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INTRODUCTION

Many different forms of‘dwarfism have been reported in animals, in-
cluding man. Usually the occurrence of these dwarfs was quite sporadic
and was regarded aézé curiosity rather than posing a problem to the
species.

During the earl& part of this decade a dwarf type which has been
called "snorter,” "short-headed,” or 'brachycephalic" was reported in
Hereford cattle. During the next few years the occurrence of snorter
dwarfism in the Hereford and Angus breeds 1lncreased rapidly and people
associated with the beef cattle industry became concerned,.

A considerable amount of research was then directed toward a study
of dwarfism, with t@g early work attempting to find the cause of dwarfism.
Most of the geneticists agreed that snorter dwarfism was inherited as a
simple, single autosomal recessive gene. With this information it was
known that genetic carrlers were in existence, which were phenotypically
indistinguishable from animals free of dwarfism. Consequently, most of
the subsequent research has been directed toward the developmént of a
technique which would differentiate between carrier and clean cattle.

A few diagnostic tests have been proposed, however, none have been
accurate enough to be accepted by the beef cattle industry. To com~
pensate for the lack of an accurate diagnostic technique, breeders have
resorted to the use of progeny testiné.énd primarily pedigree selection

in an effort to contrxol dwarfism., Pedigree selection, although effective
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against dwarfism, is costly to the breed because it reduces the selection
potential that exists within the populatien. Many outstanding animals
are discriminated against because dwarfism has been associated with some
of their ancestors. Progress in the improvement of the important economic
characteristics of beef cattle are retarded because these characteristics
are emphasized less in the selection program. The progeny test for
dwarfism has been used primarily by the purebred breeders. A very
important limitation ¢f the progeny test, besides the cost involved, is
the time interval required before the necessary information can be ob-
tained. For all practical purposes the test is limited to bulls because
of the small number of offspring a cow can préduce.

Pedigree selection and progeny testing have been effective as indicat-~
ed by the deéline in the number of dwarf calves in recent years. These
methods, however, will not eliminate dwarfism. Many carrier animals re-
main undetected and keep the dwarf gene in existence in the populationm.
Should the breeders relax their efforts in maintaining these control
measures, dwarfism could easily again pose a serious problem to the beef
cattle industry.

The primary purpose of this study was to subject smorter dwarf and
normal appearing cattle to various tests in an attempt to measure differ-
ences in carbohydrate metabolism. By studying some of the more funda-
mental aspects of the phyéiology of dwarfism, it was hoped the results

might provide a basis for developing an accurate diagnostic test.



REVIEW OF LITERATURE

Dwarfism in Beef Cattle

A number of kinds of dwarfs and dwarf-like conditions have been
reported in nearly all breeds of beef and dairy cattle. The "bulldog"
calf of the Dexter-Kerry cattle was described as early as 1904. These
monsters were usually aborted after six to eight months of pregnancy.

They had short rounded heads, extremely short limbs, bulging crania,
depressed noses and protruding lower jaws. This lethal was caused by a
dominant gene in the homozygous state. Crew (1923) concluded that the
bulldog condition was due to a hypofunctioning of the pituitary. The
bulldog condition has been reported in other breeds of cattle. Carmichael
(1933) reported its occurrence in Nganda cattle, Brandt (1941) in Guern-
sey cattle, and Berger and Innes (1948) in Friesian herds. Johannson
(1953) described a new kind of achondroplasia in Swedish cattle. Endocrine
disturbances were evident. One normal bull, mated to unrelated cows of
various descent, produced 28 normal and 25 malformed calves. It was
assumed that the defective animals were heterozygous for a gene for achond-
roplasia, and that this gene had arisen by mutation in the pre-germinal
tissue of the sire of the malformed calves. Arrillaga (1949) described
dwarfs among Puerto Rican cattle which had reduced body length and short-
er cannon bones. Cole and Moore (1942) reported a hydrocephalic conditien
in Holstein-Friesian cattle and suggested a simple recessive gene as the
cause. Mead et al. (1942) reported a new type of proportionate dwarfism

3



in a herd of Jersey cattle. These dwarfs were not distinguishable at
birth, but they grew more slowly and were distinguishable at one year of
age. The inheritance of this type of dwarfism appeared to be due to a
simple autosomal recessive factor.

Craft and Orr (1924) described a dwarf Hereford calf. The symptoms
exhibited by the calf were similar to those observed in cases of cretinism
in man. An examination of the thyroid, parathyroid, and pituitary glands
revealed that they were markedly underdeveloped. Lush (1930) described
the "duck-legged'" Hereford cattle in Texas. The noticesble characteristic
of these cattle was the shortening of the long bones of the limbs. Baker
et al. (1950) reported an achondroplasia in Shorthorn cattle. There
appeared to be a metabolic disturbance as most of the animals were usually
thin., The cause of this condition was believed to be due to a simple
autosomal recessive gene. Baker et al. (195i) reported the occurrence of
dwarfism in Aberdeen-Angus cattle. The dwarfs were exceptionally compact
and lowset.l At a later age their headsappeared longer and narrower than
at two to three months of age. They concluded that this type of dwarfism
was governed by a single autosomal recessive gene.

#zer et al. (1955) described nine different types of dwarfs occurr-
ing in the British and Brahman breeds of beef cattle. The snorter dwarf,
occurring primarily in the Hereford and Angus breeds, was reported to be
the most frequent type.

Johnson et al. (1950) first described a type of dwarfism in Hereford
cattle which did not resemble too closely other dwarf types previously

mentioned in the literature. Although their data were available on only

one herd, they had reports showing that the defect was occurring in many



purebred herds and that the incidence of dwarfs appeared to be increasing.
Early observations on "midget' cattle in Washington were reported by

Lindley (1951).

Description of the Snorter Dwarf:

No one dwarf is likely to express all of the characteristics which
have been asscciated with dwarfism. Neither is any one of these charact-
eristics likely to be expressed in all dwarfs. It should also be pointed
out that not only do the dwarfs vary in the kind of abnormalities, but
also in the degree of expression of these abnormalities.

Johnson et al. (1950), Lindley (1951), Gregory et al. (1951), and
Pahnish et al. (1955a) have given a phenotypic description of the snorter
dwarf. The following description will be the more obvious characteristics
of snorter dwarfism which the above workers have reported. 1In general,
the more apparent symptoms are progressive and become increasingly pro-
nounced with age. Body size is reduced. The long bones are reduced in
length and increased in thickness, sometimes with marked distortion ef
the limbs and/or flexed pasterns. One of the traits most often noted is
the abnormality of thé head. Most dwarfs have bulging foreheads, short
wide muzzles, protruding lower jaws, and prominent eyes. There is usually
a "bulldog" condition of the face presenting a dished-in appearahce.

There may also be an enlargement and protrusion of the tongue. Dyspnea

of botﬁ an inspiratory and expiratory nature is observed. Most dwarfs

are very susceptible to all types of respiratory disturbances. Post-natal
mortality is high, and only a few live to maturity. By three or four
months the paunch becomes distended; after that the tendency to chronic

bloat is marked. Muscular incoordination associated with spastic tremors



is common, especially following excitement. An impaired sexual activity

of the dwarfs has also been noted.

Inheritance of Dwarfism:

Johnson et al. (1950} suggested that the defect was inherited as a mono-
factorial, autosomal recessive. The same mode of inheritance was re-
ported by Lush and Hazel (1952) after analyzing breeding records collect-
ed by the American Hereford Association. Pahnish et al. (1955b) conduct-
ed critical mating tests and confirmed that snorter dwarfism was inherit-
ed as a simple autosomal recessive.

Gregory and Carrol (1956) reported that the same dwarf gene is common
to both the Hereford and Aberdeen-Angus breeds.

Chambers et al. (1954) obtained some snorter dwarf calves from comprest
cows mated to nmon~comprest bulls that were carriers of the snorter dwarf
gene. Their data indicated that the genes responsible for dwarfism in
comprest and conventional Hereford and Angus cattle may be allelic, or
that the comprest cattle in the test also carried a high frequency of
the recessive dwarf gene found in non-comprest cattle.

Gregory (1955 and 1956) studied the genetic relationships between
different tyﬁes of dwarfs in the three major beef breeds. He suggested
that all of the dwarf phenotypes tested were a part of the same genetic
complex and that modifying genes were involved which differentiated spe-
cific dwarf phenotypes. Dollahon (1958) mated a number of different types
of dwarfs and reported that the different dwarfs were related genetically,
but the exact relationship was not determined.

Warwick (1958) suggested two possibilities as to why snorter dwarfism

increased to such a high frequency. First, it is possible that breeders



could have selected for the dwarf gene accidently if, purely as a matter
of chance, the dwarf gene had occurred in a few particularly popular sires.
The bulk of evidence indicates that this probably did not account for the
increase in dwarfism, although the possibility cannot be entirely ruled
out, The second possibility is thaﬁ the gene is not completely recess-

ive and that the heterozygous, or carrier animals, exhibit certain charact-
eristics which cause breeders to favor them in selection; thus increasing
the frequency of the dwarf geme. Arthaud et al. (1957) reported that
heterozygous calves had shorter, wider canmnon bones than calves with

vclean pedigrees. This could be one factor favoring the selection of the

heterozygote if such favoritism exists.

Anatomical Studies:

The skeletal modifications are the most obvious differences between
dwarf and normal appearing cattle. Gregory et al. (1951) reported that
the head contours of dwarf and normal cattle were markedly different,
and that the outstanding characteristic of snorter dwarfism was a
brachycephalic head with 4 mid-forehead prominence. This prominence was
present at birth and persisted throughout life. Gregory and Brown (1952)
developed the profilometer for studying head form in the bovine. Cregory
et al. (1952) and Gregory et al. (1953) measured the head profiles of
horned Hereford bulls with the use of the profilometer and suggested the
use of this method in the field to detect dwarf carrier animals. A number
of workers have guestioned the accuracy of this method and its use in the
field has been very limited,

Emmerson and Hazel (1956) and Hazel et al. (1956) reported that dwarf

calves exhibited severe longitudinal compression and irregular protrusion



of the ventral surface of the bodies of the lumbar vertebrae. Most heteroc-
zygotes exhibited similar abnormalities of a less extreme nature. This
abnormality was suggested as a pessible means of identifying carrier ani-
mals;‘however, some vertebrae classifications did not agree with the
dwarfism genotype of the calves. Buchanan et al. (1956) reported similar
vertebrae shbnormalities in dwarf calves. They also_noted the large amount
of variation that existed in the skeletal abnormalities within the snorter
type of dwarf. Turman et al. (1957) found that x-ray classification ard
genotype were not always in agreement. High et al. (1958) concluded that
the x-ray method for the'identiéication of individual animals with respect
to genotype for dwarfism was not highly accurate, but that it was highly
accurate in identifying snorter dwarf célves.

Bovard et al. (1956) and Buchanan et al. (1956) observed that the
total length of the lumbar vertebrae was shorter in the dwarfs. Tyler
et al. (1957) reported that the most disproporticnate bones in the dwarf
were the metacarpal beones and that reduced diaphyseal lengthsbwere respon-
sible. Evidence was presented indicating the reduction in the length of
the diaphyses occurred im utero.

The premature closure of the spheno-occipital synchondrosis was
detected in bovine dwarfs of the short-headed variety and reported by
Julian et al. (1956) and Julian et al. (1957). BEuchanan et al. (1956)
reported that the dwarf exhibited pinched occipital condyles of the skull.

Most of the anatomical studies have been concerned with skeletal
modifications, however, Eveleth et al. (1956} observed that the dwaré€

heart is abnormal, being almost spheroid in shape.



Physiological Studies:

Carrol et al. (1951) reported that the pituitaries from dwarf beef
cattle were deficient in thyrotropic hormone, and that this would account
considerably for the failure of the dwarf calves to grow. Marlowe and
Chambers (1954) and Fransen and Andrews (1954) failed to find significant
differences in the thyrotropic hormone potency of dwarf and normal calf
pituitaries. Using 1}3! Crenshaw and Turner (1954) and Crenshaw et al.
(1957) reported normal uptake by the thyroid of the dwarf, and could not
demonstrate a submormal secretion of pituitary thyrotropin in dwarf beef
cattle. Cornelius et al. (1956) reported that serum protein-bound iodine
and cholestercl in dwarf calves was within the normal range reported for
beef cattle. Fransen and Andrews (1958) reported that the blood plasma
of dwarfs contained significantly less chelesterol than non-dwarf animals.

Marlowe and Chambers (1954) reported that pitumitaries from dwarf
calves contained more growth hormone and gonadotropic hormone than
pituitaries from nen-dwarf calves. Fransen and Andrews (1954) found no
difference in the pituitary gonadotropic activity between dwarf and nen-
dwarf calves.

Andrews and Fransen (1958) administered thyroactive iodinated pro-
tein, testosterone propiomate and diethylstilbesterol, either singly or
in combination, to dwarfs, but failed to produce evidence that the
dwarfism syndrome could be corrected by therapy with these hormones.

Fransen and Andrews (1954) reported the occcurrence of a number of
cystic pituitaries and/or cystic adrenals in dwarfs. Lindley (1951)

also reported cystic pituitaries in dwarf cattle.

L3N
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Fransen (19553) observed that hematological, electrocardicgram, pulse,
respiration, and body temperature values of dwarfs were within the normal
range reported for beef cattle. Cerebrospinal fluid pressure was abnor-
mally high in the dwarf animals and the brain, pituitary, and thyroid
reportedly grew at a faster rate.

Hafez et al. (1958) reported that dwarfs had significantly lower
respiration rates, whereas rectal temperatures and pulse rates were
almost identical te those of non-dwarf aﬁ@mals, Among hematological
values studied, the dwarfs showed lower blood hemoglobin, hematocrit, and
white cell count. The electrophoretic analysis of plasma proteins did
not show characteristic patterns. Ruminal protoezeoa, in dwarfs classified
as bloaters, were elither absent or in reduced numbers and showed slug-
gish motility.,

Cornelius et al. (1956) reported average values for calcium, phos-
phorus, magnesium, total protein, plasma proteins, packed cell veolume,
hemoglobin, white blsod cells;, and red blood cells in 38 snorter dwarfs.
All chemical and hematological values appeared to be in the normal range
with the exception of differential white blood cell counts, in which the
dwarfs were significantly lower in lymphocytes and significantly higher
in neutrophils,

Deyoe et al. (1957) measured plasma free glutamic acid, glycine, and
histidine after insulin induced stress in dwarf and normal animals. No
significant differences in the responses were detected. Total leucocyte
counts and differential white cell counts were alseo made following the
injection of crystalline zinc insulin. Two hours after insulin signifi-

cant increases were obtained in the dwarf carrier animals and dwarfs, hut
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not in animals from a herd in which there had beén no incidence of dwarf-
ism. Differential counts indicated the change was due to an increase in
neutrephils and a slight decrease in eosinophils.

Foley et al. (1956} used the increase in the white cell count in the
bloed, following intravensus inmsulin, to test for an adrenal cortical hor-
mone response to stress. Dwarfs responded very little, pedigree-clean
animals showed a rapid and extreme response, whereas knowm carriers of
the dwarf gene were interﬂediate in their response to this treatment.

"Differences between the three groups were highly significant when tested
Sﬁatisticallyo This test has been publiicized gquite widely as the insulin
test for dwarfism. Massey et al. (1958) reported on the progress of the
insulin testo‘ The test had been conducted on about 1,800 animals of
various breeds, ages, and sex in different parts of the country and under
various climatic conditions. They stated that there was a differential
response between pedigree-clean and carrier animals as measured by this
test, however, from 10 to 15 percent did not give a clear-cut response.
They listed several factors which were known to affect the accuracy @f‘
the test. First, and pr@bably the most important, was the human error
involved in making bleod cell counts. Secondly, animals which underwent
stress before the test was conducted affected the accuracy of the test.
The temperament of the animals and quick changes in the weather were sus-
pected of interfering with the response to insulin.

