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INTRODUCTION

Although sporadic dwarfism had been reported for many years in
nearly all breeds of cattle, it was not until the late 1940's and early
1950's that dwarfism became a problem in the beef industry. With the
increasing occurrence of the "shortheaded,!" "brachycephalic," or M"snort-
er" dwarf described by Johnson et al. (1950), dwarfism became recog-
nized as an important economic problem in the Hereford and Angus breeds.

It is diffioult to put a monetary value on the loss to the live-
stock industry resulting from the dwarfism problem. A survey conducted
by the American National Cattleman's Association (1955),. in which ques-
tionnaires were sent to selected breeders, reported a frequency of ap-
proximately 0.2% dwarf calves in the major beef producing states. This
limited data would indicate that the beef industry as a whole suffered
only a small monetary loss from the production qf_dwarf calves, How-
ever in individual herds; considerable loss occurred since many reported
a frequency of dwarf calves approaching or exceeding 10%. It is proba-
ble that the greatest monetary loss occurred to thalliveatock industry
through pedigree discrimination, due to the reduced price of breeding
animals with known carriers in their ancestry.

The observation by breeders that "snorter" dwarfism existed only
in certain lines of breeding suggested the abnormality might be inher-
ited. Subsequent research and data from controlled breeding tests
indicated this to be true. The mode of inheritance was generally rec-

ognized as a recessive trait, probably controlled by one pair of genes.



The problem which faced the livestock breeder was one of how to
eliminate carriers of the dwarf gene from his herd. .The easiest
and most widely used method of selecting against carriers has been
pedigree analysis.. By this method, animals having known carriers of
the dwarf gene in their ancestry are culled from further use in the
breeding herd.. This procedure seems to have been effective, as evi—
denced by the marked decrease in the number of dwarfs produced in the
last few years, A serious objection to pedigree analysis is that it
will tend to cull complete lines of breeding which will include many
outstanding individuals that are free of the dwarf gene. The continued
effectiveness of this method will depend on the accuracy of pedigree
information, and the thoroughness of pedigree discrimination against
lines of breeding having known carriers. Hhether-iines considered to
be clean are actually free of the dwarf gene and the possibility of
dwarf mutations occurring in clean lines must also be considered in
predicting the continued effectiveness of this method.

A more efficient method of eliminating carriers is a progeny test
program'in which prospective herd sires are bred to known carrier fe-
males, fhis is the most effective method available to breeders, but
is time consuming and expensive, and will become progressively less
practical as the frequency of the dwarf gene decreases,

Research workers have tried to develop an accurate method to dis-
tinguish between homozygous cleans and heterozjgotea or carriers of
the dwarf gene., With an accurate method of detecting the dwarf car-
riers; breeders would not have to resort to costly progeny testing
or to pedigree analysis with the possible loss of valuable animals

free of the dwarf gene.. Several methods have been proposed, but as



of yet none are accurate enough to be relied on as the sole means of
detecting carrier animals..

The purposes of this study are to investigate the basic hematology
of dwarfs and non-dwarf beef cattle, to carry out extensive studies on
those aspects which are highly related to dwarfism, and to attempt to
find an accurate diagnostic test for detection of animals which are

carriers of the dwarf gens.



REVIEW CF LITERATURE
Dwarfism in Cattle

The esarliest report of dwarfism in cattle concerned the Dexter
"hull-dog" condition, Seligmann (1904) observed that as high as 25%
of the calves of Dexter herds were monsters with round heads, depressed
nostrils, and projecting lower mandibles combined with extreme short-
ness of the limbs., He also reported that many of the cows aborted dur-
ing the sixth, seventh, or eighth months,

Wilson (1909)" stated the Dexter breed originated from crossing
two breeds of cattle, Irish Kerry and Red Devon.. When Dexter X Dexter
matings occurred, 25=50% of the calves were monsters;

Crew (1923) reported a detailed study on the "bull-dog" condition ‘
in Dexter cattle. Hiszdataﬁagreed with the earlier work in that Dex-
ter X Dexter matings produced about one-quarter monstrous "bull-dog"
calves., Crew described these calves as follows: "The abnormalities
which these still-born calves exhibited are so constant, and character-
istié, that the fetus is known as a "bull-dog" calf, The: cranium is
bulging, the nése marked by depression, the lower jaw protruding, the
upper 1lip is slit baring the teeth, while the swollen tongue, thrust
far out, curls over the nose, Owing to the disproportionate develop-
ment of the buttocks, the tail seems to have its origin far on the
back; usually there is a gapping deficiency of the abdominal wall

through which the intestines pass to form a large umbilical hernia,.



The 1limbs are short and the digits usually separated."™ Crew indicated
that malfunctioning of the pituitary may be responsible,

In order to account for the varying degrees in which the "bull-
dog" appeared, Crew (1923) suggested that a dominant low-grade achon-
droplasia factor expresses itself in the typical Dexter type. This
factor becomes lethal only in conjunction with two other complementary
factors. However, the general basis of inheritance considered to be
correct was suggested by Hutt (1934) and Punnett (1936).. The "bull-
dog" condition is controlled by a simple lethal factor uhich is par-
tially dominant in the heterozygous condition, causing the short legs
and brachycephaly of the Dexter type. Tha-iong legged animals of
Kerry type, produced from Dexter X Dexter matings are free of the
lethal gene,

A dwarfism similar to the "bull-dog" has been reported in other
breedss Nyanda cattle indigenous to Africa (Carmichael, 1933), in
Guernsey cattle (Brandt, 1941), and in a British Friesian herd (Berger
and Innes, 1948). Mead et al. (1946) described a dominant achondro=-
plasia in a Jersey herd which resembled closely the Dexter type of
Dexter-Kerry cattle in Ireland, although no "bull-dog" calves had been
produced.

Monster calves of a type similar to the "bull-dog" wzre reported
by Wriedt (1930) in herds of Telemark breeding in Norwegian cattle.
The data indicated a lethal factor, but the Telemark condition differs
~in two important respects from the "bull-dog" malformation; the het-
erozygous animal does not differ visibly from homozygous animals free
‘of the lethal, and generally the Telemark dwarf is born alive while

the "bull-dog" dwarf is dead at birth. Punnett (1936) reported the



results of breeding experiments between Dexter and Telemark cattle,
The mating of a heterozygous Telemark bull to eight Dexter cows over
a period of years resulted in 24 calves, all of which were normal.
The normal calves were about equally divided between calves with nor-
mal legs and those with Dexter type legs. The conclusion that the
conditions in the two breeds were caused by two éaparate single auto-
somal genes was confirmed by segregation in the F2 progeny which in-
cluded one Telemark and three "bull-dog"™ dwarfs.

Gregory et al. (1942) reported another form of achondroplasia
found in the Jersey herd at the California Experiment Station. It
was inherited as a simple autosomal recessive, but was more variable
in its expression than the dwarf of Telemark type. The anomaly had
its greatest effect on the development of the bones of the skull and
maxilla and little if any on the length of the appendicular skeletal
structure. Characteristic defects noted were a short broad head, cleft
palate and other deformities of the mouth and a slight but not marked
reduction in length of leg.

Craft and Orr (1924) described a dwarf Hereford heifer which was
a different type of dwarfism from any previously reported. The general
appearance was a dwarf condition, with short and irregularly curved
legs, abnormally large joints, short and thickened face, and a nervous
disposition. An autopsy revealed the thyroid and pituitary glands were
markedly smaller than normal, and the authors indicated the lack of
.aecretion by these glands to be possible causes of the dwarfism,
} Lush (1930) reported a "duck-legged" condition in Hereford cattle
én several Texas ranches which he felt might be related to the Dexter

é}pe of Ireland. The cattle were normal in every respect except they



were four to six inches closer to the ground. The pituitary was smal-
ler in size but no other abnormalities were found in any of the glands.
The history of the trait suggested it was inherited as a simple auto-
somal dominant,

Mead et al. (1942) discovered a new type of proportionate dwarf-
ism in the progeny of one sire of Jersey breeding. At birth the dwarfs
were indistinguisable by appearance from normal calves, and, although
they grew slowly, the dwarfs could not be definitely ideptified until
12 months of age. At maturity they were about 200 pounds lighter than
were normal cattle., Their data indicated this dwarf condition wag con-
trolled by a simple autosomal recessive.

A "compact'"™ type was reported in the Shorthorn breed by Stonaker
and Tom (1944). This type can be identified at birth and is distinct
throughout the life of the animal. The "compact" type appeared shorter
in the head; neck, body, and legs than the "standard™ type of Short-
horn, Because of the extreme conformation, the "compact"™ often placed
high in the show ring and several breeders at that time favored this
type.

A very similar condition known as "comprest™ was described in
the Hereford breed by Forbes (1946) and was likewise favored by some
breeders, Stonaker (1954) reported the results of comprest x comprest
and comprest x normal matings in Hereford cattle. Comprest x normal
matings resulted in 50 comprest and 55 normal offspring, which closely
approximated a 131 ratio. Each of the five comprest bulls mated to
comprest cows sired dwarfs that were generally crippled or ™crooked=-
legged,” Stonaker hypothesized this type of dwarfing was due to a

single partially dominant gene with CC dwarf, Cc comprest, cc normal.



Chambers et al. (1954b) reported the results of comprest matings.
From 45 comprest x comprest matings, 37 calves were dropped, 11 of
which were definitely dwarfs. Three of the dwarrs were of the "crooked-
legged" type; five were straight legged and three dwarfs were very ex-
treme. The three extreme dwarfs were not further classified. Two non-
comprest Hereford bulls and one Angus bull, all known carriers of the
"snorter™ dwarf gene, were mated to 24 "comprest™ cows and seven year-
ling heifers, From 27 calves which ware-dropped, 8ix were tyPical
dwarfs of the ™snorter® type. The resultg indicated thgt either the
genes responsible for the "comprest® dgarf.;nd the "snorter" dwaerf
were allelic or, if not allelic, that ﬁqupreat“'cattle in thié test
carried the "snorter"™ dwarf gene in high frequency.

An achrondroplasia similar to the "comprest"™ in having a partial
dwarfing effect on the heterozygote was observed by Johansson (1553)
in Sweden. One normal bull of the Swedish Red and White breed was
mated to unrelated cows of mixed dairy breeding producing 28 normal
and 25 malformed calves., The dwarf calves had a moderately bulging
forehead, the upper jaw and the legs below the knees and hock were
reduced in length, and flexed pasterns occurred, usually on the hind
feet, The malformations in general were more extreme in males than
in the females. It was assumed the defective animals were heteroay—
gous, and the gene had arisen by mutation in the si;e of the malformed
calves, Arrillaga (1949) stated dwarfs occurred in the native fropical
Puerto Rican cattle which were of a blocky, beefy appearance similar
to the "comprest"™ type of the Hereford breed.

Baker gt al. (1950) reported the gecurrence in Shorthorn herds of

Central Nebraska of a recessive achondroplasia which he called "stumpy."



The dwarfs were distinguished by their small size, curly coat, and en-
larged knees, with the cannon bones twisted laterally making animals
appear slightly bow-legged. The "stumpy"™ condition differed from most
reported dwarfs in having a normal appearing head., Most of the animals
were thin indicating some type of metabolic disturbance. Matings in-
volving the syndrome indicated control by an autosomal recessive gene.
Baker et al. (1951) reported a slightly different dwarf syndrome
found in the Angus breed. The dwarf is characterized by a long narrow
head. The "longheaded"™ dwarf showed considerable phenotypic variation,
indicating several genes were involved, or differences arising because

of different degrees of expression of one pair of genes..
"Snorter" Dwarfism in Beef Cattle

The first report of the most prevalent type of dwarfism in beef
cattle was made by Johnson et al. (1950). The so-called "snorter"
dwarf was also reported by Lindley (1951) and Gregory et al. (1951).
In describing the general anatomy of this gross syndrome, wide varia-
tions in phenotype have been found in "snorter"™ dwarfism. Some show
obvious abnormalities at all ages, others appear almost normal at birth
and develop characteristic defects later. Those animals that look nor-
mal at birth may develop width, depth, compactness, thickness of flesh-
ing, and a mature appearance before the more obvious evidences of dwarf-
ism appears. The following is a general visible description of "snorter"
dwarfs, The dwarfs are in general reduced in body size and reduced in
leg length (Pahnish et al., 1955c¢; Gregory et al., 1951).. Heads that
are wide in relation to length with bulging foreheads were observed by

Gregory et al. (1951) and Gregory et al. (1953).. The jaws are usually



10

undershot with the teeth being too far forward to mesh with the dental
pad (Lindley, 19515 Gregory et al., 19533 Pahnish gﬁhgly, 1955¢). A
protrusion of the tongue and eyes, accompanied by a glassy stare are
characteristics of dwarf calves (Lindley, 1951 and Pahnish et al,,
1955¢). Dwarf calves at birth may show apparent muscular weakness
with incoordinated locomotion combined with faulty equilibruim (Lind—
ley, 1951 and Pahnish gt al.,. 1955¢). As the dwarfs mature a "pot
bellied" condition develops with an increasing occurrence: of bloat
(Pahnish et al. 1955c).. Pahnish et al. (1955c) have noted an increase
of dyspnea:of both respiratory and expiratory nature with age, and an
impaired sexual activity in dwarfs which reach breeding age.

Johnson et al. (1950) suggested the frequency and the distribution
of the defect indicated inheritance as a monofactoral autosomal re-
cessive., Iush and Hazel (1952)" reported a postprobant summary of 266
offspring from known carrier parents. Of this total there were 197
normal and 69 dwarf calves, which was very close to the expected 31
ratio if the trait ig inherited as: a simple recessives, A postprobant
analysis by Gregory et al. (1953) also suggested a recessive gene with
complete penetrance.

Pahnish et al. (1955Db)° conducted a series of breeding tests which
confirmed that "snorter" dwarfism was caused by an autosomal recessive,
From carrier x carrier matings the progeny agreed closely with the ex-
pected 3:1 ratio. Five dwarf x<dwarf matings produced all dwarfs.

No dwarfs were produced from matings between assumed pedigree clean
and carrier animals.

Data of crosses between Angus and Hereford "snorter" dwarfs were

reported by Gregory and Carroll (1956), and Dollahon et al. (1957), All



11

crosses produced crossbred dwarfs, indicating the same gene to be
present in both breeds, Chambers et al. (1554b) also‘producedla Cross-
bred "snorter" dwarf froﬁ matings between'a;known carrier Angus bull
and "comprest" Hereford cows.. Dollahon gg_g;$«(1957yffeportéd"a #guin-
ea¥ condition in Florida crossbred cattle which appears to have de-
scended from the Dexter breed. Both ﬁguineaﬂ'g "éuineaﬂ and "snorter"
dwarfs x "guinea® matings produced “giinea' offsﬁringo

Workers at the California station have reported numerous crosses
between dwarfs of many types. Gregory (1955), Gregory (1956), and
Gregory et al. (1957) have described results Sf crqsses between "short-
headed,¥ "longheaded,” "stumpy" dwarfs, and "comprest" Shorthorns char-
acterized by heavy body Q&th short legs. ‘They interpret their results
to indicate bovine dwarfism is a complex of severai components ratﬁer
than a single entity, that each component'is homozygous for the same
autosomal recessive dwarf conditioning géheo Specific modifying genes
or combination of modifiers, are responsible:for differentiating dwarf
types.. They suggested that progeny testing for the major.dwarf gene
may prove inva;ig if prégeny arékclassified only into brachycephalic
dwarfs and normal's, They feel that their tests support the hypothesis
that other genes présent in cattle of normal ér near-normal size modify
the expression of the major dwarf conditioning gene and confuse progeny
tests.

Since "snorter® dwarfism is inherited, and dwarfs in general fail
to reach breeding age or to reproduce, wﬁtomatic selection should occur
against the dwarf gene,. This would tend to maintain the frequency of
the dwarf gene at a:low level, However, thesfrequency>of thé dwarf

gene increased rapidly during the early 1950'"s and became an economic
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problem. Two general reasons have been suggested as the causes (War-
wick, 1958). First, mutations to the dwarf gene might have occurred
accidently in a few popular sires, BExtensive selection for these sires
and their offspring could have increased markedly the frequency of the
dwarf gene. The second possibility is that the gene is not completely
recessive, but partially dominant énd thereby having an effect on the
heterozygote or carrier animal. If this effect on the carrier increased
the desirability of the phenotype, the breeders would select the hetero-
zygote and théreby increase the freguency of the dwarf gene. Many au-
thorities feel that the heteromygotes have a more dasirable phenotype,
This feeling i1s based on the experiences of breeders, since only lim-
ited data are available to support this belief..

Johnson et al. (1950) observed that known carriers tended to be
somewhat of an intermediate type. Chambers et al. (1954a) and Lush
and Hazel (1952) have also suggested that the carrier animal may be
intermediate between the normal and.the dwarfs and more nearly approach
the ideal beef type., Recent work by Arthaud et al., (1957) with meas-
urements of calves at one week of age has supported the hypothesis
that carriers are intermediate, Data from 95 pedigree clean calves
and 29 known carriers adjusted for birth weight wers used, The aithors
found the pedigree clean calves to be significantly longer in cannon
bone, while the cannon circumference and ecannon widith were signifi-
cantly smaller for pedigree elean animals than known carriers. Ratios
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tﬁé overlap between pedigree clean and carriers was 37% for males and
Bé% for females, The large overlap which exists between ﬁedigree’clean
and ecarrier-animals: for measurementsvofflenéthj width, and circumference
of cannon bone prevent the use of these measﬁfements as a diagnostic
test.

Since many kinds of dwarfs’ip other species ére known té result
from an endocrine malfunction, numerous studies have beeﬁ made to de-
termine whether there was a deficiency of one or more hormones in the
Msnorter™ dwarf.. Most of these studies have been con¢érﬁéd with agsays
of the pituitary for the thyrotropic, growth, gonadotropic, énd adrano=
corticotropic hormones. Assay tests indicate the preéence of the hor-
mone and not whether the hormone is being released to have its normal
effect on the target organ.. However, it is generally accepted that

a highvcorrelation exists between pituitary levels and amounts of the
hormone in the blood, |

Hypothyroidism results in cretinism, which is a form of dwarfism
in humans, The similarities between cretinism in humans and those
expressed in ¥"snorter® dwarfs have led sdme workers to believe that.
dwarfism in cattle is a result of a*hyﬁoihyroid condition., Carroll
et al, (1951) used day-old white Leghorn cockrels to assay the pituiw
taries of dwarf and normal Hereford calves for the thyrotropic hormonse.
The results showed pituitary tissue from bo%h dwarfs and normal beef
cattle increased the thyroid gland weight of‘the cockrels., However,
the pituitary of normal beef cattle caused éffafger increase in thy=
roid weight, indicating the dwarf pituitary was deficient in thyro-
tropic hormone; To the contrary of this report, no other workers have

found a:thyroid deficiency in dwarf cattle. Marlowe and Chambers (1954)
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injected pituitary tissue suspensions from 25 dwarfs and 23 normal
calves into 410 baby chicks., They found no significant differences

in the thyrotropic hormone potency of the pituitaries of dwarf and
normal calves, The anterior pituitary glands of seven control and 23
dwarf were assayed for thyrotropic hormone content by Fransen (1955).
Analysis of data indicated that chicks injected with control and dwarf
pituitaries did not have significantly different thyroid weights and
both groups were significently greater than uninjected controls. Ex-
periments were conducted on dwarfs by Crenshaw and Turneri(ﬂ9547fusiné .
1137 ag a tracer to study -thyroid function.;;oounts}of 1131 over the fﬁyu
roid gland indicated that thyroids of‘dwarfs had the ability to eollect
iodine. When thyroprotein was fed or thyroxine injected preceeding

the injection of I13T; the collection of lodine by thyroid}glands was
reduced. Graded doses of thyrotropin injected in dwarfs increased

the uptake of 1131 in relation to the dosage of thyrotropin., They

@

concluded that pituitary of the dwarf secretes thyrotfopin, that the

gecretion can be inhibited by exogenous thyroxine, and that the thy-
roid of the dwarf reacts normally to thyrotropin. Fransen (1955) re- -
ported that radioactive iodine uptake by the th&roid follows a simila;
pattern in dwarfs and control animals., He further reported that serun
protein-bound=iodine and blood cholesterol, botﬂ‘indicators of thy--
roid activity, were within the no?mal rangé for dwarfs,

The reduced size of dwarfs hévé led wofkers totsuspeét a deficiency
of growth hormone as a possible cause of dwarfi§m,: Marlbwé and Chambers
(1954) measured the level of growth hbrﬁoneoiﬁ:the,anteridr pituitary of

21 dwarfs and 16 normal cattle by increases in body weight, tail length,

and width of epiphyseal cartilage of the tibi of hypophysectomized
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female rats. Their findings indicated the growth hormone content of
dwarfs pituitaries to be significantly greater than that of non-dwarfs,

Other hormones of the pituitary glandfﬁhich‘have been assayed are
the gonadotropic hormones, Pituitary suspemsions from six dwarfs and
six normal calves were injected into 42 hypophysectomized immature female
rats by Marlowe and Chambers (1954). They reported that rats injected
with the pituitaries of dwarfs had significantly greater uteri weight
than those injected with the pituitaries of normal beef cattle, Fransen
(1955) reported results of a chick assay fdf-gonadotropic hormone of
the anterior pituitary of 23 dwarfs and seven control cattle., No sig-
nificant difference was found between dwarf and normal cattle as meas-
ured by treated chick testes weights. Carroll et al. (1951) found that
dwarf calf pituitaries caused as much gonad stimulation in chicks as
pltuitaries from normal cattle,

Although data are limited on the adrenal function of dwarfs, Fran-
sen and Andrews (1954) reported a fairly high incidenee of cyétic adre-
nals in dwarfs,. Assays of the ACTH potency of 25 dwarf aﬁa 21 nor-
mal caif pituitaries using both baby chicks and hyﬁophyseétomized im=
mature female rats failed to reveal any significaht difference between
them in adrenal weights (Marlowe and Chambers, 1954).

