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CHAPTER 1

INTRODUCTION

Has the fight against beef cattle dwarfism progressed? Are
methods now available whereby the breeder can enjoy a "dwarf-free'"
production program? These questions are examples of those frequently
encountered by the animal husbandry scientist who is engaged in the
ever growing battle against this problem. Although increased numbers
of inquiries are comforting in one sense they are not uncommon when a
situation reaches the magnitude now assigned to dwarfism. It is
through reference to them, however, that a portion of the expanding
concern over this problem can be pictured and the expressed desire for
established facts should be looked upon with favor. While the above
type of enthusiasm stems from various sources additional and more spe-
cific interests can be illustrated by noting the enlarged efforts of
many universities and independent research firms, and the increased
willingness of many breeders to supply animals for experimental pur-
poses.

This somewhat recent acceleration of dwarfism research is obvi-
ously not without reason. Although many factors continue to be
involved, two which merit notation at this time are the economic losses |
consistently endured by the producer and the encouraging advances vhiché
have been made within the past months. |

In a study of the major beef cattle breeds it was found that

more than one type of dwarf individual was in existence. As a result
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the terms dwarf and dwarfism take on a somewhat abstract definition and
should be qualified as to meaning. In order to eliminate classes of
lesser importance and deal directly with that group which is of great-
est economic concern at the present time, the foregoing terms will be

used almost entirely in connection with dwarfs of the "snorter" type.

This animal's appearance has been described many times, but some gen-
eral characteristics which are frequently observed include difficulty
in breathing, abnormal development of the skull, unusually short legs,
an undershot jaw, a shaky walk and a tendency to be rather paunchy.
Some of the traits are present at birth while others develop as the

| dwarf becomes older.

To further explain some of the fundamental factors concerning

dwarfism a brief description of how the condition is transmitted might

be helpful. Rather conclusive data are now available to show that this

| abnormality is inherited and is the result of a simple recessive gene.

Genes occur in pairs in the body cells, but in the reproductive cells
| only one member of each pair is present. Of each gene pair, the
individual receives one gene from its sire and one from its dam. Since

only two different genes are involved here the inheritance of dwarfism

|is relatively simple. One gene "D'" is for normal size while the other

gene "d" is for dwarfism. Gene "D" is called dominant gene because all

i
| cattle carrying it are normal in appearance. In a similar manner gene
"d"™ is called a recessive gene because it will not express itself when

' the "D'" gene is present. With this in mind it becomes apparent that

| three genetically different individuals are possible within a breed.
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The "clean" members are homozygous dominant and have a genetic makeup
of "DD". These animals, which appear normal, can pass only the "D"
gene and therefore cannot produce a dwarf calf. "Carrier" animals also
appear normal, but are heterozygous and have the genetic composition
of "Dd". These individuals are capable of producing a dwarf and upon
|doins so are termed "known carriers". The homozygous recessive animals
are symbolized by the genotype "dd" and are dwarfs. Since most of the
work in this study was centered around these three classifications,
reference to them will be found throughout the text of the discussion.
Until recent months the breeding test was considered the most

satisfactory method for determining whether or not a normal appearing

animal was a carrier of the dwarf gene. This test required at least

%one year to check a bull after he reached sexual maturity and was
ginitiated by mating him to thirteen "known carrier" cows. If no dwarf
calves were produced from these crosses the chances were 95 out of 100
;that he was a 'clean" animal. In cows, however, it was almost impos-

1
/sible to reach this level of probability because of the large number of

lnatingl required. Although employed successfully in some cases, the
obvious disadvantages of this test limited its use and thereby prevented
it from significantly effecting the number of dwarfs found in many

herds. Still, the realization that dwarfism was of major concern to

many producers stimulated and encouraged various new approaches to the
I
problem. Among the most successful of these was the recent study con-

éducted with blood. 1In that research stressed representatives from the

'three different genotypes showed statistically significant variations
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in their leukocyte counts at one and two hours after the administration
of the stress.

Upon observation and analysis of the preceding data a question
arose as to whether variations might also be observed in the other
major blood cell group, the erythrocytes. The method chosen to deter-
mine this was erythrocyte resistance and the resulting investigation
was conducted with two primary thoughts in mind. First, would the red
blood cells of '"clean'", "carrier'" and "dwarf" individuals become more
fragile when the animals were put under stress, and was there a signi-
ficant variation in resistance shown by the three different genotypes?
Several different types of pituitary, adrenal and pancreatic hormones

were administered in nonphysiological doses to induce stress or comdi-

|tions similar to those found in animals under stress. The results
}vere analyzed by examining red blood cell resistance to hemolysis in a

:hypotonic saline solution.

j The trials were conducted mainly on female Hereford cattle dur-
;ing the various seasons of 1956 and 1957. Some data are also present
on members of the Aberdeen Angus breed, however, a considerably smaller
number of these individuals were used.

Primarily this study was not intended to develop into another

diagnostic test for dwarfism, but mainly to supplement present data

and to contribute additional information which might be of aid to

future research along this line.

|
|
|
|
|




CHAPTER 11
REVIEW OF LITERATURE

Extensive hematological studies have been carried out which
illustrate various aspects of the blood picture in cattle. Some of
these have been instrumental in the development of certain concepts at
the Missouri laboratories. However, the author has no knowledge of
previous investigations of genotypic differences in erthrocyte resist-

ance to hemolysis.

EARLIER STUDIES OF BOVINE DWARFISM

According to Seligman (1904) the first official record of dwarf-
%ism in cattle was made in 1860, but Craft and Orr (1924) were the first
;to describe a dwarf in the United States. Later Lush (1930) reported
ion a herd of duck-legged cattle in Texas.

| Further observations have aided in substantiating the belief
i‘thnt several different types of dwarfism may be in existence; each
possessing its own characteristics and mode of inheritance. According
to Gregory (1956) there are at least six different variations in the

condition. Although breed is not the exclusive factor in determining

the type of individual produced, it does seem to exert some influence.

Roubicek, Clark and Pahnish (1955) stated that some kind of dwarf had
'been reported in all of the major breeds.

Among the several different kinds of dwarfs the short headed or
|

Isnorter type seems to show up most frequently and therefore appears to
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be responsible for a great deal of the trouble. It is now generally
accepted that this kind of dwarfism is the result of a single pair of
autosomal recessive genes. The problem that confronts the scientist

and the practical animal breeder centers around the inability to diag-

' nose the dwarf gene in a carrier animal and to confirm beyond any doubt

the absence of such a "dirty'" gene in a normal individual.

Due to the frequent occurrence of death soon after birth the
condition might possibly be considered sub-lethal. Johnson et al.
(1950) described a type of dwarfism which could be classed as latent
lethal, that is, the animals seldom reached the age of reproduction.
The presence of this condition was originally noted in one herd of
purebred Hereford cattle, but later reports proved that it was occur-
ring in numerous other herds of the same kind. A study of the factors
indicated that this dwarfism was being transmitted as a monofactorial,
autosomal recessive characteristic, and that known carriers of the
gene were rather intermediate in type.

In a different and somewhat more specific approach, Carroll
et al. (1951) found dwarf pituitaries to be active only at subnormal
rates in the secretation of thyrotropic hormone. These investigators
then suggested that this condition might account for the dwarfism
observed. Johnson et al. (1950), however, did not find this situation
to be present when they carried out a similar study. Marlowe and
Chambers (1954) also disagreed with the work reported by Carroll et al.
(1951) and they found no significant differences in the thyrotropic

hormone potency of dwarf and normal calf pituitaries. In a recent
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investigation by Crenshaw et al. (1957) beef cattle dwarfism was
explored with the idea that it might be due, in part, to a dysfunc-
tion of the pituitary-thyroid gland axis. They concluded that the con-

dition was not a result of any abnorma! relationship between these two

endocrine glands.

Gregory et al. (1953) suggested that dwarfism in beef cattle

and cretinism in human infants were identical due to the predominantly
bulging frontal bones noticed in both of these abnormal conditioms. It
was also mentioned that a measurable, but less pronounced expression

of this defect was present in carriers.

A great variety of techniques have been employed in an effort to

detect the carrier or heterozygous animal. One of the oldest of these

is progeny testing, however, this method has decreased in popularity

due to its many limitations.

During more recent years the investigations have been focused

toward establishing a quicker and simpler means for detecting the

carrier animals. Gregory et al. (1952, 1953) in their anatomical

studies indicated three valuable points for diagnosing the heterozygous
individual. These were the parietal junction, the region of the -1dfor‘-
head and the nasal frontal junction. As a result of the work done by
Gregory et al. (1952, 1953) an instrument called the "profilometer" was

developed. It was designed to aid in the detection of carriers of the

‘dwarf gene, and was to be used on clean, carrier and dwarf animals.

Tyler, Julian and Gregory (1956) conducted two types of studies

!in an attempt to determine the nature and location of the process
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responsible for the short-headed dwarf. In a comparison of the skulls |
of dwarf and normal cattle they found that the sphenooccipital synchon-
drosis of the dwarf closed within a week after birth, while that of
the normal animal did not close until twenty-six months of age. 1In
addition to this some other irregularities were observed and the cumu-
lative knowledge possibly explains the sbnormal skull structure en-
countered in this kind of dwarfism.

In another aspect of their work, Julian, Tyler and Gregory
(1956) recorded measurements of the appendicular skeleton of dwarf and
normal animals. Proportional differences between the two genotypes
were observed. Of the differences, one of the most outstanding was in
the metacarpal bone of young dwarfs, which was reduced in diaphyseal

length. They concluded that a mild form of hypoplastic achrondroplasia

ivas present, and that it was responsible for the snorter type individ-
'ual. Emmerson and Hazel (1956) showed that the radiographic technique

'might be a promising method for carrier detection, with x-ray interpre-
|

|

tation as a limiting factor. BEmploying this technique Bovard, Hazel
and Bmmerson (1956) studied the differences in the spinal column of
dwarf and normal appearing calves. Variation between the groups was
obtained, but limited progeny testing illustrated that some vertebreal
classifications did not agree with the genotypes of the animals.