Massey et al. (1958) injected pedigree-clean, carrier and dwarf
animals with two doses of insulin, 48 hours apart and measured red bloocd
cell fragility in a 0.48 percent sodium chloride solution. The red blood

cells of the pedigree-clean animals were more resistant than the carviers
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and dwarfs, but there was considerable overlap betweenm the three groups.
The differences were greater when fragility was measured after the second
insulin injection and there was less overlap between the three groups.
Results similar to these were also obtained after the intravenous injec-
tion of ACTH. A significant difference was observed between pedigree-
clean and carrier animals in the resistance of the red blood cells to a
hypdtonic NaCl sclution within five hours after the injection of the
hormone. Dwarfs responded in a manner similar to carriers in this re-

spect, although on the average their red cells were less resistant.

Carbohydiate Metabolism Studies:

Marlowe (1954) determined blood glucose on 10 dwarfs and ning non-
dwarfs. He found the values to be 51.8 milligrams percent and 39.5
milligrams percent respectively. Fransen (1955), using a similar number
of animals, feund an average of 50.5 milligrams percent for the dwarfs
and 65.0 milligrams percent for the controls. The differences obtained
in the above two experiments were not statistically significant,

Preliminary results reported by Buchanan (1957) showed that after
a 72 hour fast, pedigree-clean cattle contained nearly twice as much
liver glycogen as dwarf and dwarf carrier animals. These differences were
highly significant. After eight days of high carbohydrate feeding, the
dwarf and carrier animals were not consistent in their utilization of the
carbohydrate., Approximately one-half of each group had a high liver
glycogen content while the other half were still low in that respect.

The pedigree-clean group was quite uniform, all having a high content of

liver glycogen after the carbohydrate feeding.
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Heidenreich et al. (1955) subjected nine calves, including dwarf and
normal appearing individuals; to insulin-glucose tolerance tests. Very
little difference was noted between the two groups and the tolerance
curves of the dwarf calves were not of a consistent pattern. Tolerance
tests were also conducted on 10 mature cows. No apparent difference in
metabolic response was noted between dwarf carrier and non-carrier cows.
Lactating cows, however, showed a decreased tolerance to glucose when
compared with non-lactating cows. |

Weaver et al. (1957) administered intravenous injections of glucose
to 20 dwarf cows, bulls and calves. Thirty minutes after these injections
the blood sugar level in the dwaris was extremely high, but within one to
two and one-half hours it had returned to normal. It was concluded from
this that the dwarfs were not lacking in ability to lower their blood
sugar to the pre-injection level after glucose injections.

Foley et al. (1956) utilized 59 animals from the Angus and Hereford
breeds to determine the possible causes of dwarfism in beef cattle. In-
sulin tolerance tests, in which insulin was injected intravenously and
the blood sugar determined at regular intervals for periods up to 12.5
h@urs following this treatment, showed definite differences between dwarf
and normal appearing animals. The tests indicated that the bloed sugar
levél dropped much more quickly and to a lower level in the dwarfs and
failed to return to the pre-injection level as guickly as in mnormal appear-
ing animals. They postulated a possible abnormal pituitary or adrenal
hormone response to stress in the dwarfs.

Deyoe et al. (1957) determined blood glucose in association with in-

sulin induced stress in dwarf and normal animals and detected no
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significant differences In the responses obtained.

Massey et al. (1958) subjected dwarf, carrier, and pedigree-clean
animals to two intravenous injections of insulin, 48 hours apart.
Approximately 12 to 14 animsls weve included in each group. The first
injection wag 0.8 wnit of insulin per kilegram of body weighﬁ and the
second dose, 0.3 wnit. It was hoped the two injections, a few hours
apart, would minimize envirommental influences. Blood samples were ob-
tained through 12 hours following insulin administration. When the
heavier dosage of imsulin (0.8 wnit) was given, average differences be-
tween pedigree-~clean and beth carrier and dwarf animals were considerable.
At the lighter dosage (0.3 unit) no definite difference was noted in
pedigree-alean and carrier animals, both being able to return their blsoed
glucose to the imitisl level within the time limit studied. The dwarfs,
however, were unable to do this. Recause of the increased imsulin sensi-
tivity of the dwarf and carrier animals, these workers felt there may be
a deficiency in one or more of the pituitary hormones, or that the hormones
may be present but unable to function properly in the regulation of carbo-
hydrate wmetabolism,

Massey et al. (1958) measured the response of pedigree-clean, carrier
and dwarf cattle to intravenous injections of adremaline. Four c.c. of a
1:10,000 selution of adrenaline was given to each animal regardless of
size and age. Blood samples were taken through 10 hours following treat-
ment with this hormone. The limited results indicated that there was a
differential response of the three groups to this hormone, as measured by
blood sugar changes. In the dwarf, the injection of the hormone caused a

slight increase in the blood sugar level; in the carrier, it caused a
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rapid increase im blood glucose in 30 minutes followed by a rapid drop
at one hour, and im the pedigree-clean cows the rise was rapid and was
much slower in returning to normal than in the carriers. These workers
also reported that following intravemous injections of ACTH there was

essentially no difference between the three groups of cattle, as far as

changes in blood glucose and white blood cells were concerned.
Factors Influencing Blood Glucose in Ruminants

Dukes (1955) gives the range of blood glucose for mature ruminants
to be from 30 to 70 milligrams percent with the range for cattle being
40 to 70 milligrams percent. Glucose is one of the most variable con-
stituents in the bloed of ruminants and the variation is even greater if
young ruminants are included. Some of the reasons for the wide variation

will be reviewed.

Age:

The blood glucose levels of newborn ruminants approximate those of
nonruminant mammals, which are approximately 100 milligrams percent, how-
ever, the glucose im the blgod decreases early in life until adult values
are reached (Hodgson et al. 1932, Jarrett and Potter 1952, Kemnedy et al.
1939, Kronfeld 1957, McCandless and Dye 1950, and Reid 1953). The asbove
workers agreed that the decrease in blood glucese was most :apid during
the first few weeks of life, but they were in variance as to when adult
levels were reached. For sheep the extremes reported as to when adult

levels were reached varied from six to 13 weeks while for cattle 10 weeks

to two years was the range.
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The reason for the change in the blood glucose level is not entirely
agreed upon. McCandless and Dye (1950) noted that the changes in bleod
glucose in young lambs and calves closely paralleled the functional
development of the rumen and they offered this as a possible explanation.
Reid (1953) also determined the declime of blood glucose in young lambs
and found that a large portion of the decline in whole-blood glﬁcose was
accounted for by a steady and almost complete disappearance of glucose
from the corpuscles. Because adult levels of blood glucose were reached
before adult levels of volatile fatty acids, Reid concluded that the de-
cline in blood glucose was largely due to factors other than the function-
al development of the rumen. Kronfeld (1957) reported that adult levels
of blood glucose were reached in lambs two to four weeks before rumina~
tion was observed and concluded that the decline was probably not entire-
ly due to the development wf rumen function, Vandersall et al. (1957)
and King et al. (1956), working with calves and lambs respectively, con-
firmed Reid's work by reporting that the decline in blood glucese was due

largely to the gluwese loss of the corpuscles.

Nutrition:

Cameron and Goss (1940) reported that no significant differences in
blood glucose were observed when ewes were subjected to different nutri-
tive conditions. Although the nutritive regimes were not widely differ-
ent, the ewes receiving the highest energy ratiéﬁ had the highest average
blood glucose.

Sampson and Boley (1940) reported that various rations, fed for

short pericds of time, significantly affected the glucose content of the
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blood of ewes. The higher emergy ration resulted in the higher blood
glucose values,

Reid (1950a) reported that blood glucose was not affected by the
plane of mutrition. Turk and Work (1933) varied the fat content of
rations of six lactating cows from seven to one percent and reported that
there was no relationship between the fat or carbohydrate intake and

blood sugar level.

Divrnal and Seaseonal:

Hodgson et al. (1932), Zarrow et al. (1952), and Sampson and Boley

(1940) reported that there was essentially no diurmal variation in the
blood glucose of mature ruminants,

Reid (1950&)‘f@mnd that there was only a very small rise in the blood
glucoze of sheep after feedimg. The afternoon samples gave higher glucose
values than the M@rﬁing samples, but the differences were small and very
little diwrnal variation existed.

Magee (1932) and Alleroft and Strand (1933) fed high carbohydrate
rations to goats and sheep, respectively. They measured the blood gluccse
after feeding and found either mno change or only slight increases in
glucose content of the blood.

Kennedy et al. (1939) reported that there was a diurnal variation in
the glucose content of calves' blocd. Directly after feeding milk, blood
sugar values increased sharply. The reason for the differences in diurmnal
variation between young and mature ruminants can be explained on the basis
of rumen function.

Elsden (1945), Gray»gg)gl; (1952), and Phillipson and McAnally (1942)

have clearly demonstrated that glucose and other dietary carbohydrates are
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rgpidly fermented to volatile fatty acids in the functicnal rumen. Thus,
glucose undergoes this change and is not absorbed as such. In the young
ruminant, before the rumen becomes functional,‘the feed goes“directly

to the abomasum. Glucose remains unchanged and is absorbed by the in-
testines as in simple stomached mammals.

Horrocks and Paterson (1957) reported a seascnal variation fer glu-

cose in the blood of dairy cattle. Blood gluccse was significantly lower
in the winter than in the other seasons tested. Braun (1946) reported a

significant secasonal difference in the blood glucose of cattle.

Fasting:

Sampson and Boley (1940) reported that fasting ewes for seven and
eight days resulted in decreases in blood glucose of 23 and 15 percent
respectively.

Hodgson et al. (1932) fasted five heifers for nine days. The blood
glucose had dropped only slightly after three days of fasting, but it had
decreased approximately 50 percent at the end of the nine day fast. The
glucocse level of the bloed did not return immediately to the pre-fast
level upon feeding, but required several days.

Reid (1950a) reported that fasting for a period of 24 or 46 hours
had lictle effect on the blood sugar level in non-pregnant sheep which
were in good conditiem. The blood glucose was significantly different
from the pre-fasting level after a four day fast, A fast of 24 hours
duration produced a marked hypoglycemia in ewes in poor body conditionm.
It was more pronounced during the last two months of géstati@n with blood

glucose levels as low as eight milligrams percent being recorded. All-

croft and Strand (1933) reported that a seven day fast did not appreciably
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alter the blood sugar of sheep.

Magee (1932) fasted two goats for a pericd of seven days. He report-
ed that the glucose of the blocd dropped approximately 40 percent until
40 hours, then a graduval increase resulted until the initial level was

nearly reached at the end of the seven day fast,

Exercise, Excitement, and Epinephrine:

Exercise, excitement, and epinephrine elevate the glucose content
of the blood. It is generally believed that exercise and excitement pro-
duce the blood glucose rise by increasing the release of epinephrine
from the adrenal medulla.

Sampson and Boley (1940) subjected ewes.to moderate exercise by walk-
ing them rapidly for 15 minutes. Only a slight increase in the blowod
sugar resulted. When the ewes were subjected to vigorous exercise, running
for 10 minutes, large increases in the blood glucose were observed. In-
creases as high as 100 percent were not uncommsn.

Alleroft and Strand (1933) reported that driving ewes quietly for 15
minutes did net greatly influence the blood sugar level, however, in some
cases it was increased. Sheep that were kept rumning for periods of 15
to 30 minutes showed sizeable increases in blood glucose after the viger-
ous exercise. These workers also demonstrated imcreases in the glucose
content of the blood of sheep subjected te a barking deog. Evidence was
also produced which indicated that high blood glucese values might result
due to excitement during sampling. Dougherty et al. (1956) reported that
the excitement of handling, dosing, and bleeding caused an appreciable

rise in the blood glucose of sheep. Hodgson (1932) reported that four
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cows, subjected te the sight of a dog, responded by an average increase
in blecod sugar of 11 percent. When the dog was allewed to bark theré
was a further increase of 43 percent in the glucose content of the blood.
All four of the cows showed a definite increase. Cutler (1934) reported
an increase of 90 percent in the blood glucosé of goats after five min-
utes of excitement.

The increase in blood glucose after excitement is believed to be due
to the secretion ¢f epinephrine by the adrenal medulla. Epinephrine in-
jections into ruminants have been shown to increase the blood glucose
(Cutler 1934, Massey et al. 1958, Zarrow et al. 1952). Strand et al.
(1934) reported that the blood sugar in adrenalectomized sheep was
definitely lowered. No changes occurred in the blood glucose of adrena-
lectemized sheep when they were subjected to the types of excitement and
muscular exercise used by Allecroft and Strand (1933)., This would support
the theory that epimephrine was secreted during the excitement of the
animal.

It is obvious that the handling and the temperament of the animals
can greatly influence the blood glucose levels, This could easily account
for many of the variable results reported, especially those where only a

few numbers have been used.

Miscellaneous Factors:

Hodgson et al. (1932) reported that there were no significant dif-
ferences in blood glucose between Ayrshire, Guernsey, Holstein,and Jersey
breeds of dairy cattle. Cows giving a liberal flow of milk were found to

have slightly less blood sugar than dry cows or those yielding a small
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quamtity of milk. There was always a definite rise in bloed glucose in
assoclation with estrus, but observations were limited in this area.

Hewitt (1930) reported blood glucose values considerably lower for
lactating cows in comparison to non-lactating cows. Helfers, during their
estrus period, were noted to have extremely high blood glucose readings.
Reihart (1939) determined the blood glucose on 60 lactating and 20 non-
lactating cows and found no apparent difference between the two groups.
Fish (1928) reported that lactation or pregnancy had little influence on
the glucose content of the blood of cows.

Kronfeld (1957) found that dering pregnancy in ewes the concentra-
tion of glucose remained within the pre-pregnant range. Reid (19502) also
reported that gestation had little effect on bloed glucose, although the

values were somewhat lower the last two months of gestation,
Insulin Tolerance

Zarrow et al. (1952) injected two sheep with 25 units of insulin.
The insulin produced a hypoglycemia within a half hour and a maximum de-
pression in blood glucevse of 52 percent resulted. Thereafter, the blood
sugar began to rise, rveturning to pre-injection levels in six hours.

Brown et al. (19356) and Petersen et al. (1931) reported the effects
of injecting large intravenous doses of insulin into dairy cows. Doses
up to 800 units were administered in 25 minutes with no convalsions ovw
coma noted in any of the cows, even though in some cases the blood sugar
was lowered to 10 milligrams percent. Fasting the animals for 438 hours

before giving insulin did not produce convulsive signs. Hitchcock and

Phillipson (194€) reported similar findings in sheep.



Jasper (1553), using limited numbers, reported that in dairy cows
the intravenous injection of two units of insulin per kilogram of body
waight gave a maximum effect in reducing bleood glucose, whereas one unit
did not. Increasing the insulin dosage to 10 uwnits per kilogram increas-
ed the duration, but not the depth of hypoglycemia. The rate of fall of
blocd glucose after imsulin was relatively constant and not related to
insulin dosage. He also reported that prolonged insulin hypoglycemia,
usually 30 to 36 hours, resulted in a convulsive; hypoglycemia crisis,
which responded well to glucose injections.

Reid (1951a) reported that in ruminants the rate of fall of bloed
glucose following intravenous insulin was considerably slower than in non-
ruminants. Dosage levels were as high as 10 units per kilogram of body
weight with no observable, severe hypoglycemic signs. Reid (1951b) des-
cribed the neurological signs assoclated with insulin hypoglycemia in
sheep. Some convulsions were observed when extremely large doses of in-
sulin were given. Comvulsive activity was seen cnly after the blood glu-.
cose had been reduced to negligible levels, less than one milligram per-
cent, and had remained there for upwards of one hour.