As "snorter® dwarfs increased in number and became a major econ-
omic problem, a number of Experiment Stations initiated research %o
devise an accurate method which would identify carriers of the dwarf
gene, The first method to receive wide publicity was proposed by Greg-
ory and Brown (1952). Since Gregory gt al. {1951) had reported that
"snorter” dwarfs have a braéhycephalic head’with a marked midforehead

prominence at birth which persists throughout 1life, Gregory and Brown
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(1952) postulated a similar effect in the heterozygote. To measure
this they devised an instrument called a profilometer which would trace
the contour of the bovine face.. The mid line contour of the face.come:
bined with measurements of the head,weré used in diagnosing genotype..
A second method proposed by Gregory et al. (1952) was a statistical
treatment which yields a:discriminant function that can be used 'to-
differentiate heterozygotes from homozygous cleanss.

Reports by Gregory et al.. (1953) and Klussendorf (1953) indicated
the profilometer was a very effective method of detecting carrier ani-
mals, However, data published by Stonaker (1954) and Schoonover (1954)
indicated the profilometer data evaluated by the use of either a bull
key or discriminant function failed to distinguish between clean and
carriers of dwarf gene., Schoonover (1958) reported an extensive study
of the profilometer in which he tried to associate head form of Here=
ford heifers with the dwarf factor. He found that certain inbred lines
exhibited extreme mid-prominence while others did nbt. Two lines ex=
hibiting extreme mid-prominence also carried the dwarf gene. Although
mid-prominence of the head seems to be related to dwarfism, the problem
with the use of the profilometer is that head shape is highly heritable
and all animals within a line tend to exhibit similar head form whether
they carry the dwarf gene or not,. Alséz éome‘lines show mid-prominence
which have been shown to be clean of the dwarf gene., This method has
not shown enough accuracy to be used ag a diagnostic test for dar;iers
of M"snorter" dwarfism. o

Hazel et al. (1956), Emmerson and Hazel (1956), and Bovard et al.
(1956) proposed a method based on vertebral abnormalities evident in

radiographs of the thoracolumbar spinal region of young calves, Lumbar

E
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vertebrae of "SHorterﬁfdwarfS“exhibited?severe longitudinal compres-
sion and irregular protrusion of the body below the usual epiphyseal-
diaphyseal union. Radiographs from heterozygous calves exhibited ab-
normal vertebrae varying from slight to extreme degrees of abnormality.
Buchanan et al. (1956) reported similar compression and protrusions
of the lumbar vertebrae, Julian et gl.. (1956) reported a study on
78 %shortheaded" Hereford dwarfs.. They indicated that all alterations
of the vertebrae were due to a basic growth deficiency of the primary
centers of ossification of the vertebrae, Recent reports and summaries
by High et al. (1958) and Turman et al. (1957) indicated the: x-ray method
wag effective as a method of detecting dwarfs at birth,. However, errors
of 10% and 20%, respectively,, have been estimated in differentiating be-
tween carriers and cleans on the basis of vertebral abnormalities seen
in x-rays. The method has not been recommended for routine use by the
beef industry.

Another method of detecting carriers was proposed by workers at
the Missouri station., Foley et al. (1956) reported on 59 animals in
which insulin was injected intravenously and white cell counts: were
made at time of injection and at one and two hour intervals after in-
jection, Highly significant differences were nofed between dwarfs
which showed little increase, pedigree clean animals giving a rapid
increase,, and known carriers which were intermediate in their increase
in numbers of white cells one hour post injection.. Massey et al. (1958)
stated that the "insulin test™ had been run on‘1,800 animals of various
breeds, ages, and sex in different parts of the country and under vari-
ous climatic conditions. They feel that there is a definite differ-

ential response of pedigree clean and carrier animalsj however, errors
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have been made in predicting genotypes and 10-15% of the animals tested
did not give a clear-cut response,

These results: were very encouraging and several‘stations attempmed
unsuccessfully to confirm these results. Subsequent studies revealed
the cells being counted were not all‘true white blood ¢ells. Although
response of the "insulin test" shows some relationship to dwarfism, the
characteristic cell types were difficult to distinguish and in general
are affected by a large number of variables which make this test an in-
accurate method of detecting carriers of the: dwarf gene.

Several studies have been concerned with carbohydrate metabolism,
Eveleth et al. (1956) indicated dwarfs could not use glucose in the same
manner as normal cattle, The blood glucose level content after glucose
injection indicated that "snorter" dwarfs were diabetic, Heidenreich
et al. (1955) reported that the glucose tolerance curves on nine dwarfs
showed no consistent pattern.. No apparent differences in the metabolié
response were noted between carriers of the dwarf gene and clean cows.
Foley et al. (1956) injected insulin intravenously and determined blood
sugar levels at regular intervals. The tests showed the blood sugar
level dropped much more quickly and to lower levels in dwarfs and failed
to return to normal levels as quickly as normalss .

Eveleth et al. (1956) described the dwarf heart as almost spheriod
in shape while the normal heart is the classical shape., Asplund et al.
(1956) reported observations on glutamic acid and creatinine in urine
collections, The ratio of creatinine to glutamic ranged from 2.8 to
1447 for normals and 1.2 to 2,0 for dwarfs, The difference between
normals and dwarfs is caused by a greatgr excretion of glutamic acid

by dwarfs. Julian gt al. (1956) found the sphenoccipital synchondrosis
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of dwarfs closed within the first week of life in contrast to normal
closure age of 24=36 months, Fransen and Andrews (1954) reported a

higher cerebrospinal fluid pressure for dwarfs than normal beef cattle,
Hematological Values for Cattle

One of the most striking features of hematological values in cat-
tle and other animals is the extreme variation that exists in blood
cells under normal conditions., Although much of this variation can be
accounted for by the inaccurate procedures utilized in blood work,,
many other known sources of variation exist. Hematological studies
are meaningful only when the importance of these factors is recognized,
and an atteﬁpt is made to control them as much as possible., Two ex-
cellent reviews by Searborough (1930) and Albritton (1952) are examples
of the extreme variation of blood values in cattle,

Red Blood Cells

The normal erythrocyte is shaped like a biconcave disc with a di-
ameter of 5.6 microns (Scarborough, 1930; Dukes, 1955) to 5.9 microns
(Albritton, 1952), The actual number of erythrocytes in the blood
stream is quite variable. From data based on 200 animals of varying
ages and of both sexes, Scarborough (1930), reported a value of 6.62
million red cells per cu, mm. with the normal range from about five to
eight million. Records on 2,501 counts from 25 cows and heifers pro-
duced a value of 6.33 million with a standard deviation of .889 million
(Ferguson et al.. 1945). The authors reported a range of 4.1 to 10
million red cells with most of the variation due to differences be-
tween animals rather than in weekly counts within animals. Dukes (1955)

gives a mean value of 6,3 million per cu,. mm.. Albritton (1952) reported
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a somewhat higher value of 8,05 million red cells per cu, mm, of blood..
Among the factors that have been noted aé affecting erythrocyte number
in healthy cattle arej level of.nutrifiéng breed, age, and sex..

In studying breed differences Long éﬁﬂgip_(1952T'at the Oklahoma
Station failed to find any consisfent differences in the erythrocyte
counts between Shorthorn, Hereford, and Angus cows in the University
herd, All animals fell within a:range of four to sixamillion red
cells per cu. mmm»of blood with an average of 5.35 million cells and}
a standard deviation of .55 million, Rusoff et al.. (1954) reported
values of 6.55, 7.49, and 7,84 million red cells perJ¢u°,mm°9 respeg=-
tively, for mature bulls of the Jersey, Guernsey, and Holstein breeds..
These authors found significant differences between animals but no
significant differences between breeds, Holman (1955) reviewed studies
which showed no consigstent differences in African cattie~as compared
to Ayrshire., He also reported an average of 8,2 million red cells
for 32 mature cows of the Indian breeds of cattle., Although no com-
parison was made to temperate breed59%this0va1ueiindicatesvévhigher
number of erythrocytes for Ihdian BreedS'thén temperate breeds,

A study of differences between herdS‘of'Je;sey and Holstein cows
at three different stations in Touisisna was reﬁortéd by Rusoff and
Piercy (1946), Significantly different mean values of 5027, 4089,
5,72 million red cells per cu, mm, wers found, indiecating that one
herd can vary significantly from other herds within the same area.
This indicates that even though herds are maintained within close
proximity, there is variation in management, nutritiong disease con—
ditions, and other factors which affect the erythrocyte picture,

When attempting to evaluate data on erythrocyte number, there is &
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need for detailed information regarding the environmental conditions
that are present when the data: are collected,.

Greig and Boyne (1956) reported work with eight monozygous twin
heifer calves, varying in age from seven to nine months on two levels
of nutrition.. Both members of two sets of twins were put on high and
both members of two sets were placed on a low level of nutrition, while
the other four sets of twins were divided placing one member of each
pair»on a high and the other twin on a low level of nutrition, Al-
though values of 7.80 and 8,22 million red cells per cu, mm., respec;
tively, were determined for calves on low and high levels of nutrition,
the differences were not significant..

A review by Hélman (1955) compared the red cell count of cattle
in Africa under similar conditions and ages but at varying levels of
elevation. Cows at 4,400 feet had one to two million mofe red cells
per cu, mm. than did cows at 3,500 feet above sea level. He further
reported that as 27 cows were moved from 5,400 feet to 9,000 feet the
red cell count increased from 8.75 to 9,26 million per cu. mm.

The age of the animal has been found to have an important influ-
ence on erythrocyte numbers of cattle, Albritton (1952) in a review
of blood values gave a Qalue'of 6.8 millﬁon red cells for calves at
birth.. Greatorex (1954) made a comprehensive study of the hematology
of 233 calves of mixed breeds in which he reported 7.4 million red
cells per cu., mm, at birth, which $ncreased to 8.1 million at 8-12
weeks,. and then decreased to near mature values of 6,0 million at 12
months of age.. Holman (1956) reported 8.0 million red cells at birth
in 12 calves, but no consistent change occurred in red cell number un-
til 12-2/ months of age when there-waé:a decrease to six million red

blood cells per cu,.mm,
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There are only 5 few:reports of the influence‘gf‘ééx on red cell
valdes since little Eata‘are availéﬁlé on malés, and EﬁiIS'are usually
maintained under different environmental conditions which confounds
sex with environmental differences., Holman (1955) ih his review cited
cne study which showed no significant difference between malgs and fe-
males between 14 months and three years of age, but two other studies
showed higher figures for males than females,

Hematological studies with dwarfs by Cornelius et al. (1956) and
Fransen (1955) have found the red cell numbef‘to fall within the wide:
normal range., Fransen (1955) reported 9,7 million red cells for con=
trols and 8,1 million red cells for dwarf, Cornelius et al. (1956)
reported a mean value of 9}8‘million redvblood cells per cu. mm, for
dwarfs ranging in age from six days to 14 months,

Hematocrit

The hematocrit, or packed cell volure, is aiﬁéasure of the per-
cent of blood which is composed of cells, and is, therefore, highly
related to the size and number of red cells. Albritton (1952) in a
review reported the range to be 37% to 47%.. Dukes (1955) gives an
average value for cattle of 40%,. Rusoff et al. (1954) at the Louisiana
Station found values of 46.3%, 42.3%, 39m5%§ respective1y for Guernsey,
Jersey, and Holstein bulls. These values were in the upper range re-
ported by Albritton (1952) and showed significant difference between
breeds and seasons with higher values during the summer. Holman (1952)
repprtéqfé‘lower hematocrit value of 33.8% in mature Ayrshire cattle.

x Hb;ﬁép @W955§'reported a hematocrit of 33.7% for mature dairy cows.
Alifof theée va1ues are within the normal renge reported by Albritton

(1952753’H01man‘(ﬂ956y'in a study with calves reported higher values
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of 42% at birth which decreased markedly in the first few days after
birth to 35% and thereafter remained éonstant through 24 months of
age.. Greatorex (1954) reported the corpuscular volume of dairy‘calves
varied between 30% to 50%. A mean value of near 50% was reported at
_birth with decreasing values from 28 weeks to one year of age.

Fransen (1955, Hafez et al. (1958), and Cornelius et al. (1956)
reported the packed cell vélume of dwarf cattle to be within the normal
range,. Fransen (1955) reported 41.3% for controls versus 36.7% for
dwarfs, while Cornelius et al. (1956) gave a value of 38.1% for the
dwarfs, 'Hafez-gg al. (1958) gave no values but reported a lower mean
value for hematocrit of dwarfs.

Hemoglobin

The hemoglobin range for normal cattle of all ages varies from
8-~14 grams per 100 cc, of blood with & mean of 11.5 grams (Albritton,
1952), At the Oklahoma Station a value of 10.7 grams with a standard
deviation of 1.08 grams hemoglobin was found in Shorthorn, Hereford,
and Angus cows (Dong et al. 1952), with no significant differences be-
tween the breeds. Byers et al. (1952) reported a mean value of 11.2
grams of hemoglobin was found in 1,014 mature animals of the Holstein
and Jersey breeds. A significant difference was found between Holstein
and Jersey breeds, while no significant differences were found between
levels of nutrition or sex, Animals with high or low hemoglobin values
generally maintained these levels throughout the experiment. Work by
Rusoff et al. (1954) reported values of 12.2, 11.6, 11.6 grams of hemo-
globin per 100 cc. blood, respectively, for Guernsey, Jersey,. and Hol-
gstein bulls; these values were not significantly different. Findlay

(1950) reported a higher hemoglobin index for tropical breeds than



temperate breeds which he associated with a higher heat tolerance.
However, among Indian breeds; which have a high heat tolerance,. a
study reviewed by Holman (1955) reported a hemoglobin figure of 10.9
grams per 100 cc, of blood..

| Numerous studies have indicated differences due to environmental
factors and level of nutrition.. Rusoff et al. (1954) reported hemo—

globin to be higher during the summer., Mullick and Kehar (1952) in

India found meximum level of hemoglobineéf 12,0 grams during February
and lowest in August with a value of 8,4 gfamso The variation due to
months and animals was highly significant, In general as temperature
and moisture decreased there was a decrease in hemoglobin readiﬁgsh
Greig and Boyne (1956) in their study with monozygous twins reported
6,6 Haldane Percent less for those on low level of nutrition than for
twins on high level, One hundred percent on the Héldgpe scale is egual
to 1408 grams of hemoglobin,. 8

Another factor studied has been the effect of age. Greatorex
(1954) reported vélues’for‘heméglobin rénged from 4.60 to 16.05 graus
per 100 ml. of blood for calves at birth, with the majority between
9.0 and 14.5 grams per 100 ml.,. Their data indicates high levels of
hemoglobin at birth which decrease during the first weeks of life and
is followed by flucttuations during the remainder of the year with a
mean of 9,05 grams per 100 ml. at the age of 52 weeks.  Holman (1956)
reported 13 grams of hemoglobiﬁ at birth which decreased to 11,0 -grams
at one week and remained relatively constant to 24 months of age.

Hemoglobin readings of 11,7 and 11.3, respectively, were deter-
mined for dwarfs by Cornelius gﬁ_é;,“f1956f‘and Fransen (1955) which
were in the normsl range, Hafex et al.. (1958) indicated ablower‘value

was found in dwarf than controls for hemoglobin.



25

Mean Corpuscular Volume

The mean corpuscular volume is an important consideration of the
red cell, It is a calculated value which measures the volume occupied
by the average red .cell in cubic microns.and is::domputed by theé foli
lowing formulas:

M.C.V. = hematocrit reading x 10
“7°7* 7 red blood cells in millions per ow, Tm,

Variation in mean corpuscular volume are important in diagnosing
microcytic or macrocytic anemic conditions, Values reported by Al-
britton (1952) were 53 cubic microns for calves and 50 cubic microns
‘for adult females with a range from 4?'to 5/ cubic microns. Holman
(1955) reported 57.1 cubic microns in mature cows and Holman (1956
reported definite changes in the size of the erythrocyte from calves
at birth to maturity. At birth the corpusculsr size averaged 44.9"
Cidy micronsg after birth the corpuscle decreases in gize until 2 months
with an average of 30.8 cu, microns, From this age there waszincreése
in size until 24 months when it reaphed the size of mature cows..
Greatorex (1954) reported no mean values, but a range of 40 to 60 cd.
microng were reported at birth,

Mean Corpuscular Hemoglobin

Another useful measurement calculated from erythrocytes is mean
corpuscular hemoglobin, which measures the weight of hemoglobin per
cell in micro-micrograms (¥¥).. It ie computed by the following for-

mulasg:

M,G.H, = —Demoglobin in grams per 100 ce, x 10
oot ™ red blood cells in millions per cu. mm..

Thig also is important in determining whether red cell piceture is

normal or a pathological anemia is present, Albritton (1952) reported
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a normal value of 14.1 for calves at birth and 15.7 for adult females
with a range of 13,7 to 18.5 micro=micrograms.,. Holman (1955) had an
average of 19,2 mic#émmicrograms in mature cows as compared to 13.2
in cows of Indian breeding.

Mean Corpuscular Hemoglobin Concentration

The mean corpuscular heméglobin concentration describes the red
cell picture by giving the ratio of weight of hemoglobin to the volume
in which it is contained, and the result is expressed in percent, It
is calculated by the following formulas

M.G.H.C.. = hemoglobin, gm. per 100 cc. x 100
SEETeYe ™ wwl, packed red cells in cc., per 100 cc.

This measurement has been a valuable tool in man in diagnosing
anemia especially of hypochromic and hyperchromic types. Holman (1955)
reported a mean of 33.7% and a standard deviation of 2.81% for mature
dairy cows. Greatorex (1954) found little variation in mean corpuscu-
lar hemoglobin concentration with the majority of calves ranging be-
tween 21% and 40%. The only other report available was Holman (1956)
in which he reported an average of 31% from birth to 24 months of age.

Fragility of Red Cell

Although little information is available on fragility of red cells
in cattle, considerable data is available in man.. A disease condition
in man known as hereditary spherccytoses or congenital hemolytic jaun-
dice: has been one of the main factors which has stimulated intereét in
the resistance of red cells to hypotonic salt solutions. By pfaéing
known quantities of blood in different concentrations of saline, com=
parisons of osmotic fragility can be cobiained,. With hemolytic jaundice

there is an increase in the number of red cells which are hemolized
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(Emerson et 8l,, 19565 Bertles, 1957; Dacie gg_gi;; 1938) and is
thersfore a method that can be used in detecting heﬁolyti@ anemias,

The classical explanation for osmotic hemolysis (Stone ei al.
1953) is that the interior of the erythrocyte has an osmotic concen-
tration higher than that of the hypotonic medium surrounding it and
the cell takes in fluid in an effort to establish osmqtic equilibrium,
If an excessive amount of fluid is absorbed, the cell ruptures and
hemoglobin is released.. Although this seems to account for the gen-
eral procedure, it déas not explain the differences fhat occur between
animals,

Ponder (1940) stated ®it remains an experimental fact that the
red cell, which on some occasions behaves like a perfect osmometer,
on other occasions does not. The lack of swelling of the red cell in
hypotonic saline may be due to salt loss or presence of bond water.,?
Castle and Daland (1937) stated the difference in the susceptibili;y
of various types of erythrocytes to hemolysis with hypotonic solution
of sodium chloride are due largely to differences in form and not to
differences in osmotic behavior, By direct observation his results
indicated that hemolysis of a given type of erythrocyte is assoclated
with the assumption of a spherical form in a hypotonic solution, the
more susceptible the erythrocyte to hypotonic hemolysis, the less hy=
potonic the sclution necessary for erythrocyte to form a spherical
shape, Dacie gh al. (1938) found that the larger the initial degree
of spherocytosis (roundness) the larger the increase in fragility..
They also found a positive correlation of 0.86 between the ratio of
mean corpuscular thickness divided by mean corpuscular diameter and

percent hemelysis., No significant correlations were found between
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percent hemolysis with total protein, mean corpuscular volume, or hemo-
globin content., Dacie gt al.. (1938) found the temperature and pH of
the saline needed to be controlled in measuring fragility, Jacobs and
Parpart (19%1) and Parpart et al. (1947) found pH, temperature, and
rate of attainment of equilibrium to be important when determining
red cell fragility..

Bertles (1957) suggested that the increased fragility with heredi-
tary spherocytosis is due to an abnormal functioning surface membrane
of the erythrocyte and altered glycolytic pathways. Johnson et al.
(1944) found that high levels of lipids were injurious to erythrocytes.
Al though all authors indicate factors affecting‘fragility;xth@-actual
mechanism is still unknown.

