet. Med. Assoc. 11:716-717.

Anderson, C., and Hart, George.
1943, Histological Changes in the Retina of the Vitemin A
Deficient Horse.
Amer. Jour. Vet. Res., U4:307-317.

Aron, H. C., Craig, R. F., Farmer, C. J., Kendell, H. V., and
Schwemlein, G. X,
1046. Effect of Elevated Body Temperature on Plesma Vitsmin
A and Cerotene.
Proc. Soc. Exper. Biol. and Med. 61:271-276.

Aschaffenburg, R. S., Bartlett, S., Xan, 5. XK., Terry, P.,
Thompson, S. Y., Walker, D. M., Briggs, C. and Cutchin, E.
1948, The Nutritive Value for the Calf of Colostrum and Its

Fradtions.
Biochem. Jour. Y2:XXXsXXXI.

Baltzer, A. C., Huffman, C. F., and Duncan, C. V.
1942, The Chemical Composition of Michigan Grovn Hays as
Fed to Dairy Cattle, I. The Carotene Content.
Mich. Agric. Exper. Station Eull.2h:8-13,

Barron, N. S.
1942, Vitemin A and Its Relationship to Some of the More
Common Diseases of Farm Animals.,
Vet. Rec. 54:29-37.

Bassett, C. F., Harris, L. A., Smith, S., and Yeorman, E. D.
1946, Urinary Calculi Associated with Vitemin A Deficiency
in the Fox.
Cornell Vet. 36:5-16.

Bassett, C. F., Harris, L. E., and Vilke, C. ¥,
1046, A Comparison of Carotene and Vitemir A Utilization
by the Fox.
Cornell Vet. 36:16-7U,

Beeson, V. Y., Pence, J. V., and Holm, G. C.
1943, Urinary Calculi in Sheep.
Amer. Jour. Vet. Res. U:120-126,

The Bible.
Jeremigh. 14:6.
Jemes Pott and Co., New York.



66

Bicknell, F. and Prescott, F.
1947. The Vitamins in Medicine. ed.2, pp.1-97.
Grune and Stratton, New York.

Blakemore, F., Davies, A. V., Eylenburg, E., Moore, T., Seller,
K. C., and Viorden, A. N,
1948, The Relative Importance of Antibodies and Vitamin A in
Preventing Disease in Young Calves.
Biochem. Jour. L2:XXX.

Bliss, A. F,
1948, The Mechaniem of Retinsl Vitemin A Formation.

Booher, L. E. and Mersh, R. L.
1941. The Vitamin A Values of 128 Foods as Determined by the
Rat Growth Method.
United Stetes Dep't. Agric.,Tech. Bull.802,1-30.

Royer, P. D., Phillirs, F. H., Lundquist, N. S§,, Jensen, C. V. and
Rupel, I. V.
1942, Vitamin A and Carotene Requirements for the Maintenance
of Adequate Blood Plasma Vitamin A in the Dairy Calf.
Jour. Dairy Sci. 25:433-LLO,

Boyer, P. D., Phillips, P. H., Pounden, W. D., Jensen, C. V., Rupel
I. W. and Nes»it M., E,
1942. Certain Relationships of Aviaminosis to Vitamin C in
Young Bovine.
Jour. Nutrition. 23:525-531.

Boyer, P. D., Phillips, P. H., and Smith, J. K.
1944, The Separation of Carotene from Vitamin A for the Deter-
mination of Vitamin A in Blood Plasma.
Jour. Biol. Chem. 152:LL5-L52,

Bratton, R. W., Salisvury, G. ¥W., Tanabe, T., Branton, C., Mercier,
E., and Loosli, J. K.
1948. Breeding Behavicr, Spermestogenesis, and Semen Production
of Mature Dalry Bulls ¥ed Rations Low in Carotene.
Jour. Dairy Sci. 32:779-791.

Braun, V.
1945, Studies on the Carotenoid and Vitamin A Levels in Cattle.
I, Seasonal Changes of the Carotenoid and Vitamin A Levels
and the Normal Carctenocid-Vitamin Ratio of Blood.
Jour. Nutrition. 29:61-€7.

Braun, Verner.

1645, Studies on the Carotenoid and Vitamin A Levels in Cattle.
I1. Carotenoids and Vitamin A in the Liver, Their Ratio,
and Their Relationship to Blood levels.

Jour. Nutrition. 29:73-79.



67

Breece, B. B., et al.
1942. Absorption of Vitamin A in Tuberculosis.

BRrovman, L. G.
1939, The Reproductive Performance of Albino Rats with Previous
Vitamin A Depletion Histories.
Amer. Jour. Physiol. 125:335-338.

Brown, E. F., and Morgan, A. F,
1948, The Effect of Vitamin A Deficiency upon the Nitrogen
Metabolism of the Rat. °
Jour. Nutrition. 35:425.438,

Buckstein, Jacob.
1944, The Role of the Fat Soluble Vitamins A and D in Nutrition.
Amer. Jour. Digestive Diseases., 11:326-7329,

Burroughs, W., Gerlaugh, P., Edgington, B. H., and Bethke, R. M.
1949, The Influence of Corn Starch upon Rougharge Digestion in
Cattle.
Jour. Animsl Sci. 8:271.

Burt, A. C.
1944, Ovservations of Vitamin Therapy.
Canad. Jour. Comp. Med. and Vet. Sci. 8:187-188.

Cartwright, G. E., and Wintrobve, M. M,
1948, Studies on Free Erythrocyte Protoporphyrin, Plasma
Copper, and Plasma Iron in Protein-Deficient and Iron
Teficient Swine,
Jour. Biol. Chem. 176:571-583.

Chevrel, M. L. and Cormier, M.
1948. Effets de la Carence en Vitamine A fur le Systeme Genital
Male Du Lapin.
Compt. Rendu. Acad. Sci. 7£286:1854~1855.

Chipys, H. D., and Duff, G. L,
1942, Glycogen Infiltration of the Liver Cell Nuclei.

Clayton, C. C., and Baumann.
1G4, Vitamin A Storesge and Factors that Affect the Liver.
Jour. Nutrition. 27:155-163.

Clements, F. V.
1946. Manifestations of Nutritional Deficiency in Infants,
Vitemins and Hormones. U:71-133.
Academic Press, New York,

Coombes, A. J., Ott, G. L., and Wisnicky, V.
1940. Vitamin A Studies with Foxes.
North Amer. Vet. 21:601-606.



68

Copp, E. E., and Greenberg, D.
1545, Studies on Bone Fracture Healing.
Jour. Nutrition. 29:2€1-267.

Coward, K. H,
1925, The Persistence of Vitamin A in Plant Tissues.
Biochem. Jour. 19:500-506.

Cox, AlVinn
1941. Site of Vitamin A Storage in the Liver.
Proc. Soc. Exper. Biol. and Med. U6:2LE-250.

Creech, G. T. and Siebold, H. R.
1943. Histo-pathology of Anasarcous Lesions Observed in Natural
Cases of Vitamin A Deficiency in Cattle.
Amer., Jour. Vet. Res. U4:353-359,

Crocker, V. J.
1919. Blindness in Calves due to Insidious Rachitis.
Cornell Vet. 19:171-174.

Cunningham, O. C. and Addington, L. H,
1938, Physiological Effect of a Limited Ration on Dairy Cows.
New lexico Agric. Exper. Station Bull.257:1-°4.

Tann, V. J.
1933, The Transmission of Vitamin A from Parents to Young Mammals.
I1. The Carotene and Vitamin A Content of Cows Colostrum.
Biochem. Jour. 27:1998-2005.

Davis, R. E. and Madsen, L. L.
1941, Carotene and Vitamin A in Cattle Blood Plasma with
Observations on Reproductive Performance at Restricted
Levels of Cerotene Intake.
Jour. Nutrition. °21:1-9.

Deuvel, H., J., Hallmen, L. F., Johnston, C., and Mattson, Fred.
1943, The Effect of a High Vitamin A Intske on the Blood and
Milk Carotene of Holstein and Guernsey Cows.
Jour., Nutrition. 23:567-579.

DPrill, V. A. and Truant, A. P,
1947, Effect of Thyroidectomy on the Conversion of Carotene
to Vitamin A,
Endocrinology. U40:259-26M4,

Eaton, H. E., Christien, J. A., Dougherty, F. C., Spielman, A. A.,

and Matterson, L. D.

1949, The Effect of Crude Soybean Lecithin on the Absorption
and Utilization of Vitamin A Fed Prepartum to the Ewe
and Sowv.

Jour. Animal Sci. 8:2°4-233.



69

Eaton, H. D., Johnson, L. D., Matterson, and Spielman, A.
1949, The Carotene and Vitamin A and Approximate Composition
of Portions of the First Milking Post Partum.
Jour. Dairy Sci. 32:587-595,

Eddy, ¥. H., and Dalldorf, G.
1944, The Avitaminosis. ed. 3. pp. 137-172.
Villiams and Wilkins Co., Baltimore.

Eden, Eva.
1949. Vitamin A Deficiency in Farm Animals.
Vet. Record. 61:845-852.

Elsden, S. R,
1945, The Fermentation of Carbohydrate: in the Rumen of the
Sheep.
Jour. Exper. Biol. 22:51-62.

Erb, R. E., Andrews, F. N., Haugs, S. M., and King, V. A.
1947, Ovservations on Vitamin A Deficiency in Young Dairy
Bulls,
Jour. Dairy Sci. 30:687-702.

Everett, M. R.
1942. Medicel Biochemistry. p.5%4.
Paul B. Hoeber, Inc., New York.

Fpirbhanks, B. V.
1940, Vitamin A. II. Occurence in Hay and Silage.
Deficiency Symptoms. Requirements of Horse.
North Amer. Vet. 21:281-783,

Foliis, R. H,
1948. The Pathology of Nutritional Disease. pp. 91-104.
Charles C. Thomas, Springrield.

Fraps, G. S.
1947, Effect of Quantities of Carotene in the Ration on the
Fertility of White Rats and the Young.
Jour. Dairy Sci. 13:296-297.

Fraps, G. 5., and Treichler, R.
1933. Vitamin A content of Foods and Feeds.
Texas Agric. Exp. Station Bull.N77.

Frey, P. R. and Jensen, R.
1946. Depletion of Hepatic Reserves of Vitamin A and Carotene
in Cattle.
Jour. Nutrition. 32:133-1u1,

Frey, Paul R., Jensen, Rue, and Connell, V. E.
1947, Vitamin A Intake in Cattle in Relation to Hepatic
S¢ores and Blood Levels.
Jour. Nutrition. 3H:421-430,



70

Gallup, V. E., and Kuhlman, A. H,
1941. Carotene Content of the Blood Plasma of Dairy Cattle
in Relation to Vitemin A Deficiency.
Proc. Ckle. Aced. Sci. 21:89-92,

Creaves, J. D., and Schmidt, C. L. A.
1935. On the Absorption and Utilization of Carotene and
Vitamin A in Choledochocolonostomized Vitamin A Deficient
Rats.
Amer. Jour. Physiol. 11:492-506.

Guilvert, H. R.
1935. Factors Affecting the Carntene of Alfelfa Hay and Meal.
Jour. Nutrition 1C:45-62.

Guilbert, H. R. and Hart, G. H,
1935, Minimum Vitamin A requirements with Particular Reference
to Cattle.
Jour. Nutrition. 10:409-L27.

Guilbert, H. R., Howell, C. E., and Hart, G. H.
1940, Minimum Vitamin A and Carotene Requirements of Mammalian
Species.
Jour. Nutrition. 19:91-103.

Hale, Fred.
1635, The Relationship of Vitamin A to Anaphthalmos in Pigs.
Amer, Jour. Ophthalmology. 18:1087-1092,

Halpern, G. R. and Biely, J
1948, The Utilization of Vitamir A in Various Carriers.
Jour. Biol. Chem. 174:817-826.

Hart, G. H.
1940-1941. Vitamin A Deficiency and Requirements of Farm Mamnals.
Nutrition Abst. and Rev. 10:2581-27¢7.

Hart, G. H., and Guilbart, H. R.
1933. Vitamin A Deficiency as Related to Reproduction in
Range Cattle.
Calif. Agric. Exper. Station Bull.560:1-30. (cited in 59).

1931. The Relation of Brucella Abortus Infection to the
Vitamin A Content of Fetal Livers.
Amer. Jour. of Vet. Res. 2:3G0-39%,

———e - ]

1957. Symptomatology of Vitamin A Deficiency in Domestic
Animals,
Jour. Amer. Vet. Med. Assoc. U1:193-2CO0.



Hartman,

1931.