Jarrett and Potter (1953) reported that adult sheep fasted from one
to four days, then given massive doses of insulin, failed to show comvul-
sions. Successive intravenous insulin injections were given to maintain
the blood glucose at 10 milligrams percent for 15 to 18 hours with ne ab-
normal signs resulting from the prolonged hypoglycemia. However, when
the splanchnic merve was sectioned in the adult sheep, insulin caused
convalsions. Intravenous insulin injectiecns into young lambs resulted in

convalsions, but as the lambs increased in age it required more insulin



23

and a longer period before the convulsive signs appeared. The subcutan-
eous injection of insulin into adult sheep resulted in convulsions.

Setchell and McClyment (1955) injected ewes with insulin both intra-
vaneously and subcutaneously. Most of the ewes injected subcutanecusly
went into convulsions and died, while no convulsive signs were observed
in the ewes injected intravenously. It appeared the blood glucose re-
mained low for a longer period of time in the ewes which received the
subcutaneous injections.

Reid (1950b) produced evidence which would indicate that ruminants
depend less vpon glucose for an energy source than non-ruminants. This

might help explain why insulin shock is rarely encountered in ruminants.

Glucose Tolerance

Kennedy et al. (1939) reported that when mature cattle were drenched
with glucose (0.75 grame per kilogram of body weight) there was little
change in the blood glucose level, whereas in young calves a marked hyper-
glycemia was noted, Dollar and Porter (1957) reported an approximate in-
crease in blood glucose of 100 percent after drenching young calves with
a glucocse solution,

Bell and Jones (1945) drenched ten adult bovines with as much as
eight grams per kilogram of body weight and observed that the variations
in bloed glucose were within the range of normal fluctuation.

Hodgson et al. (1932) used a stomach pump to administer six to nine
pounds of glucose to seven dairy cows, In all cases an increase in blood
glucose resulted and in some instances 200 percent increases were observed.

It is very likely that because of the tremendous amounts of glucose given



some passed into the abomasum escaping rumen fermemtation. Reid {1952)
obtained blood glucose curves after direct administration of glucese into
the abomasum of adult sheep. He concluded that although glucose absorp-
ﬁi@n occurred from the imtestine the rate, when compared to non-ruminants,
was low.

Dougherty et al. (1956) reported that the oral administration of 3.7
grams of gluceose per kilogram of body weight caused distinct rises in
Jugular blood glucose levels in four ruminants. Orally administered glu-
cose at 1.5 grams per kilogram of body weight in one steer caused an in-
crease in blood glucose. However, the same deosage in two sheep caused
no significant change. These workers also observed that excitement, dos-
ing, and bleeding of the animals caused appreciable rises in blood glu-
cose,

Holmes (1951) reported that after the intravenous injection of 0.3
gram of glucose per kilogram of body weight into dairy cows it required
from three-fourths hour to two and one-half hours for the blood glucose
to return to pre-injectieom levels.

Goetsch et al. (1956) conducted glucose tolerance tests om 12 year-
ling Hereford heiferg. A 50 percemt glucose solution was injected at the
rate of 0.5 gram per kilogram of b@dy‘weighta The time required for the
injection was approximately five minutes. Two minutes after glucese in-
fusion there was a seven fold Increase and at thirty minutes a two fold
increase in the glucose content of the blood over the pre-injection blosd
glucose level. Six hours after the glucose injection the blood glucose
was nearly back toe the initial level. Of the total amount of glucose
injected, approximately 10 percent was excretéd in the urine during the

six hour peried.



Jarrett and Potter (1952) and McCandless and Dye (1950) reported
that the tolerance time in young ruminants, after intravenous glucose,
was approximately 90 minutes (about the same as for non-ruminants) while
three to five hours were required for the glucose to return to initial
levels in adult ruminants. As the young ruminants became older, the
duration of the hyperglycemia gradeally Increased until their tolerance
for glucose was the same as adult ruminants.

Reid (1952) measured arterio-venous blood glucose differences at
peak hyperglycemia and insulin hypoglycemia in adult sheep. He found
that the A-V differences were relatively small as compared to those of
non-ruminants. He also suggested that the low rate of extrahepatic glu-
cose assimilation at hyperglycemic levels provided a partial explanation
for the relatively slow rate of clearance of injected glucose from the
general circulation of ruminants.

Holmes (1951) reperted that pregnancy did not appreciably alter the
tolerance for glucese in cows, however, a 48 hour fast did decrease the
tolerance for glucese. Seven hours after glucose administration the blood
glucose was still abeve the pre-injectiom level. McCandless et al. (1948)
reported that after the intravenous injection of ome graﬁ of glucose per
kilogram of body weight into non-fasted sheep the glucose returned to
initial levels in about four to six hours after the glucose infusion.
However, in sheep fasted for five to six days before receiving the same
dosage of glucose, the blood glucose was still sbove pre-injection levels
11 hours after glucese administration.

Reid {1958) reported that:in glucose tolerance tests with sheep the .

rate of glucose disappearance was slow in sheep fed on roughage diets,
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but rates as high as those usually observed in msn were recorded when the
sheep were receiving high intakes of a diet containing 50 percent cracked
mglize. The blood glucose often returned to levels as much as 11 milli-

grams percent below the pre~injection level.



MATERIALS AND METHODS

The majority of the cattle utilized for the various tests were from
three projects at the Fort Reno Experiment Station, E1 Reno, Oklahoma.
Project 873, "Evaluation of Methods for Identifying Dwarf Carriers in
Beef Cattle," contributed most of the animals. This project consists of
a herd of approximately 100 known carrier cows of both the Angus and Here-
ford breeds and 10 "comprest" Hereford cows. In addition approximately
20 dwarfs of both sexes and breeds are maintained as part of the project.

Twelve yearling Hereford heifers and 16 Angus and Hereford calves
were used from Project 670, "The Improvement of Beef Cattle by the Appli-
cation of Breeding Methods," This project consists of three unrelated
lines of breeding, one Angus and two Hereford lines., These animals are
under excellent range conditions and receivé good management.

Twelve cows were used from Project 650 at Fort Reno. This project,
"The Relation of Wutritiom and Age at First Calving to Lifetime P'e't’fofi
mance of Beef Cattle,” consists of grdde Hereford cows. These cows graze
native grass pastures during the summer. In the winter they are placed
in their respective groups of low, medium, and high levels of winter
feeding.

In all cases the response measured, after subjecting the animals teo
various tests, was the glucose content of the blood. Blood was collected
from the jugular vein into tubes containing approximately twenty milli-

grams of sodium fluoride per milliliter of blood. Sodium fluoride was
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used as the anticoagulant because in addition to its anticoagulating
property it irhibits the glycolytic decomposition of blood glucose (Roe
et al. 1927). During the early part of this study the blood had to be
transported from Fort Reno to Stillwater before the analysis could be
done. Thus, the sodium fluoride provided a precautionary measure against
the deterioratiom of the glucose in the blosd.

The blood samples were analyzed in duplicate in the Biochemistry
Department at Oklahomsa State University, using the Nelson-Somogyl method
{Nelson 1944 and Somogyil 1945). This method employs the use of a barium
hydroxide~-zine sulfate procedure to deproteinize the blood which gives a
filtrate containing practically no reducing substances other than glucese.
The barium-zine f£iltrate is heated with an alkaline copper reagent and
treated with a special arsenomolybdate color reageant. The color develop-
ed is compared with that obtained from a known amount of glucose. The
optical density of blood samples prepared in such a manner were read in

a Coleman Model 6A Junior Spectrophotometer at a wavelength of 540 mu.

The amount of glucose im each sample was calculated from the follewing

formulas:
optical density of unkmown mg. glucose 4 100 = mg. glucese per

optical density of standard in standard 0.025 100 ml, bloed
Duplicate samples with differences in optical density which showed an
error greater tham tem percent were re-analyzed.

These data were analyzed statistically by methods described by
Snedecor (1956).

A more detailed procedure for each experimental phase will precede

the results of that particular phase.



RESULTS AND DISCUSSION
Epinephrine Studies with Sheep

Preliminary studies were conducted on seven yearling western wethers
in an effort to establish safe dosage levels and response to epinephrine.
It was anticipated that the inf@rmati@nvCQuld be applied to cattle simce
both are rumimants and their blood glucose values are comparable.

The sheep all weighed approximately 100 pounds, and were maintained
on a ration of ground milo plus prairie and alfalfa hay. Each of three
trials consisted of three treatments with two wethers per treatment., A
1:1000 sclution of Epinephrine Hydrochloride Injection, No. 3350-39, from
Lederle Laboratories was used. The epinephrine was diluted with aterile
gsaline to 1:10,000 just prior to the time of injéctiena All injectiens
were made intravemously inte the jugular vein. The epinephrine was in-
jected through the same needle from which the initial blood sample had
been ewllected. The bleod samples were analyzed for glucose ag seon as
posgible following the £inal bleedings.

The results of three trials representing a total of nine treatments
are presented in tables I and IL. The treatments in Trial A were as
follows; treatment I consisted of injecting a total dose of 0.25 c.c,
epinephrine per 100 pounds of body weight intoc each of two wethers; in
treatment Il each wether received 0.25 c.c. epinephrine per 100 pounds of

body weight which was divided into three equal parts and injected at five
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TABLE I EFFECT OF DIFFERENT LEVELS OF EPINEPHRINE
ON THE BLOOD GLUCQOSE OF WESTERN WETHERS
{(mg. per 100 ml. bleod)

Minutes After Initial Epinephrine Injection

Irial Treatment Ho 0 ;S 10 20 30 40 60 80 120
A I 2 60.6 93.0 96.9 104, 103.0
IX 2 69.6 85.3 92.0 103. 101.6
Iix 2 70.6 91.8 104, 112.6
B v pA 43.7 76. 82.8 81.0
v 2 46.0 73, 98.6 100.0
VI 2 51.2 73. 93.0 111.2
C VII 2 57.7 101, 122.3 151.0 167.8 196.4
VIII 2 64.4 104, 134.0 157.0 148.6
IX 2 54,4 83.4 105. 117.6 122.1 150.4

oe



TABLE IT CHANGES IN THE BLOOD GLUCOSE OF WESTERN WETHERS TNJECTED

WITH DIFFERENT LEVELS OF EPINEPHREINE

Percent Increase from the Initial Glucose Value

to the Various Sawmpling Times {(in minutes)
Trial Treatment No. 0-5 0-10 ___ 0-20 0-30 0-40 0-60 0-80 0-120
A 1 2 52.5 596"  71.4°  69.9
i1 2 22.3%  32.6 48,4 45.%
111 2 36.3 47 .6 59.9
B v 2 76.6 90.0%  85.8
v 2 57.2 114.5 117.3
Vi 2 43.6 81.3 116.0
c VI 2 76.4 111.9 161.6 190.6 240.4
VIIL 2 62.4 108.2 145.0 130.9
IX 2 52.8 93.2 115.4  123.2 176.6

451 fferent from treatment I (P < .10).

b(P < .005) between the treatments in that particular trial.

C(P < .10) between the treatments in that particular trial.
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minute intervals; and in treatment III each wether received 0.25 c.c.
epinephrine per 100 pounds of body weight divided into three equal parts
and injected at 10 minute intervals. In all treatment groups blood
gamples were taken at 0, 10, 20, and 30 minutes, with a sample taken at
five minutes in treatments I and II.

The actual glucose values for the three treatments are quite similar
at all the sampling times with no significant differences existing between
the three groups. Ten minutes after the initial epinephrine injection
the glucose values, in milligrams percent, were 96.9 for treatment I,

92,0 for treatment II, and 91.8 for treatment III. For the thirty minute.
sampling period the glucose values were 103.0, 101.6, and 112.6 milligrams
percent for treatments I, II, and III fespectively. When the glucose
values were expressed as a percent increase from the initial level, the
responsesof the three treatments weve different. At all sampling times,
treatment I resulted in larger increases in blood glucose than the other
two treatments. The larger‘increases in blood glucose in treatment I
might have resulted because the initial blood glucose level of the wethers
in treatment I was 60.6 milligrams percent, nearly 10 milligrams percent
lower than the blood glucose of the wethers in the other two treatments.

Highly significant (P < .005) differences in the blood glucose in-
creases existed between treatments at 10 and 20 minutes following epi-
nephrine. The largest mean differences were at 10 minutes following
epinephrine where the increases were 59.6% for treatment I, 32.6% for
treatment II, and 30.3% for treatment III. These data show that larger
increases in blood glucose resulted from a total dose of 0.25 c.c. epi-
nephrine at one injection rather thaﬁ splitting the dose and injecting

the parts at five or 10 minute imtervals.
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The treatments in Trial B were as follows: treatment IV comsisted
of injecting a teotal dose of 0.50 c.c. epinephrine into each wether; in
treatment V each wether recelved a total dose of 0.50 c.c¢. epinephrine
divided into two equal parts and injected at 20 minute intexvals; and in
treatment VI each wether received a total dose of 0.75 c.c. epinephrine
divided inte three esual parts and injected at 20 minute intervals. Bloed
samples were obtained at 20 minute intervals over a 60 minute peried.

No significant differences were found for actual glucose values be-
tween the treatments of Trial B (table I). The initial glucese values
for treatments IV, ¥, and VI were 43.7, 46.0;, and 51.2 milligrams percent.
Sixty winutes after the initial epinephrine injection the blood gluecose
values were 81.0 milligrams percent for treatment IV, 100.0 milligrams
percent for treatment V, and 11inz milligrams percent for treatment VI.
Twenty minutes after epinephrine, treatment IV had produced the greatest
increase in blood glucose over initial levels, but the smallest imcrease
60 minutes after the initial epinephrine injection (table I1}. The in-
creases 60 minutes after epinephrine were 85.8%, 117.3%, and 116.0% for
treatments IV, V, and VI respectively.

In Trial C each wether received a total dose of 1.5 c.c. epinepbrine.
In treatment VII the dose was divided into six equal parts and injected at
20 minute intervals, In treatment VIII the dose was divided into three
equal parts and injected at 20 minute intervals, while in treatment IX the
dose was divided intp six equal parts and injected at 10 minute intervals.
No significant differences between treatments resulted from either an analy-
sis of the actual glucose values (table I) or the percent increases (table

II). Treatment VIII resulted in the smallest blood gluecose increases
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throughout the time Intervals studied. Sixty minutes after the initial
epinephrine injection the percent increases in bl@bd glucose were 161.6,
145.0, and 176.6 for treatments VII, VIII, and IX respectively. Results
from this trial demonstrated that tremendous increases in blood glucose
c@uld_be produced by the periodic imjection of epinephrine every 10 or 20
minutes. Two hours after the initial epinephrine imjection treatment VII
produced an averags increase of 240.4 percent im the glucose content of
the bleod.

Epinephrine produces the characteristic hyperglycemia by causing a
shift in the egquilibrium reaction between imactive and active phosphorylase
(Sntherland and Cori 1951). This liver enzyme is believed to catalyze the
rate limiting step im liver glycogenolysis, so that when more active phos;
phorylase is present an immediate rise in bloed glucose results., Epineph-
rine also causes the breakdown of muscle glycogen into lactic acid which
can be transformed into glucose ip the liver (Cori and Cori 1928b). This
effect of epinephrine appears to be much slower than the effect on the
phosphorylase system.