Buchanan et al. (1956) also carried out an investigation which showed

ithat the dwarf gene effected various skeletal changes, primarily in thc‘

%vertehrae and skull.
i The so called "chemical" tests for dwarfism have been rather




successful and certainly more promising than most other methods when
considering the probability of distinguishing the carrier individual
from other genotypes. In some initial studies Heidenreich, Lasley and
Comfort (1955) pointed out a difference in the ability of dwarfs and
normal appearing animals to regain their normal blood sugar following
stress. Foley, Massey and Lasley (1956) then demonstrated that after
insulin injection, dwarf beef cattle had a more rapid and acute drop
in blood sugar level and required a longer time to return to normal
than did the clean individuals. This group further illustrated that
clean, carrier and dwarf animals had significantly different white
blood cell counts at one and two hours after insulin induced stress.
These differences were thought to be associated with some type of

adrenal cortical insufficiency.

; Crenshaw et al. (1957) stated that dwarfism in beef cattle show-
ied symptoms of hypothyroidism, but was not due to a dysfunction of the
;pituitnry-thytoid gland axis.

| In spite of considerable efforts to eliminate or at least reduce
‘the frequency of the dwarf gene, this physiological phenomenon has

become rather common in registered herds of the major beef breeds, and |

a noticeable increase in its frequency has also been observed by com-

mercial producers.
|

|
|
§ SOME CHARACTERISTICS OF THE ERYTHROCYTE

i The red blood cell has long served as a favorite subject for

' the study of cellular physiology and as an index of pathological
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changes within the organism. It has also been the item of prime inter-
est in various other types of investigations and many hematologists

have discussed its characteristics in great detail.

General Appearance. Mammalian red cells are nonnucleated and

are believed to exist normally in the blood stream as biconcave discs.
Generally they make up about 45 per cent of cthe blood by volume and

are responsible for the opacity of the fluid.

Structure. Dukes (1955) stated that the minute structure of the
red cell was still unsettled. He believed that erythrocytes consisted
of some type of elastic or spongelike stroma containing hemoglobin,
and that they were surrounded by some type of cellular membrane. Best
and Taylor (1955) reported that the red cell was bounded by a membrane

l-ade of protein in association with lipid and steroid materials, chief-

ly lecithin and cholesterol. They also mentioned that this membrane

ihad not been demonstrated histologically, but that indirect evidence

|

i1nd1cnted its presence and that it consisted of an outer and inner
layer.

In regard to the body of the cell, these authors stated that it
was constructed of a spongelike stroma made of the same or similar
materials probably in the form of a gel. They also felt that in the

meshes of the stroma, or more likely actually bound up in the stroma

|substance itself, the respiratory pigment hemoglobin was held. An

|
?1-portlnt fact in the support of this theory was that mechanical divi-

'sion of the cell, even into the finest particles, failed to liberate




11

the hemoglobin.

Size. According to Hawk, Oser and Summerson (1954) mammalian
erythrocytes vary in size from species to species, ranging from two
microns to about nine microns in diameter. Fraser (1930) using a
micrometer eyepiece, recorded an average of 5.0 microns with a common
range from 4.0 to 6.0 and an extreme range of 3.6 to 9.6 microns.
Blount (1939) employed a cover slip technique to lessen corpuscular
shrinkage and recorded an average diameter of 6.5 microns with a common
range from 5.0 to 7.0 and an extreme range of 4.0 to 8.0 microns in
diameter. Canham (1930) reported that cells of 6.0 microns were fre-
quently seen and that cells of 7.0 microns were present. Wintrobe

(1951) quotes Kushner for the range of 5.0 to 5.9 microns in diameter,

/but this included calves which had a smaller celi size. Holman (1955)
‘then stated that an average diameter of about 5.7 microms would be
%npplicable to most individuals provided that they had a normal erythro-
%cyte count of about 6 million cells per cubic millimeter. Dukes (1955)
'was in close agreement with this figure and placed the mean diameter at
5.6 microns.

Another way in which erythrocyte size may be estimated is that
of corpuscular volume. This measurement, as the name might suggest,
is simply a determination of the volume of the cell Since it is
obtained by using more than one measurement it may have more descrip-

tive value and it is frequently quoted in preference to cell diameter.

The relationship noted by Holman (1952) between mean corpuscular volume
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and total red cell count seemed to imply that when a high erythrocyte
count was recorded a low mean corpuscular volume woula be present.
Coffin (1953) reported a range for mean corpuscular volume ot 50.0 to
61.0 cubic micra. Canham (1930) stated that the mean corpuscular
volume was nearer 47.0. The range given by Price et al. (1957) for
beef cattle at 500 pounds of boéy weight and under uniform envirommen-
tal conditions was from 43.9 to 59.5 cubic nic;onl. These animals had
a mean corpuscular volume of 51.8. Holman (1935) found that when the
total erythrocyte count was near 6 million, a useful working average
for mean corpuscular volume would be approximately 57.0 cubic micra.
Price-Jones (1931) set the value for this measurement at 57.5% 0.216
cubic micra.

To include an analysis of all the factors which could effect
corpuscular size would necessitate a lengthy discussion and is cer-
tainly a problem within itself. Holman (1946) reported some interest-
ing data which illustrated the effects of age upon erythrocyte dimen-
sions, He first observed that the erythrocyte had a mean corpuscular
volume of about 52.0 cubic micra at birth, but that it rapidly
decreased in size over the first week and then decreased less rapidly
to average about 40.0 cubic micra at two months. After two months the
cell slowly Increased in size to reach 537.0 cubic micra at the end of
about two years. He alsc found that at four months the erythrocyte
count fell as the corpuscular size increased. In s more specific dis-
cussion of maturation time, it was noted by him that the red cell count

reached the adult figure at 22 months while corpuscular size obtained

{
i

i




this level in 29 months.
Canham (1930), working on South African cattle, supplied figures
vhich confirm this work and Greatorex (1954) also indicated that such

changes do take place.

Composition. Dukes (1955) reported that the erythrocyte con-
tained, in different species, 62.0 to 72.0 grams of water per 100 milli-
liters of cells. In addition, this author stated that the pigment
hemoglobin constituted much the greater part (about 95 per cent) of the
total solids. He believed that the stroma itself was composed of pro-
teins, the lipids lecithin, cholesterol, and cephalin; and of inorganic
substances. Hemoglobin, the pigment of the erythrocyte, was found to |
be & complox, iron-containing, conjugated protein composed of a pi.-onci
and & simple protein. The pigment was ferroheme and the protein frac-
tion was globin, a histone. Hawk, Oser and Summerson (1954) stated
that hemoglobin was the most abundant protein in the bloocd, being
usually found to the extent of about 14.0 to 16.0 grams per 100 milli-

liters of whole blood. Under normal conditions it was observed to

exizt almost entirely within the erythrocyte, but a wide range of hemo-
lytic agents may cause its release.

Hawk et al. (1954) dealt with the subject more specifically and
introduced some additional information about the constituents of a red |

blood cell  In their study they found that the erythrocyte contained

approximately 65.0 per cent water and 35.0 per cent solids. Of the

solids, the red chromoprotein hemoglobin comprised about 32.0 of the




35.0 per cent. Most of the remaining 3.0 per cent formed the stroma

of the cell and consisted largely of proteins, phospholipids and
cholesterol. Inorganic ions found in the erythrocyte included potas-
sium, chloride, bicarbonate and phosphate. Of these, potassium was
present in the largest amount, being comparable guantitatively, and in
certain respects physiclogically, to the sodium of the plasma. Organic
constituents were found to include various phosphate esters and certain
enzymes, such as phosphatases and carbonic anhydrase. This latter con-
stituent was of particular significance in connection with the function
of erythrocytes.

The brief discussion of hemoglobin which preceded this informa-
tion did not mention the fact that all hemoglobins were not identical
compounds, even among the mammalisn species, Dukes (1955) believed
that the variation was due to a difference in the globin part of the
molecule. Beach et al. (1939) stated that the incompatability was
apparently related to the chemical composition of the globin fraction,
which seemed to vary in amino acid content Reichert ano Brown (1909)
also demonstrated that hemoglobin from differenr animais was not the

same. In their work they employed the process of crystallography and

showed that the hemoglobin from most species could be crystallized,
but that the ease of crystallization and the shape and size of the 4

crystals often varied greatly.

Function. Dutcher, Jensen and Althouse (1951) reported that

erythrocytes were highly specialized cells, responsible for the trans-

fer of oxygen and carbon dioxide between the lungs and tissue. In a

NE—
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rather similar description Hawk, Oser and Summerson (1954) stated that

the major function of the red cell appeared to be the transportation

of oxygen and carbon dioxide, and that this function could be explained )
on a purely physiochemical basis in terms of the role of hemoglobin

and other substances which were present. Additional comments concern-
ing the function of erythrocytes were made by other investigators and
generally they seemed to be in agreement with the information presented

here.
THE ORIGIN OF THE ERYTHROCYTE

When considering the origin of erythrocytes one factor that %

warrants attention is the age of the individual. Best and Taylor i
(1955) stated that the first signs of blood and blood vessels appeared E
very early, but that during this stage they were present only in the |
mesenchyme of the wall of the yolk-sac. Following this it was found
that the embryonic and extra-embryonic vessels formed communications
with each other to allow the primitive blood plasma and erythrocytes
to enter the body of the embryo. The mesenchyme cells of the general
connective tissues of the embryo's body formed some of the blood compo-
nents at this time. It was suggested that this type of blood formation
was of short duration and that the process scon became localized in the

liver, spleen, bone marrow and lymph glands. In addition to this it

was noted that during the latter part of the pre-natal life of most

animals, the liver and spleen lost the power to produce the necessary

~ell types and therefore ceased to serve as hlood forming organs.