71

A, M,
The Vitamin A Content of Different Grades of Alfalfa
and Timothy Hays and of Hays Cured under Various Condi-
tions.
Biochem. Jour. 92:VII.

Yassan, M. U., Ibrahim, M., and Khama, L. C.

1949,

Hastings,
1942,

The Relation of Vitamin A to Vhite Cells in Human Blood and
Normal Vhite Cell Counts in the Punjab.
Nutrition Abstr. and Rev. 18:633,

c. C.
Some Vitamin Deficie@ncies of Cattle.
Jour. Amer. Vet. Med. Assoc. 100:190-193.

Hickman, XK., Kaley, M., and Harris, P.

1944,

Heilbron,
1944,

Hendersho

19u46.

The Sparing Action of Natural Tocopherol Concentirates
on Vitamin A.

Jones, VW. E., and Bacharach, A. L.

The Chemistry and Physiology of Vitamin A.
Vitamins and Hormones. 2:155-213,
Academic Press, New York.

t, J. M.
Ketosis in the Hawaiian Islands.
Jour. Amer. Vet. Med. Assoc. 108:74-75.

Hodgson, R. E., Hall, S. R., Sweetman, W. J., Viseman, H. G., and

Conver

1946.

se, Ho T.

The Effect of Vitamin A Deficiency on Reproduction in
Dairy Bulls.

Jour. of Dairy Sci. 29:669-687.

Hoffman, W. S.

1941,

Hostetler
1935.

Hubbs, J.
1948,

Hughes, E.

1934,

Photelometric Clinical Chemistry. pp. 56-57.
Villiam Morrow and Co., New York.

, =% H., Foster, J. E., and Halverson, J. E.

Vitamin A Deficiency. A Causs of Lameness and Death
Among Swine.

North Carolina State Tech. Bull.52:1-31.

., and Pounden, V. E,

The Influence of the Ration and Early Rumen Development
on the Changes in the Plasma Carotenoids, Vitamin A and
Ascorbic Acid of Young Dairy Calves,

Jour. Dairy Sci. 31:1055-1061.

H.

Some Effects of Vitamin A Deficient Diets on Reproduction
of Sows.
Jour. Agric. Res. U9:943.953,



72

Hughes, J. S., Lienhardt, H. F., and Aubel, E. E.
1929. Nerve Degeneration Resulting from Avitaminosis A.
Jour. of Nutrition. 2:183-186.

Irvin, J. L., Kopala, J., and Johnston, C. G.
1941. The Absorption of Carotene from Isolated Intestinal
Loops.
Amer., Jour. Physiol. 132:202-210,

Jacobson, W. C., Converse, H. T., and Moore, L. A.
1949. Effects of Vitamin A and Carotene Intake on Depletion
Time of Young Dairy Calves.
Jour. Dairy Sei. 32:418-U4rg,

Jewett, Hugh J., Sloan, L., and Strong, G.
1942. Does Vitamin A Deficiency Exist in Clinical Urolithiasis.
Jour. Amer. Med. Assoc. 119:293.

Johnson, R. M., and Baumann, C. A.
1947. Storage and Distribution of Vitamin A in Hats Fed
Certain Isomers of Carotene.
Arch., of Biochem. 14:361-367.

1947. The Effect of Thyrold on the Conversion of Carotene
into Vitamin A.
Jour, Biol. Chem. 171:513-521.

Jones, I. R., Dougherty, R. V., and Haag, J. R.
1945, Relationship of Nutrition to Growth and Breeding
Performance in Dairy Bulls, I. Alfalfa Hay Rations.
Jour. Dairy Sci. @28:311-320.

Jones, J. H., Schmidt, H., Dickson, R. E., Fraps, G. S.,
Jones, J. 4., Riggs, J. K., Kemmerer, A. R., Howe, P. E.,
Black, W. H.,, Ellis, N. R., and Marion, P. T.

1943, Vitamin A Studies in Fattening Feeder Calves and
Yearlings.
Texas Agric. Exper. Station Bull.530:1-52.

Josephs, H., V.
1943, Studies on Vitamin A. Vitamin A and Total Lipid of
the Serum in Pneumonia.
Amer. Jour. Diseases of Children. 65:712,7°7.

Xao, H., and Sherman, H. C.
1940, Influence of Nutrition Intake upon the Concentration of
Vitamin A in Body Tissues.
Proc. Soc. Exper. Biol. and Med. U5:589-591,

Xeener, H. A., Bechdel, S. E., Guerrant, N. B., and Thorp, W. T. S.
1942. Carotene in Cali Nuirition.
Jour. Dairy Sci. @25:571-583.



13

Kimble, M. S., and Gordon, E. S.
1939. The Importance of Riboflavin and Ascorbic Acid in
the Utilization of Vitamin A,
Jour. Biol. Chem. 128:1i11i

Kleiner, I. S.
1945. Human Biochemistry. pp. °213-219.
C. V. Mosby Co., St. Louis.

Xyhlman, A. H., Gallup, ¥. D., and Veaver, E,
1936. Two Types of Blindness in Cattle and Their Possible
Relation to Vitamin Deficiency.

Xolmer, J. A.
1944, Clinical Diagnosis by Laboratory Examinations. pp. 973~984.
D. Appleton-Century Co., New York.

Krauss et al and Huifman et al.
1945. Supplementary Vitamins for Calves
Feedstuffs. 17:L0.

Langham, R. F.
1945-1946, The Role of Vitamin A in Bovine Nutrition.
Mich. State Coll. Vet. 6:14-16. passim.

Langham, R. F., Sholl, L, B., and Hallman, E. T,
1941. The Pathology of the Bovine Kidney in Vitamin A
Deficiency.
Amer., Jour. Vet. Res. 2:319-323,

Lengham, R. F., Thorp, F., Hallman, E. T., and Sholl, L. B.
1944, The Incidence of Pneumonia in Some of the Food-Producing
Animals.
North Amer. Vet. 25:5U1-547,

Lewis, J. M. and Logan, T. W,
1945. Vitamin A Requirement in Calves.
Jour. Nutrition. 30:467-475,

Lewis, J. M., Bodansky, 0., Falk, K. G., and McGuire, G.
1941. Relationship of Vitamin A Intake and Liver Storagze.
Proc. Soc. Exper. Biol. and Med. UL6:248-250,

Loosli, J. K., Huffman, C. ¥., Feterson, V. E., Phillips, P. H,
1945, Recommended Nutrient Allowances for Bairy Cattle. p. 2.
National Res. Council. No. 3. Vashington.

Louw, J. G., Bodenstein, S. I., and Quin, J. I,

1948. The Digestibility, for Sheep, of the Cellulose in Poor
Veld Hay, as Aifected by Supplements of a Mixture of
Concentrates and Green Feeg.

Onderstepoort Jour. Vet. Sci. and Animel Ind. 23:P39,



T4

Madsen, L. L., Eaton. 0. N., Heemstra, L., Davis, R. E., Cabell,
C. A., and Knapp, B.
1948, Effectiveness of Carotene and Failure of Ascorbic Acid
to Increase Sexual Activity and Semen Quality of
Vitamin A Deficient Bulls.
Jour. Animal Sci. 7:60-69.

Madsen, Louis L., and Earle, I. F.
1947. Some Observations on Beef Cattle Affected with Generalized
Edema or Anasarca Due to Vitamin A Deficiency.
Jour, Nutrition. 34:603-619.

Madsen, L. L., Hall, S. R., Converse, H. T.
1942, Cystic Pituitary in Young Cattle with Vitamin A
Deficiency.
Jour. Nutrition. 2W:15-24,

Mallory, F. B.
1938. Pathological Technique.
. B. Saunders Co., Philadelphia.

Mann, I., Pierce, A., Tansley, K., and Vood, C.
1946. Ocular Changes in Vitamin A Deficiency in the Rebbit.
Aper. Jour. Ophthalmology. 29:201.

Mason, K. E.
1944, Physiological Action of Vitamin E and Its Homologues.
Vitamins and Hormones. ?2:107-153.
Academic Press, Wew York.

Mattson, F.
1948. The Site of Conversion of Carotene to Vitamin A.
Jour. Biol. Chem., 176:1467-1468.

Yattson, F. H., Mehl, J. V., and Teuhl, H, J.
1947, Studies on Carotenoid Metabolism. VII. The Site of
Conversion of Carotene to Vitamin A in the Rat.
Arch. Biochem. 15:65-73.

Mayer, J. and Krehl, V. A.
1948, Scorbutic Symptoms in Vitamin A Deficient Rats.

1948, Iafluence of Vitamin A the Gross Efficiency of Growth
of Rats.
Yale Jour. Biol. and Med. 20:L04-LD5,

Maynard, L. A.
1944, Animal Nutrition. p. 420.
McGraw~Hill Book Co., New York.

McCullough, K., and Dalldorf, G.
1937. ZEpithelial Metaplasia.
Arch. Path. 2u4:4e6-496,



75

McGregor, L.
1929, The Finer Histology of the Normal Glomerulus.
Amer. Jour. Path. 5:553-554,

¥cNutt, S. H., and Vall, J. F.
1938, Nutritional Blindness in Steers.
Vet. Med. 23:497-499,

Mead, S. W., and Regan, W. M.
1931, Deficiencies in Ratlons Devoid of Roughage for Calres.
Jour. Deiry Sci. 14:283-793,

Mellandby, E.
1947, Vitamin A and Bone Growth: The Reversibility of Vitamin
A Deficiency Changes.
Jour. Physiol. 105:383-399.

Moore, L. A,
1946. Vitamin A, Ascorbic Acid and Svinal Fluid Pressure
Relationships in the Young Bovine.
Jour. Nutrition. 31:229-2356,

1939. The Determination of Blood Plasma Carotene in the
Bovine Using A Photoelectric Colorimeter.
Jour. Dairy Sci. 22:501-511,

1939, Carotene Intake Level of Blood Plasma Carotene and
the Development of Papillary Edema and Nyctalopia
in Calves.,

Jour. Dairy Sci. 22:803-812.

1939, Relatlonship between Carotene, Blindness Due to
Constriction of the Optic Nerve, Papillary Edema
and Nyctalopia in Calves.

Jour. Nutrition. 17:u4l43-459,

Moore, R. A.
1936, The Effect of Avitaminosis A on the Prostate.
Jour. Exper. Med. &4:1-6.

Moore, T.
1932, Notes on the Conversion of Carotene to Vitamin A in
the Cow.
Biochem. Jour, 26:1,1-6,
Moore, T.

1945. The Interrelation of Vitamins.
Vitamins and Hormones. 3:1-18.
Academic Press, New York.



Moore, L.

194,

1945.

Moore, L.

1943,

Moore, L.

1945,

Moore, L.
1935.

Moore, L.

1940,

Yoore, L.
1948,

Morrison,

1948,

76

A., and Berry, M. H.

Effect of Colostrum on the Vitemin A and Carotene
Content of Blood Plasma of New Born Calves.

Jour. Deiry Sei. 27:867-873.

Vitamin A and Carotene Content of the Blood Plasma
of Dairy Calves from Birth up to Four Months of Age.
Jour. Dairy Sci. 28:821-82€.

A., Berry, M. H. and Sykes, J. F.

Carotene Requirements for the Maintenance of a Normal
Spinal Fluid Pressure in Dairy Calves,

Jour, Nutrition. @26:649-658.

A. and Colter, J. W.

The Relationship Between a Low Caroten Intake and
Urinary Excretion of Ascorble Acid in Dairy Cattle.
Jour. Dairy Sci. 28:495-506.

A., Huffman, C. ¥., and Duncan, C. A.

Blindness in Cattle Associated with a Constriction of
the Optic Nerve and Probably of Nutritional Origin.
Jour. Nutrition. 9:533-551.

A. and Sykes, J. F.
Cerebrospinal Fluid Pressure and Vitamin A Deficiency.
Amer. Jour. Physiol. 130:684-689,

A., Sykes, J. F., Jacobson, V. C. and Viseman, G.
Carotene Requirements for Guernsey and Jersey Calves
as Determined by Spinal Fluid Pressure.

Jour. Dairy Sci. 31:533-538.

F. B.
Feeds and Feeding. ed. 21, pp. 1086-1141.
Morrison Publishing Company, Ithaca, New York.

Newson, I. E.

1938,

Urinary Calculi with Special Reference to Cattle and
Sheep.
Jour. Amer. Vet. Med. Assoc. U5:495-502.