The results of -trial B differed from those of trial A. In trial B,
splitting the total dose and injecting it at various time intervals result-
ed in larger increaszs in blood glucose. The opposite was true im trial
A. It is very probable that at any one time there is a known guantity of
phosphorylase enzyme in the liver. If all of the enzyme is active as a2
result of a certain dosage of epinephrime, then any additional epineph-
rine would not cause an additlenal rise in the bleod glucose. Epineph-
rine is oxidized very rapidly after administered intravenously. its

potential in producing a hyperglycemia is limited if it does net produce
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its effeet in a few minutes. As tﬁe epinephrine is destroyed more of the
activé’ph@sphorylase shifts back to the inactive form., This could pos-
sibly expliin the difference obtained bétweéh trial A and B. These data
suggested that there was a maximnm effective dosé at any one injection
time and if the maximum dose was exceedéﬁ, 1ittle or no additional re-
sponse resulted. Twenty minutes after epinephrine the percent increases
over the initial glucose values were 71.4 for treatment I and 76.6 for
treatment IV, The response was nearly the same for both treatments;
although the dosage level for treatment IV was twice that for treatment
I. This would suggest that the epinephrine injection in treatment IV was
above the maximum dose. Until the maximum dose is reached it is most
likely that the maximum response would résult from a single injection
rather than splitting the d@sé. The same trend was indicated in Trial
€. The results of this trial showed that it was not only the size of the
dose bit also that the time interval between injections was important in
determining the maximum glucose response. The treatments in Trial C gave
similar responses at nearly all sampling times where they were comparable.
However, large differences between treatments existed when the end results
were considered. Based on the percent increase 10 of 20 minutes follow-
ing the final epinephrine injection, the values were 240.4%, 145;0%,iand
176.67% for treatments VII, VIII, and IX respeg;ively. . .
In the final experimental phase with sheep three wethers were fagted
for sixty-three hours and three wethers received the ration previqusly
mentioned, Each wether received a total dose of 1.5 c¢.c. epinephrine per

106 pounds body weight divided into six equal parts and injected at twenty -
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minute imtervals. Periodic samples were taken during two and one-half
hours following the first epinephrine injection. The effect of epineph-
rine injections in fasted and fed wethers is shown in tables III and IV,

Table IXII shows the effect of epinephrine en the actual bloed glu-
cose values. Sixty-three hours of fasting resulted in a significantly
(P < .005) lower inmitial bleod glucose in the fasted wethers tham in
wethers which remained on feed during this time. The initial value for
the fasted group was 48.7 milligrams percent as compared to 66.0 milli-
grams percent for the fed group. After the intravencus injectien of
epinephrine the differences in the blood glucose of the fasted and fed
groups were significant at all sampling times. The differences between
the two groups were decreasing in magnitude as the sampling time after
the initial injection of epinephrine increased. Two and one-half hours
after the initial epinephrine injection the blood glucose valmes were 140.2
milligrams percent for the f;sted wethers and 195.9 milligrams percent for
thé fed wethers. The difference between the two groups at this sampling
time was significant (P'{,,OS)°

Table IV expresses the bloed glucose values as a percent increage
from the initial glucose value, The fed wethers had a greater percemt in-
crease in blood glucese throughout the 130 minute period. The largest
differemce (P < .025) which existed between the two groups was forty min-
utes following the initial epinephrine injection. The percent increases
over initial levels at this sampling time were 59.6 and 98.6 for the fast-
ed and fed groups respectively. The difference between the two groups
diminished congsiderably as the sampling time iﬁcreasedo One-hundred-£ifty

minutes after the initial injection of epinephrine the percent increases



TABLE IIT BIOOD GLUCOSE VALUES OF FASTED AND FED WESTERN
WETHERS INJECTED WITH EPINEPHRINE
{mg. per 100 ml. blood)

Minutes After Initial Epinephrine Injection
Group No. 0 40 80 120 _150

Fasted 3 48,70 77.8®  103.2¢ 134.8¢ 140,29

(7.56)%  (13.97) (22.78) {24.98) (25.33)

Fed 3 66.0 131.0 164.9 201.7 195.9

{2.31) {7.91) (7.16) (7.51) {15.72)

83tandard deviation.

b

Different from the fed group (P < .005).
®Different from the fed group (P < .025).

dDifferent from the fed group (P < .05).

TABLE 1V CHANGES IN THE BLOOD GLUCOSE OF FASTED AND FED
WESTERN WETHERS INJECTED WITH EPINEPHRINE

Percent Increase from the Initial Glucose
Value to the Various Sampling Times (in minutes)

Group  No. 0-40 0-80 0-120 0-150

Pasted 3 59,60 111.3 175.9 187.2
(12.53)2 (26.67) {13.46) (16.82)

Fed 3 98.6 150.2 206.0 197.5
(14.35) (15.97) (21.17) (33.51)

a ;
Standard deviation.

bDifferent from the fed group (P< .025).
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in blood glucose were 187.2% for the fasted wethers and 197.5% for the fed
wethers, ITkushima (1931) and Rothschild (1933) reported that the hyper-
glycemia caused by epinephrine was essentially dependent on the glycageﬁ
content of the livern These data, obtained on the fasted and fed WetherQ;
suggested that differences in liver glycogen were being measured. Shaw
{1943) used the hyperglycemia following the intravenous injection of
epinephrine as an index of the amount of liver glycogen in dailry cows.

No harmful side effects were observed in any of the epinephrine
studies with sheep. An increased heart rate and frequent urinations were
noticed. The frequent urinations can be explained by the hyperglycemié

resulting in glycesuria.
Epinephrine Studies with Cattle

A preliminary report by Buchanan (1957) .indicated that the dwarf and
carrier cattle contained significantly less liver glycogen than pedigree-~
clean animals after they had been fasted for 72 hours. The epinephrine
studies with fasted and fed sheep suggested the use of epinephrine as an
indirect measure of liver glycogen in the dwarf and non-dwarf cattle.

Two Hereford heifers were each given a total dese of 0.75 c.c. epi-
nephrine per 100 pounds of body weight. The dose was divided into three
gqual parts and injected at 20 minute intervals. In these and all ether
épinephrine injections which followed, the total dose of epinephrine was
diluted to 10 c.c. with sterile saline prior to injection. The two
heifers were extremely nervous before the test and struggled excessively
during the test. The initial blood glucose values for the two heifers

were 172.4 milligrams percent and 121.0 milligrams percent. These values



are sowe two bto three times as high as those reported for cattle of this

(D

age. Eplnepbrine injections Iinto the two helfers produced only a very
glight rise in the blood glucese. Approximately 10 minvtes after the
third epinephrine injection, the heifer which had the highest initial
glucose value collapsed and died after a2 few minutes of labored breath-
ing. Upon autopsy a pulmonary edema was noted. The autepsy repert con-
cluded that wost likely death was due to epimephrine toxicity. Sollmann
{1948) lists the symptoms of epinephrine overdosage as anxilety, dyspnea,
rapid pulse, high blood pressure, collapse, and death often in a few
minutes. The toxic effects of epinephrine are due to acute cardiac diala~
tion, pulmonary edema, ventricular fibrillation and these are most likely
to oecur Lf the heart is already weakened as a result of overexcltement
or cardiac disease. He alse states that some patients showed a hypersus-
zeptibility to eplnephrine, especially those of pervous temperament,

The doge level used on these heifers was one-half the maximum dese
used with sheep on 2 body welght basis, and well below the maximum dose
used on sheep caleculated on the basis of body surface area. No 111 effects
had been noted with these levels in the wethers, however, none of the sheep
had initial blood glucose levels which were abnormally high and they exhib-
ired very little excitabllity. It appeared that the high initial glucoese
values of the two helfers were due to thelr extreme excitability. Dougher-
ty et al. (1958) and Hodgsom (1952) previcusly observed that excltement
could cause am appreclable rise in the bleood glucose of ruminante. The
hyperglycemia has been attributed to an increased secretion of epinephrine

from the adrenal medulla. The evidence indicated that the two helfers

were highly stimulated before any exogenous epinephrine was administered,
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Because of the possibility of detrimental éffects of a large dose, later
epinephrine injections in cattle were lowered to a single dose of 0.25 c.c.
per 100 pounds éf body weight. 1t was anticipated that this would reduce
the harmful side effects ¢f the hormone. Another consideration was the
results obtained with the fasted and fed wethéers which indicated that
large differeﬁces in liver glycogen could be detected by a small dose.

In all tests, except/pﬁose where young calves were used, animals with
an initial blood glucose above 80 milligrams percent were eliminated from
the tests. Approximately eight percent of the cattle tested were elimi-
nated for this reason. Animals that had an initial blood gluceose level
of 80 milligrams percent or higher were usually very nervous and strug-
gled considerably during the testing period. The results of the follow-

ing tests are applicable under circumstances similar to those which have

been described.

Non-Fasted Yearlingg:

Four non-dwarf heifefs; classified‘as three pedigreé-clean and one
known carrier, aﬁd four dwarfs of both sexes were injected imtravenously
with a single injecti@n of 0.25 c.c. epinephfine per 100 pounds of body
weight., The animals were of yearling age and were receiving a 50:50
roughage to concemtraté ration. Blood samples were taken‘periodically
for 90 minutes. Three of the non-dwarf heifers were from the purebred
Angus herd at Stillwater. Blood samples from these animals were analyzed
for glucose scon after they were obtained. The remaining animals were at
Fort Reno and the sampleskfrom these animals were immediately placed in
an ice wéter bath when collected. At the conclusion of the test, all

blood tubes were packed in ice and brought to Stillwater for analysis.,
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S

The results of the Intravensus Injections of epinephrine im non-

b

fasted dwarf and non-dwarf yearling cattle are recorded in tables V and
VI. Table V shows the actwal glucose values of the two groups, while
table VI gives the percent changes at the varicus sampling intervals
gver the Inltial blood glucese level, The initial glucose values were
61.9 milligrams percent for the non~dwarfs and 64.6 milligrams percent
for the dwarf animals. A peak hyperglycemiaz of 106.9 milligrams percent
for the non-dwarfs occurred at 10 minutes following the epinephrine in-
jection. The highest glucose value for the dwarf group, 8797 milligrams
percent, was observed 20 minutes after the epinephrine injection. Al-
though the blood glucese values of the non-dwarf group were consistently
higher at all sampling pericds the differences between the two groups
were not significantly different. Table VI shows that the percent in-
crease in the blowd glucese of the dwarfs was consistently lewer at all
sampling times. The percent increases five minutes after epimephrine
were different (P <. .10) for the dwarf and non-dwarf groups. The differ-
ence became grester (P <U .05) 20 minutes following epinephrine, with
percent increases at this sampling time of 69.7%Z for the nen-dwarfs and

35.7% for the dwarf group. These rasuelts are supported by studies con-

ducted by Massey (1958) in which the dwarfs shewed only a slight increase
in blood sugar after the injection of epinephrime. They reported that
the response of the carvier and clean cows was comsiderably greater than

the dwarf animals,

Fasted Yearlings:

Bight normal appearing vearling heifers, classified as four pedigree-

cleans, two known carvriers, and two which were guestionable in vegard teo



TABLE V RBIOOD GLUCCSE VALUES OF DWARF AND NON-DWARF
YEARLING CATTLE INJECIED WITH EPINEPHRINE
{mg. per 100 ml., bleosd)

Minutes After Epinephrine Injection

Group 0 5 10 20 30
Son-Duarf 61.9 (4)°  96.8 (2) 106.9 (3)  104.9 (&) 99.3 (3}
(6.17)% (15.34) (15.28) (13.54) (16.79)
Dwarf 64.6 (&) 84,0 (&) 87.7 &) 86.5 (&)
{10.29) {22.42) (19.83) {(17.73)

2gtandard deviation.

bNumber of animals.



TARLE VI CHANGES IN THE BLOCD GLUCOSE OF DWARF AND NON-DWARF
YEARLING CATTLE INJECTED WITH EPINEPHRINE

Percent Increase frem the Initisl Glucose Value
to the Various Sampling Times {(in minutes)

Group 0-5 0-10 0-20 0-30 0-69
Nomn-Dwarf 56.6° (Z)b 65.7 (3) 69.7% (&) 53.6 (3) 33.1 (3)
(21.64)2 (11.50) (16.99) (15.36) (4.00)
Dwarf 29.7 (&) 35.7 (4) 34.1 (4)
(22.49) (20.19) (16.21)

aStandard deviation.

bNumber of animals.

°Different from the dwarf group (P < .10).

d ,
Different from the dwarf group (P < .05).

ki
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their dwarfism status were*faste& fof 72 hours. .After the fast they ﬁete
injected intravenously with 0.25 c.c. epinéphnine per 100 pounds‘ofvbody‘
weight., Two yearling dwarfs wére also fasted and subjected to the same
epinephrine dose. Most of the animals had been on pasture before the faét.
Some of the same animals were later fed grain and hay rations before bg;ng
subjected to the same treatment. Blood samples were taken at either 10 |
or 20 minute intervals during an 80 minute period. The samples were pack-
ed in ice and transported to Stillwate; for analysis. |

Tables VII and VIII show the blood glucose values and percent increases
for the dwarf, carrier, questionable, and pedigree-cléan yearling cattle.
Although these data are limited, a few genefalizationé can be made. It
appears that the type of ration the animal received'prior to fasting had
an effect on the response to epinephrine. fhe two carriers and one dwarf
that receivednérass prior to the test also were tested after receiving

.grain and hay. When the carrier animals received grass prior to fasting,
their blood glucese values prior to and 20 minutes after epinephrine were
44,8 and 66.4 milligrams percent respectively. This was an increase of“
48.6 percent in the glucose content of the blood. When tﬁe same animalgv
received hay and grain prior to fasting,the glucose values for the same
sampling times were 50.5 and 92.2 milligrams percent. This was an increase
of 83.0 percent, nearly twice the increase when the animals received a pre-
fast rétién 6f’grass. 'The same trend was‘observed in the dwarf animalé

| with the pércent‘incféﬁses 20 minutes after epinephrine being 32.27% féf

' dwarfs on gréés and 57.27% for dwarfs in drylot. If the animals wererstpfk,
ing more liver glycogen after receiving the drylot ration thevinc:eased‘

hyperglycemia could be expected. Rats fed on a diet of oats reacted to



TABLE VII BILOCD GLUCOSE VALEES OF FASTED DWARF, CARRIER,
ASND PEDIGREE-CLEAN CATTLE INJECTED WITH EPINEPERINE
{(wg. per 100 ml. blood)

o Minutes After Initial Epimephrine Injection
Pre-fast Ration
and Genotype Ne, 0 10 20 30 40 60 80
Grass
Pedigree-clean 4 53.4 81.2 89.2 87.0 86.4
(9.25)2 (7.20) {0.85) (3.22) (9.83)
Questionable” 2 54.2 74.6 69.7 76.4
(&.44) {23.15) (15.13) {15.48)
Carrier 2 44 .8 66.4 64.2 62.8
{6.92) {4.03) (%4.45) (5.23)
Dwarf 37.2 (2) 46.0 (1) 52.8 (1) 239.6 (1
Grain and Hay
Carrier 2 50.5 96.7 92.2 82.5
(2.54) (2.97) (4.52) (2.12)
Dwarf 2 50.3 78.2 78.3 84.6
(8.20) (2.26) _ (5.51) (11.03)

a, e e
Standard deviation.

Psome of their near ancestors were carrier animals.

%



TABLE VIIZ CHANGES IN THE BLOOD CLUCOSE OF FASTED DUARFE,
TED

CARRIER, AND PEDICREE-CLEAN CATTLE IHJECTE
WITH EPLNEPHRINE

Percent Increase from the Initial Glucose

Pre~fast Ration Value to the Various Sampling Times (in minutes) _
and Gencibvpe He., 0-10 0-20 0-30 =% 0-60 0-80
Grass
Pedigree-clean 4 52.5 70.4 61.8 57.0
(16.73)% (8.06) (16.51) (25.38)
Questionable” 2 36.0 27.8 30.6
(36.05) {14.58) (17.32)
Carrier 2 48.6 43.5 40.5
(12.02) (12.86) (14.56)
Pwarf 1 32.2 51.7 13.8

Grain and Hay

Carrier 2 91.6 83.0 77 .4
(3.74) (18.17) (4.73)
Dwarf 2 57.2 56.8
(22.06) (14.64)

68.6
(5.58)

85tandard deviation.

b . .
Some of their near ancestors were carrier animals.