Erythrocyte formation was then located primarily within rthe red bone
Marrow.

The bone marrow has frequently been called hematopoietic tissue E
and is responsible for the normal production of erythrocytes throu;hout'
post-natal life. In the adult animal this tissue was found to be
limited almost entirely to the flat bones, such as, the sternum, ribs,
diploe of the skull and the bodies of the vertebrae. In young indivi-
duals small amounts were often observed in the ends of the femur and
humerus, but little was usually present in such long bones as the
tibia. Dukes (1955) confirmed this process and reperted, that in the
fetus, the liver, spleen and lymph nodes were jointly concerned with
the forwation of red blood cells, but that in post-natal life the bone é
merrow was, under normal conditions, the only area of erythropoietic |
activity., Additional mention was made to the fact that if certain ab-
normal or pathological conditions were present, it was possible for all
the organs to reassume the function of red blood cell production.

Grant and Root (1952) also believed that, under ordinary circumstances,

adult mamwsels formed their erythrocytes in the red bone marrow. [

SOME FACTORS WHICH STIMULATE THE PRODUCTIOW

OF ERYTHROCYTES

Crant and Root (19252) found that red cell formaiion occurred

under the conditions ¢f anoxia irrespective of whether the functional
|
state was one of ancxic or anemic anoxia. As s vesult, they regarded i

anoxia as the fundamental or primary stimulus for erythropoiesis.
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Dukes (1955) was in agreement with this work and reported that anoxia
was a potent stimulus for erythrocyte formation.

The mechanism by which anoxia or some similarly acting agent

stimulates erythropoiesis has not definitely been established, but
Bert (1882) suggested that anoxia of the bone marrow was the specific
requirement for the initiation of the process. Dallwig et al. (1915)
also believed that this condition was important in the cycle of events
vhich were necessary for increased red cell production. In a later
study of bone marrow oxygen saturation, Reznikoff et al. (1935) intro-

duced partial evidence tc show that an anoxia was present in the lnrrovi

of individuals with polycythemia. Further work by Schwartz and Stats i
(1949) illustrated that the percentage of oxygen saturation in the ;
marrow blood of such patients was greater than normal, and that the ?
marrow blood of anemic individuals was not abnormal in relation to
oxygen content. Crant and Root (1952) concluded that most evidence i
offered for the anoxic marrow mechaniswm was indirect and was derived
from the association of accelerated erythropoiesis with low arterial
%mygen pressure, pvesent under some conditions.

The lack of convincing evidence to demonstrate that local anoxia
of the bone marrow was the fundamental stimulus for red cell production
led many investigators to believe that anoxis must act at some site

other than the bone marrow and produce an effect upon erythroid tissue

secondarily. As a result, several workers began "o study the effects

of the nervous system and carbon dioxide tension upon erythrocyte

production, but they could establish no significant relatiounship
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between the two. Numerous other investigators assumed an alternative

{
{

possibility and analyzed the effects of various endocrine gland secre-

tions upon the process.

Davis (1942) demonstrated that small or moderate injections of
posterior pituitary extract induced a marked increase in the number of
erythrocytes and in hemoglobin values. He explained these results on
the basis of a stimulation of erythropoiesis caused by anoxia of the
bone marrow from the vasoconstricting effect of the extract. 1In laothlé
investigation Grant and Root (1952) reported that feeding of fresh |
hypophyseal material produced erythropoietic stimulation in normal
animals. Van Dyke et al. (1957) also carried out an extensive experi-
mentation to determine the role of the pituitary in red blood cell
production. Their work was designed to establish the existence of a ;
specific erythropoietic hormone which would have as its target organ 1
the red cell producing portion of the bone marrow. Results from the g
administration of pituitary extracts showed that no preparation would |
stimulate red cell production unless it contained ACTH, and that no
ACTH was free of erythropoietic activity. However, when hypophysec-
tomized or normal rats were fed a diet of anterior pituitary substance,
red cell production was increased without adrenal stimulation. They
concluded from this that the separate existence of a pituitary erythro-
poietic hormone scemed very lively.

Dougherty and White (1944) reported that single infections of

either adrenal cortical or adrenocorticotropic extracts in mice caused

an initial rise in hemoglobin and red cell counts within three hours,
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but twenty hours later these values decreased to below those of an un- |
treated animal. They also noted that daily injections of adrenocorti-
cotrophic extract in mice for fifteen days produced an increase in
hemoglobin values and red cell counts to above normal standards. 1In
addirion, the administration of vhple adrenal cortical extracts to
adrenalectomized rats was found tc be effective in preventing anemia
and was observed to cause increased resistance of the red cells to
hypotonic saline solutions. This substance did not influence any bone
marrow changes.

Carcia et al. (1951) and Hudson et al. (1952) reported that the
administration of ACTH caused increased red cell production in man and
experimental animals, and Gordon et al. (1947), Summers and Sheehan
(1951) and White and Dougherty (1945) stated that hypofunction or
extirpation of the adrenals resulted in bone marrow hypoplasia.

Although these methods and results appeared promising, other ,
workers sought to determine the effects of various hormones upon red
cell production by the process of hypophysectomy. Vollmer et al. i
(1939) found that anemia developed in rats after the removal of the
pituitary glend., Crafts (1941) was in agreement with this work and
etated that a 30 per cent reduction in red cells was a common finding
in the peost-hypophysectomized state. Crafts (1946) also reported that

after the pituitary gland had been removed the bone marrow became

hypoplastic and exhitited & decresse {n erythroid elements, while the
spleen partially decreased in size. In addition to the changes in the

blood constituents, hypophysectomy was reported Ly Levin (1943) and
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Lee et al. (1936) to produce a 20 to 30 per cent loss in body weight
and about a 30 per cent reduction in metabolic rate. This decrease in :‘

body weight suggested that a reduced food intake occurred and that

post-hypophysectomy anemia was related more directly to nutritional
factors. Vollmer et al. (1942) and Meyer et al. (1940) also believed
that the anemia following hypophysectomy was the result of an upset in '
general metabolism rather than a consequence of the removal of any
specific hematopoietic factor. Grant and Root (1952) commented that 1:i
was spparent that hypophysectomized animals had a decreased number of
red cells and a reduced hemoglobin concentration. Such alterations

indicated no deficit in erythropoiesis, but rather were a part of the

|
i

generalized change in physiological status. In addition, the lntqﬂty;
of the erythropoietic mechanism in hypophysectomized animals was
demonstrated by a normal response to an adequate lowering of the baro-
metric pressure and to hemorrhage.

The major hormone of the adrenal medulla was also investigated |
in an effort to determine its effect upon red cell production. GCordon
et al. (1951) reported that adrenal demedullation was without influence
upon the formed elements of the blood, but many other workers have
recorded a transient increase in red cell counts, in hematocrit values
and in hemoglobin concentrations after the injection of epinephrine.
Such incresses were interpreted by Knisely (1934) to be the consequence

of splenic contraction and not the result of any erythropoietic stimu-

lation. Davis (1942) also found that the administration of epinephrine

‘produced temporary changes in plasma volume and in red cell ?
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concentration, but stated that there was little evidence to support
the belief that this or similar substances stimulated red cell forma-

tion.

Although the fundemental stimulus for erythropoiesis in the
adult mammal has generally been considered to be anoxia, ahother impor-
tant means of inducing red cell production is the administration of
cobalt. Grant and Root (1952) reported that there was no evidence to
support the fact that it was related to anoxia, but that the common
use of the element as a means of producing polycythemia suggested that ;
its mode of action could provide some clue to mechanisms concerned.
Moreover, Marston (1952) felt that cobalt was an agent of physiological
importance since it was found to be present in a concentration of 0.4
per cent in the vitamin 312 complex. Dukes (1955) stated that this
vitamin was regarded as being identical with the extrinsic factor and
the antipernicious anemia factor, and was necessary for the process of
red cell formation. He also mentioned that a cobalt deficiency in
ruminants was considered to be largely a vitamin ’12 deficiency, since
the omission of this element from their diet was usually accompanied by
a greatly decreased production of the complex. Morrison (1956) teportai
that cobalt was required by the bacteria of the rumen in order that
they could digest feed and synthesize the B-complex vitamins. He
believed that the chief cause of cobalt-deficiency trouble in
ruminants was the lack of vitamin 812. and indicated that one of its

frequent characteristics was a serious anemia.

Kato (1937) reported that cobalt polycythemia could be produced |
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in a wide range of animals. Stanley et al. (1947) were in agreement
with this work and felt that the increase in red cell counts and hemo~

globin values represented the action of cobalt upon erythropoietic

tissue. Barron and Barron (1937) ascribed the production of cobalt f
polycythemia to an inhibition of the respiratory function of immature ;
erythrocytes in the Lone marrow and their subsequent early release lut.[
the general circulstion. Burk et al. (1946) reported that cobalt's |
interference with the respiration of certain bacteria was probably due
to the formation of only partially reversable complexes. They also
felt that since these complexes were not readily dissociated in the
body, it pointed cut the possibility that their formation created, in
effect, ancxia of the erythroid cells of the bone marrow and the char-
acteristic incresse in erythropoiesis. Orten (1935) suggested that
vasodilation caused by cobalt slowed the blood flow and resulted in a
local anoxis with erythropoietic stimulation. Davis (1941) found, how
ever, that moet vascdilator drugs were effective in reducing red cell
production. He assumed that these agents dilated the bone marrow
arteries, improved the blood supply to the tissue, and thereby dimin-
ished the local anoxia which was presumably the stimulus for polycy-
themia. Crant and Root (1952) reported that cobalt was regarded as a
petent erythropoietic agent, but exactly how the element produced its
polycythemis was still unknown. In addition, these authors felt that
true erythropoietic stimulation could be achieved by only three funda-

imental conditions; anoxic anoxia, anemic anoxia and excessive cobalt.