Lyons (1918) reported initial hemolysis of the blood cells of oxen
occurred in ,60% NaCl solution and complete hemolysis of red cells in
o40% solution, Dukes (1956) reports initial hemolysis at .59% and com-
plete hemolysis in .42% solution. Holman (1955) on data from 81 cows
gave a value of ,474% NaCl solution for complete hemdiysismn A study
on calves by Greatorex (1954) reported high resistance of calves to
hemolysis at birth, which decreased over the next four months. Com-
plete hemolysis ocourred in a .30% NaCl solution at birth, but at five
weeks required only a .45% NaCl solution for complete hemolysis. Ffom
about 20 weeks of age to one year complete hemolysis occurred in a
»50% NaCl solution, Holman (1956) found a similar pattern in fragility,
calves at birth showed complete hemolysis in .35% NaCl, in .36% NaCl at
one week, in .44% NaCl at two months, in .53% NaCl at four months, and
at two yaaré in ,47% NaCl which is close to the value reported for ma-

ture cattle,
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Massey et al. (1958) at the Missouri Station reported tests on
dwarfs, carrier animals and pedigree clean animals which were given
intravenous injections of insulin 48 hours apart. The first injection
was o8 unit of insulin per kilogram of body weight followed by a. sec~
ond dose of ,3 unit to test the response of individual animals to a se-
quence of & higher and lowef.dosage of the hormone., It was also.thought
that the two injections would minimize environmental influences and the
response of the individual could be more accurately measured, The fra-
gility of the red cells was measured by counting in a hemacytometer the
number of red cells in a blood sample diluted 13200 in a ,48% NaCl solu-
tion, In the initial samples, the red cells from pedigres clean cows
were more resistant to hypotonic solution than were those of known car—
riers and dwarfs; however, considerable overlapvwasgnpted between the
three groups. Forty-eight hours after the first injection of insulin,
the difference betwesen the three groups in ﬁhé resistance of the red
cells was much greater and.less overlap was observed, -Massey gﬁ al.
(1958) also studied the effect of ACTH on red cell fragility om 17
dwarfs, 10 carriers, and 10 pedigree clean cows, A significant differ-
ence was observed between pedigree clean aﬂd carrier animals in the
resistance of red cells to .48% NaCl solution within five hours after
injection of ACTH.. The carriers were more resistant than cleans be=
fore the hormone was administered and became increasingly more resis-
tant within five hours,

Iu the excellent reviewiof Secarborough (1930) a mean of 9,250 leu=
cocytes per cu. mm. with a normel range of 6,000 to 12,000 leucocytes

per cu. mm, were.determined from 291 animals of all ages.. Fergusoh
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gﬁﬁél.MC1945)y Rusoff and Piercy (1946),.and Holman (1955) reported
mean values of 8,912, 9,474, and 7,030 per cu.. mm,, respectively, Dif-
ferential counts from dried stained blood smears are used to determine
the percent distribution of each type of white cells. Average values
of 31.9% neutrophils, 55,4% lymphocytes, 5.2% large mononucleated and
transitionals, 7.7% eosinophils and ,62% basophils were reported for
healthy cattle of all ages by Scarborough (1930). Ferguson gt al.
(1945) working with 25 females between the ages of 18=2/ months reported
41% lymphocytes, 34% neu»trophiisy 14% eosinophils, and 8% monocytes.
Rusoff and Piercy (1946) from 613 mature females showed estimates of
56% lymphocytes, 31% neutrophils, 7% eosinophils, and 6% monocytes.
Holman (1955) reported on 81 mature cows a distribution of 524 lympho--
cytes, 30% neutrophils, 11% eosinophils, and 7% monocytes. The data.
clearly indicates a lymphocyte dominated picture, All the above au=
thors generally agreed that the white blood picture of healthy normal
cattle varies to a great extent, not 6n1y between animals but in the
same animal,. Factors as age, sex; breed, daily andbseasonal variations,
disease, and pituitary-adrenal system have been indicated as sources

of variation,

In studying environmental effects on leucocytes, Braun (1946)
studied the effect of pastﬁre on white cells over different seasons
with 49 mature females, Eeucocyie count increased significantly dur-—
ing the year when ample green forage was available, and decreased when
grazing was scarce, In a study with dairy bulls Rusoff et al.. (1954)
found an increase in leucocytes when the temperature increased over
80 degrees.. Greig and Boyne (1956) reported 6,770 leucocytes on low

plane as compared to 7,990 leucocytes per cu.. mm. on high level of
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nutrition, a highly significant difference. Moberg (1955) studied
diurnal variation in cows, but found no significant diurnal variation.

Braun (1946) reported a study on age by dividing animals that
were under 30 months of age in one group and those over into another
group. No differeﬁce of any significance was found in leucocytes.
Greatorex (1954) reported an average of 8,700 leucocytes per cu. mm,
on 233 calves with the following percent of each type, 50,8% lympho-
cytes, 45.0% neutrophils, 2.8% monocytes, and 1.1% eosinophils, This
indicates a neutrophilia condition at birth which by 2-4 months has
passed into a lymphocyte dominated picture. Eosinophils increased
from 1,1% to 4.9% at four to six:months while neutrophils dropped from
45.0% to 21..7%.

Holman (1956) reported an average of 9,000 white cells with little
‘change in number from birth to two years of age., ILymphocytes were 33%
of the white cells at birth but increased to 68% by two to four months
of age and remained constant., Eosinophils increased from 0.,2% at birth
to 9% at two years of age. Monocytes were to variasble in number to in-
terpret changes. .

Tittle data are available on the effect of breeds and sex on leu-
cocytes. Rusoff (1954Y reported highly significant difference between
the dairy breeds of Jersey, Guernsey, and Holstein with means of 8,500,
69hbilyy 75416 leucocytes per cu.. mm., respectively. Moberg (1955) re-
ported a study which found a higher count in females than males, while
steers were lower than bulls in white cells,

Studies of hormones and stress have indicated that in general in-
creases in neutrophils and decreases in lymphocytes and eosinophils

occur under these conditions,.
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Merrill and Smith (1954) injected ACTH into dairy cows which
caused a rise in leucocyte number which was noted for 18 hours. The
percent of eosinophils and lymphocytes decreased markedly after injec=
tion, while neutrophils increased over 100%.. Johnson gt al. (1951)
reported that injectidns of epinephrine in.dairy cattle resulted in
decreases of esosinophils up to 46% within six to four hours. He ex=
plained this change as the result of ACTH release by the pituitary in
response to epinephrine. Injections of stilbestrol and oestradiolben=
zoate by Moberg (1950) was followed by increase in leucocytes, primarily
neutrophils while lymphocytes and eosinophils decreased after treatment.

Studies on dwarfs by Cornelius et al.. (1956),. Hafez et al.. (1958)
and Fransen (1955) found leucocyte count to fall within the normal
range,. Fransen (1955) reported 7,300 leucocytes per cu..mm, and Cor--
nelius et al. (1950} 8,800 leucocytes per fc‘:u.,.. mm, while Hafez stated
a lower mean value was found for dwarfs than for controls, Fransen
(1955) reported the differential white picture to be normal for dwarfs
with values of 69,9% lymphocytes, 20,2% neutrophils,, 5.5% eosinophils,
3.5% monocytes, GCornelius gt al. {1956) reported 55.6% lymphocytes
and 33,3% neutrophils in the dwarf, They found these values signifi-
cantly different from the values obtained in normal animals in their
laboratory.

Folsy gﬁ‘gl? {1955} injected insulin intravenously into 59 animsals
and measured the changes in numbers ofwhite blood cells., Highly sig-
nificant differencés were noted betwsen genotypesf Dwarf's showed a
minor change in leucocytes, while pedigree clean animals gave a rapid
inerease, and‘khdﬁﬂ“barriers were intermediate in their increase at

one.hour.af’ter?‘injéction° Subsequent investigations revealed that the
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cells were not all true white blood cells, Deyoe et al.. (1957) re-
ported a significant increase in leucocyte number in known carriers
and dwarfs two hours after injection of insulin,. No consistent changes
were found in leucocyte cell types following insulin injection, Mas-
sey et al. (1958) reported work on injection of ACTH on a group of
dwarfs, carrier animals, and pedigree clean cows, No clear-cut dif-
ference between the groups was found in white cells, althougﬁ all groups
showed increase in number of neutrophils and a decrease in total number
lymphocytes within a few hours after injection,
Plasma Proteins

The plasma proteins of mature cattle have generally been divided
into the following classes, albumin, alpha-one, alpha=two, beta and
gamma globulins, and fibrinogen, Albritton (1952) review reported a
value of 8,32 grams of protein per 100 ml, of plasma. Deutsch and Good=-
loe (1945) using electrophoretic analysis gave the following percent
for each fraction of protein; gamma globulin 11,0, fibrinogen 16.3,
beta globulin 13.7, alpha-two 8,3, alpha-ene 10,7, and albumin 40,6,
Although the above values hold true for mature animals, subssquent stud-
ies indicate that serum of new born calves contain very little gamma and
beta globulin and are characterized by large amounts of alpha globulins
(Deutsch, 1954; Jemeson et 8l., 1942).. Jameson et al, (1942) found the
serum of new=born calves before the ingestion of colostrum contains no
gamma globulin and only small amounts of beta globulin, During the
nursing period the composition of calf serum changes rapidly, with in-
creases in the compesition of both gamma and beta globulin and dee-
crease in albumin and alpha globulin,. Smith and Erwin (1959) and

Deutsch and Smith (1957) found that direct absorption of protein from
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colostrum occurred during the 24 hours after birth and formed a large
percent of the gamma globulin fraction. After 24 hours, the permea=
bility of the gut to protein is largely lost.

Cornelius et al.. (1956) and Hafez et al,. (1958)' reported that no
consistent differences in plasma protein fractions were found between

dwarfs and control animals.



MATERIALS AND METHODS

The data reported in this study were taken during the period from
May, 1958, through April, 1959.. Initially, data were collected from
the purebred cattle in the University herd at Stillwatg:;'° Both Angus
and Herefords of ages varying from one to eight yearssﬁére used, The
blood collected was utilized in determining the bagié procedure for
red cell fragility.. |

" As the study progressed, the analytical equipment was moved to
Ft.. Reno where cattle of known genotypes could be studied. At the Ft.
" Reno Station hematological data were collected to sfudy the effect of
the dwarf gene on the cellular constituents of the blood. Both pure-
bred and grade Hereford and Angus cattle in Projects 873, 650, and 670
were utilized in this study,

The cattle of Project 873, "Evaluation of Methods of Identifying
Dwarf Carriers in Beef Cattle,¥ were either dwarf or known carrier
Herefords and Angus,. or Comprest Herefords, The cattle of Prdject
650, mThe Relation of Nutrition and Age at First Calving to Lifetime
Perfqrmgnce of Beef Cattle,™ were grdde Hereford cows: considered té’be
dwérf free: since no dwgrf calves have been produced in fhis 1line..
Project 670, "The Impfovement of Beef Cattle by the Application of
Breeding Methods;" consists of one purebred Angus line and two pure-
bred Hereford lines, Ample information is available on these lines

to accurately evaluate the mature cows as pedigree clean, possible

35
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dwarf carriers, known dwarf carriers, or comprest. In.the younger age
groups the possible‘carrier classification includes cattle with éither
known carrier parents or parents that were possible carriers. This
group includes Hereford, Angus, and ﬁrossbred (Hereford X Angus) calves,
The known carrier calves all had one: dwarf parent and included Angus,
Hereford, and crossbred (Hereford X Angus) calves. The pedigree clean
group included Hereford and Angus, but no crossbred calves, while the
comprest group included only Hereford calves from comprest dams,

The cattle in all projects graze on native grass pasture during
the summer months,  Winter treatment varies somewhat between projects.
The cows of Project 650 are divided into three winter groups to re—
ceive either a low, medium, or high level of feeding. The;éows in
Projects 873 and 670 are wintered under range conditions, and are fed
supplemental feed only when in accordance with good range practice.
Winter small grain pasture is utilized when available,.

The statistical methodsvused in this study were ecomputed as de-
scribed by Snedecor (1956)., Standard deviations were utilized in meas-
uring the variatioh rather than standard error since numbers varied
between treatments. Standard deviations allow more direct comparison
of the variation since it is not divided by the square root of the in-
dividuals within the treatment.

A1l blood was collected from the jugular vein, prevented from co-
agulation by heparin, and cooled immediately in an ice water bath,

The procedures used in the blood analysis follow under section headings.

Red Blood Cell Count

Erythrocyte counts were made according to the procedure of Win-

trobe (1956). The heparinized blood was thoroughly mixed by gently
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inverting the tube several times before a sample was taken, After
mixing, a sample of blood was drawn into a: red cell pipette exactly .
to the 0.5 mark. The ,85% saline diluting fluid was drawn intﬁAthe
pipette to the 101 mark resulting in a 13200 dilution of the blood..
The blood cells and diluter were thoroughly mixed by sha%ﬁhg the pi%'
pette for two to three minutes in a mechanical shaker, %ﬁé firsﬁlfour
or five drops in the stem of the pipette were discarded béfore trans=
ferring a small portion of the diluted blood to the counting chamber
of Spencer "Bright-Line" Hemacytometer with improved double Neubauer
ruling. After allowing a few minutéélfor the cells to settle, all
cells in the four corner and middle .04 sd.. mm. squares of the central
5q.. mm, square were counted under the high power lens of a microscope.
The number of cells counted was multiplied by 10,000 to obtain the
number of red blood cells per cubic millimeter of blood..

Whité Blood Cell Count

Leucocyte counts were made according to the procedure of Wintrobs
(1956¥.. The white cell procedure is very similar to the counting of
red cells. Afﬁer mixing of blood, a sample was drawn into the white
blood cell pipette to the 0.5 mark, The o1N HCl diluting fluid was
drawn to the 11 mark and the diluted sample was shakeh for two to
three minutes in a mechanical shaker. Four drops of the diluted blood
in the stem of the pipette was discarded and a sample was placed on
the Spencer Hemacytometer., All white cells in the four corner Sqa"‘
m., squares were counted under low power, and the total count multik
plied by 50 to express the count in white blood cells per cubic milli-

meter of blood.
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Differential White Cell Count

The differential white cell count made according to the procedure
outlined by Wintrobe (1956) is a determination of the types of leuco-
cytes expressed as a percent of the total leucocytes counted. The
coverslip procedure was used in preparing the blood smears for count-
ing. The coverslips were first thoroughly cleaned with alcohol, wiped
dry, and a drop of blood placed on one coverslip. 4 second coverslip
was placed over the first and the two slowly pulled apart to obtain
a thin, even distribution of blood. The coverslip smears were quickly
air dried to prevent an uneven distribution. The cells were stained
by flooding with Wrightts stain for one to two minutes, adding a buf=-
fer for a period of four to five minutes and finally rinsing clean with
distilled water.. After drying, the coverslips were mounted on micro-
scope slides and counted under oil immersion. The types of leucocytes
observed in a sample of 200 cells were recorded and each type expressed
ag a percent of the total. |
Red Cell Fragility

The procedure utilized in determining red cell fragility was a:modi-
fication of the method of Stewart et al. (1950). The modified procedure
was gshown by preliminary studies to be a more repeatable procedure. To
control as nearly as possibie fluctuations resulting from temperaturejy,
the blood and saline solutions' were cooled in an ice water bath at all
times, One-tenth ml., of heparinized blood was added to test tubes con-
taining 10 ml. known concentration of saline, and the blood and saline
were thoroughly mixed by inverting the tube four times., After'stand;—
ing for one hour in an ice water bath, the unhemolized cells were re-

moved from the solution by centrifugation for five minutes at 1,500
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revolutions per minute. Approximately six ml, of fluid was carefully
ﬁoured into a reading tube without disturbing the unhemolized cells,
The supernatant fiuld was read on & Coleman Model 6A Jr..Spectrophoto-
meter set at a wavelength of 540 millimicrons. The remaining unhemo-
lized cells in the centrifuge tube were hemoliied by adding saponin
and stiring. This solution was mixed with the supernatant f}uid in
the reading tube to obtain the reading for the completely hemblimed
sample. The percent hemolysiS»waa calculated as followsg

optical density of supernatant fluid
optical density after total hemolysis

% Hemolysis =

Hematocrit

Hématocrit determinations were made by thevmethdd described by
Wintrobe (1956). A well mixed semple of blood was transferred by means
of ‘a hematocrit pipette to a Wintrobe tube. The tube was centrifuged‘
for 30 minutes at 3,000 revolutioné per minute., The length of the
packed red cell column was determined directly from the reading scale
on the tube, and the results expressed as a percent of whole: blood.,..
Hemoglobin . e

Hemoglobin was determined by the Spencer Hemoglobinometer, a visual
filter photometer. The blood was thoroughly mixed, a sample: was placed
on the open chamber of the Spencer Hemoglobinometer, -and completely
hemolized by stirring with & saponin treated applicator.. The chamber
is placed into the Spencer Hemoglobinometer and a reading is mede by
visually matching the colors of “the blood sample with that of a stand-
ard,. The readings are determined directly in grams of hemogl@biﬁkper

100 ce,. of blood..
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Mean Corpuscular Volume: (Wintrobe, 19%6)

The mean volume of the cells in absolute fermsrmay be calculated
by this formula,

..V, = Yol packed red celis, ml, per 1000 ml,
Tt red' cell count, millions per cu. mm.

This formula was designed so the result may be expressed in cubie
microns..

Mean Corpuscular Hemoglobins: (Wintrobe, 1956)

This indicates the weight of hemoglobin in the average corpuscle

expressed in micro-micrograms (¥¥).

M.C.H, = hemoglobin, grams per 1000 ml.
¥ 7 red cell count, millions per ci. mm.

Mean Corpuscular Heémoglobin Concentrations (Wintrobe, 1956)
This is a measure of the concentration of hemoglobin in the average
red corpuscle expressed in percent.

M0 HoCo. = hemoglobin, grams per 100 ml. x 00
SEETEYS ™ yolume packed red cells, ml.. per 100 ml,

Specific Gravity of Plasmas (Wintrobe, 1956)

The plasma utilized in this study was removed from the hematocrit
tube after centrifugation.. The plasma was drawn into a pipette and
dropped into a series of graded copper sulfate solutions of known spe-
cific gravity ranging from 1,021 to 1.031. If the drops of plasma had
a higher specific grawity than the copper sulfate solution the drop
fell directly to the bottom, while if it had a lower specific gravity
than: that particular copper sulfate solution the drop rose-immediately,.
When the drop of plasma maintains an equilibrium (neither rises or
falls in the first 15-20 seconds) in the copper sulfate solution the:
spacific gravity of the,hl@o& is the same as that of the copper sulfate

-solution..
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Electrophoretic Patterns of Plasma.

The procedure used was that of Block et al. (1958) utilizing a
Durrunm-type paper electrophoresis cell with a barbituate buffer of pH
8.6 and of an ionic strength of .075. To prepare the cell about 800
ml.. of the buffer was poured directly into the cell, while the remain-—
ing 200 ml. of the buffer was poured onto the filter paper strips..
Care was taken to see that the strips were in contact with the paper
wicks below. The cell was then placed into a.cold room for 15 minutes
to allow the excess liguid to drain from the strips and the cell to
become: saturated with water vapor.. A sample of .01 ml. of plasma was
placed: on each strip in the cell,. The current was set for 2.5 ma, and
250" volts and run for a period of 18 hours, After completion of the
run, the strips are dried in an oven at 120-130° c.. for 30 minutes and
then stained with bromphenal blue.. A Photovolt densitometer with a
615 milli-micron filter was utilized to plot the density of the differ-
ent plasma fractioms. The area:of each fraction was determined by use
of an integrator and was expressed as a percent of the total plasma
protein on the strip. )

Electroploretic Patterns of Hemoglobins (Block et al. 1958)

The hemoglobin was prepared by washing the cells three times in
0.9 NaCl solution to remove the plasma., Distilled water was added to
the sample to hemolize the red cells and liberate the hemoglobin, and
benzine: was added to the samplie to dissolve the lipide. Centrifuga-
tion of the sample for 20 minutes causes the formation of layers of
distilled water and lipids, which are removed by aspiration. The hemo=
globin was diluted with .85% saline to a 3% solution and a .OT'mlmk\‘

sample was placed on each strip. The remainder of the procedure:is

identical with the one used for'plasma protein elecirophoretic patterns.



RESULTS AND DISCUSSION
Erthrocyte Fragility Studies

A comparison of eryﬁhrocyte fragility of normal beef cattle of
different ages as determined by percent hemolysis in .52% and .56% sa-
line is given in Table I and Figure I. This is a summary}of all non=-
dwarf cattle used in this study divided into'five age groups varying
'in age from less than one week to mature cows, three to nine years of
age,. The analysis of variance showed a highly significant diffserence:
between age groups (P<.005). Observations of the mean values for per;
‘cent hemolysis in .52% and ..56% saline, respectively, show the lowest
values, 43.1% and 34.2%, at one week or less of age, increasing to
: 87v6%‘and 75.5% at one to two months, and reaching the highest values,.
99.1% and 92.6%, at seven to eight months of age. Following the high
point at seven to eigﬁt months the percent ofvhemolysis decreased prb—
gressively as older age groups were studied. The 18 month age group
had means of 97.8% and 84.3% and the mature animals had means of 71.4%
and 44.7% hemolysis in .52% and .56% saline solutionsy respectively,
This study indicates that the erythrocytes of young calves at birth
are the most resistant of any age group studied to osmotic fragility.
After birth and at the age of one to two months there is & marked in-
crease in erythrocyte fragility which reaches the maximum ét seven to
eight months., There i1s a gradual decrease in fragility of erythrocytes

with increasing age from the high at seven to eight months to the mature
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TABLE I PERCENT ERYTHROCYTE HEMOLYSIS OF DIFFERENT

AGES OF NORMAL CATTLE

43

Percent NaCl

Group 52 056
—% %
One week or less 4361 (GO)b 34eR  (64)
(16.07)2 (15645)
One-two months 87.6  (27) 75.5  (27)
(10.43) (13.74)
Seveh-eight months 99.1¢ (@) 92,6% (46)
(0.25) (8,02)
Eighteen months 97.8 (8) 8443 (8)
- (1,06) (M10.41)
Three-nine years 7.4  (25) Lhe7  (R5)
(20,16) (22.18)

astandard deviation
bnumber of animals

Cdifferences between age groups (P <.005)
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levels at approximately three years of age. The studies of Greatorex
(1954) and Holman (1956) agree closely to the results obtained in;tﬁis
study. . They found calves at birth to be very resistant to erythrbéYte
hemolysis, with a decreased resistance of erythrocyﬁes to hemolysis up
to four to six months of asge. This suggests that age is an important
factor to consider and attempt to control in any research dealing with
erythrocyte fragility., In this study, the age factor was controlled by
making‘all genotype studies within a limited age group.
Mature Age Group

 Table II compares the erythrocyte fragility in four concentrations
of saline for pedigree clean, possible carrier, known carrier, and com-
prest Hereford cows three to nine years of age. These cowé included
eight comprest and six known carrier cows from Project 873, and four
possible carrier and seven pedigree clean cows from Project 670, all
of which were non~lactating and pregnant. . The data indicates only small
differences between the means and largé variation within the genotype
groups. No significant differences were found between the pedigree
clean cows and cows that were known carriers of the snorter dwarf gene.
There was, however, a tendency in all of the saline solutions for the
pedigree clean cows to be more resistant to hemolysis than known car-
riers. The mean values for the percent hemolysis in ;52% saline are
67.2%, 57.3%, 78.0%, and 77.1%, respectively, for pedigree clean, pos=
sible carrier, known carrier, and comprest cows.