9y
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epinephrine with a wuch more pronounced hyperglycemia than did rats fed
on a diet of greens (Abderhalden and Wertheimer 1924).  A1though the
authors did not make liver glycegen det;rminationsyit would seem likely
that differences in glycogen were being measured,

For those animals whose pre-fast ration was grass, their initial
blood glucose values were 53.4, 54.2, 44.8, and 37.2 milligrams percent
for the pedigree-clean, questionable, carrier, and dwarf animals respect-
ively. Twenty minutes after epinephrine the respective increases for
these same animals were 52.5, 36.0, 48.6, and 32,2 percent. The pedigree-
clean animals had the highest blood glucose values at all the sampling
times. The 60 minute increase for the carriers and the dwarf was 40.5%
and 51.7%. The greater increase for the dwarf might be explained by the
indications that the dwarf animals reached their peak hyperglycemia near
60 minutes while all of the non-dwarf animals exhibited their highest glu-
cose values between 20 and 40 minutes after epinephrine. At 60 minutes
the non-dwarf animals were showing a decline in their blood glucose. A
percent increase of only 13.8 percent for the dwarf occurred 80 minutes
after epinephrine. This is a more extreme decrease from the 60 miﬁute

value than the decreage shown by the non-dwarf animals,

Fasted Cous:
Twelve pedigree~clean #nd 10 known carrier mature cows, from Projects
650 and 873 respectively, wére fasted for 72 hours pribr'to an intravenocus
injection of 0.25 c.c. epinephrine per 100 pounds of body weight. .The :
cows were grazing native pasture prior to the fast and their calves had

been weaned a few days before the test was cenducted. Pre-fast blood
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samples from eight pedigree-~clean and six carrier cows were taken to
determine the effect of the three day fast on the blood sugar level and
to ascertain if any differences existed between the two groups of cows.
Blood samples were taken at 20 and 60 minutes after epimephrine. The
samples were handled as previously described.

Tables 1X and X show the response of the pedigree~-clean and carrier
cows to the epinephrine injections. The pre-fast glucose values for the
clean and carrier cows were 51.4 and 52.6 milligrams percent respectively.
The decreasé in bleood glucose, after the 72 hour fast, was 9.9% for the
pedigree~clean cows and 9.8% for the carrier cows. Twenty and 60 minutes
after epinephrine the respective glucose increases for the clean cows
were 45.5 and 82.4 percent. At the same sampling times the percent in-
creases were 41.1 and 75.0 for the carrier cows. The pedigree-clean cows
averaged slightly higher in both actual glucose values and percent in-
creases. No significant‘differences existed between the two groups of
cows. The two groups of fasted cows showed a smaller difference in the
blood glucose respense to epinephrine than the yearling pedigree-clean and
carrier fasted animals. A possible age-response relationship may exist.‘

One cow from each group died approximately 24 hours after the test
had been completed. Post mortem observations of the carrier cow showed
dark spots occurring on the liver and kidﬁeys. There was an edema of the
brisket regionm and the stomachs contained a large amount of water. There
were no indications that death was duelto epinephrine toxicity. The
pedigree~clean cow also exhibited post mortem findings similar to those
of the carrier cow. These cows were approximately in their third month

of pregnancy. A toxemia resulting from the fast could have been a



TABLE IX BLOGD GLUCOSE VALUES OF FASTED PEDIGREE-CLEAN AND
KNOWN CARRIER COWS INJECTED WITH EPINEPHRINE
{mg. per 100 ml. blood)

49

Minutes After Epinephrine

Group No. Pre-fast 0 20 60

Clean 12 51.4 (8) 47.1 68.8 85.6
(4.21)& (6.82) (16.53) (20.01)

Carrier 10 52.6 (6)P 45.8 63.7 78.8
(1.74) (8.96) (10.54) = (13.96)

aStandard deviation.

bNumber of animals.

TABLE X CHANGES IN THE BLOOD GLUCOSE
OF FASTED PEDIGREE-CLEAN AND KNOWN
CARRIER COWS INJECTED WITH EPINEPHRINE

Percent Increase from
the Initial Glucose Value
to the Various Sampling

Times (in minutes)
Decrease from Pre- ‘

Greup No, fast to end of Fast 0-20 _0-60

Clean 12 -9.9 (8) 45.5 82.4
(9.15)2 (22.76) (32.46)

Carrier 10 -9.8 (6)° 41.1 75.0
(18.29) (21.38) (28.73)

3gtandard deviatien.

bNumber of animals.
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complicating factor. A number of yearling cattle were fasted at a later
date with no harmful effects., The yearlings were allowed their fill on
hay before going back into the drylot. The cows that died were among a

group that were placed on pasture immediately following the test.

Trangquillized, Fasted Yearlings:

It was soon observed that the temperament and excitability of the
animal could greatly influence the blood sugar level. Animals that were
wild and those which offered considerable resistance to the testing pro-
cedure usually showed a one to two fold increase in blood glucose. The
use of a tranquillizer offered a possibility of centrolling the tempera-
ment of animals being tested.

Six vearling heifers were divided into two equal groups following a
three day fast. Each group contained two pedigree-clean heifers and one
known carrier heifer. Blood samples were obtained before the animals were
placed on the fast. After the fasting period, one group of heifers was
injected intravenocusly with 0.3 milligram of chlorpromazinel per pound
of body welght. TForty minutes after the injection of the tranguillizer
all six of the helfers were injected intravenously with 0.25 c.c. epi-
nephrine per 100 pounds @f‘body weight. The blood was sampled at 20 and
60 minutes after epinephrine and was handled as previously described.

fhe results of the injection of the tranguillizer into the three
fasted heifers and the response of the six heifers to the épinephrine

are shown in tables XI and XII. From these data one cannot tell whether

lTrade name - Thorazine HCL. Each milliliter contained 25 wmilligrams
chlorpromazine hydrochloride with two percent benzyl alchol as preservative.
Marmufactured by Smith, Kline, and French Laboratories. Philadelphia,
Pennsylvania. :



TABLE X1 EFFECT OF CHLORPROMAZINE ON THE BLOOD GLUCOSE
OF FASTED HEIFERS, BEFORE AND
AFTER EPINEPHRINE
(mg. per 100 ml. blood)

51

Before Before

Chlor-~ Epin-
Group No. Pre~fast promazine ephrine
Chlorpromazine 3 65.4 64.9 69.1P
(4.59)@ (6.91) (1.65)

Control 3 59.8 49,84
(2.31) (5.88)

Minutes After

Epinephrine
20 60
gg.oP  97.1¢
(12.35) (0.14)
68.6 70.1
(7.81) (6.94)

45tandard deviation.

bDifferent from the
CDifferent from the

dDifferent from the

control group (P < .10).

econtrol group (P < .005).

pre-fast control mean (P < .10).



TABLE XII CHANGES IN THE BLOOD GLUCOSE
OF FASTED HEIFERS INJECTED WITH
CHLORPROMAZINE AND EPINEPHRINE
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Percent Increase
in Epinephrine

Decrease from
Pre-fast to the

Group No. End of Fast 0-20 0-60

Chlorpromazine 3 -0,9b a 35.5 42.7
' (3.68) (11.60) (11.31)

Control 3 -16.6 38.1 41.0
(9.73) (12.64) (10.96)

8gtandard deviation.

bDifferent frem the control group (P < .10).
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the chlorpromazine was effective in contrelling blood glucose levels in
excitable animals because the initial levels of the injected animals were
within the normal range. The pre-fast glucose values for the chlor-
promazine and control groups were 65.4 and 59.8 milligrams percent respect-
ively. After the three day fast the blood glucose of the chlorpromazine
group had decreased only 0.9 percent, while the blood glucose level of the
control group had decreased 16.6 percent. The discrepancy between the two
grouaps was probably due either to sampling errors or that the effect of
handling and the temperament of the chlorpfomazine treated group masked
the fasting effect. Forty minutes after the chlorpromazine injection
there was an average increase in tﬁe blood glucose of approximately five
milligrams percent. One of the heifers did not show an increase. Norman
and Hiestand (1955) reported that the intra-peritoneal injection of chlor~-
promazine into fed or fasted mice and hampsters resulted in a hypergly-
cemia. The hyperglycemia in the mice and hampsters was quite noticable

30 minutes after chlorpromazine, but much greater three hours after the
injection. There was no noticable change in the blood glucose of rats
even though extremely large doses of chlorpromazine were given.

Decourt (1953) stated that one of the actions of chlorpromazine was
an adrenergic blocking agent. Adrenaline blocking is a rather vague term
because it does not specify whether it is the production, release, or the
effects after the releaée that is inhibited. The data obtained on the
yearlihg heifers indicated that the action of epinephrine on liver gly-
cogen was not inhibited by intravenous chlorpromazine. Sixty minutes
after the epinephrinme injection the blood glucose values were 97.1 and

70.1 milligrams percent for the chlorpromazine and control heifers
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respectively., The difference between the twbiéroubs'was highly signifi-
cant (P < .005). Probably the greater part of the observed difference was
due to the fact that the chlorpromazine injected hgifers had a higher
blood glucose follewing fasting in additien to thé~slight increase fol-
lowing chlorpromazine. When the glucose values following epinephrine
were expressed as a percent of the initial glucose value,the means of the
two groups were very similar. Sixty minutes after epinephrine the percent
increases for the chlorpromazine and control groups were 42.7 and 41.0
respectively.

The cutward reaction of the heifers to the intravenous injection of
chlorpromazine did not prove satisfactory. One heifer, which was quite
docile at the beginning of the test, was tranquillized to the stage of
not being able to stand. Amother heifer, which was quite nervous at the
start of the test, did mot lose her sense of fear and struggled constant-
ly throughout the testing peried. Her actions were inceoordinated and it

appeared that injury could easily occur.
Glucose Tolerénce

The intravencus glucese tolerance curve of blood sugar constitutes a
rapid test for the efficiency of the glucose-regulating mechanism of the
body. The original belief that glucose tolerance was determined primarily
by a relative increase in imsulin secretion by the pancreas, in response
to the-hyperglycemia produced by the administered sugar, has been shown to
be false (Soskin et QL, 1934). These workers have demonstrated that glu-
cose tolerance depends primarily upon the homeostatic mechanism of the

liver. This mechanism is affected physiologically by the endocrine



balance and other factors existent at the time of the test. Gluccse
tolerance tests were conducted on dwarf and non-dwarf animals to evaluate

the glucose-regulating efficiency of the two groups.

Non~-fasted:

Seven non-dwarf and sixz dwarf animals, with both sexes and both Angus
and Hereford breeds being represented, were utilized for this test. All
animals were yearlings or a few months older. The animals were from
Project 873 and were maintained on a 50:50 roughage to concentrate ration.
The non-dwarfs received three pounds, the dwarfs two pounds e¢f this ration

1 solution was injected

per 100 pounds body weight. A 50 percent glucose
intravenously via the left jugular vein so that each animal received 0.5
gram per kilogram of body weight. The glucose was infused through a 15
gauge needle as rapidly as possible. The injection time varied from five
to nine minutes with the majority of the animals receiving all the glu-
cose in a five minute period. An initial bloed sample-was taken before
the glucose infusion and subsequent blood samples were taken through a
three hour period after glucose administration. All of the blood samples,
except the initial, were taken from the right jugular vein. This precau~
tionary measure was used te prevent the bloed samples from being contami-
nated with glucose from the area where the glucose was injected. The
protein was removed from some of the samples at Fort Reno. These £il-
trates were quick frozen with dry ice and returned to Stillwater for
analysis. The protein was removed from the remainder of the samples at

Stillwater and the filtrates were frozen immediately. The samples were

analyzed from one teo three weeks later.

lbextf@se Anhydrous Merck, U.S5.P.



56

Tables XIII and XIV show the results of the glucose tolerance tests.
Figure 1 presents the tolerance curves for the dwarf and non-dwarf groups.
The initial blood glucose levels were 70.7 milligrams percent for the
non-dwarfs and 55.2 milligrams percent for the dwarfs. The difference
between the means was significant (P < .05). Except for the five minute
sample the non-dwarf group had higher blood glucese values throughout
the three hour sampling period. Five minutes after glucose infusion the
glucose level of the blood of the dwarfs increased 409.0% over the initial
. value which was considerably higher (P < .10) than the 238.5% increase in
the blood glucose shown by the non-dwarf group. The dwarfs tended to
show a slightly less tolerance for glucose as evidenced by the siower
rate of return of their bloed glucose to the initial level. The percent
increases, 30 minutes after glucose infusion were 108.0% and 158.0% for
the non-dwarf and dwarf groups respectively. For the same respective
groups the percent increases three hours after glucose infusion were 10.0%

and 35.3%.

Fasted: N

Six non-dwarf and seven dwarf yearling animals were subjected to the
glucose telerance test as described above for the non-fasted animals, with
the exception that they were fasted three days previous to the test. A |
number of animsals were common to both phases of the glucose tolerance
tests. The animals were held in dry lot with free access to water. The
blood samples were handled in the same manner except that the protein was
removed from part of the samples at Fort Reno. Thesé samples were refrig-

erated overnight, then brought to Stillwater in a portable cooler and



TABLE XIIT BLOOD GLUCOSE VALUES OF NON-FASTED AND FASTED DWARF
STED WITH GLUCOSE

AND NON-DWARF YEARLING CATTIE TN

)

cer T
s B

owing Glucose Infusion

Group  To.  Initial 6C 120 160
fon-Fasted
Non=Dwarf 7 T70.7 237.9 k6.1 118.9 87.6 77.8
{5.52)" {37.71) {18.71) (15.11) (13.77) (16.56)
Divarf 6 55,20 259.1 135.1 97.7 7.8 71.5
(16.62) (54.48) (32.67) (32.59) (33.04) (17.35)
Fasted
Non-Dwarf 6 66.5 341.1° 208.1° 156.2 132.5 11%.9
(7-75) {62.18) {23.30) (9.51) (13.69) {12.04)
Diwarf 7 62.5 278.3 187.6 156 .4 135.1 11k.1
(7.79) {54.92) (11.04) (10.21) (11.783 {(12.22)

Sgtandard deviation.
bDifferen'h from the non-fasted non-dwarf group (P < .05).

Cpifferent from the fasted dwarf group (P < .10).

LS



TABLE XTIV CHANGES IN THE BLOOD GLUCOSE OF NON-FASTED
AND FASTED DWARF AND NON-DWARF YEARLING CATTLE
INJECTED WITH GLUCGSE

Percent Ingcrsase from the Taitial Glucose
Value to the Various Sampling Times (in minutes)

Group . No. 0=5 - 0=30 g 0=60 0=120 0-180
Non=Fasted
Non-Dwarf 7 238, 5P 108.0 68.9 2k .2 10.0
(8h.7h) (34.07) (25.08) (20.43) (21.17).
Dwarf 6 409.0 158.0 79.8 46.6 35.3
(195.40)® (75.23) (39.12) (42.06) (40.1h)
Fasted
Non-Dwarf 6 ho2o.3 218.3 138.h 102.0 75.3
(133.58) (63.59) (37.41) (34.53) (31.81)
Diarf T 3h47.5 20h.1 154 .2 120.3 85.h
(33.87)

(82.54) (4o.01) (39.72) (B1.47)

Zstandard deviation.

YN fferent from the non-fasted dwarf group (P < .10).