The existence of more than one mechanism of stimulation was alse con- {
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sidered to be a 3curce of misconception, since the inhibition ox

removal of one could favor an alternate route of action.
THE NORMAL RED BLOOD CELL COUNT

Holman (1955) stated that the average total erythrocyte count
for cows was 5,950,000 cells per cubic millimeter, hoveyer Coffin
(1953) reported that the total cells per cubic millimeter could range
from 5,400,000 to 9,000,000. PFraser (1930) mentioned that the erythro-
cyte counts for Shorthorn cows in milk averaged 5.6 million, but aver-
aged 6.6 milliicn for those cows which were dry. In an investigation
by Burnett (1%17) it was reported that the average red cell count for
American cattle was 6.0 million. This work was supported by Ferguson,
Irwin and Beach (1945) and by Miller (1934) who both recorded averages
of 6.2. Dukes (1955) was also in close agreement with this figure and
gave an average for the cow of 6.3 million cells per cubic millimeter.

Price, %ogart, Alexander and Kruger (1957) carried out some
experiments with beef cattle which showed that at 500 pounds body
weight red call counts ranged from 6.0 to 9.8 million per cubic milli-
meter. The mean value of this range was 7.73 million. When body
weights were increased to 800 pounds the average total red cell count
for Angus males was §.5 million per cubic millimeter, while Hereford
males averaged &.0 million., The range in average total erythrocyte

count for heifers from these lines was from 8.0 to 8.8 million cells.
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SOME FUNDAMENTAL CAUSES OF VARIATION IN THE NORMAL

RED BLOOD CELL COUNT

Holman (1955) reported that a well-chosen sample of about 30
individuals gave a good indication of the mean and distribution of the
population in question. However, Rusoff and Piercy (1946) stated that

blood values from one well managed dairy herd could vary significantly

from those of another in the same district or from those of the same
herd during a different month. It was thought that in addition to the
commonly encountered factors, some important but relatively unknown
causes of variation were in existence and were establishing a rather

uncontrollable source of error.

Age. Age seems to influence the normal red cell count to some
extent. Holman (1956) reported that the count was extremely variable
for individual calves, but on the average kept at a high level for four
months and then decreased in number as the corpuscles increased in size.
The average total counts obtained by him included 9.82 million per
cubic millimeter on the day of birth, 9.6 million at two months, 10.62
million at four months, and 8.43 million at eight months. Fraser
(1930) also recorded a definite trend in this direction for young
animals, and Greatorex (1954) has published results which fully confirm
these findings. In addition, Canham (1930) reported a gradual drop in
red cell count with the increase in age of bull calves in South Africa.
Mullick and Pal (1943) also found a similar decrease in Hissar cows in

India.
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Holman (1956) has stated chat che measurements for size and
number of corpuscles in calves reached the same level as the cow in
about two years. Some variation was noted between the two factors
since red cell ccunts reached the adult figure at 22 months and corpus

cular size reached the peak at 29 months.

Sex. Although sex has been regarded as a possible source of
variation for many years, some investigators feel that it is a rela-
tively unsubstantiated belief and is not too important in animals.

Canham (1930) compared a group of male and female cattle in an
effort to illustrate sexual differences in the erythrocyte count, but
average figures from the two groups showed no significant variation.
Wintrobe (1951) stated that the difference in the human male and female
was not evident until puberty, and in mammals in which menstrual loss
did not occur, the values were the same for both sexes. Holman (1956)
reported that from the time it was first shown that men had a higher
hemoglobin value than women, many workers recorded the same sexual dif-
ferences in animals. Because this fact was not basically confirmed he
felt that the conditions of their measurements were hard to find. It
was also stated that when higher erythrocyte counts were present in the
imale it was probable that some confounding factor, possibly environ-
|ment, caused this variation.

Price et al. (1937) showed some differences due to sex in both
hemoglobin level and total red cell count. In their investigation male

calves had lower levels of hemoglobin and lower red cell counts than

female calves at both 500 and 800 pounds body weight. Canham (1930)
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recorded a higher erythrocyte count about the time of calving and
Ferguson, Irwin and Beach (1941) reported an increase in total erythro-
cyte count immediately after calving, followed by a fall over three
wveeks to below pre-calving levels. In addition, Holman (1955) stated

that there was an increase in red blood cells from about 12 hours g

before calving tc about 12 hours after calving.

Breed. Most investigations carried out to determine the effects §
of this variable upon the blood picture in cattle have illustrated th‘t’
little difference between breeds exists. Holman (1955) reported that
there appeared to be little variation among European breeds as recorded
in Europe and in the temperate zones of America. Among African breeds
Canham (1930) showed close similarity to various European breeds in the
same district. Mullick and Pal (1943), who recorded results for Indian
breeds, reported a somewhat higher erythrocyte count, but also mentioned
that the red celis were of a smaller size. The average leucocyte count
for these breeds was in agreement with counts obtained for European
animals.

Price et al. (1957) reported that at 800 pounds body weight
Angus males had an average total red cell count of 8.5 million, while
ereford males averaged only 8.0 million. Rusoff, Johnston and
Branton (1954) also suggested that differences between breeds were in
existence, but their conclusions were incomplete due to the small num-
ber of individuals examined. Based on previous investigations, Holman

(1955) concluded that breed differences were in most cases limited to

erythrocyte size.
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Environment. The many factors which go together to comprise
a given environment undoubtedly are responsible for a large part of the
variation commonly observed between groups of cattle. In a discussion
of this subject Holman (1955) reported several cases in which red
cell counts were effected by nutritiopal defects. Morrisen (1956)
also indicated that proper amounts of copper, iron and cobalt were
necessary in order to maintain normal hemoglobin and red cell levels.
Other investigators have commented on some of these requirements, but
their work was included in the previous discussion of cobalt.

Another variable which has often been overlooked is the effect
of altitude. Bert (1882) first reported the presence of increased con-
centrations of hemoglobin and red blood cells in men and animals living
at high altitudes. Hurtado, Merino and Delgado (1945) and Schneider
(1921) confirmed this observation and stated that the concentration of
hemoglobin and erythrocytes in the blood of an individual living at a
high altitude was noticeably greater than at sea level. In a more re-
cent investigation Merino (1950) showed that residence of one to five
weeks at altitudes of 11,000 to 14,000 feet produced an increased red
cell volume of about twenty per cent, when compared to determinations
made at sea level. Canham (1930) compared the red cell count of cows
living at a level of 3,500 feet with cows under similar conditions and
of the same age living at 4,400 feet. His results showed that the
average total erythroc:yte count was one to two million greater in the
higher altitude. 1In addition, Grant (1951) recorded an increased

reticulocyte percentage in the circulating blood of man and animale
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living in high altitudes.

Neser (1923) suggested that much of the fluctuation in the red
cell count was due to the amount of exercise taken, and believed that
active animals retained a higher hemoglobin level. 1In his work he
cited instances in which calves had a higher erythrocyte count at three
to four weeks than they had shown a day or two after birth. Age was
not completely discounted as a cause of this variation.

Apparently little work has been done to determine the direct
effect of temperature upon the total red cell count. The literature
reviewed for this investigation revealed no definite statements regard-
ing the subject and only a few remarks indicating a relationship were
found.

Best and Taylor (1955) stated that low temperatures caused a
reduced blood volume and an increased blood concentration, while high
temperatures influenced a reversal of these reactions. Manresa, Reyes,
Gomez, Zialcita snd Falcon (1940) reported that due to tropical condi-
tions in the Philippines, Holsteins and Herefords had hemoglobin values
as low as 6.8 grams, while native cattle maintained a level of about
9.4. 1In some later work Manresa and Orig (1941) observed a double
cycle in hemoglobin during each year. Their results illustrated that
the levels rose during cooler periods, but were independent of the
values for relative humidity or total leucocyte counts. Garner and
Unsworth (1953) also reported a definite fall in the hemoglobin values
of Zebu bulls during June and July of each year.

Although the above work was concerned largely with hemoglobin
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levels, Price et al.(1957) reported that the values for blcod hemoglo-
bin and the red cell count were highly interrelated.

In regard to environmental conditions, Holman (1955) concluded
that there was & great variation in the erythrocytic picture of the
cow due to its enviromment. He also believed that much uncertainty
was present and that many of the differences were, often by surmise,

assigned to several factors.

Disease. Hadley (1949) reported that many infections were
reflected by erractic red cell counts. Likewise, Dukes (1955) stated
that some pathological conditions could influence marked variations in
the erythrocyte number. Hawk, Oser and Summerson (1954) also acknowl-
edged the rezlationship between disease and certain blood abnormalities.
The effects of various pathological conditions upon the total red cell
count were discussed somewhat by Holman (1950) in a report on anemia
and polycythemia. In this work he stated that anemia was usually due
to an abnormal blood loss or deficient blood production, and was
usually accompanied by a lower red cell count. He further mentioned
that a certain degree of inflammation or toxemia in the body inhibited
erythrocyte production and therefore caused a fall in the red cell
count during almost any infection. Conditions noted to be closely
associated with reduced erythrocyte counts were wide spread tumour
formations, chronic infections such as tuberculosis and heavy infesta-
tion with various types of intestinal parasites.