Massey et al. (1958) found pedigree clean cows to be more resist-

ant than known carriers, with the differences highly significant. Al-
though the differences were not significant, there was a tendency in

the report under study for the erythrocytes of pedigree clean cows to
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TABLE IT PERCENT ERYTHROCYTE HEMOLYSIS OF PEDIGREE CLEAN, POSSIBLE
CARRIER, KNOWN CARRIER, AND COMPREST HEREFORD COWS OF
THREE TO NINE YEARS OF AGE

Percent NaCl

Group A8 052 .56 «60
% % % _ %
Clean 87.2 (7P 67.2 (7 3.4 (7)) 22,3 (7)
(8.83y2 (15.49) (15.11) (10.56)
Possible  77.4  (4) 57.3 (4  29.4 (4) 6,00 (2)
Carrier (21.65) . (37.84) (11:.61) (1.99)
Known 92,0  (6) 78,0 (B) 52,6 (6) 22,6 (6)
Carrier (8,99) (19.74) (26.50) (13.57)
Comprest 91,2 (8) 77,1 (8) 52,2  (8) L3.4  (R)
(9.76) (21.60) (25,23 (14.52)

8gtandard deviation
bnumber of animals
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be more resistant than those of known carrier cows,. ﬁith’the comprest
cows shpwing values more similar to known carriers than any other group.
The percent hemolysis for the possible carriervgroup does not fall be-
tween the means of the pedigree clean and known carriér as might be ex-
pected if both clean and carrier cows were in this classification.. Al-
though no ready explanation can be given for this, séveral possibilities
might be proposed, One is that no real difference exists between knOWn
carrier and pedigree clean cowss therefore, the mean for the possible
carriers, even though the group has both clean and cafrier cows, could
be either above or below the means for the pedigree clean or known car-
rier group., A& second possibility is that since the possible carrier
group is so limited in number, that the chance‘facto:_alone might have
allowed the mean of the possible carrier group to fall outside the area
between the meéns for carrier and‘pedigree clean groups. Anothér con--
sideration is the fact that the possible carrier group consisted of
animals of a different line of breeding; therefore, if breeding affects
the erythrocyte fragility it could alter the mean 6f the possible car=
rier group, This points out the many factors, known and unknown, which
might affect the percent hemolysis of érythroéytas and make interpreta-
tion of results difficult.
Eighteen Month Age Group

Table IIT compares the erythrocyte fragility of dwarfs and non-
dwarfs 18 months of age as determined by tﬁe pefcent hemolysis of eryth-
rocytes in .52%, .56%, .60%, and «64% saline. The non-dwarf group was
composed of eight Angus bulls from Project 873 andftwe_Angus'bulls from
Project 670. One dwarf Hereford bull and one dwarf Anéﬁs Bull of com-

parable ages from Project 873 constituted the dwarf group. No significant



TABLE III PERCENT ERYTHROCYTE HEMOLYSIS OF DWARF AND
NON-DWARF BULLS 18 MONTHS OF AGE
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Percent NaCl

Group _ No, 252 «56 «60 2Dl
% % % %
Non=Dwarf 8 9798 8/4.03 57. 6 3397
(W»Oé)a (10.41) (17.67) (19.28)
bwarf 2 96,9 95.4, 72,8 34..0
(2.97) (18.8) (18.03) (16.97)
8gtandard deviation
TABLE IV PERCENT ERYTHROCYTE HEMOLYSIS OF DWARF AND
NON-DWARF CATTLE, SEVEN TO EIGHT MONTHS OF AGE
Percent NaCl
Group 52 s 56 .60 264,
% % % %
Non=Dwarf 991 (Byb 9.4  (12) 80.7° (12) 45o9d (12)
(0.26)8: (3.31) (11.54) (17.69)
Dwarf 97.2  (2y 77.2 (Y 49.2  (4)  25.3 (4)
(1.06) (27.60) (25,40) (12.79)

8standard deviation

brumber of animals

Cdifferent from dwarf group (P<.025)
ddifferent from dwarf group (F<.10)
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and 20,6% in ,64% saline (P<,10), 1In .60% saline the percent hemoly-
sis was 80,7% for non=dwarf and 49.2% for the dwarfs, indicating an
increased resistance of the erythrocytes of dwarf calves. Comparison
of these values with the 18 month group indicates a reverse trend, with
the younger dwarf calves showing ah increased resistance to osmotic
fragility than do non-dwarf cattle, Although mature dwarfs were not
available, a similar trend was indicated by the higher rate of hemoly=-
sis of carriers as compared to pedigree clean cows,

Three Months Age Group

Since information was not available to group the calves accord-
ing to their dwarfism genctype, the comparison of twelve calves three
months of age was made by classifying them on the basis of their z-
rays into a C x-ray group considéred to be clean of the dwarf gene,
and a B X=ray group considered to be carriers. The results of the
erythrocyte fragility of this group are found in Table V. Comparisons
of the two groups show the C x-ray to be more resistant than the B
x=-ray with values of 54;2% for C x-ray and 61.5% for B x-ray in .60%
saline, The differences between the groups were small with large
standard deviations in each group..

If one assumes that the x=ray méthod accurately identifies the
dwarfism genotype, the results obtained with three months old calwves
compares favorably with the results.of mature cows and 18 month old
cattle, but differs with the calves of‘seven to eight months of age.
Since the calves were closer in age to those of seven to eight months
of age, it was expected that the éalves predicted clean would have
more fragile erythrocytes than calves predicted carrier., This dif-

ference between predicted and actual values could be due to inaccuracy
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TABLE V' PERCENT ERYTHROCYTE HEMOLYSIS OF C X-RAY AND B X-RAY
CALVES THREE MONTHS OF AGE

|

Percent NaCl

Group No. ».60 NA : ,68

% % %
C X=ray 6 54,02 22.0 Te3
(26.47)2 (13,94 ) (14.50)

B X-ray 6 61.5 33.8 1o 5
(18,92) (26.49) (14.30)

- 8gtandard deviation

TABLE VI PERCENT ERYTHROCYTE HEMOLYSIS OF PEDIGREE CLEAN,
POSSIBLE CARRIERS, AND KNOWN CARRIERS CALVES
ONE TO TWO MONTHS OF AGE

Percent NaCl

Group No. . 50 456 252
| 7 % 7
Pedigree 16 57,8 79,7 91,9b
Clean (15,722 (12.14Y (5.19)
Possible 5 51,1 71.9 86,0
Carrier (19.74) (12.19) (9.02)
Known 4 480 5 690 9 79 * 8
Carrier (10.07 (3.60) (4+43)

8gtandard deviation

bdifferent from known carrier group (P <.01)



of x=ray methods, Because the genotypes were so indefinite in this
study, probably the most important contribution of this group was for
comparisons: of erythrocyte fragility at different ages.

One to Two Month Age Group

The percent of erythrocyte hemolysis of pedigree clean, possible
carrier, and known carrier calves of one to two months are reported
in Table VI. The known carrier calves are more resistant than the
pedigree clean calves with values in .52% saline of 91.9% and 79.8%,
respectively, for pedigree: clean and known carrier.. This difference
between the mean was 12,14 (P<<.01). The mean values of the possible
carrier group fell between the known carriers and pedigree clean groups
in all saline solutions for the percent of hemolysis. This would be
expected if the possible carrier group included both pedigree clean
and known carriers. The increased resistance to osmotic fragility of
the known carrier group compares favorably with the dwarfs of seven
to eight months of age..

One Week or Less Age Group

The largest data of any age group was the study with calves one
week or less of age. Table VII compares the erythrocyte fragility,
determined in .60%, .56%, and .52% saline solutions, of pedigree clean,
possible carrier, known carrier, and comprest calves of one week or
less of age. The pedigree clean group included six Angus and 15 Hére-
ford calves, the possible carrier group included three Angus, 17 Here-—
ford, and nine crossbred (Hereford X Angus) calves,. the known carrier
group consisted of six Hereford and three crossbred (Hereford X Angus)
calves, and the comprest group included five Hereford calves. The

known carrier calvesg were all sired by a dwarf Hereford bull. Of the



TABLE VII PERCENT ERYTHROCYTE HEMOLYSIS OF PEDIGREE CLEAN,

POSSIBLE CARRIER, KNOWN CARRIER, AND COMPREST
CALVES OF ONE WEEK OR LESS OF AGE

53

Percent NaCl

Group «60 56 252
% % %
Pedigree 33.2  (15)P LT (21) 53.0  (19)
Clean (9.92)2 (14.72) (15.44)
Possible 20,7 (13) 32,4  (29) 42,3 (28)
Carrier (9.61) (14,07 (15,02)
Known 15.3%  (4) 20,5¢  (9) 29.1¢  (9)
Carrier (5.49) (6.96) (9.63)
Comprest 12,2 (3) 25.0 (5) 32,9 (%)
(3.34) (8.12) (4428)

8gtandard deviation
bnumber of animals

Cdifferent from pedigree clean

group (P <.005)
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29 possible carrier calves, 19 were from known car;ier dams, and the-
remaining 10 were more distantly related to the known carriers in their
ancestry.

At the start of this particular age group study it was not known
which saline: concentrations should be used, therefore, three concentra-
tions, .52%, .56%, and .60%, were tried. It was observed that the he-
molysis of some groups in the .60% saliqg approached the lower limit
for most accurate readings, For that reason this concentratioﬁIWaé
abandoned and only the .52% and .56% concentrations were used during
the latter part of the é%udy. There was a correlation of .96 (Table
XXIT) between values obtained in 52% and «56% saline, indicating vale-
ues obtained in either concentration were equally accurate in compare-
ing the efythrocyté hemolysis of the different genotype groups.

In all saline solutions the known carrier calves were more resiste
ant to erythrocyte hemolysis than were pedigree clean calves (P <<.005)..
The percent hemolysis in .56% saline was 44.7% for pedigree clean,
32.4% for possible carrier; 20.5% for known carrier, and 25,0% for
comprest groups. The standard deviations were consistently smaller
in the known carrier group than in either the possible carrier or pedi-
gree clean group.. The possible carrier group was intermediate between
the means of the pedigree clean and known carriers for the percent of
erythrocyte hemolysis in all saline solutions. This suggests that the
possible carrier group included both carrier and clean calves, assum-
ing that a real difference exists in erythrocyte fragility between
pedigree clean and known carriers, The percent hemolysis for comprest
calves was similar to the known carrier values., Although this group

is limited in number, this indicates that the comprest gene may have
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a similar effect to the snorter dwarf gene in increasing the resist-
ance of erythrocytes to osmotic fragilityvat this age, or that the come
prest calves also carry in a high frequency the snorter dwarf gene,

Table VIII compares the erythrocyte fragility determined in known
concentrations of saline of male and female calves one week or less of
age. This study was made to see if sex was & factor to consider as af-
fecting the percent of hemolysis., The number of males and females was..
generailly equally divided within genotype so that genotype did not con-
found sex differences, The mean values of 32,1% for males and 35,8%
for females in .56% saline is indicative of the small differences be-
tween msle and femalea for percent hemolysis in all saline solutions,

Because the differences.in pereenﬁ@hemnlysiﬁﬁbetﬁeenﬁpedigfee‘*l
clean and known carriers one week or less of age were large (P<.005),
a more comprehensive evaluation was made to determine if this might
be a possible method for detection of carriers, If the average of the
means of the known carriers and pedigree clean ealves is used as a di-
viding point, all calves above 32.6% would be predicted clean and those
below 32.6% predicted carriers. Examination 6f thée nine known carriers
shows one calf with a value over the dividing line, while three calves
in the pedigreé c¢lean group have a value belsw 32.6% hemolysis,. Of
the 29 calves which were classified possible carrier, 17 had values
above 32,6% and 12 below.. |

The means for birth weight of the different genotype& were 69
pounds for pedigree: clean calvesy 71 pourids for possible carriers,
60 pounds for known carriers, and 67 pounds for comprest calves, The
probable reason for the low birth weight of the known carriers was

because all of the calves were from 2-year-old cows, wiils in the
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other groups the calves were ocut of older cows. This variation in
birth weights between genotypes and a correlation of =.18 between
erythrocyte fragility and birth weight (Table XXII) indicated that
a:-more valid test of differences between pedigree clean and kﬁown
carrier calves might be made if erythrocyte fragility values were
corrected for birth weights., The regression between birth weight

and erythrocyte fragility based on calves of week or less of age in
the pedigree clean, known carrier, and possible carrier groups was
=032, Using this regression the erythrocyte fragility of all calves
was corrected to the mean birth weight of 69 pounds., Comparisons of
corrected and uncorrected erythrocyte hemolysis in .56% saline for
pedigree clean, possible carrier, and known carrier calves are shown
in Table IX. The mean for pedigree clean calves was changed from 44.7%
to 45.0% by correction for birth weight, while the mean of the known
carriers decreased from 20,5% to 18.3%. This was an increase of 2.5%
hemolysis between the means of the pedigree clean and known carriers
after correction for birth weight. The variation within the pedigree
clean and possible carrier groups decreased after correction for birth
weight, while there wes a slight increase from 6,95% to 7.87% for the
standard deviations in the known carrier group.

The average of the means of the pedigree clean and known carriers
was again used as the dividing point for carriers and clean calves,
The calves with the percent of erythrocyte: hemolysis in .56% saline
above the average of 31.6% were considered to be clean and those below
31.6% were classified carriers,. Investigation of the nine known car=
riers showed all the calves to fall below the average of 31.6%; how-

ever, one calf had a wvalue of 31.0% very close to dividing line.



58

Except for oné calf with a value of 17.9%, all other calves in the
pedigree clean group had em erythrocyte fragility above 31.6%,. One
calf had a reading of 32,2% which was close to the dividing point,

The 29 calves in the possible carrier group divided into 13 clean
calves with a mean of 46.0% and 16 carriers with a mean of 22,4%,
these values were very similar to means for the pedigree clean and
known carrier groups., By this procedure all known carrier calves were
classified as carriers and 20 of the 21 pedigree clean classified as
clean, This indicates with this limited data that after correction
for birth weight the percent of erythrocyte hemolysis of calves one
week or less of age was 100% accurate in predicting all known carriers,.
while it was 95% accurate in predicting cleans, This compares to an
accuracy of 86% for predicting cleans on thevaverage of uncorrected
erythrocyte fragility of the pedigree clean and known carrier, and an
accuracy of 89% for predicting carriers.

It is impossible to determine the number of carrier and clean
offspring which would be expected in the possible carrier group be-
cause classification of the sires and dams as either clean or carrier
was not possible, If all the bulls used were clean, one would expect
50% of the calves from the 19 known carrier dams to be carriers, and
approximately 25% of the calves from dams with more distantly related
carriers in their ancestry to be carriers, giving an estimate of 41%
of the calves as carriers. Breeding tests of the bulls indicate they
are clean; thérefore” the estimaté_of 41% carriers among the offspring
is probably most nearly correct,. However, if any of the bulls: were
carriers, it would increase markedly the number of carrier offspring

expected.. The maximum number of carriers that would be expected
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would be 66% of the normal calves if all sires and dams were carriers,
The possible carrier group was divided into 16 carrier and 13 clean on
the basls of the fragility of erythrocytes corrected for birth weight.
Thus the corrected erythrocyte fragility predicted 59% carriers as op~
posed to the above estimate of 41% expected. Several possibilities
can be suggested to explain this difference in the number of carriers
observed and number expected. The chance factor itself could be in-
volved because of the limited number of calves in this study. Although
the sires are believed to be clean, they have not been tested to a
level that eliminates the possibility that one or more may be a car-
rier., Another possibility is this method is not highly accurate in
predicting genotype, in this g?oup‘of calves predicting too many car-
rier calves.

To evaluate the corrected erythrocyte fragility from another stand-
point, a review of x-rays was made to see how closely the two methods
agreed on predicting clean and carrier calves., The nine known carriers
were all predicted carrier by both xX=ray and corrected erythrocyte fra-
gility.. In the pedigree clean group one of the 21 calves was predicted
carrier by corrected erythrocyte fragility and nine by x-ray. The one
calf predicted carrier in the pedigree clean group by corrected eryth-—
rocyte: fragility was also pfedicted carrier by xeray. Assuming all
pedigree clean calves were free of the dwarf gene, the accuracy of the
two methods was 57% for x-ray and 95% using fragility. The x-ray method
predicted 13 carriers and 15 cleans in the possible carrier group (one
calf had no x=ray), while the 28 calves with x-rays were classified in=-
to 16 carriers and 12 cleans by corrected erythrocyte fragility. Of

the 16 predicted carrier by fragility, nine were also predicted carrier
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by x=ray, while of the 12 calves predicted clean by fragility & were
also predicted clean by x-ray., Of the 26 calves predicted carrier in
the known carrier, possible carrier, and pedigree clean groups on the
basis of corrected erythrocyte hemolysis, 20 were also predicted car-
rier on basis of x=ray, an agreement of 73%. Of the 32 calves which
were predicted clean on basis of corrected erythrocyte fragility, 20
were predicted clean by the x-ray method, or an agreement of 62.5%

in predicting cleans, The overall agreement in predicting cleans and
carriers by the two methods would bé 67.2%.

This data indicates that cofrection‘for birth weight reduced some
of the overlap between pedigree clean and known carriers for erythro-
cyte fragility. it also suggests that this might be a possible method
of detecting carriers of the snorter dwarf gene. The agreement, how-
ever, between the %~ray method and corrected erythrocyte fragility
was only 67.2%,

Effects of Stress and Hormones

Research at the Missouri Station has indicated that the use of
hormones as a. stressor were valuable in blood studies to separate
dwarfism genotypes. This stimulated additional research in this study
to determine the effect of fasting and injection of epinephrine on
the fragility of erythrocytes. The period of fasting and level of
epinephrine used in these studies were determined from preliminary
trials with cattle and sheep.

Values of Table ¥ represents the percent hemolysis of erythro-
cytes of pedigree clean and known carrier Hereford cows three to nine
years of age prior to a 72 hour fast, following a 72 hour fast, and -

after an injection of .25 cc., epinephrine hydrochloride (1¢1000) per



TABLE X PERCENT ERYTHROCYIE HEMOLYSIS OF FASTED AND NON-FASTED PEDIGREE CLEAN AND KNOWN
CARRIER HEREFORD COWS AND AFTER AN INTRAVENOUS INJECTION OF .25 ce,
EPINEPHRINE (1:1000) PER 100 POUNDS FOLLOWING A 72 HOUR FAST

5 Hours after injection

Non-Fagted 72 Hour Fast of epinephrine
Percent NaCl 1
Group L8 o5l A8 o5l LB K
= 7 2 - 7 T 2
Pedigree 678  (6) 43,0  (6) he8 (L) 37.8 (L) 6L (L) Bluh o (b)
Clean’ (10,39)2 (25.43) (7.18) (1h.15) (9.45) (1L.01)
Known Thel  (6) 31,2 (6) 56e7 (3) 36,0 (3) 67.4  (3) 4o.3  (3)
Carriers. (12.17) (11.82) (21.42) (15.0L) (18475)

(16,02)

@standard deviation

£9



100 pounds of body weiéh% following a 72 hour fast. The pedigree clean
group consisted of 12 grade Hereford cows from Project 650 while 11
pﬁrebred Hereford cows from Project 873 composed the known carrier
group. Prior to fasting all cows were on native grass pasture and

were pregnant non lactating cows, These cows were a:part of another
study dealing with the changes in levels of glucose in the blood. The
results in this study were not used in age comparison of erythrocyte
fragility because the blood remained in the saline only 10 minutes be~
fore the hemolysis was determined as compared to one hour in all of

the other studies,

Small differences were found between the pedigree clean and known
carrier cows, Prior to fasting, the psrcent hemolysis of erythrocytes
in .48% saline was 67.8% and 74.1%, respectively, for pedigree clean
and known carriers, After a 72 hour fast the percent hemolysis was
74.8% and 56.7%, éﬁd five hours after a single intravenous injection
of epinephrine the percent hemolysis was 64.1% and 67.4%, respectively,
for pedigree clean and known carriers in .,48% saline.. This suggests
a picture of higher percent of hemolysis for known carriers prior to
fasting, which reverses to a higher percent of hemolysis for pedigree
- clean after a 72 hour fast and then returns to the initial pre-fasting
picture after injection of epinephrine in which-the known csrriers
have a higher percent of hemolysis. The standard deviations were large
within all groups. It was not possible to compare percent changes in

erythrocyte fragility because pre=fast values were not obtained from
fhe first group of cows, and because different concentrations of sailine
were used on the same animal between treatments. After the sitress of

fasting and injection of epinephrine two cows. died: 'shortly.after the






TABIE XTI PERCENT ERYTHROCYTE HEMOLYSIS OF NON-DWARF AND DWARF CALVES SEVEN TO EICGHT MONTHS OF ACE o

PRIOR TO FAST, FASTED FOR L8 AND 72 HOURS AND AFTER AN INTRAVENQUS INJECTION OF 425 cc.