. 8%



Blood Glucose in Milligrams Percent

(\ : Nen=fasted Non-dwarfs
\ T e Non=fasted Dwarfs
\ 7 o——  Tagted Non=dwarfs

300

° * * Fasted Dusrfs

250

150

100

77

0 30 60 90 120 150 " 180
Minutes After Glucose Infusion

Figure 1. Glucose Tolerance Curves of Fasted and Non-Fasted Dwarf and Non-Dwarf Yearling Cattle &
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frozen; The protein was precipitated from the remainder of the samples
at Stillwater, and the filtrates were immediately frozen.

Tables XITI and XIV show the results of the glucose toierance tests
with the fasted non-dwarf and dwarf yearling cattle. Figure 1 presents
the tolerance curves for the two groups. The initial glucose values were
66,5 milligrams percent for the nen-dwarfs and 62.5 milligrams percent
for the dwarf animals, Five minutes and 30 minutes following the glucose
infusion the glucose content of the bloocd was higher (P < .10) in the
non-dwarf animals than in the dwarfs. Five minutes after the glucose in-
fusion the blood glucose values were 341.1 and 278.3 milligrams percent
for the non-dwarf and dwarf groups respectively. Thirty minutes after
the glucose injection the blood glucose level was 208.1 milligrams per-
cent for the non-dwarfs and 187.6 milligrams percent for the dwarfs. At
the remaining three sampling times the glucose values of the two groups
were essentially the same. Three hours after glucose infusion the glu-
cose values were 114.9 and 114.1 milligrams percent for the non-dwarf and
dwarf groups respectively. The five minute blocd glucose increases were
422,3% for the non-dwarfs and 347.5% for the dwarfs., This was the reverse
of the response obtaimed under non-fasting conditions. The same trend was
observed in that the dwarfs did not tolerate glucose as well as the non-
dwarf group. Two hours after the infusion of glucose the percent increase
for the non-dwarf group was 102.0 while 120.3 was the percent increase for
the dwarfs.

Fasting the animals for three days decreased their tolerance for
glucose considerably. Both the dwarf and non-dwarf groups had higher

blood glucose values and percent increases when given glucose following
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the fasting period. Three hours after glucose infusion the percent in-
creases were 10.0 and 75.3 for the non-fasted non-dwarfs and fasted non-
dwarfs respectively. The respective increases were 35.3 and 85.4 per-
cent for the non-fasted dwarfs and the fasted dwarfs. Thié is typical

of the other sampling times and demonstrates the decreased tolerance for
glucose as a result of fasting the animals. Chambers (1938) in reviewing
the effect of fasting on glucose tolerance stated that all species studied
have reacted similarly in that they showed a decreased tolerance for glu-
cose after short fasting periods. Holmes (1951) reported that cows show-
ed a decreased tolerance for glucose after they had been fasted for 48
hours. McCandless et al. (1948) observed a decredsed glucose tolerance
in fasted sheep. The reason for the decreased tolerance is not known,
however, a number of theories have been proposed. Comprehensive experi-
ments by Cori and Cori (1928a) established that glucese administered to
fasted rats was oxidized at a slower rate. A theory was advanced that
hunger diabetes resulted from the failure of the islet tissue of the
pancreas to secrete insulin in the absenée-of ingested'carﬁqhydrate. Such
a theory was supported by the experiments of Best gglgl.-(1939),which
showed that the ingulin content of the pancreas of fasted oxr fat-fed rats
was less than that of normally fed rats. This might”explain the decreas-.
ed tolerance for glucose after fasting.

Originally‘the maximal amount of sugar that could be taken orally on
an empty stomach, in man or animals, without glycosuria was spoken of as
the assimilation limit or tolerance for that sugar. The height of the
blood sugar rise and its rate of return to the normal glycemic level fol-

lowing an intravencus injection of glucose or other sugar are better
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indices of the sugar tolerance of an animal than those obtained by the
oral administration method. In mature ruminants the intravenous method
for glucose toleramce is the only one which will give significaﬁt results.
Oral administrations of glucose to mature ruminants produces little change
in the blood sugar level (Kennedy et al. 1939 and Bell and Jones 1945),

In this study the variation between the individual tolerance curves
was quite lavge. The most variation existed at the peak hyperglycemia
measured five minutes after the infusion of the glucose. At this sampling
time the ranges for the non-fasted animals were from 118.4 to 383.9 milli-
grams percent, while for the fasted amimals the ranges were 156.4 to 711.5
milligrams percent. Both the dwarf and non-dwarf groups were equally as
variable. The glucose tolerance curves for the dwarf and non-dwarf ani-
mals were guite similar and showed that the glucose utilization was not
impaired to any great extent. These results agree with those of Weaver
et al. (1957) who concluded that the dwarfs were not lacking in ability
to lower their blogd sugar to the pre-injection level after glucose admin-

istration.
Insulin Tolerance

Results obtalned by Foley et al. (1956) indicated that dwarf beef

2

cattle were highly sensitive to insulin injections because of their diffi-
culty in veturning theilr glucose to pre-injection levels following insulin,
This information stimulated the initiation of insulin tolerance tests with

dwarf and non-dwarf cattle.
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Non-fasted:

Eleven non-dwarf and nine dwarf yearling animals frem both the Angus
and Hereford breeds were subjected to imsulin tolerance tests. The
experimental groups consisted of five bulls and 15 heifers. Most of the
animals used in this test had been used previocusly in ﬁhe glucose toler-
ance studies, which were conducted one to two months pre§ious to this

1 vas injected intravenously at the rate of 0.36 unit per

time. Insulin
pound of body weight. Blénd samples were obtained over a six hour peried
after the injection. The criﬁeria measured were the depth of hypoglycemia
and the blood glucese return to pre-injection levels.

The results are presented in tables XV and XVI. The tolerance curves
for the dwarf and non-dwarf groups are shown in figure 2. The initial glu-
vose values were 60.4 milligrams percent for the non-dwarfs and 60.7 milli-
grams percent for the dwarf group. One-<half hour and one hour after in-
sulin the non-dwarf group showed larger decreases in the glucose content
of the blood than did the dwarfs. At these respective sampling times the
percent decreases for the non-dwarf group were 60.6 and 60.0, while for
the dwarfs the percent decreases were 54.2 and 48.9. None of these dif-
ferences were significant. Six hours after insulin the blood glucevse of
the non-dwarf animals was significantly (P < .025) higher than the dwarfs.
At this sampling time the respective glucose values for the non-dwarf and
dwarf groups were 54.7 and 43.0 milligrams percent. When these values
were expressed as percent decreases from the initial glucose level the
non-dwarfs were 3.8% below initial values, while the dwarfs were 30.3%

below their initial blood glucose level. The difference between the two

ly-40 1letin (Insulin, Lilly), U.S.P. Eli Lilly and Co. Imndianapolis,
Indiana.



TABLE XV BLOOD GLUCOSE VALUES OF DWARF AND NON-IDWARF
YEARLING CATTLE INJBCTED WITH INSULIN
{mg. per 100 ml. blood)

Hours After Iosulin

Non-Dwarf 60. b (1i) ah.0 (2)° 25.0 (&) 28.8 (11) 35.1 (5) - 57.4° (11)
(T.977 (5.05) (3.29) {(6.30) (9-37) (10.11)

Dwart 60.7 (9) 30.9 (3) 29.9 ga) 29.8 (9) 32.2 (&) 43.0 (9)
(9.9%) (3.71) (2.54) (6.35) (3.58) (14.80)

a’Stancﬂard deviation.

bN‘wnber of animals.

Cpifferent from the dwarf group (P < .025).

%9



TABLE XVI CHANGES IN THE BLOOD GLUCOSE
OF DWARF AND NON-DWARF YEARLING CATTLE
INJECTED WITH INSULIN

Percent Decrease from the Initial Glucose
Value to the Various Sampling Times (in hours)

Group 0-.5 0-1 0-2_ o=k 0-6

Nor-Dwarf 60.6 (2) 60.0 (&)  51.7 (11)  37.9 (5) 3.8%(11)
{(5.57)2 (7.17) (10.26) (19.1%) (12.13)

Dwarf s5h.2 (3) 48.9 (2) 50.6 (9) h1,6 (k) 30.3 (9)
(2.29) (13.71) (9.87) (8.42) (1%.78)

a8 o i
Standard deviation.

b N
Wumber of animalsg.

pifferent from the dwarf group (P < .00L).
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groups was highly significant (P < .001), indicating that the non-fasted
dwarfs were more sensitive to the insulin in that they required a longer‘
time to return their blood glucose to the pre-injection level. This
agrees with the results obtained by Foley et al. (1956) and Massey (1958).
However, they reported that the blood sugar of the dwarfs dropped more
rapidly and to a lower level than the blood glucose of the normal appear-
ing animals. Results of this study were in disagreement with theif find-
ings. One-half hour after insulin a minimum mean glucose value of 24.0
milligrams percent resulted for the non-dwarfs while for the dwarf group
the lowest mean glucose level was 29.8 milligrams percent, occu;ring two
hours after the insulin injection. The Missouri workers were tésting ‘
cows, while yearlings were used in this study. The disagreement may
therefore bé due to an age effect.

The lowest glucose value obtainéd, after the insulin injection, was
20.2 milligrams percent with the majority of the lower glucose values
occurring below 28.0 milligrams percent. No notiCeable harmful-effects
were observed as a result of the insulin injections. Symptoms of insulin
shock are rare in ruminants, and it is only after the blood glucose has
been lowered to extremely low levels for long periods of time that any .
convulsive signs are observed (Reid 1951b).

In a8 re?iew concerning the mechanism of insulin action, Haugaard and
Marsh (1953) concluded that the primary physiologic effect qf insulin in
lowering the blood sugar was brought about by its action in increasing
the utilization (oxidation and storége) of glucose in the organs and tis-
sues of the body. Decreasing the net production of glucose by the liver

may be important also.



Fasteds

Seven mon-dwarf and eight dwarf yearling cattle were subjected to
the same treatment as described above for the non-fasted cattle with
the exception that they were fasted for three days. Nearly all of these
animals were the same as these utilized in the non-fasted insulin test.
The blood was sampled over a nine hour period.

Tables XVII and XVILL show the response of ﬁhe yearling cattle to
the intravenous injections of insulin after they had been fasted. The
tolerance curves of these two groups are presented in figure 2. The
initial blood glucose values for the non-dwarf and dwarf groups were
58,0 and 63.4 milligrams percent respectively. The blood glucose values
for the two groups were very similar at all sampling times. The non-
dwarf group was slightly lower at one hour and higher at nine hours fol-
lowing insulin. The values for the non-dwarfs at these respective sam-
pling times were 26.9 and 59.0 milligrams percent. For the same respect-
ive sampling times the values for the dwarf group were 31.1 and 52.8 milli-
grams percent. The maximum percent decrease for the dwarfs was 53.4 at
two hours following insulinm, whereas the largest decrease for the non-
dwarfs was 47.4 which occurred one hour after insulin. Nine hours after
insulin, the non-dwarf group was 15.7 percent above their initial glucose
level, while the dwarfs were 9.9 percent below their pre-injection level.,
It is well established that the injection of insulin causes an increaszed
gecretion of epinephrime. It is therefore understandable how zome of the
animals returned their blood glucose to levels higher than their initial

values.



\TAES OF FASTED O JARE Aﬂb HOWN-DWARF
NG & THIECTED W“TP
{mg. per 100 mi. bloocd)

]

‘J‘

Hours After Insulln

CEeoup G N i 2 &)

Won-Dwarf 58.0 (7) 46.0 () 26.9 {3) 35.8 (&) 37.6 (7)
(8.16)= {10.21) {3.51) {(11.11) {5.56)

vt 63.5 (8)°  16.3 (5] 31.1 (3) 31.0 (5) 39.7 (8)
{h.67) (k.6h) (3.23) (5.50) {8.63)

8standard deviation.

bNUmber of animals.



TABLE XVIIT

CHAWGES IW THE BIOOD GLUCCSE OF FASTED DWARF AND
NON-DWARF YREARTING CATTLE INIRCTED WITH INSULIN
Percent Decrease from the Initlal Giucose
- alue to the Various Sampling Times {in Hours)
Group Oeoh O=1 e 0=6 0=9
Won=Dwarf 26.9 (&) k7.h {33 42,6 (&) 3,1 (7) +15.7 (3)
(11.55;2 (8.99) (1k.18) {11.97) (35.79)
Dwarf 30.0 gg)b 43.3 (2) 53.4 (5) 36.k {8) 9.9 (3)
{7.55) (+.95) {6.7h4) (1k.79) (b2.78)
Patandard deviation.
bNumber of animals.

04
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The observed sensitivity of the dwarfs was probably due to the combinatien

of the three day fast, cold weather, and the insulin injection.

Effect of Insulin on Blood Glucose Compartments:

Additional observations were made on éight of the fasted animals that
were used in the trial described above. The same treatment was imposed.
Hematocrit readings were made on the initial blood sample. Both the
initial blood sample and the sample taken one-half hour after insulin were
analyzed for plasma glucese. Corpuscular glucose was estimated using the

following formulas reported by Laris (1958).

plasma glucose conec. the fraction of whole mg. glucose in the

expressed as mg./100 x blood that is plasma = plasma of the 100

c.c, plasma c.c. whole blood
system

mg. glucose in 100 mg. glucose located mg. glucose in the

c.c., whole bleod = in plasma of the 100 = red cells of the

¢c.c. whole blood system 100 c.c. whole
blood system
The purposes of this experimental phase were to determine what effect
insulin had on the glucose of the various blood compartments and if any
differences were evident between the non-dwarf and dwarf groups.

The results arve shown in table XIX. The whole blood glucose i3 the
sum of the glucose contained in the plasmwa and the corpuscles. The
initial glucose values of the various blood glucese compartments for the
fasted non-dwarf and dwarf groups were as follows: whole blosd glucose,
63.0 and 65.8 milligrams percent; plasma glucose, 51.8 and 54.5 willi-
gramg percent; and corpuscular glucose, 11.2 and 11.3 milligrams percent.
The differences between the twe groups were very small and not signifi-

cant, One-half hour after the insulin injection the values for the whole



TABLE XIX GLUCOSE CONTENT OF VARICUS BLOCD
COMPARTMENTS OF FASTED DWARF AND NON-DWARF
YEARLIKG CATTLE INJECTED WITH INSULIN
(mg. per 100 ml. blood)

Non-Dwarf Dwarf
Initial
Whole Blood 63.0 (4)° 65.8 (1)
(8.50) (3.22)
Plagma® 51.8 (&) 54,5 (L)
(2.74)¢ (10.41)
Corpuscular it.2 (L) 11.3 (&)
(7.22) (7.36)
.5 Hour After Insulin
Whole Blood hi.2 (3) 7.0 (&)
(4.33) (5.07)
Plasma® 33.4 (3) 38,7 (4)
(h.40) (5.11)
Corpuscular 7.9 (3) 8.2 (&)
(b.71) {2.33)

&Mlucose content of the plasms of a 100 milliliter whole blood

system.

bNUmber of animsls.

cstandard deviation.



blood and plasma glucose were 41.2 and 33.4 milligrams percent for the nen-
dwarfs, while 47.0 and 38.7 milligrams percené were the values for the
dwarfs. The corpuscular levels of glucese following insulin were 7.9 and
8.2 milligrams percent}for the non-dwarf and dwarf groups respectively.
Imsulim:deeneased the glucese in allvthtegzof the blood glucese compart-
ments and the size of the decredses were quite similar for the three com-
partments. The validity of the corpuscular glucecse values are question-
able. Following centrifugation some of the plasma samples showed varying
degrees of ved color indicating that somé hemolysis had eccur'r‘éd° Also,
Behrendt (19573 stated that centrifugation may introducg an analytical

error, because it favers the initiation of glycolysis.
Blood Glucose Values of Young Calves

Whole bleod, plasmz, and corpuscular glucese values were obtained en
seventeen calves, approximately one month of age. Hematocrit values Were‘
also determined. The calves were divided into three groups consisting
of ten probable cleans, six known carriers, and one dwarf. All the calves,
except the dwarf were from Project 670 and were of both sexes. The dwarf
was from Project 873. Both the Angus and Hereford breeds were represent-
ed. The blood samples were collected at Fort Reﬁ@ #nd the protein was
immediately precipitated from the bleod. The filtrates were refrigerated
overnight, then transported to Stillwater and frozen.