Although infections were reported to influence a general

decrease in the red cell count., Grant and Root (1952) and Holman {1950)




observed some conditions in which the total erythrocyte count was
elevated to above normal standards. Holman (1950) stated that an abso-
lute increase in erythrocytes could coccur due to an over-compensation
for some types of infection, but Grant and Root (1952) reported that

many of the increases were relative and not of the absolute type. The

-

mechanisms which they suggested to account for this phenomenon were a

decreased plasma volume with an unaltered cell mass, unequal distribu-

|
|

tion of red cells with the introduction of sampling errors and the
emptying of reservoirs of sequested cells throughout the body. Desp:ltei
the fact that all of these were possible, Holman (1950) believed the
primary cause of this relative condition to be a loss oX plasma from
the circulation so that the blood became more concentrated and gave an
apparent increase in the number of corpuscles. This type of rise was
observed to be present in states of continual vomiting, marked diarrhea,
and in any condition which produced shock. Hahn et al. (1943) also

mentioned the effects of hemodilution and hemoconcentration as possible

sources of error in the total red cell count.

The Individual. Holman (1950) stated that in domestic animals
there was a considerable variation in the blood picture between healthy
individuals. Such a difference, however, was not considered unusual
since in all biological measurements there was no single correct value
but a normal range. In an effort to establish standards by which an
individual could be claszified this author reported that animals giving

measurements two standard deviations above or below the average were

considered questionable, while those showing values three standard
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deviations either way were definitely abnormal.

THE ERYTHROCYTE'S RESISTANCE TO HEMOLYSIS

Dukes (1955) stated thet hemolysis was characterized by the
discharge of hemoglobin from the erythrocyte in such a manner that it E
became free in the plasma or otherrnurrounding media. Kurnick (1941), i
Dukes (1955) and Best and Taylor (1955) cited a viae range of both é
internal and external factors which were active in promoting this con-
dition, if present. Of the ways, alternate freezing and thawing and
excess agitation were generally believed to cause hemolysis by ruptur-
ing the cell's stroma. On the other hand, various chemical substances
such as ether, acetone and alcohol were found to bring about cellular
destruction by dissolving the lipid constituents present in the
envelope and stroma. The venoms of certain poisonous snakes, spiders
and insects were also noted to be potent hemolytic agents, but their
mode of action was varied within the animal's body. Dacie (1950),
Holman (1950) and Best and Taylor (1955) suggested several other means
for inducing hemolysis which were designed to assist clinical and
experimental investigation. It was agreed, however, that lowering the
osmotic pressure around the cell by introducing hypotonic saline solu-
tions had the most diagnostic value and was therefore the most suitable
method for this type of work. No results were present to indicate that
this mechanism was important in the normal breakdown of erythrocytes
within the body, and many investigators have reported that large

amounts of water could be injected into the blood stream without produc-
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ing significant amounts of hemolysis. In an experiment on horses,
Roberts (1943) found that injecticns of cover 4000 milliliters of dis-
tilled water or tapwater rc¢gularly produced a temporary hemolysis and
hemoglobinuria, but that injections of less than 2000 milliliters had
no effect. It then became apparent that the extent to which the osmo-
tic pressure of plasma could be lowered without causing significant
hemolysis was considerable. Further investigation showed that the
normal red cell was mainly responsible for this effect, since it of-
fered a definite resistance to the disintegrating action of hypotonic
solutions.

Additional studies of this resistance in relation to specific
concentrations of saline demonstrated two dilutions to be of basic
analytical importance. In a consideration of these, Dukes (1955)
stated that the point in terms of strength (per cent) of sodium
chloride solution at which hemolysis just began indicated the osmotic
resistance of the weakest corpuscles (minimum resistance), while the
point at which complete hemolysis occurred indicated the resistance of
the strongest corpuscles (maximum resistance).

Since these values were found to be useful in most determina-
tions of erythrocyte resistance, several workers established standard
ranges for various species of animals. Holman (1950) reported that
cattle and horses showed initial hemclysis at 0.55 per cent sodium
chloride, but did not exhibit complete breakdown until the solution
reached 0.40. Dukes (1955) found the overall range for cattle to be

slightly larger than that mentioned by Holman (1950) and recorded the
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respective values of 0.59 and 0.42 per cent for the two levels. His
data for hemolysis in the horse illustrated that cellular destruction
began at 0.59, but terminated very naar the previous value given for
this species at 0.39. Swine showed a somewhat decreased resistance in
comparison to most other animals vgth a range of only 0.74 to 0.45 per
cent. As a note of caution, it v;s reported by Best and Taylor (1955)
that some cells show a reduced resistance to hypotonic solutions, but
maintain a normal resistance to other hemolytic agents such as lyso-
lecithin. The antogonistic nature of this reaction was considered to
be the result of two different hemolytic conditions, each effecting
the cell in a somewhat opposite manner.

Up to this point red cell resistance has been approached from
the standpoint of responses given by the healthy adult individual.
Such responses, however, are not always present and the onset of vari-
ous abnormalities can be the result of several factors.

Holman (1950) found disease to be one of the most significant
causes of variation in the red cell resistance. In his report it was
illustrated that erythrocyte resistance could be appreciably reduced,
even to the point of hemolysis within the body, by the action of sev-
eral types of bacteria and protozoa. In addition, various poisons and
certain types of allergies were shown to possess potent hemolytic
effects. In a somewhat similar report, Best and Taylor (1955) found
that the toxins of many pathogenic bacteria, such as streptococcus,
staphylococcus and tetanus bacillus, could cause lowered erythrocyte

resistance as well as complete breakdown of the cell. They also noted
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that intense hemolysis took place during some of the more virulent
types of infectious fevers and in the presence of severe burns. Like-
wise, Hawk, Oser and Summerson (1954) mentioned that certain kinds of
disease definitely reduced the red cell's resistance to hemolysis.

In addition to the effects of disease, Holman (1956) reported
that age exhibited some influence on erythrocyte resistance. In an
investigation on cattle he found that corpuscles were most resistant on
the day of birth, followed by a sharp decrease in resistance up to
about four months. At this age resistance began to increase gradually,
until at two years, it was equal in degree to that of an adult indivi-
dual. In a rather similar study Greatorex (1954) found that during the
first month calves did not show complete hemolysis until the osmotic
pressure was reduced to approximately 0.3 to 0.35 per cent sodium
chloride. Throughout the next four months these values increased to
between 0.4 and 0.45 per cent, and then were observed to remain near
0.5 for the remainder of the year.

The presence of a vitamin E deficiency was considered by Hawk,
iOser and Summerson (1954) to be another cause of lowered erythrocyte
resistance. The results of in vivo and in vitro experiments partially
|[substantiated this fact, since the administration of alpha tocopherol
in both cases influenced the resistance to return to normal levels.
Although most of the previous reactions have been concerned with
the factors which cause a drop in red cell resistance, Holman (1950)

reported that in several instances crvthrocyte resistance increased

rith the appearance of infection. Best and Taylor (1955) were in
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agreement with this and stated chat during pernicious anemia red cells
have been found to exhibit a greater resistance to many hemolytic
agents. Non-physiological doses of certain pituitary and adrenal cor-
tical hormones have alsoc been reported to increase red cell resistance
in & variety of hemolytic conditions, but their epecific actions were

considered in a different section of this review.

THE EFFECTS OF INSULIN AND EPINEPHRINE UPON

ERYTHROCYTE RESISTANCE

Insulin. Cutler (1934) and Petersen et al. (1931) recorded the j
characteristic hypoglycemia which occurs in normal animals as a result
of non-physiological administration of insulin. A condition such as
this was reported by Long (1952) to stimulate the secretion of epine-
phrine and eventually cause the release of ACTH. That insulin can
augment this response, is of definite importance when considering the
maintenance of normal blood sugar levels, and it may possibly be signi-
ficant when contemplating the effects of this hormone upon erythrocyte
resistance. However, despite the fact that insulin was accredited with
the ability to alter various blood components, no statement illustra-
ting a direct relationship between insulin and red cell resistance

could be found.

Epinephrine. 1In addition to its hyperglycemic function,
Barcroft (1925) and Taylor (1943) found that epinephrine injections
caused transient increases in red cell counts, hematocrit values and

hemoglobin concentrations. These results were explained on the basis
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of splenic contraction and other physical changes within the body, but
in no instance were the effects of epinephrine discussed with refer-

ence tc erythrocyte resistance.

THE EFFECTS OF CORTISONE AND ADRENOCORTICOTROPHIC

HORMONE (ACTH) UPON ERYTHROCYTE RESISTANCE

Although several of the other hormones under consideration have
not been demonstrated to effect red cell resistance, ACTH and cortisone
have frequently been reported to possess the capacity to alleviate

various hemolytic conditionms.

The Effects of ACTH and Cortisone upon Acquired Hemolytic

Anemias. Idiopathic, acquired hemolytic anemia is an interesting and
perplexing hematological syndrome. Until recent reports of remission
following administration of pituitary corticotropin (ACTH), treatment
was unsatisfactory in a large percentage of the cases. Gardner (1950)
and Dameshek (1950) reported on the early use of corticotropin in this
disorder, but Dameshek et al. (1951), Gardner et al. (1951), Young
et al. (1951) and Unger (1951) carried out similar investigations
within the next year. A rapid change in the blood picture toward nor-
mal was uniformly noted by these investigators, however, some cases
remained in remission for weeks to months while others required main-
tenance doses to prevent relapse.

Thorn (1950) reported that most studies of corticotropin effect
on normals failed to show significant alteration of circulating anti-

bodies. Singer and Motulsky (1949) pointed out that some of the
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hemolytic anemia cases exhibited falling titers in the developing
Coombs test. Worgley et al. (1948) reported that reticulcendothelial
cells, particularly of the spleen, were active in coating the red
cells with a protein which could be detected by employing this test.
Evans and Duane (1949) indicated that the amount of globulin present,
when measured by the quantitative Coombs test, correlated roughly with
the evident degree of hemolysis. Wright et al. (1951) did not com-
pletely agree with this idea and stated that some individuals with
weakly positive reactions to the test had no evident hemolysis. 1In
regard to erythrocyte destruction these workers believed that adsorp-
tion of certain abnormal globulins at the cell surface shortened the
life span of the erythrccyte by increasing mechanical fragility and
susceptibility to the destructive and phagocytic activity of the
reticuloendothelial system.