Newson, I. E., Tobiske, J. V., and Osland, HI B.

1943,

The Effect of Rations on the Production of Urinary
Calcull in Sheep.
Colo. Agric. Exper. Station Tech. Bull.3l:1-42.

Opper, Lincoln.

1939.

Experimental Vascular Disease in Xats Produced by
Multiple Depletions of Vitamin A,
Proc. Soc. Exper. Biol. Med. 4O:Llg,



17

Osborn, T. B., Mendel, L. B. and Terry, E. L.
1917. The Intidence of Phosphatic Urilnary Calculi in Rats
Fed on Experimental Rations,
Jour. Amer. Med. Assoc. 69:32-33,

Patton, J. V.
1944, Acetonemia a Vitamin A Deficiency.
veto Medo 39:271-2780

194, Acetonemia a Vitamin A Deficiency.
Vet. Med. 39:150-153.

T 1945, Differential Diagnosis of Vitamin A Deficiencies and
Related Allments of Cattle.
vet. Medo u02163-167-

1§E§f' Uses of Vitamirn A in Tresiment of Acetonenmia.
Vet. Med. U40:106-107.

Parrish, D. B.
1949, Properties of the Colostrum of the Dairy Cow. 1II1.
Several Fectors Affecting Vitamin A and Carotenoid Content.
Jour., Dairy Sci. 32:209-221.

Parrish, D. B.,Vise, G. H.,, Hughes, J. S., and Atkeson, F. V.
1948. Properties of the Colostrum of the Dairy Cow. II. Effect
of Prepartel Rations upon the Nitrogenous Constituents.
Jour. Dairy Sci. 31:889-895.

Parrish, D. B., Vise, G. H., and Hughes, J. S.

1949, Properties of the Colostrum of the Dairy Cow. IV. Effect
of Form of Vitemin A and of Tocopheral Supplement on
Concentrations of Vitamin A and Carotencids.

Jour. Dairy Sci. 3P:un8-Lgh,

Pavcek, P. L., Herbst, E. J. and Elvehjem.
1945, The Nutritional Value of Teleng Livers,
Jour. Nutrition. 30:1-9.

Payne, M. G., and Kingman, H. E.
1947. Carotene Blood Levels and Reproductive Performance in
Renge Hereford Cattle.
Jour. Animal Sci. 6:50.

Phillips, P. E.
1945. Calf Pills - A New Feed.
Holstein Fresian World. UR2:2C-372,



78

Phillips, P., Lundquist, N. S. and Boyer, P. D.
1941, The Effect of Vitamin A and Certain Members of the
B~complez upon Calf Scours.
Jour. Dairy Sci. 2U:977-982.

Pepper, H., and Chinn, H.
1942. Changes of Vitemin A Distribution in Choline Deficiency.
Proc. Soc. Exper. Biol. and Med. U49:207-70u,

Popper, H., Steigmann, F., and Dyniewiez, H. A.
1645, Plaema Vitemin A Level in Renal Disecase.
Amer. Jour. Clin. Path. 15:27P-277.

Pounden, W. D., and Hibbe, J. V.
1949, Rumen Inoculation in Young Calves.
Jour. Amer. Vet. Med. Assoc. 114:33-35,

Quin, J. I.
1943, Studies on the Alimentery Tract of Merino Sheep in
South Africa. VIII. The Pathogeneeis of Acute Tympanites.
Onderstepoort Jour. Vet. Sci. and Animal Ind. 18:113-11i7..

Ragsdale, A. C.
1934. Growth Standards for Dairy Cattle.
Univ. Mo. Agri. Exper, Station Bull.236:1-12,

Pamalingaswami, V.
1949, Diarrhea and Vitemin A Deficiency.
Nutrition Rev. 7:223-224,

Reifman, G. A., Hallman, L. ¥., and Deuel, H. J.
1943, The Effect of Concentration of tle Absorption of Vitamin A.
Jour. Nutrition. 26:33-L2,

Pichards, M. B.
1935. The Role of Vitamin A in Nutrition.
British Med. Jour. 1:1-16.

Richards and Simpson.
1934, Curative Method of Vitamin A Assay.
Biochem. Jour. 28:1274-1292,

Rosendverg, H. R,
1942, Chemistry and Physiolozy of the Vitamins. pp. 37-96.
Interscience Publishers, Ine¢,, New York.

Pussell, V. C.
1929, The Effect of the Curing Process upon the Vitamin A and
D Content of Alfelfa.
Jour. Plochem. 85:¢89-297.

Funnells, R. A.
1946, Animal Pathology. ed. 4. p. 272.
Iowa State Collere Press, Apes, Iowa.



19

Sakamoto, T.
1940. Uber die Verteilung des Vitemin A in Tierishen Gewehen.
(Distrivution of Vitamin A in Animal Tissues.)
Jour. Biochem., Tokyo. 32:425-U36,

Savage, E. V., Kreuss, W. E., and Mead, S. W.
1942, TFifth Report of the Committee on Animal Nutrition.
National Res. Council, unnumbered mimeo.

Savage, E. S. and McCoy, C. M.
1942, The Nutrition of Calves: A Review.
Jour. Dairy Sci. 25:595-~650.

Schneider, H. A,
1946, Nutrition and Resistance to Infection.
Vitamins and Hormones. U4:35-70,
Academic Press, New York.

De Schweinitz, G. E. and De Long, P.
1934, Blindness and Papilledema in Guérnsey Calves.
Arch. Ophthal. 11:19Y4,

SChm’Ldt, H.
1941. Vitamin A Deficiencies irn Ruminants.
Amer. Jour. Vet, Res. 2:3£3-389,

Scott, Paul F.
1945. Treatment of Acetonemia in Dairy Cows.
Vet. Med. U0:209.

Seelig, S. F.
1940. Treatment of Gastric Ulcer with Vitamin A,
Cuy's Hosp. Rep. 90:41-54.

Sexton, E. L., Mehl, J. V., and Deuel, H. J.
1946. Studies of Carotenoid Metabolism.
Jour. Nutriticn. 31:299-319.

Shaw, J. N,
1937. Studies on the Effect of a Diet Deficient in Vitamin A
on Lungworm in Sheep.
North Amer. Vet., 18:75-27.

Shaw, R, J., and Teuel, Jr.
1944, Studies on the Absorption of Carotene.
Jour. Nutrition. 27:395-k01.

Shaw, J. C., Matterson, L. D., Surgenor, M. C., and Hourigan, C. A.
1c45, Studies on Ketosis in Dairy Cattle. VI. 1Is Ketosis in
Dairy Cattle Due to a Vitamin A Deficiency.
Jour. Amer. Vet. Med. Assoc. 106:285-291.

Smith, Sedgwick.
1942, The Minimum Vitamin A Requirement of the Fox.
Jour. Nutrition. 2P4:97-107.



80

Snyder, W. V., and Moore, L. A.
1950, The Carotene Content of Several Herbages During the
Growing Season.
Jour. Dairy Sci. 23:363-371.

Spielman, A. A.
1946. Do Calves Need Vitamin Supplements? 18:38.,
Feedstuffs.

Splelman, A, A., Eaton, H. D., Loosli, J. XK. and Turk, X. L.
1949, The Effect of Prepartum Vitamin A Supplementation of the
Health and Performance of the Young Calf.
Jour. Dairy Sci. 32:367-374.

Spielman, A. A., Thomas, J. V., Loosli, J. K., Norton, C. L., and
Turk, K. L.
1¢46. The Placental Treznsmission and Fetal Storage of Vitemin
A and Carotene in Bovine.
Jour. Dairy Sci. 29:707-715.

Spielman, A. A., Thomas, J. V., Loosli, J. K., Vhiting, F.,
Norton, C. L., and Turk, K. L.
1647. The Relationship of the Prepartum Diet to the Carotene
and Vitamin A Content of Bovine Colostrum.
Jour. Dairy Sgi. 30:243-350.

Stewart, J. and McCallum, J. V.

1938, Vhite Scours in Calves and Related Infections. 1I. The
Significance of the Vitamin A Content of the Colostrum
as a Predisvosing Factor in the Causation of Such Condi-
tions.

Jour. Comp. Path. and Therspeutics. §1:290-295.

—~—1938. The Vitamin A Content of Colostrum of Dailry Cows.
Jour. Agri. Sci. 28:L428-436.

19E§. The Effect of a Vitamin A Rich Diet on the Vitamin A
Content of Colostrum of Dalry Cows.
Jour. Dairy Res. 13:1-k,

Sgubbs, E. L.
1944, Blindness with Fapilledema in Calves.
Jour. Amer. Vet. Med. Assoc. 105:209-211.

Sure, B., Thesis, R. M., and Harrelson, R. T,
1939, Ascorbic Acid Metabolism in Vitamlin A Deficient Rots,
Jour. Biol. Chem. 129:245-253,

Sutton, T. S. and Brief, B. J.
1939, Anatomicel and Physioclogical Changes in the Pituitary
Glands of Vitamin A Deficient Rats.
Ohio Agri. Exper. Station Bull.610:1-21.



81

Sutton, T. S., Kaeser, H, E., Soldner, P, A.

1945, Changes in the Level of Vitamin A and Carotene in tke
Blood Plasma of Dairy Cows Asscciated with Parturition
and Beginning Lactation.

Jour. Dairy Sci. 28:933-939,

Sutton, T. S, Kreuss, V. E., and Hansard, S. L.
1940. The Effects of Vitamin A Deficiency on the Young Male
Bovine.
Jour. Dairy Sci. 23:574 (abstract).

Sutton, T. S., and Soldner, P. A.
1945, Seasonal Varistions in the Blood Plasma Carotene nnd
Vitamin A of Adult Deiry Cattle.
Jour. Dalry Sci. 28:859-867.

Sutton, T. S., Warner, R. G., and Kaeser, H. E.
1947. The Concentration and Output of Carotenoid Pigments,
Vitamin A, and Rivoflavin in the Colostrum, and Milk of
Dpiry Cows.
Jour. Dairy Sci. 30:927-932.

Thomas, J. W., Loosli, J. K., and %illiam, J. P.
1947. Placental and Mammary Transfer of Vitamin A in Swine
and Goats as Affected by the Prepartum Diet.
Jour. Animal Sci. 6:141-145,

Thorp, W. T. S., Keener, H. A., Bechdel, S. I. and Guerrent, N, B.
1942. Observations on the Pathology of Dairy Calves on Low
Vitamin A Diets.
Amer. Jour. Vet. Res. 3:24-731,

T41den, E. B., and Miller, E. G,
1930. Response of the Monkey (madaens Rhesus) to Vithdrawal of
Vitamin A from Diet.
Jour. Nutrition. 3:121-140.
Tomaszewski, V.
1942, The Excretion of Vitamin A in the Urine.
Edin. Med. Jour. U49:375-383.

Truscott; .B. L.
1948. Ovarian Weight and Density in Vitamin A Deficient Rats.
Nutritional Abst. and Rev. 17:627-628.

Underwood, E. J., and Conochie, J.
1943. Vitamin A in the Hutrition of Sheep in Viestcrn Australia.
Australian Vet. Jour. 19:77-kO,

Verder, E., and Petran, E.
1937. Vitamin A Deficiency in the Rhesus Monkey. Studies
on the Gastro-intesiinal Tract, the Blood and Nervous
Symptoms.
Jour, Infec. Diseases. 60:193-208.



82

Virtanen, A, I.
1938. Cattle Fodder and Human Nutrition.
Cambridge University Press, Cambridge, England.

Vald, G.
1934. Carotenoids and the Vitamin A Cycle in Vision.
Nature. 84:E€5.

Yolbach, S. B. and Bessey, O. A.
1942. Tissue Changes in Vitamin Deficiencies.
Physiol. Reviews. 27:233-289,

Volvach, B., and Howe, P.
1925, Tissue Changes Following Deprivatlon of Fat Soluble
A Vitamin.
Jour. Exper, Med. Uu2:753-777.

Ylarda, R. C , Bechdel, S. I., Guerrant, N, B.
1640, Cearotene and Vitamin A in Nutrition of Growing Cattle.
Jour. Dairy Sci. 23:115-124,

Vatkins, V. E., and Knox, J. H.
1950, The Relation of the Carotene Content of Range :orage to
the Vitamin A Requirement of Breeding Cows,
Jour, Animel Sci. 9:23-29.