The results are presented in table XX. For the probable clean calves
the glucose values for the whole blood, plasma, and corpuscles were 96.8,
68.5, and 28.3 milligrams percent respectively. For the known carrier

calves the glucose values for the same respective glucose compariments



TABLE XX WHOLE BLOOD, PIASMA, AND CORPUSCULAR
GLUCCSE VALUES OF ONE-MONTH-OLD CALVES
(mg. per 100 ml. blood)

75

Whole
Group No. Blood Plasma Corpuscular Hematoerit
Prcbable Clean 10 96.8 68.5 28.3 39.7
(11.84)%  (11.17) (5.20) (3.08)
Kaown Carrier 6 100.5 T1.9 28.8 (5)P 37.4 (5)
(15.03)  (1k.37) (k.90) (%.79)
Dwarf 1 ho.1 30.1 10.0 38.5

Sstandard deviation.

bI\’mm.ber of animals.
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were 100.5, 71.9, and 28.8 milligrams percent. The differences between
the clean and carrier groups were not significant. The glucose values
for the one dwarf were copsiderably lower and resemble more closely the
values obtained for yearling cattle (table XIX). None of the pedigree-
clean or known carrier calves had glucose values Wﬁich were near those
of thé d%arf.' It was unfortunate that more dwarf calves were not avail-
able for this comparison.

The data in tables XIX and XX clearly show the effect of age on the
glucose content of the blood of cattle. For the one-month-old calves the
whole blood glucose is approximately 100 milligrams percent, while 60
milligrams percent is the approximate amount of whole blood in the year-
lings. The corpuscular glucose values were approximately 28 milligrams
percent for the calves and approximately 11 milligrams percent for the
yearlings. This represents a sizeable decrease in the glucose content éf
the corpuscles which can be attributed to age.

An Estimate of the Variatioﬁ Encountered From
Duplicate Blood Glucose Determinations

Most procedures for chemical analyses suggest that samples be analy-
| zed in duplicate. The basis for the duplicate determinations is to re="
duce sampliné errors and variations in tﬁe analytical procedure. Very
little information exists as to the fraction of the total variatioen that
is contributed by differences in the duplicate determinations.

In this étudy all'g&ucose determinations were made in.duplicate.
Therefore, data were available to estimate ﬁhe percent of the total varia-
tion that could be accounted for by the variation between duplicates. The

animals were divided inte three age groups because the variation in the
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blood glucose values varied between age groups. The age groups consisted
of one-month-old calves, yearlings, and mature cows, The number of ani-
mals in each group were 16, 62, and 21 respectively. Only initial blood
glucose values were uvsed, Both clean and carrier animals were included
in the study, The blood samples were re-analyzed if there was an error
greater than 10 percent betwsen the optical density readings of the dup-
ligat@s. None of ﬁh@ blood samples of the cows or calves required re-
analysis, In the yearlihgs, samples from seven animals were re-analyzed,
Therefore, in the yearling cattle the variation between duplicates would
be reduced.

An analysis of variance, as described by Smedecor (1956), was used
to separate the known sources of variation, The amount of variation for
each source was calculated from the estimated mean squares (tables XXXI,
XX¥XII, and XXXIIL), Variation between duplicates accounted for 13,6,
12,5, and 8,6 percent éf the total variation for the calves, yearlings,
and cows respectively, Only a small part of the total variation between
the blood glucose values was accounted fqr by the variation between
duplicates, with the majority of the variation existing between animals,
Although the variation betwsen duplicates was quite small, duplicate
analysis would still be recommended. Duplicate determinations permits a
very good check against the occurrence of gross errors which otherwise
would remain undetected, This would be especially beneficial where small

differences in blood glucose were being measured,



Repeatibility of Blood Glucose Determinations

Twe pre-test glucose values were available on each of 38 yearling
cattle of the Herefeord and Angus breeds. Both sexes were represented.
The second glucose sample was obtained one to two months following the
first sample. The environmental conditions at the time of the second
gample were very similar to those when the first sample was obtained.

The estimate of the repeatibility of blood gluccse was calculated by the
method of least squares.

The estimate of repeatibility was .29, This estimate was quite low
and indicated that many of the animals' second glucose value differed
guite widely from the first value. One may guestion the repeatibility
of the blood glucose levels of samples taken a few minutes apart on the
same animal, however, limited observations would indicate the repeatibili-
ty to be high,

If the repeatibility of blood glucose is as low as has been found in
this stady (.29), the repeatibility of tests using blood glucose as a
primary test criteria may be low also. The validity of repeated tests
meagsuring small differences im blood glucose would be questicnable. The
percent change in the blood glucose of the same animal subjected Lo the
same test at different time periods may be similar if the change in blood
glucose is not influenced by the initial glucose level. Observations on
the blood glucose values of different animals indicated that the initial
glucose level, if in the normal range, had little, if any influence omn
the percent change in blood glucose. However, when the initial glucose

level was extremely high, as a result of the animal's temperament, the
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percent change from the initial value was usually smaller than with ani-
mals whose imitial glucose valvwes were within the nermal range. Exceptions

to this were noted In the glucose tolerance studies.
General Discussion

The response of dwarf and non-dwarf cattle te intravenous injections
of epinephrine, glucose, and insulin permit some interesting comparisons.
The dwarfs were more sensitive to insulin than the non-dwarf animals in
that they were slower im veturning their blood glueose to pre-injection
levels. de Bodo et al. (1952b) and Kosaka (1954) demonstrated that hypo-
physectomized and adrenalectomized dogs were more sensitive to insulin
than normal dogs. The dogs which had these glands removed required a
much longer period of time to return their blood glucose to pre-injection
levels following dmsulin. ACTH, cortisone, or growth hormone abolished
the insulin hypersensitivity of the dogs {(de Bodo et al. 1950 and 1952a).
The insulin hypersensitivity ¢f hypophysectomized animals has never been
satisfactorily explained. Any factor or a combination of factors may be
involved, namely defective gluconeogenesis, impaired glycogen mobiliza-

“ 0

tion, retarded insctivation of insulin or increased sugar utilization.

o

iz capable of modifying the insulin hypersensitivity

Thus, an agent whi:
» g

of hypophysectomized animals may act on any one or any combi of
these factors.
de Bodo et al, (1952b) conmecluded that the adronalectomized dog was

than the normal dog, but less

r DCA maint

nance, was st
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and tested only in the post-absorptive state. They also concluded that
the advenal certical atrophy was an imporﬁant factor in the productionA
of the imsulin hypersensitivity of the hypophysectomized dog. However,
the absence of an_anteri@r pituitary factor (other than ACTH) was also of
great iﬁp@rtanée in the production of this metabolic abnormality. |

The dwarf animals showed a smaller epinephrine hyperglycemia than
the non-dwarfs., This was evident under both fasted and non-fasted con-
ditions. Evidence was Presented eariier which indicated the possibility
of using epinephrine hyperglycemia as an index of liver glycogen. If
such an index is valid then it would be assumed that both the fasted and
non-~fasted dwarf animals had less liver glycogen than the non-dwarf ani-
mals which were subjected to the same treatment. This conclusion would
be partly supported by Buchanan (1957), where dwarf and carrier animals
had significantly less liver glycogen than pedigree-clean animals. These
animals had been fasted for 72 hours and liver glycogen was analyzed di-
rectly from liver samples. However, Buchanan found that the differences
in liver glycogen were non-existent when the tests were conducted with
fed cattle., Thus, a discrepancy exists between liver glycogen estimated
by epinephrine hyperglycemia and actual liver glycogen levels.

de Bodo et al. (1942) observed only a slight hyperglycemia after the
intravenous injection of epinephrine into hypophysectomized dogs. Normal
dogs responded with a marked hyperglycemia. These workers showed that
the hypephysectomized dog had amounts of liver glycogen which were ade-
quate to have produced marked hyperglycemia had they been available,
Some of these dogs had normal amounts of liver glycogen, and even those

with the smallest amounts were within the range of liver glycogen found
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in fasted normal animals which showed a far greater hyperglycemia after
epinephrine. Wide ranges of glycogen levels were observed in the hypo- -
physectomized dogs but the hyperglycemia response to epinephrine had ab-
solutely no relation to the liver glycogen levels. It was concluded that
there was a definite impairment in the mobilization of liver glycogen
when the hypophyse;t@mized dogs were injected with epinephrine.

The epinephrine hyperglycemia of the dwarf animals compares favor-
ably with the epinephrine hyperglycemia of the hypophysectomized degs.
Differences in epinephrine hyperglycemia may reflect differences in liver
glycogen in normal animals. However, the results reported by de Bodo
et al. (1942) pointed out conclusively that this may not hold true in
some cases of endocrine dysfunctions, These workers are among the very
few who have correlated known amounts of liver glycogen with the epineph-
rine hyperglycemia.

Long et al. (1942) reported that adrenalectomized and hypophysecto-
mized animals, in contrast to normal animals, undergo a rapid decline in
liver glycogen when subjected to periods of fasting. Increased carbo-
hydrate oxidation appears to be the cause of the rapid loss of glycogen.
These results could explain the differences in the liver glycogen levels
of fasted dwarf and non-dwarf cattle obtained by Buchanan (1957) and the
lack of liver glycogen differences in the fed cattle could be justified
by the experiments of Soskin et al. (1935). These workers observed that
both adrenalectomized and hypophysectomized dogs were able to maintain
normal liver glycogen levels providéd they were fed adequately. If the
dwarf animale respond similarly to the adrenalectomized and hypophy-
sectomized animals reported above, then these results and those of

Buchanan (1957) are not inconsistent.



de Bodo et al. (1950) reported that the response of untreated hypo-
physectomized dogs to intravenous glucose was similar te that seem in
normal degs, éxcept that there was always a marked hypoglycemic phase
following the initial period of hyperglycemia. 1In this study, the re-
spense of the dwarf animals to the injection of glucose was similar t;
that of the non-dwarfs. The hypoglycemic phase was not observed p@ssibiy
because the sampling period waé terminated before the animals had reached
their pre-injection levels.

The dwarf animals in this study responded quite similarly to the
reported responses of the hypophysectomized and adrenalectomized dogs but
not to such an extreme degree. These comparisons suggest that the dwarf
may be deficient in pitmitary or adrenal hormones or that these hormones
are present but unsble ty function properly in the regulation of carbehy-
drate metabolism.

Some of ;he non-dwarf animals uged in this study were known carriers.
X-ray classification, based on the fadiegraphic examination of the lumbar
vertebrae, weie available on all the non-dwarf yearling animals. Most of
the animals used in the glucose tolerance and insulin tolerance studies
were classified in the B x-ray type. This would suggest that only a few
animals free of dwarfism were included in the non-dwarf groups. The
blood glucose differences obtained between the dwarf and non-dwarf ani-
mals could be expected to be approaching a minimum. This would be true
if carrier animals responded similarly to dwarfs and differently from
animals free of dwarfism.

The variation in the glucose content of the blood was found to be

very large. The known sources of variation are numercus. Many others



are suspected, while others probably exist undetected. One of the kn@mﬁ
sources of variation which can vary the bleod glucose tremendously is
the temperament and excitability of the animal. This factor has been
reported by only a few workers as a source of variation. The reason for
this appears to be that most of the experimental animals had been handled
considerably and extreme varlations in temperament did not exilst. Varia-
tions in temperament can easily mask the effects of the treatments imposed
and make the probability of determining differences very small. 1In this
study, the eliminstion of animals with initial glucose values higher than
80 milligrams percent probably only removed some of the more excitable
animals, Many animals could have had large increases in blood glucose,
as a result of excitement, and still have had initial values in the nor-
mal range.

If further blood glucose studies were to be conducted, it would
appear necessary to attempt to eliminate the variation caused by excite-
ment., One possible means would be to select docile animals and handle
them considerably before conducting the tests., This type of experi-
mental material would be useful only in elucidating the more fundamental
aspects of the physiology of dwarfiswm and not to develop a diagnostic
test to be applied to the cattle population. However, such information
may eventually provide the basis for developing a diagnestic test for

dwarfism.
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SUMMARY AND CONCLUSIONS

Sixty-five non~dwarf and 17 dwarf cattle of the Hereford and Angus
breeds were subjected to tests designed to measure differences in carbo-
hydrate metabolism. Many of the same animals were common to the various
tests. The cattle were injected intravenously, in separate tests, with
epinephrine, insulin, and glucose, 1In all tests, blood glucose was the
response measured. Freliminary studies were conducted with yearling
western wethers to gbtain information on epinephrine dosage levels to
provide informatien for the epinephrine studies with cattie. The findings
of this study were as follows:

(1) Epinephrine studies with sheep demonstrated that large in-
creases in blood glucese could result from periodic in-
jections of epinephrine, There appeared to be a maximum
effective epinephrine dose, which if exceeded at any one in-
jection would cause iittle, if any, additional change in the
blood glucose level.

{(2) The larger epinephrine hyperglycemia of fed sheep, as com-
pared to fasted sheep, suggested that differemces in liver
glycogen could be measured.

(3} Epinephrine doses much smaller than the maximum dose used on
sheep could wot be tolerated by cattle.

{4) Epinephrine hyperglycemic differences between fasted pedigree-

clean and known carrier cows were very small. Dwarfs responded



- GO
e

to epinephrine injections with smaller increases in bleod
glucese than rnon~-dwarf animals. This response was evident
in beth fasted and non-fasted animals. The epinephrine
hyperglycemia was smaller in animals with a pre-fast rationm
of grass as coﬁpared to a pre-fast ration of grain and hay.

(5) Glucose tolerance curves were similar for the dwarf and non-
dwarf groups. Animals which were fasted three days prior to
glucoge injections showed a decreased tolerance for glucose.

(#) Dwarf animals were more sensitive to insulin injections in
that they were slower in returning their blood glucose to
pre-injection levels, Six hours after insulin, when the
glucose values were expressed as a percent change from the
initisl value, the difference between the dwarf and non-
dwarf groups was highly significant. A three day fast
abolished the significant difference which had existed before
the two groups were fasted.

{7) Only small differences were observed between pedigree-clean
and known carrier calves for whole blood, plasma, and corpus-
cular glucese. Observations on one dwarf calf revealed con~-
siderably smaller values.

(8) The animsl’s temperament was cbserved to have a profound
influsnce on the glucose content of the blood. A tranguil-
lizer, Chlorpromazine, was not satisfactory in controlling
excitement.,

{9) Only a small part of the total variation in blood glucose was

accounted for by the varlation between duplicate determimations.



(10)

A repeatibility estimate for the blood glucose of yearling
cattle was found to be .29.