The abnormal globulin which coated the red cells was probably
an immune globulin, but this had not yet been proven. There were also
several theoretical mechanisms by which an immune globulin might 1nvohd
erythrocytes. An antibody to an environmental allergen might, for
some reason, become fixed to the cell surface. Hemolysis would then
follow exposure to that antigen. Luisada (1941) reported that the
hemolytic srnemia which, in sensitized patients, followed ingestion of
the ripe fava bean or inhalation of its pollen probably represented
this sort of mechanism. This reaction begen within hours after expo-
sure, reached a maximum in a few days and subsided rapidly thereafter.

Acquired hemolytic anemia, on the other hand, was more chrenic in its
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course and had no obvious allergic etiology. That red cells could alsc
become coated upon mixture with appropriate type-specific hemagglutin-
ins, was demonstrated by Jakobowiez, Krieger and Simmons (1948) in an
investigation on erythroblastosis fetalis. They found that when
maternally produced anti-Rh antibodies crossed the placenta and com-
bined with the Rh antigen inherent in the fetal cell, a hemolytic
anemia occurred which differed from the acquired variety only by the
presence of a type-specific reaction and an externally produced anti-
red cell antibody.

Best, Limarzi and Poncher (1951) reported that whatever the
nature of the adsorbed globulin, the action of corticotropin appeared
to inhibit its production or adsorption to the red cell. Likewise, it
was proposed by Thorn et al. (1950) that the cell membrane was an
important site of corticoid activity in the response of a wide spectrum
of diseases to corticotropin therapy. In addition, Best et al. (1951)
found that the adrenal corticoids, stimulated by corticotropin,
increased the resistance of red cells to mechanical fragility, despite
a coating of globulin. In accordance with this it was observed that
marked hematological remissions were repeatedly induced by corticotro-
pin therapy with no significant alteration in circulating antibodies.

In such cases hemolysis returned each time the drug was withdrawn.

The Effects of ACTH and Cortisone on Various Types of Induced

Hemolytic Anemia. It was illustrated in the work of Best, Limarzi and

Poncher (1951), Dameshek et al. (1951), Unger (1951) and Wintrobe and

Cartwright et al. (1951) that cortisone and ACTH would mitigate the
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hemolysis in many cases of acquired hemolytic anemia and often

arrest the disease. White and Dougherty (1945) indicated that the
adrenal cortex was, to some extent, associated with the maintenance of
normal red cell levels in the periphetal blood. 1In addition to this,
Garcia et al. (1951), Gordon and Charipper (1947), Gordon et al.
(1951), Lowenstein et al. (1951), Palmer et al. (1951) and Summers and
Sheehan (1951) showed that the administration of ACTH increased the
red cell volume and hemoglobin values in the intact animal. Bethell
et al. (1951), Hill and Hunter (1951), Hovermark and Nordenson (1950)
and Whitelaw (1951) believed that ACTH and cortisone could have bene-
ficial effects in other types of anemia, but Feldman et al. (1953)
first conducted the investigation to determine the role of the adrenal
cortex during periods of induced red cell destruction, in which phenyl-
hydrazine was employed as the hemolytic agent. The results of this
work clearly illustrated that in adrenalectomized rats, anemia produced
by phenylhydrazine was significantly greater than in the intact
animals. It was also shown that the administration of cortisone pre-
vented this increased destruction and maintained a red cell count
comparable with the level found in control animals. Under the condi-
ticns of this experiment, however, ACTH was more effective than corti-
sone and almost completely prevented the rad cell destruction induced
by phenylhydrazine.

As previously mentioned, the adrenalectomized animals receiving
phenylhydrazine showed an increased destruction of red cells. This

response was not believed toc be the result of an additive anemia conse-

quent to adrenalectomy, since Gordon and Charipper (1947) and White
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and Dougherty (1945) reported a fall in red cells of between twelve
and twenty-five per cent following adrenalectomy alone. It was also
unlikely that the effects of phenylhydrazine in adrenslectomized
animals included blood volume changes, as it was reported by White and

Dougherty (1945) that there were no changes in the blood volume in

rats following adrenalectomy. In addition, Frost and Talmage (1951)
demonstrated that in adrenalectomized rats fluid shifts effected the
cell, but did not alter extracellular volumes. However, Gordon and
Charipper (1947) and White and Dougherty (1945) referred to work which
stated that hemoconcentration occurred in species other than the rat
following this operation. Gordon et al. (1951) noted that there was a
decreased red cell resistance in adrenalectomized rats, but that the
condition was transient and disappeared approximately four weeks after
the initial surgery.

Feldman et al. (1953) postulated that the adrenal cortex influ-
enced the integrity of the red cell, either directly or indirectly, by
alterations of the plasma, by governing red cell breakdown in the
reticuloendothelial system, or by controlling red cell production in
the bone marrow and extramedullary sites. It was also felt that corti-
sone or ACTH increased the resistance of the red cells to phenylhydra-
zine destruction. Gordon et al. (1951) observed conditions which point
to the fact that the adrenal cortex could effect the structure of the
red cell or its surrounding milieu. Also Cruz, Hahn and Bale (1942)
demonstrated that the products of red cells, destroyed by acetylphenyl-

hydrazine, were immediately utilized for the production of new cells.
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Feldman and Rachmilewitz (1954) conducted an investigation to
determine the role of the adrenal cortex during a period of induced

red cell destruction, in which immune serum was employed as the hemo-

lytic agent. Their results showed that after an intravenous injection |

of immune serum, there was a progressive fall in the red cell level

from minus twenty-eight per cent at twenty-four hours, to minus fifty-

eight per cent at four days. In another group, which received both

immune serum and ACTH, there was a comparable decline in red cells

from minus thirty-three per cent at twenty-four hours, to minus sixty-

two per cent at four days. The differences obtained here were not
statistically significant and it was apparent that ACTH was ineffec-

tive against the anemia induced by immune serum.

Cell Reactions which Commonly Accompany Various Types of Hemolysis.
Feldman et al. (1953) and Feldman et al. (1954) reported that in the

course of studying the effect of the adrenal cortex and its hormones
upon hemolysis, a rather uniform pattern of leukocyte response was
noted. Although minor variations existed, leukocytosis and neutro-
philia were immediate and lasted up to four days; eosinophilia was
marked and persistent after the first six hours; reticulocytosis
appeared two to three days after the inception of hemolysis and

increased rapidly for the remaining days of the experiment. It was

found, however, that the peripheral blood cell response associated with

hemolysis occurred in the presence or absence of the adrenals and with
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or without the administration of ACTH. As a result it was concluded
that hemolysis caused a distinct pattern of cellular response in the

peripheral blood, which was not mediated through the adrenal cortex.




CHAPTER IIIl

MATERIALS AND METHODS

Experimental Animals

Data for this investigation were obtained from animals donated
by several breeders throughout the State of Missouri and from the
University of Missouri's herd of Hereford cattle. Studies were car-
ried out during the various seasons of 1956 and 1957.

In this work a total of seventy-eight different animals were
examined. This number included twenty-three pedigree clean, twenty-
seven known carriers and twenty-eight dwarfs.

Seventy-four Hereford cattle comprised the majority of the
animals used. They ranged in age from three months to approximately
ten years and represented both sexes. All three of the genotypes
believed to be associated with dwarfism were present in this group.
The four members of the Aberdeen Angus breed which were available for
this study ranged from three months to eight years of age and included
only females of the dwarf and carrier genotypes.

Each different phase of this investigation was not conducted
upon the entire seventy-eight animals, but in some cases the same

individuals were run on more than one type of test.

The Total Erythrocyte Count As a Method of Determining Red Blood Cell

Resistance

In this technique four fundamental steps were involved.




1.

2.

3.

Collection:

A blood sample to be analyzed by this method was collected

in the following manner. Using a 16 gauge bleeding or
hypodermic needle the animal's jugular vein was punctured
and approximately S.P_CC.'I of venous blood were obtained
in a standard blood collection tube containing an anticoag-
ulent. Throughout this study the primary anticoagulents
used were potassium oxalate tablets or sodium oxalate
powder. Thorough mixing of the blood with the anticoagu-
lent was obtained by rolling each sample gently. This was
important in order to avoid excess hemolysis due to agita-
tion.

Diluting the Blood:

Using a standard erythrocyte diluting pipette the sample
was diluted 1 to 200 with a 0.48 per cent sodium chloride
solution. This was accomplished by filling the pipette up
to the 0.5 mark with blood and by adding diluter (in each
case 0.48 per cent saline) until the mixture reached the
101 mark. In order to obtain a uniform distribution of
cells the sample was shaken for two minutes. The saline
solution was prepared by dissolving chemically pure sodium

chloride in distilled water. The correct amount of solute

was obtained by weighing with a standard laboratory balance.

Counting the Erythrocytes:

The red cell counts were made using a regular hemocyto-

|
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meter and cover-slip. Immediately after shaking, but before|
the counting chamber was filled, two or three drops of
diluted blood were discarded from the stem of the pipette.
The purpose of this was to eliminate the nonrepresentative
portion of the sample composed primarily of diluting fluid.
The solution was placed on the hemocytometer by putting the
tip of the pipette on the edge of the ruled area and by
allowing a drop of the fluid to run underneath the cover-
slip by capillary action. If any of the substance spilled
over into the dividing spaces (the moat) or if an even dis-
tribution was not obtained the procedure was repeated. The
loaded hemocytometer was then placed under the microscope,
brought into focus with the high power lens and allowed to
stand until the cells settled (approximately one minute).