Vetzel, J. O. and Moore, L. A.
1940. Blindness in Cattle Due to Papilledema.
tmer. Jour. Ophthalmology. 23:499-513,

¥iese, C. E., Mehl, J. V., Deuvel, H. J.
1948, Studies on Carotenoid Metabolism. IX. Conversion of
Carotene to Vitamin A in the Hypothyroid Rat.
Jour. Biol. Chem. 175:21-28.

Vilson, James, G., and Warkany, J.
1647. Epitheliel Keratinization as Evidence of Fetal Vitamin
A Deficiency.
Proc. Soc. Exper. Biol. and Med. &U4:419-U4Pr2,

¥ilson, J. G., and Viarkany, J.
1948, Malformation in the Genito-Urinary Tract Induced by
Maternal and Vitamin A Deficiency in Rat.
Amer. Jour. Anatomy. 83:357-L407.

¥introbe, M. M.
1942, Clinical Hematology. pp. 221-275,
Lee and Febiger. Philadelphia.

Vheeler, H. H.
1945, Effect of High Vitamin A in the Diet of Domestic and
flon-Domestic Animals.
Nature. 156:238.



Violfe, J.

1931.

83

M., and Salter, H. P.
Vitamin A Deficiency in the Albino Mouse.
Jour. Nutrition. U4:185-192,

Varkany, J. and Roth, C. B.

1948,

Congenitel Malformations Induced in Rats by Maternal
Vitamin A Deficiency. II. Effect of Varying the
Prepsretory Diet Upon the Yield of Abnormal Young.
Jour. Nutrition. 35:1-11.



APPENDIX

Non~Colostrum Group



84
Holstein ~ Aut, 8222 -~ €589 (Control)

Clinical Record
Days
l., The enimal did not receive colostrum, but was given 400 ml,
of the dam's whole blood and 250,000 I, U, of Vitamin A in
the farm of shark liver oil.

6. Scouring appeared.

9. Scouring hed stopped.

38. The eyes showed some lacrimation.

52. The animal had lost vigor, and had developed a cough.

54, Scouring recurred and some lacrimation continued.

56. Coughing became much harder.

65. Respirations and heert beats were very rapid. The tapeta
lucida were faded and the pupils were dilated.

76. Calf developed =bscess on neck.

77. The temperature was 103.1°, The animal hed difficulty in
rising and appeared to be stiff in all joints. The abscess
on neck was becoming encapsulated and absorbed and was much
smller.

8l. The temperature was 104.2°, Papillae of esyes were still normal
but tapeta lucida were still faded. The right iris did not
contract properly. The calf was still coughing and scouring.

86. The animal was destroyed when treatment had failed to cure

the pneumonia.
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Neoropsy
Lung: The animal had a chronic pneumonia inwvolving both apicals,
cardiacs, the intermediate, and small portions of anterior diaphragmatic
lobes. The right apical lobe contained a very large encapsulated
abscess which gave off a foul odor. Small abscesses were present in
all of the lobes of the right lung. The apical lobe of left lung was
larger than normal and showed an encapsulated abscess,
Femur: The bone was fractured in the middle of the shaft,
Kidneys: The sinus appeared very edematous in both argans.
Gallbladder: Three brownish nodules were present in the mucosa,
Spinal cord: There was much edema around the card, especially in the

sacram.
Jersey - Aut. 8152 - C591 (Control)

Clinical Recoard
Days
l. The calf received no colostrum but wes given 100,000 I. U, of
Vitamin A in the form of shark liver oil.
2. Scouring snd anorexia appsared.
3. Feces were firmer in consistency. An increase was noted in
his appetitee.
l4. Scouring continued.
16. The feces were more firm,
17. Scouring continued.
18. The calf showed first symptoms of pneumonia such as shivering,
a rattling sound when breathing, neck outstretched, and a
temperature of 103.9°, Eight hours later the temperature

was 105.3° and the heart was beating very repidly.
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24, The animal appeared slightly better after treatment.

26, The calf was destroyed for examination.

Necropsy

Liver: The organ was light grey in color and very friable.

Lymphnodes: TWere very edematous.

Heart: Left ventricle was hypertrophied.

Lung: This organ did not have lesions of pneumonia but did have a
large amount of muecous exudate in tle trachsa and bronchi.

Kidneys: Two small circumscribed light grey areas were observed in
the cortex of the right kidney wiich resembled the lesions of inter-
stitial nephritis,

Brain: A large pigmented area was present in the region of the

olfactary lobe and involved the moninges.

Holstein - Aut, 8141 - C588

Clinical Record
Days

l. The calf dld not receive colostrum but was given 200 ml. of
the dam's whole blood.

2, 250 ml, of the dam's whole blood was given,

5. Scouring appeared.

10. Scouring continued.

23. The animal had not stopped scourinz from the beginning and on
this date showed the first symptoms of pneumonia. Treatment

was started.



32. The calf died from pneumonia and scours.

Necropsy

Thoraciec lymph nodes: These showed congestion,

Pleura: Abundant fibrinous adhesive exudate was present between
the visceral and parietal pleurae in the region of apical and cardiac
lobes.

Iung: On the right side pnecumonia was present in the apical,
cardiac, intermediate, end part of diaphragmatic lobe. Several large
abacesses were present as well as some areas of necrosis on the left
side. Pneumonia was present in the apical and cardiac lobes.

Stomach and intestines: These argans were greatly congested.

Kidneys: Revealed some congestion.

Brown Swiss - Aut., 8132 -~ C593

Clinical Record
Days

1, The calf did not receive colostrum but was given 400 ml. of
the dam's whole blood intravenously.

5. The animal was not as active as usual,

8. An upper respiratary infection developed and his breathing could
be heard many feet from the pen. The body temperature was
104.,0°, Treatment was started.

11. Death took place from upper respiratory infection,

Necropsy
Sinuses: A purulent sinusitis was present. The nasal mucosa was

greatly swollen.
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Lung: This organ was congested and showed congenital atelectasis
in several lobzs. In the right diaphragmatic lobe there were several
lobules that appsared to show same early pneumonia. The trachea and
bronchi contained a frothy exudate.

Heart: The foramen ovale and the ductus arteriosus were patent.

Liver: This organ was very dark red in color and revealed some
cloudy aswelling on section,

Bladder: Some small yellow calcull were present.

Kidneys: The tubules end the pelvis like portion of both organs
were stuffed with a yellow crystalline debris and calculil (irobably

sulphothiazole crystals).

Jersey - Aut, 8080 - A 57

Clinical Record
Days
1. Calf did not receive colostrum but was given 350 ml, of

dam's serum.

2. 200 ml., of the dam's whole blood was given. The calf started

to scour.

3. Scouring continued and calf had mild entorrhagia,.

13, Still scowring.

22. The animal was very nervous and the eyes seemed to bulge. The

calf had some early symptoms of pneumonia.

Necropsy

Lips: On the commissure was a small hemorrhagic area about 3 mm. in

diameter.
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Gums: There were several stall hemorrhages and some congestion
present .

Stomach: All four campartments of the stomach contained large
amount s of wood shavings. The abomasum showed some inflammation
characterized by congestion and increase of mucus,

Small intestine: Some petechial hemorrhages and congestion.

Large intestine: The argan diowed numerous hemorrhages, and feces
were very brown in color and watery.

Lung: A bronchopneumonia in the state of red hepatization was
present in the apical and cardiac lobes on the right, and apical lobe
of the left, Some® pneumonia was present in the anterior portions of
both diaphragmtic lobes,

Heart: A few small hemorrhages were present in the uitral valve.

Kidneys: Capsules strippad with diffic,lty. Both were congested
and showed numerous pin point grayish-white foci. In addition some
petechial hemorrhages were present,

Spleen: This organ was congested.

Brain: The blood vessels were markedly congested and the ventricles
appeared to be dilated with servus fluid. The whole brain seemed softer
in consistency.

Pituitary gland: This was found to be edematous.

Holstein - Aut. 8272 - A59

Clinical Record
Days
l. The animal did not receive colostrum,

28, Pneumonia and scouring developed end treatment was carriad out.
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38, Calf died of pneumonia.

Neeropsy

Lung: The right lung showed consolidation of the apical, cardiac,
and enterior portions of the diaphragmatic lobes. The left lung re-
vealed a small linear streak of suppurative pneumonia in the cardiac
portion. The right apical lobe was adherent to the thoraciaq wall by
fivbrin,

Stomach: Some ecchymoses were present in the fundic portion measur-~
ing from 1 to 3 mm. in & ameter.

Intestines: The mucosa displayed soms congestion,

Kidneys: The capsules stripped with difficulty. The surface of
the cortex revealed numerous white greyish foeci measuring from 1 to
5 mm., in diameter. On section the lesions extended tlrough the depth
of the cortex.

Liver: The structure showed some mot tling suggestive of some dew-

generative processes.



Blood Picture of Calf. No,

Age Carotene Vitamin A. R.B.C. Vi.,B.C, Ho, R.B.C.V, M,C.H,

days ug/100ml. ug/100ml . M/am® T/mn®  gm.% % gm.x10™Lé
1 2.5 5.27 7.88 10.0 11.6 42 14.7
10 1.25 5.78 8.70 14.5 11.6 45 13.3
R.B.C. -~ Red blood cells. Polys.
¥,B,C, ~- White blood cells. Eosin,
Hb. -- Hemoglobin in grams per 100 ml. of blood. Juv, -
R.B.C.,V, == Volume of packed red blood cells expresscd in percentage. Stabs.
M.C.H, -- Mepan corpuscular hemoglobin expressed in micromicrograms. Mon, -.
M.C,V, -~ Mean corpuscular volume expressed in cubic microns. ug -- |
Lymph. -- Lymphooytes. M/mms-

T/mm® -



Blood Picture of Calf. No, C593
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Hb, R.B.C.V. M.C.H, M.C.V, Lymph. Polys. Eosin. Juv. Stabs. Mon,
gm.% % gm.x10712  cu/ug % % % % % %
11.6 42 14.7 53.3 - - - - - -
11.6 45 13.3 61.7 - - - - - -

ed in percentage.
iecromicrograms,

microns.

Polys. -- Polymorphonuclears.,

Eosin, -- Eosinophiles.

Juv, ~-= Juveniles

Stabs. -- Immature polymorphonuclears.

Mon, -- Monocytes.

ug -- Micrograms.

M/mm® -- Millions per cubic millimeter of blood.

T/mm® -- Thousands per cubic millimeter of blood.



Blood Picture of Calf. No, 589

Age Carotene Vitamin A. R.B.c. w.B.c. Hbo R.BOCOVQ Moc .H.

days ug/l100ml.  ug/100ml. M/mm® T/m®  gm.% % gm.x10™1
6 2.5 14.73 12.23 12.7 10.4 46 8.5
13 3.75 13.73 8.25 9.8 9.8 40 1.7
20 8.37 9.68 9.2 8.2 9.5 36 10.3
27 1.25 7.73 8.34 14.85 8.6 35 10.31
34 0.0 6.28 9,22 12.7 8.6 34 9,32
41 5.0 5.78 6.87 13.5 7.0 29.5 10.18
55 3.75 6.76 8.27 9.9 7.5 30.5 9.06
62 0.0 4.8 7.91 12,9 7.5 28.5 9.47
69 5.0 2.24 7.9 13.9 7.6 30.0 9.68
76 5.0 3.99 7.53 35.85 6.8 27.5 9.03

86 0.0 4.8 7.93 56.95 6.95 28.0 8.94
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Picture of Calf. No. 589 (Control)

Hb, R.B.C.V, M.C.H. M.C.V, Lymph. Polys. Eosin, Juv, Stabs. Mon.
m.% % gn.x1071%  cu/ug % % % % % %
0.4 46 845 37.6 72 23 1l 0 0 4
9.8 40 11..7 48.4 66 32 0 1l 0 1l
9.5 36 10.3 39.1 59 37 0 0 0 4
8.6 35 10.31 41.9 - - - - - -
8.6 34 9,32 36 .8 66 32 0 1l 0 1l
7.0 29.5 10.18 42.9 61 33 1l 0 0 S
7.5 30.5 9.06 36.8 63 34 0 0 0 2
7.5 28.5 9.47 36.07 - - - - - -
7.6 30.0 9.68 37.9 43 48 0 4 2 3
6.8 27.5 9,03 365 34 55 0 8 3 1l
6,95 28,0 8.94 35.1 19 65 0 8 7 1l




Blood Picture of Calf., No. 591 (C

Age Carotene Vitamin A. R.B.C, W.B.C, Hb, R.B.C.V. M.C.H,
days ug/l100ml.  ug/100ml. M/mm® T/m®  gm.% % gm,x10~12
1 7.5 5.78 6.61 9.9 8.6 31 12.8
S 5.0 9.68 6.87 4.5 8.1 31 11.7
12 5.0 - 6442 8.8 7.95 39.5 12,3
26 0.0 9.68 5.76 12.8 6.3 28 10,93
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Picture of Calf. No. 591 (Control)

Hb. R.B.c .v. LiQOOHO IA.G .v. Lympho POIYB. EOBin. Juv. St&bBo mn.
m. % gu.x1071?  cu/ug % % # % % %
8!6 31 1208 46.4 - - - - - -
8.1 31 11.7 45,1 71 21l 0 2 4 2
7.95 39.5 12.3 61.5 82 15 2 0 0 1l

6.3 28 10,93 48.6 30 69 0 0 0 1l




Blood Picture of Calf,

No. C588

Age  Carotene  Vitamin A, R.,B.C. W,B.C. Hb., R,B.C,V. M.C.H, M,
deays ug/100ml. ug/100ml. M/mm® T/mm® gm.% % gm.x1071% ¢
1 5.0 6.76 10.23 12.9 11.1 47 10.85 i
4 7.5 7.73 11.11 18.656  10.4 43 9.36 !
11 3.75 5.27 8.7 14,55 9.95 44 11.4
18 2.5 6.28 8.33 10.2 8.9 36.5 10.6 ‘
25 1.25 7.23 7.3 7.4 8.1 32.5 11.09 '
32 0.0 4.28 7.56 5.0 8.1 32.0 10.71 ‘




. Pictuwe of Calf.