OF EPINEPHRINE (1:1000) PER 100 POUNDS FOLLOWING: & 72 HOUR FAST

5 Hours After

Prior To L8 Hour 72 Hour Injection of
Fasting Epinephrine
‘ . Percent NaCl

Group No. o560 NN .00 Ol 60 o6l «60 Ol

' % % 4 % %

Non-Duarf 8 82,6 53l 83.0 L5 75.1 7 690 blel
(7.19)2  (1hek2) (7.47)  (16.69)  (15.90)  (21.86)  (22.67) (22,.L9)

Dwarf L 19,2b 25,3P 52,79 22 6P 49,6° 19,9 37,0° 2061

(25.40) (12,79) (20,43) (9.85) (23.37)

:(109337) s

(12.91)  (7.5L)

8standard deviation
bgifferent from non-dwarf group (P<.05)
Caifferent from non=dwarf group (P<,10)

9
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fast (P<.05),, with mean values of 83,0% for non-dwarfs and 52.7%
for dwarfs of percent hemolysis, After 72 hours of fast the differ-
ences in the mean values of 75,1% and 49.6%, respectively, in .60%
saline for non-dwarfs and dwarfs were not as great as before fasting
or after 48 hours fast (F<,10). Five hours after injéctibn of epi=
nephrine following a 72 hour fast the mean values were 69,0% for non-
dwarfs and 37.0% fo; dwarfs, “#gain the differences were not as large
as they were befors the animalg}wépeéfastedw(P“ .10Y, .This indi— -~
cates that the use of a stressor agent such as fasting or epinephrine
failed to increase the differences in percent hemolysis between dwarfs
and non-dwarfs seven to eight months of age. After 72 hours of fast
and after injection of epinsphirine thers.was a:decrease in the dif--
ferences, .The standard deviations were large for both groups, with
especially large increases in standard deviations in the non-dwarf
group following 72 hour fast and after injection of epinephrine..
These data were also analyzed by comparing the percent change
in erythrocyte fragility from the initial non-fasted samples (Table
XII). The tendency was for the non-dwarf to show increases in the
percent hemolysis after fasting and aftef injection of epinephrins,,
while dwarf groups showed a decrease in the percent hemolysis., Us-
ing the percent hemolysis in,964% saline the percent change from
non-fasted values was 54.3% for non-dwarfs and %1202%'f6r dwarﬁs,;
the difference was 66,5% (P<,05),. After a 72 hour fast thefﬁercent
change of erythrocyte fragility in .64% saline were 21.3% incréase
in hemolysis for non-dwarfs compared to =25.5% decrease in the hemoly-
sis of dwarfé,,or a différence of 46.8% (P<..10).. The injection of

epinephrine after a: 72 hour fast eliminated much of the difference



TABLE XIT CHANGES IN ERYTHROCYTE HEMOEYSEIS QF FASTED DWARF AND NON-DWARF CATTLE SEVEN TO
EIGHT MONTHS OF AGE INJECTED WITH .25 c¢e, EPINEPHRINE PER 100 PQUNDS

i

Percent Change from Initial Non-Fasbed Erythrocyte Hemolysis

v 5 Hours afber
b Injsction of
18 Hour Fast 72 Hour Fast Epinephrine

Percent NaCl

Group No, 260 RN _ «60 R .60 Ol
Z 2 % A 7 Z
Nonanarf 8 111-,6 51-!13 2 06 2103 "6024- 19c1
(1L.81)3 (30.53) (16,06) (31,20) (2l.01) (Loe1k)
Dwarf L =346 ~12,2P ~1149 =25 ,5¢ ~28,1 -15,6
(8.41) (17.12) (1ho6k) (19.53) (19430) (30.79)

Sgtandard deviation
byifferent from non-dwarf group (P<.05)
Cgifferent from non-dwarf group (P<.l0)

99
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observed during fasting with changes from initial non-fasted values
of 19,1% and =15,6%, respsctively, in hemolysis of erythrocytes of
non-dwarfs and dwarfs-in .64% saline. The differences decreased be-
tween the dwarf and non-dwarf following injection of epinephrine
and the standard deviation increased.

The standard deviations were extremely large in both groups.
One reason for the large variation in the non-dwarf group was the
fact that three individuals within this' group showed decreases in
the percent chenge of erythrocyte fragility similar to the dwarf
group.. 0f these three showing a decrease one was a known carrier
and the other two both possible carriers., The remaining five,, also
possible carrier calves, in the non-dwarf group, showed' increases
in the percent hemolysis from the initial non-fasted values with
fasting and hormone treatment, This indicates the need for mors
information on younger calves regarding their genotype. If this
information were available the calves could be more accufately clas=
sified and reduce variation within the nonndwarf classifidationw

Presented in Table XIII is the limited data.of six calves one
week or less of age injected with 20 U,S.E. units of ACTH per 100
pounds of body weight in an attempt to further divide the differsnces
between genaﬁypes;h Since the genotypes of the calves were unkncwn
the calves were classified by the x-ray method., The mean vailues of
percent hemelysis for the B x=ray group in .52% saline were 28.2%
prior to injection, 30,1% two hours: after injection and 28,3% four
~hours after injection of ACTH. No significant changes occurred in
the percent hemolysis between or within the B x=ray or C x-ray group

following ACTH,. indicating the procedure on these limited data was
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TABLE XIII PERCENT ERYTHROCYTE HEMOLYSIS OF B X~RAY AND C X-RAY
CALVES ONE WEEK OR LESS OF AGE INJECTED WITH 25 U.S.F.
UNITS OF ACTH PER 100 POUNDS OF BODY WEIGHT

Two hours after Four hours: after
Non=treated injection of ACTH injection of ACTH
Percent NaCl

Group No,. 52 236 05 «56 52 56

% % 5 & % %

B x-ray 4 28,2 17,3 30,1 - 21.4 28,3 18.1

(10.28)8%  (6.48) (10.42) (8.40) (10.60)  (7.27)
C x=ray 2 5204 39.6 52.8 35.8 51.2 32,2

(13.79)  (15.70) (25.66)  (22,99) (19.94) (14..36)

&gtandard deviation
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of no value in further dividing the two groups.. Contrary to work
with these calves, Massey et al. (1958) found a-significant increase
in the difference between pedigree clean and known carrier cows: for
er&throcyte fragility following injeetion of ACTH,. A possible rea=
son for the difference in response following ACTH might be the ages
of the cattle utilized in the studiess. Massey et al.. (1958) used
mature cows compéred to the calves one week or less of age in this
study. Also, the level of ACTH injected might have differed,. since
no dosage levels were reported in the article by Massey et al.. (1958).
GéneralmDisoussion

These data indicate rather clearly that age is a very important
factor affecting erythroéyte fragility. The erythrocytequf calves
at birth seem to be very resistant to osmotic fragility, however,.
this isra rapidly passing phase, as calves atzone to two monthS';re
less resistant, with a further decreased resistance to hypotonic sa-
line of calves: at seven to eight months,  After the high point at
seven to eight months in percent hemolysis of erythrocytes there is
a gradual increase in resistance of erythrocytes to osmoltic fragility
to relatively constant levels after three years of age, These data
agree closely with the other studies of the effect of age on eryth-
rocyte fragility (Holman,, 1956;; Greatorex, 1954)..

The study of the relation between genotype and erythrocyte fra;
gility indicates that differences between genotypes: is dependent up-
on the age of the animal. There were non-significant differences be-
tween known carrier cows and pedigres clean cowa@thretho nine years
of age, The tendency, however, in all saline solutions was for the

known carriers to have a higher percent of erythrocyite hemolysis,



Heifers 18 mouniths of age showed a similar trend with the dwarfs have
ing a higher psrcent of erythrocyte hemolysis than non=dwarfs, but
again this difference was not significant. Younger animals, however,
showed an opposite ftrend with the erythrocytes of seven to eight
months old dwarfs being more resistant to osmotic hemolysis than
were the erythrocytes of non-dwarfs,

The reasons for the change in erythrocyte hemolysis between 18
months old animals and those seven to eight months of age is not clsar,
This trend was seen in all younger groups with the exception of the
three months old group. In the one to two months and one week or
less age groups the erythrocytes of known carriers were found to be
more resistant than were those of the pedigree clean calves, the dif-
ferences being highly significant in the youngest age group. In the
thres months age group, which did not conform to the patitern of the
other young age groups, calves predicted to be clean of dwarfism on
the basis of their lumbar x-rays were more resistant to erythrocyte
hemolysis than were calves predicted to be carriers, However, it
should be pointed cut that only a limited number of calves were stud-
ied, and the differences were not clear cut,

The highly significant differences observed in the fragility of
the erythrocytes of known cerrier and pedigree clean calves at one
week or less of age suggest the need for further study. The accuracy
obtained in this study indicates that the fragility of erythrocytes
at one week or less of age should be considered as a method of iden-
tifying carriers of the snorter dwarf gens, However, extensive re-
sesrch under widely differing environmental conditions must be made

before there can be a clear evaluation of this procedure.



Neither fasting or the injection of epinephrine increased the
differences in erythrocyte fragility. The injection of ACTH into
calves one week or less of age likewise did not increase the differ-
ences observed between pedigree clean and known carrier calves,
These results indicate that none of the stress techniques, as used

in this study, offer any promise as a diagnostic test.



Other Hematological Studies:

In addition to the erythrocyte fragil%ty studies several other
hematological studies were made on the young calves available in
1959. These studies included hematocrit (packed cell volume),. he-
moglobin, erythrocyte numbers, mean corpuscular volume (M.C.V.),
mean corpuscular hemoglobin CMmC,H,Y5 mean corpuscular hemoglobin J
concentration (M.C.H.C.}), leucocyte differential counts, specific
gravity of plasma, and electrophoretic analysis of plasma protein,
Not all observations: were made on all calves because of time limi-
tations, Studies were made on a total of 59 calves from Projects
873 and 670 that were one week or less 6f’age, divided on the basis
of genotype into 21 pedigree clean, 25 possible cairiersp 8 known
carriers, and 5 comprest calves., There were 25 calves ranging from
one month to two months of age divided into 16 pedigree clean, five
possible carrier, and four known carrier calves, Studies were also
carried on 12 calves that were three months of age, and which were
possible carriers since their mothers were known carrier cows from
Project 873.. Leucocyte differential counts were also reported for
nine older animals that received intravenous injections of insulin,
This group included four dwarfs varying in ages from one and one-half
to two and one-half years of age and five non-dwarfs, three of which

were one year of age and two were mature cows,

72
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Hematocrit

Table XIV compéres the hematocrit values of pedigree clean,
possible. carrier,, known carrier, and comprest calves: of varying
ages.. At one week or less of age the hematocrit values were higher
for pedigree clean than known carriers (F<.10), with values of
35.7% for pedigree clean and 32,6% for known carriers., The mean
hematocrit value of 33.7% for possible carriers was intermediafe
to the known carriers and to the pedigree clean groups.. The com-
prest calves had a mean hematocrit value of 34.8% which was higher
than the possible carrier calves but slightly less than the pedi-
gree clean calves;,.

Calves one to two months of age show a:trend similar to calves
one week or less of age although the differences were smaller.. The
pedigree clean calves had a slightly higher hematocrit (38.8%) than
known carriers (37.8%). The mean values for possible carrier calves
(38,2%) was again intermediate to known carrlers and pedigree clean
for the hematocrit mean values.

The age group consisting of calves three months of age was di-
vided on the basis of x=~ray since other information was not avallable
to accurately determine thelr genotype. The C' x-ray group, calves
predicted clean, had a mean hematocrit value of 40.4% as compered to
the mean value of 38,8% for the B x«ray group which included those
calves predicted to be carriers on the basis of thelr lumbar x-rays..
The trend at this age 1s similar to that seen at younger ages if one
assumes: the X=ray fechnique is fairly accurate in identifying clean
and carrier calves,.

Although no dwarfism genotype studies of hematocrit values have

been made on young calvesy; these results might be compared to studles
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on older cattle. Fransen {1955) reported 41.3% for controls versus
36,7% for dwarfs, while Cornelius et al. (1956) gave a value of 38,1%
for the dwarfs, As might pe expected these hematocrit values were
slightly higher for the older cattle than for calves, however, they
found the mean values for dwarfs in general to be lower than for non-
dwarfs,

Comparison of the means of the three different age groups (Table
XIV) sh§ws that calves at birth have a:lower hematocrit value than
do older calves (P<,005),. The mean hematocrit value for very young
calves of 34.2% increases to 38.5% for the one to two months age group
and further increases to a mean of 39.5% in the three months age group.
Holman {1956) reported a values of 42% af birth which decreased to
35.0% a few days after birth and remained constant through 24 months
of age, Greatorex (1954) also reported a mean value of nearly 50.0%
at birth, with decreasing values from 28 weeks to one year of age.
The‘data presented here disagrees with the works of Holman (1956) and
Greatorex (1954) in that the hematocrit values increased: from birth
to three months, Although it is not clear why the mean of calves at
one week or less of age in this study was so low; it suggeste that
some calves were anemic or bordering on an anemic condition.. The
higher mean values at one to two months end three months indicate
the calves were anemic for a short period of time,.

These data indicate that only small differences exist between
pedigree clean and known carrier calves\in hematocrit vg.lues° How=
ever, there is a tendency in all age gréups for the pedigree ¢lean.
and those predicted clean on x=-ray to have slightly higher values

than the known carrier and B x-ray calves. This agrees with research
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. TABLE XTIV HEMATOCRIT, HEMOGLOBIN, AND ERYTHROCYTE VALUES FOR
PEDIGREE CLEAN,. POSSIBLE CARRIER, KNOWN CARRIER,. AND

COMPREST CALVES AT VARIOUS AGES

Group Hematocrit Hémoglobin Erythrocyte No
% gme/100 ml.. mi11ion/mm
One Week or Less
Pedigree Clean 35,7 (21 10,8 (19) L7.09 . (17)
(3.84)% (1.07) - (m862)
Possible Carriers: 33..7 (25) 98 (24) 60507 (13):
(5.45) (1.68) (1.300)
Known Carriers 32.6¢ (8) 10,0 (7 6,87 (7)
(4.22) (2.0%) (1.080)
Comprest 34e8 (5) 10.8  (4) 6,32 (3)
(4..32) (1.15) (0.425)
Group Average 34028 (59) 10438 (54) 6,80 (40)
(4u73) (1.53) (1.062)
One to Iwo Months
Pedigree Clean 38.8  (16) 12,2 (16) 8.21  (16)
(2.80) (0.91) (1.121)
Possible Carriers: 38,2 (5) 11.9 (5) 8.43  (5)
(3.49) (1.04) (0.803)
Known Carriers 37.8 (4) 1.5 (4) 775 (4)
(5.44) (3.16) (0.702)
Group Average 38,5 (25) 12.00  (25) 8,18  (25)
(3.28) (1.12) (1.000)
Three Monthg
C X-Ray 0.4 (6) mememe 916 (6)
, (5.54) , , (1.309)
B X~Ray 38,8 [€2) S — 8,7  (6)
(4.62) (1.545):
Group- Average 3945 (17 R —— - 8,95 (12)
(4o93) (1.382)

8standard deviation
bnumber of animals:
Cdifferent from pedigres clean group (P<,.10)
ddifference between age groups: (P<.005)

8different from calves of one week or less (P<,001)
f4ifference between age groups: (B<.01)
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on older animals where dwarfs have shown slightly lower mean hematoc-
crit values from one week or less: of age to three months, which sug-
gests the need for recognition of the age factor and the control, or
correction for it, especially in younger animals,

Hemoglobin

Table XIV presents the hemoglobin values of pedigree clean, pos—
sible carrier, known carrier, and comprest calves of one week or less
of age and one to two months of age. The pedigree clean calves had
a value of 10.8 grams of hemoglobin per 100 milliliters of blood com-
pared to the known carrier group with a mean value of 10.0 grams of
hemoglobin, a difference in the means of 0.8 of a gram. The mean of
the possible carrier calves, 9.8 grams, was nearly the same as the
known carriers, while the value for the comprest calves was 10,8 grams,
identical with the value for the pedigree dean calves,

The mean hemoglobin levels of calves one to two months of age
were 12,2 grams for pedigree clean and 11.5 grams for known carriers,
~a difference of 0,7 of a gram.. The possible carrier group was inter=
mediate to the means of the pedigree clean and known carriers with a
mean of 11,9 grams of hemoglobin,

Cornelius et al. (1956) reported hemoglobin values for dwarfs
of 11,7 grams which he stated were lower than values obtained from
non-dwarf cattle, Fransen 61955Y'reported a mean hemoglobin level
of 11.3'grams for dwarfs which was lower than the mean of 12.5 grams
for the controls, Hafez gt al. (1958) gave no data but indicated
a lower hemoglobin level wassobserved in dwarfs than in the con-
trols. Although the animals in these reports were of an older age,
the same trend was reported for dwarfs as was observed in the known

carriers in this study, In general the known carriers and dwarfs



show stightly lower hemoglobin values than do pedigree clean calves
and non=dwarf cattle.

The mean hemoglobin level of all calves at one week or less was
10.3 grams compared to 12.0 grams at one to two months, the differ-
ence was 1,7 grams of hemoglobin (P<,001), Holman (1956) reported
13.0 grams of hemoglobin at birth which decreased to 11.0 grams at
one week and remeined constant to 24 months of age. Greatorex (1954)
found high levels of hemoglobin at birth which decreased during the:
first few. weeks of age, The data presented in this study indicates
an increase in hemoglobin values from one week or less of age to one
to two months of age, while the work of Greatorex (1954) and Holman
(1956) showed a decrease in hemoglobin from birth. Comparison of
the hemoglobin value of 11,0 grams at one week of age (Holman, 1956)
with the mean value of 10,3 grams in this study, indicates that the
mean value in this study is within the normal range. However, some
calves had values of six or seven grams of hemoglobin at one week or
less of age, which borders on an anemic condition. This low hemoglo-
bin values of a few calves at birth, which increased markedly by one
to two months of age, is probably an explanation for the increase in
hemoglobin wvalues, within the first few months, that was observed in
this study..

The genotype studies suggest small differences between pedigree
clean and known carrier calves with a tendency for the pedigree clean
to have a higher hemoglobin readings than known carriers. Other stud-
ies indicate a similar trend with dwarfs having a lower mean than non-
dwarfs. The age stﬁdy indicates an increase in hemoglobin level of

the blood from one week or less of age to one to two months of age.
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Erythrocyte Number

The erythrocyte numbers of pedigree clean, possible carrier,
known carrier, énd conprest calves of various ages are compared in
Table XIV, At one week or less of age the pedigree clean calves
had a mean value Qf 7.09 million erythrocytes per cu, mm., compared
to 6.87 million erythrocytes for known carriers, or a difference of
022 of a millibn. The possible carriers had a mean of 6,50 million
erythrocytes, lower than either the pedigree clean or known carrier
group,. The comprest calves: had the lowest value for erythrocyte nume
ber with a mean of 6,32 million per cu., mm., The standard deviations
were large within groups, especially in the possible carrier and
known carrier groups. At one to two months of age the pedigree clean
calves had a value of 8,21 million erythrocytes compared to 7..75
million for the known carriers. The difference was 0.46 million,
but not significant because of the large variation within groups.

The possible carrier calves at one to two months of age had the high-
est mean value of 8.43 million efjthrocytes per cu, mm, The C x=ray
calves three months of age had a mean of 9..16 million erythrocytes
per cu, mm,,.compared to 8974 million erythfbcytesrfor B %~ray calves.
The differences were small with large standard deviations for both
the C x~ray and B x=ray groups..

Erythrocyte studies of dwarfs by Fransen (1955) reported 8.1
million erythrocytes: for dwarfs as compéred to 9,7 million for con-
trols., Cornelius et &l..(1956) reported a value of 9,8 million eryth-
rocytes: per cu, mm,. for dwarfs ranging in age from six days to 14
months, Both authors found the dwarfs to have lower erythrocyte num-

- ber than non-dwarfs, the differenceés were small and non-significant,
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In this study small differences were. also found between kﬁown car-
rier and pedigree clean calves with the pedigree clean calves having
higher values,

The comparison of the calves at different ages for erythrocyte
number shows a.value of 6,80 milli@nverythr©cytesipern@u; mm, &b one
week or less of age which increased to 8°ﬁ8 million at one to two N
months and further increased to 8,95 million at three months of age.
This is a difference of 2,15 million erythrocytes for calves at one
week or less of age compared to cdlves at three months (P<.01)..
Albritton (1952) in a review of blood values gave a value of 6,8
million erythrocytes at birth, while Greatorex (1954)' reported 7.4
million erythrocytes at birth which inereased to 8.1 million at &-12
weeks, Holman‘(1956Y‘reported 8,0 million erythrocytes at birth
with no consistent change within the first few weeks after birth..
The data presented here agrees with the studies of Greatorex (1954)
and Albritton (1952) in which the erythroeyte numbers are lower at
birth and increase the firét‘weeks after birth,.

The difference iIn erythroeyte number between pedigree clean
and known ecarrier ecalves at all agesr was 'small and non=gignificant,
Howevery:ﬁhe pedigree clean calves had higher erythrocyte number at
all ages studied, The age study of erythrocyte number‘indicated in=-
creasing number of erythrocytes after one week or less: of &ge, These
differences - were significant and suggest that age should be consid-
ered as a factor affecting erythrocyte number.

Mean Corpugcular Volume
Thngﬁiues for mean corpuscular volume of various ages are re--

ported in Tgble XV. The mean value for meaen corpuscular volume at
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TABLE XV MEAN CORPUSCULAR VOLUME, MEAN CORPUSCULAR HEMOGLOBIN, AND
MEAN CORPUSCULAR HEMOGLOBIN CONGENTRATION VALUES FOR
FEDIGREE CLEAN, POSSIBLE CARRIER, KNOWN: CARRIER,

AND COMPREST CALVES AT VARTOUS AGES

(5.92)}

Mean
Mean Mean Corpuscular
, Corpuscular Corpuscular Hémoglobin
Group: Volume Hemoglobin Concentration
Cu, Microns Micro- %
Micrograms:
One Week or Less
Pedigree Clean 52,7 (17)P 15.7  (15) 30.6°  (19)
(7.83)8 (2.36) (1.57)
Possible Carriers  50.7  (13) 15,07 (12) 295 (24)
(4ed2) 27y (2.18)
Known Carriers: 46.5¢ (7Y 13.9°  (6) 30,3  (7)
(3.54) , (1..54) o (2.81) o
Comprest 5648 (3) 173  (R) 30,0  (4)
(5:41) (2.40) (1.69)
Group Average 5134 (40) 15.2 (35 30,04 (54)
(6.48); (2.00) (2.06)
One to Two Months
Pedigree Clean 47.9  (16) 15.0  (16) 31.5  (16)
(6.07) o (1.84) (1.10y
Possible Carriers:  45.6 (5) 14e3 (5 31.3  (5)
o ' (5..38): (2.27). (1.78)
Known Carriers 49,00 (4) 1497 (4 304  (4)
(8o.271)! - (2..72) (1.02)
Group Average L6 (25) 14.90 (25}  31.3 (25)
(6.13) (1. 99) (1.25)
Three Months
C X=Ray 45.8 (6)  emmmmm o
(679
B X<Ray bfie8: (6) — e i
(5.51)
Group Average 4544, 2 L — - ———

8standard deviation
brumber of animalse
Cdifferent from pedigree clean group (P<.10)
ddifference between age groups: (P<,01)
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one week of age or iess wﬁs 52.7 cubic microns for pedigree clean
and 46.5 cubic microns for known carrier calves,, tﬁe aifference was
6,2 cubic microns (P<,.10).,. The‘méan of thé fossible carriers wag
intermediate to the means of known carriers and pedigreé clean calves,
the value was: 50,7 cubic microns.. The comprest calves had a mean of
56,8 cubicvmicrons, the highest mean value of any group. The calves
at one to two months of age show a higher wvalue for mean corpuscular
volume for known carriers than pedigree clean, which is opposite to
what is seen in calves at one week or less of age., The mean for pedi-
gree clean calves was: 47,9 cubic microns and for known carriers was
49.0,.a difference of only 1.7 cubic microns. Calves at three months
had values of 45.8 cubic microns for the C x-ray group and 44.8 cubic
microns for B xray calves; the difference was 1.0 cubic micronspi
which was non-significant. These data indicate no consistent dif-
ference between pedigree clean and known carrier calves, At one week
or less of age the pedigree clean calves had a higher value for mean
corpuscular volume than known carriers; however, at one to two months
of age the known carriers had a slightly higher mean while*ét three
Eihbnths the C xeray group, those prgdicted glean9 had a mean which
was one cubic micron larger than the B xeray calves..