The section of the hemocytometer designed for counting
erythrocytes is in the center. This area is composed of
twenty-five large squares each of which contain sixteen
smaller squares. The procedure followed was to count the
cells in five of these large squares by moving diagonally
across the field. Those cells observed to be on the border
of a square were included in the count when touching the
upper and left-hand margin, but excluded when they were in
contact with the lower and right-hand boundaries. The
final number obtained was multiplied by a factor of 10,000

to give the total red cell count per cubic millimeter.
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In this analytical method an error may be encountered if
the blood samples are not well mixed immediately before
using. Therefore the observation of grossly abnormal
results should always be rechecked for accuracy. A minimum
of error can also be 9btained by using fresh blood samples.
4. Calculations: |

Dilution = 1:200

Height of Chamber = 1/10 mm.

Total area of the 25 large squares = 1 sq. mm.

Area of the 5 squares counted = 1/5 sq. mm.

200 X 10 x 5 = 10,000

10,000 X the total count of five large squares = red

blood cells per cubic millimeter.

Phase I: Differences in Initial Red Blood Cell Resistance

In the determination of initial resistance a single blood sample
was collected from each individual to be tested. After the blood had
been obtatmed it was analyzed by the total red cell count.

Seventy-eight animals have been studied during this aspect of
the investigation. This sum is comprised of twenty-three pedigree
clean, twenty-seven known carriers and twenty-eight dwarfs. All
individuals belonged to the Hereford breed except three Angus dwarfs
and one Angus known carrier.

Since this was a study of initial resistance no hormone was

injected before taking a blood sample.
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Phase II: Changes in Red Blood Cell Resistance After the Injection

of Insulin
Regular zinc insulin was administered intravenously at the rate

of 0.8 of a unit of insulin per kilogram of body weight. Am initial

blood sample was taken immediately before injection and additional

collections were made at 0.5, 1, 2, 6, 10 and 12 hours. At exactly

48 hours after the first injection insulin was again injected into the ;
jugular vein at the rate of 0.3 of a unit of insulin per kilogram of
body weight. A 48 hour blood sample was taken immediately before this |
injection and further collections were made at 0.5, 1, 2, 6, 10 and 12
hours after the 48 hour sample was obtained.

The effects of this hormone upon cellular resistance were ;
studied by using the total red cell count.

A total of thirty-one animals have been run on this test. These.

animals represent twelve pedigree clean Herefords, eleven known

carrier Herefords, six dwarf Herefords and two dwarf Angus.

Phase III: Changes in Red Blood Cell Resistance After the Injection

lof Adrenalin

A single dose of 4.0 cc.'s of 1:10,000 adrenalin was injected
intravenously into all animals studied in this phase. An initial
blood sample was taken immediately before injection and other samples
were obtained at 1, 2, 6 and 10 hours.
Fifteen animals from the Hereford breed have been checked using

this procedure. They consisted of five pedigree clean, five known
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carriers and five dwarfs. Adrenalin 1:1000 was diluted 9:1 with a
0.9 per cent saline golution to yield the final dilution of 1:10,000,
and total red cell counts were used to analyze the effects of this

hormone upon erythrocyte resistance.

PHASE IV: Changes in Red Blood Cell Resistance After the Injection

of Adrenocorticotrophic Hormone (ACTH)

The work involving the adrenocorticotrophic hormone (ACTH) was
divided into two parts. Each animal in the first group received a
subcutaneous injection of 0.25 of a unit of ACTH per pound of body
weight and an additional intramuscular injection of 0.25 of a unit of
ACTH per pound of body weight. An initial blocd sample was taken
before injection and was followed by collections at 2.5, 5 and 10
hours.

Thirty-seven Herefords have been studied by the procedure
described for group one. Of this number, there were ten pedigree
clean, ten known carriers and seventeen dwarfs.

In the second phase of the ACTH study the hormone was injected
intravenously at the rate of 0.5 of a unit of ACTH per pound of body
weight. An initial sample was taken before injection and additional
samples were taken at 0.5, 1, 2, 6 and 10 hours.

Data have been collected on sixteen animals from the Hereford
breed. This group was comprised of five pedigree clean, five known
carriers and six dwarfs.

Armour long-acting veterinary corticotropin was the principle

type of ACTH utilized and red cell counts were employed tc check the
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effects of the hormone upon erythrocyte resistance during both aspects

of the work.

Data Calculations

The statistical calculations on the data obtained from this
research were carried out on a Burroughs Electronic Computor Type
E-102, which is operated by the Department of Rural Sociology and
currently under the direction of Mr. C. L. Crééoty, Assistant Professor

of Rural Sociology.




CHAPTER IV

RESULTS AND DISCUSSION

PHASE 1I: INITIAL RED BLOOD CELL RESISTANCE

Differences in Initial Red Blood Cell Resistance Determined by

the Total Erythrocyte Count. All blood samples were diluted one to

two hundred with a 0.48 per cent saline solution in order to induce a
partial hemolysis. Following this, an average initial red cell count
for each genotype was obtained from twenty-three pedigree clean,
twenty-sevem known carriers and twenty-eight dwarfs.

The pedigree clean group averaged 3,153,000 cells per cubic
millimeter while the known carrier animals had a lower average of
1,708,100. The average red cell count for the twenty-eight dwarfs was
much less in comparison to the other two genotypes and was only
475,000 cells per cubic millimeter. A statistical analysis showed the
differences between these averages to be significant at the 0.0l level
of probability. Table I and Figure 1 illustrate the average initial
erythrocyte count for each genotypic group. It is believed that these
values indicated each group's initial red cell resistance. At the
present time it is difficult to establish a definite reason for these
di fferences, but the reports of several investigators indicate one
possible cause. Feldman et al. (1953) and Best et al. (1951) carried
out studies which illustrated that ACTH from the pituitary and corti-

sone from the adrenal cortex had definite beneficial effects in




TABLE 1
mxmmmmmnwmnmmmcm

Pedigree Clean Known Carriers Dwarfs
Thousands of Coefficient Thousands of Coefficient Thousands of Coefficient
Red Cells +Standard of Variation Red Cells 4Standard  of Variation Red Cells 4Standard of Varistior
Sample Time Per Cubic —Deviation 1in Percent Per Cubic —Deviation 1in Percent Per Cubdic <Doviation in Percent
Millimeter l}ll{.;:or Milliseter
[} . 5 00d

Initial or
0.0 Hour . 3,153.00 : 1,504,20 47.71 1,708.10 t 1,461.20 85.55 475.40 fbao.so 101.07

M
Pedigree Clean (n = 23)
Known Carriers (n = 27)
pwarfs (n = 28)
* Erythrocyte resistance measured by diluting the red cells with 0.4E percent sodium chloride solution,

“p1fference between average counts of the throe genotypes was significent (p=.01).

18
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Figure 1. Genotypic Differences in Initial Red Blood Cell Resistance
Determined by the Total Erythrocyte Count.
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relieving the hemolysis which occurred in several types of hemolytic
anemia. Furthermore, it was hypothesized by these workers that these
compounds were increasing erythrocyte resistance by some type of
reaction which took place at the cell membrane. Although no work was
found which stated that these substances would have a similar effect

in cattle, it is the opinion of this author that an insufficient amount

of either or both of these hormones, as influenced by genotype, might
be linked to the variation observed in red cell resistance.

Table 1 also includes the coefficient of variation for each %
genotype. This value, a measure of variation within the genotype, was
47.71 for the pedigree clean group, 85.55 for the known carriers and
101.07 for the dwarfs. Differences in age as well as the presence of
low grade infections may have been responsible for some of the varia-
tion within the classes, but Holman (1950) found that in domestic
animals there was a considerable variation in the blood picture
between healthy individuals.

Throughout this study the coefficient of variation was usually
smallest for the pedigree clean group, intermediate for the known car-
riers and greatest for the dwarfs. This indicates that genotype
influences the amount of variation in red cell resistance within a

class. However, further research is needed on this point.

PHASE II: CHANGES IN RED BLOOD CELL RESISTANCE

AFTER THE INJECTION OF INSULIN

The Effects of a Single Insulin Injection Upon Red Blood Cell
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Resistance. Table 11 and Figure 2 show the effects of a single intra-
venous injection of insulin. This hormone was administered to twelve
pedigree clean, eleven known carriers and ten dwarfs at the rate of
0.8 unit of ineulin per kilogram of body weight. In order to analyze
red cell resistance all blood samples were diluted with a 0.48 per
cent sodium chloride solution and a total erythrocyte count was made.

Over the twelve hour period the three genotypes showed a varied
response to a single insulin injection. The average total erythrocyte
count for the pedigree clean animals was, at each sampling time, higher
than the values obtained for the other two groups. The average red
cell count for the clean individuals began to increase one-hslf hour
after the hormone injection and by one hour averaged 419,170 cells per
cubic millimeter greater than the zero hour level. At two hours the
mean count had dropped somewhat and approximated the average obtained
for these animals prior to insulin administration. This was followed
by a second, more gradual, rise in the average erythrocyte count,
which was of greater duration and continued until a peak of 4,251,670
cells per cubic millimeter was reached at ten hours. By twelve hours,
the count showed a tendency to decrease once again., It was at this
time that the largest difference between the average cell counts of
the pedigree clean and known carrier groups existed.