No. C588
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be R.B.C,V, M.C.H, M.C.V, Lymph. Polys. Eosin. Juv, Stabs, Mon.
1o % gm.x10"1%  cu/ug % % % % % %
ol 47 10.85 45,9 - - - - - -
led 43 9.36 38.7 m 19 1 0 0 3
1498 44 11.4 50.5 73 22 0 0 0 5
le® 3645 10.6 43.8 69 24 1l 0 3 3
tol 32.5 11.09 44.5 85 13 2 0 0 1
led 32.0 10,71 42.3 - - - - - -

3



Blood Picture of Calf, No, .

AGB Carotene Vitamin A, R.B.C,. Vi.B.C, Hb. RoBocovo M.C.H.

days ug/l00ml.  ug/100ml.  M/mm® T/ gm.% % gm,x10™12
1 0.0 6.28 8.94 12.75 8.0 29 8.94
3 10.0 6.28 8.15 9.65  7.15  27.5 8.77
10 3.75 7,73 6.88 7.8 5.5 23.5 7,99
17 6.25 7.73 7.18 4.62 5.7 24.0 7.93
24 2.5 7,73 7.08 11.75  5.45  24.0 7.69
31 0.0 3,35 7.6 21,65 5.3 23.5 6.97

28 0.0 3435 6.57 15.8 5.0 22.5 7.61
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Blood Picture of Calf, No. AS9

Hb, R.B,C.V, M.C.H, M.C.V. Lymph., Polys. Eosin. Juv. Stabs, Mon.
gm.% % gn.x10"1%  cu/ug % % % % % %
8.0 29 8.94 32.4 21 74 0] 2 1l 2
7.15 27.5 8.77 33.5 35 59 2 0 0 4
5.5 23.5 7.99 4.1 87 12 0 -0 0 1l
5.7 24.0 7.93 33.42 89 7 2 0 2 1l
5.45 24,0 7.69 33.8 48 42 0 5 4 1
5.3 23.5 6.97 30.9 51 34 0 4 9 2
5.0 22.5 7.61 34.2 18 59 0] 5 17 1l




APPENDIX

Clinical Recards of Calves That Received Colostrum

and a Vitamin A Deficient Ration Without Hay
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Guernsey - Aut. 8078 - C586 (control)
Clinical Record
Days
1-20. Calf showed anorexia periodically.
2l. Scouring sterted and calf appeared wesk.
22. Discharged a mucopurulent exudate from nose.
24, Feces soft and yellowish white.
7. Still scouring in spite of treatment,
28. Feces were somewhat firmer in consistency but animel had
not been eating.

30, Developed subnormel temperature and died.

Necropsy

The body was very thin as a result of not eating and the presence of
a diarrhea.

Lungs: Pneumonia in the stste of grey hepatization was observed
in the right apical and cardiac lobes. On sedtion there was sone sug-
gestion of an increase of connective tissuve. Fibrinous adhesions were
present between the lobes and the thoracic wall.

Pericardium: The sac was enlarged and filled with a serofibrinous
exudate. A marked fibrinous epicarditis was present.

Adrenal glands: These structures were markedly congested.

Rumen: The papillae appeared a little longer than normal.

Jersey - C587 (control)
Clinical Record
Days.

2. Scouring appeared.



96
Guernsey ~ Aut. 8078 - C586 (control)
Clinical Record
Days
1-20. Calf showed anorexia periodically.
2l. Scouring sterted and calf appeared weak.
22. Discharged a mucopurulent exudate from nose.
2k, Feces soft and yellowish vhite.
7. S5till scouring in spite of treatment.
28. Feces were somewvhat firmer in consistency but animal had
not been eating.

30. Developed subnormel temperature and died.

Necropsy

The body was very thin as a result of not eating and the presence of
a diarrheas.

Lungs: Pneumonie in the state of grey hepatization was observed
in the right apicel end cardiac lobes. On sedtion therc was sone sug-
gestion of an increase of connective tissue. Fibrinous adhesions were
present between the lobes and the thoracic wall,

Pericardiuvm: The sac was enlarged and filled vwith a serofibrinous
exudate. A marked fibrinous epicarditis was present.

Adrenal glands: These structures were markedly congested.

Rumen: The papillae appeared a little longer tkhan normal.

Jersey - C587 (control)
Clinical Record
Days.

2. Scouring avpeared.
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11. Scouring was checked by treatment.

26. Feces were soft and watery.

33. Calf showed some dryness of skin and loss of hair over withers.

54, Scouring continued.

78. Coughing began.

8l. Chewing and licking of wod.

90, Calf started tongue lolling.

170. Animal destroyed for examination. The only symptoms noticed
from the 90th day to the mresent time was tongue lolling end

a chroni¢ cough.

Necropsy
Skin: There was some pityriesis around the eyes and over the withers.
Lungs: A pneumonia of the chrcnic type was present in the apical

lobes.
Holstein ~ Aut. 8123 - A58

Clinical Record
Days
l. 500 ml. of the dam's blood gi'ven intravenously.
4. Scouring appeared.
12. Scouring continued.
13, Scouring continued and appstite poor.
14. Calf was eating better but diarrhea had not subsided.
23, Animal showed first symptoms of pneumonia.
33, Calf very sick with pneumonia and still scouring.

42, Died.



Neeropsy

The animal ded during the night. There appeared to be considerable
postmortem changes.

Lymph nodes: These structures were greatly enlarged.

Pleura: Fibrinous adhesions were present hetween the lobes of the
lung and the thoracic wall.

Lungs: Pneumonia was present in the apical and cardiac lobes of both
lungs. There was oxtensive necrosis,

Abomasum: The mucosa was congested.

Intestines: A very marked congestion was present,
Holstein - Aut. 8335 - €582

Clinical Record

Days

115, Feces were very soft in consis tency.

141, Tapeta lucida were fading.

159. Some blood showed in the feces.

185. Calf was losing weight and apreared tucked up in the abdomen.
Some lacrimation was observed.

lé?. Scouring appeared.

168. 100,000 I. U, of shark liver oil was given daily for the next
four days.

178, Marked improvement in calf had taken place as shown by de-
craased 1acrimat{gg, increased apmtite and vigor.

181. Calf did not shed long hair coat., Some pityriasis over skin
of neck.

186. Hair coat was shed soms.



215.

218,

221,

230.

232.

235.

253.

254,

258,

270.

274,

300,

372,

Necropsy.

99

Lacrimation and incoordination were observed.

Scouring, syncopes, and pityriasis around the ears.

Calf showed loss of consciousness.

Animal lost consciousness whan head was elevated.

The hair was disappearing around the eyes.

The emimal displayed the following conditions on this date:
coughing, lacrimation, dilation of the pupils, fading of

the tapeta ludica, blurring of the optic dises, and scouring.

The corneas of the eyes were beginning to cloud over.

The cornea of both eyes showed white opacities and the left
eye, an indentation, as though an ulcer was beginning to form.
Calf had a fainting spell (syncopse).

Scouring appeared.

Symptoms of pneumonia were observed.

250,000 units of shark liver oil given to calf.,

Since symptoms of chronic pneumonia persisted, 250,000 units of
vitamin A were given each day for the next four days.

Calf was destroyed fur examination,

The skin over the withers was very scaly and ths hair coat was rough

and long.

The carcass was emaciated and showed a generalized edema

(anasarca) .

Eyes:

Edema of the optic disc was present. The tapeta luclda of

both eyes had faded. The cornsas were still somewhat opaque.

Lungs:

Liver:

A pneumonia was present in all lobes.

In one area of the argan were numerous small dull grey areas,
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There appeared to be some increase in connective tissue.

Spleen: A hard lesion was jresent which resembled a walled-in

abscess.

Holstein - Aut. 8162 - C585

Clinical Record

Days

1.

42,

49.

S1.

58.

71.

73.

76.

8l.

83.
86.

93.

4.

100.

Calf allowed to nurse for 15 hours,

There was soms loss of hair and scaliness of skin along margin
of ears,

Scouring appeared.

Symptoms of pneumonia were observed.

Pneumonic symptoms sibsiding due to treatment.

Calf still coughing but vigorous.

Symptoms of pneumonia re-appeared.

The calf appeared to respond to treatment far pneumonia.

The animal was much better.

The pupils of the eyes were not contracting normally and the
tapeta lucida of both eyes had faded.

Coughing continued.

Soms lacrimation and scaliness showed around the eyes.

The eyes were bulging from the sockets and looked starry.

They were rolling back and forth (nystagmus). The calf had
difficulty in getting up.

Pneumonia flared up agqin.

Since the animal was paralyzed in hind limbs, it was destroyed

for examination.
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Necropsy

Lymph nodes: The renal, hepatic and mesenteric nodes revealed
some edema, congestion, and hemorrhage.

Lungs: A chronic pneumonia was present with a large abscess in
the right apieal lobe,

Liver: A few red areas were scattered throughout the lobes.

Kidneys: The capsules stripped with difficulty end on section the
cut surface tulged. MNumerous small vhite spots were present which on
section extended through the depth of the cortex.

Bladder: fetechial hemarrhages were quite numerous.

Intestines: These structures were congested and siowed some hemor-
rhages.

Muscle: Somewhat edematous.

Pituitary: Contained a large cyst.
Holstein - Aut. 8080 ~ C583

Clinical Record

Days

72, Optic papillae was not as clear as normal.

90, Ruminal bloat was present.

98, Tapeta ludida faded somewhat.

105, Tapeta lucida were definitely faded and tie optic papillae
were still swollen.

118. The skin of the ears and neck was becoming scaly (pityriasis).
The changes of the eyes were more marked.

132. There was sams lacrimation, The calf showed some coughing and

a discharge from the nostrils.
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136. The papilla of the left eye was very blurred, while that of
the right eye was not quite so markedly affected. Symptoms
of pneumonia wers noted.

137. Anorexia appeared.

139, Calf showed bloating.

140. Died of pneumonia and tympanites.

Necropsy.

Lungs: Pneumonia in the state of grey hepatization was located in
the left cardiac and enterior portion of the diaphragmatic lobes., In
the other lobes the pneumonia was in the state of red hepatization.

Abomasum: A few small ulcers were present in the mucosa.

Nesenteric lymph nodes: These structures were enlarged and edematous.

Kidneys: Some small white lesions were revealed in the cortex.

Heart: A few amall hemorrhages were located on the tricuspld and
bicuspid valves,

Eyes: The optic discs showed some edema and the tapet lucida were
faded.

Optic nerve: There appeared to be scme pinching of the nerve where
it passed through the optic foaramen.

Brain: Some congestion.

Holstein - Aut. 8131 - £584

Clinical Record
Days
84, Slight fading of tepeta lucida.

99, Calf showed bloating.
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102, Eyes showed s:me blurring of optic papillae. Tapeta lucida
had faded markedly.

108, Animal had difficulty in rising.