-+ The averages of the three different age groups indicatéd that
as the calves increased in age there was a decrease in mean ‘Corpuse
cular volume (P<.01). Calves one week or less had a.group average
of 51.3 cubic microns which decreased to 47.6 cubic microns ét one
to two menths and further decreased to 45.4 cubic microns at three
months of éééo Holman (1956)" reported corpuscular size at birth av-

sraged 44.9 cubic microns, which decreases in size after birth to.
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30,8 cubic microns at two months of age, The data presented here
also indicate a decrease of mean corpuscular volume to two months
of age, however, the values reported in this study are higher than
those reported by Holman (1956),. An explanation for this is the
higher erythrocyte number reported by Holman (1956)., Since this

is & calculated value with the erythrocyte number in the denominator,
any increase in erythrocyte number would decrease the mean corpuscu-=
lar volume,

The genctype studies indicate no consistent or significant dif-
ference between pedigree clean and known carriers for mean corpuscu-
lar volume, As calves increase in age from birth there is a signifi-
cant decrease in mean corpuscular volume,

Mean Corpuscular Hemoglobin

The values for mean corpuscular hemoglobin of pedigree clean,
possible carrier, known carrier, and comprest calves of one week or
less and one to two months of age are found in Table XV, The means
were similar for the pedigree clean and known carrier calves: with
mean values of 15,7 micro-micrograms for pedigree clean and 13.9
micro-micrograms for possible carriers, The possible carriers have
a mean value of 15,0 micro-micrograms, intermediate to known caf;
riers and pedigree clean calves., The value for mean corpuscular
hemoglobin for comprest calves was 17.3 micro-micrograms the highest
mean value for any group,

The means were nearly identical for pedigree clean and known
carriers at one to two months of age. The pedigree clean calves had
a value of 15.0 micr0amicrogramsiwhile the known carriers had an al-

most identical mean of 14.9 micro-micrograms,. The possible carriers
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had the lowest mean corpuscular hemoglobin at one to two months,
1403 micro-micrograms. Npo other research has been conducted on the
relation of dwarfism to mean corpuscular hemoglobin except the study
here,

The difference between the average of the calves at one to two
months and one week or less of age was sﬁall and non=significant,

The mean corpuscular hemoglobin at one week or less of age was 15.2
micro-micrograms as compared to 14.9 micro-micrograms at one to‘two
months of age, This indicates little change in mean corpuscular
hemoglobin in the first few weeks after birth.. The only reported
value in the literature for calves at birth was 14.1 micro-micrograms
(Albritton, 1952). This would indicate the data presented here to

be in the normal range, however, the values in this study are slightly
higher,

The data hers indicate no consistent or significant differences
between pedigree clean and known carrier calves in mean corpuscular
hemoglobin; No significant trend was found between calves one week
or less of age as compered to celves one to two months of age for
mean corpuscular hemoglobin,.

Mean Corpuscular Hemoglobin Goncentration

The mean values of pedigree cleang\possibie carrier, known car-
rier, and comprest calves of one week of age or less and one to two
months of age for mean corpuscular hemoglobin concentration are re-—
ported in Table XV, The means were similar for all genotypes in the
youngest age group with values of 30,6% for pedigree clean célve89
29.5% for possible carriers, 30.3% for known carriers, and 30,0% for

comprest calves, The mean corpuscular hemoglobin conecentration values
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at one to two months of age were similar for all groups, the means
were 31.5% for pedigree clean calves; 31.3% for possible carriers;,
and 30. 4% for known carriers, Since these values were so similar

no significant dlfferences were found between pedigree clean and
known carrier calves;

| Comparison of the averages‘for the two age groups shows an in-

crease in mean corpuscular hemoglobin concentfation,from one week

or less of age with a mean of 30,0% to a ﬁean of 31.3% at one to two
months of age (P<.01). Although the difference was only 1..3%, be-
cause of the small standard deviations the increase in mean corpuss
cular hemoglobln concentration was significant. Greatorex (1954)
found little variation in meen corpusdular hemoglobin concentration
at birth while Holman (1956% rsportedvan average of 31%.from birth
to 24 months of age. The values and var;ation of these datsa compaf@
favofably with those of Holman (1956? aﬁd.Gfeatorex C1954T¢

| The.mean corpuscular hemoglobin concentration in these data showed
little variation within genotype or age groupso NofsignifidAnt dif=
ferences were found between pedigree elean and known carrlers in this
study for mean corpuscular hemoglobin concentrationn Comparison of
CQIVes one week or less of age with calves one to two months revealed
a signlflcant increase in mean corpuscular hemogloblno‘
: Egcific Gravi X_gg_Fiasma |

| ‘Specific gravity of plasma was measured in this study as & fac-
tor involved in the differences in plasma protein, since protein is
the main factor affecting the specific gravity of plasma. Therefore,
if differences existed‘in the specific gravity of plasmg between genc-

types the amount of protein might be a factor causing the differences
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in erythrocyte fragility betwsen pedigree clean and known carrier
calves, Table XVI compares the specific gravity of plasma of pedi-
gree clean, possible carr‘igr'9 known carrier, and comprest calves

one week or less of age and one to two months of age. Calves one
week or less of age showed similar means for all groups with values
of 1.0238 for pedigree clean calves and 1.0240 for known carrier
calves,. The possible carrier group had the highest mean value of
1.0254, while the comprest calves had a mean of 1.0242;, similar to
the known carrier calves, At one to two months of age the group
means were also similar with values of 1.0233 for pedigree clean
calves and 1.0228 for known carrier calves., The fact that the means
were similar for known carriers and pedigree clean calves at both
ages indicates that no real difference exists between the genotypes
for specific gravity of plasma., This is confirmed by the possible
carrier group, which at one week or less of age had the highest mean
value for specific gravity of any group. The mean for this group
should be intermediate if a real difference existed between the known
carriers and pedigree clean calves, and if the possible carrier group
contained calves of both genotypes, as.would be expscted.

Comparison of the averages: of the two age groups for specific
gravity of plasma gives values of 1.0245 for calves one week or léss
of age and 1.,0232 for calves one to two months of age, the difference
was 0013 (P<.025),. This indicates a significant decrease in spe-
cific gravity of plasma from one wesk or less of age to one to two
months of age,

The dwarfism genotype studies of specific gravity of plasma in-

dicate non-significant differences between pedigree clean and known
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TABLE XVI SPECIFIC GRAVITY OF FLASMA OF PEDIGREE CLEAN, POSSIBLE
CARRIER, KNOWN CARRIER, AND COMPREST CALVES OF ONE WEEK

OR LESS AND ONE TO TWO MONTHS OF AGE

Group:

One week or
less of age

One to two
months of age

Pedigree Clean

Possible Carrier

Known Carrier

Comprest

Group Average

1.0238 (21)b

(0.0016)8

1.0254  (21)
(0..0029)

1.0240 (8)
(0,0019)'

1.0242 (5)
(0.0027):

1.0245  (55)
(0..0024)

1.0233 (16)
(0..0007):

s i e et s e e

1.0228  (4)
(0..0001)

D s Qi e e v S

1,0232° (25)
(O&OOOEW

8standard deviation
Prumber of animals

Cdifferent from one week or less of age. (P< .025)
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carrier calves, The difference betwsen calves one week or less of
age and those calves at one to two months of age indicated a signifi-
cant decrease in specific gravity of plasma; therefore, the age fac-
tor should be considered in studies with specific gravity of plasma,
Leucocyte Differential Counts

The values reported in Table XVII are the leucocyte differential
cbunts of pedigree clean, possible carrier, known carrier, and com=
prest calves, These data were collected from 24 calves ons wsek or
less of age, divided on the basls of genotype into 13 pedigree clean,
6 possible carriers, 3 known carriers, and 2 comprest calves, No
significant differences were found between pedigree clean and known
carriers for any of the differential leucocytes typmes, The means
for the pedigree clean calves were 34.2% lymphocytes, 47.9% segmented
neutrophils, 11.5% unsegmented neutrophils, 59.4% total neutrophils,
3.0% monocytes, 0,6% eosinophils, and 3,0% undifferential cells com=
pared to known carrier means of 45.3% for lymphocytes, 30% segmented
neutrophils, 12.7% nonsegmented neﬁtrophilss 42,7% total neutrophils,
5.3% monocytes, 2.0% eosinophils, and 5.0% undifferenﬁiated cells,. .
Large standard deviations were found within groups for most types of
leucocytésg The means of the possible carrier group fell betwsen
the means for pedigree clean and known carrier fof all types of cells.
The values for differential counts of calves in the comprest group
were not consistently similar with any of the groups in this study.

The tendency in this study was for the pedigree clean calves to
have a higher percent of neutrophils and a lower percent of lympho-
cytes than the known carriers, It is difficult to make a comparison

with other studies because of the difference in ages of cattle studied,



TABIE XVII LEUCOCITE DEFFERENTEAL COUNTS OF PEDIGREE CLEAN, POSSIBLE CARRIER,
KNOWN CARRIER, AND COMPREST CALVES OF ONE WEEK OR LESS OF AGE

Segmented Non-Segmented Total Undifferentiated

Group Noa Lymph% cytes Ngutrgphils _ Neutr%phils Neutrjgaphi]_.s Mmogytes Eosin%phils S Cells
Pedigree 13 3.2 17,9 113 59.h 3,0 046 3,0
Clean (15.84)2 (16.32) - (6427) (186L3) (3.58) - (0.60) (1679)
Possible 6 38,8 116,0 8,0 Bl 0 L.5 0.7 2.0
Carriers (11.20) (12.95) (2483) (12.87) (3.02) (0,51) (1.67)
Known 3 h503 30'1:0 12 07 _ h207 503 2.0 5.0
Carriers (17.39) (9.85) (8633) (9.07) (Le73) (1.73) (3.61)
Comprest 2 25,0 55.0 18 6245 645 - 1.5 L5
(12,73) (21,21) (0.71) (21.92) (6436) (0.71) (345L)

8gtandard deviation

38



The work of Cornelius et al.. (1956), with dwarfs ranging in ages
from one week to 14 months of age, reported 55.6% for lymphocytes
and 33,3% for neutrophils as compared to 68% lymphocytes and 23.7%
neutrophils for comtrols. The difference.between normal and dwarf
cattle in percent of neutrophils and lymphocytes was highly signifi=
cant (Cornelius gt al., 1956)., This shows an opposite trend in
lymphocyte and neutrophil percent between this study and the work
of Cornelius gt al.. (1956)., A possible explanation is the differ-
ence in ages of the cattle studied, since at young ages there is a
big change in the leucocyte picture, The neutrophils are the larg-
est percent of leucocytes at birth, and also a few days after birth,
but this quickly passes intc a lymphocyte dominated picture. This
indicates that research dealing with leucocytes should be restricted
to a limited age group rather than calves varying considerably in
age.

Table XVIII compares the percent of the different types of leu=
cocytes for dwarfs and non-dwarf cattle at time of injection of in-
sulin and one and two hours after an intravenous injection of 36
units zinc insulin per 100 pounds: of body weight,_,This level of
injection was the oné reported by Foley et al. (1956) and was the

one recommended in the "insulin test®™ for dwarfism. This study was
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limited by the availability of dwarf test animals, Data are reporied

on dwarfs varying in age from one and one=half to two and one=half
years of age, and a non-dwarf group of five animals, three: of which
were one year of age and two mature cows..

No significant differences were found betwsen dwarfs and non-

dwarfs for the different types of leucocytes. The dwarf group had



TABLE XVIII IEUCOCYTE DIFFERENTIAL COUNIS OF DWARFS AND NON-DWARFS
INJEGTED WITH INSULIN

1 Hour After 2 Hours After

" Non-Treated L Injection of Insulin Injection of Insulin
Type of ' i ‘ . L
Leucocyte Dwarfs NonaDwarfs Dwarfs - Non=Dwarfs. Dwarfs .. . Non=Dwarfs
Noe L 5 h 5 Lo 5
Lymphocybes 6306 77.&11- ’ 5&»0 6968 61—]-00 6)-106
, (3.86)2 (12.99) (11.37) (16,75) (10.95) (19.73)
Neutrophils 30,0 16.8 34,0 23,0 30,5 30,2
(6627) (12,11) (6e8) - (13.13) (9426) €10.67)
Monocytes L8 3.8 28 366 _ 2,0 16
(3.77) (0.8L) (2.87) (2.19) (1.58) (0.55)
Fosinophils 2.2 2.0 55 2.6 262 1.k
(0696) (1.23) (3.70) - (2.08) (2.22) (0.99)
Non=Segmented 0.2 0.8 3.0 1.h ; 1,0 1,0
_ Gra:aulos‘*_ 33 (0690) (laBG) » (1 oéh) (2 619) ‘ (1'053 ) (2 078)

agtandard deviation

06
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means of 63,0% and 30.0%, respectively, for lymphocytes and neutro-
phils as compared to means of 77.4% and 16.8% for non-dwarfs before
the injection of insulin,. The increased percent of lymphocytes and
decreased neutrophil percent for non-dwarfs was not significantly
different from the dwarf group because of the large standard devia-
tions within groups, The values for monocytes, eosinophils, and
nonusegmented grandulocytes are very similar between the groups.
Comparison of lymphocytes and neutrophils one hour after injection
of insulin shows means of 54.0% and 34.0%9brespéctively9‘for dwarfs
compared to 69.8% and 23.0% for non-dwarfs,. One hour after the in-
jection of insulin the differences between the means of non-dwarfs
and dwarfs are less than at injection time and the standard devia=
tions also increased. The means' for lymphocytes and neutrophils

two hours after injection were 64.0% and 30.5% for dwarfs and 6/.6%
and 30.2% for non=dﬁarfs which were nearly identical and not signifi-
cantly different. Monocytes, sosinophils, and non-segmented granu=-
locytes showed no consistent or significant changes or differences
between dwarfs and non-dwarfs, This agrees with the work of Fransen
(1955)" and Deyoe et al. (1957}, in which no significant differences
were found in the type of leucocyte between dwarfs and non-dwarfs,
However, there was:a tendency for the dwarfs to have higher wvalues
for neutrophils and lower values for lymphocytes than non-dwarfs
which agrees with the work of Cornelius gt al, (1956), and Fransen
(1955),. The large variation within the dwarf and non-dwarf groups
'"‘indiéatesltheaheédﬁfor animals of similar age., The injection of in-
sulin not only failed to increase the difference in types of leuco-

cytes but decreased the difference between dwarf and non-dwarfs.
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The limited animals which were studied in these two experiments
indicated large variation within genotypes for léucocyte differential
counts and non-sgignificant differences between dwarfs and non-dwarfs,
and between pedigree clean and known carrier calves,. Although age
muét be considered as an important source of variation, there is need
for control of other sources of variation as health of animal, level
of nutrition, stress conditions, and refinement in the techniques
used in leucocyts counts.

Electrophoretic Analysis of Plasma Proteins

This study indicated that it was:- not possible to accurately seps=
rate each type of plasma protein because of the overlaps within frac-
tions; therefore, values are reported for five distinct fractions des-
ignated by numbers. The identification of each fraction was made by
comparison with known plasma protein fractions of mature cattle cone
ducted under exactly the same conditions. By this comparison fraction
I was composed of albumin, fraction II was alpha-one globulin, frac-
tion III was primarily alpha=two globulin with some beta globulin,
fraction IV was primarily beta globulin and fibrinogen with small quan-
tity of gamma globulin, and fraction V was gamma globulin, The area
of each fraction was determined by separating the plasma proteins on
the strip at the low points hetween each peak and with an integrator
determine the area under each peak., Bach fraction is expressed as a
percent of the total protein on the strip to eliminate the error due
to quantity of plasma placed on the strip..

Table XIX compares the‘electrophoretic analysis of pedigree clean,
possible carrier, known cafrier, and comprest-ealves of one week or

less of age, Data are reported on-:36 calves divided on the basis of
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TABLE XIX PLASMA PROTELN ANALYSIS OF PEDIGREE CLEAN, POSSIBLE CARRIER,.

KNGWI\I CARRIER, AND COMPREST CALVES OF ONE WEEK @R LESS OF AGE

s
i

i

o

i
ot

Fraction Fraetion Fraction Fragtion Fraction

Group Nos I ITI IIT v v

‘ ' A - g % 7z
Pedigres 18 28,5 26,8 18,2 19,0 Te7
Clean (2,098 (3.83) (1.87) (3+29) (3.11)
Possible 13 26,9 25,0 17.8 21,5 848
Carrier (2 003) (3&57 ) (2 016) (3083) 3 ()4130)
Known 6 29,6 29,0 6.7 19,0 5.6
Carrier (3.55) (3.10) (0.92) (5.09) (2,06)
Comprest 2 33.h 22.3 13.0 21,3 L9

8gtandard deviation

€6



9%

genotype into 15 pedigree clean, 13 possible carrier, six known care
rier, and two comprest cslves; The plésma-protein pebterns of calves
one week or less of age were very consistent between animals as in-
dicated by the small steandard deviations., No significant differences
were found between pedigree clean and known carriers for any of the
rlasma protein fractions, The values for fraction II are 26,8% for
pedigree clean, 25,0% for possible carriers, 29.0% for known carriers,
and 22,3% for comprest which indicates the small differences between
means. The possible carrier calves showed no consistent pattern in
relation with known carriers and pedigree clean calves, being in some
cases higher,. lower, and intermediate to these groups, Comprest calves
had the highest value of 33:4% for fraction I and the lowest mean Qalue
of 4.9% for fraction V,

Further comparison of plasme proteins made on pedigrse clean and
known carrier calvés one to twé months of ége are found in Table XX,
This study included nine pedigree clean and five kncown carrier calves,
Plasma protein fractions I, II, IV, and V were similar between pedi-
gree clean and known carrier calves while fraction III was:-different
(P<.10). The mean values for pedigree clean were 35.5%, 23.1%, 19.8%,
17.4%, -and 4.3%, respectively, for fraction I, II, III, IV, and V while
the values for known carriers were 35.6%, 23.0%, 17.6%, 18.3%, and 5.5%.

A comparison of plasma protein analysis of calves one week or less
of age and calves one to two months of age is presented in Table XXI, .
Fraction I increased from & mean valus of 28,4% for calves one week or
less of age to & mean value of 35.4% at one to two months of age (P< .001).
However, fraction II had decreased from a mean value of 26..3% to 2302%

at one to two months {(F< ,01),. Fraction III mean value was 17.8% for



TABLE XX PLASMA PROTEIN ANALYSIS OF PEDIGREE CLEAN AND KNCGWN
- CARRIER CALVES QF ONE TO TWO MONTHS OF AGE

Fraction Fraction Fraction Fraction Fraction
Group - Noa I . II 111 . IV . ' v
_ 4 % % % 4
Pedigree 9 35 05 23 o.-}- 19 08 17 e)-'l- )-lo;3 )
Clean (2.80)2 (1c45) (L.7h) (2.9h) (1.0L)
Known’ 5 35,6 23,0 17,60 1843 5.5
Carrier (1.36) (1.16) (1e21) (2.02) (1.,50)

agtandard deviation
bgi fferent from pedigree clean group (P<,10)
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TABLE XXT PLASMA PROTEIN ANALYSIS OF CALVES ONE WEEK OR I.'E‘.SS
' OF AGE AND CALVES 'QNE TO TWO MONTHS OF AGE

38

Fraction'

Fraction Fréction Fraction Fractien
Group . Nos I IF ITE IV .
' % 4 4 F 'z
One Week or Less 36 28,1 26,3 17.8 20,0 7.6
(2.81)2 (3.89) - (1.88) (3.87) (3639)
One<Two Months 16 35,40 23,2¢ 19,14 17,74 1,68
(2,31) (1.73) (1.83) (2471) (1429)

Agtandard deviation
bgifferent from one week or less of age (P<,001)
Cdifferent from one week or less of age (P<,Ol)
- d4ifferent from one week or less of age (P<.05)
edifferent from one week or less of age (P<,005)

96
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calves at birth which increased to 19,1% at one to two months (P <.05).
A mean of 20.0% for fraction IV of calves at birth decreased to 17.7%
at oné to two months of age (P <,05). Fraction V also decreased from
a mean value of 7.6% for calves one week or less of age fo 4.6% at one
to two months (P<.003), Although the differences in plasma protein
fractions were not large, they were significant because of the Small
amount of variation within age groups.

An atfempt was also made to separate hemoglobin by using the
plasma protein procedure since hemoglobin has been separated into

t al., 19585‘o Sixteen calves, eight of

fractions in humans (Block
which were pedigree clean, four possible carriers, and four known
carriers were used in this preliminary study, This aspect of the
study was discontinued when no separation of the hemoglobin»occurredo
It was concluded that a study would bé requirsed to find a tachnigue
that would separate bovine hemoglobin,

The limited genotype studies of plasma proteins indicate small
differences between pedigree clean and known carrier calves for the
percent of each fraction of plasma protfeins° Only in one instance,
fraction IIT for calves one to two months of age, were the différences
approachiné significance»between pedigree clean and known carrier
calves, Thevcalves within groups showed consistent patterns as in-
dicated by the smali standard deviations, Studies by Cornelius et al,
(1956) and Hafez et al. {1958) support the findings here, as they
found no consistent difference in plasma protein patterns between
dwarfs and control animals., The age study of plasma protein patierns
indicate that the age factor must be considered in analysis of plasma
protein.. The age factor can be controlled by studying within limited

age brackets or by msking correction for age differences.