In general, the average cell count of the known carrier indivi-
duals remained intermediate, but showed an alternating increase and
decrease throughout the entire sampling period. At one-half hour after

the hormone injection these animals demonstrated an increased average




TABLE IT
THE INPLUENCE OP A SINGLE INSULIN INJECTION® UPON RED BLOOD CELL RESISTANCE.®®

——M

Pedigree Clean Known Carriers Dwarfs T
Thousands of Coefficient Thousands of Coefficient ‘Thousands of oefficien
Red Cells + Standard  of Variation Red Cells 4 Standard of Variation Red Cells + stm g; ;::::::"’
Sample Time Per Cubic - Deviation in Percent Per Cubic — Deviation 1in Percent Per Cubic = Dev
. Millimeter Millimeter Millimeter
of Blood of Blood — _of Blood ———
Control or
0.0 Hour 2 3,473.33 + 1,740.22 50,10 2,580.00 +1,395.00 54,07 675,00  +1,454.9 16€.29
0.5 Hour ¥ 3,823.33 4+ 1,345.04 35.16 2,624.55 +1,275.63 48.60 1,302.00 +1,297.99  99.£9
1.0 Hour @ 3,892.50 41,249.90 32.11 2,384.55 +1,334.79 55,98 1,144.00  #1,613.72  123.56
2.0 Hours ?  3,535.00  #1,527.20 43.20 2,%6.30 41,494,968 50,40 1,376.00 +1,307.19  94.99
6.0 Hours®  3,925.00 +1,673.90 42.65 2,324.55 4+1,115.09 49.52 1,704,000 +1,157.96  67.96
10.0 Hours®  4,251.67 +2,245.09 52.80 2,620.91 +1,545.71 54 .90 1,566.00  +1,436.84  90.36
12.0 Hours®  4,154.17 +2,146.25 51.66 1,969.09 +1,257.20 £3.20 S 1,980.00  #1,706.32 £6.,16

===================================================================================================:===============================
Pedigree Clean fn = 12
Known Carriers (n = 11
Dwarfs (n = 10)
. Insulin administered at rate of C.¢ units insulin per kilogram of body welght.
®® Erythrocyte resistance measurcd by diluting the red cells with C,4f percent sodium chloride solution.

3 Difference between average counts of the three genotypes was significant (p=.01).
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Thousands of Red Cells per Cubic Millimeter of Blood
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Figure 2. The Influence of a Single Insulin Injection upon Red Blood Cell
Resistance.
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cell count, but the rise was transient and by one hour the value
recorded was 240,000 cells per cubic millimeter lower than their ini-
tial level. The known carriers reached a peak at two hours with an
average count of 2,966,360 cells per cubic millimeter. This level was
not maintained and at six hours thg average cell count for these
animals had decreased to a point approximately equal to their one hour
value. Their mean count increased again at ten hours, but by twelve
hours had dropped to its lowest point, and was only 9,090 cells per
cubic millimeter greater than the average obtained for the dwarf ani-
mals at that time.

Although the average total erythrocyte counts for the dwarf
group were considerably lower, they followed somewhat the same pattern
as the known carriers' throughout the first two hours of sampling.
Both genotypes exhibited a greater average red cell count one-half
hour after the hormone was administered and each showed a drop at one
hour. This apparent similarity in response ceased at this point due
to the fact that the count of the dwarf group increased more and
decreased less than the carriers' count during this period. Further-
more, the one hour value of the known carriers fell below their control
level while the same sample for the dwarfs was well above this point.
Each of the two groups had an increased average erythrocyte count at
two hours, but the rise was much more pronounced in the known car-
riers. The averages recorded for the dwarfs at succeeding collection
times were also lower than corresponding mean counts of the other geno-

types. However, these animals had an increased average erythrocyte
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count at the twelfth hour which closely approached the lowered level
of the known carriers.

A statistically significant difference was obtained between the
average total erythrocyte counts of the three genetically different
groups at all hours of sampling. The most highly significant differ-
ences were observed prior to, one-ﬁalf and one hour after the hormone
administration. |

In this study insulin was administered intravenously in a non-
physiological dosage and was designed to act as a general body stress-
or, primarily by causing hypoglycemia. Normally, when the body is
under stress, adrenocorticotrophic hormone (ACTH) and steroids from
the adrenal cortex are released in an effort to combat or relieve the
condition. ACTH and cortisone have also been reported to increase red
cell resistance. In view of this, it seems likely that these hormones
may have been responsible for the changes observed in erythrocyte
resistance after the onset of stress.

It was reported by Best et al. (1951) and Feldman et al. (1953)
that the amount of ACTH and cortisone present affected the role which
these hormones played in increasing erythrocyte resistance. They
believed that lower levels of these compounds were accompanied by lower
levels of resistance. Based on these findings, it is this author's
opinion that the genotypic differences in erythrocyte resistance give
some indication of each group's response to stress. In a report by
Foley et al. (1956) it was indicated that dwarf animals may be defi-

cient in pituitary and adrenal secretions, or tend to be rather slow
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in allowing for the release of these substances. The generally low
level of cell resistance demonstrated by the carrier and dwarf animals
during this study suggests that these conditions may be present in
both genotypes. It is thought by the author that carrier and dwarf
animals are unable to respond rapidly to stress induced by insulin

because of insufficient amount of the necessary pituitary and adrenal

cortical hormones or because they fail to release these compounds as
quickly as the normal animal. Neither genotype showed a complete E
inability to respond to stress since some increase in erythrocyte
resistance was noted for each group at several points during the study.

A rise in the average number of erythrocytes per cubic milli-
meter of blood was demonstrated by all groups one-half hour after the
hormone administration, and continued until one hour in the pedigree
clean animals. The increase was transiéent and may have resulted from
the introduction of a foreign protein. When a foreign protein is
administered, a rapid release of adrenalin is induced in normal ani-
mals. The subsequent activity of this compound augments splenic con-
traction, which in turn produces an absolute increase in the number of
circulating red cells. The pedigree clean animals showed a more pro-
longed rise in their average cell count. This indicated that the
magnitude of their response to a foreign protein was greater. These
data further suggested that dwarf and carrier animals may be unable to
maintain the level of adrenalin necessary to cause the release of
stored erythrocytes or were suffering from a true deficiency of

reserve cells.
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The Effects of Successive Insulin Injection Upon Erythrocyte

Resistance. The results obtained in this aspect constitute the
second half of a sixty hour insulin study and are presented in Figure

3 and Table III. The procedures employed in analyzing red cell resist-

ance and the sampling times were in accordance with those established
during the first section of the insulin work.

Following the initial twelve hour examination period there was
a thirty-six hour interval in which the animals were allowed to rest
and no blood samples were collected. At the conclusion of this periodJ
exactly forty-eight hours after the first insulin injection, a control
blood sample was taken from all animals and insulin was administered
at the rate of 0.3 of a unit per kilogram of body weight. The purpose
of this injection was to induce a second stress in the animals. It is
believed by the author that changes in red cell resistance reflected
each genotype's ability to respond to the second nonphysiological
administration of the hormone.

In Figure 4 there is a graphical comparison of the average
total erythrocyte counts for the three groups at zero and forty-eight
hours. The zero hour values illustrate the average counts obtained
prior to the first insulin injection. The forty-eight hour levels
represent the average counts forty-eight hours after the first insulin
administration. The pedigree clean and dwarf genotypes demonstrated a
significant increase in their average cell count over this period. The

pedigree clean animals obtained the highest total erythrocyte count

for either phase of the insulin study at forty-eight hours.




TABLE IIT
THE INFLUENCE OF SUCCESSIVE INSULIN INJECTIONS® UPON RED BLOOD CELL RESISTANCE,.®®

ww

Teoleree Seen e Coefficient Thousands of Coefficient

e i PSR TRNUN e EGIE tpweme FhER RVRL rmess it

Millimeter Millimeter Milliseter

of Blood of Blood =———3‘-M-———_______;__________
48 Hours 5,133.33 +1,130.16 22.02 2,281,861 + 1,068.77 46,84 2,493.75 +1,374.03  55.10
4E.5 Hours®  4,087.50 +1,171.66 28,66 1,995.45 + 1,485,591 T4.67 2,797.50 4+ 2,025.11 72.39
49 Hours *  4,269.17  41,217.2¢ 28.51 2,255.45  +1,565.64 70.31 2,055.00  +1,3684.38  67.37
50 Hours 2 4,466 ,67 4+  820.30 18,36 2,077.27 + 1,484,259 T1.45 2,428.75  +1,609.41  66.26
54 Hours 3,334.17 + 1,274.38 38.22 2,413.64 + 1,466,37 60.75 1,805.00  +1,560.46 86.47
5€ Hours @ 4,267.50 4 1,062.62 24,78 1,020.91 4 1,083.16  106.1C 2,321.25 +1,413.00  £0.67

60 Hours 2 4,418,33 +1,600.61 36.23 1,603.64 +1,167.73 72.82 1,960.00 +1,607.37 g2.01

Pedigree Clean fn =12
Known Carriers (n = 11
Dwarfs (n = B)

L Initial insulin injection at rate of 0.6 units insulin per kilogram of body weight, followed 4€ hours later by a second
injection at rate of 0.3 units insulin per kilogram of body weight,

¢ Erythrocyte resistance measured by diluting the red cells with O.4& percent sodium chloride solution.

2 Difference between average counts of the three genotypes was significant (P=.01).
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Figure 3. The Influence of Successive Insulin Injections upon Red Blood Cell
Resistance.
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Figure 4. Changes in Red Blood Cell Resistance 48.0 Hours After a Single Insulin Injection
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Figure 3 shows the response of each genotype after the second
insulin administration. In general, the pedigree clean and dwarf
groups maintained higher average red cell counts during this period.
The mean values for the known carrier animals were slightly lower fol-

lowing the second administration of the hormone.

The average count of the pedigree clean animals dropped sharply

within one-half hour after the second insulin injection. The level at
this time was approximately equal to their previous twelve hour aver-
age. After a small increase at one and two hours, the mean count
dropped to 3,334,170 cells per cubic millimeter at six hours. This
was the lowest level recorded for the clean animals during either
aspect of the insulin study. From six to twelve hours the average num
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