110. Calf developed loss of consciousness for first time and showed
some lacrimation. Pityriasis was developing around the eyes
and upon the ears.

115, Animal continued to siiow incoordination end bloat,

118, Calf showed tympanites.

120. Scouring syncope and lacrimation were observed.

121. Calf showed very severe bloat,

126, Coughing began.

128, Calf showed bloating.

134. Still continued to bloat. The tapeta luci da were faded and
the optic papillae were blurred.

141. Symptoms of acute rneumonia and enorexia were s=zen,

Necropsy.

Subocutaneous tissues: Some edema was present,

Lungs: The organs showed a very extensive bronchopneumonia involving
all the lobes except small portions of the diaphragmatic lobes.

Liver: The organ was mottled and showed s me petechial hemorrhages.
Kidneys: Capsules stripred with some difficulty. There were a few
petechial hemorrhages and some mottling of surface dus to small greyish-
white foci which on section could be secen extending down through the

cartex.
Gallbladder: The bile was unusually concentrated and viscous.

Small intestine: There was a section of the ileum approximately 1
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foot in length about 6 inches from the ileo-cecal valve that showed a
marked inflammation characterized by congestion, increased mucus and
a swollen condition of mucosa.

Spinal cord: There seemsed to be an increase in fluid as well as
soms gelatinous msterial around the cord.

Brain: Congestion of vessels.

Eyes: Some edema of disc.



Blood Picture of Calf. No. A

Age  Caroteme  Vitamin A.  R.B.C. W.B.C. Hb., R.B.C.V.  M.C.H.
days ug/100ml. ug/100ml.  M/mm® T/m®  gm.% % gm.x10-12
1 0 15.6
18 20 17.1 7.99 10.25 9.95 43 12.45
37 12.5 9.51 5.24 4.55 8.8 33 16.8
44 25, 9.69 9.97 8.75 8.1 39.5 8.1
51 17.5 9.68 10.59 7.55 8.6 40.0 8.3
58 55 15.6 10.28 8.66 9.2 41.0 8.9
65 34 14.24 9.58 8.75 10.1 37.0 10.5
72 35.5 11.72 8.74 9.50 10.4 45.0 11.9
79 45 17.4 9.47 6.70 11.1 41.5 11.7
86 55 12.89 9.36 11.40 9.8 40 10.4
93 55 20.4 9.39 11.40 10.1 41 10.8
107 83.75 17.58 8.38 12.05 9.5 32.5 11.3
114 87.5 12.3 8.13 13.00 9.8 34.5 12.0
127 72.5 17.57 7.18 9.55 9.5 32.6 13.2
135 88.75 7.12 6.7 6.40 7.8 29.0 11.;
145 87.5 16.2 7.61 10.80 9.2 32.5 12.0
152 112.5 20.6 7.79 9.60 9.2 32.6 11.8
222 90 26.45 5.99 11.80 7.3 25.4 12.15
243 72.5 15.27 7.11 7.65 8.5 31.5 11.65




Blood Picture of Calf. No. A54 (£ control)

105

Hbv, R.B.C.V. M.C.H. IeCuV, Lymph. Polys. Eosin. Juv, Stabs. Mon.
gm.% % gn.x10712  cu/ug % % % % % %
9.95 43 12.45 53.8
8.8 33 16.8 62,7
8.1 39.5 8.1 39.6
8.6 40.0 8.3 37.7
9.2 41.0 8.9 39.8 7% 20 0 0 1 3
0.1 37.0 10.5 38.6 74 23 0 0 0 3
0.4 45,0 11.9 47 .4 67 30 0 1 1 1l
1.1 4).5 11,7 43.8 70 28 0 0 0 2
9.8 40 10.4 41.1 59 37 0 0 0 4
0.1 41 10.8 43.7 70 28 0 1 0 1
9.5 3245 11.3 38.8 ;8 29 1l 0 0 2
9.8 34.5 12.0 42,4 71 25 0 0 0 3
9.5 32.; 13.2 45.4
7.8 29.0 ll.; 43.2 é2 32 3 1l 0 2
9.2 32.5 12.0 42,7 61 37 1l 0 0 1l
9.2 52.6 11.8 41.8 67 28 0 2 0 3
7.3 25.4 12.15 42.4 55 32 0 0 0 3
8.3 3l.5 11.65 44,3 80 15 1 0 0 4




Blood Picture of Calf. No. ABS

Agﬂ Carotene Vitamin A. R.B.C. WeB.C. Hb. ReBsC.V, M.C.H,

days ug/l100ml. ug/100ml. M/tm® T/mm® gm.% % gm.x10~12
14 17.5 5.9 5,33 5.45 9.8 - 18.4
21 20.0 7,73 7,79 5.30 9.8 - 12.5
28 25.0 10.58 9.12 7.26  10.1 4. 11.07
35 37.5 10.15 9.74 5.05  10.1 50, 10.3
a2 30.0 12.7 8.56 5.00 9.8 38. 11.4
49 37.5 14.24 9.16 7,00  10.4 41, 11.3
56 37.5 14.24 10.03 6.95  10.1 al. 10.0
63 37,5 13.42 10.36 9.25 9.8 34. 9.4
70 61.25 19.94 8.25 8.25  10.3 36. 12,5
84 7.5 16.01 11,18  14.25  11.4 38. 11.9
91 55.0 19.86 7.26  10.20  10.8 41.0 14.8
104 77,5 14.52 7.84 9.00 8.8 30.7 11.2
111 58.75 6.71 7.65 8.3 31.0 12,3
121 30.0 10.72 10.16  18.70 9.2 38.0 9.0
128 58.75 19.45 8.52 6.05 9.2 36.5 10.79
149 85.0 24.21 6.74 10,15 7.95 32.0 11.8
175  127.5 17.42 7.85  12.65 8.1 31.0 13.3

208 77.5 28.07 7.32 10.50 7.5 26.5 10.2

215 67.5 15.27 6.49 12.15 6.5 22.5 10.0
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lood Picture of Calf. No. 455 (£ control)

Hbc RoBoCch MDCCH. MuCoVo Lymph. POlyB. EOBin. J-ch Stabs. Mon.

gm. % % gm.x10712  cu/ug % % % % % %
9.8 - 18.4

9.8 - 12,5

10.1 4. 11,07  48.2

10.1 50. 10.3 51.3 74 23 0 0 2 1
9.8 38. 11.4 44.3 67 30 0 0 1 2
10.4 al. 11.3 44.8 84 12 0 0 1 2
10.1 al. 10,0 43.8 84 16 0 0 0 5
9.8 34. 9.4 32.8 65 35 0 0 0 4
10.3 36. 12,5 45.6 61 36 0 0 0 5
11.4 38. 11.9 33,9 77 19 0 0 0 4
10.8 41.0 14.8 56.4 77 17 1 0 0 5
8.8 30.7 11,2 39.1

8.3 31.0 12,3 1.2 87 7 1 0 0 5
9.2 38.0 9.0 37.4 65 32 0 0 o - 3
9.2 3.5 10,79  42.8 66 28 2 2 0 2
7.95 32.0 11.8 47.4 64 35 0 0 0 1
8.1 31.0 13,3 39.4 64 24 5 0 0 5

7.5 26.5 10.2 36.2 78 10 11 0 0 3

6.5 22.5 10,0 34.5 77 15 6 0 0 2




Blood Picture of Calf. No. A56
Age Carotene Vitamin A, R.B.C. W.B.C. Hb, R.B.C.V. M.C.H. ]
days ug/100ml. ug/100ml. M/mm® T/ gn.% % gm.x1071%
1 3.9 10.62 5.87
3 8.75 14.63
8 16.2 15.76 11.23 7.70 8.6 44.5 7.6 {
15 10.0 13.42 10.64 10.05 8.9 41, 8.3 K
22 10.0 7.73 9.75 7.70 10.1 37. 10.3 :
29 25.0 11.7 7.19 8.45 9.2 35.5 12.8 é
43 45,0 11.64 8.27 7.50 8.1 29.5 9.9 3
50 21.5 8.05 7.20 8.6 32.5 10.6 4
64 35.75 8.68 7.38  10.45 8.1 33.5 10.9 4
71 39.8 4.8 8.55 8.05 8.9 35.2 10.4 4
81 50.0 13.86 8.51 7.50 8.4 33.0 9.8 :
88 87.5 17.58 8.55 9.40 8.6 325 10,05 :
102 45,0 19.94 7.19 7.95 9.5 36.0 13.02 H
130 85.0 23.67 7.28 12,20 8.45 33.0 11.6 1
158 68,75 32.99 7.67 5.70 7.8 32.0 10.15 4
179 58.75 ?7.36 8.00 7.8 28.5 10.5 :
193 36.25 18.72 7.55 11.75 8.3 28. 10.99 :
200 27.5 22.04 6.70 8.70 7.8 27.75 11.6 {
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lood Picture of Calf. No. 456 (f£ control)

Hb. R.B.C.V. M.C.H. M.CoV, Lymph, Polys., Eosin. Juv, Stabs. Mon.

g % gu.x107%  cu/ug % % % % % %
8.6 44,5 7.6 39.6
8.9 41. 8.3 38.5
0.1 37 10.3 37.9
9.2 35.5 12.8 49.3 69 28 1l 0 0 2
8.1 29.5 9.9 35.6 61 38 o} 0 0 1
8.6 32.5 10.6 40.3 89 9 0 0 0 2
8.1 33.5 10.9 45.3
8.9 35.82 10.4 41.1 65 35 0} 0 0] 1
8.4 33.0 9.8 38.7 84 15 0 0 ¢} 1
8.6 32,5 10.05 37.88 75 23 0] 1l 0 1l
9.5 36.0 13.02 50.06 53 44 0 (4] 0 3
8.45 33.0 11.6 45.19
7.8 32.0 10.15 41.7 74 25 0 0 0 1l
7.8 28.5 10.5 38.7 83 156 0 0 0 2
8.3 28, 10.99 37.02 52 46 1l 0] 0 1

7.8 R7.75 11.6 41 .4 82 16 1 0 0 1




Blood Picture of Calf. No. 587

Age  Carotene  Vitamin A,  R.B.C.  W.B.G. Hb.,  R.B.C.V.  M.C.H.
days ug/l100ml.  ug/100ml.,  M/mm® T/m®  gm.% % gm.x10"12
2 10 19.45 8.85 10,156 8.6 365 9.71
9 1.25 14.73 755 8,80 7.8 33 10.33
16 5.0 25.21 6.85 7.00 7.0 28.2 10.2
23 10. 22,07 6.91 6.45 7.8 32 11.28
30 2.5 23,07 7.05 7.60 7.8 23.5 11.06
37 1.25 22,07 8.1 7.35 8.9 43 10.98
44 5.0 23.28 8.21 9.50 8.5 39 10.35
58 3.75 30.72 8.47 7.70 9.2 37 10.7
65 15.0 28.57 9.12 8.05 9.6 35.5  10.5
72 11.5 24.25 9.55 7.40 10.8 41.5 11.3
79 12.5 16.58 9.56 11,80 10.4 37.5 10.8
86 8.75 28,57 10.09 7.80 10.1 39, 10.0
93 11.25 s 10.65 7.50  10.95 40.5 10.2
100 5.0 30.72 10.09 10.10 11.1 40 1.
107" 5.0 28.57 8.43 9.10 10.4 37 12.3
114 15.0 s 8.45 9.25 10.1 38 11.9
121 5.0 19.94 9.01 11.95 10.1 34,25  11.2
128 6.25 12,71 8.91 8.65 10.1 37 11.3
149 7.5 s 8.96 10.65 11.1 33 12.38
165 5.0 24.25 9.17 12.25 11.1 12.1
170 2.5 24,25 7.68 9,05 11.1 38,3 4.4
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.0od Picture of Calf. No. 587 (- control)

Hb. R.B.CoVe M.C.H. M.C.V. Lymph. Polys. Eosin, Juve. Stabs, Mon.,

g% % gn.x10712  cu/ug % % % % % %
8.6 36.5 9.71 37.8

7.8 33 10.33 43.7 61 37 0 0 0 2
7.0 28.2 10.2 41.1 78 20 0 1 0 1
7.8 32 11.28 46.3

7.8 23.5 11.06 47.5

8.9 43 10.98 53.08 82 14 0 0 0 4
8.5 39 10.35 47.5 65 25 0 0 0 8
9.2 37 10.7 43.1 62 37 0 0 0 0
9.6 35.5 10.5 38.9