Relationships Between Erythrocyte Fragility, Birth

Weight snd Other Hematological Measurements:

The high relationship between t?e fragility of erythrocytes of
calves one week or less of age and their genotype for dwarfism indi-
cated this measurement showed promise as a possible diagnostic tech-
nique,. Further studies were made to determine the correlations be-
tween erythrocyte fragility and other hematological measurements,

It was hoped that if high correlations were found this might indicaté
the factors affecting the percent of erythrocyte hemolysis, and aid
in explaining the mechanisms involved. It is possible that a fuller
understanding of the mechanisms responsible for the differences in
erythrocyte fragility might suggest another measurement that would

be even more accurate in separating the genotypes. The correlations
between erythrocyte fragility, birth weight and other hematological
measurements are presented in Table XXII.

A positive correlation of o542 was found between erythrocyte fra-
gility and hematocrit values (P<,01). This indicates that an in-
crease in the fragility of the erythrocytes was associated with higher
hematocrit values. Increases in hematocrit values are the result of
elther an increass in the volume of each cell, an increase in the to-
tal number of eells, or a combination of these two factors.

There waé a positive correlation of .65 between erythrocyte num- \;/
ber and the hematocrit values in calves one week or less of age. This“

correlation indicates that variations in hematocrit readings reflects,

98
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TABLE XXIT CORRELATIONS BETWEEN ERYTHROCYTE FRAGILITY, BIRTH
WEIGHT, AND HEMATOLOGICAL MEASUREMENT OF CALVES
ONE WEEK OR LESS OF AGE

Erythrocyte Fragility
in ,56% Saline

Birth Weight

Birth Weight

Hematocrit

Hemoglobin

Erythrocyte Number

Mean Corpuscular Volume

Mean Corpuscular Hemoglobin
Mean'corpuscular Hemeglobin Con,
Specific Gravity of Plasma

Erythrocyte Fragility in .52%
Salins

=418
+o 425
+,03
=,09
+, 330
+.23
+o11

+#, 20

+o9 68

+,10
'*‘L.m‘i a,
*0.2_3'.‘:‘;

o

&(p<,01)
b (P< Q 0'5 )
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to a largs degree, differences in erythrocyte numbers. However,
there was a small negative correlation of .09 between erythrocyte
number and erythrocyte fragility. One would conclude that, although
the number of erythrocytes is an important factor in determining the
hematocrit values of an individual, it has little influence on eryth-
rocyte fragility,

No direct measurements of erythrocyte volume were made, although
the calculated value for mean corpuscular volume is an estimate of
cell volume. There was a positive correlation of .33 between mean
corpuscular volume and erythrocyte fragility (P<.05), which indicates
that as the erythrocytes increase in volume there was a decrease in
their ability to withstand hemolysis in saline solutions, This sug-
gests that, in this study, the volume of the erythrocyte was a factor
determining the resistance of the cell to hemoiysis in hypotonic sa=
line solutions, However, other unknown factors are involved since
the coefficient of determination indicates that only 11% of the varia-
tion in erythrocyte fragility can be accounted for by mean corpuscular
volume, |

Several reports have suggested that the volume, and size of the
erythrocytes are possible factors affecting the percent of erythrocyte
hemolysis. Castle and Daland (1937)" found a high correlation between
the degree of hemolysis of human erythrocytes in hypotonic saline and
the volume, diameter, and surface area of the erythrocyte. A study
by Dacie et al. (1938), also with human erythrocyhtes, found that the:
ratio of mean corpuscular thickness to mean corpuscular diameter had
a positive correlation of .86 with the percent erythrocyte hemolysis,

Emerson et al. (1956) found that increased erythrocyte fragility
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reflected the fact that the surface membrane of the erythrocyte is
reduced in size relative to volume, with the result that its capacity
to swell before reaching the rupture point is reduced,

The correlation between erythrocyte fragility and hemoglobin was
only a positive .03,. This small non-significant correlation indicates
that the lsvel of hemoglobin had little effect on the fragility read-
ings. This suggests that in the determination of the percent hemoly-=
sis, the division of the optical density of the supernatant fluid by
the optical density when all cells are hemolized and hemoglobin is
in solution, has corrected for the differences in hemoglobin levels
between animals., Although the level of hemoglobin had little corre-
lation with erythrocyte fragility, it is possible that differences
in the smount of hemoglobin psr eell could affect the fragility read-
ings, Two measures of the amount of hemoglobin per cell are the cal-
culated wvalues of mean corpuscular hemoglobin and mean corpuscular
hemoglobin concentration, The correlation between mean corpuscular
hemoglobin and erythrocyte fragility was .23 and between mean corpus-
cular hemoglobin concentration and erythrocyte fragility .11. This
indicates that the amount of hemoglobin per cell or the percent of
hemoél@bin in relation to hematocrit shows a higher association with
the fragility of erythrocytes than the level of hemoglobin in the
blood., This suggests that the amount of hemoglobin per cell may in-
fluence the overall picture of erythrocyte fragility., However, it
is possible that these calculated wvalues include not only hemoglobin,
but also other factors, such as size of the cell, which influence the
fragility.

The specific gravity of plasma has a non-significant positive

correlation of .20 with erythrocyte fragility. Since specific gravity
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of plasma is primarily determined by the amount of protein, this sug-
gests that level of plasma protein shows a small relationship with
the percent of erythrocyte hemolysis; therefore, as the amount of
plasme. protein increased, there was also a slight increase in the
percent of erythrocyte hemolysis,

The highly significant positive correlation of ,96 between the
percent hemolysis measured in ,56% saline and ,52% saline indicates
that erythrocyte fragility measured in either solution is equally as
acourate, This suggests that in future studies, either solution .. ..

~could be as accurately used for testing erythrocyte fragility of
galves one week or less of age,

Correlations were determined between some hematological measure-
ments and birth weight to see 1f these measurements were related to
weight, As shown in Table XXIT the correlations of birth weight to
hematological messurements are as follows: .10 with hematoerit, .14
with hemoglobin, .23 with srythrocyte number, and -,18 with erythre=-

- cyte fragility.

The — 18 correlation hetwsen erythrocyte fragility and birth
weight was discussed with the erythrocyte fragility studies and will
not be further discussed here., Although these correlations are small
and indicate in general little relationship with weight, cobservation
of individual records indicates that éa1Ves.ligh@}i@fwgight also have
Low hematecrit, hemoglobin, and erythrocyte number., This indicates
& higher relationship between welght and these hematological measure-
ments in lighter celves, However, in larger calves there seems to
be little relationship between weight and hemotoorit, hemoglobin

values, and erythrocyte number. Although the correlations reported
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here are relatively small, it is advisable 1o consider correcting
hematological values for birth weight. This is especially true if
valid comparisons are to be made betwesen calves that vary widely in

birth weights,



SUMMARY AND CONCLUSIONS

A study was conducted on 183 beef cattle to determines (1)
whether there was any relationship between hematological measure-
ments and snorter dwarfism in beef cattle, and if a high relation-
ship existed to investigate it further; (R) to study other factors
which affect hematological measurements; and (3) whether one or
more of the hematclogical measurements could be used as a method
of identifying carrier animals.

Studies were conducted to compare the values of erythrocyte
fragility, hemoglobin, hematocrit, erythrqcyte number, mean corpus=-
cular volume, mean corpuscular hemoglobin; mean corpuscular hemo-
globin concentration, specific gravity of plasma, electrophoretic
analysis of plasma protein, and differential counts of known car=
rier, possible carrier, pedigree clean, and comprest calves., Age
studies were also conducted with calves comparing values of one week
or less, one to two months, and three months of age. Additional
dwarfism and age studies were conducted on erythrocyte fragility of
cows three to nine years of age, bulls 18 months of age, and calves
seven to eight months of age, The effect of fasting and injection
of epinephrine and ACTH on erythrocyte fragility was also studied,
A limited study was conducted on leucocyte differential counts prior
to injection, and one and two hours after injection of insulin,

The data indicated thats:

1. There was a highly significant difference between different

104
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age groups in erythrocyte fragility as measured in hypo=
tonic saline solutions, Erythrocytes of calves one wesk
of age or less were the most resistant of all age groups
studied, while mature animals ranked second, The least
resistant group was the calves seven to eight months of
age,

There was a highly significant difference in erythrocyte
fragility between genotypes at one week or less of age
with known carrier calves being more resistant than pedi-

gree clean calves, Differences in values for percent he-

molysis in .56% saline, corrected for birth weight, was

a highly accurate method of separating clean and carrier

calves in this study. There was a 100% accuracy in pre-
dicting carriers and 95% accuracy in predicting cleans.
There was alsc a significant difference in erythrocyte fra-
gility between genotypes at older ages. Known carrier
calves at one to two months of age, and dwarfs at seven

to eight months of age were more resistant to erythrocyte
hemolysis than were pedigree clean and non-dwarf calves,
The difference in erythrocyte fragility was not as large

as for calves one week or less of age.

There was a tendsncy for C xeray calves at three months

of age, non-dwarfs at 18 months of age, and mature pedi-
gree clean cows to be more resistant to erythrocyte hemoly-=
sis than B x-ray calves, dwarfs, and known carrier cowss:

howsver, the differences were not significant.



5

106

Subjecting cattle to the stress of fasting or injection

of epinephrine or ACTH failed to increase differencss in
erythrocyte fragility between dwarfism genctypes.

There were increases in hematocrit, hemoglobin, érythrom
cyte number, snd mean corpuscular hemoglobin concentration
values with incréasing age; a decrease in mean corpuscular
volume and both increases and decreases in the different
plasma protein fractions with increasing age, AlL of these
age changes were highly significant., A significant decrease
in specific gravity of plasma occurred with increasing age,
There were no significant differences between dwarfism geno-
types in calves for hemoglobin, hematocrit, erythrocyte
number, mean coppuscular volume, mean corpuscular hemoglo-
bin, mean corpuscular hemoglobin concentration, specific
gravity of plasme, plasma protein fractions, and leucocytle
differential counts, |
There was no significent difference in leucoeyte differen-
tial counts prior to injection of insulin or after injec-
tion in older cattle; however, thers was a ténden@y for
dwarfs to have a higher percent of neutrophils and lower

percent of lymphocytes bthan non-dwarfs,
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TABLE X¥ITII DESCRIPTION OF ANIMALS IN STUDY

117

Ahimal Birth
No, Sex: Breed Genotyps Weight
(M'S'F) (lb Se- )
0K 9=40 F Hereford pedigree clean 69
0K 9-38 F Hereford pedigree clean 79:
0K 9-33 F Hereford pedigree clean 71
0K 9-31 F Hereford pedigree clean 60
269 M Ahgus pedigree clean 73
259 F MAgus pedigree clean A
339 M Angus pedigree clean 6/,
309 M Angug pedigree clean 603
329 M Angus pedigree clean 60
OK 9=04 F Hereford: pedigree clean 53
049 F Angus pedigree clean 54
0K 9=10 M Hereford pedigree clean 72
0K 9-05 F Hereford pedigree clean 68
0K 9-06 F Hereford pedigree clean L
0K 9-08 M Hereford pedigree clean 60
0K 9=44 M Hereford pedigree clean 80
OK 9-48 M Hereford pedigree clean 90
0K 9=57 F Hereford pedigree clean 62
0K 9-51 M Hereford pedigree clean 83
0K 9=58 M Hereford pedigree clean 63
OK 9-55 F Hereford pedigree clean 86
T902 F Héreford known carrier 56
T90Z F crossbred (HXS) known carrier /A
0K 9=29 M Hereford known carrier 63
0K 9=28 M Hereford known carrier 54
OK 9=4,6 M Hereford known carrier 64
OK 9=47 M Héreford known carrier 60"
0K 9-43 F Hereford known carrier 66
0K 9=53 M Hereford known carrier 58
T949 M crossbred (HXA) known carrier 62
T957 F crossbred (HXA) known carrier 46
0K 9=11 M Hereford known carrier 60
T905 M Hereford possible carrier T4
T903 M erossbred (HXA) possible carrier 68
T907 F Hersford possible carrier 77
OK 9=34 M Hereford possible carrier 81
OK 9=R4 F Hereford possible carrier 63
7933 F crossbred ( HXAY possible:carrier 62
OK 9=54" M Hereford possible carrier 81
289 M Angus possible carrier 68
T938 F crossbred (HXA) possible carrier 70"
T937 F crossbred (HXA)  possible carrier 59
T942 F crossbred (HXA) possible carrier 54,
T935 M crossbred (HXA) possible carrier 75
T940 M crossbred (HXAY possible carrier 61
T936 P crossbred (HXA) possible carrier 70




TABLE XXIII (Continued)

118

Animal Birth
No, Sex Breed Genotype Weight
T939 F Hereford possible carrier 69
T941 M Hereford possible carrier 80
0K 9-60 F Hereford possible carrier 62
0K 9-64 M Hereford possible carrier 75
T944 F Hereford possible carrier (A
T945 M Hereford possible carrier 81
T943 M crossbred (HXA) possible carrier 68
529 F Angus possible carrier 73
T950 M Hereford possible carrier 94
T948 M Hereford possible carrier 72
0K 9-71 F Hereford possible carrier 64
549 F Angus possible carrier 76
0K 9-65 F Hereford possible carrier 65
0K 9-67 M Hereford possible carrier 86
T922 M Hereford possible carrier 66
0K 9-07 M Hereford comprest 59
0K 9-=09 M Hereford comprest 60
0K 9=49 M Hereford comprest 72
0K 9=59 F Hereford comprest 76
0K 9-02 F Hereford comprest 68
T891 M Hereford possible carrier

T888 M Hereford possible carrier

T886 F Hereford possible carrier

T887 M crossbred (HXA) possible carrier

T890 F crossbred (HXA) possible carrier

T880 M crossbred (HXA) possible carrier

T872 M Hereford possible carrier

T876 F Hereford possible carrier

T889 M Hereford possible carrier

T873 F crossbred (HXA) possible carrier

T871 F crossbred (HXA) possible carrier

T882 M crossbred (HXA) possible carrier

T802 M Angus possible carrier

T808 M Angus possible carrier

T804 M Angus possible carrier

824 M Angus possible carrier

T812 F Angus possible carrier

T801 F Angus possible carrier

T800 F Angus known carrier

817 F Angus possible carrier

T805 F Angus possible carrier

T848 M Angus possible carrier

857 F Angus possible carrier

7838 F Angus possible carrier

T895 F Angus dwarf

T896 F Angus dwarf




TABLE XXITI (Continued)

119

No, Sex Breed Genotype Weight
(M=F) (1bs.)
T897 F Angus dwarf
T869 M Hereford dwarf
T813 F Hereford possible carrier
T829 F Hereford possible carrier
T840 F Hereford possible carrier
T809 M Angus possible carrier
T854 M Hereford possible carrier
T851 M Ahgus possible carrier
T&60 F Hereford possible carrier
T827 M Angus possible carrier
1832 F Hereford possible carrier
T806 F Hereford possible carrier
T853 M Anhgus possible carrier
T837 F Hereford possible carrier
T823 F Hereford possible carrier
T859 F Angus possible carrier
T834 F Angus possible carrier
261 F grade Angus probably clean
L4 F grade Ahgus probably clean
453 F grade Angus probably clean
361 P grade Angus probably clean
377 F grade Angus probably clean
362 F grade Angus probably clean
359 F grade Angus probably clean
336 F grade Angus probably clean
248 F grade Angus probably clean
344 F grade Angus probably clean
372 F grade Ahgus probably clean
329 F grade Angus probably clean
358 M grade Angus probably clean
234 M grade Angus probably clean
337 M grads Angus probably clean
452 M grade Angus probably clean
124 M grade Angus probably clean
162 M grade Angus probably clean
0K 7=-26 M Héreford pedigree clean
0K 7=96 M Hereford pedigree clean
T770 M Angus possible carrier
1709 M Angus possible carrier
710 M Angus possible carrier
237 M Angus pedigree clean
147 M Angus pedigree clean
T767 M Angus possible carrier
1742 M Angus possible csrrier
T763 M Angus possible carrier
0K 7-90 M Hereford pedigree clean




TABLE XXTII (Continued)
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Animal Birth

No. Sex Breed Genotype Weight
(M=F) (1bs.)

T661 M Hereford dwarf

T690" M Hereford dwarf

T30 F Hereford dwarf

D=900 F Angus dwarf

TO4L7 M Anhgus dwarf

B=124 F Hereford pedigree clean

B=73 F Hereford pedigrse clean

326 F Hereford comprest

264, F Hereford comprest

25& F Hereford comprest

3=30 F Hereford comprest

273 F Hereford comprest

230 F Hereford comprest

184 F Hereford comprest

3 F Hereford comprest

591" F Heraford pedigree clean

2=36 F Hereford pedigree clean

5=17 F Hereford pedigree clean

2-08 F Hereford pedigree clean

5=14 F Hereford pedigree clean

592 F Hereford pedigree clean

593 F Hersford pedigree clean

19 F grade Hereford pedigree clean

12 F grade Hersford pedigree clean

56 F grade Hereford pedigree clean

11 F grade Hsreford pedigree clean

25 F grade Hereford pedigree clean

31 F grade Hersford pedigree clean

g0 F Hereford possible carrier

86 F Hereford possible carrier

80 F Hereford possible carrier

045 F Hereford possible carrier

T46 F Heraford known carrier

86 F Hereford known carrier

T49 F Hersford known carrier

T127 F Hereford . known carrier

T68 F Hereford known carrier

T64, F Hereford known carrier

25 F Hereford known carrier

ST44 F Herefoxrd " known carrier

T2 F Hereford known carrier

T24 F Hereford known carrier

T4 F Hereford known carrier

13 F Hereford known carrier




TABLE XXIV }IEMATdIDGICAL DATA OF CALVES ONE WEEK OR LESS OF AGE

% Hemolysis in Sa=
line Concentra=

&nimal - tions of - Hemato- Hemo= RBC Spe Gre
Noe 006 .0b%  b2%  crit globin MoV MOH MCHC No, Plasma
% % NS gMe/100 mle CUo Me Me=le Mo % M/rm>

(Pedigree Clean) . -
0K 940 32,9 L2.9 61l.6 11065 11,0 52,6 1Le3 27,2 7o70 .. 1,0260
0K 9=38 31,4 L0.2 Lo.h 3565 11,5 47.9 15.5 32.h Tolil 1,0223
0K 9=33 26,5 36.0 L9.5 1.0 12,5 19,8 15,2 30.5 802l 1.0230
OK 9=31 52,9 80,1 87.3 .. . 30.5 9.8 3.5 13.9 32,0 7,01 1,023
269 255  39.8 50.6 35.5 10,2 53,0 15,2 28,7 6,70 1,02L5
- 259 48,3 5L.9 70,0 37,0 10.5 65,0 18,7 28.1 561 10232
339 35,9 L5.6 53,5 11,0 12,0 56,9 16,7 29,3 7+20 1,02L0
309 25.9 35,1 Lé.L 35.5 C 112 6763 21.3 31.5 5.25 1,0230
329 L6.8 53,5 69 1.8 -~ 12.8 63,1 19.3 30.5 6,62 1.0236
0K 9=0Lk  20.3 195 == 3965 o= 57,3 e - 6,89 1.0220
oh9 30,5 63,6 == 39,0 - 61.3 e s 6:36 1.0260
0K 9=10 27,8 55,2 59.7 31.0 9.8 o e 31.5 e 1.0221
OK 905  36.2 62,5 67.5 31,0 10,2 se - 32,9 - 1,0255
0K 9=06  37.9 57.3 67.1 31.5 969 e e 3l.k - 1,02L0
0K 9-08 20.0  33.3 35.8 30,0 963 “ - 31.0 - 1,0202
OK 9=hl e 10,2 L8.8 36.5 11.0 47.6 ko3 30,1 767 1.0233
0K 9-48 a= 31,0 38,8 355 11.0 h2.0 13.0 323 8oL5 1,0250
0K 9=57 o 36,0 51.8 3he2 10.6 L5.0 1L.0 31.0 759 1.0250
0K 9=51 - 29,1 38.2 31,0 8,8 L7.8 13,6 28.L 6,148 1,0268
OK 9"'58 = 3906 SOaO 380‘0 12@0 h8¢)—l- ‘1503 3106 7:85 150230
OK 955 ee 12,5 16.L 35,0 11.0 46,6 14,6 31.L To51 1.0223

(Comprest)

0K 907 13.6 27.2 30.6 3k.0 10,3 == e 30,1 e 1.0220
0K 9-09 1h° 36,2 39,0 32,0 10.1 s - 3Ll.6 — 1,0280
0K 9=L49 19,2  32.6 1.0 12,5 6243 19,0 30,5 6,58 1.022L
OK 959 15.2  29.L 37,0 10,2 56.5 15.6 2746 6655 1.0225
0K 9«02 B,h 27,0 e 30,0 Se 51,5 e e 583 1,0260

ict



TABLE XXIV (Continued)

% Hemolysis in Sa= D -
line Concentra-
Animal tions of Hemato= Hemo= RBG Spe Grs
No, 00%___ .50% ;?%% crit lobin MCY MCH MCHG Noo Plasma
tT% - % gM./100 nml, Clly NMe Ma=Me EMe ‘% EVﬁmJ

(Possible Carriers)

T905 274 319 3641 29.5 9,0 am = 30.5 e 1,0270
T903 24,1 Wil e- 30,5 s 5l.3 e e 595 1,0290
T907 18,7 26,2 31.8 3642 11,0 - — 30.4 - 1.0245
OK 9=34 12,3 17.8 28,6 35.5 1.5 Lhe7 1he5 32.4 7095 1.0243
OK 92 93 19,3 26¢5 L5.0 13,6 L7l 143 30,2 9.50 1,0220
T933 ae 53,3 68,6 2L.8 708 49,0 15k 3L.5 506 1,0250
OK 95k == 2746 39.3: 29,0 865 18,8 1h.3 2943 5.94 1,0225
289 h2,3 55,0 62,6 3765 10.2 57.7 15.8 2743 6.50 1.0230
T938 s 58,3 6,2 32.5 10,0 - - 30,8 e 1,0285
T937 = 37 L2, 26,5 8.0 - cren 30,2 " wnes 1,0298
TOL2 we 20,6 15,5 31,0 9.5 - - 30.6 e 1,0315
T935 e hBaD 56.9 270 765 e esn 278 = 1.0280
T9LO = 59,2 69,2 0.5 12,0 - o 29,6 e 1.0270
T936 == 43,9 52,k 39,0 12,0 o = 30.8 - 1,0250
T939 e 1902 ZSOh Bhoo '9oh ey e 27,6 e eqcsen

T9hl o l7oh 25 8 thS '1200 [ e bl . 28.9 [ ad emeaca

OK 9=60 - 29,1 33.3 2945 T8 - - 26,1 - -

OK 9=6l e 23,0 29,1 41,0 11,0 o= - 26,8 N -

Tkl 13,0 21,3 3H.h 32,0 10,0 L9 .8 1506 3.2 6443 1,0226
ToL5 2647 372 L9Jh 39.0 11,5 47.2 13.9 29.5 84,26 1,0235
T9L3 2749 35,0 58,6 35.0 Te8 58.1 13,0 22,3 6,02 1,0225
529 16.9 22,4 36.h 2960 9,0 h9. . 154 3.0 5e85 1,0240
T950 - 748 1362 e - - a— - e

T9h8 . 28Q5 }.L2¢6 =ren [SAd oy ok e --; e

OK 9-71 e 21,1 3349 - —— e e - - J—

59 s 50,7 62,1 - - - - — e ——
OK 9=65 10,5 16,9 36k 28,0 8.8 55.8 17.L 31.2 5,02 1,0226
OK 9=67 27,3 36,8 51,8 32,0 948 Sk 16,7 30.6 5,88 1.,0228
T922: 12,2 21.8 27.5 28,0 8.4

45,9 13,8 . 30.0 6,10 11,0282

e



TABLE XXIV (Continued)

line Concentra=

Animal tions of . Hemato- Hemo- RBG Spe Gr.
No, - 008 . %% R erit obin . MOV MCH MCHG Noo Plasma
. % % . % gm-t Og Inj-. “CUe mov : Me=Me gn.o % Wm.j L
(Known Carriers) . . . -
TOO2 18,1 - e 3240 - L8.7 - - 6,56 1.0250
-To0l 9.0 23,6 29,2 38,0 12,0 - - = 31,8 e 1,0285
0K 9=29 21,3 32.9 L5.9 30.0 8.8 5243 15,2 29.2 567k 1.,0232
OK 9-28 12,7 21,7 28.2 30.2 - 97 43.9 1Ll 32,1 657 1.0228
oK 946 se 12,6 17.8 36.5 10,8 o6 13,2 29,6 8.18 1.0237
0K 9=L7 e 9.8 1l.6 25,0 602 - 46,8 11,6 2lie8 563k 1,0223
OK 9"11-3 haand 260-1 3602 3500 ]-1'02 )-lles 1303 3103 8‘0);11# 15022?
OK 9“53 = 17&6 '2)-1-\!0 3&-05 ]_105 Ll-?oé 15:9 33:3 7.214' 1.02}-1-0
ToL9 e 21,8 30,0 - e - - — v .