?he dwarf animals in this study responded quite similarly to
the reported responses of hypophyseetomized and adrenalecto-
ﬁized dogs but net .to such an extreme degree. These com-
parisons suggest that the dwarf may be deficient in pitui-
tary or adrenal hormones or that these hormones are present

but unable to function properly in the regulaticn of carbo-

hydrate metabolism.
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TABLE XXI

BLOOD GIUCOSE VALUES OF YEARLING WESTERN WETHERS
INJECTED WITH EPINEPHRIUNE
(Glucose in mg. percent)

Minutes After Initial Epinephrine Injection

Wether
Treatment No. 0 5 10 20 30 L0 50 60 80 100 120
I 10 63.4 103.3 103.3 107.8 107.8
3 59.7 82.6 90.5 100.h4 98.3
II 2 71.6 88.h 92.6 108.3 108.7
5 67.9 82.2 91.3 08.8 oLk.6
IIT L h.2 90.5 103.9 110.3
0 67.1 93.0 10k.1 114.,9 116.5
v 5 45.8 Th.2 82.L 80.8
it hi1.6 79.6 83.2 81.2
v 10 Lho.k 58.4 87.6 87.6
0 51.6 87.6 109.5 112.4
VI 2 6,2 70.0 82.6 95.0
3 56.2 76.2 103.3 127.3
VII 10 57.9 11k.0 129.3 160.7 182.2 20k.1 213.6
L 57.5 89.7 115.3 141.3  153.3 163.2 179.3
VIII 0 68.8 108.7 k2.1 157.0 156.6
3 60.0 100.0 126.0 157.0 140.5
IX 5 59.2 94k.6 115.3 131.8 1ko.5 148.8 162.8 _
T 4g.6 72.3  95.0 103.3 103.7 123.1 138.0

86
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TABLE XXITI BLOOD GLUCOSE VALUES OF FASTED AND NON-FASTED YEARLING
WESTERN WETHERS INJECTED WITH EPTINEPHRINE®

Wether Minutes after Initial Epinephrine Injection

Condition No. 0 40 80 120 150
Fasted 5 53.0 78.7 100.k 143.8 146.2
| 7 40.0 63.4 82.0 106.6 112.4

3 52.9 91.3 127.3 15k .1 162.0

Fed i 65.8 140.1 169.0 206.2 187.6
10 63.8 126.8 169.0 205.8 21hL.,0
0 68.4 126.0 156.6 193.0 186.0

aEpin@phrine dosage: each wether received 1.5 c.c., divided into
8ix equal parts and injected at 20 minute intervals.



TABLE XXIIT BLOOD GLUCCSE VALUES OF FASTED YEARIING HEIFERS
TNJECTED WITH CHLORPROMAZINE® AND EPINEPHRINEP
{Glucose in mg. percent)

Before Before Minutes After

Animal Chlor- Epin- Epinephrine
Group , No. Genotype Breed Pre-fast promazine ephrine 20 . 60
e e e e e
Tranguillized 0K 7-80 Clean Hereford 61.2 58.2 68.6 73.8

0K T-31 Clean Hereford 7T70.3 72.0 70.9 ok 97.0

7785 Carrier AXH CB 6k.6 6h.5 67.7 95.9 97.2
Control T775 Carrier AXH CB 61.2 Lk, 6 67.5 62.1

0K 7-89 Clean Hereford 61.0 5642 76.9 73.7

0K T7-67 Clean Hereford 57.1 48,7 61.h Th, b

aThe chlorpromazine treated animals each received 0.3 milligrams per pound of body weight.

Pgach animal received 0.25 e.c. pér 100 pounds of body weight.

GOt



TABLE XXIV BLOOD GLUCOSE VALUES OF YEARLING CATTLE INJEGTED
WITH EPTNEPHRINE® .

(Glucose in mg. percent)

Fasted '

Animal or Non- . N:L“ﬁuteQ after In¢t1a1;§§1nephr1ne Injection -
Group . _No, ~ Breed Sex Fasted O 5 10 20 30 40 60 00 90
Won-awart 683 . Augus  F  NF  5B.6 - 103.3 93.1  7L.2

633 Angus F NF 62,6 107.6 103.6 97.9 97.2 86.2
71 Angus F NF 60.8  85.9 93.8 9k.0 83.6 79.8 5.
Carrier T79k AXHCB F NE 160.5 202.9 189.6 190.9
785 AXHCB F NF 69.6 i23.4 1244 1317.0
Dwarf TE61 Hereford M NF 65.4 70.6  TL.5 T2.5
T690 Hereford M NF 58.8 91.6 92.0 87.0
T90 Hereford F NF 55.4 63.2 T73.3 75.8
T757 Angus F NF 78.7 110.8 114.0 110.8
Clean OK7-06 Hereford F F 53.8 89.2 88.6 91.2
0K7-18 Hereford F F 51.0 78.5 89.8 91.1
OK7-01 Hereford F F 86.6 107.3 133.6 141.9
OK7-20 Hereford F F L5,k 73. 73.2  79.hk
OK7-58 Hereford F F 67.1 86.2 92.5 93.3
Quest. OK7-25 Hereford F F 58.2 91.5 8o.hk 83.1
OK7-35 Hereford F F ok.1 108.8 10k.h 106.1
OKT-92 Hereford F F 50.2 57.6 59.0 .59.h
Carrier TT75P AXH CB F F 48.7 ok.6 95,4 88.0
785  AXH CB - F F - 52,3 98.8 89.0 91.0
7785 AXHCB F F i1 69.3 67.3 66.5
775 AXHCB F F sl 63.6 61.0 59.1
Dwarf TOO®  Hereford F F 56.1 79.8 82.2 92.h
D1OOP  Angus F F W5 76.6 Thh 76.8
T90 Hereford F F 34,8 k6.0 52,8 39.6
D100 Angus F F 39.6

8Each animal received 0.25 c.c. per 100 pounds of body weight.

bThege animsls received grain and hay prior to the fast.

on pasture.

The other fasted animals were previously
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TABLE XXV BLOOD GLUCOSE VALUES OF FASTED MATURE HEREFCRD COWS
INJECTED WITH EPINEPHRINE®
(Glucose in mg. percent)

Cow Minutes after Epinephrine
Group No. Pre-fast 0 20 60
Clean 11 S5ho1 45,5 60.2 6L .6
56 56.2 55.2 75.2 92.9
19 55 .2 54,2 65.8 74.8
12 52.0 Lh3,.1 58.9 71.6
3 48.8 h6.0 75.7 87.7
57 49.0 51.1 65.5 83.2
31 52,k Lok 58.4 83.0
25 43,3 35.3 k2.0 79,1
43P 15,6 60.0 70.5
58 40.3 6T7.3 77.6
13 50.2 93.6 101.5
by 58.0 103.5 140.3
Carrier Thg 55.2 53.2 67.2 90.1
T8EP 52,4 5.3 60.5 92.6
Th6 52.8 6L.6 T3.3 75.6
768 5345 48.0 55.0 69k
T6L 52.1 39.0 58 .4 70.6
T60 49.9 35.6 43,6 62.3
T20 36.7 61.4 61.0
TE2 38.0 63.1 76.7
i1 48.9 79.6 103.9
T80 48,2 Th.6 85,8

®Each cow received 0.25 c.c. per 100 pounds of body welght.

bThese two cows died approximately 24 hours following the completion
of the test.



TABLE XXVI BLCOD GLUCOSE VALUES OF NON-FASTED YEARLING
CATTLE INJECTED WITH INSULI®
{Glucose in mg. percent)

Animal o Hours After Insulin
Group No. Breed Sex 0 oD ' 1 2
Non-&warf 812 Angus F 57.8 20.5 30.6
7848 Angus F 63.8 27.6 40.6
T308 Angus M k1.5 23.6
T2k Angus M 53.6 21.6
T80k Angus M T5.3 22.6
T800 Angus F 58.4 32.7
15 Angus r 55¢5 23.2
OK7-06 Hereford F 62.6 23.8 2h b
OK7-18 Hereford F Ti.h4 22,2 29.8
785 AXH CB F 62.6 29.9 37.0
TT75 AXH CB F 55.5 24,0 30.7 .
Dwarf T773 AXH CB F 60.8 26.5 31.4 44,8
7897 Angus F 70.9 31.7 35.0 57.8
1396 Angus F 70.6 3k.2 38.8 567
T898 Angus M 55.7 25.2 28.0
7846 Hereford M 58.2 29.6 27.3
7869 Hereford F 53.6 21.h 33.6
T757 Angus F 54.0 20.2 34.0
DLOO Angus F 76.0 31.7 34.2 68.7
790 Hereford F 6.2 28.1 32.8 36.3

8Fach animal received 36 units per 100 pounds of body weight.

o1



TABRLE XXVII BLOOD GLUCOSE VALUES OF FASTED YEARLING CATTLE
INJECTED WITH INSULLN
{Glucose in mg. percent)

Arnimal Hourg After Insulin
Group . - Ho. Breed Sex G .5 i 2 & )
Non-dwarf T808 Angus M 65.6 38.2 25.1 31.1
T82k Angus M 64.9 6.2 35.8 43.6
T8Ok Angus M 50.8 39.3 35.2 3.k
T800 Angus F 70.6 60 4 7.3 5.7
915 Angus F 54,1 27.9 32.2 ki1
812 Angus F 52.0 22.0 36.6 59.6
7848 Angus F 48.0 29.8 431.8 73.4
1805 Angus F 82.3 128.9 88.0 h5.3
Dwarf 7846 Hereford M - 66.2 45.0 25.2 29.8
7898 Angus M 70.2 ho.6 0.0 ho.6
869 Hereford F 63.4 52.4 29.4 45.6
757 Angus F 63.4 40.9 29.0 39.8
T899 Hereford F 68.0 43.6 31.2 38.0
773 AXH CB F 59.6 27.5 24.8 2k .6
T896 Angus F 60.5 32.2 hr.1 3.4
T897 Angus F 56.0 33.7 h3.0 60.3

%Fach animal received 36 units per 100 pounds of body weight.

#01
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TABLE XXVIII EFFECT OF INSULIN® ON THE BLOOD GLUCOSE
COMPARTMENTS OF FASTED YEARLING CATTLE
(Glucose expressed in mg. percent)

Hours atter Insuliin

Animal 0 0 05 ]

Group. No, Hematocrit Plagma Corpuscular Plasma Corpuscular

Non-Dwarf T808 31.L - 79.1 11.3 Li.h 9.8
782l 32.4 79.6 11.1 6.2 11.3
T80k 31.2 70.7 2.3 53,7 2,5
600 38.6 82.5 20.0

Dwarf T8L6 28.7 2.4 14.6 55.8 5.2
7808 30.1 100.0 0.3 60,0 TaT
T869 33wl 72.6 14.8 62.8 10.4
7757 33.0 T1.h 15.6 Lé.6 9.7
T899 34,0

Ssch animal received 36 units per 100 pounds of body weight.



TABLE XXIX GLUCOSE® TOLERANCE TESTS WITH YEARTING CATTLE
{Glucose expressed in mg..percent)

Fasted
Animal  ov Non- Minutes after Glucose. Infusion

Group Wo. Magted  Initial 5 30 60 120 180 ¢
Non-dwarf  TOO2° NF 77.0  2hb.6 155.4 128.h  86.0  76.2
915 NF 8.7 161.7 139.9 116.2 102.8 102.6

7805 NF 102.8 383.9 297.6 222.5 119.h  113.8

TE48 NF 72.1 208.9 125.6 133.6 95.5 89.0

7812 NF 6.7 225.0 17hk.b 137.2 93 .4 80.4

T808 NP 83.h 118.4  103.0 76.0 72,8 84,3

7824 NF 65.1 198.0 13h4.2 116.8 97 .4 82,4

o004 NF 67.7 210.5 129.1  98.7 T1.9 60.8

T800 NF 69.6 326.8 164.3 101.3 66,0 53,6

Dwarf 7898 NF 39.7 301.8 11ik.6  65.9 15.6 40,1
ol 7P g 91.8  31k.2 173.h 138.8  152.6  142.9

ToU6 NF 61.k4 286.6 176.9 145.0 98.9 Thb

773 NF 31.9 236.3 120.0 70.0 64.0 68,0

7896 NF 80.4 171.7 101.5 99,4 100.0 10%5.2

7897 NF 71.8 271.0 1h47.7 116.0 101.5 80.4

T899 NF 2.2 299.5 161.8 116.h4 97.5 91.8

7789 NF sh.2 159.5 89.6 73.0 71.0 Th.h

Non-dwarf 915 F 68.0 382.2 224k,5 166.6 139.2 109.2
T84S F 57.8 408.8 220.2 156.4 119.2 110.2

7812 F 58.6 368.6 234.0 168.5 ik7.4  129.6

7308 F 68.1 239.2 169.2 1h47.8 127.8 101.6

T82L F 79.0 350.0 199.4 145,9  115.4  108.0

T800 F 67.5 298.2 201.8 152.2 145.9  130.6

7805 F 151.6 711.5 378.4 339.9 200.3 170.3

Dwarf 7898 F 53,8 296,5 181.6 1k8.6 127.h  103.2
: 7846 F 68.5 301.8 184.8 162.8 126.,3  117.2

7773 F 614 318.7 209.3 163.1 132.8 98,6

T896 F 694 213.9 176.6 153.7 139.4 122.2

7897 iy 51.2 197.6 179.1 161.1 149.6  126.8

T899 F 71.2 348.2 190.2 138.2 120.0 103.2

7869 F 61.9 271.9 191.8 167.3 150.4  127.6

757 F 8L ,9 156.4 153.4 1h6,.3  127.8  11l.2

T018% F 134.0 426.8 313.h 259.2 199.8  163.0

SEach animal received 0.5 gm. per kilogram of body weight.
b

GHereford female.



TABLE XXX GLUCOSE CONTENT OF BLOOD COMPARTMENTS

, OF ONE-MONTH-OLD CALVES
(Glucose expressed in mg. percent)

107

' Whole Corpuse-

Calf _ Blood Plasma nlar

Group No. Breed Sex Glueose Glucose Glucose  Hematocrit

Clean 289 Angus M 99.0 . 65.7 33.3 43.0
259 Angus F 110.2 77.8 32,4 39.0
0K 9-10 Hereford M 98.6 65.6 33.0 40,0
339 Angus M 108.8 83.8 25.0 38.0
269 Angus M 83.6 49.6 34,0 6.0
0K 9-06 Hereford F 80.4 54,3 26,1 39.5
329 Angus M 115.8 83.6 32.2 35.0
0K 9-0k Hereford F 89.6 68.0 21.6 37.5
0K 9-40 Hereford F 89.2 68.3 20.9 38.0
oho Angus iy 92.6 68,4 ok ,2 hi.0

Carrier OK 9-11 Hereford M 83,0 52.2 30.8 45,0
0K 9-13 Hereford F 99.4
OK 9-28 Hereford M 103.0 78.1 2k.9 32.0
OK 9-43 Hereford F 91.8 67.4 24 L 38.0
OK 9-46  Hereford M 98.0 70. 27.6 36.0
0K 9-53 Hereford M 127.6 91.3 36.3 36.0
TO27 Hereford M Lo.1 30.1 10.0 38:5

Dwarf
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TABLE XXXI ANALYSTS OF VARIANCE FOR INITTIAL BLOOD GLUCOSE
OF HEREFCRD COWS

- ‘ Mean Component ‘ @omponen%
Source . d.tf. Squares Expectation = = Estimates
Total k1
Cows 20 138.55 TR+ 20 67.76
Determinations 21 3.0k TP | 3.0k

TABLE XXXII ANALYSIS OF VARIANCE FOR INITIAL BLOOD GLUCOSE
OF YEARLING CATTLE

!

Mean Component Component
Source d.f. , Sguares Expectation Estimates
Total 123
Animals 61 - 223,77 O IR 4 20A° 108.26
Determinations 62 7.24 o T.2h

TABLE XXXTIII ANALYSIS OF VARIANCE FOR INITTAL BLOOD GLUCOSE
OF ONE-MONTH-OLD CALVES

» Mean Eomp onent Componernt
Source R : . Byuares Expectation Estimates
Potal 31
Animals 15 326.38 O—DE 420/02 1570&6 L
2

Determinations 16 11.h45 aD 11.45
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