0.8 41.5 11.3 43.4 85 9 1 1 0 4
10.4 37.5 10.8 39.2 71 23 4 0 0 1
10,1 9. 10.0 38.6 89 7 1 0 0 2
10.95 40.5 10.2 38.02 74 23 2 0 0 1
1.1 40 11. 39.6 86 5 8 0 0 1
10.4 a7 12.3 43.8 89 9 0 0 0 2
0.1 28 11.9 44.9 87 10 2 0 0 1
0.1 34,25  11.2 38,01 80 18 1 0 0 1
0.1 37 11.3 41.5 72 26 0 0 1 1
1.1 33 12.38 6.8 70 29 1 0 0 1
1.1 12.1 66 32 0 1 0 0

1.1 38.3 14.4 49.8 78 5 7 0 0 0




Blood Picture of Calf. No

Age Carotene Vitamin A. R.B.C. W.B.C. Hb., R.B.C.V. M.C.H.
days ug/l100ml.  ug/l00ml.  M/m®  T/m®  gm.% % gm.x10"12
Born 0 7.13 10.3 7.40 12.9 47 12.5
9 5 7.73 '11.03  11.20 12.1 46 10.97
23 0 6.67 12.15  25.40 12.1 46 9.9
30 1.25 7,73 8.28 4.25 9.8 40 11.8
37 5 7.23 9.25 6.80 8.1 33.5 8.75
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Blood Picture of Calf. No, AS8

Hb. R.B.COV. MQCIH. MoC.V. Lymph. POlyB. Eosinc Juv. Stabso Lbnl

gm.% % gn.x10"1%  cu/ug % % % % % %
12.9 47 12.5 45,6

12.1 46 10.97 41.7 78 19 (o} 0 0 3
12.1 46 9.9 37.7 32 67 0 0 0 0
9.8 40 11.8 48,3 71 28 - - - 1l

8.1 33.5 8.75 36.2 55 37 1 3 - 3




Blood Picture of Calf., No

Age Carotene Vitamin A, R.B.C. W.B.C. Hb. R.B.C.V. M.C.H.

days ug/100ml.  ug/l100ml.  M/mm®  T/mm°  em.% % gm.x10™ 12
14 17.5 9.5
28 14.0 10.6 4.47 5.00 6.8 24 15.21
49 15.0 17.1 7.13 3.65 7.5 29 10.52
68 12.5 9.5 5.21 6.60 7.5 28 14.4
75 20 8.71 6.58 5.50 8.1 36 12.3
82 10 8.7 7.86 5.90 7.5 33.5 9.5
89 19 11.72 8.16 7.25 8.9 40 10.9
96 10 9.68 7.86 6.25 7.3 33.5 9.2
103 17.5 11.15 8.18 8.10 6.0 29.5 7.3
110 17.5 10.15 9.03 6.45 9.5 36.0 10.5
117 5.0 7,73 11,33 5.95 9.8 39.0 8.6
124 5.0 6.76 7,65 3.60 9.2 33.0 12.03
138 7.5 7.3 7.05 9.75 9.8 35.0 13.9
145 7.5 7.74 6.46 7.55 8.9 31.0 13.7
158 10.0 3.99 6.36 4,75 8.1 28.0 12,7
166 8.75 2.24 6.92 8.25 8.6 34.0 12.4
176 6.25 3.99 6.06 9.90 8.3 32.5 13.6
183 10.0 5.78 5.11 7.40 7.8 27.8 13.2
197 5.0 19.94 4.63 6.55 6.3 25.5 13.6
204 7.5 10.72 6.12 9.50 7.5 29 14.6
211 7.5 9.68 6.22  11.90 7.5 28 12.6

218 5.0 8.7 6.35 6.85 8.2 1.5 12.9
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Blood Picture of Calf. No., C582

Hb. R.B.C.V. M.C.H. M.C.V, Lymph. Polys. Eosin, Juv. Stabs. Mon.

gm.% % gn.x1071%  cu/ug % % % % % %
6.8 24 15.21 53.7

7.5 29 10.52 40,69

7.5 28 14.4 53.7

8.1 36 12.3 54.7

7.5 33.5 9.5 42,6

8.9 40 10.9 49,0

7.3 33.5 9.2 42.6 91 6 0 0 0 3
6.0 29.5 7.3 36 .06 80 18 1l 0 0 2
9.5 36.0 10,5 39 .8 76 21 1 0 0 2
9.8 39.0 8.6 34.0 84 11 0 1l 0 4
9.2 33.0 12,03 43,1

9.8 35.0 13.9 49.6 67 31 0 0 0 2
8.9 31.0 13.7 47.9

8.1 28.0 12,7 43,7 71 24 0 5 0 1
8.6 34.0 12.4 49.1 80 % 0 0 0 3
8.3 3245 13,6 53.6 88 S 0 1l 0 6
7.8 27.8 13.2 47 95 1l 0 0 0 3
6.3 25.5 13.6 55.8 87 7 0 0 0 6
7.5 29 14.6 56.6 85 11 1l 0 0 3
7.5 28 12.6 45.0 73 25 1l 0 0 1l

8.2 1.5 12.9 49.6 83 10 1l 0 0 6



Data on Calf No. C582 (conti

Age Carotene Vitamin A, R.B.C. W.B.C. Hb, R.B.C.V. M.C.H.

days ug/100ml. ug/100ml. M/mnf® T/ ot gm.% % gm.x10712
225 2.5 6.28 5.49 9.60 8.1 31.0 14.75
232 2.5 5.78 5.64 8.20 7.4 30.5 13.15
239 6.41 5.0 5.71 12.85 7.0 12.25
253 5.0 6.76 6.57 8.10 6.9 25.5 10.5
260 2.5 4,39 6.07 7.45 6.9 31.5 11.3
267 5.0 3.3 5.64 6.40 8.1 31.0 14,3
274 5.0 4.8 4.48 10.20 6.3 23, 14.06
281 2,5 5.78 4,54 11.15 5.85 21.5 12.8
288 5.0 4.8 4.39 9.05 4.8 20,0 10.9
295 10.0 5.78 3.83 ;.77 4.4 17.5 11.48
302 1.25 8.7 4,70 8.55 5.3 23,75 13.4
309 5.0 11.72 5.11 é.lo 6.15 22, 12.03
31é 5.0 335 4.57 8,75 5.7 22,0 12.4
323 5.0 4,33 5,31 8.35 6.5 23.5 12.24
344 5.0 773 6.44 5.85 8.1 31.5 12,57
360 0. 8.7 5.25 5.20 7.8 14.8
365 O. 9.68 5.68 11.80 8.8 32.0 15.4

372 5.0 3.35 3.90 12.80 8.2 29.5 21.0
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Data on Calf No. C582 (continued)

Hb. R.B.C.V. M.C.H. M.C.V. Lymph. POlySo B:OBino Juv. Stabs. Nlono

gu.% % gn.x1072%  cu/ug % % % % % %
8.1 31.0 14.75 56 .49

7.4 30.5 13.13 54.07 83 12 0 0 0 5
7.0 12.25 53.2

6.9 25.5 10.5 38.8 69 30 0 0 0 1
6.9 31.5 11.3 51.3

8.1 31.0 14.3 54.9 81 15 0 0 0 4
6.3 23, 14,06 51.3 5; 35 0 6 1 2
5.85 21.5 12.8 47.4 47 45 0 ; 1 2
4.8 20.0 10.9 45.5 55 39 1 2 1 2
4.4 17.5 11.48 45.5 sé 31 1 1 0 1
8.3 23,75 13.4 50.5 84 14 0 0 0 2
6.15 22, 12,03 43,05 88 11 0 0 0 1
5.7 22,0 12.4 48.1 76 21 1 0 0 2
6.5 23.5 12.24 44,25 64 31 1 0 4 0
8.1 31.5 12.57 48.9 80 17 1 1 0 1
7.8 14.8 55 38 1 5 0 1
8.8 32.0 15.4 56.5 40 58 0 0 2 0

8.2 29.5 21.0 75.6 46 47 0 1 5 1l




Blood Picture of Calf., No. C
Age Carotene Vitamin A. R.B.C. Y.B.C. Hb. R.B.C.V. M.C.H. |
days ug/100ml.  ug/100ml.  M/mm°®  T/mn®  gm.% % gm.x10™12
0 5.0 7.3 9.9 12,30 11.1 44 11.2 '
14 12.5 5.78 8.35 8.80 10.4 40 12.4 <
22 1.2 6.28 9.47 5.75 9.2 38 a.7 '
32 8.75 5.37 10.48 18.15 11.4 45 10.87 1
39 5.0 5.78 9.22 7.05 8.3 33 9.03
53 5.0 13.23 8.69 9.80 8.6 36.5 9.89
60 3.75 4.8 7.45 19.25 8.45 35.5 11.34
67 5.0 9.11 6 .66 8.40 7.45 3l.4 11.15 .
74 5.0 5.78 7.04 14.85 7.95 3245 11.29
81 3.75 5.78 7.36 11.53 73 31.5 9.9
88 0 6.76 7.35 8.85 6.7 30.8 9.11
95 0 5.33 6.25 4,35 6.4 26.0 10.24
100 | 8.41 6.55 7.95 9.45
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Blood Picture of Calf, No. C585

Hb. R.B.C.V. MOCOH. M.C .V. Lymph. POlyB. EOﬂino JUVO StabB. mn.

am.% % gn.x1071%  cu/ug % % % % % %
1l.1 44 11.2 44.4

10.4 40 12.4 47.9 88 9 - - - 4
9.2 38 9.7 40,1 79 19 - - - 2
1ll.4 45 10.87 42.9 82 17 - - - 1
8.3 33 9.03 35,7 67 29 1 1l 1 1l
8.6 36.5 9.89 42 60 39 - - - 1
8.45 35.5 11.34 47.6 64 26 - 3 - 7
7 .45 3l.4 11.15 47,1 60 33 1l 4 - 2
7.95 3245 11.29 46.1 59 a7 - - - 4
7e3 3L.5 9.9 45,5

6.7 30,8 9.11 4l1.9 33 64 0 1l 1 1
6.4 26.0 10.24 41 .6 74 24 1l - - 1l

7.95 9.45




Blood Picturs of Calf. No.

Age Carotene Vitamin A, R.B.C. WeBlC. Hb,. R.B.C.V. M.C.H.
days ug/100ml., ug/100ml. M/mm® T/mm®  gn.% % gm.x10™12
5 12,5 10.74 8.21 8.00 9.5 43.0 11.56
24 10.0 5.78 S5.42 735 8.6 . 15.9
31 16.25 7.24 8.9 5.60 846 45, 9.6
38 10.0 7.73 8.14 8.30 7.3 38. 8.9
45 19.0 8.70 8.08 5.60 8.0 38, 9.9
52 10 10.68 8.97 9.65 8.6 39. 9.5
59 16.2 9.68 8.6 8.95 8.9 40 10.3
66 12.5 5.26 10.89 7.65 8.6 3645 7.8
73 10. 4.8 9.0 10.00 8.6 35.4 9.5
80 8.75 5.78 8.56 6.085 8.9 35,0 10.4
94 6.25 4,8 9.11 6.70 8.3 31.5 11.9
101 7.5 3.35 10.44 7.95 8.3 32.0 7.9
114 8.75 1.9 7.99 5.65 7.5 28.3 9,38
123 1.2 1.9 7.54 8.55 7.5 3l. 9.9
132 5.0 3.99 7.97 6.40 7.4 30.5 9.3
139 3.75 3.99 6.7 5.85 7.0 10,5

0.1
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Blood Picture of Calf., No. C583

Hb. R.B.C.V. M.C.He M.C.V. Lymph. PO].YB. Eosin. Juv, Stabs, Mon.

g% % gm.x10"1%  cu/ug % % % % % %
9.5 43.0 11.56 52.4
8.6 . 15.9 62.7
8.6 45, 9.6 50.5
7.3 38. 8.9 46.6
8.0 38, 9.9 47 .4 85 10 - - - 5
8.6 39. 9.5 39.5 76 21 1l - - 2
8.9 40 10.3 54.07 75 24 - - - 1l
8.6 3645 7.8 33.5 83 16 1l - - -
8.6 35.4 9.5 37.6 68 30 1 - - 1l
8.9 35.0 10.4 40.9 86 8 1l - - 5
8.3 31.5 11.9 34.2 72 24 1l 1 1l 1l
8.3 32.0 7.9 30.6
7.5 28,3 9.38 35.4 62 31 0 4 2 1
7.5 31. 9.9 41.1 71 23 1 - - -
7.4 30.5 9.3 38,3 73 18 1l l 3 4

7.0 0.1 10.5 45 58 38 2 - - 2




Blood Picture o Calf. No.