T951 s 180h 35‘7 » e - e . hbd =I=-. - ]

ggl



TABLE XXV HEMATOLOGICAL DATA OF CALVES ONE-TWO MONTHS OF AGE

% Hemolysis in oa-
line Concentra-

Animal tions of Hemato- Hemo= o RBG Spe Gre
No, LO0F _ .56% .52k crit obin MoV __MCH MCHC Noe Plasma
7 7 ~ 3 T gMe/100 Ml Clls Mo  IMe=M, EMe Z M/mm3 '
(Pedigree Clean)
0K 9=05  L5.2 72,3 87.0 36.0 11,2 L0.9 12.8 31.2 - 8.81 1,023k
0K 9=10 38,4 55,2 87,0 40.0 12,5 39:9 12,5 31,2 10,02 1.,02L45
OK 9-L40  Ths9 87,3 95.5 38,0 Wb l1.8 12.5 30,0 9,09 1.0236
OK 9=0L 61,1 77.0 93.0. 37.5 11.5 52.9 16,2 30,7 709 1,0228
269 Iheo 73,0 91.3 46,0 - 14,0 U6.5 11 30.4 9,90 1,022
329 51,2 78,4 88,8 35,0 10,7 56.0 17.1 30,6 6425 1.0236
259 738 920}4 9769 39,0 12,3 24-9 03 ’ 15;5 3.5 Te91 ,100235
oh9 1866 92, 96,6  U1.0 13,0 56.0 17.8 317 Te32 1,0250
OK 9"‘06 }-l»9 05 82 @7 95 ¢3 o 39 05 . 12 05 11-2 os 13 65 ’ 310_6 9029 1 002 33
339 69.6 89,7 95.L 38.0 12,0 L3l 13.7 31.6 8,76 1,0227
0K 9233 L9l 78,9 92,2 36.5 12.h L3e1 14,6 34,0 8.L7 1,0228
OK 9-38 62,5 90,1 9L.8 37.5 - 12,7 43,0 15 33,9 8,73 1,0226
OK 9=31 80,9 93.0 97.3 39,0 12.3 48.9 15.4 31.5 7.98 1,0228
0K 9=08 32,3 59.2 81,2 1.5 13.1 51.3 . 16.2 31°6 8,09 1.,0230
OK 9"55 ® 6}407 826)-1- 35@0 10.7 T 5203 S .16a0 309 6069 190228
OK 9=bly 71,7 88,7 948 11,0 12,9 5846 18,4 31,5 7,00 1,0226
(Known Carriers)
OK 9=28 62,8 7he2 85.4 32,0 945 3946 11,7 29.7 8.09 1.0227
OK 9=53  L7.1 69.8 76.5 36,0 10.6 53.1 15.6 29.L 6,78 1,0228
OK 9=43  Lho6 70,3 81l.3 38,0 11.9 45,02 142 3L.3 8,40 1,0228
OK 9=11  39.L4 65,4 76,0 5.0 1,1 58,1 18.2 31.3 ToTh 1,0230
(Possible Carriers) :
OK 9=3L 76,1 89,7 97.3 40,0 11,9 L5 .5 13,5 29,8 8,80 1,0228
289 616 7Tl 9346 43,0 12,9 Lg.1 17 30,0 875 1.0238
0K 9=60 55,3 67,9 Blah 3440 10.7 L2.5 13,k 3L.5 8,00 = 1,0224
OK 9=6L 333 57.5 7549 36,0 11,1 3846 11,9 30.8 9433 10223
OK 9=5L 29,0 67.0 81,9 38,0 13,0 52,3 17.9 342 727 1,0225

Tzl



TABLE XXVI HEMATOLOGICAL DATA QF CALVES THREE MONTHS QF AGE

)

% Hemolysis in Saline

Animal Concentrations of Hemato=
Noe 602 OLE 2005 RBC crit MOV
?‘; % % : Wmm'j . % CUe Il
7891 L6647 17.0 4,5 9069 40,0 11,3
7888 .2 - 184 Lo 7427 34,0 16,8
877 2903 845 2.5 8.72 _ hs 0 h9.3
T890 81,0 LS.3 18,9 11,10 3L.0 36,5
7880 9343 31,6 8.6 9.70 14360 Lh,3
T872 62.0 28.9 900 7022 39-0 SLI-OO
T876 673 28,2 8.9 10,18 46,0 15,2
T889 . 16,0 22,0 7,0 8429 3.5 11,6
7873 93,9 87.0 h3.8 7.10 3440 U749
T871 40,0 15.6 10,9 10,90 h2,0 38.5
7882 5946 210 Tolt 8478 3740 L2.1

gel
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TABLE XXVII ELECTROPHORETIC ANALYSIS OF PLASMA PROTEIN DATA
OF CALVES ONE WEEK OR LESS OF AGE

o T o A e e e 00 e B S - A N e LI o

Animal Fraction Fraction Fraction Fraction Fraction
No,. I IT IIT IV v
% % % % %
(Pedigree Clean)
0K 9=55 29,2 31.1 16.5 16,0 TR
OK 9=51 27 22,0 19.6 19.9¢ 11.0
0K 9=57 32,7 31.9 18,3 144 2.7
0K 9=31 29.3 25,5 14.9 25.0" 5.3
OK 9""33 283[[., 27»3 1800 2204 3.8
0K 9-38 30,6 23,2 20,1 20..1: 10.7
259 31.0 23,2 20,0 18.4 Tod
OK 9‘949—0 2603 2208 1503 2501 1005
269 26.6 23.9 19.8 22.1 7.6
OK 9“4—8 2307 2805 18-3 . 16.9 1206
0K O=4d 28,3 249 17.9 172 a6
0K 9-58 28,1 33.0 15.5 18.5 5.0
329 29.9 . 3306 ‘1}802 1408 Bozl»
3@9 280 9 2?70” 200 8 15&9 60-6
339 2763 23.9 20,3 18.7 9.8
(Comprsst) .
0K 9=59 31.2 20.3 1844 2.8 7ol
0K 9=49 35.6 2he3 17.6 19.8 2.6
(Known Carriers)’
0K 9=53 31.6 27,0 15.5 17.0 8.8
OK 9=43 15.5 2.3 174 27.8 51
OK 9"&7 35¢5 43aO 7]506 120«‘-&— 305
OK 9=46 29.3 2R.9 1741 17.3 7.5
0K S=28 271 o4 170 2042 o3
0K 9=29 28,6 29.5 17.6 19.6 ba©
{(Possible Carriers)’
T940 271 2203 17.5 R23.9 9,2
1933 6.8 25,8 17.9 22,9 6,6
1939 25,7 214, 1547 26.8 10. 4
0K 9=5/ 25,7 2he 5 18.9 27.9 3.0
1935 28.5 21.9 19,2 1448 - 156
T936 27,0 25,1 16,8 18.1 13.T
T941 28,1 26.3 16,9 18.3 10. 4
0K 964 27.5 2hels 15.5 20,9 1967
OK 9-60 31.3 28.3 . 19.5 17.3 3.9
OK 9=2% 26,1 34.6 . 18e4 19.5 Ted
OK 9"‘34 26\;9 260-;1 . -1506 2205 809
289 26,9 21,3 23.3 21,7 6,8
TO22 22,2 23,6 1641 2406 13,5




TABLE XXVIII ELECTROPHORETIC ANALYSIS OF PLASMA PFROTEIN DATA
OF CALVES ONE TC TWO MONTHS OF AGE
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Animal Fraction Fraction Fraction Fraction Fraction
No. I I III IV ¥
% % % % %
(Pedigree Clean) A
OK 9‘2010— 36@9 200-9. 230 3 1 503 3_! 5
259 39:8 25,2 18.9 12.3 3.9
269 36,1 21.4 19.3 18,0 5.2
OK 9"@6 380 2 217] Ab 8 1 90 4 17.0 30-6
339 37.0 239 2.4 1403 3.4
0K 9=10 33.7 23,6 20,4 18,8 - 3.6
0K 9=05 33.9 23.8 18,0 20.0 b3
0K 9=40 31.8 22,7 17.7 21.3 6.6
049 31.9 Rhe3 20,1 19.5 Lo3
{(Known Carriers)'
0K 9=47 3o 4 23,9 19.1 182 be5
0K 9=46 36..3 23,2 17.0 17.9 547
0K 9-28 37.3 Z1.0 16,0 21.8 3.9
0K 9-43 35.8 23.7 17.6 17,1 5.8
0K 9-53 34.0 23.1 18.4 1647 7.8




TABLE XXIX LEUCOCYTE DIFFERENTIAL COUNTS OF CALVES ONE WEEK OR LESS OF AGE

Non=

. - None
Animal _ _ Segmented Segmented Total Differentiated
Noe : hocybtes Neutrophils Neutrophils Neutrophils Monocybes Fosinophils GCells

e N4 % 4 A ~ % 4 g
(Pedigree Clean)
0K 9=04 2L 23 L7 b 2.0 6.0

ok9 27 43 -10 53 1 0.5 55

0K 9=10 12 65 16 81 3 1.0 2.0

0K 9=05 3l 55 5 60 -0 1.0 4.0

0K 9-08 21 65 6 71 L 0.0 3,0

0K 9=40 19 59 17 76 b 040 1.0

0K 9=38 17 69 12 81. 1 1,0 1,0

339 19 55 19 Th 2 0,0 5.0

0K 9=33 62 31 3 3L 2 0.0 2,0

0K 9=31 62 31 L 35 2 0.0 1.0

269 2l 58 1 72 1 0,0 3.0

329 37 L6 13 59 2 2.0 2.0

309 67 22 17 29 0 0.0 440
(Possible Carriers)

7922 32 61 5 66 1 040 1.0

T903 Ll 3k 12 L6 7 1.0 3.0

T905 55 32 7 39 L 1.0 1,0

T907 35 L2 7 49 9 1.0 5.0

OK 9=-3L 2 62 11 73 2 1.0 1,0

289 Ll L5 6 51 an 0.0 140
(Known Carriers) _

7902 39 22 22 Ll 7 1.0 9,0

To0k 32 L1 10 51 9 440 440

0K 9«28 - 65 27 6 33 0 1,0 2.0
(Comprest)

0K 902 3L Lo 7 Lt - 11 1.0 740

0K 9=09 16 T0 8 78 2 2.0 2,0

8zl



TABLE X¥X LEUCOCYTE DIFFERENTIAL COUNTS OF DWARFS AND NON-DWARF
CATTLE BEFORE AND AFTER INJECTION OF INSULIN

Unsegmented

Animal
No. gzmphacytassNeutrgphils Mono;ytes Eosin;p@jls Granu;wmytem_
Q : Q- ]
(Non-dwarf, before injection of insulin)
0K 7-26 56 36 I3 T 3
0K 7-96 80" 14 4 2 0
0K 7=90 86 9 3 2 0
B=73 76 20 5 4 1
B-424 89 5 3 1 0
(Nonmdwarf9 one hour after injection of insulin)
0K 7-26 43 45 3 5 4
0K 796 78 18 4 O 2
QK. 7=90 a7 9 1 1 v;
B-73 66 24 7 -3 0
B=124 75 17 3 4 T
(Non=dwarf, two hours after injection of insulin)
0K 7--26 36 57 1 a 5
0K 7-96 57 28 1 1 3
0K 7-=90 78 17 2 2 1
B-73 65 31 2 1 1
B-124 87 8 2 3 0
(Dwarf, prior to injection of insulin) :
790 66 23 3 0
D=100 59 a8 1 3 0
690 61 31 8 1 o
T66] 67 28 2 2 1
(Dwarf, one hour after injection of insulin)
T90 41 41 7 6 5
D=100 49 F7 1 10 3
T6S0 &7 v 26 2 5 1
T661 59 32 i 1 2
(Dwarf, two hours after injection of insulin)
TS0 56 37 3 3 1
D=100 58 36 0 5 1
T690 80 17 4 O 0
Té61 62 32 1 1 3




TABLE XXXT ERYTHROCYTE FRAGILITY DATA. OF MATURE COWS
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Animal Percent Hemolysis in Saline Concentrations of
Noe 9 48% 9 52g 9 56Z v 3"6, ,_,Oz, o
% % % %

(Pedigree Clean)

© 591 82,1 53.7 26,2 11.6
236 90.6 86.0 55.8 3640
517 86,0 59.0 25.1 10.3
2=08 9%.0 70.0 43e4, 18,1
5“‘11{& 970-9 9003 * 5908 36-°2-
592 7763 60.0 32.8 Rhels
593 77.0 5146 23,3 19.6

(Known Carriers)
TR5 92.8 83.2 51.9 1742
ST44 99.5 95.3 83.3 38.3
T2 7.4 8504 58.6 23.8
T24 89.0 60.6 23.5 8oH
T4 97.8 96,1 77,8 38,9
T3 754 4.4 20,2 9,.1

. (Possible Carriers)

90 %5 79.2 39.8 Tedy
86 73.6 37.8 31.5 Lo
80 93,1 76,2 33.4 =
049 48,2 3641 128 -

{Comprest)
3 97.8 93.2 8hed =
326 86,2 76,6 39.9 46.6
264, 7ol 93,8 60,7 40,2
_52 69,2 31,2 127 ==
3-=30 93.2 66.0 29.0 e
273 970 O 970 Z} 84—0 ‘H -
230 970‘17- 8_50 3 590 5 -
184 91.1 73.0 47,0 =




TABLE XXXII ERYTHROCYTE FRAGILITY DATA' OF DWARF AND
NON~DWARF' BEEF' CATTLE "

Animed Percent Hemolysis in Saline Concentrations of

No, _252% +:56% £H0% «64%
. % % % %
(Non-dwarf 18 months of age)
T770 96,2 68,7 33.4 10.0
T709 98,2 88,5 YA 38.5
T710 97.9 95.9 82,9 49.6
237 98.9 88,4 69,2 5004
147 98.5 96,4 59.8 4440
T76%7 98,9 87.4 67.0 53,6
T742 96,3 67.6 31,9 - 8.5
7763 97.8 91.6 5246 15.0
(Dwarf 18 months of age)
T757 ' 99.0 95.4 8546 46,0
T789 . 9.8 . 68,8 60,1 22.0
(Non-dwarf 7 to 8 months of age)
T802 99.3 97.4 92,6 244
T808 99,2 86,6 51.4 13.8
T804 99.3 92,3 87,6 L6.7
T824 99.3 95..1 75.6 39.1
T812 99.0 9449 7646 6542
T80 99,0 9.8 8.6 58,2
TE00 98,7 96,0 78,2 39.8
T805 = 97 ° 9 93 ] O 69..:8
T84S e 91.0 717 30.6
T857 = 974 90.6 59.2
T8 38 — 92,8 80.6 40,2
T817 98,7 972 - 85.4 64,0
(Dwarf 7 to 8 months of age)
7895 97:.9 89.3 35,1 34,8
T896 96,4 91.4 717 22,6
T897 e 92,4 69,5 35,5

T869 = 35.9 20,6 8.3
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TABLE XXXIII ERYTHROCYTE FRAGILITY DATA OF CALVES SEVEN TO

EIGHT MONTHS OF AGE USED IN AGE COMPARISONS

132

Fercent Hemolysis in Saline Concentrations of

Animal Animal Animal
NOG* (] 56% Noo» 0-56% ) NO, .56%
% \ % ' %
T813 96,2 T837 66,2 336 97.0
T&29 88,9 T823 63.3 248 81.5
T814 96. 4 T859 92.3 344 96.8
T840 99.0 T834 . 97.3 372 92,7
T809 93.3 261 70.4 329 96.5
T854 92.3 474, 9544 358 97.1
851 96.5 453 93.4 234 98,1
T&60 98,1 367 9.2 337 98..3
7827 97.8 377 87.6 452 93.9
T832 91.9 362 95.0 124 99.0
TR06 81.8 359 936t 162 96.9
T853 98,1 - — - -

TABLE XXXTV ERYTHROCYTE FRAGILITY DATA' OF CALVES SEVEN TO EIGHT

MONTHS OF AGE AFTER FASTING AND INJECTION OF EPINEFHRINE

5 hours after
48 hour fagt 72 hour:fast. ' -__epihephrine

Animal i} Percent Hemolysis in Saline Concentrations of

No, +50% _$64% 0 50% +64% .60% HL%

. % % % % I 3 %

' (Non-dwarfs):

T857 91e9 78.0 92e6 7500 9303 740‘0
T805 95.3 82,2 9.3 76,1 91.1 7842
T848 7543 41.2 85,0 56.0 . 85,8 46.0
T801 847 5244 7303 35,2 85.8 506
812 o6 36..3 66..3 32.9 58011 29.0
T800 78.0 45.9 46,0 C17.2 33.5 1964
1817 81,6 504.7 66,8 28,6 52,5 22,2
T838 8244 49.1 76,2 36.4 571.6 33.1

(Dwarfs)

- T896 60,8 242 72,2 23.8 354 2741
T895 65.6 28,6 579 3062 41.7 22,4
T897 62,2 29,3 - 51.1 19.9 50,9 23.2
T869 22,2 8.2 17.1 5.8 20,2 8.9
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TABLE XXXV ERYTHROCYTE FRAGILITY DATA OF CALVES ONE WEEK OR LESS
OF AGE BEFORE AND AFTER INJECTION OF ACTH

e B e e e e e ey o e i

Prior to 1 hour after 2 hours after
injection of injection of injection of
ACTH ACTH ACTH
Anhimal Percent Hemolysis in Saline Concentrations of
No, Py 52% 056% P 52% 0'56 . 52% . 56%
% % % % % %
(B x-ray calves)
T949 30.0  21.8 35.6 27,8 29,8 22.8
T951 35.7 - 18.4 35.4 25.9 35.9 20.6
T950 13,2 7.8 1465 9.% 12.9 7.3
0K 9=71: 33.9 2161 35.0 22,7, 346 21,8
(C x-ray calves)
549 62,1 50,7 70,9 52.0 653 LRo4,
T948 42,6 28.5 346 19.5 37.71 22,1

TABLE XXXVI ERYTHROCYTE FRAGILITY DATA: FROM MATURE COWS; FASTED,
NON-FASTED, AND: AFTER INJECTION OF EPINEPHRINE

' 5 hours after
Non=fasted 72 hour fast epinephrine

Animal Porcent Hemolysis in Saline Concentrations of

No. . nzbs% -'05AZ 948% gﬁé% ) QZLS% 0«54,%_

B 4 % % 3 % %

(Pedigree Clean) i
19 606 21.2" 65,7 19.8 5344 2144y
12 75¢5 5742 774 50.9 61.1 481
56 63.9 20..1 73,2 33.5 76.0 43.0
11 75.0 3544 82,7 471 65.8 53.3
25 79.1 39..7 - e — -
3% 52.5 84.7 — —_— - s

(Known Carriers)
T46 79.9 31.0 69.4 59.2 84.5 60.2
186 54e5 1449 38,7 17.0 56,2 23,0
T49 81,7 3604 . 62,0 31.7¢ 61.5 37.6
T127 72,2 22.0 e —— e —
T68. 67.6 33.9 — - - .

T6. 88,9 48.9 — — - -
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