Agﬁ Carotene Vitamin A, R.B.C. WeB.Co Hb. R.B.C.V, M.C.H. ]

days ug/100ml.  ug/100ml.  M/mm® T/mn®  gm.% % gm.x10™12
1 5.0 1.0 10.59 8.60 11.8 59 11.1 .
4 5.9 11.46 11.09  10.70 11.1 159.5 10.0
11 19.0 9.15 8.64  12.90 10.8 54 12.5
18 5.0 6.28 10,18  12.70 12.1 45 11.8 .
25 10.0 11.9 9.54  11.05 10.4 43.5  10.9
32 6.25 7.73 10.52 9.85 11.1 A2 10.5
38 10.0 3.99 10.76  11.50 9.5 37.9 8.8
45 10.0 8.7 9.55  10.64 10.4 40.5 10.9 ‘
59 6.25 9.11 9.01 9.95 10.1 39.6 11.2
66 - - 9.32  11.15 11.1 36.0 11.9
79 4.0 3,99 8.07 8.05 8.5 35.0 10.5
87 8.75 1.9 7.95 7.65 8.6 35.0 10.8
97 6.25 5.27 8.87 8.35 8.7 34.0 9.5
104 5.0 7.73 10.06 8.00 8.1 1.0 8.05
118 3,75 5.78 6.67 7.65 7.4 29.0 11.09
125 0 4.8 5.73 8.05 6.15 25.0 10.7
132 2.5 4.8 5.26 12,65 6.0 24.4 11.4

139 5.0 7.73 4.84 8.70 5.3 20.5 10.9
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Blood Picture o« Calf, No. 0584

Hb.  R.B.C.V.  M.C.He  M.C.Ve  Lymph,  Polys.,  Eosin, Juv, Stabs.,  Mon.

g% % en.x10"1%  cu/ug % % % % % %
11.8 59 11.1 47.9
11.1 1 59.5 10.0 53.6
10.8 54 12.5 62.5 75 23 1 0 0 1
12.1 45 11.8 44.2 65 33 - - - 2
10.4 43.5  10.9 45.5 84 14 - - - 2
11.1 42 10.5 39.9 74 21 1 - 1 3
9.5 37.9 8.8 34.4 80 18 - - - 2
10.4 40.5 10.9 42.5 78 20 - - - 1
10.1 39.5 11.2 43.8 82 17 - - - 1
11.1 36.0 11.9 38.6
8.5 35.0 10.5 43.3
8.6 35.0 10.8 44.0 75 23 - - - 2
8.7 34.0 9.5 38,53 50 48 - - - 2
8.1 31.0 8.05 30.8 82 14 2 1 - 2
7.4 29.0 11.09 43.4 87 12 - - - 1
6.15 25.0 10.7 43.6 67 30 - - - 3
6.0 24.4 11.4 46.3 64 29 1 2 1 3

5.3 20.5 10.9 42.3 51 45 - 1 - 3




APPENDIX

Clinical fecords of Calves that eceived Colostrum

at Birth end a iasal ation Containing a Hay Low in Caroiene
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Aryshire - Aut, 9255 - C616 (control)

Clinical Record
Days
157, Animal did not eat grain well.
161, ¢Calf ras consuming grain only every other day.
175. 10 mg. of cobalt sulfate was given oreally.
178, Appetite was greatly improved.

367, Calf was destroyed for examination.

Necropsy
This was an unusual cuase in that no gross lesions oif any kind were

observed.

Holstein - Aut. 9288 - C617 (Control)

Clinical Record
Days
13. Symptoms of pneumonia.
20, Calf appeared to make good recovery irom pneumonia,
196, Anorexia developed.
198, Anorexia continued.
200, The animal was given 10 mg. cobalt sulphate per day.
203. Appetite returned vo normal.
256, Blood vessels of tie eyes were about twice the diameter of
those of the deficient animals.
318, Developed abscess on abdomen due to injury on feed box.

376, Destroyed for examination.
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Neeropsy

Liver: The organ appeared mottled and scmewhat swollen. The
surface showed numerous dull grey areas surrounded by a red zone of
inflammation. On section the lesions were scattered through the
depth of organ,

Lymph nodes: The mandibulars, parotids, and some of the mesentaric
nodes were enlarged, hemorrhagic, and congested.

Eyes and Optic nerves: The optic nerves did not looked pinched where
they passed through the optic foramen. The nerves at this point
wera slightly narrower than other points of the nerve. The optic
foramen measured about 4 mm. in 4 ameter.

Fituitary gland: The structure mwasur-d 11 by 13 by 21 mm, and

welighed 3.6 gm.

Holstein - Aut. 9008 - C611

Clinical Record

Days

44, Tapeta lucida were very yellow (normal).

105, Lacriretion bvegan.

235, Lacrimation continued and pertial syncope.

236. Animal lost consciousness (syncope).

238, Anorexia developed.

239, Since animal was not cating well, started administering 10
mg. of cobalt{ sulphate per day.

242, Calf was eating normally again.

244, Showed syncope.

245, The irises did not contract properly. The optic discs were

somewhat blurred. The tapeta lucida were still yellow in color,



247,

250.

Necropsy

117

Calf showed symptoms of nightblindness.
Animal had syncope and injured back so that he hud to be

destroyed.

There were some bruis-:d areas scattered over the legs at various

points characterized by hemor:.hage and edema.

Spinal Column: There was & complete fracture at the first lumbar

vertebra.

Abomasum: The mucosa of the organ was congested.

Aryshire - Aut, 9210 - C613

Clinical Record

Days

35.

59.

65.
136.
200,
215.
258.
260.
261,
264,

266 .

287,

Tapeta lucida were only about ona-half as yellow as the con-
trols and Céll,

A slight pityriasis was present on the margin of the ears.
Night blind.

Pypils were dilated wore than normal in bright light,

The tapeta lucida were i'aded some.

The eyes were about the same.

The eye reflexes were not as sharp as tle controls.

Aanimal had first attack of syncope.

The reflex of the left eye was not as strong as the right eye.
Animael lost consciousess when bled.

The eyes were starry and bulged fram tieir sockets. The
tapeta lucida were faded still more.

The optic papillae for the first time ajypeared blurred.



288,

289,

301.

320,

332,

358.

Necropsy

118

The animal was totally blind.

The right eye bulged more than the left,

The optic papillae were foggy and the large veins coming in
at the top of the disc aprear:d more tortuous when compared
with the normals.

The blocod vessels of the eyes were more tortuous than normal
and only about one-half the normal diszmeter. The remainder of
the eye changes were about the same as mentioned rreviously.
Loss of consciousness (syncope).

There apreared to be an increase in the numb.r of blood
vessels in the eye grounds.

Calf fainted when handled for bleeding.

Destroyed for examination,

The only lesicns found in this animal were confined to the eye and

the pituitary.

Pituitary: This structure containzd a cyst measuring 6 mm. in

diameter.

Optic nerve: There was a narrowing of these structures at tine piace

where the nerve passed through the optic foramen,

Holstein - Aut, 9224 - C614

Clinical Record

Days
o52.

71.

Some pityriasis was present on the murgin of the ears.
The irises were not contracting properly because the pupils

remained open in bright light.



89,

129,

193.

218.

229,

244,

246.

248,

254.

259,

266,

280.

290,

293,

295.
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The optic dises were slightly blurred.

The pupils were dilated.

The tapeta lucida were beginning tc fude when compared with
the normals.

Some discharge of a mucopurulent exudate from the nostrils.
The eyes were about the same.

The optic discs were very foggy.

Calf was completely blind.

Optic disc was blurred andi could be cleurcd at 1.5 diaopters.,
The pupils were dilated.

Calf had typical vitemin A deficient syncope. 1lts left horn
vwas broken off,

Animal showed marked loss of consciosusness. 1t bumped into
stall when walking. o reflexes of eyes were present. The
optic discs were enlarged, very irregular in outline, foamy,
end showusd congestion of vessels., The discs were nade clear
at l% diaopters. The tapeta lucida still had scme yellow color.
Calf was very nervous.

Tne blood vessels of thie eye were smaller in diamater than the
controls. The remainder of the eye conditions were about the
same,

Calf lost consciousness,

Animal had rolling of the eye balls (nystagmus).

The eyes were bulging and appearsd almost pointed at the front.
The optic discs were blurred, irregular in outiine, and many
of the vessels were indistinct. The other eye changes werse

about the sawe.
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297, Calf did not eat grain.

298. /iAnimal) was not eating grain so 10 mg. of cobalt sulphate was
given,

300, Started eating its grain,

307. The a:petite of the animal was back to normal.

314, Eyes were about the sume.

322. The blood vessels of the eyes were much narrower than previous-
1y,

329, The feces were sof't in consistency.

¥31-361. The calf did not show any new changes during this period.

363, The eyes were examined just befcre the animal was destroyed
and they were about the same. The tapeta lucida did not
completely fade in this calf. Tie blood vessels were about

ome ~third the normal di ameter.

Necropsy

Skin and subcutaneous tissu:s: There were no skin lesions and no
adema present in the subcutaneous tissues.

Thyroid glands: These organs appear:d smaller thean normal,

Lungs: The right apical lobe revcealed a chronic pneumonia with some
bronchiectasis. The bronchi and bronchioles contaeined a very thick
tenacious purulent exudate. Some of this exudate was present in the
trachea.

¥idneys: The capsules stripped Tairly easy. The cortex showed
scattered petechial hemorrhages. The surface was mottled due to
numerous small white areas which on section extended in strecaks through

the depths of the cortex.
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Optic nerves: These structures were pinched where they passed

throuzh the optiec foramen. 'The nerves were very dark at this point

suggestive of degenerative changes,

Brown Swiss - Aut. 9227 - C615

Clinical Record

Days

16.

50.
52.

58.

64.

69.

87.

159.
166.

176,

179,

191.

The optic discs of this animal were not as clear as the other
animals right from the start.

Scouring began,

Scouring continued.

The irises were not contracting normally. Calf was still
scouring.

The feces were firmer in consistency.

Pupils were dilated and the optic discs were blurred so that
it took about 0.5 diaopters to clear.

The eyes were lacrinmeting and the tapeta lucida were beginning
to fade.

Scouring reappeared.

The feces we:e firmer again,

Left eye reflex was not us strong as the right.

Animal was not eating its grain properly.

5til1l not eating well.

“he calf was given 10 mg,., of cobalt sulphate orally and was
to receive this riuch each day in the diet from now on,.
Appetite was greatly improved.

Tapeta lucida were slichtly faded and tie optic papillae were
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blurred when compared with the controls. Calf showed
syncope for the first tine.

206. Lyes were about the same.

235, It didn't consume its grain,

242, The tapeta lucida have lost most of their yellow color,

249, ye reflexes were not as sharp as controls.

254. Syncope.

257. Two hemo:rrhagic areas were in the left eye near the optic disc,

260. The calf was completely blind,

262. 'The eyes were rolling (nystagmus) and the irises did not con-
tract at all. Soth optic discs weie edematous. The right eye
showed an ecchymotic hemo. rhage.

263, The hemorrhage of ‘the right eye was nuch more diffuse.

272. Animal ¢id not eat grain as well as normal,

276, The optic discs were much larger in diameter and the outer
margins were very irvregular and dblurred. The blood vessels of
the eves were smaller in diameter than the controls. The
hemorrhages of the eyes were vractically clesred.

283. Scourins began.

201, The eyes were sbout the sums.

297. Some nmucopurulent dischargg was coming from the nostrils,

30%. Syncope.

%11. The eyes were bulging from the sockets and were starry. The
tapeta lucida still had s.me yellow color.

326, Animal did not consume grain well,

342, Ine blood vessels were smaller in diametor t..an s:ien ovreviously
in the eyes.

%65, Destroy=d for examination.



Necropsy 123

Lungs: There were scattered arecas of prieumonia in the apical,

cardiac, diaphragmatic lobe of each lung and the intermediate lobse.
Kidneys: The organs appeared much mall er than normal. The hilus

was occupied by a very vatery fat. A few small petechial hemorrhages

and some small white foci were present in thre cortex,
Jejunum: ‘The mucosa was reddened and conteaeined an excess of mucus.
Testicles: The structures appeared smaller than normal.
Eyes and optic nerves: The optic nerves were pinched vhere they passed

through the foramen.



